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Abstract

Mycoplasma ovipneumoniae is a pathogen of caprinae expected to infect the majority of domestic
sheep in early life. M. ovipneumoniae is suspected to be the primary cause of chronic non-
progressive pneumoniae (CNP) in lambs. Currently there is no effective vaccine against M.
ovipneumoniae, and many commonly used antibiotics have limited effect. Diagnosis of M.
ovipneumoniae infections can be difficult, due in part to the limited overt symptoms seen in cases of
CNP. Despite the significance of M. ovipneumoniae infections there is limited information on the
molecular and immunological data of M. ovipneumoniae. Thus, the major focus of this thesis was to
identify potential immunogenic proteins for a vaccine or diagnostic purposes and construct genomes
from New Zealand isolates of M. ovipneumoniae.

Draft genomes were produced for three New Zealand isolates of M. ovipneumoniae, (isolates 16, 90,
and 103), and annotated. Using antisera produced against these isolates, immunogenic proteins
were identified from hydrophobic membrane protein fractions of M. ovipneumoniae using Western
blotting. Those protein bands were subjected to mass spectrometry analysis, and by comparing mass
spectrometry data to the genomes, six novel proteins, GAPDH, P146, MATE, hypothetical protein 1,
hypothetical protein 2, hypothetical protein 3, and two previously described immunogenic proteins,
EF-Tu and HSP70, were identified. Five of the proteins were produced as recombinant proteins for
further study.

The nucleotide sequence of EF-Tu was edited using an overlap polymerase chain reaction (PCR) to
convert the sequence to Escherichia coli codon preference. This sequence was then cloned into the
pPET22b (+) vector for expression of histidine-tagged fusion protein. Additionally, EF-Tu, GAPDH,
P146, hypothetical protein 3 and an epitope of hypothetical protein 1 were produced as
recombinant proteins by GenScript. Antisera were produced in sheep against each of the
recombinant proteins for further studies. Enzyme-linked immunosorbent assay (ELISA) confirmed
that each protein was immunogenic and elicited antibody responses in sheep. Immunofluorescence
microscopy confirmed the localisation of native EF-Tu and GAPDH proteins on the surface of M.
ovipneumoniae cells.

Antisera produced against whole cell antigens from M. ovipneumoniae cross-reacted with P146 and
hypothetical protein 3 suggesting a potential role for these proteins to be used to detect animals
infected with M. ovipneumoniae. Sheep vaccinated with M. ovipneumoniae produced weak IFN-y
responses but stronger IL-17 responses in whole blood cultures stimulated with whole cell antigens.
Of the five proteins tested as recall antigens in the IL-17A assay, recombinant GAPDH produced a
strong IL-17A response in sheep vaccinated with M. ovipneumoniae suggesting a potential role for

GAPDH in a diagnostic assay for measuring IL-17A responses in M. ovipneumoniae infected sheep.



Mycoplasmas are known to adhere to host epithelial cells as part of the pathogenesis process. A
bovine endometrial epithelial cell line was established as a model to study adherence of M.
ovipneumoniae to epithelial cells and determine if antibodies against the surface proteins could
interfere with adherence. M. ovipneumoniae cells adhered to the endometrial epithelial cells.
Adherence was inhibited by antibodies directed against whole cells of M. ovipneumoniae but not

against the recombinant proteins.
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Figure 6-4 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with
VECTASHIELD and probed with A) pre-immune sera or B) antisera (1: 100 dilution) produced against
recombinant Hypothetical protein 3 and FITC-conjugated donkey anti-sheep IgG H&L (FITC) (1:400
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Figure 6-5 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with
VECTASHIELD and probed with A) pre-immune sera or B) antisera (1: 100 dilution) produced against
recombinant protein P146 and FITC-conjugated Donkey Anti-Sheep IgG H&L (FITC) (1:400 dilution).

Figure 6-6 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with
VECTASHIELD and probed with A) pre-immune sera or B) antisera (1: 100 dilution) produced against
WCL from M. ovipneumoniae isolate 16 and FITC-conjugated Donkey Anti-Sheep IgG H&L (FITC)
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Chapter 1 Literature Review

1.1 History and taxonomy of Mycoplasma

1.1.1 Mollicutes
Members of the Mycoplasma genus belonging to the class Mollicutes, are distinguished by their lack

of a cell wall [1]. Species of this class are the smallest bacterial cells yet discovered (200-300 um) and
contain very small genomes - as small as 580,070bp for Mycoplasma genitalium. There is growing
support for the hypothesis that Mollicutes evolved from gram positive bacteria by reductive
evolution [2]. The adoption of a parasitic model allows the loss of significant genetic material. For
example, obtaining core nutrients from a host permits the loss of genes that are no longer needed
because they become energetically costly to maintain during reproduction [3]. The lack of a cell wall
reduces the efficacy of many common antibiotics due to their target being inhibition of cell wall
synthesis. This makes infections caused by species of this class more significant and therefore there

is an urgent need for development of vaccines against them.

1.1.2 Association of Mycoplasmas with humans and animals
Mycoplasmas are a genus of bacteria known to infect animals as well as plants. Mycoplasma was

first discovered/mentioned in the 19" century by Louis Pasteur when he was studying the causative
agent of the ‘Bovine pleuropneumonia’. Pasteur proposed the disease was caused by a microbe,
named as Pleuropneumonia like organisms (PPLO); however, it was not possible at the time to
observe or culture it. This remained the case until 1898 when E. Nocard and E. R. Roux [4] isolated
and cultured Mycoplasma mycoides subsp. mycoides, now recognised as the causal organism.
Mycoplasma has over 100 species associated with the genus, infecting a range of hosts although

each species is usually specific to a single primary host.

1.1.3 Humans
Humans are currently considered to be the primary host for 14 mycoplasma species. The main

mycoplasmas associated with human diseases are Mycoplasma pneumoniae and Mycoplasma
genitalium [5]. M. pneumoniae was first isolated from the sputum of a patient by Eaton et al (1944)
and designated M. pneumoniae in 1963 [6]. M. pneumonia is restricted by its small genome and
limited biosynthetic capabilities. This influences many of the organism’s biological characteristics
and complex medium supplement is required to cultivate the organism in vitro [7]. Cellular
reproduction occurs by binary fission, temporally linked with duplication of its attachment organelle.
M. pneumoniae is primarily an extracellular pathogen that depends on a close association with host
cells to survive [7]. The attachment organelle consists of a specialised tip structure formed from a

network of adhesions, interactive proteins and adherence accessory proteins [7]. Infections promote



a loss of cilia in the respiratory tract resulting in a reduction in oxygen consumption, glucose
utilization, amino acid uptake, and macromolecular synthesis of affected cells [7-9].

The use of vaccination for human mycoplasmas has been largely unsuccessful. Historically
vaccination attempts have resulted in limited protection, or in some cases an exacerbation of the
disease. A number of tests were conducted between 1964-1976 on volunteers [10, 11] and military
recruits [12-14] using formalin inactivated vaccines. However, when challenged either
experimentally or naturally with virulent M. pneumoniae, the protective efficacy of the vaccines was
limited. Attenuated strains of M. pneumoniae created by continuous passage in vitro [15, 16] or
temperature-sensitive mutants, were successful in protecting hamsters but were unacceptable for
human use because they either retained a significant level of virulence for humans or did not
colonise and protect human volunteers against challenge [11]. Further testing with mutant avirulent
M. pneumoniae strains such as P30 deficient M. pneumoniae resulted in exacerbated disease when
challenged with virulent M. pneumoniae. A study in mice suggested this effect to be the result of
prior sensitisation by vaccination or infection with M. pneumoniae creating an environment that

conferred an advantage to the bacterium for survival [17].

1.1.4 Cattle
Contagious bovine pleuropneumonia (CBPP), a respiratory disease of cattle, is a major cause of

economic loss resulting from an infection of Mycoplasma mycoides subspecies mycoides small
colony (M. mycoides subsp. mycoides SC) [18]. M. mycoides subsp. mycoides SC was the first
mycoplasma isolated by Nocard et al (1898) [4]. CBPP is widespread across Africa, the Middle East,
and parts of Asia. M. mycoides subsp. mycoides SC is considered to be the most pathogenic of the
Mycoplasma species with its antigenically and functionally diverse surface proteins suggested to aid
in virulence [19]. As a result CBPP holds the potential for very serious and rapid spread across
national borders [19].

The current method for control of CBPP employs the use of highly efficient diagnostic tests able to
detect M. mycoides subsp. mycoides SC, in both symptomatic and asymptomatic carriers. These tests
are used in conjunction with a live vaccine T1/44, which is derived from strain T1, developed in
Tanzania in the 1950s [19]. The use of T1/44 has shown advantages; however, as a live vaccine the
risk of adverse effects is high. ‘Williamsreactions’, characterised by an oedema that appears 10 to 20
days after inoculation, have been observed after T1/44 vaccinations and abscesses may also develop
at the site of vaccination [19]. The vaccination site is usually the tail, potentially dispensable if
necessary [20].

Unfortunately, laboratory results from animals that had been vaccinated regularly have shown that

the T1/44 vaccine strain does not always elicit a protective immune response. More concerning,



there have been reports of CBPP in closed vaccinated herds, suggesting the potential of T1/44
vaccine strains to regain virulence [19].

In addition to CBPP, cattle can be susceptible to another symptomatic disease, Chronic Pneumonia
and Polyarthritis Syndrome (CPPS) caused by Mycoplasma bovis. Many Mycoplasma species can be
isolated from milk of animals suffering from mastitis, with M. bovis considered the most common
causative agent of mycoplasma mastitis [21]. First isolated from a severe case of mastitis in the early
1960’s [22], it has since been associated with bovine respiratory disease. Affected animals present
with clinical signs such as lameness, swelling of joints and ultimately weight loss as a consequence of
impaired movement [21]. It is also associated with keratoconjunctivitis and otitis [23].

Currently, the primary methods for controlling M. bovis are improved animal management practices
and antimicrobial treatments. However, as with all mycoplasmas, the lack of a cell wall results in a
limited pool of available antibiotics and it has been reported that resistance to multiple antibiotics
compounds (used to treat M. bovis) is increasing [24-28]. After the M. bovis outbreak first detected
in July 2017 in New Zealand, the government proceeded with a test and slaughter approach. This
was undertaken due to the previous absence on M. bovis in an attempt to eliminate M. bovis from
New Zealand [29].Research into developing a vaccine against M. bovis has been active for several
years across many fronts. A major focus has been the development of a vaccine based around
immunogenic proteins and inactivated whole M. bovis. There have been a number of potential
avenues identified, however as yet, there has been no direct evidence that any of the currently
developed vaccines based on these methods are effective under field conditions [21]. The third
approach to vaccine development, the use of live attenuated organisms, is used to control disease of
many mycoplasmas. Zhang et al (2014) [30] showed promising results with the use of P150 and P180
(passages 150 and 180, respectively); vaccination with either of these M. bovis strains resulted in
significant reduction of gross lung lesions and lung lesion scores in calves with a slightly higher
reduction in the group vaccinated with p150. However, as mentioned in relation to the T1/44

vaccine, the use of a live vaccine potentially poses risks of vaccine induced infections.

1.1.5 Pigs
Porcine enzootic pneumonia (PEP), is a respiratory disease induced by Mycoplasma hyopneumoniae.

PEP is characterised by chronic coughing, poor growth rate and decreased feed conversion efficiency
[31]. M. hyopneumoniae is also associated with porcine respiratory disease complex (PRDC),
considered as a primary agent of the disease [32]. In addition to the primary disease caused by M.
hyopneumoniae, infection facilitates respiratory tract invasion by other pathogens. Porcine
reproductive and respiratory syndrome virus (PRRSV) is often found in tandem with M.
hyopneumoniae [33]. M. hyopneumoniae is primarily located on the mucosal surface of the trachea,

bronchi, and bronchioles [34], where it induces chronic, non-productive coughing which is the main



clinical sign. Under experimental conditions this sign appears 10 -16 days after initial infection,
however this period can vary greatly under field conditions [32]. Presentation of clinical signs and
lesions can lead to a tentative diagnosis, but laboratory testing is necessary for a conclusive
diagnosis [35].

The three main strategies to control the disease include: therapies with antibiotics known to be
active against M. hyopneumoniae, repopulation of infected herds with pigs free of M.
hyopneumoniae and adaptations in management to minimise the risk for PEP [36]. Improvements in
management is fundamental in the control of infections of M. hyopneumoniae. Reducing the
opportunity for the spread of the disease will contribute to an improvement in the control of
enzootic pneumonia [32]. However, additional factors different from housing and management
conditions, such as strain differences, can influence the disease [37]. Antibiotic treatment for M.
hyopneumoniae frequently uses tetracyclines and macrolides; however, other antimicrobials,
including lincosamides, pleuromutilins, fluoroquinolones, florfenicol, aminoglycosides and
aminocyclitols are also used [32]. Results from treatment and control of enzootic pneumonia
outbreaks can be frustrating as the symptoms may reappear after cessation of the therapy [32]. The
procedure of pulse medication over extended periods of time or continuous use of medication
during any of the production stages should be discouraged due to the increased risk of promoting
antibiotic resistant bacteria and the potential of antibiotic residues remaining in pig carcasses at
slaughter [32].

Commercial inactivated, adjuvanted whole-cell vaccines, are widely applied worldwide with up to
70% of pig herds in some countries treated this way [32]. Protection against clinical pneumonia is
often incomplete and the vaccine does not prevent colonisation [38]; however, the use of the
vaccine may reduce the number of organisms in the respiratory tract [39] which in turn reduces the
infection level within a herd [40]. However, it has been shown that vaccines based on inactivated
whole cells (WC) have been unable to prevent transmission or establishment of the bacteria in the

lungs [31].

1.2 Pneumonia in New Zealand

1.2.1 Sheep farming
Sheep farming is an important export contributor for the New Zealand economy. As of June 2019,

there were 26,822,000 sheep put to ram in New Zealand consisting of 2,073,000 ewe hoggets and
16,845,000 breeding ewes [41]. For the 2019 year a total of 18,867,593 lambs were slaughtered with
10,327 animals condemned and 18,857,266 graded for export.



1.2.2 History of mycoplasma infections in New Zealand
Since the introduction of intensive farming in New Zealand, pneumonia has likely been a problem in

sheep, with the first recorded incidence of the disease reported at the end of the 19%" century [42].
Due to the nasal cavity being the primary habitat of the bacteria involved in ovine pneumonia it is
likely that the bacteria were imported into the country from Europe with their hosts [43].
Fortunately, due to selective measures at the time of importation or the inability of infected animals
to survive long journeys, New Zealand has been spared some of the significant virally-induced
pneumonias that are prominent in the UK and Europe such as maedi-visna and pulmonary

adenomatosis [43].

1.2.3 Respiratory disease in sheep
Respiratory disease is common in domesticated livestock around the world. The dominant diseases

in sheep are:

Acute pneumonia (AP)

Chronic non progressive pneumonia (CNP)

Ovine progressive pneumonia (OPP) or maedi-visna (MV)

Pleurisy

A A

Pulmonary adenomatosis /Jaagsiekte sheep retrovirus

Currently, the ovine respiratory diseases recognised in New Zealand are Acute pneumonia, Chronic
non progressive pneumonia, and pleurisy [43].

Acute pneumonia

As with many respiratory diseases in farmed domestic animals, ovine pneumonia is a complex
combination of infective agents and environmental factors. This type of pneumonia, also referred to
as acute fibrinous pneumonia occurs primarily in older lambs during the late summer and autumn
when heat stress and transportation, or mustering in dry hot conditions is most prevalent [43].
Clinical symptoms of AP include depression, weight loss, fever, inappetence, increased respiratory
rate, and nasal and ocular discharge. Affected animals often become separated from the rest of the
flock and a frothy fluid drooling from the mouth is usually present in the terminal stages [44]. The
disease has rapid onset and affected animals can be found dead within 12 hours [43]. During
outbreaks mortalities vary between 2 and 8% [45-47]. Mannheimia haemolytica is considered the
primary agent in acute pneumonia and the major cause of lung damage in both forms of ovine
pneumonia.

Chronic non progressive pneumonia

As the majority of lambs will be affected by some level of CNP during their first autumn [48] the
potential cost to the New Zealand sheep market can be significant. CNP is also referred to as atypical

pneumonia, prolific interstitial pneumonia, coughing syndrome, enzootic pneumonia, or summer



pneumonia. CNP has few if any overt clinical signs [48]; however, coughing, exacerbated breathing,
accelerated breathing or nasal discharge may be present.

CNP increases the energy requirement of the animal. This can be from the extra metabolic
requirements for repairing lung damage caused mycoplasma infections, or from the extra load on
the immune system during challenge by a pathogen that requires considerable nutritional support
resulting in a less efficient conversion of available feed to body mass [49].

Typically, lesions begin with dull red vertical areas of collapse which develop into firm red-grey areas
of consolidation over 2-3 weeks [50]. Lesions may continue to grey areas of consolidation with
attached localized pleural adhesions [50]. CNP and AP are considered pathologically different due to
the severity and extent of damage [43].

Pleurisy

Pleurisy is an inflammation of the pleura resulting in adhesions between the lung and chest wall.
Pleurisy is not considered to be a separate disease but an outcome of a pneumatic event. Acute
pleural lesions are likely to contain large numbers of the bacteria that caused the associated
pneumonia [51]. Chronic pleurisy may contain a few of these organisms or be absent depending on
the stage of disease development [52].

In the early stages of pleurisy, contact and movement between the parietal and visceral pleurae
results in pain due to the inflammation of the pleura [53]. In the second stage the ventral parts of
the lungs can collapse due to the accumulation of serofibrinous inflammatory exudate in the pleural
cavity. The next stage results in the fluid being resorbed and adhesions developing, restricting the
movement of the lung and the chest wall, further reducing the functionality of the lungs [53]. As the
adhesions stretch, the restriction of breathing is reduced; however, the pleural lesions will not

resolve completely, and fibrous scars will remain on the lungs [53].

1.2.4 Prevalence

Kirton (1976) reported prevalence of CNP in New Zealand to vary from 21 to 93% [54]. An average of
60% of lambs were seen to show some level of pneumonia in a trial looking at seasonal incidence of
pneumonia over a five year period [54]. Two flocks from Wallaceville, New Zealand had their
pneumonia status recorded over subsequent years, resulting in a prevalence of 78% (n=27) and 57%
(n=58) [55]. McGowan et al (1978) [56] observed a prevalence of 78-93%, in lambs at 3 months
across two regions, Hawkes bay and Feilding respectively. The prevalence of lesions in counterparts
at market slaughter weights was 35-68% [56]. These identifications were determined by the
presence of lesions at slaughter which may underrepresent the total incidence of pneumonia if mild

cases fail to produce lesions [56].



Black (1997) [57] estimated the prevalence across seven slaughter plants engrossing 9400 animals.
Results indicated a much lower prevalence of CNP, with Northland having 13%, Bay of Plenty 6%,
East Coast 4%, Whanganui 6%, Marlborough 4%, Canterbury 4%, and Southland 5%. The reduced
prevalence observed in this study may be a result of the designated definition of infection, which
was lesions with red or red-grey consolidation covering at least a quarter of one anteroventral lung
lobe with presence of fibrinous plural exudates [57].

Conversely Goodwin (2004) [49] indicated a more prominent presence of CNP, observing 21.8%,
49.2% and 60.3% in Southland, King Country, and Northland, respectively. This increase in detection
is due to the differing criteria used in this study. Separating the affected lungs into multiple
categories from <5% to >20% not only allows for analysis of animals that have significant lung
damage as seen in the Black (1997) [57] study but also allows the analysis of animals across the

spectrum of CNP potentially allowing a more accurate detection rate of CNP in New Zealand animals.

1.3 M. ovipneumoniae in sheep

1.3.1 History
Mycoplasma ovipneumoniae is a species of the class Mollicutes known to infect Caprinae globally.

M. ovipneumoniae was first described in New Zealand by Clarke et al (1974) [58] after the organism
was initially proposed the name by Carmichael et al (1972) [59]. M. ovipneumoniae was
subsequently detected in the majority (79%) of lambs with CNP but was also detected (63%) in
apparently normal lungs [58]. It has to be noted that the samples had been handled by meat
inspectors before testing, therefore while increases in false positives due to contamination from
handling have to be taken into account, the presence of M. ovipneumoniae in some apparently
normal lungs is certain [60].

It has been shown that multiple strains of M. ovipneumoniae can be detected within populations of
sheep [61]. Out of 60 samples obtained from 20 farms, lonas et al (1991) [61] obtained 58 unique
isolates, indicating that there are numerous strains within New Zealand. However, it is to be noted
that differences in DNA do not necessarily correlate to differences in protein expression which is
more relevant to the host’s immune response [60]. Immune responses can potentially be induced by
any foreign protein; however, the responses promoted by surface proteins are more likely to be
relevant in the context of immunity [60].

In addition to the number of different isolates detected between and within populations of sheep, it
has been determined that multiple isolates can be detected with individual animals [62]. When
lesions of severe CNP were compared to those with less extensive lesions by restriction
endonuclease analysis, the more severe lesions contained more distinct strains with three or four

strains versus the two strains found in the less severe lesions. The significance of the different



number of strains within the animals and the severity of the infection has not been elucidated;
however, this increases the requirement for multiple strains to be considered when new methods to

control M. ovipneumoniae infections are devised.

1.3.2 Economic impact
Chronic non-progressive pneumonia (CNP) is one of the most prevalent diseases of young sheep in

New Zealand [60]. The major causative agent of CNP in New Zealand is M. ovipneumoniae [48].
There are three main ways pneumonia may result in economic loss: acute pneumonia (causing
mortalities in sheep across all ages), downgrading of lamb carcasses for export markets due to the
presence of pleural adhesions attached to the thoracic wall and the consequences of lower weight
gain caused by CNP [48]. The majority of lambs are likely to suffer from CNP in some form during
their life and this holds the potential to be a more significant cause of economic loss than mortalities
from acute pneumonia [48].

The average loss between healthy and CNP infected animals could be as high as 2.19 kg over a two-
month period correlating to a 1.5 kg difference in carcass weight [48]. With a potential infection rate
of 70 - 80%, an average loss of 1.5 kg across a herd can have huge economic outcomes every year
[63]. It was estimated that the average cost in 2008 of pneumonia and pleurisy to the New Zealand
sheep market was in excess of NZ $53 million [47]. Twenty-eight million dollars of losses were due to
pneumonia affecting growth of the animals and NZ $25 million losses due to pleurisy affected
carcasses. Pleurisy reduces the value of a lamb because some or all of the ribcage needs to be
removed to excise the pleural lesions, downgrading the lambs to ‘cutter grades’ with a loss of
approximately 30% of value [47]. Also, in cases where the carcasses are unable to be trimmed, the
entire carcass may have to be condemned, resulting in zero pay-out for the farmer. As deaths from
acute pneumonia are sporadic and difficult to quantify, they were not included in the above

estimates so total losses due to pneumonia may in fact be higher.

1.3.3 Transmission and predisposing factors
Pneumonia is transmitted between infected and susceptible sheep through contamination of the air,

feed, water, and equipment, exacerbated by the inclination of sheep to crowd together [64, 65].
Numerous factors have been suggested to predispose animals to CNP including lungworm or mite
infection, malnutrition, inbreeding, harsh weather conditions, or stress associated with
overcrowding [64, 65]; however, the extent to which each of these factors predisposes the animals
to disease is not well defined.

Introduction of stress through weather, overcrowding, or other environmental and anthropogenic
means, has been suggested to progress subclinical infections into acute pneumonia, pulmonary
abscessation and pleurisy [65]. As M. ovipneumoniae is often isolated from healthy sheep in low

numbers, stress can have severe outcomes for affected animals [66]. This may be due to an increase



in endocrine responses induced by environmental stresses. This has the potential to reduce
resistance to disease in affected animals [66, 67].

Environmental stressors can include harsh winters, which can stress the animal increasing energy
budgets or reducing access to available food [66]. There have also been implications that
precipitation levels in spring can predict the risk of pneumonia epizootics in the subsequent year. For
every unit (mm/m?) of spring precipitation above average, the relative risk was reduced 0.41 times

[66].

1.3.4 Clinical signs and pathological lesions
CNP like many enzootic pneumonias in livestock, has few observable clinical signs apart from poor

growth rates and decreased food conversion efficiency [60]. Infected individuals may also exhibit a
chronic, persistent and irregular cough [65].

CNP is used to distinguish the disease from acute pneumonias which unlike CNP are often fatal [60].
Lesions first appear as dull red ventral areas of collapse which are accompanied by bronchiolitis in
associated airways. Lesions will then progress to firm red-grey areas of consolidation over 2-3 weeks.
In some occasions they may continue as grey areas of consolidation, with attached localised pleural

adhesions, for several months [48, 60, 68].

1.3.5 Detection, control, and prevention of M. ovipneumoniae
With limited clinical signs of pneumonia and few unique to M. ovipneumoniae infections, laboratory

diagnosis is required to confirm M. ovipneumoniae presence in a particular animal [65].
Immunocytohistochemistry using M. ovipneumoniae specific monoclonal or polyclonal antibodies
can be used to confirm the presence within diseased tissues [65]. In addition to antibodies, the use
of molecular techniques can be applied. The use of M. ovipneumoniae specific primers can be used
for polymerase chain reaction (PCR) based detection. This requires collection from the animal to be
inoculated in mycoplasma broth growth media and incubated for 7-10 days, after which samples
showing mycoplasma growth can be inoculated on to mycoplasma agar plates allowing single
colonies to be detected [69]. Single colonies can then be grown up in mycoplasma growth media
ready for DNA extraction for use with the M. ovipneumoniae specific primers [69]. Recently faster
diagnostics have been suggested for the detection of M. ovipneumoniae without the requirement of
culturing [70]. Two rapid, specific, and sensitive assays have been developed: an isothermal DNA
amplification using recombinase polymerase amplification and a real-time PCR for the detection of
M. ovipneumoniae. The assays were validated using bronchoalveolar lavage fluid and nasal swab
samples collected from sheep. This provides a potential testing methodology requiring only nasal

swabs [70].



M. ovipneumoniae can be carried asymptomatically by domestic sheep and goats. This can make
control of the disease and prevention of outbreaks difficult. There is currently no successful

vaccination program for the control of M. ovipneumoniae.

1.4 Adaptive immunity
In response to a pathogen the mammalian immune system can mount a response to reduce or
remove the invader. The specialised mechanism used is dependent on the type and location of

infection. The two primary mechanisms of adaptive immunity are humoral, and cell mediated [71].
1.4.1 B cells and humoral immunity

B-cell development
Hematopoietic stem cells (HSCs) are the origin of B-cells [72-75]. Originating in the bone marrow, the

lymphoid lineage of the HSCs develop into common lymphoid progenitor cells, which are able to
develop into all types of lymphocytes [72, 76]. B-cell receptors (BCR) on the surface of the cell
control two further types of selection for the B-cells [75]. The first, positive selection, activates the
antigen independent pathway involving both the pre-BCR and BCR [77, 78]. If they do not bind to
their ligand, they do not receive their proper signals and cease to develop [77, 78]. Alternatively,
negative selection is initiated on the binding of self-antigen to the BCR, the cell undergoes one of
four fates: clonal deletion, receptor editing, anergy, or ignorance (B cell ignores signal and continues
development) [77].

The BCRs are comprised of the immunoglobulin (Ig) heavy (H) and light (L) chains. The pre-BCR also
have IgH however, the IgL is replaced with surrogate (SL) chains. The IgSL are composed of the
invariant A5 and VpreB polypeptides and have homology to true IglL chains [79-82].

To complete development, immature B cells migrate from the bone marrow into the spleen as
transitional B-cells. [83]. Transitional B cells of type 1 (T1) are recent immigrants from the bone
marrow. They develop into the transitional B cells of type 2 (T2), which are cycling and found
exclusively in the primary follicles of the spleen. Mature B cells can be generated from T1 or T2 B

cells [83].

B-cell subsets
Naive B-cells are divided into the typical subsets, B-1 B-cells, follicular B-cells, and marginal zone

(MZ) B cells [75]. Peripheral B cells, in addition to their role in mediating humoral immune
responses, can also secrete cytokines and have potential to present antigens to naive thymus-
derived lymphocytes (T-cells) [75]. Naive mature follicular B-cells occupy two niches during their
recirculatory wandering, once they can recirculate in the spleen or bone marrow, they can migrate
repeatedly through the blood and lymph to B-cell areas of lymph node, Peyer’s patches, and the

spleen. The follicular niche contains naive follicular B-cells able to present T-dependent antigens to
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activated T-cells. The follicular niche becomes the major site of B-cell mediated T-dependent
immune response [75]. Alternatively follicular B-cells also migrate to the bone marrow, forming
discrete collections around vascular sinusoids [84, 85]. When the recirculating B-cells are residing in
the bone marrow rather than in follicles they form the perisinusoidal niche [75].

Marginal zone B-cells are considered to be innate-like cells that in the absence of BCR ligation, can
be induced into short-lived plasma cells. The MZ B-cells can also mediate the transport of antigens in
immune complexes into splenic follicles as well as involved in T-cell dependent B-cell responses and
immune responses to lipid antigens [75]. In rodents it has been observed that MZ B-cells mediate T-
independent responses to antigens in blood-borne pathogens. During these pathogen driven
responses, integrin adhesiveness may decrease and direct the migration of activated B-cells out of
the MZ into the red pulp of the spleen where they may differentiate into short-lived plasma cells
[86]. The MZ cells are also able to deliver antigens to follicular B-cells [75].

There is limited knowledge on B-1 B-cells with the majority of studies completed on rodents [87] and
limited defined populations in humans [88]. The B-1 B-cells can contribute to the production of IgM
to T-independent antigens [75]. Dendritic cells in the intestinal lamina propria may activate B-1 B-
cells via presentation of antigens from commensal bacteria. Lipopolysaccharide and some toll-like
receptor ligands can induce B-1 B-cell production as well as IgM secretory plasma cells, whereas

antigen specific B-1 B-cells may be induced into IgA secretory cells [89].

B-cell activation
B-cell activation occurs in the secondary lymphoid organs (SLOs), such as the spleen or lymph nodes

[90] following the recognition of antigen through the BCR and causes B-cell proliferation and
differentiation [91]. Activated B-cells are able to differentiate into either plasma cells or memory
cells, able to produce antibodies or protect against re-infection respectively [91]. Individuals contain
an enormous population of B-cells for protection against a multitude of pathogens. This diversity;
however, results in a low chance for a B-cell to encounter its cognate antigen [91]. To improve the
encounter rate, the body localises these events within SLOs [91]. B-cells are contained within
secondary lymphoid tissue, spending approximately 24 h searching for antigens before re-joining the
circulatory system and being taken to another SLO to continue antigen searching [92]. B-Cell
activation is completed via two major pathways, T-cell-dependent activation (TD) or T-cell-
independent activation (TI). Antigens that require the TD pathway are usually foreign proteins, and
are unable to induce a humoral response in organisms that lack T-cells [90]. B-cell responses to these
antigens can require multiple days to mount the necessary response, however the antibodies
generated have a higher affinity than those produced via the Tl pathway. Alternatively antigens

which do not require T-cells, include foreign polysaccharides and unmethylated CpG DNA [93].
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1.4.2 T-cells and cellular immunity

T-cell development
T-cells are a type of lymphocyte originating from HSC which are found in the bone marrow [94]. The

HSC migrate to the thymus for maturation, selection, and subsequent export to the periphery [94].
The peripheral T-cells primarily consist of naive T-cells, memory T-cells, and regulatory T-cells (Treg).
Naive T-cells have the ability to respond to new antigens, upon interaction with a pathogen the cells
rapidly divide and express molecules such as cytokine proteins that help protect the host [95]. These
responding cells are designated effector T-cells, specifically cytotoxic T-cell, and are able to migrate
to inflamed tissues and kill infected cells [96]. Following removal of the pathogen, the majority of
effector cells die; however, a small amount of long lived memory cells remain that are poised to
respond on the re-emergence of the pathogen [96]. The memory T-cells persist as heterogeneous
subsets based on migration, tissue localisation and self-renewal capacities [94]. Each memory subset
can participate in maintaining long-term immunity and recall protective responses [94]. The Treg
cells play a critical role in keeping the immune responses in check, creating tolerances to innocuous
and ubiquitous antigens [94].

T-cell activation
T helper cells (CD4*) and cytotoxic T cells (CD8*) become activated when they recognise with their T

cell receptor specific peptide antigens presented by MHC class Il and class | molecules, respectively.
This provides a clear distinction between activation of CD4* and CD8* T cells. Class | MHC molecules
are found on all nucleated cells and their function is to present endogenous antigens to CD8+ T cells,
while Class Il MHC molecules are found on the professional antigen-presenting cells (APCs):
dendritic cells, macrophages, and B-cells. Their function is to present exogenous antigens to CD4* T-

cells [71].

T-cell effector subsets
The CD4*, CD8*, and Treg T-cells are groups of cells that actively respond to a stimulus, collectively

known as effector T-cells. The cells expressing CD4 glycoprotein on their surface are also referred to
as T helper cells (Tw) [97]. T helper cells help other leukocytes in immunological processes, including
maturation of B-cells into plasma cells and memory B-cells as well as activation of cytotoxic T-cells
and macrophages. Once T helper cells have been activated, they can differentiate into one of several
subtypes including Tul, Tu2, Tu3, Tul7, T49, or Tew, which secrete different cytokine patterns to
facilitate different types of immune responses [97].

The two major subtypes of T helper cells are known as Ty1 and Tu2 cells. Tyl helper cells lead to an
increased cell-mediated immune response, typically against intracellular bacteria and protozoa [98,
99]. The main effector cells of Th1 cells are macrophages as well as CD8 T-cells and interferon

gamma (IFN-y) CD4 T-cells [100, 101]. The interplay between macrophages and IFN-y is fundamental
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to the host’s ability to mount an effective immune response [102]. One of the first actions to occur
in innate immunity is macrophage activation [102]. During the innate and the acquired immune
response, macrophages respond primarily to IFN-y as well as to a number of different cell products
[102]. Initially discovered as agents that interfere with viral replication [102, 103] IFNs were
classified by the secreting cell type but are now classified into type 1 and type 2 according to
receptor specificity and sequence homology [102]. The most common IFN, IFN-y, is the sole type 2
IFN and is structurally unrelated to type 1 IFNs, binding to different receptors and encoded by a
separate chromosomal locus [102]. The functional IFN-y receptor (IFNGR) is comprised of two ligand-
binding IFNGR1 chains and two signal-transducing IFNGR2 chains that are associated signalling
machinery [102]. The IFNGR2 chain is generally the limiting factor in IFN-y responsiveness as IFNGR1
is usually in excess [104, 105]. Type 1 and 2 IFN up-regulate multiple functions within the antigen
presentation pathway to increase the diversity of peptides presented on the surface in the context
of class 1 MHC. Up-regulation of cell-surface class | MHC by IFN-y is important for host response to
intracellular pathogens, as it increases the potential for cytotoxic T cell recognition of foreign
peptides and thus promotes the induction of cell-mediated immunity [102]. Of the IFNs, IFN-y alone
can efficiently up regulate the class 2 antigen presenting pathway and thus promote peptide-specific
activation of CD4* T-cells [106, 107]. IFN-y is a major product of Tul cells, promoting further Tyl
immune responses by upregulating characteristic Tu1 effector mechanisms: innate cell-mediated
immunity (via activation of natural killer cell effector functions), specific cytotoxic immunity (via T
cell-APC interactions), and macrophage activation [102, 106]. IFN-y also influences naive CD4" cell
differentiation toward a Ty1 phenotype more directly through the presence of the cytokine milieu at
the time of T cell receptor engagement [102].

Tu2 cells mediate host defence against extracellular parasites [98, 99]. T.2 cells lead to the humoral
response, the main effector cells are eosinophils, basophils, and mast cells as well as B-cells [98, 99].
T helper 3 cells (Ty3) are a subset of Treg T-lymphocytes with immunoregulatory and immune
suppressive functions [108]. Naive CD4* can differentiate into Tu3 cells upon ingestion of a foreign
antigen through the oral route [108, 109]. T.3 cells are able to help IgA secretion, produce TGF-
production, and suppress both Tyl and Tu2 cells [110] in an antigen nonspecific manner [108]. Since
TGF-B, the primary secretion in the contact-independent mechanism, has a wide range of expression
and affects the function of various cell types, Tu3 cells may have a major role in many aspects of
immune modulation T-cell homeostasis [108, 111].

T helper 17 cells (Th17) defined by their production of interleukin 17 (IL-17), are a subset of pro
inflammatory T helper cells. They are related to Treg cells; however, the signals that promote Ty17

differentiation inhibit Treg differentiation [112]. Ty17 cells are important for maintaining and
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clearing pathogens from mucosal surfaces [113]. In addition to their role in pathogen clearance Ty17
cells, via IL-17, are associated with autoimmune diseases such as multiple sclerosis, rheumatoid
arthritis, and psoriasis [114]. Tu17 overactivation can cause type 3 hypersensitivity resulting in
immune complex diseases such as rheumatoid arthritis or Arthus reaction [115, 116]. Due at least in
part to its involvement in the inflammatory pathology IL-17A is one of the best-studied cytokines in
immunology [117-119], entering the spotlight of immunological attention after the discovery of a
development distinct CD4" T helper subset that expresses IL-17A and mediates tissue inflammation
[120, 121]. IL-17A is also shown to mediate protection against extracellular pathogens [122, 123].

T helper 9 (Ty9) cells produce interleukin 9 (IL-9) and has been observed to play a role in defence
against helminth infections, in allergic responses, in autoimmunity, and tumour suppression [124].
Initially IL-9 was thought to be a Tn2 specific cytokine; however, it was observed that Ty2 cells could
be reprogrammed into a distinct Ty subset that primarily secreted IL-9 [125].

T-cells found within the B-cell follicles of SLOs expressing B-cell follicle homing receptor CXCR5 are
recognised as Follicular B helper T-cells (Ten), [126]. Ten cells are considered indispensable T-cell
subsets in the generation and maintenance of germinal centre responses. Therefore in the absence
of Tey cells, similar to B-cell activation by T-cell independent antigens, a quick burst of low affinity
plasma cell production is formed but this does not lead to germinal centre induction nor permit
antibody affinity maturation or the differentiation of effective memory B cells which are essential in
fortifying the body against subsequent infections [126].

The CD4*, CD8*, and Treg T-cells are groups of cells that actively respond to a stimulus, collectively
known as effector T-cells. The cells expressing CD4 glycoprotein on their surface are also referred to
as T helper cells (Ts) [97]. T helper cells help other leukocytes in immunologic processes, including
maturation of B-cells into plasma cells and memory B-cells as well as activate cytotoxic T-cells and
macrophages. Once T helper cells have been activated, they can differentiate into one of several
subtypes including Tul, Tu2, Tu3, Tul7, Tu9, or Tew, which secrete different cytokine patterns to

facilitate different types of immune responses [97].

1.5 Pathogenesis of M. ovipneumoniae

1.5.1 Primary atypical pneumonia
M. ovipneumoniae has been suggested to interact with the immune system of infected animals in

two main ways. The first occurs when the organism attaches to host cells in the lung. Infected
animals have been shown to have high levels of ciliary autoantibodies, providing a potential
mechanism for the observed ciliostasis (loss of cilia in both structure and function) [127]. When M.
ovipneumoniae infection becomes established it can cause small lesions within the lungs [60], and

this can become a problem for the animal as the percentage of affected tissue increases. There was
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a noticeable negative effect on weight gain when 220% of the lung was affected. With up to 50%
decrease in weight gain for affected animals this can have a significant effect on the time required to
reach slaughter weight [49]. The second mechanism of influencing the host immune system involves
the direct interaction with host alveolar macrophage plasma membranes. Attachment of M.
ovipneumoniae to macrophages failed to induce expected phagocytic responses [128]. Infection of
live M. ovipneumoniae significantly decreased the expression of IgG receptors on the surface of the
macrophages. Exposure to live M. ovipneumoniae also decreased uptake of the organisms by the
phagocytic cells, and decreased activity was also observed with exposure to heat inactivated M.
ovipneumoniae but to a limited degree [128]. There was also a noted steady decline in uptake of
Staphylococcus aureus when pre-treated with increasing concentrations of M. ovipneumoniae [128].
Reducing the effectiveness of macrophages may be one of the ways M. ovipneumoniae can

predispose animals to secondary infections.

1.5.2 Predisposing infected animals to secondary infection and fatal pneumonia
M. ovipneumoniae, in addition to causing most cases of CNP in lambs, is recognised to predispose

animals to more serious infections by other pathogenic organisms such as M. haemolytica [129,
130]. Ciliostasis caused by M. ovipneumoniae, prevents the host from being able to mechanically
remove bacterial infections from the lungs [131]. In addition to physically being unable to remove
bacteria, M. ovipneumoniae can result in suppression of macrophage ability to ingest Staphylococcus
aureus providing another avenue for infection of more pathogenic bacteria [129, 130].

Predisposing livestock to other more pathogenic infections is the most serious complication
following M. ovipneumoniae infection. Multi-bacterial infections have been shown to progress the
disease from CNP to acute pneumonia with the accompanying health effects [129, 130]. In big horn
sheep multi-bacterial infections have been linked to up to 75-90% mortality in affected animals [129,
132]. Not only does M. ovipneumoniae predispose animals to invasion by other bacteria, animals
already harbouring subclinical infections of organisms such as M. haemolytica can result in fatal
pneumonia [133] indicating that M. ovipneumoniae infections can also increase the pathogenicity of

pre-existing infections.

1.5.3 Immune response to M. ovipneumoniae
The airway epithelium acts as the first line of defence, providing a physical barrier to infection. In

addition to a physical protection the epithelium also produced chemokines and cytokines such as
tumour necrosis factor (TNF)-a, IL-1pB, IL-4, IL-6, and IL-8, which are important mediators in both lung
defence and inflammation [134]. The ability of Mycoplasmas to induce these cytokines has been
studied in a number of different species, in particular M. pneumoniae [135] and M. hyopneumoniae
[136]. M. ovipneumoniae was observed to induce several cytokines with the prominent cytokine, IL-

8, by far in excess of the other cytokines observed [137]. The induction of IL-8 was also observed in
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human airway epithelial cells at similar overwhelming levels in response to M. pneumoniae antigen
[138-140]. These studies suggest that IL-8 may play an important role in the mucosal immune
response during M. ovipneumoniae infections.

The immune response to M. ovipneumoniae infections in domestic sheep and bighorn sheep has yet
to be characterised [141]. In other respiratory associated mycoplasma infections severity of disease
is reportedly dependent of the type of T helper immune response mounted by the host [141]. In
humans, mice, and cattle, a Tyl response resulted in better management of infection whereas Ty2
responses were associated with increased pathology [141-144]. Goats infected with M. capricolum
resulted in increased Ty17 responses which is linked to lung damage [145]. This has led to the
hypothesis that the reported inter-species susceptibility difference between domestic and bighorn
sheep to M. ovipneumoniae infections is associated with the different immunopathologic responses
[145]. Studies using molecular high-throughput technologies confirmed that Mycoplasma infections
are accompanied by massive changes in the gene expression profiles of hosts [146-148]. Whole
blood transcriptome profiling revealed downregulation of gene expression leading to a general
immune suppression [146-148]. It can be considered that this global approach reflects the sum of all
local and systemic inflammatory and immune relevant host responses during the acute phase of
infection [146]. Both immune stimulation and immune suppression have been reported suggesting a
complex and dynamic interplay between activation and inhibition [146, 149-153]. M. gallisepticum
infection has been demonstrated to upregulate several cytokines including IL-1B, IL-6, IL-8, IL-12p40,
CCL-20, and NOS-2 via macrophage activation [146, 154, 155]. Additionally, M. hyopneumoniae and
M. bovis were shown to stimulate macrophages, elevating the release of pro-inflammatory cytokines
[146, 149, 152, 153]. Other studies have shown a general down regulation of innate immune
response-related genes in mammary lymph nodes or immune suppression through reduction of
PMBC proliferation as well as a shift of the cytokine profile from pro-inflammatory to anti-
inflammatory [146, 150-152]. M. gallisepticum also decreased the expression of inflammatory

cytokines such as TNFa, IL-1B, and IL-6 in embryonic chickens [146, 156].

1.5.4 History of vaccination
Several vaccination studies on pneumonia in sheep have been undertaken; however, as the major

cause of acute pneumonia in sheep is due to M. haemolytica infection, this organism is frequently
the focus when it comes to vaccine development. As M. ovipneumoniae has been shown to pre-
dispose animals to secondary infections, only providing vaccination against the secondary infection
does not provide protection for the animals against pneumonia. This was noted by Raghavan et al
(2017) [129] when a vaccine against Leukotoxin producing (Ikt+) members appeared to prevent the
animals from naturally acquiring the Ikt+ members of Pasteurellaceae from carrier ewes when

comingled with animals of known infection. However, introduction of M. ovipneumoniae to the test
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animals resulted in all animals developing pneumonia symptoms eventually resulting in the death of
the animals from pneumonia over the corresponding months [129]. Upon death, Ikt+ M. haemolytica
was able to be detected within the lower respiratory tract and growth of the organism was most
likely facilitated by M. ovipneumoniae infection. This indicates the importance of including M.
ovipneumoniae in any vaccine program addressing pneumonia.

This was the case when the commercial vaccine Ovipast Plus© was tested in commercial farming
conditions. The vaccine contained formalin killed cells expressing iron regulated antigens from M.
haemolytica strains A1, A2, A6, A7, A9 and P. trehalosi strains T3, T4, T10 and T15. As was reported
by Goodwin-Ray (2008) [157], there was no distinguishable improvement between vaccinated and
placebo groups, with a possible increase in severe pneumonia in the vaccinated group. As the report
was focusing on the efficacy of the vaccine on pneumonia, it did not address the cause of the
pneumonia in the groups, so it is not possible to determine if it was the presence of M.
ovipneumoniae or another organism that was the cause of pneumonia. This provides another
example of a vaccine targeting organisms determined to be the cause of acute pneumonia whereas
focusing on the organisms predisposing animals to lethal infections may provide improved
protection against both the chronic infection as well as against multiple lethal infectious agents.

M. ovipneumoniae has more recently become the target of vaccine research. Experiments using
either live M. ovipneumoniae or killed M. ovipneumoniae (50 pg or 250 pg) in oil adjuvant were
tested for vaccine potential [158]. Animals vaccinated with either live M. ovipneumoniae or 50 pg of
killed M. ovipneumoniae did not produce a significant antibody response, however animals
vaccinated with 250 ug of killed M. ovipneumoniae did produce a significant cELISA antibody
response and serum M. ovipneumoniae inhibition activity [158]. This provides potential for
development of a M. ovipneumoniae vaccine, however further testing including challenge trials will
be required to confirm any protective potential of this vaccine [158]. This is in contrast to other
experiments using similar vaccines [159] suggesting that bacterin based vaccines may not provide
the desired protection, especially in animals with prior exposure to M. ovipneumoniae [158, 159]. To
overcome the potential issues observed in animals previously exposed to M. ovipneumoniae,
research into the use of subunit vaccines is also being addressed. A few antigens, such as EF-Tu and
HSP70, from M. ovipneumoniae have been observed to induce strong immune responses in non-
target animals, e.g., mice [160]. However further testing of recombinant proteins in sheep will be
necessary to corroborate data observed in non-target animals.

Vaccination research has been undertaken against a number of other species of mycoplasma.
Vaccination against M. agalactiae using an oil-emulsion adjuvant has been shown to induce full

protection against the onset of clinical signs and infection [161]. This vaccine used inactivated M.
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agalactiae in an emulsion of Montanide ISA-563, Marcol-52 and Montane-80 (ratio: 30%, 63%, 7%
respectively). M. mycoides subsp. mycoides SC, the major cause of CBPP is primarily protected
against by the T1/44 vaccine, a live vaccine in continuous use in Africa for over 60 years [19, 162].
This vaccine has been shown to provide protection against infection, however the limitations of the
vaccine are short duration of immunity, the tendency to cause adverse reactions, and because it is
only semi attenuated, it has the potential to cause outbreaks in closed herds [19, 162]. To overcome
the adverse effects of the live vaccine, inactivated vaccines have been tried, including the use of
whole cell mycoplasma inactivated in saponin and a recombinant sub-unit vaccine prepared using
the highly immunogenic lipoprotein LppQ [162]. Despite high antibody titres, there was no evidence
that the vaccination provides any protection and may have exacerbated the disease [162]. The
evidence to date suggests that only live vaccines can achieve the levels of protection needed to aid
eradication [162]. A Canadian-Kenyan consortium has shown potential for the use of a cocktail of 5
antigens, immunisation with some of the antigens appearing to provide protection while others
increased immune-related pathology [162-164].

M. bovis is another mycoplasma pathogen of cattle. Inactivated vaccines are the most commonly
used in studies to protect against infection. Protection against intratracheal challenge with M. bovis
was observed in calves following vaccination with experimental bacterin vaccines [162, 165, 166].
The first trial reduced clinical disease, upper-respiratory tract colonisation by the bacterium and lung
lesions [162, 165]. In the second trial, total clinical and lung lesion scores were reduced in the
vaccinated/ challenged calves. Additionally, this vaccine showed protection against clinical arthritis
which developed in only some of the challenged animals [162, 166]. A sub-unit vaccine was prepared
based on previously selected M. bovis antigens [167, 168]. This vaccination induced strong humoral,
and cell-mediated responses, however, did not provide protection against M. bovis challenge [167,
168]. Additionally, a combination of recombinant proteins and cell extracts were used as vaccines to
control M. bovis infections [167, 169, 170].

The dominant mycoplasma species infecting pigs is M. hyopneumoniae and is the primary agent
involved in porcine respiratory disease complex. Current commercial vaccines are able to provide
only partial protection, they do not prevent infection and have limited effect on transmission [32,
171]. Commercial vaccines mostly consist of adjuvanted inactivated, whole-cell preparations [171].
Additionally, an attenuated vaccines have been licenced in Mexico and China [172]. The Mexican
vaccine is a thermosensitive mutant of M. hyopneumoniae that is applied intranasally. The Chinese
vaccine is attenuated by continuous alternating passage through modified Friis medium and is

mostly used by intrapulmonary administration [173].
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The main mycoplasmas associated with human diseases are Mycoplasma pneumoniae and
Mycoplasma genitalium [5]. Various attempts have been undertaken to produce vaccines against M.
pneumoniae, however they have been largely unsuccessful. Between 1964-1976, volunteers [10, 11]
and military recruits [12-14] were tested using formalin inactivated vaccines. However, when
challenged either experimentally or naturally with virulent M. pneumoniae, the protective efficacy of
the vaccines was limited. Attenuated strains of M. pneumoniae created by continuous passage in
vitro [15, 16] or temperature-sensitive mutants, were successful in protecting hamsters but were
unacceptable for human use because they either retained a significant level of virulence for humans
or did not colonise and protect human volunteers against challenge [11]. Alternatively, testing with
mutant avirulent M. pneumoniae strains such as P30 deficient M. pneumoniae resulted in
exacerbation of disease when challenged with virulent M. pneumoniae. With limited protection
provided by bacterin vaccines, recombinant protein subunit vaccines are an alternative approach. A
number of potential targets have been identified, including cytoadherence proteins (P1, P30, P116,
CARDS toxin), polysaccharides, lipids and lipoproteins [174]. These virulence factors have

immunogenicity and are likely to be potential candidates for vaccine antigens [174].

1.6 Genome analysis
With the advancement of genetics, it has become possible to sequence large portions or entire

genomes of organisms of interest. With the addition of the advancements in bioinformatics it is
easier to build and annotate the genomes providing previously un-paralleled information on the
organisms at the molecular level [175].

Determining the ideal antigens to be used in a vaccine can be the most difficult and time-consuming
aspect of vaccine design [176]. This often requires multiple animal trials and subsequent
experimental analyses to determine the effect of the antigen on the immune response of the animal.
If an animal does not exhibit a strong response to a particular antigen, a new antigen must be
selected, and the process started again. To reduce the number of trials required to find useful
antigens the genome and bioinformatics can be used to predict potential vaccine targets by
identifying aspects of proteins that may increase the likelihood of the protein to be detected during
natural infection or induce a strong immune response [176].

One aspect of proteins useful for vaccine targets is the presence of transmembrane domains.
Identifying proteins with a few transmembrane domains at the start of the amino acid coding
sequence can provide a pool of proteins that are likely to have some or most of the protein on the
surface of the organism [177, 178]. Using proteins that are surface bound for antigen vaccines
provide targets that are visible while the organism is whole and active [179, 180]. An additional

approach for using bioinformatics in vaccine development is to combine bioinformatics with
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traditional antigen discovery using antibodies against the whole cells of the target pathogen and
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting to
identify proteins that induce an immune response. Putative immunogenic proteins are confirmed by
mass spectrometry. Combining this empirical approach with bioinformatics can determine the whole
sequence of the immunogenic proteins including potentially fully identifying the protein as well as

the presence of defining features, such as transmembrane domains.

1.7 Proteins of M. ovipneumoniae
Proteins exported outside the membrane are likely to be processed through the general secretory

pathway [181, 182]. In gram positive bacteria, which M. ovipneumoniae is thought to have evolved
from, exported proteins are either released to the environment or held to the membrane. The
general secretory pathway involves several proteins. Several of these proteins have been named
with the prefix Sec. and for this reason the pathway has also been called the Sec-dependent

pathway. This pathway appears to be common to all bacterial and eukaryote cells [183].

1.7.1 General secretory pathway (GSP)

The general secretory pathway requires the presence of a signal sequence for protein exportation.
The signal sequence is recognised by ribonucleoprotein complex called the signal recognition particle
(SRP). SRP binds the h-region of the signal peptide by virtue of a hydrophobic grove and delivers it to
the translocase machinery in the membrane [184]. The translocase has a membrane-spanning
domain made up of heterotrimers of membrane proteins. This creates a channel through which the
mature portion of the protein is transferred, leaving the signal sequence embedded in the
membrane [182]. Upon transferring through the membrane it is cleaved by a signal peptidase, the
mature protein is then released [184]. The final destination is coded in the N-terminal signal

sequence of the protein [181, 184].

1.7.2 Signal sequences

Signal peptide sequences consist of 20-40 amino acids at the amino terminus which are primarily
hydrophobic [185, 186]. Signal peptides analysed from various prokaryotes species have identified
common features: a short (1-5 amino acids) amino terminal n-region containing at least one
positively charged residue such as arginine or lysine, followed by a core h-region which is a
hydrophobic stretch of 7-20 amino acids. The last section is a carboxyl c-region that is more polar
and contains the cleavage site for the signal peptidase [184]. Hydrophobicity of the h-region and the
positions of the positively charged residues are considered features essential for the function of the
signal sequence [187-189]. The net positive charge of the n-region is thought to interact with the
negatively charged surface of the inner-membrane [189] and the core h-region, which has a high

propensity for a-helical conformation, is thought to facilitate interaction with the interior of the
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membrane bilayer [190]. It is generally believed that gram positive and gram negative bacteria
secrete proteins by similar mechanisms as the genome sequences show they share the major

components [191]. This is also observed in a number of mycoplasma species [191].

1.7.3 Immunogenic proteins

In the absence of an efficacious vaccine, it is desirable to characterise immunogenic M.
ovipneumoniae antigens with a view to developing a novel M. ovipneumoniae subunit vaccine.
Detection of immunogenic proteins from a pathogen can provide potential avenues to produce
vaccines and diagnostic tests for the prevention and treatment of infections, respectively. To
increase the ability of antigens to produce a protective effect, selecting antigens that are present on
the surface of the pathogen may provide increased protection by targeting proteins that are present
while the pathogen is actively growing in the host.

The studies of M. ovipneumoniae to date have identified a small number of immunological proteins.
The main proteins identified are heat-shock protein 70 (HSP70) [160, 192-194], elongation factor
thermo unstable (EF-Tu) [160, 195-197], and pyruvate dehydrogenase [195]. HSP70 and EF-Tu have
been confirmed to be membrane associated proteins [160].

Absence of a cell wall in M. ovipneumoniae may further facilitate its membrane and cytoskeleton
proteins to actively participate during infection of hosts [160]. As a potential intracellular pathogen,
adhesion mediated by membrane-associated proteins is suggested to be a major step in
mycoplasma pathogenesis [160]. Previous studies have identified immunogenic proteins such as
P97, P42, and MnuA of M. hyopneumoniae, P30 of M. pneumonia, and MGC3 of M. gallisepticum
[31, 198-201]. EF-Tu and HSP70 of M. ovipneumoniae have been determined to produce both
humoral and cellular responses in mice [160]. Moreover, there is evidence to suggest that
recombinant proteins of HSP70 and EF-Tu are able to induce a stronger innate immune response,
including production of the cytokines TNF-a, IFN-y, IL-4 and IL-5, than whole cell extracts of M.
ovipneumoniae [160]. TNF-a is the earliest inflammatory cytokine to activate neutrophils and
lymphocytes, this allows the permeability of vascular endothelial cells to increase, tissue metabolism
to be adjusted, and promotes the synthesis and release of cytokines [160, 202, 203].

Recombinant protein vaccines, in general, have been known to preferentially induce Tn2 responses
with limited or no Tyl responses. However, some recombinant proteins from M. hyopneumoniae
have been shown to induce Ty1 response in mice [31, 204, 205]. HSP70 and EF-Tu from M.
ovipneumoniae have been shown to induce high levels of IFN-y in mice. In addition to IFN-y, higher
concentrations of IL-4 and IL-5 were detected in response to recombinant HSP70 and EF-Tu

compared to whole lysate [160].
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1.8 Analysis of immune responses to M. ovipneumoniae antigens

1.8.1 Use of serum from bacterin-vaccinated sheep for immune-screening purposes

The use of serum from infected animals is a common approach for immune-screening antigens for
subunit vaccine and diagnostic development [23, 160, 194, 206]. For direct detection of
immunogenic proteins against M. ovipneumoniae infections the use of sera from animals naturally
or artificially infected would be ideal. However, the use of sera from bacterin-vaccinated animals can
provide its own benefits for exploratory experiments. Bacterin-vaccinated animals can have higher
titres of antibody than infected animals, and the ethics to only vaccinate animals is often easier to
justify than needing to infect animals with pathogens [207, 208]. Sera from animals vaccinated with
bacterins were also chosen in this project due to their availability from previous adjuvant vaccine
trials. Due to the limited protective effect of bacterin vaccines against M. ovipneumoniae the results
obtained using sera from vaccinated animals would benefit from comparison with sera from

naturally infected animals.

1.8.2 Enzyme-linked immunosorbent assay (ELISA)

The enzyme-linked immunosorbent assay is an antigen antibody reaction. The assay was first
introduced and described by Engvall and Perlmann (1971) [209, 210] and has become a common
laboratory technique used to measure the concentration of antibodies in blood and other fluids. The
assay utilises a covalently coupled enzyme system to measure specific binding of antibody with
antigen. The amount of antibody that binds to antigen is determined spectrophotometrically by
measuring the conversion of a clear substance to a coloured product by the coupled enzyme.

ELISA is typically performed in 96-well plates enabling multiple serum samples and dilution series of
sera to be measured simultaneously, along with relevant positive and negative controls. Antibodies
present in sera bind to antigen coated onto the solid surface of the plate. Unbound antibodies are
washed away, and a secondary antibody conjugated to horse radish peroxidase or another enzyme is
then added. Unbound antibodies are removed again, and a suitable substrate is added. The intensity
of the yellow colour produced through action of the coupled enzyme provides a readout of the
amount of antibodies present in the serum sample [211].

1.8.3 Interferon gamma release assays

Interferon gamma release assays (IGRA) are a collection of tests widely used in the diagnostic
identification of latent tuberculosis infection (LTBI) [212-214] as well as other diseases [215-217].
IGRAs rely on pre-sensitised T-lymphocytes (exposed to antigens from infection or vaccination)
releasing IFN-y when re-exposed to specific antigens. This is commonly undertaken by one of two

methods, enumeration of IFN-y secreting T cells (ELISpot) [160] or by measurement of IFN-y
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concentration (ELISA) [216]. Using Interferon gamma release assays in addition to traditional ELISA
can help determine the kind of immune response produced from the infection. IFN-y assays are able
to identify the level of cellular immune response to Mycoplasma antigens [160] and can aid in

understanding the effect of vaccination on the host immune system.
1.8.4 1L-17A

Interleukin-17A can be measured in a similar way as IFN-y for determining the function of antigens
on the production of Ty17 with T-lymphocytes releasing IL-17A when exposed to specific antigens.
[218]. This can be completed using either the ELISA method or commonly flow cytometry [218-220].
Whereas measurement of IFN-y aims to determine the effect of antigens on the upregulation of
cellular responses, measurement of IL-17A can help determine the effect of particular antigens on
the upregulation of the inflammation response. Measuring the IL-17A response to antigens can be
useful as upregulation of IL-17A can result in a protective effect against extracellular pathogens;

however, over expression of IL-17A can result in a pathogenic effect in itself [119, 145].

1.8.5 Growth inhibition analysis

Immunological assays, such as those described above are useful for detecting infection and
measuring immune responses to specific pathogens but often provide limited information about the
ability of the immune system to neutralise the pathogen and control infection. While identifying
immunogenic antigens which produce a strong antibody response provides a pathway to finding
antigens for a vaccine, this approach on its own does not guarantee the vaccine antigens will protect
against the invading pathogen. This is where the use of more direct methods to determine effect of
antibodies on the pathogen are useful.

Growth inhibition analysis is a technique that determines the ability of antibodies produced against
a pathogen to neutralise or inhibit the growth of the pathogen in culture [160, 221-223]. This is
undertaken by incubating the pathogen in media with the addition of sera over several days.
Comparison of wells with sera against positive and negative controls allows determination of the
effect of anti-sera on the growth of Mycoplasma [160].

An in vitro growth inhibition test using antisera of mice raised against HSP70 and EF-Tu from M.
ovipneumoniae has provided evidence that specific antibodies against these proteins can inhibit
growth of M. ovipneumoniae [160]. This provides a key starting point for further research into the
use of recombinant proteins as potential vaccine candidates against M. ovipneumoniae. This will
require the identification of further immunogenic M. ovipneumoniae proteins. Antisera from rabbits
raised against any newly detected proteins will allow further in vitro testing for ability to inhibit
growth of M. ovipneumoniae. It must be noted that the immune response in mice and rabbits may

not extrapolate to other species, therefore these proteins along with the previously detected HSP70
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and EF-Tu would benefit from further analysis using a sheep model to evaluate the ability of these

proteins to induce protective immunity to M. ovipneumoniae in sheep.

1.8.6 Immunofluorescence microscopy

Surface located proteins may offer the best candidates for a sub-unit protein vaccine. There are
several methods to determine the localisation of proteins on the surface of the cell, one of which is
immunofluorescence microscopy [224-226].

Immunofluorescence microscopy uses antibodies chemically labelled with fluorescent dyes to
visualise molecules under a light microscope. There are two general classes of immunofluorescence
techniques: primary and secondary. Primary (direct) uses a single, primary antibody, chemically
linked to a fluorophore, and secondary (indirect) uses two antibodies, an unlabelled primary
antibody against the target proteins in combination with a secondary antibody with a conjugated
fluorophore. If the target protein is present on the surface of the pathogen the primary antibody will
attach to the target protein. Then the secondary anti-primary antibody will bind to the primary
antibody. Excitation of the fluorophore by exposure to light with the required wavelength produces

light at a specific wavelength allowing visualisation of the cells under a microscope [224-226].

1.8.7 Inhibition of adherence by M. ovipneumoniae antibodies

In response to an infection to a pathogen the immune system mounts a response to eliminate the
invader. One method by which antibodies can interfere with the function of a pathogen is by
preventing the pathogen from adhering to the host cells preventing colonisation of the host. To
determine the ability of antibodies against a target antigen to prevent adherence, an adherence
inhibition analysis can be undertaken [225, 227-229]. This involves the incubation of the pathogen
with the cells they adhere to in the presence or absence of the antibodies of interest. The cells are
then washed removing any unbound pathogens, the cells are subsequently released from the dish
and transferred to a growth medium. If the antibodies prevent adhesion to the cells the pathogen
should be removed with the washing and therefore should not grow in the medium. Comparison
between samples incubated with antibodies and samples incubated without antibodies will provide
an understanding if the antibodies are able to prevent adhesion and to what extent. If there is a
noticeable decrease of pathogens from the sample incubated with antibodies it can be considered

that there was an effect of the antibodies of the pathogen [225, 227].

1.9 Summary and aims of thesis
M. ovipneumoniae is the primary cause of CNP in sheep in New Zealand, as well as being a

predisposing factor for more severe, potentially life-threating infections. To date there are currently

no commercially successful vaccines available for M. ovipneumoniae. Infections are difficult to treat
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due to the nature of the disease producing only limited overt symptoms, and there are no simple

diagnostic tests available.

There is currently limited information on immunogenic proteins of M. ovipneumoniae, constraining

the ability of developing recombinant protein-based vaccines and antigen-based diagnostics for

identifying M. ovipneumoniae. This study was initiated to identify novel immunogenic proteins and

to determine their potential as diagnostic antigens or as antigens for a sub-unit protein vaccine. This

was achieved using an empirical approach and through bioinformatic analysis of the genome of

selected New Zealand isolates of M. ovipneumoniae.

The specific objectives of the study were as follows:

1.
2.

To build and annotate the genome of New Zealand isolates of M. ovipneumoniae.

To produce membrane fractions from selected isolates of M. ovipneumoniae for immunogenicity
analysis.

To detect immunogenic proteins of M. ovipneumoniae by Western blot analysis with sheep
antisera produced against M. ovipneumoniae and to confirm the identity of the immunogenic
proteins using mass spectrometry.

To express and purify selected immunogenic proteins in Escherichia coli and produce protein-
specific antibodies in sheep.

To conduct studies using the protein-specific antibodies to determine the potential of the

proteins as vaccine antigens or for use as diagnostic reagents.
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Chapter 2 Methods

2.1 Media preparation
2.1.1 Mycoplasma culture media

Table 2-1 Frey’s complete media.

Reagent Amount added per volume of media
100 ml 1L
Mycoplasma Broth Base BBL (Frey [230]) (Fort Richard, 67 ml 670 ml

New Zealand)

Bacto"Yeast extract (Invitrogen™, Thermo Fisher 10 ml 100 ml

Scientific™, United States)

Horse Serum, New Zealand origin (Gibco™ Invitrogen™, | 22 ml 220 ml

Thermo Fisher Scientific™, United States)

Thallium acetate (stock 2.5%) (BDH Bio-Strategy, New 1ml 10 ml
Zealand)
Penicillin G potassium salt (Sigma-Aldrich™, Germany) 0.5 ml 5ml

(stock 100,000 U/ml)

D-glucose (Sigma-Aldrich™, Germany) 0.2 ml 2 mi

Phenol Red (BDH Bio-Strategy, New Zealand) 0.2 ml 2 ml

e Frey’s broth base[230]: 15 g of BBL Mycoplasma Broth base (Fort Richard New Zealand) was
added in 670 ml of deionised water, then pH was adjusted to pH 8.0 and autoclaved at 121°C
for 20 min.

e Yeast extract: 4.2 g of BD BactoYeast extract (Invitrogen™, Thermo Fisher Scientific™,
United States) was added to 140 ml of deionised water to make 3% solution, then
autoclaved at 121°C for 20 min. Store at -20°C.

e Horse serum: 1 L stock (Gibco™ Invitrogen™, Thermo Fisher Scientific™, United States) was
heat inactivated by placing previously defrosted 1L horse serum in a pre-warmed water bath
at 56°C, once temperature had stabilised serum was left for 30 min. Remove and aliquot out
in 220 ml volumes into sterile containers. Froze at -20°C.

o Thallium acetate (stock 2.5%): 0.250 g of Thallium acetate (BDH Bio-Strategy, New Zealand)
was dissolved in 10 ml of milli-gq (MQ) water.

e Penicillin: 2.51 g Sigma Penicillin G potassium salt (Sigma-Aldrich™, Germany) 1596U/mg -
(stock 100000 U/ml) was dissolved in 40 ml to get 100149 U/ml. Froze at -20°C

e Glucose: 50 g of powder BDH D+Glucose (Sigma-Aldrich™, Germany) was dissolved into 50
ml MQ water and filter sterilised into a sterile bottle.

o Phenol Red (stock 1%): 0.5 g of Phenol Red (BDH Bio-Strategy, New Zealand) was dissolved
in 50 ml of PBS (0.01M, pH7.3) and filter sterilised. Stored at 4°C.

The medium was adjusted to a final pH of 7.8 using 1 M NaOH.
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2.1.2 Luria-Bertani (LB) media
LB media was produced by combining 10 g Tryptone (Oxoid, Thermo Fisher Scientific™, United

States), 10 g NaCl (Scharlau, Bio-Strategy, New Zealand), and 5 g BactoYeast extract (Invitrogen™,

Thermo Fisher Scientific™, United States) to 950 mL H,0. The working media was pH 7.0.

2.2 Reagents recipes

2.2.1 TBS 10x (concentrated Tris-buffered saline)
One litre of TBS was produced by combining 54 g Tris-HCI (Applichem, Labsupply, New Zealand), 5.6

g Tris base (Applichem, Labsupply, New Zealand), and 88 g NaCl (Scharlau Bio-Strategy, New

Zealand) to H,0. the solution was made up to one litre. The working pH was 7.6.

2.2.2 PBS (Phosphate Buffered Saline)
One litre of PBS was produced by combining 8 g NaCl (Scharlau Bio-Strategy, New Zealand), 200 mg

KCI (BDH Bio-Strategy, New Zealand), 1.44 g Na2HPO4 (BDH Bio-Strategy, New Zealand), and 245 mg
KH2PO4 (Sigma-Aldrich™, Germany) to H,O. the solution was made up to one litre. The working pH

was 7.4.

2.3 Selection of M. ovipneumoniae isolates

Prior to the commencement of this project, work had been undertaken to acquire New Zealand
isolates of M. ovipneumoniae [231]. To study the role of M. ovipneumoniae in the pathogenesis of
ovine pneumonia, lung lavages had been obtained at the abattoir from 128 sheep sourced randomly
from 8 farms in the lower north island of New Zealand which had an history of ovine pneumonia.
The lung lavages were diluted in Frey’s media and incubated to grow mycoplasmas. The samples
were then diluted in Frey’s media and plated onto solid Frey’s media to isolate single colonies. This
process was repeated two more times. Identity of M. ovipneumoniae were then confirmed by M.
ovipneumoniae-specific 16s rRNA PCR (2.3.1). A total of 93 isolates of M. ovipneumoniae were
cultured from these samples. Molecular analysis using restriction fragment length polymorphism
(RFLP) on the whole genome and the P113 adhesin gene [232] clustered these isolates into distinct
groups (unpublished observations). In this study, 10 representative isolates (isolates 16, 23, 42, 70,
73, 83, 88, 90, 94, 103) were selected for genomic analysis. Isolates 16, 90, and 103 were selected as
representatives of the three dominant groups determined by RFLP with EcoR1 (unpublished

observations). Stocks of these and other isolates were stored in glycerol at -80°C.

2.3.1 PCR of M. ovipneumoniae 16s rRNA
The forward primer was LMFI (5'-TGAACGGAATATGTTAGCTT-3’), and the reverse primer was

LMRI (5’-GACTTCATCCTGCACTCTGT-3’). M. ovipneumoniae DNA was denatured at 94°C for 5 min

followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s and extension at

72°C for 30 s. Final extension was at 72°C for seven min [233, 234]. The amplified PCR product was
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run on a 1% agarose gel and the presence of a PCR band at the predicted size indicated the presence

of M. ovipneumoniae. The PCR products were not sequenced in this previous work.

2.4 Culture of M. ovipneumoniae

M. ovipneumoniae isolates 16, 90, and 103 were grown from frozen glycerol stocks. A 10 pl loop
(LabServ, Thermo Fisher Scientific™, United States) of mycoplasma was removed from the glycerol
stock and added to 3 ml of Frey’s media (2.1.1) in a sterile glass bijou. The mycoplasmas were then
left to grow at 37°C without shaking until a pH indication colour (phenol red) changed from red to
orange. After colour change, 1 ml of the grown mycoplasma media was removed from the bijou and
added to 100 ml of fresh Frey’s media in a 500 ml flask and left to grow at 37°C, shaking at 150 rpm
until a pH indication colour (phenol red) changed from red to orange. The culture was distributed
into 30 ml aliquots and centrifugated at 3,320 x g for 20 min. The media was removed, and the cell

pellet was resuspended in PBS for immediate use or stored frozen at -20°C for later use.

2.5 DNA extraction

2.5.1 Genomic DNA for high throughput sequencing (HTS)
Prior to the commencement of this project, HTS data was obtained for 10 isolates of M.

ovipneumoniae by Jacinda Aplin, AgResearch. The methods used are described below. Genomic DNA
was extracted using a ZR fungal/bacterial DNA MiniPrep commercial kit (Zymo Research Corp.,
United States). The resulting genomic DNA was subsequently purified using a ZR genomic DNA clean

and concentrator commercial kit.

ZR fungal/bacterial DNA MiniPrep
A quantity of 50 — 100 mg (wet weight) bacterial cells that had been resuspended in up to 200 pl

isotonic buffer (e.g., PBS) was added to the ZR BashingBead™ Lysis Tube (0.1 mm and 0.5 mm). A
750 ul volume of Lysis Solution was added to the tube. The bead beater was then secured ina 2 ml
tube holder assembly and processed at maximum speed for > 5 min. The ZR BashingBead™ Lysis
Tube was then centrifuged in a microcentrifuge at 10,000 x g for 1 min. Up to 400 pl of the
supernatant was transferred to a Zymo-Spin™ IV Spin Filter (Orange Top) in a Collection Tube and
centrifuged at 7,000 x g for 1 min. A volume of 1,200 ul of Fungal/Bacterial DNA Binding Buffer was
added to the filtrate in the Collection Tube and 800 ul volume of the mixture from collection tube 1
was transferred to a Zymo-Spin™ IIC Column in a Collection Tube and centrifuged at 10,000 x g for 1
min. The flow through from collection Tube 2 was discarded and the final filtrate from collection
tube 1 was added to Zymo-Spin™ IIC Column and centrifuged at 10,000 x g for 1 min. A 200 pl
volume of DNA Pre-Wash Buffer was added to the Zymo-Spin™ IIC Column in a new Collection Tube
and centrifuged at 10,000 x g for 1 min. A 500 pl volume of Fungal/Bacterial DNA Wash Buffer was
added to the Zymo-Spin™ IIC Column and centrifuged at 10,000 x g for 1 min. The Zymo-Spin™ IIC
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Column was transferred to a clean 1.5 ml microcentrifuge tube and 100 ul DNA Elution Buffer was
added directly to the column matrix. The column was then centrifuged at 10,000 x g for 30 s to elute

the DNA.

ZR genomic DNA clean and concentrator
In a 1.5 ml microcentrifuge tube, 2 volumes of ChIP DNA Binding Buffer were added to each volume

of DNA sample and mixed thoroughly. The mixture was transferred to a provided Zymo-Spin™ IIC-
XLR Column in a Collection Tube. The collection tube was centrifuged at 16,000 x g for 30 s and the
flow-through was discard. A 400 pl volume of DNA Wash Buffer was added to the column and
centrifuged at 16,000 x g for 1 minute. The collection tube was emptied, and the wash step was
repeated. The column was transferred to a 1.5 ml microcentrifuge tube. DNA Elution Buffer (= 50 pl)
or water was added directly to the column matrix and incubated at room temperature for five

minutes and centrifuged at 16,000 x g for 30 s to elute the DNA.

2.5.2 Phenol-chloroform DNA extraction
The culture (25 ml) was centrifuged at 10,000 x g for 30 min at 4°C. The pellet was washed once with

Tris-EDTA (TE) buffer at 4°C. The pellet was used immediately or stored at -80°C. Cell pellets were
resuspended in 500 pl of Tris-Sodium chloride-EDTA) (TNE) buffer and the cells lysed by the addition
of 10 ul of 10% SDS and 10 pl of 10% sarcosine. A 10 pl volume of 20 mg/ml protein kinase was
added, and the sample was incubated at 37°C for 2 h. Following incubation, 100 pug/ml DNase-free
RNase was added and incubated at 37°C for 30 min. The lysate was extracted once with 500 pl of
phenol (Gibco™ Invitrogen™, Thermo Fisher Scientific™, United States). The emulsion was
centrifuged at 13,000 x g for 10 min, and the upper aqueous phase was transferred to another tube.
A volume of 500 pl of phenol:chloroform:isoamyl alcohol was added to the tube, the sample was
centrifuged at 13,000 x g for 10 min. 400 pul of the upper aqueous phase was transferred to a new
tube. Sodium acetate (40 pl) and 800 pl of 100% ethanol was added and mixed gently. The DNA was
precipitated by incubation at -20°C for 16 h. The DNA was pelleted by centrifugation at 13,000 x g for
10 min, the supernatant was then discarded. A volume of 500 pul of 80% ethanol was added and
mixed. The DNA was pelleted by centrifugation at 13,000 x g for 10 min and the supernatant was
discarded. The DNA was air dried and resuspended in TE buffer.

2.6 Preparation of M. ovipneumoniae proteins

2.6.1 Whole cell lysates (WCL)
The cell pellet from 2.4 was resuspended in 1 ml PBS and transferred to a microcentrifuge tube. The

suspension was sonicated on ice with a VCX 750 Ultrasonic Processor (Sonics & Materials, USA) to

break open the cells and fragment the genomic DNA. The sample was sonicated using 40 s bursts
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until lysis was complete (typically 3—4 times). The suspension was chilled on ice for 1 min between

each ultrasonic treatment. Samples were stored at -20°C.

2.6.2 Preparation of membrane fractions from M. ovipneumoniae
Membrane protein fractions were prepared using the Bio-Rad ReadyPrep™ Protein Extraction Kit

(Membrane 1) [235, 236] (Bio-Rad Laboratories, United states). Buffers M1 and M2 were chilled on
ice for at least 15 min before beginning the extraction and the bottle of buffer were inverted several
times during the incubation period). Membrane fractions were prepared from M. ovipneumoniae by
resuspending a cell pellet from 10 ml of culture in a microcentrifuge tube with 1 ml of buffer M1.
The suspension was sonicated on ice with a VCX 750 Ultrasonic Processor (Sonics & Materials, USA)
to break open the cells and fragment the genomic DNA. The sample was sonicated using 40 s bursts
with 1 min intervals on ice until lysis was complete (typically 3—4 times). A 500 pl volume of chilled
buffer M2 was added to the cell extract. The suspension was vortexed 4-5 times, 60 s each. The tube
was kept in an ice-water bath for 30-60 s between each vortexing step. At the end of the vortexing
procedure, the microcentrifuge tube was incubated in an ice-water bath for 10 min. The
microcentrifuge tube was transferred to a 37°C water bath and incubated for 30 min. The
suspension was mixed for 30 s periodically (3 to 4 times). The microcentrifuge tube was centrifuged
at maximum speed in a microcentrifuge (16,000 x g) for 5 min at room temperature. The top layer,
containing the hydrophilic proteins, was removed, and transferred to a clean microcentrifuge tube.
A 500 pl volume of prechilled buffer M2 was added to the tube containing the bottom phase. The
suspension was vortexed 4-5 times, 60 s each. The tube was kept in an ice-water bath for 30—60 s
between each vortexing step. At the end of the vortexing procedure, the microcentrifuge tube was
incubated in an ice-water bath for 10 min. The microcentrifuge tube was transferred to a 37°C water
bath and incubated for 30 min. The suspension was mixed for 30 s periodically (3 to 4 times). The
microcentrifuge tube was centrifuged at maximum speed in a microcentrifuge (16,000 x g) for 5 min
at room temperature. Again, the top layer was removed and pooled with the top layer that was
collected earlier. This tube of pooled top layers was labelled Hydrophilic Protein Fraction. The
bottom phase was collected and transferred to a new microcentrifuge tube. This tube was labelled
Hydrophobic Membrane Protein.

Hydrophobic and hydrophilic fractions were cleaned up using the ReadyPrep™ 2-D Cleanup Kit (Bio-
Rad Laboratories, United states) according to kit instructions using ZOOM™ Carrier Ampholytes pH
3-10 Invitrogen™, Thermo Fisher Scientific™, United States. Samples were stored at -20°C. The
ReadyPrep 2-D Cleanup Kit uses selective precipitation to remove ionic contaminants such as
detergents, lipids, and phenolic compounds from protein samples. These contaminants may
interfere with separation, particularly during isoelectric focusing (IEF) and 2-D separations. Use of

the kit improves 2-D resolution and reproducibility.
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A 100 pl volume of the protein preparation was transferred into a 1.5 ml microcentrifuge tube. A
300 ul volume of precipitating agent 1 was added to the protein sample, without touching the
samples to avoid possible protein precipitation and mixed well by vortexing. The preparation was
incubated on ice for 15 min. Precipitating agent (300 ul) was added to the mixture of protein and
precipitating agent without touching the samples to avoid possible protein precipitation. The sample
was mixed well by vortexing. The microcentrifuge tubes were centrifuged at maximum speed
(16,000 x g) for 5 min to form a tight pellet. Without disturbing the pellet, the supernatant was
removed and discarded using a pipette. The microcentrifuge tubes were centrifuged for 15-30 s to
collect any residual liquid at the bottom of the microcentrifuge tube and the remaining supernatant
was removed. A 40 pl volume of wash reagent 1 was added on the top of the pellet. The tube was
centrifuged at maximum speed (16,000 x g) for 5 min and the wash reagent was removed using a
pipette. Ultrapure water (25 ul) was added on top of the pellet and the tube was vortexed for 10-20
s. A 1 ml volume of wash reagent 2 (prechilled at -20°C for at least 1 hr) and 5 ul of wash 2 additive
was added and the microcentrifuge tube was vortexed for 1 min. The microcentrifuge tube was
incubated at -20°C for 30 min, vortexing for 30 s every 10 min during the incubation period. After the
incubation period, the tube was centrifuged at 16,000 x g for 5 min to form a tight pellet. The
supernatant was removed, and the tube was further centrifuged for 15-30 s and any remaining wash
reagent was removed. The pellet would appear white at this stage. The pellet was air-dried at room
temperature for no more than 5 min and until the pellet appeared translucent. Each pellet was
resuspended by adding 100-150 ul of 2-D rehydration/sample buffer to the pellet. The supernatant
can be used directly for IEF in IPG strips or in IEF gels. The prepared samples were stored at -20°C for
short term or -80°C for long term storage. Any unused or remaining protein sample was stored in a

clean tube at -80°C for later analysis.

2.6.3 Protein determination
Protein concentration in the M. ovipneumoniae fractions was determined using a Pierce™ BCA

Protein Assay Kit, (Thermo Fisher Scientific™, United States) [237-240]. The working reagent (WR)
was prepared by mixing 50 parts of BCA Reagent A with 1 part of BCA Reagent B (50:1, Reagent A:
B). A 25 uL quantity of standard or sample (3 replicates) was pipetted into a microplate well (Nunc™
MicroWell™ 96-Well, Nunclon Delta-Treated, Flat-Bottom Microplate, Thermo Fisher Scientific™,
United States). A 200 pL volume of the WR was added to each well and the plate was mixed
thoroughly on a plate shaker for 30 s. The plate was covered and incubated at 37°C for 30 min. The
plate was cooled to room temperature and the absorbance measured at or near 562 nmon a

VersaMax™ ELISA Microplate Reader (Bio-Strategy, New Zealand).
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2.7 Generation of antisera in sheep and rabbits
2.7.1 Inactivation of mycoplasma cells with hydrogen peroxide

Prior to using M. ovipneumoniae for vaccinating sheep in the various animal trials, the cells were
inactivated using hydrogen peroxide (H,0,) (30 % W/W (Bio-Strategy, New Zealand)). H,0, was
chosen due to its successful use in other vaccine studies undertaken by AgResearch, to inactivate
bacteria without denaturing surface proteins. M. ovipneumoniae isolates were grown in 200 — 600
ml volumes of Frey’s media until media colour changed to orange (2.4). A 300 ml culture of each
isolate was centrifuged at 10,000 x g for 20 min, the supernatant was removed, and the cell pellet
re-suspended in 300 ml of PBS solution. A 49 ml quantity of H,0, (30 % W/W (Bio-Strategy, New
Zealand)), was added for a final concentration of 5%. The cells were gently shaken (150 rpm) for two
hours at room temperature. The cells were recovered by centrifugation at 10,000 x g for 10 min and
the supernatant was removed. The pellet was resuspended in 40 ml PBS and transferred to 50 ml
falcon tubes. The cells were centrifuged at 3,320 x g for 10 min, the supernatant was removed, and
the pellet resuspended in 40 ml PBS. The washing step was repeated, and the cells resuspended in
PBS at a protein concentration of 9 mg/ml (2.6.3).

An experiment was conducted to determine the minimum concentration of H,0, (30% w/w) needed
to inactivate M. ovipneumoniae by conducting the above protocol with a range (0.1% to 10%) of
concentrations. Successful inactivation of M. ovipneumoniae was determined by incubating aliquots
of the treated cells in Frey’s media for 14 days and observing any change in colour. A concentration

of 5% was the lowest concentration of H,0, that inhibited growth of M. ovipneumoniae.

2.7.2 Pre-existing sera from sheep vaccinated with M. ovipneumoniae and M. haemolytica

A trial (conducted under Grassland’s Animal Ethics approval 13567) had been conducted previously
at AgResearch to determine optimal adjuvants for stimulating strong serum antibody responses to
M. ovipneumoniae and M. haemolytica (manuscript in preparation). The sera from this trial were
made available at the start of the PhD and were used for the initial Western blotting analysis.
Groups of 20 sheep were vaccinated with a mixture of M. ovipneumoniae (isolates 16, 90, and 103)
and M. haemolytica WCL combined with three different adjuvants, Alum, Montanide ISA61 or Quil-A
(Table 2.2). Control groups of sheep (n=7) were given adjuvant alone. Sheep were vaccinated
(subcutaneously) twice at a 4-week interval with M. haemolytica (5 x 108 cells) and M.
ovipneumoniae (0.2 mg from each of the three isolates). Serum samples were obtained from animals
before vaccination (pre-immune sera) and at 2 weeks after the second vaccination. Antibody
responses to M. ovipneumoniae WCL antigens were measured by ELISA to identify animals that had
developed a strong immune response to M. ovipneumoniae. The antisera from three animals,

vaccinated with WCL formulated with Montanide ISA61 (Seppic, France), an oil-in-water adjuvant
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were selected for Western blotting studies as these animals had high antibody titres as determined

by ELISA. The sera from the three sheep were pooled and stored in aliquots at -20°C.

Table 2-2 Groups of animals vaccinated with a mixture of M. ovipneumoniae and M. haemolytica WC
combined with three different adjuvants, Alum, Montanide ISA61 or Quil-A.

Group Number of animals Adjuvant Antigen

1 7 Alum Nil

2 7 Quil-A Nil

3 7 Montanide ISA61 Nil

4 20 Alum M. ovipneumoniae and M. haemolytica
5 20 Quil-A M. ovipneumoniae and M. haemolytica
6 20 Montanide ISA61 M. ovipneumoniae and M. haemolytica

2.7.3 Sera from sheep vaccinated only with M. ovipneumoniae

Antisera were obtained from sheep vaccinated with M. ovipneumoniae for Western blotting studies
to compare results obtained using antisera against a mixture of M. ovipneumoniae and M.
haemolytica. WCL of M. ovipneumoniae isolates 16, 90 and 103 were grown as described in 2.4. Two
sheep were vaccinated twice by the subcutaneously route at a 4-week interval with combination of
0.6 mg the three isolates formulated with Montanide ISA61 (Seppic, France) adjuvant (64% v/v). The
trial was performed with Grassland’s Animal Ethics approval (AE 14263). Sera were collected pre-

vaccination (pre-immune sera) and 2 weeks after the second vaccination.

2.7.4 Rabbit antisera

Three rabbits (New Zealand white) were vaccinated with WC of M. ovipneumoniae isolates 16, 90
and 103. Each rabbit was vaccinated four times at 2-week intervals with WCL from a single isolate
emulsified Montanide ISA61 (Seppic, France) (0.6 mg for first two vaccinations and then 0.3 mg for
the 3™ and 4" vaccinations). Vaccination of rabbits and collection of pre-immune sera and antisera

were performed at AgResearch Ruakura under Animal Ethics approval (AE14012, 12445).

2.7.5 Sheep trials for producing antisera for studies and measurement of immune responses
Three sheep trials were conducted to collect pre-immune sera, antisera, and blood for studies and

measurement of cell-mediated immune responses. All, or a selection of the animals used in these
trials were used for studies in this thesis. Each of the trials are described below followed by a table
indicating which animals were collected from and what was collected. Animals in these trials were

vaccinated and bleed by Dr Sandeep Gupta and Tania Wilson, AgResearch.
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2.7.5.1 Trial 1: Antisera production (recombinant proteins from M. ovipneumoniae antigens
A trial (referred to as recombinant protein trial or Antisera production trial 1) using 24 female

Romney crosses approximately 6 months of age, was conducted to produce antisera against the in-
house EF-Tu and the five proteins produced by GenScript (EF-Tu, GAPDH, HP3, P146, and an epitope
of HP1). Antisera were also produced against WC and hydrophobic protein fractions (HPF) prepared
from the three isolates (16, 90, 103) of M. ovipneumoniae (described in Chapter 2.6). Twelve groups
of sheep (detailed in Table 2.3 n=2 per group) were vaccinated with the various antigens (Table 2.3)
formulated with Montanide ISA61 (Seppic, France) adjuvant twice by the intramuscular route at a 4-
week interval. This trial was conducted at the AgResearch Aorangi farm, Palmerston North under
AgResearch (Grasslands) Animals Ethics Committee’s approval (AE 14595).

Sera samples were collected at week O (pre-vaccination), week 4 (at the time of second vaccination),
and week 6 for measurement of antibody responses. Heparinised blood samples were also collected

at week 7 for measurement of antigen-specific IFN-y and IL-17A responses.

Table 2-3 Groups of animals vaccinated with whole cell (WC) or hydrophobic protein fractions (HPF) of M.
ovipneumoniae or individual recombinant proteins.

Group (n=2) | Dose (mg) | Antigen

0.1 M. ovipneumoniae recombinant protein EF-Tu (GenScript)
2 0.1 M. ovipneumoniae recombinant protein GAPDH (GenScript)
3 0.1 M. ovipneumoniae recombinant protein HP3 (GenScript)
4 0.1 M. ovipneumoniae recombinant protein HP1 (GenScript)
5 0.1 M. ovipneumoniae recombinant protein P146 (GenScript)
6 0.1 M. ovipneumoniae recombinant protein EF-Tu (In-house)
7 0.6 WC of M. ovipneumoniae isolate 16
8 0.6 WC of M. ovipneumoniae isolate 90
9 0.6 WC of M. ovipneumoniae isolate 103
10 0.5 HPF from isolate 16
11 0.5 HPF from isolate 90
12 0.5 HPF from isolate 103

2.7.5.2 Trial 2: Antisera production (WC of M. ovipneumoniae and Methanobrevibacter ruminantium
M1)
A second antisera production trial (Antisera production trial 2) was conducted. Due to the loss of 8

animals due to facial eczema in Antisera production trial 1, (including animals vaccinated with WC),

additional animals (1-year old castrated male Romney crosses) were vaccinated subcutaneously with
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M. ovipneumoniae WC. One animal was vaccinated with WC from isolate 90 and two animals were
vaccinated with WC from isolate 103. In addition, three animals were vaccinated with an unrelated
organism Methanobrevibacter ruminantium M1. Three animals were given adjuvant alone. Vaccine
antigens (M. ovipneumoniae 0.6 mg protein or M. ruminantium 5 mg wet weight) were formulated
with Montanide ISA61 adjuvant (Seppic, France) and animals were vaccinated twice by the
intramuscular route at a 3-week interval. This trial was conducted at the AgResearch Aorangi farm,
Palmerston North under AgResearch (Grasslands) Animals Ethics Committee’s approval (AE 14718).
Sera were collected at three time points, week O (pre-vaccination), week 3 (at the time of second
vaccination) and week 5. In this trial, heparinised blood samples were also collected at week 5 for
measurement of antigen-specific IFN-y and IL-17A responses.

Table 2-4 summarises the animals from Antisera production trial 2 used in this thesis.

Table 2-4 Groups of animals vaccinated with M. ovipneumoniae or methanogen WC.

Group Antigen

1 Control (Adjuvant alone) (n=3)

10 Methanogen WC (M1) (n=3)

11 WC M. ovipneumoniae isolate 90 (n=1)
12 WC M. ovipneumoniae isolate 103 (n=2)

2.7.5.3 Trial 3: Adjuvant trial
A trial using 24 sheep was conducted by the Animal Health team (AgResearch, Palmerston North,

New Zealand) to compare the efficacy of five different adjuvants at promoting immune response to
M. ovipneumoniae and M. haemolytica antigens. Groups (n=12) of mixed sex Romney crosses
approximately 6 months of age, were vaccinated twice subcutaneously with a mixture of WC from
M. ovipneumoniae isolates 16, 90, 103 (0.6 mg protein from each of the three isolates, 1.8 mg total)
and M. haemolytica (Approximately 108 inactivated cells per dose, as recommended by MSD Animal
Health, New Zealand). Group 1 was comprised of antigens alone, and Group 2, had antigens
formulated with Quil-A®. These animals were part of a larger trial of 72 animals. Aspects of the
immune responses by animals in Groups 1 and 2 are reported in this thesis. Responses in animals in
Groups 3-6 are outside the scope of the thesis. This trial was conducted at the AgResearch Aorangi
farm, Palmerston North under AgResearch (Grassland) Animals Ethics Committee’s approval (AE
14592).

Sera samples were collected at week O (pre-vaccination), week 4 (at the time of second vaccination),

while sera and heparinised blood were collected at week 6 for measurement of antibody and T-cell
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responses respectively. Raw IFN-y and IL-17A data was collected by Tania Wilson, AgResearch for

this trial.

Table 2-5 Groups of animals vaccinated with M. ovipneumoniae and M. haemolytica WC antigens formulated
with and without adjuvant.

Group (n=12) | Antigen

1 Control (Antigens alone)

2 Antigens + Quil-A adjuvant

2.7.5.4 Trial 4 Challenge trial
A trial using 25 mixed sex Romney crosses approximately 4 months of age was conducted by the

Animal Health team (AgResearch, Palmerston North, New Zealand) to determine the efficacy of a
subcutaneous vaccine comprised of M. haemolytica (approximately 108 inactivated cells per dose, as
recommended by MSD Animal Health, New Zealand) formulated with Quil-A to protect sheep
against experimental challenge with pneumonia. Sera obtained at weeks 0 and 7 from 12 of the
animals administered with M. haemolytica formulated with Quil-A were used to study the cross-
reactivity of responses in sheep vaccinated (in Antisera production trial 1) with the various M.
ovipneumoniae recombinant proteins. These animals were part of a larger trial of 75 animals. The
other animals in this trial were vaccinated with a mixture of M. haemolytica (108 inactivated cells per
dose, as recommended by MSD Animal Health, New Zealand) and M. ovipneumoniae (0.6 mg protein
from each of the three isolates, 1.8 mg total) (n=25) formulated with Quil-A to protect sheep against
experimental challenge with pneumonia. A control group (n=25) were given adjuvant alone. This trial
was conducted at the AgResearch Aorangi farm, Palmerston North under AgResearch (Grassland)
Animals Ethics Committee’s approval (AE 14870). Other results from the trial are outside the scope

of this thesis and are not reported here.

Table 2-6 Summary of sera and blood collected from the four trials and used in this thesis.

Trial | Animal No. | Antisera | Blood Adjuvant Antigen

1 1.1 Week 6 | Week 7 | Montanide ISA61 | Recombinant EF-Tu
1 1.2 Week 6 | Week 7 | Montanide ISA61 | Recombinant EF-Tu
1 1.3 NA NA Montanide ISA61 | Recombinant GAPDH
1 1.4 Week 6 | Week 7 | Montanide ISA61 | Recombinant GAPDH
1 1.5 Week 6 | Week 7 | Montanide ISA61 | Recombinant HP3

1 1.6 NA NA Montanide ISA61 | Recombinant HP3

1 1.7 Week 6 | Week 7 | Montanide ISA61 | Recombinant HP1

1 1.8 Week 6 | Week 7 | Montanide ISA61 | Recombinant HP1

1 1.9 Week 6 | Week 7 | Montanide ISA61 | Recombinant P146
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1 1.10 Week 6 | Week 7 | Montanide ISA61 | Recombinant P146

1 1.11 NA NA Montanide ISA61 | Recombinant EF-Tu (In-house)

1 1.12 Week 6 | Week 7 | Montanide ISA61 | Recombinant EF-Tu (In-house)

1 1.13 Week 6 | Week 7 | Montanide ISA61 | WC16

1 1.14 Week 6 | Week 7 | Montanide ISA61 | WC16

1 1.15 Week 6 | Week 7 | Montanide ISA61 | WC90

1 1.16 NA NA Montanide ISA61 | WC90

1 1.17 NA NA Montanide ISA61 | WC103

1 1.18 NA NA Montanide ISA61 | WC103

1 1.19 NA NA Montanide ISA61 | HPF16

1 1.20 NA NA Montanide ISA61 | HPF16

1 1.21 Week 6 | Week 7 | Montanide ISA61 | HPF90

1 1.22 Week 6 | Week 7 | Montanide ISA61 | HPF90

1 1.23 Week 6 | Week 7 | Montanide ISA61 HPF103

1 1.24 Week 6 | Week 7 | Montanide ISA61 | HPF103

2 2.1 Week 5 | Week 5 | Montanide ISA61 | N/A

2 2.2 Week 5 | Week 5 | Montanide ISA61 | N/A

2 2.3 Week 5 | Week 5 | Montanide ISA61 | N/A

2 2.4 Week 5 | Week 5 | Montanide ISA61 | Methanogen WC (M1)

2 2.5 Week 5 | Week 5 | Montanide ISA61 | Methanogen WC (M1)

2 2.6 Week 5 | Week 5 | Montanide ISA61 | Methanogen WC (M1)

2 2.7 Week 5 | Week 5 | Montanide ISA61 | WC90

2 2.8 Week 5 | Week 5 | Montanide ISA61 | WC103

2 2.9 Week 5 | Week 5 | Montanide ISA61 | WC103

3 3.1 Week 6 | Week 6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.2 Week 6 | Week6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.3 Week 6 | Week6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.4 Week 6 | Week 6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.5 Week 6 | Week6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.6 Week 6 | Week 6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.7 Week 6 | Week6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.8 Week 6 | Week6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.9 Week 6 | Week 6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.10 Week 6 | Week 6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.11 Week 6 | Week6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.12 Week 6 | Week 6 | N/A M. ovipneumoniae and M. haemolytica WC
3 3.13 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.14 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.15 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.16 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.17 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.18 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.19 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.20 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.21 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
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3 3.22 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.23 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
3 3.24 Week 6 | Week 6 | Quil-A M. ovipneumoniae and M. haemolytica WC
4 41 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.2 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.3 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.4 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.5 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.6 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.7 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.8 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.9 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.10 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.11 Week 7 | Week 7 | Quil-A M. haemolytica WC
4 4.12 Week 7 | Week 7 | Quil-A M. haemolytica WC

2.8 Production of recombinant proteins

2.8.1 Expression and purification of EF-Tu in E. coli

The gene encoding EF-TU was isolated by PCR using specific primers as described by Jiang et al
(2016) [160] (Table 2.7). Restriction sites, Ncol and Xhol, were introduced at the 5- and 3’-ends of
the EF-Tu gene respectively in the flanking primers.

The M. ovipneumoniae EF-Tu carries an UGA codon. This codes for tryptophan in mycoplasmas but
codes for a stop codon in E. coli. Overlap PCR was used to change the A in the UGA codon to a G to
avoid producing a truncated protein. The primers used for cloning and nucleotide replacement are
shown in Table 2.7. PCR master mix composition and thermocycling conditions are detailed in Tables
2.8 and 2.9, respectively. The gene final product was sequenced at Massey Genome Service (MSG) in

Palmerston North to confirm the codon change.

Table 2-7 Primers used for amplification of EF-Tu by overlap extension PCR.

Restriction sites are highlighted in yellow and mutation sites are indicated by underlining.

Primer | Primer name Primer sequence Description
No.
1 MOEFTu-Ncol-A | 5’-CATGCCATGGCAGTTGTTAAAACTGG-3’ Forward primer containing a Ncol

site for cloning into pET 22b (+)

2 MoEFTuU576-b 5’-GTTCAAGAACTTTAGCTTCCCATTCAGGTTTTCCTTCAAG-3’ Reverse primer for site-directed
mutagenesis, the mutation site is at

genome position 576bp
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3 MOoEFTu576-C 5’-CTTGAAGGAAAACCTGAATGGGAAGCTAAAGTTCTTGAAC-3’ | Forward primer for site-directed
mutagenesis, the mutation site is at

genome position 576bp

4 MOoEFTu-Xhol-D | 5-"CCGCTCGAGTTTAATAATTTCAGTTACTG-3’ Reverse primer containing a Xhol site

for cloning into pET 22b (+)

Table 2-8 PCR master mix (5X).

Master Mix | 20ul
H20 61
BUFFER 10
dNTP 10
Forward 42
Reverse 4
Polymerase |1
Total 90

Table 2-9 Thermocycler conditions.

PCR conditions

°%C |Sec | cycles
95 120

95 |30

48 | 30 x30
72 | 60

72 | 300

4 oo

Electrophoresis of DNA:
DNA marker (5 pl 1 Kb Plus DNA Ladder (Invitrogen™, Thermo Fisher Scientific™, United States) was

loaded to the first well of a 1% agarose gel. A 20 pl volume of PCR product was loaded into
remaining wells. Following electrophoresis for 45 min at 100 V, the gel was kept in plastic frame and

imaged in the ultraviolet (UV) transilluminator (Gel Doc Bio-Rad).

DNA purification:
The full-length PCR product with the mutated EF-Tu was extracted using a GenelET Gel Extraction Kit

(Thermo Fisher Scientific™, United States). The gel in the plastic frame was placed on a UV
transilluminator (Gel Doc Bio-Rad, United States). The gel slice containing the DNA fragment was
excised using a clean scalpel, cutting as close to the DNA as possible to minimise the gel volume. The
gel slice was placed into a pre-weighed 1.5 mL microfuge tube and weighed. Exposure to UV light
was kept to a few seconds to avoid causing damage to the DNA. A volume of 100 pL of Binding
Buffer was used for every 100 mg of agarose gel. The gel mixture was incubated at 60°C for 10 min

until the gel slice was completely dissolved. The tube was mixed by inversion every few minutes to
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facilitate the melting process. The gel mixture was vortexed briefly before loading on the column. Up
to 800 pL of the solubilised gel solution was transferred to the GenelET purification column and
centrifuged for 1 min at 20,000 x g. The flow-through was discarded and the column was placed back
into the same collection tube. A 700 pL volume of Wash Buffer was added to the GenelET
purification column and centrifuged for 1 min at 16,000 x g. The flow-through was discarded and the
column was placed back into the same collection tube. The empty GenelET purification column was
centrifuged at 16,000 x g for an additional 1 min to completely remove residual wash buffer. The
GenelET purification column was transferred into a clean 1.5 mL microcentrifuge tube. Elution Buffer
(50 pL) was added to the centre of the purification column membrane and centrifuged for 1 min. The

purified DNA was stored at -20°C.

Restriction endonuclease digestion and cloning
Purified samples were double digested by the restriction enzymes Ncol and Xhol (Thermo Fisher

Scientific™, United States) in 2X Tango buffer (Thermo Fisher Scientific™, United States). Samples
were incubated at 37°C for six hours before inactivation by heating at 80°C for 20 min.

The digested fragments were combined with T4 DNA Ligase (Invitrogen™, Thermo Fisher Scientific™,
United States) and digested pET22b (+) prokaryotic expression vector (Novagen, Merck Group,

Germany) then incubated at room temperature for 1 h to construct the pET22b (+)-EF-Tu plasmid.

Transformation of E. coli
The completed plasmid was transformed into DH5 alpha E. coli (Invitrogen™, Thermo Fisher

Scientific™, United States). A 50 pl quantity of DH5 alpha E. coli competent cells (Invitrogen™,
Thermo Fisher Scientific™, United States), were added to two clean microcentrifuge tubes. A volume
of 1 ul (10 ng confirmed by nanodrop) pET22b (+)-EF-Tu plasmid was added to one tube and a
volume of 1 ul H,0 was added to the second tube (negative control). Samples were incubated on ice
for 30-45 min then heat shocked in 42°C water bath for 1 min. A 500 pl amount of LB broth was
added to each tube. The tubes were incubated vigorously on a shaker at 150 rpm for 1h at 37°C. A
100 pl aliquot was transferred to a LB plate containing 100 ug/ml of ampicillin (Roche, Sigma-
Aldrich™, Germany). The tubes were centrifuged at 16,000 x g, 300 ul of the supernatant removed,
and the cells re-suspended in the remaining approximately 100 ul, then plated onto a LB plate. The

plates were incubated overnight at 37°C to produce colonies.

Purification of plasmid
A single colony was inoculated into 10 ml LB containing 100 pug/ml Ampicillin in a 50 ml Falcon tube

and incubated overnight on a shaker at 200 rpm at 37°C. Plasmids were purified using PureLink™
Quick Plasmid Miniprep Kit (Invitrogen™, Thermo Fisher Scientific™, United States). A 5 ml volume of
the overnight LB-culture was transferred to a 15 ml Falcon tube, centrifuged at 3,320 x g and all

medium removed. The cell pellet was resuspended in 1 ml milli-Q water. This was transferred to a
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new 1.5 ml microcentrifuge tube, centrifuged at 12,000 x g and all water removed. Resuspension
Buffer (R3) with RNase A (250 pl) was added to the cell pellet and the pellet resuspended until
homogeneous. Lysis Buffer (L7) (250 ml) was added, and the sample mixed gently by inverting the
capped tube until the mixture was homogeneous. The sample was incubated in the tube at room
temperature for 5 min. Precipitation Buffer (N4) (350 ul) was added and the sample was mixed
immediately by inverting the tube. The sample containing the lysate was centrifuged at 16,000 x g
for 10 min. The supernatant was transferred onto a spin column in a 2 mL wash tube. The column
was centrifuged at 12,000 x g for 1 min and the flow-through discarded and the column placed back
into the wash tube. Wash Buffer (W9) (700 ul) containing ethanol was added to the column. The
column was centrifuged at 12,000 x g for 1 min, the flow through discarded and the column placed
into the wash tube. The column was centrifuged at 12,000 x g for 1 min. The wash tube was
discarded with the flow through. The Spin Column was placed in a clean 1.5 mL elution tube. A 75 pl
volume of preheated TE Buffer (TE) (65-75°C) was added to the centre of the column. The column
was incubated for 1 min at room temperature. The column was centrifuged at 12,000 x g for 2 min.
The elution tube contained the purified plasmid DNA. The plasmid DNA was quantified using a
NanoDrop® ND-1000 (Thermo Fisher Scientific™, United States) to confirm the concentration of the
plasmid. The presence of EF-Tu within the plasmid was confirmed via PCR using Primers A and D
(Table 2.4). The plasmid DNA was stored at 4°C while being used then moved to —20°C for long term

storage.

Production and purification of recombinant protein
The pET22b (+)-EF-Tu plasmid was transformed into Rosetta™ (DE3) competent cells (Sigma-

Aldrich™, Germany), to express the recombinant protein. A 50 ul aliquot of Rosetta™ (DE3)
competent cells (Sigma-Aldrich™, Germany), were added to two clean microcentrifuge tubes. A
quantify of 1 pl (10 ng confirmed by nanodrop) pET22b (+)-EF-Tu plasmid was added to one tube and
H,0 (1 ul) was added to the second tube (negative control). Samples were incubated on ice for 30-45
min, then heat shocked in 42°C water bath for 1 min. A 500 pl amount of LB broth was added to
each tube and incubated vigorously on a shaker at 150 rpm for 1h at 37°C. A 100 ul aliquot was
transferred to a LB plate containing 100 pg/ml of ampicillin (Roche, Sigma-Aldrich™, Germany). The
tubes were centrifuged at 16,000 x g, 300 ul of the supernatant removed, and the cells re-suspended
in the remaining approximately 100 pul, then plated onto a LB plate. The plates were incubated
overnight at 37°C to produce single colonies. A single colony was inoculated into 10 ml LB containing
100 pg/ml ampicillin (Roche, Sigma-Aldrich™, Germany) in a 50 ml Falcon tube and incubated
overnight on a shaker at 200 rpm at 37°C.

The competent cells carrying pET22b (+)-EF-Tu were grown in sterile Luria-Bertani (LB) media

containing ampicillin (100 pg/ml). Cells were incubated for 3 h before addition of 1 mM isopropyl B-
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D-thiogalactoside (IPTG, Sigma-Aldrich™, Germany) to induce protein production. Incubation of the
culture was continued at 37°C for 3 h.

The cells were harvested by centrifugation at 10,000 x g for 20 min and disrupted by sonication, VCX
750 Ultrasonic Processor, (Sonics & Materials, USA) and recombinant proteins purified by His60 Ni
Gravity Column Purification Kit (Takara Bio United States). A 2 ml volume of His60 Ni xTractor buffer
was added per 100 mg of cell pellet. Sample was gently pipetted up and down until the cell pellet
was fully resuspended. To the resuspended pellet, 1 ul DNase | was added for every 2 ml of extract
and mixed gently. The sample was incubated on ice, with intermittent mixing for 15 min. The sample

was centrifuged for 20 min at 10,000 x g at 4°C. The clear supernatant was collected.

Batch/gravity-flow column purification using a His60 Ni Gravity Column
The His60 Ni Gravity Column (1 ml) and all buffers were equilibrated to room temperature before

use. Prior to opening the column, the matrix was fully resuspended to prevent loss of resin that may
have settled near the top cap. The column was washed with 5 column volumes of His60 Ni
Equilibration Buffer. The bottom stopper on the outlet of the column was put back. The clarified
sample was added to the column and the top stopper carefully connected to the top of the column.
The target protein was allowed to bind by slowly inverting the column for 1 h at 4°C. The column was
installed in a vertical position and the resin settled at the bottom of the column. A clean empty tube
was put under the outlet of the column. The top and bottom stopper was removed, and 1 ml
fractions were collected. The column was washed with 10 column volumes of His60 Ni Equilibration
Buffer followed by 10 column volumes of His60 Ni Wash Buffer. The target protein was eluted with
approximately 10 column volumes of Elution Buffer and 1 ml fractions were collected. The collected
fractions were analysed by SDS-PAGE. Recombinant protein was concentrated using Pierce™ Protein
Concentrators PES, 10K MWCO, 2-6 ml (Thermo Fisher Scientific™, United States). Protein
Concentrators PES are disposable ultrafiltration centrifugal devices with a polyethersulfone (PES)

membrane for concentration, desalting, and buffer exchange of biological samples.

2.8.2 Production of recombinant proteins by GenScript

In addition to EF-Tu produced above, five proteins were produced for the studies by GenScript
Biotech Corporation (www.genscript.com). These were EF-Tu, GAPDH, Hypothetical protein 3 (HP3),
P146, and an epitope of Hypothetical protein 1 (HP1). For each protein, the nucleotide sequences
were edited for E. coli codon preference from the peptide sequence provided. The following is a
summary of the cloning and expression steps provided by GenScript.

Target DNA sequence was optimised and synthesised. The synthesised sequence was cloned into
vector pET30a(+) (Novagen Sigma-Aldrich™, Germany) with His tag (EF-Tu, GAPDH, HP3, and P146)
or vector pGEX4T 1 (GE Healthcare, United States) with GST tag (HP1) for protein expression in E.

coli. E. coli strain BL21 star (DE3) was transformed with recombinant plasmid. A single colony was
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inoculated into 5052 auto induced medium (EF-Tu, GAPDH, and HP3) or TB medium (HP1 and P146)
containing related antibiotic; culture was incubated in 37°C at 200 rpm and then induced with IPTG.
SDS PAGE was used to monitor the expression. Recombinant BL21 star (DE3) stored in glycerol was
inoculated into 5052 auto induced medium (EF-Tu, GAPDH, and HP3) or TB medium (HP1 and P146)
containing related antibiotic and cultured at 37°C. When the ODeoo reached approximately 3.0 (for
EF-Tu, GAPDH, and HP3) or 1.2 (for HP1 and P146), the cell culture was induced with IPTG at 15°C for
16 h. Cells were harvested by centrifugation. Cell pellets were resuspended with lysis buffer followed
by sonication. The supernatant after centrifugation was kept for future purification. Target protein
was obtained by one step purification using a Ni column (HP3 and P146) or GST column (HP1). The
target protein was sterilised by 0.22 um filter before storage in aliquots. The concentration was
determined by Bradford protein assay with bovine serum albumin (BSA) as standard. The protein
purity and molecular weight (Mw) were determined by standard SDS PAGE along with Western blot

confirmation using anti-His or anti-GST antibodies.

2.9 SDS-PAGE

Sodium dodecyl sulphate (SDS) with a denaturing polyacrylamide gel system has been widely used to
separate protein molecules based on size since first described by Laemmli 1970 [241]. SDS-PAGE can
be used to monitor protein purifications, check the purity of samples, and to estimate molecular

weights for unknown proteins [242].

2.9.1 1D SDS-PAGE
SDS-PAGE gels were run in the iBlot® Gel Transfer Device Invitrogen™, Thermo Fisher Scientific™,

United States. using 10% or 4-12% NuPAGE™ Invitrogen™, Thermo Fisher Scientific™, United States
and Bolt™ pre-cast gels Invitrogen™, Thermo Fisher Scientific™, United States. The ladder used was
SeeBlue™ Plus2 Pre-stained Protein Standard Invitrogen™, Thermo Fisher Scientific™, United States.
Gels were run as described below.

A 13 pl aliquot of samples was combined with 5 pl NUPAGE™ LDS Sample Buffer (4X), (Invitrogen™,
Thermo Fisher Scientific™, United States) and 2 pl NuPAGE™ Sample Reducing Agent (10X) (Cat:
NPO0009 Invitrogen™, Thermo Fisher Scientific™, United States). The samples were incubated for 10
min at 70°C in a heating block. A volume of 5 ul Ladder was loaded into the wells and samples (20 pl)
were loaded into the other available wells. The gel was run at 200 V for 50 min. The gel was removed
and placed in a container and covered with deionised water. The gel was microwaved for 1 min,
shaken gently and water was removed. The water was replaced, and the procedure was repeated 3
times. SimplyBlue™ SafeStain (20 ml) (Invitrogen™, Thermo Fisher Scientific™, United States) was
added to the gel. The gel was microwaved for 30 s, container was shaken gently and microwaved

again for 30 s. The container was placed on rocker for 10 min. The stain was removed, and water
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was added to a depth of 1 cm. The container was placed back on the shaker for 30 min. The water
was removed, NaCl (5 M) was added to a depth of 1 cm and the gels stored at room temperature

overnight. Gels were imaged next day.

2.9.2 2D SDS-PAGE
A 155 pl volume of hydrophobic fraction sample prepared for 2D electrophoresis (section 2.6.2) was

placed into a strip cassette (Invitrogen™, Thermo Fisher Scientific™, United States), taking care not
to introduce bubbles. The ReadyStrip™ IPG Strips pH 3-10 (Bio-Rad Laboratories, United states) were
removed from the packet (ensuring the plastic back is removed) and inserted into the cassette
(writing side down). The supplied tape was put over the wells and the cassette incubated at 4°C
overnight. The tape and plastic tabs were removed, the supplied paper was wet with RO water and
put over wells. The cassette was run at 200 V for 20 min followed by: 400 V for 15 min, 750 V for 15
min, and 2000 V for 60 min. While running at the highest voltage, the equipment was observed
closely due to some risk of catching fire. The water was removed and cassette dried. Plastic backing
was removed, and the plastic cover attached. The cassette was filled with 10 ml (1 x NuPAGE™ LDS
Sample Buffer Invitrogen™, Thermo Fisher Scientific™, United States and 1 x NUPAGE™ Sample
Reducing Agent (Invitrogen™, Thermo Fisher Scientific™, United States). The cassette was incubated
at room temperature for 15 min. The liquid was removed and 10 ml solution containing (1 x
NuPAGE™ LDS Sample Buffer, 1 x NUPAGE™ Sample Reducing Agent and 0.232 g iodoacetamide
Sigma-Aldrich™, Germany) was added. The cassette was incubated at room temperature for 15-30
min. The plastic cover and strips were removed. The strips were put into NUPAGE™ 4 to 12%, Bis-Tris
ZOOM™ (Invitrogen™, Thermo Fisher Scientific™, United States) SDS-PAGE gels and covered with
0.5% agarose. Once set the gel was run at 200 V for 50 min. The gel was removed and placed in a
container and covered with deionised water. The gel was microwaved for 1 min, shaken gently and
water removed. The water was replaced, and the procedure was repeated 3 times. SimplyBlue™
SafeStain (20 ml) (Invitrogen™, Thermo Fisher Scientific™, United States) was added to the gel. The
gel was microwaved for 30 s, container was shaken gently and microwaved again for 30 s. The
container was placed on rocker for 10 min. The stain was removed, and water added to a depth of 1
cm. The container was placed back on the shaker for 30 min. The water was removed, NaCl (5 M)
added to a depth of 1 cm and the gels stored at room temperature overnight. Gels were imaged next

day.

2.10 Western blot analysis

SDS-PAGE was run as above until removal of gel. Western blot analysis was performed using iBlot™
polyvinylidene difluoride (PVDF) Transfer Stack (Invitrogen™, Thermo Fisher Scientific™, United

States). Blotting was performed using 1-Step™ 3,3,5,5'-Tetramethylbenzidine (TMB)-Blotting
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Substrate Solution (Invitrogen™, Thermo Fisher Scientific™, United States) or Clarity™ Western
enhanced chemiluminescence (ECL) Substrate, (Bio-Rad Laboratories, United states).

A gel was produced either by 1D SDS-PAGE (2.9.1) or 2D SDS-PAGE (2.9.2). The gel was transferred to
a PVDF Transfer Stack, in an IBLOT transfer machine (Invitrogen™, Thermo Fisher Scientific™, United
States) for 7 min. The PVDF membrane was removed from the IBLOT and transferred to a container.
The PVDF membrane was blocked with 5% skimmed milk (bovine) in 1x TBS at 4°C overnight. The
PVDF membrane was rinsed twice with MQ water and 10 ml of a 5% skimmed milk solution
containing 24-25 ul of serum was added for a final dilution of 1/400. The PVDF membrane was
incubated on a rock shaker for 3 h. The PVDF membrane was rinsed 5 times with 1X TBS + 0.01%
Tween-20 and 10 ml of a 5% skimmed milk solution containing 10 pl rabbit anti-sheep secondary
antibodies conjugated with horseradish peroxidase (HRP) (Invitrogen™, Thermo Fisher Scientific™,
United States) was added. The PVDF membrane was rocked again for 2 h then the PVDF membrane
was rinsed 5 times with TBS + 1% Tween-20. The PVDF membrane was washed with MQ water and

10 ml 1-Step™ or 7 ml Clarity™ blotting substrate solution was added to the membrane.

2.11 Recording gel and Western blot images with Gel Doc

SDS-Page and Western blots were imaged using ChemiDoc MP (Bio-Rad Laboratories, United states).
SDS-PAGE gels were imaged using the inbuilt Coomassie blue setting with the provided white tray.
Western Blots were imaged using the colorimetric setting on the provided black tray for 1 Step
stained gels. Chemilucent stained Western blots were imaged using the inbuilt chemilucent option in

the rapid auto setting.

2.12 Liquid chromatography—mass spectrometry (LC-MS)
Protein spots were extracted from the 2D SDS-PAGE gels and sent to AgResearch Lincoln for mass

spectrometry analysis using their Liquid Chromatography - Tandem Mass Spectrometry (LC-MS-MS)
system. This system is a powerful analytical technique that combines the separating power of liquid
chromatography with the highly sensitive and selective mass analysis capability of triple quadrupole

mass spectrometry. The methods used by AgResearch Lincoln are described below.

2.12.1 Sample preparation
The excised spots from the 2D SDS-PAGE gels were transferred into a 0.5 ml Eppendorf tube. The

spots were de-stained by adding 200 ul of 200 mM NH4HCO; in 50% CAN and incubated at 37°C for 1
h. The solution was discarded, and the sample was reduced with 200 pul 50 mM TCEP in 100 mM
NH4HCO3 and incubated at 56°C for 45 min. The solution was discarded, and the sample was
washed once with 100 mM NH4HCO; solution. The sample was alkylated by vortexing for 30 min at

room temperature in the dark with 100 pL of 150 mM lodoacetamide in 100 mM NH4HCOs solution.
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The solution was discarded and washed once with 50 mM NH4HCO3 solution. Trypsin stock solution
was prepared (20 pg trypsin/200 pl 50 mM acetic acid) then diluted 2-fold to working stock by
adding 50 mM NH4HCOs solution. The working solution (0.1 pug) was added to the gel pieces followed
by 60 ul 10% ACN in 50 mM NH4HCOs solution, vortexed briefly and then incubated at 37°C for 16-18
hours. A1 mm x 1 mm piece of Empore disk was cut out and wet with 100% ACN for 1 min, then
conditioned with 100% methanol for 1 min. The discs were equilibrated by immersing in 100 pl 0.1%
formic acid. The conditioned Empore disks were immersed directly into the peptide extract and
incubated for 3 hr at room temperature with light vortexing. The Empore disks were taken out and
washed with 200 ul of 0.1% FA, vortexed briefly, centrifuged and the solution discarded. The Empore
disks were incubated with 15 pl of 75% ACN/0.1% FA for 30 min. The eluant was transferred to a

clean vial and dried down on the centrifugal concentrator and stored at -20°C until analysis.

2.12.2 LC-MS analysis
The Samples were resuspended in 50 pL of 0.1% formic acid prior to LC-MS analysis. Samples were

analysed using a nanoAdvance UPLC coupled to a Bruker amaZon speed ion ETD trap mass
spectrometer equipped with a CaptiveSpray ion source operated at 1900 V. Five pl of sample was
loaded on a C18 nano trap column (Bruker, 75 um x 2 cm, C18AQ, 3 um particles, 200 A pore size).
The trap column was then switched in line with the analytical column (Bruker Magic C18AQ, 100 um
x 15 cm C18AQ, 3 pum particles, 200 A pore size). The column oven temperature was 50 °C. Elution
was with a multipart linear gradient from 2 to 45% B in 70 min at a flow rate of 800 nL/min. Total run
time including column re-equilibration was 90 min. Solvent A was water with 0.1% formic acid (FA)
and 2% acetonitrile (ACN); solvent B was ACN with 0.1% FA and 2% water. Auto MS/MS data
acquisition was performed with 10 precursors selected for fragmentation in the m/z 350-1200 range

during each MS cycle.

2.12.3 Protein identification
The PEAKS Studio v8.5 data analysis software package (Bio informatic Solutions Inc) was used to

analyse the LC-MS/MS data. The raw data were refined by a built-in algorithm. The
proteins/peptides were identified with the following parameters: a precursor mass tolerance of 0.3
Da and fragment mass tolerance of 0.6 Da were allowed, the Uniprot Mycoplasma ovipneumoniae
database (v2018.12) was used, semi-trypsin was specified as digestive enzyme and up to 2 missed
cleavages were allowed. Both oxidation (M) and deamidation (NQ) are chosen as variable
modifications, carbamidomethylation (C) is defined as fixed modification and a maximum of 3 post
translational modifications per sample were allowed. False discovery rate (FDR) estimation was

made based on decoy-fusion and FDR was set to 1% at the peptide spectrum level.
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2.13 Antibody ELISA

2.13.1 Checkerboard ELISA

To determine the ideal concentration of recombinant proteins to be used in the ELISAs each of the
recombinant proteins were diluted as described in Table 2.10. To determine the ideal dilution of sera
to be used, sera from an animal vaccinated with WC of isolate 16 (Animal 13 2.7.5.1) was diluted as
laid out in Table 2.10.

Nunc MaxiSorp™ flat-bottom 96 well plates (Thermo Fisher Scientific™, United States) were used
and 100 pl of antigens, diluted in 0.1 M bicarbonate coating buffer pH 9.6 (0.06 M NaHCO3, 0.04 M
Na,C0s), were added to each well and the plates were left at 4°C overnight. The following morning
the plates were washed 4 times with PBS (pH 7.4) containing 0.05% (v/v) Tween 20, to remove the
unbound antigens. Non-specific sites were blocked by incubation at room temperature for 1 hour
with 5% skimmed milk in PBS (200 pl per well). The plates were washed 4 times with PBS (pH 7.4)
containing 0.05% (v/v) Tween 20 and 100 pl of serum in blocking buffer was added to each well as
per the template and incubated at room temperature for 1 hour. The plates were washed 4 times
with PBS (pH 7.4) containing 0.05% (v/v) Tween 20 and 100 ul of HRP labelled anti-sheep 1gG (Sigma-
Aldrich™, Germany) in blocking buffer (1:15,000) was added and incubated at room temperature for
1 hour. The plates were washed 4 times with PBS (pH 7.4) containing 0.05% (v/v) Tween 20. Pierce™
TMB Substrate Kit (Thermo Fisher Scientific™, United States) working solution was added @ 200 pl /
well and the plates were incubated in dark at room temperature for 30 min. The resultant blue
colour reaction was stopped by addition of 50 ul of 2M sulphuric acid to each well. The optical
density (OD) values were read at 450 nm using VersaMax™ ELISA Microplate Reader (Bio-Strategy,

New Zealand).

2.13.2 Measurement of serum antibodies to M. ovipneumoniae WC antigens, fractions, and
recombinant proteins
Nunc MaxiSorp™ flat-bottom 96 well plates were used and 100 pl of antigens (500 ng of each of the

proteins EF-Tu and GAPDH, 125ng of each of the proteins HP1, HP3, and P146), diluted in 0.1 M
bicarbonate coating buffer pH 9.6 (0.06 M NaHCO3, 0.04 M Na,COs), were added to each well and
the plates were left at 4°C overnight. The following morning the plates were washed 4 times with
PBS (pH 7.4) containing 0.05% (v/v) Tween 20, to remove the unbound antigens. Non-specific sites
were blocked by incubation at room temperature for 1 h with 5% skimmed milk in PBS (200 ul per
well). The plates were washed 4 times with PBS (pH 7.4) containing 0.05% (v/v) Tween 20 and 100 pl
of serum in blocking buffer (1:50 for the proteins EF-Tu and GAPDH, 1:100 for the proteins HP1, HP3,

and P146) was added to each well and incubated at room temperature for 1 h.
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Table 2-10 Layout of antigen quantity (in ng, shown in green) and serum dilution (shown in red).

1 2 3 4 5 6 7 8 9 10 11 12
A || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 313 15.6 7.8 3.9 2.0 1.0 Buffer
1:50 1:50 1:50 1:50 1:50 1:50 1:50 1:50 1:50 1:50 1:50 1:50
B || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 31.3 15.6 7.8 3.9 2.0 1.0 Buffer
1:100 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100
C || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 31.3 15.6 7.8 3.9 2.0 1.0 Buffer
1:150 1:150 | 1:150 | 1:150 | 1:150 | 1:150 | 1:150 | 1:150 | 1:150 | 1:150 | 1:150 | 1:150
D || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 313 15.6 7.8 3.9 2.0 1.0 Buffer
1:200 1:200 | 1:200 | 1:200 | 1:200 | 1:200 | 1:200 | 1:200 | 1:200 | 1:200 | 1:200 | 1:200
E || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 31.3 15.6 7.8 3.9 2.0 1.0 Buffer
1:250 1:250 | 1:250 | 1:250 | 1:250 | 1:250 | 1:250 | 1:250 | 1:250 | 1:250 | 1:250 | 1:250
F || 1000.0 | 500.0 | 250.0 [ 125.0 | 62.5 313 15.6 7.8 3.9 2.0 1.0 Buffer
1:300 1:300 | 1:300 | 1:300 | 1:300 | 1:300 | 1:300 | 1:300 | 1:300 | 1:300 | 1:300 | 1:300
G || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 313 15.6 7.8 3.9 2.0 1.0 Buffer
1:350 1:350 | 1:350 | 1:350 | 1:350 | 1:350 | 1:350 | 1:350 | 1:350 | 1:350 | 1:350 | 1:350
H || 1000.0 | 500.0 | 250.0 | 125.0 | 62.5 313 15.6 7.8 3.9 2.0 1.0 Buffer
1:400 1:400 | 1:400 | 1:400 | 1:400 | 1:400 | 1:400 | 1:400 | 1:400 | 1:400 | 1:400 | 1:400

The plates were washed 4 times with PBS (pH 7.4) containing 0.05% (v/v) Tween 20 and 100 pl of
HRP labelled anti-sheep IgG (Cat A3415, Sigma-Aldrich™, Germany) in blocking buffer (1:15,000) was
added and incubated at room temperature for 1 h. The plates were washed 4 times with PBS (pH
7.4) containing 0.05% (v/v) Tween 20. Pierce™ TMB Substrate Kit (Thermo Fisher Scientific™, United
States) working solution was added @ 200 ul / well and the plates were incubated in dark at room
temperature for 30 min. The resultant blue colour reaction was stopped with the addition of 50 ul /
well of 2 M sulphuric acid. The OD values were read at 450 nm using VersaMax™ ELISA Microplate

Reader (Bio-Strategy, New Zealand).

2.14 Measurement of cell-mediated responses to mycoplasma antigens

2.14.1 Blood cultures
Heparinised blood was obtained from sheep vaccinated with WC, HPF, or recombinant proteins

from M. ovipneumoniae. The blood was diluted 1:1 with RPMI 1640 medium (Invitrogen™, Thermo
Fisher Scientific™, United States) containing 5% foetal bovine serum (FBS) (Cat 10091148
Invitrogen™, Thermo Fisher Scientific™, United States) and antibiotic and antimycotic solution
(Invitrogen™, Thermo Fisher Scientific™, United States) and aliquoted (1 mL per well) to 24-well cell
culture plate (Greiner-Bio One, Austria) [243].

Pokeweed mitogen (20 pg/well; positive control), phosphate buffered saline (PBS; blank),
recombinant EF-Tu, GAPDH, HP3, HP1, and P146 (10 pg/well), were added to wells and the plates
incubated at 37°C in 5% CO; for 40 h. An example of a setup template for a 24 well plate is shown in

Table 2.11.
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Table 2-11 Example setup of 24 well plate for blood cultures.

Animal 1 Animal 2 Animal 3

WCL 16 HP3 WCL 16 HP3 WCL 16 HP3

EF-Tu P146 EF-Tu Pokeweed EF-Tu P146
GAPDH Pokeweed GAPDH Pokeweed GAPDH Pokeweed
HP1 PBS HP1 PBS HP1 PBS

Following incubation, the plates were centrifuged at 784 x g for 15 min. The supernatants (plasmas)
were carefully removed using a pipette and stored in Micro Titertubes (Quality Scientific Plastics,
Thermo Fisher Scientific™, United States) at 4°C until IFN-y concentrations were measured using

ELISA then stored at -20°C.

2.14.2 Measurement of IFN-y using ELISA
IFN-y responses in blood cultures to different antigens were determined using a BOVIGAM ELISA kit

(Thermo Fisher Scientific™, United States). ELISA plates were equilibrated to room temperature for
at least 30 min before removing them from their packaging. The plates were labelled, and the
individual column strips were labelled 1 to 12. The Green diluent was brought to room temperature
and mixed thoroughly and 50 ul was added to the required wells using an 8 channel, multi-dispenser
pipette. The plasmas were brought to room temperature. A 50 ul volume of samples were added to
the appropriate wells containing the Green diluent. Each plate was mixed thoroughly by using a
microplate shaker, shaking for one min. Each plate was covered with a lid and incubated at room
temperature (22 £ 5°C) for 60 + 5 min. Each plate’s contents were shaken out and washed 6 times at
room temperature. Each plate had wells filled with wash buffer using the Flow Laboratories Titertek
Microplate Washer 120 and the wash buffer was left in the wells for a minimum of one minute. The
wash buffer was shaken out and the process repeated five more times. After the sixth wash, the
contents were shaken out of the well and then tapped them face down on a towel to remove as
much as remaining buffer as possible. The Blue diluent was brought to room temperature and mixed
thoroughly. The conjugate was prepared by diluting the 100x conjugate in Blue diluent. The working
strength conjugate was prepared and used within 5 min. A 100 pl volume of freshly prepared,
diluted conjugate reagent was added to the wells. Each plate was covered with a lid and incubated
at room temperature (22 °C) for 60 min. The contents were shaken out. Using a hose with a spray
gun, the plates were washed thoroughly from the bottom, paying attention to the gap between the
strips of wells and the strips and frame. The plate was washed once with the Flow Laboratories
Titertek Microplate Washer 120 and immediately emptied. Each plate had wells filled with wash

buffer using the Flow Laboratories Titertek Microplate Washer 120 and the wash buffer was left in
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the wells for a minimum of one minute. The wash buffer was shaken out and the process repeated
five more times. After the sixth wash, the contents were shaken out of the well and then tapped
them face down on a towel to remove as much as remaining buffer as possible. The enzyme
substrate was brought up to room temperature. The enzyme substrate solution was prepared just
prior to use by adding chromogen to the enzyme substrate at a dilution of 1/100. The enzyme
substrate solution was thoroughly mixed, and the colour checked. The enzyme substrate solution
should be colourless and was discarded if turned blue. A 100 pl volume of freshly prepared enzyme
substrate solution was added to each well. Each plate was covered with a lid and incubated in the
dark at room temperature (22°C) for 30 min. A 50 pL volume of enzyme stopping solution was added
to each well. The absorbance of each well in the plates was read at 450 mM with VersaMax™ ELISA
Microplate Reader (Bio-Strategy, New Zealand) within approximately five minutes of terminating the
reaction. The original IFN-y analyses were undertaken to determine if there was any detectable
response, therefore ODs were determined to be adequate. Trial 3: Adjuvant trial (2.7.5.3) was
analysed separately and an ovine IFN-y standard (Kingfisher Biotech, St. Paul, USA) was titrated and

the concentration of IFN-y was calculated from the standard curve.

2.14.3 Measurement of IL-17A

IL-17A was measured using a Bovine IL17A Kingfisher DIY kit (Kingfisher biotech Inc, United States).
The kit includes capture antibody (PB0274B-100), standard and detection antibody (PBB0277B-050.
The plate was coated with 50 pl capture antibody at 1/8,000, diluted in PBS and Incubated in the
fridge overnight. The plates were washed 3 times with PBS + 0.1% tween wash buffer and 100 pl of
0.5% BSA in PBS (10 mM) blocking buffer was added to each well. The plates were incubated for 1
hour at room temp. The plates were washed 3 times with PBS + 0.1% tween wash buffer. Undiluted
blood culture supernatant samples were added to the plate (50 ul/well). The plates were incubated
at room temp for 1 hour, then washed 6 times with PBS + 0.1% tween wash buffer. A 50 ul volume
of conjugate (biotinylated anti bovine IL-17A polyclonal antibody, diluted 1/16,000 in 0.5% BSA
buffer was added to each well. The plate was incubated for 1 h at room temp then the plates were
washed 6 times with PBS + 0.1% tween wash buffer. A 50 pl volume of Streptavidin HRP conjugate
diluted 1/1,000 in 0.5% BSA buffer was added to each well and the plate incubated at room temp for
30 min. The plates were washed 6 times with PBS + 0.1% tween wash buffer. A 50 ul volume of TMB
substrate was added to each well. The plates were incubated at room temp in the dark for 20 min
then 50 pl of stop solution was added to each well. The plate was read at 450nm using a VersaMax™
ELISA Microplate Reader (Bio-Strategy, New Zealand). The original IL-17A analyses were undertaken

to determine if there was any detectable response, therefore ODs were determined to be adequate.

50



Trial 3: Adjuvant trial (2.7.5.3) was analysed separately and therefore a standard curve was included

in the analysis.

2.15 Colour Changing Unit (CCU) assay

To determine the concentration of M. ovipneumoniae in a culture, a CCU assay was undertaken. This

determined the number of units of M. ovipneumoniae in a culture able to change the colour of

mycoplasma media from red to yellow, signifying the growth of mycoplasma. The mycoplasma was

serially diluted to determine the highest dilution at which there were enough mycoplasma cells to
change the colour of the media.

A 180 pl volume of pre-warmed Frey’s medium was added to the 96-well microtiter tissue culture

plates with lids (Greiner-Bio One, Austria) according to the plate layout shown below. A 20 pl volume

of the M. ovipneumoniae culture was added to 180 pl Frey’s medium in the column 2 of a 96-well

microtiter plate (Greiner-Bio One, Austria). From this column, using a multi-channel pipettor a

further ten-fold serial dilution with 20 pul volumes was performed up to column 11 in Frey’s medium

to a final dilution of 10! (Table 2.12). Plates were subsequently sealed with Parafilm M® (Cole-
Parmer, United States) and incubated at 37°C for at least 2 weeks. Plates were inspected every 2
days to observe any change in colour. Wells were inspected visually to determine the highest

dilution that colour changed to yellow.

Table 2-12 Colour Changing Units (CCU) plate layout.

2.16 Determination of adherence of mycoplasmas to epithelial cells
Cell adherence analysis was based on work by Hegde et al (2018) [227] and Svenstrup et al (2002)
[225].

1 2 3 4 5 6 7 8 9 10 11 12

A Blank
Sample 1

B 100 0 | 10 10° 10° 10 10° 10 e |10 e s
Sample 2

C 100 ' | 10 10° 10° 0 100 10 e | 10m

D i 0° | 1 10 100 10° 10 10* 10° ¢ | 10m

E 100 10° | 10 10° 10° 10 10 10° e | 10%

F 10 10¢ | 10 100 10° 10 100 10° e | 10w

G 107 10¢ | 1o 1 10° 10¢ i 160 10 e | apm

H
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M. ovipneumoniae isolate 16 was grown in Frey’s media until the pH indicator changed to orange as
described in 2.4. The cells in 4 ml of culture were recovered by centrifugation at 3,320 x g, washed
once with PBS and resuspended in 4 ml of RPMI + 10% FBS + 1000 U/ml penicillin.

To quantify cell adhesion, bovine endometrial epithelial cells (obtained from Professor Michel A.
Fortier, Université Laval, Québec) were infected with M. ovipneumoniae. Unbound mycoplasma cells
were washed away, and the epithelial cells were transferred to Frey’s media to determine the
presence of mycoplasma bound to the epithelial cells.

Determination of adherence:
Total epithelial cell count was determined using TC20™ automated cell counter (Bio-Rad
Laboratories, United states) and the calculation below:

Count cells: Cells/ml ( %) = x10* x 2 (Dilution factor) = x10
Desired cells = 5 x 10% = 1000/ ( x10* / 1x10°)
1000/

__ulofcells /well

Top up to 750 pl
Epithelial cells at 1 x 10° were added to the wells in a 24-well plate (example template shown in
Table 2.11) and toped up with 750 ul RPMI media and incubated overnight to reform a monolayer.
The following day, 50 ul M. ovipneumoniae at corresponding concentrations of 108 CCU/ml, 10°
CCU/ml, and two lots of 10*° CCU/ml was added to the RPMI. As a control, M. ovipneumoniae cells
are added to culture medium in parallel wells to quantify the adhesion to wells (Table 2.13). The
plates were incubated at 37°C with 5% CO, for 4 h. Following incubation, unbound M.
ovipneumoniae cells were removed by washing the adherent epithelial cells three times with 1 ml
PBS. Liquid was removed using suction between washing. The epithelial cells were detached using
300 pl TrypLE™ Express Enzyme (Gibco™ Invitrogen™, Thermo Fisher Scientific™, United States) for
30 s, and excess TrypLE™ Express Enzyme (Gibco™ Invitrogen™, Thermo Fisher Scientific™, United
States) was removed. The cells were incubated at 37°C for 10 min then 250 pl of cell culture media
was added to each well. A 20 pl aliquot of the cell culture media was added to 180 pl Frey’s medium
in the column 2 of a 96-well microtiter plate (Greiner-Bio One, Austria). From this column, using a
multi-channel pipettor a further ten-fold serial dilutions were performed with 20 ul volumes up to
column 11 in Frey’s medium to a final dilution of 10°. This was repeated for wells containing M.
ovipneumoniae only and for wells containing epithelial cells only. Plates were subsequently sealed
and incubated at 37°C for at least 2 weeks. Plates were inspected every day to observe any change in
colour. Adherence was determined by observing a difference in colour change from wells containing

epithelial cells and M. ovipneumoniae.
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Table 2-13 Incubation plate layout for adhesion experiment.

. 108 2 3 Epithelial cells + M.
ovipneumoniae

B 10°

C 10" _

D 10%

2.16.1 Determination of inhibition of adherence by antibodies
An adherence inhibition assay was performed to determine the effect of antisera on binding of M.

ovipneumoniae to the epithelial cells. The mycoplasma suspension was pre-incubated with antisera
against the recombinant protein or WC16, or pre-immune serum. Following preincubation, the
mycoplasma-antibody suspension was then added to the cell monolayer together with 700 ul of cell
media (example template shown in Table 2.14). The impact of antisera on adherence of M.
ovipneumoniae to the cells was assessed by comparing CCU between the pre-immune and antisera.
Incubation of antibodies was completed by mixing a 100 pl sample of M. ovipneumoniae isolate 16
culture at 10® with the diluted recombinant protein pre-immune or antisera (10:1 v/v) in a

microcentrifuge tube and incubated with agitation for 1 h at 37°C.

Table 2-14 Incubation plate layout for adhesion inhibition experiment

1 2 3 4 5 6
A H1 10° Pre-immune
B H3 10°
C P146 10° No antibodies
D WC 10°

2.17 Methods used to determine impact of antisera on growth of M. ovipneumoniae
A growth inhibition assay, based on methods described by Jiang et al (2016) [160] was used to

determine whether antibodies produced against protein reduced growth of M. ovipneumoniae in
culture. Sheep sera were serially diluted 1-1:128 in Frey’s media without thallium acetate and added
into wells in triplicate (Table 2.15). Wells with added pre-immune sera wells are indicated in blue
and wells containing antisera are indicated in green below. The growth of M. ovipneumoniae in the
absence of serum served as a positive control (red). As the no antiserum control, culture medium
alone was in the wells (yellow). Absorbance was recorded at 560 nm after incubation at 37°C with
5% CO; for 7 days. The percentage growth inhibition was determined as follows:

Absorbance of sample — absorbance of positive control 100

Absorbance of no antiserum control — absorbance positive control
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To remove the effect of drying in the wells during the incubation period, the outer wells (Orange)
were filled with 200 pl media.

Dilution of sera:

Sera from the Antisera production trials (section 2.7.5.1) were used for the inhibition experiments.
Pre-immune and antisera from sheep (no. 1) vaccinated with recombinant GenScript EF-Tu and pre-
immune and antisera from sheep (no. 13) vaccinated with WC antigens from M. ovipneumoniae
isolate 16 were used. Animal sera were 2-fold serially diluted 1:20-1:2,560 in Frey’s media without
thallium acetate. Sera (40ul) is added to 760 pl Frey’s media to produce 1:20 dilution. A 400 pl
amount of 1:20 diluted sera is added to 400 pl Frey’ media to produce 1:40 dilution. This is repeated
to produce serial dilution to 1:2560 dilution. Cells of M. ovipneumoniae isolate 16 are dispensed into
column 2-10 rows B-G (100 pl per well). For each well column 2-9 rows B-G, 100 pl of sheep sera
were added in triplicate. Column 10 had 100 pl media added to the M. ovipneumoniae. Column 11
was filled with 200 pl media only. To remove the effect of drying in the wells the outer wells (shown
in orange) are filled with 200 pl media. The plates were incubated at 37°C with 5% CO, for 7 days.
Absorbance was recorded at 560 nm using VersaMax™ ELISA Microplate Reader (Bio-Strategy, New
Zealand) each day (i.e., at 24 h intervals). The percentage growth inhibition was determined as
follows: [absorbance of sample — absorbance of positive control]/[absorbance of no antiserum

control — absorbance positive control]x100.

Table 2-15 Layout of 96-well plates used to determine antibody inhibition of growth.

1/A 2 3 |4 |5 |6 |7 |8 9 10 | 11 | 12 Blank
B 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 | 1:1280 | 1:2560 [ ————
C 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 | 1:1280 | 1:2560 :
Anti-sera
D 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 | 1:1280 | 1:2560 -
E 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 | 1:1280 | 1:2560 - _
F 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 | 1:1280 | 1:2560 - Negative control
G 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 | 1:1280 | 1:2560
H

2.18 Immunofluorescence microscopy
The binding of antibodies to M. ovipneumoniae surface antigens was visualised using

immunofluorescence microscopy. A 10 ml culture of 10° CCU M. ovipneumoniae isolate 16, grown in
Frey’s media was centrifugated and washed 3 times with PBS. A 2.1 ul volume of a 14.3 mM 4/',6-
diamidino-2-phenylindole (DAPI) solution was added to 100 ul PBS to make a 300 uM DAPI stock
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solution and stored at -20°C. When required the stock solution was diluted 1:500 in PBS to produce a
600 nM DAPI stain solution. The cells were stained with 100 ul DAPI stain solution for 4 min,
followed by centrifugation at 14,800 x g for 5 min. Following removal of the supernatant, the cells
were washed with 1 ml PBS, centrifugated for 5 min @ 14,800 x g and the supernatant removed
using a pipette. To the cells 99 pl 5% Donkey serum + 1 pl primary antibody (1/100 dilution) (pre-
immune or antisera produced against WC or selected M. ovipneumoniae recombinant proteins) was
added to the cells. The cells were incubated at room temperature for 2 h, centrifuged for 5 min at
14,800 x g and the supernatant removed. The cells were washed with 1 ml PBS and centrifuged for 5
min at 14,800 x g. A 100 pl volume of 5% Donkey serum and 0.25 pl (1/400 dilution) of a secondary
Donkey Anti-Sheep IgG H&L (FITC) (Cat ab97124, Abcam United Kingdom) were added to the cells.
The cells were incubated for 30 min then washed with 1 ml PBS and centrifuged for 5 min at 14,800
x g. The supernatant was removed, and the cells resuspended in 50 pl VECTASHIELD Antifade
Mounting Medium (CatH-1000-10). A 10 ul volume of cells in VECTASHIELD Antifade Mounting
Medium was placed on to a microscope slide in the dark and left for 10 min to allow cells to settle.
The cells were observed using a fluorescence microscope (Olympus BX61, Olympus Corporation
Japan) at 1,000x magnification using the DAPI and FITC mirror unit. Images were captured with

camera at 100 ms for fluorescence and 20 ms for DAPI.
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Chapter 3 Bioinformatic and genomic analysis of New Zealand isolates

of M. ovipneumoniae

Part of this chapter has been published in the journal cited below.

Bridgeman B. J., Gupta S. K., Murray A., Dukkipati V. S. R., Altermann E., Wedlock D. N. 2020. Draft
genome sequence of a New Zealand isolate of Mycoplasma ovipneumoniae. Microbiol Resour
Announc 9:e01375-19. https://doi.org/10.1128/MRA.01375-19.

3.0 Abstract
Whole genome analysis of pathogenic organisms can provide insight into the molecular mechanisms

of disease. Understanding the molecular functioning of a pathogen can provide avenues into
preventing or early disease diagnosis. Three draft genomes of New Zealand isolates have been
created and annotated. The New Zealand isolates of M. ovipneumoniae had similar number of genes
compared to other isolates of M. ovipneumoniae. De novo amino acid and nucleotide synthesis, as
with other mycoplasmas, has been lost in the genome reduction for M. ovipneumoniae. Annotation
of three New Zealand isolates of M. ovipneumoniae identified more than 200 genes containing
transmembrane domains, providing a large number of potential proteins that could be investigated
for vaccine or diagnostic purposes. Restriction fragment length polymorphism and phylogenetic
analysis have provided support for three distinct groups of M. ovipneumoniae isolates within New
Zealand. This grouping was supported with phylogenetic analysis of the P113 fragment. Phylogenetic
analysis was undertaken using four genetic loci suggested as a multi-locus sequence typing (MLST).
This indicated that New Zealand Isolates form a single clade separate from USA isolates and Australia
isolates are the closest sister isolates. Within the New Zealand clade there was two subclades
observed suggesting the potential for multiple invasion events of M. ovipneumoniae. Further
sequencing of New Zealand and Australia isolates may provide further support for either separate

invasion events or divergent evolution within New Zealand isolates.

56


https://doi.org/10.1128/MRA.01375-19

3.1 Introduction
The introduction of next generation sequencing has provided an immense amount of data on the

genomes of pathogenic organisms. By analysing the genomes of disease inducing organisms it is
possible to better understand the methods by which these organisms induce disease providing
potential avenues by which infection may be detected, treated, or prevented.

Considered the smallest independently self-replicating organisms, mycoplasmas are wall-less gram-
positive bacteria characterised by small physical dimensions and genome sizes [244]. The reduced
genome has aided in mollicutes being the best represented phylogenetic class of organisms to have
complete genomic sequences [245]. Suggested to have gone through reductive evolution from the
Bacillus/Clostridium branch of the gram-positive eubacteria, mycoplasmas generally have less than
1000 genes, perform little de novo synthesis of amino acids and nucleotides, and are obligate
commensals or parasites[246, 247].

M. ovipneumoniae is a pathogenic bacterium of caprinae hosts, inducing chronic non progressive
pneumonia [58, 63]. Despite its prevalence within domestic [50, 58, 60, 248] and wild animals [133,
234, 249, 250], there is limited knowledge around the genetic makeup of these organisms [130,
251], and no information on New Zealand isolates is available. To better understand the positioning
of New Zealand isolates within the global distribution of M. ovipneumoniae, lung lavages had been
obtained previously at the abattoir from 128 sheep sourced from 8 farms in New Zealand which had
history of ovine pneumonia. A total of 93 isolates of M. ovipneumoniae were cultured from these
samples. Molecular analysis using RFLP on the whole genome and the P113 adhesin gene [232]
clustered these isolates into 3 distinct groups [231] and 10 representative isolates were selected for
genomic analysis (Chapter 2.3). Of the isolates selected, 3 representative isolates, 16, 90, and 103, of
New Zealand M. ovipneumoniae had their sequences aligned to produce a draft genome and have
also had their draft genome annotated. These three isolates are representatives for the three
groups.

To confirm the three groupings, the previously identified gene P113 [232] was extracted from the
High Throughput Sequencing (HTS) of the ten New Zealand isolates. This gene has previously been
described as a useful target for detection and quantification of M. ovipneumoniae [232]. To further
distinguish between the New Zealand isolates this gene was then digested in silico with four
restriction enzymes and the grouping of the 10 isolates was determined by looking at the
fragmentation. To compare the restriction patterning of New Zealand isolates, a reference strain
provided by Institute of Environmental Science and Research (ESR) was included in the HTS and P113
restriction digestions. These fragmentation patterns were also compared to the phylogenetic
analysis of this gene.

This study was undertaken with the following aims:
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e To produce draft genomes of the three representative isolates of New Zealand M.
ovipneumoniae.

e  Confirm the three New Zealand groups using P113 RFLP patterns.

e Annotate and compare genomes of New Zealand isolate to other M. ovipneumoniae isolates
species.

e Complete phylogenetic analysis using sequences of four MLST loci.

e Complete genetic analysis to provide support for other work completed in this thesis.

3.2 Methods

3.2.1 Culture of M. ovipneumoniae isolates, DNA extraction and sequencing
HTS of isolates 16, 23, 42, 70, 73, 83, 88, 90, 94, 103, and ESR strains were produced before the start

of this PhD. The generalised methods used to obtain the DNA and sequences are described below.
Isolate 90 was cultured for sequencing in Frey's medium [230] at 37°C until a phenol red pH indicator
indicated growth of the mycoplasma (chapter 2.4). Genomic DNA was extracted using a ZR
fungal/bacterial DNA MiniPrep commercial kit (Zymo Research Corp., United states). The resulting
genomic DNA was subsequently purified using a ZR genomic DNA clean and concentrator
commercial kit (Chapter 2.5.1). DNA was sequenced on an lllumina MiSeq system (New Zealand
Genomics Limited, New Zealand), producing 1,401,512 paired end (PE) reads. The raw reads were
trimmed against a UniVec database (Geneious R10.0.9) [252], and short-length reads (<25
nucleotides) were removed. After trimming (Geneious R10.0.9) [252], 1,214,927 PE reads with an

average length of 171 bases per read for a 200X coverage were used for genome assembly.

3.2.2 Isolate 90 genome building

Genome assembly
Default parameters were used for all software except where otherwise noted. The in-house

Geneious (Geneious R10.09) [252] and Velvet 1.2.10 [253] de novo assemblers were used to produce
the initial assemblies. The initial contigs were improved by remapping the sequence reads to the
contigs using the Geneious map-to-reference function (Geneious R10.0.9) [252] and then using the
in-house Geneious de novo assembler to combine the contigs into larger contigs. Single nucleotide
polymorphisms (SNPs) between the combined contigs were resolved by making a final map-to-

reference run using the raw reads and taking the most common nucleotide.

Annotation
The genome sequence was annotated using GAMOLA?2 2.0.0.14 [254], and the gene model was built

using Prodigal 2.6.3 [255]. Gapped Blastp was carried out with the NCBI nonredundant amino acid
database [256]. Clusters of orthologous groups (COGs) were determined using the latest COG
database (2014) [257]. The COGs database is an attempt on phylogenetic classification of the

proteins encoded in complete genomes. Each COGs includes proteins that are inferred to be
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orthologs (direct evolutionary counterparts). The Conserved Domains Database (CDD) (09/2018)
[258], protein families (Pfam) database (release 32) [259], and TIGRFAM (a database of protein
families designed to support manual and automated genome annotation) (release 15.0) [260, 261]
databases were used to identify the respective domains. The annotation was visualised and analysed

using a modified version of Artemis 16 [254, 262, 263].

3.2.3 P113 RFLP comparison
As described by Yang et al (2014) [232], the putative adhesin gene p113 has been shown to be

specific and sensitive for the detection of M. ovipneumoniae. To compare the New Zealand isolates
the sequence for this gene was obtained for 10 of the New Zealand isolates. The gene p113 was
identified and extracted from the genome of isolate 90. The extracted nucleotide sequence was used
as the reference sequence for the other isolates. Using the Geneious [252] map to reference
sequence function the HTS data from M. ovipneumoniae isolates 16, 23, 42, 70, 73, 83, 88, 94, 103,
and ESR strains were mapped against the Isolate 90 reference sequence to produce the p113 gene
sequence.

The sequences then had the restriction site for each of Alul, Dral, Hhal, and Mbol enzymes identified
in Geneious using the inbuilt restriction analysis (Geneious R10.0.9) [252], and the corresponding in
silico gel image was produced showing the digested fragments (Fig. 3.1-3.4). Each of the isolates
were compared to determine the separation into the three groups previously determined. This was
undertaken by comparing the fragmentation produced by the enzymes with the isolates containing
bands at the same molecular weight were put into the same group. To further analyse the grouping
of the New Zealand isolates the p113 gene was analysed using the MrBayes method [264] to

produce a phylogenetic tree (Fig. 3.5).

3.2.4 Building of genomes for isolates 16 and 103
Using the draft genome (isolate 90) built in 3.2 as the reference sequence, the raw reads of isolate

16 and isolate 103 were mapped to the reference sequence to produce matching contigs. Each of
the contigs produced were used as the reference sequence for the Geneious map to read function.
The HTS reads were mapped to each of the contigs to remove any single nucleotide polymorphisms

(SNPs) and close any gaps within the contigs produced in the first run.

3.2.5 Phylogenetic analysis
Four genetic loci suggested as a multi-locus sequence typing (MLST) [265] were used to

phylogenetically place the isolates from New Zealand within other M. ovipneumoniae isolates. The
four loci used were 16S-23S ribosomal RNA intergenic spacer (1GS), 16S ribosomal RNA gene (16s),
DNA gyrase subunit B (gyrB), and RNA polymerase beta subunit (rpoB) gene. These loci were

identified in the draft genomes of isolate 16, 90, and 103. For the other isolates the sequence from

isolate 90 was used as the reference sequence and the HTS data was mapped using the Geneious
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map to read function (Geneious R10.0.9) [252]. The four loci were concatenated into a single
sequence and compared against the type strain from ESR and 15 isolates from the Kamath et al
(2019) paper [265]. The isolates used were 2013-12928-34, 2013-12928-35, 2013-12928-36, 2013-
12928-38, 2013-12928-39, 2013-12928-41, 2013-12928-43, 2013-12928-46, 2013-13860-11, 2013-
13860-13, 2013-13860-15, 2013-13860-16, 16271, Mooney, and Cillian. M. hyopneumoniae was
selected as an outgroup; however, only three of the MLST loci (IGS, 16s, and rpoB) were available
from the National Center for Biotechnology Information (NCBI) for this organism. To account for the
missing gyrB loci a 400-nucleotide gap was inserted into the concatenated sequence. Each of the
concatenated sequences were aligned using the Geneious [252] multiple alignment feature using the
default parameters (Alignment type: Global alignment with free end gaps, Cost Matrix: 65%
similarity (5.0/-4.0). The alignment was then used to produce a phylogenetic tree using the MrBayes

tree builder [264, 266] method (Fig. 3.6).

3.3 Results

3.3.1 Genome properties of isolate 90
In-house Geneious (Geneious Rl 0.09) [252] and Velvet 1.2.10 [253] de novo assemblers were used

to produce the initial assemblies, which had N50 values of 62 (kilo base pairs) kbp and 38 kbp,
respectively. The N50 value is defined as the length of the shortest contig in the set of largest contigs
that together constitute at least half of the total assembly size. In general, a high N50 value signifies
a high-quality draft assembly. Combining the in-house Geneious (Geneious Rl 0.0.9) [252] and Velvet
1.2.10 [253] reads produced 14 contigs. The draft genome sequence was 1,031,345 bp long with a
GC content of 29% and an N50 value of 85 kbp. A total of 758 genes were predicted, 711 of which
were protein coding representing 93.8%. A putative function was assigned to 463 of the protein-
coding genes, with the remainder annotated as hypothetical proteins. Of these proteins, 413 could
be placed into clusters of orthologous groups (COGs) via homology search [257]. The properties and
statistics of the genome are summarised in Tables 3.1 and 3.2. A paper on this work has been

published in Microbiology Resource Announcements [267] (Appendix 1).

3.3.2 Genomes of isolates 16 and 103
Using isolate 90 genome as the initial reference, 14 contigs were produced for isolate 16 and isolate

103. Repeating the map to reference function on the contigs of isolates 16 and 103 improved the
sequences and reduced the number of gaps; however, there were several gaps not resolved,
resulting in increasing the number of contigs in isolate 16 to a total of 16 contigs. The draft genome
is 1,347,255 bp with a GC content of 29.1% and N50 value of 101 kbp. Isolate 103 had two gaps in

contig 1 that were not resolved with additional map to reference attempts against the contigs. This
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resulted in a draft genome of 1,181,876 across 15 contigs and a GC content of 28.8% and a N50 of 87

kbp. The properties and statistics of the genome are summarised in tables 3.1 and 3.2.

3.3.3tRNA

Analysis of the tRNAs detected confirmed 46, 44, and 46 tRNAs in isolates 16, 90, and 103
respectively. This incidence was higher than the 30 tRNA observed in genomes NM2010 [251] and
SCO1 [130]. New Zealand isolates detected specificity for all the amino acids except for tryptophan
(Trp) in isolates 16 and 90.

3.3.4 Prediction of transmembrane domains
Proteins were analysed for the presence of transmembrane domains. Isolates 16, 90, and 103

predicted 286, 215, and 253 proteins containing transmembrane domains respectively (Table 3.1).

3.3.5 Functional analysis and metabolism
A functional analysis of the proteins encoded by the genes present in the three M. ovipneumoniae

isolates are shown in Table 3.2, with an emphasis on transport of compounds and protein synthesis.
The genome encodes numerous transporters with a wide range of substrates. Both ATP Binding
Cassettes (ABC) and phosphoenolpyruvate-dependent System (PTS) transporters are represented. It
appears that M. ovipneumoniae should be able to transport and metabolise glucose, sucrose,
maltose/maltodextrin, trehalose, and xylose as an energy source. Glycerol should also be used as an
energy source. As is common with other mycoplasmas, M. ovipneumoniae should be able to both
produce and utilise glycogen and starches [268].

M. ovipneumoniae contains a single copy of each of the 165-235-5S ribosomal RNAs. The 5s rRNA is
not located within the 165-23S rRNA operon. The 5s rRNA is located 42kb from the two other rRNAs.
The conserved gene order romH - dnaA - dnaN is present as is observed in M. mobile and several

other mycoplasmas [268].

3.3.6 Comparison with other sequenced mollicute genomes
The M. ovipneumoniae genome is larger than many of the sequenced genomes from mollicutes. in

the genome with 711-971 protein coding genes, this is larger than M. genitalium [269], M.
pneumoniae [270], M. mobile [268] and U. urealyticum [271] with 483, 688, 635, and 613 protein

coding genes respectively.
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Table 3-1 Nucleotide content and gene details of the M. ovipneumoniae genome of three New Zealand M. ovipneumoniae isolates.

Two overseas isolates of M. ovipneumoniae, SC01 [130] and NM2010 [251] were included for comparison.

Isolate 16 Isolate 90 Isolate 103 SCo1 NM2010

Value % of total  Value % of % of % of % of
Attribute Value Value Value

total total total total

Size (bp) 1,347,255 100 1,031,345 100 1,181,876 100 1,020,601 100 1084159
G + C content (bp) 404,176 30 266,315 29 351,372 29.73 294,443 28.85 315,924 29.14
Coding region (bp) 1,147,861 85.2 894,249 86.7 999,876 84.6 821,380 80.48 - -
Total genes 1020 100 758 100 908 100 - - - -
RNA genes 3 .29 9 1.19 3 .33 - - - -
Protein-coding genes 971 95.19 711 93.8 859 94.6 864 100 888 100
Genes assigned to COGs* 640 62.75 413 54.49 549 60.46 864 100 888 100
Average gene length (bp) 1182 1257 1164 950 973
Genes with transmembrane

286 28.04 215 28.36 253 27.86 - - - -

helices

* COGs = Clusters of orthologous groups

62



Table 3-2 Clusters of orthologous grouping of genes in the genomes of three New Zealand M. ovipneumoniae

isolates.
Isolate 16 Isolate 90 Isolate 103
Code Value* % oftotal Value % oftotal Value % oftotal COG description
J 153 15.76 88 12.38 104 12.11 Translation
A - - - - - - RNA processing and modification
K 30 3.09 15 2.11 23 2.68 Transcription
L 52 5.36 41 5.77 60 6.98 Replication, recombination, and repair
B - - - - - - Chromatin structure and dynamics
D 7 0.72 3 0.42 4 0.47 Cell cycle control, mitosis, and meiosis
Y - - - - - - Nuclear structure
\ 29 2.99 17 2.39 25 291 Defence mechanisms
T 1 0.10 - - - Signal transduction mechanisms
M 8 0.82 8 1.13 13 1.51 Cell wall/membrane biogenesis
N 1 0.10 1 0.14 1 0.12 Cell motility
Z - - - - - - Cytoskeleton
W - - - - - - Extracellular structures
u 8 0.82 7 0.98 7 0.81 Intracellular trafficking and secretion
Posttranslational modification, protein
o] 27 2.78 17 2.39 23 2.68
turnover, chaperones
C 27 2.78 20 2.81 29 3.38 Energy production and conversion
Carbohydrate transport and
G 76 7.83 48 6.75 66 7.68
metabolism
E 33 3.40 21 2.95 26 3.03 Amino acid transport and metabolism
F 30 3.09 22 3.09 25 2.91 Nucleotide transport and metabolism
H 14 1.44 11 1.55 14 1.63 Coenzyme transport and metabolism
| 6 0.62 5 0.70 7 0.81 Lipid transport and metabolism
Inorganic ion transport and
P 13 1.34 6 0.84 12 1.40
metabolism
Secondary metabolites biosynthesis,
4 ) ) ) ) ) ) transport, and catabolism
R 36 3.71 23 3.23 24 2.79 General function prediction only
S 14 1.44 6 0.84 15 1.75 Function unknown
228 23.48 54 7.59 71 8.27 Associated with multiple COGS
- 331 34.09 298 41.91 310 36.09 Not in COGs

* Value refers to number of genes in each COG
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3.3.7 P113 RFLP comparison
The P113 gene sequence was successfully derived from the HTS for each of the isolates. The

predicted number of restriction fragments of the gene for Alul, Dral, Hhal, and Mbol enzymes, for
each isolate, are shown in Table 3.3. The in silico gel for each restriction enzyme grouped each of the
isolates into one of the previously identified three main groups represented by Isolates 16, 90, and
103 (Fig. 3.1-3.4). Based on the similarity of RFLP patterns, isolates 42 and 16 were considered group
1, isolates 23 and 90 group 2, and isolates 70, 73, 83, 88 and isolate 103 group 3. Isolate 94 had
similarities with both group 1 and group 3. The RFLP pattern of the reference strain from ESR did not
appear to associate with any of the three groups. It contained several of unique bands from isolate
90 digested with Alul, whereas it also contained bands unique to isolate 16 digested with Dral, Hhal
and Mbol. However, it only contained some of the bands but was missing many of the other unique
bands making it difficult to place it in any of the New Zealand groups (Table 3.3).

Comparing the results from the RFLP with the phylogenetic analysis (Fig. 3.5) showed congruence
with the RFLP results. Isolate 94 was located with group 3 helping to distinguish between grouping
isolate 94 into group 1 or 3. ESR was also located outside the three groups from New Zealand as was

observed from the RFLP data.

Table 3-3 In silico restriction enzyme analysis of the P113 gene in different New Zealand isolates of M.
ovipneumoniae, showing the number of restriction sites for each isolate. Phylogenetic analysis of the P113

was included for comparison.

M. ovipneumoniae | Predicted gene Restriction enzyme Grouping | Grouping
Isolate length (bp) Alul Dral Hhal Mbol RFLP Phylogenetic
16 3,239 18 6 5 7 1 1

90 3,240 21 7 12 5 2 2

103 3,259 19 8 3 7 3 3

42 3.221 18 8 6 7 1 1

70 3,236 24 9 2 9 3 3

23 3,227 18 9 10 3 2 2

73 3,233 16 7 3 8 3 3

83 3,236 18 8 3 9 3 3

88 3,236 18 9 2 9 3 3

94 3,226 17 7 3 9 1,3 3

ESR 3,237 15 6 8 8 - -
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3.3.8 Phylogenetic analysis
Sequences for the four loci from the MLST approach were obtained from the genome libraries for

each of the 10 New Zealand isolates and the ESR type strain. The four sequences, for each of the
isolates, were then concatenated into a single sequence in the order IGS—>16s->gyrB—>rpoB. This
was repeated with the 15 sequences from Kamath et al (2019) [265]. Phylogenetic analysis grouped
the New Zealand isolates into a single clade with the isolates from the Kamath et al paper [265]
being separated into their own clade (Fig. 3.6). The type strain from ESR was located outside of the
New Zealand clade but was more closely related to the New Zealand isolates than to the other
isolates. Within the New Zealand clade there are two potential sub-clades, the first containing

Isolates 23, 90, and 94, and the second containing isolates 16, 42, 70, 73, 83, 88, and 103 (Fig. 3.6).
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Figure 3-5 Phylogenetic tree of the P113 gene showing the distribution of New Zealand M. ovipneumoniae

isolates into three groups.
The sequence of the type strain (ESR) and strain GZ-QX were used as the out groups establishing the root of
the tree. Although strain GZ-Qx is unpublished, it appears in GenBank under the accession number
KR270152.1. The tree was constructed using MrBayes [262] method.
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Figure 3-6 Phylogenetic tree of the MLST loci showing the position of New Zealand M. ovipneumoniae isolates.

The sequence for M. hyopneumoniae was used as the out group establishing the root of the tree. The other
sequences included that were not a direct part of this study were produced by Kamath et al (2019) [263]. The
tree was constructed using MrBayes [29] method.
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3.4 Discussion

3.4.1 Genome properties of New Zealand isolates
To increase the genetic information available for New Zealand M. ovipneumoniae, three of the

isolates obtained from sheep in New Zealand farms, the genomes of isolates 16, 90, and 103 were
sequenced by HTS. Using the HTS shotgun sequences a draft genome was produced and annotated
for isolates 16, 90, and 103.

Comparing New Zealand isolates with two other genomes available SC01 [130] and NM2010 [251]
indicated similar genome lengths between isolates 90 and 103 with the genomes of SC01 and
NM2010. Isolate 16 is currently the largest of the genomes being compared here at 1.3 mbp,
approximately 263 kbp larger than NM2010. The difference in genome size may represent one or
multiple gene duplication events [272, 273]. Comparing each of the genes identified in isolates 16
with those in isolates 90 and 103 might determine where the duplication events may have occurred.
Errors in the building of the genomes are always a potential area for increase or decrease in the total
length of the genome [274]. Using additional data such as using longer read length sequences such
as those produced by PacBio [275] for each of the genomes can help increase the accuracy of the
built genomes and can help cover gaps between contigs as well as ensuring the contigs produced
have not had extra sequences introduced into them.

Despite the differences in genome size the percentage of the genome that was coding stayed similar
(80-90%). The New Zealand isolates had a slightly higher coding percentage (84.6-86.7%) than that
of strain SCO1 (80.5%). As the genome size increased the number of genes detected increased, as
would be expected since the coding region percentage stayed the same. The length of the proteins;
however, did change outside of what was expected with all the New Zealand isolates having larger
average gene lengths compared to that in SCO1 and NC2010. The current data suggests that the
average gene length of the New Zealand isolates was longer at 1,164-1,257 bases compared to 950
and 973 in SC01 and NM2010 respectively. This may provide some explanation into why New
Zealand isolates appear to have larger genomes than other strains of M. ovipneumoniae.

In congruence with other mycoplasma species, including other M. ovipneumoniae strains, the
genomes of the New Zealand isolates contained a single 16s-23s rRNA operon. The 5s rRNA was
located away from the other two rRNAs which appears to be a common characteristic among
mycoplasmas [276]. However, the level of gap between them appears to differ between species with
the New Zealand isolates having a gap of 42 kb whereas M. pulmonis [276] was shown to have a gap
of 320 kb. This suggests that there may be evolutionary pressure on the conservation of the 16s-23s
operon but limited pressure on the location of the 5s rRNA. The separation of the 5s from the other
rRNA operons may provide information on the phylogenetics of the mycoplasma branch by

comparing the distance of separation and the genes present in the gap. De novo amino acid and
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nucleotide synthesis, as with other mycoplasmas, has been lost during genome reduction of M.
ovipneumoniae [268]. Amino acids are presumed to be obtained by ABC-type oligopeptide
transporters followed by proteolytic degradation of the peptides. Extensive nucleotide salvage
pathways, including the conversion of ribonucleotides to deoxyribonucleotides by nrdA, are also
present [268].

Analysis of the COGs for each of the isolates 16, 90, and 103 predicted 640, 413, and 549 COGs
respectively assigned to 54.49-62.75% of the total genes. Of the genes that had COG functions
assigned not all genes were able to be assigned to a single COG. Isolate 16 had 228, isolate 90 had
54, and isolate 103 had 71 genes with multiple COG assignments. Undertaking further analysis of the
genes assigned to multiple COGs may allow for proper assignment of COGs. Determining the protein
function of the genes with multiple COG assignments will be useful in determining the correct
assignment, and as more M. ovipneumoniae isolates are sequenced and annotated the accuracy of
the annotation pipeline will continue to increase, reducing the incidence of multiple COG

assignments.

3.4.2 tRNA
New Zealand isolates genomes contained specificity for all the amino acids except for tryptophan

(Trp) in the genomes of isolates 16 and 90. The genome contained genes for tryptophan ligase and
tryptophan is present in the sequences of proteins, therefore the absence of tryptophan tRNA is
more likely to be due to the draft genome not overlapping the entire genome rather than loss of the
genes from M. ovipneumoniae. Tryptophan is a unique amino acid in mycoplasmas as UGA and UGG
codons, which are normally read as universal stop codons, are read as tryptophan instead [277, 278].
Therefore, it would be unlikely that no tryptophan tRNAs would be present in these isolates. One
other potential reason for the lack of presence of tryptophan tRNAs may be the result of the
annotation pipeline not correctly identifying tRNAyca or tRNAcca genes. Deeper analysis of these

genomes will allow for the determination of the presence of the extra tRNA genes.

3.4.3 Functional analysis and metabolism
M. ovipneumoniae is an obligate parasite of caprinae hosts, requiring nutrients and amino acids

directly from their host. This is represented in the functional analysis of proteins (Table 3.2),
indicating an emphasis on transport of compounds and protein synthesis. Closer inspection indicates
that M. ovipneumoniae should be able to transport and metabolise a range of sugar compounds,
including glucose, sucrose, maltose/maltodextrin, trehalose, and xylose as an energy source. In
addition to using sugars as an energy source, glycerol is suspected to be metabolised and is a known
preferred carbon source in M. pneumoniae [279]. Glycerol and glycerol-containing compounds such
as lipids belong to the most abundant organic compounds that may serve as nutrients for many

bacteria. These small molecules can easily be imported and used for energy production. Since

73



glycerol is usually found as a component of phospholipids, these lipids must be broken down to
release glycerol. The use of glycerol by mycoplasmas as an energy source is only one of the
suspected uses. Degradation of glycerol is also suspected to be important for the cytotoxicity of
mycoplasma [279, 280]. The major virulence factor that causes host damage in mollicutes is
hydrogen peroxide as a by-product of glycerol metabolism. Many mycoplasmas do not encode
common virulence factors, in contrast to the severe virulence factor exhibited by M. mycoides subsp.
mycoides [281]. This highlights the use of fundamental functions of metabolism, such as glycerol
metabolism, to ensure their survival in the host tissue and cause disease [282-284].

Ciliostasis is a major pathogenic outcome from M. ovipneumoniae infections, which has been
correlated to hydrogen peroxide production [285]. This provides potential avenues to protect
infected animals if a method to prevent hydrogen peroxide production in M. ovipneumoniae can be
discovered or there is a mechanism for degradation of hydrogen peroxide before it gets to the levels

to cause disease.

3.4.4 Prediction of transmembrane proteins
The identification of suitable antigens is pivotal in the production of vaccines and diagnostics. The

localisation of a protein on the surface of the pathogen may improve the likelihood of that protein
being useful for vaccines and diagnostics. With an annotated genome, one of the methods to
determine the localisation of a protein is the presence of transmembrane domains [177, 178].
Transmembrane domains are regions of the protein that are predicted to be located or embedded
within the cell membrane and therefore the presence of these domains indicates that at least part of
the protein is located as an extracellular domain outside of the cell. In isolate 16, 90 and 103 there
were 286, 215, and 253 proteins with predicted transmembrane domains, respectively, providing a
large pool of potential antigens for further analysis. Reducing this pool down to proteins with single
or few transmembrane domains may help produce a more manageable pool of antigens for targeted
analysis. This is because proteins with multiple transmembrane domains can be difficult to be
produced in recombinant form. Comparing the proteins detected as potential antigens across isolate
16, 90, and 103 may assist in further reducing the number of antigens common across all three

isolates.

3.4.5 Phylogenetics
In a previous unpublished analysis of New Zealand isolates of M. ovipneumoniae, three genetic

groups were identified (chapter 2.3). An attempt was undertaken to regrow the isolates however
after extended period with limited number of successful cultures the decision was made to proceed
in silico. To re-confirm this grouping, the putative adhesin gene p113 sequence was obtained for 10
of the New Zealand isolates and the ESR reference strain. Comparison of the in silico restriction

patterns separated the three isolates 16, 90, and 103 into unique groups as was suggested in the
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previous study. The patterns of the other 7 New Zealand isolates produced restriction fragment
patterns similar to one of the three groups; group 1 contained isolates 16, and 42, group 2 had
isolates 90 and 23, and group 3 had isolates 103, 70, 73, 83, and 88 (Table 3.3). Isolate 94 was
difficult to distinguish between group 1 and group 3. Comparing the sequence data for p113 showed
isolate 94 was more closely related to group 3 than group 1 (Fig. 3.5). The other isolates in group 3
however, were closer to each other than to isolate 94 which may account for the difficulty in
distinguishing between the two groups (Fig. 3.5). The ESR reference strain did not produce a
restriction fragment pattern that could be associated with any of the groups identified in the New
Zealand isolates (Table 3.3). This supports the use of this gene as a typing tool for grouping isolates
of M. ovipneumoniae, not only in New Zealand but useful in following the distribution of different
isolates as they move between domestic animals and wild animals such as big horn sheep [249].
Phylogenetic analysis grouped the New Zealand isolates into a single clade separate from the
isolates described by Kamath et al (2019) [265] and the M. hyopneumoniae outgroup (Fig. 3.6). This
is expected considering the geographical separation between New Zealand and the United States.
The Type strain (ESR) was positioned as a sister isolate to the New Zealand isolates with a posterior
probability of 0.71. This suggests Australia, the location of the type strain, is the source of New
Zealand M. ovipneumoniae (Fig. 3.6). With both countries being located close together it is likely that
mycoplasmas could be transported from one country, especially in the early stages of the budding
sheep industry in New Zealand and before the identification of the presence of M. ovipneumoniae
[59, 248] and strict biosecurity measures were implemented in both countries [286]. Further analysis
of Australian M. ovipneumoniae could determine whether there is support for movement of M.
ovipneumoniae between the two countries or if there has been predominately one-way movement
from Australia to New Zealand.

Within the New Zealand clade there is support for the presence of two separate groups of New
Zealand M. ovipneumoniae isolates (Fig. 3.6). Except for isolate 94, the split was between group 2
and, groups 1 and 3. Isolate 94 was originally located within group 3 along with isolate 103 according
to its P113 sequence; however, using the MLST sequence, isolate 94 was more closely related to
isolates 23 and 90 in group 2. With the posterior probability of 0.66, the separation between the two
groups is not as strong as some of the other clades within the New Zealand isolates. This may be due
to the grouping of isolate 94 with isolates 23 and 90, suggesting that isolate 94 may have undergone
genetic shift between the two groups. This could be undertaken via horizontal gene transfer [287]
when different isolates on M. ovipneumoniae mix within a host. This could allow movement of either
P113 or MLST genes between groups resulting in disparity between the two phylogenies. Another

potential would be convergent evolution of one or more of the genes used in the phylogenetic
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analysis. The primary differences between the two clades is two insertions in the IGS of 3 and 5
nucleotides within the isolates 23, 90, and 94.

The separation of M. ovipneumoniae into two clades may support the concept of multiple invasions
of this organism into New Zealand from Australia. To confirm this, further analysis of New Zealand
isolates would be required to increase the number of isolates associated with the clade containing
isolate 90 to confirm the separation of the clades. The second analysis would require further
samples of Australian isolates to determine if there are isolates closer related to each group. This
would determine whether the two groups are a result of multiple invasion events or due to

divergent evolution within the New Zealand isolates.

3.4.6 Comparison with other mycoplasmas
Members of the mollicutes are known for their small genome size and reduced number of genes

with most members containing less than 1,000 genes and many genomes under 1,000 kb [268, 288].
M. ovipneumoniae have a similar gene count of 711-971 protein coding genes; however, the genome
is over 1,000 kb. The M. ovipneumoniae genome has been shown to be over 1,000 kb in several
strains, with strain SCO1 having a genome size of 1020 kb [130] and strain NM2010 having a genome
size of 1,084 kb [251]. The GC content across the five genomes (isolate 16, 90, 103, SC01, and
NM2010) of M. ovipneumoniae was consistent at around 29-30%. This was higher than that detected
in M. mobile at 24.9% [268] and M. pulmonis at 26.6%. Comparatively M. pneumoniae has a GC
content of 40%. The larger genomes of M. ovipneumoniae compared to other mycoplasma species
may provide advantages to promote distribution across a number of domestic and wild species as
well as allowing M. ovipneumoniae to evade detection and/or reduce the immune response to
infection, increasing its ability to take hold in the host animals. Further comparisons between
mycoplasma species may reveal the different/additional genes present in M. ovipneumoniae and
whether they provide advantages to M. ovipneumoniae. It would also be of interest to determine if
the extra genes present in M. ovipneumoniae are a result of gene duplication from a smaller genome
ancestor or a remnant from a larger genome ancestor. It would also be of interest to understand the

role of selection pressure on these events.

3.5 Conclusion
Three isolates of New Zealand isolates of M. ovipneumoniae have had a draft genome created and

annotated. This provides a new avenue of research into the molecular understanding of this
pathogen. The isolates had a genome size of 1.03-1.34 mb and a genomic GC content of 29-30%
similar to the genomes of isolates SCO1 and NM2010. Annotation identified 971, 711, and 859
protein coding genes in isolates 16, 90, 103 respectively with over 200 genes containing

transmembrane domains, providing a large number of potential proteins that could be investigated
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for further vaccine or diagnostic use. Comparison between New Zealand isolates and other M.
ovipneumoniae genomes has shown similar range of genes, with the two external M. ovipneumoniae
isolates gene count sitting between the three New Zealand isolates. RFLP and phylogenetic analysis
of P113 has provided support to the establishment of three groups of M. ovipneumoniae in New
Zealand. Phylogenetic analysis of the three New Zealand isolates (16, 90 and 103) grouped all three
isolates in a single clade with the ESR reference strain as the closest related strain. Within the New
Zealand clade, two further subclades were observed, which may indicate two separate invasion
events of M. ovipneumoniae from Australia. Further analysis of New Zealand and Australia isolates
of M. ovipneumoniae will provide support for either separate invasion events or divergent evolution

within New Zealand isolates.

3.6 Data availability
This whole-genome shotgun project for isolate 90 has been deposited at DDBJ/ENA/GenBank under

the accession number VZDPOOOOOOOO. The version described in this paper is version
VZDPOIOOOO0O0O, and the BioProject number is PRINA573593. The sequence reads have been
deposited at the SRA under the accession number SRR10959050.
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Chapter 4 Identification of Mycoplasma ovipneumoniae immunogenic
proteins by two-dimensional SDS-PAGE, Western blotting, and mass

spectrometry analysis

4.0 Abstract
As part of research aimed at developing a vaccine against M. ovipneumoniae or a diagnostic test to

detect disease caused by this bacteria, hydrophobic membrane protein fractions were produced and
immunoblotted with sheep antisera generated against three New Zealand isolates of M.
ovipneumoniae. Proteins in these fractions were separated by 2D gel electrophoresis and
immunogenic proteins were detected by Western blotting using antisera against M. ovipneumoniae.
The identity of immunogenic proteins was determined by mass spectrometry with reference to the
genome of M. ovipneumoniae produced in Chapter 3. Eight proteins were successfully identified
across the three isolates including two previously known immunogenic proteins of M.
ovipneumoniae, HSP70 and EF-Tu. Each of the eight proteins were analysed for B lymphocyte
epitope prediction, transmembrane helices prediction, and hydrophobicity prediction. This resulted
in four proteins (EF-Tu, GAPDH, P146, and HP3) and one epitope of HP1 being selected for further

study.
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4.1 Introduction
Throughout the history of the biological arms race between pathogens and their hosts, pathogens

have developed mechanisms to inhibit, or hide from, the host immune system whereas the host has
developed mechanisms to better detect and eliminate the invading pathogen [90]. Since the
emergence of vertebrates and the development of their adaptive immune system, the host has been
able to produce a stronger immune response due to the ability to gain an immunological memory
where pathogens are remembered by select antigens [289]. The adaptive immune response is
antigen-specific and uses the process of antigen presentation to recognise non-self-antigens [77, 78].
The specificity of the adaptive immune system allows for the generation of tailored responses to
specific pathogens and pathogen infected cells. This process is managed by ‘memory cells’, which, in
response to repeated detection of the same pathogen elicit an appropriate immune response to
quickly eliminate it [91].

The ability of the adaptive immune system to ‘remember’ antigens from pathogens allows the
development of preventative measures against known pathogens. Through the introduction of
antigens of a specific pathogen, it is possible to prime the immune system, reducing the time it takes
from the initial detection of the pathogen to mounting a strong immune response against the
invading organism [290]. This ‘priming’ of the immune system is the basis for using vaccines to
protect against disease. However, a key component of developing a vaccine is to identify proteins
within the agent that trigger a strong immune reaction [290]. Identification of such immunogenic
proteins is an important step in vaccine development. Of the proteins determined to be
immunogenic, the proteins presented on the surface of the cell will provide the best chance for the
host to be protected against the organism, as they are more likely to be detected by the immune
system while the organism is still alive and pathogenic [291, 292]. This mainly relates to antibody-
based vaccines and extracellular pathogens, which M. ovipneumoniae appears to be. Alternatively,
T-cells recognise processed peptides which don’t require the antigens to be cell surface located.
Limited exposure to a pathogen reduces the ability of the adaptive immune system to protect the
animal as much of the damage is caused before the immune response can mount the required
response. Therefore, priming the immune system through vaccination can protect against or reduce
the effect of the related infection.

This is often the case in production animals where animals, such as lambs, will be kept for a limited
period of time for growing and may be slaughtered before they are able to remove the infection. M.
ovipneumoniae is an organism that causes sub-lethal infection of the lungs of lambs. This reduces
the wellbeing of the animals and increases the energy load on the animal, reducing the feed
conversion rate. This results in the animals being smaller and lighter at time of slaughter or requiring

longer time to reach the required weight [60].
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Vaccination can provide the potential to prevent infection from occurring or establishing in the host.
However, in the absence of a viable vaccine, treatment of the animal if infection occurs will be
required. Two difficulties of treating M. ovipneumoniae infections are the limited clinical symptoms
of infection [60, 248], and the inefficacy of common antibiotics on M. ovipneumoniae due to the lack
of a cell wall [50]. Therefore, the development of quick and accurate identification techniques for M.
ovipneumoniae infections is required for prompt treatment using antibiotics effective against
mycoplasmas.
Hence, this study was undertaken with the following aims:

e Detect immunogenic proteins in New Zealand isolates of M. ovipneumoniae

e Identify the immunogenic proteins in terms of amino acid and corresponding nucleotide

sequences

e Analyse the proteins for potential use in a vaccine or for diagnostic use
Previous work (unpublished) has suggested three groups of M. ovipneumoniae isolates within New
Zealand. This grouping was based on RFLP analysis of the P113 gene in genomic DNA (chapter 2.3).
The restriction digestion pattern of P113 gene was further tested in silico in chapter 3. Three
isolates, 16, 90, and 103, were chosen as representatives of the three groups identified for the
studies in this chapter.
To detect potential immunogenic proteins, Western blotting was performed on hydrophobic protein
fractions (HPF) prepared from the three isolates using sera collected from animals vaccinated with
M. ovipneumoniae whole cell antigens. The proteins in the hydrophobic fractions were separated on
one-dimensional (1D) and two-dimensional (2D) SDS-PAGE gels. The first experiments used sera
collected from sheep vaccinated with a mixture of M. ovipneumoniae and M. haemolytica. This sera
were used as it was readily available at the start of the study. During the studies, further sera were
obtained from animals that had only been vaccinated against only M. ovipneumoniae in both sheep
and rabbits to examine M. ovipneumoniae-specific immunoreactions. The Western blotting
experiments identified a number of potential proteins for further studies. These proteins were
extracted from SDS-PAGE gels for identification by mass spectrometry. To identify the immunogenic
proteins of interest and obtain the complete protein and nucleotide sequences, the peptide
sequences from mass spectrometry of the extracted proteins were compared with sequences from

the built and annotated genome of M. ovipneumoniae (Chapter 3).

4.2 Methods

4.2.1 Extraction of proteins
Three New Zealand isolates (16, 90, and 103) of M. ovipneumoniae were cultured as described in

Chapter 2 (Section 2.4). Whole cell lysates (WCL) of M. ovipneumoniae were obtained via sonication
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(Section 2.6.1), and hydrophilic and hydrophobic membrane proteins fractions were extracted using
Bio-Rad ReadyPrep™ Protein Extraction Kit (Membrane 1) [235, 236] (Section 2.6.2) (Bio-Rad
Laboratories, United states). Protein concentrations were determined using the Pierce protein

determination kit (Section 2.6.3).

4.2.2 Production of sera
Sera were collected from sheep vaccinated with the three New Zealand isolates of M.

ovipneumoniae (isolates 16, 90, and 103) and M. haemolytica as described in Chapter 2 (chapter
2.7.2). Sera were also produced in sheep against only M. ovipneumoniae (isolates 16, 90, and 103)
(chapter 2.7.3). This serum was to determine the effect M. haemolytica antibodies might have on
the downstream experiments. To test the effect of using a host other than sheep on the immune
response to M. ovipneumoniae, sera were also collected from rabbits vaccinated with M.

ovipneumoniae (isolates 16, 90, and 103) (chapter 2.7.4).

4.2.3 SDS-PAGE and Western blotting
WCL or membrane proteins were separated by molecular weight using 1D and 2D SDS-PAGE as

described in Chapter 2 (chapter 2.9). The gels were either stained with Coomassie blue for detection
of all proteins present or transferred to a PVDF transfer stack. For Western blotting, the PVDF
membrane was incubated with primary antibodies (chapter 2.10) from sheep sera (chapter 2.7.2 and
2.7.3) or rabbit sera (chapter 2.7.4). The membrane was then incubated with rabbit anti-sheep or
goat anti-rabbit secondary antibodies respectively. For colorimetric analysis 1-Step™ TMB-Blotting
Substrate Solution (Invitrogen™, Thermo Fisher Scientific™, United States), was used or for
Chemiluminescent analysis, Clarity™ Western ECL Substrate, (Bio-Rad Laboratories, United states)

was used.

4.2.4 Protein identification by mass spectrometry
Protein spots identified as immunogenic by Western blotting were extracted from the 2D SDS-PAGE

gel, sent to AgResearch Lincoln and analysed via their LC-MS/MS platform as described in Chapter 2
(chapter 2.12). The mass spectrometer produces a number of small peptide sequences (~5-7 amino
acids) for each of the proteins provided. The small peptide fragments provided were then aligned to
the annotated genome produced in chapter 3 to determine the associated protein. The peptide
sequences that were unique to single protein were recorded and if multiple proteins were detected.
proteins of the correct molecular weight were selected as the most likely protein of interest.

This allowed the full nucleotide and amino acid sequence to be obtained for further protein analysis.

4.2.5 Protein sequence analysis
The full-length peptide and nucleotide sequence for each of the immunogenic proteins were

extracted from the genome of isolate 90 (chapter 3). These sequences were used to analyse the

predicted structure of each of the proteins. The first analysis conducted was B lymphocyte epitope
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prediction. B lymphocyte epitopes were calculated by prediction of linear epitopes from a protein

sequence (http://tools.iedb.org/bcell/). The calculation method used was the Bepipred-1.0 Linear

Epitope Prediction [293]. It must be noted that B cell epitope predictions are not optimised for
ruminants. The second analysis predicted transmembrane domains. Transmembrane domains were
predicted using the Technical University of Denmark’s TMHMM Server v. 2.0

(http://www.cbs.dtu.dk/services/TMHMMY/) Predicting transmembrane helices in proteins [294,

295]. The final analysis looked at predicting the hydrophilic and hydrophobic regions of the proteins.
For this, Kyte/Doolittle analysis was completed using the ExPASy SIB Bioinformatics Resource Portal

(https://www.expasy.org/) implementing the Kyte/Doolittle method for displaying the hydropathic

nature of a protein [296].

4.2.6 Comparison of immunogenic proteins
The sequence data for each of the detected immunogenic proteins, HSP70, EF-Tu, GAPDH, MATE,

HP1, HP2, HP3, and P146 were extracted from the genome of isolate 90. As described in Chapter 3
(chapter 3.2.2) the nucleotide sequences were used as the reference sequences for the map to
reference function. HTS data from isolates 16, 23, 42, 70, 73, 83, 88, 94, and 103 were mapped
against the reference sequence from isolate 90 to produce the gene sequence of those isolates.

For each of the proteins, nucleotide and protein sequence data were compared between each of the
New Zealand isolates of M. ovipneumoniae. The sequences were then compared to sequences from

other mycoplasmas.

4.3 Results
4.3.1 Protein analysis of M. ovipneumoniae
Analysis of proteins in whole cell lysates

Proteins in cell lysates prepared from M. ovipneumoniae isolates 16, 90, and 103, were separated by
SDS-PAGE. Different protein amounts were used to observe the banding patterns of each of the
isolates without the effect of saturation from abundant proteins. The majority of proteins had
molecular masses between 28 and 97 kDa (Fig. 4.1). One-dimensional Western blotting analysis of
WCL from the three isolates was conducted with pooled sera (pre-immune and antisera) obtained
from sheep vaccinated with both M. ovipneumoniae and M. haemolytica (chapter 2.7.2), detected a
large repertoire of immunogenic proteins unique to the antisera sera (Fig. 4.2). These immunogenic
proteins ranged in molecular size from less than 19 kDa to greater than 97 kDa.

There were differences between each of the three isolates in their pattern of reactivity to both the
pre-immune sera and antisera sera with several bands either present or absent in the different
isolates. This indicates that there may be some significant differences in the immunogenicity of

proteins between the three isolates.
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Figure 4-1 SDS-PAGE of proteins from whole cell lysates of M. ovipneumoniae.

Lane L: Ladder SeeBlue™ Plus2 Pre-stained Protein Standard; Lane 1: isolate 16, 6.5 ug; Lane 2: isolate 16, 3.2 ug;
Lane 3: isolate 16, 1.6 ug; Lane 4: isolate 90, 6.5 ug; Lane 5: isolate 90, 3.2 ug; Lane 6: isolate 90, 1.6 ug; Lane 7:
isolate 103, 6.5 ng; Lane 8: isolate 103, 3.2 ug; Lane 9: isolate 103, 1.6 ug. Different protein concentrations were
used to observe the banding patterns of each of the isolates without the effect of saturation from abundant
proteins.
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Figure 4-2 1D Western blot showing immunogenic proteins in whole cell lysates prepared from M. ovipneumoniae.

Proteins were separated by SDS-PAGE and probed using pooled sera from three sheep vaccinated with M.
ovipneumoniae (isolates 16, 90, and 103) and M. haemolytica. A) Western blot using pre-immune sera. B) Western blot
using antisera. Lanes L: Ladder SeeBlue™ Plus2 Pre-stained Protein Standard, Lanes 1, 2, and 3: whole cell lysates from
isolates 16, 90 and 103, respectively; Lanes 4, 5, and 6: whole cell lysates from isolates 16, 90 and 103, respectively. 1

step colorimetric blotting was used as the detecting agent.

Analysis of proteins in membrane fractions using sera from sheep vaccinated with M. ovipneumoniae
(isolates 16, 90, and 103) and M. haemolytica

Separation of the proteins in the hydrophobic fractions showed the presence of many proteins, with
the majority having a molecular size between 39 and 97 kDa (Fig. 4.3). Western blotting showed of
the presence of immunogenic protein bands (Fig. 4.4). The hydrophobic fraction prepared from
isolate 16 contained approximately 13 immunogenic protein bands, isolate 90 approximately 14
bands and isolate 103 approximately 15 bands. The immunogenic proteins in these bands had
molecular sizes ranging between 28 and 100 kDa. Many of the immunogenic protein bands were

common across all isolates, with prominent antigens corresponding to molecular masses of 38, 40,
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49, 66, 69, and 97 kDa being detected in all 3 isolates. Notably, the immunogenic protein bands at 71
kDa and 86 kDa, visible in isolates 16 and 103, were not detected in the hydrophobic fraction from
isolate 90.

The hydrophilic protein fraction contained many immunogenic protein bands (Fig. 4.4). The
hydrophilic band pattern was similar to that of the hydrophobic fraction, with prominent bands
around 38, 40, 49, 66, 69, and 97 kDa in size. In addition to the bands common between

hydrophobic and hydrophilic fractions, a number of bands were apparent between approximately 57

and 61 kDa only within the hydrophilic fraction.

Figure 4-3 SDS-PAGE separation of proteins in hydrophobic and hydrophilic fractions prepared from M.
ovipneumoniae.

Lanes L: Ladder SeeBlue™ Plus2 Pre-stained Protein Standard; Lanes 1, 2, and 3: hydrophobic fractions from isolates
16, 90 and 103, respectively; Lanes 4, 5, and 6 hydrophilic fractions from isolates 16, 90 and 103, respectively.
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Figure 4-4 1D Western blots showing immunogenic proteins from hydrophobic and hydrophilic protein fractions of M. ovipneumoniae.

Proteins were separated by 1D SDS-PAGE and probed using sheep sera from sheep vaccinated with M. ovipneumoniae (isolates 16, 90, and 103) and M. haemolytica. A) Western blot
using pooled pre-immune sera. B) Western blot using pooled antisera sera. In each blot, Lanes L: Ladder SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2, and 3:
hydrophobic fractions from isolates 16, 90 and 103, respectively, and Lanes 4, 5, and 6: hydrophilic fractions from isolates 16, 90 and 103, respectively.
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Rabbit antibody response to M. ovipneumoniae antigens

Whole cell, and hydrophilic membrane protein fractions from the three M. ovipneumoniae isolates
blotted against the rabbit sera (vaccinated with M. ovipneumoniae isolates 16, 90, and 103) (chapter
2.7.4) showed similar banding (Fig. 4.5, 4.6) to those observed using the pooled sheep sera. This
suggested that M. ovipneumoniae is producing a similar immunogenic response in rabbits when
blotted against WCL and hydrophilic membrane proteins. However, Western blotting on the HPF
showed less immunoreactivity to the hydrophobic proteins in the middle of the molecular weight

range, with most of the proteins detected having molecular sizes around 64 kDa or 28kDa.
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Figure 4-5 1D Western blots showing immunogenic proteins in whole cell lysates prepared from M. ovipneumoniae.
Proteins were separated by 1D SDS-PAGE and probed using rabbit sera from rabbits vaccinated with M.
ovipneumoniae (isolates 16, 90, and 103). A) Western blot using pre-immune sera. B) Western blot using anti sera.

Lanes L Ladder SeeBlue™ Plus2 Pre-stained Protein Standard, Lanes 1, 2, and 3 isolates 16, 90 and 103, respectively.
Lanes 4, 5, and 6 isolates 16, 90 and 103, respectively.
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Figure 4-6 1D Western blots showing immunogenic proteins present in hydrophobic and hydrophilic fractions prepared from M. ovipneumoniae.

Proteins were separated by 1D SDS-PAGE and probed using rabbit sera from rabbits vaccinated with M. ovipneumoniae isolates 16, 90, and 103. A) Western blot against
hydrophobic fractions. B) Western blot against hydrophilic fractions. Lanes L Ladder SeeBlue™ Plus2 Pre-stained Protein Standard, Lanes 1, 2, and 3 pre-immune sera against
isolates 16, 90 and 103, respectively. Lanes 4, 5, and 6 antisera against isolates 16, 90 and 103, respectively.
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Sheep antibody response to M. ovipneumoniae antigens without M. haemolytica antigens

Western blots of whole cell lysates using pre-immune sera and antisera from sheep vaccinated
against the three isolates of M. ovipneumoniae (isolates 16, 90, and 103) (chapter 2.4.3) identified a
similar size range of immunogenic proteins bands to that detected using the sera from sheep
vaccinated with a mixture of M. ovipneumoniae and M. haemolytica (Fig. 4.7). Comparing the
hydrophobic and the hydrophilic membrane fraction Western blots (Fig. 4.7) to the hydrophobic and
the hydrophilic membrane fraction Western blots produced using the pooled sera (Fig. 4.4)
identified a similar protein banding pattern in the middle of the molecular range (100-50 kDa).
However, a larger number of high molecular weight proteins were detected in both the hydrophobic
and hydrophilic membrane protein fraction M. ovipneumoniae Western blots and conversely there

were fewer lower molecular weight proteins detected.
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Figure 4-7 1D Western blots showing immunogenic proteins in whole cell lysates, hydrophobic, and hydrophilic fractions prepared from M. ovipneumoniae.

Proteins were separated by SDS-PAGE and probed using sheep sera from sheep vaccinated with M. ovipneumoniae (isolates 16, 90, and 103). A) Western blot using pre-
immune sera. B) Western blot using anti sera. Lanes L SuperSignal™ Molecular Weight Protein Ladder, Lanes 1, 2, and 3 whole cell of isolates 16, 90 and 103, respectively.
Lanes 4, 5, and 6 HPF of isolates 16, 90 and 103, respectively, Lanes 7, 8, and 9 hydrophilic membrane fraction of isolates 16, 90 and 103, respectively.
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2D Western blotting

Two-dimensional western blotting of the HPF from M. ovipneumoniae isolate 16 with the pooled
antisera (2.7.2) (against M. ovipneumoniae isolates 16, 90, and 103 and M. haemolytica) showed
four intense immuno-reactive protein spots and a larger number of less intensive areas of immuno-
reactivity (Fig. 4.8). These spots were then located in the 2D gel (Fig. 4.9) by aligning the Western
blot (Fig. 4.8) with the gel and the corresponding protein spots excised for mass spectrometry. This
identified eight protein spots of interest. Comparison of the peptide sequences obtained from the
mass spectrometry analysis to an annotated genome of M. ovipneumoniae identified four proteins
(Table 4.1). These proteins were identified as the known immunogenic proteins HSP70 and EF-Tu, as
well as two new potential immunogenic proteins Multidrug and Toxic Compound Extrusion (MATE)
efflux transporter protein, and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The full amino
acid sequence of the MATE and GAPDH proteins were obtained from the annotated genome

(chapter 3).
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Figure 4-8 2D Western blots showing reactivity of proteins in the hydrophobic protein fraction prepared from M. ovipneumoniae isolate 16 and probed using sheep sera
from sheep vaccinated with M. ovipneumoniae (isolates 16, 90, and 103) and M. haemolytica.

A) Western blot using pooled pre-immune sera. B) Western blot using pooled antisera produced against mycoplasmas. Proteins sent for mass spectrometry are indicated
by red circles. Ladder Precision Plus Protein Western C Standards.

92



kDa
pH3
191

[ole}

O o7

1
2 3 QQ 64 EJ
51 »

QQ 39 ‘

/
/
=

28

L

Figure 4-9 2D gel electrophoresis separation of proteins in hydrophobic protein fraction prepared from M.
ovipneumoniae isolate 16.

Proteins sent for mass spectrometry analysis are indicated by red circles. Ladder SeeBlue™ Plus2 Pre-stained
protein standard.

Two-dimensional gel electrophoresis of proteins in the HPF prepared from M. ovipneumoniae isolate
90 showed four spots of immunoreactivity when analysed with the pooled pre-immune sera (against
M. ovipneumoniae isolates 16, 90, and 103 and M. haemolytica) (Fig. 4.10). Immunoblotting with the
antisera showed 10 spots of immunoreactivity. These spots were located on a 2D gel (Fig. 4.11) and
the 10 potential protein bands were excised. Mass spectrometry analysis identified six proteins. In
addition to EF-Tu and GAPDH which were also detected in M. ovipneumoniae isolate 16, three
hypothetical proteins and Mycoplasma adhesin protein P146 were detected (Table 4.1). P146 was
detected at two positions within the 2D gel, running between 80 and 100 kDa molecular size and

between 50 and 60 kDa.
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Figure 4-10 2D Western blots showing reactivity of proteins in the hydrophobic protein fraction prepared from M. ovipneumoniae isolate 90 and probed using sheep sera
from sheep vaccinated with M. ovipneumoniae (isolates 16, 90, and 103) and M. haemolytica.

A) Western blot using pooled pre-immune sera. B) Western blot using pooled antisera produced against mycoplasmas. Proteins excised and sent for mass spectrometry
analysis are indicated by red circles. Ladder SuperSignal™ Molecular Weight Protein Ladder. The red signal is saturated reading of the chemiluminescence.
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Figure 4-11 2D gel electrophoresis separation of proteins in hydrophobic protein fraction prepared from M.
ovipneumoniae isolate 90.

Proteins sent for mass spectrometry analysis are indicated by red circles. Ladder SuperSignal™ Molecular Weight
Protein Ladder.

Western blotting of proteins in the HPF prepared from M. ovipneumoniae isolate 103 using pre-
immune sera (against M. ovipneumoniae isolates 16, 90, and 103 and M. haemolytica) identified four
strong spots and two lighter spots (Fig. 4.12). Not including these spots in the antisera Western left
six spots of interest remaining (Fig. 4.12). These spots were located on a 2D gel and the spots were
excised and sent for mass spectrometry analysis (Fig. 4.13). Three of the six proteins were
successfully identified by mass spectrometry analysis, these were EF-Tu, GAPDH, and P146 (Table
4.1). These three proteins have been identified as immunogenic across all three M. ovipneumoniae

isolates.
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Figure 4-12 2D Western blots showing reactivity of proteins in the hydrophobic protein fraction prepared from M. ovipneumoniae isolate 103 and probed using sheep sera
from sheep vaccinated with M. ovipneumoniae (isolates 16, 90, and 103) and M. haemolytica.

A) Western blot using pooled pre-immune sera. B) Western blot using pooled anti-sera produced against M. ovipneumoniae. Proteins sent for mass spectrometry are
indicated by red circles. Ladder SuperSignal™ Molecular Weight Protein Ladder. The red signal is saturated reading of the chemiluminescence.
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Figure 4-13 2D gel electrophoresis separation of proteins in hydrophobic protein fraction prepared from M.
ovipneumoniae isolate 103.

Proteins sent for mass spectrometry analysis are indicated by red circles. Ladder SeeBlue™ Plus2 Pre-stained
Protein Standard.

4.3.2 Sequence analysis of identified proteins

Each of the proteins identified by mass spectrometry analysis had their full peptide sequence
extracted from the whole genome of M. ovipneumoniae isolate 90, (described in chapter 3)
(Appendix 2-9). A B-cell epitope map was calculated using Bepipred-1.0 Linear Epitope Prediction
[293] (Appendix 10-17). A hydrophilicity plot was also produced to complement the B-cell epitope
map indicating which areas are hydrophobic and which are hydrophilic (Appendix 18-25). For each
protein, transmembrane domain analysis was done to determine the probability of the protein being
membrane associated or located on the cell surface (Appendix 26-34). In addition to the sequence
analysis completed on isolate 90 sequences, nucleotide sequences for each of the immunogenic
proteins in each of the isolates 16, 23, 42, 70, 73, 83, 88, 94, and 103 was successfully derived and

translated into the corresponding peptide sequence.
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Table 4-1 Summary of protein spots excised from 2D gel and corresponding proteins identified via mass
spectrometry analysis

M. ovipneumoniae

Spot number

Approximate Mw size on the gel

Protein detected by MS

16 1 70 HSP70
2 60 Not Identified
3 62 Not Identified
4 55 MATE
5 44 EF-Tu
6 37 GAPDH
7 37 Not Identified
8 110 Not Identified
90 1 90 P146
2 95 Hypothetical Protein 1 (HP1)
3 85 Hypothetical Protein 2 (HP2)
4 58 Not Identified
5 56 Not Identified
6 56 P146
7 44 EF-Tu
8 35 GAPDH
9 24 Hypothetical Protein 3 (HP3)
10 70 HSP70
103 1 63 Not Identified
2 45 EF-Tu
3 24 Not Identified
4 37 GAPDH
5 84 P146
6 59 Not Identified

HSP70 had a protein coding sequence of 1,797-1,800 bp, across the 10 isolates with 1,715 identical

sites (95.35%). Translated peptide sequences produced a sequence length of 598-599 amino acids

aa) with a sequence identity of 594 (99.2%) and a pairwise identity of 99.8%. The differences in
(aa) q y ( ) p y

sequence length were due to an in-frame addition of TCA in isolate 16 at site 1,758 resulting in the
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addition of a glutamine residue at site 587. The predicted molecular weight was 65 kDa. No
transmembrane domains were detected in this protein, with the entire protein being predicted to be
located on the outside of the cell membrane (Appendix 26). B-cell epitope analysis indicated 20
potential immunogenic epitopes of 4 amino acids or larger of which 17 were hydrophilic (Appendix
34). HSP70 had an intra-species nucleotide sequence identity of 95.35%, and comparison to M.
hyopneumoniae, M. conjunctivae, and M. bovis produced a sequence identity of 86.3%, 80%, and
67.2% respectively.

EF-Tu had a protein coding sequence of 1,209bp, in all the isolates, with 1,176 (97.3%) identical sites.
Translated peptide sequences produced a sequence length of 402 aa with 401 (99.8%) identical sites
and pairwise % identity of 99.9%. All the Isolates had the same peptide sequence except for isolates
103 and 73 which had a change from Alanine to Valine at position 319. The predicted molecular
weight was 44 kDa. As with HSP70 no transmembrane domains were detected (Appendix 27), and all
the protein is predicted to lie outside the cell membrane. B-cell epitope analysis detected 17
potential immunogenic epitopes of 4 amino acids or larger, 13 were determined to be hydrophilic
(Appendix 35). The EF-Tu sequence from M. ovipneumoniae was compared to closely related
species, M. hyopneumoniae, M. conjunctivae, and Mycoplasma bovis, this revealed a sequence
identity of 84.9%, 83.1%, and 74.8% respectively.

GAPDH had a protein coding sequence of 1008 bp with 974 (96.6%) identical sites. Translated
peptide sequences produced a sequence length of 336 aa with 318 (94.6%) identical sites and
pairwise % identity of 97.8%. Isolates 16, 23, 73, and 83 have an internal stop codon reducing the
length to 332 aa. The predicted molecular weight was 36.9 kDa in size. There were no predicted
transmembrane domains (Appendix 28). B-cell epitope analysis showed 14 potential epitopes of
which 8 are predicted to be hydrophilic (Appendix 36). Comparing it to the equivalent protein in M.
hyopneumoniae, M. conjunctivae, and M. bovis showed a similarity of 77.3%, 72.2%, and 63.8%
respectively.

MATE produced a protein coding sequence of 1563bp with 1,448 (92.6%) identical sites, translated
peptide sequence showed a sequence length of 521 with 502 (96.4%) identical sites and pairwise %
identity of 98.6%, resulting in a 58 kDa sized protein. This protein has been predicted to contain 12
transmembrane domains, seven intracellular and six extracellular (Appendix 29). B-cell epitope
analysis indicated the presence of 12 potential immunogenic epitopes of which 4 are predicted to be
hydrophilic (Appendix 37). Comparison to M. hyopneumoniae revealed a sequence similarity of
71.2%.

P146 is a large 129 kDa protein with a nucleotide sequence length of 3507-3630 bp with 2747

(74.3%) identical sites. Translated peptide sequences produced a sequence length of 1157-1170 aa
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with 407 (33.0%) identical sites and pairwise identity of 71.7%. It contains one potential
transmembrane domain at the start of the protein, with the majority of the protein sitting outside of
the cell (Appendix 30). B-cell epitope analysis indicates 32 potential sites of B-Cell immunogenicity of
which 29 are predicted to be hydrophilic (Appendix 38).

Three different hypothetical proteins, HP1, HP2, and HP3, were identified. HP1 had a sequence
length of 3613-3844 bp with 2,669 (69.4%) identical sites. Translated peptide sequences produced a
sequence length of 1204-1231 aa, with 318 (25.3%) identical sites and a pairwise % identity of
56.2%. Predicted protein was 133 kDa in size. There was a single transmembrane domain at the N-
terminus of the protein (Appendix 31). B-cell epitope analysis identified 40 potential epitopes, with
two large epitopes of 129 and 73 amino acids respectively. 39 of the 40 epitopes are predicted to be
hydrophilic (Appendix 39).

HP2 had a sequence length of 2886-2908 bp with 2,587 (89.0%) identical sites. Translated peptide
sequences produced a sequence length of 910-968 aa with 789 (81.4%) identical sites and pairwise
identity of 92.6%. Internal stop codons are the cause for the smaller sequences. A protein of 111 kDa
was predicted. There was a single transmembrane domain detected at the start of the protein
(Appendix 32). B-cell epitope analysis indicated 28 potential epitopes of which 26 are predicted to be
hydrophilic (Appendix 40).

HP3 had a sequence length of 756-757 bp with 648 (85.6%) identical sites. Translated peptide
sequences produced a sequence length of 251-252 aa with 166 (64.1%) identical sites and pairwise
identity of 90.5%. The predicted molecular weight was 28 kDa. This protein has one transmembrane
domain predicted near the start of the protein and occurring after a short intracellular domain
(Appendix 33). The majority of the protein is predicted to lie outside the cell membrane. B-cell
epitope analysis indicated in the presence of eight potential immunogenic epitopes all of which were
predicted to be hydrophilic (Appendix 41).

Sequence similarity of the M. ovipneumoniae proteins identified is summarised in Table 4.2.

Sequence alignments of the 10 New Zealand isolates are presented in Appendix 42-49.
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Table 4-2 Summary of sequence similarity of the identified proteins.

The nucleotide sequence for each of the proteins was compared within the 10 New Zealand isolates.
Additionally, the nucleotide sequence from isolate 90 was compared to sequences from M. hyopneumoniae,
M. conjunctivae, and Mycoplasma bovis where available. Results represented as percentage of sequence
similarity.

New Zealand Isolates | M. hyopneumoniae | M. conjunctivae | M. bovis
HSP70 95.35 86.3 80 67.2
EF-Tu 97.3 84.9 83.1 74.8
GAPDH 96.6 77.3 72.2 63.8
MATE 92.6 71.2 | - -
P146 74.3 579 | - -
HP1 69.4 | - - -
HP2 926 | - - -
HP3 90.5 | - - -

4.4 Discussion

Having an annotated draft genome enabled the determination of proteins from the sequences
produced by mass spectrometry analysis. Of the 24 spots sent for mass spectrometry analysis, eight
proteins were detected from the sequences produced. Of these eight proteins, five were identified
to be named proteins. These were HSP70, EF-Tu, GAPDH, MATE, and P146. The other three proteins
were only identified as hypothetical proteins. Of the eight proteins identified, two have been
previously identified as immunogenic proteins, HSP70 and EF-Tu [160, 297]. Identification of these

known proteins helped validate the methodology used in this chapter.

Identification of the role of the proteins that were detected may assist our understanding of how
inhibition of the proteins of M. ovipneumoiae may protect the animal from disease. This could
inform rational experimental design for testing the ability of antibodies to protect the animal. The
ideal outcome for a vaccine is to produce an immune response that facilitates killing of the invading
pathogen. However, that is not always possible, but in this case inhibiting certain functions, such as
the adhesion ability of the pathogens could potentially reduce the effect of the infection limiting the
damage to the host. In this example, testing the antibodies in an adhesion experiment may provide
more useful information than relying on challenge studies. Understanding the sequence can also
provide information on the location of the protein of interest. This can help confirm the location of
the protein on the surface of the cell. This is important for the host’s ability to detect the antigen
while the pathogen is active, increasing the ability of the immune system to detect and act upon the

invading pathogen.
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4.4.1 Western blotting

Western blotting of M. ovipneumoniae proteins was undertaken using pre-immune sera and anti-
sera produced against M. ovipneumoniae in both sheep and rabbits. Sera and antisera collected
from a M. ovipneumoniae and M. haemolytica adjuvant trial was the primary sera used in the
identification of immunogenic M. ovipneumoniae proteins. The three pooled sera used were
selected because of their high titres against M. ovipneumoniae (data not shown). The pooled sera
produced a number of bands on a Western blot indicating the presence of immunogenic proteins.
This banding pattern was compared to the banding pattern using antisera against M. ovipneumoniae
in rabbits. This was done to compare reactivity of the proteins to sera from different host species
and to determine if the inclusion of M. haemolytica in the vaccine used to produce the pooled sera
had an effect on the detection of the immunogenic proteins. The banding pattern observed in the
Western blots using the rabbit antisera had the largest differences between any of the different
antisera tested. Overall, the Western blots of WCL and hydrophilic membrane fractions with sheep
antisera and rabbit antisera showed similar patterns of immunoreactivity. In the HPF; however,
there was a stark difference between the two Western blots with an observed reduction in
antibodies against M. ovipneumoniae proteins in the middle of the molecular weight range with
proteins being detected around the 64 kDa marker and the 28 kDa marker with limited response
between those molecular weights. This suggests that the immune response to M. ovipneumoniae
proteins may differ between different animal models. This is an important observation because
much of the published immunogenic work on M. ovipneumoniae has been done using non target
animal models such as mice [160] as the host. If a difference in immunogenic patterning observed
between the sheep sera and the rabbit sera is also observed in other animal models, it may mean

that immunological studies using species other than sheep should be interpreted with caution.

Two sheep were also vaccinated only with the three isolates of M. ovipneumoniae without inclusion
of M. haemolytica antigens in the vaccine (chapter 2.7.3). Western blots using the sera produced
against M. ovipneumoniae alone produced a patterning similar to that observed in the pooled sera
from sheep vaccinated with both M. ovipneumoniae and M. haemolytica and thus containing anti M.
haemolytica antibodies. The differences between the Western blots using antisera generated against
antigens from both organisms was an increase in some high molecular weight and a decrease in
some low molecular weight immunogenic protein bands compared to Western blots using antisera
against M. ovipneumoniae alone. The addition of M. haemolytica in the vaccine appeared to have

had less of an effect on the immunogenic patterning observed, than the use of rabbits as the host.
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4.4.2 Analysis of immunogenic proteins

The annotated genome of M. ovipneumoniae isolate 90 not only enabled the identification of the
proteins but facilitated the extraction of the nucleotide and peptide sequences for the proteins.
Using this sequence data, a total of 10 versions of each of the proteins was obtained across New
Zealand isolates. HSP70, EF-Tu, GAPDH, and MATE all had similar sequences across all 10 isolates
that were sequenced, with identical sites ranging from 92.6% for MATE to 97.3% for EF-Tu.
Elongation Factor Thermo unstable (ET-Tu)

Elongation Factor Thermo unstable (ET-Tu) is among the most abundant bacterial proteins,
consisting of 10% of total protein for M. pneumoniae [195]. It plays a crucial role in protein
synthesis, facilitating the binding and selection of an aa-tRNA to the A-site of the ribosome [195]. In
addition to its primary role in protein synthesis, EF-Tu has been linked to a number of secondary
functions including protein disulphide activities [298], chaperone like properties [299], initiation of
QP phage replication [300], and upregulation in the presence of high concentrations of iron [301].
Surface localised EF-Tu has also been demonstrated to mediate the binding of mycoplasma to
fibronectin [195]. Fibronectin (Fn) is a high molecular-weight glycoprotein found abundantly in
fibrillary form in the extracellular matrix (ECM). Fn is primarily used as a substrate for mammalian
cell adhesion. However, this substrate has been hijacked by a number of microbial pathogens by

binding Fn for colonisation purposes, which contribute to the infectious process [302].

B-cell epitope analysis of EF-Tu detected 17 potential immunogenic epitopes, with 15 of them
consisting of 8 or more amino acids. This suggest there are many sites for interaction of the protein
with the immune system. Balasubramanian et al [302] determined that Fn binding is primarily
mediated by the carboxyl terminus (amino acids 192 to 394). Within this section, five B-cell epitopes
were detected including an epitope at the start and end of the section. Producing antibodies against
these sections may provide protection against M. ovipneumoniae by reducing its ability to colonise
the host lung tissue. This provides another avenue for the immune system to protect the host

against infection in addition to induction of cellular immunity and destruction of infected cells.

Transmembrane analysis did not detect any transmembrane domains within the peptide sequence
of EF-Tu. However, EF-Tu has been shown to be surface localised [160]. Of the 17 epitopes, 13 were
determined to be hydrophilic, suggesting that these epitopes are externally located on the protein.
These include the two epitopes at the start of the carboxyl terminus (183-193 and 205-214) as well
as an epitope at the end of the carboxyl region (382-395). These epitopes, in addition to the other
five epitopes in this region, may provide protection by inhibiting the ability of EF-Tu to adhere to the

host cells.

103



Due to the significance of EF-Tu in protein production, it is one of the most highly conserved proteins
in prokaryotes [195]. Being a highly conserved protein provides both benefits and obstacles to the
production of protein-based vaccines. Being highly conserved reduces the likelihood that antibodies
against EF-Tu from a particular isolate of M. ovipneumoniae will be unable to recognise and bind to
the protein from other isolates. This increases the universality of potential vaccine components
against not only New Zealand isolates but strains from abroad. The downside of this high degree of
similarly in amino acid sequence is potential for an overactive immune system; antibodies produced
against this protein may cross-react with similar organisms. This could produce antibodies to
beneficial non-target organisms. For a host species such as sheep being a ruminant, this could cause
issues as production of such antibodies could be reactive against rumen and gut dwelling bacteria
necessary for proper function as a ruminant animal. If the antigen is to be considered for a
diagnostic target, then cross reaction between multiple organisms would reduce the specificity of
the test. The sequence comparison of EF-Tu, within the New Zealand isolates, was the most
conserved of the proteins identified. Comparing the EF-Tu sequence with closely related species M.
hyopneumoniae, M. conjunctivae, and Mycoplasma bovis revealed a sequence identity of 84.9%,
83.1%, and 74.8% respectively.

Heat Shock Protein (HSP70)

Heat Shock Protein (HSP70) is a 70 kDa protein belonging to a group of proteins induced by
environmental stress conditions. These proteins play an important role in stimulating both host
innate and adaptive immunity [193, 303]. HSP70 functions as a molecular chaperone but has been
suggested to also play an important role in the organisation of the terminal organelle, critical for the
adhesion to host cells. HSP70 has been shown to be a strong antigen containing multiple B- and T-
cell epitopes [160]. From the analysis of the protein sequence derived from M. ovipneumoniae, 20 B-
cell epitopes were determined, of which 17 were hydrophilic. This increases the probability that they
are located on the outside of the protein. There are no predicted transmembrane domains in this
protein. This may be due to the main function of the protein occurring intracellularly. It has been
demonstrated that the antigenic properties of HSP70 can be exploited to enhance and induce

humoral and cellular response, as both an adjuvant and immunogen [304].

HSP70 had an intra-species nucleotide sequence identity of 95.35%, and comparison to M.
hyopneumoniae, M. conjunctivae, and M. bovis produced a sequence identity of 86.3%, 80%, and
67.2% respectively. This showed the highest inter-species sequence similarity of the proteins so far
for M. hyopneumoniae and M. conjunctivae. The higher inter-species sequence similarity suggests
that this protein would not be useful for vaccine or diagnostic use. However, the reduced similarity

with M. bovis indicates that the likelihood of the M. ovipneumoniae protein cross identifying with
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proteins outside of the Mycoplasma genus is unlikely. Therefore, as a diagnostic protein for an
immune based assay it may be useful for detecting the presence of Mycoplasma but may not be

specific enough for determining the Mycoplasma infection at the species level.

EF-Tu and HSP70 from M. ovipneumoniae have been shown to produce both humoral and cellular
responses in mice [160]. Moreover, there is evidence to suggest that recombinant proteins of HSP70
and EF-Tu are able to induce a stronger innate immune response, including production of the
cytokines TNF-a, IFN-y, IL-4 and IL-5, than whole cell extracts from M. ovipneumoniae [160]. TNF-a is
the earliest inflammatory cytokine to activate neutrophils and lymphocytes; this allows the
permeability of vascular endothelial cells to increase, tissue metabolism to be adjusted and
enhanced synthesis and release of cytokines [160, 202, 203]. This provides an interesting avenue of
research into potential recombinant proteins for a vaccine in sheep. Caution should be taken from
these results since, as mentioned above, model animals and the target sheep host may not respond
identically, therefore the immunogenic response to these proteins will need to be tested in sheep.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

Glyceraldehyde 3-phosphate dehydrogenase was the first of the novel immunogenic proteins
identified in this study by mass spectrometry to be detected across all three strains of M.
ovipneumoniae. GAPDH is a protein that has been determined to be immunogenic in a large number
of different pathogenic organisms including a number of different Mycoplasma species [170, 305].
The mycoplasma variant of GAPDH, like EF-Tu, has been shown to have a number of secondary roles
outside of the cytoplasm [306, 307]. GAPDH has been shown to have an affinity for haemoglobin and
haeme, suggesting an additional role for this protein in iron acquisition [308, 309]. M.
ovipneumoniae is an obligate pathogen requiring all of its nutrients from the host, prevention of the
function of transporter proteins may help limit the functionality of M. ovipneumoniae. Vaccination
against GAPDH may provide protection even if the immune response is not able to kill M.

ovipneumoniae cells.

No transmembrane domains were predicted in this protein. This is likely because the primary
function of GAPDH occurs within the cytoplasm and therefore transmembrane domains are not
required. However, it has been documented a number of times in various pathogens that GAPDH
can be located on the cell surface and thus provides an opportunity for detection by the host [305].
B-Cell epitope analysis of GAPDH detected 14 potential immunogenic peptides with 12 of them
consisting of 8 amino acids or more. Eight of the epitopes are expected to be hydrophilic, suggesting
that these epitopes are likely to be on the exterior of the folded protein with an increased likelihood

of detection by the host immune system.
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Similar to EF-Tu, GAPDH has also been implicated in an adhesion role by interacting with the primary
component in the mucosal epithelial lining, mucin (Mn) [310]. The mucosal barrier is considered a
major component of the immune system, contributing to adaptive and innate immunity, and
providing a physical and mechanical barrier by which pathogens are cleared [311]. With 90% of all
human infections starting at the mucosal membrane, and the same likely to be true for infections in
sheep, understanding how pathogens adapt and subvert this mechanism of the immune system to
invade and infect the underlying tissues is of increasing interest for developing preventive measures.
GAPDH from Mycoplasma genitalium has been shown to bind to human vaginal/cervical Mn and
introduction of antisera raised against recombinant GAPDH blocked binding of mycoplasma to mucin
by approximately 70% [305]. Blockage of M. ovipneumoniae GAPDH by inducing antibody production
against this protein using vaccination may provide a preventive mechanism for reducing the

colonising ability of M. ovipneumoniae and therefore preventing infection by this bacterium.

GAPDH was the second most conserved protein of the eight proteins. Comparing it to the equivalent
protein in M. hyopneumoniae, M. conjunctivae, and M. bovis showed a similarity of 77.3%,72.2%,
and 63.8% respectively. This indicates that there is a higher chance of cross detection by either the
immune system or a GAPDH based diagnostic when compared to EF-Tu [312, 313]. However, there is
still a sufficiently large difference between the M. ovipneumoniae version of GAPDH and GAPDH

from the others to warrant further study with this protein.

As has been the case with M. ovipneumoniae vaccination efforts to date, vaccinations for
Staphylococcus species have produced limited success. Vaccination with autogenous whole cell
bacterins have failed to elicit protection against new infections and the use of specific antigen
fractions did not provide heterologous protection [314]. However, GAPDH has been detected on the
surface of multiple Staphylococcus species and was determined to be able to bind transferrin
(dependent on the strain) [314, 315]. Vaccination of dairy cows with recombinant GAPDH conferred
protection against challenge with Streptococcus uberis [315]. Vaccinated animals post-challenge
showed a decreased observable mastitis compared to the control group [315]. One possible
explanation is the circulating GAPDH antibodies may inhibit cell surface-associated GAPDH on the S.
uberis bacteria, resulting in a decrease in bacterial virulence [315]. This hypothesis is derived from
work on Schistosoma mansoni, in which GAPDH was shown to be a selective target for antibodies in
the sera of humans resistant to reinfections [316]. This result was corroborated by the findings of a
different study, where the introduction of drugs inhibiting GAPDH resulted in decreased survival of
parasites, Trypanosoma brucei and Leishmania mexicana [317]. A DNA vaccination composed of the
Onchocerca volvulus GAPDH has recently been used to successfully reduce the number of rodent

filarial Litomosoides sigmodontis in a BALB/c mouse model [318]. Vaccination of mice using
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recombinant GAPDH from Streptococcus pneumoniae resulted in a 36% survival rate compared to

the control group [319].

Mycoplasma bovis has significant antigenic variation between different isolates, and this is a
significant obstacle in developing effective antigen-based vaccines [21, 310]. GAPDH has been
suggested as a potential protein for vaccine development due to its high level of protein
conservation [310]. Recombinant GAPDH has been shown to produce significant humoral immune
responses in bovine species, but field studies have failed to demonstrate induction of protective
immunity [21, 170]. GAPDH has been identified in a number if pathogenic species as a potential
vaccine target, the detection of GAPDH as immunogenic in M. ovipneumoniae increases the
potential for use in diagnostics and vaccine development. Developments in vaccines against other
pathogens using GAPDH may be transferable to M. ovipneumoniae.

Multidrug And Toxin Extrusion protein (MATE)

The fourth protein identified from the mass spectrometry analysis was a MATE efflux transporter
protein. This family of proteins are predicted to be involved as drug/sodium antiporters. At present
there are five Multidrug efflux transporter families identified, with the MATE family being the most
recently characterised [320]. While being the least well-characterised family of the drug exporters,
those studied often accommodate fluoroquinolones, providing resistance [321]. Mycoplasmas lack a
cell wall and is therefore resistant to antimicrobials that target the cell wall; consequently,
mycoplasmas such as M. pneumonia are susceptible to fluoroquinolones [7]. Inhibition of the MATE

proteins may provide increased sensitivity to antimicrobials extruded by the MATE complex.

B-cell epitope analysis of the MATE protein identified 12 potential antigenic areas within the peptide
sequence. Eleven of these consisted of at least 8 amino acids in length and these sections may
provide better sensitivity for future diagnostic experiments and increased specificity in potential
vaccine or pathogenesis studies. Of the 12 predicted epitopes, 4 were determined to be hydrophilic,
and therefore potentially be present on the exterior of the protein. This suggests there are a limited

number of viable epitopes on this protein for antibody targeting.

MATE had a sequence similarity >90% between the New Zealand isolates. Comparison of this protein
to M. hyopneumoniae, M. conjunctivae, and M. bovis only produced a single homolog, from M.
hyopneumoniae with a sequence similarity of 71.2%. The high homology within M. ovipneumoniae
isolates and limited homology with other species including the three sister Mycoplasma species
suggests it could be useful for a targeted vaccine or diagnostic test. However, the MATE protein was
predicted to have seven transmembrane domains, which is expected given its function is as an efflux
pump designed to remove compounds from the cell. The presence of multiple transmembrane

domains would make the protein difficult to produce as a recombinant protein in commonly used
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host expression systems. Further research will be required to determine the feasibility of the
production of this protein as an intact protein or if an epitope-based production of the surface-
located as specific peptides epitopes will be a better approach. However, the limited number of
external epitopes available, this suggests that this protein may not be a viable option for further
development as a vaccine or diagnostic antigen.

Adhesin like protein P146

The final named protein detected in this study was the Adhesin like protein, P146. This protein is
also referred to as the Multifunctional Cilium Adhesion (Mhp684) protein and has been shown to
bind to cilia, various glycosaminoglycans (GAG), and plasminogens [322]. P146 in M. hyopneumoniae
has been shown to be able to be cleaved into multiple fragments that reside on the cell surface
[322]. This may also be the case in M. ovipneumoniae as this protein was detected in isolate 90 as
different variants corresponding to multiple protein sizes (approximately 60 kDa and 90 kDa
molecular size). P146 had 32 potential B-cell epitopes and 29 are expected to be hydrophilic,
suggesting that the majority of epitopes detected may be on the external surface of the folded
protein. Potentially due to the large size of the protein, there were also larger B-cell epitopes; the
largest consisting of 84 amino acids, providing large sites for potential B-cell targeting.

Hypothetical proteins

The final three proteins detected in the study have not currently been characterised and remain
hypothetical proteins. The first two proteins (HP1 and HP2) are large and may not be ideal for use in
downstream applications in their current form; however, they contain several large B-cell epitopes
that may be of use and will require further analysis. Large proteins can provide additional obstacles
in the production of antigens for vaccines or diagnostic tests. There are likely increased costs to
produce a larger protein in a recombinant pathway and technical difficulties associated with
producing the entire protein. The HP1 had 40 B-cell epitopes predicted, with all but the last epitope
predicted to be hydrophilic providing several immunogenic targets including two large epitopes of
129 and 73 amino acids. Since the large size of this protein makes it difficult to work with in its
entirety, synthetic peptides or small recombinant proteins could be made based on the two large
predicted B-cell epitopes providing a more viable pathway for using this protein in further
immunogenic analysis. This protein had a single predicted transmembrane domain at the start of the
protein suggesting that the protein will be membrane located with the majority of the protein being

located outside the cell membrane.

The second hypothetical protein (HP2) had 28 predicted B-cell epitopes, 26 of them being
hydrophilic. This, in combination with the single transmembrane domain at the start of the protein

provides a similar structure to the first hypothetical protein. Unlike the first hypothetical protein,
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this protein does not have large predicted epitopes, making it more challenging to further
investigate its immunogenicity. Due to its large size, the protein may be difficult to produce as a

recombinant protein and therefore is a less attractive target for further immunological analysis.

The third hypothetical protein (HP3) detected was identified in M. ovipneumoniae isolate 90. This
protein contains a transmembrane domain at the start of the protein indicating the potential surface
localisation of the protein and increasing its potential as an immune target. B-cell epitope analysis
detected eight potential immunogenic epitopes, and all of these were predicted to be hydrophilic,

suggesting that all epitopes are present on the exterior of the folded protein.

The presence of an immunogenic protein located on the surface of the cell might provide an
opportunity for the immune system to directly target and remove the invading pathogen.
Conversely, these proteins may also have the added role of acting as surface adhesion proteins. This
provides a secondary method by which the immune system can act upon the Mycoplasmas.
Antibodies binding to the protein may prevent the pathogen from adhering to host cells such as
epithelial cell and impede the ability of the Mycoplasmas to establish, thereby potentially preventing
the development or reducing the severity of the disease. Increasing the number of potential
mechanisms by which a vaccine could prevent M. ovipneumoniae propagating and causing disease

could increase the likelihood of success of the vaccine.

Moving from the theoretical to the practical scenario will require the production of these proteins or
selected peptides based on the B-cell epitope predictions. Protein specific antisera can be produced
in sheep and be used for further studies and analyses to determine the ability of each of the proteins

to prevent infection of sheep with M. ovipneumoniae.

4.5 Conclusions and next steps
Eight proteins were identified as immunogenic from conducting Western blots on hydrophobic

protein fractions from M. ovipneumoniae. Two of the identified proteins (HSP70 and EF-Tu) were
known M. ovipneumoniae immunogenic proteins from previous studies and three were identified as
GAPDH, MATE and P146 by using the built M. ovipneumoniae genome (chapter 3). In addition to the
five named proteins, three hypothetical proteins were also detected. Five of the proteins were
produced as recombinant proteins and used in further analysis (chapter 5). The proteins chosen
were EF-Tu, GAPDH, P146, and the smaller of the hypothetical proteins, HP3. In addition to the full

sequences, an epitope of HP1 was also included for further studies.
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Chapter 5 Production of recombinant M. ovipneumoniae proteins and
determination of their immunogenicity in sheep

5.0 Abstract
Of the eight immunogenic proteins identified in Chapter 4, five were chosen for further study. These

proteins were produced as recombinant proteins by GenScript. Additionally, one of the proteins, EF-
Tu was also produced in-house. Sheep were vaccinated with these six recombinant proteins to
produce antisera. Additional sheep were vaccinated with WC or HPF from M. ovipneumoniae isolates
16, 90 and 103. Antigen-specific antibody titres in sera were determined by ELISA. All animals
produced an antibody response to the recombinant proteins used for vaccination. Antigens P146
and hypothetical protein 3 showed potential for an antigen based diagnostic tool, as observed in
ELISAs using P146 or hypothetical protein 3 as the target. In combination with other antigens, they
could provide a quick and efficient diagnostic tool for the identification of M. ovipneumoniae
infections. Cell-mediated immune (CMI) responses to the recombinant proteins, WCL and HPF
antigens were determined by measuring antigen-specific IFN-y and IL-17A responses in cultured
blood. Expression of IFN-y and IL-17A in the blood cultures from sheep vaccinated with the
recombinant proteins was low suggesting that the recombinant proteins induced only weak cell-
mediated immune responses. Interestingly, sheep vaccinated with WC antigens showed strong
antigen-specific IL-17A responses to both WC lysates antigens and recombinant GAPDH. This
indicates a potential use for GAPDH as a diagnostic tool for identifying mycoplasma infections or
detecting over expression of IL-17A in hypersensitive animals such as big horn sheep. Overall, the
results suggest that the proteins from M. ovipneumoniae studied, induce predominately antibody
responses and limited CMI responses similar to other reports from study of proteins in M.

ovipneumoniae.
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5.1 Introduction
Proteins that produce an immune response in a host have the potential to be used as diagnostic

tools or as antigenic targets for a vaccine [323]. In Chapter 4, eight proteins (HSP70, MATE, EF-Tu,
GAPDH, P146, hypothetical protein 1 (HP1), hypothetical protein 2 (HP2) and hypothetical protein 3
(HP3)) were detected from hydrophobic membrane protein fractions of three New Zealand isolates
of M. ovipneumoniae, using Western blotting followed by mass spectrometry analysis of immuno-
reactive spots. The nucleotide and peptide sequences of these proteins were determined from the
whole genome of M. ovipneumoniae isolate 90 (described in Chapter 3 [267]). Based on the amino
acid sequences, B-Cell epitope prediction, and analysis of hydrophobicity and transmembrane
domains of the proteins were predicted and five proteins (EF-Tu, GAPDH, HP3, P146, and an epitope
of HP1) were selected for assessment of immunogenicity.

Many of the risks associated with the use of live attenuated or killed whole organism vaccines can be
avoided with a strategy that uses only specific, purified macromolecules derived from the pathogen,
also known as the subunit approach [323]. Vaccination using individual antigenic proteins, or a small
number of specific proteins can induce an immune response in the host against the specific desired
antigens. This enables the production of protein-specific antibodies to study the functions of the
proteins. Therefore, any response observed using these antibodies can be narrowed down to a
single or small subset of proteins, resulting in focused research on useful proteins and limiting time
spent on irrelevant proteins. These antibodies can then be used to confirm knowledge about the
protein(s) of interest including but not limited to adherence, invasion, localisation, and post
translational differences.

As the nucleotide and amino acid sequences are known for the selected proteins it is possible to
produce each protein in a recombinant form in an E. coli host. This approach usually enables
production of proteins in quantities needed for further studies. The addition of a histidine tag to the
recombinant proteins can facilitate their purification from E. coli native proteins [324].

In response to an infection by a pathogen the immune system mounts a response to eliminate the
invader. This can be undertaken by several different mechanisms depending on the location of the
infection, whether the pathogen is intracellular or extracellular, or the size of the pathogen.

There are two main mechanisms of immunity within the adaptive immune system — humoral and
cell-mediated.

Humoral immunity comprises of antibodies generated against specific foreign antigens. The
extracellular spaces of the body are protected by humoral immunity [90]. Antibodies produced by
the B cells will bind to pathogens leading to their inactivation or clearance by different effector
mechanisms like neutralisation, agglutination, opsonisation, complement activation, antibody-

dependent cell-mediated cytotoxicity and degranulation [90, 323].
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Cell-mediated immunity is useful for protection against intracellular pathogens. The activated
cytotoxic T lymphocytes (CTLs) then kill the target cells containing the specific pathogen [90].

Tul cells facilitate a cell-mediated response and are regarded as critical for immunity against
intracellular microorganisms [98-100]. They are triggered by the cytokine interleukin 12 (IL-12) and
produce the cytokines interferon y (IFN-y) and IL-2. The main effector cells of Tyl response are
macrophages as well as CTLs and IFN-y Tyl cells [98-100]. IFN-y secreted by Tu1 cells can activate
macrophages to phagocytose and digest intracellular bacteria and protozoa [100]. Detecting IFN-y
expressed against specific antigens can indicate the level of Tyl cell mediated response induced by
the antigen. This is useful for determining the effectiveness of an antigen in inducing cell-mediated
protection.

Another cellular Ty response is Tyl7 that results in the production of IL-17. Ty17 cells mediate
immune responses against extracellular bacteria and fungi [100, 325]. T417 cells produce IL-17A, IL-
17F, IL-21, and IL-22 [100]. IL-17A can induce many inflammatory cytokines, IL-6, and chemokines
such as IL-8, therefore has an important role in inducing inflammatory responses [100, 326]. Both IL-
17A and IL-17F recruit and activate neutrophils during immune responses against extracellular
bacteria [100]. IL-17A is one of the best-studied cytokines in immunology, potentially due to is
involvement in diseases caused by an excessive inflammatory response [117-119]. IL-17A has been
shown to be of interest because of its involvement in both inflammation and protective
antimicrobial immunity [327]. IL-17A has also been suggested to be able to exert both protective and
destructive effects [328-330] with the net effect of IL-17A signalling suggested to promote disease
development [116]. Observing the IL-17A response to specific antigens can be useful for determining
the effectiveness of particular antigens at inducing a cellular immune protection against extracellular
bacteria and fungi [100, 325]. Additionally, testing the levels of IL-17A in an animal can help in
determining if an animal is over expressing IL-17A and may require treatment [116, 141].

Once the immunogenic proteins that were identified in chapter 4 has been isolated and purified,
protein specific antibodies could be produced by vaccinating sheep with these proteins and
collecting the antisera. In addition to the recombinant proteins, HPF from three M. ovipneumoniae
isolates (16, 90, 103) and H,0; inactivated WCL of the three isolates were also used as vaccine
antigens. Antibody and CMI responses will be measured in each of the animals vaccinated with the
recombinant proteins to determine the immune response induced by the recombinant proteins. To
determine potential diagnostic abilities, each of the recombinant proteins was used as the target for
ELISA (for measuring antibody responses), and in cellular assays (whole blood cultures) measuring
protein-specific production of IFN-y, and IL-17A.

This study was undertaken with the following aims:
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e To produce recombinant proteins of the immunogenic proteins identified in Chapter 4
e Vaccinate sheep with the recombinant proteins

e Measure humoral and cellular response to the recombinant proteins

5.2 Methods

5.2.1 M. ovipneumoniae culture and genomic DNA extraction
Three New Zealand isolates (16, 90, 103) of M. ovipneumoniae were cultured for sequencing in

Frey's medium [230] at 37°C until a phenol red pH indicator indicated growth of the mycoplasma
(chapter 2.4). DNA was extracted using a phenol-chloroform extraction method (chapter 2.5.2) and

stored at -20°C.

5.2.2 Production of recombinant proteins
Knowledge of the nucleotide sequence of the five proteins enabled production of each of the

proteins in recombinant form. The five proteins were produced commercially by GenScript Biotech

Corporation (www.genscript.com). In addition, EF-Tu which was the first protein identified in the

studies, was produced in-house using mutational polymerase chain reaction (PCR) to edit the M.

ovipneumoniae sequence to be read by the E. coli translational machinery.

In-house EF-Tu
The complete nucleotide sequence encoding the EF-Tu protein was amplified by PCR in two

fragments using EF-Tu specific primers as described in Jiang et al (2016) [160] (chapter 2.8.1).
Restriction sites for two enzymes, Ncol and Xhol, were introduced into the forward and reverse
primers, respectively. M. ovipneumoniae EF-Tu carries the UGA codon which, codes for tryptophan
in mycoplasma but codes for a stop codon in the E. coli. Therefore, overlap PCR was used to mutate
the Ain UGA to a G in the gene sequence to avoid a truncated protein (Fig. 5.1). The primers used
are shown in Table 2.7. This involves multiple rounds of PCR with the first round sequencing the first
half of the gene (Primers A & B) and the second half of the gene (primers C & D) separately. This
mutates the sequence in both fragments. The second round combines the two fragments using

primers A & D (Fig. 5.1)
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First round PCR
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Final product

Figure 5-1 Construction of the EF-Tu mutant using site-directed mutagenesis with overlap extension.

In the first PCR round, primer pairs A-B and C-D were used to obtain two intermediate products with the
TGA->TGG mutation, which were then used as templates for the second PCR round with primer pair A-D
to obtain the full-length sequence encoding the EF-Tu variant. The overlapping regions of the two
fragments ensured sequence hybridisation in the second round of PCR.

The full-length fragment was extracted from an agarose gel using a GeneJET Gel Extraction Kit
(Thermo Fisher Scientific™, United States) (Chapter 2.8.1). The purified fragment was sequenced to
confirm proper editing (Massey Genome service, New Zealand). The fragment was then double
digested by the restriction enzymes Ncol and Xhol (Thermo Fisher Scientific™, United States)
(chapter 2.8.1). The purified digested fragments were then ligated into the pET22b (+) prokaryotic
expression vector (Novagen, Merck, Germany) which was pre-digested with the same restriction
enzymes Ncol and Xhol (Thermo Fisher Scientific™, United States) to re-construct the pET22b (+)-EF-
Tu plasmid. The EF-Tu sequence including his tag is represented in Fig. 5.2.

The pET22b (+)-EF-Tu plasmid was transformed into DH5 alpha cells (Invitrogen™, Thermo Fisher
Scientific™, United States) using heat shock as described in Chapter 2 (chapter 2.8.1). The E. coli
transformant was grown in 500 pl Luria-Bertani (LB) medium (chapter 2.1.2) for one hour and plated
on LB plates containing ampicillin (100 pg/ml) (Sigma-Aldrich™, Germany), The plates were left
overnight at 30°C to produce single colonies. Single colonies containing the plasmid were then
grown overnight in 10 ml LB medium at 30°C to amplify the plasmid. Plasmids were purified using
PureLink™ Quick Plasmid Miniprep Kit (Invitrogen™, Thermo Fisher Scientific™, United States)
(chapter 2.8.1). The plasmid was sequenced (Massey Genome service, New Zealand) to confirm
correct insertion of the gene. The pET22b (+)-EF-Tu plasmid with the correct gene insert was
transformed into Rosetta (DE3) Chemical competent cells (Sigma-Aldrich™, Germany) to express the
recombinant protein as described in Chapter 2 (chapter 2.8.1). The transformant was grown in 500

ul LB medium (chapter 2.1.2) for one hour at 30°C and plated on LB plates containing ampicillin (100
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ug/ml). The plates were incubated over night at 30°C to produce single colonies. Single colonies
were grown in 300 ml sterile LB medium containing ampicillin (100 ug/ml) on a shaker at 150 rpm
and 30°C. The culture was incubated for 3 h before addition of 1 mM isopropyl B-D-thiogalactoside
(IPTG) Sigma-Aldrich™, Germany to induce protein production. Incubation of the culture was
continued at 37°C for 3 hr until the ODsoo reached 0.6.

The cells in the final culture were harvested by centrifugation at 10,000 x g for 20 min and disrupted
by sonication at 30% for 40s on and 59s off, repeated five times (VCX 750 Ultrasonic Processor
Sonics & Materials, USA). The recombinant protein was then purified using a His60 Ni Gravity
Column Purification Kit Takara Bio USA, Inc (chapter 2.5.1). The protein was run on a SDS-PAGE gel
and Western blotting was performed to check for protein production and purity. The purified EF-Tu
was concentrated using Pierce™ Protein Concentrators PES, 10K MWCO, 0.5 mL Thermo Fisher
Scientific™, United States by centrifuging at 3,222 x g filtering out proteins less than 10 kDa in
molecular weight. Protein concentration was determined by Pierce™ BCA Protein Assay kit Thermo

Fisher Scientific™, United States.
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Figure 5-2 Sequence analysis of the in-house EF-Tu.

The start codon is highlighted in orange. The pelB leader region is indicated in yellow. The His tag is indicated
in purple. The stop codon is highlighted in red. The sequence is 1299 base pairs in length. The corresponding
translated 432 amino acid sequence is shown as derived from the DNA sequence using Geneious.

Custom production by GenScript
In addition to EF-Tu produced above, five proteins were produced for the studies by GenScript

Biotech Corporation (www.genscript.com). These were EF-Tu, GAPDH, HP3, P146, and an epitope of
HP1. For each protein, the nucleotide sequences were edited for E. coli codon preference and
changing the UGA codon to UGG to avoid producing truncated proteins. The following is a summary
of the cloning and expression steps provided by GenScript.

1. Gene synthesis and subcloning: Target DNA sequence was optimised and synthesised. The
synthesised sequence was cloned into the vector pET 30a(+) Novagen Sigma-Aldrich™,
Germany with histidine (His tag) (EF-Tu, GAPDH, HP3, and P146) or into the vector pGEX 4T 1
(GE Healthcare, Chicago, Illinois) with Glutathione S-transferase (GST) tag (HP1) for protein

expression in E. coli.
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2. Expression evaluation: E. coli strain BL21 star (DE3) was transformed with recombinant
plasmids. A single colony was inoculated into 5052 auto induced medium (EF-Tu, GAPDH,
and HP3) or TB medium (HP1 and P146) containing related antibiotic; culture was incubated
in 37°C at 200 rpm and then induced with IPTG. SDS PAGE was used to monitor the
expression.

3. Scale up expression: Recombinant BL21 star (DE3) stored in glycerol was inoculated into
5052 auto induced medium (EF-Tu, GAPDH, and HP3) or terrific broth (TB) medium (HP1 and
P146) containing related antibiotic and cultured at 37°C. When the ODggo reached about 3
(EF-Tu, GAPDH, and HP3) or 1.2 (HP1 and P146), cell culture was induced with IPTG at 15
°C/16h. Cells were harvested by centrifugation.

4. Purification and Analysis: Cell pellets were resuspended with lysis buffer followed by
sonication. The supernatant after centrifugation was kept for future purification. Target
protein was obtained by one step purification using Ni column (HP3 and P146) or GST
column (HP1). Target protein was sterilized by 0.22 um filter before being stored in aliquots.
The concentration was determined by Bradford protein assay with bovine serum albumin as
standard. The protein purity and molecular weight were determined by standard SDS PAGE
along with Western blot confirmation using anti-his antibodies.

The nucleotide sequences, along with corresponding amino acid sequences of the five genes are

shown in appendices 50-54.

5.2.3 Production of antisera against M. ovipneumoniae antigens
Four different animal trials were conducted to produce antibodies and determine cellular immune

responses. Each of the trials are described in detail in chapter 2.7.5. The trials are briefly described
below.

Trial 1: Sera were collected from sheep vaccinated against the in-house recombinant EF-Tu and the
five recombinant proteins produced by GenScript (EF-Tu, GAPDH, HP3, P146, and an epitope of HP1)
(2.7.5.1). Antisera were also produced against WC and HPF prepared from the three isolates (16, 90,
103) of M. ovipneumoniae (described in Chapter 2.6). There were twelve groups of sheep (detailed
in Table 2.3, n=2 per group) (2.7.5.1).

Trial 2: Sera were from one animal vaccinated with WC from isolate 90 and two animals with WC
from isolate 103. In addition, three animals were vaccinated with an unrelated organism M.
ruminantium M1. Three animals were given adjuvant alone (Montanide ISA61) (2.7.5.2).

Trial 3: Sera were collected from 12 sheep vaccinated with a mixture of the three New Zealand
isolates of M. ovipneumoniae and M. haemolytica. Group 1 was comprised of antigens alone, and

Group 2, had antigens formulated with Quil-A (2.7.5.3).
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Trial 4: Sera were collected from 12 sheep administered with M. haemolytica formulated with Quil-

A®(2.7.5.4)

5.2.4 SDS-PAGE and Western blotting
WCL, HPF, or recombinant proteins were separated by their molecular weight using SDS-PAGE as

described in Chapter 2.9. The gels were either stained with Coomassie blue for detection of proteins

or the separated proteins were transferred onto a polyvinylidene fluoride or polyvinylidene

difluoride (PVDF) membrane (Invitrogen™, Thermo Fisher Scientific™, United States) by Western

blotting (Chapter 2.10). The PVDF membrane was incubated with primary antibodies (Section 2.10)

from sheep sera (chapter 2.7.2, 2.7.3). The membrane was then incubated with rabbit anti-sheep IgG

secondary antibody, HRP conjugated (Invitrogen™, Thermo Fisher Scientific™, United States). For

colorimetric analysis, 1-Step™ TMB-Blotting Substrate Solution (Invitrogen™, Thermo Fisher

Scientific™, United States) was used and for chemiluminescent analysis Clarity™ Western ECL

Substrate (Bio-Rad Laboratories, New Zealand) was used. Details of antigens and sera used in the

Western blots, together with their purpose are presented in Table 5.1.

Table 5-1 Details and purpose of the Western blots

Figure | Antigen(s) Primary antibodies used Purpose of study

5.3 Recombinant EF-Tu Pooled sera from three animals vaccinated | Confirm a band at the expected size of
produced in-house. with a combination of three isolates of M. EF-Tu and determine any effect of

ovipneumoniae (16, 90, 103) and M. purification of the protein.
haemolytica.

5.4 Five individual Pooled sera from three animals vaccinated | Confirm proteins produced by
recombinant proteins with a combination of three isolates of M. GenScript are detected by the sera
produced by GenScript | ovipneumoniae (16, 90, 103) and M. originally used to detect the proteins

haemolytica.

5.5 Five individual Pooled sera from two animals vaccinated Confirm proteins produced by
recombinant proteins with a combination of three isolates of M. GenScript are detected by the sera
produced by GenScript | ovipneumoniae (16, 90, 103) produced in absence of M.

haemolytica antigens

5.6 Recombinant EF-Tu Sera from animal 1.1 vaccinated with Confirm detection of recombinant EF-
produced by GenScript | recombinant EF-Tu produced by GenScript | Tu, and detection of EF-Tu in WCL

5.7 Recombinant EF-Tu Sera from animal 1.2 vaccinated with Confirm detection of recombinant EF-
produced by GenScript | recombinant EF-Tu produced by GenScript Tu, and detection of EF-Tu in WCL

5.8 Recombinant GAPDH Sera from animal 1.4 vaccinated with Confirm detection of recombinant
produced by GenScript | recombinant GAPDH produced by GAPDH, and detection of GAPDH in

GenScript WCL

5.9 Recombinant HP1 Sera from animal 1.7 vaccinated with Confirm detection of recombinant
produced by GenScript | recombinant HP1 produced by GenScript HP1, and detection of HP1 in WCL

5.10 Recombinant HP1 Sera from animal 1.8 vaccinated with Confirm detection of recombinant
produced by GenScript | recombinant HP1 produced by GenScript HP1, and detection of HP1 in WCL

5.11 Recombinant HP3 Sera from animal 1.5 vaccinated with Confirm detection of recombinant
produced by GenScript | recombinant HP3 produced by GenScript HP3, and detection of HP3 in WCL

5.12 Recombinant P146 Sera from animal 1.9 vaccinated with Confirm detection of recombinant
produced by GenScript | recombinant P146 produced by GenScript P146, and detection of P146 in WCL

5.13 Recombinant P146 Sera from animal 1.10 vaccinated with Confirm detection of recombinant
produced by GenScript | recombinant P146 produced by GenScript P146, and detection of P146 in WCL

5.14 Recombinant EF-Tu Sera from animal 1.12 vaccinated with Confirm detection of recombinant EF-
produced by GenScript | recombinant EF-Tu produced inhouse. Tu, and detection of EF-Tu in WCL
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5.2.5 Measurement of serum antibodies to M. ovipneumoniae whole cells antigens, fractions,

and recombinant proteins
Antibodies in serum from animals vaccinated against the recombinant proteins, WCL and HPF were

detected using in-house ELISA. Using sera collected at week 6, the optimal amount of protein and
serum concentration for the antibody ELISA for each of the proteins were determined by
checkerboard titrations as detailed in Chapter 2.13.1. A serum dilution of 1:50 was found optimal for
EF-Tu and GAPDH, and a dilution 1:100 optimal for HP1, HP3, and P146. Similarly, 500 ng/well for EF-
Tu and GAPDH and 125 ng/well for proteins; HP1, HP3, and P146 were found optimal for the ELISAs.
Subsequent, ELISAs were carried out as per the protocol detailed in Chapter 2.13.2, on all sera

collected from the vaccinated animals to measure antibody responses to the recombinant proteins.

5.2.6 Measurement of T cell responses to M. ovipneumoniae antigens
Heparinised blood obtained at week 7 (chapter 5.2.2.1) or week 5 (chapter 5.2.2.2) from sheep

vaccinated with WCL, HPF or recombinant proteins was used to assess IFN-y and IL-17A responses to
different antigens.

Responses to Pokeweed mitogen (Sigma-Aldrich™, Germany) (20 ug/well; positive control),
phosphate buffered saline (PBS; blank), recombinant EF-Tu, GAPDH, HP3, HP1 and P146 (each @ 10
ug/well), were tested in duplicate by culturing 0.5 ml blood mixed with 0.5 ml RPMI 1640 medium
(Invitrogen™, Thermo Fisher Scientific™, United States) containing 5% foetal bovine serum
(Invitrogen™, Thermo Fisher Scientific™, United States) and antibiotic and antimycotic solution
(Invitrogen™, Thermo Fisher Scientific™, United States), in a humidified CO, incubator (37 °C) for 48
hours (chapter 2.14.1). After incubation, the plates were centrifuged at 784 x g for 15 min and
supernatants collected for measuring IFN-y and IL-17. Supernatants were stored at 4°C during

testing then moved to -20°C for long term storage.

IFN-y
Interferon-y responses in blood cultures to different antigens were determined using a BOVIGAM

ELISA kit (Prionics AG, Switzerland) as described in chapter 2 (2.14.2). The absorbance in each well
was read at 450 nm wavelength with an VersaMax™ ELISA Microplate Reader (Bio-Strategy, New
Zealand). Results were expressed as PBS-corrected (value of the unstimulated (PBS) blood cultures
subtracted from the antigen-stimulated blood) optical density 450 (ODaso) values. Data in Figure 5.20

is expressed as ng/ml using an ovine IFN-y standard (Kingfisher Biotech, St. Paul, USA).

IL-17A
IL-17A responses in whole blood culture supernatants were measured using a Bovine IL17A Do-It-

Yourself kit (DIY0673B-003, Kingfisher Biotech USA). The kit includes capture antibody, standard
and detection antibody and the assay protocol is described in chapter 2.14.3. The absorbance in
each well was read at 450 nm wavelength with an ELISA plate reader and the concentration of IL-17A

was expressed as PBS-corrected ODasso readings.
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5.2.7 Statistical analysis
Data pertaining to antibody responses using HP3 and P146 as the targets (Fig. 5.17), and IFN-y (Fig.

5.20) and IL-17A (Fig. 5.23) responses against GAPDH (as a potential diagnostic target) were analysed
using generalized linear mixed model analysis in SAS® 9.4 (SAS Institute Inc. Cary, NC, USA). The
model included fixed effects of treatments, time and their interaction, and random effects of
animals. A first-order autoregressive model was used to model the covariance error structure for
repeated measures over time points, within animals. The ODaso values were Blom-transformed [331]
employing PROC RANK procedure in SAS® 9.4, prior to mixed model analysis. In the graphs, least

square means in the usual scale were presented.

5.3 Results

5.3.1 Production of recombinant proteins

GenScript
Five M. ovipneumoniae proteins (EF-Tu, GAPDH, P146, HP3 and a large epitope of HP1) were custom

produced by GenScript™. SDS-PAGE was used to confirm size and purity of each protein (Fig. 5.3).
Each protein ran as a single band slightly higher than the expected molecular weight; EF-Tu ~45 kDa,
GAPDH ~38 kDa, HP1 ~39 kDa, HP3 ~27 kDa, P146 ~127 kDa and no other proteins were visible using
Coomassie blue staining. A certificate of analysis (COA) was provided by GenScript for each protein.
The COA included a photograph of the protein run on SDS-PAGE and Western blotting with anti-
histidine antibodies. The proteins were electrophoresed on SDS-PAGE gels and the results shown in

Figure 5.3 agree with the COA for each protein.
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Figure 5-3 SDS-PAGE of the recombinant proteins produced by GenScript.

Lane L Ladder (SeeBlue™ Plus2 pre-stained protein standard), Lane 1 EF-Tu; Lane 2, GAPDH; Lane 3, HP3; Lane
4, HP1; lane 5, P146. Each well was loaded with 25-35 pg of protein. The gels were stained with Coomassie
blue.

In-house EF-Tu
In addition to the proteins produced by GenScript, one of the proteins, EF-Tu, was also produced in-

house as part of the work conducted in this thesis. As described in chapter 2, 1 mg of recombinant
EF-Tu was produced (chapter 2.8.1). Fig. 5.4 and Fig. 5.5 show analysis of the protein by SDS-PAGE
and Western blotting, respectively. Western blotting confirmed a presence of a protein of the

expected molecular weight (~45 kDa) for EF-Tu.
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Figure 5-4 1D SDS-PAGE gel showing stages of purification of the EF-Tu produced in-house.

EF-Tu expected Mw 45 kDa.Lane L, Ladder (SeeBlue™ Plus2 pre-stained protein standard); Lane 1, final
elution; Lane 2, column wash; Lane 3, un-purified sample, Lane 4 un-purified sample (1:1 dilution of sample).
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Figure 5-5 Western blot on EF-Tu produced in-house at different stages of purification.

Lane L ladder (SeeBlue™ Plus2 Pre-stained protein standard), Lane 1, final elution, Lane 2, Column wash,
Lane 3, un-purified sample, Lane 4, un-purified sample 1:2 dilution. The gel was blotted with antisera

produced against M. ovipneumoniae (pooled antisera against isolates 16, 90, and 103 from three sheep
(methods 2.7.2).

5.3.2 Western blot analysis
SDS-PAGE Western blotting was done on the GenScript recombinant proteins using both pooled sera

from three sheep vaccinated with M. ovipneumoniae and M. haemolytica (chapter 2.7.2) (Fig. 5.6)
and sera produced against M. ovipneumoniae alone (chapter 2.7.3) (Fig. 5.7). Western blotting was
preformed to confirm reactivity of antibodies to the recombinant proteins in the same sheep sera
used originally to identify the immunogenic proteins (studies in chapter 4). With the exception of
HP1, the Western blotting results indicated that the recombinant proteins reacted with antibodies in

the sera. This provides support for the selection of the proteins for further analysis.
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Figure 5-6 Western blotting of recombinant proteins using sera from sheep vaccinated with M. ovipneumoniae
and M. haemolytica.

Proteins were separated by 1D SDS-PAGE and probed using pooled sera against isolates 16, 90, and 103
described in section 2.7.2.

A) Western blot using pre-immune sera. B) Western blot using antisera. Lanes L, Ladder (SeeBlue™ Plus2 pre-
stained protein standard); Lane 1, EF-Tu; Lane 2, GAPDH; Lane 3, HP3; Lane 4, HP1; lane 5, P146. A red circle is
drawn around a weakly immunogenic band of the expected molecular size of P146.

The set of pre-immune and post-vaccination sera produced against each of the six recombinant
proteins was used for Western blotting analysis of the proteins in WCL prepared from M.
ovipneumoniae (chapter 2.4). The results are shown in Fig. 5.8-5.16. In each experiment, the
relevant recombinant protein was also included as a positive control and to confirm the correct
identification of the target protein. Immunoreactive bands at the predicted molecular size were
shown for four of the proteins, ET-Tu Fig. 5.8-9, GAPDH, Fig. 10, HP3 Fig. 5.13, and P146 Fig 5.14-15.
In the case of HP1 Fig. 5.11-12, there were no clear immunoreactive bands at the expected
molecular size.

For HP3 (Fig 5.13) the immunoreactive band in the cell lysate from M. ovipneumoniae isolate 103
was at a lower molecular weight than the immunoreactive bands seen in cell lysates from isolates 16

and 90 and recombinant HP3.
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Figure 5-7 1D Western blotting of recombinant proteins using sera from sheep vaccinated against M.
ovipneumoniae.

Proteins were separated by 1D SDS-PAGE and probed using sera from two animals vaccinated with M.
ovipneumoniae isolates 16, 90, 103 (section 2.7.3).

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L, Ladder SeeBlue™ Plus2 Pre-
stained Protein Standard; Lane 1, EF-Tu; Lane 2, GAPDH; Lane 3, HP3; Lane 4, HP1; lane 5, P146. A red circle is
drawn around a weak immunogenic band of the expected molecular size.

Sera from several animals vaccinated with the recombinant proteins detected other protein bands in
addition to the recombinant protein. The animal vaccinated with GAPDH showed several higher
molecular weight proteins in the antisera Western blot image (Fig. 5.10). This suggests that the
animal may have been exposed to mycoplasma during the trial. Both animals vaccinated with HP1
(Fig. 5.11-12) and P146 (5.14-15) had antibodies against M. ovipneumoniae antigens in the pre-
immune sera and antisera. This suggests that the animal may have been exposed to mycoplasma

before the start of the trial.
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Figure 5-8 Western blotting of recombinant protein EF-Tu and whole cell lysates (WCL) of
M. ovipneumoniae isolates using sera against EF-Tu.

Proteins were separated by 1D SDS-PAGE and probed using sera produced against EF-Tu
(GenScript) (Animal 1.1 Table 2.6).

A) Western blot using pre-immune sera. B) Western blot using antisera. Lanes L: Ladder
SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16,
90 and 103, respectively; Lanes 4 recombinant EF-Tu (GenScript).
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Figure 5-9 Western blotting of recombinant protein EF-Tu and whole cell lysates (WCL) of M. ovipneumoniae
isolates using sera against EF-Tu.

Proteins were separated by 1D SDS-PAGE and probed using sera against EF-Tu (GenScript) Animal 1.2 Table
2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder SuperSignal™
Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90 and 103, respectively; Lanes 4
recombinant EF-Tu (GenScript).
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Figure 5-10 Western blotting of recombinant protein GAPDH and whole cell lysates (WCL) of M.
ovipneumoniae isolates using sera against GAPDH.

Proteins were separated by 1D SDS-PAGE and probed using sera produced against GAPDH (GenScript) (Animal
1.4 Table 2.6).

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder SuperSignal™
Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90 and 103, respectively; Lanes 4

recombinant GAPDH (GenScript).
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Figure 5-11 Western blotting of recombinant protein HP1 and whole cell lysates (WCL) of M. ovipneumoniae
isolates using sera against HP1.

Proteins were separated by 1D SDS-PAGE and probed using sera against HP1 (GenScript) Animal 1.7 Table 2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder SuperSignal™
Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90 and 103, respectively; Lanes 4
recombinant HP1 (GenScript).
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Figure 5-12 Western blotting of recombinant protein HP1 and whole cell lysates (WCL) of M.
ovipneumoniae isolates using sera against HP1.

Proteins were separated by 1D SDS-PAGE and probed using sera against HP1 (GenScript)
Animal 1.8 Table 2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder
SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90
and 103, respectively; Lanes 4 recombinant HP1 (GenScript).
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Figure 5-13 Western blotting of recombinant protein HP3 and whole cell lysates (WCL) of M.

ovipneumoniae isolates using sera against HP3.

Proteins were separated by 1D SDS-PAGE and probed using sera against HP3 (GenScript)
Animal 1.5 Table 2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder
SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90
and 103, respectively; Lanes 4 recombinant HP3 (GenScript).
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Figure 5-14 Western blotting of recombinant protein P146 and whole cell lysates (WCL) of M.
ovipneumoniae isolates using sera against P146.

Proteins were separated by 1D SDS-PAGE and probed using sera against P146 (GenScript) Animal
1.9 Table 2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder
SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90 and
103, respectively; Lanes 4 recombinant P146 (GenScript).
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Figure 5-15 Western blotting of recombinant protein P146 and whole cell lysates (WCL) of M.
ovipneumoniae isolates using sera against P146.

Proteins were separated by 1D SDS-PAGE and probed using sera against P146 (GenScript) Animal
1.10 Table 2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder
SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90 and 103,
respectively; Lanes 4 recombinant P146 (GenScript).
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Figure 5-16 Western blotting of recombinant protein EF-Tu and whole cell lysates (WCL) of
M. ovipneumoniae isolates using sera against in-house EF-Tu.

Proteins were separated by 1D SDS-PAGE and probed using sera against in-house EF-Tu
Animal 1.12 Table 2.6.

A) Western blot using pre-immune sera. B) Western blot using anti sera. Lanes L: Ladder
SuperSignal™ Molecular Weight Protein Ladder; Lanes 1, 2 and 3: WCLs from isolates 16, 90
and 103, respectively; Lanes 4 recombinant EF-Tu (GenScript).

5.3.3 Antibody responses to recombinant proteins
A standardised ELISA (chapter 2.13.2) was used to measure antibody responses in the vaccinated

sheep. The results indicated that all recombinant proteins produced antigen specific antibody
response following vaccination with the respective recombinant proteins at week 4 and week 6,
compared to week 0 antibody levels (Table 5.2). Animals vaccinated with WCL M. ovipneumoniae
and HPF produced inconsistent results. For some of the antigens, pre-immune antibody levels were
higher than those measured at 4 weeks when the 2" (booster) vaccination was administered or at 6
weeks (2 weeks after booster). This was the case for EF-Tu and GAPDH in animals vaccinated with
WCL from isolate 16. In contrast, HP3 and P146 showed more typical responses to vaccination i.e.

elevated levels of specific-antibody post-vaccination compared to levels before vaccination. This was
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also the case for the other animals vaccinated with WCL from isolates 90 and 103; however, in these
animals, the pre-immune response was not as strong. One animal vaccinated with HPF 90 and HPF
103 had a strong response to HP3 after the first vaccination; however, this response did not remain
after the booster vaccination at the 6-week mark. HPF from isolate 103 also produced a strong
response against EF-Tu. Animals vaccinated with adjuvant only or with M. ruminantium M1

produced weak responses to all the recombinant proteins.
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Table 5-2 Mean (of duplicates) serum antibody responses to recombinant proteins in sheep vaccinated with recombinant proteins, whole cells (WC) or hydrophobic protein

fractions (HPF).

The target antigen for the ELISA is represented in row 1. The antigen the animal was vaccinated with, and the animal number (Table 2.6) is represented in column 1. The

time point (weeks) post vaccination the sera was collected is represented in row 3. Protein 1 & 2 represent the two animals vaccinated with the corresponding antigen

target in the ELISA. Responses are expressed as PBS-corrected ODaso. Responses are highlighted in bold where there is a response over time.

EF-Tu (GenScript) GAPDH HP1 HP3 P146
Weeks Weeks Weeks Weeks Weeks

Antisera (Animal no.) 0 4 6 0 4 6 0 4 6 0 4 6 0 4 6
EF-Tu (in-house #1.12) 0.84 2.77 |3.31

Protein (#2) 0.39 3.16 | 3.03 0.00 | 2.45 | 1.95 0.09 |2.72 |2.16
Protein (#1) 0.92 2.78 |3.15 |0.40 |1.96 |3.42 0.20 | 1.38 | 1.55 0.00 | 2.61 | 2.53 0.00 |2.99 |1.385
WC 16 #1.13) 2.24 0.79 |212 |1.74 |0.36 |1.15 0.02 | 0.00 | 0.05 0.04 |1.79 |1.70 0.05 |0.88 |0.77
WC 16 (#1.14) 1.78 0.43 | 081 |1.63 |0.05 |0.15 0.10 | 0.33 | 0.18 0.06 | 1.36 | 2.62 0.17 | 0.46 |1.29
WC 90 (#1.15) 0.52 0.41 | 057 |0.12 |0.13 |0.22 0.12 | 0.06 | 0.02 0.09 | 0.16 | 0.03 0.21 0.08 | 0.28
WC 90 (#2.7) 0.21 0.18 | 0.14 |0.14 |0.15 |0.21 0.07 | 0.05 | 0.07 0.08 | 0.65 | 0.73 0.38 145 | 1.40
WC 103 (#2.8) 0.33 0.23 |0.22 |0.15 |0.15 |0.19 0.09 | 0.08 | 0.06 0.08 |1.81 |1.83 0.13 194 | 1.95
WC 103 (#2.9) 0.27 0.32 | 0.23 |0.25 | 042 |0.75 0.06 |0.11 |O0.12 0.06 | 150 |1.73 0.09 |2.03 |2.09
HPF 90 (#1.21) 0.46 0.41 | 056 |0.21 |0.16 |0.14 0.00 | 0.55 | 0.02 0.01 |2.09 |0.14 0.03 0.32 | 0.40
HPF 90 (#1.22) 0.58 0.29 |0.29 |0.16 |0.19 |O0.23 0.00 | 0.06 | 0.04 0.01 |0.53 |0.12 0.13 0.25 |0.21
HPF 103 (#1.23) 0.78 1.16 |2.55 | 050 |0.75 | 0.89 0.02 | 0.02 | 0.02 0.03 | 244 |0.45 0.01 0.22 | 0.71
HPF 103 (#1.24) 0.37 0.46 | 0.88 |0.87 |0.23 |0.37 0.04 | 0.07 | 0.03 0.05 |0.05 |0.34 0.14 | 0.09 | 047
Control (#2.1) 0.54 0.17 |0.13 |0.20 | 0.10 |O0.19 0.08 | 0.09 | 0.08 0.11 | 0.08 | 0.09 0.18 0.14 | 0.17
Control (#2.2) 0.15 0.15 | 032 |0.16 |0.13 |0.18 0.07 | 0.05 | 0.05 0.07 | 0.06 | 0.06 0.21 0.31 |0.33
Control (#2.3) 0.12 0.09 |0.10 |0.12 |0.12 | 0.09 0.08 | 0.06 | 0.06 0.08 | 0.09 | 0.08 0.21 0.15 | 0.15
Methanogen (#2.4) 0.43 0.31 |0.13 |0.15 |0.19 |O0.16 0.07 | 0.05 | 0.08 0.10 | 0.08 | 0.08 0.13 0.15 | 0.08
Methanogen (#2.5) 0.28 0.20 | 0.24 |0.15 |0.17 |0.20 0.09 | 0.08 |0.14 0.10 | 0.11 | 0.09 0.14 |0.15 |0.10
Methanogen (#2.6) 0.09 0.12 | 0.27 |0.27 |0.37 |0.30 0.16 | 0.18 | 0.05 0.20 | 0.25 | 0.07 0.20 | 0.27 | 0.09
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Testing antibody response to P146 and HP3
Due to the good antibody response observed with P146 and HP3 these proteins were used as the

target antigen in further ELISA experiments, using sera from other animal trials, to determine their
functionality as a diagnostic protein (Fig. 5.17). Animals vaccinated with M. haemolytica were used
as negative controls. these animals produced limited response to both P146 and HP3. Animals from
the adjuvant trial control group (n=12) also showed a limited response to both P146 and HP3.
Animals in the Quil-A group (vaccinated with M. ovipneumoniae and M. haemolytica WC) (2.7.5.3)
showed a strong response (significantly elevated OD compared to week 0) to P146 and an improved
response to HP3 compared to the control group. Combining both proteins in the ELISA increased the
response for both the control group and the Quil-A group compared to using each of the proteins

individually (Fig. 5.17).
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Figure 5-17 Antibody responses (Mean * SE ODaso) to P146, HP3 and WCL antigens in animals (n=12)
vaccinated with WC from M. ovipneumoniae isolates 16, 90, 103 and M. haemolytica with either no adjuvant
(NA) or Quil-A as adjuvant, or vaccinated with M. haemolytica (Mh) (Negative control).

Responses were measured against whole cell antigens or recombinant, P146, HP3, or a combination of P146
and HP3 by ELISA Results are expressed as PBS-corrected ODaso. Sera were diluted at 1/100.

* Statistically different (P<0.05) to respective week 0 response.

5.3.4 T-cell responses to recombinant proteins
T-cell responses to the recombinant proteins were determined by measuring the release of IFN-y

and IL-17A from antigen-stimulated whole blood cultures. Whole blood was collected from sheep in

trial 1 at week 7 (3 weeks after the second vaccination) as well as those in the antisera production
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trial 2 at week 5 (2 weeks after the second vaccination), for determining antigen-specific IFN-y and

IL17 responses.

IFN-y
Stimulation of blood cultures from animals vaccinated with WCL and HPF of M. ovipneumoniae with

individual recombinant proteins or WCL revealed low IFN-y responses (expressed as PBS-corrected
ODa4so) in general (mostly < 0.1), (Fig. 5.18). The two animals vaccinated with WC of M.
ovipneumoniae isolate 16 exhibited a higher response to recombinant GAPDH. These responses of
0.86 and 0.6 were similar to the large responses measured using Pokeweed mitogen (0.91 and 0.42).
Blood cultures from animals vaccinated with individual recombinant proteins, when stimulated with
the various recombinant proteins, showed very low levels of IFN-y release (Fig. 5.19). These
responses were all <0.05, except for a response of 0.12 for the P146 protein in a sheep vaccinated
with the same protein. Animals vaccinated with HPF also showed limited IFN-y response to antigenic
stimulation of peripheral leukocytes, except for responses of 0.17 and 0.21 respectively in two

animals stimulated with WCL (Fig. 5.18).
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Figure 5-18 Mean (£ SE) IFN-y responses in whole blood cultures of animals vaccinated with whole cell (WC) and hydrophobic protein fractions (HPF) of M. ovipneumoniae
isolates 16, 90, 103, adjuvant only (negative control), and WC of M. ruminantium M1. All responses were measured in duplicate.

Responses were measured against WCL or recombinant EF-Tu, GAPDH, HP3, HP1, P146, or In-house EF-Tu. Responses against Pokeweed mitogen was used as a positive
control but not included in the comparative analysis. Results are expressed as PBS-corrected ODaso values.
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Figure 5-19 Mean (£ SE) IFN-y responses in whole blood cultures of sheep vaccinated with recombinant
proteins EF-Tu, GAPDH, HP3, HP1, P146, or In-house EF-Tu. All responses were measured in duplicate.

Responses were measured against whole cell lysate (WCL), the recombinant protein the animal was inoculated
with, hydrophobic protein fraction (HPF). Responses against Pokeweed mitogen was used as a positive control
but not included in the comparative analysis. Results are expressed as PBS-corrected ODaso values.

As a control, whole blood cultures from animals vaccinated with adjuvant only or vaccinated with an
unrelated microorganism, the methanogen M. ruminantium M1 were also tested for cellular
response to WCL of M. ovipneumoniae and the five different recombinant proteins. While there was
low IFN-y response to the recombinant antigens, moderate responses to WCL of M. ovipneumoniae
were observed; however, those responses were well below the responses to Pokeweed mitogen
(positive control).

To investigate the potential use of GAPDH as a target antigen for cellular based diagnostics, sera
were collected from a large animal trial comparing different adjuvants. Animals in both the control
group (administered a mixture of WC of M. ovipneumoniae isolates 16, 90, 103 and M. haemolytica,
without an adjuvant) and the Quil-A group (administered a mixture of WC of M. ovipneumoniae
isolates 16, 90, 103 and M. haemolytica, together with the adjuvant Quil-A) all produced a strong
response to the Pokeweed mitogen (Fig. 5.20). However, there were limited IFN-y responses to both

GAPDH and WCL.
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Figure 5-20 Mean (+ SE) IFN-y responses in whole blood cultures of sheep (n=12) vaccinated with a mixture of
whole cell lysate from M. ovipneumoniae isolates 16, 90, 103 and M. haemolytica, either alone (control) or in
combination with an adjuvant (Quil-A).

Responses were measured against M. ovipneumoniae WCL or recombinant GAPDH. Responses against
Pokeweed mitogen was used as positive control. Results are expressed as ng/ml.

5.3.51L-17A
Animals vaccinated with the individual recombinant proteins showed limited IL-17A responses (PBS-

corrected OD4s50<0.5) as observed in whole blood cultures stimulated with WCL or HPF from M.
ovipneumoniae, or the specific recombinant protein the animal was vaccinated with (Fig. 5.21). The
Pokeweed mitogen elicited a strong response indicating that the lymphocytes in the cultures were

able to successfully proliferate in the presence of a mitogen.
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Figure 5-21 Mean (+ SE) IL-17A responses in whole blood cultures of sheep vaccinated with recombinant
proteins EF-Tu, GAPDH, HP3, HP1, P146, or In-house EF-Tu. All responses were measured in duplicate.

Responses were measured against WCL, the recombinant protein the animal was vaccinated with, or HPF.
Responses against Pokeweed mitogen was used as a positive control (not shown). Results are expressed as
PBS-corrected ODaso values.

Animals vaccinated with either WC or HPF of M. ovipneumoniae isolates 90 and 103 produced IL-17A
responses similar to those observed in animals vaccinated with specific recombinant proteins. Two
animals vaccinated with WC of M. ovipneumoniae isolate 16 produced a large response to GAPDH.
WCL induced a stronger IL-17A response in animals vaccinated with WC of isolates 16, 90, and 103

than that observed for IFN-y responses (Fig. 5.22).
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Figure 5-22 Mean (+ SE) IL-17A responses in whole blood cultures of animals vaccinated with whole cell lysates (WCL) and hydrophobic protein fractions (HPF) of M.
ovipneumoniae isolates 16, 90 and 103, adjuvant only (negative control), and WCL of M. ruminantium M1. All responses were measured in duplicate.

Responses were measured against WCL or recombinant EF-Tu, GAPDH, HP3, HP1, P146, or Inhouse EF-Tu. Responses against Pokeweed mitogen was used as a positive
control (not shown). Results are expressed as PBS-corrected ODaso values.
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In trial 2, three animals vaccinated with whole cell antigens from M. ruminantium M1 were used as
an unrelated microorganism control (Fig. 5.22). All animals produced a strong response to the
Pokeweed mitogen positive control (ODaso between 2.38 and 2.5). Except for moderate responses in
one of the adjuvant control animals against HP1 and GAPDH (0.31 and 0.24, respectively), there was
limited IL-17A response from the other animals against M. ovipneumoniae antigens.

The animals from the adjuvant trial were also tested for IL-17A response to WCL from M.
ovipneumoniae and recombinant GAPDH (Fig. 5.23). All the sheep produced strong responses to
pokeweed mitogen. The group that produced the strongest IL-17A response was group 2 (animals
administered a mixture of WCL of M. ovipneumoniae isolates 16, 90, 103 and M. haemolytica,
together with adjuvant Quil-A), this resulted in a WCL response of 0.295 and a GAPDH response of
0.410.

18 -
__ 16 4
E
> 147
£
Q12 -
c
S
2 10 1
g
< e
i
= 5
§ * %
s 47 I

2 1 I

0 z =

Control Group Quil A
B Pokeweed Whole cell GAPDH

Figure 5-23 Mean (+ SE) IL-17A responses in whole blood cultures of sheep (n=12) vaccinated with a mixture of
whole cell lysate (WCL) from M. ovipneumoniae isolates 16, 90, 103 and M. haemolytica, either alone (control)
or in combination with an adjuvant (Quil-A).

Responses were measured against WCL or recombinant GAPDH. Responses against Pokeweed mitogen was
used as a positive control. Results are expressed ng/ml. * Statistically higher compared to control (P<0.05).
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5.4 Discussion
Since the use of cowpox to prevent smallpox infections, humans have been using antigens to jump

start the adaptive immune system, taking advantage of the specific memory of the adaptive immune
system. The use of vaccination can provide protection to animals against pathogens before
encountering them, reducing the time an animal will be infected and limiting the damage caused.
Determining the best antigens to use as a vaccine; however, can be a difficult process. The first step
in developing a vaccine is identification of proteins or other antigens that induce strong adaptive
responses. This chapter looked at the potential immunogenicity of five antigens from M.

ovipneumoniae.

5.4.1 Recombinant protein production and Western blot analysis
The production of recombinant proteins is an invaluable tool in proteomics research. Compared to

native proteins they have two main advantages: 1) more flexibility regarding which and how much
recombinant protein is produced, and 2) purified recombinant proteins are often much cheaper and
easier to produce than purifying native proteins. The proteins were produced using E. coli codon
preference, to prevent the reading of the tryptophan codon as a stop codon. One of the proteins, EF-
Tu was successfully produced in-house by firstly using PCR to alter a single codon recognised as a
stop codon in E. coli. SDS-PAGE gel analysis of the EF-Tu produced in-house, and the proteins
produced by GenScript confirmed that each protein had the expected molecular weight. The in-
house produced EF-Tu had several additional bands separate from the expected size of EF-Tu.
Western blotting (using pooled sera against M. ovipneumoniae isolates 16, 90, and 103) showed
antibody reactivity with mainly one protein band but there were still additional bands detected by
the sheep sera unrelated to the recombinant EF-Tu. One explanation is the bands are some remnant
E. coli proteins from the purification that the sheep have previously encountered [332].
Alternatively, as most of the bands were smaller in size than EF-Tu, they could be incomplete
versions or degraded forms of EF-Tu. These proteins could be produced by mechanisms such as
incomplete production of the protein or proteolysis. Incomplete production is unlikely to be the
cause because the his-tag used to purify the protein is located at the end of the protein, therefore
an incomplete sequence is unlikely to be purified. Proteolysis; however, could affect complete
proteins removing parts of the N-terminus of the protein [332]. Western blotting with anti-his
antibodies would distinguish between bacterial proteins and EF-Tu derivatives. Due to the
concentration difference between EF-Tu and these other proteins it is considered unlikely to affect
studies using the EF-Tu.

All the recombinant proteins induced an antibody response in sheep. Western blotting using pooled
sera from sheep vaccinated with a mixture of M. ovipneumoniae Isolate (16, 90, 103) and M.

haemolytica and sera from individual sheep vaccinated with M. ovipneumoniae alone reacted both
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with the recombinant proteins and against protein bands of the expected molecular size in the WC
and HPF fractions. Western blotting using the sera against M. ovipneumoniae alone produced a
much stronger response to the recombinant proteins than that of the pooled sera which had
antibodies against both M. ovipneumoniae and M. haemolytica. This may be due to the addition of
M. haemolytica whole cell antigens in the vaccine which may have reduced the M. ovipneumoniae
specific immune responses [333]. The vaccine used to produce the pooled sera contained 0.2 mg of
M. ovipneumoniae WCL whereas the vaccine containing M. ovipneumoniae alone had 0.6 mg of M.
ovipneumoniae WC. This 3-fold higher dose may have resulted in higher titre of anti-M.
ovipneumoniae being produced [334-336].

Western blotting detected differences between the expected band size and the observed band size
for HP1 (Fig. 5.11-5.12) and HP3 (Fig. 5.13). The recombinant HP1 was produced from a 129 amino
acid epitope of the whole protein and therefore would be significantly smaller (~39 kDa) than the
natural protein, ~95 kDa. This fragment also had a large GST tag attached and because of the large
difference between the full-size protein and the fragment there was no corresponding band in the
WCL at the expected size. The reason for the band not being present is unknown. It could be due to
the size of the protein i.e. a larger protein not being easily detected or transferred to the Western
blot membrane. Another explanation could be that the epitope used for vaccinating the sheep did
not produce antibodies able to interact with the full-size protein.

In the case of HP3, WCL from isolate 103 identified a protein band of a smaller molecular weight
than that detected by WCL from isolates 16 and 90. The band detected in isolate 103 was also
smaller than that detected by the recombinant protein produced by GenScript. Analysis of the
nucleotide and peptide sequence from Isolate 103 from the genome library produced in Chapter 3,
for this protein did not indicate any internal stop codons to account for the truncated protein. As the
protein function is not known it is unclear what kind of post translational modifications are likely to
occur and if this may be the cause of the truncation; however, a number of protein modification
pathways have been observed in mycoplasmas including protein cleavage [337-339]. The effect of
the truncated protein on the efficacy of this protein to be used in a potential vaccine or as a
diagnostic protein may not be a problem because it was detected in a Western blot with antisera
raised against the full length-protein. This suggests that the truncated protein is sufficiently similar
to the full-length protein and has not had significant frame shifts within the protein.

Western blotting was completed using antisera from the animal vaccinated with the in-house EF-Tu
against M. ovipneumoniae WCL and the recombinant EF-Tu produced by GenScript (Fig. 5.16). This
detected a protein band in three WCL (isolates 16, 90, and 103) and EF-Tu (GenScript) lanes,
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corresponding to the expected molecular weight (~45 kDa) for EF-Tu. This provides support for the

correct editing and production of the inhouse EF-Tu protein.

5.4.2 Antibody responses to recombinant proteins
It has been suggested that infections of M. ovipneumoniae induce limited immune responses in

sheep [158, 159]. It has also been previously shown that there is a dramatically reduced induction of
antibodies in sheep that were previously exposed to M. ovipneumoniae compared to naive animals,
when vaccinated against this bacteria [158, 159]. It has been demonstrated in the current study that
the five studied proteins of M. ovipneumoniae are immunogenic in sheep. This is an important
finding in the continuing research into preventing and treating infections of M. ovipneumoniae. By
detecting specific proteins that can elicit an immune response, it may be possible to provide a
directed immune response against M. ovipneumoniae overcoming the hindrance of pre-existing anti-
mycoplasma immune responses [158, 159] by focussing immune responses to the novel targets.
ELISA were performed on sera from each of the animals vaccinated with the recombinant proteins
(Table 5.2). All animals that were vaccinated with the recombinant proteins showed higher antigen-
specific responses (compared to those in pre-immune sera) at boost (week 3) as well as post-boost
(week 6), confirming the humoral immunogenicity of all five proteins. Comparison of the ELISA and
Western blots for EF-Tu confirmed the strong antibody response to EF-Tu. The absence of any other
significant immunoreactive bands in the Western blots indicates that the response to EF-Tu is due to
the vaccination with the recombinant protein and not due to a previous or current mycoplasma
exposure. EF-Tu in conjunction with HSP70 from M. ovipneumoniae has been previously shown to be
immunogenic in mice [160]. M. ovipneumoniae HSP70 has also been shown to be immunogenic in
sheep [194]. This is the first report of M. ovipneumoniae EF-Tu being immunogenic in sheep further
supporting the findings in mice presented by Jiang et al (2016) [160].

HP1 antigen was produced as a 129 amino acid long epitope determined from the B-cell epitope
analysis performed in chapter 4. This epitope was able to produce an immune response in the two
vaccinated animals; however, the response was more variable than that observed for the other
antigens. As this antigen was a fragment of the whole protein, either a different epitope of the
protein or a larger fragment containing the selected epitope may induce a stronger and more
consistent immune response. The Western blotting clearly indicated a response to the recombinant
protein but did not distinctly identify the native protein in WCL. There was, however, a detection of
high molecular weight mycoplasma proteins suggesting that the animals vaccinated with HP1 had
previous exposure to mycoplasmas.

HP3 had a similar immunogenic response to that observed with EF-Tu with an increase in antibody
response after the first vaccination but no further increase after the boost. However, as with GAPDH

this observation is based on results from a single animal and further analysis of this protein will be
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required to determine if the response observed is indicative of the immunoreactivity of this antigen.
Further analysis will also be required to determine the long-term immune response from this
antigen. Comparison with the Western blot images suggest a strong specific response to HP3 due to
vaccination.

Protein P146 produced a good response from the initial vaccination. However, at week 6 (2 weeks
after second vaccination) both animals showed a decrease in antibody response. The use of this
protein as a potential vaccine antigen will require long term studies using a larger group of animals
to determine if the decline in immune responses continues. Western blot analysis suggests that the
animals vaccinated with P146 were previously exposed to mycoplasma, with animal 1.10 showing
quite a strong response to the other mycoplasma proteins. Despite the strong ELISA response, the
Western blots did not have a strong response to P146 in either the recombinant protein or in the
WCL lanes. Due to the large size of the protein, there may be a transfer limitation of native protein
to the PDVF accounting for the apparent limited response.

The animals that were vaccinated with WC from isolate 16, 90, and 103 and HPF antigens from
isolate 90 and 103 were tested against each of the recombinant proteins. The two animals
vaccinated with WC of isolate 16 showed a strong response to EF-Tu and GAPDH in the pre-immune
sera. This may suggest that these animals could have been exposed previously to M. ovipneumoniae
or other mycoplasma and there were pre-existing antibodies. This high response did not remain
after the first vaccination and decreased to less than half. This result was different for HP3 and P146,
where the response in pre-immune sera were minimal, but substantially after vaccination. This
response to HP3 and P146 was also replicated in one of the animals vaccinated with isolate 90 and in
both animals vaccinated with isolate 103. Animals vaccinated with HPF of isolate 90 showed limited
increase in response to each of the recombinant proteins after vaccination except for HP3 which had
a strong response after the first vaccination. Animals vaccinated with HPF from isolate 103 did
produce a response to EF-Tu, this response was also observed for one of the animals vaccinated with
HPF (from isolate 103) to GAPDH. The lack of increasing response to the recombinant proteins from
animals vaccinated with HPF does not suggest that HPF will provide protection against M.
ovipneumoniae infection.

The strong antibody responses to P146 and HP3 provide a potential avenue to use these proteins for
a standardised diagnostic test. The Western blot of HP3, indicates that isolate 103 has a different
protein size for HP3, this in combination with the ELISA data for animals vaccinated with isolate 103
suggests that this recombinant protein may be useful across different strains even if there is slight
genetic difference between strains. Interestingly comparing the pre-immune and the antisera

Western blots for P146 did not detect the recombinant protein in the pre immune Western blot
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despite other M. ovipneumoniae antigens being detected. If the antigens detected are due to cross
reactivity from exposure to other mycoplasma species, such as Mycoplasma arginini [248, 340-344],
the lack of P146 detection in the pre-immune sera provides evidence for the use of this protein for
diagnostic detection of M. ovipneumoniae. This was also observed in the ELISA data, despite the
Western blots detecting M. ovipneumoniae antigens. ELISA against P146 did not detect a response
to this protein in pre-immune sera. Collectively these two observations provide evidence for the
specificity of P146 for the detection of M. ovipneumoniae in sheep. P146 has recently been
suggested as a PCR target for detection of M. hyopneumoniae in pigs and it did not detect many
other bacteria present within pigs including M. arginini [345].

To determine the ability of the recombinant proteins, HP3 and P146 to detect mycoplasma
infections using antibody ELISA, sera from the 12 animals from the adjuvant trial were tested against
each of the proteins. The animals that were vaccinated with antigen in the absence of adjuvant
produced a limited antibody response against both HP3 and P146 (Fig. 5.17). This result can be
explained by the lack of adjuvant in the vaccination resulting in a lower antibody response overall to
M. ovipneumoniae, with fewer antibodies produced against HP3 and P146. The animals that had the
adjuvant Quil-A® in the vaccine produced a stronger response when tested against P146 and HP3.
This provides support of the use of the recombinant proteins being investigated further to ascertain
the practicability of using these proteins as a diagnostic target. ELISAs using WCL as the targets were
conducted as a comparison to the recombinant proteins. ELISAs using the WCL showed a more
consistent detection of M. ovipneumoniae. This is likely due to the number of potential targets
available when using whole cell as the target antigen. Additionally, animals vaccinated with only M.
haemolytica were used to test each of the recombinant proteins for specificity against M.
ovipneumoniae. As expected, animals vaccinated with only M. haemolytica showed a minimal
antibody response to each of the M. ovipneumoniae recombinant proteins. This lack of cross-
reactivity supports the use of the recombinant proteins for diagnosis of M. ovipneumoniae.

One of the major obstacles in treating mycoplasma disease is having an efficient and practicable test
for determining the infection status of animals. There are multiple approaches for trying to
determine the infection status of M. ovipneumoniae; however, many of the established methods are
expensive and/or time-consuming requiring specialised lab equipment or expertise [69, 158, 160,
232]. The main methods are pathogen diagnosis/culturing, ELISA, and PCR [69, 158, 160, 232]. While
these methods can provide high sensitivity to mycoplasma infections, they are not very practicable
for on farm analysis or wildlife management. Studies are being completed to provide alternative
methods, such as LAMP-LFD [346]. This method combines loop mediated isothermal amplification
(LAMP) which produces small PCR products at 60°C in an hour, and lateral flow dipstick (LFD), which
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allows visual identification of the PCR product without any hazardous chemicals or specialised
equipment. While this method provides potential increased sensitivity and quicker turnaround time
for results, its major limitation is the current need for DNA extraction which does require specialised
kits and equipment that may be common to many labs but are less likely to be available to farmers
and wildlife management. This limitation appears to be common to this technology [347-350].
Alternatively, given the observed ELISA responses to P146 and HP3, there may be an opportunity to
produce an antibody-based test with. Compared to LFD, which detects an analyte such as antigen or
DNA, a Flow through assay (FTA) can be used to detect antibodies in a similar manner using a
specific antigen bound to a membrane [351, 352]. Because the test uses antibodies from the animal
it may be less sensitive than LAMP-LFD; however, because it can test antibodies directly it does not
require a pre-step such as DNA extraction providing the potential for a contained on-site test
requiring no equipment and the complete test can be completed within 10 min. One aspect of this
test that will require optimisation is the prevention of false positives by reducing the background
response in the test. The use of recombinant proteins as the target can work to reduce the level of
background by specifying the antibodies being detected. This was observed in comparing the ELISAs
using WCL as the targets. The PBS-corrected ODaso values for the WC were 0.402 on average,
compared to 0.103 and 0.078 for P146 and HP3 respectively, therefore showing much lower
nonspecific binding to the recombinant proteins. In ELISAs the values can be PBS-corrected to
account for the background values however, this could not be possible in an FTA as the test is a
binary test. To reduce the background of the WCL ELISA the antigen concentration could be reduced;
however, this would also reduce the response at the high end potentially reducing the sensitivity of
the test. Another limitation of using WCL as the antigen is the specificity of the antigens present. The
ELISAs performed here used the same strains as was used in the vaccinations, this increases the
likelihood that the ELISA will detect antibodies in these trials, but it may not correlate as well to
natural infections with mixed strains or use in different countries with different strains. Also as
observed with the Western blots and ELISAs on the animals vaccinated with P146. Western blots
showed a response to M. ovipneumoniae proteins in the pre-immune sera whereas this response
was not detected in the ELISA data. If this difference is due to the cross reactivity of antibodies
against another mycoplasma species to M. ovipneumoniae proteins, then the use WCL proteins of
M. ovipneumoniae as a point of care diagnostic tool may result in increased false positives due to
exposure to other mycoplasma species. Further testing would need to be completed to determine
the full extent of cross reactivity of antibodies between mycoplasma species.

This is where the use of specific proteins conserved among all strains could provide better

widespread detection of M. ovipneumoniae. A better method to increase the response to the
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recombinant test could be to use a combination of recombinant proteins. This would allow the test
to keep the consistency of accurate concentration of proteins and the improved response by having
multiple targets. This was tested by combining the P146 and HP3 proteins into a single ELISA. There
was a reduction in response to P146 in animals vaccinated using Quil-A in the week 6 sera; however,
animals vaccinated in the absence of an adjuvant showed an improvement when tested against both
antigens compared to being tested individually. Finding further M. ovipneumoniae proteins that
elicit a strong immune response will be the key to developing a robust diagnostic tool as well as
further development work with combinations of P146 and HP3 (different ratios etc) and different
ELISA methods such as using titration ELISAs.

The potential of these proteins to be useful in an FTA test will be dependent on the ability to collect
antibodies from the animal. Antibodies are normally collected from an animal by preparing serum
from blood, this requires drawing blood, allowing the blood to clot and then a centrifugation step to
separate the serum from the blood cells. This pre step, like in the LFD makes it difficult to do on site
and adds specialised equipment required for the test; however, antibodies can also be collected at
lower levels from other orifices. If it can be determined that there are enough antibodies in the nasal
cavity to be collected from a nasal swab there is potential for a direct FTA using nasal swabs. Saliva
also contains antibodies to pathogens as demonstrated by the Carla assay developed by AgResearch
for the detection of protective immunity to ingested parasite larvae [353]. Additionally, antibodies
can be collected from tear fluid [354-356]. If antibodies against M. ovipneumoniae can be detected
in tear fluid and tear fluid is easily and consistently collectable from sheep it could be another
avenue for developing a direct FTA. This would allow for a test for the presence of mycoplasma in
sheep to be completed on farm within a matter of minutes for each animal.

This functionality may be most useful in the management of wild bighorn sheep, as they appear to
be the species most severely affected by M. ovipneumoniae, resulting in population limiting disease.
Recent research into bighorn sheep suggests that the removal of chronic sufferers of M.
ovipneumoniae in the populations could help prevent the loss of the population [250]. Having a test
that can be completed quickly in the field could allow wildlife managers to immediately treat or
remove infective animals from the population while limiting the time interacting with the animals.
Confirmation of the immunogenicity of each of the recombinant proteins in sheep provides support
for the methodology and techniques undertaken in chapter 4. The use of antisera against M.
ovipneumoniae for the detection of immunogenic proteins has been shown to be successful,
producing five proteins able to induce an immune response in sheep. Additionally, the recombinant
form of the proteins were able to be detected by antisera against M. ovipneumoniae (Fig. 5.3).

Vaccination with the recombinant proteins EF-Tu, GAPDH, and HP3 was also able to detect the
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native protein from WCL in Western blots providing support for the use of recombinant proteins to

induce immune responses to native proteins.

5.4.3 T-cell responses to recombinant proteins

IFN-y
In response to intracellular pathogens Tyl cells begin to proliferate and release targeted cytokines.

IFN-y released from Tu1 cells upregulates macrophage activation resulting in phagocytosis and
digestion of intracellular bacteria and protozoa [98-100]. IFN-y levels can be used as a measure for
cellular response to intracellular microorganisms. IFN-y analysis was done using whole blood from
the final bleed (week 6). Animals vaccinated against the recombinant proteins produced limited
release of IFN-y in response to stimulation with WCL of M. ovipneumoniae, or the same recombinant
protein the animal was vaccinated with. The highest response detected was observed with blood
from one of the two sheep vaccinated with P146 protein, following stimulation with P146 protein.
Overall, the results suggests that the proteins in this study are unlikely to induce significant cellular
immunity in sheep.

There was limited IFN-y response in animals vaccinated with WC of M. ovipneumoniae, except for
two animals, vaccinated with WC from isolate 16, gave high responses to GAPDH. Interpretation of
this result should be done with caution because of the limited number of animals producing this
response. To further elucidate the potential of GAPDH to be used as a cellular based diagnostic
antigen for detection of mycoplasma infections, GAPDH was included as a recall antigen for
stimulation of blood collected from the 24 animals in the adjuvant trial (5.7.5.3). Minimal responses
were observed to both WC and GAPDH at week 0 (data not shown). GAPDH did not produce the
level of antigen-specific IFN-y expression observed in the two in the earlier trial. The GAPDH-specific
IFN-y responses were lower than the corresponding responses from incubating with M.
ovipneumoniae WCL antigens. These results suggest that using GAPDH to measure IFN-y responses
would not be useful as a diagnostic tool to identify infection with M. ovipneumoniae.

Six animals in Antisera trial 1 were vaccinated with HPF of M. ovipneumoniae isolates 16, 90, and
103. Of the four animals that survived to week 7 and had their IFN-y responses measured, all
produced minimal IFN-y responses, with only the WCL antigens producing moderate response. This
suggests that the HPF did not stimulate significant cellular immunity.

To determine the specificity of the recombinant proteins to mycoplasma infections, three sheep
were vaccinated with adjuvant only while another three animals were vaccinated with an unrelated
bacterium M. ruminantium M1. All animals failed to produce an IFN-y response. This is the expected
result and suggests that the various recombinant proteins will not have an issue with cross-reactivity

or producing false positive results. There were a few animals (Control 2.3, Methanogen WC 2.4, and
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Methanogen WC 2.6, Table 2.6) that responded slightly to WCL of M. ovipneumoniae suggesting that

they may have had previous exposure with M. ovipneumoniae or other mycoplasma.

IL-17
Another response from the cellular immune system is the Ty17 inflammatory response. Where Tyl

responds to intracellular pathogens, T417 responds to extracellular bacteria and fungi [325, 357].
The release of IL-17A from the Ty17 cells can induce many inflammatory cytokines IL-1B, TNF-a, IL-6,
and IL-23 [358]. Having IL-17A as the key inducer allows for direct measurement of Ty17 response by
measuring IL-17A levels.

Animals vaccinated with the recombinant proteins induced limited antigen-specific IL-17A responses.
The animal vaccinated with HP3 (animal 1.5) and P146 (animal 1.9) produced an elevated response
compared to the other proteins. However, with a single animal vaccinated with HP3 and the other
animal vaccinated with P146 not producing the same IL-17A response it is difficult to conclude
anything about the ability of recombinant proteins to recruit Ty17 cells. Animals vaccinated with WC
of M. ovipneumoniae showed an IL-17A response to WCL antigens however they showed limited
response to the recombinant proteins. This may suggest that M. ovipneumoniae WC antigens are
able to elicit an IL-17A response, however the proteins studied in this thesis do not. The one
exception is the recombinant protein GAPDH, which when used as the recall antigen appeared to
produce a strong response in animals vaccinated with WC16. This response was not observed in
other animals vaccinated with the other isolates; therefore, the results must be taken with caution.
To further assess the potential of GAPDH stimulated release of IL-17A in cultured blood as a cellular
diagnostic, WCL and GAPDH-specific IL-17A production was measured in the twenty-four animals
from the adjuvant trial. Minimal responses were observed to both WC and GAPDH at week O (data
not shown). Animals vaccinated with M. ovipneumoniae and M. haemolytica with the adjuvant Quil-
A® produced a significant response to both WCL M. ovipneumoniae and GAPDH which was not
observed in the IFN-y assay. While IFN-y does not appear to be a good readout for a recombinant
protein based diagnostic test for M. ovipneumoniae infections, a test that measures IL-17A may have
potential. Measurement of this cytokine may be useful for bighorn sheep as it has been suggested
that they have significant increase in IL-17A in bronchus-associated lymphoid tissue compared to
domestic sheep in response to M. ovipneumoniae infection. In the bronchial/bronchiolar epithelium,
domestic sheep saw a significant decrease in IL-17A with infection whereas bighorn sheep saw levels
similar to uninfected domestic sheep [141]. This response confirms that big horn sheep have
consistently higher IL-17A cytokine concentrations in response to M. ovipneumoniae infections
compared to domestic sheep. An exacerbation of IL-17A in bighorn sheep resulting in heightened
neutrophil recruitment may in part explain the increased morbidity and mortality of this breed of

sheep [116, 141]. Measurement of GAPDH-specific IL-17A release in blood cultures of sheep,
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particularly bighorn sheep naturally infected or experimentally challenged with M. ovipneumoniae
will help determine the utility of this cytokine-based assay as a diagnostic tool for infection.
Determining the infection status as well as the levels of IL-17A present in bighorn sheep may allow
for efficient treatment and reduction of IL-17A. This may prevent further chronic effects of M.
ovipneumoniae infections and reducing population limiting disease [116, 141].

Two sets of controls were used to determine the baseline of IL-17A responses from animals not
vaccinated against antigens and animals vaccinated against unrelated pathogens. All animals except
for one (control 2.3) produced the expected minimal IL-17A response. Control 2.3 (Fig. 5.22) had an
elevated response to HP1 and GAPDH. This may be due to a natural interaction with M.
ovipneumoniae in this animal. The limited IL-17A response to animals vaccinated with methanogen
antigens does suggest any responses to these proteins is due to interactions with M. ovipneumoniae
rather than against other bacteria.

Two of the proteins, P146 and HP3, have shown potential for the detection of M. ovipneumoniae.
When combined into a single ELISA they showed improved response to anti-M. ovipneumoniae anti-
bodies from animals vaccinated with and without adjuvants. This provides support for the use of
recombinant proteins as a diagnostic tool. The addition of more recombinant proteins in the ELISA

may increase the sensitivity of the test.

5.4.4 Significance of the five proteins (EF-Tu, GAPDH, HP3, P146, and an epitope of HP1)
To provide protection for an animal to a particular infection a vaccine must be able to induce a

strong, long lasting immune response. All five proteins used produced a strong antibody response
confirming these proteins are immunogenic in sheep. M. ovipneumoniae EF-Tu has been shown to
be immunogenic in mice [160]; however, this is the first report, that EF-Tu is immunogenic in sheep.
The five proteins were also assessed for their ability to induce cellular immune responses by
measuring release of the cytokines IFN-y and IL-17A in antigen-stimulated blood cultures. None of
the recombinant proteins induced an IFN-y response, suggesting that when used in a vaccine these
proteins would not induce significant cell-mediated protective immunity to M. ovipneumoniae
infection. There is limited evidence that M. ovipneumoniae is an intracellular pathogen [159] and
therefore the lack of IFN-y response may not be of concern when determining the significance of
these proteins as vaccine candidates. There was also limited IL-17A response generated against the
recombinant proteins. While this may seem like a disadvantage for the use of these proteins, it has
been suggested that bighorn sheep who are the most severely affected by M. ovipneumoniae [141],
appear to be susceptible to over expression of IL-17A. Therefore, a vaccine target that does not
induce IL-17A may have some advantages for broad use across domestic sheep and bighorn sheep.
As a potential diagnostic tool, GAPDH-specific IL-17A showed some promising results in animals

vaccinated with M. ovipneumoniae and M. haemolytica WC. This may be useful in observing the IL-

154



17A response to M. ovipneumoniae infections in Bighorn sheep, potentially detecting elevated IL-

17A levels before chronic inflammation has occurred.

5.4.5 Vaccine methodology, limitations, and further research
In the current experiments it has been shown that all five proteins are immunogenic in sheep;

however, their immunogenicity was limited to stimulating humoral immune responses. This
response may be modified with the use of different adjuvants or through the use of
immunomodulators such as CpG. When used as vaccine adjuvants, CpG oligodeoxynucleotides
(ODN) improve the function of professional antigen-presenting cells and boost the generation of
humoral and cellular vaccine-specific immune responses [359]. Determining the best adjuvant to use
in addition to an antigen is an ongoing task, as emphasised by the need for undertaking the adjuvant
trial mentioned in this chapter. Montanide was used in combination with the recombinant proteins
due to the positive results of previous adjuvant trials using M. ovipneumoniae and M. haemolytica
(unpublished data). This; however, was determined using WCL of M. ovipneumoniae and may not
necessarily extrapolate to recombinant proteins. Because of this, repeating the recombinant antigen
trial with other adjuvants such as squalene-based immunologic adjuvants [360-362], emulsigen
[363], polydi(sodium carboxylatoethylphenoxy)phosphazene (PCEP) [363, 364], or trehalose diamide
glycolipids [365] may provide increased immunogenic response to the recombinant proteins and
potentially increased protection to disease. Additionally, the concentration of antigen within the
vaccine can have an effect on the immune response. Low antigen doses may be insufficient to
induce an immune response, whereas too high a dose can result in hypersensitivity reactions [366].
Other recombinant protein vaccines in sheep have used a range of 50-200 ug per dose [367-370].
This study used 100 ug which is within the range of the other trials; however, there is room for
further increased protein concentration. Further trials may be needed at varying concentrations to
determine the ideal protein dose for vaccination. Vaccinations in this thesis were completed
subcutaneously; however, other methods of administration are available, such as intramuscularly, or
orally [371-374]. Determining the ideal mode of administration may improve the response to
vaccination.

The number of animals and group size used in the antisera production trial was one of the major
limitations in analysing the results as there were only two animals vaccinated with each of the
recombinant proteins, and due to the losses caused by the animals contracting facial eczema, some
of the recombinant proteins only had a single surviving animal. With sera from two (or one) animals
it is difficult to separate the effect of the vaccination from the individual animal responses. The
purpose of the trial was to collect sera against each of the recombinant proteins and therefore
having multiple animals was not necessary for the trial. Increasing the number of animals in a larger

study would help confirm a pattern of response observed in the original trial. Another limitation is

155



the lack of knowledge on the long-term effects of any of the vaccinations. The final collection of sera
was done two weeks after the booster vaccination, at a time expected to be the maximum response.
However, this does not provide insight into the long-term response to the vaccination and the
corresponding protection, if any. Further trials allowing for longer term studies of immune responses
in the animals could provide better understanding of the longer-term response to each of the
recombinant proteins. Combining longer term study with challenge trials will provide insight in the
protective effect, if any of the recombinant proteins.

As, discussed earlier, IFN-y expression can decrease in response to mycoplasma infections [141] in
domestic sheep. Collection of blood from animals at multiple time points, in longer-term trials
aiming to study the kinetics of cytokine expression will provide further information on IFN-y and also

IL-17A responses to the recombinant proteins.

5.5 Conclusion
The five recombinant M. ovipneumoniae proteins (EF-Tu, GAPDH, HP3, P146, and an epitope of HP1)

produced strong antibody responses in vaccinated sheep. The responses to in-house produced EF-Tu
recombinant protein were similar to those produced by the commercially produced EF-Tu. Animals
vaccinated with individual recombinant proteins produced minimal IFN-y and IL-17A responses.
Moderate to high IL-17A responses to GAPDH and WCL were evident in animals vaccinated with WC
and HPF. This might provide an avenue for a cellular based diagnostic test for M. ovipneumoniae;
however, further studies will be required to determine the ability of this test to detect an immune
response during natural infections as well as determining if a test based on measurement of IL-17A is
able to distinguish between active and past infection with M. ovipneumoniae. An IL-17A test may be
more valuable in bighorn sheep rather than domestic sheep due to the relatively higher IL-17A
responses in bighorn sheep and their observed sensitivity to elevated levels of IL-17A. Testing each
of the proteins against animals vaccinated with WC of M. ovipneumoniae suggested two proteins,

HP3 and P146 may have potential for use in an antibody based diagnostic test.
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Chapter 6 In vitro studies with antibodies produced against
recombinant M. ovipneumoniae proteins

6.0 Abstract
In Chapter 4, eight immunogenic proteins in New Zealand isolates were identified and chapter 5

described the vaccination of animals with 5 of these proteins produced as recombinant proteins.
Blood and sera were collected from these animals and used to test the ability of the recombinant
proteins to induce humoral and cellular immune responses in sheep. All these proteins were able to
induce humoral responses; however, they induced limited cellular responses. To gain additional
information on the antibodies produced against the recombinant proteins, their ability to inhibit
growth and inhibit adherence of M. ovipneumoniae was investigated. Additionally,
immunofluorescence was used to determine whether the proteins are located on the surface of the
cell. There was evidence for EF-Tu and GAPDH being located on the surface of the cell. However
hypothetical proteins 1 and 3 were not able to be detected by the corresponding antisera. Due to
the high background in the mycoplasma cells probed with the pre-immune and antisera against
P146, the location of the protein could not be determined. An endometrial epithelial cell line was
used to study adherence of M. ovipneumoniae to epithelial cells. Antisera against WC of isolate 16
was able to inhibit adherence; however, antisera against the recombinant proteins were not able to
inhibit adherence. Further optimisation of the inhibition assay will be needed to determine the role

of antibodies against the recombinant proteins in inhibiting M. ovipneumoniae.
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6.1 Introduction
Chapter 4 described the identification of immunogenic proteins from M. ovipneumoniae that have

potential for use as vaccine antigens or for diagnosis of infection. Chapter 5 described the
production of these proteins as recombinant proteins in E. coli and investigated immunological
responses in sheep vaccinated with the proteins. These studies provided initial information about
their utility as diagnostic proteins or vaccine antigens. The aim of the study reported in this chapter
is to provide further understanding of the function of these proteins. This was undertaken by testing
the ability of the protein-specific antibodies to prevent adherence of M. ovipneumoniae to bovine
endometrial epithelial cells, used as a surrogate for sheep lung epithelial cells. The bovine
endometrial epithelial cells were produced by Professor Michel A. Fortier (Université Laval, Québec).
As no sheep lung model was available and the bovine endometrial epithelial cells were available in
the lab they were considered as an alternative. Bovine cells are not the natural host for M.
ovipneumoniae; therefore, they were initially tested for their ability to allow M. ovipneumoniae cells
to adhere. Following successful demonstration of adherence, the experiments were expanded to
test the effect of antibodies on the adherence ability of M. ovipneumoniae based on previous
adherence studies on M. genitalium and M. pneumonia [225, 227].

Preventing infections from a pathogen is the optimal outcome when it comes to vaccination;
however, that is not always possible because of lack of understanding of the pathogen, the immune
response to the pathogen, or the pathogen’s ability to avoid the host immune system [375].
Minimising the ability of a pathogen to colonise a host can be a desired outcome. The adherence of
M. ovipneumoniae to the host cells is a major aspect in the pathogen’s ability to cause disease,
therefore the ability to disrupt the adherence of M. ovipneumoniae could help reduce the ability of
M. ovipneumoniae to propagate [376, 377]. The adherence analysis tests the ability of antibodies
produced against the recombinant proteins to prevent or reduce adherence of mycoplasma cells to
an epithelial cell line. The antisera produced against each of the recombinant proteins and whole cell
lysate of M. ovipneumoniae isolate 16 were tested in an adherence assay based on methods
described by Hegde et al (2018) [227] and Svenstrup et al (2002) [225].

To confirm the expected localisation of each of the immunogenic proteins on the surface of the cell,
indirect immunofluorescence microscopy [224-226] was undertaken using the antisera produced
against each of the recombinant proteins. Comparing sera from before and after vaccination should
allow the determination of the location of the recombinant protein as the antisera should contain
antibodies against the recombinant proteins whereas the pre immune sera should not. Antibodies in
the antisera that bind to the relevant antigen on the microbial cell surface can be detected by
fluorescence under ultraviolet light, using a fluorescent labelled secondary antibody. Confirmation of

surface localisation is important for proteins considered as antigens for vaccines. A surface located
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protein, could be more targetable by antibodies and thus neutralising antibodies may be able to
reduce the growth of pathogens or interfere with the adherence to host cells. This chapter describes
a number of pilot studies designed and undertaken to test the ability of antibodies to protect against

M. ovipneumoniae infections.

6.2 Methods
6.2.1 Determination of Colour Changing Units (CCU) to quantify M. ovipneumoniae

growth
To determine the concentration of M. ovipneumoniae in culture, a Colour Changing Units (CCU)

assay based on methodologies described by Calus et al (2010) [378] and Garcia-Morante et al (2018)
[379] was conducted (details are included in chapter 2.15). M. ovipneumoniae creates an acidic
environment as it grows and inclusion of a pH indicator such as phenol red in the growth media can

indicate growth of mycoplasma via a colour change, from red to yellow.

6.2.2 Adhesion of M. ovipneumoniae to endometrial epithelial cells
The method was described in Chapter 2.16. Briefly M. ovipneumoniae isolate 16 was grown in Frey’s

media until pH indicator changed to orange (chapter 2.4). Cells from a 10 ml M. ovipneumoniae
culture (CCU 108) were centrifuged and washed with phosphate buffered saline (PBS) and
resuspended in Roswell Park Memorial Institute (RPMI) medium supplemented with 10% foetal
bovine serum (FBS) (heat inactivated).

To quantify cell adhesion, epithelial cell monolayers growing in RPMI with 10% FBS and 5% penicillin
(750 pl media/well) in a 24-well plate, were infected with the mycoplasma cell RPMI-suspension (50
pl/well) and incubated at 37°C with 5% CO, for 4 h. As a control, the mycoplasma cell suspension
was incubated alone in cell culture medium in parallel wells to determine any adhesion of
mycoplasma cells to the wells. To determine the effect of the endometrial epithelial cells on the CCU
test, endometrial epithelial cells were incubated alone in wells. Following incubation, plates were
washed three times with PBS to remove unbound mycoplasma cells. The endometrial epithelial cells
were detached with TrypLE™ Express Enzyme (Gibco™ Invitrogen™, Thermo Fisher Scientific™,
United States) and transferred to a CCU assay (chapter 2.15). Adhesion was confirmed by colour
change in the CCU from wells with both endometrial epithelial cells and M. ovipneumoniae and
absence of colour change in CCU from wells with only one of the cells.

For adhesion inhibition assays, the mycoplasma suspension (100 pl) was pre-incubated with diluted
sheep pre-immune sera (week 0) or antisera (week 6) produced against the recombinant proteins
(EF-Tu, GAPDH, HP1, HP3, and P146) at a ratio of 10:1, v/v for 1 h at 37°C. In parallel, dilutions of M.
ovipneumoniae culture was also pre-incubated with M. ovipneumoniae whole cell-specific sheep

antisera (10:1, v/v ratio). After preincubation, the mycoplasma-antibody suspension (100 pl) was
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then added to the cell monolayer together with 700 ul of RPMI with 5% FBS and penicillin. The
adhesion assay was carried out as described above. Each serum was tested in duplicate. Any effect
of the respective antisera on the viability of M. ovipneumoniae was assessed by comparing CCU
between the pre-immune and antisera. Wells containing endometrial epithelial cells and
mycoplasma in the absence of any added sera were used as positive controls. A duplicate CCU assay

was completed for each test, resulting in four CCU assays per sera.

6.2.3 Immunofluorescence assay for detecting M. ovipneumoniae antigens
To confirm the location of the selected proteins on the surface of the mycoplasma, M.

ovipneumoniae cells were incubated with pre-immune sera (week 0) or antisera (week 6) of each of
the recombinant proteins (EF-Tu, GAPDH, HP1, HP3, and P146) as well as whole cells from isolate 16.
Reactivity of the antibodies with surface located proteins were visualised using a FITC-labelled
secondary antibody and mycoplasmas were observed under a fluorescence microscope (methods

described in chapter 2.18).

6.3 Results

6.3.1 Determination of CCU
The CCU of M. ovipneumoniae isolate 16 was determined using three separate cultures, each

measured in duplicate as described in Chapter 2.4. All cultures had a final colour change dilution of

between 10° and 10*. The averaged 10%° CCU/ml value was used for all subsequent cultures.

6.3.2 Adherence of M. ovipneumoniae to bovine endometrial epithelial cells
The results indicated adherence of M. ovipneumoniae to bovine endometrial epithelial cells in

culture. M. ovipneumoniae was detected in wells seeded with endometrial epithelial cells after
washing as indicated by a colour change in the subsequent CCU assay. To ensure M. ovipneumoniae
was adhering to the epithelial cells and not the plate wall M. ovipneumoniae was incubated alone
and tested after washing. No colour change was observed from these wells indicating M.
ovipneumoniae was not adhering to the wells. Additionally, to ensure the epithelial cells did not
cause a colour change in the CCU assay, epithelial cells incubated in absence of M. ovipneumoniae
were tested in the CCU assay. No colour change was observed from these wells indicating the
epithelial cells had no effect on the CCU assay.

The antisera produced against the M. ovipneumoniae recombinant proteins were then tested for
their ability to inhibit the ability of mycoplasma cells to adhere to the endometrial epithelial cells. No
observable difference was seen between pre-immune (week 0) and antisera (week 6) produced
against the recombinant proteins (EF-Tu, GAPDH, HP1, HP3, and P146) or between wells containing
sera and the control wells. The addition of antisera against WC16 did reduce the ability of M.
ovipneumoniae to bind to the epithelial cells, with no mycoplasmas detected (by determination of

CCU) after washing.
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Table 6-1 Summary of CCU results from the adherence assay.

Each of the incubated wells were tested using the CCU analysis in duplicate.

Well (in Contains Contains epithelial | Antibody Colour CCU/ml observed
duplicate) | mycoplasma cells cells used change

Test Yes Yes Nil Yes Not recorded
Control 1 Yes No Nil No Not detected
Control 2 No Yes Nil No Not detected
EF-Tu Yes Yes Pre-immune | Yes 10?

EF-Tu Yes Yes Antisera Yes 10?

GAPDH Yes Yes Pre-immune | Yes 10?

GAPDH Yes Yes Antisera Yes 10?

HP1 Yes Yes Pre-immune | Yes 10?

HP1 Yes Yes Antisera Yes 10?

HP3 Yes Yes Pre-immune | Yes 10?

HP3 Yes Yes Antisera Yes 10?

P146 Yes Yes Pre-immune | Yes 10?

P146 Yes Yes Antisera Yes 10?

WC16 Yes Yes Pre-immune | Yes 10?

WC16 Yes Yes Antisera No Not detected

6.3.3 Immunofluorescence assay for detecting M. ovipneumoniae antigens
To determine if the proteins EF-Tu, GAPDH, HP1, HP3, and P146 are located on the cell surface,

immunofluorescence was performed on M. ovipneumoniae isolate 16 cells using pre-immune (week
0) and antisera (week 6) produced against the various recombinant proteins. Binding of antibodies
to proteins located on the surface of the cell was visualised using a secondary FITC-labelled antibody
and the results are shown in Fig. 6.1-6.6. The microscopy photographs are representative fields of
view of labelled cells at magnification 1000.

M. ovipneumoniae cells labelled with antisera against EF-Tu (GenScript), GAPDH, P146, and M.
ovipneumoniae WC16 had stronger fluorescence signals compared to signals with matched pre-
immune serum (Fig. 6.1, 6.2, 6.5, 6.6). Microscopy clearly showed the presence of labelled cells.

Weaker signals were observed with antisera against HP1 and HP3 (Fig 6.3 and 6.4 respectively).
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Figure 6-1 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with VECTASHIELD and probed with A) pre-immune sera or B) antisera (1:
100 dilution) produced against recombinant EF-Tu and FITC-conjugated donkey anti-sheep IgG H&L (FITC) (1:400 dilution).

The excitation wavelength was 493 nm and emission wavelength 528 nm. The microscopy photographs are representative fields of view of labelled cells at magnification
1,000x and exposure of 100 ms. Red arrows indicate location of fluorescence.
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Figure 6-2 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with VECTASHIELD and probed with A) pre-immune sera or B) antisera (1:
100 dilution) produced against recombinant GAPDH and FITC-conjugated donkey anti-sheep I1gG H&L (FITC) (1:400 dilution).

The excitation wavelength was 493 nm and emission wavelength 528 nm. The microscopy photographs are representative fields of view of labelled cells at magnification
1,000x and exposure of 100 ms. Red arrows indicate location of fluorescence.
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Figure 6-3 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with VECTASHIELD and probed with A) pre-immune sera or B) antisera (1: 100
dilution) produced against recombinant Hypothetical protein 1 and FITC-conjugated donkey anti-sheep 1gG H&L (FITC) (1:400 dilution).

The excitation wavelength was 493 nm and emission wavelength 528 nm. The microscopy photographs are representative fields of view of labelled cells at magnification
1,000x and exposure of 100 ms. Red arrows indicate location of fluorescence.
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Figure 6-4 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with VECTASHIELD and probed with A) pre-immune sera or B) antisera (1:
100 dilution) produced against recombinant Hypothetical protein 3 and FITC-conjugated donkey anti-sheep 1gG H&L (FITC) (1:400 dilution).

The excitation wavelength was 493 nm and emission wavelength 528 nm. The microscopy photographs are representative fields of view of labelled cells at magnification
1,000x and exposure of 100 ms. Red arrows indicate location of fluorescence.
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Figure 6-5 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with VECTASHIELD and probed with A) pre-immune sera or B) antisera (1:
100 dilution) produced against recombinant protein P146 and FITC-conjugated Donkey Anti-Sheep IgG H&L (FITC) (1:400 dilution).

The excitation wavelength was 493 nm and emission wavelength 528 nm. The microscopy photographs are representative fields of view of labelled cells at magnification
1,000x and exposure of 100 ms. Red arrows indicate location of fluorescence.
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Figure 6-6 Immunofluorescence microscopy images using M. ovipneumoniae whole cells fixed with VECTASHIELD and probed with A) pre-immune sera or B) antisera (1: 100
dilution) produced against WCL from M. ovipneumoniae isolate 16 and FITC-conjugated Donkey Anti-Sheep IgG H&L (FITC) (1:400 dilution).

The excitation wavelength was 493 nm and emission wavelength 528 nm. The microscopy photographs are representative fields of view of labelled cells at magnification 1,000x
and exposure of 100 ms. Red arrows indicate location of fluorescence.
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6.4 Discussion
Studies in chapter 5 determined the ability of recombinant proteins from M. ovipneumoniae to

induce an immune response in the host species, sheep. All the recombinant proteins were able to
induce a strong antibody response and recombinant HP3 and P146 were shown to have potential for
detecting infection of sheep with M. ovipneumoniae (chapter 5). Measurement of antibodies in
serum or other samples by enzyme-linked immunosorbent assay ELISA can detect only if an immune
response has occurred; however, it is limited in its ability to determine if the response will be
protective against the disease [380]. Combination of ELISA data and observation of protective effects
can help determine a ‘correlate of protection’ in which later ELISA data can be used to determine
protective effect [380]. Two processes are commonly used to determine the ability of a vaccine to
induce protective immunity in the host [381]. In vivo testing often consists of challenge trials, in
which vaccinated animals will subsequently be inoculated with a live virulent pathogen [381]. This
method provides the most direct test for the protective ability of a certain vaccine; however, due to
the need to infect the animal with the pathogen and to have a control group that will not have any
protection from the vaccine, it can result in a large number of animals becoming infected [381]. In
the case of mycoplasma infections, euthanasia of the animals is required to determine infection
status by checking the lungs [46, 60]. Ideally, this approach should only be undertaken if there is a
strong support for the vaccination to have produced a protective effect. The use of recombinant
proteins can provide a directed immune response to specific targets [380]; however, the
identification of the correct recombinant protein or selection of recombinant proteins can be a
lengthy process.

Where challenge trials are not yet appropriate, due to limited evidence for protective ability of the
vaccine antigen, in vitro testing can be used to provide initial indications whether the vaccination has
provided any protection. Both cell-mediated and humoral responses can be important for protective
immunity against infectious organisms [380, 381]. As discussed in chapter 5, the recombinant
proteins produced only weak cell-mediated responses and hence, in this chapter the in vitro
experimentation was limited to testing the potential of antibodies to provide a protective effect
against infection. Understanding the mechanisms by which antibodies can interact with a pathogen
and reduce its ability to infect or induce disease, can help designing experiments to test the
antibodies. One such method adopted in this chapter was testing the inhibition of adhesion to cells.
Adherence of M. ovipneumoniae to the host’s epithelial cells is a requirement for the successful
invasion of the host and preventing the pathogen from adhering to the host airway epithelial cells

will protect the animal from infection [225, 227].
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6.4.1 Adhesion study
Studies were undertaken to determine if the antibodies produced against the proteins (EF-Tu,

GAPDH, HP1, HP3, and P146) could interfere or reduce binding of M. ovipneumoniae to host
epithelial cells. A sheep lung cell line was not available for the study and hence bovine endometrial
epithelial cells were used. The first experiments were to determine if M. ovipneumoniae would
adhere to these cells. The results indicated M. ovipneumoniae could adhere to the endometrial
epithelial cells (Table 6.1). Mycoplasma did not adhere to the wells of the plates. The second part of
the experiment was to determine what effect pre-incubating M. ovipneumoniae with antibodies
produced against the recombinant proteins had on adherence of M. ovipneumoniae to the epithelial
cells. Incubation with antibodies to the recombinant proteins did not result in a change in the ability
of M. ovipneumoniae to adhere to the endometrial epithelial cells (Table 6.1). In contrast, antisera
against WC16 prevented adherence of M. ovipneumoniae to the epithelial cells. Incubating M.
ovipneumoniae with pre-immune sera did not affect adherence (Table 6.1).

The antisera produced against WC16 was used as the positive control to determine the base level of
adhesion inhibition. Antibodies against whole cell should have a repertoire of anti-mycoplasma
antibodies allowing for multiple surface proteins to be inhibited simultaneously. The antisera
produced against WC is likely to contain antibodies against each of the recombinant proteins as well
as many other antigens. The ability to attach to multiple surface proteins and interrupt the binding
to epithelial cells is likely the reason that reduction in adherence was observed using antisera against
W(C16. Further studies using antisera against WC90 and WC103 would be useful in determining if the
interference of adherence is consistent across animals vaccinated with whole cells. In the
corresponding CCU experiment there was no observable change in colour in any wells tested with
antisera against WC16. This shows a reduction in adhesion as all other CCU assays observed a colour
change. The result suggests that incubation with antibodies against WC16 has prevented completely
the adhesion of mycoplasmas to the epithelial cells as there was no colour chance observed. One
limitation of the protocol currently is that a sample of the final media is tested in the CCU rather
than all of the media. This results in a diluted sample of mycoplasma with approximately 102 CCU/ml
being detected. This allows for differences in the ability of the different antisera to prevent
adherence to be observed. However, it cannot distinguish between reduction of adherence and
prevention of adherence. A further optimisation may be to extract all the media and concentrate it
into the CCU assay. This would result in all mycoplasma cells remaining after washing being available
for the assay. This may provide a more accurate representation of the adherence ability of the
mycoplasma.

Understanding the potential mechanisms for cell surface protein-mediated adherence of

mycoplasma to host epithelial cells will assist in understanding the observed results. Attachment of
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antibodies to the native EF-Tu protein on the surface of the cell has been demonstrated by the
immunofluorescence microscopy. Therefore, failure to see an effect of the antibodies on adherence
was not due to the antibodies not being able to recognise and bind to native EF-Tu on the surface of
the mycoplasma cells. EF-Tu has been demonstrated to mediate the binding of mycoplasmas to
fibronectin (Fn) [195]. Fn is a high molecular-weight glycoprotein found abundantly in fibrillary form
in the extracellular matrix (ECM) [382]. The production of any ECM may be minimal due to the
limited time cells were allowed to incubate in the wells (24 h) [383]. This may have reduced the
effect EF-Tu had on the adhesion ability of M. ovipneumoniae. Analysis of endothelial cells in in vitro
conditions have indicated that at low confluence Fn was on dorsal cell surfaces at regions of cell-cell
contact only [384]. However, at complete confluence Fn was detected in an extracellular matrix
underneath the cell monolayer but not on top of the monolayer [384]. This observation was echoed
by Linder et al [385], with the suggestion that, at least with endothelial cells Fn is found primarily
under the cells and limited Fn is found on the surface of the cells. In contrast to endothelial cells,
fibroblasts have been shown to produce Fn not only underneath the cells [386, 387], but also as a
fibrillar network over the cell surface [383, 386, 387]. Chen et al (1977) [383] also detected Fn on the
surface of liver epithelial cells which may possess some similar properties to the endometrial
epithelial cells used in this experiment; however, this was observed after a limited number of
passages after collection of the cells. Once the passage of the cells exceeded 10 passages, the
distribution of Fn was reduced and after 15 passages Fn was lost in the majority of cells. Cells used in
this experiment have exceeded 20 passages and therefore may have lost their ability to produce Fn.
In the absence of Fn, anti-EF-Tu antibodies may not have had an effect on adherence of M.
ovipneumoniae to the epithelial monolayers. Repeating this trial with modifications to ensure
production of ECM may better determine the effect anti-EF-Tu antibodies on M. ovipneumoniae
adherence to the cells.

GAPDH has also been suggested to have a role in assisting the adherence of M. ovipneumoniae to
host cells. Immunofluorescence microscopy has demonstrated that antibodies are able to detect and
attach to the native GAPDH on the surface of the cell and antibodies not being able to recognise and
bind to is not a factor to effect adherence. GAPDH is suspected to attach to mucin (Mn) the primary
component in the mucosal epithelial lining [310]. In a similar limitation to testing anti-EF-Tu
antibodies, anti-GAPDH antibodies would have the largest effect when the cell monolayer culture
has produced a mucin layer. Due to the limited time allowed for the cells to produce a monolayer,
the development of a mucin layer is unlikely. This reduces the potential effect of the antibodies on

preventing adherence. This may explain the lack of response to the antibodies in the studies.
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P146 has also been suggested to assist in the adhesion of mycoplasmas and has been shown to bind
to cilia [322]. Compared to EF-Tu and GAPDH, this protein appears to adhere to a specific cell
structure. If this is correct the endometrial epithelial cells may not have the same surface markers as
developed cilia. This would again reduce the ability of antibodies to interfere with the adhesion
ability of M. ovipneumoniae. Production of a cilia cell model would allow for a more direct testing of
anti-P146 antibodies as well as other anti-M. ovipneumoniae antibodies because this is the natural
location of M. ovipneumoniae. The production of a cilia cell model would be difficult, time
consuming, and well beyond the scope of this project, and therefore the endometrial epithelial cells
were used for the adherence studies in the thesis.

The antibodies against the epitope of HP1 and HP3 also did not appear to reduce M.
ovipneumoniae’s adhesion ability. Because the function of these two proteins is not known their role
in adhesion cannot be determined, and therefore it cannot be hypothesised as to whether
antibodies against these proteins would be expected to affect the ability of M. ovipneumoniae to
adhere to epithelial cells. Antibodies against these proteins also did not produce a strong signal in
the immunofluorescence microscopy and thus the antibodies may not be binding strongly to the
proteins on cell surface.

One of the major limitations to this experiment was the use of bovine endometrial epithelial cells as
the target cell culture. M. ovipneumoniae is known to infect sheep and goats [50, 248, 249, 388],
therefore the use of cells from a bovine host could introduce different receptors to the cell surface
as well as loss of sheep specific receptors [389]. This could in itself reduce the ability of M.
ovipneumoniae to adhere to the cells. The purpose of the initial experiment was to determine if M.
ovipneumoniae cells would adhere to the epithelial cells. Despite the results showing that adherence
did occur it does not confirm that adherence to the cells is by the same mechanism as would occur
in vivo [390]. This may result in M. ovipneumoniae using different surface antigens to attach to the
bovine cells that it would use in sheep cells [389]. This could explain why the protein specific
antibodies did not have an effect on adhesion. An adaption of this procedure could be the addition
of immunofluorescence microscopy analysis rather than CCU analysis as described by Svenstrup et al
(2002) [225]. By analysing the adherence to individual cells, it may be possible to elucidate the effect
of the antibodies on adhesion that may not be observable using the CCU analysis.

The second major limitation in this experiment is the effect of multiple adhesion sites available on
the bovine endometrial epithelial cells. Incubation with antibodies against a specific protein may
prevent M. ovipneumoniae from binding to the epithelial cells by interaction with that protein but
other proteins expressed on the surface of M. ovipneumoniae cells may still be available to interact

with targets on the epithelial cells. Combinations of antibodies against the different recombinant
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proteins could be tested to determine if antibodies binding to multiple targets can overcome the
adhesion ability of M. ovipneumoniae as observed with the anti-WC antibodies. A more direct
approach would be to use M. ovipneumoniae cells over-expressing single membrane proteins. This
would allow direct analysis of the ability of the native protein to adhere to the host cell as well as the
ability of the antibodies to prevent adherence. This was the approach used by Hegde et al (2018)
[227], using phase locked mutants expressing single Vpma (Variable protein of Mycoplasma
agalactiae) lipoproteins. While this approach could be useful, it would be dependent on the ability
to produce M. ovipneumoniae mutants able to produce selected surface antigens. Blocking M.
agalactiae required disruption of the Xerl gene preventing the mycoplasmas from shifting from one
Vpma to another [391]. Finding a single gene able to adjust the surface proteins can allow for a
simple and consistent method for testing adhesion inhibition. Adjusting the surface proteins to only
express the protein of interest and allowing the mycoplasma to remain viable would require
considerable work and may not be possible with current technology. Another approach could be to
use the targets for each of the proteins such as Fn for EF-Tu and Mn for GAPDH. Purifying each of
these proteins and binding them to plates may allow for a direct analysis of the ability of specific
antibodies to block adhesion.

The undertaking of the adherence studies was hindered by two major issues. The first was the
outbreak of a global pandemic caused by the SARS-COV-2 (COVID-19) virus which resulted in the
country going into lockdown during the initiation of the experiment. This resulted in the ongoing
experiments being stopped and prevented further experimentation for some time. This limited the
time available for completion of this analysis. The second hindrance to this analysis was the growing
of the endometrial epithelial cells. Growth of the cells ran as expected for the initial adhesion
experiment and the first round for each of the recombinant protein tests. However, unknown
contamination of cell cultures and a sudden decrease in growth rate of the endometrial epithelial
cells resulted in several experiments being unable to proceed. These unforeseen limitations reduced
the ability to optimise the protocols and made it difficult to confidently confirm the full effect of the

antibodies on the adhesion ability of M. ovipneumoniae.

6.4.2 Immunofluorescence microscopy
The immunogenic proteins identified in chapter 4, were detected using Western blotting on

hydrophobic membrane protein fractions. The assumption has been that these proteins are likely
membrane bound or membrane associated. This view was supported by detecting potential
transmembrane domains in several of the proteins indicating that at least part of the protein is
located within the membrane and at least part of the protein is located outside of the cell. To further
support the presence of the proteins on the cell surface, antibodies against each of the recombinant

proteins were used for immunofluorescence microscopy studies. Antibodies against M.
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ovipneumoniae surface antigens should be able to bind to the surface of M. ovipneumoniae cells.
Labelling the cells with a FITC-conjugated anti-sheep antibody would produce a fluorescent signal
observable using a microscope.

Comparison of pre-immune and antisera from an animal vaccinated with EF-Tu (Fig. 6.1) indicated no
EF-Tu specific antibodies in the pre immune sera while there were several florescence spots
observed with antisera against EF-Tu. Comparing these results with the Western blots in chapter 5
(chapter 5.3.3 Figures 5.8-5.9) suggests that the animals had no detectable anti-mycoplasma
antibodies before vaccination in their sera and after vaccination had anti-EF-Tu antibodies. This
suggests the spots highlighted in the antisera image are due to anti-EF-Tu antibodies providing
further support for EF-Tu being membrane bound. EF-Tu has been previously shown to be
membrane bound [160, 392-394], therefore this protein was used as a positive control for the
experimental methods.

Pre-immune sera from animals vaccinated with GAPDH showed a limited response to the M.
ovipneumoniae cells (Fig. 6.2) with a few bright spots observed. This was in contrast to the Western
blot results in chapter five (chapter 5.3.3 Fig 5.10) which showed no response to either M.
ovipneumoniae WCL or recombinant GAPDH. This may be due to the difference in concentration
between Western blots (1/400) and immunofluorescence assay (1/100) for the primary antibody or
the difference in secondary antibody 1/1000 and 1/400, respectively. Another potential reason for
the differences between the immunofluorescence and Western blot images is due to cross reactivity
with non-target proteins in the immunofluorescence assay. This has been observed by antibodies
detecting targets in immunohistochemistry despite not detecting any targets in Western blots [395].
Comparing the pre-immune sera to the antisera, there appeared to be more pronounced
fluorescence signal with the antisera. In the Western blot (chapter 5.3.3 Figure 5.10) for this animal
there was an increase in the response to WCL; however, the larger response was to GAPDH. It can be
suggested that the increased fluorescence observed in the sample probed with GAPDH antisera
were due to the production to anti-GAPDH antibodies. GAPDH has been suggested to be membrane
bound in other species [306, 307, 396]; however, this is the first evidence for GAPDH being
membrane bound in M. ovipneumoniae.

HP1 showed limited immunofluorescence in both pre-immune and antisera images (Fig. 6.3).
Western blotting did not show a strong identification of the full-size HP1 (chapter 5.3.3 Fig. 5.11,
5.12) from either pre-immune or with antisera produced against the HP1 epitope. There was;
however, a low-level response to WCL in the pre immune sera and a strong response to WCL in the
antisera. This response is likely due to the animal obtaining a natural infection of M. ovipneumoniae.

This can explain the low level of response in the pre-immune image. The lack of bright fluorescence
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in the sample probed with antiserum indicates antibodies against the epitope are not able to bind to
the outside of the mycoplasma cell. One possibility for this lack of increase in fluorescence is that the
HP1 epitopes are not on the surface of the proteins and the antibodies against the epitope are
therefore not able to bind to the native protein in the context of intact cells. The second possibility is
that HP1 is on the surface and the antibodies against the epitope are not able to bind to the protein
in its natural state or if it is able to bind, the secondary antibodies were unable to bind to the
primary antibodies. Attachment of the antibody to the protein may have resulted in a
conformational change to the protein encapsulating the antibody preventing attachment of the
secondary protein [397]. Analysis of the tertiary structure could allude to whether the antibodies are
able to physically able to access the epitope. This level of analysis would require a significant amount
of work and based on the experimental data from chapters five and six.

HP3 had a similar limited response as seen in case of HP1 (Fig. 6.4). Unlike HP1, HP3 was produced in
as a full-length protein. This would suggest that if the protein was present on the surface of the
membrane it should have been detected in the images as it would be expected that some of the
antibodies against HP3 should be able to attach to the folded form of the native protein. HP3 was
shown to elicit an immune response in animals vaccinated with WC of M. ovipneumoniae as
indicated by the ELISAs in chapter 5 (chapter 5.3.4 Table 5.2). One possibility for the observed
limited fluorescence could be that the conformational structure of HP3 (tertiary and quaternary)
produces an immunogenic response in the host and the corresponding antibodies are able to
identify the recombinant version of the protein however, antibodies against the recombinant
protein may be to sections that are not conformationally present in the natural form. Due to the
potential use of this protein as a diagnostic tool it may be worth conducting further analysis of this
protein including identifying the function and potential interactions with other proteins.
Understanding the structure of the protein may provide insight on how the immune system interacts
with the protein and may help optimise the use of this protein as a diagnostic tool.

The protein P146 had the strongest response of all the recombinant proteins in both the pre
immune and the antisera images (Fig. 5). This matches the Western blots in chapter 5 (chapter 5.3.3
Fig. 5.14, 5.15), with both Western blots indicating the animals having pre-existing anti-mycoplasma
antibodies in their sera before vaccination. This results in antibodies to general M. ovipneumoniae
antigens being present in the sera, including the other recombinant proteins EF-Tu, GAPDH, HP1
HP3, in addition to antibodies to P146 from the vaccination. This makes it difficult to confirm the
localisation of P146. Further analysis with antibodies against P146 would be useful to confirm the
location of the protein on the membrane surface as has been observed in M. hyopneumoniae [322,

398]. Potentially the use of non-host species such as mice and rabbits may be useful for initial
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experiments to remove the likelihood of natural infection of M. ovipneumoniae. P146 has shown
potential as a diagnostic protein (chapter 5), and therefore further analysis on the surface location of
this protein is warranted.

For the immunofluorescence assay, animals vaccinated with WC of M. ovipneumoniae were used as
a positive control to determine the intensity of binding of antibodies against multiple M.
ovipneumoniae antigens to the mycoplasma cells (Fig. 6.6). The pre-immune sera showed some
immunofluorescence in the image with some well-defined spots of fluorescence. This could suggest
a previous or current exposure to M. ovipneumoniae in the animals before vaccination. The lower
level of response in these animals compared to the animals vaccinated with P146 may suggest that it
is a previous infection with only a low level of antibodies present in the sera before vaccination.
There was an increase in immunofluorescence with the antisera produced against WC indicating an
increase in anti-mycoplasma antibodies, a result more similar to what was observed with the P146

antisera.

6.4.3 Additional work completed

Another approach was to test the effect of antisera obtained from sheep vaccinated with the
recombinant proteins to determine whether protein-specific antibodies can inhibit the growth of M.
ovipneumoniae in vitro. Using the method described in Jiang et al (2016) [160], antisera from animals
vaccinated with EF-Tu and WC of isolate 16 were tested of their ability to inhibit mycoplasma
growth. EF-Tu was selected for optimisation of the protocol because antibodies to the protein
generated in mice have been shown previously to inhibit growth of M. ovipneumoniae in vitro [160].
WC from M. ovipneumoniae isolate 16 was included as a test for antibodies against the whole
organism. It was expected that antisera produced against WC would be a good positive control for
the assay since there should be a greater chance that the repertoire of anti-M. ovipneumoniae
antibodies would result in inhibition of mycoplasma growth.

The growth inhibition assay was originally conducted using 10° CCU/m| M. ovipneumoniae as
described by Jiang et al (2016) [160]. At this concentration, the colour of media in all wells
containing M. ovipneumoniae changed from red to yellow during overnight incubation and did not
show a measurable difference between the positive control wells and wells containing antibodies.
The concentration of M. ovipneumoniae used in the assay was subsequently reduced 10-fold and
retested. All concentrations ranging 10°-10? produced the same result with colour in the media
changing red to yellow overnight. The experiment was repeated at only 10' M. ovipneumoniae.
However, at this low concentration not all positive wells changed colour during the two-week
incubation. Across all concentrations of antibodies there was no measurable effect on growth of M.

ovipneumoniae. To determine if there is any effect of antibodies on the growth of M. ovipneumoniae
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the assay will require further optimisation, or another approach used to determine the impact of
antibody on growth. Antibodies against M. ovipneumoniae EF-Tu produced in mice have been shown
to inhibit the growth of M. ovipneumoniae [160]. However, this was not observed in these
experiments. The cause of the discrepancy is unknown; however, either of the two major differences
between these experiments and those performed by Jiang et al (2016) [160] could be the cause.
First, the difference in the animal used to produce the antisera, mice versus sheep. It was observed
in chapter 4 that the antisera produced in rabbits against WCL of isolates 16, 90 and 103, produced a
different Western blot pattern than antisera produced in sheep against the same isolates, with the
rabbit sera detecting more high molecular weight proteins and limited medium molecular weight
proteins (chapter 4 Fig. 4.4,4.6). This difference in the proteins detected indicates that there are
differences in the response to M. ovipneumoniae antigens between the different species. As rabbits
and mice are not the natural hosts of M. ovipneumoniae, they may be able to induce immunogenic
responses that are able to overcome the defence mechanisms of M. ovipneumoniae. It has been
suggested that M. ovipneumoniae infections in sheep can reduce its ability to mount an immune
defence on a second infection [158, 159]. This may suggest that the immune response mounted by
sheep is less able to remove or prevent the growth of M. ovipneumoniae in vitro. To further assess
the difference between sheep and rabbits, rabbit sera could be tested for growth inhibition.

The second difference is the strain of M. ovipneumoniae used for the assay. Isolate 16 was selected
for testing the impact of antibodies on growth. Isolate 16 is one of the three isolates selected from
New Zealand isolates to represent the three groups of New Zealand M. ovipneumoniae isolates. One
of the criteria for selection of these isolates was their ability to grow faster in culture relative to the
growth rate of some of the other isolates. This feature facilitated producing cellular fractions for the
study. However, using a faster growing organism may have made it difficult to observe differences
between the positive controls and the antibody treated cells. In this case a slower growth cycle over
a longer time span may have been able to tease out any small differences resulted by the presence
of the antibodies. There were other isolates collected at the same time as Isolates 16, 90, and 103
which did not have the same fast growth rate. However, they would not be appropriate for this
assay in the current form, as many of the isolates did not produce the acidic environment observed
for other M. ovipneumoniae isolates. Without the change in pH from mycoplasma growth the assay
would not visualise the colour change from red to yellow and the growth would not be able to be

measured.

6.4.4 Future work
Further recommended work based on the experimental data collected in this chapter would be

further optimisation of the adhesion experiments and confirmation of localisation of antigens on the

surface of M. ovipneumoniae as shown by immunofluorescence studies. The later could be done
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using electron microscopy. Repeating the adherence studies using the target antigen (Fn or Mn)
rather than M. ovipneumoniae whole cells may provide a direct evaluation of the impact of
antibodies on adherence. Alternatively, further optimisation of the adhesion assay may provide
information on the ability of the antibodies to reduce adhesion to whole epithelial cells. Reducing
the multiplicity of infection of M. ovipneumoniae or increasing the concentration of antibodies in the
assay may demonstrate antibody-mediated reduction in adhesion.

The immunofluorescence microscopy results for EF-Tu, GAPDH, P146, and WC, showing reactivity of
antibodies produced against these proteins with M. ovipneumoniae cells provided evidence for
surface localisation of these proteins. However, due to the limited resolution of fluorescence
microscopy, it was not possible to determine the exact location of the proteins on the cell

membrane. This could be determined using electron microscopy.

6.5 Conclusion
This chapter aimed to determine, using in vitro assays, the ability of the recombinant proteins to

elicit a protective effect against M. ovipneumoniae infection in the host. Immunofluorescence
microscopy was used to determine the location of the proteins on the surface of the cell. The results
support surface localisation of EF-Tu, and GAPDH; however, HP1 and HP3 and P146 could not be
confirmed as located on the cell surface and further analysis would be required to determine their
location. The growth inhibition experiments did not indicate a reduction in growth of M.
ovipneumoniae in response to antibodies. This contradicts the previous work in mice, suggesting
that either the New Zealand isolates grow too quickly to observe an effect of the antibodies in this
current experimental setup, or sheep antibodies do not produce the same protective effect as
observed in the mice model [160]. Because much of the work undertaken on M. ovipneumoniae has
been done in non-host species, distinguishing between these possibilities will determine the
potential use of non-host model species for further experiments.

Antibodies against WC of M. ovipneumoniae isolate 16 reduce the adhesion of M. ovipneumoniae to
the epithelial cells used in this study. However, a reduction in adhesion was not seen due to the
antibodies specifically produced against the recombinant proteins. This may be due to multiple sites
of adhesion being available to M. ovipneumoniae, and antibodies against a single protein may not
prevent adherence and hence provide a protective effect. The response to the WC antibodies
supports the experimental design providing a basis for further optimisation. With increased

optimisation, this assay could provide an additional method for antigens for a vaccine.
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Chapter 7 General discussion

7.1 Introduction to thesis and goals of thesis
Pneumonia of sheep has been an issue in New Zealand (NZ) since the adoption of intensive farming
with the first record noted in 1900 by John Gilruth [46]. The most common form of ovine
pneumoniae in NZ is CNP. As the majority of lambs will be affected by some level of CNP during their
first autumn [48], the cost of this infection is significant. Most affected lambs show few if any clinical
signs of disease, although some animals, may have reduced weight gain, poor exercise tolerance, or
an occasional cough [46]. Single strains have been observed to have limited pathogenic potential;
however, the presence of multiple strains can lead to ciliostasis and allow further colonisation of
additional bacteria [46, 61]. It was estimated that the average cost of pneumonia and pleurisy to the
NZ sheep market was in excess of NZ$53 million in 2008 [47]. M. ovipneumoniae can be carried
asymptomatically by domestic sheep and goats. This can make control of the disease and prevention
of outbreaks difficult. There is currently no successful vaccination program for the control of M.
ovipneumoniae.
To reduce the impact of M. ovipneumoniae on the commercial sheep industry, as well as to facilitate
programmes such as big horn sheep wildlife conservation, further knowledge on M. ovipneumoniae,
especially pertaining to development of vaccines and better diagnostics, is required. The overall aim
of this study was to identify immunogenic proteins of M. ovipneumoniae and determine their
potential as diagnostic agents or as antigens for a sub-unit vaccine. The work was divided into four
specific objectives, corresponding to the four experimental chapters of the thesis.
1. Build and annotate the genome of NZ isolates of M. ovipneumoniae (chapter 3).
2. Produce membrane fractions from selected isolates of M. ovipneumoniae for
immunogenic analysis and detect immunogenic proteins of M. ovipneumoniae by
Western blotting using sheep antisera produced against M. ovipneumoniae (chapter 4).
3. Express and purify selected immunogenic proteins in E. coli and test their
immunogenicity in lambs (chapter 5).
4. Test the ability of the antisera produced against the recombinant proteins to inhibit
growth of M. ovipneumoniae in culture, and to interfere with adhesion of the organism
to epithelial cell monolayers (chapter 6).
The following discusses the key findings from the experiments and their impact on the

understanding of M. ovipneumoniae and the potential for improved vaccine and diagnostic targets.
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7.2 Insights from genomic analysis of M. ovipneumoniae

7.2.1 Gene and transmembrane domain analysis
The HTS data was used to build three draft genomes of NZ isolates 16, 90, and 103. These draft

genomes identified 971, 758, and 859 protein coding genes, respectively, constituting >90% of the
total genes. Of them, the proteins encoded by 286, 215, and 253 genes in respective isolates were
predicted to be having transmembrane domains (Table 3.1). These proteins have potential as
vaccine antigens or as diagnostic targets. Further analysis to determine which proteins have single or
multiple transmembrane domains at the start of the protein will provide the best options for targets
and eliminate the use of proteins with multiple transmembrane domains. Proteins with just one
transmembrane domain would be expected to be anchored in the cell membrane but with the
majority of the protein protruding as an extracellular domain outside the cell organism [177, 178].
Conversely, proteins with multiple transmembrane domains interspersed throughout the protein
sequence could impose difficulties for producing a recombinant protein. For this reason and also as
their extracellular domains may be smaller, such proteins would be more lowly ranked candidates

for a vaccine or diagnostics [399-401].

7.2.2 Diversity of NZ isolates
Phylogenetic analysis of the P113 gene sequence in 10 NZ isolates and the type strain (ESR)

separated the isolates 16, 90, and 103 into three different groups (Fig. 3.5). This grouping of isolates
16, 90 and 103 was consistent with the original RFLP analysis undertaken on 93 isolates of M.
ovipneumoniae from NZ sheep farms (unpublished). The ESR type strain (Australia) used in the P113
analysis; however, did not fit within any of the three NZ groups supporting the use of this gene as a
typing tool for grouping isolates of M. ovipneumoniae. This could be useful for understanding the
distribution of different isolates in different populations of domestic animals as well as distribution

between domestic and wild populations [249].

7.2.3 NZ isolates of M. ovipneumoniae are distinct from United States of America (USA)
isolates
Comparative phylogenetics using a multi-locus sequence typing (MLST) approach, that also included

15 isolates from USA [265], clustered all the NZ isolates into a single group, with the ESR strain being
the closest relative (Fig. 3.6). The separation of the NZ isolates from the USA samples [265] is not un-
expected due to the large geographical separation and suggests that there has not been recent
movement of M. ovipneumoniae between these countries, at least regarding the isolates tested in
this thesis. ESR was originally collected in Australia and therefore it makes sense that it is more
closely related to NZ samples than to the USA samples. Within the NZ group, two sub-clades were
detected. This may suggest that there has been multiple invasion events of M. ovipneumoniae in NZ.

Further sequencing of more NZ isolates will help provide support for the sub-clades, and further
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sequencing of more Australian isolates will help determine if there have been multiple movements
between NZ and Australia or if there has been a single directional movement. An alternative to

multiple invasions is that the NZ isolates have undergone divergent evolution.

7.3 Immunogenic surface proteins of M. ovipneumoniae

Membrane fractions containing putative surface proteins were prepared from three isolates 16, 90,
and 103 of M. ovipneumoniae. By using both one-dimensional and two-dimensional Western
blotting with sheep antisera produced against M. ovipneumoniae, and mass spectrometry together
with the draft genomes of M. ovipneumoniae isolate 90 (chapter 3), the identity of five immunogenic
proteins was revealed, either by direct comparison to M. ovipneumoniae proteins or through
homologs in closely related species. These five proteins were elongation factor thermo unstable (ET-
Tu), Heat Shock Protein (HSP70), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), multidrug
and toxin extrusion protein (MATE), and adhesin like protein, P146. Additionally, three hypothetical
proteins were also identified. Both EF-Tu and HSP70 have been identified as immunogenic in mice
[160] and HSP70 was shown to be an immunogenic protein in sheep [194]. The studies in Chapter 4
confirmed that EF-Tu is an immunogenic protein in sheep and added six more proteins to the list of
known proteins in M. ovipneumoniae that are immunogenic in sheep.

For each of the eight immunogenic proteins, the protein coding sequences were obtained from the
draft genome of isolate 90. These sequences were used as reference to obtain the sequences from
the HTS data of the other isolates. The sequences were used to predict B lymphocyte epitopes [293],
transmembrane domains [294, 295], and hydrophobicity of the proteins [296]. Of the eight proteins
identified, five were selected to be produced in a recombinant form for further analysis. These were
EF-Tu, GAPDH, P146, an epitope of HP1, and HP3. Due to the large size of HP1, only a single epitope
of the protein predicted by the B lymphocyte epitope prediction program was produced in the
recombinant form. This avoided the difficulties of expressing a large protein. HSP70 has been
extensively studied as a potential vaccine target for M. ovipneumoniae [31, 160, 194, 304]; however,
to date, there have been no reports of a successful role of HSP70 as a vaccine antigen. For this
reason and the lack of novelty, HSP70 was not selected for the immunogenicity trial. However,
should further information promoting the use of this protein as a vaccine target emerge, it could be
re-examined. The decision not to continue with the MATE protein was based on the protein having
multiple transmembrane domains. This would have made the protein difficult to express, limiting
the use of this target as a vaccine candidate or for diagnostic purposes. HP2 was also not included in
the list of proteins studied due to the large molecular size of the protein, and lack of a known

function.
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7.4 Vaccination of sheep confirmed immunogenicity of the proteins

7.4.1 Ability of recombinant proteins to induce antibodies that can detect the native protein.
The five proteins were produced commercially by GenScript and one of the proteins, EF-Tu, was also
produced in-house. Sheep were vaccinated with recombinant versions of the five selected M.
ovipneumoniae proteins and serum collected for measurement of protein-specificimmune
responses using Western blot analysis (Fig. 5.8-5.16). The results showed that for four of the five
proteins, antibodies present in the antisera reacted not only with the recombinant protein used for
vaccination but also cross-reacted with the corresponding native protein presence in WCL prepared
from M. ovipneumoniae isolates 16, 90, and 103. In the case of antisera against HP1, the antibodies
reacted only with the recombinant protein but not with the native form of the protein. Antibodies
against the GenScript and in-house EF-Tu were both able to detect the GenScript protein and the
native protein, confirming that the in-house EF-Tu was edited correctly and able to elicit a similar

response as produced by the commercial form.

7.4.2 Hypothetical protein 3 and P146 have potential for detecting antibody responses to M.
ovipneumoniae in sheep
To study the antibody response to each of the recombinant proteins, ELISAs were also performed on

the sera (Fig. 5.17). Each of the five proteins were able to elicit a strong response by Week 6
confirming the immunogenicity of the proteins in sheep, however not all proteins exhibited a further
increase in response after the second (boosting) vaccination which will require further study.

Of the five recombinant proteins, HP3 and P146 showed a consistent and strong antibody response
in animals vaccinated with whole cells of M. ovipneumoniae isolates 16, 90, and 103. These proteins
were studied further using sera collected from groups of sheep vaccinated with either a mixture of
M. ovipneumoniae and M. haemolytica WC or M. haemolytica alone. HP3 and P146 showed
promising results. Their response in combination as the target antigen in ELISA was superior than
when they were used as individual proteins. The performance of these two antigens albeit
determined in only a few animals, is promising for development of future diagnostic tests using
ELISA or other diagnostic techniques such as LFD [346-350] or a Flow through assay (FTA) [351, 352]
technology. These two proteins were identified through screening of sera from bacterin-vaccinated

sheep, so the results need to be validated in M. ovipneumoniae infected animals.

7.4.3 Vaccination with individual recombinant proteins did not induce cellular responses;
however, vaccination with M. ovipneumoniae WC produced IL-17A responses to GAPDH
The animals vaccinated with recombinant proteins produced minimal IFN-y responses to the

corresponding recombinant protein, WC or HPF in whole blood cultures (Fig 5.19). There were

slightly higher IL-17A responses to the recombinant proteins and WC (Fig. 5.21) but the weak
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cytokine responses in general suggest that the five recombinant proteins in the study did not induce
T-cell responses in sheep.

Sheep vaccinated with a mixture of the WC of the three isolates of M. ovipneumoniae produced
significant IL-17A responses to recombinant GAPDH when used as the recall antigen in whole blood
cultures (Fig. 5.23). This ability of GAPDH to detect strong IL-17A responses in the vaccinated sheep
indicates the potential of this protein to be used as a diagnostic target for determining the infection
status of sheep. The over expression of IL-17A has been suspected as a cause of disease in bighorn
sheep [116, 141] and GAPDH may be useful in identifying animals exhibiting elevated IL-17A
responses to M. ovipneumoniae. In addition, animals vaccinated with WC of isolate 16 also produced
a strong IL-17A response to GAPDH, although animals vaccinated with WC of isolate 90 or 103 alone
did not produce a strong response to GAPDH. Only two animals were vaccinated with the single
isolates so any conclusions established from the data must be made with caution; however, it may
be useful to compare the different isolates for their ability to induce responses to GAPDH.
Additionally, CMI responses are likely to be different following infection versus vaccination with
bacterins and this may account for the low CMI responses detected. Therefore, the antigens should

be further tested in infected animals to determine their functionality as diagnostic antigens.

7.5 In-vitro studies using antisera from vaccinated sheep

7.5.1 Surface location of the immunogenic proteins was supported by immunofluorescence
microscopy.
Immunofluorescence was used to confirm the predicted localisation of each of the recombinant

proteins on the surface of the mycoplasma membrane (Fig. 5.1-5.6). While Immunofluorescence can
visualise the detection of proteins by antibodies, it is unable to distinguish between different
antibody-protein interactions within an individual sample. Therefore, it is important to determine
what proteins the antibodies within a sample (sera) can detect. If purified polyclonal antibodies
against an individual antigen are not available, then Western blot analysis can be used to determine
if the sera is primarily detecting the recombinant protein used in the vaccination or reacting against
additional or other mycoplasma antigens.

As EF-Tu has been previously shown to be surface localised [160, 392-394], this protein was used as
a positive control for the immunofluorescence protocol. As expected, M. ovipneumoniae stained
with pre-immune sera showed limited fluorescence whereas cells stained with antisera produced
against ET-TU clearly showed fluorescently labelled cells. A similar pattern was also observed for
GAPDH. In contrast, no difference in fluorescent staining was observed between pre-immune and
protein-specific antisera for both HP1 and HP3. ELISA and Western blotting, using subcellular

fractions showed that sheep vaccinated with the recombinant form of HP1 and HP3 produced
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antibodies that recognised both recombinant and native forms of the protein. A possible explanation
for the apparent lack of immunofluorescence is the antibodies were unable to bind to the native
target protein in the context of the cell envelope. For HP1, antibodies produced against the relatively
short epitope might not access the corresponding epitopes in the native folded protein. HP3 requires
further analysis to determine its surface location. Both pre-immune and P146 antisera produced
relatively strong fluorescence. The Western blots in chapter 5 also showed a comparatively high
background of immunoreactivity suggesting that the animals vaccinated with P146 may have had

prior exposure with mycoplasma. This made it difficult to determine the localisation of P146.

7.5.2 Bovine endometrial epithelial cells were established as a model to study adherence.
Studies in Chapter 6 examined the ability of M. ovipneumoniae to adhere to an epithelial cell line

and determined the ability of antibodies against M. ovipneumoniae WC or the recombinant proteins
to inhibit adherence. M. ovipneumoniae was confirmed to adhere to the bovine -endometrial
epithelial cells and the mycoplasma cells remained attached after washing the epithelial cells with
phosphate-buffered saline (PBS). Pre-incubation of M. ovipneumoniae with antibodies against WC of
isolate 16 reduced the ability of M. ovipneumoniae to adhere to the bovine endometrial epithelial
cells. Collectively, these results confirmed the use of bovine epithelial endometrial cells as a model

to study adherence of M. ovipneumoniae.

7.5.3 Antibodies against the immunogenic proteins did not inhibit adherence of M.
ovipneumoniae in culture.
While antibodies against WC of isolate 16 inhibited adherence, none of the anti-recombinant protein

antibodies blocked adherence of M. ovipneumoniae to the epithelial cells. One limitation of these
experiments to test antisera against individual proteins may be the presence of multiple adherence
sites on the endometrial epithelial cells. This would limit the ability of antibodies against single
antigenic target to reduce the adherence of M. ovipneumoniae at least in an observable manner.
The ability of antibodies produced against WC to reduce adherence supports the idea of multiple
sites on the endometrial epithelial cells being available for mycoplasma adherence. Further
optimisation of this experimental protocol and use of other cell lines may clarify the effect of the
anti-recombinant protein antibodies on the adherence ability of M. ovipneumoniae. Combination of
antibodies against multiple recombinant proteins may cause inhibition of adherence by targeting
multiple sites involved in adherence simultaneously. Combination of antibodies were not tested due

to time constraints as well as issues with the cultivating the bovine endometrial epithelial cells.

7.6 Significance of the study findings

Despite the common presence of M. ovipneumoniae there has been limited studies on the molecular

analysis of New Zealand isolates. A majority of the previous studies on vaccine development work
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has focused on use of the whole cells of M. ovipneumoniae. The work undertaken in this thesis was
completed with the approach of obtaining novel immunogenic proteins for potential vaccine or
diagnostic targets. The combination of genomic and immunological techniques has provided a
unique methodology to identify and test potential M. ovipneumoniae antigens for vaccines and for
diagnostics.

Using the genomes built in chapters 3, and two-dimensional Western blotting and mass-
spectrometry analysis (chapter 4), eight immunogenic proteins were identified, and their full
nucleotide sequence elucidated. Two of these proteins HSP70 and EF-Tu are known immunogenic
proteins in M. ovipneumoniae which provides support for the validation of the protocols used in this
thesis. The other six proteins are novel immunogenic proteins in M. ovipneumoniae which are
considered potential antigenic targets for a vaccine or diagnostics. Combining the annotated
genome and BLAST, three of the proteins were able to be matched with named mycoplasma
proteins, with GAPDH and MATE previously identified in M. ovipneumoniae and P146 was detected
as a homolog of M. hyopneumoniae P146. The other three proteins with no similarity to either M.
ovipneumoniae or other mycoplasmas proteins are currently considered as hypothetical proteins. As
further work is completed the functions of these proteins may become understood and their role in
pathogenesis identified. This will not only be useful for increasing the general knowledge of M.
ovipneumoniae biology but also important in understanding the biological role of HP3 as it has
shown potential as a diagnostic target.

All five recombinant proteins studied in the thesis, EF-Tu, GAPDH, P146, and hypothetical proteins 1
and 3 induced strong antibody responses but produced limited cellular responses in sheep (chapter
5). As M. ovipneumoniae is primarily viewed as an extracellular pathogen, antibody responses may
be sufficient for protection [98, 99]. However, further experimental analysis will be required to
determine if antibody alone is able to provide protection against infection with M. ovipneumoniae or
limit the severity of disease.

P146 and HP3 showed some promise as diagnostic proteins and could be investigated further.
Having a test based on single or multiple targets, produced as recombinant proteins and able to
detect an immune response may allow for the design of methods for quick and accurate detection of
infection. Lab based analysis like ELISAs can use controls such as a blank (water/PBS) or a sera
sample of known negative infection status to deduct the non-specific binding value from the
unknown samples [211], reducing the chances of false positives. In the field, this approach is less
convenient and the use of binary tests, like those used in pregnancy tests, can be more efficient for
the rapid testing of flocks [70]. However, binary tests can be susceptible to background responses of

animals and therefore the correct target antigens as well as the optimal concentrations of the target
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antigen as well as the sample tested will be important in reducing the effect of background
responses [70].

To determine the protective effect of vaccination against diseases an expermental challenge trial is
undertaken. However, as this introduces an animal to the live virulent version of the pathogen, it is
recommended to have supportive data for the protective likelihood of the vaccine, ideally limiting
the number of animals contracting the disease. In this thesis, the likely protective effect of the
vaccination with M. ovipneumoniae was investigated, looking at the effects of antibodies on
adherence of M. ovipneumoniae to an epithelial cell model. In the adherence assay only the
antibodies against the WC of isolate 16 showed inhibition of M. ovipneumoniae adherence to the
epithelial cells. This result is encouraging because if adherence of M. ovipneumoniae cells, can be
prevented in the lungs by vaccination then establishment of infection may be prevented. Due to the
inconclusive results obtained using the methods employed in this thesis, particularly for the growth
inhibition studies, further analysis is needed to investigate the protective potential of the different
proteins before proceeding to test them in challenge trials. This could involve the optimisation of the
experiments, using different epithelial cells to better mimic sheep airways epithelium, or specific
targets such as fibronectin or extracellular matrix, to tease out any effect of the target specific

antibodies has adherence ability of M. ovipneumoniae.

7.7 Study limitations
Due to the breadth of experimentation undertaken within this thesis, the use of novel antigens, and

the time constraints of a PhD project there are a several limitations that must be accounted for.
The antibody responses for each of the five proteins were only measured in 1 or 2 sheep, making it
difficult to validate the results. Increasing the number of animals vaccinated with the recombinant
proteins will assist in reducing the effect of individual animal immune responses. Further studies
using larger groups of animals is also required to evaluate the usefulness of HP3 and P146 for
detecting immune responses to M. ovipneumoniae.

Another limitation of using novel recombinant proteins as a vaccine target is determining the correct
dosage to get an optimal immune response with minimal adverse effects. Completing additional
vaccine trials with a range of antigen concentrations will determine if increasing the amount of
protein in the vaccine will simulate strong antibody and also stronger cellular immune responses.
The adjuvant used in this thesis was selected because of the strong responses observed in previous
vaccine trials using whole cells of M. ovipneumoniae and M. haemolytica. This however does not
necessarily correlate to strong responses in single antigen vaccines. Further work could be

conducted to find a more suitable adjuvant for recombinant proteins.
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Another limitation in the trials was that whole blood assays were done only at the final bleed in
animals vaccinated with the various recombinant proteins. This meant that CMI responses for
individual animals, post-vaccination could not be compared to those pre-vaccination to observe any
increase in response. Collection of whole blood at multiple time points in future trials would assist in
determining the kinetics of CMI responses.

Another important aspect not addressed in this thesis in the long-term immune responses to the
vaccinations. For this thesis all data was collected within 7 weeks of the first vaccination, and no
ongoing data was collected to determine if immune responses continued to increase or waned
significantly over time. This was not undertaken as long-term analysis was outside the scope of this
project and the time constraints would not allow identification of target antigens and completion of
long-term studies in the same project.

Time constrains also limited the time available for certain experiments and analyses. Completion and
guality assessment of sequence data was not able to be completed on all of the isolates within the
time frame of the project, therefore it was decided to focus on the three isolates used as the
reference strains and have them completed to a point where they could be annotated. Additionally,
growth inhibition and cell adhesion assays were unable to be optimised within the time allocated to
these experiments, with the cell adhesion experiments also experiencing unexpected issues with the
culturing of the epithelial cells limiting the number of experiments available to be completed within
the allocated time.

An overarching limitation in the study of a pathogen in an animal host, that is usually present in the
majority of the animals, is the potential for natural infections occurring before or during the
vaccination periods. While with the larger trials the animals would usually be tested for antibodies to
M. ovipneumoniae before the commencement of the trials and animals with pre-existing high
antibody titres, suggestive of exposure or infection being excluded, the trial for recombinant
proteins did not have additional animals available. This does appear to have resulted in some
animals in this trial exhibiting immune responses to M. ovipneumoniae in pre-immune sera

suggesting a natural exposure.

7.8 Further research
The results presented in this thesis suggest several avenues for further research. One area of interest

would be to further investigate the ability of specific antibodies to the recombinant proteins to
inhibit growth of M. ovipneumoniae and adherence to host cells. One such approach would be to
test different combinations of antibodies to single recombinant proteins to determine if different
combinations are able to inhibit growth or adherence. Additionally, the use of a slower growing

strain of M. ovipneumoniae may be useful in the growth inhibition assay. If a combination is found to

186



be effective at inhibition the next step would be to vaccinate sheep with the combined recombinant
proteins and determine if the combination of antigens produces protective antibodies. If antisera
from animals vaccinated with combinations of recombinant proteins are found to be effective in the
in vitro assays, the next step would be to test the vaccine efficacy in a challenge model of ovine
pneumoniae. The use of purified polyclonal antibodies (potentially in rabbits) to recombinant
proteins would remove the effect of natural infections limiting responses to only the recombinant
proteins. This would be useful for confirming the localisation of the recombinant proteins on the
membrane using immunofluorescence microscopy or electron microscopy. Purified antibodies would
also be useful in the growth inhibition and cell adhesion analysis experiments. Antigens or
combinations thereof, shown to have potential to provide protection would require additional long-
term immunogenicity trials. Undertaking trials with large sample sizes, different dose rates, and
different adjuvants would provide the completest picture of the potential of the recombinant
proteins as vaccine targets.

Increasing the number of genomes of New Zealand isolates as well as isolates of Australia, the
location of the type strain, will increase the confidence in the phylogenetic positioning of New
Zealand isolates and further evidence on likely invasion events into and out of New Zealand.
Additionally, further genomic sequencing, especially by the use of long read length (Pacbio)
methods, of the NZ isolates of M. ovipneumoniae already sequenced will aid in the completion of the
genomes.

Another area of interest would be to conduct further studies to determine the suitability of P146
and HP3 as diagnostic reagents. In particular, investigate the potential use of these antigens for a
rapid point-of-care test for the detection of M. ovipneumoniae infection under field conditions. This
would require the use of animals naturally or artificially infected with M. ovipneumoniae to
determine if these antigens were able to detect antibodies in response to infection, and not just
antibodies in response to vaccination. Also, for the production of a point of care device, additional
methods for obtaining antibodies, that do not require the bleeding of the animals and collection of

sera, such as nasal secretions, saliva, tear fluid, would be required.

7.9 Final conclusions from the thesis
Combining an empirical approach to ide47ntify immunogenic surface proteins with genomic analysis

of M. ovipneumoniae has resulted in the identification of six novel immunogenic proteins. Of the six
novel proteins, two proteins, P146 and HP3, have shown potential as diagnostic reagents. Genomic
sequencing and bioinformatic analysis have resulted in producing three draft genomes of the New
Zealand isolates 16, 90, and 103. These three genomes have been annotated and will provide a large

pool of information for further analysis. Bovine endometrial epithelial cells have been used to design
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an adherence inhibition assay which has been validated through the use of antibodies against WC16.
Further optimisation of this assay may be useful for determining the effect of antibodies to different
vaccine antigens in inhibiting adherence, providing additional tools for assessing the potential of
vaccine combinations in absence of challenge trials. GAPDH has been shown to have potential as a

diagnostic protein for the measurement of IL-17 responses in sheep.
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ABSTRACT The genome of New Zealand Mycoplasma ovipneumoniae isolate 90 was
sequenced and assembled using an lllumina MiSeq system and combining the
built-in Geneious de novo and Velvet de novo assemblers. The 1,031,345-bp-long ge-
nome harbored 711 genes with a coding percentage of 86.6.

hronic nonprogressive pneumonia (CNP) is one of the most prevalent and difficult-

to-treat diseases to infect sheep and young lambs in New Zealand, resulting in
significant economic losses to the industry (1). Mycopl ovip. niae is the
primary cause of CNP, reducing the host’s ability to prevent secondary infection by
other pathogens. The draft genome presented here, designated isolate 90, is based on
the sequence of a representative isolate from one of three dominant genotypes
identified during a survey of farms in New Zealand which had a history of pneumonia.

Mycoplasma ovipneumoniae was isolated from pneumonic sheep according to a
previously described method with slight modification (2, 3). Briefly, lungs from pneu-
monic sheep were washed with saline, and bronchoalveolar lavage fluid (BALF) samples
were collected. BALF samples were inoculated into pleuropneumonia-like organism
(PPLO) broth and incubated at 37°C until growth was evident as indicated by a phenol
red pH indicator. Tenfold serial dilutions were prepared in PPLO broth from positive
samples and incubated at 37°C. The highest dilution with a visible pH change was used
for broth-to-plate cloning. A single drop of 25 ul of culture was layered onto PPLO agar
plates. After incubation at 37°C for 72h, colonies were observed under a stereo
microscope. For plate-to-broth cloning, a single colony was picked by cutting out an
agar plug using a sterile Pasteur pipette. This was inoculated into fresh PPLO broth and
incubated at 37°C until a pH change was observed. The broth-to-plate and plate-to-
broth cloning steps were repeated two more times to obtain pure cultures for each M.
ovipneumoniae isolate.

Isolate 90 was cultured for sequencing in Frey’s medium (4) at 37°C until a phenol
red pH indicator indicated growth of the mycoplasma. Genomic DNA was extracted
using a ZR fungal/bacterial DNA miniprep commercial kit (Zymo Research Corp., Irvine,
CA). The resulting genomic DNA was subsequently purified using a ZR genomic DNA
clean and concentrator kit. DNA was sequenced on an lllumina MiSeq system (New
Zealand Genomics Limited, Dunedin, New Zealand), producing 1,401,512 paired-end
(PE) reads. The raw reads were trimmed against a UniVec database (Geneious R10.0.9)
(5), and short-length reads (<25 nucleotides) were removed. After trimming, 1,214,927
PE reads (Geneious R10.0.9) (5) with an average length of 171 bases per read for a 200X
coverage were used for genome assembly.

Default parameters were used for all software except where otherwise noted. The
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in-house Geneious R10.0.9 (5) and Velvet 1.2.10 (6) de novo assemblers were used to
produce the initial assemblies, which had N5, values of 62 kbp and 38 kbp, respectively.
The initial contigs were improved by remapping the sequence reads using the Ge-
neious R10.0.9 map-to-reference function (5) and then using the in-house Geneious de
novo assembler to combine the contigs into larger reads. Single nucleotide polymor-
phisms between the combined contigs were resolved by making a final map-to-
reference run using the raw reads and taking the most common nucleotide. Combining
the in-house Geneious (Geneious R10.0.9) (5) and Velvet 1.2.10 (6) reads produced 14
contigs.

The draft genome sequence was 1,031,345 bp long with a GC content of 29% and
an N, value of 85 kbp. The genome sequence was annotated using GAMOLA?2 2.0.0.14
(7), and the gene model was built using Prodigal 2.6.3 (8). Gapped Blastp was carried
out with the NCBI nonredundant amino acid database. Clusters of orthologous groups
(COGs) were determined using the latest COG database (2014) (9). The CDD (v3.16) (10),
Pfam (release 32) (11), and TIGRFAMs (release 15.0) (12, 13) databases were used to
identify the respective domains. The annotation was visualized and analyzed using a
modified version of Artemis 16 (7, 14, 15). In total, 711 genes with an average length
of 1,257 bp and a coding percentage of 86.6 were identified.

Data availability. This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number VZDP00000000. The version
described in this paper is version VZDP01000000, and the BioProject number is
PRINA573593. The sequence reads have been deposited at the SRA under the acces-
sion number SRR10959050.
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Amino acid sequences and nucleotide sequences of proteins identified in Chapter 4

10 20 30 40 50

1
ATGGCAAAAGAAATAATTTTAGGTATTGACTTAGGAACAACAAACTCAGTTGTTGCAATTATCGAA
M K E | | L G I D L T T N S \ A | | E

70 & %0 100 110 120 130

AATCAAAAACCTGTTGTTCTTGAAAATCCTAACGGAAAAAGAACAACTCCTTCTGTTGTTGCCTTC
N Q K P \ \ L E N P N G K R S ¢ P S \ \

140 150 170 190
AAAAACGgTGeGGAAATTGTTGgTGATGCTGCAAAACGTCSACTAGQAACTAACCCTGeAGCAATC

200 210 “0 30 240 250 260
GCATCTGTTAAAAGATTAATGGGTAGCGATAAAACTGTTCGCGCTAACCAAAGAGACTATAAACCT
S A K R L M G S D K T \' R A N Q R D Y K P

270 280 230 310 320 330

GAAGAAATTTCAGCAAAAATTCTTGCATATTTAAAAGAATATGCTGAAAAAAAGATTGGTCACAAA
E | S A K | L A Y L K E Y A E K K G K

3:/.) 3oO 3'0 39:)
GTTTgAAAAGCTGTTATCACAGTTCCTGCTTATTTTGATAATGCTCSACGTGAAGCGACAAAAAAT
K K

410 420 430 440 450 460
GCCGGAAAAATCGCAGGATTAGAAGTTGAAAGAATAATTAACGAACCAACAGCAGCCGCACTTGCA

K E E N E
470 480 490 soe :1 0 5 ’O
TTTGGACTTGACAAAACAGAAAAAGAAATGAAAGTGCTTGTTTATGACTTAGGTGGTGGAACTTTT
F K T E K E K Yo iR L G G T F
:30 540 ?O 56" ':’ 580 :°0

GACGTTTCAGTTCTTGAATTATCTAACGgAACTTTTGAAGTTTTATgAACAAGTGGTGATAACCAT
L L

610 620 650 €60
TTAGGTGGTGATGACTGAGATAATCAAATTGTTGACTGAATGGTTAAAAGAATTAAAGAAGAGTAC
L G G D D wW D N Q | v D w M V K R ! K E E Y

670 680 690 700 710 720

GATTTTGATGCAAAAAGCGACAAAATGGCACTTACTCGTCTAAAAGAAGAAGCTGAAAAAACCAAA
D F D A K S D K M A L T R L K E E A E K T K

730 740 750 760 77 780 790
ATTAACCTATCAAATCAAAGTGTTTCAACAATTTCCTTACCATTTTTAGGTCTAGGAAAAAATGGT
I N L S N Q S VvV S T 1 S L P F L G L G K N G

800 810 820 830 840 850

CCAATCAACGTTGAACTTGAACTAAAAAGATCAGACTTTGAAAAAATGACAGCTCACTTAATTGAC
P | N \ E L E L K R S D F E K M T A H L | D

860 870 880 890 900 910 920
CGAACAAGAAAACCAATCGETGSTGCCTTAAAACSAGCTAAAATTG?AGCTA?TG?GCTTGACGAG
K L K |

530 340 550 970 380

GTTCTCCTTGTTGGTGGATCAACACGTATGCCAGCTGTTCAGACAATGATTGAACACACTTTAAAT
A \ G G S M \ Q M E N

1,000 1,010 1,020 1,030 1,040 1,050

AAAAAGCCAAATCGTTCAATAAATCCTGATGAAGTTGTGGCAATTGGAGCTGCAATTCAAGGTGGA
K K P N R S I N P D E V V A I G A A I Q G G

1.060 1.070 1.080 1.0%0 1100 1.110 1120
GTTCTTGCTGGAGAAATTAGTGATGTTTTATTACTTGACGTTACTCCTTTAACTTTAGGAATTGAA
\% L A G E | S D v L L L \ T P L I L G | E

1130 1140 1.150 1.160 1.170 1180
ACCTTAGGCGGAGTTTCAACCCCATTAATTCCAAGAAATACAACAATTCCGGTAACAAAATCACAA
AR L G G Vv S T P L | P R N T T | P v T K S Q

1190 1.200 1210 1220 1230 1240 1250

ATTTTCTCAACAGCTGAGGACAATCAAACCGAAGTTACAATCTCTGTAGTTCAAGGTGAAAGACAA
I F S T A E D N Q T E V T 1 S ¥V ¥ Q G E R Qq

1.260 1270 1280 1290 1,300 1310 1320
CTTGCTGCTGATAACAAAATGTTAGGTCGCTTTAATCTTTCAGGAATTGAGCCTGCTCCTCGTGGT
L A D N K L G R F N L S G | E P A P R G

1330 1340 1.350 1.360 1.370 1380

CTTCCACAAATTGAAGTTAGTTTTTCAATTGACGTTAACGGTATTACAACTGTTTCAGCAAAAGAT
L P Q | E \ S F S | D \% N G | T T A S A K D

1,3%0 1,400 1410 1420 1430 1,440 1,450

AAAAAAACTGGAAAAGAACAAACAATTACAATTAAAAATACTTCAACTTTATCTGAAGAAGAAATT
e R e S R - o TR TR R T B R s T R Tl FAR Y~ R A R - A

1.460 1470 1.480 1430 1.500 1510
AACAGAATGATTCAAGAAGCCGAAGAAAATCGTGAAGCTGATGCAATCAAAAAAGATAAAATTGAA
N R M Q E A E E N R E A D A I K K D K ! E

1.520 1530 1.540 1,550 1.560 1.570 1.580

ACAACAG€TCGTGCCGAAGgTCTTATTAATCSACTTGQAAAATEAATAACTGSTCSAG%TG?AAQA
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1.5%0 1,600 1610 1620 1630 1,640 1,650
ATTGSTCSTAAACAAAAAGAACTTCTTGAAAAACAAATTCAAGAACTCAAAGATCTTTTAAAAG@A

K Q K E L L E K Q | Q E L K D L L K
1,680 1670 1,680 1,630 1.700 1710

GAAAAAATTGACGAACTAAAAACAAAATTAGACCAAATTGAGCAAGCAGCCCAAGCTTTTGCCCAA

E K | D E L K T K L D Q | E Q A A Q A F A Q

1720 1730 1.740 1750 1.780 1.770 1780

GCAAGTGCTCAACAAGCTAACAGTGCAAGTGATACTGATTCAGATTCAAATACAATTGATGCTGAA

A S A Q Q A N S A S D T D S D S N T | D A E

1,790 1,797

ATCAAACAAAATTAA

| K Q N *

Appendix 2 Peptide sequence for HSP70 from isolate 90

10 20 40 50 60
ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATT
M A V K G K D S E | N | T |

9% 100 110 120 130 140
GGTCATGTTGACCACGGAAAAACCACTCTAACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGTCTAGCT
G 2 R E A | S T VvV L S K K G

150 160 170 180 180 200 210
GAAGcAAAAGATTATGCTTCTATTGACGCAGcccchAAGAAAAAGCGCGTGGAAfTACAATCAAfACAGcc
E K D Y A S I A E E A R I T | N T A

220 230 240 250 260 271 280
CACATCGAATATAGCACAGACAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAA
H | E Yy S T D K R H Y A H V D C P G H A D Y ! K

2%0 310 32 340 350

AATATGATCACAGGAGCAGCACAAATGGATGGTGCCATTCTTGTTGTTGCCGCAACAGATGGTCCAATGCCC
N | T G A A Q D G A I L VvV VvV A A T G

370 380 3% 400 410 420 430
CAAACTCGTGAGCACATTCfTCTTTCAAAACAAGTTGGTGTGCCAAAAAfGGTTGTTTTCCTAAACAAAATC
Qi T R B R TES Tl S R0 W G M R R M Y Y L ANE

440 450 460 470 480 4%0 500
GACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTTCATAT
D L L E G E E E M VvV D L V E V E | R E L L S 5 Y

510 520 530 540 550 57

GSTTTTGACGGAGACAACACCCgAA':'AATCCGTGgTT(SZAGCTCgTGGTGCTCTTG/E\AGgAAAACCTGéAT‘?VA

580 590 610 620 630 &40
G?AGCTA/I:\AGTTCTTGAAC'{AATGGATGCAGTTGACT(S:ATACATTGACTECCCAGTTCGTG?AA&GGACAAA
D

650 670 630 700 710 720
CCATTCCTAATGGCAGTTGAAGACGTCTTTACCATTACAGgTCGTGgAACTGTTGCTACTGgTAAAGTTGAA
|

’30 "JO "50 ’m "‘0 "80 '90
AGAGgACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGgATATCGTCCTGAACCTAAAAAAACAGTTGTA
Q K K K

310 B‘O 833 840 8:0 86/.')

ACCGGAATTGAAATGTTTAACAAAAACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGT
T G | E M F N K N L @ §s A M A G D N A G V L L R

87 0 B&O 8“0 °C0 910 910 9’0

GGTGTTGACCGTAAAGATATTGAACGTGGTCAGGTTATTGCCAAACCAAAAACCATTATTCCCCACACTAAA
G D K | E G Q VvV | A K K T | K

340 950 960 570 980 930 1,000
TTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAA
F K A A | Y A K K E E G G R H T F K N K

1010 1020 1,030 1.040 1.050 1,060 1070 1,080

CCTCAATTTTATTTCCGTACAACCGATGTTACTGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATT
P Q F ) G ¢ R T T D V T G G I E F E A G R E M V |
1,090 1,100 1110 1,120 1.130 1,140 1.150

CCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCTATCGCTGTTGAGCAAGGTACAAAATTCTCA
P G D N V D L T V E L I A P I A V E Q G T K F S

1160 1170 1.180 1190 1200 1209
ATTCGCGAAGGTGGAAGAACTGTTGGAGCCGGAACAGTAACTGAAATTATTAAATAA
| R E G G R T VvV G A G T V T E | | K *

Appendix 3 Peptide sequence for EF-Tu from isolate 90
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20 40 50

1
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGAT
M K K | A G F G G Q L D

70 100 110 120 130
CITAQAGATGAAAATTIAGQGGTTGTTGCAATTAQTGATCTGACTGATGCATCTGTCTZAGCTCAC

1.10 1>O 160 1'0

CTTTTTAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGATGAC
L F K Y D S A Q G R F S G T3 \ S \ L K E D D

200 210 220 230 240 250 260
AAGAATTATCTTGTAATCAATGSCAAAAAAATTCGCGTTTTTT%AG?AAAAGSCCCTGQAATGTIG

270 280 290 300 310 320 330
CCTTGAGGAGAACTAéAAATTGATTfAGTTCTTGAATGTACAGGGCGTTATGCAT&AAAAGCTGGG
P W G E L E I D L V L E C€C T G Y S K G

3-10 3:0 3'0

GCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTAGTTTCTGCTCCTGCTGGAAGTGATGTA
A T L H L N A G A K K A L \% S A P A G S D \

400 410 40 430 440 450 480
AAAACTATCGTTCACAATGTAAACTGCCACACTGTTGATGAAAATGATAAAATTTTATCTTCTGCA
K N N C T \ D E N D K | L S S A

A'}O .1‘-"0 S’.X) 510 510

TCATGTACAACTAATGCGCTTGCTCCACTTGTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCAT
S C N \ N E K E F G S

:30 540 550 SoO "O 580 590
GgATTTAJGACAACAGCTCATGCTTATACTGCCGACCSAAGAATTCSAGATGCACCACATAAAGAT
K

600 610 6‘0 630 640 6:0 66"
CTAAGAAGAGCACGTGCTGCTGCTGTTAACTTAGTACCTTgTTCAACTGGTGCTGCAAAAGCAATT
L K |

&7 630 700 710 720
GGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACA
G L A \ P S L T G K L D G ! A ! R \ P \% | T

S0

730 740 750 760 770 780 5
GGTTCTTTTGTTGACTTAAGTGTTGAATTAAAATCATCACCTTCTATTGAAGAACTTAATAAAGC
G S F v D L Vv E L K S S P S ! E E L N K A

810 820 830 850
ATTAAAAAATACGAAAGCGAATCCTTTTATTATTGCGACGAACCTATTGTTTCTAGCGACATTATC
K E S E S F Y Y C E P S D

-

T

8§o 8?0 880 830 900 910 9;0
GGGGACACACATGGTTCAATTTTTGATGCAACCTTAACAAAATTTGTTGAAGTTGATGGTAAAAGA
G D T H G S | F D AT L T K F \ E A D G K R

930 940 950 960 970 9%

TTATACAAACTATACACTTGATACGACAATGAATCTTCATTTGTTGCACAATTCGTTAGAGTTATC
L Y K L Y T W Y D N E S S F \ A Q F \ R \%

1,000 1011
AGATACTTTATTCAAAAATAG
R Y F | Q K *

Appendix 4 Peptide sequence for GAPDH from isolate 90
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1 20 30 50
ATGCATTTTTCAATAAAAAAATTTTTTCCTGATTCGCCAGAAATGTGGAAAAAATTTGCCAAAATT
M F S | K K F F P w K K F A K |

70 80 100 110 120 130
ACTATCCCAGTAATTTTGGCAACGCTTTTTATTTCGATAAATAATTTTATTGATAATTTCATGGTT
| F N F

1.1”.) 1:0 16"‘ 1"0 1&0 1°0

TCCCAAATCAGTGGTGGTATTACGGCTGTTGGGATGGCCAATTTTTGAACAGGAATTGTTTTTTCT
S Q | S G G 1 T A A G M A N F W T G 1 \" F S

200 220 230 240 250 260
TTTATAATTTCGATTAACACAATCGGGTCAATTATTTTTGCCCAATACTGAGGAAAAAAAGAATTT
F | | S | N T G S | | F Q Y G K K E F

27 280 290 300 310 320 330

AQACTGGCCCGGCSAGTAAATAATA?TASAT¢TATfCTTTgTTITATTGsTATTTfATITTTTGCf
| L | | L

350 360 370 380 %0

GTTCTCTCGTGAGCTTTTCCTGAAAGTCTGCTCAGAGTCGTTCAGTGAAGACGGGGTTCGTCAAAT
\' L S w A F P E S L L R \ A Q W R R G S S N

400 410 420 430 440 450 460
TTAGACCAGAGTATTTTTGACCAGGCAAAAAGTTACTTATTTATAATAAGTTTTTCTTGAATCTTG
D Q S F D Q K S Y F S F S w

470 430 500 520

TTTGCTTACATTGTCACTTCCTCAGGAATTCTGCGTGAAATTGGGGTAATGAAAGTTTCTGTTCTT
F A Y | v T S S G | L R E | G v M K S

0 :40 550 :60 "O 580 :‘50
TTTAACACTTTGACCTTAGTAACGAQTATTGSCCTTAATTTTTTACTAATTCCCTTAATGGgAGTC
N N L

G(IX.‘ 61' [} 6;0 n?O “'.‘° cIS".) 66./.)
TgTGgTTgAGCGCTTGCAACTGTAATTTCAAGACTAATAACCTgTTTTTTAATGTATCTTTATCAA
| Q

670 €80 630 700 710 720
CTTTTTTATAGAAAAGAAATTAGTCTCTCAATTTTAAAAATGTTTCAAATTGACAGACAAATTTGA
L F Y R K E I S L S I L K M F Q | D R Q I w
730 740 750 760 770 780 790
AAGCAGTTTTTTGCCCGTTTTGTCGGAATGTCGCTTGTAACTATTGCTTCTTTAATTATTTCAGTC
K Q F F A F A T | A S L | | S

810 820 830 850

CGTTCAGTTCTTTGATCCCAAAGTTTGCCGCCCGGTTCAATTGGAATTGACGATGGCAGTGGTTTT
S L S Q L S ! G ! D G G F

880 70 880 830 500 310 520
TATAAATTTTGAGGTATTGGATTTTTAACTATTTCAGGAATAATTCTCACAATTGCTAACATTTTT
Y K F w G | G F L T I S G ! | L T | A N | F

930 340 950 960 970
TTTACAACTTTTGCCTCAATTCAGACAAGCGTTTCGATTGTTGTCGGTCAAAATTTAGGTCAAAAT
T 7T F S Q T S \ S Vv \ G Q N G Q N

1,000 1,010 1,020 1,030 1,040 1,050

AAAATTGAACTAGCCAAAAAAAACGCTGCAATGCTCAAAGGATTTTTATfTGTTGTTTCAGTTGTT
R Tl s R e R e B Ty i 7 e R e R 1R s Tl 7

1,080 1.070 1.080 1.0%0 1.100 1110 1120

ATGTCAGTTGTGGCCTTTATTATCGTTTTTGCTATCACAAAAACTGACTTGATCACAACGGGAATT
S \ Vv A F | | \ A | T K T D L | T T G |

1,130 1,140 1,150 1,160 1170 1,180
AAAGAACAAGTTCAAAAAGGATTGTCTGATTATTTTGCCGAAAATAATTTGCCAGTTGACCAAAGT
K E Q v Q K G L S D Y F A E N N L P \ D Q S

1.1%0 1.200 1210 1220 1230 1.240 1.250
ATTATTGACGCCCAAAAAGTTCTAGCCGTTGATTTTTATCTAAATCAGATTTTTATAATCTGTATA

| I D A Q K \4 L A \% D F Y L N Q | F | | C |
1260 1270 1280 12%0 1.300 1310 1320
GTTATAATTTTAATTAATCCAATTTGGGTTCAAATTAATGCCTCTTTAACAATAATTAAAGCCGGC

\ ! | I | N P | \% Q | N A S I T | | K G

1330 1340 1350 1360 1370 1380
GGACGGGCTAATTTTGCTAGTTGGTGAGATTTTTTTACCGGTATAGGTCAACTTGTTTGACAAATT
G R A N F A S w W D F F T G 1 G Q L \ w Q |

13%0 1,400 1410 1420 1430 1,440 1450
CTTATAGTTTTAGTTTTTATCCCGCTGATTTCTGAGGTTCATTTAAAACTTTTTATTTCACTGACA
L | \ L \ F | P L | S E \ H L K L F | S L T
1.480 1.470 1.480 1.4%0 1,500 1510

GTTTTTTATCTTTCAGATATTCTAAAGTGAATTATTTTTGAACTAATTTATCTAAAAAGTAATTGG
il T T S el T Tt e e R Tl el T | S T R AR Al S R

1520 1530 1540 1,550 1,560 1566
GCGATTAATTTGACGCTTGAAAATTCAGCCTTAAAAGAATCTATCTAA
A | N L T L E N S A L K E S | *

Appendix 5 Peptide sequence for MATE from isolate 90
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! 0
ATGC%TAQAAATACTAQTAGATTAGCAATAGCAATAACCGCTGTTGgCGgTGTTGCTATTTTTGCA

70 Ll %0 100 10 120 130
ACGACTATTGgGCTTGTAACTCGAATTCGCTCTACAGgAGQAAGTCCCCgAGCTGAATTAGIE\AA(SST
L

140 150 180 170 120 120
TTAGTTTCGCGAGTCCAAAATGTTGCC1.'TTAAATCTGATGTCTTTGA'i'GATTCTACCACATACAGC
L v Q N V A F K S D VvV F D D S S

200 210 22 30 240 250
CAAATAAAATCACAACTTTTTGACCAAAGTGGAAAATTATTAGCTGGCACAGATTTAAATAAATTT
Q | K S Q L D Q S G K L L A D L N K
270 280 250 3300 310 320 330

ATATCTTTTTACACACAGGTTAACTCCAAACTACGTAAATTTGAGCCAACTTTTGCACCAAATAAG
I S B+ ¥ T @ M N § # L R K& F & 0 T F @& P N K

380 350 30 Erh] 330 %0
cCATTTTTAGQATTTATTGSCTTAATTCCAAATGSTAQTGSTCSAAgTTfTGQGCTTCGfTTTCGT
2 10 .uo JSC

GCAAAGCACCAAGTTGATAACAQTCACACAGCATTTTgAACCATTATTT(SZAAAAAAGGTGTCATTT

470 430 510 520
GCACSACGTT%ACSATTTGCTCTTGCCG?ATTTAATT(S:AAACTTAG?AAAAATCACCAAAA?TTTC

530 s40 550 160 570
AAAGAAAATATCCAAAATCTAAGAAGAACAGATTTTAGCTCAAGTGTTATAAATCCAAGTTTAGTT
K E N Q N D S S S N S
0 610 520 640 60

GSTCQAA:(\AATTGCATEGCTAACTCGTGCAGAAGATT}'TGCCGCTGSTATTAATA&AGCCCGAACT

570 63 5%0 710 720
CSAA?CGAGGCTGTTGAAAAAATAA?TCSATATTTCCCTGSTTTTCgAAAAATAATTAACGATTTA

730 740 730 760 7 780 730
AACTTTGACAAAAATAATTTTTTCACTTTTAAACAAGGAACAATTTACAATTTTAGTTTAGAAAAA
F D K N N F F K Q | Y N F S L E K
Ly 810 820 840

CATCCTGGAACTAATAATTTTATTTCAGTTGGTCCAAGTTCAGTTCCAAGTTTTTTAGTTAAGGCT

910 320
GéATTAAgTGSTGATGCAAQATITGTGCTTA;':AAATT}'TAQTATTGAAGATGCCCSATTGCTTGAA

930 %40 %0 %0 970 980 930
AAAATTGATTTAGTTCCGCAGGCTAGTTCAGGTTCTGAGTCAAGCCAAGGTGAAGAAAAACAAGCT
K | D L Q S S G S E S Q G E E K Q
1.000 1010 1020 1.030 1.080

AAACAGGCAACTTATTTTGCTGATGTAGACGATATTTTGTCAAAAATTTCACTTAGAAAATTACAA
K Q W D v D D S K | S K L Q

1.060 IO?D HID YI'O

TTTACTGATTTTAQAGTTGGAAGTCSGCCAGTTA%TAQTACTCSAGTTCQAGCTCAGGCTAGCTTA
L

1130 1140 1150 1160 1170 1180
TTAAGTTCTGGAGATATTAAGCAACTAGTTCAAGTTTCCTCTGAAGTTACCCAAAGTCAACCTCAA
S S G D Q Q S S E Q S Q Q

1,190 1.200 1,210 1220 1230 1240 1250
GCTCAAGCTGAAGGAGGAGCGGGAGGAGGAACTGGGCAACAAGCAACTTCAGGAACAACTGGAACA
Q G G G G G Q Q S G

260 1270 280 129 1310 1320
GACGCGG%ATCAACTGgGACAGgTGgAGTGGCAGgCGCAGgAGCACCCGACT%AGgAACAGgATgA

1330 1350 13790
ACTGGATCAACCACAGATCAGCAAACTAACGGAGAATCTGGCACAGAACAACCTTCTGTAACTACT
T G S O QU QT G E S G T E Q P S T T

1.3%0 1.}0) 1.410 1420 1420 1.440 1430
CCAGCTGAACCTGAAGATAAAACAAAGGAATTAGTCAAATATCTTGAAATTTCAAATCGCACTACA
P A E P E D K T K E L v K Y L E | S N R ) FR

1,460 1470 1,480 14% 1500 1510
AATGAATTTTTAGCTAGTTTTAATAAAAAAATATATTCTTCTATTAGAGAAAAATCTAAAGAAGTA
N E F L S F N K K Y S ) R E K S K E v

1520 1530 1350 1550 1380 1570 1380

GTAGATAQAATAAATTgTGAE\ATTATIAATTAAGCCAATTT%CCTTGSTTITG%TGATTTTAATCSG

1590 1,600 1610 1620 1520 1640 1650
TATTTTGACAAAAAACAACCTCAAGGTGTTGATTTTTATTTAGATCTTTCTAAAGCACAAGAAAAA
Y F D Q Q G Vv D Y L D S K Q E
1870 1680 169 1.700 1710

GATGGCGTTAATACAGACAATTCAAACCTTGAAATCCCGGTTGTTATTAATCTTTATTCAAGTTTT
b G VvV N T D N S N L E l A | N L 2 4 S S F

1720 1730 1720 1,760 1770 1780
TTTGGTGACTCAGAAAACAQACTTTIAGgATgTAﬁAACTTgAGTTT:TGAAATTCCTA:‘TTTCAAG
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1,790 1,800 1,810 1,820 1,830 1,840
AAGGTTGGAACACAAACfGGTTCAGCGGGAACTACAGATCTCTCTTCfAATTTAGATACAGAGCGG
vV 6 T @ T 6 S A G T T D L S S N L D T E R
18:0 18&0 18'0 1&80 1&"0 1“00 |°10
AAAACATTCTATAATCTTGACGgTTTACCTACAACTTCGGCTTCTCSACCAACTTCAGTTTCTGTT
K Y N L S

1920 1.930 1.540 1.950 1.960 1.970 1.980
TCTGCTTCAACAACAGGTGCGCAAACTACCCAAAATAAACAAATTAGAATCGGGTCAACAACAGCT
S A S T T G A Q T T Q N K Q I R I G S T T A

1,950 2,000 2010 2020 2030 2040
TATATTTCTAAAACTGAGTTAGAAAATTTAATTGGAACTAGTACAACTGGTTCAACTAGTGAAGGA
Y I S K T E L E N L I G T S T T G S T S E G

2050 2070 2,100 2110
ACCGGACAAACTACTGAATCAAAAGCTCCTAAATTTGAAGAAATTAAGAAAATTATCGGAAATCCT
T G Q T T E S K A P K F E E I K K I I G N P
2120 2130 2140 2150 2160 2170
TTCCAATATGCATATGATTTTGATGCAAATGAGTCAATGCTAAAAGCTTGAGTTGGACAGCAAAAA
F Q Y A Y D F D A N S M L K A w \% G Q Q K
2180 2190 2200 2210 2220 2230 2240
TTCCCTAAACTCGAAGATTTTGCTA(SSTTTTACGAAAAATAATTTCATTGCATgAGATTACAAAATA
K F F K N N I K I

2250 2260 2270 2280 2290 2300 2310
AAATCATTAAAATCTGATAAATTCTTCAAAAATGAGTATGATGTTGCTTCCTTTTATGCGTATTTA
K S L K S D K F F K N E Y D \ A S F Y A Y L

2320 2330 2340 2350 2360 2370
ATCCAAATGGAACCTGCTCAAGTTTTAAATTATCTATTTGAAATTGCTAAAGCAAACGGTTTAGTT
1

Q M E P A Q VW L N Y L F E I A K A N G L V
2380 23%0 2400 2410 2420 2430 2440
GATAAAAATGCTTCAATTAATCTAAATGATATAAAAGATGACAATATTTTCAAAATTGCCTCAGAT
D K N A S I N L N D I K D D N I F K 1 A S D
2450 2460 2470 2,480 2430 2,500

GTTAQATfTAQTACAAngQAAgTAACégAGTTTATTCACTTGSTTTfAACAQccSGfTTTTAGgT

"510 "5"0 30 "5-10 "550 "5’0
TTTGATTCTCGTGGTTGAATTTCTAATCTATTTTTACCAAAAACTGTTTGGCAAAAAACAAATACT
F S G I S N F L K Q K N

19.80 2530 2800 2810 16.10 2830 16-;10
TTAATTAATGACAGCGATATTTTTACTGAATTAAATAAATATTCACCTGTAAAAGTTGAAACAAGT
D

L I N D S | F T E L N K Y ) P \ K \ E T S
2,650 2,660 2670 2680 26%0 2700
TCAGGA ACAAGTGATGATCTTTATAAAACATTGCAAGATGCTGCTAAAAAAATTAAAGAAGCACTG
S G T S D L Y K T L Q D A A K K | K E
2710 2720 2730 2740 2750 2760 2770
AAAAAACAAAGCTCCTCAATTTTAAAAGCTGGTAATGGTAGCGGTTCTGGCGGCGGAGGTGGCGCT
K K Q S S S I L K A G N G S G S G G G G G
780 27%0 2,800 2810 2820 2830

GGTGGTTCA GATTCAACTACTCAAACTTCAATTCAAGCTGAAATCAAAAAATTCTTTAGTGAAAAA
G G S D S T Q T S Q A E K K F E K

2840 2850 2880 15170 2820 “5.90 2300
ACACAACCACTTAGCACTTTAAAAGATTTATTGCTAGCATTTTACTTTAAAGCTAAAGAATTAACC
T Q P L S T L K D L L L A F Y F K A K E L T

2310 2920 2930 2340 2950 2,960 2970
AACTTTAACGCTTGATCAAAATTAGGTAGTGATCTAGACTATAAAATTGTTTTTGAAAAACACTCA
N F N A w S K L G S D L D Y K I \' F E K H S

2980 29% 3,000 3010 3,020 3,030

GGTTCAACAGGTTCATCTTCAGGTACTAGTGAAACTCTTACTACACCTTCTGGACTTGAGGACTAT
G SUUTVIG SUST USTUGE T OUST TEUT L ST TR ST e L E DT Y

3.040 3.050 3.070 3100

AAATTAACTTATTATTACAAGGTTTTTGACAAAAAAACTGGTGTTGCTAAATATCAAACTCCAAAA
K L T Y Y Y K Vv F D K K T G \ A K Y Q T P K

3110 3120 3130 3140 3150 3180
ATTGACTTAAATTTATGAGTTAATAAACAAGATACTCAAAGAACTGAAAGAGATGAATTAAACAAA
| D L N L w v N K Q D T Q R a5 E R D E L N K

3170 3180 3190 3200 3210 3220 3230
GCTGTTTTAAGTATTCCACCATCATTTTCGCTATTTTACCTCAAAAAAGAGGATTTTGACAAGCTC
A \ L S | P P S F S L F Y L K K E D F D K L

3240 3250 3260 3270 3280 3290 3.300

AQAAQAGgTGATTgTACTGAAAATAéTGAAGgTAQAAQATTcGAAéAAACTGCAGfATTCAQAGAA

2310 33’0 3330 3330 3360

ATTCAAGAAAAAATCCAAGAAAACAATAAAGATCTCAAACTCTCAGTTGTTTCAATAGATGAAGAT
Q E K Q N N K D K L S \% \ S I D E D

3370 3320 3330 3410 3420 3430

AAAATCAGTCCGCAAAGATTTAAAGTTGTGAATTTGCAAATCGAAAAAACTACACCAACTACTGAA
K I S P Q R F K \4 \% N L Q I E K

3, -140 3, 4:0 3, 460 3, 4’0 3, 480 3, 4°0
GGTTCTTCAACTGGTCAGTCAGTTAAGTCAAGTCTTAGTTTCCAAGTTAGAATTGCACTAGACGAT
G S s G Q s S S S Q D
3‘5'00 35'07
ACACAATAA
T Q =
Appendix 6 Peptide sequence for P146 from isolate 90
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! 10 e
ATGC%TAQAAATACTAQTAGATTAGCAATAGCAATAACCGCTGTTGgCGgTGTTGCTATTTTTGCA

70 L %0 100 1o 120 130
ACGACTATTGgGCTTGTAACTCGAATTCGCTCTACAGgAGIE\AAATCCCCgAGCTG»‘E\ATTAG?AAgT
N L

140 150 180 170 120 190
TTAGTTTCGCGAGTCCAAAATGTTGCCTTTAAATCTGATGTCTTTGA'i'GATTCTACCACATACAGC
L v R Q N V A F K S D Vv F D D S T S

210 20 30 240 250
CAAATAAAATCACAACTTTTTGACCAAAGTGGAAAATTATTAGCTGGCACAGATTTAAATAAATTT
Q | K S Q Q S G K L L A D N K
270 280 25 300 310 320 330

ATATCTTTTTACACACAGGTTAACTCCAAACTACGTAAATTTGAGCCAACTTTTGCACCAAATAAG
I i F Y T ® ¥ N §& K L R K F & P T F & P N K

20 350 30 Erh] 330 %0
CCATTTTTAGAATTTATTGéCTIAATTCCAAATGSTAQTGATCSAAGTTfTGQGCTTCGfTTTCGT
.100 4 10 .LLO 130 -150

GCAAAGCACCSAGTTGATAACAATCACACAGCATTTTCAACCATTATTTCAAAAAAGGTGTCATTT

470 430 500 510 520
GCACSACGTT(SZACSATTTGCTCTTGCCGAAT1F'TAATTgAAACTTAGAAA;‘(\AATCACCAQAASTTTC

530 40 550 570

AAAGAAAATATCCAAAATCTAAGAAGAACAGATTTTAGCTCAAGTGTTATAAATCCAAGTTTAGTT
E N | Q L D I S S S V | N S L v

0 610 520 60
GATCSAAQAATTGCATCGCTAACTCGTGCAGAAGATTTTGCCGCTGATATTAATAGAGCCCGAACT

70 530 710
CSAA?CG?GGCTGTTGAAAAAATAAGTCSAle\TTTCCCTGATTTTCSAAQAATAATTAQCGATT'{A

730 740 730 760 70 750 7%
AGCTTTGACAAAAATAATTTTTTCAg_TTTTA'l(\ACAAGGAA%AATTTACAATTTTA(SETTTAGAAA:(\A
L 10 820
CATCCTGGAACTAATAATT}'TATTT%AG'\I;TGgTCCAAGTT%AG€TCCAA(SSTTTTTTAGTTAAGGCT

&0 310 320

GAATTAAGTGATGATGCAAAATTTGTGCTTAAAAATTTTAATATTGAAGATGCCCAATTGCTTGAA
E L D D K F A L K N F N | E D Q L L E

20 w %0 % 7 0 9?0
AAAATTGATTTAGTTCCGCAGGCTAGTTCAGGTTCTGAGTCAAGCCAAGGTGAAGAAAAACAAGCT
K | D L v P Q A S S G S E S S Q G E E K Q A

IO'OO !,O"O IO'.\') !0’30 1_0'40 10'50
AQACSGGEAACTTATTTTGCTGATGTAGACGSTATTTIGTgAAIK\AATTT(SIAC'{TAGAAQATIACSA

1060 IO?O 10w TW lllO YI.O

TTTACTGATTTTAAAGTTGGAAGTCAGCCAGTTACTAATACTCAAGTTCAAGCTCAGGCTAGCTTA
F F K G s Q N Q Q Q S L

1130 1140 1150 1,160 1170 1180
TTAAGTTCTGGAGATATTAAGCAACTAGTTCAAGTTTCCTCTGAAGTTACCCAAAGTCAACCTCAA
L S S G D I K Q L v Q VvV S S E W L IQ S Q P Q

1.1%0 1200 1110 1220 1230 1240 1250
GCTCAAGCTGAAGGAGGAGCGGGAGGAGGAACTGGGCAACAAGCAACTTCAGGAACAACTGGAACA
O E G G G G G T Q T S G T G

260 1‘70 80 1310 1320

GACGCGGGATCAA_CrTGgGACAG(G;TGgAGTGGCAGGCGCAGGAGCACCCGACTCAGGAA%AGGAT(S:A

1330 1350 1370
ACTGGATCAACCACAGATCAGCAAACTAACGGAGAATCTGGCACAGAACAACCTTCTGTAACTACT
T G S T R TRITTE G E S G T E Q S &

1.3%0 1400 1410 1.420 1430 1.440 1450

CCAGCTGAACCTGAAGATAAAACAAAGGAATTAGTCAAATATCTTGAAATTTCAAATCGCACTACA
- HR it S MRS i > S " e nil "G P I v N S it i SR SR TR R - S e

1460 1470 1480 14% 1,500 1510
AATGAATTTTTAGCTAGTTTTAATAAAAAAATATATTCTTCTATTAGAGAAAAATCTAAAGAAGTA
N E F L A S F N K K I Y S S | R E K S K E v

1520 153 1540 1.550 1,360 1570 1580
GTAGATAAAATAAATTCTGAATTATTAATTAAGCCAATTTCCCTTGATTTTGGTGATTTTAATCAG
v K I N S E L ! K S L D F G F N Q

1590 1800 1610 1620 1530 1840 1550
TATTTTGACAAAAAACAACCTCAAGGTGTTGATTTTTATTTAGATCTTTCTAAAGCACAAGAAAAA
Y F D K Q G D L D L S E
1870 1680 1890 1.700 1710

GATGGCGTTAATACAGACAATTCAAACCTTGAAATCCCGGTTGTTATTAATCTTTATTCAAGTTTT
¥ N S N A | N L Y S F

1720 1730 1740 1760 1.770 1780
TTTGGTGACTCAGAAAACAQACTTTIAGgATgTAQAACTT%AGTTTITGAAATTCCTAATTTCAAG
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1.79%0 1,800 1.810 1,820 1.830 1,840

GATGCTAAAAAACAAAAAACTTTTACCGAAGTAGCCAAAAAACTTTTCATTTTAGATCTTGGAATG
D A K K Q K T F T E V A K K L F 1 L D L G M

1.850 1.860 1.870 1.880 1.8%0 1.900 1310
GAGCCTGAAAGTGCTAGCGCTCTGCAAAAATATATAGATCTAAACAAACCAAGATTTGAGCCTACT
E P E S A L Q K Y | L N K P R F E P T

1920 1930 1840 1950 1.960 1870 1.980

TCTAAAGACAGTGGTAGCGAAAAACCAGCTGAAGGTGAGAAAAAAACAGAAGAAGGTGAGAAAAAA
S K D S G S E K P A E G E K K T E E G E K K

1,990 2,000 2010 2020 2030 2040
CCTGAAGAAGGTGCAACAACTGGAAGTCAATCAGCAGATTCTCAACCATCAACCGGTGTTCCAGCT
P E E G A T T G S Q S A D S Q P S T G " P A

2,050 2,060 2,070 2,080 20%0 2,100 2110
GCTGGAGCTGGAGCTGCAACAGGAGAGGCAGTAGCAGCCGGAGGTGGCACAGCGGCTACAGGAGGC
A G A G A AT G E A v A A G G G T A AT G G

2,120 2130 2140 2,150 2160 2170
GCAGGCGGAGCTGGAGCTACCACATCCACCTCAACAACCGGAGCGCAAGCAACTTCAACAACCGGA
A G G A G AT T S T S T T G A Q AT S T T G
2,180 2190 2200 2210 2220 2230 2240
TCCCAAACAACCTCATCAACAACAGCATTCGAAGATGATTCAACTGCTAAAACTAATGATGATTCA
S Q T T S S T T A F E D D S T A K T N D D S

2250 22 2270 2280 229 2300 2310
ACTACTGAAACTAAAACTGAAACAAATGAAGTTTCAACTTTTAAAGGTTTAGGTGTTGAACTTTGA
T T E T K T E T N E v S T F K G L G \ E L w

2320 2330 2340 2350 2360 2370

GCATTTTTACAAAAATCTAATTATTCTGCACTTGGTCAAACTGATTATCAAGCAGAAGTAGTTACA
A F L Q K S N Y S A L G Q T D Y Q A E V V T
13'80 13.90 1%0‘0 1{10 14‘20 1{30 14'40
AAATCTGATAGTCAAATTGATGTAATTCTTAGTTTTGGAACAAAAACTGAAACAGAACAAAAAGAT
K S Db S Q 1 D V 1 L S F G T K T E T E Q K D

2450 2460 2470 2480 24%0 2500
TCAAATCCTAAAGCTATTTTCTCAATCACACAATTAGAAAATGATGCTGATTATGATGTTCTAAGA
S N P K A I F S ! T Q L E N D A D Y D \' L R

2510 2520 2530 2540 2550 2560 2570
AGTTATAATCCAACCGTATTTTTTGATTTTCGTCAAAATCAAAAAACAGATGGAAGTGATAAAATT
S Y N P T \ F F D F R Q N Q K T D G S D K !

15:30 25%0 2800 2810 lGIZO 2830 16710
ACAAAAATACAACCACTTAACCGTGGCGATGTAAAAATTGATCTTGAAAATGATAAAGATAATGTT
T K | Q P L N R G D \' K | D L E N D K D N \

2650 2660 2670 2680 26%0 2700
GCAACTAAAGATGGGTTATTAGTAAAAAAAGCTGTTGAAATTAAGGAGGTTCCGGCAAGTCCACAG
A T K D G E L \ K K A \% E | K E Vv P A S P Q

2710 2720 2730 2740 2750 2760 2770
GAAGCGGCGGCTGTAACGGCAACTGAAGCAAGTACAACAGTAGCAACTACTGAAACCACAGCACCA
E A A A V T A T E A S T T VvV A T T E T T A P

2780 2790 2,800 2810 2820 2830
ACAACTACAACCACAACAGGCACACCGACCCCAACCCCTACTACTACAACAACAGAAACTCCAACA
T T T T T G T P T P T P T T T T 0T E T P T

2840 2850 2880 2870 2830 2830 2300
CCAACTCCAATAACAGAAACAACAACTCCTACAACCACAACCGCAACTACTGCTATTGACTCCAAG
P I P ! 7 g E 1 Rl I € P 3 Gl Gl A T g A | D S K

2310 2320 2330 2340 2350 2360 2370
AAACAAATTCTTGAATCTGGTGTAATATTTTTAGCTTTCCAACCGCGTAATATTAAAGACAATAAA
K Q | L E S G \ | F L A F Q P R N | K D N K

2380 2930 3000 3010 3020 3030
AAACATTATTTAATCGCATCTGGCGACGGTAAAGGTATTTTTATTAAGAAAACCAAACTAGGTGAT
H Y L 1 A S G D G K G ! F | K K T K L G D
3.040 3.050 3.060 3070 3.080 300 3100

GGAAAAACTGAGAAATTTGCCTTAGGTCTTGATGAAAATCCGGGTTCTAACGGAGGTTCAAAGGTT
G K T E K F A L G L D E N P G S N G G S K v

3110 3120 3130 3140 3150 3,160
GATTCAATTGTTGCTTTAATTTCTGGAGTTGATGGTGAAGCCGACACTCGACTTCAGTTTGAAGAA
D S | v A L | S G \ D G E A D T R L Q F E E

3170 3180 3,190 3200 3210 3220 3230

céAACTTCTGGfTCTAATGGcéGcGGTGGcGéTGGTTcAAAfAATGGGTCTACTGCTGAGG&AAAA
S HG ST NS G AT B A G 46 S AN NE TG S A SE R

3240 3250 3260 3270 3280 32%0
AQCATAATTCSACTAGTTTTTGgAGTGCCCGCTCCTGATCCTTTCAGACAAACTAQTGTAAQTAAA
Q K

3310 3320 3330 3340 3350 3360
GAAGATGCTGATGACTTTGACTTTATTAAAGATGGAGATCTAATTTTCTTAACTTTAATAAAAAAT
E D A D D F D F I K D G D L I F L T L I K N
3370 3380 3390 3400 3410 3420 3430

CAAAATAAATGGACAATTTGACTTACTTCATCAAAAGCAAAAAACCCTTACAGTCAAAGAATTTCT
Q N K W T I W L T S S K A K N P Y S Q@ R I S

3440 3,450 3.460 3470 3480 34%0

AGTACTTTAGACCTAACTTTAGGTGGTCATTTTGATCATAGTAAAAATCTAACTTGAACTCATTTA
S T L D L T L G G H F D H S K N L T W T H L
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3500 3510 3520 35% 3540 3550 3560
GGTCCTAAAGCTGAAGCAACTTCTACAACTTCATCTGGTGGAACTGAAGCTCAAACTCAAACCAAC
G P K A E A 7 € S T S S G G T E A Q T T

Q

-\u 0 53513 iﬁ‘) 5-0 :’9- :’-"/ ’6’0

ACAGCCCCAACCTCATCTCCAACTCAAATCTTGTTCAAAGGTTTTGCAGTTTATGACTCACCTACT
T8 g Q K G vV Y D S P T

&8 €0 3660 ey 1680 3169 3696

TTAGCAACAAATGTTGAGACAGTCTCAACCTTAAATAATCTTTTTATTAAAAAATTCATTAAATAA
| iR p gV s 2R SRS v BN IER, S HIr ol T R ey SRR PRl ey AR Sl N T B

Appendix 7 Peptide sequence for Hypothetical protein 1 from isolate 90

10 ’0 .10 50
CGAAAAGTACAATCACTAAAAAACTACTAACTAAAAAAAATATTTTTCTTTTAGGGCTAAGT
T K S 2l ! 1 K K L L ) F K K N | F L L G L S

°O 110 1"0 130
T
|

TGCTGgTGgAGTAATTATTGCCACTCCGCTACTCGTTTTTGCAAATTTAGAACTAAAAAAC
N E K

140 150 170 1%0
CCCCGAATTGATGTGCAAAACCAAGCAAAATgAATTTgTTTCATTAgCATAAAGGATAAATATTTA
Q Q K | ! ! K Y L

200 210 220 230 240 250 260
AATGCTAATTCAGACTATTTAGATCTAAAAAAGAAACTTTTGAACGACGATAACACCAAAAAAACT
N A N S D Y L D L K K K L L N D D N T K K T

270 280 2%0 310 320 330

GACATTAATTTAACAGATTTTTTTGATTTTTACCAGACTAATAACTCTAGCATTCCCGTTAATTTT
D | N L T D F F D F Q N N S S | \% N F

350 380 370 380 3%0
TCAACCGATCATAATTGAAAACCTTTCAAACTGGAAATTTTTGATATCAAACCTGATGATAATGAG
S T N K P K E I F D K P D D N E

400 410 420 430

CAAACATTTGAGGTTTTTTGACGAGTTTTACAAAAATTAGACGATGGTAAAACAGCAACTTCTGAC
Q T F E \% F w R \% L Q K L D D G K T A T S D

470 430 500 510 520
TTATTTAAACAAAAAGTTGCTTATAATTATGTTCCAGATTATTCGCTTTCTAATTTTTCAACTTAC
L K Q K " A Y N Y \ D S L S N F S

530 540 550 560 570 580 590
TCAGAAGACCAACTCAAGAAATTAAGACCTTACACAAATAGTGAGGTTAATTTTTCATTTAAAAAA
S E D Q K K R P T N S E \ N S K K

€00 €10 620 830 &40 850 €80

GAATTGACAAAGCTAATTTCAGTTGAAGATTTCCAAAAGGAAGTTAATAGCGCAAAAAATGACACT
E L R E K L ! S \ E D F Q K E " N S A K N D T

€70 880 700 710 720
GéAGCTAgAG?AATTATTAgCAAATATTTTAACCTTGATG?GATAATTT%GCSAATTTTTA?CAAT

730 740 750 760 770 780 790

AAAAGCTTTTACTTTGAGTCTGACAGTGGTATTAAAAAACCTCGCTATGATATAAATTTGGTAAAA
K S F Y F E S D S G I K K P R Y D I N L V K

800 810 820 830 840 850

GATcAAA?TATAACTGAfcGATATTTAGTAAAAACAGéAACGcCTGGéATTTATAAAfTGACCTTT
Q I | T P R Y L V K T A T P G I Y K L T F

870 890 900 310 920
GTTGCCCeGTTTTgTTgTGATTTTTgAAAGGAAATTGCTGCTGATTTTAACAAGGATT%CAAATTT
K

930 9.10 9:0 70 °80
TTCGTTACAACTCAGCTCAATTTAAGTAATTCTTTCCTTGATAAGTCAATTAGTGATGATATTGTT

F Q N S N S D K S D D
1,000 1010 1,020 1,030 1,040 1,050
TTAAGTGAATTTTCTGACAGTGATTATTTTGCAATAGATAATTTCAGTCAAAATAATTCAACTTTA
L S E F S D S D Y F A | D N F S Q N N S T L
1,060 1,070 1,080 1.090 1.100 1.110 1.120

ATTACAGGGTGAGATTTTCTAAAfTATTATAATAATGAAATTTfTGCAACCAAAGAAAAACGCGCC
I T G W Db F L N Y Y N N E 1| F K E K R A

1130 1140 11:0 1160 H'O 1180

GATTTTCTTAATTCACTTATTGAAAAAATTGTTAAAACACCACTAATATCAAAAATTAGATTTCAA
D F L N S L | E K | \ K T P L | S K I R F Q

1190 1,200 1210 1220 1230 1240 1250

AATAACCTAGCAAATTTAAATTTTAACCAAATTTCAAAATTTTTAGATGTTCAAATCAAACTAGAT
N N L A N L N F N Q I S K F L D V Q 1 K L D

1.260 1270 1.280 1.2%0 1300 1310 1320
ACTGAACAAGTTAATTTAGATTTTAAAGATAACAATGTTGTTGCTCGAATTAACGGTGACATTGTT
T E Q N L D F K D N N \% \% A R I N G D I \

1330 1340 1350 1380 1370 1380
ATAAAAGATAAAAGAAACGATAAAATTGTTGCTACAAAAAAATTCTCACAAAGTATTAAAAATTTT
| K D K R N D K | A A T K K F 9! Q S I K N F
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1.3%0 1,400 1410 1.420 1430 1,440 1.450
GAAATATTAGCTCAAAATGATCCTGATTTTGCAGCTTCAGTTAATAAAAGCAGTTTGACTATTGAA
E 1 L A Q N D P D F A A S Vv N K S S L g7 I E

1460 1470 1480 14%0 1500 1510

CCAAAAGTCCAAGAATTTGTTAGAAAAGAAAATCAACAAGGAATTCCAAAAGACGAATTATTAGCA
P K V Q E F V R K E N Q Q G I P K D E L L A

1,520 1,530 1,540 1,550 1,560 1570 1,580

CTAATTCAGGCAAATAATTTCGATAAATTAAAGAAAGTTCTTCAAAATTCCCGTTATTATGGTTTT
L I Q@ A N N F D K L K K ¥V L Q N S R Y Y G F

1,5l90 1,6.’.)0 1,6'10 16'20 16}0 IG'AO 1,6I50
AGATTTGACGAAACCCAATTAAAATCAATGGTTGATAGTTATAATTTACCAACTGTCGAAGATTTA
R F D E T Q L K S M \ D S Y N L P T \ E D L

1,660 1,670 1,680 1,690 1,700 1,710
ATTAAAAACTCAAATGTTGACGATGCCGCCTCTAAAGGTATAACATCAATTTATTCTAATTATTTT
| K N S N \ D D A A S K G | [ S I Y S N Y F

1,720 1,730 1,740 1,750 1,760 1,770 1,780

AATAGCGACGAGAAGATTTCACAATTTTTGTCATTTTTATCAAAAAAGGACATTAGTTTTGTTGCA
N S D E K | S Q@ F L S F L S K K D I S F V A

1790 1,800 1810 1,820 1830 1,840
AAATATTGGTTTGATTATCTTAAACATTTTGGATTAATAAAATCTGAAACAAATTGACCAGAAAAT
K Y w F D ¥ L K H F G L I K S E i N w P E N

1.850 1.860 1.870 1.880 1.8%0 1.900 1910
TCTAATAGTAATGAATTATTTAAAAAATTAAGTGAAATTAAAATTAAGCCTACAAAACAACCGCGT
S N S N E L F K K L S E I K I K P T K Q P R

1920 1.930 1940 1.950 1.960 1970 1.980

GGTCAAACAACTGAAGAAATTGGGGAGCCAACAGTTTGACTTTTTTCATTTAATTATGGCTTTTTA
G Q T T E E I 6 E P T N W L F STF N ¥G6 F L
LQIQO 10.00 10.1 0 lOIIO lQBO lolio
AATACTGATAAACCTCTTGAAAATGGTTTTTACATTAATAATGAGCTTAAAAATACCCTTAATTTG
N T D K P L E N G F Y 1 N N E L K N T L N L

2050 2060 2070 2080 20%0 2100 2110
ATGAAAACAAATTCATCTTTTAGTCCTGAATATTTTATAAAACAGATCGAATTACATGCAAAACAA
M K T N S S F S P E Y F I K Q | E L H A K Q

2120 2130 2140 2150 2160 2170
ATCAGTAATGATGATTTTGTACAGCAAGACAATAAAAATAATATTGAAAATCTTACCGATTTTCTT
| S N D D F v Q Q D N K N N I E N L T F L

2180 21%0 2200 2210 2220 2230 2240

GCAGCTTTTTATTCATTAGCTTATTTAAAACAAATGAATCAAAAACTTTTTACAGGTAATTTCGGT
R A SR ISR SRR T 0 M NE S K e B R e N B 6

2250 2260 2270 2280 22%0 2300 2310
AAAGATTTTAATTATAAAATTCAATTTAGCCTGGAACCTAATTTAACAAATGTTGATGCCTTAGAA
K D F N Y K | Q F S L E P N L T N \ D A L E

2320 2330 2340 2350 2360 2370
AAACAAAATGACCAAAATTTAAAAGTAAAATATTGATATAATATTGGTCCAGTTGATAAAAACGGT
K Q N D Q N L K \ K Y w Y N ! G P \ D K N G

2380 2330 2400 2410 2420 2430 2440
GATCTAGTTAGTGTTATTTATCAAACAAAAAAATCAGAAATTGAACTAAAAATCAACCCTACAAAC
D L \' S \' I & Q 1§ K K S E | E L K | N P T N

2450 2460 2470 2480 24%0 2500

AAGCTTTTAAGTGATGAAGTTGATAAATTAGATGAAATTGCCTCAACTTTTTCACCAAATTCACAA
K. L LS TR UE NS D K L pE T E Tl IR ST TR s TR NS ST
L

2510 2520 2530 2540 2550 2560 2570
ATAGTTATATTAAGCAAACAAGATCTTGAGGATTTAAAATCTCAAATCAATCTCGCTATCTCAACA
| A 1 L S K Q D L E D L K S Q | N A | S T

2580 25% 2,600 2610 2620 2630 2640

AAGGAAGGCGAGCCAGTATCTGTTGATAAACAAGTCGAAAAACTACCTTTTAGCAGTTATTTAACA
K E G E P V S V D K Q V E K L P F S S Y L T

2850 2680 16‘70 16:80 2830 17.00
TTTGAACACAAAGATTTAGGCTTTTATGCAATAAAAAAAGCTAAAGAAAATCAAACAACAGCCACA
F E H K D L G F Y A | K K A K E N Q 3§ T A T

2710 2720 2730 2740 2750 2760 2770
ACATCACAAACTAACGGTACTGACATTAGCGGCGTACTTGAGAAAATTACTAACACTGGAAACCGG
1k S Q T N G T D | S G \ L E K | & N K G N R

2780 2790 2,800 2810 2820 2830

GTTCAATACAATTTATTTTTATATCTTTATGATAAAAATAATCCTAAAATTCTCTCAAGCCAACCT
vV Q Y N L F L Y L Y D K N N P K I L S s q P

2840 2850 2880 2870 2830 2883
ATCCGCGTTATTATCTTGGAGCATACAAGTTCTCTATTATTAAAAAAGTAA
1 R v I 1 L E H T S S L L L K K *

Appendix 8 Peptide sequence for Hypothetical protein 2 from isolate 90
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1 20 30 40 50 60
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTA
M K K K R N S T P A
&0 0 100 1o 120 130
GCAACAAGTTGTGGTGTTAGTCACAAAATTGCTGACAAATTAGGCCCAAGTGTAAGTTTTGATGTA
T S C G \' S H K | A D K L G P S \ S F D
140 1:0 160 170 180 1%0

AATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCAT

N G N Y \% F T | K N D K F K D A T E \% "

’Cf\ “0 ’33 -J(‘ 250 D
TTTGAAGGTGAGAATGATGgAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGT

F N N K

'O ‘80 19(‘. 3f 310 310 333

GGAACCATAAATAATTTAACCGCAAGTTTTAACACAGTTGGAAAATTACAATACGATTATAGATGA
G T: | N N L T A S F N T \' G K L Q Y D Y R w

40 350 380 370 3%0

ACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAA
i E L K K K \ G S E E S Q D Q P D D L K

.H 0 .1‘0 .13" -1-10 -150 -160

GATGACATTTGGTTTGAGAAAAAAATTGCTATAGTTAAACAAGATACTTCGCTTTGAATTGATCCT
D D 1 w F E K K | A ! \ K Q D S L w ! D
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Appendix 9 Peptide sequence for Hypothetical protein 3 from isolate 90

Predicted B-cell epitopes on proteins identified in Chapter 4

45 | ISARN RS AARE MRAY RARE RARE RARE RALS AL RASE MR RN AN IARE RARE RARE MRS RARS AR RARS NRAI MM
oL bbb s b b [ == Threshald

20

15

10

05

Score

0 20 40 &0 8010012014016018020022024026028030032034036035040042 044 046043050052054 0560580600
Position
Appendix 10 B cell epitopes of HSP70 Bepipred-1.0 Linear Epitope Prediction [293]
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Appendix 11 B cell epitopes of EF-Tu Bepipred-1.0 Linear Epitope Prediction [293]
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Appendix 17 B cell epitopes of HP3 Bepipred-1.0 Linear Epitope Prediction [293]

Kyte and Doolittle plots of proteins identified in Chapter 4
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Appendix 18 Kyte/Doolittle analysis of HSP70
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Appendix 22 Kyte/Doolittle analysis of P146
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Appendix 25 Kyte/Doolittle analysis of HP3

Transmembrane analysis of proteins identified in Chapter 4
TMHMM posteriar probabilities for WEBSEQUEMNCE
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Appendix 27 Transmembrane analysis of EF-Tu
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Appendix 29 Transmembrane analysis of MATE
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Appendix 33 Transmembrane analysis of HP3

B-cell epitopes of proteins identified in Chapter 4

End Peptide Hydrophobicity

1 26 39 PVVLENPNGKRTTP 14 Hydrophilic
2 48 66 EEIVGDAAKRQLETNPEATI 19 Hydrophilic
8 77 91 KTVRANQRDYKPEET 15 Hydrophilic
4 121 134 YFDNAQREATKNAG 14 Hydrophilic
B 146 150 NEPTA 5 Hydrophobic
6 159 162 KTEK 4 Hydrophilic
7 173 176 GGTF 4 Hydrophobic
8 193 206 TSGDNHLGGDDWDN 14 Hydrophilic
9 219 227 EYDFDAKSD 9 Hydrophilic
10 236 241 EEAEKT 6 Hydrophilic
11 262 267 KNGPIN 6 Hydrophilic
12 330 340 NKKPNRSINPD 11 Hydrophilic
13 381 392 TPLIPRNTTIPV 12 -

14 399 407 STAEDNQTE 9 Hydrophilic
15 417 420 RQLA 4 Hydrophilic
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Peptide Hydrophobicity

16 433 443 GIEPAPRGLPQ 11 Hydrophilic
17 457 472 TVSAKDKKTGKEQTIT 16 Hydrophilic
18 476 482 TSTLSEE 7 Hydrophilic
19 490 509 EAEENREADAIKKDKIETTV |20 Hydrophilic
20 520 536 KSITDQGEKIDPKQKEL 17 Hydrophilic

Appendix 34 B cell epitope analysis of HSP70

Peptide Hydrophobicity

1 7 15 GAKKDFDRS 9 Hydrophilic
2 26 33 HVDHGKTT 8 Hydrophilic
3 47 66 LAEAKDYASIDAAPEEKARG 20 Hydrophilic
4 75 81 EYSTDKR 7 Hydrophilic
5 87 93 DCPGHAD 7 Hydrophilic
6 115 122 TDGPMPQT 8 -

7 169 180 DFDGDNTPIIRG 12 Hydrophilic
8 183 193 RGALEGKPEWE 11 Hydrophilic
9 205 214 SYIDSPVREM 10 Hydrophilic
10 231 241 RGTVATGKVER 11 -

11 254 263 GYRPEPKKTV 10 Hydrophilic
12 277 281 AMAGD 5 Hydrophilic
13 292 296 RKDIE 5 Hydrophilic
14 322 330 KEEGGRHTP 9 Hydrophilic
15 345 353 DVTGGIEFE 9 -

16 359 366 VIPGDNVD 8 -

17 382 395 KFSIREGGRTVGAG 14 Hydrophilic

Appendix 35 B cell epitope analysis of EF-Tu

Peptide Length Hydrophobicity

1 35 38 DLTD 4 Hydrophobic
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Peptide Length Hydrophobicity

2 49 57 DSAQGRFSG 9 Hydrophilic
5 60 68 SVLKEDDKN 9 Hydrophilic
4 80 90 FSEKDPEMLPW 11 Hydrophilic
5 103 112 GRYASKAGAT 10 Hydrophilic
6 122 134 VLVSAPAGSDVKT 13 Hydrophobic
7 142 152 HTVDENDKILS 11 Hydrophilic
8 154 160 ASCTTNA 7 Hydrophobic
9 184 202 AYTADQRIQDAPHKDLRRA 19 Hydrophilic
10 208 218 NLVPSSTGAAK 11 Hydrophobic
11 227 231 LTGKL 5 Hydrophobic
12 251 275 ELKSSPSIEELNKAIKKYESESFYY 25 Hydrophilic
13 278 293 EPIVSSDIIGDTHGSI 16 -

14 315 322 WYDNESSF 8 Hydrophilic

Appendix 36 B cell epitope analysis of GAPDH

Peptide Length Hydrophobicity

1 7 22 KEFPDSPEMWKKEFAKI 16 Hydrophilic
2 43 60 MVSQISGGITAVGMANEW 18 Hydrophobic
3 81 96 QYWGKKEFKLARQVNN 16 Hydrophilic
4 114 121 WAFPESLL 8 Hydrophobic
5 125 143 QWRRGSSNLDQSIFDQAKS 19 Hydrophilic
6 159 166 VTSSGILR 8 Hydrophobic
7 196 205 MGVSGSALAT 10 Hydrophobic
8 239 242 ROIW 4 Hydrophilic
9 267 289 VLWSQSLPPGSIGIDDGSGFEFYKEFE 23 -

10 312 341 FASIQTSVSIVVGONLGONKIELAKKNAAM 30 -

11 365 404 TKTDLITTGIKEQVQKGLSDYFAENNLPVDQSIIDAQKVL 40 -

12 427 457 WVQINASLTIIKAGGRANFASWWDFFTGIGQ 31 Hydrophobic

Appendix 37 B cell epitope analysis of MATE

234



Peptide Hydrophobicity

1 1 5] MPKNT 5 -

2 33 41 YTGENPRAE 9 Hydrophilic
S 58 67 VEDDSTTYSQ 10 Hydrophilic
4 104 110 PTFAPNK 7 Hydrophilic
5 120 126 PNDNDQS 7 Hydrophilic
6 136 142 QVDNNHT 7 Hydrophilic
7 210 213 DFAA 4 Hydrophilic
8 216 226 NRARTQSEAVE 11 Hydrophilic
9 263 279 EKHPGTNNEFISVGPNSV 17 -

10 314 332 POASSGSESSQGEEKQAKQ 19 Hydrophilic
11 358 369 VGSQPVTNTQVQ 12 Hydrophilic
12 388 471 SEVTQSQPQAQAEGGAGGGTGOQATSGTTGTDAGSTGTGGVA | 84 Hydrophilic

GAGA

PDSGTGSTGSTTDOQTNGESGTEQPSVTTPAEPEDKTK

13 500 507 REKSKEVV 8 Hydrophilic
14 529 537 YFDKKQPQG 9 Hydrophilic
15 546 560 KAQEKDGVNTDNSNL 15 Hydrophilic
16 578 581 NKLL 4 Hydrophilic
17 595 615 KVGTQTGSAGTTDLSSNLDTE 21 Hydrophilic
18 624 651 GLPTTSASQPTSVSVSASTTGAQTTQONK 28 -

19 672 695 GTSTTGSTSEGTGQTTESKAPKFE 24 Hydrophilic
20 710 713 DFDA 4 Hydrophilic
21 725 728 QKFP 4 Hydrophilic
22 816 825 KENTTETNPV 10 Hydrophilic
23 874 887 PVKVETSSGTSDDL 14 Hydrophilic
24 910 935 LKAGNGSGSGGGGGAGGSDSTTQTST 26 Hydrophilic
25 947 951 TQPLS 5 Hydrophilic
26 989 1011 HSGSTGSSSGTSETLTTPSGLED 23 Hydrophilic
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Peptide Length Hydrophobicity

27 1025 1034 | TGVAKYQTPK 10 Hydrophilic
28 1044 1054 | QDTQRTERDEL 11 Hydrophilic
29 1075 1093 | FDKLKKGDSTENTEGKKFE 19 Hydrophilic
30 1103 1110 | EKIQENNK 8 Hydrophilic
31 1121 1126 | EDKISP 6 Hydrophilic
32 1137 1153 | EKTTPTTEGSSTGQSVK 17 Hydrophilic

Appendix 38 B cell epitope analysis of P146

Peptide Length Hydrophobicity
1 4 9 KENKSK 6 Hydrophilic
2 62 65 STES 4 Hydrophilic
3 83 86 KDLS 4 Hydrophilic
4 125 133 KANASGTEV 9 Hydrophilic
5 152 166 QTDLKGFTQSDKADG 15 Hydrophilic
6 182 190 LTGTKNSNL 9 Hydrophilic
7 210 216 TRSKSQA 7 Hydrophilic
8 249 258 KTVENQKAKQ 10 Hydrophilic
9 266 271 DSDTKR 6 Hydrophilic
10 288 292 DOAGT 5 Hydrophilic
11 300 305 KDPSGK 6 Hydrophilic
12 362 368 KTDNNPV 7 Hydrophilic
13 378 390 TONSQQONGRQSQV 13 Hydrophilic
14 395 411 FODSGONSQANNAKVDI 17 Hydrophilic
15 427 430 FQVP 4 Hydrophilic
16 449 457 TQAQKDKLV 9 Hydrophilic
17 501 506 LGKGND 6 Hydrophilic
18 516 520 SSKSN 5 Hydrophilic
19 526 532 DYDENQR 7 Hydrophilic
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Peptide

Hydrophobicity

20 540 547 EQNSEDFET 8 Hydrophilic
21 551 561 KIDPQDPKFEN 11 Hydrophilic
22 570 580 EFKENPNGPKL 11 Hydrophilic
23 593 602 VEDAKKQKTEF 10 Hydrophilic
24 616 623 MEPESASA 8 Hydrophilic
25 632 760 KPRFEPTSKDSGSEKPAEGEKKTEEGEKKPEEGATTGSQSADSQPS | 129 Hydrophilic
TGVPAAGAGAATGEAVAAGGGTAATGGAGGAGATTSTSTTGAQAT
STTGSQTTSSTTAFEDDSTAKTNDDSTTETKTETNEVS
26 778 796 YSALGQTDYQAEVVTKSDS 19 Hydrophilic
27 806 818 TKTETEQKDSNPK 13 Hydrophilic
28 826 832 LENDADY 7 Hydrophilic
29 849 859 NQKTDGSDKIT 11 Hydrophilic
30 863 866 PLNR 4 Hydrophilic
31 872 882 DLENDKDNVAT 11 Hydrophilic
32 895 967 KEVPASPQEAAAVTATEASTTVATTETTAPTTTTTT 73 Hydrophilic
GTPTPTPTTTTTETPTPTPITETTTPTTTTATTAIDS
83 984 989 RNIKDN 6 Hydrophilic
34 1009 1016 | KLGDGKTE 8 Hydrophilic
85 1023 1034 DENPGSNGGSKV 12 Hydrophilic
36 1044 1077 VDGEADTRLQFEEPTSGSNGGGGGGSNNGSTAEA 34 Hydrophilic
37 1087 1106 VPAPDPFRQTNVNKEDADDEF 20 Hydrophilic
38 1133 1142 | SKAKNPYSOQR 10 Hydrophilic
39 1166 1196 LGPKAEATSTTSSGGTEAQTQTNTAPTSSPT 31 Hydrophilic
40 1208 1214 | SPTLATN 7 -

Appendix 39 B cell epitope analysis of HP1

Peptide Hydrophobicity
1 46 53 RIDVQONQA 8 Hydrophilic
2 80 90 LNDDNTKKTDI 11 Hydrophilic

237



Peptide Hydrophobicity

3 101 116 TNNSSIPVNEFSNDHNW 16 Hydrophilic
4 126 134 IKPDDNEQT 9 Hydrophilic
5 144 153 KLADGKTATS 10 Hydrophilic
6 175 181 TYSEDQL 7 Hydrophilic
7 186 191 PYTNSE 6 Hydrophilic
8 210 223 QKEVNSAKNDTEAR 14 Hydrophilic
9 250 257 DSGIQKPR 8 Hydrophilic
10 277 280 ATPG 4 Hydrophobic
11 301 304 DINK 4 Hydrophilic
12 444 448 KRNDK 5 Hydrophilic
13 467 476 ONDPDFAASV 10 Hydrophilic
14 481 501 LTIQPNAQETVAKDKQKGIPK 21 Hydrophilic
15 554 563 SNVDDAASKG 10 Hydrophilic
16 572 577 FNSDEK 6 Hydrophilic
17 611 618 TKWPEDLN 8 Hydrophilic
18 631 646 IKPTKQPRGQIGDENS 16 Hydrophilic
19 663 667 NKPLE 5 Hydrophilic
20 703 720 NKFTQPNEFSSTDGKNNIE 18 Hydrophilic
21 735 739 SKQKS 5 Hydrophilic
22 768 776 ALEKSNDON 9 Hydrophilic
23 786 793 GPVDKNGD 8 Hydrophilic
24 829 834 STFSPN 6 Hydrophilic
25 857 872 AKSKENEPVSVDKEVE 16 Hydrophilic
26 895 918 AKQSQTTDTSNATTMQTTTDTDIS 24 Hydrophilic
27 924 931 ITSPASPV 8 -

28 942 948 KNNPKIL 7 Hydrophilic

Appendix 40 B cell epitope analysis of HP2
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Peptide

Hydrophobicity

1 85 39 KLGPS 5 Hydrophilic
2 55 59 DKFKD 5 Hydrophilic
3 68 82 EGENDGTNTANNARK 15 Hydrophilic
4 119 132 SEEISQDQFPDDLK 14 Hydrophilic
5 150 153 LWID 4 Hydrophilic
6 178 191 IDDPNKPTTETTEI 14 Hydrophilic
7 196 206 EVKKPDPTKRR 11 Hydrophilic
8 221 226 APLQEG 6 Hydrophilic

Appendix 41 B cell epitope analysis of HP3
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Identified protein alignments

ety
1.16 KsP0
Frame 1
2.42 HSWO

frame
3. 90 KSP/0
Fram

7. 73 HSPIO
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frame 1
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Frame 1

10. 94 H5P70
frame

Mercity
1. 16 HSP70
Frame 1
1.62 ns.wn
190"5?70

frame 1
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Frame 1
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frame 1
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frame 1

7. 71 HSPT0
Fram:
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frame 1

&, 70 HSPIO
Frame

7. 73 H3P70
Frame

B. 13 HSF)D

9.“!’6?70
Frame 1
10 94 HS5P 0

Frame 1

1 e 3 E © = ©0 » 2 o 199

ATGGCAAAAGAAATAAT TTTAGGTAT TGACT TAGGAACAACAAACTCTGT TGTTGCAATTATTGAAAATCAAAAACCAGTTGTTICTTGAAAATCCTAACGGA
Mot Al Lys Gl lie e leu Gy W Asp lew Gly The Thre Asn Sor Val val A e 1l Gl Asn GIn Lys Pro Val val leu Glu Asn Pro Asn Giy

ATGEC&&#AGAAATAATT'TAGGTATTGACTTAGG&ACAACAAACTCAGTTGI’TGLAATTATTL‘A-\AATCAAAAACCAGTTGYTCTTGAAAATCCTAAYCGA

Met Ala e val fle Glu Asn Gin Lys val Pra Asn Gly
ATGGCAAAAuAAATAAYTTT&GGT&TTGACTTAGGIACAACAAACT(AGTTGYTGCAATTATCGAAA&TCAAAAACC‘CTTG\'TCTTGAAAATCCYAA.GGL
Aa Lys Gl e e ey Gy W Asp leu Gly The Asn Ser Val val Ha Glu Asn G Lys val Val tsu G Asn Pro Asn Gly
AmuLAAAAGAAATMnvuc,uTATTGACtIAGGAALAACAAACrCAGrrc1lGCAATTATCGAMM:AAAAA(LAGrmncnbAAAMcanCGGA
Met Ala Lys Gk lle e Lew Gy Be Aso Lew Gly The Thr Asn Ser val e Gl Asn Gin Lys Pro val Leu Gl Pro Asn Gly
AYGSCAAAAGAAA?AATTTY&GGTATT\-ACTTAG(&ACAACAAACTCAGTYGTTGCAATTATCGAiAATCAAAAACCAGTTf'TTCTYGAAAAT(CTAAYGG
Mot Al Lys G e Leu e Asp lew Gly The The Asn Ser val e Glu Ase Gin Lys Val val Leu G Asn Pra Asn Gly
AbeLAAAAGAAATAAVIYIAGGTATTGACTTAGGAI«CAACAAA&l’LAbTYGTTGCAATTATT(u\AAATCAAAAACCAGTTGY'(YTGAAAAI’CCVAAYIJGI-
Met Ala Lys lle e el The As Ser val val Al Glu Asn Gin Lys Pro val val Leu Glu Asn Pro Asn Gly
ATGGCAAAAL-AAATAAYT7TAGGTATTuACTTAGfJ.ACAACAAACTCAGTYGTTGCAATTATCGAAAAYCAAAAACCAGTTGTYCYTGAAAATCCTAAYGGA
Met A3 Lys Gl e Hle Leu Gly Be Asp leu Gly The Thw Asn Ser Val val e Gl Asn Gin Lys Pro Val Val Leu Gl Asn Pyo Asn Gly
A‘GGCAAAAGAAAIAA!'ITAGGTATTGACYYAGGAACAACAAA(YCAG\'VGI vc.cm\TTATu.MAHLAAAA»cCAGHGncv TGAAAATCCTAATGGA
Met Al Lys [ Thr Asn Ser vl Gl Asn Gin Lys val Leu n Pro Asn Gly
ATGCC’-AAAGAAATAATT‘l’7ACGTATTGACTTA(ICI-ACAAC&AACTCA('.YYCTTGCAATTATT(‘AAAATCAAA&ACCAGTTGYYCTTGAAAATC{'TAAI’GGA
Mot Lys e He leu Gy e Ap lew Gly The Thr Asn Ser val Glu Asn Gin Lys Pro Val Leu Gy Asnh Pra Asn Gly
AYGL»CAAAAGAAA!AA" TTAGGTAT rc.ncruuau\c:mcrmacrc/\m IGT'GCAAYIATCGAAAAYCAAAAA(CTGT rm TCTTGAAAATCCTAACGGA
Met Ala Lys Gl lis  lle Leo Gy Asp Lew Gly The Thr Asn Ser val val Als Gl Asn Gin Lys Pro val val Leu Glu Asn Pro Asn Gly
e = 130 - 120 R 1% 180 it o)

AAAI\GAACAAC r(_cv I’C T G' 'GT YGCCYTIAAAAALGGYGAGL‘AAAT\'GI’ TGGY uATGCGGCAAAACG'CAEY YAC:AAACCAACCCAGAAGCAA TCGCGICY
Lys Arg Fhe Lys Asn Giy e Val Gly Asp Lys Arg Gin Ley Gl Thr Asn #ro Ala Ser
AA&.\GAA(AA(T(‘(TT(TGTTG TG((‘TT(AAAA.\FGGTGAG(‘AAATTf.'l”l’GrTGATGCG\,(AAA.\rr‘."r‘AATTA(AAA(?»\A(‘CFAGAAGCAATC((-\I’FT
Lys Az Thw o Ser val val Fhe Lys Asn Giy Gh val Gly Asp Ala Lys Arg Gin Lew Gl Thr Asn #ro Glu e Ala Ser
AAAAGAACAAClCCTfCYGTYGYTGCCTTCAAAAACGGYGAGGAAAffGI 'GG'GI\TGC..:CAAAACGYCAA.TAGAAA(YAACCC.GAAGCAAYCGCAICT
Lys Asg The Towr Pro Sor val Val Al Bhe Lys Asn Gly Giu Gl [z Vol Gly Asp Ala Al Lys Arg Gin leu Gl Thr Aszn Pro Glu Al lie Aln Ser
ARAAGAACAACTCCTTCTGTITIGTTGCCTTCAAAAACGGTGAGGAAATTGT l’r‘GTGATG&TGCAAA-\CBTFAACTAGAAA(YAArf(TGAAﬂCAATC GCATCT

Lys Arg Thr Thr Pro Ser Val Val Ala Phe Lys Asn Giy Giu Gl e Val Gly Asp Al Lys Asg Gin Leu Glu Thr Asn Pro Glu Als lle Ma Ser
AAAAGAACAACYCCYf('G!'61TGCCTTCAAAAACGGYGAGGAAAYTGY'GGYGATGCuGCAAAACGICAAYTAGAAACTAACCCAGAAGCAATCGC»\'C'
Lys Arg Thr Thr Pra Ser Val Val A fhe Lys Asn Giy Gly Al Lys Arg Gin Lleu Gl Thr Asn #ro - Gl lle “Ala Ser
A-\hAGAAfAACTC(TTC TGTYG'I TCCCTTYAAAJ»ATCGTGAGGAAATTG‘I'IGGYGATGCG«JLAAA»\(BTCAATTAGAAA(Yv\l«Cr(I-GAA\-CAATTGCAYK‘T
Lys Asg Thre T Pro Ser Val Als Phe Lys Asn Gly Giu Glu lle val Gly Als Ala Arg GIn Leu Glu Thr Asn Pro Als lie ala Ser
»\AAACAACAACTCCTTC'GY‘GTTGC(TTTAAAAAYGGYGAGGAAATTGYYGGTGATGﬁGC‘CAAAACGYCAATTAGAAAC?AACCCAGAAGCAATTGCA'CY
Lys Arg The Thr Pro Ser Vval Val Al Fhe Lys Asn Gy Ghy e Gly Asp AMa Al Lys Arg Gin lew Gk Thr Asn Pro e Ala Ser
AAAAGA&CAACTCCTYCTGYYGYTGCCTTTAA-\&&YGGYGAGGAAATTGYYGGYGATGCGGCAAA-\CGYCAATTAGAAAFTAACEC&GAAGCAATTGCA'C"
Lys Azgz The Thr Pro Ser Val Als Lys Asn Gy Gl Gl Val Gly Asp Ala Ala Lys Asg Gin Leu Gl Thr Asn Pro Glu Als lle Als Ser

AA&AGAACAACTCCYrcTGTYGTTGCCTTTAAAAArCGTGAGGAAAYYG!IGG'{GATGCGGCAAAAC(:ICAATTAGAAACrAACCCAGAAGCAAT'I‘GCArc!
Lys Arg Thr Thr Pro Ser Val Val Al Fhe Lys Asn Gly Glu Gl iz val Gly Asp Al Ala Lys Arg GIn lea Gl Thr Asn Pro Glu AL lle Ala Ser

AA&AGAA(AA(TC(TY(TGTIGTTG(CTTCAAAAAleTGAGGAAATYGY'G)TGATGCGGCAAA-\(GYCAATTAGAAACCAAC((AGAAGCAATCGC&'CT
Lys Arg Thr Thre Pro Ser Val Val Als Phe Lys Asn Giy Glu Gl He Vval Giy Asp Als Ala Lys Arg Gin L2y Gl Thr Asn Pro Glu lle  Ala Ser

2 = 30 2 50 260 o] 80 23 00

GTYAAAAGATTAATGGGTAGC GATAAAACCGTTL\:YGCTAA(&AAAG;\(JA(TAYAAACCTGAA\;’\AATTTCAGCAAAAATYC YI'GCAYATT YAAAA(;AA'A"I

val Lys Arg Leu Met Gly Ser Asp Lys Thr val Arg Ala Asn Gin Arg Asp Tyr Lys Gl Glu Se e Lys Gle Tyr
GTTAAAAGATTAATGCGTAGCGATAAAACTGT1CGTGCTAACCAAAGAGACTAYAAACCTGAAGAAAI’TTCAGCAAAAATTCTYGCATATTTAAAACAA'I’AT
Val 1ys Arg lea MOt Gly Ser Asp Lys Thi Val Arg Ala Asn G#1 Arg Asp Pro Gl Gl 40 56 Wo lou &ia Tyr l2e lye Ghe Tyr
crIAAAAGATTAATGGuYaGcGATAAAAcrerrcclucTAA(CAAAGAGACn.YAAACCTGAAGAA.\nILAuCAAAAATrcv1CCA7AT17AAAAGAA1A1
val Lys Arg Lea Met Gly Ser Asp Arg Asn G Arg Asp Tyr Lys Pro Gl Glu e Ser ys Ala Tyr Leu Ly Glu Tyr
G'rn.AAAc.ATTAAchchGcaATAAAAcrm"rcaccc*rAAcc.AAAcAc.\crAn.AAcc:TrAArA.urrrcAGCAAAAA'rrcrrrCATAYTTAnAAcAAn.r
Val Lys Arg Lea nat Gly Ser Asp Lys Thr Val Asrg Ala Asn G Arg Asp Tyr lys Pro Gl Glu e v Leu TY e lys Gl Tyr
GTTAAAAGATTAATG GYAGCbA1AAAA(.TbTTCbYGCTAALCAAAbAhALYATAAAL(T{:AAGAAAIYYCAGU./-AAAATTCYYLLATRTTTAAAAGAA'AI
Val Lys Arg Leu Mst Gly Ser Asp Lys Thr Val Arsg Ala Asn G Arg Asp Tyr Lys Ser ye Tyr Leu Lys Glu Tyr

GTTAI«AAGATTAATG(GY»\GCGATAAAACTGTTCGTGCTAACCAAAGAGACTATAAAECTGAAGAAATTTCAG(‘AAAAATTCYYGCAYATTTAAAACA&YAT
Val Lys Arg leu Mer Gly Ser Asp Lys Thr val Arg Ala Asn Gl AFg Asp Tyr Lys Pro Gl Glu fle Ser Als (ys fie Leu Ala Tyr (o0 Lys Gl Tyr
(:YYAAAAGATTAATG&:GI’AL(CGA'IAAAACYGVYLGYGC'IAACCAAAGAGAC'A‘AAA((luAAG)\AAYTfLAGCAAAAATY[YICCATATTYAAAAbAA'AY
Wal Lys Arg Leu Met Gly Ser Asp Lys Thr wval Als Asn G¥i Arg Asa Gl Glu e Ser Ly Ty Lys Ghu

GTTAAAAGATTAATG rT&GCGATAAAACTGT7('rTGCYAACCAAAGAGACYATAAACCTGAAGA-\A7‘TCAGCAAAAATT(‘TYGCATATTTAAAA(A-\T‘\Y
Val Lys Az Leu Met Gly Ser Asp lys Thre Val Arg Ala Asn Gin Arg Asp Tyr Lys Pro Gl Ghi e Al Leu Ay Tyr leu Lys Gl Tyr
GYYAAAAGATTAATGGE'AGCGI\TAAAACYuTYCE'GCYAAC(AAAGAQD‘C'AYAAA(CTGAA(;AAAY'YCAGCAAAAAYYCY'GCATATTTAAAAGAA'A'
Val Lys Arg Leu Mst Gly Ser Asp Lys Thr Val Arg Ala Asn G Arg Aso Tyr Lys Pro Gl Gl e Ser ys Lew Ala Tyr Lew lys Gl Tyr
('TTAAAAGA:TAATG('GTAﬂfGATAAAACTGTTCCY(‘(’TAACCAAAGAG-\TTATkAA('CTGAAFAAAYTYCAGCAAAAATT(’YVGCﬂYATTTAAAArAAYAT
Val Lys Arg Leu Met Gly Ser Asp Lys Thr Val Arg Ala Asn G Arg Asp Tyr Lys Pro Gl Glu e Ser Ala wys e Leu Ala Ty Lew Lys Glu Tyr
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f,ffﬂAAAAAAA{‘AYTGGTrh(AAA(TTT(‘AAAA(‘A’TG1TATCACA(TYCCTG(T1’ATTrrCATAATGl‘TCAA(‘GTGAAGCE»\(‘-h\kAAATu((GCAAAAATr
Aia Lys tys He Gly HWs Lys Val Pro Aa Tyr Phe Asp A3 Gin Arg Gki Ala Lys Asr Gly Lys e

GC'GAAAAAAA AYIGGCCACAAAGI rTcuumacvant CACA{:T rcc!cr.! TATTT IGAIAAYGCYCAI«CGrGAAGCAACAAAAAAY(’:CC\:GAAAAAT(
Aa Glu Lys Cys e Gly His Lys v Ser Lys Aa Val Be Thr Val Pro Ala Tyr Phe Asp Asn Ala Gin Arg Gl Al Thr Lys Asn Al Gl Lys e
(TBAhAAAAA\;ATTrrTCACAAAETTT(AAAAG(I'GTTAT(‘A(AGTT(‘CTGrYTATTTTCATAAY!‘-(TEAA(GT(‘AA((BACAAI-AAATG((GGAAA»\ATr
Ala Gl Lys Gly His Lys Y& Ser Lys sla val val Pra Tyr Pne Asp Asa Ala Gin Ars Glu Als Thr Lys Asn Ala Gl Lys e

GC'LAAAAAAAGAYTGCYCACAAAGTTTCAAA»\(:L‘G'1ATCACA\:1TCC'GC1 TATTTTS A‘I’AAIGC’ICAACGfGAA’CGACAAAAAATGLC\:GAAAAA'f.
AMa Glu Lys Lys Gly Hs Lys Va Sor Lly=s Ala Val WVal Pra Ala Tyr Phe Asp Asn Ao GIn Arg Glu Ala Thr Lys Asn Lys e

CCTGAAAAAAAGATTGGCCACAI\AGTTTCAAAAGCYGTTAT(ACAGTTCCYCCTTATTTTGATAATGC‘CI«A(GTGAAGCAﬁCA%AAAAT(-((GGAAAAA‘C

Ala Glu Lys Lys lle Gly Mis Lys Va Ser Lys Ala Val Pro Tyr Phe Asp Asn Ala Gin Arg Ala The Lys Asn Ala Gly Lys

GCYGAAAAAAAGATTGG'CACAAAGTT1CAAAAGCYGYTATCACAGTTCC'C(YYATTTTuATAAfGC‘ILAACGTGAAGCAAC&AAAAATGCC\JGAAAAAYC
Ly=

Al Glu Lys iy Ma Tyr Phe Asp Asn Ala Gin Arg Gl Ala Thr Lys Asn
GCYGAAAAAAAGATTGGTCACAAAGI'TTCAAAAGC I’G'TATkACAGTTCCI’(CTTATTTTGATAATGCYI AACbTGAAGCAA(’AAI\AAATG&CGGAAAA&YC
Glu Lys Ser Lys Ala Asp Asn Ala Gin Arg Gl Ala The Lys Asn Als Lys
GC1’GAAAAAAAGATTGGTCACAAAC\TTTCAAAAGCTGTTATCACAGTTCC'GE17ATTTTGATAAlGCTCAACGTGAAGCAACAAAAAATGCCuGAAAAATC
Al Glu Lys Lys lle Gly Hs Lys Ya Sor Lys ala Val fe Thr Val Pra Ala Tyr Phe Asp Asn Ala Gin Arg Gl Ala Thr Lys Asn Al Gly Lys e
GCTCARAAAAAGA'TTGG7tkChAAGTTTCAAAAGCYGTTATCACAGTTCCYG(TTRTTTTGATAAYGCTCAACGTGAAGCAAC»\AAAAATGCC GAAAAAYC
Glu ys Gly Mis Lys V& Ser Lys Als Ala- Tyr Phe Asp Asn Ala Gin Arg Gl Ala The Lys Asn Als Gly Lys
GCfGAAAAAAAGATTGGYClCAAAGTTTCAAAAGCfGTThTCACAGTTCCT('CYTATTTT ATAATGCTCAACGTGAAGCAACAAAAAATGCCGGAAI»\A?C
Ma Glu Lys Lys Gly Hs Lys Y Ser Llys Ala val G Tir Val Pra Ala Tyr Pha Asp Asn Al Gin Arg Gl Ala Tt Asn Ala Gl Lys
aig 0 o & 420 am o 1 o %0 a1

GC’CGATTAGAAuTTCAAAG&ATAATTAACGAACC&&CAGC‘GCTCCACYTGCATTTGGT(TTGA"AAAACTGAAAAAGAAAYGAAAGTGCTTGTTT)\TGAC
Ala Gly leu Gl Val Glu Arg A Gl #ro Ala Ala Leu &z Pne Gy leu ASp Lys Tiw Gl iy Gl Met Lys Val len Val Tyr Asp
GLAGUAYTAGAAGTTL,AAAGAATAATTAA(GAGCLAA(AGCCGCCGLACVTl:CAYl1GGTCTTGACAA*ACAGAAAAAGA;\AYGA&AGTL-(TTGTYY,\YuA(
Gly Ley Gl va Arg Az Gl Pro The Lew Als Phe Gl Leu Aso Lys The Lyt Gl Met Lys vel Leu val Tyr Asp
GCAGGATTAGAAGYTGAA*GAkTAATTAACGAACCAACIAGC‘GCCGCAC"TGCATTTGL‘TTGACAI&ACkGAAAAAfAA»\YGAAAGTGCTT\:TTTAI’GAC
Gly teu Gk val Gl Arg A<y Gl Pro The Lo Ala Phe Gl Leu Asp Lys The GRu iys Gl Met 1ys Val Leu Tyr Asp
hCAb(:ATTAGAAGTTL:AAAGAAYAA1 IAACGAALCAALAGCAGC'.GCA( TCGCATT TGGA(.TTGAT»\AAALAGAAAAGGA;\A'bIH\AGTG(T I'GTTYAVL;AC
Ao Gly ley Gl val Glo Arg Asn Glu Pro The Als Als Lew Als Pne Gl Leu Aso Lys The yr Gl Met Lys val Leu Tyr Asp
('('J»GGATTAGAAGTT(AA-\G&l-YAATTAACGAACC&ACAGCGGCG(CACYTGCATTTGGTCTTCAC-\LLACTGAAAAA(AAATCAI-AGTGCTTCTYTATG&(
Ala Gy (e G Val Glu Acg T e Asn Gl Pro Tiw Ala Leu Ala Phe Gl Leu Asp Iys Thvy Glu (ys Gl Mer 1ys Val ey Val Tyr Asp
CCACGA’ TAGAAGTYGAAAGAATAATTAACGAACCAA(/\GC FGCCGC'\( 7 5 'GCATTYGGTCTYQACAAAAEAGAAAAAGAAAVGAAAGTG( T TGTYYAYEAC
ley Gl wal g e Gh Leu Asp Lys The lys Gl Met Lys  Val Yo Asp
f(&(nGATTAGAAGTTGAA.\f,l«ATAATTAACGA»\(CAACAGCTGCCGCACYTG(ATTTGG TCTTGA('AA&ACAGAAAAAGAA»\TrAAAGTGCTTGTTTATGA(
Gy 1= Gu Val Glu Arg Asn Glu Pro Ala Leu Aa Phe Gl Leu Asp Lys The Glu Ly Glo Mef Lys Val Leu Val Tyr Asp
GCAGGA’ TAGAAGT YGAAAGAI"AAI |AALGAACCAACAGC'GCCGCAC' 'GLAYT TGG! rcr YGACAAAACAGAAAAAGAAAIGAAAC\T GCTTGTTTATGAC
A3 Gy Leu G val Glu Arg Asn Glu Pro Al Ala Phe Gl Lew Aso Lys The Lys Gl Met Lys Val Leu vVal Tyr Asp
FCAGFATYAGAA\-TTGAAAG&ATAATTAACGAA('C&LfAr(TGCCGCA(—TTGrATTTG -T('TTGACAAl.AfAGAAAAAGAAAYSA&AGTGL’TTGTTTATFAF
Ald Gly eu Gl Val Glu A At Gl Pro Ty Leu Ala Phe Gl Leu Asp Lys Thv Glu Lys Glu Mer Lys Val Leu Val Tyr Asp
GCAGGATTAGAAGT IGA»\AGAA"AAT IAACGAGCCAACAGCCGCLGCACY TGCATTTGGTCT YGA(AAAACAGAAAAAGAAAYGAAAGTGC TTGTTTATGAC
Ala Gly Lleu Gl Val Glu Arg Be Asn Gl Pro The Ala Alo Al Lew Ala Phe Gly Leu Asp Lys The Glu tys Glu Met Lys Vol Leu Val Tyr Asp
in ax 40 358 4 0 S92 550 50 s19

T AGGT GG TGGAACT T I TGACGT T TCAGT TC T TGAAT TATC TAACGGAACT T TTCAAGTTTTATCAACAAGTGGTGATAACCATTTAGGTGGTGATGACTGE
Leu Gly Giy Gl Thr Fhe Asp Yal Ser Wal Lew Glu Leu Sor Asn Gly Thr Phe Glu %ol Leu Sor Thr Ser Gly Asp Asn His Leu Gy Gy Asp Asp iR
'YAGGTGGAGGAA(YTTCGACGTTTCAGTTCYTL.I-»\TTAT(TAACC(;AACYTTYGAAGTTTTAYCAACAAGTGGY ATAACCAYTTAGCTG’ TGATGACYGA
Leu Gly Gly Thr Phe Asp Val Ser Val Leu Glu ey Ser Asn Gly The Phe Ya Leu Ser Thr Ser Gl Asp Asn His Leu Gly Asp Asp
YI'AGGTGGTGGAACTYV'GACGYYTCAGTTCfTGAA'TATCTAACGGAACTY1TGAAGTTTTATCAACAAGYGGTL:ATAACCAI’YTAGGTGGTQATGAC'GA
Leu Giy Gly Fhe Aup Val Sce val leu See Asn Gl Thr Ser Asn His Gly
’YJ.GGTGGTGR:AA\.TTTTBACGTTTCA(TTCTTEAA'1AT(TAACGGAACI‘IT’!CAA TTTTATCAhrAAGTGGTGATAACCAVYTACGTGGTGATGAC'UJ-
Leu Gy Gly Thr Phe Asp Val Ser Val Lew Glu Leu Ser A Gly Phe Glu VY& Leu Ser The 5Ser G Asp Asn His Leu G Gly Asp Asp
YYLGGYGGAGGAACTYfCGACGTTTCAuTTCTYGAATYATCTAAC GAAC?YYYGAAGTTTTATCAACAAGYGGTGATAACCA'YTAGGTGGTGATGAC!’GA
Lou Gly Gy Gl Asp Val Ser val Leu Glu ieu Ser Asn Gl The Pho Leu Sor The Ser Gl Asp Asn His Leu Gy Asa Asn
TTAGGTGGTGGAACT |’TTGAK‘GTTTCACTT(TYGAATTATCTAACGGA:\CI’1'lTGAAGTTTTATCAACAAGTGGTGATAACCAY"AGGTGGTGATG»\CTGA
Leu Gly G Gl Thr Phe Asg val Ser Let Glo teu Ser Asn Gly The Gly Asp Asn His Leu Gy Gl Asp A
YYAGGTGGTGGAACTTI’YGACGTTYCAuTTCTTGAAYYATCTAACGGAAC'TYTGAAGTTTTATCAACAAGTGGTGATAA(CAYYYAGGTGGTGATGACYGA
leu Gly Gy Gl The Fho Asp Yal Sor Wal Lew Glu ieu Ser Asn Gly The Phe Glu %' beu Sor Thr Ser Gly Asp Asn His Leu Gy Gl Asp Asp =
’Y&GbTGGTGC;’AACT1’7YCI-LL»TTTCAGTTCTT(;A»\I"ATCTAACG&:AACITTTbAAGTTTTATCAACAAGTGGTGATAACCAIlYAGQGTGG?IT%GACIGL
/1 0

Thr Fhe Asp Val Ser Val Ler Glu Leu Ser Asn Gly Thr Phe va Leu Ser The Ser G¥y Asp Asn His Leu
77AGGYGGTGGAACTTYYGACGTTTCAGTTCTTGlATTATCTAACGGAAC7TYTGAAGTTTTAT(AACAAGYGGTGATAACCA'YTAGGTGQT\)ATGAC?GA
Leu Giy Gl Gl Thr Fhe Asp Val Ser wal Lot Glu teu Ser Asn Gly The Phe Va Lew Sar The Ser Gl Asp Asn His Leu Gy G Asp
TTAL.CYGGA(.-GAA(TrYCGlLbTTTCA\;TTCYTGAA'YATC [AACGGAAC"T‘GAAGTTI’TATCAALAAGTGGTGATAACL;\TYTAGGTGGTGATGAC'GA

Gly Gly Thr Phe Asp Vel Seér Val Leu Glu Leu Ser Asn Gly Thr Phe Glu Y& Leu Ser The Ser Gl Asp Asn His Leu Giy Gly
6.‘9 £ [ £ &0 o 2 0 ] 710
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GA'AATCAAATTGTTGA'TG&ATGGTTAAAAGAA"AI\AGAA{:AGTACGA"‘1G‘\TGCAAAAAGCCACAAAATGGCACT"ACYCGT(TAAAAGAAGA»\GLY
Asp Asn Gin e AsD Met s Arg Lys Tyr Asp Phe fsp Lys Ser Asp Lys Arg leu Lys Gl

GATAATCAAATT \TTGACTG&ATGGTTAAAA AAY‘I’AAAGAAGACTACCA‘I’YTYGATGCAAAAAGC(‘ACAAAATGGCACTTACYCCTCTAAAAGAAFAlGCT
Asp Asn Gin e Val Asp = Met Val Ly Arg e [ys Gl Gl Tyr ASp Phe Asp Al Lys Ser Asp Lys Met Al leu Tihv Az Lew Lys Gl Gl Ala
(:AIAAYCGAAATTGI'TGA(_YGI\AlLvGTTAAAAGAA'IAAAGAAGA\:YAC(:A'Y||GATGCAAAAAGCGA(I«AAAI'L'GCACTTALICGYCYAAAAGAAGAAGCY

Asp Asn Asp Met val Lys Arg L Ghi Tyr Asp Phe As Ly Ser Asp Lys Met Arg Loy Lys Gl Glu Ala
flTkAYCAAAT_TGYTGAAYG&AYGGTTAAAAGAAYTIAAAGAA\.-ACTA('GATTTTCATGCAAAAAGTGACAAAATGGCACTTACI'CGYCTAAAAUAACAAGC?
Asp Asn G te  val EEEE Met {ys Arg e 1ys Ghu Ghi Tyr Asp Phe Asp Ala Lys Ser Asp Lys Met Aly Leu The A Leu Lys Ghi Gli Ala
GATARTCAAATTGTTEACTCAATCS TTAAAAG»\A' IAAAGAAGAGTACGAIVYlGATGCAAAAAQ(GA(&AAAY(.-GCACYI'AC.l(GICTAAAAuAAhAAGLY
Asp Asn Gin e Asp Met Ly Arg e Lys Gli Tyt Asp Phe Asp Lys Ser Asp Lys Met Lew Arg leu Lys Gl Gl Al
GATJ.ATCAAATTGTTCA(‘YrAkTGGTTAAAAGA:.‘l’YA&AGAA(A(TACGA‘rTYT(‘ATGCAAAAAG(‘(‘A(‘AAAATGGCA(TTA(Y(GT(TAAAAGAAGAAF

Asp Asn Gin e wal Asp Met lys Arg e Lys G Ghi Tyl Asp Phe Asp Al Lys Ser Asp Lys Met Ala Leu The Afa Leu Lys Ghi Gl Ala

GA'AATCAAAYTGYTGACYGAAYGGT'!AAAAGAA'lAAAGAAGAGTAChAYIIlGATGLAAAAAGCGACAAAATGGCACYYA(ICGYCTA)\AAGAAGAAGCV
Asp Asn Gin le val Asp o+ Met Yl Lys Arg e Lys Gl Gl Tyr Asp Phe Asp Ao Lys Ser Asp Lys Mel Ala Lew The Arg Leu Lys Gl Glu Als

('IuT&ATCAAATTGTITGA('('AI;‘TGGTTAA)AGAATYLAAGAAGAGTACG»\T TT YGAT\-(‘&‘AAAAAGCGACAAAATGGCA(TT-\C Y('(}T(TAAAA GAiuAGGAAGCT
Al L

ASp ASn Gin e ASp < e Lys G G T ASp Phe &S Lys Ser Asp Lys Met Als Arg ey Lys I Ala

GATAATCAAATTGT TGACYGAAIGGI TAAAAGAATTAAAGAAGAGTACGATTT 1GATGLAAAAAGCGACAAAAYGGCAC7 'AC '(GYCYAAAAGAAGAAGCY

Asp Asn GIn Be  Val Asp Lys Arg e Lys Ghu Gl Tyr Asp Phe Lys Sor Asp Lys Met Arg Le Glu

FA'I’AAT(AAATT(TT(-\AT(LATGGTTAAAA(‘.A.\TTAAAGAA(AGYA(GATTTTGATG(‘AAAAA(‘(‘GJ-CAAAAT(-GCA(TTACYCGTETAAAAGAA(AAF(1‘

Asp ASh Gin lke  Val EEED Ly Arg e Lys Gy Glu Tyr Asp Phe Asp Lys Ser Asp Lys Met Als Leu Thr Arg Leu Ly Gl Gl Ala
b 70 u.a ke T80 ™ w0 T 2% £10

Gk&»\O\AA(CAAAATYAACCTAYCAAAT('AAAGYGYYYFAACAATTTCCYY‘-CCATTTTTAGGT(YAGGAA&AAATGGTCCAAY'AACGTTGA‘(TTGAAFY&

Lys Thr iys lle Asn Leu Ser Asn Gin Ser val Ser The Ser Leu Pro Pne Leu Gly Leu Gly Lys Asn Gl Pro Hle Asn Val Gl Leu Glu Leu
GAAAAAACCAAAATYAACC’IAYCAAATCAAAGYQYTTCAACAATYTCCT'ACCAYTTYTAGGTCYACGAA&AAATGG\;CCAAT(.AACGTYGAACTTCAACTA
Glu Lys Thr Lys lle Asn Leu Sec Asn Gin Sor val Ser Ser Leu fro Phe leu Gly Lou Gly Lys Asn Gl Pro e Asn Val Gl Leu Gl Leu
GI.AAAAA(CAAAATTAACCTI«TCAAATCAAAGYGTYYEAACAATTTCCl’TACCATTTTTAGGTCYAGGI-AAAAATGGTCCAAYCAACGTTGAACTTGAACYA
Glu Lys Lys He Asn Leu Ser Asn Gin Val Ser Ser Leu Pro Phe L=y Gly Leuv Gly Lys Asn Gly e Asn Val G Leu Glu Leu
GAAAAAA(CAAAATTAACC'ATCAAATCAAAGTGTYYCAALAATTTCCYfACCATTTTTAGGTCYAGGAAAAAATG&:TCCAATCAACGT?GAACTTGAAC‘IA
Glu' lys Tor Lys wn Leu Ser Asn Gin Sor Ser Sor Lew Fre Pho Leu Gly Leu Gly Lys Asn Gl Pro e Asn Val Gl Leu Glu Leu
GAAAAAACLAAAATTAA(('&TCAAAT(‘AAAGTL:YYTLAA(AATTTCCTV&CCAT‘ TTTAGGTCTAGGAAAAAATGGECCAATTAACGTTGAACTTGAACTA
Glu Lys Thr Lys lle Asn Leu Ser Asn Gin Ser val Ser Thr Ser Leu Pro Phe Leu Gly Leu Gly Lys Asn Gl Pro e Asn Vel Gl Leu Glu Leu
GAAAAAACCAAAAYTAACCYATCAAATCAAAGTCT'I’TCAACAATTTCCTYACEATTTTTAuGTC\'AGGAAAAAATGG CCAAYCAACGTTGAACTTGA»\CTA
Gl Lys Asn Leu Sof Asn Gin Ser val Ser Fro Phe lou Gly Leu Gly Lys Asn Gl Pra fle Gy Lou Gl Leou
GA.\I-AAACCAAAATTAACC'AYCAAATCAI\AGTG"Y ‘CAA(AATT'ICCTYACCATTTTTAGGTCYACGAAAAAATGGCCCA-\'(AA(GTTGAACTTGAACTA
Glu Lys Thr ys Asn Leu Ser Gin Ser Vol Ser lle Ser Leu Pro Phe Leu Gly Lew Gly Lys Asn Gly Pr Asn Gl Leu Glu Leu
CAAA&AACCAAAATTAACC TATCAAATCAAAGYCT‘I’TCAACAATTTCC TTACCATTTTTAGGTC TACG»\AAAAATGCGCCAATCA&CGTTGAACTTGAACTA
Glu lys e Asn Leu Ser Asn Gin Ser Val Se Sef ey Fro Phe lea Gly Leu Gly Lys Asn Gly o lle Asn Val Gl leu Glu leu
LAAAAAACCAAAATI’AACC‘ATLAAATCAAA(:rG' 'T(AACAATTTCC YYALCA11TTTAG(:TCTAGGAAAAAATGGGCLAAICAAEGY TGAACTTGAALTA
Glu Lys Thr Lys He Asn Leu Ser Asn Gin Ser Val Ser Thr Pro Phe Leu Gly Leu Gly Lys Asn Gly Pro e Asn Vol Gl Leu Glu Leu
GAAAAAACCAAAATTAACCYATCAAATCAAAGTG"TTEAACAATTTCCTYlff&TTTTTA\mGYCTAGGAAAAAATGQTCCA-\YCL&CGT—TQAACTTGA-\CTA
Glu 1ys Thw Lys Jle Asn Leu Ser Asn Gin Ser Val Sar The e Ser Lew Pro Phe Lea Gly Lew Gly Lys Asn Gly Pra e Asn Vail Glu Llen Gl Leu

ax w0 s s % b =0 = 0 o

AAAAGATCAGA(TT'TGAA.\J-AATGACAGCTCACC?&ATTGA(CGAACAAGAAAACCAATT\.TTGAI’(‘CCTTAAAACAA(CAAAAAl'TGAACTAAC.TGAGC

Iys Az Ser Asp Fhe Gl |ys Met Thr Ala His Leu @& Asp Arg Thr Arg Lys FPro <p Al Leu Lys Vo S Ser Glu Leu
AJAAACATCAGACTYTGAAJ\AAAYGACA('(YCACC'AAYTGACCGAALAAGAAAACCAATCGTTGAYGC('TAAAACAAGCTAAAATYGAAGCAAGTGI\(:CY‘
Lys Arg Ser Asp Fhe Glu Lys Met Thr Ala His Leu % Asp Arg Thr Arg Lys Pro Aa lea Lys Glu Leu
AAAAGAT(‘ACACTTYGAAAA&ATGArAucTCACITAATTGACCGAACA.\GAAAACcAATc\.TrGATGCCYYAAAACAAGCT.&AA&YYGAAGCIAGTcArcrv
Lys Asg Ser Asp Phe Glu 1ys Met Thr Als His Leu e Asp Arg Thr Arg 1ys Pro B2 Val Asp Ald Leu Lys Gin Lys #e Gl Ay Ser Glu Leu
AAAAGA1(AGATT\' TGA»\AAAATGA(AG( T(ACCYAA11GACCGTACAAGAAAACCAA'ICG] TGA TGLCY1AAAA(AAGCTAAAA‘ 'GAAGCAAG\'GAGCI T
Lys Arg Ser Asp Fhe Glu Lys M P Arg Thr Arg Lys Fro Be Mal Asp Ala ieu Gl Leu
J..\AAGAT(AGA(TTTGAAA&.\I«TGACAUCT('A(CTAATTGAC(\.AACAAFAJJ.A((AATCUTT(‘AT(‘(rTTAAAA(AA(’.(TAAAATTGAA\.CAAGTGAFC'I’T
Lys A Ser Asp PFhe Giu Lys Met Als His Leu e Asp Arp The Arg Lys Pro Be  Val Asp Ald (fu Lys G Ala Lys #& Gh Ser Gl Leu
AAAAGAYCAQA(TYYGAAAAAAYGACA CYCACC'AAYYGALCGAACAAGAAAACCMYC\;]YGAYGCC71AAAACAAG(.TAAAAI'IGAA\;CAAGTGAGC"
Lys Arg Ser Asp Fhe Glu Lys Met Thr Ala His Asp Arg Thr Arg Lys Fro fle Val Asp Ala ieu Lys Lys Ser Glu Leu
AA.\AGATCAGA(TTTr.AA-\AAATGA(‘AG(TCACCTA.\TTGACCGAACAM‘.\J..LA(CAAT( TT(‘.AT(‘(‘(‘1fAAAArAAGCT.\-AAtTGAAGCAAGTGAGr11
Lys AR Ser Asp Phe Glu Lys Met Thr Ala His Leu Se Asp Arg Thr Arg Lys Fro e Val Asp Ala leu Lys G Ala Lys B Glu Al Ser Glu Leu
AAAAGATCAGA(TYYGAAAAAATGACAGCI'CACCYAA'IYGACCuAACAAGAAAACCAATCGTYGAIG(CT’AAAA(AAGCYAAAA'IIGAAGCAAGYGACC'Y
Lys Arg Ser Asp Fhe Glu Lys Met I fc Asp Arg Thr Arg Lys Fro fle Wal Asp Ala ieu Lys G Ala Lys de Ser Gl Leu
AAAAGATCAGACTTTG AA-\&AATGA(‘A CTCA(CTA&"YQA((GAACAAG&A&A((AATCGTYGA'TG"CTTAAAA(‘AAG(TA.\AATTGAAGCAAGTGAGCTT
Lys Asg Ser Asp Phe GlL Lys Met Thr Ala His Leu # Asp Arg Thr Arg Lys Pro e Val Asp Ala Leu Lys Gin Ala Lys #e Glu Als Ser Glu Leu
AAMAGATCAGACT TTGAAAAAATGACAGCTCACCTAATTGACCGAACAAGAAAACCAATCGTTGATGCCT TAAAACAAGCTAAAAT TGAAGCAAGTGAGCTTY
Lys Arg Scr Asp Fhe Glu Lys Mot Thr Ala His Leu e Asp Arg Thr Arg Lys Fro ke Val Asp Ala teu Lys Gin Ala Lys Se AL Ser Gl Leu
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GACGAGGTTCTTCTTGTTGGTGGATCAACACGYAYGCCAGCTGTTCAGRCAA'GAYTGAuCACACT7TAAATAAAAAuC(AAATCGTTCAATAAATCCVGA'
Asp Ghi Yal leu Lew wval Gly Gly Ser Thr Arg Met Pro Al ¥al Gin The His The Lou Asn Lys iys Asn Arg Pra Asp
GACGAGGTTCT FCTTGTYGGYGGATCAACACGTATGCCAGCTGTTCAG»\C&ATGAl'TGAA(ACACTTT&AAT AAAAA\,CCAAAYCGTTCAAYAAATCC FTGAT
Asp Glu Val L=y Leu val Gly Arg Met Pro Als Val Gin Thr Met e Ghu His Thr Leu Asn Lys Lys Pro Asn Arg Ser fe Asa Pro Asp
GACGAGGTTCT‘TTGYYGGTGGATCAACACGYATCCEAGCTGTYCAGALA*TGATTGA‘CACACTTIAAAYAAAAAGCCAA»\'CGTTCAATAAATCCTGA7
Asp Glu Yal lou Leu WVal Gly Gy Ser Thr Arg Met Fro Wal Gin Thr Mot Bo G His Thr Lou Asn Lys iys Pro Asn Aqg Sor o Asn Pra Asp
GJ«CGAGGTTCTTCTTG'YCGTL-GATCAACACGYh!GCCAGCTGTTCAGACAATGATTGAACACACYl"lAAA’IAAAAAGCCAAAICG’IYLAATAAATCCI’E»\Y
Asp Glu VYal Leu Leu Val Gly The B Met Gin Thr Leu Asn Lys ys Pra Asn Arg
GACGAGGTTCTTCTTGTYCGYGGATCAACACGTAYCCCAGCTGTTCAGACA-\TGATTGAC-CACACTf?AAATAAAAAGCCAAAI’CGTTCAATAAATCCYGAY
Asp Glu ¥l Loy lou val Gly Gly Ser Thr Arg Met Pro Ala Val Gin Th Mot o Gl His Thr Lau Asn Lys iys Pra Asn Arg Ser Do Asa Pra Asp
GACGAGGT ICT I'CTTGYYGU'GGATCAA{ALGTAYGCCAGCYuTTCAG»\(AATuA‘ TGAGCACACTTTAAATAAAAAGCCAAATCGT 1CAA rAAAlLC'uA'
Asp Glu val Gly Gly Ser Thr Arg Met Fro Al Gin Thr Met Gl iz Thr Leu Asn Lys Lys Pro Asn Arg Az Pro Asp
GACGAGGTTCTTCTTGTTGGTGGATCAACACGTATGCCAGCTGTTCAGACA;\TGATYGAG(AC#CTYYAAATAAAAAGCCAA&TCGTTCAATAAATCCTG&"
Asp Glu Yal leu leu Val Gly Gl Ser Thr ATg Met Pro Wal Gin Thr Mot #e G His Thr leu Asn Lys iys Pra Asn Arg Ser e Asa W Asp
GI«L(.AGGTTCTTCTTGYTGCTGGATCAACACGY-\"GCCAGCTGTTC;\GA(I\»\YGAYTGAGCACAC"YTAAATAAAAAGC(.AA»\ICCTTCAATAAATCCYGI«Y
Asp Glu Val Leu Leu Val Gly Gy Ser Thr Arg Met Fro Als Val Gin Thr Met Ghy His Thr Leu Asn Lys Lys Pro Asn Arg Ser He Asn Pro Asp
GACCAGGTTCTTCTTGYTGGTGGATCAA(ACGTAYGCCAGCTGTTCAGACAATGATTGAUCACA(TTTAI«ATAAAAAGCC»\AAI’LGTTCAATAAATCCTG&Y
Asp Glu Yal leu leu Val Gly Gy See Thr Arg Met Pro Al Val Gin Th Gl His The leu Asn PO Asn Arp Sec < PO Asp
GACGAGGTTCTTCTYGTYGGYGGAYCAALACGTAYGCLI\GLTGTTCA(;ACAAYGAYTGAACACAC7'TAIIATAAAAAGCLA:\AYCGYYCAATAAAYCC'GA‘
Asp Glu Val Leu Leu wval Gly Gly Seér Thr Arg Met Fro Als Wal Gin Thr Met Wiz Thr Leu Asn Lys _ys Pro Asn Arg Ser e Asn Pro Asp
1030 1040 1330 1080 157 -oae 050 1108 1110 132

GAAGTTGTGGCAATTGGTGCTGCAATTCAAGGYGGAGTTCT lGCfGGHﬂ:AAYlAGTGATGTVHAI H\C'GGACGHA(YCC"TAA('” TAGGAATTGAA

Glu Val Val Al H= Gly Ala As e Gin Gly Gly Val Leu Al Gly Giu e Ser Asp Val Leu Leu Leu Asp Thr Pro Leu Thr Leu Gly e Glu
GA;\GTTGTTGCAATTF(‘(‘CYFCAATC(AACG‘I’l‘.CkGTTCTTG(TGGTG-\A-\TTAGCC.AT\JTTTTAYY&TT(‘GAC&-TTA( TCCTTTAACTTTAGGAATTGAA
Glu val val e BB Val Lea Al Gly Giu e Sev Asp Val Lew Leu Leu Asp Val Thr Pro Leu The Leu Gly lle Glu

GAAG‘TGYGGCAATYGG.CCYGCAAT|CAAGGYGGAG‘YC rTGCYuG.GAAA(YAGTGATGTTYYAY'AC“I.GACGTTACYCCIVYAI\ﬁTTI'A(:(:AATYGAA
Glu Val Yal Al ll= Gly Ala A B Gin Gly Gly Val Lea Ala Gly Glu fe Ser Asp val Lew Leu Leu Asp Wal Thr Pro Leu Thr Leu Gly le Glu
r:.;.r,T‘rc,TGG(‘AATTGG (YC-CAATCCAAGGTGGAGIT(TTGCTGGTGA..J.Y'rAGTC.ATGTTTY.\71A1‘TAGA:CTTA<‘YC<‘VYTAA(TTTAGGAATYGAA
Glu Vel val Als Gly Gly V8l teu Ala Gly Gl #e Ser Asp Val Leu Leu Lleu Asp Val Thr Pro Leu Thr Ley Gly lle Glu
GAAGITGTTGﬂAATYGGAG(TGCAA’ICCAAGGYGGAGYYCTlGCTGG'GAAAYIAGTGATﬁrTYYAleTIGGAcuI'IA('I'CCIIIAACYTIA\;GAAYIG&A
Gl val Val Ala Il Gly Gly Gly Val lew Glu %c Ser Asp Val Lew Leu ieu Asp Val Thr Pro Leu Thr Leu Gl e Glu
('AAGYTGTCGCAAYTGGTGI’YGCAATT(AA((TG AGTTCTTG(TGGTrAAo\’I1AGT\;ATGTTYYATYA('TG(A(GTTA(TCCYYT&A(TTTAF(AATYGLA
v val val e Gly A B2 Gin Gly GI,- Val L2u Als Gly Glu Me Ser Asp Val Leu Leu Leu Asp The Pro Leu The Leu Gl lle Glu
GAAGT YGT-;GCAAY \'GGYGC'GCAAT I’CAAGGI’GGAG!TLY IGCTGGYGAAA' YAGTGAI&TI T YAI'AL‘GGACG‘I IACYCC' TTAACTT YAGGAA'TGAA
Glu Val Val Gly Gly Gly Val leu Ala Glu e Ser Asp Val Les Leu Leu Thr Pro Leu The Gly
GiAGTTGTGGCAATTﬁ(‘YGrYC(A&TTCAAGGTGGAGTTFTTGCT(‘GI’GA»\AYYAGTGATGT]’TT-\YVAFTGGACGTTAC]'(CY'YAA(TTTAGGAAI’YGJ-A
Val lle Gly Ala Als e CGin Gly Gly val Lew Gly Glu #e Ser Asp Val Leu Leu Lleu Asp ¥al Thr Pro Leu Thr Leu Gly Ne Glu
GA&G'TGYGGCAAI’TGGYGC‘IGCAATICAAGGYGCAGYYCYTGCYG(\YGAAAY'IAGTC\AT"TTTYAY YACYGGACGYTA(YCCIIYAACTT rAuGAAYYGAA
Glu val val iz Gly Gly Gly Vval Ala Gl: Sc Ser Asp Val Leu ieu Asp Wal Thr Pro Lleu flz Glu
CA%GTTGTTGCAATTCCAGCTGCAATCCAAGGTGGAGTTC\'TGCf(-GYCu\J«.\TTAGTGATGTTTYATI’I-TYGGACGTTACT(CI1TAACTTTA GAATTE«AA
Glu val Yal Als lle Gly Ala Ala e Gin Gly Gly Val Leu Ala Gly Giu fe S5Ser Asp Val Lev Leu Lleu Asp Val Thr Pro Leu Thr Leu Gly lle Glu

1130 L s Lig0 (Aed 1180 1150 109 210 2%

ACCTTAGGTGGAGTT rCAA(r((ATTAATTCCAAGAAA‘IAcAA(AATTCCEGTAACAAAAT(ACAAAIYY1(TLAA(AGCTGAGGACAAT(AAACCGA.\G!I
Thr Leu Gy Gl Val Ser The Pro Leu lle Pro Arg Asn Thr Thr Hle Pro Val Thr Lys Ser Gin e Phe Ser Thr Ala Glu Asp Asn Gin Thr Glu Vsl
AccrTAGGTGGAGTTTC.\&CCcc.ATTAATch»\AGAAATAcAACAAYYCCGGYAA:AAAATCACAAA!V1TcYCAACAGCCGAAGACAATQAAACCGAA GIT
The tou Gy Gl val Ser The Fro leu e Arg A e Pra Lys Gie Thr Ala Glu Asp Asn G The Gl val
A(CY‘/\G(‘GGA&:TTTCA-\LC(CATIAATTCCAACAAA1ACAACAATTCCLGI’AkCAAAAT(.ACAAAY'1‘ILYCAACA(:C.GAGCAEAATLAAA(CG:\AGIl
Thr Leu Gh Gl val Ser Tir e Pro Arg Asn Thr e Pro The He Phe Sec The Glu Asp Asn G Thr Glu val
ACC‘I‘TAGGTC-uAGTTTCAACCCCATTAATTCCAAGAAATACAACAATT(CCCTAACAAAATCACAAA‘l’71’TCTCAACAGCAGAAGACAATCAAACCGAAGTT
The lou Gy Gl val Fro lou e Poa Ang Asn Pra Gin Thr Ala Glu Asp Asn Gin The Glu val
ACCYYAGGTGGAGTTYCAACCLCA“ITAATTCCAAGA&AYACAACAATTCCGGTAACAAAATCACA»\AT‘ITTCT(AACAGC‘I’GAAGACAATCA!‘A(CGAJ\GY'
The teu Gy Gl val Ser Thr Pro Arg Asp Thr Thr e val Lys Ser Gin fle Phe Ser Thr Als Glo Asp Asn G The Gl val
AccTTAGGTGGAGTTTCAJLCcCCATTAATTCCAAGAJ.ATA:AACAATTCCGGVAACAAAATCACAA&YTTY:TCAACA\;CC(A.\GACAATCAAACCCAAGrr
The 1eu Goy Gl wal Ser Tty Fro Led He Pro Asg Asn Thr g Pra val The Lys Ser Gin We Phe Ser Thi Ala Glu ASp Asn Gin Thr Glu val
AEC“AGCHGGAG' T TCA-\ECCCA1 TAATTCCAAGA&&TACAACAATYCCGL:YAACAAAATCACAA»\"YY(TCI\ACAGCC&AAGACAATCAAACLGAAG' T
Thr Gly Wal Ser Thr Arg Asn Thr e Pro Ser fe Ph= Ser Thr Ala Glu Asp Asn Gin Thr Glu val
AcchAGGTGuAGTTTCA-\ccccATTAATTCCAAGAAATACAACAAYTCC GTAA(AAAATCACAA&TTYTCTCAA(‘AGCCGA&GAtAATCAAACCGA-\GTT
The (éu G% Gl Val Ser The Pro Laa lle Pa Ang Asn The The lle Pro Val Lys Ser Gin e Phe See The Ala Gl Asp Asn G The Gl val
ACC‘YI\GGTGGAGVYYCAALCCCAY'IAAY1(.CAAGAI-I\YA(AACAATTCCL:G'AACAAAAFCALAAA|Y’l1CT(AACAG(CGAAGAEAAYCAAACCGAJ\L‘Y'
T Ghy Ser The Pro a Arg Asn Thr lhe Lys Gin e Phe Ser Thr Ala Glu Asp Asn Gin Thr Glu val
.\ccY1AGGTGGA(‘.TTT(‘AAC(:(ATTAAYTCCA.\GAAAYACAACAATT(‘ccc1AAcAAAATcAcA.\a*r7rYCTCAAcACC‘lGA.\cAcAATCAAACCGAAc‘rr
TH ey Gy Gl ¥al Sér The Pro Ly le Pro Arg Asn Thr The lle Pro Val The Lys Ser Gin #e Phe Ser Thr Ala Glu Asp Asn Gin The Gl val
10 1243 130 1360 1 1380 13% 1300 a0 123
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1. 16 HSP70 A(‘CkYTT(:GTAGT'I'C.\-\GGYI'.AAA(-ACAA(‘YYG(TGCTGATAACAAAA‘KG'TAGGT(GCTTYAATI"YYFAGGAATTGAGCCTGFY(‘(‘TC(‘.I’(‘(,Y(‘YYFFA
Frame 1 val Gin Gly Glu Ag G Lew Ala Asp Asn Lys Met Leu Gly Arp Phe Asa Leu Ser Gy Gl Pro Ala Pro Arg Gly Lew Pro
2.42 HSP70 ACAAI1TC1G1A"FTCAAGGYGAAAGACAACTYGLCGCTGA?AA(AAAAIG' TAGGTCGCTTTAATCTY 'CkGGAAlT{-AG(C'CC"CE!CGTGGYC' TooT
Frame 1 The %e Ser VYal val Gin Gly Glu Arg Gin Lew Ala Alx Asp Asn Lys Met Leu Gly Arg Fhe Asn Leu Ser Gy Pro Ala Pro Arg Gl Le: Pro
3,90 KSP70 ACJ«AT-T('TGTAGTT(‘A—.GGYGAAAGA(AA(TTG("(‘,CTGATAACAAAAYGY IAr,r.Trc.cTTTAArrrvrtAcGAAT‘ICArcc rr-cYCl:'n GTGGTCTTCCA
frame Thr e Ser Val Val Gin Gly Glu Arg Gin Leu Ala Ala Asp Asn Lys Met Leu Gy Arg Phe Asn Leu Ser Gl Glu Aa Pro Arg Gl Leu Pro
4,23 HSPID ACAAY'T(TGTAGITCAAGGTGAAAGACAACl'VGLYGCTGACAATAAAA‘GV'AGGYCGCYYI'AA'CY"EAGGAATCGAGCC'GC'CCA(;‘IGGTCTVCCA
Frame The %e  Ser Gin Gly Glu Arg Gin Lew Al Ala Asp Asn Lys Met Leu Gy Arg Fhe Asn Leu Ser Gy ro Al Fro Arg Gly Leu Pro
5. 103 HSP70 Ar.u.TT‘rcTGTAGTT(AAGG1GAAAGACAACTTGrn;cYGATAATAAAAYGITAGGM'C.('TTTAAH‘11TcAGGAAT((AGccl'r,cTCtT(‘(.TGGTcTYrCA
ame 1 The 2= Ser Val Gin Gly Glu Arg G Leu Ala Ald Asp Asn Lys Met Leu Gy Arg PFhe Asn Leu Ser G Ala Pro Arg Gly Lev #ro
6. 70 HSP70 ACAAY"YLTG'IAGTYCAACG‘IGAAAGACAACYYGCCGCYGATAACAAAA'C'YAGGTCGCTT\'AAfCY'YCAGGAATCGAGCCIGCTCCTﬂGTGGTCTYCCA
Trame 1 Thr e Scr Yal Val Gin Gly Gl Arg Gin Lec Al Ala Asp Asn Lys Met Leu Gy Arg Fhe Asn Leu Ser Fro Arg Gly Lew Fro
7.73 HSPTO AC.‘-I-1TT(1GTAGTTCALGGTBAAAGACAACTTGC(GCTGATAACAAAAIGYY&GGTCGCTT"!AAI’CYYYCAGGAATC(’A(‘CCI'FCT((TCGTGGT(YTE(I-
Frame 1 The de Ser Yal Val Gin Gly Glu Arg Gin Leu Ala Ala Asp Asn Lys Met Leu Gy Arg Phe Asn Leu Ser Gy Ghu Pro Arg Gly Leu Pro
8. B3 K5P70 ACAA!Y1‘CTGTAGTTCAAGGYGAAAGALAA(TTGCCGCTGATAACAAAA‘IG'YAGGYCGCTTTAArCTTTCAGGAATCGAGCCI’GCTCCTCGTGGTCYfCCA
frame 1 Gly Arg Gin Leu Ala Ala Asp Asn Lyn Met Leu Gly Arg FPhe Asn Leu Ser Fro Arg Gly Leu Fro
9. 88 KSP70 Al’&‘-’( TTCTGTAGTT(.\&GGTEAAAGACAAF TthEGCTGATAA(AAAAIGTYAGGTLG(TTTAATI‘“’T(AGGAAT(‘GAGC( I’C(YCCTCGFGGT(TT(‘CA
Frame 1 The Gin Gly Glu Arg Gi Leu Ala Ala Asp Asny Lys Met Leu G Arg Phe Asn Leu Ser Prioc Aa Fro Arg Gly Leu Pro
10. 94 HSPTO ACLAYTTCTGTAGTTCAAGGYGAAAGACAAC?YGCYGCTGATAATAAAAYGYTAGGACGCTTTAAY(Y"fCAGGAATCGAGCC'CCTCCTCGTGGTC?YCCA
frame 1 Te Ser Val Wal Gin Gly Ghu Arg Gin Leu Ala Ala Asp Asn Lys Mot Leu Gy Arg Fhe Asn Lou Ser o Gl Pro sla Fro Arg Gly Lou Pro
13 'XA) 1380 130 ')‘ID 12 ‘:m e 1ax
Wersiy _
1. 16 H5P70 CAKATTGAAGTTAGTYYVTCAAYTGAC\.TCAACCGTAYCACAACTGTTfCACCAAAAGATAAAAAAACT(‘:GAAAAGAACAGACAA‘I’TACAA?TAAAAA\'ACT
Trame 1 Gin 2o Ser Asp val Asa Gly Sar Ala Lys Asp iys Lys The Lys Gl Gin tys Asn The
2,42 HSPIO CAAAYTGAAGTTAGT!YY'(AATTGACGT‘IAA'I'GL;YAY‘A(AACYGTTYCGGEAAAAGATAAAAAAAE"GGAAAAGAACA:\ACA&YCAEAATTAAAI\AYACA
Frame 1 Gin Gl Ser Fhe fe Asp Wal Asn Gly #e Thr Thr val Ser Ala Lys Asp Ly Lys Gy Ly: Gl Gin Thr Se Thr Lys Asn
3.90 H3P70 cAiAtTGAAGTTAGT??YTcAAYTGACGTTAAcccrATTACAAcTGTTYCIGcAAAAGATAAAAAA.\CYGGAAAAGAACAAACaATTA:AATTAAAAATACT
Frame © [ % Asp Wal Asn Gly Se Thr The Wal Ser Ala Lys Asp lys Lys Gl Gin The lys asn The
L23I'EF1U LAAAITGAAGTTAGYY'YTCAAYTL:ALGTTAI\LGI;'A‘YACAA(‘GTVVCEGCAAAAGATAAAA»\A&C'GbAAAAuAALAGo\L&AYYACAAITAAAAA!’ACY
Frame Gin Gl Ser Phe Ser fe Asp Val Asn Gly fe hr val Ser Al Lys Asp Lys Lys The Gy Lys G Lys Asn The
s,losnsno CAA&TTGAAGTTAGTTTTTCAATTGACGTTAACGG‘I’ATTACAACTGT‘I"I’CGGCAAAAGATAAAAAALCTGGAAAAGAACAGAC&ATTACAATTAAAAA‘I’AC?
Trame 1 Gin %o Gy Ser #e Asp val Asn Gly %e Thr Thr Val Ser Ala lys Asp Lys lys The Giy Lys Gk Gin Thr lys Asn Thr
£. 70 KSP70 LAAAYYGAAGTTAGTXv7ICAATTGACGTrAACGGYAITACAAcTGTTYcuGCAAAAGATAAAAAAALYGGAAAAGAACAAACJ\AYCACAATTAAAAArAca
Gin te Ghu Ser Fhe Ser Be Asp Wal Asn Gly ®e Thr Thr val Ser Al Lys Asp Lys Lys Thr Gy Lys Ghi Gin Thr Se Thr Be Lys Asn T
CLAAYTGAAGTTAQTYYTYCAATTGACGTYAACGI"YAYTACAACT(TTYCGGCAAAACATAAAAAAACTGGAAAAGAACAAACA&YCACAATTAAAAATACA
GIn %& Gl Val Ser Phe Ser Ee Asp Wal Asa Gly e Thr Thw val Ser Lys Asp 1ys Ly Ghi Gin The e Be lys Asn The
8. B3 HSP70 CAAI-YYGAA\-TTA(:I TTTTCAAT TGACGTI‘AACGG'AYTACAAC "GTT \'CGCCAAAAGATAAAAAA&C'CGAAAAGAALAAACAAYCACAATTAAAAA'ACA
Frame 1 Wal Ser Phe Ser Be Asp wal Asn Thr Val Ser Ma Lys Asp lys Lys Thr Gy Lys Gl Gin Thr Ly= Asn Thr
9, B8 HSP70 CAJ.ATYGAAGTTAGTI’TYYC&AYTGACGTTAACG(‘YA‘I1ACAACTGTTTC(‘GCAAAAGATAAAAAAA(YC\GAAAAGAA(‘AAACA&YCACAATTAAAAAYACA
Frame 3 Gin e Gy Val Fres = Asp Val Asn Gly e Thw Trw Val Ser Ala Lys Asp Llys Lys Thy Gy Lys Gl Gin Thr e Thw Lys Asa Thr
10. 94 H5P70 CAAAITGAAGTTI\GT I'YY'ILAATT(-ACCH TAACGOTATTACAACTGTTTCGGLAAAAGATAAAAAAAC IGGAAAAGAACAMCAAI"ACAATTAAAAA!AC'
Frame 1 Gin fe Glu Val Ser Phe Ser fe Wal ‘Asn Gly %e Thr Thr val Ssr Ala Lys Asp Lys Lys The Gly Ghs Gin Thr fSe Thr Lys Asn Thr
1439 1490 450 1468 150 1480 1430 ~sw 154 153 1530
Wercry e
1. 16 H3P70 'CAACTTTATCTGAAGAAGAAATTAACAC‘AAIGA'lCAAGAAGCTGAAGAAAAYC(,TGAAGCTGA'GCAAY(AAAAAA\;ATAAAA"IGAAACAACAGYYCG'
frame S=r The Asn Arg Met e Glu Asn ATZ ¥i iys Asp Lys fe Arg
2.42 H5P70 I’CA.&CTTTAT(T(‘AAGAAGAAA‘YTAACAGAAT(‘&'Y('AAGAAG((CAA A»\.\AYCC‘TGAI“-(?GAYGCAATCAAAAAA(ATAAAJ.TTGAAACAACA thr.‘l
Hame Ser Thr ey Ser Gl Glu e Asn Arg Met e Gin G Glu GI ASn Arp Asp Ala e Lys  Lys Lys Gy Thr Thr 'v Arg
3.90 KSP70 H:AAC‘I 1TA1cTuAAGAAGAAA1 TAACA\.:AAT(:AI 1CAAGAAGCCGAAGAAAAYCGTGAAucrGArGCAAYCAAAAAnGATAAA&'I&AAALAACAGIICG‘I
Trame 1 fe Ghu fc  Asn Arg Met Gin Gl Asn Arg Ao e Lys iys Lyn Thr A.rg
4,23 KSPTO TrAArTTTATCTGAAGAA AAATTAACAGAATG.\trrAAGAAc.(C(-AAr.\A.\ATCGTC,AAG(‘TGArrcAATCAAAAAAGATAA.\ATTGAAACAACAGTYC
frame 1 Ser The L2y Ser Glu Glu Glu B2 Asn Arg Met e Gin Glu Als Glu Glu Asn Arg Gl Ala Ala #2 Lys Ly Asp Lys He The The Wval Atg
5. 103 HSP70 VCAACTvTATLTGAAGAAGAAAHAACA(.AA!GAIchAGAAGcceAAGAAAAtcG‘rGAAGchArGCAAI:AAAAAAGAVAAAAYYGAAACAACAGYICGV
frame 1 The ieu Scr Gl Glu Glu Be Asn Arg Met fe Gl Gl Asn Arg Lys iys Lys fe The Arg
6. 70 HSP70 YC-’-A(TTTAT(TGAAGAAG&AAYTAA(AGAATG.\TY(AAGAAGCTGkAGA-\AAYCGTGAAG(YGATGCAATFAAAAAAGAT*»\AAT"GAAA(AACAGTTCG
Frame 1 Sér The Led Ses Gl Glu Glu e Asn Arg Met He Gin G Als Gl Glu Asn Arg Gk Asp e Lyt ys Aso Lys Ghu Thr Ay
7. 73 H3P70 n:AAc.‘l‘lTATCTGAAGAAGAAATTAAcAuAArcArICAAGAAGCYGAAGAA-\ATCGTGAAGCYGArGCAAVCAAAAAAGATAAAATTGAAACAALAGVrch
Trame 1 lea Ser Gl Gl Glu So  Asn Arg Mot e Gin Ala Glu Glu Asn Arg Ala Ha fe Lys iys Lyx S0 Gl Thr Thr val Arg
8. 82 KSP70 ICAACTTTA1CTGAAGA.=L.AAA1TAACAGAAYG.\!ICAAGAAGCYGAAFAAAATCGTGAAGCY AI’GCI«ATCAAAAAAGAT-\AAA‘IYGAAACAACAﬁY'CG
Frame 1 Ser Thr Ser Gl Giu Glu fe Asn Arg Met le Gin G Glu Glu Asn Arg Gl Ala Ala Lys Ly Aso Lys Ghu Thr Thr val Ang
9, B8 HSP70 I’CAACTTT&TCTGAAGAAGAAATTAACAGAATGAYYCAAGAAGCTGAAGAAAATCGTGAA»CTGA?CCAATCAAAAAAGAY&AAATTGAAACAACAGTYCGY
frame ! The icu Sor Gl Gh: Glu B0 Asn Arg Mar e Gin Glu Al Gl Gl ssn Az Gl Ala s G The Thr val Arg
10. 84 HSP7O 'L»\ALT‘l‘IAT(TGAAG.\AEAAATTAACAGAAYG»\I'7CAAGAAGC(GAAGI«'\AAYCGTGAAGCThAH.,LAATLAkAAAAQATAAAAYTGAAACAA(’AGYTCG‘
Franive ¥ Ser The Lley Ser Gl Glu ...Iu fe Ain A:g Met de Gin Ghu Ghu Gh. ASt Atz Gl Asp Ala de Lys Lys Glu The ul A,
1570 159 L wa us:o
Wersity —
1. 16 HsP/0 b(CGARbGTgTTATTAAYCAALTTbAAAAATLA'\‘AACTGATLAAQGTGAAAAAAYTLvAIL(VAAA(AAAAAGAALTTCTTGAAI\AACAAAVT(AAGA»\(’C
Frame 1 Ala Glu Gy Leu lle Asn Gin Leu Glu Lys Ser Me The Asp G Gly Glu Lys Asp Pro Lys Lys Gl Leu Leu Glu Lys Gin Gin Glu Leu
2,42 HSP70 CCCEAAGGT(‘TTAYTA&TCAACYTGAAAAAT(AATAACTGATCAAGGTGA.\AAAAYTGAT(CYAAACAA&AAGAACTTCTTGAAAAA:AAATTCAAGAGCYC
frame 1 Ala Glu Gy Leu e Asn Gin Leu iys He The Asp GW Gly Gl 1ys Asp Pro lys GIn Lys G lew leu Gl lys Gin Gin Gl Leu
3. 90 HSPI0 hCLGAAGGTCTTAY1AAICAAC1TGAAAAAYC'\ATAAETGAT(AAGGYGAAAAAATTGAT((YAAACAAAAAGAA(TT(TTGAAAAACAAATTCAAGAACY(
Fremed ANa Ghu Gy e Gin ye The Asp G Gly Gl Lys Pro Lys Gin Lys Gl Lys Gin Gl Leu
4,23 H3PT0 (CCGAAGGTCTTATTAAT(AAL’TTGAAAAATCAAYAACTGATCAAGGTGAAAAAATTGATCCTAAACA&AAAGAACTT(TTGAA&AACAAATTCAACAGCI’C
Frame 1 Ala Glu Gy lau lle Asn Gin (eu lys Ser Me The Asp G Gh Glu LyS Asp Pro lys Oin 1ys GR leu Les Gl Lys G Gin Glu Leu
S.IDBHSPN GLCGAAGGTC|'TAI'TAAYC%A(TTGAAAAATCI«A!AA(16A1CAAGGY&AA»\AAA1TGACCCAAAA(AAAAAGAACYTLfluAAAAA(AAATTCAAuAGCY(
Frame Aa Glu lle A Lys Ser e Gly Ly Pro Lys Gin Lys leu Leu Glu Lys Gin lle Gin
6.7I1MSP7O SCCCAAGGTCTTATTAAfC&ACYTGAAAAATCAAYAACTGATCAAGGTGAA*AAATTGATC(‘YAAAC%AAAAGAACTTCTYCA&AAACAAATTCAAGAACI’f
Frame 1 Ala Glu G% Ley lle Asn Gin Leu Gl The Asp Gin Gl Gl 1y & Asp Pra Lys ©In 1ys Gl Leu Lew Gl 1ys Gin e Gin Gl Leu
7. 73 HSP7D GCCGAAGGTCr1A1?AA'CAA:YYGAAAAAY(AAIAAC1GAILAA(:GH,AAM\AATrGA.\:LlAAACAAAAAGAACTr<.1 VGAAAAACAAAYT(.AAGAALYI:
Frame 1 Gty Leu li= Asn Gin Ghy Lys Ser Asp Gin Gl Glu Lys Lys Gin Lys Ghu Leu Lew Glu Lys
8,81 HSP70 Grr‘(‘.AAGGTCTTA?TA.\YCAA(TTGAAAAAT(.\.\I’AACT('.AT('AAGGTFAAAAAATT(.ATCCYAAACAJ.AAAGAACTTrTrnAJ.AhA(AAATT(‘AAGA,\cT(
frame 1 Ala Glu Gy Leu He Asn Gin ey Gh lys Sef ASp Gin Gly Glu Lys B2 Asp Ao Lys GIn Lys Ghu leu Leu Glu Lys Gin Be Gin Gl Leu
9. B8 HSP70 GCCGA/\GGTC I'TATTAA'CAACYYGAAAAA1CARYAAC‘IBATCAAGGT(:AAAAAATTGATC(TAAACAAAAI\GAACTYCYYGAAAAACAAAYT(AAG-\ALY(
Frame 1 Ala e Sar The Asp Gin Gly Gh: Lys Pra Lys Lys Lys Gin Glu Leu
10. 54 HSP70 G(’CGAJ‘«GGTCTTAYTAAT(‘&ACTTGAAAAAI'(‘Akl’&J-CT('AT('AAC-GTGAlq.\»&AATT\;ACCCHAAACAAAAAGAACTTCTTGA&AA&CAAATT(AAGAGCY(
frame 1 Ala Gl c,», Lea e Asnh GIn Leu Ghy lyg Ser e The Aso G cw GIL ys &= Asp o Lys c.ln 1ys Gh Lew Leu Glu l)s Gn Be G Glu Leu
Ii“ 1718 L 178

J.A.\GATETTTTAAAAGAAGAAAAAATT(,ACGA.\r'lA&AAA(AAAATTAGArCAAATTGACCAA(‘CAGCCrAA(.rTTTTGCC(‘.\-\m:AAGCGCr(AA(A.\s(T
Lys Asp Leu Leu Llys Glu Glu Lys fe Asp Glu Leu Lys Thr iyt Leu Asp Gin Ala Ala Gin Als Phe Als Gin Ala Ser Als Gin Gin Al
AMAAGATCTTTTAAAAGAAGAAAAAATTG, ACGAAC'AAAAACAAAATTAGACCAAATTGAGCAAGCAGCCCAAGCT‘(TTGCCCAJ‘GCAAGCGCICAAC»\AGC'I
Lys Asp leu leu Lys Gl Glu Lys fie Asp Glo Leu Lys Thr Lys Leu Asp Gin fe Pre Ala Gin Gin Ala
AAAGATrTTTTAAAAG.\A(,&AAAAATT(A(GAAFYA,\AAA(AAAATTAGArCAAATTGAGCAAGCAG((CAAGCTTTT(‘C(C.\.\(‘,(AAG.C(‘T(AA(‘AAGCT
Lys Asp Leu L=y lys Glu Glu Lys Be Asp Glu Leu Lys Thr iys Leu Asp Gin  Be #la Phe Ala Gin Ala Ser Ala Gln Gin Ala
AAJ.GA‘rcTTTTAAAAGAAGAAAAAATTGA(GAACYAAAAACAAAATTAGM:CAAATTGAGCAAGCAGCCCAAGCfTTTGCCCAA(_CAAGCGCTCAACAAGC'
Lys Asp leu lew lys Ghe Glu Lys Asp Glu Leu Lys Thr oys Asp Fhe Ala Gin Ala Gin ala
AA&GATCTTTTAAAALA»\GkAAAAATTGACGAA(YA»\AAACAAAATTAGACCLAATTGA\:CAA CACCC(‘AAGCTTTTGCCCAA CAAGTGCTCAACA-\GCT
Lys Asp Leu Leu Lys Glu Glu Lys Asp Glu Leu Lys s Leu Asp Gin be Ala &la Gin Phe Ala Gin I-Ja Ser Als Gin Gin &Ala
AAAGAY\:TTTTAAAAGAAGAAAAAATTGACGAACtAAAAAcAAAAYTAGACCAAATY&AGCAAGLAGCACAAGCTTTTGcccAAGcAAGCGCTCAACAAG:‘I
Lys Asp lou lew lys Gl Glu Lys e Asp Gl Leu Lys Lys Leu Asp Gin Gin Ala Ala GIn he Ala Gin Ala Ser Al Gin Gin Ala
AAAGATLTTTTAAAAGA»\G*AAAAAT T\yA(G»\AC'}‘AAAACAAAATTAGA(CAAATTGAG(AAGCAGC!CAAGE I’TTTGCCCAAE( AAGKG(T(’AACAAGI Y
Lys Asp Ley Lleu Llys Glu Glu Lys Asp Glu Leu Lys Thr iys Leu Asp Gin Gin Ala Ala Gin Als Phe Ala Gin Ala Ser Als Gin Gin

AAAGATCTYTTAAAAGAAGAAAAAATTGACGAACTAAAAACAAAATTAGACCAAATTGAGCAAGCAGCACAAGCTTTT cccAAGcAAGCGcTcAAcAAGCT
Lys Asp Led lou lys Ghs Glu Lys o Asp Gl Leu Lys Thr tys Lou Asp Gin o Gin - ala Phe Ala GIn Ala So Gin Gin Ala
AAAGATCTTTTAAAAGAACAA&AAATTGACG-\’\CYAAAA&(AAAATTAhACCAAATTGAGCAAGCRCCACAAGCTTTTGCCCAhGCI\AGCG(TCAACA-\CC‘(
Lys Asp leu Leu Lys Giu Lys Glu Leu Lys o Leu Asp Gin Gin Als Ala Gin Als Phe Ala Gin Ala Ser Gin Als
AA&GATCTTTTAAAAGAAEAA&AAATTGACGAACTAAAAACAAAATTAGACCAAAYTC\AGCAA(CAGCCtAAGCT'I’TTGC(CAAGCAAGTGCTCAACA-\GCT
Lys Asp ieu lou lys Glu Glu Lys fe Asp Glu leu Lys ¥y lou Asp Gin G Gl Gt Ala Al Gin Al Phe Ala Gin Alr Ser Al G GIn Ala

T 1250 1390 L™ 17, 13%0 1,800

AACAGTGCAAGT AAACYGATTCTC‘AGATTCALATACAATTGATGCTGlAAT(AAACAAAATYAA
Asa Ser Al Ser Glo Th Asp SOEEEEE Asp Ser Asn Tiv  Be Asp Ala Gl Lys Gin Asn

Z.Q HSP?D AA(AGYGLAAGT{:AAACYGA!TC == ~AG AfTCAAALACAA1 TGAT GCTGAAAYLAAALAAAA"I’AA
1 Asn Ser Ala Ser Gl Thr Asp Ser Asp Ser Asn The Asp Ala Glu fe Lys G Asn «
J,gonsm AACAGYGCAAL.TGA-ACTGLTYC---AGATTCA.\LYACAATTGATGCYGAAAYCAAACAAAATTAA
frame 1 Asn Ser o BAEE Thr ASp Ser A Ser Asa The e Asp Ala Glu fe Lys O Asn «
4,23 HSP70 AACAGYG(AAGT\;AAACTGA"YC = A(;ATYCAAACACAAYTGATG(TGAAA'CAAACAAAATTAA
Frame 1 Asn Ser Ala Ser Gl Thr Asp Ser Asp Ser Asn The Glu e Lys Gin Asn «
5.103“5?70 AAIAGY\,CAA“TCAAA(TGA"Tt--—A\-ATTC.\A-\1LCAATT\:ATG(TGAA‘\TCAAAEAAAATTAA
ame 1 Ash Ser Al Sec Gl The Asp Ser Azp Ser Asn The Be Asp Ala Glu e |ys Gin Asa
r».?m-lsvm AACAGTGCAAGTGAAACTGATTC A(;AYI'CAAALACAAT1C|A1uCYGAAAY(AAACAAAAI’YAA
Fram Asn Ser Als Ser Gl Thr Asp Ser Asp Ser Asn The Be Asp Glu e Lys .
7.73"5?70 A&CLFYCCAAGTGAAACYGATT(---A-:ATT(AAA?A(AATTGArc(TGAA.&Y(AAAtAAAAYTAA
Asn e Gl Thr Asp Ser Aa Ser Asn Thwy PRe Asp Ala Glu fe Lys Gin Asn
l.laHSWD AACAGYGCAAGI’GAAACIGA! TC GAT YCAAACACAATYGATGCTGAA»\YCAAACAAAAI’TAA
Frame t Asn Ser Als Ser Glu Thr Asp Ser -\sp Sar Asn The Ala Glo e Lys s .
9. 88 HSP70 AAF&GTG(AAGTGAAA(TG&TT(—--AGATT(AAAC&(AATTGAT(CTﬁ-\A-\TrAAA(AAAAYTA-\
Hame ) Ast Ser Ala Ser Glu Thr Asp Ser Asp Ser Asn Thy e Asp Ala Glu e N As
10. G4 HSP7O AACAGYGLAAGTGAAA(YGI-'YC AuAfYCA»\&'A(AATTGATGCYGAAAYCAAACAAAA?YAA
Frame 1 Asn Ser Ak Gl Thr Asp Ser Asp Ser Asn The Ala Glu e Lys
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ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA

Met Val Val Lys Thr Gy Ala Lys Lys Asp Phe Asp Arg Ser Lys Glu His lle Asn lle Gly Thr lle Gly His Val Asp His Gl Lys Thr Thr Leu
ATGGCAGTTGTYAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATAYCAATAYTGGGACAATYGGYCATGTTGACCACGGAAAAACCACTCTA
Lys Gly Lys Lys Asp Phe Asp Arg Lys His lle Asn lle Gly Gly Lys Thr Thr Leu
ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA

Met Ala Val Gly Lys Lys Asp Phe Asp Arg Lys His lle Asn Gly Thr Gly Lys
ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA
Gly Lys Phe Asp Lys Gly Gly Gly Lys Thr Thr Leu

ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA
Met Ala Val Val Llys Thr Gy Al Lys Lys Asp Phe Asp Arg Ser Lys Glu His lle Asn lle Gy Thr lle Gy His Val Asp His Gy Lys Thr Thr Leu

ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGG?GCATAT(AATATTGGGACAATTGGTCATGTTGACCACGGAALAAACCACTCTA

Met Ala Val Val Lys Gly Lys Lys Asp Phe Asp Arg Ser Lys lle  Asn Gly Th Gly His Gly Lys Thr Leu
ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTYGACCGTTCAAAAGAGCAYATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA
Met Ala Val Val Gly Lys His Asn Gly Gly Lys Thr Thr Leu
ATGGCAGTTGTTAAAACTGGTG(AAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATYGGTCATGTTGACCACGGAAAAACCACTCTA

Lys Gly Lys Lys Asp Phe Asp Arg Lys His Asn Gly Gly Gly Lys Thr Thr Leu
ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA
Met Ala Val Val Lys Thr Gy Ala Lys Lys Asp Phe Asp Arg Ser Llys Glu His lle Asn Gly Thr lle Gy His Vval Asp His Gly Lys Thr Thr Leu

ATGGCAGTTGTTAAAACTGGTGCAAAAAAAGATTTTGACCGTTCAAAAGAGCATATCAATATTGGGACAATTGGTCATGTTGACCACGGAAAAACCACTCTA
Met Ala Val Val Lys Thr Gy Ala Lys Lys Asp Phe Asp Arg Ser Lys Glu His lle Asn lle Gy Thr lle Gy His Val Asp His Gy Lys Thr Thr Leu
110 120 120 120 150 160 0 180 1% 20
ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGT(TAGCTGAAGCAAAAGATTAYGCTTCTATTGACGCAG((CCTGAAGAAAAAGCGCGTGGAAYTACA
Thr Ala Ala lle Ser Thr Val Leu Ser Lys Lys Gy Leu Ala Glu Ala Lys Asp Tyr Ala Ser lle Asp Ala Ala Pro Gu Glu Llys Ala Arg Gy lie
ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGTCTAGCTGAAGCAAAAGATTATGCTTCTATTGACGCAGCCCCTGAAGAAAAAGCGCGTGGAATTACA
Thr val Lys Lys Gly Tyr Ser Asp Lys Arg Gly lle Thr
A(AGCGGCAATTTCAACTGTATTATCAAAAAAAGGGWTCTAG('IJTGAAGCAAAAGATTATGCTTCTAYTGAQPCGCAGCCCCTGAAGAAAAAGCGCA?STGGC;yAATTACA
s Lys

ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGTCTAGCTGAAGCAAAAGATTATGCTTCTATTGACGCAGCCCCTGAAGAAAAAGCGCGTGGAATTACA
Thr Ala  Ala Thr Val Ser lys lys Gy Glu Al Lys Tyr Ala lle Asp Ala Ala Glu Lys Arg Gy lie Thr
ACAGCGGCAATTTCAACTGTAYTATCAAAAAAAGGTCYAGCTGAAGCAAAAGATTATGCTTCTATTGACGCAGCC(CTGAAGAAAAAGCGCGTGGAATTACA
Thr Ala Ala lle Ser Thr Val Leu Ser Lys Lys Gy Leu Ala G Ala Lys Asp Tyr Ala Ser lle Asp Ala Pro Glu Glu Lys Ala Arg Gy lle Thr
ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGTCTAGCTGAAGCAAAAGATTATGCTTCTATTGACGCAGCCCCTGAAGAAAAAGCGCGTGGAATTACA
Val Leu Ser Lys Lys Gly Ala Glu Ala Lys Asp Tyr Ala Ser Asp Glu Lys Arg lie
ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGT(TAGCTGAAGCAAAAGATTATGC CTATTGACGCAGCCCCTGAAGAAAAAGCGCGTGGAATTACA
lys Lys Gy Leu Aa Tyr Ala Asp Ala lys Aa Arg Gy lie Thr
ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGG'yTCTAGCTG/TAGNCJAAAAGATTATGCTTCTATTGACGCAGCCCCTGAAGAAAAAGCGCGTG?yAATTACA
Lys Lys Leu Lys Asp Tyr Asp Lys

ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGTCTAGCTGAAGCAAAGGATTATGCTTCTATTGACGCAGCCCCTGAAGAAAAAGCGCGTGGAATTACA
lle Ser Thr Val Leu Ser Gly Asp Glu Arg lle Thr
ACAGCGGCAATTTCAACTGTATTATCAAAAAAAGGTCTAGCTGAAGCAAAAGATTATGCTTCTATTGACGCAGCCCCTGAAGAAAAAGCGCGTGGAATTACA
Ala Ala lle Ser Thr Val Leu Ser Lys Lys Gy Leu Ala Glu Ala Lys Asp Tyr Ala Ser lle Asp Ala Ala Pro Glu Glu Lys Al Ag Gly lie Thr

210 2 2 240 250 % m 280 2% 0

ATCAATACAGCCCACATCGAATATAGCACAGATAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA
lle Asn Thr Ala His lle Glu Tyr Ser Thr Asp Lys Arg His Tyr Ala His Val Asp Cys Pro Gly His Ala Asp Tyr lle Lys Asn Met lle Thr Gy Ala
ATCAATACAGCCCACATCGAATATAGCACAGATAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA
Thr Ala His lle Glu Tyr Ser Thr Asp Lys Arg His Tyr A His Val Asp Cys Pro Gy His Ala Asp Tyr lle Lys Asn Met lle Thr Gly
ATCAATACAGCCCACATCGAATATAGCACAGA.AAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA
le His lle Glu Tyr Arg Val Gly Ala Tyr lle Llys Gy Ala
ATCAAYACAGCCCACATCGAATATAGCACAGACAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA
Lys Arg His Tyr His Asp Cys Pro Gy His Ala Lys lle Gly
ATCAATACAGCCCACATCGAATATAGCACAGACAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA
Asn His lle Tyr Ser Thr Asp Lys Arg His Ala His Val Asp Cys Pro Gl Asp Tyr lle Lys Asn Met lle Thr
ATCAATACAGCCCA(ATCGAATATAGCACAGATAAGCGTCACTATGCCCATGTTGAYTGCCCTGGTCACGCCGATTAYATTAAAAATATGATCACAGGAGCA
lle Asn Thr Ala His lle Glu Tyr Ser Thr Asp Lys Arg His Tyr Ala His Val Asp Cys Pro Gly His Ala Asp Tyr lle Lys Asn Met lle Gly
ATCAATACAGCCCACATCGAATATAGCACAGATAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA
lle His  lle Gl Tyr Asp Lys Arg His Tyr Asp Cys Gly Tyr Lys Gly
ATCAATACAGCCCACATCGAATATAGCACAGATAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATA'I';‘I'AAAAATATGATCACAGGAGCA
His Ty Tyr I Gly Tyr Lys

ATCAATACAGCCCACATCGAATATAGCACAGATAAGCGT(ACTATGCCCATGTTGATTGCCtTGGNTCACGCTGATTATATTAAAAATATGAI“YCACAGGAGCA

His t e

ATCAATACAGCTCACATCGAATATAGCACAGACAAGCGTCACTATGCCCATGTTGATTGCCCTGGTCACGCCGATTATATTAAAAATATGATCACAGGAGCA

lle Asn Thr Ala His lle Gl Tyr Ser Thr Asp Llys Ag His Tyr Ala His Val Asp Cys Pro Gl His Ala Asp Tyr lle Lys Asn Met lle Thr Gy Ala
350 320 330 El 350 360 370 380 3% 400

GCGCAAATGGATGGTGCCATTCTTGTTGTTGCTGCAACAGATGGTCCAATGCCCCAAA(TCGTGAGCACATTCTTCTTT(AAAACAAGTTGGTGTGCCAAAA
Ala Gin Met Gy lle Leu Val Val Gly Pro Met Pro Gn Thr Leu Leu Ser lys Gin Val Gy Val Pro Lys
GCGCAAATGGATGGTGCCATTCTTGTTGTTGCTGCAACAGATGGTCCAATGCCCCAAACTCGTGAGCACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Ala Gin Met Asp Gy Ala lle Leu Val Val Ala Ala Thr Asp Gl Pro Met Pro Gin Thr Arg Glu His lle Leu Leu Ser Llys Gin Val Gy Val Pro Lys
GC.CAAAYGGATGGTGCCATTCTYGTYGTTGCCGCAACAGATGGYCEAATGCCCCAAACTCGYGAGCACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Gly Ala lle Leu Val Asp  Gly Arg Glu His Leu Leu Ser Lys Gin Val Gly Pro Lys
GCGCAAATGGATGGTGCCATTCTTGTTGTTGCCGCAACAGATGC;ITCCAAMTGCCYCAAACTCGTGAGCACATTCTTCTTTCAAAAC;IXAG\;’ITGGNTGTIGCPCAAAA
Ala Arg His Lys Vi o Lys
GCGCAAATGGATGGTGCCATTCTTGTTGTTGCCGCAACAGATGGTCCAATGCCCCAAACTCGTGAGCACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Met Gly Gy Pro Pro eu Leu Ser Lys Gly Pro Lys
GCGCAAATGGATGGTGCCATTCTTGTTGTTGCTGCAACAGATGGTCCAATGCCCCAAACTCGTGAGCACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Ala GIn Met Asp Gly Ala lle Leu Val Val Ala Ala Thr Asp Gly Pro Met Pro GIn Thr Arg Glu His lle Leu Leu Ser Lys Gin Val Gly Val Pro Lys
GCGCAAATGGATGGTG(CATTCTTGTTGTTGCTGCAACAGATGGTCCAATGCCCCAAACTCGTGAGCACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Gln Met Asp Gy Ala lle Leu Val Val Ala Ala Thr Asp Gly Pro Met Pro Gin Thr Arg Glu His lle Leu Leu Ser Lys Gin Val Gly Val Pro Lys
GCGCAAATGGATGGTGCCATTCTTGTTGTTGCTGCAACAGATGGJCCAATGCCCCAAACTCGTGAGCACATTCTTCTTTCAALAACAAGYTGC';TGJGCPCAAAA
Arg eu Le ys o Lys
GCACAAATGGATGGTGCCATTCTTGTTGTTGCCGCAACAGATGGTCCAATGCCCCAAACTCGTGAG(ACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Ala GIn Met Asp Gly eu Gy Pro Pro A His lle Leu Leu Ser Lys val Gly Pro Lys
GCGCAAATGGATGGTGCCATTCTTGTTGTTGCCGCAACAGATGGTCCAATGCCCEAAACTCGTGAGCACATTCTTCTTTCAAAACAAGTTGGTGTGCCAAAA
Ala Gin Met Asp Gy Ala lle Leu Val Val Ala Ala Thr Asp Gy Pro Met Pro Gin Thr Arg Glu His lle Leu Leu Ser Lys GIn Val Gl Val Pro Lys
10 120 130 a0 50 %50 420 a0 %0 500 51

S

ATGGTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTYGACCTTGYTGAGGTTGAAATTCGTGAACTTCTTTCTTCATACGACTTT
Met Val Val Phe Leu Asn Lys Asp Gly Glu Glu Met Val Asp Leu Val Glu Val Glu lle Arg Leu Leu Ser Tyr Asp Phe

ATGGTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTYCATACGACTTT
Met Val Val Phe Leu Asn Lys lle Asp Leu Leu Glu Gy Gu Glu Glu Met Val Asp Leu Vval Glu Val Glu lle Ag Glu Leu Leu Ser Ser Tyr Asp Phe

ATC\GTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGA GGTTGAAATTCGTGAACTTCTTTCTTCATATGATTTT

Met Val Val Phe Leu Asn Lys Asp leu Leu Glu Gy Gl Glu Glu Met Val Asp Leu Val Glu Val Gl Arg Leu Ser Tyr Asp Phe
ATGGTTGTTTTCCTAAACAAAATTGACTTACTTGAAGGTGAAGAGGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTTCATATGATTTT
Met Val Val Phe Asp Glu Glu Glu Val Glu

ATGGTTGTTTTCCTAAACAAAATTGACTTACTTGAAGGTGAAGAGGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTTCATATGATTTT
Met Val Val Phe Leu Lys Asp Gy Gu Gl Glu Met Val Asp Leu Val Glu Val Glu lle Ag Gu Phe
ATGGTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTTCATACGACTTT
Met Val Val Phe Leu Asn Lys flle Asp leu Leu Gu Gy Glu Glu Glu Met Val Asp Leu Val Glu Val Glu lle Glu Leu Leu Ser Ser Tyr Asp Phe
ATGGTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTYGTTGAGGTTGAAATTCGTGAACYYCTTTCTYCAYACGACTTT
Met Val Val Phe Leu Asn Lys lle Asp Leu Leu Gu Gy Glu Glu Glu Met Val Asp Leu Val Glu Val Glu Leu Leu Ser Ser Tyr Asp Phe

ATGGTTGTTTTCCTAAA(AAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTT(ATACGA(TTT
Asn lys Asp Gy Giu G Glu Met Val Asp Leu Val val lle Ag Tyr Asp Phe

AMTGGTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTTCATATGATTIT
et Tyr

Val Val Phe Leu Asn Lys Asp Glu Glu Glu M Leu Val Glu Val Gl
ATGGTTGTTTTCCTAAACAAAATCGACTTACTTGAAGGTGAAGAAGAAATGGTTGACCTTGTTGAGGTTGAAATTCGTGAACTTCTTTCTTCATATGATTTT
Met Val Val Phe Leu Asn Lys lle Asp leu Lleu Gu Gy Gu Glu Glu Met Val Asp Leu Val Glu Val Glu lle Gu Leu Leu Ser Ser Tyr Asp Phe

520 50 50 550 560 50 5% 50 0 610

Tp Glu Ala Lys

GACGGAGACAACACCCCAATAATCCGTGGTTCAGCTCGTGGCGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCAGTTGAC
Asp Gly Asp Asn Thr Pro lle lle Ag Gly Ser Gy Aa Leu Glu Gy Lys Pro Glu Trp Gl Ala Lys Val Leu G Leu Met Asp Ala Val Asp

GACGGAGACAACACCCCAATAATCCGTGGTTCAGCTCGTGGTGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCAGTTGAC
Asp Gly Asp Asn Thr Pro lle lle Arg Gly Ma Ag Gy Ala Leu Glu Gy Lys Pro Gu Trp Glu Ala Lys Val Leu Glu Leu Met Asp Ala Val Asp

GACGGAGACAACACTCCAATAATCCGTGGTTCAGCTCGTGGTGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCGGTTGAC
Asp Gly Pro lle lle Arg Gly Ala Arg Gly Glu Gy Lys Glu Glu Ala Lys Leu Leu Asp Asp

GACGGAGACAACACTCCAATAATCCGTGGTTCAGCTCGTGGTGCTCTYGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAA(TAATGGAYGCGGTTGAC
Asp  Gly Thr lle Gly Ag Gy eu Gy Llys Pro Gu Trp Gl Asp Asp

GAA:OCGG'yAGACAACACCCCAATAATCCGYGG(:yTTCAGCTCGTGGCGCTCTTGAAGGAAAACCTGAAYGAGAAGCTAAAGYTCYTGAACTAATGGATGCAGTTGAC
Pro Gly

GACGGAGACAACACCCCAATAATC(GTGGTTCAGCYCGTGGTG(TCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTYGAACTAATGGATGCAGTTGAC
Asp Gly Asn Pro Arg Pro Asp

Lys Pro Glu Trp Glu Ala Lys Val lLeu Glu Leu Met Asp Asp
GACGGAGACAACACCCCAATAATCCGTGGTTCAGCTCGTGGCGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCAGTTGAC
Asp Gly Asp Asn Thr Pro lle lle Arg Gly Ser Gy Ala Leu Glu Gy Lys Pro Glu Trp Glu Ala Lys Val Leu Glu Leu Met Asp Ala Val Asp
GACGGAGACAACACCCCAATAATCCGTGGTTCAGCTCGTGGCGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCAGTTGAC
Asp  Gly hr Pro lle Gly Ag Gl Gy Lys Po Glu Trp Asp Ala Asp
GACGGAGACAACACCCCAATAATCCGTGGTTCAGCTCGTGGTGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCAGTTGAC
Asp Gly Asp Pro Arg Gly Ser Ag Gy Aa Leu Glu Gy Lys Pro T Aa Lys val Glu Asp
GACGGAGACAATACCCCAATAATCCGTGGTTCAGCTCGTGGTGCTCTTGAAGGAAAACCTGAATGAGAAGCTAAAGTTCTTGAACTAATGGATGCAGTTGAC
Asp Gly Asp Asn Thr Pro lle lle Arg Ala Leu Glu Gy Lys Pro Glu Trp Glu Ala Lys leu Glu Leu Met Asp
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TCTTACATTGACTCGCCAGTTCGTGAAATGGATAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Ser Tyr lle Asp Ser Pro Val Arg Glu Met Asp Lys Pro Phe Leu Met Ala Val Glu Asp Val Phe Thr lle Thr Gy Ag Gy Thr Gy Lys
TCTTACATTGACTCGCCAGTTCGTGAAATGGACAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Ser Tyr lle Asp Ser Pra Val Arg Glu Met Asp lys Pro Phe Leu Met Ala Val Glu Asp Val Phe Thr lle Thr Gy Ag Gy Thr Val Ala Thr Gy Lys
TCATACATTGACTC-CCAGTTCGTGAAATGGACAAACCATTC.TAATGGCAGTTGAAGACGTCTTTACCATTA(AGGTCGTGGAACTGTTGCTACTGGTAAA
Tyr  lle Arg Glu Met Asp Lys Pro Phe Leu Met Ala Val Phe Thr lle Thr Gly Ala Gy Lys
TCATACATTGACTCGCCAGTTCGTGAAATGGACAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Pro Arg Glu Met Asp Lys Pro Phe Leu Met Asp Phe lle Arg Gly Thr Vval Ala Thr Lys
TCATACATTGACTCGCCAGTTCGTGAAATGGACAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACYGGTAAA
Ser Tyr lle Asp Ser Pro Arg Glu Met Asp Lys Pro Phe Leu Met Ala Glu Asp Vval Phe Thr Gly Gly Lys
TCTTACATTGACTCGCCAGTTCGTGAAATGGA(AAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Ser Tyr lle Asp Ser Pro Val Arg Glu Met Asp Lys Pro Phe Leu Met Ala Val Glu Asp Val Phe Thr lle Thr Gy Arg Gy Thr Val Ala Thr Gy Lys
TCATACATTGACTCGCCAGTTCGTGAAATGGACAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Ser Tyr lle Arg Glu Asp lys Pro Phe Leu Met Ala Phe Thr lle Gly Thr Ala Gy Lys
TCTTACATTGACTCGCCAGTTCGTGAAATGGACAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Arg Asp Lys Phe Val Phe Thr lle Thr Ag Gy Thr Gly Lys
TCATACATTGACTCCCCAGTTCGCGAAATGGACAAACCATTCTTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAACTGTTGCTACTGGTAAA
Pro Arg Glu Met Asp Lys Pro Phe Leu Val Phe Thr lle Gly val Ala Thr Gy Lys
TCATACATTGACTCCCCAGTTCGTGAAATGGA(AAACCATTCCTAATGGCAGTTGAAGACGTCTTTACCATTACAGGTCGTGGAA(TGTTGCTACTGGTAAA
Ser Tyr lle Asp Ser Pro Val Arg Glu Met Asp Lys Pro Phe Leu Met Ala Val Glu Asp Val Phe Thr lle Thr Gy Ag Gy Thr Val Ala Thr Gy Lys
70 7 0 % 780 7 7 ™ 0 310

GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCAGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
Val Glu Arg Gy Gin Val Lys Leu Asn Glu Gu lle Val Gy Tyr Ag Gu Pro Lys Lys Thr Val Val Thr Gy lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCAGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
Val Glu Ag Gy Gn Val Lys Leu Asn Glu Glu Val Gu lle Val Gy Tyr Arg Pro Gu Pro Lys Lys Thr Val Val Thr Gy lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGG.TA-CGTCC-GAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTT'TAACAAA
val Arg Gin Lys Gly Lys Val Thr Gl lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCAGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
Val Glu Arg Lys Glu Gly Tyr lys Lys Val Vval Thr lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCTGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
Arg Gn Vval Llys Leu Gly Arg Gu Pro Lys Lys Thr Vval Val Thr Gy lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCAGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
Val Glu Arg Gy Gn Val lys Leu Asn Glu Gu Val Gu fle Val Gy Tyr Ag Pro Gu Pro Lys Lys Thr Val Val Thr Gy lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCTGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTT&ACAAA
Val Glu Ag Gy Gn Val Lys Glu Gu val Gu lle Gly Tyr Arg Glu lys Lys Thr Val Val Thr Gy lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGYTGAAATTGTCGGTTACCGYCCAGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTYAACAAA
Glu  Arg Gin Lys Glu lle Glu lys Lys Thr Val val Thr Gy lle Giu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGTTACCGTCCAGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
val Gl Gin val Lys Leu Asn Glu Gly Lys Thr val Vval Thr Gy lle Glu Met Phe Asn Lys
GTTGAAAGAGGACAAGTTAAACTAAATGAAGAGGTTGAAATTGTCGGATATCGTCCTGAACCTAAAAAAACAGTTGTAACCGGAATTGAAATGTTTAACAAA
Val Glu Arg Gy Gin Val Lys Leu Asn Glu Glu Val Gu lle Val Gy Tyr Ag Pro Gu Pro Lys Lys Thr Val Val Thr Gy lle Glu Met Phe Asn Lys
20 830 80 50 %0 0 830 80 0 10

AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGTCAGGTTATTGCCAAACCAAAAACA

Asn leu GIn Ser Ala Met Ala Gly Asp Asn Ala Gy Val Leu Leu Arg Gly Val Asp Arg Lys Asp lle Glu Arg Gy Gin Val lle Al Lys Pro Lys Thr

AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATAT‘TGAACGYGGTCAGGYTATTGCCAAACCAAAAACA
Gin Gy Asp Gy Val Leu Leu Arg Gly Arg Lys Asp Glu Arg Gin Val Pro Lys

AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGTCAGGTTATTGCCAAACCAAAAAC.
Gly Asp Gly Arg  Gly Asp Arg Asp Arg Lys Pro Lys Thr

AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGACAGGTTATTGCCAAACCAAAAACA
Gly Asp Ala Gl Arg Gly Asp Ag Llys Asp Arg Gl Lys Lys Thr

AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAAC GTGGTCAG GTTATTGCCAAACCAAAAACA

Asn Leu Gin Ser Ala Met Gy Asp Gy Val Leu Leu Arg Gy Val Asp Arg Lys Asp lle Glu Arg Gy Gn Val lle Lys Pro Lys Thr
AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGTCAGGTTATTGCCAAACCAAAAAC/\
Asn Leu Gin Ala  Met Gly Asp Asn Ala Gy Val Lleu Leu Arg Gly Asp Arg Lys Asp lle Glu Ag Gy Gn Val Ala Lys Pro Lys Thr

Leu
AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGTCAGGTTATTGCCAAACCAAAAACA
Gly Gly Arg  Gly Asp Arg Lys Asp Arg Gy Gn Lys Pro Lys Thr
AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGTCAGGTTATTGCCAAACCAAAAACA
Gin Gly Asp Gy Val Leu Leu Arg Gly Val Asp Arg Lys Asp lle Glu Arg Gn Vval lle Ala Lys Pro Lys Thr
AACCTTCAATCTGCAATGGCTGGAGATAATGCTGGAGTTCTTCTTCGTGGTGTTGACCGTAAAGATATTGAACGTGGACAGGTTATTGCCAAACCAAAAACA
Asn Leu GIin Ser Ala Met Ala Gy Asp Asn Ala Gy Val Leu Leu Arg Gly Val Asp Arg Lys Asp lle Glu Ag Gy Gn Val lle Ala Lys Pro Lys Thr
320 930 340 %0 €0 70 980 %0 1000 1010 1020

AACCTTCAAT(TGCAATGGCTG%AGAQDTAATGCYGG?YAGTTCTTCTTCGTGC:yTGTTGACCGTAAAGA:pTATTGAACGTGGTCAGGTTATTGCCAAACCAAAAACA
eu Lys Lys

ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTY(AAAAATTACAAACCTCAATTTTAT
lle Pro His Thr Lys Phe Lys Ala Ala lle Tyr Aa Leu lys Lys Glu Glu Gy Gy Arg His Thr Pro Phe Phe Lys Asn Tyr Lys Pro Gin Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
lys Phe Lys Tyr lys Lys Glu Gy Gy Arg His Pro Phe Lys Asn Tyr Llys Pro Phe Tyr
ATTATTCCCCACACTAAATTTAAAC\CAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
lle Pro His Lys Lys Lys Lys Gy Gy Arg His Pro Lys Tyr Lys Gin' Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
His Thr Lys Phe Lys Ala lle Tyr lys lys Glu Glu Gy Gy Arg His Thr Pro Phe Phe Lys Asn Tyr Llys Pro Gin Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGTGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATYACAAACCTCAATTTTAT
lle lle Pro His Thr Lys Phe Lys Ala Ala lle Tyr Ml Leu Lys Lys Glu Glu Gy Gy Arg His Thr Pro Phe Phe Lys Asn Tyr Lys Pro Gin Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCYCAATTTTAT
Pro Thr Lys Tyr Lys Lys Glu Arg Pro Phe Lys Asn Lys Pro GIn Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGTGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
Lys Lys ¢ - L lys Gu Glu Gly His Pro Phe Phe Lys Asn lys Pro Gn Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
Pro  His Lys Lys lle Tyr lys Lys Gy Gy Ag His Pro Phe Phe Lys Asn Tyr Lys Gin Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
lle lle Pro His Thr Lys Phe Lys Ala Ala lle Tyr Ala Leu Lys Lys Glu Glu Gy Gy Ag His Thr Pro Phe Phe Lys Asn Tyr Lys Pro Gin Phe Tyr
ATTATTCCCCACACTAAATTTAAAGCAGCAATTTACGCGCTCAAAAAAGAAGAAGGTGGAAGACATACTCCATTTTTCAAAAATTACAAACCTCAATTTTAT
fle lle Pro His Thr Lys Phe Lys Ala Ala lle Tyr Ala Leu Lys Lys Glu Glu Gy Gy Arg His Thr Pro Phe Phe Lys Asn Tyr Lys Pro GIn Phe Tyr
1030 1090 1050 1960 1970 1080 10%0 1100 1110 1120

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCT
Arg Thr Asp Val Thr Gly Gly Glu  Phe Gly Arg Glu Met Val lle Pro Gly Asp Asn Val Asp Leu Thr Val Glu Leu lle Ala Pro

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCT

Arg Asp Val Thr Gy Gy Glu Phe Glu Gy Arg Glu Val Gly Asp val Lleu Thr val Leu
TTCCGTACAAC-GATGTTAC-GGTGGAATTGAATTTGAAGCTGGCCGTGAAATC\GTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCT
Phe Arg Glu Phe Gy Arg Gly Asp Leu Val Glu Leu

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAGCTTATTGCCCCT
Arg Thr Gly Gly Phe Glu Gy Arg Glu Met val lle Pro Gy Asp vVal Asp Leu Thr Val Glu Leu lle

TTCCGTACAACTGATGTTA(CGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGAYAAYGTTGACCTTACTGTTGAACTTATTGCCCCT
Phe Arg Thr Thr Asp Val Thr Gl Gl lle Giu Phe Glu Ala Gy Arg Glu Met Pro Gly Asp Asn Val Asp Leu Thr Val Glu Leu lle Ala Pro

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCC(T
Arg Asp val Thr Gy Gy Glu Gy Ag Gly Asp Thr

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCT
Arg Asp Vval Thr Gy Gy Gy Arg Gly Val Leu Thr Val Glu Leu Ala

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCT
Arg Thr Asp Val Thr Gl Gly Glu Glu Gly Glu Met Val lle Pro Gy Asp Asn Asp Leu Thr Val Pro

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGTTGAACTTATTGCCCCT
Phe Arg Thr Thr Asp Val Thr Gy Gl lle Gu Phe Gu Al Gy Arg Glu Met Val lle Pro Gy Asp Asn Val Asp Leu Thr Val Glu Leu lle Ala Pro

TTCCGTACAACTGATGTTACCGGTGGAATTGAATTTGAAGCTGGCCGTGAAATGGTAATTCCTGGGGATAATGTTGACCTTACTGITGAACTTATTGCCCCT
Arg Thr Thr Asp Val Thr Gy Gly lle Glu Phe Gu Aa Gy Ag Glu Met val lie Gly Asp Asn Val Asp Leu Thr Val Gl Leu

1120 1140 1150 1160 1470 1180 1130 1200 1209

ATCGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATTATTAAATAA
Aa Val Gu Gn Gy Glu lle lle Lys

Thr Lys Phe Ser lie Gy Gy Ag Thr Val Gy Ala Gy Thr Val Thr
ATTGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATTATTAAATAA
ile Gy Thr Lys Gy Gy Ag Thr Val Gy Gy Thr val Thr Glu lle lie

AT.GC.GTTGAGCAAGG.ACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGG-GCCGGAACAGVT’AACTGAAATTATTALAATAA
val al S

ATCGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATTATTAAATAA
Ala Glu Gn Gy Thr Lys Phe Ser Glu Gy Gy Ag Thr Val Gy Ala Gy Thr Val Thr Glu lle lle Lys =*
ATTGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATTATTAAATAA
Gy Thr Llys Phe Ser Arg Gy Gy Arg Gy Thr Lys
ATTGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATTATTAAATAA
Ala Glu Gy Thr Lys lle Ag Gu Gy Gy Amg Val Gly Gly Thr Val Thr Glu lie lle Lys
ATTGCCGTTGAGCAAGGAACAAAATTCT(AATTCG(GAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAA(TGAAATTATTAAATAA
lle Ala Val Gu Gin Gy Thr Lys Arg Gy Gly Arg vVal Gy Aa Gy Thr Thr  Glu Lys
ATTGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATYATYAAATAA
Gin Gy Thr Lys Phe Ser lle Gly Arg Thr Gy Thr val Thr Glu lle lle Lys *
ATTGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGTGCCGGAACAGTAACTGAAATTATTAAATAA
val Gly Lys Phe Arg Gly Gl Thr Vval Gly Gy Thr Val Thr Glu Lys
ATCGCCGTTGAGCAAGGAACAAAATTCTCAATTCGCGAAGGTGGAAGAACTGTTGGAGCCGGAACAGTAACTGAAATTATTAAATAA
Val Gu Gn Gy Thr Lys Phe Ag Gy Gl Ag Thr Val Gy Thr val Thr Lys
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1 10 X, 4 £. & 2. b 0. 10 10 120
__________________________________________________________________________________________________________________
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTT
Lys Ala lle ‘Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg GIn Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTT
lys Lys Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gin Leu Leu Asp Leu Lys Asp Glu Asn leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
AYGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGA]’(TTAAAGATGAAAATTTAGAGGTTGTTGCAAYTAATGATCTGACTGATGCATCTGT-
Met lys Lys lle Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gin Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGT TGTTGCAATTAATGATCTGACTGATGCATCTGTE
Met Lys Lys Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gin Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTY
lys Lys lle Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gin Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTT
Met Lys Lys Aa lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg GIn Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTT
Met Lys Lys Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gin Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTT
Met lys Lys lle Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gln Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTT
Met Lys Lys lle Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg GIn Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val
ATGAAAAAAATTGCAATTAATGGCTTTGGAAGAATCGGTAGATTAGCACTTCGCCAACTTCTAGATCTTAAAGATGAAAATTTAGAGGTTGTTGCAATTAATGATCTGACTGATGCATCTGTE
Met lys Lys lle Ala lle Asn Gly Phe Gly Arg lle Gly Arg Leu Ala Leu Arg Gin Leu Leu Asp Leu Lys Asp Glu Asn Leu Glu Val Val Ala lle Asn Asp Leu Thr Asp Ala Ser Val

130 140 150 160 |70 180 130 'm "VD llD 230 IM

TTAGETCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCACGTTTTTTCAGAA
Ala His Leu Leu Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gly Thr Val Ser Val Leu Lys Glu Glu Asp Lys Asn Tyr Leu Val lle Asn Asp Lys lys lle His Val Phe Ser Glu
TTAGCTCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCACGTTTTTTCAGAA
leu Ala His Leu Leu Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gly Thr Val Ser Val lys Glu Glu Asp Lys Asn Tyr Leu Val lle Asn Asp Lys Lys Val Phe Ser Glu
TTAGCTCACCTTTT.AAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAIGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCGCGTTTTTTCAGAA
Leu Ala His Leu Phel Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gly Thr Val Ser Val Leu lys Glu BSMAsp lys Asn Tyr Leu Val lle Asn Asp lys Lys lle WAYgI Val Phe Ser Glu
TTAGCTCACCTTTTTAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGATGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCGCGTTTTTTCAGAA
leu Ala His Leu Phel Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gly Thr Val Ser Val Leu lys Glu B Asp Lys Asn Tyr Leu Val lle Asn Asp lys Lys lle Al Val Phe Ser Glu
TTAGCTCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCA(GTTTTTTCAGAA
Leu Ala His Leu Leu Lys Tyr Asp Ser Ala Gln Gly Arg Phe Ser Gly Thr Val Ser Val Leu lys Glu Glu Asp Lys Asn Tyr Leu Val lle Asn Asp lys Lys lle His Val Phe Ser Glu
TTAGCTCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCACGTTTTTTCAGAA
Leu Ala His Leu Leu Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gly Thr Val Ser Val Leu lys Glu Glu Asp Lys Asn Tyr Leu Val lle Asn Asp lys Lys lle His Val Phe Ser Glu
TTAGCTCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCACGTTTTTTCAGAA
Asp Ser Ala GIn Gly Arg Phe Ser Thr Val Ser Glu Asp Llys Asn Tyr Leu Val Asn Asp Val Phe Ser Glu
TTAGCTCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCACGTTTTTTCAGAA
Leu Ala His Leu Leu Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gly Thr Val Ser Val Leu lys Glu Glu Asp Lys Asn Tyr Leu Val lle Asn Asp lys Lys lle His Val Phe Ser Glu
TTAGCTCACCTTTTAAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGTTAGCGTTTTAAAAGAAGAAGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCACGTTTTTTCAGAA
Leu Ala His Leu Leu Lys Tyr Asp Ser Ala GIn Gly Arg Phe Ser Gly Thr Val Ser Val Leu lys Glu Glu Asp Llys Asn Tyr Leu Val lle Asn Asp lys Lys lle His Val Phe Ser Glu
TTAGETCACCTTTITAAATACGACTCTGCCCAAGGAAGATTTTCTGGAACTGT TAGCGTTTTAAAAGAAGATGACAAGAATTATCTTGTAATCAATGACAAAAAAATTCGCGTTTTTTCAGAA
Leu Ala His Leu Phe Lys Tyr Asp Ser Ala Gin Gly Arg Phe Ser Gy Thr Val Ser Val Leu Llys Glu BSPEAsp Lys Asn Tyr leu Val lle Asn Asp Llys Lys lle mval Phe Ser Glu
20 20 7 20 20 30 a0 350

AAABACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGT TCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGETACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA

ys BASHE Pro Glu Met Leu Pro * Gly GIn Leu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser lys Ala Gly Ala Thr Leu His Leu Asn Ala Gly Ala lys Lys
AAAGACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA
Lys Asp Pro Glu Met Leu Pro Gly Gin Leu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Gly hr Leu His Leu Asn Ala Gly Ala Llys Lys Val Leu

AAAGACCCTGAAATGTTG(CTTGAGGAGAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA
Lys Asp Pro Glu Met Leu Pro = Gly BEMMLeu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Ala Gly Ala Thr Leu His Leu Asn Ala Gly Ala Lys Lys Val Leu

AAAGACCCTGAAATGTTGCCTTGAGGAGAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA

Lys Asp Pro Glu Met Leu Pro = BN Lcu Glu lle Asp leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Gly Ala Thr Leu His Leu Asn Ala Gly Ala Lys Lys Val Leu
AAAGACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA
Lys Asp Pro Glu Met Leu Pro * Gly Gin Leu Glu fle Asp Leu Val leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Gly Ala Thr Leu His Leu Asn Ala Gly Ala lys lys Val Leu
AAAGACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA
Lys Asp Pro Glu Met Leu Pro GIn Leu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Llys Ala Gly Ala Thr Leu His Leu Asn Ala Gly Ala Lys Val
AAAGACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA
lys Asp Pro Glu Met leu Pro + Gly GIn Leu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Ala Gly Thr His Leu Asn Ala Gly lys Lys

AAAGACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTA(ACCTTAATGCTGGTGCAAAAAAAGTTCTA
lys Asp Pro Glu Met Leu Pro * Gly Gin Leu Glu fle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Ala Gly Ala Thr Leu His Leu Asn Ala Gly Ala Lys Lys Val Leu

ALAAGACCCTGAAATGTTACCTTGAGGACAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAG(I‘TGGGGCTACTTTACACCTTAATGCTGGTGCIAAAAAAAGTTCTA

Asp Pro Glu Met leu Pro * Gly Gin Leu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser lys Ala Gly Ala Thr Leu His Leu Asn Ala Gly Ala Lys Val Leu

AAAGACCCTGAAATGTTGCCTTGAGGAGAACTAGAAATTGATTTAGTTCTTGAATGTACAGGGCGTTATGCATCAAAAGCTGGGGCTACTTTACACCTTAATGCTGGTGCAAAAAAAGTTCTA
lys Asp Pro Glu Met leu Pro + BENN leu Glu lle Asp Leu Val Leu Glu Cys Thr Gly Arg Tyr Ala Ser Lys Ala Gly Ala Thr Leu His Leu Asn Ala Gly Ala Lys lys Val Leu
e a10 a0 a0 0

GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACAAACGCGCTTGCTCCACTT

Val Ser Ala Pro Ala Gly Ser Asp Val Lys Thr lle Val His Asn Val Asn Cys His Thr lle Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACAAACGCG(TTGCTCCA(TT
Ser Ala Pro Ala Gly Ser Asp Val Lys lle Val His Asn Val Asn Cys His Thr Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Pro

GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTGTTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAAC.AAIGCGCTTGCTCCACTT
Val Ser Ala Pro Ala Gly Ser Asp Val Lys Thr lle Val His Asn Val Asn Cys His Thr BB Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
QITTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGT TCACAATGTAAACTGCCACACTETTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACTAATGCGCTTGCTCCACTT

Val Ser Ala Pro Ala Gly Ser Asp Val lys Thr lle Val His Asn Val Asn Cys His Thr BB Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
QT TCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACT GCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACAAACGCGCTTGCTCCACTT

Val Ser Ala Pro Ala Gly Ser Asp Val Lys lle” Val His Asn Val Asn Cys His Thr lle Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACAAACGCGCTTGCTCCACTT
Val Ser Ala Pro Ala Gly Ser Asp Val Lys fle” Val His Asn Val Asn Cys His Thr lle Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACAAACGCGCTTGCTCCACTT
Val Ser Ala Pro Ala Gly Ser Asp Val Lys His Asn Val Asn Cys His Thr lle Asp Glu Asn Asp Lys lie Ser Ser Ala Ser Cys Thr Asn leu Ala Pro Leu
GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAA(AAACGCGCTTGCTCCACTT
Val Ser Ala Pro Ala Gly Ser Asp Val lys Thr lle Val His Asn Val Asn Cys His Thr lle Asp Glu Asn Asp Llys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
QI TTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGT TCACAATGTAAACTGCCACACTATTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACAAACGCGETTGCTCCACTT
Val Ser Ala Pro Ala Gly Ser Asp Val Lys lle” Val His Asn Val Asn Cys His Thr lle Asp Glu Asn Asp Lys lle Leu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu
GTTTCTGCTCCTGCTGGAAGTGATGTAAAAACTATCGTTCACAATGTAAACTGCCACACTGTTGATGAAAATGATAAAATTTTATCTTCTGCATCATGTACAACYAATGCGCTTGCTCCACTT
Val Ser Ala Pro Ala Gly Ser Asp Val Lys The lle Val His Asn Val Asn Cys His Thr B Asp Glu Asn Asp Lys lle Lleu Ser Ser Ala Ser Cys Thr Thr Asn Ala Leu Ala Pro Leu

510 53 550 50 5% 610

GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCACATAAAGATCTAAGAAGAGCGCGTGCTGCC
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle Gin Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala

GLAAATGCGCTTGAAAAAGAATT TGGAATAAGCCATGGATT TATGACAACAGT TCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCACATAAAGATCTAAGAAGAGCGCGTGLTGLC
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Tyr Thr Ala Asp Gin Arg lle Gln Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGC.CCACATAAAGATCTAAGAAGAGC.CGTGCTGC.
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle GIn Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
QT AAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGT TCATGCTTATACTGCCGACCAAAGAAT TCAAGATGCACCAGATAAAGATCTAAGAAGAGCACGTGCTGCT
Val Asn Ala Leu Glu lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle Gin Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGT TCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCACATAAAGATCTAAGAAGAGCGCGTGCTGCC
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle GIn Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCACATAAAGATCTAAGAAGAGCGCGTGCTGCC
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle Gin Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCACATAAAGATCTAAGAAGAGCGCGTGCTGCC
Val Asn Ala Leu Glu lys Glu Phe Gly lle Ser His Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle Gin Lys Asp Leu Arg Arg Ala Arg Ala Ala

GTAAATGCGCTTGAAAAAGAATTTGGAATAAGC(ATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCA(ATAAAGATCTAAGAAGAGCGCGTGCTGCC
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle GIn Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGCGCCACATAAAGATCTAAGAAGAGCGCGTGCTGCC
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle GIn Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala
GTAAATGCGCTTGAAAAAGAATTTGGAATAAGCCATGGATTTATGACAACAGTTCATGCTTATACTGCCGACCAAAGAATTCAAGATGCACCACATAAAGATCTAAGAAGAGCACGTGCTGCT
Val Asn Ala Leu Glu Lys Glu Phe Gly lle Ser His Gly Phe Met Thr Thr Val His Ala Tyr Thr Ala Asp Gin Arg lle Gin Asp Ala Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala

&0 & 700 710 70 70

GCTGTTAACTTAGTACCTTCTTCAACTGGCGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAAT TGCTATAAGAGTGCCGGTAATTACAGGTTCTTITGTT
Ala Val ‘Asn Leu Val Pro Ser Ser Thr Gy Ala Ala lys Ala lle Gly Leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTGTTAACTTAGTA(CTTCTTCAACTGGCGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn Leu Val Pro Ser Ser Thr Gly Ala Ala lys Ala lle leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTGTTAACTTAGTACCTTCTTCAACTGGTGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn Leu Val Pro Ser Ser Thr Gly Ala Ala lys Ala lle Gly Leu Val Val Pro Ser Leu Thr Gly lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTGTTAACTTAGTACCTTCTTCAACTGGTGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn Leu Val Pro Ser Ser Thr Gy Ala Ala lys Ala lle Gly Leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GETGTTAACT TAGTACCTTCTTCAACTGGCGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCT TAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn Leu Val Pro Ser Ser Thr Gly Ala Ala Lys lle' Gly Leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gy Ser Phe Val
GCTGTTAACTTAGTACCTTCTTCAACTGGCGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn Leu Val Pro Ser Ser Thr Gly Ala Ala e leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTGTTAACTTAGTACCTTCTTCAACTGGTGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Val Leu Val Ser Ser Thr Gly Ala Lys lle Gly Leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTGTTAACTTAGTACCTTCTTCAACTGGTGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn leu Val Pro Ser Ser Thr Gly Ala Ala lys Ala lle Gly Leu Val Val Pro Ser Leu Thr Gly lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTQTTAACTTAGTACCTTCTTCAACTGGCGCTGCAAAAGCAATTGATCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTITGTT
Ala Val Asn leu Val Pro Ser Ser Thr Gly Ala Ala lys Ala lle Gly Leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
GCTGTTAACTTAGTACCTTCTTCAACTGGTGCTGCAAAAGCAATTGGTCTTGTTGTTCCTTCCTTAACTGGAAAATTAGACGGAATTGCTATAAGAGTGCCGGTAATTACAGGTTCTTTTGTT
Ala Val Asn Leu Val Pro Ser Ser Thr Gly Ala Ala lys Ala lle Gly Leu Val Val Pro Ser Leu Thr Gly Lys Leu Asp Gly lle Ala lle Arg Val Pro Val lle Thr Gly Ser Phe Val
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Frame 1

2.42 GAPDH
Frame 1
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8. 33 GAPDH

Frame 1
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Frame 1
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GACTTAAGTGTTCAATTAAAATCATCACCTTCTATTGAAGAACTTAATANAGCAAT TAAAAAATACCARAGCGAATCCTTTTATTATTGTGACGAACCTATTCTTTCTAGCGACATTATCGGG
Asp Leu Ser Val Glu Leu Lys Ser Ser Pro Ser Gl Ghu Leu Asn Lys Lys Glu Ser Ghu Ser Phe Tyr Tyr Cys A val
GA(TTAAGCGTTGAATYAAAAT(AT(AC(TY(.TAYYGAAGAACTTAAYAAAGCAATTAAAAAATACGAAAG(GAATECTTYTATTATYGTGACGAA(CTATTGTTTCYAGCGA(AYTATCG()G
Asp Leu Ser Val Gl Leu Lys Ser Ser Pro se Leu Asn Aa Be Lys Lys Tyr Glu Ser Ghu Ser Phe Tyr Tyr Cys Asp Glu Pro lle Val Ser Ser Asp Gly
GACTTAAGTGTTGAATTAAAATCATCACCTYCTATTGAAGAACTTAATAAAGC.ATTAAAAAATACGAAAGCGAATCCTTTTATTATTC'GACGAACCTATTGTTTCTAG(GACATTATCGGG
Asp Leu Ser Val Gl Leu Lys Ser Ser Pro S Glu Gl Leu Asn Lys Lys Lys Tyr Glu Ser Glu Ser Phe Tyr Tyr Cys Asp Glu Pro lle Val Ser Ser Asp Gly
GACYTAAG'GTTGAAYYAAAAT(ATCA(CYYCTATTGAAGAACT\’AATAAAGCTATTAAAAAATACGAAAGCGAAT[(7YYYATTATYGCGACGAACCYATTG‘YYCTAGCGACATTAYCGGG
Asp Leu ser val Glu Lys Ser Pro Ser e Leu Tyr Glu Ser Gl Ser Phe Tyr Tyr Cys Asp Glu Pro lle Val Ser Ser Asp
GACTTAAGCGTTGAATTAAAATEATCA(CTTCTATTGAAGAACTTAATAAAGCAATTAAAAAATACGAAAGCGAATCCTTVTATTATTGYGACGAACCTATTGTTTCTAGCGACATTATCGGG
Val Glu Leu Lys Ser Ser Pro Ser Me Glu Ghi Leu Asn Lys Al Lys Lys Tyr Ghi Ser Glu Ser Phe Tyr Tyr Cys Asp Gl Pro lle Val Ser Ser Asp I Gly
sAc7TAAmcvTGAAnAAAATcu:AccncYATTGMGAACYTAATMAGCMYTAMAMncGAAAecmuc:nnnnrmmnccmcc1AnmncnccmcAYTATCGGG
Asp Leu Sar Val Glu Leu Lys Ser Ser Pro Ser Be Glu Glu Leu Asn Lys Lys Lys Tyr Glu Ser Glu Ser Phe Tyr Tyr Cys Asp Glu Pro lle Val Ser Ser Asp We M
GACTTAAGCGTTGAATTAAAATCATCACCTTCTATTGAAGAACTTAATAAAG(‘AATTAAAAAATACGAAAGCGAATCCTTI‘TATTATYGTGACGAACCTATTGTTTCTAGCGA(ATTATCGGG
sp Leu Ser Val Glu Leu Lys Ser Ser Pro Ser #e Glu Ghu Leu Asn Lys Al Tyr Glu Ser Ghu Ser Phe Tyr Tyr Cys Asp lle' Val Ser Ser Asp Gly
GACTYAAGCGTTGAAYTAAAATCATCACCTTCTATTGAAGAACTTAATAAAGCAATTAAAAAATACGAAAGCGAATCCYYTYATTATYGTGACGAACCYAYTGTTTCTAGCGACATTATCGGG
Asp Lel Ser Val Glu Leu Lys Ser Ser Pro Ser A Lys Lys Lys Tyr Glu Ser Glu Ser Phe Tyr Tyr Cys Asp Gl e val
GACTTAAGTGYTGAATTAAAAT(ATEA(CTYCTATYGAAGAACYYAATAAAGCAATTAAAAAAYACGAAAGCGAAT[(YTYYAYTATTGTGACGAA(CTAYTGI ncnc.ccmcn rncc-cc
Asp Leu Ser val Glu Lys Ser Pro Lys Lys Ser Phe Tyr Tyr Cys Asp Gy
GACTTAAGTGTTGAATYAAAAT(ATCACCTTCTATTGAAGAACTTAATAAAGCTATTAAAAAATACGAAAGCGAATCCTTT‘YATTATTGCGACGAACCYATTGTTTCTAGCGACATTATCGGG
Asp Leu Ser Vol Glu Leu Lys Ser Ser Pro Ser Be Glu Ghi Leu Asn Lys Ala Be Lys Lys Tyr Glu Ser Glu Ser Phe Tyr Tyr Cys Asp Glu Pro fle val Sec Ser Asp e fle Gl
0 20 % 0 10 00 b b 0 %0 Ll %80

GACAGACATGGTTCAGTTTTTGATGCAACCTTAACAAAATTTGT TGAAGTTGACGGTAAAAGATTATACAAACTATACACTTGATACGATAATGAATCTTCATTTGT TGCAMAATTCGTTAGA
Asp Arg His Gly Ser Val Phe Asp Ala Thr Leu Th Lys Phe Val Glu Val Asp Gly Lys Arg Leu Tyr Lys Leu Tyr Thr =+ Tyr Asp Asn Glu Ser Ser Phe Val Ala BySH Phe Val Arg
GACAGACATGGTTCAGTTTTTGATGCAACCTTAACAAAATTTGT TGAAGTTGACGGTAAAAGAT TATACAAACTATACACTTGATACGATAATGAATCTTCATTTGT TGCACAATTCGTTAGA
Asp Arg e Gly Ser Val Phe Asp Ala Thr Leu Thr Lys Phe Val Glu val Asp Gly Lys Arg Lew Tyr Lys Leu Tyr Thr & Tyr Asp Asn Glu Ser Ser Fhe Val Ala Gin Fhe Val Arg
GACA.ACAYGGYT(A.YTTTYGAYGCAACCYTAACAAAATTTGTTGAAGTYGA-GGTAAAAGATTATACAAACTAYACACTYBATACGA.AATGAATCTTCAY‘YGTYGCA(AATY(GTTAGA
ASp Thr His Gly Ser MEMMPhe Asp Ala Thr Leu Thr Lys Phe Val Glu Val Asp Gly Lys Arg Leu Tyr Lys Asp Asn Glu Ser Ser Phe Val Ala Gin Phe Val Arg
GACACACATGGTTCAAYTTTTGATGCAACCYTAACAAAATTTGTTGAAGTTGATGGTAAAAGATTATACAAA(TATACACTTGATACGACAATGAATCTTCATTYGTYGCACAATTCG“
or M Fhe Asp Ala Thr Leu The Lys Phe Val Glu Val Asp Gly Lys Arg Leu Tyr Lys Leu Asp Asn Ghi Ser Ala Gin e
GACAGA(A1GGTTCAGYYTYTGATGCAA(CVTAACAAAAYTTGTYGAAGYTGACGGTAAAAGAY"AYACAAA(TATACACYTGATACGATAATGAAYCTTCATTYGYYGCA(AATTCGTYAGA
Asp Arg H& Gl Ser Val Phe Asp Ala Thr Leu Phe Val Glu val Asp Gly Lys Arg Asp Asn Glu Ser val Ala Phe Val Arg
GACAGACATGGTTCAGTTTTYGATGCAAC(|’TAACAAAATTTGTTGAAGTTGACGGTAAAAGATTATACAAACTATACACTTGATACGATAATGAATCTTCATTTGTTGCACAATT(GTTAGA
Asp Arg His Gly Ser Val Phe Asp Ala Thr Leu Thr Lys Phe Val Glu Val Asp Gy Lys Arg Leu Tyr Lys Leu Tyr Thr Tyr Asp Asn Glu Ser Ser Phe Val Ala Glin Phe Val Arg
GACAGACATGGTTCAGTTTTTGATGCAACCTYAACAAAATTTGTTGAAGTTGACGGTAAAAGATTATACAAACTATACACTTGATACGATAATGAATCTTCATTTGTTGCACAATTCGTTAGA
Asp Arg M Gly Ser Val Phe Asp Ala Thr Leu Thr Lys Phe Val Glu Val Asp Gly Lys Arg Leu Tyr Lys Lleu Tyr Tyr Asp Asn Glu Ser Ser Phe Val Ala Gin Fhe Val Arg
nAcAGAcncmTcAannmnc.cuccTYAA(AAAAnmr'r(.uc,nmcsmAAAAGAWArAcuA(nrAn(nsAncoAnATGAATcncnrm TTGCACAATTCGTTAGA
Asp Arg His Gly Ser Val Phe Asp Alz Thr Leu Thr Lys Phe Val Glu Val Asp Gly Lys Arg Leu Lys Leu Tyr + Tyr Asp Asn Glu Ser Ser Phe Val Ala Gin Val Arg
GACAGACATGGTTCAGTTTTTGATGCAACCTTAACAAAATTTGTTGAAGTTGACGGTAAAAGATTATACAAACTATACACTTGATACGATAATGAATCTTCATTTGTYGCACAATTCGTTAGA
Asp Arg His Gly Ser Val Phe Asp Ala Thr Leu Phe Val Glu val Asp Gly Lys Arg Leu Tyr Lys Leu n Asn Gl Ser
GA(ACACATGGTTCAAYTTTTGAYG(AA((TYAACAAAAYTTGTTGAAGYTGATGGTAAAAGATYAYA(AAACYATA(ACYTGATACGACAA\'(,AATCT\'CAY\ Tmmc;\(unc.r rA(.A
Asp Thr His Gly Ser MEMMPhe Asp Ala Thr Leu Tty Lys Phe Val Glu val Asp Gly Lys Ag Leu Tyr Lys Leu Tyr Thr = Tyr Asp Asn Gld Ser Ser Phe Val Ala Gin Phe MBS Ar
”w 1.009 101

ATTATTARATART T THT TCEAARTAG
e e CLYSEEEE e Phe Pro .
GTTATTAGATACTTTGTTCAAAAATAG
Val W Arg Tyr Phe Val Gin lys

Val ge Arg
AYYA-AGATA.TTT.TT(AAAAATAI
Ve Tlyst A EEEE - BlEN G

GTTATTAGATACTTTGTTCAAAAATAG
Val fle Arg Tyr Phe Val Gin Lys
TTATTAGATACTTTGTTCAAAAATAG
Phe Val Gin
AYTAT1W1A.TTTGYYCAAAA-TAG
fle Ve SySEEEE P Vol Gin ASE -

ATTATTAGATARTTTGTTCAAAANTAG
e Be Arg EEEE Fhe Val Gio BN~
G1TAYTAGATA(TTTGTTCAAAAATAG
Arg Tyr Val
ATTAT‘AGATACTTT.‘I’TCAAAAATA’
e Arg Tyr Phe NEEE Gin Lys

Appendix 44 Alignment of GAPDH for M. ovipneumoniae isolates
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ATGCATY?TY(AAYAAAAAAAT'ITTTTC('TGAYTCG(‘CAGAAATGTGGAAAAAATYTGCTAAAATTA(‘TA“\'{'((AFYA.\TTTTAG(AACGCTTTTTATT"(G

Met Phe fe Ly Lys Phe Fhe Pro Asp Ser Pro Gl Met Trp Lys Lys Fhe Ala Lys Me The Be Pro val Thr Leu Fhe e Ser
ATr,(ATT1TTCAAYAAAAAAAYTTTrT(‘CTGATT(GCCAOAAATGTGGAAAAAATTTGCTAAAATTACTATCCCAGTAATTTTAGCAACGCTYTYYATTTCG
Met His Phe Ser Mo iyy Lys Phe Phe Pro Asp Ser Pro Glu Met Trp Lys Lys Fhe Ala Lys e Bro val fle Lew Ala The Lew Fhe lle Ser

ATGCATT"TTCAA‘I’AAAAAAATTTTTTCC‘TCAVTCGCCAGAAAYGTGGAAAAAATYTGC.AAAATTACYATCC(AG'AATTTTGG(AA(GCYYTTTATTVCG
Ly Phe Pro Asp Sec Pro Glu Met Trp Lys Lys Fhe Ala The

ATGCATTYT'ICAATAAAAAAAYTTTTTCCTGATTCGCFAGAAAYGTGGAAAAAATTTGC YAAAATTACTATTCCACTAATTTTAGCAACGCTTTTT ATTYCG

Mot His Phe Ser He Us Lys Phe Fhe Pro Asp Ser Pro Gl Met Trp Lys Lys Phe Ala Lys e val lie Lew Als The Leu Phe lle Ser
ATGCATTTTTCAATAAAAAAATTTTTTCCTGATTCGC(‘AGAAATGTGGAAAAAATYTGCTAAAATTACTI~TTCCAGTAATTTTAGCAACGCTTTYTATTTCG
et Phe Phe Pro Asp Ser Pro Glu Met Trp Lys Lys Fhe Lys Pro val fle Le The
ATc.cAYTTTYCAATAAAAAAATTTTTTCCTGATTCGC(AGAAATGTGGAAAAA-WTGCTAA.\ATTACTAT(CCAG'!AATTTTAG(AACGCTTTTTMYTCG
Phe Phe Fhe Pro Asp See Pro Glu Met Trp Lys Lys fhe Ala Lys fle The Pro val e leu Ala The Leu Phe lle Ser
ATGCATYTTTCAATAAAAAAATTTTTTCCTGATTCGCCAGAAATGTGGkAAAAATYTGCTAAAAYTACTATTCCAGTAATTTYAC(AACGCTTTTTAYTYCG
Mot He Phe B lys Lys Phe Fho Pro Asp Sor Pro Gl Mot Trp Lys Lys Fhe Ala lys e Fro val fle Lo Ala The Leu Fhe lle Sor
ATGcAYTYTvcAATAMAAAATTT'rT'rccTGATTCGCCAGAAATGTGGAAAAAATYTGCTAAAATTACTATCCCAG?AATTTTAGCAACGCTTTTTMTYCG
Pho Phe Pro Asp Ser Pro Gl Met T Lys Lys Lys e Pro val e tr Leu Phe o Ser
ATGCAYTTTYCAATAAAAAAATTTTTTC(YGAYTCGCCAGAAATGTGGAAAAAATTTGCTAAI«ATTACTATCCCAGTAATTTTAGCAACGCTTTTTATTTCG
Mot His Phe Ser B lys Lys Phe Fhe Pro Asp Ser Pro Ghi Met Trp Lys Lys Phe Ala Lys He The B2 Pro val fle Lew Ala The Leu Phe lle Ser
ATGCATTTT\'(AMMAAAAMTTTTTCCTGATTCGCCAGAAATGTGGAAAAAAT'rTGcTAAMTTACYAY((CAGTAATTTTGGCAACGC‘rrTTTMTT:(.
Mot He Ser fMle lys Lys Phe Phe Pro Asp Ser Pro Glu Met Trp Lys Lys Fhe Ala Lys e Pro val lie leu Ala The Leu Phe lle Ser
1ne '.:0 mw 12 %0 1w 17e w0 1% 00

ATAAA\‘AA?!YI‘GTYGATAAYTTCA'GGTIYCCCAAAYEAGTGGCGGAAYYACGGCTGTCGGGA'G(’.CCAATTYTYGAACAGGAAY?GTYY!YTCYTIYATA
e Asn Asn Phe Val Asp Asn Phe Met val Ser Gin lle Ser Gy Gi Als Val Gly Met Als Asn Phe
ATAAAYAMn'rcnanuﬂTcAmo‘rncccunCAGTGGCGGAMTA:GGCTMCGGGAVGGc:AAr?nTGAACAGGAATTGTH"T(H"uu
e Asn Asn Phe Val Asp Asn Phe Met Yal Ser Gln lle Ser Gly Gly fle Thr Ala val Gly Met Ala Asn Phe « Thr Gly lle Val Phe Ser Phe e
AYAAATAATTl'TATTGATAATVTCATGGTTTCCCAAATCAGTGC‘GG’ATTACGC(TGTIGGGA‘GGCCAATYTTTGAACAGGAAY?GTTY'!YTCTTTYAYJ\
Asni Asn Phe e Asp Asn Phe Met val Ser Gln r Gly Gly Ue Thr Ala val Gl Met Ala Asn Fhe o
ATAAMAATYTYAHGATAAHrcucmﬂccCAAMCAGTGGCGGTATTArAG(rGYCGGcAmoc:AM‘rrrrc.AACAGGAMTm'nrn(rrrurA
Be Asn Asn Phe fe Asp Asn Phe Met val Ser Gin lle Ser Gy Gly lle Thr Ala val Gly Met Als Asn Phe & The Gly Fhe
ATAAMAAHTnnGATAATYTcncc,rﬁcccAAAYUGNGCGGAATTAC(GCTGTCGGGATGGCCMYTr'rrc.AArAcc.AAnmﬂTncnrnu
S Asn Asn Phe e Asp Asn Phe Met val Ser Gin e Gy Thr Ala Yal Gly Met Ala Asn Phe « Gl fle val Phe e
ATAAAYAATTYTGTTGATAATYTCATGGTYTC(CAAAT(AGTGGCGGAATTACGGCTGTCGGGATGG(CAAYTYTTFAACA(GAATTGTYVTTYCTYYYATA
Asn Asn Phe Val Asp Asn Phe Met Val Ser lle Gy G val Gl Met Ala Asn Phe
ATAAA7AAT71rA77GATAATTTcA1501TrcccAAAT:AarﬁocGGAArTA(G:CTGTtGGGATuGccAATTrTTGAACAGGAAr?oTTTTTYCTTT1ATA
fie Asn Asn Phe e Asp Asn Phe Met val Ser Gin lle Ser Giy Gly le Thr Ala val Gly Met Ala Asn Phe « Thr Gl lle val Phe Ser Phe
ATAAATAATYTTGTYGATAATYT(ATGGTTYCCCAAATCAGTGGCGGAAYTACGGCTGYCGGGATGGCCAAYTTTTGAA(AGCAAT?GTTTTTTCTTYTATA
S Asn Asn Phe Val Asp Asn Phe Met val Ser Gin lle Ser Gly Gy fle Thr Ala val Gl Met Ay Asn Phe Phe
ATAAAYAATTTTCYTGATAATTTCAYGGTTTCCCAAAT(AGTGGC(GAAYTACGGCTGTCGGGATGG(CAATTTTTGAA(AGGAATTGTTTTTTCTTYTATA
Asn Asn Phe Val Asp Asn Phe Met val Ser Gin lle Gy Gly fie Thr Ala Val Gl Met Ala Asn Phe o Gly fle val Phe Ser Phe
ATAAATAATYTTAYYGATAAYTTCATGOTYTCCCAAATCAGTGGTGGTATTACGGCTGTTGGGAYGGCFAATTYTTGAA(AGGAAYTGTYTTTTCTTTTATA
Asn Asn Phe e Asp Asn Pho Met Val Ser Gl Ile Ser Gl Gly fle Thr Ala val Gly Met Ala Asn Phe « The Gy lle Val Phe Ser Phe te
e 20 2 20 20 x» m 20 £ 0

AYY TCGA' TAACAY'AAYCGGGYCGA‘ TAVY'TYG(\'CAAVACTGAGGGAALAAAAAGAAYYCAAALT(:GCCCGGCAAGYAAAYAA'Al YAGAYAYATT( TTICY
ly Lys

Lys Glu Phe Lys Arg Gl Arg e Leu Ser
ATYTCGA'YAA(ATAAICGGGYCGAYTATT\"lYGCYCAAYACTGAGGAAAAAA.&GAAYTCAAACTGGCCCGG(AAG'AAATAA'ATYAGATAYAYTCTTYCY
Pre Gly Lys Lys Glu Phe Lys Arg val Asn Asn Arg Tyr e Leu Ser

AnchnrncAnucsGmclu1nrrrrc,c.c;muc‘rGAGGAAAAAAAGAATT.AAA(rcc.ccccc.cuc,nunuuncnmAncrn:t
Ser e Ala Gin Tyr & Gly Lys Lys Glu Phe Lys Leu Als Arg Gl val Asn Asa e Arg Tyr lle Leu Ser

AYYTCGAYlAACACAAYCGGGYCAA'TATTIT'GCC(AATACTGAGGAAAAAAAGAAYTCAAAC YGbCCCMCAAGYAAATAA'AY IAGATAYAYT( YT'(Y
Glu Arg

he Lys Leu Als MBI Gin Val Asn Asn lle
ATYYL‘uAYTAACAYAA\'CGGGT(GAYTATTYYIGClCAAYACTGAGGAAAAAAAGAATTCAAA(YGGCCCGGCAAGYAAA‘AAYA!YAuAYAYAYTCTYTCY
Be Ser lle Asn He e Gly Ser e Phe Ala Gin Tyr 4 Gly Lys Lys Glu Phe Lys Leu Als Arg Gin Val Asn Asa Hle Arg Tyr lle Leu Ser
ATrrcGAYTAAcAYAArcGrGTcGAn’u‘rﬂrccYCAAYACYGAGGAAAAAAAGAATrCAAAcTGG(C(GG(AAGYAAAuAurTAcAnrAtchTr(v
Tyr « Gly Lys Lys Glu Phe Lys Leu Arg Glin vai Asn Asn lle Arg Tyr lle Leu Ser
AftTC(AIVAA(ATAAYCGGGTtGATTAT1YTIGCYCAATACTGAGGAAAAAAAGAAYYCAAACYGGCCCCGCAAGTAAATAAYATTAGATAIATTETT!E'
Gly Ser lle e Tyr Lys Glu Phe Lys Le Val Asn Asn lle Arg Tyr lle Leu Ser
ATTTCuAYTAACATAAT(GGGT(GA?TATYTTTuCT(AAYACTGAGGAAAAAAAGAAYTCAAA(YGGC(CCGCAA(YAAA1AATAYYAGATA1ATY(YTY(Y
Ser e Asn e « Gly Lys Lys Glu Phe Lys Leu Ala Arg Gin Val Asn Asn lle Arg Tyr lle Leu Ser

AT1T(GAYTAA(AYAAYCGGGT(GATTATTTTYG(TCAAYA(TGAGGAAAAAAAGAATYCAAA(TuGCECGGCAAGTAAATAATAYYAGAVATAYT(YTTCT
Gly Lys Lys Glu Phe Lys Leu Alp Arg Gin val Asn Asn lle er
ATYTCGATTAACACAAYCGCG?CAAVTATTYTYCCCCAATAETGAGGAAAAAAAGAAYTTAAAFTCGCCCGC(AAGTAAATAATAT?AGATATATTCYTTCT
e Ser e Asn Thes e Gly Ser Me e Gin Tyr + Gly Lys Lys Glu Phe Lys Leu Aln Arg Gin val Asn Asa lle Arg Tyr fle Leu Ser
310 3% 20 R0 30 30 m 3% 0 40

TTTA17571ATYTTA1TTTTTGC1GYTCTCTCL‘TGAGCTYTYCCYGAAAGTCTGCYCAGAGTCGTTCAGTGAAGAAGUGGTTCGTCAGGTYTAGACCAAGAY
u Phe Phe Ala Val leu Ser + Ala Phe Pro Glu 5er Leu Leu Arg Val Val Gin * Arg Arg Gly Ser Ser Gly Leu Asp Gin Asp
YTTATTGITAT'TTATITTTTGCTGTTCTCTCGTGAGCTITYCCYGAAAGTCTGCYCAGAGTCGTYCAGTGAAGAAGGGGTYCGTCAGGTYTAGACCAAGAY
Leu Pro Glu Ser Leu Leu Arg Val Val Gin Arg Arg Gly Ser Ser Gly Leu Asp Gin Asp
TTTATYGTTATYTTATTTTYTGCYGYTETCTCGTGAGCYYTYECTGAAAGTCTGCYCAGAGTCGT"CAGTGAAGA.GGGGTY(GT(A-YYTAGACCA'Y
Pre val e Leu Phe Phe Ala Vel Leu Ser * Ala Phe Pro Glu Ser Leu Leu Arg Val Val Gin + Arg Arg Gly Ser Ser GNENSLeu Asp Gin IS8R
YTYGTYGYTA1 YYYGT' TYYYG("G‘Y(TCYCGTGAGCTTT'CCTGAAAGTCTGCYLAGAGTCG‘IY(AG'GAAGACGGGGYYCGTCAGGTYIAGACCAAGAY
e B V&l Leu Se Als o Glu Ser Leu Leu Arg Val Val Gly Set Ser Gly Leu Asp Gin Asp
YTYATYGYTATYTTATYYTTTGCYG'TCYCYCGTGAGCTYTYCCTGAAAGTCTGCT(AGAGYCGYT(AGTGAAGAAGGGGTTCGTCAGGTY TAGACCAAGAT
Phe e Val Phe P Leu *+ Ala Phe Pro Glu Ser Leu Leu Arg Val val Gin 4 Arg Arg Gly Ser Ser Gly Leu Asp Gin
YTIAYYGYTATTT‘!AYYTYTTGCYGYTCT(YCGTGAGCTYTYCC‘IGAAAGTCTG(YCACAGTCGYTCAG'GAAGAAGGGGTTCGTCAGGTYTAGACCAAGAY
Be Leu Phe Phe Ala Vol Leu Sér + Ala Phe Pro Glu Ser Leu Leu Arg Val Val Gin # Arg Arg Gly Ser Ser Gly Leu Asp Gin Asp
H YAYTGYTATTTTA11I’YYTC\C"GYTCTCYCGTGAGCTLTTCCYGAAAGTCTGCY(AGAGT(GTTEAL:YGAAGAAGGGGYY(GT(AGGYVTAGACCAAGA‘
e

Pro Glu Ser Leu Leu Arg Val Vel Gin & Arg Arg Gly Ser Ser Gly Leu Asp Gln Asp

T AT TG T AT T AT T T T TG QT TCTCTCGTGAGCTTTTCCTGAAAGTCTGLTCAGAGTCGTTCAGTGAAGAAGGGATTCGTCAGGTTTAGACCAAGAT
Pre lle val fle Leu Phe Phe Val lew Ser + Als Phe Pro Glu Ser Leu Lew Arg Val Val Gin & Arg Arg Gly Ser Ser Gly Lew Asp Gin Asp
YTIATYGITATTTTATIYTTTGCTGYTCY(TCGYGAGCTlTTCCTGAAAGTCTG(Y(AuAGTCGtTCAG'GAAGAAGGGGYTCGTCAGGYYTAGAC(AAGAT
Als Phe Pra Glu Ser Lew Leu Arg Val Val Gin & Arg Arg Gly Ser Sér Gly Leu Asp Gin Asp
1TI’ATTG1TATTTTATYTTTTG(YGYTCTCY(GTGAG(TYYTCCYGAAAGTCTGCYCAGAGTCGYYCAGTGAAGACOGGGYYCGYCAAAY'TAGACCAMGY
e Leu Phe Phe Al e+ Als Phe Pra Glu Ser Leu Leu Arg Vel Gin & Arg Arg Gly Ser Ser WBSEELeu Asp Gin ISER
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AI’TTTTGACCAGGCAAAAAGTTACTTATTTATAAYAAGTTTl1CYTGAATCTTGTTTGCCTACATTGTCACTTCCTCAGGAATTCTACGCGAAATTGGCGTA
tie e Asp Gin A3 Lys Ser Tyr Ley P fie Ser Phe Ser « Leu Ala Thr Ser Ser Gly Be Leu Arg Glu lle Gly Val
ATTTTTGACCAGGCAAAAAGTTACTTATI’TATAATAAGTI’TYTC1 IGAATCTTGTTTGCCTACATTGTCACT{CCTCAGGAATTCTACGCGA»\ATTGGGGTA
Phe Asp Gin Ala Lys Ser Tyr Leu P Ser Phe Ser Leu Phe Ala Ser ¥e Lley Arg Ghu lle Gly Val
ATTTITGACCAGGCAAAAAGT'IACTYATTTATAATAAGTYTTT(TTGAAl'CTTGTYTGC-TACATTGTCACYTCCTCAG(:AATTCTG(C.GAAAIYT%(;)GG‘:TIA
Asp G ¥s ™ e Gly Val
ATTTTYGACCAGGCAAAAAGTYACTYAYYYAI'AATAAGTYTYTCYTGAATCT'IGT'TGCCTACAYYGYCACTTCCTCAGGAATC’I’TGCGCGAAATTGGTGTA
e Asp GIn Al3 Lys Sér Tyr Leu Phe Be lle Ser Phe Ser + lle Leu Phe Ala Tyr e Val Thr Ser Ser Gly #%e Leu Arg Gl lle Gly Val
ATITTYGACCAGGCAAAAAGTYACTYATTTATAATAAGTTTYT(TTGAATC"TGTYTGCCTACATTGTCI\CTTCCTCAGGAATCI'TGCG(GAAAYTGGTGTA
Phe Aa s Tyr Leu Fhe Tyr Arg e Gly Val
ATTTTYGAC(AGGCAAAAAGTYACTYAYTTATAAYAAGTTTYTETTGAATCTTL.TYTGCC!ACATYGYCACYY(CTCAGGAATICTACGCGAAATTGGCGY/\
Phe Asp Gin Ala Lys 5er Tyr Leu Phe Be fle Ser Phe Ser + lle Leu Phe Ala Tyr Hle val Thr Ser Ser Gly S Leu Arg G lle Gly Val
ATYTYTGA:(CGAGGACHAAAAAGYTACT'ATYTATAATAAGT!TYTCTTGAATEYTG'I YTGCETACAYTG'CACYT(CYCAGGAAICT!GCGCGAAATTGGCGTA
) Lys Se

Ty Leu Phe Phe Set e Fhe Ala Tyr e Gly e Arg Gi: lle Gy val
ATYTYTGACCAGGCAAAAAGT"AC [YAYTTATAATAAGYITYTCYTGAATC7TGTVYGCC'ACI«YTGYCACYYCCTCAGGAATYCYACGCGAAAYTGGCGTk
Asp Gin Ala Llys Ser Tyr Leu Ser u Phe Ala Tyr ke Ses e Arg Giu lle Gly Vval
AT'TTYGACCAGGCAAAAAGTTACTIAYY1ATAAYAAGTYTYT(TTGAATCYTGTYTGCC'ACAYYGY(ACYTCCTCAGGAATYC'ACG(GAAATTGGCGTA
Be Phe Asp Gin Al Lys Ser Tyr Leu Phe Be lle Ser Phe Ser « e Leu Phe Ala Tyr e Vel Thr Seér Ser Gly #e Led Arg Gl lle Gly val
A1VYYYGAC(AGG(AAAAAGTTACTYATTTATAATAAGTYYYTCTTGAAYC"TGTTTGCTTACAYTGTCACTTCCTCAGGAAYfoG(G'GAAA'TGGEGTA
e Asp Gin Ale Lys Ser Tyr Lew Phe Ala Tyr e wval The Ser Ser Gly Arg Gh: lle Gly Vval

5 530 340 30 360 s Ed 530 £ 610

ATGAAAGTTTCTGTTCTTTTTAACACTTTGACTTTAGTAA(AAATATTG\:CCTTAATTTTCTCTTAATTCCACTAATGGGAGTCGCTGGTTCAGCGCTYGCA
Ser Val Leu Phe Asa Thr Leu Thr Leu Val Thr Asn lHle Gly Leu Asn Phe Leu Leu o Met Gly Val Ala Gly Ser Leu
ATGAAAGTTTCI'GTTC'ITTTTAACACTTTGACCTTAGTAACAAATATTGGCCTTAATTTTCTCTTAATTCCACTI\AYGGGAGTCGCYGGTYCAGCGCTTGCA
Met Lys Val Ser Val Leu Phe Asn Thr Leu Thr Leu Val Thr Asn lle Gly Lew Asn Phe Leu Leu lle Pro Leu Met Gly Val Ala Gly Ser Ala Leu Ala
ATGAAAGTTTCTGTTCTTTTTAACACTTTGAC.TTAGTAACGAATATTGGCCTTAATTTTTT.CTI\ATTCC_TAAYGGGAGTCTCTGGTTCAGCGCTTGEA
Lys Ser Val Leu Phe Asaq Thr Leu Thr Leu Val Thr Asn lle Gly Leu Asn Phe Leu Leu lle "o Leu Met Gly Val Ser Gly Ser Ala Leu Ala
r\TGAAAGYTTCTGTTCTTTTTAACACTTTGACTTTAG1AACCAATATTGGGCTYAATTTTTTGCYAATTLCACTAA1GGbAGT(TCTGGTTCAGCACTTG(A
Met Lys Val Ser Val Leu Phe Asn Thr Leu Thr Leu Val Thr Asn lle Gly Leu Asn Phe Leu Leu lle Pro Leu Met Gly Val Ser Gly Ser Ala Leu
ATGAAAGI’TTCYGYTCTTTTTAACACTTTGACITTAGTAACCAATATTGGCCTTAATTTTTTGCTAATTCﬁCGCTAAIGGGAGTTTCTGGTTCAG(GCTTGCA

et Lys val Ser val Leu Phe Asa Thr Leu Thr Leu Val Thr Asn lle Gly Leu Asn Phe Leu Leu lle Pro Leu Met Gly Val Ser Gly Ser Ala Leu Ala
ALGAARGT TTCTGTICTTTITANCACTTTGACTTTAGTAACAAATATTGGCCTTAATTTTCTCTTAATTCCACTAATGEGAGTCGCTCGTTCAGEGLTTGCA
€ Lys val Ser Val Ley Phe Asa Thw Leu Thr Leu val Thr Asn lle Gly Lew Asn Phe Leu Pro Leu Met Gly Val Alz Gly Ser Al Leu Al

ATGAAAGTTYCYGTTCYTYT‘IAACACTTTGACITTAGTAACAAATAYTGG(CTIAATTTTYT.CTAATTECGCTAATGGGAGTTTCTbGTYCAGCGCITUCA
Met Lys Val Ser Val Ley Phe Asn Thr Leu Thr Leu Val Thr Asn lle Gly Leu Asn Phe Leu Ley lle Pro Leu Met Gly Val Ser Gly Ser Ala Leu Ala
ATGAAAGYTTCTGTTC1TTTTAACACTTYGACTTTAGTAACAAATATTGGCCTTAATTTTCTCTTAATTCCACTAAI’GGGAGTCGCTGGTYCAGCGCTYGCA
Met Lys Val Ser Val Leu Val Thr Asn lle Gly Leu Asn Phe Leu Leu re Met Gly ~a
AFGAAAGTTTCTGYT(TTI’TTAACA(TTI'GACTTYAGIAACAAATAYTGGCCTTAATTYTCTCTYAAYTCCAC1AATGGQAGTCGCYGGTT\’.AGCGCITGCA
Met Lys Val Ser Val Leu Phe Asa Thr Leu Thr Leu Val Thr Asn lle Gly Leu Asn Phe Leu Leu lle Pro Leu Met Gly Val Ala Gly Ser Ala Leu
ATGAAAGTTTCTGTTCTT YTTAACACTTTGA(CTTAGTAACGAATAVTGuCCTII\ATTT‘YTACTAAYl(CC?TAAYGGGAbTC1CTGGTVCAGCGCTTGCA
Met Lys Val Ser Val Leu Phe Asn Thr Leu Thr Leu Val Thr Asn lle Gly Leu Asn Phe Leu Ley lle Pro Leu Met Gly Val Ser Gly Ser Ala Leu Ala
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AT(YGYAATTTCAAGACTAATAACCTCTTTTYTAAYGTATYTGTATCAACTT7TTTATAGAAAAGAAATAAGTCTGTCAATTTTCA»\AATGTTTCAAATTGAA

he Val lle Ser Asg Leu lle Thr Ser Phe Leu Met Tyr Leu Tyr Gin Leu Phe Tyr Arg Lys Glu lle Ser Leu Ser N Met Phe Gin lle Gl
ACTGTAATTTCAAGACTAATAACCTCTTTTTTAATCTATYTGTATC»\ACTTTTTTATAGAAAAGAAATAAGTCTGTCAATTTTCAAAATGI'TTCI\AATTGAA
Thr Val lle Ser Arg Leu fle Thr Ser Phe Leu Met Tyr Leu Ty Gin Leu Phe Tyr Arg Lys Gl lle Ser Leu Ser fle Phe Lys Met Phe Gin lle Glu
ACTGTAATTYCAAGACTAATAACCTCTTTTTTI\ATGTAT.T.YATCAACTTTTTTATAGAAAAGAAAT.’«GTCT.TCAATTTT-AAAATGTTTCAAATYGA.
Thr Val lle Ser Arg Leu fle Thr Ser Phe Leu Mer Tyr Leu Tyr Gln leu Phe Tyr Arg Lys Gl lle Ser Leu Ser o SEEEE Lys Met Phe Gin (e NN
ACTGTAAYTYCAAGACYAATA;\CCTCTTTTTTAAYGTI\TCTTTATCAACTTTTTTATAGAAAAGAAATTAGTCTCTCAATTTTAAAAATGTTTCAAATTCAc
The Val lie Ser Arg Lea lle Thr Ser Phe Leu Met Tyr Leu Tyr Gin leu Phe Tyr Arg Lys Gl lle Ser Leu Ser e SN Lys Met Phe Gin e ENEN
ACTGTAAYTTCAAGAC1AATAACCTCTTTTTTAATGTATTTGTATCAACTTTTTTATAGAAAAGAAATTAGYCTGTCAATTTTCAAAATGTTTCAAATTGAG
Thre Val lle Ser Arg Leu fle Thr Ser Phe Leu Met Tyr Leu Tyr Gin Leu Phe Tyr Arg Lys Glu lle Ser Leu Ser lle Phe Lys Met Phe Gin lle Glu

ACTGTAATTYCAAGACTAATAACCTCTTTT‘ITAATGTATTTGTATCI«ACTTTTTTATAGAAAAGAAAYAAGTCTG‘ICAATTTTCAAAATGTTT(AAATTGAA
Thr Val lle Ser Arg Leu fle Thr Ser Phe Leu Met Tyr Leu Tyr Gin (eu Phe Tyr Arg Lys Glu lle Ser Leu Ser lle Phe Lys Met Phe Gin lle Glu
ACTGTAATTYCAAGACTAATAACCTCTTTTYTI\ATGTATTTGTATEAACTTTTTTATAGAAAAGAAAYAAGYCTGTCAATTTTCAAAATGTTYCAAATTGA.
Thr Val ile Ser Arg Leu Hle Thr Ser Phe Leu Met Tyr Leu Tyr Gin ieu Phe Tyr Arg Lys Glu lle Ser Leu Ser lle Phe Lys Met Phe Gin lle Ol
ACTGTAATTTCAAGAC‘IAATAACCTCTTTTTTAATGTATTTGTAT(AACTTTTTTAIAGAALAAGAAATAAGYCTGTCAATTTTCAAAATGTTICAAAITTGAA

Thr Val lle Ser Arg Leu fle Thr Ser Phe Leu Met Tyr Leu Ty Gin ieu Phe Tyr Arg Lys Glu lle Ser Leu Ser lie Phe Lys Met lle Gl
ACTGTAATY‘ICAAGACTAATAACCTC1TTTYTAATGTATYTGTATCAACTTTTTTATAGAAAAGAAATAAGTCTGTCAATTTT(AAAATGTTTCAAATTGAA
hr Val He Ser Arg Led le Thr Ser Phe Leu Met Tyr Leu Tyr Gin Leu Phe Tyr Arg Lys Gl lle Ser Leu Ser Pre Lys Gin lle Gl

ACYGTAAIT’ICAAGACIAAYAACCTCTTTTTTAATGTATCTTYATCAACTTTT7TATAGAAAAGAAAI’TAGTCTCT(AATT1TlAAAATGTTTCAAATTuAC
Thr Val lle Ser Arg Leu He Thr Ser Phe Leu Met Tyr Leu Tyr Gin Leu Phe Tyr Arg Lys Glu lle Ser Ley Ser lle W Ly: Met Phe Gin lle ERNE
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AGACAAATTYGAAAGCAGTTTTTTGCCCGTTTYGTCGGAATGTCGCTTGTkACT/\TTGCCTCYTTAATTATTTCAGTCCCCTCTGI’TCTTTGATCCCAAAGT
Arg Gin Gin Aa Arg Phe Val Gly Mat Sor Lleu Val Thr lle Ser leu Val Arg Ser Gin Ser

AGACAAATTYGAAAGCAGTYTTTTGC(CGTTTTGTCGGAATGT(GCTTGTAACTATTGCCTCTTTAATTATTTCAGTCCGTTCAGTTCTTTGAT(C(AAAGY
Arg Gin lle e Phe  Ala val Gly Met Ser Leu Val Thr lle Ala Ser Leu e Ser Val Arg Ser [ Ser Gin Ser

AGACAAATTTGAAAGCAGTTTTTTG(CCGTTTTGTCGGAATGTCG(TYETAﬁCTATTGC.’TCTTTAATTATTTCAGT(CGTTCAGYTCTTTGATCCCAAI«GT
Arg Gl lle Gin Phe A Arg Phe Val Gly Mat Ser Leu Val Thr lle  Ala Ser leu AR Ser  Va

AGACAAATTTGAAAG(AGTTTTTTGC(CGTTTTGTCGGAATG7CGCTTGTAACTATTGC(TCYTTI\ATTATTTCAGTCCGYTCAGTT(TTTGAT(C(AAAGT

Arg Gin Arg Pre val Gly Met Sec Leu Val Thr lle  Ala Ser Leu Ser Val leu Ser Gin Ser
AGA CAAATTTGAAAGCAGTTTTTTGCCCGTTT?GTCGGAATGTCG(YTGTAACTATTGCCTCTTTI\ATTATTTCAGTCCGTTCAGTTCTTTGATC‘I’(AAAGY
Arg G Phe Phe Arg Pre val Gly Met Ser Leu Leu Arg S Leu =« Ser Gin Ser
AGACAAATT\'GAAAGCAGTTTTTYGCCCGTTTTGTCGGAATGTCGCTTGTAAC'IAYTGCCT(TTTAAYTATTTCAGTCCGCTCTGTTCTTTGATCCCAAAG‘I
Phe Val Met Ser Leu Val Thr lle Ala Ser Leu Ser Arg Ser Leu Ser Gin Ser
AGACAAI\TT"GI\AAGCAGTT‘FTTTGCCCGTTTTGTCGGAATGTCGCTTGTAACTATTGCCTCTTTAATTATTT(AGTCCGCTCYGTTCTTTGATCCCAAAGY
Gin Lys e Aa Val Gly Met Ser Leu Val Thr lle Ala Ser Leu Ser Arg Ser Val leu Ser GIn Ser
AGACAAATTTGAAAGCAGTTYTTTGCCCGTTT"uTCGGAATGTCGCTTGTAACTATTGCCTCYTTAATTATTTCAGTCCGCTC"GTTCTTTGATCCCAAAGY
Arg Gin Gin Phe Phe ala Arg Pre Val Gly Met Ser Leu Val Thr fle Als Ser Leu Arg Ser Val leu Ser Gin Ser
AGACAAATTTGAAAGCAGTTTTTTGCCCGTTTTGTCGGAATGTCGCTTGTAACTAYTGCCTCTTY/\ATTATTTCAGTCCGCTCTGTTCTTTGATCCCI\AAGT
Lys Phe Phe Ala Arg Phe Val Gly Met Ser Leu Val Thr lle Ala Ser Leu Ser Arg Ser Wal leu Gin Ser
AGACAAAI'TTGAAAGCAGTTTYTTGCG(GTYT"GTCGGAATGTCCETTGTAAC'ATTGCC]’CTTYAATTATTTCAGTCCGTTCAGYTETTTGA\TCCCAAAGI
Arg Gin e Lys Gin Phe Phe Ala Arg Phe Val Gly Met Ser Leu Yal Thr lle Ala Ser Ley lle ®Be Ser Val Arg Ser Val leu =+ Ser Gin Ser
" L L %0 %0 o 5 m 99 0

TTGCCGECEGG YTCAATTGGAATTGACGATGGCAGTGGTTTTYATAAATTTTGGGGCATTGGATT\'TTAACCATTT(‘AGGAATAAYTCTC»\CAATTGCTAAC
Leu Pro Pro Gly Ser lle Gly Se Asp Asp Gly Ser Gly Phe Tyr Lys Phe Trp Gy le Gy Phe Lou Thr Mo Ser e e leu Thr e Ala Asn

TTGCCGCCTGGTTCAATTGGAGTTthGATGGCAGTGGTTTTTATAAATTTTGAGGTATTGGATI’CTTAACCATTTCAGGAATAATTCTC;\C»\ATTGCTAAC
leu Pro Pro Gly Ser lle Gy BB Asp Asp Gly Ser Gly Phe Tyr iy Phe B Giy lle Gl Phe Leu Thr Ser Gly e Leu Thr lle Alx Asn

TTGCCG(C-GGTTCAATTGGAATTKACGATGG(‘AGT('GTTTYTATAAATTTTGIGG-ATTGCATT-TTAAC-ATYTCAGGAATAAYTCTCA(AATTGCYAAC
Leu Pro Pro Gly Ser fle Gly B Asp Asp Gl Ser Gly Phe Tyr Lys Phe EEEM Gl lle Gl Phe Leu Thr fe fle Ala Asn

TTGCCGCCEGGTTCAATTOGAATTGACGATGGCAGTGGTTTTTATAAATTTT tATTGGATTTTTAACTAnTCAGGAATAATTCTC,\CAATTGCTAAC
Lou Fro Pro Gly Ser lle Gly %S¢ Asp Asp Gly Ser Gly Phw Tyr Lys Phe @B Gly lle Gly Phe leu The He Ser Gly %S¢ lle leu Thr e Ala Asn
TTGCCGcc:GGTTCAATTGGAAYTGA(GATGGCAGTGGTTTYYATAAAI’TTTGAGGTATTGGAT'rcTTAAccATTTcAGGAA?AA?TCTCA(AATTGCTAAC
teu Fro Pro Gly e Gly % Asp Asp Gly Ser Gly Phe Ty Lys Pho BB Gly lle Gl Phe leu Thr e Ser e Leu Thr We Als Asn
TTGCCGCCTGGTTCAATTGGAATTGACGATGGCAGTGGTTTTTATAAATTTTGGGGCATTGGATYCTTAACCAYTTCAGGAATAATTCT(ACAATTGCTAA(
Leu Pro Pro Gly Ser fle Gly Asp Asp Gl Ser Gly Phe Tyr Lys Phe Trp Gly lle Gl Pho Leu Thr #o Sor Gly #e He leu Thr fle Ala Asn
rTGCCGCCTGGTTCAATTGGAATT(Acc.ATcc.cAGTGGTTTTTATAAA?TTTGGGGCATTGGATYCTTAACCATTTCAGGAATAnfcTCACAATTGCTAAC
Leu Pro Pro Gly Ser lle Gly Be Asp Asp Gly Ser Gly Phe Tyr Ly Phe Trp Gly lle Gly Phe Leu Thr e Ser Gly & fle leu Thr He Ala Asn
TTG(CGCCTGGTTCAATTGGAATTGACGATGGCAGTGGTYTTTATA»\AYTTTGGGGCATTGGATT(TTAACCATTTCAG\,AATAAYTCTCAC»\ATTGCTAA(

teu Pro Pro Gly Ser lle Gly %8 Asp Asp Gly Ser Gly Phe Tyr Lys Phe Trp Gly lle Gly Phe Leu Thr Me Ser fe ile leu Thr Me Ala Asn
TTGCCGCCTGGTTCAATTGGAATTGACGATGGCAGTGGTYTTYATAAATTTTGGGGCATTGGATTCTTAACCAYTTCAGGAATAATTCT(:\CAATTGCTAAC
Leu Pro Pro Gly Ser lle Gly % Asp Asp Gly Ser Gly Phe Ty iys Pha Trp Gly lle Gly Fhe Leu Thr fle Ser %o lle Leu Thr e Ala Asn

TTGCCGCCAGGTTCAATTGGAATTGACGATGGCAGTGGTTTTTATA»\ATTTTGGGGCATTGGATTCTTAAC"ATTTCAGGAATAATT(TCAC»\ATTGCTAAC
Leu Pro Pro Gly Ser lle Gly 8 Asp Asp Gly Ser Gly Phe Ty Lys Phe Trp Gly lle Gl Phe Leu Thre Be Ser Gly B lle Leu Thr lle Ala Asn
2o " " "o "o e "o " 1000 tole 1000

ATTYYTTTTACAA(TT?TGC(Y(AATTEAGAEAAGTGTTT(AAfTGTCGYTGGY(AAAATTTAGGTCAAAAYAAAATTBAACTAG((AAAAAAAA(GCTGCA
fie FPhe Phe Thr Thr Fhe Als Ser He Gin Thr Ser Val Ser Mle Val Val Gly Gin Asn Leu Gly Gin Asn Lys lle Glu Lew Ala Lys Lys Asn Ala Ala

ATTTTTT\'TACAA(TT'TGCCTCAA'TCAGACAAGTGTTT(AATTGYCGTTGGTCJ\AAAT7TAGGTEAAAATAAAATTGAACTA(»CCAAA»U\AAACGCTGCA
Phe Thr Thr Fhe Ala Ser He Gin Thr Ser Val Ser #e Val Val Gly GIn Asn Leu Giy Gin Asn Lys lle Glu Leu Ala Lys Lys Asn Ala Alr

A.I'YgTTTTACAA(TTYTGCCTCAAYTrAGA(AAC.GTTTCGATTGTTGT.GGYCAAAATTT AUGT(AAAATAAAA?TGAA(TAG(CAAAAAAAACG(‘Tf.ACLA
h a

e Phe The Thr Phe Ala Sér e Gin Thr Ser val Ser fe val Gl Gn Asn Leu Gy Gin Asn Lys [l Glu Leu Als Lys Lys Asn Als
ATTTTTTT TACAACTTTTGCCTCAATTCAGACAAGEGT TTCOATTGTTGTEGCTCAAAATTTAGGTCAAAATAAAATTGAAC TAGCCAAAAAAAACGCTGCA
Phe Phe The Thr Phe Ala Ser lle Gin Thr Ser val Ser val Val Gly Gn Asn Leu Gy Gin Asn Lys lle Gl Leu Aa Lys Lys Asn Aln Ala

ATTTTTTTTACAA(TTTTGCCTCAAYTCAGACAAGCGYTTCGATTGTTGTTGGTCAAAATTTA\:C\TCAAAATAAAAYTGAACTAGCCAAAAAAAACGCTGCA
Be Phe Phe Thr Thr fhe Ala Ser lle Gin Thr Ser Val Ser #e Val Yal Gly Gin Asn Leu Gy GIn Asn lys lle Glu Leu Ala Lyn Lys Asn Ala Ala

AT T LT TACAACTTITGCCTCAATTCAGACAAGTGT TTCAATTGTCOT TGATCAAAATTTAGGTCAARATAAAATTGAACTAGCCAAMAAAAACGCTGCA
S Fhe Phe The Thr Fhe Ala Ser fle Gin Thr Ser val Ser fe Val Val Gl Gin Asn Leu Giy Gin Asn lys fle Glu Let Ala Ly Lys Asn Ala Ala

ATTTTTTTTA‘CAAE‘TTTTGCCTCAATTCAGACAAGTGTT‘I’CAATTGTTGTITGGYCAAAATTTA\;GTCAAAATAAAATTGAACTAGCCAAAAAAAACGCTGCA

Phe Ala Ser fle Gin Thr Ser val Ser val Val Gly Gin Asn Leu Gl Gin Asn lys lle Ghi Leu Ala Lys Lys Asn Ala Al
ATT T TACAACTTTTGCCTCAATTCAGACAAGTGTTTCAATTGTCGT TGOTCAAAATTTAGGTCAAAATAAAATTGAACTAGCCAAAAAAAACGCTGCA
fo Pho Phe Thr Thr Phe Ala Ser HMe Gin Thr Ser val Ser Mo Val Val Gly Gin Asn Lew Gl GIn Asn lys lle Gl Lew Ala Lys Lys Asn Ala Al

ATT T T T TACAACTTTTGCCTCAATTCAGACAAGT GTTTCAATTGTCGT TGGTCAAAATTTAGGTCAAAATAAAAT TGAACTAGCCAAAAAAAACGCTGCA
o Fhe Phe Thr Thr fhe Ala Ser flo Gin Thr Ser val Ser fBlo Val Val Gly Gin Asn Leu Gl GIn Asn Lys fle Glu Lew Ala Lys Lys Asn Ala Ala

ATTTTTTTTACAACTTTTGC(TCAATTC/\GA(AAGTGTTTCkATTGYTGTTGGTCAAI\I\TTTAGGTCAAAACAAAATTGAACTAGC(AAAAA»\AACGCTGCA
#e Fhe Phe Thr Thr Fhe Ala Ser lle Gin Thr See Val Ser #e Val Val Gly Gin Asn leu Gy Gin Asn Lys lle Glu Lew Ala Lys Lys Asn Ala Ala

100 1048 1.0% 1060 1% 1080 18% 1100 11 1420

ATGC1CAAAGGYTTYI’YATTYGYYGTTYCAGTYGTIA\‘G‘ICGGTYGI1GC(TT\‘AY"AYCCY'rlYGCTATCACAAAAACTGACTTL’:ATCACGACAGGAAlf

Lys Gly Phe Leu Phe Val Ser val Val Met Ser val wval Phe fle  ile Val Fhe e Thr Lys sp Ley Thr
ATG(TCAAA(,\(;'ITYTTYAIY16l'GTTTCAGFTGYI'AY(;TCGGYYGITG((TYYAYTATCG"Y1TTGCYATCACAAAAACTGA(1 IGATCACGACAGGAATY
Met Leu Lys Gly Phe Leu Phe Ser Val Val Met Ser Val val Phe lie  Val Phie Als e Lys The Asp Leu lle Thr Thr

ArccrcuAchIrrnnmnmrrcmrmnnmclmmm«crnurn(c,nrnacuTCACAAAMcrmcrvcuucmccncun
Met Leu Lys Gly Ph Phe Val Val Met Ser Val val Ala Pre Lys The Asp Ley lle The Thr Gly s

ATGTTAAAAGG!TTT"TATYTGTYG’ITI(AGrl’(YTAYGTClGTTG'TTC(TTYATTAT(GTITYTGCTATCAKAAAAA(“GACTTCATTAC‘ACGGGAATI
Met Leu Lys Gly Phe Leu Phe Met Ser Val Val ESES b lle  Val Fhe Alp Thr Lys Thr Asp Leu |l Thr tle

ATC\CTCAAAGGATT1TTAYTTGTTGTTTCAGTYGTTATGI‘CA\;TYGTTGCCTTYATTATCGT‘I’TYTGCTATTA(AAAAACTGA(TYGAT(ACAACGGGAATT
Lys Gly Phe Leu Val Val Met Ser Val val Ala Ly The Asp Lea lle

ATf-(T(AAAGGTTTTT1ATTTGT?GYTTCAGTlGYTATGTCGGYTGTTGCCTT1ATTAT((‘,TYT!TG(‘TATCACAAAAA(TGA(‘TYGAT(A(GA(AGGAATT
Gly Ph Phe Val val Ser Val Val Met Ser Val val Ala Ala U5 The Asp Lea e Thr The Gly fle

ATGC‘I’CAAA(‘-GTTTTTTAYY'IGTYGTTTCAGTT(YTATGTCGGYTGTTGCCTTTATTAYCGT'TTTGCYAT-ACAAAAA(TGI\(TT\:ATCACGA(AGGAATY
Mot Leu Lyn Gly Phe Lew Phe Val Val Ser Val Val Met Ser Val wval lle  Val Lys The Asp Leu Ul Thr Thr

ATG(T(AAA(‘.GTTT?TTATTTGTTFYTT(AGTTGTTAYGTCGGYTGTTGC(TTTATTAT(’GTTTYTGCTATCACAAAAA(‘T(‘ACTYGAT(A(GA(AGGAATY
Met Leu Lys Gl Phe Leu Phe Val Val Val Met Ser Val val Als Val fhe Als Lys The Asp Leu lle Thr Thr Gly

ATGCT(‘AAAGG‘ITTTTTATTTGTTGfTTCA(‘.TY(TTATGTCGGYYGYTGCCTTYATTAT(GTTTYTGCTATCACAAAAACTGACTT JATCACGACAGGAAT"
Met Leu Lys Gly Phe Leu Phe Val Ser val Met Ser Val Val Ala Pre We lle Val Phe Ala Asp Lea lle Thr Thr

ATGCTCAAAGGTTTTTYGT?TGTYGYT‘I’CAGTTGYTATGTCAGTTGYGGCCYTTATTJ‘«‘!CGTTTTT(CTATCACAALAACTGACTTGATC»\CGACAGGAATY
Met Lo Lys Gly Phe leu Phe Val Val Ser Val val Mot Ser Val Vol Ala Phe Ul fie Yal Phe tys The Asp leu flo Thr Thr Gly B

1,130 148 119 1180 R 1180 1% 1200 1312 1220

AAAGAACAAGTTCAAAAAGGACTCTCTGATTATTTCECCGAAAATAATTTACCAGT TGACCAAAGTGYTATTGA'I'A(CCAAAAAAATYTAGCCGI TGATTTT

Lys Gl Gin Val Gin s Gly Lew Ser Asp Tyr Fhe WAMSE Glu Asn Asn Leu Pro BN Asp Gin Ser NN he Lys BASH) Leu Ala Vel Asp Phe
AAAGAACAAGT TCAAAAAGS ACYCTCTGATTAITY(ACTGAAAAYAATYTACEAAYTGAC(AAAGTAYTATTGA(GCCCAAAAAGYTYTGGCCGYYGATYYl
Lys Glu Gin Val Gin iys Gly Leu Ser Asp Tyr Phe The Glu Asn Asn Leu Pro lle Asp Gin Ser lle Be Asp Ala Gin Lys val Leu Als val Asp

AAA%LACAAGTTCAAAAAGGA.T‘TCTGA'I TATTTEGCCGAAAATAAT YTQCCAGYTGACCAAAGTAYTATYGACGCCCAAAAAGYT.’TIGC( GITGATTTY

Gin Val Gl Lys Gly Leu Ser Asp Tyr Phe GAIBE Glu Asn Asn Leu Pro SR As Az Gin Lys Vol Leu Ala Vel Asp
AAAGAACAAGTTCAAAAAGGACTC TCTGATTAT I'TCGCCGAAAAYAATITGCCAGYYGACCAAGCGATYATYGACGCT(AAAAMATYTGCCCG\'TGGTYTY
Glu Gln Val Gin Lys Gly Leu Ser Asp Tyr Phe WAINE Glu Asn Asn leu Pro IR Asp Gin WARSD Asp Ala Gin Lys WASED Le &l WSIgH Phe
AAAGAACAAGTYCAAAAAGGATTGI(TGATYA‘TTCAA(GAAAAIAAI‘IYGCCAGYTGAC(AA“TGITATTGACG(C(AAAAAGYrCTAGCTGYYGATII'
Lys Ghi Gin Val Gt Lys Gly Leu Sér Asp Tyr Phe @ASEN Glu Asn Asn Leu Pro BEEE Asp Gin RARSENEN e Gin Lys Val Leu Als Vai Asp Phe
AAAGAACAAGTTCAAAAAGS ACT(T(TGATYA!Tr(ACTGAAAATAATYTAC(AA'TGACCAAAGTAYTATIGACGCC(AAAAAGYYITGGCCG'YGATIT'
Lyt Gl Gin Val Gin Lys Gly Lew See Asp Tyr Phe The Glu Asn Asn teu Pra lle Asp Gin Ser [le Sl Asp Ala Gin Lys Leu Al Val Asp Phe
AAACAACAAGTTCAAAAAGGATYGTCTGATYAIYTCAk(GAAAATAATTTA(‘EAAYTI‘;ACCAAAGTA"TATYGACGC(CAAAAAGYTCTAGCCGYTGATYT'
Lys Gu Gin Yal Gin Lys Gly Lew Seér Asp Tyr Phe BNSED Glu Asn Asn Leu Pro fle Asp Gin Ser e Asp Ala Gin Lys vol Leu Ala Val Asp Phe

AAAGAACAAGTTCAAAAAGGACTC T(TGATIAITY(ACYGAAAATAATYTACCAAYYGACCAAAGTAI’1AfYGACG(C(AAAAAGTTYTGG(CGYTGATYT'
Lys Gl Gin Val Gin Lys Gly Lew Sér Asp Tyr Phe Thr Glu Asn Asn Leu Pro lle Asp Gin Ser lle fla Asp Ala Gin Lys Vel Leu Ala val Asp Phe
AAAGAACAAGTTCAAAAAGEACTCTCTOATTATTTCACTGAAAATARTTTACCAATTGACCAAAGTAT TATTGACGCCCAARMAGTTTTGGCCOTTGATTTT
Lys G Gin Val Gin iys Gly Leu Ssr Asp Tyr Phe The Gl Asa Asn Leu Pra lle Asp Gin Ser fle Asp Al Lys Ala~ Val Asp Phe
AAAGAACAAGTTCAAAAAGCACT(TCTGATTAYTT(A(‘TGAAAATAATTTACCAAYTGA(CAAAGTATTA?1GACGCC(AAAAAG'ITYTGGCCGTTGAT7T'
lys Glu Gin Val Gl iys Gly Leu Ser Asp Tyr Phe The Glu Asn Asn leu Pra lle Asp Gin Ser (e fi= Asp Ala Gin lys Val leu Ala Val Asp Phe
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1,16 MATE YATCTAAATCAAATYTTTATAATC rGTATAGTIATAATTTTAATTAATCCAATTTGGGTTCAAAYTAATGCCTCT rTAACGATAAI’TAAGGCCGGCGGACG!
Frame 1 Tyr Leu Asn Gin Re Phe Cys val Ala Ser Leu Thr Lys Ala Gy Gly Arg
2, A2 MATE TAYCYAAATCAGAT"TITATAATCTGTATAGTTAYAAITTTAATYAATCCAATTTGGGYTCAAAYTAATGCCTCTTYAACGATAATTAAGGCCGGTGGACL:G
Frame 1 Tyr Leu Asn Gin Se Phe lle S Cys lle Val He le Leu He Asn Pro Be Trp Val Gin fle Asn Ala Ser Leu Thr Be Jle Lys Ala Giy Gly Arg
3,90 MATE YATCTAAATCAGATTTYTATAATCTGTATAGTTATAATTTTAATTAATCCAATTTGGGYTCAAATTA;\TGCCTCTYYAACMTAAYYAAAGCCGGCGGA(GG
Frame 1 Tyt Leu Asn Gin e Phe Cys lle Val e Jle Leu He Asn Pro B Trp Val Gin He Asn Ala Ser Leu Thr %e He Lys Ala Gy Gly Arg
4,23 MATE IATTTAAAT(AGAYTTYTATAATCTGTATAGTCAYAA?TTTAAT1AATCCAATYfGGGTTCAAATTAAYGCCTCTTTAACAATAAYTAAAGCCGGCGGACGA
Frame 1 Tyr Leu Cys lle Val fle lle Leu Asn Be Trp Yal Gin Hle Asn Ala Ser Leu Tir Lys Ala Gly Gly Arg
5,103 MATE YATTYAAATCAGATTTYTATAATCrGTAI'AGTYATAATTITAATYAATCCAATYTGGGT ICAAATYAATGCCTCTTYAACGATAAYTAAAGCCGGTGGACGG
Frame 1 Tyt Leu Asn Gin Ne fe Cys lle Val e Jle Leu fle Asn Trp Yal Gin e Asn Ala Ser Leu Thr Se Lys Ala Gy Gly Arg
6. 70 MATE YATCTAAATLAGATTTTTATAATCTGTAYAGTTATAAYTITAATTAATCCAATYTGGGYTCAAAYYAATGCCTCTTYAACGATAAYTAAAG((GGCGGACGG
Frame 1 Tyr Leu Asn Gin Re Phe lie B Cys lle Val fle e Leu e Asn Pro 6 Trp Val Gin He Asn Ala Ser Leu Thr Se lle Lys Ala Gly Gly Arg
7.73MATE YAYCYAAAT(AGAYTTYTATAATCTGTAYAGTTATAATT'TAATYAATCCAATITGGGY‘ICAAATTAATGCCTCYYTAACGATAAYTAAAGCCGGCGGACGG
Frame 1 Tyr Leu Asn Phe Cys lle Val Me lle teu Me Asn Pro Be Trp val e Ala Ser Leu Lys Ala Gly Gly Arg
8.83 MATE 'I'ATCTAAATCAGATTTTTATAAYCTGTA‘!AGTTAYAATTIYAAYTAAT(CAATITGGGTTCAAAT"AATGCCTCYTYAACGATAAYTAAAGCCGGCGGACGG
Frame 1 Tyr Leu Asn Gin HBe Fhe lle Be Cys lle Val He e Leu We Asn Pro Se Trp Yal Gin lle Asn Ala Ser Leu Thr fe lle Lys Ala Giy Gly Arg
9,88 MATE YAYCTAAAT(AGATTYYTATAATCTGTATAGTI‘AYAAYTYTAAT"AATCCAATYTGGC\TTCAAATTAATGC(TCTT"AACGATAAYTAAAGCCGGCGGACGG
Frame 1 Tyr Leu Asn Gin fe e Cys le Val e lle Leu Be Asn Pro e Trp val G Me Asn Ala Ser Leu The Be He Lys Ala Gly Gly Arg
10. 94 MATE TAYCTAAATCAGATTTYTATAATCT61’ATAGTIATAAYTITAATYAATCC&A1'TGGGYTCAAA!TAATGCCTCt‘lTAA(‘GATAATTAAGGCCGGTGGACG
Frame 1 Tyr Leu Asn Gin ¥e Fhe [l Se Cys lle Val le Leu Me Asn Pro Be Trp Val Gin lle Ashn Ala Ser Leu The 8¢ lle Lys Ala Giy Gly Arg
3% 138 1350 1360 13 1380 13% Lo 1410 )
Identzy [ i e e i o e e R e e g gy e ]
116 MATE GCTAATTTTGCTAGTTGGTGAGAYTTTTTTACCGGTTTAGGCCAACTTGTTTGACAAATTCTTA1AGTTTTAGTYTTTATTCCGCTGATTTCTGAAGTTCAT
Frame 1 Ala Asn Phe Ala Ser Phe Thr Gly Leu Gly Gin Leu Val le Vval Leu Val Phe lle Ser Gy Val His
2,42 MATE GCTAATTTTGCTAGTTGG!GAGAI’TTTTTTACCGGTTTAGGTCAACTTGTTTGACAAAT‘ICTTATAGTTYTAGTTTTTATCCCGCTGATTTC1GAGGYTCA]’
Frame 1 Ala Asn Phe Ala Ser Trp + Asp Fhe Phe Thr Gy Leu Gly Gin Leu Yal + Gin lle teu Me val Leu Val Phe lie Pro Leu lle Ser Glu Val His
3,90 MATE GCTAATTTTGCTAGTTGGTGAGATTTTTTTACCGGTINTAGGIICAACTTGT TTGACAAATTCTTATAGTTTTAGTTTTITATCCCGCTGATTTCTGAGGTTCAT
Frame 1 Ala Asn Phe Ala Ser Trp + Asp Fhe Phe Thr Giyy BB Gly Gin Ley Val + Gin lle Leu WNe Val Leu Val Phe lle Pro Leu lle Ser Gl Val His
4,23 MATE GCTAATTTTGCTAGTTGGTGAGATTTTTTTACCG(:TlfAGGCCAACYTGTCTGACAAATTCTIAYAGITTTAGTTTTTATCCC‘I’CTTATTTCTGAGGTTCAI
Frame 1 Ala Asn Phe Als Ser Trp + Phe Gly WEEE Gly Glo Leu Val « e e Val Leu Val Phe lle Pro Leu lle Ser val
5,103 MATE bCIAATTTTGCTAGTTGuTuAGAITYTTYCACCGGTATAGGTCAAC1 TGTTYGACAAATTCTYATAGYTTTAQYTTTTATCCCTCTTATTTCI’GA GITCA‘
Frame 1 Ala Asn Phe Als Ser Trp + Asp Fhe Phe Thr Giy WM Gly Gin Leu Val + Gin lie Leu Me Val Leu Vval Phe lle Pro Leu lle Ser Glu VYal His
6, 70 MATE GCTAATTTTGCCAGT TGGTGAGAT TTTTTTACCGGTTTAGGCCAACTTGT TTGACAAATTCTTATAGT TTTAGTTTTTATTCCGCTGATTTCTGAGGTTCAT
Frame 1 Ala Asn Phe Ala Ser Trp + Asp Fhe Phe Thr Gy Leu Gly Gin Leu Val * Gin lle Leu Me Wval Leu val Fhe lle Pro Leu lle Ser Glu WYal His
T.I3MATE GCTAATYYTGCCAGTTGGTGAGA'TTTTrTACCGGTTYAGGCCAACYTGYTTGACAAAYTCT'AYAGT1TTAGYYTITAYTCCGCYGATTTCYGAGGYTCA!
Frame 1 Ala Asn Phe Ala Trp Asp Fhe Phe Thr Giy Leu Gly Gin val lle Leu Me Val Leu Val Phe e Pro Leu lle Ser Glu Yal His
8.83 MATE GCI’AAYTTTGCCAGTTGGYGAGATTTTTTTACCGGTTfAGGCCAACTTGTTTGACAAATTCTYATAGYTITAGTTTY1ATTCCGCTGAYTTCYGAGGITCAI
Frame 1 Ala Asn Phe Ala Ser Trp & Asp FPhe Phe Thr Gy Léu Gly Gin Leu Val + Gin e Val Leu Vval Phe lle Pro Leu lle Ser Glu Val His
9,88 MATE CTAATTYTGCCAGYTGGTGAGATTTTTTYACCGGYTTAGGCCAACYTGTTTGACAAATTCTYATAG'ITTTAGYTTTTATTCEGCYGATTTCTGAGGYTCAY
Frame 1 Ala Asn Phe Ala Ser Trp + Asp FPhe Phe Thr Gy Leu Gly Gin Leu Val + Gin lle Leu He Val Leu Val Phe Jle Fro Leu lle Ser Glu VYal Mis
10. 94 MATE GCTAAYTYTGCTAGYTGGTGAGA'TTTTYYACCGGTYYAGGT(AA(TTGTTYGACAAAY‘ICT'AYAGYTYTAGTHTTATCCCGCTGATTTCTGAGGYTCA!
Frame 1 Als Asn Phe Als Ser Trp ~ Asp Phe Phe Thr Gly Leu Gy Gin Leu Val + Gin lie Leu He Val Ley Val Phe lie Pro Leu lle Ser Glu val His
1430 142 1450 1450 1470 1480 149 1500 1510 1520 13530
Identey s g =g g A= g
1. 16 MATE TTAAAACTTTTTATTYCACTGACAGTTTTTYACCTTTCAGATATTCTAAAATGAATTATTTTTGAAC1AATTTATCTAAAAAGCAATTGGGCGATTAATTTG
Frame 1 Leu Lys Leu Re Tyr Leu Ser Asp Lys lle Phe Glu Leu Be Ty Leu Lys Ser Asn Trp Ala e Asn Leu
2.42 MATE TTAAAACTTTT‘I’ATTTCACTGACAGTTTTTTACCTTTCAGATATTCTAAAGTGAATAATTTTTGAACTAATTTATCTAAAAAGCAATTGGGCGATTAATYTG
Frame 1 L2u Lys Leu Phe He Ser Leu Thr Val Phe Tyr Leu Ser Asp fe Lys Phe Gl Leu Bie Tyr Leu Lys Ser Asn Trp Ala e Asn Leu
3. 90 MATE TTAAAACTTTTTAT'l’TCA(TGACAGTTTTTYAICTTTCAGATATTCTAAAGTGAATTATTTTTGAACTAATTTATCTAAAAAG‘AATTGGGCGATTAATTTG
Frame 1 Leu Lys Lleu Phe e Ser teu Thr Va! Phe Tyr Leu Ser Asp Me Leu Lys + lle e Phe Glu Leu Be Tyr Leu Lys Ser Asn Tep Ala lle Asn Leu
4,23 MATE TTAAAACTTI’TTATTTCACTGACAGTTTTTTATCI'TTCAGATATTCTAAAGTGAATTATTTTTGAAClAATTTATCTAAAAA&CAATTGGGCGATTAATTTG
Frame 1 Leu Lys Leu Phe e Ser Leu Thr Val Phe Tyr Leu Ser Lys lle Phe Glu Leu Tyr Leu Lys Ser Asn Trp Leu
5.103 MATE TTAAAACTTTTTATTTCACTGACAGTTTTTTACCTTTCAGATATTCTAI\AGTGAATTATTTTTGAACTAATTTATCTAAAAAGCAATTGGGCGATTAATTTG
Frame 1 Leu Lys Leu Phe #e Ser Leu Thr Vai Phe Tyr Leu Ser Asp fle Leu Lys + lle e Phe Glu Leu Hle Tyr Leu Lys Ser Asn Trp Ala Me Asn Leu
6 0 MATE TTAAAACTTTTTATTTCACTGACAGTTTITTTACCTTTCAGATATTCTAAAGTGAATAATTTTTGAACTAATTTATCTAAAAAGCAATTGGGCGATTAATTTG
Frame 1 Leu Lys Leu Phe He Ser Leu Thr Val Phe Tyr Leu Ser Asp Me Leu Lys + e lle Phe Glu Leu Be Tyr Leu Lys Ser Asn Tep Ala lle Asn Leu
7.73MATE TTAAAACITTTTATTTCACfGACAGTTTTTTACCYTTCAGATATYCTAAA&TGAATTATTYTTGAACTAATfTATCTAAAAAGCAATTGGGCGATTAAT1TG
Frame 1 Leu Lys Leu ge Ser Tyr Lys lle Leu lie Ty Leu Lys Ser Asn Trp Ala lle Asn Leu
8. 83 MATE YTAAAACTTTTTATITCACTGACAGTTTTTTACCTTTCAGATATTCI’AAAGTGAAYAATTTTIGAACTAATTTAI’CTAAAAAGCA&TTGGGCGATTAATTTG
Frame 1 Leu Lys leu Phe Be Ser Leu Thr Val Phe Tyr Leu Ser Asp e Leu Lys e Phe Glu Leu fle Ty Leu Lys Ser Asn Trp Ala lle Asn Leu
9,88 MATE TTAALACTTTTTATTTCACTGACAGTTTTTTACC TTTCAGATATTCTAAAGTGAATAAYTYTTGAAC TAATTTATCTAAAAAGCAATTGGGCGATTAATTTG
Frame 1 Leu Lys Leu Phe e Ser leu Thr Val Phe Tyr Leu Ser Asp Me Leu Lys + lle Jle Pre Glu Leu fle Tyr Leu Lys Ser Asn Trp Ala lle Asn L2y
10, 94 MATE YTAAAACTTlTTAYYTCACTGACAGYTTYTTACCYTTCAGAYAYYCYAAAGYGAAIAAYTTTTGAACTAATTTAYC1AAAAAGCAATTGGGCGATTAATTTG
Frame 1 Leu Lys Leu Phe B2 Ser Léeu Thr Val Phe Tyr Leu Ser Asp lle Leu Lys + lle Glu Leu Be Tyr Leu Lys Ser Asn Trp Ala lle Asn Leu
150 1550, 159 1564
Idenrky =gy}
1. 16 MATE ACGCTTGAAAATTCAGCCTTAAAAGAATCTATCTAA
Frame 1 Thr Lley Glu Asn Ser Ala Leu Lys Gl Ser
2.42 MATE ACGCTTGAAAATTCGGCCTTAAAAGAATCTATCTAA
Frame 1 Thr Leu Glu Asn Ser Ala leu Lys Glu Ser
3,90 MATE ACGCTTGAA'\ATTCAGCCTTAAAAGAATCTATCTAA
Frame 1 ™r Leu Glu Asn Ser Ala leu Lys Glu Ser Be
4. 23MATE ACGCTTGAAAATTCAGCCYTAAAAGAATCTATCTAA
Frame 1 e Leu Glu Asn Ser Als Llsu Lys Gly
5. 103 MATE ACGCTTGAAAATTCAGCCYTAAAAGAATCTATCTAA
Frame 1 ™r Leu Glu Asn Ser Ala Leu Lys Glu Ser
6. 70 MATE ACGCTTGAAAATTCAGCAI’TAAA'\GAATCTATCTAA
Frame 1 Thr Leu Glu Asn Ser Ala Leu Lys Glu Ser #e
7.73MATE ACGCTTGAAAATTCAGCCTTAAAAL-AATCTATCTAA
Frame 1 Thr Leu Glu Asn Ser Ala leu Lys Glu
8,83 MATE ACGCTTGAAAATTCAGCATTAAAAGAATCTATCTAA
Frame 1 Thr Lew Glu Asn Ser Ala Leu Lys Glu Ser Be
9.88 MATE ACGCTYGAAAATTCAGCATTAAAAGAATCTATCTAA
Frame 1 Thr Leu Glu Asn Ser Ala Leu Lys Glu Ser Be

10, 94 MATE ACGCTTGAAAATTCGGCCTrAAAAGAATCTATCTAA
Frame 1 Thr Leu Glu Asn Ser Ala lau Lys Glu Ser Be

Appendix 45 Alignment of MATE for M. ovipneumoniae isolates

249



Identity
1.16 P146
2.42P146
3.90P146
4.23P146
5.103P146
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Appendix 46 Alignment of P146 for M. ovipneumoniae isolates

252



Identity
1.16 HP1
Frame 1
2.42HP1
rame 1
3.90 HP1
Frame 1
4,23Hp1
Frame 1
5103 HP1
Frame 1
6.70 HP1
Frame 1
7.73HP1
Frame 1
8.83 HP1
Frame 1
9.88 HP1
Frame 1
10,94 HPY
Frame 1

Identity
1.16 HPY
Frame 1
2.42Hp1
Frame 1
3.90 HPY
Frame |
4,23HP1
Frame 1
5103 WPt
Frame 1
6.70 HP1
me 1
7.73Hp1
Frame 1
£.83 HP1
me 1
9,88 HP1
Frame 1
10.94 HP1
Frame 1

Identity
1.16 HP1
Frame 1
2.42Hp1
Frame 1
3.90 HP1
Frame 1
4.23HP1
Frame 1
5.103 HP1
Frame 1
6.70 HP1
Frame 1
7.73Hp1
Frame 1
£.83 HP1
Frame 1
9.88 HP1
Frame 1
10.94 HP1
Frame 1

10.94 HP1
Frame |

Identity
1.16 HP1
Frame 1
2.42HP1
Frame 1
3.90 H
Frame 1
4,23HP1
Frame |
5.103 HP1
Frame |
6.70 HP1
Frame 1
7.73HP1
rame 1
8.83 HP1
Frame 1
9.88 HP1
Frame |
10,92 HP1
Frame 1

Identiy
1.16 HP1
Frame 1
2.42Hp1
Frame 1

. 90 HP1
Frame 1
4,23 HP1
Frame 1
5.103 HP1
Frame 1
6.70 HP1
Frame 1
7.73HP1
Frame 1

. 83 HP1
Frame 1
9.88 HP1
Frame 1
10.94 HP1
Frame t

Identity
1.16 HP1
Frame 1
2.42HP1
Frame 1
3.90 HP1
Frame |
4.23HP1
Frame |
5103 HP1
Frame |
6.70 HP1
Frame 1
7.73HP1
rame 1
8.83 HP1
Frame |
.88 HP1
Frame 1
10.94 HP1
Frame |

| 1 2 » » 5 « 7 ] » 1 10 1 12 1 10 1 1
AT T A AR A A A A A A AT AN A GG T T T T LA T CA A T TC T A ARG AA € QT T AGT T C AT TGGT T TAAC AT TTTTGAGCGT TCATACAGT TCACAATT T TGGAAACGTTGATAMAAATGAAGTTGTCAATTTA
Met Leu Asn Lys Glu Asn Lys Ser Lys Ser flle Lys Thr lle Ser Thr Gly Phe Ser e e The Val Pro lie Gly Leu Thr lie Phe Glu Ajg Ser Tyr Ser Ser Gin fle Phe Gy Asn Val Asp Lys Asn Giu Val Val Asn Leu
ATGTTAAATAAAGAAAATAAAT(AAAAAGTATAAAAACAATAAT’WEAACAGGTTTTTCGATCACCGCMTT(TTACAACAAT(GTTG(AGTTCCTAT‘\’GGTTTAACA TT|'|'TGAGCGTT(ATA(AGTT(ACAAATTTTTGGAAA(GTTGATAAMATGAAGTTGT(AAT’rfA
u Asn Lys Glu Asn Lys Ser Lys Ser fle Lys Thr e v Gy P lle' Leu Thi Na Val Pro lle Gl Leu Thr lle Phe Gu Arg Ser Tyr Ser Ser Gin e Phe Gy Asn Val Asp Lys

ATGYTAAATAAAGAAAATAAET(AAAAAL‘TAYAAAAA(AAYAATTTCAACAGGYIY'T(GA'CACEGCMTI’(T'ACAACAAYCGTTGCAL‘TYCC'AYTGQY' YMCAAT7TTTGAGCGT'CAYACAGTYCACAAA'II’T|G(.AAA((:TTGAYAAAAATGAAGTYGYCAAYT"A

Ly Gy P Na lle Lea The Thr e Val Ala val Pro e Gly Leu Thr lle Phe Gl A'g Ser Tyr Ser Ser Gin e Phe Gy Asn Val AW Lys Awm Gl Val Val Asn Ley
AYGTYAAAYAAA(‘AAAAYAAEY(AAAAAuYAYAAAAAL‘AATAAYTTCAACAGGY‘I’WTCGAYCACCGCAAYY(TTACAAC.EATCGYTL;CAGYTC(YAYYGGTYTAACAAYTTTTGACC.TCATAYAGYYCACAAAYY.’TYGGAAACGYTGAYAAAAAYGAAGTYGYCAAYTTA
Met Leu Asn Lys Glu Asn Lys Ser Lys lle Lys Thr lle Thr Gly Phe Ser lle Thr Ala lle Leu Thr Thr fle Val Ala Val Pro lle Gly Leu Thr lle Phe Glu Ag Ser Tyr Ser Ser Gin fe NN Gy Asn Val Asp Lys Asn Glu Val Val Asn Leu
nenmnumumncwusumMAwnArrrcucAsmrrrrcancAcccwrrcmcMcMrcem,cAarrccm-rcmrwcMrrmmsccmAmmwmumrrmmmarmnmnaummmnrn

Lo Ain Lys Glu Aen Lys Ser lys Ser Ve Lys Thr e Gy P lle The A Mle Leu The Thr lle Val Ala Val Pro lle Gy Leu Thr lle Phe Ghi A Ser Tyr Ser Ser Gin lle Phe Gy Ash val Asp Lys Asn Ghu Val Val Asn
ATGTYAIUH AAAEAAAATAAAY(AAAAAGYAYAAAAA(AA'AA"T(AA(AGG' T YTYCGAT’A(AGCMY'(TYA(AACGAYTQY!G(AGI YC(AA rYG&YCYM(AAYYYTTGA(;(EYY(A TATAGTTCACAAATTTTTGGTAATGTTGAT AAAAATGAGG'YGTTAETC'A
Met Leu Asn Lys Glu Asn Lys Ser Lys Ser lle Lys Thr lle Gly Phe Ser lle Thr Ala lle Leu Thr Thr lle Gly Leu Thr lle Phe Giu Ajg Ser Tyr Ser Ser Gin lle Phe Gly Asn Val Asp Lys Asn Glu Val Val
mrmm«umummuummmmmumnm.amrrmcucmcmncmcAAcAArcc,m-.cAc.nccurmmnucurrrrmmmnuunermcummmmm—mmmnmmmmnm
Met Leu Asn Lys Glu Asn Ser Lys Ser lle Lys ile Gly P lle Ala Leu lle Val Ala Val Pro lle Gly Leu Thr lle Phe Giu Arg Ser Tyr Ser Gin Nle Phe Gly Asn Val Asp Lys Asn Glu Val val
ATGTTMATAAAGAAAATAAATCAMAAGTATAAAAACAATAAT‘I’TCAACAGGYTTTTCGATCACCGCMTTCTTACAACAATCGTYGCAGYTCCTATTGGTYTMCA TTTTTGAGCGTTCATACAGTT(ACAAAT\'TTTGGAAACGTTGATAAMATGAAGTTGTCAATTTA
Met Lau Atn Lys Glu A Lys. Ser Lys Ser lle Lys The e Gy 1 Aa lle Leu The The e Val Ala' Val Pro lle Gy Leu Thr lle Pha Ghu Aig Ser Tyr Ser Ser Gin Bl Phe Gy Adn Val At Lys Atn Ohs
umwmvMAmmmr:mm.uuuummvn:.memnvcumc:acmmmucwcmmcmmmmcn sl et Sl B ol Rl el ol
Met Lew Asn Lys Gla Asn Lys. Ser lys Ser lie Lys Thr e T Gy Phe Ser e Th Aalle Leu Thr Th lle Val Ala val Pro lle Gly Leu Thr lle Phe Glu A Ser Tyr Ser Ser Gin e Phe Gy Asn Val A Lys ASn Gl val val Asn Leu
ATGT'TAAATAAAEAAAATAAAYCAMAAGTATAAAAA(AAYAATFT(AA(AGGTTrrT(GAT(A((G(AAYTCTYA(AA(AAY(GTTG(AGTYC(TATYGGTFTAA(AATTTFYGAG[GYT(ATAYAGWCACAAATYTTTGGTAATGTTEATAAAAATGMGTTGWAET(TA
Met Leu Asn Lys Glu Asn Lys Ser Lys Ser le Lys Thr lle Ser Thr Gly Phe Ser lle Thr Ala lle Leu Thr Thr lle Val Ala Val Pro lle Gly Leu Thr lle Phe Glu Arg Ser Tyr Set Ser Gin He Phe Gly Asn Val Asp Lys Asn Glu Val Val IS Leu
i » 2 2 ) ) P 20 20 > 0 20 ) 310 2

AAAACTEAGTC(AL‘I’WTAG(GAAGAAGATT!'TATTAATG(C(TTAATAATCTAMATTRCATGATCAGTATAMAAITTATCAG(AAAAA(AGCCCTTF(AWAGCTAAAAACCCW[ATATGCH’T A'\'|’|'TTTAA'.GCATATGA(Y‘:"TAGTC(AA"A(TAAACA(AAT
The Gin The Leu HySi Al Asp Pl i s Hi

e Ser Glu Glu Asp Phe lle Leu Asn Asn Leu Lys Leu His Asp Gin Tyr Lys Asn Lew Ser Ala lys Thr Ala Leu IS8 Leu Ala Lys Asn Ala Phe Asn Phe
AAAI\CYEAGTCCACCYTTAGCGAAEAAGATTTTAYTAAYGCC(YTAATMTCYAMA'TYACI‘.GAC(AGTA‘AMAAYTYATCAGCAAAAACAGCCCYYGCA.VGGCYAAAAATCCTTCAYATGCAYTYAAYTTTTVAAATGCAYATGACTTYAG'CCAATAAEYAAACA(AAT
Thr Gin Ser Thr Phe Ser Glu Glu Asp Phe Asn Ala Leu Asn Asn Leu Lys Leu His Asp Gin Tyr Lys Asn Leu Ser Ala Lys Thr Ala Leu Ala Leu Ala Lys Asn Pro Ser Tyr Ala Phe Asn Phe Leu Asn Ala Tyr Asp Phe Ser Pro lle Thr Lys His
AAAA(YCAGYC(A((TYYAGCGAA(AAGATTYTATTAAYG(‘(TTAATAAY(YAAAATYA(AYGAC(AGTATAAAEATTYAT(AG(AAAAA(A(-(((TY&AITGG(YAAAAA.((TT(AYATG(AI’TTAATYTTTTAAAYG(AYATGAL‘I’TYAGT((AAYAA(TAA/\( ACAAT
Lys The Gin Ser Thr Phe Ser Glu Glu Asp Phe lle Asn Ala Leu Asn Asn Leu Lys Leu His Asp Gin Tyr Lys BN Leu Ser Ala Lys Thr Ala Leu S8 Leu Ala Lys Asn Pro Ser Tyr Al Phe Asn Phe Leu Asn Ala Tyr Asp Phe Ser Pro lle Thr Lys His Asn
AAAA(T(AGT(‘AC(TTTAGMAAGAAGAT‘FFTATTAATGC((TTAATAAT(TAMATTG('.GA.CAGTATAMAATF\'ATCAG(AAAAACAGCACT\'G(ATTGGCYAAAMT((TT(ATATGCATTT TrrTTl'AA).GCATATGACTTTAGTCCAAT-A(TAAECACAAT

in’ Ser Thr Phe Ser Gl Glu Asp P Asn Al Leu Asn Asn Leu Lys Leu Tyr Lys Aen Ley Ala Lys Ala Leu Aa Lys As Pro Ser Tyr Ala Phe Asn Phe Leu Ty Ser Pro lle Thr Lys His Asn

AAAA(T(AGYGA(CVTTAG((.AAGAAGATTrTArTAAYG(((‘I’IAATAAT(YAAAI\TTA(MGA((AGTATAAAAAH lAT(AG(AAAAA(AG(A(TYG(ATTGG('AAAMY((T'CAYAVGCAI1TAATTfTY'AAAT(.(ATATGACYTYAGI((AATAA(TAAA(A(AAY
The Gin u Glu Asp Phe lle Asn Ala Leu Asn Asn Leu Lys Leu His Asp Gin Tyr Lys Asn Leu Ser Ala lys Thr Ala Leu Ala Leu Aa Lys Asn Pro Ser Tyr Ala Phe Asn Phe Leu Asn Ala Tyr Asp Phe Ser Pro lle Thr Lys His Asn
AAAACTCAGACAACTT TTAGCGAGGAAGAT TTTATTAATGCCCTTAATAATCTAAAATTACATGACCAGTATAAAGAT TTATCAGCAAAAACAGCACTTGCAETGGCTAAAAATCCTTCATATGCAT TTAATTTTTTAAATGCATATGACT TTAGTCCAATAACTAAACACAAT
Lys Thr Gin ‘The Thr Phe Set Glu Glu Asp Phe lle Asn Ala Leu Asn Asn Leu Lys Leu His Asp Gin Tyr Lys BN Leu Ser Ala Lys Thr Ala Leu Ala Leu Ala Lys Asn Pro Ser Tyr Ala Phe Asn Phe Leu Asn Ala Tyr Asp Phe Ser Pro lle The Lys His Asn
AAAACTCAGTCMACCTTTAGCGAAGAAGATTTTATTAATGCCCTTAATAATCTAAAATTACABIGACCAGTATAAAAATTTATCAGCAAAAACAGCACTTGCATTGGCTAAAAATCCTTCATATGCATTTAATTTTTTAAATGCATATGACTTTAGTCCAATAACTAAACACAAT
Lys Thr Gin Ser Thr Phe Ser Glu Gla Asp Phe lle Asn Ala Leu Asn Asn Leu Lys Leu His Asp Gin Tyr Lys Asn Leu Ser Ala Lys Thr Ala Leu Ala leu Ala Lys Ash Pro Ser Tyr Ala Phe Asn Phe Leu Asn A Tyr Asp Phe Ser Pro lle Thr Lys His Asn
AAAACTCAGTCCACCTTTAGCGAAGAAGAT TTTATTAARGCTCTTAATGAAC TAAAATTACATGACCAGTATAAAAATTTATCAGCAAAAACAGCACTTGCATTGGC TAAAAATCCTTCATATGCATTTAATTTTTTAAATGCATATGACT TTAGTCCAATAACTAAACACAAT
Lys Thr Gin Ser Thr Phe Ser Glu Glu Asp Phe lle IEYSI Ala Leu AsoBEMLeu lys Leu His Asp Gin Tyr Lys Asn Leu Ser Ala Lys Thr Ala Leu Ala Leu Ala Lys Asn Pro Ser Tyr Ala Phe Asn Phe Leu Asn Ala Tyr Asp Phe Ser Pro lle Thr Lys His Asn
AAAACTCAGTCCACCTTTAGCGAAGAAGAT TTTATTAAWGCCCTTAATEAACTAAAATTACATGACCAGT ABAAAAATTTATCAGCAAAAACAGCCCTTIICATTAGCTAAAAATCCTTCATATGCATTTAATTTTTTAAATGCATATGACTTTAGTCCAATAACTAAACACAAT
Lys Thr Gin Ser Thr Phe Ser Glu Glu Asp Phe lle K/N Ala Leu AsnllllLeu Lys Leu Mis Asp GIn Tyr Lys Asn Leu Ser Ala Lys Thr Ala LeuSB Leu Ala Lys Asn Pro Ser Tyr Ala Phe Asn Phe Leu Asn Ala Tyr Asp Phe Ser Pro lle Thr Lys Mis Asn
AAAACTCAGTCAACTTTTAGCGAAGAAGATTTTATTAATGCCCTTAATAATCTAAAATTGCATGATGAGTATAAAAATTTATCAGCAAAAACAGCCCTTICATTAGCTAAAAACCCTTCATATGCET TTAATTTTTTAAAGCATATGACT TTAGTCCAATAACTAAACACAAT
Lys Thr Gin Ser Thr Phe Ser Glu Glu Asp Phe lle Asn Ala Leu Asn Asn Leu Lys Leu His AspMEMTyr Lys Asn Leu Ser Ala Lys Thr Als LeuiSBR Leu Ala Lys Asn Pro Ser Tyr Ala Phe Asn Phe LeulyMl Ala Tyr Asp Phe Ser Pro lle Thr Lys His Asn
it b L a Losd e 318 8, a s s s it bt . o 29 e
TTTCGGGTAGTTTTAGACATTGAAAAAGCAARTCCTTCAGGTAGT GAAGTAAAAAATGTTGTAGTTTATGC TCATTCAGATCAATTCAAACTTACTTATTCAAAACAAATTGACCTEAAAGGTTTTGCCCAAAGTGATAAAGCTGATGGTGATTTAGT TGGATTCCAAATTGAY
Phe Ag Val Val Leu Asp lle Glu Lys AlaiSBE Pro Ser Gly §§8 Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu Thr Tyr Ser Lys Gin lle Asp Leu Lys Gly Phe Ala Gin Ser Asp lys Ala Asp Gly Asp Leu Val Gly Phe Gin lle Asp
TTTCGGGTAGTTTTAGACATTGAAAAAGCAAATGE TTCTGGCACTGAAGTAAAAAATGTCGTAGT TTATGC TCATTCAGATCAAT TCAAACTTACTTATTCAAAACAAATGACCTTAAAGGTTTTGC CCAAAGIGATAAGGCTGATGGTGATTTAGT TGGAT TCCAAATTGAT
Bhe A Val Val Leu Asp lle Glu Lys Ala Asn Ala Ser Gl Thr Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu The Tyr Ser Lys Gin The Asp Leu Lys Gly Phe Ala Gin Ser Asp Lys Ala Asp Gly Asp Leu Val Gly Phe Gin lie Asp
TTTCGGGTAGT TTTAGACATTGAAAAAGCAAATGCTTCTGGCACTGAAGTAAAAAATGTCGTAGTTTATGCTCATTCAGATCAATTCAAACTTACTTATTCAAAACAAAITGACCTTAAAGGTTTTICCCAAAGTGATAAGGCTGATGAIGATTTAGT TGGATTCCAAATTGAT
Phe A Val Val Leu Asp lle Glu Lys Ala Asn Ala Ser Gly Th Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu Th Tyr Ser Lys Gin ‘Thr Asp Leu Lys Gly Phe THr Gin Ser Asp Lys Ala Asp Gly Asp Leu Val Gly Phe Gin lle Asp
TTTCGGGTAGTTTTAGACATTGAAAAAGCAAATCCTTCTGGCACTGAAGTBAAAAATGTYGTAGTTTATGCTCATTCAGATCIABTCAAACTTACTTATTCAAAACAABTTGACCTTAAAGGTTTTGCCCAAAGTGATAAGGCIGATGGTGATTTAGTTGGATTCCAAATTGAT
Phe Ag Val Val Leu Asp lle Glu Lys Ala Asn Pro Ser Gl Thr Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp ProMllLys Leu Thr Tyr Ser Lys Gin MMM A Leu Lys Gly Phe Ala Gin Ser Asp Lys Ala Asp Gly Asp Leu Val Gly Phe Gin lie Asp
TTTCGGGTAGT TTTAGACAT TGAAAAAGCAAGTCCTTCTGGCACTGAAGTAAAAAATGTCGTAGTTTATGC TCATTCAGATCAATTCAAACTTACTTATTCAAAACAAATTGACCTTAAAGGTTTTGCIICAAAGEGATAAAGCTGATGGTGATTTAGT TGGATTCCAAATTGAT

Phe A Val Val Leu Asp lle Glu Lys Ala IS8 Pro Ser Gly Thr Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu The Tyr Ser Lys Gin lle Asp Leu Lys Gly Phe Ala Gin Ser Asp lys Aa Asp Gly Asp Leu Val Gly Phe Gin lle Asp
T T AT T A AT AT A A G AT 6L T GG AR A TG AN A AT QT TG T T AT T AT CA AT C A T T CAAAC T TAC T T ATTCAAAACAAG T EGACC TT AAAGE TTTTGCTCAAAGTGATAAAGCTGATGETGATTTAGTTGGGTTCCAMATTGAT
he A Val Val Leu Asp lle Glu lys Ala Asn Ala Ser Gly #S6M Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu Thr Tyr Ser Lys Gin @MAsp Leu Lys Gly Phe Alo Gin Ser Asp Lys Ala Asp Gly Asp Leu Val Gly Phe Gin lle

rncm,c.ru.rnT“,AmnaMAAAG(AMrnmrar,r.(uncAA(,raMAMmmcnmrnmcrcnruan(mncuu1ucrnncAAAAuAunmccTnuc.mrrrcmuummuucnannamnvuarmmncmurmn
Phe Ag Val Val Leu Asp lle Glu Lys Ala Asn Ala Ser Gly BSH Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe lys Leu Thr Tyr Ser Lys Gin MEMEAsp Leu Lys Gly Phe Ala Gin Ser Asp lys Ala Asp Gly Asp Leu Val Gly Phe Gin lle Asp
TTTCGGGTAGTTTTAGACATTGAAAAAGCAAGTCCTTCTGGCACTGAAGTAAAAAATGTCGTAGT TTATGCTCATTCAGARCAAT TCAAACTTACTTATTCAAAACAAATTGACC TEAAAGGTTTTGCCCAAAGT GATAAAGCTGATGGTGATTTAGT TGMTTCCAAATTGAT
Phe A Val Val Leu Asp lle Glu Lys AlaiSB Pro Ser Gly Th Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu Th Tyr Ser Lys Gin lle Asp Leu Lys Gly Phe Ala Gin Ser Asp Lys Ala Asp Gly Asp Leu Val Gly Phe Gin lle Asp
TTTCGGGTAGTTWAG).AYTGAAAAAGCAAETCCTTCTGGCACTGAAGTAAAAAATGTCGTAGTTTATGCTCATTCAGACCAATTCAAA(TTACTTATTCAAAACAAA(TGA(CTCAAAGGYTTTGC(CMAGTGA"AAGGCTGATGGCGATTYAGTTGGATTCCAAAVTGAT
Val Leu Asp lle Glu Lys Ala BS8M Pro Ser Gly Thr Glu Val Lys Asn Val Val Val Ala His Ser Asp Gin Phe Lys Leu Thr Tyr Ser Lys Gin The Asp Leu Lys Gly Phe Ser Asp Lys Ala Asp Gly Asp Leu Val Gly Phe Gin lle Asp
77\'EGGG'AGTTYTAGACATTbAAAAAGCAMrh[TTLYGGCAC'GAAbYGAAAMTGT‘I’GYAhYYTA!GCTCA'TCAGAY(AATT(‘AAACYVAC‘1AY\'CAAAALAAGTVGACCYYAAAGGYYT\’GCCLAAAGYGAYAA&GCT&AYL:GYGATYYAGTTGGAYTC(AAAITL‘AY
Ag val Val Leu Asp lle Glu Lys Ala Asn Ala Ser Gl Thr Glu Val Lys Asn Val Val Val Tyr Ala His Ser Asp Gin Phe Lys Leu Thr 1, Ser Lys sln-Asn Leu Lys Gly Phe Ala Gin Ser Aso tys Aa Asu s», Asp Leu Val Gl Phe Gin lle Asp
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CTTGAMAAT CAMGETAGAAC T TTCTGEAGEAAMAAGTT CTAAT TTANCAGCTTCAGAAG TTGC TT TTAAACTTGACAATGACT TTCAAGC TTCATATAAAACATCACGCTCAAARTCTCAAGEAT TTTCTGATGCTTTATICCAAMATGGATTAACTTATAATTTAGT TANT
Leu Gl Lys Ser Lys Leu Glu Leu Ser Ala Aa Lys Ser Ser Asn Leu Thr Ala Sér Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin A2 Ser Tyr Lys ThF Ser Aig Seér Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Asn Gly Leu Thr Tyr Asn Leu Val Asn
crrsAAAAs'ranAITAGAAcrmlGﬁAGcAAAMGTKTAATTT\;WGUT:TGAAc,Tre.rTrrMAcrmA:Ancnn—rcAAcc'rTcAnnAAATArcucecTcAAAATcrcuec;\nﬁcmnacrr‘rn-r:cuumalﬂucﬁuunmrn»l
eu Gl Lys Ser Lys Leu Glu Leu The BB Ala Lys Ser Ser Asn Leu NI Al Glu val M Phe Lys Leu Asp Asn Asp Phe Gin Al Ser Tyr Arg Ser Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Leu The Tyr Asn Leu Val Asn
CTTGAAAAGTCAAAAITAGAECT-CIG_CAAAAPI'TTGAATYYA ccrTclmAc,wcchnMAcTrcAlAATcacrn'cAAccrr-TAYAAAAA».cAchTcAAAAT:chAGaTYTrcYcAmcvrTATTccAAAAmc.»lnmnnnnvucrn»l
Giu Lys Ser Lys Leu G Leu ThrSENE The Lys BNSN Ser Asn Leufll Als Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin Ala Phe: Tyr Lys BARETHr Arg Ser Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Asn Gly L Tyr Asn Leu Val Asn
cnauunuumuaucrrrrmcmnuumvcru\tnuuecncl@ummcnmucvrsnnnm(rtrcuscrrununmucacscvnuncrcuecnnrcmnacvvurrc(MAAmauuActrnuntrmvuAc
Leu Gl Lys Ser Lys Let Glu Leu Ser Ala Aa Lys Ser Ser Asn Leu Thr Ala Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin Ala Ser Tyr Lys TAE Ser Arg Ser Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Asn Gl Leu Th Tyr Asn Leu Val Asn
CT\'GAAAAAY(AMAT‘TAGAA(T‘F{CTGCAG(AAAAAGTTCTAATTYAA[AGCTT('GAAGT\'GCTTTTAAACTTGA(AATGACTF\'CAAG(TTVATATMAAEMCA(GH’(AAAATCACAAEC.FTﬁ GATGCTTTATTCCAAAATGGATTAACTTATAATTTAGTTAAC
Leu Gl Lys Ser Lys Leu Gl Leu Ser Ala Ala Lys Ser Ser Asn Leu Thr Ala Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin Ala S/L Tyr Lys BBSTHE Arg Ser Lys Ser Gin Ala Phe Ser Asp Alb Leu Phe Gin Asn Gl Leu The Tyr Asn Leu Val Asn
CTTGAAAAATCAMAYTAGAA(TTT(TG(AG(AAAAAGTT(YAATTYAACAG(TT(TGAAGT(G(TTTTAAACTIGA(AATGATTTICAAGEE\'CATATMAATATCA(G(TCAAAATCTCAAGCATTTYCTGATG(‘VTTATT(CAAAATGGATTAA(TTAYAATTTAG?TAAC
u Gl Leu Ser Ala Ala Lys Ser Ser Asn Leu Thr Ala Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin M Ser Tyr Lys lle Ser Arg Ser Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Asn Giy Leu Thr Tyr Asn Leu Val
cnsuuuuunuc-ucrvyrrsc/«,uuumvcuunuuecv IchAAGTVGLYrTlAAA(‘YYGA(AAYGATIYY(AAG(TICA1AYAAAATAI(AC(;CT(AAAAT(T(AAG(ArTIVrrbA1Gc'rrYATYrrAAAAIGGATTAA(TtATAAYlYAGYYAAr
Leu Gl Lys Ser Lys Lev Gl Leu Ser Ma Lys Ser Ser Asn Leu Thr Ala Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin Ala Ser Tyr Lys lle Ag Ser Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Asn Gly Leu Thr Tyr Asn Leu Val Asn
CTTGAAAAATCAAAA‘FTAGAA(YTY(TGCAGCAAAA}.TTCCAATTTAE’AGCTTCYGAAGT‘I’GCYTTTAAACYTGATAATGACYTTCAACCT‘ITI'YATAAAASAICACGTTCAAAATCTCAAGCATTYTCTGATG(TYTATTCCAAAA‘I’GGAYTAAC‘I’YA‘I’AAYT‘I’AGYTAA(
Leu Glu Lys Ser Lys Leu Glu Leu Ser Ala WSS Scr Asn Leu @ Als Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin Ala Phe Tyr Lys BGETHE Arz Ser Lys Ser Gln Ala Phe Ser Asp Ala Leu Phe Gin Asn Gl Leu Thr Tyr Asn Leu Val
(TTGAAAAAY(AAAAYTA(.AA(TTY(IG(AG(AAAAAGTTCTAAT‘{YAA(AG(YTCTGAAGWG(TTYYAAACTYGA(AAYGAYTTT(AAGG(Y(ATAYAAAATATCA(GCY(AAAATETCAAGCATYYY(TGATG(YTTAYT((AAAAYG(.ATTAA(TYAYAAYTYAGTTAAC
Leu Gl Lys Ser Lys Leu Glu Leu Ser Ala Aa Lys Ser Ser Asn Leu Thr Ala Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin M Ser Tyr Lys lle Ser Arg Ser Lys Ser Gin Ala Phe Ser Asp Ala Leu Phe Gin Asn Gly Leu Thr Tyr Asn Leu Val Asn
CTTGAAAAAT(AAAAT‘TAGAACTTYCTG(AGCAAAAAETTCYAATYfAACAG(YTCTGAAGTfG(TTYTAAA(T\'GA(AATGATTT\'(AAG(CT(ATAYAAAATATCA(G(TEAAAATCY(AAGCAfTTTCTGATG(YTTAYT(CAAAATGGAYTAA(TYATAATTTAGI’TAA"
Leu Glu Lys Ser Lys Leu Gl Leu Ser Ala Ala Lys Ser Ser Asn Leu Thr Ala Ser Glu Val Ala Phe Lys Leu Asp Asn Asp Phe Gin Ala Ser Tyr Lys lle Arg Ser Lys Ser Gin Ala Phe Ser Asp Ala Le Phe Gin Ash Gly Lew The Tyr Asn Leu Val
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AcrrnaorcrcccncAAnTrcGAAAAAGGHATGTTTTGGCAC(AAAAA:AcrmuucuuuecrAAAcAmAAAAAnAcTTArmﬂcsccurcAGAcucAAAAcmnsAm:TnAATGAurﬂTGAAAALTrAsrTr1cAAAAA1cTrAA15ArcAAGcA
Thr Leu Gly Leu Pro ISER lle Leu Glu Lys Gy Tyr Val Leu BN Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Giu Lys fle Val Met /8 Gl Ser Asp BN Lys Asp THE Leu Met S Vol B Asn Leu Val Phe Lys Aso BERAS Asp Gin Ala
ACTTTAGETCTGCCHBCAATTTTGGAAAAAGGTTATGTTTTGTCICCAAAAACAGTTGAAAACCAAAAAGC TAAACAAGAAAAAATAGTTA GﬁrlctlcnrcAcAcAccAAAAcAmTcAnwrrAncAncrnAAAAnchrrrrcAAMncncAcanAAccc
Thr Leu S Leu Pro IS lle Leu Glu Lys Gy Tyr Val Leu Ser Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Giu Lys lle Val Met il Gl Ser Asp Thr lys Ag Val Asp Ser Leu Met Asn Val Lys Asn Leu Val Phe Lys Asn His Asp Asp Lys Al
ACTTTAGGTCTRCCBCAATTTTGCAAAAAGGTTATCTTT THIBCIC CAMAACAGTTGAAAACCARAAAGE TAMCAAGAMAAATACT TAIGEYVG(I(:AT'CAGAIAC(AAAA(,A(.T1GMAGY'TAAYGA‘.GHGAAAA(H’IGH'1CAAMA1“CGA‘IAAGC(
e Leu G 20 Glu lys Gy Tyr Val LeuMMEPro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Glu Lys lle Val MecBENNGly Asp Ser Asp Thr Lys A Val Asp Ser Leu Met MySI Val I Asn Leu Val Phe Lys Asni A
A(TlTA(.T(TG((-(AATFTTGGAAAAAG(IYATGTTTYGTCG((AAAAA(AG\'I’GAAAA((AAAAAG(TAAA(AAGAAAAAATGGTTATGATIGGTGATT(AGA(A(CAAAAGAGTYGATAGTFTGATGAATGT\’EAAAA(TTIGTFTT(AAAAAT“:GATAATG((
Thr Leullll Leu Pro 8588 lle Leu Glu Lys Gly Tyr Val Leu Ser Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Glu Lys @l Val Met lle Gly Asp Ser Asp Thr Lys A Val Asp Ser Leu Met Val Bl Asn Leu Val Phe Lys Asn A
ACCTTAGETTTGCCAACAATTTTGGAAAAGGTTATGTTTTGTCMCCAARAACAGTTGAAAACCAAAAAGC TARACAAGAAAAAATAGTT AT GAT TGG TGATTCAGACACCAAAAGAGTTGATAGTT TAATGARBGTTBAMACTTAGT ITTCAAAATCWIRACGATARAGCC
Th Leu Gly Leu Pro Thr lle Leu Glu Lys Gy Tyr Val Leu Ser Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Giu Lys lle Val Mer lle Gly Asp Ser Asp Thr Lys A Val Asp Ser Leu Met iyl Val S Asn Leu Val Phe Lys Asn H/LBNEN Asp Lys Ala
ACCTTAGGTTTGCCAACAATTTTGGAAAAAGGTTATGTTTTGTCGCCAAAAACAGTTGAAAACCAAAAAGC TAAACAAGAAAAAATGGT TATGAT r(.mc.nrumuccnummmuAcnmnsurmuuuumunrrzuuncum(muumc
Thr Leu Gly Leu Pro Thr lle Leu Glu Lys Gy Tyr Val Leu Ser Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Giu Lys BN Val Met lle Gly Asp Ser Asp Thr Lys Alg Val Asp Ser Leu Met Asn Val Lys Asn Leu Val Phe Lys Asn His Asp Asp Asn Ala
ACCTTAGGTTTGCCAACAATTTTGGAAAAAGGTTATGTTTTGTCGCCAAAAACAGTTGAAAACCAAAAAGCTAAACAAGAAAAAATAGT TATGATTGGTGATTCAGACACCAAAAGAGTTGATAGTTTAATGAATGTTAAAAACTTGGTTTTCAAAAATCATGACGATAATGCC
Th Leu Gly Leu Pro Thr lle Leu Glu Lys Gy Tyr Val Leu Ser Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Giu Lys lle Val Met lle Gly Asp Ser Asp Thr Lys Alg Val Asp Ser Leu Met Asn Val Lys Asn Leu Val Phe Lys Asa His Asp Asp Asn Ala
ACCTTAGGTTTGCCAACAATTTTGGAAAAAGGTTATGTTT TATCGCCAAAAACAGTTGAAAACCAAAATGC TAAACAAGAAAAAATIGTTATGGTTGGTGATTCAGATACCAAAAGAGTTGATAGTTTGATGAATGTTAAAAACTTGGTTTTCAAAAATCATGACGATAATGCC
Thr Leu Giy Leu Pro Thr lle Leu Gl Lys Gy Tyr Val Leu Ser Pro Lys Thr Val Glu Asn GinM Ala Lys Gin Giu Lys lle Val Mt Gly Asp Ser Asp Thr Lys A Val Asp Ser Leu Met Asn Val Lys Asn Leu Val Phe Lys Asn His Asp Asp Asn Ala
ACCTTAGGTTTGCCAACAATTTTGGAAAAAGGTTATGTTTTGTCGCCAAAACAGTTGAAAACCAAAAAGE TAAACAAGAAAAAATGGT TATGAT TGGTGATTCAGACACCAAAAGAGTTGATAGTTTGATGAATGTTAAAAACTTGGTTTTCAAAAATCATGACGATAATGEC
The Lev Gly Leu Pro Thr lle Leu Glu Lys Gy Tyr Val Leu Ser Pro Lys Thr Val Glu Asn Gin Lys Ala Lys Gin Glu Lys BN Val Met lle Gly Asp Ser Asp Thr lys Arg Val Asp Ser Leu Met Asn Val Lys Asn Leu Val Phe Lys Asn His Asp Asp Asn Ala
ACTTTAGGTCTGCCAACAATTTTGGAAAAAGGTTATGTTTTGTCGCCAAAAACAGTTGAAAACCAAAAAGC TAAACAAGAAAAAATGGTTATGATTGGTGATTCAGACACCAAAAGAGTTGATAGTTTGATGAATGTTAAAAACTTGGTTTTCAAAAATCATGACGATAAAGCC
Thr Leu Gly Leu Pro Thr lle Leu Glu ly: Gy Tyr Val Leu Ser Pro I.ys The Val Glu Asn Gin I.y: Aa 'Lys Gin Glu m-v.ﬂ Met fie Gly Aw Ser A)p Th Lys Ag Val A:p Ser Leu Met Asn Val Lys Asn Leu Val Phe Lys Asn His Asp Asp I.ys Al
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GGAACTCTTTCAATTTCTTTTGAGCTAAAAGATCCAACTGGBARABTIRTC - - - AAAGABT TTGACTTTCCAATTT TAGGAAT TAAMAATTAAGEGATCATGTAMAANE T GTECABEAMAAAATTET T TCACAATTTAGEGAT TTRGTTCAATTAAMACCTT TAGTTCABCTT

Gly Thr Leu Ser lle Ser Phe Glu Leu Lys Asp Pro Thr Gly Lys IENSEEEN Lys Glu Phe Asp Phe Pro lle Leu Gly lle Lys Lys Leu Ser Asp Asp Val Lys Thr Val GiuMEMMERJEI de Phe Ser Gin Phe Ser Asp Phe Val Gin Leu Lys Pro Leu Val Gin Leu
GGAACTCTTTCAATTTCTTTTGANC TAAAA(.AI((ﬁA(AGG(.AAAAVTGY(-- - AAAGAATTTGACTTTCCAATTTTAGGAAT TAAAAAAT TAAGC GBITGAT G TIAAAGATGTTGAAAAACAAATTC TTTCACAATTTAGTGATTTAGTTCAATTAAAACCTTTBGTTCAACTT
ly Thr Leu Ser lle Ser Phe Glu Leu Lys Asp Pro Thr Gy Lys lle Val - Lys Glu Phe Asp Phe Pro lle Leu Giy lle Lys Lys Leu Ser EMMASp Val Lys Asp Val G Lys Gin He Leu Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu
AN TCT T T AT T T T T TGAGE T AAAAGATCCAGC G AT TTC -~ ~AAAGAAT TTGACTTTCCANTTTTAGGAAT TAAAAAAT TAAGCGATGATGT AMAACHTGT T CARIANNAAATTC TTTCACAATTTAGTGATT THGTTCAATTAAAACCHT AGTTCAARTT
Gly Thr Leu Ser lle Ser Phe Glu Leu Lys Asp Pro 56 Giy Lys BENENEEN  Lys Glu Phe Asp Phe Pro lle Leu Gl lle Lys Lys Leu Ser Asp Asp Val Lys BAUI Val G MBS fe Leu Ser Gl Phe Ser Asp Phe Val Gin Leu Lys Pro Leu Val Gin
GGAACTCYTTCAATYYCTTTTGAGCTAATTGA(CCGACAGGGMAATTGTC - ~AAAGAATTTGABTTCCCAATTTTAGGAATTAAAAAATTAA GATGTMAAAGABGTTGAAAAACAAATTCTTTCACAATTTAGTGATTTAGTTCAATTAAAACCTTTAGTTCAACTT
Gly Thr Leu Ser lle Ser Phe Giu Leu lle Asp Pro Thr Giy Lys lle Val ~ Lys Glu Phe Asp Phe Pro lle Leu Gly fle Lys Lys Leu Ser Ml Asp Vai Lys B Val Giu Lys Gin fe Leu Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu
GGAACTCTTTCAATTTCTTTTGAGCTAATTGACCCAACTGGGAAAATTGTC -~ - AAMAGAATTTGACTTCCCAATTTTAGGAATTAAAAAATTAAGC GATGATGT AAAAGATGTTGAAAAACAAATTCTTTCACAATTTAGTGATTTAGTTCAATTAAAACCTTTAGTTCAACTT
Gly The Leu Ser lie Ser Phe Glu Leu lle Asp Pro Thr Gl Lys lle Val - Lys Glu Phe Asp Phe Pro lle Leu Gly lle Lys Lys Leu Ser Asp Asp Val Lys Asp Val G Lys Gin He Leu Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu
GGAACTCTTTCAATTTCTTTTGAGTTAATTGACCCEACGGGGAAAATTGTC - = ~AAAGAATTTGATTTCCCAATTTTAGGAATTAAAAAAT TAAGCGETGATGTAAAAGATGTTGAAAAACAAATTCTTTCACAATTTAGTGAGTTAGTTCAATTAAAACCTTTGGTTCAACTT
Gly Thr Leu Ser lle Ser Phe Glu Leu lle Asp Pro Thr Gly Lys lle Val  Lys Glu Phe Asp Phe Pro lle Leu Gy lle Lys Lys Leu Ser BAMMAsp Val Lys Asp Val Glu Lys Gin We Ley Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu

GEAACTCT T T CAAT T CTT T TGAGE TAAT TGACCCAACTGOGAAAAT TCTCHMAAAGAAT TTCACTTCCCAATTTTAGGAAT TAMAAAAT TAAGCGATCATGTAARAGATGTTCAAAACAAATTCTTTCACAATITAGTGATT TAGTTCAATTAAAACCTTTAGTTCAACTT
Gly Thr Leu Ser lle Ser Phe Glu Leu lle Asp Pro Thr Gy Lys lle Val IS8R Lys Glu Phe Asp Phe Pro lle Leu Gy lle Lys Lys Leu Ser Asp Asp Val Lys Asp Val Giu Lys Gin He Leu Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu
AT CT T T CAAT T T CTTTTGAGC T AAAAGAT CCATCT GGEAAAE T TRTC -~ AAAGAAT TTCAC TTTCCAATTTTAGGAAT TAMAAAAT TAAGC GATCAT G T AMAAGE TG TT CABEANRAAATTC TTTCAC AT TTAGTGATTTTGTTCAATTAAAACCACTAGTTCAARTY
Gly Thr Leu Ser lle Ser Phe Glu Leu Lys Asp Pro iSS Giy Lys MENEEEEN  Lys Glu Phe Asp Phe Pro lle Leu Gly lle Lys Lys Leu Ser Asp Asp Val Lys BAM Val GluMEBEYSI de Leu Ser GIn Phe Ser Asp Phe Val Gin Leu Lys Pro Leu Val Glo WS
GGAACTCYWCAATTTCTTTTGAGT!'AATTGACCEGACGGGGAAAATTGTC == 'AAAGAAYTTGA‘I’TTCCCAATTﬁAGGAATTAAAAAATYAAGCGCYGATGTAAAAGA'IGTTGAAAAACAAAYTCTYTCACAAT‘I’TAGTGAKTYAGTT(AAYYAAAACC‘I’TTEGTY(AACTT

Gly Thr Leu Ser Glu Leu lle Asp Pro Thr Gly Lys lle Val  Lys Glu Phe Asp Phe Pro lle Leu Gy lle Lys Lys Leu Ser BAMI Asp Val Lys Asp Val Gl Lys Gin fe Leu Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu
saucrcrrrcunrcrrnmccnnmnccucccac/\ucrrnc - - AMAGAATTTGACTTTCCAATTTTAGGAAT TAAMAAAAT TAAGCGATGAT GTAAAAGATGTTCANBANMAANTTCTTTCACAATTTAGTGATTTAGTTCAATTAAMCCTTTAGTTCAACTT
Gly Thr Leu Ser lle Ser Phe Glu Leu Lys Asp Pro Thr Giy Lys BENBEEEE Ly Glu Phe Asp Phe Pro lle Leu Gy lle Lys Lys Leu Ser Asp Asp Val Lys Asp Val K/Q fle Leu Ser Gin Phe Ser Asp Leu Val Gin Leu Lys Pro Leu Val Gin Leu
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GCBCTTGTCAMGATBATCTAAGTTTGGC TCAMCTATIT ACAAAACE AT AATAABC CCGTTAATC TCGCCBCARTCTTGAGTAAAATTACGCAAAACTCTCAACAANT T GGACGACATART CAAGTTTCAACCCAACTT TTCCAAGATECAGGGCAAAATTCACAGECTAAT
Aa Leu Val Lys AspBENN Leu Ser Leu Aa Gin Thr e Tyr Lys Thr Asp Asnilysl Pro Val Asn Leu Ala BAUMMNEN Leu Ser lys lle Thr Gin Asn Ser Gin Gin MESN Gly A MEMNSSN Gin Val Ser Thr Gin Leu Phe Gin AspiProi Gly Gin Asn Ser Gin Pro Asn
SBACTTGTCAAACABAATCIAAGTTTGGC TCAAABCETCTACARAACTGATAATAARCCCGTTAATC TCGCMEC 'VCY\'GAECAAAATTAC(,CAAAACT(Y(‘AA(AA GGACGACABARBCAAGTTTCAACCCAACTTTTCCAAGETTCAGGCCAAAATTCACAAGCTAAT
WO Leu Val Lys Asp Asn BB Ser L Gin RN Tyr Lys Th Asp AsoBYEEPro Val Asn Leu Ala SAISI Le Lys lle The Gin Ast Ser Gin Gin NS Gly Arg BNENNSM GIn Val Ser Thr Gin Leu Phe Gin BN Ser Gly GIn Asn Ser Gin Ala As
ncAchrcAAAuAnnc‘uAGmccacAAAch‘rcTAcAAAAcTannAAccccmTAncchclAcAcT:rmAccAAAAYTAcGcAAAAcTcAcAAcAAAA'rccAccAcmcccAAmwcAAcccAAcTYTchAAnArrcAGQCAAAAWCA(MG:TAAY
la Lew Val Lys Asp Asn Leu Ser Leu Ala Gin NN Tyr Lys Thr Asp Asn Val Asn Leu Ala Thr Val Leu Ser Lys lle Thr Gin Asn Ser Gin Gin Asn Gly Arg Gin Ser Gln Val Ser Thr Gin Leu Phe Gln Asp Ser Gly Gin Asn Ser Gin Al
GCECTTGTCAAAGAAATCIAAGTTT] K-L‘(AAAC(AT'TA(_(‘GAYAAYAA(((CGTIAAI[Y(G(“CMT(TYGAGCAMATYACG(AAAACYCY(AA‘AAAA‘[GGA(LACA‘A AAGTYY:AA(((AACYYTY((AAuAYY(GGhG(AAAAYY(A(AAG(1AAY
Aa Leu Val Lys Asp AsoBBNE Ser Leu Aia Gin Thr fle Tyr i--=hr Asp Asn Asn Pro Val Asn Leu Ala BAMSENEN Leu Ser lys fle Thr Gin Asn in @ Asn Gly Acg MMM Gin Val Ser Thr Gin Leu Phe Gin Asp Ser Gly Gin Asn Ser Gin Al
G(GCTTGf(AAAEAYAAT(TAAEﬂ‘rGG(T(AAA((AT(TACAAAA(TGATAATAA((((GWAAT(Y(GC(A(AGT(TYGAG(AMATTA(G(AAAA(T(ArAACAAAAYGGA(GA(AGAG((AABTTTCAA(((AA(TTYT((AAGATtrAGGG(AAAATY(A(AAGCTAAT
Leu Val Lys Asp Asn Leu Ser Leu Als Gin Thr fle Tyr Lys The Asp Asn Asn Pro Val Asn Leu Ala Thr Val Leu Ser Lys lle Thr Gin Asn Ser Gin Gin Asi Gly A Gin Ser Gin Val Ser Thr Gln Leu Phe Gin Asp B Gin Asn Ser Gin Ala Asn
GCA(TTGTTAAAGATAAT(TAAETTTGECTCAAAETATCTACAAAA(TAATACTAACGC\':GT\'AATCTGG(CA(A‘l’\' TGAGCAMAGTA(ECAAAACTCGCAACAAAATGGACGACAGAGC(AAGTW(AACCCAACTT'\TCCAAGATYCAGG(CAAAAT‘(EGCAAG(TAAT
Aa Leu Val Lys Asp Asn Leu Ser Leu Ala Gin Thr fle Tyr Lys Thr Asn BRI Val Asn Leu Ala Thr WM Leu Ser Lys iS8SI Thr Gin Asn Ser Gin Gin Asn Gly A Gin Ser Gin Val Ser Thr Gin Leu Phe Gin Asp Ser Gly Gin Asn Ser Gin Ala
GCAC YYGYCAAAGAH\AIETAAGYT[GGCT(AAAC(AY(VALMAALTGAYAATMCCECGYIAAY( nccuumcnumcuuv rAcccAAAAcV(AcMcAAAAmnAcc.AcAnAschmrrcucccucnwuu/\uuruuc.ccuunucuc.cun
Wa' Leu Val Lys Asp Asn Leu Ser Leu Thr fle Tyr Lys The Asp Asn Asn Pro Val Asn Leu Ala Thr Val Leu Ser Lys lle Thr Gin Asn Ser Gin Gin Asn Gly Ag Gin Ser Gin Val Ser Thr Gin Leu Phe Gin Asp Ser Gly Gin Asn Ser Gin Ala Asn
scAcnmcAAAunAnnuswcscccuncmcncuu:ranuruc(c(m—uncrceccAcAmcrrmcuunncscuuncAcAAcAAAncsAcsAcAm(cAAmﬁcucccucrrrrccumrrcAcaccuuﬁcs(uccnn
Aa' Leu Val Lys Asp Asn Leu Gin WIS Tyr Lys Thr Asp Asn Asn Pro Val Asn Leu Ala Thr Val Leu Ser lys le Thr Gin Ash Ser Gin Gin Asn Gly A Gin WG Gin Val Ser Thr Gin Leu Phe Gin Asp Ser Gly Gin Asn Ser
GCACTT(.]TAAAGATAATCTAA(.TlTGG(T(AAACTAT(TA(MAA(TAATAAYAACG((GTI’AAT(T‘G(CA[ATTAT\'GAG(AMABTA(GCAAAA(T(GCAACAAAATGGACGA(AGAG((AAGTWCAA(((AACTF\T((AAGATT(AGGVCAAAATYCI(AAG(TAAT
Ala Leu Val Lys Asp Asn Leu Ser Leu Ala Gin Thr lle Tyr Lys Thr SN Asn AsnBAME Val Asn Leu Ala Thr B Leu Ser Lys IS8 Thr Gin Asn Ser Gin Gin Asn Gly A Gin Ser Gin Val Ser Thr Gin Leu Phe Gin Asp Ser Gly Gin Asn Ser Gin Ala
GEACTTGTCARAGATAATCTAAGTTTGGCECAMCCATCTACAMACTCATAATAACCCCGTTARTCTCGCCACAGTCT lGAGCAAAA[ TACGCAAAACTCGCAACAAAATGGACGACAGAGCCAAGT TTCAACCCAACTTTTCCAAGATTCAGGCCAAAATTCACAAGC TAAT
Ma Leu Val Lys Asp Asn Leu Ser Leu Ala Gin Th fle Tyr Lys The Asp Asn Asn Pro Val Asn Leu Ala Thr Val Leu Ser Lys lle Thr Gin Asn Ser Gin Gin Asn Gly A Gin Ser Gin Val Ser Thr Gin Leu Phe Gln Asp Ser Gy Gin Asn Ser Gin Ala Asn
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BATCRCAAACTTORATAMACCRCCAACAT TTRAGAICTT [ TTTCARTTTAKAGTCTGAMAMT TE CAAGT TCCTECIBTIGATGGTTAT T TTCTTAAMATTAACAARATHRANT TAGCARAAAAT T TARCCCAACRIC AMAMAGATAANC TTRCAMAGAMATAKAGTTTCT
ASHIASD L/ Al

Val B lle Asn MM Gin Asp Phe Ser Phe Phe Asn Leu Lys Ser Glu Lys Phe Gin Val Pro Gly Phe Asp Gly Tyr Phe Val Lys lle Asn i ile BE Leu Ala IS Asn Leu IS88 Gin @l Gin Lys Asp Lys LeuBEBEBRYSE Glu Asn Lys Val Ser
AATGCAAAGTTGACA"AAACCGCCAAGATT'VAAGCGCTTYTTTCAAY'TTAAAGTCTGAAAAA'TCCAAGYTCCYGGACTTGAI’GGTTAT\‘-YGTTAAAAYTAACAA(A'ITAAAYTAGCAGAAAAYTTAACCCAAGCGCAAAAAGA'AAACTT.T‘IAAGAAAATAAAGTTT(T
Asn ys Val Asp fle Asn Arg Gin Asp Leu Ser Ala Phe Phe Asn Leu Lys Ser Glu Lys Phe Gin Val Pro Gly Leu Asp Gly Tyr MY Val Lys lle Asn Asn lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys Asp Lys Leu BENBEYSI Glu Asn Lys Val Ser
AR TG CAMGTTGACAT A C AN CA T T TAA GG T T T T TTCAAT TTAAAG T CT G A AT T CCAAG T TCCTGGAC TTCAT G T TATT T TGT T AAAATTAACABCATTAAATTAGCAGAAART TTAACCCAAGCGCAAAAAGATARACTTGTACAAGAAAATARAGTTTCT
Asn Ala Lys Val Asp lle Asn A Gin Asp Leu Ser Ala Phe Phe Asn Leu Lys Ser Glu Lys Phe Gin Val Pro Gly Leu Asp Gl Tyr Phe Val Lys lle AsniSM lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys Asp Lys Leu Val Gin Glu Asn Lys Val Ser
EATQ‘CAAAGYTGACA'\'AAACCGCCAAGATYTAAGCGCTT\'TTTCAAYTTAAAGTCTGAAAMYTC(AAGYTCCYGGACTTGAYGGTTATTI'YGTYAAAAYTAA(AACAYTAAATTAGCAGAAAAYTTA.C(CAACIGCAAAAAGAYAMCT‘I'ITA.AAGAMATAAAGYTYCY
WMGWA Lys Val Asp lle Asn A Gin Asp Leu Ser Ala Phe Phe Asn Leu Lys Ser Glu Lys Phe Gin Val Pro Gly Leu Asp Gy Tyr Iy Val Lys lle Asn Asn lle Lys Leu Ala Glu Asn Leu #Sam Gin M Gin Lys Asp Lys LouMEMBRYSS Glu Asn Lys Val Ser
AA(GCCAAAGTTGACATMA(CGCCAAGATT\'AAGGCTTTTTTCAATTTAAAGTCTGAAAGAWTC(AAGYTCC‘(GGA(TTGATEGTTATTTTGTTAAMYTAACAACATTMATTAGCAGAAAATTTAAC(CAAGCGCAAAAAGATAAACTTGTA(AAGAAAATAAAGYTT(T
Asn Ala Lys Val Asp lle Asn Ag Gin Asp Leu Ser §SHE Phe Phe Asn Leu Lys Ser GluBAWgI /F Gin Val Pro Gly Leu Asp Gy Tyr Phe Val Lys lle Asn Asn lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys Asp Lys Leu Val Gin Glu Asn Lys Val Ser

AACACAAAAGT TGACATAAACCGCCAAGAT TTTAGTGCTTTTTTCAATTTAAAGTCTGAAAGARTCCAAGTTCCTGGACTTGAT GGYYATYYYGYTAAAAYTAACAACAYCAAAYTAG(AGAAAA‘{TYAAC(CAAGCTCAAAAAGATAAACTYGTACAAGAAAATAAAG‘IYTCT
Asn Val Asp lle Asn A Gin AspiPhe Ser Ala Phe Phe Asn Leu Lys Ser Glu BAGIENE Gin Val Pro Gly Leu Asp Gl Tyr Phe Val Lys lle Asn Asn lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys Asp Lys Leu Val Gin Glu Asn Lys Val Ser
AATGCMAAAGT TGACATAAACCGCCAAGATTTAAGCGCTTTTTTCAATTTAAAGTCTGAAAAATTCCAAGTTCCTGGACTTGATGGTTATTTTGT TAAAATTAACAGCATTAAATTAGCAGAAAAT TTAACCCAAGCGCAAAAAGATAAACTTGTACAAGAAAATAAAGTTTCT
Asn Ala Lys Val Asp lle Asn AR GIn Asp Leu Ser Ala Phe Phe Asn Leu Lys Ser Glu Lys Phe Gin Val Pro Gly Leu Asp Gly Tyr Phe Val Lys lle AsniSEM lle Lys Leu Ala Glu Asn Leu Thr Gin Ala GIn Lys Asp Lys Leu Val Gin Glu Asn Lys Val Ser

ANGRCRAAAGTTGACAT AAACCGCCAAGAT TTIAGEGC T TT TTTCAATTTAAAGTCTGAAMBARTCCAAGT TCCTGOACTTGATGGTTATT TTGT TAAMATTAACAACATIAAATTAGCAGAAAATTTAACCCAAGCICAMAAGATAMACTTGTACAAGAAAATARAGTTTCT

Asn Thr tys Val Asp lle Asn Aig Gin Asp/Phel Ser Ala Phe Phe Asn Leu Lys Ser Glu RATGHEN G Pro Gy Leu Asp Gly Tyr Phe Val Lys lle Asn Asn lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys Asp Lys Leu Val Gin Glu Asn Lys Val Ser

AATGCMAAG\'TGACATMACCGCCAAGATYTAABCGU’TYT‘I’TCAATTTAAAGTCYGAAAAA‘I’TCCAAG"TCCYGGACTTGAYGG‘I’TATYTTGYTAAAAYYAACAACAY(AAATTAGCAGAAAAY‘I’TAAC(CAAGCTCAAAAAGAYAAACWGTACAAGAAAATAAAEYYTCT

i Asp lle Arg Gin Asp Leu Ser Ala Phe Phe Asn Leu Lys Ser Glu lys Phe Gin Val Pro Gly Leu Asp Gly Tyr Phe Val Lys lle lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys Asp Lys Leu Val Gin Glu Asn Lys Val Ser

AATG((AAAL.YTGA(ATAAA((G(CAAGAY']AAG(G[TYYTYY(AAtTTAAAGYCTGAAAAAIT((AAGVTC(TGGACTTGAYGGTTATTT\'GTTAAAATTAA(AG[ATYAAAYYAG(AGAAAA(1VAA(((AAG(G[AAMAGA'AAA(TYGTA(AAGAAAAI’AAAGTYT(Y

Asn Ala Lys Val Asp lle Asn A Gin Asp Leu Ser Ala Phe Phe Asn Leu Lys Ser Glu Lys Phe Gin Val Pro Gly Leu Asp a», Tyv Phe Val Lys lle AsniSEI lle Lys Leu Ala Glu Asn Leu Thr Gin Ala Gin Lys As-v I,ys Leu Val Gin Glu Asn Ly5 val Ser
1400 1410 1450 1470 150 1510 1520 150 1550

T GAGGTTCATTTTCAM T AR AAAAAC AN CT A AT AT TG AN T C T T A T T GAAA G TG AT T TG T TAAGT CAAA TTATC CRAAA T T TTGAAT CTTCOG T TCCRAGTTTAGEAAMAGGAAATGATTCTAAATT T GTTTTARTTGATCTTGRIT CTTCAAAATCTARBTITY
Asp Leu HASS

Phe Glu Val Asp Phe Gin lle M§B Lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu
YYTGAGGI'TGATTTTCAMTAIAAMACAACYAAAYAYTGAAGCT(CYTA.CTYGAAAGTGMTTTGTYAAGTCMATTAYCCAAMGTTCTTGAATCTTC.CTTGCI&-TTAGGAMAGEAAAYLATTCTAAATT\'GYT"TA.TTGAYCTTC.TTCTTEMAAYCTA.‘TT

he Glu Val Asp Phe Gin lle MM Lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala ‘Thr Leu Gy Lys Gly Asn Asp Ser Lys Phe Val Leu BENN Asp Leu NN Ser Ser lys
TWGAGGYTGATTTTCAAATAGAAMACAACTAAATAYTGAAC\CTCCTTACCTTGAAAGTGAATYTGTTAAGTCAAAYTATCCAAMGTTCTTGAATCTTCGCTTGCAAC\TTTAGGAAAAGGAAATGATTCTAAATTTGYTTTAGTYGATCTTGGTTCTTEAAAATCTAATGﬁ
Phe Glu Val Asp Phe Gin lle Glu Lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser Lys Ser val
TTTGAGGTTGATTTTCAA

AAAACAACTAAATATTEIAAGCBCCTTACCTTGAAAGTGAATTTGTTAAGTCAAATTATCCGEAAGTTCTTRAATCTTCRCT TGCAR AGGAAAAGGAAATGARRTCTAAATTTGTTTTARTTGATCTRGGTTCTTCAAAATCTARTETT
Phe Gy Vol Map Phe Gin- e TP Ly i Lou hon e MM s, pro Ty Leu Gl S Gl Phe Vol Ly et Aan Tyt Pro MM Vol Leu MR S Ser Leu A MM Lec. Gy Ly Gy Acn Acp S Lys. Phe Vel Low N Aop Lew Gy Ser Ser Lye. Ser ne
TTTGAGGTTGATTTTCAAATAGAAAAACAACTAAATATTGAAGCTCCTTACCTTGAAAGTGAATTTGTTAAGTCAAATTATCCAAAAGTTCTTGAATCTTCGCT TG(AAGV‘I YAGGAAA\AGGAAAYGATTC'AAATV TGTTTTAGTTGATCTTGGTTCTTCAAAATCTAATGTT
Phe Glu Val Asp Phe Gin lle Glu Lys GIn Leu Asn fle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser Lys Ser Asn Val
YﬁGACGTTGA TCAMTAGAAAAACAACYAAATATTGAAGCT(CYTACCTYC\AAAGYGMTT—TGTTAAGTCAAATTAYC(AAAAGTYCTTGAATCTTCGCYTGCAAG GGGAAAAGGAAATGATTCTAAA GT AGTTGATCTTGGTTCTTCAAAATCTAATGTT

Phe Ml Val Asp Phe Gin lle Giu lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Aa Ser Leu Gy Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser lys Ser Asn Val
r\"rcAcGTmn'rTYcAAAYAGAAAAA:AACIAAAYAWGAAccrccWAccTYGAAAcTcMTvowAAucAAArrAchAAAAGYTCYTGAATCTTCccYrccAAGmAGsAMAGGAAATGAY‘rnAAAmmmAmmncnGsﬁcTTcAAAATcYAAmT‘r
Phe Glu Val Asp Phe Gin lle Glu Lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser Lys Ser Asn Val

TTTGACGTTGATTTTCAAATAGAAAAACAACTAAATATTGAAGCTCCTTACCTTGAAAGTGAATTTGTTAAGTCAAATTATCCAAAAGTTCTTGAATC TTCGCTTGCAAGTTTIGGAAAAGGAAATGATTCTAAATTTGTTTTAGT TGATCTTGGTTCTTCAAAATCTAATGTT
Phe Ml Val Asp Phe Gin lle Glu Lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser Lys Ser Asn Val
TTTGACGTTGATTTTCAAATAGAAAAACAACTAAATATTGAAGCTCCTTACCTTGAAAGTGAATTTGTTAAGT CAAATTATCCAAAAGTTCTTGAATCTTCGC TTGCAAGTTTEGGAAAAGGAAATGATTCTAAATTTGTTTTAGTTGATCTTGGTTCTTCAAAATCTAATGTT
Phe B Val Asp Phe Gin le Glu Lys Gin Leu Asn lle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser Lys Ser Asn Val
TTTGAGGTTGATTTTCAAATAGAAAAACAACTAAATATTGAAGCTCCTTACCTTGAAAGTGAATTTGTTAAGTCAAATTATCCAAAAGTTCTTGAATCTTCGCTTGCAAGTTTAGGAAAAGGAAATGATTCTAAATTTGTTTTAGTTGATCTTGGTTCTTCAAAATCTAATGTT
Phe Glu Val Asp Phe Gin lle Giu Lys Gin Leu Asn fle Glu Ala Pro Tyr Leu Glu Ser Glu Phe Val Lys Ser Asn Tyr Pro Lys Val Leu Glu Ser Ser Leu Ala Ser Leu Gly Lys Gly Asn Asp Ser Lys Phe Val Leu Val Asp Leu Gly Ser Ser Lys Ser Asn Val
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GAAGTTCAACTTGACTATGATGAAAATCAGCGAAAAGTTCTAARTTCHIGCTTTAAMACAAATTCACAA- - - ACTTTTCAAATCTAGATAAAATTGATCTTGAAGATCCAAAAATTCAAAATETTAATCCTCTAGCTAAAACTTTTGAATTCAAAGAAAATCCTAACGGT
Glu Val Gin Leu Asp Tyr Asp Glu Asn Gin Arg Lys Val Leu Asn Ser Ala Leu Lys Gin Asn Ser Asp Phe Ser Asn Leu Asp Lys lle Asp Leu Glu Asp Pro Lys fle Gin Asnflll Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Gl Pro Asn
GAAGTTCAACTTGATTATGATGAAAATCAGCGAAA, TTCYAAATTCYGCTTYAMACAAAAYTCACAA-_ACTT\'TIAAA‘I’-TAGACAAAATTGAYCYYGAAGA'VC(AAAAATTCAAAAC.TTAATCCTCTAGCYAAAACTTTYGAAYTCAAAGAAAATCCTAAYGGA
Glu Val Gin Leu Asp Tyr Asp Glu Asn Gin Arg Lys BEMBLeu Asn Ser Al Leu Lys Gin Gin BRSNS Tyr ©he IS Asp Lys lle Asp Leu Glu Asp Pro Lys fle Gin Asol Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Glu Asn Pro Asn
GAAGTTCAACTTGATTATGATGAAAATCAGCGAAAAGTTTTAAATGC TGCTTAGAACAAAATTCAGAA- ACTTTCAAATEITAGACAAAAT TGATCITAAGATCCAAAGETTGAAAACTTTAATCCTCTAGC TAAAAC TTTTGAAT TCAAAGAAAATCCTAATGGA
Glu Val Gin Leu Asp Tyr Asp Glu Asn Gin Arg Lys Val Leu Asn Ala SN Leo BN Gin Asn Ser Asp Phe The Asn Leu Asp Lys lle Asp ProMBlll Asp Pro Lys Phe/ Glu Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Glu Asn Pro Asn Gly
GAAGTTCAACTTCATTATCATGAAAATCAGCGRAMMITTC TAAAT TCTBCT TTAAMCAAAATTCACAA- -~G- =~ ACTTTT CAMATCTAGACAAAAT TCA T TRAAGATCCAAAGATT GAAAACTT TAATCCTCTAGCTAAAACT TTTGAATTCAAMBAAATCCTAATG
Val Gin Leu Asp Tyr Asp Gl Asn Gin Arg Lys BB Leu Asn Ser ‘Thr Leu Lys Gin Asn Ser Gin Asp Phe Ser Asn Leu Asp Lys PheENN Asp Pro Lys Ue Glu Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys ‘The Asn Pro Asn Gly

cAAarrcAAcrrcArrATaATGAAAMcAccnAAAAcrrcYAAATTcrscchAMAcAAAAﬁcAcu» - ACTTTTCAMATCTAGACAAMATTGATCTTGAAGATCCAAAAATTCAAMACT TTARTCCTCTAGCTAMMACTTTTGAATTCAAGAAAATCCTARTGGA
Glu Val Gin Leu Asp Tyr Asp Gl Asn Gin Arg Lys Val Leu Asn Ser Ala Leu Lys Gin Asn Ser Asp Phe Ser Asn Leu Asp Lys lle Asp Leu Glu Asp Pro Lys e Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Glu Asn Pro Asn Gl
aueﬁ(ucrmnnrmrsuunAaccuucrrcrAAnchr,cwuuAcAAuﬁcAcu———c. ——AcrrrrcAAncrAcAcAAAnTsArnmAAsncuu(.rmuucannccrcuecnAAAcwrrsAnrcAuaAAAArccnncm
Glu Val Gin Lew Asp Tyr Asp Gl Asn Gin Ag Lys Val Leu Asn Ser Ala Leu Lys Gin Asn Ser Asp Phe Ser Asn Leu Asp Lys lie Asp /PHE Glu Asp Pro Lys [Phel Glu Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Glu Asn

GAAGTTCAACTTGATTATGATGAAAATCAGCGAAAAGTTTTAAATGC TGECT rmuuuvrm‘u-s———;«n TTTCAAATCTAGACAAAATTGATCTTGAAGATCCAAAAATTCAAAACT TTAATCCTCTAGE TAAAACTT TTGAATTCAAAGAAAATCCTAATGGA
Glu Val Gin Ley Asp Tyr Asp Glu Asn Gin Arg Lys Val Leu Asn Aia M Leu @B Gin Asn Ser MEEEMNEN  Asp Phe Ser Asn Leu Asp Lys lle Asp Leu Giu Asp Pro Lys Hle Gin Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Glu Asn Pro Asn Gly
GAAGTTCAACTTGATTATCATGAAAATCAGCGAAAAGTTTTAAATGCTGICTTAGAACAAAATTCAGAA- - ACTTTACAAATIETAGACAAAATTGATCETEANGATCCAAAGETTGAAAACTT TAATCCTCTAGCTAAAACTTTTGAATTCARAGAAAATCCTAATGGA
Glu Val Gln Leu Asp Tyr Asp Gl Asn Gin Ag Lys Val Leu Asn Ala N Leu B Gin Asn Ser HEE Acp Phe Thr: Asn Leu Asp Lys le Asp ProSlllll Asp Pro Lys Phe Glu Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys Glu Asn Pro Asn Gly
GAAGTTCAACTTCATTATGATGAAAATCAGCGAANAGTTTTAARTGCTCTCTTAGACAAARTT CABAR ~ =~ G~ ~ACTTTAC AAAYT!'AGACAAAATTGATTYTCAAGATC(AAAC.TTGAAAACYTGAAT(CTCYAGCTAAAACTYTYGAATTCAAMAAAAT(CYAATGG[
Glu Val Gin Leu Asp Tyr Asp Glu Asn Gin Arg Lys Val Leu Asn Ala BN Leu Bl Gin Asn Ser B ey Asn Leu Asp Lys lle Asp PhelEMMl Asp Pro Glu Asn il Asn Pro Leu Ala Lys Thr Phe Glu Phe Lys M§Ml Asn Pro Asn
GMGncAA(rmnumnmun(Anccuuanruumcrccnunmuunrmcu—— A(TTTT(AAAT(fAGA(AAAAI’TGATTYTGAAGAY((AAAAAYT(AAAA(TTTAAT((l'(TAGCYAAAA(ITTTGAATT(AAAGAAAAT((TAAYGGA
Glu Val Gin Leu Asp Tyr Asp Glu Asn Gin Arg Lys Val Leu Asn Ala Ala Leu Lys Gin Asn Ser Asp Phe Ser Asn L Asn Lys lie Aso Phe Gl Asp Pro Lys He Gin Asn Phe Asn Pro Leu Ala Lys Thr Phe Glu Phe Ly) Glu Asn Pro Asn Gl
1780 17 150 1810 1820 159 1310

CCAAAATTAAC AGAATATGTTAAATCTCTAGT TTCAGAAGTTGTTGAAGATGCTAAAAAACAAAAAACTTTTACTGAAGTAGCTAAAAAACT TTTCATTTTAGATTTAGGAATGGAGCCTGAAAGTGCCAGCGCTCTCCAAAAATATATAGATAGAAATAAACCAAGATTT
Pro Lys Leu The Leu Glu Tyr Val Lys Ser Leu Vel Ser Glu Val Val Glu Asp Ala Lys Lys Gin Lys The Phe Th G Val Ala Lys lys Leu Phe lle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Leu Gin Lys Tyr lle Asp Arg Asn Lys Pro A Phe
CCAAAATYAACTYYAGAAYAYGTYMAYCYCWGTYT(AGAAGYYGYYGAAGAYGCYAAAAAACAAAAM(TVT'ACIGAAGTAG(‘AAAAAACT\'YTCAYT‘YYAGAT(YYGGAATGGAGCCYKSMAGTGC‘AGCGCYCWCAAAAATAYATAGAYC'\AACAAACCAAGATTY
Pro Lys Leu Thr Leu Glu Tyr Val Lys Ser Leu Val Ser Glu Val Val Glu Asp Ala Lys Lys GIn Lys Thr Phe Thr Gu Val Ala Lys lys Leu Phe fle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Leu Gin Lys Tyr lle AspMEER Asn Lys Pro A Phe
C(AAAATTAA( AGAATATGTTAAATCTCTTG CAGAAGTTGTTGAAGATGCTAAAAAACAAAAAACTTTTACBGAAGTAGCIAAAAAAC CAT TTYAGATCTTGGAATGG/\GCCTGMAGTGC.AGCG(T(T‘CAAAAATATATAGATC.AAACAAA(CMGA

Pro 1

ys Leu Thr Leu G Tyr Val Lys Ser Leu Val Ser Giu Val Val Gis Asp A lys Lys Gin Lys Thr Phe Thr Giu Val Ala Lys Lys Leu Phe lle Leu Asn Leu Gl Met Glu Pro Glu Aa Ser Ala Leu Gin Lys Tyr lie Aspllll Asn Lys Pro A Phe
CCAAAATTAACITTAGAATATGTTAAATCTRITIIGT TTCAGAAGTTGTTGAAGATGCTAAAAAACAAAAAACTT TACIIGAAGTAGCTABAAAACTTTTCI TAGATE TGGAI’T- GTGCIAGCG(T(TC(AAEA.TATATAGATIGAAACAAA(CAAGA T
o Lys Leu Thr Leu Glu Tyr Val Lys Ser Leu Val Ser Glu Val Val Glu Asp Ala Lys Lys Gin Lys Thr Phe Thr Glu Val Ala AR Lys Leu Phe Phe' Leu e Phe. Gy Phe Na Ser Ala Leu GinMN Tyr lle Asp Arg Asn Lys Pro Ag Phe

CEAAAATYAA(TTTAGAAIATGTVAAAT(TCYTGTTTCAGAAGYTG\‘YGAAGAfG(7AAAAAA(‘AAAAAA(TTYYA(CGAAGYAGCCAAAAAA(TTTTCATf1TAGAf(TYG(:AAVGGM((GGAAAGIGCYAGCG(Y(TGCAAAAATA\'ATAGAY(‘I’AAAL‘AAA((MGArTr
Pro Lys Leu Thr Leu Gl Tyr Val Lys Ser Leu Val Ser Glu Val Val Giu Asp Ala Lys Lys Gin Lys Thr Phe Thr Glu Val Ala Lys Lys Leu Phe lle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Leu Gin Lys Tyr lle Aspl Asa Lys Pro Arg Phe
CCAAAATTAACTTTAGAATATGTTAAATCTCTTGTTTCAGAAGTTGTTGAAGATGCTAAAAAACAAAAAACTTTTACTGAAGTEGCTAAAAAACT TTTCATTTTAGATC TTGGAATGGAGCCTGAAAGTGCCAGCGCTCTCCAAAMATATATAGATCGAAACAAACCAAGATTT
Lys Leu Th Leu Giu Tyr Val Lys Ser Leu Val Ser Giu Val Val Gu Asp Ala Lys Lys Gin Lys Thr Phe Thr Glu Val Ala Lys Lys Leu Phe lle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Leu Gin Lys Tyr lle Asp Arg Asn Lys Pro ATg Phe
CCAAMATTAACTTTAGAATAT G T TAAAT CTCT TG T TTCAGAAGT TG TTGAAGATGCTAAAAAACAAAAAAC T TTACTGAAGTAGCTAAAAAACT T T TCAT T T TAGATCTTGGAATGGABCC TGAAAGTGCIAGCGCTCTCCAAAAATATATAGATCGAAACAAACCAAGATTT
0 Lys Leu Thr Leu Giu Tyr Val Lys Ser Leu Val Ser Giu Val Val Giu Asp Ala Lys Lys Gin Lys e Thr Glu Val Ala Lys lys Leu Phe lle Leu Asp Leu Gly Met Glu Pro Glu Ser Ser Ala Leu Gin lys Tyr lle Asp Arg Asn Lys Pro ATg Phe
C(AAAATTAACTFTAEAATAYGWAAATCT(T!’GTTY(AGAAG\’TGYTGAAGATGCTAAAAAA(AAAAM(TTYTA(TGAAGTTGCTAAAAAA(TTTT(ATTTTAGAT[TTGGAATGGAG((YGAAAGTGC(AG(G(TEY(CAAAAATAYATAGAY(GAAACAAA((AAGATTT
Pro Lys Leu Thr Leu Gl Tyr Val Lys Ser Leu Val Ser Glu Val Val Giu Asp Ala Lys Lys Gin Lys The Phe Thr Glu Val Ala Lys Lys Leu Phe lle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Lew Gin Lys Tyr lle Asp Arg Asn Lys Pro Arg Phe
CCAAAATTAACTTTAGAATATGTTAAATCTCTTGT TTCAGAAGTTGTTGAAGATGCTAAAAAACAAAAAACTTTTAC TGAAG TTGCTAAAAAACT TTTCATTTTAGATCTTGGAATGGAGCC TGAAAGT GCCAGCGCTCTCCAAAAATATATAGATCGAAACAAACCAAGATTT
Pro Lys Leu The Leu Giu Tyr Val Lys Ser Leu Val Ser Glu Val Val Glu Asp Ala Lys Lys Gin Lys The Phe Thr Glu Val Ala Lys Lys Leu Phe fle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Leu Gin Lys Tyr le Asp Arg Asn Lys Pro Arg Phe
CCAAAATTAACTTTAGAATATGTTAAATCTCTTGTTTCAGAAGTTGTTGAAGATGCTAAAAAACAAAAAACTTTTACTGAAGTAGCEAAAAAACTET TCATTTTAGATT TAGGAATGGAGCCAGAAAGTGCCAGCGCTCTCCAAAAATATATAGATCTAAACAAACCAAGATTT
Pro Lys Leu Thr Leu Glu Tyr Val Lys Ser Leu Val Ser Glu Val Val Giu Asp Ala Lys Lys Gin Lys Thr Phe Thr Glu Val Ala Lys Lys Leu Phe lle Leu Asp Leu Gly Met Glu Pro Glu Ser Ala Ser Ala Leu Gin Lys Tyr lie Aspllll Asn Lys Pro Ag Phe
1520 153 19% 1350 1360 1370 130 190 2000 2000 200 20% 200 208 200 2070 %0

GAGCCTACTTCTGEAGATARAGGTACCGAAAAACCAGCAGAAGGT CTAAAGGEGAAG! CAGAAGERCRAACAGET G ANCAABEGC ARG AR CAGEAGAT T CTCARE CAECRACEGE TACTECBGC TORAGCAG CTGRTCACCCETTaER
Glu Pro Thr Ser EIEE Asp Gly The Glu Lys Pro Ala Glu Gy Giu Lys Lys Pro IySENGNA Glu Giy Glu Lys Lys Pro Gl AR Thr BGIEAIE Thr The SAIG: Ser SGIE Pro CAIS RS Sor Pro ISer: Thr 86 Thr Pro Ala Pro. Ala Ala MGl Ser WAIal Pro SAla
GAGCCIRAC T‘IC‘N\_I\G ancccAchcAccAGAAcsmAww\AAAICIGAAGAAGCTGCAG(UIAACACGGAAG_CAI(AEEI_TCA'ICA!CAGITG_OIC-c-CrGGTICAGUIUGCIGCTGGAGGGE GOGRCACER- - - GGR
Glu Pro Thr ys --- Ser Ml Ser Glu Lys Pro Ala Glu Gy Gl Lys Lys /Pro. Glu Glu m Alx Aia IS Tor Pro G Gy FISRRGINSN SerGin (P53 MSNRMENE: V11 kpracbis: The MUMAN Ala T A Als Gly Al N Al Tic BN~ N
Gncccunrcnuwm\mecn:.cauu.«cmac.c.uc T cr recucucmcumnncAacmmrcrmAccArcAAczem r(uecrccmmscrc,menacucu,mmc. ~~~~~~
v T S Ly e Ser Gy Ser Gl Ly P e Gl Gy B e e T G Bl Gy ol Lys e s G Gy i T o Gy S G Ser A e Ser i P Ser i iy WM o A Ao Gy Al Gy, A A e Gy e
GAA(CIACTICIAAA-AGI!‘YAG(GAAAAAC(AG(AGAGCI CGGANGGA GGG C AR CTIGRINAGE, SEHCATTCNCAACCATCAACCGCTHCTHCANC THCHC CHCH TN A C THCACCRGCEEE - - - -~
Glu Pro Thr The Lys —-- Ser WMl Ser Glu Lys Pro Ala Glu NN Glu Lys IEEERNARS)- -= Glu Lys Lys Pro Gl NGNS Ala Pro S Thr JLySS Pro BNEN- - - Asp Ser Gln Pro Ser Thr Ala iSer Thi Pro Al BEEENSEr The Pro Ala Ala —--—
GAG(CMCTACIMAGA-GCGATAG(GAAAMC(AGCAGAAGCTGAGMAAAA(CTGAAGMGCTG(AG(CACAA(AC(I’GAAGGAA(AKCA&CAGAT’CT(AALCAT(AGCTMCAC{A(ACCI‘CCAACTGGTY(AG(T(CTG((G(TGGAK.CCGEAGCﬂCAG
Glu Pro Thr ‘The-- Sysis - Ser B Ser Glu Lys Pro Ala Glu Gy Giu Lys Lys ‘Proi Glu Glu Ala Ala Ala The Thr Pro Gl Gly ‘The.'Pro BAIIEE Sei Pro ‘Ser “Ala iGlyi Thr The MGy Ser: Ala la Gy Ala SEg8 Ala Thr SAIE
cuccu(rrcnumnmsanc(mum(cmcmumr AGTG(AA(AA[TGGAAGT(AATCAGCAGATT(T(AA((ATCAA((GGTG(T((AG(TGCYGGAGUGEAGUG(AG(AGGAGAG ——————
Glu Pro Thr Ser Lys Asp Ser Gly Ser Gl Lys Pro Ala Glu Gy Gl Lys Lys Thr Gl Ghi==--=mmmmmmmoon -USE Ala Thr Thr Gly Ser Gin Ser Ala Asp Ser Gin Pro Ser Thr Gy Ala Pro Ala Ala Gly Ala Gly Ala Ala Ala Gly Glu
GAACCTACTTCTAAAGATAGT RTAGCGAAARACCAGCAGAAGGTGAGAAAAAAICAGAAGAAGGTGCAACAAAMACAGAAGAACT GC AGCHACHE AN G ANIGINEN ARG CHG ANICHIA B I CIICIG(IGCYGEAG(TGGAG(‘G(A(--

Glu Pro Thr Ser Lys Asp Ser B Ser Gl Lys Pro Ala Glu Gly Glu Lys Lys ‘PMO Gl Gla Gly Ala Th Lys Thr Giu Gl SSEF Ala BAW The The The NN Ser NSMIESErSAMNINSEFIGHN Pro. Scr Th NG Ala Pro Ala Ala Gly Al NG Ala Al BAISE
GAACCTACTTCTAAAGATAGTGGTAGCGAAAAACCAGCAGAAGGT! AGTG(AA(AA(‘[G(-AAGT(AAY(AG(AGATYCT(M((AI’(AAC(GGTC.(T((AGCYGCYGGAG(YGGAG(YGCAG(AGGAGAG ~~~~~~
Glu Pro Thr Ser Lys Asp Ser Gly Ser Glu Lys Pro Ala Glu Gy Glu Lys Lys Thr Glu Glu ESHE Ala Thr Thr Gly Ser Gin Ser Ala Asp Ser Gin Pro Ser Thr Giy Ala Pro Ala Ala Gly Ala Gly Ala Ala Ala Gy Glu
GAACCTACTTCTMAGATAGTGGTAGCEAAAMCCAGCAGAAGET ;\GTG(AACAA(TGGMGTCAAT(AG(AGATTCTEAACCAT(AA(CGGTGCT((AGCTGCTGGAGCTGGAGCTGCAGCAGGAGAG ------
ly Ser Glu Lys Pro Ala Giu Gy Glu Lys Lys Thr Glu c.m--— - BSER Ala Thr Thr Gly Ser Gin Ser Ala Asp Ser Gin Pro Ser Thr Gy Als Pro Aa Gly Ala Gly Ala Ala Ala Gy Glu
GAA((YA(TT(TAAAGACAGTGGYAG(GAAAM((AGCTGAAGG TGCAA(AA(7EGMGTCAAY(AG(AGAYY(T(AA((AT(AA((GGTGTT((AG(TG(TGGAG(YGGAG(TG(M(AGGAGAG """
Glu Pro Thr Ser Lys Asp Ser Gly Ser Glu Lys Pro Ala Glu Gy Glu Lys Lys Thr Glu Glu Gly Glu Lys Lys Pm Glu Glu Gly Ala Thr Thr Gly Ser Gin Ser Ala Asp Ser Gin Pro Ser Thr Gly M Pre Ala Gly Ala Gly Ala Ala The Gly Glu
2050 2100 2110 210 2120 2100 2180 210 210 2190 2% 200 2210 220 :z'so 220 280 2%
ik A A HE —
GCCEI—CTCMCCAWA ((GGC"CCAGC(GKTGGTT(AG(CC(YG(AGCCG CCAG! C.lAC(YGCCG(TGC(A(AY(YA((TCMCAM(GCAG(:(AAA(AA(CT(AA(AACAA(AGCA‘I
FAISAIS: Pro VAISHGIN Pro ‘Ser: The MBI The Pro Ala Pro SAISSAISI Gy 'SEF Ala Pro TAISAIA-AIS Pro TAISHGHY Pro A Als WA Thr Ser The Ser Thi SASFAM Ao Gin The Thr Ser Tnr Thr Thr GAIS Phe
mcAG!.GG((G-GGICICGA(.Lclcﬁ(AGeAc,-uiAclVGGAG.M\’IC‘EAS(mc T CMGGAGC CGACTAGRARCIACC TCAACCHCIIICAGTCCAACAACCTCATCAACAACHICATTCAAGATG AT
ARGy Al GV Ala SRS AGTGIYA S Ao Pro. Al AN Gy SALEGE Als Iy Al TGl Al Ser MGIAIE Gy NGINOANER The Thr Ser Thr (S8 TRF Val Gin The Thr Ser Ser The Thr The Phe MG Asp Asp Pro
-G(A(‘AGCAG((GGAGCTGG(ACAG(C\GCTA(AGGAGL’.CGCAGGIGGAG(TGGAG(YAC(A(ATGA(CTCAACAA(CGGAGCBCAAG(AAGT(AA(AAC C(AAA(AACCTCAT(AA(AACAGCATTCGAAGATGATTCA

WM A2 Ala Gly Gy Gly Thr Ala Ala Thr Gly Gly Ala Gly Gly A3 Gly Ala Thr Thr Ser Thy The The Gy Al Ala Thr Ser Thr Thr MEWMISEE Gin Thr Thr Ser Ser Thr Thr Ala Phe Giu Asp Asp Ser
a-uec-cmv:lc-c—aclccl e TATCCEA CIGI_AIC‘-AG(lﬁcCﬁ‘ntC-cAECﬂCI_Cl_ mccrmmucau-c—(mcm-uo—'—u
2 BAIaAE) Thr Pro. Ala Ala (Ser The Pro. Ala 5 VARG Scr Al Pro AlaAla-Ala: The Pro. Ala o 'Ser The Thr Ser SGiye Ala SGH-Ala SGIAI Thr
GGAG(AGGAGCCGGA(-G:GACAG(AG AGGAG‘TGGAGTAGC‘G(TGCAG(“CABGAG(TG(AT(CGGAG(CGGAGGARAACTA(CTCAA((TCTACAGT((AAA(AAC(Y(AT(AACAACMCAYYC:AAGATGAT_
Gly Ala NG Ala Gly ISR Thi Ala Ala DA Gly PAISGIVNBIAIS: Ao WAIS Al CASGIAIBAIS Scr NGIVIAIS: Gy BGIJSAIS! Thr Thr Ser The IS8 THe Val Gin Thi Th Ser Ser Thr The ThE Phe
-hGAGCAG(AG((GGAGGTGG(A(AG(GGC‘IA(AGGAGG(GCAGGTGGAG(YGGAG(1A((A(AY(I'A((TCAA(AA((GGAGCACAAG(AA((Y(AWYA((G(AGYC(AAACTAC(V(AT(AA(AA(AGCAYT(GAAGAYGATT(A
Gly Ala Ala Ala Gly Gly Gly Thr Ala Ala Thr Gly Gly Ala Gly Gly Ala Gly Ala Thr Thr Ser Thr Ser Thr Thr Gly Ala Gin Ala Thr Ser S8 Thr Ala Val Gin Thr Thr Ser Ser Thr Thr Ala Phe Glu Asp Asp Ser
mGGAGCAGCAGCCGGAGGTGG(ACAG(GGCTACAGGAGG(GCAGGTGGAGC"GGAG(TA(CA(ATCTA((TCMCAACCGGAG(ACAAGCAACCTCAAEYAC(G(AGTC(AAAGACCT(AT(AA(AACAG(ATTCGAAGATGATTCA

la Ala Ala Gly Gy Gy Thr Ala Ala Thr Gly Gly Ala Gly Gly Ala Gly Ala Thr Thr Ser Thr Ser Thr Thr Gly Ala Ala Thr Ser iS58 Thr Val Gin Thr Thr Ser Ser Thr Thr Ala Phe Glu Asp Asp Ser
GGAGCAGCAGE(GGAGGTGG(AC»\G(GG(TACAGGAGGCGCAGGTGGAGCYGGAG(TACCACATCTA(CTCMCAA(CGGAG(ACAAGCAAC(Y(AAETACCGCAGT((AAACTA(CTCATCAACAACAGCATTCGAAGATGATT(A
Gly Ala Ala Ala Gly Gy Gly Thr Ala Ala Thr Gly Gly Ala Gly Gly Ala Gy Ala Thr Thr Ser Thr Ser Thr Thr Gty Ala Gin Ala Thr Ser §S8B Thr Ala Val Gin Thr Thr Ser Ser Thr Thr Ala Phe Glu Asp Asp Ser

~GGAGCAGCAGCCGGAGGTGGCACAGCGGCTACAGGAGGCGCAGGTGGAGE TGGAGC TACCACATC TACCTCAACAACCGGAGCACAAGCAACCTCAAGTACCGCAGTCCAAACTACCTCATCAACAACAGCATTCGAAGATGATTCA
Gly Ala Ala Ala Gly Gy Gly Thr Ala Ala Thr Gly Gly Ala Gly Gly A Gly Ala Thr Thr Ser Thr Ser The Thr Gy Ala Gin Ala Thr Ser iSBE The Ala Val Gin Tht Thr Ser Ser Thr Thr Ala Phe Glu Asp Asp Ser
~GCAGTAGCAGCCGEAGTGECACAGCGECTACAGGAGGCGCAGEEGGAGL TGEAGC TACCACAT CEACCTCAAC AACCGGAGCBCAAGCAACTITCAACAACCGBATECCAAACAACCTCATCAACAACAGCATTCGAAGATGATTCA
Al @ Ala Ala Gly Gy Gly Thr Ala Ala Thr Gly Gly Ala Gly Gly Ala Gy Ala Thr Thr Ser Thr Ser Thr Thr Gy A@ Gin Ala Thr Ser Thr Thy MEWISSM Gin Thr Thr Ser Ser Thr Thr Ala Phe Giu Aip Asp Ser

2:% 230 2310 2320 230 2360 2410 24

I C AAGATCATEAAGACGCT AMAAC TANRACTGAAACAAATGAAGTTTCAACTT T TAMGG TT TAGGTGTTGAACTTTGAGCATT TTTACAAMAAATCTAATTATTCTGCACTTGGTCARACTGATTATCAAGCAGAAGTAGTTACAAAATCTGATAGTCAAATT
Gin Asp Asp NEESERNESAIS! Lys Thr B9 Thr Glu Thr Asn Glu Val Ser Thr Phe Lys Gly Leu Gly Val Glu Leu Trp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Glu Val Val ‘Thei Lys Ser Asp ser Gin lle

ACTEEEAAAAC AAAA(TAATA(TGAAA(AMTGAAGTTTCAACTTTTAMGGTTTAGGTGT\'GAAETWGAGCA'|'|'TTTA(AAAAATCTAATTATY(TGCA(TTGGTCAAAmATTATCAAG(AGAAGTAGTTA.AAAATCTGATAGTCAAATT
Thr ==~ Lys Thr —=~ Ly Thr Asn Thr Gu Thr Asn Giu Val Ser Thr Phe Lys Gly Leu Gy Val Gt Leu Trp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Glu Val Val ‘Thel Ly Ser Asp Ser Gin llo
ACTGCTAAAACTIABIGATGAT TCAACTACTBAAAC TAAAC TGAAACAAATGAAGTTTCAACTTTTAAAGG T TTAGGTGTTGAACTTTGAGCATT TTTACAAAAATCTAATTATTCTGCACTTGGTCAAACTGATTATCAAGCAGAAGTAGT TAAAAATCTGATAGTCAAATT
Thr Ala Lys The S Asp Asp Ser Thr The @ Thr 81 The Giu Thr Asn Glu Val Ser Thr Phe Lys Gly Leu Gl Val Gl Leu Tp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Gl Val Val ‘Th Lys Ser Asp Ser Gin lle
A A T A AR A i A T AN O A A T T AT AT T T AC G T QT GAAC T T T GAGBATT T TACAAAAATCTAATTATTCTGCACT T BT CAMCTCATTATC AAGCHAA GTAGTTAMMAMATCTCARAGTCAAATT
T /Phe MGINSHESRRIIGEN Thr Th ILyS1 Th RS Th (YSH T IASTCATENSSGHYRNE Scr Thr Phe Lys Gy Leu Gy Val Glu Leu Trp BGAPhe Leu Gin Lys Ser Asn Ty Ser Ala Leo BAM Gin Thr Asp Tyr Gin Ala BGNE Val Val Lys Lys Ser SN Ser Gin lle
I(TA(TAAAA( AMAETAATA[TGAAA(AMTGAAGTTTCAA(TTTTAAAGGTTTAGGTGT"GAA(TTTGAGCATTTTTA(AAAAA‘I(TAATTATTCTGEACTTEGT(AAACTGATTA\'(AAGCAGAAGTAGTTAAAAAATEI’GATAGT[AAATT
Pro Thr Lys Tnr ¥s '« Glu Ser Thr Phe Lys Gly Leu Gly Vi Leu Trp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gln Thr Asp Tyr Gin Ala Glu Val Val Lys Lys Ser Asp Ser Gin lle

A(TGCTAAAA(T(AAGATGATT(AACTA(TAMACTAATA[TGMACAMTGAAGTTTCAA(TTTTAAAGGTTTAGG"GTI'GAAETF\'GAGCATTTTTA(AAAAATCY'AATTATT(TGEACWGGTCAAACTGATTATCAAGCAGAAGTAGTTAAAAAAT[TGATAGTEA»\ATT
The Ala Lys The Gin Asp Asp Ser Thr Thr Lys Thr Asn Thr Glu Thr Asn Giu Val Ser Thr Phe Lys Gly leu Gly Val Ghu Leu Trp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Giy Gin Thr Asp Tyr Gin Ala Giu Val Val Lys Lys Ser Asp Ser Gin lle
ACTGCTAAAACTCAAGATGATTCAACTACTAAAACTAATACTGAAACAAATGAAGTTTCAACTT TTAAAGGT TTAGGTGTTGAACTTTGAGCATTTTTACAAAAATC TAATTATTCTGCACT TGGTCAAACTGATTATCAAGCAGAAGTAGT TAAAAAATCTGATAGTCAAATT
The Ala Lys Th Gin Asp Asp Ser Thr Thr Lys Thr Asn The Gu Thr Asn Ghu Val Ser Thr Phe Lys Gly Leu Gly Val Glu Leu T Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Gl Val Val Lys Lys Ser Asp Ser Gin lle
ACTGCTAAAACTCAAGATGATTCAACTACTAAAACTAATACTGAAACAAATGAAGTTTCAACTTTTAAAGGTTTAGGTGTTGAACTTTGAGCATTTTTACAAAAATCTAATTATTCTGCACTTGGTCAAACTGATTATCAAGCAGAAGTAGT TAAAAAATCTGATAGTCAAATT
The Ala Lys Thr Gin Asp Asp Ser Thr Thr Lys Thr Asn The Giu The Asn Glu Val Ser Thr Phe Lys Gly Leu Gly Val Glu Leu Trp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Glu Val Val Lys Lys Ser Asp Ser Gin fle
ACTGCTAMAACTCAAGATGATT CAACTACTAMAC T ARTACTGAAAC AR T GAAGT T CAACTT T TAMAGGTT TAGE TG TTGAAC TTTGAGCATT TTTACAAAAATC TAATTATT CTGCACT TGGTCAAACTGATTATCAAGCAGAAGTAGT TAAAAAATCTGATAGTCAAATT
r Ala Lys Thr Gin Asp Asp Ser Thr Thr Lys Thr Asn Thr Giu Thr Asn Gl Val Ser Thr Phe Lys Gly Leu Gly Val Glu Leu Tp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Glu Val Val Lys Lys Ser Asp Ser Gin lle
ACTG(TAAAACTMTGAYGATTCAA(TACTEAAAC'IAMA(TGAAACAMYGAAGTTTCAACTH’IAAAGGTTTAGG\'G‘H’GAA(TTTGAG(ATTTTTAEAAAAATCTAATTATT(TGCACTTGGT(AAACTGATTAYCAAGCAGAAGTAGTTA(AAAATETGATAGT(AAATT
Thr Ala Lys The Sl Asp Asp Ser Thr Thr [l Thr M8 Thr Glu Thr Asn Glu Val Ser Thr Phe Lys Gly Leu Gy Val Glu Leu Trp Ala Phe Leu Gin Lys Ser Asn Tyr Ser Ala Leu Gly Gin Thr Asp Tyr Gin Ala Glu Val Val “The Lys Ser Asp Ser Gin lle
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GATGTAATTCTTAGTTTTGGAACAMAAACTGAAACAGAACAAAAAGATTCARATCCTAAAGC TATTTTCTCAATTACACAATTAGAAAATGATGC TCATTATGATGTTCTAAGAAGTTATAATCCAACCGTAT T TTITGATTTTCGCCAMATCAAAAAACAGATATAAGTGAT
fle Lew Ser Phe Gly Thr Lys Thr Glu Thr Glu Gin Lys Asp Ser Asn Pro Lys Ala lle Phe Ser lle Thr Gin Leu Gl Asn Asp Ala Asp Tyr Asp Val Leu Arg Ser Tyr Asn Pro Thr Val Phe Phe Asp Phe A Gin Asn Gin Lys Thr Asp lle Ser As

GA1'cYAAT‘rcYYAGTYTmc-cAAAAAUGAAA(AchAwsAYTcAAArccTAAAchATTrrcTcAn‘ucAcAArTAGAAAAmAchYGArrAmAraTrl’rAAcAAmTATAAchAAccmnrrrrmnrncGchAATcAMAAAcAGArAwmcn
Val lle Leu Ser Phe Gly IPri Lys Thr Giu Thr Glu Gin Lys Asp Ser Asn Pro Lys Al lle Phe Ser lle Thr Gin Leu Gl Asn Asp Ala Asp Tyr Asp Val Leu Arg Ser Tyr Asn Pro Thr Val Phe Phe Asp Phe A Gin Asn Gin Lys Thr Asp A Ser Asp

GAYGTAAYTCTTAGYTTYGGAA(AAAAA(I’GAAA(AGAA(AAAAAGAYT(AAAY((TAAAG(TATTTTCTCAAﬂA(A(AAI’YAGAAAATGATGCYGATTAYGAYGTY(YAAGAAGYTAYAAYC(AA((GIATTTT!’TEATTTT(G.(AAAAY(AAAAAA(AGAYGGAAGTGAY

Asp Val Jle Leu Ser Phe Gly Thr Lys Thr Glu Thr Glu Gin Lys Asp Ser Asn Pro Lys Ala fle Phe Ser lle Thr Gin Leu Giu Asn Asp Ala Asp Tyr Asp Val Leu Arz Ser Tyr Asn Pro Thr Val Phe Phe Asp Phe A2 Gin Asn Gin Lys Thr Asp Gly Ser Asp
suanmrcnAmrTmc-cAMAAcmAucAcAAcAAAAAGA.r(AAArc(nAAGcrnrﬂchAArnc-AAlTAmunc.AmcTGArrnmmTTITAAcAAarmumcuc.cnrnﬂmun-(mAAAAYcAAAAA»lAGAnlAmmY
Asp Val lle Leu Ser Phe Gly P Lys Thr Glu Thr Glu Gin Lys Asp Ser Asn Pro Lys Ala lle Phe Ser ile Thr BEJSI Leu MAMSENEE Asp The Asp Tyr Asp Val Leu Arg Ser Phe Asn Pro Thr Val Phe Phe Asp Phe Arg Bl Asn Gin Lys I Asp ile ‘The BN

GATGTAATTCTTAGTTTTGGTECAAAAACTGAAACAGAGCAAAAAGATTCAAATCCTAAAGCTATTTTCTCAATTACACAAT TAGAAAATGATGCTGATTATGATGT T TAAGAAGTTATAATCCAACCGTATTTTTTGATTTTCGCCAAAATCAAAAAACAGATAGAAGTGAT
Asp Val fle Leu Ser Phe Gly Broi Lys Thr Glu Thr Giu Gin Lys Asp Ser Asn Pro Lys Ala lle Phe Ser fle Thr Gin Leu Giu Asn Asp Ala Asp Tyr Asp Val Leu Arg Ser Tyr Asn Pro Thr Val Phe Phe Asp Phe A Gin Asn Gin Lys Thr Asp Arg Ser Asp
AT G AN T T TAGT TTTGEAACARAAAC TCAAACAGAACAAAAAGAT T ARATCC TAAAGC AT T T T CAATTACAC AT TAGAAAA TG ATGC T GATT AT GATGT T TAAGAAGT TATAATCCAACCGTAT TTTT TGATTTTCGCCAAMATCAMAAACAGATGGEAGTGAT
Asp Val lle Leu Ser Phe Gly Thr Lys Thr Glu Thr Giu Gin Lys Asp Ser Asn Pro Lys Ala fle Phe Ser fle Thr Gin Leu Gl Asn Asp Ala Asp Tyr Asp Val Leu Arg Ser Tyr Asn Pro Thr Val Phe Phe Asp Phe Arg Gin Asn Gin Lys Thr Asp Gly Ser Asp
EAYGYAATYEYTAGTTTTGGAACAAAAACYGAAACAGAACAAAAAGATYCAAAT(CTAAAGCTAYTTT(TCAATYACACAAYTAGMAAYGATGCTGAWATGAYGTTITAAGAAGYTAYAATC(AACCG'IAI'T'VTTTGAYTTY(GCCMAATCMAAAAEAGATAGAAGYEAT
fle Lou Ser Phe Gly Thr Lys Thr Glu Thr Giu Gin Lys Asp Ser Asn Pro Lys Ala lle Phe Ser lle Thr Gin Leu Giu Asn Asp Ala Asp Tyr Asp Val Leu Arg Ser Tyr Asn Pro Thr Val Phe Phe Asp Phe A Gin Asn Gin Lys Thr Asp A Ser A

GAYGTAATYCTTAGTTTTGGAACAAAAACTGAAACAGAA(AAAAAGATY(AAAY(CYAAAGCTA'IYTTETCAATTACACAAYTAGAAAAYGATGCTGATTATGATGTTCTAAGAAGTTAYAATCCAACCG'VATTTTTYGAYTTYCGCEAAAATCAAAAAACAGATGGCAGYSAY
Asp Val lle Leu Ser Phe Gy Thr Lys Thr Glu Thr Giu Gin Lys Asp Ser Asn Pro Lys Ala lle Phe The Gin fu Asn Asp Ala ye Asp Val Leu Arg Ser Tyr o Thr Val Phe Phe Asp P Gin Asn Gin Lys Thr Asp Gly Ser

GAYGYAAYT(TVAG!TTYL‘GAACAAAAA(‘VGAAA( AGAACAAAAAGATTCAAATCCTAAAGE rn‘rn(rmuum( AATTAGAAAATGATGC YGAYIAVGAYGHE TAAGAAGTTATAATCCAACCGTATTTT rrc.urrv:ccumuuunu AGAIL:GCA{YGAI’
Asp Val lle Leu Ser Phe Gly Thr Lys Thr Glu Thr Glu Gin Lys Asp Ser Asn P Lys Ala lle Phe Ser fle Thr Gin Leu G Aso Asp Ala Asp Tyr Asp Val Leu Arg Ser Tyr Asn Pro Thr Val Phe Phe Asﬂ Phe Arg Gin Asn Gin Lys Thr Asp Gly Ser Asp
AT T AT TCTTAGT TTTGGAACAAAAACTGAAACAGAACAAAAAGATTCAAATCCTAAAGC TAT T TTCTCAATTACACAAT TAGAAATGATGC TCATTATGATGTTCTANGAAGTTATAATCCAACCGTAT T TTITGATTTTCGCCAAMATCAAAAAACAGATGGEAGTGAT
i Vot Ve, Lo ‘Sor Pha By T dye Tor G Tor Ghe G Ly e Ser b Pra Lye. A e, Phe Ser Ve Thr Gin Lo o han e A hap Tyr hap Vil Lo Arg.Ser Tyt ke ro- Tor Vo Pha Pha e Phe g Gin_kan Gl Lye Tor dep Gy Ser dop
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AAAATTACAAAAATACAACCACTTAACCGTGGCGATGTAAAAATTGACCTTGAAAAAGATAAAGATAATGTTGCTGATAAAGATGGAT TATTAGTGACTAAAGC TGTTGAAATTAGAGAAGTTCCTACAAGTCCA - - - CAGGAAGC GG TGGCGACTACAGAAGCAACAACGCAA
Lys fle Thr Lys lle Gin Pro Leu Asn A Gly Asp Val MJS le Asp Leu Gl Lys Asp Lys Asp Asn Val Al BBl Lys Asp Gly Leu Leu Val Thri Lys Als Val Glu fle BARS Glu Vol Pro ThriSER Pro  Gin Glu Ala Val Al The Thr SEENSAIS) Thr Thr BSER
AAAATTACAAAAATACAACCACTTAACCGTGGIGAT GTAACAATTGATC TT GANGEIGAT AAAGAT AATGTTGCBACTAMGATGGATTATTAGTAAAAAAAGC TGTTGAANT TAAAGAGGTTCCTACAACACCA- =~ CAGGAAGCGGTGGCT -

Lys lle Thr Lys lle Gin Pro Leu Asn AR Gly Asp Val Thr lie sp Asn Val Ala Thr Lys Asp Gly Leu Leu Val Lys Lys Al Val Glu lle Lys Glu Val Pro Thr Thr Pro Gin Glu Ala Val Ala
AAAAY\'ACAAAAATACAA((ACTTMC(GTGGCGAYGTAA.AATTGATCTTGAAAA.EATAAAGATAATGTTGCMCTAAAGATGC‘TTATTAE'IAAAAAAAG("'GTTGAAATTAAEGAGGTTC(WCAMCA---(AGEAAGCGGGGCT
Lys lle Thr Lys lle Gin Pro Leu Asn Arg Gy Asp Val IBYSI fle Asp Leu Gl Asp lys Asp Asn Val Ala Thr lys Asp Gly Leu Leu Val Lys lys Ala Val Gu fle Lys Glu Val Gin

IAAAT'UIAAAAA'IICAACCACTTAAIEﬂ_GAYGTAAIA‘VEGATCYTG)IAAAGATIAACIT-T-!T-A_GAYGGATYATTAGTAAHAAAGCYGTYGAAAT'IM-AGGTTCC-AWA_C—
le Y83 Lys lle Gin Pro Leu Asn Are BAISE Asp Vol IYSHNEN Asp Leu DS Lys Acp NGHWENEN Pro ‘SeriGinl = Asp Gly Leu Leu Val IS8 Lys Ala Val Glu lle ISSRREySI V.

AAAAYU\CAAAAAYACAACCAC TTAACCGTGGAGATGTAACAATTGATCTTGAAAAAGATAAAGATAATGTTGCTGATAAAGATGGATTATTAGTAAAAAAAGC YGYYGAAA' VAAAGAGGYYC(YACAACAEC LAG(;AAGCGCJ GGCT- ~-GCAGAAGCA
ys lle Thr Lys fle GIn Pro Leu Asn A Gly Asp Val Thr fle Asp Leu Glu Lys Asp Lys Asp Asn Val Ala BB Lys Asp Gly Leu Leu Val Lys Lys Ala Val Glu fle Lys Glu Val Po Thr Thr Pro Gin Glu Ala val Ala A2 Glu Ala
AAAATTACAAAAATACAACCACTTAACCGTGGCGATGTAACAATTGATCTTGAAAAAGATAAAGATAATGTEGCAACTAAAGACGGATTATTAGTAAAAAAAGCTGTTGAAATTAAAGAGGTTCCTACAACACCA -~ ~CAGGAAGCGGTGGLCT = == == = == === GCAGAAGCA
Lys lle Thr Lys fle Gin Pro Leu Asn Arg Gly Asp Val Thr fHe Asp Leu Glu Lys Asp Lys Asp Asn Val Ala Thr Lys Asp Gly Leu Leu Val Lys lys Ala Val Gu fle Lys Glu Val Pro Thr Thr Pro Gin Glu Ala Val Ala Ala Glu Ala
AAAATTACAAAAATACAACCACTTAACCGTGGCGATGTAACAATTGATCTTGAAAAAGATAAAGATAATGTEGCAACTAAAGABIGGAT TATTAGTAAAAAAAGC TGTTGAAATTAAAGAGGTTCCTACAACACCA -~ -CAGGAAGCGGTGGCT - GCAGAAGCA
le Thr Lys fle Gin Pro Leu Asn Ang Gly Asp Val Thr lle Asp Leu Giu Lys Asp Lys Asp Asn Val Ala The lys Asp Gl Leu Leu Val Lys lys Ala Val Gl fle Lys Gu Val Pro The Thr Pro  Gin Glu Ala val Ala Al Gl Als
AAAAYI'ACAAAAATA(AA((ACTYAA((GTGG(GAI’GYAA(AATTGAY(TYGAAMAGAIAAAGATAAYGTCG(AA(YAAAGA:GGATYATTAGTAAAAMAG(YGTTGAAATIAAAGAGGTT((YA(AACA((A CAGGAAGCGGTGGCT:
Lys lle Thr Lys fle Gin Pro Leu Asn Gly Asp Val Thr Hle Asp Leu Glu Lys Asp Lys Asp Asn Val Ala Thr Lys Asp Gly Leu Leu Val Lys Lys Ala Val Glu fle Lys Glu Val Pro Thr Thr Pro Gin Glu Ala val Ala
AAAATTAEAAAAATA(AA((ACTTMCCGTGGCGATGTAACAATTGATCT\'GAAMAGATAAAGATAAYGTCGCAA(TAAAGACGGATTATTAGTAAAAMAGCTGTTGAAATTAAAGAGGTTCCTA(AACACCA e EAGGAAG(GGTGGCT
ys lle Thr Lys lle Gin Pro Leu Asn AR Gly Asp Val Thr fle Asp Leu Glu Lys Asp Lys Asp Asn Val Ala Thr Lys Asp Gly Leu Leu Val Lys Lys Ala Val Gl lle Lys Glu Val Pro Thr Thr Pro Gin Glu val Ala Gl Ala
AAAATTACAAAAATACAACCAC Y\'AACCG\'GG(GAYGYAAU\ATY(,ATCvv(,AAAAAGA:AAAGAAAATGY1G(AAG:AAAGAV&(.AV TATTGGTAAAAAAAGCTGTTGAAATTAAAGAGGT H‘CYACEG(TC( GEET(AGGAAMACCAG( GAMCGACAMA(:(AGCAGAA
Lys lle Thr Lys lle Gin Pro Leu Asn A Gly Asp Val Thr fle Asp Leu Gl Lys Asp Lys BN Asn Val Ala IS8 Lys Gly Leu Leu val Lys Lys Ala Val Glu fle Lys Glu Val Pro Thr BN Pro NGHE Gin Glu IYSE Pro Als I The Thr lySi Al> RAISENEE
2 2810 260 2% 20 2850 20 2870 2% 2% 230 e 230 250
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CCAACKACHIBARACKAR ACEEC AR ANGEACAACEACARCEGEARET ACTBCE ACBEARE COITE - -~ BCBACTACACAAGCAACAACBEARNINCC ARCEALT G -~ AAACAACAGCECCRAC AACTACAACEACKACEIIBGEARIN ACKAC T CORAC TRIBICAAGCT
o The Thr BB Thr The SAlaE Pro The Thr Th NN The Thr GAl) Thr EEERCASOMEN  SAIal The Thr Gl Al The The G- -~ The The Thr WIS Pro Thr Thr Thr Thr Thr E Ala Thr —-- Glu A2
ccAAcAAcAAGYAcTGAAYcAAcATcAAYcccAAmcuccAAGTGAAA(AACAACA(CYACMC‘r_AcAAcTAchAAYcAAcAchnchAnaccAGcAAGrG» - 'AAACAACAACACCTACAACTACAACAACYACAGAATCAACAACMCTGCM(YAC‘I’GAAGCT
r Ser Thr Glu Ser Thr Ser lle Ala mm Pro Ala Ser Gl Thr Thr Thr Pro The Giu Ser Thr iSand lle ro Thr Thr Thr Thr Thr Thr Glu Ser Thr Thr Thr Ala Thr Thr Glu Ala

I(-WCAAGTA(- GO ARCAEE _AA(IA(AAC_(IA(AG- ‘AC‘ICGA(-AI(I GA(_A-AG A.\'— IU\AE-(_A(A_A(AACAA('I(-AIGA(AA CWAC TGO TN AR
The EEAWT Ser T Thr IESIAE The m-m e A Pr The T The T The Th BB Thr Pro. Thr O Tt Fro Tht The The BN The Pro The Pro Thr Pro BIER T WS T Thr The Pro The The The The FAW The Thr FAISEERSASE
*‘KW‘_&I—-MW(AA—W T_T.AA.CI(J.A.AT_A_'.A‘ &G T GGATE T IAGC. AT (A
. ~iAsn Tyr MR Phe MM Trp Ala Asn Ser Trp WlleS Trp Cys ‘Asnulles Phe Ser Phe Ser Pro
GCAACAACAAGTACTGAATCAACATCAATCGCAATGLCAGCAAGTGARACAACAACACCTACAACT - - ~A(AA(AA(YALAEAAT(AW(AAT(GCAATG((AG(AAGTG' - ~AAACAACAACACCTACAACTACAACAACTACAGAATCAACAACAACTGCAACTACTGAAGCT
Aa Met Pro Ala Ser Gl Thr Thr Thr Pro Thr Thr  Thr Thr Thr Thei Glu Ser T/S lle Ala Met Pro Ala Glu The Thr Th Pro Thr Thr Thr Thr Thr Thr Gl Ser Thr Thr Thr Ala Thr Thr Glu Ala
L,(AACAA(AAGTA(YGAA1(AACAY(AA'(GCAAYGCCAG(AA(,YGAAACAACAA(A(( TACAACA- - ~ACAAGTAC TGAATCAACATC AA‘!((,(AATL:(.(AG(AAGIG---AAA( AACAACACCTACAACTACAACAAC TACAGAATCAACAATAACTGCAACTACTGAAGCT
Ala The The Ser Thr Glu Ser Thr Ser fle Ala Met Pro Ala Ser G Thr Thr Thr Pro Thr Thr  Thr WS8R Thr Glu Ser Thr ISE lle Ala Met Pro Ala Glu The Thr Thr Pro The Thr Thr Thr Thr Thr Gl Ser Thr MBS Thr Ala Thr Thr Glu Al
GCAACAACAAGTACTGAAYCAACAT(AATCGCAATECEAGCAA_(AA(_ECYACAAC_ACAACYACIGAAT(AACA.CAATCGCAATGCCAGCAAGTE == AMACAACANCACCTACAACTACAACAACTACAGAATCAACANAACTGCAACTACTGAAGCT
Thr Thr Ser Thr Gl Ser Thr Ser e Ala Met c The Thr The The Gl Ser ThriSam fle Ala Met Pro Ala Giu Thr Thr Thr Pro Thr Thr Thr Thr Thr Thr Gl Ser Aa Thr Thr Glu Ala
GCAAC AACAAGTA(YGAAT(AACAT(AAT(GCAA7GCCAGCAAGYGAAACAACAA(ACCYACAACY- = 'ACAA(AACYA(AGAAT(AACAATCGCAATG(CAGCAAGTG- ~-AAAC AACAAEACCYACAA(TACAACAA(YA(AGAATCAACAATAACYGCAACTACTGAAECY
¢ Thr Ser Thr Giu Ser Thr Ser lle Ala Met Pro Ala Ser Gis Thr Thr Thr Pro Thr Thr  Thr Thr Thr ‘The Gls Ser Thr lle Ala Met Pro Ala Ser Gl Thr Thr Thr Pro Thr Thr Thr Thr Thr Thr Giu Ser Thr M Thr Ala Thr Thr Glu Ala
GCAACAACAAGTACTGAATCAACATCAATCGCAATGCCAGCAAGTGAAACAACAACACCTACAACT - - ~ACAACAAC TACAGAATCAACAATAACAATGCCAGC AAGTG - - ~AAACAACAACACCTACAACTACAACAAC TACAGAATCAACAATAACTGCAACTACTGAAGCT
Ja Thr The Ser The G Ser Thr Ser lle Ala Met Pro Ala Ser Gu Thr Thr Thr Pro Thr Thr — Thr Thr Thr e Gl Ser Thr ile The Met Pro Ala Ser  Giu Thr Thr Thr Pro Thr Thr Thr Thr Thr Thr Giu Ser Thr MEER Thr Ala Thr Thr Glu Ala
AGEACAACAAL TACARTGECAGCAGCAGETACAGTCCCAGCAAGTACTGAAGCAACTACAGTECAN - - ~ACAAC TR GAAACTCCAACTECAACTEIMCCAGTAACT G- - - AMACAACAGTGCCAAC AACAACTGCTACACCTCCTGTTGAN NS ——
“Ser: The Thr Thr Thr [Nl Pro "Ala""AlaAla’ Thr BN@ll Pro Alz Ser The MEMEIAIZ) Thr Thr SNSINGIS! Thr Thr === Giu Thr Pro Thr [Pro. Thr.~- - Pro [l Thr Glu Thr Thr @l Pro Thr Thr Thr GAla! Thr Pro SAla SN
2580 290 258 250 2000 910 300 a0 a0 0% 2000 00 080 20% 210 a0 B 1%
TCCAAMAACA AT TC T TGAATCTGGRGTARTAT TIT TAGC TTTCCAACCACGTAATATRAATAACGATAAAAAACATTATT TAATTGCIT CTGARGACGGTAAAGGTAT TTT TATTAAAAAAACCAAAETAGGTCATGGAAAAACTGAGAAATTTGTTTTAGGECTTGATGAA
Ser Lys Lys Gin lle Leu Giu Ser Gy Val fle Phe Leu Ala Phe Gin Pro Arg Asn lle Asn Asn Asp Lys Lys His Tyr Leu lle Ala Ser Gu Asp Gly Lys Gly fle Phe fle Lys Lys Thr Lys Leu Gl Asp Gly Lys Thr Giu Lys Phe Val Leu Gly Leu Asp Giu
1((AAAAAA(AA/UY(YYGAAT(Y{.GAGYAAYAYY((YA(.(Yr\'((AA((G(GVAAIAfVAA(AA((.AYAAAAAA(AYYAYTVA/\YTG(Ar(YGA(,GA(G(.YAAA(.(.\'AY\'YT'AY rAAAAMA:cAMrnr,c.rmcsmuunmauunc.rnuauc,cnz,usu
Ser Lys Lys Gin lle Leu Glu Ser Gy val e Phe Leu Ala Phe Gin Pro A Asn lle Asn Ast Asp Lys Lys His Tyr Leu lle Ala Ser Glu Asp Gly Lys Gly lle Phe fle Lys Lys Thr Lys Leu Gly Asp Gly Lys Thr Giu Lys Phe Val Leu Gly Leu Asp Giu
TCCAABAAACAAATTCTTGAATCTGGIGTAATAT TRIBTA GCTT\'CCAACCGCGTAATATTAUAGATAAAAAACATTATWAATIGCATCTG‘GACGGTAAAGGTATH’TTATTAABAAAACCAAAITAGGTGA.EGAMAACTGAGAAATWG-TTAGGI(TTGATEAA
e L3 s Gin b ‘Leu Gha Ser Gy Vel e bre Lo A P G e A Asn lle HYSENNEASS Lys Lys His Tyr Leu lle Ala Ser M Asp Gl Lys Gly lle Phe fle Lys Lys Thr Lys Leu Gly Asp Gly Lys Thr G Lys Phe B Leu Gly Leu Asp Giu
AGGINEEGEA ABG TEC-GT-AITAIYAGVICYA-CIA‘—GM'ITm- ﬁT—ﬂﬂA——‘__TIATmAA—_ﬁA-__wﬁ@
Lys WNal Pro The Thr Phe W Ala Phe iGIN Pro Arg ‘AsnTlIEN Ser TASDI Asn Lys Lys HiST Tyr MESURINEN Ser Ser Lys "ASO™Gly' Lys "Gly WIleN Phe NIl Lys Lys SNSIGin SESINSNN Gly =

TCCAAAAAACAAATTCTTGAATCTGGAGTAATAT TCCTAGCTTTCCAACCGCGTAATATTAACAACGATAAAAAACATTATTTAATTGCATCTGAGGACGGTAAAGGTATTTTTATTAAAAAAACCAAATTAGGTGACGGAAAAACTGAGAAAT TTGTTTTAGGGCTTGATGAA
Ser Lys Lys Gin lle Leu Glu Ser Gly Val fle Phe Leu Ala Phe Gin Pro A Asn lle Asn Asn Asp Lys Lys His Tyr Leu lle Ala Ser Glu Asp Gly Lys Gly ille Phe fle Lys Lys Thr Lys Leu Giy Asp Gly Lys Thr Giu Lys Phe Val Leu Gly Leu Asp Giu
TCCAAAAAACAAATTCTTGAATCTGGAGTAATATTCCTAGC TTTCCAACCGCGTAATATTAACAACGATAAAAAACATTATTTAATTGCATC TGAGGACGGTAAAGGTATTTTTATTAAAAAAACCAAATTAGG TGACGGAAAAACTGAGAAATTTGTTTTAGGGC TTGATGAA
Ser Lys Lys Gin lle Leu Glu Ser Gly Val lle Phe Leu Ala Phe Gin Pro Arg Asn lle Asn Asn Asp Lys Lys His Tyr Leu lle Ala Ser Glu Asp Gly Lys Gly le Phe fle Lys Lys Thr Lys Leu Gly Asp Gly Lys Thr Giu Lys Phe Val Leu Gly Leu Asp Giu
TCCAAAAAACAAATTCTTGAATCTGGAGTAATAT TCCTAGC TTTCCAACCGCGTAATATTAACAACGATAAAAAACAT TATTTAATTGCATC TGAGGACGGTAAAGGTATTTTTATTAAAAAAACCAAATTAGGTGACGGAAAAAC TGAGAAAT TTGTTTTAGGGC TTGATGAA

Lys Lys Gin lle Leu Glu Ser Gly Val He Phe Leu Ala Phe Gin Pro Ag Asn fle Asn Asn Asp Lys Lys His Tyr Leu fle Ala Ser Glu Asp Gly Lys Gly lle Phe lle Lys Lys Thr Lys Leu Gly Asp Gly Lys Thr Glu Lys Phe Val Leu Gly Leu Asp Glu
TCCAAMAACAAA T TCTTGAATCTGGAGTANTATTCCTAGC TTTCCAACCGCGTAATATTAACAACGATARAAAACATTATT TAATTGCAT CTGAGGACGETAAAGG TAT TTTTATTAMAARAACCAAATTAGGTCACGGAAAAACTGAGAAATTTGTTTTAGGGC TTCATGAA

5 lys Gin lle Leu Gl Ser Gly Val e Phe Leu Ala Phe Gin Pro Arg Asn lle Asn Asn Asp Lys Lys His Tyr Leu lle Ala Ser Glu Asp Gy Lys Gly e Phe lle Lys Lys Thr Lys Leu Gly Asp Gly Lys Thr Glu Lys Phe Val Leu Gl Leu Asp Giu
TCCAAAAAACAAATTCTTGAATCTGGAGTAATATTCCTAGCTTTCCAACCGCGTAATATTAACAACGATAAAAAACATTATTTAATTGCATCTGAGGACGGTAAAGGTATTTTTATTAAAAAAACCAAATTAGGTGACGGAAAAACTGAGAAAT TTGTTTTAGGGC TTGATGAA
[t

Ser Lys Lys Gin lle Leu Glu Ser Gly Val fle Phe Leu Ala Phe Gin Pro Arg Asn lle Asn Asn Asp Lys Lys His Tyr Leu lle Ala Ser Glu Asp Giy lys Gly fle Phe lle Lys Lys Thr Lys Leu Gly Asp Gl Lys Thr Giu Lys Phe Val Leu Gly Leu Asp Gl

CCTAAAAAACAAATTCTTGAATCTGGAG TGAYATTI'TTAGCYTY((AA((G(AYAAIATI’AACGATAA TAAAAAACATTATE IAAfTT(AY(YMAGATbGYAAA(G\'AT TTTTATTAAGAAAATCAAACTAGATGEGTGACAAAAATGAGAAAT YCGCC"AGGMYYGATGAA

PO Lys Lys Gin lle Leu Gl Ser Gy val fle Phe Leu Ala Phe Gin Pro B A s RRASHR Lys Lys His Tyr Leu fle IS Ser YSE Asp Gly Lys Gly lle Phe lle Lys Lys BEN Lys Lew BNSNUGHENRNGN Lys S Glu Lys Phe WA Lei: Gly Gl
14 130 3180 3170 ) 2% 32 210 120 323 120 3250 3280 3 32

AATCCGGGTTACACTTCTAATGGAAGTACAAAA -~ T TGART CAATRGTTGCTTTAATTTCCGGTGC TGATGGTGAAGE TGATACAAGACTCCAATTTAAAGA GRS T CAABT TCRABTTCTGGTGOT

sn Pro Gly Tyr Thr Ser Asn Gl Ser Thr Lys Val Asp Ser lle Val Ala Leu fle Ser Gly Ala Asp Gly Giu Ala Asp Thr Atg Leu Gin Phe Lys Giu Ser Gl Giy
AATCCGGGCTACACTTCTAATGGAAGTACAAAA - GYTGATTCAAYCGTYGCTTYAATT!'CCGGYGCYGATGGTGAAGCYGATACAAGACTCCAA7TYAAAGAGCCAAGTTCMCTFCTAGTY(TGGTGGT
Lys Val Asp Ser lle Val Ala lle Ser Gly Aa Asp Gly Glu Ala Asp Thr Ag Leu Gin Phe Lys Gl Pro Ser Ser Thr Ser Ser Ser Gly Gy
Au(cac_rrcvmlac.mfluw—— == —c.nmnun-(.nmnunvrcl GG TGATGGTGAAGCEGANACEIIGAC THICAGT TTBAAGARCCAART TCIIGG T TC TANTGGEGGEGGT
Gy o Se Lys Ser lle val Ala Leu lle Ser Gy MEAS Gl Glu Aa Asp Thr A Leu Gin Phe @l Giu Pro Thr Ser B Ser EASNGNN Gly Gly
m TIGA-AIT-TT-_AGTW mmmmﬁuﬂ-_m AT TG CAABTG
Aspi Lys. Thr BN Arg Phe Thr Thr Thr

AATCCGGECTACACTTCTAATGOAAGTACARAA -~~~ == === GTTGATT(AATCGYYG(TTTAATTT((GGTG(TGATGGTGAAG(TGATA(AAGA(TC(AAYTTMAGAGC(AAGTT(AA(TT(TAGYT(YGGTGGY
Tyr Th ly Ser Thr Lys Val Ala Leu lle Ser Gly Als Asp Gly Glu Ala Asp Thr Arg Leu Gin Phe Lys Glu Pro Ser Ser Thr Ser Ser Gly
-G!Y(.AlT(AA‘I(GTTG(YTTAATTY((GGTG[IGAVG(JGAAG(YGATA(AAGACTC(AA?TVAAAGAG((AAGYYCAA(1 rcncncmcvcm
Val Asp Ser lle Val Ala Leu lle Ser Gly Ala Asp Gly Glu Ala Asp Thr Arg Leu Gin Phe Lys Gl Pro Ser Ser Thr Ser Ser Ser Gly Gl
QTG A T T AN C QT TGC T T TAAT T T CCGOTGC TOAT GO TGAAGC TGATACAAGAC TCCAAT T TARAGAGCCAAGTTCAACTTCTAGTTCTGGTGOT

Mrccr,(.c,cuucrrcmnsc.ucncuu--
Asn Pro Gly Tyr The Ser Asn Gly Ser Thr Lys
AATCCGGGCTACACTTCTAATGGAAGTACAAAA

Pro Gl Tyr Thr Ser Asn Gly Ser Thr Lys Val Asp Ser lle Val Ala Leu lle Ser Gly Ala Asp Gly Glu Ala Asp Thr A Leu Gin Phe Lys Giu Pro Ser Ser Thr Ser Ser Ser Gly Gy
AATCCGGGCTACACTTCTAATGGAAGTACAARA = ST TaAT LC AT CaTTCCTT AT CeaTOCTEA ot FAARGCTATACAAGAL TCCARTT TAMAGAGECAAETTCAACTTCTAGTTE TROTGAT
Gl Ser Thr Lys Ser lle Val Ala Leu lle Ser Gly Ala Asp Gl Glu Ala Asp Thr Arg Leu Gin Phe Lys G
AATCCGGGC TACACTTCTAATGGAAGTACAAAA-~ 'GTYGAYTCMYCGTYGCYTTMTYT(LGGTGCTGAYGGTC‘AAGCYGAYACAAGACYCCAAYT'MAGAGCCMGYTCMCYI’(TAGTTCYGGIGGY
i Ser Asn Gl Ser Thr Lys Val Asp Ser lle val Ala Leu lle Ser Gly Gl Glu Ala Asp Th ATg Leu Gin Phe Lys Glu Pro Ser Ser Thr Ser Ser Ser Gly Giy
AnccGGGA(.ATAA&GAM:AYAcmwchmMcmcﬁmcmmnﬂmmmmsrranTcArrTﬁTﬁchTTAATrrcsﬁcMcTGAAaaAGAAGcYGAcMrrcAchGAArrTmeArrcAGcTTcmTAccrcrrcTMmGA
Gly WSt Lys RSS! Thr Scr 'Ser Ser IGHIGIYSASTIGIYEGY) Ser SGMGIEGH) Thr ASOSASSEENN Thr Thr /s| fcp Ser Phe Val Ala Lew lle Ser Giy ThWEEE Giy Glu Al Asp SASA-Trp:Ang BB e Ser SASSS Ser- iGN cr GRS Thr Scr Scr S Gy
3310 EE) EE) 330 3330 a3 EE) 330 330 240 e 20 40 a0 0 3470 2
BT~~~ T C A GG T A GGG GG TAC TG T ARG C A GAAAA TATAG T T AL T AT T T T GGAT T TG ECCACCANAT CCTT T CAGAC A TAAT G AAA T AAGEAAGAAGCTGAT GAC T T TGAC T T TATT AAAGATGGAGATTTAATGT TCCTAACTT TAATAAAGAATCAT
Gy Gl Ala Th Ala Glu Ala Glu Asn lle Val Gin Leu lle Phe Gl Phe Ala Pro Pro Asn Pro Phe A2 Gin Thr Asn Val Asi Lys Glu Glu Ala Asp Asp Phe Asp Phe fle Lys Asp Gly Asp Leu Met Phe Leu Thr Leu lle Lys Asn His
GGT-- --T(AGGTAATGGGG(TAC(G(fGAGG(AL’.AAAATA'AGYYCAA(TAATTTfTGGATTTG(YC(G((AAAT[(TYY(AGA(AAA(YAAT(.TAAATAAGGAAGAA(.((GAVGA(TTTGA(TYTATTAAAGAIGGAGAVTYAATGTT((TAA(l’fTAATAAAGAAI‘(AV
Gly Ser Gly Asn Gly Ala Thr Ala Glu Ala Glu Asn Wle Val Gin Leu e Phe Gly Phe Ala Pro Pro Asn Pro Phe Arg Gin Thr Asn Val Asn Lys Glu Glu Ala Asp Asp Phe Asp Phe fle Lys Asp Gly Asp Leu Met Phe Leu Thr Leu fle Lys Asn His
GmcA-TAATr.Gc.IcnclccrmcscAIAAA;IATAITTCAACTmrrrrmcwmc.clc@nccrrrcAcAcAMcTAAmnMTA»lcus»lcclsnmcTTTGAcTTTAruMaAv\:GAGATITA TCBTAACTTTAATAAABAAT
Gly NGNIGIE Ser BAS Aso Gly IS8R The Ala Glu Als ISl Asn te BN Gin Leu I Phe Giy IS Pro o Ml Pro Phe A Gin Thr Asn Val Asn Lys Gl Ala Asp Asp Phe Asp Phe He Lys Asp Gly Asp Leu Phe Leu Thr Leu lle Lys AsniENN
m(“Yt-EA_G(-AEAIIAVA—A( | ETECEAGATTE _A_E_'m‘ﬂmﬁ.(—_mAvYﬂl‘Y—_T—Y—A_AATAAM()I
O Gly WM Ala TASD! Ala Tro UESINENE Phe Asn Gly Ser NEMN Asn Thr Wliel Thr NESE Pro TASD Ser Phe Lys Gl Thr Asn IVl Asn Lys NEERASOMENE Ala ASDUASD Phe TASD! Phe BIEN Lys TASD Gly TASDTESUNNIEE Phe NSO Thr MEITHES Lys Asn Gln Asn Lys Trp Thr
GGT- T AGGTAATGGGGCTACCGCTGAGGCAGAAAATATAG T TCAAC TAAT T T T TGGAT TTGCTCCGCCAAATCCTT TCAGACAAACTAATGT AAAT AAGGAAGAAGC CGATGACT TTGACT TTATTAAAGATGGAGATTTARTGTTCCTAACTT TAATAAAGAATCAT
Gly Ser Gly Asn Gly Ala The Ala Glu Ala Glu Asn Ue Val Gin Leu e Phe Gly Phe Ala Pro Pro Asn Pro Phe A Gin Thr Asn Val Asn Lys Glu Glu Ala Asp Asp Phe Asp Phe lle Lys Asp Gly Asp Leu Met Phe Leu Thr Leu lle Lys Asn His
T A GG T AT GGG oC TACC 6L T CAGGCAGAAAATATAG T T CAAC T AAT T T T TGGAT TTGCTCCGLCAAATCCTT TCAGACAAACTAATGT AMT AAGGAAGAAGCCGATGAC T T TGAC T T TATTAAAGAT GGAGATT TAATGTTCCTAACTT TAATAAAGAATCAT
Gly Asn Gly Glu Ala fle Val Gin Leu lie Gy Phe Ala Pro Pro Asn Pro Phe AR Gin Thr Asn Val Asn Lys Glu Glu Ala Asp Asp Phe Asp Phe fle Lys Asp Gly Asp Leu Met Phe Leu Thr Leu lle Lys Asn His
rcmcnnac,cu(uccacvmescA(.AAAAMVAGHCAAUAA'nnsmnmcrr(nccuntcnvumuucuﬂmAAArAAanu,AAccceuchTTGAcnurnusnacmunumrvccuAcrrunAMsAucAr
Ser Gly Asn Gly Ala Ala Glu Ala Glu Asn fle Val Gin Leu fle Phe Gly Phe Aia Pro Pro Asn Pro Phe A Gin Thr Asn Val Asn Lys Gl Glu Ala Asp Asp Phe Asp Phe fe Lys Asp Gly Asp Leu Met Phe Leu Thr Leu fle Lys Asn His

- »rcmcnncccncnccscrm\c.ccA(:MAATATAGTrcncrurrnmcnﬁc(rc(GCCMAchn—rCAGAcAAAcTAAT(,TMMAAGGAAGMG((GnmcTTTGAcTTrArrAAAm\mc.Am\n—unarchTMcrrTAATAAAcAncAT
Ser Gly Asn Gly Ala Thr Ala Glu Ala Glu Asn fle Val Gin Leu lHle Phe Gl Phe Ala Pro Pro Asn Pro Phe Arg Gin Thr Asn Val Asn Lys Glu Glu Ala Asp Asp Phe Asp Phe fle Lys Asp Gly Asp Leu Met Phe Leu Thr Leu lle Lys Asn His
-~ TCAGGTAATGGGGC TACCGC TGAGGCAGAAAATATAGT TCAACTAATTTTTGGAT TTGCTCCGCCAAATCCTTTCAGACAAACTAATGTAAATAAGGAAGAAGCCGATGACT TTGACTTTATTAAAGATGGAGAT TTAATGT TCCTAACTTTAATAAAGAATCAT
Ser Gy Asn Gly Ala Thr Ala Glu Ala Glu Asn fle Val GIn Leu e Phe Gly Phe Ala Pro Pro Asn Pro Phe Arg Gin Thr Asn Val Asn Lys Glu Glu Ala Asp Asp Phe Asp Phe fle Lys Asp Gly Asp Leu Met Phe Leu Thr Leu lle Lys Asn His
ACAGAAAATAC AAT T AT TCTCCCAGATACCTTTAAACAAAC T AATCG TAAATAAAGAAGACCAAGC T CATAACTTTGA TTT TATTAAAGACAAAGACT T AATGTTCTTAGCTTTAATAAAGAA TCAAAA T AMATGGACAATTTGAC TTACT | CATCAAAAGCAAAAAACCCTTAC
The BERE'ASA' Thr BISNSIENIEE Pro FAS! Th Phe LyS GIAY Thr TASY) | FASA" Lys BERINASOTSEN Ala WASGIASH Phe TASHI Phe BN Lys TASSH Lys TASGISIINIGH Phe MBI Als ISEIIIEN Lys ASATGITTASA Lys Tro Thr BIER T (o The Ser Ser Lys™ Ala Lys “AS Pro Tyr

1% 3500 3si0 130 353 150 135 3580 1w asg0 353 260 3810 380 363 160 3850

AATAAATGGACAATTTGACTTACTTCATORAMGCAMAAAATCCTTACAGTCAAAGAA T TTCTAGTTCRT TAGACITTAAGTT T TTCACGTGTT- - -GATCATGCTARAAATCTAACTTGAACTCATT TAGGTCC TAAAGTTGAAGCAACTACAACTCCAGCTGCTTCTGGAGEA
N3 Ala Gly Gly

Tp Leu Thr Ser Ser Lys Ala Lys Asn Pro Tyr Ser Gin Atg lle Ser Ser Ser Leu Asp Leu Ser Phe Ser Ag Val - Asp His Ala Lys Asn Leu Thr Trp Thr His Leu Gly Pro Lys Val Glu Ala Thr Thr Thr Pro
AATAAATGGA(AATYTGA[TTA(ﬁcATCGAAAG(AAAAAAYCCYTACAGYCAAAGAATYTCTAG‘rY(YTTA(,AC(TAAGTTTYYCACGTGTY"'GAYCAYG(YAAAAA\'CTAACYYGAAEYCAYTYAGGYC(TMAGYYGAAGCAA(YA(AA(TCCAGCYGCYTCTGGAGGA
Thr lle Trp Leu Thr Ser Ser lys Ala Lys Asa Pro Tyr Ser Gin A lle Ser Ser Leu Asp Lew Ser Phe Ser AR Val  Asp His Ala Lys Asn Leu Thr Trp Thr His Leu Gly Pro Lys Val Glu Ala Th Thr Thr Pro Ala Ala Ser Gly
AAVAAA[&GACMTYTGACTYA(TYCAVGAAAGCAAAAAJICCYTACAGYEAAAGAAYTTCYAGVICTTTAGACCTA'.TTTMGT-T-GAY(AT‘YAAAAAYCTAACYIL‘AACT(AYTTA(_,G\’C(!AAALIH:AAGCAAC c-c_n—
Asn lys Tp Thr lle Trp Leu Th Ser Ser Llys Ala Lys Asn Pro Tyr Ser Gin Atg lle Ser Ser “Thi: Leu Asp Leu Thr SESSSHISSIRENESPhe: Asp His IS8 Lys Asn Leu Thr T Thr His Leu Gly Pro Lys A Glu Ala Thr ESEM Thr Thr —-
Gﬂ__ﬁ-_ﬂ_c_kmium*Tﬁﬂth_‘ﬂTm qﬁ—CC-T-T—
Thr Ser Ser Lys Ala Lys Asa Pro Tyr BilsSGlal Arg NN Ser Ser VASpIISNVASGIESHI Ser Phe WIS Ser NEMN Tyr (HISUGly: Lys ‘Aso il Thr Thr HISEESEEGly. Pro Thr Thr Thr Thr 'Ser Thr /Ser Ser Ser - =
AnAAAmGAcAAnmAcTTAcrrcnceAuacAAAAAAT(UTA(AG?:AAAGAArrrcnarrcnumccnnmnncuarmr-»-c.ncnscuu/urcrucrmucrcnrnc.c.rccnumrsuacucn(AAnccmcm(ncmeAceA
Asn Lys Tp Thr lle Trp Leu Thr Ser Ser Lys Al Lys Asn Pro Tyr Ser Gin A lle Ser Ser Ser Leu Asp Leu Ser Phe Ser Arg Val  Asp His Ala Lys Asn Leu The Trp Thr His Leu Gly Pro Lys Val Glu Ala Thr Thr Thr Pro Ala Ala Ser Gly Gy
AATAAATGGACAATTTGACTTACTTCATCGAAAGCAAAAAATCCTTACAGTCAAAGAATTTCTAGTTCTTTAGACCTAAGTTTTTCACGTGTT -~ - GATCATGCTAAAAATCTAACTTGAACTCATTTAGGTCCTAAAGTTGAAGCAACTACAACTCCAGCTGCTTCTGGAGGA
Asn lys Tp The lle Trp Leu Thr Ser Ser Lys Ala Lys Asn Pro Tyr Ser Gin Ag lle Ser Ser Ser Leu Asp Leu Ser Phe Ser Ag Val — Asp His Ala lys Asn Leu Th Trp Thr His Leu Gly Pro Lys Val Glu Ala Thr The Thr Pro Ala Ala Ser Gly Gly
AT T A AT T AL TTACTICATC A CA AL AN CCT TAC A TEARALAN T T TAG T CE T TAGACCTAAGT LT L ICACTC LT~ GATCATOCTAMAANTC T AN EICAACTEAT TTAGRECC TAMGE FGANGEAACTAC ARCTECAGCTEC I TLEAGEA
Thr fle Trp Leu Thr Ser Ser Lys Ala Lys Asn Pro Tyr Ser Gin A lle Ser Ser Leu Asp Leu Ser Phe Ser A Val  Asp His Ala Lys Asn Leu Thr Trp Thr His Leu Gly Pro Lys Val Glu Ala Th The Thr Pro Ala Ala Ser Gly Gly
AAIAAAIGGALAAYYYGA(TYA(\'Y(ATCGAAAG(AAAAAAY(\:YYA(AGY(AAAGAAYT'(YAG‘IT(YYTAGAC(TAAGYI’TV1(A(GIGT‘('~'GAY(AT6(\'AAAAAI('AA(TVGAA(Y(AYTTAGGY((YAAAETTGAAGCAA(\’A(AA(Y((AG(YGCYT(YGGAGGA
ys Ser Gin Arg lle Ser Ser Ser Leu Asp Leu Ser Phe Ser AR Val  Asp His Al Lys Asn Leu Thr Trp Thr His Leu Gly Pro Lys Val Gu Ala Thr Thr Thr Pro Ala Ala Ser Gly
AATAAATGGA:MTYTcAcﬁAcﬁcATCGMAGCAAAAAncnrAcAcrcAAAcAAnTcTAcrrcrrTAcAccTMarrrrTcAcarsﬂ— - —(,ncAchAAAAncrAAcrrcAAcchrTAsmccrAAAsrmAAccAAcncAAcchAccmchcmmccA
Asn Llys T Thr lle Tp Leu Thr Ser Ser Lys Ala Lys Asn Pro Tyr Ser Gin Arg Ser Leu Asp Leu Ser Phe Ser A Val — Asp His Ala Lys Asn Leu Thr Trp Thr Hs Leu Gly Pro Lys Val Glu Al Thr Thr Thr Pro Al Ala Ser G

TTTCK TG
Thr Trp' Thr SHISEISENGIY! Pro JASH! Lys' Ala B Ala SWSI Ser Thr Ser INSN'Ala' 7' Ser WM Ala NG Thr IGIA Thr Al Thr Tho MMM Thr - - - AL Ser - - - -

AGTCAAAGAA'I'rrcYAGTA_'t':‘TTrmcWAAGﬂ_mcccTﬁMTAYcATGGCAMMTﬂMC CAACTCATITACGTCCTARTARAGCTCARGCA CTTCAGTTGCAAC TAGTGAAGCCCAAACTCAAACT GCCACAAC TGAAA: CATCTRES———
Ser 1GIn' Arg NN Ser Ser Thr MEERASOUSE Ser Tyr o WS Tyt (HiS© Gly Lys Asn i
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Fratre ! Ser Gy Gy Tor Gu Thr Gin Ser G Thr Pro Thr The fro Pro Thr Gn (e Leu P Sys Gly Phe Al Val Tyr Asp Ser #ru Thr beu Als T dan Vel G Ty Vel Sar Thr ies An Am Leu Pre I iy3 bps Phe (e i
6.70 W1 TCTCGTGGAALYGAAACTCAAAGTCAMALT - -~ == ===~ CCM(TAETC(‘TLCM(!CMA'(WLTV( Auwrnmué"rﬂ(w(Y(AE(YA(WTAGLAALAAAY(TT-:A A(Au?(\'(uc( TTAMTAATCTTTITTATTAAMAAAT TTATTAAATAA
Frame Ser Gy Gy T Gy The Gin Ser G The o P Thre G te Leu Phe Lys Gy Fhe AD Val Tyr Ap Ser P10 The Lew Al Thv Vi Gu Tie Vo W Lo A AS) Loy Pre the Lys Lys Bhe ke L
TLTIHPE  TCIGATGAAACTGAAAC TCAARGTCARALT == === ===~ ((‘M:YAI.‘T:CYCCMCACMAY:YYG"YCAMMTI"II’L(MY"YA"UC!tA:L“IMrﬂA’CAAtAMH‘.VI’GA\.KAGYKY(M(fYYAAA?AAVC'I1ITIAIYAAMMTTIAYYAMD\A
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Appendix 47 Alignment of HP1 for M. ovipneumoniae isolates
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Identity.
1.16 HP2
Freme 1
2.42HP2
Frame 1
3.90 HP2
Frame 1
4 23HP2
Frame 1
5.103 HP2

Frame 1
6.70 HP2
Frame 1
7.73HP2
Frame |
B.83HP2
Frame 1
9.88HP2
Frame 1
10.94 HP2
Frame 1

6. 70 HP2
Frome 1
7.73HP2
Frame 1
8.83HP2
Frame 1
9. 88 HI

P
Frame 1

10.94 HP2

Frame 1

Frame 1
8.83HP2
Frame 1
9.88 HP2
Frame 1
10.94 HP2
Frame 1
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mcu.,AAAA:.rA(AAr(ACNAAAAA(YA(TAA(YAAAMAAAVATYYYT(nTTAnnncTAAG(A(T(ﬁ ,(YGSJ GGAGCAATTATTGCCCTTCCGCTAGTTGTTTTTGCAAATTT ArAA(TAAAAAA(L((.(mnn(.ATr,ru(AAAAC(AAn(AAAAV(AATTfUTnArTAcTMA
Asn Leu Gl Leu Lys Asn Pro e

Lys Lys Leu Lew The Lys Lys Asn e Phe Leu Lew Gly Lew Ser Th Leu Al Gy e val Vel Phe Val Gin Asn Gin Ala Lys Ser fle Ser Phe lle Seo
mmr.,uur,ncAnrAcuuuAcrAanrnAAuunAwmcmnmnrumnrnﬁ GCTGGTGGAGE ARTTATTGCCGTTCCGCTAGTTGTTTITGE AAT‘H’AnAA(‘TAAAAAAC{"GFGA!YTGATGTC(AAAA(‘CAAr(’AAAATrAA'lTI’rT‘!’r:AT‘rA(YAYA
V/MThe Lys Ser The lle Thi Lys Lys Leu ew The Lys Lys Asn lle Phe Lou leu Gly Leu Ser Thr 1w Ala Gly Gly la lle be Ala Val Pro Leu val Val Phe Aa Asn Leu Giu Leu lys Asn Pro A lle Gin Asn Gin Ala Lys Ser fla Ser Phe lle Ser

QYGAC..AAAAGIACAA!’(A(TAAAAAA(YACYAAC'AAAAAAAA‘VATYYYTEI'TYAGOEETAAG’ACYA”.;CTGGI A ATTATL:C_!:_G:‘ l'.ﬁx"rYG(AAArT1AEAAcTAAAAAAc(:tGAMYGAT5IQCAAAACCAAGCAAAA!:AArTrLrTT‘M’rAf‘ATA

’ Ser Thr fle Thr Lys Lys Leu Leu The Lys Lys Aan le Phe Leu Leu Gly Lew Ser Thr e Al Gly a Thr Pro Leu I vl Phe Al fsn Leu Glo Leu Lys Asn I Gin Asn Gin Al Lys Ser lle he lle Ser lie

mmc MML.MLMI(A(rAMMAtncrAA(uuuunuvnvcvvvun(.l‘(u,«.(ncr(nu(r(.mr AG(AAYYAIVF(CGY'((G(YA(JTG"YTYG(AAAYTYAGAA(TAKAAAA(((G(GAA'Y(IA'v;YL.CA}AA((AAG[AAAA!CAA"'[YTT!AYYA(;YA'A

VIMThe Lys Ser Tnr lle The Lys Lys Leu Leu Thr Lys Lys dan lle Phe Leu Lew Gly Lew Se y M lle B Ala Val Pro Leu Val Vol Phe Als fsn Leu Glu Leu Lys Aan Pro Ag lle Asp val Gin Asn Gin Ala Lys Ser flle Ser Phe lle Ser lle

GTGACGAAAAGTACAATCACTARRAAACTACTAACTAAAARARATATTTTTC TrTrAﬁGrl‘TAArrA(‘TAYTﬁ{'TGﬂYﬂGAGrAATrAT‘I.,C(‘rTr(T(TTAr,T‘T(.TTTTTGCA.\ATH’AﬂAA(‘TJEAAAA(‘((‘G(‘GA.TTGAYFY(‘(‘AAAA(‘CAAG(AAAAY(‘AATTT(‘T‘HTAWA(‘.TAYA
Ka Gly Gy oo Ly Asn Pro Ag lle Asp V.

el The Lys Lys Leu Les The Lys Lys An e Phe Lo Leu Gly Leu Ser Th lm lis e kia Val Pro Leu Val Val Phe Ala Asn Leu G v Gin Asn Gin Ala Lys Ser lle Sec Phe lle Ser lie

AT A AT A T A A AT T A AT T T T GGG T AT T T CC BT A T LT AT T TAG AT AAAAAAL CCOCGANTTCAT G TGCAMACCAMGC AMTCAATTTCTITTATTAGTATA

VUMTh Lys Ser Thr lle Thr Lys Lys Lou Lew The Lys Ly Asn lie Phe Leu Lew Gly Lew Ser Thr Leu Al Gly Gly Al lle ba Ala val Pra Leu Val Val Phe Als Aan Leu Gl Lou lys Asn Pro A% lle Asp Val Gin fen Gin Ala Lys Ser i Ser Phe lle Ser lle

c.mmuAAMmAcMvuchMMAcucMAUAAA.\MAMMHHUnvAem.uMc.ucvuucu.(,umocui|Anuccmlccocuuv TGTTTTTGCAAATTTAGAAC TAAAAAACCCGCGART TGATGTGCARAACCAAGEAAAATCAATTTCTTTTATTAGTATA

The Lys Ser Thr lie Th Lys Lys Leu Lew The Lys Lys Aan lie Phe Leu Leu Gly Lew Ser Thr e Aa Gly Giy Ala lle e Ala val Pro Leu Val Vol Phe Al Asn Leu Glu Leu iys Adn Pro Ag fle Asp val Gin Asn Gin Als Lys Sor lle Ser Phe lle Ser lie

(Y(-A{‘GAAAAGYA(AATCA(‘TAAAAAA"AFTAA”AAAAAAAATATTTTT(YTTYAK(\‘(VAAP(A('T(TT.’?(TGRYG(A((AAYTATT((C(‘\’YC(‘G(YAFfT(TYTT\'({A-\ATTTM’.AA('TAAAAAA(‘I"(‘((‘(Al‘l’TGATnf(.fAAAA('(‘AArCAAAAT('AATYTfTT-T ATTAGTATA
Leu Lew The Lys Lys Asn e Phe Leu Lou Gly Leu Ser Th Leu Aa Gly Giy Ala fle le Al Val Pro Leu Val Val Phe Ala A5n Leu Gl Leu Lys Asn Nle Asp Val Gin Asa Gin Ala Lys e Pha e Ser

TR GRS A AR T RETAAAMRETAC TN AR AR TTTETT T b OC A ABEAE AT TGGTGGAGCAATTATTGCCGTTCCGCTAGT u.-(lll0uLAAAYTTAGAACTAAAAAACECGCGAAYTGATGYGCAAAACCAAGIIAAAA‘ICAA‘H'T(Y‘H'TATYAGYAYA
VIMTIV Lye Ser Thr lle Thr Lou Lew Th Lys Lys An e Phe Lo Lsu Gly Leu Sor Thv Leu Ala Gly Giy Ala flo te Aa Val Pro Loa Val Val Pho Als An Lou Gl Leu iyt Asn Pro A llo Asp Val Gin fsn Gin Ala Lys Ser te Sor Phe lle Sor lie
T CACGAAMGTACARTCACTAAMAAAC TAC TARC TAMAAAAAAT AT TTT TC T TTTAGETC TAAGCAC TAT LT TCLTGGAGC AT TAT TGCCOTTCCACT AT TGT TTT TGCARTTTAGAACTAAAAAAC CCGEGAAT TGATG TGCARAACCAAGCAAMATCAAT TTCTTTEATTAGTATA
v heolys Lys Lew Lew The ' lle Phe Leu Lew Gly Lew Ser Thr e A Gly Giy Alz lle e Ala val Pro Leu val val Pre)h)e.zu‘gluuu‘,yann"mkI\c&n\alu.’eGAuLnkv
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A AT A A AT T A AT T AN TG AC AT T TAGATE LA A T CAA A AT AN AL A O AL AT AT T AN A T T AT T T TACCAGA CAABAC TCTACCATTCCCUTTANTETTCAACCCAT CATAATTOAAAACE TTTCAMACTAGM
Lys Ao Lys Tyr Leu Asn Al Atn Ser Asa Ty Leu Asp Leu bys u An Aep AZp dan he Asp lle Asp Leu Thr Asp Phe Phe Asp Phe Tyr Gin Thr fan Ash Ser Ser lle Pro Val Asn Phe Ser The Asp His ASn Trp Lys Pro Phe s Leu Glu
AmmuuvAvﬁAAAvc.crAmrcAmzunn..n(vumumu(vrnm.\cm(cnuﬂuAAAAAAA(YGA(AerrvnAcAnnnnrn 'TTYYA((AGA(.JAA\'AA('{TAGCATY((CGYYAAY'YYY(AAEC(.A"EAYAATYGAAAA(C\'TT(AAA(YAFAA
Lys Asp Lys Tyr teu Asn Aa Asn Ser Asp Ty Leu Asp Leu Lys Lys Lys Leu Leu Asn Asp Asp An The iys Lys Thv Asp lle Asp tau Thr Asp Phe Phe Asp P Gin Thr Asn ASh Ser Ser lle Pro Val Asn Phe Ser The Asp His Asn Trp Lys Pra Phe Lys ieu Glu
AAGGATAAATATTTAAATGCTAATTCAGACTATTTAC .ATr‘r&AAAAAr‘AAArTrTTGAAfCA(TATAACAfTAAAAAAA(‘TK‘-ACAT!'IATTTAACAFATHTTrTrA‘rTrTTAr(‘AGACI-\AYAAC'H‘TA(t TTCCCATTAATTTTTCAACCGATCATAATTGAAAACCTTTCAAACTEGAA
Tyr L Asn Ala Asn Ser Asp Ty Leu Asp Leu Lys Lys Lys Leu Leu Asn Rep Asp &n Thr iys Lys The Asp lle SN Leu The Asp Phe Phe Asp Phe Tyr G Asn Sar Ser lle Pro Val Asn Phe Ser The Asp His Asn Trp Lys Pro Phe Lys tew Gl
AAGGATAAATATTTAAATGCTAATTCAGACTATTTAGATCTAAAAAAGAAACT TTTGAACGACGATAATAC CAAAAM\A‘:YGACAYY(-AH’YAA(AGATY'Y‘IYl’YGA'1YYTACCAGACIAATAAC\‘EYAQCAYY\:(CGTYAAYI"fEAA[cGA'CAYAAT‘I GAAAACCTTTCAAACTAGAA
Lys Asp Lys Tyr iew Acn Ala Atn Sor A Tyr Lou Aap Leu Lys Lys iys Leu Leu Asn ASp Asp Aan Thr iys Lys The Ap lle Asp Leu Thr Adp Phe Phe Asp Phe Tyr Gin Thr Asn Asn Sor Ser lle Pro Val Asn Phe Sér The Asp His Asn Trp Lys Pro Phe Lys. iou Gl
ANGOATAAATATTTAMATGCT AT CAGAC TATT TAGATCTAAAAAGAAAC TT T TGAACCAC GATANCACC AR AANAC T CAC A T CATT TANCAGATTT TT T TCATT T TTACCAGACCAATANCTCTAGCATECCCOTTAATTTTTCAACCCATCATAATTGAACCTTTCAAACTAGAA
Lys Tyr Leu Asn Ala Asn Ser Asp Ty Leu Asp Leu LyS Lys Lys Leu Leu Asn Asp Asp Asn The iys Lys lle Asp Lew The Asp Phe Phe Asp Phe Ty Gin Thr Atn Asn Ser Ser lie Pro vol Asn Phe Ser The Asp Mis Asn Trp Lys Pro Phe Lys Leu Glu
AAGﬁAYAAATAT‘TI’AA.\TGCTAATT(AG#(TATTTAGATCTAAAAAAGAAA(‘YTYTGAM‘F,ACGATAATACrAAAAAAA(‘TGACAYTGATTTAAA’A GATTTTTTTGATTTTTACCAGACHAATAACTCTAGCATECCCATTAATTTTTCAACCGATCATAATTGAAAACCTTTCARACTAGAA
Lys Asp Lys Tyr Leu Asn Ala Asn Ser Asp Ty Leu A6 Leu Lys Lys Lys Leu Leu Asn Asp Asp &an Thr Lys Lys Thr Asp lle ASp Lew Thi Asp Pha Phe Asp Phe Ty Gin The 4sn Asn Ser Ser lle Pro Val Asn Phe Sar The Asp His Asn Trp Lys Pro Phe Lys e Gl
AAGGATAAATATTTAAATGCTAATTCAGACTATTTAGATCTAAAAAAGAAACTTTTGAACGACGATAACACCAAAAAAACTGACATTGATTTAACAGATTTTTTTGATTTTTACCAGACCAATAACTCTAGCATTCCCGTTAATTTTTCAACCGATCATAATTGAAAACT TTTCARACTAGAA
op Lys Tyr lew Asn Ala Aen Ser Acp Ty Leu Asp Lou Lys Lys Lys Leu Lew AGh ASp ASp ASn Th Lys Lys The Ay fle At Leu Thi Asp Pha Phe Asp Phe Ty Gin Thi fan Asn Sor Ser lle Pro val Asn Pre Ser The Asp His Asn T Pro he Ly Leu Gl
ANGEATAAATATTTAMATGCTARTTCTGACTATT TAGATCTARAAARGAAACT TTTGAACGACCATAACACCAAAAARACTGACATTGATT TAACAGAT A Y A CAGACE ANTAACTCTAGCATTCCCRTTAATTTTICAM COATCATAATYGAAMECTTTCAMACTAGAS
2 8 8 P Leu Lys Lys Lys Leu Lew Asn Adp Asp Aan Th Lys Lys Thr Asp lle Asp teu Thr Asp Phe Phe Gin The Asn Asn Ser Ser lle Pro val Asn Phe Ser The Lys Pro Phe Lys teu Glu
AA(,r.ATAAATAT‘!’TAAATG(TAATYC‘I‘GArYA*rTAk.AT(‘rAAAAAAGAAA(Y‘I’TT(AArGA(GAYAA(A((AAAAAAA(‘TGA(‘AYTG&YTTAAA’ArA‘rn’T‘rTT(AY‘IT‘!’fACrAGA(CAATAA(’YFTA(CAYYC(CrTTAATT‘I’rT(AAr(‘(,AT(AYAATYrAAAAC!'TTTCAAA(TAr.AA
Asp Lys Tyr leo Asn Ala Asn Ser Asp Ty Leu Asp Lew Lys Lys Lys Leu Leu Asn Asp Asp Asn The Lys Lys The Asp lle Asp Lel The Asp Phe Phe Asp Phe o sn Asn lie Pro val Asn Piw Ser The Asp His Asn Trp Lys Pra Phe Lys e Gl
AAGGATAAATATTTAAATG(YAAYYCAGA(TATTYAGATCTAAAAAAGAAAC‘l'1‘1'rGAACGACGATAA‘I’ACCAAAAAAACTGACATT(\AYTTAACAK ‘rrrrrrTGArwrrA:tAGAn’AATAA(rcYAGCAT:Cc(rrTAATTrrrcAAICGATcArAAT‘rrAAAAccrrrcAAArTIr.AA
Lys Asp Lys Tyr Lew Asn Aa Asn Ser Asp Ty Lou fp Lou Lys Lys Lys Leu lew Asn Asp Ap dan Thr .y Lys The Asp lle Asp Lewu Thi Asp Phe Pho Asp Phe ,. Gin Thr Asn Asn Sor Ser lle Pro Val Aan Phe Ser Gsp His Asn Trp Lys Pro Phe Lys Leu Glu
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ATTTTTGATATCAAACCTGACGATAATGAGCAAACATTTGAGS GOCGAGTTTCACAAAAAT TAGAEGACAATAAAACAGCAACTTCTGACTTAT TTAAACAAARAAGTTGCTTATAATTATGT TCCAGATTATTCACTTTCTAATTTTTCAACTTACTCAGAAGACAAGCTCAAGAAA
e Phe Asp lle Lys Pro Asp Asp 4sn Glu Gin Thr Phe Glu Val Pre Trp Ag Val Sir Gin Lys Lau Asp Asp Asn Lys Thi Ala Thr Ser Asp Leu Pha lys Gin Lys Val Ala Tyr Asn Tyr Val Pro Aep Tyr Ser Leu Sor Asn Phe Ser The Tyr Ser Giu Asp Lys Leu Lys Lys
AT"l'v(.ATA\"MA(tIGACGAYAA’GAGCAAALATT(GAGGYTYI'I’GG(GA TTTCACAAAAATTAGATG, A(AA'A/\AALAJCM(\"’CYGA[YU\I’TYAI\A(AMAAGYIG&"All/\f1lﬂEﬂ'C(AQA'YAYICACT"[TAA'IlTY(AAC"'Af,(AGAAGATAAL(!CAAG&AA
Phe Asp lle Lys Pro Asp Ap Asn Glu Gin The Phe Glu Val Phe Trp Ag Vol SEr G Lys Leu Ap Asp Asn tys Thr Ala Thr Sor Asp Leu Phe Lys Gin lys Val Ala Tyr Asn Tyr val Pro Adp Tyr Sor Leu Sar Asn Phe Ty Ser Glu Asp Lys Leu Lys Lys
AYTT"GATAYLAAA(C ATGATAATGAGCAAACATTRIGAGGTTTTTTGRCGA: -|YT|.ALAAAAI~Y'A(-A. ABGGTAAAACAGCAACT ICT(.A(lVAlY’AAA(AAAAAGY'uC\'VA‘AA'TA"EYT((AF.ATTATl(lCT'YfYAAT"YYTCAAl YTA('CAGAA(:AC“CVCAAG*AA
lle Pre Asp lle Ly Pro Asp Asp Aan Glu Gin The Phe Glu Val Phe Trp Ag Val SR G oM Lys Thr Ala Thi Ser Asp Lew Phe Lys Gin ol v Asn Tyr Val Pro Asp Tyr Ser Leu Ser Asn Phe Ser Thv Ty Sr Glu Atp Lys Lys
AYTTT?GATATFAAA(CT\nACGATAATCl»u('AAAf'J-YT(‘f-AGG?‘rTTTTG(EGA-ITTT(-\I'AAAAA“ITA(A‘Y GACAATAAAACAGCAACTTCTGACTTATTT AAA('AA-;lA("ﬂ(TTATAATYATfTT(‘(ArATYA'I’TCA(TTTCTAATTTYT(AACTTA(T('A(AA AG(T(‘AAGAAA
Ula Phe Asp lle Lys Pro Asp Asp %n Glu Gin Th Phe Glu Val Phe Trp A Val Ser Gin Lys Leu Asp Asp Asn iys Th Ala Thr Ser Asp leu Phe iys Gin lys Val Ala Tyr Asn Tyr Vel Pro Asp Tyr Sor Leu Sar Asn Phe Ser The Ty Ser Giu MLy Lou Lys Lys
AT'TY1TGA7AYEAAACCVGA‘I GATAATGAGCAAACATTCGAGGTTTTTTGGCGAG CACAAAAATTAGAT -ACAA\'AAAA(AECAA[TYCYGAE"TATTYAAACAAAAAGYYC\CY‘YAVAAYY&VEYYC(AGAY?AYTCACT'VCYAAYYYTYCAI\[YYA‘I“ICAGAAEACEAGCY”AAGAAA
lle Pho fsp lle Ly Pro Asp Asp Asn Glu Gin The Phe Glu V3l Phe Trp Mg Val Sor Gin Lys Lo Asp fep Asn Lys Thi Ala Thi Ser Asp Lew Phe Lys Gin tys Vil Ala Tyr Asn Tyr val Pro Aep Ty Sor Leu Sor Asn Phe y o Glu e NI Lou Ly: Ly
AT T TGATATCAAACCTGATGATAATGAGCARACATTCGAGGTTTTTTGGCGAGTTTCACAMAATTAGATGACANTAAAAT AuLAA('l(Y(-AC'1A1Y'AAA(AAAAAGVIGC”ATAAYVA'("TC(AFATYA"[A(Y"['AA1'lYf(AACHA(I(A(.AA(,A
lle Phe Asp te Lys Pro Asp Asp Asn Glu Gin Thr Phe Glu Val Phe Trp Ag Val Ser Gin Ly Leu ASp Asp Asn Lyt Thi Al The See Asp Leu Phe Lys Gin Lys Vel Ala Tyr Asa Tyr Vol Pro Asp Tyr Ser Leu Ser Asn Phe Ser The Tyr Ser GluBEEBLYS Leu Lys Lys
YTTTT('ATAY('AAAC(YGATEATAAT(ArCAAA(ATTCfAf'T‘!’r‘l"l"rﬁﬂfﬂﬁ . l'AfAAAAA‘I’TAI'AY!‘.A(‘AATAAAA(-\F(‘AA(YT('TGAI’YTA AAA(AAAAAGYTFFYTAY-\AWAYfYTC(Al’A‘I'FA‘I'T('A CTAATT ('AACTTA(Y('AGAARA(' Al FYCAAGAAA
We Phe asp lle Lys Pro Asp Asp &sn Glu Gin The Phe Glu e AR Val Ser Gin Lys Leu Asp Aep Asn Lys Thr Al The Ser Asp Leu Phe Lys Gin Lys Val Al al Pro Tyr Ser Leu Ser Asn Phe The S 2ap N Loy Lys
ATTTTTGATATCAAACCTGATGATAATGAGH CAAACAYTCQAGSTTTIYTGGCG!GTYTCA’AAAAAYTAGAIT.ACAAYAAAAC.\GCAACTTCTGACl’rATTTAAAtAAAAAGYYuCTTAYAAT‘\'AYr.VrCcAr.ATYAYICACYYYETAATII‘!’TCAAEYrAc!CAGAAGACAAGEYEAAGAAA
W Phe Asp Il Lys Pro Asp Acp Asn Gl Gin The he Glu Val Pho Trp AR Vol Ser GIn Lys Lot Asp ASp Asn iys Thr Al Thr Ser Asp tys val Ala Tyr s Tyr val Pro Sor Asn Phe Ser The Ty Sor Glu fsp Lys Leu Lys Lys
A! T ' \ lhA‘AlLAAA(( TGATGATAATGAGCAAACATTCGAGGTTTTTTGGCGAGTTTCACAAAAATTAGATGACAATAAAACAGCAACTTCTGACTTATTTAAACAAAAAGTTGET IAIAA”AIQI TCCAGATTATTCACTTTCTAATTY T'LAAL’ TAFTCAGAAGACAAGCTCAAGAAA
> u Gn The Phe Glu Val Phe Trp A Val Ser Gin Lyt Lew ASp ASp Asn Lys Thr Ala Thi Ser Asp Leu Phe Lyt Gin Lys Val Al Tyr Asn Tyr Val Pro Asp Ty Ser Leu Ser Asn Phe Ser Ty S Gu Asp lys Leu Lyr Lys

Y'FFFTCAYATCAAAC(‘T(‘A(GATAATG-\!‘IAA ACATTCGAGGTTTTTTGGCGAG *rrfra"AAAAn.rum:r.nmnAAAr;.rcAAcrrcmArrrArrrAAAcAAuA(.rrfctwrr-A*rrATrrrrrArArrArrcArrrYrTAArrrrrrMrrrAcvrArAA ACCAACTCAAGAAA
Ula Phe Asp lie Lys Pro Asp Asp &0 Glu Gin The Phe Glu Val Phe \‘m K Val S G Lys Leu Asp A 3 Thr Ala The Sec Asp leu Phe lys Gin .,‘ val Ala o Asp Tyr S Leu Sar Awn Pe Ser The Ty Ser Glu Asp BN Leu Lys

£ 550 50 560 %0 60 0 630 @ 0 qo 0 ™ 710 i ™

TTAAG&C(YTA"ACAAA‘AGYGAGGTTAATYTTYC ATTTAAAAAAGAATTAACAAAGTTAATTTC AGTYGAASATTTYCAAAA AGAAGTTAATAGCGCAAAAAATGACACCGAGGCTAGAGAAATTATTAAC AAAYATTYCAA(C'GGATGAAA(‘AAYYT(AEAAATYYYYAG(AATAAAAKC
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ieu M Pro Tyr The Asn Ser Glu Val Ser Phe Lys Lys Glu Leu The tys Leu lle Ser Val Glu Asp Phe GIn Lys Giu Val Asn Ser Ala Lys Asn Asp The a lle “Asn lys Tyr Phe Asn Leu Asp Giu Thr lie N Lys
rruutm..ucunnmn "TTA-\TTTT‘F(‘A'H'TAAAAAAGAATTAACLAA(T‘FiAY‘T‘fCiST‘TGAASAT‘!’T‘TFAAAAAFAA(TTAAYA(YG(AAAAAATGA(ACC(‘A(’GCTAGAGAAATTATTAA(‘-\AAYATTTCAAC(T\.GA‘rrAAATAAT\'\'CACAAAY‘TTT\'AG(‘AATAAAAGC
leu AR Pro Tyr The Asn Ser Glu Vel Asn Phe Ser Phe Lys Lys Glu Leu Thr Lys Lau lle Ser Val Glu %p Pha Gin Lys Glu Val %an Ser A Lys fen Asp T ay lo lle Asn Lys Tyr Phe Asn Lo Asp Giu BN lle Ser Gin f Fre

TTAAGACCTTACACAAATAGT GAGGTTAATTTTTCATTTAAAAAAGAATTEACAAAGC TAATTTCAGTTGAAG AfTYIJ\MAI.‘AAG‘l!AAYAQEGCAANAAAT(MU\L'GAALC\'AGAEAAAYYAYU\BCAAA‘UU'rlAAc(.'ﬁA‘lw\wnl’tTcchAA'YVIYABCN\YAAN\QC
iou Mg Fro Tyr Thr Asn Ser Ghu Val Asn Phe Sor Phe Lys Lys Glu iew Thr iys Leu lle Ser Vol Glu fsp Pie Gin Lys Giu Val fan Ser Ald Lys fan Asp The Glu Ala AR Giu te lle U588 Lys Tyr Phe Asn Leu Asp Glu M Ue Ser Gin de Phe Ser Asn Lys Ser
TTAAGACCTTACACABATAGTGAGGTTARTT T TTCATTTAAMAAAGAATTAACAAAGCTAATTTCAGTTGAAGATTTTCAAAAAGAAGTTAATAGEGCAAAAAATCAC ACCGAGIC TAGAGAAATTATTAACAAATATTTCAACC TGGATGAAACAATTTCACAAATTTTTAGCAATAAAAGE
e o Tor T MG Ser Gl ver An Phe St Ph Lys Lys. Gl A0 The Ly Lo e, S Vel Gl b Pe o Lys. Gl Va1 an Ser Ma Lys an Asp T Gl Mo Ny o e e o Lya. e Pre s Lb aap Gl Thr e 56 lle Phe Ser Asn Lys Sec
TTAAGACCTTACACAAATA(.TI’-.\G’,‘.TTAiT‘I’T‘I'TrI.TTTAAAAAAGAAYTAA\‘AAA(‘I’TAATTT(A',TYGAAGATTTTFAAAAAGAAG‘FTAATAG »-CAAAIAAY(>AI’A(‘('(y‘AﬂfTAGArAAAT‘rATTAA(‘lAATA‘I’TTTAAfrTI'GA'rrAAA(AAT‘!‘T(‘ACAAATYTTYAG(AATAAAAG
leu Arg Pro Tyr Thi Asn Ser Glu Val Ash Phe Ser Phe Lys tys Glu Leu Th Lys Leu lle Ser Val Glu asp Pw Gin Lys Glu Val &sn Ser Ala Lys Asn Asp Th Glu Al Ag lle Asn lys Ty Phw Asn Leu Asp Glu Thv lle Ser Gin fla Pha Ser Asn Lys
TTAAGACCTTACACAGATAGTGAGGTTAATTTTTCATTTAAAAAAGAATTAACAAAGE TAATTTCAGTTGAAGATTTTCAAAAAGAAGT TAATAGCGCAAAAAATGACACCGAGGC TAGAGAAATTATTAACAAATATT TCAACCTGGATGAAACAAT TTCACAAATTTTTAGEAATAAAAGE

teu A Fro Tyr The BB Ser Glu Vol Asn Phe Sor Phe Lys tys Glu leu Thr iys Leu e Ser val Glu Asp Pha Gin Lys Glz Val Asn Ser Al Lys Asn Asp The Glu Ala Ag Giu fle lle Asn lys Ty Phe Asn Leu Asp Glu Thi Ne Ser Gin fhe Pha Ser Asn Lys Sef
TTARGACCTTACACARA TAGTGAGATTAATT T TTCATTTAAAAAAGART TAACAAAGT TAATTTCAGTTCANGATTTTCAAAMAGAAGTTAATAGC GCAMAAAATCACACCGARGCTAGAGAAATTATTAACAAA TAT T TEAACC TEGATGARACAATTTCACAAATTTTTAGCAATAANAGC
Aén Ser Glu Val Awn Phe Ser Phe Lys Lys Gl Lew The Lys L Ser val Glu Adp Phe Gin Lys Gl Val Adn Ser Ala Lys fan Asp The G lle Asn Lys Tyr Phe Asn Leu Asp Glu Thr Ser Phe Ser agn L
TTAAGA(CTTACA(‘ABATAGTGAﬁf‘.TrAATrrrTrAWAAAAAAGAATTAAC-\AA(‘(TAAT\"H‘A’T‘Y(AA GATTTTCAAAAAG AAGT‘!AATAM‘!TAAAA-\ATGArAerAA(’.CTArArAAAWAWAACAAATAT!T(‘AA(TY(‘GATFAAACAAHT(A{AAATTTT\'AG(AATAAAA&(‘
ieu A Pro Tyr Thr MM Ser Glu Vel Asn Phe Ser Phe Lys Lys Glu Leu Th Lys Leu fle Ser Val Glu Asp P Gin Lys Glu Val Asa Ser Ala Lys Asn Asp The Glu Ala A Giu fle lle ASn Lys Tye Phw Asn Leu Asp Glu Thr le Ser Gin fle Pha Ser Asn Lys Ser
A AT AC T A A AR TAGT A GG T T AT T T T C AT T T AR A AR A GAA T T AN A ARG T T A LT T CAG T G ARG AT TTTCAARAAGAAG T TAATAGE GCAAAAAA TG AL ACCGAGCCTAGAGAAATT ATTAAC AMATATT TCAACC TGCATGARACARTTTCACARATTTTTAGCAATAAAAGE
Lou Ag Pro Tyr The Asn Sor Glu Val Asn Phe Sor Pho Lys Lys Glu Low The tys Leu llo Sor Val Glu Rp Phe Gin Lys Gu Val Asn Ser Ala Lys sn Asp The Glu Ala AR Glu ta lle Asn iys Tyr Pha Asn Lou Asp Glu Thr fie Sor Gin lla Pho Ser Asn Lys Sar
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Leu A Pro Tyr Thr Asn Ser Ghu Vel Asn Phe Ser Phe Lys Lys Glu Lew The lle Ser Vol Gly Asp Phe Gin Lys Giu Val [ k; Gl fe lle Asn Lys Tyr Pha Asn Leu Atp lie Ser Gin fle
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In Lys Pro Arg Tyr Asp e Aen Leu Val Lys Adp Gin lle I Thr Atp Arg Tyr Lew Val Lys Tht Ala Thr Pra Gly Val Tyr Lys Leu The Phe val Als Gin Phe Ser Ser Asp Phe Ser Lys Glu lle
rrrv.:chm.urcrmn\(.rmun uAAAchmc‘rn GATATAAATTTGUTAARAL, AT(AAATYAYAA(‘TGATCGAYATT‘IA(VAAAAM’TGCAA(TC(TG(‘EGTTTATAAATT(A(C‘H’H‘TT(CCfAr.TTTI‘(T\’(TP.ATTTTT(AAAI’(AAAT‘TG(‘I((T(&YAT:AA AARRST
he Tyr Phe Glu Ser Asp Ser Gly Il Gin Lys Pro Arg Tyr Asp lie sn Leu Val Lys Asp Gin lle e The Asp Arg Tyr Lew Val Lys Tht Ala Thr Pra Gly Val Tyr Lys Leu The Phe Val Ala Gin Phe Ser Ser Asp Phe Ser Lys Glu lle Ala ANa Asp le Asn Lys SN

TTTTA ~mr.mrc*runmnnnﬁluunrnr.(r-rnrnnnumr fAAAI-uATCA-EATTAYAACT(AYL’K'A?ATTTAGTAAAAA(.FCAACSCC‘IGGF'YTTAYAAATTGA"(‘T‘I’TFTTGC(tAGTTTTt‘Y’Tf‘TrATTT‘I’TrAAA( AATTGCRGCTGATIITTAACAAGGAT
he Tyr Phe Glu Ser Asp Ser Gy Mo WELys Pro Aig Tyr Asp Il Ao Leu Val Lys Asp GIn e 1 Thr Asp 4ig Tyr Lew Val Lys Thi &ia Thi Pra Lo The Pha Val A2 Gin Phe Ser Ser Asp Pha Sor Lys Giu U Al Ala Asp PHELAsn Lys Asp
TTTTACTTTGAATCTGACAGTGGTATTCAAAAACCTCGETATG A1A1AAAT'InuYAAAAuAchAArrAvAAcrr.Av:cA‘lAvv1A(.1AAAAA:VE:AA(":ABGG&YvVAYAAAYH.A::Hvnvrﬁcctl\unvv:rT(vaArrTvv:AAAnGAAAlvnccoc‘lnArAY:AAU\Aanv
#he Tyr Phe Glu Ser Asp Ser Gly lle Gin tys Pro Arg Tyr Asp lie fan Lew val Lys Asp Gin lle The Asg Ag Tyr Leu Val iys Thr Ala Th Pro Gly val Tyr tys Leu Thr Phe val Als Gin p Phe Ser Lys Glu fle Al Ala Asp lle Asn ¢
TTTTACTTTGAATCTGACAGTGGTATTCARAAACC TCGCTATGATATAAATTTGGTAARAG AY(AAAYYAYAA(TGAV[‘GAYAYVYAGYAAAAA(YG(AA(Y(CAG(,EUYTYAYAAATYGA((YT'GYT(.(((AGTYT'CTY(YGAYTYTV[AAAGGAAAYTF(CG(YGA\'ATT!ALAA(A'.!T
e Tyr Phe Glu Ser Asp Ser Gly lle Gin Lys Pro Arg Tyr Asp lle Asn Leu Val Lys Asp Gin lle le Thr Asp Arg Tyr Leb Val Lys Thr Ala Thr Pro Gy Val Tyr iys Leu Thr Phe Val Az Gin Phe Ser Ser Asp Phe Ser Lys Glu lle Ala Ala Asp fie

TG GGG TG A T A AL G YA TG AT A AT T AT A LA TR TG TAT T TG A A A TG CAAC T B G L T TATARAT T GACC T T TUT T CeAGT T TICTGATTTTICAMGEANAT TGCRLCTGATATERACARNGAT
Phe Tyr Phe Glu Ser Asp S e Gin tys Pro Aig Tyr Asp le Asn Leu Val Lys &sp Gin fle e The Asp Arg Tyr Leu Val Lys Thi Ala Thr Pra Gly Val Tyr lys Leu Thr Phe Val Ala Gin Phe Sor Ser Asp Phe Ser Lys e Na fap e Asn L
r‘rTTACTYTGAATCYGACAQ?GG\'AT?(AAAAA([VCGCTAY AmqurmgrAMAancunnrucmncqunruc.uAAAAcvacAAcv:cAasaarrnumnmccnn.xr:.ccumnrcncvnnrrncAAAoaAAArm:cccrmmnucnsnn
he Tyr #he Glu Sor Gly e Gin iys Pro Arg Tyr Asp lie fan Leu Val Lys Asp Gin lle e Thr Asp Arg Tyr Lew Val tys Thr Ala Thr Pro Gly val Ty tys Leu Thr Pho Val Al Gin Phe Sor Ser Asp Phe Sor Lys Glu lla Ala Als Ap fla Asn Lys fep
rnucnn,urusuw.vz,x,urvcuAAAu.vca(uhunnu|u.,r,uuuucunl,nuuuucqnnvut.num(lacmucc;«ooncvmuununcnwvr(,(cu.c.nmnuannv|cumc,uun,g(c.(n,u».nucnu,m
ohe lyv he m Ser @M Ser Gly lle Gin Lys Pro Arg Tyr Asp le Asn Leu Vel Ly Asp Gin lle lie Thr Asp Arg Tyr Leu Val Lys The Ala Thr Pro u, Vol Tyr Lys Leu The Phe Vol Al Gin Phe Ser Ser Asp Phe Ser Lys Glu le Ala A Asp lle Asn Lys Asp
TTITTA ATCT AA{‘YI’-FYATN'AiAAA(rY{(‘(‘TaY A AT T T A A TC AR AT TAT AAC TERTC AT AT A AR A T A TCCAGUOaT T AT AR T TOACC T TOT TGCCCAGT T TTCTTCTGAT T T TICAARGGAAT TGCCUCTRATATAACANGEAT
Fhe Tyt P G Sor e Gin Lys Pro A/g Tyr Asp lle Asn Leu Val Lys sp Gin lla le The Asp Afg Tyr Leis Val tys Thi &ia Thi Pro oy Ve e T P Vel s i Pra Sor Sor 2o Pa i G Ve hin N e
rrrucrrvr.ancmnc:\masuﬁcAAAAAcncc.cunnmAum:..r.uA.u.nncAAArrnucmn:anmmmnuucrr.cA.«cIccmsncmnnmﬁuccﬁrnrmcc:mrrrrcﬂcmArrrrruucmurmccncmnvn:ucAAAun
he fyv he Glu Sor Asp Ser m, e Gin Lys Pro uu Tyr fsp le Asn Lou Val Lys fap Gin lle e The Asp AR Tyr Lew Val Lys Tht Ala Thr Pro Gy val -,' iy Leu The Pha val Als GIn Pha Gr Sor Zsp Pho Sor Lys Glu e Al Ala Asp fe Asn Lys sep
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AR T A AT AG T AT AN TR AT LT T TCC T T ATANG TCAATTAS TATGATAT T TT TACTOANTITTCTE, Anmrnnm-rr.cunnnurrrn Y(AAAAfAEfTr»»ACmAATTACA(-(ATFAGATTTT(fA-\ifT’ATTAfAAT&ATGAAATY
Lys Phe Pha ou The Thr Gin Lew Asn Lou Sor NJD Ser Phe Lou Asp Lys Sor e Sor Asp Asp W Val Lou Sar Asp Ser lle Asn fsn Pha Sor Gin Asn fSME Ser Thi Leu fla The Gy Trp Asp Fhe Leu Asn Tyr Asn fsn Glu lie

TCCAAATTTTTCCTTACTACTCAGETCAATTTAAGTGATTCTTTCCTTG |AM.!U\A'lMﬂGAlG»\fA'IuVYIVAAQYGAAKH1(!nALAb'hAY'AlV\‘VG(AA'AAA'»\A‘V"A.‘ICAAAA‘AGYILGAL"VAA1'AEA&QA!uALAY!tVcYAN\IVAVYAIAA‘AACGAN\YY
Ser Lys Phe Phe Lou Tht Thr Gin Lou Atn Lou Ser Asp Ser Phe Lou Asp Lys Ser lie Ser Asp Aap le Val Leu Ser Glu Phe Ser Aap Ser fsp Tyr Phe Alx lie Asn Aen Phe Sec Gin fen SSB Ser Thr Leu fle Thr Gly Trp Asp Phe Lew Asn Ty Tyr Asn Asn Glu lie
TCCAAATTTTTCGTT. lACY(A'.rT(AATrTAA(Y.ATT(YTY((‘YY(ATAN’T(AAYTAGY(AY ATAT TG T TTAAGTGART T TTCTGACAGTGATTATT TTGCAATAGATAATTTAGTCAARATAATTCAACTTTAATTACAGG uAGAmeAnTATrnAuumAAAﬁ
Ser Lys Phe e The £u Asn Leu Ser Ser Phe Leu ASp Lys Ser lle Ser Zsp e Val Leu Ser Glu Phe Ser Asp Ser Asp Tyr Phe Ala lle BE Asn Phe Ser Gin Asn Asn Ser Thr Leu e The Gy Trp Asp Phe Leu Asn 50 e
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teu llo Lys Asn Ser Asn Val A Ser Lys Gly Ml Ty Sei Ty Phe Asn Ser Ap lle Ser Gin Phe Lels Sar Phe Leu Sor Ly Gin Asp lle Ser Phe Val Ala Ly Tyr Trp Phe Asp Tyr Leu iys Ms Phe Gy Leu llo NS Ser Glu
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lle BSHFE Asn Glu ieu Lys Asn Th Leu Asn Low Mot Lys Th Asn Ser Sec Prie Ser Pro Giu Tyr Phe lle iye Gin fle Glu Lew SENERSSES Lys The S8 ro RSN Phe Sc IEBTRE Mo Asn Lys Adn Asa fle Glu ASo Leu The Asp Phe Leu Al Ala Phe Tyr Ser Leu
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e Asn Gl Lew Lys Asn The Leu Asn Leu T Gu Tyt Phe e Lys Gin lle Glu Lo NNESSIRASE G The SIS o SRS P o S Ly ASn Asq fle Gl Asn Leu The Asp Phe Leu Aa Al Phe Tyr Ser Leu
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Aa Tyr Ser Ly Gin Lys Ser Gin Lys Lou Phe Thr Giy Acn Fhe Gly Lys Amp Fhe Acn Ty Ly lle Gin Phe Sor lew Glu Pro Asn Lou Thi Asn Val fap Als Lou Glu iys Fro ol Glu Lys Leu Lys Val Lys Tyr Trp Tyr Aso lie Gly Pro Val fep Lys Asn Gly Jep
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Ao Tyr W L Gn Gin Lys Leu Phe The Gy Asn Phe Gly Lys Asp Phe Asn Tyr Lys lle Gin Phe Ser Leu Glu Pro Asn Leu Thr Asn Val Adp Ala Leu Glu iys W Asn dL u Lys Vol Lys Tyr Trp Ty Asn lle Gy Pro Val Asp Lys Asn Gy hs
GETTATTCAAMACAAAGARTCAAMAACTTTTTACTG (TAAYTTT(I'YAA(-GAT‘I’TTAATYATAAAATT('AATTTAO(CY(-GAAfCTAA‘r‘I’TAAL’A!ATGTTGATG(Y‘I'TAGAAAAA((AAAT(A(fAAAAAYTAAA»\GYAAAAYATTQAYATAATATTF(-(CAGTY(AYAAAAAC(GYFAY
Tyt Ser Ls Gin Lys BB GIn Lys Leu Phe The Gy Asn Fhe Gly Lys Asp Phe Asn Ty Lys lle Gin Phe Ser Leu Glu Pro Asn Leu Thi Asn Val Asp Als Leu Glu tys Pro AsoBEEGlu Lys Leu Lys Val Lys Tyr Top Tyr 45 lle Gy Pro Vel Asp lys 59
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Aa Tyr Ser Ly G Lys Ser Gin Lys Leu Phe The Giy Asn Phe Gly Lys Asp Phe Asn Tyr Lys fle Gn Phe Sor Leu Glu Pro Asn Leu Thi Asn Val sp Ala Lew Glu lys Pro fsn Als Glu Lys Leu Lys val Lys Ty Trp Tyr Asn lle Gy
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Mo Tyr Ser Lys Gn Lys Ser Gin Lys Leu She Thr Giy Asn fhe Gly Lys Asp Phe Asn Ty Lys fle Gin Phe Ser Lou Glu Pro Asn Leu Thr Asn Val Asp Ala Leu Glu Lys SO Asn TBE Glu Lys Leu Lys val Lys Tyr Trp Tyr Asn le Gy Pro Vel Aep Lys K/N Gy Asp
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Na Tyr Ser Lys Gin Lys Ser Gin Lys Leu Phe The Gy Asn Phie Gly Lys Asp Phe Asn Ty Lys lle Gin Phe Ser Leu Glu Pro Asn Leu Thr Asn Vol Asp Ala Leu Glu Lys Pro Asn Ala Glu Lys Leu Lys Vol Lys Tyr Tro Tyr Asn lle Gy Pro Val Asp Lys Asn Gy Asp
GCTTATTCAAAACAAAAGAGCCAAAAACTTTTTACTGGTAAT T TTGGTAAGGAT T T TAAT TATAAAAT TCAAT TTAGTCTGGAACCTAATTTAACAAATGTTGATGCTTTAGAAAAATCAAATGCTGAAAAATTAAAAGTAAAATATTGATACAATATTGGTCCAGTTGATAAAAACGGTGAT
Ma Tyr Ser L Gin Lys Sec Gin Lys Leu Phe The Gy Asn Phe Gly tys Asp Phe Asn Tyr Lys fle Gin Phe Ser Leu Glu Pro Asn Lew Th Asn Val ep Al Leu Glu iys S5 fsn Mla Glu Lys Leu Lys Val Lys Tyr Trg Tyr Asn lle Gy Pra Val Asp Lys Asn Gy Asp
T AT A A A A ARG A G A A A T T T A T GG AT T T TG TAAG AT T T AT TA T AAAA T TC AT L TAGTC TGOAACC AT T TANC AR TGTTGA TGC TT TAGAAAATCAMA TGCTOAAMANT TAAAA G TAAAATATTGATACAATAT TGGCCCAGTTEATAAAAACGGTGAT
ANa Tyr Ser Lys Gn Lys Ser Gin Lys Leu Phe Thr Gly Asn Phe Gly Lys Asp Phe Asn Tyr Lyx lle Gin Phe Ser Leu Glu Pro Asn Leu Thr Asn Val Asp Ala Leu Glu Lys T8I fen N Glu Lys Leu Lys val Lys Tyr Trp Tyr Asn lle Gy Pro Val Asp Lys Asn Gly Asp
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Ma Tyr Ser Lys Gin Lys BB GIn Lys Leu Phe The Gy Asn Phe Gly Lys Asp Phe Aso Tyt Lys fle Gin Phe Ser Leu Glu Pro Asn Lew Thi Asn Val Asp Ala Lew Glu Lys Pro Asn Ala Glu Lys Leu Lys Vol Lys Tyr Trp Tyr Asn lle Gy Pro Val Asp Ly Asn Gy Asp
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Tou Val Ser val il Tyr Gin The Lys Lys Ser Glu le Glu fan Lys Lo Lou Sor Asp Glu Val Asp Lys Leu Asp Glu Wl Ala Sor Thr Pha Sor Pro fen Sor Gin te Val L ISHE Lys Gin Jep Lou Glu Asp N Lys 0SEI Gin e QNSNS Lou
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Leu val Ser val e Tyr Lys Ly Sec Glu lle Gl Leu Lys lle Asn Ser Glu Asn Lys Leu Leu Vol fp Lys Leu Asp Giu e Al Ser Thr Phe Ser Pro Asn Ser Gin U Vol Phe Leu Tnr MM GIn Asp Lew Glu Asp Phe Lys Ala Gin lle Lys Leu
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Lo Val e Tyr Gin The Lys Lys Ser Glu e Glu Lew Lys lle Asn Ser Glu A0 Lys Lew Lau Ser Asp P Lys Leu Asp Gla e Ala Ser Tiv Phe Ser Pro Asn Ser Gin fle Yal Phe Leu Tne Lys Gin Asp Phel Glu Asp Phe Lys Ala Gin lle Lys Leu
CTAGTTAGCGTTATTTATCAAACAAAAAAATCAGAAATTGAACTAAAAATCAACTCTGAAAATAAACTTTTAAGTGAT GAAGTYGATAAATTAGA\'GAAAY‘IGCCY(AACT‘ITTYCACCAAAWEACAAAYAGTTTY(YYAACCAAAMAﬁAT(T‘IGA('GAYTTTAAA.'I’CT(AAAYEAAA(YC
tou val Sec Val fe Tyr Gin The tys Lys Ser Glu e Glu lew Lys le Asn Sor Glu %n Lys leu Leu Sor Asp Glu Val %p Lys lou Asp Glu e Ala Ser The Phe Sor Fro Zen Ser Gin fe val Phe Leu Trr Lys S %p tou Glu Asp Pha Ly BB Gin lle Lys Leu
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L val lle Tyr The Ly Ly Ser Glu lle Glu Lew Lys fle Asn Ser Gl Asn Lyt Lew Leu Ser Asp Glu Val ASp Lys Leu Asp Gu fe Ala Ser Thr Phe Ser Pro sn Ser Gin fle val Phe Leu Thr iys Gin Asp Led Glu Asp Phe Lys Ala Gin lle Lys Leu
CTARWA((GTYATTTIYCAA:‘(AAAAAAAT(ArAAATT(AACTAAAAATCAACTCT(AiAATAAA('TTYTAAGY(AT"AA()TTFATAAATTAGATGAAATTG('CT(‘AACTTTTY('A(‘(A&ATTCACAAATAl'TTTT(TTAA('('-\AA(AAGF«”CTfrI-AGATY”AAA{'ETCAAA'(AAA(YC
Lo Val Ser e Tyr G0 The Lys Lys Ser Gl Lew Lys Ser Glu ASn Lys Lew Loy Ser ASp Gl Val Ap Lys Leu Asp Glu We Al Ser The Phe Se Pro Asn Ser Phe Leu The Lys Gin Asp Ley Glu Asp Phe Lys Ala Gin lle Lys Leu
CTAGYTA(-CGTTATTTATCAAACAAAAAAATEAGAAATTGAA:TAAAAAYCAACYCTGAALATAAAC?TTTEACT(‘.AN‘AAGTY

TAAATTAGATGAAATTS! <crf.a:crrrrnAccAAnTcAcAAnAr'rrrrmAAccAucAAr nrrfrAarA'rrrrAAAcrTcAA.ﬂ'cAAAnc

al sac val fle Tyr Gin The Lys Glu fle Gl Low Lys lle Asn Ser Glu A40 Lys Leu Leu See Asp Giu Val Asp Lys Leu ASp Glu e Ala Sef The Pha Ser Gin te val Pha Leu Thi Lys Gin Asp Lew Glu Asp Pha L
CTAGT MoconuvlArcAAAcAAAAMAchuMArrc.McrAAAAArcMwuMAAA:AMcrnuAmkoAAml..ArAMl vA(.Mr.AAMn.ccchunnu\cu\ulvr.AcAAAumrnclvAAc:AMcAAnucnmaw«unAAAn:chMvLAAAUc
ieu val Ser val e lle Glu Lew Ly e Sl:GuManeL:kM Gu val dp Lys leu Asp Giu e Al The Phe Sar Pro fen Ser Gin dle Val Bhe Leu Thr Lys Gin Mn.tuhluhmyxhl Gn e Ly Leu
2580 2500 610 2620 2620 2640 2850 2680 2870 2580 263 2710 73 278
f-cYAIEYCAA_{AAAGGAAAA‘I‘GAGC:A:.YAT:YuTTGAYAAACAA':TAE\&AAAA(‘rA\:CYYY'AGCAGIYATT\'AACCTIlEAACAEAAAGAIIYA-GG"YYYAYGCAATA-AAAECTAAM:AGAAYEAAACAACA(.GCACAG(AG->-->---<CAEAAACTM:CGA(GGV
Ma --dhr Lys Glu An Gu Pro Val Ser Val Asp tys GIn val Glu tye Lou Pro Phe Sor Ser Tyr Leu Thr Phe Gl Ms iys ASp Law - Tyr Ala Aa Lyi Gin Asn Gin Thr The Gy The Ala A Gin ol
(,(M:(chA-(AMuc.AAuau,M.tumM( TGTTGATAAACAAG rA(,AMAA(mcUnuacAL 'AVV'N\C(HIGAA(A(!AA(.A"YA(;A'IYA(:GL”Y1AIh(AA'AAAAAAALL‘IAAA(AGAA'LAAACAA(AG(;(ALAGLAGMAMA‘LA(AAA(‘A G A(cm
=90 Lys Glu Gly Gu Pro Vsl Ser Val Asp Lys Gin Val Glu Lys Leu Pro Phe Ser Ser Tyr Leu Thr Phe Glu Mis Lys Asp Leu Asp Leu Gly Phe Tyr Ala fle Lys Lyt Ala Lys Gln Asn Gin Thr The Gly The As BESETRCRAMESER Gin Thr The Asp Gly
GtYAT(‘Y(‘AA_“AAAf.{‘AA(‘IC(‘A(‘((‘-\GTAY(‘YGYT(.\TAAA(‘AAGV‘\’AAAAA(‘TA((T‘ITT-\G(AFYYATTY ACHTTTGAACACAAAGATTTANMBRGGCTTTTATGCAATAAAAAAAGCIAAABMIAATC AAACAACACHCAC ARIC AR = CACAAACT ARCCGEACT
lle Sar —=The s G Gly Gu Pro Val Ser Val Asp Lys GIn Val Glu Lys Leu Pra Phe Sec Ser Tyr Leu The Phe Glo M Lys ASp Leu------ Gly Phe Tyr Ala fle Lys Lys Al Lys Asn Gin Thr The EAa The ThE S Gin Thr UASRINGIYE
GCTAYCYCAA-CAAAGGAAGBCGAG(CAGTATCTGTTGAI’AAA(AAGTABAAAAACYLCCTTTTAGCAGTYATT\'AACCTTT(AACACAAAGA‘ITY TITTATGCAAT, AAAAHAGAArcAAAcucAchcA.cn- ~== = SACAAACTACCGACACT
llo Ser --Ff Ly Gu Gly Gu Pro Val Sar Val A Lys Gin Val Glu tys Leu Pro Phe Sor Sor Tyr Leu Thr Pha Gls Hs iys Asp Lew ------ Gly Phe Tyr fo Lys Lys Ala Ly: S ASn Gin The The Gly The W Gin The The Asp T
u(.VAIULAA-LAAMNAAoﬂ AGCCAGTATCTGTTGATAAACAAG vcmuuumcvnuc.umurvuAuvlluM(AuAM.AIAIA(.Mluc.t,unquAAIA-AMuLAAA CAGAA LMAulucurr«u.uu --------- (ALAAAL'AL(.!:A(AL'
Na lle Ser --4nr Ly Gu Gly Gu Pro Val Ser val Asp Ly Gin Val Glu tys Leu Pra Phe Ser Ser Tyr Le Phe Glu M3 Lys Asp BB Asp Leu Cly Phe Tyr ~=Lys Al Lys Gln Asn Gin Thr iPra: Gly A3 Gin The The Asp
GETATCTCAAMATCAAAGGAAAACGAGECAGTATCTG TTG»\YAAA(AA\I‘I'AGAAAAA(TA\'CTTTTAGTAGTTATTT&ACCWT’AA(ACAAA()ATWA—GG("ITTTAY(('AATAAAAAAAﬁfAAAAEAGAAYEAAA(A-\FAGG(‘ACA((-\G - AACQAACTACCGA(GG'\'
lie s S Asn Gu Pro Val Ser Val Asp Lys Gin Val Glu Lys Leu Pro Pre Ser Ser Leu The Phe Glu Ms iys Asp Leu == Gly Phe Aa Me Lys Lys Ala Lys Gin Asn Gin Tor The wam WP T The Asp Gly
GCTAYCTCAAAAYCAAAr('AAAAC“AG(\:A(TATCY.,TH’.ATAAACAAGYAGAAAAACYA‘CYT\'YAGCAGTIATFYAACCTT‘ITAA(AI:AAAGATATAGAYTTAGG('TTYAYGCAATAAAAAA&G(AAA&EAGAAYEAAACA-ECAG(‘I’ACAG(AG-—--»-»- CACAAACTACCGACGET
llo Ser Ly Ser Lye Giu Aen Giu Pro Val Ser Val Aty tys Gin Val Glu iye Lou Pra Pria Sor Ser Tyr Leu The Pha Gl His iys Asp BEBBAS Leu Gly Pho Tyr Ala Wlo Lyc Lys Al Lys Gin Asn Gin Thr The Gly The Ala A Gin Thr The fap Ala
SeATCTCAAAATCAAAGGAAAACGAGECAGT AT CTGT TCATAAACAAGTRGAAAAAC TRICCTT T TAGRAGTTATT TAACCT T TG ANCACAANGATRITAGAT TTACGCT TTTATGCANTAAAAARAGCAARAC AGARTCAAACARCAGGCACAGCAG <~ -~ - ==~ CACAKACTACCGACGAT
ANa lle Ser Ly Ser Lys Glu Asn Glu Pro Val Ser Val Asp Lys GIn Val Glu Lyt Leu Pro Phe Ser Ser Tyr Leu Thr Phe Giu Ms tys AspMEAsp Leu Gy Phe Tyr Ala sie Lys Lys Ala Lys Gin Asn Gin Trr The Gly The Ala Aa Gin Thr The Asp Gly
GEMATCTCAAAATCAAAGGAARACGAGCCAGTATCTG TT(AYAAA(AA(‘-TCGAAAAACTE(‘CTTTTA(TAGTTATT?AAC(T’I‘T(‘AA(A(AAAGATATAGATTTAGN'T\'TTATGCAAYAAAAAAAG(AAAA(AGAAYI’AAACAA(AG(K‘ACAG(AG oo CACAARACTACCGACGGT
lle Ser Lys Ser Lys Gho Asn Glu Pro Val Ser Val Asp Lys Gin Val Glu Lys Leu Pra Pne Ser Ser Tyr Leu The Phe G Hs Lys Asp Bl Asp Leu Gl Ala Ve Lys Lys Ala Lys Gin Asn Gin Tre The Gly The Aa Aa Gin The Tiv Asp Gly
Grruncu-ncu‘..GAAGAmAccca.r,u-rrr TTGATAAAGAAG AﬁaAAAACTAC(TTTTAG(AGTTATTTAE(CT\"YrAA(‘ACLAAGAmArAmA— CAATAAAAAAAGCAAAACARAATCAAACAACAGGCACARCAT - —- - -~~~ -CACAAACTACCGACGCT
lie Sar Lys Ser L-ﬁ Ga Aw Gu Pro val Ser Val Asp ys 3l Glu Lys Lou Pro Pw Sec Sar 1y~ Lou BN Pro Glu Hs Lys Asp Leu Asp Lau Ala e iys Lys Ala Lys Gin Ao Gin Tor The Gly The Them SO Gin The The Asp Ala

2750 2780 2780 280 10 2% 2810 2870 2150
GACATTAGCGGTGTARTTGAGAAAATTACTAACACTGGAAACCGGGTTCAATATAATTTATTTTTA AT('YTYAT(‘AYAAAAAYAATC!‘TAAAAW(TE'T&'AA:T(‘AEECTA‘ITC\.('GWA'ITAT(ATG(AGCACAFAQ (‘TrTTrAT'rﬁl’YAAAAYAAYAA
asp fle Sar Gly Val BEMNGu Lys e The Zsn The Gy Asn Arg Val Gin Tyr 20 Leu Phe Leu Ty Leu Tyr Asp iys Asn Asn Pro Lys fe (6w Sar Ser Gin Pro e e Mot Glu His Thi Ser Ser Leu Leu Leu .
_-ACAIYAGCGGVurMYYGAGAAAA"TA("AA(A(YGGAAAECQG'!YCAACACAAY'VIAYTTVYAYATCTIYAYGAIAAAAMAAY(C'AAAAY1IYCYCAAGTCAAECYAT(: caTrArrArcAn‘.c.An:AcAcAA CT(TITAI'TGI'IAAAAYAAYAA
Asp e Ser Gly ValBE Gu Lys lle The Asn The Gy Acn B¥0 val Gin I Asn Leu Fhe Leu Tyr Leu Tyr Asp iyc WE Asn Pro Lys Ser Gin Pro e Arg val lle de Mot Glu Mis Thr Ser Ser Leu Low .
GA(A'VA(:((;!.K.!A(1Y(xA(;AAAA‘TAL'AA(A(VGGAAA((GGLI'CAA‘AI&AYI|l1'Y'1AYAT(|VlAT(-AlAAAAA‘AA'(('AAAATYCI(l(AA(AKAA(fVAYL( CCQTTATTATCBTGCAGCABACAAGETCTCTATTATIAAAMBABTAA
Asp lle Sec Gly val Leu Gu Lys Aan Asn Arg Val Gin Tyr Asm Leu Phe Leu Tyr Leu Tyr Asp ys Asn fan Pro iys e Leu Ser Ser Gin Pra te Arg vai lle ve MR Glu Wis Thr Ser Ser
GACATTA(‘.(‘GA’TfTMTT(‘AnAAAATTAI:TAACA(‘T(.(AAAffl’Gr’TTCAATATAATH’ATTT‘I’TAYAT{‘TYTAY(ATAAAAATAAT(CTAAAA‘IT{T(Y(AA(.Y(AA(‘(TATf{G(GT‘TATTA‘lTAT(‘ AGCATACAAGTTCTTITATTATTAAARRAGTAA
sp Il Ser Gly Val BB G Lys lle The Asn The Gy Asn Arg Val G Tyr 2an Leu Phe Leu Tyr Leu Tyr Asp tys Asn ASn Pro Lys M Leu Ser Sec Gin Pra We Arg Val lle fe Met Glu His Thr Ser Ser Leu Leu Leu Lys
AR AT TAGC GG T T AT T TGAGAAAAT T A TAAC AL TaGAAAL GGG T TCAAT AT AT T T AT T T TATATCTTTATGATAMAATAATCCTAAAATTCTCTCAAGTCAACC TATCCGCGTTATTATCATGGAGC ACACAAGE TCTCTATTATTAAAATARTAA
s lle Ser Gly Val Lew Glu Ly o The Asn The Giy Asn Arg Val Gin Tyr 4n Leu Phe Lou Tyr Lou Tyr ASp Lys Asn Asn Pro iys Me Leu Sor Sor Gln Pro e Arg Val e fo Mot Glu His Thr Ser Ser Lou teu Leu Lys
AACAT GGTGTACTTGAGARAATTAC TAACACTGGAARCCGGGTTCAATATAATTTATTTTTATATCTTTATGATAAMAATAATCCTAAMATTE TCTCAAGTCARCCTATCCGEGTTATTATCATGGAGEACACAAGETCTETATTATTAAAATAATAA
A lle U Gly Val Leu Gu Lys lle The Asn The Gy Asn Arg Val Gin Tyr Asn Leu Phe Leu Tyr Leu Ty Asp Lys Asn Adn Pro Lys Ue Leu Ser Ser Gin Fro fle Arg Vil lle e Met Glu Mis Thr Ser Ser Leu Leu Leu Lys
AACATTARC GO TGTACTTGAGAAAATTAC TAACACTGGAAACCGGGTTCAATATAATITATTTITATA TCTTTATGATAAAAATAATCCTAMATTCTCTCAAGTCAACCTATCCGCGTTATTATCATAGAGCACACAAG (chrnnn‘ruuunu
\ys .

&0 fle ThE Gly Val Leu Giu fle The Asn The Giy Asn ATg Val Gin Tyr An Leu Phe Leu Ty Leu Ty Asp Lys Asn &4n Pro Lys fe Leu Ser Ser Gin Pro Ne Arg Vad lle e Met Glu His Thr S Ser Leu Leu Leu
AACATYA.TCGT(TACWGA\‘.AAAATrA(TAA(ACYGGAAAthGGYY:AATAYAATrTATrrrTAY ‘rcYTYATGAYAAAAAYAA'VCC'\'AAAAYTE'VCTCA:.»-TCAAccTATCCC.CGTYAYrAY:AYr.GAr.CA"ACAAGCT:YEIAWATTAAAAYAAYAA
Asn lio THA Gly Val Lou Gl Lys llo The fan The Gy Asn Arg Val Gin Tyr Asn Leu Phe Lou Tyr Leu Tyr Asp Lys Asn Aen Pro iys Mo Lew Sar Ser Pra fe g Val lle fe Met Glu His Th Ser Ser Lou Leu Leu Lys
AACATTARBCCE TG vAcl'uA(.AAAAV'ALVAA(ALVf-AAAELGG(-IV(AA!A'AAHlAvYV'lA'Al(!'VAI&AVAAAAA!AA'((!AAAAY'L'L'LAALl(.AALLVAl(L..t_&'IA'IA'(Al:.(.A(;[ALA(AAuLlc'L'A\"A"AAAAI‘AA?AA

Aan dy Val Leu Giu Lys Gy Ain Arg Val Gn Tyr Asn Leu Phe Leu Tyr Leu Tyr Asp iys Aun fan Pro Lys be Leu Ser Gin Arg val lle te Met Glu Mis Thr Ser Ser Lew iew Leu
GACATTAC(OGT(‘TAC’T‘YGA(AAAAT‘TA(TAACC( OCTAGCCEAGTTCAACATAATTTATITTTA AT(‘TTTAT(AYAAAAAYAAT((TAAAATTTTCT(AA'TCAA(‘(TAY((G((TTATTAT(A\"’-CAGC-\'[A(»‘A TT(‘T(TATTATTAAAAY-\EYAA
sp lle TR Gly Val Leu Glu Lys Be The Asn Pro SARENSERL PYO. 0 SN #50 Leu Phe Leu Ty Leu Tyr Asp Lys Asn &sa Pro Lys e (PHE Ser Ser Gin Pra te Arg Val lle sl Met Glu His The S Ser Leu Leu Leu Lys
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ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTAGCAACAAGTTGTGGTGTTAGTCACAAAATTGCTGAC
Lys Leu Lys Lys Arg Ser Thr Pro lle Val Leu Val Thr  Ser Val Ser His Lys Asp
ATGGCAATTAAGCTACCAAAATTAAGAAATTTATTTATCCTTTCGACTCCTATTGTTTTTTTAGTAGCTACAAGTTGTGGCGTTAGTCAAAAAATCGCTGAC
Met Ala Lys Lys Arg L Pro Leu Ala Ser Cys Gly Ser HGIN L Asp
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTAGCAACAAGTTGTGG-GTTAGTCACAAAAT-GCTGAC
Met Ala lys Leu Lys Llys Leu Arg Phe Phe Ser Thr Pro Val Phe Leu Ala Thr  Ser Val  Ser
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTCTAGTAGCAACAAGTTGTGGCGTTAGTCACAAAATTGCTGAC
Met Ala lle Lys Leu Lys Lys Leu Arg Asn Leu Phe lle Phe Ser Pro lle Val Gly Val Ser His Lys
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTCGCAACAAGTTGTGGCGTTAGTCACAAAATCGCTGAC
Met Ala Lys Leu Lys Lys Leu Arg Asn Leu Phe |lle Phe Ser Pro lle Vval Phe Leu Val Ala Thr Ser Cys val Ser His Lys lle Asp
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTCGCAACAAGTTGTGGCGTTAGTCACAAAATCGCTGAC
Lys Leu Lys Lys Leu Arg Leu lle Ser Thr Pro lle Val Phe Leu Val Ala Thr Ser Cys Gy Val Ser His Lys Asp
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTCGCAACAAGTTGTGGCGTTAGTCACAAAATCGCTGAC
Ala lle Lys Leu Lys Lys Leu Arg Asn Leu Phe lle Phe Ser Thr Pro lle Val Phe Leu Val Thr Ser Cys Gly Val Ser His Lys lle Ala Asp
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTCGCAACAAGTTGTGGCGTTAGTCACAAAATCGCTGAC
Met Ala lle Lys Leu Llys Lys Leu Arg Asn Leu Phe lle Phe Ser Thr Pro lle Val Phe Leu Val Ala Thr Ser Cys Gy Val Ser His Lys lle Ala Asp
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTCGCAACAAGTTGTGGCGTTAGTCACAAAATCGCTGAC
Met Ala lle Lys Leu Lys Lys Leu Arg Asn Leu Phe lle Phe Ser Thr Pro lle Val Phe Leu Val Ala Thr Ser Cys Gly Val Ser His Lys lle Ala Asp
ATGGCAATTAAGCTAAAAAAATTAAGAAATTTATTTATTTTTTCAACTCCTATTGTTTTTTTAGTAGCAACAAGTTGTGGCGTTAGTCACAAAATTGCTGAC
Met Ala lle Lys Leu Lys Lys Leu Arg Asn Leu Phe Ile Phe Ser Thr Pro lle Val Phe Leu Val Ala Thr Ser Cys Gly Val Ser His Lys lle Ala Asp
10 120 130 140 150 160 170 180 1%0 200

AAATTAGGCCCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCATTTTGAA
Lys Gly val Ser Phe Asp Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val His Phe Glu
AAATTAGGACCAAGTCTAAGCTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAAGTAGTGGCTCATTTTGAA
lys Leu Gy Pro Ser HEEM Ser Phe Asp Val Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGG-CCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCATTTTGAA
lys Leu Gy Pro Ser Val Ser Phe Asp Val Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu

AAATTAGGCCCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAAGTAGTGGCTCATTTTGAA
lys Leu Gy Pro Ser Val Ser Phe Asp Val Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGGTTCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAACGATAAATTCAAAGATGCAACAGAAGTAGTGGCTCATTTTGAA
Lys Leu Gly ESerl Ser Val Ser Phe Asp Val Asn Gy Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGGTCCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCATTTTGAA
Lys Leu Gly Pro Ser Val Ser Phe Asp Val Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGGTEICAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCATTTTGAA
lys Leu Gly BSers Ser Val Ser Phe Asp Val Asn Gy Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGGTCCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCATTTTGAA
lys leu Gy Pro Ser Val Ser Phe Asp Val Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGGTCCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAGGTAGTGGCTCATTTTGAA
lys Leu Gy Pro Ser Val Ser Phe Asp Val Asn Gly Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
AAATTAGGTCCAAGTGTAAGTTTTGATGTAAATGGTAATTATGTTTTTACTATTAAAAATGATAAATTCAAAGATGCAACAGAAGTAGTGGCTCATTTTGAA
lys Leu Gy Pro Ser Val Ser Phe Asp Val Asn Gy Asn Tyr Val Phe Thr lle Lys Asn Asp Lys Phe Lys Asp Ala Thr Glu Val Val Ala His Phe Glu
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GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTTAACCGCAAGTTTTAACACAGTTGGA
Gy Glu Asn Asp Gly Thr Asn Thr Ala Asn Asn Ala Arg Lys lle Thr Ala Glu Val Ser Gy Thr lle Asn Asn BESEM Thr Ala Ser Phe Asn Thr Val Gly
GGTGAAATTGATGGGGCTGATACAGCTAATAATGCTAGAAAAATCACTACTGAAGTTAGTGGAACCATAAATAATTCAACCGCAAGTTTTAACACAACCGGA
Gy Glu BN Asp Gly WAIGWEESEE Thr Ala Asn Asn Ala Arg Lys lle Thr ‘Thr  Glu Val Ser Gly Thr lle Asn Asn Ser Thr Ala Ser Phe Asn Thr Thr Gly
GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATT-AACCGCAAGTTTTAACACAGTTGGA
Glu Asn Asp Gy Thr Asn Thr Ala g lys lle Thr val Ser Gy Thr lle Phe Thr
GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTCAACCGCAAGTTTTAACACAGTTGGA
Gly Glu Asn Asp Gly Thr Asn Thr Ala Asn Asn Ala Arg Lys lle Thr Ala Glu Val Ser Gy Thr lle Asn Asn Ser Thr Ala Ser Phe Asn Thr Val Gly
GGTGAAAGTGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTCAACCGCAAGTTTTAACACAGTTGGA
Gly Glu BSeFd Asp Gly Thr Asn Thr Ala Arg Lys Thr Ala Glu Val Ser Gly Thr Ser Thr Ala Ser Phe Asn Thr Val Gly
GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTCAACCGCAAGTTTTAACACAGTTGGA
Gly Glu Asp Gly Thr Thr  Ala Ala  Arg Lys Thr Glu Vval Ser Gly Thr Ser Thr Ala Ser Phe Asn Thr Val Gly
GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTCAACCGCAAGTTTTAACACAGTTGGA
Gly Glu Asn Asp Gy Thr Asn Thr g Lys Thr Ala Glu Val Ser Gy Thr Ser Asn Thr val Gly
GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAA'II'CACCG\'T‘TGI'\AGTITAGTG(.?AACCATAAATAATTCAACCGCAASGTT"’I;TAACACAGTITGGIA
Ag Lys lle A val ‘Ser G hr val Gly
GGTGAGAATGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTCAACCGCAAGTTTTAACACAGTTGGA
Gy Glu Asn Asp Gy Thr Asn Thr Asn Arg Llys lle Thr Ala Glu Val Ser Gy Thr lle Asn Asn Ser Thr Ala Ser Phe Asn Thr Val Gly
GGTGAAAGTGATGGAACTAATACAGCTAATAATGCTAGAAAAATCACCGCTGAAGTTAGTGGAACCATAAATAATTTAACCGCAAGTTTTAACACAGTTGGA
Gly Glu BSefl Asp Gly Thr Asn Thr Ala Asn Asn Ala Arg Lys lle Thr Ala Glu Val Ser Gly Thr lle Asn n MM Thr Ala Ser Phe Asn Thr Val Gly
310 320 330 340 350 360 70 £ 3% 40

AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
Lys Leu GIn Tyr Asp Tyr Arg Trp eu Lys lle Lys val Gly Ser Glu lle Ser Asp Asp Asp Asp Asp Trp
AAATTACAATACGATTATAAGTGATCACTCAAAAAAATTAAAGTTGGCTCCGAAGAAATTTCGCAAGATCAATTTCCTGATGATTTAAAAGATAACATTTGG
lys Leu GIn Tyr Tyr BIySH Trp BSerd Leu Llys Llys lle Lys Val ser Glu Glu GIn Phe Pro lys Asp HASEE

AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG

lys Leu GIn Tyr Tyr Ag Trp leu lys Lys lle Lys val Gy Ser Glu lle” Ser Gn Phe Pro Leu Lys
AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
lys Leu GIn Tyr Tyr Ag Trp Thr Leu Lys Lys lle Lys Val Gy Ser Glu Glu lle Ser Gn Asp Gn Phe Pro Asp lys

AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
Lys Leu GIn Tyr Asp Tyr Arg Trp Thr Leu Lys Lys lle Lys Val Gy Ser Glu Glu lle Ser GIn Asp GIn Phe Pro Asp Asp Leu Lys Asp Asp lle Trp
AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
Lys Leu GIn Tyr Asp Tyr Arg Trp Thr Leu Lys Lys lle Lys Val Gy Ser Glu Glu lle Ser GIn Asp GIn Phe Pro Asp Asp Leu Lys Asp Asp Trp
AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
lys Leu Gin Tyr Asp Tyr Arg Trp Thr Leu Lys Lys lle Lys Val Gy Ser Gu Glu lle Ser Gln GIn Phe Pro Asp Asp Leu Lys Asp Asp lle Trp
AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
lys Leu Gn Tyr Asp Tyr Arg Trp Thr Leu Lys Lys lle Lys Val Gy Ser Glu Glu lle Ser Gn Asp Gin Phe Pro Asp Asp leu Lys Asp Asp lle Trp
AAATTACAATACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCACAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
lys Leu GIn Tyr Asp Tyr Arg Trp Thr Leu Lys Lys lle Lys Val Gy Ser Glu Glu lle Ser Gin Asp Gin Phe Pro Asp Asp Leu Lys Asp Asp lle Trp
AAATTACAGTACGATTATAGATGAACACTCAAAAAAATTAAAGTTGGATCTGAAGAAATTTCGCAAGATCAATTCCCTGATGATTTAAAAGATGACATTTGG
Lys Leu GIn Tyr Asp Tyr Arg Trp Thr Leu Lys Lys lle Lys Val Gly Ser Glu Glu lle Ser GIn Asp GIn Phe Pro Asp Asp Leu Lys Asp Asp lle Trp
410 420 430 440 50 60 470 30 150 500 510

TTTGAGAAAAAAATTGCTATAGTTAAACAAGATACTTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Ala lle Val Lys GIn Asp "Thr Ser Leu Trp lle Asp Pro Thr GIn Leu Leu Lys Asn Trp |lle
TTTGAGAAAAAAATTGCGATAGTTAAACAAGATACTTCGCTTTGAATTGATCCTAAAATCCAACTTTTAAGAAATTGAATAAACACTGATGAAAATGTCGAG
Phe Glu Lys Lys lle Ala lle Val Lys GIn Asp 'Thr Ser Leu Trp lle Asp Pro BEYSHEMIEN Gin Leu Leu WARgN Asn Trp lle Asn Thr ERSPEEEEEE Asn Val
TTTGAGAAAAAAATTGCTATAGTTAAACAA6ATA.TTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Ala lle Val Lys GIn Asp (Thr Ser Leu Trp lle Asp Pro GIn Thr GIn Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAAATTGCTATAGTTAAACAAGATACTTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Aa lle Val Lys GIn Asp Thr Ser Leu Trp lle Asp Pro Gin Thr Gin Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAAATTGCTATAGTTAAACAAGATAATTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Ala lle Val Lys GIn Asp Asn Ser Leu Trp lle Asp Pro GIn Thr GIn Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAAATTGCTATAGTTAAACAAGATAATTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Aa lle Val Lys GIn Asp Asn Ser Leu Trp lle Asp Pro GIn Thr GIn Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAAATTGCTATAGTTAAACAAGATAATTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG

Phe Glu Lys Lys lle Ala lle Val Lys Gin Asp Asn Ser Leu Trp lle Asp Pro Gin Thr Gin Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAAATTGCTATAGTTAAACAAGATAATTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Aa lle Val Lys GIn Asp Asn Ser Leu Trp lle Asp Pro GIn Thr GIn Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAA)\TTGCTATAGTTAAACAAGATAATTCGCTTTGAATTGATCCTCAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle Ala lle Val Lys GIn Asp Asn Ser Leu Trp Pro GIn Thr Gin Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
TTTGAGAAAAAAATTGCTATAGTTAAACAAGATAATTCGCTTTGAATTGATCCTAAAACCCAACTTTTAAAAAATTGAATAAATACTGAAGCAAATGTTGAG
Phe Glu Lys Lys lle lle Val Lys GIn Asp Asn Ser Leu Trp Asp o MEYSH Thr GIn Leu Leu Lys Asn Trp lle Asn Thr Glu Ala Asn Val Glu
520 530 540 560 580 590 00 610

%

TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG-AAACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAACAAA
Leu Lys Ala Glu Phe lle Arg lle Asp Asp Pro Asn Lys Pro Thr Thr Glu Thr Thr Glu Ille lle Asp Gly Val Glu Val Lys Lys Pro Asp Pro Thr Lys

TTAAAAGCTGAATTTATCAGAATTGACGACCCAAACAAGCCAACAACTG-AAACAACTGAAATAATCAATGGCGTAGAAGTCAAAAAAGAGGACCCAACAAA
Leu Lys Ala Glu Phe lle Arg lle Asp Asp Pro Asn Llys Pro Thr Thr Glu Thr Thr Glu lle lle @ASAS Gly Val Glu Val Lys Lys NEEEE Asp Pro Thr Lys

TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG- ABACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAACAAA
leu lys Ala Glu Phe lle Arg lle Asp Asp Pro Asn Lys Pro Thr Thr Glu Thr Thr Glu lle lle Asp Gy Val Glu Val Llys Lys Pro Asp Pro Thr Lys

TTAAAAGCTGAATTTATTAAAACTGACGATACAAAAACCAGAAAAGTTGTAGATACCACTTTCGATAAAAGCT AATTTATTAAAACTGACGATACAAAAAC
Leu Lys Ala Glu Phe lle Biyss Ti r fLyst Th e VASPY Lys I Asn T r Lys “Asn!

TTAAAAGCTGAATTTATTAGAATTGACGATACAAAAACCAGAAAAGTTG AGACAACTGTT-GATAGA.G.TGAA.TAATTAGAATTGACGATACAAAAAC
lys Aa hr GLyss Thr CArg olysBMal Gl Thr Thr V@l Ser Thr flys® Th

lle Arg

TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG AGACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAACAAA
Leu Lys Ala Phe lle Arg Asp Lys Pro Thr Thr Thr lle Asp Gy val Val Lys Lys Asp Pro Thr Lys
TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG AGACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAAC AA

Lys Ala Glu Phe lle Arg Asp Lys Pro Thr Thr Glu Thr Thr Glu lle Gly Val Glu Vval Lys Lys Pro Pro Thr Lys
TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG AGACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAAC AA
Leu Lys Ala Glu Phe lle Arg lys Pro Thr Thr Glu Thr Thr Glu lle lle Asp Gy Val Glu Val Lys Lys Pro Asp Pro Thr Lys
TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG AGACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAACAAA
Leu Lys Ala Glu Phe lle Arg Asp Asp Lys Pro Thr Thr Glu Thr Thr Glu lle lle Asp Gly Val Glu Val Lys Lys Pro Asp Pro Thr Lys

TTAAAAGCTGAATTTATTAGAATTGATGACCCAAACAAGCCAACAACTG AGACAACTGAAATAATCGACGGCGTAGAAGTCAAAAAACCGGACCCAACAAA
Leu Lys Ala Glu Phe lle Arg lle Asp Asp Pro Asn Lys Pro Thr Thr Glu Thr Thr Glu lle lle Asp Gly Val Glu Val Lys Lys Pro Asp Pro Thr Lys
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Identity
1.16 HP3
Frame 1
2.42 HP3
Frame 1
3.90 HP3
Frame 1
4.23 HP3
Frame 1
5.103 HP3
Frame 1
6.70 HP3
Frame 1
7.73 HP3
Frame 1
8.83 HP3
Frame 1
9.88 HP3
Frame 1
10.94 HP3
Frame 1

Identity
1.16 HP3
Frame 1
2,42 HP3
Frame 1
3.90 HP3
Frame 1
4.23 HP3
Frame 1
5.103 HP3
Frame 1
6.70 HP3
Frame 1
7.73 HP3
Frame 1
8.83 HP3
Frame 1
9.88 HP3
Frame 1
10.94 HP3
Frame 1

650 670 60 70 710
E__ == = B B _®B 2 & g = = ]
GAGAAGAATTATAGATACCACTTTCGATAGTTCGTTAAATAAATTTTCAGCTCCATTACAAGAAGGTTATAAATTTAAT&GAATTCTAATTCAATCTAAAAA

Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Pro Leu GIn Glu Gly Tyr Lys Phe Asn Arg lle Leu lle GIn Ser Lys Asn

GAGAAGAATTATAGATACCACATTCAATACTTCGTTAAATAAATTTCAAGCCGCATTACAAGAAGGTTATAAATTTAATAGAATTCTAATTCAATCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe WASAN Ti Ser Leu Asn Lys e MGIAN Ala WAIAN Leu GIn Glu Gly Tyr Lys Phe Arg lle Leu lle GIn Ser Lys Asn

GAGAAGAATTATAGATACCACTTTCGATAGTTCGTTAAATAAATTTTCAGCTCCATTACAAGAAGGTTATAAATTTAATAGAATTCTAATTCAATCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Leu Gin Glu Gy Tyr Lys Phe Asn Arg lle Leu lle Gn Ser Lys Asn

CAGAAAAGTTGTAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCGTTACAAGAAGGTTATAAATTTAATAGAATTCTGATTCAGTCTAAAAA
[GIA" Lys Ser Cys Arg Tyr UHiST Phe Arg HEEEE Phe WIlEW Lys EEEEVIEN Phe Ser Ser EWEN Thr Arg Arg NESHNEEENE e EENNEENN Asn Ser UAsp! Tval . Lys

CAGAAAAGTTGTAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCGTTACAAGAAGGTTATAAATTTAATAGAATTCTGATTCAGTCTAAAAA
Arg BiySSEMBWMMEN Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Leu GIn Glu Gy Tyr Lys Phe Asn Arg lle Leu lle Gn Ser Lys Asn
GAGAAGAATTATAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCATTACAAGAAGGTTATAAATTTAATAGAATTCTAATTCAATCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Leu GIn Glu Gly Tyr Lys Phe Asn Arg lle Leu lle GIn Ser Lys Asn
GAGAAGAATTATAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCATTACAAGAAGGTTATAAATTTAATAGAATTCTAATTCAATCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Leu GIn Glu Gly Tyr Lys Phe Asn Arg lle Leu lle GIn Ser Lys Asn
GAGAAGAATTATAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCATTACAAGAAGGTTATAAATTTAATAGAATTCTAATTCAATCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Lleu GIn Glu Gy Tyr Lys Phe Asn Arg lle Leu lle Gn Ser Lys Asn
GAGAAGAATTATAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCATTACAAGAAGGTTATAAATTTAATAGAATTCTAATTCAATCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Lleu Gn Glu Gy Tyr Lys Phe Asn Arg lle Leu lle Gn Ser Lys Asn
GAGAAGAATTATAGATACCACTTTCGATAGTTCATTAAATAAATTTTCAGCTCCGTTACAAGAAGGTTATAAATTTAATAGAATTCTGATTCAGTCTAAAAA
Arg Arg lle lle Asp Thr Thr Phe Asp Ser Ser Leu Asn Lys Phe Ser Ala Pro Leu GIn Glu Gy Tyr Lys Phe Asn Arg lle Leu lle Gn Ser Lys Asn
720 730 740 750 757
L= = |
TAACTCGTTTGCAACAATTAGTTTACCTTATAAACCTTTTTAA
Asn Ser Phe Ala Thr lle Ser Leu Pro Tyr Lys Pro Phe *
TAACTCGTTTGCAACAATTAGTTTACCTTATAAACCTTTTTAA
Asn Ser Phe Ala Thr lle Ser Leu Pro Tyr Llys Pro Phe +
TAACTCGTTTGCAACAATTAGTTTACCTTATAAACCTTTTTAA
Asn Ser Phe Ala Thr lle Ser Leu Pro Tyr lys Pro Phe *
TAACTCCTTTGCAACAATAAGTTTACCTTATAAACCTTTTTAA
EEERENEEEN Cys AsnAsn’ Lys  Phe Thr BESHNEENE Phe mEsEN
TAACTCCTTTGCAACA/\TAAGTTTACCTTATAAACCTTTTTAA
Ser Phe Ala Thr lle Ser Leu Pro Tyr Lys Pro Phe
TAACTCGTTTGCAACAATTAGTTTACCTTATAAACCTTTTTAA
Asn Ser Phe Ala Thr lle Ser Leu Pro Tyr Lys Pro Phe *
TAACTCGTTTGCAA%AATTAGTTTACCTTATAAACCTTTTTAA
Tyr Lys

TAACTCGTTTGCAACAATTAGTTTACCTTATAAACCTT"’I"TTAA
er Leu Pro Tyr Lys

Phe Ala Thi S
TAACTCGTTTGCAACAATTAGTTTACCTTATAAACCTTTTTAA
Ser Phe Ala Thr lle Ser Leu Pro Tyr Lys Phe

TAACTCCTTTGCAACAATAAGTTTACCTTATAAACCTTTTTAA
Asn Ser Phe Ala Thr lle Ser Leu Pro Tyr Lys Pro Phe

Appendix 49 Alignment of HP3 for M. ovipneumoniae isolates
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Details of proteins produced by GenScript:
M H H H H H H
AAGGAGCACATCAATATCGGCACCATCGGCCACGTTGATCACGGCAAGACCACCCTGACCGCGGCG
K E H | N | G j & I G H A" D H G K T T L T A A

ATTAGCACCGTGCTGAGCAAGAAAGGTCTGGCGGAAGCGAAGGATTACGCGAGCATTGATGCGGCG
| S 15 \ L S K K G L A E A K D ¥ A S | D A A

CCGGAGGAAAAAGCGCGTGGCATCACCATTAACACCGCGCACATTGAGTACAGCACCGACAAGCGT
P E E K A R G | 2T | N T A H I E Y S T D K R

CACTATGCGCACGTTGATTGCCCGGGTCACGCGGACTATATCAAAAACATGATTACCGGTGCGGCG
H Y A H Vv D .5 P G H A D Y | K N M ! T G A A

CAGATGGATGGTGCGATCCTGGTGGTTGCGGCGACCGATGGTCCGATGCCGCAGACCCGTGAGCAC
Q M D G A I L v VvV A A T D G P M P Q T R E H

ATTCTGCTGAGCAAGCAAGTGGGTGTTCCGAAAATGGTGGTTTTCCTGAACAAGATCGATCTGCTG
| L L S K Q \ G \ P K M \ \ F L N K | D L L

GAAGGCGAGGAAGAGATGGTTGACCTGGTGGAAGTTGAGATTCGTGAGCTGCTGAGCAGCTACGAC
E G E E E M V D L \ E \ E | R E L L S S Y D

TTTGATGGTGACAACACCCCGATCATTCGTGGTAGCGCGCGTGGCGCGCTGGAAGGCAAGCCGGAA
E D G D N T P | | R G S A R G A L E G K P E

TGGGAGGCGAAAGTTCTGGAGCTGATGGATGCGGTGGACAGCTATATCGATAGCCCGGTGCGTGAA
w E A K " L E L M D A \ D S Y | D S P " R E

ATGGACAAACCGTTCCTGATGGCGGTGGAGGATGTTTTTACCATCACCGGTCGTGGCACCGTGGCG

CATGGCTGTAGTTAAAACAGGAGCTAAGAAGGACTTTGACCGTAGC
M A \ \% K i G A K K D o D R S

M D K P F L M A \" E D \ F T | T G R G T V A
ACCGGCAAGGTTGAACGTGGTCAAGTGAAACTGAACGAAGAGGTGGAAATCGTTGGCTACCGTCCG
2 G K \ E R G Q v K L N E E \% E | \" G Y: R P
GAGCCGAAGAAAACCGTGGTTACCGGTATTGAGATGTTCAACAAGAACCTGCAGAGCGCGATGGCG
E P K K T V v T G | E M F N K N L Q S A M A
GGTGACAACGCGGGTGTTCTGCTGCGTGGCGTGGATCGTAAAGACATCGAACGTGGTCAAGTTATT
G D N A G \' L L R G v D R K D I E R G Q \ I
GCGAAGCCGAAAACCATCATTCCGCACACCAAGTTCAAAGCGGCGATCTATGCGCTGAAGAAAGAA
A K P K 3 | ! P H JE K F K A A | Y A L K K E

GAGGGTGGCCGTCACACCCCGTTCTTTAAGAACTACAAACCGCAGTTCTATTTTCGTACCACCGAT
E G G R H S P P F F K N Y K P Q F Y F R T T D
GTTACCGGTGGCATCGAATTTGAGGCGGGCCGTGAAATGGTGATTCCGGGTGATAACGTGGACCTG
v T G G | E F E A G R E M VvV | P G D N \ D L
ACCGTTGAACTGATCGCGCCGATTGCGGTGGAGCAAGGCACCAAATTCAGCATCCGTGAGGGTGGT
T V E L I A P | A \ E Q G T K F S ! R E G G
CGTACCGTTGGCGCGGGCACCGTTACCGAAATCAT CAAAINNANGH

R T V G A G o - E I |

K * *

Appendix 50 Sequence analysis of EF-Tu.

The start codon is in orange. The His tag is indicated in purple. The terminator is in red. Sequence is 1233 base
pairs in length. The corresponding translated 4410 amino acid sequence is shown as derived from the DNA
sequence using Geneious.
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ATGAAGAAGATAGCAATAAATGGATTTGGTCGTATTGGCCGCCTG
M H H H H H H M K K I A I N G F G R | G R L
GCGCTGCGTCAACTGCTGGACCTGAAGGATGAGAACCTGGAAGTGGTTGCGATCAACGACCTGACC
AL R Q@ L L D L K D E N L E V V A I N D L T
GATGCGAGCGTGCTGGCGCACCTGTTCAAATATGACAGCGCGCAGGGTCGTTTTAGCGGCACCGTG
D A S V L A H L F K Y D S A Q G R F S G T V
AGCGTTCTGAAAGAGGACGATAAAAACTACCTGGTGATCAACGATAAGAAAATTCGTGTTTTCAGC
S Vv L K E D D K N Y L VvV I N D K K I R V F S
GAGAAGGACCCGGAAATGCTGCCGTGGGGTGAGCTGGAAATCGATCTGGTTCTGGAATGCACCGGT
E K b P E M L P W G E L E I D L V L E C T G
CGTTATGCGAGCAAGGCGGGTGCGACCCTGCACCTGAACGCGGGTGCGAAGAAAGTGCTGGTTAGC
R Y A S K A G A T L H L N A G A K K V L V s
GCGCCGGCGGGTAGCGATGTGAAGACCATCGTGCACAACGTTAACTGCCACACCGTTGACGAGAAC
A P A G S D V K T I ¥V H N V N C H T V D E N
GATAAAATTCTGAGCAGCGCGAGCTGCACCACCAACGCGCTGGCGCCGCTGGTGAACGCGCTGGAG
D K I L S S A S C T T N A L A P L V N A L E
AAGGAATTCGGTATCAGCCACGGCTTTATGACCACCGTTCACGCGTACACCGCGGACCAGCGTATT
K E F G | S H G F M T T V H A Y T A D Q R I
CAAGATGCGCCGCACAAAGACCTGCGTCGTGCGCGTGCGGCGGCGGTGAACCTGGTTCCGAGCAGC
Q D A P H K D L R R A R A A A V N L V P s s
ACCGGTGCGGCGAAGGCGATTGGCCTGGTGGTTCCGAGCCTGACCGGTAAACTGGATGGCATCGCG
T G A A K A I G L V V P S L T G K L D G | A
ATTCGTGTGCCGGTTATTACCGGTAGCTTCGTGGACCTGAGCGTTGAACTGAAGAGCAGCCCGAGC
I R V P V I T G S F V D L S V E L K S s P s
ATCGAGGAACTGAACAAAGCGATTAAGAAATATGAGAGCGAGAGCTTCTACTATTGCGATGAGCCG
I E E L N K A I K K Y E S E S F Y Y C D E P
ATCGTGAGCAGCGACATCATTGGTGATACCCACGGCAGCATTTTCGATGCGACCCTGACCAAGTTT
Il v s s b I | G D T H G S | F D A T L T K F
GTGGAAGTTGACGGCAAGCGTCTGTACAAACTGTATACCTGGTACGACAATGAGAGCAGCTTCGTG
V E V D G K R L Y K L Y T W Y D N E S S F V

GCGCAGTTCGTTCGTGTTATCCGTTACTTTATTCAGAA ARG
A Q F \ R \ | R Y F | Q K * *

Appendix 51 Sequence analysis of GAPDH.

The start codon is in orange. The His tag is indicated in purple. The terminator is in red. Sequence is 1035 base
pairs in length. The corresponding translated 343 amino acid sequence is shown as derived from the DNA
sequence using Geneious.

GGATCCAAACCGCGCTTTGAACCGACCAGCAAGGACAGCGGCAGCGAAAAACCGGCGGAAGGCGAG
G S K P R F E P T S K D S G S E K P A E G E

AAGAAGACCGAAGAAGGCGAGAAGAAGCCGGAGGAAGGCGCGACCACCGGTAGCCAGAGCGCGGAC
K K T E E G E K K P E E G A T T G S Q S A D
AGCCAACCGAGCACCGGCGTGCCGGCGGCGGGTGCGGGTGCGGCGACCGGCGAGGCGGTTGCGGCG
S Q P S T G \ P A A G A G A A T G E A v A A
GGTGGCGGTACCGCGGCGACCGGCGGTGCGGGCGGTGCGGGCGCGACCACCAGCACCAGCACCACC
G G G T A A T G G A G G A G A T T S T S T T
GGCGCGCAGGCGACCAGCACCACCGGTAGCCAAACCACCAGCAGCACCACCGCGTTCGAAGACGAT
G A Q AT S T T G S Q T 7T S S T T A F E D D
AGCACCGCGAAAACCAACGACGACAGCACCACCGAAACCAAAACCGAGACCAATGAAGTTAGCIAN
S T A K T N D D S T T E T K T E T N E \" S *

TGA

*

Appendix 52 Sequence analysis of HP1.

The start codon is in orange. The His tag is indicated in purple. The terminator is in red. Sequence is 399 base
pairs in length. The corresponding translated 131 amino acid sequence is shown as derived from the DNA
sequence using Geneious. HP1 also had a large GST added to the start of the fragment (Not Shown)
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ACTTCATGTGGAGTAAGTCACAAAATAGCGGATAAACTGGGTCCG
M H H H H H H T S C G " S H K | A D K L G P

AGCGTTAGCTTTGACGTGAACGGTAACTACGTGTTCACCATCAAGAACGACAAGTTTAAAGATGCG
S Vv S F D \'% N G N Y v F T I K N D K F K D A

ACCGAAGTGGTTGCGCACTTCGAGGGTGAAAACGACGGCACCAACACCGCGAACAACGCGCGTAAA
T E v Vv A H F E G E N D G T N T A N N A R K

ATCACCGCGGAAGTGAGCGGCACCATTAACAACCTGACCGCGAGCTTTAACACCGTTGGCAAGCTG

| T A E \% S G T 1 N N L T A S F N T \ G K L
CAGTACGACTATCGTTGGACCCTGAAGAAAATCAAAGTTGGCAGCGAGGAAATTAGCCAGGATCAA
Q Y. D Y. R w T L K K | K A G S E E | S Q D Q
TTCCCGGACGATCTGAAGGACGATATTTGGTTTGAAAAGAAAATCGCGATTGTGAAACAAGACACC
F P D D L K D D I w F E K K | A | Vv K Q D T
AGCCTGTGGATCGATCCGCAGACCCAACTGCTGAAGAACTGGATTAACACCGAGGCGAACGTTGAA
S L w | D P Q T Q L L K N w | N T E A N \ E

CTGAAGGCGGAGTTCATCCGTATTGACGATCCGAACAAACCGACCACCGAAACCACCGAAATCATT
L K A E F | R | D D P N K P T “F E T T E ! |
GACGGTGTGGAAGTTAAGAAACCGGATCCGACCAAACGTCGTATCATTGACACCACCTTCGATAGC
D G " E Vv K K P D P T K R R | | D T F D S
AGCCTGAACAAGTTTAGCGCGCCGCTGCAGGAAGGTTATAAATTTAACCGTATCCTGATCCAGAGC
S L N K F S A P L Q E G Y K N R I L | Q S

F

AAAAACAATAGCTTCGCGACCATTAGCCTGCCGTACAAACCGTT ClNANGA
K N N S F A T | S L P Y K P F * *

Appendix 53 Sequence analysis of HP3.

The first 23 amino acids were removed to remove predicted signal peptides. The start codon is in orange. The
His tag is indicated in purple. The terminator is in red. Sequence is 711 base pairs in length. The corresponding
translated 235 amino acid sequence is shown as derived from the DNA sequence using Geneious.

AGGATAAGATATACAGGAGAAAATCCCCGTGCGGAGCTGGAAAGC
M H H H H H H R | R Y T G E N P R A E L E S

CTGGTTAGCCGTGTTCAAAACGTGGCGTTCAAGAGCGACGTTTTTGACGATAGCACCACCTATAGC
L A S R A Q N \ A F K S D " F D D S T 7T Y S

CAGATCAAAAGCCAACTGTTCGACCAGAGCGGCAAGCTGCTGGCGGGTACCGATCTGAACAAATTC
Q | K S Q L F D Q S G K L L A G T D L N K F

ATTAGCTTTTACACCCAGGTGAACAGCAAGCTGCGTAAATTCGAGCCGACCTTTGCGCCGAACAAG
| S F Y T Q \ N S K L R K F E P T F A P N K

CCGTTCCTGGAATTTATCGACCTGATTCCGAACGACAACGATCAGAGCTTCGAGCTGCGTTTTCGT
P F L E F | D L | P N D N D Q S F E L R F R

GCGAAACACCAGGTGGATAACAACCACACCGCGTTTAGCACCATCATTAGCAAGAAAGTTAGCTTC
A K H Q \ D N N H T A F S T | ! S K K \ S F

GCGCAACGTAGCCAGTTCGCGCTGGCGGAGTTTAACAGCAACCTGGAAAAGATCACCAAGAGCTTC
A Q R S Q F A L A E F N S N L E K | T K S F

AAGGAGAACATTCAAAACCTGCGTCGTACCGACTTCAGCAGCAGCGTGATCAACCCGAGCCTGGTT
K E N | Q N L R R T D F S S S A | N P S L A

GATCAGAAGATTGCGAGCCTGACCCGTGCGGAAGACTTTGCGGCGGATATCAACCGTGCGCGTACC
D Q K | A S L T R A E D F A A D | N R A R T

CAAAGCGAGGCGGTGGAAAAGATTAGCCAATATTTCCCGGACTTTCAGAAAATCATTAACGACCTG
Q S E A \ E K | S Q Y F P D F Q K | I N D L

AACTTCGATAAGAACAACTTCTTTACCTTCAAGCAGGGTACCATCTACAACTTCAGCCTGGAGAAG
N F D K N N F F T F K Q G T | ¥ N F S L E K

CACCCGGGCACCAACAACTTTATTAGCGTGGGTCCGAACAGCGTTCCGAGCTTCCTGGTGAAAGCG
H P G T N N F | S A" G P N S \ P S 5 L A K A

GAACTGAGCGACGATGCGAAGTTCGTGCTGAAAAACTTTAACATCGAGGACGCGCAGCTGCTGGAA
E L S D D A K F A L K N F N | E D A Q L L E
AAAATTGATCTGGTTCCGCAAGCGAGCAGCGGCAGCGAAAGCAGCCAGGGCGAGGAAAAACAAGCG
K 1 D L A P Q A S S G S E S S Q G E E K Q A
AAGCAGGCGACCTACTTCGCGGACGTTGACGATATCCTGAGCAAGATTAGCCTGCGTAAACTGCAA

K Q AT ¥ F A D \ D D ! L S K | S L R K L

Q
TTCACCGATTTTAAGGTTGGCAGCCAGCCGGTGACCAACACCCAGGTTCAAGCGCAGGCGAGCCTG
F T D F K \ G S Q P \" T N T Q A Q A Q A S L
CTGAGCAGCGGTGACATCAAACAACTGGTGCAGGTTAGCAGCGAGGTGACCCAAAGCCAACCGCAA
L ) S G D | K Q L \" Q A S S E v T Q S Q P Q
GCGCAGGCGGAAGGTGGCGCGGGTGGCGGTACCGGTCAGCAAGCGACCAGCGGTACCACCGGTACC
A Q A E G G A G G G T G Q Q A T S G T T G T

GATGCGGGTAGCACCGGTACCGGCGGTGTTGCGGGTGCGGGTGCGCCGGACAGCGGTACCGGTAGC
D A G S T G T G G A A G A G A P D S G T G S
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ACCGGTAGCACCACCGATCAGCAAACCAACGGCGAGAGCGGTACCGAACAACCGAGCGTGACCACC
T G S T T D Q Q 2K N G E S G 2 E Q P S v 1 g 5

CCGGCGGAGCCGGAAGACAAGACCAAAGAGCTGGTTAAGTATCTGGAAATCAGCAACCGTACCACC
P A E P E D K T K E L \ K Y L E 1 S N R T T

AACGAGTTCCTGGCGAGCTTTAACAAGAAAATCTACAGCAGCATTCGTGAGAAGAGCAAAGAAGTG
N E F L A S F N K K 1 ¥ S S 1 R E K S K E \%

GTTGACAAAATTAACAGCGAACTGCTGATCAAGCCGATTAGCCTGGACTTCGGCGATTTCAACCAA
\% D K I N S E L L I K P I S L D F G D F N Q
TACTTCGATAAGAAGCAACCGCAGGGTGTGGACTTCTACCTGGATCTGAGCAAGGCGCAGGAGAAA
Y F D K K Q P Q G \% D F Y L D L S K A Q E K
GACGGTGTTAACACCGATAACAGCAACCTGGAAATCCCGGTGGTTATTAACCTGTACAGCAGCTTC
D G Vv N i D N S N L E I P \4 \% I N L Y S 5 F
TTTGGCGACAGCGAGAACAAGCTGCTGGGTAGCAAAACCAGCGTGTTCGAAATCCCGAACTTTAAG
F G D S E N K L L G S K T S \% F E I P N F K
AAAGTTGGTACCCAAACCGGTAGCGCGGGTACCACCGACCTGAGCAGCAACCTGGATACCGAGCGT
K \% G I Q T G S A G - T D L S S N L D T E R
AAAACCTTCTATAACCTGGATGGTCTGCCGACCACCAGCGCGAGCCAGCCGACCAGCGTGAGCGTT
K g 5 E Y N L D G L P A g 5 S A S Q P g 5 S v S v
AGCGCGAGCACCACCGGTGCGCAAACCACCCAGAACAAGCAAATCCGTATTGGTAGCACCACCGCG
S A S T T G A Q T T Q N K Q 1 R 1 G S T T A
TACATCAGCAAAACCGAGCTGGAAAACCTGATTGGCACCAGCACCACCGGTAGCACCAGCGAGGGT
Y I S K T E L E N L 1 G T S T T G S T S E G
ACCGGTCAAACCACCGAAAGCAAAGCGCCGAAGTTCGAGGAAATCAAGAAAATCATTGGCAACCCG
T G Q T T E S K A P K F E E 1 K K I 1 G N P

¥ D F D K A K

TTTCCGAAGCTGGAAGACTTCGCGAGCTTTACCAAAAACAACTTCATCGCGAGCGATTATAAGATT
F P K L E D F A S F i K N N F I A S D Y K I

AAAAGCCTGAAAAGCGACAAGTTCTTTAAAAACGAGTACGATGTTGCGAGCTTTTATGCGTACCTG
K S L K S D K F F K N E Y D v A S F Y A Y L

ATCCAAATGGAGCCGGCGCAGGTGCTGAACTACCTGTTCGAAATTGCGAAAGCGAACGGTCTGGTT
| Q M E P A Q v L N ¥ L F E 1 A K A N G L \%

GACAAGAACGCGAGCATCAACCTGAACGATATCAAGGACGATAACATCTTCAAGATCGCGAGCGAC
D K N A S 1 N L N D I K D D N I F K I A S D

GTGAAGTTCAACACCACCGAAACCAACCCGGTTTACAGCCTGGACTTTAACAACCAATTCCTGGGC
\% K F N T T E T N P \% Y S L D F N N Q F L G

TTCCAGTATGCGTACGACTTTGATGCGAACGAGAGCATGCTGAAGGCGTGGGTGGGTCAACAAAAA
F Q Y A A N E S M L w \ G Q Q

TTTGATAGCCGTGGTTGGATCAGCAACCTGTTCCTGCCGAAGACCGTTTGGCAGAAAACCAACACC
F D S R G w I S N L F L P K T \' w Q K T N T

CTGATCAACGACAGCGATATTTTCACCGAGCTGAACAAGTATAGCCCGGTGAAAGTTGAAACCAGC
L I N D S D I F 3 E L N K Y S P v K \ E T S

AGCGGTACCAGCGACGATCTGTACAAGACCCTGCAAGATGCGGCGAAGAAAATCAAAGAGGCGCTG
S G T S D D 1 Y K =T L Q D A A K K | K E A L

AAGAAACAGAGCAGCAGCATTCTGAAAGCGGGTAACGGTAGCGGTAGCGGCGGTGGCGGTGGCGCG
K K Q© s s S 1 L K A G N G S G S G G G G G A
GGTGGCAGCGACAGCACCACCCAAACCAGCATCCAGGCGGAGATTAAGAAATTCTTTAGCGAAAAA
G G S D S T T Q@ T S 1 Q A E I K K F F S E K
ACCCAGCCGCTGAGCACCCTGAAGGATCTGCTGCTGGCGTTCTATTTTAAGGCGAAAGAGCTGACC
T @ P L S T L K D L L L A F Y F K A K E L T
AACTTTAACGCGTGGAGCAAACTGGGCAGCGACCTGGATTACAAGATCGTGTTCGAAAAACATAGC
N F N A W S K L G S D L D Y K 1 VvV F E K H S
GGTAGCACCGGTAGCAGCAGCGGCACCAGCGAAACCCTGACCACCCCGAGCGGTCTGGAAGACTAT
G s T G S s s 6 T S E T L T T P S G L E D Y
AAACTGACCTACTATTACAAGGTGTTTGATAAGAAAACCGGTGTTGCGAAGTACCAGACCCCGAAA
K L T Y Y Y K V F D K K T G V A K Y Q T P K
ATCGACCTGAACCTGTGGGTGAACAAGCAGGACACCCAACGTACCGAGCGTGATGAACTGAACAAA
I D L N L W V N K Q@ D T Q R T E R D E L N K
GCGGTTCTGAGCATTCCGCCGAGCTTCAGCCTGTTTTACCTGAAGAAAGAAGACTTCGATAAGCTG
AW LS T TR RIS FL S LB ¥ L KK B B F. D KL
AAGAAAGGCGACAGCACCGAGAACACCGAAGGTAAGAAATTCGAGGAAACCGCGGTTTTTAAGGAG
K K G b s T E N T E G K K F E E T A V F K E
ATCCAAGAAAAAATTCAGGAGAACAACAAGGATCTGAAACTGAGCGTGGTTAGCATCGACGAAGAT
Il @ E K I Q E N N K D L K D E D

L S \ v S I
AAAATTAGCCCGCAACGTTTCAAGGTGGTTAACCTGCAGATCGAGAAAACCACCCCGACCACCGAA
P R \ L I - T P T T E

K I S Q F K \% N Q E K
GGTAGCAGCACCGGTCAGAGCGTTAAGAGCAGCCTGAGCTTTCAAGTGCGTATTGCGCTGGACGAC
G S S gk G Q S \% K S S L S F Q \Y R 1 A L D D

A C C C A A TIABIRGE
T7Q kb

Appendix 54 Sequence analysis of P146.

The first 30 amino acids were removed to remove predicted transmembrane domain. The start codon is in
orange. The His tag is indicated in purple. The terminator is in red. Sequence is 3444 base pairs in length. The
corresponding translated 1146 amino acid sequence is shown as derived from the DNA sequence using
Geneious.

265



DRC 16

a5EY GRADUATE
. t HESEARCH
SCHOO

(@

Tl RS

STATEMENT OF CONTRIBUTION
DOCTORATE WITH PUBLICATIONS/MAMNUSCRIPTS

We, the candidat= and the mndidates Primurr' Superyisor, -:ertir'r' that all co-muthors have consented to
their work being inchuded in the thesis and they have accepted the candidate’s contribution as indicated
below in the Siotemant of Originciity.

Hame of candicate: Benjamin Bridgeman

Namejtitie of Primary Supervisor: Cr Rag Dukkipati

In which chapter is the manuscript fpublished work:  Chapter 3

Pleasze select one of the following thres options:

@ The manuscriptfpublished work is published or in press

L Flease qu'd: thi full reference of the Resesrch Gu‘tput:

Eviageman, B.J., et al., Draft Genome Sequence of 3 Mew Zaaland lsoiate of Mycoplasma
CVipneUmoniae. Microbiol RESOUr ANNoun:, 2020. 9(10).

{:‘:l The maruscript is currently urder review for publication — please indicake:

#  The name of the journal:

*  The perceniage of the mums:riut.."puhimzl:l work thet

N . 75.00
was combribuked oy the candidate:

*  Desoibe the contricution that the candidate has made to the munum‘ipt."uubfmed wark:

The candidate did data soring and analysis, Interpreted the obtained resUls, and wiote he
marusciot, Sl with guitancs Trom superisors

{Hj It is interdied thet the maﬂu:h:ript will be Pubished, bust it has not yet be=n sunmitted to ujuumul

) - i berfamin laa ugras v
Candidate’s Signature: Bridgeman -~
Date: De-Agr-2021
Primiary Supervisor's Signature: Fao Dukkipal o e
Date: T-Apr-2021

This form showld sppear &t the end of =ach thesis cl'auter_."secﬁun.-'upp-endh submiitt=d as a manusoniot)
publication or collect=d as an appendin at the end of the thesis.

GRE Warmion J— 12 December 2015

i =TT
DRC 15/05y 20

Appendix 55 DRC 16 declaration for research paper published using research presented in chapter 3

266



