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The present invention relates, 1n general, to an immunogenic
composition (e.g., a vaccine) and, 1n particular, to a polyva-
lent immunogenic composition, such as a polyvalent HIV
vaccine, and to methods of using same. The invention further
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tion strategies.



Patent Application Publication  Jun. 23,2011 Sheet 1 of 52 US 2011/0150915 Al

600
150 200

400

100

200
o0

100 200 300 400 500 600

Resorted by conservation

4

600

150 200

i
400

100

Position Number

i
200

100 200 300 400 50C 600

] — . " -
T i -
oy i Tt e Bl By aeess
] 4 . i P - ot 7 T P
Im | L] . I - [T} I-
T Al T I r
. Lldpbo Lo
iy Mo

) . Q®Q QTN O QWO TN
-0 000 -0 O QO O -0 OO

§

asfBrianon) oz L di abelanon 18N abeionon ey

d
$
Fig. 1E



US 2011/0150915 Al

Jun. 23, 2011 Sheet 2 of 52

Patent Application Publication

8y Lir oAyelussadet suogeindod
S}f setuoosyg I ‘uoyendod sy 1oy |
158G MU B S SSALYY S.PIIY0 3YL ] 1
fmmmﬂxugu 0 Eﬁm PRV .w h Ji

S-1S5M0) 8] JM_

ﬁ_ﬁu alf) YA sUO Buti uu

w
|

_

— - ———— . -

FHEBID0D SUIDOeA J

:

-
T

sasean Wallsnoadil
HIUN L Uy uogemdaod yoee

10 UONNjoas ahujued uopemmdod
1Xau o] pasooud usyj ‘uonesauat
DS JO Spunos O] Widiad

-1 50818 IaA0 J1ein)|

= ih

| 1 1 - ] — r
| T —— T
r 1

1 LBIY9,, Sjeisual q
rﬂ siuated suguicosy ¥

gopjdal "watl o AUk JO ey SpesdIxs | nryl

SSAL S.0IU0 S 4 ‘seosusnbos L <) s |
yopemdod g yoid Apuopuey | Ao 1E J o - —
ﬁzmﬁmﬁamn U1 DIYo ﬁmmE ' 0 A1 _ d b
.rri e £’ .F

asuenbes’, r
ey suo (i

|
.E.m-

{peneais sisu-g siet Aue §] yosfady| 1o ared jo Eﬁmﬂ mm _.u__

hl‘l-T.l.IIll-lI-ll [\

f&a o 125eq {1 _. )

gousnbas jeanett . youd Ajuiopues 10 {1 Jesdar (1
sUQ Jony oy} daay ‘soauanbas g 3oid Ajuuopuel ||
saauanbas jusled,, oag asocoyn 'l

suyonejndod aousnbas paacidiul BUIAJOAT

e b

e eyl Y egiaf = Fagerl — TR Ry Y=y S Sy ey

HEIYD0D 84 Uf PONBIIOS SI8HL-5 JO UOITILRY ) 16 Indu
oy} U seousnbss jeinjel jjg 104 ‘uesty aif) oDBIBA0CS |1RJH003

(2Beiar0d a1ndwos)
leR§acs esnsyiodAiy

aaeuasaidal mhmmmﬁumu,
S} aiom paeneas Bulsq enusnbss sU i 9aBl PINOM FEDIROD
SUINDEA JUBLIND 8Y) 8BrISACD B} 1sSatnl] asuanbsg

O SMITE. NS MM OWENS GRS mena  ewme  Ghwove e diihe e SMel  Oosw  danay o | F
UOREINHOd YIEI LWI0A IDUBNDIS NSO SO M

(134203 SUIISEA n

T

aliztonns syndwoy - d

o me e

guranmndod
soiisnbas
g1elaual

3
|
1
v

S32UINHEG eigeh

UOREZHERIU]

L) m:...nEn 8
Jind-omy




Patent Application Publication  Jun. 23,2011 Sheet 3 of 52 US 2011/0150915 Al

—

.'_1
1.

Global-vs-clade

Optimized: M-group; coverage: C-clade

&
‘o
k.

¥
1=
=
o
=

b
T3
L

7
-

'l'ﬂ"j'

o
0
o

>

&
G

y
e
b

't
.
3
o
=
.
®,

Between-clage

Optimized: C-clade; coverage: non-C-clade

NEE ENV REV TAT VPU

-

;
% | TR R T T T S s Tl

SOl GAG VPR VIF

3 - J - -
e L0 a) N

11000 OIS0 8ousnbas-{y e AG
sbelIsA0D) 18W-5 Yojew-10ex]

100

Fig. 3



Patent Application Publication  Jun. 23,2011 Sheet 4 of 52 US 2011/0150915 Al

Fig. 4A

i 5 SANLTREN + .
=1 -'-'ﬁ'ril - a2 . " “..'::_| - i._' % 5 = -
- - L 1 - P

s,-_i;;_r;:;%—,‘_‘_ =l LR

R T . ¥ LT IR
ye SRR RS
AT -y -
T S

.L Ry “a )

d 3t L

. L P AL :
-:..-_I_ :I'F:'I:'II'I'I"I-:" -"".'u_._:*:"‘:.-j--i'"j#"¥-‘il..-‘-i_' .

"-E :I-.?-:!I Lt
juln oy

LT I

Coverage of M-group
S

" - = 2 —h
HE Ll

700
g-mer count

3 Optimal Natural sequences

B ™ TREv TR © oy P 1

R Bl AR
) i . wiks : -_

e
g-mer count



Patent Application Publication Jun. 23, 2011 Sheet 5 of 52 US 2011/0150915 Al

Fig. 4C

3 Cmmmm Sequemea (M, B, C)

o )
£ L

i
-

Coverage of M-group

S-mer count

3 M@mia Saquemes

o
o

Coverage of M-group

PJ
-

, .. —
Y-mer count



Patent Application Publication  Jun. 23,2011 Sheet 6 of 52 US 2011/0150915 Al

Fig. 4E

4 Mosaic Sequences
100 g

-

oo
-

i
%

o
*******

&
-

R WEWARI L 4 YR
N i - B, &

I T

a N = .--E-.- '.-..' _*— il -
o e G i KL L

Y

oo
-

1 S B 3 " Mmoo - Qi .
L= L TR A e o O e ICTY S - = - . 1) -
. T (L H . n .
B e L ki S it . b
st gt o
[ T

L
orgela
xR AT O
-:: .'F.:':.'I -".i.h-ll -

- -*‘.I '

a2

AL R

Caverage of M-group

Tl - .
k

A

3
-

(5 ;;_.
e
i

H .

Pal K ' B :|+-""| ] I" " .
T I-'-:. ) ..-‘. or. .- - -
.L ) _‘I__ 4 I...-:. ..III . . ‘ B i [} L1} I- .+-
- e T e e T LN
“u ' . . -.-‘ L ' -

ii e ‘-" 0 < i PO I 2 e ol S ST e
0 100 2060 300 400 500 600 700

O.-mer count

6 Mosaic Sequences

iF
M1, v] [ H R

e . .

- o B e gy S L b Ty . e .

,'.*. 1 ol -.:;,._.' o i h:."' - : ' i- Tyt = ."-. .- B n l -

. P R wly - " . [ Ry - LML iy - p! H-OL3 e
* S _t . - g = 'f.l | ? H Lq L3 _"_' o .I_l'-;_l-' i . T I - : - l 'l f'. B 1

! L : C = o Ty SR Ty LalTh L™ e 2 b - - [

* : - L ol ' ; M AT P et - . -

- ol T LU ot ah ' |l v X
- - - \ o

ir]

b
s,
i}

p
3

|

l

#
s
o

-
L ] - - L ]
et =8 = TH
B e rr

o primpS S A B

' L L h“
.trul:-' -l"'-l e

»
[

L

e
O.imer count



Patent Application Publication

M-group

Optimized on: M-group

Coverage of;

Global vaccine {global)

{local}

{-clade

' Optimized on: M-group

2y .

 Global vaccine
Coverage of:

= oy

Fig. 5A

C-clade

[ "]
o

... Between-Clade
Optimized on; B-clade

Coverage of,

C-clada

2 g L THRTT W ST —

___Within-Clade .
Optimized on: C-clade

Coverage of:

Gag

100 |-

L
L%

". g:jg 5 gl s
nldﬂhél‘ ﬁﬂ E

-15:%1

3 o ;-f: N

“: ’i'#uﬂ. |
__& -g@-;; ;:it

]

Jun. 23, 2011 Sheet 7 of 52

US 2011/0150915 Al

o
gt
Ll
=

|

i
>
1t
-
&
1
3
i

4=
H
iy
-
¥}
63

Non-Mossic

&
E
L}

-n.-ﬁ'

| 8 M mosaics

o4 i yg & M opt. naturals
SRR % 4 Vi mosaics

-+ "'I _‘ "E'I-'Ilf_‘.F:-u 2
AIIOPS: | N h..’-[ﬁl..ﬂl'l"i uaﬂﬂ _..1.3.1:

ﬁ .s?ii ﬁiﬂ@fﬁﬂfu‘mﬁ

3-;1" :HE'

Euﬂ mu::. ¢1'-1'-

L
R f"5 e T

.L“.rll-'- -I'.l' "q' an -
Y rkar 3o e

- ‘I.H... *1. ,.r &?.: : -.if--- it .-?..:,-.-f':: g
T 1!1!*1?311%- il g

R m; %
ﬂ .Jq

ﬂt 4 M opt. naturais

M mosaics

Vi opt. naturals
MEC sonsensus
i 3 ABC Non-opt

1 M mosaic
T M opt, natural
T M consansuys

EEENTTA © M mosaics
s 6 M opt, naturals

‘.::';l"'_.. 4 ? 'l_r 4' 1:1"[
| L:I.I -I-i--—-l-l'|-1'q|’r'|-i't -'FI-FH -l R .|.......|.. I:- jl-l-l '| #*Hfﬂ.é}:

n
: ol |:l'-|-.'l-‘q [l i e

oy

ih.'n

B 4 M mossaics

. *E‘L?.l ‘r]r-:-s mﬂ?’“ﬁ ¥
S e Wa @Pﬁiﬂfﬂ ‘""-j‘-'-;"

Ya ‘Tﬂi
hi t.

T 4 M opt, naturals

3 M mosaics
3 MBC consensus

-":'?' 3 M opt. naturais

é!;r-.,{'ﬂ;‘_"‘?;ﬁ]-"}ﬁl ’L-E[;}L“ﬁﬂ 3 ABC Nﬂﬂ-{}pf

'omkl et i
IF’ -
r|"'.l.':' I; .' -.. ;...I_ ,

,‘_' . Sia . .
!ii -ﬂ- tl—u- -lelll-l Lﬂi ‘J-p- :-lllh:n--u-n-lll |lr ke J. )

l. whi . - "'Z
IlI . j"-.."_

h¢J?3 |
Lﬂl % :_.j . .. -: -Ei A
* | gl s

' e 1
T *--*u; e
.i LAP]ER.. .',+_l_1_,_-.'..' T ’-q -E - "ok EGARE
."'”l'_ 1= $p ] |- -__._" i B *..'.
St *.' . o el
. .
= - B .

|s
E‘EH

'y
o

1 M mosaic
1 M consonsus

¥ 0 B mosaics

’1' 8 B opt. naturals
WE3 4 B mosaics

4 B opt, naturals

i {3 B mosaics

ﬂ B opt, naturals

e | 5 mosale

S 1 B opt. natural

T B consensus

"
|
of ;|.;'-.__|:. I'I ':_'_"I' ht L L !_..1:r:_....!___'?. .1 S '-"-ﬁi et UL 1w e pmem
i & 1F "'l hEh: .'1' P ._" ., RN =T ':"'| Y. af . A
3 R i B ..':""-__.:I‘_-' . +I'. .f.-‘- -I- an -1‘*:‘ 1l-" = I"‘. I - ' :'f-i' - L w1
'

SR A R 71 o ki A A Al R i
E! HI']"‘"- 1:‘ L 1 | - R :Il,'l' Ty ] ."= H‘ l-.b-._I v u .J ; “
A ule }'l g TE SR ST NRH R i T T : 0 e i -
TR Je e & L 1N i DA T o R B L .
- b I f 1, J__..'l ' " i ] - N .u: I._i': LN
- - [] ' " -l 1 - [] Py -

[s}" & C mosaics

i 8 C opl. naturals

T, B < C mosaics

& 4 ¢ opt. naturals

PRSI 5 C mosaics
20 .-: .'-? 3¢ _': i

3 L opt. naturals

R “_ 1 {:; mosals

- -; ] 1C opt. naturat
iR 1 C Non-opf



Patent Application Publication  Jun. 23,2011 Sheet 8 of 52 US 2011/0150915 Al

Mosas
Exact Malch

B9 Match
712 Malch

Mon-Mosaie

B
=
B

_Iri-n-— |= r—-m-*#rri-r

;ﬁ w2 b o ) u:;. M mosaics

R 4 M mosaics
I 4 W opt. haturals
| 3 [/ mosaics
N AhaNaEE sl vl B M oopt. naturals
m’i Eﬁ_k’ﬁﬁ: G .r -. e . 3 MBG CONSeNsUs
il%r TP I i e S 3 ARC Non-opt
Elﬂtﬁﬁ ;. il 1 M opt. natural
mﬁ R H.;!i"'::ff i aﬁﬁmn mmff iRl 1 M consensus

M-group

B Ju guply

Optimized on:  M-group

Global vaccine {giobaij

Coverage of:

Sigm W uke £ E L e £ A ---_l-;: ‘
AP '.:3'7*5&%. lt%rw:%mdm-mmu ﬂ.’ mi?ﬂﬁllh’n%ﬂi‘tﬁ!ﬂ:ﬁi hdﬁiﬂﬁiﬂ*:h‘ﬁ-.imlﬁtMﬁﬁ_{N&ﬁ} @fq: . G M MOSalCs

.. MR 6 M opl. natirals
- ""l : ‘:'-fm.. nﬂ'ﬁ.ﬁ i 'I-IIE; S, u._.ﬁz_afm m...ifi-;m._m:j i‘: LIFj; ﬁJL E ﬂ; ,...t. 4 M mf}salﬂs

@?ﬁﬁﬂiﬁ%ﬁ%ﬂfmﬁﬂm R ”TW*E:.E%’“““-E* | 4 M opt. naturals

NP '- :J:_ _r-.- T 5 "'\:ilrl__.i' Bt -ﬂt-t 1, tﬂ“ -,': 'i_ * ,..:r . ] H
: ) I {rﬂ- - aJ\tI%mEﬂd:ﬁlt + !!1!.- 'I-... ,..4 ,..%‘I;J. ....LLE .-..'.Ir.;JI; -.-jll iuh.-h ]il!lu.-m l-.I ir-.-nli 3 M mﬂsalms

Ad-group

Coverage of: C-clade

.l-|.. u--l-nl e 'J""l'" - et e

= ..':'Z-"#'-...’ ?.f.‘?‘qi ] -T}l% f Wﬁ!ﬁ 3 M ﬂp‘t. naturals
7 "“:F:Tt?‘"*“:‘“ f"{*tia‘% ﬂﬂ?_ sty 3 MBC consensus
3 ABC Non-opt

- B 1 M mosaic
ke ',="ﬁ=e,_-;;;‘??§jm‘§1 i 1 M congensus

Optimized on:

Global vaceine {iocal)

s 6 B mosaics
‘*T’*‘} 6 B optl. naturals

o tum-.h B 4B mosaics

= J T ;M"h 4 B opt. naturals
. 4& A SOl 3 B mosaics
3 ’*“f”f"" 3 B opt. naturals

1 B mosaic
a1 B opt. natural
e 1 B CONSLNsUs
WEEN 1 B Non-opi

Fig. 5B

B-clade

Coverage of. ___C}j;;[ade

Between-Clade

Optimized on:

el B Ll

C—ciawde
C-clade

S¥Ead 6 C mosaics
s 6 0 opt. naturals
BN 1 C mosaics

3SR ER| 4 C opl. naturals
N c C mosaics
REsE sk rn 3 O opl naturals

TP 1 Cmosaic
TR iﬁ"“ﬁ‘fé aﬁﬁ iR ErneEEul 1 O opl. natural
%ﬁ.ﬁl%l Jﬁiﬂﬂ'ﬁ'ﬁv Eiff P s (R 1 C consansus

Ep-ﬁﬂaﬂe

VWi

| *f}ptimized s1gh

Coverage ol

Ner

o 3 -
=T LAl

- -
W) S

130



Patent Application Publication  Jun. 23,2011 Sheet 9 of 52 US 2011/0150915 Al

j 65
1 6l
55

Al
Ewmc:::a

7 100
45
g0
§ 85
: 80
75

{0

o W 3 1y
lﬁ'}'*:!**-:rcf}
a3 .

B g * A masaics
IWHE'E ﬂﬁm-,.* : wEﬁLﬁr A mmmzsﬁwﬁm Wﬁ*’”l‘ E M opt. naturais
I O R T e 4 1) nosaics
. mmm BB IR T R L 0 4 M opt. naturals

m
=

'Gpﬁmized on: M-group

 Tested vs

_M-group

._+. *i 1

{.1.}

R H mcjtsamf "
e S NDORIES o3 PR AU Ll nalura
EpER ot o wﬂ ifﬂi!ﬁlmﬁ 3 MBG consensus
i h': Y e i 5 '-.':-j::'::':'-f.' i ’Eﬁiﬁ?ﬂiﬂ ek 3 ARG Ngn-ﬂpt

Nl M mosal
M consensus
M opt. natural

i jl.__ .+ MH.H..'- e L S masams
| A SO A iﬁffﬂ?bifﬁf mEE © M opl. naturats

" AR | | osaics
mmﬁajurm R N RS £ X gt 1 DT "mﬂ'ﬂ* 4 W opt. naturals

. ?}n-*;ﬁ*.r S _ AT ) R 3 M mosaics
LR ; Bl 3 MBC consensus
=:ﬂﬁ;r E':.E h - . i 1*' H0 = :" ﬂa Ufﬂ 3
e T .": {2 AT S L] AE@ Mor-opt

i it 3 1 M mosaic
RV 1 M consensus

1
o o [ WA T T ¢\ mosaics
-:1*... MW““WMM AT A .' ' M opt. naturals

A A A Ry ey ) 4- M mosaics
EESVATD TIPHP Y AT AR el %&sﬂ&&ﬂmﬂ. i 4 M opt. naturals

ik ok, TR SMmasalf:s
naturals

f,
3 MES cnnsensus
- Non-opt

b B .LGE. N . T T L 1 M--Fﬂﬂﬂﬂiﬂ
ey aﬂﬁmwmwmmm NGEEE RIS 1 ) consensus

-."-
-ll'

?‘ul¥1ﬂ"# 1« .-‘f N AR T A & R mosaics
7 ;iﬂ'ﬁpmﬁﬂmm_ _' X E B opt. ﬁEtUI'EIS

A e _EE'LMI’EﬂLE.JLLﬁ*F‘HE il 4 B opt. nalurals

5 “ia m—'— NG, masasr:n
ep [P CRE R BRI Pl TSR T NPT ) 2 2 ﬂpt naturais

G I I i el ot € B opl. natural
..... : SRR A ; COASENSUS
P et 4 B Non-op

B

B3

(; mosaics
C :::upt naturais
G

G

W
F

.'.' LR - -

Global vaceine

? 3 ﬁi!‘&"ﬁﬁﬂ‘fm’ |F#WFHWJH§ Iﬂm‘ =T rumﬁwﬂ_gnfwﬂ ;
bhmﬂm I B e 1 e “H"-f' ERg L U R

m....:-_,..:.
=

.. Q‘.?‘ﬁﬁ?

T@s‘_[acf Vs’

B{Egde

Optimized on: M-group] |Optimized on;  M-group

Teosted vs:

C-olads

TN Tolll™ B 'S T T T

B-rlade

Gag coverage

Optimized on:
Tested vs:

IT L LE XL Tl}ﬂ

LT I*-*ﬂ ’:"EE*:."-’-'"T"*E#” SR AT

B-clade

[GOSaIcSs
opl. naturais

(> mosaics
C opt. naturals

C mosaic

CONSENnsuUs
Bt natumi

ﬂn—np

8 mosaics
opt. naturals

P P T T
[ - - -!'

6
o
M 4
il 4
3 3

é};ﬂ t@rm i ’*“ i) WW*j
i E 1 Ay | e 'I
IR 'i_,. T AT S B 1:;5;:&'

Between-Clade {C/B) Between-Clade (BIC) Globalvaccinevs B Giobal vaccina vs C

Oplimized on:  C-tlade

Tested vs:

Dﬁﬂ

%
§
1
1
L
1 6
G

C-ciade)

e 4 mosaics
i 4 opt, naturais

don: C-clade

Within-Clade {C)

fimize

i =+ % 1 C consensus
- PRI 1 G opt. nalural
n.ié RS it < WL %I al .i C Uﬂ"Dpt

Rk G B mosaics
8 B opt. naturais

RSN 2 B mosaics
-- wﬁ?ﬁaﬁ 4 B opt, naturals

k3 B mosaics
13 Bopt. naturals

p

E

Tested vs:

B-clade

 Optimized on:  B-ciade

Tested vs;

Fig. 6A



Patent Application Publication

Jun. 23,2011 Sheet 10 of 52 US 2011/0150915 Al

—
Ty R we Y Uy O LY LD
T S S S R i S
o ol Ik i _ 6 M mnsaic$
w a % | et TR Sl e B T I Tl T g WAyl 6 M Dp naials
=P e | 4 i mtmama
G 1= =) L e S D R R b 2 e Sl R 4 V: opt. naturals
S, ; 3 M I'ﬁﬂEﬁiﬂS
e 1 O | R R e L g RN IR e s gy Eaie el 3 M apt, naturals
Sio yil e R L ATV B AR D BT IR BN’ cﬂnsensus
=8 R IR < EER Ve o A e aar R neiiems 3 ABC Non-opt
s 2 = 1 M mosaic
A R mwmmwmmmm iR E R A esEsE] T WV consensus
I laa;uﬁfﬂwﬂ R e e e e raanzl 1 M opt, natural
TIEX: il g M m{JSEi{:Ei
o | B 5 [ AR [ mr e e e Een e R aEl 6 M opt, naturals
il T ' 4 M mosaics
2 |22 e L s A e b eRaeereersn] 4 (] opt. naturals
e il 3 M mmsaica
e I T R S s el e A 3 M opt, naturals
M = S CH R e A NG SR o SEIGEE PRI, s Il 3 M3 cmnser‘;sus
H gl  SaUEy AL T TR e h‘ﬁﬁlamﬂﬂa &2 3 ABC Non-opt
= 2 - M mosaic
r, oI
G- 1 M consensus
2 arf (FARLEN 4». Nt d CHE ol MR ) -nn N © Y moesaics
R m&@*@m ”1“1... fﬂmm*wwm:- et sy ) & M opl. naiurdia
= 4 M apt. naturals
: g M mpsaics
= @ th nafurals
D = 3 M Gonsensis
H o 3 ABC Non-opt
= al
*5. k5 J R N RV - . ') r-l-ﬂt =|. t‘lﬂ'....ri?" bii HI E‘ILI 1 M mﬂgﬂlﬂ
=Rt F:‘F;{} AT S 1 M consensus

B-clade |
C-clade |

timized on:

Tested vs:

—

T

Oplimized o C-clade

B-clade

Nef coverage (central region)

L 2
1
b el FTETETETIECT

Between-Clade (C/B) Between-Clade (B/C) Global vaccinevs B Glohal vace

Tasted vs

T e E B masaics
gt 6 B opt. naturals

TR 4 B mosaics
g 4 B opt. naturals

R B mosaics
wal 3 B opt, naturals

TR 1 B ool. natural
A 1 B rosalc

CONSEensuUs
BNER G C mosaics

Mon-opt
6 C opl. naturals
S 4 C mosaics
panRt 4 C opl. naturals

g 8 ?{ﬁsﬁﬁrﬁﬁ

A 1 C mosaic
7 1 §cona&nsu5

AR Y g T
F*.IY]&F Flrfw ..r'-! 1..,.-'= FI
ﬁmﬁ” TG

T R T S imﬂ SR

ll‘
5.'1...4

qoe

'm%ﬂ. o

Within-Clade ()
Qptimized on:  C-clade.

Testad vs:

i

e
ﬁﬁﬁﬁq‘ﬁiﬂ-}

"".i. E ol

Bf.ciada

Within-Clade (B)
{Optimized an:  B-clade

| Tes_t_ed V&

Fig. 6B

1001
g5

E-”@lwaﬁﬁﬁmm

i, naiural
B C mosaics

.....
I'n- R

on-opt
i ;”‘ﬁm '%I'J 6 C opt. naturals
AT e iC MOSEICS
SRR S s C opt. naturals
R 3 C mosaics
pER | %  opt. naturals
I opt. natural
1 mosaic
i 1 C consensus
H 1 C Non-apt
Ml ¢ B mosaics
L w5t G B opt. naturals
I 2 B mosaics
pignigtaungl 4 B opt, naturails
A 2 B mosaics
.:-;E B opt. naturals

O . 1 B mosait
hfﬁu.- LA il 1 B consansus
&F Sna et 1 B opt, natural

wmmw 1 B Non-opf




Patent Application Publication

g-mer counis

O-mer counts

a—

150 200 280G 300

T EEETRY |

160 200 250 300
Y A SR E—

|

1?@

20

0

Jun. 23,2011 Sheet 11 of 52 US 2011/0150915 Al

Fig. 7A

9-mer Frequencies (0—60%)

Mosaics © S80S,

Consensus seq. cockiail
vs Mosaics

3 Consensus seqgs. (M,B,C)o
3 mosaic seqs.{offset) »

W RS el

]

Best Naturals © segs.l]|
4 seqs. 4 |
3 seqs. B
1seq. B

150 200 250 300

100

50

t:; i
& |
Non-goptimal naturais |

o vs Mosaics |

N g

N :

= 3 non-optimal natural segs. n |

N 3 mosaic seqs. o

o

L j ;

-

o |t

- :

— ]

21 BHE b )
, },l| LT

= Eﬂliﬂﬁﬁhaﬂi IH"[‘IEJ‘M&H v b,
NS R R



Patent Application Publication  Jun. 23, 2011 Sheet 12 of 52 US 2011/0150915 Al

Fig. 7B
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Fig. 9
~nef coxgB.synl.l

EVGEFPVRPQVPLRPMTYKGALDLSHFLKEKGGLEGLIYSOKRODILDILWVYHTOGYFPDW
ONYTPGPGIRYPLTFGWCFKLVPVE

~nef coreB.syn3.l
EVGFPVKPOVPLRPMTYRKAAVDLSHFLKEKGGLEGLVYSOKRQDILDLWIYETQGYRFPDW
GNYTPGPGTREFPLTFGWCFKLVPVD

>nef coreB.syn3.2 |
EVGEFPVTPOVPLRPMTYRKGALDLSHFLRERGGLEGLIYSQRRQEILDLWYYHTQGYFPDW
HNYTPGPCVRYPLYFGWCFKLVPVE

>nel coreB.syn3.3 .
EVGEFPVRPOVPLRPMTYXKAALDLSHFLKEKGGLEGL IHSQRRODILDLWVYHTQGRPPDW
CNYTPGPGIRYPLYTFGWCYRKLVPVE

~nef coreB.syn4,l
EVGFPVIPQVPLRPMTIYKAAVDLSHFLREKGGLEGLIHSQRRODILDLWIYHTOGYTPDW
ONYTPGRPGIRYPLTEGWCYRLVPVE

~nefl corsB.syn4.Z2

DVGFPVRPQIPLRPMIYKAALDLSHF LREXGGLEGLVYSORKRODILDLWVYHTQGEFPDW
ONYTPGPEIRFPLTFGWCFRLVEVD

>nef coreB.syn4.3 |
EVGEPVRPQVPLRPMTYKGAVDLSHFLKEKGGLEGLIY SQKRO!
GNYTPGPOTRYPLTFGWC LELVPVE

>nef coreB.syn4.4
EVGFPVEPQVPLRPMTYKGALDLSHF LEEKGGLDGLIYSQRRODILDLWVYNTQGYFPDW
ARNYTPGPGVRYPLTEPGWCEFRKLVPVE

=3

LLDIWVYHTOQGYPFPDW

>nef coreB.syn6.l
EVGFPIRPOVPLRPMTFRGALDLSHFLAEKGGLDGLIYSQRKROEILDLWVYHTOGYFPDW
HNYTPGPGIRYPLOFGHCFKLVPVE
»>nef coreB.syné,?2
VG RV IOV PLRPMTYRGAVDLSEFPLEEQGGLEGLIYSQRROQDILDLWIYNTOGYFPDW
QCYTPGPGVRFPLTTFGWCFKLERPVD
>nef coreB.syn6,.3 - |
- EVGFPVKPQVPLRPMTYKAAVDLSHFLXEKGGLEGLIYSOKRODILDLWIYHTQGYFPDW
ONYTPGPGIRYPLTFGWCLELVEVE
>nef coreB.syno6.4
DVEFEPVRPOVPLRPMIYEAALDLSHF LEEEGGLEGLIYSOQROQDILEDLWVYHETOQGFFPDW
CNYTPGPGTRYPLTYGHCYRKLVEVE
>nef coreB.synd.b
EVOEFRVRPOI PLREPMIYEOGALDLS AR LREKGELEGLVYSQRRODI LD LWVHHTOQGYFPDW
CGNYTPGPCETRFPLTPGHCEFRELVEVD
>nef coreB.syne6.o

EVGEPVREQVPLEPMTYRGAFDLEHF LKDRGGLEGLIHSQRRODILDLWVYNTOQGEY P DW
CNYTPGPGVRYPLTFGWCEFRLVELE

| T

>nef coreC.synl.l

EVGEPVRPOQVPLRPMIYKAAFDLS MY LEERGGLEGLIYSKRRQEILDLWVYHTQGEEPDW
QNYTPGEPGVRYPLTFCGWCFKLVEVD
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Fig. 9 cont'd-1

»nef corel,syn3.l |
EVGEPVTPOVPLRPMIFKGAFDLGFFLKEKGGLDGLIYSRKRQDILDLWVYHTQGYFRDW -
CNYTPGPGVRYPLTFGWCYRLVPVD

>nef coreC.syn3. 2

;VGFPVKPQVELRP%TYK%HFDLSFFLKDKGGLAGLIWSHKRQEILDLWVYHTQGFFPDW
CHNYTPGCPGIRYPLTEFGWPEFRILVEVD

>nef coreC.syn3.3

EVGFPVRPOVRLRPMTYKGAFDLSFRLKEKGGLEGLIYSKKROEILDLWVYNTOGFFEDW
HNYTPGPGVRFPLTEFGWCEFRLYVEYD

»>nefl coreC.syné.l
EVGEPVRPOVPLRPMTYKGAFDLSFFLKEKGELEGLIWSKKROEILDLRVYNTOGY FRPDW
QCYTPGPGVRFEPLTEFGUWCTFKLVEVD

>nef coreC.synd.Z |
DVGEFPVRPOVEVRPMTYRAAF DLOFFLEDRKGGLEGLIHSRRRODILDLWWYNTQGFFRPDW
HNYTPGRPGIRYPLTHGWCTTRLVPVD

>nef coreC.synd.3 o
EVGEFPVRPOVPLRPMEYKAAVDLS FEFLRKERGGLEGLIY SKKRQEILDLWVYHTQGFEFPDW
ONYTPGPGTRYPLTEGWPFRKLVEVD

~nel coreC.syn4d.4
EVGFPVIPQVPLRPMTFKGAFDLGFFLREKGGLDGLIYSKERODILDLNVYHTQGYFPDW
ONYTPGRPGVRYPLIYGWCYXKLVEVD

»>negf coreC.syng.l

DVGEPVRPOVRPLRPMUYKRGAFDLSFELEKERKGGLDGLIYSKEKROQEILDLWVINTOGY FPDW
QCYTPGPGVRYPLTFGWCYRLVEPVD

>nef corel.synb,<
;VGFPVHPQVPVRPMTYKRRFDLSFFLKDHGwLEGLIWSKKRQEILDLWVYHTQGFFPDW
QNYTPGPGIRYPLTFGWCEKLVEVD

>rnef coreC.synbo.3

EVGEFPVRPOVPLRPMTFRGAP DLGEFLRKERGGLEGLIY SKOQRODILDIWVYHTQGE FRPDW
ONYTPGPGVRLPLTFGWCERLVPVD

»>nef coreC.syn6.4
GVGEFPVRPOVEPVRPMTYRAAFDLGEFLKDEGGLEGL I Y SKRRODILDLWVYNTQGPEFP DW
QNYTPGRPGVREFPLTFGWCFRLVEVD

>nefl coreC.synb.5
EVGFPVIPQVPLRPMTYKAAVDLSWE LKERGGLDGLIY SRERQEILDLAVHETQGEFPDW
CNY TEGPGTRFPLTFGWCFRLVEVD

>nef coreC.synob.o
EVGFPVRPQVPVRPMTYHGRVDLSFFLKEKGGL4GLIHSKRRQDILDLWVYHTQGYFPDW
ONYTPGPGITRYPLTEFGWPFKLYPVD

>nef coréeM.synl.l

QUGFFVRPQVPLR?MEYKGAADLSPFLHJEG LEGLYYSKERQEILDLWVYHTQGYFEFDW
ONYTPGPGVRYPLTHGWCFRLVEVD
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Fig. 9 cont'd-2

»nef coreM.syn3.l

DVEFEVRPOVPLRPMTYKAAVOLSEFLEEKGGLEGLVY SQRRODILLLNVYHTQGEFRDNW
QNYTPGPGVRYPLTFGWCYXKLVEVD

>nef coreM.syn3.Z

VG PYRPOVEVEDPMTYRGAFDLS FEFLRKEKGGLEGLEY SKERQET LDLWVYHTUGY EPDW
HNYTPGRGTRFPLTEGWCFRLVEVD

>nef coreM.synd.Jd

BV FPVKPQ‘JPLRFMT YRGALDLSHFLEEKGGLDGLIYSKRRODILDLWVYNTOGYFPDW
OHYTPGPGIRYPLTFGWCFHLUEVm

-------

llllll
IIIIIIII

R B e L L LMLy L
g
.__II.

", |l"'l-:"|.I ----- Ly T ‘-\-\_\. ._F-_p.l.u.nl“”-““

snef coreM.synd.l | b
EV”FPVTEQVPLRPMTFKGAFDLGFFLKEKEGLEGLIYSHHRQEILDLWVYHTQGFFPDW
ONYTPGPGTRYPLCFGWCFKLVPVE - o
>nef coreM.synd.Z e
EVG FPVKPQVPLRPMTYKFHVDLSHFL{JKGGLEGLVHSQKRQDILDLWVYHTQGYFPDW |
ONYTPGPGIRYPLTEFGHCYKLVZVD -
rnef coredM.synd.3

DVGFEVRPOVPLRPMTYKGALDLSHF LKEEGGLEGL IYSOKRQE T LDLWVYNTQGY FPDW
 ONYTPGPGVRYPLTFGWCFKLVEVD
- »nef coreM.syné.d
§EVGFPVREQVPVRPMTTKGRFDLS“FLKEKGGLDGLIYEKKRQDILDLWVYNTQGFFPDW
HNYT PGEGTRFPL’PFCWCFELVPVD .

-t - —rr e i

""1; ::::::: e

>nef cﬁrem.synﬁ il

EVGFE’V‘RPQW?THPMTYKG&VDLS HFLEKFPKCGLECLVYSCKRODI LDLWVEHTOGFFPDW
ONYTPGPGTRYPLTEFGWE FRLVEVD

»naef coreM.svnb.:

DVGEBYRPOVEVREMTYKAAFDLS FFLREKGELDGLIYSKKROD I LDLWVYNTQGY FPDW
ONYTPGPGVRFPLTFGHCFELVEVD |

>naf coreM.syn6, 3
NVGFPVREQVPLHPMWFﬁGﬁFDLGFFLKbKGGLEGLIYEKKHQETLﬁLWVYHTGGYFPEW
HNYTPGREGTRIPLTFGHCFRLVEPVE
>nef coreM.syng, 4
EVGF§VTPQVPLRPMTYK&AFDLSFFLHERGGLDGLIYSRKRQEILDLWVYNTQGFFPDW
ONYTPGPGIRYPLTFGRCFELVEMD

>nef coreM.svnbd.>d
EVGFPVK?QV?LHPMTEHHRVDLaHFLHEKGGLEGMIHSQERQDILDLWIYHTQGYFPDW
OCYTPEPEVRYPLTFGUWCYKLVEVD

»>nef coreM.synb.b
GVGFEUHEQIPLRPMTYKGHLDLSHFLHEEGGLEGLIYSQKRQDILDLWVYHTQGFFPDW
HNYTPEPSIRYPLOFGRCFRLVZVD
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>gagB.synl.l Fig 9 Cﬁnf’d-3

MGARASVLSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPCGLLETSEGCROT
LGQLOPSLOTGSEELRSLYNTVATLYCVHEQORIEVKDTREALDK IEEEQNKSKKKAQOARA
DTENSSQVSONYPIVONLRGOMVAQAL SPRTLNANVKVVEEKAFSPEVI PMFSALSEGAT
PODLNTMLNTVGGHQARMOMLKE T I NEEARRWDRLHEPVHAGPIAPGOMREPRGSDIAGTT
STLOEQIGWMINNPPIPVGEI YKRWIT LGLNKIVRMYSPTS ILDIRQGPKEPFRDY VDRF
YKTLRARQASQEVKNWMTE TLLVONAN PDCKTILKALGPAATLEEMMTACQGVGGPGHKA
RVLAEAMSQVTNSAT IMMORGNFRNQRX TVKC FNCGKEGH TAKNCRAPRKKGCHKCGREG
HOMKDC~TERQANFLGKIWPSHKG~RPGNFLQSR P = = wr  om e e EPTAP
PEESFRFGEETTTPSQKQE PIDKELYPLASLRSLEGNDRPSS0

>gagB.syn3. 4

MGARAS T LSGGELDRWER L RLERPGGRROYRLEKEIVWASRELERFAINPGLLETSDGCROT
LGOLOPALGTGSERLES LENTVATLYCVHORIDVEDTRKEALDEIEEEQNKSKEKAQOAAN
DTGNS SOVSQONYP EVQN*IQ COMVEHQAL SPRTLNAWVEVIEEKAFSPEVIPMYSALSEGAT
PODLNTMINTVGCHQAAMOMLKETINEEAADWDRLHPVHAGPIAPGOMREPRGSDIAGTT
STLOEQIGHMTNNPPIPVGEIYRRWIIMGLNKIVRMYSPSSILDIKQGPKEPFRDYVDRE
YEKVLRAEQASQEVKNWMTE TLLVONENPDCKTILRALGPGATLEEMMTACQGVGGPGHKA
RVLAEAMSGMINSAT IMMOEGNFRNOREKPVKCFNCGKEGHIARNCRAPREKKGCWKCGREG
HOMEDC - TEROANFLGRINPSYRG— RPONT LONREP ———— = o s mm i e — BEPTAP
PAESFREGELTTTPSQROETIDRELYPLASLRSLEGSDPS50

>gagB.synd. 2

MGARASVILSGHGOLDRWEKIRLRPGGKKEY RLEALVWASRELERFAVNPGLLETARGCROT
LEQLOPSLOTGSEELRSLENIVAVLYCVHQRIEVKDTKEALDKVEEEQNKS KKKAQQTAA
DT GNNSRVEONYPIVONMOGOMVHOAL SPRTILNAWVKVIEEKAFS PEVIPMFTALSEGAT
PQ DLNTMINTVGGHQAAMOMLEDTINEEAAERWDRLHPVOAGPVAPGQIREPRGS DI AGST
TLOEQIGWMT SNPPIPVGEIYKRWII LGLNEKIVRMYSEVSILDIRQGPKEPFRDYVDRE
YKT LRAEQATQEVENWMTETLLVONANPDCRTILEALGPGATLEEMMTACQGVGGR IHEA
RVLAERAMSOVINSATIMMORGNFRNCREIVRCENCGKEGR TARNCRAPRRXRGCWACGRES
HOMKDO-NERQANEF LGR LW P SHE G- RPGN T LSO R — = o e b et s e e HREPLAP
PEESFREFGEERKTTESCKOEPIDRDLYPLASTESLEFGNDPSLO

>gagB.syn3.3

MGARASVLSGGELDKWERK I RLRPGGHEKKYRKLKHIVWASRELERFAVNPGLLETSEGCROT
LGOLOPS LOTGEEELRSLYNTVAT LY CVHQRKIEVRKDTKEALEKIEERQNKCKEKAQOARAA
GTGNSSQVSONYPIVONLOGOMVHOEPI SPRTLNAWVEVVEERKATS PRV IPMEFSALARGAT
PODLNTMLNTVGGHQAAMOMLKET INEEAAEWDRLEPVHAGPVAPGOMRDPRGSDIACGCTT
SNLOROLGWMTENPPIPVEDIYREWI T LGLNKIVEMYSPTS LLDIRQUGPRESEFRDYVDRY
YRTLRAEQASQDVENWMTE TLLVONANPDCRTILKALGPAATLEEMMTACQGVEGEGPSHKA
RILAEAMSOVTNRPAT IMMORGNFRNQRETVECENCGKEGHLARNCRAPREKKGCWKCGKEG
HOMREC-TERQANFLGKIWPSHEG-RPONTFLOERP = — s s e e e o ~IPTAP
PEESFRFGEETATPPOROEPIDKRELYPLTSLRSLEFGNDPSE(Q

| N——

>gagB.synd. i

MGEARASVILSGCEOLDRWERIRLRPGGREKY RLKEHLVWASRELERFAVNPGLLETARGCRQI
LEQLORPSLOTGSEELRSLPNTVATLYCVHORIDVEKDTRKEALDRKIEEEQNKCKEKAQQOARA
DTGNS SOVSONYPIVONTIQOOMVHQALSPRTLNAWVKVVEERAFSPEVIPMPTALSEGAT
PODLNTMINTVGGHQAARMOMLEET INEEAARWDRLHAPVOAGPVAPGOMREPRGSDIAGST

STLORQIGWMTNNPRP IPVCDIYRKRW I ILGLNKIVRMYSPVSILDIRQGPRKESFRDYVDRE
YRVLRARQASQEVENWMIETLLVONANPDCRTILKALGPAATLEEMMTACQGCVGGEPGEHRKA
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Fig. 9 cont'd-4

RVLAEAMSOMTNSATIMMORGNFRNQREKTVKCEFNCGKEGHTARKNCRAPRKKGUWKCGREG
HOMEREC~-TEROANTLGEIWPSYKG~-RPENEF LOSRP—— -~ = i e EPSAP
PARSFRFGEETTTPSQKQETIDKELYPLTSLRSLEFGNDES LY
pgagi,.synd ., 2
MGARASVLSGGELDKWER IRLRPGGKEKYKLEHIVHWASRELERFAINPGLLETEEGCRE L
LGQLQPRLQTGSEELRELENTVATLHCVHQKEEVKDTKE&LEKVEEEQﬂHSHQKAQQﬁRR
DTGNNSOVSOMYPIVONLOGOMVHEQAI SPRTLNAWVKVIEEKAFSPEVIPMFAALSEGAT
PQDLNTMLNTVGGHQRAMQMLKETINEEA&DWDRLHEVHRGFIRPGQIREPHGSBIAGTT
SHLQEQERWMTNNEPIPVEEIYHRWIiMGLNKIVRMYEPTSILDEHQGEKEPFRDYWDRE
YRTLRAEQASODVKNWMTETLLVONANPDCRTILKALGPGATLEEMMTACQGVEGEPSHAA
RVLAFAMSOVTNPAT IMMORGNFRNORKPVKCFNCGKEGELAKNCRAPREKRGCWRCGEEG
HOMRDC~NERQANFLEGKIWPSHKG-RPGNEFLONRE — - m = mmim e = EPSAP
PERSFRFGEETATPSOKOEPIDKELYPLASLRSLEGESDPSSY |
>gagB.synd .3
MG%RRSILSGGELDREEKERLRPGGKKQYRLKHIVWASRELEREAVHPGLLETSEGCKQI
LEQLQPALQTGSEELKSLENTVEVLYCVHQRIEIKDTKEELEHEEEEQNKSKKKRQQTHR
DTGNNSQVSQNEPIVQNLQGQMVHQPISPRTLNAWVKVIEEHAESPEVEPMFSHLREGAT
PQDLNTMLNTVGGHQHAMQMLHET$NEEAAEWDHLHPVHRGPVRPGQMRDPRGSDIAGTT
SNLQEQIGWMTSH?PEPUGEIYERWIILGLNKEVRMESPTSILDIRQGPKEPFRDY?DRF
YKTLRAEQRTQEvENWMTETLLVQNANPDGKTILKRLGPGATLEEMMTAGQGVGGPSHKR
E:LAERMEQVTNSHTVMMQRGNFRNQRKTIKCFNCGKEGHLARHCRAPRHHGCWHCGREG
HOMKDC-TERQANFLGRIWPSYR G~ RPGNELANRE = —=—— e s s RRTAP
PARSFRFGEETTTPPOKOEPIDKELYPLASLKSLFGNDES5Q
>qgagB.synd. 4
MGAR&EVLSGGKLDKWEKIRLRPGGHKEXQLKHIWWASRELEEFRLNPGLLETSDGERQI
LGQLQESLQTGSEELKSLFNTV&ULYSVHQREEVKDTKERLDKVEEEQ&KSKHKAQQAAR
GTGNSEQVSQNYPZVQNMQGQMVHQALSPHTLNHWVHUIEEKAFSPEVIEMFSRLSEG&T
FQDBNTMLNTVGGHQRAMQMLHDTINEEAAEWDRVHPVHEGPIAPGQMREPRGSDIAGTT
L STLQEQ{GWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPSSILDIRQGPKEPFRDYVDRF.
YKTLRﬂEQASQEVKEWMTETLLVQNSNPDCKTILKALGPRRTLEEMMTACQGVGGPSHK&
RVZAEHMSQVTNSREIMMQKGNFRHQRKI?KCFNCGKEGHEHRNCERPREEGCWRCGKEG
HOMKDC~TERQVNELGKIWP SYRKG-RPGNFLOSRYP—————— o e = e EPTAP
PEESFRFGEEKTTPSCKQOEPIDKDLYPLASLRSLEGNDPLSD

>gagB.synt. 1 .
MGARASILSGEELDRWEKIRLRPGGSKKYRLKHIVWASRELERFAVNPGLLETARGCRQIL
LGOLOPSLOTGSERLRSLYNT IATLYCVHQRIEIKDTREALEKIEEEQRRSHIRALLQ T AR
NTGNNSOVSONY PIVONLOGOMVHQPISPRTLNAWVRVVEEKAFSPEVIPMESALARGAL
PODLNTMLNTVGGHOAAMOMLXET INEEAREWDRLHPVEAGEVAPGQIREPRGSDIAGTL
SNLOEQIGWMTSNPPIPVGEIYKRWIILGLNRIVRMY SPISILRIRQGPREPFRDYVDRE
YRTLRAEQASODVENWMTETLLVONANPDCKT I LKALGPGATLEEMMTACQGVGGEGRRA
AVT,ARAMSOVTNSATVMMORGNFRNQRRTVKCFNCGKEGHIARNCRAPRKEKGCWRCGREG
HOMKDC ~TERQANFLGKIWPSYKG-RPGNFLQSRP — = ~w——— === == “PTAP
DARSFRFGEETTTPRQKQEPIDKELYPLTSLRSLEGNDESES

>gagB.syng. 2
MGARASVLSGEKLDRWEK IRLRPGGKKK YRLKHVVWASRELERFAVNPGLLESSEGCRLL
[EOLOPSLOTGSEELRSLENTVATLYCVHORIDVKDTREALDKIEEEQNRCKKRAQLAAR
NTENNSOVSCNYPLVONLOGCOMVHQPISPRTLNAWVKVVEEKAFSPEVIPMFAALSEGAT
PODLNTMLNTVGGHQARMOMLEE TINEEARENDRVHPVHAGP TAPGOMREPRGSD IAGST
STLOEQIGWMTNNPEIPVGDI YKRWIILGLNK IVRMY SPASTILDIRQGPREPFRDYVIRE
YKTLRAEQATOEVKNWMIETLLVCNANPECRT ILKALGPGATLEEMMTACQGVGGPGHRA
RULAEAMSOMTNSAT IMMOKGNEF RNQEKTIKCFNCGKEGHIARNCRAPREKGCWECGREG
HOMEDC~TERQANF LG IWP SHKG-REGNEFLONRP——— == === me = EPTAP
PrESFRIGERTATPPOKOFPIDKELYPLASLKSLEGSDPSSQ

L -
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>gagB.syne. 3 Fig 9 C{}ﬂtjd”5

MGARASVLSGOGE LDRWER I RLRPGCREKY ELKHLVRASRELERFAVNPGLLETSDGCRQT
LGOLOPALOTGSEELKSLYNTVATLY CVHOK T DVRDTKEALDK LEEEQNKSKQKAQQARA
DTGNSSOVSONYPIVONTIOGOMVHOAI SPRTILNAWVKVVEEKAFSPEVI PMFTALSEGAT
PODLNTMLNTVGGHOAZMOMLKET INERAARWDRLHPVOAGPVAPGOMREPRGSDIAGTT
STLOEQIGWMIENPPIPVGE I YKRWIIMGLNKIVRMY SPSSTLDIRQGPKESFRDYVDRE
YKVLRARCASOEVEKNWMTETLLVQONANPDCKTILKALGPGATLEEMMTACQGVGCGESHKA
RV LA AMSOVTNSATIMMORGNFRNQRKTYVEKCFNCGKEGHIAKNCRAPRKRGCWKCGKEG
HOMKEC-TERQANFLGKINPSHKG-RPGNFLQSRP === i o e e ~EPTAP
PERSPFRFGEFKTTPSQKQOETIDKELYPLASLRSLFGND PSSO

>gagB.synb. 4

MGARASVLAGGELDKWEK IRLRPGEEKKYOLKHIVWASRELERFAVNPGLLETSEGCKQT
LEOLOPALOTGSEELRSLYNTIAVLYCVAQKIEIKDTKEALDKVEEEQNKSKKKAQQAAA
GTGNSSOVSONY PIVONLOGOMVHQPLSPRTLNANVKVVEEKAFSPEVI PMETALSEGAT
PODLNTMLNTVGGHOAAMOMLKETINEEAADWDRLHPVHAGPIAPGQMREPRGSDIAGST
STLOEQOIGWMTHNPPIPVGDIYKRWIILGLNKIVRMY SPTSILDIKQGPREPFRDYVDRE
YETLRAEQATOEVEKNWMIETLLVONANPDCRT ILKALGPAATLEEMMTACQOGVGEPSHKA
RTILAEAMSOVINPAT IMMORGNFRNORKPVKCENCGKEGHIARNCRAPRKRGCWKCGREG
HOMKDC-TERQOVNFLEKIWPSHKG-RPGNFLONRP - =~ === = — = -——~EPSAPD
PAESFRFGEETTTPSQKQEPIDKEMYPLASLRSLEFGSDPES0

>gagB.syné. S
MGARAﬂVLSGGQLDRWEKIRLR@GGKKQYRL&HIVWASREL*qrﬁxwpvtJETSEGCRQE
LGOLOPSLOTOSEELKSLENTVAVLYCVHEQRIEVKDTKEALEKVEEEQNK SKERAQORRR,
DTGHSSOVSONY PTVONLOGOMVEQALSPRTLNAWVKVIEEKAFSPEV I PMFSALSEGAT
PODLNTMLNTVGGHOARMOMLKDTINEEAREWDRLEPVHAGPVAPGOMRDPRGEDIAGTT
STLOEQIAWMTNNPPI PVGELYKRWIILGLNKIVRMY SPTSILDIRQGPKEPFRDYVDRY
VRYTLRAEOASODVKNWMTE TLLVONANPDCKT I LKALGPAATLEEMMIACQGVGGPCGHKA
RYLAEAMSOVTINS TP IMMORGNFRNQRKIVKCFNCGKEGELARNCRAPRKKGCWKCGKES
HOMKEC-TEROANFLGKIWPSHKG-RPGNFLQSRP— === mm— = m e — o — EPSAP
PEESFRFGEETATESOKOEPIDKDLY PLASLKSLEGNDPLSQ

>gagb.syneé. o |

MGARASVLSGOCKLDKWEK IRLRPGCKKKYKLKHIVWASRELERFALNPGLLETSEGCROL
LROLOPELOTGSEELRSLYNTVATLYCVAQKIEVKDTKEALEKTEEEQNR SKRKAQOTAA
DTGNNSOVSONY P IVONMOGOMVHQALSPRTLNARVKVVEEKAF SPEVIPMFSALSEGAT
PODLNTMLNTVGGHOAAMOMLKDT INEEAREWDRLE PAQAGPIAPGQIREPRGSDIAGTT
SNLOEQIAWMTHNEPTPVEDI YKRAIILGLNKIVRMYSPVSILDIRQGPKEREFRDYVORE
YKTLRAEQASOEVENWMTETLLVONSNPDCKTI LKALGPGATLEEMMTACQGVGGPGHEA
RVLAEAMSOVTN PAT IMMOKGNFENQRKTVKCENCGKEGHLARNCRAPRKRKGCWRCGREG
HOMKDCO~-NERQANFLGKIWPSHKG-RPGNFLOSRE —— = e i e m e e o EPTAP
PRESFRFGEETTTPAOKOEPIDKELYPLTSLRSLFGNDPSLO

»gagC.synl. 1l

MGARASILRGGKLDKWEK I RLRPGCKREYMLRELVWASRELERFALNPGLLETSEGCRQ L
TKQLOEALOTGTERLRSLYNTVATLYCVHEKIEVRDTKEALDR IEEEQNRSQURT QUAKA
ADG-~=-KVSONY PIVONLOGOMVHQATI SPRTYLNAWVKY IEEKAFSPEVIPMFTALSEGAT
PODLNTMLNTVGGHQAAMOMLKDT INEEAABWDRLEPVHAGP TAPGOMREPRGSDIAGTT
STLOEQTAWMTSNPPIPVGDIYERWITLGLNRIVRMYSPVSILDIKQGPKEPEFRDY VDRE
FRKTLRAECATODVENWMTDTLLVONANPDCEKTILRALGPGATLEEMMTACQGVEGESHRA
RVLAEAMSQ-ANNTN IMMORSNEFKGSKRIVRCEFNCGREGHIARNCRAPRERGUWRCGHRAG
HOMEDC~TERQANFLCKIWPSHKG~RPENEFLOSRPE—~~—== PTAPPA-———~—m EPTAR
PAESFRFEE~~TTPAPKQEPKDRE--PLISLESLFGSDPLE0

>gagC,.syngd. L

MGARASVLRGEXLDKWERIRLRPGGKKEYMLKHLVWASRELERFALNPSLLETSEGURO
TOOLOPALKTGTERLRSLEFNTVAT LY CVHAGIEVRDTREALDK IEEEQNRCQORTQUARE
ADG-—~KVSONYPIVONLOGOMVEQALSPRTILNAWVRYV IEERAFSPEVIPMFTALORGAT
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Fig. © conf'd-6

PSDLNTMLNTVGGEQAAMOMLKDTINEEAAEWDRLHPVOAGPVAPGQMREPRGSDIAGTT
SNLOECTAWMTGNPPVPVGDIYKRWIILGLNKIVRMY SPVSILDIRQUPKEPFRDYVIRE
FKTLRAEQSTOEVENWMTETLLVONANPDCRKTILRALGPAASLEEMMTACQGVGGEPSHKA
RVLAEAMSC-ANSTNIMMORGNFKGPKRITIKCINCGREGHLARNCRAPRERKGCWRCGKE G
HOMEDC-TERQANFLGKIWP SNKG~RPGNELONRPE w o~ —— PTAPPVEPTAPPARPTAP
PARSFRFEE--TTPAPKQEPKDRE--PLTSLRSLEGSDEPLSO

>gadgC.synd. 2

MGARASILRGERKLDTHEK IRLRPGGREHEYMLRHIVHASRELEKFALNPGLLETSRGCKOL
MKQLQPRLQTGTEELKSLYNTVATLYGVHEKIEVRDTKHHVDKIAEEQNKSQQKTQQRKA
ADE~——-XVSONYPIVONIQGOMVHOPISPRYLNAWVKVIEBEKGENPEVI PMFTALG LGAY
PQDLNTMLNTVGGHQAAMQMLKDTINDERAEWDRLHPVHAGPIRPGQMHEFRSSDIRGST
STLOEQITHMTSNEPPYVEVGE LY KRWI ILGLNKIVRMYSPVSILDIKQGPRERPFRDYVLRY
FKVLREEQATQDVHNWMTDTLLIQNENPECKTILK&LGPGRELEEMMTRCQGVGGPGHKR
RVLAEAMSO-ANNTNIMMORSNFKEGPKRIVKCFNCGKEGHIARKNCRAPRRKGCWHELGQEG
HOMKDC~TEROANFLEKIWPSQRG-RPGNELONRP—~——————wmm———m === B PIAP
PAESFRFGE~—TTPAPKQELKDRE~-PLTSLESLFGEDILOQ

>gaglC.syn3. 3
MGAR&SILRGGKLDHWEKTRLRPGGKKRYMLKFLIWASRELERFHLNPGLMETAEGCHQI
IKOLOPALOTGTEELRSLYNTVATLYCVHKRIDVRDTKEALDKIEEEQNKIQOKTQOAKA
ADG~—~KVSONY PIVONAQGOMVHEQA IS PRTLNANVEVVEEKAFSPET I PMITALSRGAY
PQDLMSMLNRWGGHQHRMQMLKDTINEEAAEWDRVHPVHRGPVAPGQIREPRGSDIRGTT
ETLQEQI&WMTSNPPIPVGDEYKRWIIMGLMHEVRMYSPVSILDIKQGPHESFRHYVERF
FKTLRAEQATOEVENWMT DT LLVONANPDCKTILRALGPGATLEEMMTACRGVGEEPSHRA
RVLAERAMED-TNSA—ILMORSNFRGSKRIVKCENCGKEGHIARNCRAPRERGUNWKCGRES
HOMEKREC~-TEROANFLGRIWPSHRG-REPGNE LUSRP ~——~mm—m——me == s EPTAP
DARSFRFEE--TTPAPKQESKDRE-—-PLISLEKSLEGNDPLSQ

>gagC.synd. 1
MGARASVLRCGERLDTWER IKLRPCGKKHYMIKHLVWASRELEKFALNPGLLETSEGCKQL
ICOLOPALKIGTEELKSLYNTVATLYCVEERIDVRDTKEALDRIEEEQNKIQURTQOARE
ADG——--KVSONYPITVONAQOGOMYHOALS PRTLNAWVKVVEEKAFSPETIPMETALSEGAT
PSDLNTMLNTIGGHOAAMOMLEDT INDEAAEWDRLHPVHAGPIAPGRIREPRGSDIAGTI
STLOROT TWMTSNPREVPVGEIYKRWI ILGLNKIVRMYSPVSILDIKQGPRKESFRDYVDRE
FKTLRAEQSTOEVKNWMTETLLVONANPDCKTILKALGPGATLEEMMTACQGVGGPGHEA
RVLAFAMSO~-TNSA-TLMORSNFKGSKRIVKCFNCGREGHIARNCKAPREKGCWKCEREG
HOMEDC-TRROANFLEKIWPSHEG~RPGNF LONRPL —— -PTAPR——— = EPTAP
PAESFREGE——TTPAPKRQEQKDRE-~PLISLEELFGEDPLLY
>gagl.synd. 2
MGARASTLRGEXKLDKWERIRLRPGGKKHYMLEKILVWASRELDRFALNPGLLETSDGCRQL
IKOLHPALOTGTRELRSLENTVATLY CVHAGIEVRDTREAVDKIEEEQNKSQOKTQQARA
ADE—~~KVSONYPIVONIQGOMVHOP I SPRTLNAWVEKVIEERAFPSPEVIPMETALSDGEAT
POLLNTMLNTVGGHCAAMCMLKDTINEEAREBWDRIAPVHAGPVAPGOMRDOPRGSDIAGST
STLOEQIAWMTINNPPVPVGDT YRR T IMGLNKIVRMYSPVSILDIRQGPREPFRDYVDRY
FRTLRABQATODVENWMTDTLLIONANPDCKTILRALGPGASLEEMMTACQGVGGPGHRA
RVLARAMSO~ANNTNIMMOKSKNFRGPRRTVKCENCGKEGHIARNCRAPRKRGCWRCGKEG
HOMKEC-TERQANFLGEIWPSORG-RPGNF LQSRY e st i s e ey s = = EPSAP
PAESFRFEE-~TTPAPKQESKDRE~-PLTILESLFGEDESSQ
»>gagl.synéd. 3
MOARASILRGGKLDTWEK IRLRPGGKRRYMLEKHLIWASRELERFALNPSLLETSEGCKQL
MKOLOPALOTGTEELRSLYNTVATLYCVEBKGIKVODTKEALDKIEEEQKK SQORTRQARA
ADK-=GKVSONY P IVONLQGOMVHECQPLSPRTLNAWVEVIERKAFSPEVIPMFSALSRGAT
PODLNSMLNAVGGHQAAMOMLK DT INEEAAEWDRVHPVHAGP IAPGOMREPRGSDIAGTT
SNLOEQIAWMT SN PP IPVGDIVYERWIVLGLNKIVRMY SPVSTLDIKQGPRKEPFRDYVDRE
FRTLRAFQATOEVENWUMTDTLLVONANPDCKT I LRALGPAASLEEMMTACQGVGGPGREA
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Fig. 9 cont'd-7

RVLAEAMSO-ANS-NIMMQRGNFKGPRRI IXKCFNCGKEGHLARNCRAPRKRGCWKCGREG
HOMEDC—TEROANFLGKINP SNKG~RPGRELQSRE — e = = e s o e s e o e EPTAP

PAESFGFGE~=TTUPAPKQELKDRE~~PLTSLKSLFGNDPLSC

>gagC.synd . 4

MGARAS TLRGGKLDEKWEK IRLRPGGRRKHYMLKHIVWASRELERFALNPGLLETARGCKOL
:KQLQPRLQTGTEELKSLFNTVATLECVHEKIEVEDTHEHLDKIEEEQHHEQQKTQQAKH
ADG=-~-KVSONYPIVONLOGOMVHQAIS PRTLNAWVEVIEEKGINPEVIFMETALSRGAA
PQDLNTMLHTIGGHQAAMQMLKBTINEEﬁAEWDRLHPVQhGPVRPGQMREPRGBDIRGTT
SSLQEQKRWMTGNPPVFVGDIYKRWIILGLNKIVRMYSPHSILDIRQGPEEPFRDYVDRF
FHVLRREQATQDWHHWMTETLLVQNRNPDCKTILRELGPGATLEEMMTACQGVGGPSHE&
RVLAERMSQ~ANNANIMMQRSNFKGPKRIVKCFNCGKEGHIAKNCRHEREKGCWHCGQEG
HOMXDC~NERQANFLGRIWPSHKG-RPGNFIQSRPEPTAPLEPTAPPA- === -~ EPTAP
PAR S FRKERE~-TTPAPKOEPRDRE~-PLITSLRSLEGSDELSQ

>gaglC,syneo.l
MGARASVLRGEKLDTWERIHLHPGGEHHYMIKHLVWASRELEEFHLNPGLLETREGCKQI
IRQLQFALQTGTEELRELYNTVHTL?CVHERIﬂVRBTﬁERLDKIEEEQNKSQQKRQQAKH
HDG#**KVSQNYPIVQNLQGQMVHQSLSPRTLNHWVKVIERKRFSPEVEPMFSALSEGAT
PQDLNTMLNTUGGHQE%MQMLKDTINEEAAEWDRIHEVHRGPIAPGQMREPRGSDIAGTT
, STLQEQITWMTSNPPVEVGEIYKRWIILGENKiURMHSEVSILDIRQGFKEPFRDYVDRF
FKTLRHEQSTQEVHNWMTDTLLﬁQNANPDCEIILRGLGPGATLEEMMTECQGUGGPGHKA
.RVLREAMSQ—ANSHNILMQRSNFKGPRRTIKCFNCGHEGHLAKNCRAPRKKGCWKCGKEG
HOMKEC-TERQANFLGRIWPSORG-RPGNFLOSRF =~ m e m = m s EPSAP
DARSFRFEE-~TTPALKQEPKDRE~~PLTSLRSLFGSDPLSQ
»gagl.synb. 4
MGHSREILRGEKLDHWEKIRLRPGGKKﬂYMLKHIIWREKELERFALNPGLLETSEGCKQI
MKQLQEALQTGTEELKSLKNTVRTLYCWHEKIEVEDTKERLEHIiEEQHKSQQKTQQAEH
ADK—-GKUSQﬂYPIVQNHQGQMVHQRLSPRTLﬂAWVKvVEEHAFSPEIIPMFTALSEGAA
PQDLNTMLNTVGGHQARMQMLKBTINEEAREWDRVHPUHAGPIAPGQIREPRGSDIRGTT
5TLQEQHAWMTSNPPVEVGDIYKRWIVLGLNKTVRMYSPVSILDIKQGPKEPFRDYVDRF
FKTLRHEQSSQEVKNWMTDTLLVQNANPDCRTILRALGPAASLEEMMTACQGVGGPSHKA
RVLAEHMSQ~ANSTNEMMQRGNFKGPKRIVKCFHCGREGHIARNCRRPRHKGCWKCGQEG
EQMKDC-IERQAHFLGHIWPSHKGHREGNFEQSRPE —————— PTAPP~=— = EPTAP
PARSFRFCRE-~TTPAPKOESKDRE~~PLTSLKSLEGNDELSQ
»gagC.syn6.3 ' _
MGARﬁSVLHGEKLDKWERIRLRPGGKKQYRLKHLVWRSRELERFALNPSLLETSEGGHQI
IEQLQPALKTGTEELRSLYNTIATLYCVHKGIKUQDTHERLDKVEEEQNKSQQKTQQEKH
ADE”mﬂHVSQNYPIVQNLQGQMVHQPLS?RTLNHWVKVIEEKGFNPEVIPMFTALEEGAT
FQBLNSMLNAVGGHQA&MQMLKDTINEE&REWDHLHPVQEGPVAPGQIREPRGSD"RGTT
SSLQEQIRWMTGNEPHFVGDIYKRWIELGHNKIVRMYSFVSILDIHQG?KESFRDYVERF
FHTLR&EQRTQDVKNWMTETLLVQN%NPDCKTILRELGEGATLEEMMTACQGVGGPSHKA
RVLAEAMSO-ANNAN IMMORSNFKGPKRTVKCFNCGKEGH IAKNCRAPRKKGCWECGREG
HOMKDC-IERQANFLGKIWPSNKG~RPGNFLONRTE————~~PTAPPA-~——=== EPTAFP
PAESFRFEE~—TTPAPKQELKDRE~~PLTSLEKSLEGSDPLLA)
>gagl.synb. 4
MGARASTLRCEKLDKWEK T RLRPGGREHYMLKHIVWASRELEGFALNPGLLETSEGCRQL
EKQLQPRLQTGTEELRSLFNTVRTLECVHSGIEVRDTKEAVDKIEEEQNKIQQKTQQRKE
ADG~-—~KVSONYPTVONSOGOMVEQAT SPRTLNAWVRKVIEEKAFSPEVIPMEFTALSEGAL
PSDLHTMLNTIGGHQ&AMQMLKDTINﬂEAAEWDRLHPUHAGPIRPGQMRDPRGSDIAGST
STLQEQIHWMTHNPPVPVGDIYKRWEIMGLNKIVRMYSPVSILDIKQGPKEPFRDEVDRF
FRTLRAROATOEVEKNWMTE TLLVONANPDCRT I LKALGPGATLEEMMTACQGVGGEPGHEA
RVLHERMSQ“HHNINIMMQENNFKGPRRIIHCFNCGKEGHIAENEHHPREKG&WKCGHEG
HOMKDC-NERQANFLGK IWPSHRG~RPGNFLQNRE ~ mm = e m e e e = EPTAP
PAESFRFEE--TTPTPKOEPKDRE-—PLTSLKSLFGSDRPSSQ

 J
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>gagC.synéd. 5 Flgu g Ggﬂt’d“g
MGARASILRGGRLDEWEKIRLRPGGRERYMLKHL IWASRELERFALNZGLLETSDGCKO L
LOQLOPALKTGTEELKSLENTVAVLYCVHKGIEVRDTREAVDKIEELONRI QQRMOQUORKY
TDG-——KVSONYRPIVONIQGOMVHQPISPRTLNAWVEVIEEKGEFSPEVIPMEFTALSEGAT
PESDLNTMLNTVGEHOARMMOMLKDT INEEAAERWDRTEPVEAGPVAPGOMREPRGE D LAGTY
STLOEQIGWMTNNPPIRPVGEIYKRWI ILGLNKIVRMYS PVSILDIKQGPREPFRDYVDRE
FEALRAEQATOEVRKGWMTDTLLVONANPDCKTILKALGSGATLEEMMTACQGVEGRPGHKA
RVLAEAMSQ~-ANNTNIMMQKSNEKGPRERIVKCFNCGREGHIAKNCRAPRERGUNWRCGRAG
HOMEDC~TERCANFLGRIWPSHRG-RPGNEFLOSRPE ~———~—" PTARL~——— QPLAP
PARESKFRFER-~TTPAPROQEDKDRE-~PLTSLRESLEFGNDP LS

>gagC.synd. o
MGARASILRGGEKLDTWEKIRLRPGGREKHYMLEHLVWASRELDRFALNPGLLETADGURGE
IKQOLBPALOTSTEEIKSLFNTVATLYCVHAGIEVRDTREALDRIEEEQNKCQURKTQOAKE
ADK~-——RVSONYPIVONLOSOMVHQAISPRTLNAWVEVIEERKAFNPE LI PMETALSDGAT
PODLNTMLNTVGGHOAAMOMLEKDT INEEAADWDRLHEPVEAGEVAPGQLREIRESD IAGTY
SNLOEQIAWMTSNPPIPVGDIYKRWIILGLNKIVRMYSPVSILDIKQGPRKEPFRDYVDRE
FEVLRAEGATODVENWUMTODTLLIONANPDCKTILRALGPGAS LEEMMTACQGVGEP SHEA
RVLAFAMSO-TNSA~ILMORSNEKGSERIVKCIFNCGKEGHLARNCRAPRRKRGCWKCGREG
HOMEDCTTEROANFLGRKIWPSEKGGRPGNFLONRPE~— == —= PTAP L e m i = LRPTAF
PAESFGFGE~-—TTPAPKQEPKDRE~~PLISLKSLFGSDFLSQ .

>gagM.synl.l

MCARAS ITLRGGKLDKWEK IRLRPGGKKEYMLEELVWASRELERFALNPGLLETSEGCKQT
TROLOPALOTGTERLES LENTVATLYCVEEKIEVRDTR HALDRK I EERONKSQOKTOOAKA
ADG--~KVSONYPIVONLOGOMVHCATIS PRILNAWVKV IEEKAFSPEVIPMETALSEGAT
PODLNTMLNTVGEGHOAAMOMLEDTINEEAAEWDRLEHPVHAGP TAPGOMREPRGSDIAGTT
STLOEQIAWMTSNPPIPVGET YKRWIILGLNKIVRMYSPVSILDIRQGPKEPFRDYVDRF
FEKTLRARGATODYVRNWMTDTLLVONANPDCKTILRALGPGATLEEMMTACQGVGGFSHEA
RVLARAMSO=-ANNTN IMMCRSNFKESKRIVRCINCGKEGHIARNCRAPREEKGCWEKCGKEG
BOMEDC-TEROANFLGK IWPSHEG~RPGNFLQSRPE — w v o e o PTAPPR = m e EPTAP
PAESFRFEE~~TTPAPKOEPKDRE~~PLTSLESLEGSDPLSQ

>gagM.syn3. 1l
ﬂﬂ-HﬂSVLSGGELDAWFKTRLRPGGKKKYKLKHEVWRSHELERFRVHPGLLE SERGCROL
LGOLOPSLOTGSEELRSLYNTVAVLYCVHEQRIEVEDTREALERIEEEQNIXSKERAQQARA
DTGNSSOVSONYPIVONLOGOMVHEQALSPRILNAWVKVIEEKAF SPEVIPME TALSEGATY
PSDLNTMLNTIGGHOARMOILRKDTINEEAAEWDRLAPVHACP LAPGUMREPRGS D LAGTT
STLOECIGWMTNNPPIPVEEIYKRWIILGLDKIVRMYSPTSLILDIRQGPKESFRDYVDRE
YEKPLRAEQASOQEVENWMTETLLVONANPDCKTILRALGPAATLEEMMTACQGVGGPSHRA
RILAEAMSQVINSATIMMORCGNFRNCRRKTVECFNCGREGHTAKNCRAFPRERGCWRCGREG
HOMEDC-NERQANFTLGRIWPSHKG~RPGNELOSRP—— = mm = v — v - -~ELPTAP
PEESFRFGEETTITPSQRCEPIDRELYPLASLKSLFGNDPLSO

>gagM.synd. 2
MGARASTLRGGKLDRKWEKIRLRPGGKKHYMLEELVWASRELERFATLNPGLLETAEGCKQIL
IKOLOPALKTGTRELKSLYNTVATLYCVHEKTEVRDTKEALDEKLEEECNRSQOQETQCAAA
GTGSSSRKVSONYPIVONAQGOMVHEQALSPRTLNAWVRVVEERAF SPEVIPMESALARGAT
POLLNTMLNTVGGHQAAMOMLEDT INEEAADWDRLAPVHAGEVAPGOMREPRGESDLAGST
STLOEQTAWMT SNPPIPVEDIYKRALILGLNKIVRMYSPVSILDIKQGPKERPFRDYVDRE
FRPLBRARDATODVEKNYMTDTLILVONANDPDCKTILRALGPGASLEEMMTACOGVGEGFGHEA
RYLAEAMSO-ANNANIMMORGNEFREGOKR -~ IKCFNCGKEGHLARNCRAPREKGCWRCGREG
BOMRKDC-TEROANFLGRIWPESKG-RPGNEFPUSRP ~—m—— s s ot o o e EFSAF
PAESFGEFGE-~TTPAPKQELRDRE~~PLTSLRSLEFGSDPLSO

>gagM.syn3. 3
MGEARASVILSGGRLDRWEKIRLRPGGKKKYRLKHLVHWASRELERKFALNPGLLETSEGCROL
MEQLOPALOTGTEELRSLENTVATLYCVHCRIDVKD TREALDKT EEEQNRIQQRTQUARA
HDG-"*KVSQHYPEVQNIQGQMVHQP:SPRTLNAWVKVVEEKGFNPEVIPMFSRLSEGRT
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Fig. 9 cont'd-9

PRDLNMMLNIVGGHQAAMOMLKET INEEAREWDRVHPVHAGP LEPGOMREPRGSDIAGTT
SNLOQEQIGWMISNPPVPVGDIYRRWIVLGLNKIVRMY SPVSILDIRQGPKERPFRDYVIRE
FRVLRAEBQATCEVENWMTDTLLEQNANPDCRKS ILRALGPGATLEEMMTACQGVGEPSHEA
RVLAEAMSQ-TNSA-ILMORSNEKGSKRIVKCFNCGKEGHIARNCRAPRKRGCWKCGOEG
HOMEDC-TEROQVNELGRIWPSNKG~REGNELONRPE — — v v = PTAPPA~w - —EPTAPR
PARSEFRIEE~-TITZAFRQEZKDRE—-—-PLTSLRSEEGNDFE S0

>gagM,synd.l

MGEARASVLSGEELDRHEXIRLRP GOEEKYRLEHIVWASRELERFAVNPGLLET SEGCROT
LGOLOPSLOTGSEELRSLYNTVAVLYCVHQRIDVKDTKEALER IEEEQNRKSQCRKTOOAKA
ADG KVSONYPIVONAQGOMVHOAISPRTLNAWVKVIEEKGFSPEVI PMESALAEGAT
PQOLNTMLNTIGGHQAAMOMLKDTINDERAAEWDRLEPVQACPVAPCQIREPRGSDIAGTT
SNLOEQIGCWMTSNPPIPVGDIYKRWI IMGLNKIVRMY SPTSILDIRQGPRKESEFRDYVERE
FRTLRAEQASOEVKNWMTETLLYVONSNEPDCKT ILKALGPAAT LEEMMTACQGVCEPGEKA
RVLAEAMSO~VOOPNIMMORGNFKGOER- IKCENCGREGH LARNCRAPREXGCWKCGEREEG
HOMEDC-TESKANFPLGKIWPSNEKG-RPGNE LQSREP — = e o o o o e s o EPSAP
PHASFGFGE+~ITPSQKQEQHDHEHEPLASLHSLFGNDPLSQ

»gagM.synéd . Z
MGARASVLSGGRKLDAWERIRLRPGGRERYRLEELVWASRELDREFALNPSELETABGCKCT
MKQLQP&LKTGTEELHSLYNTVATLYCVHERIDVRDTHEALDKIEJEQNK LQOKTQOARE
ADG-—-RKVSONYPIVONIQGOMVHQPISPRTILNAWVEVVEERKAFSPEVIPMETALSDGAT
PODLNSMLNAVGGHQAAMOILKDTINEEAADWDRLEPVHAGPVAPCGOMREPRGIDIAGTT
STLOEOIGHMTRNPPIPVGEIYRRWTI I LGLNKIVREMY SPYVSLLDIKQGPKESFRDYVDRY
FRVLRARQATODVRNUMIDTLLT ONANPDCKSTLRALGPCGATLEEMMTACQGVOGPSHEKA
RILAEAMSOVINSATIMMORGNFRNQRETVRCEFNCGRKEGHLARNCKAPRERGCWKCGKREG
EQMEREC~TERQENFLEKIWPS SKG—RPGNFPOSRP ~— e s i e — e e e EPTAP
PEESFRFGEETTTRPESQROEPIDKELYPLASLIRSLFGONDRS SO

>gagM.synd . 3
MGAR%SILRGGHLDKWEKIRLRPGG&HRYMLEHLIWASRELARFALNPGLLETREGCQQE
TEOLOS T LKTGSEELKSLENTVATLYCVHORIEVRDTKEALDEVEEEQNKSKRKAQQARA
DTGNS SOVSONYPIVONLOGOMVHQALSPRYLNAWVKVIEERAFSPE I TPMFTALSEGAT
PSDLNTMLNTVGGHOAAMOMLE D TINEEAREWDRVEPVHAGPIPPGOMREPRGSDIAGTT
SSLOEQTIAWMTESNPPVRVGEIYRRWIVLGLNKIVRMYSPVSTLDIRQGREEZEFRDYVIDRE
FKTLRAEQASQDVRNWMIETLLVONANPDCKTILRALGPGAS LEEMMTACQGVGGPSHKA
RVLAEAMSO-TNSA-TILMORSHEFRGSKRIVEKCIFNCGKEGHIARNCRAPRARGUNKCGQREG
HOMEDC-NERQANFLGKIWPSHEG-RPGNYLONREE == ——— PTAPP-——— = EPTAP
PARSEPREFEE~-~TTPAPROELEDREE--PLTSLRSLEFGSDPLSCO

>gagh,.syn4d . 4
MGARASVLRGEKLDKWERIRLREPGEKKAYMLEALVWASRELEKFALNPGLLETSEGCRO L
IKQLOPALQTGTEELRSLENTVATLYCVHAGIEVRDTREALDKIEETONKSKOKTOQALA
GIGSSSKVIONYPIVONLQGOMVEQPLSPRTLNAWVEVVEERGFNPEV I PMFSALSEGAT
PODLNMMLNTVGGHQAAMOMLRETINEEAAEWDRLHPVEAGPIAPGOMREPRGSDIAGST
STLOEQIAWMTCGNPPVPVGDIYRKRWI ILGLNKIVEMY SPTSTILDIRKOQGPREPFRDYVDRE
YRYLRAERCATOQEVEKNWMTDTLLVONANPDCRSTLKALGTGATLEEMMSACQGVEGEPAHEA
RVLAEAMEQ-ANNTNIMMORSNEKGPXRI IKCEFNCGREGHIAKNCRAPRKKGCWK CEKEG
HOMEDC~-TERQANFLGRIWPSSKG~RPGNEFLOSRPIn— = e e PTAPPA———~——= EPTAFE
PAESFREFRE—--TTPAPRQEPRDRE~—PLTSLRSLEGODRDPLTLO

>gagM.synb. 1

MGARASILSGGRLDAWERIRLRPGGREHYMLEHIVWASRELERFALNPGLLETABGCQQT
IEQLOSTLKTGSEELESLENTVATLWCVHQRIEVEDTREALDK LEEEQNKSQOQETOQARA
ADG-——BVSONYPIVONLOGOMVEHQS I SPRTLNAWVEATIEERAFSPEVIPMESALARGAT
PODLNTMLNTIGGHOAAMOTLKD TINEEAAEWDRIHPVHAGPVAPGOMRDPRGSDIAGTT
SNLOE AWMT SN P PVPYVGEIYRRWI ILGLEPRKIVRMYSPVSTLDIRQGFEEPFRDYVDRE
FRELRAEDATQEVECAWMTIDTLLVONANPDCKT I LRALGYPGATLEEMMSACQGVGEGPGHEA
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Fig. 9 cont'd-10

RVLAEAMSO~ANNTNIMMOKSNEKGPKRI IKCFNCGKEGHLARNCRAPRERGCWRCUGQLG
HOMEDC-TERCANFLGRIWPSHKG~RPGNF PQOSRL~ = m o EDTAP
DARSFEFGREE~IAPSPROEPKEKELYPLTS LEKSLFGNDE LS

>gagM.synbd .2

MGARAS TLREGKLDKWEKI RLEPGCEKKKYKLKE IVWASRELERFALNPGLLETIEGCRAL
LGQLQPSLQTGSEELKSLYNT?&TLYCVHQRIEVKDTKEﬁLEK:EEEQNKSQQKTQQARA
DKGﬂHw—VSQNYPIVQNLQGQMVHQAIEPRTLNHWVHVIEEKAFSPEIIPMFTALSEGRT
PQDLTTMLNTVGGHQRAMQMLKETINDERAEWDRLHEVHAGPVHEGQLREPRGSDIAGST
STLOEQIAWMTGNEPVRVEDIYRRWI VELOLNKIVRMYSPTSILDIRQGPKERPFRDYVIDRE
YKTLRAEQAEQDVKNWMTETELVQNRNPDGRTILHALGPRRTLEEMMTACQGVGGPRHHA
HVLAERHEQVTNPATIMMQRGHFHNQRKTVHCFNCGKEEHLRKHCRRPRKRGCWKCGKEG
HOMKDC~NERQANFLGRKIWPSNKG-RPGNFLONRI - — == - —=m=mmmmm e e EPTAP
DARSEFRFGEEKTTPSQKQEPIDKELY PLASLRSLEGNDPS LA

»>qagM.synbd. 3
MGRRASVEREEKLEKWERERLRPGGHKRYMLHHLEWESRELERFALNFSLLETSEGCKQI
TOOLOPALKTGTEELRSLYNEVATLYCVHEKIZVRDTKEAVDKIEEEQNESKREAQQAAA
DTGNSSQVSQNYPIVQNIQGQMVHQALSPRTLNAWVKVVEEHGFNPEVIPMFERLSEGAT
PQDLNMMLNIVGGHQEHMQMLKDTINEEAAEWDRLHPVQAGPVRPGQMREFRGSDIAGTT
STLOBOITHMTSNEPLIPVEELIYRRWI IMGLNKIVEMYSEVSILDIKQGPRESFRDYVDREY
FRTLRAEQEBQEVHNWMTETLLIQNRHPDCKT1LRRLGP&RSLEEMMTACQGVGGPGHKA
RVLAEAMEQHTNSAHIhMQRSNFKGSKRIVECFNCGKEQHIHRNCRRFRKKGCWRCGKEG
HOMEDC-TESKANFLGKIWPSHRG-RPOGNE LONRPEFTAPPEPTAPFAEPTAPPAEPTAP
PARESFKFEE~~TTPAPKQRLADRE-~PLISLESLEGS DPLILO

>gagM.synb. 4 |
ZMGARASILRGEKLDTWERIELRPGGKKQYRLKHIVWASRELDRFALNPSLLETAEGCKQI
IHQLHPRLQTGTEELRELFNTVRTLECVH%GIEVRDTEEALDKIEEEQNKIQQKTQQAHA
.ADE*wnﬁvﬂQNYPIvQNMQGQMVHQPLEPRTLHAWVKVVEEHRFS?EVIEMERALSEG&T
PSDLNTMLNTUGGHQR&MQMLEDTINDERREWDRLH?R@&GPIPPGQIHEPRGSDERGTT
STPOEQIGWMTNNPRPIPVGEIYERW TYLGLNKIVRMYSPISILDIRQGPKEPYRDYVDRY
FRALRAE QATQEVHGWMTETLLVQNSNPDCI{T TLRALGPGAELEEMMTACQGVGGPSHEA
RILAEAMSC-ANS-NIMMORSNEFKGPRRIVKCFNCGKEGH TAKNCRAPREKKGCWRCGREE
HOMEDC—-IEROANFLGKIWPSQKG-RPGNELQSRE——— =~ —— == me === EPSAF
PAFGFRFGE——TTPAPKQEPKDRE~~PLTSLRSLFGSDPLSQ

>gagM.syné,. o |
TMGRRASVLSGGELDRWEKIRLRPGGKKKYRLKHEVWASRELERFRINPGLLETSDGEKQI
IKQLQERLQTGEEELBEL%HTLRTLYCVHQHEEUKDTKERLDKIEEIQHKSKQKTQQRAA
GTGSSSHVSQNYFIVQNAQGQMVHQSLEFRTLNEWVKVIEEKGFNPEUIFMFTRLSEGRT
PHDLNTMLNTVGGHQRAMQMLKETINEERAEWDRVHPVHAGPIEPGQMHEPRGSBiﬁGST
STLQEQIGWMTSNPPIFVGDIYHRWIILGLNKIVRMYSPSSILDIRQGFHESFRDYVDRF
FRCOLRAECATOREVRNWMTDTLLIONANPDCKS 1 LRALG PGATLEEMMTACQGVGGPGHRA
RTLAEAMSO-VOOPNIMMORGNERG ORR-IKCFNCGREGRIARNCKA PRREKGCWRCGKES
HOMK DC-TERQVNFLGEKIWESYKG-RPGNFLQSRP = m mm e e = o EPTAP
PEESFREGEETTTPSOROETIDRELYPLASLASLEGNDYSS0

>gagM.syné. o
MGARASUL5GGKLDAWERIRLRFGGKKHYMLKHLVWRSRELERFBVNPGLLETSEGCKQI
IMHQLQE%LQTGTEELEELYNTUHVLYCVHQRIEIRDTKERLDKEEEEQNKCQQKTQQAKE
.HDGmWHKVSQNIPIVQNLQGQMUHQEISPRTL&AWVHVIEEKEFSPEVIPMFTALSDG&T
PQmLNSMiNAVGGHQRAMQMLKDTINEERADWDRLHPVHRGPIAPGQMEEPRGEDIAGTT
SSLQEQIAWMTNHPPV?VGEIYRRWEILGLNKEVKMYﬁPTSILDIKQGPKEPERDYVDEF
FHVLRAEQRTQDVKNWMTDTLLVQNANPDCKSILHALGTGRTLEEMMTACQGVGGPSHKA
ZRULAEHMEQVTNSAEIMMQKENFRNQRHIVKCFNCGREGHLARNCHAPRKRGCWHCGKEG
HOMREC-TERQANFLGRIWPS SKG-RPGNEPQSRE~— == m T m i m e EPTAP
PAESFREEE——TTPAPKORSKDRE~-PLTSLKSLEGSDES5Q
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SENV-B.synl.1 Fig. 10

MRVTGI RKNYQHLWRWGTMLLARWGTMLLGMLMI CSATEK LRV TVY YGVEVAREATT LY
CASDAKAYDTEVHNVWATHACVPIDPNPQEVVLENVTENENMWKNNMVEQMEEDL LS LWD
0SLKRCVKLTPLCVILNCT DDVRNVT~NNATNTNSSW-GEPMEKGEIKNCSINITLS LRD
KVOKEYALFYKLDVVPI ~DNDSNNTN~— == YRLISCNTSVITQACPKVSIEPIPIH
YCAPAGFATLKCNDKKFNGTGPCTNVSTYQCTHGIRPYVYSTQLLLNGSLAEEEVV IRSER
STNNAKTIMVQLNVSVE INCTRPNNNTRKS IHIGPGRAFY TTGDI IGDIRQARCNISRAL
NNTLEE I VEKLGROFGNNKT IVFNHS SGCDPET VMHSFNCGGEFFYCNSTRLENSTWIR
N-NGTWTRN-~~DTERSNSTE-~~ 28T TLECRIKQT INMRQEVEKAMYAZ PIREILRESS
NITGLLLTRDGGNDT-~—~—SGTEIFREGGEDMRONWRSELYKYKVVKIEFLGVATTRAR
S EUVOREKRAVG-TGAVELGFLGAAGSTMGAASMT L TYQRRQLLSGTVQRONNLLRATEA
OOHLLOLIVWGTXQLOARVLAVERYLRDQOLLG IWGC SGKLICTTAVEWNASHENRS LINE
 IWNNMTWMENEKE IDNYTNLIYNLLEESQONQOEKNEQELLELDKWASLWNWF DI S LW
K TFIMIVGGLVGLRIVFAVLS IVNRVRQGYSPLSFQTRLPAPRGPDRPEGIEEECCERD
S DRSVRLVDGFLALIWDDLRSLCLEFSYHRLRDLLLIVTRIVELLG-————~~ RRGWEALK
N LLOYWS0ELEKNS AVS LLNATATAVAEGT DRVI EALQRACRAT LHIPRRIRCGLERA
LL~

SENV-B.syn3.1

MRVEKETRENYQOHLWEWGTML-——==—= ~1EMLMICSATERKLWY IVYYGVPVWRDANATLE
ERSDHRREDTEHHNVWRTHREVPTDPNPQEVELKNVTENFNMWHNDMVEQMHEDIINLWD
QSLEPCVELTPLCVTLNCTDYVKNIT*HNRTSTHSSW—GKEMEEGEIKFCSFNITTEIRN
KVOKQYALFYRLDIVEPL~DNDNTS == =™ VRLISCNTSTITQACRPKVTEEPTPIH
YCAPHGFAILKﬁNNKTFNGTGPCTNVSTVQCTHGIRPUISTQLLLNGSLAEEEVVERSEN
FTNNBHTIMVQLNVSVEINCTRPNNETRRSIPIGPGRVF?TTEDIIGDIRQHHCHIERAQ
WHNTLKHIVEELGKQFENNﬁTIVFNHSSGGDPEIVMHSFNCRGEFFECESTHLFHSTWTR
N"NGTWTRN~HHDTERSHSTEH"-EHETLPCRIKQIINMWQEVGKAMYRPPIKGQISGSS
NITGLLLTRDGGND Y -——m SGTEIFRPGGGDMRDNWRSELYKYKVVRIEPLGVAPTEAH
RRVVQREKRRHG“IGHVFLGFLGEAGSTMGRRSMTLTVQARLLLEGIVQQQSNLLRAEER
QQHMLQLTVWGIEQLQRRLLAVERELGDQQLLGEWGCSGHLICTTTVPWNTSWSNHSLNE
IWDNMTWMQWERE“DNYTGLIYNLLEKSQNQQERNEQELLELDKWRSLWNWFDITNWLWY
IKIFIMZVGGLVGLRIvFTVLEIVNRVRHGYSPLSFQTRLPTPRG?DRFGGIEEEGGEQD

RHRSGPLVNGFLHLlWVDLRSLFLFSYHRLRDLLLIVHRIVELLG ******* RRGWEILL
YWWNLLLYWSQELKNSHVSLLHRTRIHVEEGTDRVIEVVQHﬁFRRILHEPRREEQG?ERR
LI

SENV-B.syn3. 2
MRVTGIRHNEQHLWRWGTMLLWRWGTMLLGILMIESERGKLWVTVYYGvPVWKEANTTLF
CRSDAEAYDTEVHvaATHaCVPxuyﬁPQﬂvaGmVTENFNMWENNMVEQMHEmzESLWD
ESLHPCVKLTPICVTLNCTDDVRNVT*NNATNTNSEWﬂGEPMEKGEIEHCSFNITTEIRD
KVQKQYALFYKLDVVPIHDNDSNNTN“-~w-~"ﬁYRLISﬂNTSVITQACEKISFEPIPIH
FCRPRGFAILHCHDﬁKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNG TAEERIVIRSEN
FTENAKTIIUQLNESVVINCTRPNNNTRKSIHEGPGRAFYRTGEIEGDERQAHCNLSRAK
WNDTLKQIVIKLREQFG*NHTIVFNQSSGGDFEIVMHSFNCGGEFFYCNTTQLFHSTWTW
NmMSTWm*NHﬂﬂNTHRSNHTEwﬂ*E:ITLPCRIKQIVNMWQKVGHAMYRPPIRGQIRCSﬁ
NITGILLTRDGGNNﬁETwMHNRTETFRPGGGNMKDEWREELYHEKVVKIEPLGIRPTKRR
RHVVQREKR&VGTIEHMFLG?LGAﬂGSTMGARSLTLT?QRRQLL?GIVQQQNNLLKREE%
QQHLLRLTVWGIKQLQARHLAVERELRHQQLLGIWGcEGK1ICTTAVPWHASW3NHSLQK
IWBNMTWMEWEEEIDNYTNLIENLLEESQNQQEKNELELLELDKWANLWNWFDISNﬁLWY
IKIFIMEIGGLVGLEEVFHVLSIVNRVRQGESPLSFQTRLPAPRGPDRPEGIEEEGGERD
RDREVRLVDGFLALIWDDLRSLCLFLYHRLRDLLLIAHRIVELLG mmmmmmm RRGWEALK
YWWMLLQYWSQELKNSAISLLNATAVAVREGTDRVIERLQRRCHRILHIPRRERQGLERL
LL-

>ENV~B.syn3.3

MRVEGIRENCOHIARUGI ML~ ~—= === LGMLMiGSRAEQLWVTVEYGVPVWKEHTTTLF
CRSDAKHYDKEUHHVWATHRSVPTDPHPQEVVLENVTENFHMWHNNMHDQMHEDIIELND
QSLKPCVKLTELEVTLECTD“LRNETNGNDTNTTSSS-REMMGGGEMKNCSFNVTTSIEE
KVQKEYALFYKLDVIFI—DSRNNSNNSTEm*YNSYRLINCNTSVITQACPHVSFEPIPIH
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Fig. 10 cont'd-1

YOTPRAGFATLECKDEKENGTEPCTRVSTVQCTHEL REVVSTQLLLNGSLAEEEVILIRLEN
FINNAKTIIVQLRKEAVEINCTRPENNTRKSL PIGPGRAFYTTGDI IGDIRKAHCNISRANR
WNNTLROIVEKLGEQEGNNKT IIFRQSSGGDPE TVTHSFNCGGEFPYCNSTQLENSTWNE
e~ NGTHHEN~ - FNNTWNNTEGTNDTITLPCRIKY TINEWOEVGKAMYAPPISGRIRCSS
NITGLILTRDGGNNGNET~~NGTE TR PGEENMRONWRSELYRYEKVVEIEPLGVAPTKAK
RRYVOREERAVG~IGALFLGFLGAAGS TMGAAG ITLTVOARQLLSGIVOCONNLLRATEA
NOBLLOLTVAGIKQLOARTLAVERY LEDOOLLEGIWGCSGRLICTTAVEWNT SWINRILNE
TWHHNMTHNEREREIDNY TSLIYTLIEESQNDORKNE, ORLLALDEKWASLWRWESITNWLWY
TRIFIMIVGGLIGLRIVFAVLEVVNRVRQGYSGP LS FOTHLPAQRGPORPEGTEELGEERI

P PREGRLVDGFLAIIWVDLRSLCLFSYHRIRDLLLIVIRIVELLG— =~ ~~~= RRGWEVLK
CHNNLLOYWIQE LKNSAVSLENATATAVAEGTDRIIEVVQRAYRATLHIFTRIRQGLERA
LL- -

SENYV-B.syn4d. 1
MRVTGIRKNYOHLWRWG TMLLWRWGTMLLGT LMLL SAAGKLWVTVYYGVPVWRKDATTTLE
CASDAKAYDTEVANVWATHASVETDRNPQEVVLENY TEDFNMAKNNMYBOMHED LTI SLWD
QSLEPCVELT BT, CVTLNCTDDVRNYT-NNATNTNS SW-GEPMERGEIRFCSENLTY S1RN
KVOKOYALFYKLDVVPI-DNDSNNTN-—==-=" ~YRLISCNTSVITQACPRVTFEPIPIH
YCAPAGFAILKCNNKTENGTGPCTERVS TVOCTEGIRPVVSTHLLLNGSLAEEEVITRSEN
FTDNTETI IVOLKEAVE INCTRPNNNTREKGINIGPGRAFYTTGE L TGDIRDAHCNLSRAK
TNDTLROIVIKLREQFG-NKTITFNQSSGEDRE IVMEL FNCGEEFFYCNTTOLEFNS TW~ -
~~~~~~~ ON-—-~ETSGS INTTDIGENTITLPCRIKQIVHMAQRY GRAMYAPPIRGQIBCSES
NI TCELLLTRDGGNNGNE T~ ~NGTEIFRPGGENMEDNWRS ELYRYKVVKIERPLGVAPTRAK
REVVOREKRAVT ~LGAMFLGFLGAAGS IMGAALMT LOVOARLLLSGIVOQOSNLLRALREA
OOHLLRLTVWGIKQLOARILAVERYLQDLUL LOIWECSCKLICTTAVPRWNASWSNKSQ DA
TWNNMTAMOWERKEIDNY TGLIYTLLAE SOIQOEKNEQELLELDEKWASLWNWEDI TRWLWY
IRIFIMIVESLIGLRIVEFTVLS IVNRVRKGY SPLSFOTRL PAPRGPDRPGGIEEEGGEQD
RDRSCPLVNGFLALIWVDLRSLFLFSYHRLRDLLL IVARIVELLG~ === ~RREWEVLEK
YWHENLLOYWSOELENSAL qLLNATAYAVAEGTDRV IEALORACRAILEIPRRIRQGLERL
LL~
>ENV-B.synd.Z
MRVEGIRENCOHLWRKG I LLi— = ~IOMLMICSAREOLWVTVY YGVPVIKRDANAT LI
CASDAKREDTEAHHVWRTHRCVPTDPNPQEUEhKNVTEHFNMWHNNMVEQMQEDIESLWD
NSTKPCVKLTRPICVILNCTDYVRNIT-NWNATSTNG SW-GRPMEKGETIKNCSEFNVITSIRD
KVOERYALFYRLDVVEI~DNDSHNNDS TNTNYTNYRLISCNTSTITQACPKVSFQPIPLH
.YCRPEGFRLLKCNDKKFNGTGPCHNVSTVQCTHEIHPVVSTQLLLNGSLEEEEIVIRSEN
FTNNAKT I IVOLKESVVINCTRENNNTRKSTHIGPGRAFYAT CDIIGDIRKABCHISRAN
WNNTTLROIVEKLEGEQFG-NKTIVENQS3SGELVE T YMHSFNCAGEFTYCNSTOLFNSTWRE
e NOTHNE N~ ENNTWNNTEGTNDT ITLPCRIKOQ T INMWO CVGKAMYAPPISGQIRCSS
NITTGLILTRDGGNN~NET-~NRTETFR PGCEDMRDNWRSELYKYKVVKIEPLGIAPTRAR
RRVVORE E{IRAVGTIGAMFLGE‘LGTRGSTMGMSL'I'L’IVQARLLLSGIVQQQNNLLKAI 0.
OOHLLOLTVWE I KQLOARLLAVERYLEDOQQLLGLWGC SCRLICTTTVPHWNASWSNKSLDE
ITHDNMTWMEWERET DN";:"TGLIYNLLEKSQNQQEKNELELLELDKWRNLWNWFDITKWLWY
TKIFPIMIICGLIGLRIVEFAVLSVVIIRVROGYSPLS LOTRLPTQRGPDREEGIAEEGGERD
RDRSGPLVDEFLAI IWVDLRSLCLFSYHHLRDLLL IVIRIVELLG-=====" REGWEALK
YHWNLLLYWSOR LKNSAVNLLNTTATAVAEGTDRITEVLORL VRAFLHIPRRIEQGFERA
LI~
>ENV-~R2,syné&. 3
MRVKEIRKNYOHLWKWGTML — === LEMLMTCSAAGNLWVIVYYGVEVWEEANTT LY
CASDAKAYETEVENVRATHACVEL DENFPOEVVLGNYV TENFNMGKNNMVEQMHEDI ISLWD
FOLRPOVRLTPLOVTLNCTDELKNATFRSNTTTNS SW- —EAME KOEIKNCSENITTNMRD
KMOREYALFYRLDVIPT -DSRNN SNNSTE-~YNSYRLINCNTSVITQACPKISFEPIRLE
vOTDACFATLKCKDKKFNGKGPCTNVSTVQCTHGIRPVVSTOLLLNG SLAEKEVVIRSDN
FTNNART TMVOLNVSVE INCTRPNNNTRRSIPIGPGRVEYTTEDILL GDIRQAHCNISEAQ
WRNTLEKHIVERKLGKQFGNNKETIVENES qrGDPRETYMHSEFNCRGEFFYCKSTRLENSTWIR
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Fig. 10 cont'g-2
N-NGTWTRN~--DTERENSTE~-~~ERTTLPCRIKQI INMWOEVGRKAMYAPPIRGOIRCSS

NITGILLTRDGGNDT ~~——-=SGTEIFRPGGGDMKDONWREELYEKYRKVVRIEPLGVAPTEAK
RRVVOREKRAVG~IGAVILGFLGARGSTMCARAVTLTVOARLLLLGIVUUONNLLRATEA

DORLLOLTVAGIKOLOARVLAVERYLRDOQLLGIWGCSGKIICT TAVPWNT SWSNRSLNE.
IWNNMTHMEWEKE IDNY TNL T YNLLEESONOOERKNEQEL LALDKWANLWNWFD I SNWLWY
X IFIIIVEGLVGLRIVFAVLS IVNRVROGYSPLSFQOTRLPAPRGPDRPEGIEEEGGERD
RDRSVRLVDGFLALIWDDLRS LCLFSYHRLRDLLLI ==~ —VELLG=————=m~ RRGWEILK
YWANLLOYWGOELKNSAVSLLNATAIAVAEGTDRVIEVVQRAYRATLHI PTRTIRQGLERA
LL-
>ENV-B.syns. 4
MRYVKETRENYOELWRWGIML — === ===~LEMLMI CSATEKLWVIVYYGVPVHKEATTTLE
CRADARAY DREVENVWATHACVETDPS POEVVLENVTEN FNMWKNOMYEQMAEDT INLWD
OSLXPCVRLTRPLCVTLNCEN=-VNGINLENETNTRS S SGGERMEEGEMKNCSFNITTS IRD
KYVOKOYALFYKLDVVP L ~DNDNT G m—— e om e YRLISCNTSVIKQACEKYVSFEPIPIE
FCAPAGFATLECNDERENGTGPCTNVSTVOCTHGIRPVISTQLLLNGS LAEEEVVIRSEN
FTDNAKTL TVOLNETVE INCTRESNNTRKSI FIGPGRAFYTTGDIIGDIRQAYCNI SRAK
WNNTLKOIVIKLREQFGNNKTT I FKQSSGGDPEIVTHSFNCGGEFFYCNSTKLENS TWTW
N=NETH-—N-—-NTKRSNDTE~~~EIITLEPCRIKQOI INRWOEVGKAMYAPPTIEGQIRCLS
NI TCLLLTRDCGTNNT ~~==NTNET FRPGGENMRDNWRSELYRYRKVVQ TEPLGVAPTKAK
RRVVOREKEAVG-ICALFLGFLGAAGSTMGAAS ITLTVOARQLLSGIVOOQRNLLRAIEA
COHMLOLTYWG I KQLRARVLAVERY LKDQQLLGIHGC SGRLICTINY PWNTSWSNKSLNE
TWDNMTHMOWERE IDNY TSLIYTLIBESQNQQEKNEQDLLALDKWAS LWNWES ITNWLWY
 IRIFIMIVGGLVGLRIVFTVISIVTRVRQGYSPLSFQTRLETPRGPDRPEGTEEEGGERD

RDRESGRLYNGFLALFWDDLRSLCLFLYHRLRDLLLIAARIVEL LG ——— w e REGWELLEK
EWWNLLQYWIQELKﬁSAVSLFNREEIRVAEGTDWVIEISQRAFRRVLHIPVRIRQGLERR
L=

SENV-3,syn6.1
MEVTGIRKNYOHLWRWSTMLLWRWGTMLLGILMICSAAGKLWVTVYYGVPVWKDATTILE
CASDARAYDTEAHNVWATHACVPIDPNPQEVVLENVTIENFNAWKNNMVEQMHEDMI SLWD

OSLQPCVRLTPLCVILNCTDDVRN ==~ ATSTNS SW~GKPMEKGEIXNCSFNITTSIRD
KVQKQYALFYKLDVVE -DNDSNNTH- -~~~ == YRLISCNTSIITQACPKITFEPIPIH

YOTPACGFALLKCNDEKFNGTGPCTRKVYSTVQOCTHGIRPVVSTHLLLNGS LABERVI LRGEN
FPNNAKT IMVOLNVSVEINCTRPSNNTRKS THIGPGRAFYTTGDIIGDIRKAHCN I SRAN
ANNTLROIVERLGEQOFGNNK TIVENHSSGGDLEIVIHSFICGGEFFYCNSTKLENSTHWIW
NeNETH-N~~~NTKRENDTE-—~EI ITLPCRIKQ I INMWOEVGKAMY APPIRGKIRCS 3
NITGLLLTRDGGTHNNT «~=--NTNETFRPGCCOMRDNWRNELYKYKVVRIEPLGIAPTEAR
RRVVOREKRAVG-TGAMPLGFLGTAGS TMGAASVALTVOARQLLPGIVQUONNLLRAIDA
OOHLLOLTVWGIKQLOARILAVERYLEDQQLLGFWGCSCRLICTTINVPRNTSWINKSY S0
TWENMTHMENERE INNY TGLIYNLLEKSONQCERNEQELLELDEKWASLWSWE DI SNWLWY
TRIFIIIVGGLVGLRIVFAVLS I INRVRYGYSPLEFQTHLPAPRGPDRPEGIAEEGGERD
RDESGRLVNGFLALIWVDLRSLCLFSYHHLRDLL L I == — e VE LiLilg o e e RRGWEVLE
YHWNLLLYWSORLENSATSLLNATAVAVAEGTDRVIEALYQRACRAILHI PRRIRQGLERL
LI

SENV-B.synb ., 2

MRVEKETRENYCHLWKWGTML, ~ - ~LGITIMICSATENLWVIVYYGVPVWREATTTILY
CASDAKAYDRKEVHNVWATHACYPTDEN POREVELKNVTENFNMEKNNMVEOMOQEDI IS LVWD
OSLEPCVRLTPLCVTLNCTD~LRNATNGNDTNT TS5 ~-REMMGGGEMEKNCSENITTNIRD
KVOREYALSYRLDIVEI -DNDNTRe === VRLISCNTSVVTQACPRVEFEPIPIH
FCAPAGEFAILKCNDREFNGKGPCTNVSTVOCTHGIRPVISTCLLLNGS LAEEEVVIRSEN
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FTNNVKTIEVQLNETVEIECTRFNNNTRRSIPIGPGRVFETTEDIIGDIRQRHCNLSRTQ
WNNTLEQIVTHLREQFG*NKTIIFNQSSGGDPEIVMHTFNGGGE?FYCNTTKLFNSTW“H
H“NDTTlﬂﬁﬂw—“TEGSNHTRWH—“NITLPCRIKQIINLWQEVGEA&Y&P?IQGQISCSS
NITELLLTRDGGNNWNET~mNRTETFRPGGGNMRDNWESELEKEHVWRIEPLGVAPTKAK
REHVQRERRAVG“1GﬁLFLGFLGRAGSTMGRASVTLTUQHRQLLSGIVQQRNNLLRAIEE
QQRMLQLTVWGIEQLRARVLHVERYLKDQQLMGIWGCSGELIGTTTVPWNASWSNRSLNE
EWDNMTWMEWEREIDNYTSLIYTLIEESQNQQEKNELELLELDKWASLWNWFEETNWLWE
IRLFEMIVGGLVGLRIUFTVESEUTRHRQGYSPLSFQTRLPTPRGPDRPGGIEEEGGEQD

RDRSIRLVDEFLALIWDDLRSLCLESYHRLRDLLW L = ~—VELLG=—==7"" RRGWEALK
YLWNLLQYWEQELKEBHvSLFNaTAIHVREGTDWVIEvIQRAFRAFIHIPTRVRQGLERh
L=

SENV~B . synd .3 |
MRVKGIREKNCQHLWRWGI LL~~=m = LEMLMICSATERLWVTVYYGVPVRKETTTTLE
CﬁSDAKﬁYVEEKHNVWATHhUVPTDPNPREVVMGNVTEEFNI%NNSMVEQMHEDIISLWE
QSLKPCVKLTPLCVSLKCTDL~*-ww—HNDTNTNSSSGEMIMEHGEIHN&SFNITTGIRG
KYO~EYSLEYRLDVVQM-DEDNTS ——— == YRLTNCHNTSVITQACPKVSFQPIPIE

YCAPRGFAILKCﬁDKHFNGTGSGKNVETVQCTHGIRPVIﬁTQLLLNGSLAEGEVUIRSEN
o ETDNAKTIIVQLKDFVKTNCTRPNNNTRKSIPIGPGRAFYRTGEIIGDIRQRHCNISTTK
WNRTLGQVVKKLREQFKJHKTI?FHQSSEGDPEVVMHSFNCGGEFFYCNTSQLFNSTW—ﬂ
-------- Nm——STSLFNSTN———GTITLQCRIHQEINRWQEVGKAMYAEPIEGQIRCLS
NITGLLLURDGGINVTNN**TGTEVFRPGGGDMRDNWRSELYKEKVLKIEELGHRPTRAK
RRVUQREERRVGHLGRMFLGFLGRRGSTMGAESETLTVQARQLLSGIVQQQRNLLRHEEA
QQHMLQLTVWGIKQLQRRVLHVERYLQBQQLLGIWGCSGKLICTTTVPWETSWSNK$LHQ
IWDNMTWMQWEKEIDNYTGLIYTLLEEEQﬁQQEKNEHELLELEEWHSLWNWFNITNWLWY
IEIFIMEIGGLIGLRIVFEVLSIVNRVEQGXSPISFQTRLPRPRGPDRPDGIEEEGGDHD
RDRSGRLVBGFLTLIWVDLRSLCLFSYRRLRDLLLIAARIVELLG mmmmmmm ARGWEALL
EWWNLLQEW1QELKNShVNhLNTTﬁIAvAEGTDvaEVVQRaYRaILNIPTRERQGFERA
LI | -
SENV~B.synbé.4
MRVKELRENCORLWRWGTML === r GMLMICSAAROLRVIVY YGVPVWRDANATLE
-CRSUEKEYDTEVHNVWATHRSUPTDPNPQEVVLGNVTENFNMWKNDMVEQMHEDVISLWD
QSLKPCVKLTPIGVTLNCTDYVKNITmNNETSTNSSW~GEPMEKGEIKHCSFNITTSMED
KVQHTYALFYKLvaEI~DNDSNNNDSTmeyTNYRLISCNTSVIHQACEKvSEDPIPzH
fCTPAGEﬁILKcRﬂKHFHGTGPCHﬁvSTVQCTHGIRvaPTQLLLNGsLAEEEIVIRSEM
FSDHAKTIEVHLNESVEIHCTRLNHETRKSEHMGPGRAFEATGEIIGDIRQRHCNIEREK
WNNTLEQIAIKLREQFGNﬁﬁT11EKQSSGGDEEIVTHSFNCGGEFFECNSTQLFNSTWNF
“-NGTWHﬁﬂwmﬂFNNTWNNTEGTHDTITLECRIHQiINMWQHVGKAMYAEPISGQIRCTS
NITGLLLTRDGGN**—HTw*EGTEIFRPGGGNMKDNWHSELYKYKVVQIEELGVRPTEAR
RRVVQREKRAVGﬂIGAVFLGFLGH&GSTMGAAAVTLTUQARLLLEGIVQQQNNLLKHIEA
QQHLLRLTVWGIKQLQERLLRvERYLGDQQLLGLWGCSGKLIETTAﬂPWNTSWSNRBLNE
IWNNMTWMEWEREIDNYTNLIENLLEESQNQQEKNEKELLELDHWANLWHWFDESNWLWE
IRIFIMIVGGLIGLRIVFIVstvNHVRQGYSPLSLQTRLPTQRGPDRPEGTEEEGGERD
RDTSGRLUDGFLAEIWVDLRSLFLFSYHRLRDLLLIVTREVELLG ~~~~~~~ RRGWEILK
YWWNLLQYWGQELKHSHVSLLNRTHiTVREGTDRVIEvLQRRGHRILHIPTRIRQGLERI
LL-
S>ENV~B.syné. 5
MRYVKGIRENYQHLWRWGIML————==—" T CMLMT CSATEQLWVIVYYGVPVWRAEANT T LE
QRSDAKHEKTERHNVWRTHASU?TDPNPQEIVLEHVTENFNMWEHNMAEQMHEDIINLWD
QSLHPCWELTPLCVTLNCTDELKNHTFRSNTTTNSSWﬂ“EEMEKGEIKNCSFNVTTSIRD
AMOKEYALFYRLDVVPI~DNDNTS——— === vRT,ISCNTSVITOACPKISFEPIPLH
YCWPHGFRILKCENKTFHGTGPCTNVSTVQCTHGIKPUVSTQLLLNGSLEEEDVUIEEEH
ETENTHTIIVQLHEEHEINCTRPNNNTRHGIHIEPGRAFYTTGEIIGNIRQAHCNLSRHK
WNDTLEQIVIELREQFG—NKTIUFNQSSGGDVEIVMHSFHCGGEFFYCNTTQiFHSTWﬂ—
w~NRNDIRﬁﬂ“mvTRGSNRTTGGNDTLILEQRIKQIUNMWQEVGKAMYAPFIKGQIKCSS
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NTTELLL T RDGENNGNET-~ NG TET PRPCEODMENNWRSELYKYRVVRIEPLGVAPTEAR
RRYVOREKRAVT-LGAMFLGFLGARGS TMGRASMTLTVOARLLLSGIVOQQSNLLRAIEA
QQRLLQLTVWGIHQLQRRELRIEEYLKDQQLLGIWGCSGKIICTTAVPWNHSWSNHSQDE
TN NMTHMOWERE T ONY TELIYNLIEE SONQQEKNE QELLALDKWANLHWNWE D TRWLWY
T®TFTMIVGELIGLRIVEFTVLS IVNRVRKGYSPLSFQTRLPAQRGPDRPECIEEEGGER])
RORSCPLVDEFLATFRHVDLRSLFLFSYRHLRDLLLIVARIVELLG————=- RRGWELLK
YHWNLLOYWSOELKSSAVSLLNATAIAVAEGTDRILEVLORAYRAILHIPVRIRQGLERA
LI~
>ENV-B.syno.o
MRYEGIRENYOHLERNGMMI, = = — = e FCMLMICSAAGNLWYTVYYGVPVHREATTTLE
CASDAKAYETEVHNVWATHACVPTDES POEVVLENVTEDFNMRKNNMY DOMEEDL IS LWD
PSLKPCYKLT PLCVTLNCTDDVRNVI-NNATNTNS SW-CE PMEXGEIKFCSFNITTS IR
EVQKQEALFEHLDVI?IHDSRNNSNNSTE~~YNSYRLEHCNSSTITQACPKVTFEFI?IH
YOAPAGFAT “LKCNNKK FNGTGPCNNVSTVQCTRGIRPVVS TOLLLNGS LAEREVVIRSON
PPNNAKTT T VOLNESVVINCTRPNNNTRKRISMGPGRVYYTTGEITCGDIRRARCN ISRAL
ANNTLKHTVERLGKQFGNNKT I ~FNHSSGGDPEIVMASFNCREEFEYCEKSTRLINSTWLR
N—NCTHTRN-—-DTERSHSTE -~ ~EHI TLPCRIKQI INMAQGVEXAMYAPPIRGQIRCSS
NTTGLTLTRDGGNNDT ——~-RETEIFRPGGEDMKDNWRSELYRY KVVKIEPLGIAPTRAK
| RRVVQREKR&VGTIGAMFLGFLGTAGSTMGRRSLTLTVQAELLLSGIUQQQNNLLRAIER
QQHLLQLTVWGIKQLQ&RVLAUERELRDQQLLGIWGCSGRLICTTEVPWNASWSNHSLDK
IWNNMTWMEWDREINNYTSLIYSLIEESQNQQEKNEQDLLALDKWASLWNWFDITNWLWY
TRIFIMVVGGLVGLRI IFAVLS IVNKVROGYSPLSLQTHLPARRGPDRPEGIEEEGELRD
RDRSVELVDGFLALFWDDLRSLCLFLYERLRDLLLIVIRTVELLG- ===~ RRGWEALK
YCWNLLQYWSQELHNSHVSLFNAIhIRVREG?ﬁRIIEUVQRICRAIRHIERRIRQGFERH
T~

>ENV-C,.synl.l

MRVRGIORNWEQWRIWGILG— =~ —~== FUMLMI CNVVGNLWVTVY YGVPVWKEAKTTLE
CAADAKAYEKEVHNVWATHACY PTDEN PQE IVLENV TENFNMWKNDMVDOMREDI ISLWD
QSLKECVKLTPLCVTLMCTDVHVNRTSNGTTTYHHSI—DS—-MNGEIKNCSFNTTTEIRD
KKOKVYALFYRLDIVPL~ONNSSE~m—=~=="~" YRLINCNTSTITOACPKVSFDPIPIH
vORPACYAT LKCNNRTFNGTGECNNVS TVQCTEGIKPVVSTQLLLNGSLAEEET LIRSEN
rTNNAKT T TVHLNESVE TVCTRPNNNTRKS IRIGPGQTFYATSDITGDIRDAHCNISERG
WDOTLYRVSEKLKEHFP~NKT IRFAPSSGGDLEI TTESFNCRGEFFYCNTSKLENS L~ -
e~ NSTOMHN-~~DTGS~—NST~—~—~ ITLPCRIKOI INMWOEVGRAMYAPPIAGNITCKS
NITGELLLTRDGGTNN- ~—~=~- NNTETFRPGGGDMRDNWRSELYKYKVVETKPLGIAPTRAK
RRVVEREKRAVG- I GAVFLGFLGARGSTMGAASI TLTVOARQLLSGLVQOOSNLLRATIEA
OOHEMLOLTYHG TKQLQTRVLATERY LKDQQLLGIWGCESGKL ICTTAVRWNSSWONKSUTL
W DNMTHMOWDRE I SNY TDT I YRLLEDSQNOQEKNEKDLLALDSWENLWNWED TYNNLWY
K IFIMIVGGLIGLRI ITFAVLS IVNRVRQGYSPLSFQTLTPNPRGEDRLORIBEEGGELD
EPRSIRLVSGFLALAWDDLRSLCLFSYHRLRDFILVTARAVELLGRSSTRELURGWEALR
YLGSLVOYWGLELKKSAISLLDTIAIAVARGTDRIIELIQRICRAIRNTPRRIRQGFEAA

LL-

>ENV-C.synZ3.1 |
MRVMGIQRNCQOWWIWGSLG~—————— FHMLMI YNVMGN LWV TVY YGVPVWKEARTTLE
CASDEKAEDTEVHNVWRTERCVPTDPHPQEMVLENVTENFNMWKNNMVDQMHEDIISLWD
OSTRPCVRMTPLCVILNCENARKKD—~————— NTTI-DHE-MKGEIKNCIFNITTELRD
KEKOVYALFYKLDIVEL~NSNESE———mmmmm YRILTINCNTSAITQACPRKVSFDPIPIHE

YCHPAGYRILKCHEETFHGTGPCNNVETVQCTHGIRPVUSTQLLLNGSLHEKEIEIRSEN
LTDNVHTIIVHLNESVEINETRPENNTRRSIRIGPGQEEEATGEIIGDIEQRECHISGEH
WNETLQRVGKKLKEHFP*HKTIEFRPESGGDLEITTHSFNCEREFFYCNTSGLFEGTYP"
—=NGNGTYN~~~GTGETDTINST——~ ~TTTPCRIKOIINMWQEVGRAMYAPPIEGNITCRKS
NITGLLLVRDGGTENNTET“NNTETFRPGGGDMRBNWRSELERYRVVEIKPLGIRPTKAK
RRVVERGKR&VG—IGHVFLGFLGvHGSTMGHHSITLTVQ%RQVLSGIVQQQﬁNLLRHIEE
QQHLLQLTVWGIHQLQTRVLRIERYLHDQQLLG:WGYSGKLICTTRHPWNESWSNRSQED
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TWNNMTHMOWDRE INNY TNT I YRLLEDSQNQGEKNEQDLLALD SWKNLWNWFDI TNWLWY |
IRIFIMIVGGLIGLRIIFAVLS LVNRVRQGY SPLSLOTLTENPRELDRLGRIEEGGGEQD
RDRSIRLVSGFLALARDDLRSLCLESYHRLADFILIAARAAELLGRSSLKGLOREWEI LK
YLGSLIQYWGLELKKSAINLLETIAEVVHEGTDRIEELEQRICRAICNIPRRIRQGFEAA
LG~

PENV-~-C.8yn3.2

MRVRG I LRNWOQWHIWG T LG — v rmm e = FWMLMI CNVVGNLWYTVYYGVEVHREAK T TLE
CASDARAYEREVANVWATHACVETDENEQELVLENVTEN FNMWKNDMVDOMEQDI I SLIWD
ESLEKPCVKLTPLCVTLKCYINVTKNS ~~NATVNSNATV-NNNTMGEEIRNCSFNATTEIRD
REKONVYALFYRLDIVEPL-NENNDRS S ———————= YHLINCHTSTITQECPKVTFDPIPIH
VCTPAGYATLKONDKTENGTGPCHNVSTVQUTHGIKPVISTOLLLNGSLAEEET T IRSEN
LTNNVKTIIVHLNKSVE IVCTRPGNNTRKSVRIGPGOTEYATGDITGDIRQAHCNT SRTA
WNKTLOEVGKKLAERFE-NKTIRFK 2 SSGGDLEVITHS FNCRGEFFYCNTSKLFNSTYNS
TYNSTYNSN-~—STNSNSNGT-—~-~ TTLOCRIKQI INMWQKVGRATYAPPIAGNITCRS
NITGLLLTRDGGNNNDTGNNNDTEI 7RPGGGDMKDNWRNELYKYKVVEVKPLGIAPTGAK
RRVVEREKRAVG-LGAVFLGFLGAAGS TMGARSMILTVOARQLLSGIVQQONNLLRALEA
OCHMNOVTVRGIKQLOARVLALERY LEDROLLGIWGUSGRLICTTNVPWNSSWENKS LT
TAENMTHMOWDKE ISNYTDT I YRLLEVSONQQEKNEK DLLA LDS ANNLWNWES TTKWLWY
IKIFIMIVGELIGLRIIFGVLSIVRRVROGY SPLSFOTLTPNPRGEPDRLGRIBEREGEREQD
KDRSTRLVNGFLALAWDDLRNLCLFSYECLRDFILIVARAVELLGHS SLRGLORGWEALR
Y1,GSLVOYWGLELKRSAISLLDTTATIAVAEGIDRIIEVIQRICRAIRNI PTRIRQGFEAR

LLQ

>ENV-C.syn3. 3 |
MRVRGIORNWPOWWIWG LG ———~————=FRMI TICRVVEGNLWVIVYYGVPVWTEAKATLE
CASDARAYEKEVHNVWATHSCVPTRPNEQE IVLGNVTENEFNMWENDMVDOMAEDVISLWD
OSLEKPCVELTPLCVTLNCT -~ —m mm— e NANVTVNATSDGS~—IKEEIKNCSFNTTITEZIRD
KKOKVYALFYRPDIVPLSGSNSSE—-m—r————==Y T LINCNTSTVIQACPKVEFEFIPIH

YCAPASYALLECNNETEFNGTGRPCONVSTVQCTHGIKPVVSTQLLINGS DAEGET T TRSEN
LTNNARTI IVHLNES IZ IVOTRPNNNTRESIRIGPGOTFFATGDI IGNIRQARCNISEER
WNKTLQEVSRKLREHFF*NKTIIFHSSSGGDLEITTHSFNEGGEFFYCNTTHLENDS——"
———————————— ATCATFNETS~~NETITLRPCRIKOI INMROGVERAMYAFPIAGNLTCNS
SITGLLLTRDGG. —~—— = WNTEIFRPGGGNMKENWRSELYKYEVVEIRPLGVAPTEAK
HARVVEREKRAVG-IGAVLLGFLGAAGSTMGAASITLTAQARQLLSGIVOQQQONLLEATEA
COHMLOLTVWGIRKOLOARVLAIBRY LODQQOLLGIWGCSGKLICTTTVEWNSSWONKSQTD
TWDNMTWMOWDRE ISNYENTIYRLIEESQONQOEQNEKDLLALDKWONLWEWE S TTNWLWY
TRIFPTIIVGGLIGLRI I LGVLBIVRRVROGYSPLSFQTLIPNPRGPDRLGGIEERGGRG
RDRSVRLVSGFLSLAWDDLRSLCLFCYERLRDFILVTARAVELLGRSELRGLOQKGHEALRK
YLOGNLVOYWGLELKXSAISLLDTIATAVAEGTDRIIEFIQRICRATRNIPRRIRQGLEAA
LQ-

>ENV-C.synd, ]

MRVEGILRNYQQWWIWGSLG= = e FAMLMIYNVGONLWVTVYYGVEPVRREARTTLE
CASDAKAYDTEVENVHRATEACVPTIDRPDRQEIVLENVITENEFNMWEN DMVDQMHEDT L3 LWD
ESLEPCVELTPLCVTLRCTNVTS = ~~CNTTRGNNT S ~EN——~REEMENCEFNTTLL LRD
KEORVYALPYRPDVVPL-EENSSE—~—— e YILINCNTSTVTQACPRKVSEFDPIPIH
YCAPAGFAI LKCNNETFNGTGPCNNVSTVQUIHGIKPVVSTQLLINGSLAREEIITRSEN
LIDNAKTIIVELNRSIEIVCTRPONNTREKS IRIGPGRATYATGDITGDIRQAYCNISKAT
WNK T LOEVGKELAKHFP-NETINFNSSSGGRLEITTHS FNCGGERF FYCNTTKLENNS L--
************ LNNTADNST—~-8TITLOCRIKQIINMWOGVGQAMYAPPIAGNITUED
NTTGLLLLRDGGDTST ~~——NGTEIFRPGGENMEDNWRSELYKYRVVEVEPLGIAPTGAR
RRVVERERRAVG~-TCAVLLGIFLGAAGSTMGAASITLTAQARQVLSGTVQOOSNLLRAVEA
QOHMLOLTVWECIKQLOTRVLAIERY LKDQOQLLGIWGCSGRLICTITNVEWNSSWENKSQER
TWENMTHMOWDRE ISNY TGTIYRLLEESONOQOEKNEQDLLALDSWKNLWNWEFD T SNWLWY
TRIFIIIVGGLIGLRITPGVLSIVKRVROGYSPLESFQTLIPNPRGPDRLERIEERGGRLQD
RGREIRLVSGFLAIAWDDLRSLCLESYRQLRDFILIAVRAVELLGHSSLRGLORGWEALR

YLGSLVQEWGLhLKRSAISLLDTlAlVVAEGTERIIEFIQRICRAIRNIPTHIRDGPEAH
L=
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>ENV~C.syn4 .2 Fig 19 COﬂfd“ﬁ

MRVMGIORNCOQWHIWGI LG~ wm———== FWILMICNVMGNLAVIVYYGVRPVHKERKATLE
CASDAKAYEXEVENIWATHACVPTDPNPQELVLENVTENFNMWDNDMVDOMHQD LIS LWD
081K PCVKLAPLCVTILNCTNATVTIATRNGSDIMNTT S ~ND——~GEMENCSFNVITELRD
KKKKEYALFYRLDIVEL-NEGSGNANQNNSNY SDYRLINCRTSAITQACPRVIFDPIPIH
v OTDAGYATLKCNDKTFNGTGRPCHNVSTVQCTHGIRPVVSTQLLLNGELAEGEIMIRSEN
NN AKTT IVALNKSVEIVCTRENNNTRKSVRIGPGRTFYATNDIIGDIRQARCN IS ERR
WNETLOOVGKKLARHFP-NKT I FKPS SGGDLEVT THSFNCRGEFFY CNTSGLERGT ==
e DG v e ESNSTSNAT ~———= ITIPCRIKOL INMWOKVGRATIYARPPIAGNITCRS
NITGLLLVRDGGNDNKT -~ ~NDTET FREGGGDMRDNWRSELYKYKVVEVRPLGVAPTRAR
RRYVOREXKRAVG-IGAVFLGFLGVAGS TMGAASMILTVORRQVLSGIVOQUSNLLRAILA
OOHLLOLTVHGIXOLGARVIALERY LRDQQLLGMWGCSGKLICTTAVEHNS SWSNKSQED
THGNMTWMOWDKE T SNYTNT I YRLLEDSQNQQERNEKDLLALDSWENLWSWEDITNWLW X
TKRTFIMIIGGLIGLRIIFAVLS IVNRVROGY SPLSLQTLIPNPRGPDRLGRIEEEGGEQD
KDRSTRLYNGFLALAWDDLRNLCLFSYHRLRDFILIVARAVELLGRNS LRGLORGWE LY
VLGSLIOYHGLELKKSAISLLDTTAIAVAEGTDRITELIQRICRAICHIFPRRIRAGLEAA
L

»ENV-C.synd.3 |

MRVRGIQRNWPOWWIWGILG-~—=—""" FAMIIICRVVGNLWVTVYYGVEVWREAKTTLY
oA SNAKAYEKEVANVWATEACY PTDPNPOE I VLGNV TEN FNMWKNDMYDOMAEDV ISLWD
QSLKPCVEMTPLCUTLNCTDVH?NRTSNGTTTENMSIﬂDH-ﬂMNGEIKNCSFNTTTELRD
KHQKRYALFIRPDIUPLPGKDNSKDNSSEYEE~~YELINCNSSTITQACPHVSFEPIPIH
Y OABASYATLECNNETFNGTGPCKNVS TVQCTHGIKPVISTQLLLNGSLAERE LT LROEN
CTNNVKT T TVELKESVEINCTRENNNTRKS IRIGPGQTFYATGDITGNIRQAHCNISRER
NTTLERVKEKLKE B FP-NKT IKFAPSSGGOLEITTHTFNCRGEFFYCNT SKLFNST LV -
- NRTOMND=~=D~~TGHNST~—=-—[TLECRIKQT INMWQEVGRAMY APPIAGSN ITCNS
SITGLLLTRDGGNNT ~—~— ENTETFRPGGGNMKDNWRNELYKYKVVEIKPLGVAPTEAR
RRVUVERERRAVG-LEAVFLGFLGAAGSTMGAAS ITLTVQARQLLSGIVQOONNLLRA L EA
QQHMLQLAVWGIKQLQRRVL&IERELQDQQLLGIWG$SGKLICTTSVPWNSSWSNRSQED
FTNMTHMOWDRE I SNYTDT I YRLLEVSONQQEQNEKDLLALDKWONLWSWE S [THWLW L
IHIFIMIVGGLIGERIVFRVLSLVNRvRQGESPLSFQTLTPSPRGPDRLGGIEEEGGEQD
RDRSIRLVSGFLSLEWDDLRSLCLFSYHRLHDFILIAHREHELLGRSSLRGLQRGWEILK
YLGSLAQYWGLELKESAINLLDTIAIAVAEGTHRIIEVIQRICRRIYNIPRRIRQGFEAS

LL-

SENV-C.gynd . d

MRVRGIPRNWOOWWIWGI LGw=——"">""" FNMLMICNVVENLWVIVYYGVEVHTEAKTTLE
CASDRHHEEREVHNVWATYACVPTDPNPQEMVLENVTENFNMWKNDMVEQMHEDIISLWD
OGLEPCVEKLTPLCVILNCENARKKD~——=—=—== NTTI-DNE-MKGEIENCSFNITTELRL
KKQQVYRLEEKLDIVEL~NSNSSE~—ﬂ-w—d~WTYRLIHCNTSTITQREPKVNFDPIPEH

TCR?RGYBILHCNNKTFNGTGPCQNVSTVQCTHRIKPVVSTQLLINGSLAEGEIEIRSEN
LTDHVKTIKVHLNESVEIUCTRPNNNTRKSMRIGPGQTFEATGEEiGDIRQRHCNISHEK
WNNTLQEVREKLREHFP~NKTIKFAPHSGGDPEITTHEFNCRGEE?YCNTSQLFNSTEHH
= NSTOMHAN==~DEGS ~ NS T m— ITLPCKIKQIINMWQGUGRAMEEPPIEGNITGTS
NITGLLLTRDGGTwmm NNTEIFRPGGGDMRNNWRSELYKYRKVVEIKPLGIAPTKAK
RRUVERGKRHVG—IG&VLFGFLGRHGSTMGRRSIALTAQRRQLLEGIVQQQSHLLKRIEH
QQHMWQVTVWGIKQLQARVLAMERELKDQQLLGLWGCSGKLICTTTV?WNSSWSNKSQTE
IWDNMTWMQWDREINNYTNTIYKLLEDSQNQQEHHEHDLLELDBWNNLWNWFSITKWLWY
IKIFIMIVGGLEGLRIILGVLSIVRRVRQGYSPLSFQTLTPNPRELDRLGRIEEGGGEQD
HDRSVRLVSGFLRLHWDDLRSLCLFCYHRLEBFILVTREHUELLGRSSLKGLQRGWEALH
YLGNLVQYWGLELKKSAISLFDTIRITVBEGTDRIIELVQRICRAIRNE?RRIRQGFERA
LL-

>ENV~C.syne. 1l |

MRVRGIQRNWPOQWWIWGL LG ~—m——=m" FIT T IMCRVMGNMWVTVY YGVPVWREARKTTLE
CAEDAKGYEKEUHEHWATHAQVPTGPNPQEMVLENVTENFNMWKNNMUDQMHEDIINLWD
QSLHPCVRLTPBCVTLKCVNVTKNS—~NRTVNSNHTV~NNETMGEEIHNCEFHHTTEIEﬁ
KKQKHYRLFYRPDIVFLHNENSSSENNSSE*““*YILINCNTSTITQRCPKVSFDPIPIH
'YCRERSY&ILECNHETFNGTGECQNVETUQCTHGIHFVESTQLLLNGSLREEDIIIREEN




Patent Application Publication  Jun. 23, 2011 Sheet 32 of 52 US 2011/0150915 Al
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LTNNAKTIIVHLNQSVEIVCTRPGNNTREKSMRIGPGOTEFYATHDRI TGN IRQAHCNISEGK
WNETLLRVERKLEEHFP~NKTIKFEPSSGGDLETTTHT FNCRGEFPYCDT ST LENHTY -
~~VSAYMNNTDVSADRKNDTO-SNSTITLPCRIRCITHNMWQEVGRALYAPP IAGNITCRS
NITGLLLVRDGGENTT = = e NESTETPRPEGGNMKDNWRSELYRKYRVVELIRPLGLAPTGAK
RRVVEREKRAVG-IGAVELOFLGVAGSTMGAASMTLTVQAROVLEGVVQOQUSNLLOATEA
CORLLOLTVWGIKOLOTRVLALERY LRDOQLLGIWGCSGRIICTTAVPWNTSWSNRSQRD
IWNNMIWMOWDRE TNNY YN T TYKLLEESQNQORXNEQDLLALDSWNSLWNWES I TRWLWY
IRIFITIVESLIGLRIIFGVLS IVERVRGGYSPLLSQTLTPNFREFDRLGRITEGGGEQD
RDRSVRLVNGFLALVHDDLRSLCLFCYHRLRDEF I LVTARVVELLGRS SLRUGLOKGWEA LK
YLGSLVOYWGLELKEKSATINLLDTIATAVGEGTDRIIEVIQRICRAIYVNIPRRIRQGFIGAS
LL-
>ENV-C.3ynb. 2
MRVRGILRNYQOWWIWGSLG~—————om— FWMIMIYNVGGNLWVIVYYGCVEVNTDARTTLE
CASDAKAYDKEVHNVWATHACVPTOPNPQELVLENVTENFNMWEKNDMYVNQMAED L LS LWD
RSLEKPCVKLT PLOVTLNCTNATVTATRNGSDIMNTTS ~ND-—~~GEMENCSFNITTELRD
KERKEYALFYRLDIVPL-DENNSSEKSSENSSEYYRLINCNTSATTQACPRVIFDRIPLE
YORAPAGYATLKCKDKTFNGTCRPCONVSTYVQCTHGIKPVVSTRLLLNGSLARGE LI LRGEN
LTNNVET I IVALKEPVE INCTRPNNNTRESTRIGPGOTEYATGDI LGDIRQARUNISRER
WNKULQhVGKKLﬁEH*P*NKTIKFRPiSGGDL“ITMHSFNCRGE”FYCNTSGLFNGTY*“
~mMPTYMPN~—~=GTESNSNST-——=—ITIPCRIKQIINMWQEVGRAMYARPPTEGNITUNS
NITGLLLYRDGGINKT ~~~~-NNTETFRPGGGDMRNNWRSELYKYXKVVEIRPLGVAPTEAKR
RRVVEREKRA~A-LGAMFLGFLGAAGSNMGAASITLTAQARQLLSGIVOURSNLLRALEA
QQHLLQLTVWGVKQLQAHHLEMERYLKDQQLLGLWGQEGKLICTTSVPWNSSwSNRSQEE
THNRMTHMERDRE ISNY TN TIYRLLEDSONQOEKNEKDLLALDSWEKNLWSWEFD I TRW LW Y
IKTFIMI IGELIGLRIVIFAVLSIVNRVROGYSPLEFQTLTPSPRGFDRLGRIEESGGEQD
KDRSURLVSGFLSLAWDDLRSLCLFSYHRLRDLILIREREVELLGHSSLRGLQRGWEILK
YLGSLAQYWGLELHRSBISLLDTIRITVAEGTDRIIEIIQRICRAICNIPRRIRQGFETR

LL-

>ENV~C.syné. 3

MRVMGE L LRNCOOWWIWGVLG-~—————— FHMLMICNVVGNLWVIVYYGVPVWKEAKT TLE
CASNAXAYEREVENIWATHACVPTDEN PQEMVLEKNVTENFNMWKNDMVDOMEEDV IS LWD
NSLEPCVKLAPLCVILNCTRVIVNDTLREQONF T~ m o = DMXNCSFNYVTTELRD
KEORVYALPYRLDVVPL-GDNNSS -~ YRLINCNTSTIAQACPRVNEFDPIPIH

VOTPAGYAILKCNDRKTFNGIGPCEKNVSTVOCTHEIKPVYVSTQLLLNGSLAEEGE LIRSEN
LTDNAKT I IVHLNESVEINCTRPGNNTRQSIRIGRPGQAFYATCGATIGDIRQAHCNLSKDE
WEKTLEKRVSEKLKEHFP-NKTIEFKPSSGGDLEVTITHSFNCRREFFYCNTSKLENSTY ~—
~-NITOMEN--~DTGS—~NET~—~~~ ITLPCRIKQI INMWQGVGOAMYAPPIKGNITCHS
NTTOTLLTRDGENL ~ ==~ NGTETFRPGGGDMEDNWRSELYRYRVVEIXPLGIARPTKAR
RRVVDRAHRﬂVG“IGRLFLGFLGTAGSTMGAA&LTLTVQARQLLSSIVQQQSNLLHR A
QQHMLQL”IWGIKQLQTRVLRVERYLKDQQLLGMWGCSGKLICTTHVPWNASWSNH%QFE
ITWGHMTWMOWDREISKRYTDIIYRLLEL SONQUERNEKDLLALDSWNNLWNWEN I TNWLWY
TRIFIMIVGGY IGLRIIFAVLELVNRVRQGYSPLSFOTLTPHNPRELDRLGRIBEEGGREQG
RORSIRLVNGFLATAWDDLRSLCLFSYRRLRDFILIAARAAELLGRISLRGLORGHETLK
VI,GSLIOYWGLELKKSALSLEDTIATAVAEGTDRIIELIQRICRATRNTPRRIRQGLEAR

LG~

SENV~C.syné.4

MRVMG IORNCOQWWIHGILG—~———~~~ FHMLMI YNVVGNLWVT I Y YGVPVWKEAKATLE
CASDARAYDTEVANVWATEACVPTDPDPOEMVLGNV TENENMWKNDMADOMHED L 1 SLWD
OGLKPCVALTELCVELEC TN~ === TN TTNENRT I ~GDKLNE~EMEKNCSFNTTTELRD
KKOQOVYALFYKPDVYPL-NGGEHNETGE ~— = — == YILINCNSSTITOACPKVEFERPIPIH

YCAPAGFAILXCHNKTFNGTGRPCHNVSTVOCTRGIRFVVSTOLLINGSLAEEETTIRSEN
LTDNVETIIVALNKSVEI VCTRPNANTRKSIRIGRPGQTFFATND LIGDIRQAYCN I SARS
WNRKTLERVEZKLREHER - ~NKTIKFNSSSGEDLEITTHSFNCRGEFFYCNTSNLENGETY —
- HAGTOE TN~ =5 T == NG T == TTLOCRIKOTI INMWOKVGRAMYAPPIAGNITCRS
NITCLLLLRDGGTEN— == —w NDTE TFRPGGEGNMRINWRSELYRYKVVEVKPLEGLIAPTTAK
RRVVERDKRAVGE~ICAVLLGFLGAAGS TMGAASMALTVOARILLSGIVCOQOSNLLRAVEA
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QQHMLQLTVWGIKQLQARVLALERYLKDQQLLGIWGC5GRLICTT%V?WNSSWSNHTQGE
IWENHTWMQWDKE:NNYTNTIYRLLEESQTQQEQNHHDLLHLESWHNLWNWFQITHWLWY
IHIFIMHVGGLIGLRIIFAVLSEVNSVRQGESPLSLQTLTPNPRGFDRLERIEEEGGEQD
RHRSIRLVNGFLRLRWDDLRSLCLFEYHHLRDFILVTHRHVELLGRSSLKGLQRGWEALK

VLENLYOYWGLELKKSAISLLDTTAIAVARGTDRIIELVQRICRAILNIPTRIRQGE LAA

L

>ENV-C.8ynd, 3 ~

MRVRGI PRNWEPCWWIWGILG————=m—" FWMT T ICRVVEGNLWYVTVYYGVRPVWIEARTTLE
CASDAKAYIREVHNVWATHSCVPTDENPQE IVLGNVTENFNMWEN DMVDOMIQD I LS LWD
QELEPCVEMTPLCYTLNCSNAKKD ~m - — e NTTI-DNE~-MKGEIXKNCSENITTELRD

KKQKVHALFERLDIVPL~NEGSGNENQNNSNYSDYRLINCNTETVTQACPHvTFBEIPIH
YOAPARYAT LKCNNNTFNGTGPCNNVSTVQCTHGIKEVVSTQLLLSGSLAEEETVIRSEN
CPNNAKI TIVHLNESVE VO TRPNNNTRRS IRIGPGQTFYATGEIIGDIRQAHCNISARL
WNTTT,ERVKEKLRERFP-NKT IKFEPESGGDFEITTHS FNCGGEFFYCNTSQLENSTY ~~
w = NETYMIN~=~NTGCENSNET = e (TLPCRIKOT ITNMAQOVGRAMYAPPITAGNITONS
SITGLLLTRDGGNNNDTGNNNETEEFRPGGGDMRDNWRSELYKEHVVELKPLGIAPTEAR
RRVVKREKRRVGHIGHVLFGFLGAQGETMGAASIHLTEQHRQULSGIVQQQNHLLRRIEA
QQHWLQLTVWGIKQLQTRVL&IERELKDQQLLSLWGCSGKLICTTTVEWNESWSNKSLTE
IWDHMTWMQWDREISNYTGTIYRLLEDSQSQQEHNEKDLLELDKWNNLWEWFDISNWLWY
EKIFIIIVGGLIGLRIIFAVLSIINRvRQGYSPLLFQTLTPNPRGLDRLGRIEEEGGEQE
YRS IRLVNGFLALAWEDLRSLCLFSYHQLRDFILIVARAVELLG-——==== RREWEALK
YLGNLVLYWGLELKKSHVELLDTIRIHVAGGTDRIIEVVQRICRRIRNIPTRIRQGLEAA
L.L—
SENV~-C.svn6.6
MRYRGSILRNWOOWWINGILG—— === FUMVMI CNVMGNLWVITVY YGVEVHQEAKTTLE
c&saﬁﬁayEKEVHvaATHACVPTDPsPQEEvLENVTENFNMWKN@MVEQMHEDIzszwa
QSLEPCVTLTPLCUTLNCTDVHVNETSNGTTTENHSI~DS**MHGEIKNESFNTTTEIRD
KKKOVYALFYKLDIVPL-NSNSBE-~~—— === YRLINCNTSAVTICACPKVESWDRPIPIH
TC&PAGYAILKCNHKTFNGTGPCTNVSTUQCTHRIKPVVTTQLLLNGSLEEHEIEIRSEN
LTNEIKTIIVHLNESIE:VCTRPNNNTRKSVRIG?GQTFFRTGDIIGDIEKAHCNISEDK
WNETLQRNGRKLVEHFP—NKTxEFAESSGGDLEvTTHSFNCHGEFFYCNTTKLFD mmmmm
e e e e e DESERINTTT~~~TTIILPCRIKOFINMWQGVCRAMYARPIAGNITCTS
NITGLLLTRDGET——— =~~~ NNTEI FREPGCONMEDNWRNELYRYRVVEVKPLGVAPTEAK
ERVVEREHRAVG-LGHVFLGFLGAAGETMGRASITLTVQARQLLFGIVQQQSNLLHRIEﬂ
QQHMWQVTVWGzKQLQARVLAIERYLQDQQLLGIWGCSGKLICTTNVPWNSSWSNKSQTB
IWDNMTWMQWEKEISNYTDTIYRLLE?SQHQQEEHEHDLLALEKWQELWNWFSETNWLWY
EREFIMIVGGLIGLRIILGVLSEVREvRQGYSPLSFQTLIPNPRGPERLGGIEEEGGEQD
RDRS$RLVSGFLALAWDDLRNLCLFETHELRDFIEIVVR%VELLGRNSLRGLQRGWEHLH
YLGSLGQYWGLEIKKSHISLLDTIAIVWEEGTDRIIEFIQRFCRHIRNLPRRIRQGFE%A
LI

ENV-M.gynl. 1 .

| MR?TGIRHNYQHLWRWGTMLLWRWGTMLLGMLMESSRHGNLWvTVYEGVPVWKEATTTLF
GRSDAKRYDTEVHﬂVWRTH&CVPTDPﬁFQEVVLENVTEﬂFNHWHNNHVEQMHED1ISﬂWD
QSLKPCVKLTPLCVTLNCTDDVENVT—NHRTHTNESW*GEPMEHGEIﬁNﬁSFNITTEIRD
KVOKEYALPYKLDVVEPI-DNDONNTN-——m-——— YRLISONTSVITQACPRVSTEPIPLH
¢ CAPAGFAILKCNDKKFNGTGPCTNVSTVOCTHEIKPYVSTQLLLNGS LAEEEVY IRSEN
FTNNRKTIIVQLNESvEINCTRPWNNTRKSIREGPGQTFYETGDIIGDIRQRHC&ISRHQ
WNNTLEHIVEKLGKQFGNNKTIVFNHSSEGDPETVMHSFNCGGEFFYCNTTHLFNSTWTR
NHHGTWTRN—““DTERSNSTE“““EHITLFCRIKQIINMWQEVGKAME&PPIRGQIRCSS
NTTGELLLTRDGGND T ——— - ARTEI FRPOCGDMRDNWRSELYRYRKVVKIEPLGVAPTEAR
RRVVQREKRHVG"IGRVFLGFLGEEGSTMGERSITLTVQHRQLLSGIVQQQHNLLRRIER
QQHLLQLTVWGIKQLQ%RVLRVEEILKDQQLLGIWGﬂSGKLICTTRVPWNSSWSNKSLNE
IWNNMTWMEWEREIDNYTGLIYTLIEESQNQQEKNEQELLELDKWRSLWNWFDISNWLWY
IKIFIMIVGGLIGLRIVFRVLSEVNRVRQGYEPLSFQTHLPﬁPEGFDRPEGIEEEGGERD
EDESIRLWSGFLALAWDDLRSLGLFSYHRLRDLLLEVTRIVELLG “““““““ RRGWEALK
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YWWNLLQYWSQELKNSAVSLLNATRIEVREGTDHVIERLQRRCRAILHIPRRIRQGLERH
Lli—-

>ENV~M.syn3. L
MRYVRETORNWPOWWING LI LG— == FUMLMICKVVGNLEVTVYYGVRVHKEARTTILE
CARSDARAYEKEVEANVHATYACVERTDPNPQEIELENVIEEFNMWKNDMVDOMEED L 1S LWD
O8LKPCVOLTPLCYTLNCTN-VNVINLKNETNTKS 8 SGGEKMEEGEMENCSFNITT S LRE
KVOKEYALEFYRLDVVP I ~DNDSNNTN-————==== YRLISCNTSVITORCPRVTIFEPLPIR
e PAGEAT LKCKDKKFNGTGPCKNVSTVOCTHGIKPVIS TQLLLNGSLAREEL L IRSEN
[ TNNAKTI IVOLNESYEINCTRPGNNTRKSVRIGPEQTFYATGEI TGDIRQAHCNLSRAK
WNDTLKOIVIKLREQFE-NKTIVINQSSGEDPEIVMESFNCGGEFE Y CNTTQLENSTH ==
~~~~~~~~ N — SPSLENS TN~ ~~GTITLOCRIKQI INMWQEVGKAMY APFIEGNITCRS
NTTGLLLVRLGGT == =~E P—-NDTETFRPGGGNMKDNWRSELYKYKVVKIEPLGVADTRAR
RERVVOREKRAVGT L GAMFLGFLGAAGS TMGAASMTLTVOARLLLIGIVAQ ONNLLRAIEA
NOHLLOLTVWG IKQLOART LAVERY LKDQQLLOLWGCSGRLICTTAVERNL SWSNKSQTD
W DNMTWMEWERE I DNYTGL LY TLI EESQNQOEXNEQELLELDKWAS LWNWFDL TRWLWY
% T T IMIVGGLVGLRIVFAVLS IVNRVRKGY SPLEFQTLTPNPRGZDRLERLEBEGGEQD
ADRSTRLYSGFLALAWDDLRSLCLF SYHQLRDFILIVARAVELLGRS SLRGLORGWEALR
Y LGS LYVOYWELELKKSAISLLDT IATAVAEGTDRIIEVIQRICRATRNIFRRIRUG FERA
LL~
S>ENV-M.s5yn3. 2 | | |
MRYTGIRKNYOHLARWGTMLLWRWGTMLLGIIMECSARGRLWVIVIYGY PVWRDAETTLE
~ASDAKARE TEVENTWATHACVPTDENEQEVVLGNVTENFNMWKNNMVEQMHED T 15LW0
FSTLXPCVKLTPICYTLNCTDDOVRNVT~NNATNINS SW--GEFMEKGE IKNCS FNMTTELRD
KKOKVEALEYKLDIVPL-NSNSSE- === YRLINCNTSAITOACPEVSRFEPIPIH
vCAPAGRAT LKCNDKKFNGTGPCTNVSTVQCTEGIRPYVSTQLLLN GSLAEEEVVIRSEN
SPNNAKT IMVOLNVSVE INCTRENNNTRKS fHIGPGRAFYTTGDT IGDIRQARCHL SRAD
GNNTLKHIVEKLGKOFGNNKT IVENESSGGDPEITTHSFNCGGEFFYLRS TKLENSTWIR
N~-NETHTRN-~-~DIERSNSTE-— CPHITLPCRIRKOIVNMAQRVGQAMYARPPIRGOIRCSS
NITGLLLTRDGGNDT=—~—~- s GTET FRPGGEDMRNNWRNELYKYKVVRIEPLGYAPTRAR
ARVVEREKRAVG-LGAVFLGFLGAAGSTMGAARSLTLIVQARQVLSG TVQOQSNLLKAIEA
OOHLLKLTVHGIKQLOARVLAVERY LRDQULLEIWGCSGRL L CTTTVPHRNASWSNKSLNE
TNNMTWMEREKE I DNY TNLI Y NLLEESONQQEKNEQDLLALDRAANLWNWED L SNWLWY
TRIFIITIVGCLIGLRIVFAVLSI INRVRQGYSPLSLOTLIPNPRGPDREGG IEEEGGEQG
RDRSIRLVNGFLALAWDDLRNLCLFSYHRLRDLLLIVIRIVELLG——=—="" RRGWEALK
YWWNLLOYWSOELKNSAISLLNATAVAVAEGTDRVIEALORACRALLK IPRRIRQGLERL
T.L~
ENV-M.s5yn3 .3 |
MRYVKETRKNYQHLWKNGTML~ — = — LOMLMTCSAMARQLWYTVY YGVPVWREATTTILE
A SDAKLYDPEVENVAATHACVPTDESPOEVVLENVTENENMWKNDMVEQMETDL ISLWD
OSLKPCVKLTPLOVTLNCTDY VKN I T-NNATSTRSSW~GKPMERGE LKRUS FNITTSIRN
KVOROYALFYRLDTVP T~ DNDNTS ~w YRLINCNTSTITQACPRVSEFDPIPIE
YOAPAGYATLKCHNKTFNGTGPCNNVSTVQCTHGIKPVVSTOLLLNGS LARGETI LIRS BN
L PNNAKTT TVELNKSVE INCTRPSNNTRRSIRIGPGOAFYATGDIIGDIRKAHCNISGTR
WNHTLEOVMEE LKKHFP-NKT IKFNSSSGGDLELTTRSFNCRGEFFYCNTSGL FNSTW~—
e NDTTINR~~~~TEGSNNTR-~~=NITLPCRIEQL INMWQGVGRAMY AF PIAGNITCKS
NITGILLTRDGGNNN=-———= S TNETFRPGEGDMRDNWRSELYKYKVVEIKPLGIAPTHAR
R RVVEREKRAVG-TCAVFLGFLGTAGSTMGAASTITLTVOARQLLSGIVOOQSNLLRAIEA
OOHMLOLTVAGIKQLQTRVLATERY LKDOOLLGIWGCSCKLICTTNVEWH SSWSNKSQSE
TWDNMTWMORDREISNY T DTIYRLLEDSONQQEKNEK DLLALDSWENLWNWFDITNWLW
[RTFIMIVGELIGLRT IFAVLS IVNRVROGYSPLSFQTRLPAPREGPDRPEG IZEE GGERD
RORSVRLYDGFLALTWDDLRS LCLFSY HRLRDFILIAARTVELLGHSSLKGLRLGWEGLE
YLONLLOYWTOELKNSAVSLLNATAIAVAEGTDRVIEVVQRAYRAILHIFLIRL ROGLERA
LL— |
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>ENV-M.syn4, 1

MRVKETRENYQHLWKWGETML -~~~ ~~--LGMLMICSAAEQLWVTVY L GVPVWKEATTTLE
CASDAXAHETEVENIWATHACVPIDPNRPQEVVLGNVTENFNMAKNDMVEQMHTDT ISTHD

SLKPCVELTPLCVILHCT DL mm e GNATNT w e o e MERGE ZKNCSFNMTTELRD
KXQEKVYALFYRLDIVP L ~DNDNTS = m = m st s o YRLINCNTSVIRKQACPRVTFERPIPIH

YCTPAGFALLKCNDKNENGTGPCANVSTVQCTHGIRPVVSTQLLINGS LARKEI T TRSEN
LTDNAKT IIVHLNKSVEINCTRPSNNTRKSVRIGPGQTFYATCDITIGDIRQAHCNISRAK
WNNTLEQIVTRLREQFK-NKTIVFNQSSGGDLEITTHS FNCRGEFEFYCNTTQLENS T~
~~~~~~~ KN~~--DTEVSNNTK-GNDTITLPCRIKQIVNMWQEVCRAMYAPPIEGNITCNS
NITGILLTRDGGKNGNET--NGTEI FREGGCNMRONMWRNELYKYKVVEIXPLGVAPTEAK
RRVVEREKRAVG-IGAVFLGFLGAAGSTMGAASITLTVQARQLLTIGIVQQOSNLLRAIEA
OOHMLQLTVWGIKQLOTRVLAIERY LKDQQLLGLWGCSGKLICTTAVPWNSSWENKTYND
IWDNMTWMOWDREISNYTDT IYRLLEDSQNQOEKNEXDLLALDSWKNLWNWEDI TNALAWY
IKIFIMIVGGLIGLRIIFAVLSIVNRVRQGYSPLSFRQULTPNPRGPIRPGGIEEEGSEQG
RDRSIRLVNGFLALAWDDLRNLCLFSYHQLRDFILIVARAVELLGRESLRGLOQRGWEALK
YLGSLVQYWGLELKKSAISLLDTIAIAVAEGTDRVIEVVORAYRATLAIPTRIRQGLERL
LL-~ -

>ENV-M, s8ynd .2

MRVRGIQRNWPOWWING ILG— =~ = FWMLMICNVVGNLWVTVYYGVPVWKEARKTTLF
CASDAKAYEKEVENVWATHACVPTDPSPQEVVLENVTENE DMWKNNMVEQMOEDVISLWD
OSLEPCVKLAPLCVTLNCTDYVKNIT-NNATSTNSSW-CKPMEKGETKFCSFNITTSIRN
KVQKQYALFPYKLDVVOM-DEDNTS - ~~=~YRLISCNTSTITQACPRVIFDPIPIH
YCAPAGFAILKCNNKTFNGTGPCTNVSTVQUIHGIRPVVSTQLLLNGSLAZEEITTRSEN
LINNAKTI IVHLNESVE [VCTRPNNNTRKSTHIGPGRAFYATGE ITGDIRQAHCNLSRAK
WNDTLEQIVIKLREQFG-NKT IIFNQSSGGDPEITTHSFNCGCEFFYCNS TQLFNSTANE
-~ NGTWNKN-——~FNNTWNNTEGTNDT ITLPCKIKQI INMWORVGOAMYNPPISGQIRCSS
NITGLLLIRDGGN---DT~~SGTEIFRPGGGDMRDNNWRSELYKYKVVKIEPLGVAPTHAR
RRVVOREKRAVG-IGALFLGFLGARGS TMGAASMTLTVCARQLLSGIVOOOSNLLKAILA
QOHLLOLTVHGIKQLOARI LAVERY LKDOOLLGIWGCSGKLICTTTVPWNASWSNKS LINE
ITHDNMTWMEWEREIDNY TS LIYNLIEESQTQOEKNEQELLELDKWASLWNWFDITRWLWY
IKIFIMIIGGLIGLRIVFTVLSIVNRVRKGYSPLSFQTLTHHOREPDRPERTIEEGGGEQD

RORSGRLVIDGFLALIWVDLRSLCLEFSYBRLRDLLLIVITRIVELL == RRGWE VLK
YRWHNLLOYWSCELEKNSAVSLLNATAIAVAEGT DRI IEVIQRICRAIRNI PRRIRQGLERA
I.,.I.._t“ |

>ENV-M.synd. 3

MRVEE TOMNWERLWKWGTL I m——==—=~LGELVIICSASDNLWVIVYYGVPVWKDAETYLE

CASDAKAYDTEVHNVWATYACVETDPNPQEITHLENVTEEFNMWKNDMYDOMHEDI ISLWD
FSLEECVELTPLOVILNCTDDVRNYV T ~-NNATNTNSSW- ~GEPMERGREIRNCSENITTSIRE
KVOKEYALFYKLDVVPI -DHNDONNTN -~ — —amm e YRLISCNTSVITQACPRVSEFEPIPLH
YOAPAGYAILKCNDKKFNGTGPCNNVSTVQUTHGIKPVVTTQLLINGSLAEGE LL IRSEN
ITTNNAKTI IVOLNESVVINCTRPNNNTRKS IRIGPGQAFYATGDIIGNIRQAHUN ISRAN
WNNTLROIVEKLGEOFGNNKTIVEFNHSSEGDTEIVTHSFNCAGEFFYCNTITRLENSTWIR
N-NGTWTRN=~—DTERSNSTE~~-EHITLPCRIKCI INMRQEVGKAMYAPFIRGOIRCSS
NITGLLLTRDGGENNN STNETFRPGGENMKDNWRSELYKYRVVOQIEPLGIAPTHAR
RRVVEREKRAVG-LEAVELGFLGTAGSTMGAASLTLTVOARQVLSGIVOQCRNLLRAIEA
OORLLKLTVWGIKQLCARVLAIERYLQDOQLLGMWGCSGRLICT TNVEWN S SWSNKIQTD
IWDNMTWLOWDKEISNY TS LIYTLIEESQRNQOERNEQDLLALDKWAS LWSWEDISNWLWY
TEIFT IIVAGLIGLRIVEAVLSTIINRVROGY SPLELOTLIPNPRGPDRLGRIEEZGGRQD
RDRSIRLVSGFLALAWDDLRSLCIFSYHRLREDFILIAARTVELLGHRS SLEGLRLGWEGLK
VLGN LLLYWGOELKNSAINLLDTIATAVAGWTDRVIEIGQRAGRAILNIPRRIRQGFERA
L=

SENV-M.svnd. 4

MRVTG I RENYOHLWRWGTIMLLWRWG TMLLGILMICIAAGRKLWVTVYYGVPVWRDADTTLLE
CASDAKAYDTEANNVNATEASVETDPNPOEIVLENVITENFUMWEKNNMYVEQMIED L ZS5LWD
OSLKBCVQLTPLCVILNCIN-VNVINLENETNTKSSSGEERMEEGEMKNCS FN ITTLIRD
KKOKVHALFYRLDIVPL~NENSSE————=mm—m- YRLINCNTSAITQACPREVEFRDPLIPLA
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YCTPAGY AT LKCNNRK FNGTGPCKNVSSVOUTHGIKPV I STQLLLNGSLAEEEVVIRSEN
FTNNAKTIMVQLNVSVEINCTRENNNTRRS IPIGPGRAFYTTGDI IGDIRKARCNISRAQ
WNNTLREIVEKLGKOFGNNKTI I FKPSSGEDPE I VMBS FNCEGEFFYCNTSGLENSTW- -
mmmmmmmm N-——=8TSLENSTN~~—GTITLOCRIKOI INMWOGVGRAMYAPPTIACNITCKS
NITGLILLVRDGET-~—EP-—NDTETFRPGGEDMEDNWRSELYKYKVVRIEPLGVAPTRAK
RRVVEREKRATG-LEAMPLGFLGAAGS TMGAASYTTL TVOARLLLSGIVOQONNLLRATIEA
QORI LRLTVNGIKOLOARVLAVERY LRDQOLLGIWGC SGKT ICTTAVPWNTSHSNRSLNE
TWNNMTHMEWER R I DN Y TN LI YNLLEE SONOOEKNEQREL LAL DKW AN LWNWE DI SNWLWY
TRIFIMIVGELVGLRIVIAVLS IVEKRVROGYS PLSFOTRLPAPRGPDRPEGIEEEGGRERD
RDRSVRLYVDCFLALTWDDLRS LC L S YHH L RD L LL I VARI VEL L w — e e ~RRGWEALK
YHWHN L LOYWICELKNS AL SLLNATAVAVAR ST DRVIEALORACRATILEI PRRIROGFEAR
T.1-

>ENV-M.syno.1

MRVMG ICRNCOOWWIWGL LG =—m————— FAMLMICNVMGHLWVTVYYGVPVHKEANT TLF
CASDARAYEREVHNVWATHASY PTDPNPCE VYV LENV TEDFNMWKNNMYVEQMCEDV I STWD
OSLOPCVKLTPLCVTLNCTD-LRNATNGNDTNTTSS S—-REMMGGGEMKNCSENITTE ITRD
KKOKVYALFPYKLDYVE L —DNDSHNTN— = —— == - YRLISUNTSAVTIOACPKYTFDPIPIH
YO PAGE AT LKCRORK FNGTGPCNN VS TVOCTHG T K PVVTTOLLLNGSLARERIVIRSEN
PTDNAKT I IVOLKEAVE INCTRENNNTREKGIRIGPCGRATYATCE I IGDIRQAHCNVSRIR
WNKTLOOVATOLRKHF -~ NKTIIFNSSSCGEDLEITTHSFNCRGEFFYONTSGLENS TW-—
~—NDTTINR~—~~TEGSNNTR-~-~NITLPCRIKQF INMWQREVGRAMYAPPTIAGNITCRS
NITGLLLTRDCONNCNET~-NGTEI FRPCGGDMRNNWRSELYKYKVVEIKPLGIAPTEAR
RRVVOREKRAVE~ICAVELGFLSAMGSTMGAASTITLTVOARQLLTGIVQOQOSNLLKAIEA
OCHEMLOLTVHGVKOLOARV LAVERYLRDOQLLGIWGCSGRLICT TAVPWNTSWSNKSLNE
IWDNMTHMEWEREI DNYTS LI YT LIEE SONOORRNEOELLELDKWANLWNWFS ITNWLAY
ITRIFIMIVGGLICLRTI IFGVLSIVEKRVROGYSPLSFOTRLPAPRGPDRPEGIEREGGERD
RDRSGRLVOGFLALIWDDLRSLCLFSYHRLRDLILIAARIVELLGHSSLAGLRLGWEALK
YLUNLLLYWCOELKNSAT SLLNTTAIVVAEGTDRVIEVLORAGRAILNI PRRIRQGFEAA
L~

PENV-M.syno6. 2
MRVTGIHKNYQHLWRWGTMLLWRWGTMLLGILMIC%RAGKLWVTVYYGV?VWREAET”LF
CASDAKAY EKEVINVWATY ACVPTDEPNPQEMYV L ENVITENFNMIENNMYDGMEEDT ISLWD
ESLEPCVKLTPLCVTLHCTDL~—— == GNATNT = ———— MEKGEIXNCSFNITTEIRD
KKOKVHALFYRLDVVPI~DNDNTS= =~ — = s YTLINCNTSVITOACPKVTFERPIPIH
YCAPAGFA T LKCNNKKFNGTGRECTNVSTVOCTHGIRPVVSTQLLLNGS LAEGEL T IRSEN
r TONAKTT TVHLNESVE IVCTREPNNNTREKSVRIGPGOTEYATGAIIGDIROAYCNISRAK
WNNTLEQIVTKLREQFGNNKT I IFKPPSGGDLEITMHHENCRCGEFFYCNTTQLFNSTWNE
= NETHNEN -~ FNNTANN Y EGTNDTITLRPCKIKOI INMNQOGVGRAMYAPPISCGOIRCSS
NITGLLLTRDGCGT————=-~— NNTEIFRPGEGNMRONWREELYRYRVVKIEPLGVADTKAK
RRVVOREKRAVG~IGALFLCFLEGAAGS TMGAASNTL TVQARQVLSGIVOQORNLLRAIEA
OOHLLOLTVWGIXOLOARI LAVERY LKDQXFLGLWGECSEKI ICTTAVPHNASWSNKSLDD
THNNMTHMOWEREIDNY TGLIYSLIEESOTQORKNEQRELLQLDKWAS LWNWFDITNWLWY
IRLFIMIVGGLVELRIVFTVLS I VNRVRKGYS PLSFOTLTHEQREPDRPERIEEGGGEQG
RDRSVRLVESGFLALFWDDLRSLCLFCYHRLRDPILIAARTVELLGHSSLKGLRRGWEGLK
Y LW LLOYWIOELENSATS LLNATAVAVARGTDRVIEALQRACRAILBIPRRIRCGLERL

LL-

>ENV-M.gyne.3

MRVRGIQRNWPOWWINGILG- —=~=——— FAMI T ICRVVGNLAVTVYYGVPVWKDAETTLE
CASDAKSYETEAHNIWATHACYVPTDPSPQREVVLGNVTENFPNMEKNDMYEQMHEEDT ISLWD

OSLEKPCVELTPLCVILNCTDDVRNVT=NNATNTNS SW—-GEPMERGETENCSEFRITTSIRN
KVQROYALFYKLDVVQI-DENNSTNTS=m———- YRLINCHNTSAITQACPRVIFOPIPLE
YCAPAGYATLRCKNR UFNGTGPCENVSTVQRCTHGIRPVISTOLLLRGS LAREEVVIRSEN
FTNNART IMVQLNVSVEINCTRIPNNNTRKSIHIGPGRAFYTTGD I IGDIRQAHCN ISRAL
WHNTLEHIVEK LCKOFPGNNKTIIFKPSSGGDPEIVMHSENCRGEFFYCNTSKLENSTWTR
N-NGTHTRN—~~DTERSNSTE~~--RHITLPCRIKQDI INMAQRVGQAMYAPPIAGNITCNS
I TGLLLTRDGGN-~—DT--SGTEIFRPGEENIKDNWRSELYKYKVVQIEPLGVAPTRAK
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Fig. 10 cont'd-12

BRRVVEREKRAVG~IGCAMIFGFLGAAGS TMGAASMAL TVQARQLLSGIVOQUOSNLLMALEA
QQHLLKLTVWGIKQLRHRVLAVERELKDQQLLGIWGCSGKHICTTNVPWNSSWSNESLDE
IWNNMTWIEWEEEINNYTGLIYNLLEKSQNQQEKNEQDLLHLDEWAELWSWFDISNWLWE
IKEF11XUGGLIGLREVFAVLSLVNRVRQGYSPLSLQTLLPT?RGPDRPEGT?ERGGEQG
RORSTRLVSGFLALAWDDLRSLCRESYHRLRDFILIVARTVELLGRSSLEGLRLGWEGLE
YLGHLLLYWGQELKISAI5LLDTTREAVAGWTEHVIEIGQRLCRAIRNIPRHIRQGAERA
L)

SENV-M.syné. 4

MRVEETOMNWENLWEWGT LL === LGLVIICSASDNLAVIVYYGVEVWRDADTTLE
CASDAKAHETEVHNVWRTHREVPTDPﬁPQEIHEENUTEEFNMWKNNMVEQMHTDIISLWD
QSLKPCVRLTPLCVTHECTDELKNRTFRSNTTTNSSW——EKMERGEIHNCSFNITTSIRD
KVORKEYALFYKLDIVPL-NSNSSE~wm———=m——= YRLINCNTESVIRQACPRISFLRPIP LA
YCAPRGFRILKCHDKHFNGTGPﬂgmﬂSTUQCTHR"KPVVSTQFLLNGSLAEEDII:RSEN
ITNN&KTIIVQLNESVVINCTRPNNNTRRSIPEGPGRVFYTTEEIIGDIRQHHCNLSRHK
WNDTLKQIVIKLREQFGFNKTIVFNQEEEGDLEIVMHSFNCGGEFFYCNSTQLFNSTWF-

—=NSTW—mm—=m— STEGSNNTE~GSDTITLPCRIKQIVNMWQGVGKAMERPEIRGQIRCSS
NITGILLTRDGGTNG?NH——NETETFRPGGGNMEDNWREELYRYKVVKIEPLGIRPTKRK

RRVVEREHRAIG—LEKMFLGFLGTAGSTMGAASLTLTVQRRQLMSGIVQQQNNLLERIEA
QQHMLKLTVWGIKQLQARVLALEREEKDQQLLGLWGCSGKLICTTTVPWNSSWSNKSQTD
IWDNMTWMQWDREISNETNTIYRLLEDSQNQQEHNEHDLLALDBWHNLWNWFDITKWLWY
IHIFEMIVGGLIGLKEVFRVLSIINRVRQGYSPLSFQTLIPNPRGPDRPGGIEEEGGEQD
RDRSIRLUNGFLRLIWVDLRELFLFSEHRLRDLLLIVTRIVELL@- mmmmmmm RRGWEALRK
YWWNLLQYWBQELKNSAINLLDTIRlBVﬂEGTDRIIEWIQRICRAIRNI?TRIRQGLRRA
TeLs-

SENV-~M.syn6G. 5 |
MRVKGIRKNYQHLWEWGETML———=—m—— LeMLMTCSATERLWVTVYYGVPVWKEATTT LY
CRSDRKAXDTEVHNVWATYRCVPTDPﬁPQELVLENVTENFDMWKNNMVEQMHEDEINLWD
QSLKPCVKLTPICVTLHGTDYVKNIT#NNATSTNSSWWGHPMEHGEIKNCSFNMTTELRD
KEOEVYSLEYRLDVVOM—-DEDNT S ~—m———m—== YRLISCNTSVITQACPKISFERPIELR
YCTERGEHILEENDKNENGTGPGKNVSSVQCTHGIKPVISTQLLLNGSLREEEIIIRSEN
LTHNVKTIIVHLNHSVEINCTRPEﬁNTRTSERIGPGQRFYRTGBIIEDERKAHCNISRAN
WNHTLRQIVEHLGEQFGNNKTIVFNHSEGGDPWITTHSFNCGGEFFYCNTTKLFNSTWTW
NHNSTW~~Nm~~NTKRSNDTEﬂ—-EIITLPCRIKQIINMWQEVGRAMERPPIQGVZRCES
NITGLILTRDGGNHNwHmm*STNETFRPGGGDMRDNWRSELYKYKVVRIEPLGVAPTEAH
RRVVQREKRAVGTIGAMFLGFLGRAGSTMGARSV$LTVQAELLLSGIVQQQNNLLHAIEA
QQHLLRLTVWG:KQLQAHVLAIERELQDQQLLGIWGCSGKLICTTNVFWNTSWSNRSLHE
IWHNMTWMEWEREIDNYTNLIYNLLEESQIQQEHNEQE“LALDEWANLWNWFDISNWLWY
IRIFIIIVGGLVGLRZVFRHLSIVNKVRQGYSPLSFQTHLPAQEGPDRPEGIEEGGGEQD
RDRSVRLVDGFLAIIWVDLRSLCLFSYHHLRDLLLIVRRIVELLG ~~~~~~~ RRGWEVLER
YWWNLLKYWSQELKNSRVSLLNATAIHVﬁEGTDRIIELIQRIERRICNIPRRIRQGFERR
L~

>ENV-M.synbd. 6

MRVEETRENYQOHLWRWGE LML ——————— LeMLMICSAARQLWVTVYYGVRPVWKEARTTLE
ChSNRKRYDTERHNVWATHRCIPTDPNPQEIULENUTESFNMWH&EMVDQMHEDVISEWD
QELKECVQLTPLCVTLNGTN—VNVTELKNETNTKSSSGGEEMEEGEMKNCSFNVTTELRD
KERKEYALFYRLDIVPL-NEGNNSNESY ~—~———~ YRLINCNTSTITQACPKVSFEPIPLH
FCRPAGFAILHGﬂDKKFNGTGPCHN?ETVQCTHGIﬁPVVSTQLLLNGSLAEKEIIIRSEN
LTNNRKEEIVQLNESVEIHCTRPGNNTRKSIRIGEEQTFYRTGDIIGﬁIRQRHCNESRTQ
WﬁNTLKQIRIKLREQFG~HKTIIFNQSSGGDPEIVTHSFNGGGEFFYCKSTKLFNSTW~*
———————— N-H—STSLENSTN—"“GTITLQCRIKQIENRWQEVGHAMYAPPIEGNITEKS
NITGLLLVRDGGENVTNNmmTGTEVFRPGGGDMHDNWRﬁELHHYKVVEIKPLGWRPTRAR
RRVVEREHHQVGHLGAVFLGFLGA&GSTMGAAHVTLTUQARQLLFGIVQQQSNLLRAIEA
QQRMLQLTVWGIKQLQTRVLRIERYLKDQQLLGMWGCSGELICTTRVPWNSSWSNKTYHD
IWDNMTWLQWDKEISNYTHTIYRLLHESQNQQERNEKDLLELBKWASLWEWFHITNWLWY
IEIFIMIIGGL1GLRIIFAULSIVNHVRQGYSPLSFQTLTPNPRGPDRLGR“EEEGGEQD
KDRSIHLVNGFSALIWDDLRNLCLFSEHQLRDFILVTARRVELLGRSSLRGLQRGWERLK
YLESLVQYWGLELKESAISLLDTIAEAVANWTERUIEVVQRBYRAILHIPTHIRQGFERA

L
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>POL-RB.synl.1 Fig 10 coni'd-13

FERENLAFPOGKAREFSSEQTRANSPTRE — v o s vis n o m ELOVWGRDNNSLSEAGA
DR*—""QGTwS”?SFPQITLWQRPLWTEKIGGQLTERLLDTGRDDTVLEEMNLPGRWKPK
MIGGIGGFIHVRQYDQIPIEICGHKRIGTVLVG?TFVHIIGRNLLTQIGCTLNFPISPIE‘
TYPVXLK PEMDGRPREVEOWPLTEERKIKALVEICTEMERKEGK ISKIGPENPYNTEPVIFALRAK
DSTKWRELVDFRELNKRTQDFWEVQLGIEHEHGHKHKHSVTVLDVGDRYFSVPLDKDFRK
YTRFTIPSIHHETPGIRYQENVLPQGWHGSPRIFQESMTKELEPFRKQNPDIVIYQYMDQ
LYVGSDLKIGQHRTKIEELRQHLLRWGFTTPDHKHQKEPPFLWMGYELHPDKWTVQPIVL
PEKDSWTVNDIQKLVGKLNWESQIEEGIKVKQLCKLLRGTKALTEvIPlTEERELELREN
REILKEPVHGVYYDFSEDLIAEIQEQGQGQWTTQIYQEFFHNLKTGKERRMHGAHTNDVK
QLTERVQKIHTESIVIWGKTPEFELEIQKETWETWWTEYWQRTWI?EWﬂFﬁNTPPLVKLW
EQLEKE?IVGAETFYVEGRRNRETHLGKHGYVTﬂRGRQKVVSLTDTTNQKTELQHIHLHL
QDSGLEVNIVTﬁSQYALEIIQAQPE&SESELVSQIIEQLIKKEHVYL&WV?RHKGIGGHE
QVEKLUSAGIRKVLFLDSIDKHQEEHEKYHSNWRKMRSQFNLPPVVRKEEVRSCDKCQLK
GERMHGQVDCSPGIWQBDCTHLEGHEILVHVHVHSGYIEREVIPAETGQETHYFLLKLRG
RWPVKTEHTDNGSNFTSTTVKRBCWWRGIEQEFGIPYNPQSQGVVESMNKELEKIIGQWR
DQHEHLKTHVQMHVFIHNFHRKGGIEGYSHGEEIVDIIRTDIQTKELQKQETKIQNFRVY
XRDSRDPLWKGPRKLLWKGEGRVVIQDNSDIKVVPRRKRKIIRDYGKQM&GDDCV%SRQD

B~
>POL~B.syn3.1
FORENLAFPOGKAREFPSEQTRANGPT SR mm s s s m v oo o ELOVWGGEDNMNSLEEAGD

DRmf“fQGT?S*FSFPQITLWQRPIVTZKIGGQQHEALLDTGADDTVLEEMNLPGRWKPK
IIGGIGGFIKVEQYDQELIEICEHH&IGTULVGPT?HNEIGRNLLTQEGCTLNFPISPIE
TVPVRLEPGMDGPKWKQWPLTEEKIKRLEEICTELENEGKISHEGEEHPYNTPVFAIKKK
DGTHWRHLVDFRELHKHTQDFWEVQLGEPHPAGLKKKKSVTVLﬂVGDAYESVELDKEFﬁK
YTAETIPSINNETPGIRYQYNVLPQGWKGSPSIPQSSMTKILEPFRKQNPEIVIYQYMDD
LYVGSDLEIEQHRTHIEELRQHLLHWGFYTPDKKHQKEPPFLWMGYELHPDKWTVQPIVL
PEKDSWTVNDIQKLWGELNWREQIYAGIEVRQLCRLLRGTKALTEVVELTEEHELELREN
HEILHEPVHGVYYDPSHDLVHEIQKQGLGQWTHQIYQEPYKNLKTGKYEKHRGAHTNDVH
QLTEAVQKIRTESIVIWGKTPKFRL?EQKETWEHWWM%YWQRTWIPEWEFVNTPPLVHLW
YQLEHEEIVGAETFYVDGEANHBTHLGKAGYVTDRGRQKVVSLTDTTNQKTELQRIHLAL
QDSGLEVNIVTEEQYAIGIIQAQPDRSESELVSQIEEQLIKKEKVYLRWU?AHKGIGGNE
QVDELVBSGIRHVLFLEGIDEAQEDHEKYHSNWEHMASDFNL?PVVAKEEUACCDKCQLK
GEAMHGQVDESPGIWQLDCTHLEGKVILVAVHVASGYIEAEVIPHETGQETAEFILKLAG
RWPVTTIHTBNGSHFTSTA?HRACWWRGIHQE?GIPENPQSQGVVESINEELKHIIKQVR
DQﬂEHLKTAVQMﬂVFVHNFKRKGGIGGES&GERMEBI3HTHIQTTELQKQITKLQNFRVY
FRDSRDPLWKGPAKLLWKGEGHV?IQDNSEIHVVPRRKAKIIRDYGHQM&GDDCVASRQD
F e

>POL-B.syn3.72

FRFREDLAFLOGKAREF SSEQTRANSPTRG - —= == mw e —m— = ELOVWGRDNNSLSEAGA
DRHHHHQGTVSHLSFPQITLWQEP&VTVKEGGQLHERLLDTGABDTULEEMS%PGRWK?E
MIGGET GFIKVRQYDQILVEICGHH&IGT?LIGPTPVNIEGRDLLTQIGCTLNFPISPEE
TV?VKLKPGMDGPKVKQWPLTEEHIKALVEICTEMEHEGKISKIGPEN?YNTPIFAIKKK
ESTKWRHL?DFRELNRRTQDFWEVQLGIPHPHGLKQKHﬁVTVLDVGD&YFSVPLDEDFRK
YTAFT1PﬁTNHETPGIRYQYNVL?QGWHGEPRIFQESMTRILEPFRKQNPDLVIEQYMBD
LYUGSDLEIGQHRTEIEELREHLLKWGFTTPHKKHQKEPPFLWMGYELHPDKWTVQPIML
PEKDSWTVNDEQKLVGKLMW&SQEYPGIK?KQLCKLLRGAKRLTEVI?LTKEAELELREH
REILKEPVHGAEEDPSKDLIAEIQKQGQGQWTYQIYQDPFKNLKTGHYRHMHGAHTNDVR
QLTERUQKETTESIVIWGHIPKFKLPIQKETWETWWTEYWQATWEPEWEFVETPPLVHLW
EQLEKEPIIGAETFYVDGA&NRETKLGKREEVTNKGRQKVVSITDTTNQETELQAILLAL
QESGLEVNIVTDSQYRIGIIQAQPEKSESELvSQIIEELIKEEKUYLTWWPAHKGIGGNE
QZDKLWS&GIRKVLFLDGEDQRQEEHEKIHSNWRRMASDFNIPPUVAKEEVHSCDKCQLK
GEAIHGQVDGSPGIWQLDCTHLEGKIILVAVHVASGYIEREIIPTETGQETAYFLLKLRG
AW DPVKTVETDNGSNFTS TIVKARCHWAGVKQERG T PYNPOSQGVVESMNNELKKIIGOIR
DQHEHLKTAVQMAVFIHNFKRKGGIGGYSAGERIVDIIRTﬂIQTKELQKQITKIQNFRVY
YRENRDPLWKGPRKLLWKGEG&HVIQENSDIKVUPRRKV3IIRDYGKQMRGDDCVAEEQﬁ
YRR
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>POL~B.syn3.3 | Fig” 10 cont'd-14

FRREDLAFPOGEAREFS SEQTRANSPTRR - = m v o e o e LLOVHIGRDSNSLSEAGA
DR~=~—~0GTVS~FNFPOITLWORPLVTIKIGEOLKEALLDTGADDTVLEDMNL PGKWKEK
MIGGIGEFIKVROYDOIPIRICGHKAVETVLVGPTPVNL IGRNLLTOLGCTLNFPISRPIE
TVEVKLKPGMOGPRKVEOWPLTRERIKALVE ICTELEKEGK ISKIGPENDPYNTPVFATKKE
DSTKWRKVVIFRELNKK TODFWEVOLG I PHPSGLKKKKSVIVLDVGDAYFSVPLDEDERK
Y AR T I RSV NNE T POVRY OYNVLEOOWKGS PAIFQCSMIKILEPFREQNPDIVIYQYMDD
LYVGSDLEIGOHRAKIBE LROHLLREGE TTPDKKHONEPPFLWMGY ELHPDEWIVQPIEL
PEKDSWIVNDIQKLYVGKLNWASOIYPGIKVROLCKLLRGTKALTEVIPLTEEAELELAEN
RETLREPVHGVYYDPTKDLIARLOKOEQGOWTYOI YORPFKNLKTGKYARTRGAHTNDVE
OLTEAVORVATES IVIWSKTPKFRLPIQKETHEANWIEYWOATWI PEWEFVNT PPLVRLW
YOLEXER IEGARTFYVDGASNRETKLGRAGY VINRGROKVVELTDTTNORKTELOATYLAL
ODSGERVNTVILSOYALS T TQAQPDKSESELVNOI IEQLIKKEK IYLAWVPAHKGIGGNE
OVDRLVSAGIRKILFLDG I DKAQEEHEK Y HNNWRAMASDFNLPPIVAREIVASCDKCQLK
CEATHGOVDCSPGIWOLDCTHLEGKVILVAVEVASGYIEAEVIPAETGORETAYT T LKLAG
RWPYVKTTHTDNGSNFTSATVRAACHWAGIKOEFG LI PYNPOSQGVVESMNKELKKI TGQVR
DOARHLKTAVOMAVE IENFKRKGGIGEYSAGERTIDI IATDIQTRELOKQITKIQNERVY
YRDSEDPLWKGPAKLLWKGEGAVVIODNSDIKVVPRRKAKI IRDYGKOMAGDDCVAGROD
ED—

- »POL-B.synd.1
FFRENLAFPOGEAREFSSEQNRANSPTRR — = w e BLOVHGEDNNS LS EAGA
DR——~=0GTVS-LSFPQITLWORPLVTIRIGGOLKEALLDTGADDTVLEEMSLPGRWEPK
MIGCGIGGY IKVROYDOILIEICGHKATIGTVLIGPTPVNI IGRNLLTOLGCTINEFPISPID
TYPVELKEPEMDGEKVECW PLTEER IKALVEICTEMERKEGKISKIGPENPYNTPIFATKKE
DSTEKWRKLVDFRELNRRTODFWEVOLG T PEPSGLKRRKSVTVLDVGDAYFSVPLDKDFRK
VPAFTI PSS TNNETPGVRYQYNVLPOGWKGSPATIFQSSMTKILEPFREKQNPDMVIEYQYMDD
LYVASDLETGOHRTKIEELROHLLRNGLTTPDRKAQKEPPFLWHMGYELAPDEWTVQP IK L
PEKDSWIVNDIOKLVGKLNWASOIYAGIKVROLCKLLRGAKALTEVIPLTAEAELELAEN
REILREPVHGVYYDPSKDLIARIQKQGRGOWTYQIYQDPFKNLEXTGKYAKMRGARTNIVE
OLTEAVOKVATESIVIWGKTPKFRLEPIQKETHEAWWTEYWQATWIPEREFVNTREPLVKLW
YOLEXEPIEGAETRYVDGAANRDTKLGKAGYVTDRGROKVVSLTDTTNOQRKIELQAIRIAL
ODSGLEVNIVIDSOYALGITIQAQPDKSESELVSQIIREL iIKKEKVYLAWVPAHKGIGGNE
QIDKLVSAGIRRVLFLDGIDQAQREHEKYHSNWRAMASDFNLPPIVAREIVASCDRCQLEK
GEAIHRGOVDCSPGIWOLDCTHLEGKITLVAVHVASGYTIEAEVIPAETGOETAY FLLALAG
RWPVET FHTDNGSNEFTSTTVKAACHWAGTIKOREFS T PYNPOSQGVVESMNRELRRITEQVR
POARHLKTAVOMAVFLHNFKREGGIGEYSAGERI IDIIATDIQTRELQKQITKIQNFRVY
- YRDNRDPLWHGEARLLWHGEGﬁVVTQﬂﬂsmzﬂvaaRKaKI1RDYGKQMAGDachGHQD
LD~
>POL-B.syn4d. 2
FERENLAFPOGKAREFPSEQTRANSRESR =~ m v o e o FLOVRCGRDNNSLSEAGD
DR-———C0GTVS~FSFPOITLWORPLVIVR I GGQLKEALLDTGADDTVLEEMNLPGRWEPK
MTGGEIGCFIRVROYDOIPIRICCGHKAVETVLVGPTPYNIIGRDLLTOQIGCTLNFPISPIE
TV VK LR POMOG PRVEOWPLIEER IKALIEICTELENEGK I SK IGPENPYNTPVFATI KRR
DGTEWRKLYVDFRELNKRTCDFWEVOLGI PHPAGLKDKKSVIVLDVGDAYFSVPLDKE FRK
YTAFTIPSTNNETPGIRYOYNVLPOGHWEGSPATIFQUSMTR I LEPFREQNPDLVIYQYMED
LYVESDLETEORRTKIEELRELLKWGETTFDEKEQNE PEPFLWMGY ELHPDKWTVQ P IML
PREDSWTVNDIOKLVGKLNWASQIYAGIKVKOLCKLLRGTKALTEVVPLTEEAELELAEN
REILKVEVHGVYYDPSEDLVAR IOKQGLGORTYQIYQRPFRNLETGKYARTRGAHTNDVR
OLTEAVORKTIATES IVIWGKTPEFKLP IQKETWEAWWME YWOATWI PEWEFVNTPPLVELW
YOLEREPIVGARTFYVDCAANRETKLGKAGY VT DEGROKVVPLTDTTNCKTELQAINLAL
ODSGSEVNIVINSOYATIGT TQAQPDREESELVSQIIEQLINKERK VY LAWNVPAHKGIGGNE
OVDKLVSSGIRKVLFLDGIDKAQEDHEKY HSNWRAMAGDFNLPPVVAKEIVACCDRCQLK
SEAMHGOVDOS PG IWOLDC THLEGKVILVAVHVASGY IEARVIPAETGQETAYFILKLAG
RWEVE TVETDNGSNFI S T TVEAACWHAGVKQEFGIPYNPOSQGVVESMNNELKRIIGOVR
DOAEHLETAVOMAVEVENFKREGGIGGY TAGERIVDITASDIQTKELOKQITKIQNFRVY
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Fig. 10 cont'd-15

YRDSRDPIWKGPAKLLWKCECAVVIQDNSE IRVVPRRKARIIRDYGKOMAGDDCVASREON

ED-

»POL-B.synd.3 |
FFREDLAFLOGEKAREFSSEQTRANSPTRR———m = m e e ELOVWGRDNNSPSEAGA
DR~ = = OGETYS~INFPOTITLWORPIVI IKIGGRLKEALLDTGADDTVLEDMN LRPGEWKPK

MIGGICGRIKVROYDOILVEICSHKAIGTVLVGPTPANTI IGRNLLTQIGCTLNERPISPIE
TYPVELKSGMDGPEVKOWPLTEEK IKALIEICTEMEREGKISKIGPENPYNTPVEALKEK
DETKWRKLVDFRELNKRTODEWEVQLGI PHPSCLRRERSVEVLDVE DAY FIVPLDEDERK
YTARTT PSVNNETPGIRYQYN VL PQCWKGSPATIFOSSMTRILEPFRAQNPL IV IYOYMDD
LYVGSDLEIGOHRAKIEELROQHLLRWGFT T PDRKHCKEPPFLWMGY ELHEPDENWTVQP LKL
PEKDSWIVNDICKLVGKLNWASQIYPGIKVROLCKLLRGTRALTEV I PLTEEARLE LAEN
REILKEFVHGVYYDPSKELIARIQKOROCGOWTYQIYOQEPFENLKTGRYARMRGTHTNDVE
OLTEAVOXITTESIVIWGRTPRFRLPIQKETHESWW TEYWQATW L FEWEFVNT PPLVELW
YOLEREPIAGAETFYVDGASNRETKLGKAGYVTINRGROKVVSLPDTTNOKTELOATYLAL
ODSCLEVNIVTIDSOYAIGTIIQADPDKSESELVNQITEQLIKKERTY LAWVRPAHKGIGENE
OVDKLVSNGIRKILFLDGIDRAQDEIEK Y HENWKAMASDENLPPVVAKE L VACCIRUQLE
GEAMHGOVDCSPSIWOLDCTHLEGKITLVAVHVASGY IBAEVIPARTGOETAY FLERLAG
-1 RWPVRIIHTONGSNFTSTAVKAACWWAGIKQEFGIPYNPOSOGVVES INKELRRITROVE
DOLRRHLKTAVOMAVEIANFRREKGGIGGY SAGERMIDITATDIOTTELORQ UTRLONFRY Y
FRDSRDPLWHGPAHLL%HGmGnUVIQDNNDIKVVPHEKVKIIREYGKQMAGDDCVRSGQD

D~

>POL~B.syn4d, 4

FFREDLAFPOGKARELS SEQTRANSEPTRGw === v em o ime ELOVWGRIDSNSLSEAGA
YR me——BETVS- TSP PO ITLHORPLVTIRIGGQOREALLDTGADDTVLEE INLPGRWKFK

IIGGIGGFIKVEQYDOIPIEICGHRVIGTVLVGPTPANIIGRNLLTOLGCTLNFPISPIE
TVEPVRLEPGMDGPRKVEKQWPLTEEKIRKALVEICTELEREGRISKIGPENPYNTPVEALRKKE
DS TKWRKVVDFRELNKE TODFWEVOLGI PHPAGLRERESVTVLDVGDAY FSVELOENIRK
VTAFTIPSINNETEGTRYOYNVLPOGWKGSPSIFOSSMTRILEPFREKONPEIVIYQYMDD
LYVESDLELGOERTK IR ELRQHEL LEVWGEY TPDRRHQREP PEFLWMGYELHPDEWIVQP IV L
PEEDSWIVNDICKLVGXLNWASDIYPGIKVKQLCRLLRGARKALTEVIPLTKEAELELAEN
REILKEPVHGAYYDPTXDLIAEIQKOGEGOWTY QI YOEPYRNLETGKYARMRGAHTNDVR
OLTETVORITTES IVIWGRIPKFKLPIQRETWE THNTEYWOQATWIPEWEE VNTPPLVELW
YQLEKEPIIG&ETFYVDGAASRETKLGKHGIVTNKGRQKVVSITDTTNQKTELQAILLAL
QDSGLEVNIVTﬂSQYﬁIGIIQAQPDESESEEVSQIIEQLIKKEKVYLTWVPAHKGIGGNE
OVDKLVSAGIREVLFLDGIDKAQCERHEK Y HNNWRAMASDEFNIPRVVAKEIVASCODRCQLE
CEAMEGOVDCSPGINQLDCTHLEGKVILVAVEVASGY IEARTIIPTETGQETAYFILKLAG
RAPVTTIHTDNGSNEFTSATVEAACWRAGVEQEFGIPYNPQSDGVIESMNRELERIIGQIR
DOARHLKTAVOMAVEIHNFKREGEIGGY SAGERIVDIIATDIQTKELONC LTRKIQNERYVY
YRDSRDPLWKGPAKLLWKGEGAVVIQENSDIKVVPRREVEI IRDYGKQMAGDDCVASRUD

B

>POL-B.syné. 1

FTREDLAFPQGRAREFCOSEDTRANS AT R —m————~ - ——— B LOVHGRDNTSLEEAGA
DR e—e PGTVE=FEFPQITLRORPIVTVKIEGQLKEALLDTGADDTVLEEMN LPGEWK PR

MIGCIGGFIRKVROYDOVSIRICGHKAIGTVLVGPTPANT IGRNLLTDIGCTLNFPISPLE
TVPVELRPGMDGPEKVKOWRLTEERKIKALVEICTELEKEGKISKIGPENPYNTPVEALRRR
DETEWREVVDFRELNERTODFWEVOLGIPHPSGLKKKKSVIVLDVEDAYFSVPLDENERR
YTARTIPS INNETPCIRYOYNYVLPOCHWKGEPAIFOSSMTRILEPFRRKONPDI T IYQYMDD
LYVGSDLEIGOERAKIEELRQHLLKWUGE T TPDERKHOKEPPF LWMGYELHPDKWTVQP L L
PREEKDSWIVNDIOKLYVGKLNWASQIYAGTRVRELCRLLRGTRALTEVVPLTERAELELAKN
RE T LEKEPVHGYYYDESKDLIAELOKOGOGOWTYQLYQEPYENLKTGKYARTRGARTNDVER
CLTERAVOK T ATEGIVIWCK T PRKFKLETQRETHEAWHTEY WRATR I PEWEEVNTPPLVEKLA
YOLEKEPILGAET FYVDEASNRETKLGKAGYVTDRGROKVVSLTDTTNQKTELOAINLAL
ODSGLEVNIVTDSOYALGI IOAQPDRSESELVSQIIEQLINKERVYLAWVPAHKGIGENE
OVDKLVSTGIRRVLFLDGIDKAQEEHEKY HSNWRAMASDINLPPIVAKE IVASCDRCQLK
GfHIHGQVDC53GIWQLDCTHLEGHUILVAVHVASGYI LAEVIPRETGOETAYFILKLAG
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-RW?VKTIHTDNGSNFTSTTVHRRCWWRGIHQEFGI?fNPQSQG?VEEMNKELKKIIEQVR
DQREHLETEVQMHUFUHNFKRKGGIGEYSAGERIVDIERTDZQTEELQKHITKIQNFRVE
YRDSRBPLWKG?AKLLWEGEGAVVIQENSEIKVVPRRKBKIIRDYGKQMRGDDCVASRQD
ED-

»POL-B.syng. 2

FFREDLAFPOGKARELS SEQTRANSPLISPTRG === m—=— ELOVWGRDSNSLERAGA
DR*“—“QGPVS#?SFPQITLWQRPEVTIKIGGQLKERLLDTGRDDTVLEEMNLPGRWKPK
MIGGIGGFIKVKQYEEELWEICGHKEIGTVLEGPTPVNIIGRHLLTQLGCTLNFPISEIE
TVPVKLKSGMDGPKVHQWPLTEEHEKRLVEICTELEKEGKISKIGPENPYNTPIFRIHKK
DSTEWRKLVDFRELNKRTQDEWE QLGIPHEAGLKKHKEVTULQVGDAYFSVPLDKQFRK
YTRFTIPSVNNETPGIREQYNVLPQGWKGEPHIFQCSMTEILEPFRKQNPDMVIYQEMBD
LYVG5DLEIGQHRIKIEELHEHLLHWGFTTPDKHHQNEPPFLWMGEELHPDHWTVQPIUL
PEKDSWTVNDIQKLVGKLNWASQIEPGIKVRQLCHLLRGTHALTEVIPLTEERELELREE'
REILREPVHGVEEDPTKDLIREIQKQGQGQWTEQIYQEPFKNLKTGKYRRMRGRHTNEVK
QLTERVQHITTESIVIWGKIPKFRLPIQKETWE WWIEYWCATWIPEWEFVNTPPLVELW
YQLEREPIRGRETFE?DGAANRETKLGKAGYVTNRGRQEVVSITDTTNQKTELQRILLAL
QDSGLEVNIVTDSQEALGIIQAQPDKSESELVNQIIEQLIKKEKIYLAWVPAHKGIGGNE
QIDKLVSEGIRHVLFLDGIDKAQDEHEKYHSNWRHMAGHFNLPPVVHHEIVHGCDKCQLK
GEAMHGQWDCSPGIWQLDCTHLEGKIILVRUHVASGYIEAEVIPAETGQETAYFLLKLRG
RWP?TTIHTDNGSN?TSRT?K%RCWWAGVKQEFGIPYNPQSQGVEESMNRELHKIIGQVR
DQAEHLKTRVQMRFFIHNFKRKGGIGEYSRGERIIDIIATEIQTKELQKQITKIQNFRVY
YRDSEDPIWKGPRKLLWKGEGRVVIQDNSEIKV?PHRKAKIIRDEGKQMAGDDQVQGRQD

LD

>POL-B.synbd.3

FFRENLAFPQGERREFSEEQTRRNSETRG ~~~~~~~~~ &——-—ELQVWGHDSNSLSEﬂGD
DR—“H—QGTVE—ESFPQITLWQRPLVTEKIGGQQEEALLDTGADDTVLEEMNL?GRWEPK

z1GGIGGFIKHTQYDQI?EEIEGHKAVGTvLVGETEVNIIGRDLLngaﬁTLNFPISPIE
TVPVKLHSGMDEPKvKQWPETEEKIEALIEKCTEMEHEGKESHIGFEMPENTPVFAIKKK
DGTKWRKLVDFRELNKKTQDFWEVQLGIPH?EGLKQHHSVTVLDUGDAEFSVPLDREFRK
YTAFTIPELNNET?GIREQYNvLPQGWKGSPSIFQSEMTHILEPFRHQNPDLWIYQYMDD
LYVGSDLELGQHREKIEELRQHLLKWGFYTPDHKHQKEPPFLWMGYELHPDKWTVQPIKL
EEKDSWTVNDEQELVGKBNWASQIYEGIKVRQLERLLRGAHALTEvVPLTKEAELELAEN
REILKEPVHGRYYDPTEDLIABVQKQELGQWTYQIYQEPFKNLKTGKYARMKGRHTNDVK
QLTETVQHITTESIVIWGKTPKFRLPIQKETWESWWTEYWQATWEPEWEFVNTPELUKLW
EQLEKEPITGHETFY?DGARNRETKIGKRGYVTDHGRQKVVSLPDTTNQKTELQAEHLHL
QDSGSEVNI?TDSQYRIGIEQAQPDHSESEVVNQIIEQLIEKEHVHLHWVPRHKGIGEHE
QVBKLVSMGIRHILFLD&IDKAQEEHEREHSNWKﬂMﬁSDFNLPPvVAHEIVﬂccmﬁcuL

GEHIHGQVDCSFGIWQLDCTHLEGKVILVRUHVASGHIEREVIPAETGQETRYFILHLHG
RWPVKIIHTDNGSKFTSTRVK&ACWWHGIKQEFGIPYNPQSQGVVESINKELKKIIKQUR
DQREHLKTAVQMAUFIHNFKREGGEGGYSEGERIIDIIRSDIQTKELQNQITHIQNFRVH
ERDSRDPVWKGPAKLLWEGEGRVVIQDNSDIKU?PRRRHKIERDYQKQMAGDﬂcvRSRQN

ED-

»POL~B.synbt.4 |
FFRENLAFPORKAREFPSSEQTRANSFIRER-w———=mmm ELOVWGGEDHNSLSEAGA
DR—*“—QGTVE*LSFPQITLWQRPLUT1KHGGQLKERLLDTGRDDTVLEEINLEGRWKPK

MIGGIGGFEEvRQEDQILVEICGHHRIGTvaGPTPvﬁIIGRNLLTQIGCTLNFEISEIE
TVFVRLKP@MBGPKVKQW?LTEEKIHALvEICTEMEKEGKISKIGPENPYNTPIFAIKKK
DSTKWRKLVDFRELNRRTQDFWEVQLGIPHPAGLKKHHSVTVLDVGDAYFEUPLDEDFRK
YTRFTIPSINNETPGVREQYEVLPQGwEGSPRIFQHSMTKILEPFRKQNPDIVIEQYMDD
LYVGSDLEIGQHRIKIEELRQHLLRWGLTTPBKKHQKEPPFLWMGYELHPDKWTVQPEML
EﬂKDSWTVNDIQHLVGHLMWASQIYAGxHvRQLCHLLRGAKALTEVIPLTAERELELHEN
REILKVPVHGVYTDESHELIAEIQKQEQGQWTIQIYQDPFENLKTGKYARMRETHTNDVR
QLTEAVQKITTBSIVIWGKIPKFKLEEQKETWETWWTEYWQRTWIPEWEFVNTPPLVKLW
YQLEKEPIIGAETFYVDGAHSRETKLGKHGYVTERGRQKVISLTDTTNQKTELQAEHLhL
QDSGVE?HEHTDSQTALGEIQAQEﬂESEEEIVSQIEEQLIHHEHVYLTWV?AHKG:GGNE

vl
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QVDKLVSTGIRKvLFLDGIDQAQEEHEKYHSNWRTMHSDFNLFPIVRKEIVRSCDHCQLH
EAMHGOVDCSPGIWDLDCTHLEGKVILVAVHVASGY IEAEVIPAETGQETAY FLLKLAG
RWPVKT IHTONGPNFISTTVKAACNHAGIRQERGIPYNPQSOGVVESMNNELRKLIIGRVR
EQAEHLKTHVQMRVFIHNFKRKGGIGGYSAGERMIDIIETDIQTTTEQKQITKLQN?RVE
TRDSRDPLWKGPAKLLWKGEGAVVIQENSDIRKVVPRRKAKI IRDYGRQMAGDDCVAGRE

ED-

>POL-RB.,syng.d

FIRENLAFPOGKARRFESEQTRANSPTOR - —— = e v o e e BLOVAGEDNNSLSEAGA
NR=—~—0GTVS-FSFPQITLWORPLYTVKIGGOLXEALLDTGADDTVLEDMDLEPGRWEER

MIGGIGGFIKVROYDGIPIEICGHRVIGTVLYGETPANIIGRNLLTOQIGCTLNFRPISPIE
TYRVRLEPEMDGEPEVEOWPLTEERK IKALYVEICTELEKEGRKISKIGPENFYNTPVEAT KRR
NSTRWRKLVDFRELNKKTODFWEVOLGIPHPSGLEKKKSVTVLIVGDAYFSVPLDERFRE
YTAFTIPSTNNETPGiRYQYNVLPQ@WKGSPHIFQASMTHILjPERKQNPEIVIYQYMDD
LYVGSHLEIEQHR?KIEELRQHLLRWGFTT?DKKHQKEPPFLWMGHE&EFEKWTVQPIVL
PﬂKDSWTVNDIQKLVGKLHWEEQIYPGIKIRQLCELLRGAHALTEVIPLTKEAELELHEN
REILKEPVHGV“YDPSKDLTAEIQKQGEGQWTYQIYQEPFKNLKTSKYREMRGAHTNDVK
QLTEA?QKVETESIvIWGKTPKFKLPIQKMTWEAWWMEYWQRTWIPEWEFVNTPPIVKLW
YQL"KEPIEGRETFYVDGARNRDTKLGKAGYVlN&GRQKJVTLTDTTNQK?ELQRIHLAL
QDSGLEVNIVTDSQYALGIIQRQPDKSESEIVNQIIEQLLKKEHVYLRWVPFHKGIGGNE
QVDKLW&&GIRKVLFLDGIDKAQuDHEHYHJNW&AARNDFNLPDVVRF IVACCDKCUQLEK
GMHMHGQVDLﬁPGIWQLDQTHLEGKU*LVRVHVRbﬁYIAREVIPRATGQETHYFILKLAG
R PVKTVHIDNGSNEFISNTVKARCWWAGIKOEFGIRPYNPQSQGVVLE EMNKCLEQITIGOVR
DQAEHLKTHVQMAVWEHNFKREGmIGGYTﬂGLRIVDIiﬂTDIQ¢RLhQKQITKIQWFRVY
VRDSREPLWKGPAKLJWKGJGRVVIQEHSDIEVVPRRHAKIIRDYGKQMRGDDQVASGQD

"'"iD_

SPCL~B.syn6. 6

PEREDLAFLOGKAREFSSEQTRALSPTRR = -~ e = ELOVWGRDNNSPSILAGA
ER———HQGTVS*FNWPQETLWQRPLVTERIGGQLKhALLDTGADBTVLBJMSLPﬁRWKPK

MIGGiGuFIKVRQYDQILIEICGHKAVGTVLImPTPVNIIGRHLLTQEGGTLNF?mSBID

TVPUELKPCMDGPKvKQWPLTLLKI%RLIEICTELENEGKISKIGPENFYNTPIFRIKEK
| DSTKWRKLVDFRELNKRTQDFWEVQLG"PHPSGLHKKKSVTVLDVGDHYFSIPLDMDWRK

ETRFTIPSIQNETPGTRYQYNVLPQmWKC5PAIFQSSMTR;LEPFRKQNPDIVIYQYVDD

LYVGSDLJIGQHRTKIEELREHLLRNGFTTPDKKHQKEPPELWWthLHPDKWTVQPITL

FEHDSWTVNEIQKLVGKLNWAEQEEAGIHVKQLCHLLRGTKSLTEVU?LTRERELELHEE
EFILKEPVHGRHYDPSKDLVREIQRQGLGQWTYQIYQEPFKNLHTGKYRHMRGTHTNDVK
QLTJAVQKIETESIVIWGRTPHFHLPIQ&ETWD&WWTETWQRTW PEWEEFVNTERPLVRLW
EQLWKEPTVCAETFYﬁDGARNRETRLGKRGYVTERGRQKVVPLTDTTNGKTﬂLQﬁIYLHL
QDSGLEVWIVTDSQYRLGIIQﬁQPDKSESmLVSQTIEELI{HJKVYLAWVPRHEGIGGEE
QVDKLVSRGlﬁRVLELDGIEKAQ;EHEFYHNRWRRMﬁSDFNIPPVVAKELVABCDﬂCQLH
GEAIHGQVDCSPGIWQLDCTHLEGKIILVRVEVRSGYIMAHIIPTTTGQETREFLLKLRG
RWPVKTIHTDNGRNFTSNSVKHRCWWRGTKQFFGIEYNPQSQGVVESMNRELKEIIGQIR
DOAEHLKTAVOMAVE IERFRRRGG LG Y SAGRRL DT IASDICTKELQRQITKIQNFRVY
ERDNRDEL%FGPHELLWKGEGHVVIQDHNDIKVVEQRHVKIIRDYGKQHRGDDCVRSRQD
P b

>POL-C.synk. 1

FERENLAFPOGEAREFPSEQTRANSPTSRANSPTSR-—~——== TLOV-~RGDNPRSEAGA
F3— e QG T~~~ LNFPOTTLWORPLVS IKVGGQIKEALLDTGADDTVLEEINLPGKWKR K
MTOGIGGFIRVROYDOILIEICGRKALGTVLVGPTPVNIIGRNMLTQLGCELNIPISPLL
TVPUK LK PGMDGPEVKOWPLTEEK IKALTATI CEEMEKECGKITKIGPENPYNTPVFATREK
NSTKWRKLVDFRELNKRTODFWEVQLGI PRPAGLKKKKESVTVLDVGDAYFSVPLDEGERIN
YTAFTIPS INNETPGIRYOYNVLPOGWKGSPATFRQSSMTKILEPFRAQNPE IV IYQYMDD
T YVGSDLE L COHRAK IRELRESLLKWG I TTPDRKKHQKERPFFLWMGY ELEPDEWIVQP LQL
PEKDSWIVHDIOKLYGKLNWASCIYPGIKVRQLCKLLRGAKALIDIVPLTEEAELELARN
R TLKEPVEGVY YDPSKDLIAE IOKQGHDOWTY QI YOEPFEKNLEKTGKY AKMRTAITNDVIS
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QLTEAVOKIAMESIVIWGK TPKFRLPIQEETWETWW T DYWOATW I PEWEFVNT PPLVKLW
YOLEKEPIAGAETFYVDGAANRETKIGKAGYVIDRGROKIVSLTETTNQKTELOQATOLAL
ODSGERVNIVTDSOYALGIIOACPDKSESELVNCG T T EQL IKRERVY LEWVRPAHR G LGGNE
QVDKLVSSGEIRKVLPLDGIDRAQEREHERK Y HENWRAMASEFNLPPIVARKE LVASCDRCQLE
GEATHGOVDCSPGIWQLDCTHLEGKIILVAVOVASGY TEARV IPAETGQETAY YT LLELAG
RWPVKVIHATDNGSNETSAAVRAACHWAGIQOEFGIPYNPQSQGVVESMNERLERL LGOVR
DOARHTLKTAVOMAVIITHNFPKRKGGIGGYSAGERI IDIITATDIOTEELOQRQIIRIQNERVY
YRDSRUDPTWKGPARLLWRGECAVVIOQDNSDIRVVEPRREVRE I IRDYGROMAGADUVAGROD
EDQ

>POL-C.syn3.1

FRFRENLATPOGEAREFPPPEQTRANSPT-RANSPT SR~ == == KLOV~—REDNPUSEAGA
ER=~==0GT~~~FNFPQITLWORPLVIIRKVGGOVKEALLDTGADDTVLEEINLPGRKWKPK
MIGEIGEFTIRVROYDOIVIERICGKRKAIGTVLIGRP TRPVNLIGRNMLTOLGCTLNTFP ISP I
TVPVE LK PCMDG PRIKOWPLTEEKIXALTATCDEMEKEGRIERIGPENPYNTPIFATIKKX
NETRWRKLYDFRELNERTODFWEVOLGI PHPAGLKRERSVTVLDVGDAYFSVELDESFRK
YTARPTIPS INNETPCIRYOYNVLPOGWKGSPAIFQS SMTRILEPFRAKNPEIVIYQYMDD
LYTGSDLEICOHRAKVEELRERLLRAGHFTTPDKKHCKERPPFLWMGYE LHPDEWIVOPIQL
PERDSWTVNDIORLVGKLNWASQIY PG IKVROLCKLLRGTKALTDIVPLTEEAELELAEN
RETLKEPVHGVYYDPSKDLIARIOKOGDDOWTYOIYQESFENLKTGK YAKMRSAHTNDVE
OLTEAVOKIALESIVIWGKAPKFRLPIQKETWE IWNTDYWQATWIPDWEFVNTPPLVKLW
YOLEKEPTAGAETFYVDGAANRETK IGKAGYVIDRGROKVVTLTETTNGKTELOATQLAL
ODSGLEVNIVTDSQYALGIIQAQEDKSESELVNQIIEELIKKERVY LSWVPAHKGIGENE
OVDELVSNGIRKVLFLDGIDKAQERHERYHSNWRAMANEFNLPPVVARKEIVASCDKCOLK
GEATHGOVDCSPEGMWOLDCTHLEGKVILVAVHVASGYVEAEVIPAETGOETAYFILKLAG
RWEVK I IETDNGSNFTSNAVEAACWRAGLIOOEFGIPYNPQSOGVVESMNKELKKIIGQVR
ECAEHLEKTAVOMAVFIHNFKRRGGIGGYSAGERIIDITASDIQTKELQKQITKIQNERVY
YROSRDPVWKGPAKLLWKGEGAVVIQDNGDIKVVPRRKAKIIKDYGKOMAGDDCVAGROD
EDO -

>POL~-C.syn3.2
FFRENLAFQQGEAREFPSEQTRHNSPT%RRNSPTSRTNSPTSHELQV——RGDNPESEAmV
ER~ == ~QGT ~=~LNFEQITLWQRPLVSIKVGGCIKEALLDTGADDTVLEDINLPGEKWKPR
MIGGI GG IKVROYDOIPIE ICCKKAIGTVLVGPTPYNIIRRNMLTCLRCTLNFPISPIK
™ PVE LK PCMDG PEVEKOWPLTEER IKALTE ICEEMEREGK ITRIGPENEPYNTPVEALKRR
DS TKWRXLYDFRELNEKRTODFREVOLGI PHPSCLEKKERSVIVLDVEDAYFSVPLDEGTIRK
YTAFT I P STNNETPGIRYOYNVLPOCWKGSEATIFQUSMTR ILEPFRTONPDIVIYQYMDD
LYVESDLEIGOHRARIEELRAHLLEKWGLT TPDEKHQKE PPFLWMGYELHPDRWTVOP IKL
PREDSWTVNDIQKIVGELNWASQIYPGIKVKOLCKLLRGAKALTDIIPLTEEAELELAEN
RETLKEPVHGAYYDPSKDLVAEIOKOGHDOWTYOIYORPYKNLKTGKYARMRTAHTNDVR
OLTEAVOKIAQESIVIWGKY PKFRLPIQKETHETWW TDYWQATWIPEREFN INTPPLVKLNW
YOLEKEPIVGAETFYVDGAANRETEMGKAGYVTDKGROKIVSLTETTNORAELQATQLAL
ODSGPEVNIVTDSOYALGI IQAQPDRSESELVNQI IEQLINKERIYLSWVPARKGIGGNE
OVDKLVSSGIRKVLFLDGIDKAQEDHEKY HNNWRAMASDFNLPPIVAREIVASCOKCQLK
GEAMEGOVDCSPGVHOLDCTELEGKI ILVAVHVASGYMEAEVIPARTGOETAYYILKLAG
RWPVKY IHTDNGSNF TS TAVEAACWRAGIKOEFGI RPYNPQSQGVVEAMNKELKKIIEQVR
DOAERLKTAVOMAVLT HNFKREGGIGGYSAGERIVDIIATDIQTRELCKQITIQIONFRVY
YRDSROPIWKGPAKLLWKGEGAVVIODNSDIKVYPRREVK I IKDYGKCMAGADCVASROD
ED-

»20L-C.svyn3. 3 .
FFRENLAFPOGKAREFPSEQARANSPTSRANSPTER— == - RLOV-=RRONPRSEAGA
FRew =G =~ LNCPQITLWORPLVS IKIGGQTREALLDTGADDTVLEE ISLPGKWKPK
MIGGIGGTIKVROYDOILIEICGKKAIGSVLVEGPTPVNIIGRNLLTQLGCTLNFRPISPIE
TIPVKLEPCMDGEPRVIKOWPLTREXIKALTATCERMEKEGKISKIGRPENPYNTEPIFATIKKE
DS TXWRELVDFRELIKRTODFRETOLGIPHPAGLEKKKKSVIVLDVGDAYFSVRPLDEDFRK
YTAFTIES TNNATPGI RYOYNVLPOGWKGESPSIFOSSMTPKILERPFRAQNPEIVIYQYMDD
LYVESDLEIROHRAKIERLREHLLEWGFTTPDKKEQKEPPF LWMGCELHPDRWTVQPIQL

.—l
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FERESWTVND QA LVGKINWASQIYAGIRVRCLCRLLRGAKALTDIVEPLY ARARLELARN
BulLREPVHGVYYDPSKELIAEIQKQGQDOWTYQIYQEPFKNLKTGKYAKRRTAHTNDVK
QLAEAVOKIAMESIVIVIGRI PXKYRLPIOKE THEAWWTDYWOATH I PEWEFVNT PRPLVKLW
YOLERDEIAGVETEYVDGAANRETKLGRAGYVIDRGROKIVSLEETTNQRKTELHALIQOLAL
QLS GEEVHIVIDGOQYALRTIIQAQPDRSESEIVHQITRQLIRKERVY LAWVPAHRGIGENE
QVDRLVEKGIRKVLILDGIEKAQEEHERY HSNWRAMASEENLPPIVAKEIVASCOKCOLK
GEATHGOVRCSPGIWCLDCTHLEGKVIIVAVHVASGY IRAEVIPARTGORETAYFLLKLAG
RWPVET IHTDNGENFT SAAVEAACHKNAGTHORFGIPYNPOSQOGVVESMNERE LEKITGOVR
POAEHLETAVLMAVE IHNFKEREGGIGDYSAGERIIDIIATDIQTKELOKQI TKIONFRVY
YRDNRDPIWKGPAKLLWKGEGAVVLODNSDIKVIPRREAK I IRDYGKOMAGADCVAGROD
ENQ

>POL-C.aynd .1
FFRENLAFPOGKAREFPSEQARANSPTSRANSPTOR ~—— === —HLOV--RRONPRSEAGA
ER~ QG- ~LNLPOQITLWORPLVSIKVGEQIREALLDTGADDTVLERINLPGENKPK
MIGGIGGEFIRKVRQYDOGIPIEICGRRKATIGTVLYGPTPVNI IGRNMLTOLGCTLNFPISPLE
TIPVELHPCMBGPRVKOWPLTELKTRALTE ICKEMEKEGRK IEKIGPENPYNTPVEAIXKKE
DSTKWRELVDFRELNKRTGDFWEVOLGIPHPSCLEKKKSVTVLDVEDAYFSVRPLDENERK
YTAPTIPSVINETPGLRYCYNVLEPQGHWKGS PATFQCSMTKILEPFRTONPEIVIYQYMDD
LYVGSDLEIGOHRAKIEKLREHLLKWGF TTPDEKEQKEPPFLWMGYELHPDEKWTVQRPIKL
PERDOWIVNDLORLVGRLNWASQIYAGIRVROLCELLRGARALTDIVPLTRKEALNLELARN
RELLEEPVEGVY Y DPSKELTARIQROGODOWEYQIYQEPFRNLEKTGEYARKRRTAHTNDVE
OLABEAVORITMES IVIWGRT PRI RLPIQRETWEAWW TDYWOATWIPEWEFVNTPPLVELW
YOLEEE P I ALART Y VRGAANRETEMGRAGY VI DEGRORK IVSLTETTHNCRTELEAICOLAL
CDSGPEVNIVTDSOYALGT IQAQPDREESELVIQI ITRQLINKERIYLSWVRPAHKCG I GENE
GVDELVEKGIRRVLPLDGIDRKAQERHERY HSNWRAMANEFNLPPIVAREIVASCDRCQLK
GEALHGOVDCSPGVWOLDCTHLECKI I LVAVHVASGYVEAEVIPARTGQETAY FLLKLAG
BWeVET IHTDNGENE TS AAVEAACKWAGVOORFGIPYNPOSOEVVESMRRELERTIIGOTR
COAEHLETAVOMAVE LTHNFRREGGIGDYSAGERLIDIIATDIQTRELQRQLIQICNERVY
YRS D PVRRKGPARL LWKRGEGAVVLODNSDIKVVPRREVEK L IRDYGROMAGADCVAGROD
ENO |
>POL-C.synd.2 .
FFRENLAFPEGEAREFPSEQTRANSPT-RANSPTSR—~~—~——~— KLOQV-~-RGLUDNPKSEAGV
ER~— == DGT~—~—~LNIFPOLITLWORPLVS IK I GCOTREALLDTGADDTVLEEIRXLPGNWERPK
MIGGIGGEFIRVROYDOILIBLICGRKALGTVLIGPTRVNLIGRNLLTOQLGCTLNFPISPIR
TV EPVK LK PGMDG PR VKW R LS EEK IKALTE ICEEMEKEGKISKIGFENPYNTPVFATKEKK
DSTEWRELVDIPRELNKRTOQDIFWEIQLGIPHPAGLKKKKSVTIVLDVGDAYFSVPLRDEDFRK
{TAFTIPSINNATPGIRYQYNVLPQGWKGSPSIFQSSMTKILEPFRARNPEIVIYQYMDD
LYVEEDLELGOQHRARVERLREHLLAWGLT TPODRRHOKEPPRLWMGY ELHPDEWTYQEPTOL
PDERDSWIVNDIORKLVGEKLNWASQIYPGIKVEQLCELLRETKAL TDIVRPLTAEAELELAEN
REILREPVHGVYYDPSKDLVAR IQKQGNDOWTYQIYOQEPYKNLETGEYAKMRSAHTNDVE
QLTEAVDRIALES IV IWGRAPKFRLPICKETWEIWWTDY ROATWIPDWEEVNTPPLVKLK
YOLERDPIAGVETFYVDGAANRETKLGEAGYVIDRGROKIVSLEETTNQRTELOQATQOLAL
ODSGLEVRIVIDSOY ALGL IQAQPERRSESELVNO LIEELTEXERVY LSWVPAHKGIGENE
OVDELVSSGIREKVLEFLDGIEKAQEEHERY BN NWRAMASEFNLPPIVAKEIVASCDKCQLK
GEATHGOVDCSPOMIWQLDC THLEGK I I IVAVIVASGYLEAEVIPAETGODTAYYILKLAG
RWPVEVIOTDPNGTNE TSAAVKAACHWAGIQOEFGI PYNPRSQGVVESMNEELKEKI IGQVR
EQARHLETAVLMAVE LENFERKGGIGEYSAGERLIIDMIATDIQTKELONDITEIONEFRVY
YRUSRDPIWRGPARL LWKGEGAVVIQDNGDIKVVEPRRKVE L L RDYGROMAGDDCVAGROD
EDG

»P0L-C.synd ., 3

FERENLAFPPQCEAREFPPEQTRANSPTSRTNSPTSR - —w i - LV ~~RGONEFHSEAGA
ERCGLTLOG T~ -LNCPQITLWORPLVS IRVGEOQIKEALLDTGADDTVLEET STPGEKWKPK
MIGGLGGEIKVAQYDOQIVIEICGRKKALGSVLVGETPVNI TRRNMLTQLRCTLNFPISSTE
TVEVRLRPGMEGPRVEQUWPLTEEKIKALTAICEEMEKEGK ITK IGPDNPYNT PVEATIKKK
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DS TRWRELVDFKELNKRTQDEWEVOLG Y PHPAGLKRKESVIVLDVGDAYFSVPLDEGFRK
LTAFT LIPS TNNET PGIRY QY NV L POGWKGSPATFOSSMIKILE PFRAQNPOTIVIYEYMDD
LY LGSR LEICOHRAK I EE LRAHLLEKWGE T I PDRRHOREPPFLAMGCELAPDRWTVRPIQL
PEREIWIVNDIQRLVGKLNWASQLY SGIKVROLCKLLRGYVEKALTDIVPLTEEARLELARN
PEILLRETVHGAYYDPSKDLIARTOROQGHDOW I YQIYOEPFKNLEKTGRYAKMRTAHTNDIK
QL TR AVOR L AMES IV IWGK T PKEF R L P I QR E W E THW I DY WOATH I PEWEF INTRELVKL W
YOQLERE P IVGARETFYVDGAANRDTELGEAGY ITDRGROEVVTLTETTNORAR LECATIQLAT
CDSGSKVNIVIDSQYALGIICAQPDRSESELVNC I IROLIKKER VY LSWVPABKGIGGNE
QIDRLVESGIRRVLFLDGIDRKAQEDHERY HSNWRAMASDENLPPIVAKEITIASCDKCQLK
GEAMHGQVDCSPGIWQLDCTHLEGEVI IVAVHVASGYTEAEVIPAETGOETAYYILKLAG
FEWPVKI LHTDNGSNFT SNAVEAACHWAGILHQEFGIRYNPOSQGUVVEAMNEZLKKTIGQVR
DOAEHLRTAVLMAVE L HNFPERRGGIGGY SAGERIIDITASDIGTRELOROITKIQNTFRYY
YRODSRDFPIWKGPAKLLWKGEGAVVIQDNSDIKVIPRREKAKTI IXDYGKOMAGADCVAGGQOD
EN=-

»>POL~-C.8yn4 .4

FERENLAFQOGEAREFPEEQTRATISPT SR wmm—- re e e e LV = RGDNPCSEAGA
ER-— =0T~ —~FNFPQO I TLWQRPLVT IRVGGOVEKEALLDTGADDTVLEE INLFGKWK PR
MIGGIGGIIKVROYEQILIEICGKRAIGTVILVGPTPINIIGRNMLTQIGCTLNFRPISPIE
TVPVELKFGMDGPEKIKQWPLTEERIKALTAICDEMEREGKITKIGPENPYNTPIFATKKK
DETEWRELVDFRELNKRTODFREVOLGI PAPAGLERRREVIVLDVGDAYFSVPLDESEFRK
YTAF TIPS INNETPGIRYQYNVILPOGWKGSPATFQSSMTIRILEPFRAQNPEIVIYOYMDD.
LYVGEDLEIEQRRAKI FELREEHLLRWGEF T TPDEKEAQREPPELWMGYBLAPDKWIVQPIQL
PEKDSWIVNDIQKIVGRLNWASQIYPGIRKVROQLCRLLRGAKALTDIIPLTEEAELELAEN
REILERERFVEGAYYDRPSEDLIAERIQROGDDRDOWTYQIYQRSFRNLETGRYAKMRTAHTNDVR
GLITEAVOKIAQES IVIWGKIPREFRLPIQRDTWETWW I DYWOATW I PDWEFVNTPPLVELW
YOLEKEPTAGAETFYVDGAANRETRKIGRAGYVTDRGROEVITLTETTNGRTELOATHL AL
QDSGIEVNIVIDISQYALRI IQACQPDKSESETVNOQI TEQLINKERVY LIWVPAHKGIGGNE
QVIDRILVENGIREVLEFLDGL EDRKAQREHERYHSNWEAMASEFNLEPPYVAKE IVASCDRKCQORK
GEAIHGOVDCSPRIWQLDCTHLEGRVILVAVEVASGYMEAEVIPAETGCETAYFITRLAG
RWPVEVIATDNGSNE TS TAVEAACWWAGTIRDEFGLIPYNPOSQGVVESMNEKELER ITEQVR
DOAEGLETAVOMAV LI ENFRKREKGGIGEY SAGERIVD L IATDIQOTRKELOKQIIKIONFRVY
YRONRDPIWHEGRAKLLWKCGEGAVVIQDNSETKVVPRREKAR T ITRDYGROMAGADCVASRQD
BED-

>POL-C.eyno. 1

FEAENLAFPOQGRAREFPSEQTRAISPTE R~ w m e e o o e s ELOQV~-REGNNPRSEAGA
ER=ww =G T = ==LNLEQIT LRORPLVS IR IGECTREALLDTGADDTVLERIKLPGNWK PK
MIGGIGGFIEVROYDOILIEICGKRAIGTVLVGRITEFVNIIGRNMLIQIGCTLNFPISESIE
TVPVKLKPGMDGPRVKCWP LTEEK I XALTEICEEMEREGKITKIGPDNPYNTPVFATKKK
DSTEKWREKLVDERZLNKRTODEFWEVOLGI PEPACGLEKNKSVTVLDVGDAYFSVELDESFRK
YTAFTIPSINNETRPGIRYOYNVLPOGWKGEFATIFQSSMTRILERPFRAQNPDIVIVOYMDD
LYVGESDLEIEQHRAK TEELREHLLRWGF T TPDEEHOREPPFLWMGCELHPDEWTVGE I QL
PERKDEWIVNDIORKLVGRLNWASOIY ST RVRCGLCEKLLRGVRALTDIVPLTRKEARLELAEN
REILREPVHGVYIDPARDLIAELIQROQGODOWTYQLYQEPFKNLETGKYAKRRTAHTNDVE
OLTEAVORIATESIVIWGK I PEFRLPIQOR DTWETWW I DY WOQATWIPDWEFVNTPPLVE LW
YOLEKEFITAEARTFYVDGAASRETEMGEAGY VI DRGROKVITLTETTNORKTELOGATIKTAL
QDSGSEUNV?TDSQYELGiIQHQPDKSESEIVMQIIEQLINHERVELSWVPRHKGIGGHE
QVBKLVERGIRKVLF LEGT DRAQDEHER Y HSNWRAMASEFNLPPTVAREIVASCDRCOQLK
GEATRGOVDCSPGIWCGLDCTHLEGRI ILVAVREVASGYIEAEVIPTETGOETAYY ILKLAG
RAPVREIIHTDNGSNE TS SAVEAACWWAGTOORFGLPYNPYSCGVVESMNKELKK I TGOVEG
DCAERHLRTAVOMAVE I ENFKRRGGIGGY SAGERTIIDITIATDIQTRELQEQ I IR IQNFQVY
YRDSRDFIWKGPARLLWKGEGAVVIODNSEIRKVVPRREVKIIKDYGRKOMAGADCMASROD
ED—

>POL-C.s8yno, 2 | |
FERENLAFPQGEARELPSEQTRANGP TSR mm o e e o oy o o ELOQY-—-RGONPCSEAGA
ER-m QG T~~~FNE PO T T LWORPLVI IRVGGOVEEALLDTGADDTVLEE INLPGEWKPK

ST
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MIGGIGEFIKVROYDOIPIEICGKRAIGTVLVEGPTPINT IGRNMLTQLGCTLNEPISPIE
TVOVOLKPCMDGPRVKOWPLTEEKIKALTE ICKEMEKEGK I SKIGPENPYNTPIFATKER
NETKWRK LVDFRELNKRTODFWEVOLET PHPAGLEKKKRSVTIVLDVGDAYFSVPLDEDFRK
YTARTT PS INNETPGVRYOYNVLPQGWKGSPSIFGSSMTKILEPFRTQNPEIVIYQYMDD
LYTGSDLEIGOHREKIEELRENLLKWGE TT PDKRHQKE PPFLWMGYELHPDRWTVOPTKL
PEKDSWIVND IORLVGKLNWASQI YAGIKVRQLCKLLKGAKALTDIVILTEEARLELALN
oE TLKEPVYGVY YDPSKDLVARIQKQGHDOWTY QT Y QESFKN LK TGKYAKMRTARTNDIK
OLTEAVOKIAQESTVIWGKTEKFRLP IQKE THEAWKTDYWQATWI PDWEFVNTPPLVKLW
v OLEKEPMAGVETFYVDGAANRETKIGKAGY VIDRGROKYVT ITETTNCKTELQAI YLAL
ONEGSKVNIVTDSOYALGT IQAQEDKSESELVSQIIEQLINKEKIYLSWVPAHKGIGONE
OVDKLVS SGIRKVLFLDGT DKAQEDHERYHSNWRAMASDFNLPPIVAKE IVASCDOCOLK
GEAMHEGOVDCSPGMWQLDCTHLEGK I IIVAVEVASGY IEAEVISAETGQETAYYTLRLAG
RWDPVKVVHTDNGSNFT SAAVRKAACHWAGVROEFGIPYNPRSOGVVE SMNKELKRI IGQVR
DOAEHLKTAVOMAVETHNFERKGGEIGGY SAGERI IDMIATDIQTRKELQKQI IQIONFRVY
YRDSRDP INKGPAKLLWKGEGAVVIODKGD IKVVPRRKAKI TRDY GKQMAGADCMAGRQD
BDO
>POL-C.syné.3
FFREDLAFPOGEARKFPPEQTRANSPTSRANSPTSR ——= === KLOV--RGDNPRSEAGV
FR~ = (GT ==~ LNFPCITLWORPLVSTKVGGQIREALLDTGADDTVLEEMS LEGKWKPK
MTGGIGGF IRVROYEQILIE ICGKKAIGSVLVGPTPVNIIGRNLLIOLGCTLNFPISPIE
TVPVKLK PGMDGPKVKOWPL TEEK IKALTALCDEMEKEGKITKIGPENPYNTPVFALRKK
DETRRRK LVDFKE LNKRTODFWEVOLGI PHPAGLKKKKSVIVLDVGDAY FSVPLDENIRE
v TR FT T PSRNNETPCIRYOYNVLPQGWKCS PATFQASMIKILEPFRARKNPEIVIYQYNMDD
T YVGSDLE [ GOHRAKI EELRDELLKWGFTT PDKKHQKE PPFLWMGYELHPDKWTVOR IEL
PEKDSWTVNDIOKLVGKLNRASQIYPGIQVKQLCKLLRGAKALTDVVPLTEEAL LELAEN
RETLKEPVAGAYYDPSKDLIAEI OKQGHDOWTYRIYQEPYKNLKTGKYAKRRAAHTNDVE
OLTEAVOKIAMES TVIWGKTPKFRLPIOKETWETWRTEYWQATHI PEWEFVNTRPRLVKLW
YOLEKER TAGAETFYVDGAANREKMGKAGY I TDRGRCKIISLTETTNQKTELHATQLAL
ODSGSEANIVIDSQYALGETQAQEDRSESELVNQIIEQLIKKERVY LAWVPARRGIGENE
OVDXLVSSGTIRKILFLDGIDKAQEEHEKY HSNWKAMASEFNLPPVVAREIVASCDKCQLK
B AMEGOVDCS PRIWOLDCTHLERKVI LVAVHVASGYMEAEV IPAETGOETAY FILELAG
RWPVKVIHTDNGSNFTSNAVKAMCWWAGIHOEFGI PYNPQSQGVVESMNKELKKITEQVR
DOAEHLKTAVOMAVL TANFKRKGGIGGY TAGERIIDI IATDIQTKELONQITRKIQNFRVY
. YRDNRDPIWKGPAKLLWKGEGAVVLODNSDIKVVPRRKVKI IRDYGRQMAGADCVAGROD

P ED-
>POL-C.synbk.4
PFRENLAFPOGEAREFPPEQTRANSPTSR— e i === RLOV-—RGDNPLSEAGA

ERQGTLQGT“HHLNCPQITLWQRPLVSIK?GGQIKEALLDTGRDDTVLEEISLPGHWKPK
MIGGIGGFIKVRQYDQIVIEICGKKBIGAWLVGPTPVNIIRRNMLTQLRCTLNFPESPEK
TVPVKLKPGMDGPRVKQWPLSEEKIKHLTEICEDMEKEGKITKIGPENPYNTPIFAIKHK
DSTKWRHLVDFRELNKRTQDFWEVQLGIPHPSGLKHEHSVTVLDVEDAHFSVPLDTGFRH
YTRFTIPSINNHTPGIRYQYNVLEQGWKGSFRIFQSSMTKILEEFRTKNPDIVITQEMDD
LYVGSDLEIGQHRAKEEKLREHLLRWGLTTPDKKHQREPPFLWMGEELHEDHWTVQPIQL
PEKDSWTVNDEQKLVGHLNWRSQEYRGIKVKQLCRLLRGRKALTDI:PLTEEAELELREN
REELKEPWHGAYYDPSKDLIREEQHQGQGQWTYQIYQEPYKNLKTGKYHKMHTAHTNDVK
QLHEAVQKITMESIVIWGRTPKFRLPIQKETWETWWTDHWQATWI?EWEFINTPPLVKLW
YQLEREPIVGAETFYVDGRANRETKLGKRGYVTDKGEQKIVSLTETTNQKTELQRIHLHL
QDSGSEVNIVTDSQﬁﬁLRIIQHQPUKSESELVNQIIEQLINKERIYLSWVPRHKGIGQNE
QVDKLVSNGIRKVLFLDGIEKRQEEHERYHSNWRRHRNEFNLPPIVAREEVRSCDKCQIK
GERMHGQVDCSPGVWQLDCTHLEGKVILVAVHVRSGYVEREVIPﬂETGQEAREFILHLAG
RWPUKTIHTDNGSNFTSTRVKRRCWWAEIKQEFGIFENPQSQGVUESMNKELKKTIGQVR
DQREHLETRVQMAVLIHNFKRKGGIGDYSQGERIIDIIATDMQTKELQKQIIKVQNFRVY

TRDSRDPIWKGPAKLLWKGEGAVVIQDNGHIKVvPRREVKIIKDYGRQMRGﬁDGVASRQD
ED-
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>POL~C.syne.b

FFRENLAFPEGEAREFPESEQARANSPTS R~~~ m—mm e — ELQV-—-~RRENFRSEAGA,
BG~ = =0G T~ LNT PO I TLWORPLVS IRVCEQIFEALLDTGADDTV LEE LN LPERWEPK
MIGGLCGFIKVROYDOITINICGRKAIGTVLVGRP TPINTIGRNMLTQIGCTLNFP ISP IR
TVEPVKLEPGMDGPRIKQWPLTEEKIKALKAICEEMEKEGRIERTGPENPYNTPVEA L KKE
DT KWRKLVDFRELNKRPODFWE IOLG T PHPAGLEKRRKSYVIVLDVGDAYFEVPLYEDERE
YA TIPSV NNETPCIRYOYNVLPOGWKGSPAIFQCEMTRILEPFRAQNPEIVIYOYMDD
LYVGSDLﬁIGQHR&KVEELREHLLKWGLTTPDHHHQHEPPFLWMGYELHPDKWTVQPIQL
PEKESWIVNDIOKIVEGKLNWASOIYPCIRVRQLCRLLRGARKALTDIVPLTARALLELAEN
REILEE PVHGVYYDPSKELIARIQRQGRDOWTYOIYORPFENLKTGRYARMREAHINDVE
CLTRAVOKIALESIVIWCGKAPKIFRLPIQKETWEIWWTDYWQATWIPEWER I NTPPLVKLW
YQLEEEPIRGVETFYVDGRRNRDTKIGKAGEVTDRGRQRIVSLSETTHQHTELQAIQLHL
QﬂﬂGLEVHIVTDﬁQYRLGIIQAQPDNSESELVNQIIEELIKKERVYLSWvPEHKGIGGNE
OVDKLVEKGLRKVLFLDGIDRADEERERY HYNNRAMASDINLZPVVARR IVACCDRCOLE
GRAIHGOVDCSFGIWQLDCTHLEGRVIIVAVAVASGY LEAEVIPAETCQETAYF LLELAG
EWPVEVIHTDNGENETSAAVEAACWWAGINDEFGIPYNPQSQGVVESMNEELERI TGOVR
EQHEHLHTAVQMRVFIHNFKRKGGIGGYEEGERIVDIIﬂTDIQTKELQNQEEEIQﬂFEVE
YROSRDPIWKGPAKLLWKGEGAVVIOENSDIKVVEPRRKAKI IKRDYGKOMAGDDCVAGROD
EDOQ

»POL~C.8yng.o .
FERRENLAFOOGEAREFPSEQTRANS PT~RANSPTSRTHNSPTSRELQV~~RGDMNPHSEAGA
Eﬁw———QGﬁnmeNFFQITLWQRPLVTIKIGGQLKERLLDTGQDDTVLEDINLPGHWHPR
MIGGIGGFTKVROYEQIPIEICGKKAIGTVLIGPTEPVNIIGRNLLTQLGU TLNYPLSETE
T1EVELEKPGMDGPEKVKOWPLTEEKIKALTATI CEEMERKEGKITRIGPDIPYNTEPVEFA T KKK
DS TEWRELVOFPRELNKRTODFWEVOLGIPHPAGLEKKKKSVTVLDVGDAYFSVEPLDEKDERK
YTANT LIPS TNNETPGIRYOYNVLPOGWKGSPAIFOSSMIKILEPFRAKNPRELVIYQYMDD
VG ESDLEIMONRAKIEELRANLLKWGFTTPDKKHQKE PPFLWMGY ELHPDEWTVQ = 1V L,
PEHDSWTVNDIQKLUGKLNWASQIYPGIKVKQLCHLLRGTKRLTDIVPLTEEHELELREN
'REELKETVHGAYEDPSEDLEEEIQKQGYDQWTYQIYQEPFKNLKTGKYAKKRTRHTN%UR
QLTLAUQ&LR*ESIVIWGHTEKFRLPIQKETWETWWRDYWQATWIPQW'“JNTPPLVKLW
YQLEKj?IRGAE”FYVDGAENRETKKGKAGYVTDHGRQKVVTLTETTNQKRELQAIQLAL
- QDSGPE VNI?TDSQYALRIIQQQPDHSESGLVEQIIEQLIKKEKVYLSWVPHHKGI“GWL
OIDKLVSSGIRRVLFLDGIDKAQEDHERY HENWRAMAGEEFNLPPVVAREIVASCDRCQLK
GEAIHEQVDCSPGIWQLDCTHLEGKIILV&UHVRSGYEEAEVIPRETGQDTAYTILKLAG
SWPVRVIHTDNGTNETSAAVEEACHWASIOOEFGIPYNFQSOGVVEAMNKELKKIIGUIR
DOARHLETAVLMAVFI HNFKREKGGIGEYSAGERI IDITASDICTKELQROIYKIQNERVY
YRDSRDPVWKGPAKLLWKGEGAVVIODNSNDIKVI PRREAKIIRDYGKOMAGADUVAGGRD
EL—~

>POL-M.synl.1 o

FPRENLAFPOGEAREFPSEQTRANSPTSRANSPT SR —mww = FLOV-—RGDNPRSEAGA
FR———=03T -~ ~LNFR20 I TLHORPLVT IKIGGQLKEALLDTGADDTVLED INLPGKWKPK
MIGGICGFTRVROYDOILIEICGKEAIGTVLVGPTPVNI IGRNMLTOIGCTILNTPISPIE
TVPVKLKPOMDGERVEOWPLTEEK IKALTEICTEMEKEGK I SKIGPENPYNT PVFATKEK
DYTKWRRLYDFRELNKRTODFWEVOLGI PEPAGLEKKKKSVTIVLDVEDAYFSVPLDESFRK
YTAFTIPS INNETPGIRYOYNVLPOGWKGSPAIFQSSMIKILERFREQNPDIVIYQYMDD
LYVGSDLEIGORRAKIEELREBLLKWGF TTPDEKHOKEPPFLWMGYELHPDKWIVQPIQL
PEKDSWIVNDIOKLVGKLNWASQT YPGIKVRQLCKLLRGARKALTDIVPLTEEAELELAREN
REILKEPVHECVYYDPSKDLIARIQKQGODOWIY QI YOEPFRNLKTGKY AKMRTAHTNDVK
OLTEAVORIATES IVIWGKTPXKFRLPTOKETWE TWW T DYWQATWI PEREFVNTPPLVKLW
YOLEEEPIVGARTFYVDGAANRETKLGKAGYVIDRGROKVVSLTETTNGKTELGAIQLAL
ODSGSEVNIVTIDSQYALGIIQAOPDKSESELVNQI IEQLIKKEKVY LSWVEAHKGIGGNE
OVDKILVSSGIRKVLFLDGIDKAQEEHEK Y HSNWRAMASDFNLPPIVAKEIVASCUKCQLK
GERMEGOVDCSPGIWQLNCTHLEGKVILVAVEVASGY IRAEVIPAETGQETAYFILKLAG
RWPVKVIHTDNGENFTSAAVRABCWWAGIQQEFGI PYNPOSQGVVESMNKE LKKIIGQVR
DOAEALKTAVOMAVFTHNFKRKGGIGGYSAGERT IDIIATDIQIRELOQRKQITKIQNFRVY
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YRDSRDEIWKGPAKLIWKGEGAVVIQDNSDIKVVEREKAKI IRDYGEQMAGLDUVAGRQD
5DG

~POL~M.s5vn3. 1

FFRENLAFPOGEAREFPSEQTRANSPTSRANS RISR~m—— - ELOV~~REDNPREEAGA
ER -~ OO == LN PO ITLWQRPLYSTKVGGQIKEALLDTGADDTIVLEEINLPGRKWKPK
MIGGIGGFIKVROYDQIPIEICGKRAIGTVLYGPTPINTIIGRNMLTQLGCTLNFPISPIK
TVEVELKPOMDEEPKVEOWPLTEEKIRAL TAICERENEKEGRITKIGPENPYNTPVIATKKK
DETXWRELVDFRELNERTODFWEVQLGI PHPSGLKKRKSVSVLDVGDAYFSVEPLDESFRK
VAT TIPS INNETEPGIRYCYNVLEQGWKGSPAIFQCSMTIKILEPFRAQNPETVIYQYNMDD
1LY IGSDLE IGOURAKIEELREHLLRNGFTT PDKEHOKE P PFLUWMGCELHPDERNTVOPR 101,
PEKDSWTVNDIOKIVEKLNWASOIYPEIKVROLCKLLRGAKALTDIVPLTELAELELAEN
RETTLREPVECYYYDPSKDLVARIOKQGODOWTYQIYQEPFKNLRKTGKYAKMRTAATNDVK
OLTEAVOKIALESIVIWGKIPKFRLPIGKETWEARWMEYWOATWIPEWEFINTPPLVKLW
YOLEKEPTAGAETFYVDGAANRETKIGKAGYVTDRGROK (VS LTET TNOKAELQATQLAL
ODSGPEVNIVTDSQYALGI IQARPDKSESELVNQIZRQLIKKERVYLISWVPAHKGL SENE
OVDKLVSNGIRKILFLDGIDKAQREARKY HSNWRAMASEFNLPPIVAKEIVASCNRKCQLK
CEALACGOVDCS POMWQLDCTHLEGKV ILVAVAVASGYMEARVIPAETGQETAY Y TLKLAG
RWEVRVVHTDNGSNFTSTAVKALCWWAGIQOEFGIPYNPQSOGVIESMNKELEKKITIGOIR
DOAEHLKTAVOMAVE I ANFKRKGGIGRYSAGERIIDIIATDIQTRELQKQI IKTQNFRVY
YRODSRDP TWKGPARLLWKGEGAVVLODNS DIKVVPRREVE I TKDYGROMAGADCVAGRGD
ENQ

>POL-M.syn3. 2

FIFRENLAFOCGEARKFSSEQTGANSP TSR = == e e o ELAV-RRGDNPLSEAGA
FR e ~RETVPSLSFPOITLWORPLVTVK IGGQLIEALLDTGADDIVLEDINLPGKWKER
MIGGIGGFIKVEOYDOILTEICGKKAIGTVIVGPTPVNI IGRNMLTQIGCTLNEPISPID
TYPVTLE PGMDG PR IKOWPLTEEK IKALTREICTEMEREGKISRIGPENPYNTP IFATKERR
DSTKHWRKLVOFRELNKKTODFWEVQLGIPHPAGLKKKRSVIVLDVGDAYFSVPLDRDERE
YTAFTIPSTNNETPGIRYQYNVLEPQGWKGSPSIFQSSMTRILEFFRAKNPEIVIYQYMODD
LYVGSDLEIEOHRTEKIEELROELLRWGLT T PDEKHQKEP PELWMGYELHPDRWTIVQPIEL
PERESWIVNDIOKLVGKLNWASQIYAGIKVKQLCKLLRGTKALTEVVPLTEERELE LEEN
NETLEDPVHGAYYDPSKDLIARTOXCGHDOWT Y QLY OEQYKNLKTGKYARKRSARTNDY

OLTEAVOKIATES IVIWGKTPKFRLPIQRETWETWR TDYWQATWIPEWEYVNTPPLVILW
vOLEKDPIAGVETFYVDGASNRETKKGKAGYVTDKGROKVVSLTET TNOKTELHATHLAL
ODSGSEVNIVIDSQYALGIIQAQPDRSESELVNQIIEELIKKERVY LSWVPARKGIGGRE
QUDKLVSSGIRKVLFLDRIDKAQEEHERY HSNWRTMASDFNLPPIVAKEIVANCORCQLER
CEAMHGOVDCSPGIWQ IDCTHLECKVI IVAVHAVASGY IEAEVIPARTGCETAY FLLKLAG
RWPYVRY THTONGSNETSAAVEAACHWANVTCEFGIPYNPQSQGVVESMNEELKKI IGLVR
EOARHLKTAVOMAVLI HNFRKRKGGIGGYSAGERIIDITASDIQTRELOKQIIRVONFRVY
YEISRNDPYVHWKGPAKLLWEGEGAVVIQDNSDIRKVVPREKVREI IRDYGROMAGDDCVAGROD
EDC

>POL—M. 5yn3. 3

FFREDLAFPOGKAREFSSEQTRANS PTRR~ ~—mm i — e = ELOVWGRDNNSLSEAGA
DR—~—-—0GTVS-FSFPOITLWORPLVT IKIGGQLKEALLDTGADDTVLEEMNLPGRWEPK
MIGGIGEFIXVROYDQILIEICGHKAIGTVLIGPTPVNIIGRNLLTQIGCTLNEPISFLE
TVEVK LK PGMDGPRVKOWPLTEEKIKALVEICTEMEKEGK I SKIGPENPYNTRVFAIKKR
NATRWRKLYDFRELNKRTODFWE IQLGT PHPAGLKREKKSVTVLDVGDAYFSVPLDEGEFRK
YA PTT ROUNNETEGVRYOYNVLPOGWEGSPAIFQS SMTKILEPFRKQNPDIVIYQYMDD
L YVESDLEIGOHRTK I EF LREHLLKWGF T TPDRKHQNEPPFLWMGYELHP DKWIVQPIVL
DEKDSWTVNLLOKLVGKLNWASQI Y PGIKVKQLCRLLRGAKALTEVIPLTKEAELE LAEN
REILKEPVHCVYYDPSKELIAE IOKOGOGOWTYQIYQEPYENLKTGKYARMRGARTNDVE
OLTEVVORIAMESIVINGKT PKFKLP LQKETWE TWHTEYWOATWI POWEFVNTPPL.VKLY
yOLEKEPIVGAETFYVDGAANRETKLCKAGY VT DRGRORVVELTDTTNQK TELQATHLAL
ODSGLEVN IVTDSOYATGIIQAQPDKSESELVSQIIRQLIKXEKYVY LANVPARKGIGGNE
OVDKLVSAGIRKVLFLDGIDKAQEDHEKY ENNWRAMAS DFNLPPVVARKE IVASCDRCQLK
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GEATHGQVDCSPGINQLDCTHLEGK [ LLVAVHVASGYLEAEVI PARTGOETAY T LKLAS
RWPVKTIHTDNGSNFTSTT?KRACWW&GIKQEFGIPYNPQEQGVVESINHELKKIIGQVR

DQREHLKTEULMRVFEHNFKRRGGIGGYERGERIVDIERTDIQTKELQEQITKIQNFHVY

YRDSRDPLWKGPAKLLWKGECAVVIQDNSE IKVVPRRKAKI IRDY GROMAGDDCVASRLD
-

>POL-M.syn4. 1

FERENLAFOOGEARKFSSEQTRANSPTRG— ~—=~ === == =~ELOVWGRDNNP LIEAGA
TR e —e—RETVPSLSFPOTITLHNORPLVTVR IGGQLIEALLDTGADDTVLERINLPGRWE LR
MTGEIEOFTRVEOYDOILIEICGKKAIGTVLVGPTPVNI IGRNMLTQIGCTINFRPISP LY
TVEVTLKPCMDGPRIKOWPLTEEK IKALTE ICKEMEEEGK I SKIGPENPYNTE LFALRIR
NETRWRKT,VDFRELNKETODFWEVOLGI PHEAGLKRKKSVIVLDVEDAY F S VP LDESERK
vTATTTPS TNNET PEVRYOYNVLPQGWKGS PAIFQCSMTK I LEPFRIKNPEMV IYQYMDD
,YVGSDLEIGOHRIKIEELRAHLLSWGEFTT PDKKHQKDPPFLAMGY ELEPDRWTVQP L kL
PEKDSWTVNDIQELVEKLNW&EQIYSGIKVRQLCRLLRGRKELTDIVPLTEEHELEdﬁﬁﬁ
RETLEEPVHGAY Y DPSKDLVAE IOKQGODQWTYQIYQEPFRNLATGKYARKRSAH'TNDVR
QLTEVVQHIATESIVEWGKTPKFRLPIQRETWETWWTEEWQREWIPEWEFVNTP?LVKLW
IQLEKDEIAGvETF$VDGAAsRETKLGKAGYvTDRGRQRvVSLTETTNQKTELHRIHLRL
QﬁBGSEVNIVTDSQYVLGIEQRQPERSEEELVNQEEEELIHHEKVHLEWVPAHHGIGGNE
QVDELVSSGIRKVLFLNGIDHAQEEHERYHSNWRTMRSDFNLPPIVRKEEVANCDKCQLK
AEAMAGOVDCSPGYVAQLDCTHLEGKVIIVAVHVASGY IEAEVIPARTCORRAAYFILELAG
RWPVKVVETDNGSNFTSAAVKAACHWANVROEFGIPYNPQSQCGVVESMNNELER L IGULIR
DQAEHLKTAVLMAVFIHNFHRKGGIGEYSAGERIIDIIATDIQTHELQKQITKlQNFHVf
PROSROP IWKGEAKLLWKGEGAVVIQONSEIXKVVPRRKVEL TRDYGROMAGDREVAGRLD

EN—

>POL-M.synéd .2 .
EFRENLRF?QGEEREFPSEQARHNE?TERA&SPTSR ******* DLWDGGERDNLEP-SEAGA
ER~~—-QGTH~WLNFPQITLWQRPLVTVRIGGQLREALLDTGADBTvLEDEDLEGKWHPK

IIGGIGGFiKVRQEEQEPIEICGHKAIGTVLVGPTPINIIGRNMLTQLGCTLHFPISPIK
TVPVKLKPGMEGPRVKQWPLTEEEIKALTﬁICEEMEKEGKITKIGPENPYNTPVFAIKKK
DSTRWRKLVDFRELNRRTQDFWEVQLGIPHPAGLHHKRSVTVLDVGDAYFSUPLDEGFRH
YTRFTEPSVNHETPGIRYQYNVLPQGWKGEPSIFQSSMTRILEPFRAKNPEIVIYQEEDD
LYVRSDLEIGQHEAKIEELREHLLRWGFTTPDEHHQKEFPFLWMGCELHPDKWTVQPIQL
PEKDSWTINDIQKL?GKLNWHSQIYPGIKVRQLCKLLRGTKELTDIVTLTEEAELELBEH
REILKDEVHGVYYDPSKELIAEIQKQGDDQWTEQIYQEQYKNKKTGKYAKRRT&HTNDVR
QLTEAVQKIRLESIHIWGHIPKFRLPIQKETWE&WWMEEWQRTWIPEWEYVNTPPLUHLW
YQLEKEPIIGAETFYVDGARNRETHLGKHGYVTNRGRQKVVSLTDTTNQKTELQRIQLAL
QDSGSEWNWVTDSQYALGEIQHHFDESESELVNQIIEQLIEKERVKLSWVPHHKGIGGNE
QVDKLVSRGIRKVZFLDGIDKAQEDHERYHSNWRAMHSDFNLPPVVAKEIVRSCNHCQLK
GERIHGQVECSPGIWQLDETHLEGHIIIVEVHVHSEYMEAEUIPAETGQETR&FILKLRG
RWPUHIIHTDNGSNFTSRTVKAACWWANVTQEFGIEYNPQSQGVVESINKELKKIEGQVR
DQHEHLETRVQMRNEIHNFKRRGGIGGESEEEEIVDIIRTDIQTKELQKQITKEQEERWE
YRDSRDPLWKG?RKLLWEGEGAVUIQDHSDIHVEPERHRKIIKEYGKQMRGBDCVEGHQD
BEDO |

»>POL~M,syné.3

FFRENLAFPOGEAREFPSEQTRANSPTSRANSPTSR-~———~ ~BLOV——RGDNPRSEAGA
ERF*#*QGTH—*FNFFQITLWQRPLVSIKVGGQIKEHLLDTGADDTVLEEINLPGKWKPR
MIGGIGGFIEFRQEDQILIEICGKRAIGTVLVGPTPﬂNEIGHNLLTQLGGTLNFPISPIE
TVPVKLKPGMDGPHIKQWPLTEEHIEALTEICTEMEKEGKESKIGPENPYNTPIFRIKKK
DSTKWRKLVDFKELNKRTQDFWEVQLGIPHESGLKHHKSUTWLDUGDAYFSUPLDEEFRK
YTRFTIESTNNETPGIRYQTHVLPQGWHGSPAIFQESMTKIEEPFRQQNPEEVIYQYMDD
LYVGSDLEIEQHR&KVEELREHLLKWGFTTPDHKHQNEPPFLNMGEELHPDKWTVQPIKL
PEHESWTVHEIQEL?GKLNWASQIYPGIKVKQLCRLLRGTKHDTEVI?LTKEAELELAEN
REILREPVHGUYEDPTKDLEAEIQKQGHDQWTYQIYQE?HKNLKTGKYAKMHTAHTNDVK
QLAERVQKIAMESIVIWGKIPKFKLPIQKETWETWWTQYWQHTWIPDWEFVNTPPLVKLW
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YQLEKEPIAGRETFYVDGARNRETKIGHAGEVTDRGRQKIVSLTETTHQKRELQRIQLEL
QDEGPEvHEVTDBQYRLGEIQRQPDKSESEIVNQIIEKLIEKDKVYLSWV?RHKGIGGNE
QIDKLVSNGIRKVLFLDGIEKAQEEHEHYHSNWRRMRSEFNLP?IVRKEIVASCDKCQLH
GEATHGQVDGSPGMWQLDCTHLEGHIILvAVHwASGiIEAEVIPTETGQETAYYILKLAG
R LRV THTDNGSNETS TAVEAACWWAGIQQEFGIPYNFQGOGVVESMNKELKRI IGUVR
EQAEHLETAVQMHVLIHNFKRKGGIGG?SAEERIIDIIRSDIQTHELQKQIIHVQHFRTY
vRIYSRDE IWKGPAKL LWKGEGAVVLODNS DIKVVPRREKVE I TKDYGRQMAGADCVASRAD
T

>POL~-M.synéd.4

FFREDLAFPQGKAREFSSEQTRANSPTRR—=mw === == ===~ ELOVWERDNNSLSEAGA
DR"*-—QGT?S“FSFPQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMNLPGRWKPK
MIGGIGGFIKVRQYDQIPIEIEGHKRIGTVLIGPTPVNEIGRNLLTQIGCTLNFPISPIE
TzPvKLHPGMDGPHVKQWPLTEEHIKRLVEIGTEMEKEEK:SHIGPENPYNTPVFAIKKK
EGTHWRKLVDFRELNKRTQDFWEIDLGIPHP&GLKHKKSVSVLDVGDﬁYFSVPLDKDFRK
YTAFTIPSINNETPGIRYCYHVLEQGWKGSPAIFQSSMTKILEPFRKQNPDIUIYQYMDE
LYEGSDLEIGQHRTKEEELRQHLLRWGLTTPDKKHQMEEPFLWMGYELHPEKWTVQEIVL
PEKDSWTVNDLQKLVGKEHWESQIYRGIKﬂKQLCHLLRGRKRLTEV?PLTEEEELELEEN
REILKE?VEGVYYDPSKDLIAEEQKQGQGQWTYQIYQEEEHNLKTGEY&RMRGRHTNDVK
QLTEAVQKIAQEGIVEW@KTPKFHLPIQKETWETWWMDYWQRTWIPEWEFINTPPLVKLW
YQLEKEEIV@&ETEYVDGASNRETKKGKHGEVTDKGRQvaTLTETTNQETELQAIHL&L
QDSELEWNIVTDSQYAIGIIQAQPJKSESELVSQIIEQLIHKEEvYLAWVPﬁHKGIGGNE
QVDHLVBNGIREILFLDGIDKAQEEHEKYHNNWRHMRSDFNIPPVVAEEIVACCDKCQLK
GEH&HGQVD£SPRIWQLDCTHLEEKVlLVRUHVASGYLEREVIPRETGQETAYFLLKLAG
RWPVKTEHTDNGSﬂFTSTTVKAAEWWAGEKQEFGIPYNPQSQGVIESMNEELHKIIEQVR
DQREHLKTRVQMAVFVHNFKRKGGIGDESAGERIEDIISTDEQTRELQKQIIHIQﬂFRUY
YRDSRDPVWHGPRKLLWHGEGAVVIQDNHEIKVVPRRKAKiiﬁmYGRQMAGDDGVASRQD

ED—

>POL-M.syn6, 1

FFREDL&FFQGERRHFPSEQTRRNSPTRG ******* e v e SLOVWERDNNSLSEAGD
DR———*QGTVS“FNLPQITLWQHPLVTVRIGGQLIEALLDTGADDTULEDMNLPGKWEPK

MIGGIGGFIKURQYEQIPIEICGHKRIGTVLIGPTEVHIIGRNLLTQﬁGCTLNFPISPiD
TVPVTLKPGMDGFKEHQWPLTEEKIKRLTEECTEMEKEGKISRIGPENPYNTPVFﬁIKKK
NSTRWRKLVDFRELNKHTQEFCEVQLGIPHPAGLEHKRSVTVLDVGDAYFSUPLDENFRK
YTRFTIPSINNETPGVRYQYNVLPQGWHGSPHIFQASMTKILEEFRTKNPELVIYQYMDD
LYVGSDLEIEQHRTKIEELEﬂHLLSWGFTTPDKKHQKEPPFLWMGYELHPBKWTVQPIEL
PEKDSWTWHDIQKIVGHLNWRSQIYPGIKVRQLCRLLRGTKALTDIVFLTAEAELELAEN
REILREPVHGVYYDPSEELIREIQKQGHDQWTYQIYQDPFKNLKTGKYAEKRSRHTNDVR
QLTEAHQKITTESIVIWGKTFKFRLPIQRETWEAWWMEYWQATWIPEWEFINTPPLVKLW
YQLEKDEIUGEETFYVDGRASRETKLGKRGEVTNKGRQKVVSLNETTNQKTELHRIHLAL
QQSGSEAHIVTDSQYALGIEQAQPDRSESEvaQIIEELIKKEKVELSWVPRHKGIGGNE
QVDKLVSSGIRKVLFLDGIDKAQEDHERYHSNWRTMQSDENLPPIVAREIVRSCDHCQQH
GEAMHGQVDCGPGIWQLDCTHLERKUILVRVHVASGYIﬁnﬁVIPAETGQETRKFULHLAG
RWPVKVIHTDHGENFTEAAVKRRCWWANVTQEFGIPENPQSQGVVESMﬁNELKHIIGQHR
EQAEHLKTAVLMAVFIHNFKRKRGIGGYSAGERIVDIIRSDIQTHELQHQITKIQNFRVE
FRDSRDEIWEGPHHLLWHGEGAHVIQDNNDIKUVPREKVEIIRDYGKQMAGDDCVRGRQD
Df\ A

>POL-M.synbé.2

CPRFDLAFOOGERRKISSEQTRANIG TR —~——-——=mm=™ 7™ ELRVAG-GDNTLISETGA
ER“m~*QGT*~~LNFPQITLWQRPLVTEKVGGQIKERLLDTGRDDTVLEﬁIHLPGKWKPR
MIGGIGGFIKVRQEDQIPIEICGEEAIGSVLVGFTPVNIEGRNMLTQLGCTENFPIEPIK
TVPVRLKEGMDGPHVKQWPLSEERIKALTAIEDEMﬁKEGKITKIGPDNPYHTPVFRIKEK
DGTHWRKLVDFKELNKRTQDFWEIQLGIPHPAGLKKHKSVSVLDVGDAEFSVPLDESFRK
YTRFTIESLNNETPGIRYCYNVLPQGWKGSPAIFQSSMTHILEPFRRQNPEIVIYQYIDD
LYVESDLEIGQHRRKIEELREHLLHWGLTTPDﬁKHQHEPPFLWMGHELHPURWTVQ?IQL

[ -
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PLKDSWTVNDLOKLVGKLNWASO I YPOIRVKQOLCKLLEGAKALTDIVI LI FEAELELAEN
RE L LENPVHGYVYYDPAKDL IARIOKOGH DOWIY QL YORPHKNLETGEKYAKMRTAHTNDVK
OLTEVVOKLAMES TV IWGKEVPKFRLPIOKETWETWW TDYWOATWI PDWRFVNTPPLVEKLW
YOLEKERIAGARETFYVDGAANRETKMGKAGYVTDRGROXVVSLTETTNQKTRLOATQLAL
ODSGPEVNIVIDSOYATIGI IQAQPLDKSESEIVNQIIEQLIKKERVY LSWVPAHKGIGENE
OVDKLVSTSIRRVLFLDGI DKAQREHERYHSNWRAMASEFNLEPPIVARKETIVASCDOCQLK
CRAMAGOVDCSPOGVHOLDC THLEGR T ILVAVEVASGYMEARV I PARTGQETAYFILKLAA
RWPVKYIHTDNCGPNFT SATVKAACHRAN I TOEFGIPYNEQGROVVESMNKELKKI IKOVR
DOARHLETAVOMAVLI ENFKRKGGIGGYSAGERIIDIIASDIQTKELQKQIIKIQNEFQVY
YRDﬁRDPIW{GPHKLLWKGEGAvJLQﬁNSDIKVVPRRKVKIIEDYGKQMAGADCVRGGQD
ED-

>POL-M.synb. 3

FFRENLAFPOGKAREFPSEQTRATISPTSR -~ — e — e ELOVWGGDNNSLSSAGA
FR-—--0GTVS-FSFPQITLWORPIVTIKIGGOLREALLDTGADDIVLEEMNLPGRWKPK
MIGGIGEFIKVROYDNILIE ICGHKAVGSTVLVGPTPANI IGRNLLTQLGCTLNFPISPIE
T PYELE PGI DG PEVKOWP LTEEKIKALVEIC TEMEKEGKI SKIGPENPYNTPIFAIKKK
DSTRWRKLVDFRELNRRTODIWEVOLGT PHPAGLKRKKSVITVLDVGDAYFSVPLDKEFRK
YTARTT LS INNET PG IRYOYNVLPOCGWKGSPSIFQSSMTKILEPFRIKNPEMVIYQYMDD
LYIGSDLEIGOHRIKIEELREELLKWGFTTPDKKHOKEP PFLWMGCELHP DKWTVOP T ML
PERDSHIVND IOKLVGKLNWASQI Y AGTKVRCLCKLLRGTKALTEVVPLTEEAELELAEN
REILKEDPVHGAYYDESKDL IARVOKQGONOWTYQIYQEPFRNLKTGRYAKKREAHTNDVE
OLTEAVOKTIALESIVIWGKAPRKFRLPIQKETWEAWWIEYWQATWVPEWEFVNTPPLVKLW
YOLETEPIAGARTYYVDGAANRETKLGKAGYVINRGROKVVSLTDTINQKTELOATHLAL
ODSGLEVNIVTDSQYALGE THAQPDKSESELVNQITEQLINKERL Y LSWVPAHKGIGENE
OVDKLVSKGIRKVLFLDGIEKAQEEREK Y HSNWRKAMASEFNL.PPVVAKEIVRACCDECQLK
GEALHGOVDCSPEMWOLDC THLEGK I I IVAVHVASGY IEAEVIPTETGQETAYFLLEKLAG
RWPVETIHTDNGERF TS TTVKAACWWAGIKQEIGIPYNPQSCGVVESTNRELKRITIGQTIR
DOAFHLKTAVLMAVE IHNFKREKGGIGGY TAGERIVDITATDIQTKELOKQITKVONERVY
VRS REPLNEGPAKLLWEKGEGEVVIQDNNEIRVVPRRKARK T LRDYGKQMAGADCVASRQD
BN~

>POL~M.synb. 4

FPRENLAFOOGEAREFSSEQTRTINSPTER === mm me s s e s e — TLWDGGRDNLP~SEAGA
FR—-—«-RGTVPSLSFPOITLHORPLVTVRIGGOLKEALLDTGADDTVLEEINLPGKWKPK
LIGGIGGFIRVROYDOILIBICGKKAIGTVLVGEPTPINI IGRNMLTQIGCTLNEPISPIE
T PUVK LK PCMDGPRVECGWPLTEER LKALIBICTEMERKEGKISRVGPENRPYNTPIFATKEK
NSNRWRKLVDFRELNKRTODFWEVQOLGTI PHPGGLKKKKSVTILDVGDAYFSVPLDEDFRK
YTARTTIPS INNATPGIRYQYNVLPOGHKGSPAIFQCSMTKILEPFREQNPEIITYQYMDD
LYVRSDLEIGOHRTKIEELRQHLLKWGEY T PDRKHQKEPPFLWMEYELHPDEWTVOPIKL
PREKESWIVNDIOKLVERKLNWASQIYPGIXVEQLCRLLRGAKALTEVIPLTEEAELELEEN
RETLKDPYHGVYYDRTRDLIAEIOKQGDDOWTYOI YOEPYKNLRKTGKYAKRRTAHTNDVE
QL TEVVORVATES TV INGKI PRFKLPIOKETWEIWW T DYWOATWI PEWEEVNT PHLVKLW
vOLEKEPTIGAETFYVDGASNRETKKGRAGYVTDRGROKIVSLTETTNQRARLOALIQLAL
ODSGSEVNIVTDSQYALGITQAHPDKSESELVSQL IEQLIKKERVYLAWVPARKGIGGNE
OIDKLVSNGIRKILFLDGIDKAQERHEKYHNNWRAMASDFNLPPVVAKEIVASCNEKCOLEK
GRATHGOVDCSPRIWOLDCTHLEGKVIMVAVHVASGYVEAEVIPAETGODTAYFILRLAG
RWPVKVVHTDNGSNFTSAAFKAACWWANVQOEFGTI PYNPQSQGVVEAMNKELKKITEQVR
DOAEHLKTAVOMAVEVENFKRKGGIGDYSAGERIIDIIATDIQTRELOQKQIIRIQNFRVY
YREONRDPIWKGPAKLLWKGEGAVVIQDNSDIXVIPRRKAKI LRDYGKQMAGDDCMAGROD
RO

>POL-M.syno.5 |
FFREDLRWLQGKRREFSSEQTRRNSETRR mmmmmmmmmmmmmm ELOVWGRDSNSLSEAGA
DR~ ——=0GTVS-FNFEOI TLRORPLVTIKIGGQLKEALLDTGADDTVLEDIDLPGEKWK PR
IIGGIGEFIEVKOYDQILIEICGKRATIGTVLVGPTRPVNIIGRNILEQIGCTLNEFPISPID
T PVELKPGMDG PRI KOWPLTEEKIKALTEICKEMEEEGK I SKIGPENPYNTPVFATKKR
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DSTRWRKVYDFRELNKGTODFWEVQLGIPHPAGLKQKKSVTVLDVEDAY FSVPLDKDFRK
YTAFTIPSVNNETPGIRYOYNVLPQGCWKGSPAIFQS SMTRILEPFRKQNPDIVIYQYMDD
LYVGEDLE IGORRTKVEELROHL LRWGFTTPDEKKHCKD PP FLWMGY ELEPDRKWIVQPIVL
PEKDSWTINDIQKLVGKLNWASQIYSGIKVRQLCKCLRGTKALTEVIPLTKEAELELAEN
KB LKE PVEGVYYDPSKDLYAE I CKOGOGOWTYQIYOEOYRKNLKTGKYARMRGAHTNDVK
OLAEAVOKIATESIVIWGKI PKFRLPIQRETHETHW TEYWQATWI PEWEYVNT PPLVKLW
YOLEKE PIVGAETFYVDGAANRDTK LGKAGYVTDRGROKVVPLTDT TNOKTELQATNLAL
ODSGSKVNIVTDSQYVLGT IQAQPDRSESEIVNQI TEKLIEKDKVY LSWVPAHKGIGGNE
OVDKLVSAGIRKVLFLDGIDKAQDEHEKYHSNWRAMAS DFNLPPVIAKEIVASCDRKCQLK
GEATHGOVDCS PEIWQLDCTHLEGKV I IVAVEVASGY IRAEVISAETGORETAYYILKLAG
RWPVKI THTDNGSNFTSTAVKAACHWAGIQQREFGIPYSPQSQGVVE SMNKQLKQIIGQVR
DOAEQLKTAVOMAVFIHNFXKRKGGIGREYSAGERLIDIISTDIQTRELOQKQITKIONFRVY
VROSRDPVHKG PAKLLWKGEGAVVIODNSEIXVVPRREAKI IRHYGKOMAGDDCVASRQD
EDO

>POL~M.s5yno .G

FFRENLAFPOQGCEAREFPSEQARANSPTSRANSPTESR— — = = FLOV--RGDNPRSEAGA
FROGTLOGT-—-LNCPOITLWORPLVS IKVGGOVKEALLDTGADDTVLEEMS LPGRWKPK
MVGGEIGGFIKVROYDOILVEICGHKAIGTVLVGPTPVNIIRRNMLTQLRCTLNFRPISPIE
TV PVTLEPOMRGPKVROWPLTEEK I KALTATCEEMEREGKITKIGPENPYNTPVFAIRKK
DS TKWRKLVDFRELNKKTODFWEVQLGI PHPSGLEKKKKSVIVLDVGDAYFSVPLDEGERK
VTARTTPSTNNET PG IRYOYNVLPOGWKGSPAIFQSSMIKILEPFRAKNPEIVIYQYMDD
LYVGSDLETCOHRAKVEELREHL LRWGF T T PDKKHONE PPFLWMGYELHPDKWTVQFPIQL
PEKDSWTVNDIORLVGKLNWASQIYAGIKVKOLCKLLRGAKALTDIVPLTEEAELELAEN
RETLETPVHGVYYDPSKDLIAR I OKOGODOWSYCIYQEPFRNLKTGKYARTRGAHTNDVR
OLTEAVOKIAQECIVIWGKTPRFKLPIQKDIWETWWMDYWQATWI PRWEFVNTPPLVKLW
YOLEKDPIAGVETFYVDGAANRE TK IGKAGYVTDKGRCRVVILTETTNQRKTELHAIYLAL
ODSGSEVNVVTDSQYALGI IQAQPDRSESELVNQI IEKLI GKDKVYLSWVPAHRKGIGENE
OVDKLVSNGTREVLFLDGIDKAQEDHEKY HSNWRAMANEFNLPPIVAKEIVANCDKCQLK
GEAMHGOVDCSPGIWQIDCTHLEGRVILVAVHVASGYLEAEVIPAETGQEAAYFILKLAG
BHPVKTVHTONGSNFTSNAVEAACWWANVRQEFGIPYNPQSQGVIESMNRELRKIIGQVR
DOAEHLRTAVOMAVEFIENFKRRGGIGGYSAGERMIDIIATDIQTTELOKQITKIQKFRVY
YROSRDPLWRGPAKLLWKGREGAVVIQENSDIKVVPRREAK I TKDYGKQVAGADCVAGROD
= DO -
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POLYVALENT VACCINE

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 11/990,222, filed Apr. 20, 2009, which 1s the
U.S. national phase International Application No. PCT/
US2006/032907, filed Aug. 23, 2006, which designated the

U.S. and claims prionty from U.S. Provisional Application
No. 60/710,154, filed Aug. 23, 2005, and U.S. Provisional

Application No. 60/739,413, filed Nov. 25, 2005, the entire
contents of which are incorporated herein by reference.

[0002] This invention was made with Government support

under Contract No. DE-AC52-06NA25396 awarded by the
U.S. Department of Energy. The Government has certain

rights in the invention.

[0003] The content of the ASCII text file submitted with
this application on Dec. 3, 2010 named Sequence_Listing.txt
created Dec. 3, 2010, which 1s 870 KB, 1s also incorporated
herein by reference.

[0004] The Sequence Listing filed Apr. 20, 2009 in U.S.
application Ser. No. 11/990,222 1s incorporated herein by
reference.

TECHNICAL FIELD

[0005] The present invention relates, in general, to an
Immunogenic composition (€.g., a vaccine) and, in particular,
to a polyvalent immunogenic composition, such as a polyva-
lent HIV vaccine, and to methods of using same. The mven-
tion further relates to methods that use a genetic algorithm to
create sets of polyvalent antigens suitable for use, for
example, 1n vaccination strategies.

BACKGROUND

.

[0006] Designing an eflective HIV vaccine 1s a many-fac-
cted challenge. The vaccine preferably elicits an 1mmune
response capable of etther preventing infection or, minimally,
controlling viral replication if infection occurs, despite the
failure of immune responses to natural infection to eliminate
the virus (Nabel, Vaccine 20:1945-1947 (2002)) or to protect
from superinfection (Altield et al, Nature 420:434-439
(2002)). Potent vaccines are needed, with optimized vectors,
immunization protocols, and adjuvants (Nabel, Vaccine
20:1945-1947 (2002)), combined with antigens that can
stimulate cross-reactive responses against the diverse spec-
trum of circulating viruses (Gaschen et al, Science 296:2354-
2360 (2002), Korber et al, Br. Med. Bull. 58:19-42 (2001)).
The problems that influenza vaccinologists have confronted
tor decades highlight the challenge posed by HIV-1: human
influenza strains undergoing antigenic drift diverge from one
another by around 1-2% per year, yet vaccine antigens often
tail to elicit cross-reactive B-cell responses from one year to
the next, requiring that contemporary strains be continuously
monitored and vaccines be updated every few years (Korber
et al, Br. Med. Bull. 38:19-42 (2001)). In contrast, co-circu-
lating individual HIV-1 strains can differ from one another by
20% or more 1n relatively conserved proteins, and up to 35%
in the Envelope protein (Gaschen et al, Science 296:2354-

2360 (2002), Korber et al, Br. Med. Bull. 58:19-42 (2001)).

[0007] Different degrees of viral diversity in regional
HIV-1 epidemics provide a potentially useful hierarchy for
vaccine design strategies. Some geographic regions recapitu-
late global diversity, with a majority of known HIV-1 sub-
types, or clades, co-circulating (e.g., the Democratic Repub-
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lic of the Congo (Mokili & Korber, J. Neurovirol 11(Suppl.
1):66-75 (2005)); others are dominated by two subtypes and
their recombinants (e.g., Uganda (Barugahare et al, J. Virol.
79:4132-4139 (2005)), and others by a single subtype (e.g.,
South Africa (Williamson et al, AIDS Res. Hum. Retroviruses
19:133-144 (2003)). Even areas with predominantly single-
subtype epidemics must address extensive within-clade
diversity (Williamson et al, AIDS Res. Hum. Retroviruses
19:133-44 (2003)) but, since international travel can be
expected to further blur geographic distinctions, all nations
would benefit from a global vaccine.

[0008] Presented herein 1s the design of polyvalent vaccine
antigen sets focusing on T lymphocyte responses, optimized
tfor either the common B and C subtypes, or all HIV-1 variants
in global circulation [the HIV-1 Main (M) group]. Cytotoxic
T-lymphocytes (CTL) directly kill infected, virus-producing
host cells, recognizing them wvia viral protein fragments
(epitopes) presented on infected cell surfaces by human leu-
kocyte antigen (HLA) molecules. Helper T-cell responses
control varied aspects of the immune response through the
release of cytokines. Both are likely to be crucial for an HIV-1
vaccine: CTL responses have been implicated 1n slowing
disease progression (Oxenius et al, J. Infect. Dis. 189:1199-
208 (2004)); vaccine-elicited cellular immune responses 1n
nonhuman primates help control pathogenic SIV or SHIV,
reducing the likelihood of disease atter challenge (Barouch et
al, Science 290:486-92 (2000)); and experimental depletion
of CD8+ T-cells results 1n 1increased viremia in SIV infected
rhesus macaques Schmitz et al, Science 283:857-60 (1999)).
Furthermore, CTL escape mutations are associated with dis-
case progression (Barouch et al, J. Virol. 77:7367-75 (2003)),
thus vaccine-stimulated memory responses that block poten-
tial escape routes may be valuable.

[0009] Thehighly variable Env protein 1s the primary target
for neutralizing antibodies against HIV; since immune pro-
tection will likely require both B-cell and T-cell responses
(Moore and Burton, Nat. Med. 10:769-71 (2004)), Env vac-
cine antigens will also need to be optimized separately to
clicit antibody responses. T-cell-directed vaccine compo-
nents, 1n contrast, can target the more conserved proteins, but
even the most conserved HIV-1 proteins are diverse enough
that variation 1s an i1ssue. Artificial central-sequence vaccine
approaches (e.g., consensus sequences, 1n which every amino
acid 1s found 1n a plurality of sequences, or maximum likeli-

hood reconstructions of ancestral sequences (Gaschen et al,
Science 296:2354-60 (2002), Gao et al, J. Virol. 79:1154-63

(2005), Doria-Rose et al, J. Virol. 79:11214-24 (2005),
Weaver et al, J. Virol., in press)) are promising; nevertheless,
even centralized strains provide limited coverage of HIV-1
variants, and consensus-based reagents fail to detect many
autologous T-cell responses (Altfeld et al, J. Virol. 77:7330-
40 (2003)).

[0010] Single amino acid changes can allow an epitope to
escape T-cell surveillance; since many T-cell epitopes differ
between HIV-1 strains at one or more positions, potential
responses to any single vaccine antigen are limited. Whether
a particular mutation results in escape depends upon the spe-
cific epitope/T-cell combination, although some changes
broadly affect between-subtype cross-reactivity (Norris et al,
AIDS Res. Hum. Retroviruses 20:315-25 (2004)). Including
multiple variants 1 a polyvalent vaccine could enable
responses to a broader range of circulating variants, and could
also prime the immune system against common escape

mutants (Jones et al, J. Exp. Med. 200:1243-56 (2004)).
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Escape from one T-cell receptor may create a variant that 1s
susceptible to another (Allen et al, J. Virol, 79:12952-60

(2003), Feeney et al, J. Immunol. 174:7524-30 (2005)), so
stimulating polyclonal responses to epitope variants may be
beneficial (Killian et al, Aids 19:887-96 (2005)). Escape
mutations that inhibit processing (Milicic et al, J. Immunol.

175:4618-26 (2005)) or HLA binding (Ammaranond et al,
AIDS Res. Hum. Retroviruses 21:395-7 (2003)) cannot be
directly countered by a T-cell with a different specificity, but
responses to overlapping epitopes may block even some of
these escape routes.

[0011] Thepresentinvention relates to a polyvalent vaccine
comprising several “mosaic” proteins (or genes encoding
these proteins). The candidate vaccine antigens can be cock-
tails ol k composite proteins (k being the number of sequence
variants in the cocktail), optimized to include the maximum
number of potential T-cell epitopes 1in an input set of viral
proteins. The mosaics are generated from natural sequences:
they resemble natural proteins and include the most common
forms of potential epitopes. Since CD8+ epitopes are con-
tiguous and typically nine amino-acids long, sets of mosaics
can be scored by “coverage” of nonamers (9-mers) 1n the
natural sequences (fragments of similar lengths are also well
represented). 9-Mers not found at least three times can be
excluded. This strategy provides the level of diversity cover-
age achieved by a massively polyvalent multiple-peptide vac-
cine but with important advantages: it allows vaccine delivery
as intact proteins or genes, excludes low-frequency or unnatu-
ral epitopes that are not relevant to circulating strains, and its
intact protein antigens are more likely to be processed as 1n a
natural infection.

SUMMARY OF THE INVENTION

[0012] Ingeneral, the present invention relates to an 1mmu-
nogenic composition. More specifically, the invention relates
to a polyvalent immunogenic composition (e.g., an HIV vac-
cine), and to methods of using same. The invention further
relates to methods that involve the use of a genetic algorithm
to design sets of polyvalent antigens suitable for use as vac-
CINes.

[0013] Objects and advantages of the present invention will
be clear from the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A-1F. The upper bound of potential epitope
coverage of the HIV-1 M group. The upper bound for popu-
lation coverage of 9-mers for increasing numbers of variants
1s shown, for k=1-8 variants. A sliding window of length nine
was applied across aligned sequences, moving down by one
position. Different colors denote results for different numbers
of sequences. At each window, the coverage given by the k
most common 9-mers 1s plotted for Gag (FIGS. 1A and 18),
Net (FIGS. 1C and 1D) and Env gp120 (FIGS. 1E and 1F).
Gaps inserted to maintain the alignment are treated as char-
acters. The diminishing returns of adding more variants are
evident, since, as K increases, increasingly rare forms are
added. In FIGS. 1A, 1C and 1E, the scores for each consecu-
tive 9-mer are plotted 1n their natural order to show how
diversity varies in different protein regions; both p24 1n the
center of Gag and the central region of Nef are particularly
highly conserved. In FIGS. 1B, 1D and 1F, the scores for each
9-mer are reordered by coverage (a strategy also used 1n FIG.
4), to provide a sense of the overall population coverage of a
given protein. Coverage of gp120, even with 8 variant 9-mers,
1s particularly poor (FIGS. 1E and 1F).
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[0015] FIGS. 2A-2C. Mosaic imtialization, scoring, and
optimization. FIG. 2A) A set of k populations 1s generated by
random 2-point recombination of natural sequences (1-6
populations of 50-500 sequences each have been tested). One
sequence from each population i1s chosen (initially at random)
for the mosaic cocktail, which is subsequently optimized. The
cocktail sequences are scored by computing coverage (de-
fined as the mean {fraction of natural-sequence 9-mers
included in the cocktail, averaged over all natural sequences
in the mput data set). Any new sequence that covers more
epitopes will increase the score of the whole cocktail. FIG.
2B) The fitness score of any individual sequence 1s the cov-
erage of a cocktail containing that sequence plus the current
representatives from other populations. FIG. 2C) Optimiza-
tion: 1) two “parents” are chosen: the higher-scoring of a
randomly chosen pair of recombined sequences, and either
(with 50% probability) the higher-scoring sequence of a sec-
ond random pair, or a randomly chosen natural sequence. 2)
Two-point recombination between the two parents 1s used to
generate a “child” sequence. If the child contains unnatural or
rare 9-mers, 1t 1s immediately rejected, otherwise 1t 1s scored
(Gaschenetal, Science 296:2354-2360 (2002)). If the score 1s
higher than that of any of four randomly-selected population
members, the child 1s inserted 1n the population in place of the
weakest of the four, thus evolving an improved population; 4)
i 1ts score 1s a new high score, the new child replaces the
current cocktail member from 1ts population. Ten cycles of
child generation are repeated for each population in turn, and
the process 1terates until improvement stalls.

[0016] FIG. 3. Mosaic strain coverage for all HIV proteins.
The level of 9-mer coverage achieved by sets of four mosaic
proteins for each HIV protein 1s shown, with mosaics opti-
mized using either the M group or the C subtype. The fraction
of C subtype sequence 9-mers covered by mosaics optimized
on the C subtype (within-clade optimization) 1s shown 1n
gray. Coverage of 9-mers found 1n non-C subtype M-group
sequences by subtype-C-optimized mosaics (between-clade
coverage) 1s shown in white. Coverage of subtype C
sequences by M-group optimized mosaics 1s shown 1n black.
B clade comparisons gave comparable results (data not
shown).

[0017] FIGS. 4A-4F. Coverage of M group sequences by
different vaccine candidates, nine-mer by nine-mer. Each plot
presents site-by-site coverage (1.e., for each mine-mer) of an
M-group natural-sequence alignment by a single tri-valent
vaccine candidate. Bars along the x-axis represent the pro-
portion of sequences matched by the vaccine candidate for a
given alignment position: 9/9 matches (in red), 819 (yellow),
719 (blue). Aligned 9-mers are sorted along the x-axis by
exact-match coverage value. 656 positions 1include both the
complete Gag and the central region of Nef. For each align-
ment position, the maximum possible matching value (i.e. the
proportion of aligned sequences without gaps 1n that nine-
mer) 1s shown in gray. FIG. 4A) Non-optimal natural
sequences selected from among strains being used 1n vaccine
studies (Kong et al, J. Virol. 77:12764-72 (2003)) including
an mdividual clade A, B, and C viral sequences (Gag: Gen-
Bank accession numbers AF004885, K03455, and U52953;
Net core: AF0696770, K02083, and U52933). FIG. 4B) Opti-
mum set ol natural sequences [1solates US2 (subtype B,
USA), 70177 (subtype C, India), and 99TH.R2399 (subtype
CRF15_01B, Thailand); accession numbers AY 173933,
AF533131, and_AF530576] selected by choosing the single

sequence with maximum coverage, followed by the sequence
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that had the best coverage when combined with the first (1.¢.
the best complement), and so on, selected for M group cov-
crage FIG. 4C) Consensus sequence cocktail (M group, B-

and C-subtypes). FIG. 4D) 3 mosaic sequences, FI1G. 4E) 4

mosaic sequences, FIG. 4F) 6 mosaic sequences. FIGS.
4D-4F were all optimized for M group coverage.

[0018] FIGS. SA and 5B. Overall coverage of vaccine can-
didates: coverage of 9-mers 1 C clade sequences using dii-
ferent input data sets for mosaic optimization, allowing dii-
ferent numbers of antigens, and comparing to different
candidate vaccines. Exact (blue), 8/9 (one-off; red), and 7/9
(two-oil; yellow) coverage was computed for mono- and
polyvalent vaccine candidates for Gag (FIG. SA) and Nef
(core) (FIG. 5B) for four test situations: within-clade
(C-clade-optimized candidates scored for C-clade coverage),
between-clade (B-clade-optimized candidates scored ifor
C-clade coverage), global-against-single-subtype (M-group-
optimized candidates scored for C-clade coverage), global-
against-global (M-group-optimized candidates scored for
global coverage). Within each set of results, vaccine candi-
dates are grouped by number of sequences in the cocktail
(1-6); mosaic sequences are plotted with darker colors. “Non-
opt” refers to one set of sequences moving into vaccine trials
(Kong et al, J. Virol. 77:12764-72 (2003)); “mosaic” denotes
sequences generated by the genetic algorithm; “opt. natural”
denotes intact natural sequences selected for maximum 9-mer
coverage; “MBC consensus” denotes a cocktail of 3 consen-
sus sequences, for M-group, B-subtype, and C-subtype. For
case of comparison, a dashed line marks the coverage of a
4-sequence set of M-group mosaics (73.7-75.6%). Over 150
combinations of mosaic-number, virus subset, protein region,
and optimization and test sets were tested. The C clade/B
clade/M group comparisons illustrated 1n this figure are gen-
erally representative of within-clade, between-clade, and M
group coverage. In particular, levels of mosaic coverage for B
and C clade were very similar, despite there being many more
C clade sequences 1n the Gag collection, and many more B
clade sequences 1n the Net collection (see FIG. 6 for a full B
and C clade comparison). There were relatively few A and G
clade sequences 1n the alignments (24 Gag, 75 Net), and
while 9-mer coverage by M-group optimized mosaics was not
as high as for subtypes for B and C clades (4-mosaic coverage
for A and G subtypes was 63% for Gag, 74% for Nel), 1t was
much better than a non-optimal cocktail (52% Gag, 52% for
Net).

[0019] FIGS. 6A and 6B. Overall coverage of vaccine can-
didates: coverage of 9-mers in B-clade, C-clade, and M-group
sequences using different input data sets for mosaic, optimi-
zation, allowing different numbers of antigens, and compar-
ing to different candidate vaccines. Exact (blue), 8/9 (one-off;
red), and 7/9 (two-oil; yellow) coverage was computed for
mono- and polyvalent vaccine candidates for Gag (FIG. 6 A)
and Nef (core) (FIG. 6B) for seven test situations: within-
clade (B- or C-clade-optimized candidates scored against the
same clade), between-clade (B- or C-clade-optimized candi-
dates scored against the other clade), global vaccine against
single subtype (M-group-optimized candidates scored
against B- or C-clade), global vaccine against global viruses
(M-group-optimized candidates scored against all M-group
sequences ). Within each set of results, vaccine candidates are
grouped by number of sequences in the cocktail (1-6); mosaic
sequences are plotted with darker colors. “Non-opt” refers to
a particular set of natural sequences previously proposed for
a vaccine (Kong, W. P. et al. T Virol 77, 12764-72 (2003));
“mosaic” denotes sequences generated by the genetic algo-
rithm; “opt. natural” denotes intact natural sequences
selected for maximum 9-mer coverage; “MBC consensus”
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denotes a cocktail of 3 consensus sequences, for M-group,
B-subtype, and C-subtype. A dashed line 1s shown at the level
ol exact-match M-group coverage for a 4-valent mosaic set
optimized on the M-group.

[0020] FIGS. 7A and 7B. The distribution of 9-mers by
frequency of occurrence 1n natural, consensus, and mosaic
sequences. Occurrence counts (y-axis) for different 9-mer
frequencies (x-axis) for vaccine cocktails produced by sev-
eral methods. FIG. 7A: frequencies from 0-60% (for 9-mer
frequencies>60%, the distributions are equivalent for all
methods). FIG. 7B: Details of low-frequency 9-mers. Natural
sequences have large numbers of rare or unique-to-isolate
9-mers (bottom right, FIGS. 7A and 7B); these are unlikely to
induce useful vaccine responses. Selecting optimal natural
sequences does select for more common 9-mers, but rare and
unique 9-mers are still included (top right, FIGS. 7A and 7B).
Consensus cocktails, 1n contrast, under-represent uncommeon
9-mers, especially below 20% frequency (bottom left, FIGS.
7A and 7B). For mosaic sequences, the number of lower-
frequency 9-mers monotonically increases with the number
of sequences (top left, each panel), but unique-to-isolate
9-mers are completely excluded (top left of right panel: *

marks the absence of 9-mers with frequencies<0.003).
[0021] FIGS. 8A-8D. HLA binding potential of vaccine

candidates. FIGS. 8A and 8B) HLA binding motif counts.
FIGS. 8C and 8D) number of unfavorable amino acids. In all
graphs: natural sequences are marked with black circles (A);

consensus sequences with blue triangles (0); inferred ances-
tral sequences with green squares (v); and mosaic sequences
with red diamonds (#). Leit panel (FIGS. 8A and 8C) shows
HLA-binding-motif counts (FIG. 8A) and counts of unfavor-
able amino acids (FIG. 8C) calculated for individual
sequences; Right panel (FIGS. 8B and 8D) shows HL A bind-
ing motifs counts (FIG. 8B) and counts of unfavorable amino
acids (FIG. 8D) calculated for sequence cocktails. The top
portion of each graph (box-and-whiskers graph) shows the
distribution of respective counts (motif counts or counts of
unfavorable amino acids) based either on alignment of M
group sequences (for individual sequences, FIGS. 8A and 8C)
or on 100 randomly composed cocktails of three sequences,
one from each A, B and C subtypes (for sequence cocktails,
FIGS. 8B and 8D). The alignment was downloaded from the
Los Alamos HIV database. The box extends from the 25
percentile to the 75 percentile, with the line at the median. The
whiskers extending outside the box show the highest and
lowest values. Amino acids that are very rarely found as
C-terminal anchor residues are G, S, T, P, N, Q, D, E, and H,
and tend to be small, polar, or negatively charged (Yusim et al,
1. Virol. 76:87577-8768 (2002)). Results are shown for Gag,
but the same qualitative results hold for Netf core and com-
plete Nel. The same procedure was done for supertype motifs
with results qualitatively similar to the results for HLLA bind-
ing motifs (data not shown).

[0022] FIG. 9. Mosaic protein sets limited to 4 sequences
(k=4), spanning Gag and the central region of Nef: optimized
for subtype B, subtype C, and the M group. Figure discloses
SEQ ID NOS1-84, respectively, i order of appearance.
[0023] FIG. 10. Mosaic sets for Env and Pol. Figure dis-
closes SEQ ID NOS 85-168, respectively, in order of appear-
ance.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present mvention results from the realization
that a polyvalent set of antigens comprising synthetic viral
proteins, the sequences of which provide maximum coverage
of non-rare short stretches of circulating viral sequences,
constitutes a good vaccine candidate. The invention provides
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a “genetic algorithm” strategy to create such sets of polyva-
lent antigens as mosaic blends of fragments of an arbitrary set
of natural protein sequences provided as inputs. In the context
of HIV, the proteins Gag and the inner core (but not the whole)
of Nef are 1deal candidates for such antigens. The invention
turther provides optimized sets for these proteins.
[0025] The genetic algorithm strategy of the invention uses
unaligned protein sequences from the general population as
an input data set, and thus has the virtue of being “alignment
independent”. It creates artificial mosaic proteins that
resemble proteins found 1n nature—the success of the con-
sensus antigens 1n small animals models suggest this works
well. 9 Mers are the focus of the 1n studies described herein,
however, different length peptides can be selected depending
on the intended target. In accordance with the present
approach, 9 mers (for example) that do not exist in nature or
that are very rare can be excluded—this 1s an improvement
relative to consensus sequences since the latter can contain
some 9 mers ({or example) that have not been found in nature,
and relative to natural strains that almost invariably contain
some 9 mers (for example) that are umique to that strain. The
definition of fitness used for the genetic algorithm 1s that the
most “fit” polyvalent cocktail 1s the combination of mosaic
strains that gives the best coverage (highest fraction of perfect
matches) of all of the 9 mers 1n the population and 1s subject
to the constraint that no 9 mer 1s absent or rare 1n the popu-
lation.
[0026] The mosaics protein sets of the mvention can be
optimized with respect to different imnput data sets—this
allows use of current data to assess virtues of a subtype or
region specific vaccines from a T cell perspective. By way of
example, options that have been compared include:
[0027] 1) Optimal polyvalent mosaic sets based on M
group, B clade and C clade. The question presented was
how much better 1s intra-clade coverage than inter-clade

or global.
[0028] 2) Different numbers of antigens: 1, 3, 4, 6

[0029] 3) Natural strains currently in use for vaccine
protocols just to exemplily “typical” strains (Merck,
VRC)

[0030] 4) Natural strains selected to give the best cover-
age ol 9-mers 1n a population

[0031] 5) Sets of consensus: A+B+C.

[0032] 6) Optimized cocktails that include one “given”
strain 1n a polyvalent antigen, one ancestral+3 mosaic
strains, one consensus+3 mosaic strains.

[0033] 7) Coverage of 9 mers that were perfectly
matched was compared with those that match 8/9, 7/9,
and 6/9 or less.

This 1s a computationally difficult problem, as the best set to
cover one 9-mer may not be the best set to cover overlapping
O-mers.

[0034] It will be appreciated from a reading of this disclo-
sure that the approach described herein can be used to design
peptide reagents to test HIV immune responses, and be
applied to other variable pathogens as well. For example, the
present approach can be adapted to the highly variable virus
Hepatitis C.

[0035] The proteins/polypeptides/peptides (“immuno-
gens’’) of the invention can be formulated 1nto compositions
with a pharmaceutically acceptable carrier and/or adjuvant
using techniques well known in the art. Suitable routes of
administration include systemic (e.g. intramuscular or sub-
cutaneous), oral, intravaginal, intrarectal and intranasal.
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[0036] Theimmunogens of the invention can be chemically
synthesized and purified using methods which are well
known to the ordinanily skilled artisan. The immunogens can
also be synthesized by well-known recombinant DNA tech-
niques.

[0037] Nucleic acids encoding the immunogens of the
ivention can be used as components of, for example, a DNA
vaccine wherein the encoding sequence 1s administered as
naked DNA or, for example, a minigene encoding the immu-
nogen can be present i a viral vector. The encoding
sequences can be expressed, for example, 1n mycobacterium,
in a recombinant chimeric adenovirus, or 1n a recombinant
attenuated vesicular stomatitis virus. The encoding sequence
can also be present, for example, 1n a replicating or non-
replicating adenoviral vector, an adeno-associated virus vec-
tor, an attenuated mycobacterium tuberculosis vector, a
Bacillus Calmette Guerin (BCG) vector, a vaccinia or Modi-
fied Vaccinia Ankara (MVA) vector, another pox virus vector,
recombinant polio and other enteric virus vector, Salmonella
species bacterial vector, Shigella species bacterial vector,

Venezuelean Equine Encephalitis Virus (VEE) vector, a Sem-
liki Forest Virus vector, or a Tobacco Mosaic Virus vector.
The encoding sequence, can also be expressed as a DNA
plasmid with, for example, an active promoter such as a CMV
promoter. Other live vectors can also be used to express the
sequences of the mnvention. Expression of the immunogen of
the mvention can be induced 1n a patient’s own cells, by
introduction into those cells of nucleic acids that encode the

immunogen, prelerably using codons and promoters that
optimize expression in human cells. Examples of methods of

making and using DNA vaccines are disclosed in U.S. Pat.
Nos. 5,580,859, 5,589,466, and 5,703,055.

[0038] Itwill be appreciated that adjuvants can be included
in the compositions of the mvention (or otherwise adminis-
tered to enhance the immunogenic effect). Examples of suit-
able adjuvants include TRL-9 agonists, TRIL-4 agonists, and
TRL-7, 8 and 9 agonist combinations (as well as alum).
Adjuvants can take the form of o1l and water emulsions.
Squalene adjuvants can also be used.

[0039] The composition of the mvention comprises an
immunologically effective amount of the immunogen of this
invention, or nucleic acid sequence encoding same, in a phar-
maceutically acceptable delivery system. The compositions
can be used for prevention and/or treatment of virus infection
(e.g. HIV infection). As indicated above, the compositions of
the mvention can be formulated using adjuvants, emulsifiers,
pharmaceutically-acceptable carriers or other ingredients
routinely provided in vaccine compositions. Optimum for-
mulations can be readily designed by one of ordinary skall in
the art and can include formulations for immediate release
and/or for sustained release, and for induction of systemic
immunity and/or induction of localized mucosal immunaity
(c.g, the formulation can be designed for intranasal, intrav-
aginal or intrarectal administration). As noted above, the
present compositions can be administered by any convenient
route including subcutaneous, intranasal, oral, intramuscular,
or other parenteral or enteral route. The immunogens can be
administered as a single dose or multiple doses. Optimum
immunization schedules can be readily determined by the
ordinarily skilled artisan and can vary with the patient, the
composition and the effect sought.

[0040] The mvention contemplates the direct use of both
the immunogen of the mvention and/or nucleic acids encod-
ing same and/or the immunogen expressed as as indicated
above. For example, a minigene encoding the immunogen
can be used as a prime and/or boost.
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[0041] The invention includes any and all amino acid
sequences disclosed herein, as well as nucleic acid sequences
encoding same (and nucleic acids complementary to such
encoding sequences).

[0042] Specifically disclosed herein are vaccine antigen
sets optimized for single B or C subtypes, targeting regional
epidemics, as well as for all HIV-1 vanants in global circula-

tion [the HIV-1 Main (M) group]. In the study described in the

Example that follows, the focus 1s on designing polyvalent
vaccines specifically for T-cell responses. HIV-1 specific

T-cells are likely to be crucial to an HIV-1-specific vaccine
response: CTL responses are correlated with slow disease
progression in humans (Oxenius et al, J. Infect. Dis. 189:
1199-1208 (2004)), and the importance of CTL responses 1n
non-human primate vaccination models 1s well-established.
Vaccine elicited cellular immune responses help control
pathogenic Sly or SHIV, and reduce the likelihood of disease
alter challenge with pathogenic virus (Barouch et al, Science
290:486-492 (2000)). Temporary depletion of CD8+ T cells
results 1n increased viremia in SIV-infected rhesus macaques
(Schmitz et al, Science 283:857-860 (1999)). Furthermore,
the evolution of escape mutations has been associated with
disease progression, indicating that C'TL responses help con-
strain viral replication 1 vivo (Barouch et al, J. Virol.
7°7:77367-7375 (2003)), and so vaccine-stimulated memory
responses that could block potential escape routes may be of
value. While the highly variable Envelope (Env) 1s the pri-
mary target for neutralizing antibodies against HIV, and vac-
cine antigens will also need to be tailored to elicit these
antibody responses (Moore & Burton, Nat. Med. 10:769-771
(2004)), T-cell vaccine components can target more con-
served proteins to trigger responses that are more likely to
cross-react. But even the most conserved HIV-1 proteins are
diverse enough that variation will be an 1ssue. Artificial cen-

tral-sequence vaccine approaches, consensus and ancestral
sequences (Gaschen et al, Science 296:2354-2360 (2002),

Gao et al, J. Virol. 79:1154-1163 (2005), Dona-Rose et al, I.
Virol. 79:11214-11224 (20035)), which essentially “split the
differences” between strains, show promise, stimulating
responses with enhanced cross-reactivity compared to natural
strain vaccines (Gao et al, J. Virol. 79:1154-1163 (2003))
(Liao et al. and Weaver et al., submitted.) Nevertheless, even
central strains cover the spectrum of HIV diversity to a very
limited extent, and consensus-based peptide reagents fail to

detect many autologous CD8+ T-cell responses (Altfeld et al,
J. Virol. 77:7330-7340 (2003)).

[0043] A single amino acid substitution can mediate T-cell
escape, and as one or more amino acids in many T-cell
epitopes differ between HIV-1 strains, the potential effective-
ness of responses to any one vaccine antigen 1s limited.
Whether a particular mutation will diminish T-cell cross-
reactivity 1s epitope- and T-cell-specific, although some
changes can broadly affect between-clade cross-reactivity
(Norris et al, AIDS Res. Hum. Retroviruses 20:315-325
(2004)). Including more variants in a polyvalent vaccine
could enable responses to a broader range of circulating vari-
ants. It could also prime the immune system against common
escape variants (Jones et al, J. Exp. Med. 200:1243-1256
(2004)); escape from one T-cell receptor might create a vari-
ant that 1s susceptible to another (Lee et al, J. Exp. Med.
200:1455-1466  (2004)), thus stimulating polyclonal
responses to epitope variants may be beneficial (Killian et al,
AIDS 19:887-896 (2005)). Immune escape involving
avenues that inhibit processing (Milicic et al, J. Immunol.
175:4618-4626 (2005)) or HL A binding (Ammaranond et al,
AIDS Res. Hum. Retroviruses 21:393-397 (2005)) prevent

epitope presentation, and 1n such cases the escape variant
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could not be countered by a T-cell with a different specificity.
However, 1t 1s possible the presence of T-cells that recognize
overlapping epitopes may 1n some cases block these even
escape routes.

[0044] Certain aspects of the mnvention can be described 1n
greater detail in the non-limiting Example that follows.

EXAMPL.

L1l

Experimental Details

[0045] HIV-1 sequence data. The reference alignments
from the 2005 HIV sequence database (http://hiv.]lanl.gov),
which contain one sequence per person, were used, supple-
mented by additional recently available C subtype Gag and

Net sequences from Durban, South Africa (GenBank acces-
sion numbers AY856956-AY857186) (Kiepiela et al, Nature

432:769-75 (2004)). This set contained 551 Gag and 1,131
NetM group sequences from throughout the globe; recombi-
nant sequences were included as well as pure subtype
sequences for exploring M group diversity. The subsets of
these alignments that contained 18 A, 102 B, 228 C,and 6 G
subtype (Gag), and 62 A, 454 B, 284 C, and 13 G subtype
sequences (Nel) sequences were used for within- and
between-single-clade optimizations and comparisons.

[0046] The genetic algonthm. GAs are computational ana-
logues of biological processes (evolution, populations, selec-
tion, recombination) used to find solutions to problems that
are difficult to solve analytically (Holland, Adaptation 1n
Natural and Artificial Systems: An Introductory Analysis
with Applications to Biology, Control, and Artificial Intelli-
gence, (M.I.T. Press, Cambridge, Mass. (1992))). Solutions
for a given mput are “evolved” though a process of random
modification and selection according to a “fitness™ (optimal-
ity) criterion. GAs come in many flavors; a “steady-state
co-evolutionary multi-population” GA was 1mplemented.
“Steady-state” refers to generating one new candidate solu-
tion at a time, rather than a whole new population at once; and
“co-evolutionary™ refers to simultaneously evolving several
distinct populations that work together to form a complete
solution. The mput 1s an unaligned set of natural sequences; a
candidate solution 1s a set of k pseudo-natural “mosaic”
sequences, each of which 1s formed by concatenating sections
of natural sequences. The fitness criterion 1s population cov-
erage, defined as the proportion of all 9-amino-acid sequence
fragments (potential epitopes) 1n the input sequences that are
found 1n the cocktail.

[0047] To mitialize the GA (FIG. 2), k populations of n
init1al candidate sequences are generated by 2-point recom-
bination between randomly selected natural sequences.
Because the input natural sequences are not aligned,
“homologous™ crossover 1s used: crossover points 1 each
sequence are selected by searching for short matching strings
in both sequences; strings of c—1=8, were used where a typi-
cal epitope length 1s ¢=9. This ensures that the recombined
sequences resemble natural proteins: the boundaries between
sections of sequence derived from different strains are seam-
less, the local sequences spanning the boundaries are always
found 1n nature, and the mosaics are prevented from acquiring
large 1nsertions/deletions or unnatural combinations of amino
acids. Mosaic sequence lengths fall within the distribution of
natural sequence lengths as a consequence of mosaic con-
struction: recombination 1s only allowed at 1dentical regions,
reinforced by an explicit software prohibition against exces-
stve lengths to prevent reduplication of repeat regions. (Such
“in frame” 1nsertion of reduplicated epitopes could provide
another way of increasing coverage without generating
unnatural 9-mers, but their inclusion would create “unnatu-
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ral” proteins.) Initially, the cocktail contains one randomly
chosen “winner” from each population. The fitness score for
any individual sequence 1n a population 1s the coverage value
for the cocktail consisting of that sequence plus the current
winners from the other populations. The individual fitness of
any sequence 1n a population therefore depends dynamically
upon the best sequences found in the other populations.

[0048] Optimization proceeds one population at a time. For
cach 1teration, two “parent” sequences are chosen. The first
parent 1s chosen using “2-tournament” selection: two
sequences are picked at random from the current so popula-
tion, scored, and the better one 1s chosen. This selects parents
with a probablhty inversely proportional to their fitness rank
within the population, without the need to actually compute
the fitness of all individuals. The second parent 1s chosen 1n
the same way (50% of the time), or 1s selected at random from
the set of natural sequences. 2-point homologous crossover
between the parents i1s then used to generate a “child”
sequence. Any child containing a 9-mer that was very rare 1n
the natural population (found less than 3 times) 1s rejected
immediately. Otherwise, the new sequence 1s scored, and 1ts
fitness 1s compared with the fitnesses of four randomly cho-
sen sequences from the same population. If any of the four
randomly chosen sequences has a score lower than that of the
new sequence, 1t 1s replaced in the population by the new
sequence. Whenever a sequence 1s encountered that yields a
better score than the current population “winner”, that
sequence becomes the winner for the current population and
s0 1s subsequently used 1n the cocktail to evaluate sequences
in other populations. A few such optimization cycles (typi-
cally 10) are applied to each population in turn, and this
process continues cycling through the populations until evo-
lution stalls (i.e., no improvement has been made for a defined
number of generations). At this point, the entire procedure 1s
restarted using newly generated random starting populations,
and the restarts are continued until no further improvement is
seen. The GA was run on each data set with n=50 or 500; each
run was continued until no further improvement occurred for
12-24 hours on a 2 GHz Pentium processor. Cocktails were
generated having k=1, 3, 4, or 6 mosaic sequences.

[0049] The GA also enables optional inclusion of one or
more {ixed sequences of interest (for example, a consensus) in
the cocktail and will evolve the other elements of the cocktail
in order to optimally complement that fixed strain. As these
solutions were suboptimal, they are not included here. An
additional program selects from the 1input file the k best natu-
ral strains that 1n combination provide the best population
coverage.

[0050] Comparison with other polyvalent vaccine candi-
dates. Population coverage scores were computed for other
potential mono- or polyvalent vaccines to make direct com-
parisons with the mosaic-sequence vaccines, tracking 1denti-
ties with population 9-mers, as well as similarities of 8/9 and
7/9 amino acids. Potential vaccine candidates based on natu-
ral strains include single strains (for example, a single C strain
for a vaccine for southern Africa (Williamson et al, AIDS Res.
Hum. Retroviruses 19:133-44 (2003))) or combinations of
natural strains (for example, one each of subtype A, B, and C
(Kong et al, J. Virol. 77:12764-72 (2003)). To date, natural-
strain vaccine candidates have not been systematically
selected to maximize potential T-cell epitope coverage; vac-
cine candidates were picked from the literature to be repre-
sentative of what could be expected from unselected vaccine
candidates. An upper bound for coverage was also deter-
mined using only intact natural strains: optimal natural-se-
quence cocktails were generated by selecting the single
sequence with the best coverage of the dataset, and then
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successively adding the most complementary sequences up to
a given k. The comparisons included optimal natural-se-
quence cocktails of various sizes, as well as consensus
sequences, alone or 1n combination (Gaschen et al, Science
296:2354-60 (2002)), to represent the concept of central,
synthetic vaccines. Finally, using the fixed-sequence option
in the GA, consensus-plus-mosaic combinations in the com-
parisons; these scores were essentially equivalent to all-mo-
saic combinations were included for a given k (data not
shown). The code used for performing these analyses are
available at: ftp://Ttp-t10/pub/btk/mosaics.

Results

[0051] Protein Variation. In conserved HIV-1 proteins,
most positions are essentially invariant, and most variable
positions have only two to three amino acids that occur at
appreciable frequencies, and variable positions are generally
well dispersed between conserved positions. Therelore,
within the boundaries of a CD8+ T-cell epitope (8-12 amino
acids, typically nine), most of the population diversity can be
covered with very few vanants. FIG. 1 shows an upper bound
for population coverage of 9-mers (stretches of nine contigu-
ous amino acids) comparing Gag, Nef, and Env for increasing
numbers of variants, sequentially adding variants that provide
the best coverage. In conserved regions, a high degree of
population coverage 1s achieved with 2-4 variants. By con-
trast, 1n variable regions like Env, limited population cover-
age 1s possible even with eight variants. Since each new
addition 1s rarer, the relative benefits of each addition dimin-
ish as the number of variants increases.

[0052] Vaccine design optimization strategies. FIG. 1
shows an 1dealized level of 9-mer coverage. In reality, high-
frequency 9-mers often conflict: because of local co-varia-
tion, the optimal amino acid for one 9-mer may differ from
that for an overlapping 9-mer. To design mosaic protein sets
that optimize population coverage, the relative benefits of
cach amino acid must be evaluated 1n combination with
nearby variants. For example, Alanine (Ala) and Glutamate
(Glu) might each frequently occur 1n adjacent positions, but 1f
the Ala-Glu combination 1s never observed in nature, 1t should
be excluded from the vaccine. Several optimization strategies
were mvestigated: a greedy algorithm, a semi-automated
compatible-9mer assembly strategy, an alignment-based
genetic algorithm (GA), and an alignment-independent GA.

[0053] The alignment-independent GA generated mosaics
with the best population coverage. This GA generates a user-
specified number of mosaic sequences from a set of unaligned
protein sequences, explicitly excluding rare or unnatural
epitope-length fragments (potentially introduced at recombi-
nation breakpoints) that could induce non-protective vaccine-
antigen-specific  responses. These candidate vaccine
sequences resemble natural proteins, but are assembled from
frequency-weighted fragments of database sequences recom-
bined at homologous breakpoints (FIG. 2); they approach
maximal coverage of 9-mers for the input population.

[0054] Selecting HIV protein regions for an 1nitial mosaic
vaccine. The initial design focused on protein regions meet-
ing specific criteria: 1) relatively low variability, 1) high levels
of recognition 1n natural infection, 111) a high density of
known epitopes and 1v) either early responses upon infection
or CD8+ T-cell responses associated with good outcomes 1n
infected patients. First, an assessment was made of the level
of 9-mer coverage achieved by mosaics for different HIV
proteins (FIG. 3). For each protein, a set of four mosaics was
generated using either the M group or the B- and C-subtypes
alone; coverage was scored on the C subtype. Several results
are notable: 1) within-subtype optimization provides the best




US 2011/0150915 Al

within-subtype coverage, but substantially poorer between-
subtype  coverage—nevertheless, B-subtype-optimized
mosaics provide better C-subtype coverage than a single
natural B subtype protein (Kong et al, J. Virol. 77:12764-72
(2003)); 11) Pal and Gag have the most potential to elicit
broadly cross-reactive responses, whereas Rev, Tat, and Vpu

have even fewer conserved 9-mers than the highly variable
Env protein, 111) within-subtype coverage of M-group-opti-
mized mosaic sets approached coverage of within-subtype
optimized sets, particularly for more conserved proteins.

[0055] Gag and the central region of Nef meet the four
criteria listed above. Nef 1s the HIV protein most frequently
recognized by T-cells (Frahm et al, J. Virol. 78:2187-200
(2004)) and the target for the earliest response 1n natural
infection (Lichterfeld et al, Aids 18:1383-92 (2004)). While
overall 1t 1s vaniable (FI1G. 3), 1ts central region 1s as conserved
as Gag (FI1G. 1). It 1s not yet clear what optimum proteins for
inclusion 1 a vaccine might be, and mosaics could be
designed to maximize the potential coverage of even the most
variable proteins (FIG. 3), but the prospects for global cov-
crage are better for conserved proteins. Improved vaccine
protection in macaques has been demonstrated by adding
Rev, Tat, and Nef to a vaccine containing Gag, Pol, and Env
(Hel et al, J. Immunol. 176:85-96 (2006)), but this was 1n the
context of homologous challenge, where variability was not
an 1ssue. The extreme varnability of regulatory proteins 1n
circulating virus populations may preclude cross-reactive
responses; 1n terms of conservation, Pol, Gag (particularly
p24) and the central region of Netf (HXB2 positions 65-149)
are promising potential immunogens (FIGS. 1,3). Pol, how-
ever, 15 inirequently recognized during natural infection
(Frahm et al, 1. Virol. 78:2187-200 (2004)), so it was not
included in the imitial immunogen design. The conserved
portion of Nef that were included contains the most highly
recognized peptides 1n HIV-1 (Frahm et al, J. Virol. 78:218/-
200 (2004)), but as a protein fragment, would not allow Net’s
immune inhibitory functions (e.g. HL A class I down-regula-
tion (Blagoveshchenskaya, Cell 111:853-66 (2002))). Both
Gag and Nef are densely packed with overlapping well-char-
acterized CD8+ and CD4+ T-cell epitopes, presented by
many different HLA molecules (http://www.lhiv.lanl.gov//

content/itmmunology/maps/maps.html), and Gag-specific
CD8+ (Masemola et al, J. Virol. 78:3233-43 (2004)) and

CD4+ (Oxenius et al, J. Infect. Dis. 189:1199-208 (2004))
T-cell responses have been associated with low wviral set

points 1n infected individuals (Masemola et al, J. Virol.
78:3233-43 (2004)).

[0056] To examine the potential impact of geographic
variation and input sample size, a limited test was done using,
published subtype C sequences. The subtype C Gag data were
divided 1nto three sets of comparable size—two South Afri-
can sets (Kiepiela et al, Nature 432:769-75 (2004)), and one
non-South-Aifrican subtype C set. Mosaics were optimized
independently on each of the sets, and the resulting mosaics
were tested against all three sets. The coverage of 9-mers was
slightly better for identical training and test sets (77-79% 9/9
coverage), but essentially equivalent when the training and
test sets were the two different South African data sets (73-
75%), or etther of the South African sets and the non-South
Alrican C subtype sequences (74-76%). Thus between- and
within-country coverage approximated within-clade cover-
age, and 1n this case no advantage to a country-specific C
subtype mosaic design was found.

[0057] Designing mosaics for Gag and Nef and comparing
vaccine strategies. To evaluate within- and between-subtype
cross-reactivity for various vaccine design strategies, a cal-
culation was made of the coverage they provided for natural
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M-Group sequences. The fraction of all 9-mers 1n the natural
sequences that were perfectly matched by 9-mers in the vac-
cine antigens were computed, as well as those having 8/9 or
7/9 matching amino acids, since single (and sometimes
double) substitutions within epitopes may retain cross-reac-
tivity. FIG. 4 shows M group coverage per 9-mer in Gag and
the central region of Netf for cocktails designed by various
strategies: a) three non-optimal natural strains from the A, B,
and C subtypes that have been used as vaccine antigens (Kong
et al, J. Virol. 77:12764-72 (2003)); b) three natural strains
that were computationally selected to give the best M group
coverage; ¢) M group, B subtype, and C subtype consensus
sequences; and, d,e,I) three, four and s1x mosaic proteins. For
cocktails of multiple strains, sets of k=3, k=4, and k=6, the
mosaics clearly perform the best, and coverage approaches
the upper bound for k strains. They are followed by optimally
selected natural strains, the consensus protein cocktail, and
finally, non-optimal natural strains. Allowing more antigens

provides greater coverage, but gains for each addition are
reduced as k increases (FIGS. 1 and 4).

[0058] FIG. 5 summarizes total coverage for the different
vaccine design strategies, from single proteins through com-
binations of mosaic proteins, and compares within-subtype
optimization to M group optimization. The performance of a
single mosaic 1s comparable to the best single natural strain or
a consensus sequence. Although a single consensus sequence
out-performs a single best natural strain, the optimized natu-
ral-sequence cocktail does better than the consensus cocktail:
the consensus sequences are more similar to each other than
are natural strains, and are therefore somewhat redundant.
Including even just two mosaic variants, however, markedly
increases coverage, and four and six mosaic proteins give
progressively better coverage than polyvalent cocktails of
natural or consensus strains. Within-subtype optimized
mosaics perform best—with four mosaic antigens 80-85% of
the 9-mers are periectly matched—but between-subtype cov-
crage of these sets falls off dramatically, to 50-60%. In con-
trast, mosaic proteins optimized using the full M group give
coverage ol approximately 75-80% for individual subtypes,
comparable to the coverage of the M group as a whole (FIGS.
5 and 6). If impertect 8/9 matches are allowed, both M group

optimized and within-subtype optimized mosaics approach
90% coverage.

[0059] Since coverage 1s increased by adding progressively
rarer 9-mers, and rare epitopes may be problematic (e.g., by
inducing vaccine-specific immunodominant responses), an
investigation was made of the frequency distribution of
O9-mers 1n the vaccine constructs relative to the natural
sequences from which they were generated. Most additional
epitopes 1n a cocktail compared to a k=4 cocktail are low-
frequency (<0.1, FIG. 7). Despite enhancing coverage, these
epitopes are relatively rare, and thus responses they induce
might draw away from vaccine responses 1o more common,
thus more useful, epitopes. Natural-sequence cocktails actu-
ally have fewer occurrences of moderately low-frequency
epitopes than mosaics, which accrue some lower frequency
9-mers as coverage 1s optimized. On the other hand, the
mosaics exclude unique or very rare 9-mers, while natural
strains generally contain 9-mers present 1n no other sequence.
For example, natural M group Gag sequences had a median of
35 (range 0-148) unique 9-mers per sequence. Retention of
HL A-anchor motifs was also explored, and anchor motif
frequencies were found to be comparable between four mosa-
ics and three natural strains. Natural antigens did exhibit an
increase 1 number of motifs per antigen, possibly due to
inclusion of strain-specific motifs (FIG. 8).
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[0060] The increase 1n ever-rarer epitopes with imncreasing
k, coupled with concerns about vaccination-point dilution
and reagent development costs, resulted in the mitial produc-
tion of mosaic protein sets limited to 4 sequences (k=4),
spanming Gag and the central region of Netf, optimized for
subtype B, subtype C, and the M group (these sequences are
included in FIG. 9; mosaic sets for Env and Pol are set forth in
FIG. 10). Synthesis of various four-sequence Gag-Nel mosa-
ics and 1n1tial antigenicity studies are underway. In the mitial
mosaic vaccine, targeted are just Gag and the center of the Net
protein, which are conserved enough to provide excellent
global population coverage, and have the desirable properties
described above 1n terms of natural responses (Bansal et al,
Aids 19:241-50 (2005)). Additionally, including B subtype
p24 varnants i Elispot peptide mixtures to detect natural CTL
responses to mnfection significantly enhanced both the num-
ber and the magnitude of responses detected supporting the
idea that including variants of even the most conserved pro-
teins will be useful. Finally, cocktails of proteins 1n a poly-
valent HIV-1 vaccine given to rhesus macaques did not inter-
tere with the development of robust responses to each antigen
(Seaman etal, J. Virol. 79:2956-63 (2005)), and antigen cock-
tails did not produce antagonistic responses in murine models

(Singh etal, J. Immunol. 169:6779-86 (2002)), indicating that
antigenic mixtures are appropriate for T-cell vaccines.

[0061] Even with mosaics, variable proteins like Env have
limited coverage of 9-mers, although mosaics improve cov-
erage relative to natural strains. For example three M group
natural proteins, one each selected from the A, B, and C
clades, and currently under study for vaccine design (Seaman
et al, J. Virol. 79:2956-63 (2005)) perfectly match only 39%
of the 9-mers 1n M group proteins, and 65% have at least 8/9
matches. In contrast, three M group Env mosaics match 47%
of 9-mers perfectly, and 70% have at least an 8/9 match. The
code written to design polyvalent mosaic antigens 1s avail-
able, and could readily be applied to any input set of variable
proteins, optimized for any desired number of antigens. The
code also allows selection of optimal combinations of k natu-
ral strains, enabling rational selection of natural antigens for
polyvalent vaccines. Included in Table 1 are the best natural
strains for Gag and Netf population coverage of current data-
base alignments.

TABL.

(L]

1

Natural sequence cocktails having the best available 9-mer coverage
for different genes, subtype sets, and numbers of sequences

Gag, B-subtype, 1 natural sequence

B.US.86.AD87__AF004394
Gag, B-subtype, 3 natural sequences

B.US.86.ADRB7__AF004394
B.US.97.Ac_06__AY?247251
B.US.B8.WR27_ _AF286365

Gag, B-subtype, 4 natural sequences

B.US.86.AD&7__AF004394
B.US.97.Ac_ 06__AY247251
B.US.__ .R3__PDC1__AY206652
B.US.88.WR27_ AF286365

Gag, B-subtype, 6 natural sequences

B.CN.__.CNHN24 AY180905
B.US.86.ADR7_AF004394
B.US.97.Ac_ 06__AY?247251
B.US.__.P2__AY206654
B.US._ .R3__PDC1__AY206652
B.US.B8.WR27__AF286365
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TABLE 1-continued

Natural sequence cocktails having the best available 9-mer coverage
for different genes, subtype sets, and numbers of sequences

Gag, C-subtype, 1 natural sequence

C.IN._.70177__AF533131
Gag, C-subtype, 3 natural sequences

C.LA97.971/A012
C.ZAX.04ZA5K161B1

C.IN.-.70177_AF533131
Gag, C-subtype, 4 natural sequences

C.ZA.97.972A012
C.ZAx.04ZASK142Bl1
C.ZAx.04ZASK161Bl1
C.IN._.70177__AF533131

Gag, C-subtype, 6 natural sequences

C.LA97.971/A012
C.ZAX.04ZA5K142B1
C.ZAX.04ZA5K161B1
C.BW.99.99BWMC168__AF443087
C.IN._.70177_AF533131
C.IN._MYAl AF533139

Gag, M-group, 1 natural sequence

C.IN._.70177__AF533131
Gag, M-group, 3 natural sequences

B.US.90.US2__AY 173953
C.IN.-.70177_AF533131
15_01B. TH.99.99TH__R2399__AF530576

Gag, M-group, 4 natural sequences

B.US.90.US2 AY173953
C.IN._.70177__AF533131
C.IN.93.93IN999_ AF067154

15 01B. TH.99.99TH_R2399_ AF530576
Gag, M-group, 6 natural sequences

C.ZA.X.04ZASK138Bl1

B.US.90.US2__AY173953

B.US. .WT1_PDC1__AY206656
C.IN._.70177__AF533131
C.IN.93.93IN999__AF067154

15 01B.TH.99.99TH_R2399 AF530576

Nef (central region), B-subtype, 1 natural sequence

B.GB.94.0281h__ 94 _1_NP__AF129346
Nef (central region), B-subtype, 3 natural sequences

B.GB.94.028/h__ 94 1 NP AF129346
B.KR.96.96KCS4 AY 121471

B.FR.83. HXB2_ K03455
Nef (central region), B-subtype, 4 natural sequences

B.GB.94.0281h_94 1 NP AF129346
B.KR.96.96K(CS4  AY 121471
B.US.90.EQONEF__U43108
B.FR.83.HXB2__K03455

Nef (central region), B-subtype, 6 natural sequences

B.GB.94.0281h_ 94 1_NP__AF129346
B.KR.O2.02HYJ3_ AY121454
B.KR.96.96KCS4 __AY 121471
B.CN.__.RIL42_ U71182
B.US.90.EQONEF__U43108
B.FR.83.HXB2_K03455

Nef (central region), C-subtype, 1 natural sequence

C.ZA.04.04ZASK139B1
Nef (central region), C-subtype, 3 natural sequences

C.ZA.04.04ZA5K180B1
C.ZA.04.04ZA5K1398B1
C.LA.__ZASWI15__AF397568



US 2011/0150915 Al

TABLE 1-continued

Natural sequence cocktails having the best available 9-mer coverage
for different genes, subtype sets, and numbers of sequences

Nef (central region), C-subtype, 4 natural sequences

C.ZA.97.ZA97004__AF529682
C.ZA.04.04ZASK180B1

C.ZA.04.04ZASK139B1

CZA. . ZASWI15_ AF397568

Nef (central region), C-subtype, 6 natural sequences

C.ZA.97.LZA97004__AF529682
C.ZA.00.1192M3M
C.ZA.04.04ZA5K 18081
C.ZA.04.04ZA85K139B1
C.04ZA5K184B1
C.ZA._ . ZASWI15_ AF397568

Nef (central region), M-group, 1 natural sequence

B.GB.94.0281h__94 1 NP_AF129346
Nef (central region), M-group, 3 natural sequences

02__AG.CM.__98CMI1390__AY265107
C.ZA.03.03ZA8K020B2
B.GB.94.028/h_94 1 NP AF129346

Nef (central region), M-group, 4 natural sequences

02__AG.CM.__.98CM1390__AY263107
01A1.MM.99.mCSW105__ ABO97872
C.ZA.03.03ZASK020B2
B.GB.94.0281h__94 1 NP_AF129346

Nef (central region), M-group, 6 natural sequences

02__AG.CM.__.98CMI1390__AY 265107
OlA1.MM.99.mCSW105__ABO9787/2
C.ZA.03.03ZA8K020B2
C.03ZASKI111B1
B.GB.94.028/h_94 1 NP AF129346
B.KR.O1.01CWS2__AF462757

SEQUENC.
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[0063]
tein strategy has been proposed previously to address HIV
diversity (Gaschen et al, Science 296:2354-2360 (2002)).

Proof-of-concept for the use of artificial genes as immuno-

A centralized (consensus or ancestral ) gene and pro-

gens has been demonstrated by the induction of both T and B

cell responses to wild-type HIV-1 strains by group M consen-
sus 1mmunogens (Gaschen et al, Science 296:2354-2360

(2002), Gao et al, J. Virol. 79:1154-63 (20035), Doria-Rose et

al, J. Virol. 79:11214-24 (2005), Weaver et al, J. Virol., 1n
press)). The mosaic protein design improves on consensus or

natural immunogen design by co-optimizing reagents for a
polyclonal vaccine, excluding rare CD8+ T-cell epitopes, and
incorporating variants that, by virtue of their frequency at the
population level, are likely to be involved 1n escape pathways.

[0064]
epitope-length variants that are present in a small, practical

The mosaic antigens maximize the number of

number of vaccine antigens. The decision was made to use
multiple antigens that resemble native proteins, rather than

linking sets of concatenated epitopes 1 a poly-epitope
pseudo-protein (Hanke et al, Vaccine 16:426-35 (1998)), rea-

soning that 1n vivo processing of native-like vaccine antigens

will more closely resemble processing 1n natural mifection,
and will also allow expanded coverage ol overlapping
epitopes. T-cell mosaic antigens would be best employed 1n
the context of a strong polyvalent immune response;
improvements in other areas of vaccine design and a combi-
nation of the best strategies, incorporating mosaic antigens to
cover diversity, may ultimately enable an effective cross-
reactive vaccine-induced immune response against HIV-1.

[0065] All documents and other information sources cited
above are hereby incorporated 1n their entirety by reference.

= LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” 1s available in

clectronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetaill&DoclD=US20110150915A1).

An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

tee set forth 1n 37 CFR 1.19(b)(3).

[0062] Summarizing, the above-described study focuses on
the design of T-cell vaccine components to counter HIV
diversity at the moment of infection, and to block viral escape
routes and thereby minimize disease progression 1n infected
individuals. The polyvalent mosaic protein strategy devel-
oped here for HIV-1 vaccine design could be applied to any
variable protein, to other pathogens, and to other immuno-
logical problems. For example, incorporating a minimal
number of variant peptides 1nto T-cell response assays could
markedly increase sensitivity without excessive cost: a set of
k mosaic proteins provides the maximum coverage possible
for k antigens.

1. A polypeptide or protein comprising at least one
sequence ol amino acids set forth 1n FIG. 9 or FIG. 10.

2. The polypeptide or protein according to claim 1 wherein
said polypeptide or protein comprises at least one sequence of
amino acids set forth in FIG. 9.

3. The polypeptide or protein according to claim 1 wherein
said polypeptide or protein comprises at least one sequence of

amino acids set forth 1n FIG. 10.

4. A nucleic acid comprising a nucleotide sequence that
encodes the polypeptide or protein according to claim 1.

5. The nucleic acid according to claim 4 wherein said
nucleic acid encodes at least one sequence of amino acids set

forth in FIG. 9.



US 2011/0150915 Al

6. The nucleic acid according to claim 4 wheremn said
nucleic acid encodes at least one sequence of amino acids set
forth in FIG. 10.

7. A vector comprising the nucleic acid according to claim

4

8. The vector according to claim 7 wherein said vector 1s a
viral vector.
9. A composition comprising at least one polypeptide or

protein according to claim 1 and a carrier.

10. A composition comprising at least one nucleic acid
according to claim 4 and a carrier.

11. A method of inducing an immune response in a mam-
mal comprising administering to said mammal an amount of
at least one polypeptide or protein according to claim 1 sui-
ficient to effect said induction.

12. A method of inducing an immune response in a mam-
mal comprising administering to said mammal an amount of
at least one nucleic acid according to claim 4 suificient to
elfect said imnduction.
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13. A polyvalent vaccine comprising a multiplicity of
HIV-1 polypeptides, each of said polypeptides comprising a
computationally-designed homologous recombinant mosaic
blend of epitopes of natural HIV Gag, Nef, Env or Pol protein
sequences,

wherein the length of each of said epitopes 1s about 9 amino
acids,

wherein the length of each of said polypeptides 1s within
the range of natural HIV protein lengths,

wherein the epitopes are linked within each polypeptide
via homologous crossover so the unnatural combina-
tions of amino acids are not present,

wherein said epitopes are natural, commonly occurring
T-cell epitopes, and

wherein about 3 to about 6 different types of polypeptides
are present 1n said vaccine.
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