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IMMUNOGENIC PROTEINS AND COMPOSITIONS / 

TECHNICAL FIELD / 

The invention provides proteins and compositions for the treatment and prevention of 

Streptococcus agalactiae (Group B streptococcus; GBS). / 

5 BACKGROUND ART / 

The Gram-positive bacterium Streptococcus agalactiae (or "group streptococcus", 

abbreviated to "GBS") causes serious disease, bacteremia ^md meningitis, in 

immunocompromised individuals and in neonates. There areiwo types of neonatal 

infection. The first (early onset, usually within 5 days oj^birth) is manifested by 

10 bacteremia and pneumonia. It is contracted vertically as a haby passes through the birth 

canal. GBS colonises the vagina of about 25% of young /omen, and approximately 1% 

of infants born via a vaginal birth to colonised mothe« will become infected. Mortality 

is between 50-70%. The second is a meningitis that occurs 10 to 60 days after birth. If 

pregnant women are vaccinated with type III capsule so that the infants are passively 

15 immunised, the incidence of the late onset rifeningitis is reduced but is not entirely 

eliminated. / 

The "B" in "GBS" refers to the Lancefield classification, which is based on the 

antigenicity of a carbohydrate wlfich is soluble in dilule acid and called the C 

carbohydrate. Lancefield identified 13 types of C carbohydrate, designated A to O, that 

20 could be serologically differenced. The organisms that most commonly infect humans 

are found in groups A, B, y, and G. Within group B, strains can be divided into 10 

serotypes (Ia3 lb, II, III, Pv, V, VI, VII, VIII and XI) based on the structure of their 

polysaccharide capsule/ 

Investigations ha/c been conducted into the development of protein-based and 

25 polysaccharide-b/sed vaccines against GBS but currently, no GBS vaccine is 

commerciailyifvaiJable. There therefore remains a need for effective vaccines against 

S. agalactia/] n feet io n. 

It is any&ject of the invention to provide proteins and immunogenic compositions which 

can housed in the development of such vaccines. 

30 
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DISCLOSURE OF THE INVENTION / 

Pilus structures in gram-positive bacteria are considered to be interesting vatcine 

candidates. GBS has three pilus variants, each encoded by a distinct pathogenicity 

island, PI-1, PI-2a and PI-2b [1,2]. Each pathogenic it)' island consists of 5 genes coding 

5 for: the pilus backbone protein (BP); 2 ancillary proteins (API and AP2Xand 2 sortase 

proteins that are involved in the assembly of the pili. All GBS strain s/carry at least one 

of these 3 pathogenicity islands and the sequences of the pilus statural proteins (BP, 

API and AP2) encoded by these pathogenicity islands are generally well conserved. 

However, the sequence of the backbone protein encoded by pathogenicity island 2a (BP-

10 2a), referred to herein as GBS59, varies between GBS straws. The GBS59 pilus subunit 

has at least seven clades and the sequence identity between these cladcs is as low as 

48%. / 

Reference amino acid sequences for the seven G$S59 clades are SEQ ID NO:l (derived 

from GBS strain 2603), SEQ ID "NO:2 (derived from GBS strain 515), SEQ ID NO:3 

15 (derived from GBS strain CJB1 11), SEO^D NO:4 (derived from GBS strain II36B), 

SEQ IDNO:5 (derived from GBS strajfi CJB110), SEQ IDNO:6 (derived from GBS 

strain DK21) and SEQ ID NO:7 (derived from GBS strain NEM316) herein. 

Serum raised against a given GBS59 clade is active against other strains of GBS that 

express that clade, but is not active against strains which express one of the other five 

20 clades, i.e. there is intra-clade cross-protection, but not inter-clade cross-protection. 

According to the invention, therefore, an immunogenic composition is provided which 

includes at least tweyaifferent clades of GBS59. The different clades of GBS59 may be 

present in the immunogenic composition as separate polypeptides or may be fused as a 

single polypeptide chain. The inclusion of multiple GBS59 clades as vaccine 

25 components/fmproves the strain coverage of the immunogenic composition against GBS. 

Furthermore, the inventors have identified domains within the GBS59 clades containing 

epitopes responsible for inducing an immunogenic response. The immunogenic 

composition may therefore include fragments of at least two different clades of GBS59 

^comprising one or more of these domains, or sub-fragments of these domains, instead of 

3^r the full-length GBS59 proteins. Alternatively, these fragments of at least two different 

clades of GBS59 may be fused as a single polypeptide chain. The use of fragments of 
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GBS59 clades in place of full-length proteins facilitates the preparation of a vaccine^vith 

improved strain coverage against GBS. / 
/ 

Thus, the invention provides an immunogenic composition comprising at leasrawo of: 

a) a first polypeptide comprising a first amino acid sequence, wherein the first 

5 amino acid sequence comprises an amino acid sequence (i) having at least a% sequence 

identity to SEQ ID NO: 1 and/or (ii) consisting of a fragment of a/least t contiguous 

amino acids from SEQ ID NO:l or from a sequence having at leas^a% sequence identity 

to SEQ ID NO: 1; / 

b) a second polypeptide comprising a second aminoracid sequence, wherein the 

10 second amino acid sequence comprises an amino acid sequence (i) having at least b% 

sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least u 

contiguous amino acids from SEQ ID NO:2 or from a sequence having at least b% 

sequence identity to SEQ ID NO: 1; / 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 

15 amino acid sequence comprises an amino c*cid sequence (i) having at least c% sequence 

identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least v contiguous 

amino acids from SEQ ID NO:3 or from a sequence having at least c% sequence identity 

to SEQ ID NO:3; / 

d) a fourth polypeptide/comprising a fourth amino acid sequence, wherein the 

20 fourth amino acid sequence-Comprises an amino acid sequence (i) having at least d% 

sequence identity to SEQfID NO:4 and/or (ii) consisting of a fragment of at least w 

contiguous amino acids from SEQ ID NO:4 or from a sequence having at least d% 

sequence identity to SiiQ ID NO:4; 

e) a fifth irolypeptide comprising a fifth amino acid sequence, wherein the fifth 

25 amino acid sequence comprises an amino acid sequence (i) having at least e% sequence 

identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least x contiguous 

amino acjGs from SEQ ID NO:5 or from a sequence having at least e% sequence identity 

tu SECnD NO.5, and/or 

/ f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 

30 amino acid sequence comprises an amino acid sequence (i) having at least f% sequence 

/ identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least y contiguous 
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amino acids from SEQ ID NO:6 or from a sequence having at least f/o sequence identfty 

to SEQ ID NO:6; and/or / 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the 

seventh amino acid sequence comprises an amino acid sequence (i) having ax least g% 

5 sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragmenyof at least z 

contiguous amino acids from SEQ ID NO:7 or from a sequence haying at least g% 

sequence identity to SEQ ID NO:7. / 

The immunogenic composition may comprise 2, 3, 4, 5, 6 or all/7 of the seven amino 

acid sequences. / 

10 The invention also provides a polypeptide comprising at lea^r two of: 

a) a first polypeptide comprising a first amino^cid sequence, wherein the first 

amino acid sequence comprises an amino acid seque/ce (i) having at least a% sequence 

identity to SEQ ID NO:l and/or (ii) consisting of a fragment of at least t contiguous 

amino acids from SEQ ID NO: 1 or from a sequence having at least a% sequence identity 

15 to SEQ ID NO:I; / 

b) a second polypeptide comprising a second amino acid sequence, wherein the 

second amino acid sequence comprises an amino acid sequence (i) having at least b% 

sequence identity to SEQ ID NO:/and/or (ii) consisting of a fragment of at least u 

contiguous amino acids from S^Q ID NO:2 or from a sequence having at least b% 

20 sequence identity to SEQ ID NO: 1; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 

amino acid sequence comprises an amino acid sequence (i) having at least c% sequence 

identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least v contiguous 

amino acids from SEQ ID NO:3 or from a sequence having at least c% sequence identity 

25 to SEQ ID NOjf 

d) aiourth polypeptide comprising a fourth amino acid sequence, wherein the 

fourth arafno acid sequence comprises an amino acid sequence (i) having at least d% 

sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least w 

contiguous amino acids from SEQ ID NO:4 or from a sequence having at least d% 

30 sequence identity to SEQ ID NO:4; 
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e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fiftlf 

amino acid sequence comprises an amino acid sequence (i) having at least e% sequence 

identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least x contiguous 

amino acids from SEQ ID NO:5 or from a sequence having at least e% sequence identity 

5 to SEQ ID NO:5; and/or / 

1) a sixth polypeptide comprising a sixth amino acid sequence, Wherein the sixth 

amino acid sequence comprises an amino acid sequence (i) having afleasl f% sequence 

identity to SEQ ID NO:6 and/or (ii) consisting of a fragment ojrat least y contiguous 

amino acids from SEQ ID NO:6 or from a sequence having atleast f% sequence identity 

10 to SEQ ID NO:6; and/or / 

g) a seventh polypeptide comprising a seventh apino acid sequence, wherein the 

seventh amino acid sequence comprises an amino ajfd sequence (i) having at least g% 

scqucncc identity to SEQ ID NO:7 and/or (ii) opnsisting of a fragment of at least z 

contiguous amino acids from SEQ ID NO:7j5v from a sequence having at least g% 

15 sequence identity to SEQ ID NO:7. / 

The polypeptide may comprise 2, 3, 4, or all 7 of the seven amino acid sequences. 

The invention also provides a polypeptide comprising amino acid sequence: 

/ -A-{-X-L-}„-B-

wherein: X is an amino acid/equence of a first polypeptide, second polypeptide, third 

20 polypeptide, fourth polweptide, fifth polypeptide, sixth polypeptide or seventh 

polypeptide as defineiMbove; L is an optional linker amino acid sequence; A is an 

optional N-terminaUamino acid sequence; B is an optional C-terminal amino acid 

sequence; n is an imeger or 2 or more. Typically, >? is 2, 3, 4, 5, 6 or 7. The X moieties in 

the polypeptide ire different, as discussed below. 

25 Where n is 2fX moieties are selected from the following: 

n X« J x2 

2 Fimpolypeptide Second polypeptide 

2 /(second polypeptide First polypeptide 

if First polypeptide Third polypeptide 

T7 Third polypeptide First polypeptide 

2 First polypeptide Fourth polypeptide 
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3 First Polypeptide Fourth Polypeptide Fifth Polypeptide 

3 First Polypeptide Fourth Polypeptide Sixth Polypeptide 

3 First Polypeptide Fifth Polypeptide Sccond Polypeptide . 

3 First Polypeptide Fifth Polypeptide Third Polypeptide 
3 First Polypeptide Fifth Polypeptide Fourth Polypefflidc 

3 First Polypeptide Fifth Polypeptide Sixth Polypeptide 

3 First Polypeptide Sixth Polypeptide Second Bi5lypeptide 

3 First Polypeptide Sixth Polypeptide ThU0 Polypeptide 

3 First Polypeptide Sixth Polypeptide WTirth Polypeptide 

3 First Polypeptide Sixth Polypeptide Jr Fifth Polypeptide 

3 Second Polypeptide First Polypeptide y Third Polypeptide 

3 Second Polypeptide First Polypeptide / Fourth Polypeptide 

3 Sccond Polypeptide First Polypeptide / Fifth Polypeptide 

3 Second Polypeptide First Polypeptide? Sixth Polypeptide 

3 Second Polypeptide Third Polype ojfde First Polypeptide 

3 Second Polypeptide Third Polypeptide Fourth Polypeptide 

3 Sccond Polypeptide Third Polypeptide Fifth Polypeptide 

3 Second Polypeptide Thiu^Polypeptide Sixth Polypeptide 

3 Sccond Polypeptide Fourth Polypeptide First Polypeptide 

3 Second Polypeptide #onrth Polypeptide Third Polypeptide 

3 Second Polypeptide # Fourth Polypeptide Fifth Polypeptide 

3 Second Polypeptide J? Fourth Polypeptide Sixth Polypeptide 

3 Second Polypeptide Fifth Polypeptide First Polypeptide 

3 Second Polypeptide / Fifth Polypeptide Third Polypeptide 

3 Second Polypeptide Fifth Polypeptide Fourth Polypeptide 

3 Sccond Polypeptide, ¥ Fifth Polypeptide Sixth Polypeptide 

3 Second Polypeptide Sixth Polypeptide First Polypeptide 

3 Sccond Polypeptide Sixth Polypeptide Third Polypeptide 

3 Sccond Polypeptide Sixth Polypeptide Fourth Polypeplide 

3 Second Polypeptide Sixth Polypeptide Fifth Polypeplide 

3 ThiiyPoIypeptide First Polypeptide Second Polypeptide 

3 Third Polypeptide First Polypeptide Fourth Polypeptide 

3 Jthird Polypeptide First Polypeptide Fifth Polypeptide 

3 / Third Polypeptide First Polypeptide Sixth Polypeptide 

J / Third Polypeptide Second Polypeptide First Polypeplide 

3 i Third Polypeptide Sccond Polypeptide Fourth Polypeptide 

J $ Third Polypeptide Second Polypeptide Fifth Polypeptide 

3 / Third Polypp.pliHr. Sccond Polypeptide Sixth Polypeptide 

3 / Third Polypeptide Fourth Polypeptide First Polypeptide 

Third Polypeptide Fourth Polypeptide Second Polypeptide 

3 Third Polypeptide Fourth Polypeptide Fifth Polypeptide 

3 Third Polypeptide Fourth Polypeptide Sixth Polypeptide 

3 Third Polypeptide Fifth Polypeptide First Polypcplidc 
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3 Third Polypeptide Fifth Polypeptide Second Polypeptide 

j Third Polypeptide Fifth Polypeptide Fourih Polypeptide/ 

3 Third Polypeptide Fifth Polypeptide Sixth PolypeplijK 

3 Third Polypeptide Sixth Polypeptide Firsl Polypeptide 
3 Third Polypeptide Sixth Polypeptide Second Polypeptide 

3 Third Polypeplide Sixth Polypeptide Fourth tefrlypeptide 
3 Third Polypeplide Sixlh Polypeplide Fiftff Polypeptide 

3 Fourth Polypeptide First Polypeptide Ses^nd Polypeplide 

3 Fourth Polypeplide First Polypeptide j/Third Polypeptide 

3 Fourth Polypeplide First Polypeptide ff Fifth Polypeptide 

3 Fourth Polypeptide First Polypeptide £ Sixth Polypeplide 

3 Fourth Polypeptide Second Polypeptide / First Polypeptide 

3 Fourih Polypeptide Sccond Polypeptide^ Third Polypeptide 

3 Fourth Polypeptide Second Polypeptide Fifth Polypeptide 

3 Fourth Polypeptide Second Polypeptide Sixlh Polypeptide 

3 Fourth Polypeptide Third Polypeptide Firsl Polypeptide 

3 Fourth Polypeplide Third BBlypeplide Second Polypeplide 

3 Fourth Polypeplide Thiga Polypeptide Fifth Polypeptide 

3 Fourth Polypeplide Jfiird Polypeptide Sixlh Polypeptide 

3 Fourth Polypeptide # Fifth Polypeptide First Polypeplide 

3 Fourth Polypeplide & Fifth Polypeptide Second Polypeptide 

3 Fourth Polypeptide £ Fifth Polypeptide Third Polypeplide 

3 Fourth Polypeptide Af Fifth Polypeptide Sixth Polypeplide 

3 Fourth Polypeptide $ Sixlh Polypeptide First Polypeptide 

3 Fourth Polypeptide £ Sixth Polypeptide Second Polypeptide 
*> 
J Fourth Polypeptide f Sixth Polypeptide Third Polypeptide 

3 Fourth Polypeptide Sixth Polypeplide Fifth Polypeptide 

3 Fifth Polypcjrficle First Polypeptide Sccond Polypeptide 
«*. 
J Firth Polyj^ptide Firsl Polypeplide Third Polypeptide 

3 Fifth F&fypeptide First Polypeptide Fourth Polypeptide 

3 FiftjpPolypeptide Firsl Polypeplide Sixth Polypeptide 

J IJfffh Polypeptide Second Polypeplide First Polypeplide 

3 yFifth Polypeptide Second Polypeptide Third Polypeptide 

ff Fifth Polypeptide Second Polypeptide Fourth Polypeptide 

J / Fifth Polypeptide Second Polypeplide Sixlh Polypeptide 

3 / Fifth Polypeptide Third Polypeptide Firsl Polypeplide 

f Fifth Polypeptide Third Polypeptide Second Polypeptide 

3 £ Fifth Polypeptide Third Polypeptide Fourih Polypeplide 

Fifth Polypeptide Third Polypeptide Sixth Polypeptide 

3 Fifth Polypeptide Fourih Polypeptide First Polypeplide 

3 Fifth Polypeptide Fourth Polypeptide Second Polypeplide 

3 Fifth Polypeplide Fourth Polypeplide Third Polypeptide 

3 Fifth Polypeptide Fourth Polypeptide Sixlh Polypeptide 
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3 Fifth Polypeplide Sixth Polypeptide Firsl Polypeptide 

3 Fifth Polypeptide Sixth Polypeptide Second Polypeptide 

3 Fifth Polypeplide Sixth Polypeptide Third Polypeptide . 

3 Fifth Polypeplide Sixth Polypeptide Fourth Polypeptide 

3 Sixth Polypeptide First Polypeplide Second Polypejflide 

3 Sixth Polypeptide First Polypeptide Third Polypeptide 

3 Sixth Polypeptide First Polypeptide Fourih Polypeptide 

3 - Sixlh Polypeptide First Polypeptide FifUf Polypeptide 

3 Sixth Polypeptide Second Polypeptide /irsi Polypeptide 

3 Sixth Polypeptide Second Polypeptide /'Third Polypeptide 

Sixth Polypeptide Second Polypeptide f Fourth Polypeptide 

3 Sixth Polypeptide Second Polypeptide / Fifth Polypeptide 

3 Sixth Polypeptide Third Polypeplide /• First Polypeptide 

3 Sixth Polypeptide Third Polypeptide^® Second Polypeptide 

3 Sixth Polypeptide Third Polypeptide Fourih Polypeptide 

3 Sixth Polypeptide Third Polypeptide Fifth Polypeptide 

3 Sixth Polypeptide Fourih Pofypeplide First Polypeptide 

3 Sixlh Polypeplide Fourth^Polypeplidc Second Polypeptide 

3 Sixth Polypeptide Fourth Polypeptide Third Polypeplide 

3 Sixth Polypeptide Jburth Polypeptide Fifth Polypeptide 

3 Sixth Polypeptide Jr Fifth Polypeptide First Polypeptide 

3 Sixth Polypeplide / Fifth Polypeptide Second Polypeptide 

3 Sixth Polypeptide / Fifth Polypeptide Third Polypeptide 

3 Sixth Polypeptide / Fifth Polypeptide Fourth Polypeptide 

Where n is 4, X moieties are selected from the following: 
n x, X2 / x3 X4 

4 Firsl Polypeptide / Second Polypeptide Third Polypeptide Fourth Polypeptide 

4 First Polypeptide f Second Polypeptide Third Polypeptide Fifth Polypeptide 

4 Firsl Polypeptide Sccond Polypeptide Third Polypeptide Sixlh Polypeplide 

4 First Polyperfide Second Polypeptide Fourth Polypeptide Third Polypeptide 

4 Firsl Pol^cplide Second Polypeptide Fourth Polypeptide Fifth Polypeplide 

4 Firsl fyflypeptide Second Polypeptide Fourth Polypeptide Sixlh Polypeptide 

4 Fi ^Polypeptide Second Polypeptide Filth Polypeptide Third Polypeptide 

4 Jtfrst Polypcplidc Second Polypeptide Fifth Polypeptide Fourih Polypeptide 

4 £ Firsl Polypeplide Second Polypeptide Filth Polypeptide Sixlh Polypeptide 

4 f First Polypeplide Second Polypeptide Sixlh Polypeptide Third Polypeptide 

4 / First Polypeptide Second Polypeptide Sixlh Polypeptide Fourih Polypeplide 

First Polypeptide Sccond Polypeptide Sixlh Polypeptide Fifth Polypeptide 

4 First Polypeptide Third Polypeptide Sccond Polypeplide Fourth Polypeplide 

4 First Polypeptide Third Polypeplide Second Polypeplide Fifth Polypeptide 

4 Firsl Polypeptide Third Polypeptide Second Polypeplide Sixth Polypeplide 

4 First Polypeptide Third Polypeptide Fourth Polypeptide Second Polypeplide 
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4 Firsl Polypeptide Third Polypeptide Fourth Polypeptide Fifth Polypeplide jjf 

4 First Polypeplide Third Polypeptide Fourth Polypeptide Sixlh Polypeptide 

4 First Polypeplide Third Polypeptide Fifth Polypeptide Second Polypeptide 

4 Firsl Polypeplide Third Polypeptide Fifth Polypeptide Fourth Polypeplide 

4 Firsl Polypeptide Third Polypeptide Fifth Polypeptide Sixlh Polypeptide 
4 First Polypeptide Third Polypeptide Sixth Polypeptide SccomfPolypeptide 

4 First Polypeptide Third Polypeptide Sixth Polypeptide Fourth Polypeptide 

4 First Polypeptide Third Polypeptide Sixth Polypeptide /Fifth Polypeplide 

4 First Polypeptide Fourth Polypeptide Second Polypeptide / Third Polypeplide 

4 Firsl Polypeptide Fourih Polypeplide Second Polypeptide f Fifth Polypeptide 

4 First Polypeptide Fourth Polypeptide Second Polypcptid/ Sixth Polypeptide 

4 First Polypeptide Fourih Polypeptide Third Polypennde Second Polypeptide 

4 First Polypeptide Fourth Polypeptide Third Polypeptide Fifth Polypeptide 

4 First Polypeptide Fourth Polypeptide Third Polypeptide Sixth Polypeptide 

4 First Polypeptide Fourth Polypeptide Fiftj/Polypepiide Second Polypeptide 

4 First Polypeptide Fourih Polypeplide Bffth Polypeplide Third Polypeptide 

4 Firsl Polypeptide Fourih Polypeptide /Fifth Polypeplide Sixth Polypeptide 

4 Firsl Polypeptide Fourih Polypeptide f Sixlh Polypeplide Second Polypeptide 

4 Firsl Polypeptide Fourth Polypeptide / Sixth Polypeptide Third Polypeptide 

4 Firsl Polypeplide Fourih Polypeptide? Sixlh Polypeptide Fifth Polypeptide 

4 First Polypeplide Fifth Polypeptide Second Polypeplide Third Polypeptide 

4 First Polypeplide Fifth Polypfy)tide Second Polypeptide Fourih Polypeplide 

4 First Polypeptide Fifth Polypeptide Sccond Polypeptide Sixth Polypcplidc 

4 First Polypeptide FiftyPolypepticle Third Polypeptide Second Polypeptide 

4 First Polypeplide Ftf'th Polypeplide Third Polypeptide Fourth Polypeptide 

4 First Polypeptide /Fifth Polypeptide Third Polypeptide Sixth Polypeptide 

4 First Polypeptide / Fifth Polypeptide Fourih Polypeplide Second Polypeplide 

4 First Polypeptide / Fifth Polypeptide Fourth Polypeptide Third Polypeplide 

4 First Polypeptide Fifth Polypeplide Fourth Polypeplide Sixth Polypeptide 

4 First Polypeptide Fifth Polypeptide Sixth Polypeplide Second Polypeplide 

A First Polypeptide Fifth Polypeptide Sixth Polypeptide Third Polypeptide 

4 First Polypeptide Fifth Polypeplide Sixth Polypeptide Fourih Polypeptide 

4 Firsuf'olypeptide Sixth Polypeptide Sccond Polypeptide Third Polypeplide 

4 Ejfst Polypeplide Sixth Polypcplidc Second Polypeptide Fourth Polypeptide 

4 /First Polypeptide Sixlh Polypeptide Second Polypeptide Fifth Polypeplide 

4 / First Polypeplide Sixth Polypeptide Third Polypeptide Second Polypeptide 

4 / First Polypeptide Sixth Polypeptide Third Polypeptide Fourth Polypeptide 

A/ First Polypeptide Sixth Polypeptide Third Polypeptide Fifth Polypeptide 

A First Polypeplide Sixlh Polypeptide Fourih Polypeptide Second Polypeptide 

4 First Polypeptide Sixth Polypeptide Fourth Polypeptide Third Polypeplide 

4 First Polypeplide Sixth Polypeplide Fourth Polypeptide Fifth Polypeptide 

4 First Polypeplide Sixth Polypeptide Fifth Polypeplide Second Polypeptide 

4 First Polypeplide Sixlh Polypeptide Fifth Polypeptide Third Polypeplide 
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4 First Polypeplide Sixth Polypeptide Fifth Polypeptide Fourth Polypeptide 

4 Second Polypeplide First Polypeptide Third Polypeptide Fourth Polypeplide 

4 Second Polypeplide First Polypeptide Third Polypeptide Fifth Polypeptide^ 

4 Sccond Polypeptide First Polypeptide Third Polypeptide Sixth Polypeptide 

4 Second Polypeptide First Polypeptide Fourth Polypeptide Third Polypeptide 
4 Second Polypeplide Firsl Polypeptide Fourih Polypeptide Fifth Po^peptide 

4 Second Polypeplide First Polypeptide Fourth Polypeptide SixthJ^olypeptide 

4 Second Polypeptide First Polypeplide Fifth Polypeptide TlufB Polypeptide 

4 Second Polypeptide Firsl Polypeptide Fifth Polypeptide Bgiirth Polypeptide 

4 Second Polypeptide First Polypeptide Fifth Polypeptide M Sixth Polypeptide 

4 Second Polypeplide First Polypeptide Sixlh Polypeplide / Third Polypeplide 

4 Second Polypeptide First Polypeptide Sixth Polypeptide^ Fourth Polypeptide 

4 Second Polypeptide First Polypeptide Sixth Polypeptide Fifth Polypeptide 

4 Second Polypeptide Third Polypeptide Firsl Polypeptide Fourth Polypeplide 

4 Second Polypeptide Third Polypeptide First Polypeptide Fiflh Polypeplide 

4 Second Polypeptide Third Polypeptide Fiisli'blypeptidc Sixlh Polypeplide 

4 Sccond Polypeptide Third Polypeplide Fouffli Polypeptide Firsl Polypeptide 

4 Sccond Polypeptide Third Polypeplide G#urth Polypeptide Fifth Polypeptide 

4 Second Polypeptide Third Polypeplide ^Fourth Polypeptide Sixth Polypeplide 

4 Second Polypeptide Third Polypeplide £ Fifth Polypeptide Firsl Polypeplide 

4 Second Polypeptide Third Polypeptide Fifth Polypeptide Fourth Polypeptide 

4 Second Polypeptide Third Polypeptide Fifth Polypeptide Sixth Polypeplide 

4 Second Polypeptide Third Polypeptide Sixlh Polypeptide First Polypeptide 

4 Second Polypeptide Third Po^peplide Sixlh Polypeplide Fourth Polypeptide 

4 Second Polypeptide Third J^olypcplidc Sixlh Polypcplidc Fifth Polypeptide 

4 Sccond Polypeptide Fourfh Polypeplide Firsl Polypeplide Third Polypeplide 

4 Second Polypeplide Epurth Polypeplide First Polypeptide Fifth Polypeplide 

4 Second Polypeptide /^Fourth Polypeptide First Polypeptide Sixth Polypeplide 

4 Sccond Polypeptide £ Fourth Polypeplide Third Polypeptide First Polypeptide 

4 Second Polypeptide^ Fourth Polypcplidc Third Polypeptide Fifth Polypeptide 

4 Second Polypeplide Fourih Polypeptide Third Polypeptide Sixth Polypeplide 

4 Sccond Polypeptide Fourih Polypeplide Fiflh Polypeplide First Polypeplide 

4 Second Polypeptide Fourih Polypeplide Fifth Polypeptide Third Polypeplide 

4 Second J^iypeplide Fourih Polypeptide Fifth Polypeplide Sixlh Polypeplide 

4 Seco# Polypeptide Fourth Polypeplide Sixlh Polypeplide First Polypeptide 

4 St^md Polypeptide Fourih Polypeptide Sixlh Polypcplidc Third Polypcplidc 

4 Second Polypeplide Fourth Polypeplide Sixlh Polypeptide Fifth Polypeptide 

4 . ¥ Second Polypeplide Fifth Polypeptide First Polypeplide Third Polypeptide 

4 X Second Polypeptide Fifth Polypeptide First Polypeptide Fourth Polypeptide 

Second Polypeptide Fifth Polypeptide First Polypeptide Sixlh Polypeptide 

4 Second Polypeplide Filth Polypeptide Third Polypeptide First Polypeplide 

4 Second Polypeptide Fifth Polypeptide Third Polypeptide Fourih Polypcplidc 

4 Second Polypeptide Fifth Polypeptide Third Polypeplide Sixth Polypeptide 
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4 Second Polypeptide Fiflh Polypeptide Fourth Polypeplide First Polypeptide 

4 Second Polypeptide Fifth Polypeptide Fourth Polypeptide Third Polypeptide 

4 Sccond Polypeptide Fifth Polypeptide Fourth Polypeptide Sixth Polypeptide 

4 Second Polypeptide Fiflh Polypeptide Sixth Polypeplide First Polypeptide 
4 Second Polypeptide Fifth Polypeptide Sixlh Polypeptide Third Polypeptide 

4 Second Polypeptide Fifth Polypeptide Sixth Polypeplide Fourth Polypeptide 

4 Second Polypeptide Sixth Polypeplide First Polypeplide Third PafypcP('de 

4 Second Polypeptide Sixlh Polypeplide First Polypeptide FouriyPoiypeptide 

4 Sccond Polypeptide Sixth Polypeptide First Polypeptide Fifth Polypeplide 

4 Second Polypeptide Sixth Polypeplide Third Polypeptide /First Polypeptide 

4 Second Polypeplide Sixth Polypeptide Third Polypeptide /Fourth Polypeplide 

4 Second Polypeptide Sixth Polypeplide Third Polypeptide / Fifth Polypeptide 

4 Second Polypeptide Sixlh Polypeptide Fourth Polypeptide^ First Polypeptide 

4 Second Polypeptide Sixlh Polypeplide Fourth Polypeptide Third Polypeptide 

4 Second Polypeptide Sixlh Polypeptide Fourth Polypeptide Fiflh Polypeptide 

4 Second Polypeptide Sixlh Polypeptide Fiflh Polypeptide First Polypeptide 

4 Second Polypeptide Sixth Polypeptide Fifth B&lypeptidc Third Polypeptide 

4 Second Polypeptide Sixth Polypeplide Fitltf Polypeptide Fourih Polypeptide 

4 Third Polypeptide First Polypeptide S^&nd Polypeplide Fourth Polypeptide 

4 Third Polypeptide Firsl Polypeptide /ccond Polypeplide Fifth Polypeptide 

4 Third Polypeptide First Polypeptide / Second Polypeplide Sixth Polypeptide 

4 Third Polypeptide First Polypcplidc . f Fourih Polypeplide Second Polypeptide 

4 Third Polypeptide Firsl Polypeplide Fourth Polypeptide Fifth Polypeptide 

4 Third Polypeptide First Polypeptide Fourih Polypeptide Sixth Polypeptide 

4 Third Polypeptide First Polypeptide Fiflh Polypeptide Second Polypeptide 

4 Third Polypeptide Firsl Polypeptide Fifth Polypeptide Fourth Polypeplide 

4 Third Polypeptide Firs^Polypeptide Fifth Polypeptide Sixth Polypeptide 

4 Third Polypeptide Efrst Polypeptide Sixth Polypeplide Second Polypeptide 

4 Third Polypeptide /First Polypeptide Sixth Polypeptide Fourth Polypeptide 

4 Third Polypeplide $ Firsl Polypeplide Sixth Polypeptide Fifth Polypeptide 

4 Third Polypeptide i Second Polypeptide Firsl Polypeptide Fourth Polypeptide 

4 Third Polypeptide Second Polypeptide First Polypeplide Fifth Polypeptide 

4 Third Polypeptide Sccond Polypeptide First Polypeptide Sixth Polypeptide 

4 Third Polypeptide Sccond Polypeptide Fourih Polypeplide First Polypeptide 

4 Third Polypeptide Second Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 Third Polypeptide Second Polypeptide Fourth Polypeptide Sixlh Polypeplide 

4 Thip Polypeptide Sccond Polypeptide Fifth Polypeptide First Polypeptide 

4 Ttfird Polypeptide Second Polypeptide Fiflh Polypeptide Fourth Polypeptide 

4 /Third Polypeplide Sccond Polypeptide Fifth Polypeptide Sixth Polypeptide 

4 f Third Polypeptide Second Polypeptide Sixth Polypeptide First Polypeptide 

4 / Third Polypeptide Second Polypeptide Sixth Polypeplide Fourth Polypeptide 

Third Polypeptide Second Polypeptide Sixth Polypeptide Fifth Polypeptide 

4 Third Polypeptide Fourth Polypeplide First Polypeptide Second Polypeptide 
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4 Third Polypeplide Fourth Polypeptide Fiisl Polypeptide Fiflh Polypeplide 

4 Third Polypeptide Fourth Polypeptide First Polypeplide Sixth Polypeplide 

4 Third Polypeplide Fourth Polypeptide Second Polypeplide First Polypeptide^* 

4 Third Polypeplide Fourth Polypeplide Sccond Polypeplide Fiflh Polypeptide 

4 Third Polypeptide Fourih Polypeptide Second Polypeptide Sixth Polypeptide 
4 Third Polypeplide Fourih Polypeplide Fifth Polypeptide Firsl Polypeptide 

4 Third Polypeptide Fourth Polypeptide Fiflh Polypeptide Secondpolypeptide 

4 Third Polypeptide Fourth Polypeptide Fiflh Polypeptide Sij#i Polypeptide 

4 Third Polypeptide Fourth Polypeptide Sixth Polypeptide #irsl Polypeplide 

4 Third Polypeplide Fourth Polypeptide Sixth Polypeptide ^Second Polypeplide 

4 Third Polypeptide Fourih Polypeplide Sixth Polypeplide / Fifth Polypeptide 

4 Third Polypeptide Fiflh Polypeptide Firsl Polypeptides Second Polypeplide 

4 Third Polypeptide Fifth Polypeptide First PolypeplUte Fourth Polypeptide 

4 Third Polypeptide Fiflh Polypeplide First Polypeptide Sixlh Polypeptide 

4 Third Polypeptide Fiflh Polypeplide Sccond Polypeptide Firsl Polypeptide 

4 Third Polypeptide Fifth Polypeptide Second Polypeptide Fourth Polypeptide 

4 Third Polypeptide Fiflh Polypeptide Second Polypeptide Sixlh Polypeptide 

4 Third Polypeptide Fiflh Polypeplide l'"gffrth Polypeplide First Polypeptide 

4 Third Polypeptide Fiflh Polypeplide /Fourth Polypeplide Second Polypeplide 

4 Third Polypeptide Fifth Polypeplide / Fourth Polypeplide Sixth Polypeptide 

4 Third Polypeptide Fiflh Polypeplide , f Sixth Polypeptide Firsl Polypeplide 

4 Third Polypeptide Fiflh Polypeplic^f Sixlh Polypeptide Sccond Polypeplide 

4 Third Polypeptide Fiflh Polypeptide Sixlh Polypeptide Fourih Polypeplide 

4 Third Polypeptide Sixth Polraptide First Polypeplide Second Polypeplide 

4 Third Polypeptide Sixth Propeptide First Polypeptide Fourih Polypeptide 

4 Third Polypeptide SixtjrfPoIypeptide First Polypeptide Fifth Polypeptide 

4 Third Polypeptide Sijfth Polypeptide Sccond Polypeptide First Polypeptide 

4 Third Polypeptide JSixlh Polypeplide Second Polypeptide Fourth Polypeptide 

4 Third Polypeptide Sixlh Polypeptide Second Polypeplide Fifth Polypeptide 

4 Third Polypeplide £ Sixth Polypeptide Fourth Polypeptide Firsl Polypeplide 

4 Third Polypeptide Sixth Polypeptide Fourth Polypeplide Second Polypeptide 

4 Third Polypeptide Sixlh Polypeplide Fourth Polypeptide Fiflh Polypeplide 

4 Third Polypeptide Sixth Polypeptide Fifth Polypeptide Firsl Polypeptide 

4 Third Polypeptide Sixth Polypeptide Fifth Polypeptide Second Polypeptide 

4 ThiokjP'olypeptide Sixlh Polypeplide Fifth Polypeptide Fourth Polypeptide 

4 Fou$li Polypeptide First Polypeptide Second Polypeptide Third Polypeptide 

4 j$Wth Polypeplide Firsl Polypeplide Second Polypeptide Fiflh Polypeptide 

4 #Fourth Polypeptide Firsl Polypeptide Second Polypeptide Sixlh Polypeplide 
4 y F Fourth Polypeptide First Polypeptide Third Polypeptide Second Polypeptide 

4j Fourth Polypeptide First Polypeptide Third Polypeptide Fifth Polypcplidc 

Fourth Polypeplide First Polypeptide Third Polypeptide Sixlh Polypeptide 

4 Fourth Polypeptide First Polypeptide Fifth Polypeplide Second Polypeptide 

4 Fourth Polypeptide First Polypeptide Fiflh Polypeplide Third Polypeplide 
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4 Fourth Polypeptide Firsl Polypeptide Fiflh Polypeptide Sixth Polypeptide 

4 Fourth Polypeptide First Polypeptide Sixth Polypeplide Sccond Polypeptide 

4 Fourth Polypeptide Firsl Polypeptide Sixlh Polypeptide Third Polypeptide 
4 Fourth Polypeptide Firsl Polypeptide Sixth Polypeptide Fiflh Polypeaftde 

4 Fourth Polypeptide Sccond Polypeptide First Polypeptide Third Polypeptide 

4 Fourth Polypeptide Second Polypeptide First Polypeptide Fifth Polypeptide 
4 Fourih Polypeptide Second Polypeptide First Polypeptide SixtffPoly peptide 

4 Fourih Polypeplide Second Polypeptide Third Polypeptide f\rst Polypeptide 

4 Fourth Polypeptide Second Polypeplide Third Polypeptide $ Fiflh Polypeplide 

4 Fourth Polypeptide Second Polypeptide Third Polypeptide / Sixth Polypeptide 

4 Fourth Polypeptide Sccond Polypeptide Fifth Polypeptidej First Polypeptide 

4 Fourth Polypeplide Second Polypeptide Fifth Polypeptide Third Polypeptide 

4 Fourth Polypeptide Second Polypeptide Fifth Polypeptide Sixth Polypeplide 

4 Fourth Polypeptide Second Polypeptide Sixth Polypeptide First Polypeptide 

4 Fourth Polypeplide Sccond Polypeptide Sixtlvfolypeplide Third Polypeptide 

4 Fourth Polypeptide Second Polypeptide Suflh Polypeptide Fifth Polypcplidc 

4 Fourth Polypeptide Third Polypeptide VFirst Polypeplide Second Polypeplide 

4 Fourth Polypeptide Third Polypeplide J? First Polypeplide Fiflh Polypeptide 

4 Fourih Polypeptide Third Polypeptide $ First Polypeplide Sixth Polypeptide 

4 Fourth Polypeptide Third Polypeptide Second Polypeptide Firsl Polypeptide 

4 Fourth Polypeptide Third Polypejnde Sccond Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Third PoMeptide Second Polypeptide Sixth Polypeptide 

4 Fourth Polypeptide Third I^fypeptide Fifth Polypeptide First Polypeptide 

4 Fourih Polypeplide Th ̂ Polypeptide Fifth Polypeplide Second Polypeptide 

4 Fourth Polypeptide Tjffird Polypeptide Fifth Polypeplide Sixth Polypeptide 

4 Fourth Polypeptide #Third Polypeptide Sixlh Polypeptide First Polypeptide 

4 Fourth Polypeptide / Third Polypeptide Sixth Polypeplide Second Polypeptide 

4 Fourth Polypeptide J ' Third Polypeptide Sixth Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide Firsl Polypeplide Second Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide First Polypeplide Third Polypeptide 

4 Fourth PoJ^eptide Fifth Polypeplide First Polypeplide Sixth Polypeptide 

4 FourtbJfalypeptidc Fifth Polypeplide Second Polypeptide Firsl Polypeptide 

4 Fourffi Polypeptide Fifth Polypeptide Second Polypeptide Third Polypeptide 

4 Blurt h Polypeptide Fifth Polypeptide Second Polypeptide Sixth Polypeptide 

4 #Fourlh Polypeptide Fifth Polypeptide Third Polypeptide Firsl Polypeplide 

4 f Fourih Polypeptide Fifth Polypeptide Third Polypeptide Second Polypeptide 

4 / Fourth Polypeplide Fifth Polypeplide Third Polypeptide Sixlh Polypeptide 

Fourth Polypeplide Fifth Polypeptide Sixth Polypeplide First Polypeptide 

4 Fourih Polypeptide Fifth Polypeptide Sixth Polypeptide Second Polypeptide 

4 Fourih Polypeptide Fifth Polypeplide Sixth Polypeplide Third Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide First Polypeptide Second Polypeptide 

4 Fourth Polypeptide Sixth Polypeplide First Polypeptide Third Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide First Polypeptide Fiflh Polypeplide 
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4 Fourth Polypeptide Sixth Polypeptide Sccond Polypeptide First Polypeptide 

4 Fourih Polypeptide Sixth Polypeptide Second Polypeptide Third Polypeptide 

4 Fourth Polypeptide Sixlh Polypeplide Second Polypeptide Fiflh Polypeptide 

4 Fourih Polypeptide Sixlh Polypeptide Third Polypeptide First Polypeptide^ 

4 Fourth Polypeptide Sixlh Polypeptide Third Polypeptide Second PolypeorfQe 

4 Fourth Polypeptide Sixlh Polypeptide Third Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide Fifth Polypeptide First Polypeptide 

4 Fourih Polypeptide Sixth Polypeplide Fifth Polypeptide Second^olypeplide 

4 Fourth Polypeptide Sixth Polypeplide Fifth Polypeptide ThUQ Polypeptide 

4 Fifth Polypeptide First Polypeptide Second Polypeplide iifiird Polypeptide 

4 Fifth Polypeptide Firsl Polypeptide Second Polypeptide ^Fourth Polypeptide 

4 Fifth Polypeptide Firsl Polypeplide Second Polypeplide /jf Sixth Polypeptide 

4 Fifth Polypeptide First Polypeptide Third Polypeptide , f Second Polypeplide 

4 Fifth Polypeplide First Polypeplide Third Polypeptide' Fourih Polypeptide 

4 Fifth Polypeplide Firsl Polypeptide Third Polypeptide Sixlh Polypeptide 

4 Fifth Polypeptide First Polypeptide Fourih Polypeptide Second Polypeptide 

4 Fifth Polypeptide First Polypeptide Fourih Polypeptide Third Polypeptide 

4 Fifth Polypeptide First Polypeptide Fourlj^PoIypeplidc Sixlh Polypeptide 

4 Fifth Polypeptide First Polypeptide Stffth Polypeplide Second Polypeptide 

4 Fifth Polypeptide First Polypeptide ^Sixth Polypeptide Third Polypeptide 

4 Fiflh Polypeptide First Polypeplide # Sixlh Polypeptide Fourth Polypeptide 

4 Fifth Polypeptide Second Polypeptide y First Polypeptide Third Polypeptide 

4 Fiflh Polypeptide Second Polypeptide^ First Polypeptide Fourih Polypeptide 

4 Fifth Polypeptide Second Polypeptide Firsl Polypeptide Sixth Polypeptide 

4 Fiflh Polypeplide Sccond Polypeptide Third Polypeplide First Polypeptide 

4 Fiflh Polypeptide Second Polypeptide Third Polypeplide Fourth Polypeptide 

4 Fifth Polypeptide Second Jjtflypeptide Third Polypeplide Sixth Polypeptide 

4 Fifth Polypeptide Sccon^ Polypeptide Fourth Polypeptide First Polypeptide 

4 Fifth Polypeptide Second Polypeptide Fourih Polypeplide Third Polypeptide 

4 Fifth Polypeplide J^cond Polypeptide Fourih Polypeptide Sixth Polypeptide 

4 Fifth Polypeptide # Second Polypeptide Sixth Polypeptide First Polypeplide 

4 Fiflh Polypeptide ff Second Polypeptide Sixlh Polypeptide Third Polypeptide 

4 Fiflh Poly pep tick# Second Polypeptide Sixth Polypeptide Fourth Polypeptide 

4 Fiflh Polypejmle Third Polypeptide Firsl Polypeplide Second Polypeptide 

4 Fifth Polypeptide Third Polypeptide First Polypeptide Fourih Polypeplide 

4 Fifth Bfllypeplide Third Polypeptide First Polypeptide Sixlh Polypeplide 

4 Fiftfi Polypeptide Third Polypeptide Second Polypeplide Firsl Polypeptide 

4 yfifth Polypeptide Third Polypeptide Second Polypeptide Fourth Polypeptide 

4 £ Fifth Polypeptide Third Polypeptide Sccond Polypeptide Sixth Polypeptide 

4 y Fifth Polypeptide Third Polypeptide Fourth Polypeptide Firsl Polypeptide 

Fiflh Polypeplide Third Polypeplide Fourth Polypeptide Second Polypeptide 

4 Fiflh Polypeplide Third Polypeplide Fourth Polypeptide Sixth Polypeptide 

4 Fiflh Polypeptide Third Polypeptide Sixlh Polypeptide First Polypeptide 
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4 Fifth Polypeplide Third Polypeptide Sixth Polypeptide Second Polypeptide^ 

4 Fiflh Polypeptide Third Polypeptide Sixlh Polypeplide Fourih Polypeptide 

4 Fifth Polypeptide Fourih Polypeptide First Polypeplide Second Polypeptide 
4 Fiflh Polypeptide Fourth Polypeptide First Polypeptide Third Polypeptide 

4 Fifth Polypeptide Fourih Polypeptide First Polypeplide Sixth B5lypeptide 

4 Fifth Polypeptide Fourih Polypeptide Second Polypeptide Fian Polypeplide 

4 Fiflh Polypeptide Fourth Polypeptide Second Polypeptide Tjnird Polypeptide 

4 Fifth Polypeplide Fourth Polypeptide Second Polypeptide £ Sixth Polypeptide 

4 Fifth Polypeptide Fourih Polypeplide Third Polypeptide £ First Polypeptide 

4 Fifth Polypeplide Fourth Polypeptide Third Polypeptide , r Second Polypeplide 

4 Fifth Polypeplide Fourth Polypeptide Third Polypeptide Sixlh Polypeptide 

4 Fifth Polypeptide Fourth Polypeptide Sixth Polypeptide Firsl Polypeptide 

4 Fifth Polypeplide Fourih Polypeptide Sixth Polypeptide Second Polypeptide 

4 Fifth Polypeptide Fourih Polypeptide Sixth Polypeptide Third Polypeptide 

4 Fiflh Polypeptide Sixth Polypeptide Firs^Poiypeptide Second Polypeptide 

4 Fifth Polypeptide Sixlh Polypeptide fiftsl Polypeptide Third Polypeptide 

4 Fiflh Polypeptide Sixth Polypeptide J'First Polypeptide Fourth Polypeptide 

4 Fifth Polypeptide Sixlh Polypeptide /'Second Polypeptide Firsl Polypeptide 

4 Fifth Polypeptide Sixlh Polypeptide £ Sccond Polypeptide Third Polypeplide 

4 Fifth Polypeptide Sixth Polypeplid^ Second Polypeptide Fourih Polypeplide 

4 Fifth Polypeptide Sixth Polypep^e Third Polypeptide First Polypeptide 

4 Fifth Polypeplide Sixth Polypeptide Third Polypeptide Second Polypeptide 

4 Fifth Polypeplide Sixth Pq^peplide Third Polypeptide Fourth Polypeptide 

4 Fiflh Polypeptide Sixl polypeptide Fourih Polypeplide First Polypeplide 

4 Fiflh Polypeptide Sijtfn Polypeptide Fourth Polypeptide Second Polypeptide 

4 Fifth Polypeplide $ixth Polypeptide Fourth Polypeptide Third Polypeptide 

4 Sixlh Polypeptide ff First Polypeptide Sccond Polypeptide Third Polypeptide 

4 Sixlh Polypeptide £ First Polypeptide Second Polypeptide Fourth Polypeptide 

4 Sixth Polypeptide^ First Polypeplide Second Polypeptide Fifth Polypeptide 

4 Sixlh Polypeplide First Polypeptide Third Polypeptide Second Polypeptide 

4 Sixth Polypeptide First Polypeptide Third Polypeplide Fourih Polypeptide 

4 Sixlh Polypeptide First Polypeptide Third Polypcplidc Fifth Polypeptide 
4 Sixth Polypeptide First Polypeptide Fourth Polypeptide Sccond Polypeptide 
4 SixtfrPoIypeptidc First Polypeptide Fourth Polypeptide Third Polypeptide 

4 SfBclh Polypeptide Firsl Polypeplide Fourth Polypeptide Fifth Polypeptide 

4 i^Sixlh Polypeptide First Polypeptide Filth Polypeptide Second Polypeptide 
4 £ Sixth Polypeptide Firsl Polypeptide Filth Polypeptide Third Polypeplide 

4 / Sixth Polypeptide First Polypeptide Fifth Polypeptide Fourth Polypeptide 

Sixth Polypeptide Second Polypeptide First Polypeptide Third Polypeptide 

f4 Sixlh Polypeptide Second Polypeptide First Polypeptide Fourih Polypeptide 

4 Sixth Polypeptide Second Polypeptide First Polypeplide Fifth Polypeptide 
4 Sixth Polypeptide Second Polypeptide Third Polypeplide First Polypeptide 
4 Sixth Polypeptide Second Polypeptide Third Polypeplide Fourth Polypeplide 
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4 Sixili Polypeptide Sccond Polypeptide Third Polypeptide Fiflh Polypeptide 

4 Sixlh Polypeptide Second Polypeptide Fourth Polypeptide First Polypeptide 

4 Sixth Polypeptide Second Polypeptide Fourth Polypeplide Third Polypeptide 
4 Sixlh Polypeptide Second Polypeptide Fourth Polypeplide Fiflh Polypeptide 

4 Sixth Polypeptide Second Polypeptide Fifth Polypeptide Firsl Polyi&plide 

4 Sixth Polypeptide Second Polypeptide Fifth Polypeptide Third Polypeptide 
4 Sixlh Polypeptide Second Polypeptide Fifth Polypeptide FourtJ^olypeplide 

4 Sixlh Polypeptide Third Polypeptide First Polypeptide Serafsd Polypeptide 

4 Sixth Polypeptide Third Polypeptide First Polypeplide J^uirlh Polypeplide 

4 Sixth Polypeptide Third Polypeptide Firsl Polypeptide / Fifth Polypeptide 

4 Sixth Polypeplide Third Polypeptide Second Polypeptide # First Polypeptide 

4 Sixlh Polypeplide Third Polypeptide Second Polypeptide^ Fourth Polypeptide 

4 Sixlh Polypeplide Third Polypeptide Second PoiypcplkJe Fiflh Polypeplide 

4 Sixth Polypeplide Third Polypeptide Fourth Polypeptide First Poly peptide 

4 Sixth Polypeplide Third Polypeptide Fourth Polypeptide Second Polypeptide 

4 Sixth Polypeptide Third Polypeplide Fourth Mlypeptide Fifth Polypeptide 

4 Sixlh Polypeptide Third Polypeptide Fift#Polypepfide Firsl Polypeptide 

4 Sixth Polypeptide Third Polypeptide Bffth Polypeptide Second Polypeptide 

4 Sixth Polypeptide Third Polypeptide jfFiflh Polypeptide Fourth Polypeptide 

4 Sixth Polypeptide Fourth Polypeptide £ First Polypeptide Second Polypeplide 

4 Sixlh Polypeptide Fourth Polypeptide # First Polypeplide Third Polypeptide 

4 Sixth Polypeptide Fourih Polypeptidgf First Polypeplide Fiflh Polypeptide 

4 Sixlh Polypeplide Fourih Polypeptf9e Second Polypeptide Firsl Polypeptide 

4 Sixth Polypeptide Fourth Polypeptide Second Polypeptide Third Polypeplide 

4 Sixth Polypeptide Fourth Polypeptide Second Polypeptide Fifth Polypeptide 
4 Sixth Polypeptide Fourth Polypeptide Third Polypeptide First Polypeptide 
4 Sixth Polypeplide FourfR Polypeplide Third Polypeptide Second Polypeptide 

4 Sixth Polypeplide FdCrth Polypeptide Third Polypeplide Fiflh Polypeptide 

4 Sixlh Polypeptide iFourth Polypeptide Fifth Polypeplide First Polypeptide 

4 Sixth Polypeptide £ Fourth Polypeptide Fifth Polypeplide Second Polypcplidc 

4 Sixth Polypeptide f Fourth Polypeptide Fifth Polypeptide Third Polypeplide 

4 Sixth Polypeptide Fifth Polypeptide Firsl Polypeptide Second Polypeptide 

4 Sixlh Polypej^fde Fifth Polypeptide Firsl Polypeplide Third Polypeptide 

4 Sixth Polypeptide Fifth Polypeptide First Polypeptide Fourth Polypeplide 
4 Sixth Polypeptide Fifth Polypeplide Second Polypeplide First Polypeptide 

4 Sixth#olypeptide Fifth Polypeptide Second Polypeptide Third Polypeptide 

4 SijJn Polypeptide Fifth Polypeptide Second Polypeptide Fourth Polypeptide 

4 ifixth Polypeplide Fiflh Polypeptide Third Polypeptide First Polypeptide 

4 Sixth Polypeplide Fifth Polypeptide Third Polypeplide Second Polypeplide 
4 . '/ Sixth Polypeptide Fifth Polypeptide Third Polypeplide Fourth Polypeptide 4 y Sixth Polypeptide Fiflh Polypeptide Fourih Polypeptide Firsl Polypeptide 

Sixlh Polypeplide Fiflh Polypeptide Fourih Polypeptide Second Polypeptide 
4 Sixth Polypeplide Fiflh Polypeptide Fourth Polypeptide Third Polypeptide 
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Where n is 5, X moieties are selected from the following: 
n X, x2 x3 x4 Xs 

5 Isi Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
5 1 si Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polj'peptide 6th Polypeptide 
5 1st Polypept de 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 
5 1st Polypept de 2nd Polypeptide 3rd Polypeptide 5lh Polypeptide 6th Polypeptide 
5 1st Polypept de 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 
5 1 st Polypept de 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 5th polypeptide 
5 1st Polypept de 2nd Polypeplide 4th Polypeptide 3rd Polypeplide 5 tjfPoly peptide 
5 1st Polypept de 2nd Polypeplide 4th Polypeptide 3rd Polypeplide #fh Polypeptide 
5 1st Polypept de 2nd Polypeptide 4th Polypeptide 5th Polypeplide #3rd Polypeptide 
5 1st Polypept de 2nd Polypeplide 4th Polypeplide 5th Polypeptide^ 6th Polypeptide 
5 1 si Polypept de 2nd Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
5 1st Polypept de 2nd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
5 1st Polypept de 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 4 th Polypeplide 
5 I st Polypept de 2nd Polypeplide 5th Polypeptide 3rd Polipeplide 6th Polypeptide 
5 1st Polypept de 2nd Polypeptide 5th Polypeptide 4 th Jfoly peptide 3rd Polypeptide 
5 1st Polypept de 2nd Polypeptide 5th Polypeptide 4lp Polypeptide 6th Polypeptide 
5 1st Polypept de 2nd Polypeptide 5th Polypeptide jBth Polypeptide 3rd Polypeptide 
5 1st Polypept de 2nd Polypeptide 5th Polypeptide f 6th Polypeptide 4 th Polypeptide 
5 1st Polypept de 2nd Polypeptide 6th Polypeptid# 3rd Polypeptide 4th Polypeptide 
5 1st Polypept de 2nd Polypeplide 6lh Polypepyffe 3rd Polypeptide 5th Polypeptide 
5 1st Polypept de 2nd Polypeptide 6ih Polyp^tide 4 th Polypeptide 3rd Polypeptide 
5 1st Polypept de 2nd Polypeptide 6th Poh^jptide 4th Polypeplide 5th Polypeptide 
5 1st Polypept de 2nd Polypeplide 6th P^'peptidc 5th Polypeplide 3rd Polypeptide 
5 1 st Polypept de 2nd Polypeptide 6th#olypeplide 5th Polypeptide 4 th Polypeptide 
5 1st Polypept de 3rd Polypeptide 2m Polypeptide 4th Polypeplide 5th Polypeptide 
5 J si Polypept de 3rd Polypeptide jlnd Polypeptide 4th Polypeplide 6th Polypeptide 
5 1 st Polypept de 3rd Polypeptide,, f 2nd Polypeptide 5th Polypeptide 4 th Polypeptide 
5 1st Polypept de 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
5 1 st Polypept de 3rd Polypenftle 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
5 1st Polypept de 3rd Polyi^ptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
5 I st Polypept de 3rd Pol»5eptide 4 th Polypeptide 2nd Polypeptide 5th Polypeplide 
5 1 st Polypept de 3rd l#ypeptide 4 th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 1st Polypept de 3r#PoIy peptide 4ih Polypeptide 5lh Polypeplide 2nd Polypeplide 
5 1st Polypept de Wd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
5 1st Polypept de #3rd Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 
5 1 st Polypept dei 3rd Polypeptide 4lh Polypeptide 6th Polypeptide 5th Polypeptide 
5 1st Polypept 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
5 1st Polype pde 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 4 th Polypeptide 2nd Polypeplide 
5 1st Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
5 1st polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
5 isfPolypepiiUti 3i d Polypeplide 5(h Polypeplide 6tli Polypeptide 4th Polypeptide 
5 Mst Polypeplide 3rd Polypeptide 6th Polypeplide 2nd Polypeplide 4th Polypeptide 
5 g 1st Polypeplide 3rd Polypeplide 6th Polypeplide 2nd Polypeptide 5th Polypeplide 

1st Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeplide 
1 st Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 5 th Polypeptide 

5 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 
5 1 si Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 4 th Polypeptide 
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5 1st Polypeptide 4th Polypept de 2nd Polypeptide 3rd Polypeptide 51 h Polypeptide^ 
5 ist Polypeptide 4th Polypept de 2nd Polypeptide 3rd Polypeptide 6th Polypept yfc 
5 1 st Polypeptide 4 th Polypept de 2nd Polypeptide 5th Polypeplide 3rd Polypeptide 
5 Ist Polypeptide 4th Polypept de 2nd Polypeptide 5th Polj'peptide 6th Polypeptide 
5 1 st Polj'peptide 4th Polypept de 2nd Polypeptide 6th Polypeplide 3rd Polypeptide 
5 1st Polypeptide 4th Polypept de 2nd Polypeptide 6th Polj'peplide 5th l^lypeptide 
5 1st Polypeptide 4 th Polypepl de 3rd Polypeptide 2nd Polypeptide 5imrolypeptide 
5 1st Polypeptide 4 th Polypepl de 3rd Polypeptide 2nd Polypeptide $rn Polypeptide 
5 1 st Polj'peptide 4 th Polypept de 3rd Polypeptide 5th Polj'peplide #ind Polypeptide 
5 1 st Polypeptide 4th Polypept de 3rd Polypeptide 5th Polypeptide , f 6th Polypeptide 
5 1st Polypeptide 4th Polj'pept de 3rd Polypeptide 6th Polypeptide 2nd Polypeplide 
5 1st Polypeptide 4lh Polypept de 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
5 1st Polypeptide 4 th Polj'pept de 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 1 st Polypeptide 4 th Polj'pept de 5 th Polypeptide 2nd Polj'^plide 6th Polypeptide 
5 1st Polj'peptide 4th Polypept de 5lh Polypeptide 3rd Pojfpeplide 2nd Polypeptide 
5 1st Polj'peptide 4th Polypept de 5th Polypeplide 3rd polypeptide 6th Polypeptide 
5 1st Polj'peptide 4lh Polypepl de 5th Polypeptide 6WPoIypeptide 2nd Polypeplide 
5 1st Polypeptide 4th Polj'pept de 5 th Polypeptide 0\ Polypeptide 3rd Polypeptide 
5 ist Polypeptide 4th Polypept de 6th Polypeptide ^nd Polypeptide 3rd Polypeptide 
5 1st Polj'peptide 4th Polypept de 6lh Polypeptide, ' 2nd Polj'peptide 5th Polypeplide 
5 1st Polj'peptide 4th Polypept de 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 
5 1st Polypeptide 4th Polypept de 6th Polypeptide 3rd Polypeptide 5th Polypeptide 
5 1st Polj'peptide 4th Polypept de 6th Polypo/ftide 5th Polj'peplide 2nd Polypeptide 
5 1st Polypeptide 4lh Polypept de 6th Polypeptide 5th Polj'peptide 3rd Polypeptide 
5 1st Polypeptide 5th Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 
5 1st Polj'peptide 5 th Polypept de 2nd polypeptide 3rd Polypeptide 6th Polypeptide 
5 1st Polypeptide 5th Polypept de 2n#rolypeptide 4th Polypeplide 3rd Polypeptide 
5 Ist Polypeptide 5th Polypept de 2nd Polypeptide 4th Polypeplide 6 th Polypeptide 
5 1st Polypeptide 5th Polj'pept dc #2nd Polypeptide 6lh Polypeplide 3rd Polypeptide 
5 isl Pofj'peptidc 5th Polypept 6c/ ' 2nd Polypeptide 6lb Polypeptide 4th Polj'peptide 
5 Ist Polypeptide 5th Polypept 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
5 1 st Polypeptide 5th Polypep^&e 3rd Polj'peptide 2nd Polypeptide 6th Polypeptide 
5 1st Polypeplide 5th Polj'peptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
5 I st Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
5 1st Polypeptide 5 th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
5 Ist Polypeptide 5lh#olj'peptide 3rd Polypeptide 6th Polypeplide 4th Polypeptide 
5 1st Polypeptide 5#Polypeptide 4lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 1 st Polypeptide /ih Polypeptide 4lh Polypeptide 2nd Polypeplide 6th Polypeptide 
5 1st Polypeplide ff5 th Polypeptide 4th Polypeptide 3rd Polj'peptide 2nd Polypeptide 
5 1st Polypeptide^ ' 5th Polypeptide 4 th Polypeplide 3rd Polypeptide 6th Polypeplide 
5 1st Polypeptide 5 th Polypeptide 4th Polypeptide 6th Polj'peptide 2nd Polypeplide 
5 1st Poljpep^roe 5th Polypeptide 4ih Polypeptide 6th Polj'peptide 3rd Polypeplide 
5 1st Polypeptide 5 th Polypeptide 6ih Polypeplide 2nd Polj'peptide 3rd Polypeptide 
5 1st Polypeptide 5th Polypeptide 6ih Polypeptide 2nd Polypeptide 4th Polypeptide 
5 1st P#ypeptide 5th Polypeptide 6lh Polypeptide 3rd Polypeptide 2nd Polypeplide 
5 IsUFolypeplide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 
5 Up Polypeptide 5th Polypeptide 6th Polypeptide 4th Polj'peptide 2nd Polj'peptide 
5 Mst Polypeptide 5lh Polypeptide 6th Polypeptide 4 th Polypeplide 3rd Polypeptide 
5 f J st Polypeptide 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 
5/ 1st Polj'peptide 6 th Polypeptide 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 

1st Polypeptide 6th Polypeplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
5 1st Polypeptide 6th Polypeplide 2nd Polypeptide 4th Polypeptide 5th Polypeplide 
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5 1st Polypeptide 6th Polypepl de 2nd Polypeptide 5th Polj'peptide 3rd Polypeptide 
5 1st Polypeptide 6th Polj'pepl de 2nd Polj'peptide 5th Polypeptide 4th Polypeptide 
5 1st Polypeptide 6th Polypepl de 3rd Polj'peptide 2nd Polypeptide 4th Polypeptide/ 
5 1st Polypeptide 6lh Polypept de 3rd Polypeptide 2nd Polj'peptide 5th Polypeptide 
5 1 st Polypeptide 6th Polypept de 3rd Polypeptide 4th Polypeptide 2nd Polypep de 
5 1st Polypeptide 6th Polypept de 3rd Polj'peptide 4th Polj'peplide 5th Polyalpt de 
5 ist Polypeptide 6th Polypept de 3rd Polypeptide 5th Polypeptide 2nd Polypept de 
5 1st Polypeptide 6th Polypept de 3rd Polypeptide 5th Polypeplide 4th Bolypept de 
5 Ist Polypeptide 6th Polypept de 4th Polypeptide 2nd Polj'peptide 3nfPolypept de 
5 1st Polypeptide 6th Polypept de 4th Polypeptide 2nd Polypeptide #fh Polypept de 
5 I st Polypeptide 6th Polypept de 4th Polypeptide 3rd Polypeptide /2nd Polypept de 
5 1 st Polj'peplide 6th Polypept de 4th Polypeptide 3rd Polj'peptide A 5th Polypept de 
5 1st Polypeptide 6th Polj'pept de 4 th Polypeptide 5th Polypeptide 2nd Polypept de 
5 1 st Polj'peptide 6th Polypept dc 4th Polypeptide 5th Polypepme 3rd Polypept de 
5 1st Polypeptide 6th Polypept de 5th Polypeptide 2nd Polj'p®tide 3rd Polypept de 
5 1 st Polj'peptide 6th Polypepl de 5th Polypeptide 2nd Polypeptide 4th Polypepl de 
5 1st Polypeptide 6th Polypept de 5th Polypeptide 3rd Pj^'peptide 2nd Polypept de 
5 1 st Polypeptide 6th Polypepl de 5th Polypeptide 3rdjroIypeptide 4th Polypepl de 
5 1 st Polypeptide 6th Polypept de 5th Polypeptide 4ift Polypeptide 2nd Polypepl de 
5 Ist Polj'peptide 6th Polj'pept de 5th Polypeptide #flh Polypeptide 3rd Polypept dc 
5 2nd Polypeptide 1 st Polypept de 3rd Polypeptide f 4th Polypeptide 5 th Polypept de 
5 2nd Polypeptide 1 st Polypept de 3rd Polypeptide 4th Polj'peptide 6th Polypept de 
5 2nd Polypeptide 1 st Polypept de 3rd Polypeptide 5 th Polypeptide 4 th Polypept de 
5 2nd Polypeptide 1st Polypept de 3rd Polypemide 5th Polypeptide 6th Polypept de 
5 2nd Polj'peptide 1st Polypept de 3rd Polypeptide 6th Polypeptide 4lb Polypept de 
5 2nd Polj'peptide 1 st Polypept de 3rd Polypeptide 6th Polj'peptide 5th Polypepl de 
5 2nd Polypeptide 1 st Polypept de 4th Plypeptide 3rd Polj'peptide 5th Polypepl de 
5 2nd Polypeptide 1 st Polypept de 4t#Polypeptide 3rd Polypeplide 6th Polypept de 
5 2nd Polypeptide 1 st Polypept de Mh Polypeptide 5th Polypeptide 3rd Polypept de 
5 2nd Polypeptide 1st Polypept de #4th Polypeptide 5th Polj'peptide 6th Polypept dc 
5 2nd Polypeptide 1st Polypept de^ 4th Polypeptide 6th Polypeptide 3rd Polypept de 
5 2nd Polj'peptide 1st Polypept 4 th Polypeptide 6th Polypeptide 5th Polypept de 
5 2nd Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polj'peptide 4th Polypept de 
5 2nd Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypept de 
5 2nd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polj'peptide 3rd Polypept de 
5 2nd Polypeplide 1 st Polypeptide 5th Polypeplide 4th Polypeptide 6th Polypept de 
5 2nd Polypeptide lst#oly peptide 5 th Polypeptide 6th Polypeptide 3rd Polypept de 
5 2nd Polypeptide lm Polypeptide 5th Polypeptide 6 th Polj'peptide 4th Polypept de 
5 2nd Polypeptide #lst Polypeptide 6th Polypeptide 3rd Polypeptide 4 th Polypept de 
5 2nd Polj'peptide f 1 st Polypeplide 6th Polypeptide 3rd Polypeptide 5th Polypept de 
5 2nd Polypeptides I st Polj'peptide 6th Polypeptide 4th Polypeptide 3rd Polypept de 
5 2nd Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeplide 5 th Polypept de 
5 2nd Polypeptide Ist Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypept de 
5 2nd Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeplide 4 th Polypept de 
5 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 4 th Polj'peptide 5 th Polypept de 
5 2nd polypeptide 3rd Polypeptide 1st Polypeptide 4ih Polypeplide 6th Polypept dc 
5 2n#Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polj'pept de 
5 Md Polypeptide 3rd Polypeptide Ist Polypeptide 5th Polj'peplide 6th Polypept de 
5 ^nd Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypept de 
5 A ' 2nd Polypeptide 3rd Polypeptide Ist Polypeptide 6th Polypeplide 5 th Polypept de 

2nd Polj'peptide 3rd Polypeptide 4th Polypeptide Ist Polypeptide 5th Polypept de 
fs 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 1 si Polypeptide 6th Polypepl de 
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5 2nd Polypeptide 3rd Polypepl de 4th Polypeptide 5th Polypeplide 1st Polypeptide 
5 2nd Polypeplide 3rd Polypept de 4th Polypeplide 5th Polypeptide 6 th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 4th Polypeptide 6th Polj'peplide 1st Polypeptide 
5 2nd Polypeptide 3rd Polypept de 4th Polypeplide 6th Polj'peptide 5 th Polyp^t de 
5 2nd Polypeptide 3rd Polj'pept de 5th Polj'peptide I st Polj'peptide 

,/ 
4th PoljJept de 

5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 1st Polypeptide 6th Pq$pept de 
5 2nd Polypeptide 3rd Polypepl de 5th Polypeptide 4th Polypeptide Istjrolypept de 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 4th Polypeptide 6t# Polypept de 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 6th Polypeptide #st Polypept de 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 6th Polypeptide £ 4th Polypept de 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 1st Polypeptide! 4 th Polypept de 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 1st Polypeptide 5th Polypept de 
5 2nd Polypeptide 3rd Polypepl de 6th Polypeptide 4th Polypeptide 1 st Polypept de 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 4th Polyg^t de 5th Polypept de 
5 2nd Polypeptide 3rd Polypepl de 6th Polypeptide 5 th Poy^epl de 1st Polypept de 
5 2nd Polypeptide 3rd Polypepl de 6th Polypeptide 5th Ejifypcpt de 4th Polypept de 
5 2nd Polypeptide 4th Polypepl dc 1st Polypeptide 3r<J^olj'pept dc 5th Polypept de 
5 2nd Polypeptide 4th Polypepl de 1 st Polypeptide Zfd Polj'pept de 6th Polypept de 
5 2nd Polypeptide 4th Polypept de I st Polypeptide /5th Polypept de 3rd Polypepl de 
5 2nd Polypeptide 4lh Polypept de 1 st Polypeptide f 5th Polypept de 6th Polypept de 
5 2nd Polj'peptide 4th Polypept de 1 st Polypeptide 6th Polypept de 3rd Polypept de 
5 2nd Polj'peptide 4th Polypept de I st Polypeptide 6th Polypept de 5th Polj'pept de 
5 2nd Polypeptide 4th Polypept de 3rd Polype de 1st Polypept de 5th Polypept de 
5 2nd Polypeptide 4th Polypept de 3rd Polypept de 1st Polypept de 6th Polypept de 
5 2nd Polypeptide 4th Polypept de 3rd Po$pept de 5th Polj'pepl de 1 st Polypept de 
5 2nd Polj'peptide 4th Polypept de 3rd jrolypept de 5th Polj'pept de 6th Polypept de 
5 2nd Polypeplide 4th Polypepl de ZxMPolypept de 6th Polypept dc 1st Polypepl de 
5 2nd Polypeptide 4th Polypepl de #rd Polypept de 6th Polypept dc 5th Polj'pept de 
5 2nd Polypeptide 4th Polypepl de /5 th Polypept de 1st Polypepl de 3rd Polypept de 
5 2nd Polj'peptide 4th Polypept de^ 5th Polypept de 1st Polj'pept de 6lh Polypept de 
5 2nd Polypeplide 4th Polypept d 5th Polypept de 3rd Polypept de Ist Polypept de 
5 2nd Polypeptide 4 lb Polype opde 5th Polypept de 3rd Polj'pept de 6th Polypept de 
5 2nd Polypeptide 4th Polypeptide 5lh Polypept de 6th Polj'pept de 1st Polypept de 
5 2nd Polypeptide 4th Polypeptide 5th Polypepl de 6th Polypepl de 3rd Polypept de 
5 2nd Polypeptide 4th Polypeptide 6th Polypept de 1st Polj'pept de 3rd Polypept de 
S 2nd Polypeptide 41 polypeptide 6th Polypept de 1 st Polypept de 5th Polypept de 
5 2nd Polj'peptide wi Polypeplide 6 th Polypept de 3rd Polypept de 1st Polypept de 
5 2nd Polypeptide #th Polypeplide 6th Polypept de 3rd Polypept de 5th Polypept de 
5 2nd Polypeptide f 4th Polypeplide 6lh Polypept de 5th Polypept de 1st Polypept de 
5 2nd Polypeptide/ 4th Polypeptide 6th Polypept de 5th Polypept de 3rd Polypept de 
5 2nd Polypeptide 5 th Polypeptide 1 st Polypept de 3rd Polypept de 4lh Polypepl de 
5 2nd Polypemide 5th Polypeptide 1st Polypepl de 3rd Polypept de 6th Polypept de 
5 2nd Polypeptide 5th Polj'peptide 1st Polypepl de 4th Polj'pepl de 3rd Polypept de 
5 2nd Polypeptide 5th Polypeptide 1st Polj'pept de 4th Polypepl de 6th Polypept de 
5 2nd polypeptide 5th Polypeptide 1st Polypept de 6th Polypept de 3rd Polypept de 
5 2n#Polypep(ide 5lh Polypeptide 1st Polypepl de 6th Polypept de 4lh Polypept dc 
5 2pd Polypeptide 5th Polypeptide 3rd Polypept de 1st Polypept de 4 th Polypept de 
5 #2nd Polypeptide 5th Polypeplide 3rd Polypept de 1st Polypepl de 6th Polypept de 
5 A 2nd Polypeptide 5th Polj'peplide 3rd Polypept de 4th Polypept dc 1st Polypepl de 

2nd Polypeptide 5th Polypeplide 3rd Polypept de 4th Polj'pept de 6lh Polypept de 
fs 2nd Polypeplide 5th Polypeptide 3rd Polypept de 6 th Polypept de 1st Polypept de 
5 2nd Polypeplide 5th Polypeplide 3rd Polypept de 6th Polypept de 4th Polypept de 
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5 2nd Polypeplide 5th Polypeptide 4th Polypeptide 1st Polj'peptide 3rd Polypeptide^ 
5 2nd Polypeptide 5th Polypeptide 4th Polypeptide lsl Polypeptide 6th Polypeptide 
5 2nd Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypej^de 
5 2nd Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 6th PolvR^tide 
5 2nd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide lsl Polypeplide 
5 2nd Polypeptide 5lh Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
5 2nd Polypeptide 5th Polypeptide 6th Polypeptide Isl Polypeptide 3 r^Poly peptide 
5 2nd Polypeptide 5th Polypeptide 6th Polypeptide 1 st Polypeptide 4th Polypeptide 
5 2nd Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide /lsl Polypeplide 
5 2nd Polypeptide 5th Polypeptide 6th Polypeplide 3rd Polypeptide. ' 4lh Polypeplide 
5 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4lh Polypeptkj/ Isl Polypeptide 
5 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4 th Poiypepjuie 3rd Polypeplide 
5 2nd Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 
5 2nd Polypeptide 6th Polypeptide lsl Polypeptide 3rd Polypeptide 5th Polypeptide 
5 2nd Polypeptide 6th Polypeptide Isl Polypeptide 4 th Polypeptide 3rd Polypeptide 
5 2nd Polypeptide 6th Polypeptide lsl Polypeptide 4th#'o3j'peptide 5th Polypeptide 
5 2nd Polypeptide 6ih Polypeptide 1 si Polypeptide 5m Polypeptide 3rd Polypeptide 
5 2nd Polypeplide 6th Polj'peptide Isl Polypeptide /5th Polj'peplide 4 th Polypeptide 
5 2nd Polypeplide 6th Polypeptide 3rd Polypeptide f Isl Polypeplide 4th Polypeptide 
5 2nd Polypeptide 6th Polj'peptide 3rd Polypeptide Ist Polypeplide 5th Polypeptide 
5 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 
5 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 5 th Polypeptide 
5 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polj'peplide 1st Polypeptide 
5 2nd Polypeptide 6lh Polypeptide 3rd Polypeptide 5th Polj'peptide 4th Polypeplide 
5 2nd Polypeptide 6th Polypeptide 4th polypeptide 1st Polypeptide 3rd Polypeplide 
5 2nd Polypeptide 6th Polypeptide 4j^ Polypeptide 1st Polypeptide 5th Polypeplide 
5 2nd Polypeptide 6th Polypeptide J?th Polypeptide 3rd Polypeptide 1st Polypeptide 
5 2nd Polypeplide 6th Polypeptide $ 4th Polypeptide 3rd Polypeptide 5th Polypeptide 
5 2nd Polypeptide 6th Polypeptide^ 4th Polypeptide 5th Polypeplide 1st Polypeptide 
5 2nd Polypeptide 6th Polypept \£e 4th Polypeptide 5th Polj'peptide 3rd Polypeplide 
5 2nd Polypeptide 6th Polypemide 5th Polypeptide Ist Polj'peptide 3rd Polypeptide 
5 2nd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 4th Polypeptide 
5 2nd Polypeptide 6th PoWpeplide 5th Polypeptide 3rd Polypeplide 1st Polypeptide 
5 2nd Polypeptide 6th polypeptide 5th Polypeplide 3rd Polypeptide 4th Polypeptide 
5 2nd Polypeptide 6 [polypeptide 5th Polypeplide 4th Polypeplide Isl Polypeptide 
5 2nd Polypeptide jfh Polypeplide 5th Polypeplide 4th Polypeptide 3rd Polypeptide 
5 3rd Polypeptide g J st Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeplide 
5 3rd Polypeptide^ 1st Polypeptide 2nd Polypeplide 4th Polypeptide 6lh Polypeptide 
5 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 5th Polj'peptide 4th Polypeptide 
5 3rd Polypeajfcle 1st Polypeptide 2nd Polypeptide 5th Polypeplide 6th Polypeptide 
5 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
5 3rd Polypeptide 3 si Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
5 3rd Polypeptide 1 si Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
5 3rd^rolypeptide 1st Polypeptide 4th Polypeptide 2nd Polj'peptide 6th Polypeptide 
5 Ml Polypeptide 1 si Polj'peplide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
5 /pid Polypeptide 1st Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
5 , f 3rd Polypeptide 1st Polypeptide 4th Polypeptide 6lh Polypeptide 2nd Polypeptide 
5/ 3rd Polypeptide 1 si Polypeptide 4th Polypeptide 6lh Polypeptide 5th Polypeptide 

3rd Polypeptide 1 si Polypeplide 5 th Polypeptide 2nd Polypeptide 4th Polypeptide 
' 5 3rd Polypeptide Isl Polypeptide 5 th Polypeptide 2nd Polypeptide 6th Polypeptide 

5 3rd Polypeptide 1st Polypeplide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide 1 st Polypeptide 5 th Polypeptide 4th Polj'peptide 6th Polypeptide 
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5 3rd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide Ist Polj'peptide 5th Polypeptide 6th Polypeptide 4th Polypep^e 
5 3rd Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polj'peptide 4 th Polypeptide 
5 3rd Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 
5 3rd Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide 1st Polypeptide 6th Polypeptide 4 th Polypeptide 5th Polypeptide 
5 3rd Polypeptide 1st Polypeptide 6th Polypeplide 5 th Polypeptide 2n^Polypeptide 
5 3rd Polypeptide I st Polypeptide 6th Polypeptide 5th Polypeptide ifth Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide / 5th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide,; 7 6th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 1st Polypeplide 5lh Polj'peplidjf 4 th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 1st Polypeplide 5th Polypepfcrae 6th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypdftide 4 th Polypeplide 
5 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 5 th Polypeptide 
5 3rd Polj'peptide 2nd Polypeptide 4th Polypeptide 1st Pojypepiide 5th Polypeptide 
5 3rd Polypeplide 2nd Polj'peptide 4 th Polypeptide 1 st .Polj'peptide 6th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5tJr Polypeptide I st Polypeptide 
5 3rd Polj'peptide 2nd Polypeptide 4th Polypeptide ,#th Polypeptide 6th Polypeplide 
5 3rd Polypeptide 2nd Polypeptide 4 th Polypeplide M 6th Polypeptide lsl Polypeptide 
5 3rd Polypeplide 2nd Polypeptide 4lh Polypeptide.-! 6th Polj'peptide 5th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 1st Polj'peptide 4 th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5 th Polypeptide 1st Polypeptide 6th Polypeptide 
5 3rd Polj'peptide 2nd Polypeptide 5th Polypeptide 4th Polj'peptide 1st Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5 th Polypeptide 6th Polypeptide 1 st Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5 th.Polypeptide 6th Polypeptide 4th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 6,ijn Polypeptide 1st Polypeptide 4th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 46th Polypeptide 1 st Polypeptide 5th Polypeptide 
5 3rd Polj'peptide 2nd Polypeptide § 6lh Polypeptide 4th Polypeplide 1st Polypeptide 
5 3rd Polypeptide 2nd Polypeptide^ 6th Polypeptide 4th Polypeptide 5 th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 6th Polj'peptide 5th Polypeptide 1st Polypeptide 
5 3rd Polj'peptide 2nd Polypepjoe 6th Polypeptide 5th Polj'peplide 4 th Polypeptide 
5 3rd Polj'peptide 4 th Polypeptide lsl Polypeplide 2nd Polypeptide 5th Polypeptide 
5 3rd Polj'peptide 4 th Polypeptide 1 st Polypeptide 2nd Polypeptide 6th Polypeptide 
5 3rd Polypeptide 4th Polypeptide 1st Polypeplide 5th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide 4th#olypeptide lsl Polypeptide 5th Polj'peptide 6th Polypeptide 
5 3rd Polj'peptide 4m Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide #fth Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeptide 
5 3rd Polypeptide £ 4th Polypeptide 2nd Polypeptide 1st Polj'peplide 5th Polypeptide 
5 3rd Polypeptide J 4th Polypeptide 2nd Polypeptide 1st Polj'peptide 6th Polypeptide 
5 3rd Polj'pcptijjf 4th Polypeptide 2nd Polj'peplide 5th Polj'peptide 1st Polypeptide 
5 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 6lh Polypeptide 
5 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 1st Polypeptide 
5 3rd Polypeptide 4th Polj'peptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
5 3rd Polypeptide 4th Polypeplide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 
5 3rcUPolypcptide 4 th Polypeplide Jth Polypeptide lsl Polypeptide 6th Polypeptide 
5 3jS Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 prd Polj'peptide 4th Polj'peplide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 f 3rd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide Isl Polypeptide 
5/ 3rd Polypeptide 4th Polj'peplide 5th Polypeptide 6th Polj'peplide 2nd Polypeptide 

3rd Polj'peptide 4th Polypeptide 6th Polypeplide 1st Polj'peptide 2nd Polypeptide 
'5 3rd Polypeptide 4th Polypeptide 6th Polypeptide ist Polypeptide 5th Polypeptide 
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5 3rd Polypeptide 4 th Polypeplide 6th Polypeptide 2nd Polypeptide 1st Polypeptide i 
5 3rd Polypeplide 4th Polypeptide 6lh Polypeptide 2nd Polj'peptide 5 th Polypeptide 
5 3rd Polypeptide 4 th Polypeptide 6th Polypeptide 5th Polypeptide 1 st Polypepirae 
5 3rd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeplide 2nd Polypeptide 
5 3rd Polypeplide 5lli Polj'peptide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 
5 3rd Polypeplide 5th Polypeptide 1st Polypeplide 2nd Polypeptide 6th Polypeptide 
5 3rd Polypeptide 5th Polypeptide Ist Polypeptide 4th Polypeptide 2nd#olypeplide 
5 3rd Polj'peptide 5th Polypeptide 1st Polypeptide 4th Polj'peptide 6|fi Polypeptide 
5 3rd Polj'peplide 5th Polypeplide Ist Polypeptide 6th Polypeptide jfnd Polypeptide 
5 3rd Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide f 4th Polypeptide 
5 3rd Polypeptide 5 th Polypeptide 2nd Polypeptide lsl Polypeptide 4th Polypeptide 
5 3rd Polypeplide 5th Polypeptide 2nd Polypeplide 1 st Polypeptide 6th Polypeptide 
5 3rd Polj'peptide 5th Polypeptide 2nd Polypeplide 4th Polypeptide 1 st Polypeptide 
5 3rd Polj'peplide 5th Polypeptide 2nd Polypeptide 4lh Polypeptide 6th Polypeptide 
5 3rd Polj'peplide 5th Polypeplide 2nd Polypeptide 6th Po^peptide 1st Polypeptide 
5 3rd Polj'peptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
5 3rd Polj'peptide 5th Polypeplide 4 th Polypeptide 1w Polypeplide 2nd Polypeptide 
5 3rd Polypeptide 5th Polypeplide 4th Polypeplide ,#st Polj'peplide 6lh Polypeptide 
5 3rd Polypeptide 5 th Polypeptide 4th Polypeptide /2nd Polypeptide Ist Polypeplide 
5 3rd Polypeptide 5th Polypeptide 4th Polypeptide^ 2nd Polj'peptide 6th Polypeptide 
5 3rd Polj'peptide 5th Polypeplide 4th Polypeptigle 6th Polypeptide 1st Polypeptide 
5 3rd Polypeptide 5th Polypeptide 4th Polypep^ae 6th Polypeptide 2nd Polypeptide 
5 3rd Polj'peptide 5th Polj'peptide 6th Polypj^lldc 1st Polj'peptide 2nd Polypeplide 
5 3rd Polypeptide 5th Polypeptide 6th Polypeptide 1 st Polypeptide 4th Polypeptide 
5 3rd Polypeptide 5 th Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 
5 3rd Polypeptide 5111 Polypeptide 6th^olypeptide 2nd Polypeptide 4th Polypeplide 
5 3rd Polypeptide 5lb Polypeptide 6|n Polypeptide 4lh Polypeptide 1st Polypeptide 
5 3rd Polj'peptide 5lh Polypeptide doth Polypeptide 4lh Polypeplide 2nd Polypeptide 
5 3rd Polypeptide 6lh Polypeptide ff lsl Polypeplide 2nd Polypeptide 4th Polypeptide 
5 3rd Polypeptide 6th Polypeplid# 1st Polypeptide 2nd Polypeptide 5lh Polypeptide 
5 3rd Polj'peptide 6th Polypeplttfe 1st Polypeptide 4th Polj'peplide 2nd Polypeptide 
5 3rd Polj'peptide 6lh Polypeptide 1st Polypeptide 4th Polypeptide 5th Polypeplide 
5 3rd Polj'peptide 6th Polypeptide lsl Polypeplide 5th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide 6th Pojfpeplide 1st Polypeptide 5th Polypeptide 4 th Polypeptide 
5 3rd Polypeptide 6th plypeptide 2nd Polypeplide lsl Polj'peptide 4th Polypeptide 
5 3rd Polypeplide 6lJfPolypeptide 2nd Polypeptide 1st Polj'peptide 5th Polypeptide 
5 3rd Polypeptide fih Polypeptide 2nd Polypeptide 4th Polypeptide 1st Polypeptide 
5 3rd Polypeptide £6th Polypeptide 2nd Polypeptide 4lh Polypeptide 5th Polypeptide 
5 3rd Polypeptide^ 6th Polypeptide 2nd Polypeptide 5th Polypeptide Isl Polypeptide 
5 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polj'peptide 4th Polypeptide 
5 3rd Polypepjrae 6th Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 
5 3rd Polypeptide 6th Polypeplide 4lh Polypeplide 1st Polypeptide 5th Polypeptide 
5 3rd Polypeptide 6th Polypeplide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 3rd Polypeptide 6th Polj'peptide 4 Ih Polypeptide 2nd Polj'peptide 5th Polypeptide 
5 3 rdjroly peptide 6th Polypeptide 4th Polypeplide 5th Polypeptide lsl Polypeptide 
5 3j$ Polypeptide 6th Polypeplide 4th Polypeptide 5th Polypeplide 2nd Polypeptide 
5 Mid Polypeptide 6th Polypeptide 5lh Polypeptide Isl Polj'peplide 2nd Polypeptide 
5 f 3rd Polypeptide 6th Polj'peptide 5lh Polypeptide lsl Polj'peplide 4 th Polypeptide 
5/ 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polj'peptide 1st Polypeptide 

3rd Polj'peptide 6th Polypeptide 5th Polypeplide 2nd Polypeptide 4 th Polypeptide 
5 3rd Polypeptide 6th Polypeptide 5lh Polypeptide 4th Polypeptide 1st Polypeptide 
5 3rd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polj'peplide 2nd Polypeptide 
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5 4th Polypeptide Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide? 
5 4th Polypeptide 1st Polj'peptide 2nd Polypeplide 3rd Polj'peptide 6th Polypeptide 
5 4th Polypeptide 1st Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
5 4th Polypeptide 1st Polj'peptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
5 4th Polypeptide 1st Polj'peptide 2nd Polypeplide 6th Polypeptide 3rd Polypeptide 
5 4th Polypeptide 1st Polypeptide 2nd Polypeplide 6th Polypeptide 5th polypeptide 
5 4th Polypeptide ist Polypeptide 3rd Polypeptide 2nd Polypeptide Stjfrolypeplide 
5 4th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polj'peptide <au\ Polypeptide 
5 4th Polypeptide I st Polypeptide 3rd Polypeptide 5th Polypeptide /?nd Polypeplide 
5 4th Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeptide, > 6lh Polypeptide 
5 4th Polj'peptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
5 4th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
5 4th Polypeptide Ist Polypeptide 5th Polypeptide 2nd Polypeplide 3rd Polypeptide 
5 4th Polypeptide Ist Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 4th Polypeptide 1st Polj'peptide 5th Polypeptide 3rd Poa'peplide 2nd Polypeptide 
5 4th Polj'peptide Ist Polypeptide 5th Polypeptide 3rd polypeptide 6th Polypeptide 
5 4th Polj'peptide 1st Polypeptide 5 th Polj'peptide 6tlfPolypeplide 2nd Polypeptide 
5 4th Polypeptide Ist Polj'peptide 5 th Polypeptide $fh Polypeplide 3rd Polypeptide 
5 4th Polj'peptide Isl Polypeptide 6th Polypeptide ^nd Polj'peptide 3rd Polypeptide 
5 4th Polypeptide 1st Polypeptide 6lh Polypeptide, ' 2nd Polypeptide 5th Polypeptide 
5 4th Polypeptide Ist Polypeptide 6lh Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 4th Polypeptide 1st Polypeptide 6th Poij'pepytie 3rd Polypeptide 5(h Polypeptide 
5 4th Polj'peptide 1st Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 
5 4th Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 
5 4th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeptide 
5 4 tli Polypeptide 2nd Polypeptide 1st polypeptide 3rd Polypeplide 6th Polypeptide 
5 4 th Polypeptide 2nd Polypeptide lsfPoly peptide 5th Polj'peptide 3rd Polypeptide 
5 4th Polypeptide 2nd Polypeplide fsl Polypeplide 5th Polypeptide 6th Polypeptide 
5 4th Polypeptide 2nd Polypeptide i Ist Polypeptide 6th Polypeptide 3rd Polj'peptide 
5 4th Polypeptide 2nd Polypeplide < ' Ist Polypeptide 6th Polj'peptide 5lh Polypeptide 
5 4th Polypeptide 2nd Polj'pepl icjjf 3rd Polypeptide 1st Polypeptide 5th Polypeptide 
5 4th Polypeptide 2nd Polypeptide 3rd Polypeptide isl Polypeptide 6lh Polypeptide 
5 4 th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 1st Polypeptide 
5 4 th Polj'peptide 2nd Polypeptide 3rd Polypeptide 5th Polypeplide 6th Polypeptide 
5 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide Ist Polypeptide 
5 4th Polypeptide 2nd polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
5 4th Polj'peptide 2 n#Poly peptide 5th Polypeptide 1 st Polypeptide 3rd Polypeptide 
5 4th Polypeptide ffld Polypeptide 5th Polypeptide lsl Polypeptide 6th Polypeptide 
5 4th Polypeptide /2nd Polypeptide 5th Polypeptide 3rd Polj'peptide Ist Polj'peptide 
5 4th Polypeptide, < 2nd Polypeptide 5th Polypeptide 3rd Polypeplide 6th Polypeptide 
5 4th Polypeptky 2nd Polypeptide 5ih Polypeptide 6th Polypeptide 1st Polypeptide 
5 4 th Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeplide 3rd Polypeptide 
5 4 th Polypeptide 2nd Polypeptide 6lh Polypeplide Ist Polypeptide 3rd Polypeptide 
5 4th Poljj^fjpfidc 2nd Polypeplide 6th Polypeptide 1 st Polypeplide 5th Polj'peptide 
5 4th Polypeptide 2nd Polj'peptide 6th Polypeptide 3rd Polypeptide 1st Polj'peptide 
5 4th polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 5 th Polypeptide 
5 4iJfPofypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 
5 inh Polj'peptide 2nd Polypeptide 6th Polypeplide 5th Polypeptide 3rd Polypeplide 
5 £•4th Polj'peptide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 5lh Polypeptide 
5 J ' 4th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeplide 6th Polypeptide 

4th Polypeptide 3rd Polj'peptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 
4th Polj'peptide 3rd Polypeptide lsl Polypeptide 5th Polypeplide 6th Polypeptide 
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5 4th Polypeptide 3rd Polypeptide 1st Polypeplide 6th Polypeplide 2nd Polypeptide/ 
5 4th Polypeptide 3rd Polypeptide 1st Polj'peptide 6th Polj'peplide 5ih Polypeptide 
5 4ih Polypeptide 3rd Polypeptide 2nd Polypeplide lsl Polj'peptide 5ih Polypeptide 
5 4 th Polj'peptide 3rd Polypeptide 2nd Polypeptide 1st Polj'peptide 6th Polypeptide 
5 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide lsl Polypeptide 
5 4th Polypeptide 3rd Polypeptide 2nd Polj'peptide 5th Polypeplide 6thi*olypeplide 
5 4th Polypeptide 3rd Polypeplide 2nd Polj'peptide 6th Polypeptide \m Polypeplide 
5 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeplide /5(h Polypeplide 
5 4th Polypeptide 3rd Polypeptide 5th Polypeptide I st Polypeptide f 2nd Polypeplide 
5 4th Polypeptide 3rd Polypeplide 5th Polypeptide 1st Polypeptide 6th Polj'peptide 
5 4th Polypeptide 3rd Polypeptide 5th Polj'peptide 2nd Polypeptide lsl Polj'peplide 
5 4 th Polypeptide 3rd Polypeptide 5th Polypeplide 2nd Polypeptide 6th Polypeplide 
5 4th Polypeptide 3rd Polypeplide 5th Polypeptide 6th Polypeptide 1st Polypeptide 
5 4 th Polypeptide 3rd Polypeplide 5th Polypeptide 6th Polypeptide 2nd Polypeplide 
5 4th Polypeptide 3rd Polypeptide 6th Polypeptide lst/olypeptide 2nd Polypeplide 
5 4th Polypeptide 3rd Polypeptide 6lh Polypeptide \M. Polj'peplide 5th Polypeptide 
5 4th Polypeptide 3rd Polypeptide 6ih Polypeplide jfnd Polypeptide 1st Polypeplide 
5 4ih Polypeptide 3rd Polypeptide 6lh Polypeptide f 2nd Polypeplide 5 th Polypeptide 
5 4th Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeplide 1st Polypeplide 
5 4th Polypeptide 3rd Polj'peptide 6lh Polypeptide 5th Polypeptide 2nd Polypeptide 
5 4th Polypeptide 5th Polypeplide 1st Polypeptide 2nd Polypeplide 3rd Polypeptide 
5 4th Polypeptide 5 th Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 
5 4th Polypeptide 5 th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 4th Polypeptide 5th Polypeptide Ist/jrolypeptide 3rd Polypeptide 6th Polypeptide 
5 4th Polypeptide 5 th Polypeplide )J\ Polypeptide 6lh Polj'peptide 2nd Polypeptide 
5 4 th Polypeptide 5 th Polypeptide #\ st Polypeptide 6th Polj'peptide 3rd Polypeptide 
5 4th Polypeptide 5th Polypeptide , f 2nd Polypeptide 1st Polj'peptide 3rd Polypeptide 
5 4th Polypeptide 5th Polypeptide 2nd Polypeplide Ist Polypeptide 6th Polj'peplide 
5 4 th Polypeptide 5th PolypepA 2nd Polypeptide 3rd Polj'peptide 1st Polypeptide 
5 4 th Polypeptide 5th PolypsJftidc 2nd Polypeptide 3rd Polj'peptide 6th Polypeptide 
5 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeplide Ist Polypeplide 
5 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 
5 4th Polypeptide 5llyPolypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 
5 4th Polypeptide 5m Polypeptide 3rd Polypeptide lsl Polypeptide 6th Polypeptide 
5 4th Polypeptide jpth Polypeptide 3rd Polypeptide 2nd Polj'peptide lsl Polypeplide 
5 4th Polypeptide f 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 6lh Polypeptide 
5 4 th Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide lsl Polypeptide 
5 4th Polypeptide 5 th Polypeptide 3rd Polypeptide 6th Polj'peptide 2nd Polypeptide 
5 4th Polypeptide 5 Ih Polypeptide 6th Polypeplide 1st Polypeptide 2nd Polypeptide 
5 4 th Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 
5 4th Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 4thJPo!ypeptide 5th Polypeptide 6lh Polypeptide 2nd Polj'peptide 3rd Polypeptide 
5 4^ Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeplide 1st Polj'peptide 
5 #ith Polypeptide 5th Polypeptide 6lh Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 f 4 th Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polj'peptide 3rd Polypeptide 
5/ 4th Polypeptide 6th Polypeptide 1st Polypeplide 2nd Polypeptide 5th Polypeplide 

4th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 
' 5 4th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 5 th Polypeptide 
5 4th Polypeptide 6th Polypeptide 1 si Polypeplide 5th Polypeptide 2nd Polypeptide 
5 4th Polypeptide 6th Polypeptide Ist Polypeptide 5th Polypeptide 3rd Polypeptide 
5 4th Polypeplide 6th Polypeptide 2nd Polypeplide 1st Polypeptide 3rd Polypeptide 
5 41h Polypeptide 6th Polypeptide 2nd Polypeptide 1st Polj'peptide 5th Polypeptide 
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5 4 th Polypept de 6th Polypepl de 2nd Polypeptide 3rd Polypeptide 1st Polypeptide j 
5 4th Polypept de 6th Polypepl de 2nd Polypeptide 3rd Polypeptide 5thPolypepti(^ 
5 4th Polypept de 6th Polypept de 2nd Polypeptide 5th Polj'peptide 1st Polypeptide 
5 4th Polypept de 6th Polypept de 2nd Polypeplide 5lh Polypeplide 3rd Polypeptide 
5 4th Polypepl de 6th Polypepl de 3rd Polypeptide 1st Polypeplide 2nd Polypeptide 
5 4th Polypept de 6th Polypepl de 3rd Polj'peptide 1st Polypeplide 5 th polypeptide 
5 4th Polypept de 6th Polypepl de 3rd Polypeptide 2nd Polypeptide Ist/olypeptide 
5 4 th Polypept dc 6th Polypept de 3rd Polypeptide 2nd Polypeptide 5tfi Polypeptide 
5 4th Polypept de 6th Polypept de 3rd Polypeptide 5th Polypeptide /st Polypeptide 
5 4th Polypept de 6th Polypept de 3rd Polypeptide 5th Polypeplide /2nd Polypeplide 
5 4th Polypepl dc 6th Polypept de 5th Polypeptide 1st Polypeptide^ 2nd Polypeptide 
5 4 th Polypept de 6th Polypept de 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
5 4th Polypept dc 6th Polypept de 5th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 4 th Polj'pepl dc 6th Polypept de 5th Polypeptide 2nd Po!jT)#lide 3rd Polypeptide 
5 4th Polypept de 6th Polypept de 5th Polypeptide 3rd Polypeptide 1st Polypeptide 
5 4th Polypept de 6th Polypept de 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 5 th Polj'pept de 1 st Polypept de 2nd Polj'peptide 3rdjPolj'peptide 4th Polypeptide 
5 5th Polypept de Isl Polypepl de 2nd Polypeplide 3^6 Polypeptide 6lh Polypeptide 
5 5th Polypept de 1 st Polypept de 2nd Polypeptide Ah Polypeptide 3rd Polypeptide 
5 5th Polypept dc 1 st Polypept de 2nd Polypeplide / 4th Polj'peptide 6th Polj'peplide 
5 5th Polypept de 1st Polj'pepl de 2nd Polypeptide/ 6th Polypeptide 3rd Polypeptide 
5 5th Polypept de 1st Polypept de 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
5 5th Polypept de 1 st Polypept de 3rd Poiypej^fide 2nd Polj'peptide 4 th Polypeptide 
5 5th Polypept de Jst'Polypept de 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
5 5th Polypept de I st Polypepl de 3rd Polypeptide 4th Polj'peptide 2nd Polypeptide 
5 5th Polypept de Ist Polypept de 3rd ]$>lypcptide 4th Polypeptide 6th Polypeptide 
5 5 th Polypept de 1st Polypept de 3r<FPolypcptide 6th Polj'peptide 2nd Polypeptide 
5 5th Polypept de 1st Polypept dc 3rd Polypeplide 6lh Polypeptide 4th Polypeptide 
5 5 th Polypept de Ist Polypept de //4th Polypeptide 2nd Polj'peptide 3rd Polypeptide 
5 5th Polypept de 3 st Polypept de , f 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 5th Polypept de 1 st Polypepl djf 4 th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 5lh Polypepl de 1st Polypeptide 4th Polypeptide 3rd Polj'peptide 6th Polypeptide 
5 5th Polypepl de 1st Polj'p^itide 4th Polj'peptide 6th Polypeptide 2nd Polypeptide 
5 5th Polypept de 1st Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
5 5lh Polypept dc 1st Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 5 th Polj'pept dc 1st polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 
5 5th Polypepl de 1 ^/Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 5 th Polypept dc /st Polypeptide 6th Polypeptide 3rd Polypeptide 4 th Polypeptide 
5 5th Polypept de ff 1st Polj'peptide 6th Polypeptide 4th Polj'peptide 2nd Polypeptide 
5 5th Polypept dei 1st Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeplide 
5 5th Polypept 2nd Polypeptide 1st Polypeptide 3rd Polj'peptide 4th Polypeptide 
5 5th Polypep^ae 2nd Polypeplide 1 st Polypeptide 3rd Polypeplide 6th Polypeptide 
5 5th Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide 6th Polypeptide 
5 5th Polypeptide 2nd Polypeptide 1st Polypeptide 6 th Polypeptide 3rd Polypeptide 
5 5thi*oJypepticle 2nd Polypeptide I si Polypeptide 6tlt Polypeptide 4lh Polypeptide 
5 5$ Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polj'peptide 4th Polypeptide 
5 ifth Polypeptide 2nd Polypeptide 3rd Polypeptide ist Polj'peplide 6th Polypeptide 
5 £ 5th Polypeplide 2nd Polypeptide 3rd Polypeptide 4 th Polypeptide 1st Polypeplide 
5 J 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4 th Polypeptide 6th Polypeptide 

5th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeplide 
75 5th Polypeplide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 
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5 5th Polypept de 2nd Polypeptide 4th Polypeptide 1st Polypeptide 3rd Polypeplide 
5 5 th Polypepl dc 2nd Polj'peplide 4th Polypeptide 1st Polypeptide 6th Polypeptide , 
5 5th Polypepl de 2nd Polypeptide 4 th Polypeplide 3rd Polypeptide 1st Polypeptide 
5 5th Polypept de 2nd Polypeptide 4lh Polypeptide 3rd Polypeptide 6th Polypeptide 
5 5th Polypepl de 2nd Polypeplide 4th Polypeptide 6th Polypeptide Ist Polypeptide 
5 5th Polypept de 2nd Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
5 5lh Polypept de 2nd Polypeplide 6th Polypeptide Ist Polypeptide 3rd Polypeptide 
5 5th Polypepl de 2nd Polypeptide 6th Polypeptide Ist Polj'peptide 4 iWPoly peptide 
5 5th Polypept de 2nd Polypeptide 6th Polypeptide 3rd Polypeptide l/t Polypeptide 
5 5th Polypept de 2nd Polj'peptide 6th Polypeptide 3rd Polypeplide Mth Polypeptide 
5 5th Polypepl de 2nd Polj'peptide 6th Polypeptide 4th Polypeptide f ist Polypeptide 
5 5th Polypept de 2nd Polj'peplide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 
5 5th Polypept de 3rd Polypeplide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 
5 5th Polypepl de 3rd Polypeplide Ist Polypeptide 2nd Polj'peptide 6th Polypeptide 
5 5th Polypept de 3rd Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypeptide 
5 5th Polypept de 3rd Polypeptide Isl Polypeptide 4th Polypeptide 6th Polypeptide 
5 5th Polypept de 3rd Polypeptide 1st Polypeplide 6th Bolypeptide 2nd Polypeptide 
5 5th Polypept de 3rd Polypeplide lsl Polypeptide 6lJ Polypeptide 4th Polypeptide 
5 5th Polypept de 3rd Polypeplide 2nd Polypeptide #st Polypeptide 4th Polypeptide 
5 5 th Polypept de 3rd Polypeplide 2nd Polypeptide J? 1st Polj'peptide 6th Polypeptide 
5 5 th Polypept de 3rd Polypeplide 2nd Polypeptide^ 4th Polypeptide 1st Polypeptide 
5 5th Polypept de 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 
5 5th Polypepl de 3rd Polj'peptide 2nd Polypenfide 6 th Polypeptide 1st Polj'peptide 
5 5 th Polypepl de 3rd Polypeptide 2nd Polypeptide' 6th Polypeptide 4th Polypeptide 
5 5th Polypept de 3rd Polypeplide 4th Po^eptide 1st Polypeplide 2nd Polypeptide 
5 5lh Polypept de 3rd Polypeptide 4th S^lypepfide I st Polj'peptide 6th Polypeptide 
5 5ih Polypept de 3rd Polypeptide 41 polypeptide 2nd Polj'peptide 1st Polypeptide 
5 5th Polypept de 3rd Polypeptide $n Polypeplide 2nd Polypeptide 6th Polypeptide 
5 5 Ih Polypepl de 3rd Polypeptide g1th Polypeptide 6 th Polypeplide 1st Polypeptide 
5 5 th Polypept de 3rd Polypeptide . f 4th Polypeptide 6th Polj'peplide 2nd Polypeptide 
5 5 th Polypepl de 3rd Polypeptide 6th Polypeptide lsl Polj'peptide 2nd Polypeptide 
5 5th Polypept de 3rd Polypep^ae 6th Polypeptide 1st Polj'peplide 4th Polypeptide 
5 5th Polypepl de 3rd Polypeptide 6th Polypeptide 2nd Polypeplide 1st Polypeplide 
5 5th Polypepl de 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 4lh Polypeplide 
5 5th Polypept de 3rd Polypeptide 6 th Polj'peptide 4th Polj'peptide 1st Polypeptide 
5 5th Polypept de 3rd#olypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
5 5th Polypepl de 4m Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 5th Polypept de Jltl) Polypeptide 1st Polypeptide 2nd Polj'peptide 6th Polypeplide 
5 5th Polypept de f 4th Polj'peplide 1st Polypeptide 3rd Polj'peptide 2nd Polypeplide 
5 5 th Polypept d<$ 4th Polypeplide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 
5 5 th Polj'pepl, 0e 4th Polypeptide 1st Polypeptide 6th Polj'peptide 2nd Polypeptide 
5 5th Polyperi? de 4th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 
5 5th Poly^pt de 4th Polypeptide 2nd Polypeplide 1 st Polypeptide 3rd Polypeplide 
5 5th Pojfpept de 4th Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeptide 
5 5th iolypcpl de 4th Polypeptide 2nd Polypeptide 3rd Polypeplide 1st Polypeplide 
5 5tJfPolypept de 4lb Polypeplide 2nd Polypeplide 3rd Polypeplide 6th Polypeptide 
5 jfh Polj'pept de 4th Polypeplide 2nd Polj'peptide 6th Polypeptide Ist Polypeplide 
5 J?5th Polypept de 4 th Polypeptide 2nd Polypeptide 6th Polj'peptide 3rd Polypeptide 
5 4 ̂  5th Polypept de 4th Polypeplide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 

5 th Polj'pepl de 4 th Polypeplide 3rd Polypeptide 1st Polypeplide 6th Polypeptide 
fs 5th Polypept de 4th Polypeptide 3rd Polypeptide 2nd Polj'peptide 1st Polypeptide 
5 5th Polypept de 4th Polypeptide 3rd Polj'peplide 2nd Polypeptide 6th Polypeptide 
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5 5th Polypeplide 4th Polypeptide 3rd Polypeptide 6th Polj'peptide 1st Polypeplide 
5 5th Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide^ 
5 5th Polypeptide 4th Polypeptide 6th Polypeptide 1st Polj'peptide 2nd Polypepti^l 
5 5th Polypeptide 4 th Polypeplide 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 
5 5th Polypeptide 4th Polj'peplide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 5th Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 5th Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st J^nlypeptide 
5 5th Polypeptide 4 th Polypeptide 6th Polypeplide 3rd Polypeptide 2nc^Polj'peptide 
5 5th Polypeptide 6 th Polypeplide Ist Polypeplide 2nd Polypeptide 3rd Polypeptide 
5 5th Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polj'peptide /4th Polypeplide 
5 5th Polj'peptide 6th Polypeplide Ist Polypeplide 3rd Polj'peplide s * 2nd Polypeptide 
5 5th Polj'peptide 6th Polypeplide 1st Polypeptide 3rd Polj'peptide 4th Polypeptide 
5 5th Polj'peptide 6th Polypeptide 1st Polj'peplide 4th Polypep#le 2nd Polypeptide 
5 5th Polypeptide 6th Polypeptide lsl Polypeptide 4lh Polypeptide 3rd Polypeptide 
5 5th Polypeptide 6th Polypeplide 2nd Polypeptide lsl Polypeptide 3rd Polypeptide 
5 5th Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 
5 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd#olypep(ide I st Polypeptide 
5 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3jffl Polypeplide 4th Polypeptide 
5 5th Polypeptide 6th Polypeptide 2nd Polypeptide i^th Polypeptide 1 st Polypeptide 
5 5th Polj'peptide 6th Polypeptide 2nd Polypeptide , 7 4th Polypeptide 3rd Polypeptide 
5 5th Polj'peptide 6th Polypeptide 3rd Polypeptide^ 1 si Polypeptide 2nd Polypeptide 
5 5th Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeplide 4th Polypeptide 
5 5th Polypeptide 6th Polj'peptide 3rd Polypeptide 2nd Polypeptide Isl Polypeptide 
5 5th Polypeptide 6th Polypeplide ' 3rd Polypeptide 2nd Polj'peptide 4 th Polypeplide 
5 5th Polypeptide 6th Polj'peptide 3rd Polypeptide 4th Polypeptide Ist Polypeptide 
5 5th Polypeptide 6th Polypeptide 3rd polypeptide 4th Polypeptide 2nd Polypeptide 
5 5th Polypeptide 6th Polypeptide 4|K Polypeptide 1st Polypeptide 2nd Polypeptide 
5 5th Polypeptide 6th Polypeptide ^fth Polypeptide Ist Polj'peptide 3rd Polypeptide 
5 5th Polypeptide 6th Polypeptide f 4th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 5th Polypeptide 6th Polypeptide/ 4th Polypeptide 2nd Polj'peptide 3rd Polypeptide 
5 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide Ist Polypeptide 
5 5th Polypeptide 6th Polypej$de 4th Polypeptide 3rd Polj'peptide 2nd Polypeplide 
5 6th Polypeptide 1 st Polyrifptide 2nd Polypeptide 3rd Polj'peptide 4th Polypeptide 
5 6th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 
5 6th Polypeptide 1st ^lypeptide 2nd Polypeplide 4th Polypeptide 3rd Polypeptide 
5 6th Polypeptide lgfPoIj'peptide 2nd Polypeplide 4th Polypeptide 5th Polypeptide 
5 6th Polypeptide £s\ Polypeplide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
5 6 th Polypeptide g 1st Polypeptide 2nd Polypeptide 5th Polj'peptide 4lh Polypeptide 
5 6th Polypeptide^ 1st Polypeplide 3rd Polypeplide 2nd Polypeptide 4th Polypeptide 
5 6th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 5 th Polypeptide 
5 6th Polj^etwae 1st Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
5 6th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
5 6th Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 
5 6th ly#iypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 
5 6ti#oij'peptide 1 st Polj'peptide 4 th Polypeplide 2nd Polypeptide 3rd Polypeptide 
5 (pn Polj'peptide 1st Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
5 i\5th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 , * 6th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 

6th Polypeptide 1st Polypeptide 4th Polypeptide 5th Polypeplide 2nd Polypeptide 
6lh Polypeptide 1st Polypeptide 4th Polypeplide 5th Polypeptide 3rd Polypeptide 

5 6th Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 6th Polypeptide 1st Polypeplide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
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5 6th Polypeptide 1st Polj'peptide 5th Polypeptide 3rd Polj'peptide 2nd Polypeptide 
5 6th Polypeptide 1 st Polypeptide 5lli Polypeptide 3rd Polypeptide 4th Polypeptide 
5 6th Polypeptide 1st Polypeptide 5th Polypeplide 4lh Polypeptide 2nd Polypeptide^ 
5 6th Polypeplide 1st Polypeptide 5lh Polypeptide 4th Polj'peplide 3rd Polypeplide 
5 6th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeplide 4 th Polypeptide 
5 6th Polypeptide 2nd Polypeptide 1st Polypeplide 3rd Polypeptide 5th Polypeptide 
5 6th Polypeplide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 3rd Polypeptide 
5 6th Polypeptide 2nd Polypeptide Ist Polypeplide 4ih Polj'peplide 5thjPolypeptide 
5 6th Polypeptide 2nd Polypeptide 1st Polj'peplide 5th Polypeptide jfd Polypeptide 
5 6th Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide /4th Polypeptide 
5 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide/ 4th Polypeptide 
5 6th Polypeptide 2nd Polypeplide 3rd Polypeplide 1st Polj'peptide 5th Polypeptide 
5 6th Polj'peptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide lsl Polypeptide 
5 6lh Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polyj^Sptide 5th Polypeptide 
5 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 5lh Polypeptide isl Polypeplide 
5 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5thJ*ol\'pcptide 4th Polypeptide 
5 6th Polypeptide 2nd Polypeptide 4th Polypeptide p\ Polypeptide 3rd Polypeptide 
5 6th Polypeptide 2nd Polypeptide 4th Polypeptide /] st Polypeptide 5th Polypeplide 
5 6th Polypeptide 2nd Polypeptide 4th Polypeptide^ 3rd Polypeptide lsl Polypeptide 
5 6th Polypeplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5 th Polypeptide 
5 6th Polj'peptide 2nd Polypeplide 4th Polypeptide 5th Polypeptide 1st Polypeptide 
5 6th Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 
5 6th Polj'peptide 2nd Polypeptide 5ih Poffpeplide 1st Polj'peptide 3rd Polypeptide 
5 6th Polypeptide 2nd Polypeptide SthJ^olypeptidc 1st Polj'peptide 4 th Polypeptide 
5 6th Polypeptide 2nd Polypeptide Sim Polypeptide 3rd Polj'peptide lsl Polypeptide 
5 6th Polypeptide 2nd Polypeptide /5lh Polypeptide 3rd Polypeplide 4th Polypeplide 
5 6th Polypeptide 2nd Polypeptide/ : 5th Polypeptide 4th Polj'peplide 1 st Polypeplide 
5 6th Polypeplide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 
5 6th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polj'peptide 4th Polypeptide 
5 6th Polj'peplide 3rd Polypeptide Isl Polypeplide 2nd Polj'peptide 5th Polypeptide 
5 6th Polypeptide 3rd Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypeplide 
5 6th Polj'peptide 3rd J'olypeptide 1st Polypeptide 4th Polj'peptide 5 th Polypeptide 
5 6lh Polypeptide 3'<m Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 
5 6th Polj'peptide Ar d Polypeplide 1st Polypeptide 5th Polypeptide 4th Polypeptide 
5 6lh Polypeptide . * 3rd Polypeptide 2nd Polypcplidc Ist Polypeptide 4 th Polypeptide 
5 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 1st Polypeptide 5th Polypeptide 
5 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide Ist Polypeptide 
5 6th Polj'peptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 
5 6th Pom>eptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide I si Polypeptide 
5 6ih Bolypeplide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeplide 
5 6pPolypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 
5 Mh Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polj'peptide 5th Polypeptide 
5 f 6th Polypeptide 3rd Polypeplide 4th Polypeptide 2nd Polypeplide 1st Polypeptide 
5/ 6th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polj'peptide 5lh Polj'peptide 
/ 6th Polypeptide 3rd Polypeplide 4th Polypeptide 5th Polypeptide 1 st Polypeptide 
5 6th Polypeptide 3rd Polypeplide 4lii Polypeptide 5th Polypeptide 2nd Polypeptide 
5 6th Polypeptide 3rd Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 
5 6th Polypeptide 3rd Polypeptide 5th Polypeptide lsl Polypeplide 4 th Polypeptide 
5 6th Polypeplide 3rd Polypeptide 5th Polypeptide 2nd Polj'peptide 1st Polypeplide 
5 6th Polypeplide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4ih Polypeptide 
5 6th Polj'peptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 1 st Polypeptide 
5 6th Polypeplide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
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5 6lh Polypept dc 4 th Polypept de 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 6th Polypept de 4th Polypept de 1 st Polypeptide 2nd Polj'peptide 5th Polypeptide/ 
5 6th Polypept de 4 th Polypept de 1st Polypeplide 3rd Polypeptide 2nd Polypeptide 
5 6th Polypept de 4th Polypept de ist Polypeptide 3rd Polypeptide 5th Polypeptide 
5 6th Polypept de 4th Polypept de lsl Polypeptide 5 th Polypeptide 2nd Polypeptide 
5 6th Polypept de 4th Polypepl de Ist Polypeptide 5th Polj'peplide 3rd polypeptide 
5 6th Polypept de 4lh Polypept de 2nd Polypeptide 1st Polypeptide 3r^Polypeptide 
5 6th Polypept de 4lh Polypept de 2nd Polypeptide 1 st Polypeptide jfth Polypeptide 
5 6th Polj'pept de 4th Polj'pept de 2nd Polypeptide 3rd Polj'peptide / 1st Polypeptide 
5 6th Polypept de 4th Polypept de 2nd Polypeptide 3rd Polypeptide^ 5th Polypeplide 
5 6th Polypept de 4th Polypept de 2nd Polypeptide 5th Polypeplide 1st Polypeptide 
5 6th Polypept de 4 th Polypept de 2nd Polypeptide 5th Polypept de 3rd Polypeptide 
5 6th Polypept de 4th Polypepl de 3rd Polypeptide 1 st Polypept de 2nd Polj'peptide 
5 6th Polypept dc 4th Polypept de 3rd Polypeptide 1st l^iypept de 5th Polypeptide 
5 6th Polypept de 4th Polypept de 3rd Polypeplide 2n$^f>olypept de 1st Polypeptide 
5 6th Polypept de 4th Polypept de 3rd Polypeplide Polypept dc 5th Polypeplide 
5 6th Polypept de 4th Polypepl de 3rd Polypeptide / 5th Polypept de 1 si Polypeptide 
5 6th Polypept de 4th Polypepl de 3rd Polypeptide?' 5th Polypept dc 2nd Polypeptide 
5 6th Polypept de 4th Polypepl de 5th Polypeptide 1st Polypept dc 2nd Polypeptide 
5 6th Polypept de 4th Polypept de 5th Polypeptide 3 st Polypepl de 3rd Polj'peplide 
5 6th Polj'pept dc 4th Polj'pept de 5th Polj^eptide 2nd Polj'pept dc 1st Polypeptide 
5 6th Polypept de 4 th Polypept de 5ih Peifypeptide 2nd Polypept de 3rd Polypeptide 
5 6th Polypept de 4th Polypept de 5lh$olypeptide 3rd Polj'pept de 1 st Polypeptide 
5 6th Polypept de 4lh Polypept de jrfh Polypeptide 3rd Polypept de 2nd Polypeptide 
5 6th Polypept de 5th Polypept de /\$\ Polypeptide 2nd Polj'pept de 3rd Polj'peplide 
5 6th Polypept de 5th Polypept de/ lsl Polypeptide 2nd Polj'pept dc 4th Polypeptide 
5 6th Polypept de 5 th Polypept^ 1st Polypeplide 3rd Polypept dc 2nd Polypeptide 
5 6th Polypept de 5 th Polypeptide 1st Polj'peptide 3rd Polypepl de 4th Polypeptide 
5 6th Polypept de 5th Polypeptide isl Polypeptide 4th Polypepl de 2nd Polypeptide 
5 6th Polj'pept de 5 th P$ypcptide 1st Polj'peptide 4lh Polj'pept de 3rd Polypeptide 
5 6th Polypept de 5lh^olypeplide 2nd Polypeptide 1 st Polypept dc 3rd Polypeptide 
5 6th Polj'pept de Polypeptide 2nd Polypeptide 1 st Polj'pept de 4th Polypeptide 
5 6th Polypept de /5th Polypeptide 2nd Polj'peptide 3rd Polypepl de 1st Polypeplide 
5 6th Polj'pept de^ 5th Polypeptide 2nd Polypeptide 3rd Polypept dc 4 th Polypeptide 
5 6th Polypepl 4 5th Polypeptide 2nd Polypeplide 4th Polj'pept de 1 st Polypeptide 
5 6th Polypepl de 5th Polypeptide 2nd Polypeptide 4th Polypept de 3rd Polypeptide 
5 6th Polypept de 5th Polypeptide 3rd Polypeptide 1 st Polypept de 2nd Polypeptide 
5 6th Pd^pcpt de 5th Polj'peptide 3rd Polypeptide 1st Polypept de 4th Polypeptide 
5 6thJrolypept de 5th Polypeptide 3rd Polj'peptide 2nd Polypept de 1st Polypeptide 
5 (m Polypept de 5ih Polypeplide 3rd Polypeptide 2nd Polj'pept de 4th Polypeptide 
5 /oth Polypept de 5th Polypeptide 3rd Polypeptide 4th Polypept de 1 st Polypeptide 
5 , ' 6th Polypept de 5th Polypeptide 3rd Polypeptide 4th Polypept de 2nd Polypeptide 
5^ 6th Polypept de 5ih Polypeplide 4th Polypeptide 1st Polypept de 2nd Polypeptide fa 6th Polypept de 5th Polypeptide 4th Polypeptide 1 st Polypept de 3rd Polypeptide 
5 6th Polypept de 5th Polypeptide 4 th Polypeptide 2nd Polj'pept de Ist Polypeptide 
5 6th Polypept de 5th Polypeplide 4Hi Polypeplide 2nd Polypept dc 3rd Polypcplidc 
5 6th Polypept de 5th Polypeptide 4th Polypeplide 3rd Polj'pept de 1st Polypeptide 
5 6th Polypept dc 5th Polypeptide 4 ih Polypeptide 3rd Polj'pept de 2nd Polypeptide 
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Where n is 6, X moieties are selected from the following: 
n X, x2 x3 X, Xs xfi 

6 1st Polypeptide 2nd Polj'peptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 3rd Polj'peptide 4lh Polypeptide 6th Polypeplide 5th Polypepnde 
6 Ist Polypeptide 2nd Polypeptide 3rd Polj'peptide 5th Polypeptide 4lh Polypeptide 6th Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeplide 4th Pojypeplide 
6 Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 5lh ^polypeptide 
6 Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 4jffPoly peptide 
6 1st Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide />\h Polypeptide 
6 1st Polj'peptide 2nd Polj'peptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide * 5th Polypeptide 
6 1st Polypeptide 2nd Polj'peptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 1st Polypeptide 2nd Polj'peptide 4th Polj'peptide 5th Polj'peptide 6th Polypeptide 3rd Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 4th Polj'peptide 6th Polypeptide 3rd Polypeptide 5th Polypeplide 
6 1st Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 1 st Polypeptide 2nd Polj'peptide 5th Polypeptide 3rd Polypeptide 4thpolypeptide 6th Polypeplide 
6 1st Polypeptide 2nd Polypeptide 5th Polj'peptide 3rd Polypeptide 6tfi Polypeptide 4th Polypeptide 
6 ist Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide ^•ird Polypeptide 6th Polypeptide 
6 1st Polypeptide 2nd Polj'peplide 5th Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypep^e 3rd Polypeptide 4th Polypeptide 
6 Isl Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 ist Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 ist Polypeptide 2nd Polj/pepdde 6th Polj'peptide 3rd Vjjfiy pep tide 5th Polypeptide 4th Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 6th Polypeptide 4tl^oiypeptidc 3rd Polj'peptide 5th Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 6th Polj'peptide jjth Polypeptide 5th Polypeplide 3rd Polypeptide 
6 1st Polypeptide 2nd Polypeptide 6th Polypeptide /"5th Polypeptide 3rd Polypeptide 4th Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 6th Polypeptide 5 th Polypeptide 4th Polypeptide 3rd Polypeplide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeplide 
6 Isl Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
6 ] st Polypeptide 3rd Polypeplide . 2nd ^lypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 
6 Ist Polypeptide 3rd Polypeptide 2n^Polj'peplide 6th Polypeptide 4 th Polypeptide 5th Polypeptide 
6 I st Polypeptide 3rd Polypeptide |rtd Polypeptide 6th Polypeptide 5lh Polypeptide 4th Polypeptide 
6 1st Polypeptide 3rd Polypeptide /4th Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
6 Ist Polypeptide 3rd Polypeptide 4th Polj'peptide 5lh Polypeptide 2nd Polj'peptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polypeptide 5 th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polj'peptide 6th Polypeptide 2nd Polj'peptide 5th Polypeptide 
6 Ist Polypeptide 3rd polypeptide 4th Polj'peptide 6th Polypeptide 5th Polypeptide 2nd Polypeplide 
6 1st Polypeptide 3r^Polypeptide 5th Polypeptide 2nd Polypeptide 4lh Polypeplide 6th Polypeptide 
6 1st Polypeptide jJrd Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
6 Ist Polypeptide f 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 1st Polypept^ 3rd Polj'peptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 3rd Polypeptide 5th Polj'peptide 6th Polypeptide 2nd Polypeplide 4th Polypeptide 
6 1st Polypeptide 3rd Polj'peptide 5th Polj'peptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 1st P^peptide 3rd Polypeptide 6th Polj'peplide 2nd Polypeplide 4th Polypeptide 5th Polypeptide 
6 Istjrolypeptide 3rd Polypeptide 6th Polj'peptide 2nd Polypeplide 5th Polypeptide 4th Polypeptide 
6 [^Polypeptide 3rd Polypeptide 6th Polj'peplide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 yisl Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 5th Polypeptide 2nd Polypeplide 

f Ist Polypeptide 3rd Polypeptide 6th Polypeptide 5 th Polypeptide 2nd Polypeptide 4 th Polypeplide 
A 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 

6 1st Polypeptide 4th Polypeptide 2nd Polj'peptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 
6 1st Polypeptide 4th Polypeptide 2nd Polj'peptide 3rd Polypeptide 6th Polypeptide 5 th Polypeptide 
6 1st Polypeptide 4th Polypeplide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
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6 1st Polypeplide 4th Polypeptide 2nd Polypeplide 5th Polypeptide 6th Polypeptide 3rd Polypeplide 
6 Ist Polypeptide 4th Polypeplide 2nd Polypeptide 6th Polypeplide 3rd Polypeptide 5th Polypeplide 
6 1st Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeplide 2nd Polypeptide 5th Polypeptide 6th Polypeofide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6lh Polypeplide 5th Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeplide 5th Polypeplide 2nd Polypeptide 6th Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeplide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 5df Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6lh Polypeptide 5th Polypeplide jfnd Polypeptide 
6 ist Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
6 ist Polypeplide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polj'peptide 2nd Polypeptide 6th Polypeptide 
6 1st Polypeptide 4th Polypeptide 5th Polypeplide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 4th Polypeptide 5lh Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 1st Polypeptide 4th Polypeptide 5th Polypeptide 6lh Polypeptide 3rc^Polypeplide 2nd Polypeptide 
6 Ist Polypeptide 4th Polypeplide 6th Polypeptide 2nd Polypeptide yd Polj'peptide 5th Polypeptide 
6 1st Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide /5th Polypcplidc 3rd Polypeptide 
6 1st Polypeptide 4lh Polypeptide 6th Polypeptide 3rd PoIypepticJ£ 2nd Polypeptide 5th Polypeptide 
6 1st Polypeptide 4lh Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polj'peplide 
6 Isl Polypeptide 4th Polypeplide 6lh Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polj'peplide 
6 lsl Polypeptide 4th Polypeptide 6lh Polypeptide 5ill Polypeptide 3rd Polypeptide 2nd Polypeplide 
6 1st Polypeptide 5th Polypeplide 2nd Polypeptide 3rd ^lypeptide 4th Polypeptide 6th Polypeptide 
6 1st Polypeptide 5th Polypeptide 2nd Polypeptide 3rjf"'polypeptide 6th Polypeptide 4th Polypeplide 
6 ist Polypeptide 5th Polypeptide 2nd Polypeptide /th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 1st Polypeptide 5th Polypeptide 2nd Polypeptide f 4th Polypeptide 6th Polypeptide 3rd Polypeplide 
6 lsl Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 
6 1st Polypeptide 5lh Polypeptide 2nd Polypeptide 6lh Polypeptide 4th Polypeptide 3rd Polj'peptide 
6 1st Polypeptide 5lh Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 6th Polypeptide 
6 1st Polypeptide 5lh Polypeptide 3rd P ^-peptide 2nd Polypeplide 6th Polypeplide 4111 Polypeptide 
6 Ist Polypeptide 5th Polypeptide 3 rd/ olypeptide 4lh Polypeptide 2nd Polypeptide 6th Polypeptide 
6 Ist Polypeptide 5th Polypeptide Polypeplide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeplide 5th Polypeptide ^3rd Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 
6 1st Polypeptide 5lh Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 5lh Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
6 Ist Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeplide 6th Polypeptide 3rd Polypeptide 
6 Ist Polypeptide 5th Polypeplide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeplide 
6 1st Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
6 Ist Polypeptide 5iyPolypeplide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 1st Polypeptide j#h Polypeptide 4th Polypeptide 6Lh Polypeptide 3rd Polypeptide 2nd Polj'peptide 
6 1st Polypeptide /'5th Polypeptide 6lh Polypeptide 2nd Polj'peplide 3rd Polypeptide 4th Polj'peptide 
6 Isl Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4 th Polypeptide 
6 1st Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4lh Polypeptide 2nd Polypeptide 
6 1st Polypeptide 5tli Polypeptide 6lh Polypeplide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 1 siflfolypeptidc 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 ^Polypeptide 6lh Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 /lsl Polypeptide 6lh Polypeptide 2nd Polypeptide 3rd Polj'peptide 5th Polypeptide 4th Polypeptide 

1st Polypeptide 6lh Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 
>6 J si Polypeptide 6th Polypeptide 2nd Polypeplide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 

6 Isl Polypeptide 6th Polypeptide 2nd Polypeplide 5th Polypeptide 3rd Polypeptide 4th Polypeplide 
6 Isl Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 I st Polypeptide 6th Polypeptide 3rd Polypeplide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 
6 1st Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeplide 
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6 1st Polypeptide 6th Polypeplide 3rd Polypeptide 4 th Polypeptide 2nd Polypeptide 5 th Polypeptide 
6 1 st Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeplide 2nd Polypeptide 
6 1st Polypeptide 6th Polypeplide 3rd Polypeptide 5th Polypeptide 2nd Polypeplide 4tl'wfiolypeptidc 
6 1st Polypeptide 6th Polypeptide 3rd Polypeplide 5lh Polypeptide 4th Polypeptide 2j^l Polypeptide 
6 5 st Polypeptide 6th Polypeplide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide ^th Polypeptide 
6 1st Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
6 1st Polypeptide 6th Polypeptide 4lh Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 6th Polypeptide 4th Polypeplide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 1st Polypeptide 6th Polypeptide 4th Polypeptide 5(h Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 1st Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd polypeptide 4th Polypeplide 
6 lsl Polypeptide 6th Polj'peptide 5lh Polj'peptide 2nd Polypeptide 4t^l5olypeptide 3rd Polypeptide 
6 1st Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 2#fd Polypeptide 4th Polypeptide 
6 1 st Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeplide #4th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 1st Polypeptide 6th Polypeptide 5th Polypeptide 4 ih Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 2nd Polypeptide 1st Polypeptide 3rd Polj'peptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 1st Polj'peptide 3rd Polypeptide 4ih Pol^feptide 6th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 1st Polj'peptide 3rd Polypeplide 5th Pg|f'peptide 4th Polypeptide 6th Polypeplide 
6 2nd Polypeptide 1st Polj'peptide 3rd Polypeplide 5th jfelypeptide 6th Polypeplide 4th Polypeptide 
6 2nd Polypeptide 1st Polj'peptide 3rd Polypeptide 6t#Polypeplide 4th Polypeptide 5th Polj'peptide 
6 2nd Polypeptide 1st Polypeptide 3rd Polypeptide Polypeptide 5 th Polypeptide 4th Polypeptide 
6 2nd Polypeptide 1st Polypeplide 4th Polypeptide f 3rd Polypeptide 5th Polypeptide 6th Polj'peptide 
6 2nd Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
6 2nd Polypeptide lsl Polypeptide 4th PolypepJ&c 5th Polypeptide 3rd Polypeptide 6th Polypeplide 
6 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 
6 2nd Polypeplide 1 st Polypeptide 4ih Pol^eptide 6 th Polj'peptide 3rd Polypeptide 5lh Polypeptide 
6 2nd Polypeptide 1st Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polj'peptide 
6 2nd Polypeptide 1st Polypeptide 5th#olypcptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypeplide I st Polypeptide Polypeptide 3rd Polypeptide 6th Polypeptide 4lh Polypeplide 
6 2nd Polypeptide 1st Polj'peplide ^>th Polypeptide 4th Polj'peptide 3rd Polypeptide 6th Polypeptide 
6 2nd Polypeptide 1st Poij'peplidg r 5th Polypeptide 4th Polypeptide 6th Polypeplide 3rd Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 5th Polj'peptide 6th Polypeplide 3rd Polypeptide 4th Polypeptide 
6 2nd Polypeptide Ist PoiypenUde 5th Polypeptide 6th Polypeplide 4th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeplide 4th Polypeplide 5lh Polypeptide 
6 2nd Polypeptide 1st Polypeptide 6lh Polypeptide 3rd Polypeplide 5th Polypeptide 4th Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide Is polypeptide 6th Polypeptide 4th Polypeplide 5th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide J^ft Polypeptide 6th Polj'peplide 5th Polypeplide 3rd Polypeptide 4th Polypeptide 
6 2nd Polypeptide /lsl Polypeptide 6th Polypeptide 5th Polj'peptide 4th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide ' 3rd Polypeptide 1st Polypeplide 4th Polypeptide 5th Polypeplide 6th Polypeptide 
6 2nd Polypeptj^e 3rd Polypeptide 1st Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 3rd Polypeplide 1st Polypeptide 5ih Polypeptide 6th Polypeptide 4th Polypeptide 
6 2nd PoJ^peptide 3rd Polypeplide 1st Polypeptide 6th Polypeptide 4th Polypeptide 5lh Polypeptide 
6 2nd Mlypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeptide 4 th Polypeplide 
6 2n<M3olypeptide 3rd Polypeptide 4th Polypeptide 1 st Polj'peptide 5th Polypeptide 6th Polypeptide 
6 Tfd Polypeptide 3rd Polypeplide 4th Polypeptide lsl Polypeptide 6th Polypeptide 5th Polypeplide 
6 ̂ nd Polypeptide 3rd Polypeplide 4th Polypeptide 5 th Polj'peptide 1 st Polypeptide 6th Polypeptide 

2nd Polypeptide 3rd Polypeptide 4th Polypeptide 5lh Polypeptide 6th Polypeptide 1st Polypeptide 
f 6 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeplide 1 st Polypeplide 5Ih Polypeptide 

6 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 
6 2nd Polypeptide 3rd Polypeplide 5lh Polypeptide 1 st Polypeptide 4th Polypeptide 6th Polypeptide 



WO 2011/121576 PCT/IB2011/051415 

35 

6 2nd Polypeplide 3rd Polypeptide 5th Polypeptide Ist Polypeptide 6th Polypeptide 4lh Polypeptjpe 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 1st Polypeptide 6th Polypeaffide 
6 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 4th Polypeptide 6th Polypeptide 1 st Polj'^&ptide 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide lsl Polj'peptide 4 th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polj'peplide 4th Polypeptide 1st j$lj'peptidc 
6 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeplide 5l|fPoIypeptide 
6 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide /\\\ Polypeptide 
6 2nd Polypeptide 3rd Polypeplide 6ih Polypeptide 4th Polypeptide 1st Polypeplide f 5th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeptide Jsl Polypeptide 
6 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 1 st Polypeptide 4lh Polypeptide 
6 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polyg^plide 1st Polypeptide 
6 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 3rd Polypeplide 5th Poj^eptide 6lh Polypeptide 
6 2nd Polypeptide 4th Polypeptide 1st Polypeptide 3rd Polypeptide 6th gfflypeptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeplide Ist Polypeptide 5th Polypeptide 3rc^fJolypeptide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeplide Ist Polypeptide 5th Polypeptide Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide Ist Polypeptide 6th Polypeptide /3 rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeplide 1st Polypeptide 6th Polypepti^ 5th Polypeptide 3rd Polj'peptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide Ist Polj'pcpJfSe 5th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide Ist Polypeptide 6th Polj'peplide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeplide 3rd Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 
6 2nd Polypeptide 4lh Polypeplide 3rd Polypeplide 5th Polypeptide 6th Polypeplide 1 st Polypeptide 
6 2nd Polypeplide 4th Polypeptide 3rd Polypeptide 6lh^Po!ypeptide Ist Polypeptide 5th Polj'peptide 
6 2nd Polypeplide 4lh Polypeplide 3rd Polypeptide 6tfi Polypeptide 5th Polypeptide 1st Polypeplide 
6 2nd Polypeptide 4th Polypeptide 5lh Polypeptide /1st Polypeplide 3rd Polypeplide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 5th Polypeptide ' Isl Polypeptide 6th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeptide. 5th Polypeptide 3rd Polypeptide 6th Polypeptide Ist Polypeptide 
6 2nd Polypeptide 4th Polypeptide 51 h Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide 5 th Polypeptide 6th Polypeplide 3rd Polypeptide 1 st Polypeptide 
6 2nd Polypeptide 4th Polypeptide 6thjfolypeptidc Isl Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 60( Polypeptide Ist Polypeptide 5th Polypeptide 3rd Polypeplide 
6 2nd Polypeptide 4th Polypeptide zffth Polypeptide 3rd Polypeptide Ist Polypeptide 5th Polypeplide 
6 2nd Polypeptide 4lli Polypeplide ^ 6th Polj'peptide 3rd Polj'peplide 5th Polypeptide Ist Polypeptide 
6 2nd Polypeptide 4lh Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide Ist Polypeptide 
6 2nd Polypeptide 5th Polypeptide Ist Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 4lh Polypeplide 
6 2nd Polypeptide 5th g&lypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 2nd Polypeptide 5tJ^Polypeptidc Ist Polypeptide 4 th Polj'peptide 6th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide iffh Polypcplidc 1st Polypeplide 6th Polj'peptide 3rd Polj'peptide 4th Polypeptide 
6 2nd Polypeptide^ ̂ 5th Polypeplide Ist Polj'peptide 6lh Polypeptide 4lh Polj'peptide 3rd Polypeplide 
6 2nd Polypeptide 5th Polypeplide 3rd Polypeptide 1st Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypepjfde 5th Polypeptide 3rd Polypeptide 1 st Polypeplide 6th Polypeptide 4th Polypeptide 
6 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 1 st Polypeplide 6th Polypeptide 
6 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 1 si Polypeptide 
6 2nd tytfypeptide 5th Polypeptide 3rd Polj'peptide 6th Polypeptide 1st Polypeplide 4th Polypeptide 
6 2nd^Polypeptide 5th Polypeplide 3rd Polypeptide 6th Polypeplide 4th Polypeptide 1st Polypeptide 
6 2jfQ Polypeptide 5th Polypeptide 4th Polj'peptide 1st Polypeptide 3rd Polj'peptide 6th Polypeptide 
G ^fnd Polypeptide 5th Polypeplide 4th Polypeptide 1 st Polypeptide 6th Polj'peplide 3rd Polypeptide 

' 2nd Polypeptide 5th Polypeplide 4th Polypeptide 3rd Polypeplide Ist Polypeptide 6th Polypeptide 
<f6 2nd Polypeptide 5th Polypeptide 4th Polypeplide 3rd Polypeplide 6th Polypeptide Ist Polypeptide 

6 2nd Polypeplide 5th Polypeptide 4th Polj'peptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeplide 3rd Polypeptide 1st Polypeptide 
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6 2nd Polypeptide 5th Polypeptide 6th Polypeptide ist Polypeptide 3rd Polypeptide 4th Poiypepf^e 
6 2nd Polypeptide 5th Polypeplide 6th Polypeptide Ist Polypeptide 4th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st Polypeplide 4th Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1 st Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 1 st Polypeplide 3rd I&lypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeplide 4th Polypeptide 3rd Polypeptide Isf Polypeptide 
6 2nd Polypeptide 6th Polypeptide lsl Polypeptide 3rd Polypeptide 4th Polypeptide £t\\ Polypeptide 
6 2nd Polypeptide 6th Polypeplide 1st Polypeptide 3rd Polypeplide 5th Polypeptide f 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeplide 4th Polypeptide 3rd Polypeptide 5th Polypeplide 
6 2nd Polypeptide 6th Polypeptide Ist Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeplide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeplide 5th Polypeptide 4 th Poj^eptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeplide Isl Polypeptide 4th l^lypeptide 5th Polj'peptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeptide StyPolypeptide 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide J§t Polypeptide 5th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide /5th Polypeplide lsl Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeplide 5th Polypeptide? 1 st Polypeplide 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 5th PolypepjjjOe 4th Polypeptide 1 st Polj'peplide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide Ist Polypeptide 5th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1 st Polypeptide 5th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeplide 3rdJ*'ofypeplide 5lh Polypeptide 1st Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 5)0 Polypeptide 1 si Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide jSth Polypeptide 3rd Polypeptide 1st Polypeptide 
6 2nd Polypeptide 6th Polypeptide 5th Polj'peptide; f 1st Polypeptide 3rd Polypeptide 4th Polj'peptide 
6 2nd Polypeptide 6th Polypeptide 5th Polypeptides 1st Polypeptide 4th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 5th Pofypegfide 3rd Polypeptide 1st Polypeptide 4th Polj'peptide 
6 2nd Polypeptide 6th Polypeptide 5th Poij'ggptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 
6 2nd Polypeptide 6th Polypeptide 5 th Polypeptide 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 
6 2nd Polypeplide 6th Polypeptide 5th ^lypeptide 4th Polypeptide 3rd Polypeptide Isl Polypeptide 
6 3rd Polypeptide 1st Polypeplide 2n ̂ ^Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 2/id Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 1st Polypeptide ^2nd Polypeptide 5th Polypeptide 4lh Polj'peplide 6th Polypeplide 
6 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 5lh Polypeptide 6th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 1 st Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeplide 
6 3rd Polypeptide 1st Polypgptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 
6 3rd Polypeptide Ist Polypeptide 4th Polypeptide 2nd Polypeptide 5lh Polypeptide 6th Polypeptide 
6 3rd Polypeptide 1 st Polypeptide 4th Polypeptide 2nd Polj'peptide 6th Polypeplide 5th Polypeplide 
6 3rd Polypeptide 1 syfolypeptide 4th Polypeplide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide Polypeptide 4th Polj'peplide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide Jisl Polypeptide 4th Polypeplide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 3rd Polypeptide f I st Polypeptide 4th Polypeptide 6 th Polypeptide 5lh Poljpeplide 2nd Polypeptide 
6 3rd Polypeptide 1 st Polypeplide 5th Polypeptide 2nd Polypeptide 4th Polypeplide 6th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6 th Polypeptide 
6 3rd Polypeptide Ist Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide I st Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeplide 
6 3 ̂ Polypeptide Ist Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 |fd Polypeptide 1 st Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeplide 
6 /3rd Polypeptide 1st Polypeplide 6th Polypeptide 2nd Polypeptide 5th Polypeplide 4th Polypeptide 
f 3rd Polypeptide 1 si Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 

H 3rd Polypeptide 1st Polj'peplide 6th Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 3rd Polypeplide 1st Polypeptide 6th Polypeplide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
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6 3rd Polypeptide 1st Polypeptide 6th Polypeplide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide Ist Polypeptide 4th Polypeptide 6th Polypeplide 5th §6fypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 6t^I3olj'peptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 4fh Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polj'peptide 6th Polypeptide 4th Polypeptide /5th Polj'peptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeplide 4lh Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeplide 
6 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 5th Polypeptide Ist Polj^feptide 6lb Polypeptide 
6 3rd Polypeptide 2nd Polypeplide 4lh Polypeptide 5th Polypeptide 6th P^peptide 1st Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 6th Polypeptide Ist polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 4 th Polj'peptide 6th Polypeptide 5lJfPolypeptide 1st Polypeptide 
6 3rd Polypeptide 2nd Polypeplide 5th Polj'peptide 1 si Polypeptide 01 Polypeplide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 1st Polypeptide /*6th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 5th Polj'peptide 4th Polypeptide Ist Polypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 5th Polypeplide 4lh Polypeptide 6th Polypeptide Isl Polypeplide 
6 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 6th Poljj|%tide 4th Polypeptide Ist Polypeptide 
6 3rd Polypeptide 2nd Polj'peptide 6th Polypeptide 1st Pg^peplide 4th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 6th Polypeplide 1st Roiypcplide 5 th Polypeptide 4th Polypeplide 
6 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 4tj^Polypeptide 1st Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 6ih Polypeptide Polypeptide 5th Polypeptide 1 st Polypeplide 
6 3rd Polypeptide 2nd Polypeptide 6th Polypeptide ^5th Polypeptide 1st Polypeptide 4th Polypeptide 
6 3rd Polypeplide 2nd Polj'peptide 6th Polypeptide 5 th Polypeptide 4th Polypeptide 1 st Polypeptide 
6 3rd Polypeptide 4th Polypeptide 1 st Polj'pepj/uc 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polj'peptide 1st Polj'ppJflide 2nd Polj'peplide 6th Polypeptide 5th Polj'peplide 
6 3rd Polypeptide 4th Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeplide 6lh Polypeptide 
6 3rd Polypeplide 4th Polypeptide lstP^peptide 5 th Polypeptide 6th Polypeptide 2nd Polypeplide 
6 3rd Polypeptide 4th Polypeptide lsl^lypeplide 6 th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 3rd Polypeptide 4th Polypeplide 1 ^Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 4th Polypeptide Polypeptide J st Polypeptide 5th Polypeptide 6th Polj'peplide 
6 3rd Polypeptide 4th Polypeptide find Polypeplide 1st Polj'peplide 6th Polypeptide 5 th Polypeptide 
6 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypep^fie 2nd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeplide 
6 3rd Polypeplide 4th Polypeptide 2nd Polypeplide 6th Polypeptide 1st Polypeptide 5th Polypeptide 
6 3rd Polypeptide 4th Poi^j&ptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 
6 3rd Polypeplide 4th Pq^peptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th J$!ypeptide 5th Polypeptide 1st Polypeplide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 4tJfPolypepiidc 5th Polypeptide 2nd Polypeptide 1st Polj'peplide 6lh Polypeptide 
6 3rd Polypeptide Polypeptide 5th Polypeplide 2nd Polypeptide 6th Polypeptide I st Polypeptide 
6 3rd Polypeptide y 4th Polypeptide 5th Polypeptide 6th Polj'peptide 1 st Polypeptide 2nd Polypeptide 
6 3rd Polypepli^ 4th Polypeptide 5th Polypeptide 6th Polj'peptide 2nd Polypeptide 1 st Polypeptide 
6 3rd Polypeptide 4th Polypeptide 6lh Polypeptide 1 st Polypeptide 2nd Polypeptide 5Hi Polj'peptide 
6 3rd Polypeptide 4th Polypeptide 6 th Polypeptide 1st Polypeptide 5 th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 4th Polypeptide 6th Polypeplide 2nd Polypeptide 1 st Polypeptide 5th Polj'peptide 
6 3rd Po/^peptide 4th Polypeptide 6th Polypeplide 2nd Polj'peptide 5th Polypeptide 1st Polypeptide 
6 3rd ̂ 6lypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide lsl Polypeptide 2nd Polypeptide 
6 3 ̂ Polypeptide 4th Polypeptide 6th Polypeptide 5lh Polypeptide 2nd Polypeptide 1st Polypeptide 
6 jSid Polypeptide 5th Polypeplide 1 st Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 
6 ^'3rd Polypeptide 5th Polypeptide 1 st Polypeptide 2nd Polypeptide 6th Polypeplide 4th Polypeptide 

3rd Polypeptide 5th Polypeptide ist Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeplide 
' 6 3rd Polypeptide 5th Polypeplide 1 st Polypeplide 4th Polypeptide 6th Polypeptide 2nd Polj'peplide 
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6 3rd Polj'peptide 5th Polypeptide 1st Polypeptide 6lh Polypeptide 2nd Polypeptide 4th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide 6thJ?olypeplide 
6 3rd Polypeptide 5th Polypeptide 2nd Polypeptide Isl Polypeptide 6th Polypeptide ^Polypeptide 
6 3rd Polypeptide 5lh Polypeptide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide Jell) Polypeptide 
6 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide / 1st Polypeptide 
6 3rd Polypeptide 5lh Polypeptide 2nd Polypeptide 6th Polypeplide 1st Polypeptide 4th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4 th Polypeptide 1st Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide Ist Polypeptide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide IstJ&lypeptide 6th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6#Polypeptide 1st Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4 th Polj'peptide 6th Polypeptide #st Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide ^2nd Polypeptide 1 si Polypeplide 
6 3rd Polypeptide 5th Polypeplide 6th Polypeptide 1st Polypept^ft 2nd Polypeptide 4th Polypeptide 
6 3rd Polypeptide 5th Polypeplide 6th Polypeplide J st Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 5th Polypeptide 6th Polypeplide 2nd Polj^gjieptide 1 st Polypeptide 4lh Polypeptide 
6 3rd Polypeptide 5th Polypeplide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 1st Polypeptide 
6 3rd Polypeptide 5th Polypeptide 6th Polypeptide 4th j!)]ypeptide 1 st Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 5th Polypeptide 6th Polypeptide 40fPolypcptide 2nd Polypeptide 1st Polypeptide 
6 3rd Polypeptide 6th Polypeptide 1 st Polypeptide JSd Polypeptide 4th Polypeptide 5lh Polypeptide 
6 3rd Polypeptide 6th Polypeptide 1 st Polypeptide r2nd Polypeptide 5th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 6th Polypeptide 1 st Polypept}^ 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 3rd Polypeptide 6th Polj'peptide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 3rd Polypeplide 6th Polypeptide 1st PoIj'jipUde 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
6 3rd Polypeptide 6th Polypeptide 1st Po|fpeplide 5th Polypeptide 4th Polypeptide 2nd Polj'peptide 
6 3rd Polypeplide 6th Polypeptide 2nd .polypeptide 1 si Polj'peptide 4th Polj'peplide 5th Polypeptide 
6 3rd Polypeptide 6th Polypeptide 2i^Polypeptide 1st Polypeptide 5th Polypeptide 4 th Polypeptide 
6 3rd Polypeptide 6th Polj'peptide Jwd Polypeptide 4th Polypeptide 1st Polypeptide 5th Polypeptide 
6 3rd Polypeptide 6th Polypeptide^ f2nd Polypeptide 4th Polypeptide 5th Polypeptide 1 st Polypeptide 
6 3rd Polypeptide 6th Polypeptide 2nd Polj'peptide 5th Polypeptide I st Polypeptide 4th Polypeptide 
6 3rd Polypeptide 6th Polypetrffde 2nd Polypeptide 5th Polypeptide 4th Polypeptide Ist Polypeptide 
6 3rd Polypeptide 6th Polyj^plide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 5th Polypeptide 
6 3rd Polypeptide 6th Polypeptide 4th Polypeptide I st Polypeptide 5th Polypeplide 2nd Polypeptide 
6 3rd Polypeptide 6th polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 5 th Polypeptide 
6 3rd Polypeptide 6lj^£,olypeplide 4 th Polypeptide 2nd Polj'peptide 5th Polypeptide 1st Polypeptide 
6 3rd Polypeptide Sm Polypeptide 4th Polypeptide 5th Polypeptide I st Polypeptide 2nd Polypeptide 
6 3rd Polypeptide f6th Polypeptide 4th Polypeplide 5th Polypeptide 2nd Polypeptide lsl Polypeptide 
6 3rd Polypeptide 6th Polypeptide 5th Polypeptide 1 st Polypeplide 2nd Polypeptide 4 th Polypeptide 
6 3rd PolypeQjfde 6th Polypeptide 5th Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide I st Polypeptide 4th Polypeptide 
6 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide Ist Polypeptide 
6 3rd Polypeptide 6th Polypeptide 5 th Polypeptide 4th Polypeptide lsl Polypeptide 2nd Polypeptide 
6 3rjj^Polypeptide 6th Polypeptide 5 th Polypeptide 4th Polypeptide 2nd Polypeplide Isl Polypeptide 
6 Jjffi Polypeplide lsl Polypeptide 2nd Polypeptide 3rd Polypeptide 5lh Polj'peptide 6th Polypeplide 
6 #4th Polypeplide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 5 th Polypeptide 

4th Polypeptide 1st Polypeptide 2nd Polj'peplide 5th Polypeptide 3rd Polypeptide 6th Polj'peptide 
f6 4 th Polypeplide 1st Polj'peptide 2nd Polypeptide 5th Polj'peptide 6th Polypeptide 3rd Polypeptide 
6 4th Polypeplide Ist Polypeptide 2nd Polypeplide 6th Polypeplide 3rd Polypeptide 5th Polj'peptide 
6 4lh Polypeptide 1 st Polypeptide 2nd Polypeptide 6th Polypeplide 5th Polypeptide 3rd Polypeptide 
6 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polj'peptide 
6 4th Polypeplide I st Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeplide 5th Polypeptide 
6 4 th Polypeptide Ist Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeplide 6th Polj'peptide 
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6 4th Polypeptide 1st Polypeplide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 4th Polypeptide Ist Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeplide 5th Polypj^ide 
6 4th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 4th Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeplide 6th Pjjypeptide 
6 4 th Polypeptide Ist Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 3rdJ?blypepiide 
6 4th Polypeptide isl Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide ^Polypeptide 
6 4th Polypeptide Ist Polypeptide 5th Polypeptide 3rd Polypeplide 6th Polypeptide j£nd Polypeptide 
6 4th Polypeptide Ist Polypeptide 5th Polypeplide 6th Polypeptide 2nd Poiypeptidg f 3rd Polypeptide 
6 4th Polypeplide Ist Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypept^; 2nd Polj'peptide 
6 4th Polypeptide Isl Polypeptide 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 5th Polypeptide 
6 4th Polypeptide lsl Polypcplidc 6th Polypeplide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
6 4 th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 5lh Polypeptide 
6 4th Polypeptide 1st Polypeptide 6th Polypeplide 3rd Polypeptide 5th j$lypeptide 2nd Polypeptide 
6 4th Polypeptide 1 st Polypeptide 6th Polypeptide 5lh Polypeplide 2n<fPolypeptide 3rd Polypeptide 
6 4th Polypeptide 1 st Polypeplide 6th Polypeptide 5th Polypeptide Jfd Polypeptide 2nd Polypeptide 
6 4th Polypeptide 2nd Polypeptide Isl Polypeptide 3rd Poiypcptide/ f 5th Polypeptide 6th Polypeptide 
6 4th Polypeptide 2nd Polypeptide Ist Polypeptide 3rd Polypeptide! 6th Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Polypeptide Ist Polypeplide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeplide 
6 4th Polypeptide 2nd Polypeptide Ist Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 
6 4 th Polypeplide 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 4th Polypeptide 2nd Polypeptide 3rd Polypeptide I st^olypeptidc 5th Polypeptide 6th Polypeplide 
6 4th Polypeptide 2nd Polypeptide 3rd Polypeptide jjSt Polypeptide 6th Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 3rd Polypeptide jjpW\ Polypeptide Ist Polypeptide 6th Polypeptide 
6 4th Polypeplide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 
6 4th Polypeplide 2nd Polypeplide 3rd Polypepjpe 6th Polypeptide 1st Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 
6 4th Polypeplide 2nd Polypeptide 5th Polypeptide Ist Polypeptide 3rd Polypeptide 6th Polypeplide 
6 4th Polypeptide 2nd Polypeptide 5th Polypeptide Ist Polypeptide 6lh Polypeptide 3rd Polypeptide 
6 4th Polypeptide 2nd Polypeptide StiyPblypeptide 3rd Polypeptide 1st Polypeptide 6lh Polypeptide 
6 4th Polypeptide 2nd Polypeplide 5jK Polypeptide 3rd Polypeplide 6th Polypeptide Ist Polypeptide 
6 4th Polypeptide 2nd Polypeplide JSlh Polypeptide 6th Polypeptide I st Polypeptide 3rd Polypeptide 
6 4th Polypeplide 2nd Polypeptide '5th Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeptide 
6 4th Polypeplide 2nd Polypeptide 6th Polypeptide Ist Polypeptide 3rd Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 6th Polypeptide Ist Polypeptide 5lh Polypeplide 3rd Polypeptide 
6 4th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide lsl Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Po|f peptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 1 st Polypeptide 
6 4th Polypeptide 2nd J^lypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 4th Polypeptide 2n^Polypeptide 6th Polypeptide 5 th Polypeptide 3rd Polypeptide 1st Polypeptide 
6 4th Polypeptide Jfd Polypeptide 1st Polypeptide 2nd Polypeptide 5 th Polypeptide 6th Polypeptide 
6 4 th Polypeptide, f3rd Polypeptide Isl Polypeplide 2nd Polypeptide 6Ut Polypeptide 5th Polypeptide 
6 4th Polypept^ 3rd Polypeptide lsl Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 4th Polype^Je 3rd Polypeptide 1st Polypeptide 5 th Polypcplidc 6th Polypeptide 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 4lh Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeplide 5th Polypeptide 2nd Polypeptide 
6 4th I^iypeptidc 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 
6 4tl^Polypeplide 3rd Polypeptide 2nd Polypeplide 1st Polypeplide 6th Polypeptide 5th Polypeptide 
6 Polypeplide 3rd Polypeptide 2nd Polypeptide 5 th Polj'peplide 1 st Polypeptide 6th Polypeptide 
6 /hh Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeplide 6th Polypeptide 1st Polypeptide 

4th Polypeplide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 
f6 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polj'peplide ist Polypeplide 

6 4lh Polypeptide 3rd Polypeptide 5th Polypeptide Ist Polypeptide 2nd Polypeplide 6lh Polypeptide 
6 4lh Polypeptide 3rd Polypeptide 5th Polypeptide 1st Polj'peptide 6th Polypeptide 2nd Polypeptide 
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6 4th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide lsl Polypeptide 6th Polypeptide 
6 4th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide lsl Polypeofide 
6 4th Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeplide 2nd Polypeplide 1st Polypeptide 
6 4th Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 5th polypeptide 
6 4th Polypeptide 3rd Polypeptide 6th Polypeptide 1 st Polypeptide 5th Polypeptide 2ndfi>olypeptide 
6 4th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide Sfh Polypeptide 
6 4th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide f 1st Polypeptide 
6 4th Polypeplide 3rd Polypeptide 6lh Polypeptide 5lh Polypeptide 1 st Polypept kjl 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptftle 1 st Polypeptide 
6 4th Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polyp^t de 6 th Polypeptide 
6 4th Polypeptide 5th Polypeptide lsl Polypeptide 2nd Polypeplide 6th Polypi de 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Ptffypept de 6ih Polypeptide 
6 4th Polypeptide 5(h Polypeptide 1st Polypeptide 3rd Polypeptide 6thJyoIypepl de 2nd Polypeptide 
6 4th Polypeptide 5th Polypeplide 1st Polypeptide 6th Polypeptide 2 oS Polypept de 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 1 st Polypeptide 6th Polypeptide £xd Polypept de 2nd Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 1 st Polypeptide f 3rd Polypept de 6th Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 1 st Polypeptide 6th Polypepl de 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypept de 6th Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypept de lsl Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide lsl Polypept de 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th ^lypeptide 3rd Polypept de 1st Polypeptide 
6 4th Polypeptide 5th Polypeplide 3rd Polypeptide 1 ^Polypeptide 2nd Polypept de 6th Polypeplide 
6 4th Polypeptide 5th Polypeptide 3rd Polypeptide J§1 Polypeptide 6th Polypepl de 2nd Polypeplide 
6 4th Polypeptide 5th Polypeptide 3rd Polypeplide /2nd Polypeptide 1st Polypept de 6th Polypeplide 
6 4th Polypeptide 5lh Polypeptide 3rd Polypeptic^ 2nd Polypeptide 6th Polypepl de 1st Polypeplide 
6 4th Polypeptide 5th Polypeptide 3rd PolypepJ^e 6th Polypeptide 1st Polypept de 2nd Polypeplide 
6 4th Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypept de 1 st Polypeptide 
6 4th Polypeptide 5th Polypeptide 6th Polypeptide 1 si Polypeptide 2nd Polypepl de 3rd Polypeplide 
6 4th Polypeptide 5lh Polypeptide 6lh Polypeptide 1st Polypeptide 3rd Polypept de 2nd Polypeptide 
6 4th Polypeptide 5th Polypeptide 6th^olypeplide 2nd Polypeptide 1st Polypept de 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 6# Polypeptide 2nd Polypeplide 3rd Polypept de 1st Polypeptide 
6 4th Polypeptide 5th Polypeptide Jftth Polypeptide 3rd Polypeptide 1st Polypepl de 2nd Polypeptide 
6 4th Polypeptide 5th Polypeptide^ 6th Polypeptide 3rd Polypeptide 2nd Polypept de 1 st Polypeptide 
6 4th Polypeptide 6 th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypept de 5th Polypeptide 
6 4th Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 5th Polypept de 3rd Polypeptide 
6 4th Polypeptide 6th Polypeptide 1st Polypeplide 3rd Polypeptide 2nd Polypept de 5th Polypeptide 
6 4th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypepl de 2nd Polypeplide 
6 4th Polypeptide 6th ^lypeptide 1st Polypeptide 5Hi Polypeptide 2nd Polypept de 3rd Polypeptide 
6 4th Polypeptide 6th?Polypeptide 1st Polypeptide 5Ih Polypeptide 3rd Polypept de 2nd Polypeptide 
6 4th Polypeptide Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypept de 5th Polypeptide 
6 4th Polypeptide /6th Polypeptide 2nd Polypeplide 1st Polypeptide 5th Polypept de 3rd Polypeptide 
6 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypepl de 5th Polypeplide 
6 4th PolypepJ^ie 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypept de Ist Polypeptide 
6 4th Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 1st Polypept de 3rd Polypeptide 
6 4th Polypeptide 6th Polypeplide 2nd Polypeptide 5th Polypeptide 3rd Polypept de 1st Polypeptide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polypept de 5th Polypeptide 
6 4th Polypeptide 6th Polypeplide 3rd Polypeptide 1st Polypeptide 5th Polypept de 2nd Polypeptide 
6 4j|r Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypept de 5 th Polypeptide 
6 JTth Polypeptide 6th Polypeplide 3rd Polypeptide 2nd Polypeptide 5th Polypepl de 1st Polypeptide 

f 4th Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 1 st Polypepl de 2nd Polypeptide 
4th Polypeptide 6lh Polypeptide 3rd Polypeptide 5lh Polypeplide 2nd Polypepl de 1st Polypeptide 

' 6 4th Polypeptide 6th Polypeptide 5th Polypeptide 1 st Polypeptide 2nd Polypepl de 3rd Polypeptide 
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6 4th Polypeptide 6th Polypeptide 5th Polypeptide Ist Polypeptide 3rd Polypeplide 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 5lh Polypeptide 2nd Polypeplide Ist Polypeptide 3rd Poljy&ptide 
6 4th Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeplide 3rd Polypeptide 1st Po$peplide 
6 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 5th Polypeplide 3rd Polypeptide 2nd Polj'peplide 1;^Polypeptide 
6 5th Polypeptide ist Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide tffh Polypeplide 
6 5th Polypeptide Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide f 4th Polypeptide 
6 5th Polypeptide lsl Polypeptide 2nd Polypeptide 4th Polypeplide 3rd Polypepti^ 6th Polypeplide 
6 5th Polypeptide Ist Polypeptide 2nd Polj'peptide 4th Polypeptide 6th PolypepJ/We 3rd Polypeptide 
6 5lh Polypeptide Isl Polypeptide 2nd Polypeptide 6th Polj'peplide 3rd Polypeptide 4ih Polypeptide 
6 5th Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeplide 4lh Polypeptide 3rd Polypeptide 
6 5th Polypeptide 1st Polypeptide 3rd Polj'peptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 
6 5th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 6th polj'peptide 4th Polypeptide 
6 5th Polypeptide lsl Polypeptide 3rd Polypeptide 4th Polypeptide 2n^ Polypeptide 6lh Polypeplide 
6 5th Polypcplidc Ist Polypeptide 3rd Polypeptide 4th Polypeplide /th Polj'peptide 2nd Polypeptide 
6 5lh Polypeplide 1st Polypeptide 3rd Polypeptide 6th Polypeptide /2nd Polypeptide 4th Polj'peptide 
6 5lh Polypeptide Isl Polypeptide 3rd Polypeptide 6th PolypepticJ^ 4th Polypeptide 2nd Polypcplidc 
6 5th Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypcp/ae 3rd Polypeptide 6th Polypeptide 
6 5th Polypeptide Ist Polj'peptide 4th Polj'peptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide Ist Polypeptide 4th Polj'peptide 3rd Polypeptide 2nd Polypeplide 6th Polypeptide 
6 5th Polypeptide 1st Polypeptide 4lh Polj'peplide 3rd P^ypeptide 6lh Polypeptide 2nd Polypeptide 
6 5th Polypeptide 1st Polypeptide 4lh Polypeplide 6th/oIypeptide 2nd Polypeplide 3rd Polypeptide 
6 5th Polypeptide Ist Polypeptide 4th Polypeptide 6j$ Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 5th Polypeptide Ist Polypeptide 6th Polypeptide ^•>d Polypeptide 3rd Polypeptide 4th Polypeptide 
6 5th Polypeptide Ist Polypeptide 6th Polypeptide ^2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
6 5th Polj'peptide Ist Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 
6 5th Polypeptide Isl Polypeplide 6 th Polj'peofide 3rd Polypeptide 4lh Polypeptide 2nd Polypeptide 
6 5th Polypeptide 1st Polypeptide 6th Polj'ij^plide 4th Polypeptide 2nd Polj'peptide 3rd Polypeptide 
6 5th Polypeptide lsl Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 5th Polypeptide 2nd Polypeptide Isl Polypeptide 3rd Polypeptide 4th Polypeplide 6th Polypeptide 
6 5th Polypeplide 2nd Polypeptide I sj^olypeptide 3rd Polypeplide 6th Polypeptide 4th Polypeplide 
6 5th Polypeptide 2nd Polypeptide iJi Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polj'peptide /1st Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 2nd Polypeptide 7 1 st Polypeptide 6lh Polypeptide 3rd Polypeptide 4th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 4lh Polypeptide 3rd Polypeplide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeplide 1 st Polypeptide 4lh Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeptide I st Polypeptide 6th Polypeptide 4th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide I st Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4 th Polypeptide 6th Polypeptide lsl Polypeptide 
6 5th Polypeptide 2nri^olypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 
6 5th Polypeptide 2ntl Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide Ist Polypeptide 
6 5 th Polypeptide ^nd Polj'peptide 4th Polj'peptide 1st Polypeptide 3rd Polypeptide 6lh Polypeptide 
6 5th Polypeptide " 2nd Polypeptide 4lh Polypeplide 1st Polypeptide 6th Polypeplide 3rd Polypeptide 
6 5th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 4th Polj'peptide 3rd Polypeptide 6th Polypeptide lsl Polypeptide 
6 5th Polypeptide 2nd Polypeplide 4th Polypeptide 6th Polypeplide 1st Polypeptide 3rd Polypeplide 
6 5 th Polypeptide 2nd Polypeptide 4lh Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeptide 

4th Polypeptide 6 5th gplypeptide 2nd Polypeptide 6th Polypeptide I st Polypeptide 3rd Polypeplide 
1st Polypeptide 
4th Polypeptide 

6 51 [polypeptide 2nd Polypeptide 6lh Polypeptide lsl Polypeptide 4th Polypeptide 3rd Polypeptide 
6 jffi Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide Ist Polypeptide 4th Polypeplide 
6 jfith Polj'peptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide lsl Polypeptide 

5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 3rd Polypeptide 
f6 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 
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6 5th Polypeptide 3rd Polypeptide (st Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypep^fde 
6 5th Polypeptide 3rd Polypeptide Ist Polypeptide 2nd Polypeptide 6th Polypeptide 4th Poty{^plide 
6 5th Polypeptide 3rd Polypeptide Ist Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 5th Polypeptide 3rd Polypeptide 1st Polypeplide 4 th Polypeptide 6th Polypeptide 2nd Mlypepltde 
6 5th Polypeplide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeplide 4 ih^oly peptide 
6 5th Polypeptide 3rd Polypeptide 3 st Polypeptide 6th Polypeptide 4th Polj'peplide iMd Polypeplide 
6 5 th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide #6ih Polypeptide 
6 5lh Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 6th Polypepti^ 4 th Polypeplide 
6 5 th Polypeptide 3rd Polypeptide 2nd Polypeptide 4 th Polypeptide 1st Polypep^cie 6th Polypeptide 
6 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 4 th Polypeptide 6th PolypjfMide 1 si Polypeptide 
6 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 
6 5th Polypeplide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 
6 5th Polypeptide 3rd Polypeptide 4th Polypeptide Ist Polypeptide 2nd#olypeptidc 6th Polypeplide 
6 5th Polypeptide 3rd Polypeplide 4th Polypeptide 1st Polypeptide Polypeptide 2nd Polypeplide 
6 5 th Polypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide /Ist Polypeptide 6th Polypeplide 
6 5th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide ̂  6th Polypeptide 1st Polypeptide 
6 5th Polypeptide 3rd Polypeptide 4th Polypeplide 6th Polypeptide Ist Polypeplide 2nd Polypeptide 
6 5th Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide Isl Polypeptide 
6 5th Polypeplide 3rd Polypeptide 6th Polypeptide 1 st Polypeptide 2nd Polypeptide 4lh Polypeptide 
6 5lh Polypeplide 3rd Polypeptide 6th Polypeptide I st Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5lh Polypeplide 3rd Polypeptide 6th Polypeptide 2ndj?olypeptide 1 st Polypeptide 4th Polypeptide 
6 5th Polypeptide 3rd Polypeptide 6th Polypeptide 2y Polypeptide 4th Polypeplide 1st Polypeptide 
6 5th Polypeptide 3rd Polypeptide 6th Polypeptide jflh Polypeptide 1 st Polypeptide 2nd Polypeptide 
6 5th Polypeptide 3rd Polypeplide 6th Polypeptide f 4 Ih Polypeplide 2nd Polypeptide 1 st Polypeptide 
6 5th Polypeptide 4th Polypeptide 1 st Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
6 5th Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 4th Polypeptide 1st Polygqjtide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
6 5th Polypeptide 4th Polypeptide 1st Pojfpeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
6 5th Polypeptide 4th Polypeptide 1st ^lypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 5th Polypeptide 4th Polypeptide 1 ̂ Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 5th Polypeptide 4th Polypeplide Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 
6 5th Polypeptide 4th Polypeptide ^2nd Polypeptide 1 st Polypeptide 6th Polypeptide 3rd Polypeptide 
6 5 th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 
6 5th Polypeptide 4th Poiype]7j#ae 2nd Polypeptide 3rd Polypeptide 6th Polypeptide I st Polypeptide 
6 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide I st Polypeptide 3rd Polypeptide 
6 5 th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeplide 
6 5 th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 
6 5 th Polypeptide 4lhjFoiypeptide 3rd Polypeptide 1st Polypeplide 6th Polypeptide 2nd Polypeptide 
6 5lh Polypeptide Am Polypeptide 3rd Polypeptide 2nd Polypeplide 1 st Polypeptide 6th Polypeplide 
6 5th Polypeptide J^th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 1 st Polypeptide 
6 5th Polypeptide ' 4th Polypeplide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 
6 5th Polypeptide 4th Polypeptide 3rd Polypeplide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 
6 5th Polypgjftidc 4th Polypeplide 6th Polypeptide Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 5th Poi^feptide 4th Polypeptide 6th Polypeptide 1 si Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 5 th Pc^peptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 
6 5th Mjjypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 1 st Polypeptide 
6 5j^ Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeplide 

3rd Polypeptide 
I st Polypeptide 

2nd Polypeplide 
2nd Polypeptide 
1st Polypeptide 6 Jflh Polypeplide 4th Polypeptide 6th Polypeptide 

3rd Polypeplide 
3rd Polypeptide 

I st Polypeptide 
2nd Polypeplide 

2nd Polypeptide 
1st Polypeptide 

f 5th Polypeplide 6th Polypeptide 1 st Polypeptide 2nd Polypeptide 3rd Polypeptide 4 th Polypeptide 
5th Polypeptide 6th Polypeptide Ist Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 

' 6 5th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
6 5th Polypeplide 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 1 st Polypeptide 4lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
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6 5th PoSypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeo^de 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide Ist Polypeptide 3rd Polypeptide 4th Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 3rd Poj^fjeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 4th Polypeptide 
6 5th Polypeplide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide )s#olypeptide 
6 5th Polypeptide 6th Polypeplide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 3$ Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st Polypeptide 2nd Polypepti^ 4th Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide I st Polj'peptide 4th Polypep|rae 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeplide 2nd Polypeptide 4th Polj^eptide 1 st Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1 st Polypeptide 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polj'peptide 4th Polypeptide 2ndjfolypeptide 1 st Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 2x0 Polypeptide 3rd Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide j|frd Polypeptide 2nd Polj'peptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide ^ 1st Polypeptide 3rd Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 2nd PoIypeply& 3rd Polypeptide 1st Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 
6 6th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polj'peptide 
6 6th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd polypeptide 5th Polypeplide 4th Polypeptide 
6 6th Polypeplide 1st Polypeptide 2nd Polj'peptide 4lJ^Polj'peptide 3rd Polypeptide 5th Polypeptide 
6 6th Polypeplide 1st Polypeptide 2nd Polypeptide Jfh Polypeptide 5th Polypeptide 3rd Polypeptide 
6 6th Polypeptide I st Polypeptide 2nd Polypeptide f 5th Polypeptide 3rd Polypeptide 4lh Polypeptide 
6 6th Polypeptide 1st Polypeptide 2nd Polypcpli$£ 5 th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 1st Polypeplide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 
6 6th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 
6 6th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polj'peptide 
6 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeptide 5lh Polypeptide 2nd Polypeptide 
6 6th Polypeptide I st Polypeptide 3rc|^olypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeplide 
6 6th Polypeptide 1st Polypeptide Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 1 st Polypeptide ^th Polypeptide 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 
6 6th Polypeptide 1st Polypeptide '4 th Polj'peptide 2nd Polj'peptide 5th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 1st Polypeptide 4th Polj'peptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
6 6th Polypeptide I st Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polj'peptide 
6 6th Polypeptide 1st Polypeptide 4th Polypeptide 5lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6 th Polypeptide I st Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 6th Polypeptide 1 st polypeptide 5th Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 
6 6th Polypeptide 1 jfPolypeptide 5th Polypeplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
6 6th Polypeptide jfst Polypeptide 5 th Polj'peptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
6 6th Polypeptide f 1st" Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypepti^j? 1st Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6th Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 6th Polypeptide 2nd Polj'peptide Ist Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 4lh Polypeptide 3rd Polypeptide 5th Polypeptide 
6 6tlwFolypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 Polypeptide 2nd Polypeptide 1 st Polypeptide 5th Polypeptide 3rd Polypeplide 4th Polypeptide 
6 ^6th Polypeptide 2nd Polypeptide 1 st Polypeptide 5th Polypeptide 4 th Polypeptide 3rd Polypeptide 

6th Polypeptide 2nd Polypeptide 3rd Polypeptide I st Polypeptide 4th Polypeptide 5th Polypeptide 
6th Polypeptide 2nd Polypeptide 3rd Polypeplide 1 st Polypeptide 5th Polypeptide 4lh Polypeptide 

6 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide Ist Polypeptide 5lh Polj'peptide 
6 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide Ist Polypeptide 
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6 6th Polypeptide 2nd Polypeplide 3rd Polypeplide 5th Polypeptide 1st Polypeptide 4th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5lh Polypeptide 4th Polypeplide 1st PolypeptJHe 
6 6th Polypeptide 2nd Polypeptide 4th Polypeplide 1 st Polypeptide 3rd Polypeplide 5lh Polypeptide 
6 6th Polypeptide 2nd Polypeptide 4ih Polypeplide I si Polypeptide 5th Polypeplide 3rd Polypeptide 
6 6th Polypeplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeplide 
6 6th Polypeplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5lh Polypeplide 1 si j&lypcplide 
6 6lh Polypeptide 2nd Polypeptide 4th Polypeptide 5lh Polypeplide 1st Polypeptide Sr/'Polypeptide 
6 6th Polypeplide 2nd Polypeplide 4th Polypeptide 5lh Polypeptide 3rd Polypeptide /st Polypeptide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide lsl Polypeptide 3rd Polypeptide / 4th Polypeptide 
6 6th Polypeptide 2nd Polypeplide 5th Polypeplide 1 st Polypeptide 4th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 2nd Polypeplide 5th Polypeptide 3rd Polypeptide Ist Polypeptide 4th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 4ih Polypeptide Ist Polypeptide 
6 6th Polypeplide 2nd Polypeptide 5th Polypeplide 4th Polypeptide Isl Poj/peplide 3rd Polypeplide 
6 6th Polypeptide 2nd Polypeplide 5th Polypeptide 4th Polypeptide 3rd Polypeptide I si Polypeptide 
6 6th Polypeptide 3rd Polypeptide Ist Polypeptide 2nd Polypeptide 4tyPolypeptide 5th Polypeptide 
6 6th Polypeptide 3rd Polypeptide Ist Polypeptide 2nd Polypeplide 5?h Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 1st Polypeplide 4th Polypeptide />nd Polypeptide 5th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 3rd Polypeplide I si Polypeptide 5tli Polypeptide 2nd Polypeptide 4ill Polypeptide 
6 6th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeplide 3rd Polypeptide 2nd Polypcplidc 1st Polypeptide 4ih Polypeplide 5th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 2nd Polypeptide lsl P^fy peptide 5th Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 4 th Polypeptide Ist Polypeptide 5th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4ift Polypeptide 5lh Polypeptide Isl Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeptide J5lh Polypeptide Ist Polypeptide 4th Polypeplide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeptide f 5lh Polypeptide 4 th Polypeptide 1st Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 5lh Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1 si Polypeplide 5th Polypeptide 2nd Polypeplide 
6 6lh Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 5lli Polypeptide 
6 6lh Polypeptide 3rd Polypeptide 4lh Polypeptide 2nd Polypeptide 5th Polypeptide 1st Polypeptide 
6 6th Polypeplide 3rd Polypeptide 4Ih polypeptide 5th Polypeptide 1st Polypeplide 2nd Polypeptide 
6 6th Polypeplide 3rd Polypeptide 4lJj^Polypeptide 5lh Polypeptide 2nd Polypeptide 1st Polypeptide 
6 6th Polypeptide 3rd Polypeplide jfth Polypeptide Isl Polypeptide 2nd Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeptide f 5th Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 3rd Polypeptiy# 5th Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypcnjfdc 5th Polypeptide 2nd Polypeptide 4th Polypeplide lsl Polypeptide 
6 6th Polypeptide 3rd Polypeptide 5th Polypeplide 4th Polypeplide Ist Polypeptide 2nd Polypeptide 
6 6ih Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide lsl Polypeptide 
6 6th Polypeplide 4th Polypeptide 1st Polypeplide 2nd Polypeplide 3rd Polypeptide 5th Polypeplide 
6 6lh Polypeptide 4th#o3ypcptide 1st Polypeplide 2nd Polypeptide 5th Polypeplide 3rd Polypeplide 
6 6th Polypeplide Polypeplide 1st Polypeptide 3rd Polypeptide 2nd Polypeplide 5th Polypeplide 
6 6lh Polypeptide /*}th Polypeplide Ist Polypeptide 3rd Polypeplide 5th Polypeptide 2nd Polypeptide 
6 6th Polypeptide ' 4th Polypeptide lsl Polypeptide 5lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6th Polypeptide 4th Polypeptide 1 si Polypeplide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 6th Polypeptide 4th Polypeplide 2nd Polypeptide 1st Polypeplide 3rd Polypeplide 5 th Polypeptide 
6 6th Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeplide 5th Polypeplide 3rd Polypeplide 
6 6lh P^ypeptide 4th Polypeplide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 

Ist Polypeplide 6 6lh ^Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 
5th Polypeptide 
Ist Polypeplide 

6 6iJfPolypeptide 4th Polypeptide 2nd Polypeptide 5lh Polypeplide 1st Polypeptide 3rd Polypeplide 
6 ^th Polypeptide 4th Polypeptide 2nd Polypeptide 5lh Polypeptide 3rd Polypeptide 1st Polypeptide 
^ 6th Polypeplide 4th Polypeptide 3rd Polypeptide lsl Polypeptide 2nd Polypeptide 5th Polypeplide 

6th Polypeptide 4lh Polypeplide 3rd Polypeptide I st Polypeptide 5th Polypeptide 2nd Polypeptide 
'6 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 5th Polypeplide 
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6 6lh Polypeplide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeplide 1 st Polypeptide 
6 6th Polypeplide 4th Polypeptide 3rd Polypcplidc 5th Polypeptide 1st Polypeptide 2nd Polypeptide 
6 6th Polypeptide 4th Polypeptide 3rd Polypeptide 5lh Polypeptide 2nd Polypeptide 1 st Polypeptide 
6 6th Polypeplide 4th Polypeptide 5th Polypeptide 1st Polypeplide 2nd Polypeptide 3rd Polypeptide 
6 6th Polypeplide 4 th Polypeptide 5th Polypeplide Ist Polypeplide 3rd Polypeplide 2ndyf>oIypcptide 
6 6th Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeplide Isl Polypeptide Polypeptide 
6 6th Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide /"1st Polypeptide 
6 6lh Polypeptide 4th Polypeplide 5th Polypeptide 3rd Polypeplide Ist Polypeptide 2nd Polypeptide 
6 6th Polypeplide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 
6 6th Polypeptide 5th Polypeptide 1 st Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 
6 6th Polypeptide 5th Polypeptide 1 st Polypeplide 2nd Polypeplide 4th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 5lh Polypeptide 1 st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 
6 6th Polypeplide 5th Polypeptide 1 st Polypeptide 3rd Polypeptide 4th(|foiypcptide 2nd Polypeptide 
6 6th Polypeptide 5th Polypeptide 1 st Polypeptide 4th Polypeptide 2i^r Polypeptide 3rd Polypeptide 
6 6th Polypeplide 5th Polypeptide lsl Polypeptide 4th Polypeptide Jjjfxd Polypeptide 2nd Polypeptide 
6 6th Polypeptide 5th Polypeplide 2nd Polypcplidc 1st Polypeptide f 3rd Polypeptide 4th Polypeptide 
6 6th Polypeptide 5th Polypeptide 2nd Polypeptide 1 st Poly pep li^ 4th Polypeptide 3rd Polypeptide 
6 6lh Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypei^fde 1st Polypeptide 4th Polypeptide 
6 6th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeplide 1st Polypeptide 
6 6th Polypeptide 5lh Polypeptide 2nd Polypeptide 4th Polypeptide 1 si Polypeptide 3rd Polypeptide 
6 6th Polypeplide 5th Polypeptide 2nd Polypeptide 4th I$Typeplidc 3rd Polypeptide 1 st Polypeptide 
6 6th Polypeptide 5th Polypeptide 3rd Polypeptide 1 s^Polypeptide 2nd Polypeptide 4th Polypeptide 
6 6th Polypeptide 5th Polypeptide 3rd Polypeptide Jjft Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 5th Polypeplide 3rd Polypeptide ^Ind Polypeptide 1 st Polypeptide 4th Polypeptide 
6 6th Polypeptide 5th Polypeptide 3rd Polypeptides* ' 2nd Polypeptide 4th Polypeptide Ist Polypeplide 
6 6 th Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide ist Polypeptide 2nd Polypeptide 
6 6th Polypeptide 5th Polypeptide 3rd Polypeplide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 
6 6th Polypeptide 5th Polypeptide 4th Polypeptide 1 st Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6th Polypeptide 5th Polypeptide 4lh Polypeptide 1 st Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 6th Polypeptide 5th Polypeptide 4th ^polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 
6 6th Polypeptide 5th Polypeptide 4 tlfPoly peptide 2nd Polypeplide 3rd Polypeptide Ist Polypeptide 
6 6lh Polypeptide 5th Polypeptide Mh Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polypeptide 
6 6th Polypeptide 5th Polypeptide f 4th Polypeptide 3rd Polypeptide 2nd Polypeptide I st Polypeptide 

Where n is 7, any combination of the first, second, third, fourth, fifth, sixth and seventh 

polypeptide may be included in any order, as discussed above when n is 2, 3, 4, 5, or 6. 

The invention also prafides a cell (typically a bacterium) which expresses at least two 

of: £ 
5 a) a firsyfolypeptide comprising a first amino acid sequence, wherein the first 

amino acid scguence comprises an amino acid sequence (i) having at least a% sequence 

identity toifeQ ID "NO:l and/or (ii) consisting of a fragment of at least t contiguous 

amino a<#ls from SEQ ID NO:l or from a sequence having at least a% sequence identity 

to SBgnD NO:l; 

10 M b) a second polypeptide comprising a second amino acid sequence, wherein the 

jfecond amino acid sequence comprises an amino acid sequence (i) having at least b% 

/ sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least u 



WO 2011/123576 PCT/IB2011/051415 

46 

contiguous amino acids from SEQ ID NO:2 or from a sequence having at least b%, 
sequence identity to SEQ ID NO: 1; / 

c) a third polypeptide comprising a third amino acid sequence, wherein thpthird 
amino acid sequence comprises an amino acid sequence (i) having at least c%^equence 

5 identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least ^contiguous 
amino acids from SEQ ID NO:3 or from a sequence having at least e% sequence identity 
to SEQ ID NO:3; / 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
fourth amino acid sequence comprises an amino acid sequence (i) having at least d% 

10 sequence identity to SEQ ID NO:4 and/or (ii) consisting osfa fragment of at least w 
contiguous amino acids from SEQ ID NO:4 or from a^ssequence having at least d% 
sequence identity to SEQ ID NO:4; / 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
amino acid sequence comprises an amino acid sequence (i) having at least e% sequence 

15 identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least x contiguous 
amino acids from SEQ ID NO:5 or from aiequence having at least e% sequence identity 
to SEQ ID NO:5; and/or / 

f) a sixth polypeptide composing a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at least f% sequence 

20 identity to SEQ ID NO:6 anchor (ii) consisting of a fragment of at least y contiguous 
amino acids from SEQ ID yi);6 or from a sequence having at least f% sequence identity 
to SEQ ID NO:6; and/onf 

g) a seventh Polypeptide comprising a sixth amino acid sequence, wherein the 
sixth amino aeidifequence comprises an amino acid sequence (i) having at least g% 

25 sequence identify to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least z 
contiguousjlmino acids from SEQ IDNO:6 or from a sequence having at least g% 
sequenc^raentity to SEQ ID NO:7 

The ofll may express 2, 3, 4, 5, 6 or all 7 of the seven amino acid sequences. 

Tjte first, second, third, fourth, fifth, sixth and seventh amino acid sequences 

30^f The value of a is at least 75 e.g. 80, 85,90, 92, 94, 95, 96, 97, 98, 99 or more. The value 
f of h is at least 75 e.g. 80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of c is at 
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least 75 e.g. 80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of d is at lea^t 75 

e.g. 80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of e is at least l^Je.g. 80, 

85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of/is at least 75 e.g. 80/%5, 90, 92, 

94, 95, 96, 97, 98, 99 or more. The value ofg is at least 75 e.g. 80, 85, 90^2, 94, 95, 96, 

5 97, 98, 99 or more. The values of a, b, c, d, e, f and g may be the sarafe or different. In 

some embodiments, a b, c, d, e and/are identical. Typically, a, b,jc, d, e, f and g are at 

least 90 e.g. at least 95. / 

The value of/is at least 7 e.g. 8, 9, 10, 11, 12, 13, 14, 15, 17, 18, 19,20,21,22, 23, 

24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90^100, 120, 140, 160, 180, 200, 

10 225, 250. The value of w is at least 7 e.g. 8, 9, 10, 1 \Al, 13, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 60, 70, 80, 90, 100, 120, 140, 160, 

180, 200, 225, 250. The value of v is at least 7^g. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 3ft, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 

140, 160, 180, 200, 225, 250. The valuer w is at least 7 e.g. 8, 9, 10, 11, 12, 13, 14, 15, 

15 16, 17, 18, 19, 20, 21, 22, 23, 24, 25^26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 

100, 120, 140, 160, 180, 200, 22.^250. The value of* is at least 7 e.g. 8, 9, 10, 11, 12, 

13, 14, 15, 16, 17, 18, 19, 20^1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 

70, 80, 90, 100, 120, 140, m, 180, 200, 225, 250. The value ofy is at least 7 e.g. 8, 9, 

10, 11, 12, 13, 14, 15, LC 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 

20 45, 50, 60, 70, 80, 90/00, 120, 140, 160, 1 SO, 200, 225, 250. The value of z is at least 7 

e.g. 8, 9, 10, 11, \]f, 13, 14, 15, 16, 17, 18, 19,20,21, 22, 23,24, 25, 26,27,28,29,30, 

35, 40, 45, 50^0, 70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 250. The values of/, u, 

v, w, x, y anjfz may be the same or different. In some embodiments, t, u, v, w, x, y and z 

are identical. 

25 Fragments preferably comprise an epitope from the respective SEQ ID NO: sequence. 

Qflier useful fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

,f20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 

f 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of the respective SEQ ID NO: while 

retaining at least one epitope thereof. Truncation by 20-25 amino acids at the N-terminus 

30 is convenient e.g. removal of amino acids 1-29 of any of SEQ ID NOs: 1 to 7 which 

constitute a leader peptide and/or removal of the C-terminal 35 amino acids of any of 

SEQ IDNOS:l-7 which constitute an LPXTG anchor. 
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The GBS59 protein can be split into four domains (D1 to D4) between the end of \lj? 

leader peptide and the start of its LPXTG anchor. These four domains are as follows in 

SEQ ID NOs: 1 to 7, and the positions in further GBS59 sequences which correspond to 

these residues can readily be identified by alignment: / 

D1 D2 D3 / 
D4 

SEQ ID NO:l 30-175 169-369 363-509 / 503-670 

(2603) (SEQ ID NO:8) (SEQ ID NO:9) (SEQ ID MO: 10) (SEQ ID NO:l 1) 

SEQ ID NO:2 30-162 156-338 332-4^ 472-640 

(515) (SEQ ID NO: 12) (SEQ ID NO: 13) (Sj^Q ID NO:14) (SEQ ID NO: 15) 

SEQ ID NO:3 30-162 155-337 y **331-474 468-639 

(cj bill) (SEQ ID NO: 16) (SEQ ID NO:tf) (SEQ ID NO: 18) (SEQ ID NO: 19) 

SEQ ID NO:4 30-158 152-350 / 343-493 487-658 

(h36b) (SEQ ID N0:20) (SEQI0NO:21) (SEQ ID NO:22) (SEQ ID NO:23) 

SEQ ID NO:5 30-172 166^365 359-507 501-669 

(CJB110) (SEQ ID NO:24) . ̂ SEQ ID NO:25) (SEQ ID NO:26) (SEQ ID NO:27) 

SEQ ID NO:6 30-168 / 162-344 338-480 475-647 

(DK21) (SEQ ID Njtf-28) (SEQ ID NO:29) (SEQ ID N0:30) (SEQ ID NO:31) 

SEQ ID NO:7 30-162/ 155-337 331-474 468-639 

(NEM316) (SEf5 ID NO:32) (SEQ ID NO:33) (SEQ ID NO:34) (SEQ ID NO:35) 

5 Based on protection studies, useful fragments of GBS59 may retain epitopes from at 

least domainrD3. The first, second, third, fourth, fifth, sixth or seventh amino acid 

sequencesmsed in the immunogenic compositions and polypeptides of the invention may 

therefore consist of fragments of SEQ ID NOS: 1,2, 3, 4, 5, 6 or 7 comprising domain 

D3yfs identified above, 

10 ^Fragments of GBS59 may retain domains D4, D2 and/or D1 in addition to epitopes from 

/ domain D3. The first, second, third, fourth, fifth, sixth or seventh amino acid sequences 

used in the immunogenic compositions and polypeptides of the invention may therefore 

consist of fragments of SEQ ID NOS: 1, 2, 3, 4, 5, 6 or 7 comprising i) domains D2 and 
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D3; ii) domains D3 and D4; iii) domains Dl, D2 and D3; or iv) domains D2, D3 and IM, 

as identified above. / 

Sub-fragments of these domains that retain epitopes required for irmnunogeni^ity may 

be used instead of the complete domains, The first, second, third, fourth, Mh, sixth or 

5 seventh amino acid sequences used in the immunogenic compositions anifl polypeptides 

of the invention may thus consist of fragments of SEQ ID NOS: 1, JE, 3, 4, 5, 6 or 7 

comprising sub-fragments of domain D3 (and optionally of domain/D 1, D3, and/or D4) 

that retain epitopes required for immunogenicity. Examples of sue-fragments of domains 

D3 and D4 that may be present in the first, second, third, With, fifth, sixth or seventh 

10 amino acid sequences used in the immunogenic compositions and polypeptides of the 

invention are identified below. The sub-fragments of cMnain D3 identified below (SEQ 

ID NOs: 36, 38, 40, 42, 44, 46 and 48) are surface-exposed fragments. Smaller epitopes 

within these surface-exposed fragments can be n^adily identified by the skilled person 

and used in the compositions of the invention JFor example, two monoclonal antibodies 

15 (I7C4/A3 and 4H11/B7, SEQ ID NOs: 232.-269) have been found to bind an epitope 

comprising amino acids 411-436 (SEQ ID NO: 270) within the D3 sub-fragment from 

the 515 clade (SEQ ID NO: 38, fragment of SEQ ID NO: 2). The sub-fragments of 

domain D4 identified below compose the two helices (referred to herein as D4H) present 

at the N-terminal of domain D^and not the remainder of the D4 domain. These helices 

20 are predicted to be surface-exposed. 

IB sub-fragments D4 sub-fragments (helices) 

SEQ ID NO:/ 
(2603) / 

363-483 

(SEQ ID NO:36) 

484-588 

(SEQ ID NO:37) 

SEQ p NO:2 
(515/ 

332-447 

(SEQ ID NO:38) 

411-436 

(SEQ ID NO: 270) 

448-554 

(SEQ ID NO:39) 

SEQ ID NO:3 

(cjblll) 

331-446 

(SEQ ID N0:40) 

447-553 

(SEQ ID NO:41) 

SEQ ID NO:4 343-465 466-572 
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(h36b) (SEQ ID NO:42) (SEQ ID NO:43) 

SEQ ID NO:5 

(CJB110) 

359-481 

(SEQ ID NO:44) 

482-588 / 

(SEQ ID NO:45) / 

SEQ ID NO:6 

(DK21) 

338-453 

(SEQ ID NO:46) 

454-561 / 

(SEQ ID NO:47) / 

SEQ ID NO:7 

(NEM316) 

331-446 

(SEQ ID NO:48) 

447-553 / 

(SEQ ID mm) 
Suitable fi'agments of SEQ ID NO: I are SEQ ID NOS:50-53^ 

Suitable fragments of SEQ ID NO:2 are SEQ ID NOS: 5J^57. 

Suitable fragments of SEQ ID NO:3 are SEQ ID N09T58-61. 

Suitable fragments of SEQ ID NO:4 are SEQ ID MOS:62-65. 

5 Suitable fragments of SEQ ID NO:5 are SEQ ID NOS:66-69. 

Suitable fragments of SEQ ID NO:6 are Spy ID NOS:70-73. 

Suitable fragments of SEQ ID NO:7 ar/SEQ ID NOS: 74-77. 

These fragments contain combinations of domains D2, D3, and D4 (or D4H) as set out 
below: / 

D3 + D4 / D3 + D4H D2 + D3 + D4 D2 +D3 + D4H 

SEQ ID NO:l 

(2603) 

SEQ 10^0:50 SEQ ID NO:51 SEQ IDNO:52 SEQ ID NO:53 

SEQ ID NO:2 

(515) y 

SEQ ID NO:54 SEQ ID NO:55 SEQ ID NO:56 SEQ ID NO:57 

SEQ ID N0^3 

(cjblll)/ 

SEQ ID NO:58 SEQ ID NO:59 SEQ ID N0:60 SEQ ID NO:61 

SEQ m NO:4 

(hP 
SEQ ID NO:62 SEQ ID NO:63 SEQ ID NO:64 SEQ ID NO:65 

AEQ ID NO:5 

(CJBJ10) 

SEQ IDNO:66 SEQ ID NO:67 SEQ IDNO:68 SEQ ID NO:69 
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SEQ ID NO:6 

(DK21) 

SEQ ID N0:70 SEQ ID NO:71 SEQ ID NO:72 SEQ ID NW3 

SEQ ID NO:7 

(NEWM316) 

SEQ ID NO:74 SEQ ID NO:75 SEQ ID NO:76 SEQ iD NO:77 

In some cases, even smaller fragments may be used. For example, thexnird amino acid 

sequence of the invention may consist of a fragment of SEQ ID NQ$ comprising SEQ 

ID NO:78 (amino acids 411 to 436 of SEQ ID NO:3). / 

Where fragments are used, the fragment of at least / contiguous amino acids from SEQ 

5 ID NO: 1 should not also be present within SEQ ID NO:iC SEQ ID NO: 3, SEQ ID 

NO:4, SEQ NO:5, SEQ ID NO:6 nor within SEQ ID NO^ Similarly, the fragment of at 

least n contiguous amino acids from SEQ ID NO: 2 snould not also be present within 

SEQ ID NO: I, SEQ ID NO: 3, SEQ ID NO:4, SEG^D NO:5, SEQ ID NO:6 nor within 

SEQ ID NO:7. Similarly, the fragment of at least /contiguous amino acids from SEQ ID 

10 NO: 3 should not also be present within SEQ JO NO: 1, SEQ ID NO:2, SEQ ID NO:4, 

SEQ ID NO:5, SEQ ID NO:6 nor within STO ID NO: 7. Similarly, the fragment of at 

least w contiguous amino acids from SEjf ID NO: 4 should not also be present within 

SEQ ID NO: 1, SEQ ID NO:2, SEQ 10^0:3, SEQ ID NO:5, SEQ ID NO:6 nor within 

SEQ ID NO: 7. Similarly, the fragment of at least x contiguous amino acids from SEQ 

15 ID NO: 5 should not also be pro&nt within SEQ ID NO: 1, SEQ ID NO:2, SEQ ID 

NO:3, SEQ ID NO:4, SEQ IDJN0:6 nor within SEQ ID NO: 7. Similarly, the fragment 

of at least y contiguous armno acids from SEQ ID NO: 6 should not also be present 

within SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 nor 

within SEQ ID NO: 7. ifimilarly, the fragment of at least z contiguous amino acids from 

20 SEQ ID NO: 7 shoul/not also be present within SEQ ID NO: 1, SEQ ID NO:2, SEQ ID 

NO:3, SEQ ID N$^4, SEQ ID NO:5 nor within SEQ ID NO: 6.In some embodiments, 

when a fragment from one of SEQ ID NOs: 1 to 7 is aligned as a contiguous sequence 

against the ofner six SEQ ID NOs, the identity between the fragment and each of the 

other six SEQ ID NOs is less than 75% e.g. less than 60%, less than 50%, less than 40%, 

25 less tha^n0%. 

A polypeptide comprising the first amino acid sequence will, when administered to a 

s^Dject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 
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protein having amino acid sequence SEQ ID NO: 1 (strain 2603). In some embodiments 
these antibodies do not bind to the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 2, the wild-type GBS protein having amino acid sequence SEQJi) NO: 3, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, Jfte wild-type 

5 GBS protein having amino acid sequence SEQ ID NO: 5, the wild-type GBS protein 
having amino acid sequence SEQ ID NO: 6, or the wild-type GBS prorfein having amino 
acid sequence SEQ ID NO: 7. / 

A polypeptide comprising the second amino acid sequence willfwhen administered to a 
subject, elicit an antibody response comprising antibodies thafbind to the wild-type GBS 

10 protein having amino acid sequence SEQ ID NO: 2 (strajjr515). In some embodiments 
these antibodies do not bind to the wild-type GBS projein having amino acid sequence 
SEQ ID NO: \, the wild-type GBS protein having amno acid sequence SEQ ID NO: 3, 
the wiid-type GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type 
GBS protein having amino acid sequence SEGflD NO: 5, the wild-type GBS protein 

15 having amino acid sequence SEQ ID NO: 6Jfr the wild-type GBS protein having amino 
acid sequence SEQ ID NO: 7. f 

A polypeptide comprising the third ammo acid sequence will, when administered to a 
subject, elicit an antibody response domprising antibodies that bind to the wild-type GBS 
protein having amino acid sequence SEQ ID NO: 3 (strain cjblll). In some 

20 embodiments these antibodies^fo not bind to the wild-type GBS protein having amino 
acid sequence SEQ ID NOjfl, the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 2, the wildJype GBS protein having amino acid sequence SEQ ID NO: 4, 
the wild-type GBS pipein having amino acid sequence SEQ ID NO: 5f the wild-type 
GBS protein havingpimino acid sequence SEQ ID NO: 6, or the wild-type GBS protein 

25 having amino ac^sequence SEQ ID NO: 1. 

A polypeptid#comprising the fourth amino acid sequence will, when administered to a 
subject, tlimi an antibody response comprising antibodies that bind to the wild-type GBS 
protein having amino acid sequence SEQ ID NO: 4 (strain h36b). In some embodiments 
these Jfntibodies do not bind to the wild-type GBS protein having amino acid sequence 

30 SI'S ID NO: 1, the wild-type GBS protein having amino acid sequence SEQ ID NO: 2, 
me wiid-type GBS protein having amino acid sequence SEQ ID NO: 3, the wild-type 

/ GBS protein having amino acid sequence SEQ ID NO: 5, the wild-type GBS protein 
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having amino acid sequence SEQ ID NO: 6, or the wild-type GBS protein having anpio 

acid sequence SEQ ID NO: 7. / 

A polypeptide comprising the fifth amino acid sequence will, when adminispred to a 

subject, elicit an antibody response comprising antibodies that bind to the wUa-type GBS 

5 protein having amino acid sequence SEQ ID NO: 5 (strain CJBJftO). In some 

embodiments these antibodies do not bind to the wild-type GBS prolan having amino 

acid sequence SEQ ID NO: 1, the wild-type GBS protein havingjrfnino acid sequence 

SEQ ID NO: 2, the wild-type GBS protein having amino acid science SEQ ID NO: 3, 

the wild-type GBS protein having amino acid sequence SEQaD NO: 4, the wild-type 

10 GBS protein having amino acid sequence SEQ ID NO: 6, Or the wild-type GBS protein 

having amino acid sequence SEQ ID NO: 7. // 

A polypeptide comprising the sixth amino acid sequence will, when administered to a 

subject, elicit an antibody response comprising anlieodies that bind to the wild-type GBS 

protein having amino acid sequence SEQ ID NQf6 (strain DK21). In some embodiments 

15 these antibodies do not bind to the wild-typS-'GBS protein having amino acid sequence 

SEQ ID NO: 1, the wild-type GBS proteiamaving amino acid sequence SEQ ID NO: 2, 

the wild-type GBS protein having amb?o acid sequence SEQ ID NO: 3, the wild-type 
// 

GBS protein having amino acid secufence SEQ ID NO: 4, the wild-type GBS protein 

having amino acid sequence SEQ JD NO: 5, or the wiid-type GBS protein having amino 

20 acid sequence SEQ ID NO: 7. // 

'/ A polypeptide comprising the seventh amino acid sequence will, when administered to a 

subject, elicit an antibodv/esponse comprising antibodies that bind to the wild-type GBS 

protein having amino/acid sequence SEQ ID NO: 7 (strain NEM316). In some 

embodiments theseintibodies do not bind to the wild-type GBS protein having amino 

25 acid sequence SSQ ID NO: 1, the wild-type GBS protein having amino acid sequence 

SEQ ID NO: Jfthe wild-type GBS protein having amino acid sequence SEQ ID NO: 3, 

the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type 

GBS projcin having amino acid sequence SEQ ID NO: 5, or the wild-type GBS protein 

havin^amino acid sequence SEQ ID NO: 6. 

30 Alfefiough the first, second, third, fourth, fifth, sixth and seventh amino acid sequences 

inay share some sequences in common, overall they have different amino acid 

/ sequences. 
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Amino acid sequences used with the invention, may, compared to SEQ ID NOs; 1, 2, 3 J 
4, 5, 6, or 7 or fragments thereof include one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, K), 
e/c.) conservative amino acid replacements i.e. replacements of one amino acidjCvith 
another which has a related side chain. Genetically-encoded amino acids are gjfnerally 

5 divided into four families: (1) acidic i.e. aspartate, glutamate; (2) basic ije. lysine, 
arginine, histidine; (3) non-polar i.e. alanine, valine, leucine, isoleucjne, proline, 
phenylalanine, methionine, tryptophan; and (4) uncharged polar i.e. glycafe, asparagine, 
glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, tryptorfan, and tyrosine 
are sometimes classified jointly as aromatic amino acids. In general, substitution of 

10 single amino acids within these families does not have a major effect on the biological 
activity. The polypeptides may have one or more (e.g. 1, 2, 3,/, 5, 6, 7, 8, 9, 10, etc.) 
single amino acid deletions relative to a reference sequence.jfhe polypeptides may also 
include one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) insertions (e.g. each of 1, 2, 3, 4 
or 5 amino acids) relative to a reference sequence. £ 

15 In particular, the amino acid sequences of the invention may comprise substitutions 
amino acid residues involved in isopeptide bond Mmation within GBS59, identified in 
the table below. i 

Isopeptide bond 

amino acids in D2 $ 

Jrsopeptide bond 

amino acids in D3 

Isopeptide bond 

amino acids in D4 

2603 K212, N356 / K386, N473 K499, N666 

(SEQ ID NO: 1) 

515 K199, N3j/ K355, N437 K463, N636 

(SEQ ID NO:2) 

CJB111 K19^fN324 K354, N436 K462, N635 

(SEQ ID NO:3) 

H36B i 4ci95,N336 K366, N455 K481,N654 

(SEQ ID NO:4) / 

CJB110 / K209, N352 K382, N471 K497, N665 

(SEQ ID rp:5) 
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DK21 

(SEQ ED NO:6) 

K205, N331 K361, N443 K469, N643 / 

NEM316 

(SEQ ID NO:7) 

K198, N324 K354, N436 K462, N6^5 

The data presented in the examples demonstrate that mutation of/bese residues to 

disrupt isopeptide bond formation does not adversely affect the inpiunogenicity of the 

polypeptide. Accordingly, the polypeptides may comprise substitutions at one or more 

the lysine residues or asparagine residues recited in t\\f table above. In some 

5 embodiments, the lysine residues may be substituted by alanine residues. 

A polypeptide used with the invention may comprise aiuSmino acid sequence that: 

(a) is identical (i.e. 100% identical) to SEQ ID 1, 2, 3, 4, 5, 6 or 7, or is identical 
to a SEQ ID NO: 1, 2, 3, 4, 5, 6 or 7; / 

(b) shares sequence identity with SEQ ID MO: 1, 2, 3, 4, 5, 6 or 7, or shares identity 
10 with a fragment of SEQ ID NO: 1, 2,/4, 5, 6 or 7; 

(c) has 1, 2, 3, 4, 5, 6, 7, S, 9 or 10 Qfr more) single amino acid alterations (deletions, 
insertions, substitutions), which may be at separate locations or may be 
contiguous, as compared tojne sequences of (a) or (b); and 

(d) when aligned SEQ ID \/2, 3, 4, 5, 6 or 7 using a pairwise alignment algorithm, 
15 each moving windov^bfx amino acids from N-terminus to C-terminus (such that 

for an alignment extends to p amino acids, where p>x, there are p-x+J such 
windows) has atieast x-y identical aligned amino acids, where: x is selected from 
20, 25, 30, 35/40, 45, 50, 60, 70, 80, 90, 100, 150, 200; .y is selected from 0.50, 
0.60, 0.70/75, 0.80, 0.85, 0.90, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 

20 0.99; andnf x-y is not an integer then it is rounded up to the nearest integer. The 
preferred pairwise alignment algorithm is the Needleman-Wunsch global 
alignment algorithm [3], using default parameters (e.g. with Gap opening penalty = 
\i.0, and with Gap extension penalty = 0.5, using the EBLOSUM62 scoring 

/matrix). This algorithm is conveniently implemented in the needle tool in the 
25 / EMBOSS package [4]. 

/Within group (c), deletions or substitutions may be at the N-terminus and/or C-terminus, 

/ or may be between the two termini. Thus a truncation is an example of a deletion. 



WO 2011/121576 PCT/IB2011/051415 

56 / 
Truncations may involve deletion of up to 40 (or more) amino acids at the N-tenriinus 
and/or C-terminus. I 

Hybrid polypeptides g 

Different GBS59 clades used in the invention do not have to be prjfent as separate 
5 polypeptides but can instead be expressed as a single polypeptidjfchain (a 'hybrid' 

polypeptide or 'chimera'). Hybrid polypeptides offer two mair#advantages: first, a 
polypeptide that may be unstable or poorly expressed on its Jwn can be assisted by 
adding a suitable hybrid partner that overcomes the probjern; second, commercial 
manufacture is simplified as only one expression and purjncation need to be employed 

10 in order to produce two polypeptides which are both antigenically useful. 

Hybrid polypeptides can include sequences from Jnly GBS59 antigens but in other 
embodiments can include non~GBS59 antigen:#usually non-GBS59 antigens from 
GBS), such as other pilus subunits. If non-GBjf59 antigens are present these may be to 
the N-terminus of any 2, 3, 4, 5, 6 or 7 GBSJ$ sequences, to the C-terminus of any 2, 3, 

15 4, 5, 6 or 7 GBS59 sequences, or may b#between two GBS59 sequences in a hybrid 
polypeptide containing 2, 3, 4, 5, 6 or 7#FBS59 sequences. 

Different hybrid polypeptides may Je mixed together in a single formulation. Hybrids 
may be combined with non-hybri#GBS59 antigens or other non-GBS59 antigens. 

Hybrid polypeptides may be represented by the formula NH2-A~{-X-L-}„-B~COOH. 

20 If a -X- moiety has a leadefpeptide sequence in its wild-type form, this may be included 
or omitted in the hyhrijf protein. In some embodiments, the leader peptides will be 
deleted except for tha^of the -X- moiety located at the N-terminus of the hybrid protein 
i.e. the leader peptije of Xi will be retained, but the leader peptides of Xo ... X„ will be 
omitted. This is equivalent to deleting all leader peptides and using the leader peptide of 

25 Xi as moiety #[-. 

For each ^instances of {-X-L-}, linker amino acid sequence -L~ may be present or 
absent. j^>r instance, when n=2 the hybrid may be NH2-X]~L)-X2-L2-COOH, NH2-Xi-
Xi-cmoH, NH2-Xi-L1-X2-COOH, NH2-XrX2-L2-COOH, etc. Linker amino acid 
segfience(s) -L- will typically be short (e.g. 20 or fewer amino acids i.e. 20, 19, 18, 17, 

30 Jo, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples comprise short peptide 
/ sequences which facilitate cloning, poly-glycine linkers (i.e. comprising Gly„ where n = 
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2, 3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags (i.e. His,, where n = 3, 4, 5, 6, 7,X 9, 

10 or more, e.g. SEQ ID NO:79). Other suitable linker amino acid sequencesivill be 

apparent to those skilled in the art. Useful linkers are GSGS (SEQ ID NO:80),jsSGGGG 

(SEQ ID NO: 81) or GSGSGGGG (SEQ ID NO: 82), with the Giy-Ser di^ptide being 

5 formed from a Bam HI restriction site, thus aiding cloning and manipulation, and the 

(Gly)4 tetrapeptide being a typical poly-glycine linker. Other suitable linkers, particularly 

for use as the final Ln arc a Leu-Glu dipeptide or Gly-Ser. Linkers ynll usually contain at 

least one glycine residue to facilitate structural flexibility e.g. aiJL- moiety may contain 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more glycine residues. Such glycines may be arranged to 

10 include at least two consecutive glycines in a Gly-Gly dipeptide sequence, or a longer 

oligo-Gly sequence i.e. Glyn where n = 2, 3, 4, 5, 6, 7, 10 or more. 

-A- is an optional N-terminal amino acid sequence^'his will typically be short (e.g. 40 

or fewer amino acids i.e. 40, 39, 38, 37, 36, 35, 3^f33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 

23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, if, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples 

15 include leader sequences to direct protein Mafficking, or short peptide sequences which 

facilitate cloning or purification (e.g. hisrfaine tags i.e. His,, where n = 3, 4, 5, 6, 7, 8, 9, 

10 or more). Other suitable N-terminaf amino acid sequences will be apparent to those 

skilled in the art. If X] lacks its^own N-terminus methionine, -A- is preferably an 

oligopeptide (e.g. with 1, 2, 3, 4/5, 6, 7 or 8 amino acids) which provides a N-terminus 

20 methionine e.g. Met-Ala-Ser^fer a single Met residue. In a nascent polypeptide the -A-

moiety can provide the pol/peptide's N-terminal methionine (formyl-methionine, fMet, 

in bacteria). One or moi^f amino acids may be cleaved from the N-terminus of a nascent 

-A- moiety, howeveiyfuch that the -A- moiety in a mature polypeptide of the invention 

does not necessariigf include a N-terminal methionine. 

25 -B- is an optional C-terminal amino acid sequence. This will typically be shoit (e.g. 40 

or fewer an^o acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 

22, 21, 2/19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples 

includysequences to direct protein trafficking, short peptide sequences which facilitate 

cloning or purification (e.g. comprising histidine tags i.e. His,, where n = 3, 4, 5, 6, 7, 8, 

30 Of 10 or more, such as SEQ ID NO: 79), or sequences which enhance protein stability. 

/Other suitable C-terminal amino acid sequences will be apparent to those skilled in the 

/ art, such as a glutathione-S-transferase, thioredoxin, 14kDa fragment of S.aureus protein 

A, a biotinylated peptide, a maltose-binding protein, an enterokinase flag, etc. 
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It is preferred that -A-, -B- and -L- sequences do not include a sequence that shares 10 o/ 

more contiguous amino acids in common with a human polypeptide sequence. / 

In some embodiments, a -L- moiety comprises a non-GBS59 antigen. Inf some 

embodiments, the -A- moiety comprises a non-GBS59 antigen, and in some the -B-

5 moiety comprises a non-GBS59 antigen. / 

The invention also provides nucleic acid which encodes a hybrid polypeptide of the 

invention. / 

Of the various X and L moieties, useful combinations include, butJre not limited to: 

SEQ ID X1* L1 * X2* L2 
A 

X3 * L3 X4 X5 L5 X6 

83 

(Fusion 
E) 

38 

D3 frag 515 

80 42 

D3 frag 
t»36b 

80 40 

D3 frag 
cjbl 11 

80 36f 

KHrag 
>2603 

80 44 

D3 
fragCJBHO 

80 46 

D3 
fragDK21 

84 

(Fusion 
F) 

55 

D3+D4H 
515 

80 59 

D3+D4H 
cjbl 11 

80 67 

D3+D4H 
CJB110 j 

51 

D3+D4H 
2603 

80 63 

D3+D4H 
h36b 

80 71 

D3+D4H 
DK21 

85 

(Fusion 
G) 

51 

D3+D4H 
2603 

80 ' 55 

D3+D4H 
515 

80 63 / 

D3+^m 
h$b 

80 59 

D3+D4H 
cib111 

- - - -

86 

(Fusion 
H) 

59 

D3+D4H 
cjb111 

80 63 

D3+D4H 
h36b 

80 / 51 

/D3+D4H 
2603 

80 55 

D3+D4H 
515 

- - - -

87 

(Fusion 
1) 

57 

D2+D3+04H 
515 

80 53 

D2+D3+04lV 
2603 / 

61 

D2+D3+D4H 
cjbl 1 

80 - - - - -

* Number indicates SEQ ID NO: 

10 Thus examples of hybrids of the invention include polypeptides comprising an amino 

acid sequence selectccwrom the group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; 

SEQ ID NO: 85; SW ID NO: 86; or SEQ ID NO: 87. 

The invention provides a polypeptide comprising an amino acid sequence having at least 

i% sequence^fentity to any one of SEQ ID NOs: 83, 84, 85, 86, or 87. The value of / 

15 may be selected from 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99 or more. 

In some^mbodiments, the polypeptide comprising an amino acid sequence selected from 

theyoup consisting of: SEQ ID NO: 83; SEQ ID NO: 84; SEQ ID NO: 85; SEQ ID 

N$: 86; or SEQ ID NO: 87, or having at least i% sequence identity to any one of SEQ 



WO 2011/121576 PCT/1B2011/051415 

59 / 
ID NO: 83; SEQ ID NO: 84; SEQ ID NO: 85; SEQ ID NO: 86; or SEQ ID NO: 87 lay 
comprise a single N-terminal Methionine residue (i.e. A = Met). / 

Polypeptides / 

Polypeptides used with the invention can be prepared in many ways e.g.Jby chemical 
5 synthesis (in whole or in part), by digesting longer polypeptides using proteases, by 

translation from RNA, by purification from cell culture (e.g. Worn recombinant 
expression), from the organism itself (e.g. after bacterial culture, orifirect from patients), 
etc. A preferred method for production of peptides <40 amino Jieids long involves in 
vitro chemical synthesis [5,6]. Solid-phase peptide synthesis/is particularly preferred, 

10 such as methods based on tBoc or Fmoc [7] chemistry. EnzWnatic synthesis [8] may also 
be used in part or in foil. As an alternative to chemical Synthesis, biological synthesis 
may be used e.g. the polypeptides may be produced bytran slat ion. This may be carried 
out in vitro or in vivo. Biological methods are in general restricted to the production of 
polypeptides based on L-amino acids, but manipulation of translation machinery (e.g. of 

15 aminoacyi tRNA molecules) can be used to alkfw the introduction of D-amino acids (or 
of other non natural amino acids, such/as iodotyrosine or methylphenylalanine, 
azidohomoalanine, etc.) [9]. Where D-ammo acids are included, however, it is preferred 
to use chemical synthesis. Polypeptides may have covaient modifications at the C~ 
terminus and/or N-terminus. 1 

20 Polypeptides can take various forms (e.g. native, fusions, glycosylated, 
non-glycosylated, lipidated, /non-lipidated, phospborylated, non-phospborylated, 
myristoylated, non-myristoyl/ted, monotneric, multimeric, particulate, denatured, etc.). 

Polypeptides are preferably provided in purified or substantially purified form 
i.e. substantially free Mom other polypeptides (e.g. free from naturally-occurring 

25 polypeptides), particularly from other pneumococcal or host cell polypeptides, and are 
generally at least Jbout 50% pure (by weight), and usually at least about 90% pure i.e. 
less than about/50%, and more preferably less than about 10% (e.g. 5% or less) of a 
composition is made up of other expressed polypeptides. 

Polypeptides may be attached to a solid support. Polypeptides may comprise a detectable 
30 label (<<fg. a radioactive or fluorescent label, or a biotin label). 
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The term "polypeptide" refers to amino acid polymers of any length. The polymer m^y 
be linear or branched, it may comprise modified amino acids, and it may be interrupted 
by non-amino acids. The terms also encompass an amino acid polymer that Mas been 
modified naturally or by intervention; for example, disulfide bond/formation, 

5 glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or 
modification, such as conjugation with a labeling component. Also included within the 
definition are, for example, polypeptides containing one or more analogs of an amino 
acid (including, for example, unnatural amino acids, etc.), as welims other modifications 
known in the art. Polypeptides can occur as single chains or associated chains. 

10 Polypeptides can be naturally or non-naturally glycosylates (i.e. the polypeptide has a 
glycosylation pattern that differs from the glycosylation pattern found in the 
corresponding naturally occurring polypeptide). / 

The invention provides a process for producing polypeptides of the invention, 
comprising culturing a host cell of to the invention under conditions which induce 

15 polypeptide expression. Although expression of the polypeptide may take place in a 
Streptococcus, the invention will usualjf use a heterologous host for expression. The 
heterologous host may be prokaryoticyfe.g, a bacterium) or eukaryotic. It will usually be 
E.coli, but other suitable hosts intrude Bacillus subtilis, Vibrio cholerae, Salmonella 
typhi, Salmonella typhimurixim/Neisseria lactamica, Neisseria cinerea, Mycobacteria 

20 (e.g. M.tuberculosis), yeasts,£tc. 

The invention also provides a process for producing a polypeptide of the invention, 
wherein the polypeptide is synthesised in part or in whole using chemical means. 

The invention als(MM"Ovides a composition comprising two or more polypeptides of the 
invention. / 

25 Nucleic acidi 

The invention also provides a nucleic acid comprising a nucleotide sequence encoding a 
hybiia polypeptide of the invention. For example, the invention provides a nucleic acid 
comprising a nucleotide sequence encoding a hybrid polypeptide comprising an amino 

jlicid sequence selected from the group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; 
30 SEQ ID NO: 85; SEQ ID NO: 86; or SEQ ID NO: 87. The invention thus provides a 

nucleic acid comprising a nucleotide sequence selected from the group consisting of: 
SEQ ID NO:88 (encoding the polypeptide of SEQ ID NO:83), SEQ ID NO: 89 
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(encoding the polypeplide of SEQ ID NO:84); SEQ ID NO: 90 (encoding tbJ 

polypeptide of SEQ ID NO:85); SEQ ID NO: 91 (encoding the polypeptide of SECMD 

NO:86); or SEQ ID NO: 92 (encoding the polypeptide of SEQ ID NO:87). / 

The invention also provides nucleic acid comprising nucleotide sequences having 

5 sequence identity to such nucleotide sequences. Such nucleic acids includc/lhose using 

alternative codons to encode the same amino acid. In particular, nucleic acids may 

contain alternative codons optimised for expression in specific microorganisms. The 

invention thus provides a nucleic acid sequence comprising a nucleotide sequence 

encoding a hybrid polypeptide comprising an amino acid sequence selected from the 

10 group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; SEQ JO NO: 85; SEQ ID NO: 

86; or SEQ ID NO: 87 that has been optimised for expression in E. coli. The invention 

thus provides a nucleic acid comprising a nucleotide sequence selected from the group 

consisting of: SEQ ID NO:93 (E.coli optimised sequence encoding the polypeptide of 

SEQ ID NO:83), SEQ ID NO: 94 {E.coli optimised/sequence encoding the polypeptide 

15 of SEQ ID NO;84); SEQ ID NO: 95 (E.con optimised sequence encoding the 

polypeptide of SEQ ID NO:85); SEQ ID NO^v6 (E.coli optimised sequence encoding 

the polypeptide of SEQ ID NO:86); or SBQ ID NO: 97 (E.coli optimised sequence 

encoding the polypeptide of SEQ ID NO:$7). 

The invention also provides nucleic^cid which can hybridize to these nucleic acids. 

20 Hybridization reactions can be performed under conditions of different "stringency". 

Conditions that increase stringency of a hybridization reaction of widely known and 

published in the art. Examples of relevant conditions include (in order of increasing 
stringency): incubation temperatures of 25°C, 37°C, 50°C, 55°C and 68°C; buffer 

concentrations of 10 x S^C, 6 x SSC, 1 x SSC, 0.1 x SSC (where SSC is 0.15 M NaCl 

25 and 15 mM citrate buffer) and their equivalents using other buffer systems; formamide 

concentrations of 0%, 25%, 50%, and 75%; incubation times from 5 minutes to 24 

hours; 1, 2, or m/re washing steps; wash incubation times of 1, 2, or 15 minutes; and 

wash solutions of 6 x SSC, lxSSC, 0.1 x SSC, or de-ionized water. Hybridization 

techniques and their optimization are well known in the art [e.g. see refs 10 & 223, etc.]. 

30 The invention includes nucleic acid comprising sequences complementary to these 

sequejfees (e.g. for antisense or probing, or for use as primers). 
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Nucleic acid according to the invention can take various forms (e.g. single-stranded, 
double-stranded, vectors, primers, probes, labelled etc.). Nucleic acids of the invention 
may be circular or branched, but will generally be linear. Unless otherwise specified or 
required, any embodiment of the invention that utilizes a nucleic acid may uulize both 

5 the double-stranded form and each of two complementary single-stranded^orms which •/ make up the double-stranded form. Primers and probes are generally single-stranded, as 
are antisense nucleic acids. / 

Nucleic acids of the invention are preferably provided in punfied or substantially 
purified form i.e. substantially free from other nucleic aclds/e.g, free from naturally-

10 occurring nucleic acids), particularly from other GBS £\ host cell nucleic acids, 
generally being at least about 50% pure (by weight), and Usually at least about 90% pure. 
Nucleic acids of the invention are preferably GBS nucjeic acids. 

Nucleic acids of the invention may be prepared ininany ways e.g. by chemical synthesis 
(e.g. phosphoramidite synthesis ofDNA) in wlwle or in part, by digesting longer nucleic 

15 acids using nucleases (e.g. restriction en^mes), by joining shorter nucleic acids or 
nucleotides (e.g. using ligases or polymerases), from genomic or cDNA libraries, etc. 

Nucleic acid of the invention may be attached to a solid support (e.g. a bead, plate, filter, 
film, slide, microarray support, reshf etc.). Nucleic acid of the invention may be labelled 
e.g. with a radioactive or fluor&rcent label, or a biotin label. This is particularly useful 

20 where the nucleic acid is to boused in detection techniques e.g. where the nucleic acid is 
a primer or as a probe. / 

The term "nucleic acidr includes in general means a polymeric form of nucleotides of 
any length, which contain deoxyribonucleotides, ribonucleotides, and/or their analogs. It 
includes DNA, MA, DNA/RNA hybrids. It also includes DNA or RNA analogs, such 

25 as those confining modified backbones (e.g. peptide nucleic acids (PNAs) or 
phosphorotjnoates) or modified bases. Thus the invention includes mRNA, tRNA, 
rRNA, isozymes, DNA, cDNA, recombinant nucleic acids, branched nucleic acids, 
plasmjras, vectors, probes, primers, etc.. Where nucleic acid of the invention takes the 
fo\m of RNA, it may or may not have a 5' cap. 

30 ^Nucleic acids of the invention may be part of a vector i.e. part of a nucleic acid construct 
/ designed for transductiori/transfection of one or more cell types. Vectors may be, for 

example, "cloning vectors" which are designed for isolation, propagation and replication 
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of inserted nucleotides, "expression vectors" which are designed for expression oj^a 

nucleotide sequence in a host cell, "viral vectors" which is designed to result ijfthe 

production of a recombinant virus or virus-like particle, or "shuttle vectors"/which 

comprise the attributes of more than one type of vector. Preferred vectors are^plasmids. 

5 A "host cell" includes an individual cell or cell culture which can be of has been a 

recipient of exogenous nucleic acid. Host cells include progeny of a single host cell, and 

the progeny may not necessarily be completely identical (in morphology or in total DNA 

complement) to the original parent cell due to natural, accidental, (^deliberate mutation 

and/or change. Host cells include cells transfected or infected m vivo or in vitro with 

10 nucleic acid of the invention. I 

Where a nucleic acid is DNA, it will be appreciated that in a RNA sequence will be 

replaced by "T" in the DNA. Similarly, where a nucleic acid is RNA, it will be 

appreciated that "T" in a DNA sequence will be replaced by "U" in the RNA. 

The term "complement" or "complementary" Wnen used in relation to nucleic acids 

15 refers to Watson-Crick base pairing. Thus the complement of C is G, the complement of 

G is C, the complement of A is T (or U), ancr the complement ofT (or U) is A. It is also 

possible to use bases such as I (the purimmnosine) e.g. to complement pyrimidines (C or 

T)' / 
Nucleic acids of the invention can be used, for example: to produce polypeptides in vitro 

20 or in vivo; as hybridization probepfor the detection of nucleic acid in biological samples; 

to generate additional copies/Kf the nucleic acids; to generate ribozymes or antisense 

oligonucleotides; as single^randed DNA primers or probes; or as triple-strand forming 

oligonucleotides. 

The invention provides a process for producing nucleic acid of the invention, wherein 

25 the nuclcic acid is synthesised in part or in whole using chemical means. 

The invention provides vectors comprising nucleotide sequences of the invention (e.g. 

cloning or expression vectors) and host cells transformed with such vectors. 

Immun ogenic comp ositions 

Mixt#es and hybrid polypeptides of the invention are useful as active ingredients in 

30 immunogenic compositions. Such immunogenic compositions may be useful as 
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vaccines. These vaccines may either be prophylactic {i.e. to prevent infection) m 

therapeutic (i.e. to treat infection), but will typically be prophylactic. / 

Compositions may thus be pharmaceutical^ acceptable. They will usuallyilnclude 

components in addition to the antigens e.g. they typically include one or more 

5 pharmaceutical carrier(s) and/or excipient(s). A thorough discussion of sudfcomponents 

is available in reference [218]. / 

Compositions will generally be administered to a mammal in aqueous form. Prior to 

administration, however, the composition may have been in a iron-aqueous form. For 

instance, although some vaccines are manufactured in aqueoms form, then filled and 

10 distributed and administered also in aqueous form, other valines are iyophilised during 

manufacture and are reconstituted into an aqueous fo^m at the time of use. Thus a 

composition of the invention may be dried, such as a Iyophilised formulation. 

The composition may include preservatives such aythiomersal or 2-phenoxyethanol. It is 

preferred, however, that the vaccine should hp substantially free from (i.e. less than 

15 5}ig/ml) mercurial material e.g. thiomersal-^nree. Vaccines containing no mercury are 

more preferred. Preservative-free vaccines^Tre particularly preferred. 

To control tonicity, it is preferred to include a physiological salt, such as a sodium salt. 

Sodium chloride (NaCI) is preferred^which may be present at between 1 and 20 mg/ml 

e.g. about IO+2mg/ml NaCI. OtMr salts that may be present include potassium chloride, 

20 potassium dihydrogen phosphate, disodium phosphate dehydrate, magnesium chloride, 

calcium chloride, etc. / 

Compositions will generally have an osmolality of between 200 mOsm/kg and 400 

mOsm/kg, preferablvfbetween 240-360 mOsm/kg, and will more preferably fall within 

the range of 290-^6 mOsm/kg. 

25 Composition^may include one or more buffers. Typical buffers include: a phosphate 

buffer; aM buffer; a borate buffer; a succinatc buffer; a histidine buffer (particularly 

with an ifuminum hydroxide adjuvant); or a citrate buffer. Buffers will typically be 

inclutmi in the 5-20mM range. 

Th/f pH of a composition will generally be between 5.0 and 8.1, and more typically 

30 Jtetween 6.0 and 8.0 e.g. 6.5 and 7.5, or between 7.0 and 7.8. 
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The composition is preferably sterile. The composition is preferably non-pyrogenic e&. 

containing <1 EU (endotoxin unit, a standard measure) per dose, and preferably <0/ EU 

per dose. The composition is preferably gluten free. / 

The composition may include material for a single immunisation, or may include 

5 material for multiple immunisations (i.e. a 'multidose' kit). The inclusion of a 

preservative is preferred in multidose arrangements. As an alternative (m in addition) to 

including a preservative in multidose compositions, the composition/may be contained 

in a container having an aseptic adaptor for removal of material. / 

Human vaccines are typically administered in a dosage volum^of about 0.5ml, although 

10 a half dose (i.e. about 0.25ml) may be administered to children. 

Immunogenic compositions of the invention may Jftso comprise one or more 

immunoregulatory agents. Preferably, one or more iff the immunoregulatory agents 

include one or more adjuvants. The adjuvants may include a TH1 adjuvant and/or a TH2 

adjuvant, further discussed below. / 

15 Adjuvants which may be used in compositions of the invention include, but are not 
limited to: $ 

A. Mineral-containing compositions/ 

Mineral containing compositions suitable for use as adjuvants in the invention include 

mineral salts, such as aluminium salts and calcium salts. The invention includes mineral 

20 salts such as hydroxides (e.gf oxyhydroxides), phosphates (e.g. hydroxyphosphates, 

orthophosphates), sulphates/e/c. [e.g. see chapters 8 & 9 of ref. 11], or mixtures of 

different mineral compounds, with the compounds taking any suitable form (e.g. gel, 

crystalline, amorphousf etc.), and with adsorption being preferred. The mineral 

containing compositions may also be formulated as a particle of metal salt. 

25 The adjuvants knpvvn as "aluminium hydroxide" are typically aluminium oxyhydroxide 

salts, which anp usually at least partially crystalline. Aluminium oxyhydroxide, which 

can be represented by the formula AIO(OH), can be distinguished from other aluminium 

eompoiuWs, such as aluminium hydroxide Al(OH)3, by infrared (IR) spectroscopy, in 

particular by the presence of an adsorption band at 1070cm"1 and a strong shoulder at 

30 3090^3100cm"1 [chapter 9 of ref. 11]. The degree of crystallinity of an aluminium 

Imiroxide adjuvant is reflected by the width of the diffraction band at half height 
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(WHH), with poorly-crystalline particles showing greater line broadening due to smaller 
crystallite sizes. The surface area increases as WHH increases, and adjuvants withingher 
WHH values have been seen to have greater capacity for antigen adsorption.^ fibrous 
morphology (e.g. as seen in transmission electron micrographs) is typical fof aluminium 

5 hydroxide adjuvants. The pi of aluminium hydroxide adjuvants is typicajly about 1 i i.e. 
the adjuvant itseif has a positive surface charge at physiologicaf pH. Adsorptive 
capacities of between 1.8-2.6 mg protein per mg AI"""4" at pH 7.4 Iwe been reported for 
aluminium hydroxide adjuvants. / 

The adjuvants known as "aluminium phosphate" ifre typically aluminium 
10 hydroxyphosphates, often also containing a small amount of sulfate (i.e. aluminium 

hydroxyphosphate sulfate). They may be obtained Jly precipitation, and the reaction 
conditions and concentrations during precipitation influence the degree of substitution of 
phosphate for hydroxy 1 in the salt. Hydroxyphosphates generally have a PO4/AI molar 
ratio between 0.3 and 1.2. Hydroxyphosphates can be distinguished from strict AIPO4 by 

15 the presence of hydroxyl groups. For e>yjmple, an IR spectrum band at 3164cm"1 (e.g. 
when heated to 200°C) indicates the presence of structural bydroxyls [ch. 9 of ref. 11]. 

The PO4/AI3 + molar ratio of an alujninium phosphate adjuvant will generally be between 
0.3 and 1.2, preferably betWen 0.8 and 1.2, and more preferably 0.95+0.1. The 
aluminium phosphate will generally be amorphous, particularly for hydroxyphosphate 

20 salts. A typical adjuvant ^amorphous aluminium hydroxyphosphate with PO4/AI molar 
ratio between 0.84 ancM).92, included at 0.6mg Al3+/ml. The aluminium phosphate will 
generally be participate (e.g. plate-like morphology as seen in transmission electron 
micrographs). Topical diameters of the particles are in the range 0.5-20}im (e.g. about 
5-lOjam) aftefany antigen adsorption. Adsorptive capacities of between 0.7-1.5 mg 

25 protein pejAg AI"1"** at pH 7.4 have been reported for aluminium phosphate adjuvants. 

The pjrfnt of zero charge (PZC) of aluminium phosphate is inversely related to the 
decree of substitution of phosphate for hydroxy], and this degree of substitution can vary 
depending on reaction conditions and concentration of reactants used for preparing the 

/ salt by precipitation. PZC is also altered by changing the concentration of free phosphate 
60 ions in solution (more phosphate = more acidic PZC) or by adding a buffer such as a 

histidine buffer (makes PZC more basic). Aluminium phosphates used according to the 
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invention will generally have a PZC of between 4.0 and 7.0, more preferably betv^n 

5.0 and 6.5 e.g. about 5.7. / 

Suspensions of aluminium salts used to prepare compositions of the invention may 

contain a buffer (e.g. a phosphate or a histidine or a Tris buffer), but this i/not always 

5 necessary. The suspensions are preferably sterile and pyrogen-free. A suspension may 

include free aqueous phosphate ions e.g. present at a concentratio^oetween 1.0 and 

20 mM, preferably between 5 and 15 mM, and more preferabh^ibout 10 mM. The 

suspensions may also comprise sodium chloride. / 

In one embodiment, an adjuvant component includes a mi mire of both an aluminium 

10 hydroxide and an aluminium phosphate. In this case th/re may be more aluminium 

phosphate than hydroxide e.g. a weight ratio of at Ieasfcr2:l e.g. >5:1, >6:1, >7:1, >8:1, 

>9:1, etc. / 

The concentration of Al+++ in a composition for administration to a patient is preferably 

less than lOmg/ml e.g. <5 mg/ml, <4 mg/ml/<3 mg/mi, <2 mg/ml, <1 mg/ml, etc. A 

15 preferred range is between 0.3 and 1 mg/ml. A maximum of <0.85mg/dose is preferred. 

B. Oil Emulsions i 

Oil emulsion compositions suitabfe for use as adjuvants in the invention include 

squalene-water emulsions, such a/MF59 [Chapter 10 of ref. 11; see also ref. 12] (5% 

Squalene, 0.5% Tween 80, and 4.5% Span 85, formulated into submicron particles using 

20 a micro flu id izer). Complete breund's adjuvant (CFA) and incomplete Freund's adjuvant 

(IFA) may also be used. / 

Various suitable oin-m£water emulsions are known, and they typically include at least 

one oil and at leastJne surfactant, with the oil(s) and surfactant(s) being biodegradable 

(metabolisable) alfd biocompatible. The oil droplets in the emulsion are generally less 

25 than 5|im in c&ameter, and advantageously the emulsion comprises oil droplets with a 

sub-microiWaiameter, with these small sizes being achieved with a microfluidiser to 

provide stable emulsions. Droplets with a size less than 220nm are preferred as they can 

be subjected to filter sterilization. 

Th$ invention can be used with oils such as those from an animal (such as fish) or 

30 Vegetable source. Sources for vegetable oils include nuts, seeds and grains. Peanut oil, 

/ soybean oil, coconut oil, and olive oil, the most commonly available, exemplify the nut 
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oils. Jojoba oil can be used e.g. obtained from the jojoba bean. Seed oils include 

safflower oil, cottonseed oil, sunflower seed oil, sesame seed oil and the like, ijfthe 

grain group, corn oil is the most readily available, but the oil of other cereal grains such 

as wheat, oats, rye, rice, teff, triticale and the like may also be used. 6-10 carbon fatty 

5 acid esters of glycerol and 1,2-propanediol, while not occurring natural I Win seed oils, 

may be prepared by hydrolysis, separation and esterification of the appropriate materials 

starting from the nut and seed oils. Fats and oils from mammalian milk are 

metabolizable and may therefore be used in the practice of inis invention. The 

procedures for separation, purification, saponification and other* means necessary for 

10 obtaining pure oils from animal sources are well known in |ne art. Most fish contain 

metabolizable oils which may be readily recovered. For example, cod liver oil, shark 

liver oils, and whale oil such as spermaceti exemplify several of the fish oils which may 

be used herein. A number of branched chain oils ar^ynthesized biochemically in 5-

carbon isoprene units and are generally referred to ^/terpenoids. Shark liver oil contains 

15 a branched, unsaturated terpenoid known as sdualene, 2,6,10,15,19,23-hexamethyl-

2,6,10,14,18,22-tetracosahexaene. Other preferred oils are the tocopherols (see below). 

Oil in water emulsions comprising sqlauemyare particularly preferred. Mixtures of oils 

can be used. £ 

Surfactants can be classified by theipf HLB' (hydrophile/lipophile balance). Preferred 

20 surfactants of the invention have a MLB of at least 10, preferably at least 15, and more 

preferably at least 16. The invention can be used with surfactants including, but not 

limited to: the polyoxyethylenerisorbitan esters surfactants (commonly referred to as the 

Tweens), especially polysorbate 20 and polysorbate 80; copolymers of ethylene oxide 

(EO), propylene oxide (BO), and/or butylene oxide (BO), sold under the DOWFAX™ 

25 tradename, such as lin/ar EO/PO block copolymers; octoxynols, which can vary in the 

number of repeating ethoxy (oxy-l,2-ethanediyl) groups, with octoxynol-9 (Triton 

X-100, or t-octylphenoxypolyethoxyethanol) being of particular interest; 

(octylphenoxy)0olyethoxyethanol (IGEPAL CA-630/NP-40); phospholipids such as 

phosphatidylcholine (lecithin); polyoxyethylene fatty ethers derived from lauryl, cetyl, 

30 stearyl am oleyl alcohols (known as Brij surfactants), such as triethyleneglycol 

monoI<pryl ether (Brij 30); and sorbitan esters (commonly known as the SPANs), such 

as spbitan trioleate (Span 85) and sorbitan monolaurate. Preferred surfactants for 

including in the emulsion are Tween 80 (polyoxyethylene sorbitan monooleate), Span 85 
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(sorbitan trioleate), lecithin and Triton X-100. As mentioned above, detergents sugfn as 
Tween 80 may contribute to the thermal stability seen in the examples below. 

Mixtures of surfactants can be used e.g. Tween 80/Span 85 mixtures. A combination of a 
polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan monooleaj^(Tween 80) 

5 and an octoxynol such as t-octylphenoxypolyethoxyethanol (TritoiyX-100) is also 
suitable. Another useful combination comprises laureth 9 plus polyoxyethylene 
sorbitan ester and/or an octoxynol. 

Preferred amounts of surfactants (% by weight) are: polyoxyethylene sorbitan esters 
(such as Tween 80) 0.01 to 1%, in particular about 0.1 ,ro; octyl- or nonylphenoxy 

10 polyoxyethanols (such as Triton X-100, or other detergents in the Triton series) 0.001 to 
0.1 %, in particular 0.005 to 0.02%; polyoxyethylene others (such as laureth 9) 0.1 to 20 
%, preferably 0.1 to 10 % and in particular 0.1 to ljp or about 0.5%. 

Specific oil-in-water emulsion adjuvants usefuj^with the invention include, but are not 
limited to: 

15 • A submicron emulsion of squalen#Tween 80, and Span 85. The composition of 
the emulsion by volume can be about 5% squalene, about 0.5% polysorbate 80 and 
about 0.5% Span 85. In weight terms, these ratios become 4.3% squalene, 0.5% 
polysorbate 80 and 0.48% Span 85. This adjuvant is known as 'M.F59' [13-15], as 
described in more detai^n Chapter 10 of ref. 16 and chapter 12 of ref. 17. The 

20 MF59 emulsion advantageously includes citrate ions e.g. lOmM sodium citrate 
buffer. 

• An emulsion cfrirnprising squalene, an a-tocopherol, and polysorbate 80. These 
emulsions m^ have from 2 to 10% squalene, from 2 to 10% tocopherol and from 
0.3 to 3%># ween 80, and the weight ratio of squalene:tocopherol is preferably <1 

25 (e.g. 0.9m) as this provides a more stable emulsion. Squalene and Tween 80 may be 
presem volume ratio of about 5:2, or at a weight ratio of about 11:5. One such 
emulsion can be made by dissolving Tween 80 in PBS to give a 2% solution, then 

fixing 90ml of this solution with a mixture of (5g of DL-a-tocopheroI and 5mi 
squalene), then microfluidising the mixture. The resulting emulsion may have 

30 / submicron oil droplets e.g. with an average diameter of between 100 and 250nm, 
preferably about 180nm. 
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• An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-10Qf. 
The emulsion may also include a 3d-MPL (see below). The emulsion may corfain 
a phosphate buffer. f 

• An emulsion comprising a polysorbate (e.g. polysorbate 80), a TritoaFdetergent 
5 (e.g. Triton X-100) and a tocopherol (e.g. an a-tocopherol succinate). The 

emulsion may include these three components at a mass ratio oMbout 75:11:10 
(e.g. 750ji.g/ml polysorbate 80, 1 lOfxg/ml Triton X-100 and lOOu^fml a-tocopherol 
succinate), and these concentrations should include any contribution of these 
components from antigens. The emulsion may also include squalene. The emulsion 

10 may also include a 3d-MPL (see below). The aqueous phase may contain a 
phosphate buffer. £ 

• An emulsion of squalane, polysorbate 80 and poloxarner 401 ("Pluronic™ L121"). 
The emulsion can be formulated in phosphatefbuffered saline, pH 7.4. This 
emulsion is a useliil delivery vehicle for mura^yl dipeptides, and has been used 

15 with threonyl-MDP in the "SAF-1" adjutant [18] (0.05-1% Thr-MDP, 5% 
squalane, 2.5% Pluronic L121 and 0.2°/wpolysorbate 80). It can also be used 
without the Thr-MDP, as in the "AF" adfuvant [19] (5% squalane, 1.25% Pluronic 
L121 and 0.2% polysorbate 80). Micrjfluidisation is preferred. 

• An emulsion comprising squalen^an aqueous solvent, a polyoxyethylene alkyl 
20 ether hydrophilic nonionic surfactant (e.g. polyoxyethylene (12) cetostearyl ether) 

and a hydrophobic nonionic spfectant (e.g. a sorbitan ester or mannide ester, such 
as sorbitan monoleate or 'Span 80'). The emulsion is preferably thermoreversible 
and/or has at least 90% qi/the oil droplets (by volume) with a size less than 200 nm 
[20]. The emulsion nw^also include one or more of: aiditol; a cryoprotective agent 

25 (e.g. a sugar, speh as dodecylmaltoside and/or sucrose); and/or an 
alkylpolyglycosid^Such emulsions may be lyophilized. 

• An emulsion iraving from 0.5-50% of an oil, 0.1-10% of a phospholipid, and 
0.05-5% owa non-ionic surfactant. As described in reference 21, preferred 
phospholipid components are phosphatidylcholine, phosphatidyJethanolamine, 

30 phosphafidylserine, phosphatidylinositol, phosphatidylglycerol, phosphatidic acid, 
sphingomyelin and cardiolipin. Submicron droplet sizes are advantageous. 

^submicron oil-in-water emulsion of a non-metabolisable oil (such as light 
ineral oil) and at least one surfactant (such as lecithin, Tween 80 or Span 80). 
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Additives may be included, such as QuilA saponin, cholesterol, a sajronin-
lipophile conjugate (such as GP1-0100, described in reference 22, produced by 
addition of aliphatic amine to desacylsaponin via the carboxyl group oGlucuronic 
acid), dimethyidioctadecylammonium bromide and/or N,N-diocta<lecyl-N,N-bis 

5 (2-hydroxyethyl)propanediamine. / 

• An emulsion comprising a mineral oil, a non-ionic Hpophprc ethoxylated fatty 
alcohol, and a non-ionic hydrophilic surfactant (e.g. an ejw>xylated fatty alcohol 
and/or polyoxyethylene-polyoxypropylene block copolymer) [23]. 

• An emulsion comprising a mineral oil, a non-ionic^iydrophilic ethoxylated fatty 
10 alcohol, and a non-ionic lipophilic surfactant (efg. an ethoxylated fatty alcohol 

and/or polyoxyethylene-polyoxypropylene blocjK copolymer) [23], 

• An emulsion in which a saponin (e.g. jQuilA or QS21) and a sterol (e.g. a 
cholesterol) are associated as helical mie^lles [24]. 

Antigens and adjuvants in a compositioofwiil typically be in admixture at the time of 

15 delivery to a patient. The emulsions rmy be mixed with antigen during manufacture, or 
extemporaneously, at the time of delivery. Thus the adjuvant and antigen may be kept 

separately in a packaged or distributed vaccine, ready for final formulation at the time of 

use. The antigen will generally be in an aqueous form, such that the vaccine is finally 

prepared by mixing two liquids. The volume ratio of the two liquids for mixing can vary 

20 (e.g. between 5:1 and l:jflbut is generally about 1:1. 

C. Saponin formmations Fchapler 22 of ref. 11] 

Saponin formulajibns may also be used as adjuvants in the invention. Saponins are a 

heterogeneousjgroup of sterol glycosides and triterpenoid glycosides that are found in 

the bark, leases, stems, roots and even flowers of a wide range of plant species. Saponin 

25 from the/bark of the Quillaia soponaria Molina tree have been widely studied as 

adjuvants. Saponin can also be commercially obtained from Smilax omata (sarsaprilla), 

Gymophilla paniculala (brides veil), and Saponaria officianalis (soap root). Saponin 

aSjuvanl formulations include purified formula lions, sueli as QS21, as well as lipid 

i formulations, such as ISCOMs. QS21 is marketed as Stimulon™. 

30 Saponin compositions have been purified using HPLC and RP-HPLC. Specific purified 

fractions using these techniques have been identified, including QS7, QS17, QS18, 
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QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of 
production of QS21 is disclosed in ref. 25. Saponin formulations may also comprise a 
sterol, such as cholesterol [26]. / 

Combinations of saponins and cholesterols can be used to form unique/articles called 
5 immunostimulating complexs (ISCOMs) [chapter 23 of ref. 11]. ISCOMs typically also 

include a phospholipid such as phosphatidylethanolamine or phosphatidylcholine. Any 
known saponin can be used in ISCOMs. Preferably, the ISCOM includes one or more of 
QuilA, QHA & QHC. ISCOMs are further described in refif 26-28. Optionally, the 
ISCOMS may be devoid of additional detergent [29], / 

10 A review of the development of saponin based adjuvant$y£an be found in refs. 30 & 31. 

D. Virosomes and virus-like particles / 

Virosomes and virus-like particles (VLPs) can alsyfbe used as adjuvants in the invention. 
These structures generally contain one or inore proteins from a virus optionally 
combined or formulated with a phospholipid. They are generally non-pathogenic, non-

15 replicating and generally do not contai|r any of the native viral genome. The viral 
proteins may be recombinantly produced or isolated from whole viruses. These viral 
proteins suitable for use in virosom/s or VLPs include proteins derived from influenza 
virus (such as HA or NA), Heparins B virus (such as core or capsid proteins), Hepatitis E 
virus, measles virus, Sindhjs virus, Rotavirus, Foot-and-Mouth Disease virus, 

20 Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such 
as coat proteins), GA-phaie, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty 
protein pi). VLPs areinscussed further in refs. 32-37. Virosomes are discussed further 
in, for example, refJfS 

E. BacterialMr microbial derivatives 

25 Adjuvants suitable for use in the invention include bacterial or microbial derivatives 
such as njm-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A 
derivatives, immunostimulatory oligonucleotides and ADP-ribosylating toxins and 
detoxified derivatives thereof. 

Wn-toxic derivatives of LPS include monophosphoryl lipid A (MPL) and 3-0-
30 Jaeacylated MPL (3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryl 
/ lipid A with 4, 5 or 6 acylated chains. A preferred "small particle" form of 3 De-O-
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acylated monophosphoryl lipid A is disclosed in ref. 39. Such "small particlesr of 

3dMPL are small enough to be sterile filtered through a 0.22pm membrane [39/ Other 

non-toxic LPS derivatives include monophosphoryl lipid A mimics, such as aminoalky! 

glucosaminide phosphate derivatives e.g. RC-529 [40,41]. 

5 Lipid A derivatives include derivatives of lipid A from Escherichia c^ti such as OM-

174. OM-174 is described for example in refs. 42 & 43. 

Immunoslimulatory oligonucleotides suitable for use as adjuvants in the invention 

include nucleotide sequences containing a CpG motif (a/dinucleotide sequence 

containing an unmethylaled cytosine linked by a phosphafe bond to a guanosine). 

10 Double-stranded RNAs and oligonucleotides containing palindromic or poly(dG) 

sequences have also been shown to be immunostimulatoi 

The CpG's can include nucleotide modifications/analogs such as phosphorothioate 

modifications and can be double-stranded or sin^e-stranded. References 44, 45 and 46 

disclose possible analog substitutions e.g. replacement of guanosine with 2'-deoxy-7-

15 deazaguanosine. The adjuvant effect of CpG#ligonucleotides is flirt her discussed in refs. 
47-52• / 
The CpG sequence may be directed tdTLR9, such as the motif GTCGTT or TTCGTT 

[53]. The CpG sequence may be specific for inducing a Thl immune response, such as a 

CpG-A ODN, or it may be mo re/Specific for inducing a B cell response, such a CpG-B 

20 ODN. CpG-A and CpG-B ODNs are discussed in refs. 54-56. Preferably, the CpG is a 

CpG-A ODN. / 

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for 

receptor recognition. Optionally, two CpG oligonucleotide sequences may be attached at 

their 3' ends to forntfn immunomers". See, for example, refs. 53 & 57-59. 

25 A particularly useful adjuvant based around immunostimulatory oligonucleotides is 

known as ICSl™ [60]. Thus an adjuvant used with the invention may comprise a 

mixture of J?) an oligonucleotide (e.g. between 15-40 nucleotides) including at least one 

(and preferably multiple) Cpl motifs (i.e. a cytosine linked to an inosine to form a 

dinucj^Dlide), and (ii) a polycationic polymer, such as an oligopeptide (e.g. between 5-20 

30 amino acids) including at least one (and preferably multiple) Lys-Arg-Lys tripeptide 

sgquence(s). The oligonucleotide may be a deoxynucleotide comprising 26-mer 
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sequence 5'-(lC)i3-3' (SEQ ID NO: 98). The poJycationic polymer may be a peafrde 

comprising 11-mer amino acid sequence KLKLLLLLKLK (SEQ ]D NO:99). / 

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof mape used as 

adjuvants in the invention. Preferably, the protein is derived from E-ccm (E.coli heat 

5 labile enterotoxin "LT"), cholera ("CT"), or pertussis ("PT"). The jfse of detoxified 

ADP-ribosyiating toxins as mucosal adjuvants is described in ref. m and as parenteral 

adjuvants in ref. 62. The toxin or toxoid is preferably in therform of a holotoxin, 

comprising both A and B subunits. Preferably, the A subujxt contains a detoxifying 

mutation; preferably the B subunit is not mutated. Preferably the adjuvant is a detoxified 

10 LT mutant such as LT-K63, LT-R72, and LT-G192. Th#use of ADP-ribosylating toxins 

and detoxified derivatives thereof, particularly LT-K0 and LT-R72, as adjuvants can be 

found in refs. 63-70. A useful CT mutant is or C$-E29H [71]. Numerical reference for 

amino acid substitutions is preferably based onjne alignments of the A and B subunits of 

ADP-ribosylating toxins set forth in ref. 72,specifically incorporated herein by reference 

15 in its entirety. £ 

R Human immimomodulators J? 

Human immunomodulators suitable for use as adjuvants in the invention include 

cytokines, such as interleukins^e.g. IL-1, 1L-2, 1L-4, IL-5, IL-6, IL-7, IL-12 [73], etc.) 

[74], interferons (e.g. inter^ron-y), macrophage colony stimulating factor, and tumor 

20 necrosis factor. A preferiml immunomodulator is IL-12. 

Q. Bioadhesives and Mucoadhesives 

Bioadhesives and/mucoadhesives may also be used as adjuvants in the invention. 

Suitable bioadnesives include esterified hyaluronic acid microspheres [75] or 

mucoadhesures such as cross-linked derivatives of poly(acry!ic acid), polyvinyl alcohol, 

25 polyvinw^pyrollidone, polysaccharides and carboxymethylcellulose. Chitosan and 

derivatives thereof may also be used as adjuvants in the invention [76]. 

Hf Microvarticles 

Jm\crop articles may also be used as adjuvants in the invention. Microparticles (i.e. a 

/ particle of~100nm to ~150^im in diameter, more preferably ~200nm to ~30f.im in 

30 diameter, and most preferably ~500nm to ~10^im in diameter) formed from materials 

that are biodegradable and non-toxic (e.g. a poly(a-hydroxy acid), a polyhydroxybutyric 

acid, a polyorthoester, a polyanhydride, a polycapro lactone, etc.), with 
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poly(lactide-co-glycolide) are preferred, optionally treated to have a negatively-chHrged 

surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic detergent, 

such as CTAB). / 

I Liposomes (Chapters IS & 14 of ref. 11) / 

5 Examples of liposome formulations suitable for use as adjuvants are^clescribed in refs. 

77-79. / 

•L Polyoxyethylene ether and polvoxvethvlene ester formulations 

Adjuvants suitable for use In the invention include paflyoxyethylene ethers and 

polyoxyethylene esters [80]. Such formulations further include polyoxyethylene sorbitan 

10 ester surfactants in combination with an octoxynol [81 Ms well as polyoxyethylene alky! 

ethers or ester surfactants in combination within: least one additional non-ionic 

surfactant such as an octoxynol [82]. Preferred polyoxyethylene ethers are selected from 

the following group: polyoxyethy!ene-9-laury/ ether (laureth 9), polyoxyethylene-9-

steoryl ether, polyoxytheylene-8-steoryl /ether, polyoxyethylene-4-Iauryl ether, 

15 poiyoxyethylene-35-iauryl ether, and poly$xyethylene-23-lauryl ether. 

K. Polyphosyhazene (PCPP) J 

PCPP formulations are described, for example, in refs. 83 and 84. 

L Muramvl peptides / 

Examples of muramyl peptides suitable for use as adjuvants in the invention include N~ 

20 acetyl-muramyl-L-threonvpD-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-

D-isoglutamine (nor-M#P), and N-acetylmuramyl-L-aIanyl-D-isoglutaminyl-L-alanine-2-

(r-2,-dipa3mitoyl-1y;7-^lycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE). 

M. Imidazoauiriolone Compounds. 

Examples of bnidazoquinolone compounds suitable for use adjuvants in the invention 

25 include Imimiamod and its homologues (e.g. "Resiquimod 3M"), described further in 

refs. 85 a^Q 86. 

The i#/ention may also comprise combinations of aspects of one or more of the 

adjm'ants identified above. For example, the following adjuvant compositions may be 

u&d in the invention: (1) a saponin and an oil-in-water emulsion [87]; (2) a saponin (e.g. 

30/QS21) + a non-toxic LPS derivative (e.g. 3dMPL) [88]; (3) a saponin (e.g. QS21) + a 

ff non-toxic LPS derivative (e.g. 3dMPL) + a cholesterol; (4) a saponin (e.g. QS21) + 



WO 2011/121576 PCT/IB2011/051415 

76 

3dMPL 4- IL-12 (optionally + a sterol) [89]; (5) combinations of 3dMPL with, foif 

example, QS21 and/or oil-in-water emulsions [90]; (6) SAF, containing 10% squalane, 

0.4% Tween 80™, 5% pluronic-block polymer LI21, and thr-MDP, neither 

microfluidized into a submicron emulsion or vortexed to generate a larger particle size 

5 emulsion. (7) RibiIM adjuvant system (RAS), (Ribi Immunochem) confining 2% 

squalene, 0.2% Tween 80, and one or more bacteria) cell wall components from the 

group consisting of monophosphorylipid A (MPL), trehalose dimycofrate (TDM), and 

cell wall skeleton (CWS), preferably MPL + CWS (Detox™); a^a (8) one or more 

mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS (such as 

10 3dMPL). / 

Other substances that act as immunostimulating agents are^isclosed in chapter 7 of ref. 

11. / 

The use of an aluminium hydroxide and/or aluminum phosphate adjuvant is useful, 

particularly in children, and antigens are genera ^adsorbed to these salts. Squalene-in-

15 water emulsions are also preferred, particularly in the elderly. Useful adjuvant 

combinations include combinations of ThMnd Th2 adjuvants such as CpG & alum or 

resiquimod & alum. A combination of aluminium phosphate and 3dMPL may be used. 

The compositions of the invention miy elicit both a cell mediated immune response as 

well as a humoral immune responsjjT 

20 Two types of T cells, CD4 an#CD8 cells, are generally thought necessary to initiate 

and/or enhance cell mediatednmmunity and humoral immunity. CD8 T cells can express 

a CDS co-receptor and are commonly referred to as Cytotoxic T lymphocytes (CTLs). 

CDS T cells are able tcfrecognized or interact with antigens displayed on MHC Class I 

molecules. / 

25 CD4 T ceils car^express a CD4 co-receptor and are commonly referred to as T helper 

cells. CD4 'Ocells are able to recognize antigenic peptides bound to MHC class II 

moleculesiCjpon interaction with a MHC class II molecule, the CD4 cells can secrete 

factors iuch as cytokines. These secreted cytokines can activate B cells, cytotoxic T 

cells#nacrophages, and other cells that participate in an immune response. Helper T 

30 cerfs or CD4+ cells can be further divided into two functionally distinct subsets: TH1 

jphenotype and TH2 phenotypes which differ in their cytokine and effector function. 
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Activated THl cells enhance cellular immunity (including an increase in antigen-specific 

CTL production) and are therefore of particular value in responding to intercellular 

infections. Activated THl cells may secrete one or more of IL-2, IFN-y, an#TNF-(3. A 

THl immune response may result in local inflammatory reactions Jy activating 

5 macrophages, NK. (natural killer) cells, and CDS cytotoxic T cellsjfCTLs). A THl 

immune response may also act to expand the immune response by stimulating growth of 

B and T cells with IL-12. THl stimulated B cells may secrete lgC^a. 

Activated TH2 cells enhance antibody production and ire therefore of value in 

responding to extracellular infections. Activated TH2 cellf may secrete one or more of 

10 JL-4, IL-5, IL-6, and 1L-10. A TH2 immune responseimay result in the production of 

lgGl, IgE, IgA and memory B cells for future protection. 

An enhanced immune response may include oneror more of an enhanced THl immune 

response and a TH2 immune response. / 

A THl immune response may include on ejfr more of an increase in CTLs, an increase in 

15 one or more of the cytokines associate!! with a THl immune response (such as IL-2, 
IFN-y, and TNF-p), an increase in activated macrophages, an increase in NK activity, or 

an increase in the production of IgG2a. Preferably, the enhanced THl immune response 

will include an increase in IgG2a production. 

A THl immune response may be elicited using a THl adjuvant. A THl adjuvant will 

20 generally elicit increas^a levels of IgG2a production relative to immunization of the 

antigen without adju/ant. THl adjuvants suitable for use in the invention may include 

for example saponin formulations, virosomes and virus like particles, non-toxic 

derivatives o,4fenterobacterial lipopolysaccharide (LPS), immunostimulatory 

oJigonueleojijlres. Immunostimulatory oligonucleotides, such as oligonucleotides 

25 containing^ CpG motif, are preferred THl adjuvants for use in the invention. 

A THJnmmune response may include one or more of an increase in one or more of the 

cyjpcines associated with a TH2 immune response (such as IL-4, IL-5, IL-6 and IL-10), 

Jf an increase in the production of IgGl, IgE, IgA and memory B cells. Preferably, the 

/enhanced TH2 immune response will include an increase in IgGl production. 

*0 A TH2 immune response may be elicited using a TH2 adjuvant. A TH2 adjuvant will 

generally elicit increased levels of IgGl production relative to immunization of the 

antigen without adjuvant. TH2 adjuvants suitable for use in the invention include, for 
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example, mineral containing compositions, oil-emulsions, and ADP-ribosylating toxins 
and detoxified derivatives thereof. Mineral containing compositions, such as aiujRinium 
salts are preferred TH2 adjuvants for use in the invention. / 

A composition may include a combination of a THl adjuvant and a TGn2 adjuvant. 
5 Preferably, such a composition elicits an enhanced THl and an enhanedfl TH2 response, 

i.e., an increase in the production of both IgGl and lgG2a production relative to 
immunization without an adjuvant. Still more preferably, the composition comprising a 
combination of a THl and a TH2 adjuvant elicits an increasedifHl and/or an increased 
TH2 immune response relative to immunization with a sina^e adjuvant (i.e., relative to 

10 immunization with a THl adjuvant alone or immunizatiotmvith a TH2 adjuvant alone). 

The immune response may be one or both of a TM1 immune response and a TH2 
response. Preferably, immune response provides Jfr one or both of an enhanced THl 
response and an enhanced TH2 response. £ 

The enhanced immune response may be^ie or both of a systemic and a mucosal 
15 immune response. Preferably, the imnpe response provides for one or both of an 

enhanced systemic and an enhanced mucosal immune response. Preferably the mucosal 
immune response is a TH2 immune#2sponse. Preferably, the mucosal immune response 
includes an increase in the production of IgA. 

Streptococcal infections can jyroct various areas of the body and so the compositions of 
20 the invention may be prepared in various forms. For example, the compositions may be 

prepared as injectables,jwther as liquid solutions or suspensions. Solid forms suitable for 
solution in, or suspeiWion in, liquid vehicles prior to injection can also be prepared (e.g. 
a lyophilised comrrifsition or a spray-freeze dried composition). The composition may be 
prepared for Epical administration e.g. as an ointment, cream or powder. The 

25 composition inay be prepared for oral administration e.g. as a tablet or capsule, as a 
spray, orifs a syrup (optionally flavoured). The composition may be prepared for 
pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The 
composition may be prepared as a suppository or pessary. The composition may be 
prepared for nasal, aural or ocular administration e.g. as drops. The composition may be 

30/m kit form, designed such that a combined composition is reconstituted just prior to 
/ administration to a patient. Such kits may comprise one or more antigens in liquid form 

and one or more lyophilised antigens. 
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Where a composition is to be prepared extemporaneously prior to use {e.g. where a 

component is presented in lyophilised form) and is presented as a kit, the jfit may 

comprise two vials, or it may comprise one ready-filled syringe and one viirf with the 

contents of the syringe being used to reactivate the contents of the vial prioj^o injection. 

5 Immunogenic compositions used as vaccines comprise an immunologically effective 

amount of antigen(s), as well as any other components, as needed. E|f'immunologically 

effective amount', it is meant that the administration of that amount to an individual, 

either in a single dose or as part of a series, is effective for treatment or prevention. This 

amount varies depending upon the health and physical condition of the individual to be 

10 treated, age, the taxonomic group of individual to be treated (e.g. non-human primate, 

primate, etc.), the capacity of the individual's immunejystem to synthesise antibodies, 

the degree of protection desired, the formulation of the vaccine, the treating doctor's 

assessment of the medical situation, and other r^evant factors. It is expected that the 

amount will fall in a relatively broad range thatJan be determined through routine trials. 

15 Nucleic acid immunisation g 

The immunogenic compositions descnged above include polypeptide antigens from 

GBS. In all cases, however, the polypeptide antigens can be replaced by nucleic acids 

(typically DNA) encoding those polypeptides, to give compositions, methods and uses 

based on nucleic acid immunisation [91 to 98]. 

20 The nucleic acid encoding th? immunogen is expressed in vivo after delivery to a patient 

and the expressed immundgen then stimulates the immune system. The active ingredient 

will typically take theiorm of a nucleic acid vector comprising: (i) a promoter; (ii) a 

sequence encoding tjfe immunogen, operably linked to the promoter; and optionally (iii) 

a selectable markd*. Preferred vectors may further comprise (iv) an origin of replication; 

25 and (v) a transcription terminator downstream of and operably linked to (ii). In general, 

(i) & (v) wilj^be eukaryotic and (iii) & (iv) will be prokaryotic. 

Preferre<M)romoters are viral promoters e.g. from cytomegalovirus (CMV). The vector 

may &\£o include transcriptional regulatory sequences (e.g. enhancers) in addition to the 

promoter and which interact functionally with the promoter. Preferred vectors include 

30 tj£ immediate-early CMV enhancer/promoter, and more preferred vectors also include 

/CMV intron A. The promoter is operably linked to a downstream sequence encoding an 
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immunogen, such that expression of the immunogen-encoding sequence is underlie 
promoter's control. / 

Where a marker is used, it preferably functions in a microbial host (e.g. in a oAaryote, 
in a bacteria, in a yeast). The marker is preferably a prokaryotic selectable^iarker (e.g. 

5 transcribed under the control of a prokaryotic promoter). For convenience, typical 
markers are antibiotic resistance genes. g 

The vector is preferably an autonomously replicating episomal^r extrachromosomal 
vector, such as a plasmid, / 

The vector preferably comprises an origin of replication. Itispreferred that the origin of 
10 replication is active in prokaryotes but not in eukaryotes.^ 

Preferred vectors thus include a prokaryotic marlper for selection of the vector, a 
prokaryotic origin of replication, but a eukaryoticAomoter for driving transcription of 
the immunogen-encoding sequence. The vectMs will therefore (a) be amplified and 
selected in prokaryotic hosts without polypeptide expression, but (b) be expressed in 

15 eukaryotic hosts without being amplified This arrangement is ideal for nucleic acid 
immunization vectors. g 

The vector may comprise a eukarwic transcriptional terminator sequence downstream 
of the coding sequence. Thisifan enhance transcription levels. Where the coding 
sequence does not have its /wn, the vector preferably comprises a polyadenylation 

20 sequence. A preferred polmlenylation sequence is from bovine growth hormone. 

The vector may comprM* a multiple cloning site 

In addition to secmnces encoding the immunogen and a marker, the vector may 
comprise a secop eukaryotic coding sequence. The vector may also comprise an IRES 
upstream of spd second sequence in order to permit translation of a second eukaryotic 

25 polypeptid^from the same transcript as the immunogen. Alternatively, the immunogen-
coding sequence may be downstream of an IRES. 

The Sector may comprise unmethylated CpG motifs e.g. unmethylated DNA sequences 
wpch have in common a cytosine preceding a guanosine, flanked by two 5' purines and 

M\NO 3' pyrimidines. In their unmethylated form these DNA motifs have been 
W demonstrated to be potent stimulators of several types of immune cell. 
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Vectors may be delivered in a targeted way. Receptor-mediated DNA ddfvery 

techniques are described in, for example, references 99 to 104. Therapeutic compositions 

containing a nucleic acid are administered in a range of about lOOng to abouf200mg of 

DNA for local administration in a gene therapy protocol. Concentration tinges of about 

5 500 ng to about 50 mg, about ljjg to about 2 mg, about 5p.g to aboutJrOOjig, and about 

20jig to about lOOpg of DNA can also be used during a gene therapy protocol. Factors 

such as method of action (e.g. for enhancing or inhibiting levers of the encoded gene 

product) and efficacy of transformation and expression are^onsiderations which will 

affect the dosage required for ultimate efficacy. Where greater expression is desired over 

10 a larger area of tissue, larger amounts of vector or the same amounts re-administered in a 

successive protocol of administrations, or several administrations to different adjacent or 

close tissue portions may be required to effect afpositive therapeutic outcome. In all 

cases, routine experimentation in clinical trials will determine specific ranges for optimal 

therapeutic effect. / 

15 Vectors can be delivered using gene deh/ery vehicles. The gene delivery vehicle can be 

of viral or non-viral origin (see gener|$y references 105 to 108). 

Viral-based vectors for delivery o§a desired nucleic acid and expression in a desired cell 

are well known in the art. Exemplary viral-based vehicles include, but are not limited to, 

recombinant retroviruses (ejg. references 109 to 119), alphavirus-based vectors (e.g. 

20 Sindbis virus vectors, Serarfiki forest virus (ATCC VR-67; ATCC VR-1247), Ross River 

virus (ATCC VR-373f ATCC VR-1246) and Venezuelan equine encephalitis virus 

(ATCC VR-923; MCC VR-1250; ATCC VR 1249; ATCC VR-532); hybrids or 

chimeras of thes^viruses may also be used), poxvirus vectors (e.g. vaccinia, fowlpox, 

canarypox, nmlified vaccinia Ankara, etc.), adenovirus vectors, and adeno-associated 

25 virus (AA\$ vectors (e.g. see refs. 120 to 125). Administration of DNA linked to killed 

adenovirus [126] can also be employed. 

Non^viral delivery vehicles and methods can also be employed, including, but not 

lunited to, polycationic condensed DNA linked or unlinked to killed adenovirus alone 

/[e.g. 126], ligand-linked DNA [127J, eukaryotic cell delivery vehicles cells [e.g. refs. 

3$ 128 to 132] and nucleic charge neutralization or fusion with cell membranes. Naked 

DNA can also be employed. Exemplary naked DNA introduction methods are described 

in refs. 133 and 134. Liposomes (e.g. immunoliposomes) that can act as gene delivery 
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vehicles are described in refs. 135 to 139. Additional approaches are describes in 

references 140 & 141. / 

Further non-viral delivery suitable for use includes mechanical delivery systems such as 

the approach described in ref. 141. Moreover, the coding sequence and jfte product of 

5 expression of such can be delivered through deposition of photopolynp'ized hydrogel 

materials or use of ionizing radiation [e.g. refs. 142 & 143]. Other conventional methods 

for gene delivery that can be used for delivery of the coding Jjquence include, for 

example, use ofhand-heJd gene transfer particle gun [144] orjlse of ionizing radiation 

for activating transferred genes [142 & 143]. £ 

10 Delivery of DNA using PLG {poly(lactide-co-glycolide)ymicroparticles is a particularly 

preferred method e.g. by adsorption to the micropartickfe, which are optionally treated to 

have a negatively-charged surface (e.g. treated withifcS) or a positively-charged surface 

(e.g. treated with a cationic detergent, such as CT>#B). 

Methods of treatment, and administration of tM vaccine 

15 The invention also provides a method M raising an immune response in a mammal 

comprising the step of administering an effective amount of an immunogenic 

composition of the invention. Thar immune response is preferably protective and 

preferably involves antibodies andfor cell-mediated immunity. The method may raise a 

booster response. / 

20 The invention also provides/at least two different GBS59 clades for combined use as a 

medicament e.g. for use \iraising an immune response in a mammal. 

The invention also provides the use of at least two different GBS59 clades in the 

manufacture of a medicament for raising an immune response in a mammal. 

By raising an ijlmune response in the mammal by these uses and methods, the mammal 

25 can be proteared against disease and/or infection caused by GBS e.g. against meningitis. 

The invention also provides a delivery device pre-filled with an immunogenic 

composition of the invention. 

Th/mammal is preferably a human. The human may be a child (e.g. a toddler or infant), 

z teenager or an adult. A vaccine intended for children may also be administered to 

30f adults e.g. to assess safety, dosage, immunogenicity, etc. 
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One way of checking efficacy of therapeutic treatment involves mo muring 

pneumococcal infection after administration of the compositions of the invenjron. One 

way of checking efficacy of prophylactic treatment involves testing post-iimnunisation 

sera in standard tests; for example, sera can be tested in an opsonopbagocytic killing 

5 assay (OPKA), with the ability to opsonise bacteria indicating pimective efficacy. 

Another way of checking efficacy of prophylactic treatment involve^ post-immunisation 

challenge in an animal model of GBS infection, e.g., guinea nigs or mice. One such 

model is described in reference 145. Another way of assessing the immunogenicity of 

the compositions of the present invention is to express the^polypeptides recombinantly 

10 for screening patient sera or mucosal secretions by imnwnoblot and/or microarrays. A 

positive reaction between the polypeptide and the #atient sample indicates that the 

patient has mounted an immune response to the r^lypcptide in question. This method 

may also be used to identify immunodominant aafigens and/or epitopes within antigens. 

Compositions of the invention will generallyjfe administered directly to a patient. Dircct 

15 delivery may be accomplished by ^parenteral injection (e.g. subcutaneously, 

intraperitoneal^, intravenously, intramuscularly, or to the interstitial space of a tissue), 

or mueosally, such as by rectal, orame.g. tablet, spray), vaginal, topical, transdermal or 

transcutaneous, intranasal, ocular jfural, pulmonary or other mucosal administration. 

The invention may be used to^elicit systemic and/or mucosal immunity, preferably to 

20 elicit an enhanced systemic/nd/or mucosal immunity. 

Preferably the enhanced?%stemic and/or mucosal immunity is reflected in an enhanced 

THl and/or TH2 immune response. Preferably, the enhanced immune response includes 

an increase in the jfroduction of IgGl and/or IgG2a and/or IgA. 

Dosage can baroy a single dose schedule or a multiple dose schedule. Multiple doses 

25 may be use#in a primary immunisation schedule and/or in a booster immunisation 

schedule Jin a multiple dose schedule the various doses may be given by the same or 

different routes e.g. a parenteral prime and mucosal boost, a mucosal prime and 

parenteral boost, etc. Multiple doses will typically be administered at least 1 week apart 

il.g. about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks, about 8 weeks, about 

30^10 weeks, about 12 weeks, about 16 weeks, etc.). 

f Vaccines prepared according to the invention may be used to treat both children and 

adults. Thus a human patient may be less than 1 year old, less than 5 years old, 1-5 years 
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old, 5-15 years old, 15-55 years old, or at least 55 years old. Preferred patients for 

receiving the vaccines are the elderly (e.g. >50 years old, >60 years old, and pimerably 

>65 years), the young (e.g. <5 years old), hospitalised patients, healthcar/^workers, 

armed service and military personnel, pregnant women, the chronically ill, or 

5 immunodeficient patients. In general, the vaccines may be used to treat r^egnant women 

and adolescents. The vaccines are not suitable solely for these groups,Jrowever, and may 

be used more generally in a population. / 

Vaccines produced by the invention may be administered to patjents at substantially the 

same time as (e.g. during the same medical consultation/or visit to a healthcare 

10 professional or vaccination centre) other vaccines e.g. at substantially at the same time as 

a rubella vaccine, a varicella vaccine, a diphtheria vaccin^, a tetanus vaccine, a pertussis 

vaccine, a DTP vaccine, an inactivated poliovirus vaccine, a hepatitis B virus vaccine, a 

meningococcal conjugate vaccine (such as a teyavalent A-C-W135-Y vaccine), a 

respiratory syncytial virus vaccine, an human paj^lomavirus vaccine, an influenza virus 

15 vaccines (including a pandemic influenza virusiFaccine) etc.. 

Vaccines of the invention may also be administered topatients at substantially the same 

time as (e.g. during the same medical consultation or visit to a healthcare professional) 

an antiviral compound, and in particular an antiviral compound active against influenza 

virus (e.g. oseltamivir and/or za#mivir). These antivirals include neuraminidase 

20 inhibitors, such as a (3S,4R,5S)-4-acetylamino-5-amino-3(l-ethylpropoxy)-l-

cyclohexene-l-carboxylic acid/or 5-(acetylamino)~4-[(aminoiminomethyl)-amino]-2,6-

anhydro-3,4,54rideoxy-D-gl/cero-D-galactonon-2-enonic acid, including esters thereof 

(e.g. the ethyl esters) andialts thereof (e.g. the phosphate salts). A preferred antiviral is 

(3R,4R,5S)-4-acetylamp>5-amino-3(l-ethylpropoxy)-l-cyclohexene-l-carboxylic acid, 

25 ethyl ester, phosphaW( 1:1), also known as oseltamivir phosphate (TAMIFLU™). 

Combinations $ 

A compositioimiseful for immunisation comprises at least two GBS59 clades, either as a 

hybrid polypeptide or as separate polypeptides. In addition, a composition may include: 

(i) one oyniore further polypeptides that elicit antibody responses against GBS proteins, 

30 particularly against GBS proteins other than GBS59; (ii) a capsular saccharide from 

GB^and/or (iii) one or more further immunogens that elicit antibody responses that 

recognise epitopes on non-GBS organisms. 
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Combinations with further polypeptide antigens f1461 J 

GBS polypeptides from two or more clades may be combined with one or more {i.e./, 2, 

3, 4, 5, 6, 7, 8, 9, or all 10) polypeptide antigens selected from the group consisting of: 

(1) a (GBS80) antigen; (2) a GBS67 antigen; (3) a GBS1523 antigen; (4) a^GBS 104 

5 antigen; (5) a GBS 1524 antigen; (6) a GBS3 antigen; (7) a SAN 1483 intigen; (8) a 

GBS 147 antigen; (9) a GBS328 antigen; and/or (10) a GBS84 antigen. / 

These further antigens may be added as separate polypeptides. Mian alternative, they 

may be added as hybrids e.g. a GBS80-GBS1523 hybrid. As amirther alternative, they 

may be fused to a GBS59 polypeptide sequence to providejf hybrid polypeptide e.g. a 

10 GBS59-GBS80 hybrid. / 

Any of these combinations may also include one or&nore GBS capsular saccharide(s), 

which will typically be conjugated to carrier prote'in(s). Further information about such 

saccharides and conjugation is provided below/ 

GBS80 / 

15 The original 'GBS80' (SAG0645) seqmsfice was annotated in reference 147 as a cell wall 

surface anchor family protein (see^Sl: 22533660). For reference purposes, the amino 

acid sequence of full length GBS$0 as found in the 2603 strain is given as SEQ ID NO: 

177 herein. Preferred GBS80J")olypeptides for use with the invention comprise an amino 

acid sequence: (a) havingin)% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 

20 90%, 91%, 92%, 93%/94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID 

NO: 177; and/or (b)j&mprising a fragment of at least 'n' consecutive amino acids of SEQ 

ID NO: 177, wWein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20,25,30,35,40,50,60, 

70, 80, 90, IOC, 150, 200, 250 or more). These GBS80 proteins include variants of SEQ 

ID NO: \W. 

25 Preferred fragments of (b) comprise an epitope from SEQ ID NO: 177. Other preferred 

fr^ments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or 

ynore) from the C-terminus and/or one or more amino acids (e.g. 1,2, 3, 4, 5, 6, 7, 8, 9, 

/ 10, 15, 20, 25 or more) from the N-terminus of SF,0 ID NO: 177 while retaining at least 

one epitope of SEQ ID NO: 177. Other fragments omit one or more protein domains. 

30 Wild-type GBS80 contains a N-terminal leader or signal sequence region at amino acids 

1-37 of SEQ ID NO:177. One or more amino acids from the leader or signal sequence 



WO 2011/121576 PCT/1B2011/051415 

86 

region of GBS80 can be removed, e.g. SEQ ID NO: 178. The wild-type sequepf6e also 
contains a C-terminal transmembrane region at amino acids 526-543 of SBO ID NO: 
177. One or more amino acids from the transmembrane region and/or A cytoplasmic 
region may be removed, e.g. SEQ ID NO: 179. Wild-type GBS80 contains an amino acid 

5 motif indicative of a cell wall anchor at amino acids 521-525 of SEQ ID NO:177. In 
some recombinant host cell systems it may be useful to remove/this motif to facilitate 
secretion of a recombinant GBS80 polypeptide from thd host cell. Thus the 
transmembrane and/or cytoplasmic regions and the cell/wall anchor motif may be 
removed from GBS80, e.g. SEQ ID NO: 180. Alternatively, in some recombinant host 

10 cell systems it may be useful to use the cell wall anchor motif to anchor the 
recombinantly expressed polypeptide to the ceil Wall. The extracellular domain of the 
expressed polypeptide may be cleaved during purification or the recombinant 
polypeptide may be left attached to either inactivated host cells or cell membranes in the 
final composition, e.g. SEQ ID NO:181.A particularly immunogenic fragment of wild-

15 type GBS80 is located towards the/N-terminus of the polypeptide, and is SEQ ID 
NO: 182. 

GBS67 

The original 'GBS67' (SAG/408) sequence was annotated in reference 147 as a cell wall 
surface anchor family protein (see GI: 22534437). For reference purposes, the amino 

20 acid sequence of full length GBS67 as found in the 2603 strain is given as SEQ ID NO: 
183 herein. Preferred GBS67 polypeptides for use with the invention comprise an amino 
acid sequence: m) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91 %, 9^%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99,5% or more) to SEQ ID 
NO: 183yand/or (b) comprising a fragment of at least 'n' consecutive ammo acids of 

25 SEQ Lp NO: 183, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 
50yw, 70, 80, 90, 100, 150, 200, 250 or more). These GBS67 proteins include variants 

SEQ ID NO: 183. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 
183. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10. 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 

30 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 183 while 
retaining at least one epitope of SEQ ID NO: 183. Other fragments omit one or more 
protein domains. 
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Wild-type GBS67 contains a C-terminus transmembrane region which may be removed 

e.g. to give SEQ ID NO: 184. It also contains amino acid motifs indicative of a cm wall 

anchor (LPXTG and 1PMTG). In some recombinant host cell systems, ir may be 

preferable to remove this motif to facilitate secretion from the host cell. Accordingly, in 

5 one preferred fragment of GBS67 for use in the invention, the transmembrane and the 

cell wall anchor motif are removed (SEQ ID NO: 185). Alternatively, in some 

recombinant host cell systems, it may be preferable to use the cell wall anchor motif to 

anchor the recombinantly expressed polypeptide to the cell/wall. The extracellular 

domain of the expressed polypeptide may be cleaved Airing purification or the 

10 recombinant polypeptide may be left attached to eitheylnactivated host cells or cell 

membranes in the final composition. / 

Three pilin motifs, containing conserved lysine residues have been identified in GBS67. 

Conserved lysine residues are at amino acid residues 478 and 488, at amino acid residues 

340 and 342, and at amino acid residues 70Xand 717. The pilin sequences, in particular 

15 the conserved lysine residues, are thought to be important for the formation of 

oligomeric, pilus-like structures of GBS67. Preferred fragments of GBS67 include at 
least one conserved lysine residue./! wo E boxes containing conserved glutamic residues 

have also been identified in GRS67. Preferred fragments of GBS 67 include at least one 

conserved glutamic acid residue. GBS67 contains several regions predicted to form 

20 alpha helical structures./Such alpha helical regions are likely to form coiled-coil 

structures and may be/involved in oligomerization of GBS67. GBS67 also contains a 

region which is homologous to the Cna_B domain of the S.aureus collagen-binding 

surface protein Mam05738). This may form a beta sandwich structure. GBS67 contains 

a region whion is homologous to a von Willebrand factor (vWF) type A domain which 

25 may also he retained in the fragments of GBS67. 

Particularly immunogenic fragments of wild-type GBS67 from the 2603 strain are 

locked towards the N-terminus of the polypeptide, and are SEQ ID NO: 186 and SEQ ID 

WO:187. 

/ A varianl ufGBS67 (SAI1512) exists in strain 1I36B. This variant 'GBS67' (SAG 1408) 

30 sequence was annotated in reference 148 as a cell wall surface anchor family protein (see 

GI: 77405751). For reference purposes, the amino acid sequence of full length GBS67 as 

found in the H36B strain is given as SEQ ID NO: 188 herein. Preferred GBS67 
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polypeptides for use with the invention comprise an amino acid sequence: (a) h&rmg 
60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%f93%, 
94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 188; afei/or (b) 
comprising a fragment of at least 'n' consecutive amino acids of SEQ \m NO: 188, 

5 wherein 'n* is 7 or more (e.g. 8, 10, 12, 14, 16, 18,20, 25, 30, 35, 40, 50M, 70, 80, 90, 
100, 150, 200, 250 or more). Preferred fi'agments of (b) comprise an epitope from SEQ 
ID NO: 188. Other preferred fi'agments lack one or more amino aciJs (e.g. 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or oraf or more amino acids 
(e.g. 1,2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the Isyferminus of SEQ ID NO: 

10 188 while retaining at least one epitope of SEQ ID NO: 18j^ Other fragments omit one 
or more protein domains. g 

The invention includes the use of fi'agments of GBSyf7 from the H36B strain that are 
analogous to fi'agments of GBS67 from the 2603 rfrain discussed in detail above, e.g. 
lacking the C-terminus transmembrane region, lacing the transmembrane region and/or 

15 cell wall anchor motif (LPXTG and IPMTG),^>ntaining conserved pilin motifs or lysine 
residues within the pilin motifs, containing conserved glutamic acid residues, alpha 
helical regions, the Cna_B domain anZ/or the (vWF) type A domain. Particularly 
immunogenic fragments of wild-type JJBS67 from the H36B strain are located towards 
the N-terminus of the polypeptide, are SEQ ID NO: 189 and SEQ ID NO: 190. 

20 Variants of GBS67 also exist inXains CJB111, 515, NEM316, DK21 and CJB110. For 
reference purposes, the aminp acid sequences of foil length GBS67 as found in the 
CJB111, 515, NEM316, DKGl and CJB110 strains are given as SEQ ID NOS: 191, 194, 
197, 200 and 203 hereM. Preferred GBS67 polypeptides for use with the invention 
comprise an amino a#id sequence: (a) having 60% or more identity (e.g. 60%, 65%, 

25 70%, 75%, 80%, 8S%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% 
or more) to SE(WD NOS: 191, 192, 193, 194 or 195; and/or (b) comprising a fragment 
of at least 'n'^msecutive amino acids of SEQ ID NOS: 191, 194, 197, 200 and 203, 
wherein 'n'jfV or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 
100, 150f200, 250 or more). Preferred fragments of (b) comprise an epitope from SEQ 

30 ID NQ^: 191, 194, 197, 200 or 203. Other preferred fragments lack one or more amino 
acids (e.g. 1,2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) fi'om the C-terminus and/or one 
of more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-

/terminus of SEQ ID NOS: 191, 194, 197, 200 or 203 while retaining at least one epitope 
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of SEQ ID NOS: 191, 194, 197, 200 or 203. Other fragments omit one or more protein 

domains. / 

The invention includes the use of fi'agments of GBS67 from the CJB 111,515fNEM316, 

DK21 and CJB110 strains that are analogous to fragments of GBS67 Worn the 2603 

5 strain discussed in detail above, e.g. lacking the C-terminus transmembrane region, 

lacking the transmembrane region and/or cell wall anchor motif (LP'XTG and IPMTG), 

containing conserved pilin motifs or lysine residues within the jfiiin motifs, containing 

conserved glutamic acid residues, alpha helical regions, the (&JB domain and/or the 

(vWF) type A domain. Particularly immunogenic fragments of wild-type GBS67 from 

10 the CJB111, 515, NEM316, DK21 andCJBllO are locited towards the N-terminus of 

the polypeptide, and are SEQ ID NO:192 and SE^/lD NO:193 (CJB111), SEQ ID 

NO: 195 and SEQ ID NO: 196 (515), SEQ ID NOJ98 and SEQ ID NO: 199 (NEM316), 

SEQ ID N0:201 and SEQ ID N0:202 (DK^I), and SEQ ID N0:204 and SEQ ID 

N0:205 (CJB 110). / 

15 GBS 1523 / 

The original 'GBS 1523' (SAN 1518; SETOI) sequence was annotated in reference 148 as a 
cell wall surface anchor family prQ|ein (see GI: 77408651). For reference purposes, the 

amino acid sequence of full length GBS 1523 as found in the COH1 strain is given as 

SEQ ID NO: 206 herein. Preferred GBS 1523 polypeptides for use with the invention 

20 comprise an amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 

70%, 75%, 80%, 85%, 00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% 

or more) to SEQ ID MO: 206; and/or (b) comprising a fragment of at least 'n' consecutive 

amino acids of SEQ ID NO: 206, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 

25, 30, 35, 40, iw, 60, 70, 80, 90, 100, 150, 200, 250 or more). These GBS 1523 proteins 

25 include variants of SEQ ID NO: 206. Preferred fragments of (b) comprise an epitope 

from SECf ID NO: 206. Other preferred fragments lack one or more amino acids (e.g. 1, 

2, 3, 4f 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more 

amj^o acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of 

SEQ ID NO: 206 while retaining at least one epitope of SEO ID NO: 206. Other 

3Of fragments omit one or more protein domains. 

" Wild-type GBS 1523 contains a N-terminal leader or signal sequence region at amino 

acids 1 to 29 of SEQ ID N0:206 which may be removed in fragments, e.g. SEQ ID 
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N0:207. The wild-type sequence contains an amino acid motif indicative of a cejrwall 
anchor (LPSTG) at amino acids 468-472 of SEQ ID N0:206. In some recombhrant host 
cell systems, it may be preferable to remove this motif to facilitate secretion of a 
recombinant polypeptide from the ceil. Alternatively, it may be preferabiono use the cell 

5 wall anchor motif to anchor the recombinantiy expressed polypeptidrto the cell wall. 
The extracellular domain of the expressed polypeptide mayjoe cleaved during 
purification or the recombinant polypeptide may be left attached to either inactivated 
host cells or cell membranes in the final composition. An E b^x containing a conserved 
glutamic residue has also been identified at amino acids 4f9-429 of SEQ ID N0:206, 

10 with a conserved glutamic acid at residue 423. The E bojrmotif may be important for the 
formation of oligomeric pilus-Iike structures, and so Useful fragments of GBS1523 may 
include the conserved glutamic acid residue. A mmant of GBS 1523 has been identified 
in which the glutamine (Q) at position 41 of SBQ ID N0:206 is substituted for a lysine 
(K), as a result of a mutation of a codon in the encoding nucleotide sequence from CAA 

15 to AAA. This substitution may be prestm in the GBS 1523 sequences and GBS 1523 
fragments (e.g. SEQ ID N0:208). / 

Where the compositions include bjffn GBS80 and GBS J 523, a hybrid polypeptide may 
be used. Examples of GBS80-GJIS1523 hybrids are found in reference 149 and include 
the polypeptides of SEQ ID NluS: 209-212. 

20 GBS 104 / 
The original 'GBS104^SAG0649) sequence was annotated in reference 147 as 'a cell 
wall surface anchoriamily protein' (see GI: 22533664). For reference purposes, the 
amino acid sequence of full length GBS104 as found in the 2603 strain is given as SEQ 
ID NO: 213 Iwein. Preferred GBS 104 polypeptides for use with the invention comprise 

25 an amino mid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 
80%, 8m 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to 
SEQ JD NO: 213; and/or (b) comprising a fragment of at least 'n' consecutive amino 
ac^fs of SEQ ID NO: 213, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 

40, 50, 60, 70, 80, 90, 100, 150. 200, 250 or more). These GBS 104 proteins include 
3jf variants of SEQ ID NO: 213. Preferred fragments of (b) comprise an epitope from SEQ 

ID NO: 213, Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids 
(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 
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213 while retaining at least one epitope of SEQ ID NO: 213. Other fragments omjt one 

or more protein domains. / 

GBS 1524 / 

For reference purposes, the amino acid sequence of full length GBSlfS24 is given as 

5 SEQ ID NO: 214 herein. Preferred GBS1524 polypeptides for use^with the invention 

comprise an amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 

70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%/97%, 98%, 99%, 99.5% 

or more) to SEQ ID NO: 214; and/or (b) comprising a fragm/nt of at least 'n' consecutive 

amino acids of SEQ ID NO: 214, wherein 'n' is 7 or movjf(e.g. 8, 10, 12, 14, 16, 18, 20, 

10 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 Jmore). These GBS1524 proteins 

include variants of SEQ ID NO: 214. Preferred fragments of (b) comprise an epitope 

from SEQ ID NO: 214. Other preferred fragment lack one or more amino acids (e.g. 1, 

2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or morg)' from the C-terminus and/or one or more 

amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, Ml, 15, 20, 25 or more) from the N-terminus of 

15 SEQ ID NO: 214 while retaining aUieast one epitope of SEQ ID NO: 214. Other 

fragments omit one or more protein domains. 

GBS3 / 

The original 'GBS3' (SAG2/03; BibA) sequence was annotated in reference 147 as 'a 

pathogenicity protein' (see GI:22535109). For reference purposes, the amino acid 

20 sequence of full lengtj/GBS3 as found in the 2603 strain is given as SEQ ID NO: 215 

herein. Preferred GpfS3 polypeptides for use with the invention comprise an amino acid 

sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%), 

91%, 92%, 9//0, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 

215; and/or (b) comprising a fragment of at least 'n* consecutive amino acids of SEQ ID 

25 NO: 2yfwherein V is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

70, SO, 90, 100, 150, 200, 250 or more). These GBS3 proteins include variants of SEQ 

]y NO: 215. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 215. 

/Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

/ 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 

30 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 215 while 

retaining at least one epitope of SEQ ID NO: 215. Other fragments omit one or more 

protein domains. 
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Wild-type GBS3 contains a N-terminal leader or signal sequence region at aminoracids 1 
to 36 of SEQ ID NO:215 which may be removed in fragments, e.g/sEQ ID 
NO:216.GBS3 also contains an amino acid motif indicative of a cellXvalJ anchor 
(LPXTG), a transmembrane region and cytoplasmic domains (see reference 150). The 

5 leader or signal sequence region, the transmembrane and eytoplasmi/aomains, and the 
cell wall anchor motif may all be removed from GBS3 to leave ^fragment comprising 
the coiled-coil and proline-rich segments as set forth be law (SEQ ID NO:217). 
Alternative fragments of GBS3 may comprise: the signal sequence region and coiled coil 
segment (SEQ ID NO:218); the coiled coil segment (Sfpf ID NO:219); or the signal 

10 sequence region, coiled coil segment, and proline-rich segment (SEQ ID N0:220). 

Variants of GBS3 exist in the 515 strain (SAL21L8), CJB 111 strain (SAM1974) and 
COH1 strain (SAN2207). Reference amino acid sequences for full-length GBS3 in the 
515 strain, the CJB111 strain and the COH1 stjpn are given herein as SEQ ID NO: 221, 
SEQ ID NO:222 and SEQ ID NO:223 respectively. Thus, GBS3 polypeptides for use 

15 with the invention may also comprise an Jfmino acid sequence: (a) having 60% or more 
identity (e.g. 60%, 65%, 70%, 75%, 8m, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99%, 99.5% or more) f SEQ ID NO: 221, SEQ ID NO:222 or SEQ ID 
NO:223; and/or (b) comprising a jfagment of at least 'n' consecutive amino acids of SEQ 
ID NO: 221, SEQ ID NO:222 Jr SEQ ID NO:223, wherein 'n1 is 7 or more (e.g. 8, 10, 

20 12, 14, 16, 18, 20, 25, 30, 3Sf40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These 
GBS3 proteins include jfriants of SEQ ID NO: 221, SEQ ID NO:222 or SEQ ID 
NO:223. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 221, SEQ ID 
NO:222 or SEQ 1DJN0:223. Other preferred fragments lack one or more amino acids 
(e.g. 1, 2, 3, 4, 5 Jb, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or 

25 more amino adns (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1.5, 20, 25 or more) from the N-
terminus ofj&EQ ID NO: 221, SEQ ID NO:222 or SEQ ID NO:223while retaining at 
least oneXitope of SEQ ID NO: 22), SEQ ID NO:222 or SEQ ID NO:223. Other 
fragmiyis omit one or more protein domains. 

Tlwmventinn includes the use of fragments of GBS3 from the 515, cjbl 11 and cohl 
30 strains that are analogous to fragments ofGBS3 from the 2603 strain discussed in detail 

/above, e.g. lacking the N-terminal leader or signal sequence region; comprising the 
f coiled-coil and proline-rich segments; comprising the signal sequence region and coiled 
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coil segment; comprising the coiled coil segment; or comprising the signal sequence 

region, coiled coil segment, and proline-rich segment. / 

SAN 1485 / 

The original 'SAN 1485' sequence was annotated in reference 148 as 1 cellfwall surface 

5 anchor family protein ' (see GI: 77408233). For reference purposes,ifhe amino acid 

sequence of full length SAN 1485 as found in the COH1 strain is giWn as SEQ ID NO: 

224 herein. Preferred SAN 1485 polypeptides for use with the indention comprise an 

amino acid sequence: (a) having 60% or more identity (e.g. 60/^65%, 70%, 75%, 80%, 

85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ 

10 ID NO: 224; and/or (b) comprising a fragment of at least consecutive amino acids of 

SEQ ID NO: 224, wherein 'n' is 7 or more (e.g. 8, 10, ljfl4, 16, 18, 20, 25, 30, 35, 40, 

50, 60, 70, 80, 90, 100, 150, 200, 250 or more). /lTiese SAN1485 proteins include 

variants of SEQ ID NO: 224. Preferred fragments (b) comprise an epitope from SEQ 

ID NO: 224. Other preferred fragments lack on^or more amino acids (e.g. 1, 2, 3, 4, 5, 

15 6,7, 8, 9, 10, 15, 20. 25 or more) from the G^erminus and/or one or more amino acids 

(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 o/more) from the N-terminus of SEQ ID NO: 

224 while retaining at least one epitope err SEQ ID NO: 224. Other fragments omit one 

or more protein domains. $ 

GBS 147 / 

20 The original 'GBS 147' (SAG(MI6) sequence was annotated in reference 147 as 'a 

putative protease' (see GI:22^33435). For reference purposes, the amino acid sequence 

of full length GBS 147 as iound in the 2603 strain is given as SEQ ID NO: 225 herein. 

Preferred GBS 147 polypeptides for use with the invention comprise an amino acid 

sequence: (a) havingM)% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%), 90%, 

25 91 %, 92%, 93%, 9^A, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 225 

and/or (b) composing a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 

225, wherein^ is 7 or more (e.g. 8, 10,12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 

90, 100, lift), 200, 250 or more). These GBS 147 proteins include variants of SEQ ID 

NO: 225? Preferred fragments of (b) comprise an epitope from SEQ ID NO: 225. Other 

30 preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

25^fr more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 
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8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 225 while retaining at 
least one epitope of SEQ ID NO: 225. / 

GBS328 / 

5 The original 'GBS328' (SAG!333) sequence was annotated in refeipice 147 as ' 5-
nucleotidase family protein ' (see GI: 22534359). For reference purposes, the amino acid 
sequence of full length GBS328 as found in the 2603 strain is gi^en as SEQ ID NO:226 
herein. Preferred GBS328 polypeptides for use with the invention comprise an amino 
acid sequence: (a) having 60% or more identity (e.g. 60%,Jo%, 70%, 75%, 80%, 85%, 

10 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID 
NO: 226; and/or (b) comprising a fragment of at lean 'n' consecutive amino acids of 
SEQ ID NO: 226, wherein 'n' is 7 or more (e.g. 8, 12, 14, 16, 18, 20, 25, 30, 35, 40, 
50, 60, 70, 80, 90, 100, 150, 200, 250 or more), yfese GBS328 proteins include variants 
of SEQ ID NO: 226. Preferred fragments of (m comprise an epitope from SEQ ID NO: 

15 226. Other preferred fragments lack one or yore amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 15, 20, 25 or more) from the C-termhws and/or one or more amino acids (e.g. 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more^'om the N-terminus of SEQ ID NO: 226 while 
retaining at least one epitope of SE® ID NO: 226. Other fragments omit one or more 
protein domains. / 

20 GBS84 / 

The original 'GBS84' (SAG09O7) sequence was annotated in reference 147 as 'a putative 
lipoprotein' (see GI: 225/3929). For reference purposes, the amino acid sequence of foil 
Jength GBS84 as founi in the 2603 strain is given as SEQ ID NO: 227 herein. Preferred 
GBS84 polypeptide for use with the invention comprise an amino acid sequence: (a) 

25 having 60% or Xe identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 
93%, 94%, 95fC 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 227; and/or (b) 
comprising fragment of at least 'n' consecutive amino acids of SEQ ID NO: 227, 
wherein m is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 
100, \p0, 200, 250 or more). These GBS84 proteins include variants of SEQ ID NO: 

30 22y Preferred fragments of (b) comprise an epitope from SEQ ID NO: 227. Other 
n/eferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

/25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 
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8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 227 while retaininj^at 

least one epitope of SEQ ID NO: 227. Other fragments omit one or more m>otein 

domains. / 

Combinations with GBS saccharides / 

5 GBS59 polypeptides may be combined with one or more GBS capsularisaccharide(s), 

which will typically be conjugated to carrier protein(s). Thus the invention provides an 

immunogenic composition comprising a combination of: / 

(1) a GBS59 polypeptide as discussed above; and / 

(2) one or more GBS capsular saccharides. / 

10 A saccharide used in component (2) of this combination isiaeaily present as a conjugate 

comprising a saccharide moiety and a carrier protein moiety. The carrier moiety in the 

conjugate may be a single GBS59 polypeptide, a hybrid GBS59 polypeptide, a non-

GBS59 GBS polypeptide, or a non-GBS polypeptide 

The saccharide is from the capsular saccharide of GBS. The saccharide may be a 

15 polysaccharide having the size that arises firing purification of the saccharide from 

bacteria, or it may be an oligosaccharide achieved by fragmentation of such a 

polysaccharide. / 

A composition may include a capsular saccharide from one or more of the following 

streptococcal serotypes: la, lb, Ia/e, II, III, IV, V, VI, VII and VIII. A composition may 

20 include multiple serotypes e.g^2, 3, 4, 5, 6, 7, or 8 serotypes. Including a saccharide 

from one or more of serotypes la, lb, II, III & V is useful. The capsular saccharides of 

each of these five serotypes include: (a) a terminal yV-acetyl-neuraminic acid (NeuNAc) 

residue (commonly rejpred to as sialic acid), which in all cases is linked 2—>3 to a 

galactose residue; aSnd (b) a A'-acetyl-glucosamine residue (GlcNAc) within the 

25 trisaccharide core./ 

Saccharides usfd according to the invention may be in their native form, or may have 

been modifrcl. For example, the saccharide may be shorter than the native capsular 

saccharidjjf or may be chemically modified. For instance, the saccharide may be 

de-O-^tylated (partially or frilly), de-N-acetylated (partially or fully) or N-propionated 

30 (partially or fully), etc. De-acetylation may occur before, during or after conjugation, but 

prarierably occurs before conjugation. Depending on the particular saccharide, 



WO 2011/121576 PCT/IB2011/051415 

96 / 

de-acetylation may or may not affect irnmunogenicity. The relevance ofO-acetyMtion on 
GBS saccharides in various serotypes is discussed in ref. 151, and in some embodiments 
O-acetylation of sialic acid residues at positions 7, 8 and/or 9 is retained before, during 
and after conjugation e.g. by protection/de-protection, by re-acetylatiojg etc. However, 

5 typically the GBS saccharide used in the present invention hasfsubstantially no 
O-acetylation of sialic acid residues at positions 7, 8 and/of 9. The effect of 
de-acetylation etc. can be assessed by routine assays. Another.^ossible modification is 
the removal of sialic acid residues from the saccharide, such a£side-chain terminal sialic 
acids [152]. In particular, when a serotype V capsular saccharide is used in the 

10 invention, it may be modified by desialylation as descrjoed in ref. [152], Desialylated 
GBS serotype V capsular saccharidc may be preparedly treating purified GBS serotype 
V capsular saccharide under mildly acidic conditions (e.g. 0.1M sulphuric acid at 80°C 
for 60 minutes) or by treatment with neuraminidase, as described in ref. [152]. In another 
example, full-length polysaccharides may bcmlepolymerised to give shorter fragments 

15 for use with the invention e.g. by hyd^/lysis in mild acid, by heating, by sizing 
chromatography, etc. Chain length has hj6en reported to affect irnmunogenicity of GBS 
saccharides in rabbits [153]. In particular, when a serotype II and/or III capsular 
saccharide is used in the invention/it may be depolymcrised as described in ref. 154. 
This document describes the p<y,<ial depolymerization of type II and type III capsular 

20 saccharides by mild deaminatj^ cleavage to antigenic fi'agments with reducing-terminal 
2,5-anhydro-D-mannose rescues. 

Capsular saccharides caiFbe purified by known techniques, as described in the references 
herein such as ref. E>5. A typical process involves base extraction, centrifugation, 
filtration, RNase/IpJase treatment, protease treatment, concentration, size exclusion 

25 chromatography# ultrafiltration, anion exchange chromatography, and further 
ultrafiltration/As an alternative, the purification process described in ref. 156 can be 
used, Thijf process involves base extraction, ethanol/CaCl2 treatment, CTAB 
precipitator!, and re-solubilisation. 

The invention is not limited to saccharides purified from natural sources, however, and 
30 th^accharides may be obtained by other methods, such as total or partial synthesis. 

Saccharides will typically be conjugated to a carrier protein. In general, covaient 
/ conjugation of saccharides to carriers enhances the irnmunogenicity of saccharides as it 
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converts them from T-independent antigens to T-dependent antigens, thus allowing 
priming for immunological memory. / 

Conjugation of GBS saccharides has been widely reported e.g. see refs. \57Aa 164. The 
typical prior art process for GBS saccharide conjugation involves reductive amination of 

5 a purified saccharide to a carrier protein such as tetanus toxoid (TT) m CRM 197 [158]. 
The reductive amination involves an amine group on the side chainrof an amino acid in 
the carrier and an aldehyde group in the saccharide. As GBS capsular saccharides do not 
include an aldehyde group in their natural form then this is topically generated before 
conjugation by oxidation (e.g. periodate oxidation) of a portion of the saccharide's sialic 

10 acid residues [158, 165]. Conjugate vaccines prepared tiyihis manner have been shown 
to be safe and immunogenic in humans for each of CBS serotypes la, lb, II, III, and V 
[166]. / 

Preferred carrier proteins are bacterial toxins, sdch as diphtheria or tetanus toxins, or 
toxoids or mutants thereof. These are commojfly used in conjugate vaccines. A carrier 

15 protein 5n a conjugate may or may not be om of the GBS59 antigens of (1). If it is not a 
GBS59 antigen It may instead be a different GBS antigen. In some embodiments, 
though, the carrier is not a GBS antigejfand may be e.g. a bacterial toxin or toxoid. 

Typical carrier proteins are diphth#ia or tetanus toxoids or mutants thereof. Fragments 
of toxins or toxoids can also be used e.g. fragment C of tetanus toxoid [167]. The 

20 CRM197 mutant of diphtherimoxin [168-170] is a particularly useful with the invention. 
Other suitable carrier proteins include N.meningitidis outer membrane protein complex 
[171], synthetic peptides [172,173], heat shock proteins [174,175], pertussis proteins 
[176,177], cytokines^fl78], lymphokines [188], hormones [188], growth factors, 
artificial proteins comprising multiple human CD4"^ T cell epitopes from various 

25 pathogen-derivdfantigens [179] such as N19 [180], protein D from H.influenzae 
[181-183], ircm-uptake proteins [184], toxin A or B from C.difficile [185], recombinant 
P.aeruginosa exoprotein A (rEPA) [186], etc. 

Where jr composition includes more than one conjugate, each conjugate may use the 
sameifarrier protein or a different carricr protein. 

30 Income embodiments, a single conjugate may carry saccharides from multiple serotypes 
yfl87]. Usually, however, each conjugate will include saccharide from a single serotype. 
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Conjugates may have excess carrier (w/w) or excess saccharide (w/w)/ln some 
embodiments, a conjugate may include equal weights of each. For exarnpyf conjugates 
with a sacchariderprotein ratio (w/w) of between 1:5 and 5:1 may be usm, in particular 
ratios between j :5 and 2:1. / 

5 The carrier molecule may be covalently conjugated to the carrier cpectly or via a linker. 
Direct linkages to the protein may be achieved by, for instance, reductive amination 
between the saccharide and the carrier, as described in, for example, references 188 and 
189. The saccharide may first need to be activated e.g. My oxidation. Linkages via a 
linker group may be made using any known procedure, for example, the procedures 

10 described in references i 90 and 191. A preferred typ#of linkage is an adipic acid linker, 
which may be formed by coupling a free -NH2 Aup (e.g. introduced to a glucan by 
amination) with adipic acid (using, for example/diimide activation), and then coupling a 
protein to the resulting saccharide-adipic acj#mtermediate [192,193]. Another preferred 
type of linkage is a carbonyl linker, whiehJnay be formed by reaction of a free hydroxy I 

15 group of a saccharide CDI [194, 195Mollowed by reaction with a protein to form a 
carbamate linkage. Other linkers incjBde p-propionamido [196], nitrophenyl-ethylamine 
[197], haloacyl halides [198], gljrcosidic linkages [199], 6-aminocaproic acid [200], 
ADH [201], C4 to C12 moieties^[202], etc. Carbodiimide condensation can also be used 
[203]. / 

20 Combinations with non-GBE antigens 

The GBS59 clade combinations may be used in combination with non-GBS antigens. 
Thus the invention Provides an immunogenic composition comprising a combination of: 

(1) a combination of at least two GBS59 clades as discussed above, as a mixture or 
hybrid; M 

25 (2) out or more antigen(s) selected from the group consisting of: diphtheria toxoid; 
te^nus toxoid; one or more pertussis antigens; hepatitis B virus surface antigen; an 
inactivated poliovirus antigen;; a conjugate of the capsular saccharide antigen from 

i serogroup C of Neisseria meningitidis; a conjugate of the capsular saccharide 
g antigen from serogroup Y of Neisseria meningitidis; a conjugate of the capsular 

3jf saccharide antigen from serogroup W135 of Neisseria meningitidis; a conjugate of 
the capsular saccharide antigen from serogroup A of Neisseria meningitides; one or 
more influenza antigens; and one or more human papillomavirus antigens. 
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Diphtheria toxoid can be obtained by treating (e.g. using formaldehyde) diphtheria toxin 

from Corynebaclerium diphlheriae. Diphtheria toxoids are disclosed in moje detail in, 

for example, chapter 13 of reference 204. / 

Tetanus toxoid can be obtained by treating (e.g. using formaldehyde) tetanus toxin from 

5 Clostridium letani. Tetanns toxoids are disclosed in more detail in chapter 27 of 

reference 204. / 

Pertussis antigens in vaccines are either cellular (whole cell, Jftv) or aceilular (Pa). The 

invention can use either sort of pertussis antigen. Preparation of cellular pertussis 

antigens is well documented (e.g. see chapter 21 of inference 204) e.g. it may be 

10 obtained by heat inactivation of phase I culture of B.pertussis. Aceilular pertussis 

antigen(s) comprise specific purified B.pertussis antigens, either purified from the native 

bacterium or purified after expression in a recombinant host. It is usual to use more than 

one aceilular antigen, and so a compositioiifmay include one, two or three of the 

following well-known and well-characterized B.pertussis antigens: (1) detoxified 

15 pertussis toxin (pertussis toxoid, or 'PTiJ; (2) filamentous hemagglutinin ('FHA'); (3) 

pertactin (also known as the '69 ki/oDalton outer membrane protein'). FHA and 

pertactin may be treated with formaldehyde prior to use according to the invention. PT 

may be detoxified by treatment/with formaldehyde and/or glutaraldehyde but, as an 

alternative to this chcmical detoxification procedure, it may be a mutant PT in which 

20 enzymatic activity has bee;/reduced by mutagenesis [205]. Further aceilular pertussis 

antigens that can be used-include fimbriae (e.g. agglutinogens 2 and 3). 

Hepatitis B virus sui/ace antigen (HBsAg) is the major component of the capsid of 

hepatitis B virus. Ms conveniently produced by recombinant expression in a yeast, such 

as a Saccharomyies cerevisiae. 

25 Inactivated npliovirus (IPV) antigens are prepared from viruses grown on cell culture 

and then motivated (e.g. using formaldehyde). Because poliomyelitis can be caused by 

one of/hree types of poliovirus, as explained in chapter 24 of reference 204, a 

conmesition may include three poliovirus antigens: poliovirus Type 1 (e.g. Mahoney 

stimn), poliovirus Type 2 (e.g. MEF-1 strain), and poliovirus Type 3 (e.g. Saukett 

30 Arain). 
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When a composition includes one of diphtheria toxoid, tetanus toxoidyor an aceilular 
pertussis antigen in component (2) then it will usually include all rfree of them i.e. 
component (2) will include a D-T-Pa combination. / 

When a composition includes one of diphtheria toxoid, tetanus toxoid or a cellular 
5 pertussis antigen in component (2) then it will usually include all three of them i.e. 

component (2) will include a D-T-Pw combination. / 

Human papillomavirus antigens include LI eapsid proteirfs, which can assemble to form 
structures known as virus-like particles (VLPs). 'rfie VLPs can be produced by 
recombinant expression of LI in yeast cells (e.g. in Sjfcerevisiae) or in insect cells (e.g. in 

10 Spodoptera cells, such as S.frugiperda, or in Drosophila cells). For yeast cells, plasmid 
vectors can carry the LI gene(s); for insect ce$s5 baculovirus vectors can carry the LI 
gene(s). More preferably, the composition deludes LI VLPs from both HPV-16and 
HPV-18 strains. This bivalent combination/has been shown to be highly effective [206]. 
In addition to HPV-16 and HPV-18 strams, it is also possible to include LI VLPs from 

15 HPV-6 and HPV-11 strains to give a Mravalent combination. 

Influenza antigens may be in theiform of currently an influenza virus vaccine. Various 
forms of influenza virus vaccine are currently available (e.g. see chapters .17 & 18 of 
reference [204]). Vaccines afe generally based either on live virus, inactivated virus, 

20 recombinant hemagglutinin or virosomes. Inactivated vaccines may be based on whole 
virions, split virions, ojfon purified surface antigens. The antigen in vaccines of the 
invention may take thy form of a live virus or, more preferably, an inactivated virus. The 
vaccine can be, fojf instance, a trivalent vaccine (e.g. including hemagglutinin from a 
A/H1N1 strain, mhJW3N2 strain and a B strain). In other embodiments the vaccine is a 

25 monovalent vaccine (e.g. including hemagglutinin from a A/H1N1 strain or a A/H5NI 
strain). TIK/vaccine can be adjuvanted (e.g. with an oil-in-water emulsion) or 
unadjuvacrfed. 

Antibodies 

Antjroodies against GBS antigens can be used for passive immunisation [207]. Thus the 
30 invention provides a combination of antibodies for simultaneous, separate or sequential 

/administration, wherein the combination includes at least two of: (a) an antibody which 
/ recognises a first amino acid sequence as defined above; (b) an antibody which 
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recognises a second amino acid sequence as defined above; and/or (c) an antibody which 

recognises a third amino acid sequence as defined above. / 

The invention also provides the use of such antibody combinations in therapy. The 

invention also provides the use of such antibody combinations in thenmanufacture of a 

5 medicament. The invention also provides a method for treating ^riammal comprising 

the step of administering lo the mammal an effective amount ofrsuch a combination. As 

described above for immunogenic compositions, these methods and uses allow a 

mammal to be protected against GBS infection. / 

Monoclonal antibodies that can be used in conjunction with the invention include 

10 17C4/A3 and 4H11/B7, which bind the surface-exposed fragment of D3 (515 clade) at 

amino acids 411-436 (SEQ ID NO: 270). The h£avy chain of4Hll/B7 comprises the 

amino acids provided in SEQ ID NO: 263 ana is encoded by a nucleic acid molecule 

comprising SEQ ID NO: 262. The light cijflin of 4H11/B7 comprises the amino acids 

provided in SEQ ID NO: 265 and is encoded by a nucleic acid molecule comprising 

15 SEQ ID NO; 264. The heavy chain ojn7C4/A3 comprises the amino acids provided in 

SEQ ID NO: 267 and is encoded by a nucleic acid molecule comprising SEQ ID NO: 
266. The light chain of 17C4/A3^comprises the amino acids provided in SEQ ID NO: 

269 and is encoded by a nuclej'C acid molecule comprising SEQ ID NO: 268. 

The present invention provides antibodies with significant sequence identity to 17C4/A3 

20 and 4H11/B7 and nuclpfc acid molecules encoding such antibodies. For example, the 

present invention indudes antibodies having a heavy chain with greater than 60, 70, 80, 

90, 95, 96, 97, 98,# 99% sequence identity to the heavy chain of4Hl 1/B7 (SEQ ID NO: 

263) and/or havfng a light chain with greater than 60, 70, 80, 90, 95, 96, 97, 98 or 99% 

sequence identity to the light chain of 4H11/B7 (SEQ ID NO: 265). The present 

25 invention/lso includes antibodies having a heavy chain with greater than 60, 70, 80, 90, 

95, 96^7. 98 or 99% sequence identity to the heavy chain of 17C4/A3 (SEQ ID NO: 

267j^fnd/or having a light chain with greater than 60, 70, 80, 90, 95, 96, 97, 98 or 99% 

sequence identity with the light chain of 17C4/A3 (SEQ ID NO: 269). The present 

^invention also includes nucleic acid molecules with greater than 60, 70, 80, 90, 95, 96, 

yf 97, 98 or 99% sequence identity to SEQ ID NO: 262. 264, 266, or 268. 

These antibody sequences are full length sequences. The skilled person could use the 

variable domains or specifically the CDR regions of these antibodies to generate 
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alternative antibodies such as humanised antibodies. The invention encompasses such 
antibodies. I 

The term "antibody" includes intact immunoglobulin molecules, as well as fragments 
thereof which are capable of binding an antigen. These include jfybrid (chimeric) 

5 antibody molecules [208, 209]; F(ab')2 and F(ab) fragments andrFv molecules; non-
covalent heterodimers [210, 2] I]; single-chain Fv molecules (|rv) [212]; dimeric and 
trimeric antibody fragment constructs; minibodies [213, humanized antibody 
molecules [215-217]; and any functional fragments obtained from such molecules, as 
well as antibodies obtained through non-conventional pjocesses such as phage display. 

10 Preferably, the antibodies are monoclonal antibodies. I^ethods of obtaining monoclonal 
antibodies are well known in the art. Humanised or Jally-human antibodies are preferred. 

General £ 

The practice of the present invention w\m employ, unless otherwise indicated, 
conventional methods of chemistry, biochemistry, molecular biology, immunology and 

15 pharmacology, within the skill of the art. Such techniques are explained fully in the 
literature. See, e.g., references 218-22j^Wc. 

"GI" numbering is used above. A CM number, or "Genlnfo Identifier", is a series of digits 
assigned consecutively to each sequence record processed by NCBI when sequences are 
added to its databases. The GMiumber bears no resemblance to the accession number of 

20 the sequence record. Whenfa sequence is updated (e.g. for correction, or to add more 
annotation or information) then it receives a new GI number. Thus the sequence 
associated with a giveimjl number is never changed. 

Where the inventiocfconcerns an "epitope", this epitope may be a B-cell epitope and/or a 
T-cell epitope, jruch epitopes can be identified empirically (e.g. using PEPSCAN 

25 [226,227] or ^ffnilar methods), or they can be predicted (e.g. using the Jameson-Wolf 
antigenic iirax [228], matrix-based approaches [229], MAPITOPE [230], TEPITOPE 
[23 l,232^eural networks [233], OptiMer & EpiMer [234, 235], ADEPT [236], Tsites 
[237], jwdrophilicity [238], antigenic index [239] or the methods disclosed in references 
240-Jm, etc.). Epitopes are the parts of an antigen that are recognised by and bind to the 

30 an«gen binding sites of antibodies or T-cell receptors, and they may also be referred to 
Is "antigenic determinants". 
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The term "comprising" encompasses "including" as well as "consisting e.g. a 
composition "comprising" X may consist exclusively of X or may inciud/ something 
additional e.g. X + Y. f 

The word "substantially" does not exclude "completely" e.g. a composition which is 
5 "substantially free" from Y may be completely free from Y. Wheiynecessary, the word 

"substantially" may be omitted from the definition of the invention. 

The term "about" in relation to a numerical value x is optional and means, for example, 
JC±1 0%. / 

Unless specifically stated, a process comprising afstep of mixing two or more 
10 components does not require any specific order oMnixing. Thus components can be 

mixed in any order. Where there are three components then two components can be 
combined with each other, and then the combination may be combined with the third 
component, etc. / 

Antibodies will generally be specific fjr their target. Thus they will have a higher 
15 affinity for the target than for an irrelevant control protein, such as bovine serum 

albumin. / 

References to a percentage sequence identity between two amino acid sequences means 
that, when aligned, that percentage of amino acids are the same in comparing the two 
sequences. This alignmerjjf and the percent homology or sequence identity can be 

20 determined using software programs known in the art, for example those described in 
section 7.7.18 of ref. 245. A preferred alignment is determined by the Smith-Waterman 
homology search algorithm using an affme gap search with a gap open penalty of 12 and 
a gap extension Penalty of 2, BLOSUM matrix of 62. The Smith-Waterman homology 
search algorithjn is disclosed in ref. 246. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure in (A) pairwise alignment between 5". pneumoniae RrgB and S. agalacliae BP-2a 
515 wiant; (B) Model of BP-2a 515 variant 

figure 2: Identification of internal isopeptide bonds by MALDI TOF mass 
^spectrometry. The recombinant protein BP-2a 515 variant was run on a 4-12% 

yf acrylamide SDS-PAGE. The protein was "in gel" digested with Lys-C. The peptides 
produced by the digestion were either directly analyzed by MALDI TOF mass 
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spectrometry (upper panel) or were modified with O-methylisourea prior the analysis 
(lower panel). Signal for isopeptide bonded peptides in domain D4 (A), D2^(B) and 
D3(C) were observed. (•) Trypsin autodigestion product. (*) Peak not identified 

Figure 3: (A) SDS-PAGE of purified recombinant BP-2a 515 variantivith (WT) and 
5 without isopeptide bonds (AIB). (B) Opsonophagocytosis assay of m^ce antisera raised 

against BP-2a 515 variant with (WT) and without isopeptide bonds/AIB). 

Figure 4: (A) schematic representation of four domains of BP-2&-515 variant;;(B) FACS 
analysis on 515 GBS strain with mouse sera raised again|f each BP-2a domain; (C) 
Opsonophagocytosis assay with mouse sera raised against each domain of BP-2a-515 

10 variant. / 
Figure 5: (A) Superimposition of variants 515 an#H36B. The best model for H36B 
variant (SAJ_1511) after loop refinement reporteda validation score of 165.3 compared 
with the expected high score value of 215 am low score value of 96.8; (B) schematic 
representation of domains ofBP-2a H36B variant 

15 Figure 6: (A) multiple alignment of amlm acid sequences corresponding to domains D3 
plus 2 helices of domains D4 harbouring to allelic variant of BP-2a; (B) schematic 
representation of fusion proteins^ (C) SDS-PAGE of purified recombinant fusion 
proteins detected by Comassie sraining; (D) FACS analysis on GBS strains expressing 
different BP-2a variants with jnouse antisera sera raised against fusion protein 6xD3; (E) 

20 Opsonophagocytosis assamvith mouse antisera raised against fusion proteins 6xD3 and 
4xD3H. / 
Figure 7: Crystal structure of BP-2a-515 solved and refined at 1.75 A resolution via 
molecular replacement. Data collection and refinement statistics are shown in Table 2. 
The crystal aswimetric unit contains a dimer of two independent chains (A: residues 

25 192-640 andJB: residues 190-641), each made up of three distinct domains: D2 (residues 
190-332)JD3 (residues 333-455) and D4 (residues 456-641) 

MOB^S FOR CARRYING OUT THE INVENTION 

StmplQcoccus agalactiae (Group B Streptococcus [GBS]) is the most common cause of 
Jcpsis and meningitis in neonates and is also the primary colonizer of the anogenital 

3jf mucosa of healthy women. Recently, three pilus types have been discovered in GBS as 
? important virulence factors. The genes involved in pilus assembly are clustered in 
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characteristic genomic loci (named PI-1, PI-2a and PI-2b), each encoding three^proteins 

containing a LPXTG motif representing the structural components of the pilijf and two 

sortase enzymes catalyzing protein polymerization. Each of the three pilus^fypes carries 

two protective antigens. Among these, the backbone protein of pilus t^pe 2a (BP-2a), 

5 showed the highest degree of gene variability and was able to sigmficantly mediate 

opsonophagocytic activity and to confer protection in mice ifnly against strains 

expressing the homologous allele. In order to map immunodominant and protective 

epitopes of the allelic variants of BP-2a, we performed a structural characterization of 

the protein by comparative homology modelling and onfthe basis of this structural 

10 information, we generated deletion mutants of the mail/variants corresponding to the 

four IgG-Iike fold domains identified. In vitro and in/vivo studies showed that only the 

C-terminal portion of the protein was highly Surface-exposed and able to elicit 

opsonophagocytic antibodies conferring protection in mice. In particular, domain D3 

appeared to be the most important for the protective immunity of the main four allelic 

15 variants analyzed. Finally, we showed thpr a broad protective vaccine against GBS 

infection can be generated with a fusioiWprotein containing D3 domains from different 

BP-2a variants. / 

Materials and Methods f 

Comparative homology modelling 

20 All molecular simulations Were performed using Discovery Studio 2.5 software from 

Accelrys, USA. The amino acid sequences of the BP-2a (515 variant, TIGR annotation 

SAL_1486 and H36B Variant, TIGR annotation SAI_1511) were used to search against 

the Protein Data Ba^fk (PDB) with the BLAST program tool [247]. The best template 

structure for both/protein sequences for homology modelling resulted to be the crystal 

25 portion (residues 187 to 627) of RrgB (PDB code: 650), the backbone protein of S. 

pneumoniaefpilus, that was obtained from the PDB database. Pairwise sequence 

alignmenM>etween SAL_1486 and RrgB and between SAI 1115 and RrgB were done 

using mdliple sequence alignment tool in DS 2.5 followed by manual modifications to 

impafve the alignment quality. The models were generated with MODELER [248] from 

30 pwlein modelling module of DS 2.5, performing both homology modelling and loop 

^fefining for the protein. Ten models have been generated and the model which shared the 

// least RMS deviation with respect to trace (Ca atoms) of the crystal structure of the 
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template, was selected for further refinements and validations. The quality ojfhe refined 
structure obtained for SAL_1486 was checked with verify Proftle-3D module in DS 2.5, 
and its stereochemical quality was examined by Ramacbandran piot using DS 2.5. In 
order to optimize particular loop regions in the generated structure J)r SAl l511, the 

5 loop refinement module, based on CHARMm and Looper molecular mechanics, of DS 
2.5 was used. Finally, the mode! structures generated have bejfn superimposed using 
Align Structures module of DS 2.5. / 

Protein Crystallization i 
Crystallization trials were set up in 96-well microbatch j^ates (Greiner) using the Orxy 

10 8.0 crystallization robot (Douglas Instruments). Cryst^s of BP-2a»515 grew after one to 
two weeks at 20°C in a 0.5 jxl drop consisting of Oif j,tl protein (180 mg/ml) in 10 mM 

HEPES pH 7.0 and 0.2 JIJ crystallization solutionj^25 % (w/v) PEG 4000, 0.1 M HEPES 
pH 7.0 and 90 mM potassium sodium tartrate Jetrahydrate), layered with silicon oil and 
paraffin, mixed at a ratio of 1:1. Crystals#were cryoprotected in the crystallization 

15 solution containing increased precipitant (^ncentration (40 % (w/v) PEG4000). Crystals 
belong to the orthorhombic P2|2i2i spdfe group with two BP-2a 515 chains present in 
the asymmetric unit, and an est imatedisol vent content of 53 %. 

Structure solution and refinement 
Diffraction data from a single Crystal were collected at a resolution of 1.75 A at the 

20 European Synchrotron Radiation Facility (Grenoble, France; beam line ID23-1). Data 
were processed using imosjmi (32) and SCALA (33) available from the CCP4 Program 
Suite (34). The crystal Aicture of BP-2a~515 was solved by molecular replacement 
using the program Mcrfep (35) and the structure of the pilus backbone protein (RrgB) 
from >S. pneumomaef(\5) (PDB 2X9W), as a search model. The intial Molrep output 

25 model was extended using ARP/wARP (36). The structure was refined using REFMAC 
5 (37) and modeled to electron density maps using Coot (38). The latter stages of 
refinement included the translational-libration-screw (TLS) option (39). During model 
building am refinement, it became apparent that the protein had been cleaved at the N-
terminujflacking approximately 190 residues, as previously observed for RrgB (15). The 

30 final jnodel displays optimal stereochemical geometric parameters with 99.1% of 
resMlues in the most favorable regions of the Ramachandran plot, with no outliers, 
^cording to validation carried out using MoJProbity 

/(http://molprobity.biochem.duke.edu/) (40, 41). Atomic coordinates and structure factors 

http://molprobity.biochem.duke.edu/
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for residues 190-640 of BP-2a-515 have been deposited in the Protein Dara Bank, 
Research Collaboratory for Structural Bioinforrnatics, Rutgers University, New 
Brunswick, NJ (http://www.rcsb.org) under accession code 2XTL (Rewence to add 
PDB: Berman, H.M., et al., The Protein Data Bank. Nucleic Acids Resf2000. 28(1): p. 

5 235-42.). / 

Bacterial strains and growth conditions // 

The GBS strains used in this work were 2603 V/R (serotype V), 515 (la), CJB 311 (V), 
H36B (serotype lb), 5401 (II) and 3050 (II). Bacteria vva/e grown at 37°C in Todd 
Hewitt Broth (THB; Difco Laboratories) or in trypticase sdy agar supplemented with 5% 

10 sheep blood. M 

Cloning, expression, purification of recombinant Soteins and antisera. 

GBS strains 515 and H36B were used as source of DNA for cloning the sequences 
coding for the single domains (Dl, D2, D3 md D4) of the BP-2a 515 and H36B allelic 
variants. Genomic DNA was isolated by ^standard protocol for gram-positive bacteria 

15 using a NucleoSpin Tissue kit (Macjterey-Nagel) according to the manufacturer's 
instructions. Genes corresponding to each domain were first cloned into 
pENTRTM/TEV/D-TOPO vector (Ij^itrogen) and then sub-cloned into pET54 DEST 
vector (N-terminal 6xHIS tag) omET59 DEST (N-terminal 6xHis-TRX tag) (Novagen) 
using the GATEWAY clonimpystem (Invitrogen), with the exception of D3 domain of 

20 SAI_1511, which was c\omd in the pSpeedET vector by PIPE cloning method [249]. 
The oligos used are lisled in Table 1. The resulting constructs were checked for 
sequencing and then transformed into E, coli BL21(DE3) (Novagen) for the expression 
as 6His- or TRX-tagged fusion proteins. 

The full length fficombinant BP-2a proteins, corresponding to 515, CJB111 and 2603 
25 allelic variany(TIGR annotation SAL1486, SAM1372 and SAG1407, respectively), 

were produpd as previously reported [2], while the full length H36B variant (TIGR 
annotation/SAI 1531) was cloned in pET24b+ (Novagen) using strain H36B as source 
ofDNjfPrimers were designed Lo amplify the coding regions without the signal peptide 
and Jne 3' terminal sequence starting from the LPXTG motif. 

30 life genes coding for the BP-2a fusion proteins, 6XD3 and 4XD3-H, were synthetically 
/constructed from GENEART. The 6XD3 gene was then cloned into pET15 vector 

http://www.rcsb.org
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adapted in house using PIPE cloning in E. coli HK100 strain. The 4XD3-H gene was 
sub-cloned using Ndel and Xhol restriction enzymes into the expression vector pCold 
(N-terminal 6xHIS-tag, Takara). The final constructs were sequenced and transform© 
BL2I(DE3) (Novagen). 

5 For the recombinant protein expression, the cultures were maintained at 25/C for 5h 
after induction with ImM IPTG for the pET clones or with 0.2% arabkfose for the 
SpeedET clones. All recombinant proteins were purified by affinity chromatography and 
gel filtration. Briefly, cells were harvested by centrifugation and lyse/in "lysis buffer", 
containing lOmM imidazole, lmg\ml lysozyme, 0.5 mg\ml DNA%e and COMPLETE 

10 inhibitors cocktail (Roche) in PBS. The lysate was clarifiednDy centrifugation and 
applied onto His-Trap HP column (Armesham Bioscience^) pre-equilibrated in PBS 
containing lOmM imidazole. Protein elution was perfatrned using the same buffer 
containing 250mM imidazole, after two wash steps uiprig 20mM and 50mM imidazole 
buffers. The eluted proteins were then concentrated and loaded onto HiLoad 16/60 

15 Superdex 75 (Amersham Biosciences) pre-equiljgrated in PBS. For the expression of 
the 4XD3-H was maintained at 37°C until OEroOOnm reached the value of 0.7 and after 
induction in the presence of 1 mM IPTG, the temperature was switched to 20°C and the 
culture was maintained at this temperature overnight. Protein concentration of the pure 
fractions was estimated using BCA as^ay (PIERCE). 

20 Antisera specific for each proteirwere produced by immunizing CD1 mice with the 
purified recombinant proteinspreviously described [250]. Protein-specific immune 
responses (total Ig) in pooled^sera were monitored by ELISA. 

Site-directed Mutagenesis 

For the generation of the mutated form of BP-2a 515 variant, containing the lysine 
25 residues involvedf in the isopeptide bonds mutated into alanine, mutations were 

introduced intcmne wild type BP-2a 515 variant carrying the LPXTG motif. Primers used 
for the amplication of the gene coding for BP-2a 515 with LPXTG motif are listed in 
Table 1. jfite-directed mutagenesis was performed using the PIPE method and forward 
and reverse primer pairs for each mutation were designed, as listed in Table 1. The wild 

30 tynf protein and the mutated form, were cloned into SpeedET vector (N-term 6xHis tag) 
md expressed in E. coli HK100 strain. The sequences of the resulting constructs were 
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confirmed by DNA sequencing. Proteins were purified by affinity chromatography any 

gel filtration as described above. / 

Flow cytometry / 

Mouse sera raised against purified deletion mutant of the 515 and H36B vagrants were 

5 analyzed on whole bacteria by flow cytometry to evaluate the surface-exposure of the 

corresponding domains. Exponential phase bacterial cells were fixed inrnie presence of 

0.08% (wt/vol) paraformaldehyde and incubated for 1 h at 37 °C. Elxed bacteria were 

then washed once with PBS, resuspended in "Newborn CalfySerum (Sigma) and 

incubated for 20 min. at 25°C. The cells were then incubated Mr 1 hour at 4 °C in pre-

10 immune or immune sera, diluted 1:200 in dilution buffer /PBS, 20% Newborn Calf 

Serum, 0.1% BSA). Cells were washed in PBS-01% BSA and incubated for a further 1 h 

at 4 °C with a 1:100 dilution of R-Phycoerythrin conjugated F(ab)2 goat anti-mouse IgG 

(Jackson ImmunoResearch Laboratories; Inc.),. Afteuwashing, cells were resuspended in 

PBS and analyzed with a FACS Calibur apparatus (Becton Dickinson, Franklin Lakes, 

15 NJ) using FIowJo Software (Tree Star, Ashland, OR). Data are expressed as the 

difference in fluorescence between cells stalled with immune sera versus pre-immune 

sera. / 

hnmunoblotting / 

Group B Streptococcus strains were grown overnight in THB (Difco Laboratories, 

20 Detroit, MI) to exponential phas/(OD6(jO = 0.5). Bacteria were pelleted, washed in PBS 

and resuspended in 50 mM/fris-HCI, containing 400 units of mutanolysin (Sigma-

Aldrich). Bacterial suspen/ion was then incubated 2 h at 37°C and lysed by freeze and 

thaw. Cellular debris w€re removed by centrifugation at 14 000 rpm for 10 min and 

protein concentration* measured by Bio-Rad Protein assay. Total cell proteins were 

25 separated by 4-1NuPage Novex pre-cast gels (Invitrogen) and electroblotted onto 

PVDF membranes using the iBIot™ Dry Blotting System (Invitrogen). After blocking in 

IX phosphat$4>uffered saline (PBS: 140 mMNaCI, 2.7 mM KC1, 10 mMNa2HP04 and 

1.8 mm KjR2P04, pH 7.3) containing 0.05% Tween 20 and 10% skim milk for 1 h at 

room temperature, membranes were incubated for 1 h at room temperature (RT) with 

30 prinwy antibodies diluted 1:500. After washing three times in PBS containing 0.05% 

Tween 20 (PBST), the membranes were incubated for 1 h with horseradish peroxidase-
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conjugated secondary antibodies (Dako). Positive bands were visualized with the Omi-
4CN Substrate Kit (Bio-Rad). / 

Opsonophagocytosis assay I 

The opsonophagocytosis assay was performed using differentiated HL-60 as phagocytic 
5 cells and strains 515, CJB111, 3050 and 5401 as target cells. GBS straiiwwere grown in 

Todd-Hewitt broth (THB) to mid-exponential growth phase (A650nm#u.3). The bacteria 
were harvested by centrifligation, washed twice with cold salineJsolution, and finally 
resuspended in HBSS buffer (Invitrogen) to a concentratiorfof «1.2x107 CFU/ml. 
Promyelocytic HL-60 cells (ATCC, CCL-240) were expanded in RPMI 1640 (Gibco, 

10 Invitrogen) containing 10% Fetal clone I (HyClone) gf 37°C with 5% CO2 and 
differentiated into granulocyte-like cells to a density of#xl05 cells/ml by the addition of 
lOOmM N, N dimethylformamide (DMF, Sigma) tcmhe growth medium. After 4 days, 
cells were harvested by centrifugation and ^suspended in HBSS buffer to a 
concentration of = 4 xlO7 cells/ml. In brief, thcrfeactions took place in a total volume of 

15 125 jil containing ?«3xl06 differentiated HL-^f), «1,5 xlO5 CFU of GBS cells, 10% baby 
rabbit complement (Cedarlane), and heatjfcactivated mouse antisera at 37°C for 1 h with 
shaking at 600 rpm. Immediately befoje and after 1 h of incubation, a 25-jil aliquot was 
diluted in sterile distilled water andiflated onto trypticase soy agar plates with 5% sheep 
blood. A set of negative controls included in each experiment consisted of reactions 

20 containing preimmune sera, reactions without HL-60, and reactions with heat-inactivated 
complement. The amountSi opsonophagocytic killing (Jog kill) was determined by 
subtracting the log of tht#jumber of colonies surviving the 1 h assay from the log of the 
number of CFU at the^ero time point. 

Mouse active maternal immunization model 

25 A maternal imjfunization/neonatal pup challenge model of GBS infection was used to 
verify the protective efficacy of the produced proteins in mice, as previously described 
(Maione m al., 2005). Briefly, CD-I female mice (6-8 weeks old) were immunized on 
days Ijfm CFA), 21 and 35 (IFA) with either PBS or 20 mg of recombinant protein and 
weurthen bred 3 days after the last immunization. Within 48 h of birth, pups were 

30 infected mtraperitoneally with a dose of different GBS strains calculated to cause 90% 
/lethality. Survival of pups was monitored for 2 days after challenge. Statistical analysis 
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was performed using Fisher's exact test. Ali animal studies were performed accordingifo 

guidelines of the Istituto Superiore di Sanita (Italy). / 

Results / 

We have previously shown that the Backbone Protein of pilus 2a (BP-2z$nn Group B 

5 Streptococcus is able to confer protection in an active maternal/pup challenge model in 

mouse [1], However, the existence of seven highly variable alleli/variants and the 

demonstration that each variant confers protection only against the homologous strain 

restricts the possibility of using this antigen alone or in combination with other antigens 

in a broad-spectrum vaccine against GBS [2]. NeverthelessBP-2a is an antigen of 

10 interest since it is able to promote high levels of opsonic killing of GBS when tested in 

an opsonophagocytosis assay in the presence of spe/ific antibodies. We used this 

specific feature in order to explore the protective capability of this antigen and identify 

the immunodominant epitopes of BP-2a. g 

Comparative homology modelling of the BP-^a 515 variant 

15 In order to design appropriate deletion Mutants of BP-2a, we performed a structural 

characterization of the protein, first Mousing on the 515 variant (TIGR annotation 

SAL_1486), by comparative homology modelling. The PDB was searched for a protein 

sharing significant sequence identi#/ with BP-2a. The best template structure found was 

PBD code 650 corresponding m the RrgB pilus protein of S. pneumoniae. The RrgB 

20 crystal comprises the regioif from residues 187 to 647 and it is arranged in three 

immunoglobulin-like domains, each one carrying a stabilizing isopeptide bond. The first 

two domains (D2 and Wi) are closely packed to form a compact structure from which 

two anti-parallel helices and the third domain (D4) protrude. The PDB 650 crystal does 

not include the firsfdomain (Dl) of the RrgB protein. 

25 The amino acitfsequences of BP-2a 515 variant and RrgB were aligned and reported to 

share 43%ifequence identity and 61% sequence similarity. Sequence comparison 

revealed Jnat the pilin motif YPK, the E-Box cassette, the LPXTG motif and all the 

residue# involved in isopeptide bonds are well conserved (Figure 1A). The pairwise 

ali<yfrnent was further manually optimized to cope with the secondary structures in order 

30 tjf refine the homology modelling procedure input. The quality of the model was 

^assessed by calculating the compatibility score with Profile-3D module (Discovery 
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Studio 2.5 Software Inc., San Diego. CA). The template reported a score ojfl68.6 
compared with the expected high score value of 201.7 and low score value ofirO.7. The 
best model for BP-2a-515 reported a validation score as computed by Profil#3D of 154, 
while the minimum and the maximum possible scores for this model ad 92.2379 and 

5 204.973, respectively. Given that even the template crystal structure cjses not reach the 
expected score for the correctly folded protein, the model obtainejra validation score 
comparable to the crystal one. / 

As shown in Figure IB, the model of our protein, corresponding to amino acid residues 
191 to 640, revealed three IgG-like fold domains (D2f D3 and D4), each one 

10 characterized by a stabilizing isopeptide bond. Superimposing the template structure 
against the generated model, a RMSD as low as 1.2'Jk is obtained, meaning that the 
sequence of BP-2a fitted well in the template structure. Only minor differences in loops 
were identified, all due to short residue insertions or deletions. Moreover, the 
super imposition of crystallized isopeptide bonds shows that the region in the vicinity of 

15 the bonds is relatively conserved. In particular, there is a glutamic acid or an aspartame 
acid which catalyze bonds, completely immersed in a surrounding hydrophobic cavity. 
In the BP-2a 515 variant, the residues ylvolved in isopeptide bonds are: Lysl99-Asn325 
in the D2 domain with Asp 247 as the catalyzing and stabilizing residue; Lys355~ 
Asn437 in the D3 domain with <§Iu416; and Lys463-Asn636 in the D4 domain with 

20 Glu589. Based on secondary sjmeture and fold prediction of the N-terminal portion of 
the BP~2a protein (residues mo 190), we hypothesise that this portion has the same IgG-
like fold ofD2, D3 and D#f(data not shown). 

Mass Spectrometry analysis confirms the presence of three internal isopeptide bonds 

Recombinant foil \mgth SAL_1486 was purified and used to confirm the presence of the 
25 isopeptide bonds#rypothesized from the modelling study. The method selected for their 

identification was based on the total digestion of the diverse constructs with Lys-C and 
analysis ofjfie digestion products by mass spectrometry. In order to easily sort the bond 
peptides, ime digestion products were derivatized with O-methylisourea that modifies the 
C-termfel lysine in homoarginine with a mass increase of 42 Da ibr each modified C-

30 terminal extremity. Isopeptide bonded peptides are those presenting a shift of mass of 42 
Impartial derivatization) and 84 Da (complete derivatization). The protein was resistant 

Mo "in solution" enymatic digestions (data not shown). The approach that allowed the 
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larger peptide coverage was obtained from "in gel" digestion of the polypeptide run mr 

SDS-PAGE. Figure 2 reports the mass spectrometry spectra obtained from the full lerfgth 

recombinant SAL I486 allowing the confirmation of the hypothesized isopeptide^ 

An isopeptide bond involving amino acids carried by the D4 domain of the srotein was 

5 evidenced by the molecular ion of m/z 1762.05 Da that corresponds tojne molecular 

mass of the peptide ^'FVKTNK466 linked by an isopeptide bondfto the peptide 
630DAQQVINKK6J8 (expected molecular mass 1761.90 Da) (FigujOA, upper panel). 

The guanidination reaction induced a shift of 42 and 84 Da of theiignal that corresponds 

to the single and double C-terminal peptide derivatization, respectively, confirming the 

10 covaient linkage of the two peptides. In the same way, isoafptide bonds in domains D2 

and D3 were assigned from the ions of w/z 2145.18 and$040.85 that correspond to the 

molecular mass of peptide 53rrVNKTWAVDGNE\$lK68 linked to peptide 139 NNK."!I 

(expected molecular mass 2145.13,/^ Da), and of peptide 
I851TYSATLNGSAVVEVLETNDVK206 linke/by an isopeptide bond to the peptide 

15 C,8NTETKPQVDKNFADK82 (expected nWfecular mass 4040.07 Da), respectively 

(Figure 2B and 2C). The guanidination faction confirmed the covaient linkage of the 
peptides by the double shift of masCof 42 and 84 Da. It was noteworthy that no 

isopeptide bond was identified in t^e N-terminal part corresponding to domain D1 of the 

full-length recombinant protein.j' 

20 In order to confirm that the lysines involved in the isopeptide bonds of domains D2, D3 

and D4 corresponded exactly to K199, K355 and K463 predicted by structural model, 

we generated a recombinant form of the protein by site-directed mutagenesis in which 

these lysine residues were mutated into alanine residues (K199A/K355A/K463A). The 

same protocol c#enzymatic digestion and mass spectrometry analysis was applied, and 

25 none of the signals, corresponding with isopeptide linked peptides and reported above, 

were identified (data not shown). 

X-ray Crystal Structure of BP-2a-515pilus subunit 

Witl/the aim to identify the domain(s) carrying the protective epitopes, the crystal 

stricture of RP-2a-515 was solved and refined at 1.75 A resolution via molecular 

30/replacement. Data collection and refinement statistics are shown in Table 2. The crystal 

/ asymmetric unit was confirmed to contain a dimer of two independent chains (A: 

residues 192-640 and B: residues 190-641), each made up of three distinct domains: D2 

(residues 190-332), D3 (residues 333-455) and D4 (residues 456-641) (Figure 7). The 
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observed BP-2a-515 dimer does not display extensive intermo(ecular interactions atjne 
association interface, therefore the dimer is not expected to occur in solution and if is a 
likely consequence of crystal packing, as indicated by the Protein Interfaces, jfur faces 
and Assemblies (PISA) Service [251] at the European Bioinformatrflnstitute 

5 (http://www.ebi,ac.uk/msd-srv/prot int/pistart.htmll. / 

Although crystallization was carried out using the full-length protein, approximately 190 
amino acids from the N-terminus (D1 domain) were absent in the costal, suggesting that 
they are cleaved off prior to crystallization, A similar behavior was reported for the 
pneumococcal RrgB pilus protein whose structure was imently solved at 1,6 A 

10 resolution [252] and is highly homologous to the structure os.BP-2a~515. 

Potassium-sodium tartrate present in the crystalliza#on solution was relevant for 
optimizing crystal growth and improving diffractiomresolution. In fact, three potassium 
cations are bound at strategic and stabilizing positpns in the structure. Two (identically-
coordinated) potassium cations are bound to th$D2 domain in both chains and stabilize a 

15 flexible linker, connecting the D3 and Dmlornains, via contributing residues from 
domains D2, D3, and a water molecule (Jpgure 7), The third potassium cation stabilizes 
a flexible loop in the D4 domain from rfain A. 

The organization of the three domains was confirmed to show a modified IgG fold [252], 
a structural feature already Jfbserved for RrgB of S. pneumoniae. Indeed, 

20 superimposition of the C-alphratoms of BP-2a-515 chain B and RrgB using the pairwise 
structural alignrjRsnt C-aipha match program 
(http://bioinfo3d.cs.tau.^.il/c_alpha_match/), yields a r.m.s.d value of 1.37 A over 
280/452 residues. Thrmajor structural differences between the two proteins regard the 
spatial location ofJne D3 domain, the movement of two a-helices in the D4 domain that 

25 are connected m the {3-sandwich by two (3-strands not present in RrgB, and flexible 
regions. g 

Similarlwo RrgB, each domain is characterized by a stabilizing, covaient intramolecular 
isopegpde bond, formed between the s-amino group of lysine side chains and the 8-
carWoxyamide group of asparagine. The three isopeptide bonds occur between Lysl99 

30 jpd Asn325 (D2 domain), Lys437 and Asn355 (D3 domain), and Lys463 and Asn636 
/ (D4 domain), and stabilize the secondary structural elements of their respective domains. 

f Due to the conformational movement of D3 in comparison with RrgB, the latter 
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isopeptide bond is the only one that does not match the spatial location of the equivalent 

bond in RrgB. The surrounding area around these bonds is largely hydroranobic, 

comprising several aromatic residues, in agreement with observations mad/ for the 

isopeptide bonds in several pilus proteins. Jr 

5 Each of the four domains Dl, D2, D3 and D4 appear to fold independently. This was 

demonstrated by expressing and purifying each domain from E. cmi, as independent 

constructs whose N and C termini were selected on the basis of pe domain boundaries 

defined in the crystal structure of BP-2a-515. All four domains #ere expressed in soluble 

form in E. coli, and Mass Spectrometry analysis of tryptioftiigests of D2, D3 and D4 

10 revealed that the domains carried the same isopeptide bonds found in the full-length 

protein data not shown). This suggested that the overall structural organization of the 

independently expressed domains was sufficient iwpreserved to bring the lysine and 

asparagine residues at a suitable reaction distanc^ 

In conclusion, the crystal structure of thgfbackbone subunit of Pl-2a (515 allele) 

15 indicates that the protein is organized ifito four domains, which are shown to be 

independently structured and stable. £ 

Intramolecular Isopeptide bonds afe dispensable for protection 

It has been demonstrated that intramolecular isopeptide bonds that are dispensable for 

pilus assembly, contribute ^structural and proteolytic stability of pili. The SDS-PAGE 

20 of the wild-type and mutated BP-2a protein showed that the protein without isopeptide 

bonds had a slower ^fectrophoretic mobility compared to the wild-type form. The 

presence of internakcross-Iinks within the naTve protein may make the wild-type protein 

structure more compact and more able to pass through the matrix of the gel, whereas the 

mutated formJas a larger structure which runs to a higher molecular weight (Figure 3A). 

25 In order m evaluate if the presence of these internal linkages could influence the 

protective capability of the protein BP-2a and investigate if the mutant protein is able to 

induce protective immunity in vivo as well as the wild type, we tested both proteins in a 

n»use maternal immunization model [250]. We immunized groups of adult female CD1 

mice with the purified recombinant proteins and after three immunizations, mice were 

JO mated and the resulting offspring were challenged with a dose of GBS calculated to kill 

about 90% of the pups. The high levels of protection observed with the mutated form of 

the protein (Table 3) revealed that the loss of isopeptide bonds did not interfere with 
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capacity of the protein to confer protection in mice and to elicit opsonic antibodies 
(Figure 3B). I 

Domain D3 is highly surface exposed and essential for protection / 

Based on the information obtained from the structural model described^above, we 
5 generated four deletion mutants of the BP-2a 515 variant, dividing the Protein in four 

overlapping fragments corresponding to the four IgG-like domajps predicted by 
modelling (Figure 4A): D1 corresponds to the region from amino $cids 30 to 162; D2 
corresponds to the region from amino acids 156 to 338; D3 coo*esponds to the region 
from amino acids 332 to 499; and D4 corresponds to the regiotwrom amino acids 457 to 

10 640. / 

The deletion fragments were cloned, expressed in E.coljfand purified as HIS- or TRX-
tagged recombinant proteins, as described in Materials and Methods. Interestingly, the 
isopeptide bonds present into domains D2 and D3fand D4 were also identified in the 
single recombinant forms of these domains, indicating that the single domain had all the 

15 requirements for the formation of this covaleiwoond (data not shown). 

The four purified soluble domains were jreed for immunizing CD1 mice and protein-
specific immune responses (i.e., the Mai immunoglobulin level) were monitored by 
ELISA and Western Blotting. Sera jpsed against each fragment were also analyzed by 
flow cytometry using whole bacteria strain 515 in order to evaluate which domain was 

20 exposed on the polymerized piMs protruding from bacterial surface. As shown in Figure 
4B, domains D3 and D4 we^f highly exposed at a level comparable to those observed 
with the antiserum raised against the full length protein. A weak shift was obtained using 
antibodies anti-D2 suggesting it is not highly exposed, whereas D1 was not exposed. 

To investigate wh'wh of the domains were able to confer protection against GBS 
25 infection, we performed an in vitro opsonophagocytosis analysis using sera from 

immunized mice and an in vivo active maternal mouse immunization/neonatal pup 
challenge npdel. According to the FACS results, only domains D3 and D4 domains 
were ablrto elicit opsonophagocytic antibodies and confer protection in mice against 
GBS jfffection (Figure 4C and Tables 3 and 4). In particular, domain D3 showed the 

30 highest level of surface exposure and opsonic activity. 
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The selection of FACS positive and opsonic mAbs mapping in the D3 domain confirmed 

that the C-terminal portion of the protein and in particular D3 is essential for protective 

immunity (data not shown). / 

Domain D3 represents the immunodominant epitope of the main allelicJvarianis of 

5 BP~2a / 

We have observed that all the allelic variants described so far, spring a sequence 

homology ranging from 48% to 98%, were protective in mouse iflodel, although they 

protected only pups challenged with strains carrying the allelic variant used to immunize 

the respective mothers ([2] and data not shown). // 

10 To investigate if the results obtained with the 515 allcljfwere confirmed in the other 

variants, we applied the same approach described abave to map the immunodominant 

portion in the most representative variants (namep 515, CJB 111, H36B and 2603) 

belonging to the two major families. Jr 

In order to understand if the BP-2a variants inared the same structural organization, a 

15 new structural model of the H36B allele CflGR annotation SAI_1511), was generated. 
This variant was chosen because it is thjf most divergent in terms of sequences identity 

and similarity, from the 515 variant (#§% of sequence identity). The RrgB pilus protein 

of S. pneumoniae was used as template structure (PDB code: 650). The amino acid 

sequences of SAM 511 and MB were aligned and reported to share 38% sequence 

20 identity and 56% sequence similarity. The model of SAI_1511, as reported in Figure 5A, 

revealed the same modular structure as the 515 variant, comprising 4 IgG-like fold 

domains, 3 of which contain internal Lys-Asn isopeptide with relatively conserved 

surroundings. Moreover, even though the main protein structure organization is 

conserved (RMSD^ 0,9 A), in the H36B variant model structure there are two insertion 

25 loops which are/not present in RrgB crystal structure. The first one spans residues 200 to 

214, while thl second one spans residues 402 to 410 (Figure 5 A). The function of these 

two additional loop regions is still unknown. 

Based/on the information obtained from structural analysis, we generated deletion 

mufflnts of the H36B variant, dividing this variant in four overlapping fragments, 

30 expressed in E.coli and purified as recombinant proteins. D1 corresponded to the region 

/from amino acids 30 to 158, D2 to the region from amino acids 152 to 350, D3 to the 

f region from amino acids 343 to 493 and D4 to the region from amino acids 487 to 658 
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(Figure 5B). The purified soluble domains were used to immunize CD] mice ana sera 

raised against each fragments were tested in in vitro and in vivo protection assays. 

As observed for the 515 variant, antisera raised against domain D3 showed the highest 

fluorescence shift when tested in Flow Cytometry Analysis on whokr bacterial ceils 

5 (Figure 5C), and was able to promote efficient killing of bacteria w^cn analyzed in an 

opsonophagocytosis assay in presence of human polymorphonuclear leukocytes (PMNs) 

and baby rabbit complement (Figure 5D). In addition, domaiiWD3 conferred significant 

levels of protection against the challenge strain in which inc H36B variant was well 

expressed and exposed on the bacterial surface (Tables 5 and 6). 

10 Domain D3 has further been confirmed as the immunodominant epitope for BP-2a in all 

the known allelic variants (data not shown). For example, as shown in Table 7, domain 

D3 from the CJB 131 variant confers significant levels of protection against challenge 

with the CJB111 strain. In addition, two mmroclonal antibodies (17C4/A3 and 4H11/B7, 

SEQ ID NOs: 262-269) have been foundm bind an epitope comprising amino acids 411-

15 436 (SEQ ID NO: 270) within the D3^Ub-fragment from the 515 clade (SEQ ID NO: 38, 

fragment of SEQ ID NO: 2) (data rm shown). 

Fusion proteins carrying protective epitopes confer cross-protection against GBS 

strains expressing different mlleles. 

The mapping of the D3^ciomains as the immunodominant and protective region of the 

20 different variants was^hen used to facilitate the design of chimeric proteins to test in the 

animal model in order to evaluate the ability of these fusion proteins to confer broad-

spectrum protection. 

Two fusion-proteins were generated. The first one, fusion protein 6XD3, is composed of 

domain jft of six backbone protein variants (515, CJB11.1, H36B, DK21, 090 and 2603) 

25 (Figure 6A and B). The second one, fusion protein 4XD3Helix, is composed of domain 

Dyplus the two protruding helices of domain D4 of the four most representative variants 

i(515, CJB111, H36B and 2603) (Figure 6A and B). Each fusion protein has been cloned 

/ and expressed in E.coli and purified as recombinant proteins, as reported in Material and 

Methods (Figure 6C). 

30 The purified fusion proteins were used to immunize CDl mice and sera raised against 

each fusion protein were tested in in vitro and in vivo protection assays. In order to 

understand if the sera were able to recognize pilus-like structures containing the different 
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variants of BP-2a, we performed Western Blotting and FACS analysis (data not shawn 

and Figure 6D). The results showed that the immune sera generated against tire two 

fusion proteins are able to recognize the pilus-like structures from the total/extracts. 

Opsonophagocytosis experiments confirmed that antisera against fusion pjoteins were 

5 able to mediate complement-dependent phagocytic killing of GBS strafns expressing 

different allelic variants of BP-2a (Figure 6E).ln addition, data Worn the in vivo 

protection model show that both fusion proteins were able to elicitjjrotective immunity 

in mice challenged with strains expressing the different varianUof the protein and can 

thus be used as a broadly-protective vaccine against GBS injections (Tables 8 and 9). 

10 Finally, Table 9 shows that the protective effect of the 6XJ53 fusion is maintained if a 

His tag is used. / 

Discussion / 

Many bacterial pathogens, including S. agalactiaf (GBS), have evolved a wide range of 

mechanisms to escape the immune system of^neir hosts or to adapt to environmental 

15 variation, for instance, adopting the strategwof gene variability and/or differential gene 

expression. These strategies play a crucial role in the capacity of pathogens to trigger 

disease and also explain why it isiso difficult to develop vaccines against these 

microorganisms. Advances in sequejrcing technology and bio informatics have resulted in 

an exponential growth of genome sequence information and complete genomes of 

20 multiple isolates are now available for a large number of pathogens. Multigenome 

analysis has revealed unexpectedly high gene variation between strains of a single 

species, with implications for effective vaccine and drug-discovery programs. Species 

such as streptococci /nay have a relatively small genome, but the total number of 

dispensable genes hfthe population permits sufficient flexibility for the species to adapt 

25 to environmentakchallenge. 

Pathogen ic it Wis lands, such as pilus islands discovered in GBS and in other Gram-

positive patliogens in the recent years, belong to the class of genomic islands, which 

have bemi acquired by horizontal gene transfer and are a typical example of dispensable 

genome. Because they promote genetic variability, genomic islands play an important 

30 ro|e in microbial evolution. The three pilus islands identified in GBS (named Pl-1, Pl-2a 

And PI-2b) encode high molecular weight structures whose subunits are potential protein 
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vaccine candidates. However, since pilin antigens are not universally present, cormsrved 
and expressed on the bacterial surface of a large subpopuJation of GBS#oniy a 
combination of more proteins would be suitable for a broad-spectrum vaccinafr 

The backbone protein of pilus 2a (BP-2a), is essential for pilus polymerization. Although 
5 BP-2a is able to confer protection in mice and to mediate opsonoph^ocytic killing of 

live GBS bacteria at a level comparable to killing observed wit# antibodies against 
capsular polysaccharide antigens, it has the highest level of genp variability among all 
pilin antigens. The existence of at least seven non-cross protective allelic variants of BP-
2a blocks the possibility to use this antigen alone for a brgjaa-spectrum vaccine, except 

J 0 by including all the identified alleles in the vaccine. g 

For an immunogenic multi-variant antigen such as Bjr-2a, the selection of only a small 
protective portion of the protein (the highly surfacjFexposed IgG-like fold domain D3 of 
the protein) allowed us to rationally design andfproduce chimeric proteins by fusion of 
the single immunodominant domains from th#different non-cross-reacting alleles. These 

15 chimeras acquired the capability to coper broad cross-protection in mice against 
infections from GBS strains expressing^all BP-2a variants. The combined approach of 
structural and functional analysis reported herein, together to use of tools of genetic 
engineering allowed us generate fijsion proteins containing the immunodominant domain 
of all main variants of BP-2a wnlst conserving the native structural architecture of the 

20 selected domain. Interestingm our results show that the ability of the domains to elicit 
protective immunity was aot dependent on the present of internal isopeptide bonds. 

The cross protective Jrnmune response of the fusion proteins is of fundamental 
importance in the development of a vaccine, since it decreases the risk of generating 
escape mutants <md enables the generation of a protective immune response against 
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Table 1: Primers used in the experiments described herein 

Primers Sequence (5'-3') SEQ 

ID 

NO 

Gene amplified 

515-DI tor CACCATGGAAGAAGCAAAAACTACTGAC 228 fragra^n! coding for Ihc 

5I5-D1 rev TCATTAATCAGCCAAGATAGAACCATC 229 A 

2#515 variant 

515-D2 for 

515-D2 rev 

CACCATGGATGGTTCTATCTTGGCTGAT 

TCATTATTCAATTGTfGGGTTGTTGCC 

230 

m\ 

fragment coding for Die 
domain 2(158-338aa) ol'BP-
2a 515 variant 

515-D3 for 

5I5-D3 rev 

CACCATGGGCAACAACCCAACAATTGAA # 

TCATTAAGCTTTTTCTGCATCTGTTGC ,f 

232 

233 

fragment coding for the 
domain 3 (332-499aa) of BP-
2a 515 variant 

515-D4 for 

S15-D4 rev 

CACCATGTTGGCAGGAGCTACCTTCCTT g 

TCATTAAGTAACCTTCTTATTGATAAC ,9 

234 

235 

fragment coding for the 
domain 4 (472-<540aa) of BP-
2a 515 variant 

H36B-DI 
for 

M36B-D1 
rev 

CACCATGGCTGAGATGGGAAATATCACT £ 

TCATTAGTCAGCAAGAACTTTGTCACC JY 

236 

237 

fragment coding for the 
domain 1 (30-158aa) of BP-
2a H36B variant 

H36B-D2 
for 

I J36B-D2rev 

CACCATGGGTGACAAAGTTCTTGCTGAfc 

TCATTATACTTT'l'rrACCTGGTTT^TACC 

238 

239 

fragment coding for Ihe 
domain 2 (J52-350aa) ofBP-
2a H36B variant 

H36B-D3 
for 

H36B-D3 
rev 

CTGTACTTCCAGGGCAACAAAGjSAGGTAAAAAAGTA 

AATTAAGTCGCGTTATTA'UGCACCTTGCAAGCGTTCTGT 

240 

241 

fragment coding for Ihc 
domain 3 (343-493aa) ofBP-
2a 1I36B variant 

H36B-D4 
for 

H36B-D4 rev 

CACCATGACAGAACG^T'tGCAAGGTGCA 

TCATTAAGTCACTWTTTGTTTTCTAT 

242 

243 

fragment coding for Ihe 
domain 4 (487-658aa) of BP-
2a H36B variant 

BP-2a-H36B 
for 

BP-2a-H36B 
Rev 

GTTTGCGCAT ATJJGCT GAG ATGGG AAA! ATCACT 

GTGGAAT(|f'CGAGAGTCACTTTTTTGTTTTCTAT 

244 

245 

gene coding for the full 
length 8P-2a M36B variant 
without Ihe signal peptide and 
the LPXTG motif 

BP-2a515 
LPXTG-for 

BP-2a 5)5 
LPXTG-rev 

CTGT Agf TCC AGGGCG AAG AAGC A A A AACT ACTG AC AC AGTG 

AA^TAAGTCGCGTTATGTACCAATACCACCTGTTTGTGGAAT 

246 

247 

gene coding for the full 
length BP-2a 515 varianl with 
LPXTG motif 

6XD3 FP-
for 
6XD3 FP- £ 
rev ff 

,£TGTACTTCCAGGGCAATAATCCGACCATTGAAAATG 

AATTAAGTCGCGTTAAATCGGCGTCGGATCGTTACTGTT 

248 

249 

gene coding for the fusion 
prolein 6XD3 

LYS42A&A 
for ff 

LY^42ALA 
rap 

C ACGCT ATTGTCAT GCCTCGA ACTGCATTT GACGGTTTTACT 

CATGACAATAGCGTGCAAGGTCACTGl'GTCAGTAGTTTTTGC 

250 

25) 

gene coding for (he mutated 
form of BP-2a 515 variant 
containing K42A 

#YS83AI.A 
'for 

LYS83ALA 
rev 

GAAGCGGCGGAAATCGCAGGTGCTTACTTTGCTTTC 

GATTTCCGCCGCTTCGCCTGAGCCAAAGTAAGTTTTAAG 

252 

253 

gene coding for the mutated 
form of BP-2a 515 variant 
containing K83A 
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CJBl 11-6T 254 fragment coding^for 

for CACC ATGGACG ACGCAAC AACTGATACT domain 1 (30- M 

CJBl 11-D1 255 162aa)ofBP-jCcJBl 11 
rev TCATTATGAATCAGCCAAGATAGAACCGTT variant 

CJBl 11-D2 256 fragme^ coding for 

for CACCATGAACGGTTCTATCTTGGCTGATTCA domain^ (155-

CJBl 11-D2 257 337/f) of BP-2a CJBl 11 

rev 'rCATTATTCTTCCGTTGGGTTATTACC v#iant 

CJB1JI-D3 258 ^fragment coding for 

for CACCATGGGTAATAACCCAACGGAAGAA 
/ 

domain 3 (331-

CJBl 11-D3 474aa) of BP-2a CJBl 11 

rev TCATTAAGCTCCTGCCAAGCGTTCAGT / variant 

CJBl1I-D4 ' 260 fragment coding for 

for CACCATGACTGAACGC1TGGCAGGAGCT / domain 4 (468-

CJB11J-D4 

rev 
TC ATT AGGTT ACT1TTTTGTTTT GA ACTT G / 

261 639aa) of BP-2a CJBl 11 

variant 
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Table 2. Data collection and refinement statistics of BP-2a-515 (molecular 
replacement). One crystal was used to solve the structure. Values in parentheses aa? for the 

highest resolution shell. 

BP-2a-515 (residues 

190-640) 

Data collection 

Space group P2,2,2, / 

Cell dimensions 

a, b, c (A) 63.7, 104jfl 59.3 

ct=P=y (•) / 90 

Resolution (A) 40-^75 (1.75- 1.84) 

Z^mcigc / 0.099(0.6) 

/ / a / / 14.9 (3.7) 

Completeness (%) / 100(100) 

Redundancy / 9.6(9.7) 

Refinement ff 

Resolution (A) // 40-1.75 

No. reflections £ 103,7178 

/^work / /^frcc Jy 18.5/21.6 
No. atoms // 

Protein // 7076 

Potassium ion 3 

Wa^er 895 

£-ractors 

^Protein 32.3 

/ Potassium ion 24.8 

Water 20.2 

R.m.s. deviations 

Bond lengths (A) 0.007 

Bond angles (°) 1.047 
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Table 3: Results of an active maternal mouse immunization/neonatal pup challenge 

model to determine protection conferred by single domain of GBS59 515' variant 
against group B streptococcus 515 strain. Protection conferred by single domains of BP-
2a 515 variant against GBS 515 strain assessed by active maternal mouse 

5 immunization/neonatal pup challenge model. Protection values was calculated as [(% dead 
in control - % dead in vaccine)/% dead in control]* 100. / 

Antigen Alive/Treated 
Protection 

(%> / 

/y 
/Statistical significance 

* (p value) 

Dl-515 17/59 20 / 0.0235 

D2-515 6/25 0.1310 

D3-515 19/28 / 64 p < .0001 

D4-515 38/60 / 58 p < .0001 

BP-2a-515 full length 42/60 / 66 p <.0001 

BP-2a-515 AIB 28/38/ 71 pc.0001 

PBS #9 

Table 4: Protection conferrecrby single domains of BP-2a-5l5 allele against GBS strain 

515, assessed by active maternal mouse immunization/neonatal pup challenge model. 
10 Protection values were calculated as [(% sepsis in control - % sepsis in vaccine)/% sepsis in 

control]*! 00. / 

Antigejr Protected/Treated 
Protection 

(%) 

Statistical 

significance 

(p value)" 

01-515 19/59 24 0.0098 

f D2-515 112S 20 0.0687 

/ D3-515 21/28 72 p<.0001 

D4-515 42/60 67 p<.0001 

full length BP-2a-515 44/60 70 p<.0001 

PBS 4/39 

NOTE. Groups of female mice received 3 doses (on days 1, 21, and 35) of either 20ng antigen or buffer 
(PBS) combined with Freund's adjuvant. Mice were then mated, and their offspring were challenged with 
a GBS dose calculated to induce sepsis in 90% of the pups. *p value, by Fisher's exact test. 
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Table 5: Protection conferred by single domains of BP-2a H36B variant against 

GBS 515 strain assessed by active maternal mouse immunization/neonatal pjup 

challenge model. Protection values was calculated as [(% dead in control - % ddad in 

vaccine)/°/o dead in control]* 100. f 

Antigen Alive/Treated 
Protection 

(%) 

Statistical sjfnificance 

(p/Value) 

D1-H36B 49/60 9 j? 0.1562 

02-H36B 31/48 28 / 0.0016 

D3-H36B 2/40 94 / p<.0001 

D4-H36B 19/37 43 / 
p < .0001 

BP-2a-H36B full length 10/47 111 p < .0001 

PBS 53/59 
/ 

Table 6: Neonatal protection conferred by single domains of BP-2a-H36B against GBS 
strain 5401, expressing the H36B BP-2a^ variant, assessed by active maternal mouse 
immunization/neonatal pup challenge model. Protection values were calculated as [(% sepsis 
in control —% sepsis in vaccine)/% sepsis in control]*100. 

Antigen Protected/Treated 
Protection 

(%) 

Statistical 
significance 

(p value)" 

D1-H36B / 15/60 1 0.52 

D2-H36B / 22/48 29 0.019 

D3-H36B / 38/40 93 p < .0001 

D4-H3<$ 20/37 39 0.0025 

full Icnep BP-2a-
A136B 

39/47 78 p<.0001 

/ PBS 14/59 

1 0 $£)TE. Groups of female mice received 3 doses (on clays 1, 21, and 35) of either 20|.ig antigen or buffer 
^(IJBS) combined with Freund's adjuvant. Mice were then mated, and their offspring were challenged with 

f a GBS dose calculated to induce sepsis in 90% of the pups, "p value, by Fisher's exact test. 



WO 2011/121576 PCT/IB2011/051415 
ff! 

126 / 
Table 7: Protection conferred by single domains of BP-2a-CJBl 11 variant against ^BS 

CJBl 11 strain, expressing the BP-2a CJBl 11 variant, assessed by active materna^nouse 

immunization/neonatal pup challenge model. Protection values were calculated asjf% sepsis 
in control - % sepsis in vaccine)/% sepsis in control]*! 00. / 

Antigen Protec ted/T rea ted 
Protection 

(%) 

Statistical 
significance 

(mvalue)* 

D1-CJR111 2/39 0 / 0.3619 

D2-CJB111 12/50 16 
/ °-065 

D3-CJB111 41/54 73 / p<.0001 

D4-CJB111 13/46 20 I 0.0269 

full length BP-2a-
CJBlll 

19/40 
/ 

p = 0.00015 

PBS 4/41 

5 NOTE. Groups of female mice received 3 doses (onjfaysl, 21, and 35) of either 20 jig antigen or buffer 
(PBS) combined with Freund's adjuvant. Mice we#then mated, and their offspring were challenged with 
a GBS dose calculated to induce sepsis in 90% of the pups, "p value, by Fisher's exact test. 

Table 8: Protection by active maJernal mouse immunization/neonatal pup challenge 
10 model conferred by fusion protpiis against a panel of GBS strains expressing different 

BP-2a allelic variants. Protection values was calculated as [(% dead in control - % dead in 
vaccine)/% dead in control]if 00. 

Protection (%) 

GBS 
challenge J 

strains J 

f BP-2a Fusion Protein Fusion Protein Fusion Protein 
GBS 

challenge J 
strains J 

allele 6XD3 4XD3Helix (1) 4XD3HeIix (II) 

5\sf 515 63 43 62 

emi n CJBl11 70 52 36 

/ 3050 2603 68 100 79 

f 5401 H36B 65 90 60 
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Table 9: Protection by active maternal mouse immunization/neonatal pup chaliengejnodel 

conferred by fusion protein 6xD3 against a panel of GBS strains expressing different BP-2av 

allelic variants. Protection values were calculated as [(% sepsis in control - sepsis/in 
5 vaccine)/% sepsis in control]* 100. 

GBS challenge 

strain 
BP-2a allele 

antigen 6xD3 

(protected/treated) 

PBS 

(protected/treated^ 
Protection (%) 

515 515 50/68 13/50 / 65* 

CJBl11 CJB111 38/48 7/3# 73" 

3050 2603 53/70 )f/40 66* 

5401 H36B 22/30 J11/40 63* 

DK21 DK21 29/38 J 6/29 70* 

CDC89 CJBl10 26/40 A v 6/2 6 55* 

NOTE. Groups of female micc received 3 doses (on days#, 21, and 35) of either 20jig antigen or buffer 
(PBS) combined with Freund's adjuvant. Mice were the/i mated, and their offspring were challenged with 
a GBS dose calculated to Induce sepsis in 90% of theJups. 
'p value, p < .000] by Fisher's exact test. Jf 

Table 10: Protection by active maternal mouse immunization/neonatal pup challenge 
model conferred by fusion proteins with and without tags against a panel of GBS 
strains. // 

GBS 
challenge 

strain 

Fusion protein#>xD3 — 
His iji 

Fusion protein 6xD3 -
native PBS GBS 

challenge 
strain 

(protected/, 

treated W 
% survival 

(protected 

/treated) 
% survival 

(protected/ 

treated) 
% survival 

515 59/l#4 57 43/69 62 16/83 19 

5401 3#/58 64 53/64 83 2/50 4 

CJBl 11 / 33/80 41 36/70 51 9/54 17 
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LIST OF SEQUENCES 
SEQ IDNO:l (GBS59 2603) 
SEQ ID NO:2 (GBS59 515) 
SEQ ID NO:3 (GBS59 cjbl 11) 

5 SEQ ID NO:4 (GBS59 h36b) 
SEQ ID NO:5 (GBS59 CJB 110) 
SEQ ID NO:6 (GBS59 DK21) 
SEQ ID NO:7 (GBS59 NEM316) 
SEQ ID NO:8 (D1 2603) 

10 SEQ ID NO:9 (D2 2603) 
SEQ ID NO: 10 (D3 2603) 
SEQ ID NO: 11 (D4 2603) 
SEQ IDNO:12 (D1 515) 
SEQ ID NO: 13 (D2 515) 

15 SEQ ID NO: 14 (D3 515) 
SEQ ID NO: 15 (D4 515) 
SEQ ID NO: 16 (cjbl 11 Dl) 
SEQ ID NO: 17 (cjbl 11 D2) 
SEQ ID NO: 18 (cjbl 11 D3) 

20 SEQ ID NO: 19 (cjbl 11 D4) / 
SEQ ID N0:20 (h36b D1) / 
SEQ ID N0:21 (h36b D2) / 
SEQ ID NO:22 (h36b D3) / 
SEQ ID NO:23 (h36b D4) / 

25 SEQ ID NO:24 (CJB 110 D1) / 
SEQ ID NO:25 (CJB 110 D2) / 
SEQ ID NO:26 (CJBl 10 D3) / 
SEQ ID NO:27 (CJB 110 D4) / 
SEQ ID NO:28 (DK21 Dl)/ 

30 SEQ ID NO:29 (DK21 D2f 
SEQ ID N0:30 (DK21 D8) 
SEQ ID NO:31 (DK2LC>4) 
SEQ IDNO:32 (Dl/EM316) 
SEQ ID NO:33 (D/NEM3I6) 

35 SEQ ID NO:34 <m NEM316) 
SEQ ID NO:35^D4 NEM316) 
SEQ ID NO:26 (2603 D3 sub-fragment) 
SEQ IDN ./37 (2603 D4H) 
SEQ IDNO:38 (515 D3 sub-fragment) 

40 SEQ 10^0:39 (51.5 D4H) 
SEQ M§NO:40 (cjbl 11 D3 sub-fragment) 
SEC ID NO:41 (cjbllID4H) 
SBQ ID NO:42 (h36b D3 sub-fi-agment) 
SEQ ID NO:43 (h36b D4H) 

45/SEQ ID NO:44 (CJBl 10 D3 sub-fragment) 
/ SEQ ID NO:45 (CJB 110 D4H) 

f SEQ ID NO:46 (DK21 D3 sub-fragment) 
SEQ ID NO:47 (DK21 D4H) 
SEQ ID NO:48 (NEM316 D3 sub-fragment) 

50 SEQ ID NO:49 (DK21 D4H) 
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SEQ ID N0:50 (2603 D3+D4) 
SEQ ID NO:51 (2603 D3+D4H) 
SEQ ID NO:52 (2603 D2+D3+D4) 
SEQ ID NO:53 (2603 D2+D3+D4H) 

5 SEQ ID NO:54 (515 D3 + D4) 
SEQ ID NO:55 (515 D3+D4H) 
SEQ ID NO:56 (515 D2+D3+D4) 
SEQ ID NO:57 (515 D2+D3+D4H) 
SEQ IDNO:58 (cjbl 11 D3+D4) 

10 SEQ ID NO:59 (cjbl 11 D3+D4H) 
SEQ ID N0:60 (cjbl 11 D2+D3+D4) 
SEQ ID N0:6I (cjbl. 11 D2+D3+D4H) 
SEQ ID NO:62 (h36b D3+D4) 
SEQ ID NO:63 (b36b D3+D4H) 

15 SEQ ID NO:64 (h36b D2+D3+D4) 
SEQ ID NO:65 (h36b D2+D3+D4H) J 
SEQ IDNO:66 (CJBl 10 D3+D4) / 
SEQ ID NO:67 (CJB 110 D3+D4H) / 
SEQ ID NO:68 (CJB 110 D2+D3+D4) / 

20 SEQ ID NO:69 (CJB 110 D2+D3+D4H) / 
SEQ ID N0:70 (DK21 D3+D4) / 
SEQ ID N0:71 (DK21 D3+D4H) / 
SEQ ID NO:72 (DK21 D2+D3+D4) / 
SEQ ID NO:73 (DK21 D2+D3+D4H)/ 

25 SEQ ID NO:74 (NEM316 D3+D4) / 
SEQ ID NO:75 (NEM316 D3+D4Hf 
SEQ ID NO:76 (NEM316 D2+m4D4) 
SEQ ID NO:77 (NEM316 D2^)3+D4H) 
SEQ ID NO:78 (515 short fragment of D3) 

3 0 SEQ ID NO:79 (his tag) / 
SEQ ID N0:80 (linker) / 
SEQ ID NO:81 (linker/ 
SEQ ID NO:82 (link/) 
SEQ ID NO:83 (Fylion E) 

35 SEQ TD NO:84fusion F) 
SEQ ID NO:8S"fFusion G) 
SEQ ID N0^6 (Fusion H) 
SEQ IDN0-87 (Fusion I) 
SEQ II^4o:88 (encoding Fusion E) 

40 SEQ NO:89 (encoding Fusion F) 
SEQTO N0:90 (encoding Fusion G) 
SBy ID NO:91 (encoding Fusion H) 

^ffiQ ID NO:92 (encoding Fusion I) 
/SEQ ID NO:93 (encoding Fusion E - E. Coli optimised) 

4s SEQ ID NO:94 (encoding Fusion F - E. Coli optimised) 
^ SEQ ID NO:95 (encoding Fusion G - E. Coli optimised) 

SEQ ID NO:96 (encoding Fusion H - E. Coli optimised) 
SEQ ID NO:97 (encoding Fusion I - E. Coli optimised) 
SEQ ID NO:98 (IC adjuvant) 

50 SEQ ID NO:99 (Polycationic peptide adjuvant) 
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SEQ ID NO: 100 (encoding GBS59 2603) 
SEQ IDNO:101 (encoding GBS59 515) 
SEQ ID NO: 102 (encoding GBS59 cjbl 11) 
SEQ ID NO: 103 (encoding GBS59 h36b) 

5 SEQ ID NO: 104 (encoding GBS59 CJBl 10) 
SEQ ID NO: 105 (encoding GBS59 DK21) 
SEQ ID NO: 106 (encoding GBS59 NEM316) 
SEQ ID NO: 107 (encoding 2603 Dl) 
SEQ ID NO: 108 (encoding 2603 D2) 

10 SEQ ID NO: 109 (encoding 2603 D3) 
SEQ ID NO: 110 (encoding 2603 D4) 
SEQ 1DN0:111 (encoding 515 Dl) 
SEQ ID NO: 112 (encoding 515 D2) 
SEQ ID NO: 113 (encoding 515 D3) / 

15 SEQ ID NO:l 14 (encoding 515 D4) / 
SEQ ID NO: 115 (encoding cjbl 11 Dl) / 
SEQ ID NO: 116 (encoding cjbl ] 1 D2) / 
SEQ ID NO: 117 (encoding cjbll 1 D3) / 
SEQ ID NO: 118 (encoding cjbl 11 D4) / 

20 SEQ ID NO:l 19 (encoding h36bDl) / 
SEQ ID NO: 120 (encoding h36b D2) / 
SEQ ID NO: 121 (encoding h36bD3) / 
SEQ ID NO: 122 (encoding h36b D4)/ 
SEQ ID NO: 123 (encoding CJB 11 tyt) 1) 

25 SEQ ID NO: 124 (encoding CJB 1 W D2) 
SEQ ID NO: 125 (encoding CJW 0 D3) 
SEQ ID NO: 126 (encoding Cm\ 10 D4) 
SEQ ID NO: 127 (encoding 0X21 Dl) 
SEQ ID NO: 128 (encodin^T>K21 D2) 

30 SEQ ID NO:129 (encodi$> DK21 D3) 
SEQ ID NO: 130 (encoding DK21 D4) 
SEQ ID NO:131 (enoOding NEM316 Dl) 
SEQ ID NO: 132 (encoding NEM316 D2) 
SEQ ID NO: 133 ibncoding NEM316 D3) 

35 SEQ ID NO: 1 ^encoding NEM316 D4) 
SEQ ID NO:l£?5 (encoding 2603 D3 sub-fragment) 
SEQ ID NQH36 (encoding 2603 D4H) 
SEQ ID NO:l 37 (encoding 515 D3 sub-fragment) 
SEQ ID^NO:! 38 (encoding 515 D4H) 

40 SEQ U9 NO: 139 (encoding cjbl 11 D3 sub-fragment) 
SEQnT) NO: 140 (encoding cjbl 11 D4H) 
SBQ ID NO: 141 (encoding h36b D3 sub-fi-agment) 
SEQ ID NO: 142 (encoding h36b D4H) 

^>EQ ID NO: 143 (encoding CJBl 10 D3 sub-fi-agment) 
A\f SEQ ID NO: 144 (encoding CJB 110 D4H) 
f SEQ ID NO: 145 (encoding DK21 D3 sub-fi'agment) 

SEQ ID NO: 146 (encoding DK21 D4H) 
SEQ ID NO: 147 (encoding NEM316 D3 sub-fi-agment) 
SEQ ID NO: 148 (encoding NEM316 D4H) 

50 SEQ ID NO: 149 (encoding 2603 D3+D4) 
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SEQ ID NO: 150 (encoding 2603 D3+D4H) / 
SEQ ID NO:151 (encoding 2603 D2+D3+D4) / 
SEQ ID NO: 152 (encoding 2603 D2+D3+D4H) / 
SEQ ID NO: 153 (encoding 515 D3+D4) / 

5 SEQ ID NO: 154 (encoding 515 D3+D4H) / 
SEQ ID NO:155 (encoding 515 D2+D3+D4) / 
SEQ ID NO: 156 (encoding 515 D2+D3+D4H) / 
SEQ IDNO:157 (encoding cjbl 11 D3+D4) / 
SEQ ID NO: 158 (encoding cjbl 11 D3+D4H) / 

10 SEQ IDNO:159 (encoding cjbl 11 D2+D3+D4) / 
SEQ ID NO: 160 (encoding cjbl 11 D2+D3+D4H) / 
SEQ ID NO: 161 (encoding h36b D3+D4) / 
SEQ ID NO: 162 (encoding h36b D3+D4H) / 
SEQ ID NO: 163 (encoding h36b D2+D3+D4) / 

15 SEQ ID NO:I64 (encoding h36b D2+D3+D4H) / 
SEQ ID NO: 165 (encoding CJBl 10 D3+D4) / 
SEQ ID NO: 166 (encoding CJBl 10 D3+D4H) / 
SEQ ID NO:167 (encoding CJBl 10 D2+D3+D^ 
SEQ ID NO: 168 (encoding CJB 110 D2+D3+B3H) 

20 SEQ ID NO: 169 (encoding DK2I D3+D4) / 
SEQ ID NO: 170 (encoding DK21 D3+D4,g) 
SEQ ID NO:17I (encoding DK21 D2+D/+D4) 
SEQ ID NO: 172 (encoding DK21 D2JD3+D4H) 
SEQ ID NO: 173 (encoding NEM316TO+D4) 

25 SEQ ID NO: 174 (encoding NEM D3+D4H) 
SEQ ID NO: 175 (encoding NEM316 D2+D3+D4) 
SEQ ID NO: 176 (encoding NBM316 D2+D3+D4H) 
SEQ ID NO: 177 (GBS80 26^0) 
SEQ IDN0.178 (GBS80 ^03 without leader) 

30 SEQ ID NO: 179 (GBS8j^2603 without transmembrane/cytoplasmic region) 
SEQ ID NO: 180 (GBS80 2603 without transmembrane/cytoplasmic region and cell wall 
anchor) A' 
SEQ ID NO: 181 (0BS8O 2603 without extracellular domain) 
SEQ IDNO:182^N-terminal immunogenic fi-agment ofGBS80 2603) 

35 SEQ IDNO:l&y (GBS67 2603) 
SEQ ID N0^4 (GBS67 2603 without transmembrane region) 
SEQ ID Nffif: 185 (GBS67 2603 without transmembrane and cell wall anchor motif) 
SEQ IDj/0:186 (N-terminal fragment ofGBS67 2603) 
SEQ II^NO:! 87 (N-terminal fragment ofGBS67 2603) 

40 SEQ^D NO: 188 (GBS67 h36b) 
srf^ID NO: 189 (N-terminal fragment of GBS67 h36b) 
SEQ ID NO: 190 (N-terminal fi-agment of GBS67 h36b) 

^EQ ID NO: 191 (GBS67 CJBl 11) 
/ SEQ ID NO: 192 (N-terminal fragment of GBS67 CJBl 11) 
fS SEQ ID NO: 193 (N-terminal fragment of GBS67 CJBl 11) 

SEQ IDNO:194 (GBS67 515) 
SEQ ID NO: 195 (N-terminal fragment ofGBS67 515) 
SEQ ID NO: 196 (N-terminal fragment ofGBS67 515) 
SEQ ID NO: 197 (GBS67 NEM316) 

50 SEQ ID NO: 198 (N-terminal fragment of GBS67NEM316) 
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SEQ ID NO: 199 (N-terminal fragment of GBS67 NEM316) / 
SEQ ID N0:200 (GB S67 DK21) / 
SEQ ID N0:201 (N-terminal fi-agment of GBS67 DK21) / 
SEQ ID N0:202 (N-terminal fragment of GBS67 DK21) / 

5 SEQ ID N0:203 (GBS67 CJB 110) / 
SEQ ID N0:204 (N-terminal fi-agment of GBS67 CJB 110) / 
SEQ ID N0:205 (N-terminal fragment of GBS67 CJBl 10) / 
SEQ ID N0:206 (GBS 1523 COH1) / 
SEQ 1DNO:207 (GBS1523 COH1 without signal sequence region) 

10 SEQ ID N0:208 (GBS 1523 COH1 with mutation at position 4J>f 
SEQ ID N0:209 (GBS80-GBS1523 hybrid) / 
SEQ ID N0:210 (GBS80-GBS1523 hybrid) / 
SEQ ID NO:211 (GBS80-GBS1523 hybrid) / 
SEQ ID NO:212 (GBS80-GBS1523 hybrid) / 

15 SEQ ID NO:213 (GBS 104 2603) / 
SEQ ID NO:214 (GBS 1524) / 
SEQ ID NO:215 (GBS3 2603) / 
SEQ ID NO:216 (GBS3 2603 without signal sequence region) 
SEQ ID NO:217 (GBS3 2603 coiled coil and pjoline-rich segments) 

20 SEQ ID NO:218 (GBS3 2603 signal sequencefand coiled coil) 
SEQ ID NO:219 (GBS3 2603 coiled coil s«#nent) 
SEQ ID N0:220 (GBS3 2603 signal sequence, coiled coil and proline rich segment) 
SEQ ID NO:221 (GBS3 515) / 
SEQ ID NO:222 (GBS3 cjbl 11) / 

25 SEQ ID NO:223 (GBS3 cohl) / 
SEQ ID NO:224 (SAN14S5 cohl)/ 
SEQ ID NO:225 (GBS 147 2603/ 
SEQ ID NO:226 (GBS328 260/ 
SEQ ID NO:227 (GBS84 2600) 

30 SEQ ID NO:228-261 (Prim/s) 
SEQ ID NO:262 (4H1 1/B/VH DNA sequence) 
SEQ ID NO:263 (4H1 I/$7-VH amino acid sequence) 
SEQ ID NO:264 (4Hl#B7-VLk 
DNA sequence) / 

35 SEQ ID NO:265 (4H1I/B7-VLk 
amino acid sequence) 
SEQ ID NO:2(^/(17C4/A3-VH DNA sequence) 
SEQ ID NO:^7 (17C4/A3-VH amino acid sequence) 
SEQ ID NO/268 (17C4/A3-VLk DNA sequence) 

40 SEQ ID N0-.269 (17C4/A3-VLk amino acid sequence) 
SEQ IDjfo:270 (epitope of D3 bound by 4HI1/B7 and 17C4/A3) 
SEQ IEfNO:271 (RigB) 
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CLAIMS /' 

1. An immunogenic composition comprising at least two of: / 

a) a first polypeptide comprising a first amino acid sequence, wherein the first 

amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 

identity to SEQ ID NO:l and/or (ii) consisting of a fragment of it least 7 contiguous 

amino acids from SEQ ID NO:l or from a sequence havingrat least 90% sequence 

identity to SEQ ID NO: 1; / 

b) a second polypeptide comprising a second ammo acid sequence, wherein the 

second amino acid sequence comprises an amino actepsequence (i) having at least 90% 

sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least 7 

contiguous amino acids from SEQ ID NO:2 of from a sequence having at least 90% 

sequence identity to SEQ ID NO:2; // 

c) a third polypeptide comprising^ third amino acid sequence, wherein the third 

amino acid sequence comprises an ammo acid sequence (i) having at least 90% sequence 

identity to SEQ ID NO:3 and/or pf) consisting of a fragment of at least 7 contiguous 

amino acids from SEQ ID NQo or from a sequence having at least 90% sequence 

identity to SEQ ID NO:3; /f 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 

fourth amino acid sequence comprises an amino acid sequence (i) having at least 90% 

sequence identity^) SEQ ID NO:4 and/or (ii) consisting of a fragment of at least 7 

contiguous amtiro acids from SEQ ID NO:4 or from a sequence having at least 90% 

sequence idepfity to SEQ ID NO:4; 

fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 

aminoJTcid sequence comprises an amino acid sequence (i) having at least 90% sequence 

identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least 7 contiguous 

imino acids from SEQ ID NO:5 or from a sequence having at least 90% sequence 

identity to SEQ ID NO:5; and/or 

f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 

amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 

identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least 7 contiguous 
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amino acids from SEQ ID NO:6 or from a sequence having at least 90% sequence;., 

identity to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a seventh amino acid sequence,/^herein the 
/ 

seventh amino acid sequence comprises an amino acid sequence (i) having at least 90% 

sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least 7 

contiguous amino acids from SEQ ID NO:7 or fi-om a sequence Jraving at least 90% 

sequence identity to SEQ ID NO:7. /J 

2. A polypeptide comprising at least two of: 

a) a first polypeptide comprising a first aminoiScid sequence, wherein the first 

amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 

identity to SEQ ID NO:l and/or (ii) consisting of a fragment of at least 7 contiguous 

amino acids from SEQ ID NO:l or from a sequence having at least 90% sequence 

identity to SEQ ID NO:l; 

b) a second polypeptide comprising a second amino acid sequence, wherein the 

second amino acid sequence comprisedan amino acid sequence (i) having at least 90% 

sequence identity to SEQ ID NO:#and/or (ii) consisting of a fragment of at least 7 

contiguous amino acids from SEQ ID NO:2 or from a sequence having at least 90% 

sequence identity to SEQ ID 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 

amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 

identity to SEQ ID 1^0:3 and/or (ii) consisting of a fragment of at least 7 contiguous 

amino acids fromJSEQ ID NO:3 or from a sequence having at least 90% sequence 

identity to SEQ. ID NO:3; 

d) a jourth polypeptide comprising a fourth amino acid sequence, wherein the 

fourth amino acid sequence comprises an amino acid sequence (i) having at least 90% 

sequen|f identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least 7 

contiguous amino acids from SEQ ID NO:4 or from a sequence having at least 90% 

sejfuence identity to SEQ ID NO:4; 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 

amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
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identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:5 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:5; and/or i 

f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at lea5#90% sequence 
identity to SEQ ID NO;6 and/or (ii) consisting of a fragment of at l/ast 7 contiguous 
amino acids from SEQ ID NO:6 or from a sequence having at Jcast 90% sequence 
identity to SEQ ID NO:6; and/or / 

g) a seventh polypeptide comprising a seventh amino ajMd sequence, wherein the 
seventh amino acid sequence comprises an amino acid sequjpce (i) having at least 90% 
sequence identity to SEQ ID NO:7 and/or (ii) consist injf of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:7 or from jf sequence having at least 90% 
sequence identity to SEQ ID NO:7. M 

3. A polypeptide comprising amino acid sequence^ 

wherein: each X is an amino acid sequence m first polypeptide, second polypeptide, third 
polypeptide, fourih polypeptide, fifth polypeptide, sixth polypeptide, or seventh polypeptide 
as defined in claim 1 and wherein each Wis a different polypeptide; L is an optional linker 
amino acid sequence; A is an optional#] terminal amino acid sequence; B is an optional C 
terminal amino acid sequence; n is arffnteger of 2 or more. 

4. An immunogenic compositpn or a polypeptide according to any one of claims I to 3 
wherein the first polypeptide comprises a first amino acid sequence consisting of a 
fragment of SEQ ID NOjf comprising the amino acid sequence of SEQ ID N0:10 (D3), 
SEQ ID NO:36 (D3 jlfb-fragment), SEQ ID NO: 51 (D3+D4H) or SEQ ID NO:53 
(D2+D3+D4H). / 

5. An immunogenic composition or a polypeptide according to any one of claims 1 to 4, 
wherein the jlcond polypeptide comprises a second amino acid sequence consisting of a 
fragment oa SEQ ID NO:2 comprising the amino acid sequence of SEQ ID NO: 14 (D3), 
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SEQ ID NO:38 (D3 sub-fragment), SEQ ID NO:55 (D3+D4H) or SEQ ID NG^57 

(D2+D3+D4H). / 

6. An immunogenic composition or a polypeptide according to any one oftclaims 1 lo 5, 

wherein the third polypeptide comprises a third amino acid sequencerconsisting of a 

fragment of SEQ ID NO:3 comprising the amino acid sequence of SEQ ID NO: 18 (D3), 

SEQ ID N0:40 (D3 sub-fragment), SEQ ID NO:59 (D3+D4H;f or SEQ ID NO:61 

(D2+D3+D4H). / 

7. An immunogenic composition or a polypeptide according to any one of claims 1 to 6, 

wherein the fourth polypeptide comprises a fourth amino acid sequence consisting of a 

fragment of SEQ IDNO:4 comprising the amino a.pd sequence of SEQ ID NO:22 (D3), 

SEQ ID NO:42 (D3 sub-fragment), SEQ ID/KrO:63 (D3+D4H) or SEQ ID NO:65 

(D2+D3+D4H). / 

8. An immunogenic composition or a Polypeptide according to any one of claims 1 to 7, 

wherein the fifth polypeptide comprises a fifth amino acid sequence consisting of a 

fragment of SEQ ID NO:5 comprising the amino acid sequence of SEQ ID NO:26 (D3), 

SEQ ID NO:44 (D3 sub-fragment), SEQ ID NO:67 (D3+D4H) or SEQ ID NO:69 

(D2+D3+D4H). / 

9. An immunogenicComposition or a polypeptide according to any one of claims 1 to 8, 

wherein the sixth^olypeptide comprises a sixth ammo acid sequence consisting of a 

fragment of SE|f ID NO:6 comprising the amino acid sequence of SEQ ID N0:30 (D3), 

SEQ ID NQ?46 (D3 sub-fragment), SEQ ID NO:71 (D3+D4H) or SEQ ID NO:73 

(D2+D3-HMH). 

lOJkn immunogenic composition or a polypeptide according to any one of claims 1 to 

wherein the seventh polypeptide comprises a seventh amino acid sequence consisting 

of a fragment of SEQ ID NO:7 comprising the amino acid sequence of SEQ ID NO:34 
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(D3), SEQ ID NO:48 (D3 sub-fi-agment), SEQ ID NO:75 (D3+D4H) or SE/lD NO:77 
(D2+D3+D4H). 

11. The polypeptide of claim 2 or claim 3, comprising an amino aci|f sequence selected 
from the group consisting of: SEQ ID NOs: 83, 84, 85, 86 and 87. 

12. An immunogenic composition or a polypeptide according to any one of claims 1 to 
] 1 for use In therapy. 

13. An immunogenic composition or a polypeptide Jecording to any one of claims 1 to 
11 for use in treating or preventing disease and/9/infection caused by GBS, including 
treating or preventing meningitis. 

14. A method or treating or prevent diseasl and/or infection caused by GBS, preferably 
meningitis, in a mammal comprising administering an effective amount of an 
immunogenic composition or polypeptide according to any one of claims 1 to 11. 

15. A bacterium which expresses at least two of: 

a) a first polypeptide compiling a first amino acid sequence, wherein the first amino 
acid sequence comprises\mxi amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NOT and/or (ii) consisting of a fi-agment of at least 7 contiguous 
amino acids from SfQ ID NO:l or from a sequence having at least 90% sequence 
identity to SEQ 1DMO: I; 

b) a sec|md polypeptide comprising a second amino acid sequence, wherein the 
second amin^acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence ^entity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least 7 
eontiguc^s amino acids from SEQ ID NO:2 or from a sequence having at least 90% 
stqus^cQ identity to SEQ ID NO:2; 

Jf c) a third polypeptide comprising a third amino acid sequence, wherein the third 
ifmino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least 7 contiguous 
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amino acids from SEQ ID NO:3 or from a sequence having at least 90% sequence 

identity to SEQ ID NO:3; / 

d) a fourth polypeptide comprising a fourth amino acid sequence, wnerein the 

fourth amino acid sequence comprises an amino acid sequence (i) having/at least 90% 

sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least 7 
/ 

contiguous amino acids from SEQ ID NO:4 or from a sequence having at least 90% 

sequence identity to SEQ ID NO:4; // 
if 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 

amino acid sequence comprises an amino acid sequence (i) haVing at least 90% sequence 

identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least 7 contiguous 

amino acids from SEQ ID NO:5 or from a sequencer having at least 90% sequence 

identity to SEQ ID NO:5; and/or ,/ 

f) a sixth polypeptide comprising a sixth immo acid sequence, wherein the sixth 

amino acid sequence comprises an amino acid^equence (i) having at least 90% sequence 

identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least 7 contiguous 
W amino acids from SEQ ID NO:6 or from a sequence having at least 90% sequence 

identity to SEQ ID NO:6; and/or Jr 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the 

seventh amino acid sequence comprises an amino acid sequence (i) having at least 90% 

sequence identity to SEQ ID'NO:7 and/or (ii) consisting of a fragment of at least 7 
// 

contiguous amino acids from SEQ IDNO:7 or from a sequence having at least 90% 
// 

sequence identity to SECfIDNO:7. 
// /> 

# 
// 
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IMMUNOGENIC PROTEINS AND COMPOSITIONS FOR THE TREATMENT AND 
PREVENTION OF STREPTOCOCCUS AGALACTIAE 

TECHNICAL FIELD 

The invention provides proteins and compositions for the treatment and prevention of 

Streptococcus agalactiae (Group B streptococcus; GBS). 

5 BACKGROUND ART 

The Gram-positive bacterium Streptococcus agalactiae (or "group B streptococcus", 

abbreviated to "GBS") causes serious disease, bacteremia and meningitis, in 

immunocompromised individuals and in neonates. There are two types of neonatal 

infection. The first (early onset, usually within 5 days of birth) is manifested by 

10 bacteremia and pneumonia. It is contracted vertically as a baby passes through the birth 

canal. GBS colonises the vagina of about 25% of young women, and approximately 1% 

of infants born via a vaginal birth to colonised mothers will become infected. Mortality 

is between 50-70%. The second is a meningitis that occurs 10 to 60 days after birth. If 

pregnant women are vaccinated with type III. capsule so that the infants are passively 

15 immunised, the incidence of the late onset meningitis is reduced but is not entirely 

eliminated. 

The "B" in "GBS" refers to the Lancefield classification, which is based on the 

antigenicity of a carbohydrate which is soluble in dilute acid and called the C 

carbohydrate. Lancefield identified 13 types of C carbohydrate, designated A to O. that 

20 could be serologically differentiated. The organisms that most commonly infect humans 

are found in groups A, B, D, and G. Within group B, strains can be divided into 10 

serotypes (la, lb, II, ITT, IV, V, VI, VII, VIII and XI) based on the structure of their 

polysaccharide capsule. 

Investigations have been conducted into the development of protein-based and 

25 polysaccharide-based vaccines against GBS but currently, no GBS vaccine is 

commercially available. There therefore remains a need for effective vaccines against 

S.agalactiae infection. 

It is an object of the invention to provide proteins and immunogenic compositions which 

can be used in the development of such vaccines. 

30 
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DISCLOSURE OF THE INVENTION 

Pilus structures in gram-positive bacteria are considered to be interesting vaccine 

candidates. GBS has three pilus variants, each encoded by a distinct pathogenicity 

island, PI-1, PI-2a and PI-2b [1,2]. Each pathogenicity island consists of 5 genes coding 

5 for: the pilus backbone protein (BP); 2 ancillary proteins (API and AP2); and 2 sortase 

proteins that are involved in the assembly of the piii. All GBS strains carry at least one 

of these 3 pathogenicity islands and the sequences of the pilus structural proteins (BP, 

API and AP2) encoded by these pathogenicity islands are generally well conserved. 

However, the sequence of the backbone protein encoded by pathogenicity island 2a (BP-

10 2a), referred to herein as GBS59, varies between GBS strains. The GBS59 piius subunit 

has at least seven clades and the sequence identity between these clades is as low as 

48%. 

Reference amino acid sequences for the seven GBS59 clades are SEQ ID NO:l (derived 

from GBS strain 2603), SEQ ID NO:2 (derived from GBS strain 515), SEQ ID NO:3 

15 (derived from GBS strain CJBl 11), SEQ ID NO:4 (derived from GBS strain H36B), 

SEQ ID NO:5 (derived from GBS strain CJBl 10), SEQ ID NO:6 (derived from GBS 

strain DK.21) and SEQ ID NO:7 (derived from GBS strain NEM316) herein. 

Serum raised against a given GBS59 clade is active against other strains of GBS that 

express that clade, but is not active against strains which express one of the other five 

20 clades, i.e. there is intra-clade cross-protection, but not inter-clade cross-protection. 

According to the invention, therefore, an immunogenic composition is provided which 

includes at least two different clades ofGBS59. The different clades of GBS59 may be 

present in the immunogenic composition as separate polypeptides or may be fused as a 

single polypeptide chain. The inclusion of multiple GBS59 clades as vaccine 

25 components improves the strain coverage of the immunogenic composition against GBS. 

Furthermore, the inventors have identified domains within the GBS59 clades containing 

epitopes responsible for inducing an immunogenic response. The immunogenic 

composition may therefore include fi'agments of at least two different clades of GBS59 

comprising one or more of these domains, or sub-fragments of these domains, instead of 

30 the full-length GBS59 proteins. Alternatively, these fragments of at least two different 

clades of GBS59 may be fused as a single polypeptide chain. The use of fragments of 
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GBS59 clades in place of full-length proteins facilitates the preparation of a vaccine with 
improved strain coverage against GBS. 

Thus, the invention provides an immunogenic composition comprising at least two of: 

a) a first polypeptide comprising a first amino acid sequence, wherein the first 
5 amino acid sequence comprises an amino acid sequence (i) having at least a% sequence 

identity to SEQ ID NO: 1 and/or (ii) consisting of a fragment of at least t contiguous 
amino acids from SEQ ID NO:I or from a sequence having at least a% sequence identity 
to SEQ ID NO:l; 

b) a second polypeptide comprising a second amino acid sequence, wherein the 
10 second amino acid sequence comprises an amino acid sequence (i) having at least b% 

sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least u 
contiguous amino acids from SEQ IDNO:2 or from a sequence having at least b% 
sequence identity to SEQ ID NO:I; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 
15 amino acid sequence comprises an amino acid sequence (i) having at least c% sequence 

identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least v contiguous 
amino acids from SEQ ID NO:3 or from a sequence having at least c% sequence identity 
to SEQ ID NO:3; 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
20 fourth amino acid sequence comprises an amino acid sequence (i) having at least d% 

sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least w 
contiguous amino acids from SEQ ID NO:4 or from a sequence having at least d% 
sequence identity to SEQ ID NO:4; 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
25 amino acid sequence comprises an amino acid sequence (i) having at least e% sequence 

identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least x contiguous 
amino acids from SEQ ID NO:5 or from a sequence having at least e% sequence identity 
to SEQ ID NO;5; and/or 

f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 
30 amino acid sequence comprises an amino acid sequence (i) having at least 1% sequence 

identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least y contiguous 
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amino acids from SEQ ID NO:6 or from a sequence having at least f% sequence identity 
to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the 
seventh amino acid sequence comprises an amino acid sequence (i) having at least g% 

5 sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least z 
contiguous amino acids from SEQ ID NO:7 or from a sequence having at least g% 
sequence identity to SEQ ID NO:7. 

The immunogenic composition may comprise 2, 3, 4, 5, 6 or al l 7 of the seven amino 
acid sequences. 

10 The invention also provides a polypeptide comprising at least two of: 

a) a first polypeptide comprising a first amino acid sequence, wherein the first 
amino acid sequence comprises an amino acid sequence (i) having at least a% sequence 
identity to SEQ ID NO:l and/or (ii) consisting of a fragment of at least t contiguous 
amino acids from SEQ ID NO: 1 or from a sequence having at least a% sequence identity 

15 toSEQIDNO:!; 

b) a second polypeptide comprising a second amino acid sequence, wherein the 
second amino acid sequence comprises an amino acid sequence (i) having at least b% 
sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least u 
contiguous amino acids from SEQ ID NO:2 or from a sequence having at least b% 

20 sequence identity to SEQ ID NO: 1; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 
amino acid sequence comprises an amino acid sequence (i) having at least c% sequence 
identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least v contiguous 
amino acids from SEQ ID NO:3 or from a sequence having at least c% sequence identity 

25 to SEQ ID NO:3; 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
fourth amino acid sequence comprises an amino acid sequence (i) having at least d% 
sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least w 
contiguous amino acids from SEQ ID NO:4 or from a sequence having at least d% 

30 sequence identity to SEQ ID NO:4; 
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e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
amino acid sequence comprises an amino acid sequence (i) having at least e% sequence 
identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least x contiguous 
amino acids from SEQ ID NO:5 or from a sequence having at least e% sequence identity 

5 to SEQ ID NO:5; and/or 

f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at least f% sequence 
identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least y contiguous 
amino acids from SEQ ID NO:6 or from a sequence having at least f% sequence identity 

10 to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the ... 
seventh amino acid sequence comprises an amino acid sequence (i) having at least g% 
sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least z 
contiguous amino acids from SEQ ID NO:7 or from a sequence having at least g% 

15 sequence identity to SEQ ID NO:7. 

The polypeptide may comprise 2, 3, 4, 5,6 or all 7 of the seven amino acid sequences. 

The invention also provides a polypeptide comprising amino acid sequence: 

wherein: X is an amino acid sequence of a first polypeptide, second polypeptide, third 
20 polypeptide, fourth polypeptide, fifth polypeptide, sixth polypeptide or seventh 

polypeptide as defined above; L is an optional linker amino acid sequence; A is an 
optional N-terminal amino acid sequence; B is an optional C-terminal amino acid 
sequence; n is an integer or 2 or more. Typically, n is 2, 3, 4, 5, 6 or 7. The X moieties in 
the polypeptide are different, as discussed below. 

25 Where n is 2, X moieties are selected from the following: 

n x, x2 

2 First polypeptide Second polypeptide 

2 Second polypeptide First polypeptide 

2 First polypeptide Third polypeptide 

2 Third polypeptide First polypeptide 

2 First polypeptide Fourth polypeptide 
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2 Fourth polypeptide First polypeptide 

2 Fifth polypeptide First polypeptide 

2 First polypeptide Sixth polypeptide 

2 Sixth polypeptide First polypeplide 

2 Second polypeptide Third polypeptide 

2 Third polypeptide Second polypeplide 

2 Second polypeptide Fourth polypeptide 

2 Fourih polypeptide Second polypeplide 

2 Sccond polypeptide Fifth polypeptide 

2 Fifth polypeptide Second polypeplide 

2 Second polypeptide Sixth polypeptide 

2 Sixth polypeptide Second polypeptide 

2 Third polypeptide Fourth polypeptide 

2 Fourth polypeptide Third polypeptide 

2 Third polypeptide Fifth polypeptide 

2 Fifth polypeptide Third polypeptide 

2 Third polypeptide Sixth polypeptide 

2 Sixth polypeptide Third polypeplide 

2 Fourth polypeptide Fifth polypeptide 

2 Fifth polypeptide Fourih polypeptide 

2 Fourth polypeptide e Sixth polypeptide 

2 Sixth polypeptide Fourth polj'peptide 

2 Fifth polypeptide Sixth polypeptide 

2 Sixth polypeplide Fifth polypeptide 

Where n is 3, X moieties are selected from the following: 
n x, X, x3 
3 First Polypeptide Second Polypeptide Third Polypeptide 

3 First Polypeptide Second Polypeptide Fourih Polypeptide 

3 First Polypeptide Second Polypeptide Fifth Polypeptide 

3 First Polypeplide Second Polj'peptide Sixth Polj'peptide 
3 First Polypeptide Third Polypeptide Sccond Polypeptide 

3 First Polypeplide Third Polypeptide Fourth Polypeplide 

3 First Polypeplide Third Polypeptide Fifth Polypeptide 

3 First Polypeptide Third Polj'peptide Sixlh Polypeptide 

3 First Polypeptide Fourth Polypeptide Second Polypeptide 

3 First Polypeptide Fourth Polypeptide Third Polypeptide 
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3 First Polypeptide Fourih Polypeptide Fifth Polypeplide 

3 First Polypeptide Fourth Polypeptide Sixth Polypeptide 

3 First Polypeptide Fifth Polypeptide Second Polypeplide 

3 First Polypeptide Fifth Polypeptide Third Polypeptide 

3 First Polypeptide Fifth Polypeptide Fourth Polypeptide 

3 First Polypeplide Fifth Polypeptide Sixlh Polypeptide 

3 First Polypeptide Sixth Polypeplide Sccond Polypeptide 

3 First Polypeptide Sixlh Polypeptide Third Polypeptide 

3 First Polypeptide Sixth Polypeptide Fourth Polypeptide 

3 First Polypeptide Sixlh Polypeplide Fifth Polypeptide 

3 Sccond Polypeptide First Polypeplide Third Polypeptide 

3 Second Polypeptide Firsl Polypeplide Fourth Polypeptide 

3 Sccond Polypeptide First Polypeptide Fifth Polypeptide 

3 Second Polypeptide First Polypeplide Sixlh Polypeptide 

3 Second Polypeptide Third Polypeptide First Polypeplide 

3 Second Polypeptide Third Polypeplide Fourih Polypeplide 

3 Sccond Polypeptide Third Polypeptide Fifth Polypeptide 

3 Second Polypeptide Third Polypeptide Sixth Polypeptide 

3 Sccond Polypeptide Fourih Polypeplide First Polypeplide 

3 Second Polypeptide Fourth Polypeptide Third Polypeptide 

3 Second Polypeptide Fourth Polypeplide Fifth Polypeptide 

3 Second Polypeptide Fourth Polypeptide Sixlh Polypeptide 

3 Second Polypeptide Fifth Polypeplide First Polypeptide 

3 Second Polypeptide Fifth Polypeptide Third Polypeptide 

3 Second Polypeplide Fifth Polypeptide Fourih Polypeptide 

3 Second Polypeptide Fifth Polypeptide Sixth Polypeplide 

3 Second Polypeptide Sixth Polypeptide Firsl Polypeptide 

j Second Polypeplide Sixth Polypeptide Third Polypeptide 

3 Sccond Polypeptide Sixth Polypeptide Fourih Polypeplide 

3 Second Polypeptide Sixth Polypeptide Fifth Polypeptide 
•v 
J Third Polypeptide First Polj'peptide Second Polypeptide 

J Third Polypeptide First Polypeptide Fourth Polypeptide 

3 Third Polypeptide First Polypeptide Fiflh Polypeptide 

3 Third Polypeptide First Polypeptide Sixlh Polypeptide 

3 Third Polypeptide Second Polypeptide First Polypeplide 

3 Third Polypeptide Sccond Polypeptide Fourih Polypeptide 

j Third Polypeptide Second Polypeplide Fifth Polypeptide 

Third Pnlypp.ptirlr. Second Polypeptide Sixth Polypeptide 

3 Third Polypeptide Fourth Polypeptide Firsl Polypeplide 

3 Third Polypeptide Fourth Polypeplide Second Polypeptide 

3 Third Polypeptide Fourth Polypeptide Fifth Polypeptide 

3 Third Polypeptide Fourih Polypeptide Sixth Polypeptide 

3 Third Polypeptide Fifth Polypeptide First Polypeptide 
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3 Third Polj'pept de Fifth Polypeptide Second Polypeptide 
3 Third Polj'pepl de Fifth Polypeplide Fourth Polypeptide 

3 Third Polj'pept de Fifth Polypeptide Sixth Polj'peptide 
3 Third Polj'pept de Sixth Polypeptide First Polypeptide 
3 Third Polj'pept de Sixlh Polypeptide Second Polypeptide 
3 Third Polj'pept de Sixth Polypeptide Fourth Polypeptide 
3 Third Polypepl de Sixth Polypeptide Fifth Polypeptide 
3 Fourth Polypept de Firsl Polypeptide Second Polypeptide 
3 Fourth Polypepl de First Polypeplide Third Polypeptide 
A 
J Fourih Polj'pepl de First Polypeptide Fifth Polypeptide 
3 Fourth Polypepl de First Polypeptide Sixth Polj'peptide 
3 Fourth Polypept de Second Polypeptide Firsl Polypeptide 
3 Fourth Polypept dc Second Polypeptide Third Polypeptide 
j Fourth Polypept de Second Polypeptide Fifth Polypeptide 
3 Fourth Polj'pepl de Second Polypeptide Sixlh Polypeplide 

Fourth Polypepl dc Third Polypeptide First Polypeptide 
Fourth Polypept de Third Polypeptide Second Polypeptide 

3 Fourth Polypept de Third Polypeptide Fifth Polypeptide 
Fourth Polypepl de Third Polypeplide Sixlh Polypeptide 

3 Fourth Polypept de Fifth Polypeptide First Polypeptide 
3 Fourth Polypept de Fifth Polypeptide Second Polypeplide 
3 Fourth Polypept de Fifth Polypeptide Third Polypeptide 

Fourth Polypepl de Fifth Polypeptide Sixth Polypeptide 
3 Fourth Polypept de Sixth Polypeptide First Polypeplide 

Fourth Polypept de Sixth Polypeptide Second Polypeptide 
j Fourth Polypept dc Sixth Polypeptide Third Polypeptide 
3 Fourth Polj'pept de Sixth Polypeplide Fifth Polypeptide 

Fifth Polj'pept de Firsl Polypeptide Second Polypeptide 
Fifth Polypept de Firsl Polypeptide Third Polypeptide 

3 Fifth Polypept de Firsl Polypeptide Fourth Polypeplide 
3 Fifth Polypept de First Polypeplide Sixth Polypeptide 
j Fifth Polypept de Second Polypeplide First Polypeptide 
3 Fifth Polypept de Second Polj'peplide Third Polypeptide 

Fifth Polypept de Second Polypeptide Fourth Polypeptide •*» 
J Fifth Polypept de Second Polypeplide Sixth Polj'peptide 
3 Fifth Polypept de Third Polypeplide First Polypeptide 

Fifth Polypept de Third Polypeptide Second Polypeptide 
0 Fifth Polypept de Third Polypeptide Fourth Polypeptide 
3 Fifth Polypept de Third Polypeptide Sixth Polypeptide 
3 Fifth Polypept de Fourth Polypeptide First Polypeplide 
3 Fifth Polypept de Fourth Polypeptide Second Polypeptide 
3 Fifth Polypept de Fourth Polypeplide Third Polypeptide 
j Fifth Polypept de Fourth Polypeptide Sixth Polypeptide 
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3 Fifth Polypeplide Sixth Polypeptide First Polypeptide 

3 Fifth Polypeptide Sixlh Polypeptide Second Polypeplide 

3 Fifth Polypeplide Sixth Polypeplide Third Polypeptide 

3 Fifth Polypeplide Sixth Polypeplide Fourth Polypeptide 

3 Sixlh Polypeptide First Polypeplide Second Polypeptide 

3 Sixth Polypeptide First Polypeplide Third Polypeptide 

3 Sixth Polypeptide First Polypeptide Fourth Polypeptide 

3 Sixlh Polypeptide First Polypeptide Fifth Polj'peptide 

3 Sixth Polypeptide Second Polypeplide First Polypeplide 

3 Sixth Polypeplide Second Polypeptide Third Polypeptide 

3 Sixth Polypeptide Second Polypeptide Fourth Polypeptide 

3 Sixlh Polypeptide Second Polypeptide Fifth Polypeptide 

3 Sixth Polypeptide Third Polypeplide First Polypeplide 

3 Sixth Polj'peplide Third Polypcplidc Second Polypeptide 

3 Sixth Polypeptide Third Polypeplide Fourih Polypeplide 

3 Sixlh Polypeptide Third Polypeplide Fifth Polypeptide 

J Sixth Polypeptide Fourth Polypeptide First Polypeptide 

3 Sixth Polypeplide Fourth Polypeplide Second Polypeptide 

3 Sixth Polypeptide Fourth Polypeptide Third Polypeptide 

3 Sixth Polypeptide Fourth Polypeptide Fifth Polypeplide 

3 Sixth Polypeptide Fifth Polypeptide Firsl Polypeptide 

3 Sixth Polypeptide Fifth Polj'peptide Second Polypeptide 

3 Sixth Polypeptide Fifth Polypeptide Third Polypeptide 

3 Sixth Polypeptide Fifth Polypeptide Fourth Polypeptide 

Where n is 4, X moieties are selected from the following: 

n x, x2 x3 X, 

4 First Polypeptide Second Polypeptide Third Polypeptide Fourth Polypeptide 

4 First Polypeptide Second Polj'peptide Third Polypeptide Fifth Polypeptide 

4 First Polypeptide Second Polypeptide Third Polypeptide Sixlh Polypeplide 

4 First Polypeptide Second Polypeptide Fourth Polypeptide Third Polypeptide 

4 Firsl Polypeptide Second Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 First Polypeptide Second Polypeptide Fourih Polypeptide Sixth Polypeplide 

4 First Polypeptide Second Polypeplide Fiflh Polypeplide Third Polypeptide 

4 Firsl Polypeplide Second Polypeplide Fifth Polypeptide Fourth Polypeptide 

4 First Polypeplide Second Polypeplide Fifth Polypeptide Sixth Polypeptide 

4 First Polypeptide Second Polypeptide Sixth Polj'peptide Third Polypeptide 

4 First Polypeptide Second Polypeptide Sixlh Polypeptide Fourth Polypeptide 

4 First Polypeptide Sccond Polypeptide Sixlh Polypeptide Fifth Polypeptide 

4 First Polypeptide Third Polypeptide Sccond Polypeplide Fourih Polypeptide 

4 First Polypeptide Third Polj'peplide Second Polypeplide Fifth Polypeptide 

4 First Polypeplide Third Polypeplide Second Polypeptide Sixth Polypeptide 

4 First Polypeptide Third Polypeptide Fourth Polypeptide Second Polypeptide 
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4 Firsl Polypeptide Third Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 First Polypeptide Third Polypeptide Fourth Polypeptide Sixlh Polypeptide 

4 Firsl Polypeptide Third Polypeptide Fifth Polj'peplide Second Polypeplide 

4 Firsl Polypeptide Third Polypeptide Fifth Polypeptide Fourth Polypeptide 

4 Firsl Polypeptide Third Polypeptide Fifth Polypeptide Sixth Polypeptide 

4 First Polypeptide Third Polypeptide Sixth Polypeptide Second Polypeptide 

4 First Polypeptide Third Polypeptide Sixth Polypeptide Fourth Polypeplide 

4 First Polypeptide Third Polypeptide Sixth Polypeptide Fiflh Polypeptide 

4 First Polypeptide Fourth Polypeptide Second Polypeptide Third Polypeptide 

4 First Polypeptide Fourih Polypeptide Second Polypeptide Fiflh Polypeplide 

4 First Polypeptide Fourth Polj'peptide Second Polypeptide Sixth Polypeptide 

4 First Polypeptide Fourih Polypeptide Third Polypeptide Second Polypeptide 

4 First Polypeptide Fourth Polypeptide Third Polypeplide Fifth Polypeptide 

4 First Polypeptide Fourth Polypeptide Third Polypeplide Sixth Polypeptide 

4 Firsl Polypeptide Fourth Polypeptide Fifth Polj'peplide Second Polypeptide 

4 Firsl Polypeptide Fourih Polypeptide Fiflh Polypeplide Third Polypeptide 

4 Firsl Polypeptide Fourih Polypcplidc Fifth Polypeplide Sixth Polypeptide 

4 Firsl Polypeptide Fourth Polypeptide Sixlh Polypeptide Second Polypeptide 

4 First Polypeptide Fourih Polj'peptide Sixth Polypeptide Third Polypeptide 

4 First Polypeptide Fourih Polj'peptide Sixlh Polypeplide Fiflh Polypeptide 

4 First Polypeplide Fifth Polypeptide Second Polypeptide Third Polypeptide 

4 First Polypeplide Fifth Polj'peptide Second Polypeptide Fourth Polypeptide 

4 First Polypeplide Fifth Polypeptide Sccond Polypeptide Sixth Polypeplide 

4 First Polypeptide Fifth Polypeptide Third Polypeptide Second Polypeptide 

4 First Polypeptide Fifth Polypeplide Third Polypeptide Fourth Polypeptide 

4 First Polypeplide Fifth Polj'peplide Third Polypeptide Sixlh Polypeptide 

4 First Polypeptide Fifth Polj'peptide Fourth Polypeptide Second Polypeptide 

4 Firsl Polypeptide Fifth Polypeptide Fourih Polypeptide Third Polypeplide 

4 First Polypeplide Fiflh Polypeptide Fourih Polypeptide Sixth Polypeptide 

4 First Polypeptide Fifth Polypeptide Sixth Polypeptide Second Polypeplide 

4 First Polypeptide Fifth Polypeplide Sixlh Polypeptide Third Polypeptide 

4 First Polypeplide Fiflh Polypeplide Sixlh Polypeptide Fourth Polypeptide 

4 First Polypeptide Sixth Polypeptide Second Polypeptide Third Polypeptide 

4 First Polypeplide Sixth Polypeptide Second Polypeptide Fourth Polypeplide 

4 First Polypeptide Sixlh Polypeptide Second Polypeptide Fifth Polypeptide 

4 First Polypeptide Sixth Polypeptide Third Polypeplide Second Polypeptide 

4 First Polypeptide Sixth Polypeptide Third Polypeptide Fourth Polypeptide 

4 First Polypeptide Sixth Polypeptide Third Polypeptide Fiflh Polypeptide 

4 First Polypeptide Sixlh Polypeptide Fourth Polypeplide Second Polypeplide 

4 First Polypeptide Sixth Polypeptide Fourth Polypeptide Third Polypeplide 

4 First Polypeptide Sixth Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 First Polypeplide Sixth Polypeptide Fifth Polypeptide Second Polypeptide 

4 First Polypeptide Sixth Polypeptide Fifth Polypeptide Third Polypeplide 
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4 First Polypeptide Sixth Polypeptide Fifth Polypeptide Fourth Polypeptide 

4 Second Polypeptide Firsl Polypeptide Third Polypeptide Fourih Polypeplide 

4 Sccond Polypeptide First Polypeptide Third Polypeplide Fifth Polypeptide 

4 Sccond Polypeptide First Polypeptide Third Polypeptide Sixlh Polypeptide 

4 Sccond Polypeptide First Polypeptide Fourth Polypeptide Third Polypeptide 

4 Second Polypeptide First Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 Sccond Polypeplide First Polypeptide Fourih Polypeptide Sixth Polypeptide 

4 Second Polypeptide First Polypeptide Fifth Polypeptide Third Polypeptide 

4 Second Polypeptide First Polypeptide Fifth Polypeptide Fourth Polypeplide 

4 Second Polypeptide First Polypeptide Fifth Polypeptide Sixth Polypeptide 

4 Second Polypeptide First Polj'peptide Sixth Polypeptide Third Polypeplide 

4 Second Polypeptide First Polypeptide Sixth Polypeplide Fourih Polypeptide 

4 Second Polypeplide First Polj'peptide Sixth Polypeptide Fifth Polypeptide 

4 Second Polypeptide Third Polj'peptide Firsl Polypeplide Fourth Polypeplide 

4 Second Polypeptide Third Polypeptide First Polypeplide Fifth Polypeplide 

4 Second Polypeptide Third Polj'peptide First Polypeplide Sixth Polypeptide 

4 Second Polypeptide Third Polypeplide Fourth Polypeptide First Polypeptide 

4 Sccond Polypeptide Third Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 Second Polypeptide Third Polypeptide Fourth Polypeptide Sixth Polypeplide 

4 Second Polypeptide Third Polypeptide Fifth Polypeptide Firsl Polypeptide 

4 Second Polypeptide Third Polypeptide Fifth Polypeptide Fourth Polypeptide 

4 Second Polypeptide Third Polj'peptide Fifth Polypeptide Sixth Polypeplide 

4 Second Polypeptide Third Polypeptide Sixlh Polypeptide First Polypeptide 

4 Second Polypeptide Third Polypeptide Sixth Polypeptide Fourth Polypeptide 

4 Second Polypeptide Third Polypeptide Sixlh Polypcplidc Fifth Polypeptide 

4 Second Polypeplide Fourih Polypeptide First Polypeplide Third Polypeptide 

4 Second Polypeplide Fourth Polypeptide First Polypeptide Fifth Polypeplide 

4 Second Polypeptide Fourih Polypeplide First Polypeplide Sixth Polypeplide 

4 Second Polypeptide Fourth Polypeptide Third Polypeplide First Polypeptide 

4 Second Polypeptide Fourth Polypcplidc Third Polypcplidc Fiflh Polypeptide 

4 Second Polypeplide Fourih Polypeplide Third Polypeplide Sixth Polypeptide 

4 Second Polypeptide Fourih Polypeplide Fifth Polypeptide Firsl Polypeplide 

4 Second Polypeptide Fourih Polypeplide Fifth Polypeptide Third Polypeptide 

4 Second Polypeptide Fourih Polypeplide Fifth Polypeptide Sixlh Polypeplide 

4 Second Polypeptide Fourih Polypeptide Sixth Polypeptide First Polypeptide 

4 Second Polypeplide Fourih Polypeplide Sixth Polypeptide Third Polypeptide 

4 Second Polypeptide Fourih Polypeplide Sixth Polypeplide Fifth Polypeplide 

4 Second Polypeplide Fifth Polypeptide First Polypeptide Third Polypeplide 

4 Second Polypeptide Fifth Polypeplide First Polj'peptide Fourih Polypeptide 

4 Second Polypeptide Fifth Polypeptide First Polypeptide Sixlh Polypeptide 

4 Second Polypeptide Fiflh Polypeptide Third Polypeplide First Polypeptide 

4 Second Polypeptide Fifth Polypeptide Third Polypeptide Fourth Polypcplidc 

4 Second Polypeptide Fifth Polypeplide Third Polypeplide Sixlh Polypeptide 
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4 Second Polypeptide Fifth Polypeptide Fourth Polypeplide First Polypeptide 

4 Second Polypeptide Fifth Polypeptide Fourth Polypeplide Third Polypeptide 
4 Second Polypeptide Fifth Polypeptide Fourth Polypeptide Sixth Polypeptide 

4 Second Polypeptide Fifth Polypeptide Sixth Polypeptide First Polypeptide 
4 Second Polypeptide Fifth Polypeptide Sixth Polypeptide Third Polypeptide 
4 Second Polypeptide Fifth Polypeptide Sixth Polypeptide Fourth Polypeplide 
4 Second Polypeptide Sixth Polypeptide First Polypeplide Third Polypeptide 
4 Second Polypeptide Sixth Polypeptide First Polypeptide Fourth Polypeptide 
4 Second Polypeptide Sixlh Polypeptide Firsl Polypeptide Fifth Polypeptide 
4 Second Polypeptide Sixth Polypeplide Third Polypeptide First Polypeptide 
4 Second Polypeplide Sixlh Polypeptide Third Polypeptide Fourth Polypeptide 
4 Second Polypeptide Sixth Polypeplide Third Polypeptide Fifth Polypeptide 
4 Second Polypeptide Sixth Polypeptide Fourth Polypeptide Firsl Polypeptide 
4 Second Polypeplide Sixth Polypeptide Fourth Polj'peptide Third Polypeptide 
4 Second Polypeptide Sixth Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 Second Polypeptide Sixlh Polypeptide Fifth Polypeptide First Polypeptide 
4 Second Polypeptide Sixth Polypeptide Fiflh Polypeptide Third Polypeptide 

4 Sccond Polypeptide Sixlh Polypeptide Fifth Polypeptide Fourih Polypeptide 
4 Third Polypeptide First Polj'peptide Second Polypeptide Fourih Polypeptide 
4 Third Polypeptide First Polypeptide Second Polypeptide Fifth Polypeptide 

4 Third Polypeptide First Polypeptide Second Polypeptide Sixth Polypeptide 
4 Third Polypeptide First Polj'peptide Fourth Polypeptide Second Polypeptide 
4 Third Polypeptide First Polj'peptide Fourth Polypeptide Fifth Polypeptide 

4 Third Polypeptide First Polypeptide Fourth Polypeptide Sixth Polypeptide 
4 Third Polypeptide First Polypeptide Fifth Polypeptide Second Polypeplide 
4 Third Polypeptide First Polypeptide Fifth Polj'peptide Fourth Polypeptide 
4 Third Polypeptide First Polypeptide Fifth Polypeptide Sixlh Polypeptide 
4 Third Polypeptide First Polypeptide Sixlh Polypeptide Second Polypeptide 
4 Third Polypeptide First Polypeptide Sixth Polj'peptide Fourth Polypeptide 
4 Third Polypeptide First Polypeptide Sixth Polj'peptide Fifth Polypeptide 
4 Third Polypeptide Second Polypeptide First Polypeptide Fourth Polypeptide 
4 Third Polypeptide Second Polj'peptide First Polypeplide Fifth Polypeptide 
4 Third Polypeptide Second Polypeptide Firsl Polypeplide Sixth Polypeptide 
4 Third Polypeptide Second Polj'peptide Fourih Polypeptide First Polypeptide 
4 Third Polypeptide Second Polypeptide Fourth Polypeptide Fifth Polypeptide 
4 Third Polypeptide Second Polj'peptide Fourth Polypeptide Sixth Polypeptide 
4 Third Polypeptide Second Polypeptide Fifth Polj'peptide First Polypeptide 
4 Third Polypeptide Second Polypeptide Fiflh Polypeplide Fourth Polypeptide 
4 Third Polypeptide Second Polypeptide Fifth Polypeptide Sixlh Polypeptide 
4 Third Polypeptide Second Polj'peptide Sixth Polypeptide First Polypeptide 
4 Third Polypeptide Second Polj'peptide Sixth Polypeplide Fourth Polypeptide 
4 Third Polypeptide Second Polypeptide Sixlh Polypeptide Fifth Polypeptide 
4 Third Polypeptide Fourth Polj'peptide First Polypeptide Second Polypeplide 
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4 Third Polypeptide Fourth Polypeptide Firsl Polypeptide Fiflh Polypeptide 

4 Third Polypeplide Fourth Polypeptide Firsl Polypeptide Sixth Polypeptide 

4 Third Polypeplide Fourih Polj'peptide Second Polypeptide First Polypeptide 

4 Third Polypeplide Fourth Polypeptide Sccond Polypeplide Fifth Polypeptide 

4 Third Polypeptide Fourih Polj'peptide Second Polypeptide Sixth Polypeptide 

4 Third Polypeplide Fourih Polypeptide Fifth Polypeplide First Polypeptide 

4 Third Polypeplide Fourih Polypeptide Fifth Polypeptide Second Polypeptide 

4 Third Polypeplide Fourih Polypeptide Fiflh Polypeptide Sixlh Polypeptide 

4 Third Polypeptide Fourih Polypeptide Sixlh Polypeptide First Polypeptide 

4 Third Polypeptide Fourth Polj'peptide Sixth Polypeptide Second Polypeptide 

4 Third Polypeptide Fourth Polypeptide Sixth Polypeplide Fiflh Polypeptide 

4 Third Polypeptide Fifth Polypeptide Firsl Polypeptide Second Polypeplide 

4 Third Polypeptide Fifth Polj'peptide First Polypeplide Fourth Polypeplide 

4 Third Polypeptide Fifth Polj'peplide First Polypeplide Sixlh Polypeptide 

4 Third Polypeptide Fifth Polypeptide Second Polypeplide First Polypeplide 

4 Third Polypeplide Fifth Polypeplide Second Polypeptide Fourth Polypeptide 

4 Third Polypeptide Fifth Polypeptide Second Polypeptide Sixlh Polypeptide 

4 Third Polypeptide Fiflh Polypeptide Fourth Polypeplide First Polypeptide 

4 Third Polj'peptide Fiflh Polypeptide Fourth Polypeptide Second Polypeplide 

4 Third Polypeptide Fifth Polj'peptide Fourth Polypeptide Sixth Polypeplide 

4 Third Polypeptide Fifth Polypeplide Sixth Polypeptide First Polypeplide 

4 Third Polypeptide Fifth Polj'peptide Sixth Polypeptide Sccond Polypeplide 

4 Third Polypeptide Fifth Polypeptide Sixlh Polypeptide Fourih Polypeptide 

4 Third Polypeptide Sixth Polypeptide First Polypeplide Second Polypeplide 

4 Third Polypeptide Sixth Polypeptide First Polypeptide Fourth Polypeptide 

4 Third Polj'peptide Sixth Polypeplide Firsl Polypeptide Fifth Polypeplide 

4 Third Polypeptide Sixlh Polypeplide Second Polypeptide First Polypeplide 

4 Third Polypeptide Sixth Polypeptide Second Polypeptide Fourih Polypeptide 

4 Third Polypeptide Sixlh Polypeptide Second Polypeptide Fifth Polypeptide 

4 Third Polypeptide Sixth Polypeptide Fourth Polypeptide First Polypeplide 

4 Third Polypeptide Sixth Polypeptide Fourth Polypeplide Second Polypeptide 

4 Third Polypeplide Sixlh Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 Third Polypeptide Sixlh Polypeptide Fifth Polypeptide Firsl Polypeptide 

4 Third Polypeptide Sixth Polypeptide Fiflh Polypeptide Second Polypeptide 

4 Third Polypeptide Sixlh Polypeplide Fifth Polypeplide Fourth Polypeptide 

4 Fourih Polypeptide First Polypeptide Second Polypeptide Third Polypeptide 

4 Fourth Polypeptide First Polypeptide Second Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Firsl Polypeptide Second Polypeptide Sixth Polypeptide 

4 Fourth Polypeptide First Polypeptide Third Polypeptide Second Polypeptide 

4 Fourih Polypeptide First Polypeptide Third Polypeptide Fifth Polypeptide 

4 Fourth Polypeplide First Polypeptide Third Polypeptide Sixlh Polypeptide 

4 Fourth Polypeptide First Polypeptide Fiflh Polypeptide Second Polypeptide 

4 Fourth Polypeptide First Polypeptide Fiflh Polypeplide Third Polj'peplide 
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4 Fourth Polypeptide First Polypeptide Fifth Polypeptide Sixlh Polypeptide 

4 Fourih Polypcplidc Firsl Polypeptide Sixth Polypeptide Sccond Polypeplide 

4 Fourih Polypeptide Firsl Polypeptide Sixth Polypeptide Third Polypeptide 

4 Fourih Polypeptide Firsl Polypeptide Sixth Polypeptide Fiflh Polypeptide 

4 Fourih Polypeptide Second Polypeptide First Polypeptide Third Polypeptide 

4 Fourth Polypeplide Second Polypeptide First Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Second Polypeplide First Polypeptide Sixth Polypeptide 

4 Fourih Polypeplide Second Polypeptide Third Polypeptide Firsl Polypeptide 

4 Fourth Polypeplide Second Polypeplide Third Polypeptide Fifth Polypeplide 

4 Fourih Polypeptide Second Polypeptide Third Polypeptide Sixth Polypeplide 

4 Fourih Polypeptide Second Polypeptide- Fiflh Polypeplide First Polypeptide 

4 Fourth Polypeplide Second Polypeptide Fifth Polypeplide Third Polypeptide 

4 Fourih Polypeptide Second Polypeptide Fifth Polypeptide Sixth Polypeptide 

4 Fourth Polypeptide Second Polypeptide Sixlh Polypeptide First Polypeptide 

4 Fourih Polypeptide Sccond Polypeptide Sixth Polypeplide Third Polypeplide 

4 Fourth Polypeptide Second Polypeptide Sixlh Polypeptide Fifth Polypcplidc 

4 Fourth Polypeplide Tliird Polypeptide Fiist Polypeplide Second Polypeptide 

4 Fourth Polypeplide Third Polypeptide First Polypeplide Fifth Polypeplide 

4 Fourih Polypeptide Third Polypeptide First Polypeptide Sixth Polypeptide 

4 Fourth Polypeptide Third Polypeptide Second Polypeptide Firsl Polypeptide 

4 Fourth Polypeptide Third Polypeptide Sccond Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Third Polypeptide Second Polypeptide Sixth Polypeptide 

4 Fourih Polypeplide Third Polypeptide Fifth Polypeptide Firsl Polypeptide 

4 Fourih Polypeptide Third Polypeptide Fifth Polypeptide Second Polypeptide 

4 Fourih Polypeplide Third Polypeptide Fifth Polypeptide Sixth Polypeptide 

4 Fourth Polypeplide Third Polypeptide Sixlh Polypeplide First Polypeptide 

4 Fourih Polypeptide Third Polypeplide Sixth Polypeptide Second Polypeptide 

4 Fourth Polypeptide Third Polypeptide Sixth Polypeptide Fifth Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide First Polypeptide Second Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide First Polypeptide Third Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide First Polypeplide Sixth Polypeptide 

4 Fourth Polypeplide Fifth Polypeptide Second Polypeptide First Polypeptide 

4 Fourih Polypeplide Fifth Polypeptide Second Polypeplide Third Polypeptide 

4 Fourih Polypeplide Fifth Polypeptide Second Polypeptide Sixth Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide Third Polypeptide Firsl Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide Third Polypeplide Second Polypeptide 

4 Fourih Polypeptide Fifth Polypeptide Third Polypeptide Sixlh Polypeptide 

4 Fourih Polypeptide Fifth Polypeptide Sixth Polypeptide First Polypeptide 

4 Fourth Polypeptide Fifth Polypeptide Sixth Polypeptide Sccond Polypeptide 

4 Fourih Polypeplide Fifth Polypeplide Sixth Polypeptide Third Polypeptide 

4 Fourth Polypeptide Sixlh Polypeplide First Polypeplide Second Polypcplidc 

4 Fourth Polypeplide Sixlh Polypeptide First Polypeptide Third Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide First Polypeptide Fifth Polypeptide 
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4 Fourth Polypeptide Sixth Polypeptide Second Polypeplide First Polypeptide 

4 Fourth Polypeptide Sixth Polypeptide Second Polypeptide Third Polypeptide 

4 Fourth Polypeptide Sixth Polypeptide Second Polypeptide Fiflh Polypeptide 

4 Fourth Polypeptide Sixth Polypeplide Third Polypeptide First Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide Third Polypeplide Second Polypeptide 

4 Fourth Polypeptide Sixth Polypeptide Third Polypeptide Fiflh Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide Fifth Polypeptide First Polypeptide 

4 Fourth Polypeptide Sixlh Polypeplide Fifth Polypeplide Sccond Polypeptide 

4 Fourth Polypeptide Sixlh Polypeptide Fifth Polypeptide Third Polypeptide 

4 Fifth Polypeptide First Polypeptide Second Polypeptide Third Polypeptide 

4 Fifth Polypeplide Firsl Polypeptide Second Polypeptide Fourih Polypeptide 

4 Fifth Polypeptide First Polypeptide Second Polypeplide Sixth Polypeptide 

4 Fifth Polypeptide First Polypeptide Third Polypeptide Second Polypeptide 

4 Fiflh Polypeptide First Polypeplide Third Polypeptide Fourih Polypeplide 

4 Fifth Polypeptide First Polypeptide Third Polypeptide Sixlh Polypeplide 

4 Fiflh Polypeplide First Polypeptide Fourth Polypeplide Second Polypeptide 

4 Fiflh Polypeptide First Polypeptide Fourth Polypeptide Third Polypeptide 

4 Fifth Polypeptide First Polypeptide Fourth Polypeplide Sixlh Polypeptide 

4 Fifth Polypeptide Firsl Polypeptide Sixth Polypeplide Second Polypeplide 

4' Fifth Polypeptide First Polypeptide Sixth Polypeptide Third Polypeplide 

4 Fifth Polypeptide First Polypeptide Sixth Polypeptide Fourth Polypeptide 

4 Fifth Polypeptide Seeond Polypeplide First Polypeptide Third Polypeptide 

4 Fiflh Polypeptide Second Polypeplide Firsl Polypeptide Fourth Polypeptide 

4 Fifth Polypeptide Second Polypeptide First Polypeptide Sixlh Polypeptide 

4 Fiflh Polypeptide Sccond Polypeptide Third Polypeplide Firsl Polypeptide 

4 Fiflh Polypeptide Second Polypeptide Third Polypeptide Fourth Polypeptide 

4 Fifth Polypeptide Second Polypeptide Third Polypeptide Sixth Polypeptide 

4 Fifth Polypeptide Sccond Polypeptide Fourth Polypeptide First Polypeptide 

4 Fiflh Polypeptide Second Polypeptide Fourth Polypeptide Third Polypeptide 

4 Fifth Polypeptide Second Polypeptide Fourth Polypeptide Sixlh Polypeptide 

4 Fifth Polypeptide Sccond Polypeptide Sixth Polypeptide Firsl Polypeplide 

4 Fiflh Polypeptide Second Polypeptide Sixlh Polypeptide Third Polypeptide 

4 Fifth Polypeptide Second Polypeptide Sixth Polypeptide Fourth Polypeptide 

4 Fifth Polypeptide Third Polypeptide Firsl Polypeptide Second Polypeptide 

4 Fiflh Polypeptide Third Polypeptide First Polypeplide Fourth Polypeptide 

4 Fiflh Polypeptide Third Polypeptide First Polypeptide Sixth Polypeptide 

4 Fifth Polypeptide Third Polypeptide Second Polypeplide Firsl Polypeptide 

4 Fifth Polypeptide Third Polypeptide Second Polypeptide Fourih Polypeptide 

4 Fifth Polypeptide Third Polypeptide Sccond Polypeptide Sixlh Polypeplide 

4 Fifth Polypeplide Third Polypeptide Fourth Polypeptide First Polypeptide 

4 Fifth Polypeptide Third Polypeptide Fourth Polypeptide Second Polypeptide 

4 Fifth Polypeptide Third Polypeptide Fourth Polypeptide Sixth Polypeptide 

4 Fifth Polypeptide Third Polypeptide Sixth Polypeplide First Polypeptide 
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4 Fifth Polypeptide Third Polypeptide Sixth Polypeplide Second Polypeplide 

4 Fiflh Polypeptide Third Polypeptide Sixth Polypeptide Fourih Polypeplide 

4 Fifth Polypeptide Fourth Polypeptide First Polypeplide Second Polypeptide 

4 Fifth Polypeptide Fourth Polypeptide First Polypeplide Third Polypeplide 

4 Fifth Polypeptide Fourth Polypeptide First Polypeplide Sixth Polypeptide 

4 Fifth Polypeptide Fourih Polypeptide Second Polypeplide First Polypeptide 

4 Fifth Polypeptide Fourth Polypeptide Second Polypeptide Third Polypeptide 

4 Fifth Polypeplide Fourth Polypeptide Second Polypeptide Sixth Polypeptide 

4 Fifth Polypeptide Fourth Polypeplide Third Polypeptide First Polypeptide 

4 Fifth Polypeplide Fourih Polypeptide Third Polypeplide Second Polypeptide 

4 Fifth Polypeptide Fourth Polj'peptide Third Polypeptide Sixth Polypeplide 

4 Fifth Polypeptide Fourih Polypeptide Sixth Polypeptide First Polypeptide 

4 Fifth Polypeptide Fourth Polypeptide Sixth Polypeptide Second Polypeptide 

4 Fifth Polypeptide Fourth Polypeptide Sixth Polypeptide Third Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Firsl Polypeptide Second Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide First Polypeptide Third Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide First Polypeplide Fourth Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Second Polypeptide First Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Second Polypeptide Third Polypeptide 

4 Fiflh Polypeptide Sixth Polypeplide Second Polypeptide Fourth Polypeplide 

4 Fiflh Polypeptide Sixth Polypeptide Third Polypeptide First Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Third Polypeptide Second Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Third Polypeptide Fourth Polj'peptide 

4 Fifth Polypeptide Sixlh Polypeptide Fourih Polypeptide First Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Fourth Polypeptide Second Polypeptide 

4 Fifth Polypeptide Sixth Polypeptide Fourth Polypeptide Third Polypeptide 

4 Sixth Polypeptide First Polypeptide Second Polypeptide Third Polypeplide 

4 Sixth Polypeptide First Polypeptide Second Polypeptide Fourih Polypeptide 

4 Sixth Polypeptide First Polypeplide Second Polypeptide Fifth Polypeptide 

4 Sixth Polypeptide First Polypeptide Third Polj'peptide Second Polypeptide 

4 Sixth Polypeptide First Polypeplide Third Polypeptide Fourth Polypeptide 

4 Sixth Polypeptide First Polypeptide Third Polypeplide Fifth Polypeptide 

4 Sixth Polypeptide First Polypeptide Fourih Polypeptide Second Polypeptide 

4 Sixth Polypeplide First Polypeptide Fourth Polypeptide Third Polypeptide 

4 Sixlh Polypeptide First Polypeptide Fourth Polypeptide Fifth Polypeptide 

4 Sixth Polypeptide First Polypeplide Fifth Polypeptide Second Polypeptide 

4 Sixth Polypeptide First Polypeptide Fifth Polypeptide Third Polypeplide 

4 Sixth Polypeptide First Polypeplide Fifth Polypeptide Fourih Polypeplide 

4 Sixth Polypeptide Second Polypeptide First Polypeptide Third Polypeptide 

4 Sixth Polypeptide Second Polypeptide First Polypeptide Fourth Polypeptide 

4 Sixth Polypeptide Second Polypeptide First Polypeptide Fiflh Polypeptide 

4 Sixlh Polypeptide Second Polypeptide Third Polypeptide First Polypeptide 

4 Sixth Polypeptide Second Polypeptide Third Polypeplide Fourih Polypeptide 
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4 Sixth Polypeptide Second Polypeptide Third Polypepl de Fifth Polypeplide 
4 Sixth Polypeptide Second Polypeptide Fourth Polypepl de First Polypeptide 
4 Sixth Polypeptide Second Polypeptide Fourth Polypepl de Third Polypeptide 
4 Sixth Polypeptide Second Polypeptide Fourth Polypept de Fifth Polypeptide 
4 Sixth Polypeplide Second Polypeplide Fifth Polypepl de Firsl Polj'peplide 
4 Sixth Polypeptide Second Polypeptide Fifth Polypept de Third Polypeptide 
4 Sixth Polypeptide Second Polypeplide Fifth Polypept de Fourth Polypeptide 
4 Sixth Polypeptide Third Polj'peptide First Polypept de Second Polypeptide 
4 Sixth Polypeptide Third Polypeplide First Polypepl de Fourih Polypeptide 
4 Sixth Polypeptide Third Polypeptide First Polypept de Fifth Polypeptide 
4 Sixth Polypeptide Third Polypeptide Second Polypept de First Polypeptide 
4 Sixth Polypeplide Third Polj'peptide Second Polypepl de Fourth Polypeptide 
4 Sixth Polypeplide Third Polj'peptide Second Polypepl de Fiflh Polypeplide 
4 Sixth Polypeptide Third Polypeptide Fourth Polypepl de First Polypeplide 
4 Sixth Polypeptide Third Polj'peplide Fourth Polypepl de Second Polypeplide 
4 Sixth Polypeptide Third Polj'peptide Fourth Polypepl de Fifth Polypeplide 
4 Sixth Polypeptide Third Polj'peplide Fifth Polypepl de Firsl Polypeplide 
4 Sixlh Polypeptide Third Polypeptide Fifth Polj'pepl de Sccond Polj'peptide 
4 Sixth Polypeplide Third Polypeptide Fiflh Polypept de Fourth Polypeplide 
4 Sixth Polypeplide Fourth Polypeptide First Polypepl de Second Polypeptide 
4 Sixth Polypeplide Fourth Polypeptide First Polypepl de Third Polypeptide 
4 Sixth Polypeptide Fourth Polj'peptide First Polypepl de Fifth Polypeptide 
4 Sixth Polypeptide Fourih Polypeptide Sccond Polypept de First Polypeptide 
4 Sixth Polypeptide Fourih Polypeplide Second Polypepl de Third Polypeplide 
4 Sixlh Polypeptide Fourth Polypeptide Second Polypept de Fifth Polypeptide 
4 Sixth Polypeptide Fourth Polypeptide Third Polypept de Firsl Polypeptide 
4 Sixth Polypeptide Fourth Polypeplide Third Polj'pept de Second Polypeptide 
4 Sixth Polj'peptide Fourth Polypeptide Third Polypept de Fifth Polypeptide 
4 Sixth Polypeptide Fourth Polypeptide Fifth Polypepl de First Polypeptide 
4 Sixth Polypeptide Fourth Polj'peptide Fifth Polypepl de Second Polypeptide 
4 Sixth Polypeptide Fourth Polj'peptide Fifth Polypept de Third Polypeptide 
4 Sixth Polypeptide Fifth Polypeptide First Polypept de Second Polypeptide 
4 Sixth Polypeptide Fifth Polj'peptide First Polypept de Third Polypeptide 
4 Sixth Polypeptide Fifth Polypeptide First Polypept de Fourth Polypeptide 
4 Sixth Polypeptide Fifth Polypeplide Second Polypepl de First Polj'peptide 
4 Sixth Polypeplide Fi fth Polypeptide Second Polypept dc Third Polypeptide 
4 Sixlh Polj'peptide Fifth Polypeptide Second Polypepl de Fourth Polypeptide 
4 Sixth Polypeptide Fifth Polj'peptide Third Polypept de Firsl Polypeptide 
4 Sixth Polypeptide Fifth Polypeptide Third Polypept de Second Polypeplide 
4 Sixth Polypeptide Fifth Polypeptide Third Polj'pept de Fourth Polypeplide 
4 Sixth Polypeptide Fifth Polypeptide Fourth Polypept de Firsl Polj'peptide 
4 Sixlh Polypeplide Fifth Polypeptide Fourih Polypept de Second Polypeptide 
4 Sixth Polypeptide Fifth Polj'peptide Fourth Polypepl de Third Polypeptide 
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Where n is 5, X moieties are selected from the following: 
n X, x, x3 x4 x5 
5 ! si Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polypept de 5fh Polj'pept de 
5 I si Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polypept de 6lh Polypept de 
5 f si Polypept de 2nd Polypeptide 3rd Polypeptide 5th Polypepl de 4th Polypept de 
5 1st Polypepl de 2nd Polypeptide 3rd Polypeptide 5th Polj'pept de 6th Polypepl de 
5 1st Polypept de 2nd Polypeptide 3rd Polypeptide 6th Polypepl de 4lh Polypept de 
5 1 si Polypept de 2nd Polypeptide 3rd Polypeptide 6th Polypepl de 5th Polypept de 
5 1st Polypept de 2nd Polypeptide 4th Polypeptide 3rd Polypepl de 5th Polypept de 
5 lsl Polypept de 2nd Polypeptide 4lh Polypeptide 3rd Polj'pepl de 6th Polypept de 
5 1 si Polypept de 2nd Polypeptide 4 th Polypeptide 5th Polypepl de 3rd Polypept de 
5 1st Polypept de 2nd Polypeptide 4th Polypeptide 5th Polypepl de 6th Polypept de 
5 1 si Polj'pept de 2nd Polj'peptide 4ih Polypeptide 6th Polypept de 3rd Polypept de 
5 1st Polypepl de 2nd Polj'peptide 4th Polypeptide 6lh Polj'pepl de 5th Polypepl de 
5 1 st Polypept de 2nd Polj'peptide 5th Polypeptide 3rd Polypepl de 4th Polypept de 
5 1 st Polypepl de 2nd Polypeptide 5th Polypeptide 3rd Polj'pept de 6th Polypept de 
5 1 st Polypept de 2nd Polj'peptide 5 th Polypeptide 4th Polypept de 3rd Polypept de 
5 lsl Polypept de 2nd Polypeptide 5th Polypeptide 4 th Polypept de 6th Polypept de 
5 1st Polypept de 2nd Polj'peptide 5th Polypeptide 6th Polypept de 3rd Polypept de 
5 1st Polypept de 2nd Polypeptide 5lh Polj'peptide 6th Polj'pept de 4th Polypept de 
5 I st Polypept de 2nd Polypeptide 6lh Polypeptide 3rd Polypepl de 4th Polypept de 
5 lsl Polypept de 2nd Polypeptide '6 th Polypeplide 3rd Polypept de 5th Polypept de 
5 1 si Polypept de 2nd Polypeptide 6th Polypeptide 4 th Polypept de 3rd Polypept de 
5 1 st Polypepl de 2nd Polypeptide 6th Polypeptide 4lh Polypepl de 5lh Polypepl de 
5 I st Polypept de 2nd Polypeptide 6th Polypeptide 5lh Polypept de 3rd Polypept de 
5 I st Polypept de 2nd Polypeptide 6th Polypeptide 5ih Polypept de 4lh Polypept de 
5 1st Polypept de 3rd Polypeptide 2nd Polypeptide 4 th Polypepl de 5th Polypept de 
5 1st Polypept de 3rd Polypeptide 2nd Polypeptide 4th Polj'pepl de 6th Polypepl de 
5 1 st Polypept de 3rd Polypeplide 2nd Polypeptide 5th Polypepl de 4 th Polypept de 
5 Ist Polypept de 3rd Polypeptide 2nd Polypeptide 5th Polypepl de 6th Polypept de 
5 lsl Polypept de 3rd Polypeptide 2nd Polypeptide 6th Polj'pept de 4lh Polypept de 
5 1 st Polypept de 3rd Polypeptide 2nd Polypeptide 6th Polypept de 5 th Polypepl de 
5 1st Polypept de 3rd Polypeptide 4th Polypeptide 2nd Polj'pept de 5 th Polypept de 
5 1st Polypept de 3rd Polypeptide 4 th Polypeptide 2nd Polypept de 6th Polypept de 
5 1 st Polypept de 3rd Polypeptide 4th Polypeptide 5th Polypepl de 2nd Polypept de 
5 1 st Polypept de 3rd Polypeptide 4th Polypeplide 5th Polj'pept de 6th Polypept de 
5 1st Polypept de 3rd Polypeptide 4th Polypeptide 6th Polypepl de 2nd Polypept de 
5 I st Polypept de 3rd Polj'peptide 4th Polypeptide 6lh Polypept de 5th Polypept de 
5 1 st Polypept de 3rd Polypeplide 5 th Polypeplide 2nd Polypept de 4th Polypept de 
5 1st Polypept de 3rd Polj'peplide 5th Polypeptide 2nd Polypept de 6lh Polypept de 
5 1 si Polypepl de 3rd Polj'peptide 5th Polypeptide 4lh Polypept de 2nd Polypept de 
5 1st Polj'pepl de 3rd Polypeptide 5th Polypeptide 4th Polypept de 6th Polypept de 
5 lsl Polypept de 3rd Polypeptide 5 th Polypeptide 6th Polypepl de 2nd Polypept de 
5 lsl Polypepl de 3rd Polypeptide 5th Polypeptide 6lli Polypepl de 4lli Polypept dc 
5 1st Polypept de 3rd Polypeptide 6th Polypeptide 2nd Polypept de 4th Polypepl de 
5 1st Polypept de 3rd Polypeptide 6th Polypeptide 2nd Polypept de 5th Polypepl de 
5 1 st Polypepl de 3rd Polypeplide 6th Polypeptide 4ih Polypept de 2nd Polypepl de 
5 1 st Polypept de 3rd Polypeptide 6th Polypeptide 4th Polypept de 5th Polypept de 
5 1st Polypept de 3rd Polypeplide 6th Polypeplide 5th Polypept de 2nd Polypept de 
5 1st Polypept de 3rd Polypeptide 6th Polypeptide 5th Polypepl de 4th Polypepl de 
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5 1st Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeplide 
5 1st Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
5 1st Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeplide 3rd Polypeptide 
5 1st Polypeptide 4 th Polypeplide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
5 J st Polj'peptide 4th Polypeplide 2nd Polypeptide 6th Polypeptide 3rd Polypeplide 
5 1st Polypeptide 4lh Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
5 1st Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
5 1st Polypeptide 4 th Polypeptide 3rd Polypeptide 2nd Polj'peplide 6th Polypeptide 
5 1st Polj'peptide 4 th Polj'peptide 3rd Polj'peptide 5th Polj'peptide 2nd Polypeptide 
5 1st Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 
5 1st Polypeptide 4th Polj'peptide 3rd Polypeptide 6th Polj'peplide 2nd Polypeptide 
5 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
5 1st Polypeptide 4 th Polj'peptide 5th Polypeplide 2nd Polypeptide 3rd Polypeptide 
5 1st Polypeptide 4th Polypeptide 5Ih Polypeptide 2nd Polj'peptide 6th Polypeptide 
5 1st Polj'peptide 4th Polj'peptide 5lh Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 1st Polypeptide 4th Polypeptide 5 th Polypeptide 3rd Polypeptide 6th Polypeptide 
5 1st Polj'peptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
5 1 st Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeplide 
5 1st Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 1st Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polj'peptide 5th Polypeplide 
5 1st Polypeptide 4lh Polypeplide 6th Polypeplide 3rd Polypeptide 2nd Polypeplide 
5 1st Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 
5 1st Polj'peptide 4th Polypeptide 6th Polj'peptide 5th Polj'peptide 2nd Polypeptide 
5 isl Polypeplide 4lh Polypeptide 6th Polypeptide 5th Polj'peplide 3rd Polypeptide 
5 1st Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 
5 1st Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
5 1 st Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeplide 3rd Polypeptide 
5 1st Polj'peptide 5th Polypeplide 2nd Polypeptide 4th Polypeplide 6th Polypeptide 
5 1st Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polj'peptide 
5 i st Polj'peptide 5 th Polypeptide 2nd Polypeplide 6th Polypeptide 4th Polypeplide 
5 1st Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
5 1 st Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polj'peptide 6th Polypeplide 
5 1 st Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
5 1 st Polypeptide 5th Polypeptide 3rd Polj'peplide 4th Polypeptide 6th Polypeptide 
5 1 st Polypeptide 5 th Polypeptide 3rd Polypeptide 6th Polypeplide 2nd Polypeptide 
5 1st Polypeptide 5lh Polypeptide 3rd Polypeptide 6lh Polj'peplide 4th Polypeptide 
5 1st Polypeptide 5 th Polypeptide 4ih Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 1st Polypeplide 5lh Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 1st Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polj'peptide 2nd Polypeplide 
5 1st Polypeptide 5th Polj'peptide 4th Polypeplide 3rd Polypeptide 6th Polypeptide 
5 1st Polj'peptide 5 th Polypeptide 4th Polypeptide 6th Polj'peptide 2nd Polypeptide 
5 1st Polj'peptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeplide 
5 Ist Polypeptide 5th Polypeplide 6lh Polj'peplide 2nd Polypeptide 3rd Polypeplide 
5 1st Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 
5 I st Polypeplide 5th Polypeptide 6lh Polypeptide 3rd Polypeplide 2nd Polypeptide 
5 1st Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 
5 ist Polypeptide 5 th Polypeptide 6th Polypeptide 4th Polj'peptide 2nd Polypeptide 
5 1st Polj'peptide 5 th Polypeptide 6th Polypeptide 4 th Polj'peptide 3rd Polypeptide 
5 1st Polypeptide 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 4lh Polypeptide 
5 1st Polj'peptide 6th Polypeptide 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 
5 1 st Polypeptide 6th Polypeplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
5 1st Polypeptide 6th Polypeplide 2nd Polypeptide 4th Polypeptide 5th Polypeplide 
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5 Ist Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
5 1st Polypeptide 6th Polypeplide 2nd Polypeptide 5th Polypeplide 4th Polypeptide 
5 I si Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4 th Polypeplide 
5 1st Polypeptide 61 h Polypeptide 3rd Polypeptide 2nd Polj'peptide 5th Polypeplide 
5 1 st Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polj'peptide 2nd Polypeplide 
5 1st Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5lh Polypeptide 
5 1st Polypeptide 6lh Polypeptide 3rd Polypeptide 5lh Polj'peptide 2nd Polypeptide 
5 1st Polj'peptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 4lh Polypeplide 
5 1st Polypeptide 6th Polypeplide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 1st Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
5 I st Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 1st Polypeplide 6th Polypeptide 4 th Polypeptide 3rd Polypeptide 5th Polypeptide 
5 1 st Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
5 1st Polypeplide 6th Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 
5 1st Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polj'peptide 3rd Polypeptide 
5 1 st Polypeptide 6th Polypeplide 5th Polypeptide 2nd Polypeplide 4th Polypeptide 
5 1st Polypeptide 6th Polj'peptide 5th Polypeplide 3rd Polypeptide 2nd Polypeptide 
5 3 st Polypeptide 6lh Polypeplide 5th Polypeptide 3rd Polypeptide 4lh Polypeptide 
5 1 st Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeplide 
5 Ist Polypeptide 6th Polypeptide 5lh Polypeptide 4th Polypeptide 3rd Polypeptide 
5 2nd Polypeplide 1 st Polypeptide 3rd Polypeptide 4th Polypeptide 5 th Polypeptide 
5 2nd Polypeptide lsl Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
5 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 5th Polypeplide 4 th Polypeptide 
5 2nd Polypeptide 1st Polypeplide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 
5 2nd Polypeplide 1st Polypeplide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 
5 2nd Polypeptide 1 st Polypeplide 3rd Polypeptide 6th Polypeplide 5th Polypeptide 
5 2nd Polypeptide I si Polypeptide 4th Polypeptide 3rd Polypeplide 5th Polypeplide 
5 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 
5 2nd Polypeptide I st Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 
5 2nd Polypeptide 1st Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
5 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeplide 
5 2nd Polypeptide I st Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
5 2nd Polypeptide 1 st Polypeptide 5th Polypeptide 3rd Polj'peptide 4Ih Polypeptide 
5 2nd Polypeptide 1 st Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
5 2nd Polypeptide Ist Polypeptide 5th Polypeptide 4th Polj'peptide 3rd Polypeptide 
5 2nd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 6lh Polypeptide 
5 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 
5 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 
5 2nd Polypeptide 1st Polypeplide 6th Polypeptide 3rd Polypeptide 4 th Polypeptide 
5 2nd Polypeptide Ist Polypeptide 6 th Polypeptide 3rd Polypeptide 5lh Polypeptide 
5 2nd Polypeptide 1 st Polj'peplide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 
5 2nd Polypeptide 1st Polypeplide 6th Polypeptide 4th Polypeplide 5th Polypeptide 
5 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polj'peptide 3rd Polypeptide 
5 2nd Polypeplide 1 si Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 
5 2nd Polypeptide 3rd Polypeptide Ist Polypeptide 4th Polypeptide 5th Polypeptide 
5 2nd Polypeptide 3rd Polypeplide 1st Polypeptide 4lh Polypeplide 6th Polypeptide 
5 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 5th Poljpcptide 4th Polypeptide 
5 2nd Polypeptide 3rd Polypeptide 1st Polypeplide 5th Polj'peplide 6th Polypeptide 
5 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 
5 2nd Polypeplide 3rd Polypeptide I st Polypeptide 6th Polypeplide 5th Polypeptide 
5 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 5th Polypeptide 
5 2nd Polj'peplide 3rd Polypeptide 4th Polypeptide I st Polypeptide 6th Polypeptide 
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5 2nd Polypeptide 3rd Polypept de 4th Polypeplide 5th Polypept de 1st Polypeptide 
5 2nd Polypeptide 3rd Polypept de 4th Polypeplide 5th Polypept de 6th Polypeptide 
5 2nd Polypeptide 3rd Polypepl de 4th Polypeptide 6th Polj'pept de 1st Polypeptide 
5 2nd Polypeptide 3rd Polypept de 4th Polypeptide 6th Polypept de 5th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide I st Polypept de 4th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 1st Polypept de 6th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 4th Polypept de 1st Polypeptide 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 4th Polypept de 6th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 5th Polypeptide 6lh Polj'pept de 1st Polypeptide 
5 2nd Polypeptide 3rd Polypept de 5th Polj'peptide 6th Polypept de 4 lh Polypeptide 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 1st Polypept de 4 th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 1st Polypept de 5th Polypeptide 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 4th Polypept de Ist Polypeptide 
5 2nd Polypeptide 3rd Polypept de 6th Polypeptide 4th Polypept de 5th Polypeptide 
5 2nd Polypeptide 3rd Polypepl de 6th Polypeptide 5th Polypepl de lsl Polypeplide 
5 2nd Polypeplide 3rd Polypept de 6th Polypeptide 5th Polypept de 4th Polypeplide 
5 2nd Polypeptide 4 th Polypept de 1 st Polypeptide 3rd Polypept de 5th Polypeptide 
5 2nd Polypeptide 4th Polypept de 1st Polypeplide 3rd Polypept de 6th Polypeptide 
5 2nd Polypeptide 4th Polypept de 1st Polypeplide 5th Polj'pept de 3rd Polypeplide 
5 2nd Polypeptide 4th Polypept de Ist Polypeptide 5th Polypept de 6th Polypeptide 
5 2nd Polypeptide 4lh Polypepl de 1st Polypeptide 6th Polypept de 3rd Polypeptide 
5 2nd Polypeptide 4th Polypepl de 1 si Polypeptide 6th Polj'pept de 5th Polypeplide 
5 2nd Polypeptide 4 th Polypept de 3rd Polypeptide 1st Polj'pept de 5th Polypeptide 
5 2nd Polypeptide 4th Polypept 'de 3rd Polypeptide lsl Polj'pept de 6th Polypeptide 
5 2nd Polypeptide 4th Polypept de 3rd Polypeptide 5th Polj-pept de 1 st Polypeptide 
5 2nd Polypeptide 4th Polypept de 3rd Polypeptide 5th Polypept de 6lh Polypeptide 
5 2nd Polypeptide 4th Polypepl de 3rd Polypeptide 6th Polypept de lsl Polypeptide 
5 2nd Polypeptide 4th Polypepl de 3rd Polypeptide 6th Polypepl de 5th Polypeplide 
5 2nd Polypeptide 4th Polypepl de 5th Polypeptide 1 st Polypept de 3rd Polypeptide 
5 2nd Polypeptide 4th Polypepl de 5th Polypeptide 1st Polj'pept de 6lh Polypeptide 
5 2nd Polypeptide 4th Polypepl de 5th Polypeptide 3rd Polypept de Ist Polypeptide 
5 2nd Polypeptide 4th Polypept de 5th Polypeptide 3rd Polj'pept de 6th Polypeptide 
5 2nd Polypeptide 4lh Polypept de 5 th Polypeptide 6 th Polypept de 1st Polypeptide 
5 2nd Polypeptide 4lh Polypept de 5th Polypeplide 6th Polj'pept de 3rd Polypeptide 
5 2nd Polypeptide 4th Polypept de 6th Polypeptide 1st Polypept de 3rd Polypeplide 
5 2nd Polypeptide 4lh Polypept de 6th Polypeptide 1st Polypept de 5th Polypeptide 
5 2nd Polypeptide 4th Polypept de 6th Polypeplide 3rd Polypept de I st Polypeptide 
5 2nd Polypeptide 4 th Polypept de 6th Polypeptide 3rd Polypept de 5lh Polypeptide 
5 2nd Polypeplide 4th Polypept de 6th Polypeplide 5th Polypept de 1st Polypeptide 
5 2nd Polypeptide 4th Polypept de 6th Polypeptide 5th Polypept de 3rd Polypeptide 
5 2nd Polypeptide 51h Polypept de 1 st Polypeptide 3rd Polypept de 4th Polypeplide 
5 2nd Polypeptide 5lh Polypept de 1st Polypeptide 3rd Polypept de 6th Polypeptide 
5 2nd Polypeptide 5th Polypept de 1st Polypeplide 4th Polj'pepl de 3rd Polj'peptide 
5 2nd Polypeptide 5th Polypept de 1st Polypeptide 4th Polypepl de 6th Polypeptide 
5 2nd Polypeptide 5th Polypept de 1st Polypeptide 6th Polypept de 3rd Polypeptide 
5 2nd Polypeptide 5lh Polypept de 1st Polypeptide 6lh Polypepl dc 4 th Puly peptide 
5 2nd Polypeptide 5 th Polypepl de 3rd Polypeptide 1st Polj'pepl de 4th Polypeptide 
5 2nd Polypeptide 5th Polypepl de 3rd Polypeptide 1 st Polypept dc 6th Polypeplide 
5 2nd Polypeptide 5th Polj'pept de 3rd Polypeptide 4th Polypept dc 1st Polypeptide 
5 2nd Polypeptide 5th Polypepl de 3rd Polypeptide 4th Polj'pept de 6th Polypeptide 
5 2nd Polypeptide 5th Polypept de 3rd Polypeptide 6th Polypept de 1st Polypeptide 
5 2nd Polypeptide 5 th Polypept de 3rd Polypeptide 6th Polypepl de 4th Polypeptide 
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5 2nd Polypeplide 5th Polypept dc 4lh Polypeptide 1st Polypeptide 3rd Polypept de 
5 2nd Polypeptide 5th Polypept de 4 th Polypeplide Isl Polypeptide 6lh Polypepl dc 
5 2nd Polypeptide 5 th Polypept dc 4th Polypeptide 3rd Polypeptide 1 si Polypept de 
5 2nd Polypeptide 5111 Polypept de 4th Polypeptide 3rd Polypeptide 6th Polvpept de 
5 2nd Polypeptide 5th Polypepl de 4th Polypeplide 6lh Polypeplide lsl Polypepl de 
5 2nd Polypeptide 5lh Polypept de 4th Polypeptide 6tb Polypeptide 3rd Polypept de 
5 2nd Polypeptide 5th Polypept de 6th Polypeplide lsl Polypeplide 3rd Polypept de 
5 2nd Polypeptide 5 th Polypept de 6th Polypeptide 1st Polypeptide 4th Polypept de 
5 2nd Polypeptide 5th Polypepl de 6th Polypeptide 3rd Polypeptide lsl Polypepl de 
5 2nd Polypeptide 5th Polypept de 6th Polypeplide 3rd Polypeptide 4lh Polypept de 
5 2nd Polypeptide 5th Polypept de 6 th Polypeptide 4th Polypeptide lsl Polypepl dc 
5 2nd Polypeptide 5lh Polypept de 6th Polypeptide 4th Polypeplide 3rd Polypept de 
5 2nd Polypeptide 6th Polypepl de lsl Polypeptide 3rd Polypeptide 4 th Polypept de 
5 2nd Polypeptide 6lh Polypepl de lsl Polypeptide 3rd Polypeptide 5th Polypept de 
5 2nd Polypeptide 6th Polypept de lsl Polypeptide 4th Polypeplide 3rd Polypept de 
5 2nd Polypeptide 6th Polypepl de lsl Polypeptide 4lh Polypeptide 5th Polypept de 
5 2nd Polypeptide 6th Polypept de lsl Polypeplide 5th Polypeptide 3rd Polypept de 
5 2nd Polypeptide 6th Polypepl dc 1 si Polypeplide 5th Polypeptide 4th Polypepl de 
5 2nd Polypeplide 6th Polypepl de 3rd Polypeptide 1 st Polypeptide 4th Polvpept de 
5 2nd Polypeptide 6th Polypept de 3rd Polypeplide 1st Polypcplidc 5th Polypept de 
5 2nd Polypeptide 6th Polypept de 3rd Polypeplide 4th Polypeptide Ist Polypept de 
5 2nd Polypeptide 6th Polypept de 3rd Polypeptide 4th Polypeptide 5th Polypept de 
5 2nd Polypeptide 6th Polypepl de 3rd Polypeplide 5th Polypeptide 1st Polypepl de 
5 2nd Polypeptide 6th Polypepl de 3rd Polypeptide 5th Polypeptide 4th Polypepl de 
5 2nd Polypeptide 6th Polypepl de 4th Polypeplide 1st Polypeplide 3rd Polypepl de 
5 2nd Polypeptide 6th Polypept de 4th Polypeptide Ist Polypeptide 5th Polypepl de 
5 2nd Polypeplide 6th Polypepl dc 4th Polypeptide 3rd Polypeptide 1st Polypept de 
5 2nd Polypeplide 6th Polypept de 4th Polypeptide 3rd Polypeptide 5 th Polypept de 
5 2nd Polypeptide 6lli Polypept de 4th Polypeptide 5th Polypeptide 1st Polypept de 
5 2nd Polypeptide 6th Poiypepl de 4Ih Polypeplide 5th Polj'peplide 3rd Polypept dc 
5 2nd Polypeptide 6th Polypept de 5lh Polypeptide 1st Polypeptide 3rd Polypepl de 
5 2nd Polypeptide 6lh Polypepl de 5th Polypeptide 1st Polypeptide 4th Polypept de 
5 2nd Polypeptide 6th Polypepl de 5th Polypeplide 3rd Polypeptide 1st Polypept de 
5 2nd Polypeptide 6lh Polypepl de 5th Polypeplide 3rd Polypeptide 4lh Polvpept de 
5 2nd Polypeptide 6th Polypepl de 5th Polypeplide 4th Polypeplide lsl Polypept de 
5 2nd Polypeptide 6th Polypepl de 5Hi Polypeplide 4th Polypeplide 3rd Polypept de 
5 3rd Polypeptide 1 st Polypept de 2nd Polypeptide 4th Polypeplide 5th Polypept de 
5 3rd Polypeptide J si Polypept dc 2nd Polypeplide 4th Polypeptide 6lh Polypept de 
5 3rd Polypeptide 1 st Polypept de 2nd Polypeptide 5th Polypeptide 4 th Polypept de 
5 3rd Polypeplide 1 st Polypept de 2nd Polypeptide 5th Polypeplide 6th Polypept de 
5 3rd Polypeptide Ist Polypepl de 2nd Polypeptide 6th Polypeplide 4 th Polypept de 
5 3rd Polypeptide lsl Polypept de 2nd Polypeptide 6th Polypeplide 5th Polypept de 
5 3rd Polypeplide 1 st Polypept de 4th Polypeptide 2nd Polypeplide 5th Polypepl de 
5 3rd Polypeptide 1 st Polypept de 4th Polypeplide 2nd Polypeptide 6th Polypept de 
5 3rd Polypeptide 1 si Polypept de 4lh Polypeptide 5th Polypeplide 2nd Polj'pept de 
J 3id Polypeptide 1 st Polypept de 4th Polypeptide 5th Polypcplidc 6th Polypepl dc 
5 3rd Polypeplide 1st Polypepl de 4th Polypeptide 6th Polypeptide 2nd Polypept de 
5 3rd Polypeptide 1 st Polypept de 4th Polypeptide 6lh Polypeptide 5th Polypept de 
5 3rd Polypeptide 1 st Polypept de 5lh Polypeptide 2nd Polypeptide 4th Polvpept de 
5 3rd Polypeptide 1 st Polypept de 5th Polypeptide 2nd Polypeplide 6th Polypeptide 
5 3rd Polj'peplide lsl Polypept de 5th Polypeplide 4lh Polypeptide 2nd Polypeptide 
5 3rd Polypcplidc 1st Polypept de 5th Polypeptide 4th Polypeptide 6th Polypeptide 
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5 3rd Polypeplide 1st Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide Ist Polypeplide 5th Polypeptide 6th Polypeplide 4th Polypeptide 
5 3rd Polypeptide Isl Polypeptide 6 th Polypeplide 2nd Polypeptide 4th Polypeptide 
5 3rd Polypeptide Ist Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeplide 
5 3rd Polypeptide Ist Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeplide 
5 3rd Polypeptide Ist Polypeplide 6th Polypeplide 4th Polypeptide 5th Polypeptide 
5 3rd Polypeptide Ist Polypcplidc 6th Polypeptide 5th Polypeptide 2nd Polypeplide 
5 3rd Polypeptide 1st Polypeptide 6th Polypeplide 5th Polypeptide 4th Polypeptide 
5 3rd Polj'peplide 2nd Polypeptide 1 si Polypeplide 4th Polypeptide 5th Polypeptide 
5 3rd Polypeplide 2nd Polypeptide Isl Polypeptide 4th Polypeplide 6th Polypeplide 
5 3rd Polypeptide 2nd Polypeptide 1 si Polypcplidc 5lh Polj'peplide 4 th Polypeptide 
5 3rd Polypeplide 2nd Polypeptide Ist Polypeptide 5th Polypeplide 6th Polypeplide 
5 3rd Polypeptide 2nd Polypeptide 1 si Polypeptide 6th Polypeplide 4lh Polypeplide 
5 3rd Polypeptide 2nd Polypeplide Ist Polypeptide 6th Polj'peplide 5th Polypcplidc 
5 3rd Polypeptide 2nd Polypeptide 4lh Polypeptide 1st Polypeplide 5th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 1st Polypeptide 6lh Polypeplide 
5 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 1 si Polypeptide 
5 3rd Polj'peptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeplide 
5 3rd Polypeptide 2nd Polypeptide 4lh Polypeplide 6th Polj'peptide 1st Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 4lh Polypeptide 6lh Polj'peptide 5th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5th Polypeplide Ist Polj'peptide 4lh Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5th Polypeptide Ist Polypeptide 6th Polypeptide 
5 3rd Polypeptide 2nd Polypeplide 5th Polypeplide 4th Polj'peptide Ist Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeplide Ist Polypeptide 
5 3rd Polypeptide 2nd Polypeplide 5th Polypeptide 6th Polj'peptide 4th Polypeptide 
5 3rd Polypeptide 2nd Polypeplide 6th Polypeptide 1st Polypeptide 4th Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 6lh Polypeptide 1st Polypeptide 5th Polypeptide 
5 3rd Polypeplide 2nd Polj'peplide 6lh Polypeptide 4th Polypeptide 1st Polypeptide 
5 3rd Polypeptide 2nd Polypeptide 6tli Polypeptide 4th Polj'peptide 5 th Polypeptide 
5 3rd Polypeptide 2nd Polypeplide 6th Polypeptide 5th Polypeptide Ist Polypeplide 
5 3rd Polj'peptide 2nd Polypeplide 6th Polypeptide 5th Polypeptide 4th Polypeptide 
5 3rd Polypeptide 4th Polypeplide 1st Polypeplide 2nd Polypeptide 5th Polypeptide 
5 3rd Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 
5 3rd Polypeptide 4th Polypeptide 1 st Polypeptide 5th Polypeplide 2nd Polypeptide 
5 3rd Polypeplide 4th Polypeptide lsl Polypeptide 5th Polj'peplide 6th Polypeptide 
5 3rd Polypeptide 4th Polypeplide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 
5 3rd Polypeptide 4th Polypeptide 1st Polypeptide 6th Polypeptide 5th Polypeptide 
5 3rd Polypeplide 4th Polypeplide 2nd Polypeptide 1st Polj'peplide 5th Polypeplide 
5 3rd Polypeptide 4th Polypeptide 2nd Polj'peptide 1st Polj'peptide 6th Polypeptide 
5 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeplide 1st Polypeptide 
5 3rd Polypeptide 4th Polypeplide 2nd Polypeptide 5th Polypeplide 6lh Polypeptide 
5 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 6lh Polypeptide 1st Polypeptide 
5 3rd Polypeplide 4th Polypeptide 2nd Polj'peptide 6th Polypeplide 5th Polypeptide 
5 3rd Polj'peplide 4th Polj'peplide 5th Polypeptide Ist Polypeplide 2nd Polypeptide 
5 3rd Polypeptide 4th Polypeptide 5th Polypeptide lsl Polypeplide 6lh Polypeptide 
5 3rd Polypeptide 4th Polypeplide 5th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 3rd Polypeplide 4lh Polypeptide 5th Polypeplide 2nd Polypeplide 6th Polypeptide 
5 3rd Polypeplide 4th Polypeptide 5th Polypeptide 6th Polypeplide lsl Polypeptide 
5 3rd Polypeplide 4th Polypcplidc 5th Polypeptide 6th Polj'peplide 2nd Polypeptide 
5 3rd Polypeplide 4th Polypeplide 6th Polypeptide 1st Polj'peptide 2nd Polypeptide 
5 3rd Polypeptide 4 th Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 
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5 3rd Polypeptide 4 th Polypept de 6th Polypeptide 2nd Polypeptide 1 st Polypept de 
5 3rd Polypeptide 4th Polypept de 6th Polypeptide 2nd Polypeptide 5th Polypepl de 
5 3rd Polypeptide 4th Polypepl de 6th Polypeptide 5 th Polypeptide 1 st Polypept dc 
5 3rd Polypeptide 4 th Polypept de 6th Polypeptide 5 th Polypeptide 2nd Polypept de 
5 3rd Polypeptide 5th Polypept de 1st Polypeptide 2nd Polypeptide 4th Polypept de 
5 3rd Polypeptide 5th Polypept de 1st Polypeptide 2nd Polypeptide 6th Polypepl de 
5 3rd Polypeptide 5th Polypept de 1st Polypeptide 4th Polypeptide 2nd Polypept dc 
5 3rd Polypeptide 5th Polj'pept de 1st Polypeptide 4th Polypeptide 6th Polypept de 
5 3rd Polypeptide 5th Polypept de 1st Polypeptide 6th Polypeptide 2nd Polypept de 
5 3rd Polypeptide 5th Polypept de 1st Polypeptide 6th Polj'peplide 4th Polypepl de 
5 3rd Polypeptide 5tli Polypept de 2nd Polypeptide 1st Polypeptide 4th Polypept de 
5 3rd Polypeptide 5 th Polypept de 2nd Polj'peptide 1st Polypeptide 6th Polypepl de 
5 3rd Polypeptide 5 th Polypepl de 2nd Polypeptide 4th Polypeptide 1 st Polypept de 
5 3rd Polypeplide 5th Polypept de 2nd Polypeptide 4th Polypeptide 6th Polypept de 
5 3rd Polj'peplide 5 th Polypepl de 2nd Polypeplide 6th Polypeptide 1st Polypept de 
5 3rd Polypeptide 5th Polypept de 2nd Polypeptide 6th Polypeptide 4th Polypept de 
5 3rd Polypeplide 5th Polypepl de 4th Polypeptide lsl Polypeplide 2nd Polj'pept de 
5 3rd Polypeplide 5 th Polypepl de 4th Polypeptide 1st Polj'peplide 6lh Polypept dc 
5 3rd Polypeptide 5 th Polypept de 4th Polypeptide 2nd Polypeptide 1st Polypept de 
5 3rd Polypeptide 5 th Polypept de 4th Polypeptide 2nd Polypeplide 6th Polypept de 
5 3rd Polypeptide 5th Polypepl de 4th Polypeptide 6th Polypeptide 1st Polypept de 
5 3rd Polj'peptide 5th Polypepl de 4th Polypeplide 6th Polypeptide 2nd Polypept de 
5 3rd Polypeptide 5th Polypept de 6th Polypeptide lsl Polypeptide 2nd Polypepl de 
5 3rd Polj'peptide 5th Polypepl de 6th Polypeptide Ist Polj'peptide 4th Polypepl de 
5 3rd Polypeptide 5th Polypepl de 6th Polypeptide 2nd Polypeptide lsl Polypept de 
5 3rd Polypeptide 5th Polypept de 6th Polypeptide 2nd Polj'peplide 4 th Polypept de 
5 3rd Polypeplide 5lh Polypept de 6th Polypeptide 4th Polj'peptide 1st Polypept de 
5 3rd Polypeplide 5lh Polypept de 6th Polypeptide 4th Polypeptide 2nd Polypept de 
5 3rd Polj'peptide 6th Polypepl de 1st Polypeptide 2nd Polypeptide 4th Polypept de 
5 3rd Polypeplide 6th Polypept de 1st Polypeptide 2nd Polj'peptide 5th Polypept de 
5 3rd Polypeptide 6th Polypept de Ist Polypeptide 4th Polypeptide 2nd Polypepl de 
5 3rd Polj'peptide 6th Polj'pept de 1st Polypeptide 4th Polj'peplide 5th Polypept de 
5 3rd Polypeplide 6lb Polypepl de 1st Polypeptide 5th Polypeptide 2nd Polypept de 
5 3rd Polypeptide 6th Polj'pept de 1st Polypeplide 5th Polypeplide 4th Polypept de 
5 3rd Polypeptide 6th Polypept de 2nd Polypeptide 1st Polj-peptide 4tli Polypept de 
5 3rd Polypeptide 6th Polj'pept de 2nd Polypeplide I st Polypeptide 5th Polypept de 
5 3rd Polypeptide 6th Polypept de 2nd Polypeplide 4th Polypeptide 1st Polypept de 
5 3rd Polypeptide 6th Polypept dc 2nd Polypeptide 4 th Polypeptide 5th Polypept de 
5 3rd Polypeptide 6 Hi Polypept de 2nd Polypeptide 5th Polj'peptide lsl Polypept de 
5 3rd Polypeptide 6th Polypept de 2nd Polypeptide 5th Polypeptide 4th Polypepl de 
5 3rd Polypeptide 6th Polypept de 4th Polypeptide 1 st Polypeptide 2nd Polypepl de 
5 3rd Polypeptide 6th Polypept de 4th Polypeptide 1st Polypeplide 5lh Polypept de 
5 3rd Polypeptide 6th Polypept de 4th Polypeplide 2nd Polypeptide 1 si Polypept de 
5 3rd Polypeptide 6th Polypept de 4lh Polypeptide 2nd Polypeptide 5 th Polypept de 
5 3rd Polypeptide 6th Polypepl de 4th Polypeptide 5th Polypeptide 1st Polypept de 
5 3rd Polypeptide 6th Polypept de 4th Polypeptide 5th Polypeptide 2nd Polypept de 
5 3rd Polypeptide 6th Polypept de 5th Polypeptide lsl Polypeptide 2nd Polypepl de 
5 3rd Polypeptide 6th Polypept de 5lh Polypeptide 1st Polj'peptide 4 th Polypept de 
5 3rd Polypeplide 6th Polypepl de 5th Polypeptide 2nd Polypeptide lsl Polypept de 
5 3rd Polypeptide 6lh Polypept de 5th Polypeptide 2nd Polypeptide 4th Polypept de 
5 3rd Polypeptide 6th Polypepl de 5th Polypeptide 4th Polypeptide 1 st Polypept de 
5 3rd Polypeptide 6th Polypept de 5th Polypeptide 4th Polypeptide 2nd Polypept de 
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5 4th Polypeptide Ist Polypept de 2nd Polypeptide 3rd Polypeptide 5 th Polypept de 
5 4th Polypeptide 1st Polypept dc 2nd Polypeptide 3rd Polypeplide 6th Polypept de 
5 4th Polypeptide 1st Polypepl de 2nd Polypeplide 5th Polypeptide 3rd Polypept de 
5 4th Polypeptide Ist Polj'pept de 2nd Polypeptide 5th Polypeptide 6th Polypept de 
5 4th Polypeptide 1st Polypept de 2nd Polypeptide 6tli Polypeptide 3rd Polypept de 
5 4th Polypeptide 1st Polypept de 2nd Polypeptide 6th Polj'peptide 5th Polypept de 
5 4th Polypeplide 1 si Polypept de 3rd Polypeptide 2nd Polypeptide 5th Polypepl de 
5 4th Polypeptide I st Polypept de 3rd Polypeptide 2nd Polypeptide 6th Polypepl de 
5 4th Polypeptide I si Polj'pept de 3rd Polypeptide 5th Polypeptide 2nd Polypept de 
5 4th Polypeptide 1st Polypept de 3rd Polypeptide 5th Polypeptide 6th Polypept de 
5 4th Polypeptide 1 si Polypept de 3rd Polypeplide 6th Polypeptide 2nd Poiypepl de 
5 4th Polypeptide I st Polypept de 3rd Polypeplide 6th Polypeptide 5th Polypepl de 
5 4th Polypeptide Ist Polypept de 5th Polypeptide 2nd Polypeplide 3rd Polypept de 
5 4th Polypeptide Ist Polypepl de 5th Polypeptide 2nd Polypeptide 6th Poiypepl de 
5 4 th Polypeptide I st Polj'pept de 5th Polypeptide 3rd Polypeptide 2nd Polypept de 
5 4th Polypeptide 1 st Polypepl de 5th Polypeptide 3rd Polypeplide 6th Polypept de 
5 4th Polj'peptide 1 si Polypept de 5th Polypeptide 6th Polypeplide 2nd Polypept de 
5 4th Polypeptide 1st Polj'pepl de 5th Polypeptide 6lh Polypeplide 3rd Polypept de 
5 4 th Polypeptide lsl Polypept de 6th Polypeptide 2nd Polypeptide 3rd Polypept de 
5 4th Polypeptide 1st Polypept dc 6lh Polypeptide 2nd Polj'peptide 5th Polypepl de 
5 4 th Polypeplide I st Polypept de 6th Polypeptide 3rd Polypeplide 2nd Polypept de 
5 4th Polypeptide 1st Polypepl de 6th Polypeptide 3rd Polypeptide 5th Polypept de 
5 4th Polj'peptide 1st Polypept de 6th Polypeptide 5th Polj'peptide 2nd Polypept de 
5 4 th Polypeptide 1st Polypept de 6th Polypeptide ' 5th Polj'peptide 3rd Polj'pept de 
5 4th Polypeptide 2nd Polj'pept de 1 st Polypeptide 3rd Polypeplide 5th Polypepl de 
5 4 th Polypeptide 2nd Polypepl de lsl Polj'peplide 3rd Polypeptide 6th Polypept de 
5 4 th Polypeptide 2nd Polypepl de 1st Polypeptide 5th Polypeptide 3rd Polypept dc 
5 4 th Polypeptide 2nd Polypept de 1st Polypeplide 5th Polypeptide 6th Polypept de 
5 4th Polj'peptide 2nd Polypepl de 1st Polypeptide 6th Polj'peptide 3rd Polypept de 
5 4th Polypeptide 2nd Polypept de 1st Polypeptide 6th Polj'peplide 5th Polypept de 
5 4th Polypeptide 2nd Poiypepl de 3rd Polypeptide Ist Polypeplide 5th Polypept de 
5 4th Polypeptide 2nd Polypept de 3rd Polypeptide 1st Polj'peptide 6th Polypept de 
5 4th Polypeptide 2nd Polypept de 3rd Polypeptide 5th Polj'peptide I st Polypept de 
5 4th Polypeptide 2nd Poiypepl de 3rd Polypeptide 5th Polypeplide 6lh Polypept de 
5 4th Polypeptide 2nd Polypept de 3rd Polypeptide 6th Polypeptide Ist Polypept de 
5 4th Polypeptide 2nd Polypept de 3rd Polypeptide 6th Polj'peptide 5lh Polypepl de 
5 4th Polypeptide 2nd Polypepl de 5th Polypeptide Ist Polypeplide 3rd Polypept de 
5 4th Polj'peptide 2nd Polypept de 5th Polypeptide 1st Polypeptide 6th Polypepl de 
5 4 th Polypeptide 2nd Polypept de 5th Polypeptide 3rd Polypeptide 1st Polypept de 
5 4th Polypeptide 2nd Polypept de 5th Polypeptide 3rd Polypeptide 6th Polypept de 
5 4th Polj'peplide 2nd Polypept de 5ih Polypeptide 6th Polj'peptide 1st Polypept de 
5 4th Polypeptide 2nd Polypept de 5th Polypeptide 6th Polypeptide 3rd Polypept de 
5 4th Polypeplide 2nd Polypept de 6lh Polypeptide 1 st Polypeptide 3rd Polypept de 
5 4th Polj'peptide 2nd Polypepl de 6lh Polypeptide 1 st Polypeptide 5th Polypept de 
5 4th Polypeplide 2nd Polj'pepl de 6th Polypeptide 3rd Polypeptide 1 st Polypept de 
5 4th Polypeplide 2nd Polypeptide 6th Polypeptide 3rd Polypeplide 5th Polypept de 
5 4 th Polypeptide 2nd Polypeplide 6th Polj'peptide 5th Polypeplide lsl Polypept de 
5 4th Polypeptide 2nd Polypeplide 6th Polypeplide 5th Polypeptide 3rd Polypepl de 
5 4th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 5th Polypept de 
5 4th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeplide 6th Polypept de 
5 4th Polypeptide 3rd Polj'peplide 1st Polypeptide 5lh Polj'peptide 2nd Polypept dc 
5 4th Polypeplide 3rd Polypeptide 1st Polypeptide 5lh Polypeptide 6th Polypept dc 
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5 4ih Polypeptide 3rd Polypeplide lsl Polypeptide 6lh Polypeplide 2nd Polypeptide 
5 4th Polypeptide 3rd Polypeptide 1st Polypeplide 6th Polj'peptide 5 th Polypeptide 
5 4th Polypeptide 3rd Polj'peptide 2nd Polypeptide lsl Polypeptide Slh Polypeptide 
5 4th Polypeplide 3rd Polypeptide 2nd Polypeplide 1st Polypeplide 6th Polj'peptide 
5 4lh Polypeptide 3rd Polypeptide 2nd Polypeplide 5th Polypeptide 1st Polypeplide 
5 4th Polypeptide 3rd Polypeplide 2nd Polypeptide 5lh Polypeptide 6th Polypeptide 
5 4lh Polypeptide 3rd Polypeptide 2nd Polj'peptide 6lh Polypeptide 1 st Polypeptide 
5 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
5 4ih Polypeptide 3rd Polypeplide 5th Polypeptide 1st Polypeptide 2nd Polypeplide 
5 4th Polypeptide 3rd Polypeplide 5th Polypeptide 1 st Polypeptide 6th Polypeptide 
5 4th Polypeptide 3rd Polypeplide 5th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 4th Polypeptide 3rd Polypeplide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 4th Polypeplide 3rd Polypeplide 5th Polypeptide 6th Polypeplide Ist Polypeptide 
5 4th Polypeptide 3rd Polypeptide 5lh Polypeplide 6th Polypeptide 2nd Polypeptide 
5 4ih Polypeplide 3rd Polypeplide 6th Polypeptide 1st Polypeplide 2nd Polypeptide 
5 4th Polypeplide 3rd Polypeplide 6th Polypeptide Ist Polypeptide 5 th Polypeptide 
5 4th Polypeptide 3rd Polypeptide 6lh Polypeplide 2nd Polypeptide lsl Polypeptide 
5 4lh Polypeplide 3rd Polypeptide 6lh Polypeptide 2nd Polypcplidc 5 th Polypeptide 
5 4th Polypeptide 3rd Polj'peptide 6th Polypeplide 5th Polypeptide 1st Polypeplide 
5 4lh Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeplide 2nd Polypeptide 
5 4th Polypeptide 5lh Polj'peptide 1st Polypeplide 2nd Polypeptide 3id Polypeptide 
5 4th Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 
5 4th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 4lh Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeplide 
5 4th Polypeptide 5lh Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 
5 4th Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeplide 
5 4th Polypeptide 5th Polj'peplide 2nd Polypeptide 1st Polj'peptide 3rd Polypeplide 
5 4lh Polypcplidc 5th Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeplide 
5 4 th Polj'peptide 5th Polypeptide 2nd Polj'peplide 3rd Polj'peptide 1st Polypeptide 
5 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polj'peptide 6th Polypeptide 
5 4lh Polypeptide 5lh Polypeptide 2nd Polypeptide 6lh Polypeptide 1st Polypeptide 
5 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeplide 3rd Polypeptide 
5 4th Polypeptide 5111 Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 
5 4th Polypeptide 5th Polypeplide 3rd Polypeptide lsl Polypeptide 6th Polypeptide 
5 4lh Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 
5 4th Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
5 4 th Polypeptide 5th Polypeptide 3rd Polypeplide 6th Polypeptide 1st Polypeptide 
5 4th Polj'peptide 5th Polypeptide 3rd Polypeptide 6lh Polj'peptide 2nd Polypeptide 
5 4th Polypeptide 5lh Polypeptide 6lh Polypeplide 1st Polypeptide 2nd Polypeptide 
5 4th Polypeptide 5lh Polypeplide 6th Polypeplide 1st Polypeptide 3rd Polypeplide 
5 4th Polypeptide 5lh Polypeptide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 
5 4th Polypeptide 5th Polypeptide 6lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 4th Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide Ist Polypeplide 
5 4th Polypeplide 5th Polypeplide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 4th Polypeptide 6th Polypeptide 1 st Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 4 th Polypeptide 6th Polypeptide 1st Polypeplide 2nd Polypeptide 5th Polypeptide 
5 4th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 4th Polypeplide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 5 th Polypeptide 
5 4th Polypeplide 6th Polypeptide 1st Polypeptide 5th Polypeplide 2nd Polypeptide 
5 4th Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 
5 4th Polj'peptide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 
5 4 th Polypeptide 6th Polypeptide 2nd Polj'peptide 1st Polypeptide 5th Polypeptide 
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5 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide I st Polypeptide 
5 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 
5 4th Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polj'peptide 1st Polypeptide 
5 4th Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
5 4th Polj'peptide 6th Polypeptide 3rd Polj'peptide 1 st Polypeptide 2nd Polypeplide 
5 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 
5 4th Polypeptide 6th Polypeplide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 
5 4th Polypeptide 6th Polypeptide 3rd Polypeplide 2nd Polypeptide 5th Polypeplide 
5 4th Polj'peptide 6th Polypeptide 3rd Polj'peptide 5th Polypeptide 1st Polypeptide 
5 4th Polypeptide 6th Polypeplide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 
5 4th Polj'peptide 6th Polypeptide 5lh Polj'peptide 1st Polypeptide 2nd Polypeplide 
5 4th Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
5 4th Polypeptide 6th Polypeplide 5th Polypeptide 2nd Polypeptide 1st Polypeplide 
5 4th Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polj'peptide 3rd Polypeptide 
5 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polypeptide 
5 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 5th Polj'peptide 1st Polypeptide 2nd Polypeptide 3rd Polj'peptide 4th Polypeptide 
5 5th Polypeptide 1st Polypeplide 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 
5 5th Polypeptide 1st Polypeptide 2nd Polypeplide 4 th Polypeptide 3rd Polypeptide 
5 5th Polypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeplide 6th Polypeptide 
5 5th Polypeptide 1st Polj'peptide 2nd Polypeptide 6th Polj'peptide 3rd Polypeplide 
5 5th Polypeptide Ist Polypeptide 2nd Polypeptide 6th Polypeptide 4 th Polypeptide 
5 5th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
5 5th Polypeptide 1 sr Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
5 5th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polj'peptide 2nd Polypeplide 
5 5th Polypeptide Ist Polypeplide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
5 5th Polypeptide 1st Polypeplide 3rd Polypeptide 6th Polypeplide 2nd Polypeptide 
5 5th Polypeptide lsl Polypeptide 3rd Polypeplide 6th Polypeplide 4th Polypeptide 
5 5th Polj'peptide 1st Polj'peplide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 5th Polj'peplide 1st Polj'peptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
5 5lh Polypeptide 1st Polj'peplide 4 th Polypeplide 3rd Polypeptide 2nd Polypeptide 
5 5th Polypeptide 1st Polypeptide 4 th Polypeptide 3rd Polypeptide 6th Polypeptide 
5 5th Polypeptide 1st Polj'peplide 4th Polj'peptide 6th Polypeptide 2nd Polypeptide 
5 5th Polj'peptide 1st Polypeptide 4 th Polypeptide 6th Polypeptide 3rd Polypeptide 
5 5th Polj'peptide 1 st Polypeptide 6 th Polypeptide 2nd Polypeptide 3rd Polypeplide 
5 5th Polj'peptide 1st Polypeptide 6th Polypeptide 2nd Polypeplide 4th Polypeptide 
5 5th Polj'peptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 5th Polj'peptide lsl Polypeptide 6th Polypeplide 3rd Polypeptide 4 th Polypeptide 
5 5 th Polj'peptide 3 st Polypeplide 6th Polypeptide 4th Polj'peptide 2nd Polypeptide 
5 5th Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeplide lsl Polypeptide 3rd Polypeptide 4th Polypeptide 
5 5th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 
5 5th Polypeptide 2nd Polj'peplide 1st Polypeptide 4ih Polypeptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeptide 1 si Polypeptide 4th Polypeptide 6th Polypeplide 
5 5th Polypeplide 2nd Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeplide 4th Polypeplide 
5 5)h Polypeptide 2nd Polypeptide 3rd Polypeplide 1st Polj'peptide 4th Polypeptide 
5 5th Polypeptide 2nd Polypeptide 3rd Polypeptide lsl Polypeptide 6th Polypeptide 
5 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeplide Ist Polypeptide 
5 5th Polj'peptide 2nd Polypeptide 3rd Polypeptide 4 th Polypeptide 6th Polypeptide 
5 5lh Polypeptide 2nd Polypeplide 3rd Polypeptide 6th Polypeptide Ist Polypeptide 
5 5th Polypeplide 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 
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5 5th Polypeptide 2nd Polypeplide 4th Polj'peptide 1st Polypeptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeplide 4ih Polypeptide Ist Polj'peptide 6th Polypeptide 
5 5 th Polypeplide 2nd Polypeplide 4th Polypeptide 3rd Polj'peptide 1st Polypeptide 
5 5th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 
5 5th Polypeptide 2nd Polypeptide 4th Polypeptide 6lh Polj'peptide lsl Polypeptide 
5 5th Polypeptide 2nd Polypeplide 4th Polypeptide 6lh Polypeptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeplide 6th Polj'peptide 1st Polj'peptide 3rd Polypeptide 
5 5th Polypeptide 2nd Polypeplide <5lh Polypeptide 1st Polypeptide 4th Polypeptide 
5 5 th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polj'peplide lsl Polypeptide 
5 5th Polypeptide 2nd Polypeplide 6th Polypeptide 3rd Polj'peptide 4th Polypeptide 
5 5th Polj'peplide 2nd Polypeplide 6th Polypeptide 4th Polypeptide 1st Polypeptide 
5 5th Polypeplide 2nd Polypeptide 6th Polypeptide 4th Polypeplide 3rd Polypeptide 
5 5th Polypeptide 3rd Polypeplide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 
5 5th Polypeptide 3rd Polypeptide 1 si Polypeptide 2nd Polj'peptide 6th Polypeplide 
5 5th Polypeplide 3rd Polypeptide 1st Polypeptide 4lh Polj'peptide 2nd Polypeptide 
5 5 th Polypeptide 3rd Polj'peptide lsl Polypeptide 4th Polypeptide 6th Polypeptide 
5 5th Polypeptide 3rd Polypeptide lsl Polypeptide 6lh Polypeptide 2nd Polypeptide 
5 5th Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeplide 4th Polypeptide 
5 5th Polypeptide 3rd Polj'peplide 2nd Polypeplide 1st Polypeptide 4th Polypeptide 
5 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypcplidc 
5 5 th Polypeptide 3rd Polypeptide 2nd Polypeplide 4th Polypeptide lsl Polypeptide 
5 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 
5 5th Polypeptide 3rd Polj'peptide 2nd Polypeptide 6th Polypeptide 1 st Polypeptide 
5 5th Polypeptide 3rd Polypeptide 2nd Polj'peptide 6th Polypeptide 4 th Polypeptide 
5 5th Polypeplide 3rd Polypeptide 4lh Polypeptide 1st Polypeptide 2nd Polypeplide 
5 5lh Polypeptide 3rd Polypeptide 4th Polypeplide 1 st Polypeptide 6th Polypeptide 
5 5lh Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polj'peptide 1st Polypeptide 
5 5th Polypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide 6th Polypeptide 
5 5 th Polypeplide 3rd Polj'peptide 4lh Polypeptide 6th Polypeptide 1st Polypeptide 
5 5th Polypeplide 3rd Polypeptide 4th Polypeptide 6th Polypeplide 2nd Polypeptide 
5 5th Polypeplide 3rd Polypeptide 6th Polypeplide 1st Polypeptide 2nd Polypeptide 
5 5th Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 
5 5th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polj'peplide 1 st Polypeptide 
5 5th Polypeptide 3rd Polypeplide 6th Polypeptide 2nd Polypeptide 4th Polj'peptide 
5 5th Polypeptide 3rd Polj'peptide 6th Polj'peptide 4th Polj'peplide 1st Polypeptide 
5 5th Polj'peptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 2nd Polypeptide 
5 5th Polypeptide 4th Polypeptide 1st Polypeplide 2nd Polypeptide 3rd Polypeptide 
5 5th Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polj'peptide 6th Polypeptide 
5 5th Polypeptide 4th Polj'peptide ] st Polypeptide 3rd Polj'peptide 2nd Polypeptide 
5 5th Polypeptide 4th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 
5 5th Polypeptide 4th Polypeptide 1st Polypeptide 6th Polj'peptide 2nd Polypeptide 
5 5th Polypeptide 4th Polypeptide I st Polypeptide 6th Polypeptide 3rd Polypeplide 
5 5th Polypeptide 4th Polypeptide 2nd Polypeplide 1 st Polypeptide 3rd Polypeptide 
5 5th Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polj'peptide 6th Polypeptide 
5 5th Polypeptide 4th Polj'peptide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 
5 5lh Polypeptide 4lti Polypeplide 2nd Polypeptide 3rd Polypeptide Oil) Polypeptide 
5 5lh Polypeptide 4th Polypeptide 2nd Polypeplide 6th Polj'peptide 1st Polypeplide 
5 5th Polj'peptide 4th Polypeptide 2nd Polypeptide 6th Polj'peptide 3rd Polypeptide 
5 5th Polypeptide 4H\ Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polj'peptide 
5 5th Polj'peptide 4th Polypeptide 3rd Polypeptide 1st Polypeplide 6th Polypeplide 
5 5th Polypeptide 4th Polypeplide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 
5 5lh Polypeptide 4th Polj'peptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
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5 5th Polypept de 4th Polypeptide 3rd Polypeplide 6th Polypeplide 1st Polypeptide 
5 5th Polypept de 4th Polypeptide 3rd Polypeplide 6th Polypeplide 2nd Polypeptide 
5 5th Polypept de 4th Polypeptide 6th Polypeptide Ist Polj'peplide 2nd Polj'peptide 
5 5th Polypept de 4th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 
5 5th Polypept de 4th Polypeplide 6th Polypeplide 2nd Polypeptide 1 si Polj'peplide 
5 5th Polypept de 4th Polypcplidc 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 5ih Polypept de 4th Polypeptide 6th Polypeptide 3rd Polypeptide lsl Polypeplide 
5 5th Polypept dc 4th Polypeptide 6th Polypeptide 3rd Polypeplide 2nd Polypeptide 
5 5th Polypept de 6th Polypeplide 1 st Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 5th Polypept de 6th Polypeplide 1 st Polypeptide 2nd Polypeptide 4th Polypeptide 
5 5th Polypept de 6th Polypeptide 1 st Polypeplide 3rd Polypeptide 2nd Polypeptide 
5 5th Polypept de 6th Polypeptide 1 st Polypeptide 3rd Poljpeptide 4th Polypeplide 
5 5th Polypept de 6th Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypeptide 
5 5lh Polypept dc 6th Polypeptide lsl Polypeptide 4th Polypeptide 3rd Polypeptide 
5 5th Polypept de 6th Polypeplide 2nd Polypeplide 1st Poljpeptide 3rd Polypcplidc 
5 5th Polypept de 6th Polypeptide 2nd Polypeplide lsl Polypeptide 4th Polypeplide 
5 5lh Polypepl de 6th Polypeptide 2nd Polypeptide 3rd Polypeplide 1st Polypcplidc 
5 5th Polypepl de 6th Polypeplide 2nd Polypeptide 3rd Poljpeptide 4th Polypeptide 
5 Slh Polypept de 6th Polypeptide 2nd Polypeptide 4th Polypcplidc I st Polypeptide 
5 5th Polypept dc 6th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
5 5th Polypepl de 6th Polypeptide 3rd Polypeptide Isl Polypeptide 2nd Polypeplide 
5 5th Polypept de 6th Polypeplide 3rd Polypeptide 1st Polypeptide 4th Polypeplide 
5 5th Polypept de 6th Polypeptide 3rd Polypeplide 2nd Polypeptide 1st Polj'peplide 
5 5th Polypept dc 6th Polypeptide 3rd Polypeptide 2nd Poljpeptide 4th Polypeplide 
5 5th Polypept de 6th Polypeptide 3rd Polypeplide 4th Polypeptide 1 st Polypeptide 
5 5th Polj'pepl de 6th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
5 5th Polypepl de 6th Polypeptide 4th Polj'peptide lsl Polypeplide 2nd Polypeptide 
5 Slh Polypepl de 6th Polypeptide 4lh Polypeptide 1st Polypeplide 3rd Polypeptide 
5 5lh Polypept dc 6th Polypeptide 4ih Polypeptide 2nd Polypeptide Ist Polypeptide 
5 5th Polypept dc 6th Polypeptide 4th Polypeptide 2nd Poljpeptide 3rd Polypeplide 
5 5th Polypept de 6th Polypeplide 4th Polypeptide 3rd Polypeplide Ist Polypeptide 
5 5 th Polypept de 6th Polj'peptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
5 6lh Polypept de Ist Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 
5 6ih Polypept de Ist Polypeplide 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 
5 6th Polypept de 1st Polypeplide 2nd Polypeplide 4th Polypeptide 3rd Polypeptide 
5 6lh Polypept de lsl Polypeplide 2nd Polypeptide 4th Polypeplide 5lh Polypeptide 
5 6th Polypept de Ist Polypeplide 2nd Polypeptide 5th Polypeplide 3rd Polypeptide 
5 6th Polypepl de Ist Polypeptide 2nd Polypcplidc 5th Polypeptide 4th Polypeptide 
5 6lh Polypept de 1st Polypeptide 3rd Polypeplide 2nd Polypeptide 4th Polypeplide 
5 6lh Polypept de 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 5 th Polypeptide 
5 6ih Polypepl de 1st Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeplide 
5 6th Polypept de 1st Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
5 6ih Polypept de 1st Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 
5 6th Polypept de 1st Polypeptide 3rd Polypeplide 5th Polypeptide 4lh Polypeplide 
5 6lh Polypept de lsl Polypeptide 4th Polypeplide 2nd Polypeptide 3rd Polypeplide 

6th Polypept de 1st Polypeptide 4th Polypeptide 2nd Polypeptide Slh Polypeptide 
5 6th Polypepl de 1st Polypeptide 4th Polypeptide 3rd Polypeplide 2nd Polypeptide 
5 6lh Polypepl dc 1st Polypeptide 4th Polypeptide 3rd Polypeplide 5th Polypeptide 
5 6th Polypepl de 1st Polypeptide 4th Polypeptide 5lh Polj'peplide 2nd Polypeptide 
5 6lh Polypepl de 1st Polypeptide 4th Polj'peplide 5th Polypeptide 3rd Polypeptide 
5 6 th Polypepl de Isl Polypeplide 5lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
5 6th Polypept de 1st Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
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5 6th Polypepl de 1st Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 

5 6lh Polypept de 1 st Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 

5 6th Polypepl de lsl Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 

5 6lh Polypepl de 1st Polypeptide 5lh Polypeptide 4lh Polj'peptide 3rd Polypeptide 
5 6th Polypepl de 2nd Polypeptide 1st Polypeptide 3rd Polypeplide 4lh Polypeptide 

5 6th Polypepl de 2nd Polypeptide Ist Polypeplide 3rd Polypeptide 5th Polypeptide 
5 6th Polypepl de 2nd Polypeptide lsl Polypeptide 4th Polypeplide 3rd Polypeptide 

5 6th Polypept de 2nd Polypeptide Ist Polypeptide 4th Polj'peplide 5th Polypeptide 
5 6th Polypept de 2nd Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 

5 6th Polypepl de 2nd Polypeptide 1 st Polypeptide 5th Polj'peptide 4th Polypeptide 
5 6th Polypept dc 2nd Polypeptide 3rd Polypeptide Ist Polypeptide 4th Polypeplide 

5 6lh Polypept de 2nd Polypeptide 3rd Polypeptide 1st Polj'peplide 5th Polypeptide 
5 6th Polypept de 2nd Polypeptide 3rd Polypeptide 4lh Polypeplide lsl Polypeptide 
5 6lh Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polj'peptide 5th Polypeptide 

5 6lh Polypept de 2nd Polypeptide 3rd Polypeptide 5th Polypeptide lsl Polypeplide 

5 6th Polypepl de 2nd Polypeptide 3rd Polypeptide Slh Polypeplide 4th Polypeptide 

5 6lh Polypepl de 2nd Polypeptide 4th Polypeptide lsl Polj'peplide 3rd Polypeptide 

5 6th Polypepl de 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 5th Polypeptide 

5 6th Polypepl de 2nd Polj'peptide 4th Polypeptide 3rd Polj'peptide 1 st Polypeptide 

5 6th Polypepl de 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5 th Polypeptide 
5 6th Polj-pepl de 2nd Polypeptide 4th Polypeptide 5th Polj'peptide 1st Polypeptide 

5 6th Polypept de 2nd Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 
5 6th Polypept de 2nd Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
5 6lh Polypept de 2nd Polypeptide 5th Polypeptide 1st Polj'peptide 4 th Polypeptide 

5 6th Polypept de 2nd Polypeptide 5th Polypeptide 3rd Polj'peptide 1st Polypeptide 
5 6th Polypepl de 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 

5 6th Polj'pepl de 2nd Polypeptide Slh Polypeptide 4th Polypeptide Ist Polypeptide 

5 6th Polypept de 2nd Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 

5 6th Polypepl de 3rd Polypeptide Ist Polypeptide 2nd Polypeptide 4th Polypeptide 
5 6th Polj'pept de 3rd Polypeptide Isl Polypeptide 2nd Polj'peptide Slh Polypeptide 

5 6th Polypept de 3rd Polypeptide Ist Polypeptide 4lh Polypeptide 2nd Polypeptide 

5 6lh Polj'pept de 3rd Polypeptide Ist Polypeptide 4th Polj'peptide 5 th Polypeptide 

5 6th Polypept de 3rd Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 

5 6th Polj'pepl de 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 
5 6th Polypept de 3rd Polypeptide 2nd Polypcplidc Ist Polypeptide 4th Polypeptide 

5 6th Polypept de 3rd Polypeptide 2nd Polypeplide Ist Polypeptide 5th Polypeptide 
5 6th Polypept de 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 1st Polypeptide 
5 6th Polypept de 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 
5 6th Polypept de 3rd Polypeptide 2nd Polypeptide 5th Polypeplide 1st Polypeptide 

5 6lh Polj'pept de 3rd Polypeplide 2nd Polypeptide 5th Polj'peplide 4th Polypeptide 

5 6th Polypept de 3rd Polypeptide 4th Polypeplide Ist Polypeptide 2nd Polypeptide 

5 6th Polj'pept de 3rd Polypeptide 4th Polypeptide 1st Polypeptide 5th Polypeptide 

5 6th Polypept de 3rd Polypeptide 4th Polypeptide 2nd Polj'peptide 1st Polypeplide 
5 6th Polypept de 3rd Polypeptide 4th Polypeptide 2nd Polypeptide Slh Polypeptide 

5 6th Polypept de 3rd Polypeptide 4th Polypeptide 5th Polypeptide Ist Polypeptide 

5 blh Polypeptide 3rd Polypeptide 4lh Polypeptide Sill Polypeptide 2nd Polypeptide 

5 6th Polypeptide 3rd Polypeptide Slh Polypeptide 1st Polypeplide 2nd Polypeptide 
5 6th Polypeplide 3rd Polypeptide 5th Polypeptide lsl Polypeptide 4th Polypeptide 

5 6th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide Ist Polypeplide 

5 6th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 

5 6th Polypeptide 3rd Polypeptide Slh Polypeptide 4lh Polypeptide 1st Polypeptide 

5 6th Polypeptide 3rd Polypeplide 5lh Polypeptide 4th Polypeptide 2nd Polypeptide 
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5 6th Polypeptide 4 th Polypepl de 1st Polypepl de 2nd Polj'pept de 3rd Polypepl de 
5 6lh Polypeptide 4th Polypept de 1st Polypept de 2nd Polypept de 5th Polypept de 
5 6th Polypeptide 4th Polypept de lsl Polypept de 3rd Polypept de 2nd Polypept de 
5 6th Polypeptide 4th Polypept de 1st Polypept de 3rd Polj'pepl de 5th Polypepl de 
5 6lh Polypeptide 4th Polypept de lsl Polypept de 5th Polypepl dc 2nd Polypepl de 
5 6th Polypeptide 4th Polypept de lsl Polypept de 5th Polypept de 3rd Polypept de 
5 6th Polypeptide 4th Polypept de 2nd Polypept de 1st Polypepl de 3rd Polypept de 
5 6th Polj'peptide 4th Polypept de 2nd Polypept de 1 st Polypept de 5th Polypept de 
5 6th Polj'peptide 4th Polypept de 2nd Polypept de 3rd Polypept de 1st Polypept de 
5 6th Polypeptide 4th Polypept de 2nd Polypepl de 3rd Polypepl dc 5th Polypepl de 
5 6th Polypeplide 4 th Polypept de 2nd Polypept de Slh Polypepl dc lsl Polypept de 
5 6th Polypeptide 4th Polypept de 2nd Polypept de 5th Polj'pepl de 3rd Polypept de 
5 6th Polypeptide 4th Polypept de 3rd Polypepl de 1st Polypept de 2nd Polypept de 
5 6th Polypeptide 4th Polypepl de 3rd Polypept de 1st Polypept de 5th Polj'pept de 
5 6th Polypeptide 4th Polypept de 3rd Polypepl de 2nd Polypept de Ist Polypepl de 
5 6th Polypeptide 4th Polypept de 3rd Polypepl de 2nd Polypept dc 5th Polypept de 
5 6th Polypeptide 4th Polypepl de 3rd Polypept de 5 th Polypept de 1 st Polypept de 
5 6lh Polypeptide 4th Polypepl de 3rd Polypepl de 5th Polj'pept dc 2nd Polypepl de 
5 6th Polypeptide 4th Polypept de 5th Polypept de 1st Polypepl dc 2nd Polypept de 
5 6th Polj'peptide 4th Polypept de 5 th Polypept de 1st Polypept de 3rd Polypepl de 
5 6th Polypeptide 4 th Polj'pepl de 5th Polypept de 2nd Polj'pept de 1st Polypepl de 
5 6th Polypeptide 4lh Polypepl de Slh Polypept de 2nd Polypept de 3rd Polypept de 
5 6th Polypeplide 4th Polypept dc 5th Polypept de 3rd Polj'pept de 1 st Polypept de 
5 6th Polypeplide 4th Polypept de 5th Polypept de 3rd Polypept de 2nd Polypepl de 
5 6th Polypeptide 5th Polypepl de 1st Polypept de 2nd Polypepl de 3rd Polypept de 
5 6th Polj'peptide 5th Polypepl de 1st Polypepl de 2nd Polypept dc 4th Polypepl de 
5 6th Polypeptide 5th Polypept de 1st Polypept de 3rd Polypept de 2nd Polypepl de 
5 6th Polypeptide 5th Polypept de 1st Polypept de 3rd Polypept de 4th Polypept de 
5 6th Polypeptide 5th Polypept de 1st Polj'pept dc 4th Polypepl de 2nd Polypepl de 
5 6th Polj'peptide Slh Polypept de Isl Polypept de 4th Polypept de 3rd Polypept de 
5 6th Polypeptide 5lh Polypepl de 2nd Polypept de 1st Polypept dc 3rd Polypepl de 
5 6th Polj'peplide 5th Polypept de 2nd Polypept de 1 si Polj'pept de 4th Polypept de 
5 6th Polypeptide 5th Polypepl de 2nd Polypept de 3rd Polypept de 1st Polypept de 
5 6th Polypeptide 5th Polypepl de 2nd Polypept de 3rd Polypept de 4th Polypepl de 
5 6th Polj'peplide 5th Polypepl de 2nd Polypept de 4lh Polj'pept de 3 st Polypept de 
5 6th Polj'peplide 5th Polypept de 2nd Polypept de 4th Polypept de 3rd Polypept de 
5 6lh Polypeplide 5th Polypept de 3rd Polypept de 1 st Polypept de 2nd Polypept de 
5 6th Polypeptide 5th Polj'pept de 3rd Polypept de 1 st Polypept de 4 th Polypept de 
5 61 h Polypeptide 5th Polypept dc 3rd Polypept de 2nd Polypept de lsl Polypept de 
5 6th Polypeplide Slh Polypept de 3rd Polypept de 2nd Polj'pept de 4th Polypept de 
5 6lh Polypeplide 5th Polypept dc 3rd Polypept de 4th Polypept de 1 si Polypept de 
5 6th Polypeptide 5th Polypept de 3rd Polypept de 4th Polypept de 2nd Polypept de 
5 6th Polypeptide 5th Polypept de 4th Polypept de 1st Polypept de 2nd Polypepl de 
5 6ill Polypeptide 5th Polypept de 4th Polypept de 1 si Polypept de 3rd Polypept de 
5 6th Polypeptide 5th Polypepl de 4 th Polypept de 2nd Polypept de 1 st Polypept de 
5 6th Polypeptide 5th Polypepl de 4ili Polypepl de 2nd Pulypept dc 3rd Polypepl dc 
5 6th Polypeptide 5th Polypept de 4th Polypept de 3rd Polj'pepl de Ist Polypept de 
5 6th Polypeptide 5 th Polypept de 4th Polypepl de 3rd Polypepl de 2nd Polypept de 
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Where n is 6, X moieties are selected from the following; 
n X, x2 x3 x4 x5 Xf, 

6 1st Polypeptide 2nd Polypeptide 3rd Polypeplide 4th Polypeptide 5 th Polypeptide 6th Polypeplide 
6 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 3rd Polypeplide 5th Polypeptide 6th Polypeplide 4th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 3rd Polypeplide 6th Polypeplide 5th Polypeplide 4th Polypeptide 
6 1 st Polypeptide 2nd Polypeptide 4ih Polypeptide 3rd Polypeptide 5th Polypeplide 6th Polypeptide 
6 ist Polypeptide 2nd Polj'peptide 4th Polypeptide 3rd Polypeptide 6lh Polypeptide 5th Polypeptide 
6 1st Polypeptide 2nd Polj'peptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeplide 3rd Polypeptide 
6 1 st Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide Slh Polypeptide 
6 1st Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeplide 3rd Polypeplide 
6 Ist Polypeptide 2nd Polj'peptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 5th Polj'peptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 
6 Ist Polypeplide 2nd Polypeplide 5th Polj'peptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 Ist Polypeptide 2nd Polj'peptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 2nd Polypeplide 5lh Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 
6 Ist Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeplide 4th Polypeptide 3rd Polypeplide 
6 Isl Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 Ist Polypeptide 2nd Polypeplide 6th Polj'peptide 3rd Polypeplide 5th Polypeptide 4th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 
6 isl Polypeptide 2nd Polypeptide 6th Polj'peptide 4th Polj'peptide Slh Polypeptide 3rd Polypeptide 
6 1st Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 
6 1st Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 6th Polypeptide 5lh Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide Slh Polypeptide 4th Polypeptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide Slh Polypeptide 6lh Polypeptide 4th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polj'peptide 6th Polypeptide 4th Polypeptide 5 th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide Slh Polypeptide 4th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polypeptide 5lh Polypeptide 2nd Polypeptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polj'peptide 5th Polj'peptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 3rd Polypeptide 4th Polj'peptide 6th Polypeptide 2nd Polypeptide 5 th Polj'peplide 
6 1st Polypeptide 3rd Polypeptide 4th Polj'peptide 6th Polypeptide 5th Polj'peptide 2nd Polypeptide 
6 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4ih Polypeptide 6th Polypeplide 
6 1st Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 6lh Polypeptide 4th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 3rd Polypeptide 5th Polj'peptide 6th Polypeptide 2nd Polypeptide 4lh Polypeptide 
6 1st Polypeptide 3rd Polj'peptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeplide 
6 1st Polypeptide 3rd Polj'peptide 6lh Polj'peptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 
6 1st Polypeptide 3rd Polj'peptide 6th Polj'peptide 2nd Polypeplide 5th Polypeplide 4th Polypeptide 
6 Isl Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polj'peplide 2nd Polypeptide 5th Polypeptide 
6 1st Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 5th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeplide 
6 Ist Polj'peptide 3rd Polypeptide 6ih Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 Ist Polypeptide 4th Polypeptide 2nd Polj'peptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 
6 Ist Polypeptide 4th Polj'peptide 2nd Polj'peplide 3rd Polypeptide 6th Polypeptide 5 th Polypeptide 
6 1st Polypeptide 4th Polypeptide 2nd Polj'peplide 5th Polypeptide 3rd Polypeptide 6 th Polj'peptide 
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6 Isl Polypeplide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 6lh Polypeptide 3rd Polypeptide 
6 1st Polypeptide 4th Polypeplide 2nd Polypeptide 6th Polypeplide 3rd Polypeptide 5th Polypeplide 
6 Ist Polypeplide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeplide 3rd Polypeptide 
6 1st Polypeplide 4th Polypeptide 3rd Polypeplide 2nd Polypeptide 5th Polypeptide 6th Polypeplide 
6 lsl Polypeptide 4th Polypeptide 3rd Polypeplide 2nd Polypeptide 6th Polypeptide Slh Polypeptide 
6 lsl Polypeptide 4th Polypeptide 3rd Polj'peplide 5th Polypeplide 2nd Polypeptide 6th Polypeplide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeplide 5th Polj'peptide 6lh Polypeptide 2nd Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeplide 6th Polypeptide 2nd Polypeplide 5 th Polypeptide 
6 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6lh Polypeptide 5th Polypeplide 2nd Polypeptide 
6 1st Polypeptide 4lh Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
6 1st Polypeplide 4lh Polypeptide 5th Polypeptide 2nd Polypeptide 6lh Polypeplide 3rd Polypeptide 
6 1st Polypeptide 4lh Polypeptide 5th Polj'peptide 3rd Polypeplide 2nd Polypeptide 6lh Polypeptide 
6 1st Polypeptide 4th Polypeptide Slh Polypeplide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeplide 4th Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 1st Polypeptide 4th Polypeptide 5th Polypeplide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 ist Polypeptide 4ih Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeplide 
6 lsl Polypeptide 4lh Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeplide 3rd Polypeptide 
6 1st Polypeptide 4th Polypeptide 6th Polj'peptide 3rd Polypeptide 2nd Polypeplide 5th Polypeptide 
6 1st Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeplide 5th Polypeptide 2nd Polj'peptide 
6 Ist Polypeptide 4th Polypeptide 6th Polypeptide Slh Polypeptide 2nd Polypeptide 3rd Polj'peplide 
6 Isl Polypeptide 4th Polypeptide 6lh Polypeplide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 1st Polypeptide 5111 Polypeplide 2nd Polj'peptide 3rd Polypeptide 4th Polypeptide 6lh Polypeplide 
6 lsl Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeplide 6th Polypeplide 4th Polypeptide 
6 1st Polypeptide Slh Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeplide 
6 Ist Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeplide 
6 1 st Polypeptide 5th Polj'peptide 2nd Polypeplide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 
6 Ist Polypeptide 5th Polypeplide 2nd Polypeplide 6th Polypeptide 4th Polypeptide 3rd Polypeplide 
6 1st Polypeptide 5lh Polypeptide 3rd Polypeplide 2nd Polypeplide 4th Polypeptide 6th Polypeplide 
6 Ist Polypeptide Slh Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
6 Ist Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeplide 
6 Ist Polypeptide 5th Polypeptide 3rd Polypeplide 4lh Polypeptide 6th Polypeplide 2nd Polypeptide 
6 1st Polypeplide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 
6 Ist Polypeptide Slh Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeplide 2nd Polypeptide 
6 Ist Polypeptide Slh Polypeplide 4lh Polypeptide 2nd Polypeptide 3rd Polypeptide 6lh Polypeplide 
6 Ist Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeplide 3rd Polypeplide 
6 Ist Polypeptide 5th Polypeptide 4th Polj'peptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
6 1 st Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
6 1st Polypeptide Slh Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeplide 
6 Ist Polypeptide Slh Polypeptide 4th Polypeptide 6th Polypeplide 3rd Polypeptide 2nd Polypeplide 
6 1st Polypeptide 5th Polypeptide 6lh Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 
6 Isl Polypeptide 5th Polypeptide 6lb Polypeptide 2nd Polypeplide 4lh Polypeptide 3rd Polypeptide 
6 Ist Polypeptide 5th Polypeptide 6lh Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
6 Ist Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4lh Polypeptide 2nd Polypeplide 
6 1 st Polypeptide Slh Polypeptide 6lh Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 IsL Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeplide 3rd Polypeplide 2nd Polypeptide 
6 lsl Polypeptide 6lh Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeplide 5th Polypeptide 
6 Isl Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 
6 1st Polypeptide 6th Polypeptide 2nd Polypeplide 4th Polypeptide 3rd Polypeplide 5th Polypeptide 
6 Ist Polypeplide 6th Polypeptide 2nd Polj'peplide 4th Polypeptide 5th Polypeptide 3rd Polypeplide 
6 1st Polypeptide 6th Polypeptide 2nd Polypeplide 5th Polypeptide 3rd Polypeplide 4th Polypeplide 
6 lsl Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 1st Polypeplide 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 4th Polypeplide 5th Polypeplide 
6 lsl Polypeplide 6th Polypeptide 3rd Polypeplide 2nd Polypeptide Slh Polypeptide 4th Polypeptide 
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6 lsl Polypeptide 6th Polypeptide 3rd Polj'peptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 1st Polypeptide 6th Polj'peptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
6 1st Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 6ih Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 
6 1st Polj'peptide 6th Polypeptide 4 th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
6 ist Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
6 1st Polypeptide 6th Polypeptide 4lh Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 
6 1 st Polypeptide 6th Polypeptide 4th Polypeplide 5th Polypeplide 2nd Polypeptide 3rd Polypeptide 
6 1 st Polypeptide 6th Polypeptide 4th Polj'peptide 5th Polypeptide 3rd Polypeplide 2nd Polypeptide 
6 1st Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeplide 
6 1st Polypeptide 6th Polypeptide 5th Polj'peptide 2nd Polypeplide 4th Polypeptide 3rd Polypeplide 
6 1st Polypeptide 6lh Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 
6 1st Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
6 1st Polypeptide 6lh Polypeptide 5th Polj'peptide 4th Polypeptide 2nd Poljpeptide 3rd Polypeplide 
6 1 st Polypeptide 6th Polypeptide 5th Polypeptide 4lh Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 
6 2nd Polypeptide Ist Poljpeptide 3rd Polypeptide 4 111 Poljpeptide 6th Polypeptide 5th Polypeplide 
6 2nd Polypeplide 1st Polj'peptide 3rd Polypeptide 5 th Polypeptide 4th Polypeptide 6th Polj'peplide 
6 2nd Polj'peptide 1st Polypeptide 3rd Polj'peplide 5th Polypeptide 6th Polypeplide 4th Polypeptide 
6 2nd Polypeptide ist Polj'peptide 3rd Polj'peptide 6th Polypeplide 4th Polypeptide 5th Polj'peptide 
6 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeplide 4th Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 1st Polypeptide 4th Polj'peplide 5th Polj'peplide 3rd Polypeptide 6th Polypeplide 
6 2nd Polj'peptide 1 st Polypeptide 4th Polj'peptide 5th Poljpeptide 6th Polypeptide 3rd Polypeplide 
6 2nd Polypeplide Ist Poljpeptide 4th Polypeptide 6lh Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 4th Polypeplide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 1st Polypeptide Slh Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 5th Polypeptide 3rd Polj'peplide 6th Polypeptide 4lh Polypeptide 
6 2nd Polypeptide 1st Polypeptide 5th Polypeptide 4 th Polypeptide 3rd Polypeptide 6th Polypeplide 
6 2nd Polypeptide 1 st Polj'peptide 5th Polypeptide 4th Polypeptide 6 th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 1 st Polj'peptide 5th Polj'peptide 6th Poljpeptide 3rd Polypeplide 4th Polypeptide 
6 2nd Polypeptide 1st Polj'peplide 5 th Polypeplide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 2nd Polj'peplide 1st Polypeptide 6th Polypeplide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 4 th Polypeptide 
6 2nd Polypeptide 1 st Polypeptide 6th Polypeplide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeplide 
6 2nd Polypeptide 1st Poljpeptide 6th Polj'peptide 5th Polypeptide 3rd Polypeptide 4th Polypeptide 
6 2nd Polypeptide lsl Polypeptide 6th Polypeptide 5th Polypeptide 4th Poljpeptide 3rd Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 1st Polj'peptide 4th Polypeptide 5lh Polypeptide 6th Polypeptide 
6 2nd Polypeptide 3rd Polypeplide Ist Polypeptide 4th Polypeptide 6th Polypeplide 5th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide Ist Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypeptide 3rd Polypeplide lsl Polypeptide 5 th Polypeptide 6th Polypeptide 4th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 6 th Polypeptide 4th Polypeptide 5th Polypeplide 
6 2nd Polypeptide 3rd Polypeplide 1st Polj'peplide 6th Polypeptide 5th Polypeplide 4lh Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 4th Polj'peptide 1st Polj'peptide 5th Polypeptide 6th Polj'peptide 
6 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeplide 6th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 5 th Polypeptide 1st Polypeptide 6lh Polypeptide 
6 2nd Polypeptide 3rd Polypeplide 4lh Polypeptide 5lh Polypeptide 6th Polypeptide 1st Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 1st Polypeplide 5th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 6th Poljpeptide 5th Poljpeptide 1st Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 5 th Polypeptide 1 st Polypeptide 4 th Polypeptide 6th Polypeptide 
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6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide I si Polypeptide 6th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 1st Polj'peplide 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide lsl Polypeplide 4th Polj'peptide 
6 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 41 h Polypeplide Ist Polypeplide 
6 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeplide 5th Polypeplide 
6 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 
6 2nd Polypeplide 3rd Polypeplide 6th Polypeptide 4th Polypeptide 1st Polypeplide 5th Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeplide 1st Polypeptide 
6 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeplide 4th Polypeptide 
6 2nd Polypeplide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 1 st Polypeptide 
6 2nd Polypeptide 4th Polypeptide Ist Polypeptide 3rd Polypeptide Slh Polypeptide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeplide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeplide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 2nd Polypeplide 4th Polypeplide 1st Polypeptide 5th Polypeptide 6th Polypeplide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeplide lsl Polypeplide 6th Polypeptide 5th Polypeplide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeplide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide Ist Polypeptide 6th Polj'peptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 1 st Polypeptide 6lh Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide Slh Polypeptide 6th Polypeptide 1 st Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeplide 6th Polypeptide 1st Polypeptide 5th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeplide 
6 2nd Polypeptide 4th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polj'peptide 
6 2nd Polypeptide 4 th Polypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 4th Polypeptide Slh Polypeptide 3rd Polypeptide Ist Polypeptide 6th Polypeptide 
6 2nd Polypeptide 4th Polypeptide 5lh Polypeptide 3rd Polypeptide 6th Polypeptide 1 st Polypeptide 
6 2nd Polypept de 4th Polypeptide Slh Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 2nd Polypept de 4th Polypeptide 5th Polypeptide 6th Polypeplide 3rd Polypeptide 1 st Polypeptide 
6 2nd Polypept de 4th Polypeptide 6th Polypeptide 1st Polypeplide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypepl de 4th Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polj'peplide 
6 2nd Polypepl de 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 
6 2nd Polypepl de 4th Polypeplide 6th Polypeptide 3rd Polypeptide 5th Polypeptide Ist Polypeptide 
6 2nd Polypept de 4th Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 2nd Polypept de 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide Ist Polypeptide 
6 2nd Polypept de 5th Polypeptide Ist Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 
6 2nd Polypept dc 5th Polypeptide Ist Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 
6 2nd Polypept de 5th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 2nd Polypept de 5th Polypeptide 1st Polypeptide 4lh Polj'peptide 6th Polypeptide 3rd Polypeptide 
6 2nd Polypept de 5 th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 
6 2nd Polypept de 5th Polypeptide 1st Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 
6 2nd Poiypepl de 5th Polypeptide 3rd Polypeptide 1st Polypeptide 4fh Polypeptide 6th Polypeplide 
6 2nd Polypept de 5th Polypeptide 3rd Polypeptide 1st Polypeplide 6th Polypeptide 4th Polypeptide 
6 2nd Polypept de 5th Polypeptide 3rd Polypeptide 4th Polypeplide 1 st Polypeptide 6th Polypeptide 
6 2nd Polypept de 5th Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeptide 1 st Polypeptide 
6 2nd Polypept de 5th Polypeptide 3rd Polypeplide 6th Polypeplide 1 st Polypeplide 4th Polypeptide 
6 2nd Polypept de 5th Polypeplide 3rd Polypeplide 6th Polypeplide 4th Polypeptide 1st Polypeptide 
6 2nd Polypepl de 5th Polypeptide 4th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polj'peptide 
6 2nd Polypepl de 5th Polypeplide 4th Polypeptide 1 st Polypeptide 6th Polypeplide 3rd Polypeptide 
6 2nd Polypept de 5th Polypeplide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeptide 
6 2nd Polypept de 5th Polypeptide 4th Polypeplide 3rd Polypeptide 6th Polypeptide Ist Polypeptide 
6 2nd Polypepl de 5th Polypeptide 4th Polypeptide 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 
6 2nd Polypept de 5th Polypeptide 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st Polypeptide 
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6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeplide 3rd Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st Polypeptide 4th Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1 st Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 
6 2nd Polypeptide 6th Polypeptide Ist Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeplide 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polj'peptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeplide 5 th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeptide 5lh Polypeptide 3rd Polypeptide 4 th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 4lh Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeplide ist Polypeptide 4th Polypeptide 5th Polj'peptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polj'peptide 1 st Polypeptide 5th Polypeptide 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 1 st Polypeptide 5 th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 1st Polypeptide 
6 2nd Polypeplide 6th Polypeptide 3rd Polypeplide 5th Polypeptide 1 st Poljpeptide 4th Polypeptide 
6 2nd Polypeplide 6th Polypeptide 3rd Polypeptide 5th Polypeptide 4th Polypeptide 1st Poljpeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 
6 2nd Polypeplide 6lh Polypeptide 4th Polypeptide 1 st Polypeptide 5th Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1 st Polypeplide 5th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeplide 5lh Polypeptide 1st Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeplide 5th Polypeptide lsl Polypeptide 3rd Polypeptide 
6 2nd Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polypeptide 
6 2nd Polypcplidc 6th Polypeptide 5th Polypeptide 1st Polj'peptide 3rd Polypeptide 4th Polypeptide 
6 2nd Polypeptide 6th Polypeptide 5lb Polj'peplide lsl Polypeptide 4th Polypeptide 3rd Polj'peptide 
6 2nd Polypeptide 6th Polypeptide 5th Polj'peptide 3rd Polj'peptide 1st Polypeptide 4th Polypeptide 
6 2nd Polypeplide 6th Polypeptide 5th Polj'peptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 
6 2nd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide Ist Polypeptide 3rd Polypeptide 
6 2nd Polypeplide 6th Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide Ist Polypeptide 
6 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polj'peptide 6th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
6 3rd Polypeptide ist Polypeptide 2nd Polypeptide 5 th Polypeptide 4th Polypeptide 6th Polypeplide 
6 3rd Polypeptide 1 st Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 2nd Polypeplide 6th Polypeptide 4th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 4lh Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 1 st Polypeptide 4th Polypeptide 2nd Polypeplide 6th Polypeplide 5lh Polypeptide 
6 3rd Polypeptide 1st Polj'peptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide Ist Polypeptide 4th Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeplide 
6 3rd Polypeptide 1st Polypeptide 4th Polypeptide 6th Polj'peplide 2nd Polypeplide 5th Polypeptide 
6 3rd Polypeplide 1 st Poljpeptide 4th Polypeptide 6th Polypeptide 5th Polypeplide 2nd Polypeptide 
6 3rd Polypeptide Ist Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 1 st Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4 th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide 1 st Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 1 st Polypeptide 5th Polj'peptide 6th Polypeptide 2nd Polypeptide 4th Polypeplide 
6 3rd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide Ist Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeplide 4th Polypeptide 
6 3rd Polypeptide Ist Polypeptide 6 th Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 3rd Polypeptide 1st Polypeplide 6th Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 

3rd Polypeptide Ist Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
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6 3rd Polypeptide 1st Poiypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 4 th Polypeptide 5lh Polypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polj'peptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Poiypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polj'peptide 6th Polypeptide 4th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeplide 5th Polypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polj'peptide 4th Polypeptide 1st Polypeptide 5th Poiypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Poiypeptide 4th Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeplide 4lh Polypeptide Slh Polypeptide 1st Polypeptide 6th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeplide 6th Poiypeptide 1st Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 4l'h Polypeptide 6th Polypeptide 1st Polj'peptide 5th Polypeplide 
6 3rd Polypeptide 2nd Polypeptide 4 th Polypeplide 6th Polypeptide 5th Polypeptide 1st Polypeplide 
6 3rd Polypeptide 2nd Polj'peptide 5th Poiypeptide 1 st Polypeptide 4th Polypeptide 6th Poiypeptide 
6 3rd Polypeptide 2nd Polypeplide 5th Polypeptide 1 st Polypeptide 6th Poiypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 1st Poiypeptide 6th Polypeplide 
6 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4 ih Polypeptide 6th Polypeptide Ist Polypeptide 
6 3rd Polypeptide 2nd Polypeplide 5th Polypeptide 6lh Polypeptide 1st Polypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 5th Polj'peptide 6lh Polypeplide 4th Polypeptide lsl Polypeptide 
6 3rd Polypeptide 2nd Polj'peptide 6th Polypeptide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 6th Polypeplide 1 st Polypeptide 5lh Polypeptide 4th Polypeptide 
6 3rd Polypeplide 2nd Poiypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 5th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 5th Polypeptide 1st Polypeptide 
6 3rd Polypeplide 2nd Polypeptide 6lh Polypeptide 5th Polypeptide 1st Polypeptide 4th Polypeptide 
6 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 1 st Polypeplide 
6 3rd Polypeptide 4th Polypeptide 1 st Polj'peptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polj'peptide 6th Polypeptide 5th Polypeplide 
6 3rd Polypeptide 4th Polypeptide 1st Polypeplide 5th Polj'peplide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypeptide Ist Polypeptide 5th Polypeplide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 4th Polypeptide 1st Polypeplide 6th Polypeptide 2nd Polypeptide 5th Polj'peptide 
6 3rd Polypeptide 4th Polypeptide 1st Polypeplide 6th Polypeptide 5th Polypeplide 2nd Polypeptide 
6 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polj'peptide 6th Polypeptide 5th Polypeptide 
6 3rd Poiypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeplide 1st Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 
6 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide lsl Polypeptide 5th Polypeptide 
6 3rd Poiypeptide 4ih Polypeptide 2nd Polypeplide 6th Polypeptide 5th Polypeptide 1st Polypeptide 
6 3rd Polypeptide 4th Polypeptide 5th Polypeptide 1 st Polypeptide 2nd Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypeptide 5th Polypeptide 1 st Polypeptide 6th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 4th Polj'peptide 5 th Polypeptide 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 
6 3rd Polypeptide 4th Polypeptide 5th Poiypeptide 2nd Polypeptide 6lh Polypeptide Ist Polypeptide 
6 3rd Polypeptide 4th Polypeptide 5th Poiypeptide 6th Polj'peptide Ist Polypeptide 2nd Polypeptide 
6 3rd Polypeplide 4th Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 
6 3rd Polypeptide 4th Polypeplide 6th Polypeptide 1 st Polypeptide 2nd Poiypeptide Slh Polypeptide 
6 3rd Polypeptide 4th Polypeplide 6th Polypeptide 1st'Polypeptide 5th Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 4th Polypeptide 6th Poiypeptide 2nd Polypeptide 1 st Polypeptide Slh Polypeptide 
6 3rd Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 1st Polypeptide 
6 3rd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeplide 
6 3rd Polypeptide 4th Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polj'peptide 1 st Polypeptide 
6 3rd Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 6lh Poiypeptide 
6 3rd Polypeptide 5th Polypeptide 1 st Polypeptide 2nd Polypeptide 6lh Polypeptide 4th Polypeptide 
6 3rd Polypeptide 5th Polypeplide lsl Polypeptide 4th Polypeptide 2nd Poiypeptide 6th Poiypeptide 
6 3rd Polypeptide 5th Polypeplide 1 st Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polj'peptide 
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6 3rd Polypeptide 5th Polypeptide I st Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polj'peptide 
6 3rd Polypeptide 5th Polypeptide 1st Polypeptide 6lh Polypeptide 4lh Polypeptide 2nd Polypeptide 
6 3rd Polypeptide 5th Polypeplide 2nd Polypeptide ist Poiypeptide 4th Polypeptide 6th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 2nd Polypeptide I st Polj'peptide 6th Polypeplide 4th Polypeptide 
6 3rd Polypeplide Slh Polypeptide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 6th Polypeptide 
6 3rd Polypeplide Slh Polypeptide 2nd Poiypeptide 4th Polypeptide 6th Polypeptide ist Polypeptide 
6 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide 1 st Polypeptide 4th Polypeptide 
6 3rd Poiypeptide 5th Polypeptide 2nd Poiypeptide 6th Polypeptide 4th Polypeptide 1st Poiypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide ist Poiypeptide 2nd Polypeplide 6th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polj'peptide Isl Polypeptide 6th Polypeptide 2nd Polypeplide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeplide Ist Polypeptide 6th Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 1 st Polypeptide 
6 3rd Polypeptide 5th Polypeptide 4th Polj'peptide 6th Polypeptide ist Poiypeptide 2nd Polj'peplide 
6 3rd Polypeptide 5th Polypeptide 4th Polypeptide 6th Polj'peptide 2nd Polypeptide lsl Polypeptide 
6 3rd Polypeptide 5th Polypeptide 6th Polypeptide i st Polypeptide 2nd Polypeptide 4th Polypeptide 
6 3rd Polypeptide 5th Polypeplide 6th Polypeplide ist Polypeptide 4th Polypeptide 2nd Polypeptide 
6 3rd Polj'peptide 5th Polypeptide 6th Poiypeptide 2nd Polj'peptide ist Polypeptide 4lh Polypeptide 
6 3rd Polypeptide 5th Polypeptide 6th Poiypeptide 2nd Polypeptide 4th Polypeplide 1st Polypeptide 
6 3rd Polypeplide 5th Polypeptide 6th Poiypeptide 4th Poiypeptide 1 si Polypeptide 2nd Polypept de 
6 3rd Polypeptide 5th Polypeptide 6th Polypeptide 4th Poiypeptide 2nd Polypeptide 1st Poiypept de 
6 3rd Polypeptide 6th Polypeptide Isl Poiypeptide 2nd Polypeptide 4th Polypeptide 5lh Polypept de 
6 3rd Polypeptide 6th Polypeptide 1 si Polypeptide 2nd Polypeptide 5th Poiypeptide 4th Polypept dc 
6 3rd Polypeptide 6th Polypeptide 1 st Polypeptide 4th Poiypeptide 2nd Polypeptide 5 th Polypept de 
6 3rd Polypeptide 6th Poiypeptide 1 st Polypeptide 4th Polypeplide 5lh Polypeplide 2nd Polypept de 
6 3rd Polypeptide 6th Polypeptide 1 si Polypeptide 5th Polypeptide 2nd Polypept de 4th Polypept de 
6 3rd Polypeptide 6th Polj'peptide Isl Polypeptide 5 th Polypeptide 4th Polypepl de 2nd Poij'pept de 
6 3rd Polypeptide 6th Polypeptide 2nd Polj'peplide 1 st Poiypeptide 4th Polj'pepl de 5th Polypept de 
6 3rd Polypeplide 6th Poiypeptide 2nd Polypeptide 1 st Polypeplide 5th Poiypept de 4th Poiypept de 
6 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeplide Isl Poiypept de 5 th Polypept de 
6 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 5th Poiypept de 1 st Polypept dc 
6 3rd Polypeptide 6th Poiypeptide 2nd Polypeptide Slh Polypeptide 1 st Polypept de 4lh Polypepl dc 
6 3rd Poiypeptide 6th Polypeplide 2nd Polypeptide 5th Polypeptide 4th Polypept de Ist Polypept de 
6 3rd Poiypeptide 6th Polypeptide 4th Poiypeptide I st Polypeptide 2nd Poiypept de 5th Polypepl de 
6 3rd Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 5 til Poij'pept de 2nd PoJypept de 
6 3rd Polypeptide 6th Polypeplide 4th Polypeptide 2nd Poiypeptide 1st Polypept de 5 th Polypept de 
6 3rd Polypeptide 6th Polypeptide 4 th Polypeptide 2nd Polypeptide 5th Polj'pept de 1st Poiypept de 
6 3rd Polypeptide 6th Poiypeptide 4th Polj'peptide 5th Polypeptide Ist Polypept dc 2nd Poiypept de 
6 3rd Polypeptide 6th Polypeptide 4th Polj'peplide Slh Polypeptide 2nd Polypepl de lsl Poiypept de 
6 3rd Polypeptide 6th Polypeptide 5 th Polypeptide 1st Polypeptide 2nd Polypept de 4 th Polypept de 
6 3rd Polypeptide 6th Poiypeptide 5th Polypeptide Isl Polypeptide 4th Polypept de 2nd Polypept de 
6 3rd Polypeptide 6th Polypeptide 5 th Poiypeptide 2nd Poiypeptide 1 st Polypept de 4th Polypepl de 
6 3rd Polypeplide 6th Poiypeptide 5th Polypeptide 2nd Poiypeptide 4th Poiypept de 1 st Polypept de 
6 3rd Polypeptide 6th Poiypeptide 5th Polypeptide 4th Polypeptide isl Polypept de 2nd Polypept de 
6 3rd Polj'peptide 6th Polypeptide 5th Polypeptide 4th Polypeptide 2nd Poiypept de 1 st Polypept de 
6 4th Polypeptide 1st Poiypeptide 2nd Polypeptide 3rd Polypeptide Slh Polypept de 6th Polypept de 
6 4th Polypeptide 1 st Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypept de 5th Polypept de 
6 4th Polypeptide Ist Poiypeptide 2nd Polypeplide 5th Polypeptide 3rd Polypept de 6th Poiypept de 
6 4 th Polypeptide Ist Poiypeptide 2nd Polypeptide 5th Polypeptide 6th Polypept de 3rd Polypept dc 
6 4 th Polj'peptide 1 st Poiypeptide 2nd Poiypeptide 6th Poiypeptide 3rd Polypept de 5th Polypept de 
6 4 th Polypeptide Ist Polypeptide 2nd Poiypeptide 6ih Polypeptide 5th Polypept de 3rd Polypept de 
6 4 th Polypeptide 1 st Polypeptide 3rd Poiypeptide 2nd Polypeptide 5th Poiypept de 6th Polypepl de 
6 4th Polj'peptide I st Polypeplide 3rd Polypeptide 2nd Poij'peptide 6lh Polypepl de 5th Polypept de 
6 4 th Polj'peptide Isl Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypepl de 6th Polj'pepl de 
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6 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 4th Polypeptide 1st Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeplide 5th Polypeptide 
6 4th Polypeptide Ist Polypeptide 3rd Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 4th Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeplide 3rd Polypeplide 6lh Polypeptide 
6 4th Polypeplide 1 st Polypeptide 5th Polypeptide 2nd Polypeplide 6th Polypeptide 3rd Polypeptide 
6 4th Polypeptide Isl Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
6 4th Polypeptide Ist Polypeplide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 
6 4th Polypeptide Ist Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 4lh Polypeptide Ist Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 4th Polypeptide Ist Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 
6 4th Polypeptide 1st Polypeptide 6th Polypeplide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
6 4th Polypeptide 1st Polypeptide 6lh Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
6 4th Polypeplide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeplide 2nd Polypeplide 
6 4th Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 4th Polypeptide 1st Polypeplide 6th Polypeptide 5th Polypeplide 3rd Polypeptide 2nd Polypeptide 
6 4th Polypeptide 2nd Polypeptide lsl Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeplide 6th Polypeplide 5tli Polypeptide 
6 4th Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 
6 4th Polypeplide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 6lh Polypeptide 3rd Polypeplide 
6 4th Polypeplide 2nd Polypeptide I st Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeplide 
6 4th Polypeplide 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 
6 4th Polypeptide 2nd Polypeptide 3I'd Polypeptide 1 st Polypeptide 5th Polypeptide 6th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polypeptide 
6 4ih Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 1 st Polypeptide 6th Polypeplide 
6 4lh Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 6th Polypeptide Isl Polypeptide 
6 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 1 st Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 6 th Polypeptide 5th Polypeptide 1st Polj'peptide 
6 4th Polypeplide 2nd Polypeptide 5th Polypeptide Ist Polypeptide 3rd Polypeptide 6th Polj'peplide 
6 4lh Polypeptide 2nd Polypeplide 5th Poiypeptide 1 st Polypeptide 6th Polypeptide 3rd Polj'peptide 
6 4th Polypeptide 2nd Polypeplide 5th Polypeplide 3rd Polypeptide 1 st Polypeptide 6th Polypeptide 
6 4lh Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeplide 6th Polypeptide Ist Polypeptide 
6 4th Polypeptide 2nd Polypeplide 5th Polypeptide 6th Polypeptide Isl Polypeptide 3rd Polypeptide 
6 4th Polypeptide 2nd Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide Ist Polypeptide 
6 4th Polypeptide 2nd Polypeptide 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 
6 4th Polypeplide 2nd Polypeptide 6th Polypeptide lsl Polypeptide 5lh Polypeptide 3rd Polypeptide 
6 4th Polypeplide 2nd Polypeptide 6th Poiypeptide 3rd Polypeptide Isl Polypeptide 5th Polypeptide 
6 4th Polypeptide 2nd Polypeptide 6th Poiypeptide 3rd Poiypeptide 5lh Polypeplide 1 st Polypeplide 
6 4 th Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeptide 
6 4th Polypeptide 2nd Polypeplide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polj'peplide 
6 4th Polypeptide 3rd Polypeptide 1st Polypeptide 2nd Poiypeptide 5lh Polypeptide 6th Polypeptide 
6 4th Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polypeptide 6lh Polypeptide 5 th Polypeptide 
6 4lh Polypeptide 3rd Polypeptide lsl Polypeptide 5th Polj'peptide 2nd Polypeptide 6th Polypeptide 
6 4th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeptide 1 st Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 
6 4lh Polypeptide 3rd Polypeptide 1 st Polypeptide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeptide 2nd Polypcplidc 1st Polypeptide 5th Polypeptide 6th Polypeplide 
6 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeptide 5lh Polypeptide 
6 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeplide 1 st Polypeptide 6th Polypeptide 
6 4th Polypeptide 3rd Polypeplide 2nd Polypeptide 5th Polypeptide 6th Polypeptide Ist Polypeptide 
6 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 1st Polypeptide 5 th Polypeptide 
6 4th Polypeplide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 5th Polypeptide Ist Polypeplide 
6 4lh Polypeptide 3rd Polypeptide 5th Polypeplide 1st Polypeptide 2nd Polypeptide 6th Polypeptide 
6 4th Polypeptide 3rd Polypeptide 5th Polypeptide 1 st Polypeptide 6th Poiypeptide 2nd Polypeptide 
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6 4th Polypeptide 3rd Polypeptide 5th Polypeplide 2nd Polypeptide lsl Polypeptide 6th Polypeptide 
6 4th Polypeplide 3rd Polypeptide 5lh Polypeptide 2nd Polypeptide 6th Polypeptide lsl Polypeptide 
6 4th Polypeptide 3rd Polypeptide 5th Polypeplide 6th Polypeptide Ist Polypeptide 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeptide 5th Polypeplide 6lh Polypeptide 2nd Polypeptide Ist Polypeptide 
6 4lh Polypeptide 3rd Polypeptide 6lh Polypeptide 1 st Polypeptide 2nd Polypeptide Slh Polypeplide 
6 4th Polypeptide 3rd Polypeptide 6 th Polypeplide 1st Polypeptide 5(h Polypeptide 2nd Polypeplide 
6 4th Polypeptide 3rd Polypeptide 6th Poiypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 
6 4th Polypeplide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 5th Polypeptide 1 st Polypeptide 
6 4th Polypeptide 3rd Polypeptide 6th Polypeptide Slh Polypeptide 1 si Polypeptide 2nd Polypeptide 
6 4th Polypeptide 3rd Polypeplide 6th Polypeptide 5th Polypeptide 2nd Polypeptide 1st Polypeplide 
6 4th Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeplide 3rd Polypeplide 6th Polypeptide 
6 4th Polypeptide 5th Polypeptide lsl Poiypeptide 2nd Polypeptide 6lh Polypeptide 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeplide 2nd Polypeptide 6ih Polypeptide 
6 4th Polypeptide 5th Polypeptide 1 st Polypeplide 3rd Polypeptide 6th Polypeplide 2nd Polypeptide 
6 4th Poiypeptide 5th Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide Ist Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 6th Polj'peplide 
6 4th Polypcplidc 5th Polypeptide 2nd Polypeplide I st Polypeptide 6th Polypeptide 3rd Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide Isl Polypeplide 6th Polypeptide 
6 4th Polypeptide Slh Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide Ist Polypeptide 
6 4th Polypeptide 5th Polypeptide 2nd Polypeptide 6th Polypeptide Isl Polypeptide 3rd Polypeptide 
6 4th Polypeptide Slh Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide lsl Polypeptide 
6 4th Polypeplide 5th Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polypeptide 6lli Polypeptide 
6 4th Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeplide 2nd Polypeptide 
6 4th Polypeplide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeptide 
6 4th Polypeplide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 1 st Polypeptide 
6 4th Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 1 st Polypeptide 2nd Polypeptide 
6 4th Polypeptide 5th Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 
6 4th Polypeptide 5th Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 4th Polypeptide Slh Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeplide 
6 4th Polypeptide 5th Polypeptide 6th Polypeptide 2nd Polypeptide I st Polypeplide 3rd Polypeptide 
6 4th Polypeptide 5th Polypeplide 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 1st Polypeptide 
6 4th Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeptide Isl Polypeplide 2nd Polj'peptide 
6 4th Polypeptide 5th Polypeptide 6th Polypeptide 3rd Polypeplide 2nd Polypeptide 1st Polypeptide 
6 4th Polypeptide 6th Polypeptide lsl Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide 
6 4th Polypeptide 6th Polypeptide lsl Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 
6 4th Polypeptide 6th Polypeptide 1st Polypeplide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
6 4 th Polypeptide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 5th Polypeplide 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 1st Polypeptide 5 tli Polypeptide 2nd Polypeptide 3rd Polypeplide 
6 4lh Polypeptide 6th Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide Slh Polypeptide 
6 4th Polypeptide 6th Poiypeptide 2nd Polypeptide I st Polypeptide 5th Polypeplide 3rd Poiypeptide 
6 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide Ist Poiypeptide 5th Polypeptide 
6 4th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeptide Ist Polypeptide 
6 4th Polypeptide 6th Polypeptide 2nd Polypeptide 5t!i Polypeptide Ist Polypeplide 3rd Polypeptide 
6 4th Polypeplide 6th Polj'peplide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide Isl Polypeptide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st Polypeplide 2nd Polypeptide 5th Polypeptide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeplide 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeplide Ist Polypeplide 5th Polypeplide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Poiypeptide 5th Polypeplide Isl Polypeptide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeptide 5th Polypeplide Isl Polypcplidc 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 3rd Polypeplide 5th Polypeplide 2nd Polypeptide 1st Polypeplide 
6 4th Polypeptide 6th Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeplide 
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6 4th Poiypeptide 6th Polypeptide 5th Polypeptide Ist Polypeplide 3rd Polypeptide 2nd Polypeptide 
6 4th Polypeptide 6th Polypeptide 5lh Polypeptide 2nd Polypeplide 1 st Polypeptide 3rd Polypeptide 
6 4th Polypeptide 6th Polypeplide 5th Polypeptide 2nd Poiypeptide 3rd Polypeptide 1st Polypeplide 
6 4th Polypeptide 6lh Polypeptide 5th Polj'peptide 3rd Polypeptide ist Polypeptide 2nd Poiypeptide 
6 4th Polypeptide 6th Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide lsl Polypeptide 
6 5th Polypeptide ist Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 6th Polypeplide 
6 5th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 
6 5th Poiypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeplide 3rd Polypeptide 6th Polypeplide 
6 5th Polypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeplide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide lsl Polypeptide 2nd Polypeptide 6th Polypeplide 3rd Polypeptide 4lh Polypeplide 
6 5th Polypeplide 1st Polypeplide 2nd Polypeptide 6lh Polj'peplide 4th Polypeptide 3rd Polypeptide 
6 5lh Polypeptide Ist Polypeplide 3rd Polypeplide 2nd Polypeptide 4th Poiypeptide 6th Polypeptide 
6 5th Poiypeptide Ist Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polj'peptide 4th Polypeptide 
6 5th Poiypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide 6lh Polj'peptide 
6 5th Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeplide 6th Polypeptide 2nd Polypeptide 
6 5th Polypeptide lsl Polypeptide 3rd Polypeptide 6th Polypeptide 2nd Polj'peplide 4th Polypeptide 
6 5lh Polypeptide 1 st Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5th Polypeplide 1st Polypeptide 4th Polypeplide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
6 5th Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polj'peptide 6lh Polypeptide 3rd Polypeptide 
6 5th Polypeptide Ist Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6th Polypeptide 
6 5th Polypeptide 1st Polypeptide 4th Polj'peplide 3rd Polypeptide 6lh Polypeptide 2nd Polypeptide 
6 5th Polypeptide 1st Polypeptide 4lh Polypeplide 6th Polypeptide 2nd Polypeplide 3rd Polypeptide 
6 5th Polypeptide 1st Polypeptide 4lh Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 5th Polypeptide 1 st Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 
6 5th Polypeptide 1 st Polypeplide 6th Polj'peplide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 1st Polypeptide 6th Polypeplide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 
6 5th Polypeptide Ist Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
6 Slh Polypeptide 1st Polypeptide 6th Polj'peplide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 Slh Polypeptide lsl Polypeptide 6th Polypeplide 4th Polypeplide 3rd Polypeptide 2nd Polypeptide 
6 5th Polypeptide 2nd Polypeplide Ist Polypeplide 3rd Polypeptide 4th Polypeplide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeplide 6th Polypeptide 4th Polypeplide 
6 Slh Polypeptide 2nd Polypeptide 1 st Polj'peptide 4lh Polypeptide 3rd Polypeptide 6th Polypeplide 
6 5th Polypeptide 2nd Poiypeptide 1st Polypeptide 4th Polj'peptide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 2nd Polypeptide Ist Polypeplide 6th Polypeptide 3rd Polypeptide 4th Polypeplide 
6 5th Polypeptide 2nd Polypeptide 1 st Polypeptide 6th Polypeptide 4th Polypeplide 3rd Polypeptide 
6 5th Polypeptide 2nd Polypeplide 3rd Polypeptide I st Polypeptide 4Lh Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 6th Polypeplide 41b Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide Isl Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 6th Polypeplide 1st Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polj'peptide 6th Polypeptide 1st Polypeplide 4th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 4th Polypeptide Ist Polypeptide 
6 5th Polypeptide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 6th Polypeptide 
6 5lh Polypeptide 2nd Polypeptide 4lh Polypeptide 1 st Polypeplide 6lh Polypeptide 3rd Polj'peptide 
6 5th Polypeptide 2nd Polypeplide 4th Polypeplide 3rd Polypeplide 1st Polypeptide 6th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 6th Polypeplide 1st Polypeptide 
6 5th Polypeptide 2nd Polypeptide 4th Polypeptide 6lh Polypeplide 1 st Polypeptide 3rd Polypeptide 
6 5th Polypeptide 2nd Polypeplide 4th Polypeptide 6lh Polypeplide 3rd Polypeptide Ist Polypeptide 

4th Polypeptide 6 5th Polypeptide 2nd Polypeptide 6th Polypeptide 1st Polypeplide 3rd Polypeplide 
Ist Polypeptide 

4th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 6th Polypeptide Isl Poiypeptide 4th Polj'peptide 3rd Polypeptide 
6 5lh Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide Ist Polypeptide 4th Polypeptide 
6 5th Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide lsl Polypeptide 
6 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeplide Ist Polj'peptide 3rd Polypeptide 
6 5th Polypeptide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 
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6 5th Polypeptide 3rd Polypeptide lsl Polypeptide 2nd Polypeptide 4th Polypeptide 6lh Polypeptide 
6 5th Polypeptide 3rd Polypeptide 1st Polypeplide 2nd Polypeptide 6th Polypeptide 4th Polypeptide 
6 5th Polypeptide 3rd Polypeptide 1 st Polypeptide 4th Polypeptide 2nd Polypeptide 6th Polypeptide 
6 5th Polypeptide 3rd Polypeptide ist Polypeplide 4th Polj'peptide 6th Polypeptide 2nd Polypeptide 
6 5th Polypeplide 3rd Polypeptide 1st Polypeplide 6th Polypeptide 2nd Polypeplide 4th Polypeptide 
6 5th Polypeplide 3rd Polypeptide 1 st Polypeptide 6lh Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 4lh Polypeptide 6th Polypeptide 
6 5th Polypeptide 3rd Polypeplide 2nd Polypeplide 1 st Polypeptide 6th Polypeptide 4th Polypeplide 
6 5th Polypeptide 3rd Polypeptide 2nd Polypeplide 4 111 Polypeptide 1st Polypeptide 6th Polypeptide 
6 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 6th Polypcplidc lsl Polypeptide 
6 5th Polypeptide 3rd Polypeplide 2nd Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 
6 5th Polypeplide 3rd Polypeptide 2nd Polypeptide 6lh Polypeptide 4th Polypeptide 1st Polypeptide 
6 5th Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polj'peptide 2nd Polypeptide 6th Polypeplide 
6 5th Polypeplide 3rd Polypeptide 4lh Polypeptide 1st Polypeptide 6th Polypeptide 2nd Polypeplide 
6 5th Poiypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide Ist Polypeptide 6th Polypeptide 
6 5th Poiypeptide 3rd Polypeptide 4lh Polypeplide 2nd Polypeplide 6th Polypeptide 1 st Polypeplide 
6 5th Polypeptide 3rd Polypeplide 4th Polypeplide 6th Polypeptide Ist Polypeplide 2nd Polypeplide 
6 Slh Polypeptide 3rd Polypeplide 4th Polypeptide 6lh Polypeptide 2nd Polypeptide lsl Polypeptide 
6 5th Polypeptide 3rd Polypeptide 6th Polypeplide 1st Polypeptide 2nd Polypeptide 4lh Polypeptide 
6 5lh Polypeptide 3rd Polypeplide 6th Polypeptide 1st Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5th Polypeptide 3rd Polypeptide 6lh Polypeptide 2nd Polypeptide Ist Polypeptide 4th Polypeptide 
6 5th Polypeptide 3rd Polypeptide 6th Poiypeptide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 
6 5lh Polypeplide 3rd Polypeptide 6th Polypeptide 4lh Polypeptide Isl Polj'peplide 2nd Polypeplide 
6 5th Polypeptide 3rd Polypeplide 6th Polypeptide 4th Poljpeptide 2nd Polypeptide 1 st Polypeptide 
6 5th Polypeplide 4ih Polypeptide I st Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 
6 5th Polypeptide 4lh Polypeptide 1 st Polypeptide 2nd Polypeptide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 4th polypeptide 1st Polypeptide 3rd Poiypeptide 2nd Polypeptide 6th Polj'peptide 
6 5th Polypeptide 4th Polypeptide 1 st Polypeptide 3rd Polypeptide 6th Polj'peptide 2nd Polypeplide 
6 5th Polypeplide 4th Polypeptide 1st Polypeplide 6lh Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 5th Polypeplide 4th Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 
6 5th Polypeptide 4th Polypcplidc 2nd Polypeptide Ist Polypeptide 3rd Polypeptide 6th Polj'peptide 
6 5th Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 6th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide Ist Polypeptide 6th Polypeptide 
6 5th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 6th Polypeptide 1st Polypeptide 
6 5lh Polypeptide 4th Polypeptide 2nd Poiypeptide 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 
6 5th Polypeptide 4th Polypeptide 2nd Polypeptide 6lh Polypeptide 3rd Polypeptide 1st Polypeptide 
6 5th Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polj'peptide 2nd Polj'peptide 6lh Polypeplide 
6 5th Polypeptide 4th Polypeptide 3rd Polypeptide 1 st Polypeptide 6th Polypeptide 2nd Polypeplide 
6 5th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeplide 1st Polj'peptide 6th Polypeptide 
6 Slh Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 6lh Polypeptide Isl Polypeptide 
6 5 th Polypeptide 4th Polypeplide 3rd Polypeptide 6th Polypeptide lsl Polj'peptide 2nd Polypeptide 
6 5 th Polypeptide 4th Polypeptide 3rd Polypeplide 6th Polypeptide 2nd Polypeptide lsl Polypeptide 
6 5 th Polypeptide 4th Polypeplide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 5th Polypeplide 4th Polypeptide 6th Polypeplide 1st Polypeptide 3rd Polypeptide 2nd Polypeplide 
6 5th Polypeptide 4th Polypeptide 6th Polypeptide 2nd Polypeptide 1 si Polypeptide 3rd Polypeptide 
6 5th Polypeptide 4th Polypeptide 6th Polypeplide 2nd Polypeptide 3rd Polypeptide lsl Polypeptide 
6 5th Polj'peptide 4th Polypeptide 6th Polypeptide 3rd Polypeplide 

3rd Polypeplide 
Isl Polypeptide 

2nd Polypeptide 
2nd Polypeptide 

1 st Polypeptide 6 5th Polypeplide 4th Polypeptide 6th Polypeptide 
3rd Polypeplide 
3rd Polypeplide 

Isl Polypeptide 
2nd Polypeptide 

2nd Polypeptide 
1 st Polypeptide 

6 5th Polypeplide 6th Polypeptide 1st Polypeplide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 
6 5th Polypeptide 6th Polypeptide 1st Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 
6 5th Polypeplide 6lh Polypeptide 1st Polypeptide 3rd Polj'peplide 2nd Polypeptide 4th Polj'peplide 
6 5th Polypeplide 6th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 1 st Polypeplide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
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6 5th Polypeptide 6th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Poiypeptide 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeplide 
6 5th Polypeptide 6th Polypeplide 2nd Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeptide lsl Polypeptide 4th Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 3rd Polypeplide 4th Polypeptide 1 st Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 1 si Polypeptide 3rd Polypeptide 
6 5th Polypeptide 6th Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 1st Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide I si Polypeptide 2nd Polypeptide 4th Poiypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 1 st Polypeptide 4th Polypeptide 2nd Polypeptide 
6 5th Polypeptide 6 th Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 
6 5th Polypeptide 6th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 1 st Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 5th Polypeptide 6th Polypeptide 4lh Polypeptide 1 st Polypeptide 3rd Polypeptide 2nd Polypeplide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 
6 5th Polypeplide 6th Poiypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 1st Polypeptide 
6 5th Polypeptide 6th Polypeptide 4th Polypeptide 3rd Polypeptide Ist Polypeptide 2nd Poiypeptide 
6 5th Polypeptide 6th Polypeptide 4 th Polypeptide 3rd Poiypeptide 2nd Polypeptide ! st Polypeptide 
6 6lh Polypeptide 1st Polypeptide 2nd Polypeplide 3rd Polypeptide 4th Polypeptide 5th Polypeplide 
6 6th Polypeptide 1st Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeplide 4th Polypeptide 
6 6th Polypeptide 1 st Polypeptide 2nd Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 
6 6th Polypeptide 1st Polypeptide 2nd Polypeplide 4th Polypeplide 5th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 1 st Poiypeptide 2nd Polypeptide 5 th Polypeptide 3rd Polypeptide 4th Polypeptide 
6 6th Polypeptide 1 st Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypcplidc 3rd Poiypeptide 
6 6th Poiypeptide 1st Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5lh Polypeptide 
6 6th Polypeptide 1st Polypeplide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 
6 6th Polypeptide 1st Polypeptide 3rd Polypeplide 4lh Polypeptide 2nd Poiypeptide 5th Polypeptide 
6 6th Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
6 6th Polypeptide Ist Polypeptide 3rd Polypeptide 5th Polypeplide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeptide I st Polypeptide 4th Polypeptide 2nd Polypeplide 3rd Polypeptide 5th Polypeptide 
6 6th Polypeptide 1st Polypeptide 4 th Polypeptide 2nd Polypeplide 5th Polypeptide 3rd Poiypeptide 
6 6th Polypeptide 1st Polypeplide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 5th Polypeptide 
6 6lh Polypeptide 1 st Polypeptide 4th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeplide 
6 6th Polypeptide 1 st Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6ih Polypeptide Ist Polypeptide 4th Polypeptide 5th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 6th Poiypeptide 1 st Polypeptide Slh Polypeptide 2nd Polypeplide 3rd Polypeplide 4th Polypeptide 
6 6th Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeplide 3rd Polypeptide 
6 6th Polypeptide 1st Poiypeptide 5 th Poiypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeplide 
6 6th Polypeptide 1st Polypeptide 5 th Polypeptide 3rd Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6th Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide 
6 6th Polypeptide 2nd Polypeptide 1st Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 3rd Polypeptide 5th Polypeptide 4 th Polypeplide 
6 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 3rd Poiypeptide 5th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 5th Polypeplide 3rd Polypeptide 
6 6th Poiypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 3rd Polypeplide 4th Polj'peptide 
6 6th Polypeptide 2nd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeplide 3rd Polypeptide 
6 6th Polypeptide 2nd Polypeptide 3rd Polypeptide lsl Polypeptide 4th Polypeptide 5th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 1 st Polypeptide 5th Polypeptide 4th Polypeptide 
6 6th Polj'peptide 2nd Polypeptide 3rd Polypeptide 4 th Polypeptide 1 st Poiypeptide 5th Polj'peptide 
6 6th Polypeptide 2nd Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 1st Polypeptide 
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6 6th Polypeptide 2nd Poiypeptide 3rd Polypeptide 5th Polypeptide 1st Polypeptide 4th Polypeplide 
6 6th Polypeptide 2nd Poiypeptide 3rd Polypeptide 5lh Polypeptide 4th Polypeptide 1st Polypeptide 
6 6th Polypeptide 2nd Polypeptide 4th Polypeptide Ist Polypeptide 3rd Polypeptide 5th Polypeptide 
6 6tli Polypeptide 2nd Polypeptide 4lh Polypeptide I st Polypeptide 5th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 2nd Polypeptide 4th Polypeplide 3rd Polypeptide Ist Polypeptide Slh Polypeplide 
6 6th Polypeptide 2nd Poiypeptide 4th Poiypeptide 3rd Polypeptide Slh Polypeptide 1 st Polypeplide 
6 6th Polypeplide 2nd Poiypeptide 4th Polypeptide 5th Polypeptide 1 st Polypeptide 3rd Polypeptide 
6 6th Polypeplide 2nd Polypeplide 4th Polypeptide 5lh Polypeptide 3rd Polypeptide 1 st Polypeptide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide 1 st Polypeptide 3rd Polypeptide 4th Polypeptide 
6 6th Polypeptide 2nd Polypeplide 5th Polypeptide 1st Polypeptide 4th Polypeptide 3rd Polypeptide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide 1st Polypeplide 4th Polypeptide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Poiypeptide 4lh Polypeplide 1st Polypeptide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide 4th Polypeptide 1st Polypeplide 3rd Polypeplide 
6 6th Polypeptide 2nd Polypeptide 5th Polypeptide 4lh Polypeptide 3rd Polypeplide 1st Polypeptide 
6 6th Polypeptide 3rd Polypeptide 1 st Polypeplide 2nd Polypeptide 4th Poiypeptide 5th Polypeptide 
6 6 th Polypeptide 3rd Polypeptide Ist Polypeplide 2nd Polypeptide 5lh Polypeplide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 1st Polypeplide 4th Polypeplide 2nd Polypeptide 5th Polypeptide 
6 6 th Polypeptide 3rd Polypeptide 1st Polypeptide 4th Polypeptide 5th Polypeplide 2nd Polypeptide 
6 6lh Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 1st Polypeptide 5th Polypeptide 4th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 5lh Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 1st Polypeplide 5th Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 2nd Polypeplide 4th Polypeptide Ist Polypeptide 5th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeptide 4th Polypeptide 5th Polypeptide Ist Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 5th Polypeptide Isl Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 2nd Polypeplide 5th Polypeptide 4th Polypeptide lsl Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 5 th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeptide 1 si Polypeptide Slh Polypeptide 2nd Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeplide 2nd Polypeptide I st Polypeptide 5th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 4th Polypeptide 2nd Polypeptide 5lh Polypeptide 1st Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 1st Polypeptide 2nd Polypeptide 
6 6th Polypeptide 3rd Polypeptide 4th Polypeptide 5th Polypeptide 2nd Polypeplide Ist Polypeptide 
6 6th Polypeptide 3rd Polypeptide 5th Polypeptide 1 st Polypeptide 2nd Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeptide 5th Polypeptide i st Polypeptide 4 th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 3rd Polypeptide 5th Polypeptide 2nd Polypeptide 1 st Polypeptide 4th Polypeptide 
6 6th Polypeptide 3rd Polypeplide 5th Polypeptide 2nd Polypeptide 4th Polypeptide 1 st Polypeptide 
6 6th Polypeptide 3rd Polypeplide 5th Polypeptide 4 th Polypeplide 1st Polypeptide 2nd Polypeptide 
6 6th Polypeplide 3rd Polypeptide Slh Polypeptide 4 th Polypeptide 2nd Polypeptide lsl Polypeptide 
6 6th Polypeplide 4th Polypeptide 1 st Polypeptide 2nd Polypeplide 3rd Polypeptide 5 th Polypeptide 
6 6lh Polypeptide 4th Polypeptide 1st Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeplide 
6 6th Polypeptide 4th Polypeptide 1st Polypeptide 3rd Poiypeptide 2nd Polypeptide 5th Polypeplide 
6 6th Polypeptide 4 th Polypeptide 1st Polypeptide 3rd Polypeplide 5th Poiypeptide 2nd Polypeptide 
6 6th Polypeptide 4th Polypeptide ist Polypeptide Slh Polypeptide 2nd Polypeptide 3rd Polypeptide 
6 6th Polypeptide 4th Polypeptide 1 si Polypeplide 5th Polypeptide 3rd Polypeptide 2nd Poiypeptide 
6 6 th Polypeptide 4th Polypeptide 2nd Polypeptide 1st Polypeplide 3rd Polypeptide 5th Polypeptide 
6 6th Polypeptide 4th Polypeptide 2nd Polypeptide 1 st Polypeptide 5th Polypeplide 3rd Polypeptide 
6 6th Polypeptide 4th Polypeptide 2nd Poiypeptide 3rd Polypeptide 1 st Polypeptide 5th Polypeptide 

1st Polypeptide 6 6th Polypeptide 4th Polypeptide 2nd Polypeptide 3rd Polypeptide 5th Polypeplide 
5th Polypeptide 
1st Polypeptide 

6 6th Polypeptide 4lh Polypeptide 2nd Poiypeptide 5th Polypeptide 1st Polypeptide 3rd Polypeplide 
6 6th Polypeptide 4th Polypeptide 2nd Polypeptide 5th Polypeptide 3rd Polypeptide Ist Polypeptide 
6 6th Polypeptide 4th Polypeptide 3rd Poiypeptide I st Polypeplide 2nd Polypeptide 5th Polypeptide 
6 6th Polypeptide 4th Polypeptide 3rd Polypeptide 1 st Poiypeptide 5th Polypeptide 2nd Polypeptide 
6 6th Polypeptide 4th Polypeptide 3rd Polypeptide 2nd Polypeptide Ist Polypeptide 5th Polypeplide 
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6 6lh Polypeplide 4lh Polypeptide 3rd Polypept de 2nd Polypeptide 5th Polypeptide 1st Polypepl de 
6 6th Polypeptide 4th Polypeptide 3rd Polypept dc Slh Polypeptide Isl Polypeptide 2nd Polypept de 
6 6th Polypeptide 4th Polypeptide 3rd Polypept de 5th Polypeptide 2nd Polypeptide isl Polypept de 
6 6th Polypeptide 4th Polypeptide 5th Polypept de Ist Polypeptide 2nd Polypeptide 3rd Polypept de 
6 6th Polypeptide 4th Polypeptide 5th Polypept de 1st Polypeptide 3rd Polypeptide 2nd Polypepl de 
6 6th Polypeptide 4 th Polypeptide 5 th Polypept dc 2nd Polypeptide 1st Polypeptide 3rd Polypept de 
6 6th Polypeptide 4th Polypeptide 5th Polypept de 2nd Polypeptide 3rd Polypeptide 1st Polypepl de 
6 6th Polypeptide 4th Polypeplide 5th Polypept dc 3rd Polypeptide Ist Polypeptide 2nd Polypept de 
6 6th Polypeptide 4lh Polypeptide 5th Poiypept de 3rd Polypeptide 2nd Polypeptide 1 st Polypepl de 
6 6th Polj'peptide 5th Polypepl de lsl Polypept de 2nd Polypeptide 3rd Polypeptide 4th Polypept de 
6 6th Polypeplide Slh Polypept de 1st Polypept de 2nd Polypeptide 4th Polypeptide 3rd Polypept dc 
6 6th Polypeplide 5th Polypept de I st Polypept de 3rd Polypeptide 2nd Polypeptide 4th Polypepl de 
6 6th Polypeptide 5th Polypept de 1st Polypept de 3rd Polypeptide 4th Polypeptide 2nd Polypept de 
6 6th Polypeptide 5th Polypept de 1 st Polypept de 4th Polypeptide 2nd Polypeptide 3rd Polypept de 
6 6th Polypeptide 5th Polypept de 1st Polypept de 4th Polypeptide 3rd Polypeptide 2nd Polypept de 
6 6th Polypeptide 5th Polypepl de 2nd Polypept de 1st Poiypeptide 3rd Polypeptide 4th Polypept de 
6 6th Polypeptide 5th Polypept de 2nd Polypept de 1st Poiypeptide 4th Polypeptide 3rd Polypept de 
6 6th Polypeptide 5th Polypept de 2nd Polypept de 3rd Polypeptide 1st Poiypeptide 4th Polypept de 
6 6th Polypeptide 5lh Polypept de 2nd Polypept de 3rd Polypeptide 4th Polypeplide 1st Polypept de 
6 6th Polypeptide 5th Polypept de 2nd Polypept de 4th Poiypeptide 1 st Polypeplide 3rd Polypept dc 
6 6th Polypeplide 5th Poiypept de 2nd Polypept de 4th Polypeplide 3rd Polypeptide Ist Polypept de 
6 6th Polypeptide 5th Polypept de 3rd Polypept de 1 st Polypeptide 2nd Polypeptide 4th Polypept de 
6 6th Polypeptide 5th Poiypept de 3rd Polypept de 1st Polypeptide 4th Polypeptide 2nd Polypept de 
6 6lh Polypeptide 5th Poiypept de 3rd Polypept de 2nd Polypeptide 1st Poiypeptide 4th Polypept de 
6 6th Polypeptide 5111 Polypept de 3rd Polypept de 2nd Poiypeptide 4lh Polypeplide 1 st Polypepl de 
6 6th Polypeptide 5th Polypept de 3rd Polypepl de 4th Polypeptide 1 st Polypeplide 2nd Polypept dc 
6 6th Polypeptide 5th Polypept de 3rd Polypepl de 4th Poiypeptide 2nd Polypeptide 1st Polypept de 
6 6lh Polypeptide 5th Polypept de 4th Polypept de 1 st Polypeptide 2nd Polypeplide 3rd Polypepl de 
6 6lh Polypeptide 5th Polypept de 4ih Poiypept de 1 st Polypeptide 3rd Polypeptide 2nd Polypept de 
6 6th Polypeptide Slh Polypept de 4 th Polypept de 2nd Poiypeptide 1st Polypeptide 3rd Polypepl de 
6 6lh Polypeptide 5th Polypept de 4th Poiypept de 2nd Poiypeptide 3rd Polypeptide 1st Polypepl de 
6 6lh Polypeptide 5th Polypeptide 4th Polypept de 3rd Polypeptide Ist Polypeptide 2nd Polypept dc 
6 6th Polypeptide 5th Polypeptide 4th Polypept de 3rd Polypeptide 2nd Polypeptide 1st Poiypept de 

Where n is 7, any combination of the first, second, third, fourth, fifth, sixth and seventh 
polypeptide may be included in any order, as discussed above when n is 2, 3, 4, 5, or 6. 

The invention also provides a cell (typically a bacterium) which expresses at least two 
of: 

5 a) a first polypeptide comprising a first amino acid sequence, wherein the first 
amino acid sequence comprises an amino acid sequence (i) having at least a% sequence 
identity to SEQ ID NO:l and/or (ii) consisting of a fragment of at least t contiguous 
amino acids from SEQ ID NO: 1 or from a sequence having at least a% sequence identity 
to SEQ IDNO:l; 

10 b) a second polypeptide comprising a second amino acid sequence, wherein the 
sccond amino acid sequence comprises an amino acid sequence (i) having at least b% 
sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least u 
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contiguous amino acids from SEQ ID NO:2 or from a sequence having at least b% 
sequence identity to SEQ ID NO:1; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 
amino acid sequence comprises an amino acid sequence (i) having at least c% sequence 

5 identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least v contiguous 
amino acids from SEQ ID NO:3 or from a sequence having at least c% sequence identity 
to SEQ ID NO:3; 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
fourth amino acid sequence comprises an amino acid sequence (i) having at least d% 

10 sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least w 
contiguous amino acids from SEQ ID NO:4 or from a sequence having at least d% 
sequence identity to SEQ ID NO:4; 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
amino acid sequence comprises an amino acid sequence (i) having at least e% sequence 

15 identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least x contiguous 
amino acids from SEQ ID NO;5 or from a sequence having at least e% sequence identity 
to SEQ ID NO:5; and/or 

f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at least f% sequence 

20 identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least y contiguous 
amino acids from SEQ ID NO:6 or from a sequence having at least f% sequence identity 
to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a sixth amino acid sequence, wherein the 
sixth amino acid sequence comprises an amino acid sequence (i) having at least g% 

25 sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least z 
contiguous amino acids from SEQ ID NO:6 or from a sequence having at least g% 
sequence identity to SEQ ID NO:7 

The ceil may express 2, 3, 4, 5, 6 or all 7 of the seven amino acid sequences. 

The first, second, third, fourth, fifth, sixth and seventh amino acid sequences 

30 The value of a is at least 75 e.g. 80, 85,90, 92, 94, 95, 96, 97, 98, 99 or more. The value 
of b is at least 75 e.g. 80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of c is at 
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least 75 e.g. 80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of d is at least 75 

e.g. 80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of e is at least 75 e.g. 80, 

85, 90, 92, 94, 95, 96, 97, 98, 99 or more. The value of/is at least 75 e.g. 80, 85, 90, 92, 

94, 95, 96, 97, 98, 99 or more. The value ofg is at least 75 e.g. 80, 85, 90, 92, 94, 95, 96, 

5 97, 98, 99 or more. The values of a, b, c., d, e,f and g may be the same or different. In 

some embodiments, a b, c, d, e and/are identical. Typically, a, b, c, d, e,f and g are at 

least 90 e.g. at least 95. 

The value of/ is at least 7 e.g. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 

10 225, 250. The value of u is at least 7 e.g. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 

180, 200, 225,250. The value of v is at least 7 e.g. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, 20, 23, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 

140, 160, 180, 200, 225, 250. The value of w is at least7e.g. 8, 9, 10, 11, 12, 13, 14, 15, 

15 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 

100, 120, 140, 160, 180, 200, 225, 250. The value of A: is at least 7 e.g. 8, 9, 10, 11, 12, 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 

70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 250. The value ofy is at least 7 e.g. 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 

20 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 250. The value ofz is at least 7 

e.g. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21, 22, 23, 24, 25, 26,27, 28, 29,30, 

35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 250. The values of/, u, 

v, w, x, y and z may be the same or different. In some embodiments, t, u, v, w, x, y and z 

are identical. 

25 Fragments preferably comprise an epitope from the respective SEQ ID NO: sequence. 

Other useful fragments lack one or more amino acids (e.g. 1,2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1,2, 3, 4, 5, 6, 

7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of the respective SEQ ID NO: while 

retaining at least one epitope thereof. Truncation by 20-25 amino acids at the N-terminus 

30 is convenient e.g. removal of amino acids 1-29 of any of SEQ ID NOs: 1 to 7 which 

constitute a leader peptide and/or removal of the C-terminal 35 amino acids of any of 

SEQ ID NOS: 1-7 which constitute an LPXTG anchor. 
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The GBS59 protein can be split into four domains (Dl to D4) between the end of its 
leader peptide and the start of its LPXTG anchor. These four domains are as follows in 
SEQ ID NOs: 1 to 7, and the positions in further GBS59 sequences which correspond to 
these residues can readily be identified by alignment: 

Dl D2 D3 D4 

SEQ ID NO:l 30-175 169-369 363-509 503-670 
(2603) (SEQ ID NO:8) (SEQ ID NO:9) (SEQ ID NO: 10) (SEQ ID NO: 11) 

SEQ ID NO:2 30-162 156-338 332-499 472-640 

(515) (SEQ ID NO: 12) (SEQ ID NO: 13) (SEQ ID NO: 14) (SEQ ID NO: 15) 

SEQ ID NO:3 30-162 155-337 331-474 468-639 

(cjbl 11) (SEQ ID NO: 16) (SEQ ID NO: 17) (SEQ ID NO: 18) (SEQ ID NO: 19) 

SEQ ID NO:4 30-158 152-350 343-493 487-658 

(h36b) (SEQ ID N0:20) (SEQ ID NO:21) (SEQ ID NO:22) (SEQ ID NO:23) 

SEQ ID NO:5 30-172 166-365 359-507 501-669 

(CJB 110) (SEQ ID NO:24) (SEQ ID NO:25) (SEQ ID NO:26) (SEQ ID NO:27) 

SEQ ID NO:6 30-168 162-344 338-480 475-647 

(DK21) (SEQ IDNO:2S) (SEQ ID NO:29) (SEQ ID N0:30) (SEQ ID NO:31) 

SEQ ID NO:7 30-162 155-337 331-474 468-639 

(NEM316) (SEQ ID NO:32) (SEQ ID NO:33) (SEQ ID NO:34) (SEQ ID NO:35) 

5 Based on protection studies, useful fragments of GBS59 may retain epitopes from at 
least domain D3. The first, second, third, fourth, fifth, sixth or seventh amino acid 
sequences used in the immunogenic compositions and polypeptides of the invention may 
therefore consist of fragments of SEQ ID NOS: 1, 2, 3, 4, 5, 6 or 7 comprising domain 
D3, as identified above. 

10 Fragments of GBS59 may retain domains D4, D2 and/or Dl in addition to epitopes from 
domain D3. The first, second, third, fourth, fifth, sixth or seventh amino acid sequences 
used in the immunogenic compositions and polypeptides of the invention may therefore 
consist of fragments of SEQ ID NOS: 1, 2, 3, 4, 5, 6 or 7 comprising i) domains D2 and 



WO 2011/121576 PCT/1B2011/051415 

49 

D3; ii) domains D3 and D4; iii) domains Dl, D2 and D3; or iv) domains D2, D3 and D4, 

as identified above. 

Sub-fragments of these domains that retain epitopes required for irnmunogenicity may 

be used instead of the complete domains, The first, second, third, fourth, fifth, sixth or 

5 seventh amino acid sequences used in the immunogenic compositions and polypeptides 

of the invention may thus consist of fragments of SEQ ID NOS: 1, 2, 3, 4, 5, 6 or 7 

comprising sub-fragments of domain D3 (and optionally of domains Dl, D3, and/or D4) 

that retain epitopes required for irnmunogenicity. Examples of sub-fragments of domains 

D3 and D4 that may be present in the first, second, third, fourth, fifth, sixth or seventh 

10 amino acid sequences used in the immunogenic compositions and polypeptides of the 

invention are identified below. The sub-fragments of domain D3 identified below (SEQ 

ID NOs: 36, 38, 40, 42, 44, 46 and 48) are surface-exposed fragments. Smaller epitopes 

within these surface-exposed fragments can be readily identified by the skilled person 

and used in the compositions of the invention. For example, two monoclonal antibodies 

15 (17C4/A3 and 4H11/B7, SEQ ID NOs: 262-269) have been found to bind an epitope 

comprising amino acids 411-436 (SEQ ID NO: 270) within the D3 sub-fragment from 

the 515 clade (SEQ ID NO: 38, fragment of SEQ ID NO: 2). The sub-fragments of 

domain D4 identified below comprise the two helices (referred to herein as D4H) present 

at the N-terminal of domain D4 and not the remainder of the D4 domain. These helices 

20 are predicted to be surface-cxposed. 

D3 sub-fragments D4 sub-fragments (helices) 

SEQ ID NO:l 
(2603) 

363-483 

(SEQ ID NO:36) 

484-588 

(SEQ ID NO:37) 

SEQ ID NO:2 
(515) 

332-447 

(SEQ ID NO:38) 

411-436 

(SEQ ID NO: 270) 

448-554 

(SEQ ID NO:39) 

SEQ ID NO:3 

(cjbl 11) 

331-446 

(SEQ ID N0:40) 

447-553 

(SEQ ID NO:41) 

SEQ ID NO:4 343-465 466-572 
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(h36b) (SEQ ID NO:42) (SEQ ID NO:43) 

SEQ ID NO:5 

(CJBl 10) 

359-481 

(SEQ ID NO:44) 

482-588 

(SEQ ID NO:45) 

SEQ ID NO:6 
(DK21) 

338-453 

(SEQ ID NO:46) 

454-561 

(SEQ ID NO:47) 

SEQ ID NO:7 

(NEM316) 

331-446 

(SEQ ID NO:48) 

447-553 

(SEQ ID NO:49) 

Suitable fragments of SEQ ID NO: I are SEQ IDNOS:50-53. 

Suitable fragments of SEQ ID NO:2 are SEQ ID NOS: 54-57. 

Suitable fragments of SEQ ID NO:3 are SEQ ID NOS: 58-61. 

Suitable fragments of SEQ ID NO:4 are SEQ ID NOS:62-65. 

5 Suitable fragments of SEQ ID NO;5 are SEQ ID NOS:66-69. 

Suitable fragments of SEQ ID NO:6 are SEQ ID NOS:70~73. 

Suitable fragments of SEQ ID NO:7 are SEQ ID NOS: 74-77. 

These fragments contain combinations of domains D2, D3, and D4 (or D4H) as set out 
beJow: 

D3 + D4 D3 -J- D4H D2 + D3 + D4 D2 +D3 + D4H 

SEQ ID NO:l 
(2603) 

SEQ ID N0:50 SEQ ID NO:5! SEQ ID NO:52 SEQ ID NO:53 

SEQ ID NO:2 

(515) 

SEQ ID N0:54 SEQ ID NO:55 SEQ ID NO:56 SEQ ID NO:57 

SEQ ID NO:3 

(cjbl J1) 

SEQ ID NO:58 SEQ ID NO:59 SEQ IDNO:60 SEQ IDNO:61 

SEQ ID NO:4 

(h36b) 

SEQ ID NO:62 SEQ ID NO:63 SEQ lDNO:64 SEQ ID NO:65 

SEQ ID NO:5 

(CJBl 10) 

SEQ ID NO:66 SEQ ID NO:67 SEQ IDNO:68 SEQ IDNO:69 
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SEQ ID NO:6 
(DK21) 

SEQ ID N0:70 SEQ ID NO:71 SEQ ID NO:72 SEQ ID NO:73 

SEQ ID NO:7 

(NEWM316) 

SEQ ID NO:74 SEQ ID NO:75 SEQ ID NO:76 SEQ ID NO:77 

In some cases, even smaller fragments may be used. For example, the third amino acid 
sequence of the invention may consist of a fragment of SEQ ID NO:3 comprising SEQ 
ID NO:78 (amino acids 411 to 436 of SEQ ID NO:3). 

Where fragments are used, the fragment of at least t contiguous amino acids from SEQ 
5 ID NO: 1 should not also be present within SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID 

NO:4, SEQ NO:5, SEQ ID NO:6 nor within SEQ ID NO:7. Similarly, the fragment of at 
least u contiguous amino acids from SEQ ID NO: 2 should not also be present within 
SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 nor within 
SEQ ID NO:7. Similarly, the fragment of at least v contiguous amino acids from SEQ ID 

10 NO: 3 should not also be present within SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:5, SEQ ID NO:6 nor within SEQ ID NO: 7. Similarly, the fragment of at 
least w contiguous amino acids from SEQ ID NO: 4 should not also be present within 
SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:6 nor within 
SEQ ID NO: 7. Similarly, the fragment of at least x contiguous amino acids from SEQ 

15 ID NO: 5 should not also be present within SEQ ID NO: I, SEQ ID NO:2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:6 nor within SEQ ID NO: 7. Similarly, the fragment 
of at least y contiguous amino acids from SEQ ID NO: 6 should not also be present 
within SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 nor 
within SEQ ID NO: 7. Similarly, the fragment of at least z contiguous amino acids from 

20 SEQ ID NO: 7 should not also be present within SEQ ID NO: 1, SEQ ID NO:2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:5 nor within SEQ ID NO: 6Jn some embodiments, 
when a fragment from one of SEQ ID NOs: 1 to 7 is aligned as a contiguous sequence 
against the other six SEQ ID NOs, the identity between the fragment and each of the 
other six SEQ ID NOs is less than 75% e.g. less than 60%, less than 50%, less than 40%, 

25 less than 30%. 

A polypeptide comprising the first amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 
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protein having amino acid sequence SEQ ID NO: 1 (strain 2603). In some embodiments 
these antibodies do not bind to the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 2, the wild-type GBS protein having amino acid sequence SEQ ID NO: 3, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type 

5 GBS protein having amino acid sequence SEQ ID NO: 5, the wild-type GBS protein 
having amino acid sequence SEQ ID NO: 6, or the wild-type GBS protein having amino 
acid sequence SEQ ID NO: 7. 

A polypeptide comprising the second amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 

10 protein having amino acid sequence SEQ ID NO: 2 (strain 515). In some embodiments 
these antibodies do not bind to the wild-type GBS protein having amino acid sequence 
SEQ ID NO: J, the wild-type GBS protein having amino acid sequence SEQ ID NO: 3, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type 
GBS protein having amino acid sequence SEQ ID NO: 5, the wild-type GBS protein 

15 having amino acid sequence SEQ ID NO: 6, or the wild-type GBS protein having amino 
acid sequence SEQ ID NO: 7. 

A polypeptide comprising the third amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 
protein having amino acid sequence SEQ ID NO: 3 (strain cjbl 11). In some 

20 embodiments these antibodies do not bind to the wiid-type GBS protein having amino 
acid sequence SEQ ID NO: I, the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 2, the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 5, the wild-type 
GBS protein having amino acid sequence SEQ ID NO: 6, or the wild-type GBS protein 

25 having amino acid sequence SEQ ID NO: 7. 

A polypeptide comprising the fourth amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 
protein having amino acid sequence SEQ ID NO: 4 (strain h36b). In some embodiments 
these antibodies do not bind to the wild-lype GBS protein having amino acid sequence 

30 SEQ ID NO: I, the wiid-type GBS protein having amino acid sequence SEQ ID NO: 2, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 3, the wild-type 
GBS protein having amino acid sequence SEQ ID NO: 5, the wild-type GBS protein 
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having amino acid sequence SEQ ID NO: 6, or the wild-type GBS protein having amino 
acid sequence SEQ ID NO: 7. 

A polypeptide comprising the fifth amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 

5 protein having amino acid sequence SEQ ID NO: 5 (strain CJB110). In some 
embodiments these antibodies do not bind to the wild-type GBS protein having amino 
acid sequence SEQ ID NO: I, the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 2, the wild-type GBS protein having amino acid sequence SEQ ID NO: 3, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type 

10 GBS protein having amino acid sequence SEQ ID NO: 6, or the wild-type GBS protein 
having amino acid sequence SEQ ID NO: 7. 

A polypeptide comprising the sixth amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 
protein having amino acid sequence SEQ ID NO: 6 (strain DK21). In some embodiments 

15 these antibodies do not bind to the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 1, the wild-type GBS protein having amino acid sequence SEQ ID NO: 2, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 3, the wild-type 
GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type GBS protein 
having amino acid sequence SEQ ID NO: 5, or the wild-type GBS protein having amino 

20 acid sequence SEQ ID NO: 7. 

A polypeptide comprising the seventh amino acid sequence will, when administered to a 
subject, elicit an antibody response comprising antibodies that bind to the wild-type GBS 
protein having amino acid sequence SEQ ID NO: 7 (strain NEM316). In some 
embodiments these antibodies do not bind to the wild-type GBS protein having amino 

25 acid sequence SEQ ID NO: J, the wild-type GBS protein having amino acid sequence 
SEQ ID NO: 2, the wild-type GBS protein having amino acid sequence SEQ ID NO: 3, 
the wild-type GBS protein having amino acid sequence SEQ ID NO: 4, the wild-type 
GBS protein having amino acid sequence SEQ ID NO: 5, or the wild-type GBS protein 
having amino acid sequence SEQ ID NO: 6. 

30 Although the first, second, third, fourth, fifth, sixth and seventh amino acid sequences 
may share some sequences in common, overall they have different amino acid 
sequences. 
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Amino acid sequences used with the invention, may, compared to SEQ ID NOs: 1, 2, 3, 

4, 5, 6, or 7 or fragments thereof include one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

etc.) conservative amino acid replacements i.e. replacements of one amino acid with 

another which has a related side chain. Genetically-encoded amino acids are generally 

5 divided into four families: (1) acidic i.e. aspartate, glutamate; (2) basic i.e. lysine, 

arginine, histidine; (3) non-polar i.e. alanine, valine, leucine, isoleucine, proline, 

phenylalanine, methionine, tryptophan; and (4) uncharged polar i.e. glycine, asparagine, 

glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine 

are sometimes classified jointly as aromatic amino acids. In general, substitution of 

10 single amino acids within these families does not have a major effect on the biological 

activity. The polypeptides may have one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) 

single amino acid deletions relative to a reference sequence. The polypeptides may also 

include one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) insertions (e.g. each of 1, 2, 3, 4 

or 5 amino acids) relative to a reference sequence. 

15 In particular, the amino acid sequences of the invention may comprise substitutions 

amino acid residues involved in isopeptide bond formation within GBS59, identified in 

the table below. 

Isopeptide bond 

amino acids in D2 

Isopeptide bond 

amino acids in D3 

Isopeptide bond 

amino acids in D4 

2603 K212, N356 K.386, N473 K499, N666 

(SEQ ID NO: 1) 

515 K199, N325 K355, N437 K463, N636 

(SEQ ID NO:2) 

CJBl 11 K198, N324 K354, N436 K462, N635 

(SEQ ID NO:3) 

H36B K195, N336 K366, N455 K481, N654 

(SEQ ID NO:4) 

CJBl 10 K209, N352 K382, N471 K497, N665 

(SEQ ID NO:5) 
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DK21 

(SEQ ID NO:6) 

K205, N33I K361, N443 K469, N643 

NEM316 

(SEQ ID NO:7) 

K198, N324 K354, N436 K462, N635 

The data presented in the examples demonstrate that mutation of these residues to 
disrupt isopeptide bond formation does not adversely affect the irnmunogenicity of the 
polypeptide. Accordingly, the polypeptides may comprise substitutions at one or more 
the lysine residues or asparagine residues recited in the table above. In some 

5 embodiments, the lysine residues may be substituted by alanine residues. 

A poiypeptide used with the invention may comprise an amino acid sequence that: 

(a) is identical (i.e. 100% identical) to SEQ ID NO: 1, 2, 3, 4, 5, 6 or 7, or is identical 
to a SEQ ID NO: 1, 2, 3, 4, 5, 6 or 7; 

(b) shares sequence identity with SEQ ID NO: 1, 2, 3, 4, 5, 6 or 7, or shares identity 
10 with a fragment of SEQ ID NO: 1, 2, 3,4, 5, 6 or 7; 

(c) has 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 (or more) single amino acid alterations (deletions, 
insertions, substitutions), which may be at separate locations or may be 
contiguous, as compared to the sequences of (a) or (b); and 

(d) when aligned SEQ ID 1,2, 3, 4, 5, 6 or 7 using a pairwise alignment algorithm, 
15 each moving window of x amino acids from N-terminus to C-terminus (such that 

for an alignment that extends to p amino acids, where p>x, there are p-x+1 such 
windows) has at least x-y identical aligned amino acids, where: x is selected from 
20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200; .y is selected from 0.50, 
0.60, 0.70, 0.75, 0.80, 0.85, 0.90, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 

20 0.99; and if x-y is not an integer then it is rounded up to the nearest integer. The 
preferred pairwise alignment algorithm is the Needleman-Wunsch global 
alignment algorithm [3], using default parameters (e.g. with Gap opening penalty = 
10.0, and with Gap extension penalty = 0.5, using the EBLOSUM62 scoring 
matrix). This algorithm is conveniently implemented in the needle tool in the 

25 EMBOSS package [4j. 

Within group (c), deletions or substitutions may be at the N-terminus and/or C-terminus, 
or may be between the two termini. Thus a truncation is an example of a deletion. 
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Truncations may involve deletion of up to 40 (or more) amino acids at the N-terminus 
and/or C-terminus, 

Hybrid polypeptides 

Different GBS59 clades used in the invention do not have to be present as separate 
5 polypeptides but can instead be expressed as a single polj'peptide chain (a 'hybrid' 

polypeptide or 'chimera'). Hybrid polypeptides offer two main advantages: first, a 
polypeptide that may be unstable or poorly expressed on its own can be assisted by 
adding a suitable hybrid partner that overcomes the problem; second, commercial 
manufacture is simplified as only one expression and purification need to be employed 

10 in order to produce two polypeptides which are both antigenically useful. 

Hybrid polypeptides can include sequences from only GBS59 antigens but in other 
embodiments can include non-GBS59 antigens (usually non-GBS59 antigens from 
GBS), such as other pilus subunits. If non-GBS59 antigens are present these may be to 
the N-terminus of any 2, 3, 4, 5, 6 or 7 GBS59 sequences, to the C-terminus of any 2, 3, 

15 4, 5, 6 or 7 GBS59 sequences, or may be between two GBS59 sequences in a hybrid 
polypeptide containing 2, 3, 4, 5, 6 or 7 GBS59 sequences. 

Different hybrid polypeptides may be mixed together in a single formulation. Hybrids 
may be combined with non-hybrid GBS59 antigens or other non-GBS59 antigens. 

Hybrid polypeptides may be represented by the formula NH2-A-{-X-L-}„~B-COOH. 

20 If a -X- moiety has a leader peptide sequence in its wiid-type form, this may be included 
or omitted in the hybrid protein. In some embodiments, the leader peptides will be 
deleted except for that of the -X- moiety located at the N-terminus of the hybrid protein 
i.e. the leader peptide of Xj will be retained, but the leader peptides of X? ... X„ will be 
omitted. This is equivalent to deleting all leader peptides and using the leader peptide of 

25 Xi as moiety -A-. 

For each n instances of {-X-L-}, linker amino acid sequence -L- may be present or 
absent. For instance, when n-2 the hybrid may be NH2-X1-L1-X2-L2-COOH, NH2-Xj-
X2-COOH, NH2-XJ~L,-X2-COOH, NH2-X]-X2-L2-COOH, etc. Linker amino acid 
sequence(s) -L- will typically be short (e.g. 20 or fewer amino acids i.e. 20, 19, 18, 17, 

30 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples comprise short peptide 
sequences which facilitate cloning, poly-glycine linkers (i.e. comprising Gly„ where n -
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2, 3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags (i.e. Hisn where n - 3, 4, 5, 6, 7, 8, 9, 
10 or more, e.g. SEQ ID NO:79). Other suitable linker amino acid sequences will be 
apparent to those skilled in the art. Useful linkers are GSGS (SEQ ID N0:80), GSGGGG 
(SEQ ID NO: 81) or GSGSGGGG (SEQ ID NO: 82), with the Gly-Ser dipeptide being 

5 formed from a BamWl restriction site, thus aiding cloning and manipulation, and the 
(Gly)4 tetrapeptide being a typical poly-glycine linker. Other suitable linkers, particularly 
for use as the final Ln are a Leu-Glu dipeptide or Gly-Ser. Linkers will usually contain at 
least one glycine residue to facilitate structural flexibility e.g. a -L- moiety may contain 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more glycine residues. Such glycines may be arranged to 

10 include at least two consecutive glycines in a Gly-Giy dipeptide sequence, or a longer 
oligo-Gly sequence i.e. Glyn where n = 2, 3, 4, 5, 6, 7, 8, 9, 10 or more. 

-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 
or fewer amino acids i.e. 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 
23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples 

15 include leader sequences to direct protein trafficking, or short peptide sequences which 
facilitate cloning or purification (e.g. histidine tags i.e. His,, where n = 3, 4, 5, 6, 7, 8, 9, 
10 or more). Other suitable N-terminal amino acid sequences will be apparent to those 
skilled in the art. If X] lacks its own N-terminus methionine, -A- is preferably an 
oligopeptide (e.g. with 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) which provides a N-terminus 

20 methionine e.g. Met-Ala-Ser, or a single Met residue. In a nascent polypeptide the -A-
moiety can provide the polypeptide's N-terminal methionine (formyl-methionine, £Met, 
in bacteria). One or more amino acids may be cleaved from the N-terminus of a nascent 
-A- moiety, however, such that the -A- moiety in a mature polypeptide of the invention 
does not necessarily include a N-terminal methionine. 

25 -B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 
or fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27,26, 25,24, 23, 
22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples 
include sequences to direct protein trafficking, short peptide sequences which facilitate 
cloning or purification (e.g. comprising histidine tags i.e. His„ where n = 3, 4, 5, 6, 7, 8, 

30 9, 10 or more, such as SEQ ID NO: 79), or sequences which enhance protein stability. 
Other suitable C-terminal amino acid sequences will be apparent to those skilled in the 
art, such as a glutathione-S-transferase, Ihioredoxin, 14kDa fragment of S.aureus protein 
A, a biotinylated peptide, a maltose-binding protein, an enterokinase flag, etc. 



WO 2011/121576 PCT/1B2011/051415 

58 

It is preferred that -A-, -B- and -L- sequences do not include a sequence that shares 10 or 
more contiguous amino acids in common with a human polypeptide sequence. 

In some embodiments, a -L- moiety comprises a non-GBS59 antigen. In some 
embodiments, the -A- moiety comprises a non-GBS59 antigen, and in some the -B-

5 moiety comprises a non-GBS59 antigen. 

The invention also provides nucleic acid which encodes a hybrid polypeptide of the 
invention. 

Of the various X and L moieties, useful combinations include, but are not limited to: 

SEQ ID X1* L1 * X2* L2 * X3 * L3 X4 L4 X5 L5 X6 

83 

(Fusion 
E) 

38 

D3 frag 515 

80 42 

D3 frag 
h36b 

80 40 

D3frag 
cjbl 11 

80 36 

D3 frag 
2603 

80 44 

D3 
fragCJBHO 

80 46 

D3 
fragDK21 

84 

{Fusion 
F) 

55 

D3+D4H 
515 

80 59 

D3+D4H 
cjbl 11 

80 67 

D3+D4H 
CJB11Q 

80 51 

D3+D4H 
2603 

80 63 

D3+D4H 
h36b 

80 71 

D3+D4H 
DK21 

85 

(Fusion 
G) 

51 

D3+D4H 
2803 

80 55 

D3+D4H 
515 

80 63 

D3+D4H 
h36b 

80 59 

D3+D4H 
cib111 

- - - -

86 

(Fusion 
H) 

59 

D3+D4H 
cjbl 1 

80 63 

D3+D4H 
h36b 

80 51 

D3+D4H 
2603 

80 55 

D3+D4H 
515 

- - - -

8 7 

(Fusion 
1) 

57 

D2+D3+D4H 
515 

80 53 

D2+D3+D4H 
2603 

80 61 

D2+D3+D4H 
cjbl 11 

80 - - - - -

* Number indicates SEQ ID NO: 

10 Thus examples of hybrids of the invention include polypeptides comprising an amino 
acid sequence selected from the group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; 
SEQ ID NO: 85; SEQ ID NO: 86; or SEQ ID NO: 87. 

The invention provides a polypeptide comprising an amino acid sequence having at least 
i% sequence identity to any one of SEQ ID NOs: 83, 84, 85, 86, or 87. The value of i 

15 may be selected from 50, 60,70, 80, 85, 90, 95, 96, 97, 98, 99 or more. 

In some embodiments, the polypeptide comprising an amino acid sequence selected from 
the group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; SEQ ID NO: 85; SEQ ID 
NO: 86; or SEQ ID NO: 87, or having at least i% sequence identity to any one of SEQ 
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ID NO: 83; SEQ ID NO: 84; SEQ ID NO: 85; SEQ ID NO: 86; or SEQ ID NO: 87 may 
comprise a single N-terminal Methionine residue (i.e. A = Met). 

Polypeptides 

Polypeptides used with the invention can be prepared in many ways e.g. by chemical 
5 synthesis (in whole or in part), by digesting longer polypeptides using proteases, by 

translation from RNA, by purification from ceil culture (e.g. from recombinant 
expression), from the organism itself (e.g. after bacterial culture, or direct from patients), 
etc. A preferred method for production of peptides <40 amino acids long involves in 
vitro chemical synthesis [5,6]. Solid-phase peptide synthesis is particularly preferred, 

10 such as methods based on tBoc or Fmoc [7] chemistry. Enzymatic synthesis [8] may also 
be used in part or in full. As an alternative to chemical synthesis, biological synthesis 
may be used e.g. the polypeptides may be produced by translation. This may be carried 
out in vitro or in vivo. Biological methods are in general restricted to the production of 
polypeptides based on L-amino acids, but manipulation of translation machinery (e.g. of 

15 aminoacyl tRNA molecules) can be used to'allow the introduction of D-amino acids (or 
of other non natural amino acids, such as iodotyrosine or methylphenylalanine, 
azidohomoalanine, etc.) [9]. Where D-amino acids are included, however, it is preferred 
to use chemical synthesis. Polypeptides may have covaient modifications at the C-
terminus and/or N-terminus. 

20 Polypeptides can take various forms (e.g. native, fusions, glycosylated, 
non-glycosylated, lipidated, non-lipidated, phosphorylated, non-phosphorylated, 
myristoylated, non-myristoylated, monomeric, multimeric, particulate, denatured, etc.). 

Polypeptides are preferably provided in purified or substantially purified form 
i.e. substantially free from other polypeptides (e.g. free from naturally-occurring 

25 polypeptides), particularly from other pneumococcal or host cell polypeptides, and are 
generally at least about 50% pure (by weight), and usually at least about 90% pure i.e. 
less than about 50%, and more preferably less than about 10% (e.g. 5% or less) of a 
composition is made up of other expressed polypeptides. 

Polypeptides may be attached to a solid support. Polypeptides may comprise a detectable 
30 label (e.g. a radioactive or fluorescent label, or a biotin label). 
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The term "polypeptide" refers to amino acid polymers of any length. The polymer may 
be linear or branched, it may comprise modified amino acids, and it may be interrupted 
by non-amino acids. The terms also encompass an amino acid polymer that has been 
modified naturally or by intervention; for example, disulfide bond formation, 

5 glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or 
modification, such as conjugation with a labeling component. Also included within the 
definition are, for example, polypeptides containing one or more analogs of an ammo 
acid (including, for example, unnatural amino acids, etc.), as well as other modifications 
known in the art. Polypeptides can occur as single chains or associated chains. 

10 Polypeptides can be naturally or non-naturally glycosylated (i.e. the polypeptide has a 
glycosylation pattern that differs from the glycosylation pattern found in the 
corresponding naturally occurring polypeptide). 

The invention provides a process for producing polypeptides of the invention, 
comprising culturing a host cell of to the invention under conditions which induce 

15 polypeptide expression. Although expression of the polypeptide may take place in a 
Streptococcus, the invention will usually use a heterologous host for expression. The 
heterologous host may be prokaryotic (e.g. a bacterium) or eukaryotic. It will usually be 
E.coli, but other suitable hosts include Bacillus subtilis, Vibrio cholerae, Salmonella 
typhi, Salmonella typhimuriam, Neisseria lactamica, Neisseria cinerea, Mycobacteria 

20 (e.g. M. tuberculosis), yeasts, etc. 

The invention also provides a process for producing a polypeptide of the invention, 
wherein the polypeptide is synthesised in part or in whole using chemical means. 

The invention also provides a composition comprising two or more polypeptides of the 
invention. 

25 Nucleic acids 

The invention also provides a nucleic acid comprising a nucleotide sequence encoding a 
hybrid polypeptide of the invention. For example, the invention provides a nucleic acid 
comprising a nucleotide sequence encoding a hybrid polypeptide comprising an amino 
acid sequence selected from the group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; 

30 SEQ ID NO: 85; SEQ ID NO: 86; or SEQ ID NO: 87. The invention thus provides a 
nucleic acid comprising a nucleotide sequence selected from the group consisting of: 
SEQ ID NO:88 (encoding the polypeptide of SEQ ID NO:83), SEQ ID NO: 89 
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(encoding the polypeptide of SEQ ID NO:84); SEQ ID NO: 90 (encoding the 

polypeptide of SEQ ID NO:85); SEQ ID NO: 91 (encoding the polypeptide of SEQ ID 

NO:86); or SEQ ID NO: 92 (encoding the polypeptide of SEQ ID NO:87). 

The invention also provides nucleic acid comprising nucleotide sequences having 

5 sequence identity to such nucleotide sequences. Such nucleic acids include those using 

alternative codons to encode the same amino acid. In particular, nucleic acids may 

contain alternative codons optimised for expression in specific microorganisms. The 

invention thus provides a nucleic acid sequence comprising a nucleotide sequence 

encoding a hybrid polypeptide comprising an amino acid sequence selected from the 

10 group consisting of: SEQ ID NO: 83; SEQ ID NO: 84; SEQ ID NO: 85; SEQ ID NO: 

86; or SEQ ID NO: 87 that has been optimised for expression in E. coli. The invention 

thus provides a nucleic acid comprising a nucleotide sequence selected from the group 

consisting of: SEQ ID NO:93 (E.coli optimised sequence encoding the polypeptide of 

SEQ ID NO:83), SEQ ID NO: 94 (E.coli optimised sequence encoding the polypeptide 

15 of SEQ ID NO:84); SEQ ID NO: 95 (E.coli optimised sequence encoding the 

polypeptide of SEQ ID NO:85); SEQ ID NO: 96 (E.coli optimised sequence encoding 

the poiypeptide of SEQ ID NO:86); or SEQ ID NO: 97 (E.coli optimised sequence 

encoding the polypeptide of SEQ ID NO:87). 

The invention also provides nucleic acid which can hybridize to these nucleic acids. 

20 Hybridization reactions can be performed under conditions of different "stringency". 

Conditions that increase stringency of a hybridization reaction of widely known and 

published in the art. Examples of relevant conditions include (in order of increasing 

stringency): incubation temperatures of25°C, 37°C, 50°C, 55°C and 68°C; buffer 

concentrations of 10 x SSC, 6 x SSC, 1 x SSC, 0.1 x SSC (where SSC is 0.15 M NaCI 

25 and 15 mM citrate buffer) and their equivalents using other buffer systems; formamide 

concentrations of 0%, 25%, 50%, and 75%; incubation times from 5 minutes to 24 

hours; 1, 2, or more washing steps; wash incubation times of 1, 2, or 15 minutes; and 

wash solutions of 6 x SSC, IxSSC, 0.1 x SSC, or de-ionized water. Hybridization 

techniques and their optimization are well known in the art [e.g. see refs 10 & 223, etc.]. 

30 The invention includes nucleic acid comprising sequences complementary to these 

sequences (e.g. for antisense or probing, or for use as primers). 
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Nucleic acid according to the invention can take various forms (e.g. single-stranded, 
double-stranded, vectors, primers, probes, labelled etc.). Nucleic acids of the invention 
may be circular or branched, but will generally be linear. Unless otherwise specified or 
required, any embodiment of the invention that utilizes a nucleic acid may utilize both 

5 the double-stranded form and each of two complementary single-stranded forms which 
make up the double-stranded form. Primers and probes are generally single-stranded, as 
are antisense nucleic acids. 

Nucleic acids of the invention are preferably provided in purified or substantially 
purified form i.e. substantially free from other nucleic acids (e.g. free from natural ly-

10 occurring nucleic acids), particularly from other GBS or host cell nucleic acids, 
generally being at least about 50% pure (by weight), and usually at least about 90% pure. 
Nucleic acids of the invention are preferably GBS nucleic acids. 

Nucleic acids of the invention may be prepared in many ways e.g. by chemical synthesis 
(e.g. phosphoramidite synthesis of DNA) in whole or in part, by digesting longer nucleic 

15 acids using nucleases (e.g. restriction enzymes), by joining shorter nucleic acids or 
nucleotides (e.g. using ligases or polymerases), from genomic or cDNA libraries, etc. 

Nucleic acid of the invention may be attached to a solid support (e.g. a bead, plate, filter, 
film, slide, microarray support, resin, etc.). Nucleic acid of the invention may be labelled 
e.g. with a radioactive or fluorescent label, or a biotin label. This is particularly useful 

20 where the nucleic acid is to be used in detection techniques e.g. where the nucleic acid is 
a primer or as a probe. 

The term "nucleic acid" includes in general means a polymeric form of nucleotides of 
any length, which contain deoxyribonucleotides, ribonucleotides, and/or their analogs. It 
includes DNA, RNA, DNA/RNA hybrids. It also includes DNA or RNA analogs, such 

25 as those containing modified backbones (e.g. peptide nucleic acids (PNAs) or 
phosphorothioates) or modified bases. Thus the invention includes mRNA, tRNA, 
rRNA, ribozymes, DNA, cDNA, recombinant nucleic acids, branched nucleic acids, 
plasmids, vectors, probes, primers, etc.. Where nucleic acid of the invention takes the 
form of RNA, it may or may not have a 5' cap. 

30 Nucleic acids of the invention may be part of a vector i.e. part of a nucleic acid construct 
designed for transduction/transfection of one or more cell types. Vectors may be, for 
example, "cloning vectors" which are designed for isolation, propagation and replication 
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of inserted nucleotides, "expression vectors" which are designed for expression of a 

nucleotide sequence in a host cell, "viral vectors" which is designed to result in the 

production of a recombinant virus or virus-like particle, or "shuttle vectors", which 

comprise the attributes of more than one type of vector. Preferred vectors are plasm ids. 

5 A "host cell" includes an individual cell or cell culture which can be or has been a 

recipient of exogenous nucleic acid. Host cells include progeny of a single host cell, and 

the progeny may not necessarily be completely identical (in morphology or in total DNA 

complement) to the original parent cell due to natural, accidental, or deliberate mutation 

and/or change. Host cells include cells transfected or infected in vivo or in vitro with 

10 nucleic acid of the invention. 

Where a nucleic acid is DNA, it will be appreciated that "U" in a RNA sequence will be 

replaced by "T" in the DNA. Similarly, where a nucleic acid is RNA, it will be 

appreciated that "T" in a DNA sequence will be replaced by "U" in the RNA. 

The term "complement" or "complementary" when used in relation to nucleic acids 

15 refers to Watson-Crick base pairing. Thus the complement of C is G, the complement of 

G is C, the complement of A is T (or U), and the complement of T (or U) is A. It is also 

possible to use bases such as I (the purine inosine) e.g. to complement pyrimidines (C or 

T). 

Nucleic acids of the invention can be used, for example: to produce polypeptides in vitro 

20 or in vivo; as hybridization probes for the detection of nucleic acid in biological samples; 

to generate additional copies of the nucleic acids; to generate ribozymes or antisense 

oligonucleotides; as single-stranded DNA primers or probes; or as triple-strand forming 

oligonucleotides. 

The invention provides a process for producing nucleic acid of the invention, wherein 

25 the nuclcic acid is synthesised in part or in whole using chemical means. 

The invention provides vectors comprising nucleotide sequences of the invention (e.g. 

cloning or expression vectors) and host cells transformed with such vectors. 

Immunogcnic compositions 

Mixtures and hybrid polypeptides of the invention are useful as active ingredients in 

30 immunogenic compositions. Such immunogenic compositions may be useful as 
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vaccines. These vaccines may either be prophylactic (i.e. to prevent infection) or 
therapeutic (i.e. to treat infection), but will typically be prophylactic. 

Compositions may thus be pharmaceutical^ acceptable. They will usually include 
components in addition to the antigens e.g. they typically include one or more 

5 pharmaceutical carrier(s) and/or excipient(s). A thorough discussion of such components 
is available in reference [218]. 

Compositions will generally be administered to a mammal in aqueous form. Prior to 
administration, however, the composition may have been in a non-aqueous form. For 
instance, although some vaccines are manufactured in aqueous form, then filled and 

10 distributed and administered also in aqueous form, other vaccines are lyophilised during 
manufacture and are reconstituted into an aqueous form at the time of use. Thus a 
composition of the invention may be dried, such as a lyophilised formulation. 

The composition may "include preservatives such as thiomersai or 2-phenoxyethanol, It is 
preferred, however, that the vaccine should be substantially free from (i.e. less than 

15 5(.ig/ml) mercurial material e.g. thiomersal-free. Vaccines containing no mercury are 
more preferred. Preservative-free vaccines are particularly preferred. 

To control tonicity, it is preferred to include a physiological salt, such as a sodium salt. 
Sodium chloride (NaCI) is preferred, which may be present at between 1 and 20 mg/ml 
e.g. about 10+2mg/ml NaCI. Other salts that may be present include potassium chloride, 

20 potassium dihydrogen phosphate, disodium phosphate dehydrate, magnesium chloride, 
calcium chloride, etc. 

Compositions will generally have an osmolality of between 200 mOsm/kg and 400 
mOsm/kg, preferably between 240-360 mOsrn/kg, and will more preferably fall within 
the range of 290-310 mOsm/kg. 

25 Compositions may include one or more buffers. Typical buffers include: a phosphate 
buffer; a Tris buffer; a borate buffer; a succinate buffer; a histidine buffer (particularly 
with an aluminum hydroxide adjuvant); or a citrate buffer. Buffers will typically be 
included in the 5-20mM range. 

The pH of a composition will generally be between 5.0 and 8.1, and more typically 
30 between 6.0 and 8.0 e.g. 6,5 and 7.5, or between 7.0 and 7.8. 
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The composition is preferably sterile. The composition is preferably non-pyrogenic e.g. 

containing <1 EU (endotoxin unit, a standard measure) per dose, and preferably <0.1 EU 

per dose. The composition is preferably gluten free. 

The composition may include material for a single immunisation, or may include 

5 material for multiple immunisations (i.e. a 'multidose' kit). The inclusion of a 

preservative is preferred in multidose arrangements. As an alternative (or in addition) to 

including a preservative in multidose compositions, the compositions may be contained 

in a container having an aseptic adaptor for removal of material. 

Human vaccines are typically administered in a dosage volume of about 0.5ml, although 

10 a half dose (i.e. about 0.25ml) may be administered to children. 

Immunogenic compositions of the invention may also comprise one or more 

immunoregulatory agents. Preferably, one or more of the immunoregulatory agents 

include one or more adjuvants. The adjuvants may include a THl adjuvant and/or a TH2 

adjuvant, further discussed below. 

15 Adjuvants which may be used in compositions of the invention include, but are not 

limited to: 

A. Mineral-containing compositions 

Mineral containing compositions suitable for use as adjuvants in the invention include 

mineral salts, such as aluminium salts and calcium salts. The invention includes mineral 

20 salts such as hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates, 

orthophosphates), sulphates, etc. [e.g. see chapters 8 & 9 of ref. 11], or mixtures of 

different mineral compounds, with the compounds taking any suitable form (e.g. gel, 

crystalline, amorphous, etc.), and with adsorption being preferred. The mineral 

containing compositions may also be formulated as a particle of metal salt. 

25 The adjuvants known as "aluminium hydroxide" are typically aluminium oxyhydroxide 

salts, which are usually at least partially crystalline. Aluminium oxyhydroxide, which 

can be represented by the formula AIO(OH), can be distinguished from other aluminium 

compounds, such as aluminium hydroxide Al(OH)3, by infrared (IR) spectroscopy, in 

particular by the presence of an adsorption band at 1070cm-1 and a strong shoulder at 

30 3090-3100cm-1 [chapter 9 of ref. 11]. The degree of crystailinity of an aluminium 

hydroxide adjuvant is reflected by the width of the diffraction band at half height 



WO 2011/121576 PCT/IB2011/051415 

66 

(WHH), with poorly-crystalline particles showing greater line broadening due to smaller 
crystallite sizes. The surface area increases as WHH increases, and adjuvants with higher 
WHH values have been seen to have greater capacity for antigen adsorption. A fibrous 
morphology {e.g. as seen in transmission electron micrographs) is typical for aluminium 

5 hydroxide adjuvants. The pi of aluminium hydroxide adjuvants is typically about 11 i.e. 
the adjuvant itself has a positive surface charge at physiological pH. Adsorptive 
capacities of between 1.8-2.6 mg protein per mg AI+++ at pH 7.4 have been reported for 
aluminium hydroxide adjuvants. 

The adjuvants known as "aluminium phosphate" are typically aluminium 
10 hydroxyphosphates, often also containing a small amount of sulfate (i.e. aluminium 

hydroxyphosphate sulfate). They may be obtained by precipitation, and the reaction 
conditions and concentrations during precipitation influence the degree of substitution of 
phosphate for hydroxy! in the salt. Hydroxyphosphates generally have a PO4/AI molar 
ratio between 0.3 and 1.2. Hydroxyphosphates can be distinguished from strict AIPO4 by 

15 the presence of hydroxyl groups. For example, an IR spectrum band at 3164cm"1 (e.g. 
when heated to 200°C) indicates the presence of structural hydroxyls [ch. 9 of ref. 11]. 

The PCVA13+ molar ratio of an aluminium phosphate adjuvant will generally be between 
0.3 and 1.2, preferably between 0.8 and 1.2, and more preferably 0.95+0,1. The 
aluminium phosphate will generally be amorphous, particularly for hydroxyphosphate 

20 salts. A typical adjuvant is amorphous aluminium hydroxyphosphate with PO4/AI molar 
ratio between 0.84 and 0.92, included at 0.6mg Al37ml. The aluminium phosphate will 
generally be particulate (e.g. plate-like morphology as seen in transmission electron 
micrographs). Typical diameters of the particles are in the range 0.5-20|im (e.g. about 
5-10fim) after any antigen adsorption. Adsorptive capacities of between 0.7-1.5 mg 

25 protein per mg Af,++ at pH 7.4 have been reported for aluminium phosphate adjuvants. 

The point of zero charge (PZC) of aluminium phosphate is inversely related to the 
degree of substitution of phosphate for hydroxyl, and this degree of substitution can vary 
depending on reaction conditions and concentration of reactants used for preparing the 
salt by precipitation. PZC is also altered by changing the concentration of free phosphate 

30 ions in solution (more phosphate = more acidic PZC) or by adding a buffer such as a 
histidine buffer (makes PZC more basic). Aluminium phosphates used according to the 
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invention will generally have a PZC of between 4.0 and 7.0, more preferably between 

5.0 and 6.5 e.g. about 5.7. 

Suspensions of aluminium salts used to prepare compositions of the invention may 

contain a buffer (e.g. a phosphate or a histidine or a Tris buffer), but this is not always 

5 necessary. The suspensions are preferably sterile and pyrogen-free. A suspension may 

include free aqueous phosphate ions e.g. present at a concentration between 1.0 and 

20 mM, preferably between 5 and 15 mM, and more preferably about 10 mM. The 

suspensions may also comprise sodium chloride. 

In one embodiment, an adjuvant component includes a mixture of both an aluminium 

10 hydroxide and an aluminium phosphate. In this case there may be more aluminium 

phosphate than hydroxide e.g. a weight ratio of at least 2:1 e.g. >5:1, >6:1, >7:1, >8:1, 

>9:1, etc. 

The concentration of AT++ in a composition for administration to a patient is preferably 

less than lOmg/ml e.g. <5 mg/ml, <4 mg/ml, <3 mg/ml, <2 mg/ml, <1 mg/ml, etc. A 

15 preferred range is between 0.3 and 1 mg/ml. A maximum of <0.85mg/dose is preferred. 

B. Oil Emulsions 

Oil emulsion compositions suitable for use as adjuvants in the invention include 

squalene-water emulsions, such as MF59 [Chapter 10 of ref. 11; see also ref. 12] (5% 

Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into submicron particles using 

20 a microfluidizer). Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant 

(IFA) may also be used. 

Various suitable oin-in-water emulsions are known, and they typically include at least 

one oil and at least one surfactant, with the oil(s) and surfactant(s) being biodegradable 

(metabolisable) and biocompatible. The oil droplets in the emulsion are generally less 

25 than 5pm in diameter, and advantageously the emulsion comprises oil droplets with a 

sub-micron diameter, with these small sizes being achieved with a microfluidiser to 

provide stable emulsions. Droplets with a size less than 220nm are preferred as they can 

be subjected to filter sterilization. 

The invention can be used with oils such as those from an animal (such as Fish) or 

30 vegetable source. Sources for vegetable oils include nuts, seeds and grains. Peanut oil, 

soybean oil, coconut oil, and olive oil, the most commonly available, exemplify the nut 
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oils. Jojoba oil can be used e.g. obtained from the jojoba bean. Seed oils include 
safflower oil, cottonseed oil, sunflower seed oil, sesame seed oiJ and the like. In the 
grain group, corn oil is the most readily available, but the oil of other cereal grains such 
as wheat, oats, rye, rice, teff, triticale and the like may also be used. 6-10 carbon fatty 

5 acid esters of glycerol and ],2~propanediol, while not occurring naturally in seed oils, 
may be prepared by hydrolysis, separation and esterification of the appropriate materials 
starting from the nut and seed oils. Fats and oils from mammalian milk are 
metabolizable and may therefore be used in the practice of this invention. The 
procedures for separation, purification, saponification and other means necessary for 

10 obtaining pure oils from animal sources are well known in the art. Most fish contain 
metabolizable oils which may be readily recovered. For example, cod liver oil, shark 
liver oils, and whale oil such as spermaceti exemplify several of the fish oils which may 
be used herein. A number of branched chain oils are synthesized biochemically in 5-
carbon isoprene units and are generally referred to as terpenoids. Shark liver oil contains 

15 a branched, unsaturated terpenoid known as squalene, 2.6,10,15,19,23-hexamethyl-
2,6,10,14,18,22-tetracosahexaene. Other preferred oils are the tocopherols (see below). 
Oil in water emulsions comprising sqlauene are particularly preferred. Mixtures of oils 
can be used. 

Surfactants can be classified by their 'HLB' (hydrophile/lipophile balance). Preferred 
20 surfactants of the invention have a HLB of at least 10, preferably at least 15, and more 

preferably at least 16. The invention can be used with surfactants including, but not 
limited to: the polyoxyethylene sorbitan esters surfactants (commonly referred to as the 
Tweens), especially polysorbate 20 and polysorbate 80; copolymers of ethylene oxide 
(EO), propylene oxide (PO), and/or butylene oxide (BO), sold under the DOWFAX™ 

25 tradename, such as linear EO/PO block copolymers; octoxynols, which can vary in the 
number of repeating ethoxy (oxy-l,2-ethanediyl) groups, with octoxynol-9 (Triton 
X-100, or t-octylphenoxypolyethoxyethanol) being of particular interest; 
(octylphenoxy)polyethoxyethanol (IGEPAL CA-630/NP-40); phospholipids such as 
phosphatidylcholine (lecithin); polyoxyethylene fatty ethers derived from lauryl, cetyl, 

30 stearyl and oleyi alcohols (known as Brij surfactants), such as triethyleneglycol 
monolauryl ether (Brij 30); and sorbitan esters (commonly known as the SPANs), such 
as sorbitan trioleate (Span 85) and sorbitan monoJaurate. Preferred surfactants for 
including in the emulsion are Tween 80 (polyoxyethylene sorbitan monooleate), Span 85 
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(sorbitan trioleate), lecithin and Triton X-100. As mentioned above, detergents such as 

Tween 80 may contribute to the thermal stability seen in the examples below. 

Mixtures of surfactants can be used e.g. Tween 80/Span 85 mixtures. A combination of a 

polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan monooleate (Tween 80) 

5 and an octoxynol such as t-octylphenoxypolyethoxyethanoi (Triton X-l 00) is also 

suitable. Another useful combination comprises laureth 9 plus a polyoxyethylene 

sorbitan ester and/or an octoxynol. 

Preferred amounts of surfactants (% by weight) are: polyoxyethylene sorbitan esters 

(such as Tween 80) 0.01 to 1%, in particular about 0.1 %; octyl- or nonylphenoxy 

10 polyoxyethanols (such as Triton X-100, or other detergents in the Triton series) 0.001 to 

0.1 %, in particular 0.005 to 0.02%; polyoxyethylene ethers (such as laureth 9) 0.1 to 20 

%, preferably 0.1 to 10 % and in particular 0.1 to 1 % or about 0.5%. 

Specific oil-in-water emulsion adjuvants useful with the invention include, but are not 

limited to: 

15 • A submicron emulsion of squalene, Tween 80, and Span 85. The composition of 
the emulsion by volume can be about 5% squalene, about 0.5% polysorbate 80 and 
about 0.5% Span 85. In weight terms, these ratios become 4.3% squalene, 0.5% 
polysorbate 80 and 0.48% Span 85. This adjuvant is known as 'MF595 [13-15], as 
described in more detail in Chapter 10 of ref. 16 and chapter 12 of ref. 17. The 

20 MF59 emulsion advantageously includes citrate ions e.g. lOmM sodium citrate 
buffer. 

• An emulsion comprising squalene, an a-tocopherol, and polysorbate 80. These 
emulsions may have from 2 to 10% squalene, from 2 to 10% tocopherol and from 
0.3 to 3% Tween 80, and the weight ratio of squaiene:tocopheroI is preferably <1 

25 (e.g. 0.90) as this provides a more stable emulsion. Squalene and Tween 80 may be 
present volume ratio of about 5:2, or at a weight ratio of about 11:5. One such 
emulsion can be made by dissolving Tween 80 in PBS to give a 2% solution, then 
mixing 90ml of this solution with a mixture of (5g of DL-a-tocopherol and 5ml 
squalene), then micro flu id ising the mixture. The resulting emulsion may have 

30 submicron oil droplets e.g. with an average diameter of between 100 and 250nm, 
preferably about 180nm. 
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• An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-100), 
The emulsion may also include a 3d-MPL (see below). The emulsion may contain 
a phosphate buffer. 

• An emulsion comprising a polysorbate (e.g. polysorbate 80), a Triton detergent 
5 (e.g. Triton X-100) and a tocopherol (e.g. an a-tocopherol succinate). The 

emulsion may include these three components at a mass ratio of about 75:11:10 
(e.g. 750pg/ml polysorbate 80, 1 lOjig/ml Triton X-100 and lOOpg/ml a-tocopherol 
succinate), and these concentrations should include any contribution of these 
components from antigens. The emulsion may also include squalene. The emulsion 

10 may also include a 3d-M?L (see below). The aqueous phase may contain a 
phosphate buffer. 

• An emulsion of squalane, polysorbate 80 and poloxamer 401 ("Pluronic™ LI 21"). 
The emulsion can be formulated in phosphate buffered saline, pH 7.4. This 
emulsion is a useful delivery vehicle for muramyl dipeptides, and has been used 

15 with threonyl-MDP in the "SAF-1" adjuvant [18] (0.05-1% Thr-MDP, 5% 
squalane, 2.5% Pluronic L121 and 0.2% polysorbate 80). It can also be used 
without the Thr-MDP, as in the "AF" adjuvant [19] (5% squalane, 1.25% Pluronic 
L121 and 0,2% polysorbate 80). Microfluidisation is preferred. 

• An emulsion comprising squalene, an aqueous solvent, a polyoxyethylene alkyl 
20 ether hydrophilic nonionic surfactant (e.g. polyoxyethylene (12) cetostearyl ether) 

and a hydrophobic nonionic surfactant (e.g. a sorbitan ester or mannide ester, such 
as sorbitan monoleate or 'Span 80'). The emulsion is preferably thermoreversible 
and/or has at least 90% of the oil droplets (by volume) with a size less than 200 nm 
[20], The emulsion may also include one or more of: alditol; a cryoprotective agent 

25 (e.g. a sugar, such as dodecylmaltoside and/or sucrose); and/or an 
alkylpolyglycoside. Such emulsions may be lyophilized. 

• An emulsion having from 0.5-50% of an oil, 0.1-10% of a phospholipid, and 
0.05-5% of a non-ionic surfactant. As described in reference 21, preferred 
phospholipid components are phosphatidylcholine, phosphatidylethanolamine, 

30 phosphatidylserine, phosphatidylinositol, phosphatidylglycerol, phosphatidic acid, 
sphingomyelin and cardiolipin. Submicron droplet sizes are advantageous. 

• A submicron oil-in-water emulsion of a non-metabolisable oil (such as light 
mineral oil) and at least one surfactant (such as lecithin, Tween 80 or Span 80). 
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Additives may be included, such as QuilA saponin, cholesterol, a saponin-
lipophile conjugate (such as GPI-0100, described in reference 22, produced by 
addition of aliphatic amine to desacylsaponin via the carboxyl group of glucuronic 
acid), dimethyidioctadecylammonium bromide and/or N.N-dioctadecyl-N,N-bis 

5 (2-hydroxyethyl)propanediamine. 

• An emulsion comprising a mineral oil, a non-ionic lipophilic ethoxylated fatty 
alcohol, and a non-ionic hydrophilic surfactant (e.g. an ethoxylated fatty alcohol 
and/or polyoxyethylene-polyoxypropylene block copolymer) [23]. 

• An emulsion comprising a mineral oil, a non-ionic hydrophilic ethoxylated fatty 
10 alcohol, and a non-ionic lipophilic surfactant (e.g. an ethoxylated fatty alcohol 

and/or polyoxyethylene-polyoxypropylene block copolymer) [23]. 

• An emulsion in which a saponin (e.g. QuilA or QS21) and a sterol (e.g. a 
cholesterol) are associated as helical micelles [24]. 

Antigens and adjuvants in a composition will typically be in admixture at the time of 

15 delivery to a patient. The emulsions may be mixed with antigen during manufacture, or 

extemporaneously, at the time of delivery. Thus the adjuvant and antigen may be kept 

separately in a packaged or distributed vaccine, ready for final formulation at the time of 

use. The antigen will generally be in an aqueous form, such that the vaccine is finally 

prepared by mixing two liquids. The volume ratio of the two liquids for mixing can vary 

20 (e.g. between 5:1 and 1:5) but is generally about 1:1. 

C. Saponin formulations fchapter 22 of ref. Ill 

Saponin formulations may also be used as adjuvants in the invention. Saponins are a 

heterogeneous group of sterol glycosides and triterpenoid glycosides that are found in 

the bark, leaves, stems, roots and even flowers of a wide range of plant species. Saponin 

25 from the bark of the Quillaia saponaria Molina tree have been widely studied as 

adjuvants. Saponin can also be commercially obtained from Smilax ornata (sarsaprilia), 

Gypsophilla paniculata (brides veil), and Saponaria officinalis (soap root). Saponin 

adjuvanl formulations include purified formula Lions, such as QS2I, as well as lipid 

formulations, such as ISCOMs. QS21 is marketed as Stimulon™. 

30 Saponin compositions have been purified using HPLC and RP-HPLC. Specific purified 

fractions using these techniques have been identified, including QS7, QS17, QS18, 
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QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of 
production of QS21 is disclosed in ref 25. Saponin formulations may also comprise a 
sterol, such as cholesterol [26], 

Combinations of saponins and cholesterois can be used to form unique particles called 
5 immunostimulating complexs (ISCOMs) [chapter 23 of ref. 11]. ISCOMs typically also 

include a phospholipid such as phosphatidylethanoiamine or phosphatidylcholine. Any 
known saponin can be used in ISCOMs. Preferably, the ISCOM includes one or more of 
QuilA, QHA & QHC. ISCOMs are further described in refs, 26-28. Optionally, the 
ISCOMS may be devoid of additional detergent [29]. 

10 A review of the development of saponin based adjuvants can be found in refs. 30 & 31. 

D. Virosomes and virus-like particles 

Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the invention. 
These structures generally contain one or more proteins from a virus optionally 
combined or formulated with a phospholipid. They are generally non-pathogenic, non-

15 replicating and generally do not contain any of the native viral genome. The viral 
proteins may be rccombinantiy produced or isolated from whole viruses. These viral 
proteins suitable for use in virosomes or VLPs include proteins derived from influenza 
virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis E 
virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, 

20 Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, Qfi-phage (such 
as coat proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as relrotransposon Ty 
protein pi). VLPs are discussed further in refs. 32-37. Virosomes are discussed further 
in, for example, ref. 38 

K Bacterial or microbial derivatives 

25 Adjuvants suitable for use in the invention include bacterial or microbial derivatives 
such as non-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A 
derivatives, immunostimulatory oligonucleotides and ADP-ribosylating toxins and 
detoxified derivatives thereof. 

Non-toxic derivatives of LPS include monophosphoryl lipid A (MPL) and 3-0-
30 deacylated MPL (3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryl 

lipid A with 4, 5 or 6 acylated chains. A preferred "small particle" form of 3 De-O-
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acylated monophosphoryl lipid A is disclosed in ref. 39. Such "small particles" of 
3dMPL are small enough to be sterile filtered through a 0.22fim membrane [39]. Other 
non-toxic LPS derivatives include monophosphoryl lipid A mimics, such as aminoalkyl 
glucosaminide phosphate derivatives e.g. RC-529 [40,41]. 

5 Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-
174. OM-174 is described for example in refs. 42 & 43. 

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention 
include nucleotide sequences containing a CpG motif (a dinucleotide sequence 
containing an unmethylated cytosine linked by a phosphate bond to a guanosine). 

10 Double-stranded RNAs and oligonucleotides containing palindromic or poly(dG) 
sequences have also been shown to be immunostimulatory. 

The CpG's can include nucleotide modifications/analogs such as phosphorothioate 
modifications and can be double-stranded or single-stranded. References 44, 45 and 46 
disclose possible analog substitutions e.g. replacement of guanosine with 2'-deoxy-7-

15 deazaguanosine. The adjuvant effect of CpG oligonucleotides is further discussed in refs. 
47-52. 

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT 
[53]. The CpG sequence may be specific for inducing a Thl immune response, such as a 
CpG-A ODN, or it may be more specific for inducing a B cell response, such a CpG-B 

20 ODN. CpG-A and CpG-B ODNs are discussed in refs. 54-56. Preferably, the CpG is a 
CpG-A ODN. 

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for 
receptor recognition. Optionally, two CpG oligonucleotide sequences may be attached at 
their 3' ends to form "immunomers". See, for example, refs. 53 & 57-59. 

25 A particularly useful adjuvant based around immunostimulatory oligonucleotides is 
known as IC-31™ [60]. Thus an adjuvant used with the invention may comprise a 
mixture of(i) an oligonucleotide (e.g. between 15-40 nucleotides) including at least one 
(and preferably multiple) Cpl motifs (i.e. a cytosine linked to an inosine to form a 
dinucleotide), and (ii) a polycationic polymer, such as an oligopeptide (e.g. between 5-20 

30 amino acids) including at least one (and preferably multiple) Lys-Arg-Lys tripeptide 
sequence(s). The oligonucleotide may be a deoxynucleotide comprising 26-mer 
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sequence 5-(lC)i3-3* (SEQ ID NO: 98). The polycationic polymer may be a peptide 
comprising 11-mer amino acid sequence KLKLLLLLKLK (SEQ ID NO:99). 

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as 
adjuvants in the invention. Preferably, the protein is derived from E.coli (E.coli heat 

5 labile enterotoxin "LT"), cholera ("CT"), or pertussis ("PT"). The use of detoxified 
ADP-ribosylating toxins as mucosal adjuvants is described in ref. 61 and as parenteral 
adjuvants in ref. 62. The toxin or toxoid is preferably in the form of a holotoxin, 
comprising both A and B subunits. Preferably, the A subunit contains a detoxifying 
mutation; preferably the B subunit is not mutated. Preferably, the adjuvant is a detoxified 

10 LT mutant such as LT-K63, LT-R72, and LT-G192. The use of ADP-ribosylating toxins 
and detoxified derivatives thereof, particularly LT-K63 and LT-R72, as adjuvants can be 
found in refs. 63-70. A useful CT mutant is or CT-E29H [71]. Numerical reference for 
amino acid substitutions is preferably based on the alignments of the A and B subunits of 
ADP-ribosylating toxins set forth in ref. 72, specifically incorporated herein by reference 

15 in its entirety. 

F. Human immunomodulators 

Human immunomodulators suitable for use as adjuvants in the invention include 
cytokines, such as interieukins (e.g. IL-1, IL-2, 1L-4, IL-5, IL-6,1L-7, IL-12 [73], etc.) 
[74], interferons (e.g. interferon-y), macrophage colony stimulating factor, and tumor 

20 necrosis factor. A preferred immunomodulator is IL-12, 

G. Bioadhesives and Mucoadhesives 

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. 
Suitable bioadhesives include esterifled hyaluronic acid microspheres [75] or 
mucoadhesives such as cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, 

25 polyvinyl pyrollidone, polysaccharides and carboxymethylcellulose. Chitosan and 
derivatives thereof may also be used as adjuvants in the invention [76]. 

H Microvarticles 

Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a 
particle of~100nm to~150)im in diameter, more preferably ~200nm to ~30jxm in 

30 diameter, and most preferably ~500nm to ~10jim in diameter) formed from materials 
that are biodegradable and non-toxic (e.g. a poly(a-hydroxy acid), a polyhydroxybutyric 
acid, a polyorthoester, a polyanhydride, a polycapro lactone, etc.), with 
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poly(lactide-co-glycolide) are preferred, optionally treated to have a negativeiy-charged 

surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic detergent, 

such as CTAB). 

L Liposomes (Chapters 13 & 14 of ref. 11) 

5 Examples of liposome formulations suitable for use as adjuvants are described in refs. 

77-79. 

J. Polyoxyethylene ether and polyoxyethylene ester formulations 

Adjuvants suitable for use in the invention include polyoxyethylene ethers and 

polyoxyethylene esters [80]. Such formulations further include polyoxyethylene sorbitan 

10 ester surfactants in combination with an octoxynol [81] as well as polyoxyethylene alkyl 

ethers or ester surfactants in combination with at least one additional non-ionic 

surfactant such as an octoxynol [82]. Preferred polyoxyethylene ethers are selected from 

the following group: polyoxyethylene-9-lauryl ether (laureth 9), polyoxyethyIene-9-

steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4-lauryl ether, 

15 polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether. 

K. Polyphosphazene (PCPP) 

PCPP formulations are described, for example, in refs. 83 and 84. 

L. Muramvl peptides 

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-

20 acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-

D-isoglutamine (nor-MDP), and N-acetylmuramyl-L-aIanyl-D-isoglutaminyl-L-aIanine-2-

(l'-2'-dipalmitoyl-.s/7-gIycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE). 

M. lmidazoQuinolom Compounds. 

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention 

25 include Imiquamod and its homoiogues (e.g. "Resiquimod 3M"), described further in 

refs. 85 and 86. 

The invention may also comprise combinations of aspects of one or more of the 

adjuvants identified above. For example, the following adjuvant compositions may be 

used in the invention: (1) a saponin and an oil-in-water emulsion [87]; (2) a saponin (e.g. 

30 QS21) + a non-toxic LPS derivative (e.g. 3dMPL) [88]; (3) a saponin (e.g. QS21) + a 

non-toxic LPS derivative (e.g. 3dMPL) + a cholesterol; (4) a saponin (e.g. QS21) + 
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3dMPL + IL-12 (optionally + a sterol) [89]; (5) combinations of 3dMPL with, for 
example, QS21 and/or oil-in-water emulsions [90]; (6) SAF, containing 10% squalane, 
0.4% Tween 80™, 5% pluronic-bloek polymer L121, and thr-MDP, either 
microfluidized into a submicron emulsion or vortexed to generate a larger particle size 

5 emulsion. (7) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% 
squalene, 0.2% Tween 80, and one or more bacterial cell wall components from the 
group consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and 
eel! wall skeleton (CWS), preferably MPL + CWS (Detox™); and (8) one or more 
mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS (such as 

10 3dMPL). 

Other substances that act as immunostimulating agents are disclosed in chapter 7 of ref. 
11. 

The use of an aluminium hydroxide and/or aluminium phosphate adjuvant is useful, 
particularly in children, and antigens are generally adsorbed to these salts. Squalene-in-

15 water emulsions are also preferred, particularly in the elderly. Useful adjuvant 
combinations include combinations of Thl and Th2 adjuvants such as CpG & alum or 
resiquimod & alum. A combination of aluminium phosphate and 3dMPL may be used. 

The compositions of the invention may elicit both a cell mediated immune response as 
well as a humoral immune response. 

20 Two types of T cells, CD4 and CDS cells, are generally thought necessary to initiate 
and/or enhance cell mediated immunity and humoral immunity. CDS T cells can express 
a CD8 co-receptor and are commonly referred to as Cytotoxic T lymphocytes (CTLs). 
CD8 T cells are able to recognized or interact with antigens displayed on MHC Class I 
molecules. 

25 CD4 T cells can express a CD4 co-receptor and are commonly referred to as T helper 
cells. CD4 T cells are able to recognize antigenic peptides bound to MHC class II 
molecules. Upon interaction with a MHC class II molecule, the CD4 cells can secrete 
factors such as cytokines. These secreted cytokines can activate B cells, cytotoxic T 
cells, macrophages, and other cells that participate in an immune response. Helper T 

30 cells or CD4+ cells can be further divided into two functionally distinct subsets: THl 
phenotype and TH2 phenotypes which differ in their cytokine and effector function. 
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Activated THl cells enhance cellular immunity (including an increase in antigen-specific 
CTL production) and are therefore of particular value in responding to intracellular 
infections. Activated THl cells may secrete one or more of IL-2, IFN-y, and TNF-|3. A 
THl immune response may result in local inflammatory reactions by activating 

5 macrophages, NK (natural killer) cells, and CD8 cytotoxic T cells (CTLs). A THl 
immune response may also act to expand the immune response by stimulating growth of 
B and T cells with IL-12. THl stimulated B cells may secretc lgG2a. 

Activated TH2 cells enhance antibody production and are therefore of value in 
responding to extracellular infections. Activated TH2 ceils may secrete one or more of 

10 IL-4, IL-5, IL-6, and IL-10. A TH2 immune response may result in the production of 
IgGl, IgE, IgA and memory B cells for future protection. 

An enhanced immune response may include one or more of an enhanced THl immune 
response and aTH2 immune response. 

A THl immune response may include one or more of an increase in CTLs, an increase in 
15 one or more of the cytokines associated with a THl immune response (such as IL-2, 

IFN-y, and TNF-p), an increase in activated macrophages, an increase in NK activity, or 
an increase in the production of IgG2a. Preferably, the enhanced THl immune response 
will include an increase in IgG2a production. 

A THl immune response may be elicited using a THl adjuvant. A THl adjuvant will 
20 generally elicit increased levels of IgG2a production relative to immunization of the 

antigen without adjuvant. THl adjuvants suitable for use in the invention may include 
for example saponin formulations, virosomes and virus like particles, non-toxic 
derivatives of enterobacterial lipopolysaccharide (LPS), immunostimulatory 
oligonucleotides. Immunostimulatory oligonucleotides, such as oligonucleotides 

25 containing a CpG motif, are preferred THl adjuvants for use in the invention. 

A TH2 immune response may include one or more of an increase in one or more of the 
cytokines associated with a TH2 immune response (such as IL-4, IL-5, IL-6 and IL-10), 
or an increase in the production of IgGl, IgE, IgA and memory B cells. Preferably, the 
enhanced TH2 immune response will include an increase in IgGl production. 

30 A TH2 immune response may be elicited using a TH2 adjuvant. A TH2 adjuvant will 
generally elicit increased levels of IgGl production relative to immunization of the 
antigen without adjuvant. TH2 adjuvants suitable for use in the invention include, for 
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example, mineral containing compositions, oil-emulsions, and ADP-ribosylating toxins 

and detoxified derivatives thereof. Mineral containing compositions, such as aluminium 

salts are preferred TH2 adjuvants for use in the invention. 

A composition may include a combination of a THl adjuvant and a TH2 adjuvant. 

5 Preferably, such a composition elicits an enhanced THl and an enhanced TH2 response, 

i.e., an increase in the production of both IgGl and IgG2a production relative to 

immunization without an adjuvant. Still more preferably, the composition comprising a 

combination of a THl and a TH2 adjuvant elicits an increased THl and/or an increased 

TH2 immune response relative to immunization with a single adjuvant (i.e., relative to 

10 immunization with a THl adjuvant alone or immunization with a TH2 adjuvant alone). 

The immune response may be one or both of a THl immune response and a TH2 

response. Preferably, immune response provides for one or both of an enhanced THl 

response and an enhanced TH2 response. 

The enhanced immune response may be one or both of a systemic and a mucosal 

15 immune response. Preferably, the immune response provides for one or both of an 

enhanced systemic and an enhanced mucosal immune response. Preferably the mucosal 

immune response is a TH2 immune response. Preferably, the mucosal immune response 

includes an increase in the production of IgA. 

Streptococcal infections can affect various areas of the body and so the compositions of 

20 the invention may be prepared in various forms. For example, the compositions may be 

prepared as injectables, either as liquid solutions or suspensions. Solid forms suitable for 

solution in, or suspension in, liquid vehicles prior to injection can also be prepared (e.g. 

a lyophilised composition or a spray-freeze dried composition). The composition may be 

prepared for topical administration e.g. as an ointment, cream or powder. The 

25 composition may be prepared for oral administration e.g. as a tablet or capsule, as a 

spray, or as a syrup (optionally flavoured). The composition may be prepared for 

pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The 

composition may be prepared as a suppository or pessary. The composition may be 

prepared for nasal, aural or ocular administration e.g. as drops. The composition may be 

30 in kit form, designed such that a combined composition is reconstituted just prior to 

administration to a patient. Such kits may comprise one or more antigens in liquid form 

and one or more lyophilised antigens. 
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Where a composition is to be prepared extemporaneously prior to use (e.g. where a 
component is presented in lyophilised form) and is presented as a kit, the kit may 
comprise two vials, or it may comprise one ready-filled syringe and one vial, with the 
contents of the syringe being used to reactivate the contents of the vial prior to injection. 

5 Immunogenic compositions used as vaccines comprise an immunologically effective 
amount of antigen(s), as well as any other components, as needed. By 'immunologically 
effective amount', it is meant that the administration of that amount to an individual, 
either in a single dose or as part of a series, is effective for treatment or prevention. This 
amount varies depending upon the health and physical condition of the individual to be 

10 treated, age, the taxonomic group of individual to be treated (e.g. non-human primate, 
primate, etc.), the capacity of the individual's immune system to synthesise antibodies, 
the degree of protection desired, the formulation of the vaccine, the treating doctor's 
assessment of the medical situation, and other relevant factors. It is expected that the 
amount will fall in a relatively broad range that can be determined through routine trials. 

15 Nucleic acid immunisation 

The immunogenic compositions described above include poiypeptide antigens from 
GBS. In all cases, however, the polypeptide antigens can be replaced by nucleic acids 
(typically DNA) encoding those polypeptides, to give compositions, methods and uses 
based on nucleic acid immunisation [91 to 98]. 

20 The nucleic acid encoding the immunogen is expressed in vivo after delivery to a patient 
and the expressed immunogen then stimulates the immune system. The active ingredient 
will typically take the form of a nucleic acid vector comprising: (i) a promoter; (ii) a 
sequence encoding the immunogen, operably linked to the promoter; and optionally (iii) 
a selectable marker. Preferred vectors may further comprise (iv) an origin of replication; 

25 and (v) a transcription terminator downstream of and operably linked to (ii). In general, 
(i) & (v) wiJI be eukaryotic and (iii) & (iv) will be prokaryotic. 

Preferred promoters are viral promoters e.g. from cytomegalovirus (CMV). The vector 
may also include transcriptional regulatory sequences (e.g. enhancers) in addition to the 
promoter and which interact functionally with the promoter. Preferred vectors include 

30 the immediate-early CMV enhancer/promoter, and more preferred vectors also include 
CMV intron A. The promoter is operably linked to a downstream sequence encoding an 
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immunogen, such that expression of the immunogen-encoding sequence is under the 
promoter's control. 

Where a marker is used, it preferably functions in a microbial host (e.g. in a prokaryote, 
in a bacteria, in a yeast). The marker is preferably a prokaryotic selectable marker (e.g. 

5 transcribed under the control of a prokaryotic promoter). For convenience, typical 
markers are antibiotic resistance genes. 

The vector is preferably an autonomously replicating episomal or extrachromosomal 
vector, such as a plasmid. 

The vector preferably comprises an origin of replication. It is preferred that the origin of 
10 replication is active in prokaryotes but not in eukaryotes. 

Preferred vectors thus include a prokaryotic marker for selection of the vector, a 
prokaryotic origin of replication, but a eukaryotic promoter for driving transcription of 
the immunogen-encoding sequence. The vectors will therefore (a) be amplified and 
selected in prokaryotic hosts without polypeptide expression, but (b) be expressed in 

15 eukaryotic hosts without being amplified. This arrangement is ideal for nucleic acid 
immunization vectors. 

The vector may comprise a eukaryotic transcriptional terminator sequence downstream 
of the coding sequence. This can enhance transcription levels. Where the coding 
sequence does not have its own, the vector preferably comprises a polyadenylation 

20 sequence. A preferred polyadenylation sequence is from bovine growth hormone. 

The vector may comprise a multiple cloning site 

In addition to sequences encoding the immunogen and a marker, the vector may 
comprise a second eukaryotic coding sequence. The vector may also comprise an IRES 
upstream of said second sequence in order to permit translation of a second eukaryotic 

25 polypeptide from the same transcript as the immunogen. Alternatively, the immunogen-
coding sequence may be downstream of an IRES, 

The vector may comprise unmethylated CpG motifs e.g. unmethylated DNA sequences 
which have in common a cytosine preceding a guanosine, flanked by two 5' purines and 
two 3' pyrimidines. In their unmethylated form these DNA motifs have been 

30 demonstrated to be potent stimulators of several types of immune cell. 
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Vectors may be delivered in a targeted way. Receptor-mediated DNA delivery 

techniques are described in, for example, references 99 to 104. Therapeutic compositions 

containing a nucleic acid are administered in a range of about lOOng to about 200mg of 

DNA for local administration in a gene therapy protocol. Concentration ranges of about 

5 500 ng to about 50 mg, about lpg to about 2 mg, about 5pg to about 500p.g, and about 

20pg to about lOOpg of DNA can also be used during a gene therapy protocol. Factors 

such as method of action (e.g. for enhancing or inhibiting levels of the encoded gene 

product) and efficacy of transformation and expression are considerations which will 

affect the dosage required for ultimate efficacy. Where greater expression is desired over 

10 a larger area of tissue, larger amounts of vector or the same amounts re-administered in a 

successive protocol of administrations, or several administrations to different adjacent or 

close tissue portions may be required to effect a positive therapeutic outcome. In all 

cases, routine experimentation in clinical trials will determine specific ranges for optimal 

therapeutic effect. 

15 Vectors can be delivered using gene delivery vehicles. The gene delivery vehicle can be 

of viral or non-viral origin (see generally references 105 to 108). 

Viral-based vectors for delivery of a desired nucleic acid and expression in a desired cell 

are well known in the art. Exemplary viral-based vehicles include, but are not limited to, 

recombinant retroviruses (e.g. references 109 to 119), alphavirus-based vectors (e.g. 

20 Sindbis virus vectors, Semliki forest virus (ATCC VR-67; ATCC VR-1247), Ross River 

virus (ATCC VR-373; ATCC VR-1246) and Venezuelan equine encephalitis virus 

(ATCC VR-923; ATCC VR-1250; ATCC VR 1249; ATCC VR-532); hybrids or 

chimeras of these viruses may also be used), poxvirus vectors (e.g. vaccinia, fowlpox, 

canarypox, modified vaccinia Ankara, etc.), adenovirus vectors, and adeno-associated 

25 virus (AAV) vectors (e.g. see refs. 120 to 125). Administration of DNA linked to killed 

adenovirus [126] can also be employed. 

Non-viral delivery vehicles and methods can also be employed, including, but not 

limited to, polycationic condensed DNA linked or unlinked to killed adenovirus alone 

[e.g. 126], ligand-linked DNA [327J, eukaryotic cell delivery vehicles cells [e.g. refs. 

30 128 to 132] and nucleic charge neutralization or fusion with cell membranes. Naked 

DNA can also be employed. Exemplary naked DNA introduction methods are described 

in refs. 133 and 134. Liposomes (e.g. immunoliposomes) that can act as gene delivery 
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vehicles are described in refs. 135 to 139. Additional approaches are described in 
references 140 & 141. 

Further non-viral delivery suitable for use includes mechanical delivery systems such as 
the approach described in ref. 141. Moreover, the coding sequence and the product of 

5 expression of such can be delivered through deposition of photopolymerized hydrogel 
materials or use of ionizing radiation [e.g. refs. 142 & 143], Other conventional methods 
for gene delivery that can be used for delivery of the coding sequence include, for 
example, use of hand-held gene transfer particle gun [144] or use of ionizing radiation 
for activating transferred genes [142 & 143]. 

10 Delivery of DNA using PLG (poly(lactide-co-glycolide)} microparticles is a particularly 
preferred method e.g. by adsorption to the microparticles, which are optionally treated to 
have a negatively-charged surface (e.g. treated with SDS) or a positively-charged surface 
(e.g. treated with a cationic detergent, such as CTAB). 

Methods of treatment, and administration of the vaccine 

15 The invention also provides a method for raising an immune response in a mammal 
comprising the step of administering an effective amount of an immunogenic 
composition of the invention. The immune response is preferably protective and 
preferably involves antibodies and/or cell-mediated immunity. The method may raise a 
booster response. 

20 The invention also provides at least two different GBS59 clades for combined use as a 
medicament e.g. for use in raising an immune response in a mammal. 

The invention also provides the use of at least two different GBS59 clades in the 
manufacture of a medicament for raising an immune response in a mammal. 

By raising an immune response in the mammal by these uses and methods, the mammal 
25 can be protected against disease and/or infection caused by GBS e.g. against meningitis. 

The invention also provides a delivery device pre-filled with an immunogenic 
composition of the invention. 

The mammal is preferably a human. The human may be a child (e.g. a toddler or infant), 
a teenager or an adult. A vaccine intended for children may also be administered to 

30 adults e.g. to assess safety, dosage, irnmunogenicity, etc. 
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One way of cheeking efficacy of therapeutic treatment involves monitoring 
pneumococcal infection after administration of the compositions of the invention. One 
way of checking efficacy of prophylactic treatment involves testing post-immunisation 
sera in standard tests; for example, sera can be tested in an opsonophagocytic killing 

5 assay (OPKA), with the ability to opsonise bacteria indicating protective efficacy. 
Another way of checking efficacy of prophylactic treatment involves post-immunisation 
challenge in an animal model of GBS infection, e.g., guinea pigs or mice. One such 
model is described in reference 145. Another way of assessing the irnmunogenicity of 
the compositions of the present invention is to express the polypeptides rccombinantiy 

10 for screening patient sera or mucosal secretions by immunobiot and/or microarrays. A 
positive reaction between the polypeptide and the patient sample indicates that the 
patient has mounted an immune response to the polypeptide in question. This method 
may also be used to identify immunodominant antigens and/or epitopes within antigens. 

Compositions of the invention will generally be administered directly to a patient. Direct 
15 delivery may be accomplished by parenteral injection (e.g. subcutaneously, 

intraperitoneally, intravenously, intramuscularly, or to the interstitial space of a tissue), 
or mucosally, such as by rectal, oral (e.g. tablet, spray), vaginal, topical, transdermal or 
transcutaneous, intranasal, ocular, aural, pulmonary or other mucosal administration. 

The invention may be used to elicit systemic and/or mucosal immunity, preferably to 
20 elicit an enhanced systemic and/or mucosal immunity. 

Preferably the enhanced systemic and/or mucosal immunity is reflected in an enhanced 
THl and/or TI-I2 immune response. Preferably, the enhanced immune response includes 
an increase in the production of IgGl and/or IgG2a and/or IgA. 

Dosage can be by a single dose schedule or a multiple dose schedule. Multiple doses 
25 may be used in a primary immunisation schedule and/or in a booster immunisation 

schedule. In a multiple dose schedule the various doses may be given by the same or 
different routes e.g. a parenteral prime and mucosal boost, a mucosal prime and 
parenteral boost, etc. Multiple doses will typically be administered at least 1 week apart 
(e.g. about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks, about 8 weeks, about 

30 10 weeks, about 12 weeks, about 16 weeks, etc.). 

Vaccines prepared according to the invention may be used to treat both children and 
adults. Thus a human patient may be less than 1 year old, less than 5 years old, 1-5 years 



WO 2011/121576 PCT/IB2011/051415 

84 

old, 5-15 years old, 15-55 years old, or at least 55 years old. Preferred patients for 
receiving the vaccines are the elderly (e.g. >50 years old, >60 years old, and preferably 
>65 years), the young (e.g. <5 years old), hospitalised patients, healthcare workers, 
armed service and military personnel, pregnant women, the chronically ill, or 

5 immunodeficient patients. In general, the vaccines may be used to treat pregnant women 
and adolescents. The vaccines are not suitable solely for these groups, however, and may 
be used more generally in a population. 

Vaccines produced by the invention may be administered to patients at substantially the 
same time as (e.g. during the same medical consultation or visit to a healthcare 

10 professional or vaccination centre) other vaccines e.g. at substantially at the same time as 
a rubella vaccine, a varicella vaccine, a diphtheria vaccine, a tetanus vaccine, a pertussis 
vaccine, a DTP vaccine, an inactivated poliovirus vaccine, a hepatitis B virus vaccine, a 
meningococcal conjugate vaccine (such as a tetravalent A-C-W135-Y vaccine), a 
respiratory syncytial virus vaccine, an human papillomavirus vaccine, an influenza virus 

15 vaccines (including a pandemic influenza virus vaccine) etc. 

Vaccines of the invention may also be administered to patients at substantially the same 
time as (e.g. during the same medical consultation or visit to a healthcare professional) 
an antiviral compound, and in particular an antiviral compound active against influenza 
virus (e.g. oseltamivir and/or zanamivir). These antivirals include neuraminidase 

20 inhibitors, such as a (3R,4R,5S)-4-acetylamino-5-amino-3(l-ethylpropoxy)-l-
cyclohexene-l-carboxylic acid or 5~(acetylamino)~4-[(aminoiminomethyl)-amino]-2,6-
anhydro-3,4,5-lrideoxy-D-glycero-D-galactonon-2-enonic acid, including esters thereof 
(e.g. the ethyl esters) and salts thereof (e.g. the phosphate salts). A preferred antiviral is 
(3R,4R,5S)-4-acetylamino-5-amino-3(l-ethylpropoxy)-l~cyclohexene-l-carboxyric acid, 

25 ethyl ester, phosphate (1:1), also known as oseltamivir phosphate (TAMIFLU™). 

Combinations 

A composition useful for immunisation comprises at least two GBS59 clades, either as a 
hybrid polypeptide or as separate polypeptides. In addition, a composition may include: 
(i) one or more further polypeptides that elicit antibody responses against GBS proteins, 

30 particularly against GBS proteins other than GBS59; (ii) a capsular saccharide from 
GBS; and/or (iii) one or more further immunogens that elicit antibody responses that 
recognise epitopes on non-GBS organisms. 
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Combinations with further polypeptide antigens f1461 

GBS polypeptides from two or more clades may be combined with one or more (i.e. 1,2, 

3, 4, 5, 6, 7, 8, 9, or all 10) polypeptide antigens selected from the group consisting of: 

(1) a (GBS80) antigen; (2) a GBS67 antigen; (3) a GBS 1523 antigen; (4) a GBS 104 

5 antigen; (5) a GBS 1524 antigen; (6) a GBS3 antigen; (7) a SAN 1483 antigen; (8) a 

GBS 147 antigen; (9) a GBS328 antigen; and/or (10) a GBS84 antigen. 

These further antigens may be added as separate polypeptides. As an alternative, they 

may be added as hybrids e.g. a GBS80-GBS1523 hybrid. As a further alternative, they 

may be fused to a GBS59 polypeptide sequence to provide a hybrid polypeptide e.g. a 

10 GBS59-GBS80 hybrid. 

Any of these combinations may also include one or more GBS capsular saccharide(s), 

which will typically be conjugated to carrier protein(s). Further information about such 

saccharides and conjugation is provided below. 

GBS80 

15 The original 'GBS801 (SAG0645) sequence was annotated in reference 147 as a cell wall 

surface anchor family protein (see GI: 22533660). For reference purposes, the amino 

acid sequence of full length GBS80 as found in the 2603 strain is given as SEQ ID NO: 

177 herein. Preferred GBS80 polypeptides for use with the invention comprise an amino 

acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 

20 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID 

NO: 177; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ 

ID NO: 177, wherein 'n1 is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 

70, 80, 90, 100, 150, 200, 250 or more). These GBS80 proteins include variants of SEQ 

ID NO: 177. 

25 Preferred fragments of (b) comprise an epitope from SEQ ID NO: 177. Other preferred 

fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or 

more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 15, 20, 25 or more) from the N-ferminns of SF.Q ID NO: 177 while retaining at least 

one epitope of SEQ ID NO: 177. Other fragments omit one or more protein domains. 

30 Wild-type GBS80 contains a N-terminal leader or signal sequence region at amino acids 

1-37 of SEQ ID NO: 177. One or more amino acids from the leader or signal sequence 
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region ofGBSSO can be removed, e.g. SEQ ID NO:178. The wild-type sequence also 
contains a C-terminal transmembrane region at amino acids 526-543 of SEQ ID NO: 
177. One or more amino acids from the transmembrane region and/or a cytoplasmic 
region may be removed, e.g. SEQ ID NO: 179. Wild-type GBS80 contains an amino acid 

5 motif indicative of a cell wall anchor at amino acids 521-525 of SEQ ID NO: 177. In 
some recombinant host cell systems it may be useful to remove this motif to facilitate 
secretion of a recombinant GBS80 polypeptide from the host ceil. Thus the 
transmembrane and/or cytoplasmic regions and the cell wall anchor motif may be 
removed from GBS80, e.g. SEQ ID NO: 180. Alternatively, in some recombinant host 

10 cell systems it may be useful to use the cell wall anchor motif to anchor the 
recombinantly expressed polypeptide to the cell wall. The extracellular domain of the 
expressed poiypeptide may be cleaved during purification or the recombinant 
polypeptide may be left attached to either inactivated host cells or cell membranes in the 
final composition, e.g. SEQ ID NO: 181. A particularly immunogenic fragment of vvild-

15 type GBS80 is located towards the N-terminus of the polypeptide, and is SEQ ID 
NO: 182. 

GBS67 

The original 'GBS67' (SAG 1408) sequence was annotated in reference 147 as a cell wall 
surface anchor family protein (see GI: 22534437). For reference purposes, the amino 

20 acid sequence of full length GBS67 as found in the 2603 strain is given as SEQ ID NO: 
183 herein. Preferred GBS67 polypeptides for use with the invention comprise an amino 
acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID 
NO: 183; and/or (b) comprising a fi-agment of at least 'n' consecutive ammo acids of 

25 SEQ ID NO: 183, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 
50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These GBS67 proteins include variants 
of SEQ ID NO: 183. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 
183. Other preferred fragments lack one or more amino acids (e.g. 1,2, 3, 4, 5, 6, 7, 8, 9, 
10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 

30 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N~terminus of SEQ ID NO: 183 while 
retaining at least one epitope of SEQ ID NO: 183. Other fragments omit one or more 
protein domains. 
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Wild-type GBS67 contains a C-terminus transmembrane region which may be removed 

e.g. to give SEQ ID NO: 184. It also contains amino acid motifs indicative of a cell wall 

anchor (LPXTG and 1PMTG). In some recombinant host cell systems, it may be 

preferable to remove this motif to facilitate secretion from the host cell. Accordingly, in 

5 one preferred fragment of GBS67 for use in the invention, the transmembrane and the 

cell wail anchor motif are removed (SEQ ID NO: 185). Alternatively, in some 

recombinant host cell systems, it may be preferable to use the cell wall anchor motif to 

anchor the recombinantly expressed polypeptide to the cell wall. The extracellular 

domain of the expressed polypeptide may be cleaved during purification or the 

10 recombinant polypeptide may be left attached to either inactivated host cells or cell 

membranes in the final composition. 

Three pilin motifs, containing conserved lysine residues have been identified in GBS67. 

Conserved lysine residues are at amino acid residues 478 and 488, at amino acid residues 

340 and 342, and at amino acid residues 703 and 717. The pilin sequences, in particular 

15 the conserved lysine residues, are thought to be important for the formation of 

oligomeric, pilus-Iike structures of GBS67, Preferred fragments of GBS67 include at 

least one conserved lysine residue. Two E boxes containing conserved glutamic residues 

have also been identified in GBS67. Preferred fragments of GBS 67 include al least one 

conserved glutamic acid residue. GBS67 contains several regions predicted to form 

20 alpha helical structures. Such alpha helical regions are likely to form coiled-coil 

structures and may be involved in oligomerization of GBS67. GBS67 also contains a 

region which is homologous to the Cna_R domain of the S.aureus collagen-binding 

surface protein (pfam05738). This may form a beta sandwich structure. GBS67 contains 

a region which is homologous to a von Willebrand factor (vWF) type A domain which 

25 may also be retained in the fragments of GBS67. 

Particularly immunogenic fragments of wild-type GBS67 from the 2603 strain are 

located towards the N-terminus of the polypeptide, and are SEQ ID NO: 186 and SEQ ID 

NO:lS7. 

A variant ufGBS67 (SAI1512) exists in strain 1136B. This variant 'GBS67' (SAG 1408) 

30 sequence was annotated in reference 148 as a cell wall surface anchor family protein (see 

GI: 77405751). For reference purposes, the amino acid sequence of full length GBS67 as 

found in the H36B strain is given as SEQ ID NO: 188 herein. Preferred GBS67 
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polypeptides for use with the invention comprise an amino acid sequence: (a) having 
60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 188; and/or (b) 
comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 188, 

5 wherein 'n* is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 
100, 150, 200, 250 or more). Preferred fragments of (b) comprise an epitope from SEQ 
ID NO: 188. Other preferred fragments lack one or more amino acids (e.g. I, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids 
(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 

10 188 while retaining at least one epitope of SEQ ID NO: 188. Other fragments omit one 
or more protein domains. 

The invention includes the use of fragments of GBS67 from the H36B strain that are 
analogous to fragments of GBS67 from the 2603 strain discussed in detail above, e.g. 
lacking the C-terminus transmembrane region, lacking the transmembrane region and/or 

15 cell wail anchor motif (LPXTG and IPMTG), containing conserved pilin motifs or lysine 
residues within the pilin motifs, containing conserved glutamic acid residues, alpha 
helical regions, the CnaJB domain and/or the (vWF) type A domain. Particularly 
immunogenic fragments of wild-type GBS67 from the H36B strain are located towards 
the N-terminus of the polypeptide, and are SEQ ID NO: 189 and SEQ ID NO: 190. 

20 Variants of GBS67 also exist in strains CJBl 11, 515, NEM316, DK21 and CJB 110. For 
reference purposes, the amino acid sequences of full length GBS67 as found in the 
CJBl 11, 515, NEM316, DK21 and CJBl 10 strains are given as SEQ ID NOS: 191, 194, 
197, 200 and 203 herein. Preferred GBS67 polypeptides for use with the invention 
comprise an amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 

25 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% 
or more) to SEQ ID NOS: 191, 192, 193, 194 or 195; and/or (b) comprising a fragment 
of at least 'n' consecutive amino acids of SEQ ID NOS: 191, 194, 197, 200 and 203, 
wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 
100, 150, 200, 250 or more). Preferred fragments of (b) comprise an epitope from SEQ 

30 ID NOS: 191, 194, 197, 200 or 203. Other preferred fragments lack one or more amino 
acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15. 20, 25 or more) from the C-terminus and/or one 
or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-
terminus of SEQ ID NOS: 191, 194, 197, 200 or 203 while retaining at least one epitope 
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of SEQ ID NOS: 191, 194, 197, 200 or 203. Other fragments omit one or more protein 

domains. 

The invention includes the use of fragments of GBS67 from the CJBl 11, 515, NEM316, 

DK21 and CJBl 10 strains that are analogous to fragments of GBS67 from the 2603 

5 strain discussed in detail above, e.g. lacking the C-terminus transmembrane region, 

lacking the transmembrane region and/or cell wall anchor motif (LPXTG and IPMTG), 

containing conserved pilin motifs or lysine residues within the pilin motifs, containing 

conserved glutamic acid residues, alpha helical regions, the Cna_B domain and/or the 

(vWF) type A domain. Particularly immunogenic fragments of wild-type GBS67 from 

10 the CJBl 11, 515,NEM316, DK21 and CJBl 10 are located towards the N-terminus of 

the polypeptide, and are SEQ ID NO:192 and SEQ ID NO:193 (CJBl 11), SEQ ID 

N0:195 and SEQ ID NO:196 (515), SEQ ID NO:198 and SEQ ID NO:199 (NEM316), 

SEQ ID N0:201 and SEQ ID N0:202 (DK21), and SEQ ID N0:204 and SEQ ID 

N0:205 (CJBl 10). 

15 GBS1523 

The original 'GBS 1523' (SAM 1518; Spbl) sequence was annotated in reference 148 as a 
cell wall surface anchor family protein (see GI: 77408651). For reference purposes, the 

amino acid sequence of frill length GBS1523 as found in the COH1 strain is given as 

SEQ ID NO: 206 herein. Preferred GBS 1523 polypeptides for use with the invention 

20 comprise an amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 

70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% 

or more) to SEQ ID NO: 206; and/or (b) comprising a fragment of at least 'n' consecutive 

amino acids of SEQ ID NO: 206, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 

25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These GBS 1523 proteins 

25 include variants of SEQ ID NO: 206. Preferred fragments of (b) comprise an epitope 

from SEQ ID NO: 206. Other preferred fragments lack one or more amino acids (e.g. 1, 

2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more 

amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of 

SEQ ID NO: 206 while retaining at least one epitope of SEO ID NO: 206. Other 

30 fragments omit one or more protein domains. 

Wild-type GBS 1523 contains a N-terminal leader or signal sequence region at amino 

acids 1 to 29 of SEQ ID N0:206 which may be removed in fragments, e.g. SEQ ID 
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N0:207. The wild-type sequence contains an amino acid motif indicative of a cell wall 
anchor (LPSTG) at amino acids 468-472 of SEQ ID N0:206. In some recombinant host 
ceil systems, it may be preferable to remove this motif to facilitate secretion of a 
recombinant polypeptide from the cell. Alternatively, it may be preferable to use the cell 

5 wall anchor motif to anchor the recombinantly expressed polypeptide to the cell wall. 
The extracellular domain of the expressed polypeptide may be cleaved during 
purification or the recombinant polypeptide may be left attached to either inactivated 
host cells or cell membranes in the final composition. An E box containing a conserved 
glutamic residue has also been identified at amino acids 419-429 of SEQ ID N0:206, 

10 with a conserved glutamic acid at residue 423. The E box motif may be important for the 
formation of oligomeric pilus-like structures, and so useful fragments of GBS1523 may 
include the conserved glutamic acid residue. A mutant of GBS 1523 has been identified 
in which the glutamine (Q) at position 41 of SEQ ID N0:206 is substituted for a lysine 
(K), as a result of a mutation of a codon in the encoding nucleotide sequence from CAA 

15 to AAA. This substitution may be present in the GBS 1523 sequences and GBS 1523 
fragments (e.g. SEQ ID N0:208). 

Where the compositions include both GBS80 and GBS 1523, a hybrid polypeptide may 
be used. Examples of GBS80-GBS1523 hybrids are found in reference 149 and include 
the polypeptides of SEQ ID NOS: 209-212. 

20 GBS 104 
The original 'GBS 104' (SAG0649) sequence was annotated in reference 147 as 'a cell 
wall surface anchor family protein' (see GI: 22533664). For reference purposes, the 
amino acid sequence of full length GBS 104 as found in the 2603 strain is given as SEQ 
ID NO: 213 herein. Preferred GBS 104 polypeptides for use with the invention comprise 

25 an amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to 
SEQ ID NO: 213; and/or (b) comprising a fragment of at least 'n' consecutive amino 
acids of SEQ ID NO: 213, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 
35, 40, 50, 60, 70, 80, 90, 100, 150. 200, 250 or more). These GBS 104 proteins include 

30 variants of SEQ ID NO: 213. Preferred fragments of (b) comprise an epitope from SEQ 
ID NO: 213. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids 
(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 
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213 while retaining at least one epitope of SEQ ID NO: 213, Other fragments omit one 
or more protein domains, 

GBS 1524 

For reference purposes, the amino acid sequence of full length GBS 1524 is given as 
5 SEQ ID NO: 214 herein. Preferred GBS 1524 polypeptides for use with the invention 

comprise an amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% 
or more) to SEQ ID NO: 214; and/or (b) comprising a fragment of at least 'n' consecutive 
amino acids of SEQ ID NO: 214, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 

10 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These GBS 1524 proteins 
include variants of SEQ ID NO: 214. Preferred fragments of (b) comprise an epitope 
from SEQ ID NO: 214. Other preferred fragments lack one or more amino acids (e.g. 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or more 
amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of 

15 SEQ ID NO: 214 while retaining at least one epitope of SEQ ID NO: 214. Other 
fragments omit one or more protein domains. 

GBS3 

The original 'GBS31 (SAG2603; BibA) sequence was annotated in reference 147 as 'a 
pathogenicity protein' (see GI:22535109). For reference purposes, the amino acid 

20 sequence of full length GBS3 as found in the 2603 strain is given as SEQ ID NO: 215 
herein. Preferred GBS3 polypeptides for use with the invention comprise an amino acid 
sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 
215; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID 

25 NO: 215, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200, 250 or more). These GBS3 proteins include variants of SEQ 
ID NO: 215. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 215. 
Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 

30 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 215 while 
retaining at least one epitope of SEQ ID NO: 215, Other fragments omit one or more 
protein domains. 



WO 2011/121576 PCT/IB2011/051415 

92 

Wild-type GBS3 contains a N-terminal leader or signal sequence region at amino acids 1 
to 36 of SEQ ID NO:215 which may be removed in fragments, e.g. SEQ ID 
NO:216.GBS3 also contains an amino acid motif indicative of a cell wall anchor 
(LPXTG), a transmembrane region and cytoplasmic domains (see reference 150). The 

5 leader or signal sequence region, the transmembrane and cytoplasmic domains, and the 
cell wall anchor motif may all be removed from GBS3 to leave a fragment comprising 
the coiled-coil and proline-rich segments as set forth below (SEQ ID NO:217). 
Alternative fi'agments of GBS3 may comprise: the signal sequence region and coiled coil 
segment (SEQ ID NO:218); the coiled coil segment (SEQ ID NO:219): or the signal 

10 sequence region, coiled coil segment, and proline-rich segment (SEQ ID N0:220). 

Variants of GBS3 exist in the 515 strain (SAL2118), CJB 111 strain (SAM1974) and 
COH1 strain (SAN2207). Reference amino acid sequences for full-length GBS3 in the 
515 strain, the CJB111 strain and the COH1 strain are given herein as SEQ ID NO: 221, 
SEQ ID NO:222 and SEQ ID NO:223 respectively. Thus, GBS3 polypeptides for use 

15 with the invention may also comprise an amino acid sequence: (a) having 60% or more 
identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 221, SEQ ID NO:222 or SEQ ID 
NO:223; and/or (b) comprising a fragment of at least 'n1 consecutive amino acids of SEQ 
ID NO: 221, SEQ ID NO:222 or SEQ ID NO:223, wherein 'n1 is 7 or more (e.g. 8, 10, 

20 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These 
GBS3 proteins include variants of SEQ ID NO: 221, SEQ ID NO:222 or SEQ ID 
NO:223. Preferred fi'agments of (b) comprise an epitope fi'om SEQ ID NO: 221, SEQ ID 
NO:222 or SEQ ID NO:223. Other preferred fragments lack one or more amino acids 
(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the C-terminus and/or one or 

25 more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-
terminus of SEQ ID NO: 221, SEQ ID NO:222 or SEQ ID NO:223while retaining at 
least one epitope of SEQ ID NO: 221, SEQ ID NO:222 or SEQ ID NO:223. Other 
fragments omit one or more protein domains. 

The- invention includes the use of fragments of GBS3 from the 515, cjbl 11 and cohl 
30 strains that are analogous to fragments of GBS3 from the 2603 strain discussed in detail 

above, e.g. lacking the N-terminal leader or signal sequence region; comprising the 
coiled-coil and proline-rich segments; comprising the signal sequence region and coiled 
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coil segment; comprising the coiled coil segment; or comprising the signal sequence 
region, coiled coil segment, and proline-rich segment. 

SAN 1485 
The original 'SAN 1485' sequence was annotated in reference 148 as ' ceil wall surface 

5 anchor family protein ' (see GI: 77408233). For reference purposes, the ammo acid 
sequence of foil length SAN1485 as found in the COH1 strain is given as SEQ ID NO: 
224 herein. Preferred SAN 1485 polypeptides for use with the invention comprise an 
amino acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ 

10 ID NO: 224; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of 
SEQ ID NO: 224, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 
50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These SAN 1485 proteins include 
variants of SEQ ID NO: 224. Preferred fragments of (b) comprise an epitope from SEQ 
ID NO: 224. Other preferred fragments lack one or more amino acids (e.g. 1,2, 3, 4, 5, 

15 6, 7, 8, 9, 10, 15, 20. 25 or more) from the C-terminus and/or one or more amino acids 
(e.g. 1,2,3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 
224 while retaining at least one epitope of SEQ ID NO: 224. Other fragments omit one 
or more protein domains. 

GBS 147 

20 The original 'GBS 147' (SAG0416) sequence was annotated in reference 147 as 'a 
putative protease' (see GI:22533435). For reference purposes, the amino acid sequence 
of full length GBS 147 as found in the 2603 strain is given as SEQ ID NO: 225 herein. 
Preferred GBS 147 polypeptides for use with the invention comprise an amino acid 
sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 

25 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 225 
and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 
225, wherein 'n' is 7 or more (e.g. 8, 10,12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 
90, 100, 150, 200, 250 or more). These GBS 147 proteins include variants of SEQ ID 
NO: 225. Preferred fi'agments of (b) comprise an epitope from SEQ ID NO: 225. Other 

30 preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 
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8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 225 while retaining at 

least one epitope of SEQ ID NO: 225. 

GBS328 

5 The original 'GBS328' (SAG 1333) sequence was annotated in reference 147 as ' 5-

nucleotidase family protein 1 (see GJ: 22534359). For reference purposes, the amino acid 

sequence of full length GBS328 as found in the 2603 strain is given as SEQ ID NO:226 

herein. Preferred GBS328 polypeptides for use with the invention comprise an amino 

acid sequence: (a) having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 

10 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID 

NO: 226; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of 

SEQ ID NO: 226, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 

50, 60, 70, 80, 90, 100, 150, 200, 250 or more). These GBS328 proteins include variants 

of SEQ ID NO: 226. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 

15 226. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 15, 20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. I, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 226 while 

retaining at least one epitope of SEQ ID NO: 226. Other fragments omit one or more 

protein domains. 

20 GBS84 

The original 'GBS84' (SAG0907) sequence was annotated in reference 147 as 'a putative 

lipoprotein' (see GI: 22533929). For reference purposes, the amino acid sequence of full 

length GBS84 as found in the 2603 strain is given as SEQ ID NO: 227 herein. Preferred 

GBS84 polypeptides for use with the invention comprise an amino acid sequence: (a) 

25 having 60% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 

93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 227; and/or (b) 

comprising a fragment of at least 'n' consecutive ammo acids of SEQ ID NO: 227, 

wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 

100, 150, 200, 250 or more). These GBS84 proteins include variants of SEQ ID NO: 

30 227. Preferred fragments of (b) comprise an epitope from SEQ ID NO: 227. Other 

preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 

25 or more) from the C-terminus and/or one or more amino acids (e.g. 1,2, 3, 4, 5, 6, 7, 
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8, 9, 10, 15, 20, 25 or more) from the N-terminus of SEQ ID NO: 227 while retaining at 

least one epitope of SEQ ID NO: 227. Other fragments omit one or more protein 

domains. 

Combinations with GBS saccharides 

5 GBS59 polypeptides may be combined with one or more GBS capsular saccharide(s), 

which will typically be conjugated to carrier protein(s). Thus the invention provides an 

immunogenic composition comprising a combination of: 

(1) a GBS59 polypeptide as discussed above; and 

(2) one or more GBS capsular saccharides. 

10 A saccharide used in component (2) of this combination is ideally present as a conjugate 

comprising a saccharide moiety and a carrier protein moiety. The carrier moiety in the 

conjugate may be a single GBS59 polypeptide, a hybrid GBS59 polypeptide, a non-

GBS59 GBS polypeptide, or a non-GBS polypeptide. 

The saccharide is from the capsular saccharide of GBS. The saccharide may be a 

15 polysaccharide having the size that arises during purification of the saccharide from 

bacteria, or it may be an oligosaccharide achieved by fragmentation of such a 

polysaccharide. 

A composition may include a capsular saccharide from one or more of the following 

streptococcal serotypes: la, lb, Ia/c, II, III, IV, V, VI, VII and VIII. A composition may 

20 include multiple serotypes e.g. 2, 3, 4, 5, 6, 7, or 8 serotypes. Including a saccharide 

from one or more of serotypes la, lb, II, III & V is useful. The capsular saccharides of 

each of these five serotypes include: (a) a terminal jY-acelyl-neuram in ic acid (NeuNAc) 

residue (commonly referred to as sialic acid), which in all cases is linked 2—>3 to a 

galactose residue; and (b) a N-acetyl-glucosamine residue (GlcNAc) within the 

25 trisaccharide core. 

Saccharides used according to the invention may be in their native form, or may have 

been modified. For example, the saccharide may be shorter than the native capsular 

saccharide, or may be chemically modified. For instance, the saccharide may be 

de-O-acetylated (partially or fully), de-N-acetylated (partially or fully) or N-propionated 

30 (partially or fully), etc. De-acetylation may occur before, during or after conjugation, but 

preferably occurs before conjugation. Depending on the particular saccharide, 
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de-acetylation may or may not affect irnmunogenicity. The relevance of O-acetylation on 
GBS saccharides in various serotypes is discussed in ref. 151, and in some embodiments 
O-acetylation of sialic acid residues at positions 7, 8 and/or 9 is retained before, during 
and after conjugation e.g. by protection/de-protection, by re-acetylation, etc. However, 

5 typically the GBS saccharide used in the present invention has substantially no 
O-acetylation of sialic acid residues at positions 7, 8 and/or 9. The effect of 
de-acetylation etc. can be assessed by routine assays. Another possible modification is 
the removal of sialic acid residues from the saccharide, such as side-chain terminal sialic 
acids [152]. In particular, when a serotype V capsular saccharide is used in the 

10 invention, it may be modified by desialylation as described in ref. [152]. Desialylated 
GBS serotype V capsular saccharidc may be prepared by treating purified GBS serotype 
V capsular saccharide under mildly acidic conditions (e.g. 0.1M sulphuric acid at 80°C 
for 60 minutes) or by treatment with neuraminidase, as described in ref. [152]. In another 
example, full-length polysaccharides may be depolymerised to give shorter fragments 

15 for use with the invention e.g. by hydrolysis in mild acid, by heating, by sizing 
chromatography, etc. Chain length has been reported to affect irnmunogenicity of GBS 
saccharides in rabbits [153]. In particular, when a serotype II and/or III capsular 
saccharide is used in the invention, it may be depolymerised as described in ref. 154. 
This document describes the partial depolymerization of type II and type III capsular 

20 saccharides by mild deaminative cleavage to antigenic fragments with reducing-terminal 
2,5-anhydro-D-mannose residues. 

Capsular saccharides can be purified by known techniques, as described in the references 
herein such as ref. 155. A typical process involves base extraction, centrifugation, 
filtration, RNase/DNase treatment, protease treatment, concentration, size exclusion 

25 chromatography, ultrafiltration, anion exchange chromatography, and further 
ultrafiltration. As an alternative, the purification process described in ref. 156 can be 
used. This process involves base extraction, ethanol/CaCh treatment, CTAB 
precipitation, and re-solubilisation. 

The invention is not limited to saccharides purified from natural sources, however, and 
30 the saccharides may be obtained by other methods, such as total or partial synthesis. 

Saccharides will typically be conjugated to a carrier protein. In general, covaient 
conjugation of saccharides to carriers enhances the irnmunogenicity of saccharides as it 
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converts them from T-independent antigens to T-dependent antigens, thus allowing 

priming for immunological memory. 

Conjugation of GBS saccharides has been widely reported e.g. see refs. 157 to 164. The 
typical prior art process for GBS saccharide conjugation involves reductive amination of 

5 a purified saccharide to a carrier protein such as tetanus toxoid (TT) or CRM 197 [158]. 
The reductive amination involves an amine group on the side chain of an amino acid in 

the carrier and an aldehyde group in the saccharide. As GBS capsular saccharides do not 
include an aldehyde group in their natural form then this is typically generated before 
conjugation by oxidation (e.g. periodate oxidation) of a portion of the saccharide's sialic 

10 acid residues [158, 165]. Conjugate vaccines prepared in this manner have been shown 
to be safe and immunogenic in humans for each of GBS serotypes la, lb, II, III, and V 

[166], 

Preferred carrier proteins are bacterial toxins, such as diphtheria or tetanus toxins, or 

toxoids or mutants thereof. These are commonly used in conjugate vaccines, A carrier 

15 protein in a conjugate may or may not be one of the GBS59 antigens of (1). If it is not a 

GBS59 antigen it may instead be a different GBS antigen. In some embodiments, 

though, the carrier is not a GBS antigen, and may be e.g. a bacterial toxin or toxoid. 

Typical carrier proteins are diphtheria or tetanus toxoids or mutants thereof Fragments 

of toxins or toxoids can also be used e.g. fragment C of tetanus toxoid [167], The 

20 CRM! 97 mutant of diphtheria toxin [168-170] is a particularly useful with the invention. 

Other suitable carrier proteins include N.memngitidis outer membrane protein complex 

[171], synthetic peptides [172,173], heat shock proteins [174,175], pertussis proteins 

[176,177], cytokines [178], lymphokines [188], hormones [188], growth factors, 

artificial proteins comprising multiple human CD4+ T cell epitopes from various 

25 pathogen-derived antigens [179] such as N19 [180], protein D from H.influenzae 

[181-183], iron-uptake proteins [184], toxin A or B from C.difficile [185], recombinant 

P.aeruginosa exoprotein A (rEPA) [186], etc. 

Where a composition includes more than one conjugate, each conjugate may use the 

same carrier protein or a different carricr protein. 

30 In some embodiments, a single conjugate may carry saccharides from multiple serotypes 

[187]. Usually, however, each conjugate will include saccharide from a single serotype. 
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Conjugates may have excess carrier (w/w) or excess saccharide (w/w). In some 
embodiments, a conjugate may include equal weights of each. For example, conjugates 
with a saccharide:protein ratio (w/w) of between 1:5 and 5:1 may be used, in particular 
ratios between 1:5 and 2:1. 

5 The carrier molecule may be covalently conjugated to the carrier directly or via a linker. 
Direct linkages to the protein may be achieved by, for instance, reductive amination 
between the saccharide and the carrier, as described in, for example, references 188 and 
189. The saccharide may first need to be activated e.g. by oxidation. Linkages via a 
linker group may be made using any known procedure, for example, the procedures 

10 described in references 190 and 191. A preferred type of linkage is an adipic acid linker, 
which may be formed by coupling a free -NH2 group (e.g. introduced to a gfucan by 
amination) with adipic acid (using, for example, diimide activation), and then coupling a 
protein to the resulting saecharide-adipic acid intermediate [192,193]. Another preferred 
type of linkage is a carbonyl linker, which may be formed by reaction of a free hydroxyl 

15 group of a saccharide GDI [194, 195] followed by reaction with a protein to form a 
carbamate linkage. Other linkers include P-propionamido [196], nitrophenyl-ethylamine 
[397], haloacyl halides [398], glycosidic linkages [199], 6~aminocaproic acid [200], 
ADH [201], C4 to C[2 moieties [202], etc. Carbodiimide condensation can also be used 
[203]. 

20 Combinations with non~GBS antigens 

The GBS59 clade combinations may be used in combination with non-GBS antigens. 
Thus the invention provides an immunogenic composition comprising a combination of: 

(1) a combination of at least two GBS59 clades as discussed above, as a mixture or 
hybrid; and 

25 (2) one or more antigen(s) selected from the group consisting of: diphtheria toxoid; 
tetanus toxoid; one or more pertussis antigens; hepatitis B virus surface antigen; an 
inactivated poliovirus antigen;; a conjugate of the capsular saccharide antigen fi-om 
serogroup C of Neisseria meningitidis; a conjugate of the capsular saccharide 
antigen fi'om serogroup Y of Neisseria meningitidis; a conjugate of the capsular 

30 saccharide antigen from serogroup W135 of Neisseria meningitidis; a conjugate of 
the capsular saccharide antigen from serogroup A of Neisseria meningitides; one or 
more influenza antigens; and one or more human papillomavirus antigens. 
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Diphtheria toxoid can be obtained by treating (e.g. using formaldehyde) diphtheria toxin 

from Corynebaclerium diphtheriae. Diphtheria toxoids are disclosed in more detail in, 

for example, chapter 13 of reference 204. 

Tetanus toxoid can be obtained by treating (e.g. using formaldehyde) tetanus toxin from 

5 Clostridium letani. Tetanus toxoids are disclosed in more detail in chapter 27 of 

reference 204. 

Pertussis antigens in vaccines are either cellular (whole cell, Pw) or aceilular (Pa). The 

invention can use either sort of pertussis antigen. Preparation of cellular pertussis 

antigens is well documented (e.g. see chapter 21 of reference 204) e.g. it may be 

10 obtained by heat inactivation of phase I culture of B.pertussis. Aceilular pertussis 

antigen(s) comprise specific purified B.pertussis antigens, either purified from the native 

bacterium or purified after expression in a recombinant host. It is usual to use more than 

one aceilular antigen, and so a composition may include one, two or three of the 

following well-known and well-characterized B.pertussis antigens: (1) detoxified 

15 pertussis toxin (pertussis toxoid, or 'PT'); (2) filamentous hemagglutinin ('FHA'); (3) 

pertactin (also known as the '69 kiloDalton outer membrane protein'). FHA and 

pertactin may be treated with formaldehyde prior to use according to the invention. PT 

may be detoxified by treatment with formaldehyde and/or glutaraldehyde but, as an 

alternative to this chcmical detoxification procedure, it may be a mutant PT in which 

20 enzymatic activity has been reduced by mutagenesis [205]. Further aceilular pertussis 

antigens that can be used include fimbriae (e.g. agglutinogens 2 and 3). 

Hepatitis B virus surface antigen (HBsAg) is the major component of the capsid of 

hepatitis B virus. It is conveniently produced by recombinant expression in a yeast, such 

as a Saccharomyces cerevisiae. 

25 Inactivated poliovirus (IPV) antigens are prepared from viruses grown on cell culture 

and then inactivated (e.g. using formaldehyde). Because poliomyelitis can be caused by 

one of three types of poliovirus, as explained in chapter 24 of reference 204, a 

composition may include three poliovirus antigens: poliovirus Type 1 (e.g. Mahoney 

strain), poliovirus Type 2 (e.g. MEF-1 strain), and poliovirus Type 3 (e.g. Saukett 

30 strain). 
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When a composition includes one of diphtheria toxoid, tetanus toxoid or an aceilular 

pertussis antigen in component (2) then it will usually include all three of them i.e. 

component (2) will include a D-T-Pa combination. 

When a composition includes one of diphtheria toxoid, tetanus toxoid or a cellular 

5 pertussis antigen in component (2) then it will usually include all three of them i.e. 

component (2) will include a D-T-Pw combination. 

Human papillomavirus antigens include LI capsid proteins, which can assemble to form 

structures known as virus-like particles (VLPs). The VLPs can be produced by 

recombinant expression of LI in yeast cells (e.g. in S.cerevisiae) or in insect cells (e.g. in 

10 Spodoptera cells, such as S.frugiperda, or in Drosophila cells). For yeast cells, plasmid 

vectors can carry the LI gene(s); for insect cells, bacuiovirus vectors can carry the LI 

gene(s). More preferably, the composition includes LI VLPs from both HPV-16and 

HPV-18 strains. This bivalent combination has been shown to be highly effective [206]. 

In addition to HPV-16 and HPV-18 strains, it is also possible to include LI VLPs from 

15 HPV-6 and HPV-11 strains to give a tetravalent combination. 

Influenza antigens may be in the form of currently an influenza virus vaccine. Various 

forms of influenza virus vaccine are currently available (e.g. see chapters 17 & 18 of 

reference [204]). Vaccines are generally based either on live virus, inactivated virus, 

20 recombinant hemagglutinin or virosomes. Inactivated vaccines may be based on whole 

virions, split virions, or on purified surface antigens. The antigen in vaccines of the 

invention may take the form of a live virus or, more preferably, an inactivated virus. The 

vaccine can be, for instance, a trivalent vaccine (e.g. including hemagglutinin from a 

A/H1N1 strain, a A/H3N2 strain and a B strain). In other embodiments the vaccine is a 

25 monovalent vaccine (e.g. including hemagglutinin from a A/H1N1 strain or a A/H5N1 

strain). The vaccine can be adjuvanted (e.g. with an oil-in-water emulsion) or 

unadjuvanted. 

Antibodies 

Antibodies against GBS antigens can be used for passive immunisation [207]. Thus the 

30 invention provides a combination of antibodies for simultaneous, separate or sequential 

administration, wherein the combination includes at least two of: (a) an antibody which 

recognises a first amino acid sequence as defined above; (b) an antibody which 
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recognises a second amino acid sequence as defined above; and/or (c) an antibody which 

recognises a third amino acid sequence as defined above. 

The invention also provides the use of such antibody combinations in therapy. The 

invention also provides the use of such antibody combinations in the manufacture of a 

5 medicament. The invention also provides a method for treating a mammal comprising 

the step of administering to the mammal an effective amount of such a combination. As 

described above for immunogenic compositions, these methods and uses allow a 

mammal lo be protected against GBS infection. 

Monoclonal antibodies that can be used in conjunction with the invention include 

10 17C4/A3 and 4H11/B7, which bind the surface-exposed fragment of D3 (515 clade) at 

amino acids 411-436 (SEQ ID NO: 270). The heavy chain of 4H11/B7 comprises the 

amino acids provided in SEQ ID NO: 263 and is encoded by a nucleic acid molecule 

comprising SEQ ID NO: 262. The light chain of 4H11/B7 comprises the amino acids 

provided in SEQ ID NO: 265 and is encoded by a nucleic acid molecule comprising 

15 SEQ ID NO: 264. The heavy chain of 17C4/A3 comprises the amino acids provided in 

SEQ ID NO: 267 and is encoded by a nucleic acid molecule comprising SEQ ID NO: 
266. The light chain of 17C4/A3 comprises the amino acids provided in SEQ ID NO: 

269 and is encoded by a nucleic acid molecule comprising SEQ ID NO: 268. 

The present invention provides antibodies with significant sequence identity to 17C4/A3 

20 and 4H11/B7 and nucleic acid molecules encoding such antibodies. For example, the 

present invention includes antibodies having a heavy chain with greater than 60, 70, 80, 

90, 95, 96, 97, 98 or 99% sequence identity to the heavy chain of 4H11/B7 (SEQ ID NO: 

263) and/or having a light chain with greater than 60, 70, 80, 90, 95, 96, 97, 98 or 99% 

sequence identity to the light chain of 4H11/B7 (SEQ ID NO: 265). The present 

25 invention also includes antibodies having a heavy chain with greater than 60, 70, 80, 90, 

95, 96, 97, 98 or 99% sequence identity to the heavy chain of 17C4/A3 (SEQ ID NO: 

267) and/or having a light chain with greater than 60, 70, 80, 90, 95, 96, 97, 98 or 99% 

sequence identity with the light chain of 17C4/A3 (SEQ ID NO: 269). The present 

invention also includes nucleic acid molecules with greater than 60, 70, 80, 90, 95, 96, 

30 97, 98 or 99% sequence identity to SEQ ID NO: 262, 264, 266, or 268. 

These antibody sequences are full length sequences. The skilled person could use the 

variable domains or specifically the CDR regions of these antibodies to generate 
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alternative antibodies such as humanised antibodies. The invention encompasses such 
antibodies. 

The term "antibody" includes intact immunoglobulin molecules, as well as fragments 
thereof which are capable of binding an antigen. These include hybrid (chimeric) 

5 antibody molecules [208, 209]; F(ab')2 and F(ab) fragments and Fv molecules; non-
covalent heterodimers [210, 211]; single-chain Fv molecules (sFv) [212]; dimeric and 
trimeric antibody fragment constructs; minibodles [213, 214]; humanized antibody 
molecules [215-217]; and any functional fragments obtained from such molecules, as 
well as antibodies obtained through non-conventional processes such as phage display. 

10 Preferably, the antibodies are monoclonal antibodies. Methods of obtaining monoclonal 
antibodies are well known in the art. Humanised or fully-human antibodies are preferred. 

General 

The practice of the present invention will employ, unless otherwise indicated, 
conventional methods of chemistry, biochemistry, molecular biology, immunology and 

15 pharmacology, within the skill of the art. Such techniques are explained fully in the 
literature. See, e.g., references 218-225, etc. 

"GI" numbering is used above. A GI number, or "Genlnfo Identifier", is a series of digits 
assigned consecutively to each sequence record processed by NCBI when sequences are 
added to its databases. The GI number bears no resemblance to the accession number of 

20 the sequence record. When a sequence is updated (e.g. for correction, or to add more 
annotation or information) then it receives a new GI number. Thus the sequence 
associated with a given GI number is never changed. 

Where the invention concerns an "epitope", this epitope may be a B-cell epitope and/or a 
T-cell epitope. Such epitopes can be identified empirically (e.g. using PEPSCAN 

25 [226,227] or similar methods), or they can be predicted (e.g. using the Jameson-Wolf 
antigenic index [228], matrix-based approaches [229], MAPITOPE [230], TEPITOPE 
[231,232], neural networks [233], OptiMer & EpiMer [234, 235], ADEPT [236], Tsites 
[237], hydrophilicity [238], antigenic index [239] or the methods disclosed in references 
240-244, etc.). Epitopes are the parts of an antigen that are recognised by and bind to the 

30 antigen binding sites of antibodies or T-cell receptors, and they may also be referred to 
as "antigenic determinants". 
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The term "comprising" encompasses "including" as well as "consisting" e.g. a 

composition "comprising" X may consist exclusively of X or may include something 

additional e.g. X + Y. 

The word "substantially" does not exclude "completely" e.g. a composition which is 

5 "substantially free" from Y may be completely free from Y. Where necessary, the word 

"substantially" may be omitted from the definition of the invention. 

The term "about" in relation to a numerical value A* is optional and means, for example, 

*±10%. 

Unless specifically stated, a process comprising a step of mixing two or more 

10 components does not require any specific order of mixing. Thus components can be 

mixed in any order. Where there are three components then two components can be 

combined with each other, and then the combination may be combined with the third 

component, etc. 

Antibodies will generally be specific for their target. Thus they will have a higher 

15 affinity for the target than for an irrelevant control protein, such as bovine serum 

albumin. 

References to a percentage sequence identity between two amino acid sequences means 

that, when aligned, that percentage of amino acids are the same in comparing the two 

sequences. This alignment and the percent homology or sequence identity can be 

20 determined using software programs known in the art, for example those described in 

section 7.7.18 of ref. 245. A preferred alignment is determined by the Smith-Waterman 

homology search algorithm using an affine gap search with a gap open penalty of 12 and 

a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-Waterman homology 

search algorithm is disclosed in ref. 246. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: (A) pairwise alignment between S. pneumoniae RrgB and S. agalactiae BP-2a 

515 variant; (B) Model ofBP-2a 515 variant 

Figure 2: Identification of internal isopeptide bonds by MALDI TOF mass 

spectrometry. The recombinant protein BP-2a 515 variant was run on a 4-12% 

30 aerylamide SDS-PAGE. The protein was "in gel" digested with Lys-C. The peptides 

produced by the digestion were either directly analyzed by MALDI TOF mass 
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spectrometry (upper panel) or were modified with O-methylisourea prior the analysis 
(lower panel). Signal for isopeptide bonded peptides in domain D4 (A), D2 (B) and 
D3(C) were observed. (•) Trypsin autodigestion product. (*) Peak not identified 

Figure 3: (A) SDS-PAGE of purified recombinant BP~2a 515 variant with (WT) and 
5 without isopeptide bonds (AIB). (B) Opsonophagocytosis assay of mice antisera raised 

against BP-2a 515 variant with (WT) and without isopeptide bonds (AIB). 

Figure 4: (A) schematic representation of four domains of BP-2a-515 variant;;(B) FACS 
analysis on 515 GBS strain with mouse sera raised against each BP-2a domain; (C) 
Opsonophagocytosis assay with mouse sera raised against each domain of BP-2a-515 

10 variant. 
Figure 5: (A) Superimposition of variants 515 and H36B. The best model for H36B 
variant (SAl l 511) after loop refinement reported a validation score of 165.3 compared 
with the expected high score value of 215 and low score value of 96.8; (B) schematic 
representation of domains of BP-2a H36B variant 

15 Figure 6: (A) multiple alignment of amino acid sequences corresponding to domains D3 
plus 2 helices of domains D4 harbouring to allelic variant of BP-2a; (B) schematic 
representation of fusion proteins; (C) SDS-PAGE of purified recombinant fusion 
proteins detected by Comassie staining; (D) FACS analysis on GBS strains expressing 
different BP-2a variants with mouse antisera sera raised against fusion protein 6xD3; (E) 

20 Opsonophagocytosis assay with mouse antisera raised against fusion proteins 6xD3 and 
4xD3H. 
Figure 7: Crystal structure of BP-2a-515 solved and refined at 1.75 A resolution via 
molecular replacement. Data collection and refinement statistics are shown in Table 2. 
The crystal asymmetric unit contains a dimer of two independent chains (A: residues 

25 192-640 and B: residues 190-641), each made up of three distinct domains: D2 (residues 
190-332), D3 (residues 333-455) and D4 (residues 456-641) 

MODES FOR CARRYING OUT THE INVENTION 

Streptococcus agalactiae (Group B Streptococcus [GBS]) is the most common cause of 
sepsis and meningitis in neonates and is also the primary colonizer of the anogenitaf 

30 mucosa of healthy women. Recently, three pilus types have been discovered in GBS as 
important virulence factors. The genes involved in pilus assembly are clustered in 
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characteristic genomic loci (named PI-3. PI-2a and PI-2b), each encoding three proteins 

containing a LPXTG motif representing the structural components of the pilus, and two 

sortase enzymes catalyzing protein polymerization. Each of the three pilus types carries 

two protective antigens. Among these, the backbone protein of pilus type 2a (BP-2a), 

5 showed the highest degree of gene variability and was able to significantly mediate 

opsonophagocytic activity and to confer protection in mice only against strains 

expressing the homologous allele. In order lo map immunodominant and protective 

epitopes of the allelic variants of BP-2a, we performed a structural characterization of 

the protein by comparative homology modelling and on the basis of this structural 

10 information, we generated deletion mutants of the main variants corresponding to the 

four IgG-like fold domains identified. In vitro and in vivo studies showed that only the 

C-terminal portion of the protein was highly surface-exposed and able to elicit 

opsonophagocytic antibodies conferring protection in mice. In particular, domain D3 

appeared to be the most important for the protective immunity of the main four allelic 

15 variants analyzed. Finally, we showed that a broad protective vaccine against GBS 

infection can be generated with a fusion protein containing D3 domains from different 

BP-2a variants. 

Materials and Methods 

Comparative homology modelling 

20 All molecular simulations were performed using Discovery Studio 2.5 software from 

Accelrys, USA. The amino acid sequences of the BP-2a (515 variant, TIGR annotation 

SAL 1486 and H36B variant, TIGR annotation SAI1511) were used to search against 

the Protein Data Bank (PDB) with the BLAST program tool [247]. The best template 

structure for both protein sequences for homology modelling resulted to be the crystal 

25 portion (residues 187 to 627) of RrgB (PDB code: 650), the backbone protein of S. 

pneumoniae pilus, that was obtained from the PDB database. Pairwise sequence 

alignment between SAL_1486 and RrgB and between SAI 1115 and RrgB were done 

using multiple sequence alignment tool in DS 2.5 followed by manual modifications to 

improve the alignment quality. The models were generated with MODELER [248] from 

30 protein modelling module of DS 2.5, performing both homology modelling and loop 

refining for the protein. Ten models have been generated and the model which shared the 

least RMS deviation with respect to trace (Ca atoms) of the crystal structure of the 
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template, was selected for further refinements and validations. The quality of the refined 
structure obtained for SAL_1486 was checked with verify Profile-3D module in DS 2.5, 
and its stereochemical quality was examined by Ramachandran plot using DS 2.5. In 
order to optimize particular loop regions in the generated structure for SAT 1511, the 

5 loop refinement module, based on CHARMm and Looper molecular mechanics, of DS 
2.5 was used. Finally, the model structures generated have been superimposed using 
Align Structures module of DS 2.5, 

Protein Crystallization 
Crystallization trials were set up in 96-well microbatch plates (Greiner) using the Orxy 

10 8.0 crystallization robot (Douglas Instruments). Crystals of BP-2a-515 grew after one to 
two weeks at 20°C in a 0.5 pj drop consisting of 0.3 jil protein (180 mg/ml) in 10 mM 

HEPES pH 7.0 and 0.2 \x\ crystallization solution (25 % (w/v) PEG 4000, 0.1 M HEPES 
pH 7.0 and 90 mM potassium sodium tartrate tetrahydrate), layered with silicon oil and 
paraffin, mixed at a ratio of 1:1. Crystals were cryoprotected in the crystallization 

15 solution containing increased precipitant concentration (40 % (w/v) PEG4000). Crystals 
belong to the orthorhombic P2i2i2j space group with two BP-2a 515 chains present in 
the asymmetric unit, and an estimated solvent content of 53 %. 

Structure solution and refinement 
Diffraction data from a single crystal were collected at a resolution of 1.75 A at the 

20 European Synchrotron Radiation Facility (Grenoble, France; beam line ID23-1). Data 
were processed using imosflm (32) and SCALA (33) available from the CCP4 Program 
Suite (34). The crystal structure of BP-2a~515 was solved by molecular replacement 
using the program Mofrep (35) and the structure of the pilus backbone protein (RrgB) 
from S. pneumoniae (15) (PDB 2X9 W), as a search model. The intial Molrep output 

25 model was extended using ARP/wARP (36). The structure was refined using REFMAC 
5 (37) and modeled to electron density maps using Coot (38). The latter stages of 
refinement included the translational-libration-screw (TLS) option (39). During model 
building and refinement, it became apparent that the protein had been cleaved at the N~ 
terminus, lacking approximately 190 residues, as previously observed for RrgB (15). The 

30 final model displays optimal stereochemical geometric parameters with 99.1% of 
residues in the most favorable regions of the Ramachandran plot, with no outliers, 
according to validation carried out using MolProbity 
(rhttp://molprobitv.biochem.duke.edu/') (40, 41), Atomic coordinates and structure factors 

http://molprobitv.biochem.duke.edu/'
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for residues 190-640 of BP-2a-515 have been deposited in the Protein Data Bank, 

Research Collaboratory for Structural Bio informatics, Rutgers University, New 

Brunswick, NJ (http://www.rcsb.org) under accession code 2XTL (Reference to add 

PDB: Berman, H.M., et al., The Protein Data Bank. Nucleic Acids Res, 2000. 28(1): p. 

5 235-42.). 

Bacterial strains and growth conditions 

The GBS strains used in this work were 2603 V/R (serotype V), 515 (la), CJBl 11 (V), 

H36B (serotype lb), 5401 (II) and 3050 (II). Bacteria were grown at 37°C in Todd 

Hewitt Broth (THB; Difco Laboratories) or in trypticase soy agar supplemented with 5% 

10 sheep blood. 

Cloning, expression, purification of recombinant proteins and antisera. 

GBS strains 515 and H36B were used as source of DNA for cloning the sequences 

coding for the single domains (Dl, D2, D3 and D4) of the BP-2a 515 and H36B allelic 

variants. Genomic DNA was isolated by a standard protocol for gram-positive bacteria 

15 using a NucJeoSpin Tissue kit (Macherey-Nagel) according to the manufacturer's 
instructions. Genes corresponding to each domain were first cloned into 

pENTR™/TEV/D-TOPO vector (Invitrogen) and then sub-cloned into pET54 DEST 

vector (N-terminal 6xHIS tag) or pET59 DEST (N-terminal 6xHis-TRX tag) (Novagen) 

using the GATEWAY cloning system (Invitrogen), with the exception of D3 domain of 

20 SAI l 511, which was cloned in the pSpeedET vector by PIPE cloning method [249]. 

The oligos used are listed in Table 1. The resulting constructs were checked for 

sequencing and then transformed into E. coli BL21(DE3) (Novagen) for the expression 

as 6His- orTRX-tagged fusion proteins. 

The full length recombinant BP-2a proteins, corresponding to 515, CJBl 11 and 2603 

25 allelic variants (TIGR annotation SAL1486, SAM1372 and SAG1407, respectively), 

were produced as previously reported [2], while the full length H36B variant (TIGR 

annotation SAJ_1511) was cloned in pET24b+ (Novagen) using strain H36B as source 

of DNA. Primers were designed Lo amplify the coding regions without the signal peptide 

and the 3' terminal sequence starting from the LPXTG motif. 

30 The genes coding for the BP-2a fusion proteins, 6XD3 and 4XD3-H, were synthetically 

constructed from GENEART. The 6XD3 gene was then cloned into pET15 vector 

http://www.rcsb.org
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adapted in house using PIPE cloning in E. coli HK100 strain. The 4XD3-H gene was 
sub-cloned using Ndel and Xhol restriction enzymes into the expression vector pCoidl 
(N-terminal 6xHIS~tag, Takara). The final constructs were sequenced and transformed in 
BL21(DE3) (Novagen). 

5 For the recombinant protein expression, the cultures were maintained at 25°C for 5h 
after induction with ImM IPTG for the pET clones or with 0.2% arabinose for the 
SpeedET clones. All recombinant proteins were purified by affinity chromatography and 
gel filtration. Briefly, cells were harvested by centrifugation and lysed in "lysis buffer", 
containing lOmM imidazole, lmg\ml lysozyme, 0.5 mg\ml DNAse and COMPLETE 

10 inhibitors cocktail (Roche) in PBS. The lysate was clarified by centrifugation and 
applied onto His-Trap HP column (Armesham Biosciences) pre-equilibrated in PBS 
containing lOmM imidazole. Protein elution was performed using the same buffer 
containing 250mM imidazole, after two wash steps using 20mM and 50mM imidazole 
buffers. The eluted proteins were then concentrated and loaded onto HiLoad 16/60 

15 Superdex 75 (Amersham Biosciences) pre-equilibrated in PBS. For the expression of 
the 4XD3-H was maintained at 37°C until OD 600nm reached the value of 0.7 and after 
induction in the presence of ImM IPTG, the temperature was switched to 20°C and the 
culture was maintained at this temperature overnight. Protein concentration of the pure 
fractions was estimated using BCA assay (PIERCE). 

20 Antisera specific for each protein were produced by immunizing CDl mice with the 
purified recombinant proteins as previously described [250]. Protein-specific immune 
responses (total Ig) in pooled sera were monitored by ELISA. 

Site-directed Mutagenesis 

For the generation of the mutated form of BP-2a 515 variant, containing the lysine 
25 residues involved in the isopeptide bonds mutated into alanine, mutations were 

introduced into the wild type BP-2a 515 variant carrying the LPXTG motif. Primers used 
for the amplification of the gene coding for BP-2a 515 with LPXTG motif are listed in 
Table 1. Site-directed mutagenesis was performed using the PIPE method and forward 
and reverse primer pairs for each mutation were designed, as listed in Table 1. The wild 

30 type protein and the mutated form, were cloned into SpeedET vector (N-term 6xHis tag) 
and expressed in E. coli HK100 strain. The sequences of the resulting constructs were 
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confirmed by DNA sequencing. Proteins were purified by affinity chromatography and 

gel filtration as described above. 

Flow cytometry 

Mouse sera raised against purified deletion mutant of the 515 and H36B variants were 

5 analyzed on whole bacteria by flow cytometry to evaluate the surface-exposure of the 

corresponding domains. Exponential phase bacterial cells were fixed in the presence of 

0.08% (wt/vol) paraformaldehyde and incubated for 1 h at 37 °C. Fixed bacteria were 

then washed once with PBS, resuspended in "Newborn Calf Serum (Sigma) and 

incubated for 20 min. at 25°C. The cells were then incubated for 1 hour at 4 °C in pre-

10 immune or immune sera, diluted 1:200 in dilution buffer (PBS, 20% Newborn Calf 

Serum, 0.1% BSA). Cells were washed in PBS-01% BSA and incubated for a further 1 h 

at 4 °C with a 1:100 dilution of R-Phycoerythrin conjugated F(ab)2 goat anti-mouse IgG 

(Jackson ImmunoResearch Laboratories; Inc.),. After washing, cells were resuspended in 

PBS and analyzed with a FACS Calibur apparatus (Becton Dickinson, Franklin Lakes, 

15 NJ) using FlowJo Software (Tree Star, Ashland, OR). Data are expressed as the 

difference in fluorescence between cells stained with immune sera versus pre-immune 

sera. 

Immunoblotting 

Group B Streptococcus strains were grown overnight in THB (Difco Laboratories, 

20 Detroit, MI) to exponential phase (OD6OO = 0.5). Bacteria were pelleted, washed in PBS 

and resuspended in 50 mM Tris-HCI, containing 400 units of mutanolysin (Sigma-

Aldrich). Bacterial suspension was then incubated 2 h at 37°C and lysed by freeze and 

thaw. Cellular debris were removed by centrifugation at 14 000 rpm for 10 min and 

protein concentration measured by Bio-Rad Protein assay. Total cell proteins were 

25 separated by 4-12% NuPage Novex pre-cast gels (Invitrogen) and electroblotted onto 

PVDF membranes using the iBIot™ Dry Blotting System (Invitrogen). After blocking in 

IX phosphate-buffered saline (PBS: 140 mM NaCI, 2.7 mM KC1, 10 mM Na2HP04 and 

1.8 mm KH2P04, pH 7.3) containing 0.05% Tween 20 and 10% skim milk for 1 h at 

room temperature, membranes were incubated for 1 h at room temperature (RT) with 

30 primary antibodies diluted 1:500. After washing three times in PBS containing 0.05% 

Tween 20 (PBST), the membranes were incubated for 1 h with horseradish peroxidase-
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conjugated secondary antibodies (Dako). Positive bands were visualized with the Opti-
4CN Substrate Kit (Bio-Rad). 

Opsonophagocytosis assay 

The opsonophagocytosis assay was performed using differentiated HL-60 as phagocytic 
5 cells and strains 515, CJBl 11, 3050 and 5401 as target cells. GBS strains were grown in 

Todd-Hewitt broth (THB) to mid-exponential growth phase (A650nm=0.3). The bacteria 
were harvested by centrifligation, washed twice with cold saline solution, and finally 
resuspended in HBSS buffer (Invitrogen) to a concentration of «I.2x107 CFU/ml. 
Promyelocytic HL-60 cells (ATCC, CCL-240) were expanded in RPMI 1640 (Gibco, 

10 Invitrogen) containing 10% Fetal clone I (HyClone) at 37°C with 5% CO2 and 
differentiated into granulocyte-like cells to a density of 4xl05 cells/ml by the addition of 
lOOmM N, N dimethylformamide (DMF, Sigma) to the growth medium. After 4 days, 
cells were harvested by centrifugation and resuspended in HBSS buffer to a 
concentration of = 4 xlO7 cells/ml. In brief, the reactions took place in a total volume of 

15 125 jj.1 containing «3xl06 differentiated HL-60, »1,5 xlO5 CFU of GBS cells, 10% baby 
rabbit complement (Cedarlane), and heat-inactivated mouse antisera at 37°C for 1 h with 
shaking at 600 rpm. Immediately before and after 1 h of incubation, a 25-pI aliquot was 
diluted in sterile distilled water and plated onto trypticase soy agar plates with 5% sheep 
blood. A set of negative controls included in each experiment consisted of reactions 

20 containing preimmune sera, reactions without HL-60, and reactions with heat-inactivated 
complement. The amount of opsonophagocytic killing (log kill) was determined by 
subtracting the log of the number of colonies surviving the 1 h assay from the log of the 
number of CFU at the zero time point. 

Mouse active maternal immunization model 

25 A maternal immunization/neonatal pup challenge model of GBS infection was used to 
verify the protective efficacy of the produced proteins in mice, as previously described 
(Maione et al., 2005). Briefly, CD-I female mice (6-8 weeks old) were immunized on 
days I (in CFA), 21 and 35 (IFA) with either PBS or 20 mg of recombinant protein and 
were then bred 3 days after the last immunization. Within 48 h of birth, pups were 

30 injected intraperitoneally with a dose of different GBS strains calculated to cause 90% 
lethality. Survival of pups was monitored for 2 days after challenge. Statistical analysis 
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was performed using Fisher's exact test. AH animal studies were performed according to 

guidelines of the Istituto Superiore di Sanita (Italy). 

Results 

We have previously shown that the Backbone Protein of pilus 2a (BP-2a) in Group B 

5 Streptococcus is able to confer protection in an active maternal/pup challenge model in 

mouse [1]. However, the existence of seven highly variable allelic variants and the 

demonstration that each variant confers protection only against the homologous strain 

restricts the possibility of using this antigen alone or in combination with other antigens 

in a broad-spectrum vaccine against GBS [2]. Nevertheless, BP-2a is an antigen of 

10 interest since it is able to promote high levels of opsonic killing of GBS when tested in 

an opsonophagocytosis assay in the presence of specific antibodies. We used this 

specific feature in order to explore the protective capability of this antigen and identify 

the immunodominant epitopes of BP-2a. 

Comparative homology modelling of the BP-2a 515 variant 

15 In order to design appropriate deletion mutants of BP-2a, we performed a structural 

characterization of the protein, first focusing on the 515 variant (TIGR annotation 

SAL_1486), by comparative homology modelling. The PDB was searched for a protein 

sharing significant sequence identity with BP-2a. The best template structure found was 

PBD code 650 corresponding to the RrgB pilus protein of S. pneumoniae. The RrgB 

20 crystal comprises the region from residues 187 to 647 and it is arranged in three 

immunoglobulin-Iike domains, each one carrying a stabilizing isopeptide bond. The first 

two domains (D2 and D3) are closely packed to form a compact structure from which 

two anti-parallel helixes and the third domain (D4) protrude. The PDB 650 crystal does 

not include the first domain (Dl) of the RrgB protein. 

25 The amino acid sequences of BP-2a 515 variant and RrgB were aligned and reported to 

share 43% sequence identity and 61% sequence similarity. Sequence comparison 

revealed that the pilin motif YPK, the E-Box cassette, the LPXTG motif and ail the 

residues involved in isopeptide bonds are well conserved (Figure 1A). The pairwise 

alignment was further manually optimized to cope with the secondary structures in order 

30 to refine the homology modelling procedure input. The quality of the model was 

assessed by calculating the compatibility score with Profile-3D module (Discovery 
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Studio 2.5 Software Inc., San Diego, CA). The template reported a score of 168.6 
compared with the expected high score value of 201.7 and low score value of 90.7. The 
best model for BP-2a-515 reported a validation score as computed by Profi!e-3D of 154, 
while the minimum and the maximum possible scores for this model are 92.2379 and 

5 204.973, respectively. Given that even the template crystal structure does not reach the 
expected score for the correctly folded protein, the model obtained a validation score 
comparable to the crystal one. 

As shown in Figure IB, the model of our protein, corresponding to amino acid residues 
191 to 640, revealed three IgG-iike fold domains (D2, D3 and D4), each one 

10 characterized by a stabilizing isopeptide bond. Superimposing the template structure 
against the generated model, a RMSD as low as 1.2 A is obtained, meaning that the 
sequence of BP-2a fitted well in the template structure. Only minor differences in loops 
were identified, all due to short residue insertions or deletions. Moreover, the 
superimposition of crystallized isopeptide bonds shows that the region in the vicinity of 

15 the bonds is relatively conserved. In particular, there is a glutamic acid or an aspartatic 
acid which catalyze bonds, completely immersed in a surrounding hydrophobic cavity. 
In the BP-2a 515 variant, the residues involved in isopeptide bonds are: LysI99~Asn325 
in the D2 domain with Asp 247 as the catalyzing and stabilizing residue; Lys355-
Asn437 in the D3 domain with Glu416; and Lys463-Asn636 in the D4 domain with 

20 Glu589. Based on secondary structure and fold prediction of the N-terminal portion of 
the BP-2a protein (residues 1 to 190), we hypothesise that this portion has the same IgG-
iike fold ofD2, D3 and D4 (data not shown). 

Mass Spectrometry analysis confirms the presence of three internal isopeptide bonds 

Recombinant full length SAL_1486 was purified and used to confirm the presence of the 
25 isopeptide bonds hypothesized from the modelling study. The method selected for their 

identification was based on the total digestion of the diverse constructs with Lys-C and 
analysis of the digestion products by mass spectrometry. In order to easily sort the bond 
peptides, the digestion products were derivatized with O-methylisourea that modifies the 
C-terminal lysine in homoarginine with a mass increase of 42 Da ibr each modified C-

30 terminal extremity. Isopeptide bonded peptides are those presenting a shift of mass of 42 
D (partial derivatization) and 84 Da (complete derivatization). The protein was resistant 
to "in solution" enymatie digestions (data not shown). The approach that allowed the 
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larger peptide coverage was obtained from "in gel" digestion of the polypeptide run on 
SDS-PAGE. Figure 2 reports the mass spectrometry spectra obtained from the full length 
recombinant SAL__1486 allowing the confirmation of the hypothesized isopeptides. 

An isopeptide bond involving amino acids carried by the D4 domain of the protein was 
5 evidenced by the molecular ion of m/z 1762.05 Da that corresponds to the molecular 

mass of the peptide 461FVKTNK466 linked by an isopeptide bond to the peptide 
630DAQQV1NKK63S (expected molecular mass 1761.90 Da) (Figure 2A, upper panel). 
The guanidination reaction induced a shift of 42 and 84 Da of the signal that corresponds 
to the single and double C-terminal peptide derivatization, respectively, confirming the 

10 covaient linkage of the two peptides. In the same way, isopeptide bonds in domains D2 
and D3 were assigned from the ions of m/z 2145.18 and 4040.85 that correspond to the 
molecular mass of peptide 531TV1MKTWAVDGNEVNK68 linked to peptide 139 NNK141 

(expected molecular mass 2145.13 Da), and of peptide 
l85ITYSATLNGSAVVEVLETNDVK206 linked by an isopeptide bond to the peptide 

15 68NTETKPQVDKNFADKS2 (expected molecular mass 4040.07 Da), respectively 
(Figure 2B and 2C). The guanidination reaction confirmed the covaient linkage of the 
peptides by the double shift of mass of 42 and 84 Da. It was noteworthy that no 
isopeptide bond was identified in the N-terminal part corresponding to domain Dl of the 
full-length recombinant protein. 

20 In order to confirm that the lysines involved in the isopeptide bonds of domains D2, D3 
and D4 corresponded exactly to KI99, K355 and K463 predicted by structural model, 
we generated a recombinant form of the protein by site-directed mutagenesis in which 
these lysine residues were mutated into alanine residues (K199A/K355A/K463A). The 
same protocol of enzymatic digestion and mass spectrometry analysis was applied, and 

25 none of the signals, corresponding with isopeptide linked peptides and reported above, 
were identified (data not shown). 
X-ray Crystal Structure of BP-2a-515 pilus subunit 
With the aim to identify the domain(s) carrying the protective epitopes, the crystal 
structure of RP-2a-515 was solved and refined at 1.75 A resolution via molecular 

30 replacement. Data collection and refinement statistics are shown in Table 2. The crystal 
asymmetric unit was confirmed to contain a dimer of two independent chains (A: 
residues 192-640 and B: residues 190-641), each made up of three distinct domains: D2 
(residues 190-332), D3 (residues 333-455) and D4 (residues 456-641) (Figure 7). The 
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observed BP-2a-515 dimer does not display extensive intermolecular interactions at the 
association interface, therefore the dimer is not expected to occur in solution and it is a 
likely consequence of crystal packing, as indicated by the Protein Interfaces, Surfaces 
and Assemblies (PISA) Service [251] at the European Bioinformatics Institute 

5 (http://www.ebi.ac.uk/msd-srv/prot int/pistarthtml). 

Although crystallization was carried out using the Hill-length protein, approximately 190 
amino acids from the N-terminus (Dl domain) were absent in the crystal, suggesting that 
they are cleaved off prior to crystallization, A similar behavior was reported for the 
pneumococcal RrgB pilus protein whose structure was recently solved at 1,6 A 

10 resolution [252] and is highly homologous to the structure of BP-2a-515. 

Potassium-sodium tartrate present in the crystallization solution was relevant for 
optimizing crystal growth and improving diffraction resolution. In fact, three potassium 
cations are bound at strategic and stabilizing positions in the structure. Two (identically-
coordinated) potassium cations are bound to the D2 domain in both chains and stabilize a 

15 flexible linker, connecting the D3 and D4 domains, via contributing residues from 
domains D2, D3, and a water molecule (Figure 7), The third potassium cation stabilizes 
a flexible loop in the D4 domain from chain A. 

The organization of the three domains was confirmed to show a modified IgG fold [252], 
a structural feature already observed for RrgB of S. pneumoniae. Indeed, 

20 superimposition of the C-alpha atoms of BP-2a-515 chain B and RrgB using the pairwise 
structural alignment C-alpha match program 
(http://bioinfo3d.cs.tau.ac.il/c_alpha_match/), yields a r.m.s.d value of 1.37 A over 
280/452 residues. The major structural differences between the two proteins regard the 
spatial location of the D3 domain, the movement of two a-helices in the D4 domain that 

25 are connected to the (3-sandwich by two J3-strands not present in RrgB, and flexible 
regions. 

Similarly to RrgB, each domain is characterized by a stabilizing, covaient intramolecular 
isopeptide bond, formed between the s-amino group of lysine side chains and the 8-
carboxyamide group of asparagine. The three isopeptide bonds occur between Lysl99 

30 and Asn325 (D2 domain), Lys437 and Asn355 (D3 domain), and Lys463 and Asn636 
(D4 domain), and stabilize the secondary structural elements of their respective domains. 
Due to the conformational movement of D3 in comparison with RrgB, the latter 

http://bioinfo3d.cs.tau.ac.il/c_alpha_match/


WO 2011/121576 PCT/IB2011/051415 

115 

isopeptide bond is the only one that does not match the spatial location of the equivalent 
bond in RrgB. The surrounding area around these bonds is largely hydrophobic, 
comprising several aromatic residues, in agreement with observations made for the 
isopeptide bonds in several pilus proteins. 

5 Each of the four domains Dl, D2} D3 and D4 appear to fold independently. This was 
demonstrated by expressing and purifying each domain from E. coli, as independent 
constructs whose N and C termini were selected on the basis of the domain boundaries 
defined in the crystal structure ofBP-2a-515. All four domains were expressed in soluble 
form in E. coli, and Mass Spectrometry analysis of tryptic digests of D2, D3 and D4 

10 revealed that the domains carried the same isopeptide bonds found in the full-length 
protein data not shown). This suggested that the overall structural organization of the 
independently expressed domains was sufficiently preserved to bring the lysine and 
asparagine residues at a suitable reaction distance. 

In conclusion, the crystal structure of the backbone subunit of PI-2a (515 allele) 
15 indicates that the protein is organized into four domains, which are shown to be 

independently structured and stable. 

Intramolecular Isopeptide bonds are dispensable for protection 

It has been demonstrated that intramolecular isopeptide bonds that are dispensable for 
pilus assembly, contribute to structural and proteolytic stability of pili. The SDS-PAGE 

20 of the wild-type and mutated BP-2a protein showed that the protein without isopeptide 
bonds had a slower electrophoretic mobility compared to the wild-type form. The 
presence of internal cross-links within the naive protein may make the wild-type protein 
structure more compact and more able to pass through the matrix of the gel, whereas the 
mutated form has a larger structure which runs to a higher molecular weight (Figure 3A). 

25 In order to evaluate if the presence of these internal linkages could influence the 
protective capability of the protein BP-2a and investigate if the mutant protein is able to 
induce protective immunity in vivo as well as the wild type, we tested both proteins in a 
mouse maternal immunization model [2501- We immunized groups of adult female CDl 
mice with the purified recombinant proteins and after three immunizations, mice were 

30 mated and the resulting offspring were challenged with a dose of GBS calculated to kill 
about 90% of the pups. The high levels of protection observed with the mutated form of 
the protein (Table 3) revealed that the loss of isopeptide bonds did not interfere with 
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capacity of the protein to confer protection in mice and to elicit opsonic antibodies 
(Figure 3B). 

Domain D3 is highly surface exposed and essential for protection 

Based on the information obtained from the structural model described above, we 
5 generated four deletion mutants of the BP-2a 515 variant, dividing the protein in four 

overlapping fragments corresponding to the four IgG-iike domains predicted by 
modelling (Figure 4A): Dl corresponds to the region from amino acids 30 to 162; D2 
corresponds to the region fi-om amino acids 156 to 338; D3 corresponds to the region 
from amino acids 332 to 499; and D4 corresponds to the region from amino acids 457 to 

10 640. 

The deletion fragments were cloned, expressed in E.coli and purified as HIS- or TRX-
tagged recombinant proteins, as described in Materials and Methods. Interestingly, the 
isopeptide bonds present into domains D2 and D3 and D4 were also identified in the 
single recombinant forms of these domains, indicating that the single domain had all the 

15 requirements for the formation of this covaient bond (data not shown). 

The four purified soluble domains were used for immunizing CDl mice and protein-
specific immune responses (i.e., the total immunoglobulin level) were monitored by 
ELISA and Western Blotting. Sera raised against each fragment were also analyzed by 
flow cytometry using whole bacteria strain 515 in order to evaluate which domain was 

20 exposed on the polymerized pilus protruding from bacterial surface. As shown in Figure 
4B, domains D3 and D4 were highly exposed at a level comparable to those observed 
with the antiserum raised against the full length protein. A weak shift was obtained using 
antibodies anti-D2 suggesting it is not highly exposed, whereas Dl was not exposed. 

To investigate which of the domains were able to confer protection against GBS 
25 infection, we performed an in vitro opsonophagocytosis analysis using sera from 

immunized mice and an in vivo active maternal mouse immunization/neonatal pup 
challenge model. According to the FACS results, only domains D3 and D4 domains 
were able to elicit opsonophagocytic antibodies and confer protection in mice against 
GBS infection (Figure 4C and Tables 3 and 4). In particular, domain D3 showed the 

30 highest level of surface exposure and opsonic activity. 
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The selection of FACS positive and opsonic mAbs mapping in the D3 domain confirmed 
that the C-terminal portion of the protein and in particular D3 is essential for protective 
immunity (data not shown). 

Domain D3 represents the immunodominant epitope of the main allelic variants of 
5 BP-2a 

We have observed that all the allelic variants described so far, sharing a sequence 
homology ranging from 48% to 98%, were protective in mouse model, although they 
protected only pups challenged with strains carrying the allelic variant used to immunize 
the respective mothers ([2] and data not shown). 

10 To investigate if the results obtained with the 515 allele were confirmed in the other 
variants, we applied the same approach described above to map the immunodominant 
portion in the most representative variants (named 515, CJBl 11, H36B and 2603) 
belonging to the two major families. 

In order to understand if the BP-2a variants shared the same structural organization, a 
15 new structural model of the H36B allele (TIGR annotation SAI_1511), was generated. 

This variant was choscn because it is the most divergent in terms of sequences identity 
and similarity, from the 515 variant (48% of sequence identity). The RrgB pilus protein 
of S. pneumoniae was used as template structure (PDB code: 650). The amino acid 
sequences of SAI 1511 and RrgB were aligned and reported to share 38% sequence 

20 identity and 56% sequence similarity. The model of SAI 1511, as reported in Figure 5 A, 
revealed the same modular structure as the 515 variant, comprising 4 IgG-iike fold 
domains, 3 of which contain internal Lys-Asn isopeptide with relatively conserved 
surroundings. Moreover, even though the main protein structure organization is 
conserved (RMSD = 0,9 A), in the H36B variant model structure there are two insertion 

25 loops which are not present in RrgB crystal structure. The first one spans residues 200 to 
214, while the second one spans residues 402 to 410 (Figure 5A). The function of these 
two additional loop regions is still unknown. 

Based on the information obtained from structural analysis, we generated deletion 
mutants of the H36B variant, dividing this variant in four overlapping fragments, 

30 expressed in E.coli and purified as recombinant proteins. Dl corresponded to the region 
from amino acids 30 to 158, D2 to the region from amino acids 152 to 350, D3 to the 
region from amino acids 343 to 493 and D4 to the region fi-om amino acids 487 to 658 
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(Figure 5B). The purified soluble domains were used to immunize CD! mice and sera 
raised against each fragments were tested in in vitro and in vivo protection assays. 

As observed for the 515 variant, antisera raised against domain D3 showed the highest 
fluorescence shift when tested in Flow Cytometry Analysis on whole bacterial cells 

5 (Figure 5C), and was able to promote efficient killing of bacteria when analyzed in an 
opsonophagocytosis assay in presence of human polymorphonuclear leukocytes (PMNs) 
and baby rabbit complement (Figure 5D). In addition, domain D3 conferred significant 
levels of protection against the challenge strain in which the H36B variant was well 
expressed and exposed on the bacterial surface (Tables 5 and 6). 

10 Domain D3 has further been confirmed as the immunodominant epitope for BP~2a in ail 
the known allelic variants (data not shown). For example, as shown in Table 7, domain 
D3 from the CJBl 11 variant confers significant levels of protection against challenge 
with the CJBl 11 strain. In addition, two monoclonal antibodies (17C4/A3 and 4H11/B7, 
SEQ ID NOs: 262-269) have been found to bind an epitope comprising amino acids 411-

15 436 (SEQ ID NO: 270) within the D3 sub-fragment from the 515 clade (SEQ ID NO: 38, 
fragment of SEQ ID NO: 2) (data not shown). 

Fusion proteins carrying protective epitopes confer cross-protection against GBS 
strains expressing different alleles. 

The mapping of the D3 domains as the immunodominant and protective region of the 
20 different variants was then used to facilitate the design of chimeric proteins to test in the 

animal model in order to evaluate the ability of these fusion proteins to confer broad-
spectrum protection. 

Two fusion proteins were generated. The first one, fusion protein 6XD3, is composed of 
domain D3 of six backbone protein variants (515, CJBl 11, H36B, DK21, 090 and 2603) 

25 (Figure 6A and B). The second one, fusion protein 4XD3Helix, is composed of domain 
D3 plus the two protruding helices of domain D4 of the four most representative variants 
(515, CJBl 11, H36B and 2603) (Figure 6A and B). Each fusion protein has been cloned 
and expressed in E.coli and purified as recombinant proteins, as reported in Material and 
Methods (Figure 6C). 

30 The purified fusion proteins were used to immunize CDl mice and sera raised against 
each fusion protein were tested In in vitro and in vivo protection assays. In order to 
understand if the sera were able to recognize pilus-like structures containing the different 
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variants of BP-2a, we performed Western Blotting and FACS analysis (data not shown 

and Figure 6D). The results showed that the immune sera generated against the two 

fusion proteins are able to recognize the pilus-like structures from the total extracts. 

Opsonophagocytosis experiments confirmed that antisera against fusion proteins were 

5 able to mediate complement-dependent phagocytic killing of GBS strains expressing 

different allelic variants of BP-2a (Figure 6E).ln addition, data from the in vivo 

protection mode! show that both fusion proteins were able to elicit protective immunity 

in mice challenged with strains expressing the different variant of the protein and can 

thus be used as a broadly-protective vaccine against GBS infections (Tables 8 and 9). 

10 Finally, Table 9 shows that the protective effect of the 6XD3 fusion is maintained if a 

His tag is used. 

Discussion 

Many bacterial pathogens, including S. agalactiae (GBS), have evolved a wide range of 

mechanisms to escape the immune system of their hosts or to adapt to environmental 

• 15 variation, for instance, adopting the strategy of gene variability and/or differential gene 

expression. These strategies play a crucial role in the capacity of pathogens to trigger 
disease and also explain why it is so difficult to develop vaccines against these 

microorganisms. Advances in sequencing technology and bio informatics have resulted in 

an exponential growth of genome sequence information and complete genomes of 

20 multiple isolates are now available for a large number of pathogens. Multigenome 

analysis has revealed unexpectedly high gene variation between strains of a single 

species, with implications for effective vaccine and drug-discovery programs. Species 

such as streptococci may have a relatively small genome, but the total number of 

dispensable genes in the population permits sufficient flexibility for the species to adapt 

25 to environmental challenge. 

Pathogenicity islands, such as pilus islands discovered in GBS and in other Gram-

positive pathogens in the recent years, belong to the class of genomic islands, which 

have been acquired by horizontal gene transfer and are a typical example of dispensable 

genome. Because they promote genetic variability, genomic islands play an important 

30 role in microbial evolution. The three pilus islands identified in GBS (named Pl-1, Pl-2a 

and PI-2b) encode high molecular weight structures whose subunits are potential protein 
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vaccine candidates. However, since pilin antigens are not universally present, conserved 
and expressed on the bacterial surface of a large subpopuJation of GBS, only a 
combination of more proteins would be suitable for a broad-spectrum vaccine. 

The backbone protein of pilus 2a (BP-2a), is essential for pilus polymerization. Although 
5 BP-2a is able to confer protection in mice and to mediate opsonophagocytic killing of 

live GBS bacteria at a level comparable to killing observed with antibodies against 
capsular polysaccharide antigens, it has the highest level of gene variability among ali 
pilin antigens. The existence of at least seven non-cross protective allelic variants ofBP-
2a blocks the possibility to use this antigen alone for a broad-spectrum vaccine, except 

10 by including all the identified alleles in the vaccine. 

For an immunogenic multi-variant antigen such as BP-2a, the selection of only a small 
protective portion of the protein (the highly surface-exposed IgG-iike fold domain D3 of 
the protein) allowed us to rationally design and produce chimeric proteins by fusion of 
the single immunodominant domains from the different non-cross-reacling alleles. These 

15 chimeras acquired the capability to confer broad cross-protection in mice against 
infections from GBS strains expressing all BP~2a variants. The combined approach of 
structural and functional analysis reported herein, together to use of tools of genetic 
engineering allowed us generate fusion proteins containing the immunodominant domain 
of all main variants of BP-2a whilst conserving the native structural architecture of the 

20 selected domain. Interestingly, our results show that the ability of the domains to elicit 
protective immunity was not dependent on the present of internal isopeptide bonds. 

The cross protective immune response of the fusion proteins is of fundamental 
importance in the development of a vaccinc, since it decreases the risk of generating 
escape mutants and enables the generation of a protective immune response against 

25 genetically different GBS strains. 
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Table 1: Primers used in the experiments described herein 

Primers Sequence (5'-3') SEQ 

ID 

NO 

Gene amplified 

515-DI lor CACCATGGAAG AAGC A AAAACT ACTG AC 228 fragment coding for Ihe 
domain 1 (30-162aa) of BP-
2a 515 variant 

515-DI icv TC ATTA ATCAG CC A AG ATAG A ACC ATC 229 

515-D2 for 

515-D2 rev 

CACCATGGATGGTTCTATCTTGGCTGAT 

TCATTATTCAATTGTTGGGTTGTTGCC 

230 

231 

fragment coding for (lie 
domain 2 (l58-338aa) of BP-
2a 515 variant 

515-D3 for 

515-D3 rev 

CACCATGGGCAACAACCCAACAATTGAA 

TCATT AAGCTTTTTCTGC ATCTGTTG C 

232 

233 

fragment coding for Ihe 
domain 3 (332-499aa) of BP-
2a 515 variant 

515-D4 for 

S15-D4 rev 

CACCATGTTGGCAGGAGCTACCTTCCTT 

TCATT A AGTA ACCTT CTT ATT G ATA AC 

234 

235 

fragment coding for Ihe 
domain 4 (472-640aa) of BP-
2a 515 variant 

H368-DI 
for 

H36B-D1 
rev 

CACCATGGCTGAGATGGGAAATATCACT 

TCATTAGTCAGCAAGAACTTTGTCACC 

236 

237 

fragment coding for ihe 
domain 1 (30-15Saa) ofBP-
2a H36B variant 

H36B-D2 
for 

II36B-D2rev 

C ACC ATG GGTG AC A A AGTT CTTGCTG AC 

TCATT AT ACTTrri'TACCTGGTTTGTTACC 

238 

239 

fragment coding for the 
domain 2 (152-350aa) orBP-
2a H36B variant 

H36B-D3 
for 

H36B-D3 
rev 

CTGTACTTCCAGGGCAACAAACCAGGTAAAAAAGTA 

AATTAAGTCGCGTTATTATGCACCTTGCAAGCGTTCTGT 

240 

241 

fragment coding for Ihe 
domain 3 (343-493aa) ofBP-
2a 1136B variant 

H36B-D4 
for 

H36B-D4rev 

CACCATGACAGAACGCTTGCAAGGTGCA 

TCATT A AGTC ACTTTTTTGTTTTCTAT 

242 

243 

fragment coding for the 
domain 4 (487-658aa) orBP-
2a H36B variant 

BP-2a-H36B 
for 

BP-2n-H36B 
Rev 

GTTTGCGCATATGGCTGAGATGGGAAATATCACT 

GTGGAATCTCGAGAGTCACTTTTTTGTTTTCTAT 

244 

245 

gene coding for the full 
length BP-2a H36B varianl 
without the signal peptide and 
the LPXTG motif 

BP-2a 515 
LPXTG-for 

BP-2a 515 
LPXTG-rev 

CTGTACTTCCAGGGCGAAGAAGCAAAAACTACTGACACAGTG 

AATT AAGTCGCGTT ATGT ACC A AT ACCACCTGTTT GTGG AAT 

246 

247 

gene coding for the full 
length BP-2a 515 varianl with 
LPXTG motif 

6XD3 FP-
for 
6XD3 FP-
rev 

CTGTACTTCCAGGGCAATAATCCGACCATTGAAAATG 

AATT AAG TCG CGTTAA ATCGGCGTCGG ATC GTTACTGTT 

248 

249 

gene coding for Ihc fusion 
protein 6XD3 

LYS42ALA 
for 

LYS42ALA 
rev 

CACGCTATTGTCATGCCTCGAACTGCATTTGACGGTTTTACT 

CATGACAATAGCGTGCAAGGTCACTGTGTCAGTAGTTTTTGC 

250 

25) 

gene coding for (he mutated 
form of BP-2a 515 variant 
containing K42A 

LYS83ALA 
for 

LYSS3ALA 
rev 

GAAGCGGCGGAAATCGCAGGTGCTTACTTTGCTTTC 

GATTTCCGCCGCTTCGCCTGAGCCAAAGTAAGTTTTAAG 

252 

253 

gene coding for the mutated 
form oTBP-2a 515 variant 
containing K83A 
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' CJBl II-Df 254 fragment coding for 
for CACCATGGACGACGCAACAACTGATACT domain 1 (30-
CJBl11-Di 255 I62aa) of BP-2a CJBlil 
rev TCATTATGAATCAGCCAAGATAGAACCGTT variant 
CJBlI1-D2 256 fragment coding for 
for CACCATGAACGGTTCTATCTTGGCTGATTCA domain 2 (155-
CJBl i 3-D2 257 337oa) of BP-2a CJB HI 
rev TCATT ATT CTTCCGTTGGGTT ATTACC variant 
CJBIII-D3 258 fragment coding for 
for CACCATGGGTAATAACCCAACGGAAGAA domain 3 (331-
CJBl 11-D3 259 474aa) of BP-2a CJBlil 
rev TCATTAAGCTCCTGCCAAGCGTTCAGT variant 
CJBIH-D4 260 fragment coding for 
for CACCATGACTGAACGCTTGGCAGGAGCT domain 4 (468-
CJB11I-D4 261 639aa) of BP-2a CJBl 11 

TCATT AGGTT ACTTTTTT GT1TT GA ACTTG 
639aa) of BP-2a CJBl 11 

rev variant 
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Table 2, Data collection and refinement statistics of BP-2a-515 (molecular 
replacement). One crystal was used to solve the structure. Values in parentheses are for the 
highest resolution shell 

BP-2a-515 (residues 
190-640) 

Data collection 
Space group P2,2,2, 
Ceil dimensions 

a, b, c (A) 63.7, 304.7, 159.3 

a=p = y (°) 90 
Resolution (A) 40-1.75 (1.75-1.84) 

/^merge 0.099 (0.6) 

/ / a/ 14.9 (3.7) 

Completeness (%) 100(100) 
Redundancy 9.6 (9.7) 

Refinement 
Resolution (A) 40-1.75 
No. reflections 1.03,7178 

/^svork / tffjcc 18.5/21.6 
No. atoms 

Protein 7076 
Potassium ion 3 
Water 895 

B-factors 
Protein 32.3 
Potassium ion 24.8 
Water 20.2 

R.m.s. deviations 
Bond lengths (A) 0.007 
Bond angles (°) 1.047 
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Table 3: Results of an active maternal mouse immunization/neonatal pup challenge 

model to determine protection conferred by single domain of GBS59 515 variant 

against group B streptococcus 515 strain. Protection conferred by single domains of BP-

2a 515 variant against GBS 515 strain assessed by active maternal mouse 

5 immunization/neonatal pup challenge model. Protection values was calculated as [(% dead 

in control — % dead in vaccine)/% dead in control]*100. 

Antigen Alive/Treated 
Protection 

(%) 

Statistical significance 

(p value) 

Dl-515 17/59 20 0.0235 

D2-515 6/25 15 0.1310 

D3-515 19/28 64 p < .0001 

D4-515 38/60 58 p < .0001 

BP-2a-515 full length 42/60 66 p < .0001 

BP-2a-515 AIB 28/38 71 pc.0001 

PBS 4/39 

Table 4: Protection conferred by single domains of BP-2a-515 allele against GBS strain 

515, assessed by active maternal mouse immunization/neonatal pup challenge model. 

10 Protection values were calculated as [(% sepsis in control -% sepsis in vaccine)/% sepsis in 

control]* 100. 

Antigen Protected/T reated 
Protection 

(%) 

Statistical 

significance 

(p value) 

Dl-515 19/59 24 0.0098 

D2-515 7/25 20 0.0687 

D3-515 21/28 72 p<.0001 

D4-515 42/60 67 p<.0001 

full length BP-2a-515 44/60 70 p < .0001 

PBS 4/39 

NOTE. Groups of female mice received 3 doses (on days 1, 21, and 35) of either 20pg antigen or buffer 
(PBS) combined with Freund's adjuvant. Mice were then mated, and their offspring were challenged with 
a GBS dose calculated to induce sepsis in 90% of the pups. 'p value, by Fisher's exact test. 



WO 2011/121576 PCT/IB2011/051415 

125 

Table 5: Protection conferred by single domains of BP-2a H36B variant against 

GBS 515 strain assessed by active maternal mouse immunization/neonatal pup 

challenge model. Protection values was calculated as [(% dead in control - % dead in 

vaccine)/% dead in control]* 100. 

Antigen Alive/Treated 
Protection 

(%) 

Statistical significance 

(p value) 

D1-H36B 49/60 9 0.1562 

D2-H36B 31/48 28 0.0016 

D3-H36B 2/40 94 p < .0001 

D4-H36B 19/37 43 p < .0001 

BP-2a~H36B full length 10/47 77 p < .0001 

PBS 53/59 

Table 6: Neonatal protection conferred by single domains of BP-2a-H36B against GBS 
strain 5403, expressing the H36B BP-2a variant, assessed by active maternal mouse 
immunization/neonatal pup challenge model. Protection values were calculated as [(% sepsis 
in control - % sepsis in vaccine)/% sepsis in control]*! 00. 

Antigen Protected/T rca ted 
Protection 

(%) 

Statistical 
significance 

(p value)* 

D1-H36B 15/60 1 0.52 

D2-H36B 22/48 29 0.019 

D3-H36B 38/40 93 pc.0001 

D4-H36B 20/37 39 0.0025 

full length BP-2a-
H36B 

39/47 78 pc.OOOl 

PBS 14/59 

10 NOTE. Groups of female mice received 3 doses (on days 1,21, and 35) of either 20|ig antigen or buffer 
(PBS) combined with Freund's adjuvant. Mice were then mated, and their offspring were challenged with 
a GBS dose calculated to induce sepsis in 90% of the pups, "p value, by Fisher's exact test. 
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Table 7: Protection conferred by single domains of BP-2a-CJBl 11 variant against GBS 

CJB 111 strain, expressing the BP~2a CJBl 11 variant, assessed by active maternal mouse 
immunization/neonatal pup challenge model. Protection values were calculated as [(% sepsis 
in control - % sepsis in vaccine)/% sepsis in control]* 100. 

Antigen Protected/Treated 
Protection 

(%) 

Statistical 
significance 
(p value)* 

D1-CJB111 2/39 0 0.3619 

D2-CJB1U 12/50 16 0.065 

D3-CJB111 41/54 73 p < .0001 

D4-CJB111 13/46 20 0.0269 

full length BP-2a-
CJB111 

19/40 42 p = 0.00015 

PBS 4/41 

5 NOTE. Groups of female mice received 3 doses (on days 1,21, and 35) of either 20|ig antigen or buffer 
(PBS) combined with Freund's adjuvant. Mice were then mated, and their offspring were challenged with 
a GBS dose calculated to induce sepsis in 90% of the pups. "p value, by Fisher's exact test. 

Table 8: Protection by active maternal mouse immunization/neonatal pup challenge 
10 model conferred by fusion proteins 'against a pauel of GBS strains expressing different 

BP-2a allelic variants. Protection values was calculated as [(% dead in control - % dead in 
vaccine)/% dead in control]* 100. 

Protection (%) 

GBS 
challenge 

strains 

BP-2a 
allele 

Fusion Protein 
6XD3 

Fusion Protein 
4XD3Helix (I) 

Fusion Protein 
4XD3Helix (II) 

515 515 63 43 62 

CJBlil CJBlil 70 52 36 

3050 2603 68 100 79 

5401 H36B 65 90 60 
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Table 9: Protection by active maternal mouse immunization/neonatal pup chalienge model 

conferred by fusion protein 6xD3 against a panel of GBS strains expressing different BP-2a 
allelic variants. Protection values were calculated as [(% sepsis in control - % sepsis in 

5 vaccine)/% sepsis in control]* 100. 

GBS challenge 

strain 
BP-2a allele 

antigen 6xD3 

(protected/treated) 

PBS 

(protected/treated) 
Protection (%) 

515 515 50/68 13/50 65' 

CJBlil CJBl11 38/48 7/30 73* 

3050 2603 53/70 12/40 66* 

5401 H36B 22/30 11/40 63* 

DK21 DK21 29/38 6/29 70* 

CDC89 CJBl10 26/40 6/26 55* 

NOTE. Groups of female micc received 3 doses (on days 1,21, and 35) of either 20fig antigen or buffer 

(PBS) combined with Freund's adjuvant. Mice were then mated, and their offspring were challenged with 

a GBS dose calculated to induce sepsis in 90% of the pups. 

'p value, p < .0001 by Fisher's exact test. 

10 
Table 10: Protection by active maternal mouse immunization/neonatal pup challenge 
model conferred by fusion proteins with and without tags against a panel of GBS 

strains. 

GBS 
challenge 

strain 

Fusion protein 6xD3 -
His tag 

Fusion protein 6xD3 -
native PBS GBS 

challenge 
strain 

(protected/ 

treated) 
% survival 

(protected 

/treated) 
% survival 

(protected/ 

treated) 
% survival 

515 59/104 57 43/69 62 16/83 19 

5401 37/58 64 53/64 83 2/50 4 

CJBlil 33/80 41 36/70 51 9/54 17 
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LIST OF SEQUENCES 
SEQ IDNO:l (GBS59 2603) 
SEQ IDNO:2 (GBS59 515) 
SEQ IDNO:3 (GBS59 cjbl 11) 

5 SEQ ID NO:4 (GBS59 h36b) 
SEQ ID NO:5 (GBS59 CJB 110) 
SEQ ID NO:6 (GBS59DK21) 
SEQ ID NO:7 (GBS59 NEM316) 
SEQ IDNO:8 (Dl 2603) 

10 SEQ ID NO:9 (D2 2603) 
SEQ ID NO: 10 (D3 2603) 
SEQ ID NO: 11 (D4 2603) 
SEQ ID NO:12 (Dl 515) 
SEQ ID NO: 13 (D2 515) 

15 SEQ ID NO:14 (D3 515) 
SEQ ID NO: 15 (D4 515) 
SEQ ID NO: 16 (cjbl 11 Dl) 
SEQ ID NO: 17 (cj b 111 D2) 
SEQ ID NO: 18 (cjbl 11 D3) 

20 SEQ ID NO: 19 (cjbl 11 D4) 
SEQ ID N0:20 (h36bDl) 
SEQ ID NO:21 (h36b D2) 
SEQ ID NO:22 (h36b D3) 
SEQ ID NO:23 (h36b D4) 

25 SEQ ID NO:24 (CJB 110 D1) 
SEQ IDNO:25 (CJBl 10 D2) 
SEQ IDNO:26 (CJB110D3) 
SEQ IDNO:27 (CJBl 10 D4) 
SEQ ID NO:28 (DK21 Dl) 

30 SEQ IDNO:29 (DK21 D2) 
SEQ ID N0:30 (DK21 D3) 
SEQ ID NO:31 (DK21 D4) 
SEQ IDNO:32 (Dl NEM316) 
SEQ ID NO:33 (D2 NEM316) 

35 SEQ ID NO:34 (D3 NEM316) 
SEQ 1DN0:35 (D4 NEM316) 
SEQ IDNO:36 (2603 D3 sub-fragment) 
SEQ IDNO;37 (2603 D4H) 
SEQ IDNO:38 (515 D3 sub-fragment) 

40 SEQ ID NO:39 (515 D4H) 
SEQ IDNO:40 (cjbl 11 D3 sub-fi-agment) 
SEQ ID NO:41 (cjbl 11 D4H) 
SEQ IDNO:42 (h36b D3 sub-fragment) 
SEQ ID NO:43 (h36b D4H) 

45 SEQ ID NO:44 (CJB 110 D3 sub-fragment) 
SEQ ID NO:45 (CJB 110 D4H) 
SEQ ID NO:46 (DK21 D3 sub-fragment) 
SEQ IDNO:47 (DK21 D4H) 
SEQ IDNO.-48 (NEM316 D3 sub-fragment) 

50 SEQ ID NO:49 (DK21 D4H) 
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SEQ ID N0:50 (2603 D3+D4) 
SEQ ID NO:51 (2603 D3+D4H) 
SEQ ID NO:52 (2603 D2+D3+D4) 
SEQ ID NO:53 (2603 D2+D3+D4H) 

5 SEQ ID NO:54 (515 D3 + D4) 
SEQ ID NO:55 (515 D3+D4H) 
SEQ ID NO:56 (515 D2+D3+D4) 
SEQ ID NO;57 (515 D2+D3+D4H) 
SEQ ID N0:5S (cjbl 11 D3+D4) 

10 SEQ ID NO:59 (cjbl 11 D3+D4H) 
SEQ ID N0:60 (cjbl 11 D2+D3+D4) 
SEQ ID N0:61 (cjbll 1 D2+D3+D4H) 
SEQ ID NO:62 (h36b D3+D4) 
SEQ ID NO:63 (h36b D3+D4H) 

15 SEQ ID NO;64 (h36b D2+D3+D4) 
SEQ ID NO:65 (h36b D2+D3+D4H) 
SEQ ID NO:66 (CJB 110 D3+D4) 
SEQ ID NO:67 (CJB 110 D3+D4H) 
SEQ ID NO:68 (CJBl 10 D2+D3+D4) 

20 SEQ ID NO:69 (CJBl 10 D2+D3+D4H) 
SEQ ID N0:70 (DK21 D3+D4) 
SEQ ID N0:71 (DK21 D3+D4H) 
SEQ ID NO:72 (DK21 D2+D3+D4) 
SEQ ID NO:73 (DK21 D2+D3+D41-I) 

25 SEQ ID NO:74 (NEM316 D3+D4) 
SEQ ID NO;75 (NEM316 D3+D4H) 
SEQ ID NO:76 (NEM316 D2+D3+D4) 
SEQ ID NO:77 (NEM316 D2+D3+D4H) 
SEQ ID NO:78 (515 short Iragment of D3) 

30 SEQ ID NO:79 (his tag) 
SEQ ID N0:80 (linker) 
SEQ ID N0;81 (linker) 
SEQ ID NO:82 (linker) 
SEQ ID NO:83 (Fusion E) 

35 SEQ ID NO:84 (Fusion F) 
SEQ ID NO:85 (Fusion G) 
SEQ ID NO:86 (Fusion H) 
SEQ ID NO:87 (Fusion I) 
SEQ ID NO:88 (encoding Fusion E) 

40 SEQ ID NO:89 (encoding Fusion F) 
SEQ ID N0:90 (encoding Fusion G) 
SEQ ID N0:91 (encoding Fusion H) 
SEQ ID NO:92 (encoding Fusion I) 
SEQ ID NO:93 (encoding Fusion E - E. Coli optimised) 

45 SEQ ID NO:94 (encoding Fusion F - E. Coli optimised) 
SEQ ID NO:95 (encoding Fusion G - E. Coli optimised) 
SEQ ID NO:96 (encoding Fusion H - E. Coli optimised) 
SEQ ID NO:97 (encoding Fusion I - E. Coli optimised) 
SEQ ID NO:98 (IC adjuvant) 

50 SEQ ID NO:99 (Polycationic peptide adjuvant) 
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SEQ ID NO: 100 (encoding GBS59 2603) 
SEQ ID NO: 101 (encoding GBS59 515) 
SEQ ID NO: 102 (encoding GBS59 cjbl 11) 
SEQ ID NO: 103 (encoding GBS59 h36b) 

5 SEQ ID NO: 104 (encoding GBS59 CJB S10) 
SEQ ID N0:105 (encoding GBS59 DK21) 
SEQ ID NO: 106 (encoding GBS59 NEM316) 
SEQ ID NO: 107 (encoding 2603 Dl) 
SEQ ID NO: 108 (encoding 2603 D2) 

10 SEQ ID NO: 109 (encoding 2603 D3) 
SEQ ID NO: 110 (encoding 2603 D4) 
SEQ ID NO:l 11 (encoding 515 Dl) 
SEQ ID NO: 112 (encoding 515 D2) 
SEQ ID NO: 113 (encoding 515 D3) 

15 SEQ ID NO: 114 (encoding 515 D4) 
SEQ ID NO:l 15 (encoding cjbl 11 Dl) 
SEQ ID NO: 116 (encoding cjb 111 D2) 
SEQ ID NO: 117 (encoding cjbl 11 D3) 
SEQ ID NO: 118 (encoding cjbl 11 D4) 

20 SEQ ID NO:l 19 (encoding h36b Dl) 
SEQ ID NO: 120 (encoding h36b D2) 
SEQ ID NO: 121 (encoding h36b D3) 
SEQ ID NO: 122 (encoding h36b D4) 
SEQ ID NO: 123 (encoding CJBl 10 Dl) 

25 SEQ ID NO:124 (encoding CJBl 10 D2) 
SEQ ID NO: 125 (encoding CJBl 10 D3) 
SEQ ID NO: 126 (encoding CJB 110 D4) 
SEQ ID NO: 127 (encoding DK21 Dl) 
SEQ ID NO: 128 (encoding DK21 D2) 

30 SEQ ID NO:129 (encoding DK21 D3) 
SEQ ID NO: 130 (encoding DK21 D4) 
SEQ ID NO: 131 (encoding NEM316 Dl) 
SEQ ID NO: 132 (encoding NEM316 D2) 
SEQ ID NO: 133 (encoding NEM316 D3) 

35 SEQ ID NO: 134 (encoding NEM316 D4) 
SEQ ID NO: 135 (encoding 2603 D3 sub-fragment) 
SEQ ID NO: 136 (encoding 2603 D4H) 
SEQ ID NO: 137 (encoding 515 D3 sub-fragment) 
SEQ ID NO: 138 (encoding 515 D4H) 

40 SEQ ID NO:l39 (encoding cjbl 11 D3 sub-fragment) 
SEQ ID NO: 140 (encoding cjbl 11 D4H) 
SEQ ID NO: 141 (encoding h36b D3 sub-fragment) 
SEQ ID NO: 142 (encoding h36b D4H) 
SEQ ID NO: 143 (encoding CJBl 10 D3 sub-fragment) 

45 SEQ ID NO: 144 (encoding CJBl 10 D4H) 
SEQ ID NO: 145 (encoding DK21 D3 sub-fragment) 
SEQ ID NO: 146 (encoding DK21 D4H) 
SEQ ID NO: 147 (encoding NEM316 D3 sub-fragment) 
SEQ ID NO: 148 (encoding NEM316 D4H) 

50 SEQ ID NO: 149 (encoding 2603 D3+D4) 
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SEQ ID NO: 150 (encoding 2603 D3+D4H) 
SEQ ID NO:151 (encoding 2603 D2+D3+D4) 
SEQ ID NO: 152 (encoding 2603 D2+D3+D4H) 
SEQ ID NO: 153 (encoding 515 D3+D4) 

5 SEQ ID NO: 154 (encoding 515 D3+D4H) 
SEQ ID NO: 155 (encoding 515 D2+D3+D4) 
SEQ ID NO: 156 (encoding 515 D2+D3+D4H) 
SEQ ID NO:157 (encoding cjbl 11 D3+D4) 
SEQ ID NO: 158 (encoding cjbl 11 D3+D4H) 

10 SEQ ID NO: 159 (encoding cjbl 11 D2+D3+D4) 
SEQ ID NO: 160 (encoding cjbl 11 D2+D3+D4H) 
SEQ IDNO:16l (encoding h36bD3+D4) 
SEQ ID NO: 162 (encoding h36b D3+D4H) 
SEQ ID NO: 163 (encoding h36b D2+D3+D4) 

15 SEQ ID NO: 164 (encoding h36b D2+D3+D4H) 
SEQ ID NO: 165 (encod ing CJB110 D3+D4) 
SEQ ID NO: 166 (encoding CJBl 10 D3+D4H) 
SEQ IDNO:I67 (encoding CJBl 10 D2+D3+D4) 
SEQ ID NO: 168 (encoding CJBl 10 D2+D3+D4H) 

20 SEQ ID NO: 169 (encoding DK21 D3+D4) 
SEQ ID NO: 170 (encoding DK21 D3+D4H) 
SEQ ID NO:171 (encoding DK21 D2+D3+D4) 
SEQ ID NO: 172 (encoding DK21 D2+D3+D4H) 
SEQ ID NO:173 (encoding NEM316 D3+-D4) 

25 SEQ ID NO: 174 (encoding NEM D3+D4H) 
SEQ ID NO: 175 (encoding NEM316 D2+D3+D4) 
SEQ ID NO: 176 (encoding NEM316 D2+D3+D4H) 
SEQ ID NO: 177 (GBS80 2603) 
SEQ ID NO: 178 (GBS80 2603 without leader) 

30 SEQ ID NO: 179 (GBS80 2603 without transmembrane/cytoplasmic region) 
SEQ ID N0:180 (GBS80 2603 without transmembrane/cytoplasmic region and cell wall 
anchor) 
SEQ ID NO: 181 (GBS80 2603 without extracellular domain) 
SEQ ID NO: 182 (N-terminal immunogenic fragment of GBS80 2603) 

35 SEQ ID N0:183 (GBS67 2603) 
SEQ ID NO: 184 (GBS67 2603 without transmembrane region) 
SEQ ID NO: 185 (GBS67 2603 without transmembrane and cell wall anchor motif) 
SEQ ID NO: 186 (N-terminal fragment of GBS67 2603) 
SEQ IDNO:187 (N-terminal fragment ofGBS67 2603) 

40 SEQ ID NO: 188 (GBS67 h36b) 
SEQ ID NO: 189 (N-terminal fragment ofGBS67 h36b) 
SEQ ID N0:190 (N-terminal fragment of GBS67 h36b) 
SEQ ID NO:191 (GBS67 CJBlil) 
SEQ ID NO: 192 (N-terminal fragment of GBS67 CJBl 11) 

45 SEQ ID NO: 193 (N-terminal fragment of GBS67 CJBl 11) 
SEQ ID NO:194 (GBS67 515) 
SEQ ID NO: 195 (N-terminal fragment of GBS67 515) 
SEQ ID NO: 196 (N-terminal fragment of GBS67 515) 
SEQ ID NO: 197 (GBS67 NEM316) 

50 SEQ ID NO: 198 (N-terminal fragment of GBS67 NEM316) 
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SEQ ID NO: 199 (N-terminal fragment of GBS67 NEM316) 
SEQ ID N0:200 (GBS67 DK21) 
SEQ ID N0:20i (N-terminal fragment of GBS67 DK21) 
SEQ ID N0:202 (N-terminal fragment of GBS67 DK21) 

5 SEQ ID N0:203 (GBS67 CJB 110) 
SEQ ID N0:204 (N-terminal fi-agment of GBS67 CJBl 10) 
SEQ ID N0:205 (N-terminal fragment of GBS67 CJBl 10) 
SEQ ID N0:206 (GBS 1523 COH3) 
SEQ ID N0:207 (GBS 1523 COHl without signal sequence region) 

10 SEQ ID N0:208 (GBS 1523 COHl with mutation at position 41) 
SEQ ID N0:209 (GBS80-GBS1523 hybrid) 
SEQ ID N0:210 (GBS80-GBS1523 hybrid) 
SEQ ID NO:211 (GBS80-GBS1523 hybrid) 
SEQ ID N0:212 (GBS80-GBS1523 hybrid) 

15 SEQ ID NO:213 (GBS 104 2603) 
SEQ ID N0:214 (GBS 1524) 
SEQ ID N0:215 (GBS3 2603) 
SEQ JDNO:216 (GBS3 2603 without signal sequence region) 
SEQ ID NO:217 (GBS3 2603 coiled coil and proline-rich segments) 

20 SEQ ID N0:2I8 (GBS3 2603 signal sequence and coiled coil) 
SEQ ID NO:219 (GBS3 2603 coiled coil segment) 
SEQ ID N0:220 (GBS3 2603 signal sequence, coiled coil and proline rich segment) 
SEQ ID N0:221 (GBS3 515) 
SEQ ID N0:222 (GBS3 cjbl 11) 

25 SEQ ID NO:223 (GBS3 coh 1) 
SEQ ID N0:224 (SAN1485 cohl) 
SEQ ID NO:225 (GBS 147 2603) 
SEQ ID NO:226 (GBS328 2603) 
SEQ ID NO;227 (GBS84 2603) 

30 SEQ ID NO:228-261 (Primers) 
SEQ ID NO:262 (4H ] 1/B7-VH DNA sequence) 
SEQ ID NO:263 (4H11/B7-VH amino acid sequence) 
SEQ ID NO:264 (4H1 l/B7-VLk 
DNA sequence) 

35 SEQ ID NO:265 (4H1 l/B7-VLk 
amino acid sequence) 
SEQ ID NO:266 (17C4/A3-VH DNA sequence) 
SEQ ID NO:267 (17C4/A3-VH amino acid sequence) 
SEQ ID NO:268 (17C4/A3-VLk DNA sequence) 

40 SEQ ID NO:269 (17C4/A3-VLk amino acid sequence) 
SEQ ID N0:270 (epitope of D3 bound by 4H11/B7 and 17C4/A3) 
SEQ ID NO:271 (RrgB) 
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CLAIMS 

I. An immunogenic composition comprising at least two of: 

a) a first polypeptide comprising a first amino acid sequence, wherein the first 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:l and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:l or from a sequence having at least 90% sequence 
identity to SEQ ID NO:l; 

b) a second polypeptide comprising a second amino acid sequence, wherein the 
second amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:2 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:2; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:3 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:3; 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
fourth amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:4 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:4; 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:5 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:5; and/or 

f) a sixth poiypeptide comprising a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least 7 contiguous 
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amino acids from SEQ ID NO:6 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the 
seventh amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ TD NO:7 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:7 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:7. 

2. A polypeptide comprising at least two of: 

a) a first polypeptide comprising a first amino acid sequence, wherein the first 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:l and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:l or from a sequence having at least 90% sequence 
identity to SEQ ID NO:I; 

b) a second polypeptide comprising a second amino acid sequence, wherein the 
second amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID N0:2 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:2; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:3 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:3; 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
fourth amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:4 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:4; 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
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identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:5 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:5; and/or 

f) a sixth poiypeptide comprising a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:6 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:6 or fi-om a sequence having at least 90% sequence 
identity to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the 
seventh amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:7 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:7. 

3. A polypeptide comprising amino acid sequence: 

A-{-X-L }n-B 

wherein: each X is an amino acid sequence of first polypeptide, second polypeptide, third 
polypeptide, fourth polypeptide, fifth polypeptide, sixth polypeptide, or seventh polypeptide 
as defined in claim 1 and wherein each X is a different polypeptide; L is an optional linker 
amino acid sequence; A is an optional N terminal amino acid sequence; B is an optional C 
terminal amino acid sequence; n is an integer of 2 or more, 

4. An immunogenic composition or a polypeptide according to any one of claims 1 to 3 
wherein the first polypeptide comprises a first amino acid sequence consisting of a 
fragment of SEQ ID NO: I comprising the amino acid sequence of SEQ ID NO:l 0 (D3), 
SEQ ID NO:36 (D3 sub-fragment), SEQ ID NO: 51 (D3+D4H) or SEQ ID NO:53 
(D2+D3+D4H). 

5. An immunogenic composition or a polypeptide according to any one of claims 1 to 4, 
wherein the second polypeptide comprises a second amino acid sequence consisting of a 
fragment of SEQ ID NO:2 comprising the amino acid sequence of SEQ ID NO: 14 (D3), 
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SEQ ID NO:38 (D3 sub-fragment), SEQ ID NO:55 (D3+D4H) or SEQ ID NO:57 
(D2+D3+D4H), 

6. An immunogenic composition or a polypeptide according to any one of claims 1 to 5, 
wherein the third polypeptide comprises a third amino acid sequence consisting of a 
fragment of SEQ ID NO:3 comprising the amino acid sequence of SEQ ID NO: 18 (D3), 
SEQ ID N0:40 (D3 sub-fragment), SEQ ID NO:59 (D3+D4H) or SEQ ID NO:61 
(D2+D3+D4H), 

7. An immunogenic composition or a polypeptide according to any one of claims 1 to 6, 
wherein the fourth polypeptide comprises a fourth amino acid sequence consisting of a 
fragment of SEQ ID NO:4 comprising the amino acid sequence of SEQ ID NO:22 (D3), 
SEQ ID NO:42 (D3 sub-fragment), SEQ ID NO:63 (D3+D4H) or SEQ ID NO:65 
(D2+D3+D4H). 

8. An immunogenic composition or a polypeptide according to any one of claims 1 to 7, 
wherein the fifth polypeptide comprises a fifth amino acid sequence consisting of a 
fragment of SEQ ID NO:5 comprising the amino acid sequence of SEQ ID NO:26 (D3), 
SEQ ID NO:44 (D3 sub-fi-agment), SEQ ID NO:67 (D3+D4H) or SEQ ID NO:69 
(D2+D3+D4H). 

9. An immunogenic composition or a polypeptide according to any one of claims 1 to 8, 
wherein the sixth polypeptide comprises a sixth amino acid sequence consisting of a 
fragment of SEQ ID NO:6 comprising the amino acid sequence of SEQ ID N0:30 (D3), 
SEQ ID NO:46 (D3 sub-fragment), SEQ ID NO:71 (D3+D4H) or SEQ ID NO:73 
(D2+D3+D4H). 

10. An immunogenic composition or a polypeptide according to any one of claims I to 
9, wherein the seventh polypeptide comprises a seventh amino acid sequence consisting 
of a fragment of SEQ ID NO:7 comprising the amino acid sequence of SEQ ID NO;34 



WO 2011/121576 PCT/IB2011/051415 

144 

(D3), SEQ ID NO:48 (D3 sub-fragment), SEQ ID NO:75 (D3+D4H) or SEQ ID NO:77 
(D2+D3+D4H). 

11. The polypeptide of claim 2 or claim 3, comprising an amino acid sequence selected 
from the group consisting of: SEQ ID NOs: 83, 84, 85, 86 and 87, 

12. An immunogenic composition or a polypeptide according to any one of claims 1 to 
11 for use in therapy. 

13. An immunogenic composition or a polypeptide according to any one of claims 1 to 
11 for use in treating or preventing disease and/or infection caused by GBS, including 
treating or preventing meningitis. 

14. A method or treating or prevent disease and/or infection caused by GBS, preferably 
meningitis, in a mammal comprising administering an effective amount of an 
immunogenic composition or polypeptide according to any one of claims 1 to 11. 

15. A bacterium which expresses at least two of: 

a) a first polypeptide comprising a first amino acid sequence, wherein the first amino 
acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO: 1 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:l or from a sequence having at least 90% sequence 
identity to SEQ ID NO:l; 

b) a second polypeptide comprising a second amino acid sequence, wherein the 
second amino acid sequence comprises an amino acid sequence (i) having at least 90%) 
sequence identity to SEQ ID NO:2 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:2 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:2; 

c) a third polypeptide comprising a third amino acid sequence, wherein the third 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:3 and/or (ii) consisting of a fragment of at least 7 contiguous 
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amino acids from SEQ ID NO:3 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:3; 

d) a fourth polypeptide comprising a fourth amino acid sequence, wherein the 
fourth amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:4 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:4 or from a sequence having at least 90% 
sequence identity to SEQ ID NO;4; 

e) a fifth polypeptide comprising a fifth amino acid sequence, wherein the fifth 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO:5 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:5 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:5; and/or 

f) a sixth polypeptide comprising a sixth amino acid sequence, wherein the sixth 
amino acid sequence comprises an amino acid sequence (i) having at least 90% sequence 
identity to SEQ ID NO;6 and/or (ii) consisting of a fragment of at least 7 contiguous 
amino acids from SEQ ID NO:6 or from a sequence having at least 90% sequence 
identity to SEQ ID NO:6; and/or 

g) a seventh polypeptide comprising a seventh amino acid sequence, wherein the 
seventh amino acid sequence comprises an amino acid sequence (i) having at least 90% 
sequence identity to SEQ ID NO:7 and/or (ii) consisting of a fragment of at least 7 
contiguous amino acids from SEQ ID NO:7 or from a sequence having at least 90% 
sequence identity to SEQ ID NO:7. 


