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JFligure 7: Alignnent of g~ycoprotean D (gD) DNA sequences from ~I S1~-1 and
HSV-2 shains illustrating the feasibility of famly shuffling when evol ving
gD. NSV-1~gD-1 HSV-2 gD seq HSV-2~gD-2~seq HSV-1 gDh-1 HSV- _ﬁ%f?ﬂ%s
NSV-2_gD- 2", seq HSV-1 ng HSV-2_gD seq HSV-2-gD- 2 seq HSV- 1 V-2 gD
aeq HSV-2~ D 2_seq HSV-1,gD- 1 HSV-2 gD seq HSV-2 gD-2"seq 1 60

AT GGGGGGGACT GCOGCCAGGT TGEGGECOGT GATTTTSA 2T GTCGTCA3' AGTGGGECCTC

ATGGGEGECGT TTGACCT CCEECGT CGEGACGECEECCH #rd AGT TGT CGCGGTGGGACTC

ATGGGGECGT TTGACCT CCGECGT CGEGA AGITGTCCCGGIGGGACTC 61 320
CA_"GGEGGTCCGCGECAAATATGCCTTGECGGATGCCTC~ CTCAAGATGGCCGACCCCAAS!

CCCGTCGICT @@@M’fﬂﬁml’ TAGCAGACEOCT EGCT FAACATGEGCATCACAT | T
C&GFCGFU@:@%WAWWA&A@@G@G@?W@T-@G@G@AMA, @ 12. 18a
CCCTTT ﬁ%@%ﬁﬁﬁGGTCCTWC@CFW =

CGaTTT . PG

CGTTT +8. 210
CGCGTGTA £ kp &

CG NGT1' TAQCARA Troae C
OG_"GTTTACGACATT CAGT AT 24. 300
ACGGT~TACT T YEH O [eete ) AC~-GT
TACTACGCAGESCT AR

CTGGAACGT 5 N ~lgare 7
(conti nued)S. |H§€oBHQMQ1 ng R e T N L L e

GAGGCCCCCCAT: A TRROER X230k SV-2_gD seq
GAGGECCCCCCA @m@rﬁm CGTACAALCCTIG 'HSV- 2-gD- 2 seq

GAGGCCCCCCAGAT CGTGOGCGREGCT TCGGACGA \CCTACAACCTG 361 920

HSV-1, gD- 1 J4CCATCGCTTGGTTTCGGA m & % TCACGGTCATGGAGTAC
HSV- 2_gD seq ACCATCGCCTGGTAT T A CACGGTTATGGAATAC
HSy- 2_gD- 2, seq ACCATCGCCTGGTATCGCATGGGAGACAATTGOGCTATCCCCATCACGGTTATGGAATAC
HSV-1 ~D-1 3~SV-Z_gD seq HSV-27gD-2 seq ~1S V -1 gD-1 11SV-2 gD seq




3~SV-2_gD-2 seg HSV-1~c D-1 HSV-2 gD seq HSV-2_gD-2 seq HSV-1-gD-1

HSV- 2~gD*aeq A511-2 gD-2 seq 421 480

ACCGAATGCTCC3' ACAACAAGTCTCTGEGEGEGECCT GTCCCATCCGAACGCA
ACCGAGTGCCCCTACAAC~I AGTCGTT' GGGEGGTCTGCCCCATCCGAACGCA EP 2002

| ~CCGA | GTGCCCCTACAAC, AAGTCGT TGGGGGTCTGECIICATCCGAACGCAGCCCCGCTGG 481 540
AACTACTATGACAGCT TCAGCGCCGT CAGCGAGGAT AREaEGGGGT TCCTGATGCACGCC
AGCTACTATGACAGCTTThr GCGCCGTCAGC GAGGATAACCTGGGATTCCTGATGCACGCC
AGCTACTATGAG TAGCGCCGTCAGCGAGGATAACCTGGGATTCCTCI s TGCACGCC @1 600
CCCGCG~' TT CGTACCTGCGGCTCG3' RépaBa
CCCGCCTTCGA ACGTACCT

c:c:ccac:CTTCGAG.@GGG__T_AQ@%A 601 660
ATTACACAGT TTATEET GGAGCACCGEA

ATCACACAATTTATCCTGGAGCA G

ATCACACAATTTAI CCTGGAGCACCGGGECCC GCGCCTCCTGCAAGTACGCTCTCOPCT nﬁf’fw &81 ON

figure 7 (con |nued) ssl ~2a ~1Sv-1 gD 1 P

CGCATCCCCCOGT G G SIoRE CAGGCCT ACCAGCAGGGGGT GACGGT ialadiay HSV- 2 gD seq
CGCATCCCCCOGREA (DS GRRAAGGCCT ACCAACAGGGOGT GAL! > HSV- 2~gD- 2
eeq cccmwu e anedCACCT CGAAGGCCT ACCAACAGGGOGT GAERES 780
HSV- | ~D- 1 AGCAT AT GET GOCOCGCT TCAT CCOCGAGA~| CCAGOGCA CWW
hSV-2_gD eeq AGCATCGGGATGTTACCCC GCTTTACTCCCGAAAACCA ACECCTATACAGC

~I SV-2_gD- 2 seg
AGCATCGGGATGT, TACCCCGCT TTATCCCCGAAAACCAGCGCACCGT CGCCCTATA

- ELISA

a
HSV-1 gD 1 WA TACACGACCABAEA C%Fc%%&ge
HSV-2 gD se CGCCGGGT TACAC " GCTGCOGCCG
HSV-2_gD- 2 CCCTGCTGOOGOCG

841 9a0 ~3SV- _gD-1 -survwal of rnlce challenge

GAGCT GT CCGAGACCCCCAACGCCACGCAGCCAGAACT CGCCCCEGAAGACCCCGAGGAT HSV-2_gDb seq
GAGCT GT CCGACACCACCAACGCCAC-GCAACCCGAACT CGT TCCGGA~-GACCCC GAGGAC HSV-2_gDb- 2
seq GAGCTGTCCGACACCACCAACGCCACGCAACCCHBABTICGT TCCGGAAGACCCCGAGGAC HSV- 1~D-3
HSV- 2 gD seg HSV-2~gD- 2 seq HSV-1-gD- 1 HSV-2-gD seg HSV-2 gD 2 seg 901 960

TCGGECCCTCTTCRAGGACCCCGT GGG CTGGCAC
TCGGCCCTCTTAGAGGATCCCGC 2 ‘ ' GGCAC
TCGGCCCTCT TAGA%ATCCCCIZC%ACGGI’ GT CT GATCCCCCCAAACT GGCAC 9S1 1020
ATCCCGT CGATCCAGGACGCCGECGACGCCTTI3CCA CCCCGAACAACATG
A?CCCGTCGAR I

ATCCCGTCCGA

Deconvolute to identify protective antigens
J
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~ T cell ICIL activity ~ Cytokine synthesis (I~2, 1~-4, IFN-Y) In vivo
testing 1 1 SEP 2002 15/21 Bigure 16: Generation of vectors wth
multiple T cell epitopes by shuffling libraries of T cell epitopggp! vt ~I
~0 romewr ~ rvnvrer romoiii wrvnvt~r i Av ~rvnv ar rvnmira ro o ~r s
rummer . o0 s mO 11SEP 2002 16/\/\{2_% Figure 17: Sequei zces of PreS2-S
Codi ng Regions of Different HBsAg (ox Ag~ Proteins M3454, HPBADRLCG
Hepatitis 8 virus, coanplete genone. Shown is HBrAg c4ding region (SEQ ID
NO 9); PreS2 starts at 111 of coatplete genone seguence, S starts at |976,
eud at ~b5b, ATGCAGTGGAACTCCACAACATTCCACCAAGCTCTGCTAGACCCCAGAGTGAGGGEGECCTATA
CTTTCCTGCTGGTGECTe c AGT TCCGGAACAGTAAACCCTGT TCCGACTACTGCCTCACCCA

TATCG TCAATCTTCTCGAGGACT GGGGACCCT GCACCGAACATGGAGAAG. ACAACATCAGEA
TTCCTAGGACCCCTGCTCGIGITACY. ~GECGEEGTTTTTCTTGTTGACAAGAAT CCTCRCAAT
ACCACAGAGTCTACACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGCAGCACCCAGGTGTC
~TTGGCCARAAT TCGCAGT CCCCAACCT CCAATCACTCACCAACCTCTTGTCCTCCRATTTGT
CCTGGTTATCGT TGGATGTGTCTGCGECGT TTTATCATATTCCTCTTCATCCTGCTGCTATG

CCTCATCTTCRTGTTGGTTE TCTGGAC@ACCAAGGTATGTTGTCTGTTTGTCCTCTACTTC
CAAGAACAT CCAG CCTGCACGATTCCTGCTCAAGGAACC
TCTATGTTT ETTGRETAY XCT CGGAAACTGCACTTGTATTCCCAT
CCC7~TCpTCT T TTe ‘ ~GTGGGOCTCAGTCOGTTTCTCCTGGC
TCAGTTTACTAGRGRGATTT GGSCTTTCCCCCACTGTTTGRCTTTCA

GTTATATGGATC%'&'%SGF T&C&}&E@CCAAGT@TGT}B’.CAACATCTTGAGTCCCTTTTTACC
TCTATTACCAATE TR G TTTAE @ ErGGGTATAGTTTGA HBsAg Protein adr (SEQ ID NO 10):
MOANSTTFHQALE 1% Fﬁ?VRG_EJFEB’&IBSSGTV@DVpTTAg Pl SSI FSRTGDPAPNVENTTSG
FLGPLLVLQAGFSLE ERI LTI E l&-lSV\Y/\?I’@LN GAAPTCL GINSQSPTSNHSPTSCPPI C

PGYRWCLRRFI @RP K2 LLL G151 VL L DR QI SVCPL L BT STTSTGPCKTCTI PAQGT
SMFP9SCCTKp (g'CTP 1FA SVRFSV\F'* SLLVPFVQWFVGLSPTWWLS

VI WWMAYWGFSL gg PFL %««z& 7 (continued) 1/21 1 1 SE P
2002 302203; & %&tus BYits us ayw SEQIDNO 1 1)

ATGCAGTGGAA GCAAGAT GAGTGAGAGGCCTGTA
TTTCCCTGCT CCCTGT'EETGACTACTGCCTCTCCCT

TATC®' CA. AT&S@CGAC&AB‘BBGGGA@@&;CGCTGAA@TG@AGAACATCACATCAG@A
i TTTCTTGE GACARGRATCCTCACAAT

GATTTTCT CTACCGTGTGTC
CALTCACCRAGTCTTGTCCTCCAACTTGT
AX CATCTTC®T CTTCATCCTGCTGCTATG
AGGTATGTT TTGTCCTCTAATTC
OGUEACCT GCAEGACTACTGCTCAAGGA. ACC
PGS T TGO RASGT TEGGACGGAMIATTGCACCT GTATTCCCAT

CCCATCATCCTCEGR R 1 ' T HGGAGT GEESCTCAGCCCGT TTCTCCTGRC
TCAGTTTACTA TTTG‘BWGG@ GGGCTTT@CCCACTGTTTGGCTTTCA
GTTATATGGAT GTACA CTTGAGTCCCTTTTTACC

GCTGITACCAATH TTT TTTAA F(gward HBV ayw PCR Prisuer (with

2 natural Ecg |tes Q I 13)

5" - CCCEG-AA~Y, TTCCACAnACC-B Reverse HBV ayw PCR
te)

Pri mer (Wlthﬁc IDNG)i 5' - CCGGGGT

CQCAAAGA HBs Ag P teln ayw (SEQ ID NO.:" 2):
I\/Q/\NSTTFHQZEL FEA%S WA%%%/LT$ASPL | FSRI GDPALNVENTTSG
FhGPLLVLQA ﬂm LEZBS GERTVCL @INSQSPTSNHSPTSCPP' TC
PGYRWVCLRRFI | FLFI LLLCLI FLLVLLDYQGMLPVCPLI PGSSTTSTGPCRTCMITAQGT

SMYPSCEETKPSBARE Tl Pl PSB\AFGKPRVIEVRSARFEVE L VPFVQUWFVGLSPTWLS
IV\MVV\)@/\GDSL%S‘P'L’SPFLPQ,LPWFFCL Z%, Figuwa®17 (conunucd) 18/21 1 1 SE P
I
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J04514 OKEPBA Wodchuck hepatitis B virus geaone ('~Y8) (SEQ m NO 19S)
(PNAS 86, 184b-1849) 1989). ATCC No. A5097. EcoRlI sitc at pos. | cuts the
PtcSl region. ~iBs(S) ORF: 29b-964. PreS2 starts at 116; Pre%kg@rc‘k@ at
3039. ATGAAR. A. ATCAGACTTTTCATCTCCAGGGGT TCGTAGACGGATTACGAGACT
GGAACGCCAACACAATGCCTATGGAGATCCTTTTACAACAIAAGCCCTGCGGT TCCTACTG
TATCCACCATATTGTCTCCTCCCTCGACGACT Gire S ACTGTCACCGGAGATGTCA

CCATCAAGT CTCCTAGGACTCCTCGCAGGAT TACAGGTI GGTGTATTTCTTGT GGACAAAAAT

CCTAACAATA GAAT.CTA CTTCT GTTTTCCAGGGGGCAT C.
m&awm%ﬂ%ﬁﬁ%ﬁ%@&% IhageReHEaskIne

CC. AACTTGCAATGGCTTTCGRVGGAT GTATCTGCGGOGT TTTATCATATAGET ATTAGTCCT
GCTGCTGTGCCTCATCTTCTTETTGGT TCTCCTGGACT GGAAAGGT TTRRETIACGT GTCTGTC
CTCTTCAACCCACRACAGAAACAACAGI CRAT TGCAGACAATCACAAT CTCTGCACAAGAC
ATGTATACTCCTCCTTACTGTTG%T G5 TACGGCA T CTTGTTGGCC

CATCCCTTCATCATGGGCTTT TACCTATGGGAGT TAGCCCGTITTCTCTT
GGCTCAATTTACTAGT GCTTCAATGGT TAGGAGGAATT\TCCCTCATTGCGTGGTTT
TTGCTTRTATGGATGRTTTGGT TTTaGGEEGECCCGCACT TCTGAGLATCTTACGGCCATTTAT
TCCCATATTTGIreT st iePreATATEGGTATACATTTGA FoYikad glennmponopRmimdicter (wi t h
added EcaRl QTN SEELTEND: 17 ) : umque, "‘"“‘m‘“m" site

5'- CCGGGAATTCTCATCTCCAGGGGTTCGTAG.A\CGGA\TTACG3B evesr ! Cgil:{igrl mer (with
added Kpal site) (SE@4® um °q“°“°°"° ¢ 3w

5' - COGGEGTACCCAAAT CAAGAAAAACAGAACAAATATGGG 3' WHV Sur f ace Aptigeu Protein
(SEQ I D NO: 16 ): rev rev

MKNQT FHL QGFVDGLRDLTTTERCQHNAYGDPETTL SPAVPTVSTI L SPEE

PSSLLGLLAGLQWFCOMK L TE-AQ .
PTCNGFRWMYL RRAH-AEAH L CL FLLVLL (R PVCPLQDTTET CR@T TSA
MYl ' PPYCCCLKPx' AGNCTCWPI PSSWA, LGNYLVWEWALARFSW.NLLVPLLQALGA SLI AWF

LLI WM WFWGPALLSI LPPFI FI FVLFFLIWYYlIZ 1 1 S E P 2002 19/21 Figure 18
Primers for PCR anplif~eation of the |arge frag~ueats eoataiuing the SxS
codi ng sequences (printers are about Z00 by outside the de9ired sequences)
|.~1YWE) ;i FFOR ( SEQ ID NO 1R) 5'- GCCGGCAGGAAGGAAATGGG 3' (13GC t 7AT = Tm
66) AYWSHREV ( S8Q ID NO 20 ) I5'-CTGCTATTGTCTTCCCAATCCTC- 3" (I .

12AT ~ Tm 68) | ~VHVSHFOR (SEQ LD NO_.21 ) 5" - CGGGACATACC~, cGTCaTTTAGB
(z2GC + ~. 0AT = Tm 68) VHVSHREV (S~QEIBWREE 22)

5' - GGCATTAAAGCAGCGTRTCCRC&pn(meMOf gzenencwmmfor HIV20/21 He-~r1 COf

4 aaacicti ~Eij an' OE>zt awAt W' '" z Aa7vi C
¢ i ~ .. 1r1 P ~ Z%Ih-begzwmgpfglzo 7747, the end of gp120
gpl20 gp4l
602SF  CAAGCTTCTCTATCAAAGCAGTAAGTAGTAC o Primers {0 generate
7773R  CTTCCTGCTGCTCCCAAGAACCCAA shuffling materials

6196F  ATAGAAAGAGCAGAAGACAGTGGCA

—®  7746R  AACAAAGCTCCTATTCCCACTGCTC ‘ Prmers o amplify

shuffled materials
BssH2 —» EcoRl
BuH2-6205F ngsesrGCAGAAGACAGTGGCAATGAGAGTG  Lramers fo clone the PCR

Bnds nexy 1 e uniquo blums sive w be 1bvoduced w ﬁagpcnt mnto geneuc
the vecior yaccine vector
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Transmembrane organization of the HBsAg polypeptide
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10%>s8&' () %ﬂ%bfé ey "gs ﬂ% ég‘?“‘% Eﬁﬁd‘gé“ f 2' ﬁ’@%lg 7&‘?&' ()-S
0 1 1 LW aYaV/ o1/ \ 1. N0/ fo ¥ WARY hl 1 11 LU 10 11 11 1] ll[ 1 n LW VWi Fo Y N ARN
10%>s& () MSMﬁ,IﬁPﬁADﬂlCﬁ Hepatitis B virus, complete genome. §hown is HBsAg cMmg
region (SEQ ID NO: 9); PreS2 starts at 1811 of complete genome sequence, S starts at

1976, end at 2656,

ATGCAGTGGAACTCCACAACATTCCACCAAGCTCTGCTAGACCCCAGAGTGAGGGGCCTATA
CTTTCCTGCTGCTGGCTCCAGTTCCGGAACAGTAAACCCTGTTCCGACTACTGCCTCACCCA
TATCGTCAATCTTCTCGAGGACTGGGGACCCTGCACCGAACATGGAGARCACAACATCAGGA
TTCCTAGGACCCCTGCTCOTCTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAAT
ACCACAGAGTCTACACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGCAGCACCCACGTGTC
TTGGCCAAAATTCGCAGTCCCCARCCTCCAATCACTCACCAACCTCTTGTCCTCCAATTTGT
CCTGGTTATCGTTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATG
CCTCATCTTCTTGTTGGTTCTTCTGGACTACCAAGCTATGTTGTCTGTTTGTCCTCTACTTC
CAAGAACATCAACTACCAGCACGGGACCATGCAAGACCTGCACGATTCCTGCTCAAGGAACC
TCTATGTTTCCCTCTTCTTGCTGTACAAAACCTTCGGACGGAAACTGCACTTGTATTCCCAT
CCCATCATCTTGCGCTTTCCCAAGATTCCTATGGGAGTGGGCCTCAGCTCCGTTTCTCCTGGC
TCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCA
GTTATATGGATGATGTGGTATTGGCGGCCAAGTCTGTACAACATCTTGAGTCCCTTTTTACC
TCTATTACCAATTTTCTTTTGTCTTTGGGTATACATTTGA

HBsAg Protein adr (SEQ ID NO: 10):
MOWNSTTFHQALLDPRVRGLYFPAGCSSSGTVNPVPTTASPISSIFSRTGDPAPNMENTTSG
FLGPLLVLOAGFFLLTRILTIPQSLESWWTSLNFLGAAPTCLGONSQS PTSNHSPTSCPPIC
PGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLSVCPLLPRTSTTSTGPCKTCTIPAQGT
SMFPSSCCTKPSDGNCTCIPIPSSWAFARPLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLS
VIWMMWYWGPSLYNILSPFLPLLPIFFCLAVYIZ
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05510%«! & TIGSCRARPARECECAPTCCEIPACCTCCAATCACTCACCARCCTCTTGTCCTCCARCTTGT
CCTGGTTATCGCTGGATGTGTCTGOGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATG
CCTCATCTTCTTOCTTGGTTCTTCTCGACTATCAAGGTATGTTGCCCCTTTGTCCTCTAATTC
CAGGATCCTCAACAACCAGCACGGGACCATGCCGGACCTGCATGACTACTGCTCAAGGAACT
TCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATTGCACCTGTATTCCCAT
CCCATCATCCTGGGCTTTCGGAARATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGC
TCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCA
GTTATATGGATGATGTGGTRATTGGGGGCCARGTCTGTACAGCATCTTCGAGTCCCTTTTTACC
GCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAR

Forward HBY ayw PCR Primer (with 2 natural EcoRI sites) (SEQ ID NO: 13);
5’ -CCGGGRAATTCCTCGACACCATGCAGTCGAATTCCACARACC-3!

Reverse HBY ayw PCR Primer (with added Kpol site) (SEQ ID NO: 14):
5’ -CCCGECGTACCCAAAGACAAAAGAAAATTGGTAACAGCGG -3

HBsAg Protein ayw (SEQ ID NO.:12):
MQWNSTTFHQTLQDPRVRGLYFPACGSSSGTVNPVLTTASPLSSIFSRIGDPALNMENITSG
FLGPLLVLQAGFFLLTRILTIPQSLDSWWISLNFLGGTTVCLGONSQSPTSNHSPTSCPPTC
PGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTTAQGT
SMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSFTVWLS
VIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYIZ
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ATGTATACTCCTCCTTACTGTTGTTGTT TAAAACCTACGGCAGGAAATTGCACTTGTTGGCC
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Forward WHY PCR Primer (with added EcoRI site) (SEQ [D NO:17 ):
S’ -CCGGGAATTCTCATCTCCAGGGGTTCGTAGACGGATTACG-3 !

Reverse WHY PCR Primer (with added Kpnl site) (SEQ ID NO: 18):
5’ -CCGGGGTACCCAAATCAAGAAAARACAGAACAAATATCGG-3 !

WHY Surface Antigen Protein (SEQ ID NO: 16 ):
MKNQTFHLQGFVDGLRDLTTTERQHNAYGDPFTTLSPAVPTVSTILSPPSTTGDPALSPEMS
PSSLLGLLAGLQVVYFLWTKILTIAQNLDWWWTSLSFPGGIPECTGQNSQFQTCKHLPTSCP
PTCNGFRWMYLRRFIIYLLVLLLCLIFLLVLLDWKGLIPVCPLQPTTETTVNCRQCTISAQD
MYTPPYCCCLKPTAGNCTCWPIPSSWALGNYLWEWALARFSWLNLLVPLLOWLGGISLIAWF
LLIWMIWFWGPALLSILPPFIPIFVLFFLIWVYIZ
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Figure 18

Primers for PCR amplification of the large fragments containing the S28 coding
sequences (primers are about 200 bp outside the desired sequences)

AYWSHFOR (SEQ ID NO: 19)
5/ -GCCGGCAGGAAGGAAATGGG~3* (13GC + 7AT = Tm 66)

AYWSHREY (SEQ ID NO: 20)
5 -CTGCTATTGTCTTCCCAATCCTC-3 (11GC + 12AT = Tm 68)

WHYSHFOR (SEQ ID NO: 21)
S -CGGGACATACCACGTGGTTTAG-3' (12GC + 10AT = Tm 68)

WHVSHREY (SEQ ID NO: 22)
5’ ~GGCATTAAAGCAGCGTATCCAC-3” (11GC + 11AT = Tm 6€6)
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