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(&9)) ABSTRACT
The invention concerns an isolated mHBYV having the fol-
lowing characteristics: (1) a genome with partly double-
strand circular DNA, (ii) the genome including the Pre-S, S,
C, P and X genes, (iii) the Pre-S genes coding for surface
antigens, the S gene coding for a HBsAg envelope protein,
the C gene coding for a HBeAg protein and aHBcAg
protein, the P gene coding for a DNA reverse polymerase/
transcriptase enzyme and the X gene coding for a HBxAg
protein. The invention is characterised in that the gene S
comprises a DNA nucleotide sequence referenced SEQ ID
NO 1 and the Pre-S gene comprises a nucleotide sequence
referenced SED ID NO 3. The invention also concerns DNA
molecule, RNA molecule, modified surface proteins and
their uses in particular for diagnostic, therapeutic and vac-

cine purposes.

TTCCACTGCCTTCCACCARGC TCTGCAGGATCCCAGAGTCAGGGGTCTGTATCTTCCTGT
TGGTGGC TCCAGTTCAGGARCAGTARACCCTGCTCCGRATAT TGCCTCTCACATCTCGTC
HBs
AATCTCCGCGAGGACTGEGGACCCTGTGACGAACAT GGAGARCATCACATCAGGATTCCT
AAGACCCCTGCTCGGGTTACAGGCGGGETTTTTCTTGTTGACAAGAATCCTCACAATACC
GCAGAGTCTAGACTCGTGGTGGACTTCTCTCAGT TTTCTAGGGGGATCACCCGTETGTCT
TGGCCARAATTCGCAGTCCCCAACCTCCAATCACTCACCARCCT CCTGTCCTCCAACTTG
TCCTGGTTATCGCTGGATGTGTCTGCGGCATTTTATCATATTCCTCTTCATCCTGCTGCT
ATGCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCA
AACTACAAGATCAACAACAACCAGTACGGGATCATGCAAAACCTGCACGATTCCTGCTCG
CGGCAAATCTATGTTTCCCTCATGTTGCTGTACARAACCTACGGATGGARATTGCACCTG
TATPCCCATCCCATCGTCTTGGGCTTTCGCAAGCTACCTATGGGAGTGGGCCTCAGTCCG
PETCTCTTGGCTCAGTTTACTAGTGCCCT TTGTTCAGTGGTTCGTAGGGCTTTCCCCCAC
TGTTTGGCTTTCAGCTATATGGATGATGT GGTATTGGGGGCCARGTCTGTACAGCATCGT
End HRs
GAGGCCCTT TATACCGCTGTTACCAATTTTCTT TTGTCTCTGGGTATACATT TARACCCT
AGCAARACAANAAGATGGGGTTATTCCCTAAACTTCATGGGTTACATAATTGGARGTTGG
GGAACTTTGCCACAGGATCATAT TGTACARAAGATCAAACACTGT T TTAGAARACTTCCT
GTTAACAGGCCTATTGATTGGARRGTATGTCAARGAAT TGTAGGTCTTTTGGGCTITGCT
GCTCCATTTACACAATGTGGATATCCTGCC TTARTGCCT TTGTATGCT TGTATACAAGCT
AAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTARGTARACAGTACATGACT
CTTTACCCCGTTGCTCGGCARCGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCC
ACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGATCCTTTGTGGCTCCTICTG
CCEATCCATACTGCGGARCTCCYAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCARAA
HBx

CTCATCGGCACTGACARTTCTGT CGTCCTCTCGCGGARATATACAT CGTTTCCATGGCTG
CTAGGCTGTTCTGCCAACTGGAT CCTTCGCGGGACGTCCTT TGTTTACGTCCCGTCGGCE
CTGAATCCCGCGGACGACCCCTCTCEGGGCCGCTTGGGACTCTCTCGTCCCCT TCTCCGT
CTGCCGTTCCAGCCGACCACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCT
TCTCATCTGCCGGTCCGTGTGCACTTCGCTTCACCTCTGCACGT TGCATGGAGACCACCG
End Pol

IE]}ACGCCCATCAGATCCTGCCCAAGGTCTTATATAAGAGGACTCTT GGACTCCCAGCRA
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Figure 1

TTCCACTGCCTTCCACCAAGCTCTGCAGGATCCCAGAGTCAGGGGTCTGTATCTTCCTGC 60
TGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATATTGCCTCTCACATCTCGTC 120
HBs
AATCTCCGCGAGGACTGGGCACCCTGTGACGAACATGGAGAACATCACATCAGGATTCCT 180
AAGACCCCTGCTCGGGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACC 240
GCAGAGTCTAGACTCGTGGTGGACT TCTCTCAGTTTTCTAGGGGGATCACCCGTGTGTCT 300
TGGCCARAATTCGCAGTCCCCAACCTCCAATCACTCACCARACCTCCTGTCCTCCAACTTG 360
TCCTGETTATCCCTGGATGTGTCTGCGGCATTTTATCATATTCCTCTTCATCCTGCTGET 420
ATGCCTCATCTTCTTATTGGTTCTTCTGGATTATCARGGTATGTTGCCCGTTTGTCCTCA 480
ARACTACAAGATCAACAACAACCAGTACGGGATCATGCAARACCTGCACGATTCCTGCTCG 540
CGGCAAATCTATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTG 600
TATTCCCATCCCATCGTCTTGGGCTTTCGCAAGCTACCTATGGGAGTGGGCCTCAGTCCG 660
TTTCTCTTGGCTCAGTTTACTAGTGCCCTTTGTTCAGTGGTTCGTAGGGCTTTCCCCCAC 720
TGTTTGCCTTTCAGCTATATGGATGATGTGCGTATTGGGGGCCAAGTCTGTACAGCATCGT 780
End HBs
GAGGCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTEAAACCCT 840
AGCAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGTTACATAATTGGAAGTTGG 900
GGAACTTTGCCACAGGATCATATTGTACAARRAGATCAAACACTGTTTTAGARAACTTCCT 960
GTTAACAGGCCTATTGATTGGAAAGTATGTCAAAGAATTGTAGGTCTTTTGGGCTTTGCT 1020
CCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCTTGTATACAAGCT 1080
AAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTARACAGTACATGACC 1140
CTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCC 1200
ACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGATCCTTTGTGGC%CCTCTG 1260
CCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAA 1320
' HBx

CTCATCGGCACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCCAIEGCTG 1380
CTAGGCTGTTCTGCCAACTGGATCCTTCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCG 1440
CTGAATCCCGCGGACGACCCCTCTCGGGGCCGCTTGGGACTCTCTCGTCCCCTTCTCCGT 1500
CTGCCGTTCCAGCCGACCACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCT 1560
TCTCATCTGCCGGTCCGTGTGCACTTCGCTTCACCTCTGCACGTTGCATGGAGACCACCG 1620
End Pol '

IgéACGCCCATCAGATCCTGCCCAAGGTCTTATATAAGAGGACTCTTGGACTCCCAGCAA 1680
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Figure 1 (continued)

TGTCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGC 1740
TGGGGGAGGAGATTAGGTTAATGATTTTTGTGTTAGGAGGCTGTAGGCATARATTGGTCT 1800
PreC End HB=x
GCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCAC 1860
HBc
TGTTCAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGACéIQGACATTGACCCTTATAA 1920
AGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCCGT 1980
CAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCA 2040
TTGCTCACCTCACCATACTGCACTCAGGCAAGCCATTCTTTGCTGGGGGGAATTGATGAC 2100
TCTAGCTTCCTGGGTGGGTAATAATTTGCAAGATCCAGCATCCAGGGATCTAGTAGTCAA 2160
TTATGTCAATACTAACATGGGTTTGAAGATCAGGCAACTATTGTGGTTTCATATATCTTG 2220
CCTCACTTTTGGAAAAGATACTGTACTTGAATATTTGGTCTCTTTCGGAGTGTGGATTCG 2280
pol
CACTCCTCCAGCCTATAGACCACCAAATGCCCCTATCTTATCATCACTTCCGGAAACTAC 2340
TGTTGTTAGACGACGGGACCGAGGCAGGTCCCCTAGAAGARGAACTCCCTCGCCTCGCAG 2400
‘ End HBc
ACGCAGATCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAACCTCAATGGE&QTA 2460
TTCCTTGGACTCATAAGGTGGGARACTTTACTGGGCTTTATTCCTCTACAGTACCTATCT 2520
TTAATCCTGAATGGCAARCTCCTTCCTTTCCTAAGATTCATTTACAAGAGGACATTATTG 2580
ATAGGTGTCAACAATTTGTGGGCCCTCTCACTGTARATGAAALGAGRAGATTGRAAATTAR 2640
TTATGCCTGCTAGATTTTATCCTACCAACACTAAATATTTGCCCTTAGACAAAGGAATTA 2700
AACCTTATTATCCAGATCAGGTAGTTAATCATTACTTCAARACCAGACATTATTTACATA 2760
CTCTTTGGAAGGCTGGTATTTTATATAAGAGGGAAACCACACGTAGCGCATCATTTTGCG 2820
Pre-si g
GGTCACCATATTCTTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCATCAAAACCTCGC 2880
AAAGGCATGGGGACGAATCTTTCTGTTCCCAACCCTCTGGGATTCTTTCCCGATCATCAG 2940
TTGGACCCTGCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCCATCAAG 3000
GACCACTGGCCAGCAGCCAACCAGGTAGGAGTGGGAGCATTCGGGCCAGGGTTCACCCCT 3060
CCACACGGCGGTGTTTTGGGGTGGAGCCCTCAGGCTCAGGGCACATTGACCACAGTGCCA 3120
ACAATTCCTCCTCCTGCATCCACCAATCGGCAGTCAGGAAGGCAGCCCACTCCCATCTCT 3180
Pre-52
CCACCTCTCAGAGACAGTCATCCTCAGGCCATGCAGTGGAA 3221
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CTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATCTCCCTGC 60
TGGTGGCTCCAGTTCAGGAACAGTAAACCCTGTTCCGACTACTGTCTCTCACATATCGTC 1290
AATCTTCTCGAGGATTGGGGACCCTGCGCTGAAC;;;GAGAACATCACATCAGGATTCCT 180
.AGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACC 240
GCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGAACAACCGTGTGTCT 300
TGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCTTGTCCTCCGACTTG 360
TCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCT 420
ATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTGCCCGTTTGTCCTCT 480
AATTCCAGGATCTTCAACCACCAGCACGGGACCATGCAGAACCTGCACGACTCCTGCTCA 540
AGGAACCTCTATGTATCCCTCCTGCTGCTGTACCAAACCTTCGGACGGAAATTGCACCTG 600
TATTCCCATCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCG 660
TTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCAC 720
TGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAACATCTT 780
GAGGCCCTTTTTACCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACAT%E;;;?%ZT 840
AACAAAACAAAAAGATGGGGTTACTCTTTACATTTTATGGGCTATGTCATTGGAAGTTAT 900
GGGTCATTGCCACAGGATCACATCATACAGAAAATCAAAGAATGTTTTAGAAAACTTCCT 960
GTTAACAGGCCTATTGATTGGAAAGTCTGTCAACGTATTGTGGGTCTTTTGGQ@TTTGCT 1020
GCCCCTTTTACACAATGTGGTTATCCTGCTTTAATGCCTTTGTATGCCTGTAfTCAATCT 1080
AAGCAGGCTTTCTCTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATACCTGAAC 1140
CTTTACCCCGTTGCCCGACAACGGCCAGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCC 1200
ACTGGCTGGGGCTTGGTCATGGGCCATCAGCGCATGCGTGGAACCTTTCTGGCTCCTCTG 1260
CCGATCCATACCGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAAC 1320
ATTCTCGGGACGGATAACTCTGTTGTTCTCTCCCGCAAATATACATCCTTTCC;EEGCTG 1380
CTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCG 1440

CTGAATCCCGCGGACGACCCCTCTCGGGGCCGCTTGGGACTATCTCGTCCCCTTCTCCGT 1500

CTGCCGTTTCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCT 1560
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Figure 2 (continued)

TCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCG 1620
End Pol . 3

TGAACGCCCACCAATTCTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTTTCTGTAA 1680
TGTCARCGACCGACCTTGAGGCATACTTCARAGACTGTTTGTTTAAGGAATGGGAGGAGT 1740
TGGGGGAGGAGATTAGATTARTGATCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCT 1800

PreC End HBx
GCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTAC 1860

Codon 29 HBc
TGTTCAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCATGGACATTGATCCTTATAA 1920
AGAATTTGGAGCTTCTGTGGAGTTGCTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCCGT 1980
ACGAGATCTTCTAGATACCGCCTCAGCTCTATATCGGGAAGCCTTAGAGTCTCCTGAGCA 2040
TTGTTCACCTCACCATACGGCACTCAGGCAAGCAATTCT TTGCTGGGGGGAACTAATGAC 2100
TCTAGCCACCTGGGTGGGTGGTAATTTGGACGATCCAACATTCAGGGACCTAGTAGTCAG 2160
TTATGTTAACACTAATATGGGCCTAAAGTTCAGGCAACTATTGTGGTTTCACATTTCTTG 2220
TCTCACTTTTGGAAGAGGAACGGTCATTGAGTATTTGGTGTCTTTCGGAGTGTGGATTCG 2280
CACTCCTCCACCTTATAGACCACCAAZE&CCCCTATCTTATCAACACTTCCGGAGACTAC 2340
TGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGAAG 2400

: ) ' End HBc
GTCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTT 2460
GGACTCATAAGGTGGGAAACTTTACGGGGCTTTATTCTTCTACTGTTCCTGTCTTTAARCC 2520
CTCATTGGAAAACACCCTCTTTTCCTAACATACATTTACACCAAGACATTATCAAAAAAT 2580
GTGAACAATTTGTAGGCCCACTCACAGTCAATGAGAAAAGAAGACTGCAATTGATCATGC 2640
CTGCTAGGTTTTATCCAAATGCTACCAAATATTTGCCATTGGATAAGGGTATCAAACCTT 2700
ATTATCCAGAACATCTAGTTAATCATTACTTCCAAACCAGACATTATTTACACACTCTAT' 2760
GGAAGGCGGGTATATTATATCAGAGAGAAACAACACATAGCGCCTCATTTTGTGGATCAC 2820
CATATTCTTGGGAACAAGAGCTACAGCZE;géGCAGAATCTTTCCACCAGCAATCCTCTG 2880
GGATTCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATCCAGAT 2940
TGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCA 3000
TTCGGGCTGGGATTCACCCCACCACACGGAGGCCTTTTGGGGTGGAGCCCTCAGGCTCAG 3060
GGCATACTACAAACCTTGCCAGCAAATCCGCCTCCTGCCTCTACCAATCGCCAGTCCGGA 3120
AGGCAGCCTACCCCTCTGTCTCCACCTTTGGGAAACACTCATCCTCAGGCCEEZizGTGG 3180

AA 3182
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JO1570 MENIASGLLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGONSQSQISSH 60
J02060 MENIASGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGQNSQSQISSH 60
JQ2061 MENIASGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGQNSQSQISSH 60
JQ2057 MENIASGLLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGQNSQSQISSH 60
SAVLJ3 MENIASGLLGPLLVLQAGFFSLTKILTIPLSLDSWWTSLNFLGETPVCLGQNSQSQISSH 60
SAVLJ2 MENIASGLLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGQNSQSQISSH 60
JQ2058 MENITSGLLGPLLVLOAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGONSQSQISSH 60
SAVLJ1 MENIASGLLGPLLVLOAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGONSQSQISSH 60
JQ2059 MENTASGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGTPVCLGQNSQSQISSH 60
JQ1575 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
S47411 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLOSWWTSLNFLGGSPVCLGONSOSPTSNH 60
SAVLVD MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
SAVLKS MENITSGFLGPLPVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSRSPTSNH 60
SAVLVE MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWT SLNFLGGSPVCLGONSQSPTSNH 60
JQ2045 MENITSGLLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQ2046 MENITSGLLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQ2047 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGQNSQSPTSNH 60
x27-16 MENITSGFLRPLLGLOAGFFLLTRILTIPQSLDSWWTSLSFLGGSPVCLGONSQOSPTSNH 60
JQ1577 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQ2048 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGAPVCLGONSQSPTSNH 60
JQ2052 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQ2053 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQz2055 MENITSGFLGPLLVLOAGFFLLTRILTIPQST.DSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQ2051 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWHTSLNFLGGSPVCLGONSQSPTSNH 60
Jg2054 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
SAVLHV MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWISLNFLGGSPVCLGONSQSPTSNH 60
JQ2050 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGSTVCLGONSQSPTSNH 60
536654 MENITSGSLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNH 60
JQ2056 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWATSLNFLGGVPVCPGLNSQSPTSNH 60
520749 MENITSGFLGPLLVLOAGFFLLTRILTIPQOSLDSWWTSLNFRGGTTVCLGONSQSPTSNH 60
JQ2075 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
SAVLEBH MENITSCFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
$20753 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWNTSLNFLGGTTVCLGQNSQSPTSNH 60
520745 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWNTSLNFLGGTTVCLGONSQSPTSNE 60
JQ2077 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWNTSLNFLGGTTVCLGONSQSPTSNH 60
JQ2076 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNE 60
JQ1571 MENITSGFLGPLLVLOAGFFWLTRILTIPQSLDSWWISLNFLGGTTVCLGQNSQSPTSNH 60
JQ2068 MESITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
541869 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
SAVLAH MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
JQ2063 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
JQ1572 MENITSGFLGPLLVLOAGFFWLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
JQ2065 MENITSGLLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
JQ2066 MENITSGLLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
JQ2072 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH-60
547407 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
J02073 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
$32202 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
JQ2067 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
J02069 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
JQ2070 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60.
JQz2081 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPISNH 60
SAVLAJ MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPISNH 60
JQ2080 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
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JQ2078 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
$41871 MENITSGFLGPOLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
SAVLA1 MENITSGFLGPLLVLQAGFFLLTKILTIPKSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
x27-9 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
Jo2083 MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNH 60
JQ2079 MENITSGFLGPLLVLOAGFFLLTRILTIPOSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
541870 MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNH 60
JQ1573 MESITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPTSSH 60
JQ2085 MESITSGFLGPLLVLOAGFFLLTKILTIPQSLDSWATSLNFLGGAPVCLGONSQSPTSNH 60
JO1578 MESITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPTSNH 60
JQ2087 MESITSGFLGPLLVLOAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGONSQSPISNH 60
JQ2090 MESITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPISNH 60
JQ2091 MENITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPISNH'60
Jp2092 MESITSGFLGPLLVLOAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGONSQSPTSNH 60
JQ2226 MDNITSGLLGPLLVLOAVCFLLTKILTIPOSLDSWWTSLNFLGGLPGCPGQNSQSPTSNH 60
J02230 MDNITSGLLGPLLVLOAVCFLLTKILTIPQSLDSWWTSLNFLGGLPGCPGONSQSPTSNH 60
Jol1574 MENITSGFLGPLLVLOAGFFWLTRILTIPQOSLDSWWTSLNFLGGAPTCPGONLOSPTSNH 60
Jo2101 MENTTSGFLGPLLVLOAGFFWLTRILTIPQSLDSWWTSLNFLGGAPTCPGONLOSPTSNH 60
JQL57%6 MENTTSGFLGPTLLVLOAGFFWLTRILTIPOSLDSWWTSLNFLGGAPTCPGONSQSPTSNH 60
JQ2106 MENTTSGFLGPLLVLQAGFFWLTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNH 60
JQ2104 MESTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNH 60
535528 MESTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNH 60
SAVLAR MESTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPTCPGONSQSPTSNH 60
JQ2102 MESTTSGFLGPLLVLOAGFFLLTRILTIPQSL.DSWWI SLNFLGGAPTCPGONSQSPTSNH 60
JQ2097 MESTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGONLOSPTSNH 60
JQ2099 MESTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGKNLOSPTSNH 60
Jp2098 MENTTSGFLGPLLVLOAGFFLLTRILTIPQSTLDSWWISLNFLGGAPTCPGONLOSPTSNH 60
JQ2100 MENTTSGFLGPLLVLQAGFFLLTRILT I PQSLDSWWISLNFLGGAPTCPGONLOSPTSNH 60
Jp2108 MESTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWI SLNFLGGAPTCPGONSQSPTSNH 60
JQ2109 MESTTSGFLGELLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGONSQSPTSNA 60
Jp2111 MDKTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWT SLNFLGGAPTCPGONSQSPTSNH 60
JQ2112 MENTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWNTSLNFLGGAPTCPGONSQSPTSNH 60
SAVLA MENTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNH 60
SAVLN1 MENTASGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGONSQSPTSNH 60
Jp2105 MENTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGONSQOSPTSNH 60
Jo2110 MENTTSGFLGPLLVLOAGFFLLTKILTIPQSLDSWWTSLNFLGGAPTCPGONSQSPTSNH 60
JQ2116 MENTTSGFLRPLLVLOAGFFLLTKILTIPQSLDSWWT SLNFLGGAPTCPGONSQSPTSNH 60
J2115 MENTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGONSQSPTSNH 60
Jo2113 MENTTSGFLGPLLVLQAGFFLLTRILTIPQSLHSWWISLNFLGAAPTCLGONSQSPTSNH 60
Jpz2114 MENTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCLGONSQSPTSNH 60
JQ1581 MENTTSGFLGPLLVLQAGFFLLTKILTI PQSLDSWWTSLNFLGGAPVCPGONSQSPTSNH 60
JQ2094 MENTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPVCPGQONSQSPTSNH 60
Jg2095 MENTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWISLNFLGEAPRCPGONSQSPTSNH 60
J2096 MENTTSGFLGPLLVLOAVFFLLTRILTIPQOSLDSWHTSLNFLGEAPRCPGONSQSPTSNH 60
Joz2103 MESTTSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNH 60
543492 MESTTSGFLGPLLVLOAGFFLLTRILTIPQSLDSWLTSLNFLGGTPKCPGONSQSPTSNH 60
SAVLAD MENITSGFLGPLLVLOAGFFLLTRILTIPQSLDSWWTSLNFLGGAPTCPGONSQSPTSNH 60
Jp2123 MENITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPTSNH 60
SAVLCP MENITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPTSNH 60
567506 MENITSGFLGPLLVLQAGFFLLTKILTIPQSLDSWWTSLNFLGGAPVCPGQNSQSPTSNH 60

*:. :** * Kk * %k ok * **:***** dok  dedh dkdkk Kk * . * ok Kk e Kk *-*

JQ1570 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGE 12¢C
JQ2060 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 12¢
Jo2061 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 12¢
JQ2057 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 12¢
SAVLJ3 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 12¢
SAVLJ2 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 12¢
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JQ2058 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
SAVLJ1l SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JO2059 SPTCCPPICPGYRWMCLRRFIIFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JO1575 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
$47411 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
SAVLVD SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
SAVLKS SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLILGSTTTSTGP 120
SAVLVE SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
JQ2045 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGE 120
J02046 SPTSCPPICPGYRWMCLRRFITIFLFILLLCLIFLLVLLDYQGMLAVCPLIPGSTTTSTGP 120
JQ2047 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGA 120
x27-16 SPTSCPPTCPGYRWMCLRHFIIFLFILLLCLIFLLVLLDYQGMLPVCPOTTRSTTTSTGS 120
JQ1577 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDCOGMLPVCPLIPGSTTTSTGP 120
J02048 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDCQGMLPVCPLIPGSTTTSTGP 120
JQ2052 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
JQ2053 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTEP 120
J02055 SPTSCPPICPGYRWMCLRRFITIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
JQ2051 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
J02054 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
SAVLHV SPTSCPPICPGYRWMCLRRFITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
JQ2050 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGP 120
S36654 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLTFLLVLLDYKGMLPVCPLIPGSTTTSTGP 120
J02056 SPISCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGE 120
$20749 SPTSCPPTCPGYRWMCLRGFIIFLFILLLCLIFLLVLLEYQGMLHVCPLIPGTTTTSTGP 120
JQ2075 SPTSCPPTCAGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
SAVLBH SPTSCPPTCPGYRWMCLRRFITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
520753 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
520745 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
J02077 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
J02076 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ1571 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2068 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
541869 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
SAVLAH SPTSCPPTCPGYRWMCLRRFITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2063 SPTSCPPTCPGYRWMCLRRFITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGTSTTSTGP 120
JQ1572 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2065 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2066 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2072 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSVGP 120
$47407 SPTSCPETCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSVGP 120
JQ2073 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSAGP 120
§32202 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSAGP 120
JQ2067 SPTSCPPTCPGYRWMCLRRFITIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2069 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JO2070 SPTSCPPTCPGYRWMCLRRFITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2081 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGS 120
_ SAVLAJ SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGS 120
JQ2080 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2078 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLEVCPLIPGSSTTSTGP 120
541871 SPTSCPPTCPGYRWMSRRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
SAVLAl SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
%27-9 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2083 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2079 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
541870 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGE 120
JQ1573 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2085 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ1578 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
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Jo2087 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLEVCPLIPGSSTTSTGP 120
JQ2080 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2091 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
JQ2092 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSSTTSTGP 120
JQ2226 LPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSTTTSTGP 120
JO2230 LPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPTLLPGSTTTSTGP 120
JQ1574 SPTSCPPICPGYRWMCLRRFIIFLFTILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
Jo2101 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
JQ1576 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
JQ2106 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
Joz2104 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
§35528 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPE 120
SAVLAR SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDFQGMLPVCPLLEGTSTTSTGP 120
JQz102 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
J2097 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTVPE 120
JQ2099 S SPTSCPPICPGYRWMCLRRFIIFLFILLLCLTFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
JQ2098 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
JQ2100 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGE 120
J02108 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGE 120
JQ2109 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
Jo2111 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
JQ2112}SPTCCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
SAVLA SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
SAVIN1 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYHGMLPVCPLLPGTSTTSTGP 120
J02105 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGE 120
JQ2110 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTTTTSTGF 120
J2116 SPTSCPPICPGYRWMCLQRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
Jo2115 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
Joz113 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLSVCPLLPRTSTTSTGP 120
JQ2114 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPTLPRTSTTSTGP 120
Jol581 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
JQ2094 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
“JQ2095 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
J02096 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGE 120
JQ2103 SPTSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP 120
543492 SETSCPPTCPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYKGMLPVCPLLPGTSTTSTGP 120
SAVLAD SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGP,120
JQ2123 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
SAVLCP SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGP 120
567506 SPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSSTTSTGP 120

* _*** *.*****. s kkkdkk kkkkhhk hhkkkkk . :*** * kK e dkkk

JQ1570 CRTCTTPAQGTSMFPSCCCTKPTDGNCTCIPTPSSWAFAKYLWEWASVRFSWLSLLVPEV 180
JQ2060 CRTCTTPAQGTSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEV 180
Jo2061 CRTCTTPAQGTSMFPSCCCTKETDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEV 180
JQ2057 CKTCTTPAQGTSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRESWLSLLVPFV 180
SAVLJI3 CKTCTTPAQGTSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
SAVLJ2 CKTCTTPAQGTSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEV 180
JQ2058 CKTCTTPAQGTSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
SAVLJ1 CKTCTTPAQGTSMFPSCCCTKPMDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2059 CKTCTTPAQGTSMFPSCCCTKPTAGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ1575 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKY LWEWASVRFSWLSLLVPEV 180
S47411 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEV 180
SAVLVD CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
SAVLKS CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVEPEV 180
SAVLVE CKTCTTPAQGNSKFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVEEV 180
JQ2045 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEV 180
JQ2046 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKY LWEWASVRFSWLSLLVEFV 180
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JQ2047 CKTCTTTAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
x27-16 CKTCTIPARGKSMFPSCCCTKPTDGNCTCIPIPSSWAFASYLWEWASVRFSWLSLLVPFV 1806
JQ1577 CRTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2048 CRTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2052 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2053 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2055 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2051 CKTCTTAAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2054 CKTCTTPAQGNSMFPSCCCTKPSDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
SAVLHV CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWGSVRFSWLSLLVPFV 180
JQ2050 CKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
536654 CRTCTTPAQGNSMFPSCCCTKPMDANCTCIPIPESWAFAKYLWEWASVRFSWLSLLVPFV 180
JQ2056 CKTCTTPAQGNSMYPSCCCTKPSDGNCTCIPIPSTWAFAKYLWEWASVRFSWLSLLVPFV 180
520749 CKTCTTPAQGNSMFPSCCCTKTSDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFV 180
Jo2075 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
SAVLEH CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
520753 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
520745 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2077 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2076 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ1571 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQz2068 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
541869 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
SAVLAH CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2063 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ1572 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2065 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2066 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2072 CRTCTTTVQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
547407 CRTCTTTVQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2073 CRTCTTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEV 180
832202 CRTCTTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2067 CRTCTTTAQGTSMYPYCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
J02069 CRTCTTIAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
Jo2070 CRTCTTIAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2081 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
SAVLAJ CRTCTTPAQGISMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2080 CRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2078 CRTCTTPAQGNSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
541871 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVGFV 180
SAVLAL CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
x27-9 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV'180
JQ2083 CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQz2079% CRTCTTPAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
S41870 CRTCTTPAQGTSMYPSCCCTKPSHGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ1573 CRTCTTLAQGTSMFPSCCCSKPSDGNCTCIEIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2085 CRTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ1578 CRTCMTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2087 CRTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2090 CRTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
Jo2091 CRTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2092 CRTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFV 180
JQ2226 CKTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWALGKYLWEWASARFSWLSLLVQFV 180
JQ2230 CKTCTTLAQGTSMFPSCCCSKPSDGNCTCIPIPSSWALGKYLWEWASARFSWLSLLVQFV 180
JQ1574 CRTCTTPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASARFSWLSLLVPFV 180
JQ2101 CRTCTTPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASARFSWLSLLVPFV 180
JQ1576 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASARFSWLSLLVPFV 180
JQ2106 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFV 180
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Figure 3 (continued 5) -

Jp2104 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
§35528 CKTCTIPAQGTSMFPSCWCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
SAVLAR CKTCTIPAQGTSMFPSCCCTKPSDANCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
J02102 CRTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
Jz097 CRTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLST.LVPFV 180
Jp2099 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLNLLVPEV 180
JQ2098 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
J02100 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRLSWLSLLVPEV 180
Jpz2108 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
J02109 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFILWEGASVRFSWLSLLVPEV 180
JO2111 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
JQ2112 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVREFSWLSLLVPIEV 180
SAVLA CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
SAVLN1 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
JQ210% CKTCTIPRQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLVPEV 180
JO2110 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPEV 180
J02116 CKTCTSPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFATFLWEWASVRFSWLSLLVPEV 180
JO2115 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPTPSSWAFAKFLWEWASVRFSWLSLLVPEV 180
JQ2113 CKTCTIPAQGTSMFPSSCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPEV 180
JQ2114 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
J01581 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFVRFLWEWASVRFSWLSLLAPFV 180
J02094 CKTCTIPAQGTSMEFPSCCCTKPSDGNCTCIPIPSSWAFVRFLWEWASVRFSWLSLLAPFV 180
J02095 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFVRFLWEWASVRESWLSLLAPEV 180
J02096 CKTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFVRFLWEWASVRESWLSLLAPEV 180
J02103 CRTCTIPAQGTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEV 180
S43492 CKTCTIPAQNTSMFPSCCCTKPSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFV 180
SAVLAD CKTCTTPAQGTSMFPSCCCTKPSDGNCTCILPIPSSWAFANFLWEWASVRFSWLSLLVPEFV 180
J02123 CKTCTTPAQGTSLIPSCCCTKPSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLAPFV 180
SAVLCP CKTCTTPAQGISLIPSCCCTKPSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLAPEV 180
$67506 CRTCTITAQGTSLYPSCCCTKPSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLAPEV 180

%5k e Rk kK L kkkkkkokk s koky shkkkk kokkk Kk Kk
JQ1570 QWEVGLSPTVWLSVIWMIWYWGPSLYNILSPFMPLLPIFFCLWVYI 226
J02060 QWFVGLSPTVWLSVIWMIWYWGPSLYNILSPFMPLLPIFFCLWVYI 226
JQ2061 QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFMPLLPIFFCLWVYI 226
JQ2057 QWEVGLSPTVWLSVIWMMWEWGPSLYNILSPFMPLLPIFFCLWVYI 226
SAVLJ3 QWFVGLSPTVWLSVIWMMWFWGPSLYNILSPFMPLLPIFFCLWVYI 226
SAVLJ? QWFVGLSPTVWLSVIWMIWFWGPSLYNILSPFMPLLPIFFCLWVYT 226
JQ2058 QWFVGLSPTVWLSVIWMMWFWGPSLYNILSPFMPLLPIFFCLWVYI 226
SAVLJ1l OWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFMPLLPIFFCLWVYI 226
JO2059 QWFVGLSPTVWLSATWMMWYWGPSLYNILSPFMPLLPIFFCLWVYI 226
JQ1575 QWEVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI 226

847411 QWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI 226
SAVLVD QWEVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI 226
SAVLKSVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSSFIPLLPIFFCLWVYI 226
SAVLVE QWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYLI 226
JO2045 QWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVII 226
JQ2046 QWFVGLSPTVWLSAIWMMWYWGPSQYSIVSPFIPLLPIFFCLWVYI 226
JQ2047 QWFVGLSPTVWLSATWMMWYWGPSLYGIVSPFIPLLPIFFCLWVYT 226
-x27-16 QWFVGLSPTVWLSAIWMMWYWGPSLYSIVRPFIPLLPIFFCLWVYT 226
JQ1577 QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYI 226
JO2048 QWFVGLSPTVWLSAIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYL 226
JO2052 QWFVGLSPTVWLSAIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYTI 226
J02053 QWFVGLSPTVWLSAIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYT 226
JO2055 QWFVGLSPTVWLSRAIWMMWYWGPSLYNILSPFIPLLPIFFCLRVYI 226

- J02051 QWFVGLSPTVWLSAIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYI 226
JQ2054 QWFVGLSPTVWLSAIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYT 226

SAVLHV OWFVGLSPTVWLSVIWMMWYWGPNLYNILSPFIPLLPIFFCLWVYI 226
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Figure 3 (continued 6).

OWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYTL
OWFVGLSPTFWLSVIWMMWYWGPSLYNILSPFTPLLPIFFCLWVYI
QWFVGLSPTVWLSAIWMMWYWGPSLYNILSPFIPLLPIFFCLRVYI
QWFVGLSPTVWLSAIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYT
OWFVGLSPTVYWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYT
QWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYT
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYL
QWFVGLSPTVWLSVIWIMWYWGPSLYSTILSPFLPLLPIFFCLWVYIL
OWFVGLSPTVWLSVIWMIWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWIMWYWGPSLYSILSPFLPLLPIFFCLWVSI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPL~-————=-—————
OQWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYL
QWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
QWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYT
QWFVELFPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
QOCFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWVYI
OWFVGLSPIVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWAYI
OWFVGLSPIVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWAYT
OWFAGLSPIVWLSVIWMMWYWGPSLYSILSPEFLPLLPIFFCLWAYI
OWFVGLSPTVWLSVIWMMWYWGPSLYSILSPFLPLLPIFFCLWAYI
OWFVGLSPTVWLLGIWMMWYWGHSLYSTLSPFLPLLPIFFCLWVYI
QWFVGLSPTVWLLVIWMMWYWGPKLFTILSPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYNILRPFLPLLPIFFCLWVYI
QOSFVGLSPTVWLSVIWMMWYWGPSLYSILSPFIPLLPIFFCLWVYI
QWEDGLSPTVWLSVIWMMWYWGPSLYSILSPFIPLLPIFFCLWVYI
OWFMGLSPTVWLSAIWMMWYWGPSLYSIVMPFIPL-———~~—~————
OWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYT
OWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYT
OQWFAGLSPTVWLSVIWMMWYWGPSLYDILSPFIPLLPIFFCLWVYI

OWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWAYT
OWFAGLSPTVWLSVIWMMWYWGPSLYNTLSPFIPLLPIFFCLWVYT "

QWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYI
QWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYI
QWCVGLSPTVWLLVIWMIWYWGPNLCSILSPFIPLLPIFCYLWVSI
QWCVGLSPTVWLLVIWMIWYWGPNLCSILSPFIPLLPIFCYLWVST
QWFVGLSPTVWLSVIWMMWYWGPSLHNILNFFLPLLPIFFCLWVYI
QWFVGLSPTVWLSVIWMMWYWGPSLHNI LNPFLPLLPIFFCLWVYI
QWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYT
QWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
QWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
OWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
OWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
QWFAGLSPTVWLSVIWMIWFWGPSLYNILSPFLPLLPTFFCLWVYL
QWFVGLSPTVWLSVIWMMWYWGPSLYNILNPFLPLLPIFFCLWVYI
OWFVGLSPTVWLSVIWMMWYWGPSLYNILNPFLPLLPIFFCLWVYT
QWFVGLSPTVWLSVIWMMWYWGPSLYNILNPFLPLLPIFFCLWVYT
QWFVGLSPTVWLSVIWMIWYWGPSLYNILNPFLPLLPIFFCLWVYI
QWFVGLSPTVWLSVIWMMWYWGPSLYNILNPFLPLLPIFFCLWVYT
QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
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Figure 3 (continued 7) -

OWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYL
OWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYL
OWEVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYTL
OWEVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYL
OQWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFYIWVYL
QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYL
OQWEVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
QWEVGLSPTVWPSAIWMMWNYWGPSLYNILSPFLPLLPIFFCLWVYT
OWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYL
QWFVGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYT
QWEVGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYI
OWEVGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYT
OWEVGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYL
OWFDGLSPTVWLSVIWMMWYWGPSLYNILSPFIPLLPIFFCLWVYL
QWEVGLSPTVWLSAIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYT
QWSAGLSPTVWLSVIWTMWYWGPSLYNILSPFLPLLPILCCLWAYT
QWFAGLSPTVWLSVIWMMWYWGPSLYNILSPFLPLLPIFFCLWVYI
QWFAGLSPTVWLLAIWMMWYWGPNLYNILSPFIPLLPIFFCLWVYL
QWFAGLSPTVWLLATWMMWYWGPNLYNILSPFIPLLPIFFCLWVYI
QWFAGLSPTAWLLVIWMIWYWGPNLYNILNPFIPLLPIFFCLWVYI

* * * K *hk gk oy kK ks Kk Kok
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Figure 4
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Figure 4 (continued 1)
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Figure 4 (continued 2)
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JQ2050 LTRILTIPQSLDSWWTSLNFLGGSTVCLGONSQSPTSNHSPTSCPPICPGYRWMCLRRET 81
SAVLHV LTRILTIPQSLDSWWISLNFLGGSPVCLGQONSQSPTSNHSPTSCPPICPGYRWMCLRRET 81
JO1577 LTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTSNHSPTSCPPICPGYRWMCLRRET 81
J02048 LTRILTIPQSLDSWWTSLNFLGGAPVCLGONSQSPTSNHSPTSCPPICPGYRWMCLRRET 81
536654 LTRILTIPQSLDSWWTSLNFLGGSPVCLGQONSQSPTSNHSPTSCPPICPGYRWMCLRRET 244
J02056 LTRILTIPQSLDSWWTSLNFLGGVPVCPGLNSQSPTSNHSPISCPPTCPGYRWMCLRREL 81
JO1574 LTRILTIPQSLDSWWISLNFLGGAPTCPGONLQSPTSNHSPTSCPPICPGYRWMCLRRET 81
JQ2101 LTRILTIPQSLDSWWTSLNFLGGAPTCPGONLQSPTSNHSPTSCPPICPGYRWMCLRRET 81
JO1576 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRREL 81
J02106 LTRILTIPQSLDSWWTSLNFLGGAPTCPGONSQSPTSNHSPTSCPPICPGYRWMCLRREL 81
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JQ2097 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNLQSPTSNHSPTSCPPICPGYRWMCLRRFI,81
JQ2099 LTRILTIPQSLDSWWTSLNFLGGAPTCPGKNLQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2098 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNLQSPTSNHSPTSCPPICPGYRWMCLRRFI 81l
JQ2100 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNLQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2108 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
J2109 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
Joz111 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2104 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
$35528 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 255
SAVLAR LTRILTIPQSLDSWWTSLNFLGGSPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2102 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
543492 LTRILTIPQSLDSWLTSLNFLGGTPKCPGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 300
SAVLA LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 255
JQ2112 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTCCPPICPGYRWMCLRRFI B1
SAVLN1 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2105 LTRILTIPOSLDSWWTSLNFLGGAPTCPGONSQSPTSNHSPTSCPPICPGYRWMCLRRFET 81
J2110 LTKILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2116 LTKILTIPQSLDSWWISLNFLGGAPTCPGONSQSPTSNHSPTSCPPICPGYRWMCLORET 81
J2115 L TRILTIPOSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRET 81
Jo2113 LTRILTIPQSLHSWWTSLNFLGAAPTCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
J2114 LTRILTIPQSLDSWWTSLNFLGGAPTCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ1581 LTKILTIPQSLDSWWTSLNFLGGAPVCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
Jo2094 LTRILTIPQSLDSWWTSLNFLGGAPVCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2095 LTRILTIPQSLDSWWTSLNFLGEAPRCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQ2096 LTRILTIPQSLDSWWTSLNFLGEAPRCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQz2103 LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
SAVLAD LTRILTIPQSLDSWWTSLNFLGGAPTCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
JQz2123 LTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 81
SAVLCP LTKILTIPQSLDSWWTSLNFLGGAPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 244
567506 LTKILTIPQSLDSWWTSLNFLGGAPVCPGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 244
Jo2069 LTRILTIPOSLDSWWTSLNFLGGTTVCLGONSQSPTSNHSPTSCPPTCPGYRWMCLRRET 81
JQ2070 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2065 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2066 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQz2063 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ1572 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2068 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2072 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
547407 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
J2073 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
532202 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
JdQ2067 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
$41869 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
541870 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFI 244
SAVLAH LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
520753 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
JQ2081 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPISNHSPTSCPPTCPGYRWMCLRRFI 81
SAVLAJ LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPISNHSPTSCPPTCPGYRWMCLRRFI 244
JQ2080 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2078 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2075 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCAGYRWMCLRRFI 81
520745 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
JQ1571 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
SAVLAl LTKILTIPKSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI~244
SAVLBH LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 244
JQ2077 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
JQ2076 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRRFI 81
541871 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMSRRRFI 244
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JQ2079 LTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNHSPTSCPPTCPGYRWMCT.RRFI 81
JQ2083 LTRILTIPQSLDSWWTSLNFLGGTTVCLGONSQSPTSNHSPTSCPPTCPGYRWMCIRRFI E1
520749 LTRILTIPQSLDSWWTSLNFRGGTTVCLGQNSQSPTSNHSPTSCPPTCPGYRWMCLRGEFI 244
JQ2226 LTKILTIPOSLDSWWTSLNFLGGLPGCPGONSQSPTSNHLPTSCPPTCPGYRWMCLRRFI 136
JQ2230 LTKILTIPQSLDSWWTSLNFLGGLPGCPGONSQSPTSNHLPTSCPPTCPGYRWMCLRRFI 255
%x27-16 LTRILTIPQSLDSWWTSLSFLGGSPVCLGONSQSPTSNHSPTSCPPTCPGYRWMCLRHFT 255
%27-9 LTRILTIPQSLDSWWTSLNFLGGTTVCLGQONSQSPTSNHSPTSCPPTCPGYRWMCLRRFT 244

dd o Fhk kA Kk Kk **‘k'* * * ok Kk ek L deokeoke ke ek ok kk s kK

JO1573 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTLAQGTSMFPSCCCSK 141
JQ2085 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTLAQGTSMFPSCCCSK 141
JQ1578 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTLAQGTSMFPSCCCSK 141
JQ2087 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTLAQGTSMFPSCCCSK 141
JQ2090 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTLAQGTSMFPSCCCSK 141
JQ2091 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTLAQGTSMFPSCCCSK 141
JQ2092 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSSTTSTGPCRTCTTLAQGTSMEPSCCCSK 141
JQ1570 IFLCILLLCLIFLLVLLDYQGMLPVCPLI PGSSTTSTGPCRTCTTPAQGTSMEFPSCCCTK 141
J02060 IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMFPSCCCTK 141
JQ2057 IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSMFPSCCCTK 141
SAVLJI? IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSMFPSCCCTK 304
JO2058 IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSMFPSCCCTK 141
SAVLJ3 IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSMFPSCCCTK 304
SAVLJ1l IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSMEPSCCCTK 304
J02061 IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMFPSCCCTK 141
JQ2059 IFLCILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSMFPSCCCTK 141
JQ1575 TFLFILLLCLIFLLVLLDYQGMLPVCPLI PGSTTTSTGPCKTCTTPAQGNSMFPSCCCTK 141
SAVLVE TFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSKFPSCCCTK 304
JO2045 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTK 141
SAVLVD IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTK 315
JO2046 IFLFILLLCLIFLLVLLDYQGMLHVCPLIPGSTTTSTGPCKTCTTPAQGNSMEPSCCCTK 141
S$47411 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTETSTGPCKTCTTPAQGNSMFPSCCCTK 315
SAVLKS IFLFILLLCLITFLLVLLDYQGMLPVCPLILGSTTTSTGPCKTCTTPAQGNSMFPSCCCTK 315
JO2047 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGACKTCTTTAQGNSMEFPSCCCTE 141 .
J02051 TFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTAAQGNSMFPSCCCTK 141
J02052 TFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTK 141
J02053 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTEPCKTCTTPRQGNSMFPSCCCTK 141
JO2055 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTK 141
JO2054 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMEFPSCCCTK 141
JO2050 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMEFPSCCCTK 141
SAVLHV IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTGPCKTCTTPAQGNSMEPSCCCTK 141
JO1577 IFLFILLLCLIFLLVLLDCQGMLPVCPLIPGSTTTSTGPCRTCTTPAQGNSMFPSCCCTK 141
J02048 IFLFILLLCLIFLLVLLDCQGMLPVCPLIPGSTTTSTGPCRTCTTPAQGNSMFPSCCCTK 141
§36654 IFLFILLLCLTFLLVLLDYKGMLPVCPLIPGSTTTSTGPCRICTTPAQGNSMEFPSCCCTK 304
JO2056 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGNSMYPSCCCTK 141
JO1574 IFLFILLLCLIFLLVLLDYQGMIPVCPLLPGTSTTSTGPCRTCTTPAQGTSMFPSCCCTK 141
J02101 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCRTCTTPAQGTSMEPSCCCTK 141
J01576 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMEFPSCCCTK 141
J02106 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
J02097 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTVPCRTCTIPAQGTSMFPSCCCTK 141
J02099 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCT IPAQGTSMFPSCCCTK 141
J02098 IFLFILLLCLIFLLVLLDYQGMI,PVCPLLPGTSTTSTGPCKTCTIPAQGTSMEPSCCCTK 141
J02100 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMEFPSCCCTK 141
J02108 IFLFILLLCLIFLLVLLDYQGMIPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
J02109 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
J02111 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
J02104 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
$35528 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPRQGTSMEPSCWCTK 315
SAVLAR IFLFILLLCLIFLLVLLDFQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
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J02102 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCRTCTIPAQGTSMFPSCCCTK 141
S43492 IFLFILLLCLIFLLVLLDYKGMLPVCPLLPGTSTTSTGPCKTCTIPRQNTSMFPSCCCTK 360
SAVLA IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMEFPSCCCTK 315
JQ2112 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
SAVLN1l IFLFILLLCLIFLLVLLDYHGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
J02105 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMEPSCCCTK 141
JQ2110 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTTTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
J02116 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTSPAQGTSMFPSCCCTK 141
JQ2115 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
JQ2113 IFLFILLLCLIFLLVLLDYQOGMLSVCPLLPRTSTTSTGPCKTCTIPRQGTSMFPSSCCTK 141
J02114 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPRTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
JQ1581 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMEFPSCCCTK 141
JQ2094 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMFPSCCCTK 141
JQ2095 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTCTIPAQGTSMEFPSCCCTK 141
J02096 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCKTICTIPAQGTSMFPSCCCTK 141
JQ2103 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGTSTTSTGPCRTCTIPAQGTSMFPSCCCTK 141
SAVLAD IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGISTTSTGPCKTCTTPAQGTSMFPSCCCTK 141
J02123 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSLIPSCCCTK 141
SAVLCP IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCKTCTTPAQGTSLIPSCCCTK 304
567506 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSSTTSTGPCRTCTITAQGTSLYPSCCCTK 304
JQ2069 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTIAQGTSMYPSCCCTK 141
J02070 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTIAQGTSMYPSCCCTK 141
JQ2065 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTK 141
JQ2066 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTK 141
JQ2063 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGTSTTSTGPCRTCMTTAQGTSMYPSCCCTK 141
JQ1572 IFLFILLLCLIFLLVLLDYQGMLEPVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTK 141
JQ2068 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTK 141
J2072 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSVGPCRTICTTTVOGTSMYPSCCCTK 141
$47407 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSVGPCRTCTTTVOGTSMYPSCCCTK 304
"JQ2073 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSAGPCRTCTTTAQGTSMYPSCCCTK 141
§32202 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSAGPCRTCTTTAQGTSMYPSCCCTK 304
JQ2067 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTTAQGTSMYPYCCCTK 141
S41869 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMITAQGTSMYPSCCCTK 304
541870 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304
SAVLAH IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTK 304
520753 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304
JQ2081 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGSCRTCTTPAQGTSMYPSCCCTK 141
SAVLAJ IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGSCRTCTTPAQGISMYPSCCCTK 304
JQ2080 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTK 141
J02078 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGRPCRTCTTPAQGNSMYPSCCCTK 141
JQ2075 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 141
520745 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304
JQ1571 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 141
SAVLAl IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304
SAVLBH IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304
JQ2077 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 141
JQ2076 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 141
541871 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304
JQ207% IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 141
JQ2083 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 141
520749 IFLFILLLCLIFLLVLLEYQGMLHVCPLIPGTTTTSTGPCKTCTTPAQGNSMFPSCCCTK 304
JQ2226 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSTTTSTGPCKTCTTLAQGTSMFPSCCCSK 196
J02230 IFLFILLLCLIFLLVLLDYQGMLPVCPLLPGSTTTSTGPCKTCTTLAQGTSMFPSCCCSK 315
x27-16 IFPLFILLLCLIFLLVLLDYQGMLPVCPQTTRSTTTSTGSCKTCTIPARGKSMFPSCCCTK 315
x27-9 IFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSSTTSTGPCRTCTTPAQGTSMYPSCCCTK 304

dkde Akkkkk kkkkkks o kkd kxk sokkk ks kk AT T T P

JQ1573 PSDGNCICIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFAGLSPTVWLSVIWMMWYW 201
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JQ2085 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVQWFAGLSPTVWLSVIWMMWYW 201
JQ1578 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFAGLSPTVWLSVIWMMWYW 201
JQ2087 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVQWFAGLSPTVWLSVIWMMWYW 201
JO2090 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWFAGLSPTVWLSVIWMMWYW 201
JO2091 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWFAGLSPTVWLSVIWMMWYW 201
J02092 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVOWEFAGLSPTVWLSVIWMMWYW 201
JQ1570 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEVQWEVGLSPTVWLSVIWMIWYW 201
J02060 PTDGNCTCIPIPSSWAFAKYLWEWASVRESWLSLLVPFVQWEVGLSPTVWLSVIWMIWYW 201
JQ2057 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVOWFVGLSPTVWLSVIWMMWEW 201
SAVLJZ2 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSVIWMIWEFW 364
JQ2058 - PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWEW 201
SAVLJ3 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWEW 364
SAVLJ1l PMDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEVOWEVGLSPTVWLSVIWMMWYW 364
JQ2061 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEFVQOWFVGLSPTVWLSVIWMMWYW 201
JQ2059 PTAGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEFVQWFVGLSPTVWLSATWMMWYW 201
JQ1575 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSAIWMMWYW 201
SAVLVE PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEVOWFVGLSPTVWLSAIWMMWYW 364
JQ2045 PTDGNCTCIPIPSSWAFAKYLWEWASVRESWLSLLVPEVQWEVGLSPTVWLSAIWMMWYW 201
SAVLVD PTDGNCTCIPIPSSWAFAKYLWEWASVRESWLSLLVPEVQWEVGLSPTVWLSAIWMMWYW 375
JQ2046 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVOWEVGLSPTVWLSAIWMMWYW 201
§47411 PTDGNCTCIPIPSSWAFAKYLWEWASVREFSWLSLLVPEFVOWEVGLSPTVWLSAIWMMWYW 375
SAVLKS PTDGNCTCIPIPSSWAFAKYLWEWASVREFSWLSLLVPEVQWEFVGLSPTVWLSAIWMMWYW 375
JQ2047 PTDGNCTCIPIPSSWAFAKYLWEWASVRESWLSLLVPFVQWEFVGLSPTVWLSAIWMMWYW 201
JQ2051 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSAIWMMWYW 201
JQ2052 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVOWFVGLSPTVWLSAIWMMWYW 201
JQ2053 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEVQWEVGLSPTVWLSAIWMMWYW 201
JO2055 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEFVOWEVGLSPTVWLSAIWMMWYW 201
JQ2054 PSDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEVOWFVGLSPTVWLSAIWMMWYW 201
JQ2050 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPEVQWEVGLSPTVWLSVIWMMWYW 201
SAVLHV PTDGNCTCIPIPSSWAFAKYLWEWGSVRFSWLSLLVPEVOWEVGLSPTVWLSVIWMMWYW 201
JQ1577 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
JQ2048 PTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVOWFVGLSPTVWLSAIWMMWYW 201
536654 PMDANCTCIPIPESWAFAKYLWEWASVRESWLSLLVPEFVOWEVGLSPTFWLSVIWMMWYW 364
JQ2056 PSDGNCTCIPIPSTWAFAKYLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSAIWMMWYW 201
JQ1574 PSDGNCTCIPIPSSWAFARFLWEWASARFSWLSLLVPFVOWEVGLSPTVWLSVIWMMWYW 201
JQ2101 PSDGNCTCIPIPSSWAFARFLWEWASARFSWLSLLVPEVQWEVGLSPTVWLSVIWMMWYW 201
JQ1576 PSDGNCTCIPIPSSWAFARFLWEWASARFSWLSLLVPFVQWFAGLSPTVWLSVIWMMWYW 201
JQ2106 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEFVQWEAGLSPTVWLSVIWMMWYW 201
JQ2097 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPEVOWEVGLSPTVWLSVIWMMWYW 201
JQ2099 PSDGNCTCIPIPSSWAFARFLWEWASVRESWLNLLVPEVQWEVGLSPTVWLSVIWMMWYW 201
JQ2098 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFVOWFVGLSPTVWLSVIWMMWYW 201
JQ2100 PSDGNCTCIPIPSSWAFARFLWEWASVRLSWLSLLVPFVOWEVGLSPTVWLSVIWMIWYW 201
JQ02108 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 201
JQ2109 PSDGNCTCIPIPSSWAFARFLWEGASVRFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 201
J0Q2111 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSI LVPFVOWFVGLSPTVWLSVIWMMWYW 201
JQ2104 PSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPEVQWFAGLSPTVWLSVIWMMWYW 201
535528 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFVQWFAGLSPTVWLSVIWMMWYW 375
SAVLAR PSDANCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFVOWFAGLSPTVWLSVIWMMWYW 201
J02102 PSDGNCTCIPIPSSWAFARFLWEWASVREFSWLSLLVPFVOWFAGLSPTVWLSVIWMIWEW 201
543492 PSDGNCTCIPIPSSWAFARFLWEWASVREFSWLSLLVPFVOWSAGLSPTVWLSVIWTMWYW 420
SAVLA PSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 375
JQ2112 PSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
SAVLN1l PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 201
JQ2105 PSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLVPFVOWEAGLSPTVWLSVIWMMWYW 201
JQ2110 PSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 201
J0Q2116 PSDGNCTCIPIPSSWAFATFLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
JQ2115 PSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLVPFVQWEVGLSPTVWEPSAIWMMWYW 201
JQ2113 PSDGNCICIPIPSSWAFARFLWEWASVRESWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 201
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JQz114 PSDGNCTCIPIPSSWAFARFLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
J01581 PSDGNCTCIPIPSSWAFVRFLWEWASVREFSWLSLLAPFVQWFVGLSPTVWLSVIWMMWYW 201
J02094 PSDGNCTCIPIPSSWAFVRFLWEWASVRFSWLSLLAPFVQWEVGLSPTVWLSVIWMMWYW 201
J02095 PSDGNCTCIPIPSSWAFVRFLWEWASVRFSWLSLLAPEVOWFVGLSPTVWLSVIWMMWYW 201
JQ2096 PSDGNCTCIPIPSSWAFVRFLWEWASVRFSWLSLLAPFVQWFDGLSPTVWLSVIWMMWYW 201
J02103 PSDGNCTCIPIPSSWAFARFLWEWASVRESWLSLLVPFVOWFVGLSPTVWLSAIWMMWYW 201
SAVLAD PSDGNCTCIPIPSSWAFANFLWEWASVRFSWLSLLVPFVQWFAGLSPTVWLSVIWMMWYW 201
JQ2123 PSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLAPFVQWFAGLSPTVWLLAIWMMWYW 201
SAVLCP PSDGNCTCIPIPSSWAFAKFLWEWASVRESWLSLLAPFVOWFAGLSPTVWLLAIWMMWYW 364
$67506 PSDGNCTCIPIPSSWAFAKFLWEWASVRFSWLSLLAPFVQWFAGLSPTAWLLVIWMIWYW 364
JQ2069 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWEVGLSPTVWLSVIWMMWYW 201
JQ2070 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQCFVGLSPTVWLSVIWMMWYW 201
JQ2065 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
JQ2066 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVOWFVGLSPTVWLSVIWMMWYW 201
J02063 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVQWEVGLSPTVWLSVIWMMWYW 201
JQ1572 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWEFVGLSPTVWLSVIWMMWYW 201
JQ2068 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEFVOWFVGLSPTVWLSVIWIMWYW 201
J02072 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVQWFVELFPTVWLSVIWMMWYW 201
547407 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 364
JQ2073 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWEVGLSPTVWLSVIWMMWYW 201
532202 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWFVGLSPTVWLSVIWMMWYW 364
JQ2067 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
$41869 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWEVGLSPTVWLSVIWMMWYW 364
541870 PSHGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFMGLSPTVWLSAIWMMWYW 364
SAVLAH PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWFVGLSPTVWLSVIWMMWYW 364
520753 PSDGNCTCTPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 364
JQ2081 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEVOWEVGLSPIVWLSVIWMMWYW 201
SAVLAJ PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWEVGLSPIVWLSVIWMMWYW 364
J02080 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFAGLSPIVWLSVIWMMWYW 201
JQ2078 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
JQ2075 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 201
$20745 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFVGLSPTVWLSVIWMMWYW 364
JQ1571 PSDGNCTCLPIPSSWAFGKFLWEWASAREFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 201
SAVLA1l PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWEVGLSPTVWLLVIWMMWYW 364
SAVLBH PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWEVGLSPTVWLSVIWMMWYW 364
JQ2077 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPEFVOWEVGLSPTVWLSVIWIMWYW 201
JQ2076 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWFVGLSPTVWLSVIWMIWYW 201
841871 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVGFVQWFVGLSPTVWLLGIWMMWYW 364
J02079 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWFDGLSETVWLSVIWMMWYW 201
JQ2083 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQSFVGLSPTVWLSVIWMMWYW 201
520749 TSDGNCTCIPIPSSWAFAKYLWEWASVRESWLSLLVPFVOWFVGLSPTVWLSAIWMMWYW 364
JQ2226 PSDGNCTCIPIPSSWALGKYLWEWASARFSWLSLLVQFVQOWCVGLSPTVWLLVIWMIWYW 256
JQ2230 PSDGNCTCIPIPSSWALGKYLWEWASARFSWLSLLVOFVOWCVGLSPTVWLLVIWMIWYW 375
x27-16. PTDGNCTCIPIPSSWAFASYLWEWASVRFSWLSLLVPFVQWEVGLSPTVWLSAIWMMWYW 375
%27-9 PSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVQWEFVGLSPTVWLSVIWMMWYW 364

.********.:**: e kok ok .*.*:***_**. d ok Kk * % * LR
JQ1573 GPSLYNILSPFIPLLPIFFCLWVYI 226
JO2085 GPSLYNILSPFIPLLPIFFCLWVYI 226
JO1578 GPSLYDILSPFIPLLPIFFCLWVYI 226
J02087 GPSLYNILSPFIPLLPIFFCLWAYI 226
JO2090 GPSLYNILSPFIPLLPIFFCLWVYI 226
JO2091 GPSLYNILSPFIPLLPIFFCLWVYI 226
J02092 GPSLYNILSPFIPLLPIFFCLWVYI 226
JQ1570 GPSLYNTLSPFMPLLPIFFCLWVYI 226
J02060 GPSLYNILSPFMPLLPIFFCLWVYI 226
JO2057 GPSLYNILSPFMPLLPLEFCLWVYI 226

SAVLJ2 GPSLYNILSPFMPLLPIFFCLWVYI - 389
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MUTATED HEPATITIS B VIRUS, ITS NUCLEIC
AND PROTEIN CONSTITUENTS AND USES
THEREOF

[0001] Five types of viral hepatitis—hepatitis A, B, C, D,
E—are now quite well known. In each case the virus invades
the liver and provokes an inflammatory state with destruc-
tion of the hepatic cells.

[0002] Hepatitis B is caused by a virus, the human hepa-
titis B virus (HBV). The HBV virus was discovered by
Blumberg et al.: A “new” antigen in leukemia sera, JAMA
191: 541, (1965). The virus is transmitted in the blood, by
sexual contact or by perinatal transmission.

[0003] In most cases infection by HBV does not lead to
any symptoms and is responsible for asymptomatic acute
hepatitis. Acute hepatitis is characterized by digestive dis-
orders, abdominal pains, coloration of the urine and abnor-
mal, discoloured faeces, asthenia and jaundice. Acute hepa-
titis can develop into a fulminant form with rapid liver
necrosis.

[0004] The viral infection can also develop into a chronic
form, either in patients who have exhibited acute hepatitis,
or in individuals for whom the infection was asymptomatic.
Chronic carriers exhibit hepatic lesions of varying severity
and an increased risk of developing cirrhosis and primitive
liver cancer. In Asia and Africa, where infections are often
chronic, primitive liver cancers represent a crucial public
health problem. In addition, chronic carriers are reservoirs
for the virus and permit it to spread, transposing the public
health problem to a global problem.

[0005] Infection with HBV is one of the commonest viral
infections in man. It is a disease of wide occurrence with a
distinct geographic incidence. In Europe and North America
between about 0.1% and 1% of the population is infected,
whereas in Asia and Africa up to 20% of the population are
HBYV carriers. It is estimated that about 350 million people
are infected with HBV throughout the world. Hierarchical
organization of wviral infections following a transfusion
shows that HBV is transmitted first, followed by HCV and
then HIV. HBV is a small DNA virus with a diameter of 42
nm, which belongs to the group of hepatotropic DNA viruses
(hepadnaviruses) and is classified in the Hepadnaviridae
family. Its genomic structure is remarkably compact. The
virus comprises an outer envelope and a nucleocapsid. The
envelope is composed principally of three surface antigens
(HBsAgs: hepatitis B surface antigens) which play a major
role in the diagnosis of HBV infections. The nucleocapsid
contains the core antigen (HBcAg), a DNA polymerase/
reverse transcriptase, as well as the viral genome. The viral
core constitutes the infectious element of the virus and the
outer membrane carries the main antigenic determinant
(epitope) of the virus, the HBs antigen. The viral core
remains inside the nucleocapsid. It is about 28 nm in
diameter.

[0006] Despite its small size (3200 base pairs), the circu-
lar, partially double-stranded DNA of HBV codes for four
types of viral products starting from its overlapping genes S,
C, P, and X.

[0007] The S gene codes for the HBsAg envelope protein
expressed on the external surface of the virion. The HBsAg
envelope protein is made up of two main polypeptides, a 24
kDa polypeptide and its 28 kDa glycosylated form. A certain
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number of subdeterminants of HBsAg have been identified.
Subdeterminant a is carried by all the HBsAg isolates.
However, HBsAg can additionally contain a specific antigen
of the subtypes d or y, w or r. Upstream from the S gene, the
Pre-S genes code for various HBV surface antigens.

[0008] The P gene codes for DNA polymerase/reverse
transcriptase, which is very important in the mechanism of
viral replication.

[0009] The C gene codes for two proteins of the nucleo-
capsid: HBeAg which is a secreted soluble protein, and
HBcAg, the intracellular core protein. HBeAg is a serologi-
cal marker of increased viral replication.

[0010] The X gene codes for HBxAg, which has various
biological effects and in particular can transactivate the
transcription of viral and cellular genes.

[0011] When HBYV infects an individual, the viral DNA
replicates entirely within the hepatic cells of the host.

[0012] After infection with HBYV, the first marker that can
be detected in the patient’s serum is the HBsAg antigen, but
this marker rarely persists beyond six months. After the HBs
antigen has disappeared from the serum, the anti-HBsAg
antibodies become detectable and persist. Because the HBc
antigen is sequestered by the HBs envelope antigen, it is not
routinely detectable in patients’ serum, but the presence of
anti-HBc antibodies can easily be demonstrated in the first
or second weeks following appearance of the HBs antigen.

[0013] Tt is now certain, however, that the conventional
serological tests, employing the aforementioned markers, do
not permit the variants of HBV to be detected. The fact that
patients who are carriers of HBV and have developed
chronic hepatitis B exist, without it being possible to dem-
onstrate HBV infection using the conventional serological
markers, is of the utmost importance and shows that better
tests need to be developed, especially in the context of organ
transplantation and for the treatment of patients.

[0014] The existence of HBV variants has been suspected
for many years. This assumption is based on the detection of
viral DNA in the serum and/or the liver of patients with
chronic hepatitis, in the absence of detection of the conven-
tional serological markers (HBsAg and anti-HBc).

[0015] The inability to detect HBsAg in patients who are
carriers of DNA sequences of the virus might have several
explanations, such as poor expression of the surface antigen
or the presence of mutations at the level of the antigenic
determinant of the S protein. In the first case, a viral
coinfection might suppress HBV replication (Jilg W. et al.,
J. Hepatol., 1995, 23: 14-20, Jylberberg et al., Clinical
infection diseases, 1996, 23: 1117-1125, Ushida et al., J. of
Med. Virol., 1997, 52: 399-405, Hofer et al., Eur. J. Clin.;
Microbiol. Infect. Dis., 1998, 17: 6-13. Another explanation
might be that the HBs antigen is masked during the forma-
tion in vivo of immune complexes with the anti-HBs anti-
bodies.

[0016] The present inventors have now identified and
characterized a new variant or mutant of hepatitis B, whose
detection eludes certain commercial serological tests using a
polyclonal antibody both in capture and in detection. The
new variant or mutant has, among others, mutations at the
level of the gene coding for the HBs antigen. For the purpose
of the present patent application, they have called this new
variant or mutant mHBV.
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[0017] In addition the present inventors have shown that
the negativity of the commercially available tests might be
due to these mutations at the level of the subdeterminant a
of the HBs antigen. In fact, the subdeterminant a is a major
antigenic site of the surface antigen of HBV and mutations
at this level explain the absence of detection by the existing
tests.

[0018] Thus, the present invention relates to the mHBV
virus, whose genomic DNA includes a nucleotide sequence
of the S gene that codes for an HBsm antigen (mutated HBs
antigen), the said nucleotide sequence being referenced SEQ
ID NO 1. The genomic DNA of mHBV also includes a
nucleotide sequence of the Pre-S gene referenced SEQ ID
NO 3.

[0019] The mHBYV virus has the following characteristics:

[0020] (i) a genome with partially double-stranded,
circular DNA,

[0021] (i) the said genome containing the genes
Pre-S, S, C, P and X,

[0022] (iii) the Pre-S gene coding for surface anti-
gens, the S gene coding for an HBsAg envelope
protein, the C gene coding for an HBe Ag protein and
an HBcAg protein, the P gene coding for a DNA
polymerase/reverse transcriptase enzyme and the X
gene coding for an HBxAg protein, and is charac-
terized in that the S gene includes a DNA nucleotide
sequence with the reference SEQ ID NO 1 and in that
the Pre-S region includes a DNA nucleotide
sequence with the reference SEQ ID NO 3; it being
understood that the remainder of the genome of the
mHBYV virus is roughly identical to the genome of
the wild-type HBV virus, as has been demonstrated
by the inventors by complete sequencing of the
genome of the mHBV virus.

[0023] The invention also relates to a DNA molecule,
characterized in that it includes a DNA nucleotide sequence
selected from SEQ ID NO 1, SEQ ID NO 3, their fragments
as defined below, and their complementary sequences and an
RNA molecule, characterized in that it includes an RNA
nucleotide sequence that is the product of transcription of a
DNA nucleotide sequence selected from SEQ ID NO 1, SEQ
ID NO 3, their fragments and their complementary
sequences.

[0024] The invention also relates to a modified surface
protein, characterized in that it includes or consists of a
peptide sequence selected from SEQ ID NO 2, SEQ ID NO
4 and their fragments as defined below.

[0025] The invention also relates to a DNA or RNA
nucleotide fragment of at least 12 nucleotides, preferably of
at least 15 nucleotides or 18 nucleotides and advantageously
of at least 21 nucleotides and that includes a DNA nucleotide
sequence that includes the nucleotides 325 to 336 of SEQ ID
NO 1 and/or the nucleotides 235 to 237 of SEQ ID NO 1
and/or the nucleotides 391 to 393 of SEQ ID NO 1 and/or
the nucleotides 478 to 480 of SEQ ID NO 1 and/or the
nucleotides 28 to 30 of SEQ ID NO 1 and/or the nucleotides
39 to 41 of SEQ ID NO 1 and/or the nucleotides 358 to 360
of SEQ ID NO 1 and/or the nucleotides 385 to 387 of SEQ
ID NO 1 and/or the nucleotides 118 to 120 of SEQ ID NO
1 and/or the nucleotides 628 to 630 of SEQ ID NO 1 and/or
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the nucleotides 249 to 251 of SEQ ID NO 3, and/or the
nucleotides 250 to 252 of SEQ ID NO 3, or is the product
of transcription of the said DNA nucleotide sequences; a
DNA or RNA nucleotide fragment that includes a nucleotide
sequence that includes the DNA nucleotide sequences SEQ
ID NO 1 and SEQ ID NO 3 or the complementary sequences
of the said sequences SEQ ID NO 1 and SEQ ID NO 2 or
the RNA nucleotide sequences that are the products of
transcription of sequences SEQ ID NO 1 and SEQ ID NO 3;
and a DNA or RNA nucleotide fragment, characterized in
that it consists of a DNA nucleotide sequence that corre-
sponds to SEQ ID NO 1 and SEQ ID NO 3 or the
complementary sequences of the said sequences SEQ ID NO
1 and SEQ ID NO 3 or in that it consists of an RNA
nucleotide sequence that corresponds to the products of
transcription of sequences SEQ ID NO 1 and SEQ ID NO 3.

[0026] Advantageously, the aforementioned fragments
containing the nucleotides 250 to 252 of SEQ ID NO 3 are
fragments containing at least 21 nucleotides.

[0027] More advantageously, when the aforementioned
fragments include the nucleotides 628 to 630 of SEQ ID NO
1, the said fragments also include the nucleotides 325 to 336,
and/or 235 to 237, and/or 391 to 393, and/or 478 to 480,
and/or 28 to 30, and/or 39 to 41, and/or 358 to 360, and/or
385 to 387, and/or 118 to 120 of SEQ ID NO 1, and/or the
nucleotides 250 to 252 of SEQ ID NO 3.

[0028] The invention further relates to a protein fragment,
characterized in that it includes a peptide sequence of at least
4 amino acids, preferably of at least 5 or 6 amino acids and
advantageously of at least 7 amino acids, especially of 6 to
15 amino acids and advantageously of 6 to 10 or of 8 to 12
amino acids, and which includes the amino acids 109-112
and/or 79 and/or 131 and/or 160 and/or 10 and/or 14 and/or
120 and/or 129 and/or 40 and/or 210 of SEQ ID NO 2 and/or
the amino acid 84 of SEQ ID NO 4; a protein fragment that
includes or consists of a peptide sequence that includes the
peptide sequences SEQ ID NO 2 and SEQ ID NO 4; a
protein fragment whose peptide sequence consists of a
sequence selected from SEQ ID NO 2 and SEQ ID NO 4.

[0029] Advantageously, the aforementioned fragments
containing the amino acid 84 of SEQ ID NO 4 are fragments
containing at least 7 amino acids.

[0030] More advantageously, when the aforementioned
fragments include the amino acid nucleotides 210 of SEQ ID
NO 2, the said fragments also include the amino acids
109-112 and/or 79 and/or 131 and/or 160 and/or 10 and/or
14 and/or 120 and/or 129 and/or 40 of SEQ ID NO 2 and/or
the amino acid 84 of SEQ ID NO 4.

[0031] The mutated HBsAg protein has antigenic and/or
immunologic characteristics that are different from the wild-
type HBsAg protein and in particular is not recognized by
polyclonal antibodies directed against the wild-type protein.

[0032] The mutated protein (HBsAgm) and/or the mutated
surface protein Pre-S (Pre-Sm) can be obtained by peptide
synthesis or by techniques of genetic recombination that are
well known to a person skilled in the art.

[0033] The methods of construction, manipulation and
verification of recombinant DNA molecules and of nucle-
otide sequences are well known to a person skilled in the art.
To modify the gene that codes for the HBsAgm protein
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and/or the Pre-Sm protein and obtain the HBsAgm and/or
Pre-Sm proteins of the invention, it is necessary to insert the
codons CAA, ACT, ACA, AGA, CAT, AAA, AGC, AGA,
GGG, CGC, AGT, AGG or any other codon that codes for
the amino acids Gln, Thr, Thr, Arg, His, Lys, Ser, Arg, Gly,
Arg, Ser, Arg respectively in positions 109, 110, 111, 112,
79, 131, 160, 10, 14, 129, 40 and 210 of SEQ ID NO 2
and/or the codon ACA that codes for Thr or any other codon
that codes for this amino acid in position 84 of SEQ ID NO
4.

[0034] The significant mutations of mHBV have been
identified and demonstrated by cloning, sequencing and
alignment of the nucleotide and protein sequences of mHBV
relative to the 102 sequences of the HBs antigen of the
NBREF/PIR base, available on the Infobiogen server of
Villejuif.

[0035] Several methods are available for carrying out the
appropriate sequence modifications. One suitable method is
synthesis de novo, by phosphoramidite or phosphite chem-
istry, of the desired sequence using the frequencies of virus
or yeast codons. DNA synthesis can be effected starting from
commercial elements. An example of the said DNA synthe-
sis is described by Hayden and Mandecki, DNA 7: 571
(1988). Another method is cloning, in a suitable single-
stranded vector, of a suitable restriction fragment starting
from a vector that already contains the HBV genome and
then carrying out a directed mutagenesis in vitro, as
described for example by Bolstein et al., Science, 229, 1193
(1982). A culture of E. coli K12, strain C600 containing the
recombinant plasmid pRIT10601 containing an HBV
genome of subtype ay cloned in pBR322 was deposited at
the ATCC on Jun. 2, 1982 under accession number ATCC
39132, in accordance with the provisions of the Budapest
Treaty. The sequence of the S gene coding for the HBsAgm
protein or longer sequences also coding for the polypeptides
Pre-S can be excised from the said clones by conventional
techniques. A suitable restriction fragment is for example the
fragment Xbal-Accl of the coding region of the S gene of
pRIT10601. Vectorization systems for in vitro mutagenesis
are available commercially. The mutated gene fragment is
then reintroduced into the S gene. Another method of
obtaining the required sequence modifications is the use of
PCR (Polymerase Chain Reaction) as described by Ho et al.,
Gene, 77, 51 (1989). In each case the coding sequence for
a mutated protein is expressed in a suitable host cell under
the control of a suitable promoter. It is thus possible to use
a functional expression cassette in a cell from a eukaryotic
or prokaryotic organism permitting expression of the S gene
coding for the HBsAgm protein and/or expression of the
mutated surface protein encoded by the Pre-S gene or
expression of fragments of these proteins, the gene being
placed under the control of the elements necessary for its
expression. Among the microbial systems, Escherichia coli
and Saccharomyces cerevisiae have been widely used for the
expression of recombinant proteins, but expression of the
HBs antigen in a prokaryotic system, such as E. coli, has
proved to be very difficult. Preferably, the cell is a cell
obtained from a eukaryotic organism, such as the CHO or
COS cells and advantageously a cell obtained from a lower
eukaryotic organism, such as yeast cells. The HBsAgm
recombinant protein can be obtained in a cell of Saccharo-
myces cerevisiae as described by Harford et al., Develop.
Biol. Standard. 54: page 125 (1983), Valenzuela et al,
Nature 298, page 347 (1982) and Bitter et al., J. Med. Virol.
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25, page 123 (1988) or expressed in Pichia pastoris, as
described by Gregg et al., Biotechnology, 5, page 479
(1987). The surface proteins of mHBYV can also be expressed
in a mutant strain of Saccharomyces cerevisiae as described
by Kniskern et al. in U.S. Pat. No. 5,614,384.

[0036] Thus, the present invention also encompasses a
functional expression cassette in a cell originating from a
prokaryotic or eukaryotic organism permitting the expres-
sion of a DNA sequence or of a DNA fragment as defined
previously, placed under the control of the elements neces-
sary for its expression; the vector containing the expression
cassette and the cell obtained from a prokaryotic or eukary-
otic organism, preferably a lower eukaryotic organism and
advantageously a cell obtained from Saccharomyces cerevi-
siae or from Pichia pastoris containing the expression
cassette or the vector, as well as the surface protein produced
by the expression cassette, the vector or the cell.

[0037] The method for preparing a modified recombinant
surface protein of the invention consists of culturing a host
cell as defined above in a suitable culture medium, the said
host cell being transformed with an expression vector that
contains a DNA nucleotide sequence such as represented in
SEQ ID NO 1 and/or SEQ ID NO 3, their fragments and
their complementary sequences or a nucleotide fragment as
defined previously, and purifying the said modified surface
protein produced to a required degree of purity.

[0038] Another object of the invention is an immunogenic
peptide that has a peptide sequence as defined previously
and that consists of a recombinant protein obtained accord-
ing to the aforementioned protocols and its use for the
production of a monoclonal or polyclonal antibody by
immunization of a mammal, preferably a mouse, a rat or a
rabbit, with the said immunogenic peptide. The production
of polyclonal and monoclonal antibodies forms part of the
general knowledge of a person skilled in the art. As a
reference we may mention Koéhler G. and Milstein C.
(1975): Continuous culture of fused cells secreting antibody
of predefined specificity, Nature 256: 495-497 and Galfre G.
et al. (1977) Nature, 266: 522-550 for the production of
monoclonal antibodies and Roda A., Bolelli G. F.: Produc-
tion of high-titer antibody to bile acids, Journal of Steroid
Biochemistry, Vol. 13, pp. 449-454 (1980) for the production
of polyclonal antibodies. Antibodies can also be produced
by immunization of mice or of rabbits with the viral particles
of mHBV. For the production of monoclonal antibodies, the
immunogen can be coupled to keyhole-limpet haemocyanin
(KLH peptide) as immunization substrate or to serum albu-
min (SA peptide). The animals are injected with immunogen
using Freund complete adjuvant. The sera and supernatants
from hybridoma cultures from the immunized animals are
analysed for their specificity and selectivity using conven-
tional techniques, for example ELISA or Western Blot tests.
The hybridomas producing the most specific and most
sensitive antibodies are selected. Monoclonal antibodies can
also be produced in vitro by cellular culture of the hybri-
domas produced or by recovery of ascites fluid, after intra-
peritoneal injection of the hybridomas in mice. Regardless
of the manner of production, in supernatant or in ascites, the
antibodies are then purified. The methods of purification
used are essentially filtration on ion-exchanger gel and
exclusion chromatography or affinity chromatography (pro-
tein A or G). A sufficient number of antibodies are screened
in functional tests to identify the antibodies with best
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performance. The production in vitro of antibodies, of
antibody fragments or of antibody derivatives, such as
chimaeric antibodies produced by genetic engineering, is
well known to a person skilled in the art.

[0039] More particularly, by antibody fragment we mean
the fragments F(ab)2, Fab; Fab', sFv (Blazar et al., 1997,
Journal of Immunology 159: 5821-5833 and Bird et al.,
1988, Science 242: 423-426) of a native antibody, and by
derivative we mean, inter alia, a chimaeric derivative of a
native antibody (see for example Arakawa et al., 1996, J.
Biochem. 120: 657-662 and Chaudray et al., 1989, Nature
339: 394-397).

[0040] The monoclonal or polyclonal antibody thus
obtained is incorporated in a diagnostic composition that is
used in a method for detecting at least one mutated surface
protein that consists of SEQ ID NO 2 and/or SEQ ID NO 4
in a biological sample, according to which the biological
sample is placed in contact with the said diagnostic com-
position in predetermined conditions permitting antibody/
antigen complexes to form, and the formation of the said
complexes is detected. In particular, the monoclonal anti-
bodies obtained are specific to the required mutated protein
and do not recognize the wild-type protein, for example a
wild-type HBsAg protein.

[0041] The invention also relates to a diagnostic compo-
sition for the detection of auto-antibodies in a biological
sample, the said composition containing, inter alia, a protein
or a mutated protein fragment as previously defined and the
method for detecting the said auto-antibodies directed
against at least one mutated surface protein consisting of
SEQ ID NO 2 and/or SEQ ID NO 4 in a biological sample,
according to which the biological sample is brought into
contact with the diagnostic composition in predetermined
conditions permitting antibody/antigen complexes to form,
and the formation of the said complexes is detected.

[0042] Cloning of the genome of virions of hepatitis B of
various serotypes is well known. As a reference we may cite,
among others: Miller et al., Hepatology, 9 (1989), page 322.

[0043] The present invention also relates to a vaccine
against the mHBYV virus. This vaccine is prepared according
to the known methods already used for the preparation of
commercially available vaccines. This vaccine contains at
least the protein HBsAgm and/or the protein Pre-Sm, either
in native form, or in recombinant form, or a synthetic
polypeptide whose peptide sequence corresponds to the
amino acid sequence of HBsAgm and/or Pre-Sm, or frag-
ments of the said proteins and of the said polypeptide. The
HBsAgm and/or Pre-Sm proteins in native form are recov-
ered from the plasma of patients infected with mHBV. The
HBsAgm and/or Pre-Sm proteins in recombinant form are
obtained by using a functional expression cassette in a cell
originating from a eukaryotic or prokaryotic organism per-
mitting expression of the S gene coding for the HBsAgm
protein and/or of the Pre-Sm gene coding for the Pre-Sm
region, placed under the control of the elements necessary
for its expression. Preferably, the cell is a cell obtained from
a eukaryotic organism, such as yeast cells. The HBsAgm
and/or Pre-Sm recombinant proteins for the production of
vaccines can be obtained in a cell of Saccharomyces cer-
evisiae as described by Harford et al., Develop. Biol. Stan-
dard. 54: page 125 (1983), Valenzuela et al., Nature 298,
page 347 (1982) and Bitter et al., J. Med. Virol. 25, page 123
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(1988) or expressed in Pichia pastoris, as described by
Gregg et al., Biotechnology, 5, page 479 (1987). The vac-
cines can also be prepared starting from hybrid immuno-
genic particles containing the HBsAgm protein and/or the
Pre-Sm protein, as described in patent application EP 0 278
940. The said particles can contain, for example, all or part
of the precursor protein of HBsAgm encoded by the coding
sequence immediately preceding the S gene in the HBV
genome, i.e. the Pre-S coding sequence. The vaccine can
additionally contain the Pre-Sm protein of the invention,
either isolated and purified from patients’ plasma, or
obtained by genetic recombination, or obtained by peptide
synthesis or a fragment of the said protein. Advantageously,
the vaccine contains the proteins HBsAgm and Pre-Sm
defined previously, optionally combined with the proteins
HBsAgm' and/or Pre-Sm', defined later, or with their frag-
ments and/or with the proteins HBsAg and/or Pre-S or their
fragments, of wild type; it being understood that the proteins
HBsAgm', Pre-Sm', HBsAg and Pre-S comply with the
general definitions given for the proteins HBsAgm and
Pre-Sm.

[0044] An immunogenic or vaccinal composition accord-
ing to the invention is a composition that contains a protein
or a protein fragment as defined above, optionally combined
with a vehicle and/or a suitable adjuvant and/or a pharma-
ceutically acceptable excipient. The vaccines containing the
HBsAgm protein and/or the Pre-Sm protein or their frag-
ments are prepared conventionally and contain an immuno-
protective quantity of the HBsAgm protein and/or of the
Pre-Sm protein and/or of their fragments, preferably in a
buffered saline solution and mixed or adsorbed by means of
known adjuvants, such as aluminium hydroxide and phos-
phate.

[0045] The present invention also relates to vaccines
including nucleic acid molecules that code for one or more
protein(s) of the invention or for immunogenic peptides or
their fragment(s). The nucleic acid vaccines, especially the
DNA vaccines, are generally administered in combination
with a pharmaceutically acceptable vehicle by intramuscular
or subcutaneous injection. The aforementioned nucleic acid
vaccines may additionally contain nucleic acid molecules
that code for the proteins HBsAgm' and/or Pre-Sm' and/or
HBsAg and/or Pre-S defined above. These vaccines are
composed of at least one gene coding for at least one protein
or antigen of the invention whose expression is controlled by
a strong promoter, preferably a mammalian promoter,
expressed on a DNA plasmid or vector of bacterial origin.
When administered by intramuscular or subcutaneous injec-
tion, the DNA vaccines are transcribed and translated and
the protein that they encode is presented to the immune
system, inducing a humoral and cellular response. One of
the main advantages of the DNA vaccines is that they can be
constructed and manipulated. They are able to supply their
own adjuvant in the form of CpG sequences present in the
bacterial DNA. The DNA vaccines provoke the de novo
synthesis of proteins in the transfected cells, leading to
combination of antigenic peptides with the determinants of
MHC I and hence activation of cytotoxic T cells. Further-
more, DNA vaccines do not induce measurable immune
responses on the vector or plasmid, thus permitting repeated
use.

[0046] The term “immunoprotective” signifies that a suf-
ficient quantity of protein, especially of HBsAgm protein
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and/or of Pre-Sm protein or of their fragments, is adminis-
tered to an individual to induce antibody production
(humoral immune response) sufficient for it to be protective
or an immune response mediated by the cytotoxic cells
(cellular immune response) to confer protection against the
infectious agent without producing side effects. The two
types of response differ in that the antibodies recognize the
antigens in their three-dimensional form whereas the cyto-
toxic cells recognize portions of the said antigens, associated
with glycoproteins encoded by the major histocompatibility
complex (MHC). The cytotoxic T lymphocytes (CTLs) play
an essential role in the defence of virus-infected cells. They
act directly by cytotoxicity but also by supplying specific
and non-specific aid to other immunocytes, such as mac-
rophages, B cells and the other T cells. The infected cells
transform the antigen through intracellular events involving
proteases. The transformed antigen is then presented to the
surface of the cells in the form of peptides bound to HLA
class I molecules at the level of the T cell receptors on the
CTLs. The class I MHC molecules can also bind exogenous
peptides and present them to the CTLs without intracellular
transformation. Chisari et al. (Microbiol. Pathogen, 6: 31
(1989)) suggested that hepatic lesions could be mediated by
a response of the CD8+ cytotoxic T cells restricted by the
HLA class I to the antigens encoded by the HBV. The
commercially available vaccines against HBV, which use
either the HBsAg protein purified from the plasma of HBV
carriers at a chronic stage of the disease, or a recombinant
HBsAg protein, or synthetic peptides, only endow a person
with real protection in about 90% of cases. In consequence,
persons who are not immunized, or are immunized but not
protected, constitute a significant reservoir for potential
infection. It is therefore important to stimulate the cellular
immune response of the individuals to obtain an appropriate
response to the HBV antigens. Moriyama et al., Science,
248: 361-364 (1990) reported that the major envelope anti-
gen of HBV (HBsAg) is expressed on the surface of hepa-
tocytes in a form that can be recognized by specific anti-
bodies of the envelope and by the CDS8+ cytotoxic T
lymphocytes restricted by the class I MHC molecules.

[0047] Thus, the present invention also relates to peptides
that induce responses of cytotoxic T lymphocytes restricted
by the class I MHC molecules, derived from SEQ ID NO 2,
whose peptide sequence consists of a sequence of at least 6
amino acids, preferably of at least 8 or 9 amino acids and
advantageously of 8 to 12 contiguous amino acids, the said
sequence being selected from SEQ ID NO 2 and inducing a
response of the cytotoxic T lymphocytes restricted by the
class 1 MHC molecules and their uses in an immunogenic
composition.

[0048] The quantity of protein or peptide administered
depends on whether or not an adjuvant is added, but is
generally between 10 and 50 ug/ml of protein or peptide.
Thus, commonly, it is administered in a dose of 20 ug/0.5 ml
of protein in adults and 10 ug/0.5 ml in children. The
HBsAgm protein and/or the Pre-Sm protein and/or their
fragments can also be mixed with the HBsAg and/or Pre-S
proteins or fragments of the said proteins of wild type for the
formulation of a vaccine. They can also be mixed with
hybrid particles bearing epitopes of proteins of other organ-
isms or with other immunogenic compounds for the formu-
lation of bivalent or polyvalent vaccines. The preparation of
vaccines is described in particular in “Vaccines”, ed. Voller
et al., University Park Press, Baltimore, Md., USA, 1978.
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[0049] The vaccine is administered at a defined dose in
one or more intramuscular or subcutaneous injections, fol-
lowed by a booster or boosters if required. The immunizing
effect of the vaccine is monitored by determination of
anti-HBsAgm and/or anti-Pre-Sm protein antibodies in the
vaccinated individual. In the case of nucleic acid vaccines,
the concentration of nucleic acid in the composition used for
administration in vivo is from about 100 ug/ml to 10 mg/ml,
preferably 1 mg/ml.

[0050] The administration of derived protein(s) or pep-
tide(s) of interest or of their fragment(s), alone or in com-
bination, is used for prophylaxis and/or treatment. These
proteins or peptides that are administered are characterized
in that they do not exhibit the virulence of HBV but are able
to induce a humoral or cellular immune response, in the
individual to whom they are administered. Such proteins are
called “modified”, but their immunogenicity is conserved.
The modified molecules can be obtained by synthetic and/or
recombinant techniques or starting from natural molecules
modified by chemical or physical treatments.

[0051] Vaccinal protein(s) or peptide(s) are identified in
the following way: the “modified” candidate molecules are
analysed in a functional test to check that they have lost their
toxicity and to verify their immunogenicity (i) by conduct-
ing an in vitro test of proliferation of CD4+ T lymphocytes
specific to the antigen administered (T cell assay) or an in
vitro test of cytotoxicity of the CD8+ lymphocytes specific
to the antigen administered and (ii) by measuring, among
other things, the proportion of circulating antibodies
directed against the natural protein. These modified forms
are employed for immunizing people by standardized pro-
cedures with the appropriate adjuvants.

[0052] The nucleic acids for use in vaccines are also
analysed (i) by carrying out an in vitro test of proliferation
of CD4+ T lymphocytes specific to the antigen administered
(T cell assay) or an in vitro test of cytotoxicity of CD8+
lymphocytes specific to the antigen administered and (ii) by
measuring, among other things, the proportion of circulating
antibodies directed against the protein encoded by the viral
DNA.

[0053] The vaccines prepared are injectable, i.e. in liquid
solution or in suspension. Optionally, the preparation can
also be emulsified. The antigenic molecule can be mixed
with excipients that are pharmaceutically acceptable and
compatible with the active ingredient. Examples of favour-
able excipients are water, a saline solution, dextrose, glyc-
erol, ethanol or equivalents and their combinations. If
desired, the vaccine can contain smaller quantities of aux-
iliary substances such as wetting agents or emulsifiers, pH
buffering agents or adjuvants such as aluminium hydroxide,
muramyl dipeptide or variants thereof. In the case of pep-
tides, their coupling to a larger molecule (KLH, tetanic
toxin) increases immunogenicity by several times. The vac-
cines are administered conventionally by injection, for
example intramuscular. Other favourable formulations with
other routes of administration are suppositories and some-
times oral formulations.

[0054] The phrase “pharmaceutically acceptable vehicle”
means carriers and vehicles that can be administered to
humans or animals, as described for example in Reming-
ton’s Pharmaceutical Sciences 16th ed., Mack Publishing
Co. The pharmaceutically acceptable vehicle is preferably
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isotonic, hypotonic or exhibits a slight hypertonicity and has
a relatively low ionic strength. The definitions of pharma-
ceutically acceptable excipients and adjuvants are also given
in the aforementioned Remington’s Pharmaceutical Sci-
ences.

[0055] One aspect of the invention also relates to a thera-
peutic or prophylactic preparation for the treatment or the
prevention of infection by the mHBV virus that includes a
therapeutic or prophylactic agent, i.e. at least anti-HBsAgm
protein and/or anti-Pre-Sm protein antibodies and/or anti-
bodies directed against fragments of the said proteins,
optionally combined with anti-wild-type HBsAg and/or
anti-wild-type Pre-S protein antibodies and/or antibodies
directed against fragments of the said proteins, in particular
neutralizing antibodies and their uses for the treatment or the
prevention of the disease. Immunoglobulins, whose titre of
antibodies, especially of anti-HBs antibodies, hepatitis B
controlled, can be used in prophylaxis in subjects not
vaccinated against hepatitis B, accidentally contaminated,
and in neonates from an infected mother. The definition of
therapeutic or prophylactic preparation also includes the
aforementioned vaccinal or immunogenic compositions.

[0056] The efficacy of a therapeutic or prophylactic agent
is evaluated using an animal model. An animal is injected
with at least one HBsAgm or Pre-Sm protein of the inven-
tion, and preferably both, obtained by isolation and purifi-
cation from serum or plasma, by genetic recombination or
by peptide synthesis, optionally combined with the
HBsAgm' and/or Pre-Sm' protein and/or with a wild-type
HBsAg and/or wild-type Pre-S protein. The injections are
made, at various established concentrations, in mammals
such as mice or rats, by the intramuscular, subcutaneous or
other routes. A negative control is conducted in parallel. The
injections are made in a single dose or in repeated doses,
with different intervals of time between each administration.
A few hours to a few weeks after administration, biological
samples are taken, preferably of blood or of serum. The
following are performed on these samples:

[0057] (i) assay of specific antibodies of the pro-
tein(s) or peptide(s) of interest or of their fragments,
alone or in combination, and/or

[0058] (ii) assay of the cellular immune response
induced against the protein(s) or peptide(s) of inter-
est or their fragments and against any immunogenic
peptide derived from the said proteins or peptides or
their fragments, by conducting, for example, a test of
in vitro activation of helper T cells specific to the
antigen administered, by quantifying the cytotoxic T
lymphocytes in accordance with the so-called
ELISPOT technique, described by Scheibenbogen et
al., 1997 Clinical Cancer Research 3: 221-226.

[0059] The said determination is particularly advanta-
geous for evaluating the efficacy of a vaccinal approach in
an individual or for diagnosis and/or prognosis of a potential
pathologic state by trying to demonstrate an immune
response that would be developed naturally in a patient.

[0060] The animal is then sacrificed and the efficacy of the
therapeutic agent is demonstrated

[0061] (i) by classical immunohistologic analyses
using ligands of the proteins of interest and/or of
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their fragments, in particular monoclonal or poly-
clonal antibodies or fragments of the said antibodies,
and/or

[0062] (i) by classical techniques of in situ hybrid-
ization using nucleic acid fragments or oligonucle-
otides defined on the basis of knowledge of the
nucleotide sequences that code for the proteins of
interest or for their fragments or on the basis of
knowledge of the polypeptide sequences of the said
proteins of interest or of their fragments; and/or

[0063] (iii) by techniques of in situ PCR amplifica-
tion using nucleic acid fragments or primers defined
on the basis of the nucleotide or polypeptide
sequences of the proteins of interest or of their
fragments.

[0064] Evaluation of the efficacy of a therapeutic or pro-
phylactic agent and therapeutic monitoring ex vivo, in man,
is determined in the following way: the therapeutic agents to
be tested for therapeutic activity and/or for therapeutic
monitoring are administered in man by various routes, such
as intramuscular, subcutaneous or other routes. Various
doses are administered to human beings. The clinical history
of the patient at the time of the first administration is known
perfectly. One or more administrations can be effected with
different time intervals between each administration ranging
from a few days to a few years. Biological samples are taken
at defined intervals of time after administration of the
therapeutic agent, preferably of blood and of serum. Various
analyses are carried out on these samples. Just before the
first administration of the therapeutic agent, the said samples
are taken and the same analyses are also performed. Clas-
sical clinical and biological examination is also carried out
in parallel with the supplementary analyses that are
described below, at different analysis times. The following
analyses are carried out: qualitative and quantitative mea-
surement of the proteins of interest in the serum or in the
blood by ELISA and/or Western Blot, using antibodies or
antibody fragments that are able to fix to at least one of the
proteins or to one of their fragments and/or measurement of
the activity of the said proteins and/or assay of antibodies
specific to the proteins of interest or of their fragments in the
blood or serum samples by ELISA and/or Western Blot
using an isolated and purified natural protein or a fragment
of the natural protein and/or a recombinant protein or a
fragment of the said recombinant protein or a synthetic
polypeptide, and/or assay of the cellular immune response
induced against the protein or proteins of interest and any
immunogenic peptide derived from these proteins, as
described previously, and/or detection of DNA and/or RNA
fragments coding for the protein or proteins of interest or a
fragment of the said proteins of interest by nucleotide
hybridization by the techniques that are familiar to a person
skilled in the art (Southern blot, Northern blot, ELOSA
“Enzyme-Linked Oligosorbent Assay” (Katz J B et al., Am.
J. Vet. Res., 1993 Dec; 54 (12): 2021-6 and Frangois Mallet
et al., Journal of Clinical Microbiology, June 1993, p.
1444-1449)) and/or by DNA and/or RNA amplification, for
example by PCR, RT-PCR, using nucleic acid fragments
coding for the protein or proteins of interest, and/or by
biopsy of tissues, preferably from the liver, and observation
of the characteristic effects of the protein or proteins.

[0065] When the therapeutic agent is an antibody, an
antibody fragment or a mixture of antibodies and/or anti-
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body fragments, the patient is administered either soluble
neutralizing antibodies or antibody fragments for inhibiting
protein activity, or specific soluble antibodies or antibody
fragments for eliminating the protein by formation of
immune complexes. The neutralizing antibodies are poly-
clonal or monoclonal or are antibody fragments that recog-
nize the active site of the protein and, by attaching them-
selves, inhibit the function of the protein. The non-
neutralizing antibodies are polyclonal or monoclonal
antibodies or fragments of the said antibodies that are able
to recognize an immunodominant region of the protein and
eliminate it by forming an immune complex. The antibody’s
ability to attach itself specifically to the protein is analysed
by conventional techniques that have been described, for
example by ELISA or Western Blot tests using the protein or
the natural or synthetic immunogenic peptide. The antibody
titre is determined. The antibody’s ability to neutralize the
function of the protein can be analysed in various ways, for
example by determining the decrease in activity of the
protein or of the immunogenic peptide in the presence of the
antibody. Monoclonal or polyclonal antibodies directed
against a target protein or a part of the said protein are
produced by conventional techniques used for producing
antibodies against surface antigens. Mice or rabbits are
immunized (i) either with a natural or recombinant protein,
(il) or with any immunogenic peptide derived from the said
protein, (iii) or with murine cells that express the protein of
interest or the peptide and MHC molecules. The Balb/c
murine line is used most often.

[0066] The present invention therefore relates to a bio-
logical material for preparing a pharmaceutical composition
intended for the treatment of humans infected by at least the
mHBYV virus, the said composition comprising:

[0067] (i) either at least one natural protein and/or
recombinant protein and/or synthetic polypeptide or
their fragments whose sequence corresponds to the
whole or part of the sequences with the references
SEQ ID NO 2 and 4, independently or in combina-
tion, and optionally combined with the whole or part
of at least one natural protein and/or recombinant
protein and/or polypeptide or their fragments whose
sequences have the references SEQ ID NOs 5 and 6
and/or to the whole or part of a natural and/or
recombinant protein and/or a synthetic polypeptide
or their fragments of wild-type HBV. The present
inventors in fact identified, after cloning, sequencing
and alignment with the protein sequences available
in the NBRF-PIR bank, another variant of genotype
D, isolated from the same individual and possessing
two significant mutations. The first mutation relates
to the amino acid Arg, in position 201 of the HBsAg
protein identified in SEQ ID NO 5 and the second
mutation relates to the amino acid Gly, in position
102 of the Pre-S region identified in SEQ ID NO 6.
The codons coding respectively for these two amino
acids are the codons AGG at position 628-630 in the
S gene and at position 782-784 relative to the
sequence of the complete genome and the codon
GGA at position 304-306 in the Pre-S region and at
position 3151-3153 relative to the sequence of the
complete genome;

[0068] (ii) or at least one monoclonal or polyclonal
antibody or a fragment of the said antibodies, spe-
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cific to at least one of the said proteins or its
fragments, the said antibodies or fragments being
usable alone or in combination and being capable of
attaching themselves to at least one of the proteins
meeting the above definitions. This antibody can be
neutralizing or non-neutralizing, i.e. able or unable
to neutralize the protein activity. These antibodies
are very useful, notably in that they permit the
application of therapeutic compositions since they
lead for example to immune reactions, directed spe-
cifically against immunodominant epitopes or
against the antigens.

[0069] The invention also relates to ligands that are
capable of binding to a nucleotide sequence of DNA or of
RNA or to a nucleotide fragment as defined above. Thus, by
ligand we mean any molecule that is able to bind to a
nucleotide sequence of DNA or of RNA or to a nucleotide
fragment, such as a partially or fully complementary nucle-
otide fragment, a complementary polynucleotide, an anti-
nucleic acid antibody. The production of nucleotide frag-
ments or of polynucleotides is within the general knowledge
of a person skilled in the art. We may mention in particular
the use of restriction enzymes, and chemical synthesis in an
automatic synthesizer. The probes and primers that are
capable of hybridization under stringency conditions con-
ditions determined for a nucleotide sequence of DNA or of
RNA or for a nucleotide fragment as defined previously are
included in this definition. It is within the ability of a person
skilled in the art to define the appropriate stringency con-
ditions conditions. Characteristic stringency conditions are
those that correspond to a combination of temperature and of
saline concentration chosen approximately between 12 to
20° C. below T_, (melting temperature) of the hybrid under
investigation. The stringency conditions for discriminating
even a single point mutation have been known since at least
the year 1979. The following may be cited as examples:
Wallace R. B. et al., DNA. Nucleic Acids Res., 6,3543-3557
(1979), Wallace R. B. et al.,, Science, 209, 1396-1400
(1980), Itakura K. and Riggs A. D., Science, 209, 1401-1405
(1980), Suggs S. V. et al., PNAS, 78, 6613-6617 (1981),
Wallace R. B. et al., DNA, Nucleic Acids Res., 9, 3647-3656
(1981), Wallace R. B. et al., DNA, Nucleic Acids Res., 9,
879-894 (1981) and Conner B. J. et al., PNAS, 80, 278-282
(1983). Furthermore, techniques are known for the produc-
tion of anti-nucleic acid antibodies. As examples we may
cite Philippe Cros et al., Nucleic Acids Research, 1994, Vol.
22, No. 15, 2951-2957; Anderson, W. F. et al. (1988)
Bioessays, 8 (2), 69-74; Lee, J. S. et al. (1984) FEBS Lett.,
168, 303-306; Malfoy, B. et al. (1982) Biochemistry, 21
(22), 5463-5467; Stollar, B. D. et al., J. J. (eds) Methods in
Enzymology, Academic Press, pp. 70-85; Traincard, F. et al.
(1989) J. Immunol. Meth., 123, 83-91 and Traincard, F. et al.
(1989) Mol. Cell. Probes, 3, 27-38).

[0070] By nucleotide fragment we mean either fragments
bound to a same molecular unit, or fragments in a molecular
complex comprising several homologous or heterologous
subunits obtained naturally or artificially, especially by
multiple differential splicing or by selective synthesis.

[0071] We thus define a diagnostic composition that
includes at least one probe or one primer or one anti-nucleic
acid antibody.

[0072] 1In addition, the primers, probes and anti-nucleic
acid antibodies of the invention are used in a method for
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diagnosis of viral DNA and/or RNA, according to which a
sample of serum or plasma is taken from a patient, the said
sample is treated if necessary to extract the DNA and/or the
RNA, the said sample is brought into contact with at least
one probe or one primer or one anti-nucleic acid antibody as
defined previously, under stringency conditions conditions
determined when the ligand is a probe or a primer, and the
presence of viral DNA and/or RNA in the sample is detected
either by demonstrating hybridization of the said viral DNA
and/or RNA with at least one probe, or by amplification of
the said DNA and/or RNA, or in conditions of incubation
determined when the ligand is an anti-nucleic acid antibody
and the complex thus formed is detected. When using an
anti-nucleic acid antibody, the antibody itself can be labelled
with any suitable marker for detecting the complex formed,
or also the formation of the complex can be detected by
adding an antibody to the anti-labelled nucleic acid-antibody
to the incubation medium. When probes are used, the
presence of the hybridization complex can be demonstrated
directly by using a probe that is complementary or approxi-
mately complementary to the sequence of the target, the said
probe being labelled with any suitable marker or by applying
the so-called “sandwich” technique in one or two stages,
which consists of using a capturing probe that is comple-
mentary or approximately complementary to a portion of the
sequence of the target and a labelled “detection” probe that
is complementary or approximately complementary to
another portion of the target sequence. In the case when
primers are used, these can be labelled directly for detecting
an amplification product.

[0073] The present invention also relates to a biological
material for the preparation of pharmaceutical compositions
intended for the treatment of an infection at least by mHBYV,
the said composition comprising (i) either at least one
nucleic acid sequence able to hybridize with at least one of
the nucleic acid sequences SEQ ID NO 1 and SEQ ID NO
3 or their complementary sequences, especially with the
nucleic acid sequence SEQ ID NO 1 or its complementary
sequence, optionally in combination with a nucleic acid
sequence that can hybridize with at least one of the nucle-
otide sequences coding for SEQ ID NO 5 and for SEQ ID
NO 6 or their complementary sequences and/or with at least
one nucleic acid sequence of wild-type HBV; or fragments
of the aforementioned sequences, (ii) or at least one nucleic
acid sequence containing at least one gene of therapeutic
interest and elements ensuring expression of the said gene in
vivo in target cells intended to be genetically modified by the
said nucleic acid sequence, (iii) or at least one mammalian
cell not naturally producing the protein or proteins of the
invention or their fragments or specific antibodies of at least
one of the said proteins or its fragments; the said mammalian
cell being genetically modified in vitro by at least one
nucleic acid sequence or a fragment of a nucleic acid
sequence or a combination of nucleic acid sequences cor-
responding to nucleic acid fragments obtained from a same
gene or from different genes, the said gene of therapeutic
interest coding for all or part of the protein or proteins of
interest or their fragment(s) or for a specific antibody of the
protein or proteins of interest that is to be expressed on the
surface of the said mammalian cell (Toes et al., 1997, PNAS
94: 14660-14665). The pharmaceutical composition can
contain a single therapeutic agent directed against a single
target or agents used in combination directed against several
targets.
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[0074] Thus, the present invention also relates to a bio-
logical material for the preparation of pharmaceutical com-
positions comprising at least one nucleic acid sequence able
to hybridize with a nucleic acid sequence as defined above.

[0075] The nucleic acid sequences and/or vectors (anti-
sense or coding for a protein) make it possible in particular
to target the cells in which a gene is expressed.

[0076] Nucleic acid sequences or antisense oligonucle-
otides are able to interfere specifically with the synthesis of
a target protein of interest, by inhibiting the formation and/or
the functioning of the polysome, depending on the location
of the antisense in the target’s mRNA. Therefore the fre-
quent choice of the sequence surrounding the translation
initiating codon as target for inhibition by an antisense
oligonucleotide aims to prevent the formation of the initia-
tion complex. Other mechanisms in inhibition by antisense
oligonucleotides involve activation of ribonuclease H that
digests the antisense oligonucleotide/mRNA hybrids or
interference at splicing sites by antisense oligonucleotides
whose target is an mRNA splicing site. The antisense
oligonucleotides are also complementary to DNA sequences
and so can interfere at the transcription level by forming a
triple helix, the antisense oligonucleotide pairing by so-
called Hoogsteen hydrogen bonds in the major groove of the
DNA double helix. In this special case, it is more accurate
to call them antigenic oligonucleotides. The antisense oli-
gonucleotides can of course be strictly complementary to the
DNA or RNA target with which they must hybridize, but
also not strictly complementary on the condition that they
hybridize with the target. Moreover, they may be antisense
oligonucleotides that are unmodified, or are modified at the
level of the inter-nucleotide bonds. All these concepts are
included in the general knowledge of a person skilled in the
art.

[0077] The present invention therefore relates to a phar-
maceutical composition comprising, inter alia, a nucleic
sequence or antisense oligonucleotide as defined above.

[0078] The present invention also relates to the use of
vectors comprising at least one gene of therapeutic interest
in relation to the genes of the proteins of interest identified
in the present invention and a biological material for the
preparation of pharmaceutical compositions intended for
treating patients infected with at least the mHBYV virus, the
said composition comprising a nucleic acid sequence includ-
ing a gene of therapeutic interest and elements for express-
ing the said gene of interest. The genes can be unmutated or
mutated. They can also consist of nucleic acids modified so
that they are unable to integrate in the genome of the target
cell or nucleic acids stabilized by means of agents, such as
spermine.

[0079] Such a gene of therapeutic interest codes in par-
ticular:

[0080] (i) either for at least one protein or protein
fragment of the invention;

[0081] (ii) or for at least all or part of a polyclonal or
monoclonal antibody that is able to attach itself to at
least one protein of the present invention. In particu-
lar this may be a native transmembrane antibody, or
a fragment or derivative of such an antibody, pro-
vided the said antibody, or antibody fragment or
derivative is expressed on the surface of a target cell
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of a mammal genetically modified for the purposes
of the present invention and is able to attach itself to
a polypeptide present on the surface of a cytotoxic
effector cell or a helper T lymphocyte involved in the
process of activation of such a cell;

[0082] (iii) or for at least one inhibitor molecule of at
least one protein of the invention;

[0083] (iv) or for at least one ligand or any part of a
ligand that is able to attach itself to at least one
protein or protein fragment of the invention and/or
inhibit its function.

[0084] By transmembrane antibody we mean an antibody
of which at least the functional region capable of recogniz-
ing and attaching itself to its specific antigen is expressed on
the surface of the target cells to permit the said recognition
and attachment. More particularly, the antibodies according
to the present invention consist of fusion polypeptides
containing the amino acids defining the said functional
region and an amino acid sequence (transmembrane
polypeptide) permitting anchoring within the membrane
lipid bilayer of the target cell or to the exterior surface of this
bilayer. The nucleic sequences coding for numerous trans-
membrane polypeptides are described in literature.

[0085] <“Elements ensuring expression of the said gene in
vivo” refers in particular to the elements necessary for
ensuring expression of the said gene after its transfer into a
target cell. It applies in particular to promoter sequences
and/or regulating sequences that are effective in the said cell,
and optionally the sequences required to permit a polypep-
tide to be expressed on the surface of the target cells. The
promoter used can be a viral promoter, ubiquitous or tissue-
specific, or a synthetic promoter. As examples we may
mention the promoters, such as the promoters of the viruses
RSV (Rous Sarcoma Virus), MPSV, SV40 (Simian Virus),
CMYV (Cytomegalovirus) or of the vaccinia virus. In addition
it is possible to select a promoter sequence specific to a
given cell type, or that can be activated in defined condi-
tions. Literature contains a large volume of information
concerning the said promoter sequences.

[0086] According to one embodiment of the invention, the
therapeutic gene consists of a nucleic acid sequence of
naked DNA or RNA, i.e. free from any compound facilitat-
ing its introduction into cells (nucleic acid sequence trans-
fer). However, in order to promote its introduction into the
target cells and obtain the genetically modified cells of the
invention, the nucleic acid sequence can be in the form of a
“vector”, and more especially in the form of a viral vector,
for example an adenoviral or retroviral vector, a vector
derived from a poxvirus, in particular derived from the
vaccinia virus or from the Modified Virus Ankara (MVA) or
from a non-viral vector, for example a vector consisting of
at least one nucleic acid sequence complexed or conjugated
with at least one carrier molecule or substance. Literature
contains a large number of examples of these viral and
non-viral vectors.

[0087] Such vectors can moreover and preferably include
targeting elements that can permit the transfer of nucleic
acid sequences to be directed towards certain cell types or
certain particular tissues, such as cytotoxic cells and antigen-
presenting cells. They can also permit the transfer of an
active substance to be directed towards certain preferred
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intracellular compartments, such as the nucleus or the per-
oxisomes. [t may also be a question of elements facilitating
penetration to the interior of the cell or lysis of intracellular
compartments. These targeting elements are widely
described in literature. It may be a question, for example, of
the whole or part of peptides, oligonucleotides, antigens,
antibodies, specific ligands of membrane receptors, and
ligands capable of reacting with an anti-ligand, alone or in
combination.

[0088] The present invention relates to a biological mate-
rial for the preparation of pharmaceutical compositions
comprising at least one vector containing a therapeutic gene,
capable of being introduced into a target cell in vivo and of
expressing the gene of therapeutic interest in vivo. The
advantage of this invention resides in the possibility of
maintaining, over the long term, a base level of molecules
expressed in the treated patient. Vectors or nucleic acids
coding for genes of therapeutic interest are injected. These
vectors and nucleic acids must be transported to the target
cells and must transfect these cells, in which they must be
expressed 1n vivo.

[0089] The invention also relates to the expression in vivo
of nucleotide sequences and/or of vectors as described in the
preceding paragraph, i.e. sequences corresponding to genes
of therapeutic interest coding in particular for:

[0090] (i) either at least one protein of the invention,
or its fragments,

[0091] (i) or at least all or part of a polyclonal or
monoclonal antibody capable of attaching itself to at
least one protein of the invention. It may be a native
transmembrane antibody, or a fragment or derivative
of such an antibody, provided that the said antibody,
or antibody fragment or derivative is expressed on
the surface of the target cell of a genetically modified
mammal and in that the said antibody is capable of
attaching itself to a polypeptide present on the sur-
face of a cytotoxic effector cell or a helper T lym-
phocyte and involved in the process of activation of
such a cell. It may be a question of antibody frag-
ments expressed by cells capable of secreting the
said antibodies in the blood circulation of a mammal
that is a carrier of cells genetically modified by the
gene coding for the antibody, either at least for an
inhibitory molecule of at least one protein chosen
from the proteins of the invention, or at least for a
ligand or any part of the ligand capable of attaching
to at least one protein of the invention, and/or of
inhibiting its function.

[0092] According to a particular embodiment, gene
therapy is employed so as to direct the immune response
against at least one protein, especially HBsAgm, of the
invention, and/or against any molecule that inhibits the
function and/or expression and/or metabolism of at least one
protein of the invention, and/or against ligands of at least
one of the proteins of the invention, in particular against one
or more receptors. For this, it is obvious that the cells to be
targeted for transformation with a vector are cells belonging
to the immune system, or cells of the lymphocyte type
(CD4/CD8), or antigen-presenting cells.

[0093] According to a particular embodiment, the antigen-
presenting cells (APCs) are modified genetically, especially



US 2003/0129202 Al

in vivo. The APCs, such as macrophages, dendritic cells,
microgliocytes, and astrocytes, play a role in the initiation of
the immune response. They are the first cell components to
capture the antigen, prime it intracellularly and express class
I MHC and class II MHC transmembrane molecules
involved in presenting the immunogen to the CD4+ and
CDS8+ T cells, they produce specific auxiliary proteins that
take part in activation of the T cells (Debrick et al., 1991, J.
Immunol. 147: 2846; Reis et al., 1993, J Ep Med 178: 509;
Kovacsovics-bankowski et al., 1993, PNAS 90: 4942;
Kovacsovics-bankowski et al.,, 1995 Science 267: 243;
Svensson et al., 1997, J Immunol 158: 4229; Norbury et al.,
1997, Eur J Immunol 27: 280). For vaccination, it may be
advantageous to have at our disposal a system of gene
therapy that can target gene transfer into the said antigen-
presenting cells, i.e. a gene that codes for a polypeptide
which can, after its intracellular production and its transfor-
mation, be presented to the CD8+ and/or CD4+ cells by the
class | MHC and class [l MHC molecules respectively on the
surface of these cells.

[0094] We choose to express, on the surface of the anti-
gen-presenting cells in vivo, all or part of an antibody and/or
of a ligand such as a receptor for example, capable of
reacting with a protein of the invention. The said cells will
then specifically phagocytize the protein, and transform it in
such a way that fragments are presented to the surface of the
antigen-presenting cells.

[0095] A great many examples of genes coding for anti-
bodies capable of reacting with polypeptides or receptors are
proposed in literature. A person skilled in the art would be
able to obtain the nucleic acid sequences coding for the said
antibodies. We may mention for example the genes coding
for the light and heavy chains of the antibody YTH 12.5
(anti-CD3) (Routledge et al., 1991, Eur J Immunol 21:
2717-2725), of the anti-CD3 according to Arakawa et al,,
1996, J. Biochem. 120: 657-662. The nucleic acid sequences
of these antibodies are readily identifiable from the data-
bases commonly employed by a person skilled in the art. It
is also possible, starting from hybridomas available from the
ATCC, to clone the nucleic acid sequences coding for the
heavy and/or light chains of these various antibodies by
amplification techniques such as RT-PCR using specific
oligonucleotides or techniques employing cDNA banks
(Maniatis et al., 1982, Molecular cloning. A laboratory
manual. CSH Laboratory, Cold Spring Harbor, N.Y.). The
sequences thus cloned are then available to be cloned in
vectors. According to a preferred case of the invention, the
nucleic acid sequence coding for the heavy chain of the
antibody is fused by homologous recombination with the
nucleic acid sequence coding for a transmembrane polypep-
tide such as rabic glycoprotein or gp160 (Polydefkis et al.,
1990, J Exp Med 171: 875-887). These techniques of
molecular biology have been described perfectly well.

[0096] We choose to express, on the surface of the anti-
gen-presenting cells in vivo, immunogenic fragments cor-
responding to at least one protein of the invention. For this,
we can choose to use the vector to express either a complete
polypeptide, or polypeptides selected for reacting with
ligands and/or specific receptors. The immunogenic peptide
encoded by the nucleic acid or the polynucleotide introduced
into the cell of the vertebrate in vivo can be produced and/or
secreted, prepared then presented to an antigen-presenting
cell (APC) in the context of the MHC molecules. The APCs
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thus transferred in vivo induce an immune response directed
against the immunogen expressed in vivo. The APCs possess
various mechanisms for capturing the antigens: (a) capture
of antigens by membrane receptors such as immunoglobulin
receptors (Fc) or for complement, available on the surface of
the granulocytes, monocytes or macrophages permitting
efficient delivery of the antigen to the intracellular compart-
ments after receptor-mediated phagocytosis. (b) entry into
the APCs by fluid-phase pinocytosis.

[0097] According to a particular embodiment, the cyto-
toxic effector cells or the helper T lymphocytes are modified
genetically, especially in vivo, so that they express, on their
surface, a polypeptide or one or more ligands of the said
polypeptide, not expressed naturally by these cells, and able
to induce their activation, by introducing, into these cells,
nucleic acid sequences containing the gene coding for the

polypeptide.

[0098] In accordance with the present invention, it is also
possible to select a nucleic acid sequence containing a gene
of therapeutic interest coding for all or part of an antibody
directed against at least one protein of the invention and
capable of being expressed on the surface of the target cells
of the patient to be treated, the said antibody being capable
of attaching itself to a polypeptide that is not expressed
naturally by the cytotoxic effector cells or helper T lympho-
cytes.

[0099] <“Cytotoxic effector cells” means macrophages,
astrocytes, cytotoxic T lymphocytes (TCLs) and killer cells
(NKs) as well as their derivatives, for example the LAK
(Versteeg 1992 Immunology today 13: 244-247; Brittende et
al. 1996, Cancer 77: 1226-1243). “Helper T lymphocytes”
means in particular the CD4 which permit, after activation,
the secretion of factors activating the effector cells of the
immune response. The polypeptides and especially the
receptors that are expressed on the surface of these cells and
are involved in the activation of the said cells consist in
particular, wholly or partly of the TCR complex or CD3,
wholly or partly, of the complexes CDS8, CD4, CD28,
LFA-1, 4-1BB (Melero et al, 1998, Eur J Immunol 28:
1116-1121), CD47, CD2, CD1, CDY, CD45, CD30, CD40,
wholly or partly of the cytokine receptors (Finke et al., 1998,
Gene therapy 5: 31-39), such as IL-7, IL-4, IL-2, IL-15 or
GM-CSF, wholly or partly of the receptor complex of the
NK cells, for example NKAR, Nkp46, etc. (Kawano et al.,
1998 Immunology 95: 5690-5693; Pessino et al., 1998, J
Exp Med 188: 953-960), Nkp44, all or part of the receptors
of macrophages, for example the Fc receptor (Deo et al.,
1997, Immunology Today 18: 127-135).

[0100] Numerous tools have been developed for introduc-
ing various heterologous genes and/or vectors into cells,
especially mammalian cells. These techniques can be
divided into two categories: the first category involves
physical techniques such as micro-injection, electroporation
or particle bombardment. The second category is based on
the use of techniques in molecular and cell biology by which
the gene is transferred with a biological or synthetic vector
that facilitates the introduction of the material into the cell
in vivo. At present the most efficient vectors are the viral
vectors, especially the adenoviral and retroviral vectors.
These viruses possess natural properties for crossing plasma
membranes, avoiding degradation of their genetic material
and introducing their genome into the cell nucleus. These
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viruses have been studied extensively and some are already
being used experimentally in human applications in vacci-
nation, in immunotherapy, or for compensating genetic
deficiencies. However, this viral approach has limitations,
due in particular to restricted capacity for cloning in these
viral genomes, the risk of spreading the wviral particles
produced in the organism and the environment, the risk of
artefact mutagenesis by insertion in the host cell in the case
of retroviruses, and the possibility of inducing a strong
inflammatory immune response in vivo during treatment,
which limits the possible number of injections (McCoy et
al., 1995, Human Gene Therapy 6: 1553-1560; Yang et al.,
1996, Immunity 1: 433-422). Alternatives to these viral
vector systems exist. The use of non-viral methods, for
example co-precipitation with calcium phosphate, the use of
receptors that mimic the viral systems (for a summary see
Cotten and Wagner 1993, Current Opinion in Biotechnol-
ogy, 4: 705-710), or the use of polymers such as polyami-
doamines (Haensler and Szoka 1993, Bioconjugate Chem.,
4: 372-379). Other non-viral techniques are based on the use
of liposomes, whose efficacy for the introduction of biologi-
cal macromolecules such as DNA, RNA, proteins or phar-
maceutically active substances has been widely described in
scientific literature. In this area, teams have proposed the use
of cationic lipids having a strong affinity for the cell mem-
branes and/or nucleic acids. In fact it has been shown that a
nucleic acid molecule itself was able to cross the plasma
membrane of certain cells in vivo (WO 90/11092), the
efficacy depending in particular on the polyanionic nature of
the nucleic

[0101] acid. Since 1989 (Felgner et al., Nature 337: 387-
388) cationic lipids have been proposed for facilitating the
introduction of large anionic molecules, which neutralizes
the negative charges of these molecules and favours their
introduction into the cells. Various teams have developed
cationic lipids of this kind: DOTMA (Felgner et al., 1987,
PNAS 84: 7413-7417), DOGS or Transfectam™ (Behr et
al., 1989, PNAS 86: 6982-6986), DMRIE and DORIE
(Felgner et al., 1993 methods 5: 67-75), DC-CHOL (Gao
and Huang 1991, BBRC 179: 280-285), DOTAP™
(McLachlan et al., 1995, Gene therapy 2: 674-622) or
Lipofectamine T, and the other molecules described in
patents W09116024, W09514651, W09405624. Other
groups have developed cationic polymers which facilitate
the transfer of macromolecules especially anionic macro-
molecules into cells. Patent W0O95/24221 describes the use
of dendritic polymers, document W0O96/02655 describes the
use of polyethyleneimine or polypropyleneimine and docu-
ments U.S. Pat. No. 5,595,897 and FR2719316 describe the
use of polylysine conjugates.

[0102] It being given that we wish to obtain in vivo a
transformation targeted to a given cell type, it is obvious that
the vector used must itself be able to be “targeted”.

[0103] The present invention also relates to a biological
material for the preparation of pharmaceutical compositions,
the composition comprising at least one cell, in particular a
cell that does not produce antibodies naturally, in a form
permitting its administration in a mammalian, human or
animal, organism, as well as its prior culture if necessary, the
said cell being genetically modified in vitro by at least one
nucleic acid sequence containing at least one therapeutic
gene coding in vivo for at least one protein or a fragment of
a protein of the invention or for at least one molecule that
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inhibits the function and/or the fixation and/or the expres-
sion of at least one protein or one protein fragment of the
invention or for at least one antibody or part of an antibody
capable of binding to at least one protein of the invention.

[0104] More especially, the said target cell originates
either from the individual to be treated, or from another
mammal. In the latter case, it should be noted that the said
target cell will have been treated to make it compatible with
humans. These cells are established in cell lines and are
preferentially MHC II+ or MHC II+ inducible, such as
lymphocytes, monocytes, astrocytes, oligodendrocytes, etc.

[0105] The invention also relates to modified cells and a
method of preparation of a cell as described above, charac-
terized in that at least one nucleic acid sequence containing
at least one gene of therapeutic interest and elements ensur-
ing expression of the said gene in the cell are introduced into
a mammalian cell that does not produce antibodies naturally,
by any appropriate means, the said gene of therapeutic
interest containing a nucleic acid sequence coding for a
molecule or a fragment of a molecule in vivo, as described
above. More especially, it relates to eukaryotic cells, espe-
cially COS and CHO cells and cells obtained from lower
eukaryotic organisms, such as yeast cells, especially cells
obtained from Saccharomyces cerevisiae and from Pichia
pastoris, especially cells transformed by at least one nucle-
otide sequence and/or a vector as described previously.

[0106] According to a particular embodiment, the cells
(dendritic cells, macrophages, astrocytes, CD4+ T lympho-
cytes, CD8+ T lymphocytes or others) from the patient or
allogenic cells are placed in contact with a purified prepa-
ration of at least one protein or protein fragment of the
invention. The protein or its fragment is internalized, pre-
pared and presented on the surface of the cell and associated
with MHC 1 and/or MHC II molecules for inducing a
specific immune response against the protein or its fragment.
The cells thus “activated” are then administered to the
patient in whom they will induce an antigen-specific
immune response.

[0107] 1In a special case, the antigen-presenting cells are
modified in vitro to express the antigens in the transformed
cell that will be associated with the MHC I and/or MHC II
molecules and will be presented on the surface of the cells
to induce a perfectly targeted immune reaction in the patient
to whom the modified cell is administered.

[0108] Vaccinal approaches are not always entirely satis-
factory and can lead to limited immune reactions directed
solely against immunodominant epitopes. Moreover, incor-
rect presentation of the antigens by the glycoproteins of the
MHC system on the surface of the cells does not permit an
appropriate anti-protein immunity to develop in the patient
treated. In order to alleviate these problems, authors have
proposed, within the framework of vaccinal methods, selec-
tion of minimal antigenic fragments corresponding to the
portions of the peptide that are able to be recognized
specifically by the cytotoxic T lymphocytes, and their
expression in the cells so that they associate with the MHC
I molecules and are presented on the surface of the cells in
order to induce a perfectly targeted immune reaction in the
treated patient (Toes et al., 1997, PNAS 94: 14660-14665).
More especially, it has been shown that very small epitopes
(ranging from 7 to about 13 amino acids) that are expressed
from minigenes introduced in a vaccinia virus, could induce
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immunization of the cellular type. It has been shown,
moreover, that several minigenes could be expressed
together from the same vector (this special construction is
called “string of beads”). Such a construction offers the
advantage of inducing an immune reaction of synergic CTL
type (Whitton et al., 1993, J. of Virology 67: 348-352).

[0109] Presentation of the antigenic fragments by the
MHC I molecules is based on an identified intracellular
method (see Grottrup et al., 1996 Immunology Today 17:
429-435 for a review) in the course of which very short
antigenic peptides (about 7 to 13 or 8 to 12 amino acids) are
produced by degradation of a more complex polypeptide
against which the final immune reaction will be directed.
These short peptides are then associated with the MHC I or
MHC II molecules to form a protein complex which is
transported to the cell surface in order to present the said
peptides to the circulating cytotoxic T lymphocytes or to the
circulating helper T lymphocytes, respectively.

[0110] According to a particular embodiment, the cells,
such as dendritic cells, macrophages, astrocytes, CD4+ T
lymphocytes, CD8+ T lymphocytes, are modified so as to
express specific antibodies of the targeted peptide on their
surface. The peptide is neutralized by the antibodies
expressed on the surface of the cells. These cells, which
preferably were taken from the patient, are cells of the
immune system, preferably cytotoxic, modified for express-
ing the whole or part of a specific antibody of the target
polypeptide.

[0111] In 1968, Boyum described a rapid technique that
makes it possible, by density-gradient centrifugation of the
blood, to separate the mononuclear cells (lymphocytes and
monocytes) at a good yield (theoretical yield 50%, i.e. 10°
cells/ml of blood). According to this protocol, 50 ml of
peripheral blood obtained in sterile conditions is centrifuged
for 20 minutes at 150 g at 20° C. The recovered cells are
diluted in two volumes of initial peripheral blood of sterile
PBS. 10 ml of this suspension is deposited on 3 ml of a
Ficoll-Hypaque solution (lymphocyte separating medium,
Flow). After centrifugation for 20 minutes at 400 g and 20°
C. without braking for deceleration, the mononuclear cells
sediment at the PBS-Ficoll interface, in a dense, opalescent
layer, whereas nearly all of the red cells and polynuclears
form a sediment at the bottom of the tube. The mononuclear
cells are recovered and washed in sterile PBS.

[0112] The antigen-presenting cells are first washed with a
PBS-BSA buffer at 0.5% (w/v), then counted. Then they are
pre-incubated in the presence of various reduction inhibi-
tors, three times in PBS-BSA 0.5% containing from 10 uM
to 10 mM (final) of DTNB (5,5'-dithio-bis-2-nitrobenzoic
acid) or of NEM (N-ethylmaleimide). The next stages of
fixation of antigens on the cell surface or internalization of
antigens are also effected in the presence of various con-
centrations of inhibitors.

[0113] 8.10° cells are internalized in the presence of a
saturating quantity of proteins radiolabelled with iodine-125
(1 1g) in microwells. After incubation for one hour at 4° C.
with stirring, the antigens are fixed on the surface of the
cells. The cellular suspension is washed twice in PBS-BSA
and the cellular residues are taken up in 70 ul of buffer and
incubated at 37° C. for various periods ranging up to 2 hours.
The cells and supernatants are separated by centrifugation at
800 g for 5 minutes at 4° C. For longer incubation times, the
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preliminary stage of pre-fixation of the antigens on the
surface of the cells is omitted. The cells are diluted in
RPMI-10% SVF medium in the presence of 20 mM Hepes,
to 10° cells/ml. The cells are incubated in the presence of an
excess of antigen for various lengths of time at 37° C. (1 ug
of molecules/5.107 monocyte/macrophage cells or/10%
B-EBV cells).

[0114] All of the therapeutic agents defined in the scope of
the present invention are used for preventing and/or treating
an infection with at least the mHBYV virus. They can also be
used for evaluating their efficacy in vitro or in vivo.

[0115] The biological material is administered in vivo
especially in injectable form by the intramuscular or sub-
cutaneous route or any other equivalent means. Administra-
tion can take place in a single or repeated dose, once or
several times after a certain interval of time. The best
appropriate route of administration and dosage vary depend-
ing on a number of parameters such as the individual, the
stage and/or development of the disease, or depending on the
nucleic acid and/or the protein and/or peptide and/or mol-
ecule and/or cell to be transferred or the target organ/tissues.

[0116] For carrying out the treatment, it is possible to use
pharmaceutical compositions containing a biological mate-
rial as described previously, advantageously associated with
a pharmaceutically acceptable vehicle for administration to
humans or animals. The use of these vehicles is described in
literature (see for example Remington’s Pharmaceutical
Sciences 16th ed. 1980, Mack Publishing Co.). The said
pharmaceutically acceptable vehicle is preferably isotonic,
hypotonic or exhibits a slight hypertonicity and has a
relatively low ionic strength, for example a sucrose solution.
Furthermore, the said composition can contain solvents,
aqueous or partially aqueous vehicles such as sterile water,
free from pyrogenic agents and dispersion media for
example. The pH of these pharmaceutical compositions is
suitably adjusted and buffered in accordance with conven-
tional techniques.

[0117] The invention therefore also relates to (i) a method
of treating a patient infected with the mHBYV virus of the
invention in accordance with which the said patient is
administered a biological material as defined previously, if
necessary combined with an adjuvant and/or a diluent and/or
an excipient and/or a pharmaceutically acceptable vehicle
and (i) a method of preventing infection with at least the
mHBYV virus of the invention in accordance with which an
individual is administered a biological material as defined
above, if necessary combined with an adjuvant and/or a
diluent and/or a pharmaceutically acceptable vehicle, espe-
cially a vaccinal composition.

[0118] Finally, the invention relates to a composition com-
prising a DNA sequence coding for a mutated surface
protein of the mHBYV virus (HBsAgm) or its fragments, the
said protein HBsAgm containing a modified determinant a
of a protein HBs shown in SEQ ID NO 2, the said DNA
being mixed with a vehicle and/or an adjuvant and/or an
excipient and/or a suitable diluent and it may also contain a
mutated coding sequence Pre-S that codes for a mutated
surface protein, referenced in SEQ ID NO 4 and/or a DNA
sequence coding for a mutated surface protein referenced in
SEQ ID NO 5 or its fragments and/or a DNA sequence
coding for a mutated region Pre-S referenced in SEQ ID NO
6 or its fragments.
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[0119] FIG. 1 shows the complete sequence of the clone
x27 16 of genotype A of the invention. The underlined
sequences correspond to the initiation and termination
codons for the various genes.

[0120] FIG. 2 shows the complete sequence of the clone
x27 9 of genotype D of the invention. The underlined
sequences correspond to the initiation and termination
codons for the various genes.

[0121] FIGS. 3 and 4 show, respectively, the amino acid
sequences of the HBs gene and of the whole of the Pre-S
region of the clones x27_ 16 and x27_ 9, aligned with 102
sequences HBs or Pre-S found in the NBRF/PIR bank.

EXAMPLE 1

Identification of the mHBV Variant or Mutant

[0122] The patient is a man of 86 years with a history of
chronic non-A, non-B hepatitis, the pathology of which has
developed to the stage of cirrhosis. He did not present any
identified risk factor. His blood level of transaminases was
appreciably higher than normal (1 to 2 times relative to the
normal level). He was neither HCV, nor HGV, nor HDV
positive in the tests for detecting RNA by PCR. Potential
detection of the TTV virus was also effected by PCR and it
proved negative.

[0123] 1. Serological tests: detection of the HBsAg anti-
gen was carried out in the patient’s serum firstly with the
second-generation MonoLisa test (trade name) marketed by
Sanofi Diagnostics Pasteur and secondly with the VIDAS®
HBsAg detection kit marketed by the company bioMérieux.
The results were negative with each detection test employed.
Detection of anti-HBs antibodies was carried out using the
ELISA DiaSorin test (trade name) marketed by the Sorin
company in the patient’s serum. The results of the test for
detecting anti-HBs antibodies were also negative. Detection
of total anti-HBc antibodies was carried out by a CORAB
rDNA (trade name) competitive test from the company
Abbott Diagnostics and using the ELISA Ortho HBc Elisa
test marketed by Ortho Diagnostic System. The results show
the presence of 10" DNA molecules per ml of serum in the
patient compared with the 10¥ DNA molecules/ml usually
found in HBV-positive patients at a chronic stage of the
discase.

[0124] 2. Immunolabelling in the liver: immunolabelling
was carried out on liver samples by immunofluorescence for
the HBsAg antigen using polyclonal rabbit antibodies
directed against HBsAg (marketed by the Janssen company)
and fluorescent anti-rabbit antibodies (from the DAKO
company). Labelling with peroxidase was effected using a
polyclonal rabbit antibody directed against the HBc antigen
and anti-rabbit antibodies (from DAKO) as described by
Vitvitski-Trepo et al., Hepatology, 6: 1278-1283 (1990).
These tests proved to be negative for the presence of the
HBsAg and HBcAg antigens in the patient’s liver.

[0125] 3. Test for detecting the viral genome by PCR:
detection of the viral genome in the serum by PCR was
effected using the test Expand High Fidelity PCR System,
marketed by the company Roche for HBV and using the
AMPLICOR test (trade name) of the company Abbott for
HCV. 140 pl of serum was used for the extraction of nucleic
acids. The nucleic acid was extracted using a nucleic acid
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extraction kit marketed by the company Qiagen, which
permits simultaneous purification of DNA and RNA. The
serum was incubated in the presence of a lysis buffer for 10
minutes at room temperature, and was then passed through
columns of silica. The DNA was eluted from the column
with 50 ul of sterile water. The total content of nucleic acids
from whole blood or from liver biopsies was extracted using
the kits marketed by the company Qiagen, for the blood and
tissues respectively.

[0126] The DNA of HBV was detected by nested ampli-
fication in two stages, by means of primers selected in a
region that is known to be well conserved in the S gene of
HBV.

[0127] First stage of amplification: the first 35 amplifica-
tion cycles are preceded by preheating at 95° C. for 5 min,
95° C. for 45 seconds, 48° C. for 45 seconds and 72° C. for
1 min. An elongation stage for 10 minutes was then carried
out.

[0128] Primer 1 (Pol 1): 5' CCT GCT GGT GGC
TCC AGT TC 3' (Pichoud et al., Hepatology; 1999,
1: 230-237)

[0129] Primer 2 (POR4): 5' TAC CCA AAG ACA
AAA GAA AAT TGG 3

[0130] The second stage of amplification is of 40 cycles
with preheating at 95° C. for 5 min, 5 cycles of amplification
at 95° C. for 25 seconds, 37° C. for 45 seconds, 72° C. for
1 minute and the other 35 cycles at 95° C. for 45 seconds,
48° C. for 45 seconds and 72° C. for 1 min. At the end, an
elongation stage was carried out.

Primer 3: 5' TAG TAA ACT GAG CCA RGA GAA AC 3'

Primer 4: 5' GTT GAC AAR AAT CCT CAC AAT AC 3'

[0131] R represents A or G.

[0132] PCR is carried out starting from 10 ul of total
nucleic acids that were extracted from 140 ul of serum, 200
ul of whole blood, and 25 mg from a liver biopsy frozen or
fixed with formalin in paraffin.

[0133] PCR amplification of the X gene was also carried
out following the technique described by Uchida et al.,
Microbiol. Immunol., 1994, 38, 281-285. Amplification of
the X gene is interesting because the product of the X gene
transactivates the HBV promoters and because the promoter
of the core of HBV overlaps the X gene. Consequently,
mutations affecting either the product of the X gene or the
promoter of the core or both, could lead to a decrease in the
levels of transcription and replication of the virus, explain-
ing why it cannot be detected by the commercial tests.

1st round:
primer 1: 5' CCA TAC TGC GGA ACT CCT AG 3'
primer 2: 5' ATT TGC TCG CAG CCG GTC TG 3'

2nd round:
primer 3: 5' TTT TGC CAG CCG GTC TG 3'
primer 4: 5' ATT TGC TCG CAG CCG GTC TG 3'

[0134] Serial dilutions of plasmid diluted in a control
serum enabled us to determine the sensitivity of the PCR.
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Nested PCR in the S and X genes of HBV makes it possible
to detect ten genomes of HBV.

[0135] 4. Quantification of the DNA of HBV in the serum:
quantification was effected using the test Amplicor HBV
monitor (trade name), marketed by the company ROCHE.
The test comprises primers chosen in the pre-C/C region of
HBYV which make it possible to detect from 4x107 to 4x10”
copies of DNA of HBV/ml. 50 ul of serum was used in this
test (Kessler et al., Clin. Chem., 1998; 36: 601-604).

[0136] 5. Amplification of the complete genome of HBV:
amplification of the HBV genome was carried out using the
technique described by Giinther et al., Journal of Virology,
September 1995, pages 5437-5444 using the following
primers:

Primer 1 (Pl):
5' CCG GAA AGC TTG AGC TCT TCT TTT TCA CCT CTG
CCT AAT CA 3'

Primer 2 (P2):
5' CCC GAA AGC TTG AGC TCT TCA AAA AGT TGC ATG
GTG CTG G 3'

[0137] The kit Expand High Fidelity (trade name) mar-
keted by the company Roche containing 1.5 mmol/l of
MgCl,, 200 umol/l of deoxynucleoside triphosphate, 2.6 U
of a mixture of Tag and Pwo DNA polymerase (High
Fidelity, marketed by the company Roche) were used with
1 umol/1 of each primer described above.

[0138] The technique exploits the fact that although the
HBYV genome found in the circulating virions is circular, the
strands are not closed covalently and can therefore hybridize
rapidly with the PCR primers and the fact that there is a short
terminal redundancy at the 5' and 3' ends of the minus strand.
The 3' end of primer P1 is complementary to the 5' end of
the minus strand, including the redundant sequence, whereas
the 3' end of primer P2 is complementary to the sequence of
the plus strand, beginning with the redundant sequence. The
5' ends of the two primers contain the sites of restriction
enzymes for Hind II1, Sac I and Sap I that are rarely found
in the genomes of HBV.

[0139] After a warm start, 40 cycles of PCR were carried
out with denaturing at 94° C. for 40 seconds, hybridization
at 60° C. for 1.30 minutes and elongation at 72° C. for 3 min,
with a 10-second increment after each cycle, in apparatus for
PCR amplification marketed by the company Perkin Elmer.
A final extension of 10 minutes is effected at the end of the
cycles.

[0140] Production of the positive DNA strand by the
action of viral polymerase was carried out as described by
Hantz et al., Antimicrobiol. Agent Chemether, 1984, 25:
240-246, with incubation of the serum in the presence of
DNTPs, at a temperature of 37° C. over night. When the
genome was not amplified or was only slightly amplified,
PCR aliquots of the whole genome were reamplified using
a combination of primer P1 and primer Por1 or of primer P2
and primer Poll. These semi-nested PCRs each make it
possible to obtain a fragment of about 1800 base pairs, with
overlaps from one to another of about 300 base pairs.

[0141] 6. Analysis of the PCR products: aliquots of the
products of the PCR reaction were subjected to electro-
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phoresis on agarose gels (1 to 2% depending on the assumed
size of the amplified product). The gels were stained with
ethydium bromide or with the GELSTAR stain, and photo-
graphed. The DNA was then transferred to a nylon mem-
brane (Hybon N+nylon membrane) marketed by Amersham,
in the presence of 0.4 M of NaOH. The nylon membrane was
then subjected to hybridization with a 3.2-kb DNA probe of
HBYV, labelled with **P using the “Ready to go” kit Random
Primer Kit, marketed by the company Pharmacia Biotech.

[0142] 7. Purification of the PCR products: when the
specific bands of HBV have been amplified, the remainder
of the PCR reaction products are subjected to agarose gel
electrophoresis, stained, and the specific bands are excised
using a scalpel under UV irradiation at wavelength of 312
nm. The DNA is then isolated from the agarose gel using the
Geneclean kit, marketed by Bio 101, and eluted in a small
volume of water.

[0143] 8. Cloning of the products of PCR amplification:
the cloning strategies used depend on the nature of the
products of PCR amplification. The amplifications of sub-
genomic HBs and HBx were carried out with Taq poly-
merase which possesses an activity of the natural terminal
transferase type and the addition of a nucleotide, usually
adenosine, to the 3' ends of the amplified fragments. These
fragments are cloned directly in the pGEM-T vector
(Promega), a linearized cloning vector containing an addi-
tional codon that codes for thymine at its 3' end. The
amplifications of the complete genome by PCR or the
subsequent semi-nested PCR amplifications were carried out
with a mixture of Taq and Pwo polymerases and the frag-
ments amplified are blunt-ended fragments or are a mixture
of molecules with blunt ends or an additional Aresidue at the
3'end. The said fragments are either cloned in a blunt-ended
vector, the pSTBLUe-1 vector, after conversion of all the
fragments to blunt-ended fragments (Perfectly Blunt Clon-
ing Kit, Novagen), or an A residue is added to the 3' ends by
incubating the fragments with Taq polymerase in the pres-
ence of DATP and then cloning them in the pGEM-T vector.
After ligation, according to the instructions recommended
by the manufacturer, the ligation products are purified using
a PCR resin Preps resin, marketed by the company Promega,
and eluted in water. Aliquots are used for transforming the
cells of E. coli XL-2 Blue by electroporation. The trans-
formed cells are spread on plates of LB agar containing
ampicillin (100 #g/ml), IPTG (80 uL) and X-gal (70 pg/ml)
and incubated over night at 37° C.

[0144] 9. Identification of HBV recombinant plasmids:
initial screening involves selecting white colonies that may
contain the insert of interest, in contrast to the blue colonies
that are assumed not to contain the insert. If the transfor-
mation seems to be particularly successful, i.e. if we observe
a consistent quantity of white colonies relative to the blue
colonies constituting the negative control, the white colonies
are then amplified directly in a liquid medium (Terrific Broth
containing 100 gg/ml ampicillin) over night at 37° C. with
stirring. Otherwise, the white colonies are transferred to two
LB agar plates containing ampicillin. One of the plates has
a nylon membrane on the surface of the agar. About 100
colonies can be transferred to each plate. The plates are
incubated over night at 37° C. The plate without the nylon
membrane is stored at 4° C. The nylon membrane is treated
with NaOH for lysis of the bacteria, then neutralized and
dried. After fixing the DNA by UV irradiation, the mem-
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brane is subjected to hybridization with specific, >*P-la-
belled HBV probes. The appropriate colonies are then taken
from the main plate and amplified in a liquid medium.

[0145] 10. Purification of the plasmid DNA: the DNA is
purified by mini preps using Qtips-20, marketed by the
company Qiagen, in accordance with the instructions rec-
ommended by the company. Other DNAs are prepared
manually by alkaline lysis, precipitation of the supernatant
with isopropanol, resuspension and treatment of the residue
with phenol then chloroform and precipitation with ethanol.
In both cases, the DNA is finally resuspended in 30 wl of TE.
The quantities of DNA are estimated by agarose gel elec-
trophoresis.

[0146] 11. Sequencing: approximately 350 ng of plasmid
is sequenced with 5 pmol of primers, using the BigDye
sequencing kit marketed by the company Perkin Elmer and
amplification equipment (9600 thermal cycler from Perkin
Elmer). After purification of the sequencing products by spin
chromatography on Sephadex G50, the sequencing products
are analysed on an ABI Prism 377 sequencer, marketed by
the company Applied Biosystems. Initial sequencing is
usually carried out with primers that are complementary to
the sequences of the T7 and SP6 promoters which overlap
the cloning kit simultaneously in the pGEM-T and pST-
Blue-1 vectors. For short fragments, of less than 500 to 600
base pairs, good information on the sequences of the two
strands of the insert can usually be obtained with these two
primers. For longer inserts, such as those of complete HBV
genomes, HBV-specific primers are selected from the HBV
genome, roughly at intervals of 500 base pairs, in both
directions, so that the two strands can be sequenced com-
pletely. Several clones of each fragment are sequenced.

[0147] 12. Sequence analysis: most of the data analyses
were carried out using programs available on the server
INFOBIOGEN (Villejuif, France). The data of the raw
sequences are corrected using the program of the sequencer.
At this stage, only the ambiguities (called N by the machine)
and the obvious base errors near the ambiguities are cor-
rected. Then a search by BLAST is carried out, in most
cases, to identify the HBV sequence of the base that is
closest to that of the clone of the invention. Complete
alignment, using the CLUSTAL W software, of this
sequence and of the sequence of the clone permits additional
correction. Only obvious errors, such as the omission of
bases by the machine or the addition of bases at the end of
the sequence are corrected. The partially corrected
sequences on the two strands of the clone are assembled and
aligned. Any conflicts are resolved by choosing the sequence
that is best supported by the data. Finally, the corrected
sequences of the various clones from the same patient are
compared and the differences are verified again. To facilitate
biological analysis of the amplified sequences, 81 sequences
of the complete genome of HBV found in the databases were
aligned using CLUSTAL W. Phylogenic analysis of this
alignment shows that the sequences of the invention belong
to 6 main groups, corresponding to genotypes A to F,
determined previously by sequence alignment of the HBs
gene. On adding sequences derived from cryptic HBV
genomes to this alignment, it is possible to ascribe these
genomes to a particular genotype or establish that the cryptic
HBV genomes belong to an as yet unknown genotype.
Moreover, the amino acid sequences of the various proteins
of HBV found in the databases (PreS/s, HBs, HBc, HBx,
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PreC/c and pol) were aligned. This permits comparison of
the amino acid sequences deduced from the nucleotide
sequences of the clones of the invention with the protein
sequences of HBV already described, which are probably
derived from non-cryptic HBV genomes. It was thus pos-
sible to identify mutations in the proteins of the cryptic HBV
virus of the invention that are absent from the HBV isolates
described before and are not due simply to a variation of the
genotype.

[0148] 13. Functional analysis: functional analysis was
carried out with the clones derived from amplifications of
the complete genome. The clones are cut with the restriction
enzyme Sap I. The recognition and cutting sites of this
enzyme are CTCTTCNNNN. This site is present in the
primers P1 and P2 used for amplification of the whole
genome. This results in release of an insert from the whole
genome with cohesive ends and, because of the terminal
redundancy of the minus strand, recircularization in a com-
plete HBV genome without superfluous sequences. After
cutting with the restriction enzyme Sap I, the DNA is
extracted with phenol and precipitated with ethanol. The
DNA is then transfected in HuH7 cells, a cell line of human
hepatocarcinoma permissive for the replication of HBYV,
using the transfection reagent FuGene-6, marketed by the
company Roche. Recircularization of the insert takes place
in the cells and permits transcription and viral replication.
The negative control consists of cells transformed with a
pGEM vector without insert and the positive controls are a
dimer of the complete genomes of a wild-type HBV cloned
at the EcoRi site, intact or cut with the EcoRi restriction
enzyme. Transfection is controlled by co-transfection with
pSEAP, a plasmid expressing Soluble Excreted Alkaline
Phosphatase, the activity of which is measured in the culture
medium 48 hours after transfection. The media are changed
daily and the media from days 2 to the end of the experiment
(normally day 5 or 6) are collected. The presence of the HBs
antigen in the medium is measured using the Ausria kit,
marketed by the company Abbott. At the end of the experi-
ment, the cells are lysed and the DNA, the RNA and the
proteins are extracted. The medium is stored and concen-
trated by precipitation with PEG. The presence of viral
proteins, DNA or RNA is analysed in the various prepara-
tions. For the sub-genomic clones, the fragments are inserted
in HBV expression vectors, either in the context of a
complete genome for studying the effects of mutations of the
HBs gene, of the HBx gene or of the core promoter on the
replication cycle, or in expression vectors for HBs or HBx
for studying the properties of the mutated proteins, in
particular to find out whether the mutated HBs proteins are
synthesized and secreted normally and whether they are
recognized by the commercial detection tests.

[0149] 14. Results: according to the protocols described
above, the complete HBV genome of the patient was ampli-
fied by PCR and cloned. Two PCR amplifications were
carried out and independent clonings were effected. Phylo-
genic analysis shows that the genome is of genotype A, but
it is on the borderline of the family and might represent a
new subgroup in genotype A. The important elements of
structure and regulation are conserved in the nucleotide
sequences and there are no major changes in the amino acid
sequences deduced from HBx and from pol relative to the
wild type. The genome is therefore competent for its repli-
cation. However, the amino acid sequence and the HBsAg
protein have numerous substitutions, especially in the a
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determinant, which corresponds to a part of the antigen
exposed on the surface of the viral particles and is recog-
nized by the commercially available serological tests. It is
particularly interesting to note that there are successive
substitutions in positions 109-112 of the amino acid
sequence of the HBsAgm protein and other substitutions
isolated at the level of HBsAgm. The main substitutions are
in HBsAgm QTTR (amino acids 109 to 112) instead of
LIPG found at the level of the protein of wild-type HBsAg.
These substitutions, among other things, can induce a
change in antigenicity of the HBsAgm protein and can
explain why it is not recognized by the tests available
commercially. Moreover, a mutation is also found at the
level of the Pre-Sm protein that consists of replacement of
the amino acid Ile found at position 84 of the wild-type
protein, referenced at SEQ ID NO 4, by the amino acid Thr
in the Pre-Sm protein (position 84 of SEQ ID NO 4).

EXAMPLE 2

Identification of an m'HBV Mutant or Variant

[0150] In the same patient of 86 years with a history of
chronic non-A, non-B hepatitis, another mutated HBV virus

was also identified (m'HBV). The genome of this virus was
amplified, cloned and sequenced as described in Example 1.
Phylogenic analysis shows that its genome is of genotype D.
Sequence analysis shows that m'HBV is a pre-core mutant
with a stop codon in PreC/c, just before the HBc gene.
Furthermore, it has a mutation in the Pre-S part, just with the
start of HBs, which consists of replacement of an Arg by a
Gly in position 102 of the Pre-Sm' protein identified in SEQ
ID NO 6 and a mutation near the end of HBs, also shared
with HBsm that consists of replacement of a serine by an
arginine in position 210 of SEQ ID NO 5. For the purposes
of simplification the nucleotide sequences coding for SEQ
ID NO 6 and SEQ ID NO 5 have not been included in the
present description, but the inventors have carried out a
complete sequencing that makes it possible to assert that Gly
is encoded by the GGA codon in position 304-306 of the
Pre-S region or in position 3151-3153 relative to the
sequence of the complete genome and that Arg is encoded by
the AGG codon, in position 628-630 of the S gene or in
position 782-784 relative to the sequence of the complete
genome.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6
<210>
<211>
<212>
<213>
<220>
<221>
<222>

SEQ ID NO 1
LENGTH: 681
TYPE: DNA
ORGANISM:
FEATURE :

NAME/KEY:
LOCATION:

mutated hepatitis B virus mHBV

cDs
(1)..(678)
<400> SEQUENCE: 1

ttc
Phe

ctc
Leu

cta
Leu

tca
Ser

atg gag aac atc aca
Met Glu Asn Ile Thr
1 5

ccc
Pro

ctg
Leu

gga
Gly

aga
Arg
10

ttt
Phe

ttc
Phe

ttg
Leu

ttg
Leu

ata
Ile

ctc
Leu

atc
Ile

aca
Thr

aca
Thr

gcg
Ala

999
Gly

aga
Arg

ccg
Pro

tct
Ser

ttt
Phe

tca
Ser
45

cta
Leu

cte
Leu

act
Thr

gac
Asp

tcg
Ser

agt
Ser
40

tgg
Trp

tgg
Trp
35

999
Gly

gga
Gly

ctt
Leu

tca
Ser

aat
Asn

tece
Ser

tce
Ser
55

aat
Asn

caa
Gln

tcg
Ser

cca
Pro

acc
Thr

cac
His
60

ggc
Gly
50

cag
Gln

tgt
Cys
65

tat
Tyr

cct
Pro

act
Thr

cct
Pro

cca
Pro

tgt
Cys

atg
Met

tgt
Cys

ctg
Leu

tgg
Trp

ggt
Gly

cgc
Arg

ttc
Phe

ttc
Phe
85

ttc
Phe

atc
Ile

ctc
Leu

cta
Leu

atc
Ile

ctc
Leu

ata
Ile

atc
Ile

ctg
Leu

ctg
Leu

tgc
Cys
20

ctt
Leu

tat
Tyr
100

cct
Pro

ctg
Leu

gat
Asp

caa
Gln

atg
Met

ttg
Leu

cecc
Pro
105

gtt
Val

tgt
Cys

caa
Gln

ggt
Gly

tca
Ser
120

tca
Ser

aca
Thr

aca
Thr
115

acc
Thr

agt
Ser

acg
Thr

tgc
Cys

aaa
Lys

acc
Thr

tgc
Cys

gga
Gly

acg
Thr
125

tta
Leu
15

999 48

Gly

cag
Gln

cta 96

Leu

agt
Ser

cag
Gln

cece 144

Pro

tgt
Cys

gtg
Val

tecc 192

Ser

cca
Pro

acc
Thr

ttt
Phe

cat
His

cg9
Arg

tta
Leu

ttg 288
Leu

95

gtt
Val

act 336
Thr

110

aca
Thr

aga
Arg

att
Ile

cct 384

Pro

gct
Ala
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-continued

cgc ggc aaa tct atg ttt ccc tca tgt tgc tgt aca aaa cct acg gat 432
Arg Gly Lys Ser Met Phe Pro Ser Cys Cys Cys Thr Lys Pro Thr Asp
130 135 140

gga aat tgc acc tgt att ccc atc cca tcg tct tgg gct ttc gca agc 480
Gly Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Ala Phe Ala Ser
145 150 155 160

tac cta tgg gag tgg gcc tca gtc cgt ttc tect tgg ctc agt tta cta 528
Tyr Leu Trp Glu Trp Ala Ser Val Arg Phe Ser Trp Leu Ser Leu Leu
165 170 175

gtg ccc ttt gtt cag tgg ttc gta ggg ctt tcc ccec act gtt tgg ctt 576
Val Pro Phe Val Gln Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu
180 185 190

tca gct ata tgg atg atg tgg tat tgg ggg cca agt ctg tac agc atc 624
Ser Ala Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Ser Ile
195 200 205

gtg agg ccc ttt ata ccg ctg tta cca att ttc ttt tgt ctc tgg gta 672
Val Arg Pro Phe Ile Pro Leu Leu Pro Ile Phe Phe Cys Leu Trp Val
210 215 220

tac att taa 681
Tyr Ile
225

<210> SEQ ID NO 2

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: mutated hepatitis B virus mHBV

<400> SEQUENCE: 2

Met Glu Asn Ile Thr Ser Gly Phe Leu Arg Pro Leu Leu Gly Leu Gln
1 5 10 15

Ala Gly Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu
20 25 30

Asp Ser Trp Trp Thr Ser Leu Ser Phe Leu Gly Gly Ser Pro Val Cys
35 40 45

Leu Gly Gln Asn Ser Gln Ser Pro Thr Ser Asn His Ser Pro Thr Ser
50 55 60

Cys Pro Pro Thr Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg His Phe
65 70 75 80

Ile Ile Phe Leu Phe Ile Leu Leu Leu Cys Leu Ile Phe Leu Leu Val
85 90 95

Leu Leu Asp Tyr Gln Gly Met Leu Pro Val Cys Pro Gln Thr Thr Arg
100 105 110

Ser Thr Thr Thr Ser Thr Gly Ser Cys Lys Thr Cys Thr Ile Pro Ala
115 120 125

Arg Gly Lys Ser Met Phe Pro Ser Cys Cys Cys Thr Lys Pro Thr Asp
130 135 140

Gly Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Ala Phe Ala Ser
145 150 155 160

Tyr Leu Trp Glu Trp Ala Ser Val Arg Phe Ser Trp Leu Ser Leu Leu
165 170 175

Val Pro Phe Val Gln Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu
180 185 190

Ser Ala Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Ser Ile
185 200 205
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-continued

Val Arg Pro Phe Ile Pro Leu Leu Pro Ile Phe Phe Cys Leu Trp Val
210 215 220

Tyr Ile
225

<210> SEQ ID NO 3

<211> LENGTH: 522

<212> TYPE: DNA

<213> ORGANISM: mutated hepatitis B virus mHBV
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(522)

<400> SEQUENCE: 3

atg gga ggt tgg tca tca aaa cct cgc aaa ggc atg ggg acg aat ctt 48
Met Gly Gly Trp Ser Ser Lys Pro Arg Lys Gly Met Gly Thr Asn Leu
1 5 10 15

tct gtt ccc aac cct ctg gga ttc ttt ccc gat cat cag ttg gac cct 96
Ser Val Pro Asn Pro Leu Gly Phe Phe Pro Asp His Gln Leu Asp Pro
20 25 30

gca ttc gga gcc aac tca aac aat cca gat tgg gac ttc aac ccc atc 144
Ala Phe Gly Ala Asn Ser Asn Asn Pro Asp Trp Asp Phe Asn Pro Ile
35 40 45

aag gac cac tgg cca gca gcc aac cag gta gga gtg gga gca ttc ggg 192
Lys Asp His Trp Pro Ala Ala Asn Gln Val Gly Val Gly Ala Phe Gly
50 55 60

cca ggg ttc acc cct cca cac ggc ggt gtt ttg ggg tgg agc cct cag 240
Pro Gly Phe Thr Pro Pro His Gly Gly Val Leu Gly Trp Ser Pro Gln
65 70 75 80

gct cag ggc aca ttg acc aca gtg cca aca att cct cct cct gca tcc 288
Ala Gln Gly Thr Leu Thr Thr Val Pro Thr Ile Pro Pro Pro Ala Ser
85 90 95

acc aat cgg cag tca gga agg cag ccc act ccc atc tct cca cct cte 336
Thr Asn Arg Gln Ser Gly Arg Gln Pro Thr Pro Ile Ser Pro Pro Leu
100 105 110

aga gac agt cat cct cag gcc atg cag tgg aat tcc act gcc ttc cac 384
Arg Asp Ser His Pro Gln Ala Met Gln Trp Asn Ser Thr Ala Phe His
115 120 125

caa gct ctg cag gat ccc aga gtc agg ggt ctg tat ctt cct gct ggt 432
Gln Ala Leu Gln Asp Pro Arg Val Arg Gly Leu Tyr Leu Pro Ala Gly
130 135 140

ggc tcc agt tca gga aca gta aac cct gct ccg aat att gcc tct cac 480
Gly Ser Ser Ser Gly Thr Val Asn Pro Ala Pro Asn Ile Ala Ser His
145 150 155 160

atc tcg tca atc tcc gcg agg act ggg gac cct gtg acg aac 522
Ile Ser Ser Ile Ser Ala Arg Thr Gly Asp Pro Val Thr Asn
165 170

<210> SEQ ID NO 4

<211> LENGTH: 174

<212> TYPE: PRT

<213> ORGANISM: mutated hepatitis B wvirus mHBV

<400> SEQUENCE: 4

Met Gly Gly Trp Ser Ser Lys Pro Arg Lys Gly Met Gly Thr Asn Leu
1 5 10 15

Ser Val Pro Asn Pro Leu Gly Phe Phe Pro Asp His Gln Leu Asp Pro
20 25 30

Ala Phe Gly Ala Asn Ser Asn Asn Pro Asp Trp Asp Phe Asn Pro Ile
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-continued

35 40 45

Lys Asp His Trp Pro Ala Ala Asn Gln Val Gly Val Gly Ala Phe Gly
50 55 60

Pro Gly Phe Thr Pro Pro His Gly Gly Val Leu Gly Trp Ser Pro Gln
65 70 75 80

Ala Gln Gly Thr Leu Thr Thr Vval Pro Thr Ile Pro Pro Pro Ala Ser
85 90 95

Thr Asn Arg Gln Ser Gly Arg Gln Pro Thr Pro Ile Ser Pro Pro Leu
100 105 110

Arg Asp Ser His Pro Gln Ala Met Gln Trp Asn Ser Thr Ala Phe His
115 120 125

Gln Ala Leu Gln Asp Pro Arg Val Arg Gly Leu Tyr Leu Pro Ala Gly
130 135 140

Gly Ser Ser Ser Gly Thr Val Asn Pro Ala Pro Asn Ile Ala Ser His
145 150 155 160

Ile Ser Ser Ile Ser Ala Arg Thr Gly Asp Pro Val Thr Asn
165 170

<210> SEQ ID NO 5

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: mutated hepatitis B virus mHBV

<400> SEQUENCE: 5

Met Glu Asn Ile Thr Ser Gly Phe Leu Gly Pro Leu Leu Val Leu Gln
1 5 10 15

Ala Gly Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu
20 25 30

Asp Ser Trp Trp Thr Ser Leu Asn Phe Leu Gly Gly Thr Thr Val Cys
35 40 45

Leu Gly Gln Asn Ser Gln Ser Pro Thr Ser Asn His Ser Pro Thr Ser
50 55 60

Cys Pro Pro Thr Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe
65 70 75 80

Ile Ile Phe Leu Phe Ile Leu Leu Leu Cys Leu Ile Phe Leu Leu Val
85 90 95

Leu Leu Asp Tyr Gln Gly Met Leu Pro Val Cys Pro Leu Ile Pro Gly
100 105 110

Ser Ser Thr Thr Ser Thr Gly Pro Cys Arg Thr Cys Thr Thr Pro Ala
115 120 125

Gln Gly Thr Ser Met Tyr Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp
130 135 140

Gly Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Ala Phe Gly Lys
145 150 155 160

Phe Leu Trp Glu Trp Ala Ser Ala Arg Phe Ser Trp Leu Ser Leu Leu
165 170 175

Val Pro Phe Val Gln Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu
180 185 190

Ser Val Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Asn Ile
185 200 205

Leu Arg Pro Phe Leu Pro Leu Leu Pro Ile Phe Phe Cys Leu Trp Val
210 215 220
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-continued
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Tyr
225

<210>
<211>
<212>
<213>

<400>

Met

1

His

Asp

Ala

Gly

65

Pro

Leu

Ser

Tyr

Thr

145

Ala

vVal

Gln

Thr

Pro

225

Arg

Leu

Ile

Thr

Pro

305

Phe

Ser

Ile

SEQUENCE :

Gly Gln Asn

Gln

Phe

Gly

50

Trp

Pro

Ser

Thr

Leu

130

Thr

Leu

Leu

Ser

Val

210

Thr

Arg

Leu

Pro

Pro

290

Ser

Gly

Leu

Leu

Asn

Ala

Ser

Pro

Pro

Thr

115

Pro

Val

Asn

Gln

Leu

195

Cys

Ser

Phe

Val

Gly

275

Ala

Asp

Lys

Leu

Asp

20

Pro

Phe

Pro

Ala

Pro

100

Phe

Ala

Ser

Met

Ala

180

Asp

Leu

Cys

Ile

Leu

260

Ser

Gln

Gly

Phe

Val
340

SEQ ID NO 6
LENGTH :
TYPE:
ORGANISM:

389
PRT

6

Leu

5

Pro

Asn

Gly

Gln

Ser

Leu

His

Gly

His

Glu

165

Gly

Ser

Gly

Pro

Ile

245

Leu

Ser

Gly

Asn

Leu

325

Pro

mutated

Ser

Ala

Lys

Leu

Ala

70

Thr

Gly

Gln

Gly

Ile

150

Asn

Phe

Trp

Gln

Pro

230

Phe

Asp

Thr

Thr

Cys

310

Trp

Phe

hepatitis B

Thr

Phe

Asp

Gly

55

Gln

Asn

Asn

Thr

Ser

135

Ser

Ile

Phe

Trp

Asn

215

Thr

Leu

Tyr

Thr

Ser

295

Thr

Glu

Val

Ser

Arg

Thr

Phe

Gly

Arg

Thr

Leu

120

Ser

Ser

Thr

Leu

Thr

200

Ser

Cys

Phe

Gln

Ser

280

Met

Cys

Trp

Gln

Asn

Ala

Trp

Thr

Ile

Gln

His

105

Gln

Ser

Ile

Ser

Leu

185

Ser

Gln

Pro

Ile

Gly

265

Thr

Tyr

Ile

Ala

Trp
345

virus mHBV

Pro

10

Asn

Pro

Pro

Leu

Ser

Pro

Asp

Gly

Phe

Gly

170

Thr

Leu

Ser

Gly

Leu

250

Met

Gly

Pro

Pro

Ser

330

Phe

Leu

Thr

Asp

Pro

Gln

75

Gly

Gln

Pro

Thr

Ser

155

Phe

Arg

Asn

Pro

Tyr

235

Leu

Leu

Pro

Ser

Ile

315

Ala

Val

Gly

Ala

Ala

His

60

Thr

Arg

Ala

Arg

val

140

Arg

Leu

Ile

Phe

Thr

220

Arg

Leu

Pro

Cys

Cys

300

Pro

Arg

Gly

Phe

Asn

Asn

Gly

Leu

Gln

Met

Val

125

Asn

Ile

Gly

Leu

Leu

205

Ser

Trp

Cys

Val

Arg

285

Cys

Ser

Phe

Leu

Phe

Pro

Lys

Gly

Pro

Pro

Gln

110

Arg

Pro

Gly

Pro

Thr

190

Gly

Asn

Met

Leu

Cys

270

Thr

Cys

Ser

Ser

Ser
350

Pro

15

Asp

Val

Leu

Ala

Thr

Trp

Gly

Val

Asp

Leu

175

Ile

Gly

His

Cys

Ile

255

Pro

Cys

Thr

Trp

Trp

335

Pro

Asp

Trp

Gly

Leu

Asn

80

Pro

Asn

Leu

Pro

Pro

160

Leu

Pro

Thr

Ser

Leu

240

Phe

Leu

Thr

Lys

Ala

320

Leu

Thr
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-continued

Val Trp Leu Ser Val Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu

355 360 365

Tyr Asn Ile Leu Arg Pro Phe Leu Pro Leu Leu Pro Ile
370 375 380

Leu Trp Val Tyr Ile
385

Phe Phe Cys

1. An isolated mutated HBV virus (mHBV) having the
following characteristics:

(i) a genome with partially double-stranded, circular
DNA,

(ii) the said genome including the genes Pre-S, S, C, P and
X,

(iii) the Pre-S gene coding for surface antigens, the S gene
coding for an envelope protein HBsAg, the C gene
coding for a protein HBeAg and a protein HBcAg, the
P gene coding for a DNA polymerase/reverse tran-
scriptase enzyme and the X gene coding for a protein
HBxAg, characterized in that the S gene contains a
DNA nucleotide sequence referenced SEQ ID NO 1
and in that the Pre-S gene contains a DNA nucleotide
sequence referenced SEQ ID NO 3.

2. A modified surface protein, characterized in that it
consists of a peptide sequence chosen from SEQ ID NO 2
and SEQ ID NO 4.

3. A DNA or RNA nucleotide fragment, characterized in
that it includes a DNA or RNA nucleotide sequence of at
least 12 nucleotides, preferably of at least 15 or 18 nucle-
otides and advantageously of at least 21 nucleotides that
includes the nucleotides 325 to 336 of SEQ ID NO 1 and/or
the nucleotides 235 to 237 of SEQ ID NO 1 and/or the
nucleotides 391 to 393 of SEQ ID NO 1 and/or the nucle-
otides 478 to 480 of SEQ ID NO 1 and/or the nucleotides 28
to 30 of SEQ ID NO 1 and/or the nucleotides 39 to 41 of
SEQ ID NO 1 and/or the nucleotides 358 to 360 of SEQ ID
NO 1 and/or the nucleotides 385 to 387 of SEQ ID NO 1
and/or the nucleotides 118 to 120 of SEQ ID NO 1 and/or
the nucleotides 628 to 630 of SEQ ID NO 1, and/or a
fragment that includes a sequence of at least 21 nucleotides
comprising the nucleotides 250 to 252 of SEQ ID NO 3, or
is the product of transcription of the said DNA nucleotide
sequences, provided that when the fragment includes the
nucleotides 628 to 630 of SEQ ID NO 1, the said fragment
then also includes the nucleotides 325 to 336, and/or 235 to
237, and/or 391 to 393, and/or 478 to 480, and/or 28 to 30,
and/or 39 to 41, and/or 358 to 360, and/or 385 to 387, and/or
118 to 120 of SEQ ID NO 1, and/or the nucleotides 250 to
252 of SEQ ID NO 3.

4. A DNA or RNA nucleotide fragment, characterized in
that it consists of a nucleotide sequence which corresponds
to the DNA nucleotide sequences SEQ ID NO 1 and SEQ ID
NO 3 or the complementary sequences of the said sequences
SEQ ID NO 1 and SEQ ID NO 3 or the RNA nucleotide
sequences that are the products of transcription of sequences
SEQ ID NO 1 and SEQ ID NO 3.

5. A DNA or RNA nucleotide fragment, characterized in
that it consists of a DNA nucleotide sequence that corre-

sponds to SEQ ID NO 1 and SEQ ID NO 3 or the
complementary sequences of the said sequences SEQ ID NO
1 and SEQ ID NO 3 or in that it consists of an RNA
nucleotide sequence that corresponds to the products of
transcription of sequences SEQ ID NO 1 and SEQ ID NO 3.

6. A DNA molecule, characterized in that it includes a
DNA nucleotide sequence chosen from SEQ ID NO 1, SEQ
ID NO 3, their fragments according to one of the claims 3
to 5, and their complementary sequences.

7. An RNA molecule, characterized in that it includes an
RNA nucleotide sequence that is the product of transcription
of a DNA nucleotide sequence chosen from SEQ ID NO 1,
SEQID NO 3, their fragments according to one of the claims
3 to 5, and their complementary sequences.

8. A protein fragment, characterized in that it includes a
peptide sequence of at least 4 amino acids, preferably of at
least 5 or 6 amino acids and advantageously of at least 7
amino acids, especially from 6 to 15 amino acids and
advantageously from 6 to 10 or from 8 to 12 amino acids and
that includes the amino acids 109-112 and/or 79 and/or 131
and/or 160 and/or 10 and/or 14 and/or 120 and/or 129 and/or
40 and/or 210 of SEQ ID NO 2, and/or a fragment that
includes a peptide sequence of at least 7 amino acids
including amino acid 84 of SEQ ID NO 4, provided that
when the fragment includes amino acid 210 of SEQ ID NO
2, the said fragment then also includes the amino acids
109-112 and/or 79 and/or 131 and/or 160 and/or 10 and/or
14 and/or 120 and/or 129 and/or 40 of SEQ ID NO 2 and/or
amino acid 84 of SEQ ID NO 4.

9. A protein fragment according to claim 8, characterized
in that it consists of a peptide sequence that includes the
peptide sequences SEQ ID NO 2 and SEQ ID NO 4.

10. A fragment according to claim 8, characterized in that
it consists of a peptide sequence chosen from SEQ ID NO
2 and SEQ ID NO 4.

11. A protein fragment according to claim 8, characterized
in that it consists of SEQ ID NO 2 and SEQ ID NO 4.

12. A modified surface protein, characterized in that it
includes a peptide sequence chosen from SEQ ID NO 2,
SEQ ID NO 4 and their fragments according to one of the
claims 8 to 11.

13. A functional expression cassette in a cell originating
from a prokaryotic or eukaryotic organism permitting
expression of a DNA fragment as defined in claims 3 to 5,
placed under the control of the elements necessary for its
expression.

14. An expression cassette according to claim 13, char-
acterized in that it is functional in a cell originating from a
eukaryotic or lower eukaryotic organism.

15. An expression cassette according to claim 14, char-
acterized in that the cell originating from a eukaryotic
organism is selected from the COS and CHO cells and in
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that the cell originating from a lower eukaryotic organism is
selected from the cells of Saccharomyces cerevisiae and of
Pichia pastoris.

16. A vector containing an expression cassette according
to one of the claims 13 to 15.

17. A cell originating from a prokaryotic or eukaryotic
organism, preferably a eukaryotic or lower eukaryotic
organism and advantageously a COS or CHO cell or a cell
originating from Saccharomyces cerevisiae or from Pichia
pastoris containing an expression cassette according to one
of the claims 13 to 15 or a vector according to claim 16.

18. A surface protein produced by an expression cassette
according to one of the claims 13 to 15, a vector according
to claim 16 or a cell according to claim 17.

19. A method for preparing a modified surface protein
according to one of the claims 4 or 5 or a protein fragment
according to claims 9 to 12 that consists of culturing a host
cell according to claim 17 in a suitable culture medium, the
said host cell being transformed with an expression vector
that contains a DNA nucleotide sequence as defined in claim
6 or a nucleotide fragment as defined in claims 3 to 5 and of
purifying the said modified surface protein produced to a
required degree of purity.

20. An immunogenic peptide, characterized in that it has
a peptide sequence as defined in claims 2, and 8 to 12 or in
that it consists of a protein as defined in claims 18 and 19.

21. A monoclonal antibody, characterized in that it is
obtained by immunization of a mammal with an immuno-
genic peptide as defined in claim 20, in that it is specific to
the modified surface protein defined in claim 12, and in that
it does not recognise the wild-type protein.

22. Polyclonal antibody, characterized in that it is
obtained by immunization of a mammal with an immuno-
genic peptide as defined in claim 20, in that it does not
recognise the wild-type protein.

23. A diagnostic composition, characterized in that it
consists of a protein or a protein fragment as defined in
claims 2, 8 to 12, 18 and 19.

24. A method for detecting antibodies directed against at
least one mutated surface protein that consists of SEQ ID
NO 2 and/or SEQ ID NO 4 in a biological sample, according
to which the biological sample is placed in contact with a
diagnostic composition as defined in claim 23 under prede-
termined conditions permitting the formation of antibody/
antigen complexes and the formation of the said complexes
is detected.

25. A diagnostic composition, characterized in that it
consists of a monoclonal antibody or a polyclonal antibody
as defined in claim 21 or 22.

26. A method for detecting one mutated surface protein
that consists of SEQ ID NO 2 and/or SEQ ID NO 4 in a
biological sample, according to which the biological sample
is placed in contact with a diagnostic composition as defined
in claim 25 under predetermined conditions permitting the
formation of antibody/antigen complexes and the formation
of the said complexes is detected.

27. Biological material for the preparation of a pharma-
ceutical composition intended for treating human beings
infected with at least the mHBYV virus, the said composition
comprising:

(i) either at least one natural protein and/or recombinant
protein and/or synthetic polypeptide or their fragments
whose sequence corresponds to all or part of the
sequence identified in SEQ ID NO 2 and/or of the

Jul. 10, 2003

sequence 1dentified in SEQ ID NO 4, optionally com-
bined with at least one natural protein and/or recom-
binant protein and/or synthetic polypeptide or their
fragments whose sequence corresponds to all or part of
the sequence identified in SEQ ID NO 5 and/or of the
sequence identified in SEQ ID NO 6 and/or at least one
natural protein and/or recombinant protein and/or syn-
thetic polypeptide or their fragments of a wild-type
HBs antigen and/or of a wild-type Pre-S protein; or

(i) at least one monoclonal or polyclonal antibody or
fragment of the said antibodies, specific to at least one
of the proteins referenced SEQ ID NO 2 and 4 or their
fragments, optionally associated with at least one
monoclonal or polyclonal antibody or fragment of the
said antibodies specific to at least one of the proteins
referenced SEQ ID NO 5 and SEQ ID NO 6 and/or with
at least one monoclonal or polyclonal antibody or
fragment of the said antibodies specific to at least one
wild-type HBs or Pre-S protein.

28. An immunogenic or vaccinal composition, character-
ized in that it consists of a protein or a protein fragment as
defined in claims 2, 8 to 12, 18 and 19, optionally combined
with a suitable vehicle and/or adjuvant and/or diluent and
with a pharmaceutically acceptable excipient.

29. A pharmaceutical composition, characterized in that it
includes a biological material as defined in claim 27, option-
ally combined with a suitable vehicle and/or adjuvant and/or
diluent and with a pharmaceutically acceptable excipient.

30. A probe, characterized in that it is capable of hybrid-
izing under defined stringency conditions with a DNA or
RNA nucleotide sequence as defined in claims 6 and 7 or
with a nucleotide fragment as defined in claims 3 to 5.

31. A primer, characterized in that it is capable of hybrid-
izing under defined stringency conditions with a DNA or
RNA nucleotide sequence as defined in claims 6 and 7 or
with a nucleotide fragment as defined in claims 3 to 5.

32. An anti-nucleic acid antibody, characterized in that it
is capable of binding to a DNA or RNA nucleotide sequence
as defined in claims 6 and 7 or with a nucleotide fragment
as defined in claims 3 to 5.

33. A diagnostic composition, characterized in that it
consists of one probe or one primer or one anti-nucleic acid
antibody as defined in claims 30, 31 and 32.

34. A diagnosis method for viral DNA and/or RNA,
according to which a sample of serum or plasma is taken
from a patient, the said sample is treated if necessary to
extract its DNA and/or RNA, the said sample is placed in
contact with one probe or one primer as defined in claims 30
and 31, under defined stringency conditions, and the pres-
ence of viral DNA and/or RNA in the sample is detected
either by demonstrating hybridization of the said viral DNA
and/or RNA with a probe, or by amplification of the said
DNA and/or RNA.

35. A diagnosis method for viral DNA and/or RNA,
according to which a sample of serum or plasma is taken
from a patient, the said sample is treated if necessary to
extract its DNA and/or RNA, the said sample is placed in
contact with one anti-nucleic acid antibody as defined in
claim 32, the said antibody optionally being labelled with
any suitable marker, and the formation of a nucleic acid/
antibody complex is demonstrated.

36. A vaccinal composition consisting of a DNA sequence
coding for one mutated surface protein of the mutated HBV
virus (mHBsAg) as defined in claim 12 or for its fragments
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as defined in one of claims 8 to 11, the said protein mHBsAg
including a modified determinant a of a protein HBs shown
in SEQ ID NO 2, the said DNA being mixed with a suitable
vehicle or diluent.

37. A composition according to claim 36, characterized in
that in addition it contains a DNA sequence coding for at
least one mutated surface protein shown in SEQ ID NO 4 or
its fragments and/or a DNA sequence coding for at least one
surface protein or its fragments shown in SEQ ID NO 5
and/or SEQ ID NO 6 and/or a DNA sequence coding for at
least one wild-type HBs antigen and/or a wild-type Pre-S
region.

38. An antisense or antigenic oligonucleotide, character-
ized in that it is capable of interfering specifically with the
synthesis of a protein chosen from the proteins identified in
SEQ ID NO 2 and/or SEQ ID NO 4 and/or SEQ ID NO 5
and/or SEQ ID NO 6.

39. A pharmaceutical composition, characterized in that it
consists of an antisense oligonucleotide or an antigenic
oligonucleotide as defined in claim 38.

40. A vector, characterized in that it includes at least one
gene of therapeutic or vaccinal interest, the said gene coding
in particular for:

(i) either at least one protein or protein fragment chosen

from the proteins identified in SEQ ID NO 2 and/or
SEQ ID NO 4 and/or SEQ ID NO 5 and/or SEQ ID NO
6;

(ii) or at least all or part of a polyclonal or monoclonal
antibody capable of attaching to at least one of the
proteins defined in (i) or to its fragments;

(iii) or at least one molecule that inhibits at least one of the
proteins defined in (i);

(iv) or at least one ligand or any part of a ligand capable
of attaching to at least one of the proteins defined in (i)
or to a fragment of the said proteins and/or of inhibiting
its function.

41. A therapeutic or vaccinal composition, characterized
in that it contains, inter alia, a vector as defined in claim 40
and in that the said gene of interest is made dependent on
elements ensuring its expression in vivo.

42. Biological material for the preparation of a pharma-
ceutical or vaccinal composition, containing at least one cell,
especially a cell that does not produce antibodies naturally,
in a form permitting its administration in a mammalian,
human or animal, organism, as well as its optional prior
culture, the said cell being genetically modified in vitro with
at least one nucleic acid sequence containing at least one
gene coding in vivo for at least one protein or protein
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fragment chosen from the proteins identified in SEQ ID NO
2 and/or SEQ ID NO 4 and/or SEQ ID NO 5 and/or SEQ ID
NO 6 or coding for at least one molecule that inhibits the
function and/or fixation and/or expression of at least one
protein or protein fragment chosen from the proteins iden-
tified in SEQ ID NO 2 and/or SEQ ID NO 4 and/or SEQ ID
NO 5 and/or SEQ ID NO 6 or coding for at least one
antibody or antibody fragment capable of binding to at least
one protein or protein fragment chosen from the proteins
identified in SEQ ID NO 2 and/or SEQ ID NO 4 and/or SEQ
ID NO 5 and/or SEQ ID NO 6.

43. A genetically modified cell, chosen in particular from
the eukaryotic cells, such as the COS and CHO cells and the
lower eukaryotic cells, such as yeast cells, in particular cells
obtained from Saccharomyces cerevisiae and from Pichia
pastoris, transformed by one nucleotide sequence or nucle-
otide fragment as defined in claims 6, 7 and 3 to 5 or by a
vector as defined in claim 40.

44. A pharmaceutical or vaccinal composition, character-
ized in that it consists of a cell as defined in claims 42 and
43.

45. Amethod for evaluating a therapeutic agent according
to which an animal is administered defined doses, in one
dose or in repeated doses and at specified intervals of time,
of at least one of the natural, recombinant or synthetic
proteins or their fragments, or also obtained from plasma or
serum, the said proteins being identified in SEQ ID NO 2
and/or SEQ ID NO 4, preferably SEQ ID NO 2 and SEQ ID
NO 4 and optionally at least one of the natural, recombinant
or synthetic proteins or their fragments, or also obtained
from plasma or serum, the said proteins being identified in
SEQ ID NO 5 and/or SEQ ID NO 6, preferably SEQ ID NO
5 and SEQ ID NO 6 and/or at least one of the natural,
recombinant or synthetic proteins or their fragments, or also
obtained from plasma or serum corresponding to a wild-type
HBs antigen and/or to the wild-type Pre-S protein, prefer-
ably the wild-type HBs antigen and the wild-type Pre-S
protein, a biological sample is taken from the animal,
preferably from the blood or the serum and the following are
carried out:

(i) assay of antibody or antibodies specific to the said
protein or proteins; and/or

(ii) assay of the cellular immune response induced against
the said protein or proteins or their fragments, for
example by a test of activation in vitro of helper T
lymphocytes specific to the said protein or proteins.
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TTCCACTGCCTTCC A TG AGAGTC TTCCT

TGGTGGCTCCAGTTCAGGAACAGTARACCCTGCT TCT Grc
HBSs
AATCTCC GGAC c GAACATG ATCACATCAGGATTCCT
AAGACCCCTGCTCGGGT CTCACAATACC
G T TTC TTT GTGTCT
TGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTG
TCCTGGTTATCGE TGCGGC: ATATTCCTCTTCA' TGCT
ATGCCTCAT TTGG! CCGTTTGT
AACAACC) ATGCAAAACCTGCACGATTCCTGCTCG
CGGCAAATCTATGTTTCCCTCATGT A TGCACCTG
TATTCCCATCCCAT TTTCGCAAGCTACT TccG
TTTCTCTTGGCTCAGTTTA CCTTTGTTCA TTTCCCCCAC
T T ATCGT
End HBs
G ™ CGCTGT TTTC T ATTTAAACCCT
AG TT TGG
GGAACTTTGCCACAGGATC! AAACA
GTTAACAGGCCT TTT
GCTCCATTTACAC CTGCCTTAATGCC
ARACA TTCTCGCCAACT crrT ATGACC
cTTTA T A TGGTCTGT TGACGCAACCCCC
AcTGGCT c TCAGCGCATGCGT
CCGATCCATACT ARCTCCTA TTGT T TCTGGAGCAAAA
HBx
CTCATCGGCACTGACAATTCTGTCGTCCTCTCGCGGARATATACATCGTTTCCATGGCTG
c TGGAT cc CCGTCGGCE
CTGAAT cGACCCCTCT TTGGGACTCTCTCGT TCCGT
creee cGace creTT TCTCCCC c
TCTCATCTGCCGGTCCGTGT TGCACGTTGC: ce
End Pol

TGAACGCCCATCAGATCCTGCCCAAGGTCTTATATAAGAGGACTCTTGGACTCCCAGCAA
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