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(57) ABSTRACT 

The present invention provides genetically-engineered par 
vovirus capsids and viruses designed to introduce a heter 
ologous gene into a target cell. The parvoviruses of the 
invention provide a repertoire of vectors with altered anti 
genic properties, packaging capabilities, and/or cellular tro 
pisms as compared with current AAV vectors. 
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VIRUS VECTORS AND METHODS OF MAKING 
AND ADMINISTERING THE SAME 

RELATED APPLICATION INFORMATION 

0001. This application is a divisional of co-pending U.S. 
patent application Ser. No. 10/205,942, filed Jul. 26, 2002, 
which is a divisional of U.S. patent application Ser. No. 
09/438,268, filed Nov. 10, 1999 (now U.S. Pat. No. 6,491, 
907), which claims the benefit of U.S. Provisional Applica 
tion Ser. No. 60/107.840, filed Nov. 10, 1998, and Ser. No. 
60/123.651, filed Mar. 10, 1999, which are incorporated 
herein by reference in their entireties. 

STATEMENT OF FEDERAL SUPPORT 

0002 This invention was made, in part, with government 
support under grant numbers DK42701 and 5-32938 0-110 
from the National Institutes of Health. The United States 
government has certain rights to this invention. 

FIELD OF THE INVENTION 

0003. The present invention relates to virus vectors, in 
particular, modified parvovirus vectors and methods of 
making and administering the same. 

BACKGROUND 

0004 Parvoviruses are small, single-stranded, non-envel 
oped DNA viruses between twenty to thirty nanometers in 
diameter. The genomes of parvoviruses are approximately 
5000 nucleotides long, containing two open reading frames. 
The left-hand open reading frame codes for the proteins 
responsible for replication (Rep), while the right-hand open 
reading frame encodes the structural proteins of the capsid 
(Cap). All parvoviruses have virions with icosahedral sym 
metry composed of a major Cap protein, usually the Smallest 
of the Cap proteins, and one or two minor Cap proteins. The 
Cap proteins are generated from a single gene that initiates 
translation from different start codons. These proteins have 
identical C-termini, but possess unique N-termini due to 
different initiation codons. 

0005 Most parvoviruses have narrow host ranges; the 
tropism of B19 is for human erythroid cells (Munshi et al., 
(1993) J. Virology 67:562), while canine parvovirus has a 
tropism for lymphocytes in adult dogs (Parrish et al., (1988) 
Virology 166:293; Changet al., (1992).J. Virology 66:6858). 
Adeno-associated virus, on the other hand, can replicate well 
in canine, mouse, chicken, bovine, monkey, as well as 
numerous human lines, when the appropriate helper virus is 
present. In the absence of helper virus, AAV will infect and 
establish latency in all of these cell types, suggesting that the 
AAV receptor is common and conserved among species. 
Several serotypes of AAV have been identified, including 
serotypes 1, 2, 3, 4, 5 and 6. 
0006 Adeno-associated virus (AAV) is a dependent par 
vovirus twenty nanometers in size which requires co-infec 
tion with another virus (either adenovirus or certain mem 
bers of the herpes virus group) to undergo a productive 
infection in cultured cells. In the absence of co-infection 
with helper virus, the AAV virion binds to a cellular receptor 
and enters the cell, migrating to the nucleus, and delivers a 
single-stranded DNA genome that can establish latency by 
integration into the host chromosome. The interest in AAV 
as a vector has centered around the biology of this virus. In 
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addition to its unique life-cycle, AAV has a broad host range 
for infectivity (human, mouse, monkey, dog, etc.), is ubiq 
uitous in humans, and is completely nonpathogenic. The 
finite packaging capacity of this virus (4.5 kb) has restricted 
the use of this vector in the past to small genes or cDNAs. 
To advance the prospects of AAV gene delivery, vectors 
Sufficient to carry larger genes must be developed. In addi 
tion, virions that specifically and efficiently target defined 
cell types without transducing others will be required for 
clinical application. 
0007. The capsid proteins of AAV2 are Vp 1, 2, and 3 with 
molecular weights of 87, 73, and 62 kDa, respectively. Vp3 
represents nearly 80% of the total protein in intact virions, 
while Vp1 and Vp2 represent 10% each (Muzyczka, (1992) 
Curr. Topics Microbiol. Immunol. 158:97: Rolling et al., 
(1995) Molec. Biotech. 3:9; Wistuba et al. (1997).J. Virology 
71: 1341). Early studies of AAV2 support that all three capsid 
Subunits are required to extract single stranded genomes 
from the pool of replicating double stranded DNA. These 
genomes are then sequestered into preformed immature 
particles that maturate to infectious particles. These particles 
have a density between 1.32 and 1.41 g/mL in cesium 
chloride and sediment between 60S and 125S in sucrose 
(Myers et al., (1981).J. Biological Chem. 256:567; Myers et 
al., (1980) J. Virology 35:65). 
0008 Previous mutagenesis studies of AAV2 capsids 
have shown that insertions and deletions in the Vp3 domain 
completely inhibit the accumulation of single stranded viri 
ons and production of infectious particles (Hermonat et al. 
(1984).J. Virology 51:329; Ruffing et al., (1992) J. Virology 
66:6922). Yang et al., (1998) Human Gene Therapy 9:1929, 
have reported the insertion of a sequence encoding the 
variable region of a single chain antibody against human 
CD34 at the 5' end of the AAV2 Vp1, Vp2 or Vp3 coding 
regions. These investigators observed extremely low trans 
duction of CD34 expressing KG-1 cells by AAV virions 
containing the Vp2 fusion protein (1.9 transducing units/ml 
or less, sentence spanning pages 1934-35). KG-1 cells are 
reportedly not permissive to infection by a wild-type rAAV 
vector. These results with the Vp2 fusion AAV are suspect as 
transduction of KG-1 cells by this virus was essentially 
insensitive to an anti-AAV capsid antibody (430 vs. 310 
transducing units/ml, Table 2), whereas transduction of 
HeLa cells was markedly reduced by this antibody (63.2000 
vs. <200 transducing units/ml: Table 2). No characterization 
of the putative fusion virions was undertaken to confirm that 
the particles contained the Vp2 fusion protein, the antibody 
was expressed on the capsid Surface, or that the particles 
bound CD34 proteins. In addition, ra AV particles could 
only be produced if all three wild-type capsid subunits were 
provided, in addition to the chimeric subunit (Page 1934, 
Col. 2, lines 5-12). Collectively, these results suggest the 
chimeric subunits were not incorporated into viable AAV 
particles, and the low level of chimeric protein observed in 
target cells was, in fact, due to cellular uptake of chimeric 
capsid protein or protein aggregates by other mechanisms. 
0009. Several studies have demonstrated that parvovirus 
capsid proteins can be mutated and virion assembly studied. 
In one study, the coding region for 147 amino acids of the 
hen egg white lysozyme was substituted for B19 Vp1 unique 
coding sequence. This modification resulted in purified 
empty particles that retained lysozyme enzymatic activity 
(Miyamura et al. (1994) Proc. Nat. Acad. Sci. USA 91:8507). 
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In addition, expression of peptides (9 and 13 residues) in 
B19 Vp2 resulted in empty particles that were immunogenic 
in mice Supporting Surface presentation of the insertions 
(Brown et al., (1994) Virology 198:477). In a more recent 
study, the CD8+CTL epitope (residues 118-132) against 
lymphocytic choriomeningitis virus (LCMV) nucleoprotein 
was inserted into the Vp2 capsid protein of porcine parvovi 
rus (ppv) (Sedlik et al., (1997) Proc. Nat. Acad. Sci. USA 
94:7503). This capsid protein, with the epitope cloned at the 
N-terminus, self-assembled when expressed in a baculovirus 
system. This chimeric virus-like particle was then used to 
immunize mice against a lethal challenge from LCMV. 
While these studies evaluated capsid structure and assembly, 
they did not address the issue of packaging B19 genomes 
into the altered capsids. 
0010 Recombinant (r)AAV vectors require only the 
inverted terminal repeat sequences in cis of the 4679 bases 
to generate virus. All other viral sequences are dispensable 
and may be supplied in trans (Muzyczka, (1992) Curr: 
Topics Microbiol. Immunol. 158:97). Attractive characteris 
tics of AAV vectors for gene therapy are the stability, genetic 
simplicity, and ease of genetic manipulation of this virus. 
While each of these factors remains valid, some obstacles to 
the application of ra AV vectors have recently come to light. 
These include inefficiency of vector transduction and pack 
aging constraints. It is not surprising, given the cryptic 
nature of this virus, that new insights into its biology have 
surfaced only after extensive research with ra AV vectors, 
which are more easily assayed compared with wild-type 
AAV. 

0011. With respect to the efficiency of vector transduc 
tion, several recent studies have shown great promise in 
terms of duration of transgene expression in vivo; however, 
there has been a shortfall in the efficiency of transduction, 
which was unexpected based on previous results in vitro 
(Flotte et al., (1993) Proc. Nat. Acad. Sci. USA 90:10613). 
One of the first experiments in rodents to demonstrate the 
utility of ra AV vectors in vivo was aimed at transduction of 
brain tissue in rat (Kaplitt et al., (1994) Nature Genet. 
7:148). In addition to brain, muscle has been found to be 
efficiently transduced in vivo by AAV vectors, demonstrat 
ing long term gene expression (at least 1.5 years), lack of 
immune response, and no vector toxicity (Xiao et al., (1996) 
J. Virol. 70:8098; Clark et al., (1996) Hum. Gene Ther: 
8:659; Fisher et al., (1997) Nat. Med. 3:306; Monahan et al., 
(1998) Gene Ther: 5:40). The primary steps that influence 
efficient vector delivery are virus entry and conversion of 
second strand synthesis (see Ferrari et al. (1996) J. Virology 
70:3227-34). 
0012. The overall success of AAV as a general-purpose 
viral vector depends on the ability to package larger than 
full-length AAV genomes (5 kb) into ra AV vectors. Studies 
by Dong et al., (1996) Hum. Gene Ther. 7:2101, have 
determined the packaging limitations using ra AV vectors as 
between 104% and 108%. This packaging restriction pre 
cludes the use of a number of important genes currently 
being tested for human gene therapy (e.g., the dystrophin 
gene or current mini-dystrophin constructs). 
0013. Accordingly, there remains a need in the art for 
improved virus vectors with greater packaging limits and 
transduction efficiency than AAV vectors. In addition, there 
remains a need for virus vectors with altered tropisms as 
compared with AAV vectors. 
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SUMMARY OF THE INVENTION 

0014. The present invention provides parvovirus vectors 
for introducing (i.e., delivering) and, preferably, expressing 
a nucleotide sequence in a cell. The invention is based, in 
part, on the discovery that parvovirus vectors possessing 
unique structures and characteristics as compared with cur 
rent vectors may be created by Substituting or inserting a 
foreign sequence (i.e., an exogenous amino acid sequence) 
into a parvovirus capsid. The invention further provides 
novel vectors that are generated by cross-packaging a par 
vovirus genome (preferably, an AAV genome) within a 
different parvovirus capsid. The present invention provides 
a repertoire of novel parvovirus vectors that may possess 
unique and advantageous antigenic properties, packaging 
capabilities, and cellular tropisms as compared with current 
AAV vectors. 

0015 These and other aspects of the invention are set 
forth in more detail in the description of the invention below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 shows the insertional mutagenesis strategy 
for the AAV2 capsid. A cassette containing the Kan' gene 
flanked by EcoRV and Nae I sites were cloned into the 
plasmid pAV2Cap. p AV2Cap, which contains the open 
reading frame of AAV2 capsid, was partially digested with 
Hae III, Nla IV, and Rsa I separately so that unit length 
products were isolated. The 43 positions of restriction sites 
for these enzymes are shown above the diagram of the 
capsid open reading frame. The position of the Kan' insert 
was mapped by restriction enzyme digestion and in some 
cases sequenced. Once the position was determined the Kan' 
gene was removed by EcoRV digestion, and the capsid 
domain subcloned into pACG. This strategy resulted in 
inserting a 12 base pair fragment, with half Nae I sites 
flanking a unique Eco RV site, into the respective Hae III, 
Nla IV, and Rsa I sites. The twelve base pairs code for four 
amino acids one of which is shown above the diagram of 
pACG2. 

0017 FIG. 2 shows the expression of capsid proteins in 
cells transfected with wild-type and insertion mutant helper 
plasmids of pACG2. Cell lysates from 293 cells transfected 
with 1, H2285; 2, H2634; 3, H2690: 4, N2944; 5, H2944; 6, 
H3595; 7, H4047; 8, wild-type were analyzed by acrylamide 
gel electrophoresis and immunoblotting with the B1 mono 
clonal antibody and detected by peroxidase-conjugated sec 
ondary antibody. On the left of the Western blot are the 
positions of the molecular weight standards and on the right 
are the positions of the major capsid protein, VP3 and the 
minor capsid proteins VP2 and VP1. 
0018 FIG. 3 shows expression of a Lac Z transgene in 
cells infected with insertion mutant or wild-type virus. Panel 
A. Dot blot hybridization to the Lac Z transgene. Cell lysates 
of adenovirus infected 293 cells transfected with the inser 
tion mutant or wild-type helper plasmids and the Lac Z 
transgene containing vector were Subjected to cesium chlo 
ride isopycnic gradient. Fractions from the gradient were 
treated with DNase and RNase prior to dot blotting to 
remove unpackaged nucleic acids, fraction numbers are 
labeled above the dot blot. Fraction 1 has a density range of 
1.377-1.41, fraction 2 has a density range of 1.39-1.435, and 
fraction 3 has a density range of 1.42-1.45. The B-galactosi 
dase gene was used as the control template, to estimate 
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particle numbers. Estimates of particle number where 
derived assuming 1 g of 1000 bp DNA has 9.1x10' 
molecules. Panel B. Infection of HeLa cells with 1.75x10 
particles from various insertion mutants and wild-type 
capsid containing the Lac Z transgene. Cells expressing the 
transgene appear blue when stained with X-gal. 
0.019 FIG. 4 shows characterization of the insertion 
mutants using electron microscopy. 200 uL samples of each 
virus from peak fraction of gradient were dialyzed against 
1xPBS+1 mM MgCl2 and speed-vac desiccated, then resus 
pended in 20 uL of distilled H2O. Samples were negative 
stained with 2% phosphotungstic acid. Panel A. ra AV2 with 
wild-type virion. Infectious insertion viruses H2690 (Panel 
B), and H2591 (Panel C). Non-infectious viruses H2285 
(Panel D), H2634 (Panel E) and, H3595 (Panel F). The black 
bar is 100 nm, the magnification is equivalent in each panel. 
0020 FIG. 5 presents analysis of virion composition 
from wild-type and various insertion mutant viruses isolated 
from cell lysates by cesium chloride gradient centrifugation. 
Peak fractions of virus were determined by dot blot hybrid 
ization and dialyzed against 1xPBS+1 mM MgCl2. For each, 
viral sample between 10x10 and 2.5x10° particles were 
used. Virions from 1. Wild-type rAAV2: 2. H2285; 3. 
R2349; 4. H2591; 5. H2634; 6. H2690; 7. H3766; and 8. 
N4160 were analyzed by acrylamide gel electrophoresis and 
immunoblotting with the B1 monoclonal antibody and 
detected by peroxidase-conjugated secondary antibody. On 
the left of the Western blot are the positions of the molecular 
weight standards and on the right are the positions of the 
major capsid protein, VP3 and the minor capsid proteins 
VP2 and VP1. 

0021 FIG. 6 shows the analysis of wild-type and non 
infectious insertion mutant virus batch binding to heparin 
agarose by dot blot hybridization. Viruses with wild-type 
virions and insertion in the capsids were dialysed against 
0.5xPBS and 0.5 mM MgCl. One hundred microliters of 
each virus was bound to 100 ul of heparinagarose, at room 
temperature for one hour. Samples were washed six times 
with 500 ul of wash buffer each, followed by elution with 
100 ul of 0.5, 1.0 and 1.5M NaCl each, and the supernatant 
from each wash and elution step was saved. Twenty micro 
liters of Supernatant from each step and 20 Jul of the agarose 
pellet were used for dot blot hybridization. Pairs of washes 
were combined and /so of the total volume from each pair 
was used for dot blot hybridization, while one fifth of the 
elution Supernatant and agarose bed Volumes were used. The 
100% bound was equivalent to one fifth of the virus added 
to the heparin agarose. Samples 1. ra AV2 with wild-type 
virion; 2. H2285; 3. H2416; 4. H2634; and 5. H3761. 
0022 FIG. 7 is schematic representation of the AAV2/4 
Subunit chimeras. 

0023 FIG. 8 is a diagram of the helper plasmid pAAV2/ 
B19p2Cap. The coding region of the B19 major structural 
protein, Vp2, was seamlessly cloned from AAV-Vp3 to TM. 
0024 FIG. 9 provides EM analysis of chimeric virus 
particles produced with p AAV/B19Vp2Cap. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.025 The present invention provides parvovirus vectors 
for the delivery of nucleic acids to cells, both in vitro and in 
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vivo. Alternatively, the invention provides novel capsid 
structures for use, e.g., as vaccines or for delivery of 
compounds to cells (e.g., as described by U.S. Pat. No. 
5,863,541 to Samulski et al., the disclosure of which is 
incorporated herein by reference in its entirety). The par 
vovirus vectors of the present invention utilize the advan 
tageous properties of AAV vectors, and may mitigate some 
of the problems encountered with these vectors. In particular 
embodiments, the parvovirus vectors may possess different 
or altered characteristics from AAV vectors, including but 
not limited to, antigenic properties, packaging capabilities, 
and/or cellular tropism. 
0026. The term "parvovirus' as used herein encompasses 
all parvoviruses, including autonomously-replicating par 
voviruses and dependoviruses. The autonomous parvovi 
ruses include members of the genera Parvovirus, Erythrovi 
rus, Densovirus, Iteravirus, and Contravirus. Exemplary 
autonomous parvoviruses include, but are not limited to, 
mouse minute virus, bovine parvovirus, canine parvovirus, 
chicken parvovirus, feline panleukopenia virus, feline par 
vovirus, goose parvovirus, and B19 virus. Other autono 
mous parvoviruses are known to those skilled in the art. See, 
e.g., BERNARD N. FIELDS et al., VIROLOGY, volume 2, 
chapter 69 (3d ed., Lippincott-Raven Publishers). 
0027. The genus Dependovirus contains the adeno-asso 
ciated viruses (AAV), including but not limited to, AAV type 
1, AAV type 2, AAV type 3, AAV type 4, AAV type 5, AAV 
type 6, avian AAV, bovine AAV, canine AAV, equine AAV, 
and ovine AAV. See, e.g., BERNARD N. FIELDS et al., 
VIROLOGY, volume 2, chapter 69 (3d ed., Lippincott 
Raven Publishers). 
0028. The parvovirus particles, capsids and genomes of 
the present invention are preferably from AAV. 
0029. The term “tropism” as used herein refers to entry of 
the virus into the cell, optionally and preferably, followed by 
expression of sequences carried by the viral genome in the 
cell, e.g., for a recombinant virus, expression of the heter 
ologous nucleotide sequences(s). Those skilled in the art will 
appreciate that transcription of a heterologous nucleic acid 
sequence from the viral genome may not be initiated in the 
absence of trans-acting factors, e.g., for an inducible pro 
moter or otherwise regulated nucleic acid sequence. In the 
case of AAV, gene expression from the viral genome may be 
from a stably integrated provirus, from a non-integrated 
episome, as well as any other form in which the virus may 
take within the cell. 

0030 The parvovirus vectors of the present invention are 
useful for the delivery of nucleic acids to cells both in vitro 
and in vivo. In particular, the inventive vectors may be 
advantageously employed to deliver or transfer nucleic acids 
to animal cells. Nucleic acids of interest include nucleic 
acids encoding peptides and proteins, preferably therapeutic 
(e.g., for medical or veterinary uses) or immunogenic (e.g., 
for vaccines) peptides or proteins. 
0031. A “therapeutic' peptide or protein is a peptide or 
protein that may alleviate or reduce symptoms that result 
from an absence or defect in a protein in a cell or Subject. 
Alternatively, a “therapeutic' peptide or protein is one that 
otherwise confers a benefit to a Subject, e.g., anti-cancer 
effects. Therapeutic peptides and proteins include, but are 
not limited to, CFTR (cystic fibrosis transmembrane regu 
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lator protein), dystrophin (including the protein product of 
dystrophin mini-genes, see, e.g., Vincent et al., (1993) Nature 
Genetics 5:130), utrophin (Tinsley et al., (1996) Nature 
384:349), clotting factors (Factor XIII, Factor IX, Factor X, 
etc.), erythropoietin, the LDL receptor, lipoprotein lipase, 
ornithine transcarbamylase, B-globin, C-globin, spectrin, 
C-antitrypsin, adenosine deaminase, hypoxanthine guanine 
phosphoribosyl transferase, B-glucocerebrosidase, sphingo 
myelinase, lysosomal hexosaminidase, branched-chain keto 
acid dehydrogenase, hormones, growth factors (e.g., insulin 
like growth factors 1 and 2, platelet derived growth factor, 
epidermal growth factor, nerve growth factor, neurotrophic 
factor-3 and -4, brain-derived neurotrophic factor, glial 
derived growth factor, transforming growth factor-C. and -3. 
and the like), cytokines (e.g., C.-interferon, B-interferon, 
interferon-Y, interleukin-2, interleukin-4, interleukin 12, 
granulocyte-macrophage colony stimulating factor, lympho 
toxin), Suicide gene products (e.g., herpes simplex virus 
thymidine kinase, cytosine deaminase, diphtheria toxin, 
cytochrome P450, deoxycytidine kinase, and tumor necrosis 
factor), proteins conferring resistance to a drug used in 
cancer therapy, tumor Suppressor gene products (e.g. p53, 
Rb, Wt-1, NF1, VHL, APC, and the like), and any other 
peptide or protein that has a therapeutic effect in a subject in 
need thereof. 

0032. Further exemplary therapeutic peptides or proteins 
include those that may used in the treatment of a disease 
condition including, but not limited to, cystic fibrosis (and 
other diseases of the lung), hemophilia A, hemophilia B, 
thalassemia, anemia and other blood disorders, AIDS, 
Alzheimer's disease, Parkinson's disease, Huntington's dis 
ease, amyotrophic lateral Sclerosis, epilepsy, and other neu 
rological disorders, cancer, diabetes mellitus, muscular dys 
trophies (e.g., Duchenne, Becker), Gaucher's disease, 
Hurler's disease, adenosine deaminase deficiency, glycogen 
storage diseases and other metabolic defects, retinal degen 
erative diseases (and other diseases of the eye), and diseases 
of Solid organs (e.g., brain, liver, kidney, heart). 

0033. The present invention also provides vectors useful 
as vaccines. The use of parvoviruses as vaccines is known in 
the art (see, e.g., Miyamura et al. (1994) Proc. Nat. Acad. Sci 
USA 91:8507; U.S. Pat. No. 5,916,563 to Young et al., U.S. 
Pat. No. 5,905,040 to Mazzara et al., U.S. Pat. No. 5,882, 
652, U.S. Pat. No. 5,863,541 to Samulski et al; the disclo 
sures of which are incorporated herein in their entirety by 
reference). The antigen may be presented in the parvovirus 
capsid, as described below for chimeric and modified par 
vovirus vectors. Alternatively, the antigen may be expressed 
from a heterologous nucleic acid introduced into a recom 
binant AAV genome and carried by the inventive parvovi 
ruses. Any immunogen of interest may be provided by the 
parvovirus vector. Immunogens of interest are well-known 
in the art and include, but are not limited to, immunogens 
from human immunodeficiency virus, influenza virus, gag 
proteins, tumor antigens, cancer antigens, bacterial antigens, 
viral antigens, and the like. 

0034. As a further alternative, the heterologous nucleic 
acid sequence may encode a reporter peptide or protein (e.g., 
an enzyme). Reporter proteins are known in the art and 
include, but are not limited to, Green Fluorescent Protein, 
B-galactosidase, alkaline phosphatase, chloramphenicol 
acetyltransferase, and the like. 
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0035 Alternatively, in particular embodiments of the 
invention, the nucleic acid of interest may encode an anti 
sense nucleic acid, a ribozyme (e.g., as described in U.S. Pat. 
No. 5,877,022), RNAs that effect spliceosome-mediated 
trans-splicing (Puftaraju et al., (1999) Nature Biotech. 
17:246), or other non-translated RNAs, such as “guide' 
RNAs (Gorman et al., (1998) Proc. Nat. Acad. Sci. USA 
95:4929; U.S. Pat. No. 5,869.248 to Yuan et al.), and the 
like. 

0036) Except as otherwise indicated, standard methods 
known to those skilled in the art may be used for the 
construction of ra AV genomes, transcomplementing pack 
aging vectors, transiently and stably transfected packaging 
cells according to the present invention. Such techniques are 
known to those skilled in the art. See, e.g., SAMBROOK et 
al., MOLECULAR CLONING: A LABORATORY 
MANUAL 2nd Ed. (Cold Spring Harbor, N.Y., 1989); F. M. 
AUSUBEL, et al. CURRENT PROTOCOLS IN MOLECU 
LAR BIOLOGY (Green Publishing Associates, Inc. and 
John Wiley & Sons, Inc., New York). 
1. Hybrid Viruses. 
0037. The hybrid parvovirus vectors of the present inven 
tion may overcome some of the disadvantages of AAV 
vectors for delivery of nucleic acids or other molecules to 
cells. 

0038 A “hybrid parvovirus, as used herein, is an AAV 
genome encapsidated within a different (i.e., another, for 
eign, exogenous) parvovirus capsid. Alternatively stated, a 
hybrid parvovirus has a parvovirus genome encapsidated 
within a different parvovirus capsid. As used herein, by 
“different it is intended that the AAV genome is packaged 
within another parvovirus capsid, e.g., the parvovirus capsid 
is from another AAV serotype or from an autonomous 
parvovirus. 
0039 Preferably, the parvovirus genome is an AAV 
genome (preferably a recombinant AAV genome). It is also 
preferred that the AAV genome comprises one or more AAV 
inverted terminal repeat(s) as described below. Typically, as 
described in more detail below, a recombinant AAV (rAAV) 
genome will retain only those elements required in cis (e.g., 
one or more AAV ITRs), with the rest of the genome (e.g., 
the rep/cap genes) being provided in trans. 
0040. In particular preferred embodiments the parvovirus 
capsid is an AAV capsid (i.e., a hybrid AAV vector). Accord 
ing to this embodiment, the AAV capsid packages an AAV 
genome of a different serotype (and preferably, of a different 
serotype from the one or more AAV ITRs). For example, a 
recombinant AAV type 1, 2, 3, 4, 5 or 6 genome may be 
encapsidated within an AAV type 1, 2, 3, 4, 5 or 6 capsid, 
provided that the AAV capsid and genome (and preferably, 
the one or more AAV ITRs) are of different serotypes. 
0041 Illustrative hybrid parvoviruses according to the 
present invention are an AAV type 2 genome packaged 
within an AAV type 1, 3, 4, 5 or 6 capsid. In particular 
preferred embodiments, the hybrid parvovirus comprises an 
AAV type 3, type 4, or type 5 capsid packaging an AAV type 
2 genome, more preferably, an AAV type 3 or type 5 capsid 
packaging a type 2 genome. 
0042. In other preferred embodiments, an AAV type 1, 3, 
4, 5 or 6 genome is packaged within a different AAV capsid 
(e.g., a type 1 genome in a type 2, 3, 4, 5, or 6 capsid, and 
the like). 
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0043. Also preferred are hybrid B19/AAV parvoviruses 
in which an AAV genome (e.g., an AAV type 1, 2, 3, 4, 5 or 
6 genome) is packaged within a B19 capsid. More prefer 
ably, the hybrid parvovirus has a B19 capsid and an AAV 
type 2 genome. 
0044) Further preferred are hybrid parvoviruses in which 
a mouse minute virus, bovine parvovirus, canine parvovirus, 
chicken parvovirus, feline panleukopenia virus, feline par 
vovirus, or goose parvovirus capsid packages an AAV 
genome, more preferably an AAV type 2 genome. 
0045 Specific hybrid viruses include those having the 
capsid sequence encoded by nucleotides 2123 to 4341 of 
SEQ ID NO:1. This sequence encodes the AAV2 rep genes 
and AAV4 capsid in a pBluescript backbone. It is also 
preferred that the hybrid parvovirus having the capsid 
sequence given by SEQ ID NO:1 is an AAV2 genome. 
Alternatively, the nucleotide sequence of the AAV4 capsid is 
Substantially homologous to the nucleotide sequence given 
as nucleotides 2123 to 4341 of SEQ ID NO:1. As a further 
alternative, the nucleotide sequence of the AAV4 capsid 
encodes the amino acid sequence encoded by nucleotides 
2123 to 4341 in SEQ ID NO:1. The term “substantially 
homologous' is as defined hereinbelow. 
0046) One of the limitations of current AAV vectors for 
gene delivery is the prevalence of neutralizing antibodies 
against AAV within the human population. For example, it 
is estimated that 80% of adults are seropositive for AAV type 
2. In preferred embodiments, the instant invention provides 
hybrid parvovirus vectors that may be advantageously 
employed to reduce (e.g., diminish, decrease, mitigate, and 
the like) an immune response in the Subject being treated. 
Thus, for example, a ra AV type 2 vector genome carrying 
a heterologous nucleic acid sequence or sequences may be 
packaged within an AAV type 3 capsid and administered to 
a subject who is seropositive for AAV type 2 and cannot 
neutralize AAV type 3 virus. 
0047 According to this aspect of the invention, a ra AV 
genome may be packaged within any non-homologous par 
vovirus capsid for delivery to a cell, in vitro or in vivo. In 
preferred embodiments, the AAV genome is packaged 
within an array of non-homologous capsids to overcome 
neutralizing antibodies and/or or to prevent the development 
of an immune response. In particular preferred embodi 
ments, the rAAV may be delivered within a series of hybrid 
virus particles, so as to continually present the immune 
system with a new virus vector. This strategy will allow for 
repeated administration without immune clearance. 
0.048. A further limitation encountered with AAV vectors 
concerns the cellular tropism of this virus. The wild-type 
tropism of AAV is problematic both because AAV infects a 
wide range of cell types and because it exhibits no infectivity 
in other potential target cells of interest (e.g., erythroid cells). 
Autonomous parvoviruses, in contrast, have a narrower 
cellular tropism. The tropisms of particular autonomous 
parvoviruses are known to those skilled in the art. Illustra 
tive cellular tropisms of autonomous parvoviruses include: 
B19 virus (erythroid cells), canine parvovirus (gut epithe 
lium), MVM(p) (fibroblasts); and goose parvovirus (myo 
cardial lining of the heart). Furthermore, autonomous par 
voviruses exhibit a wider range of host species than does 
AAV, which characteristic may be utilized to develop AAV 
vectors for administration to bovines, canines, felines, geese, 
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ducks, and the like, e.g., for veterinary treatments. Thus, 
cross-packaging of AAV genomes in autonomous parvovirus 
capsids according to the present invention may be utilized to 
produce a virus vector with a different cellular tropism than 
AAV. 

0049. With respect to AAV/AAV hybrids, all of the AAV 
serotypes infect a broad host range of cells. However, there 
are differences in the rates of vector transduction, Suggesting 
that the different serotypes may use different cellular recep 
tors. In addition, only limited competition is observed 
among serotypes in binding experiments, which observation 
further indicates that the different serotypes have evolved to 
use distinct receptors (Mizukami et al., (1996) Virology 
217:124). Accordingly, hybrid parvoviruses of the present 
invention that package an AAV genome in an AAV capsid of 
a different serotype also provide opportunities for delivering 
AAV vectors to a wider range of cell types than current AAV 
vectors and/or for directing AAV vectors to specific target 
cells. 

0050. In preferred embodiments, the hybrid parvovirus 
particle contains a ra AV genome. As used herein, the rAAV 
genome carries at least one heterologous nucleic acid 
sequence to be delivered to a cell. Those skilled in the art 
will appreciate that the rAAV genome can encode more than 
one heterologous nucleic acid sequence (e.g., two, three or 
more heterologous nucleic acid sequences), generally only 
limited by the packaging capacity of the virus capsid. 
Heterologous nucleic acid sequence(s) of interest for use 
according to the present invention are as described above. 

0051. As used herein, a recombinant hybrid parvovirus 
particle encompasses virus particles with hybrid, chimeric, 
targeted and/or modified parvovirus capsids as described 
hereinbelow. Moreover, those skilled in the art will under 
stand that the parvovirus capsid may include other modifi 
cations or mutations (e.g., deletion, insertion, point and/or 
missense mutations, and the like). Likewise, the rAAV 
genome may include modifications or mutations (e.g., dele 
tion, insertion, point and/or missense mutations, and the 
like). Those skilled in the art will further appreciate that 
mutations may incidentally be introduced into the rAAV 
genome or parvovirus capsid as a result of the cloning 
strategy employed. 

0052 The rAAV genome of the hybrid parvovirus pref 
erably encodes at least one AAV inverted terminal repeat 
(ITR), preferably two AAV ITRs, and more preferably two 
homologous AAV ITRs, which flank the heterologous 
nucleic acid sequence(s) to be delivered to the cell. The AAV 
ITR(s) may be from any AAV, with types 1, 2, 3, 4, 5 and 6 
being preferred, and type 2 being most preferred. The term 
“inverted terminal repeat' includes synthetic sequences that 
function as an AAV inverted terminal repeat, Such as the 
“double-D sequence” as described in U.S. Pat. No. 5,478, 
745 to Samulski et al., the disclosure of which is incorpo 
rated in its entirety herein by reference. It has been demon 
strated that only a single 165 bp double-D sequence is 
required in cis for site specific integration, replication, and 
encapsidation of vector sequences. AAV ITRS according to 
the present invention need not have a wild-type ITR 
sequence (e.g., a wild-type sequence may be altered by 
insertion, deletion, truncation or missense mutations), as 
long as the ITR functions to mediate virus packaging, 
replication, integration, and/or provirus rescue, and the like. 
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0053. In hybrid parvoviruses according to the present 
invention, the AAV ITR(s) is different from the parvovirus 
capsid. Moreover, if the capsid is an AAV capsid, the capsid 
and the ITR(s) are of different AAV serotypes. In preferred 
embodiments, the AAV ITR(s) is from AAV type 2 and the 
parvovirus capsid is an AAV type 3, 4 or 5 capsid, more 
preferably an AAV type 3 or 5 capsid. In alternate preferred 
embodiments, the hybrid parvovirus has a B19 capsid and 
the AAV ITR(s) is from AAV type 2. 
0054 The rAAV genomes of the invention may addition 
ally contain expression control elements, such as transcrip 
tion/translation control signals, origins of replication, poly 
adenylation signals, and internal ribosome entry sites 
(IRES), promoters, enhancers, and the like, operably asso 
ciated with the heterologous nucleic acid sequence(s) to be 
delivered to the cell. Those skilled in the art will appreciate 
that a variety of promoter/enhancer elements may be used 
depending on the level and tissue-specific expression 
desired. The promoter/enhancer may be constitutive or 
inducible, depending on the pattern of expression desired. 
The promoter/enhancer may be native or foreign and can be 
a natural or a synthetic sequence. By foreign, it is intended 
that the promoter/enhancer region is not found in the wild 
type host into which the promoter/enhancer region is intro 
duced. 

0.055 Promoters/enhancers that are native to the target 
cell or subject to be treated are most preferred. Also pre 
ferred are promoters/enhancers that are native to the heter 
ologous nucleic acid sequence. The promoter/enhancer is 
chosen so that it will function in the target cell(s) of interest. 
Mammalian promoters/enhancers are also preferred. 
0056 Inducible expression control elements are preferred 
in those applications in which it is desirable to provide 
regulation over expression of the heterologous nucleic acid 
sequence(s). Inducible promoters/enhancer elements for 
gene delivery are preferably tissue-specific promoter/en 
hancer elements, and include muscle specific (including 
cardiac, skeletal and/or Smooth muscle), neural tissue spe 
cific (including brain-specific), liver specific, bone marrow 
specific, pancreatic specific, spleen specific, retinal specific, 
and lung specific promoter/enhancer elements. Other induc 
ible promoter/enhancer elements include hormone-inducible 
and metal-inducible elements. Exemplary inducible promot 
erstenhancer elements include, but are not limited to, a Tet 
on/off element, a RU486-inducible promoter, an ecdysone 
inducible promoter, a rapamycin-inducible promoter, and a 
metalothionein promoter. 

0057. In embodiments of the invention in which the 
heterologous nucleic acid sequence(s) will be transcribed 
and then translated in the target cells, specific initiation 
signals are generally required for efficient translation of 
inserted protein coding sequences. These exogenous trans 
lational control sequences, which may include the ATG 
initiation codon and adjacent sequences, can be of a variety 
of origins, both natural and synthetic. 
0.058. The AAV genome of the inventive parvovirus vec 
tors may optionally include the genes that encode the AAV 
Cap and Rep proteins. In preferred embodiments, the genes 
encoding at least one of the AAV Cap proteins or at least one 
of the AAV Rep proteins will be deleted from the rAAV 
genome. According to this embodiment, the Cap and Rep 
functions may be provided in trans, e.g., from a 
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transcomplementing packaging vector or by a stably-trans 
formed packaging cell line. In more preferred embodiments, 
the genes encoding all of the AAV Cap proteins or all of the 
AAV Rep proteins will be deleted from the rAAV genome. 
Finally, in the most preferred embodiments, all of the AAV 
cap genes and all of the AAV rep genes are deleted from the 
AAV vector. This configuration maximizes the size of the 
heterologous nucleic acid sequence(s) that can be carried by 
the AAV genome, simplifies cloning procedures, and mini 
mizes recombination between the rAAV genome and the 
rep/cap packaging sequences provided in trans. 
0059. In hybrid parvoviruses according to the present 
invention, the parvovirus cap genes (if present) may encode 
the Cap proteins from any parvovirus, preferably an AAV. In 
contrast, the rep genes (if present) will typically and pref 
erably be AAV rep genes. It is further preferred that the rep 
genes and the AAV inverted terminal repeat(s) carried by the 
AAV genome are of the same serotype. Moreover, if the cap 
genes are AAV cap genes, the rep genes will preferably be 
of a different AAV serotype from the AAV cap genes. 
0060. The rep genes/proteins of different AAV serotypes 
may be evaluated for those giving the highest titer vector in 
connection with particular hybrid parvoviruses without 
undue experimentation. In particular preferred embodi 
ments, the AAV rep genes encode a temperature-sensitive 
Rep78 and/or Rep68 protein as described by Gavin et al., 
(1999) J. Virology 73:9433 (the disclosure of which is 
incorporated herein by reference in its entirety). 
0061 As described above, the Cap proteins of the hybrid 
parvovirus are different from the AAV genome (i.e., the Cap 
proteins are either from a different AAV serotype or from an 
autonomous parvovirus). In addition, as described above, 
the Cap proteins will typically and preferably be different 
from the rep genes (if present). 
0062 Accordingly, in particular preferred embodiments, 
the hybrid parvovirus has an AAV type 3, 4 or 5 capsid and 
carries an AAV type 2 genome including an AAV type 2 
ITR(s). The AAV genome may additionally include the AAV 
rep genes (preferably type 2) and AAV cap genes (prefer 
ably, AAV type 3, 4, or 5, respectively). Typically, however, 
the AAV genome will be a ra AV genome, and the rep and 
cap genes will be deleted therefrom. In an alternate preferred 
embodiment, the hybrid parvovirus has a B19 capsid and 
carries an AAV genome, more preferably an AAV type 2 
genome, including an AAV ITR(s). The AAV genome may 
optionally encode the AAV Rep proteins (preferably AAV 
type 2) and B19 capsid proteins, but preferably is a ra AV 
genome lacking these sequences. 
0063. The present invention also provides nucleotide 
sequences and Vectors (including cloning and packaging 
vectors) encoding the inventive AAV genomes and the 
parvovirus cap gene(s) and the AAV rep gene(s) for pro 
ducing the inventive hybrid parvoviruses. As described 
above, in preferred embodiments, at least one of the AAV 
rep genes or one of the AAV cap genes, more preferably all 
of the AAV rep genes and the AAV cap genes, are deleted 
from the AAV genome. The Rep and Cap functions may be 
provided in trans by packaging vector(s). Multiple packag 
ing vectors (e.g., two, three, etc.) may be employed, but 
typically and preferably all of the Rep and Cap functions are 
provided by a single packaging vector. 
0064 Cloning and packaging vectors may be any vector 
known in the art. Illustrative vectors include, but are not 
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limited to, plasmids, naked DNA vectors, bacterial artificial 
chromosomes (BACs), yeast artificial chromosomes 
(YACs), and viral vectors. Preferred viral vectors include 
AAV, adenovirus, herpesvirus, Epstein-Barr virus (EBV), 
baculovirus, and retroviral (e.g., lentiviral) vectors, more 
preferably, adenovirus and herpesvirus vectors. 

0065. The present invention also provides cells contain 
ing the inventive vectors. The cell may be any cell known in 
the art including bacterial, protozoan, yeast, fungus, plant, 
and animal (e.g., insect, avian, mammalian) cells. 
0.066 Further provided are stably-transformed packaging 
cells that express the sequences encoding the parvovirus cap 
gene(s) and/or the AAV rep gene(s) for producing the 
inventive hybrid parvoviruses. Any suitable cell known in 
the art may be employed to express the parvovirus cap 
and/or rep gene(s). Mammalian cells are preferred (e.g., 
HeLa cells). Also preferred are trans-complementing pack 
aging cell lines that will provide functions deleted from a 
replication-defective helper virus, e.g., 293 cells or other 
Ela trans-complementing cells. 

0067. In particular preferred embodiments, at least one of 
the rep genes or at least one of the cap genes, more 
preferably all of the cap genes or all of the rep genes are 
stably integrated into the genetic material of the packaging 
cell and are expressed therefrom. Typically, and most pref 
erably, all of the parvovirus cap genes and all of the AAV rep 
genes are stably integrated and expressed by the packaging 
cell. 

0068 The cap and rep genes and proteins are as described 
above with respect to hybrid AAV genomes. Thus, the 
packaging vector(s) and/or packaging cell may encode the 
cap genes from any parvovirus. Preferred are the B19, AAV 
type 3, AAV type 4 and AAV type 5 cap genes. Likewise, the 
packaging vector(s) and/or packaging cell may encode the 
rep genes from any parvovirus. Preferably, however, the rep 
genes will be AAV genes, more preferably, AAV type 2, 
AAV type 3, AAV type 4, or AAV type 5 rep genes. Most 
preferably, the rep genes are AAV type 2 rep genes. In 
particular preferred embodiments, the AAV rep sequences 
encode a temperature-sensitive Rep78 or Rep68 protein as 
described by Gavin et al., (1999) J. Virology 73:9433. 
0069. The expression of the cap and rep genes, whether 
carried by the rAAV genome, a packaging vector, or stably 
integrated into the genome of a packaging cell may be driven 
by any promoter or enhancer element known in the art, as 
described in more detail above. Preferably, the cap or rep 
genes (more preferably both) are operably associated with 
parvovirus promoters. In the most preferred embodiments, 
the cap genes and rep genes are operably associated with 
their authentic promoters (i.e., the native promoter). 
0070 A previous report indicates that expression of par 
vovirus cap genes from a B19/AAV type 2 hybrid helper 
vector cannot be achieved using authentic promoters. Pon 
nazhagan et al., (1998) J. Virology 72:5224, attempted to 
generate a helper vector for producing a B19 parvovirus 
capsid packaging an AAV type 2 genome. These investiga 
tors reported that virus could not be packaged when the cap 
genes on the helper vector were driven by either the authen 
tic AAV p40 or B19 p6 promoters. Packaging of virus was 
only successfully achieved when the CMV promoter (a 
strong promoter) was substituted for the authentic promot 
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ers. It appears that the natural regulation of the cap genes 
was disrupted, and cap gene expression was restored only by 
splitting up the rep and cap coding regions and using an 
exogenous promoter to drive cap gene expression. 
0071. Likewise, the cloning strategy proposed by U.S. 
Pat. No. 5,681,731 to Lebkowski et al. for generating hybrid 
viruses comprising an autonomous parvovirus capsid 
encapsidating a ra AV genome (col. 15-16) will fail to result 
in packaged virus. 
0072. In contrast, the present invention provides hybrid 
packaging vectors and packaging cells in which parvovirus 
promoters, preferably the authentic promoters, may be used 
to drive expression of the parvovirus cap and rep genes to 
produce the inventive hybrid parvoviruses. Previous efforts 
to create hybrid parvovirus cap/rep gene constructs using 
authentic promoters have not succeeded, at least in part, 
because these investigators failed to preserve the integrity of 
the splice sites required for proper processing of the rep 
genes. The present investigations have utilized a seamless 
cloning strategy (Stratagene USA) in which the splice sites 
within the rep genes have been preserved. Alternatively, 
site-directed mutagenesis (or similar techniques) may be 
used to restore the splice sites to the hybrid virus constructs. 
0073. The present invention further encompasses meth 
ods of producing the inventive hybrid parvoviruses. Hybrid 
parvovirus particles according to the invention may be 
produced by introducing an AAV genome to be replicated 
and packaged into a permissive or packaging cell, as those 
terms are understood in the art (e.g., a “permissive” cell can 
be infected or transduced by the virus; a “packaging” cell is 
a stably transformed cell providing helper functions). Pref 
erably, the AAV genome is a ra AV genome encoding a 
heterologous nucleic acid sequence(s) that is flanked by at 
least one AAV ITR. ra AV genomes, AAV ITRs, and heter 
ologous nucleic acid sequences are all as described in more 
detail hereinabove. The AAV genome may be provided to 
the cell by any suitable vector, as described hereinabove. 
0074 Any method of introducing the vector carrying the 
AAV genome into the permissive cell may be employed, 
including but not limited to, electroporation, calcium phos 
phate precipitation, microinjection, cationic or anionic lipo 
Somes, and liposomes in combination with a nuclear local 
ization signal. In embodiments wherein the AAV genome is 
provided by a virus vector, standard methods for producing 
viral infection may be used. 
0075) Any suitable permissive or packaging cell known 
in the art may be employed to produce AAV vectors. 
Mammalian cells are preferred. Also preferred are trans 
complementing packaging cell lines that provide functions 
deleted from a replication-defective helper virus, e.g., 293 
cells or other Ela trans-complementing cells. 
0076. The AAV genome may contain some or all of the 
AAV cap and rep genes, as described herein. Preferably, 
however, some or all of the cap and rep functions are 
provided in trans by introducing a packaging vector(s), as 
described above, into the cell. Alternatively, the cell is a 
packaging cell that is stably transformed to express the cap 
and/or rep genes. Packaging vectors and packaging cells are 
as described hereinabove. 

0077. In addition, helper virus functions are provided for 
the AAV vector to propagate new virus particles. Both 
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adenovirus and herpes simplex virus may serve as helper 
viruses for AAV. See, e.g., BERNARD N. FIELDS et al., 
VIROLOGY, volume 2, chapter 69 (3d ed., Lippincoft 
Raven Publishers). Exemplary helper viruses include, but 
are not limited to, Herpes simplex (HSV) varicella Zoster, 
cytomegalovirus, and Epstein-Barr virus. The multiplicity of 
infection (MOI) and the duration of the infection will 
depend on the type of virus used and the packaging cell line 
employed. Any suitable helper vector may be employed. 
Preferably, the helper vector(s) is a plasmid, for example, as 
described by Xiao et al., (1998) J. Virology 72:2224. The 
vector can be introduced into the packaging cell by any 
suitable method known in the art, as described above. 

0078 AAV vectors can be produced by any suitable 
method known in the art. The traditional production of ra AV 
vectors entails co-transfection of a rep/cap vector encoding 
AAV helper and the AAV vector into human cells infected 
with adenovirus (Samulski et al., (1989) J. Virology 
63:3822). Under optimized conditions, this procedure can 
yield up to 10 infectious units of ra AV per ml. One 
drawback of this method, however, is that it results in the 
co-production of contaminating wild-type adenovirus in 
rAAV preparations. Since several adenovirus proteins (e.g., 
fiber, hexon, etc.) are known to produce a cytotoxic T-lym 
phocyte (CTL) immune response in humans (Yang and 
Wilson, (1995).J. Immunol. 155:2564; Yang et al., (1995).J. 
Virology 69:2004: Yang et al., (1994) Proc. Nat. Acad. Sci. 
USA 91:4407), this represents a significant drawback when 
using these ra AV preparations (Monahan et al., (1998) Gene 
Therapy 5:40). 

0079 AAV vector stocks free of contaminating helper 
virus may be obtained by any method known in the art. For 
example, AAV and helper virus may be readily differentiated 
based on size. AAV may also be separated away from helper 
virus based on affinity for a heparin substrate (Zolotukhin et 
al. (1999) Gene Therapy 6:973). Preferably, deleted repli 
cation-defective helper viruses are used so that any contami 
nating helper virus is not replication competent. As a further 
alternative, an adenovirus helper lacking late gene expres 
sion may be employed, as only adenovirus early gene 
expression is required to mediate packaging of AAV virus. 
Adenovirus mutants defective for late gene expression are 
known in the art (e.g., ts100K and ts149 adenovirus 
mutants). 
0080 A preferred method for providing helper functions 
through infectious adenovirus employs a non-infectious 
adenovirus miniplasmid that carries all of the helper genes 
required for efficient AAV production (Ferrari et al., (1997) 
Nature Med. 3:1295; Xiao et al., (1998) J. Virology 
72:2224). The rAAV titers obtained with adenovirus 
miniplasmids are forty-fold higher than those obtained with 
conventional methods of wild-type adenovirus infection 
(Xiao et al., (1998) J. Virology 72:2224). This approach 
obviates the need to perform co-transfections with adenovi 
rus (Holscher et al., (1994), J. Virology 68:7169; Clarket al., 
(1995) Hum. Gene Ther. 6:1329; Trempe and Yang, (1993), 
in, Fifth Parvovirus Workshop, Crystal River, Fla.). 

0081. Other methods of producing ra AV stocks have 
been described, including but not limited to, methods that 
split the rep and cap genes onto separate expression cassettes 
to prevent the generation of replication-competent AAV 
(see, e.g., Allen et al. (1997) J. Virol. 71:6816), methods 
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employing packaging cell lines (see, e.g., Gao et al. (1998) 
Human Gene Therapy 9:2353: Inoue et al., (1998).J. Virol. 
72:7024), and other helper virus free systems (see, e.g., U.S. 
Pat. No. 5,945,335 to Colosi). 
0082) Accordingly, the AAV genome to be packaged, 
parvovirus cap genes, AAV rep genes, and helper functions 
are provided to a cell (e.g., a permissive or packaging cell) 
to produce AAV particles carrying the AAV genome. The 
combined expression of the rep and cap genes encoded by 
the AAV genome and/or the packaging vector(s) and/or the 
stably transformed packaging cell results in the production 
of a hybrid parvovirus in which a parvovirus capsid encapsi 
dates an AAV genome. The hybrid parvovirus particles are 
allowed to assemble within the cell, and are then recovered 
by any method known by those of skill in the art. 
0083. The reagents and methods disclosed herein may be 
employed to produce high-titer stocks of the inventive 
parvovirus vectors. Preferably, the parvovirus stock has a 
titer of at least about 10 transducing units (tu)/ml, more 
preferably at least about 10° tu/ml, more preferably at least 
about 10 tu/ml, yet more preferably at least about 10 tu/ml, 
yet more preferably at least about 10 tu/ml, still yet more 
preferably at least about 10" tu/ml, still more preferably at 
least about 10' tu/ml, or more. 
0084. Alternatively stated, the parvovirus stock prefer 
ably has a titer of at least about 1 tu/cell, more preferably at 
least about 5 tu/cell, still more preferably at least about 20 
tu/cell, yet more preferably at least about 50 tu/cell, still 
more preferably at least about 100 tu/cell, more preferably 
still at least about 250 tu/cell, most preferably at least about 
500 tu/cell, or even more. 
0085. It is also preferred that the parvovirus is produced 
at essentially wild-type titers. 

0086 Those skilled in the art will appreciate that the 
instant invention also encompasses hybrid parvovirus vec 
tors that contain chimeric capsids and/or capsids that have 
been modified by insertion of an amino acid sequence(s) into 
the capsid to confer altered tropisms or other characteristics, 
each as discussed in more detail below. The virus capsids 
may also include other modifications, e.g., deletion, inser 
tion, point and/or missense mutations, and the like. 
0087. Those skilled in the art will further appreciate that 
mutations may incidentally be introduced into the cap and/or 
rep genes as a result of the particular cloning strategy 
employed. For example, the construction of sequences 
encoding hybrid parvovirus genomes as described above 
may result in chimeric rep genes (and proteins) because of 
the overlap of the rep and cap sequences (e.g., the cap genes 
and 3' end of the rep genes may be AAV type 3, and the 
remainder of the rep genes may be AAV type 2). As 
described above, chimeric AAV rep genes in which the 3' 
region is derived from an autonomous parvovirus will 
generally not function as the splicing signals are not con 
served among AAV and the autonomous parvoviruses, 
unless site-directed mutagenesis, or a similar technique, is 
employed to restore the splice sites to the hybrid virus 
COnStructS. 

II. Chimeric Viruses. 

0088. The present invention further provides the discov 
ery that chimeric parvoviruses may be constructed that 
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possess unique capsid structures and characteristics. The 
strategy described above focused on altering AAV virus 
structure and function by cross-packaging AAV genomes 
within different parvovirus capsids. Further diversity in 
virus particles may be achieved by Substituting a portion of 
the parvovirus capsid with a portion of a capsid(s) from a 
different (i.e., another or foreign) parvovirus(es). Alterna 
tively, a portion of a different parvovirus capsid(s) may be 
inserted (i.e., rather than substituted) into the parvovirus 
capsid to create a chimeric parvovirus capsid. Also disclosed 
are vectors, packaging cells, and methods for constructing 
chimeric parvovirus particles. The chimeric parvoviruses 
disclosed herein may possess new antigenic properties, 
packaging capabilities, and/or cellular tropisms. The chi 
meric capsids and virus particles of the invention are also 
useful for raising chimera-specific antibodies against the 
novel capsid structures. 
0089 Parvoviruses, AAV, and ra AV genomes are as 
described above with respect to hybrid parvoviruses. 
0090. As used herein, a “chimeric' parvovirus is a par 
vovirus in which a foreign (i.e., exogenous) capsid region(s) 
from a different parvovirus(s) is inserted or substituted into 
the parvovirus capsid. Preferably the foreign capsid region 
is Substituted for one of the native parvovirus capsid regions. 
In particular embodiments, the foreign capsid region is 
Swapped for the homologous capsid region within the par 
vovirus capsid. It is also preferred that the parvovirus capsid 
is an AAV capsid. According to this embodiment, the AAV 
capsid may be of any AAV serotype (e.g., type 1, type 2, type 
3, type 4, type 5, type 6, etc., as described above). More 
preferably, the AAV capsid is an AAV type 2, type 3, type 4, 
or type 5 capsid, most preferably an AAV type 2 capsid. 
0.091 Those skilled in the art will appreciate that the 
chimeric parvovirus may additionally be a hybrid parvovirus 
(as described above) or may be a targeted, or otherwise 
modified, parvovirus (as described below). Those skilled in 
the art will further appreciate that due to the overlap in the 
sequences encoding the parvovirus capsid proteins, a single 
insertion or Substitution may affect more than one capsid 
Subunit. 

0092. The foreign parvovirus capsid region may be from 
any parvovirus (i.e., an autonomous parvovirus or depen 
dovirus) as described above. Preferably, the foreign capsid 
region is from the human B19 parvovirus or from AAV type 
3, type 4, or type 5. 
0093. The foreign parvovirus capsid region may consti 
tute all or Substantially all of a capsid subunit(s) (i.e., 
domain, for example the Vp1, Vp2 and Vp3 subunits of AAV 
or the Vp1 and Vp2 subunits of B19 virus) or a portion of 
a capsid subunit. Conversely, more than one foreign capsid 
subunit may be inserted or substituted into the parvovirus 
capsid. Likewise, a portion of a parvovirus capsid subunit or 
one or more parvovirus capsid subunits may be replaced 
with one or more foreign capsid subunits, or a portion 
thereof. Furthermore, the chimeric parvovirus capsid may 
contain insertions and/or Substitutions at more than one site 
within the capsid. According to this embodiment, the mul 
tiple insertions/substitutions may be derived from more than 
one parvovirus (e.g., two, three, four, five or more). Gener 
ally, it is preferred that at least one subunit from the 
parvovirus capsid is retained in the chimeric capsid, 
although this is not required. 
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0094. In particular embodiments of the invention, the 
foreign parvovirus capsid region that is inserted or Substi 
tuted into the native parvovirus capsid is at least about 2, 5. 
10, 12, 15, 20, 30, 50, or 100 amino acids in length. 
0095 The inventive chimeric parvoviruses may contain 
any parvovirus genome, preferably an AAV genome, more 
preferably a recombinant AAV genome. Embodiments 
wherein the AAV genome is packaged within a chimeric 
AAV capsid of the same serotype is also preferred. AAV type 
2 genomes are most preferred regardless of the composition 
of the chimeric parvovirus capsid. 

0096. In preferred embodiments of the invention, the 
chimeric parvovirus comprises an AAV capsid, more pref 
erably an AAV type 2 capsid, in which a capsid region from 
a B19 parvovirus has been substituted for one of the AAV 
capsid domains. In other preferred embodiments, the chi 
meric parvovirus comprises an AAV capsid (more prefer 
ably, an AAV type 2 capsid) in which the Vp3 subunit of the 
AAV capsid has been replaced by the B19 Vp2 subunit. 

0097. In alternative preferred embodiments, the chimeric 
parvovirus comprises an AAV capsid (preferably type 2) in 
which the Vp1 and Vp2 subunits are replaced by the Vp1 
subunit of a B19 parvovirus. 

0098. In other preferred embodiments, the chimeric par 
vovirus comprises an AAV type 2 capsid in which the type 
2 Vp 1 subunit has been replaced by the Vp1 subunit from an 
AAV type 1, 3, 4, 5, or 6 capsid, preferably a type 3, 4, or 
5 capsid. Alternatively, the chimeric parvovirus has an AAV 
type 2 capsid in which the type 2 Vp2 subunit has been 
replaced by the Vp2 subunit from an AAV type 1, 3, 4, 5, or 
6 capsid, preferably a type 3, 4, or 5 capsid. Likewise, 
chimeric parvoviruses in which the Vp3 subunit from an 
AAV type 1, 3, 4, 5 or 6 (more preferably, type 3, 4 or 5) is 
substituted for the Vp3 subunit of an AAV type 2 capsid are 
preferred. As a further alternative, chimeric parvoviruses in 
which two of the AAV type 2 subunits are replaced by the 
subunits from an AAV of a different serotype (e.g., AAV type 
1, 3, 4, 5 or 6) are preferred. In exemplary chimeric 
parvoviruses according to this embodiment, the Vp1 and 
Vp2, or Vp1 and Vp3, or Vp2 and Vp3 subunits of an AAV 
type 2 capsid are replaced by the corresponding Subunits of 
an AAV of a different serotype (e.g., AAV type 1, 3, 4, 5 or 
6). Likewise, in other preferred embodiments, the chimeric 
parvovirus has an AAV type 1, 3, 4, 5 or 6 capsid (preferably 
the type 2, 3 or 5 capsid) in which one or two subunits have 
been replaced with those from an AAV of a different 
serotype, as described above for AAV type 2. 
0099. In still other preferred embodiments, the minor 
subunit of one parvovirus may be substituted with any minor 
subunit of another parvovirus (e.g., Vp2 of AAV type 2 may 
be replaced with Vp 1 from AAV type 3: Vp 1 of B19 may 
substitute for Vp1 and/or VP2 of AAV). Likewise, the major 
capsid subunit of one parvovirus may be replaced with the 
major capsid Subunit of another parvovirus. 
0.100 The nucleotide sequences encoding specific chi 
meric capsids include the sequence given as nucleotides 
2133 to 4315 of SEQ ID NO:2. This sequence contains the 
AAV2 rep coding sequences, most of the AAV2 Vp1 and 
Vp3 coding sequences, and the entire AAV4 Vp2 coding 
sequences and some of the AAV4 Vp1 and Vp3 coding 
sequences in a pBluescript backbone. Preferably, the chi 
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meric parvoviruses having the capsid encoded by the helper 
given in SEQ ID NO:2 carry an AAV2 genome. 
0101 Alternatively, the nucleotide sequence of the chi 
meric capsid is substantially homologous to the capsid 
coding sequence given as nucleotides 2133 to 4315 of SEQ 
ID HO:2. As a further alternative, the nucleotide squence of 
the chimeric capsid encodes the same amino acid sequence 
as nucleotides 2133 to 4315 of SEQ ID NO:2. The term 
“substantially homologous is as defined hereinbelow. 
0102) The present invention also provides the discovery 
that chimeric parvoviruses may generate unique capsid 
structures that do not resemble the constituent parvovirus 
capsids. For example, the present investigations have dis 
covered that B19/AAV type 2 chimeras, in which the Vp3 
subunit of AAV type 2 has been replaced by the Vp2 subunit 
of a human B19 virus, results in the expected 23-28 nm 
particle (typical for wt AAV) and a novel 33-38 nm particle. 
The larger particles were present at the same density as the 
23-28 nm particles in a cesium isopycnic gradient. 
0103) While not wishing to be held to any particular 
theory of the invention, these results suggest that this 
particle is formed by changing the triangulation number 
from T=1 to T=3, to yield a larger particle containing 180 
copies of the major capsid component instead of 60. This 
novel particle may package larger than wild-type genomes 
due to its increased size. In particular preferred embodi 
ments, the B19/AAV type 2 chimeric parvovirus capsid (B19 
Vp2 swapped for AAV2 Vp3) has the amino acid sequence 
given as SEQ ID NO:4. 
0104. The present invention further provides B19/AAV 
chimeric capsids and parvoviruses having larger than wild 
type capsid structures (e.g., larger than about 28 nm, 30 nm, 
32 nm, 34 nm, 36 nm, 38 nm, 40 nm or more in diameter). 
Alternatively stated, the present invention provides B19/ 
AAV chimeric capsids and parvoviruses with capsid struc 
tures containing more than the wild-type number of capsid 
Subunits (e.g., greater than about 60 capsid subunits, greater 
than about 90 capsid subunits, greater than about 120 capsid 
Subunits, greater than about 180 capsid subunits). As a 
further alternative statement, the present invention provides 
B19/AAV capsids and parvoviruses that efficiently package 
greater than wild-type genomes (e.g., greater than about 4.8 
kb, 5.0 kb, 5.2 kb, 5.4 kb, 5.6 kb, 5.8 kb, 6.0 kb, 6.2 kb, 6.4 
kb, 6.6 kb, 6.8 kb or more). Preferably, the larger genomes 
are efficiently packaged to produce viral stocks having the 
titers described hereinabove. 

0105. It is also preferred that the B19/AAV chimeras have 
altered antigenic properties. In particular, it is preferred that 
the B19/AAV chimeras may be administered to a subject that 
has antibodies against the serotype of the AAV without 
immune clearance, i.e., the chimera is not recognized by the 
AAV serotype-specific antibodies. 

0106. In other preferred embodiment of the invention, the 
nucleotide sequence of the B19/AAV chimeric capsid is 
Substantially homologous to the sequence given as SEQ ID 
NO:3 and encodes a chimeric parvovirus capsid. This defi 
nition is intended to include AAV of other serotypes and 
non-human B19 viruses. As used herein, sequences that are 
“substantially homologous are at least 75%, and more 
preferably are 80%, 85%, 90%, 95%, or even 99% homolo 
gous or more. 
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0.107 High stringency hybridization conditions that per 
mit homologous nucleotide sequences to hybridize are well 
known in the art. For example, hybridization of homologous 
nucleotide sequences to hybridize to the sequence given 
SEQ ID NO:3 may be carried out in 25% formamide, 
5xSSC, 5x Denhardt’s solution, with 100 ug/ml of single 
stranded DNA and 5% dextran sulfate at 42°C., with wash 
conditions of 25% formamide, 5xSSC, 0.1% SDS at 42°C. 
for 15 minutes, to allow hybridization of sequences of about 
60% homology. More stringent conditions are represented 
by a wash stringency of 0.3M NaCl, 0.03 M sodium citrate, 
0.1% SDS at 600 or even 70° C. using a standard in situ 
hybridization assay. (See SAMBROOKET AL., MOLECU 
LAR CLONING, A LABORATORY MANUAL (2d ed. 
1989)). 
0108). In other preferred embodiments, the chimeric B19/ 
AAV capsid has the amino acid sequence encoded by the 
sequence given in SEQ ID NO:3 (SEQ ID NO:4). 
0.109. In other particular preferred embodiments, a non 
conserved region(s) of a parvovirus capsid is inserted or 
substituted, preferably substituted, into another parvovirus 
capsid. Preferably a non-conserved region(s) is Substituted 
for the same (i.e., homologous) region from a different 
parvovirus. Parvovirus specific (including AAV serotype 
specific) characteristics are likely associated with Such non 
conserved regions. It is also likely that non-conserved 
regions can best tolerate alterations. In particular embodi 
ments, the looped-out regions of the parvovirus major capsid 
Subunits are swapped between two parvoviruses, more pref 
erably an AAV and a parvovirus, still more preferably 
between two AAV of different serotypes. 
0110. With particular respect to AAV type 2, although the 
crystal structure of this virus has not been solved, structural 
correlations have been made based on sequence information. 
The structural correlations suggest that the Vp3 subunit of 
AAV type 2 has eight B-barrel motifs, and that these motifs 
are separated by looped out regions (Chapman et al., Virol 
ogy 194:419). Recently, the sequence of AAV type 3 has 
been determined by Muramatsu et al., (1996) Virology 
221:208. The amino acid homology between Vp3 of AAV 
type 2 and AAV type 3 is 89%, with the region defined as 
loop 3/4 having 70% homology (Id.). Additionally, AAV 
type 3 does not bind to the same receptor as AAV type 2 
(Mizukami et al., Virology 217:124). The divergent amino 
acid sequences in loops 3 and 4 may explain the differences 
in cellular receptors used by AAV type 2 and AAV type 3. 
and the resulting disparities in cellular tropism. Accordingly, 
in preferred embodiments of the instant invention, chimeric 
AAV particles are constructed in which loop 3/4, or a portion 
thereof, of AAV type 2 is swapped for the AAV type 3 loop 
3/4, or vice versa. 

0111. In other embodiments, the chimeric parvovirus 
comprises an AAV type 2 capsid in which loop 1, 2, 3, and/or 
4 of the Vp3 subunit have been replaced by the correspond 
ing loop region(s) of an AAV of a different serotype (e.g., 
type 1, 3, 4, 5 or 6). In illustrative embodiments, the loop 24 
region of the AAV type 2 Vp3 subunit is replaced by the loop 
2-4 region of a type 3 or type 4 virus. 
0112 Likewise, in other preferred embodiments, the chi 
meric parvovirus comprises an AAV type 1, 3, 4, 5 or 6 
capsid in which the loop 1, 2, 3 and/or 4 region of the Vp3 
Subunit is replaced by the corresponding region of a different 
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AAV serotype. Exemplary embodiments include, but are not 
limited to, a chimeric parvovirus comprising an AAV type 3 
or type 4 capsid in which the loop 2-4 region of the Vp3 
subunit is replaced by the AAV type 2 loop 2-4 region. 

0113. The present invention further provides chimeric 
parvoviruses comprising an AAV capsid in which a loop 
region(s) in the major Vp3 Subunit is replaced by a loop 
region (s) (preferably, a corresponding loop region(s)) from 
the major subunit of an autonomous parvovirus. In particu 
lar, the loop region 1, 2, 3 and/or 4 from an AAV type 1, 2, 
3, 4, 5, or 6 Vp3 subunit is replaced with a loop region from 
the major subunit of an autonomous parvovirus. 
0114. The nucleotide sequences encoding specific chi 
meric capsids include the sequence given as nucleotides 
2133 to 4342 of SEQID NO:5. This sequence contains the 
AAV2 rep coding sequences, most of the AAV2 capsid 
coding sequences, with the exception that loops 2-4 from the 
AAV2 Vp3 subunit were replaced with the corresponding 
region from AAV3, in a plBluescript backbone. 
0115 Alternatively, the nucleotide sequence of the chi 
meric capsid is substantially homologous to the sequence 
given as nucleotides 2133 to 4342 of SEQ ID NO:5. As a 
further alternative, the nucleotide sequence of the chimeric 
capsid has the same amino acid sequence as the capsid 
encoded by nucleotides 2133 to 4342 of SEQID NO:5. The 
term “substantially homologous is as defined hereinabove. 

0116 Chimeric parvoviruses may be constructed as 
taught herein or by other standard methods known in the art. 
Likewise, those skilled in the art may evaluate the chimeric 
parvoviruses thus generated for assembly, packaging, cellu 
lar tropism, and the like, as described herein or by other 
standard methods known in the art, without undue experi 
mentation. 

0117. Another aspect of the present invention is a chi 
meric parvovirus capsid protein (preferably an AAV Vp1, 
Vp2 or Vp3 capsid protein) with at least one capsid region 
from another parvovirus(es) inserted or substituted therein 
(preferably, substituted). The introduction of the foreign 
capsid protein into a parvovirus capsid provides altered 
characteristics (e.g., immunogenic, tropism, etc.) to a virus 
capsid or particle (preferably a parvovirus capsid or particle) 
incorporating the chimeric parvovirus capsid protein. Alter 
natively, the chimeric parvovirus capsid protein may facili 
tate detection or purification of a virus capsid or particle 
(preferably parvovirus capsid or particle) incorporating the 
chimeric parvovirus capsid protein. In particular preferred 
embodiments, the antigenic properties of an AAV capsid or 
particle of a particular serotype may be altered (e.g., 
changed or modified) or diminished (e.g., reduced or miti 
gated) by incorporation of the chimeric parvovirus capsid 
region for the native capsid region. According to this 
embodiment, chimeric capsid proteins may be used to obvi 
ate or reduce immune clearance in Subjects that have immu 
nity against the serotype of the AAV capsid or particle (e.g., 
to permit multiple virus administrations). Changes or reduc 
tions in antigenic properties may be assessed, e.g., in com 
parison to an AAV capsid or particle that is identical except 
for the presence of the chimeric parvovirus capsid protein. 
0118. The present invention also encompasses empty 
chimeric parvovirus capsid structures. Empty capsids may 
be used for presentation or delivery of peptides or proteins 
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(e.g., antigens to produce an immune response), nucleic 
acids, or other compounds (see, e.g., Miyamura et al., (1994) 
Proc. Nat. Acad. Sci USA 91:8507; U.S. Pat. No. 5,916,563 
to Young et al., U.S. Pat. No. 5,905,040 to Mazzara et al. 
U.S. Pat. No. 5,882,652, U.S. Pat. No. 5,863,541 to Sam 
ulski et al.; the disclosures of which are incorporated herein 
in their entirety by reference). Empty capsids may be 
produced by any method known in the art. (see, e.g., id.). 
0119) The chimeric parvoviruses and capsids of the 
invention further find use in raising antibodies against the 
novel capsid structures. Antibodies may be produced by 
methods that are known to those skilled in the art. 

0.120. The present invention also provides cloning vec 
tors, transcomplementing packaging vectors, packaging 
cells, and methods for producing the inventive chimeric 
parvovirus particles disclosed herein. In general, vectors, 
packaging cells, and methods for producing chimeric par 
voviruses are as described above with respect to hybrid 
parvoviruses. In addition, at least one of the cap genes 
(encoded by the rAAV genome, a packaging vector(s), or the 
packaging cell) has inserted therein at least one nucleic acid 
sequence encoding a foreign amino acid sequence from a 
non-homologous parvovirus (as described above). 
III. Targeted Parvoviruses. 
0.121. A further aspect of the present invention are par 
vovirus vectors comprising a parvovirus capsid and a recom 
binant AAV genome, wherein an exogenous targeting 
sequence has been inserted or substituted into the parvovirus 
capsid. The parvovirus vector is preferably targeted (i.e., 
directed to a particular cell type or types) by the substitution 
or insertion of the exogenous targeting sequence into the 
parvovirus capsid. Alternatively stated, the exogenous tar 
geting sequence preferably confers an altered tropism upon 
the parvovirus. As yet a further alternative statement, the 
targeting sequence increases the efficiency of delivery of the 
targeted vector to a cell. 
0.122. As is described in more detail below, the exog 
enous targeting sequence may be a virus capsid sequence 
(e.g., an autonomous parvovirus capsid sequence, AAV 
capsid sequence, or any other viral capsid sequence) that 
directs infection of the parvovirus to a particular cell type(s). 
As an alternative, the exogenous amino acid sequence may 
encode any peptide or protein that directs entry of the 
parvovirus vectors into a cell(s). In preferred embodiments, 
the parvovirus capsid is an AAV capsid, more preferably, an 
AAV type 2 capsid. 
0123. An “altered’ tropism, as used herein, includes 
reductions or enhancements in infectivity with respect to a 
particular cell type(s) as compared with the native parvovi 
rus lacking the targeting sequence(s). An 'altered’ tropism 
also encompasses the creation of a new tropism (i.e., the 
parvovirus would not infect a particular cell type(s) to a 
significant or, alternatively, a detectable extent in the 
absence of the exogenous amino acid sequence). Alterna 
tively, an “altered tropism” may refer to a more directed 
targeting of the parvovirus vector to a particular cell type(s) 
as compared with the native parvovirus, but the target cells 
may typically be infected by the native parvovirus as well 
(e.g., a narrowed tropism). As a further alternative, an 
“altered’ tropism refers to a more efficient delivery of a 
targeted parvovirus as compared with the native parvovirus 
(e.g., a reduced Multiplicity of Infection, “MOI). 
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0.124. The term “reduction in infectivity”, as used herein, 
is intended to encompass both an abolishment of the wild 
type tropism as well as a diminishment in the wild-type 
tropism or infectivity toward a particular cell type(s). The 
diminished infectivity may be a 25%, 50%, 75%, 90%, 95%, 
99%, or more decrease in infectivity with respect to the 
wild-type level of infectivity. By "enhancement in infectiv 
ity', it is meant that the infectivity with respect to a 
particular cell type(s) is increased above that observed with 
the wild-type parvovirus, e.g., by at least 25%, 50%, 75%, 
100%, 150%, 200%, 300%, or 500%, or more. 
0.125 The exogenous targeting sequence(s) may replace 
or Substitute part or all of a capsid subunit, alternatively, 
more than one capsid subunit. As a further alternative, more 
than one exogenous targeting sequence (e.g., two, three, 
four, five or more sequences) may be introduced into the 
parvovirus capsid. In alternative embodiments, insertions 
and Substitutions within the minor capsid subunits (e.g., Vp1 
and Vp2 of AAV) are preferred. For AAV capsids, insertions 
or substitutions in Vp2 or Vp3 are also preferred. 
0126 Those skilled in the art will appreciate that due to 
the overlap in the sequences encoding the parvovirus capsid 
proteins, a single insertion or Substitution may affect more 
than one capsid subunit. 
0127. As described above, in particular embodiments, the 
present invention provides chimeric parvovirus particles 
with unique structures and properties. The Substitution and/ 
or insertion of one or more parvovirus capsid region(s) for 
another to create a chimeric parvovirus capsid may result in 
the loss of the wild-type parvovirus tropism and/or the 
development of a new tropism associated with the exog 
enous capsid region(s). Accordingly, targeted parvoviruses 
may also be chimeric parvoviruses as is described in more 
detail hereinabove. In particular, targeted chimeric parvovi 
ruses are provided in which a capsid subunit(s) or a loop 
region(s) from the major capsid Subunit has been replaced 
with a capsid subunit(s) or loop region from another par 
vovirus. 

0128. Accordingly, in particular embodiments of the 
instant invention, chimeric parvovirus particles are con 
structed in which the capsid domains that encode the wild 
type parvovirus tropism are swapped with capsid regions or 
subunits from a different parvovirus sequence, thereby 
diminishing or even completely abolishing the wild-type 
tropism. These infection-negative parvoviruses find use as 
templates for creating parvoviruses with targeted tropisms. 
In this manner, a parvovirus with a new or directed tropism, 
but lacking the wild-type tropism, may be generated. 
0129. In another preferred embodiment, a parvovirus 
capsid region that directs the native or wild-type tropism is 
Swapped with a capsid domain that directs the tropism of 
another parvovirus, thereby diminishing or ablating the 
native tropism and concurrently conferring a new tropism to 
the chimeric parvovirus. In other embodiments, the foreign 
capsid region is substituted or inserted into the parvovirus 
capsid without reducing or extinguishing the wild-type 
tropism. As a further alternative, more than one foreign 
parvovirus capsid region (e.g., two, three, four, five, or 
more) is Swapped into the parvovirus capsid. For example, 
a first foreign capsid region may replace the native capsid 
region directing the wild-type tropism. Additional foreign 
capsid regions provide the chimeric capsid with a new 
tropism(s). 
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0.130 Heparan sulfate (HS) has recently been identified 
as a primary receptor for AAV (Summerford and Samulski, 
(1998) J. Virology 72: 1438). Thus, the capsid structure may 
be modified to facilitate or enhance binding of AAV to the 
cellular receptor or to inhibit or prevent binding thereto. To 
illustrate, the tropism of the AAV may be altered by swap 
ping out the HS binding domain for the AAV capsid, for 
example, with sequences from other parvoviruses that do 
contain this HS binding domain or any other sequences. 
0131 Several consensus sequences have been identified 
among ligands that bind to HS receptors. In general, HS 
appears to bind to sequences including clusters of basic 
amino acids. Illustrative consensus sequences include but 
are not limited to BBXB, BBBXXB, and 
RX-FRXKKXXXK, where B is a basic amino acid, and X 
is any amino acid. Three sequences containing clusters of 
basic amino acids are present in the first 170 amino acid 
residues of the VP1 capsid protein of AAV type 2 as follows: 
RXKKR at amino acids 116 to 124, KKKR at amino acids 
137 to 144, and KXRKR at amino acids 161 to 170 (AAV 
type 2 sequence and numbering as described by Srivastava 
etal, (1983).J. Virology 45:555, as modified by Ruffing et al., 
(1994) J. Gen. Virology 75:3385, Muzyczka, (1992) Curr: 
Topics Microbiol. Immunol. 158:97, and Cassinotti et al., 
(1988) Virology 167: 176). In addition, the consensus 
sequence (RX-FRPKRLNFK) is found in the VP1 capsid 
subunit of AAV type 2 at amino acids 299 to 315. 
0.132. It appears that AAV serotypes 4 and 5 do not bind 
to cellular HS receptors, or do so with a low efficiency. 
Accordingly, in particular embodiments, the HS binding 
domain of AAV serotypes 1, 2, 3, or 6 may be replaced with 
the corresponding region of AAV serotype 4 or 5 to reduce 
or abolish HS binding. Likewise, HS binding may be 
conferred upon AAV serotype 4 or 5 by inserting or substi 
tuting in the HS binding domain from AAV 1, 2, 3 or 6. 
0.133 The HS consensus sequences are marked by an 
abundance of basic amino acids. There is a high density of 
positively charged amino acids within the first 170 residues 
of the AAV type 2 Vp 1 Cap protein, including three strings 
of basic amino acids, which may be involved in an ionic 
interaction with the cell Surface. Accordingly, in one par 
ticular embodiment of the invention, the affinity of an AAV 
capsid for HS receptors is reduced or eliminated by creating 
a targeted parvovirus in which some or all of the basic 
sequences are Substituted by other sequences, e.g., from 
another parvovirus that does not contain the HS binding 
domain. 

0.134. Alternatively, the respiratory syncytial virus hep 
arin binding domain may be inserted or Substituted into a 
virus that does not typically bind HS receptors (e.g., AAV 4, 
AAV5, B19) to confer heparin binding to the resulting 
mutant. 

0.135 B19 infects primary erythroid progenitor cells 
using globoside as its receptor (Brown et al., (1993) Science 
262:114). The structure of B19 has been determined to 8 A 
resolution (Agbandje-McKenna et al., (1994) Virology 
203:106). The region of the B19 capsid that binds to 
globoside has been mapped between amino acids 399-406 
(Chapman et al., (1993) Virology 194:419), a looped out 
region between B-barrel structures E and F (Chipman et al., 
(1996) Proc. Nat. Acad. Sci. USA 93:7502). Accordingly, the 
globoside receptor binding domain of the B19 capsid may be 
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inserted/substituted into other parvovirus capsids (prefer 
ably an AAV capsid, more preferably, the AAV type 2 
capsid) to target the resulting chimeric parvovirus to eryth 
roid cells. 

0136. In more preferred embodiments, the exogenous 
targeting sequence may be any amino acid sequence encod 
ing a peptide or protein, which is inserted or Substituted into 
the parvovirus capsid to alter the tropism of the parvovirus. 
The native parvovirus tropism may be reduced or abolished 
by insertion or Substitution of the amino acid sequence. 
Alternatively, the insertion or Substitution of the exogenous 
amino acid sequence may target the parvovirus to a particu 
lar cell type(s). In yet further preferred embodiments, an 
exogenous targeting sequence is Substituted or inserted into 
the parvovirus capsid to concurrently ablate the wild type 
tropism and to introduce a new tropism. For example, a 
targeting peptide may be inserted directly into a targeting 
region of the AAV capsid to simultaneously disrupt the 
native tropism (e.g., by interfering with binding to cellular 
heparan sulfate receptors) and to direct the targeted AAV 
vector to particular cells. 
0137 Those skilled in the art will appreciate that the 
native tropism of a parvovirus may be reduced or abolished 
without Substituting or inserting an exogenous targeting 
sequence directly into those regions of the parvovirus capsid 
responsible for the receptor binding. Mutants that have lost 
the wild-type tropism are useful as templates for the creation 
of parvoviruses with. novel tropisms as taught herein. It is 
preferred that substitutions or insertions that result in the 
loss of wild-type tropism act at the level of receptor binding 
and/or entry into the cell. In other words, it is preferred that 
the altered parvovirus is otherwise capable of infecting a cell 
if entry into the cell is provided by other means, e.g., by a 
bispecific antibody, by targeting peptide or protein as dis 
closed herein, or by any other means known in the art. 
0.138. The exogenous targeting sequence may be any 
amino acid sequence encoding a protein or peptide that 
alters the tropism of the parvovirus. In particular embodi 
ments, the targeting peptide or protein may be naturally 
occurring or, alternately, completely or partially synthetic. 
Exemplary peptides and proteins include ligands and other 
peptides that bind to cell Surface receptors and glycopro 
teins, such as RGD peptide sequences, bradykinin, hor 
mones, peptide growth factors (e.g., epidermal growth fac 
tor, nerve growth factor, fibroblast growth factor, platelet 
derived growth factor, insulin-like growth factors I and 11, 
etc.), cytokines, melanocyte stimulating hormone (e.g., C. 
Bor Y), neuropeptides and endorphins, and the like, and 
fragments thereof that retain the ability to target cells to their 
cognate receptors. Other illustrative peptides and proteins 
include Substance P. keratinocyte growth factor, neuropep 
tide Y. gastrin releasing peptide, interleukin 2, hen egg white 
lysozyme, erythropoietin, gonadoliberin, corticostatin, B-en 
dorphin, leu-enkephalin, rimorphin, C.-neo-enkephalin, 
angiotensin, pneumadin, vasoactive intestinal peptide, neu 
rotensin, motilin, and fragments thereofas described above. 
As a further alternative, the targeting peptide or protein may 
be an antibody or Fab fragment that recognizes, e.g., a 
cell-surface epitope. Such as an anti-receptor antibody. As 
yet a further alternative, the binding domain from a toxin 
(e.g., tetanus toxin or Snake toxins, such as C.-bungarotoxin, 
and the like) can be used to target the inventive parvovirus 
vectors to particular target cells of interest. In a yet further 

Aug. 24, 2006 

preferred embodiment the parvovirus vectors may be deliv 
ered to a cell using a "nonclassical import/export signal 
peptide (e.g., fibroblast growth factor-1 and -2, interleukin 1, 
HIV-1 Tat protein, herpes virus VP22 protein, and the like) 
as described by Cleves, (1997) Current Biology 7:R318. 
Also encompassed are peptide motifs that direct uptake by 
specific cells, e.g., a FVFLP peptide motif triggers uptake by 
liver cells. Phage display techniques, as well as other 
techniques known in the art, may be used to identify 
peptides that recognize, preferably specifically, any cell type 
of interest. 

0.139. The term “antibody” as used herein refers to all 
types of immunoglobulins, including IgG, IgM, IgA, Ig). 
and IgE. The antibodies may be monoclonal or polyclonal 
and may be of any species of origin, including (for example) 
mouse, rat, rabbit, horse, or human, or may be chimeric 
antibodies. Also encompassed by the term “antibody' are 
bispecific or “bridging antibodies as known by those skilled 
in the art. 

0140 Antibody fragments within the scope of the present 
invention include, for example, Fab, F(ab')2, and Fc frag 
ments, and the corresponding fragments obtained from 
antibodies other than IgG. Such fragments may be produced 
by known techniques. 
0.141. The targeting sequence may alternatively encode 
any peptide or protein that targets the parvovirus particle to 
a cell Surface binding site, including receptors (e.g., protein, 
carbohydrate, glycoprotein or proteoglycan), as well as any 
oppositely charged molecule (as compared with the target 
ing sequence or the parvovirus capsid), or other molecule 
with which the targeting sequence or targeted parvovirus 
interact to bind to the cell, and thereby promote cell entry. 
Examples of cell Surface binding sites include, but are not 
limited to, heparan Sulfate, chondroitin Sulfate, and other 
glycosaminoglycans, sialic acid moieties found on mucins, 
glycoproteins, and gangliosides, MHC I glycoproteins, car 
bohydrate components found on membrane glycoproteins, 
including, mannose, N-acetyl-galactosamine, N-acetyl-glu 
cosamine, fucose, galactose, and the like. 
0142. As yet a further alternative, the targeting sequence 
may be a peptide or protein that may be used for chemical 
coupling (e.g., through amino acid side groups of arginine or 
lysine residues) to another molecule that directs entry of the 
parvovirus into a cell. 

0143. In other embodiments, the exogenous targeting 
sequence is Substituted or inserted into the capsid to disrupt 
binding to cellular receptors (e.g., HS receptor) and/or entry 
into the cell. For example, the exogenous amino acid 
sequence may be substituted or inserted into the region(s) of 
the AAV capsid that binds to cellular receptors and/or 
otherwise mediates entry of the virus into the cell. Prefer 
ably, the exogenous targeting sequence is inserted into the 
capsid region(s) that interact with cellular HS receptors (as 
described above). One illustrative insertion mutant that 
forms intact AAV virions yet fails to bind heparinagarose or 
infect Hela cells is an AAV type 2 mutant generated by 
insertion of an amino acid sequence at bp 3761 of the AAV 
type 2 genome (within the Vp3 cap gene region). 

0144. In a further alternative embodiment, the exogenous 
amino acid sequence inserted into the parvovirus capsid may 
be one that facilitates purification of the parvovirus. Accord 
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ing to this aspect of the invention, it is not necessary that the 
exogenous amino acid sequence also alters the tropism of 
the modified parvovirus. For example, the exogenous amino 
acid sequence may include a poly-histidine sequence that is 
useful for purifying the parvovirus over a nickel column, as 
is known to those skilled in the art. Alternatively, the region 
of the AAV capsid that interacts with heparin and/or heparan 
sulfate may be substituted or inserted into a parvovirus 
capsid so that the parvovirus may be purified by binding to 
heparin, e.g., as described by Zolotukhin et a... (1999) Gene 
Therapy 6:973, the disclosure of which is incorporated 
herein in its entirety by reference. 

0145. In other embodiments, the amino acid sequence 
encodes an antigenic peptide or protein that may be 
employed to purify the AAV by standard immunopurifica 
tion techniques. Alternatively, the amino acid sequence may 
encode a receptor ligand or any other peptide or protein that 
may be used to purify the modified parvovirus by affinity 
purification or any other techniques known in the art (e.g., 
purification techniques based on differential size, density, 
charge, or isoelectric point, ion-exchange chromatography, 
or peptide chromatography). 

0146 In yet other embodiments of the invention, an 
amino acid sequence may be inserted or Substituted into a 
parvovirus particle to facilitate detection thereof (e.g., with 
a antibody or any other detection reagent, as is known in the 
art). For example, the “flag” epitope may be inserted into the 
parvovirus capsid and detected using commercially-avail 
able antibodies (Eastman-Kodak, Rochester, N.Y.). Detect 
able viruses find use, e.g., for tracing the presence and/or 
persistence of virus in a cell, tissue or subject. 

0147 In still a further embodiment, an exogenous amino 
acid sequence encoding any antigenic protein may be 
expressed in the modified capsid (e.g., for use in a vaccine). 

0148. As described below and in Table I, the present 
investigations have used insertional mutagenesis of the 
capsid coding sequence of AAV serotype 2 in order to 
determine positions within the capsid that tolerate peptide 
insertions. Viable mutants were identified with insertions 
throughout each of the capsid Subunits. These insertion 
mutants find use for any purpose in which it is desirable to 
insert a peptide or protein sequence into an AAV capsid, e.g., 
for purifying and/or detecting virus, or for inserting an 
antigenic peptide or protein into the capsid. The nucleotide 
positions indicated in Table 1 (see Examples) are the posi 
tions at which the restriction sites were made, e.g., the new 
sequences start at the next nucleotide. For example, for an 
insertion mutant indicated in Table 1 as having an insertion 
at nucleotide 2285, the new insertion sequence would begin 
at nucleotide 2286. 

0149. It is preferred to insert the exogenous amino acid 
sequence within the parvovirus minor Cap Subunits, e.g., 
within the AAV Vp1 and Vp2 subunits. Alternately, inser 
tions in Vp2 or Vp3 are preferred. Also preferred are 
insertion mutations at nucleotide 2285, 2356, 2364, 2416, 
2591, 2634, 2690, 2747, 2944, 3317, 3391, 3561, 3595, 
3761, 4046, 4047, and/or 4160 within the AAV type 2 cap 
genes, preferably, to generate an AAV type 2 vector with an 
altered tropism as described herein (AAV type 2 numbering 
used herein is as described by Srivastava et al., (1983) J. 
Virology 45:555, as modified by Ruffing et al., (1994) J. 
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Gen. Virology 75:3385, Muzyczka, (1992) Curr: Topics 
Microbiol. Immunol. 158:97, and Cassinotti et al., (1988) 
Virology 167:176). 

0.150 Insertions at these nucleotide positions for AAV2 
will give rise to amino acid insertions following amino acid 
28 (nu 2285), 51 (nu 2356), 54 (nu 2364), 71 (nu 2416), 130 
(nu 2591), 144 (nu 2634), 163 (nu 2690), 182 (nu 2747), 247 
(nu 2944), 372 (nu 3317), 396. (nu 3391), 452 (nu 3561), 
464 (nu 3595), 520 (nu 3761), 521 (nu 3766), 615 (nu 4046 
and 4047), and 653 (nu 4160) within the AAV2 capsid 
coding region (using the starting methionine residue for Vp1 
as amino acid 1), or the corresponding regions of AAV of 
other serotypes as known by those skilled in the art. Those 
skilled in the art will appreciate that due to the overlap in the 
AAV capsid coding regions, these insertions may give rise to 
insertions within more than one of the capsid proteins (Table 
2). 

TABLE 2 

Insertion Positions in AAV2 Capsid 
Insertion site Vp1 Vp2 Vp3 
(nucleotide) (amino acid) (amino acid) (amino acid) 

2285 28 
2356 51 
2364 S4 
2416 71 
2591 130 
2634 144 7 
2690 163 26 
2747 182 45 
2944 247 110 45 
3317 372 235 170 
3391 396 259 194 
3561 452 315 250 
3595 464 327 262 
3753 517 380 315 
3761 52O 383 3.18 
3766 521 384 319 
3789 529 392 327 
3858 552 415 350 
3960 S86 449 384 
3961 S86 449 384 
3987 595 458 393 
4046 615 478 413 
4047 615 478 413 
416O 653 S16 451 

The indicated nucleotide or amino acid refers to the nucleotide or amino 
acid immediately preceding the inserted sequence. 
Vp1 start at nucleotide 2203 

0151. Alternatively, the exogenous amino acid sequence 
is inserted at the homologous sites to those described above 
in AAV capsids of other serotypes as known by those skilled 
in the art (see, e.g., Chiorini et al. (1999) J. Virology 
73: 1309). The amino acid positions within the AAV capsid 
appear to be highly, or even completely, conserved among 
AAV serotypes. Accordingly, in particular embodiments, the 
exogenous amino acid sequence is substituted at the amino 
acid positions indicated in Table 2 (new sequence starting at 
the next amino acid) in AAV other than serotype 2 (e.g., 
serotype 1, 3, 4, 5 or 6). 

0152. As further alternatives, an exogenous amino acid 
sequence may be inserted into the AAV capsid at the 
positions described above to facilitate purification and/or 
detection of the modified parvovirus or for the purposes of 
antigen presentation, as described above. 
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0153. One particular AAV type 2 mutant is produced by 
inserting an amino acid sequence at nucleotide position 2634 
of the genome (within the Vp2 cap gene region; AAV2 
numbering as described above). This mutant forms AAV 
type 2 virions with normal morphology by electron micros 
copy analysis in the absence of detectable expression of the 
Vp1 and Vp2 subunits. Moreover, this mutant protects the 
viral genome and retains binding to a heparin-agarose 
matrix, although it does not demonstrate infectivity in HeLa 
cells. This mutant is useful for administration to subjects to 
avoid an immune response against the Vp1 and Vp2 Sub 
units. It further finds use for insertion of large peptides or 
proteins into the AAV capsid structure. As one illustrative 
example, the adenovirus knob protein is inserted into this 
mutant to target the virus to the Coxsackie adenovirus 
receptor (CAR). 
0154 Another particular AAV type 2 insertion mutant is 
produced by insertion of an exogenous amino acid sequence 
at bp 3761 of the genome (within the Vp3 capsid coding 
region). This mutant protects the viral genome and forms 
morphologically normal capsid structures, but does not bind 
heparin-agarose and fails to infect HeLa cells. This mutant 
is particularly useful as a reagent for creating AAV vectors 
lacking the native tropism. For example, a new targeting 
region may be introduced into this mutant at bp 3761 or at 
another site. As shown in Table 1, the present investigations 
have discovered a variety of positions within the AAV capsid 
that tolerate insertion of exogenous peptides and retain 
infectivity (e.g., at bp 2356, 2591, 2690, 2944, 3595, and/or 
4160 of the AAV type 2 genome). 
0.155) In other preferred embodiments, AAV vectors with 
multiple insertions and/or substitutions are created to pro 
vide AAV vectors exhibiting a desired pattern of infectivity, 
e.g., a non-infectious insertion/substitution mutation and an 
infectious mutation (e.g., as shown in Table 1) may be 
combined in a single AAV vector. As one illustrative 
example, a peptide insertion may be made at bp 3761 of the 
AAV type 2 genome (within the Vp3 subunit) to create a 
non-infectious heparin binding negative mutant. A second 
peptide insertion may be made at bp 2356 (alternatively, bp 
2591, 2690, 2944, 3595 or 4160) to target the vector. The 
inserted peptide may be one that directs the AAV type 2 
vector to target cells of interests. In particular embodiments, 
bradykinin may be inserted at any of the foregoing sites to 
target the vector to lung epithelial cells (e.g., for the treat 
ment of cystic fibrosis or other lung disorders) or the 
adenovirus knob protein may be inserted at the foregoing 
sites to target the vector to cells expressing CAR receptors. 
Alternatively, this vector may be employed for antigen 
presentation to produce an immune response. 

0156. In other embodiments, the substitution or insertion 
(preferably insertion) is made at nucleotides 3789 or 3961 of 
the AAV2 genome (e.g., new sequence would start at nu 
3790 and 3962, respectively), or the corresponding site of 
other AAV serotypes as known by those skilled in the art. 
These positions correspond to insertions following amino 
acid 529 and 586, respectively, of the AAV2 capsid (Met #1 
of Vp1 as amino acid 1: Table 2). In particular embodiments, 
there will be missense mutation at nucleotides 3790-3792 
(Glu->Ile) or at nucleotides 3960-3961 (Gly->Val), respec 
tively, due to the creation of a restriction site as part of the 
cloning strategy. In preferred embodiments of the invention, 
a targeting insertion at nu 3789 or 3961 is combined with the 
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3761 mutation, which results in loss of heparin binding, to 
create a targeted capsid or parvovirus. 

0157. In other preferred embodiments an insertion or 
substitution (preferably, insertion) is made in the AAV2 
capsid at nucleotides 3753, 3858, 3960, or 3987 (new 
sequence beginning at the next nucleotide), or the corre 
sponding sites in AAV of other serotypes. These sites 
correspond to insertions or Substitutions following amino 
acids 517,552, 586, or 595, respectively, of the AAV2 capsid 
(Met #1 of Vp1 as amino acid 1: Table 2), or the corre 
sponding sites in AAV capsids of other serotypes as known 
by those skilled in the art. 
0158. In other preferred embodiments, the insertion or 
substitution is made following amino acid 517, 529, 552, 
586 or 595 of AAV capsids of other serotypes, e.g. (1, 2, 3, 
5 or 6). 
0159. There is no particular lower or upper limit to the 
length of the amino acid sequence that may be inserted or 
Substituted into the virus capsid, as long as the targeted or 
modified parvovirus capsid retains the desired properties 
(e.g., assembly, packaging, infectivity). The exogenous 
amino acid sequence may be as short as 100, 50, 20, 16, 12, 
8, 4 or 2 amino acids in length. Similarly, the exogenous 
amino acid sequence to be inserted/substituted into the 
parvovirus capsid may be as long as 2, 5, 10, 12, 15, 20, 50. 
100, 200, 300 or more amino acids. In particular embodi 
ments, the exogenous amino acid sequence encodes an 
entire protein. Preferably, the exogenous amino acid 
sequence that is inserted/substituted into the parvovirus 
capsid is expressed on the outside surface of the modified 
parvovirus capsid. 

0.160 The present invention further provides targeted 
parvovirus capsid proteins, whereby a targeting sequence(s) 
is inserted or Substituted into a parvovirus capsid protein, as 
described above. The targeted parvovirus capsid protein 
confers an altered tropism upon a virus vector or virus capsid 
(preferably, a parvovirus vector or capsid) incorporating the 
targeted parvovirus capsid protein therein as compared with 
the tropism of the native virus vector or virus capsid in the 
absence of the targeted parvovirus capsid protein. Likewise, 
modified capsid proteins (modifications as described above 
for parvoviruses) are another aspect of the invention. The 
modified capsid protein may be incorporated into a parvovi 
rus capsid or particle, e.g., to facilitate purification and/or 
detection thereof or for the purposes of antigen presentation. 
0.161 Further provided are targeted and/or modified par 
vovirus capsids as described in more detail above in con 
nection with chimeric parvovirus capsids. In particular 
embodiments, the present invention provides targeted par 
vovirus “capsid vehicles', as has been described for AAV 
capsids, e.g., U.S. Pat. No. 5,863,541. 
0162 Molecules that may be packaged by the inventive 
parvovirus capsids and transferred into a cell include recom 
binant AAV genomes, which may advantageously may then 
integrate into the target cell genome, and other heterologous 
DNA molecules. RNA, proteins and peptides, or small 
organic molecules, or combinations of the same. Heterolo 
gous molecules are defined as those that are not naturally 
found in an parvovirus infection, i.e., those not encoded by 
the parvovirus genome. In a preferred embodiment of the 
present invention, a DNA sequence to be encapsidated may 
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be linked to an AAV ITR sequence that contains the viral 
packaging signals, which may increase the efficiency of 
encapsidation and/or targeted integration into the genome. 
0163 The invention is further directed to the association 
of therapeutically useful molecules with the outside of the 
inventive parvovirus capsids for transfer of the molecules 
into host target cells. Such associated molecules may include 
DNA, RNA, carbohydrates, lipids, proteins or peptides. In 
one embodiment of the invention the therapeutically useful 
molecules is covalently linked (i.e., conjugated or chemi 
cally coupled) to the capsid proteins. Methods of covalently 
linking molecules are known by those skilled in the art. 
0164. The targeted and/or modified parvovirus capsid 
proteins, capsids, and virus particles of the invention find 
use for raising antibodies against these novel capsid struc 
tures. Alternatively, an exogenous amino acid sequence may 
be inserted into the parvovirus capsid for antigen presenta 
tion to a cell, e.g. for administration to a Subject to produce 
an immune response to the exogenous amino acid sequence. 
According to this latter embodiment, it is not necessary that 
the exogenous amino acid sequence also alter the tropism of 
the parvovirus. 
0165. It will be appreciated by those skilled in the art that 
modified/targeted viruses and capsids as described above 
may also be chimeric and/or hybrid parvoviruses as 
described in the preceding sections. Those skilled in the art 
will further appreciate that the insertion mutants described 
herein include parvoviruses with other modifications, e.g., 
deletion, insertion or missense mutations. In addition, the 
mutations may incidentally be introduced into the parvovi 
rus capsid or raAV genome as a result of the particular 
cloning strategy employed. 
0166 Parvoviruses, AAV, and ra AV genomes are as 
described above with respect to hybrid parvoviruses. The 
present invention also provides cloning vectors, 
transcomplementing packaging vectors, packaging cells, 
and methods for producing the modified and/or targeted 
rAAV particles described above. In general, helpers, pack 
aging cells, and methods for producing the targeted or 
modified parvoviruses are as described above with respect to 
hybrid and chimeric viruses. In addition, at least one of the 
cap genes (encoded by the rAAV genome, a packaging 
vector, or the packaging cell) has inserted or Substituted 
therein at least one nucleic acid sequence encoding an 
exogenous targeting sequence (as described above) or an 
exogenous amino acid sequence (as described above, e.g., 
for purification, detection or antigen presentation). 
IV. Gene Transfer Technology. 
0167 The methods of the present invention provide a 
means for delivering heterologous nucleic acid sequences 
into a broad range of host cells, including both dividing and 
non-dividing cells. The vectors and other reagents, methods 
and pharmaceutical formulations of the present invention are 
additionally useful in a method of administering a protein or 
peptide to a subject in need thereof, as a method of treatment 
or otherwise. In this manner, the protein or peptide may thus 
be produced in vivo in the subject. The subject may be in 
need of the protein or peptide because the subject has a 
deficiency of the protein or peptide, or because the produc 
tion of the protein or peptide in the Subject may impart some 
therapeutic effect, as a method of treatment or otherwise, and 
as explained further below. 
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0.168. In general, the present invention may be employed 
to deliver any foreign nucleic acid with a biological effect to 
treat or ameliorate the symptoms associated with any dis 
order related to gene expression. Illustrative disease states 
include, but are not limited to: cystic fibrosis (and other 
diseases of the lung), hemophilia A, hemophilia B, thalas 
semia, anemia and other blood disorders, AlDs, Alzheimer's 
disease, Parkinson's disease, Huntington's disease, amyo 
trophic lateral Sclerosis, epilepsy, and other neurological 
disorders, cancer, diabetes mellitus, muscular dystrophies 
(e.g., Duchenne, Becker), Gaucher's disease, Hurlers dis 
ease, adenosine deaminase deficiency, glycogen storage 
diseases and other metabolic defects, retinal degenerative 
diseases (and other diseases of the eye), diseases of Solid 
organs (e.g., brain, liver, kidney, heart), and the like. 
0.169 Gene transfer has substantial potential use in 
understanding and providing therapy for disease states. 
There are a number of inherited diseases in which defective 
genes are known and have been cloned. In some cases, the 
function of these cloned genes is known. In general, the 
above disease states fall into two classes: deficiency states, 
usually of enzymes, which are generally inherited in a 
recessive manner, and unbalanced States, at least sometimes 
involving regulatory or structural proteins, which are inher 
ited in a dominant manner. For deficiency state diseases, 
gene transfer could be used to bring a normal gene into 
affected tissues for replacement therapy, as well as to create 
animal models for the disease using antisense mutations. For 
unbalanced disease states, gene transfer could be used to 
create a disease state in a model system, which could then 
be used in efforts to counteract the disease state. Thus the 
methods of the present invention permit the treatment of 
genetic diseases. As used herein, a disease state is treated by 
partially or wholly remedying the deficiency or imbalance 
that causes the disease or makes it more severe. The use of 
site-specific integration of nucleic sequences to cause muta 
tions or to correct defects is also possible. 
0170 The instant invention may also be employed to 
provide an antisense nucleic acid to a cell in vitro or in vivo. 
Expression of the antisense nucleic acid in the target cell 
diminishes expression of a particular protein by the cell. 
Accordingly, antisense nucleic acids may be administered to 
decrease expression of a particular protein in a subject in 
need thereof. Antisense nucleic acids may also be adminis 
tered to cells in vitro to regulate cell physiology, e.g., to 
optimize cell or tissue culture systems. The present inven 
tiori is also useful to deliver other non-translated RNAs, e.g., 
ribozymes (e.g., as described in U.S. Pat. No. 5,877,022), 
RNAs that effect spliceosome-mediated trans-splicing (Put 
taraju et al., (1999) Nature Biotech. 17:246), or “guide' 
RNAs (see, e.g., Gorman et a... (1998) Proc. Nat. Acad. Sci. 
USA 95:4929; U.S. Pat. No. 5,869.248 to Yuan et al.) to a 
target cell. 
0171 Finally, the instant invention finds further use in 
diagnostic and screening methods, whereby a gene of inter 
est is transiently or stably expressed in a cell culture system, 
or alternatively, a transgenic animal model. 

V. Subjects, Pharmaceutical Formulations, Vaccines, and 
Modes of Administration. 

0.172. The present invention finds use in both veterinary 
and medical applications. Suitable subjects include both 
avians and mammals, with mammals being preferred. The 
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term "avian' as used herein includes, but is not limited to, 
chickens, ducks, geese, quail, turkeys and pheasants. The 
term “mammal’ as used herein includes, but is not limited 
to, humans, bovines, ovines, caprines, equines, felines, 
canines, lagomorphs, etc. Human Subjects are the most 
preferred. Human Subjects include fetal, neonatal, infant, 
juvenile and adult Subjects. 
0173. In particular embodiments, the present invention 
provides a pharmaceutical composition comprising a virus 
particle of the invention in a pharmaceutically-acceptable 
carrier or other medicinal agents, pharmaceutical agents, 
carriers, adjuvants, diluents, etc. For injection, the carrier 
will typically be a liquid. For other methods of administra 
tion, the carrier may be either solid or liquid. Such as sterile, 
pyrogen-free water or sterile pyrogen-free phosphate-buff 
ered saline solution. For inhalation administration, the car 
rier will be respirable, and will preferably be in solid or 
liquid particulate form. As an injection medium, it is pre 
ferred to use water that contains the additives usual for 
injection Solutions, such as stabilizing agents, salts or saline, 
and/or buffers. 

0.174. In other embodiments, the present invention pro 
vides a pharmaceutical composition comprising a cell in 
which an AAV provirus is integrated into the genome in a 
pharmaceutically-acceptable carrier or other medicinal 
agents, pharmaceutical agents, carriers, adjuvants, diluents, 
etc. 

0175. By “pharmaceutically acceptable” it is meant a 
material that is not biologically or otherwise undesirable, 
e.g., the material may be administered to a subject without 
causing any undesirable biological effects. Thus, such a 
pharmaceutical composition may be used, for example, in 
transfection of a cell ex vivo or in administering a viral 
particle or cell directly to a subject. 
0176) The parvovirus vectors of the invention maybe 
administered to elicit an immunogenic response (e.g., as a 
vaccine). Typically, vaccines of the present invention com 
prise an immunogenic amount of infectious virus particles as 
disclosed herein in combination with a pharmaceutically 
acceptable carrier. An "immunogenic amount' is an amount 
of the infectious virus particles that is sufficient to evoke an 
immune response in the Subject to which the pharmaceutical 
formulation is administered. Typically, an amount of about 
1 to about 10" virus particles, preferably about 10 to about 
10', and more preferably about 10 to 10° virus particles per 
dose is Suitable, depending upon the age and species of the 
Subject being treated, and the immunogen against which the 
immune response is desired. Subjects and immunogens are 
as described above. 

0177. The present invention further provides a method of 
delivering a nucleic acid to a cell. For in vitro methods, the 
virus may be administered to the cell by standard viral 
transduction methods, as are known in the art. Preferably, 
the virus particles are added to the cells at the appropriate 
multiplicity of infection according to standard transduction 
methods appropriate for the particular target cells. Titers of 
virus to administer can vary, depending upon the target cell 
type and the particular virus vector, and may be determined 
by those of skill in the art without undue experimentation. 
Alternatively, administration of a parvovirus vector of the 
present invention can be accomplished by any other means 
known in the art. 
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0.178 Recombinant virus vectors are preferably admin 
istered to the cell in a biologically-effective amount. A 
“biologically-effective” amount of the virus vector is an 
amount that is sufficient to result in infection (or transduc 
tion) and expression of the heterologous nucleic acid 
sequence in the cell. If the virus is administered to a cell in 
Vivo (e.g., the virus is administered to a subject as described 
below), a “biologically-effective” amount of the virus vector 
is an amount that is sufficient to result in transduction and 
expression of the heterologous nucleic acid sequence in a 
target cell. 
0179 The cell to be administered the inventive virus 
vector may be of any-type, including but not limited to 
neural cells (including cells of the peripheral and central 
nervous systems, in particular, brain cells), lung cells, retinal 
cells, epithelial cells (e.g., gut and respiratory epithelial 
cells), muscle cells, pancreatic cells (including islet cells), 
hepatic cells, myocardial cells, bone cells (e.g., bone marrow 
stem cells), hematopoietic stem cells, spleen cells, kerati 
nocytes, fibroblasts, endothelial cells, prostate cells, germ 
cells, and the like. Alternatively, the cell may be any 
progenitor cell. As a further alternative, the cell can be a 
stem cell (e.g., neural stem cell, liver stem cell). Moreover, 
the cells can be from any species of origin, as indicated 
above. 

0180. In particular embodiments of the invention, cells 
are removed from a Subject, the parvovirus vector is intro 
duced therein, and the cells are then replaced back into the 
subject. Methods of removing cells from subject for treat 
ment ex vivo, followed by introduction back into the subject 
are known in the art. Alternatively, the rAAV vector is 
introduced into cells from another subject, into cultured 
cells, or into cells from any other Suitable source, and the 
cells are administered to a subject in need thereof. 
0181 Suitable cells for ex vivo gene therapy include, but 
are not limited to, liver cells, neural cells (including cells of 
the central and peripheral nervous systems, in particular, 
brain cells), pancreas cells, spleen cells, fibroblasts (e.g., 
skin fibroblasts), keratinocytes, endothelial cells, epithelial 
cells, myoblasts, hematopoietic cells, bone marrow stromal 
cells, progenitor cells, and stem cells. 
0182 Dosages of the cells to administer to a subject will 
vary upon the age, condition and species of the Subject, the 
type of cell, the nucleic acid being expressed by the cell, the 
mode of administration, and the like. Typically, at least about 
10° to about 10 preferably about 10 to about 10° cells, will 
be administered per dose. Preferably, the cells will be 
administered in a “therapeutically-effective amount'. 
0183. A “therapeutically-effective” amount as used 
herein is an amount of that is sufficient to alleviate (e.g., 
mitigate, decrease, reduce) at least one of the symptoms 
associated with a disease state. Alternatively stated, a “thera 
peutically-effective” amount is an amount that is sufficient to 
provide some improvement in the condition of the Subject. 
0.184 A further aspect of the invention is a method of 
treating subjects in vivo with the inventive virus particles. 
Administration of the parvovirus particles of the present 
invention to a human Subject or an animal in need thereof 
can be by any means known in the art for administering virus 
VectOrS. 

0185. Exemplary modes of administration include oral, 
rectal, transmucosal, topical, transdermal, inhalation, 
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parenteral (e.g., intravenous, Subcutaneous, intradermal, 
intramuscular, and intraarticular) administration, and the 
like, as well as direct tissue or organ injection, alternatively, 
intrathecal, direct intramuscular, intraventricular, intrave 
nous, intraperitoneal, intranasal, or intraocular injections. 
Injectables can be prepared in conventional forms, either as 
liquid Solutions or Suspensions, Solid forms Suitable for 
Solution or Suspension in liquid prior to injection, or as 
emulsions. Alternatively, one may administer the virus in a 
local rather than systemic manner, for example, in a depot or 
Sustained-release formulation. 

0186. In particularly preferred embodiments of the inven 
tion, the nucleotide sequence of interest is delivered to the 
liver of the subject. Administration to the liver may be 
achieved by any method known in the art, including, but not 
limited to intravenous administration, intraportal adminis 
tration, intrabiliary administration, intra-arterial administra 
tion, and direct injection into the liver parenchyma. 

0187 Preferably, the cells (e.g., liver cells) are infected 
by a recombinant parvovirus vector encoding a peptide or 
protein, the cells express the encoded peptide or protein and 
secrete it into the circulatory system in a therapeutically 
effective amount (as defined above). Alternatively, the vec 
tor is delivered to and expressed by another cell or tissue, 
including but not limited to, brain, pancreas, spleen or 
muscle. 

0188 In other preferred embodiments, the inventive par 
vovirus particles are administered intramuscularly, more 
preferably by intramuscular injection or by local adminis 
tration (as defined above). In other preferred embodiments, 
the parvovirus particles of the present invention are admin 
istered to the lungs. 
0189 The parvovirus vectors disclosed herein may be 
administered to the lungs of a Subject by any Suitable means, 
but are preferably administered by administering an aerosol 
Suspension of respirable particles comprised of the inventive 
parvovirus vectors, which the subject inhales. The respirable 
particles may be liquid or Solid. Aerosols of liquid particles 
comprising the inventive parvovirus vectors may be pro 
duced by any Suitable means, such as with a pressure-driven 
aerosol nebulizer or an ultrasonic nebulizer, as is known to 
those of skill in the art. See, e.g., U.S. Pat. No. 4,501,729. 
Aerosols of Solid particles comprising the inventive virus 
vectors may likewise be produced with any solid particulate 
medicament aerosol generator, by techniques known in the 
pharmaceutical art. 

0190. Dosages of the inventive parvovirus particles will 
depend upon the mode of administration, the disease or 
condition to be treated, the individual subjects condition, 
the particular virus vector, and the gene to be delivered, and 
can be determined in a routine manner. Exemplary doses for 
achieving therapeutic effects are virus titers of at least about 
10, 10°, 107, 10, 10°, 1010, 10, 1012, 10, 1014, 1015 
transducing units or more, preferably about 10-10' trans 
ducing units, yet more preferably 10' transducing units. 
0191 In particular embodiments of the invention, more 
than one administration (e.g., two, three, four, or more 
administrations) may be employed to achieve therapeutic 
levels of gene expression. According to this embodiment, 
and as described above, it is preferred to use parvovirus 
vectors having different antigenic properties for each admin 
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istration to obviate the effects of neutralizing antibodies. As 
described above, in particular embodiments of the invention, 
the hybrid and chimeric parvoviruses of the present inven 
tion are administered to circumvent neutralizing antibodies 
in the subject to be treated or to prevent the development of 
an immune response in the Subject. The Subject may be 
presented with seemingly new virus vectors by packaging 
the rAAV genome within an array of hybrid or chimeric 
parvovirus capsids. 
0.192 The foregoing discussion also pertains to pharma 
ceutical formulations containing parvovirus capsids and 
other reagents of the invention as well as methods of 
administering the same. 
0193 In summary, the parvovirus vectors, reagents, and 
methods of the present invention can be used to direct a 
nucleic acid to either dividing or non-dividing cells, and to 
stably express the heterologous nucleic acid therein. Using 
this vector system, it is now possible to introduce into cells, 
in vitro or in vivo, genes that encode proteins that affect cell 
physiology. The vectors of the present invention can thus be 
useful in gene therapy for disease states or for experimental 
modification of cell physiology. 
0194 Having now described the invention, the same will 
be illustrated with reference to certain examples, which are 
included herein for illustration purposes only, and which are 
not intended to be limiting of the invention. 

EXAMPLE 1. 

AAV Vectors 

0.195 All production of AAV vectors used in these inves 
tigations utilized the vector production scheme as described 
in Ferrariet al., (1997) Nature Med. 3:1295 and Xiao et al., 
(1998).J. Virology 72:2224. Utilizing a transient transfection 
procedure, ra AV devoid of adenovirus has been generated. 
Id. This protocol utilizes an adenovirus DNA genome that 
has been incapacitated for viral replication and late gene 
expression. The mini Ad plasmid while unable to replicate 
and produce progeny, is still viable for adenovirus gene 
expression in 293 cells. Using this construct, the AAV 
packaging strategy involving new AAV helper plasmid 
(pAAV/Ad ACG) and AAV vector DNA (sub 201) has been 
successfully complemented (Samulski et al., (1989) J of 
Virology 63:3822). This new construct typically generates 
rAAV of 107-10/10 cm dish of 293 cells (Xiao et al., (1998) 
J. Virology 72:2224). Efficient gene delivery is observed in 
muscle, brain and liver with these vectors in the complete 
absence of Ad. 

EXAMPLE 2 

Cells and Viruses 

0196) Human 293 and HeLa cells were maintained at 37° 
C. with 5% CO saturation in 10% fetal bovine serum 
(Hyclone) in Dulbecco's modified Eagles medium (Gibco 
BRL), with streptomycin and penicillin (Lineberger Com 
prehensive. Cancer Center, Chapel Hill, N.C.). Fourx10293 
cells were plated the day before transfection onto a 10 cm 
plate. Cells were transfected by both calcium phosphate 
(Gibco BRL) or Superfection (Qiagene) according to manu 
facturers specifications. The insertional mutant packaging 
plasmids, described below, were transfected along with 
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pAB11 containing the CMV driven Lac Z gene with a 
nuclear localization signal. For each transfection the same 
amount of packaging plasmid (12 ug) and pAB11 (8 Jug) 
were used for each 10 cm plate. For each transfection an 
additional plate was used containing the transgene plasmid 
only to assess transformation efficiencies. After transfection 
the cells were infected with helper virus Ad5 d/309 at an 
MOI of 5, and 48 hours later the cells were lysed and the 
virus purified. 
0197) Recombinant virus was purified using cesium chlo 
ride isopycnic or iodixanol gradients. In both cases cells 
were centrifuged at 1500 rpms (Sorval RT 6000B) for ten 
minutes at 4°C. Proteins were precipitated from the super 
natant using ammonium Sulfate (30% w/v) and resuspended 
in 1x Phosphate-buffered saline (PBS) (137 mM NaCl, 2.7 
mM KC1, 4.3 mM NaHPO 7H2O, 1.4 mM. KHPO). The 
cell pellet was resuspended in 1xRBS containing 0.1 mg/ml 
DNase I (Boehringer Mannheim) lysed by three freeze-thaw 
cycles, combined with the protein portion of the Supernatant, 
and incubated at 37° C. for 30 minutes. This material was 
subjected to sonication (Branson Sonifier 250, VWR Scien 
tific), 25 bursts at 50% duty, output control 2. Cell debris 
was removed by centrifugation (Sorvall RT 6000B). To each 
milliliter of supernatant 0.6 g of cesium chloride (CsCl) was 
added and the solution was centrifuged for 12-18 hours 
(Beckman Optima TLX ultracentrifuge) in a TLS 55 rotor at 
55,000 rpms. Alternatively, the supernatant was layered on 
top of an lodixanol (OptiPrep-Nycomed Pharma As, Oslo, 
Norway) gradient of 60%, 45%, 30% and 15%. This gradi 
ent was centrifuged in a Beckman Optima TLX ultracentri 
fuge using a TLN 100 rotor at 100,000 rpm for one hour. 
Fractions were recovered from these gradients and 10 ul 
from each fraction were utilized for dot blot hybridization to 
determine which fraction contained the peak protected 
virion (see Example 5). 

EXAMPLE 3 

Construction of AAV Packaging Plasmids 
0198 The capsid domain of pAAV/Ad was cloned into 
pBS+ (Stratagene) using Hind III, resulting in paV2Cap. 
Partial digestion of pAV2Cap using the restriction enzymes 
Hae III, Nla IV, and Rsa I and gel purification of the unit 
length DNA fragment resulted in the isolation of the starting 
material for cloning. The aminoglycoside 3'-phosphotrans 
ferase gene, conferring kanamycin resistance (kan'), from 
pUC4K (Pharmacia) digested with Sal I was flanked by 
linkers containing Nae I and Eco RV sites, a Sal I overhang 
at one end and an Eco RI overhang at the other end (top 
5'-MTTCGCCGGCGATATC-3', SEQ ID NO:6, bottom 
5'-TCGAGATATCGCCGGC-3', SEQ ID NO:7). This frag 
ment was cloned into the Eco RI site of pBluescript SK-- 
(Stratagene). Digestion with Nae I released the kan' gene, 
and this fragment was ligated into the pAV2Cap partials. The 
resulting plasmids were screened for insertion into the 
capsid domain and, then digested with Eco RV to remove the 
kan' gene leaving the twelve base pair insertion 5'-GGC 
GATATCGCC-3' (SEQID NO:8) within the capsid domain. 
Multiple enzyme digests and DNA sequencing were used to 
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determine the position of the 12 bp insertion within the 
capsid coding domain. The enzyme digests include Eco 
RV/Ban II, Eco RV/Bst NI, Eco RV/Pst II and Eco RV/Hind 
III. The capsid domain of the resulting plasmids were 
digested with Asp718 and subcloned into the p ACG2 pack 
aging plasmid (Liet al., 1997.J. Virology 71:5236), with the 
exception of one Nla IV clone that overlapped the 3'-Asp718 
site. This insertion mutant was cloned into pAAV/Ad using 
a Hind III/Nsi I digestion. 

EXAMPLE 4 

Western Blotting 

0199 Cell lysates after freeze thaw lysis and sonication 
was centrifuged to remove large cell debris. Twenty micro 
liters of supernatant was immediately added to 20 ul of 
2xSDS gel-loading buffer containing dithiothreitol and 
boiled for five minutes. Proteins were analyzed by SDS 
polyacrylamide gel electrophoresis and transferred to nitro 
cellulose electrophoretically. The nitrocellulose membranes 
were immunoblotted using the anti-Vp3 monoclonal anti 
body B1 (a generous gift from Jurgen A. Kleinschmidt). 
Each of the insertion mutants was tested at least twice by 
Western blot analysis. The secondary anti-mouse Horserad 
ish Peroxidase IgG was used to indirectly visualize the 
protein by enhanced chemiluminescence (ECL-Amersham). 
The Western blots were scanning from enhanced chemilu 
minescence exposed BioMax film (Kodak) into Adobe Pho 
toShop and analyzed by ImageOuaNT software (Molecular 
Dynamics Inc.). 

0200 Viral proteins were visualized by Western blotting 
followed by immunoblotting as described above. Between 
10x10 and 2.5x10 viral particles were used for each 
sample. The virus was isolated from the peak cesium gra 
dient fraction as determined by dot blot, and dialysed against 
0.5xPBS containing 0.5 mM MgCl, prior to polyacrylamide 
gel electrophoresis. 

EXAMPLE 5 

Titration of Recombinant Virus 

0201 Fractions from CsCl gradients were obtained by 
needle aspiration. The refractive index was obtained using a 
refractometer (Leica Mark II), and the index was used to 
determine the density of fractions. Aliquots of 10 ul from 
fractions between 1.36 g/ml and 1.45 g/ml were tested for 
the presence of protected particles by dot blot hybridization. 
The aliquots were diluted 1:40 in viral dilution buffer (50 
mM Tris HCl, 1 mM MgCl, 1 mM CaCl 102 g/ml RNase, 
10 ug/ml DNase) and incubated at 37°C. for 30 minutes. To 
the samples Sarcosine (final concentration 0.5%) and EDTA 
(final 10 mM) were added and incubated at 70° C. for 10 
minutes. Proteinase K (Boehringer Mannheim) was added to 
a final concentration of 1 mg/ml and the samples were 
incubated at 37°C. for two hours. Following this incubation 
the samples were denatured in NaOH (350 mM final) and 
EDTA (25 mM final). The samples were applied to equili 
brated nyltran (Gene Screen Plus, NEN Life Science Prod 
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ucts) using a dot blot manifold (Minifold I, Schleicher and 
Schuell). The membrane was probed with a random primed 
(Boehringer Mannheim) ‘P-dCTP labeled Lac Z DNA 
fragment. The membranes were exposed to film (BioMax 
MR, Kodak) or to phosphor imagining screens (Molecular 
Dynamics) and intensity estimates were done using 
ImageOuant software (Molecular Dynamics). Peak fraction 
of virus were then dialysed in 1xRBS for transducing titer. 

0202 Transductions titers were determined by his 
tochemical staining for Lac Zactivity. HeLa cells had been 
infected with Add/309 at a multiplicity of infection of five 
for one hour. The cells were then washed with 1xPBS and 
fresh medium was added. Aliquots of virus from peak 
fractions, equivalent to 1.75x10 particles were used to 
infect Hela cells. Twenty to twenty-four hours later cells 
were washed with 1xPBS, fixed (2% formaldehyde 0.2% 
gluteraldehyde in 1xEBS), washed, and stained with 
5'-Bromo-4-chloro-3-indoly-f-D-galactopyranoside (Gold 
Bio Technology) dissolved in N,N-dimethylformamide 
(Sigma) diluted to 1 mg/ml in 1xRBS pH7.8, 5 mM potas 
sium ferricyanide, 5 mM potassium ferrocyanide, 2 mM 
MgCl2 at 37° C. for 12-24 hours. Stained HeLa cells were 
counted in ten 400x microscope fields. The transducing 
number was determined by averaging the number of stained 
cells in ten fields and multiplying by the number of fields on 
the plate and dividing that number by the number of nano 
grams of protected template. 

EXAMPLE 6 

Electron Microscopy 

0203) Peak fractions of ra AV with wildtype virion or 
mutagenized virions were dialysed in 0.5xPBS containing 
0.5 mM MgCl2. The virus was placed on a 400 mesh glow 
discharged carbon grid by inverting on a 10 ul drop of virus 
for ten minutes at room temperature. Followed by three 
1xpBS washes for one minute each. The virus was stained 
in 1% Phosphotungstic acid for one minute. Specimens were 
visualized using a Zeiss EM 910 electron microscope. 

EXAMPLE 7 

Heparin Agarose Binding Assay 

0204 Recombinant virus containing wild-type capsids or 
insertion in the capsids were dialysed against 0.5xPBS 
containing 0.5 mM MgCl2. One hundred microliters of each 
virus was bound to 100 ul of heparinagarose type 1 (H-6508 
Sigma, preequilibrated in twenty volumes of 0.5xPBS con 
taining 0.5 mM MgCl) at room temperature for one hour in 
a 1.5 ml microfuge tube. After each step, binding washes and 
elutions samples were centrifuged at 2000 rpm (Sorval MC 
12V) for two minutes to collect supernatant. Samples were 
washed six times with 0.5 ml of 0.5xPBS containing 0.5 mM 
MgCl2, and the Supernatant collected. Samples were eluted 
in three steps of 100 ul volumes containing 0.5, 1.0 and 
1.5M NaCl in 0.5xPBS containing 0.5 mM MgCl, and the 
Supernatant collected. For each sample 20 Jul of Supernatant 
from each step was used for dot blot hybridization. The 
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100% bound control was an internal standard equivalent to 
one fifth of each input virus used in the dot blot. The heparin 
agarose viral mixtures were washed six times with 0.5xPBS 
0.5 mM MgCl2 in volumes that resulted in a 1:15625 
dilution. 

EXAMPLE 8 

Construction of Insertional Mutations in ra AV2 

0205. In order to evaluate the role of AAV structural 
proteins in assembly and infectivity, we generated a collec 
tion of capsid linker insertion mutants. A 2.8 kb Hind III 
fragment of p AAV/Ad (Samulski et al., (1989) J. Virology 
63:3822) containing the sequences coding for the capsid 
domain of AAV2 was subcloned into pEBS+. This plasmid, 
pAV2Cap, was used for partial digestion with Hae III, Nla 
IV, and Rsa I to generate a Substrate for capsid specific 
insertions (FIG. 1). These three DNA restriction enzymes 
constitute 43 sites that span across the AAV-2 capsid coding 
sequence of which only 4 overlap. To efficiently identify 
clones that contain insertions, a kanamycin resistance gene 
(Kan') flanked by a novel oligo (Nae IlEcoRV) was ligated 
with partially digested, full-length, linearized pAV2Cap (see 
Example 3 and FIG. 1). Using ampicillin and kanamycin 
selection in E. coli, insertion mutants were identified and the 
Kan' gene was shuttled out of the capsid coding region by 
digesting and religation with the nested pair of Eco RV sites 
(see Example 3). This resulted in a specific linker insertion 
of 12 base pair (bp) carrying a single copy of the unique Eco 
RV site in the capsid coding sequences. The exact positions 
of the linker insertion were further refined by restriction 
enzyme digestions, and in six cases sequencing (data not 
shown). The position of insertion mutants are identified by 
the first letter of the enzyme used in the partial digestion 
followed by the nucleotide position of the restriction site in 
the AAV2 genome, for example Nla IV 4160 would be 
N416O. 

0206. The capsid coding sequence from these mapped 
insertion mutants were subcloned into the helper vectors 
pACG2 or p AAV/Ad for biological characterization in vivo 
(FIG. 1) (Li et al., (1997) J. Virology 71:5236; Samulski et 
al., (1989) J. Virology 63:3822). Sequence analysis predicts 
that this 12 base pair insertion cannot result in a termination 
codon for any of the 43 insertion sites (Table 1). Owing to 
the random nature of the cut site for the enzymes (Hae III, 
Nla IV, and Rsa I) with respect to codon frame usage and the 
degeneracy of the Nla IV recognition sequence, the 12 bp 
linker resulted in the insertion of the amino acids GDIA in 
frame 1 and AISP in frame 3 for all three enzymes, while 
insertions in frame 2 resulted in WRYRH for Rsa I, GRYRP 
for Hae III, and both GRYRP and GRYRH for Nla IV. The 
bolded amino acid in these examples represents missense 
mutation (Table 1). The mutant helper constructs, paCG2", 
were individually transfected into 293 cells along with an 
AAV reporter vector, containing the B-galactosidase gene in 
Adenovirus d/309 (MOI=5) infected cells (Li et al., (1997) 
J. Virology 71:5236). The transfected cells were then 
assayed for capsid expression and recombinant virus pro 
duction (see Example 5: Li et al., (1997) J. Virology 
71:5236). 
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TABLE 1. 
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Physical Structure and Phenotype of AAV2 Capsid Insertion Mutants 

Position Capsid Heparin Electron 
inserted submit Frame Dot blot Infectious' Agarose Microscope Phenotype Amino Acid 
H2285 VP1 3 2.8 x 107 -- normal Class AISP 
R2356 VP1 2 4 x 108 -- -- N.D. Class III WRYRH 
N2364 VP1 1 N.D. N.D. Class GDIA 
H2416 VP1 2 4 x 107 -- N.D. Class GRYRP 
H2591 VP1 3 4 x 107 -- -- normal Class III AISP 
H2634 VP2 1 2.8 x 107 -- normal Class GDIA 
H2690 VP2 3 7.0 x 10 -- -- normal Class III AISP 
R2747 VP2 3 N.D. N.D. Class AISP 
HAN2944 VP3 2 4 x 10 * N.D N.D. ClassIIIII GRYRP 
N3317 VP3 3 4 x 10 N.D N.D. Class AISP 
R3391 VP3 2 N.D N.D. Class WRYRH 
N3561 VP3 1 N.D N.D. Class GDIA 
H3595 VP3 2 4 x 10 * N.D abnormal Class IIIII GRYRP 
HAN3761 VP3 3 4 x 107 normal Class AISP 
H3766 VP3 2 2.8 x 107 N.D N.D. Class GRYRP 
N4O46 VP3 3 N.D N.D. Class AISP 
HAN4O47 VP3 1 N.D. N.D. Class GDIA 
NR4160 VP3 3 4 x 107 -- -- normal Class III AISP 

The letter refers to the restriction enzyme used in the partial digestion and the number refers to nucleotide 
of the restriction site in the AAV2 sequence. 
°Reading frame of the restriction site. 
The particle number per microliter of sample. (-) = <10 genomes. 
"Infections were done using 1.75 x 10' particles of ra AV insertion mutants in adenovirus infected HeLa 
cells. 
By batch binding and assayed by infection of HeLa cells (Class III) or by dot blot (Class II). 
Amino acids differ depending on the frame of the insertion. The bolded amino acid is a missense mutation. 

EXAMPLE 9 

Analysis of Capsid Proteins 
0207 Before assaying for vector production using mutant 
capsid constructs in complementation assays, each insertion 
mutant was tested for expression of capsid subunits in 293 
cells after transfection. The ability to produce Vp 1, Vp2, and 
Vp3 at normal stoichiometry would suggest that linker 
insertions did not alter capsid protein expression, or stability. 
Since the linker did not introduce stop codons, it was 
expected that each insert would produce all three capsids. 
Forty-eight hours after transfection, cell lysates were ana 
lyzed by Western blot for AAV capsids. The Western blot 
analysis in FIG. 2 is a representation of insertion mutant 
capsid expression in cell lysates. With the exception of 
H2634 (FIG. 2 lane 2), the stoichiometry of the three capsid 
Subunits does not appear significantly different than that of 
wild-type controls (FIG. 2 compare lanes 1.3-7 to lane 8). 
By this assay, insertion mutant H2634 appears to only 
produce Vp3 subunits (FIG. 2; lane 2). In longer exposures, 
the minor capsid subunits in FIG. 4 lanes 4 and 5 were 
apparent (data not shown). 

EXAMPLE 10 

Mutant Capsid Ability to Produce Stable Virions 
0208 To test for the production of stable virions that 
protect a vector genome from DNase digestion, we Sub 
jected the cell lysates to cesium chloride (CsCl) gradient 
centrifugation. Virus densities were measured by refracto 
metry, and aliquots from appropriate fractions were Sub 
jected to dot blot hybridization (FIG. 3a). Based on this 
analysis, particles that package intact recombinant genomes 
should display a buoyant density similar to wild-type and be 

resistant to DNase treatment, with the exception of H2.944 
which has a buoyant density slightly higher than wild type. 
Results for this assay separated insertion mutants into two 
classes. Class I mutants were negative for protecting the 
viral genome, while class II mutants appeared normal for 
packaging and protecting the vector Substrate (Table I). 
0209 All class II mutants had a buoyant density within 
the range of wild-type AAV2 capsids (FIG. 3a). By dot blot 
analysis, N2944 packaged the recombinant genome but 
migrated to a position of slightly greater density than wild 
type in isopycnic gradients (FIG. 3a, N2944 lane 3). A 
number of insertion mutants (7) did not package DNA by 
this assay which had a sensitivity of <1x10 particles/ul (see 
methods for quantitation) (Table 1). Whether these mutants 
were defective in packaging or unstable during purification 
remains to be determined. 

EXAMPLE 11 

Infectivity of Class II Insertion Mutants 

0210 Virions generated by insertion mutants in the 
complementation assay were tested for infectivity by moni 
toring transduction of Lac Z reporter gene in human cells. 
Using viral titers derived from dot blot hybridization, HeLa 
cells were infected with mutant virus stocks at equivalent 
particle numbers. 
0211 Twenty-four hour post infection, expression of the 
transgene was detected by X-gal staining. A representative 
figure of this analysis is shown (FIG. 3b) and all mutants 
assayed are presented in Table 1. In this assay, wild-type 
virions transduced 5.6x10 HeLa cells/1.75x10 protected 
particles (FIG. 3b). Based on the sensitivity of this assay, the 
range of infection efficiency for class II insertion mutant 
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viruses was from 0 to 1.6x10° transducing units/1.75x10 
protected particles. Results from this analysis further sub 
divided the capsid insertion mutants from class II (normal 
for packaging and protecting the vector Substrate) into a 
class III phenotype (normal for packaging and protecting the 
vector substrate and infectious virions). Two insertion 
mutants negative for infectivity and initially identified as 
class II mutants (N2944, H3595) based on CsCl purification 
and DNase protection, tested positive for viral transduction 
after purification using an iodixanol step gradient (Table 1). 
This virus purification technique is not as harsh as CsCl and 
has been shown to increase virus recovery by ten-fold 
(Zolotukhin et al., (1999) Gene Therapy 6:973). However, 
other class II mutants remained non-infectious after purifi 
cation using an iodixanol step gradient (data not shown). 
Although we determined that insertion mutant viruses 
N2944 and H3595 were infectious using the Lac Z trans 
duction assay, it should be noted that these mutants resulted 
in low infectious titers (1x10° transducing units/ng) similar 
to previously published lip mutants (Hermonat et al. (1984) 
J. Virology 51:329). 

EXAMPLE 12 

Electron Microscopy of Class II and Class III 
Mutants 

0212 To further characterize class II and III ra AV2 
insertion mutants for biological differences, we visualized 
mutant particles by electron microscopy (EM). The EM 
analysis revealed only gross morphology of the infectious 
class III viruses, which were indistinguishable from wild 
type virions (Compare FIGS. 4a, and 4b,c). Whereas dis 
tinct differences were observed between class II/III mutant 
virus H3595 when compared to wild-type virions (FIGS. 4a, 
and 4f bottom four panels). EM images of H3595 revealed 
a slightly larger roughly pentagonal outline, while wild-type 
virus appeared uniformed in size and was hexagonal. Inter 
estingly, class II mutant H2634, which was negative for Vp1 
or Vp2 by Western blot (FIG. 2 lane 2), appeared normal in 
morphology by EM analysis (FIG. 4d). Based on this 
analysis, virion morphology alone is not sufficient to distin 
guish class II mutants from class III since Small insertions 
within the capsids can result in either non-detectable (FIG. 
4b,c,d,e) or noticeable alterations in virion structure (FIG. 
4f bottom four panels). However, this approach was able to 
provide additional data to our characterization of these 
linker insertion mutants (FIG. 4, compare a to f). 

EXAMPLE 13 

Capsid Ratio of Class II and Class III Virions 
0213 Rose et al. (1971) established that AAV2 particles 
are composed of Vp 1, Vp2, and Vp3 at a 1:1:20 ratio (Rose 
et al., (1971) J. Virology 8:766). In an effort to determine if 
class II and class III mutant virions maintained this ratio, 
Western blots were performed on the cesium chloride puri 
fied virus. Purified viruses analyzed by Western blot showed 
similar amounts of Vp3 in all mutants sampled (FIG. 5, Vp3 
arrow), between 1x10 and 2.5x10 viral particles were used 
for each sample. The amounts of Vp2 and Vp 1 are also 
nearly equivalent in all test samples except H2634 where no 
minor capsid components were observed (FIG. 5, lane 5). 
The lack of minor capsid components for H2634 is consis 
tent with the Western results from cell lysate (FIG. 2). At the 
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limit of detection in this assay, the class II insertion mutant 
H2634 appears to assemble AAV virions without Vp1 and 
Vp2, even though EM analysis Suggest this mutant has 
normal morphology (FIG. 4d). 

EXAMPLE 1.4 

Heparin Binding of Class II and Class III Mutants 

0214) Recently our lab established that AAV-2 uses a 
heparan Sulfate proteoglycan as a primary receptor for 
infectivity (Summerford and Samulski, (1998) J. Virology 
72: 1438). To determine what role heparin binding may have 
in class II particles inability to infect cells as well as the 
ability of class III virus to bind heparin agarose, heparin 
batch binding experiments were performed. Not surpris 
ingly, all class III mutants were positive for heparin binding, 
with the majority of virus eluting in the 1M NaCl step (data 
not shown). To determine if loss of infectivity of class II 
mutant viruses was related to a lack of heparin binding, 
batch binding experiments were analyzed by dot blot hybrid 
ization (FIG. 6). For each of the viral samples tested, an 
internal control to determine 100% bound was spotted on the 
filter independent of heparin binding (FIG. 6; 100% bound). 
This allowed us to determine percent virus retained, at each 
step of heparin purification. After binding to heparin agar 
ose, Samples were washed then eluted using increasing salt 
concentrations (see Example 7). Recombinant AAV2 with 
wild-type virion shells demonstrated 90% binding with 10% 
released in the wash followed by 60% recovered in the 
elution buffer, and 20% remaining bound to heparinagarose 
(FIG. 6, lane 1). Class II mutants H2285, H2416, and H2634 
demonstrated similar binding and elution profiles (FIG. 6, 
lanes 2-4). However, class II mutant H3761 was distinct in 
its heparin agarose binding profile with the majority of the 
virion in the binding buffer and the washes (FIG. 6, lane 5). 
Further analysis is required to determine the reason for lack 
of Heparin binding in this batch assay. 
0215 Interestingly, H2634 binds heparin agarose under 
these conditions, which by Western blot does not carry 
detectable Vp 1 or Vp2 subunits (FIG. 5, lane 4). The lack 
of Vp1 and Vp2 in H2634 along with its ability to bind 
heparin agarose Suggest that the heparin binding domain 
may be located in Vp3 capsid proteins. 

EXAMPLE 1.5 

Linker Insertion Mutants 

0216) Insertion sequences encoding poly-lysine, poly 
histidine, an RGD motif, or bradykinin were inserted into 
the linker mutants described in Table 1. We developed a 
PCR-based method of identifying insertions of different 
linkers into the coding domain of AAV2 capsid gene. Briefly, 
one primer was used outside of the capsid coding region and 
one that corresponds exactly to the linker. If the linker is in 
the correctorientation, then the PCR product is of a size that 
is dependent on the insertion mutants position. 
0217. After transformation of the ligation reactions, bac 

terial colonies were picked with a pipet tip and dipped 4-5 
times into a well of a 96-well plate containing LB-medium 
with antibiotic. The pipet tip was then placed in a well of a 
96-well plate containing PCR reaction buffer. The PCR 
products were run out on an agarose gel, and positive clones 
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were identified. This information indicated the orientation 
and the position of the insertion mutant with respect to the 
outside primer. 
0218. The LB-medium that is in the corresponding well 
was used as the PCR positives, and this material was grown 
in a larger (5 mL) Volume. After an overnight growth phase, 
the plasmid DNA was isolated and digested with an enzyme 
that restricts the DNA 15 times (Bst NI). These digestion 
products were separated on a 5-6% acrylamide gel. Depend 
ing upon the size of the linker insertion and the size of the 
corresponding uninserted fragment, the number of inserts is 
determined. Thus, within two days of ligating the linker into 
the insertion site, we know the orientation and number of 
linker insertion, and we have sufficient DNA to transfect a 10 
cm plate for virus production. 

0219 p.ACG2 (Liet al., 1997.J. Virology 71:5236) with 
out any insertion when digested with Bst NI yields frag 
ments of 

0220 3900 bp 
0221) 1121 bp 
0222 1112 bp 
0223) 445 bp H2944 shifts 
0224 347 bp H2634, H2690 shifts 
0225 253 bp H3595 shifts 
0226, 215 bp R2356, H2416 shifts 
0227 121 bp 
0228) 111 bp 
0229) 64 bp 
0230) 63 bp H2285 shifts 
0231 33 bp H2591 shifts 
0232) 13 bp 
0233. 9 bp 
0234. The band shifts with the different insertion mutants 
are also indicated. 

0235 p.ACG2 without any insertion when digested with 
Ban I yields fragments of: 

0236 2009 bp 
0237) 1421 bp 
0238 168 bp 
0239 843 bp H4047 shifts 
0240 835 bp 
0241 734 bp H2634 shifts 
0242 464 bp 
0243) 223 bp 
0244) 218 bp 
0245 211 bp 
0246) 50 bp 
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0247 Each of the inserts contains the original 12 base 
pairs of the Eco RV site. In addition, each of the linkers adds 
additional base pairs: 

0248 RGD=36 bp+12=48 bp for a single insertion. 
0249 Bradykinin (BRDY)=69 bp+12=81 bp for a 
single insertion. Note: The BRDY insert contains a 
BstNI site. 

0250) Histidine (8HIS)=51 bp+12=63 bp for a single 
insertion. 

0251 Poly Lysine (PLY)=63 bp+12=75bp for a single 
insertion. 

0252) The outside primer is near the Hind III site and is 
called AAV2/45". This primer can be used to amplify AAV 
serotypes 2 and 4. 
0253 Primer sequences used to produce epitope linkers 
into the original insertion mutants are given below. Note: 
Because there are three frames for the insertion mutants 
there are three primer pairs for each primer set. 
0254. Histidine Primer Pairs: 

Frame 1: 
Top primer a 48 mer (SEQ ID NO: 9) : 
5' -GCT AGC GGC GGA CAC CAT CAC CAC CAC CAT CAC 
CAC GGC GGA AGC GCT- 3' 
Bottom primer a 48 mer (SEQ ID NO: 10): 
5' -AGC GCT. TCC GCC GTG. GTG ATG GTG. GTG. GTG ATG 
GTG TCC GCC GCT AGC- 3' 

Frame 2: 
Top primer a 51 mer (SEQ ID NO:11) : 
5' -AC GCT AGC GGC GGA CAC CAT CAC CAC CAC CAT GAC 
GAC GGC GGA AGC GCT T- 3' 
Bottom primer a 51 mer (SEQ ID NO: 12): 
5' -A AGC GCT. TCC GCC GTG. GTG ATG GTG. GTG. GTG ATG 
GTG TCC GCC GCT AGC GT- 3' 

Frame 3: 
Top primer a 51 mer (SEQ ID NO: 13) : 
5' -G GGTTCC GGA. GGG CAC CAC CAT CAC CAC CAC CAT 
CAC GGA. GGC GCC AGC GA- 3' 
Bottom primer a 51 mer (SEQ ID NO: 14): 
5' -TC GCT. GGC GCC. TCC GTG ATG GTG. GTG. GTG ATG GTG 
GTG CCC. TCC GGA ACC C- 3' 

0255 Bradykinin Primer Pairs: 

Frame 1: 
Top primer a 60 mer (SEQ ID NO:15): 
5' -GCC GGA TCC GGC GGC GGC. TCC AGA CCC CCC GGG 
TTC AGC CCC TTC AGA TCC GGC GGC GCC- 3' 
Bottom primer a 60 mer (SEQ ID NO: 16): 
5' - GGC GCC GCC GGA TCT GAA. GGG GCT GAA GCC GGG 
GGG TCT GGA GCC GCC GCC GGA TCC GGC- 3' 

Frame 2: 

Top primer a 69 mer (SEQ ID NO:17) : 
5' - GA. GGT TCA TGT GAC TGC GGG GGA AGA CCC CCT GGC 
TTC AGC CCA TTC AGA. GGT GGC TGC TTC TGT. GGC G- 3' 
Bottom primer a 69 mer (SEQ ID NO: 18) : 
5' -C GCC ACA GAA GCA GCC ACC TCT GAA TGG GCT GAA 
GCC AGG GGG TCT TCC CCC GCA GTC ACA TGA ACC TC- 3' 

Frame 3: 

Top primer a 60 mer (SEQ ID NO:19) : 
5' -A GGTTCA TGT GAC TGC GGG GGA AGA CCC CCT GGC 
TTC AGC CCA TTC AGA. GGT GGC TGC TTC TGT. GGC GG- 3' 
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-continued 
Bottom primer a 60 mer (SEQ ID NO: 20): 
5' -CC GCC ACA GAA GCA GCC ACC TCT GAA TGG GCT GAA 
GCC AGG GGG TCT TCC CCC GCA GTC ACA TGA ACC T- 3' 

0256 RGD Primer Pairs: 

Frame 1: 
Top primer a 36 mer (SEQ ID NO: 21) : 
5' --GGA TCC TGC GAC TGC AGG GGC GAT TGT, TTC TGC 
GGC- 3' 
Bottom primer a 36 mer (SEQ ID NO: 22) : 
5' -GCC GCA GAA ACA ATC GCC CCT, GCA GTC GCA GGA 
TCC- 3" 

Frame 2: 
Top primer a 36 mer (SEQ ID NO:23): 
5' --GA TCC TCG GAC TGC AGG GGC GAT TGT, TTC TGC GGC 
G- 3' 
Bottom primer a 36 mer (SEQ ID NO: 24): 
5' -C GCC GCA GAA ACA ATC GCC CCT, GCA GTC GCA GGA 
TC-3' 

Frame 3: 
Top primer a 36 mer (SEQ ID NO:25) : 
5' -A. GGA TCC TGC GAC TGC AGG GGC GAT TGT TTC TGC 
GG- 3' 
Bottom primer a 36 mer (SEQ ID NO: 26): 
5' -CC GCA GAA ACA ATC GCC CCT, GCA GTC GCA GGA TCC 
- 3" 

Polylysine primer pair: 
Note: only the frame three primer pair was made. 

Frame 3: 

Top primer a 63 mer (SEQ ID NO: 27) : 
5' -A GGTTCA TGT GAC TGC GGG GGA AAG AAG AAG AAG 
AAG AAG AAG GGC GGC TGC TTC TGT GGC GG- 3' 
Bottom primer a 63 mer (SEQ ID NO: 28) : 
5' CC GCC ACA GAA GCA GCC GCC CTT. CTT. CTT. CTT. CTT 
CTT. CTT. TCC CCC GCA GTC ACA GA ACC T-3' 
Outside primer AAV 2/4 5' top primer 
(SEQ ID NO : 29) : 
5' -TGC CGA GCC ATC GAC GTC AGA CGC G- 3' 

0257) The RGD linker was inserted into the H2285, 
R2356, H2591, H2634, H2690, H/N3761, and H/N4047 
mutants from Table 1. 

0258. The bradykinin linker was inserted into the H2285, 
H2416, H2591, H2634, H2690, H/N2944, and H/N3761 
mutants from Table 1. 

0259. The poly-Lys linker was inserted into the H2285, 
H2591, H2690, and H/N3761 mutants from Table 1. 

0260 The poly-His linker was inserted into the H2285, 
H2416, H2591, H2634, H2690, H/N2944, N3561, H3766, 
and H/N4047 mutants from Table 

EXAMPLE 16 

Characterization of Insertion Mutants 

0261) The insertion mutants at site H2690 all have titers 
similar to the original 12 bp insert. Using the ELISA assay 
and the anti-histidine antibody polyHis insertions into this 
site were shown to be displayed on the surface of the virion. 
0262 The polyHis epitope was also shown to be on the 
surface when inserted into site H2634. Interestingly, the 
Western blot analysis of the 12 bp insertion at H2634 did not 
show any VP1 or VP2 subunits being formed. It has been 
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determined that this insertion in VP2 is near the nuclear 
localization signal for the VP1 And VP2 subunits. It is 
possible that this domain was disrupted by the original 
insertion, and with the addition of the 8-histidines the 
domain was repaired. Although the dot blot of this 8His 
virus showed the presence of viral particles, these particles 
were not infectious. 

0263. The insertion site H2591 is in VP1. Insertion of 
linker epitopes into this site do not affect the titer any more 
than did the original 12 bp insertion at this site (Table 1). 

0264. The insertion at site N4160 is in VP3 near the 
carboxy terminus. This insertion mutant is of interest 
because the original 12 bp insertion infects cell at an 
equivalent level as wild-type (Table 1). 

0265 Mutant R3317, which has been previously 
described in Table 1, appeared not to protect virions by dot 
blot analysis. Repeating this experiment with a Lac Z trans 
gene, the same results were observed, i.e., no protected 
particles. However, when using an independent clone and 
the GFP transgene (~1000 bp smaller than Lacz) protected 
particles were observed. In addition, the GFP-expression 
virion transduced HeLa cells at high levels, equivalent to 
wild-type. It is unclear why disparate results were observed 
with different transgenes. 

0266. In addition, a linker encoding the respiratory syn 
citial virus heparin binding domain is inserted into the 
H2690 mutant at a site that tolerates inserts without loss of 
viability (Table 1) to restore heparin binding to this mutant. 

EXAMPLE 17 

Unique Restriction Site Mutants 

0267 Unique restriction sites within the capsid of AAV 
type 2 were made to facilitate the generation of insertional 
mutants. The sites were chosen so that the mutations intro 
duced into the nucleotide sequence of the capsid were 
conservative, i.e., were not missense mutations or result in 
stop codons. Amino acid positions 586, 529, 595, 552, and 
517 (VP1 methionine as amino acid #1) were chosen. For all 
of these positions, except 529, unique Hpa I sites were 
engineered. For the site at amino acid 529, a unique EcoRV 
site was engineered. Each of these unique restriction sites 
results in an in-frame blunt ended digestion product. So 
frame 1 linkers were used to insert into these sites. Over 
lapping primers were used to generate the unique sites, and 
outside primers were used to generate the right and left 
fragments of the insertion. 

0268. The right fragment was then digested with Nsi I 
and either Eco RV or HpaI, and the left fragment with Hind 
III and either Eco RV or Hpa I. We cloned these digestion 
products into the p ACG vector that had already digested 
with Hind III and Nsi I. The resulting plasmid was then 
digested with Xcm I and Bsi WI. These enzymes result in an 
~750 bp fragment around the engineered unique restriction 
site. This strategy will result in the accumulation of fewer 
errors because the PCR generated sequences are smaller. 
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0269. The Primers: 

595 top primer (SEQ ID NO:30): 
5' --GCA GAT GTT AAC ACA CAA. GGC GTT CTT CCA- 3' 
595 bottom primer (SEQ ID NO:31) : 
5' TTG TGT, GT AAC ATC TGC GGT AGC GC TTG 3' 

586 top primer (SEQ ID NO:32): 
5' -CAG. AGA GTT AAC AGA CAA GCA GCT ACC GC- 3' 
586 bottom primer (SEQ ID NO:33) : 
5' --GTC TGT TAA CTC. TCT GGA. GGT TGG TAG ATA- 3' 

Note: 
This construct results in a missense mutation 
Glycine to Valine 

552 top primer (SEQ ID NO:34): 
5' -ACA AAT GTT AAC ATT GAA AAG GTC ATG ATT- 3' 
552 bottom primer (SEQ ID NO:35) : 
5' TTC AA GT AAC AT TGT TTT CTC. TGA GCC 3' 

529 top primer (SEQ ID NO:36): 
5' --GGA CGA TAT CGA AAA GTT TTT TCC TCA G- 3' 
529 bottom primer (SEQ ID NO:37) : 
5' ACT TTT CGA TAT CGT CCT TGT. GGC TTG C- 3" 

Note: 
This construct results in a missense mutation 
Glutamic acid to Isoleucine 

517 top primer (SEQ ID NO:38) : 
5' -TCT CTG GTT AAC CCG GGC CCG GCC ATG GCA- 3' 
517 bottom primer (SEQ ID NO:39) : 
5' --GCC CGG GTT AAC CAG AGA GTC. TCT, GCC ATT- 3' 

The outside primers were: 
5' primer (SEQ ID NO: 40) : 
5' -TGC GCA GCC ATC GAC CTC AGA CGC G- 3' 
3' primer (SEQ ID NO: 41) : 
5' -CAT GAT GCA TCA AAG TTC AAC TGA AAC GAA T- 3' 

0270 Four clones were also generated with the RGD and 
8His linkers (Example 15) inserted into the 529 Eco RV site. 
Five 8His linkers and one RGD linker insertion mutants 
were generated into the 586 Hpa I site. 
0271 The unique restriction site missense mutations at 
3790-3792 (amino acid 529; EcoRV) did infect HeLa cells, 
although at relatively low efficiency (~1/100 to ~1/1000 of 
wild-type). When the 8His epitope insert was inserted at this 
site, the resulting virus had a lip phenotype (i.e., a low 
infectious particle). 
0272 Insertions into the unique missense restriction site 
at 3960-3961 (amino acid 586: HpaI) both 8His and RGD 
were both very infectious, transducing HeLa cells at least as 
well as wild-type virus. 

EXAMPLE 1.8 

Double Mutants 

0273 Double mutants were generated using the single 
mutant H3761 (Table 1) as a template. The H3761 insertion 
mutant does not bind heparin Sulfate as assessed by both 
batch and column binding experiments. This mutant is 
interesting because it does not infect any of the cell lines so 
far tested, although electron microscopy analysis Suggests 
that this virus forms normal parvovirus shells, and by dot 
blot hybridization this virus packages the viral genome 
efficiently. 
0274 The region of the capsid coding the sequence that 
contains the H3761 insertion was subcloned into other 
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insertion mutants to create double-mutants. The H2690 (Mii 
163) insertion mutant was chosen because it has been shown 
to display a poly-His insertion epitopes on the viral Surface 
(as assessed by using the conformational specific antibody to 
bind the virus to an ELISA plate and an anti-histidine 
antibody preconjugated to horse radish peroxidase to detect 
the virus containing histidines). 
0275. The H2690 insertion mutant helper plasmid (PACG 
H2690 BRDY) containing the bradykinin insertion 
(Example 15) and the pACG H3761 insertion mutant were 
both digested with Hind III and Bsi WI. The Hind III site is 
in the rep gene, while the Bsi WI site is between 2690 and 
3761. The small fragment contains pACG H2690 BRDY 
while the large fragment contains pACG H3761. 
0276 A double mutant H2690 BRDY H3761, with the 
bradykinin insert inserted at the H2690 site, demonstrated a 
five-fold increase in infectivity of A9 cells expressing the 
bradykinin receptor as compared with the parental A9 cells 
alone. These results indicate (1) the defect in binding of the 
H3761 is likely at the point of binding to cellular HS 
receptors, but this virus retains infectivity if directed into 
cells by another route, and (2) the bradykinin double-mutant 
targeted entry of the virus into bradykinin-receptor express 
ing cells. 
0277. The H3761 insertion mutant has also been cloned 
into the unique restriction site missense mutations (Example 
17), AA#586 (HpaI) and AA#529 (EcoRV). The restriction 
enzyme NcoI lies between the H3761 and the 529 (Glu->Ile) 
and 586 (Gly->Val) missense mutations, and this enzyme 
cuts within the rep gene. By digesting the pACG2 helper 
plasmid contain the H3761 and the 586 and 529 unique sites 
with Nco I, the small Nco I fragment (3142 bps) containing 
the H3761 insertion mutation and the large Nco I fragment 
(5034 bps) containing the 586 and 529 unique sites were 
isolated. After ligation, the constructs with the correct ori 
entation were established, and these clones were used to 
make virus. 

0278. The unique restriction site missense mutations that 
containing the RGD motif (Example 15) were also used in 
this cloning strategy. Thus, there are double mutants con 
taining no inserts at the unique sites and double mutants 
containing RGD epitopes at those sites. 
0279. The H3761 mutant does not transduce HeLa or 
CHO-K1 cells. In contrast, the 586-RGD double mutants 
exhibited transduction of both of these cell types. These 
results strongly suggest that the transduction was mediated 
by the RGD motif introduced into the 586 unique restriction 
site. 

0280 The double mutants with the unique restriction 
sites, but no inserts, and the 529-RGD double mutant did not 
exhibit efficient transduction of HeLa or CHO-K1 cells. 

EXAMPLE 19 

MSH-Targeted AAV Vector 

0281. In one embodiment of the invention, melanocyte 
stimulating hormone (MSH) is used for targeting of AAV 
vectors to cells expressing MSH receptors. Studies have 
shown that this peptide will direct ligand-associated com 
plexes specifically into melanocyte NEL-M1 cells (Murphy 
et al., (1986) Proc. Nat. Acad. Sci USA 83:8258), providing 
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a convenient test system. For example, diphtheria toxin 
tethered to a 12-residue peptide encoding the MSH ligand 
was efficient in killing only MSH receptor expressing cells 
(Morandini et al., (1994) Internat. J. Ca. 56:129). Cell death 
was attributed to receptor mediated endocytosis of the 
specific ligand delivery. 

0282. MSH is inserted into loop 3 of the AAV type 2 
capsid. In the first step, an AAV type 2 deletion mutant is 
made with a 12-amino acid deletion when the Bgl II-SpH I 
fragment is removed from the sequence encoding loop 3. 
The sequence encoding the MSH peptide is then inserted 
into the deleted region. 
0283 The primer sequences to make the loop3 and loop4 
insertion mutations are as follows: 

Loop 3 5' top primer (SEQ ID NO: 42): 
5- 'GATACTTAAGATCTAGTGGAACCACCACGCACTCAAGGCTT-3' 

0284. The cttaag is an Afl II site, the agatct is a Bgl II site. 
These two sites overlap by two base pairs. The homology 
with the AAV sequence starts at position 3556 and ends at 
3583. 

Loop 3 3' bottom primer (SEQ ID NO : 43) : 
5'-CTAGCTTAAGCATGCATACAGGTACTGGTCGATGAGAGGATT-3' 

0285 The gcatgc is a Sphl site, and the ctitaag is an Afl II 
site. These two sites overlap by one base pair. The homology 
with the AAV sequence starts at position 3505 and ends at 
3531 (note that this is the bottom strand). 
0286 These primers remove 24 bp (i.e., 8 amino acids) of 
AAV type 2 sequences from 3532 to 3555. The deleted 
amino acid sequence is Tyr Leu Ser Arg Thr Asn Thr Pro 
from at amino acid 444 to 451 (VP1-Met being amino acid 
#1). 
0287. The 5'Sph I Afl II Bgl II 3' sites in the sequence: 

5'-GCATGCTTAAGATCT-3' result in the addition of 5 

amino acids Ala Cys Lieu Arg Ser. 

0288 Virus is produced by standard packaging methods. 
The MSH-tagged AAV type 2 vector is evaluated for trans 
duction in HeLa cells and cells with MSH receptors (e.g., 
melanocytes). 

EXAMPLE 20 

Chimeric AAV2/4 Virus-Capsid Protein 
Substitutions 

0289. The virions of the AAV serotypes are made up of 
three protein subunits VP1 VP2 and VP3. VP3 is the most 
abundant subunit, it represents between 80-90% of the 60 
subunits that make up the virion, with VP1 and VP2 making 
up 5-10% each of the virion. The subunits are translated 
from an overlapping transcript, so that VP3 sequences are 
within both VP2 and VP1, and VP2 sequences are within 
VP1. 

0290 We have designed primers that enabled us to sub 
stitute entire subunits and unique domains of Subunits 
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between AAV2 and AAV4. AAV4 has properties that are 
significantly different from AAV2. Thus, defining the 
domains that account for these distinct properties would be 
of value, e.g., for designing gene therapy vectors. 

0291. We have chosen a seamless cloning strategy to 
clone the subunits or unique domains of Subunits between 
these two serotypes. 

AAV2 and AAV4 top primer (SEQ ID NO: 44) : 
5' -TGC CGA GCC ATC GAC GTC AGA CGC G- 3' 
AAV2 and AAV4 bottom primer (SEQ ID NO: 45): 
5' -CAT GAT GCA TCA AAG TTC AAC TGA AAC GAA T- 3' 

AAV2 VP3 top primer (SEQ ID NO: 46) : 
5' - CGA GCT. CTT, CGA TGG CTA CAG GCA GTG GCG CAC 
3 
AAV2 VP3 bottom primer (SEQ ID NO: 47) : 
5' -AGC GCT. CTT CCC ATC GTA TTA GTT CCC AGA CCA 
GAG- 3' 

AAV2 VP2 top primer (SEQ ID NO : 48) : 
5' - CGA GCT. CTT, CGA CGG CTC CGG GAA AAA AGA. GGC 
3 
AAV2 VP2 bottom primer (SEQ ID NO: 49) : 
5' AGC GCT. CTT CCC GTC TTA ACA GGT TCC. TCA ACC 
AGG- 3' 

AAV4 VP3 top primer (SEQ ID NO:50) : 
5' - CGA GCT. CTT, CGA TGC GTG CAG CAG CTG GAG GAG 
CTG 3' 
AAV4 VP3 bottom primer (SEQ ID NO: 51) : 
5' -AGC GCT. CTT, CGC ATC. TCA CTG TCA TCA GAC GAG 
TCG- 3' 

AAV4 VP2 top primer (SEQ ID NO:52) : 
5' - CGA GCT. CTT, CGA CGG CTC CTG GAA AGA AGA GAC 
3 
AAV4 VP2 bottom primer (SEQ ID NO:53) : 
5' AGC GCT. CTT CCC GTC. TCA CCC GCT TGC. TCA ACC 
AGA- 3' 

0292. These primers will result in the subunit swaps that 
are shown in FIG. 7. A representative coding sequence of a 
chimeric AAV2 capsid in which the AAV4 Vp2 was substi 
tuted is shown in SEQID NO:2. This sequence contains the 
AAV2 rep coding sequences, most of the AAV2 Vp1 and 
Vp3 coding sequences, and the entire AAV4 Vp2 coding 
sequences and some of the AAV4 Vp1 and Vp3 coding 
sequences in a pBluescript backbone. 

0293. The Rep68/78 coding sequence begins at nu 251 of 
SEQID NO:2, and the Rep52/40 coding sequence begins at 
nu923. The Rep78/52 stop signal ends at nu 2114, and the 
stop for Rep68/40 is at nu 2180. The capsid coding sequence 
starts at nu 2133 and the end at nu 4315 (Vp 1 start at nu 
2133, Vp2 start at nu 2544, Vp3 start at 2724). 

0294 The AAV2 sequences from the second XhoI site at 
bp 2420 in Vp1 to the Bsi WI site at bp 3255 in Vp3 in the 
AAV2 cap genes was replaced with the corresponding 
region from AAV4 (corresponding to nu 2350-3149 in the 
plasmid sequence). Briefly, the AAV2 helper plasmid 
pACG2 was partially digested with XhoI and Bsi WI releas 
ing the 835 bp fragment. The same digest in AAV4 resulted 
in a 799 bp fragment that was ligated into the deleted AAV2 
sequence to produce the helper virus encoding the chimeric 
AAV2/4 capsid. 

0295 Virions are produced carrying a recombinant AAV 
genome, preferably a recombinant AAV2 genome, typically 
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expressing a reporter gene (e.g., GFP). These mutant viral 
vectors are characterized for virion formation, morphology, 
genome protection, heparin binding, and infectivity as 
described in Example 15. 

EXAMPLE 21 

Construction of B19/AAV-2 Chimeric Vectors 

0296 Studies by Dong et al., (1996) Human Gene 
Therapy 7:2101, have determined the packaging limitations 
using ra AV vectors. Using recombinant AAV DNA tem 
plates with increasing insertions of stuffer DNA, Dong et al. 
determined that the packaging capacity of ra AV vectors 
declined dramatically between 104% and 108% of wt (4883 
vs. 5083 nucleotides, respectively). This packaging restric 
tion precludes the use of important genes, including mini 
muscular dystrophy genes as well as promoter regulated 
cystic fibrosis sequences. 
0297 Accordingly, the present investigations set out to 
develop a B19/AAV-2 derived gene therapy vector that 
maintains the packaging capacity of B19, the tropism of 
AAV-2, as well as function as a Substrate for targeting 
vectors. The human parvovirus B19 (packaging capacity of 
5.6 kb) was chosen to utilize the major structural protein 
Vp2 in the generation of a chimeric AAV vector for pack 
aging larger vector genomes. B19 is composed of only two 
overlapping structural proteins (Vp 1 & 2). B19 infects 
primary erythroid progenitor cells using globoside as its 
receptor (Brown et al., (1993) Science 262:114). The struc 
ture of B19 has been determined to 8 A resolution 
(Agbande-McKenna et al., (1994) Virology 203:106). 
0298. A chimeric AAV particle was constructed by swap 
ping the AAV major structural protein Vp3 for B19s Vp2. 
Seamless cloning (Stratagene USA) was utilized to generate 
an AAV helper construct that would express all of the AAV 
proteins (Rep 78, 68, 52, 40 and Vp 1 and Vp2) with B19 
substituted for the Vp3 major Cap protein (FIG. 8: nucle 
otide sequence in SEQ ID NO:3: amino acid sequence in 
SEQ ID NO:4). 
0299 The starting material for the chimeric vector was 
pAAV-Ad and pYT103c. pYT103c contains the entire B19 
coding domain without terminal repeats. HindIII digestion 
of pAAV-Ad released a 2727bp fragment which contained 
the entire AAV2 capsid coding region and some flanking 
regions. This fragment was subcloned into HindIII digested 
pBS+(Stratagene), resulting in pBS+AAVCap. Polymerase 
chain reaction was used to amplify the Vp2 coding region 
from pYT103c. The primers were 5'-AGTTACTCTTCCAT 
GACTTCAGTTAATTCTGCAGAA 3 (SEQ ID NO:54) in 
the 5' direction and 5'-AGTTACTCTTCTTTACMTGGGT 
GCACACGGCTTTT3' (SEQID NO:55) in the 3' direction. 
Primers to pEBS+AAVCap were used to amplify around Vp3 
of AAV2. The primers were 5'-AGTTACTCTTCTT 
MTCGTGGACTTACCGTGGATAC 3' (SEQ ID NO:56) in 
the 5' direction and 5'-AGTTACTCTTCCCATCGTATT 
AGTTCCCAGACCAGA 3 (SEQ ID NO:57), in the 3' 
direction. Six nucleotides from the 5' end of each primer is 
an Eam 1104 I site, this site digests downstream from its 
recognition site in this case the overlap is an ATG and its 
compliment and a TAA and its compliment. This site is 
utilized during the seamless cloning strategy (Stratagene). 
Digestion of B19-Vp2 and AAV2 PCR products with Eam 
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1104-I and cloning resulted in a subclone of p3S+AAVCap 
with Vp2 of B19 substituted for AAV2 Vp3. This vector was 
digested with Hind III and cloned back into pAAV-Ad and 
orientation determined resulting in paAV/B19-Ad (SEQ ID 
NO:3). This sequence encodes the AAV2 Vp1 region (start 
at nt 1), followed by the AAV2 Vp2 region (start at nt 412), 
and then the B19 Vp2 region (start at nt 607). 

EXAMPLE 22 

Production of Chimeric Virus 

0300. The paAV/B19 helper construct was used in a 
transient packaging system as described in Example 1. 
Briefly, the helper plasmids pAAV/B19-Ad and pAB11 
(which contains AAV2 terminal repeats and the B-galactosi 
dase gene under the control of the CMV early promoter) 
were co-transfected into 293 cells by calcium phosphate. 
Twelve hours after transfection the medium was changed 
and adenovirus dI309 (MOI-5) was added. Forty-eight hours 
later the cells were centrifuged and the Supernatant was 
discarded. A fraction of the cell pellet was used in a HIRT 
assay. The cell pellet was lysed in cesium chloride (1.39 
g/ml), sonicated and centrifuged at 41,000 rpm for 72 hours. 
Fractions from the cesium gradient were recovered and 
samples from each were used in dot blot hybridization to test 
particle number of virus. The dot blots were probed with 
B-galactosidase gene, and particle numbers were determined 
by control amounts of the B-galactosidase gene. Peak frac 
tions containing virus were dialysed against PBS, 20% 
glycerol. 

EXAMPLE 23 

Infection of Cells with Chimeric Virus 

0301 Forty-eight hours post-transfection, cell lysates 
were generated and tested for transduction into various 
target cells. A transducing titer of 2x10" was generated. 
Various volumes of virus were added to 293, RT-2 rat 
glioma, U-87 glioma, as well as to two primary human 
glioblastoma cell lines in small volumes of medium. Virus 
was also added to UT7 megakaryoctye cells that had been 
incubated in the presence of erythropoeitin (EPO) for sev 
eral weeks. Exposure of UT7 cells to EPO is known to 
render these cells permissive for B19 infection. 
0302) Adenovirus was also added to the cells at an MOI 
of 5. Two hours after infection the virus was washed off and 
fresh medium was added. Twenty-four hours post infection 
the cells were washed with PBS, fixed in formaldehyde/ 
gluteraldehyde, and stained with X-gal. Twelve to twenty 
four hours later the number of blue cells was determined by 
counting ten fields. 
0303 Transduction was obtained in the glioma and pri 
mary human glioblastoma cells. Efficient transduction was 
not observed in 293 cells (a cell type typically infected with 
AAV). Interestingly, transduction was seen with the UT7 
cells. These results suggest that the chimera has lost the 
native AAV tropism and has acquired the B19 tropism for 
erythroid cells. This virus is characterized to determine 
whether it has retained the antigenic properties associated 
with the AAV2 serotype. 
0304. The B19 globoside binding region (loop 4 between 
amino acids 399-406 of the Vp2 subunit; Brown et al. (1993) 
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Science 262:114) of this chimeric virus is deleted, modified 
or swapped out to reduce or completely eliminate the B19 
tropism for erythroid cells. 

EXAMPLE 24 

Characterization of B19/AAV Chimera 

0305 The results from Example 23 indicate that a trans 
ducing chimeric virus was successfully generated. The chi 
meric virus was further evaluated for total particle yield and 
integrity. The remainder of the vector preparation was 
gradient purified, and the chimeric virus was analyzed by dot 
blot analysis to determine a particle titer of 1x10 and EM 
analysis (see Example 6) to determine if a correct icosahe 
dral structure was formed (FIG. 9). From this analysis, it 
was confirmed that the chimeric virion that was generated 
retained the typical parvovirus structure and was stable to 
physical purification step such as sonication and CsCl 
gradient centrifugation. This is an important observation 
since most parvovirus are heat stable (resistant up to 65 
degrees), resistant to detergents (0.5% SDS) and can tolerate 
extreme pH changes (viable between pH of 2.0-11). 
0306 In addition, EM analysis yielded unexpected 
results (FIG. 9). Virion particles of two different sizes were 
observed (a 23-28 nm particle, typical for wt AAV, and a 
33-38 nm particle, never before identified). Further analysis 
suggested that the AAV 33-38 nm particle was formed by 
changing the triangulation number from T=1 to T=3, result 
ing in larger particles containing 180 copies of the major 
capsid component instead of 60. These surprising results 
indicate that a virion structure larger than wt AAV has been 
generated. This virion may have the potential for carrying 
larger than wt vector templates. The larger 33-38 nm particle 
will be useful in increasing packaging limits above the 6 kb 
range (the B19 25 nm particle packages 6 kb of DNA). 

EXAMPLE 25 

Packaging Capacity of B19/AAV-2 Chimera 
0307 To quantitate the packaging capacity of the chi 
meric virus from Example 21, a series of vectors developed 
by Dong and coworkers, (1996) Human Gene Therapy 
7:2101, is utilized with genomes of progressively increased 
sizes having inserts between 745 and 1811 bases (for a 
maximum total genome size of 6.4 kb). Small-scale produc 
tion of chimeric recombinant virus is used to assay pack 
aging efficiency by testing the DNA content of the virus 
using Hirt assay, and by chloramphenicol acetyltransferase 
(CAT) reporter assay. 

EXAMPLE 26 

Construction of Other B19/AAV Chimeras 

0308). Other chimeric B19/AAV capsids are generated as 
in Example 21 (e.g., swapping AAV Vp1 or Vip2 with B19 
Vp1) and are characterized as described in Examples 22-25 
above. In particular, both B19 Vp1 and Vp2 are substituted 
into an AAV Vp1 chimera to generate a novel chimeric 
capsid containing AAV Vp1 and B19 Vp1 and Vp2. 
0309 These chimeras are assayed in 293 (typically 
infected by AAV) and erythroid cells (the cell type typically 
infected by B19) for transduction efficiency and are assayed 
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for packaging recombinant AAV vectors with increasing 
sized inserts as described above. 

0310) If desired, the B19 globoside binding region (loop 
4 of Vp2 between amino acids 399-406; Brown et al (1993) 
Science 262:114) of these vectors can be deleted, modified 
or swapped out to remove the B19 tropism. 

EXAMPLE 27 

Loop Swaps Between AAV Serotypes 

0311) The capsid gene of AAV2, in the helper vector 
pACG2, was digested with the enzymes Asp718 and Bsi WI. 
Bsi WI has a unique site in the AAV2 genome at position 
3254 bp, and Asp718 digests the genome twice at 1906 and 
4158 bps (AAV2 sequence numbers). The capsid coding 
domain of AAV2 was partially digested with Asp718 and the 
full length (single cut) fragment was isolated. This fragment 
was then digested with Bsi WI and the 7272 bp fragment 
isolated. This fragment removed the 904 bp fragment the 
contains the coding region of the VP3 loop 2, 3, and 4 
domains. 

0312) The capsid gene of AAV4 was digested with 
Asp718 and Bsi WI to completion and a 928 bp fragment 
from 3284 bp (BsiWI) to 4212 bps (Asp718) was isolated 
(AAV4 sequence numbers). This AAV4 fragment codes for 
a region in VP3 that contains loops 2, 3 and 4. The 928bp 
AAV4 fragment and the 7272 bp fragment from pACG2 
were ligated and clones were identified. 
0313 These clones were used to make a chimeric virus 
that contained mostly AAV2 and part of the VP3 domain of 
AAV4. This virus did not infect HeLa cells as determined by 
blue stained cells (viral infected cells expressing the Lacz 
marker gene). However, like AAV4 these cells infected 
COS7 cells at a low titer of 1x10 transducing units/mL. 
These virions are not recognized by the AAV2 monoclonal 
antibody B1. 
0314 Chimeric virus was also made in which Vp3 Loops 
2-4 from AAV2 were substituted into the homologous region 
of the AAV4 capsid. 
0315) The AAV3 capsid coding region containing the 
VP3 loops 2-4 domains were cloned into pACG2 in the same 
manner as described above for AAV2/4 loop swaps. These 
chimeric AAV2/3 virions bind heparin agarose and infect 
HeLa and 293 cells. Furthermore, these virions are recog 
nized by the B1 monoclonal antibody. 
0316) Likewise, using the techniques taught above, Vp3 
loops 2-4 from AAV5 are substituted for loops 2-4 of AAV2. 
0317) Furthermore, single loops (e.g., loop 2, 3 or 4, or 
loops 2-3 or 3-4) are substituted from AAV3, 4 or 5 into 
AAV2 or vice versa. 

0318. These mutant viral vectors are characterized for 
Virion formation, morphology, genome protection, heparin 
binding, and infectivity as described in Example 4-7. 
0319) A representative helper plasmid encoding a chi 
meric AAV2/3 capsid is given in SEQ ID:5. This sequence 
contains the AAV2 rep coding sequences, most of the AAV2 
capsid coding sequences, with the exception that loops 24 
from the AAV2 Vp3 subunit were replaced with the corre 
sponding region from AAV3, in a pBluescript backbone. The 



US 2006/0188483 A1 

Rep. 68/78 coding sequence starts at nu 251, and the Rep52/ 
40 coding sequence starts at nu 923. The rep coding 
sequences end at nu 2114 for Rep78/52 and at nu 2180 for 
Rep68/40. The cap coding region starts at nu 2133 and ends 
at nu 4342 (Vp 1 start at nu V2133, Vp2 start at nu 2544, Vp3 
start at nu 2739). 
0320 Briefly, both AAV2 (pACG2) and AAV3 helper 
plasmids were digested with Bsi WI and Asp 718. This 
removes a 904 bp fragment in the AAV2 genome from nu 
3255 to 4159. In the AAV3 genome, the same digestion 
removed 907 bp from nu 3261-4168. This 904 bp fragment 
was ligated into the deleted AAV2 helper to result in the 
helper given in SEQ ID NO:5 (AAV3 sequences at nu 
3184-4092 of the plasmid). 

EXAMPLE 28 

Hybrid Viruses 
0321) Primers were made to create a unique Hind III site 
in the AAV4 rep gene that overlapped the Hind III site in 
AAV2. In addition, at the 3' end of the rep coding sequence, 
a unique Not I site was created 3' of the polyadenylation site. 
A virus purchased from American Type Culture Collection 
(ATCC) as the template for the PCR. 
0322 The 5' portion of the AAV2 rep gene from the Xba 

I site to the HindIII site was subcloned into pBluescript. The 
Hind III-Not I PCR digestion product was then cloned into 
the pBluescript containing the 5' rep gene digested with Not 
I and Hind III. 

Primers: 
AAV4 3' Not I primer (SEQ ID No. 58) : 
5' -AAG CGC CGC GGC CGC TGC TTA TGT ACG CA- 3' 

AAV4 5' Hind III primer (SEQ ID NO:59) : 
5' - GAC GCG GAA GCT TCG GTG GAC TAC GCG- 3' 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 59 

<210> SEQ ID NO 1 
&2 11s LENGTH T214 
&212> TYPE DNA 
<213> ORGANISM: Adeno-associated virus 
&22O > FEATURE 
<221> NAME/KEY: misc feature 
<222> LOCATION: (1) . . (7214) 
<223> OTHER INFORMATION: AAV2/4 helper plasmid 

<400 SEQUENCE: 1 
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0323 This cloning strategy resulted in a helper plasmid 
that is a hybrid for AAV2 and AAV4 rep genes and contains 
the AAV4 cap genes. This helper contains the AAV2 rep 
gene up to the Hind III site and from this past the polyade 
nylation site the sequences are derived from AAV4. 
0324. This virus packaged a recombinant AAV2 genome 
with AAV2 ITRs. This hybrid AAV2/4 virus exhibits the 
binding characteristics of AAV4, e.g., it does not bind HS 
and transduces AAV4 target cells that are not typically 
permissive to AAV2 transduction. 
0325 The hybrid AAV 2/4 helper plasmid is as given in 
SEQ ID NO:1. This sequence encodes the AAV2 rep genes 
and AAV4 capsid in a pBluescript backbone. The Rep. 68/78 
coding sequence starts at nu 251, and the Rep52/40 coding 
sequence starts at nu 923. The rep coding sequences end at 
nu2120 for Rep78/52 and at nu 2183 for Rep68/40. The cap 
coding region starts at nu 2123 and ends at nu 4341 (Vp1 
start at nu 2 123, Vp2 start at nu 2547, Vp3 start at nu 2727). 
0326 Using the same techniques, a hybrid AAV2/3 virus 
in which a recombinant AAV2 genome (with AAV2 ITRs) is 
packaged. The resulting hybrid virus is viable and efficiently 
transduces AAV3 permissive cells. 

0327 In addition, in contrast to a recent report (Chiorini 
et al., 1999).J. Virology 73:1309), the techniques described 
above have been used to produce a hybrid AAV2/5 virus in 
which a recombinant AAV2 genome (with AAV2 ITRs) is 
packaged within a AAV Type 5 capsid. This virus is pack 
aged relatively inefficiently, but the resulting particles dem 
onstrated transduction of cells. 

0328. Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity and understanding, it will be apparent 
that certain changes and modifications may be practiced 
within the scope of the appended claims and equivalents 
thereof. 

Ctgacgc.gcc Ctgtagcggc gCattaa.gcg cqgcgggtgt ggtggittacg cqcagogtga 60 

cc.gctacact toccagogcc ctago.gc.ccg citcctttc.gc tittctitccct tcctttctog 120 

ccacgttcgc cq gotttccc cqtcaagctic taaatcgggg gCtc.cctitta gg gttc.cgat 18O 

ttagtgctitt acggcacctic gacco caaaa aacttgatta gggtgatggit to acgtag to 240 

ggc catcgcc citgatagacg gtttittcgcc ctittgacgtt ggagtccacg ttctittaata 3OO 

gtgg actictt gttccaaact ggaacaacac to aaccotat citcggtotat tottttgatt 360 
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-continued 

Met Ala Ala Asp Gly Tyr Lieu Pro Asp Trp Leu Glu Asp Thr Lieu Ser 
1 5 10 15 

gala gga ata aga cag togg tog aag citc aaa cott goc coa coa coa coa 96 
Glu Gly Ile Arg Gln Trp Trp Llys Leu Lys Pro Gly Pro Pro Pro Pro 

2O 25 30 

aag coc goa gag cqg cat aag gac gac agc agg ggit citt gtg citt cot 144 
Lys Pro Ala Glu Arg His Lys Asp Asp Ser Arg Gly Lieu Val Lieu Pro 

35 40 45 

ggg tac aag tac citc gga ccc titc aac gga citc gac aag gga gag cog 192 
Gly Tyr Lys Tyr Lieu Gly Pro Phe Asn Gly Lieu. Asp Lys Gly Glu Pro 

50 55 60 

gto: aac gag goa gac goc gog goc ctic gag cac gac aaa goc tac gac 240 
Val Asn. Glu Ala Asp Ala Ala Ala Lieu Glu His Asp Lys Ala Tyr Asp 
65 70 75 8O 

cgg cag ctic gac agc gga gac aac cog tac citc aag tac aac cac goc 288 
Arg Glin Lieu. Asp Ser Gly Asp Asn Pro Tyr Lieu Lys Tyr Asn His Ala 

85 90 95 

gac gog gag titt cag gag cqc citt aaa gaa gat acg tot titt ggg ggc 336 
Asp Ala Glu Phe Glin Glu Arg Lieu Lys Glu Asp Thr Ser Phe Gly Gly 

100 105 110 

aac citc gga cqa gca gtc titc cag gog aaa aag agg gtt citt gaa cot 384 
Asn Lieu Gly Arg Ala Val Phe Glin Ala Lys Lys Arg Val Lieu Glu Pro 

115 120 125 

citg ggc ct g gtt gag gaa cct gtt aag acg got cog gga aaa aag agg 432 
Leu Gly Leu Val Glu Glu Pro Val Lys Thr Ala Pro Gly Lys Lys Arg 

130 135 1 4 0 

cc.g. gta gag cac tot cott gtg gag coa gac toc toc tog gga acc gga 480 
Pro Val Glu His Ser Pro Val Glu Pro Asp Ser Ser Ser Gly Thr Gly 
145 15 O 155 160 

aag go g g g c cag cag cct gca aga aaa aga ttgaat titt ggit cag act 528 
Lys Ala Gly Glin Glin Pro Ala Arg Lys Arg Lieu. Asn. Phe Gly Glin Thr 

1.65 170 175 

gga gac goa gac to a gta cct gaC ccc cag cott citc gga cag coa coa 576 
Gly Asp Ala Asp Ser Val Pro Asp Pro Glin Pro Leu Gly Glin Pro Pro 

18O 185 19 O 

gca goc coc tot got citg gga act aat acg atg act tca gtt aat tot 624 
Ala Ala Pro Ser Gly Leu Gly. Thr Asn Thr Met Thr Ser Val Asn Ser 

195 200 2O5 

gCa gala gCC agc act ggit gca gga ggg ggg ggC agt aat tot gtC aaa. 672 
Ala Glu Ala Ser Thr Gly Ala Gly Gly Gly Gly Ser Asn. Ser Wall Lys 

210 215 220 

agc at g togg agt gag ggg gcc act titt agt gct aac tot gta act tot 720 
Ser Met Trp Ser Glu Gly Ala Thr Phe Ser Ala Asn Ser Val Thr Cys 
225 230 235 240 

aca ttt toc aga cag titt tta att coa tat gac coa gag cac cat tat 768 
Thr Phe Ser Arg Glin Phe Leu Ile Pro Tyr Asp Pro Glu His His Tyr 

245 250 255 

aag gtg ttt tot coc goa gcg agt agc toc cac aat gcc agt gga aag 816 
Lys Val Phe Ser Pro Ala Ala Ser Ser Cys His Asn Ala Ser Gly Lys 

260 265 27 O 

gag goa aag gtt toc acc atc agt coc ata at g g g a tac to a acc cca 864 
Glu Ala Lys Val Cys Thr Ile Ser Pro Ile Met Gly Tyr Ser Thr Pro 

275 280 285 

tgg aga tat tta gat titt aat got tta aat tta ttt ttt to a cot tta 912 
Trp Arg Tyr Lieu. Asp Phe Asn Ala Lieu. Asn Lieu Phe Phe Ser Pro Leu 

29 O 295 3OO 

gag titt cag cac tta att gala aat tat gga agt ata gct cot gat got 96.O 
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-continued 

Glu Phe Gln His Lieu. Ile Glu Asn Tyr Gly Ser Ile Ala Pro Asp Ala 
305 310 315 320 

tta act gta acc ata to a gaa att got gtt aag gat gtt aca gac aaa OO 8 
Leu Thr Val Thr Ile Ser Glu Ile Ala Val Lys Asp Val Thr Asp Lys 

325 330 335 

act gga gg g g g g gta cag gtt act gac agc act aca ggg cqc cita to c O56 
Thr Gly Gly Gly Val Glin Val Thr Asp Ser Thr Thr Gly Arg Leu Cys 

340 345 35 O 

atg tta gta gac cat gaa tac aag tac coa tat gtg tta ggg caa ggit 104 
Met Leu Val Asp His Glu Tyr Lys Tyr Pro Tyr Val Leu Gly Glin Gly 

355 360 365 

cag gat act tta gcc cca gaa citt cot att togg gta tac titt coc cot 152 
Gln Asp Thr Leu Ala Pro Glu Leu Pro Ile Trp Val Tyr Phe Pro Pro 

370 375 38O 

caa tat gct tac tta aca gta gga gat gtt aac aca caa gga att tot 200 
Gln Tyr Ala Tyr Leu Thr Val Gly Asp Val Asn Thr Glin Gly Ile Ser 
385 390 395 400 

gga gac agc aaa aaa tta gca agt gala gaa to a gca ttt tat gtt ttg 248 
Gly Asp Ser Lys Lys Lieu Ala Ser Glu Glu Ser Ala Phe Tyr Val Lieu 

405 410 415 

gaa cac agt tot titt cag citt tta ggt aca gga ggit aca goa act atg 296 
Glu His Ser Ser Phe Glin Leu Leu Gly Thr Gly Gly Thr Ala Thr Met 

420 425 43 O 

tot tat aag titt cott coa gtg ccc cca gala aat tta gag ggc toc agt 344 
Ser Tyr Lys Phe Pro Pro Val Pro Pro Glu Asn Leu Glu Gly Cys Ser 

435 4 40 4 45 

caa cac titt tat gaa atg tac aat coc tta tac gga toc cqc tta ggg 392 
Gln His Phe Tyr Glu Met Tyr Asn Pro Leu Tyr Gly Ser Arg Leu Gly 

450 455 460 

gtt cot gac aca tta gga ggit gaC cca aaa titt aga. tct tta aca cat 4 40 
Val Pro Asp Thr Lieu Gly Gly Asp Pro Llys Phe Arg Ser Lieu. Thir His 
465 470 475 480 

gala gac cat gca att cag ccc caa aac titc atg cca ggg cca cita gta 488 
Glu Asp His Ala Ile Glin Pro Glin Asn Phe Met Pro Gly Pro Leu Val 

485 490 495 

aac to a gtg tot aca aag gag gga gac agc tot aat act gga gct gga 536 
Asn Ser Val Ser Thr Lys Glu Gly Asp Ser Ser Asn Thr Gly Ala Gly 

5 OO 505 51O. 

aaa goc tta aca ggc citt agc aca ggt acc tot caa aac act aga ata 584 
Lys Ala Leu Thr Gly Leu Ser Thr Gly Thr Ser Glin Asn Thr Arg Ile 

515 52O 525 

to C tta cqc cott gogg cca gtg tot cag coa tac cac cac togg gac aca 632 
Ser Leu Arg Pro Gly Pro Val Ser Glin Pro Tyr His His Trp Asp Thr 

530 535 540 

gat aaa tat gtc. aca gga ata aat gcc att tot cat ggit cag acc act 680 
Asp Llys Tyr Val Thr Gly Ile Asn Ala Ile Ser His Gly Glin Thr Thr 
545 550 555 560 

tat ggit aac got gaa gac aaa gag tat cag caa goa gtg ggit aga titt 728 
Tyr Gly Asn Ala Glu Asp Lys Glu Tyr Glin Glin Gly Val Gly Arg Phe 

565 570 575 

cca aat gala aaa gaa cag cita aaa cag tta cag ggit tta aac at g cac 776 
Pro Asn. Glu Lys Glu Gln Leu Lys Glin Leu Glin Gly Lieu. Asn Met His 

58O 585 59 O 

acc tac titt coc aat aaa gqa acc cag caa tat aca gat caa att gag 824 
Thr Tyr Phe Pro Asn Lys Gly Thr Glin Glin Tyr Thr Asp Glin Ile Glu 

595 600 605 

cgc ccc cta at g g to ggit tot gta tog aac aga aga gcc citt cac tat 872 
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-continued 

Arg Pro Leu Met Val Gly Ser Val Trp Asn Arg Arg Ala Lieu. His Tyr 
610 615 62O 

gala agc cag citg togg agt aaa att coa aat tta gat gac agt titt aaa 1920 
Glu Ser Glin Leu Trp Ser Lys Ile Pro Asn Lieu. Asp Asp Ser Phe Lys 
625 630 635 640 

act cag titt go a gcc tta gga gga togg ggt ttg cat cag coa cott cot 1968 
Thr Glin Phe Ala Ala Leu Gly Gly Trp Gly Leu. His Gln Pro Pro Pro 

645 650 655 

caa at a ttt tta aaa ata tta coa caa agt ggg cca att gga ggt att 2016 
Glin Ile Phe Lieu Lys Ile Leu Pro Glin Ser Gly Pro Ile Gly Gly Ile 

660 665 67 O 

aaa toa at g gga att act acc tta gtt cag tat gcc gtg gga att atg 2O64 
Lys Ser Met Gly Ile Thr Thr Leu Val Glin Tyr Ala Val Gly Ile Met 

675 680 685 

aca gta act at g acattt aaa ttg ggg ccc cgt aaa got acg gga cqg 2112 
Thr Val Thr Met Thr Phe Lys Leu Gly Pro Arg Lys Ala Thr Gly Arg 

69 O. 695 7 OO 

tgg aat cott caa cct gga gta tat coc cog cac goa gca ggit cat tta 216 O 
Trp Asin Pro Gln Pro Gly Val Tyr Pro Pro His Ala Ala Gly His Leu 
705 710 715 720 

cca tat gta cita tat gac ccc aca gct aca gat gca aaa caa cac cac 2208 
Pro Tyr Val Leu Tyr Asp Pro Thr Ala Thr Asp Ala Lys Glin His His 

725 730 735 

aga cat gga tat gala aag cct gala gaa ttg togg aca gcc aaa agc cqt 2256 
Arg His Gly Tyr Glu Lys Pro Glu Glu Leu Trp Thr Ala Lys Ser Arg 

740 745 750 

gtg cac coa ttg taa 2271 
Wal His Pro Leu 

755 

<210> SEQ ID NO 4 
&2 11s LENGTH 756 
&212> TYPE PRT 
<213> ORGANISM: Adeno-associated virus 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (2271) 
<223> OTHER INFORMATION: B19/AAV chimeric capsid coding sequence 

<400 SEQUENCE: 4 

Met Ala Ala Asp Gly Tyr Lieu Pro Asp Trp Leu Glu Asp Thr Lieu Ser 
1 5 10 15 

Glu Gly Ile Arg Gln Trp Trp Llys Leu Lys Pro Gly Pro Pro Pro Pro 
2O 25 30 

Lys Pro Ala Glu Arg His Lys Asp Asp Ser Arg Gly Lieu Val Lieu Pro 
35 40 45 

Gly Tyr Lys Tyr Lieu Gly Pro Phe Asn Gly Lieu. Asp Lys Gly Glu Pro 
50 55 60 

Val Asn. Glu Ala Asp Ala Ala Ala Lieu Glu His Asp Lys Ala Tyr Asp 
65 70 75 8O 

Arg Glin Lieu. Asp Ser Gly Asp Asn Pro Tyr Lieu Lys Tyr Asn His Ala 
85 90 95 

Asp Ala Glu Phe Glin Glu Arg Lieu Lys Glu Asp Thr Ser Phe Gly Gly 
100 105 110 

Asn Lieu Gly Arg Ala Val Phe Glin Ala Lys Lys Arg Val Lieu Glu Pro 
115 120 125 

Leu Gly Lieu Val Glu Glu Pro Wall Lys Thr Ala Pro Gly Lys Lys Arg 
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130 135 1 4 0 

Pro Val Glu His Ser Pro Val Glu Pro Asp Ser Ser Ser Gly Thr Gly 
145 15 O 155 160 

Lys Ala Gly Glin Glin Pro Ala Arg Lys Arg Lieu. Asn. Phe Gly Glin Thr 
1.65 170 175 

Gly Asp Ala Asp Ser Val Pro Asp Pro Glin Pro Leu Gly Glin Pro Pro 
18O 185 19 O 

Ala Ala Pro Ser Gly Leu Gly. Thr Asn Thr Met Thr Ser Val Asn Ser 
195 200 2O5 

Ala Glu Ala Ser Thr Gly Ala Gly Gly Gly Gly Ser Asn. Ser Wall Lys 
210 215 220 

Ser Met Trp Ser Glu Gly Ala Thr Phe Ser Ala Asn Ser Val Thr Cys 
225 230 235 240 

Thr Phe Ser Arg Glin Phe Leu Ile Pro Tyr Asp Pro Glu His His Tyr 
245 250 255 

Lys Val Phe Ser Pro Ala Ala Ser Ser Cys His Asn Ala Ser Gly Lys 
260 265 27 O 

Glu Ala Lys Val Cys Thr Ile Ser Pro Ile Met Gly Tyr Ser Thr Pro 
275 280 285 

Trp Arg Tyr Lieu. Asp Phe Asn Ala Lieu. Asn Lieu Phe Phe Ser Pro Leu 
29 O 295 3OO 

Glu Phe Gln His Leu. Ile Glu Asn Tyr Gly Ser Ile Ala Pro Asp Ala 
305 310 315 320 

Leu Thr Val Thr Ile Ser Glu Ile Ala Val Lys Asp Val Thr Asp Lys 
325 330 335 

Thr Gly Gly Gly Val Glin Val Thr Asp Ser Thr Thr Gly Arg Leu Cys 
340 345 35 O 

Met Leu Val Asp His Glu Tyr Lys Tyr Pro Tyr Val Leu Gly Glin Gly 
355 360 365 

Gln Asp Thr Leu Ala Pro Glu Leu Pro Ile Trp Val Tyr Phe Pro Pro 
370 375 38O 

Gln Tyr Ala Tyr Leu Thr Val Gly Asp Val Asn Thr Glin Gly Ile Ser 
385 390 395 400 

Gly Asp Ser Lys Lys Lieu Ala Ser Glu Glu Ser Ala Phe Tyr Val Lieu 
405 410 415 

Glu His Ser Ser Phe Glin Leu Leu Gly Thr Gly Gly Thr Ala Thr Met 
420 425 43 O 

Ser Tyr Lys Phe Pro Pro Val Pro Pro Glu Asn Leu Glu Gly Cys Ser 
435 4 40 4 45 

Gln His Phe Tyr Glu Met Tyr Asn Pro Leu Tyr Gly Ser Arg Leu Gly 
450 455 460 

Val Pro Asp Thr Lieu Gly Gly Asp Pro Llys Phe Arg Ser Lieu. Thir His 
465 470 475 480 

Glu Asp His Ala Ile Glin Pro Glin Asn Phe Met Pro Gly Pro Leu Val 
485 490 495 

Asn Ser Val Ser Thr Lys Glu Gly Asp Ser Ser Asn Thr Gly Ala Gly 
5 OO 505 51O. 

Lys Ala Leu Thr Gly Leu Ser Thr Gly Thr Ser Glin Asn Thr Arg Ile 
515 52O 525 

Ser Leu Arg Pro Gly Pro Val Ser Glin Pro Tyr His His Trp Asp Thr 
530 535 540 
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Asp Llys Tyr Val Thr Gly Ile Asn Ala Ile Ser His Gly Glin Thr Thr 
545 550 555 560 

Tyr Gly Asn Ala Glu Asp Lys Glu Tyr Glin Glin Gly Val Gly Arg Phe 
565 570 575 

Pro Asn. Glu Lys Glu Gln Leu Lys Glin Leu Glin Gly Lieu. Asn Met His 
58O 585 59 O 

Thr Tyr Phe Pro Asn Lys Gly Thr Glin Glin Tyr Thr Asp Glin Ile Glu 
595 600 605 

Arg Pro Leu Met Val Gly Ser Val Trp Asn Arg Arg Ala Lieu. His Tyr 
610 615 62O 

Glu Ser Glin Leu Trp Ser Lys Ile Pro Asn Lieu. Asp Asp Ser Phe Lys 
625 630 635 640 

Thr Glin Phe Ala Ala Leu Gly Gly Trp Gly Leu. His Gln Pro Pro Pro 
645 650 655 

Glin Ile Phe Lieu Lys Ile Leu Pro Glin Ser Gly Pro Ile Gly Gly Ile 
660 665 67 O 

Lys Ser Met Gly Ile Thr Thr Leu Val Glin Tyr Ala Val Gly Ile Met 
675 680 685 

Thr Val Thr Met Thr Phe Lys Leu Gly Pro Arg Lys Ala Thr Gly Arg 
69 O. 695 7 OO 

Trp Asin Pro Gln Pro Gly Val Tyr Pro Pro His Ala Ala Gly His Leu 
705 710 715 720 

Pro Tyr Val Leu Tyr Asp Pro Thr Ala Thr Asp Ala Lys Glin His His 
725 730 735 

Arg His Gly Tyr Glu Lys Pro Glu Glu Lieu Trp Thr Ala Lys Ser Arg 
740 745 750 

Wal His Pro Leu 
755 

<210 SEQ ID NO 5 
&2 11s LENGTH 8179 
&212> TYPE DNA 
<213> ORGANISM: Adeno-associated virus 

<400 SEQUENCE: 5 

aatticc catc atcaataata tacct tattt toggattgaag ccaatatgat aatgaggggg 60 

tggagtttgt gacgtggcgc gggg.cgtggg alacgggg.cgg gtgacgtagt agtCtctaga 120 

gtoctotatt agaggtoacg tdagtgttitt gcgacatttit gcgacac cat gtggtcacgc 18O 

tggg tattta agc.ccgagtg agcacgcagg gttcto cattt togaag.cggga ggtttgaacg. 240 

cgcago.cgcc atgcc.ggggt tttacgagat tdtgattaag gtc.cccagog accittgacgg 3OO 

gcatctg.ccc ggcatttctg acagotttgt gaactgggtg gcc.gaga agg aatgggagtt 360 

gcc.gc.cagat totgacatgg atctgaatct gattgag cag goaccc.ctga cc.gtggcc.ga 420 

gaagctgcag cqc gactittctgacggaatg gcgc.cgtgtg agtaaggc.cc cqgaggcc.ct 480 

tittctttgttg caatttgaga agg gagagag citact tccac atgcacgtgc ticgtggaaac 540 

caccggggtg aaatcCatgg ttittgggacg titt.cctdagt cagattcgcg aaaaact gat 600 

totagagaatt taccg.cggga to gag cogac tittgccaaac toggttcgcgg to acaaagac 660 

cagaaatggc gcc.ggaggcg ggaacaaggt ggtggatgag togctacatcc cca attacitt 720 

gctocc caaa accoagcc to agcto cagtg ggcgtgg act aatatggaac agtatttaag 78O 
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CCgggttgga Citcaagacga tagttaccgg ataaggcgca gcqgtcgggc tigaacggggg 768O 

gttcgtgcac acagoccago ttggagcgaa cqacctacac cqaactgaga tacctacago 774. O 

gtgagctato agaaag.cgcc acgct tcc.cg aagggagaaa googgacagg tatcc.ggtaa 7800 

gCgg Cagggit C ggaac agga gag.cgcacga gggagctitcc agggggaaac gcc toggtatic 786 O 

tittatagtico totcgg gttt cqccaccitct gacittgagcg to gatttittg tdatgctcgt. 7920 

cagggggg.cg gagccitatgg aaaaacgc.ca gcaacgcggc citttittacgg titcctggcct 798O 

tittgctggcc titttgctcac atgttcttitc ctg.cgittatc ccctgattct gtggata acc 804. O 

gtattaccgc ctittgagtga gctgataccg citc.gcc.gcag cc.gaacg acc gag.cgcagog 8100 

agtcagtgag cqaggaag.cg galaga.gc.gcc caatacgcaa accgcct citc ccc.gc.gc gtt 81 60 

ggcc gattica ttaatgcag 8179 

<210> SEQ ID NO 6 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 6 

attcgc.cgg cqatato 17 

<210 SEQ ID NO 7 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 7 

cgagatato go.cggc 16 

<210 SEQ ID NO 8 
<211& LENGTH: 12 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 8 

gc gatatog Co 12 

<210 SEQ ID NO 9 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 9 

citagcggc g g acaccatca coaccaccat caccacgg.cg gaag.cgct 48 

<210> SEQ ID NO 10 
&2 11s LENGTH 48 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 
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<400 SEQUENCE: 10 

gc gctt.ccg cc.gtggtgat ggtggtggtg atggtgtc.cg cc.gctago 

<210> SEQ ID NO 11 
&2 11s LENGTH 51 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 11 

cgctagogg cqgacac cat caccaccacc at caccacgg cqgaag.cgct t 

<210> SEQ ID NO 12 
&2 11s LENGTH 51 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 12 

agcgct tcc go cqtggtga togtggtggit gatggtgtcc gocgctagog t 

<210> SEQ ID NO 13 
&2 11s LENGTH 51 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 13 

ggttcc.gga gggcaccacc at caccacca coat cacgga gg.cgc.ca.gcg a 

<210> SEQ ID NO 14 
&2 11s LENGTH 51 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 14 

cgctgg.cgc citcc.gtgat g g togtggtga togtggtocc citcc.ggalacc c 

<210 SEQ ID NO 15 
&2 11s LENGTH 60 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 15 

cc.ggat.ccg goggcggctic cagaccc.ccc ggcttcagoc cottcagatc cqgcgg.cgcc 

<210> SEQ ID NO 16 
&2 11s LENGTH 60 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 16 

gcgcc.gc.cg gatctgaagg ggctgaagcc ggggggtotg gagcc.gc.cgc cqgatc.cggC 

48 

51 

51 

51 

51 

60 

60 
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<210 SEQ ID NO 17 
&2 11s LENGTH 69 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 17 

gaggttcatg tdactg.cggg ggaag accoc ctdgcttcag cccattcaga ggtggctgct 

totgtggcg 

<210> SEQ ID NO 18 
&2 11s LENGTH 69 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 18 

cgc.cacagaa goagccacct citgaatgggc tigaagcc agg gggtott.ccc cc.gcagt cac 

atgaacctic 

<210 SEQ ID NO 19 
&2 11s LENGTH 69 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 19 

aggttcatgt gactg.cgggg galagaccc.cc togcttcago coattcagag gtggctgctt 

<210> SEQ ID NO 20 
&2 11s LENGTH 69 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 20 

cc.gc.cacaga agcagocacc totgaatggg citgaa.gc.cag ggggtottcc ccc.gcagtca 

catgaacct 

<210> SEQ ID NO 21 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 21 

ggatcc tocq actgcagggg cqattgtttctg.cggc 

<210> SEQ ID NO 22 
&2 11s LENGTH 36 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

60 

69 

60 

69 

60 

69 

60 

69 

36 
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<400 SEQUENCE: 22 

gcc.gcagaaa caatc.gc.ccc tdcagtc.gca ggatcc 

<210> SEQ ID NO 23 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 23 

gatcct cqga citgcaggggc gattgtttct gcggcg 

<210> SEQ ID NO 24 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 24 

cgcc.gcagaa acaatcgc.cc citgcagtc.gc aggatc 

<210> SEQ ID NO 25 
&2 11s LENGTH 36 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 25 

aggatcct gc gacitgcaggg gcgattgttt citgcgg 

<210> SEQ ID NO 26 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 26 

cc.gcagaaac aatc.gc.ccct gcagtc.gcag gatcct 

<210 SEQ ID NO 27 
&2 11s LENGTH 63 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 27 

aggttcatgt gactg.cgggg gaaagaagaa gaagaagaag aaggg.cggct gCttctgtgg 

Cgg 

<210> SEQ ID NO 28 
&2 11s LENGTH 63 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 28 

36 

36 

36 

36 

36 

60 

63 
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cc.gc.cacaga agcago.cgcc cittcttctitc ttcttcttct titccc.ccgca gito acatgaa 60 

cost 63 

<210 SEQ ID NO 29 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 29 

tgcc gagcca togacgtoag acgc.g 25 

<210 SEQ ID NO 30 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 30 

gcagatgtta acacacaagg cqttctitcca 30 

<210> SEQ ID NO 31 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 31 

ttgttgttgtta acatctg.cgg tagctgcttg 30 

<210> SEQ ID NO 32 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 32 

cagagagitta acagacaagc agctaccgc 29 

<210 SEQ ID NO 33 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 33 

gtotgttaac totctggagg ttggtagata 30 

<210> SEQ ID NO 34 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 34 

acaaatgtta acattgaaaa got catgatt 30 
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<210 SEQ ID NO 35 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 35 

ttcaatgtta acatttgttt totctgagcc 

<210 SEQ ID NO 36 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 36 

ggacgatato gaaaagttitt titccticag 

<210 SEQ ID NO 37 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 37 

acttittcg at atcgtoctitg toggcttgc 

<210 SEQ ID NO 38 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 38 

totctggitta accoggg.ccc ggc catggca 

<210 SEQ ID NO 39 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 39 

gcc.cgggitta accagagagt citctgccatt 

<210> SEQ ID NO 40 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 40 

tgcgcago catcgacgtoag acgc.g 

<210> SEQ ID NO 41 
&2 11s LENGTH: 31 

30 

28 

28 

30 

30 

25 
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&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 41 

catgatgcat caaagttcaa citgaaacgaa t 

<210> SEQ ID NO 42 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 42 

gatacttaag atctagtgga accaccacgc actcaaaggc tit 

<210> SEQ ID NO 43 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 43 

citagcttaag catgcataca gg tactgg to gatgagagga tt 

<210> SEQ ID NO 44 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 44 

tgcc gagcca togacgtoag acgc.g 

<210> SEQ ID NO 45 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 45 

catgatgcat caaagttcaa citgaaacgaa t 

<210> SEQ ID NO 46 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 46 

cgagct ctitc gatggctaca ggcagtgg.cg cac 

<210> SEQ ID NO 47 
&2 11s LENGTH 36 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

31 

42 

42 

25 

31 

33 
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<400 SEQUENCE: 47 

agcgct ctitc ccatcg tatt agttc.ccaga ccagag 

<210> SEQ ID NO 48 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 48 

cgagct ctitc gacggctc.cg ggaaaaaaga ggc 

<210 SEQ ID NO 49 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 49 

agcgct ctitc cc.gtottaac aggttcctica accagg 

<210 SEQ ID NO 50 
&2 11s LENGTH 36 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 50 

cgagct ctitc gatgcgtgca gcagotggag gagctg 

<210 SEQ ID NO 51 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 51 

agcgct ctitc gcatctoact gtcatcagac gag tog 

<210> SEQ ID NO 52 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 52 

cgagct ctitc gacggctcct ggaaagaaga gac 

<210 SEQ ID NO 53 
&2 11s LENGTH 36 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 53 

agcgct ctitc cc.gtotcacc cqcttgctica accaga 

36 

33 

36 

36 

36 

33 

36 

Aug. 24, 2006 



US 2006/0188483 A1 
53 

-continued 

<210> SEQ ID NO 54 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 54 

agttactcitt coatgactitc agittaattct gcagaa 

<210 SEQ ID NO 55 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 55 

agttactcitt citttacaatg ggtgcacacg gcttitt 

<210 SEQ ID NO 56 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 56 

agttactcitt cittaatcgtg gacittaccgt ggatac 

<210 SEQ ID NO 57 
&2 11s LENGTH 36 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 57 

agttactcitt cocatcgitat tagttcccag accaga 

<210 SEQ ID NO 58 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 58 

aag.cgcc.gcg gcc.gctgctt atgtacgca 

<210 SEQ ID NO 59 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400 SEQUENCE: 59 

gacgcggaag Cttcggtgga Citacgc.g 

36 

36 

36 

36 

29 

27 
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1. A chimeric virus particle comprising: 
(a) a chimeric adeno-associated virus serotype-2 (AAV2) 

capsid comprising a chimeric capsid protein compris 
ing at least one capsid region from AAV1; and 

(b) a nucleic acid comprising 5' and 3' AAV inverted 
terminal repeats and at least one heterologous nucle 
otide sequence, wherein said nucleic acid is packaged 
within the chimeric parvovirus capsid. 

2. The chimeric virus particle of claim 1, wherein said at 
least one heterologous nucleotide sequence encodes a pro 
tein or peptide. 

3. The chimeric virus particle of claim 2, wherein said 
protein or peptide is a therapeutic protein or peptide. 

4. The chimeric virus particle of claim 3, wherein said 
protein or peptide is dystrophin or a mini-dystrophin. 

5. The chimeric virus particle of claim 2, wherein said 
protein or peptide is an immunogenic protein or peptide. 

6. The chimeric virus particle of claim 1, wherein said at 
least one heterologous nucleotide sequence encodes an 
untranslated RNA sequence. 

7. The chimeric virus particle of claim 1, wherein said 
AAV1 capsid region is inserted into the chimeric capsid 
protein but does not replace a region of said chimeric capsid 
protein. 

8. The chimeric virus particle of claim 1, wherein said at 
least one AAV1 capsid region replaces a region within said 
chimeric capsid region. 

9. The chimeric virus particle of claim 1, wherein said at 
least one AAV1 capsid region is a loop region of the major 
Vp 1 capsid subunit. 

10. The chimeric virus particle of claim 9, wherein said 
loop region replaces a loop region in the major Vp1 capsid 
Subunit. 

11. The chimeric virus particle of claim 1, wherein said 5' 
and 3' AAV inverted terminal repeats are AAV2 inverted 
terminal repeats. 

12. The chimeric virus particle of claim 1, wherein said 
nucleic acid does not comprise the AAV cap genes or the 
AAV rep genes. 

13. The chimeric virus particle of claim 1, wherein an 
antigenic property of said chimeric AAV2 capsid is reduced 
as compared with the wild-type AAV2 capsid. 

14. A chimeric virus particle comprising: 

(a) a chimeric adeno-associated virus serotype-2 (AAV2) 
capsid comprising at least one AAV1 capsid region; and 

(b) a nucleic acid comprising 5' and 3' AAV inverted 
terminal repeats and at least one heterologous nucle 
otide sequence, wherein said nucleic acid is packaged 
within the chimeric AAV2 capsid. 

15. The chimeric virus particle of claim 14, wherein said 
at least one heterologous nucleotide sequence encodes a 
protein or peptide. 

16. The chimeric virus particle of claim 15, wherein said 
protein or peptide is a therapeutic protein or peptide. 

17. The chimeric virus particle of claim 16, wherein said 
protein or peptide is dystrophin or a mini-dystrophin. 

18. The chimeric virus particle of claim 15, wherein said 
protein or peptide is an immunogenic protein or peptide. 

19. The chimeric virus particle of claim 14, wherein said 
at least one heterologous nucleotide sequence encodes an 
untranslated RNA sequence. 
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20. The chimeric virus particle of claim 14, wherein said 
AAV1 capsid region is inserted into the chimeric capsid 
protein but does not replace a region of said chimeric capsid 
protein. 

21. The chimeric virus particle of claim 14, wherein said 
at least one AAV1 capsid region replaces a region within 
said chimeric capsid region. 

22. The chimeric virus particle of claim 14, wherein said 
at least one AAV1 capsid region is a loop region of the major 
Vp 1 capsid subunit. 

23. The chimeric virus particle of claim 22, wherein said 
loop region replaces a loop region in the major Vp1 capsid 
Subunit. 

24. The chimeric virus particle of claim 14, wherein said 
5' and 3' AAV inverted terminal repeats are AAV2 inverted 
terminal repeats. 

25. The chimeric virus particle of claim 14, wherein said 
nucleic acid does not comprise the AAV cap genes or the 
AAV rep genes. 

26. The chimeric virus particle of claim 14, wherein an 
antigenic property of said chimeric AAV2 capsid is reduced 
as compared with the wild-type AAV2 capsid. 

27. The chimeric virus particle of claim 14, wherein said 
at least one AAV1 capsid region replaces a capsid Subunit in 
said AAV2 capsid. 

28. A composition comprising the chimeric virus particle 
of claim 1. 

29. A composition comprising the chimeric virus particle 
of claim 14. 

30. An isolated nucleic acid encoding the adeno-associ 
ated virus serotype-2 (AAV2) cap genes and AAV rep genes, 
wherein the AAV2 cap genes encode a chimeric AAV2 
capsid comprising at least one AAV1 capsid region. 

31. A vector comprising the isolated nucleic acid of claim 
3O. 

32. A cell comprising the vector of claim 31. 
33. A cell comprising the isolated nucleic acid of claim 30 

stably integrated into the genome of the cell. 
34. A method of producing a chimeric virus particle, the 

method comprising: 

providing a cell with chimeric adeno-associated virus 
serotype-2 (AAV2) cap genes, AAV rep genes, a 
nucleic acid comprising 5' and 3' AAV inverted termi 
nal repeats and at least one heterologous nucleotide 
sequence, and helper functions for generating a pro 
ductive AAV infection, wherein the chimeric AAV cap 
genes comprise at least one nucleic acid sequence from 
AAV1 cap genes such that the chimeric AAV2 cap 
genes encode a chimeric AAV2 capsid comprising at 
least one AAV1 capsid region; and 

allowing assembly of the chimeric virus particles. 
35. The method of claim 34, further comprising collecting 

the chimeric virus particles. 
36. The method of claim 34, wherein the chimeric AAV2 

cap genes and AAV rep genes are provided by one or more 
transcomplementing packaging Vectors. 

37. The method of claim 34, wherein the chimeric AAV2 
cap genes and AAV rep genes are provided by a plasmid. 

38. The method of claim 34, wherein the chimeric AAV2 
cap genes and AAV rep genes are stably integrated into the 
genome of the cell. 

39. The method of claim 34, wherein the AAV rep genes 
are AAV2 rep genes. 
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40. A chimeric virus particle produced by the method of 50. A method of administering a nucleotide sequence to a 
Subject, the method comprising administering to a subject 
the chimeric virus particle of claim 14. 

41. A method of delivering a nucleotide sequence to a cell, 51-58. (canceled) 
59. A pharmaceutical formulation comprising the chi 

meric virus particle of claim 14 in a pharmaceutically 
virus particle of claim 14. acceptable carrier. 

claim 34. 

the method comprising introducing into a cell the chimeric 

42-49. (canceled) k . . . . 


