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ABSTRACT 

Studies in Protein Structure : 

The structures of �-lactoglobulin in two new crystal forms. 

The structure and properties of the iron superoxide dismutase from 

Methanobacterium thermoautotrophicum. 

By 

J ulian J ames A dams 

The crystal structure of Methanobacterium thermoautotrophicum iron 

superoxide dismutase (Mt-FeSOD) has been determined by X-ray 

diffraction to a resolution of 2.6 A. The crystals were grown from PEG 

6000 at a pH of 5 . 5 , and the structure was solved by molecular 

replacement. The structure, in concert with structural and functional data 

from other Fe and Mn SODs, provides insights into aspects of metal 

specificity, reactivity of superoxide dismutase towards toward the 

inhibitor azide and deactivator hydrogen peroxide, and how the primary 

structure is involved in subtle tuning of these properties. The structure 

reveals how the protein is designed for thermal and chemical stability, yet 

retains moderate superoxide dismutase activity at ambient temperature. 

Bovine �-lactoglobulin (BLG) has been studied for many decades; 

numerous X-ray and NMR structures are available. Here we present two 
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new X-ray structures, one from a crystal grown at very low ionic strength, 

and at the lowest pH (�5 .2) of any X-ray structure. This structure 

provides validation of the other, high ionic strength X-ray structures .  The 

core elements of BLG, an eight-stranded B-barrel, a three-turn a-helix 

external to the barrel, and an external B-strand (that forms the dimeric 

interface), are almost invariant across all structures. Four flexible loops 

have a variety of positions in the known structures and this represents a 

set of snapshots of the in vivo states of BLG. These flexible loops play an 

important role in the entropic stabilization of the B-barrel. 
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Chapter 1 

Superoxide dismutase 

1 . 1  Superoxide dismutase 

Superoxide dismutase (SOD) catalyzes the dismutation of the superoxide 

radical into hydrogen peroxide and dioxygen [Cade et al. 1971, Keele et 

al. 1970](Figure 1.1 ) . 

Mni + 02-
MII + 02-+ 2H+ 

.... 

... 

02 + MII 

H202+ M m 

202-+ 2H+ .... H202+02 
Figure 1.1 

Dismutation of superoxide 

(1) 

(2) 

1. Superoxide is oxidized to oxygen with the loss of one electron to 

the metal center. 

2.  Superoxide is reduced to hydrogen peroxide with addition of one 

electron donated by the metal and addition of two protons. 

SOD is an enzyme present in aerobic organisms, having an essential role 

in the biological defense against superoxide, and therefore against any 

reactive radical species derived from superoxide. Dismutation of 02- by 

the enzyme occurs at a transition metal-containing active site. The metals 

Cu, Zn, Mn, Fe and Ni have been found in the active sites of SOD. 

Superoxide undergoes spontaneous dismutation in solution but not very 

rapidly. The enzymatic dismutation has been calculated to be 106 times 

faster than the spontaneous reaction [Fridovich 1983]. The benefits of 
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SOD in the cellular environment are thus considerable. 

Superoxide dismutases can be separated into three main classes based on 

biochemical and physical properties. The first class contains Cu and Zn at 

the active site, the second class contains Mn or Fe, and the third class 

contains Ni. Although the three classes are evolutionarily unrelated and 

have totally different primary, secondary and tertiary structures, all 

classes show essentially the same catalytic activity for superoxide in 

vitro. 

CuZnSOD (Figure 1.2) was first discovered unintentionally during the 

isolation of carbonic anhydrase in 1939. As carbonic anhydrase was 

suspected of containing copper, protein fractions derived from bovine 

hemolysate were assayed both for the catalysis of the hydration of C02 

and for copper content. However, carbonic anhydrase in fact contains 

zinc and not copper, so the fractions isolated on the basis of their high 

copper content were not active when assayed for carbonic anhydrase 

activity. Since the activity of the isolated copper protein was not known, 

the function of copper storage was assigned, and the protein named 

hemocuprein [Mann & Keilin 1939]. In 1969 an enzyme from bovine 

erythrocytes was isolated and purified. The enzyme catalyzed the 

dismutation of superoxide radicals and so was named superoxide 

dismutase [McCord & Fridovich 1969]. The properties of the enzyme 

were identical to the previously described copper-containing 

hemocuprein, and the connection was immediately obvious. 

Based on SOD activity, a manganese-containing SOD and an iron-con­

taining SOD were isolated from E. coli [Keele et al. 1970, Yost & 
Fridovich 1973](Figure 1.3). The Mn and Fe SODs are described in more 

detail in section 1. 6. 



Figure 1 .2 

Bovine CuZnSOD 

CuZnSOD is an antiparallel �-sheet protein with a s ingle domain. The 

active s ite is on the surface of the prote in. The active site residues (ball 

and stick, Cu (pink) Zn (orange) )  are contributed by many different �-

strands form throughout the protein. The molecule is rainbow-coloured: 

dark blue at the N-terminus through to red at the C-terminus. 

All  molecular representations unless otherwise indicated were produced 

with MOLSCRIPT [Kraulis 1 99 1 ]  and rendered with RASTER3 D 

[Merritt & Bacon 1 997] 
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Figure 1 . 3 

M nSOD from E. coli [Edwards 1 999]. 

The a-helical domain is shown in blue, the ap domain in red. The 

residues of the active site are shown in ball and stick with the active s ite 

M n  shown in yellow. The active s ite is made up of residues from both 

domains. 

4 

Recently, examples of SODs containing only n ickel at the active s ite have 

been isolated from various Streptomyces species [Kim et al. 1 998,  Y oun 

et al. 1 996]. This class of SODs has no sequence homology with either 

the CuZn or Fe!Mn class of SOD. As yet no 3 D  structure of the NiSOD 

exists. However, EPR, and EXAFS studies of the active s ite have shown 

it to contain two Ni  atoms as a Ni-S cluster (Figure 1 .4)[Choudhury et al. 

1 999]. 



/Cys 
N, o11, ,,\s� 

''·· · ·''' //,, 0 N NI' •.N. ,,\\\\\ ' 

Cys-s�/ '\.s� \\ N I N 8'Cys Cys 
Figure 1.4 

The active site of NiSOD from Streptomyces seoulensis 

The Ni-S cluster as predicted by EPR and EXAFS. S-contributors are 

assumed to be Cys and the 0, N donors are unknown. 

1.2 Superoxide 

5 

Superoxide, 02-, is formed by a single-electron reduction of oxygen in a 

thermodynamically unfavorable reaction that gives a species of higher 

energy and reactivity than molecular oxygen. The superoxide radical is 

capable of acting as either a reducing agent or an oxidizing agent (Figure 

1.5). 

Figure 1.5 

The electrochemistry of superoxide. 

The electrode potentials of the half reactions 02 to 02- (E0'= -0.137 V) 

and 02- to H202 (E0'= +0.89 V) [Sawyer & Valentine 1981] show that 

superoxide is a facile redox reagent. The redox reactions are coupled with 

proton associations in water, conferring a pH dependence on the redox 

couples. The conjugate acid of 02- is the perhydroxyl radical H02·, 
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which has a pKa of 4.88 [ Behar et al. 1970]. The perhydroxyl radical is a 

more powerful oxidizing species than o2-, whereas o2- is the better 

reducing agent than H02• at pH �7.0 [Ilan et al. 1976]. 

1.3 Superoxide in biochemical systems 

Oxygen is for many species essential for life, yet it is a paradox. Some 

forms of oxygen are toxic and will cause cell death. Oxygen radicals have 

a dual and seemingly contradictory role in cell metabolism, where they 

can act as either friend or foe. An example of the protection role is the 

deliberate production of superoxide radicals during a process called the 

respiratory burst [Kettle & W interbourne 1994]. Stimulus of neutrophils 

(granular white blood cells that participate in the immune response) 

produces quantities of superoxide radicals, which are intermediate to the 

formation of more powerful oxidants ( eg. HOCl and OCr) used by cells 

as antimicrobial agents [Kettle & Winterbourne 1994]. 

Non-directed production of oxygen radicals, however, can have a 

detrimental effect on the cell, oxidizing and modifying essential cell 

components, leading eventually to cell death [Fridovich 1983, Fridovich 

1995]. Superoxide can directly damage cellular components by acting as 

either a univalent reducing or oxidizing agent. Most cellular damage is 

due to oxidative damage, although it is thought that 02- causes little or no 

direct cellular damage [Kettle & W interbourne 1994]. Instead superoxide 

causes cellular damage indirectly by generating radical products that are 

even more powerful and reactive cellular toxicants. These radicals can 

have even greater oxidizing power, and in some cases are better placed 

within the cell to cause damage to particular cellular components. The 

perhydroxyl radical is a neutral acid, its ionization involves charge 
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separation, which is more favorable in solutions with a high dielectric 

constant. The movement of 02- from water into environments within the 

cell with lower dielectric constants, such as lipid micelles or membranes 

would be accompanied by its protonation. So it is likely that the reactive 

species m the lipid environment would be the perhydroxyl radical 

[Fridovich 1983]. The perhydroxyl radical has been shown to react 

directly with linoleic, linolenic and arachidonic unsaturated fatty acids. 

This reaction, which takes place in the absence of metal catalysts or 

hydrogen peroxide, could initiate oxidative damage to polyunsaturated 

phospholipids, leading to impairment of cellular membrane function 

[Gebicki & Bielski 1981]. 

By far the most important mechanism of indirect damage to cells 

mediated by superoxide is the formation of the more reactive radical 

species, the hydroxyl radical (OH.). Any system generating 02- will also 

produce H202, either by spontaneous dismutation of 02-, or by enzymatic 

dismutation of 02-. The combination of 02- and H202 with catalytic 

amounts of transition metal ions leads to the formation of the extremely 

reactive and powerful oxidizing radical Ho·. Hydroxyl radicals are 

highly reactive and will react with most cellular components upon 

collision. Hydroxyl radicals generated in free solution are more likely 

therefore to react with species found in free solution. However, 

superoxide radicals are much less reactive and so can diffuse from their 

formation sites and react with transition-metal ions in more critical parts 

of the cell. Catalytic metal ions are most likely to be found associated 

with polyanionic DNA or negatively charged protein surfaces rather than 

in free solution; thus, the hydroxyl radicals are more likely to be produced 

adjacent to these sites and react with these more critical cellular 

components. This sequence of events has been termed the site-specific 
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Haber-Weiss reaction [Samuni et al. 1984, Czapski 1984]. 

The maJor site of non-directed production of superoxide is the 

mitochondrion. The energy generated by electron transport to oxygen is 

used in the formation of A TP from ADP and phosphate. The aerobic 

organism benefits from the energy, but must minimize the production of 

the partially reduced oxygen intermediates. The organism does this in part 

by using enzymes that mediate two or four-electron reductions without 

the release of the oxygen intermediates during the reduction [Beyer et al. 

1991]. However, because the univalent pathway is the lowest energy 

pathway for the reduction of oxygen, single-electron auto-oxidations of 

cellular components can still occur, and are in fact the major source of 

superoxide within the cell. Cellular components such as hemoglobin, 

myoglobin, reduced cytochrome c, ferredoxins, leukoflavins, and 

polyhydric phenols can facilitate the production of superoxide [Fridovich 

1983]. 

1.4 The manganese and iron superoxide dismutases 

The Fe and Mn SODs make up a family with a common ancestral origin, 

as they share high amino-acid sequence similarity as well as high 

structural similarity. They have been isolated from a variety of 

prokaryotes, eukaryotes and archaea. All have a molecular weight per 

subunit of approximately 22000 Da. SODs from mesophilic prokaryotes 

and eukaryotes tend to exist as dimers, whereas those from 

Mycobacterium and thermophilic prokarya/archaea tend to be tetramers 

[Kusunose et al. 197 6]. 

Iron and manganese SODs are found in eukaryotic mitochondria (only 
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MnSOD), eubacteria (both Fe and Mn SOD), and archaebacteria (both Fe 

and Mn SOD). Organisms seem to possess preferentially MnSOD or 

FeSOD depending on their habitat. It has been hypothesized that in 

general aerobes and facultative anaerobes possess MnSOD and/or FeSOD 

while strict anaerobes have no SOD or, in a few cases, FeSOD [Asada et 

al. 1980, Steinman 1982]. The higher redox potential of the Mn3+ /Mn
2+ 

couple compared with the Fe3+ /Fe
2+ couple may favor MnSOD in an 

aerobic environment [Takao et al. 1990]. 

1.5 The superoxide dismutase cycle 

The superoxide dimutase cycle shown below is referred to as the "5-6-5 

mechanism" [Lah et al. 199 5] and is a structure-based modification of the 

scheme proposed by Bull & Fee [Bull & Fee 1985](Figure 1.6). Although 

proposed for FeSOD it appears to be applicable to MnSOD. This 

mechanism has now been further modified to include recent pulse­

radiolysis experiments, which have shown a competing pathway from 

species 3 returning to species 1 [Heam et al. 2001]: 

1. The five-coordinate F e(III) (or Mn(III)) in the resting oxidized state 

of the enzyme has an axial solvent ligand, postulated to be OH- at 

pH 7, and four protein residues, an aspartate and three histidines, 

arranged in a trigonal bipyramidal manner. 

2. Superoxide anion binds at the coordination site opposite OD2 of 

Asp 156 without substitution of the liganded hydroxide anion, to 

give a distorted octahedral environment. Electron transfer from 02-

to Fe(III) then generates the dioxygen leaving group and reduces 
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the metal to Fe(II). The change in the inner sphere complex is 

associated with only a small change in the metal-ligand geometry. 

This is consistent with the low energy characteristics of catalytic 

intermediates and allows rapid turnover. 

3. Protonation of the axial solvent ligand restores the net + 1 charge on 

the metal complex. The reduced enzyme with a trigonal bipy­

ramidal geometry then awaits the second superoxide. 

Recent pulse-radiolysis experiments on MnSOD [Heam et al. 2001] have 

identified two competing pathways in the superoxide reduction reaction. 

An "inner sphere" reaction that leads to species 4, and an "outer sphere" 

reaction that proceeds via a concerted mechanism without the formation 

of an intermediate. As species 4 has a finite lifetime, it can be considered 

a substrate inhibition intermediate. Alternatively, species 4 can be 

represented as an Fem-02-rr species, which can be considered (Heame et 

al. 2001) as a product-inhibited species. No reports of the "inner sphere" 

mechanism have been made with respect to FeSOD. This ability to 

undergo the "outer sphere" reaction may be a defining functional 

difference between the Fe and MnSODs; it may also have implications 

with respect to peroxide and azide sensitivity as will be discussed later. 

4 .  The coordinated superoxide anion is reduced, receives two protons, 

one is assumed to be provided by the ligated water molecule, and 

leaves as hydrogen peroxide, with SOD returning to the resting 

state (1). 

Other competing kinetic processes from species 3 and 1 lead to dead-end 

products 5 and 6. 



1 1  

5. Species 1 gams a ligand bound at the sixth coordination site. 

EXAFS and X-ray crystallographic studies support the postulation 

that the sixth ligand is an OH-. This sixth ligand binds with a pK of 

�9. This is consistent with observed competitive inhibition by 

hydroxide. 

6. Species 6 exists at high pH. The Fe(II) is five coordinate. The axial 

ligand is protonated and Tyr34 is ionized. The negatively charged 

phenolate ion has the effect of lowering electrostatic attraction for 

anionic superoxide in the vicinity of the active site. 
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5. 

pK 9.0 

1. 2. 

4. 3. 

inner sphere reaction 
pK 9.0 

6. 

Figure 1.6 

The superoxide dismutase cycle [Lah et al. 1995] 

The original scheme has been modified to include both the outer- and 

inner-sphere reactions in the superoxide reduction reaction. Key hydrogen 

bonds are shown with dashed lines. 
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1 .6 Metal-specificity in superoxide dismutases 

More than 200 genes have been identified as putative Mn/FeSODs 

[BLAST 1 990] and a substantial proportion of these gene products have 

been functionally characterized. In addition the SOD's from eleven 

different species have been structurally characterized (Table 1 . 1  ) .  

Table 1 . 1 .  Iron and manganese superoxide dismutase structures. 

Iron superoxide dismutase structures 

Pseudomonas putida (ova/is) 

Escherichia coli 

Mycobacterium tuberculosis 
Propionibacterium freudenreichii 
(shermanii) 

Aquifex pyrophilus 

Sulfolobus solfataricus 

Sulfolobus acidocaldarius 

Bacteroides (Porphyromonas) gingivalis 

Manganese superoxide dismutase structures 

PDB 
ID Reference 

Ringe et al. 1 983 
l dto Bond et al. 2000 

l isa Stallings et al. 1 983 

l ids Cooper et al. 1 995 

l ar4 Schmidt et al. 1 996 

l coj Lim et al. 1 997 

l sss Ursby et al. 1 999 

l bo6 Knapp et al. 1 999 

lqnn Sugio et al. 2000 

Thermus thermophilus 3mds Stallings et al. 1 985 

Bacillus stearothermophilus 

human mitochondria 

E. coli 

Parker & Blake 1 988 

1 abm Borgstahl et al. 1 992 

1 vew Edwards et al. 1 998 

However, despite these similarities, some members of this family have 

been shown to have a rigid metal specificity, becoming essentially 

inactive, at least at pH 7.8,  when reconstituted with the wrong metal 



14 

(Table 1.2). For the purposes of this discussion metal specificity is 

defines as: metal specific, less than 5% activity after reconstitution with 

the "other" metal; metal preferring, less than 50% activity after 

reconstitution; and cambialistic, greater than 50% activity after 

reconstitution with the "other" metal. Similarly, among the MnSODs, 

specificity for Mn has been determined from reconstitution studies for the 

MnSODs listed in Table 1.3. 

Table 1.2. Manganese-substituted FeSOD (inactive). 

Manganese-substituted FeSOD 

Ps. ovalis 

E. coli 

Tetrahymena pyriformis 

A quifex pyrophilus 

Deinococcus radiodurans 

Acidianus ambivalens 

Sulfolobus solfataricus 

Y amakura et al. 1998 
Y amakura & Suzuki 1986 

Beyer & Fridovich 1987 

Barra et al. 1990 

Lim et al. 1997 

Juan et al. 1991 

Kardinahl et al. 2000 

Y amano et al. 1999 

The MnSODs from mitochondria [Ishikawa et al. 1987; Weisiger & 
Fridovich 1973; Deutsch et al. 1991; Ravindranath & Fridovich 197 5], 

for example, pick up only Mn, but lack of activity of an iron-substituted 

species has not been demonstrated. Similarly, several FeSODs, such as 

those from Mycobacterium tuberculosis [Bunting et al. 1998] and 

Methanobacterium thermoautotrophicum [Takao et al. 1991 ], pick up 

only iron from the growth medium, both in homologous and heterologous 

expression, even when Fe-depleted and Mn-rich media are used. 



Table 1 .3. Iron-substituted MnSOD (inactive). 

Iron-substituted MnSOD 

E. coli 

Serratia marcescens 

Whittaker et al. 1 997 

Yamakura et al. 1 995 

Bacillus stearothermophilus Brock & Harris 1 977 

Thermus thermophilus Whittaker & Whittaker 1 999 

Methylomonas f Matsumoto et al. 1 99 1  

1 5  

a Although described as cambialistic the Fe form has less then 5 %  of the 

activity of the Mn fo� and is classified here as Mn specific. 

There is a significant number of metal non-specific ( cambialistic) SODs, 

that show nearly equal activity with Mn or Fe at pH � 7. 8 (Table 1 .4 ). 

Some MnSODs show weak but perceptible activity with Fe; these can be 

classed as Mu-preferring SODs (Table 1 .4). The metal non-specific SODs 

generally show substantially lower specific activity by the standard assay 

[McCord & Fridovich 1 969] than either the Mn- or Fe-specific SODs, 

even when fully metallated [Renault et al. 2000]. In general, all Fe­

substituted MnSODs (Fe2-(Mn)SOD) show sharply increased activity at a 

lower pH of �6.5,  whereas the converse is not true for Mu-substituted 

FeSODs (Mn2-(Fe )SODs). 
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Table 1 .4 .  Cambialistic and Mn-preferring SODs. 

Cambialistic SODs 
Bacteroides (Porphyromonas) gingivalis 

Bacteroides thetaiotamicron 

Bacteroides fragilis 

Pr. shermanii 

Mn-preferring SODs 
Pyrobaculum aerophilum 

A eropyrum pernix 

Sinorhizobium meliloti 

Mycobacterium smegmatis 

Streptococcus mutans 

Hiraoka et al. 2000 

Pennington & Gregory 1 986 

Gregory & Dapper 1 983 

Meier & Sehn 1 994 

Whittaker & Whittaker 2000 

Y amano & Maruyama 1 999 

Santos et al. 1 999 

Yamakura et al. 1 995 

Martin et al. 1 986 

The origin of this metal specificity has been the subject of much interest 

[Vance & Miller 1 998, Edwards et al. 1 998, Leveque et al. 200 1 ] . Some 

recent explanations of this metal specificity include pH-dependent metal 

environments, allowing OH- to bind to the metal and competitively inhibit 

the SOD activity [Tiemey et al. 1 995; Meier et al. 1 998] .  Another, not 

necessarily unrelated, explanation focuses on tuning of the metal's redox 

potential by subtle, but as yet unidentified, changes in the coordination 

environment and outer sphere by the protein [Vance & Miller 1 998, 

Leveque et al. 200 1 ] . 

1 .7 Inactivation of FeSOD by hydrogen peroxide 

In general, FeSOD is inactivated by hydrogen peroxide, whereas MnSOD 

is not [Asada et al. 1 975] .  CuZnSODs are also inactivated by hydrogen 

peroxide with the associated disruption caused by oxidation of the side 

chain of one histidine residue [Bray et al. 1 974] . Pseudomonas ovalis 

FeSOD has tryptophan and cysteine side chains, as well as histidine, 
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oxidised, whereas E. coli FeSOD loses iron and the tryptophan, but not 

histidine, side chains are oxidized [Yamakura 1 984, Beyer & Fridovich 

1 987] . 

The hydrogen peroxide inactivation of FeSOD is believed to be facilitated 

by an oxidizing species, which is produced by the reaction of hydrogen 

peroxide with Fe(II) . In E. coli FeSOD, electron removal from a ligated 

imidazole followed by electron transfer from a nearby tryptophan is a 

suspected pathway to the tryptophan destruction [Beyer & Fridovich 

1 987]. This could explain why tryptophan is destroyed on inactivation, 

whereas histidine is not. 

There is a small group of atypical superoxide dismutases that in their 

active iron-bound forms are neither inhibited by azide nor rapidly 

deactivated by hydrogen peroxide, behaviour typically ascribed to Mu­

containing SODs. Members of this group include the very well 

characterised cambialistic SOD from eubacterial Pr. shermanii and the 

partly characterised manganese-preferring SOD from eubacterial S. 
meliloti. The FeSODs from archaeons Methanosarcina barkerii 

[Brioukhanov et al. 2000] , A. pernix [Yamano & Maruyama 1 999] , and S. 
solfataricus [Yamano et al. 1 999] show much reduced sensitivity to 

hydrogen peroxide compared to the Ec-FeSOD, as does the unsequenced 

FeSOD from Methanobacterium bryantii [Kirby et al. 1 98 1  ] ,  a close 

relative of M. thermoautotrophicum, which is the topic of this study. 

1 .8 Inhibition of FeSOD by N3-

Azide (N 3 -) is a competitive inhibitor of iron superoxide dismutase 

activity, with 50% inhibition typically occurring in eubacterial FeSODs at 

concentrations of 5 mM azide or less. MnSODs on the other hand are 
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only slightly inhibited by azide, with 50% inhibition requmng 

concentrations of more than 20 mM azide [Takao et al. 1 990, Misra & 
Fridovich 1 978] . In the known FeSOD/azide structures, azide binds to the 

active site in the sixth and vacant coordination site [Lah et al. 1 995] .  In 

the known MnSOD/azide structure, azide binds to the vacant sixth 

coordination site but in a different orientation [Lah et al. 1 995] .  These 

differences will be discussed in detail later. 

1 .9 The structure of Fe and Mn superoxide dismutases 

The structure of Mn and Fe SODs has two domains. The N-terminal 

domain is an all-alpha domain consisting of two anti-parallel alpha 

helices connected by a loop region. The C-terminal domain is an alpha­

beta domain. The core consists of a three-strand antiparallel �-sheet and 

four a-helices on one side of the �-sheet. A total of 1 4  residues is almost 

invariant among structurally characterised Mn and FeSODs, including the 

four involved in 1igation to the metal ion [Weatherburn 1 996] . Two 

residues, in general, distinguish MnSODs from FeSODs. Residue 77  (Ec­

MnSOD numbering) is a glycine in MnSODs and a glutamine in 

FeSODs. Residue 1 46 is an alanine in FeSODs and either glutamine or 

histidine in MnSODs. SODs from species that are active with either metal 

ion at their active s ite have the MnSOD sequence at these two positions. 

Structural studies have shown that residues 77 and 1 46 are in close 

proximity to the active site and that a glutamine or (rarely) a histidine 

residue interacts with the strictly conserved Tyr34 and with the 

coordinated solvent species. 

The active site containing the metal ion lies between the two domains. 

Two ligands are provided by each domain. Helices al and a2 each 
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provide a histidine ligand coordinated through the ring nitrogen (NE2). 

The end of the beta-sheet provides a histidine and an aspartate residue. 

The metal ion is five coordinate with the fifth ligand being an axially 

bound water or hydroxide. 

1 . 1 0  Methanobacterium 

dismutase 

thermoautotrophicum rron superoxide 

The discovery of a SOD gene in M. thermoautotrophicum was the first 

example of a SOD from a strict anaerobe. The deduced amino acid 

sequence of the gene product resembles eubacterial and eukaryotic 

MnSODs rather than the eubacterial FeSODs, based on the analysis of 

Parker & Blake [Parker & Blake 1 988] (Table 1 .5) .  However, the gene 

product is observed to contain Fe and not Mn [Takao 1 990]. Since 1 988 

nearly 200 SOD primary sequences have become available, including 

archaebacterial SOD genes. These new data have overtaken some of the 

conclusions of Parker & Blake, although their work is still very well cited. 

Since methanogens live under extremely anaerobic conditions, it is 

intriguing in itself as to the existence of the gene and the active SOD 

which results . 
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Table 1 .5 .  Primary residues that distinguish Fe and Mn SODs [Parker & 
Blake 1 988 ]  

Residue number MnSODa FeSOD6 Mt-FeSOD 

76 Gly Ala Gly 

77 Gly Gin Gly 

84 Phe Tyr Phe 

1 54 Gin Ala His 

1 55 Asp Gly Asn 

a Bacillus stearothermophilus 

b Escherichia coli 

M thermoautotrophicum iron superoxide dismutase (Mt-FeSOD) has a 

tetrameric structure similar to the two known archaebacterial FeSODs 

[Kirby et al. 1 98 1 ,  Searcy & Searcy 1 98 1 ] . Mt-FeSOD's enzymatic char­

acteristics,  such as partial inhibition by azide and resistance against 

hydrogen peroxide disruption, are quite different from other FeSODs but 

resemble MnSOD [Misra & Fridovich 1 978 ;  Beyer & Fridovich 1 987].  

Mt-FeSOD is a highly charged protein, considerably more so than either 

E. coli Mn or FeSOD. EPR studies show that, although the protein 

sequence appears to code for an MnSOD, the active site is 1 00 % 

iron(III), with a typical FeSOD coordination environment [Renault et al. 

2000] . The EPR studies reveal that the electronic structure of the active 

site primary coordination sphere is almost identical to that of E. coli 

FeSOD with the effective g values being only slightly different, and the 

rhombic parameters being 0 .22 for E. coli FeSOD and 0.23 for Mt­

FeSOD. The rhombic parameter is significantly lower than 1 /3 ,  indicating 

a distorted non-planar trigonal-bipyramidal coordination environment 

about the metal center [Renault et al. 2000] . 
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MnSOD from E. coli and T. thermophilus undergo a low temperature 

thermochrornism (indicative of conformational change) [Whittaker & 
Whittaker 1 996; Whittaker & Whittaker 1 997] with transition 

temperatures of 220 K and 305 K respectively. Mt-FeSOD also undergoes 

this conformational change, which confirms the assignment of an Mn­

type primary sequence [Renault et al. 1 999] with a transition temperature 

of 286 K. This value falls between the values observed for the E. coli 

MnSOD a mesophile, and the T. thermophilus MnSOD, an obligate 

thermophile, and may indicate that the Topt for Mt-FeSOD may be lower 

than the T opt for the organism. One explanation for a lower T opt of the 

enzyme (and possibly an explanation for the existence of SOD in a 

thermophilic anaerobe) is that the SOD's function in the organism is to 

protect the cell from oxidative damage if the thermophilic environment 

(hot pool) is quenched with cold oxygenated water (monsoon rain). 

1 . 1 1  Goals 

The goals of this research project were to provide structural information 

about M. thermoautotrophicum iron superoxide dismutase, with specific 

aims to answer the questions of active-site coordination number and 

geometry, secondary coordination-sphere geometry, metal specificity, 

inhibitor response, and surface properties and solubility. To this end, 

three structures were solved and answers to many of these questions have 

been found. 



Chapter 2 

The structure of M ethanobacterium thermoautotrophicum iron 

superoxide dismutase at 3.0 A resolution 

2 . 1  Protein expression and purification 
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This section (2 . 1  only) encompasses work done at the Institut de Chimie 

Moleculaire d'Orsay, Paris, France, by Jean Philippe Renault and Irene 

Morgenstem-Badarau, with whom we have been collaborating on this 

project. The work is included so as to provide a full picture of the 

structural determination. 

The plasmid containing the Mt-FeSOD gene was transformed into the 

BL2 1 'A DE5 strain of Escherichia coli. The cells were grown in LB 

media containing both ampicillin ( 1 00 !J.g mL-1) and FeS04 ( 1 00 !J.M). 

The cells were lysed by freeze-thaw in 50 mM Tris-HCl, l mM EDTA, I 

mM DTT, and 0.2 mM phenylmethylsulfonyl fluoride. The suspension 

was centrifuged at 1 6000 g, and the clear supematant fractionated with 

successive CNH4)2S04 cuts, with the majority of the Mt-FeSOD 

precipitating between 60 and 95 % (N�)2S04 saturation. The precipitate 

was redissolved in 50 mM Tris-HCl/l mM  EDTA and the solution was 

dialyzed overnight against this buffer [Takao et al. 1 99 1 ] . The dialyzed 

protein solution was loaded onto a Resource Q anion-exchange column 

and eluted with a linear gradient of NaCl. Final purification was achieved 

on a Sephadex G200 size-exclusion column. The protein was dialyzed 

against CNH4)2C03 buffer and lyophilized [Renault et al. 2000] . 



23 

2.2 Crystallization 

The Mt-FeSOD sol id (as received) was dissolved in ultra purified-water 

(distil led from activated charcoal) at a concentration of 20 mg mL- 1 • 

Standard SOS-PAGE (0.0 1 %  SOS) of the solution showed two bands 

(Figure 2. 1 ) ,  one at 22 kDa consistent with the mono mer and another 

much larger band at higher molecular weight, consistent with an 

extremely stable ol igomer. W ith more extreme denaturing conditions 

(0. 1 %  SOS) only monomer was observed. Native-PAGE showed the 

prote in to be homogeneous . 

Crystals were grown by the hanging drop method at 4°C ; each drop 

consisted of I 11-L prote in (20 mg mL- 1 in water) and 1 11-L of well 

solution. The well solutions contained either 1 00 mM N H4CH3C02, pH 

5 . 5  and 20 o/o PEG 6000, or 1 00 mM N �Cl- bC02, pH 5 . 5  and 1 8  % PEG 

5000MME, or 1 00 mM NH4CH3C02, pH 5.5 and 1 5  % PEG 20000. 

Crystals grew to a size of 200x 1 00x50 microns in approximately one 

week (Figure 2.2). Crystals grown from PEG 6000 and PEG 5000M ME 

were used for data col lection. 



45 kDa 

31 kDa 

2 1 .5 kDa 

1 4 .4 kDa 

Figure 2 . 1 

SDS-PAGE of Mt-FeSOD. 

Note, the ol igomeric protein band 

at the top of the gel .  

2.3 Data collection 

Figure 2 . 2  

Mt-FeSOD crystals. 
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Three crystals  of Mt-FeSOD were used for data col lection. In each case, a 

single crystal was mounted in a nylon loop, with a cryoprotecting solution 

consisting of the well  solution from which the crystal was grown and 1 5-

25  % glycerol. The crystal was soaked in the cryoprotectant for 

approximate ly 3 0-50 seconds then snap frozen in the cryo-stream (Oxford 

Cryosystems ). Data were collected on a Rigaku RU200 rotating-anode 

generator running at 1 . 1  kW Cu-Ka, 0. 1 mm focus, fitted with an AXCO 

SPA 50 mono-capi llary X-ray optic coupled with a Rigaku RAxis IIC 

image-plate detector. X-ray frames were taken of each crystal (30 minute, 

0. 5° osci l lation), until the crystal suffered radiation damage as described 

in Table 2. 1 .  
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Table 2. 1 .  Data collection for Mt-FeSOD at 3 .0 A resolution. 

Crystal Start phi End phi % data Resolution 

ja70D3 0 45 55 3 .0  

j a76B 1 0 30 30 2 .8 

j a76D3 40 80 45 3 . 1  

TOTAL 98 3 .0  

Table 2.2. Data collection statistics for Mt-FeSOD at 3 .0 A resolution. 

Space group C2 

Unit cell a =  1 89.44 A a =  90° 

b = 1 1 5 .06 A f3 =  94. 838° 

c = 58 .49 A r= 9oo 

Data collection 

Observed reflections 1 53964 

Unique reflections 24553 

Completeness 98.3 % (98 . 9  %t 

Rmerge on I 0. 1 23 (0. 3 1 2t 

Overall 1/ CY 6.4 (2 .0t 

Wilson plot B (A2) 45 .8  

Redundancy 6.2 (3 .0t 

a Outermost shell (3 . 1 1  - 3 .0  A) 

Each set of frames was indexed separately, with the cell and orientation 

matrix determined by the auto-index procedure in DENZO [Otwinoski & 
Minor 1 997] .  The resulting data files were scaled and merged together 

with SCALEP ACK [Otwinoski & Minor 1 997] .  Unit cell dimensions 

were averaged over all data. Relevant statistics are in Table 2 .2 .  

Measured intensities were converted to amplitudes using the program 

TRUNCATE [CCP4 1 994] . 
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The structure was solved with AMORE [Navaza 1 994], using a truncated 

model from Sulfolobus solfataricus Fe SOD (PDB ID: 1 sss ) [Ursby et al. 

1 999] . In the search model, side chains of identical residues were 

retained, side chains of non-identical residues were truncated to Ala (or 

Gly), side chains of residues coordinated to the metal were truncated to 

Ala, the metal atom was removed and water molecules deleted. Rotation 

and translation searches were carried out on data in the resolution range 

1 2-4 .0 A. The rotation function (Table 2 .3) showed three solutions to be 

superior to the others. The translation search (Table 2.4) revealed three 

dimers (six monomers) in the asymmetric unit. Note: each solution has an 

inverse ( 1 80° rotation) pair in the translation function. These pairs 

correspond to a dimer A--+B, B--+A rotation; either solution is valid. 

Rigid-body refinement of the six monomers using data in the range 1 2-

3 .5  A resolution resulted in an R factor of 0.464 and a correlation 

coefficient of 45 .9% (Table 2 .5) .  Each solution was applied to the search 

model structure and the resultant coordinates generated (Figure 2 .3). 
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Table 2 .3  Solution to the rotation function for Mt-FeSOD at 3 .0  A 
resolution. 

a p X Tx Ty Tz Corr Rfac Solution 

79.33 53 .78 1 95 .4 1 0.0000 0.0000 0.0000 9 .5 0 .0 1 

1 54.00 70.39 94.32 0.0000 0.0000 0.0000 9.5 0.0 2 

76.80 55 . 1 6  1 7 .04 0.0000 0 .0000 0.0000 9. 1 0.0 3 

1 53 .96 67.9 1 274.60 0.0000 0.0000 0.0000 8 .8  0.0 4 

- 1 .50 65.96 1 1 6.37 0.0000 0.0000 0.0000 8 .8  0 .0 5 

357.4 1 63 .61  296 .8 1  0.0000 0.0000 0.0000 8 .5  0 .0 6 

267.25 67 .26 1 20. 1 7  0.0000 0.0000 0.0000 8.3 0.0 7 

244.08 76.79 23 1 .43 0.0000 0.0000 0.0000 8.0 0.0 8 

242 .50 78 . 8 1  5 1 . 83 0.0000 0.0000 0.0000 7 .8  0 .0 9 

1 02 .77 64. 1 2  1 55 .04 0.0000 0.0000 0.0000 7.7 0 .0 10 

265 .80 65. 1 4  300.44 0.0000 0.0000 0.0000 7.6 0 .0 1 1  

1 6 .42 86.24 75.53 0.0000 0.0000 0.0000 7.6 0.0 12 

1 94 .84 5 1 .56 1 84 .44 0.0000 0.0000 0.0000 7.6 0.0 1 3  

303 .26 27.20 1 36 .48 0.0000 0.0000 0.0000 7 .5 0 .0 14 

1 92 .30 52. 1 9  5 .67 0.0000 0.0000 0.0000 7.4 0.0 1 5  

1 6.56 83 .93 254.74 0.0000 0.0000 0.0000 7 .4  0 .0  16  

306.62 83 . 1 8  83 .79 0.0000 0 .0000 0.0000 7 .3  0 .0 1 7  

30 1 .00 26.00 3 1 9 .00 0.0000 0.0000 0.0000 7 .3 0 .0 1 8  

246.65 49.66 220.47 0.0000 0.0000 0.0000 7 .3 0 .0 19 

1 82.66 1 2 . 5 1  1 82 .39 0.0000 0.0000 0.0000 7 .3  0 .0 20 
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Table 2.4.  Solution to the translation function for Mt-FeSOD at 3 .0 A 
resolution. 

Solution 1 

a f3 x Tx Ty Tz Corr Rfac 

265 .80 65 . 1 4 3 00.44 0 .3 1 70 0.0000 0 .3365 1 0.2 56.8 

267.25 67.26 1 20 . 1 7  0 .3 1 85 0.0000 0 .3365 1 0.2 56.6 

9 1 . 8 1  67.47 1 1 0 . 54 0. 1 830  0.0000 0.3 1 25 9.4 57.2 

90.44 65 .5 1 29 1 .00 0 . 1 830  0.0000 0 .3 1 25 9. 1 57.2 

357.4 1 63 .6 1  296.8 1  0 . 1 280 0.0000 0. 1 53 8  9. 1 55.2 

- 1 .50 65 .96 1 1 6 .37 0 . 1 280 0.0000 0. 1 490 8.9 55 .3  

244.08 76 .79 23 1 .43 0.366 1 0.0000 0.0 1 92 6.6 56.8 

242.50 78 . 8 1  5 1 . 83 0.0565 0.0000 0. 1 490 6.3 56.7 

5 1 .95 1 2. 3 1  356.06 0.2842 0.0000 0. 1 346 5.9 57.5 

1 54 .00 70.39 94.32 0 .3333 0.0000 0.22 1 2  5.9 56.7 

278 . 8 1  84.2 1 84.47 0 .3393 0.0000 0.4663 5.5 57.7 

269 .82 90.00 63 .74 0.49 1 1 0.0000 0. 1 202 5 .4 62 .7 

279.43 79 .83 262 .74 0.3423 0.0000 0.4760 5 .4 57.7 

303 .26 27.20 1 36.48 0.0997 0.0000 0.4663 5 .4 57.3 



Solution 2 

a J3 x Tx Ty Tz Corr Rfac 

9 1 . 8 1  67.47 1 1 0 . 54 0. 1 838 0 .70 1 0  0.8 1 1 6  1 8 .4 55. 1 

90.44 65.5 1 29 1 .00 0. 1 840 0.70 1 9  0.8 1 1 4  1 8 .3 55. 1 

357.4 1 63 .6 1  296 .8 1 0.0627 0.0923 0 .5884 1 7 .7 54. 1  

- 1 .50 65.96 1 1 6 .37  0.0627 0.0934 0 .5888 

25 .65 6 1 .96 1 1 1 .67 0.7572 0.6294 0. 1 429 

1 54.00 70.39 94. 32 0. 1 268 0.6 16 1  0 . 8473 

246.65 49.66 220.47 0.2627 0.9929 0.280 1 

1 6.56 83 .93 254.74 0.0576 0.9933 0. 7592 

1 6.42 86.24 75 .53 0.0574 0.9955 0 .76 14  

5 1 .95 1 2 .3 1 356 .06 0.4370 0.6259 0.06 1 8  

1 53 .96 67.9 1 274 .60 0.9287 0.4769 0 .5303 

2 1 .32 48 .40 297 .49 0.6923 0.4 1 64 0.2266 

246.00 5 1 .54 4 1 .03 0.7703 0.7862 0 . 1 470 

242.50 78 . 8 1  5 1 .83 0.7929 0.8300 0.23 14  

1 7 .4 54.2 

1 2 .0 55 .4 

1 1 . 8 55 .4 

1 1 .7 56.0 

1 1 .6 56. 1 

1 1 .6 56. 1 

1 0.8  57.0 

1 0.8  56.4 

1 0.8  56.2 

1 0.8  55 .9 

1 0.7 56.4 

29 



Solution 3 

a X Tx Ty Tz Corr Rfac 

357 .4 1 63 . 6 1  296.8 1 0 .0625 0 .0892 0.5902 25.5 52 .2 

- 1 .50 65.96 1 1 6.37 0 .5626 0 .590 1 0. 5900 24.9 52.4 

1 54 .00 70.39  94.32 0.8467 0.47 1 3  0.5435 1 7 .4 54.6 

1 53 .96 67. 9 1  274 .60 0.2396 0 .2037 0.6 190 1 7 .3 54.3 

265 . 80 65 . 1 4  300.44 0.8 1 78 0.4995 0.3385 1 7 .2 55 .2 

244.08 76.79 23 1 .43 0. 1 993 0 .5493 0.3850 1 7.0 55 .2  

267.25 67.26 1 20. 1 7  0 .8 1 79 0.5000 0.3383 1 7.0 55 . 1 

242.50 78 . 8 1  5 1 . 83 0 . 1 988 0. 5494 0.3852 1 6.9 55 . 1 

79. 33  53 .78  1 95 .4 1  0 .4273 0 .0003 0.9682 1 6.7 54.8 

76.80 55 . 1 6  1 7 .04 0 .0986 0 .62 1 4  0.9856 1 6.7 54.7 

1 6.42 86.24 75 .53 0.5577 0 .4986 0.7673 1 6.6 55 .0  

1 02 .77 64. 1 2  1 55 .04 0 .7923 0.529 1 0. 1 7 1 4  1 5 .9 55 .5  

Table 2 . 5 .  Final solutions for Mt-FeSOD at 3 .0  A resolution. 

a � X Tx Ty Tz Corr Rfac 

270. 1 2  69. 1 3  1 1 8 .90 0 .3 1 89 -0.0044 0.3434 45 .9 46 .4 

9 1 .6 1  68 .57 1 08 .4 1 0. 1 84 1  0.7027 0. 8095 45 .9 46.4 

359 .46 63 .3 1 294.04 0.0624 0.0854 0.5958 45 .9  46.4 
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F igure 2 .3 

Stereo figure of the asymmetric unit of Mt-FeSOD at 3.0 A resolution . 

Canonical (functional) dimers are A (red ) and B (dark green), C (gold ) 

and 0 ( l ight green), and E (blue )  and F (purple). The asymmetric unit 

contains one tetramer and Yz a tetramer, the complete tetramer ABA 'B',  is 

formed by the crystal lographic c2 axis .  

2.5 Refinement 

From the initial truncated model a further round of rigid-body refinement 

and positional xyz refinement with CNS [ BrUnger et al. 1 998] al lowed 

e lectron dens ity maps to be calculated. Subsequent model rebuilding with 

TURBO-FRODO [Roussel & Cambil lau 1 989] revealed most of the 

amino-acid side chains. Crystal lographic simulated-annealing with CNS 

to remove model bias achieved R = 0.3 1 7, Rrree = 0.348 with data in the 

range 50  to 3.0 A resolution. The standard parameters used here and 

elsewhere for simulated annealing include: non-crystallographic 

symmetry (NCS) set to "on", anisotropic bulk-solvent correction applied 

to data in the range 6-2 .6 A, 1 00 steps for initial minimisation, 1 00 steps 

for geometry minimisation, "slow cool" molecular dynamics scheme, 

starting tempemture of 3 500 K, cooling mte of 25 K per step,  1 00 steps 

tor final dynamics, target "MLF", and X-ray weight set to auto. Several 
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rounds of model bui ld ing followed by xyz and grouped B-factor 

refinement brought the R and Rfree to 0.266 and 0 .326 respectively . A total 

of 25 1 water molecules was added with the "water-pick" procedure of 

CNS based on peak heights of 2cr in a 2F0-Fc map. All water molecules 

were xyz-fixed and their B-factors only were refined . W ater molecules 

with poor density or unfavorable protein contacts were deleted. In the 

final cycle of refinement the peptide bond planarity restraint was greatly 

relaxed to al low the peptide bonds to find their minima in the electron 

density. The restraints were gradually retightened to produce the final 

model with individually refined but tightly restrained B-factors. The final 

values for R and Rfree are 0 .255 and 0.295. Considerable attention was 

paid to determining the optimum grouping of monomers for appl ication 

of strict non-crystal lographic symmetry (NCS) restraints. Representative 

electron density, real space R-factors (which define the fit to the electron 

density) are shown in Figures 2 .5  and 2 .6. All refinement cycles had 2 

groups of strict three-fold NCS restraints applied to the whole molecule. 

The RMS deviations for bond lengths and angles are 0.009 A and 1 . 5° 

respectively. A summary of refinement statistics is given in Table 2 .6. 

Other software used: MTZDUMP and MTZUTILS for inspection and 

modification of MTZ fi les, IPDISP for display of image-plate frames, 

HKL VIEW for display of processed data, BA VERAGE for calculat ion of 

average B values, M TZ2V ARIOUS for conversion of fi le formats, 

RASMOL for display of molecules, XLOGGRAPH, PDBSET [CC P4 

1 994 ] ,  LSQMAN [Kleywegt 1 996] for calculation of molecular 

superpositions, MOLEMAN [Kleywegt 1 999] and DAT AMAN 

[Kleywegt & Jones 1 999] for manipulation of coordinate fi les, and 

M APP AGE [Roussel & Cambillau 1 989] for preparation of e lectron 

density maps for TURBO-FRODO. 



Table 2.6. Refinement s tatistics for Aft-FeSOD at 3.0 A resolution. 

Reflections 

Free R factor reflections 

Resolution l imits 

R factor 

Free R factor 

Total number non-H atoms 

Number water molecules 

R.m.s deviations from ideals 

Bond lengths 

Bond angles 

Dihedral angles 

Improper angles 

Average B-factors (A2) 
Main chain 

Side chain 

Water molecules 

Ramachandran plot 

Most favoured (%) 

Allowed (%) 

Generously allowed (%) 

Disallowed (%) 

233 1 9  

1 234 

50-3. 0  A 
0.255  

0.295 

1 0 1 87 

25 1 

0.009 A 

22 .7  

23 .9  

1 6.3  

Figure 2.4 

83 . 5  

1 4 . 8  

1 . 1  

0.6 
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0 

La be led residues are K 1 50, H 1 5 8 and R 1 77 (these outliers are discussed 

in full in section 5.3 ) .  



T U  I'! B C  

Figure 2 .5  

Typ ical electron dens ity (2F0-Fc) around Trp 1 2 1  of  Mt-FeSOD. The 

electron density is contoured at 1 .2 a. 
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Chapter 3 

The structure of Methanobacterium thermoautotrophicum iron 

superoxide dismutase at 2.6 A resolution from crystals grown with 

100 mM NaN3 

3.1 Crystallization. 

The protein used in this crystallization was from the same preparation as 

in Chapter 2. 

Crystals were grown by the hanging drop method at 4°C; each drop 

consisted of 1 J..!L protein (20 mg mL-1 in water) and 1 J..!L of well 

solution. The well solutions contained either 1 00 mM �CH3C02, pH 

5 .5 ,  1 00 mM NaN3, and 20 % PEG 6000, or 1 00 mM �CH3C02, pH 

5 .5 ,  1 00 mM NaN3, and 1 8 % PEG 5000MME,  or 1 00 mM �CH3C02, 

pH 5 .5 ,  1 00 mM NaN3, and 1 5  % PEG 20000. Crystals grew to a size of 

200x1 00x50 microns in approximately three weeks. Crystals grown from 

PEG 6000 were used for data collection. 

3.2 Data collection. 

One crystal of Mt-FeSOD was mounted in a nylon loop, with a 

cryoprotecting solution consisting of the well solution from which the 

crystal was grown and 1 5-25 % glycerol. The crystal was soaked in the 

cryoprotectant for approximately 30-50 seconds then snap frozen in the 

cryo-stream (Oxford Cryosystems). Data were collected on a Rigaku 

RU200 rotating-anode generator running at 1 . 1  kW Cu-Ka, 0. 1 mm 

focus, fitted with an AXCO SPA 50 mono-capillary X-ray optic coupled 
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with a Rigak:u RAxis IIC image-plate detector. X-ray frames were taken 

of the crystal ( 40 minute, 0. 5° oscillation). 

Table 3 . 1 .  Data collection statistics for Mt-FeSOD grown from 1 00 mM 

azide. 

C2 Space group 

Unit cell a =  1 89.28 A a =  90° 

b = 1 1 4 .0 1 A fJ = 94.58° 

Data collection 

Observed reflections 

Unique reflections 

Completeness 

Rmerge on I 

c = 57.98A 

283465 

334 1 8  

88 . 1 % 

0 . 1 22 

Overall //a 7. 1 

Redundancy 8 .4 

a Outermost shell (2 .69 - 2.6 A) 

r= 900 

(88 .8  %t 

(0.342t 

(2 .3t 

(2 .0t 

The cell and orientation matrix were determined by the auto-index 

procedure in DENZO [Otwinoski & Minor 1997] .  The resulting data files 

were scaled and merged together with SCALEPACK [Otwinoski & 
Minor 1 997] .  Unit cell dimensions were averaged over all data. Relevant 

statistics are in Table 3 . 1 .  Measured intensities were converted to 

amplitudes using the program TRUNCATE [CCP4 1 994] . The Rfree set 

from the original structure Ua076) was transferred to the new data set 

with the program DATAMAN [Kleywegt & Jones 1 999] ; the transfer 

ensured that the Rfree data set was unbiased with respect to the original 

model. 
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The previously determined structure with the side chains of residues 

coordinated to the metal truncated to Ala, the metal atom removed and 

water molecules deleted was subjected to rigid body refinement (CNS) 

[Brunger et al. 1 998],  leading to R-factors of R = 0.386 and Rrree = 0.392. 

3 .4 Refinement 

The initial model was refined with simulated-annealing (CNS) to remove 

model bias and achieved R = 0.329 and Rrree = 0.370 with data in the 

resolution range 50 to 3 .0  A. The F0-Fc map showed no density for the 

active site metal ion or coordinated water. Strict six-fold NCS constraints 

were applied. A summary of refinement statistics is given in Table 3 .2 .  

Figure 3 . 1  shows the active site electron density after the active site 

amino acid residues have been built. There is no new density for the 

active site metal in the electron density; it is therefore concluded that the 

N3- has removed the metal from the active site. The structure was 

abandoned at this point. 

Other software used: MTZDUMP and MTZUTILS for inspection and 

modification of MTZ files, IPDISP for display of image-plate frames, 

HKL VIEW for display of processed data, BA VERAGE for calculation of 

average B values, MTZ2V ARIOUS for conversion of file formats, 

RASMOL for display of molecules, XLOGGRAPH, PDBSET [CCP4 

1 994], LSQMAN [Kleywegt 1 996] for calculation of molecular 

superpositions, MOLEMAN [Kleywegt 1 999] and DAT AMAN 

[Kleywegt & Jones 1 999] for manipulation of coordinate and data files, 
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and MAPP AGE [Roussel & Cambillau 1 989] for preparation of electron 

density maps for TURBO-FRODO. 

Table 3 .2 .  Refinement statistics for Mt-FeSOD grown from 1 00 mM 

azide 

Reflections 333 14  

Free R factor reflections 1 663 

Resolution limits 50-2 .6 A 
R factor 0.329 

Free R factor 0.340 

Total number non-H atoms 9930  

Number water molecules 0 
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Chapter 4 

The structure of M ethanobacterium thermoautotrophicum iron 

superoxide dismutase at 2.6 A resolution, crystals grown from a 

solution containing 20 mM NaN3 and 5 mM FeCh 

4. 1 Crystallization. 

The protein  used in this crystall ization was from the same preparation as 

in chapter 2 .  

Crystals were grown by  the hanging drop method at 4°C ;  each drop 

consisted of 1 1-1L protein (20 mg mL- 1 in water) and 1 J.lL of wel l  

solution. The well solutions contained either 1 00 mM NH4CH3C02, pH 

5 . 5 ,  20 mM NaN3, 5 mM FeCb, and 20 % PEG 6000, or  1 00 mM 

N H4CH3C02, pH 5 . 5 ,  20 mM NaN3, 5 mM FeCb ,  and 18  °/o PEG 

5 000MM E .  Crystals grew to a size of 200x l 00x50 
. . 

mtcrons m 

approximately three weeks. Crystals grown from PEG 6000 were used for 

data collection. 

4.2 Data collection. 

A single crystal of Mt-FeSOD was mounted in a nylon loop, w ith a 

cryoprotecting solution consisting of the well sol ution from which the 

crystal was grown and 1 5-25 o/o glycerol .  The crystal was soaked in the 

cryoprotectant for approximately 30-50 seconds then snap frozen in the 

cryo-stream (Oxford Cryosystems) . Data were collected o n  a Rigaku 

RU200 rotating-anode generator running at 1 . 1  kW Cu-Ka, 0 . 1 mm 

focus, fitted with an AXCO SPA 50 mono-capillary X-ray optic coupled 
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with a Rigaku RA.xis IIC image-plate detector. X-ray frames were taken 

of the crystal (30 minute, 0.5° oscillation). 

Table 4. 1 .  Data collection statistics for Mt-FeSOD at 2.6 A resolution. 

Space group C2 

Unit cell a =  1 87.62 A a =  90° 

b = 1 1 4.08A f3 =  94.95° 

c = 58 .09 A r= 900 

Data collection 

Observed reflections 32099 1 

Unique reflections 34876 

Completeness 92 .9 % (93.2 %t 

Rmerge on I 0. 1 28 (0.547t 

Overall flu 7.25 ( 1 .7t 

Wilson B (A2) 34.925 

Redundancy 9.2 (3 .0t 

a Outermost shell (2 .69 - 2.60 A) 

The cell and orientation matrix were determined by the auto-index 

procedure in DENZO [Otwinoski & Minor 1 997] . The resulting data files 

were scaled and merged together with SCALEP ACK [Otwinoski & 
Minor 1 997] . Unit cell dimensions were averaged over all data. Measured 

intensities were converted to amplitudes using the program TRUNCATE 

[CCP4 1 994] .  The R&ee set from the original structure (ja076) was 

transferred to the new data set with the program DAT AMAN [Kleywegt 

& Jones 1 999] to ensure that the Rfree data set was unbiased with respect 

to the original model. As the resolution of the new data set was higher 

than the old set, the R&ee set was completed by random assignment of 5% 
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of the outermost shells to the Rfree set. Relevant data collection statistics 

are in Table 4. 1 .  

4.3 Solution 

The previously determined structure with the side chains of residues 

coordinated to the metal truncated to Ala, the metal atom removed and 

water molecules deleted was subjected to rigid body refinement (CNS) 

[Brunger et al. 1 998], leading to R-factors of R = 0.279 and Rfree = 0.28 1 .  

4.4 Refinement 

The model was rebuilt with TURBO-FRODO [Roussel & Cambillau 

1 989] Then simulated-annealing (as described in chapter 2) with CNS 

achieved R = 0.249, Rfree = 0.256 with data in the resolution range 50 to 

2 .6 A. Several rounds of model building followed by xyz and individual 

B-factor refinement brought the R and Rfree to 0 .240 and 0.25 1 

respectively. A total of 360 water molecules was added with the "water­

pick" procedure of CNS based on peak heights of 2cr in a 2F0-Fc map. All 

water molecules were .xyz-fixed and B-factors only were refined. Water 

molecules with poor density or unfavourable protein contacts were 

deleted. In the final cycle of refinement the peptide pond planarity 

restraint was greatly relaxed to allow the peptide bonds to find their 

minima in the electron density. The final model with individually refined 

but tightly restrained B-factors brought R and Rfree to values of 0.22 1 and 

0.235 .  During all stages of refinement, high-energy six-fold NCS 

restraints were applied to the positional and thermal parameters of main 

chain atoms, and low-energy six-fold NCS restraints were similarly 

applied to the side chain atoms. The form of the restraint was 
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where Xij is the parameter I in molecule j ,  <xi> is the mean parameter after 

superposition of the NCS-related molecules (here NCS=6), and wi is the 

weight applied. 

Representative electron density and real space R-factors are shown in 

Figures 4.2 and 4.3 ,  respectively. The RMS deviations for bond lengths 

and angles are 0.008 A and 0.9° respectively. A summary of refmement 

statistics is given in Table 4.2. 

Other software used: MTZDUMP and MTZUTILS for inspection and 

modification of MTZ files, IPDISP for display of image-plate frames, 

HKL VIEW for display of processed data, BA VERAGE for calculation of 

average B values, MTZ2V ARIOUS for conversion of data file formats, 

RASMOL for display of molecules, XLOGGRAPH, PDBSET [CCP4 

1 994 ] ,  LSQMAN [Kleywegt 1 996] for calculation of molecular 

superpositions, MOLEMAN [Kleywegt 1 999] and DATAMAN 

[Kleywegt & Jones 1 999] for manipulation of coordinate and data files, 

and MAPPAGE [Roussel & Cambillau 1 989] for preparation of electron 

density maps for TURBO-FRODO. 



Table 4.2 .  Refinement statistics for Mt-FeSOD at 2.6 A resolution. 

Reflections 

Free R factor reflections 

Resolution limits 

R factor 

Free R factor 

Total number non-H atoms 

Number water molecules 

R.m.s deviations from ideals 

Bond lengths 

Bond angles 

Dihedral angles 

Improper angles 

Average B-factors (A2) 
Main chain 

Side chain 

Water molecules 

Ramachandran plot 

Most favoured (%) 

Allowed (%) 

Generously allowed (%) 

Disallowed (%) 

33 1 07 

1 769 

50-2.6  A 
0.22 1 

0.235 

1 0404 

360 

0.008 A 
0.96° 

2 1 .6° 

0.7° 

24.9 

26. 8  

28.0 

Figure 4. 1 

87.8 

1 0.6 

1 .7 

0.0 
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Labelled residues are K 1 50,  H 1 5 8 and R 1 77 (these outliers are discussed 

in ful l  in section 5 . 3 ) . Glycines are shown as triangles. 
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Real space R-factors per residue for Mt-FeSOD at 2.6 A resolution, 

covering chains A-F and water molecules. 
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Figure 4.3 

Typical electron dens ity (2F0-Fc) around the active s i te of Mt-FeSOD. 

The electron dens ity is  contoured at 1 .2 a (dark blue ) and 3 .0  a ( l ight 

b lue) .  

The iron atom is shown as an orange sphere and the coordinated solvent 

species as a smaller red sphere. 



Chapter 5 

Results and Discussion 

5. 1 Structure determinations of Mt-FeSOD 

50 

Several challenges were overcome to successfully complete the structure 

of Mt-FeSOD. Crystal l ization of the protein proved to be difficult due to 

sl ight inhomogeneity of the protein sample. A lthough the prote in was 

homogenous by SDS-PAGE, by reverse phase (C 1 8  Phonominix Jupiter, 

l inear gradient ( 60 Min . )  H20 0. 1 %  TFA - Acetonitrile 0.08o/o TF A) 

HPLC a smal l amount of suspected denatured material was detected .  This 

material could not be removed by e ither anion exchange chromatography 

nor by hydrophobic interaction chromatography. Therefore, the protein 

sample had to be used as-is .  After a number of attempts a suitable 

crystall ization condition at low temperature was found. However, only 

small crystals could be grown. These smal l  crystals were extremely 

sensitive to X-rays. The first crystals trialed in the X-ray beam lasted less 

than three hours, and diffracted poorly to approximately 8 A resolution. 

Further crystall ization trials with sodium acetate as the buffer were 

undertaken. These crystals d iffracted to h igher resolution. The resolution 

achieved and data col lection quality were aided greatly by an upgrade to 

the X-ray optics, in w hich a toroidal glass cap il lary optic was installed. 

This optic produces a very small (0. 1 mm), intense, highly coll imated 

beam of X-rays. The crystals were stil l  very sensitive to X-rays and 

suffered free radical damage within twenty-four hours. The very intense, 

small beam allowed faster collection times, which maximised the amount 

of data collected before the crystal was destroyed (Chapter 2). After the 

original model was refined, crystall izations were undertaken to eo-
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crystallize Mt-FeSOD with azide so we had a more complete picture of 

the biophysical properties associated with azide insensitivity. 

Crystallizations with 1 00 mM NaN3 yielded crystals that diffracted to 

higher resolution (2 .6 A), and no longer showed sensitivity to X-ray 

radiation. This was found to be due to the total removal of the metal from 

the active site. Therefore, in the absence of metal there was source from 

which electrons could be stripped to produce radical species . It became 

apparent that the equilibrium constant for the iron azide complex 

(Fe(OH2)5(N3)2+) in solution (K1 � 1 05) [Neves & De Andrade 1 986; 

Avsar 1 980], was higher than the binding constant for the metal to the 

protein (Chapter 3), and that the metal was labile on the time scale of 

crystal growth (several weeks). To counteract this equilibrium, a third set 

of crystallizations was undertaken with 20 mM NaN3 and 5 mM FeCh. 

These crystals also diffracted to 2.6 A resolution, and showed little 

sensitivity to X-rays . Fortunately the reasons for the improved diffraction 

and lack of sensitivity toward the X-rays was the exact opposite of the 

previous data collection. Now the active site was completely metalated 

(Chapter 4). The homogeneity of the active site reduced the susceptibility 

toward X-rays perhaps by having the normal redox recovery pathways for 

the enzyme, facilitated by metal-metal communication across the 

canonical dimer interface still available (Section 1 . 8 The superoxide 

dismutase cycle). Azide was not bound, consistent with prior observations 

that azide does not bind [Takao 1 990] . Careful comparison of the Mt­

FeSOD structure with the Fe-SOD-azide and Mn-SOD-azide structures, 

detailed later, showed that steric crowding around the active site is 

responsible for the very low azide affmity, which is unusual for FeSODs. 

The last data set proved to contain excellent data and a well-defined 

model resulted. 

Funding for this project was provided in part by a Marsden grant. 



5.2 Description of the asymmetric unit 
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The asymmetric unit contains six monomers. Four of the six subunits in 

the asymmetric unit (C, D,  E, and F) form a tight tetramer with 222 NCS 

symmetry. The remaining two subunits (A and B) form a dimer (the 

canonical dimer formed in, for example, the dimeric MnSOD from E. coli 

[Edwards et al. 1 998]). This dimer forms a tetramer (similar to the CDEF 

tetramer) about a crystallographic two-fold axis. The CDEF tetramer 

superimposes on the ABA'B' with an RMS difference of 0. 1 74 A. The 

AB dimer superimposes on the CD dimer, and on the EF dimer with RMS 

deviations of 0. 1 1 A and 0. 1 2  A, respectively. 

5.3 Quality of the model 

The 2F0-Fc map, contoured at 1 a level, is well defined across all subunits 

of the asymmetric unit. Final F0-Fc maps showed few uninterpretable 

holes or peaks in the electron density. The six-fold NCS restraints yield 

substantial improvements to electron density maps, effectively giving 3 .  0 

A resolution maps a 2.4 A resolution appearance (Figure 4.3) .  This is 

achieved by a reduction in the number of parameters being refined. As 

each monomer is tightly restrained to be the same as the other monomers, 

this effectively means only one monomer is being refined. When electron 

density maps are being calculated the map is averaged over all six 

subunits, which improves the appearance of the map. The final values for 

R and Rfree, are acceptable when considered in terms of the NCS and 

resolution of the data. The Ramachandran plot [Ramachandran & 
Sasisekharan 1 968] showed 87.8% of the residues in the most favoured 

regions, as defined by PROCHECK [CCP4 1 994] . Three residues (Lys 
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1 50, His 1 58 and Arg 1 78) lie near or just outside the border separating 

the generously allowed from the disallowed regions . Typical of other Fe 

and MnSOD structures, Lys 1 50 is the residue immediately prior to the 

residue whose side chain hydrogen-bonds to the coordinated solvent 

species. Arg 1 78 is similarly structurally conserved and Ramachandranly 

unfavoured in other Fe and MnSOD structures. His 1 58, as described in 

the next section, forms part of the dimer-dimer interface, as also do Lys 

1 50 and Arg 1 78 .  

5.4 Overall structure 

Mt-FeSOD has a classical Mn!Fe SOD secondary and tertiary structure, 

as shown in Figure 5 . 1 ,  where Mt-FeSOD is superimposed on the 

mesophilic E. coli FeSOD structure (Ec-FeSOD, PDB ID: 1 isa) [Lah et 

al. 1 995] .  The dimeric quaternary structure of Ec-FeSOD and other 

Mn/Fe SODs is also conserved in Mt-FeSOD. Among structurally 

characterised Mn/Fe SODs, Mt-FeSOD is most closely similar in primary, 

secondary, tertiary and homotetrameric quaternary structure to the 

FeSODs from S. solfataricus (PDB ID: 1 sss) [Ursby et al. 1 999], and S. 
acidocaldarius (PDB ID: 1 b06) [Knapp et al. 1 999] . In comparison to 

the dimeric Ec-FeSOD, Mt-FeSOD has a two-and-a-half turn extension at 

the C-terminal end of helix a1  and a one-turn extension at the N-terminal 

end of helix a2. The C-terminal extension of helix a l  is common to all 

tetrameric Fe/MnSODs, both thermophilic and mesophilic, with the 

exception of the mitochondrial MnSOD [Borgstahl et al. 1 992], which 

adopts an alternative tetrameric association. The extension of helix a2, on 

the other hand, appears to be common only to Fe and Mn SODs from 

thermophiles and hyperthermophiles. Tnese extensions to helices a l  and 

a2 remove the loop-a-loop motif, which is common to the mesophilic 
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SODs. The loop-a-loop motif blocks the tetramerization site in these 

SODs. The other main point of difference between the tertiary structures 

of thermophilic and mesophilic SODs occurs in the extended loop 

between f32 and f33, which lacks a single helical turn in Mt-FeSOD. This 

loop, which is rather variable in sequence and structure among Fe and Mn 

SODs, forms part of the hydrophobic region of the dimer-dimer interface. 

From f33  to the C-terminus the tertiary structure is very well conserved 

among all Fe and Mn SODs (Figure 5 . 1 ) . 

The Ramachandranly unfavoured Lys 1 50, which has phi � 45° and psi � 

- 1 35°, is the first residue of an extremely tight two-residue hairpin turn, 

which accommodates His 1 5 1 ,  one of the outer sphere residues. His 1 5 1  

makes a number of hydrogen bonds to active site ligands and other outer­

sphere residues, the most important being to the active-site solvent­

derived species (H1 5 1_CE1 -WAT205_0 (2. 94A)). In Mt-FeSOD, unlike 

other Fe and MnSODs, the peptide following this tight turn hydrogen­

bonds back to the C-terminal end of the f32 strand. Lys 1 50 also makes up 

part of the dimer-dimer interface, whereby K1 50 _NZ makes a bifurcated 

salt bridge with E 1 49 _ OE 1 and E 1 49 _ OE2 (across the crystallographic 

two-fold axis for the AB dimer) . E 1 49_0 makes a bifurcated hydrogen 

bond to N 1 52_N and also to Y 1 53_N, as part of this hairpin f3-turn. 

K 1 50 _ N makes a hydrogen bond to S 1 29 _ 0; this association locks the f3 

hairpin turn down onto the rest of the protein. The above hydrogen­

bonding network constitutes a new motif for this region of the SOD 

structure. The equivalent residue to Lys 1 50 in Ec-FeSOD [Lah et al. 

1 995]), Asn 1 40, has a similar disallowed Ramachandran conformation; 

however, the hydrogen bonding network for this residue is different, as 

there is not a tight turn associated with this residue. K 1 50 0 makes a 

hydrogen bond with W 1 3 1 _NE1 ,  one of the conserved outer sphere 
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tryptophan residues. W 1 3 1 _NE I itself has a bifurcated hydrogen-bonding 

environment, also hydrogen bonding to H 1 5 1 _ND L which hydrogen 

bonds to the coordinated so lvent spec ies through atom H 1 5 1 _ CE 1 .  This is 

a non-c lass ical hydrogen bond and wil l  be discussed in section 5 .6. This 

an·angement at W 1 3 1 _NE 1 is a conserved feature of Fe and MnSODs, 

with the equivalent residues in Ec-FeSOD forming a simi lar network .  

His 1 5 8 fal ls in the generously allmved reg1on of the reverse a-helix 

conformation of Ramachandran space.  His 1 5 8 is a surface residue. which 

through atoms H 1 5 8_N D I and H 1 58_ 0 makes hydrogen bonds across 

the dimer interface with R 1 60 NH I and R 1 60 NH2.  In other Fe and - -

M nSOD structures the residue equivalent His 1 5 8 fal l s in the al lmved 

regions ofthe Ramachandran plot. 

Arg 1 77 fal ls into the disal lowed region of the Ramachandran plot ( phi � 

45° .  psi � - 1 35° ) . Arg 1 77 is the C-terminal residue of the a6 he l ix in the 

C-tenn inal a-� region o f  the te11 iary structure. Arg 1 77 fonns a tight turn 

and has some unusual interactions:  R 1 77 0 makes a n interaction with 

the phenyl moiety of Tyr 1 73 .  Structural ly equivalent residues in both Fe 

and M nSODs also fall into a simi lar ' "forbidden"' region of the 

Ramachandran plot. 
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Figure 5 . 1  

Structural alignment of an E. coli Fe SOD ( 1  isa) monomer (BLUE), and 

Mt-FeSOD monomer (RED). Note the extended helices a 1 and a2 in 

Mt-FeSOD which removes the loop-a- loop motif which blocks  the 

tetramerization site in Ec-FeSOD 
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5.5 Surface properties 

The surface of the protein is almost entirely negatively charged, with only 

a few positively charged spots, and almost no aliphatic patches. This is 

unusual for Mn or Fe SODs, as most SODs have a somewhat mottled 

surface charge density of positive and negative charges and aliphatic 

patches. The high charge density of Mt-FeSOD is also evident in the pi of 

the protein (pi = 5 .2) whereas most SODs have a pi that is above 7 .0 .  

This negatively charged exterior may offer protection to the protein from 

non-specific chemical or enzymatic attack, as the high negative charge 

density could repel the attacking species. 

Mt-FeSOD has a smaller than usual interface between the subunits that 

form the functional dimer. This interface has a surface area of �560 A 2, 
which corresponds to only 6.3% of the protein surface as measured with 

GRASP [Nicholls et al. 1 99 1 ] . Eubacterial Fe and Mn SODs more 

typically have corresponding dimer interfaces constituting � 1 0% of the 

total surface area [Lab et a l. 1 995] .  The functional dimer has two buried 

salt bridges. The first, H 1 70A-E 1 69B, is a highly conserved feature of the 

functional dimer in all Fe and Mn SODs. Indeed, in only four putative Fe 

or Mn SODs out of more than 200 sequences is a residue other than 

glutamate seen at the position equivalent to E 1 69 :  Oryza saliva (Rice) 

(SwissProt entry: Q9SNQO, E-?Q and Q9LWS3, E-? S), 

Schizosaccharomyces pombe (Fission yeast) (0429 1 9, E-?N and 

074379, E-?Q). This salt bridge may facilitate redox communication 

between the active sites in the functional dimer [Edwards et a l. 1 998] .  

The other salt bridge, E l 27 A-K l 50B is  remote from active site and 

appears to provide stabilization only. Lastly there is an interdimer 

hydrogen bond H36A-Y l 73B which is a well-conserved structural feature 

in other SODs. Disruption of this hydrogen bond by mutation of either 
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residue has been shown to  greatly affect the enzyme activity and/or the 

dimer interface [Edwards et al. 200 1 ] .  The dimer-dimer interface for Mt­

FeSOD has five salt bridges :  R 1 42-D52, R55-E 1 1 8, E69-K64, K64-E1 27, 

E 1 27-K68 and a hydrogen bond C 1 37-Y8. Each of these bonding pairs is 

present four times in the dimer-dimer interface .  These interactions 

contribute to a much larger 855 A2 hydrophobic contact zone per 

monomer. The total surface area buried is 560 + 855 = 1 4 1 5A2, with a 

total buried area of 5660A2 per tetramer. As shown in Figure 5 .2, the 

tetramer unit is essentially a square box of protein with the substrate 

access funnels being the only major invaginations of the surface. This 

compact design and large hydrophobic interface affords the tetrameric 

protein its thermal stability. 
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I 

Figure 5 .2 

Orthogonal v iews of the electrostatic potential of Mt-FeSOD, the colours 

are contoured at + 1 5  (blue, positive) to - 1 5  kT (red, negative) .  The 

substrate access funnels are arrowed. This figure was produced with 

G RASP [N icholls et al. 1 99 1 ]  

5.6 Active site and its outer sphere 

The active site and outer sphere regions of all twelve Fe and Mn SODs 

that have been structurally characterised to date, including Mt-FeSOD 

( Figure 5 .3 ), are c losely isostructural. The Fe (or Mn) center is  in a 

distorted trigonal bipyramidal geometry with His80 _ NE2, His _ 1 70 _ NE2 

and Asp 1 66_0D2 forming the trigonal plane, and His32_NE2 and a 

coordinated solvent species (here labeled HOH205) forming the trigonal 

aXIS. 

The coordinated solvent species, generally assumed to be hydroxide, at 

least in the Mm form of the SOD, forms a non-classical C-H . . .  OH 

hydrogen bond with His 1 5 1  (His 1 5 1 _CE l . . .  HOH205 , 3 . 1  A). Atom 

NE2 of His 1 5 1  hydrogen bonds to Tyr40 _OH, but with poor geometry 
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(Y40 OH . . .  H 1 5 1  NE2, 3 . 3  A; Y40_CZ-Y40_0H . . .  NE2_H 1 5 1 ,  7 1 °) .  

Atom ND 1 of His 1 5 1  hydrogen bonds to Trp 1 3  1 w ith good geometry 

(H1 5 l_ND 1 . . .  NE I _  W 1 3 1 ,  3 .0 A· ' H 1 5 1  ND I .  . .  NE 1 W 1 3 1-

CD2 _ W 1 3 1 ,  1 3  9°) .  I n  most M nSO Ds, glutamine, rather than histidine, 

hydrogen bonds through the NE2 amine moiety to the coordinated solvent 

species and to the structural equivalent of Tyr 40. The carbonyl moiety, 

OE 1 ,  of the glutamine hydrogen bonds to the structural equivalent of  Trp 

1 3 1 .  Tyrosine at position 40 is  very strongly conserved across all M n  and 

Fe SODs, w ith exceptions found for the probable SODs from Borrelia 

burgdorferi (SODM _ BORBU, Y �F), Alcaligenes eutrophus (Ralstonia 

eutropha) and Ralstonia metallidurans (SODM _ALCEU and CAC424 1 2, 

Y -7 A) and Agaricus bisporus (Common mushroom) (SODM _ AGABI,  

Y -7 L),  and putative SODs from Schizosaccharomyces pombe (0429 1 9, 

Y -7 V and 074379, Y � L) [Altschul et al. 1 997;  Bairoch & Apweiler 

2000]. Tryptophan at position 1 3 1  is also close to being absolutely 

conserved across al l  M n  and Fe SODs: exceptions are found for probable 

superoxide dismutases from Trypanosoma cruzi (Q2779 1 and 00261 6, 

W � L) and from pea (SODM_PEA, four-residue deletion) [Altschul et al. 

1 997;  Bairoch & Apweiler 2000]. 
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Figure 5.3 
Stereo diagram of the active site and outer-sphere of Mt-FeSOD. Note the 

hydrogen-bonding network (GREEN )  around H l 5 1  and the distorted 

trigonal bipyramidal geometry of the iron (yel low) 

5. 7 Peroxide resistance 

Typical ly FeSODs, but not MnSODs, are rapidly and iiTevers ib ly 

inactivated by the presence of sub-mi l l imolar concentrations of hydrogen 

peroxide, one of the products of superoxide dismutation [Gregory & 
Dapper 1 980; Asada et al. 1 97 5 ;  Yamakura & Suzuki 1 986] .  The FeSOD 

from E. coli can be used as a model  for a peroxide-sensitive FeSO D and 

the MnSOD from E. coli as the model for a peroxide-insensit ive M nSOD. 

Fenton chemistry (Figure 5 .4) at the active-site metal is be l ieved to 

produce the reactive species, but the propagation of those reactive species 

is, in this case, a more important factor. Discussions of peroxide 

sensitivity have identified a surface tryptophan residue (equivalent to Trp 

7 1  in Ec-FeSOD) [Beyer & Fridovich 1 987] ,  which is conserved across 

some eubacterial FeSODs, including a l l  structurally c haracterized 

FeSODs, but typically is not present in MnSODs [Parker & Blake 1 988] . 

For the FeSODs from E. coli and Ps. ovalis, H202-induced loss of  activity 
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is associated with damage to tryptophan residues near the metal site, Trp 

1 22 and Trp 1 5 8 in the Ec-FeSOD numbering scheme. Trp 1 22 is buried, 

and although Trp 1 5 8 is partly solvent-exposed, Trp 1 5 8 l ies at the base 

of the s ubstrate-access funnel and is part of the dimer interface. As a 

consequence, Trp 1 5 8 is not accessible to intermol ecular contact by 

FeSOD molecules. However, in Ec-FeSOD and other H20rsensitive 

FeSODs, Trp 1 22 forms part of a potential radical cascade that extends 

from the active site to the exposed accessible surface of the protein, 

where radicals can be passed on intermolecularly to other SOD 

molecules.  This cascade involves Trp 1 22 ,  which l ies in c lose proximity 

( �4 A) of the metal and is in hydrogen-bonding contact via Q69 (His 1 45 

in some species) with the coordinated solvent species. Trp 1 22 is also in 

c lose c ontact with Trp 1 24 (W 1 24_NE l .  . .  CB_ W 1 22, 3 . 5  A). In turn, Trp 

1 24 is in  c lose proximity to the surface-exposed tryptophan, Trp 7 1  

( W 7 1 _CZ3 . . .  CZ3_ W 1 24, 4 .3  A). W ith a small torsional twist about the 

CA-C B bond of Trp 7 1 ,  this contact can be reduced to �3 . 0  A. Table 5 . 1 

summarizes for a range of Fe and M n  SODs the residues of  this putative 

radical cascade, and peroxide sensitivity of these SODs. 

Figure 5 . 4  

Fenton chemistry. 

A reaction to produce the hydroxyl radical . 
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Fe_E c :  FeSOD fi·om Escherichia coli; PDB I D :  1 isa [Beyer & Fridovich 

1 986; Lah et al. 1 995]  

Fe_ Tpyr: FeSOD from Tetrahymena pyriformis; [Barra et al. 1 990] 

Fe_Ssol : FeSOD from Sulfolobus solfataricus; P D B  I D :  1 sss [Ursby et al. 

1 999; Yamano et al. 1 999; Dello Russo et al. 1 997] 

Fe_Mtub : FeSOD from Mycobacterium tuberculosis; P D B  I D :  l ids 

[Kusunose et al. 1 976; Kang et  al. 1 998;  Cooper et al. 1 995 ] 

Fe_ Apyr: Fe SOD from Aquifex pyrophilus; PDB I D :  1 coj [Lim et al. 

1 997]  

Fe_Mthe: Mt-FeSOD; This work 
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F e_Psher: C ambialistic SOD from Propionibacterium freudenreichii 

shermanii [Schmidt et  al. 1 996; M eier et al. 1 994b; M eier et al. 1 998] 

V73 W: M utant of the cambialistic SOD from Propionibacterium 

freudenreichii shermanii [Gabbianel l i  et al. 1 997] 

Fe_Bgin: Cambialistic SOD from Porphyromonas (Bacteroides) 

gingivalis [Hiraoka et al. 2000] 

M n  E c :  M nSOD from Escherichia coli; PDB ID: 1 vew [Edwards et al. 

1 998;  Keele et al. 1 968 ;  Ose et al. 1 976; Misra et al. 1 978] 

M n_B ste : M n SOD from Bacillus stearothermophilus ; PDB ID:  not 

deposited [Yamakura et al. 1 995 ; B rock et al. 1 977;  M cAdam et al. 1 977] 

Unusually, the activity of Jtft-FeSOD is relatively unaffected by the 

presence of hydrogen peroxide [Takao et al. 1 99 1 ] , but Mt-FeSOD, as 

previously discussed, has an M nSOD-like primary structure, and 

correspondingly, the res idues at the pos itions e quivalent to Trp 7 1  and 

Trp 1 24 are both valines, Val 78 and Val 1 3 3 .  S imilar behav ior i s  

exhibited b y  the FeSODs from S. meliloti and Pr. shermanii, which are 

also m issing at least one tryptop han from the radical c ascade. The 

presence of valines instead of tryptophans m Mt-FeSOD has two 

consequences:  firstly valine IS an aliphatic amino-acid and is not 

p artic ul arly reactive toward radical attack, and, secondly , valine is 

considerably smaller then tryptophan, and therefore, the c losest approach 

of the two valine residues is 8 .8  A, thus providing no pathway for radical 

species to escape the immediate vicinity of the active site (Figure 5 .4 ). 

The V73 W m utant of  the FeSOD from Pr. shermanii shows much greater 

sensit ivity to H202 than does the wild-type enzyme, consistent with the 

rol e  o f  this residue, equivalent to Trp 7 1  of Ec-FeSOD, in the radical 

c ascade. 
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Figure 5.4 

Structural al ignment of the E. coli FeSOD ( 1 isa) radical cascade (BLUE), 

and Mt-FeSOD (ORANGE). Note the absence in Mt-FeSOD of the last 

two l inks in the tryptophan radical cascade of Ec-FeSOD, from the active 

site to the protein surface. 

Why, then, are the FeSODs from Tetrahymena pyriformis, S. solfataricus, 

M tuberculosis, A. pyrophilus, P. (Bacteroides) gingivalis, Bacteroides 

fragilis and Streptococcus mutans, which all lack tryptophan at the 

position equivalent to Trp 7 1  of Ec-FeSOD, sti l l  susceptible to H202? 

Model build ing and study of the available structures have shown that 

there may be alternative radical cascades that would allow the 

propagation of the radicai species to the surface of the protein. These 
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cascades involve tyrosine and tryptophan [Adams et al. 2002](F igure 5 . 5  

and 5 .6).  

Figure 5 . 5  Figure 5 .6 

Radical cascade (green) for FeSOD Radical cascade (green) for FeSOD 

from A. pyrophilus from Sulfolobus acidocaldarius 

All  Trp and Tyr residues are shown in space fi l l ing mode and the active­

s ite metal ion is shown in purple. Residues shown in green form putative 

alternative radical cascades from the active s ite to the surface  of the 

protein.  

Other explanations of peroxide sensitivity or insensitivity have focused 

on the redox tuning at the active s ite [Santos et al. 1 999; Yamakura et al. 

1 998] .  The measured redox potentials of Fe and Mn SODs have been 

shown to be almost identical in the rest ing state [Vance & M il ler 1 998; 

Barrette et al. 1 983 ; Leveque et al. 200 1 ] . There is no thermodynamic 

reason why M n-SOD should not undergo Fenton chemistry. However, 

there are no reported examples of M n  enzymes being involved in Fenton 

chemistry .  O ne explanation for this may be found in the superoxide 

reduction step of the SOD cycle (Species 3 -4- 1 or species 3- 1 ,  F igure 1 .6, 

Chapter 1 ) ,  where M n-SODs have been shown to proceed by an inner­

sphere mechanism at high substrate loadings (ie. The superoxide 

reduction reaction is less labi le and substrate inhibit ion can occur) [Heam 
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et al. 200 1 ; McAdam et al. 1 977; Pick et al. 1 97 4 ] .  F e-SO D on the other 

hand does not appear to undergo substrate inhibition; therefore, the 

reaction only proceeds via the "outer sphere" concerted mechanism 

[McAdam et al. 1 977; Bull & Fee 1 985] .  This implies that the electrons 

on the Fe center are more labile. With higher e lectron lability, Fenton 

chemistry may proceed more readily [Adams et al. 2002].  This Is 

demonstrated by the cambialistic SOD from B. gingivalis, which Is 

peroxide-insensitive with Mn at the active site and peroxide-sensitive 

with Fe at the active site [Hiraoka et al. 2000] . 

5.8 Azide resistance 

Azide (N 3 ·) is a competitive inhibitor of many iron superoxide 

dismutases' activity, with 50% inhibition occurrirtg at concentrations of 5 

mM azide or less. MnSODs on the other hand are only slightly inhibited 

by azide, with 50% inhibition requiring concentrations of more than 20 

mM azide. Mt-FeSOD has a weak MnSOD-like response to azide [Takao 

et al. 1 99 1 ] . 

In the FeSOD/azide structures (from E. coli ( l isc) [Lah et al. 1 995] and 

Pr. shermanii ( 1  avm) [Schmidt et al. 1 997]), azide binds to the active site 

in the sixth and vacant coordination site, with N 1  interacting with the 

metal (N 1 -Fe 2 . 1 A), and N2 and N3 interacting with the n cloud of His 

73 (a ligand histidine) (N2-, N3-His 2.3-3 . 5A). N3 also interacts with 

H3 1 N  (3 .04A), but with very poor geometry for a hydrogen bond. In the 

!\1nSOD/azide structurally characterised (T. thermophilus ( l mng)[Lah et 

al. 1 995]), azide binds in a different way. N 1  interacts with the metal, and 
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binds in the same position as m FeSOD. However N2 and N3 are 

positioned 90° with respect to N2 and N3 in FeSOD/azide structures .  N2 

does not interact with the protein, and N3 makes a hydrogen bond with 

Y36_0H (2.60A) (isostructural to Y34 in Ec-FeSOD)(Figure 5 .7A). As 

described in section 5 .5 ,  eubacterial FeSODs and MnSODs have one 

important difference in the active-site environment: the position of the 

residue that hydrogen bonds to the outer-sphere tyrosine. Geometrically 

this difference affects the angle that the hydrogen of Y34 _OH makes with 

the arene ring of Y34. In FeSOD, where Q69 _ NE2 makes a hydrogen 

bond (3 .0 A) with Y34_ OH, the hydrogen-bond is perpendicular to the 

arene ring. In MnSOD, Q l 46_NE2 makes the hydrogen bond with 

Y34 _ 0 H (3 . 0 A), and this hydrogen bond is almost parallel with the 

arene ring. This has the effect of making slightly more room in the 

vicinity of Y34, allowing enough space to accommodate the N3 of the 

azide. Moreover, it also improves the geometry of the Y34_ OH for 

hydrogen bonding to N3 . These interactions are less strong than the re 

interaction that azide makes in FeSOD, and, hence, are consistent with 

the lower affinity with which azide binds to MnSODs. MnSOD does not 

bind azide in the pocket where FeSOD does due to steric interactions 

between the azide N3 and H32 _CB.  Modelling azide binding to Mt­

FeSOD leads to a similar sterically forbidden interaction N3 . . .  H36 _CA, 

and therefore Mt-FeSOD does not bind azide in the typical FeSOD 

pocket. Mt-FeSOD also cannot bind azide in the typical MnSOD binding 

pocket as the pocket has been blocked off by Y40_0H (Figure 5 .7B). Tyr 

40 cannot rotate about CA-CB bond to make enough room for the azide 

to bind as Tyr 40 is sterically constrained by the side chains of Phe 77 and 

Trp 1 68 ,  which are in a rigid hydrophobic part of the structure. 

Some FeSODs are only weakly inhibited by azide at standard assay 
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cond itions of pH 7 .8 .  A study of t he inhibit ion of the cambia l ist ic  Pr. 

shermanii FeSOD as a function o f  p H  and azide concentration conc l uded 

that the insensit ivi ty of the enzyme to azide was due to compet it ive 

inhibit ion by hydroxide. At low p H  OH- does not b ind and the enzyme 

becomes sensit ive to azide [Meier et  al. 1 99 8 ] .  

The SODs fi·om A .  pernix and S. solfataricus require azide concentrat ions 

of at least 20 mM for 50% inhib it ion [Yamano & M aruyama 1 999: 

Yamano et al. 1 999] .  The Q 1 46 H  m utant of fc-MnSOD does not bind 

az ide at a l l .  \\·here as the w i ld type does [ Edwards et al. 200 I ] . A l l  these 

SODs have a common trait in vvh ich  hist idine is observed at the pos it ion 

equivalent to 1 46 ( fc- MnSOD numbering) .  1\ ft-FeSOD also has His  at 

th is position ( 1 5 1  ). This histid ine makes a nonc lasical hydrogen bond C­

H . .  O to  the  water-derived l igand spec ies. Th is  hydrogen-bonding 

arrangement app l ies subt le  e lectronic tuning to the metal envi ronment and 

may lower the b inding aftinity tor az i de.  

i\lft-FeSOD has both a geometrical  and e lectron ic impedi ment to the 

b inding of azide and. there fore. has an atyp ical response to azide.  



F igu re 5.7 
(A) Structural alignment of E. coli FeSOD/azide ( l isc) monomer 

(BLUE), and T. thermophilus MnSOD/azide 

monomer (pink). Note the d ifferent orientation and 

hydrogen bonding of the azide. 
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(B) Structural alignment of T thermophilus MnSOD/azide monomer 

(pink) and Mt-FeSOD (green). Note that helix a 1 of Mt-FeSOD j umps 

out of register after the kink and forces a different position onto Y 40 

that prevents it moving to accommodate an azide . .  
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5.9 Concluding remarks 

Mt-FeSOD is an atypical FeSOD. It is a highly expressed radical defence 

protein expressed in a strict anaerobe [Takao et al. 1 99 1 ] :  Mt-FeSOD is 

an iron-containing SOD, with an MnSOD-like primary structure, and it 

has MnSOD-like biophysical properties. Mt-FeSOD has an unusually 

highly charged exterior surface, an extremely tight dimer-dimer interface, 

and very tight tertiary structure, all designed to afford the protein both 

thermal and chemical stability. Mt-FeSOD is resistant against the 

common Fe and Mn SOD inhibitors, azide and hydrogen peroxide. From 

the X-ray structure we have determined, we conclude that protection 

against azide and hydrogen peroxide is a function of the primary structure 

and not of the metal cofactor bound. Other insights form this structure 

include the metal specificity of the whole class of Fe, Mn SODs. This 

work is published in Adams et al. 2002, and was not discussed in this 

thesis, as the work was a collaborative effort, and therefore did not 

constitute wholly my own work. 
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Chapter 7. 

P-Lactoglobulin 

7. 1 Early studies of bovine P- lactoglobulin 
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The mam whey proteins of cow' s  (bovine) mi lk are P- lactoglobul in 

(BLG) (F igure 7 . 1 )  (�0.3 mg/mL), a- lactalbumin (-0. 1  mg/mL), serum 

albumin (-0.04 mg/mL) and immunoglobulin (�0 .08 mg/mL) [Bell  & 

McKenzie 1 964 ] .  � -Lactoglobulin is, therefore, the maj or protein 

component of whey. The composition of mi lk was unc lear unti l  the 

1 930s; albumin was recognized as the major component of the skim mi lk 

of  cow and was the general subject of much research. P-Lactoglobul in 

was in 1 934, when efforts to fol low Sjogren and Svedberg's procedure to 

isolate albumin [Sjogren & Svedberg 1 930 ]  resulted instead in the 

iso latation of a new crystal l ine globular protein [Palmer 1 934] .  Seven 

years later, Palmer' s prote in was named " P- lactoglobulin" (BLG) 

[Cannan et al. 1 942] .  

P -Lactoglobulin ( BLG)  was for a long time considered to be  a pure 

prote in sample , because the protein was purified by the method of 

crystal l ization, and the e lectrophoresis experiments showed prote in 

homogeneity [Pederson 1 936] .  However, d ifferent values had been 

reported for the molecular weight of BLG, as well as different amino acid 

compositions. This pointed to more than one component being present in 

the sample. H igh-resolution electrophoreses in the 1 940 ' s  finally proved 

that there were at least two components to bovine BLG [Li 1 946] .  



Figure 7 . 1 

B LG monomer 
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A number of variants of BLG have been found in the bovine gene pool. 

Bell reported a new variant of bovine BLG in Australia cattle [Bell 1 962] . 

Bell denoted p 1 - lactoglobul in as variant A, P2-lactoglobulin as variant B 

and his new discovery as variant C .  Subsequent studies have revealed that 

BLG variants occur frequently in different bovine sub-species; cow has 

five and possibly six variants :  A, B, C, D, W and possibly H. Each variant 

is i dentified by mutations at specific sites (Table 7 . 1 ) .  
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Table 7 . 1 .  Mutation sites for bovine BLG variants [SRS ExP ASY] 

Variant Site I Amino Acid 

45 56 59 64 1 1 8 

A E I Q D V 

B E I Q G A 

c E I H G A 

D Q I Q G A 

w E L Q G A 

7 .2 Distribution of �-lactoglobulin 

The presence of �-lactoglobulin in species other than cow has been 

studied [Lyster et al. 1 966, Liberatori et al. 1 979, Pervaiz & Brew 1 986]. 

The �-lactoglobulin protein is found in the milk of a number of mammals, 

in particular ruminants (Table 7.2) .  Most �-lactoglobulins occur as 

dimers, although monomeric �-lactoglobulins exist in the milk of some 

non-ruminant species such as pig, horse, cat, etc . No similar protein is 

present or at least expressed in the milk of rodents. It is believed that no 

BLG exists in human milk [Bull & Currie 1 946] . Reports [Liberatori et 

al. 1 979b; Brignon et al. 1 985] of BLG in human milk have been the 

subject of much debate . A number of studies have identified the reported 

protein as bovine BLG or a truncated bovine BLG ( 1 3 .5  KDa) 

[Fukushima et al. 1 997; Conti & Godovac-Zimmermann 1 980; Perez & 

Calvo 1 995] ,  yet other studies find no antibody response in human milk 

to BLG antibodies [Restani et al. 2000] . A number of lipocalin genes are 

found in the human genome. The one with highest sequence identity 

(43%) is glycodelin. This protein is expressed in the placenta [Murakami 

et al. 1 998] .  None of the other identified lipocalins has been observed in 
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human milk. [(BLAST) Altschul et al. 1 990, (ClustalW) Pearson 1 990, 

V enter et al. 200 1 ] . 

Table 7.2. Species where BLG is present in the milk 

Species Oligomer Reference 

Cow Dim er Bull & Currie 1 946 
Oxen Dim er Bull & Currie 1 964 

Yak Dim er Grosclaude et al. 1 966 

Zebra Dim er Lyster et al. 1 966 

Buffalo Dim er Lyster et al. 1 966 

Bison Dim er Lyster et al. 1 966 

Musk ox Dim er Lyster et al. 1 966 

Eland Dim er Lyster et al. 1 966 

Goat Dimer Askonas 1 954 

Sheep Dim er Lyster et al. 1 966 

Mouflon Dim er Liberatori et al. 1 979b 

Red deer Dim er Lyster et al. 1 966 

European elk Dim er Lyster et al. 1 966 

Reindeer Dim er Lyster et al. 1 966 

White-tailed deer Dim er Lyster et al. 1 966 

Fallow deer Dim er Lyster et al. 1 966 

Caribou Dim er Lyster et al. 1 966 

Giraffe Dim er Lyster et al. 1 966 

Okapi Dim er Lyster et al. 1 966 

Prong-horn antelope Dim er Lyster et al. 1 966 

Camel Monomer Liberatori et al. 1 979b 

Peccary Monomer Lyster et al. 1 966 

Pig Monomer Liberatori et al. 1 979b 

Horse Mono mer Liberatori et al. 1 979b 

Zebra Monomer Lyster et al. 1 966 

Rhinoceros Mono mer Lyster et al. 1 966 

Donkey Mono mer 
.. .  - - -

Dolphin Monomer Pervaiz & Brew 1 986 

Manatee Monomer Pervaiz & Brew 1 986 

Beagle Mono mer Pervaiz & Brew 1 986 

Cat Monomer Halliday et al. 1 99 1  

Grey kangaroo Mono mer McKenzie & Muller 1 983 

Red kangaroo Monomer McKenzie & Muller 1 983 
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The ruminant animals have dimeric f3-lactoglobulin and show high 

sequence similarity with bovine BLG. Cow has at least five variants of 

BLG, donkey possesses two variants, sheep have variants A, B and C, 

which are different from the A, B and C variants for cows. Cow contains 

only one gene for BLG: this gene has either heterozygous or homozygous 

combinations from the animal' s  parents giving rise to combinations AA, 
BB and AB, with the AB combination expressing both variants in the 

milk. Some other animals have multiple BLG genes; cat, for instance, has 

two BLG genes. 

7.3 The lipocalin super-family 

BLG belongs to the lipocalin super-family of proteins [Pervaiz & Brew 

1 987] . Members of this family have a molecular mass of around 20 kDa 

(� 1 60 amino acids) and are able to bind small hydrophobic molecules. 

More than sixty individual lipocalins have been identified [SRS 

ExP ASY] and studied. The lipocalins are defined by the fact that they 

share a similar structural motif of an eight-stranded anti-parallel f3-barrel 

and a single three-turn a-helix external to the barrel (Figure 7 . 1 ) . The 

name lipocalin refers to the cup-shaped (Greek: calyx) molecule, which 

has a central hydrophobic pocket into which non-polar lipophilic moieties 

bind. Most lipocalins bind specific small hydrophobic molecules . For 

example, odorant-binding protein and mouse major urinary protein are 

involved in binding pheromones. However, no specific binding site or 

function has been found for f3-lactoglobulin. The structures of a number 

of lipocalins have been determined by X-ray crystallography. The 

similarity in three-dimensional structure confirms that they belong to the 

same family of proteins. In contrast to the Fe and Mn SODs, the 

lipocalins have low sequence similarity, sharing only a GxW motif near 
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residue 20 in the first � strand, even though the tertiary structures are very 

similar. For example odorant-binding protein and BLG share less than 

1 0% identity. 

7 .4 Ligand-binding properties of BLG 

The lipocalin family to which BLG belongs is defined by the binding of 

small hydrophobic, biological molecules. Unlike other lipocalins, BLG 

appears to be a non-specific binder of physiologically important 

hydrophobic molecules (Table 7.3) .  Several biologically important 

ligands in this table are the free fatty acids, which are present in milk. 

Fatty acids may bind to BLG in a reversible manner, at a single site with 

a binding constant of � 1 05 similar to SDS [Spector & Fletcher 1 970] . 

Other biologically important molecules, retinol ,  hemin and 

protoporphyrin IX, all bind to bovine BLG with relatively high affinity. A 

variety of other small hydrophobic molecules can be bound to BLG with 

lower affinities (see Table 7.3) .  

Retinol binds to BLG with the highest affinity (5 .0x 1 07) [Fugate & Song 

1 980] . Retinol-binding protein, which is a specific retinol carrier in vivo, 

has a retinol binding constant of only 5 .9x 1 06 [Malpeli et al. 1 995], an 

order of magnitude lower than that of BLG. This suggests that BLG' s 

biological function may be involved in transport of retinal, an important 

molecule in the ocular vision system [Blomhoff et al. 1 990] .  It is now 

believed retinal plays an important role in the regulation of cell growth 

[Schubert et al. 1 986] . Though a great deal of research in this area has 

been done and is on going, the function of BLG is still not certain. 
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Table 7 .3 .  Ligand binding constants to BLG [Perez & Calvo 1 995] 

Ligand Binding constant Reference 

Retinol 5 .0x 1 07 Fugate & Song 1 980 

J3-Ionone 1 .47x 1 0
6 Dufour & Haertle 1 990 

Stearate 1 . 7x 1 05 Spector & Fletcher 1 970 

Palmitate 6 .8x 1 05 Spector & Fletcher 1 970 

SDS 3 . 1  x 1 05 O 'Neill & Kinsella 1 987 

Hemin 4.0x 1 06 Dufour & Haertle 1 990 

Protoporphyrin IX 2 .5x 1 0
6 Dufour & Haertle 1 990 

Toluene 4 .5x 1 0
2 Robillard & Wishnia 1 972a 

p-Nitrophenol 1 .9x 1 05 Farrell et al. 1 987 

2-Heptanone 2 .0x 1 0
2 O 'Neill & Kinsella 1 987 

La urate 0.5x 1 05 Spector & Fletcher 1 970 

Oleate 0 .4x 1 05 Spector & Fletcher 1 970 

Butane 1 .7x 1 0
3 Wishnia & Pinder 1 966 

Pentane 7 . 1 x 1 0
3 Wishnia & Pinder 1 966 

Iodobutane 2 .8x 1 0
3 Wishnia & Pinder 1 966 

2,6-MANS 3 .4x 1 05 Lovrien & Anderson 1 969 

Methyl orange 0.2x 1 04 O 'Neill & Kinsella 1 987 

n-Oc�lbenzene- 6 .3x 1 04 
O 'Neill & Kinsella 1 987 

p-su phonate 

p-Nitrophenol 1 .9x 1 0
4 Farrell et al. 1 987 

p-Nitrophenylacetate 3 .0x 1 04 Farrell et al. 1 987 
p-Nitroph�nyl-J3-

glucuromde 
1 .6x 1 0

4 Farrell et al. 1 987 

p-Nitrophenyl sulfate 2.0x 1 0
3 Farrell et al. 1 987 

p-Nitrophenyl 
pyridoxal phosphate 

3 . 1 X 1 0
3 Farrell et al. 1 987 

2-0ctanone 0.5x 1 0
3 O 'Neill & Kinsella 1 987 

2-Nonanone 2.4x 1 0
3 O 'Neill & Kinsella 1 987 

Trifluorotoluene 4.2x 1 0
2 Robillard & Wishnia 1 972b 

Hexafluorobenzene 1 .6x 1 0
3 Robillard & Wishnia 1 972b 
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Ligand-binding studies must be viewed with reference to their limitations. 

Most of the studies are done with fluorescence probes, where the 

fluorescence is quenched on binding. The amount of quenching is not 

consistent between different experimental conditions, and therefore some 

results may not be reliable. Moreover, the longer chain amphipathic 

molecules exist as micelles in aqueous environments; intrinsic solubility 

is very low [L. Sawyer, personal communication] . 

7 . 5  Possible physiological function ofBLG 

BLG is a nutritious component of milk; all the essential amino acids are 

included in BLG. Nutrition alone does not explain its lipocalin fold, 

acidic stability and resistance to gastric proteolysis [Futterman & Helier 

1 972, Hemley et al. 1 979] . Other biological functions must be responsible 

for the existence of BLG. Since BLG is a member of the lipocalin super­

family and since BLG binds in vitro a variety of hydrophobic substrates, 

the simple explanation for the function of BLG is that it protects and 

transports small hydrophobic molecules in vivo. A more sophisticated 

physiological function for BLG may involve the transfer of a passive 

immunity [Fugate & Song 1 980], or activation of a gastrointestinal lipase 

enzyme [Perez et al. 1 992] .  Very recently, some evidence of bactericidal 

activity for BLG has been published [Pellegrini et al. 200 1 ] . 
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7 .6  Crystal forms of BLG 

Since the 1 950s, X-ray diffraction techniques have become the most 

widely used method to determine the three-dimensional structure of 

proteins. BLG crystallizes readily, and was the subject of X-ray 

diffraction experiments as early as 1 938.  Long before phase­

determination methods were developed for the solution of protein crystal 

structures, two crystal forms of BLG had been identified by Crowfoot and 

Riley [Crowfoot & Riley 1 938] .  One of crystal forms had the space group 

P2 12 12 1  with unit cell dimensions close to lattices now identified as Q or 

N. 

Nearly three decades after Crowfoot and Riley's pioneering study, 

Aschaffenburg published the unit cell parameters and space groups for a 

number of BLG crystal forms [Aschaffenburg et al. 1 965],  spanning a pH 

range from 3 .5 to 7.6. All seven crystal systems except cubic are 

represented. Table 7.4 shows all the known crystal forms. Subsequent 

structure determinations have involved primarily lattices X, Y and Z, due 

to the reproducibility of the crystallization conditions and the stability of 

the crystallizations to minute differences in conditions. 
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Table 7 .4. Crystal forms of f3-lactoglobulin [Aschaffenberg et aL 
1965] 

Variant pH Lattice Space a (A) 
Group 

A+B 3 .5  p P63 67 

B 5 .2  R P2 ! 36. 1 

B 5 .2 s P2! 36.4 

A 5 .2  w P2 1 36.4 

A 5 .2  N P2 12 12 1  68 .8  

AIB 5 .2  Q P212 1 2 1 69.2 

B 5 .2  T P4 I2 12  69.2 

A+B 5 .2  u P422 12  67.5 

A 6.9 X P1 3 1 . 8 

AIB 7.6 y C2221 55 .7 

AIB 7.6 z P3 1 2 1  54.3 

7 .  7 The structure of bovine BLG 

b (A) c (A) a (o) fJ (0) r (o) 

67 1 4 1  90 90 90 

1 27.5 36 90 1 06. 1 90 

1 27.6 36.4 90 98 .2 90 

68.2 72.4 90 92.2 90 

70.2 1 37 .8  90 90 90 

70.7 1 57.5 90 90 90 

69.2 1 38 . 8  90 90 90 

67.5 1 33 .5  90 90 90 

49.7 56.6 1 22 .8  97.5 1 04. 1 

8 1 .2 67.2 90 90 90 

54.3 1 1 7 90 90 1 20 

The structural determination of bovine BLG was begun in the 1 950s and 

first reported at a low resolution of 6 A in 1 979 for lattices X, Y and Z 

[Green et al. 1 979] .  were solved. However, it is impossible to trace even 

the secondary structure at such low resolution. The electron density of 

lattice X did reveal the existence of a molecular two-fold axis relating 

pairs of molecules of the dimer. This axis is not necessarily coincident 

with a crystallographic symmetry axis. It was assumed that the lattice X 

(pH 6.5), lattice Y (pH 7 .5), and lattice Z (pH 8 . 1 )  structures 

corresponded to the pH-dependent conformational change known as the 

Tanford transition [Tanford et al. 1 959] .  Green et al. also reported that a 
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free sulfhydryl (Cys 1 2 1 )  site, the presumed site of heavy metal binding, 

in lattice X differed in position by 3 A from that for lattices Y and Z. This 

conclusion was based on the heavy-atom positions which can be deduced 

relatively accurately even at low resolution. 

In 1 986 a lattice Y structure at 2.8 A resolution was reported for variant A 

of bovine BLG (BLGA) [Papiz et al. 1 986] . This structure showed the 

lipocalin fold and the conformational similarity of BLGA with retinol­

binding protein [Winter et al. 1 993] .  The molecule consists of an anti­

parallel �-sheet, formed by 8 strands wrapped round to form a flattened 

cone or calyx. A three-turn a-helix and an external �-strand are located 

towards the C-terminus. Although this model described the basic 

structure of BLGA, threading errors occurred because the loop regions 

were generally ill-defined. 

A second medium-resolution structure of BLGA at 2 .5 A resolution was 

reported [Monaco et al. 1 987], solved by molecular replacement in the 

trigonal lattice Z. The structures of the Y- and Z-lattice crystal forms 

showed no great difference in the overall � -barrel topology, although 

structure differences in several areas were reported. All residues were 

identified and the two disulfide bonds ( 66- 1 60 and 1 06- 1 1 9) were clearly 

visible, but again serious irregularities with the data and model call the 

solution into question. The structure was refined without an R-free 

monitor, and the average RMS deviation of bond lengths from their ideal 

values is very high at 0.08 A. The most significant and major issue was 

the fact that molecules are packed as monomers not as the expected 

dimers in the crystal lattice. 

High-resolution models for BLGA in lattice Y [Bewley et al. 1 997] and 
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lattice X [Brownlow et al. 1 997] have been determined. The model at 1 .  8 

A resolution in lattice Y (space group C2221 )  contains residues 1 -62, 66-

1 1 0,  1 1 5- 1 54 and 1 0  water molecules, RF0.27, R=0.22. One disulfide 

bridge between Cys 1 06 and Cys 1 1 9 is clearly defined; the other 

disulfide bond between Cys 66 and Cys 160 is poorly defined. BLGA in 

lattice X was determined at 1 .9 A resolution. The C and N-termini are not 

visible and the loop CD (amino acids 6 1 -65) is not well defined according 

to the authors. These two structures convincingly correct the errors of 

earlier models . 

The structures of BLGA in lattice Z at pH 6.2, 7 . 1 and 8 .2 revealed that 

the Tanford transition is a pH-induced opening and closing of a "gate" 

over the open end of the calyx. This "gate" is comprised of residues 85-

90 [Qin et al. 1 998] .  At low pH Glu 87 is buried and protonated; at high 

pH it is exposed and deprotonated. As a result, the pKa of this glutamic 

acid is anomalously high at 7 .3 .  This opening and closing of access to the 

calyx has functional implications for the binding and release of small 

hydrophobic molecules. 

Two independent NMR structures have been recently published [Kuwata 

et al. 1 999; Uhrinova et al. 2000] . Both conclude that the solution 

structure is very similar to the X-ray structures. NMR structures have 

limitations when dealing with unusual structural features such as y-turns, 

which BLG has, as the minimization functions have no terms restraining 

the feature. 
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Studies of l igand binding to B LGA have resulted in three structures. Qin 

et al. [ 1 998b] reported the structure of BLGA with a substituted fatty acid 

1 2-bromododecanoic ac id (BRC ) bound in the central pocket of BLGA. 

This structure proved that fatty acids do bind in the calyx of the protein 

and not on the surface [Qin et al. 1 998b ] .  The group of Sa\\)'er also 

published a structure w ith palmitic ac id bound inside the ca lyx [ W u et al. 

1 999] .  Sawyer has an unpubl ished structure of BLGA vv ith ret inol bound 

only part-way into the calyx .  The central pocket of  BLGA is very 

hydrophobic ( F igure 7 . 2 ) .  I n  the case of binding 1 2-bromododecanoic 

ac id. numerous van der Waals contacts are made betvveen al iphatic side 

chains and the aliphat ic tail of the fatty ac id. These intermolecular 

contacts are summarised in Table 7 . 5 .  

Figure 7.2 

Hydrophobic core of BLGA 

View looking down the calyx of B LG .  Aliphatic amino ac ids are shown 

in bal l and stick. 
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Several lysine residues (Lys 60 and Lys 69) at the rim of the calyx are in 

posit ion to hydrogen bond to the carboxylate head group of the fatty ac id. 

One of the most important contacts is BRC _ OE2 . . .  NZ_ Lys60 NZ (3 . 1  0 

A). This hydrogen-bond would appear to be one of the driving forces 

behind the b inding of fatty acids, as it is  a specific interaction. Porcine 

B LG which has the substitution K60E does not bind fatty acids. Fatty­

acid type molecules of different s izes have been shown to hydrogen-bond 

to K60 _NZ bond, regardless of size. The longer chain molecules wrap 

around themselves so as to fit into the calyx and allow the hydrogen bond 

[L Sawyer personal communication] . Lys 60 also makes a hydrogen 

bond with a water molecule (HOH 1 87 3 .47 A), and Lys 69 makes an 

intermolecular hydrogen-bond with Glu 62. F igure 7 .3 shows 1 2-

bromododecanoic ac id (red) and most of the residues that make the 

intermolecular contacts shown in Table 7 . 5 . 
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Table 7.5. lVioiecuiar contacts between BLGA and 12-

bromododecanoic acid 

RESIDUE ATOM RESIDUE ATOM DISTANCE (A) 
K60 NZ BRC OE2 3 . 1 

OE l 4 .07 

HOH 1 87 0 3 .47 

K69 NZ E62 OE l 3 . 24 

OE2 3 . S4  

1 7 1 C D l  BRC C4 3 . 7S 

BRC CS 3 . 8  

M 1 07 SD BRC C S  3 . S4 

SD BRC C6 3 . 79 

SD BRC C 7  3 .68 

V4 1 CG2 BRC C6 3 . 9  

1 7 1 C D l  BRC C4 3 . 7S 

C D l  BRC C S  3 . 8  

I S6  C D l  BRC C9 3 . S7  

F l OS CE l BRC C l O 3 .68 

CE2 BRC C l O  3 .93 

CD l BRC C l O 4 .22 

CD2 BRC C l O  4 .43 

cz BRC C I O  3 . S2 

CG2 BRC C I O  4 . S7  



Figure 7.3 

1 2-bromododecanoic acid bound in the calyx of B LGA 

Al iphatic amino acids are shown in grey (ball and stick) the 1 2-

bromododecanoic acid in red, and the lysine s ide-chains in blue. 

7.9 Recombinant bovine P-lactoglobulin 
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The production of bovine BLG by recombinant DNA methods has long 

been a goal, as a rel iable source of pure variants of B LG, as wel l  as 

mutant proteins with easy purifications, is necessary for further 

mechanistic and structural studies of BLG. There have been many 

attempts to produce recombinant bovine BLG reported to the l iterature 

(Table  7 .6). 



99 

An early attempt to express bovine BLG in Escherichia coli in its mature 

form [Batt et al. 1 990] met with limited success. Met-BLG was expressed 

by using a tac-promoter vector, pTTQ 1 8  and accounted for 

approximately 1 5% of the total cellular protein. The majority of the met­

BLG was found in an insoluble denatured form. By using guanidinium 

hydrochloride, the recombinant protein was renatured. In an attempt to 

enhance the thermal stability of BLG, two mutants, L 1 04C and A l 32C, 

were designed in the hope that an additional disulfide bridge would be 

formed with the free cysteine, Cys 1 2 1  [Cho et al. 1 994] . These mutants 

were cloned into a tac expression vector. However, only insoluble, 

denatured protein was expressed. Chatel et al. [ 1 999] also attempted to 

express BLG in E. coli. The BLG gene was inserted into the pET26 

vector and transformed into COS-7 cells .  BLG was again expressed in 

denatured form. 

Expression in insect and mammalian cells has also been attempted. In 

1 992, Mizumachi reported that the expression of recombinant BLG in 

insect cells produced properly folded recombinant protein, at a yield of 5 

mg/L of culture [Mizumachi et al. 1 993] .  More recently, expression in 

mouse tibialis muscle cells yielded correctly folded protein, but at very 

low levels [Chatel et al. 1 999]. Hyttinen introduced the BLG gene from a 

genomic library into a murine germline [Hyttinen et al. 1 998] . Bovine 

BLG was expressed efficiently in the mammary gland of the transgenic 

mice. Expression levels of bovine BLG in the milk exceeded 1 mg mL. 
However, similar purification and isolation issues exist for transgenic 

mice as exist for bovine milk, which makes a bacterial or yeast expression 

system more desirable. 

Several attempts have been made to express BLG in yeast. The clone for 

expression was constructed by inserting the entire cDNA encoding pro-
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BLG into a yeast expression vector (p YG 1 00). BLG was expressed in 

Saccharomyces cereviseae at a modest concentration of 1 . 1  mg/L of 

culture [Tostuka et al. 1 990] . The most successful synthesis of 

recombinant BLG thus far, has been the expression of BLGA in Pichia 

pastoris [Denton et al. 1 997] . Expression levels of more than 1 g/L of 

culture have been achieved. Although the recombinant BLG was reported 

to be indistinguishable from native BLG there is evidence that post­

translational modification of residues, in particular lysines,  has occurred 

[Den ton et al. 1 997] .  

Table 7.6. Reported expression systems for recombinant BLG 

Organism 
Type Yield Folding Reference 

E. coli Cytoplasm �1  mg L-
1 

Insoluble Batt et al. 1 990 
unfolded 

Low Insoluble Chatel et al. 
unfo lded 1 999 

P. pastoris Secreted 1 g L-
1 

Soluble Den ton et al. 
folded 1 997 

S .  cerevisiae Secreted 1 . 1  mg L-
1 

Soluble Totsuka et al. 
folded 1 990 

Muscle ng Soluble Chatel et al. 
folded 1 999 

Insect Secreted 5 mg L-1 Soluble Mizumachi et al. 
folded 1 993 

Milk Secreted �1 mg mL-1 Soluble Hyttinen et al. 
(mouse) folded 1 998  
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7. 1 0  Goals 

The goal s  of th is  research proj ect are to add to the known structural 

information about � - lactoglobul in,  w ith specific aims to compare the 

structure of B LG at high and low ionic strength, and attempt to eo­

crystal l ize at low ionic strength BLG w ith a number of sma l l  hydrophobic 

molecules.  The X-ray structure of BLG at low ionic strength w i l l  help 

answ·er the question. vvhether the structure of BLG at high ionic strength 

(> 2 M )  is  in any way d i fferent to the structure at physiological ionic 

strength ( � 1 50 mM ). and what those d i fferences might be. The structures 

that w i l l  be detai led in the next fe\v chapters have given ins ight to the 

nature of the tlexible loops that are not we l l  de fined in most structures. 

and have shO\\·n that the core e lements o f  BLG are wel l  conserved over a 

variety of crystal l ization and N M R  experimental condit ions. Our 

laboratOJ)' is invo lved in a substant ial  proj ect to produce recombinant 

BLG for functional and structural stud ies .  M y  contribution to this  proj ect 

w i l l  focus on l igand bind ing. and in turn I w i l l  gain the sk i l l s  and 

knowledge required to produce recombinant prote ins. 
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Chapter 8 

The structure of BLGA Y' lattice a 2.6 A resolution 

8. 1 Crystallization 

Crystals were grown by the hanging drop method at 22°C; each drop 

consisted of 1 ).lL protein (20 mg mL- 1 in 0. 1 M Tris pH 7 .0) and 1 !-!L of 

well solution. The well so lutions contained 0.2 M Tris pH 7 .5 ,  and 2.5 M 

(N�)2S04. C rystals (Figure 8 . 1 )  grew to a size of 500x400x300 microns 

in approximately two weeks. 

F igure 8. 1 

BLGA Y lattice crystals 

8.2 Data collection and process ing 

A single crystal (Figure 8 . 1 )  was mounted in a nylon loop, with a 

cryoprotecting solution consisting of  the wel l  solution from which the 

crystal was grown and 1 5% glycerol .  The crystal was soaked in the 

cryoprotectant for approximately 3 0-50 seconds then snap frozen in the 

cryo-stream (Oxford Cryosystems). Data were collected on a Rigaku 
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RU200 rotating-anode generator runrung at 5 .4 kW Cu-Ka, 0.3 mm 

focus, fitted with a graphite monochromator coupled with a Rigaku 

RAxis IIC image-plate detector. X-ray frames were taken of each crystal 

(50 minute, 1 .0° oscillation) . 

The cell and orientation matrix were determined by the auto-index 

procedure in DENZO [Otwinoski & Minor 1 997] . The resulting data files 

were scaled and merged together with SCALEP ACK [Otwinoski & 
Minor 1 997] . Unit cell dimensions were averaged over all data. Relevant 

statistics are in Table 8 . 1 .  Measured intensities were converted to 

amplitudes using the program TRUNCATE [CCP4 1 994] . 

The data collected to 1 . 8 A resolution were easily identified as the Y 

lattice. However, the processing of the data in this C-centred 

orthorhombic lattice, space group C222 1 ,  with DENZO [Otwinoski & 
Minor 1 997] did not adequately predict all the X-ray diffraction spots in 

the pattern recorded (Figures 8 .2 and 8 .3). There was a systematic 

missing of lines of spots that corresponded to an underlying primitive 

lattice and the space group .?2 12 12 1 ,  with two molecules in the 

asymmetric unit, and eight molecules in the unit cell. The two molecules 

in the asymmetric unit are related to each other by non-crystallographic 

symmetry. The tables below describe the data merging statistics in 

P212 12 � ,  and on both the C-centred lattice (h+k = 2n) and primitive data 

only (h+k = 2n+ 1 )  (Table 8 . 1 ) . The data for which h+k = 2n+ 1 did not 

have significant intensity beyond �2. 7 A resolution. 
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Table 8.1 .  Data merging statistics for BLGA in the Y' lattice. 

(a) All data 

Shell Lower Average Norm. Linear Square 

Upper Limit (A) I error stat. Chi
2 

R-fac R-fac 

99.00 3 . 88  7340.6 205 .9  1 1 9 .4 0.994 0.0 1 8 0.0 1 7  

3 . 88  3 .08 36 1 1 . 1  1 1 1 .6 72 .6  1 .004 0.029 0.023 

3 .08 2 .69 1 239.9 69.5 50.7 1 .095 0.064 0.043 

2 . 69 2 .44 662 .8  55 .2 46.8 1 .098 0 . 1 1 1  0.072 

2 .44 2 .27 458.9 53 .4 48 .3 0.99 1 0 . 1 57 0 .098 

2 .27 2 . 1 3  323.4 53 .7  50 .8  1 .0 1 2  0.226 0. 1 39 

2 . 1 3  2 .03 224.9 54. 1 52 .5 1 .038 0.333 0.200 

2 .03 1 . 94 147.4 53 . 1 52.3 1 .042 0.476 0.27 1 

1 . 94 1 . 86 84.8  55 . 1 54.8 1 .076 0 .7 1 6  0.425 

1 . 86 1 . 80 49 .8  56 .5  56 .0 1 .29 1 0 .000 0.6 1 1 

All reflections 1 489.5 78 .2 60.9 1 .047 0.052 0.024 
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(b) Data for which h+k = 2n (even) 

Shell Lower Average Norm. Linear Square 

Upper Limit (A) I error stat. Chi2 R-fac R-fac 

99.00 3 . 88 1 4688. 1 289.2 2 1 8.4 0.949 0.0 1 5  0 .0 1 7  

3 . 88 3 .08 7 1 53 .3  1 72. 1 1 1 0. 1 0.962 0.022 0 .022 

3 .08 2 .69 2424.7 87. 1 60.2 1 . 1 1 4 0.04 1 0.037 

2 .69 2 .44 1272.2 72 .8  50. 8 1 .0 1 8  0.068 0 .060 

2 .44 2 .27 885.9 63 .9 50.3 1 .008 0.094 0.080 

2 .27 2 . 1 3  6 1 6.4 59.7 52.0 1 .068 0. 1 34 0. 1 1 4 

2 . 1 3  2 .03 425 . 1  57.7 53.3 1 .09 1 0. 1 90 0. 1 54 

2 .03 1 .94 275 .5 54.5 52.5 1 . 1 26 0.27 1 0.207 

1 .94 1 . 86 1 52.4 55 .7 54. 8 1 . 1 43 0.4 1 7  0.322 

1 . 86 1 . 80 83 .8  73 .0  55 .6  1 .027 0.688 0.48 1 

All reflections 2945 .6 1 00.6 77.2 1 .048 0.035 0.02 1 
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(c) Data for which h+k = 2n+ 1 (odd) 

Shell Lower Average Norm. Linear Square 

Upper Limit (A) I error stat. Chi
2 

R-fac R-fac 

99.00 3 . 88 1 00 .5 28.6 26.2 1 . 1 08 0. 1 98 0 . 1 49 

3 .88  3 .08 1 06.5 46.2 45 . 2  1 .053 0.3 1 5  0.259 

3 .08 2 .69 54.6  64.0 55 .2 1 .052 0.806 0 .6 1 1 

2 .69 2 .44 30.4 62 .4 62.3 1 .038 0.000 0 .890 

2.44 2 .27 25.4 70. 1 70.0 0 .866 0.000 0 .000 

2 .27 2 . 1 3  22.8 82.0 8 1 .9 0 .948 0.000 0 .000 

2 . 1 3  2 .03 2 1 . 1  88 .9 88 .8 0 .996 0.000 0.000 

2.03 1 . 94 1 5 . 8  96.3 96.2 0 .964 0.000 0.000 

1 . 94 1 . 86 1 7 . 1  1 00.4 1 00.3 1 . 1 24 0.000 0.000 

1 . 86 1 . 80 9.4 9 1 .2 90.9 1 .057 0.000 0.000 

All reflections 43 . 8  70.3 68.9 1 .0 1 0  0.366 0.343 

(d) Comparison of data 

h+k = even h+k = odd all data 

# data 1 3523 969 1 27047 

data(IIcri) 29 0.6 1 1 9  

resolution limit (A) 1 . 8 2 .7  1 . 8 

Redundancy 3 .3  (2) 1 .6 (0) 3 .5  (2) 

Rmerge 0.035 0.36 0.052 

Summary of reflections intensities and R-factors by shells 

R linear = SUM ( ABS(I - <I>)) I SUM (I) 

R square = SUM ( (I - <I>) 
2
) I SUM (e) 

Chi
2 

= SUM (I - <I>) 
2
) I (Error 

2 
x N I  (N- 1 ) ) 

In all sums single measurements are excluded 
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Table 8.2. Data collection statistics for BLGA in the Y' lattice. 

Space group P2 1 2 1 2 1 
Unit cell a =  54.79 A a = 90° 

b = 80.20 A fJ = 90° 

c = 66. 1 3  A r = 90° 

Data col lection 

Observed reflections 307846 

Unique reflections 27047 

Completeness 97.5 % ( 8 1 . 9 %t 

Rmerae on I 0.052 (0.6 l l t  
0 

Overall 11 rY 1 9.0  (0.9t 

Wilson B (A2) 3 1 . 50 

Redundancy 1 1 .3  (2 .0t 

a Outermost shel l  ( 1 . 86 - 1 . 8 A) 
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F igure 8.2 

BLGA Y '  lattice diffraction image 

Zoom area of a diffraction frame showing the predicted spots [yel low 

(non-overlapped) and red (overlapped) circles] for space group C2221 • 

The highl ighted areas contain d iffraction spots missed by the by assuming 

space group C222 1 • 
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Figure 8.3 

BLGA Y' l attice diffraction image 2 

Zoom area of a diffi·action frame showing the predicted spots [yellow 

(non-overlapped ) and red (overlapped) circ les] for space group ?2 1 2 1 2 1 •  

N ote that no diffraction spots are missed by indexing in space group 

P2 1 2 1 2 1 • 
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The structure was solved with AMORE [Navaza 1 994], using the BLGA 

model (PDB I D :  1 bso ) .  Rotation and translation searches were carried out 

on data in the resolution range 1 2-4.0 A (Tables 8.3 and 8.4). The 

translation search revealed two monomers in the asymmetric unit. Rigid­

body refinement of the two monomers using data in the reso lution range 

1 2-3.0 A resulted in an R factor of 4 1  % and correlation coefficient of 

64.6 (Table 8.5) .  

Table 8.3. Solution to the rotation function for BLGA in the Y' 
lattice. 

a p x Tx Ty Tz Corr Rfac Solution 

43.39 87.47 34.35 0.0000 0.0000 0.0000 23.7 0.0 1 

1 36 .6 1 92 .53 2 1 4. 35  0.0000 0.0000 0.0000 23 .7 0.0 2 

70.85 1 2 1 .00 220.3 8 0.0000 0.0000 0.0000 1 6.4 0.0 3 

1 09 . 1 5  59.00 40.38  0.0000 0.0000 0.0000 1 6.4 0.0 4 

1 5 . 1 3  1 56. 5 1  1 36 .50 0.0000 0.0000 0.0000 1 4 .2 0.0 5 

1 64 .87 23.49 3 1 6 .50 0.0000 0.0000 0.0000 1 4.2 0.0 6 

65 .93 49.54 1 1 2 .40 0.0000 0.0000 0.0000 1 4. 1  0.0 7 

1 1 4 .07 1 30.46 292 .40 0.0000 0.0000 0.0000 1 4. 1  0.0 8 

0 .78 89.9 1 24.52  0.0000 0.0000 0.0000 1 3 . 8  0.0 9 

-0.78 90.09 204 .52 0 .0000 0.0000 0.0000 1 3 .8  0.0 1 0  

98 .82 54.62 1 59 .94 0.0000 0.0000 0.0000 1 3 .0 0.0 1 1  

8 1 . 1 8  1 25 .38 339.94 0.0000 0.0000 0.0000 1 3 .0 0.0 1 2  

57 .76 1 1 6.50 98.50 0.0000 0.0000 0.0000 1 3 .0 0.0 1 3  

1 22 .24 63 .50 278.50 0 .0000 0.0000 0.0000 1 3 .0 0.0 1 4  

77.43 1 20.35 344 .60 0.0000 0.0000 0.0000 1 3 .0 0.0 1 5  

The top fifteen solutions were input to the translation function. 
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Table 8.4. Solution to the translation function for BLGA in the Y' 

lattice. 

a X Tx Ty Tz Corr Rfac 

1 36.6 1 92 .53 2 1 4 .35 0.2460 0.3449 0. 1407 39 .8 47.9 

43 .39 87.47 34 .35 0.25 5 1  0.3454 0 .357 1 39 .7 47.9 

1 09. 1 5  59.00 40.38 0.4 1 99 0. 1 837 0 .3725 1 6.4 54.8 

1 64.87 23 .49 3 1 6.50 0.2837 0.2903 0.0290 1 5 .9 55 .3 

1 67 .61  50.43 1 4 1 . 84 0.2084 0.3394 0.2790 1 5 .6  54. 1 

48.50 44. 1 0  1 36 .50 0. 1 4 1 9  0.4403 0. 1 0 1 7  1 5 .5  55 .4 

1 3 1 .50 1 35 .90 3 1 6 .50 0.3447 0 .3 143 0.3270 1 5 .4 55 .3  

-0.78 90.09 204.52 0. 1 1 82 0 .2668 0.0839 1 5 .2 55 .7  

0 .78 89.9 1 24.52 0. 1 1 82 0.2332 0.4 1 6 1  1 5 .2 55 .7  

1 1 8.40 76.73 346.25 0.4595 0.2727 0. 1 1 07 1 5 .2 53 .7  

1 5 . 1 3  1 56 .5 1 1 36 .50 0.23 1 2  0.43 1 0  0.33 1 3  14 .7  55 .5  

65.93 49.54 1 1 2 .40 0.0685 0.3806 0 .2932 1 4.7  55 .0  

70 .85 1 2 1 .00 220.38 0.3339 0 .4773 0.43 1 0  14 .2  55 .7  

6 1 .60 1 03 .27 1 66.25 0. 1 679 0.47 1 4  0 .0943 14.0 55 .0  

1 22.24 63 .50 278 .50 0.03 1 5  0 . 1 325 0 .3266 1 3 .4 55 .3  

The best solutions from the translation function were refined as rigid 

bodies. 

Table 8.5. Final solutions for BLGA in the Y' lattice. 

a � x Tx Ty Tz Corr Rfac Solution 

45.96 85 .69 3 1 .76 0.2530 0 .3453 0 .3580 64.6 4 1 .0 1 

1 34.03 94.33 2 1 1 .77 0.247 1 0.3453 0 . 1420 64.6 4 1 .0 2 
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Each solution was applied to the search model structure and the resultant 

coordinates generated. Then all the symmetry equivalents were generated 

and the two molecules closest to the origin were chosen for further 

refinement. 

8.4 Refinement 

The model was initially refined by simulated-annealing with CNS 

[Briinger et al. 1 998], achieving R = 0.382, Rfree = 0.4 1 6. The standard 

parameters used here and for other BLG structures when utilizing 

simulated annealing include: non-crystallographic symmetry (NCS) set to 

"on", anisotropic bulk-solvent correction applied to data in the range 6-

3 .0  A, 1 00 steps for initial minimisation, 1 00 steps for geometry 

minimisation, "slow cool" molecular dynamics scheme, starting 

temperature of 1 800 K, cooling rate of 25 K per step, 1 00 steps for final 

dynamics, target "MLF", and X-ray weight set to auto. Several rounds of 

model building with TURBO-FRODO [Roussel & Cambillau 1 989] 

followed by xyz and grouped B-factor refinement brought the R and Rfree 
to 0.308 and 0.3682 respectively. A total of 1 8  water molecules was 

added with the "water-pick" procedure of CNS based on peak heights of 

2o- in a 2F0-Fc map. All water molecules were .xyz-fixed and B-factors 

only were refined. Water molecules with poor density or unfavourable 

protein contacts were deleted. The final model with individually refined 

but tightly restrained B-factors brought R and Rfree to values of 0.267 and 

0.293 . All refinements were done with strict (high energy) two-fold NCS 

restraints applied to the whole molecule. Two sections of each molecule 

could not be defined in the electron density. Amino acids 6 1 -65  and 1 1 1 -

1 1 5 ,  were removed for final refinement and defined as breaks in the 

structure. The RMS deviations for bond lengths and angles are 0.0 1 5  A 
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and 1 .6°, respectively. A summary of refinement statistics 1s given in 

Table 8 .6 .  Figures 8.4 and 8 .5  show the real-space R factors per residue 

and representative electron density in the �-barrel. 

Other software used: MTZDUMP and MTZUTILS for inspection and 

modification of MTZ files, IPDISP for display of image-plate frames, 

HKL VIEW for display of processed data, BA VERAGE for calculation of 

average B values, MTZ2V ARIOUS for conversion of file formats, 

RASMOL for display of molecules, XLOGGRAPH, PDBSET [CCP4 

1 994 ], LSQMAN [Kleywegt 1 996] for calculation of molecular 

superpositions, MOLEMAN [Kleywegt 1 999] and DATAMAN 

[Kleywegt & Jones 1 999] for manipulation of coordinate files, and 

MAPP AGE [Roussel & Cambillau 1 989] for preparation of electron 

density maps for TURBO-FRODO. 



Table 8.6. Refinement statistics for BLGA in the Y' lattice 

Reflections 

Free R factor reflections 

Resolution limits 

R factor 

Free R factor 

Total number non-H atoms 

Number water molecules 

R.m.s deviations from ideals 

Bond lengths 

Bond angles 

Dihedral angles 

Improper angles 

Average B-factors (A2) 
Main chain 

Side chain 

Water molecules 

Ramachandran plot 

Most favoured (%) 

Allowed (%) 

Generously allowed (%) 

Disallowed (%) 

9398 

346 

50-2.6 A 
0.267 

0.293 

2323 

1 8  

0.0 1 5  A 

34. 1 

42 . 8  

34.7 

Figure 8.6 

85.6 

1 1 .7 

1 .5 

1 . 1  

1 1 4 
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Real space R-factor for each residue of BLGA in  the Y' lattice, covering 
chains A-B and water molecules. 
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Figure 8 .5  

Typical e lectron density of the P-barrel about Trp 1 9  of BLGA in the Y' 
lattice. The electron density is contoured at 1 .2 cr. 
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Ramachandran plot of BLGA residues from the Y'  lattice. Labelled 

residues are D33 ,  Q35 ,  N 1 09, S i l O, S l l 6  and Y99. D33 and Q35 on the 

AB loop form part of the dimer interface and wi l l  be discussed later. 

N 1 09, S i l O  and S l l 6  are the tetminal residues of the break in electron 

density, and should be disregarded. Y99 forms a gamma turn, a conserved 

feature of BLG. 
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Chapter 9 
The structure of BLGA U '  lattice at 3.0 A resolution 

9. 1 Crystallisation 

Crystals were grown by m 1cro dialysis (Hampton Research, Dialysis 

Buttons) of a solution of B LGA (20 mg mL- 1 in 0. 1 M Tris pH 7.0) 

against ultra purified water. After one week the water was aspirated away 

and replaced with new ultra purified water. Crystals grew to a s ize of 

300x 1 00x 1 00 microns in approximately four weeks. 

F igure 9. 1 

BLGA U lattice crystals 



9.2 Data collection and processing 

1 1 9 

A single crystal (Figure 9. 1 )  was mounted in a nylon loop, with a 

cryoprotecting solution consisting of the well solution from which the 

crystal was grown and 40% glycerol. The crystal was soaked in the 

cryoprotectant for approximately 30-50 seconds then snap frozen in the 

cryo-stream (Oxford Cryosystems). Three crystals were used. The first 

crystal had data collected from it with a tetragonal data collection 

strategy; this crystal was unintentionally damaged during cryo-recovery 

for permanent storage. After the orthorhombic lattice was discovered, a 

second crystal was mounted for data collection. Only a small fraction of 

the required data were collected from this crystal when failure of the 

cryostream destroyed the crystal. A third crystal was mounted and the 

data collection finished. Data were collected on a Rigaku RU200 rotating­

anode generator running at 1 . 1  kW Cu-Ka, 0. 1 mm focus, fitted with an 

AXCO SPA 50 mono-capillary X-ray optic coupled with a Rigaku RAxis 

IIC image-plate detector. X-ray frames were taken of each crystal (30 

minute, 0 .5° oscillation) . 

Each set of frames was indexed separately, with the cell and orientation 

matrix determined by the auto-index procedure in DENZO [Otwinoski & 

Minor 1 997] .  The resulting data files were scaled and merged together 

with SCALEP ACK [ Otwinoski & Minor 1 997] . Unit cell dimensions 

were averaged over all data. Relevant statistics are in Table 9 . 1 .  

Measured intensities were converted to amplitudes using the program 

TRUNCATE [CCP4 1 994] . 
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The data collected to 3 .0  A resolution were originally identified as the 

tetragonal U lattice. The data were merged and scaled into the space 

group P42212 .  However, no solution could be found in this space group. 

After trials with other tetragonal space groups, it was decided to try the 

orthorhombic lattice and space group P2 12 12 1  The data were re-merged 

and scaled into P212 12 1 and the solution reattempted. 

Table 9.1 .  Data collection statistics for BLGA U' lattice. 

Space group P212 12 1 

Unit cell a =  68. 1 9  A 

b = 68.23 A 

c = 1 3 1 .46 A 

Data collection 

Observed reflections 1 5 1 099 

Unique reflections 1 2501  

Completeness 97.4 % 

Rmerge on I 0 .097 

Overall 1/ a 1 0.3  

Wilson B (A2) 33 .50 

Redundancy 1 2 .0 

a Outermost shell (3 . 1 1  - 3 .0 A) 

9.3 Solution 

a =  90° 

f3 = 90° 

r =  900 

(96 .8  %t 

(0.298t 

(3 .0t 

(3 .0t 

The structure was solved with AMORE [Navaza 1 994] , using the BLGA 

model (PDB ID: 1 beb ). Rotation and translation searches were carried out 

on data in the resolution range 1 2-4.0 A (Tables 9.2 and 9.3).  The 

translation search revealed four monomers in the asymmetric unit. Rigid­

body refinement of the four monomers using data in the resolution range 
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1 2-3 .5  A resulted in an R factor of 39 .8  % and correlation coefficient of 

54.4 (Table 9.4) . 

Table 9.2. Solutions to the rotation function for BLGA U' lattice. 

a � X Tx Ty Tz 

28 . 8 1  63 . 1 1  1 67.04 0.0000 0.0000 0 .0000 

1 1 7.55 63 .36 1 66.74 0.0000 0.0000 0 .0000 

56. 1 9  7 1 .54 279.76 0.0000 0.0000 0.0000 

1 45 .85 72 .82 282.24 0.0000 0.0000 0 .0000 

1 03 .63 80.97 255 .07 0.0000 0.0000 0 .0000 

76.7 1 87 .43 77.73 0.0000 0.0000 0 .0000 

7 1 .00 46.40 96. 1 8  0.0000 0.0000 0 .0000 

14.29 80.40 256.37 0.0000 0.0000 0 .0000 

1 04.22 90.00 255 .53 0.0000 0.0000 0 .0000 

42.60 73 .20 1 47 .37 0.0000 0.0000 0 .0000 

1 64.40 87.75 78 .50 0.0000 0.0000 0 .0000 

1 32.99 73 . 1 3 1 46.73 0.0000 0.0000 0 .0000 

1 7 .33 90.00 255.32 0.0000 0.0000 0 .0000 

54. 1 9  2 1 .76 1 1 1 .08 0 .0000 0.0000 0.0000 

1 64.47 67.07 22 1 .3 1  0.0000 0.0000 0 .0000 

1 68.8 1  1 0.74 1 85 .24 0.0000 0.0000 0 .0000 

1 59.6 1 46.53 96.39 0.0000 0.0000 0.0000 

1 1 1 .38 56.02 3 0 1 . 5 1 0.0000 0.0000 0 .0000 

1 8 .74 77 .03 1 24.50 0.0000 0.0000 0 .0000 

1 0 1 .83 76.28 307.4 1 0.0000 0.0000 0.0000 

Corr Rfac Solution 

1 1 . 8 5 1 .5 1 

1 0.0 52. 1 2 

9 .8  5 1 .9 3 

1 0.9 5 1 .5 4 

8.9 52.3 5 

8 .2 52.4 6 

7.4 52.7 7 

9.6 52. 1 8 

7.6 52.4 9 

8 .5 52.2 1 0  

8.3 52.3 1 1  

8.0 52.3 1 2  

7 .6 52.5 1 3  

7 .0 52.6 1 4  

8 .3 52.2 1 5  

6.9 53 .0 1 6  

8 .0 52.5 1 7  

5 . 8  53 .2 1 8  

8.6 52.3 1 9  

7.3 52.7 20 
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Table 9.3. Solutions to the translation function for BLGA U' lattice. 

Solution I 

a B X Tx Ty Tz 

28 . 8 1  63. 1 1  1 67 .04 0.4389 0.47 1 3  0.2656 

56. 1 9  7 1 . 54 279.76 0.2545 0 .36 1 0  0.4853 

1 45 . 85 72.82 282.24 0.389 1 0.0040 0.2352 

42.60 73 .20 147 .37 0.49 1 0  0.0880 0.3282 

1 1 7.55 63 .36 1 66.74 0. 1 658 0 . 1 075 0.0564 

1 32 .99 73 . 1 3  146.73 0. 1 6 1 1 0.2405 0.4 1 32 

1 4.29 80.40 256.37 0. 1 965 0. 1 260 0.2343 

1 8 .74 77 .03 1 24 .50 0. 1 372 0 . 1 976 0.0000 

1 7.33 90.00 255 .32 0.0 1 30 0 . 1 076 0. 1 72 1  

1 59 .61  46.53 96.39 0.349 1 0 . 1 087 0.0457 

7 1 .00 46.40 96. 1 8  0.3786 0 .250 1 0.4852 

1 03 .63 80.97 255.07 0.3309 0.4460 0.4567 

1 64.40 87.75 78.50 0.40 1 1 0 .22 1 4  0.0265 

1 64.47 67.07 22 1 .3 1  0.0264 0.2278 0. 1 500 

76. 7 1  87 .43 77.73 0.3487 0. 1 500 0. 1 3 1 9  

1 04.22 90.00 255 .53 0.2369 0.03 1 3  0. 1 900 

54. 1 9  2 1 .76 1 1 1 .08 0. 1 399 0.3040 0.4395 

1 0 1 .83 76 .28 307.4 1 0.00 1 5  0.3037 0.4852 

1 68 . 8 1  1 0. 74 1 85 .24 0.07 1 6  0. 1 825 0.2235 

1 1 1 .38 56 .02 301 .5 1 0.242 1 0.4086 0.3420 

Corr Rfac 

1 8.2  5 1 .2 

1 7 .9 50.4 

1 7 .4 50 .8  

1 5 . 1  52 .0 

14.2 5 1 . 8 

1 3 .9 52 .5  

1 3 . 8  5 1 .5 

1 3 .2 52 .3  

1 3 .2 5 1 .9 

1 3 . 1 52 . 1 

1 3 .0  52 .2  

1 3 .0 5 1 . 8 

1 2 .6 52 .4 

1 2.6  52 .0  

12 . 5  52 .0  

1 2.4 5 1 .9 

1 1 .7  52 .5  

1 1 .6  52 .8  

1 0.6 52 .7  

1 0. 5  52 .6 



Solution 2 

a � X Tx Ty Tz 

1 45 . 85 72 .82 282 .24 0. 8902 0.5259 0.2348 

56. 1 9  7 1 .54 279.76 0.2652 0. 8597 0.4856 

1 1 7 . 55  63 .36 1 66.74 0 .2790 0.686 1 0.0 1 85 

76. 7 1  87 .43 77 .73 0.5 0 1 9  0.0202 0.3 1 32 

14.29 80.40 256.37 0 .5886 0.4563 0.2435 

1 7 .33 90.00 255 .32 0 . 8923 0.9553 0.7977 

1 03 .63 80.97 255 .07 0 . 1 03 1  0.3420 0.7063 

1 8 .74 77.03 1 24.50 0. 5276 0.2988 0.327 1 

1 64.47 67.07 22 1 .3 1  0 . 898 1 0.4385 0.7 1 99 

1 32 .99 73. 1 3  1 46.73 0. 5677 0.3629 0.2575 

42 .60 73.20 1 47 .37 0. 1 423 0.0585 0.7283 

7 1 .00 46.40 96. 1 8  0 .97 1 5  0.66 1 1 0.6794 

1 64.40 87.75 78 .50 0.5030 0.7257 0. 1 600 

1 59 .6 1 46.53 96.39 0 . 5229 0.4093 0.2352 

1 68 . 8 1  10.74 1 85 .24 0.4756 0.9896 0.2225 

1 04 .22 90.00 255 .53 0 .3 1 3 1  0.4705 0.7 1 8 1  

1 0 1 . 83 76.28 307.4 1 0 .2229 0.5343 0.7 1 03 

1 1 1 .38 56.02 30 1 . 5 1  0 .4023 0.4 1 88 0.2006 

54. 1 9  2 1 .76 1 1 1 .08 0.9742 0.3233 0.766 1 

Corr Rfac 

28 .8  47.5 

27 . 1 48.0 

25.5 49. 1 

1 9 .8 50.6 

1 9.5 50.7 

1 9 .4 50.2 

1 9.3 50.6 

1 9.3 50.4 

1 9.3 50.4 

1 9.0 5 1 .0 

1 8.9  50.7 

1 8 .7  5 1 .2 

1 8 . 5  5 1 .0 

1 8 .5 50.8 

1 8 .3 5 1 .3 

1 8 .2 5 1 .2 

1 8 . 1  5 1 .3 

1 7. 7  5 1 .2 

1 7.6  5 1 .4 

1 23 



Solution 3 

a J3 x Tx Ty Tz Corr Rfac 

1 1 7 .55  63.36 1 66.74 0 .2823 0.6860 0.0 1 84 35 .7  45 .9  

76.7 1 87.43 77.73 0 .6404 0.4053 0.7229 27 .5  48.4 

1 03 .63 80.97 255.07 0 . 1 223 0. 1 479 0.3040 27.3 48.5 

1 32 .99 73 . 1 3  1 46.73 0 .976 1 0 .5589 0.47 1 5  27.2 48.0 

1 64.47 67.07 22 1 .3 1  0 . 8543 0.4854 0.7544 27. 1 48.4 

1 04.22 90.00 255.53 0 .3783 0.9800 0.7850 27. 1 48 .4 

1 0 1 .83 76.28 307.4 1 0.4580 0.8407 0.2226 26.6 48.7 

1 7.33 90.00 255 .32 0. 1 732 0.7576 0.8287 26.5 48.2 

1 8 .74 77.03 1 24.50 0 .9467 0.4740 0.7844 26.4 49.4 

1 59.6 1 46.53 96.39 0 .9384 0.3705 0.7739 26.4 48.6 

42.60 73 .20 1 47.37 0 .98 1 0  0.4632 0.7772 26.4 48.6 

1 64.40 87.75 78.50 0 .5039 0.7232 0. 1 6 1 9  26.3 48.8 

1 4 .29 80.40 256.37 0 .3906 0.5467 0.28 1 4  26.0 48.9 

7 1 .00 46.40 96. 1 8  0 .7533 0.4007 0.6854 25.9 49. 1 

54. 1 9  2 1 .76 1 1 1 .08 0 .0466 0.0284 0.7036 25.7 49.2 

1 1 1 .38 56.02 30 1 .5 1  0 . 5880 0.4590 0.243 1 25 .4 48.9 

1 68 .8 1 1 0.74 1 85 .24 0.4742 0.9903 0.22 1 8  25 .3 49.0 

1 24 
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Solution 4 

a � X Tx Ty Tz Corr Rfac 

56. 1 9  7 1 . 54  279.76 0.2652 0 .8622 0.4850 44.4 43 . 1 

1 4.29 80.40 256. 37  0. 1 784 0 .4660 0 .84 1 5 33 . 3  47. 1 

76. 7 1  87 .43 77.73 0 .64 1 0  0.4042 0.7234 33 . 3  46.9 

1 1 1 . 38  5 6.02 30 1 . 5 1  0 . 5852 0 .92 1 2  0.2448 33 . 1 46.7 

1 03 .63 80.97 255 .07 0 .3 1 30 0. 8 503 0. 8079 33 . 1 46. 5  

42.60 73 .20 1 47.37  0.4 1 1 4  0 .2596 0 .43 87 33 .0  47 .0 

1 04.22 90.00 255 .53 0 . 7474 0 . 3 855  0.6827 32 .9 46.9 

1 8 . 74 77.03 1 24 .50 0. 1 80 1  0.9486 0 .29 1 2  32 .9  46.8 

1 1 7. 55  63 . 36  1 66.74 0. 1 307 0 .6856 0.0203 32 .8  48 . 1 

1 7 . 33  90.00 255 .32 0.9949 0.2229 0 .2890 32 .8  47. 1 

1 64.4 7 67 .07 22 1 .3 1  0 .548 1 0 .632 1 0 .25 1 2  32 .7  47.2 

1 68. 8 1  1 0. 74 1 85 .24 0 .4 749 0 .9905 0.2223 32 .6 47. 1 

1 64.40 87 .75  78. 50 0 .5 1 3 8 0. 8806 0. 1 508 32.6 46.8 

7 1 .00 46.40 96. 1 8  0. 7280 0 .443 1 0 .6964 32 .5  46 .8  

1 59.6 1 46. 5 3  96. 39  0 .2556 0. 8940 0 . 1 580 32 .4  47 .4  

1 32 .99 73 . 1 3  1 46.73 0. 5669 0 . 3622 0 .2568 32.4 47.3 

54. 1 9  2 1 . 76 1 1 1 .08 0 .2 1 3 1  0 .8006 0.9449 3 1 .9 47. 7 

1 0 1 . 83 76.28  307.4 1 0 .4594 0. 8398 0.2224 3 1 . 8 47 . 1 

The best solut ions from the translation function from each set were 

refined as rigid bodies. 
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Table 9.4. Final solutions for BLGA U'  lattice. 

a p X Tx Ty Tz Con Rfac Solution 

30.32 62 .2 1 1 68 .48 0.443 1 0.4698 0 .2677 54.4 39.8 1 

1 46.06 70.90 28 1 .77  0 .8943 0 .5301  0 .2347 54.4 39. 8 2 

1 1 5 . 83 6 1 .79 1 70 .27 0.29 1 6  0.6883 0 .0200 54.4 39. 8 3 

56.56 69.04 279.4 1 0.2595 0. 862 1 0.4854 54.4 39. 8 4 

Each solution was applied to the search model structure and the resultant 

coordinates generated.  Then all the symmetry equivalents were generated 

and the two dimers c losest to the origin were chosen for further 

refinement (Figure 9.2) .  

F igure 9.2 

Stereo view of the asymmetric unit contents of BLGA U' lattice. 

9.4 Refinement 

The model was refined by s imulated annealing with CNS [Brunger et al. 

1 998] (using the standard parameters described in Chapter 8), achieving R 
= 0.322 and Rrree = 0.398 for data in the resolution range 50 to 3 .0 A. 

Several rounds o f  model building with TURBO-FRODO [Rousse l  & 
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Cambillau 1 989] followed by xyz and grouped B-factor refinement 

brought the R and Rfree to 0.304 and 0.32 1 ,  respectively. A total of 55 

water molecules were added with the "water-pick" procedure of CNS 

based on peak heights of 20" in a 2F0-Fc map. All water molecules were 

.xyz-fixed and B-factors only were refined. Water molecules with poor 

density or unfavourable protein contacts were deleted. The final model 

with individually refined but tightly restrained B-factors brought R and 

Rfree to values of 0 .293 and 0.3 1 3 .  All refinements were done with strict 

(high energy) four-fold NCS restraints applied to the whole molecule. 

The RMS deviations for bond lengths and angles are 0.0 1 2  A and 1 .6° 

respectively. A summary of refinement statistics is given in Table 9 .5 .  

Figures 9 .3  and 9 .4 show the real-space R factors per residue and 

representative electron density in the P-barrel. The real space R factors 

being between 0 and 0.4 over the four polypeptide chains is indicative of 

very good fit of the atoms to the electron density. 

Other software used: MTZDUMP and MTZUTILS for inspection and 

modification of MTZ files, IPDISP for display of image-plate frames, 

HKL VIEW for display of processed data, BA VERAGE for calculation of 

average B values, MTZ2V ARIOUS for conversion of file formats, 

RASMOL for display of molecules, XLOGGRAPH, PDBSET [CCP4 

1 994],  LSQMAN [Kleywegt 1 996] for calculation of molecular 

superpositions, MOLEMAN [Kleywegt 1 999] and DAT AMAN 

[Kleywegt & Jones 1 999] for manipulation of coordinate files, and 

MAPP AGE [Roussel & Cambillau 1 989] for preparation of electron 

density maps for TURBO-FRODO. 
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Table 9.5. Refinement statistics for BLGA U' lattice. 

Reflections 1 2239 

Free R factor reflections 6 1 9  

Resolution limits 50-3 .0 A 
R factor 0.293 

Free R factor 0.3 1 3  

Total number non-H atoms 499 1 

Number water molecules 55  

R.m.s deviations from ideals 

Bond lengths 0.0 1 2  A 
Bond angles 1 .60 

Dihedral angles 25.4° 

Improper angles 0 .9° 

Average B-factors (A2) 
Main chain 28.3 

Side chain 30.2 

Water molecules 1 8 .4 

Ramachandran plot Figure 9 .5 

Most favoured (%) 78.2 

Allowed (%) 1 9.7  

Generously allowed (%) 0.7 

Disallowed (%) 1 .4 
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Figure 9.3 

Real space R-factor for each residue for BLGA U' latt ice, covering chains 

A-D and water molecules. 
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U R! B I:I  

Figure 9.4 

Typical electron density of the P -barrel about Trp l 9  for BLGA U'  lattice. 

The e lectron density is contoured at 1 .2 u .  
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Figure 9 .5  

Ramachandran plot of BLGA res idues for BLGA U' latt ice.  

H ighl ighted are residues Y99, which is part of a y  turn, A34, which is part 

of the dimer interface and is geometrical ly strained, and L39,  which l ies 

j ust in the generously al lowed region. 
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Chapter 10  

The preliminary X-ray analysis of BLGA J lattice at  3 .0  A resolution 

10.1  Crystallization 

The protein used i s  from the same batch used previously. 

Crystals were grown by m1cro dialysis (Hampton Research, Dialysis 

Buttons) of a solut ion of B LGA (20 mg mL- 1 in 0. 1 M Tris pH 7.0) 

against ultra purified water spiked with retinoic ac id solut ion. After one 

week the water was aspirated away and replaced with new ultra purified 

water and again spiked with retinoic acid solution. Crystals grew to a size 

of 800x800x300 m1crons m approximately four weeks. The 

crystall ization was protected from l ight by wrapping the box in foi l .  

Figure 1 0. 1  

BLGA J lattice crystals 

1 0.2 Data collection and processing 

A single crystal (Figure 1 0. 1 )  was mounted in a nylon loop, with a 

cryoprotecting solution consisting of  the wel l  solution from which the 
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crystal was grown and 40% glycerol. The crystal was soaked in the 

cryoprotectant for approximately 30-50 seconds then snap frozen in the 

cryo-stream (Oxford Cryosystems ). Data were collected on a Rigaku 

RU200 rotating-anode generator running at 1 . 1  kW Cu-Ka, 0. 1 mm 

focus, fitted with an AXCO SPA 50 mono-capillary X-ray optic coupled 

with a Rigaku RAxis IIC image-plate detector. X-ray frames were taken 

of each crystal (30 minute, 0.5° oscillation). 

The cell and orientation matrix were determined by the auto-index 

procedure in DENZO [Otwinoski & Minor 1 997] . The resulting data files 

were scaled and merged together with SCALEP ACK [Otwinoski & 

Minor 1 997] . 

Table 1 0. 1 .  Data collection statistics for BLGA J lattice. 

Space group ? 
Unit cell a =  36.0 A a =  90° 

b = 36.0 A fJ =  90° 

c = 229.7 A r= 900 

Due to the long cell edge the data and high mosaicity ( -1 °) the space 

group has not been determined. The data set is also incomplete due to the 

long cell edge causing overlaps. A new attachment for the goniometer 

head has been manufactured and the process of completing the data set is 

ongoing. Many different solutions have been attempted. However, none 

of them led to a viable solution. Further data collections to minimize 

overlap of data spots have not resolved the space group and the structure­

solution difficulties. Recollection of the data using a finer slicing (0. 1 -

0.20) may help to minimize spot overlap. 
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Chapter 1 1  

Site-directed mutagenesis to produce the K69E mutant of bovine 

BLGA. 

1 1 . 1  Point mutations in  recombinant BLGA 

It was intended to make 3 mutants, K60L, K69E and E62L. It is 

anticipated that K60L and K69E will lower the binding constant for 

ligand binding and render the protein inactive with respect to fatty acid 

binding. The E62L may have the opposite effect and raise the binding 

constant considerably, perhaps to the point where ligand binding is 

irreversible. Due to time constraints only K69E was made. 

1 1 .2 Expression System 

The expression system being used is the ThioFusion ™ expression system 

(Invitrogen), with the GI724 strain of E. coli. The target protein is 

expressed at the C-terminus of thioredoxin, an 1 1 .7 kD protein that is 

extremely soluble in E. coli. The properly folded thioredoxin is intended 

to aid correct folding of the target protein. 

The plasmid used to create thioredoxin fusions, pTrxFus, uses the PL 

promoter from bacteriophage to drive expression. This promoter is one of 

the most efficient promoters for bacterial expression. It is also tightly 

regulated. pTrxFus is propagated in E. coli cells (either GI698 or GI724) 

where the cl repressor gene is under control of the trp promoter. The trp 

repressor and attenuation regulate expression of the cl repressor. When 

cells are grown in tryptophan-free medium, the cl repress or gene is 

transcribed, and the cl repressor protein binds to the PL promoter 
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preventing transcription. Expression is induced by adding tryptophan to 

the medium which shuts down cl repressor synthesis. 

1 1 .3 Site-directed mutagenes is. 

The ThioFusion TM ( Invitrogen) expression system is not amenable to a 

one-step site-directed mutagenesis (SDM) of the circular plasmid [Kunkel 

1 985 ] .  The mutagenesis must be done on the iso lated gene of interest. 

The mutagenesis is achieved by three-step polymerase chain reaction 

(PCR) [Grandori et al. 1 997 ] (Figure 1 1 . 1  ) .  

Step 1 

Half-gene PCR mutagenesis usmg a forward pnmer with the mutation 

and a reverse primer from 5 '  end. 

Step 2 

Half-gene PCR mutagenesis usmg a forward primer from 5 '  end and a 

reverse primer with the mutation. 

Step 3 

PCR using the purified Yz genes as the template with forward and reverse 

end primers. 
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5' Mutation site 3' 

3' 5' 

Step 1 

5' 3' 

3'  5' 

Step 2 

5' 3' 

3' 5' 

Step 3 

Result 

5' Mutated gene 
3' 

3' 5' 

Figure 1 1 . 1  

The three-step PCR process for site-directed mutagenesis. 

A forward primer BLGA _K69E _F and reverse primer BLGA _ K69E _ R 

spanning the mutation s ite were designed. End primers KPN 1 FP and 

BAMH 1 RP were supplied by Dr K A N  S Ariyaratne. 

Cel ls  (01724) containing the BLGA_pTrxFus plasmid were cultured 

overnight and the plasmid removed from the culture by mini-prep 

(Biorad) .  The plasmid was then sequential ly digested with Kpnl 

(GibcoBR L) and BamH I  (Roche) DNA restriction enzymes to yie ld both 

double-digested pTrxFus plasmid and the BLGA gene to be used as the 

PCR template. 

The three-step SDM procedure divides the gene to two parts. K69E 1 
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(BLGA_K69E_F, BAMH 1 RP) and K69E_2 (BLGA_K69E_R, KPN 1 FP) . 

For each part K96E_1 and K69E_2, a PCR reaction mixture was prepared 

containing the primers, l OO pmol L- 1 (2 ).lL),  m ixed with �2 ng (2 ).lL) of 

DNA template (BLGA), 5 mL l 0 x Pfx amplification buffer, l ).lL 0 .05 M 

MgS04, 3 00 11M dNTP ' s  ( l  11L), I Unit Pfx Platinum DNA polymerase 

(GibcoBRL) ( 1  ).lL), H20 (37  ).lL). The samples were subjected to 25 PC R 

cycles of denaturation at 94° C ( 1  minute), anneal ing at 55°  C ( 1  minute), 

and extension at 72° C ( 1  minute ) in a DNA thermocycler (Perkin Elmer, 

Cetus) .  

The PCR product was examined by agarose ge l e lectrophoresis [Maniatis 

et  al. 1 989] ( ethidium-bromide stained) and showed a 1 50 bp band for 

K69E 1 and a 250 bp band for K69E_2 (Figure 1 1 .2 ) . K69E_ 1 was 

purified by agarose ge l e lectrophoresis [Maniatis et al. 1 989] and 

extracted with a Quiagen PCR purification kit. 

The full gene PCR consisted of 2 ).lL each of K69E _1 and K69E _ 2,  l 00 

pmol L- 1 (2 ).lL) each of primers BAM H 1 RP, and KPN I FP, 5 ).lL 1 0  x Pfx 

amplification buffer, 1 ).lL 0.05 M MgS04, 3 00 ).!M dNTP' s  ( 1  ).lL), l U nit 

Pfx Platinum DNA polymerase ( I  ).lL), H20 (37  ).lL). The PCR product 

was purified by agarose gel electrophoresis [Maniatis et al. 1 989] (Figure 

1 1 . 3 ), extracted from the gel by Quiagen PCR purification k it, and 

analysed by DNA sequencing (ABI systems, big-dye terminator; MuSeq 

sequencing service of Massey University). 



Figure 1 1 . 2  

PCR products K69E_ 1 ( lane 1 )  

and K69E _ 2 ( lane 2 ). 

(St) DNA ladder. 

1 3 8 

Figure 1 1 . 3  

Full PCR product (lane 2 )  

and fai led PCR (lane 1 ) .  

(St) DNA ladder. 

Bands from 600 Bp to 3 00 Bp are obscured by the loading dye which 

travels at approximately % the speed of the 1 00 Bp DNA fragment. 

1 1 .4  Cloning 

The double-digested pTrxFus vector isolated above was purified by 

agarose gel e lectrophoresis [Maniatis et al. 1 989] and the mutated 

synthetic gene was sequentially d igested with Kpni ( GibcoBRL) and 

BamHI ( Roche) and purified with the Quiagen PCR purification kit. The 

l igation of the vector (20 ng) and the insert (35 ng) was carried out 

overnight at 1 6  °C using 1 unit of T4 DNA l igase in a total volume of 1 0  

J.lL. 

A 1 1 0 J.lL aliquot of G 1 724 E. coli competent cel ls (prepared fol lowing 
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the standard protocol for preparation of chemical ly competent cel ls,  as set 

out in the ThioFusion ™ ( I nvitrogen) expression system manual . No cel l  

dens ity is known or calculated.)  was transformed with 1 0  �L of the 

l igation m ixture by heat shock at 42 °C for 90 seconds. Then, 900 �L of 

SOC media (2% (w/v) Tryptone, 0 .5% (w/v) yeast extract, 0 .05 % (w/v) 

NaCl,  2 . 5  mM KCl, 1 0  mM MgClz, 20 mM glucose) was added to the 

transformation mixture and incubated at 3 0  °C for one hour. 

A 1 00 �L aliquot of the transformation mixture was plated on RMG-agar 

(0 .6 % (w/v) Na2HP04, 0 .3  % ( w/v) KH2P04, 0.05 % (w/v) NaCI ,  0 . 1 %  

(w/v) N H4C I ,  2% (w/v) Casamino ac ids, 0.0095 % (w/v) MgClz, 1 . 5 % 

(w/v) agar) and incubated at 30  °C for 36 hours. Five colonies were 

selected at random and grown individual ly in RM media (0.6 o/o (w/v) 

Na2 HP04, 0 .3  % (w/v )  KH2P04, 0 .05 % (w/v)  NaCI,  0 . 1 %  (w/v)  NH4C I ,  

2% (w/v) Casamino ac ids, 0 .0095 % (w/v) MgClz)  at 30  °C with shaking 

(200 - 225 rpm. )  for 20 hours. 

The plasmid was removed from the cultured cel ls by m 1m-prep 

(Biorad)(Figure 1 1 . 5 ) .  The plasmid was then sequentially digested with 

Kpnl  (GibcoBRL) and BamHI  ( Roche) DNA restriction enzymes. The 

presence of the mutated gene is  confirmed ( Figure 1 1 . 6)  by the loss of a 

�500 Bp fragment in the second digest ion. One colony was chosen at 

random and PCR amplified. The PCR mixture consisted of 2 �L DNA 

template, 1 00 pmol L- 1 (2 �L) each of primers BAMH 1 RP ,  and KPN 1 FP, 

5 �L 1 0  x Pfx ampl ificat ion buffer, 1 �L 0.05 M MgS04, 3 00 �M dNTP' s  

( 1  �L), 1 Unit Pfx Platinum DNA polymerase ( 1  �L), H20 ( 3 7  �L). The 

PCR product was purified by agarose gel electrophoresis [Man iatis et al. 

1 989], and DNA sequenced to confirm the mutation and readit1g frame 

(Figures 1 1 .4) .  
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Figure 1 1 .4  

DNA sequence of the c loned gene with the K69E point mutation 



Figure 1 1 . 5  

Plasmid isolated fi·om 5 randomly 
chosen transformants. 

1 1 .5 Protein E x p ress ion 

1 4 1  

Figure 1 1 .6 

Single ( 1 )  and double 
digest (2) of colony 4. 

(St) DNA ladder. 

1 00 mL of induct ion media inoculated with 1 mL of the l iquid RM clone 

culture was incubated at 30 oc with shaking until the optical density at 

550 nm (00550) reached 0 .5 absorbance units (AU). I mL of culture 

media was removed as a control sample before the cells were induced with 

DL-tryptophan at a final concentration of 400 �g/mL. The culture was 

incubated for a further 1 7  hours at 30 oc with shaking. The culture 

growth was monitored at intervals 1 hr, 2 hr, 3 hr, and 1 7  hr by 00550 and 

samples were saved for SOS-PAGE [Laemml i  1 970] analysis of protein 

expression. For whole cell analysis, 5 00 �L of culture media was 

centrifuged at 1 4000 rpm [Eppendorf mini centrifuge] for 2 minutes to 

pel let the cel ls .  The pel leted cel l s  were then resuspended in 1 0  �L of 

de ionized water and 1 0  �L of 2x sample buffer (0.5 M Tris-HCl (pH 6. 8), 

20% glycerol ,  4% SOS, 0. 1 % DTT, 0 .02 % bromophenol blue). Then the 

samples were heated at 1 00 °C for 5 minutes and analysed by SDS-PAGE 

using 1 2  % gel [Laemmli  1 970] (Figure 1 1 . 7) . To test for the solubi l ity of 

the BLG-fusion protein (BLG*), the cells were pelleted by centrifugation, 
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resuspended in 1 5  mL of 0 .0 1 M Tris buffer pH 7 .0  0 . 1 M NaCl, 

containing Complete™ protease inhibitor ( Roche) (Yz tablet). Cel ls were 

lysed by sonication over ice using three 1 5-second bursts at 1 1 0 Watts 

(Virsonic Digital 550  U ltrasonic Cel l  Disrupter). Soluble cell lysate was 

separated from insoluble cell  debris by centrifugation at 6000 g (Sorvall  

RC2B centrifuge I SS34 rotor) . Cel l  debris were resuspended in 1 5  mL of 

0.0 1  M Tris buffer pH 7.0 0 . 1 M NaCl buffer and analysed together with 

the soluble fraction by SDS-PAGE as above (Figure 1 1 . 7) .  

45 . 0 

13 1 . 0  

-St --'�--- 2 3 4 

Figure 1 1 . 7 

SDS-PAGE fol lowing induction. 

Lanes 1 -4 BLG* induction t = 0, 1 ,  3 and 1 7  hrs (whole cell) .  

Lane 5 cel l  debris at 1 OX concentration; lane 6 soluble fraction; St 

molecular mass markers. Coomassie Brilliant B lue staining. 
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1 1 .6 Protein purification ( 1 )  

The soluble cell lysate was d iluted until the optical density at 280 run was 

1 . 5 .  The pH of the solution was then adjusted to pH 2 .  7 with a 5 0% acetic 

acid solution. 7% NaCl sol id (w/v) was added and stirred for 2 hours at 

room temperature .  The solution was then centrifuged at 1 6000 g (Sorvall 

RC2B centrifuge I SS34 rotor) to remove the precipitate that had formed. 

The clear supematant solution then had NaCI  solid added to bring the 

NaCI percentage ( w/v) up to 3 0%. The precip itated BLG* was then 

removed fi·om the solution by centrifugation. The precipitate was 

redissolved in a minimum volume of 0 . 1 M Tris-HCI (pH 6 .8 )  and loaded 

onto a Superdex G200 column and eluted with Ekmax buffer (50 mM 

Tris-HCl, 1 0  mM CaCb) .  Fractions were monitored by optical detection at 

280 nm and 1 1 4 nm . Fractions containing protein were assayed by SDS­

PAGE [ Laemmli 1 970],  and fractions containing BLG* were pooled 

(Figure 1 1 . 8 ) . 



97.4 .... 
66 . 2 �-
45 . 0 --• 

3 1 . 0  ..-� 

2 1  . 5 ... !l!t,:. 

St 
J 

1 2 3 4 

Figure 1 1 . 8  

SDS-PAGE showing the purification scheme. 
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Lane 1 ,  so luble prote in. Lane 2, soluble prote in  after pH cut and addition 

of 7% (w/v) NaCI .  Lane 3, insoluble protein after pH cut and addition of  

7o/o NaCl at 1 OX concentration. Lane 4 ,  so luble protein after G200 

column. St, molecular mass markers. 

The pooled fractions were concentrated by ultrafiltrat ion (Centricon 1 0  

(Mi l l ipore))  unti l  the protein concentration was approximately 4 mg mL- 1 • 

The Enterokinase enzyme ( I nvitrogen) was added ( 1  U 1 J.!L) and the 

solution incubated at 25°  C overnight. After i ncubation overnight, 1 0  J.!L 

of each sample was mixed with 1 J.!L of SDS sample buffer, and analysed 

by SDS-PAGE (Figure 1 1 .9) .  The SDS-PAGE analysis showed the 

thioredoxin had been c leaved from the BLG*, but the BLG* had been also 

destroyed by proteolysis.  The control sample of BLG* without 

enterokinase had not degraded .  
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1 1 . 7 Protein purification (2)  

A second purification protoco l  was developed without the acid 

prec ipitation step, as it was a possibi l ity that this step was partially 

unfold ing the protein. 

The soluble cell lysate was di luted 20 : 1 with 1 0  mm Bis-tris (pH 6 . 5 )  and 

loaded onto a 7 mL Source-Q column and e luted with a linear gradient of 

0 - 1 M NaCl in 1 0  mM Bis-tris at pH 6 .5 .  The fractions containing BLG* 

as detected by SDS-PAGE were pooled and concentrated by ultrafiltration 

(Vivaspin) and loaded onto a Superdex G200 column and eluted with 

Ekmax buffer (50  mM Tris-HCl ,  I 0 mM CaCb).  Fractionation was 

fol lowed by optical detection at 280 run and 1 1 4 nm. Fract ions containing 

protein were assayed by SDS-PAGE [Laemmli 1 970] .  One fraction was 

chosen for enterokinase digestion. To a 1 00 IlL sample enterokinase 

( I nvitrogen) was added (0.2 U, 0 .2  IlL)  and the solution incubated at 25° C 

overnight. After incubation 1 0  IlL of each sample was mixed with 1 IlL of 

SDS sample buffer, and analysed by SDS-PAGE. The SDS-PAGE 

analysis showed that the thioredoxin had been cleaved from the BLG *, but 

that the BLG* had again been destroyed by proteolysis into three 

fragments, as observed with protein purification protocol ( 1 )  section 1 1 .6 

(Figure 1 1 .9). The control sample of BLG* without enterokinase had not 

degraded. 
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Figure 1 1 .9  
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2 

SDS-PAGE enterokinase digestion of K69E-fusion purified section 1 1 .6. 

Lane 1 ,  control sample of BLG* without enterokinase. Lane 2, 

enterokinase d igest. 

The faint band j ust above the lane numbers is a small amount of the 

loading dye that persists after destaining. 

A sample of BLGA isolated and purified from cow' s milk was incubated 

for 8 hours with Enterokinase ( Invitrogen) and showed exact ly the same 

degradation pattern as the recombinant sample. The specificity of these 

batches of enterokinase is being looked into by the manufacturer. 

1 1 .8 Protein analysis 

A sample of the BLG* was purified and denatured by reverse phase 

HPLC on a phonominex C- 1 8  column. The protein was loaded in water 

and e luted w ith a l inear gradient (60 min) of (water 0. 1 % TFA) -
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(acetonitrile 0.08 % TFA). The prote in eluted from the column at 59 .4% 

acetonitrile. The sample was col lected and analysed by mass 

spectrometry on  a Micromass ZMD electro-spray mass spectrometer. The 

analysis showed the calculated and experimental mass to be the same 

(Figure 1 1 . 1  0) .  

1 00 31284.0 

% 

31327.0 

0 �� 
31 000 3 1 1 00 3 1 200 31 300 3 1 400 3 1 500 3 1 600 3 1 700 31800 31 900 32000 

Figure 1 1 . 1  0 

M ass spectrum of BLG* 

A sample of BLG* was buffer exchanged (Vivaspin) into 1 0  mM 

phosphate buffer at pH 7 .0 and concentrated to 1 mg mL- 1 for circular 

dichroism (CD)  spectroscopy. Circular d ichroism spectroscopy was 

carried out on a Jasco 1790 circular dichroism spectrometer. The C D  

spectrum showed the characteristic BLG peak at 287 nm. This peak is 

overlayed with the peaks from the thioredoxin fusion on the N-terminus 

of the BLG, but is nevertheless a strongly recognisable feature of the C D  

spectrum ( Figure 1 1 . 1 1 ) . The peak i s  generated by Trp 1 9, which i s  held 

in a very rigid conformation in the structure . The peak gives strong 

evidence that the protein  is folded correctly. 
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Figure 1 1 . 1 1 

C D  spectrum of the BLG-thioredoxin fusion protein.  The arrows show 

the pair of peaks at 287 and 282 run, which is characteristic of B LG in 

solution. 



Chapter 12  

Results and Discussion 

12.1  Structure determinations of BLG 
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BLG, although easy to crystallize, has proved to be a challenge for 

structural determinations. The very first attempt at crystallization at low­

salt concentrations by micro dialysis was successful, and data were 

collected, to a modest 3 .6 A resolution. These data, however, consisted of 

only half of the required data, and were inadvertently corrupted due to a 

number of technical failures. Repeat crystallizations were undertaken; 

these yielded not a single crystal. Neither did a number of repeat 

experiments using identical conditions (as far as was technically 

possible) . After many attempts, the purity of the Milli-Q water supply to 

the laboratory came under suspicion. Conductivity tests confirmed the 

water did not contain ionic material. Mass spectra, however, revealed a 

considerable quantity of organic matter, with concentrations approaching 

that of the protein sample itself. To remove the organics, a system of 

column chromatography through activated carbon, followed by 

distillation from activated carbon (using a Vigreux column) was set up. 

This ultra purified water was analyzed by mass spectrometry and was 

found to be almost totally pure. The crystallizations were again trialed 

and crystals grew after one change of the well solution. Although 

crystallizations were now reproducible, the crystal form seemed to be 

somewhat random. This unpredictability is perhaps one of the reasons 

these low-salt crystal forms have not been successfully analyzed by 

crystallography previously. 
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The structure of BLGA eo-crystallized with retinol or retinoic acid, has 

the retinoid species bound half way inside the calyx [Kontopidis et al. 

2002] .  Retinol has been shown to have a two-step binding to BLG 

[Fugate & Song 1 980] . It was hoped that at low ionic strength the retinol 

would bind fully inside the calyx. Many attempts to eo-crystallize BLGA 

with a variety of fatty-acid molecules, under either high or low salt 

conditions, have met with limited success. Either crystals did not grow or 

if crystals were obtained, after data were collected, no electron density for 

bound ligands was found inside the calyx of BLG. As no significant 

results can be drawn from these structures they were abandoned and have 

not been reported in this thesis. 

All the protein used for BLG crystallography was prepared in the 

laboratory of Dr Lawrence Creamer, New Zealand Dairy Research 

Institute (now the Fonterra Research Centre). Dr Creamer is one of our 

collaborators in the BLG projects. Funding for this project comes as a 

FRST grant to the New Zealand Dairy Research Institute. 

12.2 BLGA Y' structure at 2.6 A resolution 

1 2.2.1 Description of the asymmetric unit and structure 

The asymmetric unit contains two BLGA molecules related by 2-fold 

NCS. Both molecules have been truncated, with the removal of amino 

acid residues 6 1 -65 (loop C-D) and 1 1 1 - 1 1 5  (loop G-H) and the C­

termini 1 57- 1 62, as these sections showed no reliable electron density as 

a result of disorder. This disorder will be discussed later. The overall 

structure of the BLGA monomer and dimer is essentially the same as the 

Y lattice C222 1 structure (PDB ID: 1 qg5) [Oliveira et al. 200 1 ] . A small 

angular difference in the dimer interface when the two structures are 
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compared is the most likely reason for the breakdown of the 

crystallographic 2-fold axis at the dimer interface, and therefore of the 

higher symmetry. 

1 2.2.2 Quality of the model 

The 2F0-Fc map, contoured at I 0' level, is well defined across the two subunits of the 

asymmetric unit, except about loops C-D, G-H and the C-terminus where the electron 

density abruptly becomes very ill defined. Final F0-Fc maps showed few 

uninterpretable holes or peaks in the electron density. The two-fold NCS restraints 

yield small improvements in the electron density maps. The final values for R and 

R&ee, 0.267 and 0.293 are somewhat higher than desirable, and are a consequence of 

the disorder and weak h+k odd data of the primitive cell. The Ramachandran plot 

[Ramachandran & Sasisekharan 1 968] showed 8 5 . 6  % of the residues in the most 

favoured regions, as defined by PROCHECK [CCP4 1 994] . This compares most 

favourably with other BLG structures. Outlying residues in the Ramachandran plot 

1 1  0 and 1 1 6 are the end residues where the break in the electron density occurs and 

therefore cannot be considered in the Ramachandran calculation. Residues 3 3  and 35 

are part of the dimer interface, the Y lattice dimer interface about residue 33 is 

sterically crowded and, therefore, the residues adopt geometrically unfavourable 

conformations. Y99 is the y-turn, which is a well-known structural feature o f  BLG 

and other lipocalins. Due to the considerable proportion of the molecule that is 

disordered and to the limited resolution of the data available, very few well-ordered 

water molecules were included in the structure. 



12.3 Structure of BLGA in lattice U' at 3.0 A resolution 

12.3 . 1 Description of the asymmetric unit and structure 
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The asymmetric unit contains four BLGA molecules, making two dimers. 

Four-fold NCS was applied across all four molecules. For refinement 

purposes the "C" and "D" molecules were chosen from different 

asymmetric units, so as to mmnruse the box that contained the 

asymmetric unit contents. This has the effect of speeding up the 

refinement calculations. For analysis and presentation, the dimers were 

reassembled with the unit cell and symmetry elements .  The overall 

structure of the BLGA monomer and dimer is very similar to the X and Z 

lattice structures (PDB ills: 1 beb [Brownlow et al. 1 997] and 3blg [Qin et 

al. 1 998] ) .  

The pH at  which the crystal was grown is the lowest pH thus far for an X­

ray structure. As the high concentration protein solution was dialysed 

against unbuffered ultra purified water, the pH in the dialysis button will 

have been approaching the pi of BLG at 5 .2; this is due to the BLG 

buffering itself. The pH of the structure is the closest pH for an X-ray 

structure when compared to the pH conditions used for the NMR 

structural determinations. The structure has the E-F loop in the closed 

position, as expected at acid pH. The resolution of the flexible loops in 

the structure is most likely a consequence of inter molecular hydrophobic 

interactions, promoted by the fact that there are so few ions in solution for 

the protein side chains or backbone to interact with. Due to the limited 

resolution of the data available, only a few well-ordered water molecules 

were included in the structure, so as not to introduce errors into the 

model. 
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12.3.2 Quality of the model 

The 2F0-Fc map, contoured at 1 a level, is well defined across all subunits 

of the asymmetric unit, including the often disordered flexible loop 

regions .  Final F0-Fc maps showed few uninterpretable holes or peaks in 

the electron density. The four-fold NCS restraints yield substantial 

improvements to electron density maps, effectively giving 3 .  0 A 
resolution maps a 2 .6 A appearance. The final values for R and Rfree, 
0.293 and 0.3 1 3  are disappointingly high; this is most likely a 

consequence of weak data and the problems with the data collection. The 

Ramachandran plot [Ramachandran & Sasisekharan 1 968] showed 78.2 

% of the residues in the most favoured regions, as defined by 

PROCHECK [CCP4 1 994] . This is somewhat lower than in other BLG 

structures.  Other than the y-turn at Tyr 99, only Ala 34 lies in an 

unfavourable geometry. Ala 34 makes up part of the dimer interface, and 

there are two hydrogen bonds that hold Ala 34 in an unfavourable 

geometry (A34_0(A)-A37 _N(A) 2 .80 A, and A34_N(A)-D33_0D 1 (B) 

3 . 2 1  A). 

12.4 Comparison of BLGA structures 

The X -ray structures of the three most common BLG variants A, B and C, 

have been determined. Variant A has been characterised in three different 

crystal lattices. This dissertation presents one completely new lattice and 

a minor symmetry change in another lattice most likely a consequence of 

freezing the crystal. Variant A has also been subject to two independent 

NMR determinations [Uhrinova et al. 2000; Kuwata et al. 1 999] . These 

independent structures cover an extremely wide range of experimental 

conditions (Table 12 . 1 ) . X-ray structures of proteins have often been 
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criticised as being "unnatural", not relevant to the proteins in vzvo 

environment, and therefore not physiologically relevant. BLG is m a 

relatively unique position of now having the structures of four different 

crystal lattices and two NMR experiments available to compare. We can 

compare these structures and look for differences that could be caused by 

the crystal packing or the environment in the crystal or NMR solution and 

postulate whether the structure is dependent on external factors, or 1s 

structurally consistent and independent of experimental conditions . 

In the comparison we shall first consider the superposition of a monomer 

from one experiment onto a monomer from another. For this comparison 

the program TURBO was used for the fitting and examination of the 

results graphically. Pairs of molecules were superimposed by calculation 

of a reorientation matrix by least-squares fit of three Ca positions from 

identical residues in the different structures .  Then this reorientation 

matrix was refined by including in the least-squares fit all pairs of Ca 
atoms lying within 0 .5  A of each other. On successive refinement of the 

reorientation matrix, more pairs of Ca atoms were included in the 

calculation. The iterations were continued until no more pairs of atoms 

met the 0.5 A criterion for inclusion and the reorientation matrix was 

stable. The final number of pairs of Ca atoms included in the least­

squares superposition was recorded (Table 1 2 . 1 ) . As the distance cut-off 

was set to the same value for each superposition, all the RMSD values 

were approximately equal (0.32 A). 
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Table 12 .1 .  Pairwise structural alignment of BLG monomers. Figures 

indicate the number of Ca atoms from model "A" within 0 .5  A of the 

identical Ca atom in model "B" after the orientation matrix has stabilised. 

y z U' Y' ZsR ZPA B-Y 

X 86 1 04 1 1 2 7 1  97 87 98 

y 73 88 1 1 8 72 70 1 26 

z 89 65 1 56 1 1 0 8 1  

U' 77 99 79 93 

Y' 65 65 1 1 0 

ZsR 1 24 82 

ZPA 79 

B-Y 

C-Y 

X) BLGA X lattice (PDB ID: 1 beb) [Brownlow et al. 1 997] 

Y) BLGA Y lattice (PDB ID : 1 qg5) [Oliveira et al. 200 1 ]  

Z) BLGA Z lattice pH 6.2 (PDB ID: 3blg) [Qin et al. 1 998] 

U') BLGA U' lattice 

Y') BLGA Y' lattice 

C-Y 

89 

1 20 

78 

92 

1 0 1  

78 

70 

1 26 

Z8R) BLGA Z lattice with 1 2-bromododecanoic acid bound (PDB ID: 

1 bso) [Qin et al. 1 998b] 

ZPA) BLGA Z lattice with palmitate bound (PDB ID: 1 b0o) [Wu et al. 

1 999] 

B-Y) BLGB Y lattice [G. Jameson personal communication] 

C-Y) BLGC Y lattice [G. Jameson personal communication] 

The above comparison shows that independent of experiment or even 

variant of BLG the structures superimpose very well, with at worst 50% 
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of the structure in good alignment. Average alignments of 90- 1 20 ( 60-7 5 

%) residues demonstrate that the core elements of BLG, the eight-strand 

�-barrel, the three-turn a-helix and external �-strand "I", are structurally 

independent of experimental conditions. 

Comparison of the X-ray structures with the NMR structures shows a 

much lower number of residues in alignment. NMR structures consist of 

an ensemble structure comprising 20-30 of the lowest energy models 

consistent with the NOE NMR data. This makes comparison of models 

considerably more difficult. One qualitative method of comparing the 

structures is comparison of the Ramachandran plots, in particular two 

features.  Firstly the y-turn at Tyr 99 which is a conserved feature in all X­

ray structures, and is conserved in many other lipocalin superfamily 

members, is missing in one of the two NMR models available (PDB ID: 

1 cj5)  [Kuwata 1 999] . In the other NMR structure (PDB ID: 1 dv9) 

[Uhrinova et al. 2000], this feature was specifically built back into the 

model, after the original solution was refined. The other feature to note is 

the clustering of the residues involved in a-helical secondary structural 

elements. The X-ray structures generally have a significant cluster of 

residues fall in the lower-right quadrant of the most-favoured region of 

the a-helix region of the Ramachandran plot. The NMR structures 

conversely have a somewhat more random coverage of the a-helix region 

of the Ramachandran plot. As the Ramachandran plot represents 

graphically the main chain Psi ( \jl) and Phi ( <p) angles it can be seen that 

the NMR structures in general are less well ordered than the X-ray 

structures (Figures 1 2 . 1 ,  1 2.2  and 1 2 .3) .  



Ph1 (degrees I 

Figure 1 2 . 1  

Ramachandran plot from the 

X-ray structure 1 beb 

Figure 1 2. 2  

Ramachandran plot from the 

NMR structure 1 cj 5 

Ph1 (degrees ) 

F igure 1 2 . 3  

Ramachandran plot from the NMR structure 1 dv9. 

Note Tyr 99 fal l s  into the forbidden region 
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At pH > 4 BLG is  a dimer in solution and in the crystal. In lattices Y and 

Z the d imer two-fold axi s  fal l s  on a crystal lographic two-fold axis .  I n  

both cases the asymmetric unit contains only one monomer with the 

d imer completed by the symmetry. X l attice has no symmetry in the unit 
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ce l l  and contains a dimer; U '  contains two independent dimers in the 

asymmetric unit ;  and Y' has the same unit  cell as Y but w ith the two-fold 

axis t hat related the monomers removed,  and therefore has a d imer in the 

asymmetric unit. For comparison of the d imer structures,  the "B" subinit 

of the dimer tor the Y and Z lattices was generated from the unit cell 

dimensions and space group symmetry. The d imer structures were 

compared by least-squares superposition of the "A" sub units to each other 

as described above and then by looking at the differences in the position 

and orientation of the "B" subunits. The d imer interface consists of the I 

strand and a small interface at residues 3 3  and 34 .  The I strand interface 

consists of four hydrogen bonds, (H 1 46 _ 0( A) . .  S 1 50 _ N (B), 

R 1 48_N(A) . . R 1 48_0(B), R 1 48_0(A) . .  R 1 48_N(B), and S l 50_N(A)­

H l 46_0(B)) .  In all structures these bonds are conserved (Figure 1 2.4) .  In  

isolation the interface seems invariant. However, when the dimer 

structures are aligned, the interface has a considerable degree of 

variab il ity ,  achieved mainly through twist o f  the interface. The 

d ifferences in d imer interface for molecules in lattices X, Z, U' are quite 

smal l ,  with angular differences of 6-7° for molecules in the Z, and U' 
l att ices,  with respect to the X lattice. With respect to X lattice, molecules 

in  the Y lattice and Y' lattice, on the other hand, show a considerable 

d ifference in the d imer interface compared to molecules in the X, Z, and 

U' lattices, w ith an angular difference of - 1 4° for molecules in the Y 

l attice and - 1 1 o for the Y'  lattice . There is ,  therefore, a difference of more 

than 20° in the orientation of  the B subunit in lattice Z or U' compared to 

l at tce3 Y. The variabi lity of the dim er interface can be seen in the 

differing positions of the "B" molecule in Figure 1 2.5 .  
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Figure 1 2 .4 

Stereo figure of the I strand dimer interface. 

The four hydrogen bonds (green) are invariant in all BLGA structures. 

The A strand and a helix 2 are shown in a cartoon representation. 

F igure 1 2 .5  

Stereo figure of the structural al ignment of the dimers of BLGA in 

different lattices, based on the superposition of the A monomer (Ribbon). 

Note the considerable variab i l ity of the position of the B monomer 

(smoothed Ca trace), U' lattice (red), Y' lattice (green), X lattice (blue), 

Y lattice (purple) and 

Z lattice (light blue). 
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The d ifferences and similarities of both the monomenc and d imeric 

structures give us a clear indication of what effects experimental method 

and experimental conditions have on the structure of BLG. The structures 

o f  BLGA in  the two new lattices presented here are s im ilar to the 

previous ly published BLGA structures and can be considered alongside 

them as adding to the knowledge base of structural information on BLG. 

We can now be very confident in the structure of the core elements of the 

BLG. Where the structure of the conformationally labile elements in the 

structure can be defined, we can also have confidence that this structure 

represents a snapshot of a natural conformation. I f  all the structures are 

viewed together, then we can build a clear representative picture of 

BLG ' s  structure in its in vivo environment. Specifically, BLG maintains a 

similar d imeric structure at both high and low salt conditions at pH > 4. 

Both secondary and tertiary core structure (the 8-stranded � barrel,  three­

turn a helix external to the barrel ,  and external � strand) are essentially 

invariant over the pH range 2.5  to 8 .2 ,  and are independent of monomeric 

or d imeric association of BLG subunits. 

12.5 BLG functionality (stability) and structure 

BLG is one of the most exhaustively studied proteins known. Yet some of 

the most basic questions of functional ity remain speculative or 

unanswered .  The molecular structure of BLG has played a role i n  the 

funct ional studies .  The structure has revealed a very rigid e ight-stranded 

� -barrel that supports a large hydrophobic pocket (calyx). F igure 1 2.6 

gives a representation of the secondary structure and hydrogen bonding of 

BLGA [Qin et  al. 1 998] . One end of this pocket is  mostly occluded with a 

very t ightly control led structure comprising loops B-C, D-E and F-G. 

These short loops have a very well defined structure in  both X-ray and 
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NMR structure determinations. At the other end of the pocket four, long, 

poorly defined loop structures serve several functions (Figure 1 2.7). 
Firstly they allow the opening and closing of the pocket through 

movements of the E-F loop, which are p H  dependent. This pH-dependent 

conformational change is referred to as the Tanford transition [Tanford et 

al. 1 959,  Qin et al. 1998] and has been well studied by X-ray 

crystallography and a variety of spectroscopic and titrimetric techniques. 

At low pH the E-F loop is closed and the calyx is apparently empty, and 

at pH above 6.8 the E-F loop is open and the cavity fills with water. 

beta-strand· alpha-helix· 111111 
H-bond· -

coil & turn· 

Q··· ···--- · HN 

Figure 12.6 

Secondary structure and hydrogen bonding in BLGA [Qin et al. 1 998] .  
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F igure 1 2. 7  

Stereo figure showing the conformationally labile loops (red) i n  the BLG 

structure. 

The other loops at this end of the pocket, loops A-B, C-D, G-H and the C­

terminus show remarkable flexibil ity, their electron dens ity in all but a 

few X-ray structures is very weak, and few NOE contacts can be found in 

the N M R  structures. These approximately 60 amino acid residues have a 

conformationally labile structure, with each residue able to reside in 

multiple conformations and pos itions in 3D space. As discussed above 

(Section 1 2 .4 Comparison of BLGA structures) the multitude of 

structures of BLGA with wi ld ly different experimental conditions 

portrays a set of snapshots of BLGA's  structure. From this information 

some of the functionaVstructural characteristics of BLG can be 

investigated. 

To expose hydrophobic side chain moieties (Leu, I le, Val,  Phe, Ala, Met 

and Pro) to the bulk solvent has assoc iated with it an energy cost brought 

about by the surface tension between the two phases [Jameson et al. 
2002] .  The surface area of the internal hydrophobic pocket can be 

calculated by calculating the surface area of the l iganded and unliganded 

BLG Z latt ice structure [Qin  et al. 1 998], taking the difference and 
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compensating for the surface area of the head group of the ligand 1 2-

bromododecanoic acid. Using the program GRASP [Nicholls et al. 1 99 1 ]  

unliganded BLGA has a surface area of 7200A 2, liganded BLGA has a 

surface area of 6650 A2 and the head group �50 A2, giving a surface area 

for the pocket of �600 A 2 . From the difference in surface area of BLGA 

at pH 6.2 (E-F loop closed conformation) and pH 8 .2 (E-F loop open 

conformation), the volume of the pocket can also be calculated (by 

GRASP) and is approximately 1 000 A3 . The free energy cost to the 

molecule associated with the pocket can be described by Helmholtz free­

energy M=(�y)(LlArea). �r is the difference in surface tension between 

water (72 .8  mN m-1 with respect to air) and the hydrophobic interior (the 

surface tension of the hydrophobic surface was approximated to that of 

benzene 28.9 mN m-1 with respect to air);  therefore, �r = 44 mN m-1 • 

LlArea = 600 A2 as described above. Therefore M � 1 60 kJ mor1 of 

destabilization energy [Jameson et al. 2002] . To counter this 

destabilization, stabilization energy must be found. Entropic energy 

associated with multiple conformations of the flexible loops can counter 

the destabilization of exposing a hydrophobic surface to the bulk solvent. 

If each residue has two conformations (over simplified, as it treats each 

residue as a rigid body ignoring side-chain rotamers, and many residues 

may have more than two stable conformations), entropy may be 

calculated as S =  NRln2 and (R = 8 .3 14  J K-1mor1 , N is the number of 

disordered residues ) . There are �50 residues that typically show high 

thermal motion in X-ray structures and conformational disorder in NMR 
structures, leading to S � 290 J K-1mor1 • In terms of free energy, this 

corresponds to �90 kJ mor1 at 20°C (298 K) [Jameson et al. 2002].  The 

flexible loops A-B, C-D, E-F and G-H, therefore, contribute substantial 

stabilization energy to the very rigid �-barrel structure, and allow the 

maintenance of a large solvent-exposed hydrophobic pocket (see Figure 
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7 .2) .  The importance of conformational entropy has been discussed by 

Stone [Stone 200 1 ] . Examples include, extended poly-glycine loops that 

enhanced the stability of helix bundles [Simons et al. 200 1 ]  and increased 

back bone rigidity on ligand binding [Zidek et al. 1 999] . 

12.6 Industrial importance of BLG 

Most milk products are subject to some form of heat treatment during the 

manufacturing process, the milk may also be subjected to elevated 

pressures in pumps and pipes as it is processed. Heat and pressure are 

known to cause subtle to gross changes in the structure of proteins and 

other components of milk. Some of these changes are beneficial as they 

develop the flavour or texture of the milk product; however, many of 

these changes are detrimental, such as fouling of processing equipment, 

gelling during processing, or not gelling when it is desired. Study of the 

changes in the structure of those components will provide the dairy 

industry with fundamental knowledge, which will aid in the design of 

processes and process equipment. 

BLG has been identified as one of the major contributing components in 

the fouling of milk processing plants. It forms insoluble aggregate gels 

with f)-casein on heating surfaces in heat exchangers [Murray et al. 

2000] . The cleaning and removal of these gels are a significant cost to the 

dairy industry. Ongoing study of milk components will offer remedies to 

these and other processing difficulties in the milk industry [Sawyer et al. 

2002] . 
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The mechanism of folding of BLG either in vivo or in vitro is difficult to 

study. Much effort has been put into study of the unfolding of BLG;  these 

studies include chemical, pressure and thermal denaturation of BLG. 

Techniques such as CD [Sawyer et al. 1 97 1 ;  Lapanje & Poklar 1 989; 

Manderson et al. 1 999a ] ,  UV-VIS and IR spectroscopy [Boye et al. 1 996; 

Casal et al. 1 988],  fluorescence [Mills 1 976; Manderson et al. 1 999b ], 

PAGE [Sawyer 1 968;  Manderson et al. 1 998],  and 1 D-NMR [Griko et al. 

1 994; Li et al. 1 994] have been used; these techniques follow bulk events 

during the unfolding. Developments in NMR have opened the door to 

2D-NMR and higher-order NMR techniques for studying proteins; these 

techniques can be used to follow individual residues during the unfolding 

events . The three most common variants of BLG (A, B and C) have 

substantially different thermal denaturation curves (Figure 1 2 .8) 

[Manderson et al. 1 999a] . A recent study [Edwards et al. 2002] has 

provided an unfolding mechanism for BLGA. BLGA unfolds in a 

sequential manner over a temperature range of 55°C to 80°C. First the D­

E interface is disrupted, followed by the C-D interface. Helix a2 which 

melts at 60°C, then the A-B, E-F and A-I interfaces disappear at 65°C. At 

70°C the A-H interface is broken, and lastly the F-G and G-H strands 

disassociate at 75-80°C. BLGB on the other hand shows a much more 

cooperative unfolding mechanism as demonstrated by the much steeper 

denaturation curve (Figure 1 2 . 8) .  BLGC shows a cooperative 

denaturation curve, with cooperativity similar to that observed for BLGB, 

but temperature at which 50% denaturation has occurred is higher 

temperature than that observed for variants A and B. 
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Heating temperature ec) 

Figure 1 2.8 
Thermal denaturation curves of the common BLG variants [Manderson et 

al. 1 999a] . 

CD and NMR spectra of BLG that has been treated with per-fluorinated 

alcohols clearly show that the protein has refolded into a predominantly 

a-helix structure [Gast et al. 200 1 ] . This a-helical structure may be a 

folding intermediate structure, and this structure may be able to be 

stabilized with mutation of the polypeptide sequence by recombinant 

synthesis, which is discussed later ( 1 2 . 8  Recombinant protein studies). 

X-ray crystallographic studies of the unfolding intermediates or fully 

denatured protein is not practical, as large quantities of homogeneous 

protein is required. However, NMR and other spectroscopic techniques 

where the protein is denatured in situ have given numerous structural 

insights into the folding and unfolding of BLG. For example CD 

spectroscopy has shown the cooperativity of BLG unfolding [Manderson 
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et al. 1 999a] . 

1 2.8 Recombinant protein studies 

Section 7. 1 2  (Recombinant bovine �-lactoglobulin) chronicles the 

numerous failed attempts to produce BLG from recombinant genes in E. 

coli. Our lab has taken on a somewhat ambitious project to synthesize 

BLG in E. coli by tagging the protein with a tilloredoxin N-terminal 

fusion. We undertook the project to overcome some of the issues with 

production of recombinant proteins in Pichia pastoris [Denton et al. 

1 998] .  Tills expression system developed in Scotland by our collaborators 

Lindsay Sawyer et al. has one major draw back: Pichia pastoris has a 

tendency to incorporate sugars into the protein, although tills can be 

overcome to some extent by starving the Pichia pastoris [L. Sawyer and 

C .  Holt, Personal communication] . In any event the homogeneity of the 

recombinant protein is compromised. The protein samples show a marked 

inhomogeneity [P. Barlow, Personal communication] .  E. coli does not 

incorporate sugars into proteins as they are synthesised, so therefore we 

have expended considerable effort to optimise an E. coli expression 

system [Ariyaratne et al 2002] . 

Thus far, studies have been confined to purified BLG from genetically 

homozygous cows expressing either A, B or C variants of BLG. 

Recombinant protein production opens the prospects of studying the 

functionality, reactivity, quaternary structure, and folding and unfolding 

of BLG by mutation of the protein sequence to engineer in or out 

particular properties. 
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BLGA has now been successfully synthesised recombinantly in E. coli 

with methods developed in our laboratory by Dr K A N S Ariyaratne 

[Ariyaratne et al. 2002] .  This methodology has been used for mutational 

studies by Dr Ariyaratne,  myself and several others in our laboratory. The 

following paragraphs chronicle, firstly, my synthesis of BLGA mutant 

K69E and, then, discussion of other mutational studies ongoing in our 

laboratory and their functional, structural significance or motivation. 

Lastly I look at mutational studies that may propose answers to some of 

the key questions outstanding with respect to BLG. 

Functional mutants, K60E, K69E and E62L and others may radically 

perturb the binding of hydrophobic molecules.  It is anticipated that K60E 

and K69E will lower the binding constant of ligands with hydrophilic end 

groups and render the protein inactive with respect to fatty acid binding. 

The E62L may have the opposite effect and raise the binding constant 

considerably for ligands with non-hydrophilic end groups. The K69E 

mutant has been synthesised and, once c leaved, is ready for 

crystallographic and functional studies. As discussed in Chapter 1 1 , the 

processing of the fusion protein to produce the recombinant BLG was not 

proceeding well. Incorporating a TEV protease site in the BLG gene 

before insertion into the PtrxFus plasmid is under consideration, BLG 

was not degraded by TEV protease. 

The well-studied genetic variants of BLG show remarkably different 

physical properties with respect to denaturation, despite the point 

mutations between variants being reasonably conservative. Their three 

dimensional structures are extremely similar, but do offer some 

explanation of the different properties [Qin et al. 1 999] . Mutants D64G 

and V 1 1 8A (KANS Ariyaratne) make up the "half A, half B" mutant set. 

These are being studied to gauge each mutation' s  contribution to the 
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unfolding temperature and mechanism difference between the A and B 

variants. 

R 1 48P (KANS Ariyaratne) is an interfacial mutant, designed to produce 

monomeric BLG at pH 7.0 .  Monomeric BLG will be invaluable for both 

crystallographic and NMR study of folding, refolding and ligand binding. 

C 1 2 1  S (KANS Ariyaratne) is another mutant that will aid in the 

unfolding and aggregation studies, as it will no longer have a free thiol 

and will not be able to aggregate by disulphide cross-linkage. 

Secondary-structure prediction algorithms show that �-strand A has a 

high propensity to form an a-helix structure as shown in Figure 1 2.9. 

Point mutations of key hydrogen bonding residues in �-strand A may 

allow the isolation of a stable a-helical folding intermediate structure. 

This will aid in the elucidation of the folding/unfolding mechanism. 

Other structural mutations that could provide details about the folding and 

unfolding of BLG are mutations that change the length of the A-B, E-F 

and G-H loops. These loops as discussed above (Section 1 2 .5  BLG 

functionality and structure) contribute entropic stabilization to the protein 

fold, which stabilises the solvent exposed surface of the calyx. By either 

shortening or extending these loops the calyx may be opened or closed 

and the functionality and structure possibly changed considerably. 
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Secondary structure prediction of the first 40 residues of BLGA 

(http://bmerc-www .bu.edu/psa/request.h!m, using the standard weighting 

scheme [Stultz et al. 1 993]) .  The probability of a residue having a 

particular type of secondary structure is indicated by the height of the 

contours . Note that from residues 1 2  to 33,  a portion of the structure 

observed to be a �  strand flanked by a-helical turns, there are very high 

contours for the "buried a-helix" type secondary structure. 

The in vivo physiological role of BLG has been studied for sixty years or 

more, yet the function in both lactating cow and calf remains as much a 

mystery as ever. Molecular biology may now be able to answer this 

question with a "knock out" BLG cow that is unable to express BLG. 

This may finally answer the question of why some mammalian species 

express BLG and others do not. 
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1 2.9 Concluding remarks 

Two new structures of BLG have been completed and have provided new 

structural information about �-lactoglobulin. The comparison of the 

structures of BLG at high and low ionic strength have provided structural 

validation to the already considerable body of structural work in the 

literature. Specifically, the dimer interface observed under high-salt 

conditions is preserved under low-salt conditions. Moreover, under low­

salt conditions, the large hydrophobic pocket seen in structures at high­

salt conditions is also preserved. The EF loop, whose conformation is 

sensitive to pH, is found in the "closed" position in the low-salt pH 5 . 5  
structure, similar to its conformation in the high-salt structure at pH 6.2 

and to the relatively low-salt NMR structures at pH �2.6. The attempts to 

eo-crystallize BLG with a number of small hydrophobic molecules at low 

ionic strength may have been successful; however, the data set from the 

crystal that has given indications of containing a bound ligand refuses to 

solve and further work will be required. Recombinant BLG K69E has 

been synthesized and will be used for further work on functional aspects 

of BLG. 
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Appendix A 

BLAST search based on sequence identity, followed by a CLUST AL-W 
multiple alignment [www . expasy.ch] , using the default alignment 
parameters. Edited to take into account the available structures of 
superoxide dismutase. 
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AAH 1 2 4 2 3  
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SOOM CAVPO 
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SODM N I C P L  
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Q 4 2 6 7 2  
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P 9 3 6 0 6  
Q 4 3 1 2 1  
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SOOM YEAST 
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Q 9UQXO 
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AAK8 2 3 6 9  
SOOM GANMI 
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SOOM PENCH 

SOOM NEUCR 
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AAK8 0 5 1 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLCRAAC S - - TGRRL - - 1 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLCRAACS - - TGRRL - - 1 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLCRAACS - - TGRRL - - 1 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MLSRAVCG - - TSRQL - - 1 3  
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLCRAACS - - TSRKL - - 1 3  
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLLARAF - - - - ARRS - - 1 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLQNTVRC - -VSKLV- - 1 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLQSTART - -ASKLV- - 1 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MNLI I GVAG- - RLLV- - 1 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFVARK I S - - - - - - - - - 8 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRSLVTRRTLGLA - - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRS LVTRKNL - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLVSRRTL - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLVSRR T L - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRNLMTKKP F - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAARTLLCRK T L - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFQTLLAKKAL- - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAI RCVASRKT L - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAI RCVAS R K T L - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAI RSVASRRTL - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRNLATRKT L S - - - - 1 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLAAKKT LGLA - - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLAAKKT LGLA - - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLAAKKT LGLA- - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLASRKTL- - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLASRKTL- - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRCVASRKTL - - - - - 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLASKNALSFA- - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLASKNALSFA- - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLASKNALSFA- - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLASKKVLSFP - - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MALRTLAS KKVLSFP - - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTTTVI I I I FVA I FA- - 1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFS I RS S SRVLLKAS SATTRATLNA 2 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M L S SA I KRSAVG I ARRSVVSS 2 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFAKTAAANLTKKGGLS LLS T  2 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAS L I RTSLRTGLRA S S S S  1 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLRFLSKNSVAAI RNVS I A  1 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLKSFRO LVFK K T I KN 1 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSGQ - - - - - - - 4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MA- - - - - - - - - 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSGQ - - - - - - - 4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MA - - - - - - - - - 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSQQ - - - - - - - 4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTSQT - - - - - - - 5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MVNLGS IWQNLLASQAPLQSMTG 2 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLNT 4 
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S ODF BACFR 

S O D F  PORGI 

AAK 8 8 7 2 4  
S ODG PSEPU 

Q 9 A I X 5  

Q 9WWG8 

S O D F  P SEAE 
Q 9 ZGN 1 

BAB 3 5 7 8 8  

AAG 5 6 6 4 5  

SODF ECO L I  

Q 9 RQQ7 
Q 9 RCFO 

Q 9 KQF 3 

SODF PHOLE 

Q 9 JUW9 
Q 9 JZV6 

Q 9 F 4 F 5  

SODF BORPE 

SODF LEGPN 
SODF COXBU 

Q 9AXR7 

0 1 5 9 0 4  

SODF BABBO 
Q 2 7 7 4 0  

0 7 7 0 7 1 

Q 2 7 7 9 1 

0 0 2 6 1 6 

AAK 5 2 8 1 4 
0 1 5 6 4 0  
AAL0 3 3 1 6 

SODF R I C P R  

Q 9 RM3 1 
SODF HELPY 

Q 9R2E7 

Q 9 S 6R8 

SODF H E L P J  
Q 9 R2E8 

Q 9 R 2 E 6  

S O D F  CAMCO 

SODF CAMJE 
SODF ENTHI 
Q 9 A2K4 

Q 9M7R2 

SODF SOYBN 

SODF N I C P L  
AAK 6 2 6 1 5  

SODF ARATH 

Q 9 FE2 1 

0 6 5 3 2 7  
Q 9 L U 6 4  

0 8 2 5 8 3 

Q 4 2 6 8 3 

Q 9 ZWM8 
Q 9 SNQO 

Q 9FMXO 

Q 9 LWS 3 

SODF SYNP7 

SODF SYNY 3 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTYEMP K L P Y ANNALEPV- I SQQT I D YHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTHE L I S L P Y AVDALAPV- I S KETVE FHHGK 3 0 

D I TRRT I LTAGAATATVA I F PRP HVAQAALP LTQPKLPFAEADLAPV- I SARTVGLHYGK 6 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AFE LP P L P Y AHDAL Q P H - I S KETLEFHHDK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAF E LPP L P Y AHDAL Q P H - I S KETLEFHHDK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAF E L P P L P Y E KTALAP H - I SAE TLEYHHDK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AFE L P P L P Y E KNAL E P H - I SAE TLEYHHD K  2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFE LP P L P Y E KNALEP Y - I S TETLE YHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSFELPAL P Y AKDALAPH - I SAE T I E YHYGK 3 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSFELPALPYAKDALAPH - I SAE T I EYHYGK 3 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - S F E LPALPYAKDALAP H - I SAET I EYHYGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - -MENRVMAFELPALP Y AKDALEPH - I SAETLDYHHGK 3 5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPALPYAKDAL E P H - I SAETLEYHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAF E LPALP Y AKDAL E P H - I SAETLDFHHGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AFELPAL P F AMNALE P H - I SQETLEYHYGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MEH K L P Q L P YELDAL S P H -LSKE T LEFHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MEHKLP Q L P Y ELDAL S P H - LSKETLEFHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MEHKLPQLP Y EPDAL S P H -LSKETLEFHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAH TLPPLP YALDALAPR - I S KETLEFHYGK 3 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTFTLPQLP YALDALAPH -VSKETLEYHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAFELPDLP Y KLNALEPH - I SQETLEYHHGK 3 0  
- - - - -MFAAAVS P I AAARASIVP R P H T R I MALQLPELP Y SKDALAPH - INQQTLEFHYGK 5 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAF KLPALP Y GMRE L I P H - I SE E T LSFHYGK 3 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFKLPALP YGMRE L I PH - I SEE T L SFHYGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MV I T L P K L K YALNALS PH - I SE E TLNFHYNK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MVF T L P P L P YAHDALAPH - I S S E TLQFHHGK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MVF S I P P LP WGYDGLAAKGLSKQQVTLHYDK 3 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MVF S I P P LPWGYDGLAAKGLSKQQVTLHYDK 3 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTF S I P P LP WGYDGLAAKG I SKEQVTFHYDK 3 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPFAVQ P L P YPHDALASKGMSKEQVTFHHEK 3 1  
- - - - - - - - - - - - - - - - - -MTYCNKSNQT S Y P F I LP D L P YEKE SFKPH -FTLETFD YHHGK 4 1 

- - - - - - - - - - - - - - - - - -MTY C S KANQP S Y P F I LP D L P YD K E S F KPH -FTRETFDYHHGK 4 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRE L P FAKD SMGDF - LSPVAFDFHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRE L P FAKD SMGDF - LSPVAFDFHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRELP FAKD SMGDF - LSPVAFDFHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRE L P FATD SMGDF -LSPVAFDFHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRELP F AK D S MGDF - LSPVAF D FHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRELPFAK D S MGDF - LSPVAF DFHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFTLRE L P FAKDSMGD F - LSPVAF DFHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFELRKLPYD TNAFGDF - LSAE TFSY HHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFELRKL PYDTNAF GDF - LSAETFSYHHGK 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSFQLPQLPYAYNALEPH - I S KE TLEFHHDK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTYTLPD LPYAY DALEPT- I SANTLRFHHDK 3 0 
LQNVAG - - - - - - - I NLLFKEGP - - - - KVNAKFE LK P P PYP LNGLEPV-MSQQTLEFHWGK 5 3 

LQNVSG - - - - - - - I N F L I KEGP - - - - KVNAKFE LKP P PYPLNGLEPV-MSQQTLEFHWGK 5 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - KFELQP P P YPMDALEPH -M S S RTFEFHWGK 2 9  
- - - - - - - - - - - - - - - - -MAASS - - - - AVTANYVLK P P P FALDALEPH -MSKQTLEFHWGK 3 8 
S LKLEL- - - - - - -QLQRMAAS S - - - -AVTANYVLKP PPFALDALEPH -MSKQTLEF HWGK 6 0  
- - - - - - - - - - - - - - - - -MAA$5 - - - - AVTANYVLK P P P FALDALEPH -MSKQT LEFHWGK 3 8 
- - - - - - - - - - - - - - - - -MAASA- - - -AVTANYVLKP P P Y P LDALEPH -MSKQTLEFHWGK 3 8 
NRRMQWKRNGKRRLGTKVAVSG - - - -V I TAGF E LK P P P Y P L DALEPH -MSRETLDYHWGK 8 0  

SRRAGSLR- - - - R I APKVGRSGP - - L T I VAQLE LKP P P Y S LNALEPY -MSQETLEFHWGK 7 3 

S LVAGQRR- - - -AVRPASGRRA- - -VI TRAA L E L K S P P YALDA LEP H-MSKQTLEFHWGK 6 2  

P RR - - - - - - - LRS REQRQGC RSRRYSKVVAYYALTTPPYKLDALEPY - I SKRTVELHWGK 7 0  
PRR - - - - - - - LRS REQRQGC RSRRYSKVVAYYALTTPPYKLDALEPY - I SKRTVELHWGK 7 0  

I RL K S P KLLNLSNQQRRRSLRSRGGLKVEAYYGLK T P P Y P LDALEP Y-MSRRT LEVHWGK 7 7  
ANG - - - - - - - - - - - D E S SGTDED - - -ASVS W I EQQP LPYP SDALEPY - I SKE TVEQHWGV 5 1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -M S Y E L P A L P F D Y TALAPY - I TKETLEFHHDK 3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AYALP N L P Y D Y T ALEPC - I S K S T LEFHHDK 2 9  
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0 5 0 2 5 7  

Q 9R F Q 4  
Q 9 R 6 Y 6 

SODF P LE B O  
AAK 8 6 6 8 3  

Q 9 8 5 K 3  
CAC 4 5 5 4 5  

SODF R H I ME 

AAK 8 8 8 6 2 
0 3 0 9 7 0  
0 1 5 6 4 1  

0 0 2 6 1 5  

Q 9 5 0 5 1  

Q 9 5 0 5 2  

0 4 3 9 5 7  
0 8 4 9 2 4  

SODM L A C L A  

AAK 9 9 4 7 8  

SODM S T R P N  
AAK7 4 9 0 4  

Q 9AGW1 

SODM S TRAG 

SODM S T R P Y  
SODM S TRMU 
AAF 6 4 0 7 4  

SODM BACC A  

Q 9 LBF 6 
SODM BAC S T  

SODM BAC S U  

0 8 6 1 6 8  

Q 9 Z F 3 8 

Q 9KD 1 0  
SODM L I SMO 

SODM L I S I V 

BAB 5 7 7 1 5  

Q 9 Z 5W 5  
Q 9K 4 V 3  

Q 9F 3 2 6 

BAB 5 6 2 9 5  
Q 9 9 X 8 2  
Q 9E Z Z 2  

S O D 2  P LE B O  

S O D 3  P LE B O  

SOD 1 P LE B O  

S O D M  P A S H A  
Q 5 9 1 3 3  

SODM H A E D U  

S O D M  P A S MU 

SODM HAE I N  
BAB3 8 2 5 7  

AAG 5 9 1 0 2  

SODM E C O L I  

SODM S A L T Y  
SODM Y E R E N  

Q 9 RUV2 

SODM B U C A I  

S O D M  X A N C P  
SODF ME T J  

Q 9 PAA4 

SODM P S E P U  

Q 9WWG7 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPP LP Y P D TALEPA- I SART I S F HYGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFVQD P LP F D I NALD P YGMKAE TFEYHYGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFVQE P L P Y DFNALEQYGMKGET F E Y HYGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFTQP P L P F P KDALEPYGMKAETFDYHYGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELP E L P Y D Y DALAP Y -MSRETLEFHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPALP Y D Y E ALQP Y -MSKETLEYHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPNLP Y D Y D ALAP Y -MSRETLEYHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AFELPNLP Y D Y D ALAP Y -MSRETLEYHHDK 
VI EVLEVL SPCFRKALS M L L SEQLTKEYPMAFQLPD L P Y THDALAP SGMSEET LKF HHDL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAFELPALPYAH D ALAS LGM S K E T LEYHHDL 
SMKAATATAPVGFAF L C Y H T LP - LLR- - - YPAELP TLGFNYKDGI QPVMSSRQLELHYKK 
- - -VN I S I ARGRMALM S Y A T L P D L LKPSGAPAELPKLGFNWKDGCAPVF S P RQMELHYTK 
- - - - - - - - - - - - - -MF S IA P I P - - - - - - - - - - - - - - - - - YMETGIS GFLTKHAVE I HVTK 
- - - - - - - - - - - - - -MF S I EP VS - - - - - - - - - - - - - - - - - F L E S GLP N F LTP HAVQ I HVTK 
- - - - - - - - - - - - - - MFTMEHPA - - - - - - - - - - - - - - - - - Y L KTGLP GFLTQHAVEVHVTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTYTLPDLPYAYDALEP Y - I DE E TMHLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAFTLPELP YAPNALEP F - F DEATMRLHHGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MA I I LPELPYAYDALEP Y - I DAETMHLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -A I I LPELPYAYDALEP Y - I DAE TMHLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MA I I LPELPYAYDALEPY - I DAE TMHLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAI I LPDLPYAYDALEP Y - I D E E TMHLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -A I I LPDLPYAYDALEP H - I DAE TMTLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -A I I LPELPYAYDALEP Q - FDAETMTLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AI LLPDLPYAYDALEPY - I DAETMTLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPFELPALP Y P Y DALEPH - I D K E TMN I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -P F E LPALP Y P Y DALEPH - I D KE TMN I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPFELPALP YP YDALEPH - I D KE TMN I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P F E LPALP YP YDALEPH - I DK E T MN I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AYELPELPYAYDALEPH- I D K E TM T I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYELP ELPYAYDALEPH - I DK E T MT I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYKLPELPYAYDALEPH - I DK E TMN I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPKLPYPANALEPH - I DEATMN I HHGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTYELPKLPYTYDALEPN - F D K E TM E I HYTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MTYELPKLPYTYDALEPN - F D K E TME I HYTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFE LPKLPYAFDALEPH - F D K E TME I HHDR 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPKLPYAFDALEPH - F D K E TME I HHDR 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPNLPYGFDALEPH - I DQQTME I HHGK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFELPNLP YEFDALEPY - I DK E TME I HHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFKLPNLPYAYDALEPY - I DQRTMEFHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAFKLPNLPYAYDALEPY- I DQ RTMEFHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAFKLPNLPYAYDALEPY - I DQRTME F HHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAFELKPLPYAYDALEPY - I DATTMQLHHDK 
S TQQTPAQSP TA S P TVSTPVAYVDRPLTASPAQLP P LPYDAGALSKA- I DAETMR I HHDR 

VGLLVPLFFACQSNSQVDAA P S AAPQLSASPAKLDPLPYDYAALEPY - I DAQTMRLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYTLPELGYAYDALEPH -F DAKTME I HHSK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYQLPELGYAYDALEPH -F DKATME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - TYQLPELGYAYDALEP Y -F DKE TME I HHSK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYTLPE LGYAYDALEP H -F DAMTME I HH S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - SYTLP ELGYAYNALEPH -F DAQTME I HHSK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSYTLP SLPYAYDALEPH -F D KQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSYTLP SLPYAYDALEPH -F D KQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - SYTLP SLPYAYDAL E P H-F D KQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - SYTLP SLPYAYDALEP H-F D KQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSYSLP S LPYAYDALEPH-F D KQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYTLPQLPYAYDALEP H- I DARTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSYVLP SLPYSYNALEPF -F D E E TMKIHHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYTLPQLPYAYDALEPN - I D AQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -AYTLPPLDYAYTALEPH - I DAQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAYTLP I L P YAYDALQ P H - I D AQTME I H Y TK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPHTLPALPYAYDAL E P H - I DAQTME I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPYTLPALPYAYDALEPH - I D AQTME I HYTK 

1 88 

2 6  
3 1  
3 1  

3 1  

3 0  

3 0  
3 0  

2 9  

7 2  

3 1  
6 1  

6 2  

2 9  

2 9  
2 9  
3 0  

3 0  

3 0  

2 9  
3 0  

3 0  

2 9  

2 9  
2 9  

3 0  

2 9  

3 0  
2 9  

2 9  

3 0  

3 0  

3 0  
3 0  

3 0  

3 0  

3 0  
3 0  

3 0  

3 0  

3 0  
3 0  

3 0  

6 0  

7 1  

3 0  
3 0  

2 9  

3 0  

2 9  
3 0  

3 0  

2 9  

2 9  
3 0  

3 0  

3 0  

3 0  
2 9  

3 0  

3 0  

3 0  



SODM P S EAE 
SODM BORPE 
SODM C HLRE 

SODM AC I C A  

Q 9P C 6 0  

Q 9A 7 E 6 
Q 9KW 8 7  

Q 9 KW8 5 

AAK 5 3 1 6 6  

Q 9KNN 7 
AAK5 3 1 6 5 

AAK 5 3 1 6 4 

AAK5 3 1 6 7 
AAK5 3 1 6 3 

AAK 5 3 5 4 7  
Q 9KW 8 6  

SODM T H E T H  

S O D M  T H E AQ 

SODM BORBU 
P 9 6 2 0 1  

SODF METTH 

SODF M E T TM 

Q 9P 9 I 6  
SODF P Y RAE 

SODF AERPE 

SODF S U L SO 

BAB6 7 3 9 3  
SODF S ULAC 

SODF AC I AM 

Q 9KCK8 

SODF BACSU 

BAB 6 2 4 1 2  
Q 9A P Y 3  

Q 9F 9R l  

Q 9AM0 0  

SODM MYCAV 
SODM MYC LP 
SODM MYCLE 

SODM MYCFO 

SODM MYCSM 
SODM NOCAS 

SODF MYCTU 

SODM P ROFR 

Q 9 X 4 6 9  

SODF S TRCO 
Q 9 X 6 N 3  

Q 9HQF 1  

S O D l  HALCU 

SODl HALSG 
Q 9 HQ 4 7  
SODM HALHA 

SOD2 HALSG 

SOD2 HALVO 
SOD 1 HALVO 

SODM HALMA 

SODF
_

AQUAE 

SODF
_

AQUPY 
BAB 5 9 2 0 1  

Q 9 HM5 6 

CAC 4 2 4 1 2 

SODM ALCEU 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPHALP P L P YAYDALE P H - I DALTME I H H S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPYVLPAL S YAYDALE P H- I DARTME I H HTR 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAQALP P LP YDYG S L E P H -VDATTMN I H HTK 

K T T L I LLAS - - - SVI SMS - - - -ALAE - - - - - F KQAP LP YATNALQPA- I DQQTME I HYGK 

HLTLCL IAALLA S F L S FASTQPQ IAP - - - - - F T LP P L P YAVSALEPA- I D TQTMTLHHDF 

T A I A I SAFG I TTPVLAQTSPAP QVAAAPQPAFTLAP LP YVYEALSPV- I D TETMR I HHGR 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSHTFPAL P Y P Y DALEPY - I DAKTMEVHY S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MSHTF P E L P Y S YDALEPY - I DAKTMEVHY S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MP H L F P D LP YAYDALEPY - I D TKTMEVHY S K  
- - - - - - - - - - - -MLSAL L I AKRYSSKEDTMPHLFPDLP YAYDALEPY - I D TKTMEVHY S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPHLFPDLP YAYDALEPY - I D TKTMEVHY S K  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MP HLFPDLP YAYDALE PY - I D TKTMEVH Y S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MP HLFPDLP YAYDALEPY - I DAKTMEVHY S K  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPHLFPDLPYAYDALEPY - I DAKTMEVHY S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPHLFPDLP YAYDALEPY - I DAKTMEVHY S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MPHLFP D L P YAYDALEPY - I DAKTMEVHY S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - P YPFKLPDLGYPYEALEPH - I DAKTME I HHQK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - P Y P FKLPELGYPYEALEPH - I DARTME I H HQK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -MFKLP E LGYD YDAVEP Y - I DAKTME I HH S K  
- - -MKNNF LKHKK S P LMYPDYCGSS STKGEGFKLKP LDYPYDALEPS - I DAETVK I HHDK 
- - - - - - - - - - - - - - - - - - - - - - -MNDLEKKFYELP E LP Y P Y D AL E P H I SREQ - L T I HHQK 
- - - - - - - - - - - - - - - - - - - - - - - - - -MEKKFYELP E LP Y P YDALEP Y I SEEQ - LRI HHEK 
- - - - - - - - - - - - - - - - - - - - - - - - - -MAKELYKLP P L KFGYGDLAP Y I SEEQ - LKLHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - -MVTTKRYTLP P L P YAYNALEP Y I SA£ 1 -MQLHHQK 
- - - - - - - - - - - - - - - - - - - - - - - - -MVSFKRYE LPP LPYNYNALEP Y I I E E I -MKLHHQK 
- - - - - - - - - - - - - - - - - - - - - - - TLQI QFKKYELP P L P Y K I DALEP Y I SKD I - I DVHYNG 
- - - - - - - - - - - - - - - - - - - - - -MA I Q I QFKKYE LP P LPYKVDALE P Y I SKD I - I DVHYNG 
- - - - - - - - - - - - - - - - - - - - - - - TQV I QLKRYEFPQLPYKVDALEP Y I S KD I - I DVHYNG 
- - - - - - - - - - - - - - - - - - - - - -MSSLTYLKKYE LPP LPYNLDALEP Y I S KE I - I DVHYNG 
E HLYEEWARL F S EQTEAGGSNGMRRPVP I GGHRLP P L P YP YEALEP Y I D REI -MRLHHQK 

EDWYKQAAALY RD I TE S D D T S ERRAYVP I GKHVLP KLPYK Y SALEP Y I S RD I -M I L H H T K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MAVYE LP E LDYAYDALEP H IAAE I -MELHHSK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MAVYELPE LDYAYDALEP H I AA£1 -MELHHSK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MAEY TLPD LDWDYAALE P H I SGQI -NE I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MAEYTLPDLDWDYAALE P H I SGQI -N E I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AEYTLPDLDWDYAALE P H I SGQ I -N E I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AEY TLP D LDWDYEALEP H I S GQI -NE I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AEYTLPDLDWDYAALEP H I SGE I -N E I HHTK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AEYTLPDLD YD YGALEP H I SGQ I -NE LH H S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AEYT LP D LDYD YGALE P H I S GQI -NE LH H S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AEYTLP D LDY D Y S A LE P H I S GQI -N E L H H S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MAEYTLPD LDWDYGA LE P H I SGQI -N E L H H S K  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -AVYTLPELPYDYSALE P Y I SG E I -MELHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MALYTLP E LPYD YSALAPV I S P E I - I E LH HDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - SVYTLP E LPYD Y S ALAPV I SP E I - I E LHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MATYTLP E L P Y D YAALEPVINPQI - I E LHHDK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MSEY E L P P LPYDYDALE P H I SEQV- LTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - SEYELP P LP Y D YDALE P H I SEQV- LTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - MSEYE L P P LP Y D YDALEP H I SEQV- LTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MSQHELP S LP Y D YDALE P H I S EQV-VTWH HDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MSQHE LP S LP Y D YDALE P H I SEQV-VTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MSQHELP S LP Y D YDALE P H I SEQA-VTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MS -YELDPLPYEYDALEP H I SEQV- LTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -MSDYELDPLPYEYD ALE P H I SEQV - LTWHHDT 
- - - - - - - - - - - - - - - - - - - - - - - - -MSEHSNPELP P LP YDYDALE P H I SEQV- LTWHHDT 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -GVH K I QP K D H LKPQNL E G I SNEQ - I EP HFEA 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -GVHK LEPKDH LKPQNL E G I SNEQ - I EP HFEA 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAETWE I KE K LK P RGLEG I S DVQ - I DNHFDV 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MAETWE I KE KLK P RGLEG I SDVQ - I DNHF DV 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLYEMKPLG - C E PAKLTGLSEKL - I F S HYEN 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -MLYEMKPLG - C E P AKLTGLSEKL- I F S HYEN 

1 89 

3 0  

3 0  
3 0  

5 2  

6 1  

6 4  
3 0  

3 0  
3 0  

4 7  
3 0  

3 0  

3 0  

3 0  

30 
3 0  

3 1  

3 1  

2 9  
5 6  

3 6  

3 3  

3 3  

3 4  

3 4  

3 6  

37 
36 

3 7  

1 1 9  

1 0 7  

3 1  
3 1  
3 1  
3 1  

3 0  
3 0  

3 0  

3 0  

3 0  
3 0  

3 1  

3 0  

3 1  

3 0  
3 1  

3 1  

3 0  

3 1  
3 1  

3 1  

3 1  

3 0  
3 1  

3 4  

3 0  

3 0  
3 0  

3 0  

2 9  

2 9  



AAH 1 0 5 4 8  

BAB22 0 9 5  
SODM MOUSE 

SODM RAB I T  

AAH 1 2 4 2 3  

SODM HUMAN 
SODM CAVPO 

SODM HORSE 

AAK 9 7 2 1 4  

Q 9 NB 6 6  
SODM C HAFE 

SODM CAEEL 

SODN CAEEL 

SODM ONCVO 

SODM DROME 
SODM CHLMU 

SODM C H L T R  

SODM C H L P N  

Q 9M 5 3 2  
SODM HEVBR 

SODM N I C P L  

Q 9 SM 6 4  

SODM CAPAN 
SODM PEA 

0 8 2 5 8 4  

Q 9 SRK3 

SODM ARATH 
0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  

0 8 2 5 7 1  

P 9 3 6 0 6  
Q 4 3 1 2 1  
SODM ORY S A  

Q 4 3 8 0 3  

SODP MA I Z E  
SODN MA I Z E  

SODO MA I Z E  

SODM MAI Z E  
Q 4 3 2 7 3  
Q 9 LYK8 

SODM CANAL 

P 7 9 0 2 2  

SODM Y E A S T  

Q 9 P 9 4 5  
Q 9 UQXO 

0 7 4 2 0 0  

Q 9 P 9 2 1  

AAK 8 2 3 6 9  
SODM GANMI 

Q 9Y 7 7 3  

SODM AGAB I 

SODM A S P F U  
SODM P E N C H  

SODM N E U C R  

S O D F  T E T P Y  

0 4 2 9 1 9  
0 7 4 3 7 9  
AAK8 0 5 1 6  

- - - - GPVAG - - - - - - - - - - - - - - -AAG S RHKHSLPD LP Y D YGALEP H I NAQI -MQLHHSK 
- - - - GPVAG - - - - - - - - - - - - - - -AAG S RHKHSLP D LP Y D YGALEP H I NAQI -MQLHHSK 
- - - - GPVAG - - - - - - - - - - - - - - -AAGSRHKH S L P D LP Y DYGALEP H I NAQI -MQLHHSK 
- - - - - - - - - - - - - - - - - - - - - - - - - HGRGMKH S L P D L P Y DYGALEP H I NAQI -MELHHSK 

- - - -APVLG - - - - - - - - - - - - - - - Y L G S RQKH S L P D L P Y DYGALEP H I NAQI -MQLHHSK 
- - - -APALG - - - - - - - - - - - - - - - YLGSRQKHSLP D LP Y D YGALEPH I NAQ I -MQLHHSK 
- - - -APALG - - - - - - - - - - - - - - - I LGVRQKHSLPDLPYD YGALQP H I NAE I -MQLHHSK 
- - - -VPALG - - - - - - - - - - - - - - - S LG S RQKHSLPDLQYD YGALEP Y I NAQI -MQLHHSK 
- - - -VAPLG- - - - - - - - - - - - - - - CLVARQKHTLP D L P Y D YGALEP H I SAE I -MQLHHSK 
- - - -AAAG - - - - - - - - - - - - - - - - - LWCRQKHTLP D L P Y D YGALE P T I SAE I -MQLHHSK 
- - - - LRAG - - - - - - - - - - - - - - - - - LWCRQKHTLP D LP Y D Y GALEPT I SA E I -MQLHHSK 
- - - -Q P I TG - - - - - - - - - - - - - - -VAAVRSKHSLP D L P Y D YADLEPV I S H E I -MQLHHQK 
- - - -QPVAG - - - - - - - - - - - - - - -VLAVRSKH T L P D L P F D YADLEPV I S H E I -MQLHHQK 
- - - - GKNYC - - - - - - - - - - - - - - - LNTQRLKHVLP D L P Y D YGALEP I LSAEI -MQVHHGK 
- - - - - - PNC - - - - - - - - - - - - - - - KPGVRGKHTLPKLP Y D YAALEP I I CR E I -MELHHQK 
- - - - - - - - - - - - - - - - - - - - - - - - - -MVF S S YKLP D LP Y D Y DALEPVI SAEI -MHLHHQK 
- - - - - - - - - - - - - - - - - - - - - - - - - -MVF S SYMLPALP Y D Y DALEPVI SAE I -MQLHHQK 
- - - - - - - - - - - - - - - - - - - - - - - - - -MSFVP Y S L P E L P Y DYDALEPVI S S E I -M I LHHQK 

- - - - SN SAKLVSGS - - - - - - - AVAQLRGFKTF SLP D L P YDYGALEPAI SGE I -MQLHHQK 
- - - - P S AFKAATG- - - - - - - - - LGQLRGLQTF S L P D L P Y D Y GALEPAI S G E I -MQLHHQK 
- - - -ATGLG- - - - - - - - - - - - FRQQLRGLQTFSLPDLPYDYGALEPAI S G D I -MQLHHQN 
- - - -ATGLG- - - - - - - - - - - - FRQQLRGLQTFSLPDLP YNYGALEPAI S G D I -MQLHHQN 
- - - -A G I LT - - - - - - - - - - - - F RQQLRCVQTFSLPDLSYD YGALEPAI S G E I -MQLHHQK 
- - - - S SVLRNDAKP I GAAI AAASTQSRGLHVFTLPDLAYDYGALEPVI S G E I -MQ I HHQK 

- - - -GTALRNGAAELGLAPALGLCQARKLQTFSLPDLPYDYGSLEPAI S G E I -MRI HHQK 
- - - - - AGLKETSSR- - - - - - - - LLR I RG I QTFTLPDLPYDYGALEPA I S G E I -MQ I HHQK 
- - - - -AGLKE T S S R- - - - - - - - LLR I RG I QTFTLP D LP Y DYGALEPA I S G E I -MQI HHQK 
- - - - -AGLKE T S S R - - - - - - - - LLGS RS I QTFTLPDLP Y D Y SALEPAI S G E I -MQ I HHQK 
- - - -ATGKR- - - - - - - - - - - - - S G S TC RLADATLP D L P Y D YAPWS -A I S G E I -MQLHHQK 
- - - - LGGARP P - - - - - - - - - - - -AAARGVATFTLPDLPYD Y GALEPAVS G E I -MRLHHQK 

- - - - LGGAR- - - - - - - - - - - - - - - - - -GVATFTLP D L P Y DYGALEPAVS G E I -MRLHHQK 
- - - - LGGARP L - - - - - - - - - - - -AAARGVATFTLP D LP Y D F GALEPAVSGE I -MRLHHQK 
- - - - -AAAALP LAA- - - - - - - -AAAARGVTTVALP D L P Y D YGALEP A I S G E I -MRLHHQK 
- - - - -AAAALP LAA- - - - - - - -AAAARGVTTVALP D L P Y D YGALEPA I SG E I -MRLHHQK 
- - - - -AAAALP LAA- - - - - - - -AAAARGVTTVALP D L P Y D YGALEPA I S G E I -MRLHHQK 
- - - - LGGAARP - - S - - - - - - - -AASARGVTTVALP D L S Y DFGALEPA I S G E I -MRLHHQK 
- - - - L GGAARP - - S - - - - - - - -AASARGVTTVALPDLS Y D FGALEPVI S G E I -MRLHHQK 

- - - - LGGAARP - - S - - - - - - - - AESARGVTTVALP D L S Y D FGALEPVI S G E I -MRLHHQK 
- - - - FGGAGRPLAA- - - - - - - -AASARGVTTVTLPDLSYDFGALE P A I S G E I -MRLHHQK 
- - - - FGGAGRP LAA- - - - - - - -AASARGVTTVTLPDLSYDFGALEP A I S G E I -MRLHHQK 
- - - - T T L H D ARGAT - - - - - - -MEP C LE SMKTASLPDLPYAYDALEPA I S E E I -MRLHHQK 

AASK - - - - - - - - - - - - - - - - - - - - -TFTRSKYSLPELDYEFSATEP Y I SG Q I -NE I HYTK 

SVG- - - - - - - - - - - - - - - - - - - - - - -AVRTKVSLPDLDWDFGALE P H I SG Q I -NE I HYTK 
TAR- - - - - - - - - - - - - - - - - - - - - - - - - RTKVTLPDLKWDFGALE P Y I S GQ I -NELHYTK 
AAPL- - - - - - - - - - - - - - - - - - - - -TFTRGKATLPDLAYDYGALEP A I S G K I -MELHHKN 
RG - - - - - - - - - - - - - - - - - - - - - - - - -VHTKATLPPLP YAYNALEPALS E T I -MKLHH D K  

SRF - - - - - - - - - - - - - - - - - - - - - - - F S H S KHVLP S L P Y D YQALEP Y LSADL- I E LHYNQ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -ALEP Y L S H D L- LELHYNK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - H T LP D LP YAYDALEP F I SR Q I -MELHHKK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - HVLP D L P YAYNALEP F I SQQ I -MELHHKK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - H T L P D L P Y SYDALEPYVSQQ I -MTLHHKK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - HVLPDLPYAYDALEP Y I SRQ I -MELHHKK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - YTLPPLPYP YDALQP Y I SQ Q I -MELHHKK 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - HT LP P LPYAYDALEPVI SKQ I -MELHHQK 
NATT - - - - - - - - - - - - - - - - - - - - - MAGLAT Y S LPQLPYAYNALEP Y I SAQ I -MELHHSK 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - LNYEY S D LEPVLSAHL - LSFHHGK 

GLRKGLA L S P I T H LLKRC S SVTDNVHRVNYCYNYHTVPNLSQRNLLPLFSP EALD IAWDQ 

- - - - - - - - - - - - - - - - - - - - - - - - - -MSFQQRFARALDVGYKNFL S K- - DAVRN I FAYDN 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -M I TEKKYNFNSLAGF - - SNE LLKAH Y D I  

1 90 

5 3  

5 3  
5 3  

3 4  

5 3  

5 3  

5 3  

5 3  

5 5  

5 1  
4 9  

5 3  

5 3  

5 3  

4 6  
3 3  

3 3  

3 3  

63 
58 

55 

55 

ss 
67 

67 

5 8  

5 8  
5 8  

5 4  

5 8  
5 2  

5 8  
5 8  

5 8  

5 8  

6 0  
6 0  

6 0  
6 2  

6 2  
6 3  

6 3  

5 7  

5 5  

5 7  
5 3  
5 2  

1 7  
3 2  
3 0  
3 2  

3 0  

3 2  

3 3  

6 1  

2 3  

6 4  
3 2  

2 6  



SOOF BACFR 

SOOF PORG I 

AAK8 8 7 2 4  

SOOG P SEPU 
Q 9A I X 5  

Q 9WWG8 

SOOF P S EAE 

Q 9 ZGN 1 
8A8 3 5 7 8 8  

AAG 5 6 6 4 5  

SOOF E C O L I  

Q 9RQQ7 

Q 9RCFO 
Q 9 KQF 3 

SOOF PHOLE 

Q 9 JUW9 

Q9JZV6 
Q 9 F 4 F 5  

SOOF BORPE 

SOOF LEGPN 

SOOF COXBU 
Q 9AXR7 

0 1 5 9 0 4  
SOOF 8A880 

Q2 7 7 4 0  
07 7 0 7 1  

Q 2 7 7 9 1  

00 2 6 1 6  

AAK5 2 8 1 4  

0 1 5 6 4 0  
AAL0 3 3 1 6  
SOOF R I C P R  

Q 9RM3 1  

SOOF H E L P Y  
Q 9R2E7 

Q 9 S 6R8 

SOOF HELP J 

Q 9R2E8 
Q 9 R2 E 6  

SOOF CAMCO 

SOOF CAMJE 

SOOF ENT H I  

Q 9A2K4 
Q 9M 7 R2 

SOOF SOYBN 

SOOF N I C P L  
AAK 6 2 6 1 5  
SOOF ARATH 
Q 9 F E 2 1  

0 6 5 3 2 7  

Q 9 L U 6 4  
0 8 2 5 8 3 

Q 4 2 6 8 3 

Q 9 ZWM8 

Q 9 SNQO 
Q 9 F MXO 

Q 9 LWS 3 

SOOF S Y N P 7  

S O O F  SYNY 3 

HLQTYVNN LNSLVPG- TE - - - - - - - - YE GK TVEA I VASAP - - - - - - - - - OGAI FNNAGQV 7 2  

HLKTYVONLNKL I I G- TE - - - - - - - - FENAOLN T I VQKS - - - - - - - - - - EGGI FNNAGQT 7 1  

HHKAYFOKLNTLAAG - TR- - - - - - - - YAOMELAG IVKE SAG S KAAA- - - DVKI FNNAAQA 1 0 9  

HHNTYVVNLNNLVPG - TE - - - - - - - -F E GKTLEE IVKT- - - - - SSG - - - - -GI FNNAAQV 7 0  
HHNTYVVNLNNLVPG - TE - - - - - - - - F EGKTLEE IVKT - - - - - SSG - - - - -GIFNNAAQV 7 1  
HHNT YVVNLNNLVPG - TE - - - - - - - - F E GKTLEE IVKT - - - - - SSG- - - - - GIFNNAAQV 7 1  
HHNT YVVNLNN L I P G - TE- - - - - - - - F E GK S L E E IVKS - - - - - SSG - - - - -GI FNNAAQV 7 0  

H HN T YVVNLNN L I P G-TE - - - - - - - - F E GK S L E D IVKT - - - - - SSG - - - - -GI FNNAAQV 7 1  
HHQTYVTNLNNL I KG- TA- - - - - - - - F E GK S L E E I I RS - - - - - SEG - - - - -GVFNNAAQV 7 1  

H H Q T YVTNLNN L I KG- TA- - - - - - - - FEGK SLEE I I RS - - - - - SEG - - - - -GVFNNAAQV 7 1  
H H Q T YVTN LN N L I KG-TA- - - - - - - - FEGKSLE E I I RS - - - - - SEG - - - - - GVFNNAAQV 7 0  
HHNTYVVKLN G L I P G -TE - - - - - - - - F E GKTLE E I I K T - - - - - STG- - - - -GVFNNAA Q I  7 6  
H H N T YVVKLNGLVPG - TE - - - - - - - - F E GKTLE E I I K T - - - - - S TG - - - - - GI FNNAAQV 7 1  
HHNTYVVKLN G L I P G - TE - - - - - - - - FENKSLE E I I K T - - - - - STG - - - - -GIFNNAAQV 7 1  

HHN TYVVKLNGLVEG-TE - - - - - - - - LAEK S LE E I I K T - - - - - S T G - - - - - GVFNNAAQV 7 0  

H H Q T Y I TNLNN Q I KG- TE - - - - - - - - F E N L P L E E IVKK - - - - - S S G - - - - -GVFNNAAQT 7 1  

H H Q T Y I TNLNNQ I KG- TE - - - - - - - - FENLPLEE IVKK - - - - - S S G - - - - -GVFNNAAQT 7 1  
H H Q T Y I TNLNNQ I KG- TE - - - - - - - - FENLPLE E IVKK- - - - - S S G - - - - -GVFNNAAQT 7 1  

HHQTYVTNLNNLVPG - TE - - - - - - - - F E N L S L E E IVKK - - - - - S S G - - - - -GVFNNAAQV 7 1  

HHNTYVTNLNKL I P G- TE- - - - - - - - F E SMTLE E I I M K - - - - -AKG - - - - -G I F NNAAQV 7 1  

HHRAYVN K LNKLIEG - TP- - - - - - - - F E K E P L E E I I RK- - - - - S O G - - - - -G I FNNAAQH 7 1  
HHNAYVT N LNKL I EG- TO - - - - - - - - LANAP LE E I VKAAASNASKA- - - - -GLFNNAAQV 1 0 0 

HHAGYVN K L N S L I KG- TP - - - - - - - -ME S C T I E E L I LG - - - - -QTG - - - - -AVFNNAAQ I 7 1  

HHAGYVN K LN S L I KG- TP - - - - - - - - LE S C T I E E L I LG - - - - -QTG - - - - -AVFNNAAQI 7 1  

HHAGYVNKLNT L I KD -TP - - - - - - - - F A E K S L LO IVKE - - - - - S S G - - - - -A I FNNAAQI 7 1  
HHAGYVAKLNGF I E G -TA- - - - - - - - FAGKTLEEV I RT - - - - - STG - - - - -A I F NNAAQV 7 1  

HHQGYVTKLNAAAQTNSA- - - - - - - - LATKS I E E I I RT - - - - - EKG - - - - - P I FNLAAQI 7 3 

HHQGYVTKLNAAAQTNSA- - - - - - - - LATKS I E E I I RT - - - - -EKG - - - - - P I FNLAAQ I 7 3 

HHMGYVTKLNAVAACNAA- - - - - - - -VAAKSVEE I I RT - - - - -EKG - - - - - P I FNLAAQI 7 3 

H H KGYAVKLNAAAESNSG - - - - - - - - LASKSLVO I I K S - - - - - EKG - - - -- PAFNCAAQ I 7 3 

HHNTYVQNLNNLLKDKEE - - - - - - - - LQKKD L EE I I E W- - - - - S SQN - SNAA I FNNAAQI 8 7  
HHN SYVQNLNNL I KDREE - - - - - - - - LQKKD L EE I I EW- - - - - S SQN - AEVA I LNNA S Q I  8 7  

HHQTYVNNLNN L I KD - TD - - - - - - - - F E K S S L F O I LTK - - - - - S S G - - - --GVFNNAAQ I 7 0  

HHQTYVNNLNNLIKG -TD - - - - - - - - F E K S S L F O I LTK - - - - - S S G - - -- -GVFNNAA Q I  7 0  
HHQTYLNNLNN L I KG-TO - - - - - - - - F E K S S L FAI LTK - - - - - S S G - - - - - GVFNNAAQI 7 0  

H HQTYVKNLNNL I KG - TO - - - - - - - - F E K S S L F O I LTK- - - - - S S G - - - - -GVFNNAAQI 7 0  

HHQTYVNNLNNLIKG -TO - - - - - - - - F E K S S L FAI LTK - - - - - S S G - - - --GVFNNAAQ I 7 0  

H H RTYVNNLNNL I KG-T D - - - - - - - - F E K S S L FAI LTK - - - - - S S G - - - - -GVFNNAAQ I 7 0  
H HQTYVNNLNN L I KG- TE - - - - - - - - F E K S S L F O I LTK - - - - - S S G - - - -- GVFKNAAQ I 7 0  
H HNTYVTNLNN L I K Y -T E - - - - - - - - F A S K O LVS I I KS - - - - - S SG- - - -- GVFNNAAQV 7 0  
HHNTYVTNLNN L I KO - TE - - - - - - - - FAGKO LVS I I KT- - - - - SNG - - - -- GVFNNAAQV 7 0  

HHATYVNKLNGLVKG- TE - - - - - - - - QEHKT L E E L I KQK - - - - PTQ - - - - -AI YNNAAQA 7 2  

HHAAYVTALNGLLNG- 00 - - - - - - - - K G - - S LEAVI KGA- - - -GPG - - - - - KVFNNAAQ A  7 0  
HHRTYVENLKKQVVGT - E - - - - - - - - L O G K S L E E I IVTA- - -YNKG - - OI LPAFNNAAQV 9 9  

HHKTYVENLKKQVVGT - E - - - - - - - - LOGK S LE E I IVTS - - - YNKG - - OI LPAFNNAAQV 1 0 0  

H HRAYVDNLNKQ I OGT - E - - - - - - - - LOGKT LEO I I LVT - - -YNKG - -APLPAFNNAAQA 7 5  

H HRAYVONLKKQVLGT - E - - - - - - - - LEGKP LE H I I H S T - - -YNNG - - OLLPAFNNAAQA 8 4  
H HRAYVONLKKQVLGT - E - - - - - - - - LEGKPLEH I I H S T - - -YNNG - - OLLPAFNNAAQA 1 0 6  
HHRAYVONLKKQVLGT - E - - - - - - - - LEGKPLEH I I H S T - - - YNNG - -OLLPAFNNAAQA 8 4  

H HRAYVONLKKQVLGS - E - - - - - - - - LEGKALE H I I QNT - - - YNNG - - OLLPPFNNAAQA 8 4  

H H KTYVE N LNKQ I LGT - 0 - - - - - - - - LOAL S LEEVVLLS - - - YNKG - -NMLPAFNNAAQA 1 2 6  
H HRGYVO GLNRQ I LGT - E - - - - - - - - LAGL S LEE I V I K S - - - YNEG - - OLLPTFNNAAQI 1 1 9  

HHRAYVONMNKQVAGT- P - - - - - - - - LOGKS LEE IVLAS - - -WNNG - -QPTPVFNNAAQV 1 0 8  

HQQOYVOS LNKQLATS - M- - - - - - - - F Y G Y T LEEL I KEA- - - YNNG - -NPLPEYNNAAQV 1 1 6  

HQQOYVO S LNKQLATS - M- - - - - - - - F Y G Y T L E E L I KEA- - - YNNG - -NPLPE YNNAAQV 1 1 6  
HHRGYVONLNKQLGKOOR- - - - - - - - LYGYTMEEL I KAT - - - YNNG - -NPLPE FNNAAQV 1 2 4  

HQN I HVERLNGMIGGS - E - - - - - - - -WEGMS LGQMML S S - - - FNEGREAP HPPFF HAAQ I 9 9  

HHAAYVNNYNNAVKOT - 0 - - - - - - - - LOGQP I EAV I KA I - - -AGOA - - SKAGLFNNAAQA 7 6  

HHAAYVNNFNNAVAGT - 0 - - - - - - - - LONQ S I EOVI KAV- - -AGOA- - SKAGI FNNAAQA 7 5  

1 9 1  



0 5 0 2 5 7 

Q 9 RFQ4 
Q 9 R 6 Y 6  

S O D F  P L E B O  

AAK 8 6 6 8 3  

Q 9 8 5K3 
C AC 4 5 5 4 5  

SODF RH I ME 
AAK 8 8 8 6 2 

0 3 0 9 7 0  
0 1 5 6 4 1  

0 0 2 6 1 5  

Q 9 5 0 5 1  

Q 9 5 0 5 2 

0 4 3 9 5 7  
0 8 4 9 2 4  

SODM LACLA 

A AK 9 9 4 7 8  

S O DM STRPN 
AAK7 4 9 0 4  

Q 9AGW1 
SODM STRAG 

SODM STRPY 
S O D M  STRMU 

A AF 6 4 0 7 4  

S O D M  BACCA 

Q 9 LBF 6 
S O D M  BAC S T  

S O DM BAC S U  

0 8 6 1 6 8  

Q 9 Z F 3 8  

Q 9 KD 1 0  
SODM L I SMO 

SODM L I S IV 

BAB 5 7 7 1 5  

Q 9 Z 5W5 
Q 9 K 4V3 

Q 9 F 3 2 6  

BAB 5 62 9 5 

Q 9 9 X 8 2  
Q 9 E Z Z 2  

S O D 2  P LEBO 

SOD 3 P LEBO 

SOD 1 P LEBO 

SODM PASHA 
Q 5 9 1 3 3 

SODM HAEDU 

SODM PASMU 

SODM HAE IN 
BAB 3 8 2 5 7  

AAG 5 9 1 0 2  

S O D M  E C O L I  

SODM SALTY 
SODM YEREN 

Q 9RUV2 

SODM BUCAI 

SODM XANCP 
SODF METJ 
Q 9 PAA4 

SODM P S E P U  

Q 9WWG7 

H TAAYYANLNKAVAGT-P - - - - - - - - MATMRLEDVVKLV- - -AGDP - -AKGVLFNNAAHL 
H H KAYVDNLNKLT E GT- E - - - - - - - - LANKSLEEV I KT S - - -FNDS - - SKA G I F NNAAQV 
H H KAYVDNLNKLT D GT- E - - - - - - - - LADKSLEEVI Q I A - - - FKDA- - YKA G I F NNAAQV 
HHAAYVTNLNKLVEGT - P - - - - - - - - M E S L S LEDV I KQS - - - FGDS - - SKVGVFNNAAQV 

H H KAYVDNGNKLAAEA- G- - - - - - - - L S D L S LEEVVKKS - - - FGT - - - -NAGLFNNAAQH 

H H KAYVDNGNKLAAEA- G - - - - - - - -MGDLSVEEVVKQS - - - FGK- - - - NAGLFNNAAQH 
H HLAYVTNGNKLAEEA- G - - - - - - - - LSDLSLEDI VKKS - - -YGT- - - - NQP LFNNAGQH 

HHLAYVTNGNKLAEEA- G - - - - - - - - LSDLSLEDIVKKS- - - YGT - - - -NQP LFNNAGQH 

H H KAYVDNLNKA I TGT -E - - - - - - - -WE KS SLEDIVRG T - - - YEKGAVAQS G I FNNASQH 

H H KAYVDNGNKL I AGT -E - - - - - - - - WEGKSVEE IVKGT - - - YCAGAVAQS G I FNNASQH 
H H SAYVDKLN -TLG - - K G - - - - - - - -CEGKT I EE I I LAT SGTTESK- - - - -VMNNQAAQH 

HHKAYVDKLN -ALAG -T T - - - - - - - - YDGKS I E E I I LAVANDAEKK- - - - - G L FNQAAQH 

HHQAYVDFANKNVPG -T E - - - - - - - - FEGKP I E E I I QKATG- - - - - - - - - - P LFNNVAQH 

HHQGYVDMAN K I VP E - S E - - - - - - - -FKGKSVEEI I QNASG- - - - - - - - - - P VFNNVAQH 

HHQS Y I DTANKLIVG - SG - - - - - - - - F E GKP I E E I I QKAQG - - - - - - - - - - P LFNNVAQH 
HHNTYVTNLNAA I E KHPE - - - - - - - - LGEKTVEELLADF - - - SSVP E D I QTAVRNNGGGH 

H H QTYVNNLNAA I E KHNE - - - - - - - - LDD LSLEELLTDL- - - SAIPED I RTAVRNNGGGH 

H HQTYVNNANAALE KHPE - - - - - - - - I GED - LEALLADV- - - ES I PAD I RQAL I NNGGGH 

HHQTYVNNANAALEKHPE - - - - - - - - I GE D - LEALLADV- - -ES I PAD I RQA L INNGGGH 
H HQTYVNNANAALEKHPE - - - - - - - - I GE D - LEALLADV- - - E S I PAD I RQAL I NNGGGH 

H HNTYVTNVNAALAKHLE - - - - - - - - I GE D - LEKLLADV- - - E S I PAD I RQAVINNGGGH 

H HATYVANANAALEKHPE - - - - - - - - I GE D -LEALLADV- - - SQ I P E D I RQAVINNGGGH 

HHATYVANTNAALE KHPE - - - - - - - - I GEN-LEELLADV- - - T K I PE D I RQAL I NNGGGH 
HHATYVANANAALEKHPE - - - - - - - - I GEN - LEVLLADV- - - EQI PAD I RQ S L INNGGGH 

HHNTYVTNLNAALEGHPD - - - - - - - - LQNKSLEELLSNL - - - EALPE S I RTAVRNNGGGH 

HHNTYVTNLNAALEGHPD - - - - - - - - LQNK SLEELLSNL- - - EALP E S I RTAVRNNGGGH 

HHNTYVTNLNAALEGHPD - - - - - - - - LQNKSLEELLSNL - - - EALP E S I RTAVRNNGGGH 
H H NTYVTNLNAALE GHPD - - - - - - - - LQNKSLEELLSNL - - - EALP E S I RTAVRNNGGGH 

H H NTYVTNLNKAVEGNTA- - - - - - - - LANKSVEELVA D L - - - DSVP E N I RTAVRNNGGGH 
H H NTYVTNLNKAVEGNTA- - - - - - - - LANKSVEELVA D L- - -DSVP E N I RTAVRNNGGGH 

H H N T YVTKLNEAVAGKQD - - - - - - - - L E SKSVEELVANL- - -DAVP E N I RTAVRNNGGGH 

H H NTYVTKLNAALEGH SA- - - - - - - - LAE K S I EALVS D L- - - DAVP EN I RTAVRNNGGGH 
H H NTYVTKLNEAVAGH P E - - - - - - - - LASK SAEELVT N L- - - DSVP E D I RGAVRNHGGGH 

H H N I YVTKLNEAVSGHAE - - - - - - - - LASKPGE ELVAN L - - - DSVP E E I RGAVRNHGGGH 

H H N T YVTKLNAAVEG - TD - - - - - - - - L E S K S I EE IVANL - - - DSVPAN I QTAVRNNGGGH 

HHNTYVTKLNAAVEG - TD - - - - - - - - L E S K S I EE IVANL - - -DSVPAN I Q TAVRNNGGGH 
H H N T YVTKLNAAVEG - T D - - - - - - - - L E S K S I E E IVANL - - - DSVP E N I QTAVRNNGGGH 

H H N T YVTKLNAA I EG - TD - - - - - - - - LENKS I EE IVANL - - - DSVP S D I QTAVRNNGGGH 

H HN T YVTKLNATVEG - T E - - - - - - - - L E H QSLADMIANL - - - DKVP EAMRMSVRNNGGGH 

H HN T YVTKLNATVEG- TE - - - - - - - - L E H QSLADMIANL - - - DKVPEAMRMSVRNNGGGH 
H HN T YVTKLNATVEG- TE - - - - - - - - L E H QSLADMIAN L - - - DKVPEAMRMSVRNNGGGH 

H H AAYVNNLNAA I EK Y S D - - - - - - - - L Q SMSVEDLVTHL- - - DRVPEDVRTTVRNNAGGH 

H H QTYVDNLNTALKDQPN - - - - - - - - L Q N L S I EAMLRD L - - -NAVP E N I RN T I RNNAGGH 

H HATYVNN I NE T L KAY P D - - - - - - - - L QKQSVDS L IQNL - - - NQVP E A I RT K I RNNGGGH 

H H Q A Y I NNANAALEAHP - - - - - - - - E L L EKCPGAL I KD L - - - SQVPAEKR I AVRNNVGGH 
H HQ T YVNNANAALEAHP - - - - - - - - E L L E KCPGAL IKDL - - - SQVPAEKRTAVRNNVGGH 

H HQAYVNN SNALLEKHP - - - - - - - - E L L E KCPGALLKDL - - - TQVPAEKRTAVRNNLGGH 
H HQAYVNNANAALENLP - - - - - - - - E LAQGCPGQLLTKL - - -AEVPADKLTAI RNNVGGH 

HHQAYVNNANAALEGLPA- - - - - - - E LVEMYPGHL I SNL - - - DKI PAEKRGALRNNAGGH 
H HQ TYVNNANAAL E S LP - - - - - - - - E FANLPVE E L I TKL - - - DQLPADKKTVLRNNAGGH 

H H Q TYVNNANAAL E S LP - - - - - - - - E FANLPVE E L I TK L - - -DQLPADKKTVLRNNAGGH 

H HQ T YVNNANAAL E S LP - - - - - - - - E FANLPVEE L I TKL - - -DQLPAD KKTVLRNNAGGH 

H H Q TYVNNANAALENLP - - - - - - - -E F A S L PVEELI TKL - - - DQVPADKKTVLRNNAGGH 
H H Q T YVNNANTVLESFP - - - - - - - - E LAKFSVE D L I KD L - - - DKVPAEKRTFMRNNAGGH 

H H Q T YVDNANKALEGTE - - - - - - - - - FADLPVEQ L I QQ L - - - DRVPADKKGALRNNAGGH 

HHQNY I NNTN S I LENTT - - - - - - - - - F S SL P I E E L I S I L - - -N E I I LEKKNALRNNAGGH 

H H Q T Y I NNVNAALEGTEY - - - - - - - - -A D L P I EELVSKL - - - KSLPENLQGPVRNNGGGH 
H H Q T Y I NNVNAAL E G T S F - - - - - - - - -ANEPVEALLQKL - - -D S LPENLRGPVRNNGGGH 

H HAT Y I NNLNAALEGTEY - - - - - - - - -AD L P I EE LLRNL- - -KSLP E S LQGPVRNNGGGC 

H HQ T YVNGLNAAI E GTEW - - - - - - - - -AEWPVEKLVGAV- - - KQLPESLRGAVTNH GGGH 

H H Q T Y I NNLNAAVEGTEF - - - - - - - - -ADWSVE KLVASV- - -QQLPENLRPAV I NQGGGH 
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7 2  

7 7  

7 7  
7 7  
7 4  

7 4  

7 4  

7 3  

1 2 0  

7 9  
1 0 5  

1 0 7  

7 0  

7 0  

7 0  

7 9  

7 9  

7 8  

7 7  
7 8  

7 8  

7 7  

7 7  
7 7  

7 9  

7 8  

7 9  

7 8  

7 8  
7 9  

7 9  

7 9  
7 9  

7 9  

7 8  

7 8  
7 8  

7 8  

7 8  

7 8  
7 8  

7 9  
1 0 9  

1 2 0  

7 9  

7 9  

7 8  

7 9  

7 9  
7 9  

7 9  

7 8  

7 8  
7 9  

7 8  

7 8  

7 8  
7 7  

7 8  

7 8  

7 8  



SOOM P S EAE 
SOOM BORP E 

S O OM CHLRE 

S O OM AC I CA 
Q 9 P C 6 0  
Q 9A 7 E 6 

Q 9 KW 8 7  

Q 9 KW8 5  

AAK 5 3 1 6 6  
Q 9 KNN7 

A AK 5 3 1 6 5  
AAK 5 3 1 6 4  

A AK 5 3 1 6 7  

AAK 5 3 1 6 3  
AAK 5 3 5 4 7  

Q 9 KW8 6 

SOOM THETH 
SOOM_THEAQ 
SOOM BORBU 

p 9 6 2 0 1  

SOOF ME TTH 

SOOF METTM 
Q 9 P 9 I 6 

SOOF P Y RAE 

SOOF AERP E 

SOOF SULSO 
BAB 6 7 3 9 3  

SOOF SULAC 
SOOF AC I AM 

Q 9 KCK8 

SOOF BACSU 
BAB 6 2 4 1 2  

Q 9APY3 

Q 9 F 9 R 1  

Q 9AM0 0 
SOOM MYCAV 

SOOM MYCLP 

SOOM MYCLE 

SOOM MYCFO 
SOOM MYCSM 

SOOM NOCAS 

SOOF MYCTU 

SOOM PROFR 

Q 9 X 4 6 9  
SOOF STRCO 

Q 9 X 6N 3  

Q 9HQF 1 

S00 1 HALCU 
500 1 HALSG 

Q 9 HQ 4 7  

SOOM HALHA 

S002 HALSG 
S002 HALVO 

500 1 HALVO 

SOOM HALMA 

SOOF_AQUAE 

SOOF_AQUPY 

BAB5 9 2 0 1  

Q 9 HM5 6 

CAC 4 2 4 1 2  

SOOM ALCEU 

HHQTYVNNLNAALEGTPY - - - - - - - - -AEQPVESLLRQL - - - AGLP EKLRTPVVNNGGGH 
HHQTYVNGLNAALEGAGLO - - - - - - - - SEEPVEQLLRRI - - - PALPPG I HGAVRNHGGGH 

HHQTYVNNLNAALO KF P E L- - - - - - - - KOLGLVOLNKAVGT - O K L P KOVATV I RNNGGGH 

H HKAYVONLNAQ I KTYPE - - - - - - - - LOKTO L I QLQKQI - - - - - - - SKYNTAVRNNGGGH 

H H KAYVONLNAA I KD I PT - - - - - - - - LSGKTLEQLLA I A- - - - - - - STLP PAVRNNAGGO 
H HQAYVNALNGAVAVTPA- - - - - - - - LQGKSLOAVLSEV- - - - - - - SRHP PVVRNNAGGH 

HHKTYFO KFVTAVQG SVL - - - - - - - - - ETQSLOE I FAAI - - - - - - - SQH SPAI RNNGGGY 

HHKTYYOKFLAA I QG SEL- - - - - - - - - EHQTLTE I F S S I - - - - - - - SQHS PAVRNNGGGY 

HHRTYYOKFL S A I K G TEH - - - - - - - - - EORP L S E I FARV - - - - - - - STLPAAVRNHGGGY 
HHRTYYOKF L S A I KGTEH - - - - - - - - - EORP L S E I FARV - - - - - - - STLPAAVRNHGGGY 

HHRTYYOKFL S A I KGTEH - - - - - - - - - EORP L S E I FARV- - - - - - - STLP AAVRNHGGGY 

HHRT YYOKFLSA I KGTEH - - - - - - - - - EORP L S E I FARV - - - - - - - STLPAAVRNHGGGY 

HHRTYYOKF L S A I KGTEH - - - - - - - - - EORP L S E I FARV- - - - - - - STLPAAVRNHGGGY 

HHRTYYOKF L S A I KGTEH - - - - - - - - - EORP L S E I FARV- - - - - - - STLPAAVRNHGGGY 
HHRTYYOKF L S A I KGTEH - - - - - - - - - EORPLSEI FARV- - - - - - - STLPAAVRNHGGGY 

HHRTYYOKFL S A I KGTOY - - - - - - - - -QOQSLSEI FARV- - - - - - - STLPAAVRNHGGGY 

HHGAYVTNLNAALEKYPY - - - - - - - - LHGVEVEVLLRH L - - -AALPQO I QTAVRNNGGGH 

HHGAYVTNLNAAL E KYP Y - - - - - - - - LQGAEVETLLRHL- - - TALPAO I QAAVRNNGGGH 
HHN G FVMNLN S I LE KMGK - - - - - - - - I H LTOVS N I LKN I - - - H D FPEEFQTL I RNNAGGY 
HQQAYVO KLNKALEKHPE - - - - - - - - LYGKS LYOI LSNL- - -O DMPEO I MAOLVNQGGGV 

HHQAYVOGANALLRKLOE - - - -ARESOT - - - OVO I KAALK - - - - - - - - - - - ELSFHVGGY 

HHQAYVOGANGVLRKLOO - - - -ARENGE - - -EVO I KAALK- - - - - - - - - - - ELSF HVGGY 
HHQAYVTNANAA I EMMO K - - - -ARKEGT - - -OFO YKATAK - - - - - - - - - - -AFSFNLAGH 

HHQGYVNGANAALEKLEK - - - - FRKGEA - - -Q I O I RAVLR- - - - - - - - - - -OLSF HLNGH 

HHNTYVKGANAA L E K I E K - - - - HLKGE I - - - Q I O VRAVMR- - - - - - - - - - - OFSFNYAGH 

HHKGYVNGAN S L LERLEK - - - -VVKGO LQTGQY O I QG I I R - - - - - - - - - - -GLTFN I NGH 
HHKGYVNGAN S F L E RLE K - - - - I I RGE I T SGQY O I QGLLR- - - - - - - - - - -G LVFN I NGH 

HHKGYVNGAN S LLORLEK - - - - LI KGOLPQGQYOLQG I LR- - - - - - - - - - -GLTFN I NGH 
HHRGYVNGAN SFVORVNK - - - - I LKGE I S SGQYO I Q G LLR- - - - - - - - - - - GLVF N I NGH 

HHQSYVEGLNKAEKEMER- - - -ARRTNH - - - FQLI KHWER- - - - - - - - - - - EAAFNGAGH 

HH Q S YVOG LNKAE SELKK - - - -ARATKN - - - Y O L I THWER - - - - - - - - - - - E LAFHGAGH 
HHAT YVAGANAALEALEK - - - -AREEGTN - - P O Q I RALSK - - - - - - - - - - -NLAFNLGGH 

HHATYVAGANAALEALEK - - - -AREEGTN- -P O Q I RALSK - - - - - - - - - - -NLAFNLGGH 

HHATYVKGVNOALAKLEE - - - -ARAN - EO - - HAA I F LNEK - - - - - - - - - - -NLAFHLGGH 

HHATYVKGVNOALAKLEE - - - -ARAN- EO - - HAAI F LNEK- - - - - - - - - - -NLAFHLGGH 
HHATYVKGVNOALAKLEE - - - -ARAN - EO - - HAA I F LNEK - - - - - - - - - - -NLAFHLGGH 

HHATYVKGVNOALAKLEE - - - -ARAN - EO - - HAA I F LNEK - - - - - - - - - - -NLAFHLGGH 

HHAAYVKGVNOALAKLOE - - - -ARAK- 00 - - H S A I F LNE K - - - - - - - - - - -NLAFHLGGH 

HHAAYVKGVNOAVAKLOE - - - -ARAN- GO - - HAA I F LNEK - - - - - - - - - - - NLAFHLGGH 
H H ATYVKGVN O A I AKLEE - - - -ARAN - GO - - HAA I F LNEK- - - - - - - - - - - NLAFHLGGH 

H HAAYVAGANTALEKLEA- - - -AREA-GO - - H S A I F LH E K- - - - - - - - - - -NLAFHLGGH 

HHATYVKGANOAVAKLEE - - - -ARAK- EO - - H SA I LLNEK- - - - - - - - - - -NLAFNLAGH 

HHKAYVOGANTALOKLAE - - - -AROK -AO - -F GA I NKLEK- - - - - - - - - - - OLAFNLAGH 

H HAAYVKGANO T LEQLAE - - - - AREK- E S - -WGS I NGLEK - - - - - - - - - - -NLAF H LSGH 
HHAAYVKGANO T LEQLAE - - - - ARO K - E T - -WGS I NGLEK- - - - - - - - - - -NLAFHLSGH 

H HAAYVKGANO T LEQLEE - - - - AROK- EA- -WGA I NGLQK- - - - - - - - - - -NLAFHLSGH 

HHQGYVNGWNOAEETLAE - - - - - - - NRETGOHASTAGALG - - - - - - - - - - -OVTHNGSGH 

HHQGYVNGWNOAEETLAE - - - - - - -NRETGOHASTAGALG - - - - - - - - - - -OVTHNGSGH 
HHQGYVNGWNOAEET LAE - - - - - - -NRETGOHASTAGALG - - - - - - - - - - -OVTHNGSGH 

HHQSYVO G L N S AEETLAE - - - - - - -NRETGOHASTAGALG - - - - - - - - - - - OVTHNGCGH 

H HQS YVO GLNSAEET LAE - - - - - - -NRETGOHASTAGALG- - - - - - - - - - -OVTHNGCGH 

H HQ S YVOGLNSAEENLAG - - - - - - -NRETGOHASTAGALG - - - - - - - - - - -OVTHNGCGH 
HHQGYVNGWNAOO E T LAE - - - - - - -NREAGEFGSSAGAVR - - - - - - - - - - -NVTHNGSGH 

HHQGYVNGWNAOOETLAE - - - - - - -NREAGE F G S SAGAVR - - - - - - - - - - -NVTHNGSGH 

HHQGYVN G L E S A E E T LAE - - - - - - -NROAGOFGS SAAAWV- - - - - - - - - - -NVTHNGCGQ 

H YKGYVAKYNE I Q E K LAOQ-NFAORSKANQNYSEYRELKV- - - - - - - - - - - EETFNYMGV 

HYKGYVAKYNE I QE KLAOQ -NFAORSKANQNY S E Y RELKV - - - - - - - - - - - E E TFNYMGV 
HYKGYVN K LN E I WS RLPO - - - -VORSKANQN Y S E F RALKL - - - - - - - - - - -E E TFNYGG S 

H YKGYVNKLNE I WS RLPO - - - -VORSKANQNYSEFRALKL - - - - - - - - - - - E ETFNYGG S 

NYGGAVKRLNAI TATLAE - - - - - - LOMATAPVF TLNGLKR- - - - - - - - - - - E E L I ATNSM 

NYGGAVKRLNA I TATLAE - - - - - - LOMATAPVF TLNGLKR - - - - - - - - - - -E E L IATNSM 
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7 8  
7 9  
8 1  

9 7  

1 0 6  
1 0 9  

7 4  

7 4  

7 4  
9 1  
7 4  

7 4  

7 4  

7 4  
7 4  

7 4  

8 0  

8 0  
7 8  
1 0 5  

7 8  
7 5  
7 5  

7 6  

7 6  

8 1  
8 2  

8 1  

8 2  

1 6 1  

1 4 9  
7 4  

7 4  

7 3  
7 3  
7 2  

7 2  

7 2  

7 2  
7 2  

7 2  

7 3  

7 2  

7 3  
7 2  

7 3  
7 3  
7 2  
7 3  

7 3  
7 3  
7 3  
7 2  

7 3  

7 6  

7 8  
7 8  

7 5  

7 5  

7 2  

7 2  



AAH 1 0 5 4 8  

BAB 2 2 0 9 5  
SODM MOUSE 

SODM RAB I T  

AAH 1 2 4 2 3  

SOOM HUMAN 
SODM CAVPO 

SODM HORSE 

AAK 9 7 2 1 4  

Q 9NB 6 6  
SOOM CHAFE 

S O O M  CAEEL 

SOON CAEEL 

S O O M  ONCVO 

S O O M  OROME 
S O O M  C HLMU 

SODM C HLTR 

SODM CHLPN 

Q 9M 5 3 2  
S O OM HEVBR 

SOOM N I C P L  
Q 9 S M 6 4  

S O D M  CAPAN 
SOOM P E A  

0 8 2 5 8 4  

Q 9 SRK3 

S O OM ARATH 
0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  

0 8 2 5 7 1  

P 9 3 6 0 6  
Q 4 3 1 2 1  

S O O M  ORYSA 

Q 4 3 8 0 3  

S O O P  MAI Z E 
S OO N  MA I Z E 

5 0 0 0  MA I Z E  

S O O M  MAI Z E 

Q 4 3 2 7 3  
Q 9 L Y K 8  

S O D M  CANAL 

P 7 9 0 2 2  

S O O M  YEAST 

Q 9 P 9 4 5  
Q 9U Q X O  

07 4 2 0 0  

Q 9 P 9 2 1  
AAK 8 2 3 6 9  
S O D M  GANMI 

Q 9 Y 7 7 3  
S O D M  AGABI 

SODM A S P F U  
S O D M  P E N C H  

SODM N E U C R  

SOOF T E T P Y  

0 4 2  9 1 9  
07 4 3 7 9  

AAK 8 0 5 1 6  

HHAAYVNNLNATE E K - - - - - - - Y HEALAKGDVTTQVALQP - - - - - - - - - --ALKFNGGGH 

HHAAYVNNLNA T E E K - - - - - - - Y HEALAKGDVTTQVALQP - - - - - - - - - - -ALKFNGGGH 
HHAAYVNNLNAT E E K - - - - - - - Y HEALAKGDVTTQVALQP - - - - - - - - - - -ALKFNGGGH 

HHAAYVNNLNA T E E K - - - - - - -YREALARGOVTAHVALQP - - - - - - - - - - -ALKFKGGGH 

HHAAYVNNLNVTEEK - - - - - - -YQEALAKGDVTAQ IALQP - - - - - - - - - - -ALKFNGGGH 

H HAAYVNNLNVTEEK- - - - - - - YQEALAKGOVTAQ IALQP - - - - - - - - - - -ALKFNGGGH 
HHAAYLNNLN I AE E K - - - - - - - YQEALAKGOVTAQVALQP - - - - - - - - -- -ALKFNGGGH 

HHAAYVNNLNVTE E K - - - - - - - YQEALAKGOVTAQ I ALQP - - - - - - - - - - -ALKFNGGGH 

HHATYVNNLNVTE E K - - - - - - - YKEALAKGOVTAQVSLQP - - - - - - - - - - -ALKFNGGGH 

HHQTYVNNLNVA E E K - - - - - - -LAEAKEKGOVS T I I SLAP - - - - - - - - - - -ALKFNGGGH 
HHQTYVNNLNVAE E K- - - - - - -LAEAKEKGOVST I I SLAP - - - - - - - - - - -ALRFNGGGH 

HHATYVNNLNQ I E E K - - - - - - - LHEAVSKGNVKEAI ALQP - - - - - - - - - - -ALKFNGGGH 

HHATYVNNLNQ I E E K- - - - - - - LHEAVSKGNLKEAI ALQP - - - - - - - - - - -ALKFNGGGH 

HHAAYVNALNQA E E K - - - - - - -VKEALAKGO TQAAVAGT K - - - - - - - - - - - LMNFNTGGH 

HHQTYVNNLNAAEE Q - - - - - - - LEEAKSKSOTTKLI QLAP - - - - - - - - - - -ALRFNGGGH 
HHQG Y I NNLNEALKS - - - - - - - LOVASATQOLTGL I A I NP - - - - - - - - - - -ALRFNGGGH 

HHQG Y I NNLNEALK S - - - - - - - LOVANATQOLARL I AINP - - - - - - - - - - -ALRFNGGSH 

HHQ I Y I NNLNAALKR- - - - - - - LOAAETQQNLNELIALEP - - - - - - - - - - - ALRFNGGGH 

HHQ T Y I TNYNKALEQ - - - - - - - LHEATEKGDSSTVVKLQS - - - - - - - - - - -A I KFNGGGH 
HHQTY I TNYNKALEQ- - - - - - - LNDAI EKGD SAAVVKLQS - - - - - - - - - - -A I KFNGGGH 

HHQTYVTNYNKALEQ - - - - - - - LHDA I S KGDAP TVAKLHS - - - - - - - - - - -A I KFNGGGH 

HHQTYVTNYNKALEQ- - - - - - - LHDA I S KGOAPTVAKLHS- - - - - - - - - - -A I KFNGGGH 

H HQTY I TNYNNALQQ - - - - - - - LHDAINKGOSPTVAKLQG- - - - - - - - - - -AI KFNGGGH 
H HQTY I TNYNKALEQ - - - - - - - L HOAVAKAOTSTTVKLQN - - - - - - - - - - -A I KFNGGGH 

HHQAY I TNYNKALEQ- - - - - - - LDEA I AKGDASKVVGLQS- - - - - - - - - - -AI KFNGGGH 

HHQAYVTNYNNALE Q - - - - - - - LDQAVNKGDASTVVKLQS - - - - - - - - - - -AI KFNGGGH 

HHQAYVTNYNNALEQ - - - - - - - LOQAVNKGDAS TVVKLQS - - - - - - - - - - -AI KFNGGGH 
HHQAYVTNYNNALEQ - - - - - - - LOQAVNKGDASAVVKLQS - - - - - - - - - - -AI KFNGGGH 

HHQAYVTNYNKALEQ- - - - - - - LH E A I S KGOASAAVKLQS - - - - - - - - - - -A I KFNGGGH 

HHATYVANYNKALEQ - - - - - - - LDAAVSKGOASAVVHLQS - - - - - - - - - - -A I KFNGGGH 

HHATYVAHYNKALEQ - - - - - - - LDAAVSKGDASAVVHLQS - - - - - - - - - - -AI KFNGGGH 

H HATYVANYNKALEQ - - - - - - - LDAAVSKGOASAVVHLQS - - - - - - - - - - -A I KFNGGGH 
HHATYVANYNKA LE Q - - - - - - - LOAAVAKGDAPAIVHLQ S - - - - - - - - - - -A I KFNGGGH 

HHATYVANYNKALEQ - - - - - - - LOAAVAKGDAPA IVHLQ S - - - - - - - - - - -AI KFNGGGH 

HHATYVANYNKALEQ - - - - - - - LDAAVAKGDAPAIVHLQS - - - - - - - - - - -A I KFNGGGH 

HHATYVGNYNKALEQ- - - - - - - LDAAVAKGDASAVVQLQG - - - - - - - - - - -A I KFNGGGH 
HHATYVVNYNKALEQ- - - - - - - LDAVVVKGDASAVVQLQG- - - - - - - - - - -AI KFNGGGH 

NHATYVVNYNKALEQ - - - - - - - I DDVVVKGDD SAVVQLQG- - - - - - - - - - -A I KFNGGGH 

HHATYVANYNKALEQ- - - - - - - LE TAVSKGDASAVVQLQA- - - - - - - - - - -A I KFNGGGH 

HHATYVANYNKALEQ- - - - - - - LETAVSKGDASAVVQLQA- - - - - - - - - - -AI KFNGGGH 
HHQTYVTQYNKALNS - - - - - - - L R SAMADG D H S SVVKLQ S - - - - - - - - - - - L I KFNGGGH 

HHQTYVNNLNAS I E Q- - - - - - -AVEAKSKGEVKKLVALEK - - - - - - - - - - -A I NFNGGGY 

HHQTYVNGYNQA I E Q- - - - - - -AARPR-QGEVKKTIELQK - - - - - - - - - - - A I NFHGGGY 

HHQTYVNGFNTAVOQ F Q E L S O LLAKE P S P ANARKM IAIQQ - - - - - - - - - - -N I KFHGGGF 

HHQTYVN S Y N TA I E Q- - - - - - -LQEAQASNN I AAQIALKP - - - - - - - - - - - L I NFHGGGH 
HHQTYVNNLNAAQEK- - - - - - - LAOPN- - LOLEGEVALQA- - - - - - - - - - -A I KFNGGGH 

HHRAYVTNLNKT I E K - - - - - Y YEGNE S S LO S F I NRLNLLT - - - - - - - - - - - S I KFFAGGH 

HHRAYVTNFNLALEK - - - - - YNE - Y O S SVD - LATRMNLLT - - - - - - - - - - - S I KFHGGGH 

HHQTYVNALNAAEQA- - - - - - -YAKAST P K E R- - - IALQA- - - - - - - - - - -ALKFNGGGH 
HHQTYVNS LNAAEQA- - - - - - - YAKASTPKER - - - IALQS - - - - - - - - - - -ALKFNGGGH 

HHQTYVTALNAAEVS - - - - - - - YAKTATPKER- - - IALQA- - - - - - - - - - -ALRFNGGGH 

T S S OLCECAQHCRGC- - - - - - - LRHS TAVVGG- - -FOLSL- - - - - - - - - - - F F I LTTLGH 

HHQTYVNGLNAALEA- - - - - - -QKKAAEATOVP KLVSVQQ- - - - - - - - - - -A I KFNGGGH 

HHQTY I NNLNAALSA- - - - - - -QASATASNOVP TLI SLQQ - - - - - - - - - - - KLRFNGGGH 

HHQTYVTNLNNALKV- - - - - - - HVAA I A S S O I PAQIAQQP - - - - - - - - - - -A I KFNGGGH 

HHQAYVNNLNATY EQ - - - - - - - IAAATKENOAHKIATLQ S - - - - - - - - - - -ALRFNLGGH 

HQRQVVKE LNORVKG- - - - - - - - - TELEOS SVFN I I FQTA- - - - -ALPEHAATFQFASQA 
HLRGLVQKECK I HQ T P Y R- - - - - - -VPSOLMVQSASOPAR- - - - - - - - - -ANLFNYS SQL 

YVN- Y I N O LNKLWKVSY T P G - - - - -FRSOOTNHSLMRSLK- - - - - - - - - - S K E I Y T LNGI 
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9 5  

9 5  

9 5  

7 6  

9 5  

9 5  
9 5  

9 5  

9 7  

9 3  

9 1  

9 5  
9 5  

9 5  

8 8  

7 5  
7 5  
7 5  

1 0 5  
1 0 0  

9 7  

9 7  

9 7  
1 0 9  
1 0 9  

1 0 0  

1 0 0  
1 0 0  

9 6  
1 0 0  

9 4  
1 0 0  
1 0 0  

1 0 0  

1 0 0  

1 0 2  
1 0 2  
1 0 2 

1 0 4  

1 0 4  
1 0 5  

1 0 5  

9 8  

1 0 4  

9 9  
9 3  

9 6  

5 9  

7 1  
6 9  
7 1  

6 9  
7 4  
7 5  

1 0 3  

6 5  
1 1 0  

7 5  
7 0  



SODF BACFR 

SODF PORGI 

AAK 8 8 7 2 4  

SODG P S E P U  
Q 9 A I X 5  

Q 9 WWG8 

SODF P SEAE 

Q 9 Z G N 1  
BAB3 5 7 8 8  

AAG 5 6 6 4 5  

SODF E C O L I  
Q 9 RQQ7 

Q 9 RC F O  
Q 9 KQF3 

SODF P HOLE 

Q 9 JUW9 

Q 9 JZV6 
Q 9 F 4 F 5  

SODF BORPE 

SODF LEGPN 

SODF COXBU 
Q 9AXR7 

0 1 5 9 0 4  

SODF BABBO 

Q2 7 7 4 0  
07 7 0 7 1  

Q 2 7 7 9 1  

0 0 2 6 1 6  

AAK5 2 8 1 4  

0 1 5 6 4 0  
AAL0 3 3 1 6  

SODF R I CPR 
Q 9 RM 3 1  

SODF H E L P Y  
Q 9R 2 E 7  
Q 9 S 6 R 8  

S O D F  H E L P J  

Q 9 R 2 E 8  
Q 9R 2 E 6  

S O D F  CAMCO 

SODF CAMJE 

SODF ENTHI 
Q9A2K4 
Q 9M 7 R2 

SODF SOYBN 

SODF N I C P L  

AAK 6 2 6 1 5  
SODF ARATH 
Q 9 F E 2 1 

0 6 5 3 2 7  

Q 9 L U 6 4  
0 8 2 5 8 3  

Q 4 2 6 8 3  
Q 9 ZWM8 

Q 9 SNQO 
Q 9 FMX O 

Q 9 LWS 3  

SODF SYNP7 

SODF SYNY3 

LNHTLYFLQFAP - - - - - - - - -KPAKNEPAGKLGEAI KRDFGSFENFKKEFNAASVGLFG - 1 2 2  
LNHNLYFTQFRP - - - - - - - - -GKG - GAPKGKLGEAIDKQFGSFEKFKEEFNTAGTTLFG - 1 2 0  

WNHVAYWDQFVP - - - - - - - - -GGP -NRPTGD LAASLNETFGDYDGF I KRAVDVSDTVFG - 1 5 8  

WNHTF Y WNC LAP - - - - - - - - -NAGGQPT -GALADAINAAFGSFDKFKEEFTKTSVGTFG - 1 1 9  
WNHTFYWNCLEP - - - - - - - - -NSGGQPT -GALADAINAAFG S F D KFKEEFTKTSVGTFG - 1 2 0  

WNHTFYWNCLAP - - - - - - - - -NAG G E P T -GALAEAI NKAFG S F D KFKEEF SKT S I GTFG - 1 2 0  

WNHTFYWNCLSP - - - - - - - - -NGGGQPT-GALADAINAAFGSFD KFKEEFTKTSVGTFG - 1 1 9  

WNHTFYWNGLKP - - - - - - - - -QGGGQPT -GP LAD A I NAAFG S F D KFKEEF TKVA I GTFG - 1 2 0  
WNHTFYWNCLAP - - - - - - - - -NAG G E P T -GKVAEA IAASFGSFADFKAQFTDAA I KNFG - 1 2 0  

WNHTF YWNCLAP - - - - - - -- - NAG G E P T -GKVAEAIAASFGS FADFKAQFTDAA I KNFG - 1 2 0  

WNHTFYWNCLAP - - - - - - - - -NAGGE P T -GKVAEA IAAS FGSFAD F KAQFTDAA I KNFG- 1 1 9  

WNHTFYWHCLAP - - - - - - - - -NAG G E P T -GAVADA I NAAFGSFE EFKAKFTDAA I NNFG - 1 2 5  

WNHTFYWHCLAP - - - - - - - - - NAG G E P T -GAVADAI NAAFGSFEE FKAKF T D S A I NNFG - 1 2 0  
WNHTFYWHCLSP - - - - - - - - -NGGGE P T -GAVAEA I NAAFGSFAD FKAKFTDSA I NNFG- 1 2 0  

WNHTFYWNCLAP - - - - - - - - -NAG G E P T -G EVAAA I EKAFGSFAEFKAKFTDSA I NNFG - 1 1 9  
WNHTFYWLGFTP - - - - - - - - - KGQGKPS -G E LAAAI DAKWG SFEKFQEAFSACAAGTFG- 1 2 0  

WNHTFYWLGFTS - - - - - - - - - KGQGKPA-G E LAAAI DAKWGS F EKFQEAFNACAAGTFG - 1 2 0  
WNHTFYWLGFTP - - - - - - - - - KGQGKPA-G E LAAAI DAKWG SFEKFQEAFNACAAGTFG - 1 2 0  

WNHTFYWNS LSP - - - - - - - - - NGGGE P S -GALADAI KAKWGSVDAFKEAFNKSAAGNFG- 1 2 0  
WNHTFYWHSMSP - - - - - - - - -NGGGEPK -GRLAE A I NKSFGS FAAFKEQFSQTAAT TFG - 1 2 0  

WNHTFYWHCMSP - - - - - - - - - DGGGDPS -G E LAS A I DKTFGS LEKFKALFTDSANNHFG - 1 2 0  
WNHTFYWHSMKP - - - - - - - -- GGGGAP H-GKVAE L I ERDFGSYE EFATQFKAAGGGQFG - 1 4 9  
WNHTFYWNSMGP - - - - - - - - -NCGGEPT - GP I RK K I EEKFGSF SAFKTDFSNLLAGHFG - 1 2 0  

WNHTFYWNSMGP - - - - - - - - -NCGGEPT -GP I RK K I EEKFGSF SAFKTDFSNLLAGHFG - 1 2 0  

WNHTFYWDSMGP - - - - - - - - - D C G G E P H - GE I KE K I QEDFG SFNNFKEQF SNI LCGHFG - 1 2 0  
WNH T F Y F S SMKPPMS - - - - - - GGGGEPT - GRLLDE I KKEFT SVENFKDEFSKVAAGHFG - 1 2 3  

FNHTFYWESMCP - - - - - - - - -NGGGEPT - GKVAD E I NASFGSFAKFKEEFTNVAVGHFG - 1 2 2  

FNHTFYWESMCP - - - - - - - - -NGGGEPT - GKLAD E I NAS F G S FAKFKEEF TNVAVGHFG - 1 2 2  

FNHDFYWE S I SP - - - - - - - - -NGGGEPS - GKLADA IADSFGSFARFKEEF TNAAVGHFG - 1 2 2  

FNHDFFWRCLSR- - - - - - - - - EAGGE P S - GPLASAIVDSFGTFAS FKKEFTDAPNGHFG - 1 2 2  
WNHTFFWH S I KPQ - - - - - - - - - GGGKPS - G K I L E Q I NKDFGSFEEFCEQFKQEAVGQFG - 1 3 6  

WNHTFFWYS I KPH - - - - - - - - - GGGKPS - GKVFEQ I S KDFGSFEQFCAQFKQEAVGQFG - 1 3 6  
YNHDFYWD C L S P - - - - - - - - - - KATALS - D E LKGALEKD F GS LEKFKEDF I K SATTLFG - 1 1 8  
YNHDFYWD C L S P - - - - - - - - - - KATALS - D E LKGALEKD F GS L E KFKEDF I KSATTLFG- 1 1 8  
YNHDFYWD C L S P - - - - - - - - - - KATALS - D E LKGALEKD F GS LEKFKEDF I KSATTLFG- 1 1 8  

YNHDFYWD C L S P - - - - - - - - - - KATALS - D ELKGALEKD FG S LEKFKEDF I K SATTLFG - 1 1 8  

YNHDFYWDCLSP - - - - - - - - - - KATALS - DE LKEALEKD F GS L EKFKEDF I KSATTLFG - 1 1 8  
YNHDFYWD C L SP - - - - - - - - - - KATAFS - D E LKGALEKD F G S LEKFKEDF I K SATTLFG- 1 1 8  
NNHDFYWDCLSP - - - - - - - - - - KATALS - D E LKGALEKD F G S LEKFKED F I KSATTLFG - 1 1 8  

YNHDFYFDC I KP I T G C - -GCGGSCQ SMD -ANLQAALEKEFGS LENFKAE F I KGATGVFG - 1 2 6  

YNHDFYFD C I KP S T G C - -GCGGS C Q S I D - ANLQAALE KEFGS LENFKAE F I KGATGVFG - 1 2 6  
WNHAFYWKCMCG - - - - - - - - - - CGVKP S - E Q L I AKLTAAFGGLEE FKKKFTEKAVGHFG - 1 2 0  
WNHAFFWDGLSP - - - - - - - - - - TK TAPG -AELAAAI DATFGGMDALKEKFVA E G I GHFG - 1 1 8  
WNHDFFWECMKPG - - - - - - - - - GGGKPS - GELLE L I E RD F G S F E KFLDEFKAAAATQFG - 1 4 8  
WNHDFFWECMKPG - - - - - - - - -GGGKPS - GELLE L I ERDFGS FVKFLDEFKAAAATQFG - 1 4 9  
WNHQFFWESMKPN - - - - - - - - - G G G E P S - GELLEL INRDFGSYDAFVKEFKAAAATQFG- 1 2 4  

WNHEFFWESMKPG - - - - - - - - - GGGKP S - GELLALLERD F T S Y E KFYEEFNAAAATQFG - 1 3 3  
WNHEFFWESMKPG - - - - - - - - - GGGKPS - GELLALLERD F T S Y E KFYEEFNAAAATQFG - 1 5 5  

WNHEFFWESMKPG - - - - - - - - -GGGKPS - GELLALLERD F T S YEKFYEEFNAAAATQFG - 1 3 3  

WNHEFFWESMKPG - - - - - - - - - GGGKPS - GELLALLERD F T S Y E KFYDEFNAAAATQFG - 1 3 3  

WNHEFFWE S I QP G - - - - - - - - -GGGKPT - GELLRL I E RDFGSFEEFLERFKSAAASNFG - 1 7 5  
WNHDFFWQSMKPD - - - - - - - - - GGGKPF - GVLMELIERDFGSFEGMMAQFKNAALTQFG - 1 6 8  

WNHTFFWESMKPN - - - - - - - - - GGGAP T - GALAEA I TRDFGSLDKFKEEFKQAGMTQFG - 1 5 7  
WNHHFFWESMQPE - - - - - - - - - G G G S P G- RGVLQQ I EKDFGSFTNFREE F I RSALS LLG - 1 6 5  
WNHHFFWESMQPE - - - - - - - - -G G G S P G - RGVLQQ I EKDFGSFTNFREEF I R SALS LLG- 1 6 5  
YNHDFFWESMQPG - - - - - - - - - GGDTPQ - KGVLEQIDKDFGSFTNFREKFTNAALTQFG - 1 7 3  
WNHDFYWRSMQPG - - - - - - - - - GGGKPP - ERLLKF INRDFGSYDGMIRQFMDAASTQFG- 1 4 8  

WNHSFYWNS I KP N - - - - - - - - - GGGAP T - GALAD K I AADFGSF ENFVTEFKQAAATQFG - 1 2 5  

WNHSFYWNCMKPG- - - - - - - - -GGGQ P S - GALADK INADFGSFDAFVEAFKQAGATQFG - 1 2 4  
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0 5 0 2 5 7  
Q 9RFQ4 

Q 9 R 6 Y 6  

SODF P LEBO 

AAK 8 6 6 8 3  
Q 9 8 5 K 3  

CAC 4 5 5 4 5  

SODF RH I ME 

AAK 8 8 8 6 2  
0 3 0 9 7 0  

0 1 5 6 4 1 

0 0 2 6 1 5  

Q 9 5 0 5 1  

Q 9 5 0 5 2 
0 4 3 9 5 7  

0 8 4 92 4  

SODM LACLA 

AAK9 9 4 7 8  
SODM STRPN 

AAK7 4 9 0 4  

Q 9AGW 1 

SODM STRAG 
SODM S TR P Y  

S O D M  S TRMU 

AAF 6 4 0 7 4  

SODM BACCA 
Q 9 LBF 6 

SODM BAC S T  

SODM BAC S U  

0 8 6 1 6 8 

Q 9 Z F 3 8  
Q 9 KD 1 0  

SODM L I SMO 

SODM L I S I V 

BAB 5 7 7 1 5  
Q 9 Z 5W 5  

Q 9 K 4 V 3  

Q 9F 3 2 6  

BAB 5 6 2 9 5  
Q 9 9 X 8 2  

Q 9 E Z Z 2  

SOD2 P LEBO 

SOD 3 P LEBO 

SOD 1 P LEBO 
SODM PASHA 

Q 5 9 1 3 3  

SODM HAEDU 

SODM PASMU 
SODM HAE I N  

BAB3 8 2 5 7  

AAG 5 9 1 0 2  
SODM ECOLI 
SODM SALTY 

SODM YEREN 

Q 9 RUV2 

SODM BUCAI 
SODM XANCP 

SODF MET J  

Q 9PAA4 

SODM P S E P U  

Q 9WWG7 

WNHTFYWAGMKPG - - - - - - - - - GGGTPP - AKVADALKAS F GSVEACMEQLSEAAKTQFA­
WNHTFFWNSLKPA- - - - - - - - - GGGAPT - GDLAAR I DK D F G S F D KFKEEF SNAAATQFG­

WNHTFFWNSLKPA - - - - - - - - - GGGAPT - GEFAAK I NQ D F G S F D KLKEEFSNAAATQF G ­

WNHTFFWNCLKAG - - - - - - - - - GGGAPT -GE LAAK I DAAFGSLDKFKEEF SNAAATQFG­

Y N HVHFWKWMKKD - - - - - - - - - GGGNKLP GKLEQAFASDLGGYDKFKAD F I AA G T TQFG­
Y N H I H FWKWMKKG - - - - - - - - - GGGNKLPAALQKAF D S D L G G Y D KFKADFVAA G T TQF G ­
YNHVHFWKWMKKG - - - - - - - - - GGGTSLP GKLDAA I K S D L G G Y D KFRADF SAAGAGQFG­

YNHVHFWKWMKKG - - - - - - - - - GGGTSLP GKLDAA I KSDLGGYDKFRADFSAAGAGQFG­

WNHNLFWE IMGP - - - - - - - - - - -QNH A I P S PLEDALTQSFGTVALFKQNFALAGASQF G ­
WNHAQFWEMMGPG - - - - - - - - - - EDKKMP GALEKALVE S F G SVAKFKEDFAAAGAGQFG­

F N H SFFWKC L S P G - - - - - - - - - - - GKK I P KTLENA IANE F G SVDDFTVSFQQAGVNNFG­

F N H T F YF RC I TPN - - - - - - - - - - - GKAM P K S LESAVTAQFGSVEQFKDAFVQAGVNNFG­

FNHAFFWNCLTAK - - - - - - - - - - - KQEVPAGVASFLAKHFE SVDNFKAQFVQK A S TVFG ­

F N H SFFWKCLTAT - - - - - - - - - - - TQEVPAAVASF L S KH F E SVDNFKAQFVQKAS TVF G ­
F N H S F FWKSLSAE - - - - - - - - - - - KVAVPAHVAE LLKKNFGSVEKFQETFTAKASTVFG­

ANH TFFWE I LGPNAGG - - - - - - - - - - E P TG A I KEA I E E T F G S F EDFKEEFKTAATGRFG­

LNH S QFWLWLRPN T D G - - S E - - N- - - HADGE I GDAIAKEFGS FE TFKTEFKAAA T G RFG ­

LNHALFWELMTPEKTA- - - - - - - - - - - P SAELAAA I DATF G S F E EFQAAFTAAAT TRFG­
LNHALFWELMTPEKTA- - - - - - - - - - - P SAELAAAI DATF G S F EEFQAAFTAAAT TRFG­

LNHALFWELMTPEKTA- - - - - - - - - - - P SAELAAA I DATF G S F E EFQAAFTAAAT T RFG­

LNHALFWELMTAEETA- - - - - - - - - - - P SAELAAD I DATFGSFED FQAAF TTAATTRFG­

LNHALFWELM S P E E T Q - - - - - - - - - - - I SQELSED I NATFG SF E D F KAAFTAAATGRFG­
LNHALFWELLSPEKQD - - - - - - - - - - -VTP DVAQA I DDAFGSFDAFKEQF TAAATGRFG­

LNHALFWELLSPEKTK - - - - - - - - - - -VTAEVAAA I NEAF G S F D D F KAAFTAAAT T RFG­

ANH S LFWT I LS P NG G G- -E - - - - - - - - PTGELAEA I NKKF G S F TAFKD E F S KAAAGRFG­

ANH S LFWTI LSPNGGG - - E - - - - - - - - P TG E LAEA I N KKFGS FTAFKDE F S KAAAGRFG­
A N H S LFWT I LS P N G G G- - E - - - - - - - - P TG E LAEA I N KKF G S F TAFKD E F S KAAAGRFS­

ANHSLFWTI LSPNGGG - - E - - - - - - - - P TG E LADA I N KKFGS FTAFKD E F S KAAAGRFG­

ANHKLFWTLLSPNGGG - - E - - - - - - - - P TGALAE E I NSVF G S F D KFKEQFAAAAAGRFG­

ANHKLFWT LLSPNGGG - - E - - - - - - - - P TGALAEE I NSVFG S FDKFKEQFAAAAAGRFG­

AN H S LFWKLLSPNGGG - -A - - - - - - - - P TG E LAEA I N S K F G S F DQFKED FAAAAAARFG­
ANH TLFWQ I LSPNGGG - -A - - - - - - - - P TGELADAINAE F G S F DQFKEKFADAAANRFG­

ANH TLFWS I LSPNGGG - - A- - - - - - - - P TGNLKAAI E SE F G T F D E FKEKFNAAAAARFG­

ANH T LFWSSLSPNGGG - -A - - - - - - - - P T GNLKAA I E S E F GT F D E F KEKFNAAAAARFG­

LNHS LFWELLSPN - - S - - E - - - - - - - - EKGTVVE K I KEQWGSLEEFKKEFAD KAAARFG­
LNHS LFWE LLSPN - - S - - E - - - - - - - - EKGTVVE K I KEQWG SLEEF KKEFAD KAAARFG­

LNHS LFWELLTPN - - S - - E - - - - - - - - EKGTVVD K I KEQWGSLDAFKEEFAD KAAARFG­

LNHS LFWQLLTPN - - S - - E - - - - - - - - EKGTV I D K I KEEWGS LDKF KDEFAKKAAGQFG­

F N H S LFWE I LS P N - - S - - E - - - - - - - - EKGGV I D D I KAQWGTLDEF KNEFANKATTLFG­
FNHS LFWE I LS P N - - S - - E - - - - - - - - EKGGV I DD I KAQWG T L D E F KNEFANKATTLFG­

F N H S LFWE I LS P N - - S - - E - - - - - - - - EKGGVI D D I KAQWGTLDEFKNEFANKATTLFG ­

VNHTMFWE I MGANGSG - -A - - - - - - - - PTGAI SEAINNSFGS FDAF KQQFNDAGTKRFG­

LNH T I FWQIMSPDGGG - -Q - - - - - - - -P TGAIAQAI NQTFGN F E S F RKQFNEAGGDRFG­

VNHTMFWQ I MAPKAGG- - T - - - - - - - - P T GAVAK A I D Q T F G S FDAFKQQFNKAGADRFG­
VNHTLFWKGLK- - T G- - - - - - - - - - TTLQGALKEAI ERDFGSVEAFQSEFEKAATTRVG­

VNHTLFWKGLK - - T G- - - - - - - - - - TTLQGALKDAIVRDFG SVEAFQAEFEKAAATRFG­
VNHTLFWKGLK- - TG - - - - - - - - - - TTLQGALKDAI I RD F G SVKAFQAEFEQAAATRFG­

LNH S LFWKSLK- - KG - - - - - - - - - - TTLQGALKDAIVRDFGSVEAFQAEFEKAAATRFG­
TNHS LFWKSLK - - KG - - - - - - - - - - TTLQGALKDA I ER D F GSVDAFKAEFEKAAATRFG­

ANH S LFWKGLK - - KG - - - - - - - - - - TTLQGD LKAA I ERDFGSVDNFKAEFE KAAASRFG­
ANH S LFWKGLK - - K G- - - - - - - - - - T T LQGDLKAA I E RDFGSVDNFKAEFEKAAA S RFG­

ANH S LFWKGLK - -KG - - - - - - - - - - TTLQGDLKAA I ER D F G SVDNFKAEFEKAAASRFG­
ANHS LFWKGLK - - T G- - - - - - - - - - TTLQGDLKAA I ERDFGSVDNFKAEFEKAAATR F G ­

ANH S LFWKGLK - - L G - - - - - - - - - - TTLTGDLKAA I ERDFGSVD S F KEKFEAAAATR F G ­

ANHSMFWQ I MG - -QGQ - - G Q- -NGANQP SGELLDAINSAFGSFDAFKQKFEDAAKTRFG­
I N H S F FWKSLK - - S G - - - - - - - - - - TVLTND LK I E I EKQF G T I D EFKEKFESVALNH F G ­
ANH S LFWTVLS -PNGG - - G - - - - - - - EP KGEVAKA I D K D I GGFE KFKEAFTKAAVSRFG­
ANH S LFWKVLT -P N G G- - G - - - - - - - EP KGALAD A I KS D I G GLDTFKEAFTKAALTRF G ­

VNH S L FWTVMA-QGGG- - G - - - - - - -KPKGEVAKA I DQQLGGFETFKDAFTKAALS R F G ­

ANH S LFWTVMS -P QG G - - G - - - - - - - EP HGQLAQA IASQLGGFDAFKEAFTKAALTRF G ­

ANH S L F WEVMV-P G G G - - G - - - - - - - LP TGAVA S A I NEQLGGYES FKEAFTKAALTRFG -
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1 2 1  
1 2 6  

1 2 6  

1 2 6  

1 2 4  
1 2 4  

1 2 4  

1 2 3  

1 6 8 
1 2 8  

1 5 3  

1 5 5  
1 1 8  

1 1 8  
1 1 8  

1 2 8  

1 3 1  

1 2 6  
1 2 5  

1 2 6  

1 2 6  

1 2 5  
1 2 5  

1 2 5  

1 2 8  

1 2 7  
1 2 8  

1 2 7  

1 2 7  

1 2 8  

1 2 8  
1 2 8  

1 2 8  

1 2 8  

1 2 5  
1 2 5 

1 2 5  

1 2 5  

1 2 5  
1 2 5  

1 2 5  

1 2 8  

1 5 8 

1 6 9  
1 2 6  

1 2 6  

1 2 5  

1 2 6  
1 2 6  

1 2 6  

1 2 6  

1 2 5  
1 2 5  

1 2 6  

1 3 1  

1 2 5  
1 2 7  

1 2 6  

1 2 7  

1 2 7  

1 2 7  



SODM P S EAE 
SODM BORPE 

SODM C HLRE 

SODM A C I C A  

Q 9 PC 6 0  
Q 9A7E 6 

Q 9 KW8 7 

Q 9 KW8 5  

AAK 5 3 1 6 6  
Q 9KNN7 

AAK5 3 1 6 5 

AAK 5 3 1 6 4 
AAK 5 3 1 6 7  

AAK 5 3 1 6 3 
AAK 5 3 5 4 7  

Q 9 KW 8 6  

SODM THETH 

SODM
_

THEAQ 
SODM BORBU 

P 9 62 0 1  

SODF METTH 

SODF METTM 
Q 9P 9 I 6  

SODF PYRAE 

SODF AERPE 
SODF SULSO 
BAB 6 7 3 9 3  

SODF SULAC 

SODF A C I AM 
Q9KCK8 

SODF BACSU 
BAB6 2 4 1 2  
Q9AP Y 3  

Q 9 F 9 R1 

Q 9AMO O 
SODM MYCAV 

SODM MYCLP 
SODM MYCLE 

SODM MYCFO 
SODM MY C SM 

SODM NOCAS 

SODF MYCTU 

SODM PROFR 

Q 9 X 4 6 9  
SODF STRCO 

Q 9 X 6 N 3  

Q 9 HQF1 

SOD 1 HALCU 
SOD 1 HALSG 

Q 9 HQ 4 7  
SODM HALHA 

SOD2 HALSG 
SOD2 HALVO 

SOD 1 HALVO 

SODM HALMA 

SODF
_

AQUAE 
SODF

_
AQUPY 

BAB 5 9 2 0 1  

Q 9 H M 5 6  

CAC 4 2 4 1 2  

SODM ALCEU 

ANHS LFWTVMS - PQGG - -G - - - - - - - RPDGD LGRA I D E QLGGFEAFKDAF TKAALTRFG­
ANH S L LWTVMS - P S GG- - G - - - - - - - RPDGRLAAD IQAQLGGHDAFQAAFTQAALGRF G ­

YNHSFFWKVMTNPSNT - -N - - - - - - - GPNGDVKAA I E ASFG SVDEMKAKFNAAAAGRF G­

FNHTFFWE S LAATNKT - -G - - - - - - -Q P S P ALVK Q I TQDFGSLDAFKQKFNEAASGRF G ­

WNHS EFWKMMAPVGKG - - G - - - - - - -KP SAALE T Q I KKDFGS LDAFKERFNKAATGRF G ­
YNHT LFWSLMAPSGAG - - G - - - - - - -AP S S KLLAQI DKDFGSLDAFKKAFE TAGLQRF G ­

YNH I LYWNCMSPEGGG - - E - - - - - - - - PQGALAQAI NDKFGHFEKFKDE FAQAAVNTFG­

YNH I LYWQCMSPNGGG - - Q - - - - - - - - P QGALAHAIQEKFGTFAAF KEAFSQAAVN T F G ­

YNH I VYWNCMKPNAGG - - E - - - - - - - - PQGELAA E I E RQFGSFAQFKEAF SQAAVNT F G ­
YNH I VYWNCMKPNAGG - - E - - - - - - - - PQGE LAAE I E RQFGSFAQFKEAF SQAAVNTF G ­

Y N H I VYWNCMKPNAGG - - E - - - - - - - - P Q G E LAAE I E RQFGSFAQFKEAFSQAAVNTFG­

YNH IVYWNCMKPNAGG - - E - - - - - - - - PQGE LAAE I ERQFGSFAQFKEAF SQAAVNT F G ­

YNH IVYWNCMKPNAGG- - E - - - - - - - - PQGE LAAE I ERQF GSFAQFKEAF SQAAVNTFG­

YNH IVYWNCMKPNGGG - - E - - - - - - - - PQGE LAAE I ERQFGSFAQFKEAFSQAAVNTFG­
YNH IVYWNCMKPNSGG- - E - - - - - - - - PQGE LAAE I E RQFGSFAQFKEAFSQAAVNTFG­

YNH I LYWNCMKPNGGG- - E - - - - - - - - PQGELAAA I E RHFGSFAQFKEAFSQAAVNTFG­

LNH SLFWRLLTP GGAK - - E - - - - - - - - PVGELKKA I D EQFGGFQALKEKLTQAAMGRF G ­

LNH SLFWRLLTPGGAK - - E - - - - - - - - PVGELKKAID EQFGGFAALKEKLTQAAMGRFG­
SNHTLYFRT LRP GNKD - -N - - - - - - - - LF E KF K D D I NAAFGS LDVLKANLKDTAMK I FG ­

YNHEFYW S I LGKG -CN - - R - - - - - - - - PVAE I ADA I D RDFGSFEEFKE KFKQCG I S T F G ­

VLH LFFWGNMGPADE - - - CGGEPS - - - - - GKLAE Y I E KDFGSFERFRKEF SQAA I SAE G ­

VLH LFFWGNMGPAD E - - - CGGEPD - - - - - GRLAEY I EKDFGSFQRFKKEF SQAAVSAEG­
VLHDYFWWEMTPAS N - - - S SKEPV - - - - - G E L S EVI K E D FGSF DRFKKEF SQVASSVE G ­

I LH S I FWPNMAPPGK- - - GGGKPG- - - - - G K I ADLINKFFGSFEKFKEEF SQAAKNVEG­

I M H T I FWPNMAPPGK - - - GGGTPG - - - - - GRVADLI EKQFGGFEKFKALFSAAAKTVEG­
KLHALYWENMAPSGK - - - GGGKP G - - - - - GALADL I N KQYGSFDRFKQVFTETAN S L P G ­
KLHALYWQNMAPAGK - - - GGGKPG- - - - - GALAD L I DKQYGSFDKFKQLFTEAANS L P G ­

KLHAI YWNNMAPAGK - - - GGGKPG - - - - - GALAD L I NKQYGSFDRFKQVFSESAN S L P G ­

KLH SLYWQNMAPAGK - - - GGGKPG - - - - - G V I G D L I EKQYGSFEKFKALFTEAAN S L P G ­

Y L H S I FWEVMSP - - H - - - GGGEPK - - - - - G E L RRQ I ERD F GSFARFKNHF SQAAEKVE G ­

Y L H S I FWFSMHP- -N - - -GKRRP T - - - - - GALFQMI D LS F GS Y SAFKE H F TQASKKVE G ­
TNH SVFWKNLSPNG - - - - - GGEPT - - - - - G E L AEA I NRDFGS FAKFQDHFNSAALGLQG­

TNH SVFWKNLSPNG - - - - -GGEPT - - - - - G E LAEAINRDFGSFAKFQD HFNSAALGLQG­

VNH S I WWKNLSPDG - - - - - GDKP T - - - - - GE LAAA I D DAFGSFD KFRAQF SAAANGLQG­

VNH S IWWKNLSPDG - - - - - GDKPT- - - - - GELAAA I DDAFGSFD KFRAQFSAAANGLQG ­
VNH S IWWKNLSPDG - - - - - GDKPT - - - - - GE LAAA I D DAFGSFDKFRAQF SAAANGLQG ­

VN H S LWWKNLS P D G - - - - - GDKP T- - - - - GE LAAA I DDAFGSFDKFRAQF SAAANGLQG­

VNH S IWWKNLSPNG - - - - - GDKP T- - - - - GGLATD I DE TFGSFDKFRAQFSAAANGLQG­

VNH S IWWKNLSPNG- - - - - GDKPT - - - - - GD LAAA I DDQFGS FD KFQAQFTAAANGLQG­
I N H S IWWKN LSPNG - - - - - GDKPT - - - - - G E L AAA I D D QFGSFDKFQAQFTAATNGLQG­

VNHSIWWKNLSPNG- - - - -GD KPV - - - - - GELAAA I DDQFGSFDKFRAQFTAAANGLQG­

VNH T I WWKNLSPNG - - - - - GDKP T - - - - - GE LAAA I ADAFGSFDKFRAQFHAAATTVQG­

VNHSVFWKNMAPKGS - - -AP ERP T - - - - - D E LGAA I DE F F GSFDNMKAQFTAAAT G I Q G ­

I LH S I YWQNMTGPKD - - - GGGEPLAQDGVGD LADA I TE S F G SFAGF KAQLTKAAATTQG­
I LH S I YWHNMTG - - D - - -GGGEPLDKDGVGE LADA IAESFGS FAGFRAQLTKAAATTQG­

I LH S I YWHNMTG- - 0 - - -GGGEPLAADGVGD LADA I TE SFGSYAGFKS QLTKAAATTQG­

I LHTLFWQSMSPAG- - - - - GDEPS - - - - - GALAD R I AADFGSY ENWRAEFEAAASAASG­

I LHTLFWQSMSPAG- - - - - GDEPS - - - - - GALAD R I AADFGSYENWRAEFEAAASAASG­
I LHT LFWQSMSPAG - - - - - GDE PS - - - - - GALADRI VADFGSYENWRAEFEAAASAASG ­

Y L HTMFWEHMSPDG- - - - - GGEPS - - - - - GALADR I AADFGSYENWRAEF EVAAGAA S G ­
Y L HTMFWEHMS P D G - - - - -GGEPS - - - - - GALADRIAADFGS YENWRAEF EVAAGAAS G ­

Y L HTMFWEHMSP D G - - - - -GGEPS - - - - - GALADRIAADFGS YENWRAEFEVAAGAA S G ­
I LHDLFWQNMSPE G - - - - -GDEPE - - - - - G L LAE R I AEDFGS YEAWKGEFEAAAGAAA G ­

I LHDLFWQNMSPEG - - - - - GDEPE - - - - - G L LAER I AE D FGSYEAWKGEFEAAAGAAAG­

D L HTLFWENMDPNG - - - - - GGEP E - - - - - G E LLDR I EE D FGSYEGWKGEFEAAASAAGG­

VLHELYFGMLAPGG - - - - - KGEPS - - - - - EALKKK I EE D LGGLDACTNE LKAAA I AFRG­
VLHELYFGMLTPGG - - - - - KGEPS - - - - - EALKKK I E E D I GGLDACTNELKAAAMAFRG­

F LHELYFEGLTP - S - - - - - HSEVP - - - - - D EFKDAVAKDFGSYEKWLED FKATGTAFRG­

LLHELYFEGLTP - K - - - - - HSEVP - - - - - K E FKDAVAKDFGSYEKWLEDFKATGTAFRG­

I LHEVYF D S LGD - - - - - - - GGSLD - - - - - GALKTA I ERDFGSVERWQAEFTAMGKALGGG 

I LHEVYFDSLGD - - - - - - -GGSLD - - - - - GALKTA I ERDFGSVERWQAEFTAMGKALGGG 
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1 2 7  
1 2 8  

1 3 1  

1 4 7  

1 5 6  
1 5 9  

1 2 3  

1 2 3  

1 2 3  
1 4 0  

1 2 3  

1 2 3  

1 2 3  
1 2 3  
1 2 3  

1 2 3  

1 2 9  

1 2 9  
1 2 7  

1 5 3  

1 2 9  

1 2 6  
1 2 6  

1 2 7  

1 2 7  

1 3 2 
1 3 3  

1 3 2 

1 3 3 

2 1 0  

1 9 8 
1 2 3  

1 2 3  

1 2 2  

1 2 2  
1 2 1  

1 2 1  

1 2 1  

1 2 1  
1 2 1  

1 2 1  

1 2 2  

1 2 3  

1 2 9  
1 2 6  

1 2 7  

1 2 2  

1 2 1  
1 2 2  

1 2 2  
1 2 2  

1 2 2  
1 2 1  

1 2 2  
1 2 5  

1 2 7  
1 2 7  

1 2 3  

1 2 3  
1 2 0  

1 2 0  



AAH 1 0 5 4 8  
BAB2 2 0 9 5  

SODM MOUSE 

SODM RAB I T  

AAH 1 2 4 2 3  
SODM HUMAN 

SODM CAVPO 
SODM HORSE 

AAK 9 7 2 1 4  
Q 9N B 6 6  

S O D M  CHAFE 

SODM CAEEL 

SODN CAE E L  

S ODM ONCVO 
S ODM DROME 

S ODM C HLMU 

SODM C H L T R  

SODM C H L P N  
Q 9M 5 3 2  
SODM HEVBR 

SODM N I C P L  

Q 9 SM 6 4  
SODM CAPAN 

SODM PEA 

0 8 2 5 8 4  

Q 9 S RK 3  
S O D M  ARATH 

0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  

08 2 5 7 1  
P 9 3 6 0 6  

Q 4 3 1 2 1  

SODM ORYSA 

Q 4 3 8 0 3  
SODP MA I Z E  

SODN MA I Z E  

SODO MA I Z E  

SODM MAI Z E  
Q 4 3 2 7 3  

Q 9 L Y K 8  

S O D M  CANAL 

P 7 9 0 2 2  

SODM YEAST 
Q 9 P  9 4  5 

Q 9UQXO 

07 4 2 0 0  

Q 9 P 9 2 1  
AAK 8 2 3 6 9  

SODM GANMI 

Q 9Y 7 7 3  

SODM AGABI 
SODM A S P F U  

S O D M  PENCH 

SODM NEUCR 

SODF T E T P Y  
0 4 2 9 1 9  

0 7 4 3 7 9  

AAK8 0 5 1 6  

I N H T I FWTNLSP - - - - - - KGGGEPKGE - - - - LLEAI KRDFGSFEKFKEKLTAVSVGVQG­
I N H T I FWTNLSP - - - - - -KGGGEP KGE - - --LLEA I KRDFGSFEKF KEKLTAVSVGVQG­

I N H T I FWTNLSP - - - - - - KGGGE P K G E - - - - LLEAI KRDFGSFEKFKEKLTAVSVGVQG­

I N H T I FWTNLSP - - - - - -NGGGEP KGE - - - - LLEA I KRDFGSFDKFKERLTAVSVGVQG­

I N H S I FWTNLSP - - - - - -NGGGEP KGE - - - -LLEA I KRDFGSFDKFKEKLTAASVGVQG­
I N H S I FWTN L S P - - - - - -NGGGEPKGE - - - - LLEAI KRDFGSFDKFKEKLTAASVGVQG­

I N H S I FWTNLSP - - - - - -NGGGEP KGE - - - - LLEAI KRDFGSFDKFKEKLTAVSVGVQG­

I N H T I FWTNLSP - - - - - - NGGGEP KGK - - - -LLDA I KRDFGSFDKFKEKLTAVSAGVQG­

I N H T I LWTNLSP- - - - - - S GGGEPKGE - - - - LMEAI KRDFGS FANFKEKLTAVSVGVQG­
I NH S I FWQNLSA- - - - - -DGG-E P E G E - - - - LLAA I NRDFGSVENMKNQLSAQTVAVQG­

I NH S I FWQNLSA- - - - - - D G G - E P E GE - - - -LLAA I NRDFGSVENMKNQLSAQTVAVQG­

I N H S I FWTNLAK - - - - - -DGG- E P S A E - - - - LLTAI K S D F G S LDNLQKQLSAS TVAVQG­

I NH S I FWTNLAK - - - - - - D GG-E P SKE - - - -LMD T I KRDFGSLDNLQKRLSD I T I AVQG­

I N H T LFWEGLTAV- - - - - KNSGE PNSE - - - - LMTAI KKDFGSLET M I D K LNAKT I A I QG ­
I NH T I FWQN L S P - - - - - - -NKTQP S D D - - - -LKKA I E S QWKSLEEFKKELTT LTVAVQG­

I N H S LFWEMLAPQN - - - KGGGT P P RH E - - - -LLKL I E KFWGSFDNFLKNF I S S SAAVQG­

I N H S LFWEMLAPQG - - -KGGGVP P RHE - - - -LLKL I EKFWGSFDNFLKN F I T S SAAVQG­

I N H S LFWETLAP I D - - - QGGGQP P KHE - - - -LLS L I ERFWGTMDNFLKKLI EVAAGVQG­
I N H S I FWKNLAPVG - - - E GGGELPHGS - - - -LGWA I D KDFGSLEKL I QKMNTQGAAVQG­

VNH S I FWKNLAPVR - - - EGGGEL P H G S - - - - LGWAI DADFGSLE K L I QLMNAEGAALQG­

I NH S I FWKNLAPVR- - - EGGGEP P K G S - - - - LGWA I DTNFGS LEALVQKMNAEGAALQG­

I N H S I FWKNLAPVR- - - EGGGEP P K G S - - - - LGWA I D T NF G S LEALVQKMNAEGAALQG­
INH SVFWKNLAPTR- - - EGGGEP P K G S - - - - LGSAIDTNFGSLEAVIQKMNAEGAALQG­

I N H S I FWKNLAPVS - - - EGGGEP P K E S - - - - LGWAI DTNFGSLEA L I QK INAEGAA LQ - ­

VNH S I FWKNLAPTK - - - EGGGEP P KGA - - - - LGWA I D TDLGSFEAL I Q K I SAEGAALQG­

VNH S I FWKNLAP S S - - - E GGGEP P KGS - - - - LGSAIDAHFGSLEGLVKKMSAEGAAVQG­
VNH S I FWKNLAP S S - - - E GGGEP P K GS - - - - LGSAIDAHFGSLEGLVKKMSAEGAAVQG­

VNH S I FWKNLAPVK - - - EGGGEP P K G S - - - - LGGA I D T SFGSLEGLVKKMSAEGAAVQG­

I N H S I FWKNLAPTR - - - EGGGEP P K S S - - - - LGWE I DNHFGSLDALI QKMSAEGAAVQG­

VNHS I FWKNLKP I S - - - E GGGEAP H G K - - - - LGWA I D E DFGS I E K L I KKMNAEGAALQG­

VNH S I FWKNLK P I S - - - E GGGEAP HGK- - - - LGWA I DEDFGS I E K L I KKMNAEG -ALQG­
VNH S I FWKNLKP I S - - - E GGGEP P H GK - - - -LGWAI DEDFGS I E K L I KKMNAEGAALQG­

VNH S I FWNNLKP I S - - -EGGGDPPHAK - - - - LGWAI DEDFGS FEALVKKMSAEGAALQG­

VNHS I FWNNLKP I S - - - EGGGDPP HAK - - - - LGWAIDEDFG SFEALVKKMSAE GAALQG­

VNH S I FWNNLKP I S - - - EGGGE P P H AK - - - - LGWA I D E DFGS FEALVKKMSAEGAALQG­
VNHS I FWKNLKP I S - - - E G GGEP P H G K - - - - LGWAI DEDFGSF EALVKRMNAEGAALQG­

FNH S I FWENLKP I S - - - E G G -E P P H GK - - - - LGWA I DEDFGSFEALVKRMNAEGAALQG ­

VNHS I FWKNLKP I S - - - EGGGEPPHGK - - - - LGWA I D EDFGSFEALVKRMNAEGAALQG ­

VNH S I FWKNLKP I S - - - E GGGEPP H G K - - - - LGWA I D ED F G S FEALVKKMNAEGAALQG ­
VNH S I FWKNLKP I S - - -EGGGEPPHGK- - - - LGWAI DEDFGSFEALVKKMNAEGAAFQ G ­

VNHA I FWKNLAPVH - - - EGGGKPP H D P - - - -LASAI DAHFGSLEGLI QKMNAEGAAVQG­

LNHC LWWKNLAPVS - - - QGGGQP P S E D S - - KLGKQIVKQFGSLDKL I E I TNGKLAG I Q G ­

TNHC LFWKNLAPEK- - - QGGGEP P AE D S - -EFAKRIVEQYGSLDNLKA I TNGKLAG I Q G ­

TNHC LFWENLAPES - - - QGGGEP P T G - - - - ALAKAI DEQFGSLDELI KLTNTKLAGVQG­
I N H TLFWENLAPKN - - -AGGGEP P S G - - - -ALSKA I NE S F G S LENFQGQMNTALAA I QG ­

I N H S LFWK I LAPQK- - - EGGGKPVT S G - - - SLHKA I T S KWGSLEDFQKEMNAALAS I QG ­

I N H S LYWENLLPNK- - - QGGGE I I NG - - - - PLVEAIKKEWKSVDEF I R I FNMQLAG I Q G ­

I N H SLYWE S LLPPK- - - EGGGQV I D G- - - - P LVDAI KKEWGSVDQF I RTFNTHLS G I QG ­
I N H S L FWKNLAPAASEGKGNGGVLHD G P - - -LKKAI LESFGS FENFKKEFNTTTAA I Q G ­

I N H S L FWKNLAPAKSEGKGNGGALADG P - - -LKSAI EQNWGSVDNF I KEFNATTAA I Q G ­

I N H S LFWKNLAPAA S E GKGKGGELKPG P - - - LKDA I D SNFGSLDSLKKEFNAATA A I Q G ­

I N H S L FWQNLAPAA- - - -GAGGQLKP G P - - - LKDAIDQTFGGLDNLKKEFNTTTAG I Q G ­
I N H S L FWKNLAPEK - - - S G G - GKI DQAP - -VLKAAI EQRWGS F D KFKDAFNTTLL G I QG ­

I N H S LFWKNLTPPG - - - TP A-ND IAGAP - -ALREAIVSRWGSHEAFVKAFGAELLGLQG­

I N H S LFWKNLAPAE - - - T P ETNYSKAAP - - SLAAE IEKTWGSFDEFKKAFSAAL L G I Q G ­

VNHWI YWDNLAPVK - - - S G GGVLP D E H S - - P LTKAIKEKWGSYEN F I TLFNTRTAA I Q G ­
YNNHF F F Q S L I GKRAA - - DAKKNSKYEANAAI NKAVNENFGSKENLL S K I H E LA S N S F G ­

VNHD F F F S G L I SPERP - - - - -SADAD LGAI NLKPGIDASFGSFGELKSQMVDVGN SVF G ­

KLHELY FENMTGKN- - - - - - - - - - - T K P YGP I LKE I GKQF S S YNNF I S Y LTEVAI SMKG-
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1 4 4  
1 4 4  

1 4 4  

1 2 5  

1 4 4  
1 4 4  

1 4 4  

1 4 4  

1 4 6  
1 4 1  

1 3 9  

1 4 3  

1 4 3  

1 4 5  
1 3 6  

1 2 7  

1 2 7  

1 2 7  
1 5 7  
1 5 2  

1 4 9  

1 4 9  
1 4  9 

1 6 0  

1 6 1  
1 5 2 
1 5 2 

1 5 2 

1 4 8  

1 5 2 

1 4 5  
1 5 2 

1 5 2 

1 5 2 

1 5 2 
1 5 4  

1 5 3  

1 5 4  

1 5 6  
1 5 6  

1 5 7  

1 5 9  

1 5 2  
1 5 6  
1 5 1  

1 4 6  

1 4 8  

1 1 1  
1 2 7  
1 2 5  

1 2 7  

1 2 1  
1 2 7  

1 2 8  

1 5 7  

1 1 9  
1 6 7 

1 2 9  

1 1 8  



SODF BACFR 

SODF PORGI 

AAK8 8 7 2 4  

SODG P S E P U  
Q 9 A I X 5  

Q 9 WWG 8 

SODF P S E AE 

Q 9 Z G N 1  
BAB 3 5 7 8 8  

AAG 5 6 6 4 5  

SODF E C O L I  

Q 9 RQQ7 

Q 9RCF O 
Q 9 KQF 3 

S O D F  P HOLE 

Q 9 JUW9 

Q 9 JZV6 
Q 9 F 4 F 5  

SODF BORPE 

SODF LEGPN 

SODF COXBU 
Q 9AXR7 

0 1 5 9 0 4  

SODF BABBO 

Q 2 7 7 4 0  
0 7 7 0 7 1  

Q 2 7 7 9 1 

0 0 2 6 1 6  

AAK 5 2 8 1 4  

0 1 5 6 4 0  
AAL 0 3 3 1 6  

SODF R I C P R  

Q 9 RM 3 1  

SODF H E L P Y  
Q 9 R2 E 7  

Q 9 S 6R 8  

SODF H E L P J  

Q 9 R 2 E 8  
Q 9 R2 E 6  

SODF CAMCO 

SODF CAMJE 

SODF ENTH I 

Q 9 A 2 K 4  
Q 9M 7 R 2  

SODF SOYBN 

SODF N I C P L  

AAK 6 2 6 1 5  
SODF ARATH 
Q 9 F E 2 1 

0 6 5 3 2 7  

Q 9 LU 6 4  
08 2 5 8 3  

Q 4 2 6 8 3  

Q 9 ZWM8 

Q 9 SNQO 
Q 9FMXO 

Q 9 LWS 3 

SODF SYNP 7 

SODF SYNY3 

SGWAWLSVDKDGK - - - - - - - - - - - - - - - - L H I TKEPNG SNPVRAG - - - - - - - - - - - LKPL 1 5 5  

S GWVWLASDANGK- - - - - - - - - - - - - - - - L S I EKEPNA GNPVRKG - - - - - - - - - - - LNP L 1 5 3  

TGWVWLTRDDDNK- - - - - - - - - - - - - - - - LALI GYEDG NNPVAVG - - - - - - - - - - - RPAY 1 9 1  

SGWGWLVKKADGS - - - - - - - - - - - - - - - - LALAS T I GA GCPLTSG - - - - - - - - - - - D T P L  1 5 2  
SDWGC LVKKADGS - - - - - - - - - - - - - - - - LALAS T I GA G C P LT I G - - - - - - - - - - - D T P L  1 5 3  

SGWGWLVKKADGS - - - - - - - - - - - - - - - - LALAS T I GA GNP LT S G - - - - - - - - - - - D T P L  1 5 3  

SGWGWLVKKADGS - - - - - - - - - - - - - - - - LALAS T I GA GNP LTSG - - - - - - - - - - - D T P L  1 5 2  

S GWAWLVKKADG S - - - - - - - - - - - - - - - -LALAST I GA GNP L T S G - - - - - - - - - - - D T P L  1 5 3  
SGWTWLVKN SDGK - - - - - - - - - - - - - - - - LA I VSTSNA GTPLTTD - - - - - - - - - - -A T P L  1 5 3  

SGWTWLVKNSDGK- - - - - - - - - - - - - - - - LAIVS T S NA GTPLTTD - - - - - - - - - - -ATP L 1 5 3  

SGWTWLVKNSDGK - - - - - - - - - - - - - - - - LAIVSTSNA GTPLTTD - - - - - - - - - - -ATP L 1 5 2  

S SWTWLVKKADGS - - - - - - - - - - - - - - - - LE IVNTSNA ATPLTEEG - - - - - - - - - - T T P L  1 5 9  

S SWTWLVKKADGS - - - - - - - - - - - - - - - - LAIVNTSNA ATP I T E E G - - - - - - - - - -VTP L 1 5 4  
S SWTWLVKKADGT- - - - - - - - - - - - - - - - L A I TN T S NA ATPLTEEG - - - - - - - - - -VTP L 1 5 4  

S SWTWLVKNANGS - - - - - - - - - - - - - - - - LAIVNTSNA GCP I TE E G - - - - - - - - - -VTP L 1 5 3 

SGWAWLVKTPAGG - - - - - - - - - - - - - - - -LDLVSTSNA ATPLTTE - - - - - - - - - - - NTP L 1 5 3  

SGWAWLVKTPAGG - - - - - - - - - - - - - - - - LDLVSTSNA ATPLTTE - - - - - - - - - - - NTP L 1 5 3  
SGWAWLVKTPVGG- - - - - - - - - - - - - - - - L D L I S T SNA ATPLTTE - - - - - - - - - - - NTP L 1 5 3  

SGWTWLVKKADGT - - - - - - - - - - - - - - - - LD IVNTSNA ATPLTTA- - - - - - - - - - - DKAL 1 5 3  

SGWAWLVQDQSGA- - - - - - - - - - - - - - - - LKI I NT S NA GTPMTEG - - - - - - - - - - - LNAL 1 5 3  

SGWAWLVKDNNGK - - - - - - - - - - - - - - - - LEVLSTVNA RNPMTEG - - - - - - - - - - - K K P L  1 5 3  
SGWAWLVAD KEGK - - - - - - - - - - - - - - - -LKVFQTHDA GCPLTEG- - - - - - -- - - - L T P L  1 8 2  

SGWGWLVLKDDGT - - - - - - - - - - - - - - - -AD IVQTHDA G S P LKENL - - - - - - - - - - GRP L 1 5 4 

SGWGWLVLKDDGT - - -- - - - - - - - - - - - -AD IVQTHDA G S P LKENL- - - - - - - - - - GRP L 1 5 4  

SGWGWLALNNNNK- - - - - - - - - - - - - - - - LVI LQTHDA GNP I KDNT - - - - - - - - - - G I P I  1 5 4  
SGWAWLVWDKQGKK - - - - - - - - - - - - - - -V G I E QTHDA GTP I TEPM- - - - - - - - - - KVPL 1 5 8 

SGLAWLVKDTNSGK - - - - - - - - - - - - - - - LKVYQTHDA GCPLTEPN - - - - - - - - - - LKP L 1 5 7 

CGLAWPVKDTNSGK- - - - - - - - - - - - - - - LKVYQTHDA G C P L TEPN - - - - - - - - - - LKPL 1 5 7 

SGWAWLVQDTTTKK- - - - - - - - - - - - - - - LKVF QTHDA G C P LTEAD - - - - - - - - - - LKP I 1 5 7 

SGWAWLVKDKSSGK - - - - - - - - - - - - - - - LKVLQTHDA G C P L TEPN - - - - - - - - - - LVPM 1 5 7 
SGWAW L I YHDN - - R- - - - - - - - - - - - - - - LQ I I KTANA GT P I AHG- - - - - - - - - - -MKPL 1 6 8 
SGWTWVVYHDN - - K - - - - - - - - - - - - - - - LQI I KT SNA GTP I VNF - - - - - - - - - - -MKP I 1 6 8 

SGWNWAAYNLDTQ K - - - - - - - - - - - - - - - I E I I Q TSNA QTPVTDK- - - - - - - - - - - KVPL 1 5 2  

SGWNWAAYNLDTQK - - - - - - - - - - - - - - - I E I I QT SNA QTPVTDK - - - - - - - - - - - KVPL 1 5 2  
SGWNWAAYNLDTQK - - - - - - - - - - - - - - - I E I I QTSNA QTPVTDK - - - - - - - - - - - KVPL 1 5 2 

SGWNWAAYNLDTQK - - - - - - - - - - - - - - - I E I IQ TSNA QTPVTDK - - - - - - - - - - - KVPL 1 5 2  

SGWNWAAYNLDTQK - - - - - - - - - - - - - - - I E I IQT SNA QTPVTDK - - - - - - - - - - - KVPL 1 5 2 

SAWNWAAYNLDTQK - - - - - - - - - - - - - - - I E I I QTSNA QTPVTDK - - - - - - - - - - - KVPL 1 5 2 
SGWNWAAYNLDTQK - - - - - - - - - - - - - - - I E I I QTSNA QTPVTDK - - - - - - - - - - - KVPL 1 5 2 

SGWFWLVYNTKNQK - - - - - - - - - - - - - - - LEFVGTSNA ATP I TED - - - - - - - - - - - KVPL 1 6 0  

SGWFWLVYNTKNQK - - - - - - - - - - - - - - - LEFVGTSNA ATP I TED - - - - - - - - - - -KVPL 1 6 0 

SGWCWLV-EHDGK- - - - - - - - - - - - - - - - LE I I D T H D A  VNPMTNG- - - - - - - - - - -MKP L 1 5 2 

SGWVWLVSDASGA- - - - - - - - - - - - - - - - LKI I S T H D A  ESPVTQD - - - - -- - - - - - LTAL 1 5 1  
SGWAWLAYKASKLDGENAANPPSADEDNKLVV I KSPNA VNP LVWGG - - - - - - - - - - Y Y P L  1 9 8 

SGWAWLAYRARKFDGENVAN P P S P D EDNKLVVLKSPNA VNP LVWGG - - - - - - - - - - Y Y P L  1 9 9  

SGWAWLAYKP - - - - - - - - - - - - - - - EEKKLALVKTPNA ENP LVLG - - - - - - - - - - -Y T P L  1 5 8  

AGWAWLAYSN - - - - - - - - - - - - - - - - - EKLKVVKTPNA VNPLVLG - - - - - - - - - - - S F P L  1 6 5  
AGWAWLAYSN - - - - - - - - - - - - - - - - - EKLKVVKTPNA VNP LVLG - - - - - - - - - - - S F P L  1 8 7  

AGWAWLAYSN - - - - - - - - - - - - - - - - - EKLKVVKTPNA VNPLVLG - - - - - - - - - - - S F P L  1 6 5 

AGWAWLAYAD - - - - - - - - - - - - - - - - -NKLKVVKTPNA VNP LVLG - - - - - - - - - - - S F P L  1 6 5  

SGWTWLAYKANRLDVANAVNP LPKEEDKKLVIVKTPNA VNP LVWD - - - - - - - - - - - Y S P L  2 2 4  
SGWAWLVYKANRLDVGNAVN P C P TEKDYKL I I EKTPNA VNP L I WD - - - - - - - - - - - YNP I 2 1 7  

SGWAWLNADKT - - - - - - - - - - - - - - - - GKLS I SKSPNA VNPVVEG - - - - - - - - - - -K T P I  1 9 0 

SGWVLLVLKRK - - - - - - - - - - - - - - - ERKLSVVHTQNA I S P LALG - - - - - - - - - - - D I P L  1 9 9  

SGWVWLVLKRK- - - - - - - - - - - - - - - ERKF SVVHTQNA I S P LALG - - - - - - - - - - -D I IM 1 9 9  
SGWVWLVLKRE - - - - - - - - - - - - - - - ERRLEVVKTSNA I N P LVWD - - - - - - - - - - - D I P I  2 0 7  

SGWVWLCYKT S K LPHVKSRS P I P S DNYGRLVI SKSPNA I N P LVWG - - - - - - - - - - - - - - - 1 9 3 

SGWAWLVL - - DNG- - - - - - - - - - - - - - - TLKI TKTGNA D T P IAHG - - - - - - - - - - - Q T P L  1 5 7  

SGWAWLVL - - DNG - - - - - - - - - - - - - - - TLKVTKTGNA ENP MTAG - - - - - - - - - - -Q T P L  1 5 6  
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0 5 0 2 5 7  
Q 9RFQ4 

Q 9 R 6 Y 6  

SODF PLEBO 

AAK8 6 6 8 3  
Q 9 8 5K 3  

C AC 4 5 5 4 5  

S O D F  RH I ME 

A AK 8 8 8 62 
0 3 0 9 7 0  

0 1 5 6 4 1  

0 0 2 6 1 5  

Q 9 5 0 5 1  
Q 9 5 0 5 2 
0 4 3 9 5 7  

0 8 4 9 2 4  

SODM LACLA 

AAK 9 9 4 7 8  
S O D M  STRPN 

AAK7 4 9 0 4  

Q 9AGW1 

SODM STRAG 
SODM STRPY 

SODM STRMU 

AAF 6 4 0 7 4  
SODM BACCA 
Q 9 LBF 6 

SODM BAC S T  

SODM BAC S U  

0 8 6 1 6 8 

Q 9 ZF 3 8  
Q 9 KD 1 0  
SODM L I SMO 

S O D M  L I S I V  

B AB 5 7 7 1 5  
Q 9 Z 5W 5  

Q 9K 4 V 3  

Q 9F 3 2 6  

B AB 5 6 2 9 5  
Q 9 9 X 8 2  

Q 9E Z Z 2  

S O D 2  P LEBO 

S O D 3  P LEBO 

S O D !  P LEBO 
SODM PASHA 

Q 5 9 1 3 3  

S OD M  HAEDU 

S O DM PASMU 
S ODM HAE I N  

B A B 3 8 2 5 7  

A AG 5 9 1 0 2 

S O DM E C O L I  
S O DM SALTY 

S O DM Y E REN 

Q 9 RUV2 

S O DM BUCAI 
S O DM XANCP 

S O D F  METJ 

Q 9 PAA4 

S O D M  P S E P U  

Q 9WWG 7 

SGWAWLAKGTE N G K - - - - - - - - - - - - - PVLKVMKTGNA DNPMTQG - - - - - - - - - - - LTPV 1 5 7  
SGWSW L I D - - D G G - - - - - - - - - - - - - - - TLKVI KTPNA E N P LAHG - - - - - - - - - - - KKAL 1 5 8 

SGWAWLI D - -D G G - - - - - - - - - - - - - - - TLKVTKTPNA E N P LAHG - - - - - - - - - - -QKAL 1 5 8  

SGWAWLVD - - D G G - - - - - - - - - - - - - - - TLKVTKTPNA E N P LVHG - - - - - - - - - - -QKPL 1 5 8 

SGWAWLSVK - - - - - - - - - - - - - - - - - NGKLE I SKTPNG E N P LVHG - - - - - - - - - - -AD P I  1 5 6  
SGWAWVSVK - - - - - - - - - - - - - - - - - DGKLAI SKTPNG E N P LVHG - - - - - - - - - - -ASP I 1 5 6  

SGWAWLSVK- - - - - - - - - - - - - - - - - NGKLE I S KTPNG E N P LVHG - - - - - - - - - - -ATP I 1 5 6  

SGWAWLSVK - - - - - - - - - - - - - - - - -NGKLE I SKTPNG E N P LVHG - - - - - - - - - - -ATP I 1 5 5  

SGWAWLVVDT - - - - - - - - - - - - - - - - DGKLKITRTENG VNPLCFG - - - - - - - - - - -QKAL 2 0 1  
SGWAWLVKDS - - - - - - - - - - - - - - - - DGALKITKTENG VNPLCFG - - - - - - - - - - -QTAL 1 6 1  

SGWTWLCVD P R T K - - - - - - - - - - - - - - - E LRIDNTSNA G C P L T S G - - - - - - - - - - -LRP I 1 8 7  

SGWTWLCVDP S N KN - - - - - - - - - - - - - -QLVIDNTSNA G C P LTK - - - - - - - - - - - - - - - - 1 8 5  

SGWCY LAQNKDK T - - - - - - - - - - - - - - - - I S INQYSNA LNPVKDG - - - - - - - - - - - GVP L 1 5 1  

SGWCY LAVN KD G S - - - - - - - - - - - - - - - -VSINQYSNA LNPVKDG - - - - - - - - - - - GVPL 1 5 1  
SGWAYLYKTKD G K - - - - - - - - - - - - - - - - LEIGQYSNA ANPVKDG - - - - - - - - - - - LTP I 1 5 1  

SGWAWLVVK D - G K - - - - - - - - - - - - - - - - LAITSTANQ D S P LMDG - - - - - - - - - - -QTPV 1 6 0  

SGWAWLVVDEAGK - - - - - - - - - - - - - - - - LKVVS TANQ D N P I S EG - - - - - - - - - - - LTPV 1 6 4  

SGWAWLVVNK E G K - - - - - - - - - - - - - - - - LEVTSTANQ D T P I S EG - - - - - - - - - - -KKP I 1 5 9  
SGWAWLVVNK E G K- - - - - - - - - - - - - - - - LEVTSTANQ D T P I SEG - - - - - - - - - - - KKP I 1 5 8  

SGWAWLVVNK E G K - - - - - - - - - - - - - - - - LEVTSTANQ D T P I SEG- - - - - - - - - - - KKP I 1 5 9  

SGWAWLVVN K E G K- - - - - - - - - - - - - - - - LEVVSTANQ D T P I S E G - - - - - - - - - - -KTP I 1 5 9  

SGWAWLVVNAE G K- - - - - - - - - - - - - - - - LEVLSTANQ D T P IMEG- - - - - - - - - - - KKP I 1 5 8  
SGWAWLVVNKEGQ - - - - - - - - - - - - - - - - LEITSTANQ D T P I SEG- - - - - - - - - - - KKP I 1 5 8 

SGWAWLVVDK E G K - - - - - - - - - - - - - - - - LEVTSTANQ D T P I SQG- - - - - - - - - - - LKP I 1 5 8  

SGWAWLVVN - N G E - - - - - - - - - - - - - - - - L E I T STPNQ D S P IMEG - - - - - - - - - - - KTP I 1 6 0 

S GWAWLVVN-N G E - - - - - - - - - - - - - - - - L E I T S TPNQ D S P I ME G- - - - - - - - - - - KTP I 1 5 9  
PGWAWLVVN - N G E - - - - - - - - - - - - - - - - LE I TSTPNQ D S P IMEG - - - - - - - - - - -KTP I 1 6 0 

SGWAWLVVN - N G E - - - - - - - - - - - - - - - - LE I T STPNQ D S P I MEG - - - - - - - - - - - KTP I 1 5 9  

S GWAWLVVN - N G K - - - - - - - - - - - - - - - - LE I T STPNQ D S P L S E G - - - - - - - - - - - KTP I 1 5 9  

SGWAWLVVN - NGK - - - - - - - - - - - - - - - - L E I T STPNQ D S P L S E G - - - - - - - - - - - KTPI 1 6 0  

SGWAWLVVN - NGE - - - - - - - - - - - - - - - - LE I T STPNQ D S P L S E G - - - - - - - - - - - KTP I 1 6 0 
SGWAWLVVN - D GK - - - - - - - - - - - - - - - - L E I T STPNQ DTP LMEG - - - - - - - - - - - KTP I 1 6 0 

SGWAWLVVN - D G K - - - - - - - - - - - - - - - - LE IVSTANQ D S P L S D G - - - - - - - - - - - KTPV 1 6 0  

SGWAWLVVN -NGK - - - - - - - - - - - - - - - - L E IVSTANQ D S P L S E G - - - - - - - - - - - KTPV 1 6 0 

SGWAWLVVN -NGQ - - - - - - - - - - - - - - - - LE IVTTPNQ DNP L T E G - - - - - - - - - - - KTP I 1 5 7  
SGWAWLVVN -NGQ - - - - - - - - - - - - - - - - LE IVTTPNQ DNP L T E G - - - - - - - - - - - KTP I 1 5 7  

SGWAWLVVN -NGN - - - - - - - - - - - - - - - - LE IVTTPNQ DNP I TEG - - - - - - - - - - - KTP I 1 5 7  

SGWAWLVVDKDGK - - - - - - - - - - - - - - - - LE IVSTPNQ DNP I TEG - - - - - - - - - - - KTP I 1 5 8  

SGWTWLVVN -D G K - - - - - - - - - - - - - - - - LE IVTTPNQ D N P L T EG - - - - - - - - - - - KTP I 1 5 7  
SGWTWLVVN -D G K- - - - - - - - - - - - - - - - LE IVTTPNQ DNPLTEG - - - - - - - - - - - KTP I 1 5 7  

SGWTWLVVN - DGK - - - - - - - - - - - - - - - - LE IVTTPNQ DNP L TEG - - - - - - - - - - - KTP I 1 5 7  

SGWVWLVRSQQGD - - - - - - - - - - - - - - - - LQI LSTPNQ D SP L I EG - - - - - - - - - - - HTP I 1 6 1  

SGWVWLVRNAQGQ - - - - - - - - - - - - - - - - LQ IVSTANQ DNP I MEG- - - - - - - - - - -NYP I 1 9 1  

SGWAWLVSDRQGK - - - - - - - - - - - - - - - - L S I T STANQ DNPLMSNP - - - - - - - - -NAYP I 2 0 4  
SGWAWLVLEE - GK - - - - - - - - - - - - - - - - LAVVSTANQ DNP LMGKEVAGV- - - - - SGYP I 1 6 4  

SGWAWLVVEG- GK - - - - - - - - - - - - - - - - LAVVSTANQ DNP I MGKEVAGV- - - - - SGFP I 1 6 4  

SGWAWLVLE E - G K - - - - - - - - - - - - - - - - LAVVSTANQ D S P I MGKDVAGV- - - - - SGYP I 1 6 3  

SGWAWLVLQENGK - - - - - - - - - - - - - - - - LAVVSTANQ D S PVMGKA I AG C - - - - - EGYPL 1 6 5  
SGWAWLVLTAEGK- - - - - - - - - - - - - - - - LAVVSTANQ DNPLMGKEVAGC - - - - -EGFPL 1 6 5 

SGWAWLVLKGD - K- - - - - - - - - - - - - - - - LAVVSTANQ D S P LM GE A I S G A- - - - - SGFP I 1 6 4  

SGWAWLVLKGD - K- - - - - - - - - - - - - - - - LAVVSTANQ D S P LMGEA I S GA- - - - - SGFP I 1 6 4 

SGWAWLVLKGD - K- - - - - - - - - - - - - - - - LAVVSTANQ D S P LM GE A I S G A- - - - - SGFP I 1 6 3  
SGWAWLVLKGD - K- - - - - - - - - - - - - - - - LAVVSTANQ D SPLMGEA I SGA- - - - - SGFP I 1 6 3 

SGWAWLVLKDDGK- - - - - - - - - - - - - - - - LAVVSTANQ D S P LMGEAVSGA- - - - - SGFP I 1 6 5 

S GWAWLVVKD - G K - - - - - - - - - - - - - - - - LDVVSTANQ DNP LMGEAI AGV- - - - - SGTP I 1 6 9  

SGWVWLVNQN - GV- - - - - - - - - - - - - - - - L S I VS TVNQ D S P LMGKL I SN T - - - - - YGYP I 1 6 3  
SGWAWLSVTPDKK - - - - - - - - - - - - - - - - LVVESTANQ D S P L F E - - - - - - - - - - -GNT P I  1 6 0  

SGWAWLSVTP E K K - - - - - - - - - - - - - - - - LVVESTGNQ D S P L S T - - - - - - - - - - -GNT P I  1 5 9  

SGWS LLNVTP S K T - - - - - - - - - - - - - - - - LVVE SSANQ D S P L C D - - - - - - - - - - - GKTP I 1 6 0  

SGWAWLSVTPQKT - - - - - - - - - - - - - - - - LVVESSGNQ D S PLMF - - - - - - - - - - - GNTP I 1 6 0 

SGWAWLSVTP D K K- - - - - - - - - - - - - - - - LVVESSGNQ D SP LMN - - - - - - - - - - -GNT P I  1 6 0 
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SODM P SEAE SGWAWLSVTPQGS - - - - - - - - - - - - - - - - LLVE S SGNQ DSPLMN - - - - - - - - - - -GNT P I  1 6 0  
SODM BORPE SGWAWLTVTPAGR- - - - - - - - - - - - - - - - LRVD SSANQ DSP LME - - - - - - - - - - - GNTP I 1 6 1  
SODM CHLRE SGWAWLSVKPDGS - - - - - - - - - - - - - - - - L S I D ST P NQ DNPLMTALPDVA- - - - -GG I P L  1 7 0  
SODM AC I CA SGWAWL IVTPNGK - - - - - - - - - - - - - - - - LAVT S T P NQ DNP LMDLSE T K - - - - - - -G T P L  1 8 4  
Q 9 P C 6 0  SGWAWM I LT S SG- - - - - - - - - - - - - - - - - L Q I T S T P NQ DNPLMDVAEVR- - - - - - - GQPL 1 9 2 
Q 9 A 7 E 6  SGWAWL I WSEGK - - - - - - - - - - - - - - - - - LRVVS TPNQ DNPLMDDAPVK- - - - - - -GAP I 1 9 5 
Q 9 KW8 7  SGFAWLVVK -DGD - - - - - - - - - - - - - - - - I H I T S TSNQ DNPLMDVADVR - - - - - - - GEP I 1 5 9  
Q 9KW8 5 SGFAWLVVK- EGD - - - - - - - - - - - - - - - - I H I T S T S NQ DNPLMD I ASVR- - - - - - -GEP I 1 5 9  
AAK 5 3 1 6 6  SGFVWLIVQ -QGQ - - - - - - - - - - - - - - - - L S I T S T SNQ DNP LMDVVAVR- - - - - - -GEP I 1 5 9  
Q 9 KNN7 SGFVWLIVQ-QGQ - - - - - - - - - - - - - - - - L S I T ST SNQ DNP LMDVVAVR- - - - - - -GEP I 1 7 6  
AAK5 3 1 6 5  SGFVWLIVQ -QGQ- - - - - - - - - - - - - - - - L S I T S T SNQ DNP LMDVVAVR- - - - - - -GEP I 1 5 9  
AAK 5 3 1 6 4  SGFVWL I VQ -QGQ - - - - - - - - - - - - - - - - LS I T S T SNQ DNP LMDVVAVR- - - - - - -GEP I 1 5 9  
AAK5 3 1 6 7 SGFVWLIVQ -QGQ - - - - - - - - - - - - - - - - L S I T S T SNQ DNPLMDVVAVR- - - - - - - GE P I  1 5 9  
AAK 5 3 1 6 3  SGFVWLIVQ -QGQ - - - - - - - - - - - - - - - - L S I T S T SNQ DNPLMDVVAVR- - - - - - - GEP I 1 5 9  
AAK 5 3 5 4 7  SGFVWLIVQ -HGQ - - - - - - - - - - - - - - - - L S I T S T SNQ DNPLMDVVAVR- - - - - - - GEP I 1 5 9  
Q 9 KW8 6 SGFVWLIVQ -EGQ - - - - - - - - - - - - - - - - LS I S S T SNQ DNP LMDVVAVR- - - - - - - GEP I 1 5 9  
SODM THETH SGWAWLVKDPFGK - - - - - - - - - - - - - - - - LHVL S T P NQ DNPVMEG - - - - - - - - - - -F T P I  1 6 2 
SODM THEAQ SGWAWLVKDPFGK - - - - - - - - - - - - - - - - LHVI STANQ DNPVMGG - - - - - - - - - - - FAP I 1 6 2 
SODM BORBU SGWAWLVLCPESG - - - - - - - - - - - - - - - - LKVI SMP N Q  DSPLMNS - - - - - - - - - - - YKP I 1 6 0 
P 9 6 2 0 1  SGWAWLVSDKDGK- - - - - - - - - - - - - - - - LE I MSTKDQ SSP I S LG - - - - - - - - - - - L I P I  1 8 6  
SODF METTH SGWAVLTYCQR- TDR - - - - - - - - - - - - - - LF I MQVE K H  NVNV I P H  - - - - - - - - - F R I L  1 6 3 
SODF METTM SGWAVLTYCQR-TDR- - - - - - - - - - - - - - LF I MQVEKH NVNV I P H  - - - - - - - - - F R I L  1 6 0 
Q 9 P 9 I 6  SGWAVLTYCKD - TER - - - - - - - - - - - - - - LM I MQ I E KH NVNLVPD - - - - - - - - - YP I I  1 6 0  
SODF PYRAE VGWAI LVY EPL - EEQ - - - - - - - - - - - - - - LLI LQ I E K H  NLMHAAD - - - - - - - - -AQVL 1 6 1 -
SODF AERPE VGWGVLAF D P L - TEE - - - - - - - - - - - - - - LRI LQVEK H  NVLMTAG - - - - - - - - - LVP I 1 6 1  
SODF SULSO TGWAVLYYDTE - SGN - - - - - - - - - - - - - - LQ I MTFENH FQNH IAE - - - - - - - - - I P I I  1 6 6  
BAB 6 7 3 9 3  TGWTVLYYDTE - SGN - - - - - - - - - - - - - - LE I MTFENH FQNH I AE - - - - - - - - - LP I I  1 6 7  
SODF SULAC SGWTVLYYDNE - SGN - - - - - - - - - - - - - -LQI MTVENH FMN H I AE - - - - - - - - - LPV I 1 6 6  
SODF A C I AM TGWTVLY YEVE-NGN - - - - - - - - - - - - - - LQ I MTFENH FQNHIAE - - - - - - - - - LP I L  1 6 7  
Q 9KCK8 VGWAI LVWAPR-AHR- - - - - - - - - - - - - - LE I LQAE F H  QNLSQQD - - - - - - - - -A I P L  2 4 4  
SODF BACSU VGWAI LVWAP R- SGR- - - - - - - - - - - - - - LE I LTAEK H  QLFSQWD - - - - - - - - -V I P L  2 3 2  
BAB 6 2 4 1 2  S GWAVLGYDHI - SGR- - - - - - - - - - - - - - LV I EQLTDQ QGNISVD - - - - - - - - - I TPV 1 5 7  
Q 9APY3 SGWAVLG Y D H I - SGR-- - - - - - - - - - - - - LV I EQLTDQ QGN I SVD - - - - - - - - - I TP V  1 5 7  
Q 9 F 9R1 SGWAVLGYDTV- GSR - - - - - - - - - - - - - - LLTFQLYDQ QANVP LG - - - - - - - - - I I P L  1 5 6  
Q 9AM O O  SGWAVLGYDTV- GSRL - - - - - - - - - - - LTLLTFQLYDQ QANVPLG - - - - - - - - - I I P L  1 5 9  
SODM MYCAV S GWAVLGYDTL - GSR- - - - - - - - - - - - - -LLTFQLYDQ QANVPLG - - - - - - - - - I I P L  1 5 5  
SODM MYCLP S GWAVLGYDTL - G S R - - - - - - - - - - - - - - LLTFQLYDQ QANVP LG - - - - - - - - - I I P L  1 5 5  
SODM MYCLE S GWAVLGYDTL - GNK - - - - - - - - - - - - - - LLTFQLYDQ QANVSLG - - - - - - - - - I I P L  1 5 5  
SODM MYCFO SGWAVLGYDSL - GDR-- - - - - - - - - - - - - LLTFQLYDQ QANVP LG - - - - - - - - - I I P L  1 5 5  
SODM MYC S M  SGWAVLGYDSL - GGR- - - - - - - - - - - - - - LLTFQLYDQ QANVP LG - - - - - - - - - I I P L  1 5 5  
SODM NOCAS SGWAVLGYDTL- GQK- - - - - - - - - - - - - - LLTFQLYDQ QANVP LG - - - - - - - - - I I P L  1 5 5  
SODF MYC T U  S GWAALGWD TL- GNK - - - - - - - - - - - - - - LL I FQVY D H  QTNFPLG - - - - - - - - - IVP L 1 5 6  
SODM PROF R SGWASLVW D P L -GKR- - - - - - - - - - - - - - INTLQ F Y D H  QNNLPAG - - - - - - - - - S I P L  1 5 7  
Q 9 X 4 6 9  SGWGVLAYEPL - SGR- - - - - - - - - - - - - - L I VEQVYD H  QGNVGQG - - - - - - - - -ATP I 1 6 3  
SODF STRCO SGWGVLAYE P L - SGR- - - - - - - - - - - - - -L IVEQ I Y D H  QGNVGQG - - - - - - - - - STP I 1 6 0 
Q 9X 6 N 3  SGWGVLAYEPV- SGK- - - - - - - - - - - - - - L I VEQVYD H  QGNVGQG - - - - - - - - - SVP I 1 6 1  
Q 9HQF 1 - -WALLVY D S H - SNT - - - - - - - - - - - - - -LRNVAVDN H  DEGALWG - - - - - - - - - SHP I 1 5 4  
500 1 HALCU - -WALLVY D S H - SNT - - - - - - - - - - - - - - LRNVAVDN H  DEGALWG - - - - - - - - - SHP I 1 5 3  
SOD 1 HALSG - -WALLVYDSH - SNT- - - - - - - - - - - - - - LRNVAVDN H  DEGALWG - - - - - - - - - SHP I 1 5 4 
Q 9 H Q 4 7  - -WALLVYDPV-AKQ - - - - - - - - - - - - - - LRNVAVDNH DEGALWG - - - - - - - - - SHP I 1 5 4 
SODM HALHA - -WALLVYDPV-AKQ- - - - - - - - - - - - - - L RNVAVDNH DEGALWG - - - - - - - - - S H P I  1 5 4 -
SOD2 HALSG - -WALLVYDPV-AKQ - - - - - - - - - - - - - -LRNVAVDNH DEGALWG - - - - - - - - - SHP I 1 5 4 
SOD2 HALVO - -WALLVY D S F - SNQ - - - - - - - - - - - - - - LRNVVVDK H  DQGALWG - - - - - - - - - S H P I  1 5 3 
SOD 1 HALVO - -WALLVYDS F - SNQ - - - - - - - - - - - - - - LRNVVVD K H  DQGALWG - - - - - - - - - SHP I 1 5 4  
SODM HALMA - -WALLVYDPC -AKQ - - - - - - - - - - - - - - LRNVPVDKH DQGALWG - - - - - - - - - SHP I 1 5 7  
SODF AQUAE - -WAI LGLD I F - SGR- - - - - - - - - - - - - -LVVNGLDAH NVYNLTG - - - - - - - - - L I P L  1 5 9  -
SODF AQUPY - -WAI LGLD I F - SGR- - - - - - - - - - - - - - LVVNGLDAH NVYNLTG - - - - - - - - - L I P L  1 5 9  
BAB 5 9 2 0 1  - -WAILVFDLN -YGK - - - - - - - - - - - - - - LRN I GS D AH NVG L I WN - - - - - - - - - S I A I  1 5 5  
Q 9 H M 5 6  - -WAILVFDLN - YGK- - - - - - - - - - - - - - L RN I GSDAH NVG L I WN - - - - - - - - - S I A I  1 5 5  
CAC 4 2 4 1 2  SGWVLLTYSPR- DGR- - - - - - - - - - - - - - LVNQWASDH - AHTLAG - - - - - - - - - GTPV 1 5 3  
SODM ALCEU SGWVLLTY S P R-DGR- - - - - - - - - - - - - - LVNQWAS D H - AHTLAG - - - - - - - - - GTPV 1 5 3  



AAH 1 0 5 4 8  
BAB2 2 0 9 5  

SOOM MOUSE 

SOOM RAB I T  

AAH 1 2 4 2 3  
SOOM HUMAN 

SOOM CAVPO 
SOOM HORSE 

AAK 9 7 2 1 4  
Q 9NB 6 6  

SOOM CHAFE 

SOOM CAEEL 

SOON CAEEL 
SOOM ONCVO 
SOOM OROME 

SOOM CHLMU 

SOOM CHLTR 

SOOM CHLPN 
Q 9M5 3 2  

SOOM HEVBR 

SOOM N I C P L  

Q 9 S M 6 4 
SOOM CAPAN 

SOOM P E A  

0 8 2 5 8 4  

Q 9 S R K 3  
S O O M  ARATH 

0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  

0 8 2 5 7 1  
P 9 3 6 0 6  

Q 4 3 1 2 1  

SOOM ORYSA 

Q 4 3 8 0 3  
SOOP MAI ZE 

SOON MAI ZE 

SOOO MAI Z E  
S O O M  MAI Z E  
Q 4 3 2 7 3  

Q 9 L Y K 8  

SOOM CANAL 

P 7 9 0 2 2  

SOOM YEAST 
Q 9P 9 4 5  

Q 9UQXO 

0 7 4 2 0 0  

Q 9 P 9 2 1  
AAK 8 2 3 6 9  

SOOM GANMI 

Q 9 Y 7 7 3  

SOOM AGABI 
SODM A S P F U  

S O D M  P ENCH 

SOOM N E U C R  

SODF T E T P Y  
04 2 9 1 9  

07 4 3 7 9  

AAK 8 0 5 1 6  

SGWGWLGFNKE - QGR - - - - - - - - - - - - - LQIAACSNQOP LQGTTG - - - - - - - - - - L I P L  

SGWGWLGFNKE - QGR - - - - - - - - - - - - - LQIAACSNQOP LQGTTG - - - - - - - - - - L I P L  

S GWGWLGFNKE -Q G R  - - - - - - - - - - - - - LQIAACSNQOPLQGTTG - - - - - - - - - - L I P L  

S GWGWLGFNKE - QGH - - - - - - - - - - - - -LQIAACANQOPLQGTTG - - - - - - - - - - L I P L  

S GWGWLGFNKE - RGH - - - - - - - - - - - - - LQIAACPNQOP LQGTTG - - - - - - - - - - L I P L  

S GWGWLGFNKE - RGH - - - - - - - - - - - - - LQIAACPNQOPLQGTTG - - - - - - - - - - L I P L  

S GWGWLGFNKE - RGC - - - - - - - - - - - - - LQIAACSNQOPLQGTTG - - - - - - - - - - L I P L  

SGWGWLGFNKO - QGR - - - - - - - - - - - - - LQIVACPNQOP LQGTTG - - - - - - - - - - L I P L 

SGWGWLGYNKE -QGR - - - - - - - - - - - - - LQIAACANQO P LQGTTG - - - - - - - - - - L I P L 

SGWGWLGYNKQ - KGT - - - - - - - - - - - - - LQIATCPNQOP LEATTG - - - - - - - - - - LVPL 

SGWGWLGY - I A- EGA - - - - - - - - - - - - - LQIATCPNQOP LEATTG - - - - - - - - - - LVPL 

SGWGWLGY C P K- G K I  - - - - - - - - - - - - -LKVATCANQOPLEATTG - - - - - - - - - - LVPL 

SGWGWLGYCKK- O K I  - - - - - - - - - - - - -L K I ATCANQO P L E G - - - - - - - - - - - - -MVPL 

SGWGWLAYOKE -MKR - - - - - - - - - - - - -LQLACCPNQOLLEP TTG - - - - - - - - - - L I PL 

SGWGWLGFNKK - S G K  - - - - - - - - - - - - - LQLAALPNQOP LEASTG - - - - - - - - - - L I P L 

SGWGWLAFCPK - KQE - - - - - - - - - - - - -LMIQTTANQOPLEATTG - - - - - - - - - -M I P L 

SGWGWLAFCPQ - KQE - - - - - - - - - - - - - L MVQTTANQOP LEATTG - - - - - - - - - -M I P L  

SGWAWLGFCPA- KQE - - - - - - - - - - - - - LVLQATANQO P LE P LTG - - - - - - - - - - KLPL 
SGWVWLGLEKE - S K R  - - - - - - - - - - - - - LVVETT SNQO P LVTKGP - - - - - - - - - - LVP L 

SGWVWLALOKE - LKK - - - - - - - - - - - - - LVVETTANQOP LVTKGPT - - - - - - - - - LVPL 

SGWVWLGVO K E - LKR - - - - - - - - - - - - - LVIETTANQ O P LVSKGAN - - - - - - - - - LVPL 

SGWVWLALOKE - LK K  - - - - - - - - - - - - -LVVETTANQO P LVTKGPT - - - - - - - - - LVPL 
SGWVWLGLOKE - LKR - - - - - - - - - - - - - LVI E TTANQOP LV I KGPN - - - - - - - - - LVPL 
- - - -WLGLOKO - LKR - - - - - - - - - - - - - LVVETT - Q O P LVTKGAS - - - - - - - - - LVP L  

SGWVWLALO K E - LKK - - - - - - - - - - - - -VTVETTANQOP LVTKGLH - - - - - - - - - LVPL 

SGWVWLGLOKE - LKK - - - - - - - - - - - - - LVVOTTANQOP LVTKGGS - - - - - - - - - LVPL 

SGWVWLGLO K E - LKK - - - - - - - - - - - - - LVFOTTANQOP LVTKGGS - - - - - - - - - LVPL 

SGWVWLGLOKE - LKK - - - - - - - - - - - - - LVVOTTANQOP LVTKGGS - - - - - - - - - LVPL 
SGWVWLGLOKE - LKH - - - - - - - - - - - - - LVVETTPNQOPLVTKNPN - - - - - - - - - KVPL 

SGWVWLALOKE -AKR - - - - - - - - - - - - - LSVETTPNQO P LVTKGSN - - - - - - - - - L H P L  

S GWVWLALOKE -AKG - - - - - - - - - - - - - LSVETTPNQOPLVTKGSN - - - - - - - - - L H P L  

S GWVWLALOKE -AKK - - - - - - - - - - - - - LSVETTPNQOPLVTKGSN - - - - - - - - - L Y P L  

S GWVWLALOKE -AKK - - - - - - - - - - - - - LSVETTANQOP LVTKGAN - - - - - - - - - LVPL 

S GWVWLALOKE -AKK - - - - - - - - - - - - - LSVETTANQOP LVTKGAN - - - - - - - - - LVP L 
SGWVWLALOKE -AKK - - - - - - - - - - - - - LSVETTANQOP LVTKGAN - - - - - - - - -LVPL 

SGWVWLALOKE - P K K  - - - - - - - - - - - - - LSVETTANQOP LVTKGAS - - - - - - - - - LVPL 

SGWVWLALOKE - P KK - - - - - - - - - - - - - LSVETTANQOP LVTKGAS - - - - - - - - - LVPL 

S GWVWLALOKE -AKK - - - - - - - - - - - - -VSVETTANQOP LVTKGAS - - - - - - - - - LVP L 

S GWVWLALOKE -AKK - - - - - - - - - - - - -VSVETTANQOPLVTKGAS - - - - - - - - - LVP L 
S GWVWLALOKE -AKK - - - - - - - - - - - - -VSVETTANQOP LVTKGAS - - - - - - - - - LVP L 

S GWVWFGLORE - LKR - - - - - - - - - - - - - LVVE TTANQO P LVTKGSH - - - - - - - - - LVPL 

SGWAF IVKNKA-N G O T - - - - - - - - - - - - - I OVI TTANQOTVTOPN - - - - - - - - - - - LVPL 

SGWAFIVKNKE -NGGA - - - - - - - - - - - - - LOVITTANQOTVLGP - - - - - - - - - - - - FVP L 

SGWAF IVKNLS -NGGK - - - - - - - - - - - - - LOVVQTYNQOTVTGP - - - - - - - - - - - - LVPL 
S GWAWLVQOKQ - T G- S - - - - - - - - - - - - - IAI KTYANQOPVVGQ - - - - - - - - - - - - F K P L  

SGWAW L I VO - - - K O G S - - - - - - - - - - - - - LR I TTTANQO T IVKS - - - - - - - - - - - - - KP I 

SGWAWLVKSPF - SQR - - - - - - - - - - - - - L S I Q I TMNQOVVTQG - - - - - - - - - - - - - KVI 

SGWCWLVK I P S - SRQ - - - - - - - - - - - - - L F I QTTMNQDLVTQG - - - - - - - - - - - - - KV I 
SGWGWLGYNPS - SKR - - - - - - - - - - - - -VELATTAN Q O P L L T  - - - - - - - - - - - - - HVP L 

SGWGWLGLN P A - T KR - - - - - - - - - - - - - LE I TTTAN Q O P L L S  - - - - - - - - - - - - - HVP I 

SGWGWLGLN P S - TKR - - - - - - - - - - - - - L E I ATTPNQOP L L T  - - - - - - - - - - - - - H I P I  

SGWGWLGVN P S -NKR - - - - - - - - - - - - - L E I STTPNQ O P L LN - - - - - - - - - - - - - LVP I  
SGWGWLVTOG - - KGK - - - - - - - - - - - - - LO I TTTHDQOPVTG - - - - - - - - - - - - -AAPV 

SGWGWLVSKGGAKGR - - - - - - - - - - - - - LE IVTTKOQOPVNAP - - - - - - - - - - - - OVPV 

SGWGWLVKE S TAEKGR- - - - - - - - - - - - - LR I I TTKOQOPVVGG - - - - - - - - - - - - EVPV 

SGWGWLGYOTV- - S K S - - - - - - - - - - - - - LRLFELGNQOMPEWSS - - - - - - - - - - - I V P L  
ACWLW I V I O O Y NRLNLLRTFQAG - S P Y LWTRWQSNOP HL I S SVPOYSARPRKY AHVP I 

OGWLWLVY S P E K S - - - - - - - - - - - - L F S LLCTYN ASNAFLWGTGFPKFRTN - A I V P L  
- -WVI LS I O S LO G R- - - - - - - - - - - - - FHLFGNO F H O T S A I LAS - - - - - - - - - - - H P L  

202 

1 7 9  
1 7 9  

1 7 9  

1 6 0 

1 7 9  
1 7 9  

1 7 9  

1 7 9  

1 8 1  
1 7 6  

1 7 3  

1 7 8  

1 7 5  

1 8 0  
1 7 1  

1 6 2  

1 6 2 

1 6 2  
1 9 2 

1 8 8  

1 8 5  

1 8 5  
1 8 5  

1 9 0 

1 9 7 

1 8 8  
1 8 8  

1 8 8  

1 8 4  

1 8 8  

1 8 1  
1 8 8  

1 8 8  

1 8 8  

1 8 8  
1 9 0 

1 8 9  
1 9 0 

1 9 2 
1 9 2 

1 9 3 

1 9 4  

1 8 6  
1 9 0  
1 8 4  

1 7 7  

1 8 0  

1 4 3  
1 5 9  

1 5 7  

1 5 9  

1 5 3  
1 5 9  

1 6 2 

1 9 2  

1 5 3  
2 2 4  

1 7  3 

1 5 0  



SODF BACFR 

SODF PORGI 

AAK 8 8 7 2 4  

SODG P S E P U  
Q 9 A I X 5  
Q 9WWG8 
SODF P S EAE 

Q 9 ZGN 1 

BAB3 5 7 8 8  
AAG 5 6 6 4 5  

SODF E C O L I  
Q 9 RQQ7 

Q 9 RCF O 
Q 9KQF3 

SODF PHOLE 

Q 9 JUW9 

Q 9 JZV6 
Q 9 F 4 F 5  

SODF BORPE 

SODF LEGPN 

SODF COXBU 
Q 9AXR7 

0 1 5 9 0 4  

SODF BABBO 

Q 2 7 7 4 0  
07 7 0 7 1  

Q 2 7 7 9 1 

0 0 2 6 1 6 

AAK 5 2 8 1 4  
0 1 5 6 4 0  
AAL0 3 3 1 6 
SODF R I CP R  

Q 9 RM3 1 

SODF HELPY 
Q 9 R2 E 7  

Q 9 S 6R8 

SODF H E L P J  

Q 9 R 2 E 8  
Q 9 R2 E 6  

SODF CAMCO 

SODF CAMJE 

SODF E N T H I  

Q 9A 2 K 4  
Q 9M 7 R 2  

SODF SOYBN 

SODF N I C P L  

AAK 6 2 6 1 5 
SODF ARAT H  

Q 9 F E 2 1 

0 6 5 3 2 7  
Q 9 LU 6 4  
0 8 2 5 8 3  

Q 4 2 6 8 3  

Q 9 Z WM 8  

Q 9 SNQO 
Q 9FMXO 

Q 9 LWS3 

SODF SYNP7 

SODF SYNY3 

LGFDV- - - - WEHAYYLDYQNRR- - - - -ADDVN KLWE - I I DWDVVEKR L- - - - - - - - - - - - 1 9 3 
LGFDV - - - -WEHAYYLTYQNRR - - - - -ADHLKD LWS - IVDWD IVESRY - - - - - - - - - - - - 1 9 1 

LG I D I - - - -WEHAYYLDYENRK- - - - - P D H I RAVLDKLVNWRVVEERLKA- - - - - - - - - - 2 3 2 

LTCDV- - - -WEHAYYIDYRNLR- - - - - PKYVEAFWNL -VNWAFVAEQFEGKTFKA- - - - - 1 9 7 
LTCDV- - - -WEHAYY I D Y RNLR- - - - - PKYVEAFWNL -VNWAFVAEQFEGKTYKV- - - - - 1 9 8  
LTCDV- - - -WEHAYY I D Y RNLR- - - - - P K YVEAFWNL-VNWDFVAKQFAS - - - - - - - - - - 1 9 3  
LTCDV- - - -WEHAYYIDYRNLR- - - - - P KYVEAFWNL -VNWDFVAKNFAA- - - - - - - - - - 1 9 2  
LTCDV- - - -WEHAYYIDYRNLR- - - - - P K YVEAFWNL-VNWDFVAANYAA- - - - - - - - - - 1 9 3  
LTVDV- - - -WEHAY Y I D Y RNAR - - - - - P G Y LE HFWAL-VNWEFVAKNLAA- - - - - - - - - - 1 9 3  
LTVDV- - - -WEHAYY I D Y RNAR- - - - - P G Y L EHFWAL -VNWEFVAKNLAA- - - - - - - - - - 1 9 3  
LTVDV- - - -WEHAYY I D YRNAR- - - - - P G Y L EHFWAL -VNWEFVAKNLAA - - - - - - - - - - 1 9 2  
LTVDL- - - -WEHAYY I D YRNVR- - - - - P DYMNGFWAL -VNWDFVAE DRQLS - - - - - - - - - 2 0 0  
LTVDL - - - -WEHAYY I D YRNLR- - - - - P DYMNGFWAL-VNWEFVAREP SAF - - - - - - - - - 1 9 5  
LTVDL - - - - WEHAYY I D YRNVR- - - - - P D YMNGFWAL -VNWDFVAQNLAK - - - - - - - - - - 1 9 4  
LTVDL - - - - WEHAYY I D YRNLR- - - - - P SYMDGFWAL-VNWDFVSKNLAA - - - - - - - - - - 1 9 3  
LTCDV - - - -WEHAY Y I D Y RN S R - - - - - PNYLKGFWE I -VNWDEVAKRFAALS - - - - - - - - 1 9 5  
LTCDV- - - - WEHAYY I D YRNSR- - - - - PNYLKGFWE I -VNWDEVAKRFAALS - - - - - - - - 1 9 5  
L TCDV- - - -WEHAYY I DYRNS R- - - - - P NY LKGFWE I -VNWDEVAKRFAA- - - - - - - - - - 1 9 3  

LTCDV- - - - WEHAYYI DYRNAR- - - - - P KY LENFWAL-VNWEFAAKNFA- - - - - - - - - - - 1 9 2  
LTCDV- - - - WEHAY Y I DYRNRR- - - - - P D Y I EAFWSL -VNWDFASS NLK - - - - - - - - - - - 1 9 2  
MTCDV- - - - WEHAYY I DTRNDR- - - - - PKYVNNFWQV-VNWDFVMKNFKS - - - - - - - - - - 1 9 3  
LTCDV- - - - WEHAF Y I DYKNDK - - - - -AKYVQSFWGA -VNWDFVA S NFPQGELRASKL - - 2 3 0  
LCCDV- - - -WEHAYY I D YKNDR- - - - - L S Y I NSWWNL- VNWDFANKNLEAPFKWS - - - - - 1 9 9  
LCCDV- - - -WEHAY Y I DYKNDR- - - - - L S Y I NSWWNL -VNWDFANKNLEAPFKWS - - - - - 1 9 9  

LTCD I - - - - WEHAY Y I DYRNDR- - - - -ASYVKAWWNL -VNWNFANENLKKAMKK - - - - - - 1 9 8  
LCCDV- - - -WEHAYYLDRKNDR- - - - - PA Y I KAWWNV -VNWDFAS KNLENALK - - - - - - - 2 0 1  
LTCDV- - - -WEHAYYVDYKNDR- - - - -AAYVQTFWNV -VNWKNVE RQL - - - - - - - - - - - - 1 9 5 

LTCDV- - - - WEHAYYVDYKNDL - - - - - AGYVQAFWNV-VNWKNVE RQL - - - - - - - - - - - - 1 9 5  
LACDV- - - - WEHAYY I DYKNDR- - - - - PAYVQTFWNE -VNWAHAE EQLLKS - - - - - - - - - 1 9 8  
LTCD I - - - -WEHAY Y I DYRNDR - - - - - AS YVNAFWNM -VDWD FASSQL - - - - - - - - - - - - 1 9 5 
LACDV- - - -WEHAY Y I DYRNKR - - - - - P D YVD I F I KH M I NWKFVEDN - - - - - - - - - - - - - 2 0 6  
LACDV- - - -WEHAY Y I DYRNKR- - - - - S D Y I D I F I RH M I NWKFVEDN - - - - - - - - - - - - - 2 0 6  
LVVDV- - - -WEHAY Y I DHKNAR - - - - - PVYLEKFYGH - INWHFVSQCYEWAKKEGLGSVD 2 0 2  
LVVDV- - - -WEHAY Y I D HKNAR- - - - - PVYLEKF YGH - INWHFVSQC YEWAKKE GLGSVD 2 0 2  
LVVDV- - - -WEHAY Y I D H KNAR - - - - - PVYLEKFYGH - INWHFVSQCYEWAKKEGLGSVD 2 0 2  

LVVDV- - - -WEHAYY I D HKNAR- - - - - PVYLEKFYGH - INWHFVSQCYEWAKKEGLGSVD 2 0 2  

LVVDV- - - - WEHAY Y I D HKNAR- - - - - PVYLEKF Y G H -VNWHFVSQCYEWAKKEGLGSVD 2 0 2  

LVVDV- - - -WEHAY Y I D HKNVR- - - - - PVYLEKFYGH - INWHFVSQCYEWAKKEGLGSVD 2 0 2  
LVVDV- - - -WEHAY Y I D H KNVR- - - - - PVYLEKFYGH - INWHFVSQC YEWAKKEGLGSVD 2 0 2  
LVVDV- - - -WEHAYYVDHRNAR- - - - - PAYLEKFYAH - INWEFVAKAYEWALKEGMGSVS 2 1 0 
LVVDV - - - -WEHAYYVDHRNAR- - - - - PAYLEKFYAH - I NWEFVAKAYEWALKEGMGSVS 2 1 0 
LTCDV - - - -WEHAY Y I DTRNNR - - - - -AAYLEHWWN-VVNWKFVEE Q L - - - - - - - - - - - - 1 9 0  

VVADV- - - -WEHAYY LDYQNLR- - - - - K GF LEAVFD N L I NWTLAD SQYAAAKSGAQGWAY 2 0 2  
LT I DV- - - -WEHAYYLDFQNRR- - - - - P D Y I SVFMDKLVSWDAVSSRLEQAKALSA- - - - 2 4 5  
LT I DV- - - -WEHAYYLDFQNRR- - - - - P D Y I SVFMDKLVSWDAVSS RLEQAKA L I T SA - - 2 4 8  

LT I DV- - - -WEHAYYLDFQNRR - - - - - P D Y I S I FMEKLVSWEAVSS RLKAATA- - - - - - - 2 0 2  

LT I DV- - - -WEHAYYLDFQNRR - - - - - P D Y I KTFMTNLVSWEAVSARLEAAKAASA- - - - 2 1 2 
LT I DV- - - -WEHAYYLDFQNRR- - - - - P D Y I KTFMTNLVSWEAVSARLEAAKAASA- - - - 2 3 4  
L T I DV- - - -WEHAYYLDFQNRR- - - - - P D Y I KTFMTNLVSWEAVSARLEAAKAASA- - - - 2 1 2 
L T I DV- - - -WEHAYYLDFQNRR- - - - - P D Y I K T FMNNLVSWEAVSS RLEAAKAASA- - - - 2 1 2 
L T I D T - - - -WEHAYYLDFENRR- - - - - A E Y I N T F MEKLVSWE TVSTRLESAI ARAVQREQ 2 7 5  
LVVDV- - - -WEHAYYLDYQNRR- - - - - P DFVS TFMDKLI SWEAASARLEAAMAQAAEAQA 2 6 8 
LTVDV- - - -WEHAYY I DVQNRR- - - - - P D Y I T TFMEK L I NWDAVAQRYARATK - - - - - - - 2 3 4  
INLDL - - - -WEHAYY LDYKD D R- - - - - RMYVTNF I D H LVSWDTVT LRMMRAEAFVNLGEP 2 5 0  

LN I D I STFVFQHAYYLD Y K D D R - - - - - RMYVTNF I DH LVSWDTVT LRMMRAEAFVNLGEP 2 5 4  
I CVDV- - - -WEHSYYLDYKNDR - - - - - AKY I N TFLNHLVSWNAAMSRMARAEAFVNLGEP 2 5 8  
- - - - - - - - - HSHAYYLD Y E D RR - - - - - SDYVSTFLEKLVSWETVES RLKKAVQRAVERDE 2 3 9  

L T I DV- - - -WEHAYYLDYQNRR- - - - - P DY I S TFVEKLANWDFASANYAAAI A- - - - - - - 2 0 1 

LTMDV- - - -WEHAYYLDYQNRR- - - - - P D Y I AD F LGKLVNWDFVAANLAAA- - - - - - - - - 1 9 8  
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0 5 0 2 5 7  

Q 9RFQ4 

Q 9R 6 Y 6  

S O D F  P LE BO 
AAK8 6 6 8 3  

Q 9 8 5 K3 

C AC 4 5 5 4 5  
SODF RH I ME 
AAK 8 8 8 6 2 

0 3 0 97 0  

0 1 5 6 4 1 

0 0 2 6 1 5 

Q 9 5 0 5 1  
Q 9 5 0 5 2 

0 4 3 9 5 7  

0 8 4 9 2 4  

SODM LACLA 
AAK 9 9 4 7 8  

SODM STRPN 

AAK7 4 9 0 4  

Q 9AGW 1 

SODM STRAG 

SODM STRPY 

SODM STRMU 

AAF 6 4 0 7 4  
SODM BACCA 

Q 9 LBF 6 

SODM BAC S T  

SODM BAC S U  

0 8 6 1 6 8  
Q 9 Z F 3 8  

Q 9 KD 1 0 

SODM L I SMO 

SODM L I S I V  
BAB 5 7 7 1 5 

Q 9 Z 5W 5  

Q 9K 4 V 3  
Q 9F 3 2 6  
BAB5 6 2 9 5  

Q 9 9 X 8 2  

Q 9 E Z Z 2  

S O D 2  P LEBO 

SOD3 P LEBO 
SOD 1 P LEBO 

SODM PASHA 

Q 5 9 1 3 3  

SODM HAEDU 
SODM PASMU 

SODM HAE I N  

BAB 3 8 2 5 7  
AAG 5 9 1 0 2  
SODM E C O L I  

SODM SALTY 

SODM YEREN 

Q 9 RUV2 
SODM BUCAI 

SODM XANCP 

SODF METJ 

Q 9PAA4 
SODM P S E P U  
Q 9WWG7 

L T I DV- - - -WEHAYYLDYQNKR- - - - - PDYVKAF F EKLVNWDEVATRL - - - - - - - - - - - - 1 9 6  

LTLDV- - - -WEHAY Y I DFRNAR- - - - - P AF I KNFLDNLVNWDFAAENLAKA- - - - - - - - - 2 0 0  

LTLDV- - - -WEHAY Y I D F RNAR- - - - -P AF I KNYLDNLVNWDFAAANYAKA- - - - - - - - - 2 0 0  

LTLDV- - - -WEHAY Y L D FQNAR- - - - -P AF I KNFLDNLVNWDFVAQNLAA- - - - - - - - - - 1 9 9  

LGVDV- - - - WE H S Y Y I DY RNLR- - - - -P KYLEAFVDNL I NWDYVLERYEAAAK- - - - - - - 2 0 0  

LGVDV- - - - W E H S Y Y I D Y RNAR- - - - - PKYLEAFVD S L I NWDHVLELYE KAK - - - - - - - - 1 9 9  

LGVDV- - - -WEHSYY I DYRNAR- - - - - PKYLEAFVD N L I NWDYVLELYEAAAK- - - - - - - 2 0 0  

LGVDV- - - -WEHSYY I D YRNAR- - - - -P KYLEAFVDNL I NWDYVLE L YEAAAK - - - - - - - 1 9 9  
LGCDV- - - -WEHSYY I DFRTKR- - - - - PAYVENFLDNLVNWQAVAARL - - - - - - - - - - - - 2 4 0  

LGCDV- - - -WEHSYY I DF RNKR- - - - - PAYLTNFLDKLVNWENVASRM- - - - - - - - - - - - 2 0 0  

FTADV- - - - GE HAYYKDFENRP - - - - - RDYLKELWQI -VDWEFVCQMYEKATK - - - - - - - 2 3 0  
- - - DCAP - - - - S SQWMCGSMRT - - - - - TRTLKTAGRI - T - - - - - - - - - - - - - - - - - - - - - 2 1 1  

LCVDT 
LCVDT 

LTVDT 

WE HAWY I D YENRK - - - - - AEYFNKFWDA- CNWEFLEKNLKAAGLI - - - - - - 1 9 5  
WE HAWY I DYENRK- - - - -AEYFNKFWGV-VNWNFVEENLKKAKLI - - - - - - 1 9 5  
WE HAWY I DYENRK - - - - -AEYFKNYWNH -VNWNFVEQNLKAAGL - - - - - - - 1 9 4  

LGLDV- - - -WEHAYYLKYKNVR- - - - - P D Y INAFWSV-VNWDKVNEYFAKA- - - - - - - - - 2 0 1  

LG LDV- - - - WEHAYYLKYHNVR- - - - - P D Y I EAFFN L -VNWDKVNE LYAKAK- - - - - - - - 2 0 6  
LGLDV- - - -WEHAYYVKYRNVR- - - - - P D Y I KAFFSV- I N WNKVD ELYAAAK- - - - - - - - 2 0 1 

LGLDV- - - -WEHAY YVKYRNVR- - - - - P D Y I KAFFSV- I NWNKVDELYAAAK- - - - - - - - 2 0 0  

LGLDV- - - -WEHAYYVKYRNVR- - - - - P D Y I KAFFSV- I NWNKVDELYAAAK - - - - - - - - 2 0 1 

LGLDV- - - -WEHAYYVKYRNVR- - - - - P D Y I KAFFSV- I NWNKVNELYAAAK - - - - - - - - 2 0 1 

LGLDV- - - -WEHAYYLNYRNVR- - - - - P N Y I KAFFE I - I NWNKVNELYQAAKA- - - - - - - 2 0 1 

LALDV- - - -WEHAYYLNYRNVR- - - - -P N Y I KAFFE I - I NWKKVSELYQAAK- - - - - - - - 2 0 0  

LALDV- - - -WEHAYYLNYRNVR- - - - -P NY I KAFFEV- I NWNTVARLYAEALTK- - - - - - 2 0 2  

LGLDV- - - -WEHAYYLKYQNRR- - - - - P E Y I AAFWN I -VNWDEVAKRYSEAKAK - - - - - - 2 0 4  

LGLDV- - - -WEHAYYLKYQNRR- - - - - P E Y I AAFWN I -VNWDEVAKRY S EAKAK- - - - - - 2 0 3  

LGLDV- - - -WEHAYYLKYQNRR-- - - - P E Y I AAFWNI -VNWDEVAKRY S E A KAK - - - - - - 2 0 4  

LGLDV- - - -WEHAYYLKYQNRR- - - - - P E Y I AAFWNV-VNWDEVAKRY SEAKAK - - - - - - 2 0 3  

LGLDV- - - -WEHAYYLNYQNRR - - - - - P D Y I SAFWNV-VNWDEVARLY S D E NNGTNKVLI 2 0 9  

LG LDV- - - -WEHAYYLNYQNRR - - - - - P D Y I SAFWNV-VNWDEVARLYSEAK - - - - - - - - 2 0 2  

LGLDV- - - -WEHAYY LNYQNRR - - - - - P D Y I KAFWNV-VNWDEVAP L Y S E A K - - - - - - - - 2 0 2  

LGLDV- - - -WEHAYYLNYQNRR - - - - - P D Y I SAFWNV-VNWDEVAKRYNEAK - - - - - - - - 2 0 2  

LGLDV- - - -WEHAY Y LKFQNRR- - - - - P E Y I E TFWNV- I NWDEANKRFDAAK - - - - - - - - 2 0 2  

LGLDV- - - -WEHAY YLKFQNRR- - - - - P E Y I DTFWNV- I NWDERNKRFDAAK - - - - - - - - 2 0 2  

LGLDV- - - -WEHAY Y LKYQNKR- - - - - P D Y I GAFWNV-VNWEKVDELYNATK- - - - - - - - 1 9 9  

LGLDV- - - -WEHAY YLKYQNKR- - - - - P D Y I GAFWNV-VNWEKVDELYNA T K - - - - - - - - 1 9 9  

LGLDV- - - -WEHAY Y L KYQNKR- - - - - P D Y I SAFWNV-VNWEKVDELYNAAK- - - - - - - - 1 9 9  

LGLDV- - - - WEHAYYLKYQNKR- - - - - P D Y I DAFWNV-VNWNKVDELYEAA T K - - - - - - - 2 0 1 

LLFDV- - - -WEHAYYLKYQNKR - - - - - P D YMTAFWN I -VNWKKVDE LYQAAK - - - - - - - - 1 9 9 

LLFDV- - - -WEHAY Y L KYQNKR- - - - - P D YMTAFWNI -VNWKKVDELYQAAK - - - - - - - - 1 9 9 

LLFDV- - - -WEHAY Y LKYQNKR- - - - -P DYMTAFWN I -VN - - - - - - - - - - - - - - - - - - - - 1 8 7  

MGNDV- - - -WEHAYY L KYQNRR- - - - -P E Y L NAWWNV- LNWEE I NRRFDAAMSGH - - - - - 2 0 6  

MGNDV- - - - WEHAYYLRYQNRR- - - - -A D YLNNWWNV-VNWNE INRRFQAASQQQARS - - 2 3 9  
LGNDV- - - -WEHAYY LKYQNRR- - - - -A E Y LTNWWNV-VNWQAVNQRYAQAQRK- - - - - - 2 4 8  

LVLDV-- - - WEHAYY LNYQNRR- - - - - P D F I KAFWNV-VNWDEAARRF EEKVATCGCAK- 2 1 3  

LALDV- - - -WEHAYY LHYQNRR- - - - - P D Y I KAFWNV-VNWDEAARRF EEHAS HCGCAK- 2 1 3 

F TLDV- - - -WEHAYY LHYQNRR- - - - - P D Y I KAFWNV-VNWDEASRRF E E KQAGCGCTK- 2 1 2  

LGLDV- - - -WEHAYY LKFQNRR- - - - -P D Y I KEFWHV-VNWD FVAERFEKKVEHCNCTK- 2 1 4 

LGLDV- - - -WEHAYYLKFQNRR- - - - -P D Y I KEFWNV-VNWDFVAERFEQKTAHSNCAK- 2 1 4 

LGLDV- - - -WEHAY Y L KFQNRR- - - - -P D Y I KEFWNV-VNWDEAAARFAAKK - - - - - - - - 2 0 6  

LGLDV- - - -WEHAYYLKFQNRR- - - - -P D Y I KEFWNV-VNWDEAAARFAAKK- - - - - - - - 2 0 6  

MGLDV- - - -WEHAY Y LKFQNRR- - - - - P D Y I KEFWNV-VNWDEAAARFAAKK- - - - - - - - 2 0 5  

LGLDV- - - -WEHAY Y LKFQNRR- - - - - P D Y I KEFWNV-VNWDEAAARFALK - - - - - - - - - 2 0 4  

VGLDV- - - -WEHAYYLKFQNRR- - - - - P D Y I KAFWNV-VNWDEAAARFAQAK- - - - - - - - 2 0 7  

LGVDV- - - -WEHAYYLNYQNRR- - - - - P D YLAAFWNV-VNWDEVSKRYAAAK - - - - - - - - 2 1 1 
I GLD I - - - -WEHAYYLKYQNRR- - - - - L D Y I KSFWNV-VNWEEASNRLQK- - - - - - - - - - 2 0 3  

LGLDV- - - -WEHAYYLKYQNRR- - - - - P E Y I GAFYNA-VNWEEVERRYHAA I A- - - - - - - 2 0 3  

LGLDV- - - -WE HAY Y LKYQNRR- - - - - P E Y I GAFFNV-VNWDEVSRRYQEALA- - - - - - - 2 0 2  

L C L DV- - - -WEHAYY L HYQNRR- - - - -ADYVNAFYNV- INWD EVERRYVAAMS - - - - - - - 2 0 3  

F G L DV- - - -WEHAYY LKYQNRR- - - - -P E Y I GAFYNV- I D WAEVERRYLEALK - - - - - - - 2 0 3  
LGLDV- - - -WEHAYY LRYQNRR- - - - -P E Y I NAFYNV- I NWDEVSRRYQAALA- - - - - - - 2 0 3  
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S O D M  PSEAE 

S O D M  BORPE 

S O D M  CHLRE 

S O DM AC I CA 
Q 9 P C 6 0  

Q 9A 7 E 6  

Q 9 KW8 7 

Q 9 KW8 5 
AAK 5 3 1 6 6  

Q 9KNN7 

AAK 5 3 1 6 5  

AAK5 3 1 6 4 

AAK 5 3 1 6 7 
AAK 5 3 1 6 3  

AAK 5 3 5 4 7  

Q 9KW 8 6  

SODM THETH 
SODM

_
THEAQ 

S O DM BORBU 

P 9 6 2 0 1  

SODF METTH 
SODF METTM 

Q 9 P 9 I 6  

SODF PYRAE 

SODF AERPE 
SODF SULSO 

BAB 6 7 3 9 3  

SODF SULAC 

SODF AC IAM 

Q 9KCK8 
SODF BAC S U  

BAB 62 4 1 2  

Q 9 APY3 

Q 9 F 9R 1  
Q 9AMO O 

SODM MYCAV 

SODM MYC LP 

SODM MYC LE 
SODM MYC FO 

SODM MYC SM 

SODM NOCAS 

SODF MYCTU 

SODM PROFR 
Q 9 X 4 6 9  

SODF STRCO 

Q 9X 6N3 

Q 9 HQF 1 
S O D 1  HALCU 

SOD 1 HALSG 

Q 9 HQ4 7 
SODM HALHA 
SOD2 HALSG 

SOD2 HALVO 

500 1 HALVO 

SODM HALMA 
SODF

_
AQUAE 

SODF
_

AQUPY 

BAB 5 9 2 0 1  

Q 9 HM5 6 

CAC 4 2 4 1 2  
SODM ALCEU 

LGLDV- - - - WEHAYYLKYQNRR- - - - - P E Y I GAFYNV- I DWREVARRYAQALA- - - - - - - 2 0 3  

LGLDV- - - -WEHAY Y LQYQNRR- - - - - P E Y I EAFYRV-VDWAEVARRYE IALAELGREAA 2 1 1  

LGLDV- - - -WEHAYYLKYQNRR- - - - - P E Y I AAWWNV-VNWEQVAENYKAAQAGTVP L - - 2 1 8  

LGLDV- - - -WEHAYYLKYQNRR- - - - -ADY I KAFWSV-VNWNKVNERYNEA I KK - - - - - - 2 2 8  
LALDV- - - -WEHAYY L KYKYKR - - - - -ADYLNAWWTV-VNWNEVNH L F EVAKKEQHNLNH 2 4 2  

LANDV- - - - WEHAYYLKHQNNR- - - - - GAYLGGWWQV-VNWNKANALFDAAAR- - - - - - - 2 3 8  
LALDV- - - -WEHAY Y I S YQNRR- - - - - P E Y I D AWWNV-VNWRAVEENYARALV- - - - - - - 2 0 2  

LALDV - - - -WEHAYY I RYQNRR- - - - - P E Y I D AWWNV-VDWQVVEQNYAQA I G - - - - - - - 2 0 2  
LALDV- - - -WEHA Y Y I RYQNRR- - - - - PE Y I DAWWNV-VNWEAVS ENYAIALTQAA- - - - 2 0 5  

LALDV- - - -WEHAY Y I RYQNRR- - - - - P E Y I D AWWNV-VNWEAVSENYAIALTQAA- - - - 2 2 2  
LALDV- - - -WEHAY Y I RYQNRR- - - - - P E Y I D AWWNV-VNWEAVSENYAIALTQAA- - - - 2 0 5  

LALDV- - - - WEHAY Y I RYQNRR- - - - - P E Y I D AWWNV-VNWEAVSENYAIALTQAA- - - - 2 0 5  

LALDV- - - -WEHA Y Y I RYQNRR- - - - - P E Y I D AWWNV-VNWEAVSENYAIALTQAA- - - - 2 0 5  
LALDV- - - - WEHAYY I RYQNRR- - - - -P E Y I D AWWNV-VNWEAVSENYAIALTQAA- - - - 2 0 5  

LALDV- - - - WEHAYY I RYQNRR - - - - - P E Y I D AWWNV -VNWEAVSENYAI ALTQAA- - - - 2 0 5  

LALDV - - - - WE HAYYI RYQNRR - - - - - P E Y I D AWWSV-VNWEAVSENYAI A LTQAA- - - - 2 0 5  

VG I DV- - - - WEHAYYLKYQNRR - - - - -ADYLQAI WNV- LNWDVAEEFFKKA- - - - - - - - - 2 0 3  
VG I DV- - - -WEHAYYLKYQNRR- - - - -ADYLQAI WNV- LNWDVAE E I YKGA - - - - - - - - - 2 0 3  

L G I DV- - - -WEHAYYLKYQNRR- - - - - I E YVDAFLKA- LNWEEVSKVYNEVIN - - - - - - - 2 0 3  

LTMDV- - - -WEHAYYLKYQNRR- - - - - P E Y I D Y F F D I - INWKKCEEYYNNR- - - - - - - - - 2 2 7  

LVLDV- - - -WEHAY Y I D YRNVR - - - - - PDYVEAFWNI -VNWKEVE KRFED - - - - - - - - - - 2 0 3  
MVLDV- - - -WEHAY Y I DYRNVR - - - - - PDYVEAFWNI -VNWKEVE KRFDD - - - - - - - - - - 2 0 0  

MD LDT - - - -WE HAYYI DYRNDR- - - - - AKF I EAFWNI -VDWEE I D KYFRK - - - - - - - - - - 2 0 0  

LALDV- - - -WEHAYYLQYKNDR- - - - - GS YVDNWWNV -VNWDDVERRLQK- - - - - - - - - - 2 0 1  

LVIDV- - - -WEHAYYLQYKNDR- - - - - GSYVENWWNV -VNWDDVEKRLEQ - - - - - - - - - - 2 0 1  
L I LD E - - - -FEHAYYLQYKNKR- - - - -ADYVNAWWNV-VNWDAAEKKLQK- - - - - - - - - - 2 0 6  

L I LD E - - - - FE HAYYLQYKNKR- - - - -ADYVNAWWNL -VNWD EADKKLQK - - - - - - - - - - 2 0 7  
L IVDE - - - -FE HAYYLQYKNKR- - - - - GDYLNAWWNV -VNWDDAEKRLQK - - - - - - - - - - 2 0 6  

L I LDE - - - -F E HAYY LQYKNKR- - - - - ADYVNNWWN L -VNWDFADKKLQQ - - - - - - - - - - 2 0 7  
LPLDV- - - -WEHAYYLQYKNER - - - - - KDY I ENWWNV -VNWDAVEKRYNA- - - - - - - - - - 2 8 4  
LPLDV - - - -WEHAYYLQYKNDR - - - - - ASYVDHWWNV-VDWREAEKRFEQ - - - - - - - - - - 2 7 2  

LMLDM- - - -WEHAFY LQYKNVK - - - - - ADYVKAVWNV- FNWDDAAARFAA- - - - - - - - - - 1 9 7 
LMLDM - - - -WEHAFY LQYKNVK - - - - -ADYVKAVWNV- FNWDDAAARFAA- - - - - - - - - - 1 9 7 

LQVDM - - - -WEHAFY LQYKNVK- - - - - ADYVKAFWNV-VNWADVQKRYAA- - - - - - - - - - 1 9 6  
LQVDM - - - -WEHAFY LQYKNVK- - - - -ADYVKAFWNV-VNWADVQKRYAA- - - - - - - - - - 1 9 9  
LQVDM - - - -WEHAFYLQYKNVK- - - - -ADYVKAFWNV-VNWADVQKRYAA- - - - - - - - - - 1 9 5  
LQVDM- - - -WEHAFY LQYKNVK - - - - -ADYVKAFWNV-VNWADVQKRYTA- - - - - - - - - - 1 9 5  

LQVDM- - - -WEHAFYLQYKNVK - - - - -ADYVKAFWNV-VNWADVQSRYMA- - - - - - - - - - 1 9 5  
LQVDM- - - -WEHAFYLQYKNVK- - - - -ADYVKAFWNV-VNWEDVQNRYAA- - - - - - - - - - 1 9 5  

LQVDM- - - -WEHAFYLQYKNVK - - - - -ADYVKAFWNV -VNWDDVQNRFAA- - - - - - - - - - 1 9 5  

LQVDM- - - -WEHAFY LQYKNVK - - - - - ADYVTAFWNV -VNWADVQDRFGK- - - - - - - - - - 1 9 5  

LLLDM- - - -WEHAFYLQYKNVK- - - - -VDFAKAFWNV-VNWADVQSRYAA- - - - - - - - - - 1 9 6  

LQLDM - - - -WEHAFY LQYKNVK - - - - -GDYVKSWWNV-VNWDDVALRFSE - - - - - - - - - - 1 9 7 
LVFDA- - - -WEHAFY LQYKNQK - - - - -VDF I E AMWAV-VNWQDVAKRHAA- - - - - - - - - - 2 0 3  
LVFDA- - - - WEHAFY LQYKNQK - - - - -VDF I DAMWAV-VNWQDVARRYEA- - - - - - - - - - 2 0 0  

LVFDA- - - -WEHAFYLQYKNQ K - - - - -VD F I EAMWQV-VN WQDVAKRYAA- - - - - - - - - - 2 0 1  
LALDV- - - -WEHSYYYDYGPDR - - - - - GSFVDAFFEV-VDWD E P TERFEQ - - - - - - - - - - 1 9 4 
LALDV - - - -WE H S YYYDYGP D R- - - - - GSFVDAF F EV-VDWD EP T ERFEQ - - - - - - - - - - 1 9 3 

LALDV - - - -WEHSYYYDYGPDR - - - - - GSFVDAFFEV-VDWD E P T ERFEQ - - - - - - - - - - 1 9 4  
LALDV- - - -WEHSYYYDYGPDR- - - - - GSFVDAFFEV- I DWDP I AANYDD - - - - - - - - - - 1 9 4 

LALDV - - - - WEHS YYYDYGPDR - - - - - GSFVDAF F EV- I DWD P I AANYDD - - - - - - - - - - 1 9 4 
LALDV- - - - WEHS YYYDYGPDR - - - - - GS FVDAF F EV- I DWDP I AANYDD - - - - - - - - - - 1 9 4 

LALDV- - - -WEHSYYHDYGPAR - - - - - GDFVSAFFEV-VDWD E P AARYEQ- - - - - - - - - - 1 9 3 
LALDV- - - - WEHSYYHDYGPAR- - - - -GDFVS AF F EV-VDWDEPAARYEQ- - - - - - - - - - 1 9 4 
LALDV- - - -WEHSYYYDYGPAR - - - - -GDF I DAFFEV-VDWDKAAEEYEK- - - - - - - - - - 1 9 7 
I V I D T - - - - YEHAYYVDYKNKR- - - - - P P Y I DAFFKN- I NWDVVNERFEK - - - - - - - - - - 1 9 9  
IVI D T - - - - Y E HAYYVDYKNKR- - - - - P P Y I DAF F KN- INWDVVNERFEK - - - - - - - - - - 1 9 9 
LTMDV- - - - YEHAYYVDYGAKR- - - - -APYLDAFMKN -VNWPVVLKRLE K- - - - - - - - - - 1 9 5 
LTMDV- - - - YEHAYYVDYGAKR- - - - -APYLDAF L KN-VNWPVVLDRLNR- - - - - - - - - - 1 9 5  

LALDM - - - - YEHS YHMDYGAKA - - - - -AAYVDAFMQN - I HWQRAA - - TR - - - - - - - - - - - 1 9 0 
LALDM - - - - YEHSYHMDYGAKA- - - - -AAYVDAFMQN - I H WQRAANLARGCRAGLTEAGT 2 0 3  
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AAH 1 0 5 4 8  

BAB2 2 0 9 5  

SODM MOUSE 

SODM RAB I T  
AAH 1 2 4 2 3  

SODM HUMAN 

SODM CAVPO 

SODM H O R S E  
AAK 9 7 2 1 4  

Q 9N B 6 6  

S O D M  CHAFE 

SODM CAEEL 

SOON CAEEL 
SODM ONCVO 

SODM DROME 

SODM C H LMU 

SODM C H L T R  
S O D M  C H L P N  

Q 9M 5 3 2  

SODM HEVBR 

SODM N I C P L  
Q 9 S M 6 4  
SODM CAPAN 

SODM P E A  

0 8 2 5 8 4  
Q 9 S RK 3  

SODM ARATH 

0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  
0 8 2 5 7 1  
P 9 3 6 0 6  

Q 4 3 1 2 1  

SODM ORYSA 
Q 4 3 8 0 3  

S O D P  MA I Z E  

SODN MA I Z E  

SODO MA I Z E  
SODM MA I Z E  

Q 4 3 2 7 3  

Q 9 LY K 8  

SODM CANAL 

P 7 9 0 2 2  
S O D M  YEAST 

Q 9 P 9 4 5  

Q 9UQXO 

0 7 4 2 0 0  
Q 9 P 9 2 1  

AAK 8 2 3 6 9  

SODM GANMI 

Q 9 Y 7 7 3  
SODM AGABI 

S ODM A S P F U  

S O D M  P E N C H  

S O DM N E U C R  
S O D F  T E T P Y  

0 4 2 9 1 9  

0 7 4 3 7 9  
AAK8 0 5 1 6  

L G I DV- - - -WEHAYYLQYKNVR- - - - - PDYLKAIWNV- I NWENVTERYTA- - - - - - - - - - 2 1 9  

L G I DV- - - -WEHAYYLQ YKNVR- - - - - PDYLKAIWNV- I NWENVTERYTA- - - - - - - - - - 2 1 9  

L G I DV- - - -WEHAYYLQYKNVR- - - - - PDYLKAIWNV- INWENVTERYTA- - - - - - - - - - 2 1 9  

L G I DV- - - -WEHAYYLQYKNVR- - - - - PDYLKAIWNV- I TWENVTERYMA - - - - - - - - - - 2 0 0  
L G I D V- - - -WEHAYYLQYKNVR- - - - - PDYLKAIWNV- I NWENVTERYMA - - - - - - - - - - 2 1 9  
L G I D V- - - -WEHAYYLQYKNVR- - - - - PDYLKAIWNV- I NWENVTERYMA - - - - - - - - - - 2 1 9  

L G I DV- - - -WEHAYYLQLKNVR- - - - - PDYLKAIWKV- I KN S - - - - - - - - - - - - - - - - - - 2 1 1  

L G I DV- - - -WEHAYYLQYKNVR- - - - - P D Y LKA I WNV- I NWENVSERYMA- - - - - - - - - - 2 1 9  

L G I D V- - - -WEHAYYLQYKNVR- - - - - PDYLKA I WNV- I NWENAS S R Y E S - - - - - - - - - - 2 2 1  

FG I DV- - - - WEHAYYLQYKNVR- - - - - P D YVKAI WNV-ANWK D I TARFNA- - - - - - - - - - 2 1 6  

F G I DV- - - -WEHAYYLQYKNVRR IMLKP S G I S L I GR I - SLQGSMQQSKNA- - - - - - - - - - 2 1 8  

F G I DV- - - - WEHAYYLQYKNVR - - - - - P D YVNA IWKI -ANWKNVSERFAK- - - - - - - - - - 2 1 8  

F G I DV- - - -WEHAYYLQ YKNVR - - - - - P D YVHA IWKI -ANWKN I SERFAN - - - - - - - - - - 2 1 5  
F C I DV- - - - WEHAYYLQYKNLR- - - - - PDFVKAI WK I -ANWK I I S DRY I K - - - - - - - - - - 2 2 0  

F G I DV- - - - WEHAYYLQYKNVR- - - - - P S YVEA IWD I -ANWDD I SCRFQE - - - - - - - - - - 2 1 1  

LGVDV- - - - WEHAYYLQYKNAR- - - - - LDYLKNFP S I - I NWD Y I ESRFVE - - - - - - - - - - 2 0 2  

L GVDV- - - -WEHAYYLQYKNAR - - - - -MDYLKS F P S I - INWD Y I ENRFVE - - - - - - - - - - 2 0 2  

L GVDV- - - -WEHAYYLQYKNVR- - - - -MDYLKAF P Q I - INWG H I ENRF S E - - - - - - - - - - 2 0 2  

VG I DV- - - -WEHAYYLQY KNVR- - - - - P DYLKNI WKV-VNWKYASDI YAN - - - - - - - - - - 2 3 2  

LG I DV- - - -WEHAYYLQYKNVR- - - - - P D Y LKN I WKV-MNWKYASEVYAK - - - - - - - - - - 2 2 8  

LG I DV- - - -WEHAYYLQYKNVR- - - - -P D Y LKN I WKV-MNWKYANEVYEK - - - - - - - - - - 2 2 5  
LG I DV- - - -WEHAYYLQYKNVR- - - - -P D Y LKN IWKV- I NWKYASEVYEK - - - - - - - - - - 2 2 5  

LG I DV- - - -WEHAYY LQYKNVK - - - - - P D Y LKN I WKV- I N WKYAAEVYEK - - - - - - - - - - 2 2 5  

LG I DV- - - -WEHAYYLQYKNVR- - - - - P DYLKNI WKV- INWKHASEVYEK - - - - - - - - - - 2 3 0  

LG I DV- - - -WEHAYYLQYKNVR- - - - - P DYLKNI WGV- INWKYASEVY E K- - - - - - - - - - 2 3 7  
VG I DV- - - -WEHAYYLQYKNVR- - - - - P E YLKNVWKV- I NWKYASEVYEK - - - - - - - - - - 2 2 8  

VG I DV- - - -WEHAYYLQYKNVR- - - - -P E YLKNVWKV- I NWKYASEVYEK - - - - - - - - - - 2 2 8  

VG I DV- - - -WEHAYYLQYKNVR- - - - -P D YLKNVWKV- I NWKYASEVYEK - - - - - - - - - - 2 2 8  

L G I DV- - - -WEHAYYLQYKNVR- - - - - P D YLKNI WKV-VNWKYACEVYQQ - - - - - - - - - - 2 2 4  

L G I DV- - - -WEHAYYLQYKNVR- - - - -P D YLTN I WKV-VNWKYAGEEYEK - - - - - - - - - - 2 2 8  
L G I DV- - - -WEHAYYLQYKNVR - - - - -P D Y LTN I WKV-VNWKYAGEEYEK - - - - - - - - - - 2 2 1  

L G I DV- - - -WEHAYYLQYKNVR - - - - -P D YLTNIWKV-VNWKYAGEEYEK - - - - - - - - - - 2 2 8  

L G I DV- - - - WEHAYYLQYKNVR - - - - -P D YLSNIWKV-MNWKYAGEVYE N - - - - - - - - - - 2 2 8  

L G I DV- - - -WEHAY YLQYKNVR - - - - - P D Y LSNIWKV-MNWKYAGEV I E N - - - - - - - - - - 2 2 8  

L G I DV- - - -WEHAYYLQYKNVR- - - - - P D YLSNIWKV-MNWKYAGEVYEN - - - - - - - - - - 2 2 8  
L G I DV- - - -WEHAYYLQYKNVR- - - - -P D Y LNNI WKV-MNWKYAGEVYEN - - - - - - - - - - 2 3 0  

L G I DV- - - -WEHAY Y LQYKNVR- - - - -P D YLNN IWKV- MNWKYAGEVYEN - - - - - - - - - - 2 2 9  

L G I DV- - - -WEHAYY LQYKNVR- - - - -P D YLNNIWKV-MNWKYAGEVYEN - - - - - - - - - - 2 3 0  
L G I D V- - - - WEHAYY LQYKNVR- - - - - PD YLNNIWKV-MNWKYAGEVYEN - - - - - - - - - - 2 3 2 

L G I DV- - - -WEHAYYLQYKNVR- - - - - PD YLNNIWKV -MNWKYAGEVYEN - - - - - - - - - - 2 3 2  

I G I DV- - - -WEHAYYP QYKNAR- - - - -AEYLKNIWTV- INWKYAADVF E K - - - - - - - - - - 2 3 3  

I A I DA- - - -WE HAYYLQYQNVK - - - - -ADYFKNLWHV- INWKEAERRFEF - - - - - - - - - - 2 3 4  

V A I D A- - - -WEHAYYLQYQNVK - - - - -ADYFKAIWNV- INWKEAEKRYLI - - - - - - - - - - 2 2 6  
VAI DA- - - -WEHAYYLQYQNKK- - - - -ADYFKAIWNV-VNWKEASRRFDA- - - - - - - - - - 2 3 0  

L G I DA - - - -WEHAYY LQYQNRK- - - - -AEYFKAIWEV- INWKAVEKRFA- - - - - - - - - - - 2 2 3  

I G I D A- - - -WEHAYYPQYENRK - - - - -AEYFKAIWNV- INWKEAESRYSN - - - - - - - - - - 2 1 7  

L G I D A- - - -WEHSYYVQYLNNK - - - - - TKYFENIWNV- INWKVMNQRFEQ - - - - - - - - - - 2 2 0  
L G I DA- - - -WEHAYY I QYFNNK - - - - -VKYFENIWNV- I - - - - - - - - - - - - - - - - - - - - - 1 7 2  
I GVD I - - - -WEHAF Y LQYLNVK- - - - -ADY LNAIWNV- I N F E EAEKRYLE - - - - - - - - - - 1 9 9  

I GVD I - - - -WEHAFYLQYLNVK- - - - -ADYLAA I W I V- INFKEAERRL I E - - - - - - - - - - 1 9 7 
I GVD I - - - -WE HAFY LQYLNVK- - - - -VDYLNAIWSV- INF KEAEKRFTE - - - - - - - - - - 1 9 9  
I GVD I - - - -WE HAFYLQYLNVK - - - - -ADYLNAI WSV- I N F D EAQRRYVE - - - - - - - - - - 1 9 3 

FGVDM - - - - WEHAYY LQYLND K - - - - -ASYAKG IWNV- INWAEAENRYIA- - - - - - - - - - 1 9 9  

FGVDM- - - -WEHAYYLQYLNNK- - - - -AGYVEG IWKI - I HWAEAEKRYTA- - - - - - - - - - 2 0 2  
FGVDM- - - -WEHAYYLQYLNGK- - - - -AAYVENI WKV- INWKTAEERFQG- - - - - - - - - - 2 3 2  
L T I DV- - - -WEHAYY LDYQNLR- - - - - P K Y LTEVWKI -VNWREVEKRYLQ - - - - - - - - - - 1 9 3 

LNLCL- - - -WNHAYYKDYGLLNR- - - - SRY I DTWFDC - I DWSVI EERLTN S LA N S E Q S S H  2 7 5  

LCVNL- - - -WQYAYLDDYGLNGK- - - - KMY I TKWWDM- I NWTVVNNRFQATR I E S L- - - - 2 2 0  

MVLDV- - - -QEH S Y F KD F I ND K - - - - - GKYVE T F I NN - LDWK I LNDRFKAY I FQNKLRTL 2 0 0  
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S O D F  BACFR 

SODF PORGI 

AAK 8 8 7 2 4 

S O D G  P S E P U  
Q 9A I X 5  

Q 9WWG8 

SODF P SEAE 

Q 9 Z GN 1 

BAB 3 5 7 8 8  

AAG 5 6 6 4 5  

SODF ECOLI 

Q 9 RQQ7 
Q 9 RCFO 
Q 9 KQF 3 

SODF PHOLE 

Q 9 JUW9 

Q 9 JZV6 
Q 9 F 4 F 5  

SODF BORPE 

SODF LEGPN 

SODF COXBU 
Q 9 AXR7 

0 1 5 9 0 4  

SODF BABBO 
Q2 7 7 4 0  
0 7 7 0 7 1 

Q2 7 7 9 1  

0 0 2 6 1 6 
AAK5 2 8 1 4  

01 5 6 4 0  
AAL0 3 3 1 6  

SODF R I C P R  

Q 9 RM3 1 

SOOF HELPY 
Q 9 R2 E 7  

Q 9 S 6 R8 

SODF HELPJ 

Q 9 R2 E 8  
Q 9 R2 E 6  

SODF CAMCO 

SODF CAMJE 

SOOF ENTHI 
Q 9A2 K 4  
Q 9M7R2 

SOOF SOYBN 

SODF N I C P L  

AAK6 2 6 1 5 
SODF ARATH 

Q 9 FE 2 1  

0 6 5 3 2 7 
Q 9 LU 6 4  
0 8 2 5 8 3 

Q 4 2 6 8 3 

Q 9 ZWM8 

Q 9 SNQO 
Q 9FMXO 

Q 9 LWS 3 

SOOF SYNP7 

SODF SYNY 3 

- - - - - L I K - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 9  
- - - - - L I Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 9  

Y Y I NELVHKKA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3  

YY INELVHKKA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3  

Y Y I N E LVHKKA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3  

Y Y I N E LVHKKA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - 2 1 3  

Y Y I N E LVHKKA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3  

YY INELVHKKA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3  

Y Y I NELVHKKA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3 

FYANELHPVK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 0 

FYANELHPVK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 0 

PAPT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  

EGTETE D E ENPD D EVP - - - - - - - - - - -EVY LD S D I DVSEVD - - - - - - - - - -- - - - - - - - - 3 0 5  
AERARE E E ERRKEE EEDEETRDDGGOMKMYVD SDDDGLE D E - - - - - - - - - -- - - - - - - - - 3 0 9  

NI PVA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 5 5  
N I PVA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 5 9  
N I P I A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 6 3 

YVSTKH I RKQLLARAKS Q I RAMPQQVNGDAREQTSGQEKSLGV- - - - - - - - - - - - - - - - - 2 8 2 
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0 5 0 2 5 7  

Q 9R F Q 4  

Q 9 R 6 Y 6  

S O D F  P LEBO 
AAK 8 6 6 8 3  

Q 9 8 5 K 3  

CAC 4 5 5 4 5  

S O D F  R H I ME 
AAK 8 8 8 6 2 

0 3 0 9 7 0  

0 1 5 6 4 1 

0 0 2 6 1 5  

Q 9 5 0 5 1 

Q 9 5 0 5 2 

0 4 3 9 5 7  

0 8 4 9 2 4  

S O D M  LACLA 
AAK 9 9 4 7 8  

S O D M  S TRPN 

AAK 7 4 9 0 4  

Q 9AGW 1 

S O D M  S T RAG 

S O D M  STRPY 

S O D M  STRMU 

AAF 6 4 0 7 4  
S O D M  BACCA 

Q 9L B F 6 

S O D M  BAC S T  

S O D M  BAC SU 

0 8 6 1 6 8  
Q 9 Z F 3 8  
Q 9 KD 1 0  

S O D M  L I SMO 

S O D M  L I S I V 
BAB 5 7 7 1 5 

Q 9 Z 5 W 5  

Q 9K 4 V 3  
Q 9F 3 2 6  
BAB5 6 2 9 5  

Q 9 9X 8 2  

Q 9E Z Z 2  

S O D 2  P LEBO 

S O D 3  P LEBO 
SOD 1 P LEBO 

S O DM P A S HA 

Q 5 9 1 3 3  

S O DM HAEDU 
SODM PASMU 

SODM HAE I N  
BAB3 8 2 5 7  

AAG 5 9 1 0 2  
S O DM E C O L I  

S O D M  S A L T Y  

S O D M  YEREN 

Q 9 RUV2 
S O DM BUCAI 

S O DM XANCP 

SODF METJ 

Q 9 PA A 4  

SODM P SE P U  
Q 9 WW G 7  

MGPCFFMS S F Y I SRFE - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 5  
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SODM PSEAE 

SODM BORPE 

SODM CHLRE 

SODM A C I C A  
Q 9 P C 6 0  

Q 9A 7 E 6  

Q 9KW87 

Q 9KW8 5 
AAK 5 3 1 6 6  

Q 9 KNN 7 

AAK 5 3 1 6 5  
AAK 5 3 1 6 4  

AAK 5 3 1 67 
AAK 5 3 1 6 3  

AAK 5 3 5 4 7  

Q 9 KW 8 6  

SODM THETH 
SODM_THEAQ 
SODM BORBU 

P 9 6 2 0 1 

SODF METTH 
SODF METTM 

Q 9 P 9 I 6  

SODF PYRAE 

SODF AERPE 
SODF SULSO 

BAB 6 7 3 9 3 

SODF SULAC 

SODF AC I AM 
Q 9 KCK8 
SODF BAC S U  

BAB 6 2 4 1 2 
Q 9APY3 

Q 9 F 9 R1 

Q 9AM00 

SODM MYCAV 
SODM MYC L P  

S O D M  MYCLE 
SODM MYCFO 

SODM MY CSM 

SODM NOCAS 

SODF MYCTU 
SODM PROFR 
Q 9 X 4 6 9  

SODF STRCO 

Q 9 X 6N 3 

Q 9HQF 1 

SOD 1 HALCU 
SOD 1 HALSG 

Q 9 HQ4 7 

SODM HALHA 
SOD2 HALSG 

SOD2 HALVO 

SOD 1 HALVO 
SODM HALMA 
SODF

_
AQUAE 

SODF_AQUPY 

BAB 5 9 2 0 1 

Q 9 HM5 6 

CAC 4 2 4 1 2 
SODM ALCEU 

- - - - - - - - - - 1 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 5  
- - - - - - - - - - LF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 2  
- - - - - - - - - -MRK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 3  
- - - - - - - - - -ALN GQI ALKL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 1  
- - - - - - - - - -ALN NAKP LYLLPQ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 4 
- - - - - - - - - - Y L T K - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 0 
- - - - - - - - - - Y LN K- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 1  
- - - - - - - - - - Y LN K- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 0 
- - - - - - - - - - YMKK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 1  
- - - - - - - - - -AKQLRWTPY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 9 3  
- - - - - - - - - -AKEVVWKLY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 8 1 
- - - - - - - - - - ASK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -A S K - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -A T S KAQG L I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 7  
- - - - - - - - - -AT SKAQG L I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 0  
- - - - - - - - - -AT SKAQG L I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -A T S KTQG L I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -A T SKTQG L I F D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -ATSKTNG L I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - - ATSKTNG L I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -AVNQGKGL I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -ATSQTKGL I F G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 7  
- - - - - - - - - -ARVA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 1 
- - - - - - - - - -AKERGDSLLLKP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 5 
- - - - - - - - - -AKSRTNTLLLAP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 2 
- - - - - - - - - -AKERVNVLLLAP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 3 
- - - - - - - - - -AAERFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -AAERFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 9 9  
- - - - - - - - - -AAERFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -VVSLFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -VV SLFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -VVSLFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - - AVELFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 9 9  
- - - - - - - - - -AVELFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - - SVSHFE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 3  
- - - - - - -AMKAYEALKDF I K - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 2 
- - - - - - -AMKAY EALKD F I K - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 2 
- - - - - - - AKKAYEAFKS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 5  
- - - - - - - AKKAYEAFKS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 5  
- - - - - - - - - - FAAAVRD - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 9 7  
PMPNAT S S L E LAAALHGLNA P Q L I DVRRKPAFDASEQMI AGAAWRN P D E LGNW I ATLDAN 2 6 3  
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AAH 1 0 5 4 8  

BAB2 2 0 9 5  

SODM MOUSE 

SODM RAB I T  
AAH 1 2 4 2 3  

SODM HUMAN 
SODM CAVPO 

SODM HORSE 
AAK 9 7 2 1 4  

Q 9 NB 6 6  

SODM CHAFE 

SODM CAE E L  

S O O N  CAE EL 
SODM ONCVO 

SODM DROME 

SODM C HLMU 
SODM CHLTR 
SODM CHLPN 

Q 9 M 5 3 2  

SODM HEVBR 

SODM N I C P L 

Q 9 S M 6 4  

S O D M  CAPAN 

SODM PEA 

0 8 2 5 8 4  
Q 9 SRK3 

SODM ARATH 

0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  
0 8 2 5 7 1 

P 9 3 6 0 6  

Q 4 3 1 2 1  

SODM ORYSA 
Q 4 3 8 0 3 

SODP MAI Z E 

SOON MAI Z E 
SODO MAI Z E 
SODM MAI Z E 

Q 4 3 2 7 3 

Q 9 L Y K 8  

SODM CANAL 

P 7 9 0 2 2  
SODM YEAST 

Q 9 P 9 4 5  

Q 9 UQXO 

07 4 2 0 0  
Q 9 P 9 2 1  

AAK 8 2 3 6 9  

SODM GANMI 

Q 9 Y 7 7 3 

SODM AGABI 

SODM A S P F U  

SODM P E N C H  
S O D M  N E U C R  
SODF T E T P Y  

04 2 9 1 9 

0 7 4 3 7 9  

AAK 8 0 5 1 6 

- - - - - - - - - - CKK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2  
- - - - - - - - - - CKK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2  
- - - - - - - - - - CKK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2  
- - - - - - - - - - CK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 2  
- - - - - - - - - - CKK - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2  
- - - - - - - - - - CKK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2  

- - - - - - - - - - CKK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2  
- - - - - - - - - - CRK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 4  
- - - - - - - - - -AK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 8 
- - - - - - - - - - T S C S GA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - 2 2 4  
- - - - - - - - - -AQQ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 1  
- - - - - - - - - -ARQ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 8 
- - - - - - - - - -ARG - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 3  
- - - - - - - - - -AKKLGC - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 7 
- - - - - - - - - -MSK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 5  
- - - - - - - - - -MSKQ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - - I I S S K- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 7  
- - - - - - - - - - ECPSA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 7 
- - - - - - - - - - E C P S S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 3  
- - - - - - - - - - ECP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 8  
- - - - - - - - - - E S P - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 8  
- - - - - - - - - - ECP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 8  
- - - - - - - - - - E S S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 3  
- - - - - - - - - - E SA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 4 0  
- - - - - - - - - - ENN - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - - ENN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - - ECK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - - FTPLPA SRD - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 3  
- - - - - - - - - -VLA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - -VLA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 4  
- - - - - - - - - -VLA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1 

- - - - - - - - - -ATA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - -ATA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - -ATA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 1  
- - - - - - - - - -VLA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 3  
- - - - - - - - - -VLA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 2  
- - - - - - - - - -VLA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 3  
- - - - - - - - - -VLA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 5 
- - - - - - - - - -VLA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 5 
- - - - - - - - - - HTRDLD I N- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 4 1 

- - - - - - - - - -N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 7  
- - - - - - - - - - G K I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 3  

- - - - - - - - - - R- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 8 

- - - - - - - - - -AVGGA- - - -K L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -ATK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -GLSGS - - - - KL - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 6  
- - - - - - - - - -ATQGS - - - -KL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 0 0  
- - - - - - - - - -GDKGGHP FMKL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 0 
- - - - - - - - - -GVEN- - - PLKL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 1 0 
- - - - - - - - - - SREDAFADLKALL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 4 5  
- - - - - - - - - -A I E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 9 6  

I S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 7 7  

S RS D G D F GVCP FMSMQDTFY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 2 0  

2 1 0  



SODF BACFR 

SODF PORG I 
AAK 8 8 7 2 4  
SODG P S E P U  

Q 9 A I X 5  

Q 9 WWG8 
SODF P S EAE 

Q 9 ZGN 1 

BAB 3 5 7 8 8  
AAG 5 6 6 4 5  

S O D F  ECOLI 
Q 9 RQQ7 

Q 9 R C F O  

Q 9KQF3 

S O D F  PHOLE 
Q 9 JUW9 

Q 9 J Z V 6  

Q 9 F 4 F 5  

SODF BORPE 
SODF LEGPN 

SODF COXBU 

Q 9AXR7 

0 1 5 9 0 4  
SODF BABBO 

Q 2 7 7 4 0  

0 7 7 0 7 1 

Q 2 7 7 9 1 

0 0 2 6 1 6 
AAK 5 2 8 1 4 

0 1 5 6 4 0  

A AL 0 3 3 1 6 

S O D F  R I C P R  
Q 9RM 3 1 

S O D F  HELPY 

Q 9R2 E 7  

Q 9 S 6 R8 
SODF H E L P J  

Q 9R2 E 8  

Q 9 R2 E 6  

S O D F  CAMCO 

S O D F  CAMJE 
SODF ENTH I 

Q 9 A 2 K 4  

Q 9M 7 R2 

SODF SOYBN 
SODF N I C P L  
AAK 6 2 6 1 5 

SODF ARATH 

Q 9F E 2 1 

0 6 5 3 2 7  

Q 9 L U 6 4  

0 8 2 5 8 3  

Q 4 2 6 8 3  
Q 9 Z WM 8  

Q 9 SNQO 

Q 9 FMXO 

Q 9 LW S 3  

SODF SYNP 7 
SODF SYNY 3 

2 1 1 



0 5 0 2 5 7  
Q 9RFQ4 

Q 9R 6 Y 6  

SODF PLEBO 

AAK8 6 6 8 3  
Q 9 8 5K 3  

CAC 4 5 5 4 5  

SODF R H I ME 

AAK 8 8 8 6 2 
0 3 0 9 7 0  

0 1 5 6 4 1 

0 0 2 6 1 5  

Q 9 5 0 5 1 

Q 9 5 0 5 2  
0 4 3 9 5 7  

0 8 4 9 2 4  

SODM LACLA 

AAK 9 9 4 7 8  
SODM STRPN 

AAK 7 4 9 0 4  

Q 9AGW 1 

SODM STRAG 

SODM STRPY 

SODM STRMU 

AAF 6 4 0 7 4  

SODM BACCA 
Q 9 LBF 6 

SODM BAC S T  

SODM BAC S U  

0 8 6 1 6 8  

Q 9 Z F 3 8  
Q 9 KD 1 0  

SODM L I SMO 

SODM L I S I V 

BAB5 7 7 1 5  
Q 9 Z 5W 5  

Q 9K 4 V 3  

Q 9 F 3 2 6  

BAB 5 6 2 9 5  
Q 9 9X 8 2  

Q 9 E Z Z 2  

S O D 2  P LEBO 

SOD3 P LEBO 

S O D 1  P LEBO 
SODM P A S HA 

Q 5 9 1 3 3  

SODM HAEDU 

SODM PASMU 
SODM HAE I N 

BAB 3 8 2 5 7  
AAG 5 9 1 0 2  

SODM E C O L I  
SODM SALTY 

SODM YEREN 

Q 9RUV2 

SODM BUCA I  
S O D M  XANCP 

SODF M E T J  
Q 9PAA4 

SODM P S E P U  

Q 9WWG7 

2 1 2  



SODM PSEAE 

SODM BORPE 

SODM CHLRE 

SODM AC I C A  
Q 9 P C 6 0  

Q 9 A 7 E 6  

Q 9 KW 8 7  

Q 9 KW 8 5  
AAK 5 3 1 6 6  

Q 9 KNN7 

AAK 5 3 1 6 5  

AAK 5 3 1 6 4  
AAK5 3 1 6 7  
AAK 5 3 1 63 

AAK 5 3 5 4 7  

Q 9 KW8 6 

SODM THETH 
SODM_THEAQ 
SODM BORBU 

P 9 6 2 0 1 

SODF METTH 
SODF METTM 

Q 9 P 9 I 6  

SODF PYRAE 
SODF AERPE 
SODF SULSO 

BAB 6 7 3 9 3  

S O D F  SULAC 

SODF AC I AM 
Q 9 KCK8 
SODF BACSU 

BAB 6 2 4 1 2 

Q 9APY3 

Q 9 F 9Rl 
Q 9AMO O  

SODM MYCAV 

SODM MYC L P  

S O D M  MYC LE 
SODM MYCFO 

SODM MYCSM 

SODM NOCAS 

SODF MYCTU 

SODM PROFR 
Q 9 X 4 6 9  

SODF STRCO 

Q 9 X 6N3 

Q 9 HQF 1 

SOD l HALCU 
SOD l HALSG 

Q 9 HQ4 7 

SODM HALHA 
SOD2 HAL SG 

SOD2 HALVO 

S O D l  HALVO 

SODM HALMA 
SODF

_
AQUAE 

SODF_AQUPY 

BAB 5 9 2 0 1 

Q 9 HM5 6 

CAC 4 2 4 1 2  

SODM ALCEU RPVTVY CVHGHQVSQDCAALLEHLLLALARRF S YGNT 3 0 0  

2 1 3  



AAH 1 0 5 4 8  

BAB2 2 0 9 5  
SODM MOU S E  

S O D M  RAB I T  
AAH 1 2 4 2 3  

SODM HUMAN 

SODM CAVPO 

SODM HORSE 
AAK 9 7 2 1 4 

Q 9 NB 6 6  

SODM C HAFE 

SODM CAEE L 

SODN CAEE L 

SODM ONCVO 

SODM DROME 

SODM CHLMU 

SODM C H L T R  
S O D M  C HL P N  

Q 9M 5 3 2  

SODM HEVBR 

SODM N I C P L  
Q 9 S M 6 4  

S O D M  CAPAN 

SODM PEA 

0 8 2 5 8 4  
Q 9 SRK3 

SODM ARATH 

0 6 5 3 2 4  

Q 4 2 6 7 2  

Q 9 6 1 8 5  
0 8 2 5 7 1  

P 9 3 6 0 6  

Q 4 3 1 2 1 

SODM ORY S A  
Q 4 3 8 0 3  

SODP MA I Z E  

SODN MA I ZE 
SODO MA I Z E 
SODM MAI ZE 

Q 4 3 2 7 3  

Q 9 L Y K 8  

S O D M  CANAL 

P 7 9 0 2 2  
SODM YEAST 

Q 9P 9 4 5  

Q 9UQXO 

0 7 4 2 0 0  
Q 9 P 9 2 1 

AAK 8 2 3 6 9  

SODM GANMI 

Q 9Y 7 7 3  
SODM AGABI 

SODM A S P F U  

SODM P E N C H  

SODM NEUCR 
SODF TETPY 

0 4 2 9 1 9 

0 7 4 3 7 9  

AAK 8 0 5 1 6 

2 1 4  
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