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also described. Polynucleotides encoding antigenic HIV 
polypeptides are described, as are uses of these polynucle 
otides and polypeptide products therefrom, including for 
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l TGGAAGGGTT AATTTACTCC AAGAAAAGGC AAGAAATCCT TOSATTTGTGG GTCTATCACA 
61 CACAAGGCTT CTTCCCTGAT TGGCAAAACT ACACACCGGG GCCAGGGGTC AGATATCCAC 
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GTAAACAAAT 

TGACCTTTGG 
ACGGAGGAGA 
ATAGAGAAGT 
AGCTACATCC 
TCCACTGGGG 
AGCGCATA 
GAGCCGGGA 
CTGAGTGCT 
TCAGACCCTT 
AGTGAAAGTG 
GGCAAGAGGC 
GAAGGAGAGA 
AAAGAATAG 
CAAGCAGGGA 

CATTATTCAA 
CCAAGGAAGC 
AGGCAAAAGC 
GGCAAATGGT 
AGGAAAAGGC 
CCCCACAAGA 
TGTTAAAAGA 
CAGGGCCTGT 
CTAGTACCCT 
ACATCTATAA 
TTAGCATTTT 
TCTTAAAAC 
CCTTGTTGGT 
GGGCCTCATT 
CAAGAGGTT 
ATTAAAGG 
COAGAAATG 
AAAGAAAGA 
AGGGGAGGCC 
CAACAGCCCC 
AGAAAGAGAG 
AATAAAAGTA 
ATAGAAGAA 
TTTTATCAAA 
AGGTACAGTA 
GCTTGGATGC 
ACCAGGAATG 
AAACAGCA 
TAATCCATAT 
A TAGTAGAT 
AA ACCACAC 
TGCATATT 

AATAAAACAG 

ATGGGCTAC 
AGACAACTGT 
AAAAGTGG 
GGAGTATTAC 
CGTTCCGGGA 
TAAGCAGCTG 
GCCCTCTGGC 
TAAGTAGTG 
TGTGGTAGTG 
AGACCAGAGG 
GAGAGGGGCG 
GATGGGTGCG 
GTTAAGGCCA 
GCGGAAAGA 

CACAGTAGCA 
CTAGACAAG 
AGCGACGAA 
ACACCAAGCT 
TTTCAATCCA 
TAAACACA 
TACCACAAT 
GCACCAGGC 
TCAGGAACAA 
AAGATGGATA 
GGACATAAAA 
CTTAAGAGCT 
CCAAAAGCG 
AGAAGAAATG 
GGC OAGGCA 
C CAACAGA 
CAGGGCCCCT 
CTGTACTGAG 
AGGGAATTC 
ACCAGCAGAG 
GGAACCTTA 
GAGGGCCAGA 
ATAGATTTGC 
GTAAGACAGT 

AGAGGGC 
ACACAAATT 
GAGGCCCAA 
ATTGTGAGG 
AACACTCCAG 
NCAGGGAAC 

(CCAGCAGGAT 
TCAGTTCCTT 

TTTGCACTTA 
CTACAACCAG 

AAGCTAGTGC 
TIGCTACACC 
AAGTTTGACA 
AAAGACTGCT 
GGTGTGGCT 
CTTTTCGCCT 
TATCTAGGGA 
GTGCCCATC 
TGGAAAATCT 
AGATCTCTCG 
GCTGGTGAGT 
AGAGCGTCAA 
GGGGGAAAGA 

ACTCTCTATT 
AAGAGGAAG 
AAGGTCAGTC 
ATATCACCTA 
GAGGAAAAC 
ATGTTAAAA 
GAGGAGGCTG 
CACAGAGAG 

ATAGCATGGA 
ATTCTGGGGT 
CAAGGGCCAA 
GAACAAGCA 
AACCCAGAT 
ATGACAGCAT 
ATGAGCCAAG 
ATTATTAAAT 
AGGAAAAAGG 
AGGCAGGCTA 
CTCCAGAACA 
AGCTTCAGGT 
ACT CCCCA 
TAAAGGAGGC 
CAGGGAAAG 
ATGATCAAAT 
CACACCAGT 
TCCAA AG 
AGGOAAACA 
AAANGGAGAA 
TATTGCCAT 
CAAAAAAG 

ACCCTGGCCT 
CTCTCAGAC 

CAGTTGACCC 
CTATGAGCCA 
GCCTCCTAGC 
GACACAGAAG 
GGGCGGGAC 
GTACTGGGC 
ACCCACTGCT 
TGTTGTGTGA 
CTAGCAGTGG 
ACGCAGGAC 
ACGCCAATTT 
TATAAGCGG 
AACATTATAT 

GTGTACATAA 
AACAAAACAA 
AAAATTATCC 
GAACAGAA 
CCATGTTTAC 
CAGGGGGGG 
CAGAAGGGA 
AACCAAGGGG 
TGACAAGAA 
AAAAAAAT 

AAGAACCCTT 
CACAAGATGT 
GTAAGACCAT 
GTCAGGGAGT 
CAAACAGTAA 
GTTTCAACTG 
GCTGT NGGAA 
ATTTTTTAGG 
GACCAGAGCC 
CGAGGAGAC 
AATCACTCTT 
TCTCTTAGAC 
GAAACCAAAA 
ACTA AGAA 
CAACATAAT 
NCCAGAA 
ATGGCCATTG 
GGAAGGAAAA 
AAAAAAGAAG 
AACCAAGAC 

GTTAGAAACA 
AGGAACAGAG 

AGGGGAGGTG 
ACATGGAGCA 
ACGCAGACAC 
GGACTTTCCG 
TGGGAGTGGT 
TCTCTCGGTA 
TAAGCCTCAA 
CTCTGGTAAC 
CGCCCGAACA 
CGGCTTGCTG 
TACTTGACTA 
CGGAAAATTA 
GTTAAAACAT 

AGGGATAGAG 
AGTCAGOAA 
TATAGTACAG 
TGCATGGATA 
AGCATTATCA 
ACACAAGCA 
TAGGACACAT 
AAGGACAA 
TCCACCTATT 
AGTAAGAATG 
TAGAGACTAT 
AAACAATGG 
TAAGAGCA 

GGGAGCACCT 
CATACAGTG 
GCCAAAGTA 
AGGGACAG 
GAAAANGG 
AACAGCCCCA 
AACCCCCGGS 
GGCAGCGAC 

ACAGGAGCAG 
AGATAGGGG 
ATTGTGGAA 
GGAAGAAAC 
AC GTACOAG 
ACAGAAGAAA 
AACAAAAA 
GACAGTACTA 
TGGGAAG 

TAAAAAAGAA AAAATCAGG ACANGCTAG 
TAGATGAAAG CTTCACGAAA AAC GCAT 

FIGURE A 

GAAGAGGCCA 
GAGGATGAAC 
ATGGCCCGCG 
CCTGGGACT 
CAACCCTCAG 
GACCAGATCT 
TAAAGCTGC 
TAGAGATCCC 
GGGACCAGAA 
AAGTGCACAC 
GCGGAGGCTA 
GATAAATGGG 
CTAGTATGGG 
TCAGAAGGC 
GAACTTAGAT 
GTACGAGACA 
AAAGCACAAC 
AATGCCCAAG 
AAAGTAATAG 
GAAGGAGCCA 
CCCATGCAAA 
CCAGTACATG 
GCAGGAACTA 
CCAGTAGAAG 
TATAGCCCG 
GTAGACCGGT 
ATGACAGACA 
TAGGACCAG 

AGCCATAAAG 
CAGAGAAGCA 
GGGCACATAG 
GAAGGACACC 
CCTTCCCACA 
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TAGATAAAC 
GAAAGGATCA 
AAAAAATCCA 
AGAAATAGGG 
ATTTACAACA 
ACTCCATCCT 
TGTCAATGAT 
GATAAAGTA 
ACCACTAACT 
AGTACAGGA 
GCATGAACAA 
GTATGCAAAA 
AAAAATAGCC 
CCAAAAAGAA 
GTGGGAGTTT 
CATAGCAGGA 
AAAAGCAGGG 
AAATCAGAAG 
AAACATAGTA 
TGACTO AGAG 
GTCATGGGTA 
TAAGGGAATT 
AAGGTACCAC 
AAAAGAAAA 
AGTCGACTGT 
CCTGGTAGOA 
AGGACAAGAA 
ACAACAGAC 
AGGTATCCAA 
CAGAAAAA 
GACAGCAGTA 
GTACAGGCA 
ACAAAAACAA 
TATTGGAAA 
TAAAGGGAC 
ACAGAGGCA 
GTTTAGAAA 
AGAAAG 
GA TAGTAAT 
ATGGAGTCTC 
CAGACCAGCT 
CCATATTAGG 
GATCTCTCCA 
TGCCTAGTGT 
GOAGAGGGAA 
TGTCAGACAC 
TGGGGATACT 
TCATTTCAGA 
AAAGGAGCC 
CAGCTTGAA 

AATGAAACAC 
CCAGCAATAT 
GACATAGTTA 
CAACATAGAG 
COAGACAAGA 
GACAAATGGA 
ATACAGAAGT 

AGGCAACTCT 
GAAGAAGCAG 
GTATATTATG 
TGGACATATC 
ATGAGGACTA 
ATGGAAAGCA 
ACATGGGAGA 
GTAATACCC 
GTAGAAACTT 
TATGTTACTG 
ACTGAGTTAC 
ACAGACTCAC 
ATATTTAACC 
CCAGCACATA 
AGGAAAGTGT 
AGCAATTGGA 
GTAGCTAGCT 
AGTCCAGGGA 
GTCCATGTAG 
ACAGCATATT 
AATGGCAGTA 
CAGGAATTG 
GAATAAAGA 
CAAATGGCAG 
GGGGAAAGAA 
ATATAAGAA 
GGACCAGCCG 
ATAAAGGAG 
GGTGCGATT 
GCACCATAG 

CASACATCCA 
AAAAACAAT 
CATAGAATGG 
AATTCACATG 
ACACATAGTT 
ATACTTGGCA 
AGAAAATTA 

CCATACAATG 
TTTCCTAGAC 
TGGACGGGAG 
ATGGANGCC 
AGAGANCCT 
TAATTNGCTTT 
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CAGGGATTAG 
TCCAGAGTAG 
TCTATCAATA 
CAAAAATAGA 
AACATCAAAA 
CAGTACAACC 
TAGGGGAAA 
GTAAACTCCT 
AATTAGAATT 
ATCCATCAAA 
AAATTATCA 
CCCACACTAA 
TAGTAATATG 
CATGGTGGAC 
CTCCCCTAGT 
TCTATGTAGA 
ACAGAGGAAG 
AAGCAATTCA 
AGTAGCA 
AAATAATAGA 
AAGGAAGG 
TGTTTCTAGA 
GAGCAATGGC 
GTGATAAATG 
TATGGCAATT 
CTAGGGCTA 
TTATATTAAA 
ATTTTACCAG 
GAATTCCCTA 
AAATAATAGG 
TATTCATCA 
TAA AGACAT 
TTCAAAATTT 
AACTAC CG 
TACCAAGGAG 
GTGGGCAGG 
TATATATCAA 
AAACAAT 
TGGGGTTGC 
AGACGACAG 
CATTATTTTG 
TTTCCTAGGT 
CTGACAGCAT 
(TASAGGATA 
AATGGACACT 
CATGGCTCCA 

GAAGCTAT 
AACAAGCAG 
AAACAAAGC 

ATACAATA 
CATGACAAAA 
TATGGATGAC 
AGAGTTAAGG 
AGAACCCCCA 
TATACTGCTG 
ATAAACTGG 
CAGGGGGGCC 
GGCAGAGAAC 
AGACTTGATA 
AGAACCATTT 
TGATGTAAAA 
GGGAAAGACT 
AGACTATTGG 
AAAAATGG 
TGGAGCAACT 
GCAGAAAATT 
GCTAGCTCTG 
AGGAATCATT 
ACAGTTAATA 
GGGAAATGAA 
TGGAATAGAT 
TAATGAGTTT 
TCAGCTAAAA 
AGATTGTACC 
CATGGAAGCA 
ATTAGCAGGA 
TACTGCAGT 
CAATCCCCAA 
ACAAGTAAGA 
CAATTT AAA 
AATACCAACA 
TCGGGTTAT 
CAAAGCCAA 
CAAAGOAAAA 
GGACAGGAT 
GGAGAGCAG 
CAGAAGTACA 
AGACAGGAGA 
AAACAGCAC 
ATGTTTTAC 
GTGACACA 
TGAAAAACC 
GATGGAACGA 
AGAGATTCTA 
TAGCTTAGGA 
AAAAGAGA 
AAAGGCATC 
CCGGAACCA 

AAGTGCGC 
ACTTAGAGC 
TTGTATGTAG 
GAACATTTAT 
TTTCTITGGA 
CCAGAAAAGG 
GCAAGTCAGA 
AAAGCACTAA 
AGGGAAA" 
GCTGAAATAC 
AAAAATCGA 
CAGTTAACAG 
CCTAAATTTA 
CAAGCCACCT 
TACCAACTAG 
AATAGGGAAG 
GTTACTCTAA 
CAGGATTCAG 
CAAGCACAAC 
AACAAGGAAA 
CAAGTAGATA 
AAAGCCAAG 
AATCTGCCAC 
GGGGAAGCCA 
CATTAGAGG 
GAGGTTATCC 
AGATGGCCAG 
AAGGCAGCC 
AGTCAGGGAG 
GATCAAGCTG 
AGAAAAGGGG 
GACAACAAA 
TACAGAGACA 
GGGGTAG AG 
ATCAT AGAG 
GAAGATTAGA 
TGGANGGGTC 
TATCCCATTA 
AAGAGATGG 
ACAAGAGAC 
AGAA CGCC 
AGCAGGACAT 
AAAAAACACA 
CCCCCAGAAG 
GAAGAACCA 
CAATATATCT 
CGCAACAAC 

GCGACAGA 
CCAGGAAGC 

TGCAAACACT GTAGC ATCA TTGTCTAGTT 

FIGURE is 
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CACAGGGATG 
CCTTCAGAGC 
GATCTGACT 
TGAAATGGGG 
TGGGGTATGA 
ATAGTTGGAC 
TTTACCCAGG 
CAGACATAGT 
TAAGAGAACC 
AGAAACAGGG 
AAACAGGGAA 
AGGCAGTGSCA 
GACTACCCAT 
GGATCCCTGA 
AAAAAGATCC 
CTAAAATAGG 
CTAACACAAC 
GATCAGAAG 
CAGATAAGAG 
GAATCTACCT 
AATTAGTAAG 
AAGAGCATGA 

CCATAGTAGC 
TACATGGACA 
GAAAAATCAT 
CAGCAGAAAC 
CAAAGAAT 

GTTGGTGGGC 
TGGTAGAATC 
AGCACCTTAA 
GAATTGGGGG 
CTAAAGAATT 
GCAGAGACCC 
AAACAAGA 

ATTATGGAAA 
GCATGGAATA 
TACAGAOATC 
GGGGATGOTA 
CATTTGGGTC 

ATAAGACAAG 
AAGAAGGTAG 
AAGCCACCTC 
ACCAGGGGCC 
AGCAGGAAGC 
AGAAACCA 
TACTGTTCAT 
GAAGAGCAAG 
CAACCAAAA 
GCTTTCACA 
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CAAAAGGTTT 
CAAGGGGA 
TGGTAAGTTT 
TAGCACTAAT 
TAAGACAAAA 
GCAATGAGAG 
GGCTTCTGGA 
GTACCTGTGT 
GAGACAGAAG 
CAAGAAATAG 
GATCAGATGC 
TTGACCCCAC 
GTTACAGGTA 
AAAAATTGCT 
CTCTTTTATA 
TAATAAATT 

ATTCCTATAC 
TCAATGGGA 

CCAGTGGTAT 
AGATCTGAAA 
GAGATTAATT 
CAAGCATTCT 
AGTACAGATA 
CCTAATAAAA 
AGCTTTAATT 
TACTACCCTA 
CAAGCAAAA 
CCTCCCATTG 
GAGGGGGAT 
GAATGAGGG 
TTGGGAATAG 
GGAATAGGAG 
TO AATAACGC 
AATTNGCTGSA 
AAGCAGCOC 
GGGATTGGG 
GGAGTAATA 
GAAATAATA 
GAAAAGAANG 
GACATATCAA 
GGTTTAAGAA 
CCTTGTCAT 
0AAGAAGAAG 
TCGCTTGCCT 
TTCATATTAA 
CAGAGGGGGT 
CAAAAAAGA 
GATAGGATTA 
AAAGACAGG 
CATAGTTGGA 
AGTAGGAGCA 

AGGCATTTCC 
AGATCATCAA 
AAGTTTATTT 
CATAGCAATA 
GAAAATAGAC 
TGATGGGGAC 
TGCTAATGAT 
GGAGAGAAGC 
TGCATAATGT 
TGGGAAA 
ATGAGGATAT 
TCTGTGTCAC 
ATACAAATGA 
CTTTCAATGC 
AACTTGATA 

GCAATACCTC 
ATTACTGTGC 
CAGGACCATG 
CAACTCAACT 
ATTGACAGA 
GTACAAGGCC 
ATGCAACAAA 
GATGGAATAA 
CAATAAAATT 
GTAGAGGAGA 
AGAAGGTAC 
AAAACAAAT 

CAGGAAACAT 
TAACAACAC 
ATAACGGAG 
CACCCACTAA 
CTGTGTTCCT 
GACGGTACA 
AGGCTATAGA 
ACGCGAGAGT 
GCTGCTCTGG 
AATCGAAGC 
ATTACACAGA 
AAAAAGATTT 
ACTGGCTGTG 
TAATTTIGC 
TTCAGACCCT 
GGGAGAGCA 
GGGACGACT 

GCAGNGAG 
GGGAGATCCT 
GTGCTATTAG 
TACAATTGGT 
GCTTGAAGC 
GGCCGCAG 
GCGTCCAAG 
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TATGGCAGGA 
AATCCTCTAT 
AAAGGAGTAG 
ATAGTGTGGA 
TGGTTAATTA 
ACAGAAGAAT 
TTGTAACACG 
AAAAACTACT 
CTGGGCTACA 
TGTAACAGAA 
AATCAGTTTA 
TTTAAACTGT 
TACCAATATT 
AACCACAGAA 
AGTACCACTT 
AACCATAACA 
TCCAGCTGAT 
TTATAATGTC 
ACTGTTAAAT 
GAATACCAAA 
CAACAATAAT 
TGACGTAATA 
AACTTTACAA 
TGAACCACAT 
ATTTTTCTAT 
ATACAAATAC 
TGTACGCATG 
AACATGAGA 
AAACAACGAC 
AAGTGAATTA 
GGOAAAAAGA 
TGGGTTCTTG 
GGCCAGACAA 
GGCGCAACAG 
CCTGGCTATA 
AAGACCATC 
AGATATTGG 
AACAATATC 
ATAGAATG 
GTATAAAAA 
TGGCTCTCT 
TACCCCAAGC 
AGACACAGAC 
GCGGAGCCTG 
GGCAGGGAA 
TAAGTACG 
TCCGCTTGAT 
ACAAAGAATT 
AGCTTGCTA 
TAAG AGAAAG 
ACTTAGA AG 

AGAAGCGGAG 
CAAAGCAGTA 
ATTATAGATT 
CCATAGCATA 
AAAGAATTAG 
TGTCAACAAT 
GAGGACTTGT 
CTATTCTGTG 
CATGCTTGTG 
AATTTTAATA 
TGGGATCAAA 
ACAGATACAA 
GCAAATGCTA 
TTAAGAGATA 
AATGAAAATA 
CAAGCCTGTC 
TATGCGATTC 
AGCACAGTAC 
GGTAGTCTAG 
ACAATAATAG 
ACAAGGAAAA 
GGAAACATAA 
CAGGTAATGA 
GCAGGAGGGG 
TGOAATACAT 
AAGGTAATT 
TGGCAAGGGG 
TCAAACATCA 
ACAGAGGAGA 
TATAAAAA 
AGAGGGTGC 
GGAGCAGOAG 
CTGTGTCTG 
CAATGT, GC 
GAAAGA ACC 
GCACCACG 
GATAACAGA 
AGGTTGCTTG 
GACAAGGGA 
ATATTCATAA 
ATAGTGAAA 
CCGAGGGGAC 
AGACCATAC 
GCCTCTCA 

CTTCTGGGAC 
GGAAGTCTTG 
ACCATAGCAA 
TGTAGAGCTA 
AAAAGGGA 

AA NCACAAGA 
ACAGGGGCA 

FIGURE O 

ACAGCGACGA 
AGTACACATA 
AGGAGTAGGA 
TATAGAATAT 
GGAAAGAGCA 
GGTGGATATG 
GGGTCACAGT 
CATCAGATGC 
TACCCACAGA 
TGTGGAAAAA 
GCCTAAAGCC 
ATGTTACAGG 
CATATAAGA 
AGAAACAAA 
GTAACAACT 
CAAAGGTCTC 
TAAAGTGTAA 
AATGACACA 
CAGAAGAAGG 
TACATCTTAA 
GTGTAAGGAT 
GACAAGCACA 
AAAAATAGG 
ATCTAGAAAT 
CAAACCTGTT 
CAAGCTTACC 
TAGGACAAGC 
CAGGAATACT 
CATTCAGACC 
AAGTGGTAGA 
AGAGAAAAAA 
GAAGCACTAT 
GTATAGTGCA 
AACTCACAGT 
TAAAGGATCA 
CTGGCCTTG 
CTTGGAYGCA 
AAGACCGCA 
AAATCNGTG 
GATAGAGG 
GAGAGGCA 
TCGACAGGCT 
GAGGGAG 
GCTACCACCG 
ACAGCAGTCT 
TGCAGTATTG 
TAGOAGTAGC 
TCCTCAACAT 
GGCAAGGGT 
ACTGAGCCAG 
CACAAGCA 
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AGCGCTCCTC 
GTAGATGTAA 
GCATTGATAG 
AGGAAATTGG 
GAAGACAGTG 
GGGCATCTTA 
CTACTATGGG 
TAAAGCATAT 
CCCCAACCCA 
TAACATGGCA 
ATGTGTAAAG 
TAATAGAACT 
TGAAGAAATG 
AGAGTATGCA 
TACATATAGA 
TTTTGACCCG 
TAATAAGACA 
TGGAAAAG 
GATAATAATT 
TGAATCTGTA 
AGGACCAGGA 
TTGTAACATT 
AGAGCATTTC 
TACAATGCAT 
TAATAGTACA 
CATCACACTC 
AATGTATGCC 
ATTGACACGT 
GGAGGAGGSA 
AATAAGCCA 
AAGAGCAGTG 
GGGCGCAGCG 
ACAGOAAAGC 
CTGGGGCATT 
ACAGCCCTA 
GAACTCCAGT 
GGGGATAGA 
AAACCAGOAG 
GAATTGGTTT 
AGGCTTGATA 
GGGATAC CA 
CGGAGGAATC 
CGGATTCTTG 
CTGAGAGAC 
CAGGGGACTA 
GGGTCTAGAG 
GAAGGAACA 
ACC TAGGAGA 
CAAAACGCAG 
CAGCACAGGG 
GOAACACACC 
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TGCTACTAAT 
TCCAGTCAGA 
CTTCTTTTTA 
AATCCTTGAT 
ATCGGGGCCA 
TGACCCAAGG 
GAGCCAACAT 
TCTAGCACAC 
CAGAAGGGAC 
GGGACTTGGG 
GGGTCTCTCT 
CTGCTTAGGC 
TGTGACTCTG 
A 

GAAGCTTGTG 
CCTCAGGTAC 
AAAGAAAAGG 
TTGTGGGTCT 
GGGGTCCGAT 
GAGGTGAAAG 
GGAGCAGAGG 
AGACACATGG 
TTTCCGCCTG 
AGTGGTCACC 
CGGTAGACCA 
CTCAATAAAG 
GTAACTAGAG 
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CCTGGCTGCA 
CTTTAAG ACC 
GGGGACTGGA 
ATAACACACA 
TCCCACTGAC 
AGGCCAATGA 
ATGAAGATAG 
CCCGCGAGCT 
GGACTTTCCA 
CTCAGATGCT 
GATCTGAGCC 
CTTGCCTTGA 
ATCCCTCAGA 

AGCACAAGAG 
AATGACTTAT 
AGGGTTAATT 
AGGCTTCTTC 
CTTTGGATGG 
AGGAGAAGAC 
AGAAGTATTA 
ACATCCGGAG 
CTGGGGCGTT 
GCATATAAGC 
TGGGAGCTCT 
GTGCTCTAAG 
CCCITTGTGG 

FIGURE AD 

GAGGACGGAG 
AAGAGGCAG 
TACTCTAGGA 
CCTGATTGGC 
TGCTTCAAGC 
AACTGTTTGC 
AAGTGGAAGT 
TATTACAAAG 
CCGGGAGGTG 
AGCTGCTTTT 
CTGGCTATCT 
TAGTGTGTGC 
TAGTGTGGAA 
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ATGTAGGCTT 
TAGATCTCAG 
AAAGGCAAGA 
AAAACTACAC 
TAGTACCAGT 
TACACCCTAT 
TTGACAGCCT 
ACTGCTGACA 
TGGTCTGGGC 
CGCTTGTACT 
AGGGAACCCA 
CCATCTGTTG 
AATCTCTAGC 
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: is the regions for B-sheet deletions 

*: is thc N-linked glycosylation sitcs for subtype CTV1 and TV2. Possible mutation (N-> Q) or 
deletions can be performed. 

l 

SF162 (1) ----MDAMKRGLCCVLLECGAVFWSPSAWEK. 
TV1.8 2 (1) Syrics. E. 
TV1. 85 (1) MRVMGTQKNCQQWWIWGILEFWMLMICNTEDE 

TV2. 12-5/1 (1) MRARGILKNYRAWWIWGILEFWMLMMCNVKGE 
Consensus . (1) 

SF162 (47) 
TV1. 82 (51) 
Tv1.8 5 (51) 

TV2. 12-5/1 (51) F gEKEWHNWWATHA Easy: 22:32:35-ys 
Consensus (51) FCASDAKAYETEVHNWWATHACVPTDPNPQEIVLGNVTENFNMWKNNMVD 

ghgTNLKNATNTK - - - - - SSN--- SF62 (97) 

TV1.8 2 (101) EYE TV1.8 5 (101) s sidTNVTGSRTvTGN,NDTNI. 
TV2. 12-5/1 (101) QMOEEISI TNATVNYi------- NTS - - - 
Consensus (101) oMHEDIISLWD NCTNTNVTGNRTVTGNSNSN A 

151. * * * 200 
SF162 (139) WKEMDRGELKNGSEKVFSIRNK is :DN----DNTSY ve .3 s 
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Figure 4 

Transactivation activity of Tat mutants on LTR-CAT plasmid 
in 293 Cells 
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GagGomplPolmut.SF2 (Gag complete, RT mutated, Protease functional; all in 
frame) 

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT 
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC 
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT 
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC 
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC 
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA 
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG 
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC 
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG 
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA 
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG 
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC 
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG 
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC 
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT 
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG 
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG 
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT 
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA 
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC 
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC 
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA 
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC 
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG 
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC 
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA 
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA 
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC 
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA 
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC 
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCT 
GGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAG 
CGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGG 
CAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGC 
TGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGA 
GACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCC 
CGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGA 
GCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCC 
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCA 
GCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGC 
TCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGC 
AAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGC 
GGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGC 
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ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT 
GACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGG 
TGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTG 
GCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAG 
ATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACA 
ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAA 
GCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGG 
TGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTG 
ACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGA 
CTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCC 
CCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGC 
CCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAA 
GCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCG 
ACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCA 
CCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGC 
CCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC 
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCT 
GGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGA 
AGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC 
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCT 
GAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTG 
GCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACC 
AGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGC 
GCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGA 
GCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCC 
ATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCA 
CCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG 
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGT 
GGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTG 
ACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACC 
AGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTG 
GAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGC 
CCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG 
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGG 
CATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC 
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTA 
CATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGC 
TTCCCGGGGCTAGCACCGGTTCTAGA 
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GagComplPolmutAtt.SF2 (Gag complete, RT mutated, Protease attenuated; all in 
frame) 

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT 
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC 
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT 
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC 
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC 
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA 
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG 
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC 
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG 
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA 
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCCCCCTGAGCG 
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC 
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG 
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC 
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT 
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG 
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG 
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT 
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA 
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC 
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC 
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA 
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC 
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG 
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC 
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA 
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA 
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC 
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA 
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC 
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCT 
GGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAG 
CGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGG 
CAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGC 
TGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGA 
GACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCC 
CGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGA 
GCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCC 
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCA 
GCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGC 
TCGACTCCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGC 
AAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGC 
GGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGC 



Patent Application Publication Oct. 16, 2003 Sheet 13 of 84 US 2003/0194800 A1 

Figure 7 
(Sheet 2 of 2) 

ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT 
GACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGG 
TGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTG 
GCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAG 
ATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACA 
ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAA 
GCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGG 
TGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTG 
ACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGA 
CTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCC 
CCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGC 
CCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAA 
GCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCG 
ACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCA 
CCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGC 
CCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC 
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCT 
GGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGA 
AGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC 
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCT 
GAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTG 
GCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACC 
AGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGC 
GCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGA 
GCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCC 
ATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCA 
CCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG 
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGT 
GGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTG 
ACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACC 
AGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTG 
GAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGC 
CCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG 
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGG 
CATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC 
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTA 
CATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGC 
TTCCCGGGGCTAGCACCGGTTCTAGA 
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GagComplPolmutina.SF2 (Gag complete, RT mutated, Protease inactive; all in 
framc) 

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT 
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC 
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT 
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC 
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC 
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA 
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG 
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC 
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG 
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA 
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG 
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC 
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG 
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC 
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT 
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG 
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG 
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT 
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA 
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC 
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC 
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA 
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC 
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG 
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC 
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA 
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA 
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC 
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA 
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC 
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCAAGGCCCGCGTGCT 
GGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGATGCAG 
CGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACTGCGG 
CAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAAGGGC 
TGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGATTGCACTGAGA 
GACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCAGGGCAAGGCC 
CGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCCACCCGCCGCGA 
GCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCGAGGCCGGCGCC 
GACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATCACCCTGTGGCA 
GCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGC 
TCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGC 
AAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGC 
GGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGC 
ACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCT 
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GACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGG 
TGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTG 
GCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAG 
ATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACA 
ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAA 
GCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGG 
TGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTG 
ACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGA 
CTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCC 
CCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGC 
CCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAA 
GCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCG 
ACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCA 
CCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGC 
CCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCC 
ATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCT 
GGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGA 
AGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATC 
CCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCT 
GAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTG 
GCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACC 
AGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGC 
GCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGA 
GCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCC 
ATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCA 
CCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTG 
TGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGT 
GGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTG 
ACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACC 
AGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTG 
GAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGC 
CCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAG 
CTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGG 
CATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC 
AAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCTACCAGTA 
CATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGATTAAAAGC 
TTCCCGGGGCTAGCACCGGTTCTAGA 
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GagPolmutAtt.SF2 (Gag, RT mutated, Protease attenuated; all in frame) 

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT 
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC 
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT 
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC 
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC 
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA 
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG 
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC 
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG 
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA 
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG 
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC 
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG 
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC 
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT 
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG 
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG 
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT 
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA 
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC 
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC 
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA 
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC 
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG 
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC 
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGA 
TTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCA 
GGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCC 
ACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCG 
AGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATC 
ACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAA 
GGAGGCGCTGCTCGACTCCGGCGCCGACGACACCGTGCTGGAGGAGATGA 
ACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTC 
ATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAA 
GGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCC 
GCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCC 
ATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGG 
TCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATC 
TGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGA 
ACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAG 
TGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTT 
CTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGA 
AGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG 
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAA 
CGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGA 
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AGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC 
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGT 
GGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTG 
CGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCA 
GAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCG 
TGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATC 
CAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCAT 
CAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCG 
AGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCG 
CGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGG 
ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCA 
GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA 
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA 
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA 
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG 
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT 
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT 
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG 
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC 
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG 
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA 
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT 
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC 
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG 
CATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCT 
ACCAGTACATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGAT 
TAAAAGCTTCCCGGGGCTAGCACCGGTGAATTC 
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GagPolmutina.SF2 (Gag, RT mutated, Protease inactive; all in frame) 

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT 
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC 
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT 
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC 
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC 
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCCCATCGACGTCAAGGA 
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG 
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCC 
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG 
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA 
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG 
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC 
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG 
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC 
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT 
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG 
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG 
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT 
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA 
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC 
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC 
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA 
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC 
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAG ACCGTCAAGTG 
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC 
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAAGGACACCAAATGAAAGA 
TTGCACTGAGAGACAGGCTAATTTCTTCCGCGAGGACCTGGCCTTCCTGCA 
GGGCAAGGCCCGCGAGTTCAGCAGCGAGCAGACCCGCGCCAACAGCCCC 
ACCCGCCGCGAGCTGCAGGTGTGGGGCGGCGAGAACAACAGCCTGAGCG 
AGGCCGGCGCCGACCGCCAGGGCACCGTGAGCTTCAACTTCCCCCAGATC 
ACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAA 
GGAGGCGCTGCTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATG 
AACCTGCCCGGCAAGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTT 
CATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACA 
AGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGC 
CGCAACCTGCTGACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCC 
ATCGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGG 
TCAAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATC 
TGCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGA 
ACCCCTACAACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAG 
TGGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTT 
CTGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGA 
AGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG 
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAA 
CGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGA 
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AGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC 
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGT 
GGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTG 
CGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCA 
GAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCG 
TGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATC 
CAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCAT 
CAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCG 
AGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCG 
CGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGG 
ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCA 
GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA 
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA 
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA 
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG 
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT 
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT 
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG 
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC 
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG 
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA 
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT 
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC 
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG 
CATCCGCAAGGTGCTGTTCCTGAACGGCATCGATGGCGGCATCGTGATCT 
ACCAGTACATGGACGACCTGTACGTGGGCAGCGGCGGCCCTAGGATCGAT 
TAAAAGCTTCCCGGGGCTAGCACCGGTGAATTC 
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GagProtnaRTmut-SF2 (Gag, Protease inactive, RT mutated; all in frame fusion 
protein) 

GCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCTGGACA 
AGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTACAAGCT 
GAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGTGAACC 
CCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCCAGCTG 
CAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTACAACAC 
CGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGACACCA 
AGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAGAAGAA 
GGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCAACAGCAGCCAGGTG 
AGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTGCACCA 
GGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGAGGAGA 
AGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCGAGGGC 
GCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGCCACCA 
GGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCGCCGAG 
TGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGCCAGAT 
GCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCTGCAGG 
AGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCGAGATC 
TACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATGTACAG 
CCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTTCCGCG 
ACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCAGCCAG 
GACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGCCAACCC 
CGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCCTGGAGG 
AGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAAGGCCCGC 
GTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACCATCATGAT 
GCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTGCTTCAACT 
GCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCCGCAAGAA 
GGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGACTGCACC 
GAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACAAGGGCCG 
CCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCCCCCGAGG 
AGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGAAGCAGGA 
GCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGCCTGTTCG 
GCAACGACCCCAGCAGCCAGAAAGAATTCCCCCAGATCACCCTGTGGCAG 
CGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCT 
CGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCA 
AGTGGAAGCCCAAGATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCG 
GCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCA 
CCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTG 
ACCCAGATCGGCTGCACCCTGAACTTCCCCATCAGCCCCATCGAGACGGT 
GCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGG 
CCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGAT 
GGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAAC 
ACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCT 
GGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGC 
AGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTOAC 
CGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACT 
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TCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCC 
GGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCC 
CGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGC 
AGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGAC 
CTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCT 
GCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCC 
CCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATC 
ATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGT 
GGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAG 
CAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCC 
CCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTG 
AAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGC 
CGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAG 
GAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGC 
CCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGC 
ACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCAT 
CCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACC 
TGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTG 
GTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGG 
ACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGAC 
CGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAG 
AAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGA 
GGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCC 
AGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCT 
GATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGC 
ATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCA 
AGGTGCTCTAAATCTAGA 
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GagRTmut SF2 (Gag, RT mutated; all in frame fusion protein) 

GTCGACGCCACCATGGGCGCCCGCGCCAGCGTGCTGAGCGGCGGCGAGCT 
GGACAAGTGGGAGAAGATCCGCCTGCGCCCCGGCGGCAAGAAGAAGTAC 
AAGCTGAAGCACATCGTGTGGGCCAGCCGCGAGCTGGAGCGCTTCGCCGT 
GAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGCCGCCAGATCCTGGGCC 
AGCTGCAGCCCAGCCTGCAGACCGGCAGCGAGGAGCTGCGCAGCCTGTAC 
AACACCGTGGCCACCCTGTACTGCGTGCACCAGCGCATCGACGTCAAGGA 
CACCAAGGAGGCCCTGGAGAAGATCGAGGAGGAGCAGAACAAGTCCAAG 
AAGAAGGCCCAGCAGGCCGCCGCCGCCGCCGGCACCGGCA ACAGCAGCC 
AGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAGATGGTG 
CACCAGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGGTGGA 
GGAGAAGGCCTTCAGCCCCGAGGTGATCCCCATGTTCAGCGCCCTGAGCG 
AGGGCGCCACCCCCCAGGACCTGAACACGATGTTGAACACCGTGGGCGGC 
CACCAGGCCGCCATGCAGATGCTGAAGGAGACCATCAACGAGGAGGCCG 
CCGAGTGGGACCGCGTGCACCCCGTGCACGCCGGCCCCATCGCCCCCGGC 
CAGATGCGCGAGCCCCGCGGCAGCGACATCGCCGGCACCACCAGCACCCT 
GCAGGAGCAGATCGGCTGGATGACCAACAACCCCCCCATCCCCGTGGGCG 
AGATCTACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATG 
TACAGCCCCACCAGCATCCTGGACATCCGCCAGGGCCCCAAGGAGCCCTT 
CCGCGACTACGTGGACCGCTTCTACAAGACCCTGCGCGCTGAGCAGGCCA 
GCCAGGACGTGAAGAACTGGATGACCGAGACCCTGCTGGTGCAGAACGC 
CAACCCCGACTGCAAGACCATCCTGAAGGCTCTCGGCCCCGCGGCCACCC 
TGGAGGAGATGATGACCGCCTGCCAGGGCGTGGGCGGCCCCGGCCACAA 
GGCCCGCGTGCTGGCCGAGGCGATGAGCCAGGTGACGAACCCGGCGACC 
ATCATGATGCAGCGCGGCAACTTCCGCAACCAGCGGAAGACCGTCAAGTG 
CTTCAACTGCGGCAAGGAGGGCCACACCGCCAGGAACTGCCGCGCCCCCC 
GCAAGAAGGGCTGCTGGCGCTGCGGCCGCGAGGGCCACCAGATGAAGGA 
CTGCACCGAGCGCCAGGCCAACTTCCTGGGCAAGATCTGGCCCAGCTACA 
AGGGCCGCCCCGGCAACTTCCTGCAGAGCCGCCCCGAGCCCACCGCCCCC 
CCCGAGGAGAGCTTCCGCTTCGGCGAGGAGAAGACCACCCCCAGCCAGA 
AGCAGGAGCCCATCGACAAGGAGCTGTACCCCCTGACCAGCCTGCGCAGC 
CTGTTCGGCAACGACCCCAGCAGCCAGAAAGAATTCCCCATCAGCCCCAT 
CGAGACGGTGCCCGTGAAGCTGAAGCCGGGGATGGACGGCCCCAAGGTC 
AAGCAGTGGCCCCTGACCGAGGAGAAGATCAAGGCCCTGGTGGAGATCT 
GCACCGAGATGGAGAAGGAGGGCAAGATCAGCAAGATCGGCCCCGAGAA 
CCCCTACA ACACCCCCGTGTTCGCCATCAAGAAGAAGGACAGCACCAAGT 
GGCGCAAGCTGGTGGACTTCCGCGAGCTGAACAAGCGCACCCAGGACTTC 
TGGGAGGTGCAGCTGGGCATCCCCCACCCCGCCGGCCTGAAGAAGAAGA 
AGAGCGTGACCGTGCTGGACGTGGGCGACGCCTACTTCAGCGTGCCCCTG 
GACAAGGACTTCCGCAAGTACACCGCCTTCACCATCCCCAGCATCAACAA 
CGAGACCCCCGGCATCCGCTACCAGTACAACGTGCTGCCCCAGGGCTGGA 
AGGGCAGCCCCGCCATCTTCCAGAGCAGCATGACCAAGATCCTGGAGCCC 
TTCCGCAAGCAGAACCCCGACATCGTGATCTACCAGGCCCCCCTGTACGT 
GGGCAGCGACCTGGAGATCGGCCAGCACCGCACCAAGATCGAGGAGCTG 
CGCCAGCACCTGCTGCGCTGGGGCTTCACCACCCCCGACAAGAAGCACCA 
GAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCACCCCGACAAGTGGACCG 
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TGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATC 
CAGAAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCAT 
CAAGGTGAAGCAGCTGTGCAAGCTGCTGCGCGGCACCAAGGCCCTGACCG 
AGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCCGAGAACCG 
CGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGG 
ACCTGGTGGCCGAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCA 
GATCTACCAGGAGCCCTTCAAGAACCTGAAGACCGGCAAGTACGCCCGCA 
TGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCA 
GAAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGATCCCCAAGTTCA 
AGCTGCCCATCCAGAAGGAGACCTGGGAGGCCTGGTGGATGGAGTACTGG 
CAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACCCCCCCCCTGGT 
GAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCT 
TCTACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGG 
CTACGTGACCGACCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACC 
ACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGACAG 
CGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCA 
TCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGCCAGATCAT 
CGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCC 
ACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGG 
CATCCGCAAGGTGCTCTAAATCTAGA 
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intopt.SF2 

TTCCTGAACGGCATCGACAAGGCCCAGGAGGAGCACGAGAAGTACCACAGCAACTGGCGCGCCATGGCC 
AGCGACTTCAACCTGCCCCCCGTGGTGGCCAAGGAGATCGTGGCCAGCTGCGACAAGTGCCAGCTGAAG 
GGCGAGGCCATGCACGGCCAGGTGGACTGCAGCCCCGGCATCTGGCAGCTGGACTGCACCCACCTGGAG 
GGCAAGATCATCCTGGTGGCCGTGCACGTGGCCAGCGGCTACATCGAGGCCGAGGTGATCCCCGCCGAG 
ACCGGCCAGGAGACCGCCTACTTCCTGCTGAAGCTGGCCGGCCGCTGGCCCGTGAAGACCATCCACACC 
GACAACGGCAGCAACTTCACCAGCACCACCGTGAAGGCCGCCTGCTGGTGGGCCGGCATCAAGCAGGAG 
TTCGGCATCCCCTACA ACCCCCAGAGCCAGGGCGTGGTGGAGAGCATGAACAACGAGCTGAAGAAGATC 
ATCGGCCAGGTGCGCGACCAGGCCGAGCACCTGAAGACCGCCGTGCAGATGGCCGTGTTCATCCACAAC 
TTCAAGCGCAAGGGCGGCATCGGCGGCTACAGCGCCGGCGAGCGCATCGTGGACATCATCGCCACCGAC 
ATCCAGACCAAGGAGCTGCAGAAGCAGATCACCAAGATCCAGAACTTCCGCGTGTACTACCGCGACAAC 
AAGGACCCCCTGTGGAAGGGCCCCGCCAAGCTGCTGTGGAAGGGCGAGGGCGCCGTGGTGATCCAGGAC 
AACAGCGACATCAAGGTGGTGCCCCGCCGCAAGGCCAAGATCATCCGCGACTACGGCAAGCAGATGGCC 
GGCGACGACIGCGTGGCCAGCCGCCAGGACGAGGAC 
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nef.D107G.-myr18.opt.SF162 (dbl.mutant) 

ATGAAGCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTGGGCGCCGTGAGCCGC 
GACCTGGAGAAGCACGGCGCCATCACCAGCAGCA ACACCGCCGCCAACAACGCCGAC 
TGCGCCTGGCTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAG 
GTGCCCCTGCGCCCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAG 
GAGAAGGGCGGCCTGGAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGAC 
CTGTGGATCCACCACACCCAGGGCTACTTCCCCGGCTGGCAGAACTACACCCCCGGC 
CCCGGCATCCGCTACCCCCTGACCTTCGGCTGGTGCTTCAAGCTGGTGCCCGTGGAC 
CCCGACTACGTGGAGGAGGCCAACGCCGGCGAGA ACA ACAGCCTGCTGCACCCCATG 
AGCCAGCACGGCATGGACGACCCCGAGAAGGAGGTGCTGGTGTGGCGCTTCGACAGC 
CGCCTGGCCTTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGC 
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Figure 25 
(Sheet 1 of 1) 

nef-opt.SF162 

ATGGGCGGCAAGTGGAGCAAGCGCATGAGCGGCTGGAGCGCCGTGCGCGAGCGCATGAA 
GCGCGCCGAGCCCGCCGAGCCCGCCGCCGACGGCGTGGGCGCCGTGAGCCGCGACCTGG 
AGAAGCACGGCGCCATCACCAGCAGCA ACACCGCCGCCAACAACGCCGACTGCGCCTGG 
CTGGAGGCCCAGGAGGACGAGGACGTGGGCTTCCCCGTGCGCCCCCAGGTGCCCCTGCGC 
CCCATGACCTACAAGGCCGCCCTGGACCTGAGCCACTTCCTGAAGGAGAAGGGCGGCCTG 
GAGGGCCTGATCTACAGCCAGAAGCGCCAGGACATCCTGGACCTGTGGATCCACCACACC 
CAGGGCTACTTCCCCGACTGGCAGAACTACACCCCCGGCCCCGGCATCCGCTACCCCCTG 
ACCTTCGGCTGGTGCTTCAAGCTGGTGCCCGTGGACCCCGACTACGTGGAGGAGGCCAAC 
GCCGGCGAGAACAACAGCCTGCTGCACCCCATGAGCCAGCACGGCATGGACGACCCCGA 
GAAGGAGGTGCTGGTGTGGCGCTTCGACAGCCGCCTGGCCTTCCACCACATGGCCCGCGA 
GCTGCACCCCGAGTACTACAAGGACTGC 
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Figure 26 
(Sheet 1 of 1) 

p15RnaseH.opt.SF2 

TACGTGGACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGA 
CCGGGGCCGGCAGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGC 
AGGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGACCGACAGCC 
AGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGCGAGAGCGAGCTGGTGAGC 
CAGATCATCGAGCAGCTGATCAAGAAGGAGAAGGTGTACCTGGCCTGGGTGCCCGCCCAC 
AAGGGCATCGGCGGCA ACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGT 
GCTG 
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Figure 31 
(Sheet 2 of 2) 

TTCCACCACATGGCCCGCGAGCTGCACCCCGAGTACTACAAGGACTGCGATTAAAAGCTTCCCGGGGCT 
AGCACCGGT 
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Figure 33 
(Sheet 1 of 1) 

prot.opt.SF2 (native): 

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTG 
CTCGACACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATG 
ATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC 
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG 
ATCGGCTGCACCCTGAACTTC 
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Figure 34 

(Sheet 1 of 1) 

protna.opt.SF2 (mutant, Protease non-functional): 

CCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGACCATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTG 
CTCGCCACCGGCGCCGACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAAGATG 
ATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGATCCCCGTGGAGATCTGCGGCCAC 
AAGGCCATCGGCACCGTGCTGGTGGGCCCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAG 
ATCGGCTGCACCCTGAACTTC 
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Figure 37 
(Sheet 1 of 1) 

ProtnaRTmut.SF2 (Protease inactive, RT mutated) 

GTCGACGCCACCATGCCCCAGATCACCCTGTGGCAGCGCCCCCTGGTGAC 
CATCAGGATCGGCGGCCAGCTCAAGGAGGCGCTGCTCGCCACCGGCGCCG 
ACGACACCGTGCTGGAGGAGATGAACCTGCCCGGCAAGTGGAAGCCCAA 
GATGATCGGCGGGATCGGGGGCTTCATCAAGGTGCGGCAGTACGACCAGA 
TCCCCGTGGAGATCTGCGGCCACAAGGCCATCGGCACCGTGCTGGTGGGC 
CCCACCCCCGTGAACATCATCGGCCGCAACCTGCTGACCCAGATCGGCTG 
CACCCTGAACTTCCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCTGA 
AGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAGGA 
GAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGGGC 
AAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTCGC 
CATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCCGC 
GAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATCCC 
CCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGTG 
GGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACAC 
CGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTACC 
AGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCAG 
AGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACAT 
CGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGCC 
AGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGGC 
TTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCAT 
CGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGA 
AGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGAA 
CTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAGC 
TGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAG 
GCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTGC 
ACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAA 
GCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGA 
ACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC 
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCG 
TGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACC 
TGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTG 
GGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGA 
AGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAAC 
CGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGC 
AGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCA 
GGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGA 
CCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC 
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGA 
AGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG 
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCTAAATCTA 
GA 
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Figure 41 
(Sheet 1 of 1) 

rev.exon12.M5/10.optSF162 

ATGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTAC 
CAGAGCAACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCGACCTGAACCGCCGCCGCCGCTGGCGC 
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAG 
CCCGTGCCCCTGCAGCTGCCCCCCGACCTGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCAGC 
GGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGGGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAG 
GAG 
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Figure 42 
(Sheet 1 of 1) 

rev.exon12.opt.SF162 

ATGGCCGGCCGCAGCGGCGACAGCGACGAGGAGCTGCTGCAGACCGTGCGCTTCATCAAGTTCCTGTAC 
CAGAGCA ACCCCCTGCCCAGCCCCAAGGGCACCCGCCAGGCCCGCCGCAACCGCCGCCGCCGCTGGCGC 
GAGCGCCAGCGCCAGATCCAGAGCATCAGCGCCTGGATCATCAGCACCCACCTGGGCCGCAGCACCGAG 
CCCGTGCCCCTGCAGCTGCCCCCCCTGGAGCGCCTGAACCTGGACTGCAGCGAGGACTGCGGCACCACC 
GGCACCCAGGGCGTGGGCAGCCCCCAGGTGCTGGGCGAGAGCCCCGCCGTGCTGGACAGCGGCACCAAG 
GAG 
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Figure 45 
(Sheet 1 of 1) 

RTmut.SF2 (RT mutated) 

GTCGACGCCACCATGCCCATCAGCCCCATCGAGACGGTGCCCGTGAAGCT 
GAAGCCGGGGATGGACGGCCCCAAGGTCAAGCAGTGGCCCCTGACCGAG 
GAGAAGATCAAGGCCCTGGTGGAGATCTGCACCGAGATGGAGAAGGAGG 
GCAAGATCAGCAAGATCGGCCCCGAGAACCCCTACAACACCCCCGTGTTC 
GCCATCAAGAAGAAGGACAGCACCAAGTGGCGCAAGCTGGTGGACTTCC 
GCGAGCTGAACAAGCGCACCCAGGACTTCTGGGAGGTGCAGCTGGGCATC 
CCCCACCCCGCCGGCCTGAAGAAGAAGAAGAGCGTGACCGTGCTGGACGT 
GGGCGACGCCTACTTCAGCGTGCCCCTGGACAAGGACTTCCGCAAGTACA 
CCGCCTTCACCATCCCCAGCATCAACAACGAGACCCCCGGCATCCGCTAC 
CAGTACAACGTGCTGCCCCAGGGCTGGAAGGGCAGCCCCGCCATCTTCCA 
GAGCAGCATGACCAAGATCCTGGAGCCCTTCCGCAAGCAGAACCCCGACA 
TCGTGATCTACCAGGCCCCCCTGTACGTGGGCAGCGACCTGGAGATCGGC 
CAGCACCGCACCAAGATCGAGGAGCTGCGCCAGCACCTGCTGCGCTGGGG 
CTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCA 
TCGAGCTGCACCCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAG 
AAGGACAGCTGGACCGTGAACGACATCCAGAAGCTGGTGGGCAAGCTGA 
ACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG 
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGA 
GGCCGAGCTGGAGCTGGCCGAGAACCGCGAGATCCTGAAGGAGCCCGTG 
CACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCCGAGATCCAGAA 
GCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGA 
ACCTGAAGACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGAC 
GTGAAGCAGCTGACCGAGGCCGTGCAGAAGGTGAGCACCGAGAGCATCG 
TGATCTGGGGCAAGATCCCCAAGTTCAAGCTGCCCATCCAGAAGGAGACC 
TGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTG 
GGAGTTCGTGAACACCCCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGA 
AGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTGGACGGCGCCGCCAAC 
CGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGC 
AGAAGGTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCA 
GGCCATCCACCTGGCCCTGCAGGACAGCGGCCTGGAGGTGAACATCGTGA 
CCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGACAAGAGC 
GAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGA 
AGGTGTACCTGGCCTGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAG 
CAGGTGGACAAGCTGGTGAGCGCCGGCATCCGCAAGGTGCTCTAAAGAAT 
TC 
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Figure 46 
(Sheet 1 of 1) 

tat.exon12.opt.C22/37.SF2 

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCGGCACC 
AACTGCTACTGCAAGAAGTGCTGCTTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGC 
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG 
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG 
CGCGAGACCGAGACCGACCCCGTGCAC 
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Figure 47 
(Sheet 1 of 1) 

tat.exon12.opt.C37.SF2 

ATGGAGCCCGTGGACCCCCGCCTGGAGCCCTGGAAGCACCCCGGCAGCCAGCCCAAGACCGCCTGCACC 
AACGCTACTGCAAGAAGTGCTGCTCCACTGCCAGGTGAGCTTCATCACCAAGGGCCTGGGCATCAGC 
TACGGCCGCAAGAAGCGCCGCCAGCGCCGCCGCGCCCCCCCCGACAGCGAGGTGCACCAGGTGAGCCTG 
CCCAAGCAGCCCGCCAGCCAGCCCCAGGGCGACCCCACCGGCCCCAAGGAGAGCAAGAAGAAGGTGGAG 
CGCGAGACCGAGACCGACCCCGTGCAC 















Patent Application Publication Oct. 16, 2003 Sheet 68 of 84 US 2003/01948.00A1 
Figure 52 

(Sheet 2 of 2) 
CGCTGGGGCTTCACCACCCCCGACAAGAAGCACCAGAAGGAGCCCCCCTTCCTGCCCATCGAGCTGCAC 
CCCGACAAGTGGACCGTGCAGCCCATCATGCTGCCCGAGAAGGACAGCTGGACCGTGAACGACATCCAG 
AAGCTGGTGGGCAAGCTGAACTGGGCCAGCCAGATCTACGCCGGCATCAAGGTGAAGCAGCTGTGCAAG 
CTGCTGCGCGGCACCAAGGCCCTGACCGAGGTGATCCCCCTGACCGAGGAGGCCGAGCTGGAGCTGGCC 
GAGAACCGCGAGATCCTGAAGGAGCCCGTGCACGAGGTGTACTACGACCCCAGCAAGGACCTGGTGGCC 
GAGATCCAGAAGCAGGGCCAGGGCCAGTGGACCTACCAGATCTACCAGGAGCCCTTCAAGAACCTGAAG 
ACCGGCAAGTACGCCCGCATGCGCGGCGCCCACACCAACGACGTGAAGCAGCTGACCGAGGCCGTGCAG 
AAGGTGAGCACCGAGAGCATCGTGATCTGGGGCAAGAICCCCAAGTTCAAGCTGCCCATCCAGAAGGAG 
ACCTGGGAGGCCTGGTGGATGGAGTACTGGCAGGCCACCTGGATCCCCGAGTGGGAGTTCGTGAACACC 
CCCCCCCTGGTGAAGCTGTGGTACCAGCTGGAGAAGGAGCCCATCGTGGGCGCCGAGACCTTCTACGTG 
GACGGCGCCGCCAACCGCGAGACCAAGCTGGGCAAGGCCGGCTACGTGACCGACCGGGGCCGGCAGAAG 
GTGGTGAGCATCGCCGACACCACCAACCAGAAGACCGAGCTGCAGGCCATCCACCTGGCCCTGCAGGAC 
AGCGGCCTGGAGGTGAACATCGTGACCGACAGCCAGTACGCCCTGGGCATCATCCAGGCCCAGCCCGAC 
AAGAGCGAGAGCGAGCTGGTGAGCCAGATCATCGAGCAGCTGATCAAGAAGGAGA AGGTGTACCTGGCC 
TGGGTGCCCGCCCACAAGGGCATCGGCGGCAACGAGCAGGTGGACAAGCTGGTGAGCGCCGGCATCCGC 
AAGGTGCTCTAA 
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Figure 55 

(Sheet 1 of 1) 
wif.opt.SF2 

ATGGAGAACCGCTGGCAGGTGATGATCGTGTGGCAGGTGGACCGCATGCGCATCCGCACCTGGAAGAGC 
CTGGTGAAGCACCACATGTACATCAGCAAGAAGGCCAAGGGCTGGTTCTACCGCCACCACTACGAGAGC 
ACCCACCCCCGCGTGAGCAGCGAGGTGCACATCCCCCTGGGCGACGCCAAGCTGGTGATCACCACCTAC 
TGGGGCCTGCACACCGGCGAGCGCGAGTGGCACCTGGGCCAGGGCGTGGCCATCGAGTGGCGCAAGAAG 
AAGTACAGCACCCAGGTGGACCCCGGCCTGGCCGACCAGCTGATCCACCTGCACTACTTCGACTGCTTC 
AGCGAGAGCGCCATCAAGAACGCCATCCTGGGCTACCGCGTGAGCCCCCGCTGCGAGTACCAGGCCGGC 
CACAACAAGGTGGGCAGCCTGCAGTACCTGGCCCTGGCCGCCCTGATCACCCCCAAGAAGACCAAGCCC 
CCCCTGCCCAGCGTGAAGAAGCTGACCGAGGACCGCTGGAACAAGCCCCAGAAGACCAAGGGCCACCGC 
GGCAGCCACACCATGAACGGCCAC 
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Figure 56 
(Sheet 1 of 1) 

vpr.opt.SF2 

ATGGAGCAGGCCCCCGAGGACCAGGGCCCCCAGCGCGAGCCCTACAACGAGTGGACCCTGGAGCTGCTG 
GAGGAGCTGAAGCGCGAGGCCGTGCGCCACTTCCCCCGCCCCTGGCTGCACAGCCTGGGCCAGTACATC 
TACGAGACCTACGGCGACACCTGGGCCGGCGTGGAGGCCATCATCCGCATCCTGCAGCAGCIGCTGTTC 
ATCCACTTCCGCATCGGCTGCCAGCACAGCCGCATCGGCATCATCCAGCAGCGCCGCGCCCGCCGCAAC 
GGCGCCAGCCGCAGC 
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Figure 57 
(Sheet 1 of 1) 

vpu.opt.SF162 

ATGCAGCCCCTGCAGATCCTGGCCATCGTGGCCCTGGTGGTGGCCGCCATCATCGCCATCGTGGTGTGG 
ACCATCGTGTACATCGAGTACCGCAAGATCCTGCGCCAGCGCAAGATCGACCGCCTGATCGACCGCATC 
ACCGAGCGCGCCGAGGACAGCGGCAACGAGAGCGAGGGCGACCAGGAGGAGCTGAGCGCCCTGGTGGAG 
CGCGGCCACCTGGCCCCCTGGGACGTGGACGACCTG 
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FIGURE 61 (SEQID NO:64) 

gp140mut7.modSF162.GM154 

1 atggatgcaatgaagagagggctctgctgtgtgctgctgc tigtgtggagc agticttcgtt 
61 tegcccagcgccgtggagaa.gctgtgggtg accgtgtact acggcgtgcc cgtgtggaag 
121 gaggccaccaccaccCtgttctg.cgccagc gacgcCaagg cctacgacac cgaggtgcac 
181 aacgtgtggg CCaccCacgc ctgcgtgcCC accgacccca accCcCagga gatcgtgctg 
241 gagaacgtga ccgagaactt caacatgtgg aagaacaacatggtggagca gatgcacgag 
301 gacatcatca gcctgggga ccagagcctgaagccctg.cg tgaagctgac CCCCctgtgc 
361 gtgaccctgc actgcaccaa cctgaagaac gccaccaa.ca ccaagagcag caactggaag 
421 gagatggaccgcggcgagat caagcagtgc agcttcaagg tgaccaccag catcc.gcaac 
48 aagatgcaga aggagtacgc cctgttctac aagctggacgtggtgccCatcgacaacgac 
541 aacaccagct acaagctgat caactgcaac accagcgtgatcaccCaggc ctgcccCaag 
601 gtgagctitcg agccCatcCC catcCactac tgcgcc.cccg ccggctitcgc catcctgaag 
661 tgcaacgaca agaagttcaacggcagcggc ccctgcacca acgtgagcac cgtgcagtgc 
721 acccacggcatcc.gccccgtggtgagcacc cagctgctgctgaacggcag Cotggccgag 
78 gagggcgtgg tigatccgcag cgagaactic accgacaacgccaagacCat catcgtgcag 
841 ctgaaggaga gcgtggagat Caactgcacc cgcCCCaacaacaacaccc.gcaagagcatc 
901 accatcggcc ccggccgcgc cttctacgcc accggcgacatcatcggcga catccgccag 
961 gcccactgca acatcagcgg cgagaagtggaacaacacCC tigaagcagat cgtgaccaag 
1021 ctgcaggcCC agttcggcaacaagaccatcgtgttcaagc agagcagcgg cggcgacccc 
108 gagatcgtgatgcacagctt caactg.cggc gg.cgagttct tctactgcaa cagcaccCag 
1141 ctgttcaaca gcacctggaacaacaccatcggccccaa.ca acaccaacgg caccatcacc 
1201 ctgccCtgcc.gcatcaagca gatcatcaac cgctggcaggagggggcaaggccatgtac 
1261 gccCCCCCCatcc.gcggcca gatcc.gctgc agcagcaa.catcaccggcct gctgctgacc 
1321 cgcgacggcggcaaggagat cagcaa.cacc accgagatct tcc.gcccCgg cggcggcgac 
1381 atgcgcgaca actggcgcag cgagctgtac aagtacaaggtggtgaagat cgagcccctg 
1441 ggcgtggCCC ccaccaaggc catcagcagc giggtgcagagcgagaagag cgcc.gtgacc 
1501 ctgggcgc.catgttcCtggg CttcCtgggc gcc.gccggcagcaccatggg cgccc.gcagc 
1561 ctgaccctga ccgtgcaggc ccgc.cagctgctgagcggcatcgtgcagoa gcagaacaac 
1621 ctgctg.cgcg Ccatcgaggc ccagcagcac ctgctgcagc tigaccgtgtggggcatcaag 
168l cagctgcagg cccgcgtgctggccgtggag cgctacctgaaggaccagca gCtgctgggc 
1741 atctggggct gcagcggcaa.gctgatctgc accaccgccg tgccCtggaacgccagotgg 
1801 agcaacaaga gcctggacca gatctggaac aacatgacct ggatggagtgggagcgcgag 
1861 atcgacaact acaccaacct gatctacacc ctgatcgagg agagccagaaccagcaggag 
1921 aagaacgagc aggagctgct ggagctggac aagtgggcca gcctgtggaactggttcgac 
1981 atcagcaagtggctgtggta catctaa 
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Figure 64 
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Figure 65 
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Figure 66 
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Figure 67 
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Figure 68 
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POLYNUCLEOTDES ENCODING ANTIGENIC 
HIV TYPE B POLYPEPTIDES, POLYPEPTIDES 

AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to U.S. Provisional 
Patent Application Serial No. 60/349,728, filed Jan. 16, 
2002, and No. 60/316,860, filed Aug. 31, 2001, from which 
priority is claimed under 35 USC S119(e)(1), and which 
applications are incorporated herein by reference in their 
entireties. 

TECHNICAL FIELD 

0002 Polynucleotides encoding antigenic HIV polypep 
tides (e.g., those shown in Table C) are described, as are uses 
of these polynucleotides and polypeptide products including 
formulations of immunogenic compositions and uses 
thereof. 

BACKGROUND OF THE INVENTION 

0003) Acquired immune deficiency syndrome (AIDS) is 
recognized as one of the greatest health threats facing 
modern medicine. There is, as yet, no cure for this disease. 
0004. In 1983-1984, three groups independently identi 
fied the Suspected etiological agent of AIDS. See, e.g., 
Barre-Sinoussi et al. (1983) Science 220:868-871; Montag 
nier et al., in Human T-Cell Leukemia Viruses (Gallo, Essex 
& Gross, eds., 1984); Vilmer et al. (1984) The Lancet 1:753; 
Popovic et al. (1984) Science 224:497-500; Levy et al. 
(1984) Science 225:840-842. These isolates were variously 
called lymphadenopathy-associated virus (LAV), human 
T-cell lymphotropic virus type III (HTLV-III), or AIDS 
associated retrovirus (ARV). All of these isolates are strains 
of the same virus, and were later collectively named Human 
Immunodeficiency Virus (HIV). With the isolation of a 
related AIDS-causing virus, the strains originally called HIV 
are now termed HIV-1 and the related virus is called HIV-2 
See, e.g., Guyader et al. (1987) Nature 326:662-669; Brun 
Vezinet et al. (1986) Science 233:343-346; Clavel et al. 
(1986) Nature 324:691-695. 
0005. A great deal of information has been gathered 
about the HIV virus, however, to date an effective vaccine 
has not been identified. Several targets for vaccine devel 
opment have been examined including the env and Gag gene 
products encoded by HIV. Gag gene products include, but 
are not limited to, Gag-polymerase and Gag-protease. Env 
gene products include, but are not limited to, monomeric 
gp120 polypeptides, oligomeric gp140 polypeptides and 
gp160 polypeptides. 

0006 Haas, et al., (Current Biology 6(3):315-324, 1996) 
Suggested that Selective codon usage by HIV-1 appeared to 
account for a substantial fraction of the inefficiency of viral 
protein synthesis. Andre, et al., (J. Virol. 72(2): 1497-1503, 
1998) described an increased immune response elicited by 
DNA vaccination employing a Synthetic gp120 Sequence 
with modified codon usage. Schneider, et al., (J Virol. 
71(7):4892-4903, 1997) discuss inactivation of inhibitory 
(or instability) elements (INS) located within the coding 
Sequences of the Gag and Gag-protease coding Sequences. 
0007. The Gag proteins of HIV-1 are necessary for the 
assembly of virus-like particles. HIV-1 Gag proteins are 
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involved in many Stages of the life cycle of the virus 
including, assembly, Virion maturation after particle release, 
and early post-entry Steps in Virus replication. The roles of 
HIV-1 Gag proteins are numerous and complex (Freed, E. 
O., Virology 251:1-15, 1998). 
0008 Wolf, et al., (PCT International Application, WO 
96/30523, published Oct. 3, 1996; European Patent Appli 
cation, Publication No. 0449 11.6 A1, published Oct. 2, 
1991) have described the use of altered priš5 Gag of HIV-1 
to act as a non-infectious retroviral-like particulate carrier, in 
particular, for the presentation of immunologically impor 
tant epitopes. Wang, et al., (Virology 200:524-534, 1994) 
describe a System to Study assembly of HIV Gag-B-galac 
tosidase fusion proteins into Virions. They describe the 
construction of Sequences encoding HIV Gag-B-galactosi 
dase fusion proteins, the expression of Such Sequences in the 
presence of HIV Gag proteins, and assembly of these 
proteins into virus particles. 
0009 Shiver, et al., (PCT International Application, WO 
98/34640, published Aug. 13, 1998) described altering 
HIV-1 (CAM1) Gag coding Sequences to produce Synthetic 
DNA molecules encoding HIV Gag and modifications of 
HIV Gag. The codons of the synthetic molecules were 
codons preferred by a projected host cell. 
0010 Recently, use of HIV Env polypeptides in immu 
nogenic compositions has been described. (See, U.S. Pat. 
No. 5,846,546 to Hurwitz et al., issued Dec. 8, 1998, 
describing immunogenic compositions comprising a mix 
ture of at least four different recombinant virus that each 
express a different HIV env variant; and U.S. Pat. No. 
5,840,313 to Vahline et al., issued Nov. 24, 1998, describing 
peptides which correspond to epitopes of the HIV-1 gp120 
protein). In addition, U.S. Pat. No. 5,876,731 to Sia et al, 
issued Mar. 2, 1999 describes candidate vaccines against 
HIV comprising an amino acid Sequence of a T-cell epitope 
of Gag linked directly to an amino acid Sequence of a B-cell 
epitope of the V3 loop protein of an HIV-1 isolate containing 
the sequence GPGR. 

SUMMARY OF THE INVENTION 

0011. Described herein are novel HIV sequences, 
polypeptides encoded by these novel Sequences, and Syn 
thetic expression cassettes generated from these and other 
HIV Sequences. In one aspect, the present invention relates 
to improved HIV expression cassettes. In a Second aspect, 
the present invention relates to generating an immune 
response in a Subject using the expression cassettes of the 
present invention. In a further aspect, the present invention 
relates to generating an immune response in a Subject using 
the expression cassettes of the present invention, as well as, 
polypeptides encoded by the expression cassettes of the 
present invention. In another aspect, the present invention 
relates to enhanced vaccine technologies for the induction of 
potent neutralizing antibodies and/or cellular immune 
responses against HIV in a Subject. 
0012. In certain embodiments, the present invention 
relates to Synthetic polynucleotides and/or expression cas 
Settes encoding HIV polypeptides, including, but not limited 
to, Env, Gag, Pol, RT, Int, Prot, Vpr, Vpu, Vif, Nef, Tat, Rev 
and/or fragments or combinations thereof. In addition, the 
present invention also relates to improved expression of HIV 
polypeptides and production of Virus-like particles. Syn 
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thetic expression cassettes encoding the HIV polypeptides 
(e.g., Gag-, pol-, protease (prot)-, reverse transcriptase, 
integrase, RNASeH, Tat, Rev, Nef, Vpr, Vpu, Vif and/or 
Env-containing polypeptides) are described, as are uses of 
the expression cassettes. Mutations in Some of the genes are 
described that reduce or eliminate the activity of the gene 
product without adversely affecting the ability of the gene 
product to generate an immune response. Exemplary Syn 
thetic polynucleotides include, but are not limited to, Gag 
ComplPolmut.SF2 (SEQ ID NO:9), GagComplPolmu 
tAtt.SF2 (SEQ ID NO:10), GagComplPolmutina.SF2 (SEQ 
ID NO:11), gagCpolInaTatRevNef.opt B (SEQ ID NO:12), 
GagPolmutAtt.SF2 (SEQ ID NO:13), GagPolmutIna.SF2 
(SEQ ID NO:14), GagProtInaRTmut.SF2 (SEQ ID NO:15), 
GagProtInaRTmutTatRevNefopt B (SEQ ID NO:16), 
GagRTmut.SF2 (SEQ ID NO:17), GagTatRevNefopt B 
(SEQ ID NO:18), gp140.modSF162.CwtLmod (SEQ ID 
NO:19), gp140 modSF162.CwtLnat (SEQ ID NO:20), 
gp160.modSF162.delV2.mut7 (SEQ ID NO:21), 
gp160.modSF162.delV2.mut8 (SEQ ID NO:22), intopt 
mut.SF2 (SEQ ID NO:23), intopt.SF2 (SEQ ID NO:24), 
nef.D125G.-myropt.SF162 (SEQ ID NO:25), nef, D107G.- 
myr18.opt.SF162 (SEQ ID NO:26), nef.opt.D125G.SF162 
(SEQ ID NO:27), nefopt.SF162 (SEQ ID NO:28), 
p15RnaseHopt.SF2 (SEQ ID NO:29), 
p2Polopt.YMWM.SF2 (SEQ ID NO:30), 
p2PolInaopt.YMSF2 (SEQID NO:31), p2Polopt.SF2 (SEQ 
ID NO:32), p2PolTatRevNefopt.native B (SEQ ID 
NO:33), p2PolTatRevNefopt B (SEQ ID NO:34), pol 
opt.SF2 (SEQ ID NO:35), protopt.SF2 (SEQ ID NO:36), 
protina.opt.SF2 (SEQ ID NO:37), protInaRTYM.opt.SF2 
(SEQ ID NO:38), protInaRTYMWM.opt.SF2 (SEQ ID 
NO:39), ProtInaRTmut.SF2 (SEQ ID NO:40), protR 
Topt.SF2 (SEQ ID NO:41), ProtRTTatRevNefopt B (SEQ 
ID NO:42), ProtRTTatRevNefopt B (SEQ ID NO:43), 
rev.exon 1 2.M5-10.opt.SF162 (SEQ ID NO:44), 
rev.exon 1 2.opt.SF162 (SEQ ID NO:45), RT.opt.SF2 
(mutant) (SEQ ID NO:46), RT.opt.SF2 (native) (SEQ ID 
NO:47), RTmut.SF2 (SEQ ID NO:48), tat.exon1 
2.opt.C22-37.5F2 (SEQ ID NO:49), tat.exon1 
2.opt.C37.5F2 (SEQ ID NO:50), TatRevNefoptina 
tive.SF162 (SEQ ID NO:51), TatRevNefopt.SF162 (SEQ 
ID NO:52), TatRevNefGag B (SEQ ID NO:53), TatRevNef 
gagCpolIna B (SEQ ID NO:54), TatRevNefGagProtInaRT 
mut B (SEQ ID NO:55), TatRevNe?p2Polopt B, (SEQ ID 
NO:56) TatRevNe?protRTopt B (SEQ ID NO:57), 
viflopt.SF2 (SEQID NO:58), vpropt.SF2 (SEQ ID NO:59), 
and vpu.opt.SF162 (SEQ ID NO:60). 
0013 Thus, one aspect of the present invention relates to 
expression cassettes and polynucleotides contained therein. 
The expression cassettes typically include an HIV-polypep 
tide encoding Sequence inserted into an expression vector 
backbone. In one embodiment, an expression cassette com 
prises a polynucleotide Sequence encoding one or more 
polypeptides, wherein the polynucleotide Sequence com 
prises a sequence having between about 85% to 100% and 
any integer values therebetween, for example, at least about 
85%, preferably about 90%, more preferably about 95%, and 
more preferably about 98% sequence identity to the 
Sequences taught in the present Specification. 
0.014. The polynucleotides encoding the HIV polypep 
tides of the present invention may also include Sequences 
encoding additional polypeptides. Such additional poly 
nucleotides encoding polypeptides may include, for 
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example, coding sequences for other viral proteins (e.g., 
hepatitis B or C or other HIV proteins, such as, polynucle 
otide Sequences encoding an HIV Gag polypeptide, poly 
nucleotide Sequences encoding an HIV Env polypeptide 
and/or polynucleotides encoding one or more of vif, vpr, tat, 
rev, Vpu and nef); cytokines or other transgenes. 
0015. In one embodiment, the sequence encoding the 
HIV Pol polypeptide(s) can be modified by deletions of 
coding regions corresponding to reverse transcriptase and 
integrase. Such deletions in the polymerase polypeptide can 
also be made Such that the polynucleotide Sequence pre 
serves T-helper cell and CTL epitopes. Other antigens of 
interest may be inserted into the polymerase as well. 
0016. In another embodiment, an expression cassette 
comprises a polynucleotide Sequence encoding a polypep 
tide, for example, GagComplPolmut.SF2 (SEQ ID NO:9), 
GagOomplPolmutAtt.SF2 (SEQ ID NO:10), GagComplPol 
mutina.SF2 (SEQ ID NO:11), gagCpolInaTatRevNefopt B 
(SEQ ID NO:12), GagPolmutAtt.SF2 (SEQ ID NO:13), 
GagPolmutIna.SF2 (SEQ ID NO:14), GagProtInaRT 
mut.SF2 (SEQ ID NO:15), GagProtInaRTmutTatRevNe 
fopt B(SEQID NO:16), GagRTmut.SF2, (SEQID NO:17) 
GagTatRevNef.opt B (SEQ ID NO:18), 
gp140.modSF162.CwtLmod (SEQ ID NO:19), 
gp140.modSF162.CwtLnat (SEQ ID NO:20), 
gp160 modSF162.delV2.mut7 (SEQ ID NO:21), 
gp160 modSF162.delV2.muts (SEQ ID NO:22), int.opt 
mut.SF2 (SEQ ID NO:23), intopt.SF2 (SEQ ID NO:24), 
nef.D125G.-myropt.SF162 (SEQ ID NO:25), nef.D107G.- 
myr18.opt.SF162 (SEQ ID NO:26), nefopt.D125GSF162 
(SEQ ID NO:27), nefopt.SF162 (SEQ ID NO:28), 
p15RnaseHopt.SF2 (SEQ ID NO:29), 
p2Polopt.YMWM.SF2 (SEQ ID NO:30), 
p2PolInaopt.YMSF2, (SEQID NO:31) p2Polopt.SF2 (SEQ 
ID NO:32), p2PolTatRevNefoptinative B (SEQ ID NO:33), 
p2PolTatRevNefopt B (SEQ ID NO:34), poliopt.SF2 (SEQ 
ID NO:35), prot.opt.SF2 (SEQ ID NO:36), protInaopt.SF2 
(SEQ ID NO:37), protinaRTYM.opt.SF2 (SEQID NO:38), 
protInaRTYMWM.opt.SF2 (SEQ ID NO:39), ProtInaRT 
mut.SF2 (SEQ ID NO:40), protRT.opt.SF2 (SEQ ID 
NO:41), ProtRTTatRevNefopt B (SEQ ID NO:42), Pro 
tRTTatRevNef.opt B (SEQ ID NO:43), rev.exon 1 2.M5 
10.opt.SF162 (SEQ ID NO:44), rev.exon1 2.opt.SF162 
(SEQ ID NO:45), RT.opt.SF2 (mutant) (SEQ ID NO:46), 
RT.opt.SF2 (native) (SEQ ID NO:47), RTmut.SF2 (SEQ ID 
NO:48), tat.exon 1 2.opt.C22-37.5F2 (SEQ ID NO:49), 
tat.exon1 2.opt.C37.5F2 (SEQ ID NO:50), TatRevNefopt 
native.SF162 (SEQ ID NO:51), TatRevNefopt.SF162 
(SEQ ID NO:52), TatRevNefGag B (SEQ ID NO:53), 
TatRevNefgagCpolIna B (SEQ ID NO:54), TatRevNefGag 
ProtInaRTmut B (SEQ ID NO:55), TatRevNe?p2Polopt B 
(SEQ ID NO:56), TatRevNe?protRTopt B (SEQID NO:57), 
viflopt.SF2 (SEQ ID NO:58), vpropt.SF2 (SEQ ID NO:59), 
and vpu.opt.SF162 (SEQ ID NO:60), wherein the poly 
nucleotide Sequence encoding the polypeptide comprises a 
sequence having between about 85% to 100% and any 
integer values therebetween, for example, at least about 
85%, preferably about 90%, more preferably about 95%, and 
most preferably about 98% sequence identity to the 
Sequences taught in the present Specification. 
0017. The native and synthetic polynucleotide sequences 
encoding the HIV polypeptides of the present invention 
typically have between about 85% to 100% and any integer 
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values therebetween, for example, at least about 85%, pref 
erably about 90%, more preferably about 95%, and more 
preferably about 98% Sequence identity to the Sequences 
taught herein. Further, in certain embodiments, the poly 
nucleotide Sequences encoding the HIV polypeptides of the 
invention will exhibit 100% sequence identity to the 
Sequences taught herein. 
0.018. The polynucleotides of the present invention can be 
produced by recombinant techniques, Synthetic techniques, 
or combinations thereof. 

0019. The present invention further includes recombinant 
expression Systems for use in Selected host cells, wherein the 
recombinant expression Systems employ one or more of the 
polynucleotides and expression cassettes of the present 
invention. In Such Systems, the polynucleotide Sequences are 
operably linked to control elements compatible with expres 
Sion in the Selected host cell. Numerous expression control 
elements are known to those in the art, including, but not 
limited to, the following: transcription promoters, transcrip 
tion enhancer elements, transcription termination signals, 
polyadenylation Sequences, Sequences for optimization of 
initiation of translation, and translation termination 
Sequences. Exemplary transcription promoters include, but 
are not limited to those derived from CMV, CMV+intron A, 
SV40, RSV, HIV-Litr, MMLV-ltr, and metallothionein. 
0020. In another aspect the invention includes cells com 
prising one or more of the expression cassettes of the present 
invention where the polynucleotide Sequences are operably 
linked to control elements compatible with expression in the 
Selected cell. In one embodiment Such cells are mammalian 
cells. Exemplary mammalian cells include, but are not 
limited to, BHK, VERO, HT1080, 293, RD, COS-7, and 
CHO cells. Other cells, cell types, tissue types, etc., that may 
be useful in the practice of the present invention include, but 
are not limited to, those obtained from the following: insects 
(e.g., Trichoplusia ni (Tn5) and Sf9), bacteria, yeast, plants, 
antigen presenting cells (e.g., macrophage, monocytes, den 
dritic cells, B-cells, T-cells, Stem cells, and progenitor cells 
thereof), primary cells, immortalized cells, tumor-derived 
cells. 

0021. In a further aspect, the present invention includes 
compositions for generating an immunological response, 
where the composition typically comprises at least one of 
the expression cassettes of the present invention and may, 
for example, contain combinations of expression cassettes 
Such as one or more expression cassettes carrying a Pol 
.derived-polypeptide-encoding polynucleotide, one or more 
expression cassettes carrying a Gag-derived-polypeptide 
encoding polynucleotide, one or more expression cassettes 
carrying accessory polypeptide-encoding polynucleotides 
(e.g., native or Synthetic Vpu, vpr, nef, vif, tat, rev), and/or 
one or more expression cassettes carrying an EnV-derived 
polypeptide-encoding polynucleotide. Such compositions 
may further contain an adjuvant or adjuvants. The compo 
Sitions may also contain one or more HIV polypeptides. The 
HIV polypeptides may correspond to the polypeptides 
encoded by the expression cassette(s) in the composition, or 
may be different from those encoded by the expression 
cassettes. In compositions containing both expression cas 
Settes (or polynucleotides of the present invention) and 
polypeptides, various expression cassettes of the present 
invention can be mixed and/or matched with various HIV 
polypeptides described herein. 
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0022. In another aspect the present invention includes 
methods of immunization of a Subject. In the method any of 
the above described compositions are into the Subject under 
conditions that are compatible with expression of the expres 
Sion cassette(s) in the Subject. In one embodiment, the 
expression cassettes (or polynucleotides of the present 
invention) can be introduced using a gene delivery vector. 
The gene delivery vector can, for example, be a non-viral 
vector or a viral vector. Exemplary viral vectors include, but 
are not limited to eucaryotic layered vector initiation Sys 
tems, Sindbis-virus (or other alphavirus) derived vectors, 
retroviral vectors, and lentiviral vectors. Other exemplary 
vectors include, but are not limited to, pCMVKm2, 
pCMV6a, pCMV-link, and pCMVPLEdhfr. Compositions 
useful for generating an immunological response can also be 
delivered using a particulate carrier (e.g., PLG or CTAB 
PLG microparticles). Further, Such compositions can be 
coated on, for example, gold or tungsten particles and the 
coated particles delivered to the Subject using, for example, 
a gene gun. The compositions can also be formulated as 
liposomes. In one embodiment of this method, the Subject is 
a mammal and can, for example, be a human. 

0023. In a further aspect, the invention includes methods 
of generating an immune response in a Subject. Any of the 
expression cassettes described herein can be expressed in a 
suitable cell to provide for the expression of the HIV 
polypeptides encoded by the polynucleotides of the present 
invention. The polypeptide(s) are then isolated (e.g., Sub 
stantially purified) and administered to the subject in an 
amount Sufficient to elicit an immune response. In certain 
embodiments, the methods comprise administration of one 
or more of the expression cassettes or polynucleotides of the 
present invention, using any of the gene delivery techniques 
described herein. In other embodiments, the methods com 
prise co-administration of one or more of the expression 
cassettes or polynucleotides of the present invention and one 
or more polypeptides, wherein the polypeptides can be 
expressed from these polynucleotides or can be other HIV 
polypeptides. In other embodiments, the methods comprise 
co-administration of multiple expression cassettes or poly 
nucleotides of the present invention. In still further embodi 
ments, the methods comprise co-administration of multiple 
polypeptides, for example polypeptides expressed from the 
polynucleotides of the present invention and/or other HIV 
polypeptides. 

0024. The invention further includes methods of gener 
ating an immune response in a Subject, where cells of a 
subject are transfected with any of the above-described 
expression cassettes or polynucleotides of the present inven 
tion, under conditions that permit the expression of a 
Selected polynucleotide and production of a polypeptide of 
interest (e.g., encoded by any expression cassette of the 
present invention). By this method an immunological 
response to the polypeptide is elicited in the Subject. Trans 
fection of the cells may be performed ex vivo and the 
transfected cells are reintroduced into the Subject. Alter 
nately, or in addition, the cells may be transfected in Vivo in 
the Subject. The immune response may be humoral and/or 
cell-mediated (cellular). In a further embodiment, this 
method may also include administration of an HIV polypep 
tides before, concurrently with, and/or after introduction of 
the expression cassette into the Subject. 
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0.025 The polynucleotides of the present invention may 
be employed Singly or in combination. The polynucleotides 
of the present invention, encoding HIV-derived polypep 
tides, may be expressed in a variety of ways, including, but 
not limited to the following: a polynucleotide encoding a 
Single gene product (or portion thereof) expressed from a 
promoter, multiple polynucleotides encoding a more than 
one gene product (or portion thereof) (e.g., polycistronic 
coding sequences); multiple polynucleotides in-frame to 
produce a single polyprotein; and, multiple polynucleotides 
in-frame to produce a single polyprotein wherein the 
polyprotein has protein cleavage Sites between one or more 
of the polypeptides comprising the polyprotein. 

0026. These and other embodiments of the present inven 
tion will readily occur to those of ordinary skill in the art in 
view of the disclosure herein. 

BRIEF DESCRIPTION OF THE FIGURES 

0027 FIGS. 1A to 1D depict the nucleotide sequence of 
HIV Type C 8 5 TV1 CZA (SEQ ID NO:1; referred to 
herein as TV1). Various regions are shown in Table A. 
0028 FIGS. 2A-C depicts an alignment of Env polypep 
tides from various HIV isolates (SF162, SEQ ID NO:2; 
TV1.8 2, SEQ ID NO:3: TV1.8 5, SEQ ID NO:4; 
TV2.12-5/1, SEQ ID NO:5; Consensus Sequence, SEQ ID 
NO:6). The regions between the arrows indicate regions (of 
TV1 and TV2 clones, both HIV Type C isolates) in the beta 
and/or bridging sheet region(s) that can be deleted and/or 
truncated. The "*" denotes N-linked glycosylation sites (of 
TV1 and TV2 clones), one or more of which can be modified 
(e.g., deleted and/or mutated). 
0029 FIG. 3 presents a schematic diagram showing the 
relationships between the following forms of the HIV Env 
polypeptide: gp160, gp140, gp120, and gp41. 
0030 FIG. 4 presents exemplary data concerning trans 
activation activity of Tat mutants on LTR-CAT plasmid 
expression in 293 cells. 
0.031 FIG. 5 presents exemplary data concerning export 
activity of Rev mutants monitored by CAT expression. 
0.032 FIG. 6, sheets 1 and 2, presents the sequence of 
GagOomplPolmut.SF2 (SEQ ID NO:9). 
0.033 FIG. 7, sheets 1 and 2, presents the sequence of 
GagOomplPolmutAtt.SF2 (SEQ ID NO:10). 
0034 FIG. 8, sheets 1 and 2, presents the sequence of 
GagOomplPolmutIna.SF2 (SEQ ID NO:11). 
0.035 FIG. 9, sheets 1 and 2, presents the sequence of 
gagCpolInaTatRevNefopt B (SEQ ID NO:12). 
0.036 FIG. 10, sheets 1 and 2, presents the sequence of 
GagPolmutAtt.SF2 (SEQ ID NO:13). 
0037 FIG. 11, sheets 1 and 2, presents the sequence of 
GagPolmutIna.SF2 (SEQ ID NO:14). 
0.038 FIG. 12, sheets 1 and 2, presents the sequence of 
GagProtInaRTmut.SF2 (SEQ ID NO:15). 
0.039 FIG. 13, sheets 1 and 2, presents the sequence of 
GagProtInaRTmutTatRevNefopt B (SEQ ID NO:16). 
0040 FIG. 14, sheets 1 and 2, presents the sequence of 
GagRTmut.SF2 (SEQ ID NO:17). 
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0041 FIG. 15, presents the sequence of GagTatRevNe 
fopt B (SEQ ID NO:18). 
0042 FIG. 16, presents the sequence of 
gp140.modSF162.CwtLimod (SEQ ID NO:19). 
0043 FIG. 17, presents the sequence of 
gp140.modSF162.CwtLnat (SEQ ID NO:20). 
0044 FIG. 18, presents the sequence of 
gp160 modSF162.delV2.mut7 (SEQ ID NO:21). 
004.5 FIG. 19, presents the sequence of 
gp160 modSF162.delV2.muts (SEQ ID NO:22). 
0046 FIG. 20, presents the sequence of int.opt.mut.SF2 
(SEQ ID NO:23). 
0047 FIG.21, presents the sequence of int.opt.SF2 (SEQ 
ID NO:24). 
0048 FIG. 22, presents the sequence of nef.D125G.- 
myropt.SF162 (SEQ ID NO:25). 
0049 FIG. 23, presents the sequence of nef.D107G.- 
myr18.opt.SF162 (SEQ ID NO:26). 
0050 FIG. 24, presents the 
nefopt.D125G.SF162 (SEQ ID NO:27). 
0051 FIG. 25, presents the sequence of nef.opt.SF162 
(SEQ ID NO:28). 
0.052 FIG. 26, presents the 
p15RnaseHopt.SF2 (SEQ ID NO:29). 
0053 FIG. 27, presents the 
p2Polopt.YMWM.SF2 (SEQ ID NO:30). 
0054 FIG. 28, presents the 
p2PolInaopt.YMSF2 (SEQ ID NO:31). 
0055 FIG. 29, presents the sequence of p2Polopt.SF2 
(SEQ ID NO:32). 
0056 FIG. 30, presents the sequence of 
p2PolTatRevNefopt.native B (SEQ ID NO:33). 
0057 FIG. 31, sheets 1 and 2, presents the sequence of 
p2PolTatRevNefopt B (SEQ ID NO:34). 
0.058 FIG. 32, presents the sequence of polopt.SF2 
(SEQ ID NO:35). 
0059 FIG. 33, presents the sequence of prot.opt.SF2 
(SEQ ID NO:36). 
0060 FIG. 34, presents the sequence of protna.opt.SF2 
(SEQ ID NO:37). 
0061 FIG. 35, presents the sequence of protInaRTY 
Mopt.SF2 (SEQ ID NO:38). 
0062 FIG. 36, presents the sequence of protnaRTYM 
WM.opt.SF2 (SEQ ID NO:39). 
0063 FIG. 37, presents the sequence of ProtInaRT 
mut.SF2 (SEQ ID NO:40). 
0064 FIG. 38, presents the sequence of protRT.opt.SF2 
(SEQ ID NO:41). 
0065 FIG. 39, presents the sequence of ProtRT 
TatRevNef.opt B (SEQ ID NO:42). 
0.066 FIG. 40, presents the sequence of ProtRT 
TatRevNefopt B (SEQ ID NO:43). 

Sequence of 

Sequence of 

Sequence of 

Sequence of 
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0067 FIG. 41, presents the sequence of rev.exon1 
2.M5-10.opt.SF162 (SEQ ID NO:44). 
0068 FIG. 42, presents the sequence of rev.exon1 
2.opt.SF162 (SEQ ID NO:45). 
0069 FIG. 43, presents the sequence of RT.opt.SF2 
(mutant) (SEQ ID NO:46). 
0070 FIG. 44, presents the sequence of RT.opt.SF2 
(native) (SEQ ID NO:47). 
0071 FIG. 45, presents the sequence of RTmut.SF2 
(SEQ ID NO:48). 
0.072 FIG. 46, presents the sequence of tat.exon1 
2.opt.C22-37.5F2 (SEQ ID NO:49). 
0.073 FIG. 47, presents the sequence of tat.exon1 
2.opt.C37.5F2 (SEQ ID NO:50). 
0074 FIG. 48, presents the sequence of TatRevNefopt 
native.SF162 (SEQ ID NO:51). 
0075 FIG. 49, presents the sequence of TatRevNe 
fopt.SF162 (SEQ ID NO:52). 
0076 FIG.50, presents the sequence of TatRevNefGag 
B (SEQ ID NO:53). 
0077 FIG. 51, sheets 1 and 2, presents the sequence of 
TatRevNefgagCpolIna B (SEQ ID NO:54). 
0078 FIG. 52, sheets 1 and 2, presents the sequence of 
TatRevNefGagProtInaRTmut B (SEQ ID NO:55). 
007.9 FIG. 53, presents the 
TatRevNe?p2Polopt B (SEQ ID NO:56). 
0080 FIG. 54, presents the sequence of TatRevNefpro 
tRTopt B (SEQ ID NO:57). 
0081 FIG. 55, presents the sequence of vifopt.SF2 
(SEQ ID NO:58). 
0082 FIG. 56, presents the sequence of vpropt.SF2 
(SEQ ID NO:59). 
0083 FIG. 57, presents the sequence of vpu.opt.SF162 
(SEQ ID NO:60). 
0084 FIG. 58, presents the sequence of 
gp140modSF162.GM135-154-186-195 (SEQ ID NO:61). 
0085 FIG. 59, presents the 
gp140modSF162.GM154 (SEQ ID NO:62). 
0.086 FIG. 60, presents the sequence of 
gp140modSF162.GM154-186-195 (SEQ ID NO:63). 
0087 FIG. 61, presents the sequence of 
gp140mut7.modSF162. GM154 (SEQ ID NO:64). 
0088 FIG. 62 depicts alignment of amino acid sequences 
of various Env glycosylation mutants (GM), including 
amino acid translation of gp140modSF162 (SEQ ID 
NO:65); translation of gp140.modSF162.GM154 (SEQ ID 
NO:66); translation of gp140.modSF162. GM154-186-195 
(SEQ ID NO:67); and gp140.modSF162.GM135-154-186 
195 (SEQ ID NO:68). 
0089 FIG. 63 presents an overview of genome organi 
Zation of HIV-1 and useful Subgenomic fragments. 

Sequence of 

Sequence of 

Oct. 16, 2003 

0090 FIG. 64 presents antibody titer data from immu 
nized rabbits following immunization with HIV Envelope 
DNA constructs and protein. 
0091 FIG. 65 presents a comparison of ELISA titers 
against Subtype B and C Envelope proteins in rabbit Sera 
collected after three DNA immunizations and a Single pro 
tein boost. 

0092 FIG. 66 presents data of neutralizing antibody 
responses against Subtype BSF162 EnvdV2 strain in rabbits 
immunized with subtype CTV1 Env in a DNAprime protein 
boost regimen. 
0093 FIG. 67 presents data of neutralizing antibody 
responses against Subtype C primary Strains, TV1 and TV2 
in 5.25 reporter cell assay after a Single protein boost. 
0094 FIG. 68 presents data of neutralizing antibody 
responses against Subtype C, TV1 and Du174, and Subtype 
B, SF162 after a single protein boost (as measured by Duke 
PBMC assay). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0095 The practice of the present invention will employ, 
unless otherwise indicated, conventional methods of chem 
istry, biochemistry, molecular biology, immunology and 
pharmacology, within the skill of the art. Such techniques 
are explained fully in the literature. See, e.g., Remington's 
Pharmaceutical Sciences, 18th Edition (Easton, Pa.; Mack 
Publishing Company, 1990); Methods. In Enzymology (S. 
Colowick and N. Kaplan, eds., Academic Press, Inc.); and 
Handbook of Experimental Immunology, Vols. I-IV (D. M. 
Weir and C. C. Blackwell, eds., 1986, Blackwell Scientific 
Publications); Sambrook, et al., Molecular Cloning. A Labo 
ratory Manual (2nd Edition, 1989); Short Protocols in 
Molecular Biology, 4th ed. (Ausubel et al. eds., 1999, John 
Wiley & Sons); Molecular Biology Techniques. An Intensive 
Laboratory Course, (Ream et al., eds., 1998, Academic 
Press); PCR (Introduction to Biotechniques Series), 2nd ed. 
(Newton & Graham eds., 1997, Springer Verlag). 
0096 All publications, patents and patent applications 
cited herein, whether Supra or infra, are hereby incorporated 
by reference in their entirety. 
0097 As used in this specification, the singular forms 
“a,”“an” and “the' include plural references unless the 
content clearly dictates otherwise. Thus, for example, ref 
erence to “an antigen” includes a mixture of two or more 
Such agents. 

0.098 1. Definitions 
0099. In describing the present invention, the following 
terms will be employed, and are intended to be defined as 
indicated below. 

0100 “Synthetic” sequences, as used herein, refers to 
HIV polypeptide-encoding polynucleotides whose expres 
Sion has been modified as described herein, for example, by 
codon Substitution, altered activities, and/or inactivation of 
inhibitory sequences. “Wild-type' or “native” sequences, as 
used herein, refers to polypeptide encoding Sequences that 
are essentially as they are found in nature, e.g., Gag, Pol, Vif, 
Vpr, Tat, Rev, Vpu, Env and/or Nef encoding Sequences as 
found in HIV isolates, e.g., SF162, SF2, AF110965, 
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AF110967, AF110968, AF110975, 8 5 TV1 CZA, 
8 2 TV1 CZA or 12-5 1. TV2 C.ZA. The various 
regions of the HIV genome are shown in Table A, with 
numbering relative to 8 5 TV1 C.ZA (FIGS. 1A-1D). 
Thus, the term “Pol” refers to one or more of the following 
polypeptides: polymerase (p6Pol); protease (prot); reverse 
transcriptase (p66RT or RT); RNAseH (p15RNAseH); and/ 
or integrase (p31Int or Int). Identification of gene regions for 
any selected HIV isolate can be performed by one of 
ordinary skill in the art based on the teachings presented 
herein and the information known in the art, for example, by 
performing alignments relative to 8 5 TV1 CZA (FIGS. 
1A-1D) or alignment to other known HIV isolates, for 
example, Subtype B isolates with gene regions (e.g., SF2, 
GenBank Accession number K02007; SF162, GenBank 
Accession Number M38428, both herein incorporated by 
reference) and Subtype C isolates with gene regions (e.g., 
GenBank Accession Number AF110965 and GenBank 
Accession Number AF110975, both herein incorporated by 
reference). 
0101 AS used herein, the term “virus-like particle' or 
“VLP" refers to a nonreplicating, viral shell, derived from 
any of several viruses discussed further below. VLPs are 
0102 generally composed of one or more viral proteins, 
Such as, but not limited to those proteins referred to as 
capsid, coat, shell, Surface and/or envelope proteins, or 
particle-forming polypeptides derived from these proteins. 
VLPS can form Spontaneously upon recombinant expression 
of the protein in an appropriate expression System. Methods 
for producing particular VLPs are known in the art and 
discussed more fully below. The presence of VLPs follow 
ing recombinant expression of Viral proteins can be detected 
using conventional techniques known in the art, Such as by 
electron microScopy, X-ray crystallography, and the like. 
See, e.g., Baker et al., BiophyS. J. (1991) 60:1445-1456; 
Hagensee et al., J. Virol. (1994) 68:4503-4505. For example, 
VLPS can be isolated by density gradient centrifugation 
and/or identified by characteristic density banding. Alterna 
tively, cryoelectron microscopy can be performed on vitri 
fied aqueous Samples of the VLP preparation in question, 
and imageS recorded under appropriate exposure conditions. 
0103). By “particle-forming polypeptide' derived from a 
particular viral protein is meant a full-length or near full 
length viral protein, as well as a fragment thereof, or a viral 
protein with internal deletions, which has the ability to form 
VLPs under conditions that favor VLP formation. Accord 
ingly, the polypeptide may comprise the full-length 
Sequence, fragments, truncated and partial Sequences, as 
well as analogs and precursor forms of the reference mol 
ecule. The term therefore intends deletions, additions and 
Substitutions to the Sequence, So long as the polypeptide 
retains the ability to form a VLP. Thus, the term includes 
natural variations of the Specified polypeptide Since varia 
tions in coat proteins often occur between viral isolates. The 
term also includes deletions, additions and Substitutions that 
do not naturally occur in the reference protein, So long as the 
protein retains the ability to form a VLP. Preferred substi 
tutions are those which are conservative in nature, i.e., those 
Substitutions that take place within a family of amino acids 
that are related in their Side chains. Specifically, amino acids 
are generally divided into four families: (I) acidic-aspartate 
and glutamate; (2) basic-lysine, arginine, histidine; (3) 
non-polar-alanine, Valine, leucine, isoleucine, proline, 
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phenylalanine, methionine, tryptophan; and (4) uncharged 
polar-glycine, asparagine, glutamine, cystine, Serine threo 
nine, tyrosine. Phenylalanine, tryptophan, and tyrosine are 
Sometimes classified as aromatic amino acids. 

0104. The term “HIV polypeptide” refers to any amino 
acid Sequence that exhibits Sequence homology to native 
HIV polypeptides (e.g., Gag, Env, Prot, Pol, RT, Int, vif, vpr, 
Vpu, tat, rev, nef and/or combinations thereof) and/or which 
is functional. Non-limiting examples of functions that may 
be exhibited by HIV polypeptides include, use as immuno 
gens (e.g., to generate a humoral and/or cellular immune 
response), use in diagnostics (e.g., bound by Suitable anti 
bodies for use in ELISAS or other immunoassays) and/or 
polypeptides which exhibit one or more biological activities 
associated with the wild type or synthetic HIV polypeptide. 
For example, as used herein, the term "Gag polypeptide' 
may refer to a polypeptide that is bound by one or more 
anti-Gag antibodies, elicits a humoral and/or cellular 
immune response, and/or exhibits the ability to form par 
ticles. 

0105. An “antigen” refers to a molecule containing one or 
more epitopes (either linear, conformational or both) that 
will Stimulate a host's immune System to make a humoral 
and/or cellular antigen-Specific response. The term is used 
interchangeably with the term “immunogen.” Normally, a 
B-cell epitope will include at least about 5 amino acids but 
can be as Small as 3-4 amino acids. AT-cell epitope, Such as 
a CTL epitope, will include at least about 7-9 amino acids, 
and a helper T-cell epitope at least about 12-20 amino acids. 
Normally, an epitope will include between about 7 and 15 
amino acids, Such as, 9, 10, 12 or 15 amino acids. The term 
“antigen” denotes both Subunit antigens, (i.e., antigens 
which are Separate and discrete from a whole organism with 
which the antigen is associated in nature), as well as, killed, 
attenuated or inactivated bacteria, Viruses, fungi, parasites or 
other microbes. Antibodies Such as anti-idiotype antibodies, 
or fragments thereof, and Synthetic peptide mimotopes, 
which can mimic an antigen or antigenic determinant, are 
also captured under the definition of antigen as used herein. 
Similarly, an oligonucleotide or polynucleotide which 
expresses an antigen or antigenic determinant in Vivo, Such 
as in gene therapy and DNA immunization applications, is 
also included in the definition of antigen herein. 
0106 For purposes of the present invention, antigens can 
be derived from any of Several known viruses, bacteria, 
parasites and fungi, as described more fully below. The term 
also intends any of the various tumor antigens. Furthermore, 
for purposes of the present invention, an "antigen” refers to 
a protein which includes modifications, Such as deletions, 
additions and Substitutions (generally conservative in 
nature), to the native Sequence, So long as the protein 
maintains the ability to elicit an immunological response, as 
defined herein. These modifications may be deliberate, as 
through site-directed mutagenesis, or may be accidental, 
Such as through mutations of hosts which produce the 
antigens. 

0107 An “immunological response” to an antigen or 
composition is the development in a Subject of a humoral 
and/or a cellular immune response to an antigen present in 
the composition of interest. For purposes of the present 
invention, a "humoral immune response' refers to an 
immune response mediated by antibody molecules, while a 
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“cellular immune response' is one mediated by T-lympho 
cytes and/or other white blood cells. One important aspect of 
cellular immunity involves an antigen-Specific response by 
cytolytic T-cells (“CTL's). CTLs have specificity for pep 
tide antigens that are presented in association with proteins 
encoded by the major histocompatibility complex (MHC) 
and expressed on the Surfaces of cells. CTLS help induce and 
promote the destruction of intracellular microbes, or the 
lysis of cells infected with Such microbes. Another aspect of 
cellular immunity involves an antigen-Specific response by 
helper T-cells. Helper T-cells act to help stimulate the 
function, and focus the activity of, nonspecific effector cells 
against cells displaying peptide antigens in association with 
MHC molecules on their Surface. A "cellular immune 
response' also refers to the production of cytokines, 
chemokines and other Such molecules produced by activated 
T-cells and/or other white blood cells, including those 
derived from CD4+ and CD8+ T-cells. 

0108. A composition or vaccine that elicits a cellular 
immune response may serve to Sensitize a vertebrate Subject 
by the presentation of antigen in association with MHC 
molecules at the cell Surface. The cell-mediated immune 
response is directed at, or near, cells presenting antigen at 
their Surface. In addition, antigen-specific T-lymphocytes 
can be generated to allow for the future protection of an 
immunized host. 

0109 The ability of a particular antigen to stimulate a 
cell-mediated immunological response may be determined 
by a number of assays, Such as by lymphoproliferation 
(lymphocyte activation) assays, CTL cytotoxic cell assays, 
or by assaying for T-lymphocytes Specific for the antigen in 
a Sensitized Subject. Such assays are well known in the art. 
See, e.g., Erickson et al., J. Immunol. (1993) 151:4189 
4199; Doe et al., Eur: J. Immunol. (1994) 24:2369-2376. 
Recent methods of measuring cell-mediated immune 
response include measurement of intracellular cytokines or 
cytokine Secretion by T-cell populations, or by measurement 
of epitope specific T-cells (e.g., by the tetramer technique)(r- 
eviewed by McMichael, A. J., and O’Callaghan, C. A., J. 
Exp. Med. 187(9)1367-1371, 1998; Mcheyzer-Williams, M. 
G., et al., Immunol. Rev. 150:5-21, 1996; Lalvani, A., et al., 
J. Exp. Med. 186:859-865, 1997). 
0110 Thus, an immunological response as used herein 
may be one which stimulates the production of CTLS, and/or 
the production or activation of helper T-cells. The antigen of 
interest may also elicit an antibody-mediated immune 
response. Hence, an immunological response may include 
one or more of the following effects: the production of 
antibodies by B-cells, and/or the activation of Suppressor 
T-cells and/or Yö T-cells directed Specifically to an antigen or 
antigens present in the composition or vaccine of interest. 
These responses may serve to neutralize infectivity, and/or 
mediate antibody-complement, or antibody dependent cell 
cytotoxicity (ADCC) to provide protection to an immunized 
host. Such responses can be determined using Standard 
immunoassays and neutralization assays, well known in the 
art. 

0111. An "immunogenic composition” is a composition 
that comprises an antigenic molecule where administration 
of the composition to a Subject results in the development in 
the Subject of a humoral and/or a cellular immune response 
to the antigenic molecule of interest. The immunogenic 

Oct. 16, 2003 

composition can be introduced directly into a recipient 
Subject, Such as by injection, inhalation, oral, intranasal and 
mucosal (e.g., intra-rectally or intra-vaginally) administra 
tion. 

0112 By “subunit vaccine” is meant a vaccine composi 
tion which includes one or more Selected antigens but not all 
antigens, derived from or homologous to, an antigen from a 
pathogen of interest Such as from a virus, bacterium, parasite 
or fungus. Such a composition is Substantially free of intact 
pathogen cells or pathogenic particles, or the lysate of Such 
cells or particles. Thus, a "Subunit vaccine” can be prepared 
from at least partially purified (preferably Substantially 
purified) immunogenic polypeptides from the pathogen, or 
analogs thereof. The method of obtaining an antigen 
included in the Subunit vaccine can thus include Standard 
purification techniques, recombinant production, or Syn 
thetic production. 
0113 “Substantially purified” general refers to isolation 
of a Substance (compound, polynucleotide, protein, polypep 
tide, polypeptide composition) Such that the Substance com 
prises the majority percent of the Sample in which it resides. 
Typically in a Sample a Substantially purified component 
comprises 50%, preferably 80%-85%, more preferably 
90-95% of the sample. Techniques for purifying polynucle 
otides and polypeptides of interest are well-known in the art 
and include, for example, ion-exchange chromatography, 
affinity chromatography and Sedimentation according to 
density. 
0114. A "coding sequence” or a sequence which 
“encodes a Selected polypeptide, is a nucleic acid molecule 
which is transcribed (in the case of DNA) and translated (in 
the case of mRNA) into a polypeptide in vivo when placed 
under the control of appropriate regulatory sequences (or 
“control elements'). The boundaries of the coding sequence 
are determined by a start codon at the 5' (amino) terminus 
and a translation Stop codon at the 3' (carboxy) terminus. A 
coding Sequence can include, but is not limited to, cDNA 
from Viral, procaryotic or eucaryotic mRNA, genomic DNA 
Sequences from Viral or procaryotic DNA, and even Syn 
thetic DNA sequences. A transcription termination Sequence 
Such as a stop codon may be located 3' to the coding 
Sequence. 

0115 Typical “control elements”, include, but are not 
limited to, transcription promoters, transcription enhancer 
elements, transcription termination Signals, polyadenylation 
Sequences (located 3' to the translation stop codon), 
Sequences for optimization of initiation of translation 
(located 5' to the coding sequence), and translation termi 
nation Sequences. For example, the Sequences and/or vectors 
described herein may also include one or more additional 
Sequences that may optimize translation and/or termination 
including, but not limited to, a Kozak sequence (e.g., 
GCCACC placed in front (5') of the ATG of the codon 
optimized wild-type leader or any other Suitable leader 
Sequence (e.g., tpa1, tpa2, witLnat (native wild-type leader)) 
or a termination sequence (e.g., TAA or, preferably, TAAA 
placed after (3) the coding sequence. 
0116. A "polynucleotide coding sequence' or a sequence 
which "encodes a Selected polypeptide, is a nucleic acid 
molecule which is transcribed (in the case of DNA) and 
translated (in the case of mRNA) into a polypeptide in vivo 
when placed under the control of appropriate regulatory 
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sequences (or “control elements”). The boundaries of the 
coding Sequence are determined by a Start codon, for 
example, at or near the 5' terminus and a translation Stop 
codon, for example, at or near the 3' terminus. Exemplary 
coding Sequences are the modified viral polypeptide-coding 
Sequences of the present invention. The coding regions of 
the polynucleotide Sequences of the present invention are 
identifiable by one of skill in the art and may, for example, 
be easily identified by performing translations of all three 
frames of the polynucleotide and identifying the frame 
corresponding to the encoded polypeptide, for example, a 
Synthetic nef polynucleotide of the present invention 
encodes a nef-derived polypeptide. A transcription termina 
tion Sequence may be located 3' to the coding Sequence. 
Typical “control elements', include, but are not limited to, 
transcription regulators, Such as promoters, transcription 
enhancer elements, transcription termination signals, and 
polyadenylation Sequences, and translation regulators, Such 
as Sequences for optimization of initiation of translation, 
e.g., Shine-Dalgarno (ribosome binding site) sequences, 
Kozak sequences (i.e., Sequences for the optimization of 
translation, located, for example, 5' to the coding Sequence), 
leader Sequences, translation initiation codon (e.g., ATG), 
and translation termination Sequences. In certain embodi 
ments, one or more translation regulation or initiation 
Sequences (e.g., the leader Sequence) are derived from 
wild-type translation initiation Sequences, i.e., Sequences 
that regulate translation of the coding region in their native 
State. Wild-type leader Sequences that have been modified, 
using the methods described herein, also find use in the 
present invention. Promoters can include inducible promot 
ers (where expression of a polynucleotide Sequence operably 
linked to the promoter is induced by an analyte, cofactor, 
regulatory protein, etc.), repressible promoters (where 
expression of a polynucleotide Sequence operably linked to 
the promoter is induced by an analyte, cofactor, regulatory 
protein, etc.), and constitutive promoters. 
0117. A “nucleic acid” molecule can include, but is not 
limited to, procaryotic Sequences, eucaryotic mRNA, cDNA 
from eucaryotic mRNA, genomic DNA sequences from 
eucaryotic (e.g., mammalian) DNA, and even Synthetic 
DNA sequences. The term also captures Sequences that 
include any of the known base analogs of DNA and RNA. 
0118 “Operably linked” refers to an arrangement of 
elements wherein the components So described are config 
ured So as to perform their usual function. Thus, a given 
promoter operably linked to a coding Sequence is capable of 
effecting the expression of the coding Sequence when the 
proper enzymes are present. The promoter need not be 
contiguous with the coding Sequence, So long as it functions 
to direct the expression thereof. Thus, for example, inter 
vening untranslated yet transcribed Sequences can be present 
between the promoter Sequence and the coding Sequence and 
the promoter Sequence can Still be considered “operably 
linked' to the coding Sequence. 

0119) “Recombinant” as used herein to describe a nucleic 
acid molecule means a polynucleotide of genomic, cDNA, 
Semisynthetic, or Synthetic origin which, by virtue of its 
origin or manipulation: (1) is not associated with all or a 
portion of the polynucleotide with which it is associated in 
nature; and/or (2) is linked to a polynucleotide other than 
that to which it is linked in nature. The term “recombinant” 
as used with respect to a protein or polypeptide means a 
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polypeptide produced by expression of a recombinant poly 
nucleotide. “Recombinant host cells,”“host cells,”“cells 
,”“cell lines,”“cell cultures,” and other such terms denoting 
procaryotic microorganisms or eucaryotic cell lines cultured 
as unicellular entities, are used interchangeably, and refer to 
cells which can be, or have been, used as recipients for 
recombinant vectors or other transfer DNA, and include the 
progeny of the original cell which has been transfected. It is 
understood that the progeny of a Single parental cell may not 
necessarily be completely identical in morphology or in 
genomic or total DNA complement to the original parent, 
due to accidental or deliberate mutation. Progeny of the 
parental cell which are Sufficiently Similar to the parent to be 
characterized by the relevant property, Such as the presence 
of a nucleotide Sequence encoding a desired peptide, are 
included in the progeny intended by this definition, and are 
covered by the above terms. 
0120 Techniques for determining amino acid sequence 
“similarity” are well known in the art. In general, “similar 
ity' means the exact amino acid to amino acid comparison 
of two or more polypeptides at the appropriate place, where 
amino acids are identical or possess Similar chemical and/or 
physical properties Such as charge or hydrophobicity. A 
So-termed "percent Similarity” then can be determined 
between the compared polypeptide Sequences. Techniques 
for determining nucleic acid and amino acid Sequence 
identity also are well known in the art and include deter 
mining the nucleotide Sequence of the mRNA for that gene 
(usually via a cDNA intermediate) and determining the 
amino acid sequence encoded thereby, and comparing this to 
a Second amino acid Sequence. In general, “identity” refers 
to an exact nucleotide to nucleotide or amino acid to amino 
acid correspondence of two polynucleotides or polypeptide 
Sequences, respectively. 

0121 Two or more polynucleotide sequences can be 
compared by determining their “percent identity.” Two or 
more amino acid Sequences likewise can be compared by 
determining their “percent identity.” The percent identity of 
two Sequences, whether nucleic acid or peptide Sequences, is 
generally described as the number of exact matches between 
two aligned Sequences divided by the length of the shorter 
Sequence and multiplied by 100. An approximate alignment 
for nucleic acid Sequences is provided by the local homol 
ogy algorithm of Smith and Waterman, Advances in Applied 
Mathematics 2:482-489 (1981). This algorithm can be 
extended to use with peptide Sequences using the Scoring 
matrix developed by Dayhoff, Atlas of Protein Sequences 
and Structure, M. O. Dayhoff ed., 5 suppl. 3:353-358, 
National Biomedical Research Foundation, Washington, 
D.C., USA, and normalized by Gribskov, Nucl. Acids Res. 
14(6):6745-6763 (1986). An implementation of this algo 
rithm for nucleic acid and peptide Sequences is provided by 
the Genetics Computer Group (Madison, Wis.) in their 
BestFit utility application. The default parameters for this 
method are described in the Wisconsin Sequence Analysis 
Package Program Manual, Version 8 (1995) (available from 
Genetics Computer Group, Madison, Wis.). Other equally 
Suitable programs for calculating the percent identity or 
Similarity between Sequences are generally known in the art. 
0.122 For example, percent identity of a particular nucle 
otide Sequence to a reference Sequence can be determined 
using the homology algorithm of Smith and Waterman with 
a default Scoring table and a gap penalty of Six nucleotide 
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positions. Another method of establishing percent identity in 
the context of the present invention is to use the MPSRCH 
package of programs copyrighted by the University of 
Edinburgh, developed by John F. Collins and Shane S. 
Sturrok, and distributed by IntelliGenetics, Inc. (Mountain 
View, Calif.). From this Suite of packages, the Smith 
Waterman algorithm can be employed where default param 
eters are used for the scoring table (for example, gap open 
penalty of 12, gap extension penalty of one, and a gap of 
six). From the data generated, the “Match” value reflects 
“Sequence identity.” Other Suitable programs for calculating 
the percent identity or Similarity between Sequences are 
generally known in the art, Such as the alignment program 
BLAST, which can also be used with default parameters. For 
example, BLASTN and BLASTP can be used with the 
following default parameters: genetic code=standard; filter= 
none; strand=both; cutoff=60; expect=10; Matrix=BLO 
SUM62; Descriptions=50 sequences; sort by=HIGH 
SCORE; Databases=non-redundant, GenBank+EMBL 
DDBJ+PDB+GenBank CDS translations--Swiss protein-- 
Spupdate+PIR. Details of these programs can be found at the 
following internet address: http://www.ncbi.nlm.gov/cgi 
bin/BLAST. 

0123. One of skill in the art can readily determine the 
proper Search parameters to use for a given Sequence, 
exemplary preferred Smith Waterman based parameters are 
presented above. For example, the Search parameters may 
vary based on the size of the Sequence in question. Thus, for 
the polynucleotide Sequences of the present invention the 
length of the polynucleotide sequence disclosed herein is 
Searched against a Selected database and compared to 
Sequences of essentially the same length to determine per 
cent identity. For example, a representative embodiment of 
the present invention would include an isolated polynucle 
otide comprising X contiguous nucleotides, wherein (i) the 
X contiguous nucleotides have at least about a Selected level 
of percent identity relative to Y contiguous nucleotides of 
one or more of the Sequences described herein (e.g., in Table 
C) or fragment thereof, and (ii) for Search purposes X equals 
Y, wherein Y is a selected reference polynucleotide of 
defined length (for example, a length of from 15 nucleotides 
up to the number of nucleotides present in a Selected 
full-length sequence). 
0.124. The sequences of the present invention can include 
fragments of the Sequences, for example, from about 15 
nucleotides up to the number of nucleotides present in the 
full-length sequences described herein (e.g., see the Fig 
ures), including all integer values falling within the above 
described range. For example, fragments of the polynucle 
otide sequences of the present invention may be 30-60 
nucleotides, 60-120 nucleotides, 120-240 nucleotides, 240 
480 nucleotides, 480-1000 nucleotides, and all integer val 
ues therebetween. 

0125 The synthetic expression cassettes (and purified 
polynucleotides) of the present invention include related 
polynucleotide sequences having about 80% to 100%, 
greater than 80-85%, preferably greater than 90-92%, more 
preferably greater than 95%, and most preferably greater 
than 98% up to 100% (including all integer values falling 
within these described ranges) sequence identity to the 
Synthetic expression cassette and/or polynucleotide 
Sequences disclosed herein (for example, to the Sequences of 
the present invention) when the sequences of the present 
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invention are used as the query Sequence against, for 
example, a database of Sequences. 
0.126 Two nucleic acid fragments are considered to 
“selectively hybridize” as described herein. The degree of 
Sequence identity between two nucleic acid molecules 
affects the efficiency and strength of hybridization events 
between Such molecules. A partially identical nucleic acid 
Sequence will at least partially inhibit a completely identical 
Sequence from hybridizing to a target molecule. Inhibition of 
hybridization of the completely identical Sequence can be 
assessed using hybridization assays that are well known in 
the art (e.g., Southern blot, Northern blot, solution hybrid 
ization, or the like, See Sambrook, et al., Supra or Ausubel et 
al., Supra). Such assays can be conducted using varying 
degrees of Selectivity, for example, using conditions varying 
from low to high Stringency. If conditions of low Stringency 
are employed, the absence of non-specific binding can be 
assessed using a Secondary probe that lackS even a partial 
degree of Sequence identity (for example, a probe having 
less than about 30% sequence identity with the target 
molecule), Such that, in the absence of non-specific binding 
events, the Secondary probe will not hybridize to the target. 
0127. When utilizing a hybridization-based detection 
System, a nucleic acid probe is chosen that is complementary 
to a target nucleic acid Sequence, and then by Selection of 
appropriate conditions the probe and the target Sequence 
“selectively hybridize,” or bind, to each other to form a 
hybrid molecule. A nucleic acid molecule that is capable of 
hybridizing Selectively to a target Sequence under “moder 
ately stringent' typically hybridizes under conditions that 
allow detection of a target nucleic acid Sequence of at least 
about 10-14 nucleotides in length having at least approxi 
mately 70% sequence identity with the sequence of the 
Selected nucleic acid probe. Stringent hybridization condi 
tions typically allow detection of target nucleic acid 
Sequences of at least about 10-14 nucleotides in length 
having a sequence identity of greater than about 90-95% 
with the Sequence of the Selected nucleic acid probe. Hybrid 
ization conditions useful for probe/target hybridization 
where the probe and target have a specific degree of 
Sequence identity, can be determined as is known in the art 
(see, for example, Nucleic Acid Hybridization: A Practical 
Approach, editors B. D. Hames and S. J. Higgins, (1985) 
Oxford; Washington, D.C.; IRL Press). 
0128. With respect to stringency conditions for hybrid 
ization, it is well known in the art that numerous equivalent 
conditions can be employed to establish a particular Strin 
gency by varying, for example, the following factors: the 
length and nature of probe and target Sequences, base 
composition of the various Sequences, concentrations of 
Salts and other hybridization Solution components, the pres 
ence or absence of blocking agents in the hybridization 
Solutions (e.g., formamide, dextran Sulfate, and polyethylene 
glycol), hybridization reaction temperature and time param 
eters, as well as, varying wash conditions. The Selection of 
a particular Set of hybridization conditions is Selected fol 
lowing Standard methods in the art (See, for example, 
Sambrook, et al., Supra or Ausubel et al., Supra). 
0129. A first polynucleotide is “derived from second 
polynucleotide if it has the same or Substantially the same 
basepair Sequence as a region of the Second polynucleotide, 
its cDNA, complements thereof, or if it displayS Sequence 
identity as described above. 
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0130. A first polypeptide is “derived from a second 
polypeptide if it is (i) encoded by a first polynucleotide 
derived from a second polynucleotide, or (ii) displays 
Sequence identity to the Second polypeptides as described 
above. 

0131 Generally, a viral polypeptide is “derived from a 
particular polypeptide of a virus (viral polypeptide) if it is (i) 
encoded by an open reading frame of a polynucleotide of 
that virus (viral polynucleotide), or (ii) displays sequence 
identity to polypeptides of that Virus as described above. 
0132) “Encoded by refers to a nucleic acid sequence 
which codes for a polypeptide Sequence, wherein the 
polypeptide Sequence or a portion thereof contains an amino 
acid Sequence of at least 3 to 5 amino acids, more preferably 
at least 8 to 10 amino acids, and even more preferably at 
least 15 to 20 amino acids from a polypeptide encoded by 
the nucleic acid Sequence. Also encompassed are polypep 
tide Sequences which are immunologically identifiable with 
a polypeptide encoded by the Sequence. Further, polypro 
teins can be constructed by fusing in-frame two or more 
polynucleotide Sequences encoding polypeptide or peptide 
products. Further, polycistronic coding Sequences may be 
produced by placing two or more polynucleotide Sequences 
encoding polypeptide products adjacent each other, typically 
under the control of one promoter, wherein each polypeptide 
coding Sequence may be modified to include Sequences for 
internal ribosome binding sites. 
0.133 “Purified polynucleotide” refers to a polynucle 
otide of interest or fragment thereof which is essentially free, 
e.g., contains less than about 50%, preferably less than about 
70%, and more preferably less than about 90%, of the 
protein with which the polynucleotide is naturally associ 
ated. Techniques for purifying polynucleotides of interest 
are well-known in the art and include, for example, disrup 
tion of the cell containing the polynucleotide with a chao 
tropic agent and separation of the polynucleotide(s) and 
proteins by ion-exchange chromatography, affinity chroma 
tography and Sedimentation according to density. 
0134. By “nucleic acid immunization” is meant the intro 
duction of a nucleic acid molecule encoding one or more 
Selected antigens into a host cell, for the in Vivo expression 
of an antigen, antigens, an epitope, or epitopes. The nucleic 
acid molecule can be introduced directly into a recipient 
Subject, Such as by injection, inhalation, oral, intranasal and 
mucosal administration, or the like, or can be introduced eX 
vivo, into cells which have been removed from the host. In 
the latter case, the transformed cells are reintroduced into the 
Subject where an immune response can be mounted against 
the antigen encoded by the nucleic acid molecule. 
0135) “Gene transfer” or “gene delivery” refers to meth 
ods or systems for reliably inserting DNA of interest into a 
host cell. Such methods can result in transient expression of 
non-integrated transferred DNA, extrachromosomal replica 
tion and expression of transferred replicons (e.g., episomes), 
or integration of transferred genetic material into the 
genomic DNA of host cells. Gene delivery expression vec 
tors include, but are not limited to, vectors derived from 
alphaviruses, pox viruses and vaccinia viruses. When used 
for immunization, Such gene delivery expression vectors 
may be referred to as vaccines or vaccine vectors. 
0136 “T lymphocytes” or “T cells” are non-antibody 
producing lymphocytes that constitute a part of the cell 
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mediated arm of the immune System. T cells arise from 
immature lymphocytes that migrate from the bone marrow 
to the thymus, where they undergo a maturation process 
under the direction of thymic hormones. Here, the mature 
lymphocytes rapidly divide increasing to very large num 
bers. The maturing T cells become immunocompetent based 
on their ability to recognize and bind a specific antigen. 
Activation of immunocompetent T cells is triggered when an 
antigen binds to the lymphocyte's Surface receptors. 

0137) The term “transfection” is used to refer to the 
uptake of foreign DNA by a cell. A cell has been “trans 
fected” when exogenous DNA has been introduced inside 
the cell membrane. A number of transfection techniques are 
generally known in the art. See, e.g., Graham et al. (1973) 
Virology, 52:456, Sambrook et al. (1989) Molecular Clon 
ing, a laboratory manual, Cold Spring Harbor Laboratories, 
New York, Davis et al. (1986) Basic Methods in Molecular 
Biology, Elsevier, and Chu et al. (1981) Gene 13:197. Such 
techniques can be used to introduce one or more exogenous 
DNA moieties into Suitable host cells. The term refers to 
both Stable and transient uptake of the genetic material, and 
includes uptake of peptide- or antibody-linked DNAS. 
0.138 A “vector” is capable of transferring gene 
Sequences to target cells (e.g., viral vectors, non-viral vec 
tors, particulate carriers, and liposomes). Typically, "vector 
construct,”“expression vector,” and "gene transfer vector,” 
mean any nucleic acid construct capable of directing the 
expression of a gene of interest and which can transfer gene 
Sequences to target cells. Thus, the term includes cloning 
and expression vehicles, as well as viral vectors. 
0139 Transfer of a “suicide gene” (e.g., a drug-suscep 
tibility gene) to a target cell renders the cell sensitive to 
compounds or compositions that are relatively nontoxic to 
normal cells. Moolten, F. L. (1994) Cancer Gene Ther. 
1:279-287. Examples of Suicide genes are thymidine kinase 
of herpes simplex virus (HSV-tk), cytochrome P450 
(Manome et al. (1996) Gene Therapy 3:513-520), human 
deoxycytidine kinase (Manome et al. (1996) Nature Medi 
cine 205):567-573) and the bacterial enzyme cytosine deami 
nase (Dong et al. (1996) Human Gene Therapy 7:713-720). 
Cells which express these genes are rendered Sensitive to the 
effects of the relatively nontoxic prodrugs ganciclovir (HSV 
tk), cyclophosphamide (cytochrome P450 2B1), cytosine 
arabinoside (human deoxycytidine kinase) or 5-fluorocy 
tosine (bacterial cytosine deaminase). Culver et al. (1992) 
Science 256:1550-1552, Huber et al. (1994) Proc. Natl. 
Acad. Sci. USA 91:8302-8306. 

0140. A “selectable marker” or “reporter marker” refers 
to a nucleotide Sequence included in a gene transfer vector 
that has no therapeutic activity, but rather is included to 
allow for simpler preparation, manufacturing, characteriza 
tion or testing of the gene transfer vector. 
0.141. A “specific binding agent” refers to a member of a 
Specific binding pair of molecules wherein one of the 
molecules Specifically binds to the Second molecule through 
chemical and/or physical means. One example of a specific 
binding agent is an antibody directed against a Selected 
antigen. 

0142. By “subject' is meant any member of the subphy 
lum chordata, including, without limitation, humans and 
other primates, including non-human primates Such as 
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rhesus macaque, chimpanzees and other apes and monkey 
Species, farm animals Such as cattle, sheep, pigs, goats and 
horses, domestic mammals. Such as dogs and cats, laboratory 
animals including rodents Such as mice, rats and guinea pigs, 
birds, including domestic, wild and game birds Such as 
chickens, turkeys and other gallinaceous birds, ducks, geese, 
and the like. The term does not denote a particular age. Thus, 
both adult and newborn individuals are intended to be 
covered. The system described above is intended for use in 
any of the above vertebrate species, Since the immune 
Systems of all of these vertebrates operate Similarly. 
0143 By “pharmaceutically acceptable” or “pharmaco 
logically acceptable' is meant a material which is not 
biologically or otherwise undesirable, i.e., the material may 
be administered to an individual in a formulation or com 
position without causing any undesirable biological effects 
or interacting in a deleterious manner with any of the 
components of the composition in which it is contained. 
0144. By “physiological pH or a “pH in the physiologi 
cal range' is meant a pH in the range of approximately 7.0 
to 8.0 inclusive, more typically in the range of approxi 
mately 7.2 to 7.6 inclusive. 
0145 As used herein, “treatment” refers to any of (i) the 
prevention of infection or reinfection, as in a traditional 
vaccine, (ii) the reduction or elimination of Symptoms, and 
(iii) the Substantial or complete elimination of the pathogen 
in question. Treatment may be effected prophylactically 
(prior to infection) or therapeutically (following infection). 
0146 By “co-administration' is meant administration of 
more than one composition or molecule. Thus, co-adminis 
tration includes concurrent administration or Sequentially 
administration (in any order), via the same or different routes 
of administration. Non-limiting examples of co-administra 
tion regimes include, co-administration of nucleic acid and 
polypeptide; co-administration of different nucleic acids 
(e.g., different expression cassettes as described herein and/ 
or different gene delivery vectors); and co-administration of 
different polypeptides (e.g., different HIV polypeptides and/ 
or different adjuvants). The term also encompasses multiple 
administrations of one of the co-administered molecules or 
compositions (e.g., multiple administrations of one or more 
of the expression cassettes described herein followed by one 
or more administrations of a polypeptide-containing com 
position). In cases where the molecules or compositions are 
delivered Sequentially, the time between each administration 
can be readily determined by one of skill in the art in view 
of the teachings herein. 

0147 “Lentiviral vector”, and “recombinant lentiviral 
vector” refer to a nucleic acid construct which carries, and 
within certain embodiments, is capable of directing the 
expression of a nucleic acid molecule of interest. The 
lentiviral vector include at least one transcriptional pro 
moter/enhancer or locus defining element(s), or other ele 
ments which control gene expression by other means Such as 
alternate splicing, nuclear RNA export, post-translational 
modification of messenger, or post-transcriptional modifi 
cation of protein. Such vector constructs must also include 
a packaging signal, long terminal repeats (LTRS) or portion 
thereof, and positive and negative Strand primer binding 
Sites appropriate to the retrovirus used (if these are not 
already present in the retroviral vector). Optionally, the 
recombinant lentiviral vector may also include a signal 
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which directs polyadenylation, Selectable markerS Such as 
Neo, TK, hygromycin, phleomycin, histidinol, or DHFR, as 
well as one or more restriction sites and a translation 
termination Sequence. By way of example, Such vectors 
typically include a 5' LTR, a tRNA binding site, a packaging 
Signal, an origin of Second Strand DNA synthesis, and a 
3LTR or a portion thereof 
0.148 “Lentiviral vector particle' as utilized within the 
present invention refers to a lentivirus which carries at least 
one gene of interest. The retrovirus may also contain a 
selectable marker. The recombinant lentivirus is capable of 
reverse transcribing its genetic material (RNA) into DNA 
and incorporating this genetic material into a host cells 
DNA upon infection. Lentiviral vector particles may have a 
lentiviral envelope, a non-lentiviral envelope (e.g., an 
ampho or VSV-G envelope), or a chimeric envelope. 
0149 “Nucleic acid expression vector” or “Expression 
cassette' refers to an assembly which is capable of directing 
the expression of a Sequence or gene of interest. The nucleic 
acid expression vector includes a promoter which is oper 
ably linked to the Sequences or gene(s) of interest. Other 
control elements may be present as well. Expression cas 
Settes described herein may be contained within a plasmid 
construct. In addition to the components of the expression 
cassette, the plasmid construct may also include a bacterial 
origin of replication, one or more Selectable markers, a 
Signal which allows the plasmid construct to exist as Single 
Stranded DNA (e.g., a M13 origin of replication), a multiple 
cloning site, and a “mammalian' origin of replication (e.g., 
a SV40 or adenovirus origin of replication). 
0150 “Packaging cell” refers to a cell which contains 
those elements necessary for production of infectious 
recombinant retrovirus which are lacking in a recombinant 
retroviral vector. Typically, Such packaging cells contain one 
or more expression cassettes which are capable of express 
ing proteins which encode Gag, pol and env proteins. 
0151) “Producer cell” or “vector producing cell” refers to 
a cell which contains all elements necessary for production 
of recombinant retroviral vector particles. 
0152 2. Modes of Carrying out the Invention 
0153. Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
particular formulations or process parameters as Such may, 
of course, vary. It is also to be understood that the termi 
nology used herein is for the purpose of describing particular 
embodiments of the invention only, and is not intended to be 
limiting. 

0154 Although a number of methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice of the present invention, the preferred materials and 
methods are described herein. 

O155 2.1. The HIV Genome 
0156 The HIV genome and various polypeptide-encod 
ing regions are shown in Table A. The nucleotide positions 
are given relative to 8 5 TV1 CZA (FIG. 1; an HIV Type 
C isolate). However, it will be readily apparent to one of 
ordinary skill in the art in view of the teachings of the 
present disclosure how to determine corresponding regions 
in other HIV Strains or variants (e.g., isolates HIV, 
HIVs, HIV-1s 162, HIV-1s 170, HIVLAv, HIVLAI, HIVMN, 
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HIV-1s, HIV-1s, other HIV-1 Strains from diverse 
Subtypes (e.g., Subtypes, A through G, and O), HIV-2 Strains 
and diverse Subtypes (e.g., HIV-2 and HIV-2), and 
Simian immunodeficiency virus (SIV). (See, e.g., Virology, 
3rd Edition (W. K. Jokliked. 1988); Fundamental Virology, 
2nd Edition (B. N. Fields and D. M. Knipe, eds. 1991); 
Virology, 3rd Edition (Fields, B N, D M Knipe, PM Howley, 
Editors, 1996, Lippincott-Raven, Philadelphia, Pa.; for a 
description of these and other related viruses), using for 
example, Sequence comparison programs (e.g., BLAST and 
others described herein) or identification and alignment of 
Structural features (e.g., a program Such as the "ALB' 
program described herein that can identify the various 
regions). 

TABLE A 

Regions of the HIV Genome relative to S S TV1 CZA 

Region Position in nucleotide sequence 

5LTR 1-636 
U3 1-457 
R 458-553 
U5 554-636 
NFkB II 340-348 
NFkB I 354-362 
Sp1 III 379-388 
Sp1 II 390-398 
Sp1 I 400-410 
TATA Box 429-433 
TAR 474-4.99 
Poly A signal 529-534 
PBS 638-655 
p7 binding region, packaging signal 685-791 
Gag: 792-2285 
17 792-1178 

b24 1179-1871 
Cyclophilin Abdg. 1395-1505 
MHR 1632-1694 
2 1872-1907 
b7 1908-2O72 
Frameshift slip 2O72-2O78 
b1 2O73-2120 
p6Gag 2121-2285 
Zn-motif I 1950-1991 
Zn-motif II 2013-2054 
Pol: 2O72-5086 
6POI 2O72-224.5 

Prot 2246-2542 
66RT 2543-4210 
b15RNaseH 3857-4210 
31Int 4211-5086 

Vf: SO34-5612 
Hydrophilic region 5292-5315 
Vpr: 5552-5839 
Oligomerization 5552-5677 
Amphipathic a-helix 5597-5653 
Tat: 5823-6038 and 8417-8509 
Tat-1 exon 5823-6038 
Tat-2 exon 8417-8509 
N-terminal domain 5823-5885 
Trans-activation domain 5886-5933 
Transduction domain 5961-5993 
Rew: 5962-6037 and 8416-8663 
Rev-1 exon 5962-6037 
Rev-2 exon 8416-8663 
High-affinity bdg. site 8439-8486 
Leu-rich effector domain 8562-8588 
Vpu: 6060-6326 
Transmembrane domain 6060-6161 
Cytoplasmic domain 6.162-6326 
Env (gp160): 6244-8853 
Signal peptide 6244-6324 
gp120 6325-7794 
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TABLE A-continued 

Regions of the HIV Genome relative to S S TV1 CZA 

Region Position in nucleotide sequence 

V1 6628-6729 
V2 6727-6852 
V3 7150-7254. 
V4 7411-7506 
V5 7663-7674 
C1 6325-6627 
C2 6853-7149 
C3 7255-7410 
C4 7507-7662 
C5 7675-7794 
CD4 binding 7540-f566 
gp41 7795-8853 
Fusion peptide 7789-7842 
Oligomerization domain 7924-7959 
N-terminal heptad repeat 7921-8028 
C-terminal heptad repeat 8173-828O 
Immunodominant region 8O23-8O76 
Nef: 8855-9478 
Myristoylation 8858-8875 
SH3 binding 9062-9091 
Polypurine tract 9128-915.4 
SH3 binding 92.96-9307 

O157. It will be readily apparent that one of skill in the art 
can readily align any Sequence to that shown in Table A to 
determine relative locations of any particular HIV gene. For 
example, using one of the alignment programs described 
herein (e.g., BLAST), other HIV genomic sequences can be 
aligned with 8 5 TV1 C.ZA (Table A) and locations of 
genes determined. Polypeptide Sequences can be similarly 
aligned. For example, FIGS. 2A-2C shows the alignment of 
Env polypeptide Sequences from various Strains, relative to 
SF-162. As described in detail in co-owned WO/39303 
(herein incorporated by reference), Env polypeptides (e.g., 
gp120, gp140 and gp160) include a “bridging sheet com 
prised of 4 anti-parallel b-strands (b-2, b-3, b-20 and b-21) 
that form a b-sheet. Extruding from one pair of the b-strands 
(b-2 and b-3) are two loops, V1 and V2. The b-2 sheet occurs 
at approximately amino acid residue 113 (CyS) to amino acid 
residue 117 (Thr) while b-3 occurs at approximately amino 
acid residue 192 (Ser) to amino acid residue 194 (Ile), 
relative to SF-162. The “V1/V2 region’ occurs at approxi 
mately amino acid positions 120 (Cys) to residue 189 (CyS), 
relative to SF-162. Extruding from the second pair of 
b-strands (b-20 and b-21) is a “small-loop” structure, also 
referred to herein as “the bridging sheet Small loop.” The 
locations of both the Small loop and bridging Sheet Small 
loop can be determined relative to HXB-2 following the 
teachings herein and in WO/39303. Also shown by arrows in 
FIGS. 2A-C are approximate Sites for deletions Sequence 
from the beta sheet region. The “*” denotes N-glycosylation 
Sites that can be mutated following the teachings of the 
present specification. 

0158 2.2.0 Synthetic Expression Cassettes 

0159. One aspect of the present invention is the genera 
tion of HIV-1 coding Sequences, and related Sequences, for 
example having improved expression relative to the corre 
sponding wild-type Sequences. 
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0160 2.2.1 Modification of HIV-1 Nucleic Acid Coding 
Sequences 

0.161 First, the HIV-1 codon usage pattern was modified 
So that the resulting nucleic acid coding Sequence was 
comparable to codon usage found in highly expressed 
human genes. The HIV codon usage reflects a high content 
of the nucleotides A or T of the codon-triplet. The effect of 
the HIV-1 codon usage is a high AT content in the DNA 
Sequence that results in a decreased translation ability and 
instability of the mRNA. In comparison, highly expressed 
human codons prefer the nucleotides G or C. The HIV 
coding Sequences were modified to be comparable to codon 
usage found in highly expressed human genes. 
0162 Second, there are inhibitory (or instability) ele 
ments (INS) located within the coding sequences of, for 
example, the Gag coding Sequences. The RRE is a Secondary 
RNA structure that interacts with the HIV encoded Rev 
protein to overcome the expression down-regulating effects 
of the INS. To overcome the post-transcriptional activating 
mechanisms of RRE and Rev, the instability elements can be 
inactivated by introducing multiple point mutations that do 
not alter the reading frame of the encoded proteins. 
0163 Third, for Some genes the coding sequence has 
been altered Such that the polynucleotide coding Sequence 
encodes a gene product that is inactive or non-functional 
(e.g., inactivated polymerase, protease, tat, rev, nef, vif, vpr, 
and/or vpu gene products). Example 1 describes Some 
exemplary mutations. Example 8 presents information con 
cerning functional analysis of mutated Tat, Rev and Nef 
antigens. 
0164. The synthetic coding sequences are assembled by 
methods known in the art, for example by companies Such 
as the Midland Certified Reagent Company (Midland, Tex.). 
0.165 Modification of the Gag polypeptide coding 
Sequences results in improved expression relative to the 
wild-type coding Sequences in a number of mammalian cell 
lines (as well as other types of cell lines, including, but not 
limited to, insect cells). 
0166 Some exemplary polynucleotide Sequences encod 
ing Gag-containing polypeptides are GagComplPol 
mut.SF2, GagComplPolmutAtt.SF2, GagComplPolmut 
na.SF2, gagCpolInaTatRevNef.opt B, GagPolmutAtt.SF2, 
GagPolmutIna.SF2, GagProtnaRTmut.SF2, GagProtnaRT 
mutTatRevNef.opt B, GagRTmut.SF2, and GagTatRevNe 
f.opt B. 
0167 Similarly, the present invention also includes syn 
thetic Env-encoding polynucleotides and modified Env pro 
teins, for example, gp140.modSF162.CwtLmod, 
gp140.modSF162. CwtLnat, gp160.modSF162.delV2.mut7, 
and gp160.modSF162.delV2.mut8. 

0168 The codon usage pattern for Env was modified as 
described above for Gag So that the resulting nucleic acid 
coding Sequence was comparable to codon usage found in 
highly expressed human genes. Experiments performed in 
Support of the present invention show that the Synthetic Env 
Sequences were capable of higher level of protein production 
relative to the native Env Sequences. 
0169 Modification of the Env polypeptide coding 
Sequences results in improved expression relative to the 
wild-type coding Sequences in a number of mammalian cell 
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lines (as well as other types of cell lines, including, but not 
limited to, insect cells). Similar Env polypeptide coding 
Sequences can be obtained, modified and tested for 
improved expression from a variety of isolates, including 
those described above for Gag. 
0170 Further modifications of Env include, but are not 
limited to, generating polynucleotides that encode Env 
polypeptides having mutations and/or deletions therein. For 
instance, the hyperVariable regions, V1 and/or V2, can be 
deleted as described herein. Additionally, other modifica 
tions, for example to the bridging sheet region and/or to 
N-glycosylation Sites within Env can also be performed 
following the teachings of the present specification. (see, 
FIGS. 2A-C, as well as WOOO/39303, WO 00/39302, WO 
00/39304, WO 02/04493 all herein incorporated by refer 
ence in their entireties). Various combinations of these 
modifications can be employed to generate Synthetic expres 
Sion cassettes as described herein. 

0171 The present invention also includes expression 
cassettes which include Synthetic Pol Sequences. AS noted 
above, “Pol” includes, but is not limited to, the protein 
encoding regions comprising polymerase, protease, reverse 
transcriptase and/or integrase-containing sequences (Wan et 
et al (1996) Biochem. J. 316:569-573; Kohl et al. (1988) 
PNAS USA 85:4686-4690; Krausslich et al. (1988) J. Virol. 
62:4393-4397; Coffin, “Retroviridae and their Replication” 
in Virology, pp 1437-1500 (Raven, New York, 1990); Patel 
et. al. (1995) Biochemistry 34:5351-5363). Thus, the syn 
thetic expression cassettes exemplified herein include one or 
more of these regions and one or more changes to the 
resulting amino acid Sequences. Some exemplary polynucle 
otide Sequences encoding Pol-derived polypeptides are pre 
sented in Table C. 

0172 The codon usage pattern for Pol was modified as 
described above for Gag and Env So that the resulting 
nucleic acid coding Sequence was comparable to codon 
usage found in highly expressed human genes. 
0173 Constructs may be modified in various ways. For 
example, the expression constructs may include a sequence 
that encodes the first 6 amino acids of the integrase polypep 
tide. This 6 amino acid region is believed to provide a 
cleavage recognition site recognized by HIV protease (see, 
e.g., McCornack et al. (1997) FEBS Letts 414:84-88). Con 
structs may include a multiple cloning site (MCS) for 
insertion of one or more transgenes, typically at the 3' end 
of the construct. In addition, a cassette encoding a catalytic 
center epitope derived from the catalytic center in RT is 
typically included 3' of the Sequence encoding 6 amino acids 
of integrase. This cassette encodes Ile 178 through Serine 
191 of RT and may be added to keep this well conserved 
region as a possible CTL epitope. Further, the constructs 
contain an insertion mutations to preserve the reading frame. 
(see, e.g., Park et al. (1991) J. Virol. 65:5111). 
0.174. In certain embodiments, the catalytic center and/or 
primer grip region of RT are modified. The catalytic center 
and primer grip regions of RT are described, for example, in 
Patel et al. (1995) Biochem. 34:5351 and Palaniappan et al. 
(1997) J. Biol. Chem. 272(17): 11157. For example, wild 
type Sequence encoding the amino acids YMDD at positions 
183-185 of p66 RT, numbered relative to AF110975, may be 
replaced with Sequence encoding the amino acids “AP'. 
Further, the primer grip region (amino acids WMGY, resi 
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dues 229-232 of p66RT, numbered relative to AF110975) 
may be replaced with Sequence encoding the amino acids 
“PI. 

0175 For the Pol sequence, the changes in codon usage 
are typically restricted to the regions up to the -1 frameshift 
and Starting again at the end of the Gag reading frame; 
however, regions within the frameshift translation region 
can be modified as well. Finally, inhibitory (or instability) 
elements (INS) located within the coding sequences of the 
protease polypeptide coding Sequence can be altered as well. 

0176 Experiments can be performed in Support of the 
present invention to show that the Synthetic Pol Sequences 
were capable of higher level of protein production relative to 
the native Pol sequences. Modification of the Pol polypep 
tide coding Sequences results in improved expression rela 
tive to the wild-type coding Sequences in a number of 
mammalian cell lines (as well as other types of cell lines, 
including, but not limited to, insect cells). Similar Pol 
polypeptide coding Sequences can be obtained, modified and 
tested for improved expression from a variety of isolates, 
including those described above for Gag and EnV. 

0177. The present invention also includes expression 
cassettes which include synthetic sequences derived HIV 
genes other than Gag, Env and Pol, including but not limited 
to, regions within Gag, Env, Pol, as well as, GagComplPol 
mut.SF2, GagComplPolmutAtt.SF2, GagComplPolmut 
na.SF2, gagCpolInaTatRevNef.opt B, GagPolmutAtt.SF2, 
GagPolmutina.SF2, GagProtInaRTmut.SF2, GagProtInaRT 
mutTatRevNef.opt B, GagRTmut.SF2, GagTatRevNe 
f.opt B, gp140.modSF162.CwtLmod, 
gp140.modSF162. CwtLnat, gp160.modSF162.delV2.mut7, 
gp160.modSF162.delV2.mut8, int.opt. mut.SF2, int.opt.SF2, 
nef.D125G.-myropt.SF162, nef.D107G.-myr18.opt.SF162, 
nef.opt.D125G.SF162, nef.opt.SF162, p15RnaseHopt.SF2, 
p2Polopt.YMWM.SF2, p2PolInaopt.YM.SF2, 
p2Polopt.SF2, p2PolTatRevNefopt.native B, 
p2PolTatRevNefopt B, polopt.SF2, prot.opt.SF2, protI 
na.opt.SF2, protInaRTYM.opt.SF2, protInaRTYMW 
M.opt.SF2, ProtInaRTmut.SF2, protRT.opt.SF2, ProtRT 
TatRevNefopt B, ProtRTTatRevNefopt B, rev.exon1 
2.M5-10.opt.SF162, rev.exon 1 2.opt.SF162, RT.opt.SF2 
(mutant), RT.opt.SF2 (native), RTmut.SF2, tat.exon 1 
2.opt.C22-37.5F2, tat.exon 1 2.opt.C37.5F2, TatRevNe 
fopt.native.SF162, TatRevNefopt.SF162, TatRevNefGag B, 
TatRevNefgagCpolIna B, TatRevNefGagProtnaRTmut B, 
TatRevNe?p2Polopt B, TatRevNefprotRTopt B, 
vif.opt.SF2, vpropt.SF2, and vpu.opt.SF162. Sequences 
obtained from other Strains can be manipulated in Similar 
fashion following the teachings of the present specification. 
AS noted above, the codon usage pattern is modified as 
described above for Gag, Env and Polso that the resulting 
nucleic acid coding Sequence is comparable to codon usage 
found in highly expressed human genes. Typically these 
Synthetic Sequences are capable of higher level of protein 
production relative to the native Sequences and that modi 
fication of the wild-type polypeptide coding Sequences 
results in improved expression relative to the wild-type 
coding sequences in a number of mammalian cell lines (as 
well as other types of cell lines, including, but not limited to, 
insect cells). Furthermore, the nucleic acid sequence can 
also be modified to introduce mutations into one or more 
regions of the gene, for instance to alter the function of the 
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gene product (e.g., render the gene product non-functional) 
and/or to eliminate site modifications (e.g., the myristoyla 
tion site in Nef). 
0.178 Synthetic expression cassettes, derived from HIV 
Type B coding Sequences, exemplified herein include, but 
are not limited to, those comprising one or more of the 
following Synthetic polynucleotides: GagComplPol 
mut.SF2, GagComplPolmutAtt.SF2, GagComplPolmut 
na.SF2, gagCpolInaTatRevNef.opt B, GagPolmutAtt.SF2, 
GagPolmutina.SF2, GagProtnaRTmut.SF2, GagProtnaRT 
mutTatRevNef.opt B, GagRTmut.SF2, GagTatRevNe 
f.opt B, gp140.modSF162.CwtLimod, 
gp140.modSF162.CwtLnat, gp160.modSF162.delV2.mut7, 
gp160.modSF162.delV2.muts, int.optimut.SF2, int.opt.SF2, 
nef.D125G.-myropt.SF162, nef, D107G.-myr18.opt.SF162, 
nef.opt.D125G.SF162, nef.opt.SF162, p15RnaseHopt.SF2, 
p2Polopt.YMWM.SF2, p2PolInaopt.YMSF2, 
p2Polopt.SF2, p2PolTatRevNefopt.native B, 
p2PolTatRevNef.opt B, polopt.SF2, prot.opt.SF2, protI 
na.opt.SF2, protInaRTYM.opt.SF2, protInaRTYMW 
M.opt.SF2, ProtInaRTmut.SF2, protRT.opt.SF2, ProtRT 
TatRevNef.opt B, ProtRTTatRevNefopt B, rev.exon1 
2.M5-10.opt.SF162, rev.exon 1 2.opt.SF162, RT.opt.SF2 
(mutant), RT.opt.SF2 (native), RTmut.SF2, tat.exon 1 
2.opt.C22-37.5F2, tat.exon 1 2.opt.C37.5F2, TatRevNe 
foptinative.SF162, TatRevNefopt.SF162, TatRevNefGag 
B, TatRevNefgagCpolIna B, TatRevNefGagProtInaRTmut 
B, TatRevNefp2Polopt B, TatRevNe?protRTopt B, 
vif.opt.SF2, vpropt.SF2, and vpu.opt.SF162. 
0179 Gag-complete refers to in-frame polyproteins com 
prising, e.g., Gag and pol, wherein the p6 portion of Gag is 
present. 

0180 Additional sequences that may be employed in 
Some aspects of the present invention have been described in 
WO 00/39302, WO 00/39303, WO 00/39304, and WO 
02/04493, all of which are herein incorporated by reference 
in their entireties. 

0181 2.2.2 Further Modification of Sequences Including 
HIV Nucleic Acid Coding Sequences 
0182. The HIV polypeptide-encoding expression cas 
Settes described herein may also contain one or more further 
Sequences encoding, for example, one or more transgenes. 
Further sequences (e.g., transgenes) useful in the practice of 
the present invention include, but are not limited to, further 
Sequences are those encoding further viral epitopes/antigens 
{including but not limited to, HCV antigens (e.g., E1, E2; 
Houghton, M., et al., U.S. Pat. No. 5,714,596, issued Feb. 3, 
1998; Houghton, M., et al., U.S. Pat. No. 5,712,088, issued 
Jan. 27, 1998; Houghton, M., et al., U.S. Pat. No. 5,683,864, 
issued Nov. 4, 1997; Weiner, A. J., et al., U.S. Pat. No. 
5,728,520, issued Mar. 17, 1998; Weiner, A. J., et al., U.S. 
Pat. No. 5,766,845, issued Jun. 16, 1998; Weiner, A.J., et al., 
U.S. Pat. No. 5,670,152, issued Sep. 23, 1997; all herein 
incorporated by reference), HIV antigens (e.g., derived from 
one or more HIV isolate); and sequences encoding tumor 
antigens/epitopes. Further Sequences may also be derived 
from non-viral Sources, for instance, Sequences encoding 
cytokines such interleukin-2 (IL-2), stem cell factor (SCF), 
interleukin 3 (IL-3), interleukin 6 (IL-6), interleukin 12 
(IL-12), G-CSF, granulocyte macrophage-colony Stimulat 
ing factor (GM-CSF), interleukin-1alpha (IL-1I), interleu 
kin-11 (IL-11), MIP-1I, tumor necrosis factor (TNF), leu 
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kemia inhibitory factor (LIF), c-kit ligand, thrombopoietin 
(TPO) and flt3 ligand, commercially available from several 
vendors Such as, for example, Genzyme (Framingham, 
Mass.), Genentech (South San Francisco, Calif.), Amgen 
(Thousand Oaks, Calif.), R&D Systems and Immunex 
(Seattle, Wash.). Additional sequences are described below. 
Also, variations on the orientation of the Gag and other 
coding Sequences, relative to each other, are described 
below. 

0183 HIV polypeptide coding sequences can be obtained 
from other HIV isolates, See, e.g., Myers et al. LOS Alamos 
Database, Los Alamos National Laboratory, Los Alamos, N. 
Mex. (1992); Myers et al., Human Retroviruses and Aids, 
1997, Los Alamos, N. Mex.: Los Alamos National Labora 
tory. Synthetic expression cassettes can be generated using 
Such coding Sequences as Starting material by following the 
teachings of the present Specification. 
0184 Further, the synthetic expression cassettes of the 
present invention include related polypeptide Sequences 
having greater than 85%, preferably greater than 90%, more 
preferably greater than 95%, and most preferably greater 
than 98% sequence identity to the polypeptides encoded by 
the Synthetic expression cassette Sequences disclosed herein. 
0185. Exemplary expression cassettes and modifications 
are set forth in Example 1. 
0186 2.2.3 Expression of Synthetic Sequences Encoding 
HIV-1 Polypeptides and Related Polypeptides 
0187 Synthetic HIV-encoding sequences (expression 
cassettes) of the present invention can be cloned into a 
number of different expression vectors to evaluate levels of 
expression and, in the case of Gag-containing constructs, 
production of VLPs. The synthetic DNA fragments for HIV 
polypeptides can be cloned into eucaryotic expression vec 
tors, including, a transient expression vector, CMV-pro 
moter-based mammalian vectors, and a Shuttle Vector for use 
in baculovirus expression Systems. Corresponding wild-type 
Sequences can also be cloned into the same vectors. 
0188 These vectors can then be transfected into a several 
different cell types, including a variety of mammalian cell 
lines (293, RD, COS-7, and CHO, cell lines available, for 
example, from the A.T.C.C.). The cell lines are then cultured 
under appropriate conditions and the levels of any appro 
priate polypeptide product can be evaluated in Supernatants. 
(See, Table A). For example, p24 can be used to evaluate Gag 
expression; gp160, gp140 or gp120 can be used to evaluate 
Env expression; p6pol can be used to evaluate Pol expres 
Sion; prot can be used to evaluate protease, p15 for 
RNASeH, p31 for Integrase, and other appropriate polypep 
tides for Vif, Vpr, Tat, Rev, Vpu and Nef. Further, modified 
polypeptides can also be used, for example, other Env 
polypeptides include, but are not limited to, for example, 
native gp160, oligomeric gp140, monomeric gp120 as well 
as modified and/or Synthetic Sequences of these polypep 
tides. The results of these assays demonstrate that expression 
of Synthetic HIV polypeptide-encoding Sequences are Sig 
nificantly higher than corresponding wild-type Sequences. 

0189 Further, Western Blot analysis can be used to show 
that cells containing the Synthetic expression cassette pro 
duce the expected protein at higher per-cell concentrations 
than cells containing the native expression cassette. The HIV 
proteins can be seen in both cell lysates and Supernatants. 
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The levels of production are Significantly higher in cell 
Supernatants for cells transfected with the Synthetic expres 
Sion cassettes of the present invention. 
0190. Fractionation of the Supernatants from mammalian 
cells transfected with the Synthetic expression cassette can 
be used to show that the cassetteS provide Superior produc 
tion of HIV proteins and, in the case of Gag, VLPs, relative 
to the wild-type Sequences. 

0191) Efficient expression of these HIV-containing 
polypeptides in mammalian cell lines provides the following 
benefits: the polypeptides are free of baculovirus contami 
nants, production by established methods approved by the 
FDA, increased purity; greater yields (relative to native 
coding sequences); and a novel method of producing the Sub 
HIV-containing polypeptides in CHO cells which is not 
feasible in the absence of the increased expression obtained 
using the constructs of the present invention. Exemplary 
Mammalian cell lines include, but are not limited to, BHK, 
VERO, HT1080, 293, 293T, RD, COS-7, CHO, Jurkat, 
HUT, SUPT, C8166, MOLT4/clone8, MT-2, MT-4, H9, 
PM1, CEM, and CEMX174 (such cell lines are available, for 
example, from the A.T.C.C.). 
0.192 A synthetic Gag expression cassette of the present 
invention will also exhibit high levels of expression and 
VLP production when transfected into insect cells. Synthetic 
expression cassettes described herein also demonstrate high 
levels of expression in insect cells. Further, in addition to a 
higher total protein yield, the final product from the Syn 
thetic polypeptides consistently contains lower amounts of 
contaminating baculovirus proteins than the final product 
from the native Sequences. 
0193 Further, synthetic expression cassettes of the 
present invention can also be introduced into yeast vectors 
which, in turn, can be transformed into and efficiently 
expressed by yeast cells (Saccharomyces cerevisea; using 
vectors as described in Rosenberg, S. and Tekamp-Olson, P., 
U.S. Pat. No. RE35,749, issued, Mar. 17, 1998, herein 
incorporated by reference). 
0194 In addition to the mammalian and insect vectors, 
the Synthetic expression cassettes of the present invention 
can be incorporated into a variety of expression vectors 
using Selected expression control elements. Appropriate 
vectors and control elements for any given cell an be 
selected by one having ordinary skill in the art in view of the 
teachings of the present Specification and information 
known in the art about expression vectors. 
0.195 For example, a synthetic expression cassette can be 
inserted into a vector which includes control elements 
operably linked to the desired coding Sequence, which allow 
for the expression of the gene in a Selected cell-type. For 
example, typical promoters for mammalian cell expression 
include the SV40 early promoter, a CMV promoter such as 
the CMV immediate early promoter (a CMV promoter can 
include intron A), RSV, HIV-Litr, the mouse mammary tumor 
virus LTR promoter (MMLV-ltr), the adenovirus major late 
promoter (Ad MLP), and the herpes simplex virus promoter, 
among others. Other nonviral promoters, Such as a promoter 
derived from the murine metallothionein gene, will also find 
use for mammalian expression. Typically, transcription ter 
mination and polyadenylation Sequences will also be 
present, located 3' to the translation Stop codon. Preferably, 




























































