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ABSTRACT 

Chronic non-progressive pneumonia is an important disease of three to ten month old sheep 

in  New Zealand . The lesions i nvariably contain M. ovipneumoniae yet the disease, or at 

l east its more severe man ifestat ions ,  cannot be consistently produced by intranasal 

inoculation of isolates of this organism. This may be due to the existance of different strains 

of this organism. This in vitro study attempts to establish whether or not there is a large 

number of distinguishable strains of this organism. 

Comparison of M. ovipneumoniae isolates by the metabolic inhibition test showed that they 

differed but did not allow the recognition of well defined groups. The heterogeneity of 

M. ovipneumoniae was then examined using SDS-PAGE of total proteins and it was found 

that all isolates derived from sheep o n  twenty different farms differed except for three 

isolated from one farm. Protein bands on SDS-PAGE gels could be common to all isolates, 

shared by some isolates, or unique to individual isolates. 

Identification of surface proteins by partial proteolytic digestion of intact organisms indicated 

that about f ive proteins were present on the surface, some were common to all isolates, 

some were shared by several isolates and others were unique to one isolate. 

Several proteins were investigated by " immuno-blott ing" . M ost showed a serological 

relationship to one or more prote ins of other isolates but antiserum to one such band 

reacted with on ly a proportion of the isolates .  This band is a surface g lycoprotein as 

indicated by proteolytic digestion and by periodic acid-silver staining. Antiserum to it could 

have the potential to divide M. ovipneumoniae isolates into two meaningful groups. This 

cou ld  best be done by u sing monoclonal antibodies , however this thesis pursues an 

alte rnative approach to co mparing iso lates namely the  examinat ion of the DNA of 

M. ovipneumoniae. 

Examination of M. ovipneumoniae DNA, us ing digests produced by EcoRI ,  showed that 

isolates from sheep on different farms were totally distinct. This conclusion was extended to 

d igests produced by a range of restriction endonucleases. However, some endonucleases 

gave only partial or no digestion .  Such enzymes had cytosine-rich recognition sequences 

which suggested that M. ovipneumoniae may contain 5-methylcytosine. This possibil ity was 



i i i  

supported by using two endonucleases which cut the same sequence but which are, or  are 

not , i nd ifferent to cytos ine  methylat ion.  The presence of 5-methylcytosine was then 

confirmed with one isolate by analysis of the DNA using HPLC. The DNA of this isolate had 

about 25% of its cytosine methylated . 

Since 5-methylcytos ine occurs i n  M. ovipneumoniae it i s  possible that the d ifferent 

restriction endonuclease patterns seen with different isolates may be due to differences in 

methylation rather than to differences in DNA sequence. To investigate this we undertook a 

comparison of the DNA of isolates using DNA-DNA hybrid ization. This confirmed that 

M. ovipneumoniae isolates were heterogeneous because they showed a range of homology 

of 70-1 00%. This is a wide range but can be accommodated within one species. Thus it 

confirms that M. ovipneumoniae is one species despite its heterogeneity and does not g ive 

support to the existence of two or more subspecies within the species. 

The conclusion that the heterogeneity of the restriction endonuclease cleavage patterns 

depends on DNA sequences and not methylation was further confirmed by showing that 

adenine was not methylated. This was fol lowed by digestion of DNA by Oral which cleaves 

a sequence lacking cytosine (5'-TTTv AAA-3') . Like other enzymes, this gave heterogeneous 

digestion patterns which indicated that methylation cannot account for the heterogeneity. 

The re markable heterogeneity of M. ovipneumoniae strains led us to ask the ultimate 

question in this context , namely "are isolates from the lung of o ne sheep heterogeneous?" 

Six lungs were investigated. Three contained four d ifferent strains, one contained three 

strains and two contained two strains. The four lungs containing three or four strains had 

large lesions and the other two had smaller lesions. We suggest that the classical view that 

one strain of a micro-organism colonizes a lesion to cause a disease may need to be 

modified, that is mixtures of micro-organisms of the same species may have a potentiating 

effect on(i,'iiEII 
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INTRODUCTION 

Chronic Non-Progressive Pneumonia of Sheep In New Zealand: 

The Disease and its Significance. 

Chronic non-progressive pneumonia (CNP) is a common disease of sheep in New Zealand 

and is most prevalent in the late summer/early autumn in sheep which are then three to nine 

months old. The d isease is usually subclinical, but clinical disease can also occur and, at 

slaughter, extensive lung lesions are observed in these cases. 

Although C N P  is u sually subcl in ical and on its own it is rarely fatal it is important 

economically in New Zealand for two reasons: 

a) It causes the formation of pleural lesions in some lambs, which may l ead to 

downgrad ing, or  in severe cases to the rejection of carcasses for export (Dysart, 

1 976) . 

b) It d iminishes weight gain in lambs (Harris and Alley, 1 977) . 

The f i rst point is widely accepted and can be measured i n  f inancial terms. The latter is 

difficult to quantify although it is plausable that a lamb with pneumonia will be less thrifty 

than one not so affected. Thus, St .George et aI, (1 971 ) and Carmichael et aI, ( 1 972) states, 

but cites no evidence, that CNP caused inadequate weight gain in  lambs. 

A study in New Zealand of the effect of CN P on weight gain was undertaken by Kirton et aI, 

( 1 976) . These workers examined 3243 lamb carcasses at slaughter over a five year period. 

They found that 60% of the lambs had CNP. However, the average carcass weight of lambs 

with CNP was Significantly h igher than normal lambs. This u nexpected result did not lead 

Kirton et aI, ( 1 976) to conclude that CNP improved weight gain. Rather, they suggested that 

CNP did not affect weight gain. 

An alternative hypothesis to explain Kirton's data was proposed by Harris and Alley, ( 1 977) . 

They suggested that the carcass weight difference should not be ignored and pointed out 

that most lambs contract CNP during their first summer and that the disease resolves over a 
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period of several months. Thus,  most of the lambs without pneumonic lesions at slaughter 

would represent lambs which became infected with CN P earlier in the year followed by 

resolution of the lesions before slaughter. While the pneumonic sheep (which were heavier) 

had probably contracted the disease immediately prior to slaughter and were thus infected 

for a shorter period and probably at a less critical time in their l ife .  These considerations 

al lowed Harris and Alley, ( 1 977) to conclude that the find ings of Kirton et aI, ( 1 976) were 

consistent with the hypothesis that CNP has an adverse effect on the weight gain of lambs 

in New Zealand and hence is of economic importance. 

As noted above not all cases of CNP resolve without sequelae. Thus, some lambs develop 

pleural adhesions and the carcasses of such animals are d iverted from the main kill ing 

chains of the abbatoir to the "detain rail". Here the affected pleura is stripped from the 

carcasses and re-examined by meat inspectors prior to railing back into the mainstream of 

production . 81 6 700 (3.2%) of lambs kil led in New Zealand during the 1 974/75 season had 

pleural adhesions (Dysart, 1 976) so the problem of dealing with large numbers of carcasses 

on a short detaining rail and the d isruption of throughput of carcasses in such a labour­

intensive industry is expensive though hard to quantify. This problem is made much greater 

by the fact that "lines of lambs" differ greatly in the prevalence of pleu ral adhesions, thus 

some flocks show no lesions whereas others exhibit a h igh prevalence and can slow the 

ki l l ing chain.  Some persons in  New Zealand regard th is as a disaster second only to a 

defeat of the "All Blacks" by a Welsh rugby team. However, an even more severe problem 

arises : carcasses with p leurisy are not accepted in the U nited States, Canada or West 

Germany. So when slaughtered sheep of al l  ages are included ,  over two mi l l ion such 

carcasses in the 1974/75 season were excluded from these markets. The United Kingdom 

wil l accept lamb and mutton w hich have minimal pleural lesions ( Dysart, 1 976) but reject 

carcasses with more widespread damage. 

I t  has been estimated that $NZ1 .8 mil l ion in revenue was lost to pleurisy in lambs i n  the 

1 974/75 season (Dysart, 1 976) . Due to a combi nation of inf lat ion and the conti nued 

upgrading of standards for export carcasses, the present figure runs into many mil l ions of 

dollars. 
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Distinction Between Chronic and Acute Pneumonia. 

Acute pneumonia usually affects lambs in the early summer months and is characterized by 

a sudden onset of symptoms and rapidly progresses to cause the death of the animal. 

Pasteurella haemolytica is usually associated with acute pneumonic lesions ( Downey, 1 957) 

and can be clearly distinguished from chronic pneumonia by histopathological examination 

of lung lesions. 

Acute pneumonia is characterized by intense congestion and varying degrees of red or grey 

consolidation of the ventral portion of one of both lungs. Cellu lar exudates are composed of 

neutrophi ls,  macrophages and detached alveolar epithelial ce l ls which many bacteria are 

closely associated w ith  (A l ley ,  1 975b) . I n  contrast, chron ic  or "atypical" lesions are 

characte rized by pro l i ferati o n  of lymphoid and e pith e l ia l  t issue ,  wi th exudat ion of 

macrophages and to a lesser extent neutrophi ls (Alley, 1 975b). 

A simi lar, probably identical, d isease to CNP has been described in sheep in other countries 

viz USA (Boidin et aI, 1 958; Barber and Fabricant, 1 961 ; St .George and Carmichael, 1 975) , 

Britain ( Mackay et aI, 1 963; Mackay and Nisbet, 1 966 ; Jones et aI, 1 976) , Turkey (Cottew 

et aI, 1 968) , Kenya (Krauss and Wandera, 1 970) , Australia (Cottew, 1 971 ; St.George et aI, 

1 971 ; Carmichael et aI, 1 972; Sullivan et aI, 1 973a) , New Zealand (Clarke et aI, 1 974; Alley 

et aI, 1 975b) , Iceland ( Friis et aI, 1 976) and Norway (Bakke and Nostvold, 1 982) . 

Nomenclature of the D isease. 

A veterinary pathologist and colleague, designated this chronic disease of New Zealand 

sheep as chronic non-progressive pneumonia (Alley, 1 975a) . This designation was derived 

from his observat ions,  that chronic lu ng lesions are characterized by the presence of 

macrophages  and lymphocytes and i s  read i ly d ist ingu ished f rom acute (bacte r ia l )  

pneumonia which e l icites a neutrophi l  responce. CNP can also be d ifferentiated from 

progressive pneumonia of sheep because the disease fails to  p rogress and ult imately 

resolves. 
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A bewildering number of names have been assigned to this disease. Some of these names 

have merit, but we have selected CNP as the designation .  Other names for what is probably 

the same d isease are l isted below and their merits are considered . 

Summer pneumonia (St.George et aI, 1 972) 

Hogget pneumonia 

Enzootic pneumonia (Salisbury, 1 957) 

Atypical pneumonia (Stamp and N isbet, 1 963) 

Proliferative exudative pneumonia (Gilmour et aI, 1 979) 

Proliferative interstitial pneumonia (Carmichael et aI, 1 972) 

Sheep pulmonary adenomatosis (Mackay et aI, 1 966) 

The designation "summer pneumonia" was derived fro m  the observation that in Australia 

CNP reaches its peak prevalence in lambs slaughtered in the summer months (St.George 

et aI, 1 972) . It can be criticised on two grounds i .e .  it is not the only pneumonia to occur in 

summer, even in Australia, and in New Zealand the disease reaches its peak prevalence not 

in summer but in the late summer and early autumn months. 

"Hogget pneumonia" is a correct designation in the sense that it affects six to eight month 

old lambs ( i .e. hoggets) . However, again it is not the only type of pneumonia seen in such 

animals so the name is ambiguous. 

The designation "enzootic pneumonia" correctly implies that the disease is enzootic in New 

Zealand (Salisbury, 1 957) . However, there are other causes of pneumonia in New Zealand 

sheep such as Pasteurella haemolytica and while th is is also an "enzootic" pneumonia it is 

readily d istinguishable from CNP. 

The designation "atypical pneumonia" was derived fro m  human pathology and is  used in  

contrast to "typical" pneumonia which is due to bacteria . As applied to lambs (Stamp and 

Nisbet, 1 963) "atypical" is unsatisfactory since the "atypical" lesions outnumber the "typical" 

by about two orders of magnitude. Furthermore, "atypical" pneumonia in humans has come 

to be applied mainly, if not exclusively, to disease caused by M. pneumoniae, whereas in 

s h eep the aetiology of "atypical" pneumonia  has not been unequivocally establ ished 

although M. ovipneumoniae undoubtably plays a major role. 
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The designation "proliferative exudative pneumonia" was applied by Gilmour et aI, (1 979) to 

lesions produced by inoculating a lung homogenate from sheep with "atypical pneumonia" 

into the bronchi of normal sheep. It is a descriptive term for the lesions produced and left 

open the question as to whether or not the lesion represented experimental transmission of 

"atypical" pneumonia. 

The descriptive name "prol iferative interstit ial pneumonia" has merit but could also be 

appl ied to the disease caused by progressive pneumonia viru s (PPV) i .e .  it does not 

distinguish between chronic lesions which are, or are not progressive. 

The term "sheep pulmonary adenomatosis" is confusing because it has sometimes been 

used to indicate a disease which is probably identical to CNP,  but more recently it has come 

to by applied to a disease of sheep transmitted by a virus (Mackay et aI, 1 966; Wandera, 

1 970) . It fol lows that this term is not now a synonym for CNP.  

Correlation of  M. ovlpneumonlae with CNP. 

The experimental transmission of ovine pneumonia by the i ntratracheal inoculation of 

pneumonic lung tissue suspension was described by St.George et aI, ( 1 971 ) .  A cytopathiC 

agent was isolated in cell cultures inocu lated with the g round lung suspension. The agent 

was able to be g rown in ce l l -free l iquid med ium i . e .  Hanks med ium plus l actalbumin 

hydrolysate, yeast extract and foetal calf serum. The colonies of the organism isolated on 

sol id med ium were t iny, co lou rless and rou nd with no "centre" .  They were s imi lar to 

M. pneumoniae colon ies . Fu rther examination showed that the agent was probably a 

mycoplasma i . e .  it passed through a 0 .22u pore-size f i lter and grew in the presence of 

thallium acetate, streptomycin and penici l l in.  

C armichae l  et  aI, ( 1 972) iso lated two species of mycoplas ma f ro m  the l u ngs  of a 

Queensland (Australia) flock of sheep with CNP.  One mycoplasma, which formed centred 

colonies on sol id medium,  was identified as M. arginini (biotype C) and was also isolated 

f rom the nasal passages of normal and pneu monic sheep. The second mycoplasma 

(biotype Y-98) was recovered from the nasal cavities, trachea and bronchi of pneumonic 

lambs and was simi lar to the organism isolated by St.George et aI, ( 1 971 ) .  This organism 

formed "vacuolated" cent reless colonies and fermented g lucose. It was serologically 

different from mycoplasmas recovered from other animal species and was also antigenically 
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d istinct f rom twelve ovine and caprine mycoplasma serotypes as shown by metabolic­

inhibition tests. The name M. ovipneumoniae was proposed by Carmichael et aI, ( 1 972) . 

N ine strains of glycolytic mycoplasmas isolated fro m  the respiratory tract of apparently 

healthy sheep,  pneu mon ic  s heep and sheep exh ib it ing pu lmonary adenomatosis in  

Scotland, were compared with the Queensland strain (Y-98) by Jones et aI, (1 976) . Al l  nine 

mycoplasma strains were compared by polyacrylamide-gel electrophoresis, gel precipit in, 

metabol ic and growth inhibition tests. They gave similar results indicating that they were 

related to each other and to the Queensland Y-98 strain, therefore they were regarded as 

belonging to the same species. However, metabolic and growth inhibition tests showed 

some intraspecific differences with the "apparent polarization" of strains isolated from sheep 

with and without "pu lmonary adenomatosis". Jones et aI, (1 976) also pOinted out that the 

serological relationship of M. ovipneumoniae to other members of the genus Mycoplasma 

has been insufficiently investigated. So using his strains and the Queensland strain (Y-98) , 

he tested them using the metabolic inhibition test against hyperimmune sera to thirty-three 

named mycoplasma species or sub-species and six serogroups of bovine or caprine origin.  

Jones et aI, ( 1 976) confirmed that h is strain should be considered as a distinct species with 

the name M. ovipneumoniae. 

M. ovipneumoniae strains have now been reported to be isolated from pneumonic lesions, 

healthy lungs and also from the nasal cavities of sheep from: Australia (Furlong and Cottew, 

1 973; Cottew, 1 971 ) ;  New Zealand (Clarke et aI, 1 974, Alley et aI, 1 975b) ; England (Leach 

et aI, 1 976) ; USA (St.George and Carmichael, 1 975, Brogden et aI, 1 988) ; Scotland (Jones 

et aI, 1 976) ; Iceland (Friis, 1 976) ; Norway (Bakke and Nostvold, 1 982) ; Spain (Garcia et aI, 

1 988) ; Senegal (Konte and Breard, 1 988) and I reland (Malone et aI, 1 988) . 

Experimental Transmission of CNP. 

The experimental transmission of C N P  to caesarean-derived, colostrum-deprived and 

conventional lambs was described by St.George et aI, ( 1971 ) .  They isolated a mycoplasma 

(subsequently deSignated M. ovipneumoniae) from a pneumonic lung homogenate and 

propagated the culture in vitro for six passages before inoculating sheep and producing 

lesions which the authors claimed were similar to the field disease. 

Sullivan et aI, ( 1 973b) isolated a mycoplasma from a pneumonic lung and inoculated day­

old Merino lambs either by exposing them to an aerosol or by i ntravenous inoculation. Other 
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lambs were exposed to the aerosol-infected lambs. Post-mortem examination of the infected 

lambs found that proliferative interstitial pneumonia had developed. They also found that the 

in-contact l ambs also developed a si m i lar  pneumon ia .  They concluded that aerosol 

exposure and administration by direct contact demonstrates the infectivity of the organism 

via the respiratory route. However, they could not recover the mycoplasma from the infected 

lambs and attributed this to technical problems. 

Foggie et aI, ( 1 976)  i nocu lated co lostrum-deprived specif ic pathogen f ree l ambs 

endobronchially with a Scottish isolate of M. ovipneumoniae and produced mild lesions in 

three out of six lambs. They were able to recover M. ovipneumoniae from the lungs of all 

infected animals but not from the controls. 

Jones et aI, (1 978) , u sed a lung suspension prepared from the lesions of naturally occurring 

"atypical pneumon ia" and inocu lated sheep endobronchial ly. They found that the lung 

homogenate i ncluded P. haemolytica (several serotypes) , M. ovipneumoniae and E. coli. 

The lesions that developed in  the inoculated animals were i nd istinguishable from atypical 

pneumonia. H igh titres of P. haemolytica and M. ovipneumoniae were recovered from the 

l u ngs .  I n  a para l l e l  experiment Jones et aI, ( 1 978) used a second pneumonic lu ng 

suspension conta ining P. haemolytica (se rotype A2) , M. ovipneumoniae and M. arginini. 

This suspension, containing the combined cloned cultures of the three organisms i solated 

was endobro nchial ly inoculated into sheep. The sheep showed clinical symptoms of the 

respi ratory d iseases and the lesions were s imi lar  as those observed in f ie ld cases of 

"atypical pneumonia". M. ovipneumoniae was recovered from the inoculated animals but the 

recovery of P. haemolytica and M. arginini was less consistant. They concluded that 

mycoplasmas and P. haemolytica may be the aetiological agents involved in atypical 

pneumonia. 

I n  further transmission experiments, Gilmour et aI, ( 1 979) inoculated specific pathogen free 

and conventially reared lambs. The lambs were inoculated via the endobronchial route with 

i nd iv id u a l  s t ra ins  of M. ovipneumo niae,  comb i nat ion of M. o vipneumoniae  and 

P. haemolytica and P. haemolytica alo n e .  They concluded that the administration of 

ind ividua l  M. ovipneumoniae strains produced mild pneu monic lesions but an increased 

severity of the les ions was noted when M. ovipneumoniae and P. haemolytica were 

adm i n i stered together  i . e .  about 70% of the l ambs exhibited "pro l iferative exudative 

pne u mo n ia". They further concluded that M. ovipneumoniae becomes established in the 
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l u ng ,  but  t hat P. haemolytica does  so less  re ad i ly a n d  that i nd ividual stra ins  of 

M. ovipneumoniae did not vary significantly in their pathogenicity. 

I n  New Zealand Al ley and C larke (1 979) i nocu lated twenty five-month-old conve ntially 

reared lambs with a pneumonic lung homogenate using an intranasal aerosol. Seventeen 

(85%) of the lambs deve loped C N P  ind ist i ngu ishable f rom field cases .  In a parallel 

experiment a further twenty lambs were i noculated intranasal ly with a cloned culture of 

M. ovipneumoniae, fou r (20%) of the experimental lambs showed lesions which were less 

severe than the natural d isease. Th is  resu lt suggests that M. ovipneumoniae, t hough 

involved in CNP, may not on its own be capable of causing the lesions seen in the more 

severe field cases. 

I n  further experiments (Alley and Clarke, 1 980) in which sheep inoculated with pneumonic 

lung were treated with penicil l in ,  mi ld lesions were p roduced and M. ovipneumoniae was 

recovered from them. They concluded that a penicilli n  sensitive organism, viz a bacterium, 

plays a role in the pathogenesis of field cases of CNP.  In the same laboratory, Brian (1 980) 

showed that lung homogenates treated with digiton in ,  which inactivates mycoplasmas but 

not bacteria, failed to transmit the disease and more recently Jones et ai, (1 982b) produced 

CNP using i ntratracheal inoculation of M. ovipneumoniae alone. However, they state that 

P. haemolytica should be considered as an important exacerbating factor of the morbidity 

and of the severity of "chronic ovine pneumonia". 

An unusual experiment which is of particular i nterest in the possible interpretation of the 

results of t h i s  t hes is  was conducted by J o nes et ai, ( 1 98 2a) w ho u sed  clones of 

M. ovipneumoniae to produce pneumonic lesions in specific pathogen free lambs. A mixture 

of six M. ovipneumoniae strains were used to exclude the possibil ity t hat any one strain 

could be of low virulence. Three days after i ntratracheal inoculation of the lambs with the 

mixtu re,  P. haemolytica (serotype A2) was also administered to the lambs. In a parallel 

expe r i m e nt a nu mber of s heep were  a l so i nocu lated with o n e  of e ach of the s ix 

M. ovipneumoniae strains used i n  the combined inoculant. Th is was fol lowed three days 

later with a P. haemolytica intratracheal i noculation .  They found that multiple clones of 

M. ovipneumoniae used as an inoculum produced major lesions in 53% of the lambs. In 

contrast , lambs inoculated with any o n e  s ingle strain of M. ovipneumoniae, only 1 7% 

showed lesions. The re-isolation rate of M. ovipneumoniae was highest in the mixed clone 

inocu lat ion  g roup of  l ambs. Jones  e t  al ( 1 982a) concluded t h at m u lt ip le  c lones of 
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M. ovipneumoniae were more effective than individual M. ovipneumoniae strains and with 

the co mbination of P. haemolytica, were able to produce the disease. 

Fro m  the experimental t ransmission resu lts obta ined by Jones et aI, ( 1 982a) we can 

speculate that if multiple clones of M. ovipneumoniae act as an exacerbating factor, then it 

should be possible to isolate multiple M. ovipneumoniae strains from a single lung with 

severe CNP. A section of this thesis (chapter four) is concerned with evidence that multiple 

M. ovipneumoniae strains are present within a single pneumonic lung. 

Isolation of M. ovlpneumonlae from Pneumonic Goat Lungs. 

The increase in economic importance of goat-farming for fibre product ion in New Zealand 

has led to an  elevated awareness of  diseases in goats.  M. ovipneumoniae, M. arginini, 

M. mycoides subspecies mycoides and M. mycoides subspecies capri have been isolated 

from the respirato ry tract of goats and it is thought that they may be involved in causing 

chronic pneumonia (Cottew et aI, 1 968; Barber and Yedloutschnig, 1 970; Erno et aI, 1 978; 

Livingston and Gauer, 1 979; Cottew and Yeats, 1 981 ; Goltz et aI, 1 986; Nascimento et aI, 

1 986; Jones and Wood, 1 988) . 

Notwithstanding the above, M. ovipneumoniae is the mycoplasma which most frequently is 

associated with caprine chronic pneumonic (livingston and Gauer, 1 979 ; Goltz et aI, 1 986; 

Jones and Wood, 1 988). 

Goltz et aI, ( 1 986) provided the f irst evidence that M. ovipneumoniae is pathogenic for 

goats, causing pneumonia and pleuritis. They conducted a su rvey of 1 75 goat lungs which 

exhibited lesions and found that 36.0% of the lungs yielded M. ovipneumoniae, 4.6% yielded 

M. arginini, 8.0% had both M. ovipneumoniae and M. arginini and 5.1  % yielded a mixture of 

oth e r  mycop lasmas ( L e . M. mycoides subspecies mycoides and other and other ,  

u n identifiable , species) .  Go ltz et aI, ( 1 986) were also able to experimentally transmit 

M. ovipneumoniae to goats and reisolated the same organism from the lung. I n  a paral lel 

experiment Goltz et aI, ( 1 986) also inocu lated goats with M. arginini, but no lung lesions 

developed and they failed to reisolate the organism. They concluded that M. ovipneumoniae 

was pathogenic for goats causing pneumonia and pleuritis, while M. arginini was apparently 

not a primary pathogen .  
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Jones and Wood ( 1 988) , whi le examining cases of caprine pleuropneumonia i n  Oman, 

examined twenty-one goat lungs and three of the six cases of acute pneumonia yei lded 

M. ovipneumoniae isolates. They also found that M. ovipneumoniae was present in eight of 

the  twenty-one goat lungs examined. They concluded that M. ovipneumoniae  was 

associated with both chronic and acute forms of pneumonia. 

A small portion of this thesis (see chapter five) is  devoted to the isolation and study of 

M. ovipneumoniae iso lates obtained from the lungs of a New Zealand goat exhibiting a 

disease designated CNP by Dr M.  R .  Al ley, who coined this name for the sheep disease 

(Alley, 1 975a) . 

Distinguishing Strains of M. ovlpneumonlae. 

A) Serology. 

The subcomittee on the taxonomy of mollicutes (1 979) has proposed minimal standards for 

the description of new species of the Class Mollicutes. These standards are based on 

cultural, biochemical and antigenic characteristics. The first two of these standards are used 

to identify the species but the serological characteristics may be used to identify either 

interspecies of intraspecies differences. 

S e r o lo g ica l  tests  w h ich e x a m i n e  t h e  ant ig e n s  of a myco p l as m a ,  e .g .  ag ar g e l  

immunodiffusion ,  counter immuno-electrophoresis and the complement fixation test, are 

useful for examining similarit ies and differences between mycoplasma species . Thus Ball 

and Todd (1 978) used both double immunodiffusion and counter-immunodiffusion tests to 

examine the relationship among M. ovipneumoniae, M. dispar and M. hyopneumoniae. They 

concluded that cross-reactions had occurred between these three species. However, we are 

concerned with intraspecies diffe rences and hence the serological tests most likely to be 

useful are the metabolic inhibition and growth inhibition tests since these are relatively strain 

specific (Ball and Todd, 1 978) .  

Jones et aI, ( 1 976) i s  the only group of workers to compare strains of M. ovipneumoniae by 

the metabolic inhibition and growth inhibition tests. They examined ten ovine mycoplasma 

strains against antisera produced to five of the strains. They found that all strains cross­

reacted to some degree but nevertheless showed antigenic differences between some 
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strains tested and claimed to distingu ish two groups of M. ovipneumoniae, which roughly 

corresponded to isolates from sheep with and without CNP. 

Some pre l iminary work in  this laboratory (Clarke , personal communication) showed that 

isolates of M. ovipneumoniae in New Zealand are serologically related but not identical. This 

confirms the conclusion of Jones et ai, ( 1 976), but unlike Jones, Clarke found no consistent 

distinction between strains derived from pneumonic lungs and other isolates. Furthermore, I 

was able to show that nasal isolates, colonize the lung frequently ( Ionas et ai, 1 985) . The 

p re s e nt i nvest i g at i o n  s tarted  w it h  s o m e  p re l i m i n a ry w o rk o n  t h e  s e ro logy of 

M. ovipneumoniae but clearly a method which is more definitive i n  its abi lity to distinguish 

strains  than the metabo lic inhibit ion test or  the growth inh ibit ion test us ing polyclonal 

antibody would be advantageous. 

B) SOS-PAGE. 

Fowler et ai, ( 1 963) were the first to suggest that the electrophoretic seperation of proteins 

of pleuropneumonia-like organisms, as mycoplasmas were then called, could be used as a 

method for identifying the species of isolates.  Razin and Rottem ( 1 967) were the first 

workers to apply the technique to several different mycoplasmas and they concluded that 

isolates of different species  gave patterns which are tota lly, or at least substantially 

unrelated. In contrast, d ifferent i solates of one species gave identical or closely similar 

patterns . These conc lus ions h ave been  co nfi rmed and extended to many d ifferent 

mycoplasmas by subsequent workers (Razin ,  1 968 ; Zo la et ai, 1 970 ; Forshaw, 1 972 ;  

Daniels and Meddins, 1 973; Gois et ai, 1 974; Jones et  ai, 1976; Asa et  ai, 1 979 ; Chandler 

et ai, 1 982). 

Jones et ai, ( 1 976) appl ied th is  techniqu e to ten isolates  of M. ovipneumoniae and 

concluded that the re was "a very close resemblance between all ten strains". Jones et ai, 

( 1 976) stressed the s imi larity of patterns and did not comment on the existance of any 

differences. 

Mew et ai, (1 985) , in this laboratory, used SOS-PAGE to examine the total proteins of eight 

M. ovipneumoniae isolates obtained from the respiratory tract of sheep on different flocks in 

New Zealand . We found that most of the protein bands were common to all the isolates 

examined, but neverthe less each isolate differed by a number of minor protein bands, 

suggest ing that each was u nique. These d ifferences, detected in the protein patterns of 
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M. ovipneumoniae, prompted u s  to extend the work and i n  t his thesis we examine a larger 

number of M. ovipneumoniae isolates which were recovered from sheep on different farms 

and also included a comparison of isolates from sheep from one farm (see chapter two) . 

C) Identif ication of Proteins Exposed to the Outer Membrane of M. ovipneumoniae. 

I n  the course of th is  prese nt invest igat ion to ass ign  M. ovipneumoniae isolates into 

biologically meaningfu l groups, it became clear that M. ovipneumoniae isolates obtained 

f rom the respiratory tract of sheep were extremely heterogeneous by several criteria, 

including the examination of total prote ins by SOS-PAGE. For this reason we decided to 

attempt to examine the surface prote ins of M. ovipneumoniae since it is these proteins 

which are of more immunological importance. Although several techniques can be used to 

identify surface p rote ins ,  we used  two approaches : (a)  f luoresce nt compounds to 

preferentially label the surface of intact M. ovipneumoniae cells and (b) proteolytic enzymes 

to digest and hence selectively remove the proteins from the outside of the membrane of 

intact M. ovipneumoniae cells. 

i. Identification of Surface Proteins by Fluorescent Labelling. 

The essential properties of a chemical reagent for selectively labelling proteins exposed on 

the outer membrane surface are : 

a) It must not pass through the membrane .  

b) The reagent must react with the membrane under normal physiological conditions 

i .e .  temperature, pH and tonicity, without disrupting the cell. 

c) The label must be detectable in smal l amounts i .e .  in practise ,  f luorescent or  

radioactive compounds are used. 

d) The label should react non-selectively with all surface proteins. 

It is not certain that any compound totally fulfills these criteria. 

M addy (1 964) suggested that isothiocyanates do not penetrate the membrane. lonas (1 983) 

exposed intact M. ovipneumoniae to fluorescein isothiocyanate (FITC) to preferentially label 
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the prote ins exposed to the outer membrane for a short period of time. I concluded that 

some selective labelling had occurred, as not all of the protein bands (seen by Coomassie 

Blue staining) were stained with the FITC label .  However, too large a number of FITC­

labelled bands were stained to be accou nted for by su rface protein staining alone so I 

concluded that the label had to some degree entered the membrane and labelled some 

internal proteins. 

The selective labelling of surface proteins with either fluorescent or radioactive probes has 

been well documented with mammalian cells and micro-organisms (Maddy, 1 964; Dockter, 

1 979; Schmidt-U l l rich et aI, 1 973) . However, little has been described on the use of such 

compounds on mycoplasmas (Amar et aI, 1 974; Horowitz et aI, 1 987) . Dockter ( 1 979) 

labelled the surface proteins of intact human erythrocytes using 3-azido-(2,7)-naphthalene 

d isu lphonate (ANDS) and Maddy ( 1 964) with 4-acetamide , 4'-isoth iocyanostilbene-2, 2' 

disulphonic acid which is also a fluorescent probe. Both of these compounds are claimed by 

the above authors to be u nable to cross membranes and thus must label the su rface 

proteins only. Much effort was made at the early stage of the present thesis work, to apply 

this approach to al low the identification of the surface proteins of M. ovipneumoniae. This 

work was unproductive and is not recorded outside this introduction. We fou nd that ANDS, 

although able to label bovine serum albumin and hence to allow its detection at nanogram 

levels, did not label the surface of intact M. ovipneumoniae cells for reasons which we did 

not determine. Other photochemical probes e .g .  diazonium salts (Amar et aI, 1 974) have 

failed to selectively label the outer membrane proteins of mycoplasma cells because in ou r 

hands these compounds were found to enter the cells i .e .  proteins other  than surface 

proteins were labelled. 

ii. Identification of Surface Proteins by Proteolytic Digestion. 

The ident ification of proteins exposed on the outer membrane of intact mycoplasmas by 

proteolytic d igestion has been wel l  docu mented (Amar et aI, 1 974; Hu et aI, 1 977; Leith 

et a/, 1 983;  Kahane et a/, 1 985 ; Klinkert et al, 1 985; Hu et al, 1 982; R iethman et al, 1 987; 

Horowitz et aI, 1 987) . 

Amar et aI, ( 1 974) has done e xtensive work to identify the surface proteins of A. laidlawii 

and M. hominis, using several proteolytic enzymes i .e. pronase,  papain and trypsin. They 

concluded that pronase (20ug/ml) i n  contact with cells for 1 0mins was the least suitable 

proteolytic enzyme because it caused the greatest damage to the cells and hence digested 
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the internal proteins. They found that low concentrations of trypsin and papain were able to 

remove prote ins from the surface of A. laidlawii and M. hominis, but a small amount of 

leakage from the cell was noted. They attributed this to the lysis of a small percentage of 

cells rather than to an increased permeability of all cells. Trypsin was found to be preferable 

to pronase and papain because it had a lesser tendancy to lyse the ce lls. 

T h e  p r e s e nt re s e a rc h  app l i e s  A m e r ' s  m e t h o d  to i d e nt i f y  s u rface  p ro te i ns  of 

M. ovipneumoniae. 

D) Bacterial Restriction Endonuclease DNA Analysis (BRENDA). 

The abi l ity of restrict ion endonucleases to recognize and cleave specific nucleotide 

sequences in double stranded DNA has led to the development of a technique to assess the 

identity or relatedness of micro-organisms. Much work has been done on viruses e.g. Skare 

et aI, ( 1 975) and bacteria e.g. Marshall et aI, ( 1 98 1 ) .  I n  general the technique is most usefu l 

for distinguishing between isolates of organisms with a small genome. 

The technique is su itable  for mycoplasmas because the genome of about 700 to 800 

k i lobases (Christanse n ,  1 987)  means t hat there wi l l  not be an  excessive number of 

cleavage bands. This al lows a comparison between strains. The number of cleavage sites is 

governed by the endonuclease used a nd a s ix-base "cutter" wi l l  normally produce fewer 

fragments than a four-base "cutter" . The low GC ratio of mycoplasma DNA in association 

with a six-base "cutter" which recogn izes a sequence contain i ng a h igh proportion of 

cytosine and guanosine i n  their recogn ition s ites ( Le .  Sma1 , 5'-CCCvGGG-3') ,  wil l also 

reduce the band number. 

C h a n  a n d  R o ss ( 1 9 8 4 ) , u se d  B R E N DA to co mpare two myco plasma spec ies  

(M. hyopneumoniae and M. flocculare) which were indistingu ishable using biochemical or 

serological methods. However, they were able to distinguish between them by examining 

their restriction cleavage patterns.  

Although BRENDA has many advantages for discriminating between organisms, there are a 

number of potential problems, both technical and scientific. The DNA must be of su itable 

purity and neither sheared nor degraded. Also it is not possible to distinguish between 

degrees of relatedness espeCial ly in the sense that no numerical values can be assigned to 

the resu lts . This is un l ike D NA-DNA hybridizations. Nevertheless, B R E N DA has been 
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successful ly used to identify strains of viruses (Skare et aI, 1 975) and bacteria (Marshall 

et aI, 1 98 1 ) .  

More re levant ly ,  other workers ( Razin e t  aI, 1 983a,b ,c) have examined mycoplasma, 

u reaplasma and acholeplasma DNA cleavage patterns following digestion with a range of 

restrict io n endonucleases .  The cleavage patterns obta ined with M. gallisepticum and 

M. genitalium isolates ,  unlike Acholeplasma, showed minimal or no variation within the 

species ( Razin et ai, 1 983c) , so they suggested that mycoplasmas of strict host and tissue 

specificity exhibited marked genetic homogeneity. Similarly, the restriction  pattern for five 

M. pneumoniae strains which differed in virulence and adherance capacity, exhibited similar 

DNA cleavage patterns, indicating a high degree of genetic homogeneity ( Razin et ai, 

1 983b) . Thus the cleavage patterns could apparently be used to identify a mycoplasma 

species because of the heterogeneity of the patterns .  In contrast, Razin et ai, ( 1 983c) found 

that isolates of A. axanthum differed markedly in their DNA cleavage patterns . In contrast, 

when they examined nine ureaplasma serovars , digested with a variety of restriction 

endonucleases,  they were able to d ivide the u reaplasma serovars into just two distinct 

groups and hence showed the usefulness of BRENDA as a powerful tool i n  distinguishing 

between mycoplasma strains. 

B RENDA was used to dist inguish between isolates of M. ovipneumoniae obtained from 

different f locks of sheep in New Zealand (Mew et aI, 1 985) . We fou nd that the DNA 

cleavage patterns obtained following digestion of eight isolates of M. ovipneumoniae with 

the restriction endonuclease EcoRI were all totally different. This marked heterogeneity was 

in marked contrast to the resu lts obtained with M. gallisepticum and M. genitalium (Razin 

et aI, 1 983c) and M. pneumoniae ( Razin et aI, 1 983b) , which as noted above gave 

homogeneous patterns within each species. 

BRENDA has also been u sed as an epidemiological tool to examine the colonization by 

M. ovipneumoniae of the nasal t ract of a flock of sheep ( Ionas et aI, 1 985) . Within this one 

f lock it was possible to identify seven "groups" of M. ovipneumoniae, where each group 

contained a markedly different BREN DA pattern. lonas et aI, ( 1 985) were also able to follow 

the colonization of the nasal cavity of each lamb within the same flock and found that one 

M. ovipneumoniae stra in wou ld apparently be lost and replaced with another strain .  We also 

found that at slaughter approximately 90% of the M. ovipneumoniae isolates obtained from 

the lungs were the same as the strain which was present in the nasal cavity of the same 

lamb three weeks before slaughter. This suggests that the nasal and lung isolates of 
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M. ovipneumoniae do not represent independant populations. 

These points adequately indicate that BRENDA patterns can be used to identify strains of 

M. ovipneumoniae and a major part of this thesis applies and extends this conclusion .  

Methylation of DNA. 

This topic arose late in the present investigation and is dealt with in detail later. It is relevant 

because methylation affects the ability of restriction enzymes to cleave DNA. 

DNA may be methylated to some degree and in general, cytOSine-methylation occurs in 

eucaryotic DNA (Razin,  1 985) whereas the DNA of procaryotes u su al ly has adenine­

methylation (Razin, 1 985) . I n  contrast to the above statements however, Razin and Razin 

( 1 980) examined hydrolysed DNA from Mycoplasma hyorhinis using high pressure liqu id 

chromatography and found that about 5.8% of the cytOSine residues were 5-methylcytosine. 

This is an important obse rvation which i mpacted on the present work ,  but a detailed 

consideration of the consequences is postponed to chapter five . It should be noted however, 

that since restriction endonucleases are affected by methylation, it is possible that identical 

DNA sequences, methylated differently, cou ld give different cleavage patterns. 

Extrachromosomal Elements In the Genus Mycoplasma. 

Extrachromosomal e lements are com mon in  procaryotes but there are few reports of 

extrachromosomal DNA in mycoplasmas. However, Zouzias et aI, ( 1 983) were able to 

isolate a plasm id from Mycoplasma hominis by CsCI density gradient centrifugation and 

showed, by e lectron microscopy, that the plasmid was a covalently closed circle. Harasawa 

and Barile ( 1 983) conducted a s u rvey to i nvestigate the presence of extrachromosomal 

DNA in several isolates of each of several mycoplasma species. They fou nd two plasmids. 

One was from an isolate of M. hominis which confirms the work of Zouzias et aI, ( 1 983) and 

the other was from a mycoplasma of unidentified species. 

There has been no report of the examination of M. ovipneumoniae isolates for the presence 

of extrachromosomal elements so we examine a number of isolates of this species for the 

presence of plasmids and the results are reported in chapeter six. 
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I nvestigation of the Relationship of Micro-organisms using DNA-DNA Hybridizations. 

The technique of comparing organisms by DNA-DNA hybridizations is simple in principle. A 

radioactive DNA probe (Rigby, 1 977) is mixed with an excess of non-radioactive DNA from 

a range of iso lates of the same species or a range of different species. Following incubation 

in standard conditions and separation of single and double stranded DNA, the extent of 

hybridization can be evaluated numerically to give a measure of the relatedness of different 

organisms (Brenner and Falkow, 1 971 ; Brenner et aI, 1 982) . This technique has been used 

to compare different species of mycoplasmas  (Reich et aI, 1 966; Somerson et aI, 1 966; 

Peterson and Pol lock, 1 969 ; Askaa and Erno,  1 976; Sungino et aI, 1 980 ;  Thomas and 

Dierks, 1 980; Chandler et aI, 1 982 ; Christianse n  and Emo, 1 982 ; Yogev and R azin, 1 986) .  

DNA- DNA homology has  been  adopted by  the  Subcommittee o n  the Taxonomy of 

Mycoplasmatales (1 972) as part of a minimal standard for the description of new species of 

the o rder Mycoplasmatales. DNA homology techniques have also been u sed, albe it less 

extensively, to compare isolates of the same mycoplasma species (Somerson et aI, 1 966) . 

Thus, Somerson et al ( 1 966) used DNA-RNA homology techniques to determine the genetic 

relatedness of the nucleic acids of e ight mycoplasma isolates which were serologically 

classif ied as Mycoplasma hominis. The eight isolates each showed more homology with 

themselves than with any of the other seven i .e.  each isolate was d ifferent at least to a small 

extent. We apply this approach to M. o vipneumoniae (see chapter seven) . 

Overall Objectives. 

In brief, this thesis addresses the topics listed below. However, some e.g. serology, were 

not investigated in depth whereas others e.g. the methylation of DNA, its consequences for 

BRENDA and DNA-DNA hybridizations represent a major part of the investigation.  

i) Comparison of M. ovipneumoniae isolates using a metabolic i nhibition test. 

ii) Separation and comparison of the proteins of M. ovipneumoniae isolates by IEF 

and SDS-PAGE. 

iii) Identification of surface proteins of M. ovipneumoniae 

iv) I nvestigation of the  heterogeneity of M. ovipneumoniae isolates using various 

restrict ion  endonuc leases including a comparison of mu lt iple isolates fro m  

individual pneumon ic lungs. 

v) Detection of methylated bases in the DNA of some isolates of M. ovipneumoniae. 
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vi) Examination of M. ovipneumoniae strains for the presence of extrachromosomal 

elements. 

vii) Investigation of the re latedness of M. o vipneumoniae isolates using DNA-DNA 

hybridizations. 
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CHAPTER ONE 

Examination of  M. ovlpneumonlae Isolates by the Metabolic Inhibition Test. 

1 . 1 Introduction. 

M. ovipneumoniae is associated with chronic non-progressive pneumonia (CNP) ,  which is 

an economical ly i mportant disease of sheep in N ew Zealand . The organism can be 

recovered from virtually 1 00% of CNP lung lesions, but can also be recovered from the 

nasal t ract of some sheep and the colony morphology of isolates can vary (see below) . 

These considerations suggest the possibi l ity that isolates of the organisms may not be 

identical. If so , the most important variation from the point of view of immunity, is serological 

variation between isolates from pneumonic lungs. Some such variation has been reported 

(Jones et aI, 1 976) for isolates in the United Kingdom. 

This section examines several isolates u sing the metabolic inhibition (MI) test to investigate 

whether or not isolates recovered from the lungs of New Zealand sheep are serologically 

homogeneous. 

1 .2 Materials and Methods. 

1 .2 . 1  Materials 

1 )  FM4 Medium :  see appendix 

2) Pooled Guinea-Pig serum 

Stored in aliquots at -70°C .  This was a source of complement. 

3) Phosphate Buffered Saline: see appendix 
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1 .2 .2  Methods 

1 .2.2.1 Quantal Titration of M. ovipneumoniae Strains. 

Eight M. ovipneumoniae strains were each propagated in 50ml of FM4 Medium and stored 

at -70°C in 2ml aliquots. An aliquot from each frozen M. ovipneumoniae culture was thawed 

and serial 1 O-fold dilutions in FM4 Medium were prepared and incubated at 370C. The end­

point was recorded as the highest di lution wh ich produced a colour change in the FM4 

Medium (Le. a colour change from red to yellow corresponding to a drop of at least one pH 

unit) . 

1 .2.2.11 Production of Antisera. 

Rabbit antisera was raised against three M. ovipneumoniae strains ( 1 , 5 and 1 0) as 

described in chapter two - section C2 .2.2 . iL The antisera were heated to 560C for 30mins to 

inactivate complement before use. 

1 .2.2.111 Metabolic Inhibition Test. 

M I tests were p e rformed in d ispo sab le  p last ic ,  f l at-bottomed m icro-t i trat ion p lates 

(Linbro TM) .  The plates and their lids were sterilized with u ltra-violet radiation using a 30 watt 

germicidal lamp (Philips TM) at a distance of 0 .5m for 30mins. 

50u l of FM4 Medium was dispensed into ten micro-titre wells and 1 50ul into two further 

wells which were used as a contro l .  50ul of an initial 1 :4 dilution of antiserum was used to 

prepare serial 2-fold d i lutions in FM4 Medium in a row of ten micro-titre wells. 50u l of a 

mycoplasma cultu re containing 1 04ccu
" 

was added to all the wells and the volume of each 

well was adjusted to 200ul by the addition of FM4 Medium. This gave a di lution of 1 :40 of 

the antibody in the first wel l .  M I  tests, in the presence of complement,  were achieved by 

supplementing the FM4 Medium with complement to give a f inal concentration of 7.5% 

guinea-pig serum per well. Note that in a standard complement titration ,  using 1 % sensitized 

sheep red blood cells, the gUinea-pig serum had an end-point of 1 :320. Thus, 7.5% guinea­

pig seru m represents a 24 MCD50 . Each M. ovipneumoniae cu ltu re tested by M I  was 

assayed to confirm the calculated titre. 
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The micro-titre plates were incubated at 370C in  a humidified container. The results were 

read when a 1 04 dilution of a test strain (not i ncubated in antiserum) changed colour. The 

endpoint was was then determined as being the first well which exhibited a colour change 

(Le. a pH drop of one unit) . 

1 .2.2.iv Absorption of Antisera for use In Metabolic Inhibition Tests. 

M. ovipneumoniae strains 1 ,  5 and 1 0  were propagated in 1 00ml of FM4 Medium. The cells 

were centrifuged at 1 5  500g for 1 5mins ,  washed twice in PBS and made up to a 50% 

suspension in PBS. 0 . 1  ml of each mycoplasma suspension was placed into separate 1 .5ml 

Eppendorf microfuge tubes and 0.4 ml of non-homologous antisera to total 

M. ovipneumoniae strains was added. Each microfuge tube was mixed gently and then 

incubated for 1 4hrs at 40C. The mycoplasma cells were then separated from the antisera by 

centrifugation at 1 5  500g for 5mins. The serum was collected and re-centrifuged to ensure 

that al l the mycoplasma cells were removed (Le.  unti l  no cel lu lar deposit appears at the 

base of the tube) . The serum was then heated to 560C, tested for sterility and used in a M I  

test i n  the presence of 7.5% complement a s  described i n  Section 1 .2.2C. 

* 
Note: One colou r changing u nit (ccu) was def i ned as the highest di lution of a 

mycoplasma suspension that produced a colour  change in the medium. 

1 .3 Results. 

MI tests with eight M. ovipneumoniae strains in  the absence of complement gave low titres 

« 40) in almost all cases (Table I ) .  However, in the presence of 7.5% guinea-pig serum (Le. 

complement) the antisera gave higher titres (Table I I ) .  

Each of the three mycoplasma antisera tested ( in the  presence of complement) inhibited all 

eight M. ovipneumoniae strains,  although the titres varied. 

Three M. ovipneumoniae strains ( 1 , 5 and 1 0) were used to cross-absorb antisera prior to 

use in a MI test. The results (compared with non-absorbed antisera) are shown in Table I I I .  



Table I :  Metabolic Inhibition of Eight M. ovjpoeumoojae Strains Tested 
Against Three Antisera in the Absence of Complement.* 

Metabolic Inhibition Tltres of 
Test Strain of Antisera to: 

M. ovipoeumooiae Strain 1 Strain 5 Strain 1 0  

1 <40 <40 <40 
2 <40 <40 <40 
4 80 <40 <40 
5 <40 <40 <40 
1 0  <40 <40 <40 
3 7 E  <40 <40 <40 
M P P74 <40 80 <40 
L3/C3 <40 <40 <40 

*Note: This table represents two experiments which gave identical results. 

Table I I :  Metabolic Inhibition of Eight M. ovjDoeumooiae Strains Tested 
Against Three Antisera in the Presence of 7.5% Complement.* 

Metabolic Inhib ition Titres of 
Test Strain of Antisera + 7.5% Complement to : 

M. ovipoeumooiae Strain 1 Strain 5 Strain 1 0  

1 1 60  40 80 
2 80 160 40 
4 320 320 80 
5 80 320 40 
1 0  320 320 320 
37E 40 40 80 
M PP74 40 320 80 
L3/C3 1 60  160 40 
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*Note : These are the results of one typical experiment. In  repeated experiments the 
results were substantia l ly unaltered, although 2-fold changes in titre occurred 
in a few cases. 



Table I I I :  Metabolic Inhibition of M. ovipoeurnoo;ae Antisera Cross-Absorbed 
with Heterologous M. ovipoeurnooiae Strains.* 
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Ant i body A nt ibody A b s o rbed Non-Absorbed 
Antibody Absorption Tested With Ant i body Ant ibody 
to Strain Stra i n  Test Stra in  Tit re T itre 

1 5 1a 40 80 
1 1 0  1a 320 320 
1 5 1 0b 40 80 
1 10 5b 320 320 
5 1 5a <40 40 
5 10 5a 320  320 
5 1 1 0b <40 40 
5 10 1 b 320 320 
10  1 1 0a 40 80 
10  5 1 0a <40 40 
10 1 5b 40 80 
10 5 1b <40 40 

*Note : Antisera was cross-absorbed before being tested with either  (a) 
homologous or (b) heterologous mycoplasma strains. 
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Figure 1 (a and b) 

Colonies of two lung isolates of M. ovipneumoniae incubated for six days at 370C.  

These represent the extreme range of  colony morphology, but the vast majority give 

co lonies which resemble strain 5 (Figure 1 a) rather than strain 1 (Figure 1 b) . Note the 

circular outl ine_ and pitted appearance of typical M. ovipneumoniae colonies in Figu re 

1 a. 

Technical Note : 

Magnification 1 20x 
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1 .4 Discussion. 

Antibody prepared against whole organisms caused metabolic inhibition of M. ovipneumoniae 

in some instances but, i n  the absence of complement, the titre was invariably low (Table I) . 

Howeve r, in genera l ,  complement was needed for metabo l ic inh ib it ion by antibody of 

M. ovipneumoniae. A complement concentration corresponding to 7 .5% fresh guinea-pig 

serum was used rout inely because pre l im inary work (data not shown) indicated that a 

complement level of greater than 7.5% (24 MCD50) did not increase the metabolic inhibition 

titre . 

M etabol ic i n h ib it ion c learly demonstrates antigen ic  diffe rences in  d iffe rent i solates of 

M. ovipneumoniae. For example, compare antisera prepared against strains 1 and 5 (Table I I ) .  

Antiserum to strain 1 showed a 2-fold preference (titre of  1 60) for strain 1 when compared with 

strain 5 (titre of 80) whereas antiserum to strain 5 showed an 8-fold preference (titre of 320) to 

strain 5 when compared to strain 1 (titre of 40) . On its own this result might be taken to denote 

the existance of two related, but nevertheless distinct, groups of M. ovipneumoniae. It might be 

tempting to denote these as serovars 1 and 2 however,  such a distinction would not be helpful 

and indeed wou ld be confusing. Thus, antibody to all three strains ( 1 , 5 and 1 0) inhibited all 

eight strains tested, but the titres obtained (Table II) did not al low the delineation of any clearly 

defined groups and, as noted above, all strains are related but nevertheless the organisms are 

serologically heterogeneous. 

The simplest poss ibil ity is that two antigens are involved : One representing a group-specific 

antigen and another (possibly several others) representing strain-specific antigens. This led us 

to attempt to increase the discriminating capacity of the antigen by cross-absorption. However, 

in most instances a 2-fold drop in t itre occurred with both homologous and heterologous 

strains following absorption. 

Because of these results, which reflect the results of other workers (Jones et aI, 1 976) , we 

decided to concentrate o n  a diffe rent approach ,  namely  to examine the  prote ins of 

M. ovipn eumoniae  i so l at e s  u s i ng S o d i u  m D odecy l  Su lph ate Po lyacry lamide-Ge l  

Electrophoresis (SDS-PAGE) techniques with the possibil ity i n  mind that this may allow us  to 

distingu ish individual isolates and perhaps to detect grouping of isolates when a significant 

number are compared. We do not wish to imply that further refinements of serology have no 

potential to ass ist progress, indeed the product ion  of monoclonal antibody might assist 
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serological studies. However, such an approach was not available to us during the course of 

this study. 

Another approach is to examine the serology of M. ovipneumoniae using antisera to individual 

proteins in a "Western Blot". We return to this topic in the latter part of chapter three. 
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CHAPTER TWO 

Separation and Comparison of M. ovipneumoniae Proteins by Iso-Electric Focusing 

(IEF) and Sodium Oodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SOS-PAGE). 

A) Com pariso n of Non-Ionic a nd Zwltte rio nlc Surfactants for the i r Ab i l ity to 

Solubilize M. ovlpneumonlae Membrane Proteins for use In IEF. 

A2. 1  Introduction. 

Metabolic inhibition tests using polyclonal antibody demonstrated that M. ovipneumoniae is 

not a sero logically homogeneous species. However, metabolic inhibition tests , even with 

absorbed sera ,  raised against whole organisms do not have the potential to distinguish 

groups or se rovars of M. ovipneumoniae. Because of th is ,  several approaches were 

considered. 

a) Production of monoclonal antibody to M. ovipneumoniae. 

b) Examination and comparison of the total proteins (or their su rface proteins only) of 

M. ovipneumoniae. 

Since the technology for monoclonal antibody production was not availab le  to us we 

adopted the second approach. Proteins can be examined and compared in at least two 

ways: iso-electric focusing ( IEF) of solublized (undenatured) total proteins or by SDS-PAGE, 

which involves the denaturing of proteins by heat and SDS. 

SDS-PAGE is a relatively simple technique and applies to all proteins because heating in 

SDS is  a potent means of solubl iz ing even membrane proteins . We returned to th is 

technique ( see later in  this chapter) but there is a potential advantage in  separating 

undenatured proteins e.g. antibody production to native proteins would reflect the "natural" 

immune response to M. ovipneumoniae while the response to SDS-heat treated proteins 

may or may not when used as immunogens produce antibody to the native protein .  With this 

in mind this section investigates the solublization of M. ovipneumoniae proteins by various 

su rfactants and compares the total undenatu red protein of several isolates by using the 

solublized extracts. 
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A surfactant to be used for iso-electric focus ing should be either non-ionic or  zwitterionic so 

that it does not contribute any nett charge to the proteins. This will al low any proteins to 

migrate in a gel in the presence of an electric field until the protein reaches a position in the 

gel which corresponds to its iso-electric point where the protein will have no nett charge and 

hence remain fixed. 

Five non-denaturing surfactants were chosen and compared for their ability to solublize the 

proteins of M. ovipneumoniae. Two surfactants; Tween 20 and Triton X-1 00 are non-ionic, 

while the remaining three su rfactants ;  CHAPS, Zwittergen 3-1 2  and Zwittergen 3-1 4 are 

zwitte rionic ( L e .  have no nett charge) . The abi l ity of these agents to solubl ize intact 

M. ovipneumoniae cells was examined initially by spectrophotometric determination of the 

drop in optical density. The two best solublizing agents were then chosen and examined in 

more detail for their ability to solublize all the proteins of M. ovipneumoniae. This was done 

by comparing the sediments and the supernatants of Iysates by SDS-PAGE. 

A2.2 Materials and Methods. 

A2.2.1  Materials 

1 )FM4 Medium: see appendix 

2)Phosphate Buffered Saline: see appendix 
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3)Surfactants: The following were made to a concentration of 1 2% 

a. Tween 20 (Polyoxyethylene sorbitan monolaurate) (Bio-Rad TM, Bio-Rad Laboratories, 

Richmond, California, USA) . 

b. Triton X-1 00 (Octyl phenoxy polyethoxyethanol) (Sigma TM, Sigma Chemical Company, 

St Lou is, M issouri, USA) . 

c. CHAPS (3-[(3-Cholamidopropyl) dimethyl-ammonio]- 1 -propane-sulphate) (Sigma TM, 

Sigma Chemical Company, St Louis, M issouri, USA) . 

d.  Zwittergen 3-1 2 (3-Dodecyldimethylammonium-1 -propane su lphonate) (Serva TM , Serva 

Feinbiochemica, Heidelberg , West Germany). 

e. Zwittergen 3-1 4 (3-Tetradecyldimethylammonium-1 -propane su lphonate) (Serva TM , 

Serva Feinbiochemica, Heidelberg, West Germany) . 

4)Proteln Assay: see section C2.2.2.v. 

5)SDS-PAGE:  see section C2.2.2.vi. 

A2.2.2 Methods 

A2.2.2.1 A Spectrophotometric Determinat ion of the Solubl lzlng Abil ity of Non­

Ionic and Zwltterlonlc Surfactants on a M. ovlpneumonlae Strain. 

M. ovipneumoniae stra in  5 was propagated in  300ml  of FM4 Medium ,  the cells were 

collected by centrifugation, washed twice in PBS and resuspended in PBS to give a 1 0% 

suspension. A 1 2% solution of two non-ionic surfactants (Tween 20 and Triton X-1 00) and 

three zwitterionic surfactants (CHAPS, Zwittergen 3-1 2 and Zwittergen 3-1 4) were prepared 

and from these serial 2-fold dilutions of each surfactant in PBS were made. 1 00ul of a 1 0% 

M. ovipneumoniae cell suspension was added to 200ul of each dilution. A PBS control was 

included. The suspensions/lysates were mixed for 60sec, placed in 1 ml glass cuvettes with 

a 1 0mm light path and their optical densities at 500nm were measured using a Cecil™ 

CE559 spectrophotometer meter. 
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An SDS-PAGE Compa rison of Two Zwltterionic Surfactants on their 

Abil ity to Solublize Total M. ovlpneumonlae Cells. 

A 734ul aliquot of a 1 0% M. ovipneumoniae cell suspension ( 1 5mg/ml) in PBS was placed 

in a 1 .5 ml Eppendorf microfuge tube. 66ul of a 1 2% solution of either Zwittergen 3-1 2 or 

Zwittergen 3-1 4 was added to the M. ovipneumoniae cell suspension, giving a total ce ll 

suspension volume of 0.8ml with a final surfactant concentration of 1 %. The microfuge tube 

containg the cell suspension and surfactant were mixed thoroughly and centrifuged at 

1 5  500g for 3mins. The supernatant was removed and placed in a fresh microfuge tube and 

recentrifuged to ensu re that all unsolublized cellu lar material was sedimented (no deposit 

was observed in the second centrifugation step). The sediment was resuspended in PBS to 

the original volume of the cell suspension (0 .8ml) . 

U s i ng  S OS - P AG E  (see  sectio n C 2 . 2 . 2 .v i ) ,  t h e  s u p e rnatant ,  sed i m e nt and total  

M. ovipneumoniae proteins were compared. A constant sample volume (7.34ul) of each 

fraction was loaded on to the gel and electrophoresed. 

A2.3 Resu lts. 

The  ab i l ity of two non- ionic and three zwitter ionic surfactants to solubl ize an intact 

M. ovipneumoniae cel l  suspension (as ind icated by a drop in optical density) at various 

surfactant co ncentrations is shown in Figure 2. The two non-ionic surfactants; Tween 20 

and Triton X-1 00 at low (0.25%) surfactant concentrations decreased the optical density by 

1 2.8% and 38.5% respectively. At a concentration of 4% this increased to 29.2% for Tween 

20 and to 53.8% for Triton X-1 00. 

CHAPS showed a poor abi l ity to solubl ize the intact mycoplasma cel l  suspension. At 

concentrations of less than 3.25% its ability to solublize the cell suspension was inferior to 

Triton X- 1 00. However, at higher surfactant concentrations its ability to solublize the cell 

increased somewhat but it was inferior to the other zwitterionic surfactants. 

Zwittergen 3-1 2 caused a 59.6% drop in the optical density of the cell suspension, even at a 

low (0 .25%) su rfactant concentration and at a much higher surfactant concentration (4%) 

Zwittergen 3-1 2 marginally increased its solublizing efficiency Le. a 72% drop in the optical 

density. 
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The third zwitterionic surfactant (Le. Zwittergen 3-1 4) caused an approximate 9 1 %  decrease 

in the optical density of the cell suspension at a surfactant concentration of 0 .25%. At 0.5% 

the optical density drop increased to approximately 95%. At higher surfactant concentrations 

(Le. at 4%) it reached 97%. Clearly, Zwittergen 3-1 4  is a potent solublizer and is markedly 

superior to the other four surfactants tested. However, a decrease in the optical density is 

not a d irect measure of solubilization so Zwittergen 3-1 2 and 3-1 4 were used to solublize an 

M. ovipneumoniae suspension and the resulting preparation was centrifuged. Little or if any 

sedi me nt was v is ib le ,  however the supernatant was removed and the sediment was 

resuspended to its original volume.  Al iquots of these and the total lysate (at equivalent 

concentrations) were examined by SOS-PAGE, the results are shown in Figure 3. 
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Figure 2 

Lyses of M. ovipneumoniae by surfactants. Two non-ionic surfactants (Tween 20 and 

Triton X-1 00)  and th ree  zwitter ionic surfactants (CHAPS,  Zwittergen 3 - 1 2 and 

Zwittergen 3- 1 4) were compared for their ability to solublize a 1 0% M. ovipneumoniae 

cell suspension as measured by a decrease in optical density. 
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Figure 3 

Exam i n at ion o f  so lub i l ized and non -so lub i l ized p rote ins  fo l lowing treatment of 

M. ovipneumoniae cells with Zwittergen 3-1 2  and 3-1 4. 

M. ovipneumoniae was t reated with Zwittergen 3-1 2 and Zwittergen 3-1 4.  Fo llowing 

centrifugatio n ,  the supernatant and deposit f raction were compared with the total 

p rote i n s  of M. o vipne u mo n iae  u s i n g  S DS - PAG E .  L a n e  1 :  tota l  p rote in  of  

M. ovipneumoniae strain 37E; Lane 2 :  supernatant fraction solublized by Zwittergen 3-

12 ;  Lane 3 :  sediment remaining after Zwittergen 3-1 2 solublization ;  Lane 4: total protein 

of M. ovipneumoniae strain 37E; Lane 5: supernatant fraction solublized by Zwittergen 

3-1 4;  Lane 6: sediment remaining after Zwittergen 3-1 4 solubl ization. 

Note that both surfactants, especially Zwittergen 3-1 4, solubi l ized all protein. 





34 

A2.4 Discussion. 

As estimated by opt ical density measure me nts, Twee n-20 , Triton X-1 00 and CHAPS 

caused only a partial clearing of a turbid suspension. However, by this criterion Zwittergen 

3-1 2 and 3-1 4  were potent solublizing agents at even low solublizing concentrations of 

0 .25%. Although the drop in optical density was up to 97%. when M. ovipneumoniae was 

solubilized by Zwittergen 3-1 2 ,  no significant deposit was observed following centrifugation. 

More significantly however, all the fractions seen when M. ovipneumoniae was lysed by 

SDS-PAGE (Figure 3, lane 1 )  were present in  the supernatant of M. ovipneumoniae lysed 

by Zwittergen 3-1 2 (Figure 3, lane 2) and furthermore, the trace sediment when so lubil ized 

by SDS-PAGE (Figure 3, lane 3) indicated that no major protei n  remained unsolubilized by 

Zwitte rgen 3-1 2 .  The same appl ies to Zwittergen  3- 1 4  which however, left eve n  l ess 

unsolubil ized protein (Figure 3 ,  lane 6) . Consequently, Zwittergen 3-1 4 is a suitable agent to 

solublize M. ovipneumoniae proteins for iso-electric focusing. 
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B) Iso-Electric Focusi ng ( IEF) of M. ovlpneumonlae Proteins in Non-Denaturing 

Surfactants. 

B2.1 Introduction .  

I so-electric focusing ( IEF) was used to separate the  proteins of eight M. ovipneumoniae 

isolates solublized with a non-denaturing surfactant (Zwitte rgen 3- 1 4) .  Seven of these 

isolates were obtained from different farms in New Zealand and the other strain was iso lated 

in Australia and kindly supplied by Dr T.D .  St.George in 1 973. 

B2.2 Materials and Methods. 

B2.2.1 Materials 

I .  For Sample Preparation. 

1 )FM4 Medium : see appendix 

2)Phosphate Buffered Saline: see appendix 

3)Solubllzlng Mixture (2x) 

Zwittergen 3-1 4 u ltrapure (Serva) 

Dithiothretol (Sigma) 

Glycerol 

Distilled Water to 

iI. For Preparation of Iso-Electric Focusing Gels. 

1 )Acrylamlde Solution 

Acrylamide (Serva) 

Distilled Water to 

2)N,N-Methylene B ls Acrylamlde Solution 

N ,N-Methylene Bis Acrylamide 

Distilled Water to 

0.2g 

0.04g 

0 .9ml 

1 0 .0ml 

29. 1 g  

1 00.0ml 

0 .09g 

1 00.0ml 



Both the acrylamide and the N ,N-Methylene Bis Acrylamide stock solutions were fi ltered 

through a 0.45u Millipore ™ f i lter before being stored in a dark bottle at 40C.  

3)Ammonium Persulphate Solution 

Ammonium Persulphate 

Distil led Water to 

This solution was made immediately before use. 

4)Ampholine ™ pH 3.5-10.0 (LKB Bromma) 

This solution was stored at 40C 

5)Electrode Solutions 

a .Anode (+) 1 M  H3 P04 

Phosphoric Acid (Analar) 

Distilled Water to 

b .Cathode (-) 1 M NaOH 

Sodium Hydroxide (Analar) 

Distilled Water to 

0.05g 

1 .0ml 

2.8ml 

50.0ml 

2 .0g 

50.0ml 
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The cathode electrode solution was placed into a Buchner flask and heated to 400C in a 

waterbath for approximately 30mins while under vacuum. 

Note: This degassing procedure removes dissolved CO2 from the cathode solution which 

would otherwise effervesce around the e lectrode when the cu rrent f lows . Th is  

interfers with the constant wattage through the gel and results in  "skewed" protein 

bands. 

6)F lxlng Solution 

Trichloroacetic Acid (Analar) 

Sulphosalicylic Acid (Analar) 

D istilled Water to 

The solution was stored at room temperature. 

34.5g 

1 0.4g 

300.0ml 



7)Stalnlng Solution 

Trichloroacetic Acid (Analar) 

Sulphosalicylic Acid (Analar) 

Coomassie Bril l iant Blue R2S0 

Distilled Water to 

34.Sg 

10 .4g 

0.3Sg 

300 .0ml 
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The solution was heated to 600C fo r 20mins with i ntermittent stirring to solubl ize the 

Coomassie Bri l l iant B lue .  It was freshly p repared a nd used immediately to sta in  the 

e lectrofocused proteins. 

8)Destainlng Solution 

Ethanol (Analar) 

Acetic Acid (Analar) 

Distilled Water to 

SOO.Oml 

1 60.0ml 

2000.0ml 

This solution was stored at room temperature and could be re-used if passed through a 

column of activated charcoal. 

9)Preservlng Solution 

Ethanol (Analar) 

Acetic Acid (Analar) 

Glycerol 

Distilled Water to 

This solution was stored at room temperature. 

B2.2.2 Methods 

82.2.2.1 Sample Preparation. 

SOO.Oml 

1 60.0ml 

30.0ml 

2000.0ml 

Eight M. ovipneumoniae isolates were propagated in  1 S0ml FM4 Medium, the cel ls were 

collected by centrifugation, washed twice and resuspended in PBS to g ive an approximate 

1 0% suspension .  A 1 ml aliquot of the resuspended cells were sonicated for a total of Smins 

at 30sec intervals in a 40C waterbath using a MSE 1 S0 ultrasonic diSintegrator at 1 S0 watts. 

A 1 00ul a l iquot of lysate was assayed for prote in  concentration as described in section 

C2.2.2.v. 
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O .Sml of lysed M. ovipneumoniae cel ls were transferred to a 1 .5ml Eppendorf microfuge 

tube and O .Sml of so lublizing mixture (2x concentrated) was added. This was thoroughly 

mixed, centrifuged at 1 5  500g for 1 0mins (to remove any cell debris) and stored at -200C 

until required. 

82.2.2.11 Preparation of Iso-Electric Focusing Gels. 

A clean glass plate measuring 1 2.5cm x 2S.0cm x 0 .3cm (WxLxT) was placed flat on the 

bench and 2ml of distilled water was placed in the centre of the glass plate at one end. A 

sheet of thin plastic (Gelbond TM) was pressed on to the glass surface starting at the wetted 

end and air bubbles trapped between the two surfaces were expelled using a rubber roller. 

A second g lass plate ( 1 2 .5cm x 25.0cm x O.3cm) with two (1 2.5cm x 25.0cm x O .05cm) 

Teflon ™ side spacers permanently adhered to either edge of one side of the glass plate 

was lowered on to the p lastic sheet. The two g lass p lates were clamped together with 

bul ldog clips and placed on a levelled surface ready for the addition of acrylamide. 

The acrylamide gel was prepared in a 1 00ml Buchner flask from stock solutions: 

Acrylamide Solution 

N ,N-Methylene Bis Acrylamide Solution 

LKB 1 8 1 8  Ampholine ™ 
Distilled Water to 

3 .5ml 

3 .5ml 

1 .5ml 

20.5ml 

This solution was placed under vacuum at 3?"C and degassed for about 15 to 20mins with 

occassional  swi rl ing of the  gel  so lut ion .  Fo l lowing degassi ng , O .5ml  of Ammoniu m 

Persulphate Solution was added to the gel solution and mixed without forming air bubbles. 

The gel solution was i mmediately injected between the glass plates using a 20ml syringe 

fitted with a flexible tube (5cm long and with an internal diameter of about O.3cm) placed 

against the O .05cm gap. Care was taken to avoid air bubbles when casting the gel .  If 

bubbles were present then the preparation was d i scarded and a new one prepared . 

Polymerization took approximately SOmins to complete at room temperature . Then the 

unpolymerized gel solution (exposed to air) was removed by tilting the glass plates at a 450 

angle and letting the unpolymerized gel solution drip into a sink. The original bottom glass 

plate was separated and the Gelbond ™ plastic sheet with the gel adhered to it was peeled 
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from the upper glass plate. The gel  was used immediately but can be stored at 40C in a 

humidified container for up to 3 days. 

82.2.2.111 Iso-Electric Focusing of M. ovlpneumonlae Protein Samples. 

Electrophoresis of M. ovipneumoniae proteins was carried out using a flat bed 21 1 7-301 

Multiphore ™ electrophoresis unit (LKB) . 5ml of kerosine was spread over the cooling plate 

and the temperature of the cool ing p late was reduced to 1 0°C us ing a Multitemp ™ 
thermostatic circulator ( LKB) .  The po lyacrylamide gel (bound to the Gelbond ™ plastiC 

sheet) was placed on the surface of the kerosene wetted cool ing plate without trapping air 

bubbles (these cause d ifferential cooling which results in skewed bands) . Strips of fi lter 

paper of 0.6cm wide and 25cm long ( 1 cm shorter than the gel) were cut and soaked in the 

appropriate solutions (anode - 1 M H3P04 and cathode - 1 M NaOH).  The electrodes were 

positioned on the gel approximately 0 .3cm from the (long) edge and were 0.5cm short at 

each end from the ends of the gel. Note that it is important to ensure that the electrodes did 

not protrude beyond the end of the gel. If this occurs, it al lows wetting of the edge of the 

Gelbond ™ and electrical shorting of the system will result. 

Whatman N01 filter paper was cut into rectangular pieces 0.5x 1 .0cm and positioned on the 

gel's surface approximately one to two centimetres from the cathode. 20u l equivalent to 

80ug of solubil ized protein was applied to the filter paper. 

The e lectrofocusing lid was positioned so that the two platinium wires were in contact with 

the electrode wicks. The terminals were then connected to a constant power supply unit 

(LKB 21 97) . An extra electrophoresis safety lid was positioned over the electrofocusing l id. 

The pressu re bar kept the platinu m e lectrodes in constant contact with the anode and 

cathode wicks (see Figure 4) . 

The voltage was set at 2000 volts (max) , current set at 50 mil liamps (max) and the power 

was set at 25 watts (max). Note that the power is initially l imiting, but as the run proceeds 

the current diminishes and the voltage increases and then voltage finally becomes limiting .  

M. ovipneumoniae proteins were electrophoresed for 30mins and the filter paper rectangles 

were removed. The gel was then electrophoresed for a further 30mins to sharpen the 



40 

Figure 4 

Preparation of an iso-electric focusing gel and assembly of apparatus. 

a) Usi ng a rol ler a thin plastic sheet (Gelbond TM) was securely stuck on to a glass 

plate ( 1 2 .0cmx2S.0cmxO.3cm) wetted with about 2ml of water. 

b) A second g lass plate ( 1 2 .0cmx25. 0cmxO .3cm) contain ing two Teflon ™ side­

spacers (0 .5cm in thickness) was lowered on to the plastic sheet. This formed a 

chamber ( 1 2 .0cmx25.0cmxO.05cm) to cast the gel. The glass plates were clamped 

together with "bul ldog" clips (not shown for the sake of clarity) . 

c) Approximately 20ml of as yet unpolymerized gel solution containing ampholines 

was popetted between the plastic sheet and the upper glass plate. 

d) Fol lowing polymerization (about SOmins) the upper glass plate was removed and 

the plastic sheet with the polymerized gel was peeled from the lower glass plate. 

e) The plastic sheet with the gel adhering to it was positioned on a cooling plate 

coated with a th i n  f i lm  of  kerosene .  Two e lectrode wicks satu rated with the 

appropriate buffer were positioned at opposite s ides of the gel . Pieces of filter paper 

(0.5cmx1 .0cm) soaked with 20ul (80ug) of solubil ized protein were applied to the 

cathode end of the gel surface. 

f) A lid was pos it ioned so that it's two e lectrodes were placed in contact with the 

wicks.  A second l id was positioned over the initial l id to conceal any exposed 

electrodes. Electrophoresis was conducted with the voltage set at 2000 volts (max) , 

current set at 25 mill iamps (max) and power set at 25 watts (max) .  After 30mins of 

electrophoresis,  the filter paper soaked with 20ul of solubil ized protein was removed 

and the gel was electrophoreses for a further 30mins. 
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protein bands.  Using a LKB surface e lectrode (Mu ltiphor Electrode 2 1 1 7-1 1 1 )  the pH 

gradient was measured at various intervals. The pH at the  anode end of  the  gel was pH 3.5 

and pH 1 0 .0 at the cathode e nd of the gel, these pH values corresponded to the pH range 

of the Ampholines used . The two e lectrode wicks were then careful ly removed without 

damaging the gel and the gel then placed in 300ml of fixing solution for 30mins. The Fixing 

Solution was discarded and the gel washed in 300ml of Destaining Solution for 5mins. The 

Destaining Solution was also discarded and the gel was immersed in 300 ml of preheated 

(60°C) Staining Solution. A lid was placed over the container and the gel was left to stain for 

1 0mins. The Staining Solution was discarded and the gel washed with several changes of 

Destaining Solution until the background was clear. The gel surface was then wiped with a 
.. 

ball of cotton wool to remove any undissolved coomassie-blue crystals . The gel was then 

placed in  Preserving Solution for 30mins and then (still attached to the Gelbond ™ support) 

in a fume hood overn ight. This al lowed partial drying so next day the gel's surface was 

sticky and a layer of plastic (LKB preserving sheet) was placed over its surface. Air bubbles 

between the gel and plastic sheet were removed by using a photographic ro ller. The IEF gel 

was used either as a photographic negative or stored as a permanent record. 

* Note: 

B2.3 Resu lts. 

Unlike typical 1 0% SDS-PAGE gels, the 4% acrylamide gel tends to allow the 

adherence of any undissolved coomassie-blue crystals .  

Using a zwitterionic surfactant ( 1 %  Zwittergen 3-1 4) ,  eight M. ovipneumoniae isolates were 

compared by iso-electric focusing as shown in Figure 5 .  

The solubil ization of total mycoplasma protein was apparently a lmost complete, however a 

trace of precipitated protein appeared on the gels surface at the site where the samples 

were applied (Figure 5 ,  arrow A) . The proteins were separated according to their charge an 

a pH 3.5 to pH 1 0.0 gradient. The protein bands separated from all eight M. ovipneumoniae 

iso lated and were located between pH 4.5 to pH 7.5.  M any protein bands were clearly 

resolved indicating that little if any protein degradation had occurred. 

A comparison of the eight M. ovipneumoniae isolates reveals that each isolate is distinct in 

the sense that no two isolates exhibit the same protein profile. About fifteen to eighteen 
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proteins are shown photographically, but up to twenty-three proteins were seen by visual 

examinat ion in each protein p rof i l e .  Some protein bands are common to all isolates 

examined, in particu lar two major protein bands were common. They were located at the pH 

5.0 and pH 7.5 region as ind icated by the arrows in Figure 5 (arrows C and B respectively) . 
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Figure 5 

Separation of M. ovipneumoniae proteins by iso-electric focusing. 

Eight M. ovipneumoniae strains obtained from sheep on different farms were solubil ized 

with a non-denaturing surfactant (Zwittergen 3-1 4) and the proteins were separated by 

iso-electric focusing in a pH 3 .5 to pH 1 0 .0 polyacrylamide gel gradient. 

The samples are (from left to right) ; Lane 1 ,  strain 1 ;  Lane 2, strain 2; Lane 3, strain 4; 

Lane 4, strain 5 ;  Lane 5, strain 1 0 ;  Lane 6, strain 37E; Lane 7, strain MPP74; Lane 8, 

strain L3/C3. 

Note that while some bands are common to all isolates (arrow B and C) , no two tracks 

are identical . A rrow A represents a trace of precipitated proteins at the site where the 

samples were applied. 
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B2.4 Discussion.  

The solubi l ization of the protei ns of M. ovipneumoniae by Zwittergen 3-1 4 al lowed us to 

separate them by IEF. However, some problems arose. Attempts (not recorded here) to 

include Zwittergen 3-1 4 in the gel, so as to ensure that all solubilized proteins were retained 

in solution,  were not entirely successfu l .  Zwittergen 3-1 4  had two effects ; it interfered with 

gel  polyme rization which made the gel  a lmost impossible to hand le and furthermore, 

f requently bands were wavy and skewed ( results not shown) and hence u nsuitable for 

comparing isolates. For these reasons all experiments recorded here were undertaken with 

gels which did not contain Zwittergen 3-1 4. This caused a small precipitate to appear at the 

site of application of the specimen ( Figure 5, arrow A) and hence we could not be confident 

(rather the reverse) that all the proteins, including the important membrane proteins, were 

represented in the banding pattern. 

Despite these difficulties the proteins from eight strains of M. ovipneumoniae, examined by 

IEF  (F igure 5) , show that while there are many common bands, including two prominent 

bands near the extremities of the gel (pH 5.0 and pH 7.5) ,  each isolate had a pattern which 

did not exactly match any other isolates. This indicates that the proteins of 

M. ovipneumoniae are heterogeneous.  However, th is resu lt (which was obtained with 

difficulty rather late in  this research programme) did not give any clear indication that the 

isolates could be assigned to a l imited number of groups. 

For these reasons we did not fu rther pu rsue the use of I E F  to attempt to sub-divide 

M. ovipneumoniae isolates into groups but decided to concentrate on the technically simpler 

technique of SDS-PAGE which, although it has the disadvantage of denaturing proteins, has 

the advantage of al lowing al l proteins ( including membrane prote ins) to be solubilized, 

separated and compared. The next section examines many isolates of M. ovipneumoniae 

by SDS-PAGE. 
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C) A Comparison of M. ovlpneumonlae Isolates by SOS-PAGE. 

C2. 1 Introduction. 

When examined by metabolic inhibition , strains of M. ovipneumoniae are all related in the 

sense that extensive cross-reactions occu r, but are heterogeneous in the sense that 

ant ibody t ite rs vary considerably when d ifferent i so lates are compared. Therefore , 

M. ovipneumoniae isolates could not be assigned into well defined groups by using the 

metabolic inhibition test (see chapter one) . Iso-electric focusing ( IEF) of native proteins also 

did not allow i solates of M. ovipneumoniae to be assigned into groups. 

SDS-PAGE, unlike I EF ,  separates proteins according to molecular size rather than charge. 

It a lso a l lows solub i l i zation of a l l  prot e i ns and remains u naffected by amino aci d  

subst ituti o n s  which w i l l  alter t h e  iso-e lectr ic point .  The u se of polyacry lamide ge l  

electrophoresis has been used by other researchers (Razin and Rottom, 1 967; Razin ,  1 968; 

Zola et aI, 1 970 and Gois et aI, 1 973) as a means of ident if ication and classification of 

mycoplasma isolates, though not of M. ovipneumoniae. 

T h i s  s e ct i o n  e x a m i n e s  t h e  u s e  of S OS - P A G E  as a t o o l  to  i d e nt i fy i nd iv idua l  

M.  o vipn eumoniae i so lates and i nvest igat e s  i t s  potent ial  fo r  assign i ng them i nto 

recognizable groups.  I nitially, eight M. ovipneumoniae strains were examined . However, 

becau se of the heterogene ity s e e n ,  t h i s  was extended to inc lude a further  Sixty 

M. ovipneumoniae isolates obtained from three sheep on each of twenty d ifferent farms. 

This allows comparisons to be made between isolates on different farms and also between 

isolates from sheep within one farm. 

C2.2 Materials and Methods. 

C2.2. 1 Materials 

I .  For Isolation of Mycoplasma Isolates. 

1 )FM4 Medium: see appendix 

2)Eagles Vitamin Solution: see appendix 



3)"Modlfled" FM4 Medium: see appendix 

4)FM4 Agar: see appendix 

II. For Antiserum Production. 

1 )"Modlfled" FM4 Medium: see appendix 

2)O.1 SM Saline: see appendix 

3)Freunds Complete Adjuvant (Difco) 

i i i .  For Preparation of Antigen for Gel Precipitin Test. 

1 ) Phosphate Buffered Saline: see appendix 

2)Trls-EDTA Solution : see appendix 

3)Trlton X-1 00 (Sigma) 

4)FM4 Medium: see appendix 

Iv. For Gel Precipitin Test. 

1 )Noble Agar 

Noble Agar (Difco) 

NaCI 

Distilled Water to 

3 .0g 

1 6.0g 

200.0ml 
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This was autoclaved at 1 21 °C for 1 5mins and dispensed in 20ml al iquots into standard size 

petri dishes .  
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v. For the P reparation of a Standard Cu rve for the Estimat ion of Total Protein 

Content of M. ovlpneumonlae. 

1 )Coomassle Blue Reagent 

Coomassie Blue G-2S0 

9S% Ethanol 

8S% (w/v) Phosphoric Acid 

Distilled Water to 

0. 1 g  

SO.Oml 

1 00.0ml 

1 000.0ml 

Coomassie Blue G-2S0 was dissolved in  a m ixture of ethanol and phosphoric acid and 

diluted to 1 000ml with disti lled water. The dye reagent was filtered through two layers of 

Whatman N01 filter paper and stored at room temperature in a dark bottle. 

2)Bovlne Serum Albumin ( 1  mg/ml) 

Bovine Serum Albumin 

0 .2M NaOH to 

Made fresh with every batch of Coomassie B lue Reagent. 

vi. For the Preparation of SOS-PAGE Gels. 

1 a)Runnlng Gel Solution 

Acrylamide 

Methylene-bis-Acrylamide 

Disti l led Water to 

1 b)Stacklng Gel Solution 

Acrylamide 

Methylene-bis-Acrylamide 

Disti lled Water to 

1 0.0mg 

1 0 .0ml 

30.0g 

O .Sg 

1 00.0ml 

30.0g 

1 .6g 

1 00.0ml 

Acrylam ide was d isso lved in 70ml of d i st i l led water and al lowed to retu rn to roo m 

temperature. Methylene-bis-Acrylamide was d issolved in the acrylamide solution and the 

volume was made to 1 00ml. Both the running gel and the stacking gel acrylamide solutions 
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were fi ltered through a single layer if Whatman N01 filter paper. Both solutions were stored 

at 40C for not longer than six weeks. 

2a)Lower Trls Buffer (pH 8.8) 

Trizma Base (Sigma) 

1 0% Solution of SDS in Distilled Water 

1 2N HCI to pH 8.8 

Distilled Water to 

2b)Upper Trls Buffer (pH 6.8) 

Trizma Base (Sigma) 

1 0% Solution of SDS in Distilled Water 

1 2N HCI to pH 6.8 

Distilled Water to 

18 . 1 7g 

4.0ml 

1 00.0ml 

6.06g 

4.0ml 

1 00.0ml 

For both of the above solutions the Trizma Base was added to 70ml of distil led water and 

the reaction adjusted to the required pH with 1 2N HCI. The SDS was then added and the 

volume was made up to 1 00ml. 

3)Ammonlum Persulphate Solution 

Ammonium Persu lphate 

Distilled Water to 

This solution was made fresh before use. 

4)Trls-Glyclne Reservoir Buffer (pH 8.3) 

Trizma Base (Sigma) 

G lycine 

SDS 

Distilled Water to 

This solution was stored at room temperature. 

0. 1 g  

1 .0ml 

6.07g 

28.8g 

2.0g 

2000.0ml 



S)SDS-Sample Buffer (x4) 

p-mercaptoethanol 

SDS 

Upper Tris Buffer 

D isti l led Water to 

This solution  was diluted 4-fold when added to the protein sample. 

6)Bromophenol Blue Tracking Dye (x1 0) 

Bromophenol Blue 

Glycerol 

Distil led Water to 

1 0 .0ml 

6.0g 

2S.0ml 

1 00.0ml 

O .OSg 

40 .0ml 

SO.Oml 

The tracking dye was di luted 1 0-fold in  the solubilized solution prior to boi l ing. 

7)Phosphate Buffered Saline: see appendix 

8)Coomassie Blue Stain 

Isopropanol 

Glacial Acetic Acid 

Coomassie Brilliant Blue R-2S0 

Distil led Water to 

2S0.0ml 

1 00.0ml 

O.4g 

1 000.0ml 
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The stain was fi ltered through two layers of Whatman N01 filter paper before being stored at 

room temperature. 

C2.2.2 M ethods. 

C2.2.2.i The Collect ion, Isolation and Cloning of Mycoplasma Isolates Obtained 

from Pneumonic Sheep Lungs. 

1 )  Collection of Sheep Lungs. 

Pneumonic sheep lungs exh ibiting non-progressive pneumonia (CNP) were collected from 

the abbatoir and placed in individual plastiC bags to prevent cross-contamination .  The lungs 

were labelled and photographed to record the lesions. 
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2) Isolation of Mycoplasmas from the Lungs. 

Pneumonic lung specimens were aseptically cut into small pieces and fragments were 

placed into bottles containing 3ml of FM4 Medium to give an approximate 20% suspension. 

The suspens ion was shaken and a 0 .3ml  al iquot was transferred into a fresh bottle 

containing about 2 .7ml of FM4 Medium. The origi nal lung suspension was discarded and 

the inoculated media was incubated at 3]DC. The inoculated media was examined daily for 

a pH (co lou r) change , i . e .  f rom red to yel low. When th is  was observed, 0 .3ml was 

transferred to a bottle containing 2.7ml of FM4 Medium. However, if no colour change was 

observed after seven days 0 .3ml was passaged. The samples were incubated for a further 

seven days and if still negative, the sample was frozen at -700C except for a O .OSml aliquot 

which was spotted onto a FM4 agar plate and incubated at 370C for seven days. 

The p lates were examined for co lonies after three,  f ive and seven days us ing a plate 

microscope at 88x magnification. Colonies were removed from the positive p lates using a 

pasteur pipette. I ndividual colonies with a small plug of agar, were inocu lated into 3ml of 

FM4 Medium and incubated at 3�C.  When the culture has grown in the FM4 Medium it 

was cloned. 

3) Cloning of Isolates. 

A 1 0ml aliquot of culture was passed through a O.4Su filter to remove any cell aggregates 

and ten-fold serial d i lutions of the f i ltrate was prepared in FM4 Medium. O .OSml of each 

di lution was transferred to petridishes (Falcon TM , S.Ocm x 0 .9cm style with tight fitting lid) 

containing FM4 agar, incubated at 3�C and examined using a plate microscope after three 

to seven days for the presence of colonies. Isolated colonies near the limiting d ilution were 

selected and cloned. This was repeated thrice. 

C2.2.2.11 Antiserum Production. 

0 . 1  ml of M. ovipneumoniae (strain S) was propagated for eight passages in 1 0ml aliquots of 

"Modified" FM4 Medium and incubated at 370C.  When the final passage culture exhibited a 

colou r  change from pH 7.8 to approximately pH 6.8 , it was added to 1 S0ml of "Modified" 

FM4 Medium and incubated at 370C on a rotary shaker at 1 2Srpm. Following the growth of 

this culture a O .OSml aliquot of culture was spotted on to BHI agar (to exclude the possibility 
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of bacteria l  contamination) . A further O .05ml of culture was spotted on FM4 Agar to check 

that the culture produced confluent growth, typical of M. ovipneumoniae. 

The remaining suspension of M. ovipneumoniae was centrifuged at 15 500g for 20mins and 

the resulting pe llet was resuspended in 0 . 1 5M sal ine and re-centrifuged. The pellet was 

resuspended in 0 . 15M saline to give an approximate 1 0% suspension. This was stored at 

-200C.  

0.5ml of  the antigen was mixed with an equal volume of  Freund's Complete Adjuvant, 0 .5ml 

was injected intramuscularly in each of the h ind legs of New Zealand White rabbits (after a 

pre-immunization bleeding) . After four  weeks, 0.5ml of antigen was injected into each hind 

leg. This was repeated at weekly intervals for a further four weeks. The rabbits were then 

test bled at regular intervals and re-inoculated until the antibody titre was sufficiently h igh 

i .e. 1 /1 6  di lution of the antibody gave a detectable l ine in a gel precipitin test. The rabbit was 

then bled by cardiac puncture and the serum collected was heated at 560C for 30mins and 

stored at -200C.  

C2.2.2.iI I Antigen Preparation for Gel Precipitin Test. 

300ml of FM4 Medium was inocu lated with a M. ovipneumoniae culture and incubated at 

370 C o n  a rota ry s haker  set at 1 25 rp m .  Fo l lowing the growth of the  cu lt u re (pH 

approximately 6.8) the cells were centrifuged at 1 5  500g fo r 20mins, the supernatant 

discarded and the deposit was washed twice in PBS. The deposit was resuspended in 1 .5ml 

Tris-EDTA Solution,  sonicated (using a SoniprepTM MSE 1 50watt u ltrason ic disintegrator) 

for 2 x 1 0secs in an ice bath and Triton X-1 00 was added to a f inal  concentration of 

approximately 2%. This antigen was stored at -200C.  

C2.2.2.1v Gel  Precipit in Test. 

The central well was f illed with SOul of antiserum prepares to M. ovipneumoniae strain 5 and 

the periphera l  wells were fi l led with SOul of different antigen suspensions (as prepared in  

section C2.2 .2. i i i) .  M. ovipneumoniae strain 5 antigen suspension and FM4 Medium were 

used as positive and negative controls. 



C2.2.2.v Preparation of a Standard Curve for the Estimation of Total Protein 

Content of M. ovlpneumonlae. 
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The procedu re used in the preparation of a standard cu rve was a mod ification  of the 

technique used by Bradfo rd ( 1 976) .  Brief ly, a range of Bovine Serum Albu min (BSA) 

solutions from 0 to 1 00uglO.1  ml were prepared in 0 .2M NaOH and were heated to 1 OOoC for 

3mins, simulating the SOS treatment used in solubilizing total M. ovipneumoniae proteins. 

The BSA solutions were cooled to room temperature, 5ml of Coomassie Blue Reagent was 

dispensed to each 0 . 1  ml d i lut ion and mixed by i nversion .  3ml al iquots of the BSA­

Coomassie Blue Reagent were placed into glass cuvettes and the ir absorbances were 

measured at 595nm using a Cecil™ CE599 spectrophotometer. The absorption values 

were recorded (there was a linear relationship between absorbance and concentration) and 

used as a calibration curve to determine unknowns (Figure 6) . 

C2.2.2.vi The SOS-PAGE System. 

General 

The method used to electrophoretically separate proteins according to their molecu lar size , 

was basically the SOS-discontinuous system used by Laemmli ( 1 970) . However, since 

several minor, but significant technical changes were made, the system is described in 

some detail .  

tl The Gel System 

1 .  Gel Apparatus 

A gel solution was polymerized between two glass plates and placed vertically between an 

upper and lower reservoir  (negative and positive electrodes respectively) containing the 

appropriate buffers (see Figure 7f) . 
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Figure 6 

Protein assay standard curve. 

A typical standard curve prepared using bovine serum albumin with a modified version 

of the Bradford coomassie blue dye binding method (see materials and methods) . The 

standard curve (determined for each batch of reagent) was used to determine the 

prote in concentration of M. ovipneumoniae Iysates. 
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2. Preparation of the Glass Plates 
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Two rectangu lar pieces of plate glass measuring 1 7cm x 1 3cm x O.55cm were cut . From 

one o f  t hese plates a section of g lass was  removed (see F igure 7a) to  allow contact 

between the upper reservoir buffer and the gel .  

A h igh degree of cleanl iness is required to produce good separation of proteins,  hence after 

each use each plate was washed in detergent (5% Alconox TM) and thoroughly rinsed with 

dist i l led water. If , however, the g lass plates sti l l  had a grease f i lm, t hey were soaked 

overnight in chromic acid (5g sodium d ichro mate dissolved in 5ml distilled water and 1 00ml 

of concentrated H2S04 was added slowly while stirring) . The perspex spacers and comb 

were cleaned with 75% ethanol, rinsed in water and dried. 

3. Assembly of Apparatus 

A g lass plate with the cut segment was placed flat on the bench and a small "thread" of 

petroleu m jel ly was extruded from a syringe and placed along the base and sides of the 

glass plate, approximately 2mm from the edge. The spacers (Le. 1 3.5cm x 1 .2cm x O . 1 5cm) 

were pressed into place, starting from the bottom spacer and then the side spacers (see 

Figure 7a) . Another ''thread'' of petroleum jelly was placed on top of the positioned spacers, 

approximately 2mm from the edge and a second glass plate was lowered on to the spacers 

ensuri ng that the spacers did not move out of position.  It was important to avoid petroleum 

jelly spreading to where it would be in contact with the gel solution. The two g lass plates 

were then clamped together on a perspex stand (see Figure 7b) with two "bulldog" clips on 

each s ide and were then ready for the gel  solution to be added. 



m Preparation of SpS-PAGE Gels 

Table IV: Preparation of Bunning and Stacking Gels. 

Running Gel1 Stacki n g  
G e l  

Final Acrylamlde Concentrat ion 7.5% 1 0.0% 4.5% 
Lower Tris Buffer S.Oml S.Oml -

Upper Tris Buffer - - 2.Sml 
Bunning Gel Solution S.Oml 6.7ml -
Stacking Gel Solution - - 1 .Sml 
Distilled Water 10.0ml 8.3ml 6.0ml 
Ammonium Persulphate Solution 0.1 ml 0.1 1'1i  O.OSml 
TEMED2 0.01 ml 0.01 ml 0 .0 1 ml  

The above volumes were used for 1 1  .Scm x 1 1  .Ocm x O .  1 Scm gels which 
required an approximate volume of 1 9.0ml. 

2 N,N,N1 , N 1 Tetramethylethylenediamine 

1 .  The Running Gel .  
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An acrylamide gel (7.S% or 1 0%) was prepared from stock solutions (at room temperature in  

the o rder l isted in  Table IV and mixed thoroughly after each addit ion to ensure even 

polymerization .  I mmediately after preparation  the gel solution was poured between the glass 

plates (see Figure 7b) . When the desired gel length (approximately 1 1 cm) was attained 

disti lled water was immediately pipetted (with care) on to the top of the mixture (see Figure 

7c) .  This water had two functions: It allowed bubbles on the gel surface to escape, thus 

leaving the surface flat and secondly it gave anaerobic conditions which are required for 

complete polymerization .  Polymerization took approximately 4S to 60 mins and was 

complete when an interphase appeared between the gel and the water. 

2. The Stacking Gel 

The stacking gel was prepared in the order listed in Table IV. The disti l led water overlaying 

the polymerized gel was decanted and the surface of the gel was rinsed with 1 -2ml of freshly 

prepared (unpolymerized) stacking gel solution (see Figure 7d) . More of the stacking gel  

solution was then added to f i l l  the remaining space between the g lass plates i .e .  

approximate ly Sml. A perspex comb was i nserted i nto the stacking ge l  between the  glass 

plates (see Figure 7e) and the acrylamide solution was left to polymerize for S-1 0  mins. The 
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Figure 7 

Preparat ion  of sodiu m dodecyl s u lphate-polyacrylamide ge ls  and assembly of 

apparatus. 

a) Position of the two glass plates and spacers. 

b) The glass "sandwich" was placed vertically on a stand and approximately 20ml of 

as yet u npolymerized running gel solution was poured between the two glass 

plates. 

c) A layer of distilled water (to assist polymerization) was placed on the running gel 

and left for 45mins. 

d) The disti l led water was poured from the su rface of the polymerized gel and 

approximately 5ml of stacking gel solution was poured on top of the polymerized 

running gel. 

e) Before polymerizatio n  of the stacking gel  solution occurred , a "comb" was 

inse rted between the g lass plates and into the stacking gel solut ion , to cast 

sample appl icat ion wel ls .  The "comb" was withdrawn from the polymerized 

stacking gel after 5mins. The glass "sandwich" was removed f rom the gel stand 

and the bottom perspex spacer was removed. 

f) The gel "sandwich" was then p laced on the gel electrophoresi s  apparatus (the 

notched glass plate facing the apparatus) and tris-glycine reservoir  buffer was 

added to a lmost f i l l  both tanks (the upper reservoir being the cathode and the 

lower reservoir being the anode) .  The samples were electrophoresed at 1 5mA 

until the dye (present in the lysate) had passed through the stacking gel and then 

at 1 OmA through the running gel (for approximately 4hrs) . 

Note that for the sake of clarity "bu l ldog" clips holding the gel "sandwich" to the gel 

stand and the electrophoresis apparatus have been omitted. 
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comb was then carefully removed from between the glass plates, ensuring that the "walls" of 

the wells were not disturbed and each well was rinsed with Tris-Glycine Reservoir Buffer. 

The plates were removed from the stand and the exterior surfaces were wiped dry and the 

pos it io ns of the  wel ls  were out l ined with a marke r-pen (th is made the location and 

application of protein samples into the cast well easier) .  The bottom spacer was careful ly 

removed from between the glass plates, to allow contact between the gel and the anode. 

A "thread" of petroleum jelly was placed between the upper (cathode) and lower (anode) 

reservoir tanks on the electrophoresis apparatus (see Figure 7f) . The glass assembly was 

then clamped with "bu lldog" clips and Tris-Glycine Reservoir Buffer was added to the upper 

and lower reservoirs .  Air bubbles t rapped at the base of the gel were displaced using a 

syringe, containing Tris-Glycine Reservoir Buffer, fitted with a bent needle. 

9. Preparation and Application of M. ovipneumoniae Proteins for SDS-PAGE.  

1 .  Extraction of Total Proteins. 

300ml of each M. ovipneumoniae isolate was grown in FM4 Medium as described in section 

B2 .2 .2 . i .  The culture was then centrifuged at 1 5  500g for 1 Omins at 40C. The resulting 

deposit was washed twice in 0 . 1 5M PBS and resuspended to give an approximate 1 0% 

suspension. The cells were then placed in an ice bath and sonically disrupted (using five 

1 0sec intervals) at 20kc/s using a MSE Son iprep ™ 1 50watt u ltrasonic d isintegrator. The 

lysed suspension was stored at -70°C until required. 

2. ProteIn Assay of M. ovlpneumonlae Lysates. 

A 0 . 1  ml aliquot of sonically disrupted cells were diluted 1 /3 and 1 /1 0  in 0.2M NaOH and 

were heated at 1 000e for 3mins to solubilize the protein. The di luted solutions were cooled 

to room temperature and each dilution was further diluted 1 /1 0 in 0.2M NaOH to give a 1 /30 

and 1/1 00 dilution.  0 . 1 ml from each of the four dilutions was mixed with 5ml of Coomassie 

Blue Reagent and placed into glass cuvettes .  The absorbance was measured at 595nm and 

the protein concentration was determined from a standard curve (see Figure 6) . 



3. SOS-Solublllzation of M. ovlpneumonlae Proteins for PAGE. 
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A 0 . 1  m l  aliquot of son ically disrupted cel ls ,  25ul of SOS-Sample Buffer and 1 2 .5ul of 

Bromophenol Blue Tracking Dye was mixed in a 1 .3cm x 1 0.0cm Kimax ™ tube and heated 

to 1 OOoC for 3mins to denature and solubilize the proteins. The solution was cooled to room 

temperature and centrifuged at 4000g for 1 5mins before application to the gel. 

4. Application of Samples to the Gel. 

80ug of protein solubil ized in SOS-Solution containing Bromophenol Blue Tracking Dye was 

added to each wel l .  Glycerol present in the tracking dye ensured that the samples settled to 

the bottom of the well. 

5. Electrophoresis of Proteins through the Gel. 

The p rotein samples were electrophoresed through  the stacking gel using a current of 1 5  

m i l l iamps (approx imate ly 60mins) . When the t racking dye mig rated t o  the stacking 

gel/running gel interface the current was decreased to 1 0  mil l iamps and maintained until the 

tracking dye was about 0 .5cm from the bottom edge of the running gel (approximately 

4.5hrs) . 

6. Staining the Gel. 

After electrophoresis the gel was removed from the electrophoresis apparatus and the side 

spacers were removed from the gel. The glass plates were prized apart using a spatula and 

a reference mark was made on the gel by removing the bottom left corner. The glass plate 

with the adhering gel was inverted (gel side down) over a container of Coomassie Blue 

Stain and using a spatula a corner of the gel was carefully separated from the plate. The gel 

then peeled off the glass surface under gravity and was left to stain overnight. 

7. Oestalnlng the Gel. 

The gel was destained in 200ml aliquot of 1 0% v/v acetic acid. The aliquots were replaced 

several times unti l  the gel became transparent except for the protein bands. 
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8. Gel Photography. 

Followi ng the destain ing procedure the gel was soaked i n  d istil led water to remove the 

acetic acid from the gel (acetic acid vapours tend to corrode the surface coating of the 

camera lens) . The gel was then placed on an i l lumination box fitted with an opal-white 

screen and photographed through  an o range f i lter on 1 2 .5cm x 1 0 .0cm Tech Pan 

(Kodak TM) film. 

9. Densitometry of Protein Bands. 

Gels were scanned u s i ng a LKB 2222 U lt roScan XL Laser Densitometer. Al l  results 

obtained i .e .  position of bands, height of bands, integrations of areas beneath a peak and 

relative areas beneath peaks, proved useful in differentiating between M. ovipneumoniae 

isolates. 

C2.3 Results. 

Sixty mycoplasma isolates were obtained from sixty specimens of pneumonic lungs which 

represented three sheep from each of twenty different farms. These isolates were glycolytic, 

all gave "vacuolated" centreless colonies on 1 % agar (see Figure 1 a) and produced lines of 

identity with a standard strain of M. ovipneumoniae in a gel p recipitin test (see Figure 8) 

using antiserum to the standard stra in .  We conclude that all s ixty represent isolates of 

M. ovipneumoniae. 

The SDS-PAGE protei n banding patterns of eight orig ina l  M. ovipneumoniae strains is 

shown in Figure 9. I n  each p rotei n  pattern, about f ifty to sixty bands are visible and the 

majority of these bands are common to all isolates however, each isolate has a number of 

bands not shared by other isolates which means that the overall pattern of bands of each 

isolate is unique. This u n iqueness in  principle al lows e ach of the eight isolates to be 

differentiated from the seven other isolates examined. 

When the sixty M. ovipneumoniae isolates (Figures 1 0a ,  b, c and d) were examined, it was 

fou n d  t h at iso lates f ro m  t h ree d ifferent s heep o n  o n e  farm ( 1 a ,  1 b  and 1 c) gave 

indistinguishable patterns (Figure 1 0a) . However, in  no other case was the banding pattern 

of any isolate identical to that of any other isolate. This applied to isolates from sheep on 
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one farm as wel l  as for isolates from sheep o n  different farms i .e .  f ifty-eight different 

patterns were seen when the sixty isolates were compared. 

About half of the isolates showed a prominant protein band, approximately 2/3 down the gel, 

with a molecular weight of about 40 000 [Figure 1 0b, compare lanes Bc and 9c (* = band 

p resent )  with 9 a  and 9b (band absent) ] . To conf i rm and  i l lustrate th is ,  e ighteen 

M. ovipneumoniae isolates were selected. Half of  these had and half had not, the band on 

the original gel. Fresh cultures of  each were prepared and were again examined by SDS­

PAGE.  The isolates were placed in two groups of nine and the results are shown in Figure 

1 1 .  Th is  confi rms the reproducibi l ity of the banding d iffe rence even fo l lowing further 

passage of the organism and re-extraction of the proteins. I n  addition , to demonstrate the 

reproducibi l ity of the banding patte rns of any one iso late , eight repl icate cultures of 

M. ovipneumoniae strain 5 were processed separately and compared by SDS-PAGE. This 

result is shown in Figure 1 2. 
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Figure 8 

Identification of mycoplasmas as M. ovipneumoniae using the gel precipitin test. The 

central we l l  conta ins  a nt iseru m to a standard strain of M. ovipneumoniae. The 

peripheral wells contain the following antigens: Well 1 ,  strain 1 ;  Well 2, strain 2;  Well 3,  

strain 4 ;  Well 4, strain 5 (homologous strain) ; Well 5, strain 1 0 ;  Well 6, strain 37E; Well 

7, strain M P P74; Well 8, strain L3/C3. 

Medium controls (not shown here) gave no precipitate with the antiserum.  

Figure 9 

The total p rotei ns of e ight isolates of M. ovipneumoniae all derived from sheep on 

different farms and examined by SDS-PAGE. The samples are (from left to right) ; Lane 

1 ,  strain 1 ;  Lane 2, strain 2; Lane 3, strain 4;  Lane 4, strain 5 ;  Lane 5,  strain 1 0 ;  Lane 6, 

strain 37E; Lane 7,  strain M PP74;  Lane 8, strain L3/C3. Note that although there are a 

large number of common bands, no two iso lates give identical banding patterns i .e. 

each lane is unique .  

Technical Note : 

A 1 0% gel was used with a protein loading of 80ug/lane.  
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Figure 1 0  (a ,  b, c and d) 

SDS-PAGE patterns of the total proteins of sixty M. ovipneumoniae isolates obtained 

from twenty different farms are shown.  The iso lates from one farm carry the farm 

number plus a letter (a, b or c) . 

Figure 1 0a: 

Figure 1 0b :  

Figure 1 0c :  

Figure 1 0d :  

Lane 1 ,  1 a; Lane 2 ,  1 b; Lane 3, 1 c ;  Lane 4 ,  2a; Lane 

5 ,2b;  Lane 6, 2c; Lane 7, 3a; Lane 8, 3b; Lane 9,  

3c; Lane 10,  4a; Lane 1 1 ,  4b; Lane 1 2 , 4c; Lane 13 ,  

Sa ;  Lane 14 ,  5b; Lane 1 5, 5c. 

Lane 1 ,  6a; Lane 2, 6b; Lane 3,  6c; Lane 4, 7a; Lane 

5 ,7b; Lane 6, 7c ; Lane 7, 8a; Lane 8,  8b; Lane 9 ,  

8c ;  Lane 1 0, 9a ;  Lane 1 1 ,  9b ;  Lane 1 2 , 9c; Lane 1 3 ,  

1 0a ;  Lane 1 4, 1 0b; Lane 1 5 , 1 0c. 

Lane 1 ,  1 1 a ;  Lane 2, 1 1 b ; Lane 3, 1 1 c;  Lane 4, 1 2a; 

Lane 5 , 1 2b ;  Lane 6, 1 2c; Lane 7, 1 3a; Lane 8,  1 3b; 

Lane 9 ,  1 3c; Lane 1 0 ,  1 4a; Lane 1 1 ,  1 4b; Lane 1 2, 

1 4c; Lane 1 3 , 1 5a; Lane 1 4, 1 5b ;  Lane 15 ,  1 5c. 

Lane 1 ,  1 6a ;  Lane 2,  1 6b ;  Lane 3, 1 6c; Lane 4, 1 7a ;  

Lane 5 , 1 7b ;  Lane 6 ,  1 7c; Lane 7, 1 8a; Lane 8,  1 8b ;  

Lane 9,  1 8c ;  Lane 10 ,  1 9a ;  Lane 1 1 ,  1 9b; Lane 1 2 , 

1 9c; Lane 1 3 ,  20a; Lane 1 4, 20b; Lane 15 ,  20c. 

Patterns 1 a,  1 b and 1 c are identical, however apart from this, each pattern is unique. 

One prominent band (just below the middle of the pattern) is present, at least as a major 

prote in, in only about half of the isolates [e.g. compare 8c and 9c (band present) and 

with 9a and 9b (band absent)] .  This is further il lustrated in  Figures 1 0c and 1 0d. 

Technical Note:  

A 1 0% gel was u sed with a protein loading of 80ug/lane. 
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Figure 10  (continued) 
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Figure 1 1  

Comparison of M. ovipneumoniae isolates with and without a particular protein band. 

Two lots of nine M. ovipneumoniae isolates were chosen for the presence (identified by 

an arrow) or absence of a prominent protein band. These isolates were related from 

Figures 1 0a ,  b ,  c and d .  New Iysates were prepared from fresh cu ltures and their 

prote ins were re-examined. Lane 1 ,  1 c ; Lane 2,  4c; Lane 3, 7a; Lane 4, 8b; Lane 5 ,9c; 

Lane 6,  1 0b ;  Lane 7,  1 2a; Lane 8, 1 4c ;  Lane 9,  1 7c; Lane 1 0 ,  2a; Lane 1 1 ,  3c; Lane 1 2, 

5c; Lane 1 3, 6b; Lane 1 4 ,  7a; Lane 1 5 , 1 0c, Lane 1 6, 1 5a ;  Lane 1 7, 1 6b; Lane 1 8 , 1 9a; 

Lane 19,  molecular weight markers. 

Note that the nine isolates on the left have the band (arrowed) whi le in the nine iso lates 

on the right the band is absent. Also note that no two lanes are identical .  

Technical Note : 

A 1 0% SOS-PAGE gel was used with a protein loading of 60ug per lane. 

Figure 1 2  

I nvest igat ion of the reproducib i l ity of S OS-PAGE protein separations us ing eight 

replicate cultures of one M. ovipneumoniae strain. 

Note that al l  tracks are identica l .  

Technical Note : 

A 1 0% SOS-PAGE gel was used with a protein loading of 60ug per lane. 
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C2.4 Discussion. 

Befo re placing emphasis on SDS-PAGE banding pattern d iffe rences in isolates, it is 

necessary to unequivocally show that banding patterns from one isolate are constant. A 

constant pattern must be seen not only when replicate samples of the same extract are 

compared but also when extracts are prepared from repl icate cultures of the same isolate. 

Figure 1 2  shows that t he latter condition was met. The following discussion re lies on that 

observation. 

One of the original aims of this thesis was to attempt to assign M. ovipneumoniae isolates to 

serological or biological groups. This requires a method of dist inguishing isolates but also 

requires that the difference between  isolates would conform to a pattern which would allow 

"groups" to be defined. With this in mind the banding patterns were examined and the most 

obvious conclusion is that isolates show extreme heterogeneity i .e. o nly three isolates of 

sixty were identical and t hese came from sheep o n  one farm. This al lows iso lates to be 

dist i nguished but not grouped. Despite this heterogeneity most protein bands were common 

to al l  isolates, however some bands were present in a proportion of iso lates and absent in  

others .  One such band (F igure 1 1 ,  see arrow) was present in  about 50% of the i solates. 

Since this is  a constant result it could be argued t hat M. ovipneumoniae isolates can be 

divided into two groups . However, th is approach is u n likely to recommend itse lf as an 

effe ctive method of grouping M. ovipneumoniae iso lates for several reasons:  it wou ld 

require high resolution gels; the presence or absence of the band noted in about half of the 

iso lates does not correlate with the presence or absence of any other bands which casts 

dou bt on its significance and f inally and perhaps critically, the presence or absence of the 

band has not, or at least has not yet been correlated with any biological property. If, for 

example, it was shown to represent a surface protein and antibody to it caused metabolic 

inhibition its significance would be greater. In the next chapter we attempt to identify surface 

proteins. 
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CHAPTER THREE 

Identification of Surface Proteins of M. ovlpneumonlae. 

A) Identification of Surface Proteins of Intact M. ovlpneumonlae Cells by Proteolytic 

Enzyme Digestion. 

A3. 1  Introduction. 

Examination of M. ovipneumoniae by SOS-PAGE and I EF showed, as would be expected, 

that the organism produces many proteins, but less expected , that the protein profi les of 

a lmost al l  isolates d iffered in at least a few bands a lthough most prote i n  bands were 

common to all isolates . Neither these results, nor the earlier serological results enabled us 

to assign the isolates to a limited number of biological meaningful groups. 

Considered from the point of view of immunity to the organism, it seems probable that the 

many common protein bands represent mainly internal proteins whereas some or perhaps 

most of the variable bands may represent different surface proteins which cou ld account for 

the large number of different strains, as demonstrated by SOS-PAGE results. 

Consequently, th is  section of the work was u ndertaken to identify surface proteins of 

M. ovipneumoniae. Two approaches were taken viz (a) se lectively label the proteins of 

i ntact mycoplasmas by fluorescent dyes, which were claimed to be unable to penetrate 

membranes, and (b) examine the selective removal of proteins from intact 

M. ovipneumoniae iso lates wh ich were exposed for periods up to 30m ins to various 

proteolytic enzymes. M uch work on the former proved to be non-productive because in our 

hands an excessive number of proteins were labelled ,  so that it was concluded that labelling 

was not confined to surface proteins or none at all were labelled (with ANOS) . This work is 

not reported here .  Thus the identification of surface proteins was undertaken by examining 

the action of proteolytic enzymes on washed intact cells. 

Following an initial investigation, we used one enzyme (trypsin) to identify surface proteins 

of e ight M. ovipneumoniae strains.  These stra ins were examined by convential staining 
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us ing Coomassie Blue and also by sta in ing ge ls  w ith periodic acid-s i lver stain which 

although not total ly specific for glycoproteins, stains these preferentially. 

A3.2 Materials and Methods. 

A3.2 .1  Materials 

i. For the Comparison of Three Proteolytic Enzymes to Determine their Abil ity to 

Selectively Remove the Surface Proteins from an Intact M. ovipneumoniae Strain. 

1 )FM4 Medlum:see appendix 

2)FM4 (Protein-Free) Medium 

As for FM4 Medium,  however, Swine serum ,  Bacto Peptone (Difco) , Yeast Auto lysate 

( Pfizer) and 0.4% Phenol Red were ommitted. 

3)Enzyme Inhibiting Solution 

Trizma Base (Sigma) 

�-mercaptoethanol 

Bromophenol Blue 

Glycerol 

SDS 

1 2N HCI to pH 6.8 

Distilled Water to 

This solution was stored at 40C until required. 

4)Proteolytlc Enzymes 

i .  Pronase (Sigma Type XIV) 

ii. Papain (BOH) 

i i i .  Trypsin (O ifco) 

6.0g 

1 0 .0ml 

0.02g 

1 6.0ml 

6.0g 

1 00.0ml 

Each enzyme was made to a concentration of 200uglml in FM4 (Protein-Free) Medium. 

These stock solutions were stored at -20oC and di luted to the required concentration.  



i i .  For Periodic Acid·Silver Staining in the Detection of Glycoprotelns of 

M. ovipneumonlae. 

1 ) Fixing Solution 

Isopropyl Alcohol 

Acetic Acid (Glacial) 

D istilled Water to 

2)7.5% Acetic Acid 

3)0.2% Aqueous Periodic Acid 

4)Ammoniacal Si lver Stain 

Ammonium Hydroxide (Cone) 

Sodium Hydroxide (0.36%) 

Silver Nitrate ( 1 9 .4%) 

Distilled Water to 

75.0ml 

30.0ml 

300.0ml 

4.2ml 

63.0ml 

1 2.0ml 

300.0ml 
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The ammoniu m  hydroxide and sodium hydroxide solutions were mixed with 200ml of 

dist i l led water. The s i lver nit rate so lution was added d ropwise whi le the solution was 

vigorously agitated. A transient brown precip itate formed but s lowly disappeared with 

continual mixing. This solution was prepared immediately prior to use. 

5)Developing Solution 

Citric Aeid 

Formaldehyde 

Methanol (Analytical Grade) 

Distilled Water to 

This solution was prepared immediately prior to use. 

6)Reaction Terminat ing Solution 

\ \ford ™ Hypan Rapid Fixer 

Distilled Water to 

1 5 .0mg 

57.0ul 

30.0ml 

300.0ml 

333 .0ml 

1 000.0ml 



69 

A3.2.2 Methods. 

A3.2.2.1 A Comparison of Three Proteolytic Enzymes to Determine their Ability to 

Selectively Remove the Surface Proteins from an Intact M. ovipneumoniae 

Strain. 

An aliquot of M. ovipneumoniae strain 5 was inoculated i nto 2000ml of FM4 Medium and 

incubated at 370C. When the culture ind icated a pH decrease of one pH unit (Le .  pH 7.8 to 

pH 6.8) the cells were centrifuged at 1 5  500g for 15mins at room temperature and washed 

twice in FM4 (Protein-Free) Medium to remove proteins present in the growth medium (FM4 

M ediu m) . The cel ls were suspended in FM4 ( Prote in-Free) M ed iu m to g ive a 1 0% 

suspension and placed in an ice bath. A 1 OOul aliquot was assayed for protein concentration 

(see section C2.2.2.v) , us ing FM4 (Protein Free Medium) as a blank. The cell suspension 

was then di luted to a concentration of 20mg/ml and 1 ml aliquots were transferred to each of 

twenty-fou r 1 .3cmx 1 O .Ocm glass Kimax ™ tubes and placed into a 370C waterbath. All 

three enzymes (pronase, papain and trypsin) were diluted to two concentrations Le .  1 0ug/ml 

and 1 00ug/ml in FM4 (Prote in-Free) Medium and warmed to 3�C. 1 ml of each enzyme 

was added to the M. ovipneumoniae cell suspension. The mixtures were i ncubated for the 

following times: 1 ,  3, 1 0  and 30mins. The reaction was terminated by the addition  of 2ml of 

Enzyme Inhibiting Solution at 1 000C. The lysed cell suspension was thoroughly mixed and 

left at 1 000C for 3mins .  The Iysates were cooled, centrifuged at 5000g for 1 0mins and 

examined by SDS-PAGE (see section C2.2.2.vi) . 

A3.2.2.ii Periodic ACid-Silver Staining for the Detection of Glycoproteins of 

M. ovipneumonlae. 

Following SDS-PAGE,  the gel was placed into 300ml of fixing solution and agitated gently 

overnight. The gel was then soaked in 7 .5% Acetic Acid for 30mins, placed in 0 .2% periodic 

acid for 60mins at 40C and washed in several changes of distilled water for 3hrs.  The gel 

was then p laced in the Ammoniacal Silver Stai n ,  agitated continuously for approximately 

30mins, washed for 2mins in distilled water and placed in the Developing Solution. The gel 

was gently agitated to ensure that it remained submerged. In approximately 5mins the major 

glycoproteins and polysaccharides started to appear and after 20mins most of the bands 

were visible .  The developing reaction was terminated by the addition of photographic fixer. 

The stained gel was washed in several changes of distilled water and photographed. 



70 

A3.3 Results. 

I ntact mycoplasma cells were exposed to one of two concentrations (5ug/ml or 50ug/ml) of 

three p roteolytic enzymes (pronase, papain  and trypsin)  fo r periods of up to 30mins. 

Enzyme action was then terminated by SOS and heat and the total proteins were separated 

on a 1 0% acrylamide gel by SOS-PAGE. The resu lts are shown in Figures 1 3a, b, c, d, e 

and f, which also includes u ntreated cells for comparison. 

At the higher concentrations, pronase and papain (Figure 1 3b and 1 3d respectively) caused 

major changes in the banding pattern. Thus,  most proteins, especially those with higher 

molecular weights, disappeared and were replaced by fragments of lower molecular weight. 

This suggests that most proteins, including non-surface proteins, were affected because of 

cell lysis. I n  contrast, exposure of intact M. ovipneumoniae cells to the lower concentrations 

of papain and trypsin (F igure 1 3c and 1 3e respectively) , did not visibly alter the banding 

pattern. However, this pattern was altered by weak (5ug/ml) pronase and strong (50ug/ml) 

trypsin in an identical manner (Figure 1 3a and 1 3f respectively) . Thus, several protein bands 

(see arrows) were greatly diminished in intensity while most other bands were unaffected. 

S ince tryps in , u n l ike pro nase,  did not cause ce l l  lys is ,  even when  used at a higher 

concentration for 30mins, it was used to investigate and compare M. ovipneumoniae strains. 

The total protein of these eight isolates of M. ovipneumoniae with or without exposure to 

trypsin (50ug/ml) for 1 0mins, are compared in Figure 1 4. Following preliminary results, the 

acrylamide gel concentration was reduced from 1 0% to 7.5%, to allow better separation of 

the middle to high molecular weight proteins. 

The results ( Figure 1 4) indicate that four protein bands (A, S, C and 0) , common to all eight 

M. ovipneumoniae strains were either tota l ly removed or greatly diminished in intensity, 

when the bands are compared with untreated proteins. 

One protein (band E) is present in only two M. ovipneumoniae strains ( 1  and 37E) and was 

diminished in staining intensity, but not totally removed by trypsin treatment. 

A number of different protein bands, each of which are unique to one M. ovipneumoniae 

strain and which are removed (or at least diminished) by trypsin treatment of intact cells 

were also identified (e.g. band F, Figure 1 4) .  
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I n  parallel experiments, the same e ight intact M. ovipneumoniae strains, with and without 

trypsin t reatment, were e lectrophoresed using SDS-PAGE and stained using a periodic 

acid-silver stain. The results (Figure 1 5) show that three of the four common surface protein 

bands, previously identified by coomassie blue staining ( Figure 1 4, bands B, C and D), were 

also stained by the periodic acid-s i lver stai n .  This sta in,  although not total ly specific, 

preferentially stains glycoproteins (see general discussion) . Of the four surface proteins, 

only one (band A) did not stain with the periodic acid-silver stain,  suggesting that it is a non­

glycosylated surface protein .  One surface protein (band E) , present in only two of the eight 

M. ovipneumoniae strains and identified previously by coomassie blue staining (Figure 14 ,  

band E ) ,  also stained with the periodic acid-silver stain .  Only major common bands, or 

bands close to them, can be unequivocally equated between the periodic acid-silver stained 

and coomassie blue stained gels. However, with th is proviso ,  our resu lts indicate that 

unique bands, Le. bands present in only one of the eight isolates removed by trypsin, were 

not sta i n ed by the per iodic ac id-s i lver  stain thu s t hey p robably do not represent 

glycoproteins. 
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Figure 1 3  (a ,  b, c, d ,  e and f) 

A comparison of SOS-PAG E protein patterns of M. ovipneumoniae cell suspensions 

treated wit h  th ree  d ifferent proteolytic enzymes (pronase, papain  or t rypsin) at two 

different concentrations (5ug/ml or 50ug/ml) for varying times: 

F igure 1 3a :  

Figure 1 3b :  

Figure 1 3c: 

Figure 1 3d :  

Figure 1 3e :  

Figure 1 3f :  

Note : 

Pronase (5ug/ml) , for ( left to right) 0, 1 ,  3 ,  1 0  and 

30mins; 

P ronase (50ug/ml) , for ( left to right) 0,  1 , 3 ,  1 0  

and 30mins; 

Papain (5ug/ml) ,  for ( left to right) 0,  1 ,  3, 10 and 

30mins; 

Papain (50ug/ml) , for (left to right) 0 ,  1 ,  3 ,  1 0  and 

30mins; 

Trypsin (5ug/ml) ,  for ( left to right) 0,  1 ,  3, 1 0  and 

30mins; 

Trypsin (50ug/ml) , for (left to right) 0, 1 , 3 , 1 0  and 

30mins. 

1 .  Arrows ( F ig u re 1 3f) i nd icate bands w h ich d imin ished in i ntens ity fol lowing 

exposure of i ntact organisms to proteolytic enzymes in  conditions which left most 

bands u naltered. 

2. Pronase and Papain at h igh concentrations ( 13b and 1 3d) , lysed the ce lls. 



1 3a 13b 

13c 13d 

13e 13f 
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Figu re 1 4a 

A comparison of the total proteins of eight M. ovipneumoniae strains before and after 

exposure to 50ug/ml of trypsin for 1 0mins at 3JDC. 

Lanes 1 and 2: strain 1 untreated and treated with trypsin ; 

Lanes 3 and 4 :  strain 2 untreated and treated with trypsin;  

Lanes 5 and 6 :  strain 4 untreated and treated with trypsin; 

Lanes 7 and 8 :  strain 5 untreated and treated with trypsin;  

Lanes 9 and 1 0 :  strain 10 untreated and treated with trypsin;  

Lanes 1 1  and 1 2 : strain 37E u ntreated and treated with trypsin ;  

Lanes 1 3  and 1 4: strain M PP74 untreated and treated with trypsin;  

Lanes 15 and 1 6 : strain L3/C3 untreated and treated with trypsin .  

Note : 

Four  co mmon prote in  bands (A,  B ,  C and D) are diminished in intensity by 

enzymatic t reatment.  One protein band (E) shared between two strains and a 

small number of bands unique to individual isolates (e.g .  band F arrow) are also 

removed or diminished in intensity by exposure to trypsin. 

Technical Note : 

The acrylamide gel concentration in this f igure ( in contrast to Figures 1 3) was 

reduced f ro m  1 0% to 7 .5% to increase the resolution of the m iddle to high 

molecu lar weight protein bands. 

Figure 1 4b 

This figure is an  enlargement of Figure 1 4a and shows the region bounded by bands B 

and E .  It illustrates that faint bands adjacent to band E are also removed by trypsin (see 

arrows) . 



E 

B 
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Figure 1 5  

A comparison of eight M. ovipneumoniae strains before and after exposure to 50ug/ml 

of trypsin for 1 Omins at 37°C.  Stained with periodic acid-silver. 

Lanes 1 and 2: strain 1 untreated and treated with trypsin ;  

Lanes 3 and 4 :  strain 2 untreated and treated with trypsin ;  

Lanes 5 and 6 :  strain 4 untreated and treated with trypsin ;  

Lanes 7 and 8 :  strain 5 untreated and treated with trypsin ;  

Lanes 9 and 1 0 :  strain 10 untreated and treated with trypsin; 

Lanes 1 1  and 1 2 :  strain 37E u ntreated and treated with trypsi n; 

Lanes 13 and 14: strain MPP74 untreated and treated with trypsin; 

Lanes 15 and 1 6 : strain L3/C3 untreated and treated with trypsin. 

Note : 

Three bands (B ,  C and D) common to al l  iso lates are seen.  One band (E) is 

present in strains 1 and 37E. The letters correspond with the bands in Figure 1 4. 

However, Band A is not stained in this gel. 

Technical Note : 

Each lane was loaded with 3ug of protein. 
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A3.4 Discussion.  

Pronase (5ug/ml) and t rypsin (50ug/ml) were equal ly able to cause a diminution in  the 

staining intensity of a l imited number of bands (F igures 1 3a and 1 3f) . Both of these 

proteolytic enzymes could therefore be regarded as suitable for the identification of surface 

proteins by selectively removing them. Trypsin treatment at a concentration of 50ug/ml for 

1 0mins was chosen as a standard method of detecting surface proteins of a number of 

independent M. ovipneumoniae strains.  It had the advantage that, unl ike pronase, high 

concentrations for long periods, did not lyse the cells. Thus, even at concentration levels up 

to 350ug/ml for 1 0mins (data not shown) , or up to 50ug/ml for 30mins ( Figure 1 3f) , it did not 

substantially alter the number of proteins digested. 

Proteolytic enzyme digestion of eight intact M. ovipneumoniae strains by 50ug/ml of trypsin 

for 1 0mins ,  showed that fou r  protei n bands (A, B ,  C and D) were e ither  removed or 

diminished in band intensity relative to adjacent bands (Figure 1 4) .  It was concluded that 

M. ovipneumoniae has at least four  surface prote ins which are common to al l  strains.  

Another surface protei n  (Figure 1 4 ,  band E) was shown by only two M. ovipneumoniae 

strains. Finally, individual unique protein bands, were removed from some 

M. ovipneumoniae strains (Figure 1 4, unlabelled arrows) . 

Dubray and Bezard ( 1982) , recommended the use of periodic acid-silver stain as a method 

of detect ing g lycoprotei ns . Since su rface proteins of many micro-organ i sms including 

mycoplasmas are glycoproteins (Razin, 1978) , we used a lightly loaded gel ;  3ug of protein 

per lane , stained by this method to complement the above results. One band (Figure 1 5 , 

band C) already identified as a surface protein stained strongly by periodic acid-si lver stain 

and two bands were lightly stained (Figure 1 5 , bands B and D) . One band (Figure 1 5 , band 

A) was not detected on the periodic acid-silver stained gel. It was therefore concluded that 

three of the four common protein bands are glycoproteins, but at least one common band 

(Figure 1 4, band A) is not glycosylated. I nterestingly, a number of unique bands removed by 

proteolytic enzyme d igestion in  the coomassie blue stai ned gel  ( Figu re 1 4 , un label led 

arrows) , were not detected in the periodic acid-silver stained gel (Figure 1 5) .  This suggests 

that these bands are not glycoproteins. 

The possibility arose, that some of the trypsin-sensitive common protein bands could be 

absorbed media constituents. However, i n  a previous study ( lonas, 1 983) , to determine the 
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presence of absorbed media constituents , an M. ovipneumoniae strain was propagated in 

the presence of 1 4C-amino acids and the electrophoresed protein bands were recorded by 

autoradiography. The protein bands now found to be trypsin-sensitive, were identical with 

the labelled bands of earl ier experiments i .e. are not media constituents. 

It is therefore concluded that M. ovipneumoniae has at least four surface proteins which (at 

least in the molecular weight sense) are common to all strains. Three of these are probably 

glycoproteins. Other surface proteins unique to individual strains (or shared by only a few 

strains) also exist. These do not appear to be glycoproteins. 

The existance of common bands as shown by SDS-PAGE,  does not necessarily imply that 

they are the same proteins i .e .  the commonality could be l imited to the molecular weight and 

re lative amount of the protein present ,  rather than imply ing identical immunogenicity. 

Conversly, the appearance of a un ique band does not prove unique antigenicity, since 

prote ins of s l ightly d ifferent molecu lar weight , cou ld be antigenically s imilar. These 

considerations are investigated in the next section using an "Immuno-Blot" technique. 
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B) I nvest igations of Some M. ovlpneumoniae Protei n s  by the " Immuno- B lot" 

Technique. 

B3.1 Introduction. 

Examination of M. ovipneumoniae cells with and without trypsin treatment , allowed us to 

identify four proteins which were common to the surface of all isolates. We also identified a 

protein shared by two isolates, but absent from the other six tested ,  th is protein was 

apparently a glycoprotein. Several other proteins, apparently not glycoproteins, which were 

unique to individual isolates were also identified. 

50S-PAGE gels separate proteins on the basis of size but proteins of the same molecular 

weight are not necessari ly the same immunologically and proteins of s l ight ly d ifferent 

molecular weights are not necessarily serologically dist inct. 

To investigate the serological relatedness we selected five proteins ;  three common, one 

shared between two isolates and one unique protein .  These proteins were separated by 

50S-PAGE, excised from the gel, used to immunise rabbits and the antisera was used to 

investigate the relatedness of the proteins by the use of the "Immuno-Blot" technique. 

B3.2 Materials and Methods. 

B3 .2.1  Materials 

1 )O.1SM Sal ine:  see appendix 

2)Transfer Buffer (pH B .3) 

Tris (Hydroxymethyl) Aminomethane 

Glycine 

Methanol (Analytical Grade) 

Distilled Water to 

Note: 

1 2. 1 2g 

57.60g 

BOO.Oml 

4000.0ml 

This solution does not require adjustment to pH B.3 and the addition of Hel 

for minor pH corrections should be avoided as it will cause an ion imbalance. 



3)Tris Buffered Saline ( 1 xTBS) 

Tris (Hydroxymethyl) Aminomethane 

NaCI 

Adjust to pH 7.5 with 1 2N HCI 

Distil led Water to 

Stored at room temperature. 

4)Tween-20 Tris Buffered Sal ine ( 1 xTTBS) 

Tris (Hydroxymethyl) Aminomethane 

NaCI 

Adjust to pH 7.5 with 1 2N HCI 

Tween-20 (polyoxethylene sorbitan monolaurate) 

Distilled Water to 

Stored at room temperature. 

5) Blocklng Solution ( 1 xTTBS-3% Gelatin) 

Tris (Hydroxymethyl) Aminomethane 

N aCI 

Adjust to pH 7.5 with 1 2N HCI 
(l-v oe '<!" - 2 rJ  
Gelatin (EIA purity reagent, Bio-Rad TM) 

Distilled Water to 

4.84g 

58.48g 

2000.0ml 

4.84g 

58.48g 

1 .0ml 

2000.0ml 

O.24g 

2.92g 

o · os7... I 

3.00g 

1 00.0ml 

78 

This solution was made immediately prior to use. The gelatin was dissolved in pre-warmed 

(37°C) 1 xTTBS and cooled to 280C before use. 



6)Antlbody Buffer (1 xTTBS-1 % Gelatin) 

Tris (Hydroxymethyl) Aminomethane 

NaCI 

Adjust to pH 7.5 with 1 2N HCI 
T..,ur- - ;2. CJ 
Gelatin 

Distilled Water to 

0 .48g 

5.84g 

U . J ar-. / 
2.00g 

200.0ml 

79 

This solution was made immediately prior to use. The gelatin was dissolved in pre-warmed 

(37°C) 1 xTTBS and cooled to 280C before use. 

Note : 

1 OOml of this solution was used for the first antibody reaction and the remainder 

was used for the second antibody reaction. 

7)Horseradish Peroxidase (HRP) Substrate Solution 

This solution is composed of two parts and was used immediately after mixing. 

Part A: --

60mg of 4-chloro-1 -naphthol (stored at -20°C) was added to 20ml of cold methanol (AR 

g rade) . This solution was d ispensed into a dark bottle and stored at -200C for a few 

minutes until required. 

Part B: --

60u l of hydroge n p e roxide (30% w/v) was added to 1 00 m l  of 1 x TBS at room 
* 

temperature . 

Parts A and B were then mixed immediately to produce the working solution and this was 

used immediately. 

* 
Note : 

If the working solution (part A plus part B) is stored at 0-40C,  the substrate wil l 

precipitate out of the solution and detection sensitivity may be substantially 

decreased. The substrate ( Part A) was placed at -200C and the 1 x TBS­

hydrogen peroxide solution was at room temperatu re prior to mixing, thus 

maximizing their activity and prolonging their usefu l life . 
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83.2 .2 Methods 

83.2.2.i The Excision of M. ovlpneumonlae Surface Proteins from SOS-PAGE Gels 

for the Production of Monospeclfic Antisera. 

M. ovipneumoniae Iysates were e lectrophoresed in a 7.5% acrylamide gel as previously 

described in sect ion C2.2.2.vi .  However, a small modification to this method was included 

so as to al low large amounts of surface proteins to be excised from the SDS-PAGE gel .  The 

comb used to cast ten wells in the stacking gel was substituted for a comb that could cast 

only two wells. The dimensions of the wells also differed. One well cast was approximately 

0 .8cm in width while the second was about 24.0cm. 

The lysate of an intact M. ovipneumoniae suspension treated with trypsin (see section 

A3.2.2 .i) with a protein concentration of 80ug/well, was dispensed into the smaller of the two 

wel ls .  On the adjacent larger well ,  an aliquot containing approximately 2.5mg of protein from 

the same M. ovipneumoniae strain, but not treated with trypsin was dispensed. The Iysates 

were electrophoresed through the acrylamide gel. This gel was stained and then destained 

as previously described in section C2.2.2 .vL Following the destaining procedure the gel was 

repeatedly washed with large volumes of disti l led water to remove all trace of destaining 

solution (Le. 1 0% acetic acid). 

Surface proteins that were previously identified (sections A3.3) and were again identified by 

comparing the trypsin treated (0 .8cm) lane with the non-treated (24.0cm) protein lane. 

Individual surface proteins were excised from the non-treated lane using a scalpel blade , 

diced into approximately 0 . 1 5cmxO. 15cmxO . 1 5cm cubes and placed into a 5ml Cornwall™ 

luer-Iock syringe containing 1 .5ml of sterile 0 . 1 5 M  saline. This gave a total vo lume of about 

3ml. The protein/acrylamide mixture was then connected to another 5ml syringe via a 1 2  

gauge needle with luer-Iocks at either end and the mixture was squirted from one syringe to 

the other. This process was repeated until the mixture became pastelike . 

83.2.2.11 Antisera Production to Excised Surface Proteins from SOS-PAGE Gels. 

3ml aliquots of homogenized protein/acrylamide mix was injected intraperitoneally into pre­

bled New Zealand White rabbits at two weekly intervals for twelve weeks. The rabbits were 

bled seven days after the last inoculation and the sera were processed as described in 

section C2.2.2. i i .  



B2.2.2.iil Electrophoretic Transfer of Proteins from a SOS-PAGE Gel to a 

N itrocellulose Sheet ("Western-Blot"). 

a. Preparation of the SDS-PAGE Gel for Electrophoretic Transfer 
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Lysates of M. ovipneumoniae strains containing 80ug/well were electrophoresed in a 7.S% 

acrylamide gel .  Following e lectrophoresis the acrylamide gel was removed from the gel 

apparatus and equilibrated with SOOml of transfer buffer for 30mins. 

b.  Assembly of the Blotting Apparatus 

3S00ml of transfer buffer was placed in a 30cm x 40cm photographic developing tray. The 

perspex gel holder (see Figure 1 6) was opened and one of the two panels (tinted smoky 

grey-the cathode end) was submerged in the transfer buffer. The other perspex panel which 

is transparent (the anode end) was allowed to rest an angle against the wall of the vessel. A 

sponge (21 cm x 1 6cm x 1 em) was saturated in the transfer buffer and positioned over the 

submerged panel. Three layers of What man ™ 3mm filter paper were placed on top of the 

sponge, followed by a single sheet of Whatman ™ N0 1 f i lter. Care was taken to remove 

trapped air bubbles between each fi lter paper layer as this inhibits the transfer of the protein 

from the gel to the nitrocellulose sheet. The equi l ibrated acrylamide gel was then placed on 

top of the filter paper and trapped air bubbles were expelled by preSSing down on the gel 

and working the bubbles to the edge .  A square of n itrocellulose sheet (Schleicher and 

Schuell ,  West Germany) with a pore size of O.4Su was cut to the approximate dimensions of 

1 1 cm x 1 3cm. Care was taken to handle the n itroce llulose sheet with disposable plastiC 

gloves, so as not to transfer proteins from the skin by contact. The nitrocellulose sheet was 

labelled with a marker pen on one corner so that the orientation of the sheet was clear and 

then soaked in transfer buffer by capillary action .  This method of soaking the nitrocel lu lose 

sheet ensures that the entire sheet is  soaked evenly. Sheets placed directly into transfer 

buffer in most cases, became blotchy and could not be used. The saturated sheet was then 

carefu lly laid on top of the acrylamide gel .  Air bubbles trapped between the gel and the 

nitrocel lu lose sheet were expelled by rubbing the su rface of the n itrocellulose sheet and 

working the air bubble to the edge. The rubbing and pressing process (to expell trapped air 
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Figure 1 6  

Assembly of the apparatus to transfer proteins from a n  acrylamide gel to a nitrocellulose 
sheet. The gel "sanclwich" was (from bottom up) in  the following order. 

a) The perspex gel holder 
b) A sponge pad 
c) Three layers of Whatman ™ 3mm filter paper 
d) One layer of Whatman ™ N01 filter paper 
e) The acrylamide gel 
f) A single sheet of n itrocel lulose f i lter (Schleicher and Schuell, West Germany) 

with a pore size of 0 .45u 
g) One layer of Whatman ™ N01 filter paper 
h) Three layers of Whatman ™ 3mm filter paper 
i) A sponge pad 

The gel ho lder was closed and placed into the Trans-blot™ tank. 

The "sandwich" was assembled while already submerged in 3500ml of transfer buffer. 
Bubbles between layers were avoided. 

Figure 1 7  

Transfer of the protein to the nitrocellulose sheet. 

The gel "sandwich" was placed into the Trans-blot™ tank containing 3000ml of transfer 
buffer. This was stirred with a magnet. 

a) The cathode side of the perspex gel holder 
b) A sponge pad 
c) Three layers of Whatman ™ 3mm filter paper 
d) One layer of Whatman ™ N01 filter paper 
e) The acrylamide gel 
f )  A s ingle sheet of n itrocellulose f i lter (Schleicher and Schuell ,  West Germany) 

with a pore size of 0 .45u 
g) One layer of Whatman ™ N01 filter paper 
h) Three layers of Whatman ™ 3mm filter paper 
i) A sponge pad 

j) The anode side of the perspex gel holder 
k) 3000ml transfer buffer 
I) Trans-blot™ tank 
m) Magnet 
n) Magnetic stirrer 
0) Lid 
p) Gel holder 
q) Gel holder latch 
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bubbles) also ensured good contact between the two layers. The gel "sandwich" (sponge, 

three layers of 3mm fi lter paper, one layer of Whatman N01 filter paper, acrylamide gel and 

the nitrocellulose sheet) was completed by placing one layer of Whatman ™ N01 ,  followed 

by three layers of Whatman ™ 3mm filter paper and a sponge pad, all of which were 

saturated with transfer buffer. The gel holder was then closed and placed into the Trans­

blot™ tank ( see F igure 1 7) w ith the ge l  o n  t he cathode side with respect to the 

nitrocel lu lose sheet. A magnetic "flea" was placed at the bottom of the tank, 3000ml of 

transfer buffe r was added and the entire Trans-blot™ apparatus was positioned on a 

magnetic stirrer. The mixing of the transfer buffer served two purposes: it ensured that the 

temperature of the transfer buffer was even throughout the tank and it also ensured an even 

distribution of ions throughout the solution while e lectrophoresis was occurring . 

c. Running Conditions for Protein Transfer 

The M. o vipneumoniae p rote ins  we re t ra nsfe rred f rom the acry lamide gel  to the 

nitrocel lulose sheet at room temperature by using a Bio-Rad ™ 250/2.5 power supply, set 

at a constant 30 volts (this corresponded to about 0 . 1  amp) for 1 8 hrs. The next day the 

voltage was increased to 60 volts for 1 -2hrs .  

83.2.2.1v Goat Anti-Rabbit Horseradish Peroxidase Conjugate Enzyme Immunoassay. 

Following the transfer of the protein to the nitrocellulose sheet, the gel holder was removed 

from the trans-blot tank and opened. The nitrocellulose sheet was then immersed in 200ml 

of Tris b uffe red sal ine (1 xTBS) for 1 0mins  on a shaking platform set at 60rpm. The 

acrylamide gel was also removed from the holder and stained with coomassie blue as 

described in section C2.2.2 .vi and examined for the presence of bands. No protein bands 

were seen fo l lowing transfer indicating that all of the protein bands had migrated out of the 

gel. 

The nitrocellulose sheet was removed from the Tris Buffered Saline and placed in  200ml of 

blocking solution consisting of TBS + 3% gelatin and incubated on a shaking platform for 

4hrs at 28°C. The sheet was then t ransferred to 200ml TBS + Tween 20 (TTBS) and 

washed twice for 5mins with gentle agitation at room temperature. Fol lowing this step the 

nitrocellulose sheet was placed in a 1 00ml solution of TTBS + 1 %  gelatin + 0.25ml of rabbit 

antibody to the excised surface proteins, giving a final antibody di lution of 1 :400 (this was 
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excess antibody determined in experiments not recorded here) and incubated for 1 -2hrs at 

280C on a shaking platform set at 60rpm. At this point the nitrocellulose sheet could be left 

to incubate overnight for convenience. Prolonged incubation will increase the sensitivity but, 

this was not necessary in the present experiments. Fol lowing the exposu re to the first 

antibody solution ,  the nitrocel lu lose sheet was washed three times for Smin intervals in 

200ml of TTBS to remove u nbound antibody. The nitrocellulose sheet was then transferred 

to 1 00ml of nBS + 1 % gelatin containing 33ul of goat anti-rabbit horseradish peroxidase 

conjugate (Le .  about a 1 /3000 final di lution) and incubated for 1 hr at 280C on a shaking 

platform. The nitrocellulose sheet was then washed twice for Smin intervals with 200ml of 

TTBS and once for Smin with TBS. During these washings of the nitrocellulose sheet, the 

horseradish peroxidase colour development solution was prepared as described in the 

materials of t his section. Parts A and B of the colour development solution were mixed to 

give a final volume of 1 00m! .  The nitrocel lu lose sheet was immediately immersed in the 

substrate solution and gently agitated. Bands started to appear almost immediately but the 

reaction was allowed to continue for up to 30mins to produce a strong purple colour. Further 

incubation d id not increase the colour .  The reaction was terminated by immersing the 

nitrocellulose sheet in SOOml of distilled water for 1 0mins. This final washing was repeated 

once. 

B3.2.2.v Photographing Visualized Bands. 

The reacted proteins to the goat anti-rabbit horserad ish peroxidase conjugate was 

permane nt ly recorded on Tech Pan ( Kodak TM ) f i lm .  The nit rocel l u lose s heet was 

photographed submerged in disti l led water. This procedure had the advantage of not 

al lowing the sheet to dry under the heat of the photographic lights and prevented fading of 

the purple colou red bands which occurs on drying. 

The f i lm was exposed for 1/30 sec at f/S .6 and the negative was developed as described in 

section 4.2 .2A.vL 

B3.3 Results. 

Four protein bands (A, B ,  C and D) on SDS-PAGE gels had been identified as surface 

proteins. These bands are common to all eight isolates at least in the "molecular weight" 

sense. 
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Antisera to three bands (F igure 1 4, bands B, C and D) were used to probe the eight isolates 

by "immuno-blotting" (band A was not used as a probe due to the u nt imely death of the 

immunized animal) . 

The results for band C (Figure 1 9) indicates that this band is common, in the immunological 

sense, to all eight isolates .  This also applies to band D (Figure 20) . Band B reacted with 

five ( including itself) of the eight isolates. However, interestingly it did not react with strains 

4, 5 and 1 0  (Figure 18 ,  lanes 3, 4 and 5) . 

To confirm the above results, a gel which included M. arginini and A. laidlawii as well as the 

eight M. ovipneumoniae iso lates, was probed with antisera raised to the three common 

surface prote in bands .  All three bands reacted as described above and no antiserum 

reacted with M. arginini or A. laidlawii (Figure 2 1 ) .  

Another band ( Le .  band E)  was present in  only two o f  the eight iso lates ( F igu re 1 4) .  

Antiserum to  this band was used to probe the eight M. ovipneumoniae isolates. I t  reacted 

with al l  eight isolates (F igure 22) . However, in some i nstances the reacting band was 

displaced upwards and in others it is clear that two bands are involved Le. the apparently 

sing le band E represents at least two proteins, one or (more probably) both of which are 

present in all isolates albeit in sl ightly modified form as compared to strains 1 and 37E. 

Since band E was resolved into two bands (see Figure 22, lanes 4 ,  5 and 7) . This might 

imply that the original band E represents a surface protein and another protein.  However, on 

re-examining an enlargement of the region bound by bands B and E (Figure 1 4b) it was 

seen that a faint band in adjacent tracts (see unlabelled arrows) was indeed removed by 

trypsin i .e .  band E represents two proteins both of which are apparently surface proteins. 

Antiserum to only one band (Le. band F, Figure 1 4) .  identified as a surface protein unique to 

one isolate was used to probe eight M. ovipneumoniae isolates. The results (Figure 23) 

show that it is indeed a serologically unique protein Le.  it reacts with "itself" (lane 2) . but did 

not react with any other isolate. 
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Figure 1 8  

Eight M. ovipneumoniae isolates "blotted" with antiserum raised to band B .  

Antiserum raised to a common surface protein (Figure 1 4  - strain 2 ,  band B) was used 

to probe eight M. ovipneumoniae isolates by "immunoblotting". Lane 1 :  strain 1 ;  Lane 2 :  

strain 2 ;  Lane 3 :  strain 4 ;  Lane 4: strain 5 ;  Lane 5 :  strain 1 0 ;  Lane 6:  strain 37E; Lane 7: 

strain M PP74; Lane 8: strain L3/C3. 

Note that although this protein appeared to be common to all isolates when examined 

by SDS-PAGE ( Figure 1 4) ,  the antiserum reacted with a single protein band in five 

( including the homologous strain-lane 2) of the eight isolates i .e .  lanes 1 ,  2 ,  6, 7 and 8. 

It d id not react with the isolates in lanes 3, 4 and 5 .  

Figure 1 9  

Eight M. ovipneumoniae isolates "blotted" with antiserum raised to band C. 

Antiserum raised to a common surface protein (Figure 14 - strain 5 ,  band C) was used 

to probe eight M. ovipneumoniae isolates by "immunoblotting". Lane 1 :  strain 1 ;  Lane 2 :  

strain 2 ;  Lane 3 :  strain 4 ;  Lane 4: strain 5 ;  Lane 5 :  strain 1 0 ;  Lane 6 :  strain 37E; Lane 7: 

strain M P P74; Lane 8: strain L3/C3. 

Note that the antiserum raised to band C reacted with all e ight M. ovipneumoniae 

isolates. 
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Figure 20 

Eight M. ovipneumoniae isolates "blotted" with antiserum raised to band D.  

Antiserum raised to a common surface protein  (Figure 14 - strain 5, band D)  was used 

to probe eight M. ovipneumoniae isolates by "immunoblotting" . Lane 1 :  strain 1 ;  Lane 2 :  

strain 2 ;  Lane 3 :  strain 4 ;  Lane 4 :  strain 5 ;  Lane 5 :  strain 1 0 ; Lane 6:  strain 37E; Lane 7 :  

strain M PP74; Lane 8 :  strain L3/C3. 

Note that the antiserum raised to band D reacted with all eight M. ovipneumoniae 

isolates. 

Figure 21 

Eight M. ovipneumoniae isolates "blotted" with antisera raised to bands B, C and D. 

Antisera raised to three common surface proteins (Figure 1 4-strain 2, band B; strain 5 ,  

bands C and D) were used to s imultaneously probe eight M. ovipneumoniae strains, 

one M. arginini strain and one A. laidlawii strain. Lanes 1 to 8: M. ovipneumoniae strains 

1 ,  2 ,  4, 5, 1 0 , 37E ,  M P P74 and L3/C3 ;  Lane 9 :  M. arginini strain M30/C4; Lane 1 0 : 

A. laidlawii (ATCC 23206) . 

Note that antisera raised to bands C and D are species specific in the sense that they 

reacted with all eight M. ovipneumoniae isolates but did not react with either of the other 

two organisms. The antisera raised to band B did not react with M. arginini or with 

A. laidlawii. However, band B is specific for a "sub-group" of M. ovipneumoniae i .e.  it 

reacted with five of the eight M. ovipneumoniae isolates. 
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Figure 22 

Eight M. ovipneumoniae isolates "blotted" with antiserum raised to band E .  

Antiseru m  raised to  a surface protein apparently present (SDS-PAGE) in only two of 

e ight strains ( Figure 1 4  - strains 1 and 37E,  band E) was used to probe the e ight 

M. ovipneumoniae isolates by "immunoblotting". Lane 1 :  strain 1 ; Lane 2 :  strain 2;  Lane 

3: strain 4 ;  Lane 4: strain 5; Lane 5: strain 1 0 ;  Lane 6: strain 37E; Lane 7: strain MPP74; 

Lane 8 :  strain L3/C3. 

Note that ,  as expected, this antiserum reacted with strains 1 and 37E (lanes 1 and 6) , 

but it also reacted with one or two bands of the remaining strains. However, in these 

Figure 23 

Eight M. ovipneumoniae isolates "blotted" with antiserum raised to band F .  

Antiserum raised to  an apparently un ique surface protein ( Figure 14  - strain 2 ,  band F) 

was used to probe eight M. ovipneumoniae isolates by "immunoblotting". Lane 1 :  strain 

1 ;  Lane 2 :  strain 2 ;  Lane 3: strain 4 ;  Lane 4: strain 5; Lane 5: strain 1 0; Lane 6: strain 

37E; Lane 7: strain M PP74 ; Lane 8 :  strain L3/C3. 

Note that the ant iserum raised to th is band only reacted with the homologous strain 

(lane 2) .  
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B3.4 Discussion. 

SDS-PAG E al lows the prote ins of M. ovipneumoniae stra ins to be separated in an 

acry lamide gel accordi ng to their molecular weight . However, protein bands of equal 

molecu lar we ight in  different iso lates are not necessari ly the same prote ins .  So i n  this 

section of work we examined the serological relationship of several surface proteins and 

concluded that: 

a) Ant iserum to one surface prote i n  ( F igure 1 4, band B) , apparently common to al l  

M. ovipneumoniae isolates, was found to react with only five of the eight strains tested 

(Figure 1 8) .  

b) Two s u rface proteins ( Figure 14 ,  bands C and D) are common to all of the isolates 

tested. However, antisera to these bands did not react with other species ( Figure 21 ) 

i .e .  they are species-specific bands. 

c) A surface protein band (Figure 14,  band E) which was apparently shared by two strains 

was found to represent at least two different proteins (F igure 22) . These proteins were 

present in the remain ing six M. ovipneumoniae strains but , although sero logical ly 

related, they d iffered s lightly in molecular weight. 

d) One apparently unique surface protein (Figure 1 4, band F) was indeed present in only 

one of the eight M. ovipneumoniae strains tested (Figure 23) . 

The possible application of these conclusions in distinguish ing M. ovipneumoniae isolates is 

considered in  the general discussion. 
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CHAPTER FOUR 

I nvest i g at ion  of the  H eterogeneity of M. ovipneumonlae Isolates using Various 

Restr ict ion  E ndon uc leases Includi ng  a Compar ison of Mu lt i p l e  Iso lates from 

Individual Pneumonic Lungs. 

4.1 Introduction.  

I n  a pre l iminary study (Mew et aI, 1 985) we showed that the BREN DA patterns of eight 

M. ovipneumoniae isolates were totally different (no common bands) when EcoR1 was used 

as the restriction e nzyme. This contrasts with the find ings for some other mycoplasma 

species. Razin et aI, ( 1 983) reported that M. pneumoniae isolates were homogeneous. The 

possibil ity  (perhaps a small one) exists that the hete rogeneity seen in M. ovipneumoniae 

could be demonstrated only by EcoR1 .  To investigate this possibil ity we examined the 

BRENDA patterns of M. ovipneumoniae using several restriction endonucleases. 

The  res u lt ( see  be low) of the above i nvestigation conf i rmed the  heterogene ity of 

M. ovipneumoniae DNA and in a parallel study, a colleague (Norman, 1 985) examined the 

DNA from Sixty isolates , which I recovered from sheep on twenty farms. Of these sixty 

isolates ,  fifty-eight were totally d ifferent in the BRENDA pattern and also had different 

protein banding patterns as shown by SDS-PAGE. Only three isolates (from sheep on one 

farm) were identica l .  The heterogeneity seemed to be remarkably high and implies that 

many different strains of M. ovipneumoniae must be maintained with in all flocks of sheep. 

The sixty isolates came from pneumonic lungs and thus they did not represent differences 

between "nasal" and "lung" isolates. It occurred to us that with such heterogeneity it might 

be possible that lungs are colonized by more than one strain of M. ovipneumoniae. To 

investigate th is ,  we examined mult iple iso lates of M. ovipneumoniae f rom each of six 

pneu mo nic s heep lu ngs.  The opportu nity to extend this to one pneumonic goat lu ng 

presented itself and is also included here. 
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4.2 Materials and Methods. 

4.2.1  M aterials 

i .  For Propagation and Preparation of M. ovlpneumoniae Isolates for DNA Extraction. 

1 )FM4 Medium:  see appendix 

2)FM4 Agar: see appendix 

3)Phosphate Buffered Saline (PBS) : see appendix 

4)Tris-EDTA Solution: see appendix 

Ii. For DNA Extraction. 

1 )Sodium Dodecyl Sulphate (50S) 1 0% 

SDS (Sigma) 

D isti l led Water to 

Stored at room temperature without autoclaving. 

2)Pronase Type XIV 1 0mg/ml 

Pronase (Sigma) 

D istil led WAter to 

1 0 .0g 

1 00.0ml 

0 .2g 

20.0ml 

This so lut ion was preincubated at 37°C for three hours to self-digest contaminants,  

especially DNase activity. This was then stored at -20°C. 

3)RNase ( Ribonuclease I )  2mg/ml 

R Nase-from bovine pancreas (Sigma) 

Disti l led Water to 

0.02g 

1 0.0ml 

This solution was preincubated at 90°C for 1 0mins to destroy DNase activity. I t  was then 

stored at -20°C. 



4)S.OM NaCI 

NaCI 

Distilled Water to 

5)Sallne Trls-EDTA (STE) Buffer: see appendix 

6) Phenol/Chloroform/lso-amyl Alcohol 

A 25 :24:1  solution,  respectively, was prepared. 

7)O.001 M EDTA 

E DTA 

Distilled Water to 

8)Dialysls Tubing 

29.22g 

1 00.0ml 

0.37g 

1 000.0ml 
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1 0m m  flat width d ialysis tubing was cut to approximately 35cm lengths and boiled in 5% 

sodiu m  carbonate solution. This process was repeated until no colour or odour could be 

detected. The tubing was then boiled in distilled water once ; in 0.001 M EDTA once ; washed 

in d istil led water and boiled in distilled water. The dialysis tubing in the distilled water was 

al lowed to cool before being stored at 4oC. 

9)SM Sodium Perchlorate 

Sodium Perchlorate 

D istilled Water to 

61 . 22g 

1 00 .0ml 

iii. For Spectrophotometric Determination of the Purity and Concentration of the DNA. 

1 )TE Buffer: see appendix 

Iv. For the Digestion of DNA with EcoR1 . 

1 ) EcoR1 (BRL TM) 1 0  units/u l 

Stored at -20oC 



2)EcoR1 Buffer (Sx Concentrated) 

1 M Tris-HCL (pH 7.S) 

SM NaCI 

1 M  MgCI2 

Bovine Serum Albumin (Fraction V) 

Disti l led Water to 

Stored at 40C. 

Note : 

SO.Oml 

S.Oml 

2.Sml 

SO.Omg 

1 00.0ml 
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A total of sixteen different restriction endonucleases were used in this section. 

Buffers used with these d iffe rent restriction enzymes to d igest mycoplasma 

DNA were supplied by the manufacturer. 

3)Trls-EDTA (TE Buffer) + O.OS% SDS + 20% Glycerol 

1 .OM Tris-HCI (pH 7.S) 

0 .2M EDTA (disodium salt) (pH 7.2) 

G lycerol 

1 0% Sodium Dodecyl Sulphate 

D istilled Water to 

Stored at room temperature. 

4)Bromophenol Blue Dye ( 1 0x concentration) 

Bromophenol Blue 

G lycerol 

D istilled Water to 

Stored at room temperature. 

0 . 1 ml 

O .OSml 

2.0ml 

O .OSml 

1 0 .0ml 

O .OSg 

40.0ml 

SO.Oml 



v. For Gel Electrophoresis. 

1 ) Electrophoresis (E) Buffer (1 Ox concentrated) 

Trizma Base (Sigma) 

EDTA (disodium salt) 

Sodium Acetate 

G lacial Acetic Acid to pH 7.8 

Distil led Water to 

Stored at 40C and diluted with distilled water when required. 

2)Ethidium Bromide Solution ( 1 0mg/ml) 

Ethidium Bromide 

Distilled Water to 

Stored in a dark bottle at 40C. 

3)Ultrapure Electrophoresis Grade Agarose (Bio-Rad TM) 

4.2 .2 Methods 

96.88g 

7.44g 

8.20g 

2000.0ml 

1 00 .0mg 

1 0.0ml 

94 

A) Exam ining the Heterogeneity of M. ovlpneumonlae Isolates from Sheep on 

Different Farms by using Restriction Endonucleases. 

4.2.2A.1 Propagation and Preparation of M. ovlpneumoniae Isolates for DNA 

Extraction. 

A 1 .5ml aliquot of thrice cloned M. ovipneumoniae culture stored at -700C was thawed and 
* 

inocu lated into 300mi of FM4 Medium.  The culture was placed on a rotary shaker set at 

1 25rpm and incubated at 370C until the reaction of the medium reached approximately pH 

6.8 (at this pH M. ovipneumoniae cells are still in the exponential growth phase) . 

The 300mi cu lture of M. ovipneumoniae cel ls was centrifuged at 1 5  500g for 20mins, the 

supernatant was discarded and the pellet was resuspended in 30ml of sterile PBS. The cells 

were recentrifuged and the deposit was resuspended in 1 .5ml of Tris-EDT A Solution. 0.5ml 
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of t h i s  suspension was used i n  a ge l  precip it i n  test (to ensure that the cu lture was 

M. ovipneumoniae) . The remaining 1 .Oml cell suspension was placed in a 1 2ml Nalgene ™ 
centrifuge tube and then stored at -700C or used immediately for DNA extraction .  

* 
Note:  

I n  an  earlier study M ew(1 982) showed that M. ovipneumoniae cultures grew 

more rapidly and gave a better yield when the cultures were incubated on a 

rotary shaker than incubated stationary. 

4.2.2A.ii DNA Extraction. 

Pelleted preparations (see above) of M. ovipneumoniae isolates suspended in 1 ml of Tris­

EDT A Solution and stored at -700C were thawed in a 370C waterbath. 0 . 1  ml of SDS (1 0%) 

and 0 . 1  ml of Pronase Type XIV ( 1 0mg/ml) were added to each isolate and incubated at 

SOoC overnight to ensure that all the cells were lysed and that their proteins were digested. 

0 . 1  ml of RNase was added to the lysate and incubated for 60mins to d igest the RNA. An 

al iquot of Sodium Perchlorate was then added to give a final concentration of 1 M and the 

lysate was incubated at SOoC for a fu rther 60mins. 

Phenol was melted in a 700C waterbath and added to chloroform and iso-amyl alcohol to 

give a ratio of 2S:24:1 .  This solution was mixed with one tenth its volume of STE Buffer. Air 

was bubbled through the preparation to facil itate mixing. The solution was cooled to room 

temperature and used to deproteinate the lysate. 

An equal volume of Phenol/Chloroform/lso-amyl alcohol solution was added to the lysate, 

mixed by repetitively inverting the centrifuge tube which was then l eft for Smins until the 

interface reformed and the mixtu re was then centrifuged at S OOOg for 1 0mins at room 

temperature. The upper aqueous layer, contain ing the DNA, was removed using a Sml 

sero logical pipette, placed into another centrifuge tube and the DNA was re-extracted twice 

more with the phenol/chloroforrnliso-amyl a lcohol solution. The DNA was then added to 

d ialysis tube and dialysed at 4°C against 8 litres (total 32 litres) of TE Buffer with three 

c hanges over a 48hr period . The DNA was then removed from the dialys is tubing and 

placed into a sterile bijou bottle and stores at 40C. 



4.2.2A.iii Spectrophotometric Determination of the Purity and Concentration 

of the DNA. 
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0 . 1  ml of DNA was diluted with 1 .9ml of TE Buffer, gently mixed so as not to shear the DNA 

and placed into quartz cuvette and the optical density was measured using a CE 599 

Ceci l™ automatic scanning spectrophotometer which was zeroed against the dialysis 

buffer ( viz TE Buffer). 

Readings were taken at 230nm, 258nm, 260nm, 270nm, 280nm and 300nm. Spectral ratios 

260/230 = 1 .8 to 2.5 and 260/280 = 1 .8 to 2.0 were regarded as satisfactory. If the purity 

was u nsatisfactory the DNA was re-extracted as previously described.  If the absorbance at 

270nm was greater than at 260nm th is indicated phenol contamination of the DNA so the 

sample was re-dialysed and re-assayed. 

The concentration of the DNA was determined as described by Brenner and F alkow (1 971 ) .  

i .e .  

Concentration = OD258nm - OD300nm x Dilution Factor 
of DNA (mg/ml) 20 

A typical spectrophotometric profi le is shown below: 

Wavelength (nm) 230 258 260 270 

M. ovipneumoniae 0.335 0.820 0.818 0.672 
L413 (OD un its) 

280 

0.41 5 

260 
300 280 

0.032 1 .98 

Therefore the DNA concentration of M. ovipneumoniae isolate L413 di luted 1 /20 is: 

0.820 - 0.032 x 20 = 0.788mglml 
20 

4.2.2A.lv Digestion of DNA with EcoR1 . 

260 
230 

2.45 

An aliquot of DNA calculated to contain 7.5ug was added to a 1 .5ml Eppendorf microfuge 

tube conta in ing 20ul of 5x EcoR I  Buffer. This mixture was diluted with distilled water to 
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1 OOul ,  then Sui (SO units) of EcoRI restriction enzyme was added to the reaction mixture and 

m ixed gently. The eppendorf tube was pulsed on the microfuge to assure that all of the 

reaction mixtu re was at the base of the tube and i ncubated at 370C fo r 60mins. The 

digestion was terminated by heating the mixture at 6SoC for 1 Omins. The digested DNA was 

left to cool to room temperature then a 1/20th of the reaction mixtu re volume of SM NaCI 

was added , fo l lowed by two volu mes of cold (-20°C) absolute ethanol. The tubes were 

inverted to mix the contents and placed at -200C for 30mins (or overnight) to precipitate the 

DNA. 

The D NA was sedimented in a microfuge at 1 S  SOOg for 2Smins to ensure that the pel let 

was firmly attatched to the base of the tube. The supernatant was discarded and 1 ml of cold 

(-20°C) absolute ethanol was added to wash the surface of the pellet and qu ickly discarded. 

The pellet was dried under vacuum for 1 S-20mins in a dessicator. 

The dri ed pel let was re-suspended i n  3Sul of Tris- EDTA Buffer + O .OS% SDS + 20% 

G lycero l  and Sui  of Bromophenol B lue Dye. The mixture was microfuged at 1 S  SOOg for 

S mins to sediment any debris and the supernatant was used for e lectrophoresis. 

4.2.2A.v Gel Electrophoresis. 

The  ge l  apparatus seen i n  F igure 24 was used to form the agarose gel and for the 
* 

e lectrophoresis of the DNA samples. 7Su l  of Ethid ium Bromide Solution was added to 

1 50 ml of E Buffer and diluted to 1 S00ml with disti l led water (giving a f inal concentration of 
* *  

0 . 5ug/ml of ethidium bromide) . 1 OOml was added to 0.7g of agarose i n  a 2S0ml round 

bottomed Quick FitTM flask fined with a reflux condenser and boiled for Smins to solubilize 

the agarose. 

The agarose was cooled to approximately 400C and poured onto a levelled glass plate 

(20cm x 1 Scm) which was edged with adhesive tape to form a wal l .  A perspex "comb" was 

placed approximately 1 cm from one end of the glass plate to form wells in the agarose and 

the gel was al lowed to solidify for 20-30mins. The "comb" was extracted (forming the wells) , 

the g lass plate was taken from the electrophoresis apparatus and the adhesive tape was 

removed. This left a gel slab of 20cm x 1 Scm x O .Scm adhering to the g lass plate. This was 

t h e n  p laced o n  the  e lect rophores is  apparatus and submerged by f i l l ing the tank 

compartments with E Buffe r (used in  the preparat ion of the agarose gel) to a height 

approximately 2-3mm above the gel. 
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Figure 24 

Preparation of agarose gels for bacterial restriction endonuclease DNA analysis. 

a) A glass plate (20cm x 1 Scm) was edged with adhesive tape to form a wall .  

b) The g lass plate was placed into the electrophoresis tank. 

c) Agarose at the desired concentration (0.7% to 1 .6%) was added to TE buffer and 

boi led fo r Smins to dissolve .  The agarose was al lowed to cool to about SOoC 

before it was poured onto the glass plate edged with adhesive tape. A "comb" 

used to cast wells was also inserted into the agarose solution which was then left 

to solidify. 

d) The "comb" was extracted leaving the wells. 

e) The glass plate with the agarose gel was removed from the apparatus and the 

adhesive tape was removed. 

f) The glass plate with the gel was returned to the e lectrophoresis apparatus and 

TE buffer was added to submerge the gel. The DNA samples were added to the 

wells and electrophoresed through the gel for approximately 6hrs at 80 volts. 



a b 

. .... 

c 

e 
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The DNA samples were added to the wells beneath the E Buffer and settled to the base of 

the wells due to the presence of glycerol in the DNA sample. Electrophoresis was carried 

out at 4 volts/cm unti l  t he Bromophenol Blue Dye had travelled about 1 6cm from the wells, 

this took approximately 5 to 6 hours. 

* 

Note: 

* *  

Note: 

Because the gel bed was large it cou ld be easily broken in  a standard 

staining process. To avoid this ethidium bromide was added to the E Buffer 

before casting the gel. For safty reasons this procedure was carried out in a 

fume hood. 

0 .7% agarose gel concentrations was used for all restriction endonucleases 

which recognized six-base sequences. However, restriction endonucleases 

which recognize four-base sequences , agarose gel concentrat ions were 

varied from 1 .2% to 1 .6% to give the best resolution and hence the maximum 

number of cleavage patterns. 

4.2.2A.vl Photographing the Gel. 

When the electrophoresis was completed the agarose gel was placed in a tray of distilled 

water to wash off excess ethidium bromide. The gel was then removed by tilting one end of 

the glass plate which caused it to slide onto a UV transilluminator filter. 

The gel  was photographed through a Wratten ™ 23A gelatin f i lter on Kodak ™ Tri-X 

1 2.5cm x 1 0 .0cm size film. 

The f i lm was exposed for 30secs at fl1 1  
* 

and developed for 5mins in  0-1 9 Kodak TM 

developer; 60secs in a stop bath solution (3% Acetic Acid) ; 5mins in I Iford ™ Rapid Fixer 

with hardener added; washed for 1 Omins in excess water and hung to drip dry. 

* 

Note: 

A focal ratio of f/1 1 was used because it has a greater depth of focus and 

thus DNA cleavage bands through the thickness of the gel wil l remain in 

focus. 
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B. Isolation of Mult iple M. ovlpneumonlae Isolates from S ix Pneumonic Sheep and 

One Pneumonic Goat Lung. 

Three different methods were used for the isolation of multiple M. ovipneumoniae isolates 

from each of six pneumonic sheep lungs and from one pneumonic goat lung. One of the 

three isolation methods was described in  section C2.2.2. i ,  however it is briefly repeated 

here :  

4.2.2B.I "Normal" Method of  M. ovipneumonlae Isolation. 

Infected lung tissue was cut with scissors into small pieces i.e. about 3-4mm3, placed in 3ml 

of FM4 medium and mixed thoroughly for 60secs using a vortex mixer. A 0.3ml aliquot was 

removed and added to another bottle containing 2 .7ml of FM4 medium. This was incubated 

at 370C until a pH (colour) change was detected. This isolation procedure was repeated ten 

times with fresh lung material . This gave ten independant isolates. 

4.2.2B.1I Isolation of M. ovlpneumonlae Isolates Directly from FM4 Agar Plates and 

by LImit Dilution. 

Approximately 19 of pneumonic lung tissue exhibiting CNP lesions was placed in a sterile 

mortar. About 2g of sterile sand was added and the lung t issue was ground with the slow 

addition of 9ml FM4 Medium to give a homogenized suspension, regarded as a 1 0-1 dilution 

of the original lung. The sand settled rapidly and some of the supernatant was removed with 

a pipette. 

Ten 0 .3ml aliquots were used to prepare ten-fold serial dilutions in FM4 Medium from 1 0-2 

to 1 0- 1 0 . 1 00ul from each of (ten) the 1 0-2, 1 0-3 and 1 0-4 dilutions were spotted onto FM4 

agar plates. The plates were incubated at 370C and examined for colonies from 3 to 7 days 

after inoculation. Well spaced colonies (usually from the 1 0-4 dilution) were picked of with a 

plug of agar using a pasteur  pipette under 40x magnificat ion. At least one colony was picked 

from each of the ten separate dilution series. 

For the limit dilution method the original dilution series was incubated and examined daily 

for a colour change. The greatest dilution of each of the ten parallel titrations which showed 

a colour change was selected and the isolate from each was cloned. 



1 0 1  

4.2.2B.1 I I  Cloning of Isolates. 

All th irty isolates obtained from each lung i .e .  ten isolates derived by "normal" isolation 

techniques, ten from FM4 agar and ten obtained by l imit di lution were each cloned three 

times as described in section C2.2 .2. i .  

4.2.2B.lv Identification of Multiple Isolates Obtained from Individual Lungs as 

M. ovlpneumoniae. 

All isolates were identified as M. ovipneumoniae in a gel precipitin test using antisera raised 

against M. ovipneumoniae (strain 5). 

4.3 Results. 

A) The Heterogeneity of M. ovlpneumonlae Isolates from Sheep on Different Farms 

Examined by using Four Restriction Endonucleases. 

The DNA from eight isolates of M. ovipneumoniae fro m  sheep on different farms were 

digested with each of four d ifferent restriction endonucleases and electrophoresed in a 0.7% 

agarose gel. The results are shown as follows: Figure 25 , EcoR I ;  Figure 26, Oral ;  Figure 27, 

Hpal ; Figure 28, Mspl . 

Note : 

1 )  Each of the eight strains give a unique pattern with each of the four restriction 

endonucleases. 

2) The pattern is unique ,  not just in the sense that each is different but in the sense 

that no bands common to al l  e ight strains were detected with any restriction 

endonuclease. 

3) In Figure 27 a high molecular weight band is shared by three of the e ight strains 

( i .e . strains 1 ,  1 0  and 37E) . This is further investigated and discussed in the next 

chapter. 
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B) The Heterogeneity of Isolates Recovered from Individual Lungs of Six Sheep and a 

Goat. 

From each of six pneumonic sheep lungs, ten isolates of M. ovipneumoniae were obtained 

by the "normal" method , te n f rom material  d i rectly p lated on FM4 agar and ten by 

simultaneous limit dilution titrations of the original lung (see mate rials and methods) . The 

results from one of the six lungs are illustrated in Figures 29a, b and c. Figu re 29a shows 

ten isolates derived by the normal isolation procedure .  Note that nine isolates are identical 

or almost identical (pattern P) whereas one isolate (lane 8) is markedly different (pattern Q). 

Figure 29b shows ten isolates derived from ten o riginal colonies on FM4 agar. Note that 

lanes 3, 5, 7, 8 and 9 (lane 8 differs slightly from the others) show one general pattern Q.  

Lanes 1 ,  2 ,  4, 6 and 10 show a different pattern (Le. pattern R) . 

The f inal ten isolates ( Figu re 29c) obtained by limit di lution also showed two general 

patterns: Lanes 3,  5 and 7 (Le. pattern 8) and lanes 1 ,  2 ,  4 ,  6, 8 ,  9 and 1 0  (Le. pattern R).  

The latter patterns are similar to one of the patterns seen in Figure 29b, whi le the former 

pattern (8) is different. To facilitate the comparisons, this will be further i l lustrated later (see 

Figure 35) . Thus, of the thirty isolates, we obtained four different DNA restriction patterns 

using EcoRI , however, smal l  variations are detected within each of these four  patterns. 

These resu lts (from lung 6) a re tabu lated at the bottom of Table V using the following 

convention :  Each of the fou r  basic patterns was given a letter e.g. P, Q, R and 8 for lung 6. 

However, minor differences (one or a few bands only) occurred within each pattern. Thus ,  

n ine  isolates had pattern P but , within this, four slight variations were seen. One variation 

was represented by four isolates, one by two isolates,  another by two isolates and one by 

one isolate (total nine) . 

It is difficult to compare restriction patte rns in different gels so it wou ld not therefore be 

useful to show the d igests of a l l  1 80 isolates . However, the results for all six lungs are 

tabulated in Table V. 



Table V :  The Number of M. Qvjooeumoojae Strains and Variants 
found in Six Sheep Lungs. 

Variant Types 
Lung NO Patt e r n  1 2 3 4 

1 A 2 7  1 1 
B 1 

2 C 25  
D 5 

3 E 1 4  9 
f 3 1 
G 2 
H 1 

4 I 8 3 1 
J 8 2 
K 4 2 
L 2 

5 M 1 8  4 3 2 
N 2 
0 1 

6 P 4 2 2 1 
Q 3 2 1 
R 1 1  1 
S 3 
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The major points in Table V (above) are that two different patterns (A and B) were seen in lung 

1 ;  two (C and D) in lung 2 ;  four (E,  f, G and H) in lung 3 ;  four ( I ,  J, K and L) in lung 4 ;  three (M , 

N ,  0) in lung 5 and four (P,  Q, R and S) in lung 6. To illustrate these differences, one example 

of each of the different restriction patterns from each lung, were re-examined within one gel 

(see figures 30, 31 , 32, 33, 34 and 35) . These results confirm the above conclusions. 

To return to Table V, the minor point is that patterns have minor variants. e.g. pattern A has 

three variants; twenty-seven isolates were of one variant and one each of the other two. Lung 

2 had two patterns (C and D). These showed no variations etc .... (see Tabel V) . These minor 

variations are illustrated later (see figure 48) . 
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C )  Further Investigations of the H eterogeneity of M. ovipneumoniae Iso lates 

Derived Simultaneously from One Pneumonic Lung. 

Lung 6 was arbitrarily chosen and from it, four isolates which gave four markedly different 

patterns us ing EcoRI (Figure 35) were selected. These were further examined using a 

number of different restriction endonucleases. The results are shown in  Figure 36 through to 

47 and are summarized in  Table VI below. 

Table VI: The Examination of Four Simultaneous Isolates, from 
One Lung (Lung 6). Using a Range of Restriction Enzymes. 

Restrict ion R e cog n it i o n  D ifferent 
F i g u re 1 E nd o nuclease S e q u e n ce2 Patterns3 

3 6  XbaI T"CTAGA 
37 Bgli AVGATCT 
38 Hirx:iII AVAGCTT 
39 Msp CVCGG 
4 0  D� TTTvAAA 
4 1  Hpail CVCGG 
42 Kpnl GGTACvC 
43 SaA G"'TCGAC 
44 Bam;1 GVGATCC 
45 Sma! CCCvGGG 
4 6  Xhol CVTCGAG 
4 7  Haelll GGvCC 

1 )  Consolidated results of Figures 36 to 47. 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

2 )  Recognition sequence i s  read from 5 '  to 3 '  end of DNA. 

3) If "yes", the four restriction patterns remain different using the 
indicated endonuclease. 

4) + :  Complete digestion of M. ovipneumoniae DNA. 
± :  Partial digestion of M. ovipneumoniae DNA. 

No digestion of M. ovipneumoniae DNA. 

D i g est ion  
of  DNA4 

+ + + +5 
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ ± + ± 
± ± ± ±  
± ± ± ±  
± ± ± ±  
± ± ± ±  
± ± ± -
+ ± + -



5) The row of fou r  signs (+) refers to F igure 36 and ( left to right) 

indicates, with Xba I ,  that the DNA from all four  isolates were 

totally digested.  Taking the bottom row as a second example 

Figure 47 shows that the DNA from four isolates ( left to right in 

Figure 47) were totally digested (+) ; partially digested (±) (note 

the single h igh  molecular-weight band in the third row from the 

right) ; totally digested (+) and totally uncleaved (-) . 

Note: 
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a) In all cases the isolates showing different patterns with EcoRI remained different, 

when other restriction endonucleases were used. 

b) Partial digests were seen with some enzymes and one isolate (marked -) ,  see the 

last column, failed totally to cut with Xhol and Haei l i .  

c) The recognition sequence given does not include data on the effects of methylation. 

While these results are considered in the discussion ,  it should be noted that partial digests 

and no digestion involved restriction endonucleases with a recognition sequence containing 

a high GC to AT ratio. This remark is  not relevant to Mspl which can cut both methylated 

and non-methylated sites (see chapter five). 

D) Further Investigation of Minor DNA Variations Detected by EcoR1 : 

The minor variations in isolates from within one pneumonic lung. 

The DNA from isolates from lung 6 digested with EcoRI were found to give four markedly 

different patterns and within these patterns minor variations, which require careful inspection 

to detect, occurred ( Figu re 48, see arrows). These resu lts were obtained with EcoRI ,  so to 

find if they also occurred with other restriction endonucleases, one pattern (Table V, pattern 

P) which had four variants were examined u sing twelve restriction endonucleases. The 

results are shown in Figures 49 through 60 and are summarized in Table V I I  below. 



Table VII :  The Examination of Four Simultaneous Isolates (From 
Lung 6) Which Showed Only Minor Restriction Pattern pifferences 
with EcoRI. Using a Range of Restriction Endonucleases. 

Restrict ion  Recog ni t ion D ifferent  
F i g u re 1 E n d o n u c l ease Sequence2 Patterns3 

49 XbaI TVCTAGA 
50  Bgli AVGATCT 
5 1  HindI! AVAGCTT 
5 2  Msp CVCGG 
53 Dra1 TTTVAAA 
54 Hpail CVCGG 
55 Kpnl GGTACvC 
56 Sa� GVTCGAC 
5 7  8atrl-ll GVGATCC 
58 SrnaI. CCcvGGG 
59 Xhol CVTCGAG 
60 Hacm GGvCC 

1 )  Consolidated results of Figures 49 to 60. 

no  
no  
no  
n o  
no  
no  
no  
no  
n o  
n o  
n o  
no  

2 )  Recognition sequence is read from 5' to 3 '  end of DNA. 

3) If "no", the four restriction patterns are indistinguishable. 

4) + :  Complete digestion of M. ovipneumoniae DNA. 
± :  Partial digestion of M. ovipneumoniae DNA. 

No digestion of M. ovipneumoniae DNA. 

Note : 
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D i g est ion  
of  DNA4 

+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
± ± ± ±  
± ± ± ±  
± ± ± ±  
± ± ± ±  
± ± ± ±  
+ + + +  

a) The isolates showing minor restriction pattern differences ( i .e .  one to 

three bands) with EcoRI ,  showed identical patterns when any of the other 

restriction endonucleases were used. 

b) Partial digests were seen with some restriction endonucleases. This is 

discussed in  the next chapter (five). 

c) The recognition sequence given does not include data on the effects of 

methylation .  
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E) A Comparison of the Tota l  Proteins of M. ovlpneumonlae Isolated from Six 

Pneumonic Lungs using 50S-PAGE. 

1 80 isolates, i .e .  thirty isolates from each of six lungs, were examined by SOS-PAGE. The 

results are summarized below but are i l lustrated in full for one lung only in Figures 61 a, b 

and c.  

1 )  Variation in SOS-PAGE patterns of multiple iso lates from one lung were seen i n  five of 

the  s ix  cases.  This is i l lust rated us ing a l l  the iso lates f rom o n e  representat ive 

pneumonic lung i .e .  lung 6 (Figures 61 a,  b and 6 1c) which shows fou r  different patterns. 

2) The d ifferences referred to , although unequ ivocal ,  were nevertheless smal l  and i n  

general were smaller than the SOS-PAGE differences, when iso lates from sheep on 

different farms are compared (see chapter two) .  

3) The differences in SOS-PAGE patte rns corre lated wel l ,  but not perfect ly, with the 

BRENDA patterns e.g. the protein  patterns in Figure 61 b, lanes 1 ,  2, 4 ,  6 and 1 0  had 

one pattern while lanes 3,  5, 7, 8 and 9 had another slightly different protein  pattern. 

These correlate with the major differences seen in the BRENDA patterns (Figu re 29b) in 

which lanes 1 ,  2, 4, 6 and 1 0  had one pattern, while lanes 3, 5, 7, 8 and 9 had the 

second pattern. However, isolates which had identical p rotein patterns (Figure 61 a, 

lanes 1 to 1 0 , including lane 8), did not necessarily have identical BRENDA patterns. 

For example, compare Figure 61 a ( 1 0  identical isolates by SOS-PAGE) with Figure 29a, 

which shows two patterns i .e .  lanes 1 to 7 and 9 to 1 0  (one pattern) and lane 8 (a 

second pattern) . 

Since it is diff icult to compare results between gels, the correlation of the SOS-PAGE and 

BRENDA results was confirmed for isolates from all six pneumonic lungs by taking just one 

of each of the major restriction endonuclease differences and comparing these isolates by 

SOS- PAGE. The different SOS-PAGE protein patterns of isolates from any one lung are 

shown for lungs 1 to 6 in Figures 62 to 67 respectively. Note that in lung 1 (Figure 62) , both 

SOS-PAGE protein patterns are identical ,  while their DNA restriction endonuclease patterns 

were markedly different (c.f. Figure 30) . Lung 2 shows minor variations in the SOS-PAGE 

protein pattern (Figure 63, see arrows) ,  compared with the markedly different DNA patterns 

(Figure 3 1 ) .  Lung 3 showed one to two protein band differences in the f irst three iso lates 
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(Figure 64) , but the last isolate (far right lane) has an identical protein pattern with the third 

lane. Lung 4 showed the greatest differences in the protein patterns within one lung (Figu re 

65, bands arrowed) , all four lanes showed protein band differences in the high , middle and 

low molecular weight range. Lung 5 (Figure 66) shows that three isolates which gave totally 

d ifferent DNA patterns (Figure 34) give on ly m inor protein band differences (Figure 66) . 

Lung 6 (Figure 67) , which shows four isolates with different DNA patterns, gave three SDS­

PAGE patterns. Lanes 1 and 2 are identical whereas the remaining lanes have a slightly 

different protein banding pattern. 

The examination of the heterogeneity of multiple M. ovipneumoniae isolates recovered from 

six individual pneumonic sheep lungs by BRENDA and SDS-PAGE was extended to include 

the examination of a single pneumonic goat lung. The isolates of mycoplasmas from the 

pneumonic goat lung was as described for the recovery of multiple M. ovipneumoniae 

isolates from within one pneumonic sheep l ung (see M ethods, sections 4 .2 .2B . i  and 

4.2.2B.ii) . 

All goat isolates were identified as M. ovipneumoniae i n  a gel precipitin test using antisera 

raised to a standard M. ovipneumoniae strain ( Figure 68) .  Also, one goat isolate (GT1 0) was 

arbitrarily chosen and electrophoresed i n  a 1 0% SDS-PAGE gel. Its protein banding pattern 

was compared with standard strains of M. ovipneumoniae (strains 1 ,  5 and 1 0) and is shown 

in Figure 69. Note that the goat isolate (GT1 0) had most of its protein bands in common with 

the other three M. ovipneumoniae strains and was no more different from sheep isolates 

than was one sheep isolate from another. 

The thi rty M. ovipneumoniae isolates were d igested with EcoRI (Figures 70a, b and c) . 

Figure 70a shows 1 0  isolates derived by the normal isolation procedure .  Note that eight 

isolates have one pattern whereas two isolates (lanes 7 and 1 0) have a second pattern e.g. 

compare lanes 9 and 1 0  in  which the h igher  mo lecu lar weight bands d iffer although 

common bands are seen in the lower molecu lar weight region. 

Figu re 70b shows ten isolates derived from colonies on agar. Nine show identical DNA 

restriction patterns, however lane 6 shows a different pattern. The nine lanes are similar to 

the DNA restriction patterns seen in Figure 70a, lanes 1 to 5,  7, 8, 9 and 1 0 . Lane 6 (Figure 

70b) is identical to lanes 7 and 1 0  in Figure 70a .  
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The final 1 0  isolates shown in Figure 70c, obtained by limit dilution , also shows two 

general patterns corresponding to lanes 1 ,  4, 7, 8 and 1 0  and lanes 2 ,  3 ,  5, 6 and 9 .  

These two patterns are identical to the two patterns shown in Figures 70a and b. Thus,  of 

the thirty pneumonic goat isolates, we obtianed two markedly different patterns (a 

comparison is perhaps best made by examining lanes 5 and 6, Figure 70b) and with in one 

pattern, there were up to fou r different variations (one to two band differences) seen. 

These results from the pneumonic goat lung are tabulated in Table VI I I .  

Table VIII : Variations in BREN DA Patterns of Thirty M. ovipneumoniae 
Isolates perived from One Pneumonic Goat Lung. 

Pat t e r n  

Note : 

A 
B 

1 

1 6  
8 

Variant Types 
2 3 

4 

1 )  Two different patterns are seen (patterns A and B) 

4 

1 

2) Pattern A consists of twenty-two isolates with four minor variations 

3) Pattern B has eight isolates which are al l  identical. 

SDS-PAGE examination of the thirty M. ovipneumoniae isolates showed only small 

variations which were restricted to minor bands in the high moleular weight region. The 

differences are at the limit of detection. However, since it was suggested that the two 

BRENDA patterns cou ld be compared by examining lanes 5 and 6 in  Figure 70b. The 

same isolates can be compared by SDS-PAGE by examining lanes 5 and 6 in Figure 71 b. 

Small differences in the top 2 cm of the gel are seen. 
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Figure 25 

Bacterial restriction endonuclease DNA analysis of eight M. ovipneumoniae strains 

obta ined  f ro m  s heep o n  d i f fe rent f arms .  The DNA was c leaved us ing EcoRI 

(S'-Gv AATTC-3') . Lane 1 :  Molecular-weight marker (Le. lambda DNA cut with EcoRI) ; 

Lane 2 :  strain 1 ;  Lane 3 :  strain 2 ;  Lane 4: strain 4 ;  Lane S :  strain S ;  Lane 6: strain 1 0 ;  

Lane 7 :  strain 37E; Lane 8 :  strain M P P74; Lane 9 :  strain L3/C3. 

Note that all M. ovipneumoniae strains gave total ly different restriction banding patterns. 

Technical Note : 

The cleaved DNA was electrophoresed through a 0.8% agarose gel .  

Figure 26 

Bacterial restriction e ndonuclease DNA analysis of eight M. ovipneumoniae strains 

obt a i n e d  f ro m  s h e ep o n  d i f fe rent  f a rms . T h e  DNA was c leaved u s i n g  Dra l 

(S'-TTTv AAA-3') . Lane 1 :  Molecular-weight marker ( i .e. lambda DNA cut with Dral) ; 

Lane 2 :  strain 1 ;  Lane 3 :  strain 2 ;  Lane 4 :  strain 4 ;  Lane 5: strain 5; Lane 6 :  strain 1 0 ;  

Lane 7 :  strain 37E; Lane 8 :  strain M P P74; Lane 9 :  strain L3/C3. 

Note that al l  M. ovipneumoniae strains gave totally different restriction banding patterns. 

Technical Note : 

The cleaved DNA was electrophoresed through a 1 .6% agarose gel. 
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Figure 27 

Bacterial restriction e ndonuclease DNA analysis of e ight M. ovipneumoniae strains 

obta ined f ro m  s h e e p  o n  d if fe rent fa rms . The DNA was c leaved u s i n g  Hpa l l  

(5'-CvCGG-3') . Lane 1 :  Molecular-weight marker (Le. lambda DNA cut with Hpal l) ; Lane 

2: strain 1 ;  Lane 3: strain 2; Lane 4: strain 4;  Lane 5: strain 5;  Lane 6: strain 1 0 ; Lane 7: 

strain 37E; Lane 8: strain M PP74; Lane 9: strain L3/C3. 

Note that all M. ovipneumoniae strains gave totally different restriction banding patterns. 

Technical Note : 

The cleaved DNA was electrophoresed through a 1 .6% agarose gel. 

Figure 28 

Bacterial restriction e ndonuclease DNA analysis of e ight M. ovipneumoniae strains 

o bta ined  f rom s h e ep o n  d if fe rent farms.  T h e  DNA was c l e aved u s i n g  Mspl 

(5'-CvCGG-3') . Lane 1 :  strain 1 ;  Lane 2 :  strain 2 ;  Lane 3 :  strain 4; Lane 4 :  strain 5 ;  Lane 

5: strain 1 0 ; Lane 6: strain 37E; Lane 7:  strain MPP74; Lane 8: strain L3/C3. 

Note that all M. ovipneumoniae strains gave totally different restriction banding patterns. 

Technical Note : 

The cleaved DNA was electrophoresed through a 1 .6% agarose gel. 
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Figure 29a 

Bacterial restrict ion endonuclease D NA analysis of ten M. ovipneumoniae iso lates 

which were recovered simultaneously from a single pneumonic sheep lung (Le. lung 6) 

by t h e  " n o r m a l " i so l at i o n  m e t ho d .  T h e  D N A  was d igested w it h  Eco R I  and  

electrophoresed in a 0.7% agarose gel. Lane 1 :  L61 1 (P) ; Lane 2 :  L612 (P) ;  Lane 3 :  L613 

(P) ; Lane 4: L614 (P) ; Lane 5: L615 (P) ; Lane 6: L616 (P) ; Lane 7:  L617 (P) ; Lane 8: L618 

(0) ; Lane 9: L619 ( P) ;  Lane 1 0 :  L61 1 0  (P).  

Note that n ine  isolates (designated as pattern P) are identical or  almost identica l ,  

whereas one isolate (lane 8,  pattern 0) has a totally different restriction banding pattern. 

Figure 29b 

Bacterial restrict ion endonuclease D NA analysis of ten M. ovipneumoniae iso lates 

recovered fro m  a s ingle pneumonic sheep lung (Le .  lung 6) by selecting ten colonies 

derived from an inoculum of original lung material on FM4 agar. The DNA was digested 

with EcoRI and e lectrophoresed in a 0.7% agarose gel . Lane 1 :  L6A1 (R) ; Lane 2: L6A2 

(R) ;  Lane 3 :  L6A3 (0) ; Lane 4: L6A4 (R) ; Lane 5 :  L6A5 (0) ; Lane 6: L6A6 (R) ;  Lane 7 :  

L6A7 (0) ; Lane 8 :  L6A8 (0) ; Lane 9 :  L6A9 (0) ; Lane 1 0 : L6A1 0 (R) .  

Note that two patterns are present viz lanes 3 ,  5,  7, 8 and 9 (pattern 0) which i s  similar 

to lane 8, Figure 29a and lanes 1 ,  2, 4, 6 and 1 0  (pattern R), which are different from 

both patterns in Figure 29a. 

Figure 29c 

Bacterial restrict ion endonuclease D NA analysis of ten M. ovipneumoniae iso lates 

recovered from a s ingle pneumonic sheep lung (Le. lung 6) by limit dilution .  The DNA 

was digested with EcoRI and electrophoresed in a 0.7% agarose gel. Lane 1 :  L6T1 (R ) ;  

Lane 2 :  L6T2 (R ) ;  Lane 3 :  L6T3 (S) ; Lane 4 :  L6T4 (R) ; Lane 5 :  L6T5 (S) ; Lane 6:  L6T6 

(R) ;  Lane 7 :  L6T7 (S) ; Lane 8 :  L6T8 (S) ; Lane 9: L6T9 (S) ; Lane 1 0 : L6T1 0 (S) . 

Note that two general patterns are seen Le .  lanes 1 ,  2 ,  4, 6, 8 ,  9 and 1 0  (pattern R) 

which are similar to one of the patterns in Figure 29b and lanes 3 ,  5 and 7 (pattern S) ,  

which are different to other patterns in Figure 29a and 29b. Thus, four patterns : P,  0, R 

and S were exhibited by the thirty isolates from lung 6.  
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Figure 30 

Bacterial restriction endonuclease DNA analysis of two M. ovipneumoniae isolates 

obtained from a single pneumonic sheep lung (Le.  lung 1 ) .  The DNA was digested 

with EcoRI (S'-Gv AATTC-3') and electrophoresed through a 0 .7% agarose gel. Lane 

1 :  Molecular weight marker ( lambda DNA cut with EcoR I) ; Lane 2 :  L 1 AS ;  Lane 3:  

L 1 T2 . The DNA showed marked d iffe rences in  their cleavage patterns, although 

some common bands can be observed. The cleavage patterns for the other twenty­

eight isolates were identical to one or other of the patterns shown. 

Figure 31 

Bacterial restriction endonuclease DNA analysis of two M. ovipneumoniae isolates 

obtained from a single pneumonic sheep lung (Le.  lung 2) .  The DNA was digested 

with EcoRI (S'-Gv AATTC-3') and electrophoresed through a 0.7% agarose gel. Lane 

1 :  Molecu lar weight marker ( lambda DNA cut with EcoRI) ; Lane 2: L2AS; Lane 3 :  

L216. The DNA showed marked differences in their cleavage patterns, although some 

common bands can be observed. The cleavage patterns for the other twenty-eight 

isolates were identical to one or other of the patterns shown. 
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Figure 32 

Bacterial restriction e ndonuclease D NA analysis of fou r M. ovipneumoniae isolates 

obtained from a single pneumonic sheep lung (Le. lung 3) . The DNA was digested 

with EcoRI  (S'-Gv AATTC-3') and electrophoresed through a 0.7% agarose gel. Lane 

1 :  Mo lecu lar weight marker ( lambda DNA cut with EcoRI) ; Lane 2: L3T4; Lane 3 :  

L3 16 ;  Lane 4 :  L3 18 ;  Lane S :  L3 19 .  The DNA showed marked d ifferences in their  

cleavage patterns, although some common bands can be observed. The cleavage 

patterns for the other twenty-six isolates were identical to one or other of the patterns 

shown. 

Figure 33 

Bacterial restriction endonuclease DNA analysis of four  M. ovipneumoniae isolates 

obtained from a single pneumonic sheep lung (Le. lung 4) . The DNA was digested 

with EcoRI (S'-Gv AATTC-3') and electrophoresed through a 0.7% agarose gel. Lane 

1 :  Molecu lar weight marker ( lambda DNA cut with EcoRI) ; Lane 2: L418 ;  Lane 3 :  

L4AS ; Lane 4 :  L4A8 ; Lane S :  L4T9 . The DNA showed marked d ifferences i n  their 

c leavage patterns,  i nclud ing the s mal l  molecu lar s ize fragments . The cleavage 

patterns for the other twenty-six isolates were identical to one or other of the patterns 

shown. 
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Figure 34 

Bacterial restriction endonuclease D NA analysis of three M. ovipneumoniae isolates 

obtained from a single pneumonic sheep lung (Le.  lung 5) . The DNA was digested 

with EcoRI (5'-Gv AATTC-3') and electrophoresed through a 0.7% agarose gel .  Lane 

1 :  Mo lecular weight marker ( lambda DNA cut with EcoRI) ; Lane 2 :  L5T7; Lane 3 :  

L518;  Lane 4: L5T6. The DNA showed marked differences in  their cleavage patterns, 

although some common bands can be observed. The cleavage patterns for the other 

twenty-seven isolates were identical to one or other of the patterns shown. 

Figure 35 

Bacterial restriction e ndonuclease DNA analysis of four M. ovipneumoniae isolates 

obtained from a single pneumonic sheep lung (Le .  lung 6) . The DNA was digested 

with EcoRI (5'-Gv AATTC-3') and electrophoresed through a 0.7% agarose gel. Lane 

1 :  Molecular weight marker (lambda DNA cut with EcoRI) ; Lane 2: L613; Lane 3 :  L618; 

Lane 4: L6A6; Lane 5 :  L6T3. The DNA showed marked differences in their cleavage 

patterns, including the small molecular s ize fragments . The cleavage patterns for the 

other twenty-six isolates were identical to one or other of the patterns shown. 
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Figure 36 

Thirty i so lates of M. ovipneumoniae from one sheep lung ( Le .  lung 6 which was 

chosen arbitra ri ly) , showed four d ifferent DNA patterns (P ,  0, R and S) when 

digested by EcoR I .  

Four  i so la tes  repre s e nt ing each of four patterns were d i g ested w it h  Xbal 

(5'-TvCTAGA-3') . The resu lts are shown as follows: Lane 1 :  Molecular weight marker 

(lambda DNA cut with Xbal) ;  Lane 2 :  L613 (P) ; Lane 3: L618 (0) ; Lane 4: L6A6 (R) ;  

Lane 5 :  L6T3 (S) . 

Note that al l four  patterns are markedly different with Xbal . 

Figure 37 

Thirty i so lates of M. ovipneumoniae from one sheep lung ( i . e .  lung 6 which was 

chosen arbitrari ly) , showed four  d ifferent DNA patterns (P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using Bgnl (5'-AvGATCT-3') .  The 

results are shown as follows: Lane 1 :  Molecular weight marker ( lambda DNA cut with 

Bgn l ) ;  Lane 2 :  L613 (P) ;  Lane 3: L618 (0) ; Lane 4: L6A6 (R) ;  Lane 5: L6T3 (S) . 

Note that al l  four patterns are markedly different with Bgn l .  
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Figure 38 

Thirty iso lates of M. ovipneumoniae from one sheep lung (Le .  lung 6 which was 

chosen arbitrari ly) , showed four  d ifferent DNA patterns (P ,  Q, R and S) when 

digested by EcoRI .  

Isolates representing each patte rn were examined using Hind I I  I (5'-AvAGCTT-3') .  

The results are shown as follows: Lane 1 : Molecular weight marker ( lambda DNA cut 

with Hirx:ll l l ) ;  Lane 2: L613 ( P) ;  Lane 3: L618 (Q) ; Lane 4: L6A6 (R) ; Lane 5 :  L6T3 (S). 

Note that al l  four  patterns are markedly different with Hind I I I .  

Figure 39 

Thi rty i so lates of M. ovipneumoniae from one sheep lung (Le .  lung 6 which was 

chosen arbitrari ly) , showed fou r  d ifferent DNA patterns (P ,  Q, R and S) when 

digested by EcoRI .  

Isolates representing each patte rn were examined using Mspl (5'-CvCGG-3'). The 

results are shown as follows: Lane 1 :  Molecular weight marker ( lambda DNA cut with 

Mspl) ;  Lane 2 :  L613 (P) ; Lane 3: L618 (Q) ; Lane 4: L6A6 (R) ;  Lane 5: L6T3 (S) . 

Note that al l  four patterns are markedly different with Mspl . 
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Figure 40 

Thirty i so lates of M. ovipneumoniae from one sheep lung ( i . e .  lung 6 which was 

chose n  a rbitra ri ly) , s howed four d ifferent DNA patterns (P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using Oral (5'-TTTv AAA-3') .  The 

results are shown as fol lows: Lane 1 :  Molecular weight marker ( lambda DNA cut with 

Oral) ; Lane 2: L613 (P) ;  Lane 3 :  L618 (0) ; Lane 4: L6A6 (R) ; Lane 5: L6T3 (S) . 

Note that all fou r  patterns are markedly different with Oral . 

Figure 41 

Thi rty isolates of M. ovipneumoniae from one sheep lung ( i . e .  lung 6 which was 

chos e n  a rbitrar i ly) , s howed fou r d ifferent DNA patterns ( P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using Hpal l (5'-CvCGG-3') .  The 

resu lts are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut with 

Hpal l) ; Lane 2: L613 (P) ; Lane 3: L618 (0) ; Lane 4: L6A6 (R) ; Lane 5: L6T3 (S) . 

Note that all four patterns are markedly different with Hpal l .  
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Figure 42 

Thirty i so lates  of M. ovipneumoniae from one sheep lung ( Le .  lung 6 which was 

chosen arbitra ri ly) , showed four  d ifferent DNA patterns ( P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using Kpnl (5'-GGTACvC-3') . The 

results are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut with 

Kpnl ) ;  Lane 2: L613 (P) ;  Lane 3: L618 (0) ; Lane 4: L6A6 (R) ; Lane 5:  L6T3 (S) . 

Note that all fou r  patterns are markedly different with Kpnl . 

Figure 43 

Thi rty iso lates  of M. ovipneumoniae from one sheep lung (Le .  lung 6 which was 

chosen arbitra ri ly) , showed four  d ifferent DNA patterns (P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using Sail (5'-GvTCGAC-3') . The 

results are shown as follows : Lane 1 :  Molecular weight marker (lambda DNA cut with 

Sail) ;  Lane 2 :  L613 (P) ;  Lane 3: L618  (0) ; Lane 4: L6A6 (R) ; Lane 5: L6T3 (S) . 

Note that all fou r  patterns are markedly different with Sail . 
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Figure 44 

Thirty i solates of M. ovipneumoniae from one sheep lung ( i .e .  lung 6 which was 

chosen arbitra ri ly) , showed four  d ifferent DNA patterns (P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using BamHl (5'-GvGATCC-3') .  

The results are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut 

with Baml-ll ) ;  Lane 2 :  L613 (P ) ;  Lane 3: L618 (0) ; Lane 4: L6A6 (R) ;  Lane 5 :  L6T3 (S) . 

Note that all four patterns are markedly d ifferent with BamHl .  

Figure 45 

Thirty i so lates of M. ovipneumoniae fro m  one sheep lung ( i .e .  lung 6 which was 

chosen arb it rar i ly) , s howed four d ifferent DNA patterns ( P , 0, R and S) when 

d igested by EcoRI .  

Iso lates representing each pattern were examined using Smal (5'-CCCvGGG-3') .  

The results are shown as follows: Lane 1 : Molecular weight marker ( lambda DNA cut 

with Smal) ;  Lane 2 :  L6 13 (P) ;  Lane 3: L618 (0) ;  Lane 4: L6A6 (R) ; Lane 5: L6T3 (S) . 

Note that al l  four patterns are markedly d ifferent with Smal . 
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Figure 46 

Thi rty isolates of M. ovipneumoniae from one sheep lung ( Le .  lung 6 which was 

chosen arbitrar i ly) , showed four d ifferent DNA patterns ( P ,  0, R and S) when 

digested by EcoRI .  

Isolates representing each pattern were examined using Xhol (5'-CvTCGAC-3') . The 

results are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut with 

Xhol) ; Lane 2: L613 ( P) ;  Lane 3: L618 (0) ; Lane 4: L6A6 (R) ;  Lane 5:  L6T3 (S) . 

Note that all four patterns are markedly different with Xhol . 

The uncleaved pattern in lane 5 is discussed in the text in relationship to methylation 

of cytosine. 

Figure 47 

Thirty isolates of M. ovipneumoniae from one sheep lung ( Le .  lung 6 which was 

chosen arbitrar i ly) , s howed fou r d ifferent DNA patterns (P ,  Q ,  R and S) when 

digested by EcoR I .  

Isolates representing each pattern were examined using Hael l l  (5 '-GGvCC-3'). The 

results are shown as follows : Lane 1 :  Molecular weight marker (lambda DNA cut with 

Hael l l ) ; Lane 2: L613 (P) ;  Lane 3 :  L618 (0) ; Lane 4: L6A6 (R) ;  Lane 5: L6T3 (S) . 

Note that al l  four  patterns are markedly different with Haei l i .  

The uncleaved pattern i n  lane 5 is discussed i n  the text i n  relationship to methylation 

of cytosine. 
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Figure 49 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep ( i .e .  lung 6) and 

showing a s imi lar, but not qu ite identica l ,  pattern (pattern P ,  see Figure 48) were 

examined by Xbal (5'-TvCTAGA-3') . 

The results are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut 

with Xbal) ; Lane 2 :  L61 1 ; Lane 3: L612;  Lane 4: L6 14; Lane 5: L616. 

Note that al l  fou r  patterns are identical . 

Figure 50 

Four  isolates of M. ovipneumoniae derived from one pneumonic sheep ( i .e . lung 6) and 

showing a s imi lar, but not qu ite identica l ,  pattern (pattern P, see F igure 48) were 

examined by 8gn l (5'-AvGATCT-3') .  

The results are shown as fol lows: Lane 1 :  Mo lecular weight marker (lambda DNA cut 

with 8gn l ) ;  Lane 2: L611 ; Lane 3: L6 12;  Lane 4: L614 ;  Lane 5 :  L616. 

Note that al l  four patterns are identical .  
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Figure 51 

Fou r  isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s imi lar, but not qu ite identica l ,  pattern (pattern P, see Figure 48) were 

examined by Hindl l l  (5'-Av AGCTT-3') .  

The results are shown as follows : Lane 1 :  Mo lecular weight marker ( lambda DNA cut 

with Hindl l l ) ;  Lane 2: L61 1 ; Lane 3: L6 12 ;  Lane 4: L614; Lane 5: L616. 

Note that al l  fou r  patterns are identical. 

Figure 52 

Fou r  isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s imi lar, but not qu ite identica l ,  pattern (pattern P, see Figure 48) were 

examined by Mspl (5'-CvCGG-3') . 

The results are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut 

with Mspl ) ;  Lane 2 :  L6 11 ; Lane 3: L612; Lane 4: L614; Lane 5 :  L616.  

Note that al l  four  patterns are identical. 
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Figure 53 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s imi lar, but not qu ite ident ical , pattern (pattern P , see F igure 48) were 

examined by Oral (5'-TTTv AAA-3'). 

The resu lts are shown as follows: Lane 1 :  Mo lecular weight marker ( lambda DNA cut 

with Oral ) ;  Lane 2 :  L61 1 ; Lane 3: L612 ; Lane 4: L614; Lane 5: L616.  

Note that all four patterns are identical. 

Figure 54 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep (Le.  lung 6) and 

showing a s imi lar, but not qu ite identica l ,  pattern (pattern P, see Figure 48) were 

examined by Hpal l  (5'-CvCGG-3') .  

The resu lts are shown as fol lows : Lane 1 :  Mo lecular weight marker (lambda DNA cut 

with Hpal l ) ;  Lane 2 :  L61 1 ; Lane 3: L612; Lane 4: L614; Lane 5 :  L616. 

Note that al l  four patterns are identical .  
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Figure 55 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s im i lar, but not qu ite identical , pattern (pattern P ,  see Figure 48) were 

examined by Kpnl (5'-GGTACvC-3') . 

The results are shown as follows: Lane 1 :  Mo lecu lar weight marker ( lambda DNA cut 

with Kpnl) ;  Lane  2 :  L61 1 ; Lane 3 :  L612 ;  Lane 4 :  L614; Lane 5 :  L616. 

Note that al l  fou r  patterns are similar. 

Figure 56 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s im i lar ,  but not qu ite identical , pattern (pattern P, see F igure 48) were 

examined by Sail (5'-GvTCGAC-3') . 

The results are shown as follows: Lane 1 :  Molecular weight marker (lambda DNA cut 

with Sail) ; Lane 2 :  L61 1 ; Lane 3 :  L612; Lane 4: L614; Lane 5: L616. 

Note that all fou r  patterns are identical. 
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Figure 57 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep ( i .e .  lung 6) and 

showing a s imi lar, but not qu ite identical , pattern (pattern P, see Figure 48) were 

examined by Baml-ll (5'-GvGATCC-3') . 

The results are shown as follows: Lane 1 :  Mo lecular weight marker ( lambda DNA cut 

with Baml-ll) ; Lane 2: L6 1 1 ; Lane 3: L612 ;  Lane 4: L614; Lane 5 :  L616. 

Note that a l l  four  patterns are identical . 

Figure 58 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep ( i .e .  lung 6) and 

showing a s imi lar, but not qu ite identical , pattern (pattern P, see F igure 48) were 

examined by Smal (5'-CCCvGGG-3') . 

The results are shown as follows : Lane 1 :  Mo lecular weight marker ( lambda DNA cut 

with Smal) ;  Lane 2 :  L61 1 ; Lane 3: L612 ;  Lane 4: L614; Lane 5 :  L616. 

Note that al l four  patterns are identical. 
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Figure 59 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s im i lar, but not qu ite ide ntical , pattern (pattern P, see Figure 48) were 

examined by Xhol (5'-CvTCGA-3') .  

The results are shown as follows: Lane 1 :  Mo lecular weight marker ( lambda DNA cut 

with Xhol) ;  Lane 2 :  L61 1 ; Lane 3: L612 ; Lane 4: L614; Lane 5: L616. 

Note that al l  four patterns are identical. 

Figure 60 

Four isolates of M. ovipneumoniae derived from one pneumonic sheep (Le. lung 6) and 

showing a s im i lar, but not qu ite identical , pattern (pattern P, see Figure 48) were 

examined by Hael l l  (5'-GGvCC-3') . 

The results are shown as follows : Lane 1 :  Molecular weight marker (lambda DNA cut 

with Hael l l ) ;  Lane 2 :  L61 1 ; Lane 3 :  L612 ;  Lane 4 :  L614; Lane 5 :  L616.  

Note that al l  four patterns are identical . 
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Figure 61 a 

SDS- PAGE examination of ten M. ovipneumoniae isolates recovered simultaneously 

from a single pneumonic sheep lung (i .e. lung 6) by the "normal" isolation method. The 

proteins were separated in a 1 0% acrylamide gel. Lane 1 :  L611 ; Lane 2: L612 ;  Lane 3 :  

L613; Lane 4 :  L614 ; Lane 5 :  L615; Lane 6:  L616; Lane 7 :  L617; Lane 8 :  L618;  Lane 9 :  L619; 

Lane 1 0 :  L61 1 0 .  

Note that all ten isolates are identical (pattern A) . 

Figure 61 b 

SDS-PAGE examination of ten M. ovipneumoniae isolates recovered f rom a single 

pneumonic sheep lung ( i .e .  lung 6) by selecting ten colonies derived from an inoculum 

of original lung material on FM4 agar. The proteins were separated in a 1 0% acrylamide 

gel. Lane 1 :  L6A1 ; Lane 2:  L6A2 ; Lane 3: L6A3; Lane 4: L6A4; Lane 5: L6A5; Lane 6: 

L6A6; Lane 7: L6A7; Lane 8 :  L6A8 ; Lane 9: L6A9; Lane 1 0 : L6A1 0 .  

Note that two patterns are present viz; lanes 3 ,  5, 7, 8 and 9 (pattern 8) and lanes 1 ,  2 ,  

4,  5 ,  6 and 8 ( pattern C) d iffe r in several bands at the l imit of detection . These 

d ifferences can best be noted by comparing lanes 3 and 4. The position of differences 

are marked by an asterisk (*) .  

The two patterns shown in this figure divide the isolates into the same two groups as the 

DNA restriction patterns (c.f. Figures 29a and 29b with 61 a and 61 b) .  

Figure 61 c 

SDS-PAGE examination of ten M. ovipneumoniae isolates recovered by ten parallel 

l imit di lution titrations from a homogenate of single pneumonic lung lesion ( i .e .  lung 6). 

The proteins were separated in a 1 0% acrylamide gel .  Lane 1 :  L6T1 ; Lane 2: L6T2; 

Lane 3: L6T3; Lane 4: L6T4; Lane 5: L6T5 ; Lane 6: L6T6; Lane 7: L6T7; Lane 8: L6T8; 

Lane 9: L6T9 ; Lane 1 0 : L6T1 0 .  

Two patterns are present viz; lanes 1 , 2 , 4,  6 ,  8, 9 and 10  (pattern 8) and lanes 3 ,  5 and 

7 (pattern D) . The former pattern is similar to one of the patterns seen in Figure 61 b, 

while the latter is different from the patterns seen in Figures 61 a and 61 b, i .e .  there are 

four patterns of isolates from one lung lesion.  The two patterns seen in this figure can 

best be noted by comparing lanes 3 and 4. The position of differences are marked by an 

asterisk (*) .  

The two patterns shown in  this figure divide the isolates into the same two groups as  the 

DNA restriction patterns (c.f. Figures 29c and 61 c) .  
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Figure 62 

SDS-PAGE examination of two M. ovipneumoniae isolates (which differed in BRENDA 

patterns) obtained from a single pneumonic sheep lung (Le. lung 1 ) . The proteins were 

separated in a 1 0% acrylamide gel. Lane 1 :  LlA5 ; Lane 2: LlT2. 

Note that both protein patterns are identical . These isolates differed in their restriction 

endonuclease pattern (see Figure 30). 

Figure 63 

SDS-PAGE examination of two M. ovipneumoniae isolates (which differed in BRENDA 

patterns) obtained from a s ingle pneumonic sheep lung (Le. lung 2) . The proteins were 

separated in a 1 0% acrylamide gel .  Lane 1 :  L2A5 ; Lane 2 :  L216. 

The protein banding patterns differ slightly at two points (see arrows) . 
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Figure 64 

SOS-PAGE examination of four M. ovipneumoniae isolates (which differed in BRENDA 

patterns) obtained from a single pneumonic sheep lung (Le. lung 3) . The proteins were 

separated in a 1 0% acrylamide gel .  Lane 1 :  L3T4; Lane 2: L3 16; Lane 3: L318; Lane 4: 

L3 19. 

The f i rst three iso lates show sl ight d iffe rences in their protein banding pattern (see 

arrows) however, lane 4 is indistinguishable from lane 3. 

Figure 65 

SOS-PAGE examination of fou r  M. ovipneumoniae isolates (which differed in BREN DA 

patterns) obtained from a single pneumonic sheep lung (Le. lung 4) . The proteins were 

separated in a 1 0% acrylamide gel. Lane 1 :  L418 ; Lane 2 :  L4A5 ; Lane 3 :  L4A8 ; Lane 4:  

L4T9. 

Note the differences (see arrows) i n  the banding patterns in all four lanes. While all four 

lanes differ, lanes 1 and 3 and lanes 2 and 4 show close resemblance to each other 

than to the other two lanes.  
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Figure 66 

SOS-PAGE examination of three M. ovipneumoniae isolates (which d iffered in BRENDA 

patterns) obtained from a single pneumonic sheep lung (Le. lung 5) . The proteins were 

separated in a 1 0% acrylamide gel .  Lane 1 :  L5T7; Lane 2 :  L5 18; Lane 3: L5T6. 

Note that lane 3 differs from the other two lanes. Lanes 1 and 2 differ sl ightly in band 

density only (see arrows) .  

Figure 67 

SOS-PAGE examination of four M. ovipneumoniae isolates (which differed in BREN DA 

patterns) obtained from a single pneumonic sheep lung (Le. lung 6) . The proteins were 

separated in a 1 0% acrylamide gel .  Lane 1 :  L613 ;  Lane 2: L618 ;  Lane 3 :  L6A6; Lane 4: 

L6T3. 

Note that lanes 3 and 4 differ from the other two lanes. However, lanes 1 and 2 appear 

identical. 
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Figure 68 

Gel precipitin test for the identification of a mycoplasma isolated from a pneumonic goat 

lung. The central well contains antiserum to M. ovipneumoniae strain 1 .  The peripheral 

we l l s  conta in M. ovipneumoniae stra in  1 (we l l  1 ) ;  goat i so late GT 1 0  (we l l  2) ; 

M. ovipneumoniae strain 1 0  (well 3) ; wel ls 4, 5 and 6 contain FM4 Medium and were 

used as a control .  

N ot e  t hat  t h e  i s o lat e  s hows a l i n e  of  ide nt ity with the standard st rai ns of 

M. ovipneumoniae. 

Figure 69 

A comparison of the total protein of an M. ovipneumoniae isolate from a pneumonic 

goat lung with three M. ovipneumoniae strains. Lane 1 :  strain 1 ;  Lane 2 :  strain 5; Lane 

3 :  strain 1 0 ; Lane 4: GT1 0 (goat isolate) .  

Note that the goat isolate has most of its protein bands in common with the other three 

M. ovipneumoniae strains. 
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Figure 70a 

Bacterial restriction e ndonuclease D NA analysis of ten M. ovipneumoniae iso lates 

w h ich  were recovered s i mu ltaneously from a s ingle pneumonic goat lung by the 

"normal" isolation method. The DNA was digested with EcoRI and electrophoresed in a 

0.7% agarose gel .  Lane 1 :  G 1 1 ; Lane 2 :  G12 ;  Lane 3 :  G13;  Lane 4: G 14;  Lane 5 :  G IS ;  

Lane 6:  G 16 ;  Lane 7:  G 17;  Lane 8 :  G 18 ;  Lane 9:  G 19 ;  Lane 10 :  G 1 1 0. 

Note that two patterns are present. Lanes 1 through 6, 8 and 9 are identical or almost 

identical. Lanes 7 and 1 0  show a significantly different restriction pattern although many 

bands common to all 1 0  isolates are seen especially in the lower molecu lar weight 

range. 

Figure 70b 

Bacterial restriction endonuclease D NA analysis of ten M. ovipneumoniae isolates 

recovered from a single pneumonic goat lung by selecting ten colonies derived from an 

inoculum of original lung material on FM4 agar. The DNA was digested with EcoRI and 

electrophoresed in a 0.7% agarose gel .  Lane 1 :  GA1 ; Lane 2: GA2; Lane 3: GA3; Lane 

4: GA4; Lane 5: GAS; Lane 6: GA6 ; Lane 7:  GA7; Lane 8: GA8; Lane 9: GA9; Lane 1 0 : 

GA1 0. 

Note that nine lanes are similar to the DNA restrict ion pattern seen i n  Figure 70a, lanes 

1 to 5,  7, 8, 9 and 1 0 . Lane 6 of Figure 70b is similar to lanes 7 and 1 0  in Figure 70a. 

Figure 70c 

Bacterial restrict ion e ndonuclease DNA analysis of ten M. ovipneumoniae isolates 

recovered from a single pneumonic goat lung by limit dilution.  The DNA was digested 

with EcoRI  and electrophoresed in a 0 .7% agarose gel. Lane 1 :  GT1 ; Lane 2 :  GT2 ; 

Lane 3 :  GT3 ; Lane 4: GT4; Lane 5 :  GT5 ; Lane 6: GT6 ; Lane 7: GT7; Lane 8 :  GT8 ; Lane 

9: GT9 ; Lane 1 0 :  GT1 0. 

Note that two general patterns corresponding to lanes 1 ,  4, 7, 8 and 10 and lanes 2 ,  3,  

5 ,  6 and 9 are seen .  These two patterns are similar to the two patterns shown in Figures 

70a and 70b. 
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Figure 71a 

SDS-PAGE examination of ten M. ovipneumoniae isolates recovered simultaneously 

from a single pneumonic goat lung by the "normal" isolation method. The prote ins were 

separated in a 1 0% acrylamide gel .  Lane 1 :  G 1 1 ;  Lane 2: G 12 ;  Lane 3: G 13 ;  Lane 4: G14; 

Lane 5: G IS;  Lane 6 :  G 16 ;  Lane 7 :  G17; Lane 8: G18; Lane 9:  G19; Lane 1 0 : G1 1 0 . 

Note that all ten isolates are s imi lar. 

Figure 71 b 

SDS-PAGE examination of ten M. ovipneumoniae isolates recovered from a single 

pneumonic goat lung by selecting ten colonies derived from an inoculum of original lung 

material on FM4 agar. The proteins were separated in a 1 0% acrylamide gel . Lane 1 :  

GA1 ; Lane 2 :  GA2; Lane 3 :  GA3 ; Lane 4: GA4; Lane 5 :  GAS ; Lane 6:  GA6; Lane 7: 

GA7; Lane 8 :  GA8; Lane 9 :  GA9; Lane 1 0 : GA1 0 .  

T h e  prote in  band ing patterns f o r  a l l  t e n  M. ovipneumoniae iso lates are s imi lar. 

Neverthe less, two patterns can be detected because of a variation (arrowed) in the high 

molecu lar weight range .  These variat ions correlate with the BRENDA results e .g .  

compare lanes 5 and 6, Figure 71 b with lanes 5 and 6 Figure 70b (these represent the 

same two isolates) .  

Figure 71 c 

SDS-PAGE examinat ion of ten M. ovipneumoniae isolates recovered by ten parallel 

limit di lution titrations from a single pneumonic goat lung. The proteins were separated 

in a 1 0% acrylamide gel .  Lane 1 :  GT1 ; Lane 2: GT2 ; Lane 3 :  GT3; Lane 4: GT4; Lane 5 :  

GT5; Lane 6:  GT6; Lane 7 :  GT7; Lane 8 :  GT8; Lane 9 :  GT9 ; Lane 1 0 : GT1 0. 

Al l  protein banding patterns in each lane appear s imilar, except for the presence of a 

high molecular weight protein band (arrowed) in some lanes. 
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4.4 Discussion. 

Mew et aI, ( 1 985) first demonstrated the heterogeneity of M. ovipneumoniae by examining 

EcoRI digests of the DNA. This study was limited to eight isolates and did not ru le out the 

possibil ity t hat the heterogeneity observed is a function of the restriction enzyme used to 

observe the cleavage patterns. Such a possibility would imply that the base sequence cut by 

the restriction enzyme was subject to a much higher rate of mutation than other sites. To 

exclude this possibility, we re-examined the eight isolates of M. ovipneumoniae using EcoRI 

p lus  th ree  othe r  restrict ion e nzymes ( viz, Oral ; Hpal l ;  Mspl ) .  The cleavage patterns 

observed were unique to each isolate and s ince the enzyme recognit ion s ites bore no 

resemblance to that of EcoRI ,  we conclude that the original observation which the present 

author made in association with Mew (Mew et aI, 1 985) , represents a general heterogeneity 

of the DNA sequence and is not mere ly  a funct ion of the enzyme orig i nally used to 

demonstrate this phenomenon. 

To further examine the extent of heterogeneity, the present author obtained three isolates of 

M. ovipneumoniae from each of twenty farms and examined them for the heterogeneity of 

protein and in association with a colleague (N.  Norman), for the heterogeneity of DNA. The 

proteins were heterogeneous and Norman (1 985) found that the DNA of fifty-eight of the 

Sixty isolates gave markedly different patterns. Thus, each isolate, with three exceptions, 

was unique, even when isolates from sheep of the same flock were compared. This extreme 

heterogene ity led us to ask the question :  " Is  it possible that individual sheep, or more 

spec i f ica l ly ,  i nd iv idua l  l ung  l es ions  can  be colon ized by more than o ne strain of 

M. ovipneumoniae simultaneously?" 

If multiple strains colonize a lung, the method of isolation may favour the detection of one 

particular strai n e .g the i ncubation time and hence the number of generations required to 

obtain a culture from which co lonies of M. ovipneumoniae could be obtained may allow 

selection of the fastest growing strains. Consequently, in trying to f ind if multiple strains are 

present within a single pneumonic lung, we attempted to minimize this problem as follows: 

M. ovipneumoniae was isolated us ing th ree different methods viz, "normal" isolation 

procedure ; direct plating of homogenized pneumonic lung tissue on agar and isolation from 

l imit d i lut ion t it rations.  Thirty isolates from each of s ix pneumon ic sheep lungs were 

examined by BRENDA and in all cases major differences were seen between the isolates of 

any one lung i .e .  lung 1 ,  two patterns; lung 2, two patterns ; lung 3,  four patterns; lung 4 ,  four 

patterns; lung 5, three patterns ; lung 6, four patterns. 
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The lesions from lungs 1 and 2 were more l imited in extent than the lesions seen in lungs 3 

to 6 i .e .  there may be a relationship between the number of strains colonizing the lung and 

the severity of the lesion produced. This point is returned to in the discussion at the end of 

t his thesis. 

While we have already demonstrated that the heterogeneity of M. ovipneumoniae isolates 

f rom sheep on different farms was not dependent on the restriction enzyme used, the 

unexpected finding that multiple,  distinguishable isolates cou ld be obtained from one lung 

lesion made it desirable to confirm that our earlier conclusions also applied to these isolates. 

Our results show that the heterogeneity demonstrated with EcoR I (see Figu res 36 to 47) 

was also demonstrated when the fo l lowing restrict ion enzymes were used: Xbal ; Bgn l ;  

Hindl l l ;  Mspl ; Oral ; Hpal l ;  Kpnl ;  san ; Baml-ll ;  Smal ; Xhol and Hael i i .  A new consideration, 

however, arose because the last six of these enzymes gave only partial digests (Figures 40 

to 47) . This observation is investigated in chapter five. 

When two or more markedly d ifferent BRENDA patterns were detected with EcoRI ,  within 

any one of these patterns m inor differences were seen w hen diffe rent iso lates were 

examined (e.g. Figure 48, compare lanes 2 and 3) . As noted above, the major differences 

remained when 'investigated by restriction enzymes other than EcoRI .  However, minor 

differences were not detected by any other restriction enzyme. 

The extreme variation in BRENDA patterns of the isolates was unexpected and seems to 

imply heterogeneity of coding capacity of different isolates. However, s ince the genetic code 

is redundant, it is possible ,  at least in theory, to change many bases in a DNA sequence, 

including the restriction sites, in such a way as to markedly alter the cleavage patterns while 

at the same time allowing the proteins to remain unaltered. This in turn would imply that 

isolates ,  especially those from one l ung, cou ld differ in their BRENDA patterns, whi le 

maintain ing identical protein patterns as shown by SDS-PAGE.  This was examined in the 

case of isolates for all six pneumonic and in general it was found that isolates with markedly 

different BRENDA patterns a lso d iffe red in the ir  SDS- PAGE protein patterns. This is 

i l lustrated in lung 6, thus taking the ten isolates shown in Figu re 29b, two patterns are 

shown in the following o rder (from left to right) i .e .  lanes 3, 5 ,  7, 8 and 9 (pattern 0) and 

lanes 1 ,  2 , 4, 6 and 1 0  (pattern R). These same ten isolates were examined by SDS-PAGE 
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and two patterns are seen in  Figure 61 b (from left to right) i .e. lanes 3, 5, 7, 8 and 9 show 

one pattern and lanes 1 ,  2 ,  4,  6 and 1 0  showed the second pattern. This correlates with the 

BRENDA results. Therefore, the general conclusion is that different BRENDA patterns and 

different SDS-PAGE patterns are correlated. Nevertheless, the correlation is not perfect 

because i n  o n e  case ( l ung  6) isolates with two different  B R E N D A  patte rns gave 

indistinguishable SDS-PAGE patterns [ in  Figure 29a, lane 7 (pattern P)  differs from lane 8 

(pattern Q) , whereas these isolates gave identical protein patterns (see Figure 61 a,  lanes 7 

and 8)] . 

The results obtained from multiple goat isolates from a single pneumonic lung gave similar 

res u lts  to that obtai ned f ro m  the pneumonic  sheep lungs .  Thu s ,  one  goat yei lded 

M. ovipneumoniae isolates which gave two different restriction patterns by BRENDA. These 

isolates gave very similar SDS-PAGE patterns although some minor variations did allow the 

patterns to be d istinguished . 
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CHAPTER FIVE 

The Detection of Methylated Bases in the DNA of Some Isolates of M. ovlpneumoniae. 

5.1  Introduction. 

This general investigation was undertaken in the expectation that some heterogeneity could 

be detected in M. ovipneumoniae i so lates with the  consequent possib i l ity that the 

heterogeneity would lend itself to  the establishment of meaningful groups e .g .  serovars or  

perhaps groupings based on a l imited number of different BREN DA patterns or total protein 

patterns based on SDS-PAGE. However, the heterogeneity seen with both SDS-PAGE and 

restriction endonuclease digests , turned out to be much greater than we had anticipated. 

Differences in BRENDA patterns of some isolates, against a background of some common 

bands, would not have been unexpected, but the lack of common bands between different 

isolates, i ncluding those derived from sheep on one farm and even between some multiple 

iso lates from one pneu monic lung was unexpected.  Th is  variat ion  is not due to an 

exceptionally high mutation rate, since long term propagation of the organism in vitro left the 

B RENDA pattern unchanged or  with an occasional single band difference (Norman, 1 985) . 

Another observation, which also requires an explanat ion, is the partial digestion of DNA by 

some restriction endonucleases (Figures 41 through 47) , particularly those which cleave a 

cytosine-rich sequence (see section 5.4) .  It therefore occurred to us,  albeit late in the work, 

that the partial digests, if not due to some unidentified technical problem, could be due to 

methylation of some bases and, if so, this might invalidate our earlier conclusions viz, that 

M. ovipneumoniae isolates differ in base sequence. Thus,  if t here is variation in  the 

methylation of DNA bases, it might be possible to  explain the heterogeneity of  the BRENDA 

patterns on the basis of differences in methylation of the bases, even against a background 

of identical base sequences. 

Should methylation occur i t  would presumably be adenosine or  cytOSine methylation since, 

these  a re the only bases wh ich are co mmonly modif ied. The adenine methylation is 

common in procaryotes, whereas cytOSine methylation is found mainly in eucaryotes (Razin, 

1 985) . I f  methylation of e ither adenosine or cytosine was the cause of the heterogeneity of 

the restriction patterns, it would follow that (on the assumption that only one of these bases 
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is methylated) the heterogeneity of the DNA digest would disappear if an endonuclease was 

used which cleaves at sequences which did not include the methylated bases e .g .  an  

endonuclease which cleaves a sequence with only thymidine and adenosine (not affected 

by cytosine methylation) or one which cleaves sequences with only guanosine and cytosine 

(not affected by adenosine methylation) . 

This section therefore had several aims : 

a) To ensure that partial digests were not due to technical problems. 

b) To investigate the presence of 6-methyladenosine by comparing the digests produced 

by Mbol and Dpnl .  The former does not cleave DNA if the adenosine is methylated i .e .  it 

cleaves the sequence S
,
_vGATC-3', whereas the latter wil l cleave only if the adenosine 

is methylated i.e. cleaves the sequence S'-GmAvTC-3' (but not S'-GAvTC-3') .  

c) To investigate the presence of S-methylcytosine by comparing the digests produced by 

two restriction endonucleases, Hpal l  and Msp l .  The former cleaves the sequence 

S'-CvCGG-3' but, does not cleave DNA if either of the two cytosines is methylated i .e. 

S
,
_mCvCGG-3' and S '-CvmCGG-3'are not cleaved , whereas Mspl wi l l  cleave the 

sequence whether or not the internal cytOSine is  methylated will cleave the sequence 

S'-CvmCGG-3' and S '-CvCGG-3' .  

d) To examine the DNA of M. ovipneumoniae for the presence of methylated bases using 

h igh-performance l iqu id ch ro matography (H PLC) of nuc leos ides derived from 

M. ovipneumoniae DNA. 
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5.2 Materials and Methods. 

5.2. 1 M aterials 

A) For Bacterial Restriction Endonuclease DNA Analysis to Detect Base Sequence 

Methylatlons. 

1 ) Restriction Endonucleases: 

Xhol ( 1 0units/ul) Amersham International, (Buckinghamshire, UK) 

Dpnl ( 1 0units/ul) Bethesda Research Laboratories, (Maryland USA) 

Mbol ( 1 0units/ul) Bethesda Research Laboratories, (Maryland USA) 

Sau3a1 (6units/u l) New England Biolabs TM, (Massachusetts, USA) 

Mspl ( 1 2units/ul) Amersham International, (Buckinghamshire, UK) 

Hpal l  ( 1 2units/ul) Amersham I nternational, (Buckinghamshire,  UK) 

All digests were conducted using the manufacturers buffers and conditions of digestion. 

B) For Using High-Performance Liquid Chromatography to Examine 

M. ovipneumonlae DNA for the Presence of S-Methylcytoslne. 

i .  For the Preparation of Nucleoside Standards. 

1 )0.1 % Phosphoric Acid 

Phosphoric Acid (1 .685 sp.g) 

Distilled Water to 

This solution was filtered through a O .2u M ill ipore fi lter before use. 

4.0ml 

4000.0ml 



2)Nucleoside Standards 

a. 2'-Deoxycytldlne (United States Biochemical Corp) 

b. 5-Methyl-2'-Deoxycytldlne (Sigma) 

c. 2'-Deoxyadenoslne (United States Biochemical Corp) 

d .  2'-Deoxyguanoslne (United States Biochemical Corp) 

e .  Thymldine-2-Deoxyriboside ( United States Biochemical Corp) 

f. 6-Methylamlnopurine-9-Ribofuranoslde (Sigma) 

ii. For the Enzymatic Digestion of M. ovipneumonlae DNA. 

1 )Trls/MgCl2 Buffer (pH 7.9) 

Trizma Base (Sigma) 

MgCI2 (anhydrous) 

HCI to pH 7.9 

Distil led Water to 

2)DNase Solution (1 0mg/ml) 

Deoxyribonuclease I (Sigma) 

D istil led Water to 

Stored at -20°C. 

3) Phosphodiesterase (1 Omg/ml) 

Crotalus Atrox (Snake Venom) (Sigma) 

D istilled Water to 

Stored at -20°C. 

4)Alkaline Phosphatase ( 1  Omg/ml) 

Alkaline Phosphatase (from calf intestine) (Sigma) 

Distil led Water to 

Stored at -20°C. 

2 .42g 

0 . 1 0g 

1 000.0ml 

0.01 g 

1 .0ml 

0 .01 g 

1 .0ml 

0.01 g 

1 .0m!. 
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5.2 .2 Methods 

A) Bacteria l Restriction Endonuclease DNA Analysis to Detect Base Sequence 

Methylatlons. 

M. ovipneumoniae stra i n  L6T3 DNA was iso lated ,  puri f ied,  digested with restrict ion 

endonucleases and electrophoresed in an agarose gel as described in chapter four .  

The concentration of agarose was varied depending on the restriction endonuclease used to 

cleave the DNA i .e .  0 .7% agarose gel concentration was used for DNA digested with Xhal 

(recognizes six-base sequences) and 1 .6% agarose gel concentrations were used to digest 

DNA digested with Dpnl ; Mbal ; Sau3al ; Mspl ; Hpal l  (all recognise four-base sequences and 

give rise to smaller fragments than do six-base "cutters") . 

B) The Use of High-Performance Liquid Chromatography to Examine 

M. ovipneumoniae DNA for the Presence of 5-Methylcytosine. 

5.2.2B.I Preparation of Nucleoside Standards. 

Each nucleoside standard was d issolved in 0 . 1 %  phosphor ic acid to g ive a f i nal 

concentration of 1 %. The solutions were each placed into an Eppendorf microfuge tube and 

centrifuged for five minutes at 1 5  500 g to ensure that no particulate matter was present in 

the sample. 

5.2.2B.1I Enzymatic Digestion of M. ovlpneumonlae DNA. 

One strain of M. ovipneumaniae (L6T3) was propagated in 2000ml of FM4 Medium.  The 

cel ls  were collected, D NA extracted and pu rified by u ltracentrifugation as described in  

sections 4.2.2A . i i  and 7.2 .2A. i i i  respectively . The DNA was then d ialysed against fou r  

2000ml volumes o f  Tr is/MgCI2 Buffer  for two days a t  40C and assayed fo r  pu rity and 

concentration as described in section 4.2.2A.i i i .  

The method for enzymatic digestion of mycoplasma DNA to nucleosides was a modification 

of the method used by Ford et aI, ( 1 980) to digest eukaryotic DNA to nucleosides. Briefly, 

an al iquot of DNA which contained 250ug of CsCI purified DNA was placed in a 1 0ml 
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Nalgene ™ centrifuge tube. The volume was adjusted to 1 ml with Tris/MgCI2 Buffer. The 

DNA was initially digested with 1 0ul  of DNase for 60mins at 370C. It was then reduced to 

nucleotides by adding 1 0ul of Phosphodiesterase (snake venom) and incubated for 2hrs at 

370C.  40ul of Alkal ine Phosphatase was then added to the solution which was incubated for 

a fu rther 60mins at 370C.  This removed phosphates from the nucleotides to produce 

nucleosides. The nucleosides were heated to 650C for 1 0mins to inactivate the enzymes. 

2.5ml of cold absolute ethanol was added and the tubes were left overnight at -200C.  The 

precipitated nucleosides were collected by centrifugation at 1 6  500g for 30mins at 40C. The 

supernatant was d iscarded and the surface or  the pellet was washed with 1 m l  of cold 

absolute ethanol. The pellet was dried under vacuum for 20mins and resuspended in 250 u l  

of  0 . 1 %  phosphoric acid to give a final nucleoside concentration of 1 ug/ul .  The nucleosides 

were placed in a 1 .5ml Eppendorf microfuge tube , centrifuged at 1 5  500g for 3mins and 

separated on a high performance l iquid chromatography column. 

5.2.28.111 High-Performance Liquid Chromatography (HPLC). 

All enzymatically produced nucleosides and nucleoside standards were examined using a 

Shimadzu (LC-4A) h igh performance l iquid chromatograph .  A reverse phase 5MBC1Su 

(0 .Scmx1 0cm) radial pak l iqu id chromatography cartridge (Waters Associates Inc) was 

compressed in a Radial Compression Module-1 00 (Waters Associates I nc) and the column 

was used to separate the nucleosides under isocratic (non-gradient) conditions. 

The nucleosides were diluted in 0 . 1 %  phosphoric acid to a concentration of 1 0ng/ul and 

25u l samples were injected into the 0 . 1 %  phosphoric acid-equ i l ibrated co lumn using a 

Shimadzu (SIL-2AS) auto injector. The samples were eluted with 0 .1  % phosphoric acid with 

a flow rate of 1 ml/min at ambient temperature. The u ltra-violet spectra of each nucleoside 

was measured using a Shimadzu (SPD-2AS) spectrophotometric detector set at 273nm and 

the resu lts were recorded on a Shimadzu Chromatopac (C-R3A) integrator. 

5 .3 Results. 

To determine if technical problems were responsible for causing i ncomplete digests, or in 

some cases non-d igest ion ,  of M. ovipneumoniae DNA (see chapter four) , DNA from 

M. ovipneumoniae strain L6T3 , which earl ier experiments showed was not digested with 

Xhol (F igure 47, lane 5) was mixed with Bacteriophage Lambda DNA and exposed to Xhol . 

The resu lts from this digest are il lustrated in Figure 72. Lane 1 :  Lambda DNA digested with 
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Xhol which p roduced two DNA fragments (33 498bp and 1 S  004bp),  indicating that the 

restriction endonuclease and the reaction conditions were satisfactory. Lane 3: strain L6T3 

DNA exposed to Xhol . No cleavage occurred. Lane 2 :  Lambda DNA mixed with DNA from 

L6T3 and digested with Xhol .  Only the Lambda DNA was cleaved (the higher molecu lar 

weight fragment of the cleaved Lambda DNA is obscured by the undigested mycoplasma 

DNA) . These resu lts confirm that Xhol fails to cleave M. ovipneumoniae strain L6T3, but that 

this failure is not due to technical problems. It cou ld however, be explained by methylation of 

bases. 

The presence of methylated adenine was investigated using Mbol and Dpnl and the results 

are s hown i n  F igu re 73 . Lane 1 :  1 kb l adder ( L e .  molecu lar weight marker) ; Lane 2 :  

M. ovipneumoniae strain L6T3 DNA digested with Dpnl (th is restriction endonuclease will 

only cleave DNA if the internal adenine of the recognition sequence in  methylated Le. it 

cleaves S'-GmA vTC-3') . Note that no cleavage of t he DNA has occurred indicating the 

absence of methy lated ade n ine  at l east f ro m  t h e  recogn it ion sequence .  Lane 3 :  

M. ovipneumoniae strain L6T3 DNA digested with Mbol (this restriction endonuclease will 

only cleave DNA in the absence of methylated adenine in  its recognition sequence Le. it 

cleaves S
,
_vGATC-3') . The DNA has been digested i nto small fragments i ndicating that the 

adenine of the recognit ion sequence is  not methylated. Lane 4: M. ovipneumoniae strain 

L6T3 DNA digested with Sau3a1 (this restriction endonuclease digests DNA whether or not 

the recognition sequence is methylated Le.  it cleaves S,-vGATC-3'or S,_vGmATC-3') . Note 

that the DNA cleavage pattern in lane 4 is the same as the cleavage pattern in lane 3. This 

implies the absence of 6-methyladenine. 

The methylation of cytOSine was investigated using Mspl and Hpal l .  The results are shown 

in Figure 74. Lane 1 :  1 kb ladder (Le.molecular weight marker) ; Lane 2 :  M. ovipneumoniae 

stra i n  L6T3 D N A  d igested wi th  Mspl (c leaves the sequences S ' -CvCGG-3 '  and 

S'-CvmCGG-3' irrespective of whether the internal cytOSine is methylated or  not) . Lane 3 :  

M. ovipneumoniae stra in  L6T3 DNA d igested w ith Hpal l  (this cleaves the sequence 

S'-CvCGG-3' only in the absence of cytOSine methylation) . Note that the pattern resembles 

that of lane 2 but, the DNA is incompletely digested Le. a high molecular weight fragment 

remains. Mspl (lane 2) cleaved the DNA i nto similar fragments but, without the uncleaved 

upper band, suggest ing that ( if there is no technical reason for the result) S-methylcytosine 

is present in some (probably only a small minority) of the recognition sequence in the DNA. 
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To confirm that the partial digestion of the DNA digested with Hpal l  was not due to a 

technical problem e.g. low restriction endonuclease activity. DNA (strain L6T3) was digested 

with a fresh batch of the same restriction endonucleases for a longer period. The results are 

shown in Figure 75. Lane 1 :  1 kb ladder ( i .e .  molecular weight marker) ; Lane 2 :  DNA from 

M. ovipneumoniae strain L6T3 digested completely with Mspl ; Lane 3: strain L6T3 DNA 

digested with Hpal l  for 60mins; Lane 4: strain L6T3 DNA digested with Hpal l ,  using twice 

the manufacturer's recommended concentration and twice the reaction time ; Lane 5: DNA 

from strain L6T3 digested with both Hpal l  and Mspl ; Lane 6 :  undigested DNA from strain 

L6T3 ; Lane 7 :  u ndigested Lambda DNA used as a molecular weight marker. Note that 

increasing the reaction time and enzyme concentration d id not change the result i .e .  the 

uncleaved band in  lanes 3 and 4 is unl ikely to be due to technical reasons. 

M. ovipneumoniae strain L6T3 DNA, which was totally uncleaved by Xhol (see above) , was 

degraded to nucleotides by a combination of two enzymes i .e .  DNase and 

phosphodiesterase (snake venom) .  The nucleotides were further degraded to nucleosides 

using alkaline phosphatase. The nucleosides were then examined by HPLC. The results are 

shown i n  F igure 76. Figure 76b is a tracing which represents a m ixtu re of standards 

( 2'deoxycyt id i n e ,  5-methyl-2 '  -deoxycyt id ine ,  2 '  -deoxyadenosine ,  2' -deoxyguanosine, 

thymidine-2-desoxyribos ide and 6-methylaminopur ine-9-r ibofu ranoside) which were 

identified i n  experiments (data not shown) which established their time of elution in the 

conditions used . 

The tracing shown in Figure 76c represents a control with no DNA. The sensitivity of this 

method, combined with the contamination of the biolog ical reagents used ( i .e .  the alkaline 

phosphatase and snake venom) produced peaks which do not correspond to nucleosides. 

These peaks contaminate the tracing in Figure 76a and should be disregarded. 

Figure 76a represents those nucleosides of M. ovipneumoniae strain L6T3 (plus tracing 

contaminants from Figure 76c, wh ich are d isregarded) . Note that a peak at 1 0 .3mins 

(corresponding within experimental error to 1 0 .7mins of the standard) is visible. This peak 

represents 5-methylcytosine. 
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Figure 72 

Demonstration of the activity of Xhol and its inabi l ity to cleave L6T3 DNA. Lane 1 :  

Lambda DNA cleaved w ith Xhol ; Lane 2 :  L6T3 D NA mixed with Lambda DNA and 

exposed to Xhol . Lane 3: L6T3 DNA exposed to Xhol , but not cleaved. 

Note that Xhol is active in lanes 1 and 2 although the upper Lambda fragment in lane 2 

is obscured. 

Xhol failed to c leave L6T3 DNA ( lane 3) . This is due to the presence of methylated 

bases. 

Technical Note : 

The digested DNA was separated on a 1 .6% agarose gel. 

Figure 73 

B R EN DA of M. ovipneumoniae stra in  L6T3 DNA digested with e nzymes wh ich  

discriminate between methylated and non-methylated adenine. 

Lane 1 :  1 kb ladder (Le.  molecular weight marker) ; Lane 2:  DNA exposed to Dpnl 

(cleaves S'-GmAvTC-3' only) ; Lane 3: DNA cleaved with Mbol (cleaves S, _vGATC-3' 

only) ; Lane 4: DNA cleaved with Sau3al (cleaves S ,_vGATC-3' and S,_vGmATC-3') .  

Note that Dpnl (Lane 2) did not cleave the DNA, hence methylated adenine is not 

present in the DNA. 

Lanes 3 and 4 show identical digests which also indicates the absence of methylated 

adenine. 

Technical Note : 

The digested DNA was seperated on a 1 .6% agarose gel. 
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Figure 74 

B R ENDA of M. ovipn eumoniae stra in L6T3 DNA digested w it h  e nzymes which 

discriminate between methylated and non-methylated cytosine. 

Lane 1 :  1 kb ladder ( Le .  molecular weight marker) ; Lane 2 :  DNA totally cleaved with 

Mspl (cleaves S ' -CvmCGG-3' and S '-CvCGG-3') ; Lane 3 :  DNA cleaved with Hpal l 

(cleaves S'-CvCGG-3' only) . 

Note : The digests are identical apart from an u ncleaved band in lane 3 .  This band 

represents DNA which contains S-methylcytosine. 

Technical Note : 

The digested DNA was seperated on a 1 .6% agarose gel .  

Figure 75 

Further investigation (see Figure 74) of M. ovipneumoniae strain L6T3 DNA cleaved by 

Mspl and Hpal l  for longer periods and/or i ncreased concentrations. Lane 1 :  1 kb ladder 

(Le . mo lecular weight marke r) ; Lane 2: L6T3 DNA cleaved with Mspl (cleaves S'­

CvmCGG-3' and S ' -CvCGG-3' ) ; Lane 3 :  L6T3 DNA cleaved w ith Hpal l  (cleaves 

S '-CvCGG-3' only) ; Lane 4: L6T3 DNA cleaved with double the concentration of Hpal l 

for twice the digestion period ; Lane S :  L6T3 DNA cleaved with both Hpal l  and Mspl ;  

Lane 6 :  L6T3 DNA u nd igested ; Lane 7 :  Lambda DNA undigested (molecu lar weight 

marker) . 

Note that the high molecu lar weight uncleaved band in lane 3 remains in lane 4. This 

confi rms the resu lts shown in Figure 74 and further shows that the h igh molecular 

weight band is not due to partial digestion of DNA. 
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Figure 76 (a, b and c) 

a) M. ovipneumoniae strain L6T3 DNA degraded to nucleos ides and examined by 

H PLC. Note the elution of eight major peaks. Five of these peaks were identified as 

nucleosides which includes 5-methylcytosine. 

b) Standard m ixtu res of s ix nucleosides [ Le .  2'-deoxycyt idi ne (Cyt) , 5-methyl-2'­

deoxycyt id i n e  (5mCyt) , 2 ' -deoxyadenosine (Ade) , 2 '-deoxyguanosine (Gua) , 

thymid ine-2-desoxyribo s ide  (Thy) and 6-methylaminopu r ine-9-ribofu ranoside 

(6mAde) ] previously identified in experiments (data not shown) which established 

their time of e lution in the conditions used. 

c) This tracing represents a control with no DNA. Note that three peaks are detected 

which do not represent nucleosides but are contaminants of biological reagents 

used to degrade DNA to nucleosides. These contaminants are also seen in Figure 

76a but not in the nucleoside standards (Figure 76b). 

In particu lar note the 5-methylcytosine peak in the mycoplasma DNA (tracing a) . 
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5 .4 Discussion .  

B efore proceeding with th is  discussion it might be usefu l to explain the recording of an 

e ndonuclease recognition system. The recognition is always double-stranded DNA. The 

sequence however i s  recorded as one strand only with the S' end at the left of the 

recognition sequence e.g. Hpal l is recorded as: S'-CCGG-3' which means: 

S'-CCGG-3' 
3'-GGCC-S' 

Bases which are not at either end of this sequence are referred to as the internal bases. 

Note that the recognition sequence for Hael l l  is : S'-GGCC-3' which written in full is :  

S'-GGCC-3' 
3'-CCGG-S' 

This represents a totally different sequence from S'-CCGG-3' .  

I n  original studies of M. ovipneumoniae DNA using restriction endoneclease ( lonas, 1 985) , 

EcoRI only was used to compare isolates. All isolates apparently gave complete digestion 

and the question of the methylation of bases was therefore not considered. The sequence 

involved (S'-GAATTCC-3') contains (but is not rich in) cytOSine and EcoRI wil l  not cut if the 

cytos ine ,  or for  that matter the ade nos ine ,  is methylated . Clearly not all cytos ine or 

adenosine bases are methylated. 

R esu lts obta i ned wi th  Xbal  (S '-TvCTAGA-3 ' ) ,  8gll 1 (S ' -AvGATCT-3' )  and Hindl l l  

(S '-A v AGCTT-3' ) , ind icates complete "cutt ing" of DNA.  Al l  of these  e nzymes have 

recognition sites containing cytOSine. Apparently complete "cutting" a lso occurred with Mspl 

(S'-CvCGG-3') which cleaves a cytosine-rich sequence (see below). 

Extension of this study by the use of other enzymes gave what at first sight were confusing 

results i .e. complete digests of some isolates (see Tables VI and VI I )  and partial digests of 

others .  We o rig inally attributed these partial d igests to technical problems but, following 

extensive investigations (see chapter fou r) ,  we were u lt imately forced to consider other 

possibil ities. 
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The recogn it ion sequence of enzymes which gave partial d igests were S' -CCvGG-3' ; 

S ' -GGTACvC-3 ' ;  S '-GvTCGAC-3' ;  S'-GvGATCC-3' ;  S'-CCCvGGG-3' ;  S'-CvTCGAC-3'and 

S'-GGvCC-3' .  In contrast to this, the enzymes which in our hands always gave apparently 

complete digestion had a recognition sequence which contained one cytosine only i .e .  

S ' -Gv AATTC-3' ;  S '-TvCTAGA-3' ;  S'-AvGATCT-3'and S'-Av AGCTT-3' .  This suggests that 

cytosine methylation of some sequences in the DNA might occur, because (at least for the 

enzymes listed above) this would inhibit DNA cleavage and account for partial digestion of 

the DNA. 

The apparent exception to the above statement that enzymes which had a cytosine-rich 

recognition sequence gave partial digests is Mspl which recognizes S'-CCvGG-3' and gave 

complete digestions . Mspl however, digests not only unmethylated 5 '-CvCGG-3' but also 

cleaves the sequence S'-CvmCGG-3' i .e .  it is indifferent to the methylation of the internal 

cytosine. The fact that this enzyme gave complete digestion of DNA in contrast to enzymes 

which cleave a cytosine-rich sequence but are inhibited by cytOSine methylation gives strong 

support to the idea that cytOSine methylation occurs in some isolates. 

Mspl and Hpal l  both recognize the sequence S'-CvCGG-3' ,  but Hpal l ,  un l ike Mspl is 

inhibited by methylation.  Figure 74 shows that M. ovipneumoniae isolate L6T3, while g iving 

s im ilar  digests with Hpal l and Mspl , neverthe less shows that Hpal l gives only a partial 

d igest. This result is unchanged when higher concentrations of Hpal l were used for longer 

periods (>60mins) and in concentrations where Hpal l  was shown to be not inhibited ( i .e .  

d igesting bacteriophage lambda DNA) . We conclude that technical reasons do not account 

for this partial digest and confirms the conclusion that cytOS ine methylation occurs in some 

M. ovipneumoniae strains especially L6T3. 

The conclusion that cytOSine methylations occur in M. ovipneumoniae does not imply that all 

strains have cytOSine methylations or that strains which have cytOSine methylation have it to 

an equal extent. Thus,  when four M. ovipneumoniae isolates were examined by Hpal l ,  two 

showed complete and two showed partial digestion (Figure 41 and Table VI) .  

Only one M. ovipneumoniae isolate (L6T3) showed no cleavage by restriction enzymes e.g.  

by Xhol and Hael l l ,  so the DNA of this isolate probably represents the maximum methylated 

cytOSine detected in this study. It was used to examine M. ovipneumoniae DNA by H PLC 

and thus to demonstrate the presence of S-methylcytosine. 
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We now consider evidence that adenine methylation does not occur at least in the strains 

tested and then point out evidence based on restriction endonuclease cleavage that the 

heterogeneity of DNA restriction patterns does not depend upon methylation but must 

represent base sequence differences. 

Opnl cleaves 5 '-GmAvTC-3' but only if the adenine is methylated , Mbol cleaves 5'YGATC-

3' provided the adenine is not methylated and Sau3al cleaves 5,-vGATC-3' whether or not 

the adenine is  methylated. The strain of M. ovipneumoniae (LST3) which failed to cleave 

with Xhol and Hael l l  was examined by the above three enzymes. The results (Figure 73) 

showed that since Opnl failed to cleave the DNA, adenine methylation is absent. The other 

two enzymes (Mbol and Sau3al) gave identical patterns. This could only occur if no adenine 

methylat ion was present in any 5'-GATC-3' sequence i .e .  this confirms the absence of 

adenine methylation. 

M uch of the work of this thesis is  based on the concept that different restriction digests 

reflect differences in base sequence. However, if a variable proportion of the cytOSine is 

methylated and the cytosine of diffe rent sequences is methylated in different isolates, it 

fo l lows that different rest rict ion endonuclease d igests could represent variat ion  i n  

methylation patterns, rather than different base sequences. We have several pieces of 

evidence to the contrary (see later) but one of these is considered now. 

As noted above , adenine methylation was not detected and this was confirmed by HPLC 

(see later) . If methylated adenosine is absent,  differences i n  restrict ion endonuclease 

digests must reflect differences in  base sequences. This was tested using Oral which 

cleaves 5'-TTTv AAA-3' and it was found that the isolates were (as with other enzymes) 

totally different (Figure 40). We conclude that different restriction endonuclease patterns do 

i n deed represent d iffe rent D NA sequence s  and not a fu nct ion  of variations i n  the 

methylation of the DNA of different isolates. This point is  returned to in  the final discussion. 

DNA from M. ovipneumoniae isolate LST3 showed the maximum methylation as assessed 

by restriction endonucleases analysiS. This isolate was therefore chosen for assaying for the 

presence of methylated bases using HPLC analysiS. The DNA was degraded to nucleotides 

using DNase and phosphodiesterase and then to nucleosides using alkaline phosphatase. 

This procedure introduced three contaminant peaks into the DNA (Figure 7Sc) . These peaks 
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shou ld be  ignored in  F igure 76a. F igure 76b represents several standards includ ing 

5-methylcytosine and 6-methyladenine. F igure 76a represents M. ovipneumoniae DNA. 

Note that it contains a peak corresponding closely to 5-methylcytosine and furthermore no 

6-methyladenine was detected i . e .  the peak at 35 . 1  mins in  F igure 76a is less than the 

contaminant peak Figure in 76c. 

The proportion of cytosines which are methylated can be estimated from the peak height. 

This suggests that 25 to 30% of t he cytosines of this strain are methylated. This is an 

approximate figure and is to some extent affected by different absorbances of U .V. light by 

different nucleosides. 
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CHAPTER SIX 

Examination of M. ovlpneumonlae Strains for the Presence of Plasm Ids. 

6.1 Introduction.  

Heterogeneity of DNA cleavage patterns of M. ovipneumoniae cou ld be due to differences in 

base sequence or  (at least in  part) to the presence of different plasmids. This section 

examines e ight M. ovipneumoniae isolates, which differ totally in their cleavage patterns, for 

the presence of extrachromosomal DNA. 

6.2 Materials and Methods. 

6.2. 1 Materials 

A) For the Detection of Small Plasm Ids. 

Al l  mate r ials required for  the extract ion of DNA from M. ovipneumoniae strains are 

described in chapter four, with the exception of Ribonuclease-A: 

1 )Ribonuclease-A (RNase) 

R ibonuclease (Type 1 -A) (from bovine pancrease) 

D istilled Water to 

2.0mg 

1 0 .0ml. 

This stock solution was incubated at 900C for 1 0mins to destroy deoxyribonucleases and 

was stored at -200C. 

2) Bromophenol Blue Tracking Dye: see appendix 

B) For the Detection of Large Plasm Ids. 

1 )FM4 Medium : see appendix 

2)Phosphate Buffered Saline: see appendix 



3)Bra ln-Heart Infusion Broth (BHI Broth) 

Brain-Heart Infusion (Difco) 

Distilled Water to 

The broth was autoclaved at 1 2 1  °c for 1 5mins. 

4)BHI Agar 

Agar (Davis) 

BHI  Broth (prepared fresh) to 

3.7g 

1 00.0ml. 

0 .8g 

1 00 .0ml 
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This solution was autoclaved at 1 21 0C for 1 5mins and 20ml al iquots were dispensed i nto 

standard size sterile petri dishes. 

5)Trls Borate Buffer ( 1 0xTBB) pH 8 .2 

Trizma Base (Sigma) 

EDT A (sodium salt) 

Boric Acid 

Adjust to pH 8.2 

D istilled Water to 

Stored at room temperature and diluted 1 0  fold for use (1 xTBB) . 

6)Ribonuclease-A (RNase) 1 Omg/ml: see above 

7)Solutlon #1 

Ficoll 

Bromophenol Blue 

RNase Solution (1 Omg/ml) 

Lysozyme (Egg White-Sigma) 

1 xTBB to 

Stored at 40C and warmed to room temperature before use. 

1 08.0g 

9 .3g 

55.0g 

1 000.0ml 

1 .0g 

5.0mg 

0 .01 ml 

2 .0mg 

1 0 .0ml 



8)Solutlon #2 

Sodium Dodecyl Sulphate 

Ficol l  

1 xTBB to 

Stored at room temperature. 

9)Solutlon #3 

Sodium Dodecyl Sulphate 

Ficoll 

1 xTBB to 

Stored at room temperature. 

1 0)Trls-EDTA Buffer (TEB) pH 8 .0 

Trizma Base (Sigma) 

EDT A (sodium salt) 

Adjust to pH 8 .0 

D istilled Water to 

1 1 ) Ethldlum Bromide (1 Omg/ml) 

Ethidium Bromide (Bio-Rad) 

Distilled Water to 

20.0mg 

1 .0g 

1 0 .0ml 

20.0mg 

0.5g 

1 0 .0ml 

1 .2 1 g  

0.34g 

1 000.0ml 

1 00.0mg 

1 0.0ml 
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This solution was stored in a dark bottle at room temperature. 25u l  of this solution was 

di luted to 500ml with d istilled water to give a final concentration of 0.5ug/ml for staining DNA 

in agarose gels. 

6 .2 .2 Methods 

A) The Detection of Small Plasm ids. 

DNA from e ight M. ovipneumoniae strains and one E. coli (V51 7) strain (contains e ight 

plasmids) was extracted, assayed fo r concentrat ion and purity (260nm:280nm ratio) as 

described in chapter four. 
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An al iquot of DNA containing 1 5ug from each of the e ight M. ovipneumoniae stra ins and 

from the E. coli V51 7  strain was incubated at 370C for 30mins with 2ul of RNase (1 Omg/ml) . 

1 0u l  of B romophenol Blue Tracking Dye (containing 1 0% glycerol) was then added to the 

DNA solution which was p laced in the we lls of a O.S% agarose gel (see chapter fou r-gel 

electrophoresis) . 

The samples were electrophoresed at SO volts unt i l  the tracking dye moved a distance of 

1 60cm. The results were photographed as described in  chapter four. 

B) The Detection of Large Plasm ids. 

General: 

The method used was basically that of Eckhardt ( 1 978) . However, s i nce a number of 

technical modifications were made and a succession of minor difficu lties were encountered 

and overcome, the technique used here is recorded in detail. 

6.2.2B.1 The Gel System. 

A horizontal slab-gel was used 

The agarose gel slab was poured between two perspex spacers set inside the gel apparatus 

which kept the agarose solution in place until it set. Wells  in the gel solution were made by 

inserting a "comb" at the cathode end of the gel. After the agarose had set, the spacers and 

"comb" were removed. Buffer was then poured into the reservoir tanks at both ends, up to 

the level of the gel. 

6.2.2B.II Preparation of a 0.6% agarose gel. 

0 . 6g of agarose (U lt rapure g rade ,  B io-Rad) was added to 1 00ml of TBB and boiled for 

5mins in a 250ml round-bottomed flask fitted with a 40cm reflux column. The agarose was 

left to cool to approx imately 500C before being poured into an electrophoresis tank (see 

F igure 77) . A "comb" was inserted in the agarose solution prior to gelation, forming the wells 

for sample applicat ion.  The cast gel was approxi m ately 1 2 .0cm x 1 0 . 0cm x O .Scm in 

d imension. 
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Figure 77 

Preparation of Eckhardt gels for the detection of large plasmids in M. ovipneumoniae 

Iysates. 

a) The electrophoresis apparatus. 

b) Two lenghts of perspex were positioned at opposite ends of the raised portion of 

the electrophoresis tank. These strips were tight fitting. 

c) Molten agarose was poured between the two perspex strips and a "comb" to cast 

sample application wells was inserted into the molten agarose at the cathode end 

of the electrophoresis tank. Notches in the perspex held the "comb" in position. 

d) Once the agarose had solidified the "comb" and the two perspex strips were 

removed l eaving an agarose ge l  approx imat e ly 1 2cm x 1 0cm x O .Bcm i n  

dimension. 

e) Washed mycoplasma cells were then loaded into each well and lysed (see text 

for procedure) . 

f) The gel  was then transferred to a cold-room (4°C) and 1 xTBB was carefully 

added to the electrophoresis tank until the gel was submerged to a depth of 1 -

2mm. The samples were electrophoresed initially at 20 volts for 60mins and then 

at 1 00 volts until the dye marker present in the lysate reached the anode end of 

the gel. 



a 

c 

e 

b 

d 

f 

'I -----;r-_: .. 
--: : : .  

' -



1 62 

6.2.2B.ii I  Propagation of Isolates. 

A 1 ml aliquot (stored at -80°C) from each of eight M. ovipneumoniae strains derived from 

sheep on different farms was inoculated into 1 0ml of FM4 Medium and incubated overnight 

at 370C.  An E. coli strain V51 7  (containing e ight plasmids) was used as a control .  An 

isolated colony from a BHI plate was inoculated into 3ml of BHI broth and incubated for 2hrs 

at 370C. 

6.2.2B.lv Preparation of Samples. 

1 ml from each of the M. ovipneumoniae cultures and 0.2ml from the E. coli culture were 

placed in a 1 .5ml Eppendorf microfuge tube and centrifuged at 1 4  500g for 60sec. The 

supernatants were discarded and the pellets resuspended in 1 ml PBS and re-centrifuged. 

This washing procedure was repeated once more. The cells were then resuspended in 20ul 

of Solut ion #1 and the pe l let was carefu l ly suspended us ing a g lass rod. The ce l l  

suspension was added to the wells in the 0.6% agarose and left to stand for 1 0mins. 20ul of 

Solution #2 was added to each of the wells and carefully mixed with a rounded pasteur 

pipette tip, using only a single back-and-forth motion. An al iquot of Solution #3 was carefully 

layered over the top of the wells, so that the contents of each well was level with the top of 

the gel. 

The apparatus was transferred to a cold-room (4°C) and 1 xTBB buffer was carefully added 

to submerge the gel to a depth of 1 -2mm without disturbing the contents of the wells. 

6.2.2B.v Electrophoresis Conditions. 

The 0 .6% agarose gel was electrophoresed at 20 volts (samples at the cathode end) for one 

hour, the vo ltage was increased to 1 00 volts and run u nt i l  the bromophenol blue dye 

(present in Solution #1 ) reached the anode end of the gel. 

6.2.2B.vi Staining the Gel. 

After e lectrophoresis of the sample, the gel was removed from the apparatus and stained by 

immersing in a Ethid ium Bromide for 30mins. The gel was then placed in 500ml of d isti l led 

water to remove excess ethidium bromide which had not entered into the gel. The gel was 

placed on a UV transi l luminator and the DNA bands were observed and photographed. 



1 63 

6.2.2B.vil Gel Photography. 

The results were recorded on 1 2.5cm x 1 0 .0cm Tri-X fi lm and developed as described in 

section 4.2 .2A.vL 

6.3 Results .  

The examination of eight M. ovipneumoniae strains for the presence of small plasmids is 

shown in  F igure 78 . Lane 1 :  1 kb ladder ( Le .  a molecu lar weight marker) ; Lanes 2 to 9 :  

M. ovipneumoniae strains (1 , 2 , 4, 5, 1 0 , 37E, MPP74 and L3/C3 respectively) . A l l  strains 

were obtained from sheep on different farms in New Zealand , except for strain 1 0  (lane 6) 

which is an Australian strain. No plasmids were detected in  any of these M. ovipneumoniae 

strains; Lane 1 0 :  E. coli strain V517  (contains e ight plasmids) was used as a control. Note 

that more than e ight plasmid bands are shown in the E. coli lane, this was caused by the 

nicking of one of the plasmid DNA strands in the processing of the DNA. This causes a 

proport ion of the plasmids to change their  conf igu ration from covalently closed circular 

(CCC) to open circular (OC) , which changes the migration rate. Note that two faint bands 

adjacent to the wel ls are present in Lanes 2 and 1 0 . These are not plasmids but are 

artefacts which commonly occur. 

The examination for the presence of large plasmids, using the Eckhardt method is shown in 

Figure 79. Lanes 1 to 8: M. ovipneumoniae strains ( 1 , 2 ,  4, 5, 1 0 , 37E, M P P74 and L3/C3) , 

no large plasmids were detected; Lane 9 :  E. co/i strain V517  used as a control which shows 

all e ight plasmids. 
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Figure 78 

Examination of eight M. ovipneumoniae strains for the presence of small plasmids. Lane 

1 :  1 kb molecular weight ladder; Lane 2: strain 1 ;  Lane 3: strain 2 ;  Lane 4 :  strain 4; Lane 

5: strain 5; Lane 6:  strain 1 0 ; Lane 7:  strain 37E; Lane 8: strain MPP74, Lane 9: strain 

L3/C3 ; Lane 1 0 :  E. coli strain V51 7. 

Note that no small plasm ids were observed in any of the e ight M. ovipneumoniae strains 

examined. The E. coli strain, used as a control, shows plasmids (see arrows) , some 

fainter bands seen in this lane represent plasmids that have changed the ir configuration 

from a covalently closed supercoi led circle to an open non-superco i led circle. This 

changes the migration rate. 

A band present at the top of lanes 2 and 1 0  are not plasm ids but are common artefacts. 

Figure 79 

Examination of eight M. ovipneumoniae strains for the presence of large plasmids using 

the Eckhardt method. Lane 1 :  strain 1 ;  Lane 2: strain 2 ;  Lane 3: strain 4; Lane 4 :  

strain 5 ;  Lane 5 :  strain 1 0 ; Lane 6 :  strain 37E ;  Lane 7: strain MPP74, Lane 8 :  strain 

L3/C3; Lane 9: E. coli strain V51 7.  

The single band seen (lanes 1 to 9) represents chromosomal DNA, thus no p lasmids 

were detected in any of the eight M. ovipneumoniae strains  examined. The E. coli 

strain, used as a control, shows all eight of its plasmids. 
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6.4 Discussion. 

No smal l  or  large plasm ids were detected in any of the M. ovipneumoniae strains. This 

impl ies t hat the heterogeneity seen in the BRENDA cleavage patterns is not due to the 

presence of extrachromosomal elements. 
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CHAPTER SEVEN 

Investigation of the Relatedness of M. ovlpneumonlae using DNA-DNA Hybridization. 

7 . 1  Introduction.  

This thesis is concerned largely with the heterogeneity of M. ovipneumoniae isolates and 

much of the work examines the heterogeneity of DNA using restriction endonucleases. 

Unfortunately, the heterogeneity appears to be so extreme that the relatedness of the DNA 

of many isolates might appear to be zero in the sense that no common bands were seen. 

However, this is not plausible because, by definition, much DNA relatedness must occur 

with in  a species. The standard way to measure the re latedness of DNA both between 

related species or within a species, is by DNA homology which can be estimated by DNA­

D N A  hybrid izat io n .  I n  th i s  sect i o n  w e  invest igate  DNA-DNA homo logy between  

M. ovipneumoniae iso lates and  between  M.  ovipneumoniae and  some other micro­

organisms i .e. M. pneumoniae, M. arginini, A. laidlawii and E. coli. 

7.2 Materials and Methods. 

7.2. 1 Materials 

A) For DNA-DNA Hybridization of M. ovlpneumonlae Isolates and Other Members of 

the Class Mollicutes. 

i .  For the Propagation of M. ovlpneumoniae, M. arglnlnl, M. pneumonlae and 

A. laidlawll Strains. 

1 )FM4 Medium: see appendix 

2)FM4A Medium: see appendix 



3)Modified SP-4 Medium 

Brain-Heart I nfusion 

Bacto-Peptone 

Bacto-Tryptone 

Glucose 

R PMI 1 640 Tissue Culture Supplement 

Glutamine 

Yeast Autolysate 

Bovine Serum 

Benzyl Penicil l in 

N AD 

Phenol Red (0.1 % aqueous) 

D istilled Water to 

3.5g 

5.3g 

1 0.0g 

5 .0g 

1 x  sachet 

0 .3g 

1 0 .0g 

1 70.0ml 

1 06 units 

0 . 1 g  

20.0ml 

1 000.0ml 
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The pH of the medium was adjusted to pH 7.5 and filter steril ized through a sterile 0.2um 

pore size filter and stored at 40C.  

4)Braln-Heart Infusion Broth (Difco) 

BHI 

D istilled Water to 

Autoclaved at 1 21 °c for 1 5mins and stored at 40C.  

5)Phosphate Buffered Sal ine (PBS) : see appendix 

6)Trls-EDTA Solution: see appendix 

II. For DNA Extraction. 

1 )Sodlum Dodecyl Sulphate (25%) 

SDS 

Distilled Water to 

Stored at room temperature. 

37.0g 

1 000.0ml 

25.0g 

1 00 .0ml 



2)Lysozyme (1 Omg/ml) 

Lysozyme (from egg white) 

D istilled Water to 

0 . 1 g  

1 0 .0ml 
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Stored at -20°C.  Lysozyme was used only in the lysis of E. coli strain V51 7 which was used 

as a negative control . 

3)Protease ( 10mg/ml) 

Protease (Type XIV) 

D istil led Water to 

0 . 1 g  

1 0.0ml 

This stock solution was incubated at 37°C for 2hrs to self-digest impurities (e.g.  DNase) and 

was stored at -20°C. 

4)Ribonuclease A (2mg/ml) 

Ribonuclease (Type 1 -A) (from bovine pancrease) 

Disti l led Water to 

2 .0mg 

1 0 .0ml 

This stock solution was incubated at 90°C for 1 0mins to destroy deoxyribonucleases and 

was stored at -20°C. 

5)5M Sodium Perchlorate 

Sodium Perchlorate 

D istilled Water to 

This solution was stored at room temperature. 

6)Sallne Trls-EDTA Buffer (STE) : see appendix 

7)Tris-EDTA Solution :  see appendix 

8)TE Buffer: see appendix 

70.23g 

1 00 .0ml 
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9)Extractlon Mixture 

Phenol/Ch loroform/Isoamyl Alcohol were mixed in a ratio of 25 :24 : 1  respectively. This 

solution was satu rated by adding 1 /1 0  its total vo lume of ( 1 x )  Saline Tris-EDTA Buffer. It 

was freshly prepared before use. 

I I I . For Purification of DNA by CsCI Density Gradient Ultracentrifugation. 

1 ) 1 .4M Phosphate Buffer: see appendix 

2)O.2M Phosphate Buffer 

1 .4M Phosphate Buffer 

D istilled Water to 

3)TE Buffer: see appendix 

4)Ethldium Bromide Solution (1 0mg/ml) 

Ethidium Bromide (Boehringer Mannheim) 

Distilled Water to 

Stored in a dark bottle  at room temperature. 

5) 1 M  Tris Buffer: see appendix 

6) lsopropanol Solution (for extracting ethidium bromide) 

1 00.0ml 

500.0ml 

0.01 g 

1 0.0ml 

A saturated solution of CsCI in 1 M Tris Buffer pH 7.5 was prepared. Isopropanol was added 

and mixed vigorously. Three layers separated : CsCI (bottom) , tris buffer (middle) and 

isopropanol on top. The isopropanol layer was removed and used to extract ethidium 

bromide from the centrifuged DNA preparation .  

Iv. For the Determination of: 

a. The Tm of M. ovipneumonlae DNA and Other Micro-organisms. 

b. The Purity of the DNA by Measuring its Hyperchromatic Shift. 



1 )20xSSC Buffer 

Sodium Chloride (Analytical Grade) 

Sodium Citrate (Analytical Grade) 

Adjust to pH 7.0 

D istilled Water to 

Dilute 20-fold before use. 

8 .77g 

0.44g 

1 000.0ml 
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v. For the Preparation of Radioactive ("Labelled") DNA Using the Nick-Translation 

Method. 

1 )Stock Solutions 

a. O.2M EDTA: see appendix 

b .  1 M Trls Buffer: see appendix 

c. 1 M  MgCI2 
MgCI2 (anhydrous) 

Distilled Water to 

d. 1 M  NaCI 

NaCI 

Distilled Water to 

2)1 0x Reaction Buffer (for Hael l l  digestion) 

1 M Tris 

1 M  MgCI2 

p-Mercaptoethanol 

Distilled Water to 

9 .52g 

1 00.0ml 

5.84g 

1 00.0ml 

1 .2ml 

2.0ml 

0 . 14ml 

20.0ml 



* 3) Deoxynucleotlde Trlphosphates 

dATP SOug/ml 

dGTP SOug/ml 

dTTP SOug/ml 

*
In  SOmM Tris-HCI (pH 7.S) and stored at -20°C.  

4)DNase I Solution 

Deoxyribonuclease I 

0 . 1 M MgCI2 to 

Stored at -20°C. 

5)DNase Dilution Buffer 

Trisma Base (Sigma) 

N uclease-free Bovine Serum Albumin 

Adjust to pH 7.5 

Distilled Water to 

Stored at 4°C. 

6)1 0mCi/ml dCTP [alpha.32p] (New England Nuclear) . 

Stored at -20°C. 

7)DNA Polymerase I. 

O .OSmg 

1 0 .0ml 

0 .1 6g 

0 . 1 0g 

1 00 .0ml 
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3 units/ul in 0 .1  M Sodium Phosphate Buffer (pH 7.2) , 50% Glycerol (vlv) . 1 .0M Dithiothreotol 

(Boeringer Mannheim) . 

Stored at -20°C. 

8)O.2M EDT A: see appendix 



vI. For the Removal of Unincorporated dCTP [alpha-32p] Following "Nick 

Translation" Using a "Minispin Column". 

1 )Column Buffer 

1 M Tris-HCI (pH 8.0) 

0 .2M EDTA 

/3-mercaptoethanol 

D istilled Water to 

2)Pre-Swollen Sephadex G40-50 

Sephadex G40-S0 

Column Buffer 

1 .0ml 

O.OSml 

0 .03ml 

1 00.0ml 

1 .0g 

20.0ml 
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Sephadex G40-S0 was suspended in Colu mn Buffer and left overnight at 40C to swell .  If 

longer storage was required , 0 .02g sodium azide was added. If so, sod ium azide was 

removed before use by flushing the column with excess Column Buffer. It was stored at 

40C .  

3)Acld-Washed Glass Wool 

Glass wool was soaked in 30% nitric acid and thoroughly rinsed in distilled water, followed 

by one rinse in Column Buffer, excess fluid was drained and the glass wool was stored in a 

screw capped bottle. 

vii. For the Determination of the Specific Activity of Labelled DNA. 

1 )Polyethylenelmlne (PEl) Cellulose Ion Exchange Resin (obtained from Schleicher and 

Schull) . 

2)2M HCI 

vii i .  For the Preparation of Unlabelled DNA for Hybridization. 

See Methods (Section 7.22, Subsection A; part viiL) . 
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Ix. For DNA Reassociation. 

1 )O.28M Phosphate Buffer: see appendix 

x. For the Calcu lation of the Concentration of Labelled and Unlabelled DNA to be 

Used In Hybridization Experiments. 

See Methods (Section 7.22, Subsection A; part x . ) .  

xl .  For the Separation of  Single and Double Stranded DNA on Hydroxylapatite. 

1 )  1 .4M Phosphate Buffer (PB) : see appendix 

2)25% Sodium Dodecyl Sulphate (2S% SOS) 

Sodium Oodecyl Su lphate (Sigma) 

Oistilled Water to 

3)Low Molarity Phosphate Buffer 

To make a total volume of SOOml: 

2S.0g 

1 00.0ml 

a. O .OSM PB + 0.4% SOS = [2S.S7ml (1 .4M PB) + Sml (2S% SOS)] 

b. 0.09M PB + 0.4% SOS = [32. 1 4ml ( 1 .4M PB) + Sml (2S% SOS)] 

c. 0 . 1  OM PB + 0.4% SOS = [3S.71 ml (1 .4M PB) + Sml (2S% SOS)] 

d. 0 . 1 1  M PB + 0.4% SOS = [39.29ml (1 .4M PB) + Sml (2S% SOS)] 

e. 0 . 1 2 M  PB + 0.4% SOS = [42.S6ml ( 1 .4M PB) + Sml (2S% SOS)] 

f. 0 . 1 3M PB + 0.4% SOS = [46.43ml ( 1 .4M PB) + Sml (2S% SOS)] 

g.  0 . 1 4M PB + 0.4% SOS = [SO.OOml ( 1 .4M PB) + Sml (2S% SOS)] 

h. 0 . 1 SM PB + 0.4% SOS = [S3.S7ml ( 1 .4M PB) + Sml (2S% SOS)] 

i .  0 . 1 6M PB + 0.4% SOS = [S7. 1 4ml ( 1 .4M PB) + Sml (2S% SOS)] 

j .  0.20M PB + 0.4% SOS = [71 .42ml ( 1 .4M PB) + Sml (2S% SOS)] 

k. 0 .21 M PB + 0.4% SOS = [7S .00ml ( 1 .4M PB) + Sml (2S% SOS)] 

I .  0 .22M PB + 0.4% SOS = [7S.SSml ( 1 .4M PB) + Sml (2S% SOS)] 
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4)High Molarity Phosphate Buffer (made from 1 .4M Phosphate Buffer) 

To make a total volume of 500ml : 

O.4M PB = 1 42.86ml ( 1 .4M PB) . 

B) For the Estimation of DNA Relatedness. 

See Methods (Section 7.22, Subsection B) . 

7.2.2 Methods 

A) DNA-DNA Hybridization of M. ovlpneumoniae Isolates and Other Members of the 

Class Moll/cutes. 

7.2.2A.I Propagation of M. ovlpneumonlae, M. arglnlnl, M. pneumonlae and 

A. ialdlawll strains. 

Seven M. ovipneumoniae isolates and one A. laid/awii strain were propagated in  FM4 

Medium.  One M. arginini strain was propagated in FM4A Medium which is supplimented 

with  arg in ine and adjusted to pH 7.0 and one M. pneumoniae strain was propagated in 

Modified SP-4 Medium. Al l cu ltures were inoculated into 3000ml of medium and incubated 

on a rotating platform at 370C until the medium reached approximately pH 6.8,  except for 

M. arginini which was incubated until the medium reached approximately pH 8.3. The cells 

were collected by centrifugation at 1 5  500g for 1 5mins at 40C,  washed once in PBS and 

resuspended in the minimum volume of Tris-EDTA Solution to give a thick suspension of 

approximately 20m!. 

7.2.2A.li DNA Extraction. 

The procedu res for the extraction and purification of DNA were modified slightly from those 

used in the restriction endonuclease analysis of M. ovipneumoniae isolates. 

The mycoplasma cells suspended in approximately 20ml of Tris-EDTA Solution were lysed 

by the addit ion of 25% Sod iu m Dodecyl Sulphate to g ive a f inal concentrat ion of 1 %. 



17S 

Protease Type XIV was also added to g ive a final concentration of O.Smg/ml and for the 

E. coli V51 7  lysozyme was added to give a final concentration of O.Smg/ml. The suspension 

was incubated overnight at SOOC to ensure total cell lysis. Ribonuclease (Type 1 -A) was 

added to a f inal concentration of SOug/ml .  The lysate was mixed by gently inverting the 

centrifuge tube a number of times to ensure that the RNase was evenly mixed (at this stage 

the lysate is extremely viscous) . It was then incubated at SOOC for 60mins and a quarter 

volume of SM Sodium Perchlorate was added to the lysate which was incubated for a further 

hour at SOOC.  This disassociates proteins from the DNA. 

An equal volume of extraction mixture (Phenol/Chloroform/lso-amyl alcohol saturated with 

one-tenth its volume with STE Buffer) was added to the lysate and mixed by inverting the 

centrifuge tubes several t imes. The extract ion m ixtu re and the aqueous phase were 

separated by centrifugation for 1 0mins at SOOOg at room temperature . The upper aqueous 

phase , containing the DNA, was carefu l ly removed by using a Sml serological pipette which 

had its tip cut off so as to ensure that the DNA was not sheared. The DNA was placed in 

another  centrifuge tube and the purification procedure was repeated several times of until 

no lipopolysaccharides and/or proteins were visible at the interphase. 

The DNA was dialysed four times against 8 litres of TE Buffer for 48hrs, removed from the 

dialysis bag and stored in sterile bottles at 40C. Experiments indicated (data not shown) that 

further purification of the DNA was requ ired to achieve an adequate level of incorporation of 

radioactive nucleotides. 

7.2.2A.iii Purification of DNA by CsCI Density Gradient Ultracentrifugation. 

29ml of DNA in TE Buffer was placed in a SOml screw capped SS34 Sorval centrifuge tube 

and 29g of CsCI (Var Lac Oid Chem Co TM) was added. The CsCI was dissolved and the 

tube was transferred to a photographic darkroom where 2ml of Ethidium Bromide Solution 

was added . Normal laboratory l ighting includes some short wavelength UV light which, in 

the presence of ethidium bromide, "nicks" the DNA, so while ethidium bromide was present 

all manipulations were conducted in a photographic darkroom under red safety lights . 

The refractive index of the CsCI was measured using a refractometer and adjusted to 1 .382 

by the addition of either TE Buffer or CsCI crystals for M. ovipneumoniae and M. arginini 

strains. The refractive index was adjusted to 1 .388 for M. pneumoniae, A. laidlawN and 
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E. coli VS1 7  strains.  4Sml of this solution (DNA/CsCllethidium bromide) was added to a 

TV 850 (SorvaI™) vertical ultracentrifuge rotor and centrifuged at 31 5 OOOg for 48hrs at 

1 SoC using a Beckman ™ LS-7S Ultracentrifuge. The DNA, viewed by long-wave UV light, 

was removed from the ultracentrifuge tubes by puncturing the side of the centrifuge tube 

with a 20 gauge needle with syringe just below the DNA band . The DNA was drawn off 

s lowly  to  avoid co nvect ion  cu rre nts a nd to avo id d i s lodg ing a ny contami nat ing  

lipopolysaccharide which adhered to  the wall of the tube. 

Approximately Sml of DNNCsCI was removed and placed in a 1 0ml Nalgene ™ centrifuge 

tube. To remove the ethidium bromide from the DNA, an equal volume of the Isopropanol  

Solution (described above) was added. The solutions were mixed by inverting the tubes and 

left for Smins for an interface to appear. The upper phase, containing the isopropanol and 

ethidiu m  bromide, was removed and discarded. This extraction process was repeated until 

no more ethidium bromide (as detected by long-wave UV) was extracted from the DNA. At 

this stage the DNA could be exposed to normal laboratory lighting. 

The D NA was dialysed using 3x1 000ml volumes of 0 .28M Phosphate Buffer at room 

temperature with two-hourly changes to  remove residual isopro panol .  The DNA was 

removed from the dialysis tube and placed in a bijou bottle .  A 1 00ul aliquot of DNA was 

spectrophotometrically assayed for pu rity and concentration (see chapter four) .  The 

remaining DNA was stored at 40C. 

7.2.2A.iv The Determination of: 

a .  The Tm of M. ovlpneumonlae DNA and Other Micro-organisms. 

b. The Purity of the DNA by Measuring Its Hyperchromatic Shift. 

A 2 m l  al iquot of DNA purified by CsCI gradient u ltracentrifugation was dialysed against 

800ml of 1 xSSC buffer. The DNA concentration was determined as described in chapter 

four, except that the spectrophotometer was zeroed against 1 xSSC Buffer. The Tm and the 

purity of the DNA to be used in hybridization experiments was determined as follows: A 3ml 

al iquot of M. ovipneumoniae DNA (SOug/ml) dialysed in  1 xSSC buffer was placed in a 

quartz cuvette with a 1 cm light-path and fitted with a Teflon ™ stopper. The DNA sample 

was p laced in a cuvette holder which can be heated via a Cecil™ Linear Temperature 

Program Contro l ler. Two quartz cuvettes conta in ing 1 xSSC buffer  were used as zero 

controls. The temperature was initially 2SoC and the optical density of the DNA at 260nm 
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was recorded. The temperature of the cuvettes was then raised 10C/min to SOOC while 

recording the opt ical density of the DNA at SoC intervals. The rate of heating was then 

reduced to O.SoC/min and the optical density was recorded at O.SoC intervals until the 

solution reached approximately 1 0SoC (this is just below the boi ling point of the solution). 

The t ight-f itting Teflon ™ stopper avoided signif icant water loss due to evaporation. The 

optical density recorded at each temperature was corrected for thermal expansion of the 

solution using the table shown by Mandel and Marmur ( 1 968) . The corrected optical density 

at 2SoC and the ratio (Le. the relative absorbance) was plotted against the temperature of 

the DNA solution .  The temperature corresponding to half the maximum increase in the 

relative absorbance is deSignated as the Tm. 

The Tm values obtained were used (a) to determine the hybridization temperature at which 

M. ovipneumoniae DNA would be al lowed to reassociate. This temperature was 2SoC below 

Tm fo r low stringency and 1 00C below Tm for high stringency hybridizations and (b) to 

determine  and compare the GC rat io between M. ovipneumoniae and other micro­

organisms within the same genus. 

The hyperchromatic shift could also be used to determine if the purity of the DNA was 

adequate for the purpose requ ired. Thus, a hyperchromatic shift of >40% is u niversally 

deemed to be pure enough for DNA-DNA hybridization experiments (Mandel and Marmur, 

1 968) . 

7.2.2A.v Preparation of Radioactive ("Labelled") DNA Using the "Nick-Translation" 

Method. 

This procedure was based on the method of Rigby et aI, (1 977) but with some modifications. 

Briefly, a 3ul aliquot containing 1 ug of DNA was p ipetted into a 1 .Sml Eppendorf microfuge 

tube, placed on ice and the following reagents were added ; 2.Sul of 1 0x Reaction Buffer; 

2 . S u l  N aCI ( 1  M ) ;  2 . 0u l  Hael l l  restriction enzyme ( Bethesda Research Laboratories) 

containing 20 un its  plus disti l led wate r to make a final vo lume of 2Sul .  This m ixture was 

u s ed for  labe l l i ng  up to 1 ug of DNA.  If more DNA was labe l led  it w as increased 

proportionally. Note that the labelling of 1 ug of DNA. is adequate for only one hybridization 

experi ment with excess cold DNA. The reaction mixture was incubated in a waterbath at 

370C for 60mins to allow the Hael l l  restriction enzyme to digest the DNA. This reaction was 

terminated by incubating the react ion mixture at 6SoC for 1 0mins. The following solutions 
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were then added ; 2 .Sul  disti l led water;  2.Sul ( 1 0x) Reaction Buffer; 3u l  of each of the 

following deoxynucleotide triphosphates :  dTTP, dATP, dGTP; 3ul dCTP [alpha-32p]; 4ul 

DNA polymerase I (1 2 units) and finally 4ul of DNase Solution (diluted 1 /2000 in DNase 

D il ution Buffer immediately prior to u se ,  g iv ing a f inal concentration of 0 .2Sng/ul) . The 

reaction mixture was incubated at 1 40C for 2hrs and the reaction terminated by the addition 

of Su i  of 0.2M EDTA. After terminating the reaction,  the enzymes ( i .e.  DNA polymerase and 

D Nase) were inactivated by incubation at 6SoC for 1 0mins. The un incorporated dCTP 

[ a l pha-3 2 p] was  separated f ro m  t h e  doub le  stranded DNA by Sephadex G40-S0 

fractionation using a "mini-spin" column. 

7.2.2A.vl The Removal of Unincorporated dCTP [alpha_32p] Following 

"Nick-Translation" Using a "Minlspln Column". 

A 1 ml disposable syringe was plugged with acid-washed glass wool (to approximately the 

O .OSml mark) and fil led with pre-swollen Sephadex G40-S0. The nozzle of the syringe was 

pressed through a 1 .Sml Eppendorf microfuge tube lid (making a hole in the process) . The 

syringe, now attached to the microfuge tube, was placed into another centrifuge tube (SOml 

Falcon TM) and centrifuged at 1 S00rpm for 3mins to compact the Sephadex G40-S0, this 

process was repeated with extra Sephadex u nti l  0.9-1 .0ml of the syringe was fil led with 

Sephadex. 

The 1 .Sml Eppendorf microfuge tube was replaced with a fresh one fo l lowing Sephadex 

compaction and the nick-translated reaction mixture was added to the top of the syringe. A 

0 .2m l  al iquot of Co lumn Buffe r was added after the react ion mixture had entered the 

Sephadex and the column was centrifuged for Smins at 3 OOOg. Following centrifugation the 

"nick-translated" DNA had collected at the base of the 1 .Sml Eppendorf microfuge tube. This 

was detected us ing a hand-held Gieger counter. The un incorporated dCTP[alpha-32p] 

remained in the column. 
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7.2.2A.vii The Determination of the Specific Activity of Labelled DNA. 

Following the separation of unincorporated dCTP[alpha-32p] from nick-translated DNA, 2ul 

of probe was spotted on to a PEl cellulose strip ( 1 .0cm wide x 5 .0cm high) approximately 

1 .0cm from the base. The probe was al lowed to dry and then stood in 2M HCI, ensuring that 

the probe was not in contact with the acid. The 2M HCI was allowed to ascend to the top of 

the PEl  cellulose strip which was cut into two equal lengths. The upper and lower portions 

were placed i nto scinti l latio n v ia ls conta in ing 1 0ml of dist i l led wate r and assayed for 

. radioactivity by Crenkov counting (Clausen, 1 968) using a LS-7000 Beckman ™ scintil lation 

counter. 

The specific activity of the labelled DNA was calculated as described by Brenner et aI, 

( 1 982). 

counts/minute/ml of DNA = counts/minute/ug of DNA [1 ] 
DNA concentration (ug/ml) 
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I n  our hands, a typical specific activity for labelled mycoplasma DNA was 0.5 to 1 .0 x 1 06 

cpm/ug of DNA. 

The  presence of un inco rporated dCTP[alpha-32Pj in the labelled DNA fo l lowing the 

"minispin column" was also determined. 

counts/minute/ul in top 
portion of the PEl cellulose x 1 00 = % of unincol'Qorated [2] 
counts/minute/uI spotted 1 dCTP[alpha-32pj 
on to the PEl cellulose 

If the unincorporated dCTP[alpha-32Pj was greater than 5% of the total counts, the labelled 

DNA was passed through a second "minispin column" and the percentage of unincorporated 

DNA was recalcu lated. 

7.2.2A.vli i  The Preparation of Unlabelled DNA for Hybridization. 

A 5ml aliquot of unlabelled DNA (200ug/ml) was sonicated at 20klc (Soniprep 1 50 sonicator) 

i n  an ice-bath using a 0.9cm probe fo r various time i ntervals. 37.5ul aliquots containing 

7 .5ug DNA were removed after each ten-second interval and placed on a 1 .2% agarose gel, 

where the fragmented DNA was electrophoresed and photographed (see Figure 83, insert) . 

The sonicated DNA produced streaks of various lengths and their positions were compared 

with  molecular weight markers. From this comparison a sonication time was chosen which 

gave DNA fragments 400 to 500bp long. 

7.2.2A.ix DNA Reassociation. 

A volu m e  conta in i ng 1 ug of the labe l led DNA from a reference strai n  was added to 

unlabelled, sonically sheared DNA (1 50ug/ml) of a strain of mycoplasma. This was repeated 

in parallel (using the same labelled DNA) for each of the strains to be tested. A "label only" 

control was also used to determine if a detectable level of self-hybridization had occurred. 

The labelled and unlabelled DNA was mixed in 1 x1 Ocm screw-capped glass Kimax tubes 

and the volume adjusted to 1 ml with 0.28M phosphate buffer. The DNA was denatured by 

heating to 1 000C for 1 0mins and then immediately plunged into an ice-bath. This ensured 

that both the labelled and un labelled DNA were Single-stranded. The above procedures 
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were done in duplicate. Then one of  the DNA al iquots was incubated at 560C and the other 

at 700C (these temperatures were 250C and 1 1  °c below Tm) for 1 6hrs. 

The above-mentioned reassociation conditions (see above) a l lowed the react ion for 

unlabelled DNA to reach 1 00 Cots (Cot is defined as the product of DNA concentration and 

the t ime of incubation in reassociation reactions) , this is sufficient for almost complete 

reassociation of the single stranded DNA. 

Estimation of 1 00 Cot depends on the phosphate buffer concentration. In these standard 

reassociation conditions (0 .28M PB) , the rate of reassociation occurs 3.5 times faster than 

in 0 .1 2M PB (Britten et al, 1 974) . 

7.2.2A.x Calculation of the Concentration of Labelled and Unlabelled DNA to be 

Used In Hybridization Experiments. 

When labe l led DNA is mixed with homo logous u n label led DNA and hybridized, it is  

necessary to choose conditions such that at the end of the process, substantially a l l  of the 

labelled DNA has hybridized Le. becomes double-stranded. This in principle requi res that a 

high concentration of total DNA must be used, most of which wil l  be unlabelled. 

However, where the labelled DNA is mixed with unlabelled heterologous DNA (e.g. from a 

species with no homology with the labelled DNA) it is necessary that the conditions used 

above are such that self-hybridization (Le. hybridization of labelled DNA to labelled DNA) is 

negligible. In all such experiments however a concentration of labelled DNA must be used 

such that an adequate number of counts are obtained to allow analysis of the collected data. 

With regard to the degree of hybrid ization requ ired (approximately 1 00%) it is generally 

accepted that this is achieved when the Cot value is not less than approximately 1 00. 

Conversely,  i f  the Cot value is less than about 0.1 then the degree of hybridization is  

negligible. It follows from th is  that, when labelled DNA is mixed with unlabelled homologous 

DNA, the conditions (namely DNA concentration and time) should allow a Cot value of 1 00 .  

Whereas the  Cot value for self-hybridization (Iabell only) should be less than 0 . 1 . 

In the experiments described above , the unlabelled DNA was used at a concentration of 

1 50ug/ml and the labelled DNA at 0.1 ug/ml. 



Calculat ion:  

Cot = 

The Cot for the unlabelled DNA was calcu lated as follows: 

Cot (0. 1 2M PB) = (1 50ug/ml) (0.024) (1 6) = 28.8 
2 

[3] 

This Cot refers to 0 .1 2M PB. When 0.28M PB was used, the Cot must be amended by a 

factor of 3.5 (Britten et ai, 1 974) . i .e . :  

Cot (0 .28M PB) = Cot (0. 1 2M PB) x 3 .5  = 1 00.8 

A Cot of 1 00 is sufficient for almost complete reassociation of the labelled DNA with the 

unlabelled DNA. 

The Cot for the labelled DNA was calculated as follows: 

Cot (0 .1 2M PB) (0. 1  ug/ml) (0.024) (1 6) = 0 .019 
2 

However, used 0.28M PB. 

Cot (0 .28M PB) = Cot (0 . 1 2M PB) x 3.5 = 0.067 

A Cot of 0.067 for the labelled DNA was small enough to preclude significant self­

reassociation. 
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7.2.2A.xi The Separation of Single and Double Stranded DNA on Hydroxylapatite. 

Following incubation of the labelled and unlabelled DNA, done in duplicate i .e .  at 560 and 

700C ,  the hybridization reaction was quenched by adding an equal volume of distilled water 

and placing the reassociated DNA on ice. 

The batch separation method, as described by Brenner et aI, (1 969) was used to separate 

single and double-stranded DNA. Briefly, 0.7g of DNA-grade hydroxylapatite (BioRad TM) 
* 

was placed in 1 .3cm x 1 2.5cm thick-walled test tubes and 8ml of Low Molarity Phosphate 

Buffer + 0 .4% SDS was added and mixed using a variable speed overhead stirrer. The 

hydroxylapatite was raised to the hybridization temperature in a circulating waterbath and 

immediately placed in a Sorval™ bench centrifuge (fitted with a type A rotor) held at the 

hybridization temperature. The hydroxylapatite was centrifuged at 1 000g for 60secs and the 

rotor  stopped qu ickly by hand. The supernatant was discarded and the hydroxylapatite was 

re-washed in the appropriate Low Molarity Phosphate Buffer. 0.5ml of reassociated labelled 

DNA was then added to the hydroxylapatite and 8ml of Low Molarity Phosphate Buffer was 

added, the reassociated DNA was mixed thoroughly into the hydroxylapatite and the above 

washing procedure (which includes heating to the hybridization temperature) was repeated. 

The supernatant was collected in scint i l lation vials and the hydroxylapatite was washed 

three more times (with heating to the hybridization temperature) in Low Molarity Phosphate 

Buffe r + 0 .4% S D S .  Th i s  e nsured that su bstant ia l ly  a l l  of the s ing le-st randed ( i . e .  

unhybridized) DNA was e luted, therefore leaving only the double-stranded, reassociated 

DNA bound to the hydroxylapatite. The reassociated DNA was removed by washing the 

hydroxylapatite with  a h igh molarity phosphate buffer (O .4M without S DS and without 

heating) . It was left for 5mins at room temperature before centrifugation and collection of the 

supernatant into scintillation vial. This procedure was repeated thrice to ensure that all of the 

reassociated DNA was removed from the hydroxylapatite. Al l  e luants were assayed by 

Cerenkov counting (Clausen, 1 968) using a Beckman ™ LS 7000 liquid scintillation counter. 

The proportion of reassociated labelled DNA, bound to the hydroxylapatite, was expressed 

as a percentage of the total label .  

* 
Note : A range of d ifferent low-molarity phosphate buffers were used with each new 

batch of hydroxylapatite to determ i n e  the  opt imal  cond it ions for  e lut ing 

un  hybridized s ing le-st randed DNA f ro m  the hydroxylapatite. The optimal 

phosphate buffer molarity was determined experimentally and is recorded in the 

result section (see Figure 85) . 
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B) Estimation of DNA Relatedness. 

Hybridizations were carried out with a standard amount of label led DNA from a strain of 

M. ovipneumoniae which was added to an excess amount of unlabelled DNA from the same 

and different iso lates  of M. ovipneumoniae and othe r  o rganisms including M. arginini, 

A. laidlawii and E. coli V51 7. The apparent hybridization obtained in  the label-only DNA was 

regarded as background and was subtracted from all results . If the apparent hybridization 

exceeded 5% the experimental results were disregarded. 

The relatedness of reassociated DNA was expressed as the Relative Homology (%) . This 

was calculated as fol lows: 

% of ds-DNA = cpm of DNA removed with OAM PB [4] 
total number of cpm removed 

% homology (% ds-DNA) - (% self-hybridized DNA) [5] 

Where: 

Or: 

% homology of homologous DNA 
% homology of heterologous DNA 

1 00 
Relative Homology 

Relative Homology (%) = % homology heterologous DNA x 1 00 [6] 
% homology homologous DNA 1 

7.3 Results. 

In DNA reassociation experiments, typical ly a h igh  concentration of un labelled DNA is 

incubated under a set of conditions such that Single-stranded DNA fragments may collide 

and anneal with (lOW concentration) labelled DNA fragments in free solution to form double­

stranded DNA. The extent and specificity of the reassociation of the labelled DNA with the 

u n l abel led D N A  is affected by a number  of condi t ions .  These condit ions must be 

experimental ly dete rmined for each syste m before undertaking a study of DNA-DNA 

hybridization. 
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For optimal reassociation, the first condition or requirement is that only pure nucleic acid 

should be used. Purity was determined by measuring the 260 :280 absorption ratio and the 

hyperchromatic shift i .e .  the increase in the optical density of the DNA at 260nm following 

heat denaturati ng of the DNA. Spectrophotometric analysis of both CsCI purified and 

"standard" DNA gave s imilar 260:280 ratios (data not shown) indicating that the DNA was 

not contaminated by protein. However, other impurities (e.g. po lysaccharide) can affect the 

resu lt , so "standard" DNA and DNA further pu rified by ultracentrifugation in a CsCI gradient 

were compared by thermal denaturat ion. The result is shown in Figure 80.  The pu rified 

DNA showed a hyperchromatic shift of about 50% (1 . 0 1 5  to 1 .525 OD units) , whi le the 

"standard" DNA showed a lesser sh ift i .e . about 20%. A hyperchromatic shift of >40% is 

general ly deemed to be satisfactory for DNA reassociation experiments. Thus, the CsCI 

DNA but not the original DNA preparation met the standard for hybridization experiments. 

The second condition required is a knowledge of the midpoint of thermal denaturation (Tm) 

of the DNA i .e .  the temperature at which 50% of the DNA duplex is single stranded. The Tm 

for M. ovipneumoniae was determined in standard conditions i . e .  1 xSSC buffer and is 

compared with M. arginini and A. laidlawii in Figure 8 1 .  The Tm for M. ovipneumoniae was 

81 . 20C compared with 83.00C and 84. 1 0C for M. arginini and A. laidlawii respectively. 

These Tm values al low us to define the opt imum temperature for the reassociation of 

M. ovipneumoniae DNA hybridization.  Th is is approximately 250C below Tm i .e .  560C for 

low stringency and approximately 1 00C below Tm for high stringency i .e .  70°C. Note that 

the resu lts from the Tm can be used to calculate the GC ratio of an organism (De Lay, 1 970) 

i .e .  %GC = 2.44 (Tm - 69.4) 

Thus, the GC ratio for M. ovipneumoniae strain L61 1  is 28.8%, M. arginini strail1 M30/C4 is 

33.2% and A. laidlawii (ATCC 23206) is 35.9%. 

T h e  Tm was determined i n  standard co nd it i o ns i . e .  1 xSSC buffer. H owever,  the 

hybridizat ion  experiments are carried out in 0 . 28M phosphate buffer ( PB) . The Tm 

determination was repeated using phosphate buffer and the results (Figure 82) show that in 

th is buffer the Tm of M. ovipneumoniae is 82 .20C i .e. a 1 .00C i ncrease compared with 

1 xSSC Buffer. This small difference is not significant. 

The third condition is to obtain an optimal f ragment size of the DNA to be hybrid ized . 

Fragment sizes commonly employed are approx imately 300 to 400 nucleotides of single 
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stranded DNA. DNA from M. ovipneumoniae strain L61 1  was sonicated for various times and 

from each, an aliquot was e lectrophoresed in a 1 .2% agarose gel. The results are shown in 

Figure 83 ( insert) . The "average" value (half way between top and bottom) f ro m  each 

sonication period was measured f rom the ge l  a nd plotted as shown in  Figure 83. A 

sonication period of 50secs was chosen. This gave fragment sizes of approximately 600bp 

to 800bp (Le. 300 to 400 nucleosideslsingle strand) . 

The fourth and final condit ion, the incubation time allowed for the strands to reassociate, is 

governed by the DNA concentration and is calculated as described in the materials and 

methods section of this chapter [equation 3]. 

After al l  experimental parameters were determined , labelled DNA from M. ovipneumoniae 

strain L61 1  was reassociated with a measured excess of unlabelled DNA, of the same strain, 

at f ive d iffe re nt temperatu res .  This was done to conf irm the opt imum temperature for 

hybridization. These results are shown in Figure 84. The maximum percent homology, as 

was expected ,  occurred at 560e i . e .  2Soe be low Tm. Note the decrease i n  percent 

homology with the increase in hybridization temperatu re. A decrease in apparent homology 

also occurred at temperatures below S60e .  Th is  is attributed not only to an incomplete 

reaction, because of a slower reaction rate at lower temperatures in the time allowed, but 

also to the poor binding capacity of the hydroxylapatite at lower temperature . A control Le.  

label only, gave a constant "background" of 2-3% homology between  4Soe and 700e and 

represents the labelled DNA annealing to itself. This has to be al lowed for i n  calcu lating the 

apparent percent reassociation. 

Each batch of hyd roxylapatite used was tested w ith various concentrations of phosphate 

buffer to determine which concentration would best allow single stranded DNA to be eluted 

from the hydroxylapat ite . Twe lve a l iquots of annealed DNA f ro m  o ne reassociation 

experiment were added to the hydroxylapatite and the labelled s ing le-stranded DNA was 

e luted by the  batch p rocess (see mate r ia ls  a nd methods) using a range of d ifferent 

phosphate buffer concentrations. The results from this are shown in F igure 8S. Note that the 

maximum percent annealing (79%) , as measured by the method used, was attained when 

0 . 1  M phosphate buffer was used to elute the s ingle stranded DNA. At higher phosphate 

concentrations, lower values were recorded , suggesting that some double-stranded DNA 

was also eluted from the hydroxylapatite. The control sample Le. label only,  showed only 2-

3% self-annealing .  



1 87 

The homology of M. ovipneumoniae DNA with DNA from the same and other species at 

stringencies g iving the max imum hybridization, i .e .  Tm minus 250e or 560e and at higher 

stringencies i.e. Tm minus 1 00e or 700e, is shown in Table IX. Note that the homology with 

E. coli, A. laidlawii and M. arginini is low. 

M. ovipneumoniae homo logy with test stra ins  is normalized to 1 00% and the extent 

(normalized value) of homology with other M. ovipneumoniae strains varied from 1 00% to 

79.6% (lOW stringency) and from 90 . 1 % to 68. 1  % (high stringency). Isolates from one lung 

which were identical by restriction endonuclease cleavage patterns, gave the same degree 

of hybridization i .e .  98.7% as the homologous DNA (Table IX) . 

If two organisms are identical then reciprocal results, e.g. labelling "X" and probing with 

excess "V" or alternatively labelling "V" and probing with excess "X", shou ld give resu lts 

which agree with in experimental error. Note that this is true with strains 1 and 1 0  (at h igh 

stringency) , but other reciprocal results are less symmetrical (see Table IX). The greatest 

discrepancy is between strain L611 and strain 1 (Table IX) . L6 11 labelled probe gave (at high 

stringency) a homology of 71 .7% whereas the reciprocal figure was 89.3%. The figures 

quoted in the table are the mean of four separate reciprocal experiments and gave (within 

the experimental limits of 5%) consistant results. Such non-reciprocal results are common 

with micro-organisms and are normally due to a segment of DNA which is absent from one 

(say "X") but present in "V" .  This would allow a probe of "X" DNA tested with excess "V" to 

have a higher homology than is found in the reverse ("V" with "X") . Sometimes this indicates 

the presence of a plasmid in One strain only. However, we have failed to detect plasmids in 

M. ovipneumoniae (see chapter six) . 

Some of the low stringency results of Table IX are presented in graphical form (F igure 86) . 

Note that the four closely re lated ( if not identical) isolates f rom one l ung fo rm a group 

whereas other M. ovipneumoniae isolates are more heterogeneous. 
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Figure 80 

The i ncrease i n  hyperchro matic sh i ft as a measu re of DNA pu rity . D N A  f ro m  

M. ovipneumoniae strain L61 1 purified by the "standard" method (0 0) and further 

purified by CsCI-gradient ultracentrifugation ( . __ -� •• ) were denatured by heating in  

1 xSSC buffer and their optical densities were recorded at various temperatures. The 

CsCI-purified DNA shows a hyperchromatic shift of about 50% (Le. 1 .0 1 5 00 u nits to 

1 .525 00 units) whereas the standard DNA increased by about 20% (Le.  1 .065 00 
u n it s  to 1 .285 00 u nits) . Note that wh i le  this gives an ind ication of DNA purity 

(important in hybridization experiments) . the midpoint of thermal denaturation (Tm) is 

almost the same for CsCI-pu rified DNA (81 .2°C) and "standard" DNA (81 .3°C).  
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Figure 81 

Determin ation of the midpoint (Tm) of thermal denaturation of the DNA f rom three 

mycoplasma species. M. ovipneumoniae strain L61 1  (. . ) ,  81 .20C ;  M. arginini 

strain M30/C4 ( .  . ) , 83.00C and A. laidlaw;; strain PG8 (.A. ... ) , 84. 1 0C.  

T h e s e  d ete rm inat ions  were made to calcu l ate the  appro p riate hybr id izat ion 

temperatures, which are Tm - 2SoC. 
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Figure 82 

A co m p ar i s o n  o f  t h e  m i d po in t  of t h e rm a l  d e n at u ra t ion  ( T m )  o f  D N A  f ro m  

M. ovipneumoniae strain L61 1  in two different buffers i .e .  1 xSSC buffer (e e) and 

0 .28M phosph ate buffer (0 0) .  The Tm for DNA in 1 xSSC buffer is  81 .20C 

whereas in 0 .28M phosphate buffer it is 82.20C. 

1 xSSC is the standard buffer for Tm determination, but hybridizations are carried out in  

0 .28M phosphate buffer at a temperature of Tm ( in phosphate buffer) - 2SoC. 
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Figure 83 

Determinat ion of the son ication period required to fragment DNA to approximately 

700bp for use in DNA-DNA hybridizations. DNA from M. ovipneumoniae strain L61 1  was 

sonicated for varying periods and electrophoresed in a 1 .2% agarose gel (see insert) . 

The "average" value (half-way between the top and the bottom) from each DNA track 

was estimated using the 1 kb molecular weight "ladder" marker (lane 1 )  and the average 

frag m e nt s i zes w e re p lotted aga inst t h e  son icat ion  t ime.  Frag m e nt s izes of 

approximately 700bp (Le. about 350 nucleosides/single strand of DNA) correspond to a 

sonication t ime of about 50secs (see arrow) . 

Insert :  

Lane 1 :  1 kb ladder (DNA molecular weight marker) ; Lane 2 :  DNA not sonicated; 

Lanes 3 to 1 0 : DNA sonicated for 1 0 , 20, 30, 40, 50, 60, 70 and 80 seconds 

respect i ve ly .  Note t h e  D N A  used was not pu r i f ied by C s C I  g rad ient­

u ltracentrifugation (RNA can be detected at the base of the lanes) . Subsequent 

experiments (not shown) using purified DNA gave similar results. 
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Figure 84 

The effect of temperature on the hybridization of 32p-DNA from M. ovipneumoniae 

strain LSl 1 to an  excess of u n label led DNA f rom the same strain (. .). A 

maximum apparent homology of 79% occurred at SSOC (Le.  2SoC below Tm) . A 

decrease i n  ho mology occu rred at h igher  te mperatures because of the h igher  

stringency requ irement. At lower temperatures, the apparent decrease in homology is  

due in part to  an  incomplete reaction ,  in  the time allowed but in  part is also due to  the 

d imin ished binding capacity of hydroxylapatite at temperatures of around 4SoC and 

lower. 

Hybridization controls ( 0--0 ) containing only labelled DNA gave an apparent self-

reassociation of 2-3% between 4SoC and 70°C. 
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Figure 85 

I nvestigat ion of the opt imum buffer concentration for separat ing single and double 

stranded DNA using hydroxylapatite. 

Label led DNA was hybrid ized with a large excess of unlabelled homologous DNA in  

conditions calculated to give (almost) total hybridization of  the probe which has thus 

become double stranded DNA. 

This hybridized· DNA was added to hydroxylapatite in various molarities of phosphate 

buffer .  At an appropr iate mo l ar ity of buf fer  (wh ich d if fers for e ach batch of 

hydroxylapatite) the double stranded DNA adsorbs while any remaining single stranded 

DNA does not absorb. The unabsorbed DNA was removed by three washings with the 

same initial molarity of phosphate buffer. This was followed by removal of all DNA using 

0.48M phosphate buffer. 

Then: 

Apparent % reassociation = final eluate x 1 00 

in itial + final eluate 1 

When this f igu re is maximum it represents the optimum condition (Le. optimum i nitial 

phosphate buffer concentration) to seperate single stranded DNA from double stranded 

DNA. 

The opt i m u m  p hosphate buff er  molar ity to max imize separation was 0 . 1 0M (see 

graph, . .) .  

The origi nal concent rat ion o f  label led DNA shou ld be  low enough to  minimize self­

hybridization in the absence of added unlabelled DNA. This was investigated in parallel 

(0 0 ) . Note that some self annealing does apparently occur. This has to be 

allowed for in later calcu lations. 
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Figure 86 

Investigation of the DNA homology of M. ovipneumoniae with different isolates of the 

same species and with other species of mycoplasma. 

Two labelled reference strains of M. ovipneumoniae (strain 1 and L61 1 )  were hybridized 

with the organisms listed .  For each organism, the % of hybridization with each reference 

DNA is plotted. 

Note : 

a) M. ovipneumoniae strains L61 1 ,  L6 12 ,  L614 and L616 (derived from one lung and 

having closely similar but not identical BRENDA patterns) all form a tight cluster 

with essentially identical homologies. 

b) All the M. ovipneumoniae strains tested fall within one group, with homologies of at 

least 80%. However, they are quite distinct from M. pneumoniae (45% homology) , 

M. arginini stra in  M30/C4 (about 20% homology) and A. laidlawii strain ATCC 

23206 (about 1 0- 1 5% homology) with M. ovipneumoniae. 

c) E. coli strain V5 1 7  was included as a contro l  and showed a 4% homology (Le.  

essentially zero) with the M. ovipneumoniae strains. 
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TABLE IX: THE DEGREE of HYBRIDIZATION using 32p_DNA PROBES for Four M.. ovjpneuIDonjae STRAINS with DNA 
FROM M... oyjpneuIDonjae, M.. pneuIDonjae, M.. anjnjnj and A." lajdlawii S T R A I N S  

DNA hybridized at 56°C 
% hybridization with excess unlabelled DNA 1 

Strain 12 52 103 L6I14 L6I24 L6I44 L6I64 

32p 1 1 009(66.0)10 92.6 (6 1 .1)  91 .0 (60.1)  97.3 (64.2) 98.0 (64.7) 99.0 (65.3) 100 (66.0) 
32p 5 92.7 (66.5) 100 (7 1 .7) 93.8 (67.3) 93.6 (67. 1) 96.5 (69.2) 100 (71.7) 99.2 (71 . 1) 
32p 10 86.3 (59.6) 87.7 (60.6) 100 (69.1)  84.5 (58.4) 90.2 (62.3) 94. 1  (65.0) 98.7 (68.2) 
32p L6I1 8 1 .0 (58.3) 79.6 (57.3) 85.9 (61.8) 100 (72.0) 98.7 (7 1 . 1) 100 (72.0) 100 (72.0) 

DNA hybridized at 7(J>C 
% hybridization with excess unlabelled DNA 

Strain 1 5 10 L61 1 L6I2 L6I4 L6I6 

32p 1 100 (65.3) 74.0 (48.3) 72.9 (47.6) 89.3 (58.3) 84.0 (54.9) 89.3 (58.3) 90. 1 (58.8) 
32p 5 80.8 (53.7) 100 (66.5) 78.2 (52.0) 77.7 (5 1 .7) 85.0 (56.6) 90.0 (59.9) 85.2 (56.7) 
32p 10 72.5 (44.4) 69.4 (42.5) 100 (61.2) 77.7 (47.6) 82.4 (50.4) 88.6 (54.2) 88.4 (54.1) 
32p L6I1 71 .7 (47.9) 69.0 (46. 1)  68. 1 (45.5) 100 (66.8) 100 (66.8) 100 (66.8) 100 (66.8) 

� � 
pneumoniae5arginini6 
46.6 (30.8) 
NT 1 1  
NT 
56.7 (40.8) 

� 

19.4 (12.8) 
NT 
NT 
12.5 (9.0) 

� 
pneumoniae arginini 
NT 10.3 (6.7) 
NT NT 
NT NT 
NT 15.4(10.3) 

A.. 
laidlIDYii 7 
14.9 (9.8) 
NT 
NT 
8.5 (6. 1) 

A.. 
laidlawii 
4.2 (4.0) 
NT 
NT 
8.7 (5.8) 

1 Each value represents the average from four separate experiments. Values from each experiment did not differ by more than 4 percent 
2 M. ovipneumoniae strains obtained from sheep on different farms in New Zealand. 
3 M. ovipneumoniae strain 10 - Australian source. 
4 M. ovipneumoniae strains recovered from a single pneumonic lung and having a closely similar but not an identical BRENDA pattern. 
5 M. pneumoniae (ATCC 15531). 
6 M. arginini strain M30/C4. 
7 A. laidlawii (ATCC 23206). 
8 E. coli strain V517. 
9 % relative homology (Le. represents the normalized values). 
10 % hybridization with the 32p-DNA probe. 
1 1  NT - not tested. 

� �8 

3.7 (2.4) 
4.0 (2.9) 
2.7 (1 .9) 
0 (0) 

� � 

1 .3 (0.85) 
4.1 (2.7) 
6.9 (4.2) 
0 (0) 
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7.4 Discussion. 

Having found that the heterogeneity of DNA cleavage patterns might be explained by 

postulat ing vary ing degrees of methylation of the bases (note this work was undertaken 

before all the restriction results described earl ier were to hand) , it became desirable to use 

another technique ,  i .e. DNA-DNA hybridization, which is unafffected by base methylation, to 

investigate the heterogeneity of the DNA. 

With this in mind we attempted to answer two questions: 

a) Is M. ovipneumoniae DNA truly heterogeneous as indicated by DNA-DNA hybridizations 

and if so : 

b) Could M. ovipneumoniae be subdivided into two or more species or subspecies? 

DNA-DNA hybridizations conducted at low stri ngencies ( i .e .  Tm-2S°C) demonstrated that 

the M. ovipneumoniae isolates are heterogeneous ( i .e.  homology values range from 79.6% 

to 1 00%) , as seen in Table IX. At higher stringencies (Le .  Tm-1 0°C) the heterogeneity of 

M. ovipneumoniae stra ins becomes even more evident i .e. homology values range from 

68. 1  % to 1 00%. This indicates that there are major differences in DNA base sequences, in 

different M. ovipneumoniae isolates, so we conclude that the DNA of M. ovipneumoniae is 

indeed heterogeneous .  This confirms earl ier  conclusions (resu lts with Oral) that the 

restrict io n e n donuclease cleavage pattern d iffe rences are not mere ly  a fu nction of 

differences in  methylation of the bases. 

We now consider if the heterogeneity observed indicates that M. ovipneumoniae should be 

divided i nto two or more species or subspecies. Obviously, when the DNA of two related 

organisms d iffer beyond a certain pOint, they wil l  be assigned to d ifferent species. The 

critical question is how much they have to differ before they should be officially recognized 

as d ifferent species or subspecies. 

Brenner  and Falkow (1 971 ) have d iscussed th is at length ,  but without sett ing p recise 

figures. However, the most authoritative guide lines are to be found in  Bergey's Manual of 

Systematic Bacteriology (see Johnson, 1 984) . I n  brief, isolates which differ to the extent that 

their homology is between 70% and 1 00% can be accomodated within one species. This 
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might be extended to homologies as low as 60% provided the homologies are scattered 

betwee n  60% and 1 0 0%.  If however two g roups of i solates show a "cl usteri ng" of 

homologies, then two subspecies might be defined. 

Our results with M. ovipneumoniae indicate that it is not related to E. coli (sic) . is little related 

to A. laidlawN (about 1 5%) or M. arginini (about 1 0%) but is related (about 50% homology) to 

M. pneumoniae. The latter figure falls outside the maximum scale of 60 to 1 00% relatedness 

which m ay define a species,  so clearly, M. ovipneumoniae and M. pneumoniae do not 

belong to the same species. These conclusions merely confirm what is generally believed 

and accepted. 

Retu rn ing to the quest ion of whether or not M. ovipneumoniae represents one or more 

species or subspecies. Clearly, a minimum figure (low stringency) of 79.2% for the degree 

of hybridization of DNA of various isolates falls well within the 70% l imit defining a species 

(Johnso n ,  1 984) . Furthermore , the spread of homologies of the (admittedly few) isolates 

tested do not cluster at any figure significantly different from 1 00%, so there is no evidence 

for two groupings of M. ovipneumoniae iso lates.  We conclude that M. ovipneumoniae 

represents a single species. 
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CHAPTER EIGHT 

General Discussion. 

The m ajor  object of th is work was to i nvest igate the extent of the  heterogeneity of 

M. ovipneumoniae isolates. 

Serological heterogeneity which can be l inked to immunity to M. ovipneumoniae is u ltimately 

the most critical area of heterogeneity, so ou r i n it ial experiments u sed the metabol ic 

inhibition test. This showed that M. ovipneumoniae is serologically heterogeneous, but d id 

not al low us to distingu ish groupings of isolates. This conclusion is similar to that of Jones 

et aI, ( 1 976) who could d istingu ish between some M. ovipneumoniae isolates but failed to 

recognize clear-cut groups. Jones et aI, ( 1 976) however, noted a "polarization" of isolates 

between "nasal" and "pneumonic" strains. We did not pursue this comparison because initial 

studies (Ionas et aI, 1 985) showed that nasal strains can colonize the lung and hence there 

is probably no meaningful distinction between them. 

T h e  i nab i l ity of metabo l ic i nh ib it io n  tests to d i st ingu ish  well def i ned g roup ings of 

M. o vipneumoniae l ed us to exp lore several  other approaches.  The f i rst of these 

approaches was to examine isolates by SDS-PAGE. The initial study with eight isolates 

( Figure 9) derived from sheep on d ifferent farms showed that all were different. These 

differences were meaningful because the patterns obtained were highly reproducible, even 

when fresh cultures  were used ( Figu re 1 2) .  However, since all eight isolates differed, no 

recognizable groupings could be distinguished, so we extended the study and examined 

sixty isolates which we derived from the lungs of pneumonic sheep Le. three isolates were 

examined from three pneumonic lungs from sheep from each of twenty farms. The results 

ind icated, somewhat d isconcertingly, that f ifty-eight different patterns were seen (Figure 

1 0a ,  b, c and d) . Three identical patterns were found for three isolates from three sheep on 

one farm (Figure 1 0a, patterns 1 a,  1 b and 1 c) . This result clearly indicates that there is a 

l a rge  number of d iffe rent st rains of M. ovipneumoniae associated with sheep in New 

Zealand and confirms and extends the findings of Mew et aI, ( 1 985) . But the heterogeneity 

seen in the SDS patterns of M. oviponeumoniae isolates contrasts with the results of other 

workers (Razin,  1 968 ; Zola et aI, 1 970; Forshaw, 1 972; Daniels and Meddins, 1 973 ; Gois 
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et aI, 1 974, Jones et aI, 1 976; Asa et aI, 1 979 and Chandler et aI, 1 972) who have examined 

different species of mycoplasmas and have found that the SOS-PAGE patterns within one 

species were identical or closely similar. 

To estimate the total number of M. ovipneumoniae strains would probably be a difficult task, 

since the number is clearly too large for M. ovipneumoniae isolates to be "typed" by exactly 

match ing each SOS-PAGE pattern with a standard set. However, a modified approach to 

classifying M. ovipneumoniae isolates by their SOS-PAGE pattern could be to detect some 

pro m inent band or bands which were present in a proportion of isolates only. One such 

band was detectable in our original experiments (Figure 1 0a, b, c and d) . To i l lustrate this, 

some i solates with and without this band were re-propagated and their  prote ins were 

extracted and re-examined on SOS-PAGE gels ( Figure 1 1 ) .  Clearly, at least these eighteen 

iso lates can be assigned to one or other group depend ing on the absence of this single 

band .  However ,  the question arises : "how meani ngfu l  is th is  d iv is io n ?" I f  the band 

represents a su rface prote i n  then it would probably play a role in  immunity. If not , its 

s ignificance if any, would be less certain. We therefore concluded that examination of total 

proteins of SOS-PAGE to classify strains of M. ovipneumoniae is not, on its own ,  a useful or 

practical approach. But, if combined with another approach e .g .  comparison of surface 

proteins only, it may have some potential . Anticipating some later results, we note here that 

our evidence suggests that the band i n  question is not a surface prote in. Nevertheless, the 

above consideration led us to attempt to identify surface proteins. We attempted this initially 

by exposing intact cells to chemicals which were reported to be unable to cross membranes 

( M addy, 1 964 and Dockter, 1 979) . These experiments were unproduct ive and are not 

recorded here. 

Another approach is to se lectively remove surface proteins using proteolytic enzymatic 

e nzymes. This requ ires that the enzymes act on surface proteins  but, in the time and 

conditions used ,  do not lyse the cel ls .  Comparison of t rypsin ,  pronase and papain for 

various times and concentrations showed that high  concentrations of pronase and papain 

rapidly lysed the cells (Figure 1 3b and d) . Trypsin did not lyse the cells even at relatively 

high concentrat ions for a long period (30min) . It did however selectively remove (or diminish 

in staining intensity) several proteins (Figure 1 3f) which we conclude are surface proteins. 

These proteins labelled A to F are best identified in  Figure 14 .  Bands A, B ,  C and 0 were 

common to e ight isolates . Band E ,  which shows d imin ished staini ng fol lowing trypsin 

t reatment, was present on two isolates only and band F was unique to one isolate. 
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Surface proteins of micro-organisms are often glycoproteins and will therefore stain with 

silver following periodate treatment. To augment the results fol lowing proteolytic digestion ,  

our  original eight M. ovipneumoniae isolates were examined by this method. Of the four 

com mon surface proteins (Figure 1 4, bands A, B, C and D) three (Figure 1 5 , bands B, C, 

and D) are glycoproteins. Band A is apparently not a g lycoprotein. 

Band E is also a glycoprotein ( Figure 1 5) and was detected in  only two of the eight isolates 

examined. None of the unique (surface) bands were stained using this method (compare 

Figure 1 4  with Figure 15) which suggests that although they are surface proteins, they are 

not glycoproteins. 

The total number of bands which stained by periodiate-si lver was high and the method is 

technical ly difficu lt. Consequently, it does not have much potential as a rapid means of 

classifying and distinguishing isolates of M. ovipneumoniae. A technique which examines a 

smal ler number of bands, preferably surface proteins and also considers their serological 

relationship should be more valuable.  We therefore turned to immuno-blotting using antisera 

prepared against five apparently single SDS-PAGE bands which were previously identified 

as surface proteins by proteolytic digestion. Of these five bands, two were common to all 

isolates tested (Figure 1 9 , band C and Figure 20, band D) and are thus species specific 

(Figure 2 1 ) .  Band E, which was apparently shared (on SDS-PAGE,  Figure 1 4) by only two 

of the eight isolates was found to represent at least two proteins which are common ( in the 

sero logical sense) to all isolates but differ slightly in molecular weight. Band F was present 

in only one of the eight isolates as shown by SDS-PAGE (Figure 1 4) and antiserum to this 

band showed that it is u n iqu e  sero logical ly as well as in its molecu lar weight. More 

interestingly, antiserum to band B, which is apparently common to al l  e ight isolates on SDS­

PAGE gels (F igure 1 4) ,  reacted with only five of the eight isolates (Figu re 2 1 ) .  This means 

that antiserum to this surface protein has the potential to divide M. ovipneumoniae isolates 

into two groups, which may correlate to immunity. This l ine of investigation merits further 

work, but in our opinion the most appropriate way to proceed is to produce monoclonal 

antibody to individual proteins, especially to unique surface proteins and to surface proteins 

common to only a proportion of isolates. However, monoclonal antibody technology was not 

available to us  when this investigation was in progress. We therefore turned out attention to 

DNA studies which have great potential to distinguish M. ovipneumoniae isolates. 

Isolates which are of one species but which show divers ity must differ to some extent in 

both the i r  p rote i ns and,  even more fu ndamenta l ly ,  i n  their D NA. Having shown that 



201 

M. ovipneumoniae isolates differ in  a significant proportion of their proteins, but that this did 

not readily allow us to recognize groups of organisms with in the species,  we decided to 

concentrate on DNA studies. I nitially we examined organi sms by restriction endonuclease 

ana lysi s ,  but in the  l i ght of t hese res u lt s ,  i so lates were compared by DNA-DNA 

hybrid izations. 

Our in it ial experiments compared the DNA of e ight isolates of M. ovipneumoniae using 

EcoRI digests. All gave totally different patterns (Figure 25) . 

Sixty isolates which we derived from sheep on twenty different farms were examined using 

bacterial restriction endonuclease DNA analysis by a colleague (Norman, 1 985) who found 

all were d ifferent except for the three iso lates from one farm which were identical when 

examined by SDS-PAG E ( Figure 1 0a, b, c and d) . Th is  result fu rther  confi rms the 

heterogeneity of M. ovipneumoniae strains and also indicates, as wou ld be expected, that 

the heterogeneity of proteins reflects heterogeneity of the DNA. However, this is in marked 

contrast to the results obtained with other species of mycoplasma Le. M. gallisepticum and 

M. genitalium (Razin et aI, 1 983c) and M. pneumoniae (Razin et aI, 1 983b) indicated a high 

degree of genetic homogeneity using bacterial restriction endonuclease DNA analysis. 

It did however, occur to us that the apparent absence of common bands in the patterns 

might be a function of the endonucleases used and other restriction endonucleases might 

indicate a closer relationship between isolates. We therefore re-examined the eight isolates 

using Mspl (Figure 28) , Hpal l  (F igure 27) and later (for reasons described below) with Oral 

(Figure 26) . However, in all cased the e ight isolates gave totally d ifferent DNA restriction 

cleavage patterns. Clearly, M. ovipneumoniae is a heterogeneous speCies!  Razin et al 

( 1 983c) also used a range of restrict ion enzymes to examine M. gal/isepticum and 

M. genitalium, they found that the DNA cleavage patterns indicates genetic homogeneity. 

As outl ined above, isolates from sheep on d ifferent farms differed, isolates from different 

sheep on one farm differed, so could it be that isolates from one pneumonic lung differ? We 

addressed this question by selecting six pneumonic lungs; four had severe Le.  large lesions, 

whereas two had small lesions. Thirty isolates were derived from each pneumonic lung, ten 

by each of three different methods ("normal" isolation;  l imit dilution and direct from colonies 

on agar) . Three of the fou r  lungs with large lesions contained four different 

M. ovipneumoniae strains (Table V) and the other one had three as indicated by restriction 
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endonucleases analysis of the DNA. The remaining two lungs with small lesions each had 

two different strains. Since we can not be certain that all strains present in the lungs were 

isolated, these represent m inimum figu res. The possible implication of this for disease is 

discussed later. 

The heterogeneity of fou r  strains from lung six, initially distinguished by EcoRI (Figure 25) , 

was fu rther examined u sing a range of enzymes and this gave u nexpected results i .e .  

incomplete digestion in many cases. However, some restriction endonucleases used Le.  

Xbal , Bgll , Hirx:l l l l ,  Mspl and Oral (F igures 36 to and includ ing 40) gave complete DNA 

digestion and al l four  isolates from the one lung were confirmed as being different. The DNA 

was also examined by Hpal l (Figure 41 ) which gave complete digestion of two of the four  

isolates but incomplete d igestion of  the other two isolates. Kpnl ,  san , BamHl and Smal 

( Figures 42 to and includ ing 45) a l l  gave partial digests of the DNA. Xhol and Hael l l  

(Figures 46 and 47) gave a complete digest, a partial digest o r  no digestion of DNA from the 

four isolates . However,  in all cases (except where no digestion occurred) al l  four isolates 

gave different DNA cleavage patterns. 

The recognition sequences of enzymes which gave only partial ,  or no digestion,  were 

cytosine-rich ( i .e. cytosine represented 50% or more of the bases) whereas those which 

gave complete digestion were not cytos ine-rich (see Table VI ) .  This observation suggested 

that cytOSine-methylation,  which usually prevents cleavage, may occur in M. ovipneumoniae 

strains,  perhaps to d iffering extents and affecting different sequences in  various isolates. 

This was a disconcerting concept because the different restriction endonuclease cleavage 

patterns on which we had placed much stress, might be explained on the relatively trivial 

basis that they represent different degrees and patterns of cytOSine-methylation rather than 

different base seque nces . This wou ld cast doubt o n  some of our major conclusions.  

However, before this point is further considered , the evidence that cytOSine-methylation 

does indeed occur, should be discussed. Mspl cleaves 5'-CvCGG-3' independently of 

"internal" cytosine-methylation, whereas Hpal l cleaves only the unmethylated sequence. As 

indicated in Figure 74, Hpal l ,  in contrast to Mspl which gave complete digestion,  failed to 

cleave a part of the DNA of the isolates tested i ndicating the presence of 5-methylcytosine. 

However, more definit ive evidence was gained by H PLC examination of digested DNA 

(Figure 76a) . The isolate which totally failed to be cleaved by Xhol and Hael l l  (Le. the 

isolate which probably had the highest proportion of 5-methylcytosine) was estimated to 

have about 25 to 30% of its cytosines in the form of 5-methylcytosine. 
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While little has been published on the presence of modified nucleotides of mycoplasma 

DNA. Chan and Ross ( 1 984) were able to use DNA methylation to distinguish betwee two 

mycoplasma species i .e .  M. hyopneumoniae which contained 6-methyladenosine i n  its 

DNA, while M. flocculare contained no methylated bases. 

Razin and Razi n ( 1 980)  examined the hydrolysed DNA of five Mycoplasma and one 

Acholeplasma species by HPLC. They found that 6-methyladenosine was present in a l l  

isolates. This contrasts with our M. ovipneumoniae results where no 6-methyladenosine was 

detected. However, Razin and Razin ( 1 980) found one species, M. hyorhinis, that contained 

both 6-methyladenosine and 5-methylcytosine. 

Clearly since 5-methylcytosine does occur in M. ovipneumoniae, so two questions arise : To 

w h at degree ,  if any ,  does th is  i nva l idate the  d ist i nct ion made between strai ns of 

M. ovipneumoniae and does it invalidate ou r conclusion that the DNA of M. ovipneumoniae 

is heterogeneous? 

It has been a consistent f inding throughout this work that any isolate of M. ovipneumoniae, 

when repeatedly examined by any restriction endonuclease, gave the same banding pattern 

even when separate cu ltures were prepared and independently processed at different times. 

This constant banding pattern (which is almost always un ique for any isolate) implies that a 

strain can be unequ ivocal ly identified. This conclusion is independent of the presence or 

absence of 5-methylcytosine. However, to return to the second question.  The heterogeneity 

of DNA in terms of base sequence, may, because of variation in methylation between 

iso lates ,  be less than  is impl ied by the DNA restriction resu lts. This possibi lity was 

investigated by DNA-DNA hybridization and we were able to show that M. ovipneumoniae 

DNA is heterogeneous. Thus, the extent of homology of isolates varied from 1 00% down to 

as low as 70% (Table IX) . 

We therefore conclude that DNA sequence differences account for much, (if not all) of the 

differences in restriction endonuclease cleavage patterns seen. Furthermore, if differences 

in cytosine methylation were the dominant factor i n  heterogeneous DNA digests, then 

digestion with an enzyme which recognizes a sequence not containing cytosine would show 

identity between isolates, because we have already shown that adenosine-methylation does 

not occur (Figure 73) . The opposite,  however, was found (Figure 26) and Dral gave totally 

different patterns for the DNA of our original eight isolates. 



204 

We therefore conclude that although M. ovipneumoniae DNA can have 5'-methylcytosine, 

this does not interfere with the use of restriction endonuclease analysis to identify strains 

and it does not account for the heterogeneity of restriction endonuclease cleavage patterns 

seen. 

Whi le the DNA-DNA hybridization was undertaken, for the reason outl i ned above, ou r  

results justify some further comment. The heterogeneity o f  M. ovipneumoniae DNA i . e .  70  to 

1 00% homology of various strains,  though qu ite large,  can be accommodated with one 

species. I n  view of our results with restriction endonuclease digests, it is important to state 

clearly that the heterogeneity observed in M. ovipneumoniae reflects d ifferences within one 

species and our resu lts do not suggest that M. ovipneumoniae should be divided into two or 

more species or subspecies. 

The protein and DNA are legitimate foci for study but m icrobiologists interested in micro­

organisms and disease might reasonably ask if it has any relevance in this area. Of course 

S DS-PAGE or REA patterns can be used for epidemiologically tracing of individual strains 

( Ionas et aI, 1 985) but, do our resu lts have any relevance in the understanding of chronic 

non-progressive pneumonia? 

Jones et al ( 1 978) showed that C N P  (which he called atypical pneumonia) could be 

transmitted by M. ovipneumoniae followed by P. haemolytica. Their experiments clearly 

d e mo nstrate that i nfect ion with mu lt ip le stra i n s  of M. ovipneumoniae fol lowed by 

P. haemolytica were more successful in transmitting severe lesions than was any one strain. 

This result has not been to our knowledge the subject of comment, but in our view it is a 

potentially important conclusion. 

The classical concept of microbial pathogenesis is that one organism causes one d isease. 

More recently it has become obvious that two different species can often be involved in  one 

d isease e.g.  �-haemolytic streptococci in conjunction with staphylococci ( impetigo) or 

Bacteroides in conjunction with E. coli ( intra-abdominal abscesses) ,  to give two of many 

possible examples. 

Our results and those of Jones et al (1 982a) , go a stage further and suggest that multiple 

strains of one organism may be more pathogeniC than any one strain on its own. If this 
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concept is not exclusive to eN P (an u n l ikely possibil ity) , microbiologists interested in 

pathogens shou ld now consider that several strains of one species may be involved in the 

max i m u m  prod uct ion of l e s io n s  of o n e  d i s e a s e .  T h u s ,  o u r  demonst rat ion of the 

heterogeneity of M. ovipneumoniae gave rise to a novel  co ncept wh ich shou ld be 

investigated using other systems to confirm (or not as the case may be) its general validity. 



APPENDIX I 

Media and Reagents Commonly Used in this Thesis. 

1 ) Eag les Vitamin Solution (x1 00) 

Calcium Pantothenate 

D-biotin 

Calcium Chloride 

Folic Acid 

R iboflavin 

Myo-inositol 

N iacinamide (N icotinamide) 

Pyridoxine 

Thiamine-HCI 

Distilled Water to 

This solution was stored in  25ml aliquots at -200C.  

2)O.2M EDTA 

Ethylaminediaminetetraacetic acid (EDTA) 

Distilled Water to 

3)FM4 Agar 

BHI (Difco) 

Agar (Davis) 

Distilled Water to 

20 .0mg 

20.0mg 

20 .0mg 

20.0mg 

2 .0mg 

40.0mg 

20.0mg 

20.0mg 

20.0mg 

200.0ml 

7.44g 

1 000.0ml 

0.74g 

1 .0g 

20.0ml 
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This was autoclaved at 1 21 °c for 1 5mins, allowed to cool to approximately 500C and added 

to 8 0 ml of FM4 Med ium wh ich had been p reheated to 46°C.  Th is  was then mixed 

thoroughly and 4ml aliquots were dispensed into Gelman ™ 50mm x 9mm petri d ishes with 

tight fitting lids. The plates were left to solidify and stored at 4°C. 



4)FM4 Medium (Frey et aI, 1968) 

NaCI 

KCI 

MgS04·7H20 

Na2H P04· 1 2H20 

KH2P04 

Glucose 

Peptone CS (ALBIM I) 

Yeast Autolysate ( Pfizer) 

�-NAD 

L-Cysteine HCI 

Eagles Vitamin Solution (x1 00) 

0 .4% Phenol Red 

Penicill in  

Thal l ium Acetate 

Disti l led Water to 

Additional factors to take note of: 

5.0g 

O.4g 

0.2g 

4.03g 

0.1 g 

1 0 .0g 

1 0.0g 

5 .0g 

0.1 g 

0 . 1 g 

25.0ml 

2.5ml 

1 06 Units 

0.5g 

1 000.0ml 
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a.  The Thallium Acetate was dissolved in 1 0ml of distilled water and added to the medium 

dropwise to prevent precipitation. 

b. The basal medium was supplimented with 1 50ml of swine serum. 

c.  The pH of the medium was adjusted to 7.8 with 1 .0M NaOH. 

d .  The complete medium was clarified by fi ltration through non-sterile 5.0um, 0.45um and 

0 .2um pore s ize membrane fi lters and steri l ized by filtration through a sterile 0 .2um 

Tuffryn ™ membrane filter. 

5)"Modifled" FM4 Medium 

Same as FM4 Medium, however, the swine serum was replaced with bovine serum;  Albimi 

Peptone was replaced with Bacto Peptone and Yeast Autolysate (Albimi) was replaced with 

Pytone Peptone. 



6) 1 .4M Phosphate Buffer (Stock solution) 

N a2HP04 

NaH2P04·2H20 

D istilled Water to 

7)Phosphate Buffered Saline (PBS) pH 7.2 

N aCI 

N a2HP04· 1 2H20 

N aH2H P04·2H20 

Distilled Water to 

Autoclave for 1 5mins at 1 21 0C, store at room temperatu re. 

8)O.1 5M Saline 

NaCI 

D istilled Water to 

1 98.8g 

2 18 .4g 

2000.0ml 

8 .5g 

2.7g 

0.39g 

1 000.0ml 

8.78g 

1 000.0ml 

This solution was autoclaved at 1 21 °c for 1 5mins and stored at room temperature. 

9)Saline Tris-EDTA (STE) Buffer (x1 0) 

5 .0M NaCI 

1 .0M Tris-HCI (pH 7.5) 

0 .2M EDTA (disodium salt) (pH 7.2) 

D istilled Water to 

Stored at room temperature and diluted 1 /1 0  before use. 

1 0) 1  M TrIs Buffer (pH 7.5) 

Trizma Base (Sigma) 

HCI to pH 7.5 

Distilled Water to 

Stored at room temperature. 

20.0ml 

50.0ml 

5.0ml 

1 00.0ml 

1 2 . 1 1 g  

1 00.0ml 
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1 1  )TE Buffer (Tris-EDT A) 

1 M Tris-HCI (pH 70S) 

0 02M disodium salt EDT A (pH 702) 

Distilled Water to 

1 2)Trls-EDT A Solution 

1 00M Tris-HCI (pH 70S) 

0 02M EDTA (disodium salt) (pH 70S) 

Distilled Water to 

4000ml 

2000ml 

400000ml 

1 00ml 

SoOml 

1 0 00ml 
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APPENDIX I I  2 1 0  

MOLECULAR WEIGHT MARKERS 

Bacteriophage Lambda DNA was digested with restriction endonucleases to serve as both a 

control for Bacterial Restriction Endonuclease DNA Analysis and as a molecular weight marker. 

The molecular weights of the cleaved fragments were determined from a sequence analysis 

software package ( Devereux et aI, 1 984) . 

The molecular weights are adjacent to the cleavage fragment and are expressed in kilobases 

(kb) . M olecular weight marker for proteins are expressed megadaltons. 

1 . Restriction Endonucleases which recognize six base sequences. 

IBamH I I Bg" , lora I iECOR I 

22010 21226 
16841  

13286 

9688 8596 8a70 6 16 7421 7233 60 38 6770 
gm 3599 5804 5643 5505 4878 

2303 3530 

2392 2152 1071 

533 

228 

IHind I I I  
23130 

9 " 16 

6682 

4361  

2322 
2027 



___ 29942 ___ 32745 

___ 1 7057 ___ 15258 

1503 

___ 19399 

___ 12220 

8612 827 1 

·24508 === 23994 

2 .  Restriction endonucleases which recognize four base sequences. 

4092 

2366 2293 2293 
2099 2 168 2 168 

1989 1989 
1784 

1570 1570 
1310 

1252 1252 
1 172 1 172 
1049 1049 984 

85 1 851 

r 
771 771 

§ 17 90 
FI5 

1 
654 

r 
6119 649 696 621 621 643 615 615 633 599 599 6 12 510 510 488 488 459 459 437 437 427 427 

2 1 1  

___ 33498 

___ 15004 



M.W Ladder Protein 
(DNA Standards 

12216 11168 101 0 
9162 
8144 
7126 
6108 
5090 
4072 

3054 

2036 

1636 

10 18 

517  
506 
396 
344 
298 

97400 

66200 

42699 

31000 

2 1500 

14400 

2 1 2  

(Phosphorylase B) 

(Bovine serum albumn) 

(Ovalbumin) 

(Carbonic anhydrase) 

(Soybean trypsin inhibitor) 

(Lysozyme) 
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APPENDIX I I I  

Publications: 

1 )  Co lon izat ion of t he respi rato ry tract of lambs by stra ins of Mycoplasma 

ovipneumoniae. 

2) Comparison of Mycoplasma ovipneumoniae isolates using bacterial restriction 

endonuclease DNA analysis and SOS-PAGE. 
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ABSTRACT 

lonas, G., M ew ,  A.J., Alley, M.R. ,  Clarke, J.K., Robinson, A.J. and Marshall, R.B. ,  1985.  
Colonisation o f  t h e  respiratory tract o f  lambs by strains o f  Mycoplasma ovipneu­

moniae. Vet. Micro biol., 1 0 :  5 3 3-5 39. 

The age and time of year when colonisation of the nasal cavity of lambs by Myco­

plasm a ovipneumoniae occurs ; the persistence of the organism, and its prevalence in 
the lungs at slaughter were examined in 2 flocks of sheep in New Zealan d .  No colonisa­
tion had occurred at the time of weaning at 6-7 weeks, but M. ol·ipneumoniae was 
recovered from most lambs on at least one occasion before they were slaughtered when 
about 8 months old . In most cases, colonisation of the nasal cavity by M. ovip neumoniae 
was a transient phenomenon. At slaughter M. ovipneumoniae was recovered from t h e  
lungs o f  89% o f  t h e  lambs of one flock a n d  80% o f  the other flock. 

Bacterial restriction endonuclease DNA analysis ( BRENDA) o f  34 nasal isolates from 
one flock showed that it was possible to identify 7 "groups" each with markedly differ· 
ent BRENDA patterns. Lambs initially colo n ised by one strain, often lost that strain, 
and if  recolonisation occurred it was with a d ifferent strain. 

lvt. o vipneumoniae was recovered at slaughter from the lungs of most lambs, both 
normal and pneumonic. The isolates from one flock were examined b y  B RENDA. and 
appro ximately 90% of them gave similar or identical patterns. The predominant strain 
isolated from the lungs had been recovered from the nasal cavity of many o f  t he lambs 
about 3 weeks earlier. This suggests that the nasal and lung isolates do not represent 
independent populations. However, nasal strains may differ in their ability to colonise 
the lungs. 

*To whom all correspondence should be addressed. * *Present address : MRC Virus 
Research Unit, University of Otago, Dunedin, New Zealand. 

0 3 7 8, 1 1 3 5/85/$0 3 . 3 0  © 1 9 8 5  Elsevier Science Publishers B . V .  
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M. argin ini colonised the nasal cavity o f  lambs much later than M. ovipneumDniae. 
At slaughter M. argin ini was recovered from 1 2% of the lungs of one flock but was not 
recovered from the lungs of the other flock. 

INTRODUCTION 

Mycoplasma ovip neumoniae plays a role in the aetiology of chronic non­
progressive pneumonia ( CNP) of lambs ( Alley et al.,  1 97 5 ;  Jones et: al. ,  
1 9 7 6 ) .  A s  little i s  known about the spread o f  this organism i n  sheep we 
investigated two flocks of lambs to establish the age and time of year at 
which nasal colonisation occurs, the period for which M. ovipneumoniae 

persists in the nasal cavity and the prevalence of the organisms in the lungs 
at slaughter. 

In an accompanying study ( Mew et aI. , 1985 ) ,  M. ovip ne umoniae isolat.es 
were examined by bacterial restriction endonuclease DNA analysis (B REN­
DA), and it was shown that many different "groups" o f  this organism are 
present in sheep in New Zealand. Using this approach isolates of M. oui­

pneu mon iae, which were recovered from the, nasal cavities o f  one flock over 
a period o f  7 months, were "grouped" and the relative frequency with which 
these groups could be recovered from the lungs at slaughter was determined. 

For completeness all specimens were also tested for the presence of M. 
argin ini. 

MATERIALS AND METHODS 

Experimen tal animals 

Two groups of lambs each from separate flocks were examined:  2 8  
Perendale lambs ( Floc k  1 )  located in hill country in the Manawatu and 2 5  
Suffolk lambs ( Flock 2 )  located o n  the Manawatu plains. 

The lambs were first swabbed immediately after weaning when approxi­
mately 4 5-5 0 days old, and then at 3-4·week intervals until they were 
slaughtered when 8-9-months old . 

Lamb s  from both flocks were each derived from 20 ewes that were 
swabbed at weaning. To obtain swabs each animal was firmly restrained in 
an upright p osition with its head h eld by an assistant. A sterile cotton wool 
swab was in serted into the middle and dorsal meatus of each nostril 2nd 
rotated. It was then removed and bro ken off into 3 ml of mycoplasma medi­
um. 

Isolatio n  and iden tification of my coplasmas 

Follo wing slaughter, the lungs were collected in individu al  plastic bags and 
taken to the laboratory. The isolation and identification of mycoplasn::as 
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TABLE I 

Recovery of M. ouipneumoniae and M. arginini from Flock 1 

Date of swabbinga and approximate age of lambs (days ) 

6 Oct 3 Nov 28 Nov 1 5  Dec 1 4  Jan 18 Feb 1 6  Mar 15 Apr 1 1  May 12 Mayb 
( 5 0 )  ( 7 7 )  ( 1 02)  ( 1 1 9 )  ( 1 49 )  ( 1 84 )  ( 2 1 0 )  ( 240)  ( 266 ) (267 ) 

M. ouipneumoniae 0 0 0 0 1 3 3 1 4  1 6  25 
isolates (0%) (0%) (0%) (0%) ( 3 . 6% )  ( 1 0.7%) ( 1 0. 7 % )  (50.0%) ( 5 7 . 1 %) ( 8 9 . 3% )  

M. arginini 0 0 0 0 0 0 0 0 1 0 
isolates (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) ( 3 .6%) ( 0% )  

aThe nasal cavity o f  28 Perendale lambs were swabbed a t  approximately monthly intervals ( 6th Oct-1 1 th May ).  The swabbing 
hegan at weaning and ended one day before slaughter. 
bThe lungs at slaughter. 

TABLE II 
Recovery o f  M. ouipneumoniae and M. arginini from Flock 2 

Date of swabbinga and approximate age of lambs (days) 

1 2  Oct 3 Nov 25 Nov 1 6  Dec 1 3  Jan 1 7  Feb 19 Mar 6 Apr 8 Aprb 
( 4 5 )  ( 7 1  ) ( 9 3 )  ( 1 1 4 ) ( 1 4 2 )  ( 1 7 7 )  (207 ) ( 2 2 5 )  (227 ) 

M. ouipneu moniae 0 1 5 5 0 3 1 5  5 20 
isolates (0%) (4%) (20%) ( 20%) (0%) ( 1 2%) ( 60%) (20%) (80%) 

M. arginini 1 0 1 1 1 1 9 1 3  3 
isolates (4%) (0%) (4%) ( 4% )  (4%) (4%) ( 36%) ( 5 2 % )  ( 1 2%) 

8The nasal cavity o f  25 Suffolk lambs were swabbed at approximately monthly intervals ( 1 2th Oct-6th Apr ) .  The swabbing 
began at weaning and ended 2 days before slaughter. 
bThe lungs at slaughter. 
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from the lun�s and nasal swabs were performed as described by Clarke et al. 
(1974).  

Bacterial restriction endon uclease DNA analysis 

The DNA of M. ovip neumoniae isolates was examined by B RENDA as 
described by Marshall et al. ( 1 981)  and Mew et al. ( 1 98 5 ) .  

RESULTS 

Reco very of mycoplasmas from the nasal cavity of ewes 

M. o v ip neumoniae was recovered at the time of weaning from 1 of the 2 0  
ewes ( 5% )  o f  Flock 1 and 3 o f  the 2 0  ewes ( 1 5% )  o f  Flock 2 .  

M. a rginini was recovered at the time o f  weaning from 1 of the 2 0  ewes 
(5% ) of Flock 1 and 3 of the 20 ewes ( 1 5% ) in Flock 2 .  In 2 cases o nly, 
M. argin ini and M. ovip neumoniae were both recovered from the same ewe. 

Recovery of mycoplasmas from the lambs 

The recovery of M. ovip neumoniae and M. arginini from serial nasal swabs 
from the 2 flocks and from the lungs at slaughter is recorded in Tables I 
and II . 

The cumulative proportions of lambs from which M. ovipneumoniae 
and M. arginini were recovered on at least 1 occasion are recorded in Fig . I .  
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Fig. 1 .  The cumulative proportions of lambs in Flock 1 from which M. ouipneumoniae 
(e -- e )  and M. arginini (6-- 6 )  were recovered and in Flock 2 from which M. o ui· 
pneumoniae (e- - -e )  and M. arginini (t>.--- 6 )  were recovered.  
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Examination of the lu ngs of lam bs fo r pathological changes 

Moderate to severe conso lidation o f  the anterior lobe was exhibited by 

3 2% ( 9 /2 8 )  and 64% ( 1 6 / 2 5 )  o f  lungs from Flocks 1 and 2 ,  respectively . 

The lesions were typical o f  CNP ( Alley and Clarke 1 97 9 ) .  

TABLE III 

Classification of M. ouipneum oniae isolates from Flock 2 

Lamb No . Isolatea 

1 2 3 4 5 6 7 8 Lungs 

Date of swabbing and approximate age of lambs (days) 

1 2 / 1 0  3 / 1 1  2 5 / 1 1 1 6/ 1 2  1 3/1  1 7 /2 1 9 / 3  6 / 4  8/4 
( 4 5 )  (7 1 )  ( 9 3 )  ( 1 1 4 )  ( 1 4 2) ( 1 7 7 )  ( 2 0 7 )  ( 2 2 5  ) (227 ) 

M 1 j 4 b  4a 
M 3 5 c 1 a  1 b  4b 
M 4 4a -!b 
M 5 4b 
M 1;3 4a 
M 7 4b 
M 8 4a 4b 
M 9 4b 
M 10 2 4a 
M l l 4 b  4b 
M 1 2  6 3a 3b 3a 7 
M 1 4  1 b  1 a  3c 7 3a 
M 1 5  2 D 
M 1 6  4a 4a 
M 18 4a -!a 
M 19 4a 4a 
M 20 -!a 
M 21 2 2 NDd N D  ND N D  4 a  
M 2 5  D e  
M 26 2 4 b  
M 2, 4a 
M 28 1 a  4 a  4a ';a 
M 29 ';a 
M 30 .. b 
M 3 1  1a 1a 4b 4a 
M 32 4a -ia 

aDerived from nasal swabs taken at approximately monthly intervals. The last column 
refers to isolates derived from the lungs at slaughter. 
b_, -"f. ouipneum oniae not isolated . 
cThe numbers indicate the BRENDA group and subgroup to which each isolate was as-
signed for the purpose of this study.  
dND = not  done. 
eD = died. 
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Res triction endonuclease DNA analysis of iso la tes from Flock 2 

Thirty-four of the nasal isolates from Flock 2 were examined. The band­
ing patterns observed were assigned to 7 groups, numbered 1-7, each of 
which was dissimilar, that is to say, the pattern seen within one grou p  was 
totally different from that of any other group. 

The isolates of 4 of the 7 groups were homogeneous within each group ,  
but in the case o f  Groups 1 ,  3 and 4 variations were seen. T o  accommodate 
this, isolates within these latter 3 groups were assigned to homogeneous sub­
groups which were designated by the addition of the letters a ,  b or c .  Two sub­
groups were recognised in Groups 1 and 4, whereas Group 3 has 3 sub­
groups. 

When isolates of different subgroups within the same group were com­
pared,  they all had a definite overall similarity of banding patterns, but 
nevertheless differed in many bands up to a maximum of  about 50% . The 
classification of the isolates is shown in Table III. 

DISCUSSION 

The present work shows that neither M. ovipneumoniae nor M. arginini 

rapidly colonised the nasal cavity of the lambs. At the time of weaning 
when our survey began, none of the lambs from either flock showed nasal 
carriage of M. ovipneumoniae and M. arginin i was recovered from one lamb 
only. When the rates of colonisation of the 2 flocks by both mycoplasmas 

are compared it can be seen that M. ovipneumon iae spread more rapidly 
than M. argin in i, and both mycoplasmas spread more rapidly in Floc k  1 
than in Flock 2. However, the spread of M. o vipneumoniae differed. in tim­
ing only , because by the late summer or early autumn over 7 0% of the lambs 
of both flocks showed nasal carriage of M. ovipneumoniae on at least one 
occasion ( Fig. l ) .  Nevertheless, M. ovipneumoniae should not be regarded as 
part of the normal flora of the ovine nasal cavity because many positive 
lambs were negative when routinely retested and only 5% of the ewes of  
both flocks carried the organisms in their nasal cavity . Nasal carriage of  
M. ovip neumoniae by ewes is probably important and would provide an ob­
vious source from which lambs could become infected . 

The reason why lambs previously positive for M. ovipneumon iae should 
become negative was not investigated, but it is reasonable to suppose that it 
was due to an immune response . This explanation is apparently inconsis­
tent with the finding that following the loss of M. ovipneumoniae, it can 
recolonise the nasal cavity . However. investigation of the organisms in­
volved in recolonisation sho wed that in only 2 cases ( M28 and �13 1 )  did 
the isolates have the original BRENDA pattern (Table III) .  Therefore, it 
would be of interest to know if changes in the B RENDA patterns of groups 
were correlated with antigenic changes on the mycoplasma membrane. 

It is interesting that Jones et al . ( 1 976)  have already shown antigenic 
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differen ces i n  strains that may be correlated with pathogeni city , in the sense 
that when strains isolated from pneumonic lungs were compared serological­
ly with other strains they showed an "apparent polarisation at opposite ends 
of th e antigenic spectru m " .  Our results show that at least some M. ovi­
pneu moniae gro ups that colonise the nasal cavity can also invade the lungs. 
However, it is not certain whether or not the groups isolated from pneumo­
nic lungs are more pathogenic than those nasal groups that failed to colonise 
the lungs, or if they merely happened to be the group present in the nasal 
cavity at a time when the lamb was stressed, for example by hot,  dry weath­
er. Further investigation s  which attempt to correlate BRENDA patterns, 
serology and pathogenicity are required to resolve these questions. 

Finally, perhaps the most imp ortant facet o f  the present work is that it 
demonstrates the heterogeneity o f  M. ovipneumoniae isolates even within 
one flock.  The heterogeneity of isolates may be linked to the differences in 
p athogenicity that have recently been described by BuddIe et al. ( 1 982) in New 
Zealand. This may well explain the difficulties encountered when trying to 
elucidate the exact role of M. ovipneumoniae in CNP. 
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Mew, AJ. ,  lonas, G. , Clarke, J.K., Robinson, AJ. and Marshall, R.B. ,  1985.  Comparison 
of Mycoplasma ouipneumoniae isolates using bacterial restriction endonuclease D�A 
analysis and S DS-PAGE. Vet. Microbiol., 1 0 :  541-fi48.  

Sixteen isolates of Mycoplasma ouip neumoniae recovered from the nasal tract or 
lungs of sheep from different flocks in New Zealand were examined by bacterial re­
striction endonuclease DNA analysis ( BRENDA) using EcoR l  and by sodium dod�yl 
sulphate-polyacrylamide gel electrophoresis ( SDS-PAGE). All isolates gave BRENDA 
patterns which differed entirely from one another. Following 20 serial passages (cor­
responding to approximately 67 generations) of an isolate, no change was detected in 
the BRENDA pattern. 

When eight isolates were examined by SDS-P AGE most bands were common but, 
nevertheless, each isolate was unique in the sense that they differed from one another 
in one or more bands. The marked heterogeneity of patterns observed when strains 
of M. ouipneumoniae are compared by BRENDA, together with the stability of such 
patterns over many generations, will enable this approach to be used to study the epidem­
iology of individual strains of M. ouipneumoniae within a flock. 

INTRODUCTION 

Mycop lasma ouipneumoniae can be recovered from the nasal tract of 
sheep and from both pneumonic and apparently normal lungs. In view of 
the relationship of this organism to chronic non-progressive pneumonia 
( CNP ) of lambs ( Carmichael et al. , 1 9 7 2 ;  Jones et al. ,  1978 ; Alley and 
Clarke, 1 979)  it was of interest to investigate whether M. o uipneumoniae 
isolated from the nasal cavity and lungs of normal or pneumonic she€p 

*To whom requests for reprints should be directed. 
* *Present address : M.R.C. Virus Research Unit, University of Otago, Dunedin, �ew 
Zealand. 

0378- 1 1 3 5 / 8 5 / $03.30 © 1985 Elsevier Science Publishers B. V. 
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on different fanns fonn a homogeneous population or can be differentiated 
and perhaps assigned to a limited number of " groups".  

Examination of proteins ( Razin and Rottem, 1 96 7 ;  Daniels and Meddins. 
1 9 7 3 )  using polyacrylamide gel electrophoresis, or of DNA fragments 
( Razin et al.,  1983a,b) following digestion with restriction endonucleases 
are now established methods of distinguishing between different species 
and strains of microorganisms, including mycoplasmas. This communica­
tion investigates the potential of these techniques to differentiate between 
various isolates of M. ovipneumoniae . We report that both approaches, 
but especially bacterial restriction endonuclease DNA analysis ( B REND A ) ,  
show that different isolates o f  this organism are remarkably heterogeneous. 

MATERIALS AND METHODS 

Mycoplasma stra ins 

Eight strains o f  M. o vipneumoniae recovered from the nasal tract or 
lungs of sheep in New Zealand were examined by BRENDA and by sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis ( SDS-PAGE ) .  The 
site of origin of these strains is shown in Table 1. A further eight strains 
examined by BRENDA were recovered from the lungs of eight sheep ,  all 
from different fanns.  The organisms were isolated and identified as des­
cribed by Clarke et al. ( 1 9 74) . 

TABLE I 

The sources from which isolates were recovered. With the exception of isolate 5 all 
strains were recovered from sheep on different farms in New Zealand 

Isolate Source 

1 Pneumonic lung 
2 Pneumo nic lung 
3 Pneumonic lung 
4 Normal lung 
5 Australian isolate 
6 Pneumonic lung 
7 Nasal 
8 Normal lung 

Cloning 

All cultures used were cloned at least three times. Broth cultures of 
M. o vipneumoniae were passed through a 0 .45 .u rn  filter and the filtrate 
was used to prepare la-fold serial dilutions which were spotted onto fY14 
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agar ( Frey e t  al. , 1968) .  An isolated colony at the limiting dilution was 
selected and removed with a small plug of agar into broth which was in­
cubated at 31' C until a colour change was observed. Aliquots' were stored 
at - 70° C .  

Preparation ot DNA 

M. ovipneumoniae strains were propagated in 300 ml of F M 4  medium. 
The cultures were incubated on a rotary shaker at 3� C until the reaction 
of the medium was within the pH range 6 .5-7.0 .  At this stage cultures 
are still in the exponential stage of growth ( A.J . Mew, unpublished obser­
vations, 1982) .  The cells were collected by centrifugation at 1 4  500 g 
for 15  min, washed twice with phosphate buffered saline ( 0 . 1 5  M NaCl, 
7 . 5  mM Na2HP04 . 12HzO, 2 . 5  mM NaH2P04 • 2HzO,  pH 7 . 0 ;  PBS ) ,  and resus­
pended in 1 . 5  ml of TEB ( 0 . 01 M Tris HCl pH 7 . 5 ;  0 .01 M EDTA, disodium 
salt, pH 7 . 2 ) .  DNA was extracted from 1 . 0  ml of this suspension essentially 
as described by Marshall et al. ( 1 981)  except that the lysozyme step was 
omitted. Briefly, 1 .0 ml of the cell suspension in TEB was incubated at 
3 1' C for 1 5  min and 0 . 1  ml of a 10% solution of sodium dodecyl sulphate 
and 0.1  ml of Pronase ( 1 0  mg ml- I )  was added. Incubation was continued 
overnight at 5 0° C. Sodium perchlorate was added to a concentratio n  of 1 M. 
T h e  mixture was incubated for another hour at 50° C and m ade up to a 
volume of 5 .0  ml with STE b uffer ( 1 50 mM NaCI, 10 mM Tris-HCl, pH 
8.5 ,  and 1 mM EDTA) ; it was then extracted three times with a mixture 
of phenol, chloroform, and isoamyl alcohol (25 : 24 : 1) .  The upper layer was 
removed on each extraction and then dialysed exhaustively against TEB 
at 4°C .  

R estriction endonuclease d igestion o t  DNA 

D igestion with Eco R1 and subsequent electrophoresis was also as des­
cribed by M arshall et al. ( 1 98 1 )  i .e.  the digestion mix was incubated at 
3 � C for 4 5  min and then heated at 65° C for 1 0  min. To precipitate the 
DNA, 1/20 volume of 5 M NaCl and 2 volumes of ethanol were added 
and after reaction at -20° C for 30 min the mixture was centrifuged at 
8500 g for 5 min. The supernatant was discarded, the pellet washed ,"ith 
c old 70% ethanol and dried at 3T C,  and -*5 � l  of TEB + 0 . 0 5% SDS + 
2 0% glycerol was added to each sample, mi..xed and left at room temperature 
overnight. Lambda DNA was included as a control .  

Gel electrophoresis and photography 

Electrophoresis was carried out in a 0.7% agarose gel and run at 8 V 
em - I  for 3. 5-4 h. The electrophoresis buffer contained 0.5 �g ml - I  ethidium 
bromide. 
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The gel  was photographed on Kodak Tri-X film through a Wratten �3A 
gelatin filter. 

SDS-PA GE of mycoplasma proteins 

M. ouipneumoniae cultures were propagated in FM4 medium until a pH 
change was first observed. T h e  cells were then sedimented a t  1 4  5 0 0  '< g 

for 1 5  min , washed twice in PBS and the pellet resuspended in P BS to m ake 
an approximately 10% suspension. An aliquot was assayed for protein con­
tent and 100 / .. d of the 1 0% suspension was dissolved in 2 5  / .. t l  of ' final sample 
buffer' ( Laemmli, 1970) to which 1 2 . 5  tll of bromophenol blue trac king 
dye was added. The samples were heated to 1 0 if C  for 3 min, left to cool 
and 60 tl g  of protein ( usually about 1 0-1 5 tll of sample) was added to a 
track on the gel. 

The SDS-PAGE system used 1 0% acrylamide and was as described b y  
Laemmli ( 1 9 70) but with two m odificatio ns :  a vertical slab g e l  140 mm 
long ( running gel) was used and the gel was stained overnight with a mix­
ture of 25% isopropanol, 1 0% glacial acetic acid and 0 . 04% Coomassie 
brilliant blue R in distilled water. The gel was de-stained in 1 0% glacial 
acetic acid. 

RESULTS 

Digestion of M. ouipneumon iae DNA with Eco R1 gave rise to a complex 
of 3 0-40 bands after electrophoresis in agarose gel and all 16 isolates 
gave substantially different patterns. The results obtained from the eight 
isolates recorded in the table are illustrated in Fig. 1. To demonstrate the 
reproducibility of these patterns , cultures were propagated in duplicate 
and the DNA was extracted and digested independentlY. The original 
B R E NDA patterns were reproduced in all cases. In further experiments 
one isolate was used to prepare 8 replicate cultures which were processed 
independently ; the BRENDA patterns obtained for each of the eight rep­
licate cultures were indistinguishable. This isolate was then p assaged 20 
times by making a 10-fold dilution as soon as a colour change was observed. 
F ollowing this serial passage the DNA was extracted and examined by 
B R E NDA. No band changes were detected. 

The protein composition of the eight isolates recorded in Table I was 
examined by SDS-PAGE. Each isolate gave a unique banding p attern t F ig. 
2 ) .  Gels prepared using protein extracted from eight replicate cultures o f  
one isolate gave indistinguishable tracks for all replicates. 

Although each track prepared from the protein of different isolates was 
unique, when the pattern was considered as an overall entity, all isolates 
( in contrast to the BRENDA results) had the majority of their bands in 
common. This similarity is most evident in the lower molecular weight 
range at the lower part of the gel. 
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Fig. 1 .  DNA from bacteriophage A (left lane) and eight isolates o f  M. o uipneumoniae 
derived from sheep of different flocks (see Table I) were digested using restriction endo­
n uclease Eco R 1 .  The resulting digest was assayed by electrophoresis in an agarose gel, 
each pattern is unique and there are no obvious common bands. 

DISCUSSION 

The main finding of this investigation was that, when examined by 
B RENDA using Eco R 1  digestion, the p atterns obtained from 16 isolates 
of M. ovipneumonia e ,  all derived from sheep on different farms,  were 
not only distinguishable from one another but substantially different in 
their overall pattern. This implies that M. ovipneu moniae strains are hetero­
geneous and that BRENDA patterns cannot be used for species identifica­
tion. Since all the isolates examined were so completely different, we have 
no evidence that organisms derived from any one site or source, that is 
from pneumonic lung, normal lung, or the nasal cavity, are more closely 
related to each other than they are to other isolates. This does not preclude 
the possibility that inter-relationships may become evident when a much 
larger number of isolates is examined. The heterogeneity of patterns, together 
with their stability, allows individual isolates of M. ovipneumoniae to be 
identified. This stability of electrophoretic patterns is demonstrated by 
the production of a constant BRENDA pattern over about 67 cell divisions. 
It will now be possible to examine multiple isolates from both nasal passages. 
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Fig. 2. Proteins from eight isolates of M. o uipneumoniae obtained from different sources 
(see Table I) examined by electrophoresis through a 10% SDS-PAGE gel. Although 
many common bands are present no two tracks are identical. 

trachea and lungs from sheep within a flock to find how many strains o f  

M. ovipneumo niae exist within that flock, and to investigate the proportion 

of these strains which are capable of colonising the lungs. This approach 
has been applied and is described by Ionas et al. ( 1 985 ) .  

Other workers ( Razin et ai. ,  1 983a,b) have examined mycoplasmas, 
ureaplasmas and acholeplasmas using DNA cleavage patterns following 

digestion with a range of restriction enzymes. The patterns o btained with 
A. axanthum isolates also differed markedly from one another and in this 

respect are similar to M. ovipneumoniae.  In contrast, the pattern obtained 

with M. gallisep ticum and M. gen i talium showed minimal, or no variatio n  

o f  pattern. Hence Razin e t  al. ( 1 983b) suggested that mycoplasmas o f  
strict host and tissue specificity exhibit marked homogeneity. If  this proves 

to be the general rule, then it appears that M. o vipneumonia e  may be an 
exception. However, further work o n  many mycoplasmas using many 
restriction enzymes is required before final conclusions can be drawn. 

Although the differences in B R ENDA patterns of M. o vipneumonia e  
are o f  interest because they can be applied to epidemiological studies, 
it is possible that they represent base changes which are not reflected b y  
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changes in proteins, hence leaving biological properties such as antigenicity 

or virulence unaltered.  However, protein differences clearly exist between the 
e ight isolates examined by SDS-P AGE where no two gave an overall identical 
pattern. 

Jones e t  al. ( 1 976)  examined proteins from 10 isolates of M. o vipneu­

moniae using PAGE and concluded that they showed a 'very close resem­

b lance ' .  The present investigation used SDS-PAGE gels, so t hese two studies 
cannot be directly compared, but interestingly Jones et al. ( 1 9 76)  in the 

same communication demonstrated by m etabolic inhibition ( M I )  and growth 

inhibition ( GI )  tests that their M. o uipneumoniae isolates were heterogeneous. 

GI and MI tests presumably detect differences in surface antigens and 

it should be possible, for example, by using reactive fluorescent compounds 

which cannot cross membranes, to identify those bands on SDS-PAGE 
gels which represent surface proteins. If these were identified and character­

ised they could be used individually to produce antisera with a greater 

potential for discriminating between isolates than is possible when antisera 
are prepared against whole organisms. 
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