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A. Wild type AAV Rep inhibitory nucleotide sequence (SEQ ID NO:01), 135-
bp, from AAV2 genome (GenBank accession number AF043303.1) bp 1782
to bp 1916

AAGGGTGGAGCCAAGAARRAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCARACG
GGTGCGCGAGTCAGT TGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACG
CAGACAGGTACCAAAAC (SEQ ID NO:01)

B. Wild type AAV Rep inhibitory polypeptide sequence (SEQ ID NO:02)
encoded by SEQ ID NO:01

KGGAKKRPAPSDADISEPKRVRESVAQPSTSDAEASINYADRYQON (SEQ ID NO:02)

C. Scrambled AAYV Rep inhibitory nucleotide sequence (SEQ ID NO:07),
which corresponds to the 135-bp wild type AAV Rep inhibitory nucleotide
sequence (SEQ ID NO:01):

DAGGGGGGGGCCAARAAAGCGCCCTGCACCTTCCGACGCCGACATTTCCGAGCCARAGAL
AGTGCGTGAGAGTGTGGCCCAACCCTCCACCAGTGATGCCGAGGCCTCCATTAATTATG
CCGACCGCTATCAGAAT (SEQ ID NO:07)

D. Deoptimized AAV Rep inhibitory nucleotide 'sequence (SEQ ID NO:09),
which corresponds to the 135-bp wild type AAV Rep inhibitory nucleotide
sequence (SEQ ID NO:01):

LAAGGGCGGAGCGAAAANGAGACCCGCCCCTAGCGACGCCGACATTAGCGAACCGAAALG
CGTACGCGAATCCGTTGCGCAACCGTCAACCTCCGACGCCGAAGCGTCAATCAATTACG
CCGATAGGTACCAGAAT (SEQIDNO:09)

E. Wild type AAV Rep inhibitory nucleotide sequence SEQ ID NO:17 (564-bp
sequence from bp 1623 to bp 2186, of Adeno-Associated Virus 2 (AAV2)
genome GenBank: AF043303.1. The 135-bp wild type AAV Rep inhibitory
nucleotide sequence (SEQ ID NO:01) is underlined

TTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGAACTCACCCGCCGT
CTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGACTTTTTCCGGTGGGCA
AAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCARAAAGGGTGGAGCCAAGAAA
AGACCCGCCCCCAGTGCACGCAGATATAAGTGAGCCCAAACGGGTGCGCGAGTCAGTTGCG
CAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAGGTACCAAAACAAA
TGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAATGCGAGAGAATG
AATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGCTTTCCC
GTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACTGTGCTACATT
CATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTCAATGTGGAT
TTGGATGACTGCATCTTTGANCANTAN

FIGURE 4 (sheet 1 of 2)
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F. Wild type AAV Rep inhibitory polypeptide sequence (SEQ ID NO:20)
encoded by SEQ ID NO: 17

FEHQQPLQDRMetFKFELTRRLDHDFGKVTKQEVKD

FFRWAKDHVVEVEHEFYVKKGGAKKRPAPSDADIS
EPKRVRESVAQPSTSDAEASINYADRYQNKCSRHVG
MetNLMet LFPCRQCERMetNQNSNICFTHGQKDCLEC

FPVSESQPVSVVKKAYQKLCYIHHIMetGKVPDACTA
CDLVNVDLDDCIFEQ Stop

G. Scrambled AAV Rep inhibitory nucleotide sequence (SEQ ID NO:18),
which corresponds to the 564-bp wild type AAV Rep inhibitory nucleotide
sequence SEQ ID NO:17

ACTTTCGAACATCAGCAACCCCTCCAGGATCGTATGTTTAAGTTCGAGTTGACTCGGCGG
CTGGACCACGATTTCGGCAAAGTGACGAAACAGGAGGTGAAGGACTTCTTTAGATGGGCC
AAGGACCACGTGGTGGAGGTCGAGCACGAGTTTTATGTGAAGAAGGGGGGGGCCARAARG
CGCCCTGCACCTTCCGACGCCGACATTTCCGAGCCAAAGAGAGTGCGTGAGAGTGTGGCC
CAACCCTCCACCAGTGATGCCGAGGCCTCCATTAATTATGCCGACCGCTATCAGAATAAG
TGCTCAAGGCATGTCGGGATGAACCTGATGCTGTTCCCATGCCGCCAGTGCGAGCGCATG
AACCAGRACAGCAACATTTGTTTTACCCACGGGCAGRAGGATTGCCTGGAATGCTTCCCG
GTCAGCGAGTCACAGCCGGTGTCCGTGGTGAAGARAGCCTACCAARAGCTGTGTTACATC
CACCACATTATGGGGAAAGTCCCCGATGCCTGTACCGCATGCGACCTGGTGAACGTTGAC
CTCGACGACTGCATTTTCGAGCAGTAA :

H. Deoptimized AAV Rep inhibitory nucleotide sequence (SEQ ID NO:19),
which corresponds to the 564-bp wild type AAV Rep inhibitory nucleotide
sequence SEQ ID NO:17

ACGTTCGAACACCAGCAGCCATTGCAGGACCGTATGTTCAAATTTGAACTGACTAGGAGA
CTCGACCACGACTTCGGAAAGGTGACTAAGCAGGAGGTGAAAGACTTTTTTCGGTGGGCG
ARAAGACCATGTGGTCGAGGTCGAGCACGAGTTTTACGTGARAAAGGGCGGAGCGAAARAAG
AGACCCGCCCCTAGCGACGCCGACATTAGCGAACCGAAACGCGTACGCGAATCCGTTGCG
CAACCGTCAACCTCCGACGCCGAAGCGTCAATCAATTACGCCGATAGGTACCAGAATAAG
TGCTCTAGACACGTGGGGATGAATCTGATGCTGTTTCCCTGTAGACAGTGCGAGCGTATG
AACCAGAACTCGAACATTTGCTTTACCCACGGACAGAAAGACTGTCTCGAATGCTTTCCC
GTGTCCGAATCGCAACCCGTTAGCGTCGTGAAAAAAGCGTACCAGAAACTGTGTTACATA
CACCATATTATGGGCAAAGTGCCCGACGCATGCACCGCATGCGATCTGGTGAACGTCGAC
CTCGACGATTGCATTTTTGAACAGTAA

FIGURE 4 (sheet 2 of 2)
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Nucleotide sequence (SEQ ID NO:03) encoding an exemplary wild type AAV Rep78.

ATGCCGGGGTTTTACGRAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCC
CGGCATTTCTGACAGCTTTGTGAACTGGCGTGCCCCAGAAGGAATGGGAGTTGCCGCCAG
ATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTG
CAGCGCGACTTTCTGACGGAATGGCGCCGTGTGAGTAACGGCCCCGGAGGCCCTTTTCTT
TGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCG
GGGTGARATCCATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAARAACTGATTCAG
AGAATTTACCGCGGGATCGAGCCGACTTTGCCARACTGGTTCGCGGTCACARAGACCAG
AARTGGCGCCGGAGGCGGGAACAAGGTGGTGGATGAGTGCTACATCCCCAATTACTTGC
TCCCCARAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTATTTAAGC
GCCTGTTTGAATCTCACGGAGCGTARACGGTTGGTGGCGCAGCATCTGACGCACGTGTC
GCAGACGCAGGAGCAGARCAAAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCA
GATCAARARACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTGGACAAGGGGATT
ACCTCGGAGAAGCAGTGGATCCAGGAGGACCAGGCCTCATACATCTCCTTCAATGCGGC
CTCCAACTCGCGGTCCCARATCARGGCTGCCTTGGACAATGCGGGARAGATTATGAGCC
TGACTAAARCCGCCCCCGACTACCTGGTGGGCCAGCAGCCCGTGGAGGACATTTCCAGC
AATCGGATTTATARAATTTTGGAACTAAACGGGTACGATCCCCAATATGCGGCTTCCGT
CTTTCTGGGATGGGCCACGARAAAGTTCGGCAAGAGGAACACCATCTGGCTETTTGGGC
CTGCAACTACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACACTGTGCCCTTCTAC
GGGTGCGTARACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGGT
GATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCGTGGAGTCGGCCARAGCCATTC
TCGGAGGRAAGCAAGGTGCGCGTGGACCAGARATGCAAGTCCTCGGCCCAGATAGACCCG
ACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCCTGATTCACGCGGAACTCAAC
GACCTTCGAACACCAGCAGCCGTTGCAAACCGGATGTTCAAATTTGRAACTCACCCGCCG
TCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGACTTTTTCCGGTGGE
CARAAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAAA
AAGGGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACG
GGTGCGCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACG
CAGACAGGTACCAAAAC
AAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAATGCGAGAG
ARTGAATCAGRATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGCT
TTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGARACTGTGC
TACATTCATCATATCATGGGARAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTCAA
TCTGGATTTGGATGACTGCATCTTTGAACARATAA

FIGURE 5
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A. Amino acid sequence (SEQ ID NO:04) of AAV wild type Rep78 protein (GenBank
protein id='v'AAC03775.1, db xref="GI:2906018

MPGFYRIVIKVPSDLDEHLPGISDSEFVNWVAEKEWELPPDSDMDLNLIEQAPLTVAEKLORDEFLT
EWRRVSKAPEALFEFVQFEKGESYFHMHVLVETTGVKSMVLGRFLSQIREKLIQRIYRGIEPTLEN
WEAVTKTRNGAGGGNKVVDECYITPNYLLPKTOPELQWAWTNMEQY LSACLNLTERKRLVAQHLTH
VSQTQOEQONKENQNPNSDAPVIRSKTSARYMELVGWLVDKGITSERQWIQEDQASYISFNAASNSR
SQIKAALDNAGKIMSLTKTAPDYLVGQQPVEDISSNRIYKILELNGYDPOQYAASVELGWATRKEKEFG
KRNTIWLFGPATTGKTNIAEAIAHTVPFYGCVNWTNENFPFNDCVDKMVIWWEEGKMTAKVVESA
KATILGGSKVRVDQKCKSSAQIDPTPVIVTSNTNMCAVIDGNSTTFEHQQPLODRMFKFELTRRLD
HDFGKVTKQEVKDFFRWAKDHVVEVEHEFYVKKGGAKKREAPSDADISEPKRVRESVAQPSTSDA
FASINYADRYQNKCSRHVGMNLMLEPCRQCERMNONSNICFTHGQXDCLECFPVSESQPVSVVKK
AYQKLCYIHHIMGKVPDACTACDLVNVDLDDCIFEQ

B. Amino acid sequence (SEQ ID NO:05) of AAY wild type Rep68 protcin (GenBank
protein_id="AAC03774.1, db xref="GI:2906017

MPGFYEIVIKVPSDLDEHLPGISDSFVNWVAEKEWELPPDSDMDLNLIEQAPLTVAEKLQRDEFLT
EWRRVSKAPEALFFVQFEKGESYFHMHVLVETTGVKSMVLGRELSQIREKLIQRIYRGIEPTLPN
WEFAVTKTRNGAGGGNKVVDECY IPNYLLPKTQPELOQWAWTNMEQY LSACLNLTERKRLVAQHLTH
VSQTQEQNKENQNPNSDAPVIRSKTSARYMELVGWLVDKGITSEKQWIQEDQASYISFNAASNSR
SQIKARALDNAGKIMSLTKTAPDYLVGQQOPVEDISSNRIYKILELNGYDPQYAASVFLGWATKKEG
KRNTIWLEGPATTGKTNIAEAIAHTVPEYGCVNWTNENFPENDCVDEMV IWWEEGKMTAKVVESA
KAILGGSKVRVDQKCKSSAQIDPTPVIVTSNTNMCAVIDGNSTTFEHQOPLODRMFKFELTRRLD
HDFGRVTRKQEVKDEFRWAKDHVVEVEHEFYVEKGGAKKRPAPSDADI SEPKRVRESVAQPSTSDA
EASINYADRLARGHSL

FIGURE 6
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A. Scrambled AAYV Rep78 nueleotide sequence sRep78 (SEQ ID NO:06).
Sequence of the exemplary serambled AAV Rep inhibitory nucleotide sequence
(SEQ ID NO:07), which corresponds to the 135-bp wild type AAV Rep
inhibitory nucleotide sequence (SEQ ID NO:01) is in italics:

ATGCCCGGATTCTACGAAATCGTCATCAAAGTGCCCTCTGACTTGGATGAACACCTGCCGGGGA
TCAGCGATTCTTTCGTCAATTGGGTCGCGGAGAARGAGTGGGAACTTCCCCCCGACTCGGACAT
GGACCTGAACTTAATCGAGCAAGCCCCGCTGACGGTGGCGGAGARACTGCAGCGGGACTTTCTG
ACCGAGTGGAGGCGCGTATCGAAAGCGCCCGAAGCTTTGTTTTTCGTCCAGTTCGAGAAGGGGG
AGTCGTACTTTCATATGCATGTGTTGGTGGAGACTACGGGAGTGAAGAGTATGGTGCTAGGGAG
GTTTCTGTCGCAAATAAGAGAGAAGCTGATCCAGCGGATATACCGTGGCATTGAGCCCACCCTT
CCCAATTGGTTTGCCGTGACCAAAACTCGTAACGGAGCAGGGGGGGGAAATARAGTCGTCGALG
AGTGCTATATTCCGAACTACCTCTTGCCCAAGACGCAGCCCGAATTGCAGTGGGCCTGGACCAA
CATGGAGCAATACCTGTCAGCGTGCCTCAACTTGACCGARAGAAAGAGACTCGTGGCCCAGCAC
CTGACCCATGTCTCACAGACCCAGGAACAGAATAAGGAAAACCAARACCCAAATAGCGACGCCC
CCGTGATACGGAGCAAGACCAGCGCTCGCTACATGGAGTTAGTGGGATGCTTGGTGGATARAGG
AATCACGTCTGAGAAACAATGGATTCAGGAGGACCAGGCGTCCTACATTAGTTTTAACGCCGCG
TCAAATAGCAGATCTCAGATTAAAGCCGCGCTCGATAACGCCGGCARAATCATGTCGCTGACCA
AGACAGCTCCCGACTACCTGGTGGGACAGCAGCCGGTGGAGGACATCTCTTCTAACCGTATCTA
CAAGATCCTEGAGTTGAATGGCTACGACCCACAGTACGCCGCCTCAGTGTTTCTGGGCTGGGCA
ACCAAGAAATTTGGGAAACGCAATACGATTTGGCTGTTCGGACCCGLCACCACTGGTAAGACTA
ATATTGCCGAGGCCATCGCACATACCGTTICCGTTTTACGGATGCGTGAATTGGACTAACGAARA
TTTCCCCTTTAATGATTGCGTGCGACAAGATGGTTATTTGGTGGGAGGAAGGAAAGATGACTGCG
AAAGTGGTGGAATCCGCTAAGGCTATCTTGGGGGGGTCGAAAGTTEGGGTCGACCAGAAGTGCA
AATCGTCCGCGCAGATTGACCCCACCCCCGTGATTGTGACGTCARATACTAATATGTGTGCGEGT
CATCGATGGCAATAGCACCACTTTCGAACATCAGCAACCCCTCCAGGATCGTATGTTTAAGTTC
GAGTTGACTCGGCGGCTGGACCACGATTTCGGCAAAGTGACGAAACAGGAGGTGAAGGACTTCT
TTAGATGGGCCAAGGACCACGTGGTGGAGGTCGAGCACGAGTTTTATGTGAAG
AAGGGGGGGGCCAAAAAGCGCCCTGCACCTTCCGACGCCGACATTTCCGAGCCAAAGAGAGTGC
GTGAGAGTGTGGCCCAACCCTCCACCAGTGATGCCGAGGCCTCCATTAATTATGCCGACCGCTA
TCAGAAT
AAGTGCTCAAGGCATGTCGGGATGAACCTGATGCTGTTCCCATGCCGCCAGTGCGAGCGCATGA
ACCAGRACAGCAACATTTGTTTTACCCACGGGCAGAAGGATT GCCTGGAATGCTTCCCGGTCAG
CGAGTCACAGCCGGTGTCCGTGGTGAAGAAAGCCTACCAAAAGCTGTGTTACATCCACCACATT
ATGGGGAAAGTCCCCGATGCCTGTACCGCATGCGACCTGGTGAACGTTGACCTCGACGACTGCA
TTTTCGAGCAGTAA

FIGURE 7 (sheet 1 of 2)
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B. Deoptimized AAV Rep78 nucleotide sequence dRep78 (SEQ 1D NO:08).
Sequence of the exemplary deoptimized AAV Rep inhibitory nucleotide
sequence (SEQ ID NO:09), which corresponds to the 135-bp wild type AAV
Rep inhibitory nuclcotide sequence (SEQ ID NO:01) is in italics:

ATGCCCGGGTTTTACGAGATCGTGATTAAGGTGCCATCCGATCTCGACGAGCATCTGCCCGGGA
TTAGCGATTCGTTCGTGAATTGCGTCGCCGAAAAGGAGTGGGAGTTGCCCCCCGATAGCGATAT
GGACCTGAATCTGATCGAGCAGGCCCCCCTTACCGTCGCCGAGARACTGCAACGCGATTTCTITG
ACCGAGTGGAGACGCGTGAGTAAGGCCCCCGAAGCCCTGTTTTTCGTGCAATTTGAAAAGGGCG
AGTCATACTTTCATATGCACGTGTTGGTCGAGACTACCGGCGTTAAGTCTATGGTGCTCGGACG
GTTTCTGTCACAGATACGCGAARAACTGATCCAGCGTATCTATCGCGGAATCGAGCCAACCCTA
CCGAATTGGTTCGCCGTTACGAAGACCCGTAACGGCGCCGGEGGEGEGAATAAGGTGGTCGACG
AGTGCTATATCCCTAACTATCTGTTACCGAAAACGCAACCCEAGTTGCAGTGGGCCTGGACTAA
CATGGAGCAATACTTGTCCGCATGCCTGAATCTGACCGAACGCAAACGGTTGGTCGCCCAGCAT
CTGACACACGTGAGTCAGACCCAGGAGCAGAATAAGCAGAATCAGAATCCGAACTCCGACGCCC
CCGTGATACGGTCTAAGACTAGCGCTAGGTATATGGAGTTGGTGGGEGTGGTTGGTCGACAAGGG
GATTACCTCCGAGAAACAGTGGATCCAGGAGGACCAGGCGTCATACATTTCGTTTAACGCCGCA
TCGAACTCACGGTCACAGATTAAGGCCGCACTCGACAACGCCGGTAAGATTATGAGTCTGACTA
AGACCGCCCCCGATTACTTAGTGGGACAGCAACCCGTCCGAGCACATTTCGAGTAATCGGATTTA
CAAAATCCTCGAaCTTAACGGATACGACCCCCAATACGCCGCTAGCETGTTTCTGGGETGGGLG
ACTAAGAAATTCGGAAAGCGTAATACGATTTGGTTGTTCGGACCCGCTACGACCGGCAARACGA
ATATCGCCGAAGCGATCGCGCATACCGTGCCATTCTACGGGTGCGTGARTTGGACGARCGAGAA
CTTTCCGTTTAACGATTGCGTCGACAAGATGGTGATTTGGTGGGAGGAGGGAAAGATGACCGCT
AAGGTGGTCGAGTCCGCGAAAGCGATTCTGGGGGEGGTCTAAGGTGAGAGTCGACCAGAAGTGTA
AGTCTTcygGCTCAGATCGATCCGACCCCCGTGATCGTGACCTCTAACACTAACATGTGCGCCGT
GATCGACGGGAATTCGACTACGTTCGAACACCAGCAGCCATTGCAGGACCGTATGTTCARATTT
GAACTGACTAGGAGACTCGACCACGACTTICGGAAAGGTGACTAAGCAGGAGGTGAAAGACTTTT
TTCGGTGGGCGAAAGACCATGTGGTCGAGGTCCGAGCACGAGTTTTACGTGAAA
AAGGGCGGAGCGAAARAAGAGACCCGCCCCTAGCGACGCCGACATTAGCGAACCGAAACGCGTAC
GCGAATCCGTTGCGCAACCGTCAACCTCCGACGCCGAAGCGTCAATCAATTACGCCGATAGGTA
CCAGAAT
AAGTGCTCTAGACACGTGGGGATGAATCTGATGCTGTTTCCCTGTACGACAGTGCGAGCGTATGA
ACCAGAACTCGAACATTTGCITTACCCACGGACAGAAAGACTGTCTCGAATGCTTTCCCGTGTC
CGAATCGCAACCCGTTAGCGTGGTGAAAAAAGCGTACCAGAAACTGTGTTACATACACCATATY
ATGGGCARAGTGCCCGACGCATGCACCGCATGCGATCTGGTGAACGTCGACCTCGACGATTGCA
TTTTTGAACAGTAA

FIGURE 7 (sheet 2 of 2)
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Schematic representation of the 138-nt IEE (SEQ ID NO:11) showing YY1 and Rep-
binding sites, a putative upstream stimulating factor (USF)-binding site, and a TATA box
(Philpott et al. (2002) A p5 integration efficiency element mediates Rep-dependent
integration info AAVS1 at chromosome 19. Proc. Natl. Acad. Sci. USA 99:12381).
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Figure 12 (sheet 1 of 3)
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Figure 12 (sheet 2 of 3)
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Figure 12 (sheet 3 of 3)
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Figure 13 (sheet 1 of 3)

*321
WTREP GGTTTGAACGCGCAGCCGCCATGCCGGEETTTTACGACATTGTCATTAAGGICCCCAGCS 360
dREP  mmmmmmmmmmee oo ATGCCCGGETTTTACGAGATCGTCATTAAGGTGCCATCCG
SREP  mmmmmmmmmm—ee e ATGCCCGGATTCTACGARATCGTCATCAAAGLGCCCTCTG
kkhkxkhk xKk kk khkxkk kk Kkk hk kkhk kk KhKk *
WTRTP ACCTTGACGAGCATCTGCCCGECAT TTCTGACAGCT TG IGAACTGGGIGGCCGACAAGE 420
dRFP ATCTCGACGAGCATCTGCCCEGEATTAGCGATTCGT TCETGAAL IGGGTCCCCCAARAGG
SREP ACTTGGATGAACACCTGCCGGGGATCACCGATTCTTTCGTCAA L IGGGLCCCEEACARAG
= * kk kx kk Fhkhkkk *k kK * K Kk kk Kk kdkkkdk Kk kk kk K
WTREP ARTGGGAGTTGCCGCCAGATTCTGACATGEATCIGARTCTGATTGAGCAGGCACCCCTGA 480
dREP AGTGGGAGTTGCCCCCCGATAGCGATATGGACC IGARTCTGATCGAGCAGGCCCCCCTTA
SREP AGTGEGARCTTCCCCCCEACTCGGACATGGACCT GARCTTARTCCAGCAAGCCCCGCTGA
* kkEkkk * *Kk kx kK Kk kkkkk wwk kK d dkk kkdkwk kk kk kk ok
WIREP CCOTGGCCGACAACCTGCAGCGCEACTTTCTGACGGAATGGCGCCGTGTGAGTARGECCC 540
dREP CCGTCGUCGAGAAACTGCARCGCEATTTCTTGACCGAGTGCAGACGCGTGAGTARGECCC
SREP CGGTGGCGGAGAAACT GCAGCEGGACTTTCTGACCGAGTGGAGECGCGTATCGRAAGCGC
*okh vk kkkokk kkwkk hk hw Kk kkkk kk khkFk Kk kk k& * Kk xk K
WIREP CGGAGCCCCTTTICT TTGTGCAATTTGAGAAGGEAGAGRGCTACTTCCACATGCACGTGE 600
dREP COGARGCCCTGTTTTTCGTGCARTTTGARARGGGCGAGTCATACTTTCATATGCACGTGT
SREP CCGARGCTTTGTTTTTCETCCAGT TCCAGARGGGEGAGTCGTACTTTCATATGCATGTGT
* oKk kk * odkk kk kk ok kdk ek kkkkx hkoh *xckkk kx Khxkkk kkk
WIREP TCGTGGRANCCACCGGGETGARATCCATGETT TTGGGACGT TTCCTGAGTCAGATTCGCG 660
dREP TGGTCGAGACTACCGGCGTTAAGTCTATGETGCT CGGACCGTTTCTGTCACAGATACGCS
SREP TGGTGGAGACTACGGGAGTGAAGAGTATGETGCTAGGGAGGTTTCTGTCGCARATARGAG
k kk k% kk kk KKk Ak Kk R R *  kk hkw * kK * &
WTREP ARAAACTGATTCAGAGAATTTACCCCEEEATCGAGCCGACTTTGCCAAACTGGTTCGCEG 720
dREP AAAAACTGATCCAGCGTATCTATCGCGGAATCGAGCCAACCCTACCGAATTGETICCCCE
SREP AGAAGCTGATCCAGCGGATATACCETGGCATTGAGCCCACCCTTCCCAATTGGTTTGCCG

k Kk Kkkhkkxk kkk x k*x kEk kk kk wk xkkkhk ok * kk kk kkkxF KKk K

WTREP TCACRARRAGACCAGAAATGGCGCCGGAGGCGGGAACAAGGTSETGCATCAGTGCTACAICC 780
dREP TTACGARGACCCGTAACGGCECCGGGEGEECGAATAAGGTGGTCGACGAGTGCTATAICC
sREP TCACCAAAACTCGTARCGGAGCAGGGGGGGCARATAAAGTCGTCGACGAGTGCTATATIC

* Hx hk k% w Ak kRw kw kwm kR KK Kk wk Kk Hh kh kR kkAkd kk ok

WIREP CCAATTACI"'GCICCCCAARACCCAGCCTGAGCTCCAGTGEGCGTGGACTAATATGGAAC 840 -
dREP CTAACTATCTGTTACCGAAAACGCAACCCGAGTTIGCASTGGGCCTGGACTARCATGGAGC
sXEP CGAACTACCTCTTGCCCARAGACGCAGCCCGARTTGCAGTGEGCCTGGACCARCATGGAGC

KKK KK * k kk kk kw kw kkx dk ko oAk EhkkE A kkkdkk ok Kkkkoh Kk

WIREP AGHEIEARGCGCCTGTTTGAATCTCACGGAGCGTARACGGTTGETGECGCAGCATCTGA 900
dREP AATACTTGTCCGCATGCCTGRATCTGACCEAACGCARACGGTTGGTCGCCCAGCATCTGA
SRED ARTACCIGICAGCGT SCCTCARCT TGACCGAMAGAARGAGACTCCTGECCCAGCACCTGA

*  kx * kx hk * kK *  kdk k% % kok * k kok ok kkwkh kokokok
WTREP CGCACGTGTCGCAGACGCAGGAGCAGRACARAGAGARTCAGRATCCCAATTCTGATGCGE 960
dREP CACACGTGAGTCAGACCCAGGAGCAGRATARGGAGARTCAGAATCCEAACTCCGACGCCC
SREP CCOATGTCTCACAGACCCAGGAACAGRATARGGARARCCARAACCCARATAGCGACGCCC

* kk kk EEk KA wkkkk dkdkkd kk o kk *k o kx kx kk hx Rk kEk %
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WIREP CGGTGATCAGATCAAAAAC ' TCAGCCAGGTACATGGAGCTGGTCGGGTCGCTCGTGGACA 1020
dREP CCOTGATACGGICTAAGRCTAGCGCTAGGTATATGGAGTTGGTGGGGTCGTTGGTCGACA
SREP CCGTGATICGGAGCAAGACCAGCGCTCGCTACATGGAGTTAGTGGGATGCTTGGTGGATA

* kkkkk Kk *x wk kk ok kk kkkkkh k kk kk kkk Kk kR kw &
WTREP BGGGGATTACCTCGCAGARGCAGTGGATCCAGGAGGACCAGECCTCATACATCTCCTTCA 1080
dREP AGGCGGATTACCTCCGNGANACAGTGGATCCAGGAGGACCAGGCGTCATACATTTCGTTTA
SREP AAGGAATCACGTCTGRAGAAACAATGGATTCAGGAGGACCAGGCGTCCTACATTAGTTTTA

Kk ko kk ko kk kxkRk kh hkhA K KARFAFKEAKKEALG Kk kwkkKk | kKk K
WTREP ATGCGGCCTCCAACTCGCGG-TCCCARATCAAGGCTGCCTTGGACAATGCGGGARAGATT 1139
dREP ACGCCGCATCGAACTCACGG-TCACAGAT TAACGCCGCACTCGACAACGCCGGTAAGATT
SREP ACGCCGCGTCARA-TAGCAGATCTCAGATTARAGCCGCGCTCGATARCGCCGGCARRATC

* kk kk kK KKk K * ok kk ke wk kk hw w ok * kK Kkk Kk KKk kK KK

WTREP ATGAGCCTGACTARARCCGCCCCCGACTACCTGGTCGECCAGCAGCCCETGGAGGACATT 1298
dREF ATGAGTCTGACTAAGACCGCCCCICGATTACTTAGTCGCGACAGCANCCCGTCGAGGACATT
sREP ATGTCGCTGACCAACACAGCTCCCGACTACCYGGTCGCGACAGCAGCCGGTGGAGGACATC

ok wokkokok kk kk kk kkkhKk kkk k Kkkkx KkAEAK kk km KkkxkEkx
WTREP TCCAGCARTCGGATTTATARAAT "TTGGAACTARACGGGTACGATCCCCAATATGCGGCT 1259
CREP TCGAGTAATCGGATTTACAARATCCTCGAACT AACGGATACGACCCCCAATACGCCEET
SREP TCTTCTAACCGTATCTACAAGATCCTTGAGTTGAATGGCTACGACCCACAGTACGLCGLC

* % Kk KKk kk ok kKk wk ok %Kk ok kk wk kkhkk kk kk kk kx xk
WIRZP TCCGTCTTTCTGGGATGGGCCACGAARRAGTTCGGCAACAGGAACACCATCTGGCTGTTT 1312
dREP AGCGTGTTTCTGGGGTGGGCGACTAAGAAATTCGGARACCGTAATACGATTTGGTTGTITC
sREP TCAGTCTTTCTGGGCTGGGCAACCAAGAAATTTGGGARACGCAATACGATTTGCGCTGTTC

hk kwkxARKA hhkkww kA kkhk kk kk kk kk h hk hk kk hkk hhkAH

WIREP GGGCCTGCAACTACCGGGAAGACCARCATCGCGGAGGCCATAGCCCACACTGTGCCCITC 1379
dREP GGACCCGCTACGACCGGCARARCGAATATCGCCGAAGCGATCGCGCATACCGTGCCATTC
sREP GGACCCGCCACCACTGGTAAGACTAATATTGCCGAGGCGATCGCACATACCGTTICCGTTT

*k kk kk kEk Kk kx kk kk kk kh k& kk kA AE AR Kk kKk kk KAEk kK

WIREP TACGGETGCGTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCCGACARGATG 1439
dREP TACGGGTGCGTGAATTGGACGAACGAGAACTTTCCGTTTAACGATTGCGTCCACAAGATG
sREP TACGGATGCGTGAATTGGACTAACGRARATTTCCCCTTTAATCATTGCGTGGACAAGATG

kkkkd FhrkhkF Kk KX kEx*x kk kk xk kk kk kA whk khk Aw Kk kkdkhkkkrk

WTREP GIGATCTGGTGGGAGGAGGGEGAAGA I GACCGCCARGGTCCTGGAGTCGGCCARAAGCCATT 1499
dREP GIGATTTGGTGGGCACGNGGGANGATGACCGCTAAGGTGGTCCAGTCCGCGARAGTGATT
SREP GTTATTTGGT GGGAGGAAGGNNNGATGACTGCGARAGTGGETGGAATCCGCTAAGGCTATC

*k hhk hhkkkkhkkhkAAd xk FkrkkAkk xk kkx kk kEk dk kk kdk kk AE Aw

WTREP CTCGGAGGAAGCAAGGTGCGCGETGGACCAGARATGCAAGTCCTCGGCCCAGATAGACCCG 1558
dREP CTGGGGEGETCTAAGGTGACAGTICGACCAGAAG TGTAAGTCTTCGGCTCAGATCGATCEG
SREP TTGGGGGGETCGAAAGTICGGCITGACCAGAAGT GCAAATCGTCCGCGCAGATTGACCCC

* kk kk ok kk ok kk AkkdkrkEkk kk kw Ak xk kF kkAkk £k FF
WIREP ACTCCCGTGATCGETCACCTCCAACACCAACATGTGCGCCGTGATTGACGGCAACTCAACG 1619
dREP ACCCCCGTGATCGTGACCTCTAACACTAACATGTGCGCCETGATCGACGGEAATTCGACT
SREP ACCCCCGTGATTCTGACGTCAAATACTAATATGTGTGCCGTCATCGATGGCAATAGCACT

ok kkckkkokkk Kk kk Ax kK Ak k% khkkk Kk kx Kk Ak KKk KKk *x
WTREP ACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGARCTCACCCGCCGT 1679
dREP ACGTTCGAACACCAGCAGCCATTGCAGGACTGTATGTTCARAATTTGAACTGACTAGGAGA
sREP ACTTTCGAACATCAGCAACCCCTCCAGGATCGTATGTTTAAGTTICGAGTTGACTCGGCEE

ko ohkokkkkokdk o wkkkk kk dokr kR ok kR kkk kk dk wor kKK * *
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WTREP CTGGATCATGACTTTGGGAAGGTCACCAAGCAGGARGTCAARGACTTTTTCCGGTEEECA 1739
dREP CTCGACCACGACTTCGGAARGGTGACTARGCAGGAGGTGARAGACTTTTTTCGGTGGGLG
SREP CTGGACCACGATTTCGGCARAGTGACGARACAGCAGGTGAAGGACTTCTTTAGATGGGCC
*k kK kR kHk kx hk kh kx khk Rk kkwhh kw kk kkkdkk ko * hkkKkk
GGT
WOREP AAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAAAAAG-;CAAGAAA 1799
dREP ARAGACCATGIGG.CGAGGTCGAGCACGAGTTTTACGTGARRAAGGGCCCAGCCARARAG
SRIP AAGGACCACGTGGTGCAGETCOAGCACGAGTTTTATGTGARGAAGGGGGCGECCARARAG
sk kk dk dkkdrkok kokkk ok KAk AKd kw o kHF kk kk kk kwkokd ke kk kk ook
SP1 ap1
WTREP AR o e GOCCAALCBECTGCGCCAGTCAGTTGCE 1859
dREP B A e O CACATTAGCGARCCRARACGCGTACGCGARTCCOTTGNG
SREP CGCCCTCCACCT TCCGACGCCGACATTTCCGAGCCARAGRGAGT GCGTGAGRGTGTGGCC
* =k kk XX KKk KKA KAk kK Kk kR hkk * kk kY kk kK wxk
WTREP CAGCCATCEACGTCAGACGCGEANGCTTCGATCAACTACGCAGACAGHYACCARAACARR 1519
dREP CAACCGICAACCTCCGACGCCGRAGCGTCAATCARTTACGCCGATAGGTACCAGRATARG
SREP CAACCCTCCACCAGTGATGCCGAGGLCTCCAT TAAT TALGCCGACCCCTAT CAGARTARG
*k kk kk kx %k kk kk kk K*F kk Kk Kk kx xKk k kk kK mk kK
WTREP TGTTCTCGTCACCTGGGCATGAATC TGATGCTGTTTCCCTGCAGACAATGCGAGAGARTG 1979
dREP TGCTCTAGRCACGTGGEGATGAATCTGATGCT GTTTCCCTGTAGACAGTGCGAGCGTATG
SREP TGCTCARGGCATGTCEGEATGAACCTGATGCTGTTCCCATGCCGLCAGTGCGAGCGCRTG

=k kR Kk kk wk Ak kdkkkk kkxkk¥kwkkk kFk Ak * oEEk hkkkEk Kk ok hkk

WTREP AATCAGAATTCAAATATCTGCTTCACTCACGGACAGRRAGACTGTTTAGAGTGCTTTCCC 2039
dREP AACCAGAACTCGAACATTTGCTTTACCCACGGACAGAAAGACTGTCTCCAATGCTTTCCC
SREP AACCAGRACAGCAACATTTGTTTTACCCACGGGCAGAAGGATTCCCTGCGAATGCTTCCCS

kR kkkkH Kk kk Kk kwo kk kkkkk kkkkk kR Rk ok Kk Rkkkk ko
WTREP GTGTCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGAAACTGTGCTACATT 2099
dEEP GTGTCCGAATCGCARCCCGTTAGCGTGGTGAARARARAGCGTACCAGAAACTGTGTTACATA
sREP GTCAGCGAGTCACAGCCGGTGTCCETGGTGAAGAAAGCCTACCARAAGCTGTGTTACATC

Wk kk kok kok kk ok ok dedk kx ok kk kk ok xk hk kkkkk khkkokok
WTRFP CATCATATCATEGGARAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTCAATGTGGAT 2159
dRZP CACCATATTATGGGCAAAGTGCCCGACGCATGCACCGCATGCGATCTGGTGAACCTCGAC
SREP CACCACATTATGGGGARAGTCCCCGATGCCTGTACCGCATCCGACCTGETGARCGTTGAC

hhk kK kk kxokdkk kk kx kk kk kk kk kK hkk Ak Kkhkwm hkAFK KAk kK wok

WIREP TTGGATGACTGCATCTTTGAACAATAA 2186
dREP CTCCACCGATTGCATTTTTGAACAGTAA
sREP CTCGACGACTGCATTTTCGAGCAGTAA

* kk K*k kkkkk kk KAk kK kkKx
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ADENO-ASSOCIATED-VIRUS REP
SEQUENCES, VECTORS AND VIRUSES

[0001] This application claims priority under 35 U.S.C.
§119(e) to co-pending U.S. Provisional Application Ser. No.
61/476,858, filed on Apr. 19, 2011, herein incorporated by
reference in its entirety.

[0002] This invention was made with government support
under grant Al41636, awarded by the National Institutes of
Health (NIH). The government has certain rights in the inven-
tion.

FIELD OF INVENTION

[0003] The invention provides adeno-associated virus
(AAV) replication (Rep) sequences. In one embodiment, the
invention provides nucleotide sequences encoding a chimeric
protein, wherein the encoded chimeric protein contains a wild
type AAV Rep inhibitory amino acid sequence, and wherein
the nucleotide sequences contain a scrambled and/or deopti-
mized polynucleotide sequence encoding the wild type AAV
Rep inhibitory amino acid sequence. The invention provides
vectors, cells, and viruses containing the invention’s
sequences. Also provided are methods for detecting portions
of the AAV Rep inhibitory amino acid sequence, which
reduce replication and/or infection and/or productive infec-
tion by viruses. The invention’s compositions and methods
are useful for site-specific integration and/or expression of
heterologous sequences by recombinant adeno-associated
virus (rAAV) vectors and by rAAV virus particles, such as
hybrid viruses (e.g., Ad-AAV) comprising such vectors. The
invention’s compositions and methods find application in, for
example, gene therapy and/or vaccines.

BACKGROUND

[0004] Sustained phenotypic correction of genetic defects
requires a safe means of gene replacement. To date, many of
these gene correction strategies use integrating lentiviruses or
retroviruses for long-term gene replacement, although their
clinical applications remain limited because of potential for
viral-associated oncogenesis.

[0005] Gene correction strategies have attempted to use
hybrid Adenovirus/Adeno-associated viruses (Ad/AAV) to
combine the capacity, tropism and ease of production of aden-
ovirus (Ad) with adeno-associated virus’s (AAV’s) ability for
site-specific integration (SSI) into chromosome 19 AAVSI.
Although the AAV Rep78 protein is required for SSI, the AAV
Rep78 protein has the disadvantage of an inhibitory effect on
Ad replication, particularly when co-expressed within the Ad
backbone. This has lead to difficulty in the prior art in gener-
ating an integrating transgene within the back-bone of a
single hybrid virus, such as Ad/AAV.

[0006] While an Adenovirus carrying the AAV cis acting
elements can be constructed, construction of an Adenovirus
carrying the Rep expression cassette has met with only lim-
ited success. Work by various authors has shown that coin-
fection with AAV in general, and Rep protein expression in
particular, results in a 10% to 40% decrease in Adenoviral
replication. Further, during co-infection of Ad and AAV, Rep
protein has been shown to co-localize to Adenoviral replica-
tion centers and prevent their maturation. As a result, strate-
gies to construct an Ad/AAV carrying Rep have focused on
controlling Rep expression. The few successes reported have
utilized tightly regulated expression systems, within a helper
dependent Adenoviral vector. Although these vectors are free
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of adenoviral genes, they however need a helper virus for
replication. Also, construction of a first generation Adenovi-
rus carrying Rep has proved to be more difficult. Several
reports exist of unsuccessful strategies for the construction of
a first generation Ad carrying Rep. In particular, a stable first
generation adenovirus carrying AAV Rep78 has so far not
been reproducibly constructed. Most viruses either fail to
grow, showing no signs of viral replication (Ueno et al. (2000)
Biochemical and Biophysical Research Communications 273
(2):473-478), grow slowly, or are unstable, acquiring dele-
tions within the Rep gene (Zolotukhin (2005) Human Gene
Therapy 16(5):551-557). In one report, analysis of two clones
bearing deletions revealed no overlap of the deletion sites
within the Rep ORF (Zhang et al. (2001) Gene Ther. 8:704).
[0007] Thus there remains a need for new compositions and
methods for safe, site-specific gene integration for applica-
tions that include gene therapy, vaccine, etc.

SUMMARY OF THE INVENTION

[0008] The invention provides a recombinant nucleotide
sequence encoding a chimeric protein, a) wherein the
encoded chimeric protein i) comprises at least a portion of
wild type AAV Rep inhibitory amino acid sequence listed as
SEQ ID NO:20, and ii) has Rep-mediated nuclease activity,
and b) wherein the recombinant nucleotide sequence com-
prises a scrambled polynucleotide sequence encoding the at
least portion of the wild type AAV Rep inhibitory amino acid
sequence listed as SEQ ID NO:20.

[0009] Inoneembodiment, the nucleotide sequence further
comprises a heterologous polynucleotide sequence operably
linked to a first AAV ITR. In a preferred embodiment, the
heterologous polynucleotide sequence is flanked by the first
AAV ITR and by a second AAV ITR. In an alternative
embodiment, the heterologous polynucleotide sequence
comprises a therapeutic sequence, exemplified by a therapeu-
tic sequence that encodes one or both of a disease associated
polypeptide and an antigen polypeptide. In one embodiment,
the nucleotide sequence further comprises a nucleic acid
sequence encoding an AAV capsid protein. In another
embodiment, the scrambled polynucleotide sequence com-
prises at least a portion of SEQ ID NO:18. In a more preferred
embodiment, the portion of SEQ ID NO:18 comprises SEQ
ID NO:07. In an alternative embodiment, the scrambled poly-
nucleotide sequence comprises a deoptimized AAV Rep
inhibitory nucleotide sequence. In a particularly preferred
embodiment, the deoptimized AAV Rep inhibitory nucle-
otide sequence comprises at least a portion of SEQ ID NO:19.
In yet another embodiment, the portion of SEQ ID NO:19
comprises SEQ ID NO:09. In some embodiments, the
scrambled polynucleotide sequence is operably linked to a
promoter.

[0010] The invention also provides, an expression vector
comprising any one or more of the recombinant nucleotide
sequences described herein.

[0011] Also provided by the invention is a recombinant
adeno-associated virus (rAAV) comprising any one or more
of'the recombinant nucleotide sequences described herein. In
a particular embodiment, the rAAV is infectious, and more
preferably (though not necessarily) the infectious rAAV is
replication competent. Yet more preferably (though not nec-
essarily) the replication competent rAAV is productive. In
one embodiment, the rAAV is produced by a permissive cell
at substantially the same copy number as the copy number of
a control AAV that lacks expression of AAV Rep protein. In
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some embodiments, the rAAV is characterized by site-spe-
cific integration into adeno-associated virus integration site 1
(AAVSI) sequence. In alternative embodiments, the rAAV
expresses at least a functional portion of Rep78 protein SEQ
1D NO:04 at a reduced level compared to the level expressed
by a control hybrid virus that comprises wild type amino acid
sequence SEQ ID NO:20 that is encoded by the wild type
AAV Rep inhibitory nucleotide sequence listed as SEQ 1D
NO:17. In a more preferred embodiment, the rAAV is a
hybrid virus that comprises at least a portion of a heterologous
virus genome sequence. In some embodiments, the heterolo-
gous virus is selected from the group of adenovirus, herpes
simplex virus, retrovirus, lentivirus, and baculovirus.

[0012] The invention also provides a cell comprising any
one or more of the recombinant nucleotide sequences
described herein.

[0013] Also provided by the invention is a composition
comprising any one or more of the recombinant adeno-asso-
ciated virus (rAAV) described herein, wherein the composi-
tion is free of helper virus. In a preferred embodiment, the
composition is a vaccine that comprises at least one pharma-
ceutically acceptable compound selected from the group of
diluent, carrier, excipient, and adjuvant.

[0014] The invention additionally provides a method for
detecting a sequence that reduces replication by a virus, com-
prising a) providing i) a first expression vector comprising a
first nucleotide sequence comprising a scrambled polynucle-
otide sequence encoding a portion of wild type AAV Rep
inhibitory amino acid sequence listed as SEQ ID NO:20, ii) a
second expression vector comprising a second nucleotide
sequence, wherein the second nucleotide sequence is pro-
duced by substituting a portion of the scrambled polynucle-
otide sequence with a corresponding portion of wild type
AAV Rep inhibitory nucleotide sequence listed as SEQ 1D
NO:17, and iii) a host cell that is permissive for the virus, b)
transfecting 1) the first expression vector into the permissive
cell under conditions to produce a first virus that comprises a
first amino acid sequence encoded by the first nucleotide
sequence, and ii) the second expression vector into the per-
missive cell under conditions to produce a second virus that
comprises a second amino acid sequence encoded by the
second nucleotide sequence, and ¢) determining the level of
replication of the first virus and of the second virus in the
transfected permissive cell, wherein a reduced level of repli-
cation ofthe second virus compared to the first virus identifies
the portion of wild type AAV Rep inhibitory nucleotide
sequence as reducing replication by the virus. In one embodi-
ment, the portion of SEQ ID NO:17 comprises SEQ ID
NO:01. In another embodiment, the portion of SEQ ID
NO:17 comprises one or more of SEQ ID NO:01, SEQ ID
NO:21, SEQ ID NO:24 and SEQ ID NO:27.

[0015] The invention also provides a method for detecting
a sequence that reduces replication by a virus, comprising a)
providing i) a first expression vector comprising a first nucle-
otide sequence comprising a portion of wild type AAV Rep
inhibitory nucleotide sequence listed as SEQ ID NO:17,ii) a
second expression vector comprising a second nucleotide
sequence, wherein the second nucleotide sequence is pro-
duced by substituting the portion of the wild type AAV Rep
inhibitory nucleotide sequence with a scrambled polynucle-
otide sequence encoding the portion of the wild type AAV
Rep inhibitory nucleotide sequence, and iii) a host cell that is
permissive for the virus, b) transfecting 1) the first expression
vector into the permissive cell under conditions to produce a
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first virus that comprises a first amino acid sequence encoded
by the first nucleotide sequence, and ii) the second expression
vector into the permissive cell under conditions to produce a
second virus that comprises a second amino acid sequence
encoded by the second nucleotide sequence, and ¢) determin-
ing the level of replication of the first virus and of the second
virus in the transfected permissive cell, wherein an increased
level of replication of the second virus compared to the first
virus identifies the portion of the wild type AAV Rep inhibi-
tory nucleotide sequence as reducing replication by the virus.
In one embodiment, the portion of SEQ ID NO:17 comprises
SEQ ID NO:01. In a further embodiment, the portion of SEQ
1D NO:17 comprises one or more of SEQ ID NO:01, SEQ ID
NO:21, SEQ ID NO:24 and SEQ ID NO:27.

[0016] Further provided by the invention is a method for
producing a recombinant adeno-associated virus (rAAV) par-
ticle, comprising a) providing an expression vector compris-
ing any one or more of the recombinant nucleotide sequences
described herein, b) providing an adeno-associated virus
(AAV) packaging cell, and c) transfecting the packaging cell
with the expression vector to produce a recombinant adeno-
associated virus (rAAV). In one embodiment, the method
further comprises detecting the presence of the produced
recombinant adeno-associated virus (rAAV). In another
embodiment, the method further comprises isolating the pro-
duced recombinant adeno-associated virus (rAAV). In yet a
further embodiment, the method does not include transfect-
ing the packaging cell with a helper virus.

[0017] The invention also provides a recombinant adeno-
associated virus (rAAV) produced by any one or more of the
methods described herein.

[0018] The invention additionally provides a method for
reducing one or more symptoms of disease in a mammalian
subject, comprising administering a therapeutically effective
amount of any one or more of the vectors described herein to
a mammalian subject in need of the therapy. In one embodi-
ment, the method further comprises detecting the presence of
at least a portion of the vector in a cell of the treated subject.
In an alternative embodiment, the recombinant nucleotide
sequence further comprises a heterologous polynucleotide
sequence operably linked to a first adeno-associated virus
inverted terminal repeat (AAV ITR). In a particular embodi-
ment, the heterologous polynucleotide sequence comprises a
therapeutic sequence, exemplified by a therapeutic sequence
that encodes one or both of a disease associated polypeptide
and an antigen polypeptide. In some embodiments, the thera-
peutic sequence encodes an antigen polypeptide, and the
method further comprises detecting an immune response by
the subject to the antigen polypeptide.

[0019] The invention also provides a recombinant nucle-
otide sequence encoding a chimeric protein, a) wherein the
encoded chimeric protein i) comprises wild type AAV Rep
inhibitory amino acid sequence ii) has Rep-mediated
nuclease activity, and b) wherein the recombinant nucleotide
sequence comprises a scrambled polynucleotide sequence
encoding the wild type AAV Rep inhibitory amino acid
sequence. In one embodiment, the wild type AAV Rep inhibi-
tory amino acid sequence comprises and/or consists of SEQ
ID NO:22. In another embodiment, the wild type AAV Rep
inhibitory amino acid sequence comprises and/or consists of
SEQ ID NO:25. In a further embodiment, the wild type AAV
Rep inhibitory amino acid sequence comprises and/or con-
sists of SEQ ID NO:28. In one embodiment, the scrambled
polynucleotide sequence encoding the wild type SEQ ID
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NO:22 comprises SEQ ID NO:23. In another embodiment,
the scrambled polynucleotide sequence encoding the wild
type SEQ ID NO:25 comprises SEQ ID NO:26. In a further
embodiment, the scrambled polynucleotide sequence encod-
ing the wild type SEQ ID NO:28 comprises SEQ ID NO:29.
In a particular embodiment, the scrambled polynucleotide
sequence comprises a deoptimized AAV Rep inhibitory
nucleotide sequence.

[0020] The invention additionally provides an expression
vector comprising any one or more of the recombinant nucle-
otide sequences disclosed herein.

[0021] The invention also provides a recombinant adeno-
associated virus (rAAV) comprising any one or more of the
recombinant nucleotide sequences disclosed herein. In one
embodiment, the rAAV is infectious. In a further embodi-
ment, the infectious rAAV is replication competent. In a
particular embodiment, the replication competent rAAV is
productive. In yet another embodiment, therA AV is produced
by a permissive cell at substantially the same copy number as
the copy number of a control AAV that lacks expression of
AAV Rep protein. In a further embodiment, the rAAV is
characterized by site-specific integration into adeno-associ-
ated virus integration site 1 (AAVS1) sequence. In another
embodiment, the rAAV expresses Rep78 protein SEQ ID
NO:04 at a reduced level compared to the level expressed by
a control hybrid virus that comprises wild type amino acid
sequence SEQ ID NO:20 that is encoded by the wild type
AAV Rep inhibitory nucleotide sequence listed as SEQ 1D
NO:17. In another embodiment, the rAAV is a hybrid virus
that comprises at least a portion of a heterologous virus
genome sequence, exemplified by genomes of adenovirus,
herpes simplex virus, retrovirus, lentivirus, and/or baculovi-
rus.

[0022] The invention also provides a cell comprising any
one or more of the recombinant nucleotide sequences
described herein.

[0023] Also provided by the invention is a composition
comprising any one or more of the recombinant adeno-asso-
ciated virus (rAAV) described herein, wherein the composi-
tion is free of helper virus. In a particular embodiment, the
composition is a vaccine that comprises at least one pharma-
ceutically acceptable compound selected from the group con-
sisting of diluent, carrier, excipient, and adjuvant.

[0024] The invention additionally provides a method for
producing a recombinant adeno-associated virus (rAAV) par-
ticle, comprising a) providing an expression vector compris-
ing any one or more of the recombinant nucleotide sequences
described herein, b) providing an adeno-associated virus
(AAV) packaging cell, and c) transfecting the packaging cell
with the expression vector to produce a recombinant adeno-
associated virus (rAAV). In a particular embodiment, the
method further comprises detecting the presence of the pro-
duced recombinant adeno-associated virus (rAAV). In a fur-
ther embodiment, the method further comprises isolating the
produced recombinant adeno-associated virus (rAAV). In an
alternative embodiment, the method does not include trans-
fecting the packaging cell with a helper virus. The invention
also provides a recombinant adeno-associated virus (rAAV)
produced by the invention’s method.

[0025] Also provided herein is a method for reducing one or
more symptoms of disease in a mammalian subject, compris-
ing administering a therapeutically effective amount of any
one or more of the vectors disclosed herein to a mammalian
subject in need of the therapy. In one embodiment, the method
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further comprises detecting the presence of at least a portion
of the vector in a cell of the treated subject. In a further
embodiment, the recombinant nucleotide sequence further
comprises a heterologous polynucleotide sequence operably
linked to a first adeno-associated virus inverted terminal
repeat (AAV ITR). In yet another embodiment, the heterolo-
gous polynucleotide sequence comprises a therapeutic
sequence, exemplified by a therapeutic sequence that encodes
one or both of a disease associated polypeptide and an antigen
polypeptide. In a further embodiment, the therapeutic
sequence encodes an antigen polypeptide, and the method
further comprises detecting an immune response by the sub-
ject to the antigen polypeptide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1: Analysis of modified Rep78 constructs. a)
Comparison of calculated codon pair bias scores of wild-type
Rep78, Scrambled Rep 78 and Deoptimized Rep78. b) West-
ern blot for expression levels from flag-tagged wtRep78, Scr
Rep78 and Deopt Rep78 ORFs, expressed under a CMV
promoter. Levels of GAPDH serve as loading controls. ¢)
Densitometry analysis of Western blot bands for quantifica-
tion of expression levels was performed using Gel Pro Ana-
lyzer 3.0. Levels of Rep expression were normalized to
GAPDH levels.

[0027] FIG. 2: Functional analyses of genetically recoded
Rep 78. (A) Schema of genetic constructs, viruses, and pre-
dicted monomeric and dimeric forms resulting from produc-
tive Rep 78 cleavage of Ad/AAV/PF4/BDD [based on previ-
ously-characterized models [Gnatenko, 2004 #1359;
Sandalon, 2000 #1379]]. 1—adenoviral packaging
sequence; pCMV—cytomegalovirus core promoter; Tet—
Tetracycline response element/transactivator; pTK—thymi-
dine kinase promoter; IRES-EGFP—internal ribosome entry
site with enhanced GFP; Ad—adenovirus bp 3390-3940;
BDD—Human B-domain deleted factor VIII (24); pPF4—
platelet factor 4 promoter (7); pSIEE (135 bp) and AAV TR
(145 bp each plus G-C tail) are also shown. (B) Excision
assays were completed by transfecting 293 cells with indi-
vidual pAd/Rep plasmids, followed by Ad/AAV/PF4/BDD
infection (MOI 50), in the presence (+) or absence (=) of
doxycycline (1 pg/mL) for evaluation of dimeric (D) or
monomeric (M) Ad/AAV/PF4/BDD excision products, gen-
erated only with functional Rep 78 endonuclease cleavage at
the right TR (9). Southern blots were completed loading 1 g
Hirt DNA/lane, using the ~800 bp DIG labeled PF4/BDD
junction fragment as probe. pIM45 is an AAV plasmid
expressing wild-type Rep and Cap genes, used as positive
control for efficient excision. Faint, low-level excision in the
absence of doxycycline is presumably due to “leaky” Rep 78
expression. (C) Excision assays using viral co-infections
(MOI 50) were completed in 293 or C12 cells using Ad/sRep
or Ad/dRep and Ad/AAV/PF4/BDD, in the presence of dox,
48 hours prior Hirt DNA isolation and Southen blot analysis
as outlined above. C12 cells are HelLa-derived stable cell lines
that constitutively provide Rep and Cap, used as positive
controls. In panels (B) and (C), parent Ad/AAV/PF4/BDD
virus is depicted by an asterisk.

[0028] FIG. 3: Computational prediction model for Rep
inhibitory sequence.: (A) Chimeric Rep genes were
assembled by polynucleotide domain swaps encompassing
discrete ~600 bp segments of wild-type or scrambled
sequences, and viability established by adenoviral replication
and titering assays in HEK 293 packaging cells (9, 24). Num-
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bers above the schema denote the positions where the chi-
meric Rep genes were assembled. +/— to the right indicate
viability of the resultant adenoviruses. Refer to Table 1 for
detailed viral titers. (B) Four distinct Rep chimers each con-
taining 14 discrete (132-135 bp) segments of wild-type or
scrambled sequences were synthesized, and Ad replication
(viability) was studied in HEK 293 cells (refer to Supplement
for nucleotide sequences). Each of the 14 segments has dis-
tinct patterns of wild-type or scrambled Rep sequences. Thus
the pattern of observed viability uniquely determines the
location of the critical signal. Details of the design are
described in Skiena & Ward. Note that the columns can be
permuted in any of 14! (~8.7x10'°) orderings with equivalent
ability to identify critical sequences, provided it lies com-
pletely within one of 14 segments. To minimize the effect of
signals on boundaries, columns were ordered to minimize
transitions, in effect creating a balanced Gray (binary) code
whose distinct genetic signatures and phenotypic growth pat-
terns can be applied for delineation of critical Rep inhibitory
sequences (in this case delineated by the *, encompassing
Rep sequences bp 1782-1918). (C) Southern blot analysis
using Hirt (episomal) DNA isolated at Day 2 or Day 10
post-transfection with the four constructs depicted in FIG. 3B
(Ad/Rep 1, Ad/Rep 11, Ad/Rep 111, Ad/Rep IV) with the DNA
double digested with Dpnl/Sb{l and the Southern blot probed
using DIG labeled pTG3602 AE3 F5/35 DNA.

[0029] FIG. 4: (A) Wild type AAV Rep inhibitory nucle-
otide sequence (SEQ ID NO:01), 135-bp, from AAV2
genome (GenBank accession number AF043303.1) bp 1782
to bp 1916, (B) Wild type AAV Rep inhibitory polypeptide
sequence (SEQ ID NO:02) encoded by SEQ ID NO:01, (C)
Scrambled AAV Rep inhibitory nucleotide sequence (SEQ ID
NO:07), which corresponds to the 135-bp wild type AAV Rep
inhibitory nucleotide sequence (SEQ ID NO:01), (D) Deop-
timized AAV Rep inhibitory nucleotide sequence (SEQ ID
NO:09), which corresponds to the 135-bp wild type AAV Rep
inhibitory nucleotide sequence (SEQ ID NO:01), (E) Wild
type AAV Rep inhibitory nucleotide sequence SEQ IDNO:17
(564-bp sequence from bp 1623 to bp 2186, of Adeno-Asso-
ciated Virus 2 (AAV2) genome GenBank: AF043303.1. The
135-bp wild type AAV Rep inhibitory nucleotide sequence
(SEQ ID NO:01) is underlined. (F) Wild type AAV Rep
inhibitory polypeptide sequence (SEQ ID NO:20) encoded
by SEQ ID NO: 17, (G) Scrambled AAV Rep inhibitory
nucleotide sequence (SEQ ID NO:18), which corresponds to
the 564-bp wild type AAV Rep inhibitory nucleotide
sequence SEQ ID NO:17, and (H) Deoptimized AAV Rep
inhibitory nucleotide sequence (SEQ ID NO:19), which cor-
responds to the 564-bp wild type AAV Rep inhibitory nucle-
otide sequence SEQ ID NO:17.

[0030] FIG. 5: Nucleotide sequence (SEQ ID NO:03)
encoding an exemplary wild type AAV2 Rep78. A portion of
the Rep68 sequence lies within the Rep78 sequence from bp
321 to bp 1906 of the AAV2 genome). The 3' end the Rep68
sequence lies downstream of the Rep78 stop codon. The
sequence common to Rep68 and Rep78 is underlined. The
inhibitory sequence (bp 1782 to bp 1916 of the AAV2
genome). The nucleotide sequence (SEQ ID NO:01) of the
exemplary 135-bp wild type AAV Rep inhibitory nucleotide
sequence, from bp 1782 to bp 1916 of the AAV2 genome, is in
italics.

[0031] FIG. 6: (A) Amino acid sequence (SEQ ID NO:04)
of AAV wild type Rep78 protein (GenBank protein_
id="AAC03775.1, db_xref="GI:2906018. (B) Amino acid
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sequence (SEQ ID NO:05) of AAV wild type Rep68 protein
(GenBank protein_id=“AAC03774.1, dbxref="G1:2906017.
[0032] FIG. 7: (A) Scrambled AAV Rep78 nucleotide
sequence sRep78 (SEQ ID NO:06). Sequence of the exem-
plary scrambled AAV Rep inhibitory nucleotide sequence
(SEQ ID NO:07), which corresponds to the 135-bp wild type
AAV Rep inhibitory nucleotide sequence (SEQ ID NO:01) is
in italics. (B) Deoptimized AAV Rep78 nucleotide sequence
dRep78 (SEQ ID NO:08). Sequence of the exemplary deop-
timized AAV Rep inhibitory nucleotide sequence (SEQ ID
NO:09), which corresponds to the 135-bp wild type AAV Rep
inhibitory nucleotide sequence (SEQ ID NO:01) is in italics.
[0033] FIG. 8: Genome organization of AAV (Merten-O-W
etal. 2005:12:551-61).

[0034] FIG. 9: Adenovirus genome (Alba et al. Gene
Therapy 2005:12:S18-27).

[0035] FIG.10: Alignments of sRep78 (S) (SEQ ID NO:06)
and dRep78 (D) (SEQ ID NO:08) with wtRep78 (W) (SEQ
1D NO:03).

[0036] FIG. 11: Schematic representation ofthe 138-nt IEE
(SEQ ID NO:11) showing YY1 and Rep-binding sites, a
putative upstream stimulating factor (USF)-binding site, and
a TATA box (Philpott et al. (2002) A pS5 integration efficiency
element mediates Rep dependent integration into AAVS1 at
chromosome 19. Proc. Natl. Acad. Sci. USA 99:12381).
[0037] FIG. 12: Nucleotide sequence (SEQ ID NO:16) of
the wild type complete genome of Adeno-Associated Virus 2
(AAV2), GenBank: AF043303.1, containing wild type AAV
Rep inhibitory nucleotide sequence SEQ ID NO:17 (564-bp
sequence from bp 1623 to bp 2186, shown in underlined bold
text), which in turn contains wild type AAV Rep inhibitory
nucleotide sequence SEQ ID NO:01 (135-bp sequence from
bp 1782 to bp 1916, shown in underlined bold, italicized text).
[0038] FIG. 13: Alignments of wild-type (WT), deopti-
mized (d), and scrambled (s) AAV Rep. Nucleotides identical
to all three sequences are delineated by *. Alignments of the
1,866 base pair re-coded Rep genomic sequences were com-
pleted and displayed using Clustal 2.1 multiple sequence
alignment tool, numbered relative to the full-length 4,679 bp
AAV2 genome (Gen Bank Accession number AF043303.1,
SEQ ID NO: 16 of FIG. 12); the circle () delineates the
initiator MET starting at bp 321; the p19 (bp 843 to 849) and
p40 (bp 1,823 to 1,827) promoter TATA sequences, and the
5'-Rep 68/40 alternative splice site (bp 1,907 to 1,908) are
highlighted in a grey box. The wild type AAV Rep inhibitory
nucleotide sequence SEQ ID NO:17 (from bp 1623 to bp
2186) is shown in underlined bold text, and contains the wild
type AAV Rep inhibitory nucleotide sequence SEQ ID NO:01
(135-bp long, from bp 1782 to bp 1916, shown in underlined
bold, italicized text). The previously-characterized p40 pro-
moter transcription binding sites for GGT, SP1, and AP1 are
boxed; the transcription start site is delineated by an arrow.
[0039] FIG. 14. Additional delineation of Rep inhibitory
sequences. Chimeric Rep genes were assembled by poly-
nucleotide segment swaps encompassing discrete segments
of wild-type or scrambled sequences, and viability estab-
lished by adenoviral replication. (A) Rep78 chimer encom-
passing wild-type 135 bp sequences corresponding to seg-
ment 11 and 12 on the background of sRep. (B) Rep78 chimer
encompassing wild-type 135 bp sequences corresponding to
segment 12 and 13 on the background of sRep.

[0040] FIG. 15. Rep78 nucleotide and amino acid
sequences. A. Segment 11: bp 1647-1781 of GenBank acces-
sion number AF043303.1: Wild type nucleotide sequence
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(SEQ ID NO:21), Wild type amino acid sequence (SEQ ID
NO:22), Scrambled nucleotide sequence (SEQ ID NO:23). B.
Segment 13: bp 1917-2051 of GenBank accession number
AF043303.1: Wild type nucleotide sequence (SEQ ID
NO:24), Wild type amino acid sequence (SEQ ID NO:25),
Scrambled nucleotide sequence (SEQ ID NO:26). C. Seg-
ment 14: bp 2052-2186 of GenBank accession number
AF043303.1: Wild type nucleotide sequence (SEQ ID
NO:27), Wild type amino acid sequence (SEQ 1D NO:28),
Scrambled nucleotide sequence (SEQ ID NO:29). D. Seg-
ment 12: 135 bp sequence: bp1782-1916 of GenBank acces-
sion number AF043303.1: Wild type nucleotide sequence
(SEQ ID NO:01), Wild type amino acid sequence (SEQ ID
NO:02), Scrambled nucleotide sequence (SEQ ID NO:07).
[0041] FIG. 16. Polynucleotide sequences encoding wild
type AAV Rep inhibitory amino acid sequence. A. Segment
11 scrambled nucleotide sequence (SEQ ID NO:23). B. Seg-
ment 13 scrambled nucleotide sequence (SEQ ID NO:26). C.
Segment 14 scrambled nucleotide sequence (SEQ ID
NO:29). D. Segment 12 scrambled 135 bp nucleotide
sequence (SEQ ID NO:07).

DEFINITIONS

[0042] To facilitate understanding of the invention, a num-
ber of terms are defined below. Further definitions appear
throughout the text.

[0043] The term “recombinant” nucleotide sequence refers
to a nucleotide sequence that is produced by means of
molecular biological techniques (e.g., cloning, enzyme
restriction and/or ligation steps) and/or chemical synthesis.
[0044] “Recombinant protein” or “recombinant polypep-
tide” refers to a protein molecule that is expressed using a
recombinant nucleotide sequence.

[0045] “Recombinant mutation” refers to a mutation that is
introduced by means of molecular biological techniques. This
is in contrast to mutations that occur in nature.

[0046] “Recombinant virus” refers to a virus that contains a
recombinant nucleotide sequence, recombinant polypeptide,
and/or recombinant mutation, as well as progeny of that virus.
[0047] “Endogenous,” “wild type,” “wildtype,” “wt” and
“wild-type” when in reference to a sequence (e.g., that is
introduced into a cell and/or virus) refer to the sequence as it
occurs in nature (e.g., in the cell and/or virus). It is now
appreciated that most or all gene loci exist in a variety of
allelic forms, which vary in frequency throughout the geo-
graphic range of a species. Thus, in one embodiment, a “wild
type” sequence is the sequence that occurs at the highest
frequency in nature.

[0048] The term “heterologous” when in reference to a
sequence (e.g., that is introduced into a cell and/or virus)
refers to a sequence that is not endogenous (to the cell and/or
virus into which it is introduced). For example, a “heterolo-
gous” gene refers to a gene that is not in its natural environ-
ment (in other words, has been altered by the hand of man).
For example, a heterologous gene includes a gene from one
species introduced into another species. A heterologous gene
also includes a gene native to an organism that has been
altered in some way (for example, mutated, added in multiple
copies, linked to a non-native promoter or enhancer sequence,
etc.). Heterologous genes may comprise cDNA forms of a
gene; the cDNA sequences may be expressed in either a sense
(to produce mRNA) or anti-sense orientation (to produce an
anti-sense RNA transcript that is complementary to the
mRNA transcript). Heterologous genes are distinguished

2 < 2 <

Jun. 5, 2014

from endogenous genes in that the heterologous gene
sequences are typically joined to nucleotide sequences com-
prising regulatory elements such as promoters that are not
found naturally associated with the gene for the protein
encoded by the heterologous gene or with gene sequences in
the chromosome, or are associated with portions of the chro-
mosome not found in nature (for example, genes expressed in
loci where the gene is not normally expressed).

[0049] The term “operably linked” when in reference to the
relationship between nucleic acid sequences and/or amino
acid sequences refers to linking the sequences such that they
perform their intended function. For example, operably link-
ing a promoter sequence to a nucleotide sequence of interest
refers to linking the promoter sequence and the nucleotide
sequence of interest in a manner such that the promoter
sequence is capable of directing the transcription of the nucle-
otide sequence of interest and/or the synthesis of a polypep-
tide encoded by the nucleotide sequence of interest. Simi-
larly, operably linking AAV terminal repeats (TRs) to a
nucleotide sequence of interest means that the sequences are
linked in such a way such that the AAV TRs are capable of
directing replication of the nucleotide sequence of interest.
Also, operably linking an AAV packaging sequence to a
nucleotide sequence of interest refers to linkage of these
sequences such that the AAV packaging sequence is capable
of directing packaging of the nucleotide sequence of interest
into an encapsidated virion.

[0050] “Portion” and “fragment” when made in reference
to a nucleic acid sequence or protein sequence refer to a piece
of that sequence that may range in size from two (2) contigu-
ous nucleotides and amino acids, respectively, to the entire
sequence minus one nucleotide and amino acid, respectively.
Thus, “at least a portion of”” a nucleic acid sequence or protein
sequence refers to a piece of that sequence that may range in
size from two (2) contiguous nucleotides and amino acids,
respectively, to the entire sequence. For example, “at least a
portion of the 135-base pair wild type AAV Rep inhibitory
amino acid sequence listed as SEQ ID NO:02” refers to a
sequence that ranges in size from any numerical value from 2
to 135 contiguous base-pairs, such as 2,3, 4,6, 6,7, 8,9, 10,
11,12,13,14,15,16,17,18,19, 20,21, 22,23, 24, 25,26, 27,
28,29,30,31,32,33,34,35,36,37,38,39,40,41, 42,43, 44,
45,46,47,48,49,50,51,52, 53, 54,55, 56,57, 58, 59, 60, 61,
62, 63,64, 65,66,67,68,69,70,71,72,73,74,75,76,77,78,
79,80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92, 93,94, 95,
96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131,132, 133, 134, and 135 contiguous base-pairs. Similarly,
“at least a portion of the 564-base pair wild type AAV Rep
inhibitory amino acid sequence listed as SEQ ID NO:20”
refers to a sequence that ranges in size from any numerical
value from 2 to 564 contiguous base-pairs, such as from 2 to
50, from 2 to 100, from 2 to 150, from 2 to 200, from 2 to 200,
from 2 to 250, from 2 to 300, from 2 to 350, from 2 to 400,
from 2 to 450, from 2 to 500, and from 2 to 564 contiguous
base-pairs.

[0051] A “functional” portion of a sequence (e.g., polypep-
tide or polynucleotide sequence) refers to a portion of the
sequence that has one or more activities (e.g., enzyme activ-
ity, biochemical activity, etc.) of the full-length sequence. For
example, a functional portion of a promoter refers to a nucleic
acid sequence that is capable of binding to RNA polymerase
to initiate transcription of an operably linked oligonucleotide
sequence into mRNA. In another example, a functional por-
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tion of Rep78 protein refers to a portion of Rep78 that func-
tions in cleaving a folded AAV ITR. Methods for determining
this function are known in the art and described herein (Ex-
ample 3).

[0052] “Chimeric,” “fusion” and “hybrid” composition
(e.g., when in reference to an amino acid sequence, nucle-
otide sequence, virus, cell, etc.) refers to a composition con-
taining parts from different origins. In one embodiment, the
parts may be from different organisms, different tissues, dif-
ferent cells, different viruses, etc. In another embodiment, the
parts may be from different proteins and/or genomic
sequences from the same organism, same tissue, same cell,
same virus, etc.

[0053] The terms “mutation” and “modification” refer to a
deletion, insertion, or substitution. A “deletion” is defined as
achange in a nucleic acid sequence or amino acid sequence in
which one or more nucleotides or amino acids, respectively, is
absent. An “insertion” or “addition” is that change in a nucleic
acid sequence or amino acid sequence that has resulted in the
addition of one or more nucleotides or amino acids, respec-
tively. A “substitution” in a nucleic acid sequence or an amino
acid sequence results from the replacement of one or more
nucleotides or amino acids, respectively, by a molecule that is
a different molecule from the replaced one or more nucle-
otides or amino acids. For example, a nucleic acid may be
replaced by a different nucleic acid as exemplified by replace-
ment of a thymine by a cytosine, adenine, guanine, or uridine.
Alternatively, a nucleic acid may be replaced by a modified
nucleic acid as exemplified by replacement of a thymine by
thymine glycol. Substitution of an amino acid may be con-
servative or non-conservative. “Conservative substitution” of
an amino acid refers to the replacement of that amino acid
with another amino acid that has a similar hydrophobicity,
polarity, and/or structure. For example, the following ali-
phatic amino acids with neutral side chains may be conser-
vatively substituted one for the other: glycine, alanine, valine,
leucine, isoleucine, serine, and threonine. Aromatic amino
acids with neutral side chains that may be conservatively
substituted one for the other include phenylalanine, tyrosine,
and tryptophan. Cysteine and methionine are sulphur-con-
taining amino acids that may be conservatively substituted
one for the other. Also, asparagine may be conservatively
substituted for glutamine, and vice versa, since both amino
acids are amides of dicarboxylic amino acids. In addition,
aspartic acid (aspartate) may be conservatively substituted for
glutamic acid (glutamate) as both are acidic, charged (hydro-
philic) amino acids. Also, lysine, arginine, and histidine may
be conservatively substituted one for the other since each is a
basic, charged (hydrophilic) amino acid. “Non-conservative
substitution” is a substitution other than a conservative sub-
stitution. Guidance in determining which and how many
amino acid residues may be substituted, inserted or deleted
without abolishing biological and/or immunological activity
may be found using computer programs well known in the art,
for example, DNAStar™ software.

[0054] A “variant” or “homolog” of a polypeptide
sequence of interest or nucleotide sequence of interest refers
to a sequence that has identity of at least 65% with the an
amino acid sequence of interest or nucleotide sequence of
interest, including identity of at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, and/or at least 99%. Thus,
homologous genomic nucleotide sequences within the scope
of the invention include orthologs and paralogs. The term
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“ortholog” refers to a gene in different species that evolved
from a common ancestral gene by speciation. In some
embodiments, orthologs retain the same function. The term
“paralog” refers to genes related by duplication within a
genome. In some embodiments, paralogs evolve new func-
tions. In further embodiments, a new function of a paralog is
related to the original function. Variants of a polypeptide
sequence of interest may contain a mutation.

[0055] “Identity” when in reference to 2 or more sequences
(e.g., 2 DNA sequences, 2 RNA sequences, and/or 2 protein
sequences) refers to the degree of similarity of the 2 or more
sequences, and is generally expressed as a percentage. Iden-
tity in amino acid or nucleotide sequences can be determined
using Karlin and Altschul’s BLAST algorithm (Proc. Natl.
Acad. Sci. USA, 1990, 87, 2264-2268; Karlin, S. & Altschul,
S F., Proc. Natl. Acad. Sci. USA, 1993, 90, 5873). Programs
called BLASTN and BLASTX have been developed using
the BLAST algorithm as a base (Altschul, SF. et al., J. Mol.
Biol., 1990, 215, 403). When using BLASTN to analyze
nucleotide sequences, the parameters can be set at, for
example, score=100 and word length=12. In addition, when
using BLASTX to analyze amino acid sequences, the param-
eters can be set at, for example, score=50 and word length=3.
When using BLAST and the Gapped BLAST program, the
default parameters for each program are used. Specific tech-
niques for these analysis methods are the well known, e.g., on
the website of the National Center for Biotechnology Infor-
mation.

[0056] The term “corresponding” when in reference to the
position of a first amino acid in a first polypeptide sequence as
compared to a second amino acid in a second polypeptide
sequence means that the positions of the first and second
amino acids are aligned when the first and second amino acid
sequences are aligned. Software for alignment of amino acid
sequences and of nucleotide sequences is known in the art
such as BLAST, FASTA, HMMER, IDF, SAM, and
SSEARCH (for both amino acid sequences and nucleotide
sequences), Infernal (for RNA sequences), CS-BLAST,
HHpred, HHsearch, and PSI-BLAST (for amino acid
sequences).

[0057] “Codon” refers to a specific sequence of three adja-
cent nucleotides on a strand of DNA or RNA that specifies the
genetic code information for synthesizing a particular amino
acid.

[0058] “Codon pair” and “codon-pair” interchangeably
refer to two codons that are separated by less than 6 interven-
ing nucleotides, i.e., separated by less than two intervening
codons.

[0059] “Synonymous codon” when used to describe a first
codon as compared to areference codon, refers to afirst codon
that differs in nucleotide sequence from the reference codon
and that encodes the same amino acid. Due to the degeneracy
of the codon table, 18 of the 20 amino acids can be encoded
using more than one codon. Synonymous codons differ from
one another often at the third base of the codon (the wobble
position). Thus the same polypeptide sequence can be
encoded by different nucleotide sequences that vary from one
another by an amount equal to or less than 33% (i.e., the
nucleotide sequences have more than 67% identity).

[0060] “Synonymous codon pair” when used to describe a
first codon pair as compared to a reference codon pair, refers
to afirst codon pair containing at least one synonymous codon
compared to the corresponding codon in the reference codon
pair. Thus, in one embodiment, a synonymous codon pair
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contains one synonymous codon compared to the corre-
sponding codon in the reference codon pair. In another
embodiment, both codons in the synonymous codon pair are
synonymous codons compared to the corresponding codons
in the reference codon pair.

[0061] “Codon bias’ refers to the presence of a different
(higher or lower) frequency of using one synonymous codon
than another synonymous codon to encode the same amino
acid. Forinstance, in humans, the Ala codon GCC is used four
times as frequently as the synonymous codon GCG (Coleman
etal. (2008)). An “underrepresented codon” refers to a codon
that occurs at a lower frequency compared with random fre-
quency for that codon. In contrast, an “overrepresented
codon” refers to a codon that occurs at a higher frequency
compared with random frequency for that codon.

[0062] “Codon pair bias” refers to the presence of a differ-
ent (higher or lower) frequency of using a codon-pair com-
pared with random frequency for that codon-pair (Gutman et
al. (1989)). Thus, in one embodiment, codon pair bias refers
to the preference (i.e., (higher or lower frequency) for some
codon pairs over other synonymous codons to encode the
same pair of adjacent amino acids. Synonymous codons can
be paired in multiple ways to encode the same 2 adjacent
amino acids. However, in nature a strong codon pair bias is
found to exist, resulting in the disproportionate representation
of some codon pairs over others (Gutman et al. (1989) Non-
random utilization of codon pairs in Escherichia coli. Proc.
Natl. Acad. Sci. U.S.A. 86(10):3699-3703). This codon pair
bias is independent of codon frequency and is found to affect
translation rates. Codon pair bias includes under-representa-
tion of a codon pair, and overrepresentation of a codon pair.
An “underrepresented codon pair” refers to a codon pair that
occurs at a lower frequency compared with random frequency
for that codon-pair. In contrast, an “overrepresented codon
pair” refers to a codon pair that occurs at a higher frequency
compared with random frequency for that codon-pair. For
example, the amino acid pair Ala-Glu is expected to be ran-
domly encoded by the codon pair GCCGAA and the codon
pair GCAGAG about equally often. However, the codon pair
GCCGAA is underrepresented such that it is used only one-
seventh as often as the codon pair GCAGAG.

[0063] “Scrambled nucleotide sequence” and “Scr nucle-
otide sequence” when describing a first nucleotide sequence
as compared to a reference nucleotide sequence (e.g., a ref-
erence wild type AAV Rep inhibitory nucleotide sequence
listed as SEQ ID NO:17 or SEQ ID NO:01) interchangeably
refer to a first nucleotide sequence that contains one or more
synonymous codons and/or one or more synonymous codon-
pairs, and that encodes the same amino acid sequence that is
encoded by the reference nucleotide sequence. The prior art
provides algorithm for scrambling nucleotide sequences
using synonymous codons without altering the encoded
amino acid sequence (Coleman et al. (2008) Science 320
(5884):1784-1787) (Example 2). Thus, a “codon-scrambled
nucleotide sequence” refers to a first nucleotide sequence that
contains one or more synonymous codons compared to a
reference nucleotide sequence, and that encodes the same
amino acid sequence that is encoded by the reference nucle-
otide sequence. A “codon-pair-scrambled nucleotide
sequence” refers to a first nucleotide sequence that contains
one or more synonymous codon-pairs compared to a refer-
ence nucleotide sequence, and that encodes the same amino
acid sequence that is encoded by the reference nucleotide
sequence. In one embodiment, the synonymous codons and/

Jun. 5, 2014

or codon-pairs are randomly mixed. In another embodiment,
from 50% to 100% of the codons and/or codon-pairs of a
scrambled nucleotide sequence is synonymous to the codons
and/or codon-pairs, respectively, of the reference sequence,
including, for example, 50%, 51%, 52%, 53%, 54%, 55%,
56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, and 100% synonymous codons and/or
synonymous codon-pairs, respectively. In one preferred
embodiment, 100% of the codons and/or codon-pairs of a
scrambled nucleotide sequence is synonymous to the codons
and/or codon-pairs, respectively, of the reference sequence.
Thus, in one embodiment in which 100% of'the codons and/or
100% of the codon-pairs of a scrambled nucleotide sequence
is synonymous to the codons and/or codon-pairs of a refer-
ence sequence, respectively, then the scrambled nucleotide
sequence differs from the reference sequence by an amount
equal to or less than 33%, i.e., the scrambled nucleotide
sequence has more than 67% identity to the reference
sequence. For example, the invention provides a “scrambled
AAV Rep inhibitory nucleotide sequence listed as SEQ ID
NO:18 (FIG. 4G) and/or SEQ ID NO:07” (FIG. 4, panel C,
and FIG. 7, panel A) also referred to as a “scrambled poly-
nucleotide sequence encoding wild type AAV Rep inhibitory
amino acid sequence listed as SEQ ID NO:20 (FIG. 4F)
and/or SEQ ID NO:02,” (FIG. 4 panel B) wherein the refer-
ence nucleotide sequence is the wild type AAV Rep inhibitory
nucleotide sequence listed as SEQ ID NO:17 (FIG. 4E, FIG.
12, FIG. 13) and/or SEQ ID NO:01 (FIG. 4 panel A, FIG. 12,
FIG. 13). In one embodiment, the level of protein expression
by the scrambled nucleotide sequence is substantially the
same as the level of expression by the reference nucleotide
sequence and/or is approximately twice the level of expres-
sion by a deoptimized nucleotide sequence (As illustrated,
without limitation in Example 2). Generic methods (e.g.,
algorithms) for generating a scrambled nucleotide sequence
by modifying a reference nucleotide sequence without modi-
fying the encoded amino acid sequence are know in the art
(Coleman J R, et al. (2008).

[0064] A “deoptimized nucleotide sequence” when
describing a first nucleotide sequence as compared to a ref-
erence nucleotide sequence (e.g., a reference wild type AAV
Rep inhibitory nucleotide sequence listed as SEQ ID NO:17
or SEQ ID NO:01) means a scrambled first nucleotide
sequence that contains one or more underrepresented codons
and/or one or more underrepresented codon-pairs (see for
Example FIG. 1a), and that encodes the same amino acid
sequence that is encoded by the reference nucleotide
sequence. Thus, a “codon-deoptimized nucleotide sequence”
refers to a first nucleotide sequence that contains one or more
deoptimized codons compared to a reference nucleotide
sequence, and that encodes the same amino acid sequence
that is encoded by the reference nucleotide sequence. A
“codon-pair-deoptimized nucleotide sequence” refers to a
first nucleotide sequence that contains one or more deopti-
mized codon-pairs compared to a reference nucleotide
sequence, and that encodes the same amino acid sequence
that is encoded by the reference nucleotide sequence. In a
further embodiment, from 50% to 100% of the codons and/or
codon-pairs of a deoptimized nucleotide sequence is deopti-
mized as compared to the codons and/or codon-pairs, respec-
tively, of the reference sequence, including, for example,
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50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, and
100% deoptimized codons and/or deoptimized codon-pairs,
respectively. In one embodiment, 100% of the codons and/or
codon-pairs of a deoptimized nucleotide sequence are under-
represented codons and/or codon-pairs compared to the
codons and/or codon pairs, respectively, of the reference
sequence. In one embodiment, utilization of underrepre-
sented codons and/or codon pairs in a deoptimized nucleotide
sequence results in a lower level of expression of the deopti-
mized nucleotide sequence compared to the level of expres-
sion of a scrambled nucleotide sequence and/or of a control
wild type sequence, due to inefficient translation. For
example, data herein show that the level of Rep78 protein
expression by the scrambled Rep78 nucleotide sequence is
substantially [OK defined] the same as the level of expression
by the reference wild type Rep78 nucleotide sequence, and
approximately twice the level of expression by a deoptimized
Rep78 nucleotide sequence (see Example 2, FIG. 154). Con-
firmation of the reduced protein expression by a deoptimized
nucleotide sequence may be determined using methods
known in the art (e.g., immunoblot analysis, Example 2). In
one embodiment, the invention provides a “deoptimized AAV
Rep inhibitory nucleotide sequence” that comprises SEQ ID
NO:19 (FIG. 4H) and/or SEQ ID NO:09 (FIG. 4 panel D,
FIG. 7 panel B), and that encodes wild type AAV Rep inhibi-
tory amino acid sequence listed as SEQ ID NO:20 (FIG. 4F)
and/or SEQ ID NO:02 (FIG. 4 panel B).

[0065] The terms “lack” and “lacking” a nucleotide
sequence when made in reference to a vector means that the
vector contains at least one deletion (i.e., absence of one or
more nucleotides) in the nucleotide sequence. Deletions may
be continuous (i.e., uninterrupted) or discontinuous (i.e.,
interrupted). Deletions may lie in a coding sequence or a
regulatory sequence. A deletion can be a partial deletion (i.e.,
involving removal of a portion ranging in size from one (1)
nucleotide residue to the entire nucleic acid sequence minus
one nucleic acid residue) or a total deletion of the nucleotide
sequence. Deletions are preferred which prevent the produc-
tion of at least one expression product encoded by the nucle-
otide sequence. For example, a vector that lacks adenovirus
E1 gene region refers to a vector that contains at least one
deletion in the E1 gene region. Preferably, though not neces-
sarily, the deletion prevents the production of at least one of
the multiple proteins encoded by the E1 gene region.

[0066] “Virus” refers to an obligate, ultramicroscopic,
intracellular parasite particle of nucleic acid sequence (DNA
or RNA) that is assembled inside a polypeptide shell, and that
is incapable of autonomous replication (i.e., replication
requires the use of a host cell’s machinery).

[0067] “Helper virus” refers to a virus that is replication-
competent and/or productive and/or infectious in a particular
host cell (e.g., the host cell may provide virus gene products
such as adenovirus E1 proteins for a helper adenovirus that is
replication-competent). For example, a replication-compe-
tent and/or productive and/or infectious first virus (i.e., helper
virus) is used to supply, in trans, functions (e.g., proteins) that
are lacking in a second virus that is replication-incompetent
and/or non-productive and/or non-infectious. Thus, the first
virus is the to “help” the second virus thereby permitting the
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replication by and/or production of and/or infection by the
second viral genome in the cell containing both the first helper
virus and the second viruses.

[0068] The terms “free of helper virus” and “free of con-
tamination with helper virus” when in reference to a sample,
mean that the number of helper virus particles in the sample is
from zero % to 1%, more preferably from zero % to 0.5%, and
most preferably from zero % to 0.05%, when compared to the
number of particles of a second virus in the same sample.
[0069] Theterm “replication” of a virus includes, but is not
limited to, the steps of adsorbing (e.g., receptor binding) to a
cell, entry into a cell (such as by endocytosis), introducing its
genome sequence into the cell, un-coating the viral genome,
initiating transcription of viral genomic sequences, directing
expression of viral encapsidation proteins, encapsidating of
the replicated viral nucleic acid sequence with the encapsi-
dation proteins into a viral particle that is released from the
cell to infect other cells that are of a permissive and/or sus-
ceptible character. A virus may be infectious (i.e., can pen-
etrate a cell) without being replication competent (i.e., fails to
release virions from the infected cell).

[0070] “Replication competent” when in reference to a
viral vector and/or virus means capable of adsorbing (e.g.,
receptor binding) to a cell, entry into a cell (such as by
endocytosis), introducing its genome sequence into the cell,
un-coating the viral genome, initiating transcription of viral
genomic sequences, directing expression of viral encapsida-
tion proteins, encapsidating of the replicated viral nucleic
acid sequence with the encapsidation proteins into new prog-
eny virus particles.

[0071] “Replication incompetent,” “replication defective,”
“replication attenuated” are used interchangeably to referto a
virus and/or viral vector that has a reduced level of replication
compared to wild type virus and/or to a viral vector contain-
ing wild type virus nucleotide sequences. Replication incom-
petent also means a virus particle that is substantially inca-
pable of completing one or more of the steps of replication.
Methods for producing replication incompetent adenoviral
vectors are known in the art (e.g., U.S. Pat. No. 7,300,657 to
Pau, U.S. Pat. No. 7,468,181 to Vogels, U.S. Pat. No. 6,136,
594 to Dalemans, U.S. Pat. No. 5,994,132 to Chamberlain et
al., U.S. Pat. No. 6,797,265 to Amalfitano et al., U.S. Pat. No.
7,563,617 to Hearing et al., and U.S. Pat. No. 6,262,035 to
Campbell et al.). For example, in one embodiment, a replica-
tion incompetent adenovirus and/or adenoviral vector (a)
lacks (i.e., has a deletion of) adenovirus E1 gene coding
sequence, (b) lacks adenovirus E1 gene coding sequence and
E2b gene coding sequence (c) lacks adenovirus E1 gene
coding sequence and adenovirus E4 gene coding sequence,
(d)lacks adenovirus E1 gene coding sequence and adenovirus
E2a gene coding sequence, and/or (e) lacks adenovirus El
gene coding sequence and adenovirus EIVa2 gene coding
sequence.

[0072] “Infection” and “infectious” when in reference to a
virus refer to adsorption of the virus to the cell and penetration
into the cell. A virus may be infectious (i.e., can adsorb to and
penetrate a cell) without being replication competent (i.e.,
fails to produce new progeny virus particles). Data herein
demonstrate productive infection that generated infectious
virus that is replication competent, using clone pAd/sRep78
(containing a scrambled Rep78 sequence) and clone pAd/
dRep78 (containing a deoptimized Rep78 sequence), that
formed CPE in transfected HEK 293 packaging cells (Ex-
ample 3).
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[0073] A “non-infectious” and “uninfectious” virus is a
virus that is incapable of adsorption to, and/or penetration
into, a cell.

[0074] “Productive” virus is a replication competent virus
that is capable of a “productive infection,” i.e., wherein the
replication competent virus produces new progeny virus par-
ticles that are released extracellularly. Productive infection by
aproductive virus may be detected by detection of CPE. Data
herein demonstrate productive infection that generated infec-
tious virus that is replication competent, using clone pAd/
sRep78 (containing a scrambled Rep78 sequence (SEQ ID
NO:06 of FIG. 7 panel A)) and clone pAd/dRep78 (contain-
ing a deoptimized Rep78 sequence (SEQ ID NO:08 of FIG. 7
panel B)), that formed CPE in transfected HEK 293 packag-
ing cells (Example 3).

[0075] “Non-productive” virus is a replication competent
virus that produces a “non-productive infection,” i.e., wherein
the replication competent virus produces new progeny virus
particles that are not released from the infected cell. This
includes scenarios where the viral genome is integrated into
the host cell genome. Non-productive infection by a non-
productive virus may be detected by detecting virus proteins
and/or nucleic acids in cellular extracts, in the absence of
CPE.

[0076] “Encapsidated” when made in reference to a nucle-
otide sequence refers to a nucleotide sequence that is pack-
aged inside a protein envelope to form a particle. Data pre-
sented herein demonstrates that the invention’s nucleotide
sequence vectors were packaged efficiently into stable virus
particles. Encapsidated vectors of the invention may be
recovered following transfection or infection of target cells
using methods known in the art. When used herein, “recov-
ering” encapsidated vectors refers to the collection of the
vectors by, for example, lysis of the cell (e.g., freeze-thawing)
and removing the cell debris by pelleting, and/or collection of
extracellular solutions.

[0077] The terms “cytopathic effect” and “CPE” as used
herein describe changes in cellular structure (i.e., a pathologic
effect). Common cytopathic effects include cell destruction,
syncytia (i.e., fused giant cells) formation, cell rounding,
vacuole formation, and formation of inclusion bodies. CPE
results from actions of a virus on permissive cells that nega-
tively affect the ability of the permissive cellular host to
perform its required functions to remain viable. In in vitro cell
culture systems, CPE is evident when cells, as part of a
confluent monolayer, show regions of non-confluence after
contact with a specimen that contains a virus. The observed
microscopic effect is generally focal in nature and the foci are
initiated by a single virion. However, depending upon viral
load in the sample, CPE may be observed throughout the
monolayer after a sufficient period of incubation. Cells dem-
onstrating viral induced CPE usually change morphology to a
rounded shape, and over a prolonged period of time can die
and be released from their anchorage points in the monolayer.
‘When many cells reach the point of focal destruction, the area
is called a viral plaque, which appears as a hole in the mono-
layer. The terms “plaque” and “focus of viral infection” refer
to a defined area of CPE which is usually the result of infec-
tion of the cell monolayer with a single infectious virus which
then replicates and spreads to adjacent cells of the monolayer.
Cytopathic effects are readily discernable and distinguishable
by those skilled in the art. Data herein demonstrate productive
infection that generated infectious virus that is replication
competent, using clone pAd/sRep78 (containing a scrambled
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Rep78 sequence) and clone pAd/dRep78 (containing a deop-
timized Rep78 sequence), that formed CPE in transfected
HEK 293 packaging cells (Example 3).

[0078] “Integration™ of a first nucleotide sequence (e.g., a
transgene) into a second nucleotide sequence (e.g., a genome)
refers to the insertion of the first nucleotide sequence at one or
more locations (referred to as “integration sites”) within the
second nucleotide sequence following contacting the first and
second nucleotide sequences. “Efficiency of integration”
refers to the number of inserted first nucleotide sequences
relative to the number of first nucleotide sequences that were
contacted with the second nucleotide sequence. Methods for
determining efficiency of integration are known in the art
(McCarty et al. (2004) Annual Review of Genetics 38:819-
844), including quantitative real-time PCR assays (Huser et
al. (2002) J. Virol. 76:7554).

[0079] “Site-specific integration” and “SSI” refer to the
insertion of the first nucleotide sequence occurs at one or
more particular locations (“integration sites”) in the second
nucleotide sequence. In one embodiment, site-specific inte-
gration of a transgene into chromosome 19 AAVS] sites may
be effected by using Rep68/78 proteins in trans to the trans-
gene and an “Rep Binding Element” (“RBE”) in cis (Feng et
al. (2006) A 16 bp Rep Binding Element is Sufficient for
Mediating Rep-dependent Integration into AAVS1. Journal
of Molecular Biology: 1-8). This RBE can be found either
within the AAV Terminal Repeat or the p5 Integration Effi-
ciency Element (pSIEE). Thus, for example, site-specific
integration of a transgene into chromosome 19 AAVS 1 sites
may be effected by using the AAV ITR or WE in cis to the
transgene, and the Rep68/78 protein in trans Thus, in one
particular embodiment, site-specific integration into the
AAVSI sites may be accomplished using an AAV ITR
flanked transgene and the Rep protein in trans (McLaughlin et
al. (1988) Adeno-associated virus general transduction vec-
tors: analysis of proviral structure. J. Virol. 62:1963-1973). In
another embodiment, site-specific integration into the
AAVSI sites may be accomplished using the IEE in cis to the
transgene, and the Rep protein in trans (Philpott et al. (2002)
A p5 integration efficiency element mediates Rep-dependent
integration into AAVS1 at chromosome 19. Proc. Natl. Acad.
Sci. US4 99:12381).

[0080] “RSSSI” and “Rep mediated site-specific integra-
tion” interchangeably refer to site-specific integration that
requires the activity of AAV Rep protein. Site-specific inte-
gration with wt AAV particles has been found to be highly
specific in multiple cell lines, with one study finding 94% of
all AAV positive IB3-1 cells to have site-specific integration
into Chromosome 19.

[0081] “AAVS1” and “adeno-associated virus integration
site 1”” sequence interchangeably refer to the well-character-
ized sequence on the q arm of chromosome 19 (19q13.3qter).
(Wang et al. (2006) Journal of Virology 80(23):11699-11709;
McLaughlin et al. (1990) Proc. Natl. Acad. Sci. USA 87,
2211-2215; Samulski et al. (1991) EMBO J. 10, 3941-3950;
Giraud et al. (1994) Proc. Natl. Acad. Sci. USA 91, 10039-
10043; Kearns et al. (1996) Gene Ther. 3, 748-755).

[0082] “AAV pSIEE” and “AAV p5 integration efficiency
element” refer to the AAV sequence that is active in cis to a
transgene for bringing about site-specific integration of the
transgene into the chromosome 19 AAVS1 sequence, in the
presence of the AAV Rep68/78 protein in trans to the trans-
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gene. “AAV pSIEE” is exemplified by the 138-nt IEE (SEQ
IDNO:11) (FIG. 11) (Philpott et al. (2002) Proc. Natl. Acad.
Sci. US4 99:12381).

[0083] “Gene therapy” refers to reducing one or more clini-
cal and/or sub-clinical symptoms of disease in a subject by
insertion of nucleotide sequences into the subject’s cells to
replace damaged or abnormal genes with normal ones, and/or
to provide new genetic instructions to help fight disease.
Viruses are used as gene delivery vectors, as exemplified by
vectors using sequences from adenovirus, adeno-associated
virus, herpes simplex virus, retrovirus, lentivirus, baculovi-
rus, etc., as described herein.

[0084] Theterm “control” as used herein when in reference
to a sample (e.g., cell, tissue, animal, virus, etc.) refers to any
type of sample that one of ordinary skill in the art may use for
comparing to a test sample (e.g., cell, tissue, animal, virus,
etc.) by maintaining the same conditions in the control and
test samples, except in one or more particular factors. In one
embodiment, the comparison of the control and test samples
isused to infer a causal significance of this varied one or more
factors.

[0085] A “subject” that may benefit from the invention’s
methods includes any multicellular animal, preferably a
mammal Mammalian subjects include humans, non-human
primates, murines, ovines, bovines, ruminants, lagomorphs,
porcines, caprines, equines, canines, felines, ayes, etc.). Thus,
mammalian subjects are exemplified by mouse, rat, guinea
pig, hamster, ferret and chinchilla. The invention’s composi-
tions and methods are also useful for a subject “in need of
reducing one or more symptoms of” a disease includes a
subject that exhibits and/or is at risk of exhibiting one or more
symptoms of the disease. For Example, subjects may be at
risk based on family history, genetic factors, environmental
factors, etc. This term includes animal models of the disease.
Thus, administering a composition (which reduces a disease
and/or which reduces one or more symptoms of a disease) to
a subject in need of reducing the disease and/or of reducing
one or more symptoms of the disease includes prophylactic
administration of the composition (i.e., before the disease
and/or one or more symptoms of the disease are detectable)
and/or therapeutic administration of the composition (i.e.,
after the disease and/or one or more symptoms of the disease
are detectable). The invention’s compositions and methods
are also useful for a subject “at risk” for disease refers to a
subject that is predisposed to contracting and/or expressing
one or more symptoms of the disease. This predisposition
may be genetic (e.g., a particular genetic tendency to express-
ing one or more symptoms of the disease, such as heritable
disorders, etc.), or due to other factors (e.g., environmental
conditions, exposures to detrimental compounds, including
carcinogens, present in the environment, etc.). The term sub-
ject “at risk” includes subjects “suffering from disease,” i.e.,
a subject that is experiencing one or more symptoms of the
disease. It is not intended that the present invention be limited
to any particular signs or symptoms. Thus, it is intended that
the present invention encompass subjects that are experienc-
ing any range of disease, from sub-clinical symptoms to full-
blown disease, wherein the subject exhibits at least one of the
indicia (e.g., signs and symptoms) associated with the dis-
ease.

[0086] “Subject in need of reducing one or more symptoms
of” a disease, e.g., infection with a pathogen, includes a
subject that exhibits and/or is at risk of exhibiting one or more
symptoms of the disease. For Example, subjects may be at

Jun. 5, 2014

risk based on family history, genetic factors, environmental
factors, etc. This term includes animal models of the disease.

[0087] The terms “pathogen” and “animal pathogen” refer
to any organism which causes a disease in an animal. Patho-
gens include, but are not limited to, viruses, bacteria, proto-
zo0a, nematodes, fungus, etc.

[0088] The terms “pathogenic” and “virulent” when in ref-
erence to a microorganism, such as virus, bacteria, parasite,
etc. refer to the ability of the microorganism to produce an
infectious disease in another organism (e.g., mammal).

[0089] The terms “reduce,” “inhibit,” “diminish,” “sup-
press,” “decrease,” and grammatical equivalents (including
“lower,” “smaller,” etc.) when in reference to the level of any
molecule (e.g., amino acid sequence, and nucleic acid
sequence, antibody, etc.), cell, virus, and/or phenomenon
(e.g., expression, transcription, translation, viral infection,
viral productive infection, viral replication, viral replication
competence, Rep-mediated nuclease activity, site-specific
integration into a genome, helicase activity, disease symp-
tom, binding to a molecule, specificity of binding of two
molecules, affinity of binding of two molecules, specificity to
disease, sensitivity to disease, affinity of binding, enzyme
activity, etc.) in a first sample (or in a first subject) relative to
a second sample (or relative to a second subject), mean that
the quantity of molecule, cell and/or phenomenon in the first
sample (or in the first subject) is lower than in the second
sample (or in the second subject) by any amount that is
statistically significant using any art-accepted statistical
method of analysis. In one embodiment, the quantity of mol-
ecule, cell and/or phenomenon in the first sample (or in the
first subject) is at least 10% lower than, at least 25% lower
than, at least 50% lower than, at least 75% lower than, and/or
atleast 90% lower than the quantity of the same molecule, cell
and/or phenomenon in the second sample (or in the second
subject). In another embodiment, the quantity of molecule,
cell, and/or phenomenon in the first sample (or in the first
subject) is lower by any numerical percentage from 5% to
100%, such as, but not limited to, from 10% to 100%, from
20% to 100%, from 30% to 100%, from 40% to 100%, from
50% to 100%, from 60% to 100%, from 70% to 100%, from
80% to 100%, and from 90% to 100% lower than the quantity
of the same molecule, cell and/or phenomenon in the second
sample (or in the second subject). In one embodiment, the first
subject is exemplified by, but not limited to, a subject that has
been manipulated using the invention’s compositions and/or
methods. In a further embodiment, the second subject is
exemplified by, but not limited to, a subject that has not been
manipulated using the invention’s compositions and/or meth-
ods. In an alternative embodiment, the second subject is
exemplified by, but not limited to, a subject to that has been
manipulated, using the invention’s compositions and/or
methods, at a different dosage and/or for a different duration
and/or via a different route of administration compared to the
first subject. In one embodiment, the first and second subjects
may be the same individual, such as where the effect of
different regimens (e.g., of dosages, duration, route of admin-
istration, etc.) of the invention’s compositions and/or meth-
ods is sought to be determined in one individual. In another
embodiment, the first and second subjects may be different
individuals, such as when comparing the effect of the inven-
tion’s compositions and/or methods on one individual par-
ticipating in a clinical trial and another individual in a hospi-
tal.
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[0090] The terms “increase,” “elevate,” “raise,” and gram-
matical equivalents (including “higher,” “greater,” etc.) when
in reference to the level of any molecule (e.g., amino acid
sequence, and nucleic acid sequence, antibody, etc.), cell,
virus, and/or phenomenon (e.g., expression, transcription,
translation, viral infection, viral productive infection, viral
replication, viral replication competence, Rep-mediated
nuclease activity, site-specific integration into a genome, heli-
case activity, disease symptom, binding to a molecule, speci-
ficity of binding of two molecules, affinity of binding of two
molecules, specificity to disease, sensitivity to disease, affin-
ity of binding, enzyme activity, etc.) in a first sample (orin a
first subject) relative to a second sample (or relative to a
second subject), mean that the quantity of the molecule, cell
and/or phenomenon in the first sample (or in the first subject)
is higher than in the second sample (or in the second subject)
by any amount that is statistically significant using any art-
accepted statistical method of analysis. In one embodiment,
the quantity of the molecule, cell and/or phenomenon in the
first sample (or in the first subject) is at least 10% greater than,
at least 25% greater than, at least 50% greater than, at least
75% greater than, and/or at least 90% greater than the quan-
tity of the same molecule, cell and/or phenomenon in the
second sample (or in the second subject). This includes, with-
out limitation, a quantity of molecule, cell, and/or phenom-
enon in the first sample (or in the first subject) that is at least
10% greater than, at least 15% greater than, at least 20%
greater than, at least 25% greater than, at least 30% greater
than, at least 35% greater than, at least 40% greater than, at
least 45% greater than, at least 50% greater than, at least 55%
greater than, at least 60% greater than, at least 65% greater
than, at least 70% greater than, at least 75% greater than, at
least 80% greater than, at least 85% greater than, at least 90%
greater than, and/or at least 95% greater than the quantity of
the same molecule, cell and/or phenomenon in the second
sample (or in the second subject). In one embodiment, the first
subject is exemplified by, but not limited to, a subject that has
been manipulated using the invention’s compositions and/or
methods. In a further embodiment, the second subject is
exemplified by, but not limited to, a subject that has not been
manipulated using the invention’s compositions and/or meth-
ods. In an alternative embodiment, the second subject is
exemplified by, but not limited to, a subject to that has been
manipulated, using the invention’s compositions and/or
methods, at a different dosage and/or for a different duration
and/or via a different route of administration compared to the
first subject. In one embodiment, the first and second subjects
may be the same individual, such as where the effect of
different regimens (e.g., of dosages, duration, route of admin-
istration, etc.) of the invention’s compositions and/or meth-
ods is sought to be determined in one individual. In another
embodiment, the first and second subjects may be different
individuals, such as when comparing the effect of the inven-
tion’s compositions and/or methods on one individual par-
ticipating in a clinical trial and another individual in a hospi-
tal.

[0091] Theterms “alter” and “modify” when in reference to
the level of any molecule and/or phenomenon refer to an
increase and/or decrease.

[0092] “Substantially the same” when in reference to the
level of any molecule (e.g., amino acid sequence, and nucleic
acid sequence, antibody, etc.), cell, virus, and/or phenomenon
(e.g., expression, transcription, translation, viral infection,
viral productive infection, viral replication, viral replication
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competence, Rep-mediated nuclease activity, site-specific
integration into a genome, helicase activity, disease symp-
tom, binding to a molecule, specificity of binding of two
molecules, affinity of binding of two molecules, specificity to
disease, sensitivity to disease, affinity of binding, enzyme
activity, etc.) in a first sample (or in a first subject) relative to
a second sample (or relative to a second subject), mean that
the quantity of molecule, cell and/or phenomenon in the first
sample (or in the first subject) is not different from the quan-
tity in the second sample (or in the second subject) using any
art-accepted statistical method of analysis. In one embodi-
ment, the quantity of molecule, cell and/or phenomenon in
the first sample (or in the first subject) is from 90% to 100%
(e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, and 100%) of the quantity in the second sample (or in
the second subject).

[0093] Reference herein to any numerical range expressly
includes each numerical value (including fractional numbers
and whole numbers) encompassed by that range. To illustrate,
and without limitation, reference herein to a range of “at least
50” includes whole numbers of 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, etc., and fractional numbers 50.1, 50.2 50.3, 50.4,
50.5, 50.6, 50.7, 50.8, 50.9, etc. In a further illustration,
reference herein to a range of “less than 50” includes whole
numbers 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, etc., and
fractional numbers 49.9, 49.8, 49.7, 49.6, 49.5, 49.4, 49.3,
49.2, 49.1, 49.0, etc. In yet another illustration, reference
herein to a range of from “5 to 10” includes each whole
number of 5, 6, 7, 8, 9, and 10, and each fractional number
suchas 5.1,5.2,5.3,5.4,5.5,5.6,5.7,5.8,5.9, etc.

BRIEF SUMMARY OF THE INVENTION

[0094] The AAV Rep78 protein is required for SSIalthough
it displays an inhibitory effect on virus replication in hybrid
viruses (e.g., Ad/AAV viruses). To date, prior art strategies to
construct hybrid viruses (e.g., Ad/AAV) by controlling Rep
expression have met with limited success. The invention pro-
vides the discovery that AAV Rep’s cis-acting inhibitory
effect on hybrid virus replication and/or replication compe-
tence and/or infectivity and/or productive infectivity is due to
a role of an inhibitory sequence within the Rep ORF.

[0095] The inventors discovered dramatic results when
comparing the expression of Scrambled Rep78 and/or Deop-
timized Rep78 with wild-type Rep78 ORFs within a first
generation Adenovirus backbone (Ad/Scr, Ad/Deopt and
Ad/wtRep). In particular, where Ad/wtRep was incapable of
replication, Ad/Scr and Ad/Deopt replicated at comparable
levels to other first generation Ad, thus demonstrating a clear
role for a sequence specific signal within the wild-type Rep78
ORF inthe inhibition of virus replication. Modification of this
signal (e.g., scrambled and/or deoptimized sequences)
allowed virus replication and tolerance of a high level of Rep
protein expression. The inventors localized the inhibitory
signal to an approximately 135 bp sequence within the Rep
ORF. The identification of a sequence specific inhibitory
signal for AAV Rep mediated inhibition of Ad replication
explains the prior art’s inconsistent and often frustrating
results obtained with production of hybrid viruses (e.g.,
Ad/AAV) over the years and paves the way for the production
of rAAV and hybrid viruses (e.g., Ad/AAV), such as in gene
therapy and vaccine applications.

DETAILED DESCRIPTION OF THE INVENTION

[0096] The invention provides adeno-associated virus
(AAV) replication (Rep) sequences. In one embodiment, the
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invention provides nucleotide sequences encoding a chimeric
protein, wherein the encoded chimeric protein contains a wild
type AAV Rep inhibitory amino acid sequence, and wherein
the nucleotide sequences contain a scrambled and/or deopti-
mized polynucleotide sequence encoding the wild type AAV
Rep inhibitory amino acid sequence. The invention provides
vectors, cells, and viruses containing the invention’s
sequences. Also provided are methods for detecting portions
of the AAV Rep inhibitory amino acid sequence, which
reduce replication and/or infection and/or productive infec-
tion by viruses. The invention’s compositions and methods
are useful for site-specific integration and/or expression of
heterologous sequences by recombinant adeno-associated
virus (rAAV) vectors and by rAAV virus particles, such as
hybrid viruses (e.g., Ad-AAV) comprising such vectors. The
invention’s compositions and methods find application in, for
example, gene therapy and/or vaccines.

[0097] The invention’s methods and compositions provide
a strategy for safe, site-specific gene integration that is of
considerable advantage for gene therapy approaches. In one
embodiment, the inventors use the unique ability of Adeno-
associated virus (AAV) genetic elements in conjunction with
adenovirus to generate novel hybrid viruses (Ad/AAV) that
retain the capacity for stable transgene integration into a safe
region of the genome. This approach requires AAV genetic
elements in conjunction with AAV Rep78, to provide the key
elements for safe gene integration into the human genome.
Historically, the ability to assemble such site-specific inte-
grating viruses has been limited because of the known cellular
toxicity of AAV Rep78, coupled with Rep78’s inhibitory role
in adenovirus replication. This has lead to difficulty in the
prior art in generating an integrating transgene within the
back-bone of a single Ad/AAV hybrid virus.

[0098] The invention also provides the discovery of an
AAV nucleotide sequence (and portions thereof) in the Rep78
open reading frame (ORF) that plays a role in AAV Rep
mediated inhibition of virus (e.g. Adenovirus) replication.
[0099] The invention’s AAV Rep inhibitory nucleotide
sequence was localized by the inventors to a 564-bp nucle-
otide sequence (SEQ ID NO:17). The 564-bp nucleotide
sequence includes an AAV Rep inhibitory nucleotide
sequence portion 135-bp nucleotide sequence (SEQ ID
NO:01) from bp 1782 to bp 1916 of the AAV2 genome, which
encompasses the Rep68/40 donor splice site and the P40
promoter region.

[0100] The inventors’ discovery of the invention’s AAV
Rep inhibitory nucleotide sequence that mediates inhibitions
of viral (e.g., Adenoviral) replication explains the prior art’s
inconsistent and often frustrating results reported over the
years with respect to the production of hybrid Adenovirus/
Adeno-associated virus (Ad/AAV) carrying Rep.

[0101] Data herein demonstrate that, in one embodiment,
the modification (e.g., by scrambling and/or deoptimization)
of the invention’s AAV Rep inhibitory nucleotide sequence
results in removal of AAV Rep mediated inhibition of Aden-
ovirus replication, enabling Adenoviral replication at a level
that is substantially the same as first generation Adenoviruses
not carrying Rep. Data herein also demonstrate the modifica-
tion of the invention’s AAV Rep inhibitory nucleotide
sequence allows Adenovirus to replicate even in the absence
of regulated Rep expression, revealing a tolerance for high
Rep protein expression levels.

[0102] The inventor’s discovery that modifying (e.g., by
scrambling and/or deoptimization) the invention’s AAV Rep
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inhibitory nucleotide sequence (and/or portions thereof)
resulted in removal of AAV Rep mediated inhibition of Aden-
ovirus replication, results in the production of high fiter,
stable virus (e.g., Adenovirus) carrying Rep, and paves the
way for large scale production of hybrid AAV viruses (e.g.
Ad/AAV) as well as of recombinant AAV (rAAV) for gene
therapy and vaccines.

[0103] The inventors also found that even tightly regulated
Rep78 expression cassettes that were capable of being carried
by helper dependent viruses were not viable within a 4E14E3
Ad backbone. Further, this absence of replication even in the
presence of controlled levels of Rep contrasts with robust
Adenoviral replication seen in the presence of high levels of
Rep expression produced by Rep expressing cell lines such as
C12. The inventors hypothesized that increased inhibition of
replication when Rep was carried on the Adenoviral moiety
could either be due to increased expression accompanying an
increase in copy number, or due to an actual role for the
sequence of the Rep ORF.

[0104] To distinguish between these two possibilities, the
inventors applied a computer algorithm to modify the 1865 bp
Rep78 DNA ORF using synonymous codons, generating a
Scrambled (Scr) and a Deoptimized (Deopt) sequence. These
modified sequences are only 70-80% similar to wild-type
Rep78 nucleotide sequence, but encode exactly the same
amino acid sequence. Further, the Deoptimized sequence spe-
cifically uses codons in underrepresented pairs, expressing
Rep78 protein at reduced levels due to codon pair bias. Codon
pair bias refers to the preference for some codon pairs over
other synonymous codons to encode the same pair of adjacent
amino acids. Utilization of underrepresented codon pairs
results in an ORF that is expressed at reduced levels, due to
inefficient translation. The inventors hypothesized that modi-
fication of the Rep78 DNA sequence without changing the
protein expressed will help identify any role the ORF plays in
the inhibition of Adenoviral replication. Further, comparing
the ability of Adenoviruses carrying sequence modified Rep
genes which express different levels of Rep, to replicate, will
help tease out the extent of the contribution of the sequence of
the Rep ORF versus Rep78 protein levels on the inhibition of
Adenoviral replication.

[0105] For further clarity, the invention is further described
under (A) Adeno-associated Virus and genome structure, (B)
AAV Rep nucleotide sequences, (C) Vectors, (D) Viruses, (E)
Cells, (F) Vaccines, (G) Exemplary applications of the inven-
tion’s compositions for identification of functional portions
of wild type AAV Rep inhibitory nucleotide sequences, (H)
Exemplary applications of the invention’s compositions for
generation of viruses, and (I) Exemplary applications of the
invention’s compositions for expression of nucleotide
sequences (e.g., in gene therapy and/or vaccine applications).

A. Adeno-Associated Virus and Genome Structure

[0106] The invention provides the discovery of useful AAV
Rep nucleotide sequences.

[0107] “AAV” and “Adeno-associated virus” refers to a
small ssDNA virus belonging to the family Parvoviridae,
which was found to be dependent on other viruses (e.g.,
adenovirus, Herpes-simplex, Epstein Barr, and cytomega-
lovirus) for productive infection.

[0108] AAV isexemplified by AAV2, the most widely stud-
ied AAV family member. No pathology has been convinc-
ingly linked with AAV2 infection of humans. AAV can
undergo a lytic or lysogenic life cycle. Uniquely, in cell cul-
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ture in the absence of helper virus functions, the virus estab-
lishes a persistent infection by integrating site-specifically
into the AAVS1 site on chromosome 19 (q13.3qter) of the
host genome in humans and non-human primates (135-138).
However, viral sequences are also found as concatemers of
the AAV genome in an extra-chromosomal form.

[0109] The AAV2 genome (FIG. 9) is a linear single
stranded DNA of about 4.7 Kb. Both sense and antisense
strands are packaged into virions with equal frequency. The
genome contains T shaped “inverted terminal repeats” flank-
ing two open reading frames (ORFs), “Rep” and “Cap.” The
Rep ORF encodes Rep78 (exemplified by SEQ ID NO:04 of
FIG. 6 panel A) and the alternately spliced Rep68 (SEQ ID
NO:05 of FIG. 6 panel B) from promoter p5 and Rep52 and
Rep40 from promoter 19. The p19 promoter lies within the
coding sequence for the larger Rep proteins. The Cap ORF
encodes three structural proteins VP1, VP2 and VP3 from the
p40 promoter.

[0110] The genome of the AAVs has been cloned,
sequenced and characterized. For example, the genomic
sequences of AAV?2 are provided in GenBank accession No.
J01901, AF043303, and NC__001401. In general, the AAV
genome comprises about 4,700 bases and contains, at each
end, an inverted repeat region (ITR) of approximately 145
bases, serving as the origin of replication of the virus. The
remainder of the genome is divided into 2 essential regions:
the left-hand part of the genome, containing the rep gene
involved in replication of the virus and expression of the viral
genes and; the right-hand part of the genome, containing the
cap gene encoding the capsid proteins of the virus (Hearing et
al., U.S. Pat. No. 7,563,617).

[0111] Productive infection by AAV requires co-infection
by a helper virus such as Adenovirus. In the absence of helper
virus infection, the AAV establishes a latent infection by
site-specifically integrating into the AAVSI site on the q arm
of the 19 chromosome (19q13.3qter).

[0112] In particular, the invention’s AAV nucleotide and
amino acid sequences, as well as vectors, viruses (e.g., TAAV
particles, and hybrid AAV particles such as Ad/AAV), and
cells containing one or more of these sequences, are charac-
terized by, among other things, containing an adeno-associ-
ated virus terminal repeat sequence. The terms “terminal
repeat,” “TR,” “intact TR,” and “full-length TR” when in
reference to an adeno-associated virus (AAV) sequence, are
used interchangeably to refer to a nucleotide sequence which
is located at each end of the AAV single-stranded DNA
genome, and which is the only cis-acting element required for
genome replication and packaging. The AAV TR, in the pres-
ence of either Rep68 or Rep78, is sufficient for site-specific
viral DNA integration. Alternatively, the AAV TR refers to a
nucleotide sequence which is derived from an AAV and which
is involved in AAV DNA replication, AAV DNA excision, or
AAV DNA packaging into virus. In a preferred embodiment,
the AAV TR is derived from AAV2 strain and is exemplified
by the 145-bp sequence [5'-ttggccactc cetetetgeg cgetegeteg
ctcactgagg ccgggegace aaaggtcgee cgacgeccgg getttgeecg
ggcggcctca gtgagegage gagegegeag agagggagty gecaacteca
tcactagggg ttect-3' (SEQ ID NO:10)] from nucleotide 1 to
nucleotide 145 of the AAV2 genomic sequence of GenBank
No. J01901 (Hearing et al., U.S. Pat. No. 7,563,617). The
AAV TR exist in nature as an “inverted terminal repeat”
(“ITR”) in a flip or flop orientation, based on the orientation
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of'the internal palindrome with respect to the D sequence. The
AAV ITR contains a hairpin structure that appears to contain
hot spots of integration.

[0113] “Rep” and “replication protein” when in reference
to an adeno-associated virus (AAV) protein sequence, refers
to a protein encoded by a AAV rep gene region, and is exem-
plified by AAV Rep proteins Rep78, Rep68, Rep52 and
Rep40.

[0114] The “rep gene region” of the adeno-associated virus
genome refers to a nucleotide sequence that is derived from
an adeno-associated virus, and which encodes one or more
Rep proteins. AAV Rep proteins include Rep78, Rep68,
Rep52 and Rep40.

[0115] “Rep68” and “Rep78,” are Rep sequences produced
from unspliced and spliced transcripts from the p5 promoter.
In one embodiment, Rep78 is exemplified by the wild type
Rep78 SEQID NO:04 (FIG. 6, panel A) encoded by the DNA
sequence SEQ ID NO:03 (FIG. 5). In another embodiment,
Rep68 is exemplified by wild type Rep68 SEQ ID NO:05
(FIG. 6, panel B). Rep78 and Rep68 are multifunctional
proteins with largely overlapping functions in almost every
stage of the AAV life cycle, such as site-specific DNA bind-
ing, helicase activity, and/or site-specific endonuclease activ-
ity. Rep78 and/or Rep68 are required in trans for AAV repli-
cation and/or excision from the host genome (U.S. Pat. No.
5,658,776; Trempe et al., U.S. Pat. No. 5,837,484; Burstein et
al., WO 98/27207; Johnson et al., U.S. Pat. No. 5,658,785,
Carter, U.S. Pat. No. 7,785,888). Thus, a “functional” Rep
protein (and/or portion thereof) refers to a protein (and/or
portion thereof) thathas one or more Rep activity exemplified
by site-specific DNA binding, helicase activity, and site-spe-
cific endonuclease activity.

[0116] “AAV Rep inhibitory amino acid sequence” refers to
the amino acid sequence encoded by the 135-bp DNA
sequence from bp 1782 to bp 1916 of the AAV2 genome (FIG.
4 panel B).

[0117] “Rep-mediated excision” and “Rep-mediated
nuclease” when in reference the activity by a Rep protein, or
functional fragment thereof, interchangeably refer to the
endonuclease activity of the protein in producing two or more
fragments of a substrate nucleotide sequence. Methods for
determining Rep-mediated excision activity are known in the
art, and described herein. For example, data herein demon-
strate that adenovirus Ad/sRep78 (containing a scrambled
Rep78 sequence) and adenovirus Ad/dRep78 (containing a
deoptimized Rep78 sequence) retained Rep-mediated exci-
sion activity as demonstrated by cleavage of a folded AAV
ITR as substrate (Example 3).

[0118] “Rep52” and “Rep40” are Rep sequences produced
from unspliced and spliced transcripts respectively, from the
p19 promoter. All four Rep proteins possess helicase and
ATPase activity. In addition, Rep68 and Rep78 are capable of
site-specific binding to the ribosome binding site (RBS) and
have site-specific endonuclease activity, required for separa-
tion of replicated viral genomes.

[0119] The “Cap gene” of adeno-associated virus refers to
a gene encoding VP1, VP2 and VP3 structural proteins mak-
ing up the AAV capsid. The exemplary AAV-2 “AAV capsid”
comprises 60 viral capsid proteins arranged into an icosahe-
dral structure, with VP1, VP2 and VP3 present in approxi-
mately a 1:1:8 molar ratio.
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B. AAV Rep Nucleotide Sequences

[0120] The inventors have discovered that first generation
adenoviruses carrying AAV Rep78 expressed under a tetra-
cycline inducible system were incapable of growing (Ex-
ample 2). This contradicts prior art reports of the production
of a helper dependent Ad carrying Rep78 (Recchia et al.
(2004) Molecular Therapy 10(No. 4):660-670). A similar
lack of the reproducibility of generating replicative virus
carrying AAV Rep78 is demonstrated by the prior art’s failure
to construct a first generation Ad carrying Rep expressed
under the al antitrypsin promoter by one group (Carlson et al.
(2002) Molecular Therapy 6(1):91-98), in contrast to reports
that a helper dependent Ad carrying Rep78 expressed under
anal antitrypsin promoter was capable of growing (Recchia et
al. (1999) PNAS 96:2615-2620).

[0121] Thus, in one embodiment, the invention provides
AAV recombinant nucleotide sequences (as well as vectors,
viruses (e.g., rAAV, and hybrid AAV), and cells containing
one or more these sequences) encoding a chimeric protein, a)
wherein the encoded chimeric protein i) comprises at least a
portion of wild type AAV Rep inhibitory amino acid sequence
listed as SEQ ID NO:20 (i.e., the 564-bp DNA sequence from
bp1623 to bp 2186 of the AAV2 genome) and/or SEQ ID
NO:02 (i.e., the 135-bp DNA sequence from bp 1782 to bp
1916 of the AAV2 genome, FIG. 4 panel B), and ii) has
Rep-mediated nuclease activity, and b) wherein the recombi-
nant nucleotide sequence comprises a scrambled polynucle-
otide sequence encoding wild type AAV Rep inhibitory
amino acid sequence listed as SEQ ID NO:20 and/or SEQ ID
NO:02 (and/or portion thereof).

[0122] One advantage of the invention’s AAV nucleotide
and amino acid sequences, as well as vectors, viruses (e.g.,
rAAV particles, and hybrid AAV particles such as Ad/AAV),
and cells containing one or more of these sequences, is that
they are useful in gene therapy (including gene transfer for
monogenic disorders such as hemophilia, and polygenic dis-
ease such as cancer) and vaccines. The invention’s AAV
nucleotide and amino acid sequences, as well as vectors,
viruses (e.g., rAAV particles, and hybrid AAV particles such
as Ad/AAV), and cells containing one or more of these
sequences, can be used to express various heterologous gene
products in host cells by transformation and transduction,
respectively.

[0123] Another advantage of the invention’s AAV nucle-
otide and amino acid sequences, as well as vectors, viruses
(e.g., rAAV particles, and hybrid AAV particles such as
Ad/AAV), and cells containing one or more of these
sequences, is that they retain Rep-mediated nuclease activity,
yet lack the AAV Rep inhibitory nucleotide sequence that
inhibits viral productive replication.

[0124] Yet a further advantage of the invention’s AAV
nucleotide and amino acid sequences, as well as vectors,
viruses (e.g., rAAV particles, and hybrid AAV particles such
as Ad/AAV), and cells containing one or more of these
sequences, is that they provide hybrid viruses (e.g. Ad-AAV
hybrid virus) carrying the AAV ITR flanked transgene and/or
the AAV Rep-Cap coding sequences, which allows efficient
co-infection of 293 cells, eliminate the need for producer cell
lines and would greatly ease the production of high titer AAV.
These hybrid viruses also retain the capacity for stable trans-
gene integration into a safe region of the genome.

[0125] Another advantage of the invention’s AAV nucle-
otide and amino acid sequences, as well as vectors, viruses
(e.g., rAAV particles, and hybrid AAV particles such as
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Ad/AAV), and cells containing one or more of these
sequences, is that they provide hybrid viruses (e.g. Ad-AAV
hybrid virus) that can tolerate Rep78 (or Rep68) within the
viral background, which provides a unique opportunity to
place all genetic elements in a single virus for the purpose of
safely integrating a transgene into a safe region of the human
genome. This is a significant advance in the field as it provides
a safer alternative to retroviruses and lentiviruses in gene
replacement strategies.

[0126] Dataherein demonstrate that the inhibitory function
of the wild type AAV Rep inhibitory nucleotide sequence,
exemplified by SEQ ID NO:01, on virus replication was
abolished when using either a) a scrambled AAV Rep inhibi-
tory nucleotide sequence that did NOT alter the level of
expressed Rep78 or Rep68, or b) a deoptimized AAV Rep
inhibitory nucleotide sequence that DID reduce the level of
expressed Rep78 and/or Rep68. In particular, data herein
demonstrate that the exemplary adenovirus Ad/sRep78 (con-
taining a scrambled Rep78 sequence) and adenovirus
Ad/dRep78 (containing a deoptimized Rep78 sequence)
retained Rep-mediated nuclease activity as demonstrated by
cleavage of a folded AAV ITR as substrate (Example 3).

[0127] The invention’s AAV nucleotide and amino acid
sequences, as well as vectors, viruses (e.g., rAAV particles,
and hybrid AAV particles such as Ad/AAV), and cells con-
taining one or more of these sequences, carrying AAV ele-
ments on the backbone of a larger virus are useful not only for
the production of rAAV, but also as potential integrating gene
transfer vectors. The only difference in Rep expression in
such vectors would be the requirement for both Rep68/78 and
Rep52 expression for rAAV production, versus only Rep68/
78 expression needed for integration.

[0128] Production of a rAAV possessing AAV’s unique
ability of Rep mediated site-specific integration is not fea-
sible, due to the small size of its genome and the toxic effects
of Rep protein on the host cell (Winocour et al. (1988) Per-
turbation of the cell cycle by adeno-associated virus. Virology
167:393-399). Introduction of a Rep cassette into the rAAV
would further reduce the viable transgene size to about 3 Kb.
Further, since the entire cassette flanked by the AAV ITR
integrates in the presence of Rep protein, an internal Rep
cassette would also be integrated. Alternatively, since the
only elements required for site-specific integration have been
shown to be the AAV ITR or IEE in cis and the Rep68/78
protein in trans, an AAV ITR flanked transgene cassette and a
Rep expression cassette outside the AAV TR’s could be car-
ried on the backbone of a larger virus (such as adenovirus,
herpes simplex virus, retrovirus, lentivirus, baculovirus, etc.),
combining AAV’s ability to site-specifically integrate with
the large transgene size of a larger virus.

[0129] Inoneembodiment, theinvention’s AAV nucleotide
and amino acid sequences, as well as vectors, viruses (e.g.,
rAAV particles, and hybrid AAV particles such as Ad/AAV),
and cells containing one or more of these sequences, are
useful in gene therapy (including gene transfer for monogenic
disorders such as hemophilia, and polygenic disease such as
cancer) and vaccines.

[0130]

[0131] Theinvention’s compositions can be used to express
various heterologous gene products in host cells by transduc-
tion. Thus, in one embodiment, the recombinant nucleotide
sequence comprises a heterologous polynucleotide sequence
operably linked to a first AAV ITR. In a more preferred

i. Heterologous Polynucleotide Sequences
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embodiment, the heterologous polynucleotide sequence is
flanked by the first AAV ITR and by a second AAV ITR.

[0132] The terms “flanking,” and “flank” when made in
reference to a first and second nucleotide sequences (e.g.,
inverted terminal repeats (ITRs)) in relation to a third nucle-
otide sequence (e.g., a DNA sequence of interest) mean that
the first nucleotide sequence is linked to the 5' end (i.e.,
upstream) of the third sequence, and the second nucleotide
sequence is linked to the 3' end (i.e., downstream) of the third
sequence, preferably (although not necessarily) without any
intervening sequences of viral origin in order to reduce the
likelihood of recombination. Recent evidence suggests that a
single ITR can be sufficient to carry out the functions nor-
mally associated with configurations comprising two ITRs
(U.S. Pat. No. 5,478,745), and vector constructs with only
one ITR can thus be employed in conjunction with the pack-
aging and production methods described herein. The resultant
recombinant viral vector is referred to as being “defective” in
viral functions when specific viral coding sequences are
deleted from the vector (Carter, U.S. Pat. No. 7,785,888).

[0133] In preferred embodiments, the
sequences have Rep-mediated nuclease activity.

[0134] In a particular embodiment, the recombinant nucle-
otide sequence further comprises a nucleic acid sequence
encoding one or more AAV capsid proteins.

[0135] 1ii. Scrambled AAV Rep Inhibitory Nucleotide
Sequences, Including Deoptimized AAV Rep Inhibitory
Nucleotide Sequences

[0136] In preferred embodiments, the invention’s AAV
nucleotide and amino acid sequences, as well as vectors,
viruses (e.g., rAAV particles, and hybrid AAV particles such
as Ad/AAV), and cells containing one or more of these
sequences, comprise a scrambled polynucleotide sequence
encoding at least a portion of the wild type AAV Rep inhibi-
tory amino acid sequence listed as SEQ ID NO:20 and/or
SEQ ID NO:02.

[0137] Withoutintending to limit the particular sequence of
the scrambled polynucleotide sequence encoding at least a
portion of the wild type AAV Rep inhibitory amino acid
sequence, in a particular embodiment, the scrambled poly-
nucleotide sequence comprises SEQ ID NO:18 (FIG. 4G)
and/or SEQ ID NO:07 (FIG. 4 panel C and FIG. 7 panel A).

[0138] In another embodiment, the scrambled polynucle-
otide sequence comprises a deoptimized AAV Rep inhibitory
nucleotide sequence. While not limiting the exact sequence of
the deoptimized AAV Rep inhibitory nucleotide sequence, in
some embodiments, the deoptimized AAV Rep inhibitory
nucleotide sequence comprises SEQ ID NO:19 (FIG. 4H)
and/or SEQ ID NO:09 (FIG. 4 panel D, FIG. 7 panel B) and/or
portion thereof.

[0139] In particular embodiment, the scrambled polynucle-
otide sequence that encodes at least a portion of the wild type
AAV Rep inhibitory amino acid sequence, has from 66% to
99% identity to the wild type AAV Rep inhibitory nucleotide
sequence listed as SEQ ID NO:17 (FIG. 4E, FIG. 12, FIG.13)
and/or SEQ ID NO:01 (FIG. 4 panel A, FIG. 12, FIG. 13).
This includes identities of 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99%. In a par-
ticular embodiment, the scrambled polynucleotide sequence
that encodes at least a portion of the wild type AAV Rep
inhibitory amino acid sequence, has from 70% to 80% iden-

invention’s
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tity to the wild type AAV Rep inhibitory nucleotide sequence
listed as SEQ ID NO:17 and/or SEQ ID NO:01.

[0140] In a particular embodiment, the invention’s AAV
nucleotide and amino acid sequences, as well as vectors,
viruses (e.g., rAAV particles, and hybrid AAV particles such
as Ad/AAV), and cells containing one or more of these
sequences, are isolated. The terms “purified,” “isolated,” and
grammatical equivalents thereof refer to the reduction in the
amount of at least one undesirable component (such as cell,
protein, nucleic acid sequence, carbohydrate, etc.) from a
sample, including a reduction by any numerical percentage of
from 5% to 100%, such as, but not limited to, from 10% to
100%, from 20% to 100%, from 30% to 100%, from 40% to
100%, from 50% to 100%, from 60% to 100%, from 70% to
100%, from 80% to 100%, and from 90% to 100%. Thus
purification results in “enrichment,” i.e., an increase in the
amount of a desirable component cell, protein, nucleic acid
sequence, carbohydrate, etc.) relative to the undesirable com-
ponent. For example, “purifying” encapsidated vectors refers
to the isolation of the encapsidated vectors in a more concen-
trated form (relative to the starting material, such as the cell
lysate and/or extracellular solution), e.g., using CsCl, density
gradients.

[0141] 1iii. Therapeutic Sequences for Gene Therapy and
Vaccines
[0142] In particular embodiments, the heterologous poly-

nucleotide sequence contained in the invention’s AAV nucle-
otide and amino acid sequences, as well as vectors, viruses
(e.g., rTAAV particles, and hybrid AAV particles such as
Ad/AAV), and cells containing one or more of these
sequences, comprises a therapeutic nucleotide sequence. A
“therapeutic nucleotide sequence” is a DNA sequence and/or
RNA sequence of therapeutic interest, including sequences
that encode a protein of therapeutic interest.

[0143] Therapeutic nucleotide sequences are exemplified
by, but not limited to, sequences encoding a disease associ-
ated polypeptide, and/or encoding an antigen polypeptide.

[0144] Thus, in one embodiment, the therapeutic nucle-
otide sequences contained in the invention’s AAV nucleotide
and amino acid sequences, as well as vectors, viruses (e.g.,
rAAV particles, and hybrid AAV particles such as Ad/AAV),
and cells containing one or more of these sequences, com-
prises a therapeutic sequence that encodes a “disease associ-
ated” polypeptide, meaning a polypeptide whose level (e.g.,
presence, absence, increase, and/or decrease relative to a
control, etc.) that is correlated with disease and/or with risk of
disease based on family history, genetic factors, environmen-
tal factors, etc.

[0145] Illustrative therapeutic nucleotide sequences that
encode disease associated polypeptides include, but are not
limited to, sequences which encode enzymes; lymphocytes
(e.g., interleukins, interferons, TNF, etc.); growth factors
(e.g., erythropoietin, G-CSF, M-CSF, GM-CSF, etc.); neu-
rotransmitters or their precursors or enzymes responsible for
synthesizing them; trophic factors (e.g., BDNF, CNTF, NGF,
IGF, GMF, aFGF, bFGF, NT3, NT5, HARP/pleiotrophin,
etc.); apolipoproteins (e.g., ApoAl, ApoAlV, ApoE. etc.);
lipoprotein lipase (LPL); the tumor-suppressing genes (e.g.,
p53, Rb, Rapl A, DCC k-rev, etc.); factors involved in blood
coagulation (e.g., Factor VII, Factor VIII, Factor IX, etc.);
DNA repair enzymes; suicide genes (thymidine kinase or
cytosine deaminase); blood products; hormones; etc. (Hear-
ing et al. U.S. Pat. No. 7,563,617).
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[0146] In one preferred embodiment, the therapeutic dis-
ease associated nucleotide sequence encodes a wild type gene
for which a mutant has been associated with a human disease.
Such wild type genes are exemplified, but not limited to, the
adenosine deaminase (ADA) gene (GenBank Accession No.
M13792) associated with adenosine deaminase deficiency
with severe combined immune deficiency; alpha-1-antit-
rypsin gene (GenBank Accession No. M11465) associated
with alphal-antitrypsin deficiency; beta chain of hemoglobin
gene (GenBank Accession No. NM__000518) associated
with beta thalassemia and Sickle cell disease; receptor for low
density lipoprotein gene (GenBank Accession No. D16494)
associated with familial hypercholesterolemia; lysosomal
glucocerebrosidase gene (GenBank Accession No. 102920)
associated with Gaucher disease; hypoxanthine-guanine
phosphoribosyltransferase (HPRT) gene (GenBank Acces-
sion No. M26434, J00205, M27558, M27559, M27560,
M27561, M29753, M29754, M29755, M29756, M29757)
associated with Lesch-Nyhan syndrome; lysosomal arylsul-
fatase A (ARSA) gene (GenBank Accession No.
NM__000487) associated with metachromatic leukodystro-
phy; ornithine transcarbamylase (OTC) gene (GenBank
Accession No. NM__000531) associated with ornithine tran-
scarbamylase deficiency; phenylalanine hydroxylase (PAH)
gene (GenBank Accession No. NM_ 000277) associated
with phenylketonuria; purine nucleoside phosphorylase (NP)
gene (GenBank Accession No. NM_000270) associated
with purine nucleoside phosphorylase deficiency; the dystro-
phin gene (GenBank Accession Nos. M18533, M17154, and
M18026) associated with muscular dystrophy; the utrophin
(also called the dystrophin related protein) gene (GenBank
Accession No. NM_ 007124) whose protein product has
been reported to be capable of functionally substituting for
the dystrophin gene; and the human cystic fibrosis transmem-
brane conductance regulator (CFTR) gene (GenBank Acces-
sion No.M28668) associated with cystic fibrosis. In a particu-
lar embodiment, the disease associated polypeptide of
interest is a cancer derived antigen such as carcino-embryonic
antigen (CEA) and her2neu antigen. In a preferred embodi-
ment, the therapeutic gene is human Factor VIII (Hearing et
al. U.S. Pat. No. 7,563,617).

[0147] In a particular embodiment, the therapeutic disease
associated nucleotide sequence encodes an antisense RNA or
a ribozyme (Carter, U.S. Pat. No. 7,785,888). In yet another
embodiment, the therapeutic disease associated nucleotide
sequence is selected from the group of (i) a polynucleotide
encoding a protein useful in gene therapy to relieve deficien-
cies caused by missing, defective or sub-optimal levels of a
structural protein or enzyme; (ii) a polynucleotide that is
transcribed into an anti-sense molecule; (iii) a polynucleotide
that is transcribed into a decoy that binds a transcription or
translation factor, (iv) a polynucleotide that encodes a cellular
modulator; (v) a polynucleotide that can make a recipient cell
susceptible to a specific drug; (vi) a polynucleotide for cancer
therapy; and (vii) a polynucleotide that encodes an antigen or
antibody. (Carter, U.S. Pat. No. 7,785,888).

[0148] In some applications, the therapeutic disease asso-
ciated nucleotide sequence is selected from the group of
herpes virus thymidine kinase gene, E1A tumor suppressor
gene, and p53 tumor suppressor gene (Carter, U.S. Pat. No.
7,785,888). In other applications, the therapeutic disease
associated nucleotide sequence encodes a protein selected
from the group of cytosine deaminase (CD), herpes simplex-
virus thymidine kinase (HSV-TK), DNA-binding domain
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(DBD) of poly(ADP-ribose) polymerase (PARP), cytotoxic
protease 2A and 3C (Kiipper et al., U.S. Pat. No. 7,351,697),
Factor VITA, Factor VIII and Factor IX (Scaria, U.S. Pat. No.
7,307,068).

[0149] Insome embodiments, the therapeutic disease asso-
ciated nucleotide sequence encodes a protein selected from
the group of Cystic Fibrosis Transmembrane Conductance
Regulator (CFTR), coagulation factor FIX, hRPE65v2, neu-
rotrophic factor Neurturin (NTN), and al antitrypsin. The
FDA has approved clinical trials for gene therapy using ear-
lier generation rAAV viruses expressing these proteins. In a
particular embodiment, the therapeutic disease associated
nucleotide sequence encodes a human Factor VIII (FVIII)
gene (Example 1).

[0150] In one embodiment, the therapeutic nucleotide
sequences contained in the invention’s AAV nucleotide and
amino acid sequences, as well as vectors, viruses (e.g., TAAV
particles, and hybrid AAV particles such as Ad/AAV), and
cells containing one or more of these sequences, comprises a
therapeutic sequence that encodes an antigen polypeptide.
[0151] The terms “antigen,” “immunogen,” “antigenic,”
“immunogenic,” “antigenically active,” “immunologic,” and
“immunologically active” when made in reference to a mol-
ecule, refer to any substance that is capable of inducing a
specific humoral immune response (including eliciting a
soluble antibody response) and/or cell-mediated immune
response (including eliciting a CTL response). In one
embodiment the antigen is exemplified by Human Immuno-
deficiency virus gag protein, malaria circumsporozite protein
(CSP,,;) antigen, malaria CSP T cell epitope (SEQ 1D
NO:12; EYLNKIQNSLSTEWSPCSVT; U.S. Pat. No. 6,669,
945), malaria CSP B Cell epitope (SEQ ID NO:13; NANP-
NANPNANPNANPNANPNANP; WO 2009/082440 A2),
and Pseudomonas antigen.

[0152] In some embodiments, the antigen polypeptide is
“pathogen derived,” meaning expressed by a pathogen (e.g.,
bacteria, virus, parasite, protozoan, fungus, etc.), such as
Herpes virus, Neisseria gonorrhea, Treponema, Escherichia
coli, Respiratory Syncytial virus, tuberculosis, Streptococ-
cus, Chlamydia, and Ebola virus. Pathogen derived antigens
are exemplified by Human Immunodeficiency virus (HIV)
gag protein (including the HXB2 strain gag protein (Genbank
Accession #K03455), HIV Gag protein antigen such as HIV
Gap protein immunodominant peptide AMQMLKETI (SEQ
1D NO:14; WO 2010/051820 A1), HIV Pol protein antigen,
HIV Nef protein antigen, malaria circumsporozite protein
(CSP,,;) antigen, malaria CSP T cell epitope (SEQ 1D
NO:12; EYLNKIQNSLSTEWSPCSVT; U.S. Pat. No. 6,669,
945), malaria CSP B Cell epitope (SEQ ID NO:13; NANP-
NANPNANPNANPNANPNANP; WO 2009/082440 A2),
and Pseudomonas antigen.

[0153] In a particular embodiment, the antigen comprises
an epitope. The terms “epitope” and “antigenic determinant”
refer to a structure on an antigen, which interacts with the
binding site of an antibody or T cell receptor as a result of
molecular complementarity. An epitope may compete with
the intact antigen, from which it is derived, for binding to an
antibody. Generally, secreted antibodies and their corre-
sponding membrane-bound forms are capable of recognizing
a wide variety of substances as antigens, whereas T cell
receptors are capable of recognizing only fragments of pro-
teins which are complexed with MHC molecules on cell
surfaces. Antigens recognized by immunoglobulin receptors
on B cells are subdivided into three categories: T-cell depen-
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dent antigens, type 1 T cell-independent antigens; and type 2
T cell-independent antigens. Also, for example, when a pro-
tein or fragment of a protein is used to immunize a host
animal, numerous regions of the protein may induce the pro-
duction of antibodies which bind specifically to a given
region or three-dimensional structure on the protein; these
regions or structures are referred to as antigenic determinants.
An antigenic determinant may compete with the intact anti-
gen (i.e., the immunogen used to elicit the immune response)
for binding to an antibody.

[0154] Exemplary epitopes include, without limitation
YPYDVPDYA (SEQ ID NO:15; U.S. Pat. No. 7,255,859),
EphrinA2 epitopes from renal cell carcinoma and prostate
cancer (U.S. Pat. No. 7,297,337), hepatitis C virus epitopes
(U.S. Pat. Nos. 7,238,356 and 7,220,420), vaccinia virus
epitopes (U.S. Pat. No. 7,217,526), dog dander epitopes (U.S.
Pat. No. 7,166,291), human papilloma virus (HPV) epitopes
(U.S. Pat. Nos. 7,153,659 and 6,900,035), Mycobacterium
tuberculosis epitopes (U.S. Pat. Nos. 7,037,510 and 6,991,
797), bacterial meningitis epitopes (U.S. Pat. No. 7,018,637),
malaria epitopes (U.S. Pat. No. 6,942,866), and type 1 diabe-
tes mellitus epitopes (U.S. Pat. No. 6,930,181).

C. Vectors

[0155] The invention provides vectors comprising one or
more of the invention’s recombinant nucleotide sequences.
“Vector” and “vehicle” refer to an agent that contains and/or
transfers genetic material to a cell, including for example
linear DNA, encapsidated virus particles, liposomes, bacte-
riophages, plasmids, and any combination thereof. In other
embodiments, the recombinant viral vector sequence is pro-
vided in the host cells transfected with the viral vector. A
vector may be used to transfer, introduce and/or insert exog-
enous modified genetic material (as recombinant DNA) into
the genome of a recipient (host) cell. Delivery of genetic
material by a ““viral vector” is termed “transduction,” with the
infected cells described as “transduced.” This process can be
performed inside a living organism (in vivo) or in cell culture
(in vitro and/or ex vivo). Viral based gene transfer/vectors
include, for example, adenovirus, adeno-associated virus, ret-
roviruses, alpha viruses, lentiviruses, vaccinia viruses, bacu-
loviruses, fowl pox and herpes viruses.

[0156] Vectors (such as linear DNA, encapsidated virus
particles, liposomes, bacteriophages, plasmids, etc.) may be
introduced into cells using techniques well known in the art.
The term “introducing” a nucleic acid sequence into a cell
refers to the introduction of the nucleic acid sequence into a
target cell to produce a “transformed” or “transgenic” cell.
Methods of introducing nucleic acid sequences into cells are
well known in the art. For example, where the nucleic acid
sequence is a plasmid or naked piece of linear DNA, the
sequence may be “transfected” into the cell. Alternatively,
where the nucleic acid sequence is encapsidated into a viral
particle, the sequence may be introduced into a cell by “trans-
duction,” i.e., the introduction of the nucleic acid sequence
into the cell by “infection” with a virus containing the nucleic
acid sequence, e.g., as part of a recombinant viral genome.
[0157] “Transfect” and “transfecting” refer to any mecha-
nism by which a vector may be incorporated into a host cell.
For example, where the vector is a plasmid or naked piece of
linear DNA, the vector may be transfected into the cell using,
for example, calcium phosphate-DNA co-precipitation,
DEAE-dextran-mediated transfection, polybrene-mediated
transfection, electroporation, microinjection, liposome
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fusion, lipofection, protoplast fusion, and biolistics. In one
embodiment, successful transfection results in the capability
of'the host cell to express any operative genes carried by the
vector. Transfections may be stable or transient. One example
of a transient transfection comprises vector expression within
a cell, wherein the vector is not integrated within the host cell
genome. Alternatively, a stable transfection comprises vector
expression within a cell, wherein the vector is integrated
within the host cell genome.

[0158] Transformation of a cell with the invention’s vectors
may be stable or transient. The terms “transient transforma-
tion” and “transiently transformed” refer to the introduction
of one or more nucleotide sequences of interest into a cell in
the absence of integration of the nucleotide sequence of inter-
est into the host cell’s genome. Transient transformation may
be detected by, for example, enzyme-linked immunosorbent
assay (ELISA) that detects the presence of a polypeptide
encoded by one or more of the nucleotide sequences of inter-
est. Alternatively, transient transformation may be detected
by detecting the activity of the protein encoded by the nucle-
otide sequence of interest. The term “transient transformant”
refer to a cell that has transiently incorporated one or more
nucleotide sequences of interest. § In contrast, the terms
“stable transformation” and “stably transformed” refer to the
introduction and integration of one or more nucleotide
sequence of interest into the genome of a cell. Thus, a “stable
transformant” is distinguished from a transient transformant
in that, whereas genomic DNA from the stable transformant
contains one or more heterologous nucleotide sequences of
interest, genomic DNA from the transient transformant does
not contain the heterologous nucleotide sequence of interest.
Stable transformation of a cell may be detected by Southern
blot hybridization of genomic DNA of the cell with nucleic
acid sequences that are capable of binding to one or more of
the nucleotide sequences of interest. Alternatively, stable
transformation of a cell may also be detected by the poly-
merase chain reaction of genomic DNA of the cell to amplify
the nucleotide sequence of interest.

[0159] “Gene expression” refers to the process of convert-
ing genetic information encoded in a gene into RNA (e.g.,
mRNA, rRNA, tRNA, or snRNA) through “transcription” of
the gene (i.e., via the enzymatic action of an RNA poly-
merase), and for protein encoding genes, into protein through
“translation” of mRNA. Gene expression can be regulated at
many stages in the process. “Up-regulation” or “activation”
refers to regulation that increases the production of gene
expression products (i.e., RNA or protein), while “down-
regulation” or “repression” refers to regulation that decrease
production. Molecules (e.g., transcription factors) that are
involved in up-regulation or down-regulation are often called
“activators” and “repressors,” respectively.

[0160] Insome embodiments, the invention’s recombinant
nucleotide sequence is comprised in an expression vector.
Thus, in a particular embodiment, the invention provides
expression vectors comprising a) one or more of the recom-
binant nucleotide sequences described herein, and b) a heter-
ologous polynucleotide sequence operably linked to a first
AAV ITR. The recombinant nucleotide sequence of the
invention’s expression vectors is exemplified by, but not lim-
ited to, a sequence encoding a chimeric protein, a) wherein
the encoded chimeric protein i) comprises at least a portion of
wild type AAV Rep inhibitory amino acid sequence listed as
SEQ ID NO:20 (i.e., encoded by the 564-bp DNA sequence
from bp 1623 to bp 2186 of the AAV2 genome) and/or SEQ
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1D NO:02 (i.e., encoded by the 135-bp DNA sequence from
bp 1782 to bp 1916 of the AAV2 genome, F1G. 4 panel B), and
ii) has Rep-mediated nuclease activity, and b) wherein the
recombinant nucleotide sequence comprises a scrambled
polynucleotide sequence encoding the at least a portion of the
wild type AAV Rep inhibitory amino acid sequence listed as
SEQ ID NO:20 and/or SEQ ID NO:02. In a particular
embodiment the heterologous polynucleotide sequence is
flanked by the first AAV ITR and by a second AAV ITR.
[0161] The term “expression vector” as used herein refers
to a nucleotide sequence containing a desired coding
sequence and appropriate nucleic acid sequences necessary
for the expression (i.e., transcription into RNA and/or trans-
lation into a polypeptide) of the operably linked coding
sequence in a particular host cell. Expression vectors are
exemplified by, but not limited to, plasmid, phagemid, shuttle
vector, cosmid, virus, chromosome, mitochondrial DNA,
plastid DNA, and nucleic acid fragments thereof. Nucleic
acid sequences used for expression in prokaryotes include a
promoter, optionally an operator sequence, a ribosome bind-
ing site and possibly other sequences. Eukaryotic cells are
known to utilize promoters, enhancers, and termination and
polyadenylation signals. Expression vectors include “gene
therapy viral vectors,” viral vectors comprising a therapeutic
nucleotide sequence.

[0162] Inaparticular embodiment, the expression vector is
a viral vector, as exemplified by, but not limited to a gene
therapy viral vector.

[0163] In another particular embodiment, the invention’s
expression vectors contain the scrambled polynucleotide
sequence that encodes at least a portion of the wild type AAV
Rep inhibitory amino acid sequence, in operable combination
with a promoter.

[0164] The term “promoter,” “promoter element,” or “pro-
moter sequence” as used herein, refers to a DNA sequence
that, when ligated to a nucleotide sequence of interest, is
capable of controlling the transcription of the nucleotide
sequence of interest into mRNA. The terms “control,”
“drive,” “regulate,” and “facilitate” when used in reference to
apromoter are interchangeably used to refer to the activity of
the promoter in bringing about and/or altering the level of
transcription of an operably linked nucleotide sequence. A
promoter is typically, though not necessarily, located 5' (i.e.,
upstream) of a nucleotide sequence of interest whose tran-
scription into mRNA it controls, and provides a site for spe-
cific binding by RNA polymerase and other transcription
factors for initiation of transcription.

[0165] Promoters may be inducible or constitutive. “Induc-
ible” and “regulatable” promoter interchangeably refer to a
promoter that is capable of directing a level of transcription of
an operably linked nucleic acid sequence in the presence of a
stimulus (e.g., heat shock, chemicals, etc.) that is different
from the level of transcription of the operably linked nucleic
acid sequence in the absence of the stimulus. Inducible pro-
moters are exemplified by lac, tac, trc, ara, trp, X phage, T7
phage, and TS5 phage promoter, and tetracycline inducible
promoters. Ina particularly preferred embodiment, the induc-
ible promoter is a tetracycline inducible promoter (Example
2).

[0166] “Constitutive” promoter means that the promoter is
capable of directing transcription of an operably linked
nucleic acid sequence in the absence of a stimulus (e.g., heat
shock, chemicals, etc.). Constitutive promoters are exempli-
fied by vaccinia virus p7.5 promoter. Gene transcription in
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viruses (such as poxvirus) is temporally regulated, and there-
fore contain promoters for early, intermediate, and late gene
expression. Certain virus (e.g., poxvirus) genes are expressed
constitutively, and promoters for these “early-late” genes
bear hybrid structures. Synthetic early-late promoters have
also been developed. See Hammond J. M., et al., J. Virol.
Methods 66:135-8 (1997); Chakrabarti S., et al., Biotech-
niques 23:1094-7 (1997). Examples of early promoters
include the 7.5-kD promoter (also a late promoter), the DNA
pol promoter, the tk promoter, the RNA pol promoter, the
19-kD promoter, the 22-kD promoter, the 42-kD promoter,
the 37-kD promoter, the 87-kD promoter, the H3' promoter,
the H6 promoter, the D1 promoter, the D4 promoter, the D5
promoter, the D9 promoter, the D12 promoter, the 13 pro-
moter, the M1 promoter, and the N2 promoter. See, e.g.,
Moss, B., “Poxyiridae and their Replication IN Virology, 2d
Edition, B. N. Fields, D. M. Knipe et al., Eds., Raven Press, p.
2088 (1990). Example of late promoters include the 7.5-kD
promoter, the MIL promoter, the 37-kD promoter, the 11-kD
promoter, the 11L promoter, the 121, promoter, the 13L pro-
moter, the 151 promoter, the 171, promoter, the 28-kD pro-
moter, the H1L, promoter, the H3L. promoter, the H5L pro-
moter, the H6L, promoter, the H8L promoter, the DI11L
promoter, the D121 promoter, the D131 promoter, the A1L
promoter, the A2I, promoter, the A3L promoter, and the P4b
promoter. See, e.g., Moss, B., “Poxyiridae and their Replica-
tion” IN Virology, 2d Edition, B. N. Fields, D. M. Knipe etal.,
Eds., Raven Press, p. 2090 (1990). Additional constitutive
promoters include the human Ul-1 small nuclear RNA pro-
moter (pHU-1). In a particularly preferred embodiment, the
constitutive promoter is the human U1-1 small nuclear RNA
promoter (pHU-1) (Example 4).

D. Viruses

[0167] In one particular embodiment, the invention pro-
vides recombinant viruses (e.g., rAAV, and hybrid AAV
viruses) comprising one or more of the invention’s AAV
recombinant nucleotide sequences. In particular, the inven-
tion provides recombinant viruses comprising an AAV
recombinant nucleotide sequence encoding a chimeric pro-
tein, a) wherein the encoded chimeric protein i) comprises at
least a portion of wild type AAV Rep inhibitory amino acid
sequence listed as SEQ ID NO:20 (i.e., encoded by the 564-
bp DNA sequence from bp 1623 to bp 2186 of the AAV2
genome) and/or SEQ ID NO:02 (i.e., encoded by the 135-bp
DNA sequence from bp 1782 to bp 1916 of the AAV2
genome, FIG. 4 panel B), and ii) has Rep-mediated nuclease
activity, and b) wherein the recombinant nucleotide sequence
comprises a scrambled polynucleotide sequence encoding the
wild type AAV Rep inhibitory amino acid sequence listed as
SEQ ID NO:20 and/or SEQ ID NO:02 (and/or portion
thereof).

[0168] Methods for production of the invention’s rAAV
vectors and AAV containing these vectors are known in the art
(Carter, U.S. Pat. No. 7,785,888) and described herein (Ex-
ample 1).

[0169] For example, methods for achieving high titers of
rAAV virus preparations that are substantially free of con-
taminating virus and/or viral or cellular proteins are outlined
by Atkinson et al. in WO 99/11764. Techniques described
therein can be employed for the large-scale production of
rA AV viral particle preparations (Carter, U.S. Pat. No. 7,785,
888).
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[0170] These various examples address the production of
rAAV viral particles at sufficiently high titer, minimizing
recombination between rAAV vector and sequences encod-
ing packaging components, and producing rAAV virus prepa-
rations that are substantially free of contaminating virus and/
or viral or cellular protein (Carter, U.S. Pat. No. 7,785,888).
[0171] Optionally, rAAV virus preparations can be further
processed to purify (i.e., enrich for) rAAV particles and/or
otherwise render them suitable for administration to a subject.
See Atkinson et al. for exemplary techniques (WO 99/11764).
Purification techniques can include isopynic gradient cen-
trifugation, and chromatographic techniques. Reduction of
infectious helper virus activity can include inactivation by
heat treatment or by pH treatment as is known in the art. Other
processes can include concentration, filtration, diafiltration,
or mixing with a suitable buffer or pharmaceutical excipient.
Preparations can be divided into unit dose and multi dose
aliquots for distribution, which will retain the essential char-
acteristics of the batch, such as the homogeneity of antigenic
and genetic content, and the relative proportion of contami-
nating helper virus (Carter, U.S. Pat. No. 7,785,888).

[0172] Various methods for the determination of the infec-
tious titer of a viral preparation are known in the art. For
example, one method for titer determination is a high-
throughput titering assay as provided-by Atkinson et al. (WO
99/11764). Virus titers determined by this rapid and quanti-
tative method closely correspond to the titers determined by
more classical techniques. In addition, however, this high-
throughput method allows for the concurrent processing and
analysis of many viral replication reactions and thus has many
others uses, including for example the screening of cell lines
permissive or non-permissive for viral replication and infec-
tivity (Carter, U.S. Pat. No. 7,785,888).

[0173] In one embodiment, the invention’s recombinant
viruses (e.g., rAAV, and hybrid AAV viruses) comprise a
heterologous polynucleotide sequence operably linked to a
first AAV IIR. In a particular embodiment, heterologous poly-
nucleotide sequence is flanked by the first AAV ITR and by a
second AAV ITR.

[0174] In yet another embodiment, the invention’s recom-
binant viruses (e.g., rAAV, and hybrid AAV viruses) further
comprise a nucleic acid sequence encoding AAV Cap
[0175] In particular embodiments, the invention’s recom-
binant viruses (e.g., rAAV, and hybrid AAV viruses) are char-
acterized by one or more of the following properties and/or
functions, including, being infectious, begin replication com-
petent, being productive, being produced at substantially the
same copy number as in the absence of AAV Rep protein
expression, being capable of site-specific integration,
expressing Rep78 protein and/or Rep68 protein at reduced
levels compared to virus containing wild type AAV Rep
inhibitory nucleotide sequence.

[0176] For example, the invention’s viruses are infectious.
Data herein demonstrate productive infection that generated
infectious virus that is replication competent, using clone
pAd/sRep78 (containing a scrambled Rep78 sequence) and
clone pAd/dRep78 (containing a deoptimized Rep78
sequence), that formed CPE in transfected HEK 293 packag-
ing cells (Example 3).

[0177] In another example, the invention’s infectious
viruses are replication competent. Data herein demonstrate
productive infection that generated infectious virus that is
replication competent, using clone pAd/sRep78 (containing a
scrambled Rep78 sequence) and clone pAd/dRep78 (contain-
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ing a deoptimized Rep78 sequence), that formed CPE in
transfected HEK 293 packaging cells (Example 3).

[0178] In a further example, the invention’s replication
competent viruses are productive. Data herein demonstrate
productive infection that generated infectious virus that is
replication competent, using clone pAd/sRep78 (containing a
scrambled Rep78 sequence) and clone pAd/dRep78 (contain-
ing a deoptimized Rep78 sequence), that formed CPE in
transfected HEK 293 packaging cells (Example 3).

[0179] In another example, the copy number of the inven-
tion’s viruses is produced by a permissive cell at substantially
the same copy number as a the copy number of a control virus
that lacks expression of AAV Rep protein. Data herein dem-
onstrate that the copy numbers of adenovirus AdsRep78 (con-
taining a scrambled Rep78 sequence) and adenovirus
AddRep78 (containing a deoptimized Rep78 sequence) that
were produced by HEK 293 cells were substantially the same
to each other, and to a control adenovirus Ad/AAVEFVIII
(which carries coagulation FVIII flanked by the AAV ITR in
the absence of a Rep expression cassette) (Example 3). Fur-
thermore, data herein also show that production of both aden-
ovirus AdsRep78 and adenovirus AddRep78 could be scaled
up with yields comparable to each other and to Ad/AAVFVIII
(Example 3, Table 1).

[0180] In a further example, the invention’s viruses are
characterized by site-specific integration of heterologous
nucleotide sequences that they contain into the adeno-asso-
ciated virus integration site 1 (AAVS1) sequence of a host
cell. In some embodiments, however, where delivery of a
heterologous nucleotide sequences is desired without site-
specific integration, this may be accomplished using AAV.
[0181] In one particular example, the invention’s viruses
express Rep78 protein SEQ ID NO:04 (or a functional portion
thereof) at a reduced level compared to the level expressed by
a control hybrid virus that comprises a wild type amino acid
sequence SEQ ID NO:20 and/or SEQ ID NO:02 that is
encoded by the wild type AAV Rep inhibitory nucleotide
sequence listed as SEQ ID NO:17 and/or SEQ ID NO:01,
respectively. For example, data herein demonstrate that the
deoptimized Rep78 nucleotide sequence, which uses codons
in underrepresented pairs, expressed Rep78 protein at
reduced levels compared to wild type Rep78 nucleotide
sequence due to codon pair bias. Utilization of underrepre-
sented codon pairs resulted in an ORF that is expressed at
reduced levels.

[0182] i.rAAV

[0183] Thus, in one embodiment, the invention’s virus is a
“recombinant adeno-associated virus” (“rAAV”) containing
one or more of the invention’s sequences. rAAV are widely
used as gene transfer vehicles today, capable of long term
extra chromosomal persistence in several tissues. Production
of rAAV [requires AAV I'TR flanked transgene, AAV Rep and
Cap genes and helper virus. rAAV do not carry Rep due to size
constraints and worries about toxicity and are therefore inca-
pable of site-specific integration. The only AAV elements
retained are the AAV ITRs which flank the transgene of
interest. Currently, production of rAAV requires co-transfec-
tion of multiple plasmid constructs, bearing the AAV ITR
flanked transgene construct, the AAV Rep-Cap coding
sequences and the Adenovirus helper functions including
E2.E4 and VA into cell lines such as 293 which provide Ad E1
functions or infection of producer cell lines carrying an inte-
grated Rep Cap cassette and the rAAV sequence, with a helper
Ad.
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The FDA has approved clinical trial, for rAAV vectors
expressing the Cystic Fibrosis Transmembrane Conductance
Regulator (tAAV2-CFTR) (Flotte (1996) Hum. Gene Ther.
7:1145-1159; Flotte et al. (2003) Hum Gene Ther 14(11):
1079-1088), rAAV2-FIX for the delivery of coagulation FIX
to patients with Hemophilia B (Manno et al. (2003) Blood
101(8):2963-2972; Manno et al. (2006) Nat Med 12(3):342-
347), rAAV2-hRPE65v2 vectors for expression of RPE6S in
the treatment of Leber’s congenital Amaurosis (LCA) (Ben-
nicelli et al. (2008) Mol Ther 16(3):458-465), rAAV vector
CERE-20 expressing the neurotrophic factor Neurturin
(NTN) to protect against the degeneration of dopaminergic
neurons associated with Parkinson’s disease, and rAAV2 vec-
tor expressing al antitrypsin for al antitrypsin (AAT) defi-
ciency associated lung disease (Brantly et al. (2009) PNAS
106(38):16363-16368; Mingozzi et al. (2009) Blood 114(10):
2077-2086).

[0184] 1ii. Hybrid Viruses

[0185] In another embodiment, the invention’s virus is a
hybrid virus that comprises the invention’s AAV sequences
and at least a portion of a heterologous virus genome
sequence. In a particular embodiment, the heterologous virus
genome sequence is gutted. The term “gutted” and “fully
deleted” are used interchangeably in reference to a viral vec-
tor, and refer to a viral vector (e.g., naked DNA, plasmid,
virus particle, etc.) that lacks all the coding sequences that are
otherwise present in a wild type virus. Gutted vectors may
contain non-coding viral sequences, e.g., terminal repeat
sequences, and packaging sequences. For example, a gutted
adenovirus vector lacks all adenovirus coding sequences and
optionally contains adenovirus terminal repeat sequences
and/or packaging sequences (e.g., U.S. Pat. No. 5,994,132 to
Chamberlain et al., U.S. Pat. No. 6,797,265 to Amalfitano et
al., U.S. Pat. No. 7,563,617 to Hearing et al., and U.S. Pat. No.
6,262,035 to Campbell et al.). Gutted vectors are preferred in
certain embodiments since they do not express viral vector
proteins and hence do not induce an adverse immune or toxic
response in a cell.

[0186] While not intending to limit the source or type of
heterologous virus whose genome sequences are included the
invention’s a hybrid viruses, in one embodiment, the heter-
ologous virus is exemplified by, but not limited to, adenovi-
rus, herpes simplex virus, retrovirus, lentivirus, and baculovi-
rus.

[0187] a. Hybrid Adenovirus

[0188] Thus in a particular embodiment, the hybrid virus
comprises at least a portion of adenovirus genome. “Aden-
ovirus” refers to a double-stranded DNA virus with a genome
of approximately 36 Kb flanked by inverted terminal repeats.
Adenovirus boasts of a wide tropism which can be increased
by replacement of the fiber knob carried on the icosahedral
capsid, responsible for contact with the host receptor, with
that of another serotype. Adenovirus is of animal origin, such
as avian, bovine, ovine, murine, porcine, canine, simian, and
human origin. Avian adenoviruses are exemplified by sero-
types 1 to 10 that are available from the ATCC, such as, for
example, the Phelps (ATCC VR 432), Fontes (ATCC VR
280), P7 A (ATCC VR 827), IBH 2A (ATCC VR 828),J2 A
(ATCCVR 829), T8 A (ATCCVR 830),and K 11 (ATCCVR
921) strains, or else the strains designated as ATCC VR 831 to
835. Bovine adenoviruses are illustrated by those available
from the ATCC (types 1 to 8) under reference numbers ATCC
VR 313, 314, 639 642, 768 and 769. Ovine adenoviruses
include the type 5 (ATCC VR 1343) or type 6 (ATCC VR
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1340). Murine adenoviruses are exemplified by FL. (ATCC
VR 550) and E20308 (ATCC VR 528). Porcine adenovirus
(5359) may also be used. adenoviruses of canine origin
include all the strains of the CAVI and CAV2 adenoviruses
[for example, Manhattan strain or A26/61 (ATCC VR 800)
strain]. Simian adenoviruses are also contemplated, and they
include the adenoviruses with the ATCC reference numbers
VR 591 594, 941 943, and 195 203. Human adenoviruses, of
which there greater than fifty (50) serotypes are known in the
art, are also contemplated, including Ad2, Ad3, Ad4, AdS,
Adl1, Adl4, Ad7, Ad9, Ad12, Adl6, Adl17, Ad21, Ad2e6,
Ad34, Ad35, Ad 40, Ad48, Ad49, AdSO (e.g., U.S. Pat. No.
7,300,657 to Pau, U.S. Pat. No. 7,468,181 to Vogels, and U.S.
Pat. No. 6,136,594 to Dalemans). In one preferred embodi-
ment, the adenovirus is selected from adenovirus 2 (Ad2) and
adenovirus 5 (AdS).

[0189] Adenoviruses of animal origin can be obtained, for
example, from strains deposited in collections, then amplified
in competent cell lines and modified as required (Hearing et
al., U.S. Pat. No. 7,563,617). Techniques for producing, iso-
lating and modifying adenoviruses have been described in the
literature and may be used within the scope of the present
invention [Akli et al., Nature Genetics 3 (1993) 224; Strat-
ford-Perricaudet et al., Human Gene Therapy 1 (1990) 241;
patent EP 185 573, Levrero et al., Gene 101 (1991) 195; Le
Gal la Salle et al., Science 259 (1993) 988; Roemer and
Friedmann, Eur. J. Biochem. 208 (1992) 211; Dobson et al.,
Neuron 5 (1990) 353; Chiocca et al., New Biol. 2 (1990) 739;
Miyanohara et al., New Biol. 4 (1992) 238; WO 91/18088,
WO 90/09441, WO 88/10311, WO 91/11525]. These differ-
ent viruses can then be modified, for example, by deletion,
substitution, addition, etc. The complete genome sequences
have been determined for human adenovirus type 2 (Gen-
Bank Accession No. J01917), human adenovirus type 5 (Gen-
Bank Accession No. M73260; and GenBank Accession No.
NC-001406), human adenovirus type 12 (GenBank Acces-
sion No. NC-001460, X73487); human adenovirus type 17
(GenBank Accession No. NC-002067, AF108105), and
human adenovirus type 40 (GenBank Accession No.
1.19443).

[0190] Adenovirus vectors have been used in gene therapy,
particularly cancer therapy. e.g., vector ONYXO015 (Heise C
(1997) Nature Med. 3:639-645; Rothmann et al. (1998) J.
Virol. 72:9470).

[0191] Adenovirus vectors have also been used as
Ad-based vaccines for multiples diseases including Tubercu-
losis (Magalhaes et al. (2008) PLoS ONE 3:e3790), malaria
(Shoff et al. (2008) Vaccine 26:2818-2823), rabies (Zhou et
al. (2006) Mol Ther 14:662-672), influenza (Hoelscher et al.
(2008) J Infect Dis 197:1185-1188), and leishmania (Re-
sende et al. (2008) Vaccine 26:4585-4593).

[0192] “Adenovirus early gene regions” refers to nucle-
otide sequences which are derived from adenovirus and
which are transcribed prior to replication of the adenovirus
genome. The early gene regions comprise Ela, Elb, E2a,
E2b, E3 and E4. The Ela gene products are involved in
transcriptional regulation; the E1b gene products are involved
in the shut-off of host cell functions, mRNA transport, regu-
lation of apoptosis induction, and inhibition of p53 tumor
suppressor. E2a encodes a DNA-binding protein (DBP); E2b
encodes the viral DNA polymerase and preterminal protein
(pTP). The E3 gene products are not essential for viral growth
in cell culture. The E4 regions encode regulatory proteins
involved in transcriptional and post-transcriptional regulation
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of viral gene expression; a subset of the E4 proteins are
essential for viral growth. In contrast to the adenovirus early
gene regions, the “adenovirus late gene regions™ refers to
adenovirus nucleotide sequences that are transcribed after
replication. The products of the late genes (e.g., [L1-5) are
predominantly components of the virion as well as proteins
involved in the assembly of virions. The VA genes produce
VA RNAs that block the host cell from shutting down viral
protein synthesis. The early and late gene regions of adenovi-
rus have been characterized (e.g., in Ad2 genomic sequence;
GenBank No. J01917).

[0193] In a more particular embodiment, the hybrid virus
expresses a functional AAV Rep protein (such as Rep78 and/
or Rep68). Data herein demonstrate the ability of Ad/dRep78
and Ad/sRep78 to produce functional Rep78 as confirmed by
an excision assay which depends on Rep’s ability to cleave at
a folded AAV ITR (Example 3).

[0194] In a more particular embodiment, the adenovirus
lacks one or more adenovirus early gene region. This is exem-
plified by adenovirus that lacks adenovirus E1 gene coding
sequence (Example 2), and/or lacks adenovirus E3 gene cod-
ing sequence. To illustrate, Example 4 shows that in spite of
expressing far higher levels of Rep78 than the tetracycline
inducible system, the invention’s AE1AE3 adenoviruses car-
rying the hul-sRep78 and hul-dRep78 constructs were still
capable of normal rates of replication, and CPE.

[0195] b. Hybrid Herpes Simplex Virus

[0196] In another particular embodiment, the hybrid virus
comprises at least a portion of herpes simplex virus, such as,
without limitation, HSV-1 and HSV-2. “Herpes simplex
virus” also referred to as “HSV”, is an enveloped virus with a
linear double stranded DNA (dsDNA) genome of 152 Kb,
carrying 74 separate genes. The genome consists of 2 unique
sequences, one longer than the other (U, and Uy). Each of
these sequences are flanked by inverted terminal repeat
sequences—with U, flanked by Terminal Repeat (TR;) and
Internal Repeat (IR;) and Uy being flanked by IR and TR.
Copies of an ‘a’ sequence carrying packaging signals lie
between the two IRs and at each TR. HSV is exemplified by
HSV-1 and HSV-2, which are neurotropic pathogens associ-
ated with a number of skin diseases from herpes labialis and
herpes genitalis to the life threatening neonatal herpes and
herpes encephalitis (Watanabe D (2010) Journal of Derma-
tological Science 57(2):75-82).

[0197] Generic methods are known for producing oncolytic
HSV based vectors and DNA vaccines. The two main types of
HSV based vectors used are amplicon vectors and replication
attenuated vectors.

[0198] Amplicon vectors are plasmids made up of repeated
units of the transgene, a packaging signal (pac) and an HSV
origin of replication (R. R. S & N. F (1982) Cell 30:295).
When introduced into a cell along with HSV helper functions,
these amplicons replicate and are packaged as head to tail
concatemers into infectious HSV virions. HSV Amplicons
have been used as DNA vaccines (Santos et al. (2006) Curr
Gene Ther 6(3):383-392).

[0199] Replication attenuated HSV vectors have been used
as oncolytic vectors. These vectors have deletions in genes
(such as HSV-TK and HSV-RR) that are required for replica-
tion of the virus in non-dividing cells and are thus capable of
replication only in dividing (tumor) cells. Clinical trials
(Phase 1) for multiple HSV-1 derived oncolytic viruses for
colorectal carcinoma (Kemeny N, et al. (2006) Hum Gene
Ther 17(12):1214-1224), melanoma (MacKie et al. (2001)
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Lancet 357(9255):525-526), breast cancer (Hu et al. (2006)
Clin Cancer Res 12(22):6737-6747), and malignant glioma
(Markert et al. (2000) Gene Ther 7(10):867-874), among
others have been reported. All studies reported safety and
toleration of HSV vectors.

[0200] In another particular embodiment, the hybrid virus
comprises at least a portion of a retrovirus. “Retrovirus™ is a
small enveloped RNA virus, containing two identical single
stranded positive sense RNA genomes enclosed in an envel-
oped capsid. Retroviruses have a genome flanked by Long
Terminal Repeats (LTR) and 4 main genes gag, pol, pro and
env.

[0201] c. Hybrid Lentivirus

[0202] In a further embodiment, the embodiment, the
hybrid virus comprises at least a portion of a lentivirus. “Len-
tiviruses” are a group of complex retroviruses that carry
accessory gene which regulate and coordinate viral gene
expression. Lentiviruses also differ from other retroviruses in
their ability to infect non-dividing cells as most other retro-
viruses are incapable of traversing the nuclear membrane and
can thus infect only dividing cells where the nuclear mem-
brane is dissolved.

[0203] d. Hybrid Baculovirus

[0204] Inanother embodiment, the hybrid virus comprises
at least a portion of a baculovirus. “Baculoviruses” are a
family of large rod-shaped viruses that can be divided to two
genera: nucleopolyhedroviruses (NPV) and granuloviruses
(GV). While GVs contain only one nucleocapsid per enve-
lope, NPVs contain either single (SNPV) or multiple
(MNPV) nucleocapsids per envelope. The enveloped virions
are further occluded in granulin matrix in GVs and polyhe-
drin for NPVs. Moreover, GV have only single virion per
granulin occlusion body while polyhedra contains multiple
embedded virions. Baculoviruses have very species-specific
tropisms among the invertebrates with over 600 host species
having been described. They are not known to replicate in
mammalian or other vertebrate animal cells. Baculoviruses
contain circular double-stranded genome ranging from
80-180 kbp.

[0205] Baculovirus expression in insect cells represents a
robust method for producing recombinant glycoproteins.
Baculovirus-produced proteins have several immunologic
advantages over proteins derived from mammalian sources
and are attractive candidates for therapeutic cancer vaccines
(Betting et al., Enhanced immune stimulation by a therapeu-
tic lymphoma tumor antigen vaccine produced in insect cells
involves mannose receptor targeting to antigen presenting
cells. Vaccine. 2009 Jan. 7; 27(2):250-9. Epub 2008 Nov. 8.
PMID: 19000731).

E. Cells

[0206] TherAAV vector construct, and the complementary
packaging gene constructs can be implemented in this inven-
tion in a number of different forms. Generic methods are
known for introducing rAAV particles, plasmids, and stably
transformed host cells into cells (e.g., packaging cell) either
transiently or stably (Carter, U.S. Pat. No. 7,785,888).

[0207] Cells may be contacted with the recombinant viral
vectors (e.g. rAAV) and AAV viral particles of the invention
“in vivo,” “in vitro,” “ex vivo,” and any combination thereof.
As used herein, the term “in vitro” refers to an artificial
environment and to processes or reactions that occur within
an artificial environment. In vitro environments are exempli-
fied, but not limited to, controlled laboratory conditions such
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as test tubes, culture plates, culture wells, etc. The term “in
vivo” refers to the natural environment (e.g., within an organ-
ism or a cell) and to processes or reactions that occur within
that natural environment. The term “ex vivo” refers to an
environment wherein the cell is removed from, and manipu-
lated outside, an organism and/or tissue.

[0208] A variety of different genetically altered cells can
thus be used in the context of this invention. By way of
illustration, a mammalian host cell may be used with at least
one intact copy of a stably integrated rAAV vector. An AAV
packaging plasmid comprising at least an AAV rep gene
operably linked to a promoter can be used to supply replica-
tion functions (U.S. Pat. No. 5,658,776). Alternatively, a
stable mammalian cell line with an AAV rep gene operably
linked to a promoter can be used to supply replication func-
tions (see, e.g., Trempe et al., U.S. Pat. No. 5,837,484; Burst-
ein et al., WO 98/27207; and Johnson et al., U.S. Pat. No.
5,658,785). The AAV cap gene, providing the encapsidation
proteins as described above, can be provided together with an
AAV rep gene or separately (see, e.g., the above-referenced
applications and patents as well as Allen et al. (WO
96/17947). Other combinations are possible (Carter, U.S. Pat.
No. 7,785,888).

[0209] As is described in the art, and illustrated herein,
genetic material can be introduced into cells (such as mam-
malian “producer” cells for the production of rAAV) using
any of a variety of means to transform or transduce such cells.
By way of illustration, such techniques include, but are not
limited to, transfection with bacterial plasmids, infection with
viral vectors, electroporation, calcium phosphate precipita-
tion, and introduction using any of a variety of lipid-based
compositions (a process often referred to as “lipofection”).
Methods and compositions for performing these techniques
have been described in the art and are widely available
(Carter, U.S. Pat. No. 7,785,888).

[0210] Once the host cell is provided with the requisite
elements, the cell is cultured under conditions that are per-
missive for the replication of AAV, to allow replication and
packaging of the rAAV vector. rAAV particles are then col-
lected, and isolated from the cells used to prepare them
(Carter, U.S. Pat. No. 7,785,888).

[0211] Selection of cells containing the invention’s vectors
and/or viruses may be conducted by any technique in the art.
For example, the polynucleotide sequences used to alter the
cell may be introduced simultaneously with or operably
linked to one or more detectable or selectable markers as is
known in the art. By way of illustration, one can employ a
drug resistance gene as a selectable marker. Drug resistant
cells can then be picked and grown, and then tested for
expression of the desired sequence (i.e., a product of the
heterologous polynucleotide). Testing for acquisition, local-
ization and/or maintenance of an introduced polynucleotide
can be performed using DNA hybridization-based techniques
(such as Southern blotting and other procedures as known in
the art). Testing for expression can be readily performed by
Northern analysis of RNA extracted from the genetically
altered cells, or by indirect immunofluorescence for the cor-
responding gene product. Testing and confirmation of pack-
aging capabilities and efficiencies can be obtained by intro-
ducing to the cell the remaining functional components of
AAV and a helper virus, to test for production of AAV par-
ticles. (Carter, U.S. Pat. No. 7,785,888).

[0212] Inoneembodimenttopackaging rAAV vectorsinan
AAV particle, the rAAV vector sequence (i.e., the sequence
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flanked by AAV ITRs), and the AAV packaging genes to be
provided in trans, are introduced into the host cell in separate
bacterial plasmids (Carter, U.S. Pat. No. 7,785,888).

[0213] A second embodiment is to provide either the rAAV
vector sequence, or the AAV packaging genes, in the form of
an episomal plasmid in a mammalian cell used for AAV
replication. See, for example, U.S. Pat. No. 5,173,414 and
Carter, U.S. Pat. No. 7,785,888.

F. Vaccines

[0214] The invention provides compositions (such as vac-
cines) comprising the invention’s AAV nucleotide and amino
acid sequences, vectors, viruses and/or cells. In one embodi-
ment, the composition is free of helper virus. In another
embodiment, the composition is a vaccine. The term “vac-
cine” refers to a pharmaceutically acceptable preparation that
may be administered to a host to induce a humoral immune
response (including eliciting a soluble antibody response)
and/or cell-mediated immune response (including eliciting a
cytotoxic T lymphocyte (CTL) response).

[0215] In one embodiment, the composition further com-
prises a pharmaceutically acceptable compound such as dilu-
ent, carrier, excipient, and/or adjuvant.

[0216] Theterms “pharmaceutically acceptable,” “pharma-
ceutical” and “physiologically tolerable” refer to a composi-
tion that contains molecules that are capable of administra-
tion to or upon a subject and that do not substantially produce
anundesirable effect such as, for example, adverse or allergic
reactions, dizziness, gastric upset, toxicity and the like, when
administered to a subject. Preferably also, the pharmaceuti-
cally acceptable molecule does not substantially reduce the
activity of the invention’s compositions. Pharmaceutical
molecules include, but are not limited to excipients and dilu-
ents. Vaccines may contain pharmaceutically acceptable
adjuvants, diluents, carriers, and/or excipients.

[0217] The term “adjuvant” as used herein refers to any
compound which, when injected together with an antigen,
non-specifically enhances the immune response to that anti-
gen. Exemplary adjuvants include Complete Freund’s Adju-
vant, Incomplete Freund’s Adjuvant, Gerbu adjuvant
(GMDP; C.C. Biotech Corp.), RIBI fowl adjuvant (MPL;
RIBI Immunochemical Research, Inc.), potassium alum, alu-
minum phosphate, aluminum hydroxide, QS21 (Cambridge
Biotech), Titer Max adjuvant (CytRx), and Quil A adjuvant.
Other compounds that may have adjuvant properties include
binders such as carboxymethylcellulose, ethyl cellulose,
microcrystalline cellulose, or gelatin; excipients such as
starch, lactose or dextrins, disintegrating agents such as alg-
inic acid, sodium alginate, Primogel, corn starch and the like;
lubricants such as magnesium stearate or Sterotex; glidants
such as colloidal silicon dioxide; sweetening agents such as
sucrose or saccharin, a flavoring agent such as peppermint,
methyl salicylate or orange flavoring, and a coloring agent.
[0218] Exemplary “diluents” include water, physiological
saline solution, human serum albumin, oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic sol-
vents, antibacterial agents such as benzyl alcohol, antioxi-
dants such as ascorbic acid or sodium bisulphite, chelating
agents such as ethylene diamine-tetra-acetic acid, buffers
such as acetates, citrates or phosphates and agents for adjust-
ing the osmolarity, such as sodium chloride or dextrose.
[0219] Exemplary “carriers” include liquid carriers (such
as water, saline, culture medium, saline, aqueous dextrose,
and glycols) and solid carriers (such as carbohydrates exem-
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plified by starch, glucose, lactose, sucrose, and dextrans, anti-
oxidants exemplified by ascorbic acid and glutathione, and
hydrolyzed proteins.

[0220] The term “excipient” refers herein to any inert sub-
stance (e.g., gum arabic, syrup, lanolin, starch, etc.) that
forms a vehicle for delivery of an antigen. The term excipient
includes substances that, in the presence of sufficient liquid,
impart to a composition the adhesive quality needed for the
preparation of pills or tablets.

G. Exemplary Applications of the Invention’s Compositions
for Identification of Functional Portions of Wild Type AAV
Rep Inhibitory Nucleotide Sequences

[0221] The invention’s compositions may be used to iden-
tity functional portions of the wild type AAV Rep inhibitory
nucleotide sequence listed as SEQ ID NO:17 and/or SEQ ID
NO:01, i.e., portions that reduce replication and/or infection
and/or productive infection by a virus.

[0222] In a first embodiment, the method utilizes a
scrambled AAV Rep inhibitory nucleotide sequence (exem-
plified by, but not limited to, SEQ ID NO:18 and/or SEQ ID
NO:07 and/or portion thereof). In a second embodiment, the
method utilizes a portion of the wild type AAV Rep inhibitory
nucleotide sequence listed as SEQ ID NO:17 and/or SEQ ID
NO:01.

[0223] i. Methods Employing Scrambled Sequences
[0224] Thus, in a first embodiment, the invention provides
methods for detecting a sequence that reduces replication
and/or infection and/or productive infection by a virus, com-
prising a) providing i) a first expression vector comprising a
first nucleotide sequence comprising a scrambled polynucle-
otide sequence encoding a portion of wild type AAV Rep
inhibitory amino acid sequence listed as SEQ ID NO:20
and/or SEQ ID NO:02, ii) a second expression vector com-
prising a second nucleotide sequence, wherein the second
nucleotide sequence is produced by substituting a portion of
the scrambled polynucleotide sequence with a corresponding
portion of wild type AAV Rep inhibitory nucleotide sequence
listed as SEQ ID NO:17 and/or SEQ ID NO:01, and iii) a host
cell that is permissive for the virus, b) transfecting 1) the first
expression vector into the permissive cell under conditions to
produce a first virus that comprises a first amino acid
sequence encoded by the first nucleotide sequence, and ii) the
second expression vector into the permissive cell under con-
ditions to produce a second virus that comprises a second
amino acid sequence encoded by the second nucleotide
sequence, and c) detecting reduced replication and/or infec-
tion and/or productive infection of the permissive cell by the
second virus compared to the first virus, wherein the detecting
indicates that the portion of wild type AAV Rep inhibitory
nucleotide sequence reduces replication and/or infection and/
or productive infection by the virus. While not necessary, it
may be desirable that the detecting step comprises, after the
transfecting step, isolating one or more of i) the first virus, and
ii) the second virus.

[0225] The invention’s methods are exemplified by S (wt3)
Rep (FIG. 3A) produced in Example 5, with S (wt3) Rep in
which a 564 bp portion of a scrambled Rep78 ORF was
substituted with bp 1623 to bp 2186 bp of the AAV2 genome
corresponding to ~C-terminal third of the wild type Rep ORF,
and which showed no replication, thus demonstrating that an
AAV Rep inhibitory nucleotide sequence was localized
within the 3' 564 base pairs, in the region encompassing bp
1623 to bp 2186 of the AAV2 genome. A similar approach
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was used with respect to Ad/Rep I (FIG. 3B), to further
narrow the location of the AAV Rep inhibitory nucleotide
sequence to the 135-bp sequence from bp 1782 to bp 1916 of
the AAV2 genome, FIG. 4 (Example 5).

[0226] ii. Methods Employing Wild Type Sequences
[0227] In a second embodiment, the invention provides
methods for detecting a sequence that reduces replication
and/or infection and/or productive infection by a virus, com-
prising a) providing i) a first expression vector comprising a
first nucleotide sequence comprising a portion of wild type
AAV Rep inhibitory nucleotide sequence listed as SEQ ID
NO:17 and/or SEQ ID NO:01, ii) a second expression vector
comprising a second nucleotide sequence, wherein the sec-
ond nucleotide sequence is produced by substituting the por-
tion of the wild type AAV Rep inhibitory nucleotide sequence
with a scrambled polynucleotide sequence encoding the por-
tion of the wild type AAV Rep inhibitory nucleotide
sequence, and iii) a host cell that is permissive for the virus, b)
transfecting 1) the first expression vector into the permissive
cell under conditions to produce a first virus that comprises a
first amino acid sequence encoded by the first nucleotide
sequence, and ii) the second expression vector into the per-
missive cell under conditions to produce a second virus that
comprises a second amino acid sequence encoded by the
second nucleotide sequence, c¢) detecting increased replica-
tion and/or infection and/or productive infection of the per-
missive cell by the second virus compared to the first virus,
wherein the detecting indicates that the portion of the wild
type AAV Rep inhibitory nucleotide sequence reduces repli-
cation and/or infection and/or productive infection by the
virus.

[0228] While not necessary, it may be desirable that the
detecting step comprises, after the transfecting step, isolating
one or more of i) the first virus, and ii) the second virus.
[0229] The invention’s methods are exemplified by the
virus produced in Example 5, with S (wt1,2) Rep (FIG. 3A) in
which a 555 bp portion encompassing bp 1623 to bp 2186 bp
of' the AAV2 genome corresponding to ~C-terminal third of
the wild type Rep ORF was substituted with a corresponding
scrambled sequence, and which showed that modification of
these 564 bp portion of the wild type sequence with
scrambled Rep sequences, alone, was sufficient to lift inhibi-
tion of productive infection, and allow replication of the aden-
ovirus carrying it, comparable to Ad/sRep78 that contained
an entirely scrambled sequence of wild type AAV Rep78.

H. Exemplary Applications of the Invention’s Compositions
for Generation of Viruses

[0230] The invention provides methods for producing a
recombinant adeno-associated virus (rAAV) particle, com-
prising a) providing an expression vector comprising one or
more of the nucleotide sequences described herein (e.g., a
nucleotide sequence encoding a chimeric protein, a) wherein
the encoded chimeric protein i) comprises at least a portion of
wild type AAV Rep inhibitory amino acid sequence listed as
SEQ ID NO:20 (i.e., encoded by the 564-bp DNA sequence
from bp 1623 to bp 2186 of the AAV2 genome) and/or SEQ
1D NO:02 (i.e., encoded by the 135-bp DNA sequence from
bp 1782 to bp 1916 of the AAV2 genome, FI1G. 4 panel B), and
ii) has Rep-mediated nuclease activity, and b) wherein the
recombinant nucleotide sequence comprises a scrambled
polynucleotide sequence encoding the wild type AAV Rep
inhibitory amino acid sequence listed as SEQ ID NO:20
and/or SEQ ID NO:02), and/or portion thereof, b) providing
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anadeno-associated virus (AAV) packaging cell, and ¢) trans-
fecting the packaging cell with the expression vector to pro-
duce a recombinant adeno-associated virus (rAAV).

[0231] In one embodiment, the method further comprises
detecting the presence of the produced recombinant adeno-
associated virus (rAAV).

[0232] In a further embodiment, the method further com-
prises isolating the recombinant adeno-associated virus
(rAAV).

[0233] In a particular embodiment, the method does not
include (i.e., lacks) the step of transfecting the packaging cell
with a helper virus [this highlights advantage of using ONLY
one virus for expression of all genetic elements] [this high-
lights one advantage of the invention’s AAV sequences, vec-
tors, rAAV particles, and hybrid viruses (e.g., Ad/AAV) in
that they tolerate the inclusion of all genetic elements in a
single virus for the purpose of safely integrating a transgene
into a safe region of the human genome, which provides a
safer alternative to current approaches that use retroviruses
and lentiviruses in gene replacement strategies.

1. Exemplary Applications of the Invention’s Compositions
for Expression of Nucleotide Sequences (e.g., in Gene
Therapy and/or Vaccine Applications)

[0234] The invention’s compositions (such as AAV nucle-
otide sequences, vectors, viruses (e.g., rAAV particles, and
hybrid AAV particles such as Ad/AAV), and/or cells) are
useful in several contexts, including, but not limited to, gene
therapy and vaccine applications. Thus, in one embodiment,
the invention provides methods for reducing one or more
symptoms of disease in a mammalian subject, comprising
administering a therapeutically effective amount of one or
more of the invention’s compositions (such as AAV nucle-
otide sequences, vectors, viruses (e.g., rAAV particles, and
hybrid AAV particles such as Ad/AAV), and/or cells) to a
mammalian subject in need of therapy. In particular embodi-
ments the invention’s compositions contain the recombinant
nucleotide sequences described herein, and further contain a
heterologous polynucleotide sequence (optionally operably
linked to AAV ITR). The mammalian subject includes, with-
out limitation, a subject that has a disease and a subject at risk
of disease.

[0235] Inoneexample, one or more ofthe invention’s com-
positions (such as AAV nucleotide sequences, vectors,
viruses (e.g., rAAV particles, and hybrid AAV particles such
as Ad/AAV), and/or cells) are useful in gene therapy applica-
tions. In these applications, it is desirable that the heterolo-
gous polynucleotide sequence comprises a therapeutic
sequence.

[0236] In another example, the invention’s compositions
(such as AAV nucleotide sequences, vectors, viruses (e.g.,
rAAV particles, and hybrid AAV particles such as Ad/AAV),
and/or cells) are useful in vaccine applications. In these appli-
cations, it is desirable that heterologous polynucleotide
sequence encodes an antigen polypeptide. While not neces-
sary, in one embodiment the method further comprises detect-
ing the immune response to the antigen polypeptide.

[0237] The invention’s compositions (such as AAV nucle-
otide sequences, vectors, and/or viruses are administered in a
therapeutic amount. The terms “therapeutic amount,” “phar-
maceutically effective amount,” “therapeutically effective
amount,” “biologically effective amount,” and “protective
amount” are used interchangeably herein to refer to an
amount that is sufficient to achieve a desired result, whether
quantitative and/or qualitative. In particular, a therapeutic
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amount is that amount that delays, reduces, palliates, amelio-
rates, stabilizes, prevents and/or reverses one or more symp-
toms of the disease compared to in the absence of the com-
position of interest. Examples include, without limitation,
tumor size and/or tumor number in cancer disease, glucose
levels in blood and/or urine in diabetes, standard biochemical
kidney function tests in kidney disease, etc. The terms also
include, in another embodiment, an amount of the composi-
tion that reduces infection by a pathogen (e.g., HIV, malaria
parasite, Pseudomonas species), regardless of whether dis-
ease symptoms are altered (i.e., increased or reduced).
[0238] In vaccine applications, the invention’s composi-
tions are preferably administered in an immunologically
effective amount. In one embodiment, “immunogenically
effective amount” and “immunologically-effective amount”
refer to that amount of a molecule that elicits and/or increases
production of an immune response (including production of
specific antibodies and/or induction of a cytotoxic T lympho-
cyte (CTL) response) in a host upon vaccination.

[0239] Specific “dosages” can be readily determined by
clinical trials and depend, for example, on the route of admin-
istration, patient weight (e.g. milligrams of drug per kg body
weight). The term “delaying” symptoms refers to increasing
the time period between exposure to the immunogen or virus
and the onset of one or more symptoms of the exposure. The
term “eliminating” symptoms refers to 100% reduction of
one or more symptoms of exposure to the immunogen or
virus.

[0240] As used herein, the actual amount, i.e., “dosage,”
encompassed by the term “pharmaceutically -effective
amount,” “therapeutically effective amount,” “immunologi-
cally effective,” and “protective amount” will depend on the
route of administration, the type of subject being treated, and
the physical characteristics of the specific subject under con-
sideration. These factors and their relationship to determining
this amount are well known to skilled practitioners in the
medical, veterinary, and other related arts. This amount and
the method of administration can be tailored to achieve opti-
mal efficacy but will depend on such factors as weight, diet,
concurrent medication and other factors that those skilled in
the art will recognize. The dosage amount and frequency are
selected to create an effective level of the compound without
substantially harmful effects.]

[0241] An effective amount of recombinant viral vector,
such as rAAV and/or hybrid viruses is administered, depend-
ing on the objectives of treatment. An effective amount may
be given in single or multiple doses. Where a low percentage
of transduction can achieve a therapeutic effect, the objective
of treatment is generally to meet or exceed this level of trans-
duction. In some instances, this level of transduction can be
achieved by transduction of only about 1 to 5% of the target
cells, but is more typically 20% of the cells of the desired
tissue type, usually at least about 50%, preferably at least
about 80%, more preferably at least about 95%, and even
more preferably at least about 99% of'the cells of the desired
tissue type (Carter, U.S. Pat. No. 7,785,888).

[0242] As a guide, the number of virus particles adminis-
tered per injection will generally be between 1x10° and
1x10™ particles, preferably, between 1x107 and 1x10"* par-
ticles, more preferably 1x10° and 1x10'? particles and even
more preferably about 1x10"! particles (Carter, U.S. Pat. No.
7,785,888).

[0243] The number of virus particles administered per
intramuscular injection and per intravenous administration,
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for example, will generally be at least about 1x10'°, and is
more typically 5x10%°, 1x10', 5x10'!, 1x10'2, 5%10'* and
on some occasions 1x10'* particles (Carter, U.S. Pat. No.
7,785,888).

[0244] Inone embodiment, the invention’s methods further
comprise the step of detecting the presence of at least, a
portion of the vector in a cell of the treated subject.

[0245] In a further embodiment, it may be desirable to
confirm the effectiveness of delivery of the invention’s com-
positions (such as AAV nucleotide sequences, vectors, and/or
viruses) to target cells. This can be monitored by several
criteria. For example, samples removed by biopsy or surgical
excision can be analyzed by in situ hybridization, PCR ampli-
fication using vector-specific probes, and/or RNAse protec-
tion to detect viral DNA and/or viral mRNA, such as rAAV
DNA or RNA. Also, for example, harvested tissue, joint fluid
and/or serum samples can be monitored for the presence of a
protein product encoded by the recombinant viral vector with
immunoassays, including, but not limited to, immunoblot-
ting, immunoprecipitation, immunohistology and/or immun-
ofluorescent cell counting, or with function-based bioassays.
Examples of such assays are known in the art (Carter, U.S.
Pat. No. 7,785,888).

[0246] Administration of the invention’s compositions
(such as AAV nucleotide sequences, vectors, and/or viruses to
amammalian subject, so as to introduce a sequence of interest
into a mammalian cell and/or express a gene product of inter-
est in a mammalian cell) can be accomplished in several
ways, that include, but are not limited to, intramuscular
administration, intradermal administration, intravenous
administration, subcutaneous administration, aerosol admin-
istration, oral administration, and/or sub-lingual administra-
tion. Administration includes direct injection of the compo-
sition(s) to a tissue or anatomical site. Injection can be, for
example, intra-arterial, intravenous, intramuscular or intra-
articular. Administration may be parenteral, oral, intraperito-
neal, intranasal, topical, etc. Parenteral routes of administra-
tion include, for example, subcutaneous, intravenous,
intramuscular, intrastemal injection, and infusion routes.
Methods of transducing cells of blood vessels are described,
for example, in PCT US97/103134.

[0247] Another preferred mode of administration of com-
positions of the invention is through naso-pharyngeal and
pulmonary routes. These include, but are not limited to, inha-
lation, transbronchial and transalveolar routes. The invention
includes compositions suitable for administration by inhala-
tion including, but not limited to, various types of acrosols
and powder forms. Devices suitable for administration of
compositions by inhalation include, but are not limited to,
atomizers and vaporizers (Carter, U.S. Pat. No. 7,785,888).
[0248] The compositions of the invention may be adminis-
tered before, concomitantly with, and/or after manifestation
of'one or more symptoms of a disease or condition. Also, the
invention’s compositions may be administered before, con-
comitantly with, and/or after administration of another type
of drug or therapeutic procedure (e.g., surgery, radiation,
etc.). For example, in the case of pathogen infection, the
invention’s compounds may be administered before, con-
comitantly with, and/or after administration of antibiotics
and/or antivirals.

[0249] Administration may be in vivo and/or or ex vivo to
deliver a transgene to an individual, preferably a mammal.
Such methods and techniques are known in the art. See, for
example, U.S. Pat. No. 5,399,346. Generally, cells are
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removed from an individual, transduced by recombinant viral
vectors, such as rAAV vectors, in vitro, and the transduced
cells are then reintroduced into the individual. Cell suitable
for ex vivo delivery are known to those skilled in the art and
include, for example, various types of stem cells (Carter, U.S.
Pat. No. 7,785,888).

[0250] The selection of a particular composition, dosage
regimen (i.e., dose, timing and repetition) and route of admin-
istration will depend on a number of different factors, includ-
ing, but not limited to, the subject’s medical history and
features of the condition and the subject being treated, and
may be determined empirically (Carter, U.S. Pat. No. 7,785,
888).

[0251] In one embodiment of the invention, methods for
identifying a phenotype associated with expression of a cod-
ing sequence of a recombinant viral vector of the invention
are provided, comprising subjecting host cells containing a
recombinant viral vector of the invention to conditions which
allow expression; comparing a phenotype of these expressing
cells to a phenotype of cells which lack the recombinant viral
vector; wherein a phenotypic difference indicates a pheno-
type associated with expression of the coding sequence. In
other embodiments, phenotypic screening is accomplished
by contacting a host cell with a recombinant viral vector
described herein under conditions that allow uptake of the
vector; assaying the cell for expression of the heterologous
coding region of the vector; comparing a phenotype of the cell
expressing the heterologous coding region with a phenotype
of a cell that lacks the vector. A phenotypic difference indi-
cates that the phenotype of the cell expression the heterolo-
gous sequence is a phenotype associated with expression of
the coding region. Such phenotypic characteristics could in
turn provide valuable information regarding function(s) of
the coding sequence, as well as its potential role in health or
contributing to disease states, and as a useful drug target
(Carter, U.S. Pat. No. 7,785,888).

EXPERIMENTAL

[0252] The following examples serve to illustrate certain
embodiments and aspects of the present invention and are not
to be construed as limiting the scope thereof.

Example 1

Materials and Methods

De Novo Synthesized Constructs:

[0253] All de novo synthesized sequences were synthe-
sized and cloned into pUC13 by GenScript USA. Scrambled
Rep, Deoptimized Rep, were designed using a program pre-
viously described (13). The sequences were designed with
unique restriction sites Sbfl and Swal flanking them as well as
a unique R.E Afel at bp 661 of the AAV2 genome to allow
ease of manipulation. A naturally occurring R.E BstBI site
that occurs at bp 1623 of the AAV2 genome was retained.

[0254] Rep78 Design [, I, III and IV was designed using
algorithms described in the art (Coleman et al., Science 320:
1784 (2008). S (wt3) Rep contains wild type Rep sequences
from AAV2 bp 1623 to 2186. S (wtl,2) Rep contains
scrambled Rep sequences from AAV2 bp 1623 to 2186. The
constructs shown in FIG. 3 delimit the 135 bp interval from bp
1782 to bp 1916 of the AAV2 genome.
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Plasmids and Cloning:

[0255] For detection of expression levels from wild-type,
scrambled and Deoptimized Rep ORFs, each ORF was PCR
amplified without the stop codon and cloned into pCMV-
3Tag3A (Stratagene, USA) under the CMV minimal pro-
moter, with a 3xC terminal flag tag. The first step in the
construction of all viral constructs was the cloning of the
required transgene into a shuttle vector. All shuttle vectors
were derived from pAd/AAV-EGFP-Neo (18).

[0256] pTROTS-wt was constructed by PCR amplification
and stepwise cloning of the TRE-pTK-Rep78 cassette and the
pCMV-TS cassette from plasmid pA28 (a gift from Dr.
Mavilio, Italy) in place of the pCMV-EGFP-Neo cassette in
pAd/AAV-EGFP-Neo. The Rep78 ORF was flanked by a
unique Sbfl site upstream and Swal site downstream, and
these sites were used subsequently to swap in the Scrambled
and Deoptimized Rep ORFs from pUCScr and pUCDeopt in
place of wild-type, to construct pTROTS-Scr and pTROTS-
Deopt.

[0257] For localization of the sequence signal, various sec-
tions of the Scrambled ORF were replaced with the corre-
sponding wild-type sequence in frame. AAV2 bp 321 to bp
983 of the wild type Rep sequence was amplified from
pTROTS-wt by PCR and swapped into pTROTS-Scr replac-
ing the corresponding Scrambled sequence. Since BstBI was
not unique within pTROTS-Scrambled, pTROTS Scr (wt2)
and pTROTS Scr (wt3) had to be constructed in two steps.
The AAV2 bp 984 to bp 1623 of wild-type Rep (fragment
wt2) was PCR amplified from pTROTS-WT and cloned into
the pUCScr, making pUCScr(wt2). This entire Rep cassette
was excised out of by restriction digestion with R.E Sbfl and
Swal and inserted into the pTROTS backbone, making
pTROTS-Scr(wt2). Similarly, pUCScr(wt3) was constructed
by excision of AAV2 bp 1623 to bp 2186 of wild-type Rep
(wt3) from pTROTS-wt and ligation into similarly digested
pUCScr, resulting in pUCScr(wt3). The entire Rep coding
ORF was then swapped into pTROTS backbone, resulting in
pTROTS-Scr(wt3). Similarly, shuttle vectors for construction
of Ad/Rep78-1 to Ad/Rep78-W were constructed by excision
of the entire Rep coding ORF from the pUC13 clone by
double digestion with R.Es Sbfl and Swal and insertion into
the sites within pTROTS-wt, replacing the wtRep78 ORF.
[0258] phulScr and phulDeopt have the Scrambled and
Deoptimized Rep constructs respectively, expressed under an
hul promoter. A left end shuttle vector carrying the hul
promoter and SV40 poly A was constructed by digestion of
the cassette from pcDNA3-hulpolyA (17) by flanking Xbal
restriction sites and cloned in place of the pPCMV-EGFP-Neo
cassette in pAd/AAV-EGFP-Neo, generating pITR-packag-
ing-hulpolyA-3330. Unique Bglll and HindIII restriction
enzyme sites lay between the hul promoter and the poly A
sequence. The Scrambled Rep78 ORF was PCR amplified
from pUCScr and inserted into the BglIl site in the vector, and
the orientation checked by sequencing. phulDeopt was con-
structed by PCR amplification of the Deoptimized ORF from
pUCDeopt and introduced into the BglIl HindIIl double
digested vector backbone.

[0259] For the construction of a shuttle vector for
Ad/AAVFVII], 2 copies of the AAV integration efficiency
element was originally cloned upstream of the AAV ITR in
pAd/AAVCMV-EGFP-Neo. The IRES-EYFP cassette from
pIRES-EYFP (Stratagene, USA) was PCR amplified and
cloned downstream of the 5.6 Kb pPF4-FVIII cassette in
pBSPF4FVIII (19). This pPF4-FVIII-EYFP cassette was
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then excised out by Notl digestion and inserted into pAd/
AAV CMV-EGFP-Neo and transformed into Max Efficiency
Stbl2 cells (Invitrogen, USA). Further details of plasmid con-
struction available on request. All restriction enzymes used
were from NEB USA. PfuUltra High-Fidelity DNA Poly-
merase (Stratagene, USA) was used for all PCR amplification
steps.

Virus Construction:

[0260] All viruses were constructed by homologous
recombination in BJ5183 cells (Stratagene, USA), between
the shuttle vectors and pTG3602 AE3 F5/35. pTG3602 (20)
contains the intact WT Adenoviral genome and was obtained
from Transgene, S.I (Strasbourg, France). Details of cloning
from Pat.

[0261] Positive clones were transformed into DHS5a. cells to
scale up production. Ad/AAV fVIII alone was electroporated
into SURE electroporation competent cells (Stratagene,
USA) as DH5a cells were found to be unsuitable for main-
tenance of the intact AAV ITR. Transformed clones were
confirmed by restriction digestion.

[0262] 5 pgofviral DNA was linearized and used to trans-
fect 80% confluent 6 cm plates of FMK 293 packaging cells
using Fugene 6 (Roche, USA), following manufacturer’s
directions. At day 10, cells were lysed by freeze thaw and
lysate used to infect fresh cells for the development of cyto-
pathic effect (CPE).

Excision Assay:

[0263] 6 cm plates of 293 cells were co-infected with
Ad/AAVFVIII and either Ad/sRep78 or Ad/dRep78 at an
MOI of 50 each. 1 hr after infection, cells were induced with
doxycycline. Cells infected with Ad/AAVFVIII only served
as the negative control, while C12 cells co-infected with
Ad/AAVFVIII and Wild-type Adenovirus served as a positive
control. In the case of Rep expressing plasmids, 293 cells in 6
well plates were transfected with 2 ug of the plasmid using
Fugene 6 (Roche, USA) following manufacturer’s instruc-
tions, 48 hours before infection with Ad/AAVFVIIIL.

[0264] 48 hours post infection, cells were lysed and Hirt
extrachromosomal DNA isolated. One quarter of the total
DNA prep was run out on a 0.8% agarose gel and transferred
onto nylon membranes (Roche, USA). The presence of exci-
sion products was detected by Southern blotting, following
standard procedure. Non radioactive Digoxigenin labeled
probes (Roche, USA) which recognized a ~700 bp sequence
at the junction of pPF4-FVIII were used.

Viral Replication Assay:

[0265] To compare the ability of viruses carrying Rep to
replicate, a modified Dpnl viral replication assay was per-
formed. 293 cells in 6 well plates were transfected with lin-
earized viral constructs. At various time points, cells were
washed and low molecular weight (Hirt) extrachromosomal
DNA isolated. 100 ng DNA was digested with Dpnl over-
night. Dpnl requires dam methylated substrates. As the trans-
fected viral DNA is of bacterial origin, Dpnl digestion
ensures that viral DNA detected is only replicated DNA.
Southern blot analysis was completed using non-radioactive
Digoxigenin labeled probes using the DIG Easy Hyb kit
(Roche) following manufacturer’s protocol.
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[0266] Immunoblotting: Hela cells in 6 well plates were
transfected with equal amounts of pCMV-wtRep78-flag,
pCMV-sRep78r-flag, or pCMV-dRep78-flag using fugene6
(Roche, USA) following manufacturer’s instructions. 48
hours post transfection, cells were lysed using NP40 lysis
buffer (50 mM Tris.HCI pH8.0, 150 mM NacCl, 1% NP-40).
Equal amounts of reduced, denatured protein was separated
on a 4-15% polyacrylamide gel (Biorad, USA) and trans-
ferred onto a nitrocellulose membrane. Membranes were
blocked in 3% milkfat and incubated with primary antibody
(mouse monoclonal anti-flag M2 (Sigma, USA) or mouse
monoclonal anti-GAPDH MAB374 (Millipore, USA)) for 1
hour at room temperature, followed by incubation for 1 hour
at RT with the secondary antibody (ECL Anti-mouse 1gG
Horseradish peroxidase linked F(ab'), fragment from sheep
(GE Healthcare, UK)). Detection was performed using the
Pierce ECL. Western Blotting substrate (Thermo Scientific,
USA) following standard protocol.

Example 2

Modification of Rep ORF

[0267] To construct a first generation Ad carrying Rep78,
the inventors expressed Rep under a tightly regulated tetra-
cycline inducible promoter within an AE1AE1 F5/35 Aden-
ovirus. The fiber knob of this Ad5 was replaced with that of
Ad35 to allow it to infect hematopoietic cells (3). The tetra-
cycline inducible Rep78 expression cassette, has been previ-
ously used successfully for the construction of a helper
dependent Adenovirus carrying Rep78 (9). Surprisingly, the
inventors found that the same construct on an E1 deleted
backbone was incapable of replication, showing no signs of
viral growth in spite of multiple passages in HEK 293 pack-
aging cells. The inventors hypothesized that the replicative
functions provided by multiple helper virus genomes in trans
to the helper dependent virus allowed replication, whereas a
single genome carrying both Adenoviral genes and the Rep
expression construct was unable to escape Rep’s inhibitory
effect.

[0268] To elucidate the relative contribution of the
sequence of the Rep ORF and Rep protein levels on this
apparently cis acting inhibitory effect, the inventors modified
the 1865 bp Rep78 nucleotide sequence in silico. The inven-
tors utilized an algorithm (13) that allowed us to modify the
nucleotide sequence of Rep78 bp about 20% to about 30%
without affecting the amino acid sequence encoded, using
synonymous codons (Sequence alignments in FIG. 10). Two
modified Rep sequences, Scrambled and Deoptimized, were
designed and synthesized de novo.

[0269] The Scrambled sequence randomly mixes synony-
mous codons, resulting in a nucleotide sequence that differs
from the wild-type sequence by about 30%. The protein
expressed from this ORF is identical to wild-type Rep78. This
sequence aims to disrupt any sequence specific signal, with-
out affecting Rep78 expression levels.

[0270] Within the Deoptimized sequence, synonymous
codons are specifically paired into under-utilized codon pairs
(FIG. 1a). Synonymous codons can be paired in multiple
ways to encode the same 2 adjacent amino acids. However, in
nature a strong codon pair bias is found to exist, resulting in
the disproportionate representation of some codon pairs over
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others (14). This codon pair bias is independent of codon
frequency and is found to affect translation rates. Utilization
of under-represented codon pairs such as those in Deopti-
mized sequences, therefore, results in an ORF that is
expressed at lower levels due to inefficient translation (15).
Thus, the Deoptimized Rep construct not only differs from
the nucleotide sequence of wild-type Rep by 20%, presum-
ably disrupting any sequence specific signal, but also further
reduces levels of Rep78 expression from the tetracycline (Tet)
inducible promoter. Confirmation of Deoptimized Rep’s
reduced ability to express protein was obtained by immuno-
blot analysis of transfected C-terminal flag tagged constructs,
expressed under pCMV. Protein levels from Wild-type and
Scrambled Rep were found to be comparable to each other
and roughly double that of Deoptimized (FIGS. 1B and 1C)

Example 3

Modification of Rep ORF Allows Replication of
Adenovirus

[0271] The Scrambled and Deoptimized Rep constructs
were cloned downstream of the tetracycline inducible pro-
moter, in place of the wild-type Rep ORF, within the fiber
modified first generation Adenovirus genome, generating
infectious clones pAd/sRep78 and pAd/dRep78 (FIG. 2A).
These viral constructs were linearized and transfected into
HEK 293 packaging cells and passaged every 10 days onto
fresh cells, until the development of CPE was observed. As
mentioned earlier, no signs of viral replication could be
observed with pAd/WTRep78 even with passaging up to 50
days. However, complete CPE was observed with both pAd/
sRep78 and pAd/dRep78 within a total of 15 days from trans-
fection. Production of both viruses could be scaled up with
infectious virus yields comparable to each other and to
Ad/AAVFVIII (Table 1), proving a clear role for the sequence
of Rep in the inhibition of Adenoviral replication.

TABLE I

Viral titers

Virus Titer’ (PFU/mL x 10%)
Ad/sRep 9.50 + 0.50
Ad/dRep 9.50+0.25
Ad/s(wtl) Rep 8.13+0.12
Ad/s(wt2) Rep 8.75+0.25
Ad/s(wtl, 2) Rep 8.13+0.12
Ad/Rep 11 11.5+0.75
Ad/Rep 11T 10.4 +0.37
Ad/Rep IV 9.38+0.12
Ad/HU1-1/sRep 7.50+0.75
Ad/HUI1-1/dRep 8.00 +0.50
Ad/AAV/PF4/BDD 10.5 +0.50

Titers were calculated by serial dilution and plaque assay in HEK 293 packaging cells, and
are reported in plaque-forming units (PFU)/mL as the mean + SEM from two distinct
determinations
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TABLE 2

Putative transcription factor binding sites unique to wtRep78 bpl461-1596

identified by TESS (Transgcription Element Search System) (326)
Begin
Transcription Factor bp no. Sequence
1 TO0011l1l c-Ets-1 T00112 c-Ets-1 T0011l4 c-Ets-1 54 97 SMGGAWGY
T00115 c¢-Ets-1 68 T00684 PEA3 T00685 PEA3
T00686 PEA3
2 TO00506 MEF1 T00519 Myf-3 T00524 MyoD 69 GTCAGTTG
T00525 MyoD T00526 MyoD T00527 MyoD
T01128 MyoD
3 _00000 ASF-1 _00000 MSN4 00000 deltaCREB 88 ACGTCA
4 TO00049 ATF TO00050 atfl T00132 c-Jun T00163 88 ACGTCA
CREB T00164 CREB T00166 deltaCREB T00167
CRE-BP1 T00846 TREB-1 T00942 EivF T01095
ATF3
5 T00163 CREB 33 TGACG
6 TO00051 ATF T00052 ATF-a T00053 ATF-adelta 33 TGACGYMR
T00054 ATF-like T00442 47-kDa CRE bind. prot.
T00968 ATF-1
7 _00000 LRF-1 88 ACGTCA
8 _00000 ATF-1 88 ACGTCA
9 T00134 c¢-Jun T00893 v-Jun 66 CGAGTCAG
10 TO00074 gammaCACl T00075 gammaCAC2 3 GGGTG
T00077 CACCC-binding factor
11 00000 MIGL 27 CCCCAG
12 T00765 SRF (504 AA) 41 ATATA
13 _ 00000 RC2 18 AAGACC
14 00000 GCN4 67 GAGTCA
15 _00000 B-factor 42 TATAAGT
16 TO00386 HSTF 14 AGAAR
17 TO00029 AP-1 90 GTCA
18 _00000 HBP-1 88 ACGTCA
19 T00140 c-Myc 71 CAGTTG
20 T00029 AP-1 T00123 c-Fosg T00133 c-Jun T00167 33 TGACGCA
CRE-BP1 T00989 CREB T01313 ATF3 T02361
CREBbeta
21 TO00182 DBF4 T00270 ETF T00530 NC1 T00794 42 TATAA
TBP T00798 TBP T00817 TFIIA T00818 TFIIB
T00820 TFIID T00835 TMF T00862 UBP-1
T02216 TFIIA-alpha/beta precursor (majorT02216
T02217 TFIIA-alpha/beta precursor (minorT02217
T02224 TFIIA-gamma
22 TO00074 gammaCACl T00075 gammaCAC2 59 GGGTG
T00077 CACCC-binding factor
23 T00321 GCN4 67 GAGTCA
24 TO00029 AP-1 69 GTCA
25 T00029 AP-1 23 ccGaeceecece
26 T00878 USF2 T02115 USF2 T02377 USF2b 33 TGACGCA
27 T00422 IRF1 T00425 IRF-2 45  AAGTGA
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TABLE 2 -continued
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Putative transcription factor binding sites unique to wtRep78 bpl461-1596

identified by TESS

(Transcription Element Search System)

(326)

Transcription Factor

Begin

bp no. Sequence

28 .T00968 ATF-1
29 TO00000 TREB-1

30 T00354 HBP-1 T00938 HBP-1b T01393 HBP-
1b(cl) T01394 HBP-la(l) T01395 HBP-la(cl4)
T02789 bZIP910

31 TO00051 ATF T00052 ATF-a T00053 ATF-adelta
T00054 ATF-like T00442 47-kDa CRE bind. prot.
T00968 ATF-1

32 TO00111 c-Ets-1 T0011l2 c-Ets-1 T00114 c-Ets-1 54
T00115 c¢-Ets-1 68 T00684 PEA3 T00685 PEA3
T00686 PEA3

33 TO00506 MEF1l T00519 Myf-3 T00524 MyoD
T00525 MyoD T00526 MyoD T00527 MyoD
T01128 MyoD

88 ACGTCA

88 ACGTCA

88 ACGTCA

86 YKRCGTCA

97 SMGGAWGY

69 GTCAGTTG

[0272] Surprisingly, the inventors noted the lack of any
apparent difference in the ability of Ad/sRep78 and
Ad/dRep78 to grow in spite of their differences in Rep expres-
sion level. It indicated that at least under the control afforded
by the tetracycline inducible system, the major role in inhi-
bition of Ad replication was played by a sequence specific
signal and modification of that signal alone was sufficient to
completely lift inhibition.

[0273] The ability of Ad/dRep78 and Ad/sRep78 to pro-
duce functional Rep78 was confirmed by an excision assay
which depends on Rep’s ability to cleave at a folded AAV ITR
(FIG. 2A). The inventors used a first generation Ad/AAV
carrying a single AAV ITR downstream of the transgene as a
substrate for cleavage. Cleavage at the ITR by Rep would
result in the release of an ~8 Kb excision product. HEK 293
cells were co-infected with the substrate virus Ad/AAV FVIII
and either Ad/sRep78 or Ad/dRep78 in the presence or
absence of doxycycline. Hirt DNA was prepared 48 hours
post infection and cleavage products were analyzed by south-
ern blot with a substrate specific probe. Monomeric and
dimeric excision products that were dependent on the pres-
ence of Ad/sRep78 or Ad/dRep78 were detected (FIGS. 2B
and 2C). Leaky expression resulted in some excision even in
the absence of doxycycline, and a several fold increase in
intensity seen with the addition of dox. Excision in C12 cells,
a HeL.a cell line derivative that inducibly expresses Rep and
Cap (16) was used as a positive control.

Example 4

Rep Protein Expression is not Required for
Inhibition of Ad Replication

[0274] The fact that Ad/sRep78 and Ad/dRep78 replicate
equally efficiently in spite of Ad/sRep78 expressing double
the amount of Rep protein indicates that accumulation of Rep
protein likely played no part in the inability of Ad/wtRep78 to
replicate. However, the tetracycline inducible system has
been shown to tightly regulate Rep protein expression in
transfected cells and as mentioned earlier, has been previ-

ously used for the successful production of a helper depen-
dent Ad carrying Rep78 (9). Further, the dependence of AAV
on relative time of infection and relative copy number to
inhibit Ad replication has lead to a proposal that the accumu-
lation of Rep expression at the initial stages of infection is
responsible for inhibition of Ad replication (11). Therefore, to
truly understand the role of Rep78 protein expression in the
inhibition of Adenoviral replication, the inventors expressed
the modified Rep ORFs under a constitutive 243 bp human
U1-1 small nuclear RNA promoter (pHU-1) (17). AE1AE3
Adenoviruses carrying the hul-sRep78 and hul-dRep78 con-
structs were capable of normal rates of replication, with CPE
observed 15 days after transfection. Viral yield (Pfu/cell)
from Ad/hul-sRep78 and Ad/hul-dRep78 was comparable to
both Ad/AAV FVIII, Ad/sRep78 and Ad/dRep78 (Table 1).
These results prove that a high level of Rep78 protein expres-
sion can be tolerated by replicating Adenoviruses and the
dramatic inhibitory effects seen are mainly due to signals
within the sequence of the Rep ORF.

Example 5

Localization of Signal

[0275] To localize the sequence specific inhibitory signal,
the inventors modified the Scrambled Rep ORF to create—S
(wtl) Rep, S (wt2) Rep, and S (wt3) Rep (FIG. 3A). In each
of these constructs, using unique internal restriction sites,
sections representing about 4™ (~600 bps) of the entire
Scrambled Rep sequence were replaced with that of WT Rep,
in frame. These modified constructs were then inserted down-
stream of the tetracycline inducible promoter in place of
scrambled Rep within Ad/sRep78, generating, Ad/S (wtl)
Rep, Ad/S (wt2) Rep and Ad/S (wt3) Rep. The scrambled
sequence was chosen to be modified as it expresses similar
amounts of Rep78 protein as the wild-type sequence. Pres-
ence of the entire inhibitory sequence within any of these
~600 bp sections should inhibit the replication of the virus
carrying it. When linearized and transfected into 293 cells,
Ad/S (wtl) Rep and Ad/S (wt2) Rep both showed signs of
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viral replication shortly after primary infection and complete
CPE within 15 days of transfection, and yielded titers com-
parable to Ad/sRep78 (Tablel). Ad/S (wt3) Rep showed no
signs of replication for up to 40 days post transfection, indi-
cating that the sequence specific signal is localized within the
3' 564 bps, in the region encompassing bp 1623 to bp 2186 of
the AAV2 genome.

[0276] To confirm that the inhibitory signal lay completely
within the 3' 564 bp of the WT Rep78 sequence, the inventors
then modified the WT Rep78 sequence replacing the 3' 564
bps alone with the corresponding Scrambled Rep78
sequence, creating S (wtl,2) Rep (FIG. 3A). When inserted
downstream of the tetracycline inducible system within a first
generation Adenovirus, substitution of these 564 bps of the
WT Rep sequence with Scrambled Rep sequence alone was
sufficient to lift inhibition and allow replication of the Aden-
ovirus carrying it, comparable to Ad/sRep78 (Table 1).

[0277] In an alternative approach, the inventors used an
algorithm to further narrow down the sequence specific
inhibitory signal. The algorithm generates 4 different full
length Rep encoding sequences (Design [, 11, Il and IV). The
DNA sequence of each of these constructs is sub-divided into
14 segments, 123-135 bps in length, consisting of corre-
sponding sequences from either the wild-type (WT) or
scrambled (Scr) sequence resulting in a ‘checkered’ pattern of
segments (FIG. 3B). The arrangement of segments in the 4
full length sequences is such that, when the 4 sequences are
lined up, every column (consisting of the corresponding seg-
ment in each of the 4 constructs) is unique. When cloned into
an expression cassette in a viral backbone, the presence of the
sequence specific inhibitory signal in a particular segment
will result in all viruses with the WT sequence in that segment
dying. Thus a unique pattern of viruses that live and die is
associated with every possible location of the sequence spe-
cific signal.

[0278] The 4 modified sequences were synthesized de novo
by Genscript, USA and cloned downstream of the tetracy-
cline inducible promoter, in place of the wt Rep cassette.
These cassettes were inserted into first generation Ads, gen-
erating Ad/Rep I, Ad/Rep II, Ad/Rep 11l and Ad/Rep IV (FIG.
3B). Each of these infectious clones were linearized and
transfected into 293 cells. Ad/Rep 11, Ad/Rep I1I and Ad/Rep
IV replicated and yielded titers comparable to Ad/sRep78
(Table 1). Ad/Rep I showed no signs of viral replication up to
50 days post transfection. The 135 bp segment implicated by
the pattern of viruses capable of replication (Ad/Rep II,
Ad/Rep 1III, and Ad/Rep IV) and incapable of replication
(Ad/Rep 1), encompassed bp 1782 to bp 1916 of the AAV2
genome (FIG. 3B—segment indicated by an asterisk). Based
on the arrangement of segments within the 4 sequences, some
or all of the Rep sequence(s) that inhibits Ad growth lies
within this 135 bp fragment. This sequence lies well within
the boundaries of bp 1623 to bp 2186 of the AAV2 genome
identified by the inability of S (wt3) Rep to grow.

Example 6

Additional Delineation of Rep Inhibitory Sequences

[0279] Chimeric Rep genes were assembled by polynucle-
otide segment swaps encompassing discrete segments of
wild-type or scrambled sequences, and viability established
by adenoviral replication. The results are shown on FIGS.
14-16. These results demonstrate that scrambled sequences
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within segment 11, segment 13 and segment 14 are capable of
rescuing the inhibitory effect of the WT Rep ORF on Ad
replication
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[0300] All publications and patents mentioned in the above
specification are herein incorporated by reference. Various
modifications and variations of the described compositions
and methods of the invention will be apparent to those skilled
in the art without departing from the scope and spirit of the
invention. Although the invention has been described in con-
nection with specific preferred embodiment, it should be
understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modi-
fications of the described modes for carrying out the invention
which are obvious to those skilled in the art and in fields
related thereto are intended to be within the scope of the
following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29
<210> SEQ ID NO 1
<211> LENGTH: 135
<212> TYPE: DNA
<213> ORGANISM: adeno-associated virus 2
<400> SEQUENCE: 1
aagggtggag ccaagaaaag acccgccccece agtgacgcag atataagtga gcccaaacgg 60
gtgcgcegagt cagttgcgca gccatcgacg tcagacgegg aagettcegat caactacgcea 120
gacaggtacc aaaac 135
<210> SEQ ID NO 2
<211> LENGTH: 45
<212> TYPE: PRT
<213> ORGANISM: adeno-associated virus 2
<400> SEQUENCE: 2
Lys Gly Gly Ala Lys Lys Arg Pro Ala Pro Ser Asp Ala Asp Ile Ser
1 5 10 15
Glu Pro Lys Arg Val Arg Glu Ser Val Ala Gln Pro Ser Thr Ser Asp
20 25 30

Ala Glu Ala Ser Ile Asn Tyr Ala Asp Arg Tyr Gln Asn

35 40 45
<210> SEQ ID NO 3
<211> LENGTH: 1865
<212> TYPE: DNA
<213> ORGANISM: adeno-associated virus 2
<400> SEQUENCE: 3
atgccggggt tttacgagat tgtgattaag gtcecccageg accttgacga gcatctgece 60
ggcatttetyg acagetttgt gaactgggtg gecgagaagg aatgggagtt gecgecagat 120
tctgacatgg atctgaatct gattgagcag gcacccctga cegtggccga gaagctgcag 180
cgcgacttte tgacggaatg gegeegtgtg agtaaggcce cggaggccct tttetttgtg 240
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-continued
caatttgaga agggagagag ctacttccac atgcacgtge tcgtggaaac caccggggtg 300
aaatccatgg ttttgggacg tttcctgagt cagattcgeg aaaaactgat tcagagaatt 360
taccgeggga tcgagccgac tttgccaaac tggttegegg tcacaaagac cagaaatggce 420
gccggaggeg ggaacaaggt ggtggatgag tgctacatcce ccaattactt gctccccaaa 480
acccagcectg agctccagtg ggegtggact aatatggaac agtatttaag cgcctgtttg 540
aatctcacgg agcgtaaacg gttggtggeg cagcatctga cgcacgtgtc gcagacgcag 600
gagcagaaca aagagaatca gaatcccaat tctgatgcgce cggtgatcag atcaaaaact 660
tcageccaggt acatggagct ggtcegggtgg ctecgtggaca aggggattac ctceggagaag 720
cagtggatcc aggaggacca ggcctcatac atctccttca atgeggectce caactcgegg 780
tcccaaatca aggctgcectt ggacaatgceg ggaaagatta tgagcctgac taaaaccgcce 840
ccecgactacce tggtgggcca gcagcccegtg gaggacattt ccagcaatcg gatttataaa 900
attttggaac taaacgggta cgatccccaa tatgcggcett cegtetttcet gggatgggec 960

acgaaaaagt tcggcaagag gaacaccatc tggcectgtttg ggcctgcaac taccgggaag 1020
accaacatcg cggaggccat agcccacact gtgcecccttet acgggtgcgt aaactggacce 1080
aatgagaact ttcccttcaa cgactgtgtce gacaagatgg tgatctggtg ggaggagggg 1140
aagatgaccg ccaaggtcgt ggagtcggece aaagccatte teggaggaag caaggtgcege 1200
gtggaccaga aatgcaagtc ctcggcccag atagacccga ctcecccgtgat cgtcacctece 1260
aacaccaaca tgtgcgecgt gattgacggg aactcaacga ccttcgaaca ccagcagccg 1320
ttgcaaaccg gatgttcaaa tttgaactca cccgccgtet ggatcatgac tttgggaagg 1380
tcaccaagca ggaagtcaaa gactttttce ggtgggcaaa ggatcacgtg gttgaggtgg 1440
agcatgaatt ctacgtcaaa aagggtggag ccaagaaaag acccgccccece agtgacgcag 1500
atataagtga gcccaaacgg gtgcgcgagt cagttgcgea gccatcgacyg tcagacgcegg 1560
aagcttcgat caactacgca gacaggtacc aaaacaaatg ttctcgtcac gtgggcatga 1620
atctgatgct gtttceccctge agacaatgcg agagaatgaa tcagaattca aatatctget 1680
tcactcacgg acagaaagac tgtttagagt gctttccegt gtcagaatct caacccgttt 1740
ctgtcgtcaa aaaggcgtat cagaaactgt gctacattca tcatatcatg ggaaaggtgc 1800
cagacgcttg cactgcctge gatctggtca atgtggattt ggatgactgce atctttgaac 1860
aataa 1865
<210> SEQ ID NO 4

<211> LENGTH: 621

<212> TYPE: PRT

<213> ORGANISM: adeno-associated virus 2

<400> SEQUENCE: 4

Met Pro Gly Phe Tyr Glu Ile Val Ile Lys Val Pro Ser Asp Leu Asp
1 5 10 15

Glu His Leu Pro Gly Ile Ser Asp Ser Phe Val Asn Trp Val Ala Glu
20 25 30

Lys Glu Trp Glu Leu Pro Pro Asp Ser Asp Met Asp Leu Asn Leu Ile
35 40 45

Glu Gln Ala Pro Leu Thr Val Ala Glu Lys Leu Gln Arg Asp Phe Leu
50 55 60

Thr Glu Trp Arg Arg Val Ser Lys Ala Pro Glu Ala Leu Phe Phe Val
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65 70 75 80

Gln Phe Glu Lys Gly Glu Ser Tyr Phe His Met His Val Leu Val Glu
85 90 95

Thr Thr Gly Val Lys Ser Met Val Leu Gly Arg Phe Leu Ser Gln Ile
100 105 110

Arg Glu Lys Leu Ile Gln Arg Ile Tyr Arg Gly Ile Glu Pro Thr Leu
115 120 125

Pro Asn Trp Phe Ala Val Thr Lys Thr Arg Asn Gly Ala Gly Gly Gly
130 135 140

Asn Lys Val Val Asp Glu Cys Tyr Ile Pro Asn Tyr Leu Leu Pro Lys
145 150 155 160

Thr Gln Pro Glu Leu Gln Trp Ala Trp Thr Asn Met Glu Gln Tyr Leu
165 170 175

Ser Ala Cys Leu Asn Leu Thr Glu Arg Lys Arg Leu Val Ala Gln His
180 185 190

Leu Thr His Val Ser Gln Thr Gln Glu Gln Asn Lys Glu Asn Gln Asn
195 200 205

Pro Asn Ser Asp Ala Pro Val Ile Arg Ser Lys Thr Ser Ala Arg Tyr
210 215 220

Met Glu Leu Val Gly Trp Leu Val Asp Lys Gly Ile Thr Ser Glu Lys
225 230 235 240

Gln Trp Ile Gln Glu Asp Gln Ala Ser Tyr Ile Ser Phe Asn Ala Ala
245 250 255

Ser Asn Ser Arg Ser Gln Ile Lys Ala Ala Leu Asp Asn Ala Gly Lys
260 265 270

Ile Met Ser Leu Thr Lys Thr Ala Pro Asp Tyr Leu Val Gly Gln Gln
275 280 285

Pro Val Glu Asp Ile Ser Ser Asn Arg Ile Tyr Lys Ile Leu Glu Leu
290 295 300

Asn Gly Tyr Asp Pro Gln Tyr Ala Ala Ser Val Phe Leu Gly Trp Ala
305 310 315 320

Thr Lys Lys Phe Gly Lys Arg Asn Thr Ile Trp Leu Phe Gly Pro Ala
325 330 335

Thr Thr Gly Lys Thr Asn Ile Ala Glu Ala Ile Ala His Thr Val Pro
340 345 350

Phe Tyr Gly Cys Val Asn Trp Thr Asn Glu Asn Phe Pro Phe Asn Asp
355 360 365

Cys Val Asp Lys Met Val Ile Trp Trp Glu Glu Gly Lys Met Thr Ala
370 375 380

Lys Val Val Glu Ser Ala Lys Ala Ile Leu Gly Gly Ser Lys Val Arg
385 390 395 400

Val Asp Gln Lys Cys Lys Ser Ser Ala Gln Ile Asp Pro Thr Pro Val
405 410 415

Ile Val Thr Ser Asn Thr Asn Met Cys Ala Val Ile Asp Gly Asn Ser
420 425 430

Thr Thr Phe Glu His Gln Gln Pro Leu Gln Asp Arg Met Phe Lys Phe
435 440 445

Glu Leu Thr Arg Arg Leu Asp His Asp Phe Gly Lys Val Thr Lys Gln
450 455 460

Glu Val Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val
465 470 475 480
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Glu His Glu Phe Tyr Val Lys Lys Gly Gly Ala Lys Lys Arg Pro Ala
485 490 495

Pro Ser Asp Ala Asp Ile Ser Glu Pro Lys Arg Val Arg Glu Ser Val
500 505 510

Ala Gln Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp
515 520 525

Arg Tyr Gln Asn Lys Cys Ser Arg His Val Gly Met Asn Leu Met Leu
530 535 540

Phe Pro Cys Arg Gln Cys Glu Arg Met Asn Gln Asn Ser Asn Ile Cys
545 550 555 560

Phe Thr His Gly Gln Lys Asp Cys Leu Glu Cys Phe Pro Val Ser Glu
565 570 575

Ser Gln Pro Val Ser Val Val Lys Lys Ala Tyr Gln Lys Leu Cys Tyr
580 585 590

Ile His His Ile Met Gly Lys Val Pro Asp Ala Cys Thr Ala Cys Asp
595 600 605

Leu Val Asn Val Asp Leu Asp Asp Cys Ile Phe Glu Gln
610 615 620

<210> SEQ ID NO 5

<211> LENGTH: 536

<212> TYPE: PRT

<213> ORGANISM: adeno-associated virus 2

<400> SEQUENCE: 5

Met Pro Gly Phe Tyr Glu Ile Val Ile Lys Val Pro Ser Asp Leu Asp
1 5 10 15

Glu His Leu Pro Gly Ile Ser Asp Ser Phe Val Asn Trp Val Ala Glu
20 25 30

Lys Glu Trp Glu Leu Pro Pro Asp Ser Asp Met Asp Leu Asn Leu Ile
Glu Gln Ala Pro Leu Thr Val Ala Glu Lys Leu Gln Arg Asp Phe Leu
50 55 60

Thr Glu Trp Arg Arg Val Ser Lys Ala Pro Glu Ala Leu Phe Phe Val
65 70 75 80

Gln Phe Glu Lys Gly Glu Ser Tyr Phe His Met His Val Leu Val Glu
85 90 95

Thr Thr Gly Val Lys Ser Met Val Leu Gly Arg Phe Leu Ser Gln Ile
100 105 110

Arg Glu Lys Leu Ile Gln Arg Ile Tyr Arg Gly Ile Glu Pro Thr Leu
115 120 125

Pro Asn Trp Phe Ala Val Thr Lys Thr Arg Asn Gly Ala Gly Gly Gly
130 135 140

Asn Lys Val Val Asp Glu Cys Tyr Ile Pro Asn Tyr Leu Leu Pro Lys
145 150 155 160

Thr Gln Pro Glu Leu Gln Trp Ala Trp Thr Asn Met Glu Gln Tyr Leu
165 170 175

Ser Ala Cys Leu Asn Leu Thr Glu Arg Lys Arg Leu Val Ala Gln His
180 185 190

Leu Thr His Val Ser Gln Thr Gln Glu Gln Asn Lys Glu Asn Gln Asn
195 200 205

Pro Asn Ser Asp Ala Pro Val Ile Arg Ser Lys Thr Ser Ala Arg Tyr
210 215 220
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Met Glu Leu Val Gly Trp Leu Val Asp Lys Gly Ile Thr Ser Glu Lys
225 230 235 240

Gln Trp Ile Gln Glu Asp Gln Ala Ser Tyr Ile Ser Phe Asn Ala Ala
245 250 255

Ser Asn Ser Arg Ser Gln Ile Lys Ala Ala Leu Asp Asn Ala Gly Lys
260 265 270

Ile Met Ser Leu Thr Lys Thr Ala Pro Asp Tyr Leu Val Gly Gln Gln
275 280 285

Pro Val Glu Asp Ile Ser Ser Asn Arg Ile Tyr Lys Ile Leu Glu Leu
290 295 300

Asn Gly Tyr Asp Pro Gln Tyr Ala Ala Ser Val Phe Leu Gly Trp Ala
305 310 315 320

Thr Lys Lys Phe Gly Lys Arg Asn Thr Ile Trp Leu Phe Gly Pro Ala
325 330 335

Thr Thr Gly Lys Thr Asn Ile Ala Glu Ala Ile Ala His Thr Val Pro
340 345 350

Phe Tyr Gly Cys Val Asn Trp Thr Asn Glu Asn Phe Pro Phe Asn Asp
355 360 365

Cys Val Asp Lys Met Val Ile Trp Trp Glu Glu Gly Lys Met Thr Ala
370 375 380

Lys Val Val Glu Ser Ala Lys Ala Ile Leu Gly Gly Ser Lys Val Arg
385 390 395 400

Val Asp Gln Lys Cys Lys Ser Ser Ala Gln Ile Asp Pro Thr Pro Val
405 410 415

Ile Val Thr Ser Asn Thr Asn Met Cys Ala Val Ile Asp Gly Asn Ser
420 425 430

Thr Thr Phe Glu His Gln Gln Pro Leu Gln Asp Arg Met Phe Lys Phe
435 440 445

Glu Leu Thr Arg Arg Leu Asp His Asp Phe Gly Lys Val Thr Lys Gln
450 455 460

Glu Val Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val
465 470 475 480

Glu His Glu Phe Tyr Val Lys Lys Gly Gly Ala Lys Lys Arg Pro Ala
485 490 495

Pro Ser Asp Ala Asp Ile Ser Glu Pro Lys Arg Val Arg Glu Ser Val
500 505 510

Ala Gln Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp
515 520 525

Arg Leu Ala Arg Gly His Ser Leu
530 535

<210> SEQ ID NO 6

<211> LENGTH: 1866

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 6

atgcccggat tctacgaaat cgtcatcaaa gtgcectetg acttggatga acacctgecg 60
gggatcageg attctttegt caattgggte geggagaaag agtgggaact tccccccgac 120
tcggacatgg acctgaactt aatcgagcaa geccegetga cggtggegga gaaactgcag 180

cgggacttte tgaccgagtg gaggcgegta tcgaaagege cegaagettt gtttttegte 240
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-continued
cagttcgaga agggggagtc gtactttcat atgcatgtgt tggtggagac tacgggagtg 300
aagagtatgg tgctagggag gtttctgtcg caaataagag agaagctgat ccagcggata 360
taccgtggca ttgagcccac ccttcccaat tggtttgeeg tgaccaaaac tcgtaacgga 420
gcaggggggyg gaaataaagt cgtcgacgag tgctatattc cgaactacct cttgcccaag 480
acgcagccceg aattgcagtg ggcctggacce aacatggage aatacctgtc agegtgectce 540
aacttgaccg aaagaaagag actcgtggcc cagcacctga cccatgtctc acagacccag 600
gaacagaata aggaaaacca aaacccaaat agcgacgccc ccgtgatacg gagcaagacc 660
agcgctceget acatggagtt agtgggatgg ttggtggata aaggaatcac gtctgagaaa 720
caatggattc aggaggacca ggcgtcctac attagtttta acgccgegtc aaatagcaga 780
tctcagatta aagccgcegcet cgataacgcc ggcaaaatca tgtcgctgac caagacagct 840
cccgactacce tggtgggaca gcagccggtg gaggacatct cttctaaccg tatctacaag 900
atccttgagt tgaatggcta cgacccacag tacgccgcect cagtgtttct gggetgggcea 960

accaagaaat ttgggaaacg caatacgatt tggctgttcg gacccgccac cactggtaag 1020
actaatattg ccgaggcgat cgcacatacc gttccgtttt acggatgcgt gaattggact 1080
aacgaaaatt tcccctttaa tgattgegtg gacaagatgg ttatttggtg ggaggaagga 1140
aagatgactg cgaaagtggt ggaatccgct aaggctatct tgggggggtce gaaagttcegg 1200
gtcgaccaga agtgcaaatc gtccgcgcag attgacccca cccccgtgat tgtgacgtca 1260
aatactaata tgtgtgcggt catcgatggc aatagcacca ctttcgaaca tcagcaaccc 1320
ctccaggatc gtatgtttaa gttcgagttg actecggegge tggaccacga tttcggcaaa 1380
gtgacgaaac aggaggtgaa ggacttcttt agatgggcca aggaccacgt ggtggaggtce 1440
gagcacgagt tttatgtgaa gaaggggggg gccaaaaagc gecctgcacce ttecgacgece 1500
gacatttceg agccaaagag agtgcgtgag agtgtggccec aaccctceccac cagtgatgece 1560
gaggccteca ttaattatge cgaccgctat cagaataagt gctcaaggca tgtcgggatg 1620
aacctgatgce tgttcccatg ccgccagtge gagcgcatga accagaacag caacatttgt 1680
tttacccacg ggcagaagga ttgcctggaa tgcttcecegg tcagcgagtce acagceceggtg 1740
tcegtggtga agaaagccta ccaaaagctg tgttacatcce accacattat ggggaaagtce 1800
ccegatgect gtaccgcatg cgacctggtg aacgttgacce tcgacgactg cattttcecgag 1860
cagtaa 1866
<210> SEQ ID NO 7

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 7

aagggggggyg ccaaaaagcg ccctgcacct tecgacgecg acatttcecga gccaaagaga 60
gtgcgtgaga gtgtggccca accctccace agtgatgcceg aggcctcecat taattatgece 120
gaccgctatce agaat 135

<210> SEQ ID NO 8
<211> LENGTH: 1866
<212> TYPE: DNA
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 8
atgccegggt tttacgagat cgtgattaag gtgccatceg atctcgacga gcatctgecce 60
gggattageg attcgttcegt gaattgggte gccgaaaagg agtgggagtt gecccccgat 120
agcgatatgg acctgaatct gatcgagecag geccccctta cegtegecga gaaactgcaa 180
cgcegatttet tgaccgagtg gagacgegtyg agtaaggeece cegaageect gtttttegtg 240
caatttgaaa agggcgagtc atactttecat atgcacgtgt tggtcgagac taccggegtt 300
aagtctatgg tgctcggacg gtttetgtca cagatacgeg aaaaactgat ccagegtate 360
tatcgeggaa tcgagecaac cctaccgaat tggttegeeg ttacgaagac ccgtaacgge 420
geeggggggy ggaataaggt ggtcgacgag tgctatatce ctaactatet gttaccgaaa 480
acgcaacceg agttgcagtg ggectggact aacatggage aatacttgte cgcatgectg 540
aatctgaccyg aacgcaaacg gttggtegee cagcatctga cacacgtgag tcagacccag 600
gagcagaata aggagaatca gaatccgaac tccgacgcce ccgtgatacyg gtctaagact 660
agcgctaggt atatggagtt ggtggggtgg ttggtcgaca aggggattac ctcecgagaaa 720
cagtggatcc aggaggacca ggcgtcatac atttegttta acgecgcate gaactcacgg 780
tcacagatta aggccgcact cgacaacgcece ggtaagatta tgagtcetgac taagaccgec 840
ccegattact tagtgggaca gcaaccegte gaggacattt cgagtaatcg gatttacaaa 900
atcctegaac ttaacggata cgacccccaa tacgecgcta gegtgtttet ggggtgggeg 960

actaagaaat tcggaaagcg taatacgatt tggttgttcg gacccgctac gaccggcaaa 1020
acgaatatcg ccgaagcgat cgcgcatacc gtgccattet acgggtgcgt gaattggacg 1080
aacgagaact ttccgtttaa cgattgcgtc gacaagatgg tgatttggtg ggaggaggga 1140
aagatgaccg ctaaggtggt cgagtccgcg aaagcgattc tgggggggtce taaggtgaga 1200
gtcgaccaga agtgtaagtc ttcggctcag atcgatccga cccccecgtgat cgtgacctcet 1260
aacactaaca tgtgcgccgt gatcgacggg aattcgacta cgttcgaaca ccagcagcca 1320
ttgcaggacc gtatgttcaa atttgaactg actaggagac tcgaccacga cttcggaaag 1380
gtgactaagc aggaggtgaa agactttttt cggtgggcga aagaccatgt ggtcgaggtce 1440
gagcacgagt tttacgtgaa aaagggcgga gcgaaaaaga gacccgceccc tagcgacgec 1500
gacattageyg aaccgaaacg cgtacgcgaa tccgttgege aaccgtcaac ctecgacgec 1560
gaagcgtcaa tcaattacgc cgataggtac cagaataagt gctctagaca cgtggggatg 1620
aatctgatgce tgtttccetg tagacagtgce gagcgtatga accagaactc gaacatttgce 1680
tttacccacg gacagaaaga ctgtctcgaa tgcttteecg tgtccgaatce gcaacccgtt 1740
agcgtggtga aaaaagcgta ccagaaactg tgttacatac accatattat gggcaaagtg 1800
ccecgacgcat gecaccgcatg cgatctggtg aacgtcgacce tcgacgattg catttttgaa 1860
cagtaa 1866
<210> SEQ ID NO 9

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION: synthetic
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<400> SEQUENCE: 9

aagggcggag cgaaaaagag accegecect
gtacgcgaat cegttgegea accgtcaace
gataggtacc agaat

<210> SEQ ID NO 10

<211> LENGTH: 145

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 10

ttggccacte cctetetgeg cgetegeteg

cgacgecegg getttgeceg ggeggectca

agcgacgecg acattagcga accgaaacgc

tccgacgecg aagcgtcaat caattacgec

virus 2

ctcactgagyg ccgggcgacce aaaggtegec

gtgagcgagc gagcgcgcag agagggagtg

gccaactcca tcactagggg ttect

<210> SEQ ID NO 11

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 11
gtggagtcegt gacgtgaatt acgtcatagg gttagggagg tcctgtatta gaggtcacgt
gagtgttttyg cgacattttg cgacaccatyg tggtcacgct gggtatttaa gecccgagtga

gcacgcaggg tctccatttt

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 12

Glu Tyr Leu Asn Lys Ile Gln Asn Ser Leu Ser Thr Glu Trp Ser Pro
1 5 10 15

Cys Ser Val Thr
20

<210> SEQ ID NO 13

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro
1 5 10 15

Asn Ala Asn Pro Asn Ala Asn Pro
20

<210> SEQ ID NO 14

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

60

120

135

60

120

145

60

120

140
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<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 14
Ala Met Gln Met Leu Lys Glu Thr Ile
1 5
<210> SEQ ID NO 15
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 15
Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
1 5
<210> SEQ ID NO 16
<211> LENGTH: 4679
<212> TYPE: DNA
<213> ORGANISM: adeno-associated virus 2
<400> SEQUENCE: 16
ttggccacte cctetetgeg cgctegeteg cteactgagyg cegggcgace aaaggtegece 60
cgacgeccegg getttgecceg ggcggectca gtgagcgage gagegcegcayg agagggagtg 120
gccaactceca tcactagggg ttcectggagg ggtggagteg tgacgtgaat tacgtcatag 180
ggttagggag gtcctgtatt agaggtcacg tgagtgtttt gegacatttt gegacaccat 240
gtggtcacge tgggtattta agcccgagtg agcacgcagg gtcetccattt tgaagcggga 300
ggtttgaacyg cgcagccgee atgecggggt tttacgagat tgtgattaag gtcecccageg 360
accttgacga gcatctgcce ggcatttetg acagetttgt gaactgggtyg gccgagaagg 420
aatgggagtt gccgcecagat tctgacatgg atctgaatcet gattgagcag gcacccectga 480
cegtggecga gaagetgcag cgcgacttte tgacggaatyg gegecgtgtyg agtaaggcce 540
cggaggecct tttetttgtg caatttgaga agggagagag ctacttccac atgcacgtge 600
tegtggaaac caccggggtyg aaatccatgg ttttgggacyg tttectgagt cagattegeg 660
aaaaactgat tcagagaatt taccgcggga tcgagccgac tttgccaaac tggttegegg 720
tcacaaagac cagaaatggc gccggaggceg ggaacaaggt ggtggatgag tgctacatce 780
ccaattactt gctccccaaa acccagectg agetccagtyg ggegtggact aatatggaac 840
agtatttaag cgcctgtttg aatctcacgg agegtaaacyg gttggtggeyg cagcatctga 900
cgcacgtgte gcagacgcag gagcagaaca aagagaatca gaatcccaat tctgatgege 960
cggtgatcag atcaaaaact tcagccaggt acatggagct ggtcgggtgg ctcecgtggaca 1020
aggggattac ctcggagaag cagtggatcc aggaggacca ggcctcatac atctccttca 1080
atgcggcectce caactcgegg tceccaaatca aggctgectt ggacaatgcg ggaaagatta 1140
tgagcctgac taaaaccgcc cccgactace tggtgggceca gcagcccgtg gaggacattt 1200
ccagcaatcg gatttataaa attttggaac taaacgggta cgatccccaa tatgcggcett 1260
ccgtetttet gggatgggece acgaaaaagt tcggcaagag gaacaccatc tggetgtttg 1320
ggectgcaac taccgggaag accaacatcg cggaggcecat agcccacact gtgeccttet 1380
acgggtgcgt aaactggacc aatgagaact ttceccttcaa cgactgtgtce gacaagatgg 1440
tgatctggtyg ggaggagggyg aagatgaccg ccaaggtcegt ggagtcggcce aaagccattce 1500
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tecggaggaag
ctceegtgat
ccttegaaca
tggatcatga
aggatcacgt
gacccgeece
agccatcgac
gttctegtea
atcagaattc
tgtcagaatc
atcatatcat
tggatgactg
cttecagatt
cctggeccac
cttectgggt
gaggcagacg
gacaacccgt
gatacgtett
gaacctetygyg
gagcactcte
gcaagaaaaa
ccteteggac
agtggcgcac
aattggcatt
tgggcectge
tcgaacgaca
ttccactgee
cgacccaaga
gacggtacga
gagtaccagce
gcagacgtet
gtaggacgct
aacaacttta
agccagagtce
agaacaaaca
gcgagtgaca
cgagtatcaa

aagtaccacc

caaggtgege

cgtcacctee

ccagcagecg

ctttgggaag

ggttgaggtg

cagtgacgca

gtcagacgcyg

cgtgggcatg

aaatatctge

tcaaccegtt

gggaaaggtg

catctttgaa

ggctcgagga

caccaccaaa

acaagtacct

cegeggecact

acctcaagta

ttgggggcaa

gectggttga

ctgtggagec

gattgaattt

agccaccage

caatggcaga

gegattccac

ccacctacaa

atcactactt

acttttcacc

gactcaactt

cgacgattge

tccegtacgt

tcatggtgec

cttcatttta

cctteageta

tggaccgtet

ctccaagtygyg

ttcgggacca

agacatctge

tcaatggcag

gtggaccaga

aacaccaaca

ttgcaagacc

gtcaccaagce

gagcatgaat

gatataagtg

gaagcttcga

aatctgatge

ttcactcacyg

tctgtegtea

ccagacgett

caataaatga

cactctctcet

gecegeagag

cggacectte

cgagcacgac

caaccacgcc

ccteggacga

ggaacctgtt

agactecctee

tggtcagact

agcccectet

caataacgag

atggatgggc

caaccacctce

tggctacage

acgtgactgg

caagctettt

caataacctt

ccteggeteg

acagtatgga

ctgectggag

cacttttgag

catgaatcct

aaccaccacg

gtctaggaac

ggataacaac

agactctetg

aatgcaagtc

tgtgcgecegt

ggatgttcaa

aggaagtcaa

tctacgtcaa

agcccaaacyg

tcaactacge

tgtttcccty

gacagaaaga

aaaaggcgta

gcactgecty

tttaaatcag

gaaggaataa

cggcataagg

aacggactcg

aaagcctacyg

gacgcggagt

gecagtettee

aagacggcete

tcgggaaccyg

ggagacgcag

ggtctgggaa

ggcgccgacg

gacagagtca

tacaaacaaa

acceccttggy

caaagactca

aacattcaag

accagcacgg

gegecatcaag

tacctcaccce

tactttccectt

gacgttcett

ctcatcgace

cagtcaaggc

tggcttectyg

aacagtgaat

gtgaatcegg

ctcggeccag atagacccga

gattgacggg aactcaacga

atttgaactc acccgecgte

agacttttte cggtgggcaa

aaagggtgga gccaagaaaa

ggtgcgegag tcagttgege

agacaggtac caaaacaaat

cagacaatgc gagagaatga

ctgtttagag tgcttteceyg

tcagaaactyg tgctacattce

cgatctggte aatgtggatt

gtatggctge cgatggttat

gacagtggtyg gaagctcaaa

acgacagcag gggtcttgtg

acaagggaga gccggtcaac

accggcaget cgacagcgga

ttcaggagceyg ccttaaagaa

aggcgaaaaa gagggttett

cgggaaaaaa gaggccggta

gaaaggcggg ccagcagcect

actcagtacc tgacccccag

ctaatacgat ggctacaggce

gagtgggtaa ttccteggga

tcaccaccag cacccgaacc

tttccageca atcaggagec

ggtattttga cttcaacaga

tcaacaacaa ctggggattce

tcaaagaggt cacgcagaat

ttcaggtgtt tactgactcg

gatgcctece geegttecca

tgaacaacgg gagtcaggca

ctcagatget gegtaccgga

tccacagcag ctacgctcac

agtacctgta ttacttgage

ttcagtttte tcaggccgga

gaccctgtta ccgccagcag

actcgtggac tggagctacce

geceggecat ggcaagccac

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780
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aaggacgatg aagaaaagtt ttttcctcag agcggggttc tcatctttgg gaagcaaggce 3840
tcagagaaaa caaatgtgga cattgaaaag gtcatgatta cagacgaaga ggaaatcagg 3900
acaaccaatc ccgtggctac ggagcagtat ggttctgtat ctaccaacct ccagagaggc 3960
aacagacaag cagctaccgc agatgtcaac acacaaggcg ttcttccagg catggtcectgg 4020
caggacagag atgtgtacct tcaggggccce atctgggcaa agattccaca cacggacgga 4080
cattttcacc cctctccect catgggtgga ttceggactta aacaccctecce tceccacagatt 4140
ctcatcaaga acaccccggt acctgcgaat ccttcgacca ccttcagtge ggcaaagttt 4200
gcttectteca tcacacagta ctceccacggga caggtcageg tggagatcga gtgggagetg 4260
cagaaggaaa acagcaaacg ctggaatccc gaaattcagt acacttccaa ctacaacaag 4320
tctgttaatg tggactttac tgtggacact aatggcgtgt attcagagcc tcegccccatt 4380
ggcaccagat acctgactcg taatctgtaa ttgcttgtta atcaataaac cgtttaattc 4440
gtttcagttyg aactttggtc tctgcgtatt tectttecttat ctagtttcca tggctacgta 4500
gataagtagc atggcgggtt aatcattaac tacaaggaac ccctagtgat ggagttggece 4560
actcectete tgcgegeteg ctegctcact gaggeceggge gaccaaaggt cgcccgacge 4620
cegggetttyg cccgggegge ctcagtgage gagcgagege gcagagaggyg agtggcecaa 4679
<210> SEQ ID NO 17

<211> LENGTH: 564

<212> TYPE: DNA

<213> ORGANISM: adeno-associated virus 2

<400> SEQUENCE: 17

ttcgaacace agcagecgtt gcaagaccgg atgttcaaat ttgaactcac ccgecgtcetg 60
gatcatgact ttgggaaggt caccaagcag gaagtcaaag actttttccg gtgggcaaag 120
gatcacgtgyg ttgaggtgga gcatgaattc tacgtcaaaa agggtggagc caagaaaaga 180
ccegecccca gtgacgcaga tataagtgag ceccaaacggg tgcgcgagte agttgegcag 240
ccatcgacgt cagacgcgga agcttcgatce aactacgcag acaggtacca aaacaaatgt 300
tctegtcacyg tgggcatgaa tctgatgetg tttecctgea gacaatgega gagaatgaat 360
cagaattcaa atatctgctt cactcacgga cagaaagact gtttagagtg ctttccegtg 420
tcagaatcte aaccegtttce tgtcgtcaaa aaggcgtatce agaaactgtyg ctacattcat 480
catatcatgg gaaaggtgcc agacgcttge actgectgeg atctggtcaa tgtggatttg 540
gatgactgca tctttgaaca ataa 564

<210> SEQ ID NO 18

<211> LENGTH: 567

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 18

actttcgaac atcagcaacc cctecaggat cgtatgttta agttcgagtt gacteggegg 60
ctggaccacg atttcggcaa agtgacgaaa caggaggtga aggacttett tagatgggece 120
aaggaccacg tggtggaggt cgagcacgag ttttatgtga agaagggggg ggccaaaaag 180
cgecectgecac ctteegacge cgacatttee gagccaaaga gagtgegtga gagtgtggece 240

caacccteca ccagtgatge cgaggectee attaattatg cecgacegeta tcagaataag 300
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tgctcaagge atgtcgggat gaacctgatg ctgttcccat gecgecagtyg cgagegeatg 360
aaccagaaca gcaacatttg ttttacccac gggcagaagg attgcctgga atgcttcccg 420
gtcagcgagt cacagccggt gtcegtggtg aagaaagcect accaaaagcet gtgttacatce 480
caccacatta tggggaaagt ccccgatgece tgtaccgecat gegacctggt gaacgttgac 540
ctcgacgact gcattttcga gcagtaa 567
<210> SEQ ID NO 19
<211> LENGTH: 567
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 19
acgttcgaac accagcagcc attgcaggac cgtatgttca aatttgaact gactaggaga 60
ctegaccacyg acttecggaaa ggtgactaag caggaggtga aagacttttt tceggtgggeg 120
aaagaccatg tggtcgaggt cgagcacgag ttttacgtga aaaagggcgyg agcgaaaaag 180
agacccgece ctagegacge cgacattage gaaccgaaac gegtacgega atcegttgeg 240
caaccgtcaa cctecgacge cgaagegtca atcaattacyg ccgataggta ccagaataag 300
tgctctagac acgtggggat gaatctgatg ctgtttcect gtagacagtyg cgagegtatg 360
aaccagaact cgaacatttg ctttacccac ggacagaaag actgtctcga atgctttcce 420
gtgtccgaat cgcaacccegt tagegtggtg aaaaaagcegt accagaaact gtgttacata 480
caccatatta tgggcaaagt gcccgacgca tgcaccgcat gegatctggt gaacgtcgac 540
ctcgacgatt gcatttttga acagtaa 567

<210> SEQ ID NO 20

<211> LENGTH: 187

<212> TYPE: PRT

<213> ORGANISM: adeno-associated virus 2
<400> SEQUENCE: 20

Phe Glu His Gln Gln Pro Leu Gln Asp Arg Met Phe Lys Phe Glu Leu
1 5 10 15

Thr Arg Arg Leu Asp His Asp Phe Gly Lys Val Thr Lys Gln Glu Val
20 25 30

Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val Glu His
35 40 45

Glu Phe Tyr Val Lys Lys Gly Gly Ala Lys Lys Arg Pro Ala Pro Ser
50 55 60

Asp Ala Asp Ile Ser Glu Pro Lys Arg Val Arg Glu Ser Val Ala Gln
65 70 75 80

Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp Arg Tyr
Gln Asn Lys Cys Ser Arg His Val Gly Met Asn Leu Met Leu Phe Pro
100 105 110

Cys Arg Gln Cys Glu Arg Met Asn Gln Asn Ser Asn Ile Cys Phe Thr
115 120 125

His Gly Gln Lys Asp Cys Leu Glu Cys Phe Pro Val Ser Glu Ser Gln
130 135 140

Pro Val Ser Val Val Lys Lys Ala Tyr Gln Lys Leu Cys Tyr Ile His
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145 150

155 160

His Ile Met Gly Lys Val Pro Asp Ala Cys Thr Ala Cys Asp Leu Val

165

170 175

Asn Val Asp Leu Asp Asp Cys Ile Phe Glu Gln

180

<210> SEQ ID NO 21

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 21

gaccggatgt tcaaatttga actcacccge
aagcaggaag tcaaagactt ttteceggtygyg
gaattctacyg tcaaa

<210> SEQ ID NO 22

<211> LENGTH: 45

<212> TYPE: PRT

<213> ORGANISM: adeno-associated

<400> SEQUENCE: 22

185

virus 2

cgtetggate atgactttgg gaaggtcacc

gcaaaggatc acgtggttga ggtggagcat

virus 2

Asp Arg Met Phe Lys Phe Glu Leu Thr Arg Arg Leu Asp His Asp Phe

1 5

10 15

Gly Lys Val Thr Lys Gln Glu Val Lys Asp Phe Phe Arg Trp Ala Lys

20

25 30

Asp His Val Val Glu Val Glu His Glu Phe Tyr Val Lys

35 40

<210> SEQ ID NO 23

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 23

gatcgtatgt ttaagttcga gttgactegg
aaacaggagg tgaaggactt ctttagatgg
gagttttatyg tgaag

<210> SEQ ID NO 24

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 24

aaatgttcte gtcacgtggg catgaatcetyg
atgaatcaga attcaaatat ctgcttcact
cecegtgteag aatcet

<210> SEQ ID NO 25

<211> LENGTH: 45

<212> TYPE: PRT

<213> ORGANISM: adeno-associated

<400> SEQUENCE: 25

45

virus 2

cggcetggace acgatttegg caaagtgacg

gecaaggace acgtggtgga ggtcgagcac

virus 2

atgctgttte cctgcagaca atgcgagaga

cacggacaga aagactgttt agagtgettt

virus 2

Lys Cys Ser Arg His Val Gly Met Asn Leu Met Leu Phe Pro Cys Arg

1 5

10 15

60

120

135

60

120

135

60

120

135
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Gln Cys Glu Arg Met Asn Gln Asn Ser Asn Ile Cys Phe Thr His Gly

20

25 30

Gln Lys Asp Cys Leu Glu Cys Phe Pro Val Ser Glu Ser

35 40

<210> SEQ ID NO 26

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 26

aagtgctcaa ggcatgtegg gatgaaccty
atgaaccaga acagcaacat ttgttttacc
ceggtecageyg agtcea

<210> SEQ ID NO 27

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 27

caaccegttt ctgtegtcaa aaaggegtat
ggaaaggtge cagacgcettyg cactgectge
atctttgaac aataa

<210> SEQ ID NO 28

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: adeno-associated

<400> SEQUENCE: 28

45

virus 2

atgctgttee catgecgeca gtgegagege

cacgggcaga aggattgcct ggaatgettce

virus 2

cagaaactgt gctacattca tcatatcatg

gatctggtca atgtggattt ggatgactge

virus 2

Gln Pro Val Ser Val Val Lys Lys Ala Tyr Gln Lys Leu Cys Tyr Ile

1 5

10 15

His His Ile Met Gly Lys Val Pro Asp Ala Cys Thr Ala Cys Asp Leu

20

25 30

Val Asn Val Asp Leu Asp Asp Cys Ile Phe Glu Gln

35 40

<210> SEQ ID NO 29

<211> LENGTH: 135

<212> TYPE: DNA

<213> ORGANISM: adeno-associated
<400> SEQUENCE: 29

cageeggtgt cegtggtgaa gaaagectac

gggaaagtce ccgatgectyg taccgcatge

attttcgage agtaa

virus 2

caaaagctgt gttacatcca ccacattatg

gacctggtga acgttgacct cgacgactge

60

120

135

60

120

135

60

120

135

1-42. (canceled)

43. A recombinant nucleotide sequence encoding a chi-

meric protein,

b) wherein the recombinant nucleotide sequence com-

prises a scrambled polynucleotide sequence encoding

said wild type AAV Rep inhibitory amino acid sequence.

a) wherein the encoded chimeric protein

i) comprises wild type AAV Rep inhibitory amino acid
sequence selected from the group consisting of SEQ
ID NO:22, SEQ ID NO:25, and SEQ ID NO:28, and

ii) has Rep-mediated nuclease activity, and

wherein

44. The recombinant nucleotide sequence of claim 43,

1) said scrambled polynucleotide sequence encoding said
wild type SEQ ID NO:22 comprises SEQ ID NO:23,



US 2014/0155469 Al

i1) said scrambled polynucleotide sequence encoding said

wild type SEQ ID NO:25 comprises SEQ ID NO:26, and

iii) said scrambled polynucleotide sequence encoding said

wild type SEQ ID NO:28 comprises SEQ ID NO:29.

45. The recombinant nucleotide sequence of claim 43,
wherein said scrambled polynucleotide sequence comprises a
deoptimized AAV Rep inhibitory nucleotide sequence.

46. An expression vector comprising the recombinant
nucleotide sequence of claim 43.

47. A recombinant adeno-associated virus (rAAV) com-
prising the recombinant nucleotide sequence of claim 43.

48. The recombinant adeno-associated virus (rAAV) of
claim 47, wherein the rAAV is infectious.

49. The recombinant adeno-associated virus (rAAV) of
claim 48, wherein the infectious rAAV is replication compe-
tent.

50. The recombinant adeno-associated virus (rAAV) of
claim 49, wherein the replication competent rAAV is produc-
tive.

51. The recombinant adeno-associated virus (rAAV) of
claim 47, wherein the rAAV is produced by a permissive cell
at substantially the same copy number as the copy number of
a control AAV that lacks expression of AAV Rep protein.

52. The recombinant adeno-associated virus (rAAV) of
claim 47, wherein the rAAV is characterized by site-specific
integration into adeno-associated virus integration site 1
(AAVSI) sequence.

53. The recombinant adeno-associated virus (rAAV) of
claim 47, wherein the rAAV expresses Rep78 protein SEQ ID

Jun. 5, 2014

NO:04 at a reduced level compared to the level expressed by
a control hybrid virus that comprises wild type amino acid
sequence SEQ ID NO:20 that is encoded by the wild type
AAV Rep inhibitory nucleotide sequence listed as SEQ ID
NO:17.

54. The recombinant adeno-associated virus (rAAV) of
claim 47, wherein the rAAV is a hybrid virus that comprises
at least a portion of a heterologous virus genome sequence.

55. The recombinant adeno-associated virus (rAAV) of
claim 54, wherein the heterologous virus is selected from the
group consisting of adenovirus, herpes simplex virus, retro-
virus, lentivirus, and baculovirus.

56-60. (canceled)

61. A method for producing a recombinant adeno-associ-
ated virus (tAAV) particle, comprising

a) providing an expression vector comprising the recom-

binant nucleotide sequence of claim 43,

b) providing an adeno-associated virus (AAV) packaging

cell, and

c) transfecting the packaging cell with the expression vec-

tor to produce a recombinant adeno-associated virus
(rAAV).

62-65. (canceled)

66. A method for reducing one or more symptoms of dis-
ease in a mammalian subject, comprising administering a
therapeutically effective amount of the vector of claim 46 to a
mammalian subject in need of the therapy.

67-71. (canceled)



