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(57) Abstract: Retroviruses are RNA viruses that must insert a
DNA copy (cDNA) of their genome into the host genome in order
to carryout a productive infection. One host cellular pathway that
defends against retroviral cDNA integration involves highly con-
served proteins of a host DNA repair pathway. These proteins
represent novel targets for anti-retroviral drugs. The invention
presented herein provides, inter alia, methods of identifying com-
pounds that induce a DNA repair pathway and/or inhibit retrovi-
ral cDNA integration into a host genome, compounds thus identi-
fied, uses of such compounds, and kits for identifying and testing
of the efficacy of compounds in inducing a DNA repair pathway,
inhibiting retroviral cDNA integration, and inhibiting retroviral
infection.
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METHODS OF IDENTIFYING COMPOUNDS THAT MODULATE
A DNA REPAIR PATHWAY AND/OR RETROVIRAL INFECTIVITY,
THE COMPOUNDS, AND USES THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 60/370,376, filed
April 5, 2002, which is hereby incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] This work was supported in part by a research grant from the National Institutes of
Health, grant number GM62556. The United States Government may have certain rights in this

invention.

FIELD OF THE INVENTION

[0003] The present invention is directed, in part, to methods for inducing a DNA repair
pathway, methods for identifying compounds that induce a DNA repair pathway and/or inhibit
retroviral infectivity, methods of treating a condition caused by a retroviral infection with
compounds that induce a DNA repair pathway and/or inhibit retroviral cDNA integration into the
host cell genome, methods for inhibiting a DNA repair pathway and/or increasing retroviral
cDNA integration, methods for identifying cémpounds that inhibit a DNA repair pathway and/or
increase retroviral infectivity, and methods of treating a condition by improving gene delivery
with compounds that inhibit a DNA repair pathway and/or increase retroviral cDNA integration

into the host cell genome.
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BACKGROUND OF THE INVENTION
[0004] Retroviruses are RNA viruses that must insert a DNA copy (retroviral cDNA) of their
genome into the host chromosome in order to carry out a productive infection. Retroviral
integration can result in mutagenic inactivation of genes at the sites of cDNA insertion or in
aberrant expression of adjacent host genes, both of which can have deleterious consequences for
the host organism. Furthermore, retroviruses present considerable risk to human and animal
health, as evidenced by the fact that retroviruses cause diseases such as, but not limited to,
acquired immune deficiency syndrome (AIDS, caused by human immunodeficiency virus, HIV-
1), various animal cancers, feline immunodeficiency virus (FIV), and human adult T-cell
leukemia/lymphoma. Retroviruses also have been associated with other common disorders,
including, but not limited to, Type I diabetes and multiple sclerosis.
[0005] Recent efforts to combat such retroviral-borne diseases have focused on the
identification of inhibitors of retroviral proteins involved in infection. Two mechanisms
characterize the mode of infection of retroviruses: reverse transcription and integration (Coffin,
J. M., S.H. Hughes, and H.E. Varmus. RETROVIRUSES. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press, 1997). Both processes are essential for retroviruses to productively
infect a cell (Tisdale, M., T. Schulze, B.A. Larder, and K. Moelling. Mutations within the RNase
H domain of human immunodeficiency virus type 1 reverse transcriptase abolish virus
infectivity. Journal of General Virology, 72: 59-66, 1991; LaFemina, R. L., C.L. Schneider,
H.L. Robbins, P.O. Callahan, K. LeGrow, E. Roth, W.A. Schleif, and E.A.E. Emiﬁi.
Requirement of active human immunodeficiency virus type 1 integrase enzyme for productive
infection of human T-lymphoid cells. Journal of Virology, 66: 7414-7419, 1992; Sakai, H., M.
Kawamura, J. Sakuragi, S. Sakurgai, R. Shibata, A. Ishimoto, N. Ono, . Ueda, and A. Adachi.
Integration is essential for efficient gene expression of human immunodeficiency virus type 1.
Journal of Virology, 67: 1169-1174, 1993; Englund, G., T.S. Theodore, E.O. Freed, A.
Engleman, and M.A. Martin. Integration is required for productive infection of monocyte-
derived macrophages by human immunodeficiency virus type 1. Journal of Virology, 69: 3216-
3219, 1995). To date, most drug development programs have focused on inhibition of virally
encoded products, including retroviral reverse transcriptases and proteases. However, given the
short life cycle of retroviruses and their inherently high rates of genetic change or mutation, such
strategies result in the development of drug resistant virus derivatives through alterations of the
virally encoded target molecules. Thus, most anti-retroviral drugs that interfere with virally

encoded proteins are effective, if at all, for only limited periods of time. Another limitation of
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drugs that target retrovirus proteins is that many do not have broad applicability and are highly
specific to a particular virus or even a certain strain of a particular virus.

[0006] As an example of the limitations of present retroviral therapies that target retroviral
proteins, a current treatment for AIDS, caused by the HIV retrovirus, consists of a cocktail of
three or four anti-retroviral drugs termed HAART (highly active anti-retroviral therapy) (Autran,
B., G. Carcelain, T.S. Li, C. Blanc, D. Mathez, R. Tubiana, C. Katlama, P. Debre, and J.
Leibowitch. Positive effects of combined antiretroviral therapy on CD4+ T cell homeostasis and
function in advanced HIV disease. Science, 277: 112-116, 1997). The retroviral reverse
transcriptase is inhibited by two families of HAART drug components, nucleotide analogs and
non-nucleotide inhibitors. The remaining drugs used in HAART are retroviral protease
inhibitors, which target another HIV enzyme. However, 78% of new HIV infections are resistant
to at least one HAART drug component, and an effective HIV vaccine has not been developed
(Richman, D. In: INTERSCIENCE CONFERENCE ON ANTIMICROBIAL AGENTS AND CHEMOTHERAPY,
Chicago, IL, 2001;Cohen, J. Debate begins over new vaccine trials. Science, 293: 1973, 2001).
Furthermore, most of the identified drugs that inhibit the retroviral integrase enzyme of HIV
have been unsuccessful in human trials due to lack of specificity or poor bioavailability (Craigie,
R. HIV integrase, a brief overview from chemistry to therapeutics. Journal of Biological
Chemistry, 276: 23213-23216, 2001; Hazuda, D. J., P. Felock, M. Witmer, A. Wolfe, K.
Stillmock, J.A. Grobler, A. Espeseth, L. Gabryelski, W. Schleif, C. Blau, and M.D. Miller.
Inhibitors of strand transfer that prevent integration and inhibit HIV-1 replication in cells.
Science, 287: 646-650, 2000). Thus, the development of novel HIV infection and AIDS
therapeutics is critical. Also of great importance is the development of an effective HIV vaccine.
[0007] Retroviruses also are used for gene delivery and are likely to play increasingly
important roles in gene therapy. Accordingly, methods and compounds that increase retroviral
cDNA integration into the host genome, and hence increase gene delivery, are of great
importance.

[0008] Thus, an understanding of how retroviruses function and how they can be controlled is
of great commercial and medical importance. Such an understanding would allow the
development of novel strategies for treating retroviral infection and for improving gene delivery
in gene therapy methodologies.

[0009] The present invention elucidates a pathway of DNA repair and its components involved
in retrovirus infection and by providing, inter alia, methods and assay systems for identifying
compounds that inhibit retroviral cDNA integration and/or induce a DNA repair pathway, |
methods for inducing a DNA repair pathway and/or inhibiting retroviral cDNA integration,

-3-
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methods of treating a retroviral infection with compounds that induce a DNA repair pathway
and/or inhibit retroviral cDNA integration into the host cell genome, methods for inhibiting a
DNA repair pathway and/or increasing retroviral cDNA integration, methods for identifying
compounds that inhibit a DNA repair pathway and/or increase retroviral infectivity, and methods
of treating a condition by improving gene delivery with compounds that inhibit a DNA repair
pathway and/or increase retroviral cDNA integration into the host cell genome.

[0010] The stimulation of an intrinsic host defense mechanism as presented herein is a valuable
addition to the treatment of HIV, or any other retrovirus, infection. First, it is very difficult or
impossible for the retrovirus to mutate in such a way that it evades drug action. Host cell factors
are not subject to the highly mutagenic viral replication process, the foundation for development
of retroviral drug resistance. Second, since integration is a prerequisite for all retroviruses to be
infective, drugs that induce the formation of 1-LTR or 2-LTR circles are effective against a wide
spectrum of retrovirus types. Furthermore, little toxicity is associated with this form of treatment
since it is an endogenous system (i.e., host cell factors) that is stimulated. The treatment for
retroviral infections presented herein is anticipated to be used in combination with other

currently available antiviral drugs, for example, as part of HAART.

SUMMARY OF THE INVENTION

[0011] In one embodiment of the invention, methods for identifying compounds that inhibit
retroviral cDNA integration by contacting a cell or cell extract with a non-circularized retroviral
cDNA in the presence of a test compound; contacting a cell or cell extract of the same type with
a non-circularized retroviral cDNA in the absence of a test compound; and determining whether
the amount of retroviral cDNA circularization is increased in the presence of the test compound
relative to the level of retroviral cDNA circularization that occurs in the absence of the test
compound are provided.

[0012] In another embodiment of the invention, methods for identifying compounds that inhibit
retroviral cDNA integration by contacting a cell or cell extract with a non-circularized retroviral
c¢DNA in the presence of a test conllpound and determining the amount of retroviral cDNA
circularization are provided.

[0013] One aspect of the present invention provides methods for identifying compounds that
induce a DNA repair pathway in a cell by contacting at least one component of a DNA repair
pathway with a non-circularized retroviral cDNA in the presence of a test compound; contacting
the component of the DNA repair pathway with a non-circularized retroviral cDNA in the
absence of the test compound; and determining whether the amount of retroviral cDNA

circularization is increased in the presence of the test compound relative to the amount of
-4-
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retroviral cDNA circularization that occurs in the absence of the test compound. The methods of
the invention may be performed in a cell or in cell extract. Cells that may be employed by the
methods of the invention, or from which cell extract may be derived, include, for example,
mammalian, including for example human and chicken, yeast, and plant cells. The component of
a DNA repair pathway that may be contacted or upregulated, either directly or indirectly, by the
test compound includes, but is not limited to, at least one of nucleic acid molecules encoding
XPA, XPB, XPC, XPD, XPE, XPF, XPG, RAD50, RAD52, RAD54, RADS57, RADS59, MSH2,
CDC9, hRAD50, hRAD51, hRAD51B, hRAD51C, hRAD51D, hXRCC2, hXRCC3, XRCC4,
ligase IV, hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80 heterodimer; polypeptides encoded
thereby; and homologs thereof.

'[0014] In some embodiments of the invention, at least one component of a DNA repair
pathway exhibits reduced biological activity in the absence of the test compound relative to wild-
type biological activity of the component in the absence of the test compound. The component
exhibiting reduced biological activity includes, but is not limited to, at least one of nucleic acid
molecules encoding XPA, XPB, XPC, XPD, XPE, XPF, XPG, RAD50, RADS52, RAD54,
RADS57, RAD59, MSH2, CDC9, hRAD50, hRAD51, hRADS51B, hRAD51C, hRADS1D,
hXRCC2, hkXRCC3, XRCC4, ligase IV, hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80
heterodimer; polypeptides encoded thereby; and homologs thereof.

[0015] In some aspects of the invention, the retroviral cDNA contains at least one marker gene
and at least one promoter such that the marker gene is expressed from the promoter upon
retroviral cDNA circularization. An increase in retroviral cDNA circularization in the methods
of the invention may be detected by an increase in the level of expression of the marker gene or
in the level of activity of the polypeptide encoded by the marker gene in the presence of the test
compound relative to the level thereof in the absence of the test compound. Examples of marker
genes that may be used in the methods of the invention include, but are not limited to, genes
encoding green fluorescent protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase
(AP), B-lactamase, chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA),
aminoglycoside phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-
B-phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT). Examples of promoters that
may be used in the methods of the invention include, but are not limited to, promoters derived
from adenovirus, SV40, parvoviruses, vaccinia virus, cytomegalovirus, or mammalian genomic

DNA, an MSH2 promoter, constitutive promoters including 3-phosphoglycerate kinase and
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various other glycolytic enzyme gene promoters, or inducible promoters including the alcohol
dehydrogenase-2 promoter or metallothionine promoter.

[0016] Also provided herein are retroviral vectors having a nucleic acid molecule including a
promoter and a marker gene that is expressed upon circularization of the nucleic acid molecule.
In some embodiments of the inven{ion, the retroviral vector has a nucleic acid sequence of SEQ
ID NO:5 or SEQ ID NO:6.

[0017] In some aspects of the invention, compounds that induce a DNA repair pathway and/or
. inhibit retroviral cDNA integration into the genome of a host cell are provided. In some
embodiments of the invention, compounds that prevent retroviral infection of the host cell are
provided. In other aspects of the invention, compounds that inhibit a DNA repair pathway
and/or increase retroviral cDNA integration are provided.

[0018] Some aspects of the invention are directed to pharmaceutical compositions of the
compounds of the invention. Pharmaceutical compositions of the invention, for example for the
treatment of a retroviral infection, contain a therapeutically effective amount of at least one
compound identified according to the methods of the invention, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable excipient.

[0019] Additional embodiments of the invention are directed to methods of inducing a DNA
repair pathway of a cell by administering at least one compound identified by the methods of the
invention to the cell. In some aspects of the invention, the compound inhibits retroviral cDNA
integration into the genome of the cell.

[0020] Some embodiments of the invention provide methods of treating a retroviral infection
of a patient by administering at least one compound identified by the methods of the invention,
or a pharmaceutical composition thereof, to the patient. The patient may be a plant or a
mammal, including, but not limited to, avians, felines, canines, bovines, ovines, porcines,
equines, rodents, simians, and humans. Examples of retroviral infections that may be treated
according to the methods of the invention include, but are not limited to, retroviral infections
associated with at least one condition of acquired immune deficiency syndrome (AIDS), human
immunodeficiency virus (HIV-1) infection, cancer, human adult T-cell leukemia/lymphoma,
FIV, Type I diabetes, and multiple sclerosis.

[0021] One aspect of the present invention provides methods for identifying compounds that
inhibit a DNA repair pathway and/or increase retroviral cDNA integration in a cell by
contacting at least one component of a DNA repair pathway with a non-circularized retroviral
cDNA in the presence of a test compound; contacting the component of the DNA repair pathway

with a non-circularized retroviral cDNA in the absence of the test compound; and determining
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whether the amount of retroviral cDNA circularization is increased in the presence of the test
compound relative to the amount of retroviral cDNA circularization that occurs in the absence of
the test compound. The methods of the invention may be performed in a cell or in cell extract.
Cells that may be employed by the methods of the invention, or from which cell extract may be
derived, include, for example, mammalian, including but not limited to human and chicken,
yeast, and plant cells. The component of a DNA repair pathway that may be contacted or
upregulated, either directly or indirectly, by the test compound includes, but is not limited to, at
least one of nucleic acid molecules encoding XPA, XPB, XPC, XPD, XPE, XPF, XPG, RADS0,
RAD52, RAD54, RAD57, RADS9, MSH2, CDC9, hRADS50, hRADS51, hRAD51B, hRADS51C,
hRADS51D, hXRCC2, hXRCC3, XRCC4, ligase IV, hMRE11, XRS2 (NBS1), DNA-PK, and
Ku70/80 heterodimer; polypeptides encoded thereby; and homologs thereof.

[0022] In some aspects of the invention, the retroviral cDNA contains at least one marker gene
and at least one promoter such that the marker gene is expressed from the promoter upon
retroviral cDNA circularization. A decrease in retroviral cDNA circularization in the methods of
the invention may be detected by a decrease in the level of expression of the marker gene or in
the level of activity of the polypeptide encoded by the marker gene in the presence of the test
compound relative to the level thereof in the absence of the test compound. Examples of marker
genes that may be used in the methods of the invention include, but are not limited to, genes
encoding green fluorescent protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase
(AP), B-lactamase, chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA),
aminoglycoside phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-
B-phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding P-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT). Examples of promoters that
may be used in the methods of the invention include, but are not limited to, promoters derived
from adenovirus, SV40, parvoviruses, vaccinia virus, cytomegalovirus, or mammalian genomic
DNA, an MSH2 promoter, constitutive promoters including 3-phosphoglycerate kinase and
various other glycolytic enzyme gene promoters, or inducible promoters including the alcohol
dehydrogenase-2 promoter or metallothionine promoter.

[0023] In some aspects of the invention, compounds that inhibit a DNA repair pathway and/or
increase retroviral cDNA integration into the genome of a host cell are provided. In some
embodiments of the invention, compounds identified according to the methods are provided.
[0024] Some aspects of the inventioh are directed to pharmaceutical compositions of the
compounds of the invention. Pharmaceutical compositions of the invention, for example for

improving the efficiency of gene delivery in a gene therapy, contain a therapeutically effective
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amount of at least one compound identified according to the methods of the invention, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.

[0025] Additional embodiments of the invention are directed to methods of inhibiting a DNA
repair pathway and/or increasing retroviral cDNA integration of a cell by administering at least
one compound identified by the methods of the invention to the cell.

[0026] Additional embodiments of the invention provide methods for increasing the efficiency
of gene delivery in a gene therapy by administering’a compound of the invention. The patient
may be a plant or a mammal, including, but not limited to, avians, felines, canines, bovines,
ovines, porcines, equines, rodents, simians, and humans.

[0027] Additional aspects of the invention provide assay systems for identifying compounds
that induce a DNA repair pathway. In some aspects of the invention, a cell-free system for
identifying a compound that induces a DNA repair pathway containing at least one component of
a DNA repair pathway, noncircularized retroviral cDNA having a marker gene that is expressed
upon retroviral cDNA circularization, and genomic DNA is provided. Also provided herein are
cell-based systems for identifying a compound that induces a DNA repair pathway containing a
retrovirus having a marker gene and a cell having at least one component of a DNA repair
pathway. In some embodiments of the assay systems, the component of the DNA repair pathway
exhibits reduced biological activity relative to wild-type biological activity of the component. In
some embodiments of the invention are provided cell-based assay systems for identifying
compounds that inhibit retroviral cDNA integration having a call and a retrovirus containing a
circularization marker géne. Also encompassed within the scope of the invention are cell-free
assay systems for identifying compounds that inhibit retroviral cDNA integration having host
genomic DNA and noncircularized retroviral cDNA having a circularization marker gene.
[0028] Another aspect of the invention is kits containing a retrovirus or retroviral vector of the
invention. Such kits may include conventional kit component(s) including but not limited to
container(s), label(s), and instructions.

[0029] Other aspects of the i/nvention include methods of screening for a compound which
inhibits retroviral infectivity by exposing at least one component of a DNA repair pathway to a
test compound; inducing DNA repair; measuring one of an amount of retroviral cDNA
circularization wherein the circularization juxtaposes a promoter to a marker gene, and the
physical recombination of retroviral cDNA; quantifying expression of the marker gene;
inhibiting integration of the retroviral cDNA into a host cell genome; and identifying the
compound. Also provided are methods of screening for a compound which inhibits retroviral

infectivity by exposing a component of a DNA repair pathway to a test compound; inducing

-8-



WO 03/089573 PCT/US03/10302
DNA repair; measuring one of an amount of retroviral cDNA circularization wherein the
circularization juxtaposes a promoter to a marker gene, and the physical recombination of
retroviral cDNA; measuring an amount of expression of the marker gene which is indicative of
an increase in circularization; inhibiting integration of the retroviral cDNA into a host cell
genome; and identifying the compound. The component of the DNA repair pathway may be at
least one of XPB or XPD but is not limited to the XPB or XPD members of the DNA repair
pathway. The component of the DNA repair pathway may be a gene in the DNA repair pathway
and the compound which induces DNA repair may upregulate the gene so that DNA repair is
induced and retroviral integration is inhibited. The component of the DNA repair pathway also
may be a protein in the DNA repair pathway and the compound which induces DNA repair
induces an activity or function of the protein so that DNA repair is induced and retroviral
integration is inhibited. Additional embodiments of the invention include methods of inhibiting
retroviral infectivity in a cell by administering a compound identified to a cell; and inhibiting
retrovirus integration into the cell’s genome. Also provided are pharmaceutical compositions
comprising a compound identified by the screening methods and a pharmaceutically acceptable
excipient. A compound that inhibits retroviral integration identified according to the methods
herein disclosed. A compound that inhibits retroviral integration identified according to the
methods of the invention wherein the compound is a lead compound for further development of a
therapeutic agent that causes inhibition of retroviral integration into a host cell’s genome.

[0030] Additionally provided are methods of inhibiting retroviral infectivity in a subject by
administering the test compound identified to a subject and inhibiting retrovirus integration into
the genome of the subject. In another embodiment are provided methods of screening fora
compound which induces DNA repair in a cell wherein induction of DNA repair inhibits
retroviral integration into a host cell’s genome by exposing a component of a DNA repair
pathway to a test compound; inducing DNA repair; measuring one of an amount of retroviral
cDNA circle formation (via homologous recombination or non-homologous end-joining) by
quantifying an expression of a marker gene, and the physical recombination of retroviral cDNA;
inhibiting integration of the retroviral cDNA into the host cell genome; and identifying the
compound. The component of the DNA repair pathway may be at least one of XPB or XPD, but
not limited to the XPB or XPD members of the DNA repair pathway. Also encompassed by the
invention are methods of inducing DNA repair in a cell wherein induction of DNA repair inhibits
retroviral integration into the genome of the cell by administering a test compound identified by
a method of the invention to a cell; inducing DNA repair; and inhibiting retrovirl\ls integration

into the genome of the cell. Other aspects of the invention include compounds that induce DNA
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repair identified according to a method of the invention wherein induction of DNA repair inhibits
retroviral integration into a host cell’s genome and pharmaceutical compositions of the
compound and a pharmaceutically acceptable excipient.

[0031] One embodiment of the invention includes methods of inducing DNA repair in a
subject by administering a test compound identified to a subject; inducing DNA repair; and
inhibiting retrovirus integration into the subject’s genome. The compound may induce DNA
repair by upregulating a gene in a DNA repair pathway whereby DNA repair is induced and
retroviral integration is inhibited or by inducing an activity or function of a protein in a DNA
repair pathway whereby DNA repair is induced and retroviral integration is inhibited.

[0032] Also provided by the invention are methods of inducing DNA repair in a subject by
administering a test compound identified by the methods of the invention to a subject and
inducing DNA repair. Compounds that induce DNA repair identified according to methods of
the invention may be lead compounds for further development of a therapeutic agent that causes
inhibition of retroviral integration into a host cell’s genome.

[0033] Another aspect of the invention includes methods of screening for a compound which
induces DNA repair in a cell wherein induction of DNA repair inhibits retroviral integration into
a host cell’s genome by exposing a component of a DNA repair pathway to a test compound;
inducing DNA repair; measuring one of an amount of retroviral cDNA circle formation (via
homologous recombination or non-homologous end-joining) by quantifying an expression of a
marker gene, é.nd the physical recombination of retroviral cDNA; and identifying the compound.
[0034] The materials, methods, and examples provided herein are illustrative only and are not
intended to be limiting. Other features and advantages of the invention will be apparent from the

following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Figures 1A and 1B illustrate an example of retroviral infection of a host cell. Figure
1A shows that HIV infection of a cell begins with the binding of the HIV envelope protein gp120
to the host cell membrane proteins CD4 and either CCRS or CXCRA4. This binding event elicits
fusion of the retroviral and cellular membranes, mediated by a second HIV envelope protein
gp41. Following membrane fusion, the retroviral capsid core enters the host cell and
disassembles in the cytoplasm. HIV reverse transcriptase copies the retroviral genomic RNA
into a cDNA molecule. The retroviral cDNA is part of the pre-integration complex (PIC), which
includes at least the retroviral proteins integrase, reverse transcriptase, matrix, capsid, and vpr, as
well as the host protein HMG I(Y). This complex of protein and nucleic acid enters the host cell

nucleus. Retroviral integrase catalyzes the joining of the 3’ ends of the retroviral cDNA to the
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host genomic DNA. The retroviral cDNA is flanked by five base gaps of host sequence and 5’
dinucleotide flaps of HIV sequence. Host DNA repair enzymes finish the integration reaction by
repairing the flanking gaps and 5’ flaps to generate the provirus. After integration is complete,
retroviral and host transcription factors promote the transcription of retroviral mRNAs and
genomic RNA. The retroviral mRNAs are translated in the cytoplasm to produce retroviral
polyproteins. These polyproteins assemble at the cellular plasma membrane with the retroviral
genomic RNA. Immature retroviral particles bud from the cell. After budding, the retroviral
enzyme protease cleaves the retroviral polyproteins to yield a mature, infectious virion. Figure
1B illustrates that, after the PIC enters the host cell nucleus, integration of the retroviral cDNA
will result in a productive infection of the cell. Alternatively, circularization of the retroviral
cDNA by one of at least two mechanisms is not productive and will prevent completion of
retroviral infection. The host cellular DNA repair mechanism of homologous recombination
may generate 1-long terminal repeat (1-LTR) circles. Both ends of the retroviral cDNA have
homologous nucleotide sequences, termed long terminal repeats (LTRs). Host DNA repair
machinery uses the homologous LTR ends in a recombination reaction to produce 1-LTR circles.
A second host cellular DNA repair mechanism, non-homologous end-joining (NHEJ), ligates the
ends of the retroviral cDNA to yield 2-long terminal repeat (2-LTR) circles. Neither 1-L'TR nor
2-LTR circles can be subsequently converted to retroviral cDNA integration products.
[0036] Figure 2 demonstrates that HIV ¢cDNA integration is controlled by host cell DNA
repair. HIV-based vector particles were used to determine relative retroviral cDNA integration
efficiency in cell lines varying in DNA repair function. A successful retroviral cDNA
integration event is indicated by the expression of green fluorescent protein (GFP) encoded by
the HIV vector particles. Cell lines were derived from two patients with mutations of the XPB
gene (Riou, L., L. Zeng, O. Chevallier-Lagente, A. Stary, O. Nikaido, A. Taieb, G. Weeda, M.
Mezzina, and A. Sarasin. The relative expression of mutated XPB genes results in xeroderma
pigmentosum/Cockayne's syndrome or trichothiodystrophy cellular phenotypes. Human
Molecular Genetics, 8: 1125-1133, 1999). Three of the cell lines were rescued by addition of an
XPB transgene. The five cell lines exhibit varying levels of DNA repair requiring XPB. The
level of XPB function is indicated by triangles. The cell lines were transduced with the HIV-
based vector particles at relative multiplicities of infection (MOI) of 0, 0.5, and 2, as determined
by transduction of 293T human fibroblasts. Following transduction, the cells were fixed and
examined by flow cytometry for GFP expression. Cells that did not have vector particles added,
0 MOI, did not express GFP. At both 0.5 MOI and 2 MOJ, the percentage of cells expressing
GFP (GFP+ cells) was inversely proportional to the level of XPB function.

-11-
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[0037] Figures 3A and 3B illustrate one embodiment of a scteen for retroviral cDNA circle-
formation included within the scope of the invention. Figure 3A shows a recombinant retroviral
vector constructed to contain a general marker gene (for example, DsRed) driven by a promoter
(for example, a cytomegalovirus (CMV) promoter or an MSH2 promoter). Detection of red
fluorescence is used as a positive control for retroviral cDNA entry into the host cell nucleus.
Figure 3B illustrates that the formation of a 1-LTR or 2-LTR circle effectively juxtaposes a
second promoter (for example, a CMV promoter or an MSH2 promoter) and a circularization
marker gene (for example, GFP) with an intervening LTR (1-LTR or 2-LTR) that is flanked by
5° splice donor and 3’ splice acceptor sites. Transcription from this second promoter results in a
spliced message that has removed the intervening LTR(s) and will express the circularization
marker gene, for example, GFP, and thus be detected, in the case of GFP, as green fluorescence.
Because GFP is expressed only upon retroviral cDNA circularization, the level of green
fluorescence indicates the efficiency of retroviral cDNA circle-formation versus retroviral cDNA
integration into the host cell genome.

[0038] Figures 4A and 4B illustrate the nucleotide sequence of the human XPB gene (SEQ ID
NO:1) and the amino acid sequence of the XPB polypeptide encoded thereby (SEQ ID NO:2),
respectively (GenBank Accession No. NM_000122). Figures 4C and 4D provide the nucleotide
sequence of the human XPD gene (SEQ ID NO:3) and the amino acid séquence of the XPD
polypeptide encoded thereby (SEQ ID NO:4), respectively (GenBank Accession No.
NM_000400).

[0039] Figures SA-5D illustrate the nucleotide sequence (SEQ ID NO:5) of one example of
the retroviral vector shown in Figure 3, wherein the general marker gene is DsRed, expression of
which is controlled by a CMV promoter, and the circularization marker gene is GFP, the
expression of which is driven by a CMV promoter upon retroviral cDNA circularization.

[0040] Figures 6A-6D illustrate the nucleotide sequence (SEQ ID NO:6) of another example
of the retroviral vector shown in Figure 3, wherein the general marker is DsRed, expression of
which is controlled by an MSH2 promoter, and the circularization marker gene is GFP, the

expression of which is driven by a CMV promoter upon retroviral cDNA circularization.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0041] The reference works, patents, patent applications, and scientific literature that are
referred to herein establish the knowledge of those with skill in the art and are hereby
incorporated by reference in their entirety to the same extent as if each was specifically and
individually indicated to be incorporated by reference. Any conflict between any reference cited

herein and the specific teachings of this specification shall be resolved in favor of the latter.
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Likewise, any conflict between an art-understood definition of a word or phrase and a definition
of the word or phrase as specifically taught in this specification shall be resolved in favor of the
latter.

[0042] Standard reference works setting forth the general principles of recombinant DNA
technology are known to those of skill in the art (Ausubel ef al., CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, John Wiley & Sons, New York, 1998; Sambrook et al., MOLECULAR
CLONING: A LABORATORY MANUAL, 2D ED., Cold Spring Harbor Laboratory Press, Plainview,
New York, 1989; Kaufman et al., Eds., HANDBOOK OF MOLECULAR AND CELLULAR METHODS IN
BIOLOGY AND MEDICINE, CRC Press, Boca Raton, 1995; McPherson, Ed., DIRECTED
MUTAGENESIS: A PRACTICAL APPROACH, IRL Press, Oxford, 1991).

[0043] The present invention relates to the processes whereby retroviruses insert their genetic
material into the genome of a eukaryotic host cell in order to carry out a productive infection.
More specifically, the present invention relates to highly conserved proteins of the host cell that
are required for efficient retroviral cDNA integration. These proteins represent novel targets for
anti-retroviral drugs and for drugs for improved gene delivery by retroviruses. Provided herein,
inter alia, are methods and assay systems that can be used to screen for anti-retroviral
compounds and compounds that increase retroviral gene delivery as well as to compare and test
similar retroviral assays and drugs in vivo and in vitro.

[0044] The phrase “DNA repair pathway™ as used herein refers to any pathway of a host cell
that facilitates repair of the host DNA including but not limited to homologous recombination
and non-homologous end-joining. A “component of a DNA repair pathway” refers to any
molecule, including but not limited to nucleic acid molecules and polypeptides, that participates
in a DNA repair pathway of a host cell. Examples of components of a DNA repair pathway
include, but are not limited to, XPA, XPB, XPC, XPE, XPF, XPG, RAD50, RAD52, RAD54,
RADS57, RAD59, MSH2, CDC9, hRAD50, hRAD51, hRAD51B, hRAD51C, hRAD51D,
hXRCC2, hXRCC3, XRCCH4, ligase IV, hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80
heterodimer, and equivalent homologs.

[0045] As used herein, the term "contacting" means bringing together, either directly or
indirectly, a compound into physical proximity to a molecule of interest. Contacting may occur,
for example, in any number of buffers, salts, solutions, or in a cell or cell extract.

[0046] As used herein, the term “antibody” is meant to refer to complete, intact antibodies, and
Fab, Fab’, F(ab)2, and other fragments thereof. Complete, intact antibodies include monoclonal
antibodies such as murine monoclonal antibodies, chimeric antibodies, and humanized

antibodies.
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[0047] As used herein, the term “binding” means the physical or chemical interaction between
two proteins or compounds or associated proteins or compounds or combinations thereof.
Binding includes ionic, non-ionic, Hydrogen bonds, Van der Waals, hydrophobic interactions,
efe. The physical interaction, the binding, can be either direct or indirect, indirect being through
or due to the effects of another protein or compoul\ld. Direct binding refers to interactions that do
not take place through or due to the effect of another protein or compound but instead are
without other substantial chemical intermediates. Binding may be detected in many different
manners. As a non-limiting example, the physical binding interaction between two molecules
can be detected using a labeled compound. Other methods of detecting binding are well-known
to those of skill in the art.

[0048] As used herein, the term “complementary” refers to Watson-Crick basepairing between
nucleotide units of a nucleic acid molecﬁle.

[0049] As used herein, the phrase “stringent hybridization conditions” or “stringent conditions™
refers to conditions under which an oligonucleotide will specifically hybridize to its target
sequence. Stringent conditions are sequence-dependent and will be different in different
circumstances. Longer sequences hybridize specifically at higher temperatures. Generally,
stringent conditions are selected to be about 5°C lower than the thermal melting point (Tm) for
the specific sequence at a defined ionic strength and pH. The Tm is the temperature \(under
defined ionic strength, pH and nucleic acid concentration) at which 50% of the oligonucleotides
complementary to the target sequence hybridize to the target sequence at equilibrium. Since the
target sequences are generally present in excess, at Tm, 50% of the hybridizing oligonucleotides
are occupied at equilibrium. Typically, stringent conditions will be those in which the salt
concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion (or
other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short oligonucleotides
(e.g., 10 to 50 nucleotides) and at least about 60°C for longer oligonucleotides. Stringent
conditions may also be achieved with the addition of destabilizing agents, such as formamide.
[0050] The term “marker gene” or “reporter gene” refers to a gene encoding a product that,
when expressed, confers a phenotype at the physical, morphologic, or biochemical level on a
transformed cell that is easily identifiable, either directly or indirectly, by standard techniques
and includes, but is not limited to, green fluorescent protein (GFP), red fluorescent protein
(DsRed), alkaline phosphatase (AP), B-lactamase, chloramphenicol acetyltransferase (CAT),
adenosine deaminase (ADA), aminoglycoside phosphotransferase (neor, G418r) dihydrofolate
reductase (DHFR), hygromycin-B-phosphotransferase (HPH), thymidine kinase (TK), lacZ

(encoding p-galactosidase), luciferase (luc), and xanthine guanine phosphoribosyltransferase
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(XGPRT). As with many of the standard procedures associated with the practice of the invention,
skilled artisans will be aware of additional sequences that can serve the function of a marker or
reporter. Thus, this list is merely meant to show examples of what can be used and is not meant
to limit the invention. The term “general marker” or “general marker gene” as used herein refers
to a gene of the retroviral cDNA that is expressed upon integration of the retroviral cDNA into
the host genome or upon retroviral cDNA circularization and thus serves as a positive control for
retroviral cDNA entry into the host cell nucleus. The term “circularization marker gene” or
“circularization marker” refers to a gene of the retroviral cDNA that is expressed only upon
circularization of the retroviral cDNA. |
[0051] As used herein, the term “promoter” refers to a regulatory element that regulates,
controls, or drives expression of a nucleic acid molecule of interest and can be derived from
sources such as from adenovirus, SV40, parvoviruses, vaccinia virus, cytomegalovirus, or
mammalian genomic DNA. Examples of suitable promoters for mammals include, but are not
limited to, CMV and MSH2 promoters. Suitable promoters that can be used in yeast include, but
are not limited to, such constitutive promoters as 3-phosphoglycerate kinase and various other
glycolytic enzyme gene promoters or such inducible promoters as the alcohol dehydrogenase 2
promoter or metallothionine promoter. Again, as with many of the standard procedures
associated with the practice of the invention, skilled artisans will be aware of additional
promoters that can serve the function of directing the expression of a marker or reporter. Thus,
the list is merely meant to show examples of what can be used and is not meant to limit the
invention.

[0052] The terms “polypeptide,” “peptide,” and “protein are used interchangeably herein.
[0053] Asused herein, the term “amino acid” denotes a molecule containing both an amino
group and a carboxyl group. In some preferred embodiments, the amino acids are a~, B-, y- or 8-
amino acids, including their stereoisomers and racemates. As used herein the term “L-amino
acid” denotes an a-amino acid having the L configuration around the a-carbon, that is, a
carboxylic acid of general formula CH(COOH)(NH2)-(side chain), having the L-configuration.
The term “D-amino acid” similarly denotes a carboxylic acid of general formula
CH(COOH)(NH2)-(side chain), having the D-configuration around the a-carbon. Side chains of
L-amino acids include naturally occurring and non-naturally occurring moieties. Non-naturally
occurring (i.e., unnatural) amino acid side chains are moieties that are used in place of naturally
occurring amino acid side chains in, for example, amino acid analogs. Amino acid substituents
may be attached through their carbonyl groups through the oxygen or carbonyl carbon thereof, or

through their amino groups, or through functionalities residing on their side chain portions.
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[0054] As used herein “polynucleotide” refers to a nucleic acid molecule and includes genomic
DNA, cDNA, RNA, mRNA and the like.

[0055] As used herein “antisense oligonucleotide™ refers to a nucleic acid molecule that is
complementary to at least a portion of a target nucleotide sequence of interest and specifically
hybridizes to the target nucleotide sequence under physiological conditions. The term "double
stranded RNA" or "dsRNA" as used herein refers to a double stranded RN A molecule capable of
RNA interference, including short interfering RNA (siRNA) (see for example, Bass, Nature,
411, 428-429 (2001); Elbashir et al., Nature, 411, 494-498 (2001)).

[0056] “Synthesized” as used herein refers to polynucleotides produced by purely chemical, as
opposed to enzymatic, methods. “Wholly” synthesized DNA sequences are therefore produced
entirely by chemical means, and “partially” synthesized DNAs embrace those wherein only
portions of the resulting DNA were produced by chemical means.

[0057] “Retroviral cDNA circularization” refers to circle formation, for example 1-LTR or 2-
LTR circle formation, of retroviral cDNA.

[0058] “Retroviral cDNA integration” as used herein refers to incorporation of retroviral
cDNA into a host cell genomic DNA.

[0059] “Retroviral infection” as used herein refers to the process by which retroviruses
propagate within a host cell and includes the steps of reverse transcription of retroviral RNA to
retroviral cDNA and integration of retroviral cDNA into the host genome. “Noncircularized
retroviral cDNA” or “linear retroviral cDNA” as used herein refers to retroviral cDNA that is not
circularized into, for example, a 1-LTR or 2-LTR circle. “Circularized retroviral cDNA” refers
to retroviral cDNA that is incapable of integration into a host cell genome and is in the form of a
circle, for example, a 1-LTR or 2-LTR circle.

[0060] As used herein, the terms “modulates” or “modifies” means an increase or decrease in
the amount, quality, or effect of a particular activity or protein.

[0061] "Inhibitors," "activators," and "modulators" refer to any inhibitory or activating
molecules identified using ix vitro and in vivo assays for, e.g., agonists, antagonists, and their
homologs, including fragments, variants, and mimetics, as defined herein, that exert substantially
the same biological activity as the molecule. “Inhibitors” are compounds that reduce, decrease,
block, prevent, delay activation, inactivate, desensitize, or downregulate the biological activity or
expression of a molecule or pathway of interest, e.g., antagonists. “Inducers” or “activators” are
compounds that increase, induce, stimulate, open, activate, facilitate, enhance activation,
sensitize, or upregulate a molecule or pathway of interest, e.g., agonists. In some embodiments

of the invention, the level of inhibition or upregulation of the expression or biological activity of
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a molecule or pathway of interest refers to a decrease (inhibition or downregulation) or increase
(upregulation) of greater than about 50%, 60%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99%. The inhibition or upregulation may be direct, i.e., operate
on the molecule or pathway of interest itself, or indirect, i.e., operate on a molecule or pathway
that affects the molecule or pathway of interest.

[0062] “About” as used herein refers to +/- 10% of the reference value.

[0063] As used herein, "homologous nucleotide sequence" or "homologous amino acid
sequence," or variations thereof, refers to sequences characterized By a homology, at the
nucleotide level or amino acid level, of at least about 60%, more preferably at least about 70%,
more preferably at least about 80%, more preferably at least about 90%, at least about 95%, and
most preferably at least about 98% to a reference sequence, or portion or fragment thereof
encoding or having a functional domain, for example but not limited to the nucleic acid sequence
of SEQ ID NO:1 or SEQ ID NO:3, or a portion of SEQ ID NO:1 or SEQ ID NO:3 which
encodes a functional domain of the encoded polypeptide, SEQ ID NO:2 or SEQ ID NO:4, or
polypeptides having amino acid sequence SEQ ID NO:2 or SEQ ID NO:4, or fragments thereof
having functional domains of the full-length polypeptide. Homologous nucleotide sequences
include those sequences coding for homologs, including, for example, isoforms, species variants,
allelic variants, and fragments of the protein of interest. Isoforms can be expressed in different
tissues of the same organism as a result of, for example, alternative splicing of RNA.
Alternatively, isoforms can be encoded by different genes. Homologous nucleotide sequences
include nucleotide sequences encoding for a species variant of a protein. Homologous nucleotide
sequences also include, but are not limited to, naturally occurring allelic variations and mutations
of the nucleotide sequences set forth herein. Homologous amino acid sequences include those
amino acid sequences which encode conservative amino acid substitutions in polypeptides
having amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4, as well as in polypeptides
identified according to the methods of the invention. Percent homology is preferably determined
by, for example, the Gap program (Wisconsin Sequence Analysis Package, Version 8 for Unix,
Genetics Computer Group, University Research Park, Madison Wis.), using the default settings,
which uses the algorithm of Smith and Waterman (Smith and Waterman, 4dv. Appl. Math., 2:
482-489, 1981). Nucleic acid fragments of the invention have at least about 5, at least about 10,
at least about 15, at least about 20, at least about 25, at least about 50, or at least about 100
nucleotides of the reference nucleotide sequence. Preferably the nucleic acid fragments of the

invention encode a polypeptide having at least one biological property, or function, that is
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substantially similar to a biological property of the polypeptide encoded by the full-length
nucleic acid sequence.:

[0064] As is well known in the art, because of the degeneracy of the genetic code, there are
numerous DNA and RNA molecules that can code for the same polypeptide as that encoded by a
nucleotide sequence of interest. The present invention, therefore, contemplates those other DNA
and RNA molecules which, on expression, encode a polypeptide encoded by the nucleic acid
molecule of interest. DNA and RNA molecules other than those specifically disclosed herein
characterized simply by a change in a codon for a particular amino acid, are within the scope of
this invention.

[0065] It is to be understood that the present invention includes proteins homologous to, and
having at least one biological property, or function, that is substantially similar to a biological
property of a reference polypeptide. Preferably, the extent of the biological activity of the
biological property is at least 10%, more preferably at least 20%, more preferably at least 30%,
more preferably at least 40%, more preferably at least 50%, more preferably at least 60%, more
preferably at least 70%, more preferably at least 80%, more preferably at least 90%, and most
preferably 100% of the activity of the biological property of the reference polypeptide. Such
proteins are also called variants. This definition is intended to encompass fragments, isoforms,
natural allelic variants, and splice variants. These variant forms may result from, for example,
alternative splicing or differential expression in different tissue of the same source organism. The
variant forms may be characterized by, for example, amino acid insertion(s), deletion(s), or
substitution(s). In this connection, a variant form having an amino acid sequence which has at
least about 60%, at least about 70% sequence homology, at least about 80% sequence homology,
preferably about 90% sequence homology, more preferably about 95% sequence homology, and
most preferably about 98% sequence homology to the reference polypeptide, is included in the
present invention. A preferred homologous polypeptide comprises at least one conservative
amino acid substitution compared to the reference polypeptide. Amino acid "insertions”,
"gubstitutions" or "deletions" are changes to or within an amino acid sequence. The variation
allowed in a particular amino acid sequence may be experimentally determined by producing the
peptide syntheﬁcally or by systematically making insertions, deletions, or substitutions of
nucleotides in the nucleic acid sequence using recombinant DNA techniques. Polypeptide
fragments of the invention comprise at least about 5, 10, 15, 20, 25, 30, 35, or 40 consecutive
amino acids of the reference polypeptide. Preferred polypeptide fragments display antigenic

properties unique to, or specific for, the reference polypeptide and its allelic and species

-18 -



WO 03/089573 PCT/US03/10302
homologs. Fragments of the invention having the desired biological and immunological

properties can be prepared by any of the methods well known and routinely practiced in the art.
[0066] Alterations of the naturally occurring amino acid sequence can be accomplished by any
of a number of known techniques. For example, mutations can be introduced into the
polynucleotide encoding a polypeptide at particular locations by procedures well known to the
skilled artisan, such as oligonucleotide-directed mutagenesis, which is described by U.S. Pat.
Nos. 4,518,584 and 4,737,462.

[0067] Preferably, a polypeptide homolog of the present invention will exhibit substantially the
biological activity of a naturally occurring reference polypeptide. By "exhibit substantially the
biological activity of a naturally occurring polypeptide" is meant that variants within the scope of
the invention can comprise conservatively substituted sequences, meaning that one or more
amino acid residues of a polypeptide are replaced by different residues that do not alter the
secondary and/or tertiary structure of the polypeptide. Such substitutions may include the
replacement of an amino acid by a residue having similar physicochemical properties, such as
substituting one aliphatic residue (Ile, Val, Leu or Ala) for another, or substitution between basic
residues Lys and Arg, acidic residues Glu and Asp, amide residues Gln and Asn, hydroxyl
residues Ser and Tyr, or aromatic residues Phe and Tyr. Further information regarding making
phenotypically silent amino acid exchanges are known in the art (Bowie et al., Science, 247:
1306-1310, 1990). Other polypeptide homologs which might retain substantially the biological
activities of the reference polypeptide are those where amino acid substitutions have been made
in areas outside functional regions of the protein.

[0068] A nucleotide and/or amino acid sequence of a nucleic acid molecule or polypeptide
employed in the invention or of a compound identified by the screening method of the invention
may be used to search a nucleotide and amino acid sequence databank for regions of similarity
using Gapped BLAST (Altschul et al., Nuc. Acids Res., 25: 3389, 1997). Briefly, the BLAST
algorithm, which stands for Basic Local Alignment Search Tool is suitable for determining
sequence similarity (Altschul et al., J Mol. Biol., 215: 403-410, 1990). Software or performing
BLAST analyses is publicly available through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high
scoring sequence pair (HSPs) by identifying short words of length W in the query sequence that
either match or satisfy some positive-valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the neighborhood word score threshold
(Altschul et al., J Mol. Biol., 215: 403-410, 1990). These initial neighborhood word hits act as

seeds for initiating searches to find HSPs containing them. The word hits are extended in both
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directions along each sequence for as far as the cumulative alighment score can be increased.

Extension for the word hits in each direction are halted when: 1) the cumulative alignment score
falls off by the quantity X from its maximum achieved value; 2) the cumulative score goes to
zero or below, due to the accumulation of one or more negative-scoring residue alignments; or 3)
the end of either sequence is reached. The BLAST algorithm parameters W, T and X determine
the sensitivity and speed of the alignment. The BLAST program uses as defaults a word length
(W) of 11, the BLOSUMG62 scoring matrix (Henikoff ez al., Proc. Natl. Acad. Sci. USA, 89:
10915-10919, 1992) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a comparison
of both strands. The BLAST algorithm (Karlin et al., Proc. Natl. Acad. Sci. USA, 90: 5873-5787,
1993) and Gapped BLAST perform a statistical analysis of the similarity between two sequences.
One measure of similarity provided by the BLAST algorithm is the smallest sum probability
(P(N)), which provides an indication of the probability by which a match between two nucleotide
or amino acid sequences would occur by chance. For example, a nucleic acid is considered
similar to a gene or cDNA if the smallest sum probability in comparison of the test nucleic acid
to the reference nucleic acid is less than about 1, preferably less than about 0.1, more preferably |
less than about 0.01, and most preferably less than about 0.001.

[0069] “Biological activity” as used herein refers to the level of a particular function (for
example, enzymatic activity) of a molecule or pathway of interest in a biological system. “Wild-
type biological activity” refers to the normal level of function of a molecule or pathway of
interest. “Reduced biological activity” refers to a decreased level of function of a molecule or
pathway of interest relative to a reference level of biological activity of that molecule or
pathway. For example, reduced biological activity may refer to a decreased level of biological
activity relative to the wild-type biological activity of a molecule or pathway of interest.
“Increased biological activity” refers to an increased level of function of a molecule or pathway
of interest relative to a reference level of biological activity of that molecule or pathway. For
example, increased biological activity may refer to an increased level of biological activity
relative to the wild-type biological activity of a molecule or pathway of interest.

[0070] As used herein, the term "isolated" nucleic acid molecule refers to a nucleic acid
molecule (DNA or RNA) that has been removed from its native environment. Examples of
isolated nucleic acid molecules include, but are not limited to, recombinant DNA molecules
contained in a vector, recombinant DNA molecules maintained in a heterologous host cell,
partially or substantially purified nucleic acid molecules, and synthetic DNA or RNA molecules.
[0071] The term “mimetic” as used herein refers to a compound that is sterically similar to one

identified as an inducer of a host DNA repair pathway, provided that the molecule retains
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biological activity, i.e., induction of a host DNA repair pathway. Mimetics are structural and

functional equivalents to the compounds identified by the present invention that induce a DNA
repair pathway.

[0072] The terms “patient” and “subject” are used interchangeably herein and include, but are
not limited to, avians, felines, canines, bovines, ovines, porcines, equines, rodents, simians, and
humans. “Host cell” includes, for example, a mammalian cell, yeast cell, or plant cell.
Mammalian cells of the invention include but are not limited to human and chicken cells (e.g.,
DTA40 cells).

[0073] The term “treatment” as used herein refers to any indicia of success of prevention,
treatment, or amelioration of a retroviral infection, or to any indicia of success of improvement
of the efficiency of gene delivery in a gene therapy. Treatment of a retroviral infection
includesss any objective or subjective parameter, such as, but not limited to, abatement,
remission, reduction in the number of retroviral particles in a patient, reduction in the number or
severity of symptoms or side effects, an increase in the tolerance of the patient to the infection,
or slowing of the rate of degeneration or decline of the patient. Treatment of a retroviral
infection also includes a prevention of the onset of symptoms in a patient that may be at
increased risk of retroviral infection but does not yet experience or exhibit symptoms thereof.
[0074] “Improving efficiency of gene delivery in a gene therapy” refers to any indicia of
success of increasing the integration of a gene of a retrovirus or retroviral vector into the host
cell genome. “Gene therapy” refers to'any treatment method which introduces a gene into a
patient for therapeutic effect, for example but not limited to, upregulation or downregulation of

an endogenous nucleic acid or polypeptide.

Retroviral cDNA integration 4

[0075] Some embodiments of the invention disclosed herein inhibit retroviral cDNA
integration by stimulating a conserved cellular host defense mechanism, DNA repair. Other
embodiments of the invention stimulate retroviral cDNA integration by inhibiting a conserved
cellular host defense mechanism. Following reverse transcription, the retrovirus must integrate
the cDNA copy of its genome into the host chromosome (Coffin, J. M., S.H. Hughes, and H.E.
Varmus. RETROVIRUSES. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1997;
LaFemina, R. L., C.L. Schneider, H.L. Robbins, P.O. Callahan, K. LeGrow, E. Roth, W.A.
Schleif, and E.A.E. Emini. Requirement of active human immunodeficiency virus type 1
integrase enzyme for productive infection of human T-lymphoid cells. Journal of Virology, 66:

7414-7419, 1992; Sakai, H., M. Kawamura, J. Sakuragi, S. Sakurgai, R. Shibata, A. Ishimoto, N.
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Ono, S. Ueda, and A. Adachi. Integration is essential for efficient gene expression of human

immunodeficiency virus type 1. Journal of Virology, 67: 1169-1174, 1993; Englund, G., T.S.
Theodore, E.O. Freed, A. Engleman, and M.A. Martin. Integration is required for productive
infection of monocyte-derived macrophages by human immunodeficiency virus type 1. Journal
of Virology, 69: 3216-3219, 1995). When integrated, the virus is termed a provirus. If a virus is
unable to complete the formation of the integrated provirus, it will not be able to continue the
infection. The process of retroviral cDNA integration, mediated by the pre-integration complex
(PIC), is illustrated in Figure 1A. Host factors that have been shown to influence the integration
reaction include, but are not limited to, the high-mobility group protein family (HMGI(Y)), the
barrier to autointegration factor (BAF), DNA-dependent protein kinase (DNA-PK), the Ku70/80
heterodimer, XRCC4, and ligase IV (Farnet, C. M., and F.D. Bushman. HIV-1 cDNA
integration: requirement of HMG I(Y) protein for function of preintegration complexes in vitro.
Cell, 88: 483-492, 1997; Lee, M. S., and R. Craigie. A previously unidentified host protein
protects retroviral DNA from autointegration. Proceedings of the National Academy of Sciences,
95: 1528-1533, 1998; Daniel, R., R.A. Katz, A.M. Skalka. A role for DNA-PK in retroviral DNA
integration. Science, 284, 1999; Li, L., J.M. Olvera, K.E. Yoder, R.S. Mitchell, S.L. Butler, M.
Lieber, S.L. Martin, and F.D. Bushman. Role of the non-homologous DNA end-joining pathway
in the early steps of retroviral infection. EMBO Journal, 20: 3272-3281, 2001). HMGI(Y) and
BAF have both been shown to stimulate HIV retroviral cDNA integration ir vitro. The proteins
XRCC4, Ku70/80 heterodimer, and ligase IV catalyze non-homologous end joining (NHEJ) and
are able to convert the linear retroviral cDNA to a circular molecule (2-LTR) joined at the long
terminal repeat (LTR) sequences (Figure 1B) (Li, L., J.M. Olvera, K.E. Yoder, R.S. Mitchell,
S.L. Butler, M. Lieber, S.L. Martin, and F.D. Bushman. Role of the non-homologous DNA end-
joining pathway in the early steps of retroviral infection. EMBO Journal, 20: 3272-3281, 2001).
This 2-LTR circle form of retroviral cDNA is unable to integrate into the host cell genome
(Brown, P. O., B. Bowerman, H.E. Varmus, and J.M. Bishop. Retroviral integration: structure of
the initial covalent product and its precursor, and a role for the viral IN protein. Proceedings of
the National Academy of Sciences, 86: 2525-2529, 1989; Engelman, A., G. Englund, J.M.
Orenstein, M.A. Martin, and R. Craigie. Multiple effects of mutants in human immunodeficiency
virus type 1 integrase on viral replication. Journal of Virology, 69: 2729-2736, 1995). An
alternative fate for the linear retroviral cDNA is the formation of a 1-L'TR circle formed by
homologous recombination between the LTRs (Figure 1B).

[0076] The results presented herein demonstrate that stimulation of the formation of 1-LTR
and 2-L TR circles of the retroviral cDNA, for example by inducing a DNA repair pathway of a
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host cell, inhibits retroviral cDNA integration into the host genome and thus retroviral

infectivity. Alternatively, inhibition of 1-LTR and/or 2-L TR circle formation of retroviral
cDNA, for example, by inhibiting a DNA repair pathway, increases retroviral cDNA integration

into a host cell genome and thus retroviral infectivity.

DNA repair genes control the efficiency of integration

[0077] During a retroviral infection, nearly all of the linear viral cDNA will either integrate
into the host genome or will become 1-LTR or 2-LTR circles (Zennou, V., C. Petit, D. Guetard,
U. Nerhbass, L. Montagnier, and P. Charneau HIV-1 genomic nuclear import is mediated by a
central DNA flap. Cell, 101: 173-185, 2000; Butler, S. L., M.S.T. Hansen, and F.D. Bushman. A
quantitative assay for HIV DNA integration in vivo. Nature Medicine, 7: 631-634, 2001).
Induction of host factors that mediate 1-LTR or 2-LTR circle formation increases the number of
1-LTR or 2-LTR circles, thereby resulting in a decrease in the number of integration events.
Conversely, inhibition or knock-out of host factors that mediate 1-LTR or 2-LTR circle
formation decreases retroviral cDNA circularization, thereby resulting in an increase in the
number of integration events (Table 1). The invention presented herein describes strategies
wherein linear retroviral cDNA molecules that are competent for integration are diverted to the
alternative dead-end pathway of 1-LTR or 2-LTR circle formation. The invention also describes
strategies for increasing the number of retroviral cDNA integration events by inhibiting 1-LTR
or 2-LTR circle formation. Yeast studies suggest that the capacity of this system to control
integration is quite large.

[0078] The yeast Saccharomyces cerevisiae has been shown to contain a retrovirus-like
element family Ty (termed: retrotransposon). The Ty retrotransposon family contains the gag
and pol genes indicative of retroviruses. The gag gene encodes all of the structural proteins
associated with the virus-like particle. The pol gene includes reverse transcriptase, protease and
integrase. Polyproteins are translated from the gag and pol genes and subsequently processed
into functional proteins by the protease. Ty lacks an envelope (env) gene. Without an env gene,
Ty particles are unable to bud from the yeast cell and therefore never exist outside the cell.
Thus, Ty genomic RNA is transcribed and packaged in the cytoplasm as virus-like particles, that
may then be uncoated, reverse transcribed, and integrated into the yeast genome. The lack of an
extracellular stage of the life cycle is what defines Ty as a retrotransposon.

[0079] Studies of the Ty retrotransposon in yeast have shown that several yeast cellular DNA
repair genes control the efficiency of retroviral cDNA integration. These repair genes include,

but are not limited to, rad25, rad3, rad50, rad51, rad52, rad54, and rad57 (see, for example,
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Table 1; Lee, B.-S., C.P. Lichtenstein, B. Faiola, L.A. Rinckel, W. Wysock, M.J. Curcio, and
D.J. Garfinkel. Posttranslational inhibition of Ty1 retrotransposition by nucleotide excision
repair/trlanscription factor TFIIH subunits SsI2p and Rad3p. Genetics, 148: 1743-1761, 1998;
Rattray, A. J., B.K. Shafer, and D.J. Garfinkel. The Saccharomyces cerevisiae DNA
recombination and repair functions of the RADS5?2 epistasis group inhibit Tyl transposition.
Genetics, 154: 543-556, 2000). Mutation of these genes leads to great increases in integration
efficiency. Conversely, the presence of wild-type DNA repair genes/proteins greatly reduces or
prevents the integration reaction.

[0080] Three types of homologous recombination have been identified in eukaryotes that are
distinguished by the amount of sequence homology required to induce recombination:
microhomology recombination (requiting 1-5 base pairs of homologous sequence between
participating parental DNA molecules), short-sequence recombination (requiring 20-300 base
pairs of homologous sequence between participating parental DNA molecules), and homologous
recombination (requiring >300 base pairs of homologous sequence between participating
parental DNA molecules). Microhomology recombination appears to require Rad50p, MRE11p,
XRS2(NBS1)p and a DNA ligase (presumed to be XRCC4/Ligdp). Short sequence and
homologous recombination appear to require the rad52-pathway genes which include, but are
not limited to: rad51, rad52, rad54, rad55, rad57, and rad59. In addition, the rad3 and rad25
genes also have been found to be part of the short-sequence homologous recombination pathway.
All of these recombination pathway genes have human homologs, and all of the pathway types
are conserved in human cells.

[0081] Indeed, the same host defense mechanism that inhibits or prevents Ty retrotransposon
integration in the yeast S.cerevisiae is conserved in mammalian cells, including human. For
example, human homologs of the yeast genes rad23, rad3, radl, rad2, radl4, rad50, rad5 1,
rad52, rads4, rad57, msh2, and cdc9 are XPB, XPD, XPF, XPG, XPA, hRAD50, hRADS1,
hRADS52, hRAD54, hRAD57, hMSH2, and ligase I, respectively. A number of human genes,
including but not limited to XPB, XPD, hRADS51, hMSH2, hRAD51B, hRAD51C, hRAD51D,
hXRCC2, hXRCC3, have been identified as components of a human DNA repair pathway
involving homologous recombination. The human homologs of Rad25p and Rad3p, XPB and
XPD, respectively, inhibit integration of exogenous DNA (Figure 2). XPB and XPD have been
shown to be helicases that participate in two larger complexes of proteins: the transcription
complex TFIIH and the nucleotide excision repair (NER) complex. In humans, mutations in at
least one of the seven NER genes (XPA4, XPB, XPC, XPD, XPE, XPF, and XPG) cause

xeroderma pigmentosum (XP), a genetic disease associated with defective NER. NER factors
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work together and form multi-protein complexes on damaged DNA (Riou, L., L. Zeng, O.

Chevallier-Lagente, A. Stary, O. Nikaido, A. Taieb, G. Weeda, M. Mezzina, and A. Sarasin. The
relative expression of mutated XPB genes results in xeroderma pigmentosum/Cockayne's
syndrome or trichothiodystrophy cellular phenotypes. Human Molecular Genetics, 8: 1125-1133,
1999).

[0082] The present invention shows that the DNA helicases XPB and XPD participate in the
transformation of the linear retroviral cDNA to circularized retroviral cDNA, for example 1-LTR
circles. The formation of 1-L TR circles is controlled by homologous recombination between the
direct repeat LTRs of the retroviral cDNA. The level of retroviral cDNA integration inhibition is
inversely proportional to the level of XPB repair activity in vivo (Figure 2).

[0083] A second host cellular DNA repair mechanism, non-homologous end-joining (NHEJ),
ligates the ends of the retroviral cDNA to yield 2-long terminal repeat (2-LTR) circles. The
proteins DNA-PK, Ku70/80 heterodimer, XRCC4, ligase IV, hMRE11, hRADS50, and XRS2
(NBS1) participate in NHEJ. Members of the NHEJ pathway, including Ku70/80 heterodimer,
ligase IV, and XRCC4, have been shown to convert the linear retroviral cDNA to a circular

molecule (2-LTR) joined at the long terminal repeat (LTR) sequences (Figure 1B).

DNA repair pathway and anti-retroviral action

[0084] Inhibition of at ieast one component of a DNA repair pathway increases retroviral
cDNA integration. Stimulation of at least one component of a DNA repair pathway decreases
retroviral cDNA integration.

[0085] In some aspects of the present invention, genes and/or proteins within a DNA repair
pathway are induced, that is, DNA repair is stimulated in order to inhibit retroviral cDNA
integration. In some embodiments of the present invention the expression of a gene in a DNA
repair pathway is upregulated, thereby increasing the production of at least one component of a
DNA repair pathway. In some embodiments of the present invention, the biological activity or
function of a protein involved in DNA repair is induced by a compound that interacts directly or
indirectly with at least one component of a DNA repair pathway.

[0086] In some aspects of the present invention, genes and/or proteins within a DNA repair
pathway are inhibited in order to increase retroviral cDNA integration. In some embodiments of
the present invention the expression of a gene in a DNA repair pathway is downregulated,
thereby decreasing the production of at least one component of a DNA repair pathway. In some

embodiments of the present invention, the activity or function of a protein involved in DNA
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repair is decreased by a compound that interacts directly or indirectly with at least one protein of

a DNA repair pathway.

Screening for compounds

[0087] The present invention provides methods for identifying compounds that modulate
retroviral cDNA integration into a host genome. In some aspects of the invention, components
of a DNA repair pathway have uses in the screening methods to detect molecules that
specifically induce or inhibit components of a DNA repair pathway or bind the components of a
DNA repair pathway to enhance or reduce their activity. In one embodiment, such assays are
performed to screen molecules for utility as anti-retroviral drugs or lead compounds for drug
development.

[0088] Methods of screening for compounds that modulate retroviral cDNA integration into
the host genome include contacting a cell or cell extract with a non-circularized retroviral cDNA
in the presence of a test compound and measuring the retroviral cDNA circularization that
occurs. The amount of retroviral cDNA circularization that occurs in the presence of the test
compound(s) may be compared with the retroviral cDNA circularization that occurs in
comparable reaction medium that is not treated with the test compound(s). Compounds that
increase retroviral cDNA integration cause a decrease of retroviral cDNA circularization as
compared to the control in the absence of the test compound(s). Compounds that decrease
retroviral cDNA integration cause an increase of retroviral cDNA circularization as compared to
the control in the absence of the test compound(s).

[0089] Methods of screening for compounds that induce DNA repair include the steps of
contacting one or more test compounds with one or more components of a DNA repair pathway
of an organism of interest (which organism can be one of many different species, including, but
not limited to, avians, felines, canines, bovines, ovines, porcines, equines, rodents, simians, and
humans) in a suitable reaction medium and testing for compound/component interaction, e.g. by
assessing the activity of the DNA repair pathway, or component thereof, and comparing that
activity with the activity in comparable reaction medium that is not treated with the test
compound(s). A difference in the activity between the treated and untreated samples is indicative
of a modulating effect of the relevant test compound(s). Prior to being screened for the ability
actually to affect or modulate DNA repair, test compounds may be screened for their ability to
physically interact with a component of a DNA repair pathway. This may, for example, be used

as a coarse screen prior to testing a compound for actual ability to modulate biological activity.
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[0090] The components of a DNA repair pathway employed in the screening assay may be

provided in a cell to be exposed to the test compound. Alternatively the assay may be performed
on an in vitro DNA repair system that measures the accuracy and efficiency of joining together
DNA strand breaks that have been created by treating intact DNA with restriction endonucleases,
chemicals, radiation, or a recombinant retrovirus.

[0091] The activation of a DNA repair pathway leads to the protection of host DNA from
degradation and thus protection from retroviral cDNA integration. Activation of a DNA repair
pathway may be caused by DNA double-strand breaks (DSBs), single strand gaps in the DNA
double helix, or by other disruptions to the DNA double-helix. These structures exist at the ends
of retroviral cDNA and occur as intermediates in the retroviral cDNA integration process.
Assays for DNA repair, retrovirus or retroviral cDNA, intermediates in retroviral cDNA
integration, or synthetic preparations of DNA that mimic any of these may be provided.

[0092] Methods of the invention identify compounds that modulate DNA repair and/or
retroviral cDNA integration by their ability to modulate retroviral cDNA circle (1-LTR or 2-
LTR) formation. Induction of DNA repair or inhibition of retroviral cDNA integration by the
test compound is verified by an increase in retroviral cDNA circle-formation. Inhibition of DNA
repair or stimulation of retroviral cDNA integration by the test compound is verified by a
decrease in retroviral cDNA circle-formation. Retroviral cDNA circle-formation is scored using
standard genetic, biochemical, cellular, or histological techniques. For example, but not meant to
limit the invention, a retroviral vector is designed such that the short-sequence homologous
recombination that leads to the formation of the 1-L TR circles or non-homologous end-joining
that leads to the formation of 2-LTR circles results in the juxtaposition of a promoter and a
circularization marker gene, such as, but not limited to, green fluorescent protein (GFP) (Figure
3). Proximity of the promoter to the marker gene results in expression of the marker gene, such
as GFP, thereby allowing for the direct measurement of the expressed marker gene by cellular or
biochemical techniques. The present invention also contemplates assaying for the ability of a
test compound to affect the biological activity of a component of a DNA repair pathway. Thus,
for example, compounds may be screened for their ability to affect DNA-PK phosphorylation,
efc.

[0093] Screening of organic or peptide libraries with expressed recombinant protein
components of a DNA repair pathway is useful for identification of therapeutic molecules that
modulate the activity of a DNA repair pathway. In one embodiment screening is carried out to

select for compounds that stimulate DNA repair as determined by the induction of 1-LTR or 2-
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LTR formation. In another embodiment, screening is performed to select for compounds that

inhibit DNA repair as determined by the inhibition of 1-LTR or 2-LTR formation.

[0094] Diversity libraries, such as random or combinatorial peptide or non-peptide libraries are
also screened for molecules that specifically stimulate or inhibit DNA repair. Many libraries are
known in the art that can be used, such as, but not limited to, chemically synthesized libraries,
recombinant (e.g., phage display libraries), and in vitro translation-based libraries. By way of
examples of non-peptide libraries, a benzodiazepine library can be used. Peptide libraries can
also be used. Another example of a library that can be used is one in which the amide
functionalities in peptides have been permethylated to generate a chemically transformed
combinatorial library. These methods are well known to those of skill in the art and can be
found in standard molecular technique references.

[0095] Screening the libraries can be accomplished by any of a variety of commonly known

methods.

The test system

[0096] Host cells for the methods of the invention are preferably eukaryotic cells. Given the
ease of manipulation of yeast, an assay according to the present invention may involve applying
test compounds to a yeast system. Mammalian cells, including but not limited to human cells and
chicken cells (e.g., DT40 cells), and plant cells also may be used in the methods of the invention.
[0097] For therapeutic purposes, a DNA repair pathway, or one or more components (or
subunits) thereof, may be employed in the assay. The DNA repair pathway, or components
thereof, may be, for example but not limited to, avian, feline, bovine, ovine, porcine, equine,
rodent, simian, or human. In view of the high conservation between DNA repair components in
different eukaryotes, similar results will be obtained using the compounds in mammalian, e.g.
human, systems. In other words, a compound identified as being able to induce DNA repair in
yeast will be able to induce DNA repair in other eukaryotes. A further approach is to employ
standard recombinant technology techniques to generate yeast cells that express one or more
components or subunits of a DNA repair pathway of another eukaryote, e.g. human. A plant
DNA repair pathway, or one or more components thereof or cells comprising the components,
may also be used in an assay according to the present invention to test for a compound(s) useful
in modulating retrotransposon or retroelement activity in plants.

[0098] Alternatively, the system for screening for compounds in the methods of the invention

may be cell-free, e.g., in a cell extract.
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Compounds identified by the screening methods

[0099] A compound that tests positive in an assay according to the present invention, i.e., is
found to inhibit retroviral cDNA integration and/or stimulate DNA repair or, alternatively, is
found to inhibit DNA repair and/or increase retroviral cDNA integration, may be peptide or non-
peptide in nature. As used herein, the term “compound” means any identifiable chemical or
molecule, including, but not limited to, small molecule, peptide, protein, sugar, nucleotide, or
nucleic acid, and such compound can be natural or synthetic. Such compounds may include, for
example, antibodies, antisense oligonucleotides, and small molecules. A “compound” identified
by a screening method of the invention includes the compound so identified, in addition to
homologs and mimetics thereof having the same functional effect on DNA repair and/or

retroviral cDNA integration.

Antisense and siRNA
[0100] Compounds that inhibit DNA repair identified according to the methods of the
invention include antisense oligonucleotides and small interfering RNA (siRNA) molecules to a
component of a DNA repair pathway.
[0101] Antisense oligonucleotides are administered to cells or cell extract to disrupt at least
one component of a DNA repair pathway. The antisense oligonucleotides hybridize to
polynucleotides encoding a component of a DNA repair pathway. Both full-length and
“polynucleotide fragments are suitable for use as antisense oligonucleotides. “Antisense
oligonucleotide fragments™ of the invention include, but are not limited to oligonuclotides that
specifically hybridize to DNA or RNA encoding a component of a DNA repair pathway (as
determined by a sequence comparison of oligonucleotides encoding a component of a DNA
repair pathway to oligonucleotides encoding other known polypeptides). Examples of antisense
oligonucleotides of the invention include but are not limited to antisense oligonucleotides that
hybridize to SEQ ID NO:1 or SEQ ID NO:3. Identification of sequences that are substantially
unique to DNA repair component-encoding oligonucleotides can be ascertained by analysis of
any publicly available sequence database and/or with any commercially available sequence
comparison programs. Antisense molecules may be generated by any means including, but not
limited to chemical synthesis, expression in an in vitro transcription reaction, expression in a
transformed cell comprising a vector that may be transcribed to produce antisense molecules,
restriction digestion and isolation, the polymerase chain reaction, and the like.
[0102] Those of skill in the art recognize that the antisense oligonucleotides that inhibit the

expression and/or biological activity of a component of a DNA repair pathway may be predicted
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using any genes encoding a component of a DNA repair pathway. Specifically, antisense nucleic
acid molecules comprise a sequence complementary to at least about 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 100, 250 or 500 nucleotides or an entire DNA repair gene sequence. Preferably, the
antisense oligonucleotides comprise a sequence complementary to about 15 consecutive
nucleotides of the coding strand of the DNA repair component-encoding sequence.

[0103] In one embodiment, an antisense nucleic acid molecule is antisense to a “coding region”
of the coding strand of a nucleotide sequence encoding a DNA repair pathway component
protein. The coding strand may also include regulatory regions of the DNA repair pathway
component sequence. The term “coding region” refers to the region of the nucleotide sequence
comprising codons which are translated into amino acid residues. In another embodiment, the
antisense nucleic acid molecule is antisense to a “noncoding region” of the coding strand of a
nucleotide sequence encoding a DNA repair protein. The term “noncoding region” refers to 5'
and 3' sequences which flank the coding region that are not translated into amino acids (i.e., also
referred to as 5' and 3' untranslated regions (UTR)).

[0104] Antisense oligonucleotides may be directed to regulatory regions of a nucleotide
sequence encoding a DNA repair protein, or mRNA corresponding thereto, including, but not
limited to, the initiation codon, TATA box, enhancer sequences, and the like. Given the coding
strand sequences provided herein, antisense nucleic acids of the invention can be designed
according to the rules of Watson and Crick or Hoogsteen base pairing. The antisense nucleic
acid molecule can be complementary to the entire coding region of a DNA repair component
mRNA, but also may be an oligonucleotide that is antisense to only a portion of the coding or
noncoding region of the mRNA. For example, the antisense oligonucleoﬁde can be
complementary to the region surrounding the translation start site of an mRNA. An antisense
oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in
length. .

[0105] Another means to inhibit the activity of a DNA repair pathway component according to
the invention is via RNA interference (RNAI) (see e.g., Elbashir et al., Nature, 411:494-498
(2001); Elbashir et al., Genes Development, 15:188-200 (2001)). RNAI is the process of
sequence-specific, post-transcriptional gene silencing, initiated by double-stranded RNA
(dsRNA) that is homologous in sequence to the silenced gene (e.g., is homologous in sequence to
the sequence of a DNA repair pathway component, for example but not limited to the sequence
as set forth in SEQ ID NO:1 or SEQ ID NO:3). siRNA-mediated silencing is thought to occur

post-transcriptionally and/or transcriptionally. For example, siRNA duplexes may mediate post-
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transcriptional gene silencing by reconstitution of siRNA-protein complexes (siRNPs), which
guide mRNA recognition and targeted cleavage.

[0106] Accordingly, another form of a DNA repair pathway inhibitory compound of the
invention is a short interfering RNA (siRNA) directed against a DNA repair pathway
component-encoding sequence. Exemplary siRNAs are siRNA duplexes (for example, 10-25,
preferably 20, 21, 22, 23, 24, or 25 residues in length) having a sequence homologous or
identical to a fragment of the XPB sequence set forth as SEQ ID NO:1 or the XPD sequence of
SEQ ID NO:3, and having a symmetric 2-nucleotide 3'-overhang. The 2-nucleotide 3' overhang
is preferably composed of (2'-deoxy) thymidine because it reduces costs of RNA synthesis and
may enhance nuclease resistance of siRNAs in the cell culture medium and within transfected
cells. Substitution of uridine by thymidine in the 3' overhang is also well tolerated in mammalian

cells, and the sequence of the overhang appears not to contribute to target recognition.

Antibodies

[0107] Also comprehended by the present invention are antibodies (e.g., monoclonal and
polyclonal antibodies, single chain antibodies, chimeric antibodies, bifunctional/bispecific
antibodies, humanized antibodies, human antibodies, and complementary determining region
(CDR) grafted antibodies, including compounds which include CDR sequences which
specifically recognize a polypeptide of the invention) specific for components of a DNA repair
pathway or fragments thereof. Preferred antibodies of the invention are human antibodies that
are produced and identified according to methods described in W093/11236, published June 20,
1993. Antibody fragments, including Fab, Fab’, F(ab")2, and Fv, are also provided by the
invention. The term “specific for,” when used to describe antibodies of the invention, indicates
that the variable regions of the antibodies of the invention recognize and bind a component of a
DNA repair pathway exclusively (i.e., are able to distinguish the component from other known
molecules by virtue of measurable differences in binding affinity, despite the possible existence
of localized sequence identity, homology, or similarity). It will be understood that specific
antibodies may also interact with other proteins (for example, S. aureus protein A or other
antibodies in ELISA techniques) through interactions with sequences outside the variable region
of the antibodies, and, in particular, in the constant region of the molecule. Screening assays to
determine binding specificity of an antibody of the invention are well known and routinely
practiced in the art. For a comprehensive discussion of such assays, see Harlow et al. (Eds.),
ANTIBODIES A LABORATORY MANUAL; Cold Spring Harbor Laboratory; Cold Spring Harbor, NY
(1988), Chapter 6. Antibodies that recognize and bind fragments of a component of a DNA
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repair pathway of the invention are also contemplated, provided that the antibodies are specific

for the component of the DNA repair pathway. Antibodies of the invention can be produced
using any method well known and routinely practiced in the art.

[0108] The invention provides an antibody that is specific for a component of a DNA repair
pathway or an epitope thereof. Examples of antibodies of the invention include but are not
limited to antibodies to the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO:4, or epitopes
thereof. Antibody specificity is described in greater detail below. Cross-reactive antibodies are
not antibodies that are “specific” for a component of a DNA repair pathway. The determination
of whether an antibody is specific or is cross-reactive with another molecule is made using any
of several assays, such as Western blotting assays, that are well known in the art.

[0109] In one preferred variation, the invention provides monoclonal antibodies. Hybridomas
that produce such antibodies also are intended as aspects of the invention. In yet another
variation, the invention provides a humanized antibody. Humanized antibodies are useful for in
vivo therapeutic indications.

[0110] In another variation, the invention provides a cell-free composition comprising
polyclonal antibodies, wherein at least one of the antibodies is an antibody of the invention
specific for a component of a DNA repair pathway. Antisera isolated from an animal is an
exemplary composition, as is a composition comprising an antibody fraction of an antisera that
has been resuspended in water or in another diluent, excipient, or carrier.

[0111] In still another related embodiment, the invention provides an anti-idiotypic antibody
specific for an antibody that is specific for a component of a DNA repair pathway.

[0112] It is well known that antibodies contain relatively small antigen binding domains that
can be isolated chemically or by recombinant téchniques. Such domains are useful DNA repair
pathway component-binding molecules themselves, and also may be reintroduced into human
antibodies, or fused to toxins or other polypeptides. Thus, in still another embodiment, the
invention provides a polypeptide comprising a fragment of a DNA repair pathway component-
specific antibody, wherein the fragment and the polypeptide bind to the component of a DNA
repair pathway. By way of non-limiting example, the invention provides polypeptides that are
single-chain antibodies and CDR (complementary determining region)-grafted antibodies.
[0113] Non-human antibodies may be humanized by any of the methods known in the art. In
one method, the non-human CDRs are inserted into a human antibody or consensus antibody
framework sequence. Further changes can then be introduced into the antibody framework to

modulate affinity or immunogenicity.
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[0114] Antibodies of the invention are useful for, e.g., therapeutic purposes (by modulating
activity of a component of a DNA repair pathway).

Mimetics

[0115] Mimetics or mimics of compounds identified herein (sterically similar compounds
formulated to mimic the key portions of the structure) may be designed for pharmaceutical use.
Mimetics may be used in the same manner as the compounds identified by the present in§ention
that stimulate DNA repair and hence are also functional equivalents. The generation of a
structural-functional equivalent may be achieved by the techniques of modeling and chemical
design known to those of skill in the art. It will be understood that all such sterically similar
constructs fall within the scope of the present invention.

[0116] The designing of mimetics to a known pharmaceutically active compound is a known
approach to the development of pharmaceuticals based on a "lead" compound. This is desirable
where the active compound is difficult or expensive to synthesize, or where it is unsuitable for a
particular method of administration, e.g. peptides are unsuitable active agents for oral
compositions as they tend to be quickly degraded by proteases in the alimentary canal.

There are several steps commonly taken in the design of a mimetic from a compound that
induces DNA repair. First, the particular parts of the compound that are critical and/or important
in determining its DNA repair-inducing properties are determined. In the case of a polypeptide,
this can be done by systematically varying the amino acid residues in the peptide, e.g. by
substituting each residue in turn. Alanine scans of peptides are commonly used to refine such
peptide motifs.

[0117] Once the active region of the compound has been identified, its structure is modeled
according to its physical properties, e.g. stereochemistry, bonding, size and/or charge, using data
from a range of sources, such as, but not limited to, spectroscopic techniques, X-ray diffraction
data, and NMR. Computational analysis, similarity mapping (which models the charge and/or
vélume of the active region, rather than the bonding between atoms), and other techniques
known to those of skill in the art can be used in this modeling process.

[0118] In a variant of this approach, the three-dimensional structure of the compound that
induces DNA repair and the active region of the target component of a DNA repair pathway are
modeled. This can be especially useful where either or both of these compounds change
conformation on binding.

[0119] A template molecule is then selected onto which chemical groups that mimic the

compound that induces DNA repair can be grafted. The template molecule and the chemical
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groups grafted onto it can conveniently be selected so that the mimetic is easy to synthesize, is

pharmacologically acceptable, and does not degrade in vivo, while retaining the biological
activity of the lead compound. Alternatively, where the mimetic is peptide-based, further
stability can be achieved by cyclizing the peptide, thereby increasing its rigidity. The mimetic or
mimetics found by this approach can then be screened by the methods of the present invention to
see whether they have the ability to induce DNA repair. Further optimization or modification can

then be carried out to arrive at one or more final mimetics for in vivo or clinical testing.

Pharmaceutical compositions

[0120] Following identification of a compound that induces DNA repair and/inhibits retroviral
cDNA integration or, alternatively, inhibits DNA repair and/or stimulates retroviral cDNA
integration, the compound may be manufactured and/or used in preparation of a pharmaceutical
composition. These are administered to patients, including, but are not limited to, avians, felines,
canines, bovines, ovines, porcines, equines, rodents, simians, and humans.

[0121] Thus, the present invention extends, in various aspects, not only to compounds
identified in accordance with the methods disclosed herein but also pharmaceutical
compositions, drugs, or other compositions comprising such a compound; methods comprising
administration of such a composition to a patient, e.g. for treatment (which includes prophylactic
treatment) of a retroviral disorder or for improving the efficiency of gene delivery in a gene
therapy; uses of such a compound in the manufacture of a composition for administration to a
patient; and methods of making a composition comprising admixing such a compound with a
pharmaceutically acceptable excipient, vehicle or carrier, and optionally other ingredients.
[0122] The pharmaceutical compositions of the invention comprise a therapeutically effective
amount of a compound identified according to the methods disclosed herein, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier or excipient.
[0123] The compounds of the invention can be formulated as neutral or salt forms.
Pharmaceutically acceptable salts include those formed with free amino groups such as those
derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, efc., and those formed with
free carboxyl groups such as those derived from sodium, potassium, ammonium, calcium, ferric
hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, efc.

[0124] Pharmaceutically acceptable carriers include but are not limited to saline, buffered
saline, dextrose, water, glycerol, ethanol, and combinations thereof. The carrier and composition

can be sterile. The formulation should suit the mode of administration.

-34-



WO 03/089573 PCT/US03/10302
[0125] The composition, if desired, can also contain minor amounts of wetting or emulsifying

agents or pH buffering agents. The composition can be a liquid solution, suspension, emulsion,
tablet, pill, capsule, sustained release formulation, or powder. The composition can be
formulated as a suppository, with traditional binders and carriers such as triglycerides. Oral
formulation can include standard carriers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, efc.

[0126] In one embodiment, the composition is formulated in accordance with routine
procedures as a pharmaceutical composition adapted for oral (e.g., tablets, granules, syrups) or
non-oral (e.g., ointments, injections) administration to the subject. Various delivery systems are
known and can be used to administer a compound that induces DNA repair and/or inhibits
retroviral cDNA integration, e.g., encapsulation in liposomes, microparticles, microcapsules,
expression by recombinant cells, receptor-mediated endocytosis, construction of a therapeutic
nucleic acid as part of a retroviral or other vector, efc. Methods of introduction include but are
not limited to intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal,
topical, and oral routes.

[0127] The compounds of the invention may be administered by any convenient route, for
example by infusion or bolus injection, by absorption through epithelial or mucocutaneous
linings (e.g., oral mucosa, rectal and intestinal mucosa, efc.), and may be administered together
with other biologically active agents, for example in HAART therapy. Administration can be
systemic or local. In addition, it may be desirable to introduce the pharmaceutical compositions
of the invention into the central nervous system by any suitable route, including intraventricular
and intrathecal injection; intraventricular injection may be facilitated by an intraventricular
catheter, for example, attached to a reservoir, such as an Ommaya reservoir.

[0128] In a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment; this may be achieved by,
for example, and not by way of limitation, local infusion during surgery; topical application, e.g.,
in conjunction with a wound dressing after surgery; by injection; by means of a catheter; by
means of a suppository; or by means of an implant, said implant being of a porous, non-porous,
or gelatinous material, including membranes, such as sialastic membranes, or fibers.

[0129] The composition can be administered in unit dosage form and may be prepared by any
of the methods well known in the pharmaceutical art, for example, as described in REMINGTON’S
PHARMACEUTICAL SCIENCES (Mack Publishing Co., Easton, PA). The amount of the compound
of the invention that induces DNA repair and/or inhibits retroviral cDNA integration or,

alternatively, that inhibits DNA repair and/or increase retroviral cDNA integration that is
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effective in the treatment of a particular disorder or condition will depend on factors including
but not limited to the chemical characteristics of the compounds employed, the route of
administration, the age, body weight, and symptoms of a patient, the nature of the disorder or
condition, and can be determined by standard clinical techniques. Typically therapy is initiated at
low levels of the compound and is increased until the desired therapeutic effect is achieved. In
addition, in vitro assays may optionally be employed to help identify optimal dosage ranges.
Suitable dosage ranges for intravenous administration are generally about 20-500 micrograms of
active compound per kilogram body weight. Suitable dosage ranges for intranasal administration
are generally about 0.01 pg/kg body weight to 1 mg/kg body weight. Suppositories generally
contain active ingredient in the range of 0.5% to 10% by weight; oral formulations preferably
contain 10% to 95% active ingredient. Effective doses may be extrapolated from dose-response
curves derived from in vitro or animal model test systems.

[0130] Typically, compositions for intravenous administration are solutions in sterile isotonic
aqueous buffer. Where necessary, the composition may also include a solubilizing agent and a
local anesthetic such as lignocaine to ease pain at the site of the injection. Generally, the
ingredients are supplied either separately or mixed together in unit dosage form, for example, as
a dry-lyophilized powder or water-free concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent. Where the composition is to be
administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline.

[0131] Where the composition is administered by injection, an ampoule of sterile water for

injection or saline can be provided so that the ingredients may be mixed prior to administration.

Treatment Methods

[0132] The invention provides methods of treatment of retroviral infections by administration
to a subject or patient of an effective amount of a compound that induces DNA repair and/or
inhibits retroviral cDNA integration into the host genome. In some aspects of the invention, the
compounds or pharmaceutical compositions of the invention are administered to a patient having
an increased risk of or having é retroviral infection. The patient may be, for example, avian,
feline, canine, bovine, ovine, porcine, equine, rodent, simian, or human. The retroviral infection
may be associated with at least one of acquired immune deficiency syndrome (AIDS), human
immunodeficiency virus (HIV) infection, cancer, human adult T-cell leukemia, lymphoma, FIV,

Type I diabetes, and multiple sclerosis.
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[0133] The invention also provides methods of treatment, for example, by improving gene
delivery, by administering to a patient or subject an effective amount of a compound that
increases retroviral cDNA integration and/or inhibits DNA repair. The patient may be, for

example, avian, feline, canine, bovine, ovine, porcine, equine, rodent, simian, or human.

Kits of Retroviruses Having a Circularization Marker Gene

[0134] A kit of the invention comprises a carrier means being compartmentalized to receive in
close confinement one or more container means such as vials, tubes, and the like, each of the
container means comprising an element to be used in the methods of the invention. For example,
one of the container means may comprise the retrovirus or retroviral vector of the invention
having a circularization marker gene. The kit may also have one or more conventional kit
components, including, but not limited to, instructions, test tubes, EppendorfTM tubes, labels,

reagents helpful for quantification of marker gene expression, efc.

TABLE 1. DNA Repair Pathway Component Knockouts Increase Integration

Saccharomyces Fold-increase Human Fold-increase
cerevisiae Ty HIV
gene Transposition’ gene Integration’
rad2s 2-1125" XPB 2.5
rad3 17-41° XPD 2
radl 1
rad2 1
XPA 1
rad50 12
radsl 11
rad52 24
rad54 5
rad57 21
msh2 1 hMSH2 1
cdc9 38

Continuous transposition/integration throughout the growth and analysis of cells.
2Single—round infection-generated increase in integration.
3Signiﬁcant Stain Background effects
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What is claimed is:

1. A method of screening for a compound which induces a DNA repair pathway of a cell,
comprising:
a) contacting at least one component of a DNA repair pathway with a non-

circularized retroviral cDNA in the presence of a test compound,;

b) contacting said at least one component of a DNA repair pathway with a non-
circularized retroviral cDNA in the absence of said test compound; and

¢)  determining whether the amount of retroviral cDNA circularization is increased in
the presence of said test compound relative to the amount of retroviral cDNA circularization in

the absence of said test compound.

2. The method according to claim 1, wherein said component contacted with the test
compound is a nucleic acid molecule encoding a polypeptide selected from the group consisting
of XPA, XPB, XPC, XPE, XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2,
CDCY9, hRAD51, hRAD51B, hRAD51C, hRAD51D, hXRCC2, hXRCC3, XRCC4, ligase IV,
hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80 heterodimer, and homologs thereof.

3. The method according to claim 2, wherein said nucleic acid molecule encodes XPB or
XPD.
4. The method according to claim 3, wherein said XPB has an amino acid sequence of SEQ

ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

5. The method according to claim 3, wherein said nucleic acid molecule encoding XPB has
a nucleotide sequence of SEQ ID NO:1 and wherein said nucleic acid molecule encoding XPD
has a nucleotide sequence of SEQ ID NO:3.

6. The method according to claim 1, wherein said component contacted with the test
compound is a polypeptide selected from the group consisting of XPA, XPB, XPC, XPD, XPE,
XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2, CDC9, hRADS1, hRAD51B,
hRAD51C, hRAD51D, hXRCC2, hXRCC3, XRCC4, ligase IV, hMRE11, XRS2 (NBS1), DNA-
PK, and Ku70/80 heterodimer, and homologs thereof.
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7. The method according to claim 6, wherein said polypeptide is XPB or XPD.

8. The method according to claim 7, wherein said XPB has an amino acid sequence of SEQ

ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

9. The method according to claim 1, wherein at least one component of said DNA repair
pathway in the absence of said test compound exhibits reduced biological activity relative to

wild-type biological activity of said component.

10.  The method according to claim 9, wherein said component exhibiting reduced biological
activity is a nucleic acid molecule encoding a polypeptide selected from the group consisting of
XPA, XPB, XPC, XPD, XPE, XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2,
CDC9, hRAD51, hRAD51B, hRAD51C, hRAD51D, hXRCC2, hXRCC3, XRCC4, ligase IV,
hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80 heterodimer, and homologs thereof.

11.  The method according to claim 10, wherein said nucleic acid molecule encodes XPB or
XPD.

12.  The method according to claim 11, wherein said XPB has an amino acid sequence of

SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

13.  The method according to claim 11, wherein said nucleic acid molecule encoding XPB has
a nucleotide sequence of SEQ ID NO:1 and wherein said nucleic acid molecule encoding XPD
has a nucleotide sequence of SEQ ID NO:3.

14.  The method according to claim 9, wherein said component exhibiting reduced biological
activity is a polypeptide selected from the group consisting of XPA, XPB, XPC, XPD, XPE,
XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2, CDC9, hRADS51, hRADS1B,
hRAD51C, hRADS1D, hXRCC2, hXRCC3, XRCC4, ligase IV, h(MRE11, XRS2 (NBS1), DNA-
PK, and Ku70/80 heterodimer, and homologs thereof.

AN

15.  The method according to claim 14, wherein said polypeptide is XPB or XPD.
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16.  The method according to claim 15, wherein said XPB has an amino acid sequence of

SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

17.  The method according to claim 1, wherein said test compound directly or indirectly

upregulates the expression of at least one component of a DNA repair pathway.

18.  The method according to claim 17, wherein said upregulated component of a DNA repair
pathway is a nucleic acid molecule encoding a polypeptide selected from the group consisting of
XPA, XPB, XPC, XPD, XPE, XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2,
CDC9, hRAD51, hRADS1B, hRADS1C, hRAD51D, hXRCC2, hXRCC3, XRCC4, ligase 1V,
hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80 heterodimer, and homologs thereof.

\
19.  The method according to claim 18, wherein said nucleic acid molecule encodes XPB or
XPD.

20.  The method according to claim 19, wherein said XPB has an amino acid sequence of
SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

21.  The method according to claim 19, wherein said nucleic acid molecule encoding XPB has
a nucleotide sequence of SEQ ID NO:1 and wherein said nucleic acid molecule encoding XPD
has a nucleotide sequence of SEQ ID NO:3.

22.  The method according to claim 1, wherein said test compound directly or indirectly

upregulates the biological activity of at least one component of a DNA repair pathway.

23.  The method according to claim 22, wherein said upregulated component of a DNA repair
pathway is a polypeptide selected from the group consisting of XPA, XPB, XPC, XPD, XPE,
XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2, CDC9, hRADS1, hRADS1B,
hRADS51C, hRAD51D, hXRCC2, hXRCC3, XRCC4, ligase IV, h(MRE11, XRS2 (NBS1), DNA-
PK, and Ku70/80 heterodimer, and homologs thereof.

24.  The method according to claim 22, wherein said polypeptide is XPB or XPD.
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25.  The method according to claim 24, wherein said XPB has an amino acid sequence of

SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

26.  The method according to claim 1, wherein said retroviral cDNA comprises at least one
marker gene and at least one promoter and wherein said marker gene is expressed from said

promoter upon retroviral cDNA circularization.

217. The method according to claim 26, wherein said increase in retroviral cDNA
circularization is detected by an increase in the level of expression of said marker gene in the
presence of said test compound relative to the level of expression of said marker gene in the

absence of said test compound.

28.  The method according to claim 26, wherein said increase in retroviral cDNA
circularization is detected by an increase in the level of activity of the polypeptide expressed
from said marker gene in the presence of said test compound relative to the level of activity of

the polypeptide expressed from said marker gene in the absence of said test compound.

29.  The method according to claim 27, wherein said marker gene encodes green fluorescent
protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase (AP), B-lactamase,
chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA), aminoglycoside
phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-B-
phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT).

30.  The method according to claim 26, wherein said promoter is an adenovirus promoter, an
SV40 promoter, a parvovirus promoter, a vaccinia virus promoter, a cytomegalovirus promoter,

an MSH2 promoter, or a mammalian genomic DNA promoter.

31.  The method according to claim 26, wherein said promoter is a 3-phosphoglycerate kinase

gene promoter, an alcohol dehydrogenase-2 promoter, or a metallothionine promoter.

32.  The method according to claim 1, wherein steps (a) and (b) occur in a cell or in cell

extract.
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33.  The method according to claim 32, wherein said cell is a mammalian or yeast cell.

34.  The method according to claim 1, wherein said compound inhibits retroviral cDNA

integration into the genome of a cell.
35.  The method of claim 34, wherein said compound prevents retroviral infection.

36. A compound that induces a DNA repair pathway of a cell identified according to the

method of claim 1.

37. A pharmaceutical composition for the treatment of a retroviral infection comprising a
therapeutically effective amount of at least one compound identified according to the method of
claim 1, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient,

38. A method of inducing a DNA repair pathway of a cell comprising administering at least

one compound identified according to the method of claim 1 to said cell.

39.  The method according to claim 38, wherein said compound inhibits retroviral cDNA

integration into the genome of said cell.

40. A method of treating a retroviral infection of a patient comprising administering at least

one compound identified according to the method of claim 1 to said patient.
41.  The method according to claim 40, wherein said patient is a mammal.

42. The method according to claim 41, wherein said mammal is avian, feline, canine,

bovine, ovine, porcine, equine, rodent, simian, or human.
43.  The method according to claim 42, wherein said mammal is a human.

44.  The method according to claim 40, wherein said retroviral infection is associated with at
least one condition selected from the group consisting of acquired immune deficiency syndrome
(AIDS), human immunodeficiency virus (HIV) infection, cancer, human adult T-cell leukemia,

lymphoma, feline immunodeficiency virus (FIV), Type I diabetes, and multiple sclerosis.
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45.  The method according to claim 45, wherein said retroviral infection is HIV infection or
AIDS.

46. A Xkit for identifying a compound that induces a DNA repair pathway comprising a
retrovirus or retroviral vector having a marker gene that is expressed upon retroviral cDNA

circularization.

47.  The kit according to claim 46, further comprising at least one conventional kit

component.

48.  Use of a compound identified according to the method of claim 1 in the manufacture of a

pharmaceutical composition for the treatment of a retroviral infection.

49. A method of identifying a compound that inhibits retroviral cDNA integration into a host
genome comprising:

a) contacting a first cell or cell extract with a non-circularized retroviral cDNA in
the presence of a test compound;

b) contacting a second cell or cell extract with a non-circularized retroviral cDNA in
the absence of said test compound, wherein said first and said second cell or cell extract are of
the same cell type; and

c) determining whether the amount of retroviral cDNA circularization is increased in
the presence of said test compound relative to the amount of retroviral cDNA circularization in

the absence of said test compound.

50.  The method according to claim 49, wherein said retroviral cDNA comprises at least one
marker gene and at least one promoter and wherein said marker gene is expressed from said

promoter upon retroviral cDNA circularization.

51.  The method according to claim 50, wherein said increase in retroviral cDNA
circularization is detected by an increase in the level of expression of said marker gene in the
presence of said test compound relative to the level of expression of said marker gene in the

absence of said test compound.
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52. The method according to claim 50, wherein said increase in retroviral cDNA
circularization is detected by an increase in the level of activity of the polypeptide expressed
from said marker gene in the presence of said test compound relative to the level of activity of

the polypeptide expressed from said marker gene in the absence of said test compound.

53. The method according to claim 50, wherein said marker gene encodes green fluorescent
protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase (AP), B-lactamase,
chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA), aminoglycoside
phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-B-
phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT).

54.  The method according to claim 50, wherein said promoter is an adenovirus promoter, an
SV40 promoter, a parvovirus promoter, a vaccinia virus promoter, a cytomegalovirus promoter,

an MSH2 promoter, or a mammalian genomic DNA promoter.

55. The method according to claim 50, wherein said promoter is a 3-phosphoglycerate kinase

gene promoter, an alcohol dehydrogenase-2 promoter, or a metallothionine promoter.
56.  The method according to claim 49, wherein said cell type is mammalian or yeast.

57. A compound that inhibits retroviral cDNA integration into a host cell genome identified

according to the method of claim 49.

58. A pharmaceutical composition for the treatment of a retroviral infection comprising a
therapeutically effective amount of at least one compound identified according to the method of
claim 49, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

59. A method of inhibiting retroviral cDNA integration into a host cell genome by

administering a compound identified according to the method of claim 49 to said cell.

60. A method of treating a retroviral infection of a patient comprising administering at least

one compound identified according to the method of claim 49 to said patient.
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61.  The method according to claim 60, wherein said patient is a mammal.

62. The method according to claim 61, wherein said mammal is avian, feline, canine,

bovine, ovine, porcine, equine, rodent, simian, or human.
63.  The method according to claim 62, wherein said mammal is a human.

64.  The method according to claim 60, wherein said retroviral infection is associated with at
least one condition selected from the group consisting of acquired immune deficiency syndrome
(AIDS), human immunodeficiency virus (HIV) infection, cancer, human adult T-cell leukemia,

lymphoma, feline immunodeficiency virus (FIV), Type I diabetes, and multiple sclerosis.

65. The method according to claim 64, wherein said retroviral infection is HIV infection or
AIDS.

66.  Use of a compound identified according to the method of claim 49 in the manufacture of

a pharmaceutical composition for the treatment of a retroviral infection.

67.  Akit for identifying a compound that inhibits retroviral cDNA integration into a host
genome comprising a retrovirus or retroviral vector having a marker gene that is expressed upon

retroviral cDNA circularization.

68.  The kit according to claim 67, further comprising at least one conventional kit

component.

69. A retroviral vector comprising a nucleic acid molecule having promoter and a marker

gene that is expressed upon circularization of said nucleic acid molecule.

70.  The retroviral vector of claim 69, wherein said marker gene encodes green fluorescent
protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase (AP), B-lactamase,
chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA), aminoglycoside

phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-B-
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phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT).

71.  The retroviral vector of claim 69, wherein said promoter is an adenovirus promoter, an
SV40 promoter, a parvovirus promoter, a vaccinia virus promoter, a cytomegalovirus promoter,

an MSH2 promoter, or a mammalian genomic DNA promoter.

72.  The retroviral vector of claim 69, wherein said promoter is a 3-phosphoglycerate kinase

gene promoter, an alcohol dehydrogenase-2 promoter, or a metallothionine promoter.

73.  The retroviral vector of claim 69 comprising the nucleotide sequence of SEQ ID NO:5 or
SEQ ID NO:6.

74. A method of screening for a compound which induces a DNA repair pathway of a cell,
comprising:
a) contacting at least one component of a DNA repair pathway with a non-

circularized retroviral cDNA in the presence of a test compound; and

b) determining the amount of retroviral cDNA circularization.

75. A method of identifying a compound that inhibits retroviral cDNA integration into a host
genome comprising:

a) contacting a cell or cell extract with a non-circularized retroviral cDNA in the
presence of a test compound; and

b) determining the amount of retroviral cDNA circularization.

76. A method of screening for a compound which inhibits a DNA repair pathway of a cell,
comprising:

a) contacting at least one component of a DNA repair pathway with a non-
circularized retroviral cDNA in the presence of a test compound;

b) contacting said at least one component of a DNA repair pathway with a non-
circularized retroviral cDNA in the absence of said test compound; and

c) determining whether the amount of retroviral cDNA circularization is decreased
in the presence of said test compound relative to the amount of retroviral cDNA circularization

in the absence of said test compound.
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77.  The method according to claim 76, wherein said component contacted with the test
compound is a nucleic acid molecule encoding a polypeptide selected from the group consisting
of XPA, XPB, XPC, XPD, XPE, XPF, XPG, RAD50, RAD52, RAD54, RADS57, RADS9,
MSH2, CDC9, hRADS51, hRAD51B, hRAD51C, hRAD51D, hXRCC2, hXRCC3, XRCC4,
ligase IV, hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80 heterodimer, and homologs thereof.

78.  The method according to claim 77, wherein said nucleic acid molecule encodes XPB or
XPD.

79.  The method according to claim 78, wherein said XPB has an amino acid sequence of
SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

80.  The method according to claim 78, wherein said nucleic acid molecule encoding XPB has
a nucleotide sequence of SEQ ID NO:1 and wherein said nucleic acid molecule encoding XPD
has a nucleotide sequence of SEQ ID NO:3.

81.  The method according to claim 76, wherein said component contacted with the test
compound is a polypeptide selected from the group consisting of XPA, XPB, XPC, XPD, XPE,
XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2, CDC9, hRAD51, hRAD51B,
hRADS51C, hRADS1D, hXRCC2, hXRCC3, XRCC4, ligase IV, hAMRE11, XRS2 (NBS1), DNA-
PK, and Ku70/80 heterodimer, and homologs thereof.

82.  The method according to claim 81, wherein said polypeptide is XPB or XPD.

83.  The method according to claim 82, wherein said XPB has an amino acid sequence of
SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

84.  The method according to claim 76, wherein said test compound directly or indirectly

downregulates the expression of at least one component of a DNA repair pathway.

85.  The method according to claim 84, wherein said downregulated component of a DNA
repair pathway is a nucleic acid molecule encoding a polypeptide selected from the group
consisting of XPA, XPB, XPC, XPD, XPE, XPF, XPG, RAD50, RAD52, RAD54, RAD57,
RADS9, MSH2, CDC9, hRAD51, hRAD51B, hRAD51C, hRAD51D, hXRCC2, hXRCC3,
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XRCC4, ligase IV, hMRE11, XRS2 (NBS1), DNA-PK, and Ku70/80 heterodimer, and

homologs thereof.

86.  The method according to claim 85, wherein said nucleic acid molecule encodes XPB or
XPD.

87.  The method according to claim 86, wherein said XPB has an amino acid sequence of

SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

88.  The method according to claim 86, wherein said nucleic acid molecule encoding XPB has
a nucleotide sequence of SEQ ID NO:1 and wherein said nucleic acid molecule encoding XPD

has a nucleotide sequence of SEQ ID NO:3.

89.  The method according to claim 76, wherein said test compound directly or indirectly

downregulates the biological activity of at least one component of a DNA repair pathway.

90.  The method according to claim 89, wherein said downregulated component of a DNA
repair pathway is a polypeptide selected from the group consisting of XPA, XPB, XPC, XPD,
XPE, XPF, XPG, RAD50, RAD52, RAD54, RAD57, RAD59, MSH2, CDC9, hRAD5 1,
hRAD51B, hRAD51C, hRAD51D, hXRCC2, hXRCC3, XRCC4, ligase IV, hMRE1 1, XRS2
(NBS1), DNA-PK, and Ku70/80 heterodimer, and homologs thereof.

91.  The method according to claim 89, wherein said polypeptide is XPB or XPD.

92.  The method according to claim 91, wherein said XPB has an amino acid sequence of
SEQ ID NO:2 and wherein said XPD has an amino acid sequence of SEQ ID NO:4.

93. The method according to claim 76, wherein said retroviral cDNA comprises at least one
marker gene and at least one promoter and wherein said marker gene is expressed from said

promoter upon retroviral cDNA circularization.

94.  The method according to claim 93, wherein said decrease in retroviral cDNA

circularization is detected by a decrease in the level of expression of said marker gene in the
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presence of said test compound relative to the level of expression of said marker gene in the

absence of said test compound.

95. The method according to claim 93, wherein said decrease in retroviral cDNA
circularization is detected by a decrease in the level of activity of the polypeptide expressed from
said marker gene in the presence of said test compound relative to the level of activity of the

polypeptide expressed from said marker gene in the absence of said test compound.

96.  The method according to claim 93, wherein said marker gene encodes green fluorescent
protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase (AP), B-lactamase,
chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA), aminoglycoside
phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-B-
phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT).

97.  The method according to claim 93, wherein said promoter is an adenovirus promoter, an
SV40 promoter, a parvovirus promoter, a vaccinia virus promoter, a cytomegalovirus promoter,

an MSH2 promoter, or a mammalian genomic DNA promoter.

98.  The method according to claim 93, wherein said promoter is a 3-phosphoglycerate kinase

gene promoter, an alcohol dehydrogenase-2 promoter, or a metallothionine promoter.

99.  The method according to claim 76, wherein steps (a) and (b) occur in a cell or in cell

extract.
100.  The method according to claim 99, wherein said cell is a mammalian or yeast cell.

101.  The method according to claim 76, wherein said compound increases retroviral cDNA

integration into the genome of a cell.

102. A compound that inhibits a DNA repair pathway of a cell identified according to the
method of claim 76.
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103. A pharmaceutical composition for increasing efficiency of gene delivery in a gene
therapy comprising a therapeutically effective amount of at least one compound identified
according to the method of claim 76, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable excipient.

104. A method of inhibiting a DNA repair pathway of a cell comprising administering at least

one compound identified according to the method of claim 76 to said cell.

105.  The method according to claim 104, wherein said compound increases retroviral cDNA

integration into the genome of said cell.

106. A method of improving efficiency of gene delivery in a gene therapy of a patient
comprising administering at least one compound identified according to the method of claim 76

to said patient.

107.  The method according to claim 106, wherein said patient is a mammal.

108.  The method according to claim 107, wherein said mammal is avian, feline, canine,

bovine, ovine, porcine, equine, rodent, simian, or human.

109.  The method according to claim 108, wherein said mammal is a human.

110. A kit for identifying a compound that inhibits a DNA repair pathway comprising a
retrovirus or retroviral vector having a marker gene that is expressed upon retroviral cDNA

circularization.

111.  The kit according to claim 110, further comprising at least one conventional kit

component.

112. Use of a compound identified according to the method of claim 76 in the manufacture of

a pharmaceutical composition for increasing the efficiency of gene delivery in a gene therapy.

113. A method of identifying a compound that increases retroviral cDNA integration into a

host genome comprising:
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a) contacting a first cell or cell extract with a non-circularized retroviral cDNA in
the presence of a test compound;

b) contacting a second cell or cell extract with a non-circularized retroviral c¢DNA in
the absence of said test compound, wherein said first and said second cell or cell extract are of
the same cell type; and

c) determining whether the amount of retroviral cDNA circularization is decreased
in the presence of said test compound relative to the amount of retroviral cDNA circularization

in the absence of said test compound.

114.  The method according to claim 113, wherein said retroviral cDNA comprises at least one
marker gene and at least one promoter and wherein said marker gene is expressed from said

promoter upon retroviral cDNA circularization.

115.  The method according to claim 113, wherein said decrease in retroviral cDNA
circularization is detected by a decrease in the level of expression of said marker gene in the
presence of said test compound relative to the level of expression of said marker gene in the

absence of said test compound.

116.  The method according to claim 114, wherein said decrease in retroviral cDNA
circularization is detected by a decrease in the level of activity of the polypeptide expressed from
said marker gene in the presence of said test compound relative to the level of activity of the

polypeptide expressed from said marker gene in the absence of said test compound.

117.  The method according to claim 114, wherein said marker gene encodes green fluorescent
protein (GFP), red fluorescent protein (DsRed), alkaline phosphatase (AP), B-lactamase,
chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA), aminoglycoside
phosphotransferase (neor, G418r) dihydrofolate reductase (DHFR), hygromycin-B-
phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase), luciferase
(luc), or xanthine guanine phosphoribosyltransferase (XGPRT).

118.  The meéthod according to claim 114, wherein said promoter is an adenovirus promoter, an

SV40 promoter, a parvovirus promoter, a vaccinia virus promoter, a cytomegalovirus promoter,

an MSH2 promoter, or a mammalian genomic DNA promoter.
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119.  The method according to claim 1 14, wherein said promoter is a 3-phosphoglycerate

kinase gene promoter, an alcohol dehydrogenase-2 promoter, or a metallothionine promoter.

120.  The method according to claim 113, wherein said cell type is mammalian or yeast.

121. A compound that increases retroviral cDNA integration into a host cell genome identified

according to the method of claim 113.

122. A pharmaceutical composition for the increasing the efficiency of gene delivery in a gene
therapy comprising a therapeutically effective amount of at least one compound identified
according to the method of claim 113, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable excipient.

123. A method of increasing retroviral cDNA integration into a host cell genome by

administering a compound identified according to the method of claim 113 to said cell.

124, A method of improving the efficiency of gene delivery of a gene therapy of a patient
comprising administering at least one compound identified according to the method of claim 113
to said patient.

125. The method according to claim 124, wherein said patient is a mammal.

126.  The method according to claim 125, wherein said mammal is avian, feline, bovine,

ovine, porcine, equine, rodent, simian, or human.

127. The method according to claim 126, wherein said mammal is a human.

128.  Use of a compound identified according to the method of claim 113 in the manufacture of

a pharmaceutical composition for improving the efficiency of gene delivery in a gene therapy.
129. A kit for identifying a compound that increases retroviral cDNA integration into a host

genome comprising a retrovirus or retroviral vector having a marker gene that is expressed upon

retroviral cDNA circularization.
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130.  The kit according to claim 129, further comprising at least one conventional kit

component.

131. A method of screening for a compound which inhibits a DNA repair pathway of a cell,
comprising:

a) contacting at least one component of a DNA repair pathway with a non-
circularized retroviral cDNA in the presence of a test compound; and

b) determining the amount of retroviral cDNA circularization.

132. A method of identifying a compound that increases retroviral cDNA integration into a
host genome comprising:

a) contacting a cell or cell extract with a non-circularized retroviral cDNA in the
presence of a test compound; and

b) determining the amount of retroviral cDNA circularization.
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GGGAGCTTCCGGATTGAGCCGGAAGTCCCCCCAGAGCGGATGCCGCGGCGGGCCTGTGGG
AGCGGGGTCATCTTCTCTCTGCTGCTGTAGCTGCCATGGGCARAAAGAGACCGAGCGGACC
GCGACAAGAAGAAATCCAGGAAGCGGCACTATGAGGATGAAGAGGATGATGAAGAGGACG
CCCCGGGGAACGACCCTCAGGAAGCGGTTCCCTCGGCGGCGGGGAAGCAGGTGGATGAGT
CAGGCACCAAAGTGGATGAATATGGAGCCAAGGACTACAGGCTGCAAATGCCGCTGAAGG
ACGACCACACCTCCAGGCCCCTCTGGGTGGCTCCCGATGGCCATATCTTCTTGGAAGCCT
TCTCTCCAGTTTACAAATATGCCCAAGACTTCTTGGTGGCTATTGCAGAGCCAGTGTGCC
GACCAACCCATGTGCATGAGTACAAACTAACTGCCTACTCCTTGTATGCAGCTGTCAGCG
TTGGGCTGCARACCAGTGACATCACCGAGTACCTCAGGAAGCTCAGCAAGACTGGAGTCC
CTGATGGAATTATGCAGTTTATTAAGTTGTGTACTGTCAGCTATGGAAAAGTCAAGCTGG
TCTTGAAGCACAACAGATACTTCGTTGAAAGTTGCCACCCTGATGTAATCCAGCATCTTC
TCCAGGACCCCGTGATCCGAGAATGCCGCTTARGAAACTCTGAAGGGGAGGCCACTGAGC
TCATCACAGAGACTTTCACAAGCAAATCTGCCATTTCTAAGACTGCTGAAAGCAGTGGTG
GGCCCTCCACTTCCCGAGTGACAGATCCACAGGGTARATCTGACATCCCCATGGACCTGT
TTGACTTCTATGAGCAAATGGACAAGGATGAAGAAGAAGAAGAAGAGACACAGACAGTGT
CTTTTGAAGTCAAGCAGGAARATGATTGAGGAACTCCAGAAACGTTGCATCCACCTGGAGT
ACCCTCTGTTGGCAGAATATGACTTCCGGAATGATTCTGTCAACCCTGATATCAACATTG
ACCTAAAGCCCACAGCTGTCCTCAGACCCTATCAGGAGAAGAGCTTGCGAAAGATGTTTG
GAAACGGGCGTGCACGTTCGCEGGTCATTGTTCTTCCCTGCGGTGCTGGAAAGTCCCTGG
TTGETGTGACTGCTGCATGCACTGTCAGAAAACGCTGTCTGGTGCTGGGCAACTCAGCTG
TTTCTGTGGAGCAGTGGAAAGCCCAGTTCAAGATGTGGTCCACCATTGACGACAGCCAGA
TCTGCCGGTTCACCTCCGATGCCAAGGACAAGCCCATCGGCTGCTCCGTTGCCATTAGCA
CCTACTCCATGCTGGGCCACACCACCAARAGGTCCTGGGAGGCCGAGCGAGTCATGGAGT
GGCTCAAGACCCAGGAGTGGGGCCTCATGATCCTGGATGAAGTGCACACCATACCAGCCA
AGATGTTCCGAAGGGTGCTCACCATCGTGCAGGCCCACTGTAAGCTGGGTTTGACTGCGA
CCCTCGTCCGCGAAGATGACAAAATTGTGGATTTAAATTTTCTGATTGGGCCTAAGCTCT
ACGAAGCCAACTGGATGGAGCTGCAGAATAATGGCTACATCGCCAAAGTCCAGTGTGCTG
AGGTCTGGTGCCCTATGTCTCCTGAATTTTACCGGGAATATGTGGCAATCAAAACCARAGA
AACGAATCTTGCTGTACACCATGAACCCCAACAAATTTAGAGCTTGCCAGTTTCTGATCA
AGTTTCATGARAGGAGGAATGACAAGATTATTGTCTTTGCTGACAATGTGTTTGCCCTAA
AGGAATATGCCATTCGACTGAACAAACCCTATATCTACGGACCTACGTCTCAGGGGGARA
GGATGCAAATTCTCCAGAATTTCAAGCACAACCCCAARAATTAACACCATCTTCATATCCA
AGGTAGGTGACACTTCGTTTGATCTGCCGGAAGCAAATGTCCTCATTCAGATCTCATCCC
ATGGTGGCTCCAGGCGTCAGGAAGCCCAAAGGCTAGGGCGGGTGCTTCGAGCTAAARARG
GGATGGTTGCAGAAGAGTACAATGCCTTTTTCTACTCACTGGTATCCCAGGACACACAGG
AAATGGCTTACTCAACCAAGCGGCAGAGATTCTTGGTAGATCAAGGTTATAGCTTCAAGG
TGATCACGAAACTCGCTGGCATGGAGGAGGAAGACTTGGCGTTTTCGACAAAAGAAGAGC
AACAGCAGCTCTTACAGAAAGTCCTGGCAGCCACTGACCTGGATGCCGAGGAGGAGGTGG
TGGCTGGGGAATTTGGCTCCAGATCCAGCCAGGCATCTCGGCGCTTTGGCACCATGAGTT
CTATGTCTGGGGCCGACGACACTGTGTACATGGAGTACCACTCATCGCGGAGCAAGGCGC
CCAGCARAACATGTACACCCGCTCTTCAAGCGCTTTAGGAAATGATGCTTAGGCAGGGTAC
TTCGTTCAAGACCGGCGCTTGGCACCCTTGTTGGAAAGGGATTTTCAGCATAACATTTITC
CTTCCACCTCTTTGACCTTCCCTCCAGCGTTGGCCAARATTGTGCTGAGGAAGATGCATCA
AGGGCTTGGCTGTGCCTTCATAGGTCATCTAGGGTTTTATAAAGGAGGAGGAGACAATAT
TTTTTCAAACTTTTTCGGGGAGTGGGGTCATTTCTGTATATAAAAAATGTTAATATTTAAG
GTGTATTTATGTTACCGTTCTGAATAAACAGAATGGACCATTGAACCAGTA
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Figure 4B

MGKRDRADRDKKKSRKRHYEDEEDDEEDAPGNDPQEAVPSAAGKQVDESGTKVDEYGAKDYRLQ
MPLKDDHTSRPLWVAPDGHIFLEAFSPVYKYAQDFLVAIAEPVCRPTHVHEYKLTAYSLYAAVS
VGLQTSDITEYLRKLSKTGVPDGIMQFIKLCTVSYGKVKLVLKHNRYFVESCHPDVIQHLLQDP
VIRECRLRNSEGEATELITETFTSKSAISKTAESSGGPSTSRVTDPQGKSDIPMDLEFDEYEQMD
KDEEEEEETQTVSFEVKQEMIEELQKRCIHLEYPLLAEYDFRNDSVNPDINIDLKPTAVLRPYQ
EKSLRKMFGNGRARSGVIVLPCGAGKSLVGVTAACTVRKRCLVLGNSAVSVEQWKAQFKMWST I
DDSQICRETSDAKDKPIGCSVAISTYSMLGHTTKRSWEAERVMEWLKTQEWGLMILDEVHT I PA
KMFRRVLTIVQAHCKLGLTATLVREDDKIVDLNFLIGPKLYEANWMELQNNGY IAKVQCAEVWC
PMSPEFYREYVATIKTKKRILLYTMNPNKFRACQFLIKFHERRNDKIIVFADNVFALKEYAIRLN
KPYIYGPTSQGERMQILONFKHNPKINTIFISKVGDTSFDLPEANVLIQISSHGGSRRQEAQRL
GRVLRAKKGMVAEEYNAFFYSLVSQDTQEMAYSTKRQRFLVDQGYSFKVITKLAGMEEEDLAFS
TKEEQQQLLQKVLAATDLDAEEEVVAGEFGSRSSQASRRFGTMSSMSGADDTVYMEYHSSRSKA
PSKHVHPLFKRFRK
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ATGAAGCTCAACGTGGACGGGCTCCTGGTCTACTTCCCGTACGACTACATCTACCCCGAG
CAGTTCTCCTACATGCGGGAGCTCAAACGCACGCTGGACGCCAAGGGTCATGGAGTCCTG
GAGATGCCCTCAGGCACCGGGAAGACAGTATCCCTGTTGGCCCTGATCATGGCATACCAG
AGAGCATATCCGCTGGAGGTGACCAAACTCATCTACTGCTCAAGAACTGTGCCAGAGATT
GAGAAGGTGATTGAAGAGCTTCGAAAGTTGCTCAACTTCTATGAGAAGCAGGAGGGCGAG
AAGCTGCCGTTTCTGGGACTGGCTCTGAGCTCCCGCAAAAACTTGTGTATTCACCCTGAG
GTGACACCCCTGCGCTTTGGGAAGGACGTCGATGGGARAATGCCACAGCCTCACAGCCTCC
TATGTGCGGGCGCAGTACCAGCATGACACCAGCCTGCCCCACTGCCGATTCTATGAGGAA
TTTGATGCCCATGGGCGTGAGGTGCCCCTCCCCGCTGGCATCTACAACCTGGATGACCTG
AAGGCCCTGGGGCGGCGCCAGGGCTGGTGCCCATACTTCCTTGCTCGATACTCAATCCTG
CATGCCAATGTGGTGGTTTATAGCTACCACTACCTCCTGGACCCCAAGATTGCAGACCTG
GTGTCCAAGGAACTGGCCCGCAAGGCCGTCGTGGTCTTCGACGAGGCCCACAACATTGAC
AACGTCTGCATCGACTCCATGAGCGTCAACCTCACCCGCCGGACCCTTGACCGGTGCCAG
GGCAACCTGGAGACCCTGCAGAAGACGGTGCTCAGGATCAAAGAGACAGACGAGCAGCGC
CTGCGGGACGAGTACCGGCGTCTGGTGGAGGGGCTGCGGGAGGCCAGCGCCGCCCGGGAG
ACGGACGCCCACCTGGCCAACCCCGTGCTGCCCGACGAAGTGCTGCAGGAGGCAGTGCCT
GGCTCCATCCGCACGGCCGAGCATTTCCTGGGCTTCCTGAGGCGGCTGCTGGAGTACGTG
AAGTGGCGGCTGCGTGTGCAGCATGTGGTGCAGGAGAGCCCGCCCGCCTTCCTGAGCGGC
CTGGCCCAGCGCGTGTGCATCCAGCGCAAGCCCCTCAGATTCTGTGCTGAACGCCTCCGG
TCCCTGCTGCATACTCTGGAGATCACCGACCTTGCTGACTTCTCCCCGCTCACCCTCCTT
GCTAACTTTGCCACCCTTGTCAGCACCTACGCCAAAGGCTTCACCATCATCATCGAGCCC
TTTGACGACAGAACCCCGACCATTGCCAACCCCATCCTGCACTTCAGCTGCATGGACGCC
TCGCTGGCCATCAAACCCGTATTTGAGCGTTTCCAGTCTGTCATCATCACATCTGGGACA
CTGTCCCCGCTGGACATCTACCCCAAGATCCTGGACTTCCACCCCGTCACCATGGCAACC
TTCACCATGACGCTGGCACGGGTCTGCCTCTGCCCTATGATCATCGGCCGTGGCAATGAC
CAGGTGGCCATCAGCTCCAAATTTGAGACCCGGGAGGATATTGCTGTGATCCGGAACTAT
GGGAACCTCCTGCTGGAGATGTCCGCTGTGGTCCCTGATGGCATCGTGGCCTTCTTCACC
AGCTACCAGTACATGGAGAGCACCGTGGCCTCCTGGTATGAGCAGGGGATCCTTGAGAAC
ATCCAGAGGAACAAGCTGCTCTTTATTGAGACCCAGGATGGTGCCGAAACCAGTGTCGCC
CTGGAGAAGTACCAGGAGGCCTGCGAGAATGGCCGCGGGGCCATCCTGCTGTCAGTGGCC
CGGGGCAAAGTGTCCGAGGGAATCGACTTTGTGCACCACTACGGGCGGGCCGTCATCATG
TTTGGCGTCCCCTACGTCTACACACAGAGCCGCATTCTCAAGGCGCGGCTGGAATACCTG
CGGGACCAGTTCCAGATTCGTGAGAATGACTTTCTTACCTTCGATGCCATGCGCCACGCG
GCCCAGTGTGTGGGTCGGGCCATCAGGGGCAAGACGGACTACGGCCTCATGGTCTTTGCC
GACAAGCGGTTTGCCCGTGGGGACAAGCGGGGGAAGCTGCCCCGCTGGATCCAGGAGCAC
CTCACAGATGCCAACCTCAACCTGACCGTGGACGAGGGTGTCCAGGTGGCCAAGTACTTC
CTGCGGCAGATGGCACAGCCCTTCCACCGGGAGGATCAGCTGGGCCTGTCCCTGCTCAGC
CTGGAGCAGCTAGAATCAGAGGAGACGCTGAAGAGGATAGAGCAGATTGCTCAGCAGCTC
TGAGTGGGGCGGGTGGGGCCATAAACGGTTCCTGGTGA
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MKLNVDGLLVYFPYDYIYPEQFSYMRELKRTLDAKGHGVLEMPSGTGKTVSLLALIMAYQRAYPLE
VIKLIYCSRTVPEIEKVIEELRKLLNEFYEKQEGEKLPFLGLALSSRKNLCIHPEVTPLRFGKDVDG
KCHSLTASYVRAQYQHDTSLPHCREFYEEFDAHGREVPLPAGIYNLDDLKALGRRQGWCPYFLARYS
ILHANVVVYSYHYLLDPKIADLVSKELARKAVVVEDEAHNIDNVCIDSMSVNLTRRTLDRCQGNLE
TLOKTVLRIKETDEQRLRDEYRRLVEGLREASAARETDAHLANPVLPDEVLQEAVPGSIRTAEHFL
GFLRRLLEYVKWRLRVQHVVQESPPAFLSGLAQRVCIQRKPLRFCAERLRSLLHTLEITDLADEFSP
LTLLANFATLVSTYAKGFTIIIEPFDDRTPTIANPILHFSCMDASLAIKPVFERFQSVIITSGTLS
PLDIYPKILDFHPVTMATFTMTLARVCLCPMIIGRGNDQVAISSKFETREDIAVIRNYGNLLLEMS
AVVPDGIVAFFTSYQYMESTVASWYEQGILENIQRNKLLFIETQDGAETSVALEKYQEACENGRGA
ILLSVARGKVSEGIDEFVHHYGRAVIMEGVPYVYTQSRILKARLEYLRDQFQIRENDFLTFDAMRHA
AQCVGRAIRGKTDYGLMVFADKRFARGDKRGKLPRWIQEHLTDANLNLTVDEGVQVAKYFLRQOMAQ
PFHREDQLGLSLLSLEQLESEETLKRIEQIAQQL
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CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATAC
ATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAA
AAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCAT
TTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTARAAGATGCTGAAGATC
AGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGA
GTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCG
CGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTC
AGAATGACTTGGTTGAGTACTCACCAGTCACAGAARAGCATCTTACGGATGGCATGACAG
TAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTC
TGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATG
TAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTG
ACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCARACTATTAACTGGCGAACTAC
TTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGAC
CACTTCTGCGCTCGGCCCTITCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTG
AGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCG
TAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTG
AGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATAC
TTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTG
ATAATCTCATGACCAARATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCG
TAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGC
AAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTC
TTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGT
AGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACT
CAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCCTGCACAC
AGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGARAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCG
GAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTG
TCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGA
GCCTATGGAARAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTT
TTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCT
TTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG
AGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATT
AATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTA
ATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTA
TGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATT
ACGCCAAGCGCGCAATTAACCCTCACTARAGGGAACAAAAGCTGGAGCTGCAAGCTTAAT
GTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAACGATGAGTTAGCAACATGC
CTTACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCG .
TGCCTTATTAGGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTGCC
GCATTGCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGGGTCTCTCTGGT
TAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTC
AATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGITGTGTGACTCTGGTA
ACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAA
CAGGGACCTGAAAGCGAAAGGGAAACCAGAGCTCTCTCGACGCAGGACTCGGCTTGCTGA
AGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAARAATTTTGACTAG
CGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAG
ATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAAAACA
TATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAAC
ATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAGA
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AGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGA
GATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGAC
CACCGCACAGCAAGCGGCCGCTGATCTTCAGACCTGGAGCGCTCGAGGCGACTTACCTCT
CTAGAGTCGGTGTCTTCTATGGAGGTCAAAACAGCGTGGATGGCGTCTCCAGGCGATCTG
ACGGTTCACTAAACGAGCTCTGCTTATATAGACCTCCCACCGTACACGCCTACCGCCCAT
TTGCGTCAATGGGGCGGAGTTGTTACGACATTTTGGAAAGTCCCGTTGATTTTGGTGCCA
AAACARACTCCCATTGACGTCAATGGGGTGGAGACTTGGAAATCCCCGTGAGTCAARLCCG
CTATCCACGCCCATTGATGTACTGCCAAAACCGCATCACCATGGTAATAGCGATGACTAA
TACGTAGATGTACTGCCAAGTAGGAAAGTCCCATAAGGTCATGTACTGGGCATAATGCCA
GGCGGGCCATTTACCGTCATTGACGTCAATAGGGGGCGTACTTGGCATATGATACACTTG
ATGTACTGCCAAGTGGGCAGTTTACCGTAAATACTCCACCCATTGACGTCAATGGARAGT
CCCTATTGGCGTTACTATGGGAACATACGTCATTATTGACGTCAATGGGCGGGGGTCETT
GGGCGGTCAGCCAGGCGGGCCATTTACCGTAAGTTATGTAACGCGGAACTCCCAAGCTTA
TCGAGGAGGAGATATGAGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAA
AATTGAACCATTAGGAGTAGCACCCACCAAGGCARAAGAGAAGAGTGGTGCAGAGAGAAAA
AAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTAT
GGGCGCAGCCTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCA
GCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGT
CTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCA
ACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTG
GAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTGGAATCACACGACCTGGATGGAG
TGGGACAGAGAAATTAACAATTACACAAGCTTAATACACTCCTTAATTGAAGAATCGCAA
AACCAGCAAGAAAAGAATGAACAAGAATTATTGGAATTAGATARATGGGCAAGTTTGTGG
AATTGGTTTAACATAACAAATTGGCTGTGGTATATAARATTATTCATAATGATAGTAGGA
GGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAG
GGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCC
GAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAAC
GGATCTCGACGGTTAACTTTTAAAAGARAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAA
AGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACA
AAAATTCAAAATTTTATCGCATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACC
GTATTACCGCCATGCATTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGC
CCATATATGGAGTTCCGCGTITACATAACTTACGGTARATGGCCCGCCTGGCTGACCGCCC
AACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACAT
CAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCC
TGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTA
TTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAG
CGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTT
TGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAA
ATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGT
CAGATCCGCTAGCGCTACCGGACTCAGATCTCGAGCTCAAGCTTCGAATTCTGCAGTCGA
CGGTACCGCGGGCCCGGGATCCACCGGTCGCCACCATGGCCTCCTCCGAGAACGTCATCA
CCGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGA
TCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCCACAACACCGTGAAGCTGAAGGTGA
CCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCT
CCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCG
AGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCC
AGGACTCCTCCCTGCAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACT
TCCCCTCCGACGGCCCCGTGATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGC
GCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGACCCACAAGGCCCTGAAGCTGAAGG
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ACGGCGGCCACTACCTGGTGGAGTTCAAGTCCATCTACATGGCCAAGAAGCCCGTGCAGL
TGCCCGGCTACTACTACGTGGACGCCAAGCTGGACATCACCTCCCACAACGAGGACTACA
CCATCGTGGAGCAGTACGAGCGCACCGAGGGCCGCCACCACCTGTTCCTGTAGCGGGGCC
TCGACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATG
TTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTT
CCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGG
AGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCC
CCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCC
TCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTC
GGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGC
TGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGG
CCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGC
GTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAA
TTCCGCGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAA
AARACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTA
ACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAA
ATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTT
AACCAGGCGGGGAGGCGGCCCAAAGGGAGATCCGACTCGTCTGAGGGCGAAGGCGAAGAC
GCGGAAGAGGCCGCAGAGCCGGCAGCAGGCCGCGGGAAGGAAGGTCCGCTGGATTGAGGG
CCGAAGGGACGTAGCAGAAGGACGTCCCGCGCAGAATCCAGGTGGCAACACAGGCGAGCA
GCCATGGAAAGGACGTCAGCTTCCCCGACAACACCACGGAATTGTCAGTGCCCAACAGCC
GAGCCCCTGTCCAGCAGCGGGCAAGGCAGGCGGCGATGAGTTCCGCCGTGGCAATAGGGA
GGGGGAAAGCGAAAGTCCCGGAAAGGAGCTGACAGGTGGTGGCAATGCCCCAACCAGTGG
GGGTTGCGTCAGCAAACACAGTGCACACCACGCCACGTTGCCTGACAACGGGCCACAACT
CCTCATAAAGAGACAGCAACCAGGATTTATACAAGGAGGAGAAAATGAAAGCCATACGGG
AAGCAATAGCATGATACAAAGGCATTAAAGCAGCGTATCCACATAGCGTAAAAGGAGCAA
CATAGTTAAGAATACCAGTCAATCTTTCACAAATTTTGTAATCCAGAGGTTGATTGTCGA
CGCGGCCGCTTTACTTGTACAGCTCGTCCATGCCGAGAGTGATCCCGGCGEGCGGETCACGA
ACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGG
TGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGGGGCCGTCGCCGATGGEEGGETGTTCTGCT
GGTAGTGGTCGGCGAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCA
CCTTGATGCCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGT
ACTCCAGCTTGTGCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCAGCTCGA
TGCGGTTCACCAGGGTGTCGCCCTCGAACTTCACCTCGGCGCGGGTCTTGTAGTTGCCGT
CGTCCTTGAAGAAGATGGTGCGCTCCTGGACGTAGCCTTCGGGCATGGCGGACTTGAAGA
AGTCGTGCTGCTTCATGTGGTCGGGGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGG
TGGTCACGAGGGTGGGCCAGGGCACGGGCAGCTTGCCGGTGGTGCAGATGAACTTCAGGG
TCAGCTTGCCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGCTGAACTTGTGGCCGT
TTACGTCGCCGTCCAGCTCGACCAGGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCT
TGCTCACCATGGTGGCGACCGGTGGATCCTGAAGAAAAGGGAGAATTCGAATTCGAGCTC
GGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGA
AAAGGGGGGACTGGAAGGGCTAATTCACTCCCAACGAAGACAAGATCTGCTTTTTGCTTG
TACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAA
CCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCT
GTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTC
TAGCAGTAGTAGTTCATGTCATCTTATTATTCAGTATTTATAACTTGCAAAGAAATGAAT
ATCAGAGAGTGAGAGGAACTTGTTTATTGCAGCTTATAATGGTTACAAATARAGCAATAG
CATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAA
ACTCATCAATGTATCTTATCATGTCTGGCTCTAGCTATCCCGCCCCTAACTCCGCCCAGT
TCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCC
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GCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTT
TGCGTCGAGACGTACCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCG
TCGTTTTACAACGTCGTGACTGGGAARAACCCTGGCGTTACCCAACTTAATCGCCTTGCAG
CACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCC
AACAGTTGCGCAGCCTGAATGGCGAATGGCGCGACGCGCCCTGTAGCGGCGCATTAAGCG
CGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCG
CTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTC
TAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCRAARA
AACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCC
CTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACAC
TCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATT
GGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGT
TTACAATTTCC
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CCGGTCGCCACCATGGCCTCCTCCGAGAACGTCATCACCGAGTTCATGCGCTTCAAGGTGCGCA
TGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGA
GGGCCACAACACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATC
CTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACT
ACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGG
CGTGGCGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCTGCTTCATCTACAAGGTGAAGTTC
ATCGGCGTGAACTTCCCCTCCGACGGCCCCGTGATGCAGAAGAAGACCATGGGCTGGGAGGCCT
CCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGACCCACAAGGCCCTGAAGCT
GAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGTCCATCTACATGGCCAAGAAGCCCGTGCAG
CTGCCCGGCTACTACTACGTGGACGCCAAGCTGGACATCACCTCCCACAACGAGGACTACACCA
TCGTGGAGCAGTACGAGCGCACCGAGGGCCGCCACCACCTGTTCCTGTAGCGGCCGCGACTCTA
GATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTC
CCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATA
ATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTC
TAGTTGGATCCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTG
CAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGG
GAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGAATTCCAGGCGGGGAGGC
GGCCCAAAGGGAGATCCGACTCGTCTGAGGGCGAAGGCGAAGACGCGGAAGAGGCCGCAGAGLC
GGCAGCAGGCCGCGGGAAGGAAGGTCCGCTGGATTGAGGGCCGAAGGGACGTAGCAGAAGGALCG
TCCCGCGCAGAATCCAGGTGGCAACACAGGCGAGCAGCCATGGAAAGGACGTCAGCTTCCCCGA
CAACACCACGGAATTGTCAGTGCCCAACAGCCGAGCCCCTGTCCAGCAGCGGGCAAGGCAGGCG
GCGATGAGTTCCGCCGTGGCAATAGGGAGGGGGAAAGCGAAAGTCCCGGARAAGGAGCTGACAGG
TGGTGGCAATGCCCCAACCAGTGGGGGTTGCGTCAGCAAACACAGTGCACACCACGCCACGTTG
CCTGACAACGGGCCACAACTCCTCATAAAGAGACAGCAACCAGGATTTATACAAGGAGGAGAAA
ATGAAAGCCATACGGGAAGCAATAGCATGATACAAAGGCATTAAAGCAGCGTATCCACATAGCG
TAAAAGGAGCAACATAGTTAAGAATACCAGTCAATCTTTCACAAATTTTGTAATCCAGAGGTTG
ATTGTCGACGCGGCCGCTTTACTTGTACAGCTCGTCCATGCCGAGAGTGATCCCGGCGGCGGTC
ACGAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGG
TGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTA
GTGGTCGGCGAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATG
CCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTCCAGCTTGT
GCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCAGCTCGATGCGGTTCACCAGGGT
GTCGCCCTCGAACTTCACCTCGGCGCGGGTCTTGTAGTTGCCGTCGTCCTTGAAGAAGATGGTG
CGCTCCTGGACGTAGCCTTCGGGCATGGCGGACTTGAAGAAGTCGTGCTGCTTCATGTGGTCGG
GGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGGTGGTCACGAGGGTGGGCCAGGGCACGGG
CAGCTTGCCGGTGGTGCAGATGAACTTCAGGGTCAGCTTGCCGTAGGTGGCATCGCCCTCGCCC
TCGCCGGACACGCTGAACTTGTGGCCGTTTACGTCGCCGTCCAGCTCGACCAGGATGGGCACCA
CCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATCTGAAGAAAAGGGAGGTACCTTTAAGACCA
ATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGC
TAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCACACACAAGGCTACTT
CCCTGATTGGCAGAACTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTGGATGGTGC
TACAAGCTAGTACCAGTTGAGCAAGAGAAGGTAGAAGAAGCCAATGAAGGAGAGAACACCCGCT
TGTTACACCCTGTGAGCCTGCATGGGATGGATGACCCGGAGAGAGAAGTATTAGAGTGGAGGTT
TGACAGCCGCCTAGCATTTCATCACATGGCCCGAGAGCTGCATCCGGAGTACTTCAAGAACTGC
TGACATCGAGCTTGCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAGGCGTGGCCTGGGCG
GGACTGGGGAGTGGCGAGCCCTCAGATGCTGCATATAAGCAGCTGCTTTTTGCTTGTACTGGGT
CTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAA
GCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGT
AACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTAGTAGTTCATGTC
ATCTTATTATTCAGTATTTATAACTTGCAAAGAAATGAATATCAGAGAGTGAGAGGCCTTGACA
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ITTATAATAGATTTAGCAGGAATTGAACTAGGAGTGGAGCACACAGGCAAAGCTGCAGAAGTACT
TGGAAGAAGCCACCAGAGATACTCACGATTCTGCACATACCTGGCTAATCCCAGATCCTAAGGA
TTACATTAAGTTTACTAACATTTATATAATGATTTATAGTTTARAGTATAAACTTATCTAATTT
ACTATTCTGACAGATATTAATTAATCCTCAAATATCATAAGAGATGATTACTATTATCCCCATT
TAACACAAGAGGAAACTGAGAGGGAAAGATGTTGAAGTAATTTTCCCACAATTACAGCATCCGT
TAGTTACGACTCTATGATCTTCTGACACAAATTCCATTTACTCCTCACCCTATGACTCAGTCGA
ATATATCAAAGTTATGGACATTATGCTAAGTAACAAATTACCCTTTTATATAGTAAATACTGAG
TAGATTGAGAGAAGAAATTGTTTGGCAAACCTGAATAGCTTCCAGAAGAAGAGAAGTGAGGATA
AGAATAACAGTTGTCATTAACCAGTTTTAACAAGTAACTTGGTTAGAAAGGGATTCAAATGCAT
AAAGCAAGGGATAAATTTTTCTGGCAACAAGACTATACAATATAACCTTAAATATGACTTCAAA
TAATTGTTGGAACTTGATAAAACTAATTAAATATTATTGAAGATTATCAATATTATAAATGTAA
TTTACTTTTAAAAAGGGAACATAGAAATGTGTATCATTAGAGTAGAAAACAATCCTTATTATCA
CAATTTGTCAAAACAAGTTTGTTATTAACACAAGTAGAATACTGCATTCAATTAAGTTGACTGC
AGATTTTGTGTTTTGTTAAAATTAGAAAGAGATAACAACAATTTGAATTATTGAAAGTAACATG
TAAATAGTTCTACATACGTTCTTTTGACATCTTGTTCAATCATTGATCGAAGTTCTTTATCTTG
GAAGAATTTGTTCCAAAGACTCTGAAATAAGGAAAACAATCTATTATATAGTCTCACACCTTTG
TTTTACTTTTAGTGATTTCAATTTAATAATGTAAATGGTTAAAATTTATTCTTCTCTGAGATCA
TTTCACATTGCAGATAGAAAACCTGAGACTGGGGTAATTTTTATTAAAATCTAATTTAATCTCA
GAAACACATCTTTATTCTAACATCAATTTTTCCAGTTTGATATTATCATATAAAGTCAGCCTTC
CTCATCTGCAGGTTCCACAACAAAAATCCAACCAACTGTGGATCAAAAATATTGGGAAAAAATT
AAAAATAGCAATACAACAATAAAAAAATACAAATCAGAAAAACAGCACAGTATAACAACTTTAT
TTAGCATTTACAATCTATTAGGTATTATAAGTAATCTAGAATTAATTCCGTGTATTCTATAGTG
TCACCTAAATCGTATGTGTATGATACATAAGGTTATGTATTAATTGTAGCCGCGTTCTAACGAC
AATATGTACAAGCCTAATTGTGTAGCATCTGGCTTACTGAAGCAGACCCTATCATCTCTCTCGT
AAACTGCCGTCAGAGTCGGTTTGGTTGGACGAACCTTCTGAGTTTCTGGTAACGCCGTTCCGCA
CCCCGGAAATGGTCAGCGAACCAATCAGCAGGGTCATCGCTAGCCAGATCCTCTACGCCGGACG
CATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACC
GATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCGCTTGTTTCGGCGTGGGTATGGTGG
CAGGCCCCGTGGCCGGGEGGACTGTTGGGCGCCATCTCCTTGCATGCACCATTCCTTGCGGCGGCL
GGTGCTCAACGGCCTCAACCTACTACTGGGCTGCTTCCTAATGCAGGAGTCGCATAAGGGAGAG
CGTCGATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACA
CCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAA
GCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGA
GACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTA
GACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATA
CATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAA
GGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCT
TCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCA
CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAG
AACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGA
CGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCA
CCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAA
CCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAAC
CGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAAT
GAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCA
AACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGC
GGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATARAA
TCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCT
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CCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGAT
CGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATA
CTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATA
ATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAA
GATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAA
CCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAA
CTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCA
CTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCT
GCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGC
AGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGA
ACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACG
CCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATG
CTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCC
TTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTA
TTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGT
GAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCAT
TAATGCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAG
AAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGARAGTCCCCAGGCTCCCCA
GCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTC
CGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTT
TTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGC
TTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTGGACACAAGACAGGCTTGCGAGATATGTTTG
AGAATACCACTTTATCCCGCGTCAGGGAGAGGCAGTGCGTAAARAGACGCGGACTCATGTGAAA
TACTGGTTTTTAGTGCGCCAGATCTCTATAATCTCGCGCAACCTATTTTCCCCTCGAACACTTT
TTAAGCCGTAGATAAACAGGCTGGGACACTTCACATGAGCGCGAAAAATACATCGTCACCTGGGAC
ATGTTGCAGATCCATGCACGTAAACTCGCAAGCCGACTGATGCCTTCTGAACAATGGAAAGGCA
TTATTGCCGTAAGCCGTGGCGGTCTGTACCGGGTGCGTTACTGGCGCGTGAACTGGGTATTCGT
CATGTCGATACCGTTTGTATTTCCAGCTACGATCACGACAACCAGCGCGAGCTTAAAGTGCTGA
AACGCGCAGAAGGCGATGGCGAAGGCTTCATCGTTATTGATGACCTGGTGGATACCGGTGGTAC
TGCGGTTGCGATTCGTGAAATGTATCCAARAAGCGCACTTTGTCACCATCTTCGCAAAACCGGCT
. GGTCGTCCGCTGGTTGATGACTATGTTGTTGATATCCCGCAAGATACCTGGATTGAACAGCCGT
GGGATATGGGCGTCGTATTCGTCCCGCCAATCTCCGGTCGCTAATCTTTTCAACGCCTGGCACT
GCCGGGCGTTGTTCTTTTTAACTTCAGGCGGGTTACAATAGTTTCCAGTAAGTATTCTGGAGGC
TGCATCCATGACACAGGCARAACCTGAGCGAAACCCTGTTCAAACCCCGCTTTAAACATCCTGAA
ACCTCGACGCTAGTCCGCCGCTTTAATCACGGCGCACAACCGCCTGTGCAGTCGGCCCTTGATG
GTAAAACCATCCCTCACTGGTATCGCATGATTAACCGTCTGATGTGGATCTGGCGCGGCATTGA
CCCACGCGAAATCCTCGACGTCCAGGCACGTATTGTGATGAGCGATGCCGAACGTACCGACGAT
GATTTATACGATACGGTGATTGGCTACCGTGGCGGCAACTGGATTTATGAGTGGGCCCCGGATC
TTTGTGAAGGAACCTTACTTCTGTGGTGTGACATAATTGGACAAACTACCTACAGAGATTTAAA
GCTCTAAGGTAAATATAAAATTTTTAAGTGTATAATGTGTTAAACTACTGATTCTAATTGTTTG
TGTATTTTAGATTCCAACCTATGGAACTGATGAATGGGAGCAGTGGTGGAATGCCTTTAATGAG
GAAAACCTGTTTTGCTCAGAAGAAATGCCATCTAGTGATGATGAGGCTACTGCTGACTCTCAAC
ATTCTACTCCTCCAAAAAAGAAGAGAAAGGTAGAAGACCCCAAGGACTTTCCTTCAGAATTGCT
AAGTTTTTTGAGTCATGCTGTGTTTAGTAATAGAACTCTTGCTTGCTTTGCTATTTACACCACA
AAGGAAAAAGCTGCACTGCTATACAAGAAAATTATGGAAAAATATTCTGTAACCTTTATAAGTA
GGCATAACAGTTATAATCATAACATACTGTTTTTTCTTACTCCACACAGGCATAGAGTGTCTGC
TATTAATAACTATGCTCAAAAATTGTGTACCTTTAGCTTTTTAATTTGTAAAGGGGTTAATAAG
GAATATTTGATGTATAGTGCCTTGACTAGAGATCATAATCAGCCATACCACATTTGTAGAGGTT
TTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTG
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TTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTT
CACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCARACTCATCAATGTATCT
TATCATGTCTGGATCAACTGGATAACTCAAGCTAACCAAAATCATCCCAAACTTCCCACCCCAT
ACCCTATTACCACTGCCAATTACCTGTGGTTTCATTTACTCTARACCTGTGATTCCTCTGAATT
ATTTTCATTTTAAAGAAATTGTATTTGTTAAATATGTACTACAAACTTAGTAGT
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<120> Methods Of Identifying Compounds That Modulate A DNA Repair
Pathway And/or Retroviral Infectivity, The Compounds, And Uses
Thereof
<130> SCHNOOO3
<160> 6
<170> PatentIn version 3.2
<210> 1
<211> 2751
<212> DNA
<213> Homo sapiens
<400> 1
gggagcttcc ggattgagecc ggaagtcccc ccagagcecgga tgccgcggeg ggectgtggg 60
agcggggtca tcttctctcect getgetgtag ctgccatggg caaaagagac cgagcggacc 120
gcgacaagaa gaaatccagg aagcggcact atgaggatga agaggatgat gaagaggacg 180
ccecggggaa cgaccctcag gaageggttc cctcggecgge ggggaagcag gtggatgagt 240
caggcaccaa agtggatgaa tatggagcca aggactacag gctgcaaatg ccgctgaagg 300
acgaccacac ctccaggccc ctctgggtgg ctcccgatgg ccatatcttc ttggaagect 360
tctcteccagt ttacaaatat gecccaagact tcttggtgge tattgcagag ccagtgtgec 420
gaccaaccca tgtgcatgag tacaaactaa ctgcctactc cttgtatgca getgtcagcg 480
ttgggctgca aaccagtgac atcaccgagt acctcaggaa gctcagcaag actggagtcce 540
ctgatggaat tatgcagttt attaagttgt gtactgtcag ctatggaaaa gtcaagctgg 600
tcttgaagca caacagatac ttcgttgaaa gttgccaccce tgatgtaatc cagcatctte 660
tccaggacce cgtgatccga gaatgccget taagaaactc tgaaggggag gccactgage 720
tcatcacaga gactttcaca agcaaatctg ccatttctaa gactgctgaa agcagtggtg 780
ggcccteccac ttccecgagtg acagatccac agggtaaatc tgacatccec atggacctgt 840
ttgacttcta tgagcaaatg gacaaggatg aagaagaaga agaagagaca cagacagtgt 900
cttttgaagt caagcaggaa atgattgagg aactccagaa acgttgcatc cacctggagt 960
accctectgtt ggcagaatat gacttccgga atgattctgt caaccctgat atcaacattg 1020
acctaaagcc cacagctgtc ctcagaccct atcaggagaa gagcttgcga aagatgtttg 1080
gaaacgggcg tgcacgttcg ggggtcattg ttcttccctg cggtgectgga aagtcecctgg 1140
ttggtgtgac tgctgcatge actgtcagaa aacgctgtct ggtgctggge aactcagcectg 1200
tttctgtgga gcagtggaaa gcccagttca agatgtggtc caccattgac gacagccaga 1260
tctgececggtt cacctccgat gccaaggaca agcccatcgg ctgctccgtt gecattagea 1320
cctactccat gctgggccac accaccaaaa ggtcctggga ggccgagcega gtcatggagt 1380
ggctcaagac ccaggagtgg ggcctcatga tcctggatga agtgcacacc ataccagcca 1440
agatgttccg aagggtgctc accatcgtgc aggcccactg taagctgggt ttgactgcega 1500
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cecctegteceg
acgaagccaa
aggtctggtyg
aacgaatctt
agtttcatga
aggaatatgce
ggatgcaaat
aggtaggtga
atggtggcectc
ggatggttgce
aaatggctta
tgatcacgaa
aacagcagct
tggctgggga
ctatgtctgg
ccagcaaaca
ttcgttcaag
cttccaccte
agggcttgge
tttttcaaac
gtgtatttat
<210> 2

<211> 782
<212> PRT
<213>
<400> 2

Met Gly Lys
1

Homo

cgaagatgac
ctggatggag
ccctatgtcet
gctgtacacc
aaggaggaat
cattcgactg
tctccagaat
cacttcgttt
caggcgtcag
agaagagtac
ctcaaccaag
actcgctgge
cttacagaaa
atttggctcc
ggccgacgac
tgtacacccg
accggecgett
tttgaccttc
tgtgccttca
tttttgggga

gttaccgttce

sapiens

Arg Asp
5

Arg

aaaattgtgg
ctgcagaata
cctgaatttt
atgaacccca
gacaagatta
aacaaaccct
ttcaagcaca
gatctgccgg
gaagcccaaa
aatgcctttt
cggcagagat
atggaggagg
gtcctggcag
agatccagcc
actgtgtaca
ctcttcaage
ggcacccttg
ccteccagegt
taggtcatct

gtggggtcat

tgaataaaca

Ala Asp

Arg

atttaaattt
atggctacat
accgggaata
acaaatttag
ttgtctttge
atatctacgg
accccaaaat
aagcaaatgt
ggctagggceg
tctactcact
tcttggtaga
aagacttggc
ccactgacct
aggcatctcg
tggagtacca
gctttaggaa
ttggaaaggyg
tggccaaatt
agggttttat
ttctgtatat

gaatggacca

Asp
10

Lys

tctgattggg
cgccaaagtc
tgtggcaatc
agcttgccag
tgacaatgtg
acctacgtct
taacaccatc
cctcattcag
ggtgcttcga
ggtatcccag
tcaaggttat
gttttcgaca
ggatgccgag
gcgctttgge
ctcatcgcgg
atgatgctta
attttcagca
gtgctgagga
aaaggaggag
aaaaaatgtt

ttgaaccagt

Lys Lys Ser

cctaagctct
cagtgtgctg
aaaaccaaga
tttctgatca
tttgccctaa
cagggggaaa
ttcatatcca
atctcatccce
gctaaaaaag
gacacacagg
agcttcaagg
aaagaagagc
gaggaggtgyg
accatgagtt
agcaaggcgc
ggcagggtac
taacattttc
agatgcatca
gagacaatat
aatatttaag

a

Arg
15

Lys

Arg His

Asp Pro

Ser Gly

50

Met Pro

Asp Gly

Tyr

Gln

35

Thr

Leu

His

Glu

20

Glu

Lys

Lys

Ile

Asp

Ala

vVal

Asp

Phe

Glu

Val

Asp

Asp

70

Leu

Glu

Pro

Glu

55

His

Glu

Asp

Ser

Tyr

Thr

Ala

Asp

Ala

Gly

Ser

Phe

Glu

Ala

Ala

Arg

Ser

Glu Asp Ala

Gln
45

Gly Lys

Lys Asp Tyr

Pro Leu

75

Trp

Pro Val Tyr
Page 2

Pro

30

Val

Arg

Val

Lys

Gly

Asp

Leu

Ala

Tyr

Asn

Glu

Gln

Pro

Ala
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Gln

Val

Val

Lys

145

Val

Val

Val

Leu

Glu

225

Lys

Lys

Lys

Tyr

Asp

305

Glu

val

Ala

WO 03/089573

Asp

His

Gly

130

Thr

Ser

Glu

Ile

Ile

210

Ser

Ser

Asp

Gln

Pro

290

Ile

Lys

Ile

Ala

Phe

Glu

115

Leu

Gly

Tyr

Ser

Arg

195

Thr

Ser

Asp

Glu

Glu

275

Leu

Asn

Ser

Val

Cys
355

Leu

100

Tyr

Gln

Val

Gly

Cys

180

Glu

Glu

Gly

Ile

Glu

260

Met

Leu

Ile

Leu

Leu

340

Thr

85

Val

Lys

Thr

Pro

Lys

165

His

Cys

Thr

Gly

Pro

245

Glu

Tle

Ala

Asp

Arg

325

Pro

val

Ala

Leu

Ser

Asp

150

Val

Pro

Arg

Phe

Pro

230

Met

Glu

Glu

Glu

Leu

310

Lys

Cys

Arg

Ile

Thr

Asp

135

Gly

Lys

Asp

Leu

Thr

215

Ser

Asp

Glu

Glu

Tyr

295

Lys

Met

Gly

Lys

Ala

Ala

120

Ile

Ile

Leu

Val

Arg

200

Ser

Thr

Leu

Glu

Leu

280

Asp

Pro

Phe

Ala

Arg
360

Glu

105

Tyr

Thr

Met

Val

Ile

185

Asn

Lys

Ser

Phe

90

Pro

Ser

Glu

Gln

Leu

170

Gln

Ser

Ser

Arg

Asp

. 250

Thr

265

Gln

Phe

Thr

Gly

Gly

345

Cys

Gln

Lys

Arg

Ala

Asn

330

Lys

Leu

Val

Leu

Tyr

Phe

155

Lys

His

Glu

Ala

vVal

235

Phe

Thr

Arg

Asn

Val

315

Gly

Ser

Val

Cys

Tyr

Leu

140

Ile

His

Leu

Gly

Ile

220

Thr

Tyr

Val

Cys

Asp

300

Leu

Axrg

Leu

Leu

Arg

Ala

125

Arg

Lys

Asn

Leu

Glu

205

Ser

Asp

Glu

Ser

Ile

285

Ser

Arg

Ala

Val

Gly
365

Page 3

Pro

110

Ala

Lys

Leu

Arg

Gln

190

Ala

Lys

Pro

Gln

Phe

270

His

Val

Pro

Arg

Gly

350

Asn

95

Thr

Val

Leu

Cys

Tyr

175

Asp

Thr

Thr

Gln

Met

255

Glu

Leu

Asn

Tyr

Ser

335

Val

Ser

His

Ser

Ser

Thr

160

Phe

Pro

Glu

Ala

Gly

240

Asp

Val

Glu

Pro

Gln

320

Gly

Thr

Ala
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Val

Asp

385

Ile

Thr

Gln

Lys

Gly

465

Asn

Gln

Pro

Lys

Gln

545

Phe

Lys

Leu

Lys

Gln

625

Gly

WO 03/089573

Ser

370

Asp

Gly

Lys

Glu

Met

450

Leu

Phe

Asn

Met

Arg

530

Phe

Ala

Pro

Gln

Val

610

Ile

Arg

Val

Ser

Cys

Arg

Trp

435

Phe

Thr

Leu

Asn

Ser

515

Ile

Leu

Asp

Tyr

Asn

595

Gly

Ser

Val

Glu

Gln

Ser

Ser

420

Gly

Arg

Ala

Ile

Gly

500

Pro

Leu

Ile

Asn

Ile

580

Phe

Asp

Ser

Leu

Gln

Ile

Val

405

Trp

Leu

Arg

Thr

Gly

485

Tyr

Glu

Leu

Lys

Val

565

Tyxr

Lys

Thr

His

Arg
645

Trp

Cys

390

Ala

Glu

Met

Val

Leu

470

Pro

Ile

Phe

Tyr

Phe

550

Phe

Gly

His

Ser

Gly

630

Ala

Lys

375

Arg

Ile

Ala

Ile

Leu

455

vVal

Lys

Ala

Tyr

Thr

535

His

Ala

Pro

Asn

Phe

615

Gly

Lys

Ala

Phe

Ser

Glu

Leu

440

Thr

Arg

Leu

Lys

Arg

520

Met

Glu

Leu

Thr

Pro

600

Asp

Ser

Lys

Gln

Thr

Thr

Arg

425

Asp

Ile

Glu

Tyr

val

505

Glu

Asn

Arg

Lys

Ser

585

Lys

Leu

Arg

Gly

Phe

Ser

Tyxr

410

Val

Glu

Val

Asp

Glu

490

Gln

Tyxr

Pro

Arg

Glu

570

Gln

Ile

Pro

Arg

Met
650

Lys

Asp

395

Ser

Met

Val

Gln

Asp

475

Ala

Cys

Val

Asn

Asn

555

Tyr

Gly

Asn

Glu

Gln

635

Val

Met

380

Ala

Met

Glu

His

Ala

460

Lys

Asn

Ala

Ala

Lys

540

Asp

Ala

Glu

Thr

Ala

620

Glu

Ala

Trp

Lys

Leu

Trp

Thr

445

His

Ile

Trp

Glu

Ile

525

Phe

Lys

Ile

Arg

Ile

605

Asn

Ala

Glu

Page 4

Ser

Asp

Gly

Leu

430

Ile

Cys

Val

Met

Val

510

Lys

Arg

Ile

Arg

Met

590

Phe

vVal

Gln

Glu

Thr

Lys

His

415

Lys

Pro

Lys

Asp

Glu

495

Trp

Thr

Ala

Ile

Leu

575

Gln

Ile

Leu

Arg

Tyr
655

Ile

Pro

400

Thr

Thr

Ala

Leu

Leu

480

Leu

Cys

Lys

Cys

Val

560

Asn

Ile

Ser

Ile

Leu

640

Asn

PCT/US03/10302
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Ala Phe Phe

Ser Thr Lys

675

Val Ile

690

Thr

Thr
705

Lys Glu

Asp Leu Asp

Ser Ser Gln

Ala Asp Asp

755

Ser
770

Pro Lys

<210> 3

<211> 2318
<212> DNA
<213> Homo

<400> 3
atgaagctca

cagttctcect
gagatgccct
agagcatatc
gagaaggtga
aagctgcegt
gtgacaccce
tatgtgcggg
tttgatgcce
aaggcccectgg
catgccaatg
gtgtccaagg
aacgtctgca
ggcaacctgg
ctgcgggacy

acggacgccce

Tyr Ser

660

Arg Gln

Leu

Lys

Glu Gln

Leu

Arg

Ala

Gln

Val Ser

Phe Leu

680

Gly Met

695

Gln Leu

710

Ala Glu

725

Ala
740

Ser

Thr Val

His Val

sapiens

acgtggacgg
acatgcggga
caggcaccgg
cgctggaggt
ttgaagagct
ttctgggact
tgcgetttgg
cgcagtacca
atgggcgtga
ggcggcgeca
tggtggttta
aactggcccg
tcgactccat
agaccctgca
agtaccggceg

acctggccaa

Glu

Arg

Tyr

His

Glu Val

Arg Phe

Met Glu

760

Pro
775

Leu

gctectggte
gctcaaacgce
gaagacagta
gaccaaactc
tcgaaagttyg
ggctctgage
gaaggacgtc
gcatgacacc
ggtgccccte
gggctggtge
tagctaccac
caaggccgtc
gagcgtcaac
gaagacggtg
tctggtggag

cccegtgetg

Gln
665

Asp Thr

Val Asp Gln

Glu Glu Glu

Leu Gln Lys

715

Ala
730

Val Gly

Gly Thr Met

745

Tyr His Ser

Phe Lys Arg

tacttccegt
acgctggacg
tcecetgttgg
atctactgct
ctcaacttct
tccecgcaaaa
gatgggaaat
agcctgeceece
cccgcectggca
ccatacttcc
tacctcctgg
gtggtctteg
ctcacccgece
ctcaggatca

gggctgcggyg

ccecgacgaag

Gln Glu Met

670

Gly Tyr Ser

685

Asp Leu Ala

700

Val Leu Ala

Glu Phe Gly

Met
750

Ser Ser

Ser Arg Ser

765

Phe
780

Arg Lys

acgactacat
ccaagggtca
ccctgatcat
caagaactgt
atgagaagca
acttgtgtat
gccacagcect
actgccgatt
tctacaacct
ttgctcgata
accccaagat
acgaggccca
ggacccttga
aagagacaga
aggccagcgce

tgctgcagga

Page 5

Ala Tyr

Phe Lys

Phe Ser

Ala Thr

720

Ser
735

Arg

Ser Gly

Lys Ala

ctacccecgag
tggagtcctyg
ggcataccag
gccagagatt
ggagggcgag
tcaccctgag
cacagcctcecce
ctatgaggaa
ggatgacctg
ctcaatcctg
tgcagacctg
caacattgac
ccggtgcecag
cgagcagcgce
cgcecegggag

ggcagtgect

PCT/US03/10302
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ggctccatcce
aagtggcggce
ctggceccage
tcectgetge
gctaactttg
tttgacgaca
tcgectggeca
ctgtccecge
ttcaccatga
caggtggcca
gggaacctcc
agctaccagt
atccagagga
ctggagaagt
cggggcaaag
tttggcgtcce
cgggaccagt
gcccagtgtyg
gacaagcggt
ctcacagatg
ctgcggecaga
ctggagcagc
tgagtggggce
<210> 4
<211> 760
<212> PRT
<213> Homo
<400> 4
Met Lys Leu

1

Ile Tyr Pro

Asp Ala Lys

35

Thr Val
50

Ser

Leu Glu Val

gcacggccga
tgcgtgtgca
gcgtgtgcecat
atactctgga
ccacccttgt
gaaccccgac
tcaaacccgt
tggacatcta
cgctggecacg
tcagctccaa
tgctggagat
acatggagag
acaagctgct
accaggaggc
tgtcecgaggyg
cctacgtcta
tccagattcg
tgggtcggge
ttgcccgtgg
ccaacctcaa
tggcacagcece
tagaatcaga

gggtggggcee

sapiens

Asn Val Asp

5

Glu Gln Phe

20

Gly His Gly

Leu Leu Ala

Thr Lys Leu

gcatttcctg
gcatgtggtg
ccagcgcaag
gatcaccgac
cagcacctac
cattgccaac
atttgagcgt
ccccaagatc
ggtctgecte
atttgagacc
gtccgetgtg
caccgtggce
ctttattgag
ctgcgagaat
aatcgacttt
cacacagagc
tgagaatgac
catcaggggc
ggacaagcgg
cctgaccgtyg
cttccaccgg
ggagacgctg

ataaacggtt

Gly Leu

Ser Tyr

Val Leu

40

Leu Tle

55

Ile Tyr

ggcttcctga
caggagagcc
ccpctcagat
cttgctgact
gccaaaggct
ccecatectge
tteccagtctg
ctggacttcc
tgccctatga
cgggaggata
gtcectgatg
tcctggtatg
acccaggatg
ggccgeggdg
gtgcaccact
cgcattctca
tttcttacct
aagacggact
gggaagctge
gacgagggty
gaggatcagc
aagaggatag

cctggtga

Val
10

Leu Tyr

Met Arg Glu

Glu Met Pro

Met Ala Tyr

Cys Ser Arg

ggcggetgcet
cgcecegectt
tctgtgctga
tctecceceget
tcaccatcat
acttcagctg
tcatcatcac
accccgtecac
tcatcggceg
ttgctgtgat
gcatcgtgge
agcaggggat
gtgccgaaac
ccatcectget
acgggcgggc
aggcgcggcet
tcgatgeccat
acggcctcat
cccgetggat
tccaggtgge
tgggectgte

agcagattgc

Phe Pro Tyr

Leu Lys Arg

30

Ser Gly Thr

45

Gln Arg Ala

60

Thr Val Pro

Page 6

ggagtacgtg
cctgagcggce
acgcctcegg
caccctectt
catcgagccce
catggacgcc
atctgggaca
catggcaacc
tggcaatgac
ccggaactat
cttecttcacce
ccttgagaac
cagtgtcgcce
gtcagtggce
cgtcatcatg
ggaatacctg
gcgccacgceg
ggtctttgee
ccaggagcac
caagtacttc
cctgetcage

tcagcagcte

Asp
15

Tyr

Thr Leu

Gly Lys
Pro

Tyr

Glu Ile
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65

Glu

Gln

Lys

Asp

Gln

145

Phe

Leu

Phe

Tyr

Leu

225

Asn

Asp

Ile

Val

Leu

305

Gly

Leu

WO 03/089573

Lys

Glu

Asn

Val

130

Tyr

Asp

Asp

Leu

His

210

Ala

Val

Arg

Lys

Glu

290

Ala

Ser

Glu

Val

Gly

Leu

115

Asp

Gln

Ala

Asp

Ala

195

Tyr

Arg

Cys

Cys

Glu

275

Gly

Asn

Ile

Tyr

Ile

Glu

100

Cys

Gly

His

His

Leu

180

Arg

Leu

Lys

Ile

Gln

260

Thr

Leu

Pro

Arg

vVal
340

Glu

85

Lys

Ile

Lys

Asp

Gly

165

Lys

Tyr

Leu

Ala

Asp

245

Gly

Asp

Arg

Val

Thr

325

Lys

70

Glu

Leu

His

Cys

Thr

150

Arg

Ala

Ser

Asp

Val

230

Ser

Asn

Glu

Glu

Leu

310

Ala

Trp

Leu

Pro

Pro

His

135

Ser

Glu

Leu

Ile

Pro

215

Val

Met

Leu

Gln

Ala

295

Pro

Glu

Arg

Arg

Phe

Glu

120

Ser

Leu

Val

Gly

Leu

200

Lys

Val

Ser

Glu

Arg

280

Ser

Asp

His

Leu

Lys

Leu

105

Val

Leu

Pro

Pro

Arg

185

His

Tle

Phe

val

Thr

265

Leu

Ala

Glu

Phe

Arg
345

Leu

90

Gly

Thr

Thr

Leu

170

Arg

Ala

Ala

Asp

Asn

250

Leu

Arg

Ala

Val

Leu

330

Val

75

Leu

Leu

Pro

Ala

Cys

155

Pro

Gln

Asn

Asp

Glu

235

Leu

Gln

Asp

Arg

Leu

315

Gly

Gln

Asn

Ala

Leu

Ser

140

Arg

Ala

Gly

Val

Leu

220

Ala

Thr

Lys

Glu

Glu

300

Gln

Phe

His

Phe

Leu

Arg

125

Tyr

Phe

Gly

Trp

Val

205

Val

His

Arg

Thr

Tyr

285

Thr

Glu

Leu

Val

Page 7

Tyr

Ser

110

Phe

Val

Tyr

Ile

Cys

190

Val

Ser

Asn

Arg

Val

270

Arg

Asp

Ala

Arg

Val
350

Glu

Ser

Gly

Arg

Glu

Tyr

175

Pro

Tyr

Lys

Ile

Thr

255

Leu

Arg

Ala

Val

Arg

335

Gln

80

Lys
Arg
Lys
Ala
Glu
160
Asn
Tyr
Ser
Glu
Asp
240
Leu
Arg
Leu
His
Pro
320

Leu

Glu
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Ser

Arg

Thr

385

Ala

Ile

Leu

Glu

Asp

465

Phe

Arg

Asp

Ala

Met

545

Ile

Thr

Gly

Asp

Tyr
625

WO 03/089573

Pro

Lys

370

Leu

Asn

Ile

His

Arg

450

Ile

Thr

Gly

Ile

Val

530

Glu

Gln

Ser

Ala

Phe

610

Val

Pro

355

Pro

Glu

Phe

Glu

Phe

435

Phe

Tyr

Met

Asn

Ala

515

Val

Ser

Arg

Val

Ile

595

Val

Tyr

Ala

Leu

Ile

Ala

Pro

420

Ser

Gln

Pro

Thr

Asp

500

Val

Pro

Thr

Asn

Ala

580

Leu

His

Thr

Phe

Arg

Thr

Thr

405

Phe

Cys

Ser

Lys

Leu

485

Gln

Ile

Asp

Val

Lys

565

Leu

Leu

His

Gln

Leu

Phe

Asp

390

Leu

Asp

Met

Val

Ile

470

Ala

Val

Arg

Gly

Ala

550

Leu

Glu

Ser

Tyxr

Ser
630

Ser

Cys

375

Leu

Val

Asp

Asp

Ile

455

Leu

Arg

Ala

Asn

Ile

535

Ser

Leu

Lys

Val

Gly

615

Arg

Gly

360

Ala

Ala

Ser

Arg

Ala

440

Ile

Asp

Val

Ile

Tyr

520

Val

Trp

Phe

Tyr

Ala

600

Arg

Ile

Leu

Glu

Asp

Thr

Thr

425

Ser

Thr

Phe

Cys

Ser

505

Gly

Ala

Tyr

Ile

Gln

585

Arg

Ala

Leu

Ala

Arg

Phe

Tyxr

410

Pro

Leu

Ser

His

Leu

490

Ser

Asn

Phe

Glu

Glu

570

Glu

Gly

Val

Lys

Gln

Leu

Ser

395

Ala

Thr

Ala

Gly

Pro

475

Cys

Lys

Leu

Phe

Gln

555

Thr

Ala

Lys

Ile

Ala
635

Arg

Arg

380

Pro

Lys

Ile

Ile

Thr

460

Val

Pro

Phe

Leu

Thr

540

Gly

Gln

Cys

Val

Met

620

Arg

Val

365

Ser

Leu

Gly

Ala

Lys

445

Leu

Thr

Met

Glu

Leu

525

Ser

Ile

Asp

Glu

Ser

605

Phe

Leu

Page 8

Cys

Leu

Thr

Phe

Asn

430

Pro

Ser

Met

Ile

Thr

510

Glu

Tyr

Leu

Gly

Asn

590

Glu

Gly

Glu

Ile Gln

Leu His

Leu Leu
400

Thr Ile
415

Pro Ile

Val Phe

Pro Leu

Ala Thr

480

Ile Gly
495

Arg Glu

Met Ser

Gln Tyr

Glu Asn

560

Ala Glu

575

Gly Arg

Gly Ile

Val Pro

Tyr Leu
640
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Gln Ile
645

Arg Asp Gln Phe Arg Glu

Ala Ala Gln

660

Met Arg His Cys Val

Met Val Phe Ala

680

Asp Tyr Gly Leu

675

Lys Arg Leu Pro

690

Gly Lys Arg

695

Trp

Thr Val

710

Asn Leu Asn Leu Glu

705

Asp

Gln Ala

725

Leu Arg Met Gln Pro Phe

Ser Leu Glu Gln Leu

740

Ser Leu Leu

Ile Glu Gln Ala Gln Gln

755

Ile Leu

760

<210> 5

<211> 9731

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 5
caggtggcac ttttcgggga aatgtgcgeg

attcaaatat gtatccgctc atgagacaat

aaaggaagag tatgagtatt caacatttcc

tttgeccttee tgtttttgect cacccagaaa

agttgggtgc acgagtgggt tacatcgaac

gttttcgcee cgaagaacgt tttccaatga

cggtattatc ccgtattgac gccgggcaag

agaatgactt ggttgagtac tcaccagtca

taagagaatt atgcagtgct gccataacca

tgacaacgat cggaggaccg aaggagctaa

taactcgcct tgatcgttgg gaaccggagce

acaccacgat gcctgtagca atggcaacaa

ttactctagc ttcccggcaa caattaatag

cacttctgeg ctcggeccett cecggetgget

tcgeggtate attgcagcac

agcgtgggtc

;

Asn

Gly

665

Asp

Ile

Gly

His

Glu
745

Asp Phe

650

Arg Ala

Lys Arg

Gln Glu

Val Gln

715

Arg Glu

730

Ser Glu

Synthesized retroviral vectors

gaacccctat
aaccctgata
gtgtcgeect
cgctggtgaa
tggatctcaa
tgagcacttt
agcaactcgg
cagaaaagca
tgagtgataa
ccgetttttt
tgaatgaagc
cgttgcgcaa
actggatgga

ggtttattgce

tggggccaga

Leu Thr

Ile Arg

Phe Ala

685

His Leu

700

Val Ala

Asp Gln

Glu Thr

ttgtttattt
aatgcttcaa
tattccecttt
agtaaaagat
cagcggtaag
taaagttctg
tegeegeata
tcttacggat
cactgecggee
gcacaacatg
cataccaaac
actattaact
ggcggataaa
tgataaatct

tggtaagccc
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Phe

Gly

670

Arg

Thr

Lys

Leu

Leu
750

Asp Ala

655

Lys Thr

Gly Asp
Ala

Asp

Phe
720

Tyr

Gly Leu

735

Lys Arg

ttctaaatac
taatattgaa
tttgcggecat
gctgaagatc
atccttgaga
ctatgtggceg
cactattctc
ggcatgacag
aacttacttc
ggggatcatg
gacgagcgtg
ggcgaactac
gttgcaggac
ggagccggtg

tccegtateg

PCT/US03/10302

60
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180
240
300
360
420
480
540
600
660
720
780
840

900



WO 03/089573

tagttatcta
agataggtgc
tttagattga
ataatctcat
tagaaaagat
aaacaaaaaa
tttttccgaa
agccgtagtt
taatcctgtt
caagacgata
agcccagcett
aaagcgccac
gaacaggaga
tcgggttteg
gcctatggaa
ttgctcacat
ttgagtgagc
aggaagcgga
aatgcagctg
atgtgagtta
tgttgtgtgg
acgccaagcg
gtagtcttat
cttacaagga
tgccttatta
gcattgcaga
tagaccagat
aataaagctt
actagagatc
cagggacctg
agcgcgcacg
cggaggctag
atcgcgatgg
tatagtatgg

atcagaaggc

cacgacgggyg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct
accaccgcta
ggtaactggc
aggccaccac
accagtggcet
gttaccggat
ggagcgaacyg
gcttcccgaa
gcgecacgagyg
ccacctctga
aaacgccagc
gttctttect
tgataccgcet
agagcgccca
gcacgacagg
gctcactcat
aattgtgagce
cgcaattaac
gcaatactct
gagaaaaagc
ggaaggcaac
gatattgtat
ctgagcctgg
gccttgagtyg
cctecagaccce
aaagcgaaag
gcaagaggcyg
aaggagagag
gaaaaaattc
gcaagcaggg

tgtagacaaa

agtcaggcaa
aagcattggt
catttttaat
ccttaacgtg
tcttgagatc
ccagcggtygg
ttcagcagag
ttcaagaact
gctgccagtg
aaggcgcagc
acctacaccg
gggagaaagg
gagcttccag
cttgagcgte
aacgcggcect
gcgttatcce
cgccgcagec
atacgcaaac
tttccegact
taggcacccc
ggataacaat
cctcactaaa
tgtagtcttg
accgtgcatg
agacgggtct
ttaagtgcct
gagctctctg
cttcaagtag
ttttagtcag
ggaaaccaga
aggggceggeg
atgggtgcga
ggttaaggcce
agctagaacg

tactgggaca

ctatggatga
aactgtcaga
ttaaaaggat
agttttcgtt
ctttttttet
tttgtttgee
cgcagatacc
ctgtagcacc
gcgataagtc
ggtcgggetg
aactgagata
cggacaggta
ggggaaacgc
gatttttgtg
ttttacggtt
ctgattctgt
gaacgaccga
cgcetetece
ggaaagcggyg
aggctttaca
ttcacacagg
gggaacaaaa
caacatggta
ccgattggtyg
gacatggatt
agctcgatac
gctaactagg
tgtgtgcecg
tgtggaaaat
gctctctega
actggtgagt
gagcgtcagt
agggggaaag
aftcgcagtt

gctacaacca

acgaaataga
ccaagtttac
ctaggtgaag
ccactéagcg
gcgcgtaatc
ggatcaagag
aaatactgtc
gcctacatac
gtgtcttacc
aacggggggt
cctacagegt
tccggtaage
ctggtatctt
atgctcgtca
cctggececttt
ggataaccgt
gcgcagcecgag
cgegegttgg
cagtgagcge
ctttatgctt
aaacagctat
gctggagcetg
acgatgagtt
gaagtaaggt
ggacgaacca
aataaacggg
gaacccactg
tctgttgtgt
ctctagcagt
cgcaggactc
acgccaaaaa
attaagcggg
aaaaaatata
aatcctggece

tceccttcaga
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cagatcgctg
tcatatatac
atcctttttg
tcagaccccg
tgctgcttge
ctaccaactc
cttctagtgt
ctcgctctge
gggttggact
tcgtgcacac
gagctatgag
ggcagggtcg
tatagtcctg
ggggggcgga
tgctggectt
attaccgccet
tcagtgagcg
ccgattcatt
aacgcaatta
ccggctegta
gaccatgatt
caagcttaat
agcaacatgce
ggtacgatcg
ctgaattgcce
tctetctggt
cttaagcctce
gactctggta
ggcgceccgaa
ggcttgctga
ttttgactag
ggagaattag
aattaaaaca
tgttagaaac

caggatcaga
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960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

3000
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agaacttaga
gataaaagac
caccgcacag
ctagagtcgg
acggttcact
ttgcgtcaat
aaacaaactc
ctatccacgc
tacgtagatg
ggcgggccat
atgtactgcc
ccctattgge
gggcggtcag
tcgaggagga
aattgaacca
aagagcagtg
gggcgcagece
gcagcagaac
ctggggcatc
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
agaatagtag
aaaattcaaa
gtattaccge
ccatatatgg
aacgacccce
actttccatt
caagtgtatc

tggcattatg

tcattatata
accaaggaag
caagcggcecg
tgtcttctat
aaacgagctce
ggggcggagt
ccattgacgt
ccattgatgt
tactgccaag
ttaccgtcat
aagtgggcag
gttactatgg
ccaggcgggce
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgce
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggttaacttt
acataatagc
attttatcge
catgcattag
agttccgegt
gcccattgac
gacgtcaatg
atatgccaag

cccagtacat

atacagtagc
ctttagacaa
ctgatcttca
ggaggtcaaa
tgcttatata
tgttacgaca
caatggggtyg
actgccaaaa
taggaaagtc
tgacgtcaat
tttaccgtaa
gaacatacgt
catttaccgt
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcet
tcagacccac
tggagagaga
taaaagaaaa
aacagacata
atgttctttc
ttattaatag
tacataactt
gtcaataatyg
ggtggagtat
tacgecccect

gaccttatgg

aaccctctat
gatagaggaa
gacctggagc
acagcgtgga
gacctcccac
ttttggaaag
gagacttgga
ccgcatcacc
ccataaggtc
agggggcgta
atactccacc
cattattgac
aagttatgta
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa
ggcgcaacag
cctggectgtg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctcccaacce
gacagagaca
ggggggatty
caaactaaag
ctgcgttatce
taatcaatta
acggtaaatg
acgtatgttc
ttacggtaaa
attgacgtca

gactttccta

tgtgtgcatc
gagcaaaaca
gctcgaggeg
tggcgtctce
cgtacacgcece
tcecgttgat
aatccccecgtg
atggtaatag
atgtactggg
cttggcatat
cattgacgtc
gtcaatgggc
acgcggaact
tataaatata
agagtggtge
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacc
gatccattcg
gggggtacag
aattacaaaa
ccctgattet
cggggtcatt
gcecegectgg
ccatagtaac
ctgcccactt
atgacggtaa

cttggcagta
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aaaggataga
aaagtaagac
acttacctct
aggcgatctg
taccgcceccat
tttggtgeca
agtcaaaccg
cgatgactaa
cataatgcca
gatacacttg
aatggaaagt
gggggtcgtt
cccaagctta
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgcettg
ctggatggag
agaatcgcaa
aagtttgtgg

gatagtagga

‘agttaggcag

cgacaggccce
attagtgaac
tgcaggggaa
acaaattaca
gtggataacc
agttcatagc
ctgaccgccce
gccaataggg
ggcagtacat
atggcccgee

catctacgta

PCT/US03/10302
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
35900

3960

- 4020

4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100

5160
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ttagtcatcg
cggtttgact
tggcaccaaa
atgggeggta
cagatccgcet
cggtaccgeg
ccgagttcat
tcgagggega
ccaagggcgyg
ccaaggtgta
agggcttcaa
aggactcctc
tccectecga
gcctgtaccce
acggcggcca
tgcceggeta
ccatcgtgga
tcgacaatca
ttgctecttt
ccecgtatgge
agttgtggcce
ccactggttg
tcecctattge
ggctgttggg
tgctegectg
ccctcaatece
gtcttegecet
ttccgecgact
aaaacctccc
acttgtttat
ataaagcatt
aaccaggcgg
gcggaagagyg
ccgaagggac

gccatggaaa

ctattaccat
cacggggatt
atcaacggga
ggcgtgtacg
agcgctaccg
ggccegggat
gcgcttcaag
gggcgaggge
cccectgecece
cgtgaagcac
gtgggagcge
cctgcaggac
cggceccegtyg
ccgcgacggce
ctacctggtg
ctactacgtg
gcagtacgag
acctctggat
tacgctatgt
tttcattttc
cgttgtcagg
gggcattgece
cacggcggaa
cactgacaat
tgttgccacc
agcggacctt
tcgcecteag
ctagatcata
acacctcccce
tgcagcttat
tttttcactg
ggaggcggcce
ccgcagagcec
gtagcagaag

ggacgtcagc

ggtgatgcgg
tccaagtctc
ctttccaaaa
gtgggaggtc
gactcagatc
ccaccggteg
gtgcgcatgg
cgccectacg
ttegeectggg
ccegecgaca
gtgatgaact
ggctgcttca
atgcagaaga
gtgctgaagg
gagttcaagt
gacgccaagc
cgcaccgagg
tacaaaattt
ggatacgctg
tcectecttgt
caacgtggcg
accacctgtce
ctcatcgeceg
tcecgtggtgt
tggattctge
ccttcecegeg
acgagtcgga
atcagccata
ctgaacctga
aatggttaca
cattctagtt
caaagggaga
ggcagcaggc
gacgtcccege

ttcceecgaca

ttttggcagt
caccccattg
tgtcgtaaca
tatataagca
tcgagctcaa
ccaccatgge
agggcaccgt
agggccacaa
acatcctgtc
tcececcgacta
tcgaggacgg
tctacaaggt
agaccatggg
gcgagaccca
ccatctacat
tggacatcac
gcecgecacca
gtgaaagatt
ctttaatgce
ataaatcctg
tggtgtgcecac
agctcectttce
cctgccttge
tgtcggggaa
gcgggacgte
gcectgcectgece
tcteeectttg
ccacatttgt
aacataaaat
aataaagcaa
gtggtttgte
tcegactegt
cgcgggaagyg
gcagaatcca

acaccacgga

acatcaatgg
acgtcaatgg
actccgececcce
gagctggttt
gcttcgaatt
ctcctecgag
gaacggccac
caccgtgaag
ccceccagtte
caagaagctg
cggcgtggeyg
gaagttcatc
ctgggaggcce
caaggccctg
ggccaagaag
ctcccacaac
cctgttectg
gactggtatt
tttgtatcat
gttgctgtct
tgtgtttgct
cgggactttc
ccgetgetgg
gctgacgtcee
cttctgctac
ggctctgegyg
ggccgectece
agaggtttta
gaatgcaatt
tagcatcaca
caaactcatc
ctgagggcga
aaggtccget
ggtggcaaca

attgtcagtg
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gcgtggatag
gagtttgttt
attgacgcaa
agtgaaccgt
ctgcagtcga
aacgtcatca
gagttcgaga
ctgaaggtga
cagtacggct
tccttceececeg
accgtgaccc
ggcgtgaact
tccaccgage
aagctgaagg
cccgtgecage
gaggactaca
tagecggggee
cttaactatg
gctattgcett
ctttatgagyg
gacgcaaccce
gctttceece
acaggggctc
tttccatgge
gtcececttegg
cctettecge
ccgcctggaa
cttgctttaa
gttgttgtta
aatttcacaa
aatgtatctt
aggcgaagac
ggattgaggg
caggcgagca

cccaacagcc
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5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200

7260
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gagcccectgt
gggggaaagc
gggttgcgte
cctcataaag
aagcaatagc
catagttaag
cgcggecgcet
actccagcag
tgctcaggta
ggtagtggtc
ccttgatgcce
actccagctt
tgcggttcac
cgtccttgaa
agtcgtgctg
tggtcacgag
tcagcttgece
ttacgtcgec
tgctcaccat
ggtaccttta
aaagggggga
tactgggtct
cccactgett
gttgtgtgac
tagcagtagt
atcagagagt
catcacaaat
actcatcaat
tcecgececatt
gcecteggect
tgcgtcgaga
tcgttttaca
cacatccecece
aacagttgcg
cggcgggtgt

ctecectttege

ccagcagcgyg
gaaagtcccg
agcaaacaca
agacagcaac
atgatacaaa
aataccagtc
ttacttgtac
gaccatgtga
gtggttgtcg
ggcgagctgce
gttcttetge
gtgccececagg
cagggtgtcg
gaagatggtg
cttcatgtgg
ggtgggccag
gtaggtggca
gtccagcteg
ggtggcgacc
agaccaatga
ctggaagggc
ctctggttag
aagcctcaat
tctggtaact
agttcatgte
gagaggaact
ttcacaaata
gtatcttatc
ctccgecccea
ctgagctatt
cgtacccaat
acgtcgtgac
tttcgececage
cagcctgaat
ggtggttacg

tttctteect

gcaaggcagyg
gaaaggagct
gtgcacacca
caggatttat
ggcattaaag
aatctttcac
agctcgtcca
tcgcegettet
ggcagcagca
acgctgcecgt
ttgtcggeca
atgttgcegt
ccctcgaact
cgctcectgga
tecggggtage
ggcacgggcea
tcgcecectege
accaggatgg
ggtggatcct
cttacaaggc
taattcactc
accagatctg
aaagcttgcce
agagatccct
atcttattat
tgtttattge
aagcattttt
atgtctgget
tggctgacta
ccagaagtag
tcgecectata
tgggaaaacc
tggcgtaata
ggcgaatggc
cgcagcgtga

tecectttcteg

cggcgatgag
gacaggtggt
cgccacgttg
acaaggagga
cagcgtatcc
aaattttgta
tgccgagagt
cgttgggatce
cggggccgte
cctcgatgtt
tgatatagac
ccteccttgaa
tcacctcgge
cgtagcctte
ggctgaagca
gcttgececggt
cctegeegga
gcaccacccc
gaagaaaagqg
agctgtagat
ccaacgaaga
agcctgggag
ttgagtgctt
cagacccttt
tcagtattta
agcttataat
ttcactgcat
ctagctatcc
atttttttta
tgaggaggct
gtgagtcgta
ctggcgttac
gcgaagagge
gcgacgcgcec
ccgctacact

ccacgttege

ttccgeegtg
ggcaatgccce
cctgacaacg
gaaaatgaaa
acatagcgta
atccagaggt
gatccecggeg
tttgctcagg
gccgatgggg
gtggcggatce
gttgtggctg
gtcgatgcce
gcgggtettg
gggcatggeg
ctgcacgceeg
ggtgcagatg
cacgctgaac
ggtgaacagc
gagaattcga
cttagccact
caagatctgce
ctctectgget
caagtagtgt
tagtcagtgt
taacttgcaa
ggttacaaat
tctagttgtyg
cgcccctaac
tttatgcaga
tttttggagg
ttacgcgege
ccaacttaat
ccgcaccgat
ctgtagcggce
tgccagcgcece

cggctttcece
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gcaataggga
caaccagtgg
ggccacaact
gccatacggg
aaaggagcaa
tgattgtcga
gcggtcacga
gcggactggg
gtgttctget
ttgaagttca
ttgtagttgt
ttcagctcga
tagttgecegt
gacttgaaga
taggtcaggg
aacttcaggg
ttgtggecegt
tcctegeecet
attcgagcetce
ttttaaaaga
tttttgettg
aactagggaa
gtgccegtet
ggaaaatctce
agaaatgaat
aaagcaatag
gtttgtccaa
tcecgeccagt
ggccgaggcece
cctaggettt
tcactggceg
cgecttgecag
cgcccttecec
gcattaagcg
ctagcgceceg

cgtcaagctc
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taaatcgggg gctcecttta gggttccgat ttagtgecttt

aacttgatta
ctttgacgtt
tcaaccctat
ggttaaaaaa
ttacaatttc
<210> 6

<211> 9782
<212> DNA
<213>

<220>
<223>

<400> 6
ccggtcgeca

cgcatggagg
ccctacgagg
gcctgggaca
gccgacatcc
atgaacttcg
tgcttcatct
cagaagaaga
ctgaagggcg
ttcaagtcca
gccaagctgg
accgagggcce
accacatttg
aaacataaaa
aaataaagca
tggatccttt
caataaacaa
gtgggaggtt
ggggaggcgg
ggccgcagag
acgtagcaga
aaggacgtca
gtccagcage

gcgaaagtcce

gggtgatggt

tcacgtagtg

ggccatcgec

ggagtccacg ttctttaata gtggactctt

ctcggtctat
tgagctgatt

Cc

ccatggcctce
gcaccgtgaa
gccacaacac
tcctgteccce
ccgactacaa
aggacggcgyg
acaaggtgaa
ccatgggctyg
agacccacaa
tctacatgge
acatcacctc
gccaccacct
tagaggtttt
tgaatgcaat
atagcatcac
atttgtgaaa
gttaacaaca
ttttaaagca
cccaaaggga
ccggcagcag
aggacgteccc
gctteececega
gggcaaggca

cggaaaggag

tcttttgatt

taacaaaaat

Artificial Sequence

ctccgagaac
cggccacgag
cgtgaagctg
ccagttccag
gaagctgtcc
cgtggcgacc
gttcatcggce
ggaggcctcc
ggccctgaag
caagaagccc
ccacaacgag
gttcctgtag
acttgcttta
tgttgttgtt
aaatttcaca
tttgtgatgce
acaattgcat
agtaaaacct
gatccgactc
gccgegggaa
gcgcagaatc
caacaccacg
ggcggcegatg

ctgacaggtg

tataagggat

ttaacgcgaa

Synthesized retroviral vectors

gtcatcaccg
ttcgagatcg
aaggtgacca
tacggctcca
ttccecgagg
gtgacccagg
gtgaacttcc
accgagcgcec
ctgaaggacg
gtgcagctge
gactacacca
cggccgegac
aaaaacctcc
aacttgttta
aataaagcat
tattgcttta
tcattttatg
ctacaaatgt
gtctgaggge
ggaaggtccg
caggtggcaa
gaattgtcag
agttccgeceg

gtggcaatgce

acggcacctc
ctgatagacg
gttccaaact
tttgccgatt

ttttaacaaa

agttcatgceg
agggcgaggyg
agggcggecc
aggtgtacgt
gcttcaagtg
actcctcect
cctccgacgg
tgtacccecg
gcggccacta
ccggctacta
tcgtggagcea
tctagatcat
cacacctcce
ttgcagctta
ttttttcact
tttgtaacca
tttcaggtte
ggtatggcetg
gaaggcgaag
ctggattgag
cacaggcgag
tgcccaacag
tggcaatagg

cccaaccagt
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gaccccaaaa
gtttttcgee
ggaacaacac
tcggectatt

atattaacgt

cttcaaggtyg
cgagggccge
cctgeectte
gaagcaccce
ggagcgegtg
gcaggacggce
ccecegtgatg
cgacggcgtyg
cctggtggag
ctacgtggac
gtacgagcgce
aatcagccat
cctgaacctg
taatggttac
gcattctagt
ttataagctg
agggggaggt
aattccaggc
acgcggaaga
ggccgaaggyg
cagccatgga
ccgagccect
gagggggaaa

gggggttgcg
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tcagcaaaca
agagacagca
gcatgataca
agaataccag
ctttacttgt
aggaccatgt
tagtggttgt
tcggecgaget
ccgttettet
ttgtgcccca
accagggtgt
aagaagatgg
tgcttcatgt
agggtgggcce
ccgtaggtgg
ccgtecaget
atctgaagaa
gccacttttt
atatccttga
caccagggcc
ttgagcaaga
tgagcctgeca
gcctageatt
atcgagcttg
ggactgggga
gggtctctct
ctgcttaagce
tgtgactctg
agtagtagtt
gagagtgaga
cacaggcaaa
atacctggct
tttatagttt
caaatatcat
aaagatgttg

tctgacacaa

cagtgcacac
accaggattt
aaggcattaa
tcaatcttte
acagctcgtce
gatcgcgett
cgggcagcag
gcacgctgee
gcttgtcgge
ggatgttgce
cgccctegaa
tgecgcetectg
ggtcggggta

agggcacggyg

catcgcceccetce
cgaccaggat
aagggaggta
aaaagaaaag
tctgtggatce
agggatcaga
gaaggtagaa
tgggatggat
tcatcacatg
ctacaaggga
gtggcgagcecce
ggttagacca
ctcaataaag
gtaactagag
catgtcatct
ggccttgaca
gctgcagaag
aatcccagat
aaagtataaa
aagagatgat
aagtaatttt

attccattta

cacgccacgt
atacaaggag
agcagcgtat
acaaattttg
catgccgaga
ctcgttgggyg
cacggggccyg
gtcctegatg
catgatatag
gtcctecttyg
cttcacctcg
gacgtagcct
gcggctgaag
cagcttgecg
gccctegeeg
gggcaccacc
cctttaagac
gggggactgg
taccacacac
tatccactga
gaagccaatg
gacccggaga
gcccgagagce
ctttecegetg
ctcagatgcet
gatctgagcece
cttgcecettga
atccctcaga
tattattcag
ttataataga
tacttggaag
cctaaggatt
cttatctaat
tactattatc
cccacaatta

ctcctecaccce

tgcctgacaa
gagaaaatga
ccacatagcg
taatccagag
gtgatccecgg
tctttgctca
tcgeecgatgg
ttgtggcgga
acgttgtgge
aagtcgatgc
gcgcgggtet
tcgggcatgyg
cactgcacgc
gtggtgcaga
gacacgctga
ccggtgaaca
caatgactta
aagggctaat
aaggctactt
cctttggatg
aaggagagaa
gagaagtatt
tgcatccgga
gggactttce
gcatataagce
tgggagctct
gtgcttcaag
cccttttagt
tatttataac
tttagcagga
aagccaccag
acattaagtt
ttactattct
cccatttaac
cagcatccgt

tatgactcag

cgggccacaa
aagccatacg
taaaaggagc
gttgattgtc
cggceggtcac
gggcggactg
gggtgttctyg
tcttgaagtt
tgttgtagtt
ccttcagcectc
tgtagttgece
cggacttgaa
cgtaggtcag
tgaacttcag
acttgtggece
gctcctegece
caaggcagct
tcactcccaa
ccctgattgg
gtgctacaag
cacccgcettg
agagtggagg
gtacttcaag
agggaggcgt
agctgectttt
ctggctaact
tagtgtgtgce
cagtgtggaa
ttgcaaagaa
attgaactag
agatactcac
tactaacatt
gacagatatt
acaagaggaa
tagttacgac

tcgaatatat
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ctcctcataa
ggaagcaata
aacatagtta
gacgcggecg
gaactccagce
ggtgctcagg
ctggtagtgg
caccttgatg
gtactccagce
gatgcggttc
gtcgtecttg
gaagtcgtgce
ggtggtcacy
ggtcagcttg
gtttacgtcg
cttgctcacc
gtagatctta
cgaagacaag
cagaactaca
ctagtaccag
ttacaccctg
tttgacagce
aactgctgac
ggcctgggey
tgcttgtact
agggaaccca
cegtetgttg
aatctctage
atgaatatca
gagtggagca
gattctgcac
tatataatga
aattaatcct
actgagaggg
tctatgatct

caaagttatg

PCT/US03/10302
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540

3600



WO 03/089573

gacattatgc
agaaattgtt
agttgtcatt
caagggataa
taattgttgg
gtaatttact
tattatcaca
taagttgact
tattgaaagt
gatcgaagtt
ctattatata
ggttaaaatt
ggtaattttt
tttccagttt
aatccaacca
aaaaaaatac
attaggtatt
tatgtgtatg
caagcctaat
tgccgtcaga
ccceggaaat
gacgcatcgt
acatcaccga
tgggtatggt
cattccttge
aggagtcgea
cgcatagtta
tctgetceceeg
gaggttttca
tttataggtt
aaatgtgcgce
catgagacaa
tcaacatttc
tcacccagaa

ttacatcgaa

taagtaacaa
tggcaaacct
aaccagtttt
atttttctgg
aacttgataa
tttaaaaagg
atttgtcaaa
gcagattttg
aacatgtaaa
ctttatcttg
gtctcacacc
tattcttctce
attaaaatct
gatattatca
actgtggatc
aaatcagaaa
ataagtaatc
atacataagg
tgtgtagcat
gtcggtttgg
ggtcagcgaa
ggccggecatce
tggggaagat
ggcaggccece
ggcggcggty
taagggagag
agccagccce
gcatccgett
ccgtcatcac
aatgtcatga
ggaaccccta
taaccctgat
cgtgtecgece
acgctggtga

ctggatctca

attacccttt
gaatagcttc
aacaagtaac
caacaagact
aactaattaa
gaacatagaa
acaagtttgt
tgttttgtta
tagttctaca
gaagaatttg
tttgttttac
tgagatcatt
aatttaatct
tataaagtca
aaaaatattg
aacagcacag
tagaattaat
ttatgtatta
ctggcttact
ttggacgaac
ccaatcagca
accggcgeea
cgggctcgee
gtggccgggy
ctcaacggcc
cgtcgatatg
gacacccgcec
acagacaagc
cgaaacgcgc
taataatggt
tttgtttatt
aaatgcttca
ttattccectt
aagtaaaaga

acagcggtaa

tatatagtaa
cagaagaaga
ttggttagaa
atacaatata
atattattga
atgtgtatca
tattaacaca
aaattagaaa
tacgttettt
ttccaaagac
ttttagtgat
tcacattgca
cagaaacaca
gccttectea
ggaaaaaatt
tataacaact
tcegtgtatt
attgtagccg
gaagcagacc
cttctgagtt
gggtcatcge
caggtgcggt
acttcgggcet
gactgttggg
tcaacctact
gtgcactctc
aacacccgct
tgtgaccgtc
gagacgaaag
ttcttagacg
tttctaaata
ataatattga
ttt£gcggca
togctgaagat

gatccttgag

atactgagta
gaagtgagga
agggattcaa
accttaaata
agattatcaa
ttagagtaga
agtagaatac
gagataacaa
tgacatcttg
tctgaaataa
ttcaatttaa
gatagaaaac
tctttattcet
tctgcaggtt
aaaaatagca
ttatttagca
ctatagtgtc
cgttctaacyg
ctatcatctc
tctggtaacg
tagccagatc
tgctggcgece
catgagcgcet
cgccatctcece
actgggctge
agtacaatct
gacgcgccet
tcecgggagcet
ggcctegtga
tcaggtggca
cattcaaata
aaaaggaaga
ttttgectte
cagttgggtg

agttttcgece
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gattgagaga
taagaataac
atgcataaag
tgacttcaaa
tattataaat
aaacaatcct
tgcattcaat
caatttgaat
ttcaatcatt
ggaaaacaat
taatgtaaat
ctgagactgg
aacatcaatt
ccacaacaaa
atacaacaat
tttacaatct
acctaaatcg
acaatatgta
tctcgtaaac
ccgttccgea
ctctacgecg
tatatcgeceg
tgtttcggeg
ttgcatgcac
ttcctaatgce
gctctgatge
gacgggcttg
gcatgtgtca
tacgcctatt
cttttcgggg
tgtatccget
gtatgagtat
ctgtttttge
cacgagtggg

ccgaagaacg
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ttttccaatg
cgccgggcaa
ctcaccagtc
tgccataacc
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata
tcecggetgge
cattgcagca
gagtcaggca
taagcattgg
tcatttttaa
cccttaacgt
ttcttgagat
accagcggtyg
cttcagcaga
cttcaagaac
tgctgccagt
taaggcgecag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcce
tgcgttatcce
tcgecgecage
aatacgcaaa
tgtcagttag
catctcaatt
atgcaaagca
ccgecccctaa
atttatgcag
ttttttggag
tttgagaata

atgtgaaata

atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgecttttt
ctgaatgaag
acgttgcgca
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttcgt
ccttttttte
gtttgtttge
gcgcagatac
tctgtagcac
ggcgataagt
cggtcggget
gaactgagat
gcggacaggt
gggggaaacyg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
ccgectetece
ggtgtggaaa
agtcagcaac
tgcatctcaa
ctececgeecag
aggccgaggce
gcctaggett
ccactttatc

ctggttttta

ttaaagttct
gtcgcegeat
atcttacgga
acactgeggce
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tccactgagce
tgcgcgtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggyg
acctacagcg
atccggtaag
cctggtatct
gatgctcgte
tcctggectt
tggataaccg
agcgcagcga
ccgegegttg
gtccecaggce
caggtgtgga
ttagtcagca
ttccgeccat
cgccteggee
ttgcaaaaag
ccgcgtecagg

gtgcgeccaga

gctatgtggce
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta
agttgcagga
tggagceggt
ctccegtatce
acagatcgct
ctcatatata
gatccttttt
gtcagacccce
ctgctgettg
gctaccaact
ccttctagtg
cctcgetcetg
cgggttggac
ttcgtgcaca
tgagctatga
cggcagggtc
ttatagtcct
aggggggcgyg
ttgetggect
tattaccgcece
gtcagtgagc
gccgattcat
tccccageag
aagtccccag
accatagtcc
tctecgecce
tctgagctat
cttggacaca
gagaggcagt

tctctataat

gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgcee
gacaccacga
cttactctag
ccacttctge
gagcgtgggt
gtagttatct
gagataggtg
ctttagattg
gataatctca
gtagaaaaga
caaacaaaaa
ctttttececga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccagcet
gaaagcgcca
ggaacaggag
gtcgggtttce
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg
taatgcagct
gcagaagtat
gctcececcage
cgccectaac
atggctgact
tccagaagta
agacaggctt
gcgtaaaaag

ctcgcgcaac
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cccgtattga
tggttgagta
tatgcagtge
tcggaggacce
ttgatcgttyg
tgcctgtage
cttcceggea
gctcggecect
ctcgcggtat
acacgacggyg
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccgcet
aggtaactgg
taggccacca
taccagtggce
agttaccgga
tggagcgaac
cgcttceega
agcgcacgag
gccacctctyg
aaaacgccag
tgttctttcc
ctgataccgc
aagagcgccc
gtggaatgtg
gcaaagcatg
aggcagaagt
tcecgececate
aatttttttt
gtgaggaggc
gcgagatatg
acgcggacte

ctattttcce
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ctcgaacact
catcgtcacc
ttctgaacaa
ctggcgegtg
gacaaccagc
gttattgatg
aaagcgcact
gttgttgata
gtcccgccaa
tttaacttca
acaggcaaac
gctagtccge
aaccatcccet
cccacgcgaa
cgatgattta
cccggatett
cagagattta
tgattctaat
ggtggaatgc
atgaggctac
accccaagga
gaactcttgc
aaattatgga
tactgttttt
aattgtgtac
gtgccttgac
aaaaacctcc
aacttgttta
aataaagcat
tatcatgtct
ccatacccta

tctgaattat

gt

ttttaagccyg
tgggacatgt
tggaaaggca
aactgggtat
gcgagcttaa
acctggtgga
ttgtcaccat
tcecegecaaga
tctcecggteg
ggcgggttac
ctgagcgaaa
cgctttaatc
cactggtatc
atcctcgacg
tacgatacgg
tgtgaaggaa
aagctctaag
tgtttgtgta
ctttaatgag
tgctgactct
ctttccttea
ttgetttget

aaaatattct

tcttactcca

ctttagcttt
tagagatcat
cacacctccc
ttgcagctta
ttttttcact
ggatcaactg
ttaccactge

tttcatttta

tagataaaca
tgcagatcca
ttattgccgt
tcgtcatgtce
agtgctgaaa
taccggtggt
cttcgcaaaa
tacctggatt
ctaatctttt
aatagtttcc
ccctgttcaa
acggcgcaca
gcatgattaa
tccaggcacg
tgattggcta
ccttacttet
gtaaatataa
ttttagatte
gaaaacctgt
caacattcta
gaattgctaa
atttacacca
gtaaccttta
cacaggcata
ttaatttgta
aatcagccat

cctgaacctg

‘taatggttac

gcattctagt
gataactcaa
caattacctg

aagaaattgt

ggctgggaca
tgcacgtaaa
aagccgtgge
gataccgttt
cgcgcagaag
actgcggttg
ccggetggte
gaacagccgt
caacgcctgg
agtaagtatt
accccgcttt
accgcctgtyg
ccgtctgatg
tattgtgatg
ccgtggegge
gtggtgtgac
aatttttaag
caacctatgg
tttgctcaga
ctcctccaaa
gttttttgag
caaaggaaaa
taagtaggca
gagtgtctgce
aaggggttaa
accacatttg
aaacataaaa
aaataaagca
tgtggtttgt
gctaaccaaa
tggtttcatt

atttgttaaa

cttcacatga
ctcgcaagee
ggtctgtacc
gtatttccag
gcgatggcga
cgattcgtga
gtcecgetggt
gggatatggyg
cactgccggg
ctggaggctyg
agacatcctg
cagtcggcce
tggatctgge
agcgatgecg
aactggattt
ataattggac
tgtataatgt
aactgatgaa
agaaatgcca
aaagaagaga
tcatgctgtyg
agctgcactg
taacagttat
tattaataac
taaggaatat
tagaggtttt
tgaatgcaat
atagcatcac
ccaaactcat
atcatcccaa
tactctaaac

tatgtactac
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gcgaaaaata
gactgatgcce
gggtgegtta
ctacgatcac
aggcttcatc
aatgtatcca
tgatgactat
cgtcgtattce
cgttgttett
catccatgac
aaacctcgac
ttgatggtaa
gcggcattga
aacgtaccga
atgagtgggce
aaactaccta
gttaaactac
tgggagcagt
tctagtgatg
aaggtagaag
tttagtaata
ctatacaaga
aatcataaca
tatgctcaaa
ttgatgtata
acttgcttta
tgttgttgtt
aaatttcaca
caatgtatct
acttcccacc
ctgtgattcc

aaacttagta

PCT/US03/10302

7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780

9782



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

