
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2014/0155469 A1 

US 2014O155469A1 

Bahou et al. (43) Pub. Date: Jun. 5, 2014 

(54) ADENO-ASSOCIATED-VIRUS REP (52) U.S. Cl. 
SEQUENCES, VECTORS AND VIRUSES CPC ........................................ CI2N 9/22 (2013.01) 

USPC ... 514/44 R:536/23.1; 435/320.1; 435/235.1 
(75) Inventors: Wadie F. Bahou, Setauket, NY (US); 

Patrick Hearing, St. James, NY (US); 
Varsha Sitaraman, Mineola, NY (US) (57) ABSTRACT 

(73) Assignee: THE RESEARCH FOUNDATION OF 
STATE UNIVERSITY OF NEW The invention provides adeno-associated virus (AAV) repli 
YORK, Albany, NY (US) cation (Rep) sequences. In one embodiment, the invention 

rovides nucleotide sequences encoding a chimeric protein, 
(21) Appl. No.: 14/112,703 E. the encoded E. protein SN a R type 
(22) PCT Filed: Apr. 19, 2012 AAV Rep inhibitory amino acid sequence, and wherein the 

nucleotide sequences contain a scrambled and/or deopti 
(86). PCT No.: PCT/US12A34247 mized polynucleotide sequence encoding the wild type AAV 

Rep inhibitory amino acid sequence. The invention provides 
S371 (c)(1), vectors, cells, and viruses containing the inventions 
(2), (4) Date: Nov. 19, 2013 sequences. Also provided are methods for detecting portions 

O O of the AAV Rep inhibitory amino acid sequence, which 
Related U.S. Application Data reduce replication and/or infection and/or productive infec 

(60) Provisional application No. 61/476,858, filed on Apr. tion by viruses. The invention’s compositions and methods 
19, 2011. are useful for site-specific integration and/or expression of 

heterologous sequences by recombinant adeno-associated 
Publication Classification virus (ra AV) vectors and by ra AV virus particles, such as 

hybrid viruses (e.g., Ad-AAV) comprising Such vectors. The 
(51) Int. Cl. inventions compositions and methods find application in, for 

CI2N 9/22 (2006.01) example, gene therapy and/or vaccines. 



Patent Application Publication 

Rep78 coding ORF 
Wild-type 
Scrambled 

Jun. 5, 2014 Sheet 1 of 28 

Codon pair bias Score 
-0.043 
-0.117 

- Deoptimized -0.443 - 
b) 

Rep-flag 

GAPDH 

s 
3. 

3.s 
2. 5. 

5 

. s 

0 a. 
CMW-SC 

SC 

rflag CMV-wtRep78Flag CMW-Deoptflag 

FIGURE 1 

US 2014/O155469 A1 

  

  

  

  

  

  



Patent Application Publication Jun. 5, 2014 Sheet 2 of 28 US 2014/O155469 A1 

dRep or sRep Figure 2 

Ad/Rep 

AdIAAV/PF4/BDD 

Ad/AAV/PF4/BDD excisional monomer AdiAAVIPF4/BD) excisional dimer 

B C. 
SR S. S. So S. SQ oS &2 & gy Q& & 92 & S. & ye NS S s' Sg 3. $g g S CN s 

* . . . . . . is a d" 
D - see ... s. use . g . D 
M) r as: ass as as M 

:- 

Dox - - - - - - 

  



Patent Application Publication Jun. 5, 2014 Sheet 3 of 28 US 2014/O155469 A1 

T le 

II. 
Ad/Rep IV. A 

Ad/Rep IV Ad/Rep III Ad/Rep 1 Ad/Rep II 

2 10 2 10 2 10 210 Kb Day 

In 2.0 

to 10 

Figure 3 

    

  

  



Patent Application Publication Jun. 5, 2014 Sheet 4 of 28 US 2014/O155469 A1 

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

AAGGGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACG 
GGTGCGCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACG 
CAGACAGGTACCAAAAC (SEQID NO:01) 

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

KGGAKKRPAPSDADISEPKRVRESVAQPSTSDAEASINYADRYON (SEQID NO:02) 

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

AAGGGGGGGGCCAAAAAGCGCCCTGCACCTTCCGACGCCGACATTTCCGAGCCAAAGAG 
AGTGCGTGAGAGTGTGGCCCAACCCTCCACCAGTGATGCCGAGGCCTCCATTAATTATG 

CCGACCGCTATCAGAAT (SEQID 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 (SEQID NO:01): 

AAGGGCGGAGCGAAAAAGAGACCCGCCCCTAGCGACGCCGACATTAGCGAACCGAAACG 
CGTACGCGAATCCGTTGCGCAACCGTCAACCTCCGACGCCGAAGCGT CAATCAATTACG 

CCGATAGGTACCAGAAT (SEQID NO:09) 

E. Wild type AAV Rep inhibitory nucleotide sequence SEQID 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 sequen ce (SEQID NO:01) is underlined 

TTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGAACT CACCCGCCGT 
CTGGATCATGACTTTGGGAAGGT CACCAAGCAGGAAGTCAAAGACTTTTTCCGGTGGGCA 
AAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAAAAAGGGTGGAGCCAAGAAA 
AGACCCGCCCCCAG GACGCAGATATAAGTGAGCCCAAACGGGTGCGCGAGTCAGT 
CAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAGGTACCAAAACAAA 
TGTTCTCGTCACGTGGGCATGAATCTGATGCGTTTCCCTGCAGACAATGCGAGAGAATG 
AATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGCT CCC 
GTGTCAGAATCTCAACCCGTTTCTGTCGT CAAAAAGGCGTACAGAAACTGTGCTACATT 
CATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTCAATGTGGAT 
TGGATGACTGCATCTTTGAACTATATATA 

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

F E H Q Q. P L Q DR Met FKF E L T R R L DHD F GK V T K Q EV KD 
F F R W A KDH V V E V E HE FY V K K G G A K K R P A P S D A DIS 
EP K R V RES V A Q. P S T S D A E A SI NY AD R Y QN KC S R H VG 
Met NL Met LFP CR Q C E R Met N Q. N S N C F THG QKD CLEC 
F P V S E S Q. P V S V V K KAY Q. KLCY I H H I Met GK V P D ACT A 
CD L V N V D LDDC IF EQ 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 
AAGGACCACGTGGTGGAGGTCGAGCACGAGTTTTATGTGAAGAAGGGGGGGGCCAAAAAG 
CGCCCTGCACCTTCCGACGCCGACATTTCCGAGCCAAAGAGAGTGCGTGAGAGTGTGGCC 
CAACCCTCCACCAGTGATGCCGAGGCCTCCATTAATTATGCCGACCGCTATCAGAATAAG 
TGCTCAAGGCATGTCGGGATGAACCTGATGCTGTTCCCATGCCGCCAGTGCGAGCGCATG 

AACCAGAACAGCAACATTTGTTTTACCCACGGGCAGAAGGATTGCCTGGAATGCTTCCCG 
GTCAGCGAGTCACAGCCGGTGTCCGTGGTGAAGAAAGCCTACCAAAAGCTGTGTTACATC 
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 
CTCGACCACGACTTCGGAAAGGGACTAAGCAGGAGGTGAAAGACTTTTTTCGGTGGGCG 
AAAGACCATGTGGTCGAGGTCGAGCACGAGTTTTACGTGAAAAAGGGCGGAGCGAAAAAG 
AGACCCGCCCCTAGCGACGCCGACATTAGCGAACCGAAACGCGTACGCGAATCCGTTGCG 
CAACCGTCAACCTCCGACGCCGAAGCGT CAATCAATTACGCCGATAGGTACCAGAATAAG 
IGCTCTAGACACGTGGGGATGAATCTGATGCTGTTTCCCTGTAGACAGTGCGAGCGTATG 
AACCAGAACTCGAACATTTGCTTTACCCACGGACAGAAAGACTGTCTCGAATGCTTTCCC 
GTGTCCGAATCGCAACCCGTTAGCGTGGTGAAAAAAGCGTACCAGAAACTGTGTTACATA 
CACCATATTATGGGCAAAGTGCCCGACGCATGCACCGCATGCGATCTGGTGAACGTCGAC 
CTCGACGATTGCATTTTTGAACAGTAA 

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

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGaGCATCTGCC 
CGGCATTTCTGACAGCTTT GTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAG 
ATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTG 
CAGCGCGACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTT 
TGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCG 
GGGTGAAATCCATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAAAACTGATTCAG 
AGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAG 
AAATGGCGCCGGAGGCGGGAACAAGGTGGTGGATGAGTGCTACATCCCCAATTACTTGC 
TCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTATTTAAGC 
GCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTC 
GCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCA 
GATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTGGACAAGGGGATT 
ACCTCGGAGAAGCAGTGGATCCAGGAGGACCAGGCCTCATACATCTCCTTCAATGCGGC 
CTCCAACTCGCGGTCCCAAATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCC 
TGACTAAAACCGCCCCCGACTACCTGGTGGGCCAGCAGCCCGTGGAGGACATTTCCAGC 
AATCGGATTTATAAAATTTTGGAACTAAACGGGTACGATCCCCAATATGCGGCTTCCGT 
CTTTCTGGGATGGGCCACGAAAAAGTTCGGCAAGAGGAACACCATCTGGCTGTTTGGGC 
CTGCAACTACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACACTGTGCCCTTCTAC 
GGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGGT 
GATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCGTGGAGTCGGCCAAAGCCATTC 
TCGGAGGAAGCAAG GTGCGCGTGGACCAGAAATGCAAGTCCTCGGCCCAGATAGACCCG 
ACTCCCGTGATCGT CAC CTCCAACACCAACATGTGCGCCGTGATTGACGGGAACT CAAC 
GACCTTCGAACACCAGCAGCCGTTGCAAACCGGATGTTCAAATTTGAACT CACCCGCCG 
TCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGACTTTTTCCGGTGGG 
CAAAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAAA 
AAGGGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACG 
GGTGCGCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACG 
CAGACAGGTACCAAAAC 
AAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAATGCGAGAG 
AATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGCT 
TTCCCGTGTCAGAATCT CAACCCGTTTCTGT, CGT CAAAAAGGCGTATCAGAAACTGTGC 
TACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTCAA 
TGTGGATTTGGATGACTGCATCTTTGAACAATAA 

FIGURE 5 
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A. Scrambled AAV Rep78 nucleotide sequence sRep78 (SEQID NO:06). 
Sequence of the exemplary scrambled AAV Rep inhibitory nucleotide sequence 
(SEQ ID NO:07), which corresponds to the 135-bp wild type AAV Rep 
inhibitory nucleotide sequence (SEQID NO:01) is in italics: 

AIGCCCGGATTCTACGAAATCGTCATCAAAGTGCCCTCTGACTTGGATGAACACCTGCCGGGGA 
TCAGCGATTCTTTCGTCAATTGGGTCGCGGAGAAAGAGTGGGAACTTCCCCCCGACTCGGACAT 
GGACCTGAACTTAATCGAGCAAGCCCCGCTGACGGGGCGGAGAAACTG CAGCGGGACTTTCTG 
ACCGACTGGACGCGCGTATCGAAAGCGCCCGAACCTTTGTTTTTCCTCCAGTTCGAGAAGGGGG 
AGTCCTACTTTCATAT, GCATGTGTTGGTGGAGACTACGGGAGTGAAGAGTATGGTGCTAGGGAG 
GTTTCTGTCGCAAATAAGAGAGAAGCTGATCCAGCGGATATACCGTGGCATTGAGCCCACCCTT 
CCCAATTGGTTTGCCGTGACCAAAACTCGTAACGGAGCAGGGGGGGGAAATAAAGTCGTCGACG 
AGTGCTATATTCCGAACTAC CTCTTGCCCAAGACGCAGCCCGAATTGCAGTGGGCCTGGACCAA 
CATGGAGCAATACCTGTCAGCGTGCCT CAACTTGACCGAAAGAAAGAGACTCGTGGCCCAGCAC 
CTGACCCATGTCT CACAGACCCAGGAACAGAAAAGGAAAACCAAAACCCAAATAGCGACGCCC 
CCGTGATACGGAGCAAGACCAGCGCTCGCTACATGGAGTTAGTGGGATGGTTGGTGGATAAAGG 
AATCACGTCTGAGAAACAATGGATTCAGGAGGACCAGGCGTCCTACATTAGTTTTAACGCCGCG 
TCAAATAGCAGATCTCAGATTAAAGCCGCGCTCGATAACGCCGGCAAAATCATGTCGCTGACCA 
AGACAGCTCCCGACTAC CTGGTGGGACAGCAGCCGGTGGAGGACATCTCTTCTAACCGTATCTA 
CAAGATCCTtGAGTTGAATGGCTACGACCCACAGTACGCCGCCTCAGTGTTTCTGGGCTGGGCA 
ACCAAGAAATTTGGGAAACGCAATACGATTTGGCTGTTCGGACCCGCCACCACTGGTAAG ACTA 
ATATTGCCGAGGCGATCGCACATACCGTTCCGTTTTACGGATGCGTGAATTGGACTAACGAAAA 
TTTCCCCTTTAATGATTCCGTCCACAAGATGGTTATTTGGTGGGAGGAAGGAAAGATGACTGCG 
AAAGTGGTGGAATCCGCTAAGGCTATCTGGGGGGGTCGAAAGTTCGGGTCGACCAGAAGTGCA 
AATCGTCCGCGCAGATTGACCCCACCCCCGTGATTGTGACGTCAAATACTAATATGTGIGCGGT 
CATCGATGGCAATAGCACCACTTTCGAA CATCAGCAACCCCTCCAGGATCGTATGTTTAAGTTC 
GAGTTGACTCGGCGGCTGGACCACGATTTCGGCAAAGTGACGAAACAGGAGGTGAAGGACTTCT 
TTAGATGGGCCAAGGACCACGTGGTGGAGGTCGAGCACGAGTTTTATGTGAAG 
AAGGGGGGGGCCAAAAAGCGCCCTGCACCTTCCGACGCCGACATTTCCGAGCCAA AGAGAGTGC 
GTGAGAGTGTCCCCCAACCCTCCACCAGTGATGCCGAGGCCTCCATTAATTATGCCGACCGCTA 
TCAGAAT 
AAGIGCTCAAGGCATGTCGGGATGAACCTGAIGCTGITCCCATGCCGCCAGGCGAGCGCATGA 
ACCAGAACAGCAA CATTTGTTTTACCCACGGGCAGAAGGATTGCCTGGAATGCTTCCCGGTCAG 
CGAGTCACAGCCGGTGTCCGTGGTGAAGAAAGCCTACCAAAAGCTGTGTTACATCCACCACATT 
ATGGGGAAAGTCCCCGATGCCTGTACCGCATGCGACCTGGTGAACGTTGACCTCGACGACTGCA 
TTTTCGAGCAGTAA 

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

ATGCCCGGGTTTTACGAGATCGTGATTAACGTCCCATCCGATCTCGACGAGCATCTGCCCGGGA 
TIAGCGATTCGTTCGTGAATTGGGTCGCCGAAAAGGAGTGGGAGTTGCCCCCCGATAGCGATAT 
GGACCTGAATCTGATCGAGCAGGCCCCCCTTACCGTCGCCGAGAAACTGCAACGCGATTTCTTG 
ACCGAGTGGAGACGCGTGAGTAAGGCCCCCGAAGCCCTGTTTTCGTGCAATTTGAAAAGGGCG 
AGTCATACTTTCATATGCACGTGTTGGTCGAGACTACCGGCGTTAAGTCTATGGTGCTCGGACG 
GTTTCTGTCACAGATACGCGAAAAACTGATCCAGCGTATCTATCGCGGAATCGAGCCAACCCTA 
CCGAATTGGTTCGCCGTTACGAAGACCCGTAACGGCGCCGGGGGGGGGAATAAGGTGGTCGACG 

AGTGCTATATCCCTAACTATCTGTTACCGAAAACGCAACCCGAGTTGCAGTGGGCCTGGACTAA 
CATGGAGCAATACTTGTCCGCATGCCTGAATCTGACCGAACGCAAACGGTTGGTCGCCCAGCAT 
CTGACACACGTGAGTCAGACCCAGGAGCAGAATAAGGAGAATCAGAATCCGAACTCCGACGCCC 
CCGTGAACGGTCTAAGACTAGCGCTAGGTATAGGAGTTCGTCCCGTGGTTGGTCGACAAGGG 
GATTACCTCCGAGAAACAGTGGATCCAGGAGGACCAGGCGTCATACATTTCGTTTAACGCCGCA 
TCGAACTCACGGTCACAGATTAAGGCCGCACTCGACAACGCCGGTAAGATTATGAGTCTGACTA 
AGACCGCCCCCGATTACTTAGTGGGACAGCAACCCGTCGAGGACATTTCGAGTAATCGGATTTA 
CAAAATCCTCGAa. CTTAACGGATACGACCCCCAATACGCCGCTAGCGTGTTTCTGGGGTGGGCG 
ACTAAGAAATTCGGAAAGCGTAATACGATTTGGTTGTTCGGACCCGCTACGACCGGCAAAACGA 
ATATCGCCGAAGCGATCGCGCATACCGTGCCATTCTACGGGTGCGTGAATTCGACGAACGAGAA 

CTTTCCGTTTAACGATTGCGTCGACAAGATGGTGATTTGGTGGGAGGAGGGAAAGATGACCGCT 
AAGGTGGTCGAGTCCGCGAAAGCGATTCTGGGGGGGTCTAAG GTGAGAGTCGACCAGAAGTGTA 
AGTCTT.cgGCTCAGATCGATCCGACCCCCGTGATCGTGACCTCTAACACTAACATCTGCGCCGT 
GATCGACGGGAATTCGACACGTTCGAACACCAGCAGCCATTGCAGGACCGTATGTTCAAATT 

GAACIGACTAGGAGACTCGACCACGACTTCGGAAAGGTGACTAAGCAGGAGGTGAAAGACTTTT 
TTCGGTGGGCGAAAGACCATGTGGTCGAGGTCGAGCACGAGTTTTACGTGAAA 
AAGGGCGGAGCGAAAAAGAGACCCGCCCCTAGCGACGCCGACATTAGCGAACCGAAACGCGTAC 
GCGAATCCGTTGCGCAA CCGTCAACCTCCGACGCCGAAGCGICAATCAATTACGCCGATAGGTA 
CCAGAAT 
AAGTGCTCTAGACACGTGGGGATGAATCTGATGCTGTTTCCCTGTAGACAGTGCGAGCGTATGA 
ACCAGAACTCGAACATTTGCTTTACCCACGGACAGAAAGACTGTCTCGAaTGCTTTCCCGTGTC 
CGAATCGCAACCCGTTAGCGTGGTGAAAAAAGCGTACCAGAAACTGTGTTACATACACCATAT 
ATGGGCAAAGTGCCCGACGCATGCACCGCATGCGATCTGGTGAACGTCGACCTCGACGATT GCA 
TTTTTGAACAGTAA 

FIGURE 7 (sheet 2 of 2) 
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Schematic representation of the 138-nt IEE (SEQID NO:11) showing YY1 and Rep 
binding sites, a putative upstream stimulating factor (USF)-binding site, and a TATA box 
(Philpottet al. (2002) A p5 integration efficiency element mediates Rep-dependent 
integration into AAVS1 at chromosome 19. Proc. Natl. Acad, Sci, USA 99:12381). 
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CGAATTC, ACCASG CACCGTAAASC canaranacacoccoaterocar. 
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gaagct Caaa 
gggtCttgttg 
gCCgg toala C 
CCaCag C9ga 

CCttaaagaa 
gagggitt Ctt 
gagg CCGgta 
CCag CagcCt 
tgaCCCCCag 
gCCta CaggC 
ttCct cqgga 
CaCCC gala CC 
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ADENO-ASSOCATED-VIRUS REP 
SEQUENCES, VECTORS AND VIRUSES 

0001. This application claims priority under 35 U.S.C. 
S119(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 AI41636, 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 (ra AV) vectors and by ra AV virus particles, such as 
hybrid viruses (e.g., Ad-AAV) comprising Such vectors. The 
inventions 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 (AAVs) ability for 
site-specific integration (SSI) into chromosome 19 AAVS1. 
Although the AAVRep78 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 
SEQID 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 SEQID NO:20. 
0009. In one embodiment, 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 SEQID NO:18. In a more preferred 
embodiment, the portion of SEQID 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 SEQID 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 (ra AV) 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 ra AV is 
replication competent. Yet more preferably (though not nec 
essarily) the replication competent ra AV 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 
(AAVS1) sequence. In alternative embodiments, the rAAV 
expresses at least a functional portion of 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 ID 
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 (ra AV) 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 SEQID 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 ID 
NO:17, and iii) a host cell that is permissive for the virus, b) 
transfecting i) 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 c) 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 of the 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, SEQID NO:24 and SEQID 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 SEQID 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 i) 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 c) 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 SEQID NO:17 comprises 
SEQID NO:01. In a further embodiment, the portion of SEQ 
ID NO:17 comprises one or more of SEQID NO:01, SEQID 
NO:21, SEQID NO:24 and SEQID NO:27. 
0016 Further provided by the invention is a method for 
producing a recombinant adeno-associated virus (ra AV) 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 (ra AV). 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 (ra AV). 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 (ra AV) 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 (AAVITR). 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 wildtype 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 
SEQID 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 SEQID NO:25 comprises SEQID NO:26. In a further 
embodiment, the Scrambled polynucleotide sequence encod 
ing the wild type SEQID NO:28 comprises SEQID 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 (ra AV) 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 ra AV is replication competent. In a 
particular embodiment, the replication competent ra AV is 
productive. In yet another 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 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 ID 
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 
U.S. 

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 (ra AV) 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 (ra AV) 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 (ra AV). In a particular embodiment, the 
method further comprises detecting the presence of the pro 
duced recombinant adeno-associated virus (ra AV). In a fur 
ther embodiment, the method further comprises isolating the 
produced recombinant adeno-associated virus (ra AV). 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 (ra AV) 
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 (AAVITR). 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 witRep78, Scr 
Rep78 and Deopt Rep78 ORFs, expressed under a CMV 
promoter. Levels of GAPDH serve as loading controls. c) 
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 it 1359: 
Sandalon, 2000 #1379. —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); p5IEE (135bp) and AAVTR 
(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 lug/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 lug 
Hirt DNA/lane, using the -800 bp DIG labeled PF4/BDD 
junction fragment as probe. plM45 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 HeLa-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 HEK293 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 I, Ad/Rep II, Ad/Rep III, Ad/Rep IV) with the DNA 
double digested with DpnI/SbfI 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 (SEQID 
NO:07), which corresponds to the 135-bp wildtype AAV Rep 
inhibitory nucleotide sequence (SEQID NO:01), (D) Deop 
timized AAV Rep inhibitory nucleotide sequence (SEQ ID 
NO:09), which corresponds to the 135-bp wildtype AAV Rep 
inhibitory nucleotide sequence (SEQ ID NO:01), (E) Wild 
type AAV Rep inhibitory nucleotide sequence SEQID NO: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 (SEQID 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 (SEQID NO:19), which cor 
responds to the 564-bp wild type AAV Rep inhibitory nucle 
otide sequence SEQID 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 (SEQID NO:05) of AAV wild type Rep68 protein 
(GenBank protein id="AAC0377.4.1, dbXref=GI:2906017. 
0032 FIG. 7: (A) Scrambled AAV Rep78 nucleotide 
sequence sRep78 (SEQID NO:06). Sequence of the exem 
plary scrambled AAV Rep inhibitory nucleotide sequence 
(SEQID NO:07), which corresponds to the 135-bp wild type 
AAV Rep inhibitory nucleotide sequence (SEQID NO:01) is 
in italics. (B) Deoptimized AAV Rep78 nucleotide sequence 
dRep78 (SEQID NO:08). Sequence of the exemplary deop 
timized AAV Rep inhibitory nucleotide sequence (SEQ ID 
NO:09), which corresponds to the 135-bp wildtype AAV Rep 
inhibitory nucleotide sequence (SEQID NO:01) is in italics. 
0033 FIG. 8: Genome organization of AAV (Merten-O-W 
et al. 2005:12:S51-61). 
0034 FIG. 9: Adenovirus genome (Alba et al. Gene 
Therapy 2005:12:S18-27). 
0035 FIG.10: Alignments of skep78 (S) (SEQID NO:06) 
and dRep78 (D) (SEQID NO:08) with witRep78 (W) (SEQ 
ID NO:03). 
0036 FIG. 11: Schematic representation of the 138-nt IEE 
(SEQ ID NO:11) showing YY 1 and Rep-binding sites, a 
putative upstream stimulating factor (USF)-binding site, and 
a TATA box (Philpottet al. (2002) A p5 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 SEQID 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 SEQID 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 SEQID 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 skep. (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 (SEQID 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 ID NO:28), 
Scrambled nucleotide sequence (SEQ ID NO:29). D. Seg 
ment 12: 135 bp sequence: bp 1782-1916 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 (SEQID NO:07). 
0041 FIG. 16. Polynucleotide sequences encoding wild 
type AAV Rep inhibitory amino acid sequence. A. Segment 
11 scrambled nucleotide sequence (SEQID NO:23). B. Seg 
ment 13 scrambled nucleotide sequence (SEQID NO:26). C. 
Segment 14 scrambled nucleotide sequence (SEQ ID 
NO:29). D. Segment 12 scrambled 135 bp nucleotide 
sequence (SEQID 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. 
0.045 "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 
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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 AAVITR. 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 
a change in a nucleic acid sequence oramino acid sequence in 
which one or more nucleotides oramino 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 oranamino 
acid sequence results from the replacement of one or more 
nucleotides oramino 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, DNAStarTM 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. 
0.058 “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 a reference codon, refers to a first 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 a first 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. For instance, in humans, the Alacodon GCC is used four 
times as frequently as the synonymous codon GCG (Coleman 
et al. (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 SEQID NO:17 or SEQID 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/ 
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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 SEQID 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 SEQID NO:02.” (FIG. 4 panel B) wherein the refer 
ence nucleotide sequence is the wildtype AAV Rep inhibitory 
nucleotide sequence listed as SEQID NO:17 (FIG. 4E, FIG. 
12, FIG. 13) and/or SEQID 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 SEQID 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 IOK 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. 1b). 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 SEQID 
NO:19 (FIG. 4H) and/or SEQ ID NO:09 (FIG. 4 panel D, 
FIG. 7 panel B), and that encodes wildtype AAV Rep inhibi 
tory amino acid sequence listed as SEQID NO:20 (FIG. 4F) 
and/or SEQID 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 96 to 1%, more preferably from Zero 96 to 0.5%, and 
most preferably from Zero 96 to 0.05%, when compared to the 
number of particles of a second virus in the same sample. 
0069. The term “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 refer to 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 wildtype 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) lacksadenovirus E1 gene coding sequence and adenovirus 
E2a gene coding sequence, and/or (e) lacks adenovirus E1 
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 
a productive 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 (SEQID 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., apathologic 
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 AAVS1 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 (p5IEE). 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 
AAVS1 sites may be accomplished using an AAV ITR 
flanked transgene and the Rep protein intrans (McLaughlinet 
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 
AAVS1 sites may be accomplished using the IEE in cis to the 
transgene, and the Rep protein in trans (Philpottet al. (2002) 
A p5 integration efficiency element mediates Rep-dependent 
integration into AAVS1 at chromosome 19. Proc. Natl. Acad. 
Sci. USA 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. 

I0081 AAVS1 and “adeno-associated virus integration 
site 1” sequence interchangeably refer to the well-character 
ized sequence on the q arm of chromosome 19 (19q13.3.qter). 
(Wanget 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). 
I0082 “AAV p5IEE' 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 p5IEE is exemplified by the 138-nt IEE (SEQ 
ID NO:11) (FIG. 11) (Philpottet al. (2002) Proc. Natl. Acad. 
Sci. USA 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. The term “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 
is used to infer a causal significance of this varied one or more 
factors. 

I0085. 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 inventions 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 
CaSC. 

I0086. “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 
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risk based on family history, genetic factors, environmental 
factors, etc. This term includes animal models of the disease. 
I0087. 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 
Zoa, nematodes, fungus, etc. 
I0088. 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). 
I0089. 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 
at least 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 
tions 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 (or in 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. The terms “alter” and “modify” whenin 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, 50.250.3, 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 
such as 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 SSI although 
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. 
0.095 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/Scrand 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 in the 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 arts 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 
ofra AV 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 (ra AV) vectors and by ra AV virus particles, such as 
hybrid viruses (e.g., Ad-AAV) comprising Such vectors. The 
inventions 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 arts 
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 titer, 
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 (r.AAV) 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 
Adbackbone. 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 1865bp 
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 
tions 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 
inventions 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. 
01.07 “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. 
0.108 AAV is exemplified 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 



US 2014/O 155469 A1 

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 (q13.3.qter) 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 SEQID 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 AAV2 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 AAVS1 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., ra AV 
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 AAVTR, in the pres 
ence of either Rep68 or Rep78, is sufficient for site-specific 
viral DNA integration. Alternatively, the AAVTR 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 AAVTR is derived from AAV2 strain and is exemplified 
by the 145-bp sequence 5'-ttggccactic cctetctg.cg cgctcgctcg 
Ctcactgagg CC9ggcgaCC aaaggtegCC C2acgCCCgg gCtttgcCCg 
ggcggCCtca gtgagcgagc gagcgc.gcag agagggagg gccaacticca 
tcactagggg ttcct-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 
AAVITR 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 SEQID 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; Bursteinet 
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) that has one or more Rep activity exemplified 
by site-specific DNA binding, helicase activity, and site-spe 
cific endonuclease activity. 
0116 'AAVRep 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 alantitrypsin 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., ra AV, and hybrid AAV), and cells containing 
one or more these sequences) encoding a chimeric protein, a) 
wherein the encoded chimeric proteini) comprises at least a 
portion of wildtype AAV Rep inhibitory amino acid sequence 
listed as SEQID NO:20 (i.e., the 564-bp DNA sequence from 
bp 1623 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 SEQID NO:20 and/or SEQID 
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., ra AV 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., ra AV 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. 
0.124 Yet a further advantage of the invention’s AAV 
nucleotide and amino acid sequences, as well as vectors, 
viruses (e.g., ra AV 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 AAVITR 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. 
0.125. Another advantage of the invention’s AAV nucle 
otide and amino acid sequences, as well as vectors, viruses 
(e.g., ra AV 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. 
0.126 Data herein 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., ra AV 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 ra AV, 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 ra AV production, versus only Rep68/ 
78 expression needed for integration. 
I0128 Production of a ra AV 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 AAVITR 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 AAVs ability to site-specifically integrate with 
the large transgene size of a larger virus. 
0129. In one 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 
useful in genetherapy (including genetransfer for monogenic 
disorders such as hemophilia, and polygenic disease such as 
cancer) and vaccines. 
O130 
I0131 The inventions 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) ii. 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., ra AV 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 
SEQID NO:02. 
0.137 Without intending 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 SEQID NO:07 (FIG. 4 panel C and FIG. 7 panel A). 
0.138. 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 SEQID NO:09 (FIG.4 panel D, FIG. 7 panel B) and/or 
portion thereof. 
0.139. 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 SEQID 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 
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tity to the wild type AAV Rep inhibitory nucleotide sequence 
listed as SEQID NO:17 and/or SEQID NO:01. 
0140. In a particular embodiment, the invention’s AAV 
nucleotide and amino acid sequences, as well as vectors, 
viruses (e.g., ra AV 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 iii. 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., ra AV 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., ApoAI, ApoAIV. ApoE. etc.); 
lipoprotein lipase (LPL); the tumor-suppressing genes (e.g., 
p53, Rb, Rap1A, 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 wildtype 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 alpha1-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 (Kipper 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. In some 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 C.1 antitrypsin. The 
FDA has approved clinical trials for gene therapy using ear 
lier generation ra AV 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., ra AV 
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. 

1mmunogen, 0151. The terms “antigen, 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 ID 
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 AMOMLKETI (SEQ 
ID NO:14; WO 2010/051820A1), HIV Pol protein antigen, 
HIV Nef protein antigen, malaria circumsporozite protein 
(CSP) antigen, malaria CSP T cell epitope (SEQ ID 
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), 
Ephrin A2 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, fowlpox 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. In some embodiments, the inventions 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 proteini) 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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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 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. In a particular 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 inventions 
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 
a promoter 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. 
0.165 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 T5 phage promoter, and tetracycline inducible 
promoters. In a 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 12L promoter, the 13L pro 
moter, the 15L promoter, the 17L promoter, the 28-kD pro 
moter, the H1L promoter, the H3L promoter, the H5L pro 
moter, the H6L promoter, the H8L promoter, the D11L 
promoter, the D12L promoter, the D13L promoter, the A1L 
promoter, the A2L 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 et al., 
Eds. Raven Press, p. 2090 (1990). Additional constitutive 
promoters include the human U1-1 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., ra AV, 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 proteini) comprises at 
least a portion of wild type AAV Rep inhibitory amino acid 
sequence listed as SEQID NO:20 (i.e., encoded by the 564 
bp DNA sequence from bp 1623 to bp 2186 of the AAV2 
genome) and/or SEQID 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 inventions ra AV 
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 
rAAV 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 ra AV vector and sequences encod 
ing packaging components, and producingra AV 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, ra AV virus preparations can be further 
processed to purify (i.e., enrich for) ra AV particles and/or 
otherwise render them suitable for administration to a subject. 
See Atkinsonetal. 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 
throughputtitering 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 inventions recombinant 
viruses (e.g., ra AV, and hybrid AAV viruses) comprise a 
heterologous polynucleotide sequence operably linked to a 
first AAVIIR. In a particular embodiment, heterologous poly 
nucleotide sequence is flanked by the first AAV ITR and by a 
Second AAV ITR. 
0.174. In yet another embodiment, the invention’s recom 
binant viruses (e.g., ra AV, and hybrid AAV viruses) further 
comprise a nucleic acid sequence encoding AAV Cap 
0.175. In particular embodiments, the inventions recom 
binant viruses (e.g., ra AV, 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/skep78 (containing a scrambled Rep78 sequence) and 
clone p Ad/dRep78 (containing a deoptimized Rep78 
sequence), that formed CPE in transfected HEK 293 packag 
ing cells (Example 3). 
0177. In another example, the inventions infectious 
viruses are replication competent. Data herein demonstrate 
productive infection that generated infectious virus that is 
replication competent, using clone pAd/skep78 (containing a 
scrambled Rep78 sequence) and clone p Ad/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/skep78 (containing a 
scrambled Rep78 sequence) and clone p Ad/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/AAVFVIII 
(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 SEQID 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 (“ra AV) 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 
ofra AV requires AAVITR flanked transgene. AAV Rep and 
Capgenes and helper virus. ra AV 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 ra AV 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 ra AV vectors 
expressing the Cystic Fibrosis Transmembrane Conductance 
Regulator (ra AV2-CFTR) (Flotte (1996) Hum. Gene Ther: 
7:1145-1159; Flotte et al. (2003) Hum Gene Ther 14(11): 
1079-1088), ra AV2-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), ra AV2-hRPE65v2 vectors for expression of RPE65 in 
the treatment of Leber's congenital Amaurosis (LCA) (Ben 
nicelli et al. (2008) Mol Ther 16(3):458–465), ra AV vector 
CERE-20 expressing the neurotrophic factor Neurturin 
(NTN) to protect against the degeneration of dopaminergic 
neurons associated with Parkinson's disease, andra AV2 vec 
tor expressing all antitrypsin for all 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) ii. Hybrid Viruses 
0185. In another embodiment, the inventions 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 Hearinget 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 
inventions 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 
US 

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), P7A (ATCC VR 827), IBH 2A (ATCCVR 828), J2A 
(ATCCVR 829), T8A (ATCCVR 830), and K11 (ATCCVR 
921) strains, or else the strains designated as ATCCVR 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 195203. Human adenoviruses, of 
which there greater than fifty (50) serotypes are known in the 
art, are also contemplated, including Ad2. Ad3, Ada, Ad5. 
Ad11, Ad 14, Ad7, Ad9, Ad 12, Ad 16, Ad17, Ad21, Ad26, 
Ad34, Ad35, Ad 40, AdA8, Ad49, Ad50 (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 (Ad5). 
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 185573, Levrero et al., Gene 101 (1991) 195; Le 
Galla 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. 
L19443). 
0.190 Adenovirus vectors have been used in gene therapy, 
particularly cancer therapy. e.g., vector ONYXO15 (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 
(Shoffet 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). 
0.192 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 E1a, E1b, E2a, 
E2b, E3 and E4. The E1a 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); E.2b 
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 inventions AE1 AE3 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 Us). Each of 
these sequences are flanked by inverted terminal repeat 
sequences—with U flanked by Terminal Repeat (TR) and 
Internal Repeat (IR) and Us being flanked by IRs and TRs. 
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). 
0.197 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 I) 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 
CV. 

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. In another 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. The rAAV 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 ra AV 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. ra AV) 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 ra AV 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 ra AV) 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. ra AV 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. In one embodiment to packagingra AV vectors in an 
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. The terms “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 
an undesirable 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 



US 2014/O 155469 A1 

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 Inventions 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 SEQID NO:17 and/or SEQID 
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, SEQID NO:18 and/or SEQID 
NO:07 and/or portion thereof). In a second embodiment, the 
method utilizes a portion of the wildtype AAV Rep inhibitory 
nucleotide sequence listed as SEQID NO:17 and/or SEQID 
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 SEQID NO:17 and/or SEQID NO:01, and iii) a host 
cell that is permissive for the virus, b) transfecting i) 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 (wit3) 
Rep (FIG. 3A) produced in Example 5, with S (wit3) 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 wildtype 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 SEQID 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 wildtype 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 i) 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 inventions methods are exemplified by the 
virus produced in Example 5, with S (wt 1.2) Rep (FIG.3A) in 
which a 555bp 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/skep78 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 (ra AV) 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 proteini) 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 SEQID NO:02), and/or portion thereof, b) providing 
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an adeno-associated virus (AAV) packaging cell, and c) trans 
fecting the packaging cell with the expression vector to pro 
duce a recombinant adeno-associated virus (ra AV). 
0231. In one embodiment, the method further comprises 
detecting the presence of the produced recombinant adeno 
associated virus (ra AV). 
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, ra AV 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. 
I. Exemplary Applications of the Invention's Compositions 
for Expression of Nucleotide Sequences (e.g., in Gene 
Therapy and/or Vaccine Applications) 
0234. The inventions compositions (such as AAV nucle 
otide sequences, vectors, viruses (e.g., ra AV 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., ra AV 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 AAVITR). The mammalian subject includes, with 
out limitation, a subject that has a disease and a subject at risk 
of disease. 
0235. In one example, one or more of the invention’s com 
positions (such as AAV nucleotide sequences, vectors, 
viruses (e.g., ra AV 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 inventions 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 inventions 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 
W1US. 

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 ra AV 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", 5x10' and 
on some occasions 1x10" particles (Carter, U.S. Pat. No. 
7,785,888). 
0244. In one 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 ra AV 
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 
a mammalian 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 US97/103,134. 
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 aerosols 
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 
inventions 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 
inventions 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 ra AV 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 SbfI 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, II, III and IV was designed using 
algorithms described in the art (Coleman et al., Science 320: 
1784 (2008). S (wit3) Rep contains wild type Rep sequences 
from AAV2 bp 1623 to 2186. S (wt 1.2) Rep contains 
scrambled Rep sequences from AAV2 bp 1623 to 2186. The 
constructs shown in FIG.3 delimit the 135bp 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-tTS 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 puCScrand puCDeopt in 
place of wild-type, to construct pTROTS-Scrand 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 (wit3) 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 SbfI and 
Swal and inserted into the pTROTS backbone, making 
pTROTS-Scr(wt2). Similarly, puCScr(wit3) was constructed 
by excision of AAV2 bp 1623 to bp 2186 of wild-type Rep 
(wit3) from pTROTS-wt and ligation into similarly digested 
pUCScr, resulting in puCScr(wit3). The entire Rep coding 
ORF was then swapped into pTROTS backbone, resulting in 
pTROTS-Scr(wit3). Similarly, shuttle vectors for construction 
of Ad/Rep78-I 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 witRep78 ORF. 
0258 phul Scr and phul Deopt have the Scrambled and 
Deoptimized Rep constructs respectively, expressed under an 
hul promoter. A left end shuttle vector carrying the hu1 
promoter and SV40 poly A was constructed by digestion of 
the cassette from pcDNA3-hul polyA (17) by flanking Xbal 
restriction sites and cloned in place of the pCMV-EGFP-Neo 
cassette in pAd/AAV-EGFP-Neo, generating plTR-packag 
ing-hul polyA-3330. Unique BglII and HindIII restriction 
enzyme sites lay between the hul promoter and the poly A 
sequence. The Scrambled Rep78 ORF was PCR amplified 
from puCScrand inserted into the BglII site in the vector, and 
the orientation checked by sequencing. phul Deopt was con 
structed by PCR amplification of the Deoptimized ORF from 
pUCDeopt and introduced into the BglII HindIII double 
digested vector backbone. 
0259 For the construction of a shuttle vector for 
Ad/AAVFVIII, 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 Not 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. Pful Jltra 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 WTAdenoviral genome and was obtained 
from Transgene, S.I (Strasbourg, France). Details of cloning 
from Pat. 
0261 Positive clones were transformed into DH5O. cells to 
scale up production. Ad/AAVfVIII alone was electroporated 
into SURE electroporation competent cells (Stratagene, 
USA) as DH5O. cells were found to be unsuitable for main 
tenance of the intact AAV ITR. Transformed clones were 
confirmed by restriction digestion. 
0262 5ug of viral DNA was linearized and used to trans 
fect 80% confluent 6 cm plates of FMK 293 packaging cells 
using Fugene 6 (Roche, USA), following manufacturers 
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/AAVFVIII. 
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 DpnI 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 DpnI over 
night. DpnI requires dam methylated Substrates. As the trans 
fected viral DNA is of bacterial origin, DpnI 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. 



US 2014/O 155469 A1 

0266. Immunoblotting: HeLa cells in 6 well plates were 
transfected with equal amounts of pCMV-wtRep78-flag, 
pCMV-skep78r-flag, or pCMV-dRep78-flag using fugene6 
(Roche, USA) following manufacturers instructions. 48 
hours post transfection, cells were lysed using NP40 lysis 
buffer (50 mM Tris.HCl pH8.0, 150 mM NaCl, 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 IgG 
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 F5/35Aden 
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 adjacentamino acids. However, in 
nature a strong codon pair bias is found to exist, resulting in 
the disproportionate representation of some codon pairs over 

27 
Jun. 5, 2014 

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 

Viraltiters 

Virus Titer (PFU/mL x 10) 

AdsRep 9.SO - OSO 

AddRep. 9.50 - O.25 

Ads(wtl) Rep 8.13 - 0.12 

Ads(wt2) Rep 8.75- 0.25 

Ads(wtl, 2) Rep 8.13 - 0.12 

AdRep II 11.5 - 0.75 

Ad/Rep III 10.4 - 0.37 

Ad/Rep IV 9.38 - O.12 

Ad/HU1-1 isRep 7.50 - 0.75 

Ad/HU1-1/dRep 8.00 - OSO 

AdiAAVSPF4FBDD 10.5 - OSO 

Titers were calculated by serial dilution and plaque assay inHEK293 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 

28 

Putative transcription factor binding sites unique to witRep78 bp1461-1596 

21 

22 

23 

24 

25 

26 

27 

identified by TESS 

Transcription Factor 

TOO 111 
TOO 115 
TOO 686 

TOOSO 6 
TOOS25 
TO1128 

00000 

TOOO49 

c-Ets - 1 TOO112 c-Ets - 1 TOO114 c-Ets-1 54 
c-Ets-1 68 TOO684 PEA3 TOO 685 PEA3 
PEA3 

MEF1 Too519 Myf -3 Too 524 MyoD 
MyoD TO O526 MyoD Too 527 MyoD 
MyoD 

ASF-1 00000 MSN4 00000 deltaCREB 

ATF TOOOSO at f1 TOO132 c-Jun TOO163 
CREB TOO164 CREB TOO166 delta CREB TOO167 
CRE-BP1. TOO846. TREB-1 TOO942 Eiw TO1 O95 
ATF3 

TOO163 

TOOO51 
TOOO54 
TOO968 

00000 

00000 

TOO134 

TOOO74 
TOOO77 

00000 

TOOf 65 

00000 

00000 

00000 

TOO386 

TOOO29 

00000 

TOO14 O 

TOOO29 

TOO182 

TOO82O 
TO2216 
TO2217 
TO2224 

TOOO74 
TOOO77 

TOO321 

TOOO29 

TOOO29 

TOO878 

TOO 422 

CREB 

ATF TOOO52 ATF-a TOOO53 ATF-aceta 

ATF-like TOO442 47-kDa CRE bind. prot. 
ATF-1 

LRF-1 

ATF-1 

c-Jun TOO893 W- Jun 

gammacAC1 TOOO75 gammacAC2 
CACCC-binding factor 

MIG1 

SRF (504 AA) 

RC2 

GCN4 

B-factor 

HSTF 

AP-1 

HBP-1 

c-Myc 

AP-1 TOO123 c-Fos TOO133 c-Jun TOO167 
CRE-BP1. TOO989 CREB TO1313 ATF3 TO2361 
CREBloeta 

DBF4 TO O270 ETF TO O530 NC1 TOOf 94. 
TBP TOOf 98 TP TOO 817 TIIA TOO818 TFIIB 

TFIID TOO835 TMF TOO862 UBP-1 
TFIIA-alpha/beta precursor (major TO2216 
TFIIA-alpha/beta precursor (minor TO2217 
TFIIA-gamma 

gammacAC1 TOOO75 gammacAC2 
CACCC-binding factor 

GCN4 

AP-1 

AP-1 

USF2 TO2115 USF2 TO2377 USF2 

IRF1 TO O425 IRF-2 

Transcription Element Search System 

Begin 
bp no. 

97 

69 

88 

88 

33 

33 

88 

88 

66 

27 

41 

18 

67 

42 

14 

90 

88 

71. 

33 

42 

59 

67 

69 

23 

33 

45 

326 

Sequence 

SMGGAWGY 

GTCAGTTG 

ACGTCA 

ACGTCA 

TGACG 

TGACGYMR 

ACGTCA 

ACGTCA 

CGAGTCAG 

GGGTG 

CCCCAG 

ATATA 

AAGACC 

GAGTCA, 

TATAAGT 

AGAAA 

GTCA 

ACGTCA 

CAGTTG 

TGACGCA 

TATAA 

GGGTG 

GAGTCA, 

GTCA 

CCGCCCCC 

TGACGCA 

AAGTGA 
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TABLE 2 - continued 
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Putative transcription factor binding sites unique to witRep78 bp1461-1596 
identified by TESS 

Transcription Factor 

28 TO O968 ATF-1 

29 TOOOOO TREB-1 

3 O TOO354 HBP-1 TOO938 HBP-1. TO1393 HBP 
b (c1) TO1394 HBP-1a (1) TO1395 HBP-1a (c14) 
TO2789 ZIP910 

31 TOOO51 ATF TOOO52 ATF-a TOOO53 ATF-aceta 

TOOO54 ATF-like TOO442 47-kDa CRE bind. prot. 
TOO968 ATF-1 

32 TOO111 c-Ets - 1 TOO112 c-Ets - 1 TOO114 c-Ets-1 54 
TOO 115 c-EtS-1 68 TOO684 PEA3 TOO 685 PEA3 
TOO 686 PEA3 

33 Too 506 MEF1 Too519 Myf -3 Too 524 MyoD 
Too 525 MyoD TO O526 MyoD Too 527 MyoD 
TO1128 MyoD 

0272 Surprisingly, the inventors noted the lack of any 
apparent difference in the ability of Ad/sRep78 and 
Ad/dRep78 to grow inspite 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 AAVITR 
(FIG. 2A). The inventors used a first generation Ad/AAV 
carrying a single AAVITR 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/skep78 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 HeLa 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 

Transcription Element Search System 326 

Begin 
bp no. Sequence 

88 ACGTCA 

88 ACGTCA 

88 ACGTCA 

86 YKRCGTCA 

97 SMGGAWGY 

69 GTCAGTTG 

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/skep78 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 
(wt1) Rep. S (wt2) Rep, and S (wit3) 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. 
inframe. These modified constructs were then inserted down 
stream of the tetracycline inducible promoter in place of 
scrambled Rep within Ad/skep78, generating, Ad/S (wt1) 
Rep. Ad/S (wt2) Rep and Ad/S (wit3) 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 (wt 1) 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 (Table1). Ad/S (wit3) 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 (wt 1.2) 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 I, II, III 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 III and Ad/Rep IV (FIG. 
3B). Each of these infectious clones were linearized and 
transfected into 293 cells. Ad/Rep II, Ad/Rep III 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 135bp segment implicated by 
the pattern of viruses capable of replication (Ad/Rep II, 
Ad/Rep III, and Ad/Rep IV) and incapable of replication 
(Ad/Rep I), 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 (wit3) 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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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 29 

<21 Os SEQ ID NO 1 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM: adeno-associated virus 2 

<4 OOs SEQUENCE: 1 
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reverses phenotypic efficacy in haemophilic mice. Throm 
bosis and Haemostasis 100(6): 1111-1122. 

0299. 20. Chattier C, et al. (1996) Efficient Generation of 
Recombinant Adenovirus Vectors by Homologous Recom 
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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. 

aagggtggag ccaagaaaag accc.gc.ccc C agtgacgcag at at aagtga gcc.caaacgg 60 

gtgcgcgagt cagttgcgca gC catcgacg tcagacgcgg aagctt.cgat caactacgca 12O 

gacaggt acc aaaac 135 

<21 Os SEQ ID NO 2 
&211s LENGTH: 45 
212s. TYPE: PRT 
<213> ORGANISM: adeno-associated virus 2 

<4 OOs SEQUENCE: 2 

Lys Gly Gly Ala Lys Lys Arg Pro Ala Pro Ser Asp Ala Asp Ile Ser 
1. 5 1O 15 

Glu Pro Lys Arg Val Arg Glu Ser Val Ala Glin Pro Ser Thr Ser Asp 
2O 25 3 O 

Ala Glu Ala Ser Ile Asn Tyr Ala Asp Arg Tyr Glin Asn 
35 4 O 45 

<21 Os SEQ ID NO 3 
&211s LENGTH: 1865 
&212s. TYPE: DNA 
<213> ORGANISM: adeno-associated virus 2 

<4 OOs SEQUENCE: 3 

atgc.cggggit tttacgagat ttgattaag gtc.cccagcg accttgacga gCatctgc cc 60 

ggcatttctg acagotttgt galactgggtg gcc.gaga agg aatgggagtt gcc.gc.cagat 12O 

totgacatgg atctgaatct gattgagcag gCaccc.ctga cc.gtggc.cga galagctgcag 18O 

cgcgactitt C tacggaatg gcc.cgtgtgagta aggc.cc cqgaggcc.ct tttctttgttg 24 O 
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- Continued 

Glin Phe Glu Lys Gly Glu Ser Tyr Phe His Met His Val Lieu Val Glu 
85 90 95 

Thir Thr Gly Val Lys Ser Met Val Lieu. Gly Arg Phe Leu Ser Glin Ile 
1OO O5 11 O 

Arg Glu Lys Lieu. Ile Glin Arg Ile Tyr Arg Gly Ile Glu Pro Thir Lieu 
115 12 O 125 

Pro Asn Trp Phe Ala Val Thir Lys Thr Arg Asn Gly Ala Gly Gly Gly 
13 O 135 14 O 

Asn Llys Val Val Asp Glu. Cys Tyr Ile Pro Asn Tyr Lieu. Lieu Pro Llys 
145 150 155 160 

Thr Glin Pro Glu Lieu Gln Trp Ala Trp Thr Asn Met Glu Glin Tyr Lieu. 
1.65 17O 17s 

Ser Ala Cys Lieu. Asn Lieu. Thr Glu Arg Lys Arg Lieu Val Ala Glin His 
18O 85 19 O 

Lieu. Thir His Val Ser Glin Thr Glin Glu Glin Asn Lys Glu Asn Glin Asn 
195 2OO 2O5 

Pro Asn. Ser Asp Ala Pro Val Ile Arg Ser Lys Thir Ser Ala Arg Tyr 
21 O 215 22O 

Met Glu Lieu Val Gly Trp Lieu Val Asp Llys Gly Ile Thir Ser Glu Lys 
225 23 O 235 24 O 

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

Ser Asn. Ser Arg Ser Glin Ile Lys Ala Ala Lieu. Asp Asn Ala Gly Lys 
26 O 265 27 O 

Ile Met Ser Lieu. Thir Lys Thr Ala Pro Asp Tyr Lieu Val Gly Glin Glin 
27s 28O 285 

Pro Val Glu Asp Ile Ser Ser Asn Arg Ile Tyr Lys Ile Lieu. Glu Lieu. 
29 O 295 3 OO 

Asn Gly Tyr Asp Pro Glin Tyr Ala Ala Ser Val Phe Lieu. Gly Trp Ala 
3. OS 310 315 32O 

Thir Lys Llys Phe Gly Lys Arg Asn. Thir Ile Trp Lieu. Phe Gly Pro Ala 
3.25 330 335 

Thir Thr Gly Lys Thr Asn Ile Ala Glu Ala Ile Ala His Thr Val Pro 
34 O 345 35. O 

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

Cys Val Asp Llys Met Val Ile Trp Trp Glu Glu Gly Lys Met Thr Ala 
37 O 375 38O 

Llys Val Val Glu Ser Ala Lys Ala Ile Lieu. Gly Gly Ser Llys Val Arg 
385 390 395 4 OO 

Val Asp Gln Lys Cys Llys Ser Ser Ala Glin Ile Asp Pro Thr Pro Val 
4 OS 41O 415 

Ile Val Thr Ser Asn Thr Asn Met Cys Ala Val Ile Asp Gly Asn Ser 
42O 425 43 O 

Thir Thr Phe Glu. His Glin Gln Pro Leu Glin Asp Arg Met Phe Llys Phe 
435 44 O 445 

Glu Lieu. Thir Arg Arg Lieu. Asp His Asp Phe Gly Llys Val Thir Lys Glin 
450 45.5 460 

Glu Val Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val 
465 470 47s 48O 
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- Continued 

Glu. His Glu Phe Tyr Val Llys 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 
SOO 505 51O 

Ala Glin Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp 
515 52O 525 

Arg Tyr Glin Asn Lys Cys Ser Arg His Val Gly Met Asn Lieu Met Lieu 
53 O 535 54 O 

Phe Pro Cys Arg Glin Cys Glu Arg Met Asn Glin Asn. Ser Asn. Ile Cys 
5.45 550 555 560 

Phe Thr His Gly Gln Lys Asp Cys Lieu. Glu. Cys Phe Pro Val Ser Glu 
565 st O sts 

Ser Glin Pro Val Ser Val Val Lys Lys Ala Tyr Glin Llys Lieu. Cys Tyr 
58O 585 59 O 

Ile His His Ile Met Gly Llys Val Pro Asp Ala Cys Thr Ala Cys Asp 
595 6OO 605 

Lieu Val Asn. Wall Asp Lieu. Asp Asp Cys Ile Phe Glu Glin 
610 615 62O 

<210s, SEQ ID NO 5 
&211s LENGTH: 536 
212. TYPE: PRT 

<213> ORGANISM; adeno-associated virus 2 

<4 OOs, SEQUENCE: 5 

Met Pro Gly Phe Tyr Glu Ile Val Ile Llys Val Pro Ser Asp Leu Asp 
1. 5 1O 15 

Glu. His Lieu Pro Gly Ile Ser Asp Ser Phe Val Asn Trp Val Ala Glu 
2O 25 3O 

Lys Glu Trp Glu Lieu Pro Pro Asp Ser Asp Met Asp Lieu. Asn Lieu. Ile 
35 4 O 45 

Glu Glin Ala Pro Lieu. Thr Val Ala Glu Lys Lieu. Glin Arg Asp Phe Lieu. 
SO 55 6 O 

Thr Glu Trp Arg Arg Val Ser Lys Ala Pro Glu Ala Lieu. Phe Phe Val 
65 70 7s 8O 

Glin Phe Glu Lys Gly Glu Ser Tyr Phe His Met His Val Lieu Val Glu 
85 90 95 

Thir Thr Gly Val Lys Ser Met Val Lieu. Gly Arg Phe Leu Ser Glin Ile 
1OO O5 11 O 

Arg Glu Lys Lieu. Ile Glin Arg Ile Tyr Arg Gly Ile Glu Pro Thir Lieu 
115 12 O 125 

Pro Asn Trp Phe Ala Val Thir Lys Thr Arg Asn Gly Ala Gly Gly Gly 
13 O 135 14 O 

Asn Llys Val Val Asp Glu. Cys Tyr Ile Pro Asn Tyr Lieu. Lieu Pro Llys 
145 150 155 160 

Thr Glin Pro Glu Lieu Gln Trp Ala Trp Thr Asn Met Glu Glin Tyr Lieu. 
1.65 17O 17s 

Ser Ala Cys Lieu. Asn Lieu. Thr Glu Arg Lys Arg Lieu Val Ala Glin His 
18O 85 19 O 

Lieu. Thir His Val Ser Glin Thr Glin Glu Glin Asn Lys Glu Asn Glin Asn 
195 2OO 2O5 

Pro Asn. Ser Asp Ala Pro Val Ile Arg Ser Lys Thir Ser Ala Arg Tyr 
21 O 215 22O 
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- Continued 

Met Glu Lieu Val Gly Trp Lieu Val Asp Llys Gly Ile Thir Ser Glu Lys 
225 23 O 235 24 O 

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

Ser Asn. Ser Arg Ser Glin Ile Lys Ala Ala Lieu. Asp Asn Ala Gly Lys 
26 O 265 27 O 

Ile Met Ser Lieu. Thir Lys Thr Ala Pro Asp Tyr Lieu Val Gly Glin Glin 
27s 28O 285 

Pro Val Glu Asp Ile Ser Ser Asn Arg Ile Tyr Lys Ile Lieu. Glu Lieu. 
29 O 295 3 OO 

Asn Gly Tyr Asp Pro Glin Tyr Ala Ala Ser Val Phe Lieu. Gly Trp Ala 
3. OS 310 315 32O 

Thir Lys Llys Phe Gly Lys Arg Asn. Thir Ile Trp Lieu. Phe Gly Pro Ala 
3.25 330 335 

Thir Thr Gly Lys Thr Asn Ile Ala Glu Ala Ile Ala His Thr Val Pro 
34 O 345 35. O 

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

Cys Val Asp Llys Met Val Ile Trp Trp Glu Glu Gly Lys Met Thr Ala 
37 O 375 38O 

Llys Val Val Glu Ser Ala Lys Ala Ile Lieu. Gly Gly Ser Llys Val Arg 
385 390 395 4 OO 

Val Asp Gln Lys Cys Llys Ser Ser Ala Glin Ile Asp Pro Thr Pro Val 
4 OS 41O 415 

Ile Val Thr Ser Asn Thr Asn Met Cys Ala Val Ile Asp Gly Asn Ser 
42O 425 43 O 

Thir Thr Phe Glu. His Glin Gln Pro Leu Glin Asp Arg Met Phe Llys Phe 
435 44 O 445 

Glu Lieu. Thir Arg Arg Lieu. Asp His Asp Phe Gly Llys Val Thir Lys Glin 
450 45.5 460 

Glu Val Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val 
465 470 47s 48O 

Glu. His Glu Phe Tyr Val Llys 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 
SOO 505 51O 

Ala Glin Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp 
515 52O 525 

Arg Lieu Ala Arg Gly. His Ser Lieu. 
53 O 535 

<210s, SEQ ID NO 6 
&211s LENGTH: 1866 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 6 

atgc.ccggat t citacgaaat cqt catcaaa gtgcc ct cto acttggatga acacctg.ccg 6 O 

gggat.ca.gcg attctitt.cgt caattgggtc gcggagaaag agtgggaact tcc.ccc.cgac 12 O 

tcggacatgg acctgaactt aatcgagcaa goccc.gctga C9gtggcgga gaalactgcag 18O 

cgggactitt C taccgagtg gaggcgcgta t caaag.cgc ccgaagctitt gtttitt.cgt.c 24 O 
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<4 OOs, SEQUENCE: 9 

aagggcggag caaaaagag accc.gc.ccct 

gtacgcgaat ccgttgcgca accgt caacc 

gatagg tacc agaat 

<210s, SEQ ID NO 10 
&211s LENGTH: 145 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated 

<4 OOs, SEQUENCE: 10 

ttggcc actic cct citctg.cg cqct cqct cq 

cgacgc.ccgg gctittgc.ccg ggcggcct Ca 

38 

- Continued 

agcgacgc.cg acattagcga accgaaacgc 

tcc.gacgc.cg aagcgtcaat caattacgc.c 

virus 2 

Ctcactgagg ccgggcgacc aaaggtogCC 

gtgagcgagc gag.cgc.gcag agagggagtg 

gccaactic catcactagggg titc ct 

<210s, SEQ ID NO 11 
&211s LENGTH: 14 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 11 

gtggagtcgt gacgtgaatt acgt.catagg gttagggagg to Ctgtatt a gaggt cacgt. 

gagtgttittg cga cattttg cacaccatg tdgtcacgct ggg tatttaa gCC cagtga 

gcacgcaggg tot coattitt 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 12 

Glu Tyr Lieu. Asn Lys Ile Glin Asn Ser Leu Ser Thr Glu Trp Ser Pro 
1. 5 1O 15 

Cys Ser Val Thr 
2O 

<210s, SEQ ID NO 13 
&211s LENGTH: 24 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 13 

Asn Ala Asn. Pro Asn Ala ASn Pro Asn Ala ASn Pro Asn Ala ASn Pro 
1. 5 1O 15 

Asn Ala Asn. Pro Asn Ala ASn Pro 
2O 

<210s, SEQ ID NO 14 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

6 O 

12 O 

135 

6 O 

12 O 

145 

6 O 

12 O 

14 O 
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- Continued 

tgct Caaggc atgtcgggat galacctgatg Ctgttcc cat gcc.gc.ca.gtg cgagcgcatg 360 

alaccagaaca gcaa.catttgttt tacccac gggcagalagg attgcctgga atgct tcc.cg 42O 

gtcagdgagt cacago.cggit gtc.cgtggtg aagaaagcct accaaaagct gtgttacat C 48O 

Caccacatta tigggaaagt ccc.cgatgcc titaccgcat gcgacctggit gaacgttgac 54 O 

citcgacgact gcatttitcga gcagtaa 567 

<210s, SEQ ID NO 19 
&211s LENGTH: 567 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 19 

acgttcgaac accagcagcc attgcaggac cqtatgttca aatttgaact gaCtaggaga 6 O 

Ctcgaccacg actitcggaaa ggtgactaag Caggaggtga aagacttittt toggtgggcg 12 O 

aaagac catg tdgtcgagglt c.gagcacgag titttacgtga aaaagggcgg agcgaaaaag 18O 

agaccc.gc.cc ctagdgacgc cga cattagc galaccgaaac gcgtacgcga atc.cgttgcg 24 O 

Calaccgtcaa cct Cogacgc cgaag.cgt.ca atcaattacg ccgataggta C cagaataag 3OO 

tgct ct agaic acgtggggat gaatctgatg Ctgttt C cct gtaga cagtg cgagcgt atg 360 

aaccagaact cqaacatttg Ctttacccac ggacagaaag actgtct cqa atgctitt coc 42O 

gtgtc.cgaat cqcaac cc.gt tagcgtggtg aaaaaag.cgt accagaaact gtgttacata 48O 

Caccat atta tiggcaaagt gcc.cgacgca to accgcat gcgatctggit gaacgt.cgac 54 O 

citcgacgatt gcatttittga acagtaa 567 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 1.87 
212. TYPE: PRT 

<213> ORGANISM; adeno-associated virus 2 

<4 OOs, SEQUENCE: 2O 

Phe Glu. His Glin Gln Pro Leu Glin Asp Arg Met Phe Llys Phe Glu Lieu. 
1. 5 1O 15 

Thir Arg Arg Lieu. Asp His Asp Phe Gly Llys Val Thir Lys Glin Glu Val 
2O 25 3O 

Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val Glu. His 
35 4 O 45 

Glu Phe Tyr Val Llys Lys Gly Gly Ala Lys Lys Arg Pro Ala Pro Ser 
SO 55 6 O 

Asp Ala Asp Ile Ser Glu Pro Lys Arg Val Arg Glu Ser Val Ala Glin 
65 70 7s 8O 

Pro Ser Thir Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp Arg Tyr 
85 90 95 

Gln Asn Lys Cys Ser Arg His Val Gly Met Asn Lieu Met Leu Phe Pro 
1OO 105 11 O 

Cys Arg Glin Cys Glu Arg Met Asin Glin Asn. Ser Asn. Ile Cys Phe Thr 
115 12 O 125 

His Gly Gln Lys Asp Cys Lieu. Glu. Cys Phe Pro Val Ser Glu Ser Glin 
13 O 135 14 O 

Pro Val Ser Val Val Llys Lys Ala Tyr Glin Llys Lieu. Cys Tyr Ile His 
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145 150 

43 

- Continued 

155 160 

His Ile Met Gly Llys Val Pro Asp Ala Cys Thr Ala Cys Asp Lieu Val 
1.65 17O 17s 

Asn Val Asp Lieu. Asp Asp Cys Ile Phe Glu Glin 
18O 

<210s, SEQ ID NO 21 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated 

<4 OOs, SEQUENCE: 21 

gaccggatgt toaaatttga act caccc.gc 

alagcaggaag ticaaagacitt ttt Coggtgg 

gaattic tacg tdaaa 

<210s, SEQ ID NO 22 
&211s LENGTH: 45 
212. TYPE: PRT 

<213> ORGANISM; adeno-associated 

<4 OOs, SEQUENCE: 22 

185 

virus 2 

cgtctggatc atgactittgg galagg to acc 

gcaaaggat.c acgtggttga ggtggagcat 

virus 2 

Asp Arg Met Phe Llys Phe Glu Lieu. Thir Arg Arg Lieu. Asp His Asp Phe 
1. 5 1O 15 

Gly Llys Val Thr Lys Glin Glu Val Lys Asp Phe Phe Arg Trp Ala Lys 
25 3O 

Asp His Val Val Glu Val Glu. His Glu Phe Tyr Val Lys 
35 4 O 

<210s, SEQ ID NO 23 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated 

<4 OOs, SEQUENCE: 23 

gatcgitatgt ttaagttcga gttgacticgg 

aaac aggagg talaggactt Ctttagatgg 

gagttt tatgtgaag 

<210s, SEQ ID NO 24 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated 

<4 OOs, SEQUENCE: 24 

aaatgttct c gtcacgtggg catgaatctg 

atgaat caga attcaaatat ctoctitcact 

cc.cgtgtcag aatct 

<210s, SEQ ID NO 25 
&211s LENGTH: 45 
212. TYPE: PRT 

<213> ORGANISM; adeno-associated 

<4 OOs, SEQUENCE: 25 

45 

virus 2 

cggctggacc acgattt C9g caaagtgacg 

gccaaggacc acgtggtgga ggit cagcac 

virus 2 

atgctgtttic cctgcagaca atgcgagaga 

cacggacaga aagactgttt agagtgctitt 

virus 2 

Lys Cys Ser Arg His Val Gly Met Asn Lieu Met Lieu. Phe Pro Cys Arg 
1. 5 1O 15 

6 O 

12 O 

135 

6 O 

12 O 

135 

6 O 

12 O 

135 
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- Continued 

Gln Cys Glu Arg Met Asn Glin Asn Ser Asn Ile Cys Phe Thr His Gly 
2O 25 3O 

Glin Lys Asp Cys Lieu. Glu. Cys Phe Pro Val Ser Glu Ser 
35 4 O 45 

<210s, SEQ ID NO 26 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated virus 2 

<4 OOs, SEQUENCE: 26 

aagtgcticaa ggcatgtcgg gatgalacctg atgctgttcc catgcc.gc.ca gtgcgagcgc 6 O 

atgalaccaga acagdaac at ttgttttacc cacgggcaga aggattgcct ggaatgctt C 12 O 

ccggtcagcg agt ca 135 

<210s, SEQ ID NO 27 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated virus 2 

<4 OOs, SEQUENCE: 27 

caac cc gttt ctdtcgtcaa aaaggcgitat cagaaactgt gctacattca toatat catg 6 O 

ggaaaggtgc Cagacgcttg cactgcctgc gatctggtca atgtggattt ggatgactgc 12 O 

atctittgaac aataa 135 

<210s, SEQ ID NO 28 
&211s LENGTH: 44 
212. TYPE: PRT 

<213> ORGANISM; adeno-associated virus 2 

<4 OOs, SEQUENCE: 28 

Glin Pro Val Ser Val Val Llys Lys Ala Tyr Glin Llys Lieu. Cys Tyr Ile 
1. 5 1O 15 

His His Ile Met Gly Llys Val Pro Asp Ala Cys Thr Ala Cys Asp Lieu. 
2O 25 3O 

Val Asn Val Asp Lieu. Asp Asp Cys Ile Phe Glu Glin 
35 4 O 

<210s, SEQ ID NO 29 
&211s LENGTH: 135 
&212s. TYPE: DNA 
<213> ORGANISM; adeno-associated virus 2 

<4 OOs, SEQUENCE: 29 

Cagc.cggtgt CC9tggtgaa gaaagcctac Caaaagctgt gttacatcca C cacatt atg 6 O 

gggaaagt cc ccgatgcctg taccgcatgc gacctggtga acgttgacct cacgactgc 12 O 

attitt.cgagc agtaa 135 

1-42. (canceled) b) wherein the recombinant nucleotide sequence com 
43. A recombinant nucleotide sequence encoding a chi- prises a scrambled polynucleotide sequence encoding 

meric protein, said wildtype 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 wherein 

44. The recombinant nucleotide sequence of claim 43, 

ID NO:22, SEQID NO:25, and SEQ ID NO:28, and i) said Scrambled polynucleotide sequence encoding said 
ii) has Rep-mediated nuclease activity, and wild type SEQID NO:22 comprises SEQID NO:23, 
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ii) said Scrambled polynucleotide sequence encoding said 
wildtype SEQIDNO:25 comprises SEQID NO:26, and 

iii) said Scrambled polynucleotide sequence encoding said 
wild type SEQID NO:28 comprises SEQID 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 (ra AV) com 
prising the recombinant nucleotide sequence of claim 43. 

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

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

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

51. The recombinant adeno-associated virus (ra AV) 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 (ra AV) of 
claim 47, wherein the rAAV is characterized by site-specific 
integration into adeno-associated virus integration site 1 
(AAVS1) sequence. 

53. The recombinant adeno-associated virus (ra AV) of 
claim 47, whereinther AAV expresses Rep78 protein SEQID 
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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 (ra AV) 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 (ra AV) 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 (rAAV) 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) 


