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Wk = r + kt

 

E = Kmne−λS

S ' =
λS − lnK
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(score−moyenne(scores))
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H (l) = − f (b, l)
b=a

t

∑ log2 f (b, l)

R(l) = 2− (H (l)+ e(n))

R(l) = log2 20− (H (l)+ e(n))

f (b, l)R(l)

 



 

 



 

 

 

 

 



 

 

 



 



 

 



 



 

 



 

 





 





 





 



 

 

 



 



 

 



 

 

 

 

 

 



 

 

 

 

 

 

 



 

 



 

 



 



 

 

 

 

 

 



 

 



 



 



 



 

 

 

 

 

 



 

 



 



FT   CDS             join(2307..3221,1..1623) 
FT                   /PRABI_name="P" 
FT                   /locus_tag="HBVORF13" 
FT                   /codon_start="1" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P03159" 
FT                   /translation="MPLSYQHFRKLLLLDDGTEAGPLEEELPRLADADLHRRVAEDLNL 
FT                   GNLNVSIPWTHKVGNFTGLYSSTVPIFNPEWQTPSFPKIHLQEDIINRCQQFVGPLTVN 
FT                   EKRRLKLIMPARFYPTHTKYLPLDKGIKPYYPDQVVNHYFQTRHYLHTLWKAGILYKRE 
FT                   TTRSASFCGSPYSWEQELQHGRLVIKTSQRHGDESFCSQSSGILSRSSVGPCIRSQLKQ 
FT                   SRLGLQPRQGRLASSQPSRSGSIRAKAHPSTRRYFGVEPSGSGHIDHSVNNSSSCLHQS 
FT                   AVRKAAYSHLSTSKRQSSSGHAVEFHCLPPNSAGSQSQGSVSSCWWLQFRNSKPCSEYC 
FT                   LSHLVNLREDWGPCDEHGEHHIRIPRTPARVTGGVFLVDKNPHNTAESRLVVDFSQFSR 
FT                   GISRVSWPKFAVPNLQSLTNLLSSNLSWLSLDVSAAFYHIPLHPAAMPHLLIGSSGLSR 
FT                   YVARLSSNSRINNNQYGTMQNLHDSCSRQLYVSLMLLYKTYGWKLHLYSHPIVLGFRKI 
FT                   PMGVGLSPFLLAQFTSAICSVVRRAFPHCLAFSYMDDVVLGAKSVQHRESLYTAVTNFL 
FT                   LSLGIHLNPNKTKRWGYSLNFMGYIIGSWGTLPQDHIVQKIKHCFRKLPVNRPIDWKVC 
FT                   QRIVGLLGFAAPFTQCGYPALMPLYACIQAKQAFTFSPTYKAFLSKQYMNLYPVARQRP 
FT                   GLCQVFADATPTGWGLAIGHQRMRGTFVAPLPIHTAELLAACFARSRSGAKLIGTDNSV 
FT                   VLSRKYTSFPWLLGCTANWILRGTSFVYVPSALNPADDPSRGRLGLSRPLLRLPFQPTT 
FT                   GRTSLYAVSPSVPSHLPVRVHFASPLHVAWRPP" 
FT   mat_peptide     join(2307..3221,1..1623) 
FT                   /function="DNA-polymerase/Reverse Transcriptase coding 



FT                   sequence" 
FT                   /locus_tag="HBVORF13" 
FT                   /product="Polymerase/Reverse Transcriptase" 
FT                   /PRABI_name="Pol" 
FT                   /PRABI_prodft=(pos:1..845, chain, "Polymerase/Reverse 
FT                   transcriptase") 
FT                   /PRABI_prodft=(pos:1..183, domain, "Terminal Protein (TP)/ 
FT                   Primase domain") 
FT                   /PRABI_prodft=(pos:1..183, domain, "Terminal Protein (TP)/ 
FT                   Primase domain") 
FT                   /PRABI_prodft=(pos:184..348, domain, "Spacer") 
FT                   /PRABI_prodft=(pos:349..692, domain, "Reverse Transcriptase 
FT                   (RT) domain") 
FT                   /PRABI_prodft=(pos:431..431, act_site, "RT catalytic Asp") 
FT                   /PRABI_prodft=(pos:553..553, act_site, "RT catalytic Asp") 
FT                   /PRABI_prodft=(pos:554..554, act_site, "RT catalytic Asp") 
FT                   /PRABI_prodft=(pos:693..845, domain, "Ribonuclease H 
FT                   (RNaseH) domain") 
FT                   /PRABI_prodft=(pos:702..702, act_site, "RNaseH catalytic 
FT                   Asp") 
FT                   /PRABI_prodft=(pos:731..731, act_site, "RNaseH catalytic 
FT                   Glu") 
FT                   /PRABI_prodft=(pos:750..750, act_site, "RNaseH catalytic 
FT                   Asp") 

 



 

 

 

 

 

 





 

 

 



 

 

 

 



 

 



 

 

 

 

 

 

 

 



 

 

 

 

 



 





 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 





 









 





 

 

 



 

 

 



 

 



 

 









 





 









 

 

 



 





 





 







 

 





 







 





 





 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 



 

 

 

 

 





 



 



 

 

 









 



 







 

 



 







 





 

 



 

 



 















 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 















ID   X02763; SV 1; circular; genomic DNA; STD; VRL; 3221 BP. 
XX 
AC   X02763; 
XX 
DT   18-NOV-1986 (Rel. 10, Created) 
DT   18-APR-2005 (Rel. 83, Last updated, Version 10) 
XX 
DE   Hepatitis b virus genome (serotype adw2) 
XX 
KW   antigen; core antigen; genome; overlapping genes; surface antigen; 
KW   unidentified reading frame. 
XX 
OS   Hepatitis B virus 
OC   Viruses; Retro-transcribing viruses; Hepadnaviridae; Orthohepadnavirus. 
XX 
RN1 
RP   1-3221 
RA   Valenzuela P., Quiroga M., Zalvidar J., Gray P., Rutter W.J.; 
RT   "The nucleotide sequence of the hepatitis B viral genome and the 
RT   identification of the major viral genes"; 
RL   (in) Fields B.N., Jaenisch R., Fox C.F. (Eds.); 
RL   ANIMAL VIRUS GENETICS:57-70; 
RL   Academic Press, New York (1980) 
XX 
DR   GOA; P0C625. 
DR   InterPro; IPR002006; Viral_capsid_core_Hepatitis. 
DR   InterPro; IPR013195; Hepatitis_B_virus_capsid_N. 
DR   RFAM; RF01047; HBV_epsilon. 
DR   UniProtKB/Swiss-Prot; P0C625; HBEAG_HBVA3. 
XX 
FH   Key             Location/Qualifiers 
FH 
FT   source          1..3221 
FT                   /organism="Hepatitis B virus" 
FT                   /strain="subtype adw2" 
FT                   /mol_type="genomic DNA" 
FT                   /db_xref="taxon:10407" 
FT   misc_feature    8..8 
FT                   /note="pot. alternative transcription start site for core 
FT                   antigen" 
FT   misc_feature    54..82 
FT                   /note="palindrome sequence" 
FT   RBS             70..73 
FT                   /note="pot. ribosome binding site" 
FT   CDS             89..646 
FT                   /note="core antigen (aa 1-185)" 
FT                   /db_xref="GOA:P03148" 
FT                   /db_xref="InterPro:IPR002006" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P03148" 
FT                   /protein_id="CAA26537.1" 
FT                   /translation="MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESP 
FT                   EHCSPHHTALRQAILCWGELMTLATWVGNNLEDPASRDLVVNYVNTNVGLKIRQLLWFH 
FT                   ISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRRRDRGRSPRRRTP 
FT                   SPRRRRSPSPRRRRSQSRESQC" 
FT   promoter        104..110 
FT                   /note="TATA-like sequence, pot. altern. promoter for A" 
FT   misc_feature    308..313 
FT                   /note="pot. polyadenylation signal for transcript A" 
FT   promoter        400..404 
FT                   /note="pot. TATA-box; altern. promoter for A and surface 
FT                   antigen" 
FT   CDS             495..3032 
FT                   /note="unidentified reading frame A (aa 1-845)" 
FT                   /db_xref="GOA:P03159" 
FT                   /db_xref="InterPro:IPR000201" 
FT                   /db_xref="InterPro:IPR000477" 
FT                   /db_xref="InterPro:IPR001462" 



FT                   /db_xref="UniProtKB/Swiss-Prot:P03159" 
FT                   /protein_id="CAA26538.1" 
FT                   /translation="MPLSYQHFRKLLLLDDGTEAGPLEEELPRLADADLHRRVAEDLNL 
FT                   GNLNVSIPWTHKVGNFTGLYSSTVPIFNPEWQTPSFPKIHLQEDIINRCQQFVGPLTVN 
FT                   EKRRLKLIMPARFYPTHTKYLPLDKGIKPYYPDQVVNHYFQTRHYLHTLWKAGILYKRE 
FT                   TTRSASFCGSPYSWEQELQHGRLVIKTSQRHGDESFCSQSSGILSRSSVGPCIRSQLKQ 
FT                   SRLGLQPRQGRLASSQPSRSGSIRAKAHPSTRRYFGVEPSGSGHIDHSVNNSSSCLHQS 
FT                   AVRKAAYSHLSTSKRQSSSGHAVEFHCLPPNSAGSQSQGSVSSCWWLQFRNSKPCSEYC 
FT                   LSHLVNLREDWGPCDEHGEHHIRIPRTPARVTGGVFLVDKNPHNTAESRLVVDFSQFSR 
FT                   GISRVSWPKFAVPNLQSLTNLLSSNLSWLSLDVSAAFYHIPLHPAAMPHLLIGSSGLSR 
FT                   YVARLSSNSRINNNQYGTMQNLHDSCSRQLYVSLMLLYKTYGWKLHLYSHPIVLGFRKI 
FT                   PMGVGLSPFLLAQFTSAICSVVRRAFPHCLAFSYMDDVVLGAKSVQHRESLYTAVTNFL 
FT                   LSLGIHLNPNKTKRWGYSLNFMGYIIGSWGTLPQDHIVQKIKHCFRKLPVNRPIDWKVC 
FT                   QRIVGLLGFAAPFTQCGYPALMPLYACIQAKQAFTFSPTYKAFLSKQYMNLYPVARQRP 
FT                   GLCQVFADATPTGWGLAIGHQRMRGTFVAPLPIHTAELLAACFARSRSGAKLIGTDNSV 
FT                   VLSRKYTSFPWLLGCTANWILRGTSFVYVPSALNPADDPSRGRLGLSRPLLRLPFQPTT 
FT                   GRTSLYAVSPSVPSHLPVRVHFASPLHVAWRPP" 
FT   misc_feature    822..828 
FT                   /note="pot. polyadenylation signal for core antigen 
FT                   transcript" 
FT   promoter        970..977 
FT                   /note="pot. TATA-box, altern. promoter for surface antigen" 
FT   CDS             1042..2244 
FT                   /note="surface antigen (aa 1-400)" 
FT                   /db_xref="GOA:P03141" 
FT                   /db_xref="InterPro:IPR000349" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P03141" 
FT                   /protein_id="CAA26539.1" 
FT                   /translation="MGGWSSKPRKGMGTNLSVPNPLGFFPDHQLDPAFGANSNNPDWDF 
FT                   NPVKDDWPAANQVGVGAFGPRLTPPHGGILGWSPQAQGILTTVSTIPPPASTNRQSGRQ 
FT                   PTPISPPLRDSHPQAMQWNSTAFHQTLQDPRVRGLYLPAGGSSSGTVNPAPNIASHISS 
FT                   ISARTGDPVTNMENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVC 
FT                   LGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVC 
FT                   PLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWA 
FT                   SVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVY 
FT                   I" 
FT   misc_feature    2250..2254 
FT                   /note="pot. altern. polyadenylation signal for surface 
FT                   antigen transcript" 
FT   CDS             join(2783..3221,1..26) 
FT                   /note="unidentified reading frame B" 
FT                   /db_xref="GOA:P69713" 
FT                   /db_xref="InterPro:IPR000236" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P69713" 
FT                   /protein_id="CAA26540.1" 
FT                   /translation="MAARLYCQLDPSRDVLCLRPVGAESRGRPLSGPLGTLSSPSPSAV 
FT                   PADHGAHLSLRGLPVCAFSSAGPCALRFTSARCMETTVNAHQILPKVLHKRTLGLPAMS 
FT                   TTDLEAYFKDCVFKDWEELGEEIRLKVFVLGGCRHKLVCAPAPCNFFTSA" 
FT   misc_feature    2767..2772 
FT                   /note="pot. altern. polyadenylation signal for surface 
FT                   antigen transcript" 
FT   promoter        3060..3067 
FT                   /note="TATA-like sequence, pot. promoter for core antigen" 
XX 
SQ   Sequence 3221 BP; 740 A; 868 C; 709 G; 904 T; 0 other; 
     catgcaactt tttcacctct gcctaatcat ctcttgtaca tgtcccactg ttcaagcctc        60 
     caagctgtgc cttgggtggc tttggggcat ggacattgac ccttataaag aatttggagc       120 
     tactgtggag ttactctcgt ttttgccttc tgacttcttt ccttccgtca gagatctcct       180 
     agacaccgcc tcagctctgt atcgagaagc cttagagtct cctgagcatt gctcacctca       240 
     ccatactgca ctcaggcaag ccattctctg ctggggggaa ttgatgactc tagctacctg       300 
     ggtgggtaat aatttggaag atccagcatc tagggatctt gtagtaaatt atgttaatac       360 
     taacgtgggt ttaaagatca ggcaactatt gtggtttcat atatcttgcc ttacttttgg       420 
     aagagagact gtacttgaat atttggtctc tttcggagtg tggattcgca ctcctccagc       480 
     ctatagacca ccaaatgccc ctatcttatc aacacttccg gaaactactg ttgttagacg       540 
     acgggaccga ggcaggtccc ctagaagaag aactccctcg cctcgcagac gcagatctcc       600 
     atcgccgcgt cgcagaagat ctcaatctcg ggaatctcaa tgttagtatt ccttggactc       660 
     ataaggtggg aaactttacg gggctttatt cctctacagt acctatcttt aatcctgaat       720 
     ggcaaactcc ttcctttcct aagattcatt tacaagagga cattattaat aggtgtcaac       780 
     aatttgtggg ccctctcact gtaaatgaaa agagaagatt gaaattaatt atgcctgcta       840 
     gattctatcc tacccacact aaatatttgc ccttagacaa aggaattaaa ccttattatc       900 



     cagatcaggt agttaatcat tacttccaaa ccagacatta tttacatact ctttggaagg       960 
     ctggtattct atataagcgg gaaaccacac gtagcgcatc attttgcggg tcaccatatt      1020 
     cttgggaaca agagctacag catgggaggt tggtcatcaa aacctcgcaa aggcatgggg      1080 
     acgaatcttt ctgttcccaa tcctctggga ttctttcccg atcatcagtt ggaccctgca      1140 
     ttcggagcca actcaaacaa tccagattgg gacttcaacc ccgtcaagga cgactggcca      1200 
     gcagccaacc aagtaggagt gggagcattc gggccaaggc tcacccctcc acacggcggt      1260 
     attttggggt ggagccctca ggctcagggc atattgacca cagtgtcaac aattcctcct      1320 
     cctgcctcca ccaatcggca gtcaggaagg cagcctactc ccatctctcc acctctaaga      1380 
     gacagtcatc ctcaggccat gcagtggaat tccactgcct tccaccaaac tctgcaggat      1440 
     cccagagtca ggggtctgta tcttcctgct ggtggctcca gttcaggaac agtaaaccct      1500 
     gctccgaata ttgcctctca catctcgtca atctccgcga ggactgggga ccctgtgacg      1560 
     aacatggaga acatcacatc aggattccta ggacccctgc tcgtgttaca ggcggggttt      1620 
     ttcttgttga caagaatcct cacaataccg cagagtctag actcgtggtg gacttctctc      1680 
     aattttctag ggggatctcc cgtgtgtctt ggccaaaatt cgcagtcccc aacctccaat      1740 
     cactcaccaa cctcctgtcc tccaatttgt cctggttatc gctggatgtg tctgcggcgt      1800 
     tttatcatat tcctcttcat cctgctgcta tgcctcatct tcttattggt tcttctggat      1860 
     tatcaaggta tgttgcccgt ttgtcctcta attccaggat caacaacaac cagtacggga      1920 
     ccatgcaaaa cctgcacgac tcctgctcaa ggcaactcta tgtttccctc atgttgctgt      1980 
     acaaaaccta cggatggaaa ttgcacctgt attcccatcc catcgtcctg ggctttcgca      2040 
     aaatacctat gggagtgggc ctcagtccgt ttctcttggc tcagtttact agtgccattt      2100 
     gttcagtggt tcgtagggct ttcccccact gtttggcttt cagctatatg gatgatgtgg      2160 
     tattgggggc caagtctgta cagcatcgtg agtcccttta taccgctgtt accaattttc      2220 
     ttttgtctct gggtatacat ttaaacccta acaaaacaaa aagatggggt tattccctaa      2280 
     acttcatggg ctacataatt ggaagttggg gaactttgcc acaggatcat attgtacaaa      2340 
     agatcaaaca ctgttttaga aaacttcctg ttaacaggcc tattgattgg aaagtatgtc      2400 
     aaagaattgt gggtcttttg ggctttgctg ctccatttac acaatgtgga tatcctgcct      2460 
     taatgccttt gtatgcatgt atacaagcta aacaggcttt cactttctcg ccaacttaca      2520 
     aggcctttct aagtaaacag tacatgaacc tttaccccgt tgctcggcaa cggcctggtc      2580 
     tgtgccaagt gtttgctgac gcaaccccca ctggctgggg cttggccata ggccatcagc      2640 
     gcatgcgtgg aacctttgtg gctcctctgc cgatccatac tgcggaactc ctagccgctt      2700 
     gttttgctcg cagccggtct ggagcaaagc tcatcggaac tgacaattct gtcgtcctct      2760 
     cgcggaaata tacatcgttt ccatggctgc taggctgtac tgccaactgg atccttcgcg      2820 
     ggacgtcctt tgtttacgtc ccgtcggcgc tgaatcccgc ggacgacccc tctcggggcc      2880 
     gcttgggact ctctcgtccc cttctccgtc tgccgttcca gccgaccacg gggcgcacct      2940 
     ctctttacgc ggtctccccg tctgtgcctt ctcatctgcc ggtccgtgtg cacttcgctt      3000 
     cacctctgca cgttgcatgg agaccaccgt gaacgcccat cagatcctgc ccaaggtctt      3060 
     acataagagg actcttggac tcccagcaat gtcaacgacc gaccttgagg cctacttcaa      3120 
     agactgtgtg tttaaggact gggaggagct gggggaggag attaggttaa aggtctttgt      3180 
     attaggaggc tgtaggcaca aattggtctg cgcaccagca c                          3221 

// 









ID   X02763; SV 1; circular; genomic DNA; STD; VRL; 3221 BP. 
XX 
AC   X02763; 
XX 
XX 
DT   18-NOV-1986 (Rel. 10, Created) 
DT   29-NOV-2012 (Rel. 6, Last updated, Version 0) 
XX 
DE   Hepatitis B Virus genotype A, complete genome. 
XX 
KW   HBe; HBc; HBx; LHBs; MHBs; SHBs; Pol; HBSP; complete genome. 
XX 
OS   Hepatitis B Virus genotype A 
OC   Viruses; Retro-transcribing viruses; Hepadnaviridae; Orthohepadnavirus. 
XX 
RN1 
RP   1-3221 
RA   Valenzuela P., Quiroga M., Zalvidar J., Gray P., Rutter W.J.; 
RT   "The nucleotide sequence of the hepatitis B viral genome and the 
RT   identification of the major viral genes"; 
RL   (in) Fields B.N., Jaenisch R., Fox C.F. (Eds.); 
RL   ANIMAL VIRUS GENETICS:57-70; Academic Press, New York (1980) 
XX 
CC   The data provided in this entry have been computed thanks to 
CC   the Hepatitis B Virus database (HBVdb) annotation alogrithms. 
CC   HBVdb is available at http://hbvdb.ibcp.fr. 
XX 
FH   Key             Location/Qualifiers 
FH 
FT   source          1..3221 
FT                   /PRABI_genotype="n.a.:A:A" 
FT                   /db_xref="taxon:10407" 
FT                   /db_xref="EMBL:X02763" 
FT                   /db_xref="hbvdb:X02763" 
FT   CDS             1814..2458 
FT                   /PRABI_name="PreC" 
FT                   /locus_tag="HBVORF02" 
FT                   /codon_start="1" 
FT                   /translation="MQLFHLCLIISCTCPTVQASKLCLGWLWGMDIDPYKEFGATVELL 
FT                   SFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGNN 
FT                   LEDPASRDLVVNYVNTNVGLKIRQLLWFHISCLTFGRETVLEYLVSFGVWIRTPPAYRP 
FT                   PNAPILSTLPETTVVRRRDRGRSPRRRTPSPRRRRSPSPRRRRSQSRESQC" 
FT   mat_peptide     1814..2458 
FT                   /function="HBe/External core antigen coding sequence" 
FT                   /locus_tag="HBVORF02" 
FT                   /product="External core antigen" 
FT                   /PRABI_name="HBe" 
FT                   /PRABI_prodft=(pos:1..214, chain, "HBe antigen") 
FT   CDS             1901..2458 
FT                   /PRABI_name="C" 
FT                   /locus_tag="HBVORF12" 
FT                   /codon_start="1" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P03148" 
FT                   /translation="MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESP 
FT                   EHCSPHHTALRQAILCWGELMTLATWVGNNLEDPASRDLVVNYVNTNVGLKIRQLLWFH 
FT                   ISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRRRDRGRSPRRRTP 
FT                   SPRRRRSPSPRRRRSQSRESQC" 
FT   mat_peptide     1901..2458 
FT                   /function="Core protein coding sequence" 
FT                   /locus_tag="HBVORF12" 
FT                   /product="Core protein" 
FT                   /PRABI_name="HBc" 
FT                   /PRABI_prodft=(pos:1..185, chain, "Core protein") 



FT   CDS             1374..1838 
FT                   /PRABI_name="X" 
FT                   /locus_tag="HBVORF03" 
FT                   /codon_start="1" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P69713" 
FT                   /translation="MAARLYCQLDPSRDVLCLRPVGAESRGRPLSGPLGTLSSPSPSAV 
FT                   PADHGAHLSLRGLPVCAFSSAGPCALRFTSARCMETTVNAHQILPKVLHKRTLGLPAMS 
FT                   TTDLEAYFKDCVFKDWEELGEEIRLKVFVLGGCRHKLVCAPAPCNFFTSA" 
FT   mat_peptide     1374..1838 
FT                   /function="X protein coding sequence" 
FT                   /locus_tag="HBVORF03" 
FT                   /product="X protein" 
FT                   /PRABI_name="HBx" 
FT                   /PRABI_prodft=(pos:1..154, chain, "X protein") 
FT   CDS             join(2854..3221,1..835) 
FT                   /PRABI_name="PreS1" 
FT                   /locus_tag="HBVORF01" 
FT                   /codon_start="1" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P03141" 
FT                   /translation="MGGWSSKPRKGMGTNLSVPNPLGFFPDHQLDPAFGANSNNPDWDF 
FT                   NPVKDDWPAANQVGVGAFGPRLTPPHGGILGWSPQAQGILTTVSTIPPPASTNRQSGRQ 
FT                   PTPISPPLRDSHPQAMQWNSTAFHQTLQDPRVRGLYLPAGGSSSGTVNPAPNIASHISS 
FT                   ISARTGDPVTNMENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVC 
FT                   LGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVC 
FT                   PLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWA 
FT                   SVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVY 
FT                   I" 
FT   mat_peptide     join(2854..3221,1..835) 
FT                   /function="PreS1/Large Surface protein coding sequence" 
FT                   /locus_tag="HBVORF01" 
FT                   /product="PreS1 Surface protein" 
FT                   /PRABI_name="LHBs" 
FT                   /PRABI_prodft=(pos:1..400, chain, "Large Surface protein") 
FT   CDS             join(3211..3221,1..835) 
FT                   /PRABI_name="PreS2" 
FT                   /locus_tag="HBVORF11" 
FT                   /codon_start="1" 
FT                   /translation="MQWNSTAFHQTLQDPRVRGLYLPAGGSSSGTVNPAPNIASHISSI 
FT                   SARTGDPVTNMENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCL 
FT                   GQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCP 
FT                   LIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWAS 
FT                   VRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI 
FT                   " 
FT   mat_peptide     join(3211..3221,1..835) 
FT                   /function="PreS2/Middle Surface protein coding sequence" 
FT                   /locus_tag="HBVORF11" 
FT                   /product="PreS2 Surface protein" 
FT                   /PRABI_name="MHBs" 
FT                   /PRABI_prodft=(pos:1..281, chain, "Middle Surface protein") 
FT   CDS             155..835 
FT                   /PRABI_name="S" 
FT                   /locus_tag="HBVORF21" 
FT                   /codon_start="1" 
FT                   /translation="MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGS 
FT                   PVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGML 
FT                   PVCPLIPGSTTTSTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLW 
FT                   EWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCL 
FT                   WVYI" 
FT   mat_peptide     155..835 
FT                   /function="S protein coding sequence" 
FT                   /locus_tag="HBVORF21" 
FT                   /product="Surface protein S" 
FT                   /PRABI_name="SHBs" 
FT                   /PRABI_prodft=(pos:1..226, chain, "Small Surface protein") 
FT   CDS             join(2307..3221,1..1623) 
FT                   /PRABI_name="P" 
FT                   /locus_tag="HBVORF13" 
FT                   /codon_start="1" 
FT                   /db_xref="UniProtKB/Swiss-Prot:P03159" 
FT                   /translation="MPLSYQHFRKLLLLDDGTEAGPLEEELPRLADADLHRRVAEDLNL 



FT                   GNLNVSIPWTHKVGNFTGLYSSTVPIFNPEWQTPSFPKIHLQEDIINRCQQFVGPLTVN 
FT                   EKRRLKLIMPARFYPTHTKYLPLDKGIKPYYPDQVVNHYFQTRHYLHTLWKAGILYKRE 
FT                   TTRSASFCGSPYSWEQELQHGRLVIKTSQRHGDESFCSQSSGILSRSSVGPCIRSQLKQ 
FT                   SRLGLQPRQGRLASSQPSRSGSIRAKAHPSTRRYFGVEPSGSGHIDHSVNNSSSCLHQS 
FT                   AVRKAAYSHLSTSKRQSSSGHAVEFHCLPPNSAGSQSQGSVSSCWWLQFRNSKPCSEYC 
FT                   LSHLVNLREDWGPCDEHGEHHIRIPRTPARVTGGVFLVDKNPHNTAESRLVVDFSQFSR 
FT                   GISRVSWPKFAVPNLQSLTNLLSSNLSWLSLDVSAAFYHIPLHPAAMPHLLIGSSGLSR 
FT                   YVARLSSNSRINNNQYGTMQNLHDSCSRQLYVSLMLLYKTYGWKLHLYSHPIVLGFRKI 
FT                   PMGVGLSPFLLAQFTSAICSVVRRAFPHCLAFSYMDDVVLGAKSVQHRESLYTAVTNFL 
FT                   LSLGIHLNPNKTKRWGYSLNFMGYIIGSWGTLPQDHIVQKIKHCFRKLPVNRPIDWKVC 
FT                   QRIVGLLGFAAPFTQCGYPALMPLYACIQAKQAFTFSPTYKAFLSKQYMNLYPVARQRP 
FT                   GLCQVFADATPTGWGLAIGHQRMRGTFVAPLPIHTAELLAACFARSRSGAKLIGTDNSV 
FT                   VLSRKYTSFPWLLGCTANWILRGTSFVYVPSALNPADDPSRGRLGLSRPLLRLPFQPTT 
FT                   GRTSLYAVSPSVPSHLPVRVHFASPLHVAWRPP" 
FT   mat_peptide     join(2307..3221,1..1623) 
FT                   /function="DNA-polymerase/Reverse Transcriptase coding 
FT                   sequence" 
FT                   /locus_tag="HBVORF13" 
FT                   /product="Polymerase/Reverse Transcriptase" 
FT                   /PRABI_name="Pol" 
FT                   /PRABI_prodft=(pos:1..845, chain, "Polymerase/Reverse 
FT                   transcriptase") 
FT                   /PRABI_prodft=(pos:1..183, domain, "Terminal Protein (TP)/ 
FT                   Primase domain") 
FT                   /PRABI_prodft=(pos:1..183, domain, "Terminal Protein (TP)/ 
FT                   Primase domain") 
FT                   /PRABI_prodft=(pos:184..348, domain, "Spacer") 
FT                   /PRABI_prodft=(pos:349..692, domain, "Reverse Transcriptase 
FT                   (RT) domain") 
FT                   /PRABI_prodft=(pos:431..431, act_site, "RT catalytic Asp") 
FT                   /PRABI_prodft=(pos:553..553, act_site, "RT catalytic Asp") 
FT                   /PRABI_prodft=(pos:554..554, act_site, "RT catalytic Asp") 
FT                   /PRABI_prodft=(pos:693..845, domain, "Ribonuclease H 
FT                   (RNaseH) domain") 
FT                   /PRABI_prodft=(pos:702..702, act_site, "RNaseH catalytic 
FT                   Asp") 
FT                   /PRABI_prodft=(pos:731..731, act_site, "RNaseH catalytic 
FT                   Glu") 
FT                   /PRABI_prodft=(pos:750..750, act_site, "RNaseH catalytic 
FT                   Asp") 
FT   CDS             join(2307..2453,489..680) 
FT                   /PRABI_name="SP" 
FT                   /locus_tag="HBVORF04" 
FT                   /codon_start="1" 
FT                   /translation="MPLSYQHFRKLLLLDDGTEAGPLEEELPRLADADLHRRVAEDLNL 
FT                   GNLNDQQQPVRDHAKPARLLLKATLCFPHVAVQNLRMEIAPVFPSHRPGLSQNTYGSGP 
FT                   QSVSLGSVY" 
FT   mat_peptide     join(2307..2453,489..680) 
FT                   /function="HBSP coding sequence" 
FT                   /locus_tag="HBVORF04" 
FT                   /product="Hepatitis B Spliced Protein" 
FT                   /PRABI_name="HBSP" 
FT                   /PRABI_prodft=(pos:1..113, chain, "HBV Spliced Protein") 
XX 
SQ   Sequence 3221 BP; 740 A; 868 C; 709 G; 904 T; 0 other; 
     ttccactgcc ttccaccaaa ctctgcagga tcccagagtc aggggtctgt atcttcctgc        60 
     tggtggctcc agttcaggaa cagtaaaccc tgctccgaat attgcctctc acatctcgtc       120 
     aatctccgcg aggactgggg accctgtgac gaacatggag aacatcacat caggattcct       180 
     aggacccctg ctcgtgttac aggcggggtt tttcttgttg acaagaatcc tcacaatacc       240 
     gcagagtcta gactcgtggt ggacttctct caattttcta gggggatctc ccgtgtgtct       300 
     tggccaaaat tcgcagtccc caacctccaa tcactcacca acctcctgtc ctccaatttg       360 
     tcctggttat cgctggatgt gtctgcggcg ttttatcata ttcctcttca tcctgctgct       420 
     atgcctcatc ttcttattgg ttcttctgga ttatcaaggt atgttgcccg tttgtcctct       480 
     aattccagga tcaacaacaa ccagtacggg accatgcaaa acctgcacga ctcctgctca       540 
     aggcaactct atgtttccct catgttgctg tacaaaacct acggatggaa attgcacctg       600 
     tattcccatc ccatcgtcct gggctttcgc aaaataccta tgggagtggg cctcagtccg       660 
     tttctcttgg ctcagtttac tagtgccatt tgttcagtgg ttcgtagggc tttcccccac       720 
     tgtttggctt tcagctatat ggatgatgtg gtattggggg ccaagtctgt acagcatcgt       780 
     gagtcccttt ataccgctgt taccaatttt cttttgtctc tgggtataca tttaaaccct       840 
     aacaaaacaa aaagatgggg ttattcccta aacttcatgg gctacataat tggaagttgg       900 



     ggaactttgc cacaggatca tattgtacaa aagatcaaac actgttttag aaaacttcct       960 
     gttaacaggc ctattgattg gaaagtatgt caaagaattg tgggtctttt gggctttgct      1020 
     gctccattta cacaatgtgg atatcctgcc ttaatgcctt tgtatgcatg tatacaagct      1080 
     aaacaggctt tcactttctc gccaacttac aaggcctttc taagtaaaca gtacatgaac      1140 
     ctttaccccg ttgctcggca acggcctggt ctgtgccaag tgtttgctga cgcaaccccc      1200 
     actggctggg gcttggccat aggccatcag cgcatgcgtg gaacctttgt ggctcctctg      1260 
     ccgatccata ctgcggaact cctagccgct tgttttgctc gcagccggtc tggagcaaag      1320 
     ctcatcggaa ctgacaattc tgtcgtcctc tcgcggaaat atacatcgtt tccatggctg      1380 
     ctaggctgta ctgccaactg gatccttcgc gggacgtcct ttgtttacgt cccgtcggcg      1440 
     ctgaatcccg cggacgaccc ctctcggggc cgcttgggac tctctcgtcc ccttctccgt      1500 
     ctgccgttcc agccgaccac ggggcgcacc tctctttacg cggtctcccc gtctgtgcct      1560 
     tctcatctgc cggtccgtgt gcacttcgct tcacctctgc acgttgcatg gagaccaccg      1620 
     tgaacgccca tcagatcctg cccaaggtct tacataagag gactcttgga ctcccagcaa      1680 
     tgtcaacgac cgaccttgag gcctacttca aagactgtgt gtttaaggac tgggaggagc      1740 
     tgggggagga gattaggtta aaggtctttg tattaggagg ctgtaggcac aaattggtct      1800 
     gcgcaccagc accatgcaac tttttcacct ctgcctaatc atctcttgta catgtcccac      1860 
     tgttcaagcc tccaagctgt gccttgggtg gctttggggc atggacattg acccttataa      1920 
     agaatttgga gctactgtgg agttactctc gtttttgcct tctgacttct ttccttccgt      1980 
     cagagatctc ctagacaccg cctcagctct gtatcgagaa gccttagagt ctcctgagca      2040 
     ttgctcacct caccatactg cactcaggca agccattctc tgctgggggg aattgatgac      2100 
     tctagctacc tgggtgggta ataatttgga agatccagca tctagggatc ttgtagtaaa      2160 
     ttatgttaat actaacgtgg gtttaaagat caggcaacta ttgtggtttc atatatcttg      2220 
     ccttactttt ggaagagaga ctgtacttga atatttggtc tctttcggag tgtggattcg      2280 
     cactcctcca gcctatagac caccaaatgc ccctatctta tcaacacttc cggaaactac      2340 
     tgttgttaga cgacgggacc gaggcaggtc ccctagaaga agaactccct cgcctcgcag      2400 
     acgcagatct ccatcgccgc gtcgcagaag atctcaatct cgggaatctc aatgttagta      2460 
     ttccttggac tcataaggtg ggaaacttta cggggcttta ttcctctaca gtacctatct      2520 
     ttaatcctga atggcaaact ccttcctttc ctaagattca tttacaagag gacattatta      2580 
     ataggtgtca acaatttgtg ggccctctca ctgtaaatga aaagagaaga ttgaaattaa      2640 
     ttatgcctgc tagattctat cctacccaca ctaaatattt gcccttagac aaaggaatta      2700 
     aaccttatta tccagatcag gtagttaatc attacttcca aaccagacat tatttacata      2760 
     ctctttggaa ggctggtatt ctatataagc gggaaaccac acgtagcgca tcattttgcg      2820 
     ggtcaccata ttcttgggaa caagagctac agcatgggag gttggtcatc aaaacctcgc      2880 
     aaaggcatgg ggacgaatct ttctgttccc aatcctctgg gattctttcc cgatcatcag      2940 
     ttggaccctg cattcggagc caactcaaac aatccagatt gggacttcaa ccccgtcaag      3000 
     gacgactggc cagcagccaa ccaagtagga gtgggagcat tcgggccaag gctcacccct      3060 
     ccacacggcg gtattttggg gtggagccct caggctcagg gcatattgac cacagtgtca      3120 
     acaattcctc ctcctgcctc caccaatcgg cagtcaggaa ggcagcctac tcccatctct      3180 
     ccacctctaa gagacagtca tcctcaggcc atgcagtgga a                          3221 
// 



P RGLLNu1Gv1Xw provisional genotype RF_GA 
C Informative positions: 100.00 % 
N 3248 
ttccactgccgtccaccaagctctgcaggatcccagagtcaggggtctgaattttcctgctggtggctccagttc
aggaacagtaaaccctgctccgaatattgcctctcacatctcgtcaatctccgcgaggactggggaccctgtgac
gaacatggagaacatcacatcaggattcctaggacccctgctcgtgttacaggcggggtttttcttgttgacaag
aatcctcacaataccgcagagtctagactcgtggtggacttctctcaattttctagggggagtgcccgtgtgtcc
tggcctaaattcgcagtccccaacctccaatcactcaccaacctcctgtcctccaacttgtcctggctatcgctg
gatgtgtctgcggcgttttatcatattcctcttcatcctgctgctatgcctcatcttcttgttggttcttctgga
ctatcaaggtatgttgcccgtttgtcctctgattccaggatcctcgaccaccagcacgggaccctgcaaaacctg
cacgactcctgctcaaggcaactctatgtatccctcatgttgctgtacaaaacctacggacggaaattgcacctg
tattcccatcccatcgtcctgggctttcgcaaaatacctatgggagtgggcctcagtccgtttctcatggctcag
tttactagtgccatttgttcagtggttcgtagggctttcccccactgtttggctttcagctatattgatgatatt
gtattgggggccaaatctgtacagcatcgtgagtccctttataccgctgttaccaattttcttttgtctttgggt
atacatctaaaccctaacaaaacaaaaagatggggttattccttaaattttatgggatatgtaattggaagttgg
ggtactttgccacaagaacacatcacacagaaaattaagcaatgttttcggaaactccccgttaacaggccaatt
gattggaaagtctgtcaacgaataactggtctgttgggtttcgctgctccttttacccaatgtggttaccctgcc
ttaatgcctttatatgcatgtatacaagctaagcaggcttttactttctcgccaacctataaggcctttctctgt
aaacaatacatgaacctttaccccgttgctaggcaacggcccggtctatgccaagtgtttgctgacgcaaccccc
actggttggggcttggccaccggccatcagcgcatgcgtggaacctttgtggctcctctgccgatccatactgcg
gaactcctagctgcttgttttgctcgcagccggtctggagcaaaactcattgggactgacaattctgtcgtcctt
tctcggaaatatacatcctttccatggctgctaggctgtgctgccaactggatccttcgcgggacgtcctttgtt
tacgtcccgtcagcgctgaatccagcggacgacccctcccggggccgtttggggctctgtcgcccccttctccgt
ctgccgttcctgccgaccacggggcgcacctctctttacgcggtctccccgtctgttccttctcatctgccggac
cgtgtgcacttcgcttcacctctgcacgttacatggaaaccgccatgaacacctctcatcatctgccaaggcagt
tatataagaggactcttggactgtttgttatgtcaacaaccggggtggagaaatacttcagggactgtgtttttg
ctgagtgggaagaattaggcaatgagtccaggttaatgacctttgtattaggaggctgtaggcataaattggtct
gcgcaccagcaccaagcaactttttcacctctgcctaatcatctcttgttcatgtcctactgttcaagcctccaa
gctgtgcctggggtggctttagggcatggatagaataactttgccgtatggcttttttggcttagacattgaccc
ttataaagaatttggagctactgtggagttgctctcgtttttgccttctgactttttcccgtctgttcgtgatct
tctcgacaccgcttcagctttgtaccgggaatccttagaatcctctgatcattgttcgcctcaccatacagcact
caggcaagcaatcctgtgctggggtgagttgatgactctagctacctgggtgggtaataatttggaagatccagc
atccagagatttggtggtcaattatgttaatactaatatgggtttaaaaatcaggcaactattgtggtttcacat
ttcctgtcttacttttggaagagaaaccgttcttgagtatttggtgtcttttggagtgtggattcgcactcctcc
tgcttatagaccaccaaatgcccctatcttatcaacacttccggagactactgttgttagacgaagaggcaggtc
ccctcgaagaagaactccctcgcctcgcagacgaagatctcaatcgccgcgtcgcagaagatctgcatctccagc
ttcccgatgttagtattccttggactcacaaggtgggaaactttacggggctgtattcttctactactcctgtct
ttaatcctgattggcaaactccttcttttccaaatatccatttgcatcaagacattataactaaatgtgaacaat
ttgtgggccctctcacagtaaatgagaaacgaagattaaaactagttatgcctgccagatttttcccaaactcta
ctaaatatttaccattagacaaaggtatcaaaccgtattatccagaacatgtagttaatcattacttccagacca
gacattatttacataccctttggaaggcgggtattctatataagagagaaacatcccgtagcgcttcattttgtg
ggtcaccatatacttgggaacaagatctacagcatggggctttcttggacggtccctctcgagtggggaaagaac
ctttccaccagcaatcctctaggattccttcccgatcaccagttggacccagcattcagagcaaataccaacagt
ccagattgggacttcaatcccaaaaaggacccttggccagaggccaacaaggtaggagtgggagcattcgggcca
gggctcacccctccacacggaggccttttggggtggagccctcaggctcagggcatattgaccacagtgtcaaca
attcctcctcctgcctccaccaatcggcagtcaggaaggcagcctactcccatctctccacctctaagagacagt
catcctcaggccatgcagtggaa 
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAA 
I Window size: 301, Window step: 1, Min. confidence: 75.00, Min. window 
identity: 90.00 , Min. nucleotide: 0180 



Resistant 
adefovir 5 I 1 M204I M549I 
entecavir 26 I 1 M204I M549I 
lamivudine 2 R 1 M204I M549I 
telbivudine 1 R 1 M204I M549I 
 
>RGLLNu1Gv1Xw_P 
MPLSYQHFRRLLLLDEEAGPLEEELPRLADEDLNRRVAEDLHLQLPDVSIPWTHKVGNFTGLYSSTTPVFNPDWQTPSFP 
NIHLHQDIITKCEQFVGPLTVNEKRRLKLVMPARFFPNSTKYLPLDKGIKPYYPEHVVNHYFQTRHYLHTLWKAGILYKR 
ETSRSASFCGSPYTWEQDLQHGAFLDGPSRVGKEPFHQQSSRIPSRSPVGPSIQSKYQQSRLGLQSQKGPLARGQQGRSG 
SIRARAHPSTRRPFGVEPSGSGHIDHSVNNSSSCLHQSAVRKAAYSHLSTSKRQSSSGHAVEFHCRPPSSAGSQSQGSEF 
SCWWLQFRNSKPCSEYCLSHLVNLREDWGPCDEHGEHHIRIPRTPARVTGGVFLVDKNPHNTAESRLVVDFSQFSRGSAR 
VSWPKFAVPNLQSLTNLLSSNLSWLSLDVSAAFYHIPLHPAAMPHLLVGSSGLSRYVARLSSDSRILDHQHGTLQNLHDS 
CSRQLYVSLMLLYKTYGRKLHLYSHPIVLGFRKIPMGVGLSPFLMAQFTSAICSVVRRAFPHCLAFSYIDDIVLGAKSVQ 
HRESLYTAVTNFLLSLGIHLNPNKTKRWGYSLNFMGYVIGSWGTLPQEHITQKIKQCFRKLPVNRPIDWKVCQRITGLLG 
FAAPFTQCGYPALMPLYACIQAKQAFTFSPTYKAFLCKQYMNLYPVARQRPGLCQVFADATPTGWGLATGHQRMRGTFVA 
PLPIHTAELLAACFARSRSGAKLIGTDNSVVLSRKYTSFPWLLGCAANWILRGTSFVYVPSALNPADDPSRGRLGLCRPL 
LRLPFLPTTGRTSLYAVSPSVPSHLPDRVHFASPLHVTWKPP 







































 
pdb1t05:A      EKEG---------KISKIGPENPYNTPVFAIKKKDS---TKWRKLVDFRELNKR--TQDF 
Q05486         EDWGPCYEHGQHYIRTPRT--PARVTGGVFLVDKNPHNTTESRLVVDFSQFSRGTTRVSW 
               *. *           :      .  *  . : .*:.   *: * :*** ::.:     .: 
 
pdb1t05:A      WEVQL-GIPHPAGLKKK-KSVTVLDVGDAYFSVPLD------------------------ 
Q05486         PKFAVPNLQSLTNLLSSNLSWLSLDVSAAFYHLPLHPAAMPHLLVGSSGLSRYVARLSST 
                :. : .:   :.* ..  *   ***. *:: :**.                         
 
pdb1t05:A      --EDFRKYTAFTI---------------------PSINNETPGIRYQYNVLPQGWKGSPA 
Q05486         SRIHDHQHGTLQNLHNSCTRNLYVSLLLLFQTLGRKLHLYSHPIILGFRKIPMGVGLSPF 
                  . ::: ::                        .::  :  *   :. :* *   **  
 
pdb1t05:A      IFQSSMTKILEPFKK-QNPDIVIYQYMDDLYVGSDLEIGQHRTKIEELRQHLLRWGLTTP 
Q05486         LLAQ-FTSAICSVVRRAFPHCLAFSYMDDLVLGAK-SVQHLESLYTAVTNFLLSVGIHLN 
               :: . :*. : .. :   *. : :.***** :*:. .: : .:    : :.**  *:    
 
pdb1t05:A      DKKH-QKEPPFLWMGYELHPDK--WTVQPIVLPE--KDSWTVN-DI-----CKLVGKLNW 
Q05486         TSKTKRWGYSLHFMGYVIGSWGSLPQDHIVHKIKECFRKLPVNRPIDWKVCQRIVGLLGF 
                .*  :   .: :*** : .       : :   :    . .**  *      ::** *.: 
 
pdb1t05:A      ASQI--YPGIKVRQLSKLLRGTK-ALTEV-IPLTEEAELELAENREILKEPVHG 
Q05486         AAPFTQCGYPALMPLYACITAKQAFVFSPTKAFLCKQYMNLYPVARQRPGLCQV 
               *: :       :  *   : ..:  : .   .:  :  ::*    .      :  

 
pdb1t05:A      TEM---EKEGKISKIGPENPYNTP--VFAIKKK--DSTKWRKLVDFRELNKRTQDFWEVQ 
Q05486         EDWGPCYEHGQHYIRTPRTPARVTGGVFLVDKNPHNTTESRLVVDFSQFSRGTTRVSWPK 
                :     :.*:     *..* ...  ** :.*:  ::*: * :*** ::.: *  .   : 
 
pdb1t05:A      LGIPHPAGLK----KKKSVTVLDVGDAYFSVPLD-----------EDFRKYTA-FTIPSI 
Q05486         FAVPNLQSLTNLLSSNLSWLSLDVSAAFYHLPLHPAAMPHLLVGSSGLSRYVARLSSTSR 
               :.:*:  .*.    .: *   ***. *:: :**.           ..: :*.* :: .*  
 
pdb1t05:A      NN--------------------------ETPGIRYQ---------YNVLPQGWKGSPAIF 
Q05486         IHDHQHGTLQNLHNSCTRNLYVSLLLLFQTLGRKLHLYSHPIILGFRKIPMGVGLSPFLL 
                :                          :* * : :         :. :* *   ** :: 
 
pdb1t05:A      QSSMTKILEPFKKQNPDIVIYQYMDDLYVGSDLEIGQHRTKI-EELRQHLLRWGL-TTPD 
Q05486         AQFTSAICSVVRRAFPHCLAFSYMDDLVLGA--KSVQHLESLYTAVTNFLLSVGIHLNTS 
                .  : * . .::  *. : :.***** :*:  :  **  .:   : :.**  *:  ... 
 
pdb1t05:A      KKHQKEPPFLWMGYELH-----PDKWTVQPI-----VLPEKDSWTVNDICKLVGKLNWAS 
Q05486         KTKRWGYSLHFMGYVIGSWGSLPQDHIVHKIKECFRKLPVNRPIDWKVCQRIVGLLGFAA 
               *.::   .: :*** :      *:.  *: *      ** : .   :   ::** *.:*: 
 
pdb1t05:A      QI----YPGIKVRQLSKLLRGTKALTEVIPLTEEAELELAENREILK-EP-VHGV 
Q05486         PFTQCGYPALMPLYAC--ITAKQAFVFSPTYKAFLCKQYMNLYPVARQRPGLCQV 
                :    **.:     .  : ..:*:.   . .     :  :   : : .* :  * 



 
pdb1t05:A      ALVEICTEMEKEGKISKIGPENPYNTPVFAIKKKD--STKWRKLVDFRELNKRTQDFWEV 
Q05486         EDWGPCY--EHGQHYIRTPRTPARVTGGVFLVDKNPHNTTESRLVVDFSQFSRGTTRVSW 
                    *   *:  :  :     .  *  . : .*:  .*.  :**   .  .*     .  
 
pdb1t05:A      -QLGIPHPAG----LKKKKSVTVLDVGDAYFSVPLDEDFRKYTAFTIPSINNETP----- 
Q05486         PKFAVPNLQSLTNLLSSNLSWLSLDVSAAFYHLPLHPAAMPHLLVGSSGLSRYVARLSST 
                ::.:*:  .    *..: *   ***. *:: :**.     :  .  ..:.. ..      
 
pdb1t05:A      ------------------------------------------GIRYQYNVLPQGWKGSPA 
Q05486         SRIHDHQHGTLQNLHNSCTRNLYVSLLLLFQTLGRKLHLYSHPIILGFRKIPMGVGLSPF 
                                                          *   :. :* *   **  
 
pdb1t05:A      IFQSSMTKILEPFKKQNPDIVIYQYMDDLYVGSDLEIGQHRTKIEELRQHLLRWGLTTPD 
Q05486         LLAQFTSAICSVVRRAFPHCLAFSYMDDLVLGAKSVQH-LESLYTAVTNFLLSVGIHLNT 
               :: .  : * . .::  *. : :.***** :*:.      .:    : :.**  *:     
 
pdb1t05:A      KKHQK-EPPFLWMGYE--LH 
Q05486         SKTKRWGYSLHFMGYVIGSW 
               .* ::   .: :***      
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ABSTRACT

We have developed a specialized database, HBVdb
(http://hbvdb.ibcp.fr), allowing the researchers to in-
vestigate the genetic variability of Hepatitis B Virus
(HBV) and viral resistance to treatment. HBV is a
major health problem worldwide with more than
350 million individuals being chronically infected.
HBV is an enveloped DNA virus that replicates by
reverse transcription of an RNA intermediate. HBV
genome is optimized, being circular and encoding
four overlapping reading frames. Indeed, each
nucleotide of the genome takes part in the coding
of at least one protein. However, HBV shows some
genome variability leading to at least eight different
genotypes and recombinant forms. The main drugs
used to treat infected patients are nucleos(t)ides
analogs (reverse transcriptase inhibitors).
Unfortunately, HBV mutants resistant to these
drugs may be selected and be responsible for treat-
ment failure. HBVdb contains a collection of
computer-annotated sequences based on manually
annotated reference genomes. The database can be
accessed through a web interface that allows static
and dynamic queries and offers integrated generic
sequence analysis tools and specialized analysis
tools (e.g. annotation, genotyping, drug resistance
profiling).

INTRODUCTION

Hepatitis B virus (HBV) is a major health problem world-
wide with more than 350 million people being chronic
carriers. Chronic HBV infection is associated with a
significantly increased risk of developing severe liver
diseases, including liver cirrhosis, and hepatocellular car-
cinoma (HCC), one of the most common forms of human
cancer. The estimated risk of HCC in chronic HBV carriers
is �100 times greater than in uninfected individuals (1).

Currently available anti-HBV drugs have limitations.
Indeed, interferon alpha administration is associated with
adverse reactions, while nucleos(t)ide analogs are virostatic
and require long-term administration (2,3).

HBV is an enveloped DNA virus that belongs to the
Hepadnaviridae, a family of hepatotropic DNA viruses
infecting certain mammalian or avian hosts (4).
It contains a small (�3.2 kb), partially double-stranded
relaxed-circular DNA (rcDNA) genome that replicates
by reverse transcription of an RNA intermediate, the
pregenomic RNA (pgRNA). The genome encodes four
overlapping open reading frames (ORFs) that are
translated to produce the viral core protein (5,6), the
surface proteins (5,7), a polymerase/reverse transcriptase
(RT) (2,4), and HBx (8,9). The HBV life cycle starts with
the binding of the virus to an unknown receptor of the
host cell. Then, the viral particle is internalized. The virion
rcDNA is delivered to the nucleus, where it is repaired to
form a covalently closed-circular cccDNA. The episomal
cccDNA serves as the template for the transcription of the
pgRNA and the other viral mRNAs by the host RNA
polymerase II (10).

The viral genome is variable because of the spontaneous
error rate of the viral polymerase and the lack of proof
reading activity. There are eight genotypes of HBV
designated A–H based on >8% nt variation over the
entire genome. The eight HBV genotypes are distributed in
distinct geographical localizations (11–13). Recombinant
forms involving different genotypes have also been
reported (14). However, the extensive overlap between the
four encoded ORFs limits the diversity that the virus can
tolerate. Indeed, every nucleotide participates in the coding
of at least one viral protein attesting of an optimized small
genome (15,16). Moreover, the genome variability is also
constrained by environmental pressure exerted by the host
immune response and the antiviral drugs for treated patients.

To allow researchers to investigate the genetic variabil-
ity of HBV sequences and viral resistance to treatment,
several databases and repositories (17–19) have been
published to date. Moreover, tools specific to HBV
genotyping (20–22) are available for virologists, as well
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as tools aimed at drug resistance mutations analysis,
among which some are freely accessible (23) and others
need a registration (24). We have developed HBVdb, a
database that contains a collection of computer-annotated
HBV sequences thanks to manually annotated reference
genomes. The sequences taken as input are the ones
publicly available in the INSDC (25), including partial
and complete HBV genomes. The database can be
queried via a web interface and the query results can be
further analysed with the numerous integrated generic and
specialized (e.g. annotation, genotyping, drug resistance
profiling) analysis tools.

DATABASE BUILDING

We developed a fully automated procedure to annotate
all HBV sequences from the European Nucleotide
Archive (ENA) (26), using a reference set of 16
manually annotated and non-recombinant complete
genomes representing the 8 genotypes. The HBVdb
building process starts with the retrieval of all the HBV
entries in ENA. The second step is the automatic annota-
tion of these entries in their text format (flat file ENA
format). The annotated HBVdb entries are then loaded
into a PostgreSQL relational database system. Finally,
sequence datasets are extracted and multiple sequence
alignments together with associated data are computed.

The HBVdb is updated on a monthly basis. The
program for the automatic annotation, as well as for the
querying and the management of the database, are imple-
mented in Java and SQL programming languages.

ANNOTATION PROCEDURE

A standard numbering system of HBV genomes exists,
defined by the (often hypothetical) EcoR1 restriction site
as the origin of the genome (27). However, the circularity of
the HBV genome leads to the deposit of sequences in
generic public databases that do not follow this system.
Such sequences will result in one or several partial
pairwise alignments with the reference genomes. To circum-
vent this problem, we modeled the HBV by duplicating the
sequence of each reference genome (from �3.2 kb to
�6.4 kb). The first step of the automated annotation pro-
cedure is a similarity search, using the FASTA program
(28) (Figure 1A) in order to identify the most similar refer-
ence genome to the sequence to annotate. The second step
of the annotation procedure checks if the query sequence
follows the EcoR1 numbering by looking if the query
sequence is aligned to only one replicate or if it overlaps
both. In the latter case, the part of the query sequence that
is aligned on the second replicate is shifted to the corres-
ponding region of the first replicate. If there are gaps
between the shifted part and the fixed part, they are
replaced by ‘n’. This checking ensures that all the sequences
follow the EcoR1 numbering system. The third step
consists in optimizing the global query-reference pairwise
alignment in order to avoid erroneous translation or to
detect non-functional sequences. For each coding
sequence (CDS) found in the query, a pairwise alignment

is produced from the global one and divided into
non-overlapping 3-nt windows (i.e. codons). If a window
contains one or two gaps, the process tries to optimize gaps
in order to have only 3 nt in the window or three gaps
(codon deletion). If the optimization fails, the entry is dis-
carded from the database. In the fourth step, the reference
genome features (e.g. CDS, mat_peptide) are mapped onto
the sequence to annotate when they are present. The
sequence is genotyped in a fifth step. The last step corres-
ponds to the drug resistance profiling. Finally, the
annotated HBV entry is formatted as an ENA text entry
for its later inclusion in the relational database.

GENOTYPING

Starting from all the pairwise query-reference alignments
(Figure 1B), the algorithm computes a matrix containing
the identity percentage at each position of the query for
each genotype. The identity percentage is computed by
summing the identity percentage over overlapping
sliding windows (window length 301 nt, window step
1 nt) divided by the number of windows used at each
query position. The maximum identity percentage
calculated for each query position is taken from the
matrix to fill an array with the corresponding genotype
letter, as long as the maximum mean identity percentage
is above or equal to 90%. The genotype is then computed
from this array. The procedure is able to process only
sequences with lengths equal or above the window size.
Overall, the genotyping algorithm allows the identification
of ‘pure’ genotype sequence as well as recombinant ones
(14,29). In the result file, users can find the number of
informative positions used in the genotype computation.
This value can be used as a confidence value of the
genotype prediction. The accuracy of our genotyping
tool is similar to Oxford (20,30), jpHMM (21) and
NCBI (22) HBV genotyping tools, including recombinant
genomes detection. The HepSEQ genotyping tool (17)
uses only polymerase/surface genes in genotype computa-
tion and is less accurate in recombinant detection
(Supplementary Tables S1 and S2).

DRUG RESISTANCE PROFILING

An alignment between the query protein sequence and a
reference reverse transcriptase (RT) sequence is computed.
The algorithm searches, in the query sequence, for muta-
tions defining known resistance profiles to lamivudine,
telbivudine, entecavir, adefovir and tenofovir drugs (31).
If all the mutations of one profile are found, the profile is
reported with the associated drug and resistance status.
There are three possible resistance statuses designated by
‘Sensitive’ (S), ‘Intermediate’ (I, reduced susceptibility)
and ‘Resistant’ (R). The algorithm output provides the
detected profile, the status and mutation positions in the
query sequence and according to the RT numbering
system (32). In its current implementation, our resistance
tool does not look for antiviral drug-associated potential
vaccine-escape mutants [ADAPVEM (33)] contrarily to
the HepSeq polymerase annotator (17).
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DATABASE CONTENT

The text format of an HBVdb entry is an extension of the
ENA-Annotation format as used for the euHCVdb (34).
Some elements of the ENA-Annotation entry are
conserved such as the accession number, the organism
name, the creation date, and the references. After the an-
notation procedure, some elements are corrected and/or
completed in the entry, mainly in the features. Indeed, a
set of new qualifiers that store specific data is added to
some features. The qualifier PRABI_genotype is added to
the source feature to indicate a provisional genotype pre-
dicted by the genotyping tool. The qualifier PRABI_name
is added to each feature to ensure standard names across
all the database entries. Concerning the protein annota-
tions, some qualifiers are added to the mat_peptide
features. These qualifiers, noted PRABI_prodft, follow
the feature table format of the UniProtKB database
(35). The PRABI_prodft qualifiers describe the protein
chains, the protein domains, some sites like active sites
(act_site) that designate the catalytic residues of
enzymes, and the resistance mutations (res_mut) with the
drug and the resistance status.

WEB INTERFACE

The HBVdb is accessible through a website (Figure 2A)
divided into two parts. In the static part, the user can find
general information about HBV and the nomenclature
used through genome organization, protein descriptions
(Figure 2B), the reference genomes and the genotypes.
The user can also access pre-computed ‘Nucleotide’ and
‘Protein’ datasets sorted according to the genotype (rows)
and the protein or CDS names (columns). The datasets
provide full-length sequences in Pearson/Fasta format,
their multiple sequence alignments computed with
Muscle (36) and displayed in Clustal W format
(Figure 2C), and the corresponding residue repertoires
with Shannon entropies that are useful for analysing
conserved/variable alignment positions. The user can
download the corresponding files for further analysis.
Furthermore, the alignments can be interactively edited
with the ‘EditAlignment’ applet developed by our team.
In the dynamic part, users can extract their own dataset by
combining multiple criteria (e.g. genotype and sequence
length and protein name). The datasets can be exported
as Pearson/Fasta sequences, accession number lists and
entry flat files for further analysis with the integrated
analysis tools.

The available analysis tools are either generic or
specialized. The generic analysis tools (e.g. BLAST (37)
or Clustal W (38)) are available through the NPS@
server (39), that is an integrated sequence analysis web
server. ‘Annotate’ (Figure 2D), ‘Genotype’ and
‘Resistance’ (Figure 2E) specialized tools allow the
analysis of one or several HBV sequences uploaded by
the user. The annotation of a nucleotide sequence
produces a result page listing the CDS found in the
query sequence, presenting the predicted genotype, and
giving the drug resistance status (with a link to resistance
output file) if the nucleotide sequence contains the CDS of
the RT domain. The results page also gives access to the
global pairwise alignment between the query sequence and
the reference genome, as well as the pairwise alignments
for each CDS. The user can also access the text entry
format of the annotated sequence. The annotation of a
protein sequence ends up with a result page indicating
the most similar sequence used for its annotation, with
links to the entry and the pairwise alignment, and the
resistance status if the sequence contains the RT
domain. The ‘Genotype’ tool allows the user to
genotype nucleotide sequences. It produces a result page
giving the predicted genotype, and the genotype computed
at each position of the query sequence. The ‘Resistance’
tool enables the detection of known drug resistance mu-
tations from nucleotide or protein sequences. The output
lists the drug, the resistance status (R, I, S) or ‘n.a.’ if the
query sequence does not contain the HBV RT domain,
and the identified mutations.

STATISTICS

HBVdb is available since June 2012. The release 4
(September 2012) comprises 39 289 sequences, including
3606 complete genomes.

Figure 1. Annotation and genotyping processes. (A) The annotation
procedure starts with the computation of a pairwise alignment
between the query sequence (Q) and the most similar duplicated refer-
ence genome sequence (R1, R2: replicate 1, 2; nn indicates missing nu-
cleotides between shifted and fixed parts of the query sequence). This
alignment is split up into CDS alignments that are optimized before the
mapping of features and the transfer of annotations. (B) Genotyping
process. These pairwise alignments between query (Q) and reference
sequences (e.g. GenoA, genotype A reference genome) are iterated
using sliding windows to compute a matrix of mean identities. The
matrix is used to produce the array of genotype at each query
sequence position. Predicted genotype is deduced from this array.
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CONCLUSIONS AND PERSPECTIVES

HBVdb is a collection of human HBV sequences,
annotated thanks to a computer-automated system. The
automatic annotation process used to generate HBVdb
entries guarantees standard annotations and allows effi-
cient keyword searches. The HBVdb website allows
researchers to access pre-computed datasets and to
extract data thanks to a dynamic query system. The ex-
tracted data can be further analysed with a set of bioinfor-
matics tools available in the NPS@ server. HBVdb
website also enables users to annotate their own sequences
through the HBVdb automatic annotation process. In the
future, the annotation will be enriched with new data
(e.g. mapping of promoters) and analysis tools
(e.g. ADAPVEM detection) will be added. The HBVdb
and related programs will be useful to face the analysis
of the flood of sequences that are generated thanks to the
Next-Generation Sequencing (NGS) technologies.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online:
Supplementary Tables 1 and 2.
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BACKGROUND & AIMS: The development of vaccines
and other strategies to prevent hepatitis C virus (HCV)
infection is limited by rapid viral evasion. HCV entry is the
first step of infection; this process involves several viral
and host factors and is targeted by host-neutralizing re-
sponses. Although the roles of host factors in HCV entry
have been well characterized, their involvement in evasion
of immune responses is poorly understood. We used acute
infection of liver graft as a model to investigate the mo-
lecular mechanisms of viral evasion. METHODS: We
studied factors that contribute to evasion of host immune
responses using patient-derived antibodies, HCV pseu-
doparticles, and cell culture– derived HCV that express
viral envelopes from patients who have undergone liver
transplantation. These viruses were used to infect hepa-
toma cell lines that express different levels of HCV entry
factors. RESULTS: By using reverse genetic analyses, we
identified altered use of host-cell entry factors as a mech-
anism by which HCV evades host immune responses.
Mutations that alter use of the CD81 receptor also al-
lowed the virus to escape neutralizing antibodies. Kinetic
studies showed that these mutations affect virus–anti-
body interactions during postbinding steps of the HCV
entry process. Functional studies with a large panel of
patient-derived antibodies showed that this mechanism
mediates viral escape, leading to persistent infection in
general. CONCLUSIONS: We identified a mechanism
by which HCV evades host immune responses, in
which use of cell entry factors evolves with escape
from neutralizing antibodies. These findings advance
our understanding of the pathogenesis of HCV infec-
tion and might be used to develop antiviral strategies
and vaccines.

Keywords: Virology; Liver Disease; Tissue Culture Model;
Immunity.

Hepatitis C virus (HCV) infection is a major cause of
liver disease.1 A vaccine is not available and antiviral

treatment is limited by resistance and adverse effects.2

HCV-induced liver disease is a leading indication for liver
transplantation (LT).3 A major limitation of LT is the
universal reinfection of the liver graft with accelerated
recurrence of liver disease. A strategy to prevent reinfec-
tion is lacking.3 Thus, there is an urgent unmet medical
need for the development of efficient and safe antivirals
and vaccines.

HCV entry is required for initiation, maintenance, and
dissemination of infection. Viral entry is a key target for
adaptive host responses and antiviral strategies.4,5 Func-
tional studies in clinical cohorts highlight that viral entry
and escape from antibody-mediated neutralization play
an important role in viral persistence and liver disease.6 –12

HCV entry is a highly orchestrated process mediated by
viral envelope glycoproteins E1 and E2 and several host
factors including heparan sulfate, CD81, scavenger recep-
tor BI (SR-BI), claudin-1 (CLDN1), occludin (OCLN) (re-
viewed by Zeisel et al5), and kinases.13 Although the role of
E1E2 in antibody-mediated neutralization has been stud-
ied intensively,4,5,14 the role of host factors for viral eva-
sion in vivo is only poorly understood.

Acute graft infection is an established in vivo model to
study viral evasion because viral infection and host-neu-
tralizing responses can be monitored precisely.8 Viral en-
try and escape from host-neutralizing responses are im-
portant determinants allowing the virus to rapidly infect
the liver during transplantation.8 However, the molecular
mechanisms by which the virus evades host immunity to
persistently reinfect the liver graft are unknown.

To uncover viral and host factors mediating enhanced
viral entry and escape, we functionally analyzed genetically
closely related prototype variants derived from a well-char-

Abbreviations used in this paper: CLDN, claudin; HCV, hepatitis C
virus; HCVcc, cell culture-derived HC; HCVpp, hepatitis C virus pseudop-
articles; HMAb, human monoclonal antibody; HVR, hypervariable re-
gion; LT, liver transplantation; mAb, monoclonal antibody; OCLN, occlu-
din SR-BI, scavenger receptor class B type I; VA, variant A; VC, variant
C; VL, variant L.
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acterized patient undergoing LT.8 In one variant, P01VL,
reinfecting the liver graft was characterized by high infectiv-
ity and escape from neutralizing antibodies present in au-
tologous pretransplant serum.8 The other closely related
variants, P01VA and P01VC, were not selected during LT and
were characterized by lower infectivity and high sensitivity to
neutralization by autologous pretransplant serum.8 Previous
studies had indicated that an E2 region comprising amino
acids 425–483 most likely contained mutations responsible
for the phenotype of enhanced entry and viral evasion of
variants reinfecting the liver graft.8

Materials and Methods
Patients
Evolution and functional analysis of viral variants of

patient P01 have been described.8 Anti-HCV–positive serum
samples from patients undergoing transplantation and chronic
HCV infection were obtained with approval from the Strasbourg
University Hospital Institutional Review Board (ClinicalTrial.
gov Identifiers NCT00638144 and NCT00213707).

Plasmids
Plasmids for HCV pseudoparticle (HCVpp) production

of variants VL, VA, and VC have been described.8 E1E2-encoding
sequences were used as templates for individual and combina-
tions of mutations using the QuikChange II XL site-directed
mutagenesis kit (Agilent Technologies, Massy, France). Muta-
tions were confirmed by DNA sequence analysis (GATC Biotech,
Mulhouse, France) for the desired mutation and for exclusion of
unexpected residue changes in the full-length E1E2 encoding
sequences. Mutated constructs were designated X#Y, where # is
the residue location in H77c,15 X is the mutated amino acid, and
Y is the original amino acid.

Antibodies
Monoclonal anti-E1 (11B7) and anti-E2 (AP33, IGH461,

16A6); human anti-HCV IgG10,16; human monoclonal antibod-
ies (HMAbs) CBH-2, CBH-5, CBH-23, and HC-1 have been
described.9,17 Anti-CD81 (JS-81) was from BD Biosciences
(Heidelberg, Germany), AP33 was from Genentech (San Fran-
cisco, CA), and 11B7, IGH461, and 16A6 were from Innogenetics
(Ghent, Belgium).

Cell Lines
HEK 293T and Huh7.5.1 cells were cultured as de-

scribed.10,13,16 Huh7.5.1 cells overexpressing HCV entry factors
were created by stable lentiviral gene transfer of CLDN1, OCLN,
SR-BI, or CD81.18 Huh7.5 stably transduced with retroviral
vectors encoding for CD81- and CD13-specific short hairpin (sh)
RNAs have been described.19 Receptor expression was assessed
by flow cytometry.13

HCV Pseudoparticle and Cell Culture-Derived
HCV Production, Infection, and
Neutralization
Lentiviral HCVpp bearing patient-derived envelope gly-

coproteins were produced as described.8,10,20 The amount of
HCVpp was normalized after quantification of human immu-
nodeficiency virus p24 antigen expression (Innotest Human Im-
munodeficiency Virus Antigen mAb Kit; Innogenetics) and
HCVpp entry was performed as described.8,10,11,16 Chimeric HCVcc

expressing patient-derived structural proteins were constructed and
produced as described in the Supplementary Materials and Meth-
ods section. HCVcc infectivity was measured by determining the
tissue culture infectious dose 50% (TCID50)21 or intracellular HCV-
RNA levels as described.13,21,22 HCVpp and HCVcc neutralization
were performed as described.8,10,11,16

Kinetic Assays
HCVpp kinetic assays were performed in Huh7.5.1 cells

using anti-CD81 (JS-81) and anti-E2 (CBH-23) monoclonal an-
tibodies (mAbs) as described.16,23

Statistical Analysis
Statistical analysis (repeated-measures analysis of vari-

ance) was performed using SPSS 16.0 software for Windows
(SPSS, Inc, Chicago, IL).

Results
HCV E2 Residues at Positions 447, 458, and
478 Confer Enhanced Viral Entry of a High-
Infectivity Variant Reinfecting the Liver Graft
To investigate the molecular mechanism of en-

hanced entry of the variant VL reinfecting the liver graft, we
first introduced individual mutations of region E2425–483

8 of
the low-entry and neutralization-sensitive mutant VC into
HCVpp expressing envelope glycoproteins of the highly in-
fectious escape variant VL (Figure 1A). Previous studies in-
dicated that this region most likely contains the mutations
responsible for the high-infectivity phenotype of VL.8 After
normalization of HCVpp levels by p24 antigen expression,
viral entry was quantified relative to the escape variant VL.
The entry level of the nonselected variant VC was 5% com-
pared with the escape variant VL (Figure 1B). By introducing
the mutations S458G and R478C into VC, chimeric HCVpp
showed similar viral entry level as the paternal variant VL
whereas introduction of individual or a combination of
other mutations only had a partial effect (Figure 1B, Sup-
plementary Figure 1). To explore the impact of other posi-
tions on viral entry we introduced mutations from another
nonselected variant termed VA into VL (Figure 1A) and
identified position F447 as an additional residue relevant for
enhanced entry of the escape variant VL (Figure 1C). These
results show that residues F447L, S458G, and R478C are
largely responsible for the high infectivity of the escape
variant VL.

Enhanced Viral Entry by Mutations F447L,
S458G, and R478C of the Escape Variant Is
the Result of Altered Use of CD81
To address whether the mutations affect viral en-

try by different use of cell entry factors SR-BI, CD81,
CLDN1, and OCLN, we studied viral entry of HCVpp
derived from parental and chimeric variants in Huh7.5.1
cells stably overexpressing the 4 main entry factors indi-
vidually (Figure 2A). Overexpression of either SR-BI,
CD81, CLDN1, or OCLN did not affect the stability or
proportion of other cell-surface HCV receptors (Figure 2B
and data not shown).
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Overexpression of CD81 significantly enhanced viral
entry of VL (3.2-fold) and VC (2-fold) compared with
parental cells (P � .001) (Figure 2C). The fold-change in
HCVpp entry was significantly higher for VL than for VC
(P � .001). Exchanging the 2 residues at positions 458 and
478 similarly increased viral entry. This suggests that the
combination of the 2 individual mutations modulates
viral entry by altering CD81 dependency. Overexpression
of SR-BI also increased viral entry of VL and VC, but no
specific increase was observed for the chimeric strains
containing substitutions at positions 458 and 478 (Figure
2C). These data confirm an important role for SR-BI as an
entry factor for patient-derived variants, but also show
that positions 458 and 478 do not significantly alter
SR-BI dependency. Thus, increased entry efficiency of VL
in SR-BI– overexpressing cells most likely is caused by
other mutations (eg, in hypervariable region 1 [HVR1]).

Viral entry enhancement was less pronounced in cells
overexpressing CLDN1 or OCLN than CD81 and SR-BI
(Figure 2C), and no specific modulation of viral entry was
associated with the 2 variants or chimeric strains.

The CD81 use of viral variants VL, VC, and VA was
investigated further using Huh7.5 cells with silenced
CD81 expression (Figure 3A).19 The escape variant VL
showed the highest decrease (5.4-fold) of viral entry in
shCD81-Huh7.5 cells compared with the decrease of vari-
ants VC (4.3-fold; P � .001) and VA (2.9-fold; P � .001)
(Figure 3B and C). Exchange of the mapped residues into
chimeric expression plasmids conferred the phenotype of
decreased entry of VL (Figure 3B and C), confirming that
identified residues modulate viral entry by different CD81
use. Moreover, using a relevant model system for HCV-
CD81 interactions occurring in vivo consisting of cell
surface– expressed CD81, we show that E1E2 complexes of

Figure 1. Positions 447, 458,
and 478 confer enhanced viral
entry of a high-infectivity variant
reinfecting the liver graft. (A)
Genomic organization and mu-
tations of envelope glycopro-
teins of escape variant VL and
nonselected variants VC and VA.
HVR1 and HVR2 are depicted in
green; E2 domains are depicted
in red (DI), yellow (DII), and blue
(DIII); and CD81 binding do-
mains are depicted in dark
blue.29,33,39 Positions 447, 458,
and 478 are highlighted in black
vertical lines. Differences be-
tween VL, VC, and VA in region
E1E2384–483 are displayed. (B
and C) Viral entry in Huh7.5.1
cells of the escape variant VL,
the nonselected variants VC and
VA, as well as chimeric variants
containing defined mutations
of VC and VA in VL or vice
versa (Supplementary Figure 1).
HCVpp infection was analyzed
by luciferase reporter gene ex-
pression. Results are expressed
as the percentage of viral entry
compared with VL. Means �
standard deviation from at least
4 independent experiments per-
formed in triplicate are shown.
Significant differences in HCVpp
entry between variants are indi-
cated (*P � .05; **P � .001). aa,
amino acid; BD, binding domain.
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the escape variant VL bound less efficiently to shCD81-
Huh7.5 cells than glycoproteins of variants VC and VA
(Supplementary Figure 2A). Exchange of the mapped res-
idues conferred similar phenotypes as the parental glyco-
proteins (Supplementary Figure 2B), suggesting that the
residues at positions 447, 458, and 478 alter E1E2 inter-
actions with cell surface CD81.

Taken together, these data show the following: (1) the
escape variant is characterized by markedly altered CD81
use, and (2) altered CD81 use of the variant is mediated by
residues at positions 447, 458, and 478.

Because the levels of E1E2 incorporation into HCVpp
and lentiviral p24 antigen expression were similar for all
strains (Supplementary Figure 3A–D), it is unlikely that
the differences in viral entry are the result of impaired
HCVpp assembly or release.

Next, to assess whether enhanced entry is owing to more
rapid internalization of viral particles, we investigated internal-

ization kinetics of the parental and chimeric variants in the
presence of anti-CD81 antibody.16,21,23,24 Because entry kinetics
of parental and chimeric variants were similar (Figure 3D), it is
unlikely that the mutant-induced modulation of CD81 depen-
dency alters the velocity of viral entry.

Positions 447, 458, and 478 Mediate Escape
From Autologous Transplant Serum During
Graft Reinfection
To assess whether the residues in region E2425–483

influencing viral entry (Figure 1) also were responsible for
escape from antibody-mediated neutralization, we studied
the impact of each single and combined substitution of the
nonselected variant VC on neutralization by autologous pre-
transplant serum. Autologous pretransplant serum only
poorly neutralized the selected variant VL as well as the
variants substituted at positions 434, 444, and 445, whereas
individual substitution at positions 458 and 478 signifi-

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
Figure 3. Different CD81 use of viral variants in Huh7.5 cells with silenced CD81 expression. (A) Entry factor expression in Huh7.5 cells with silenced
CD81 (grey bars) or CD13 (black bars) expression. CD81 expression was determined by flow cytometry and is indicated as fold expression compared
with control shCD13-Huh7.5 cells. (B and C) Entry of patient-derived HCVpp VL, VC, and VA. Huh7.5 cells with silenced CD81 or CD13 expression
were incubated with parental or chimeric HCVpp and viral entry was determined as described in Figure 1. Viral entry is expressed as the fold-change
of viral entry compared with shCD13-Huh7.5 control cells. Means � standard deviation from 3 independent experiments performed in triplicate are
shown. Significant differences in HCVpp entry between wild-type and chimeric variants are indicated (**P � .001). (D) Entry kinetics of patient-derived
variants. Kinetics of HCVpp entry was performed using anti-CD81 or isotype control antibody (5 �g/mL). HCV entry was determined as described
in Figure 1. One representative experiment of 4 is shown.

Figure 2. Altered use of CD81
is responsible for enhanced viral
entry of the escape variant. (A)
Entry factor expression in clones
of SR-BI-, CD81-, CLDN1-,
or OCLN-transduced Huh7.5.1
cells. The relative overexpres-
sion of each entry factor was de-
termined by flow cytometry and
is indicated as fold express-
ion compared with parental
Huh7.5.1 cells. (B) Entry factor ex-
pression in pools of CD81-overex-
pressing Huh7.5.1 cells (grey
bars). The relative entry factor ex-
pression was determined as de-
scribed in panel A. (C) Receptor
dependency of patient-derived
HCVpp entry. Parental and trans-
duced Huh7.5.1 cells were incu-
bated with parental or chimeric
HCVpp and viral entry was deter-
mined as described in Figure 1.
Viral entry is expressed as the
fold-change of viral entry com-
pared with parental cells. Means �
standard deviation from 3 inde-
pendent experiments performed
in triplicate are shown. Signifi-
cant differences in HCVpp entry
between variants are indicated
(**P � .001).
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cantly (P � .001 and P � .05, respectively) increased the
sensitivity of VLVC458 and VLVC478 to autologous neutraliz-
ing antibodies (1:400 and 1:200, respectively) (Figure 4A). It
is noteworthy that only the variant VLVC458�478 showed a
similar neutralization titer as the nonselected variant VC
(1:6400; P � .001). To confirm that these mutations were
indeed responsible for the phenotype of the parental variant
VL, we investigated neutralization of VCVL458�478 by autol-
ogous serum. The variant VCVL458�478 escaped autologous
neutralization similarly to the escape variant VL (Figure 4A).
A similar phenotype was observed when mutation 447 of VA
was introduced into the VL complementary DNA (Figure
4B). In contrast, the introduction of other residues into VL
only had a minor effect on neutralization (Figure 4B). Taken
together, these findings suggest that the residues at posi-
tions 447, 458, and 478 simultaneously are responsible for
both enhanced viral entry and evasion from antibody-medi-
ated neutralization.

Positions 447, 458, and 478 Define a
Conformational Epitope Involved in Evasion
From Host-Neutralizing Responses
To further elucidate the mechanism of viral eva-

sion of the escape variant VL from patient-derived neu-

tralizing antibodies, we investigated whether the iden-
tified mutations F447L, S458G, and R478C confer
resistance or sensitivity to a panel of mAbs directed
against conformational9,17 and linear E2 epitopes.16

The conformational HMAbs (CBH-2, CBH-5, CBH-23,
and HC-1) have shown a broad cross-neutralizing activity
by interfering with E2-CD81 interaction9,17 and their
epitopes only partially are defined (Supplementary Table
1). AP33 is directed against a conserved epitope compris-
ing amino acids 412– 423.25 Although the escape variant
VL was neutralized poorly by several HMAbs directed
against conformational epitopes, VC and VA were neutral-
ized efficiently by all HMAbs (Figure 5A and B). Moreover,
by substituting the residues at positions 458 and 478 or
447, the well-neutralized nonselected variants VC
(VCVL458�478) and VA (VAVL447) became neutralization
resistant as the escape variant VL. Introducing the resi-
dues of VC or VA into VL (VLVC458�478 and VLVA447)
restored neutralization by HMAbs, suggesting that these
residues are part of the HMAbs epitopes. In contrast,
anti-E2 antibodies (AP33, 16A6, IGH461) targeting linear
epitopes similarly neutralized parental and chimeric vari-
ants (Figure 5A and B and Supplementary Table 1).

Figure 4. Positions 447, 458,
and 478 mediate viral escape
from neutralization by autolo-
gous transplant serum. Neutral-
ization of the escape variant VL,
variants VC and VA, and the chi-
meric strains. HCVpp were incu-
bated with autologous anti-
HCV–positive or control serum in
serial dilutions for 1 hour at 37°C
before incubation with Huh7.5.1
cells. Neutralization titers ob-
tained by end point dilution are
indicated. Dotted line indicates
the threshold for a positive neu-
tralization titer (1/40). Means �
standard deviation from at least
4 experiments performed in trip-
licate are shown. (A) Neutraliza-
tion of variants VL, VL containing
individual or combined muta-
tions of VC, and VC with double
substitutions of VL by autolo-
gous anti–HCV-positive pre-
transplant serum. (B) Neutraliza-
tion of variants VL, VL containing
individual mutations of VA, and
VA with single substitution of VL
by autologous anti-HCV–posi-
tive pretransplant serum. Signifi-
cant differences in neutralization
between variants are indicated
(*P � .05; **P � .001).
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Antibody-mediated neutralization occurs at binding and
postbinding steps during viral entry.16 To map the entry step
involved in viral evasion from neutralizing antibodies by VL,
we investigated the neutralization kinetics of parental and
chimeric variants.16,21,23 The anti-E2 HMAb CBH-23 inhib-
ited viral entry of VC and VLVC458�478 at postbinding steps
during time points closely related to HCV-CD81 interaction
(Figure 5C). Partial inhibition at postbinding steps by
CBH-23 also was observed for VA and VLVA447 (Figure 5D).
The VL variant escaped antibody-mediated neutralization at
the same steps.

Interestingly, purified HCVpp expressing envelope
glycoproteins of the escape variant bound similarly to

neutralizing anti-E2 antibody CBH-23 as the envelope
glycoproteins of nonselected variants or variants con-
taining mutations of the identified escape residue (Sup-
plementary Figure 4). Thus, it is likely that viral evasion
is not caused by decreased antibody binding to circu-
lating virions but rather occurs during postbinding
steps of viral entry in which E2-host entry factor inter-
actions result in conformational changes of the enve-
lope and failure of antibodies to inhibit entry. Taken
together, these data indicate that positions 447, 458,
and 478 mediate viral evasion from neutralizing anti-
bodies at postbinding steps and time points closely
related to HCV-CD81 interaction.

Figure 5. Mechanisms of viral
evasion from neutralizing anti-
bodies. (A and B) Escape from
neutralization by HMAbs di-
rected against conformational
and linear epitopes. HCVpp pro-
duced from isolates shown in
Figure 1 were incubated with
HMAbs (Supplementary Table 1)
or control Ab (10 �g/mL) for 1
hour at 37°C before incubation
with Huh7.5.1 cells. Results are
expressed as the percentage of
viral entry relative to HCVpp in-
cubated with control mAb.
Means � standard deviation
from at least 4 experiments per-
formed in triplicate are shown.
Significant differences in HCVpp
entry between variants are indi-
cated (**P � .001). (C and D) Es-
cape from neutralization of
anti-E2 antibody CBH-23 in ki-
netic assays. Kinetics were per-
formed as described in Figure 3
(HMAb, 10 �g/mL; JS-81, 5 �g/
mL). One representative experi-
ment of 4 is shown.
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Positions 447, 458, and 478 Mediate Escape
From Antiviral Antibodies in Nonrelated
Patients With Chronic HCV Infection
To investigate whether these mutations result not

only in escape from antibodies from the same patient but
also confer resistance to antiviral antibodies of nonrelated
HCV-infected patients, we studied the neutralization of
the parental variants by a large panel of sera randomly
selected from chronically infected patients (n � 102).
While VL was not neutralized by 53 of 102 patient sera
(mean neutralizing titer, 1:144), VC was neutralized sig-
nificantly by 90 of 102 patient sera (mean neutralizing
titer, 1:1088; P � .001) (Figure 6 and Supplementary
Tables 2 and 3). Similar results were obtained for VA
(neutralization by 80 of 102 patient sera; mean neutraliz-
ing titer, 1:322; P � .01). Functional analysis of HCVpp
expressing chimeric envelope glycoproteins showed that
neutralization of VC and VA was mediated predominantly
by the identified mutations in residues 447, 458, and 478
(Figure 6).

Confirmation of Differential Cell Entry Factor
Use and Viral Evasion Using Chimeric HCVcc
Finally, we confirmed the functional impact of the

3 residues on virus– host interactions using the HCVcc
system. To address this issue we constructed chimeric
JFH-1– based HCVcc expressing the VL wild-type envelope
or VL-containing VC- and VA-specific functional residues.
Viruses containing patient-derived envelopes showed sim-
ilar levels of replication and envelope production (data
not shown). Phenotypic analyses of infection and neutral-
ization of chimeric HCVcc confirmed the relevance of the
identified residues for enhanced entry, differential CD81
use, and viral evasion (Figure 7). While the escape variant
VL was poorly neutralized, the identified mutations at
positions 447, 458, and 478 restored its sensitivity to

conformational HMAb CBH-23 (Figure 7C) as well as to
heterologous sera from chronically infected patients (Fig-
ure 7D). These data confirm the functional relevance of
the obtained results in the HCVcc system expressing au-
thentic patient-derived envelopes.

Discussion
By using acute infection of the liver graft as an in

vivo model, we identified a novel clinically and therapeu-
tically important mechanism of viral evasion, where co-
evolution simultaneously occurs between cellular entry
factor use and escape from neutralization.

Several host selection forces operate concomitantly dur-
ing HCV infection. These include proviral host factors
resulting in selection of most infectious viruses best
adapted to host factors and antiviral host immune re-
sponses leading to escape from immune responses. Anti-
body-mediated selective pressure is thought to be an im-
portant driver of viral evolution.8,11 The immune response
may fail to resolve HCV infection because neutralizing
antibody-mediated response lags behind the rapidly and
continuously evolving HCV glycoprotein sequences.11

However, continuous generation of escape mutations dur-
ing chronic HCV infection also may compromise virus
infectivity: indeed, it has been reported that structural
changes in E2 leading to complete escape from neutraliz-
ing antibodies simultaneously compromised viral fitness
by reducing CD81 binding.9 Moreover, escape from T-cell
responses has been associated with impaired viral replica-
tion.26,27 We show that clinically occurring mutations
simultaneously lead to enhanced viral infectivity by
optimizing host factor use and escape from host im-
mune responses. Because this mechanism was uncov-
ered in patient strains isolated during acute liver graft
infection it is likely that the novel and unique mecha-

Figure 6. The HCV VL strain is poorly neutralized by antibodies present in sera from a large panel of nonrelated patients with chronic HCV infection.
Parental HCVpp (VL, VC, and VA) and chimeric HCVpp (VLVC458�478 and VLVA447) strains, adjusted for p24 antigen expression, were preincubated
for 1 hour with serial dilutions of anti-HCV–positive sera from randomly selected patients with chronic hepatitis C before incubation with Huh7.5.1
target cells. Patient number, sex, HCV genotype, and viral load are indicated in Supplementary Tables 2 and 3. Neutralization was determined as in
Figure 4. Mean neutralization titers are marked by lines. Means from at least 3 independent experiments performed in triplicate are shown. Significant
differences in neutralization are indicated.
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nism of co-evolution between host factor use and viral
evasion ensures optimal initiation, dissemination, and
maintenance of viral infection in the early phase of liver
graft infection. In addition, because the VL strain es-
capes autologous antibodies from the transplant pa-
tient (Fig. 4) and resists monoclonal and polyclonal
antibodies of heterologous patients (Figures 5, 6, and 7,
and Supplementary Tables 1 and 2), and given the high
prevalence of the identified mutations in a large
genomic database of viral isolates (Supplementary Fig-
ure 5 and Supplementary Results section), the co-evo-
lution of receptor use and escape from neutralizing
antibodies also may play an important role for viral
evasion in chronic HCV infection in general.

Our mechanistic studies show that the identified viral
evasion factors are part of a conformational neutralizing
epitope modulating E2-CD81 interactions at postbinding
entry steps.28,29 It is noteworthy that the same mutations
also were responsible for immune escape of VL. Neutral-
ization studies using HMAbs directed against discontin-
uous envelope glycoprotein regions termed domain B and
domain C30,31 show that the 3 positions are part of an
epitope that plays a key role for neutralization and viral
evasion. Because the mutations are outside the known
contact residues within the epitopes of the HMAbs

CBH-2, CBH-5, CBH-23, and HC-19,17 (Supplementary
Table 1), and complementary to previously identified re-
gions associated with escape from neutralizing monoclo-
nal antibodies,25 positions 447, 458, and 478 either mod-
ulate the interaction of the majority of antibodies directed
against domain B and C epitopes or are part of a novel E2
epitope mediating evasion from host neutralizing anti-
bodies.

Based on previous functional observations and struc-
tural predictions, Krey et al29 proposed a model for a
potential tertiary organization of E2. In this model, E2
comprises 3 subdomains with the CD81 binding regions
located within domain I (W420, A440LFY, Y527, W529,
G530, and D535) and potential CD81 binding sites over-
lapping with domain III (Y613RLWHY).28,29,32,33 In this
model, positions 447, 458, and 478 are located outside
but in close proximity of the previously suggested CD81
binding domains. Moreover, position 447 is located im-
mediately downstream of a conserved motif between
HVR1 and HVR2, which has been shown to play an
important role in CD81 recognition as well as pre- or
post-CD81– dependent stages of viral entry.32 Position
478 is located within HVR2, which modulates, by a com-
plex interplay with HVR1, binding of E2 glycoprotein to
CD81.34

Figure 7. Viral entry and escape from neutralization of chimeric HCVcc expressing patient-derived viral envelopes. (A) Infectivity of HCVcc
expressing envelopes of variant VL and functional residues of VA and VC is indicated by TCID50. Means � standard deviation from 1 representative
experiment are shown. (B) Relative infectivity of chimeric HCVcc expressing patient-derived viral envelopes in Huh7.5 cells with silenced CD81 or
CD13 expression. Means � standard deviation from 3 independent experiments performed in triplicate are shown. (C) Escape from neutralization by
HMAb CBH-23. Neutralization was performed as described in Figure 5. Results are expressed as the percentage of viral infectivity relative to HCVcc
incubated with control mAb. Means � standard deviation (SD) from at least 3 experiments performed in triplicate are shown. (D) Inhibition of HCVcc
infection by anti-HCV–positive sera described in Supplementary Table 3. Neutralization was performed as described in Figure 6. Means from 1
representative experiment performed in triplicate are shown. Significant differences in HCVcc infection between wild-type and chimeric variants are
indicated (*P � .05; **P � .001).
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Because mutations F447L, S458G, and R478C (1) mod-
ulate CD81 dependency of HCV entry (Figures 2 and 3),
(2) alter the interaction with cell surface CD81 (Supple-
mentary 2), (3) mediate viral evasion from antibodies at
postbinding steps closely related to HCV-CD81 interac-
tions (Figure 5), and (4) are located within E2 loops of the
predicted E2 secondary structure and tertiary organiza-
tion,29 positions 447, 458, and 478 may be part of 2 loops
belonging to a larger cluster of closely related surface-
exposed E2 loops. These loops most likely are involved in
E2-CD81 binding either directly or indirectly as a key
point for structural rearrangement during viral entry.34,35

The polar S and R residues present in the escape variant
can form nonbonded interactions with other residues by
hydrogen bonds and salt bridge, respectively. These inter-
actions could increase the stability of the interacting E2-
CD81 interface, allowing efficient entry of the VL escape
variant through E2-CD81-CLDN1 co-receptor complexes,
which are key determinants for viral entry.13,23,36 Further-
more, the E2 cluster of loops containing the mutations
bears linear epitopes but also defines at least one confor-
mational epitope that is a target of neutralizing antibod-
ies. According to residue physical-chemical properties, the
VL variant S458 and R478 residues enhance the hydro-
philicity of the loops they belong to and may promote the
surface exposure of the loops. This change could modu-
late E2-CD81 interactions further and impair the binding
of neutralizing antibodies by blocking access to their
target epitopes. The F to L substitution present in the VA
strain most likely does not profoundly alter the tertiary or
quaternary structure of E2. This is suggested by the fact
that this position is located in a loop as predicted by the
proposed E2 model.29 Thus, it is conceivable that this
mutation, which increases E2 hydrophobicity, may reduce
accessibility of the loop and its interactions with CD81 or
CD81-CLDN1 co-receptor complexes. Alternatively, allo-
steric mechanisms may play a role in the observed virus-
antibody-host interactions.

Taken together, our data identified key determinants of
immune evasion in vivo. Mutations conferring neutraliza-
tion escape altered CD81 receptor use and enhanced cell
entry. Moreover, our data suggest that mutations in
HVR1, which may modulate entry and neutralization by
altering SR-BI dependency (Figures 1, 2, and 4, and data
not shown), may contribute to the high entry and escape
phenotype of the escape variant. Furthermore, interfering
non-neutralizing antibodies may constitute another
mechanism of escape (data not shown).

Although proof-of-concept studies in animal models
have shown a potential role for HMAbs in prevention of
HCV infection,37,38 the partial or complete escape of the
VL variant from autologous and heterologous serum-
derived antibodies as well as many broadly cross-neutral-
izing HMAbs (Figure 5; Supplementary Table 1) shows
the ability of the virus to evade cross-neutralizing anti-
envelope mAbs. By identifying viral and host factors me-
diating immune evasion in the HCV-infected patient, our
results may open new perspectives for the development of

broadly cross-neutralizing anti-envelope or antibodies
overcoming viral escape.

Supplementary Material

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:http://
dx.doi.org/10.1053/j.gastro.
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Supplementary Materials and Methods

Analysis of HCVpp Envelope Glycoprotein
Expression
Expression of HCV glycoproteins was character-

ized in HEK 293T producer cells and HCVpp purified
through a 20% sucrose cushion ultracentrifugation as
described.1 Immunoblots of HCV glycoproteins were per-
formed using anti-E1 11B7 and anti-E2 AP33 mAbs as
described.2

Cellular Binding of Envelope Glycoproteins
Envelope glycoprotein-expressing HEK 293T cells

were lysed in phosphate-buffered saline by 4 freezing and
thawing cycles. Cell debris and nuclei were removed by
low-speed centrifugation and supernatants containing
native intracellular E1E2 complexes were used for bind-
ing studies. Huh7.5.1, shCD81-, or shCD13-Huh7.5 cells
(2 � 105 cells per well) were seeded in 96-well plates. After
incubation with lysates containing patient-derived E1E2
proteins, Huh7.5.1 target cells were first incubated with
mAb AP33 (10 �g/mL) and then with phycoerythrin-
conjugated anti-mouse Ab (5 �g/mL, BD Biosciences).
Bound E2 was analyzed by flow cytometry as described.3

Construction of Plasmids for Production of
Chimeric HCVcc Expressing Patient-Derived
Envelopes
Genotype 1 JFH-based HCVcc chimeras express-

ing the structural proteins of patient-derived viruses were
produced as previously described for Con1/C3-JFH1-
V2440L.4,5 Briefly, the complementary DNA region en-
coding for the HCV core to the first transmembrane
domain of NS2 (C3 junction site) from variant VL was
inserted into pFK-Con1/C3-JFH1-V2440L using fusion
polymerase chain reaction with Pfu DNA polymerase
(Agilent Technologies, Massy, France) and standard cloning
procedures using appropriate restriction sites including
BsmI and AvrII. The obtained construct was designated
VL/JFH1. The VL/JFH1 encoding sequence was used as a
template to insert individual and combined mutations us-
ing the QuikChange II XL site-directed mutagenesis kit
(Agilent Technologies) as described previously.1

Galanthus nivalis Capture Enzyme-Linked
Immunosorbent Assay
Binding of HMAb CBH-23 to viral envelopes was

analyzed using an enzyme-linked immunosorbent assay
with HCVpp as a capture antigen as described.6 HCVpp
expressing the E1E2 glycoproteins of HCV variants or
control pseudoparticles with absent HCV envelope gly-
coprotein expression were partially purified and enriched
through ultracentrifugation as described.1 Purified parti-
cles were quantified as described previously.1 Partially
purified HCVpp or control pseudoparticles were captured
onto Galanthus nivalis (GNA)-coated microtiter plates as de-
scribed.6 Soluble E2 (derived from strain HCV-H77 and

expressed in 293T cells as described previously3) was used as
a positive control for antibody binding. Neutralizing hu-
man anti-E2 antibody CBH-23 (25 �g/mL diluted in phos-
phate-buffered saline) then was added to captured HCVpp
or soluble E2 (1 h at room temperature). After washing
and removal of nonbound antibody, mAb binding to
HCV envelopes was detected using horseradish-peroxi-
dase anti-human IgG (GE Healthcare, Orsay, France) at a
concentration of 1/3000 for 1 hour at room temperature,
followed by incubation with 1-step Turbo TMB– enzyme-
linked immunosorbent assay (Thermo Fisher Scientific,
Illkirch, France) for color development. Absorbance was
measured at 450 nm using a microplate reader Softmax
program (Molecular Devices, Sunnyvale, CA).

Bioinformatics
Multiple sequence alignment of complete E2 pro-

teins was performed using the European HCV databases
(http://euhcvdb.ibcp.fr).7 Two amino acid repertoires
were computed with all E2 sequences of provisional/
confirmed genotype 1b using the ComputeRepertoire tool
as part of the euHCVdb Extract tool (http://euhcvdb.
ibcp.fr).

Results

Prevalence of the Identified Mutations in a
Large Genomic Database of Viral Isolates
Bioinformatic sequence analysis of a large panel

of 2074 HCV strains within the European HCV database
further supports the potential relevance of the identified
positions for pathogenesis of HCV infection in general.7

Residues F, S, and R are observed much more frequently
at positions 447, 458, and 478 than L, G, and C. F and S
are the most predominant residues at positions 447 and
458 in the large majority of 1b strains, respectively (F447
all, 98.4%; 1b, 96.2%; S458 all, 94%; 1b, 90.3%; Supple-
mentary Figure 5). The position 478 is variable but R (all,
2.4%; 1b, 10.8%) is more frequent than C (all, 0.2%; 1b,
0.9%) (Supplementary Figure 5). The high prevalence of
identified residues supports their functional relevance for
virus survival and selection because more structurally and
functionally relevant residues will be observed more fre-
quently. These data suggest that the epitope containing
the identified residues at positions 447, 458, and 478 is
responsible not only for viral evasion from autologous
antiviral antibodies during LT but also may contribute to
viral evasion in chronic HCV infection in general.
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Supplementary Figure 1. Actual viral infectivity of HCVpp derived from variants VL, VC, and VA shown as relative light units (RLU) of luciferase
reporter gene expression. (A and B) Comparative analysis of viral entry of HCVpp shown in Figure 1. Results are expressed in RLUs plotted in a
logarithmic scale. The threshold for a detectable infection in this system is indicated by dashed lines. The detection limit for positive luciferase reporter
protein expression was 3 � 103 RLU/assay, corresponding to the mean � 3 standard deviations of background levels (ie, luciferase activity of naive
noninfected cells or cells infected with pseudotypes without HCV envelopes).1,12,13 Background levels of the assay were determined in each
experiment. Means � standard deviation from at least 4 independent experiments performed in triplicate are shown. Significant differences in HCVpp
entry VC, VA, and VL wild-type and mutant variants are indicated (*P � .05; **P � .001). Ctrl, control; HVR, hypervariable region; V, viral variant.
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Supplementary Figure 2. Positions 447, 458, and 478 modulate binding of envelope glycoproteins to CD81 expressed at the cell surface. Binding
of native E1E2 complexes expressed from patient-derived complementary DNAs to Huh7.5 cells with silenced CD81 expression (described in Figure
3) was detected by flow cytometry. Results are expressed as the percentage of E1E2 binding compared with shCD13-Huh7.5 control cells. Means �
standard deviation from 3 independent experiments performed in triplicate are shown. Significant differences in binding between variants are
indicated (**P � .001).
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Supplementary Figure 3. Differences in viral entry are not caused by impaired HCVpp production. (A) Analysis of envelope glycoprotein
expression. Protein expression was analyzed by immunoblotting as described in the Materials and Methods section. Molecular markers (in
kilodaltons) are indicated on the right. (B) Transfection efficiency during HCVpp production. Transfection efficiency was analyzed for each variant and
quantified by determining luciferase expression in HEK 293T producer cells expressed as a normalized percentage compared with control
transfected cells. (C) Envelope glycoprotein expression in HCVpp. HCVpp were purified as described previously1,2 and subjected to immunoblot as
described in panel A. (D) Lentiviral p24 antigen expression was analyzed by enzyme-linked immunosorbent assay (ELISA) and is indicated as optical
density (OD) values at 450 nm. (E) Cellular binding of E2 derived from patient-derived or H77 and HCV-J strains. Binding of native E1E2 complexes
to Huh7.5.1 cells was detected as described in Supplementary Materials and Methods. Results are expressed as delta mean fluorescence intensity
(�MFI) � standard deviation. One representative experiment of 3 is shown. Da, dalton; MW, molecular weight.
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Supplementary Table 1. Neutralization of Patient-Derived and Chimeric HCVpp by Monoclonal Anti-Envelope Antibodies

Antibody Reference
Epitope, amino

acid

HCVpp entry, %

VL VC VCVL458�478 VLVC458�478 VA VAVL447 VLVA447

AP33 8 412–423 6 � 3 12 � 1 3 � 1 11 � 5 2 � 1 5 � 1 3 � 1
IGH461 9 436–448 58 � 4 56 � 8 51 � 7 53 � 3 55 � 2 56 � 6 52 � 7
16A6 9 523–530 76 � 10 74 � 8 83 � 9 82 � 2 73 � 9 74 � 4 81 � 9
CBH-2 10 Domain B,

conformational
431, 523–540

60 � 5 8 � 5 65 � 6 9 � 5 39 � 8 61 � 4 39 � 10

CBH-5 10 Domain B,
conformational
523–540

71 � 2 10 � 4 73 � 7 8 � 1 36 � 5 59 � 7 47 � 8

CBH-23 Keck and
Foung,
unpublished
data

Domain C,
conformational

97 � 9 21 � 6 98 � 13 14 � 3 32 � 7 53 � 12 44 � 3

HC-1 11 Domain B,
conformational
523–540

73 � 5 31 � 9 81 � 10 27 � 9 2 � 1 2 � 1 77 � 1

NOTE. HCVpp produced from isolates shown in Figure 1 were incubated with mAbs (10 �g/mL) for 1 hour at 37°C. HCVpp-antibody complexes
then were added to Huh7.5.1 cells. Viral epitopes targeted by the respective antibody, percentage of HCV entry in the presence of antibody
(strains VL, VC, VCVL458�478, VLVC458�478, VA, VAVL447, and VLVA447), and source or reference of antibody are shown. Means � standard
deviation from at least 3 experiments, each performed in triplicate, are shown.
V, viral variant.
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Supplementary Figure 4. Binding of neutralizing anti-E2 HMAb
CBH-23 to patient-derived envelope glycoproteins expressed on
HCVpp as capture antigens in an enzyme-linked immunosorbent assay
(ELISA). HCVpp expressing envelope glycoproteins of variants VL, VA,
VC, VLVA447, and VLVC458�478 were used as capture antigens on GNA-
coated ELISA plates. Control (Ctrl) pseudoparticles with absent HCV
envelope glycoprotein expression and recombinant soluble E2 (sE2
derived from strain H77)14 served as negative and positive controls,
respectively. Anti-E2 CBH-23 reactivity was detected as described in
the Supplementary Materials and Methods section and is indicated as
optical density (OD) values at 450 nm. Means � standard deviation from
1 representative experiment are shown.
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Supplementary Table 2. Characteristics of Patients and Viruses Used for Neutralization Studies

Patient number Age, y Sex Genotype Viral load, IU/mL

HCVpp neutralization titer,
1/dilution

VL VC VA

1 65 M 1b 2.29 � 105 100 100 100
2 27 F 1b 9.7 � 104 100 3200 200
3 31 F 1b 1.53 � 105 400 3200 400
4 47 M 3a 1.02 � 106 20 20 100
5 58 M 1b 1.15 � 106 100 3200 200
6 72 M 1b 1.50 � 106 20 200 100
7 51 M 4 4.38 � 106 20 20 20
8 69 F 1b 9.7 � 105 20 400 100
9 36 F 1 1.29 � 105 800 1600 100

10 46 M 1a 1.05 � 106 100 800 100
11 55 M 1a 1.54 � 106 400 3200 200
12 56 M 4c/4d 2.41 � 104 20 800 200
13 56 F 4a 1.09 � 106 100 400 400
14 59 F 1b 3.54 � 105 200 800 200
15 62 M 1a 3.37 � 106 20 20 20
16 50 M 4a 1.48 � 106 20 200 20
17 46 M 4a 4 � 105 20 200 100
18 70 F 1b 1.3 � 106 100 800 20
19 77 F 1b 6.2 � 104 20 100 100
20 61 F 1b 2.58 � 104 200 800 200
21 46 F 1b 2.11 � 105 100 400 800
22 36 M 1a 2.04 � 106 20 200 400
23 52 F 4a 9.12 � 105 20 3200 400
24 54 M 1a 9.77 � 105 100 800 200
25 54 M 1b 1.12 � 106 20 100 200
26 54 F 1a 3.38 � 106 20 400 20
27 47 M 3a 6.16 � 105 100 3200 3200
28 43 M 1a 5.75 � 106 20 800 200
29 51 M 4a 1.44 � 106 100 400 400
30 54 M 2c 4.67 � 105 100 100 3200
31 51 M 1a 6.16 � 106 100 400 100
32 39 M 4a 1.12 � 106 20 200 800
33 62 F 4f 2.88 � 106 20 800 20
34 46 M 4k 3.54 � 105 20 20 100
35 42 M 1a 9.54 � 105 400 800 400
36 54 M 2c 4.67 � 105 200 3200 100
37 34 M 3a 3.23 � 106 20 20 100
38 47 M 3a 7.94 � 104 20 400 20
39 30 F 1b 1.00 � 106 20 200 400
40 47 F 1b 2.29 � 106 100 400 200
41 52 M 1a 1.73 � 106 200 3200 400
42 34 M 1b 1.45 � 106 3200 3200 200
43 46 M 1a 4.34 � 106 200 800 400
44 66 F 1b 3.89 � 105 200 1600 200
45 29 F 1a 1.08 � 105 400 400 200
46 45 M 3a 2.78 � 105 20 200 200
47 65 F 4f 1.46 � 106 20 3200 20
48 55 M 1a 8.81 � 106 20 800 100
49 53 M 1a 1.15 � 106 100 100 100
50 40 M 3a 2.46 � 106 100 3200 200
51 48 F 1a 1.00 � 105 20 800 20
52 37 M 1a 5.08 � 106 20 400 200
53 47 M 3a 6.8 � 106 100 1600 400
54 37 M 1a 1.84 � 106 800 800 200
55 65 F 1b 2.18 � 106 100 100 800
56 45 F 1a 3.93 � 106 1600 1600 400
57 49 M 4a 2.06 � 106 800 3200 200
58 30 M 1b 7.21 � 105 100 800 200
59 31 M 3a 6.66 � 106 100 200 200
60 37 M 1a 6.70 � 106 20 100 100
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Supplementary Table 2. Characteristics of Patients and Viruses Used for Neutralization Studies

Patient number Age, y Sex Genotype Viral load, IU/mL

HCVpp neutralization titer,
1/dilution

VL VC VA

61 49 M 1a 3.16 � 105 20 800 20
62 43 M 1 6.83 � 105 20 20 20
63 69 M 1b 4.7 � 105 20 20 200
64 48 M 1a 3.28 � 106 20 3200 100
65 46 M 3a 8.55 � 105 20 800 100
66 51 M 1b 1.07 � 106 20 200 1600
67 43 M 1b 4.27 � 105 20 100 800
68 36 M 3a 1.14 � 106 20 800 20
69 53 F 1b 3.06 � 105 20 400 20
70 24 F 3a 1.29 � 106 20 20 20
71 63 M 1b 3.01 � 106 100 200 100
72 44 M 1 1.10 � 105 20 3200 200
73 28 M 3a 1.85 � 106 20 3200 20
74 54 M 1b 1.29 � 105 20 3200 20
75 17 F 1b 2.41 � 105 20 20 200
76 40 M 3a 1.26 � 106 20 20 100
77 35 M 1b 8.89 � 105 20 20 800
78 36 F 6a 1.4 � 107 20 100 400
79 70 F 1b 1.13 � 105 100 100 400
80 62 M 1a 2.68 � 106 100 200 20
81 70 M 1b 2.85 � 105 20 200 3200
82 63 M 1b 1.95 � 105 200 400 400
83 33 M 1a 1.76 � 106 100 200 800
84 35 M 1a 2.78 � 106 20 20 200
85 60 F 1 6.39 � 105 20 200 100
86 57 M 3a 1.22 � 106 200 3200 400
87 60 M 1 3.6 � 106 100 3200 20
88 49 M 4 2.24 � 106 20 1600 20
89 37 M 4 9.35 � 105 100 800 100
90 55 M 1a 3.77 � 106 20 3200 100
91 47 M 1a 2.36 � 106 20 1600 20
92 72 M 3a 3.83 � 105 20 400 20
93 79 M 1b 2.81 � 105 100 1600 100
94 58 F 1b 6.58 � 105 100 3200 200
95 50 M 3a 6.07 � 105 20 3200 100
96 67 F 1b 4.13 � 105 100 800 20
97 49 M 3a 5.22 � 105 200 400 200
98 53 F 1b 2.31 � 106 20 400 1600
99 37 M 1a 1.87 � 105 100 3200 200

100 54 F 4a 9.23 � 105 20 200 100
101 39 M 1a 1.76 � 105 100 800 200
102 51 F 2b 1.10 � 106 100 3200 800

NOTE. HCVpp were incubated with anti-HCV–positive sera from 102 patients with chronic HCV infection (ClinicalTrial.gov identifier
NCT00638144). Patient number, age, sex, viral genotype, and load in serum are indicated. HCVpp-antibody complexes were added to Huh7.5.1
cells and infection was analyzed as described in Figure 4. Calculation of neutralization and determination of background and thresholds for
neutralization were performed as described in Figure 6. Neutralization titers obtained by end point dilution are indicated for each variant. Means
from at least 3 independent experiments, each performed in triplicate, are shown.
V, viral variant.
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Supplementary Table 3. HCVcc Neutralization Titers

Patient
number

HCVcc neutralization titer, 1/dilution

VL VLVC458�478 VLVA447

11 400 1600 800
28 20 1600 800
33 20 400 400
35 400 1600 1600
36 200 1600 3200
45 800 1600 800
65 20 1600 1600
66 20 3200 800
68 20 1600 1600
94 100 3200 800
98 100 800 3200
99 100 3200 1600

NOTE. Results were confirmed using chimeric HCVcc expressing the
HCV envelope glycoproteins depicted in Figure 7 and using 12 repre-
sentative sera from patients. Neutralization assays were performed
using a similar protocol as described in Supplementary Tables 2 and
3. Means from at least 3 independent experiments, each performed
in triplicate, are shown.
V, viral variant.
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Supplementary Figure 5. Distribution of residues at positions 447, 458, and 478 of HCV E2 sequences in the European HCV databases.
Distribution of residues at positions 447, 458, and 478 for HCV complete E2 sequences from all subtypes (black) and from subtype 1b only (white)
within the European Hepatitis C Virus databases7 (available: http://euhcvdb.ibcp.fr). F and S are the predominant residue at positions 447 and 458
(F447, 98.4%; 1b, 96.2%; S458 all, 94%; 1b, 90.3%). The position 478 is variable (it belongs to HVR2) but R (all, 2.4%; 1b, 10.8%) is more frequent
than C (all, 0.2%; 1b, 0.9%).
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