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(57) ABSTRACT

The invention relates to engineered Herpes simplex virus
(HSV) particles that are targeted to one or more specific
binding pair members, such as receptors. Also, recombinant
vectors for producing such HSV particles are provided. By
reducing the affinity of HSV for its natural receptor(s) and
increasing the affinity for a selected receptor, the HSV par-
ticles of the invention are useful for targeting cells that
express the selected receptor, which itself may be a product of
genetic engineering. The ability to selectively target cells
renders the HSV particles particularly useful in selectively
diagnosing, treating, and imaging cells bearing the selected
binding pair member, such as a receptor. The invention also
provides for polynucleotide-based therapy to cells bearing
the selected binding pair member such as a receptor.

23 Claims, 7 Drawing Sheets



U.S. Patent Jun. 23, 2009 Sheet 1 of 7 US 7,550,148 B2

3 M1 L13gC A

4 | | gB(904 aa) B
-~
Krs\Pn * Pg;DgsCes

W R5108
5 gB-A(poly K) 1L13-gC
7

[oew] g C

6 U )

‘I [l e | R5110

] ]
gB-Afpoly K)  IL13-gC

9 IL13 D

N[

Xho I-Bgi II-EcoR I-Kpn
g ~2Kb (flank) 2Kb (flank)
l*

poly(K) L13

[IMcﬂ R5111
gbh

FIGURE 1



U.S. Patent Jun. 23, 2009 Sheet 2 of 7 US 7,550,148 B2

A. The amino terminal sequence of IL13-gC

qcttggtcgggaggccgcatcgaacgcacacccccatccggtggtccqtatngaqqthtttttceqtqcc
cggtctcgctttqCCQGQGGCsssassctcATGGCGCTTTTCT?GACCACGGTcniﬂccvtﬂcAcvqccc;
gt upstreame—— —! | IL~13*
PGCCCCCTTIGCCTCCCCAGGCCCTE TG TCCCTCTACAGCCCTTAGETACCTCATTGAGGAGCTGGTCA
ACATCACCCAGAACCAGAAGGCTCCGCTCTGCAATGGCAGCATGG TATGGAGCATCAACCTGACAGCTGGT
ATGTACTGTGCAGCCCTGGAATCCCTGATCARCGTECTCAGGCTGCAGTGCCATCGAGAAGACCCAGAGGAT
GCTGAGCGGATTCTGCCCGCACAAGETCTCAGC TEGGCACTITTCCAGC TTCCATGTCCGAGACACCAAAA
TCGAGETOGCCCAGTTTCTAAMAGATCTGC TCTTACATTTAMGAAACTTTTTCGCGAGGGACGGTTgaat
EQCACCCGCBTGGAGTTCCGCCTCCAGATATGGCGTTACTCCATGGGTCCGTCCCCCCCALTCGCTCCGGC
{ . gC downstream

B. The sequence of the gB k) domain

CEGTCCTEETEECGTCGECEGCTCCGAGTTCCCCCEGCACGCCTEGEETCGCGGCCGCRACCCAGGLGRE
GAACGGGGGACCTGCCACTCCGGCGCCGCCLGCCCCTCEOCCOCCCCCARCGGGGRATCCEAAACCGANG
AAGAACAGAARRCCGAAACC CCCAAAGCGCCGLBLCCCGCCGGCGACAACGCGACCETCGCCGCGGGCCA
CCCCACCETGCGCGAGCACC TGCGGGACATCAAGECGAAGAACACCGATGCARACTTTTACGTCTGCCCA
CCCCCCACGGGCGCCACGETGGTECAGTTCEAGCAGCCGCGCCECTGCCCGACCCGECCCGAGGGTCAGA

C. The amino terminal sequence of IL13-gD

ATGGGGGGGGCTGCCGCCAGGTTGGGGGCCGTGATTTTGTTTGTCGTCATAGTCGGCCTC
Signal peptide of gD—
CAPGGCGGTCCGCGGCAAATATGCCTTGGCGGATGCCTCTCTCAAGCTGGCCGACCCCAAT
-—
CGCTTTCGCCGCAAAGACCTTCCGQggctcgag’ATGGCGCTTTTGTTGBCCLCGGTCATT
24AA Xhol IL13—
GCTCTCACTPGCCTTGGCGGCTTTGCCTCCCCAGGCCCCTCTGCCTCCCTCTACAGCCCTC
AGGCGAGCTCATTGAGGAGCTGGTCAACATCACCCAGAACCAGAAGGCTCCGCTCTGCAAT
GGCAGCATGGTTTGGAGCATCAACCTGACAGCTGGCATGTACTGTGCAGCCCTGGAATCC
CTGATCAACGTGTCAGGCTGCAGTGCCATCCAGARGACCCAGAGGATGCTGGGCGGATTC
TGCCCGCACAAGGTCTCAGCTGGGCAGTTTTCCAGCTTGCATGTCCGAGACACCAAAATC
GAGGTGGCCCLGTTTGTAAAGGACCTGCTCTTACATTTAAAGAAACTTTTTCGCGAGGGB
CGGTTCAACTGAAAC'ggtnccEEEGACCAGCTGACCGACCCTCCGGGGGTCCGGCGCGTG
«IL13 Kpal 25AA

TACCACATCCAGGCGGGCCTACCGGACCCGTTCCAGCCCCCCAGCCTCCCGATC

FIGURE 2
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TARGETING OF HERPES SIMPLEX VIRUS
TO SPECIFIC RECEPTORS

This application is a continuation-in-part application of
U.S. Ser. No. 10/530,774, which is the U.S. national phase of
PCT/US03/31598 filed Oct. 6, 2003, which claims the prior-
ity benefit of U.S. Ser. No. 60/416,716, filed Oct. 7, 2002.

GOVERNMENT INTERESTS

The U.S. Government owns rights in the invention pursu-
ant to National Cancer Institute grant number 1PO1
CA71933.

BACKGROUND OF THE INVENTION

A steady rate of healthcare advances has led to continuing
improvement in the health and quality of life for humans and
animals. Nevertheless, a variety of diseases, disorders, and
conditions have largely eluded the best efforts at prevention
or treatment. Chief among these maladies is the loss of cell-
cycle control that frequently results in the undesirable cell
proliferation characteristic of cancer in its many forms, such
as malignant glioma. Malignant gliomas are devastating brain
tumors that aftlict animals such as humans. The average life
span after diagnosis is less than one year and few patients
have been reported to survive five years. Furthermore, none of
the conventional anti-cancer therapies has been successtul in
significantly prolonging the lifespan of patients with this
disease. In recent years there have been numerous attempts to
use genetically engineered herpes simplex viruses (HSV) as
oncolytic agents to treat malignant gliomas. Because wild-
type viruses are highly virulent, the viruses used in preclinical
evaluations and in phase-1 clinical studies have been thor-
oughly attenuated. While several deletion mutants have been
tested, the mutants that reached clinical trials lacked the
v¥,34.5 gene encoding infected cell protein 34.5 (ICP34.5) and
optionally, the U,;39 gene encoding the large subunit of ribo-
nucleotide reductase.

These attenuated HSV viruses; however, have been imper-
fectly engineered as oncolytic agents. One advantage of these
mutant viruses is that they have a significantly reduced capac-
ity to replicate in normal, non-dividing cells in vivo. Viral
ribonucleotide reductase is an essential gene for viral repli-
cation in resting cells and, hence, the U,39 mutant virus is
dysfunctional in the normal environment of the central ner-
vous system (Simard et al. 1995). The major function of
ICP34.5 is to preclude the shutoft of protein synthesis caused
by activation of protein kinase R in infected cells. Once
activated, this enzyme phosphorylates the o subunit of trans-
lation initiation factor 2 (elF2a), resulting in complete ces-
sation of translation. Mutants lacking the y,34.5 genes are
highly attenuated because the lytic life cycle is completely
blocked in an interferon™ cellular background. In contrast,
v,34.5 mutants are nearly as virulent as wild-type virus in
mice lacking interferon receptor. Although mutants deleted in
both y,34.5 and U;39 are not significantly more attenuated
than those lacking the v,34.5 genes, such mutants do provide
added insurance in the form of a reduced risk of reversion.

A significant disadvantage of these mutant HSV viruses is
their poor replication, even in dividing cells. In experimental
animal systems, the mutant viruses do not exhibit sustained
Iytic life cycles, with the loss of a potentially amplified
response to a given therapeutic dose of the virus that would be
expected upon re-infection of tumor cells by the multiplied
viral progeny. Consequently, maximum killing of tumors
cells requires high doses of virus. Given the poor growth of
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these mutant HSV viruses, even in dividing cells, production
of virus pools large enough to yield efficacious inocula of
>10° plaque forming units (PFU) has remained a major
obstacle. Moreover, indiscriminate binding of virus to non-
tumor cells further diminishes the effectiveness of HSV virus
dosages because mis-targeted viral particles do not contribute
to the desired beneficial therapeutic effect of tumor cell
destruction. One approach to overcoming these obstacles is to
achieve a more thorough understanding of the HSV Iytic life
cycle and thereby facilitate the development of HSV mutants
tailored for use as targeted therapeutic agents, such as tar-
geted oncolytic agents.

HSV enters host cells using a two-step mechanism. The
first step of entry is HSV attachment to the cell surface. This
step is initiated by glycoproteins B and C (gB and gC), which
project from the viral envelope, attaching to heparan sulfate
proteoglycans on host cell surfaces. The gB and gC domains
interacting with heparan sulfate have been mapped at the
sequence level (Laquerre et al. 1998). Following this initial
attachment, viral glycoprotein D (gD) interacts with one of
several receptors. Of these gD receptors, two are particularly
important for entry (Spear et al, 2000). One receptor, desig-
nated HveA, is a member of the family of receptors for tumor
necrosis proteins. A second receptor, designated HveC, is a
member of the nectin family of proteins, structurally related
to the immunoglobulin superfamily, which serve as intercel-
Iular connectors (Campadelli-Fiume et al. 2000). The second
step of HSV entry into a cell is fusion of the viral envelope
with the plasma membrane of the cell. To effect fusion, gD,
when bound to its receptor, recruits glycoproteins B, Hand L,
which results in fusion of the envelope with the plasma mem-
brane.

Additional understanding of HSV infection has come from
recent studies that have lent significance to an old observation
that gD interacts with the cation-independent mannose 6
phosphate receptor, contributing to the accumulation of HSV
in endosomes. Endocytosis of viral particles results in particle
degradation by lysosomal enzymes, but the cells succumb as
a consequence of the degradation of cellular DNA by lysoso-
mal DNase. HSV gD blocks this apoptotic pathway to cell
death through its interaction with the mannose 6 phosphate
receptor. Thus, gD interacts with HveA, nectins, the mannose
6 phosphate receptor, and at least one of the complex of viral
glycoproteins involved in the fusion of HSV with the plasma
membrane.

In an attempt to target HSV-1 infection to specific cells, a
recombinant HSV having a chimeric protein comprising gC
and erythropoietin (EPO) on its surface was constructed.
Although the recombinant virus bound to cells expressing
EPO receptor and endocytosis of the virus occurred, success-
ful infection of these EPO-receptor expressing cells did not
occur.

Accordingly, a need continues to exist in the art for viral
therapeutic agents exhibiting improved targeting capacities
while retaining sufficient capacity to infect to be therapeuti-
cally useful. Ideally, suitable viruses would be therapeutic
agents, such as oncolytic agents, themselves as well as pro-
viding a targeting vehicle or vector for the controlled delivery
of'polynucleotide coding regions useful as therapeutic agents.
Another need in the art is for targeted agents useful in diag-
nostic applications as, e.g., imaging agents or targeted
vehicles for imaging agents.

SUMMARY

The invention satisfies the aforementioned need in the art
by providing viral forms suitable for use as therapeutic and
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diagnostic agents themselves, as well as providing a ready
vehicle for the delivery of therapeutic or diagnostic poly-
nucleotide coding regions to cells. These viral forms are
modified viruses of the Herpesviridae family of viruses, and
are preferably derived from herpes simplex virus type 1 or
type 2. The invention provides a method of making virus
particles with a novel ligand (or binding pair member), and
making said particles totally dependent on a receptor of the
ligand (or binding pair member) for entry into targeted cells.

Disclosed herein are methods to modity the surface of, e.g.,
an HSV virus particle in a manner that targets the virus to a
specific receptor present on the surface of a cell of choice,
typically a cell in need of therapy or a cell whose presence
provides information of diagnostic value. The invention pro-
vides viral particles, e.g., HSV particles, having a reduced
affinity for their natural cell-surface receptor(s), and methods
for producing and using such particles, which minimizes or
eliminates the problem of reduced efficiency associated with
the mis-targeting of therapeutic and diagnostic viruses. Addi-
tionally, the invention provides viral particles, e.g., HSV par-
ticles, that exhibit specific affinity for a cell surface compo-
nent that is not a natural viral receptor and that is present
solely or predominantly on a given target cell, as well as
methods for producing and using such viruses. Modified viral
particles (e.g., HSV) having increased affinity for a cell sur-
face component associated with one or more target cells
exhibit improved targeting capabilities relative to known viral
particles. The modified HSV particles have reduced indis-
criminate binding, thereby minimizing sequestration of viral
dosages away from the target cells. The invention further
provides modified viral particles, such as modified HSV par-
ticles, that have both a reduced affinity for natural viral recep-
tors and an increased affinity for a cell surface component
associated with a particular target cell(s), with the modified
viral particle effectively recruiting that cell surface compo-
nent for use as a viral receptor. Other benefits of the modified
viruses are described herein and will be apparent to those of
skill in the art upon review of this disclosure.

In one aspect, the invention provides a recombinant herpes
simplex virus (HSV) particle comprising a virus surface pro-
tein altered to reduce the wild-type level of binding of that
protein to a sulfated proteoglycan on the surface of a cell and
an altered gD. The altered gD exhibits a reduced binding to
one or more of the natural cellular receptors for gD; the
altered gD is also fused to a heterologous peptide ligand (or
binding pair member) having a binding partner, e.g., a peptide
ligand receptor, found on the surface of a cell. Stated in the
alternative, this aspect of the invention provides a recombi-
nant herpes simplex virus (HSV) particle having at least one
protein on its surface, comprising: (a) an altered viral surface
protein, wherein the alteration reduces binding of the viral
surface protein to a sulfated proteoglycan; and (b) an altered
gD, wherein the alteration reduces binding of gD to one or
more of its cellular receptors, the alteration comprising (i) a
heterologous peptide ligand (or binding pair member) on the
surface of the recombinant HSV particle forming a fusion
protein with the altered gD; and (ii) an amino acid alteration;
wherein said recombinant HSV particle preferentially binds
to cells expressing a binding partner to said heterologous
peptide ligand (or binding pair member).

The invention comprehends a recombinant HSV particle
wherein the alteration is a conservative amino acid substitu-
tion, such as an amino acid substitution of V34S in gD. The
altered gD, moreover, reduces binding of the recombinant
HSV particle to at least one cell-surface protein selected from
the group consisting of HveA and HveC. Further, the recom-
binant HSV particles of the invention include particles
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wherein the altered viral surface protein is selected from the
group consisting of gB and gC. In some embodiments, the
altered viral surface protein, preferably selected from the
group of gB and gC, forms a fusion protein with a heterolo-
gous peptide ligand. In some embodiments, the binding part-
ner is a cell surface receptor for said heterologous peptide
ligand.

The preferential binding of the recombinant HSV particles
of the invention results in a detectable variation in effective
binding of the particle to the cells being compared. By “effec-
tive binding” is meant either sufficiently stable binding to
permit detection of binding or binding sufficient to result in
productive infection of the cell. In preferred embodiments,
the preferential binding is such that the recombinant HSV
particles bind only to one of the cell types being compared
(e.g., cancer cells compared to healthy cells of the same type).
Suitable cells include any hyperproliferative cell type, such as
acancer cell. A cancer cell, in turn, includes a tumor cell, e.g.,
a malignant gliomal cell.

The invention comprehends recombinant HSV particles
wherein the heterologous peptide ligand (or binding pair
member) is any ligand (or binding pair member) for which a
cell surface binding partner exists. Preferably, heterologous
peptide ligands have specific cell surface binding partners,
e.g., ligand receptors, that are preferentially exhibited on the
surface of a target cell. More preferably, the cell surface
binding partner is only exhibited on the surface of a target
cell, when compared to the cells in an organism containing the
target cell. Exemplary heterologous peptide ligands that
include cytokines, such as I[.13, and fragments, variants and
derivatives thereof, provided that the ligand retains the capac-
ity of binding to a cell-surface binding partner. An exemplary
binding pair member contemplated as suitable for each aspect
of'the invention is a single-chain antibody, for which a bind-
ing partner would include an antigen thereof, or a fragment,
derivative or variant thereof that retains the capacity to bind to
the single-chain antibody.

Another aspect of the invention provides a pharmaceutical
composition comprising a recombinant HSV particle
described above and a pharmaceutically acceptable carrier,
diluent, or excipient. Any pharmaceutical carrier, diluent or
excipient known in the art is contemplated. A related aspect of
the invention provides a kit comprising the pharmaceutical
composition and a set of instructions for administering the
composition to a subject in need. In each of these aspects of
the invention, i.e., the pharmaceutical compositions and the
kits, the heterologous peptide ligands (or binding pair mem-
bers) and cell-surface binding partners described in the con-
text of describing the recombinant HSV particles are contem-
plated.

Yet another aspect of the invention provides a method of
targeting a recombinant HSV particle to a cell comprising (a)
identifying a binding pair member, such as a ligand for a
ligand binding partner, exhibited on the surface of a target
cell; and (b) creating an HSV particle as described herein,
wherein the ligand or, more generally, the binding pair mem-
ber, binds to the binding partner exhibited on the surface of
said target cell. In some preferred embodiments of this aspect
of the invention, the altered viral surface protein is selected
from the group consisting of gB and gC. In some embodi-
ments, the alteration to gD reduces binding of gD to at least
one cellular receptor for gD selected from the group consist-
ing of Hve A and HveC. In preferred embodiments, the altered
gD has a conservative substitution at position 34 of gD, such
as a V348 substitution. A second fusion protein, joining the
ligand (or binding pair member) and either of gB or gC, is also
contemplated in some embodiments. Suitable cells for target-
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ing include any hyperproliferative cell, such as a cancer cell,
including tumor cells (e.g., malignant gliomal cells). Any of
the heterologous peptide ligands (or binding pair members)
and cell-surface binding partners described above in the con-
text of describing the recombinant HSV particles is suitable
for use in the method.

Another aspect of the invention is drawn to a method of
imaging a cell comprising: (a) contacting the cell with a
recombinant HSV particle as described above, said recombi-
nant HSV particle further comprising a coding region for a
marker protein; and (b) detecting the presence of the marker
protein. Any type of cell exhibiting a cell-surface binding
partner for a ligand (or binding pair member) fusible to HSV
gD is suitable for use in this aspect of the invention, such as a
cancer cell. Using cancer cells as an example, the method is
useful provided that the binding partner is present at a higher
number on the cancer cell as compared to a non-cancerous
cell of the same type. Any known marker protein is useful in
this aspect of the invention, e.g., a marker protein selected
from the group consisting of thymidine kinase, green fluo-
rescent protein, and luciferase. In preferred embodiments, the
altered gD exhibits an amino acid substitution of V34S. Any
of the heterologous peptide ligands (or binding pair mem-
bers) and cell-surface binding partners described above in the
context of describing the recombinant HSV particles is suit-
able for use in the method.

Another aspect of the invention provides a method of treat-
ing a cell-based disease comprising delivering a therapeuti-
cally effective amount of a recombinant HSV particle as
described herein to a subject in need. A therapeutically effec-
tive amount of a recombinant HSV particle is that amount that
produces the desired therapeutic effect, as would be under-
stood and readily determinable by those of skill in the art. Any
cell-based disease known or reasonably suspected to be ame-
nable to treatment with a specifically targeted HSV is con-
templated, e.g., a cell hyperproliferation disease such as can-
cer. Any of the heterologous peptide ligands (or binding pair
members) and cell-surface binding partners described above
in the context of describing the recombinant HSV particles is
suitable for use in the method.

In a related aspect, the invention provides a method of
ameliorating a symptom associated with a disease comprising
administering a therapeutically effective amount of a recom-
binant HSV particle described above to a subject in need.
Again, any disease known or reasonably suspected to have a
symptom amenable to application of a specifically targeted
HSV is contemplated, including any disease characterized by
hyperproliferative cells, such as cancer. Any of the heterolo-
gous peptide ligands (or binding pair members) and cell-
surface binding partners described above in the context of
describing the recombinant HSV particles is suitable for use
in the method.

Another aspect of the invention is directed to a method of
delivering a therapeutically useful peptide to a cell compris-
ing: (a) inserting a therapeutically useful polynucleotide,
such as an expression control element, an rDNA, or a coding
region for a therapeutically useful peptide, into the DNA of a
recombinant HSV particle as described above, thereby pro-
ducing a recombinant HSV clone; and (b) delivering a thera-
peutically effective amount of said recombinant HSV clone to
said cell. The method comprehends delivery of the recombi-
nant HSV clone in vivo, ex vivo, or in vitro. Any of the
heterologous peptide ligands (or binding pair members) and
cell-surface binding partners described above in the context
of describing the recombinant HSV particles is suitable for
use in the method.
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Another aspect of the invention provides a method of kill-
ing a target cell, comprising contacting the target cell with a
recombinant HSV particle as described above. In preferred
embodiments, the recombinant HSV particle has an altered
gD in which the V34S substitution is found. Any of the
heterologous peptide ligands (or binding pair members) and
cell-surface binding partners described above in the context
of describing the recombinant HSV particles is suitable for
use in the method.

In each ofthe above-described aspects of the invention, it is
preferred that gD, or a portion thereof, maintains its mem-
brane fusion properties, but has reduced capacity to bind
HveA and/or HveC.

Other features and advantages of the invention will be
better understood by reference to the brief description of the
drawing and the description of the illustrative embodiments
that follow.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1. Schematic representation of the HSV-1 (F) genome
and gene manipulations in glycoprotein C (gC) (FIG. 1A),
glycoprotein B (gB) (FIG. 1B), and glycoprotein D (gD)
(FIG. 1C). Line 1, sequence arrangement of the HSV-1
genome. The rectangular boxes represent the inverted repeat
sequences ab and b'a' flanking the unique long (U, ) sequence,
and inverted repeat c'a' and ca flanking the unique short (U,)
sequence. Line 2, sequence arrangement of domains of the
glycoprotein C; the signal peptide (SP) domain and heparan
sulfate (HS)-binding domain of gC are highlighted. Line 3,
human I1.13 with signal peptide that replaced the N-terminal
segment of 148 amino acids of gC. Line 4, sequence arrange-
ment of the poly-lysine domain of gB. Line 5, schematic
representation of a recombinant HSV-1(F) genome, in which
the N-terminal domain of gC was replaced with I.13 and the
polylysine domain (from codon 68 to codon 77) of gB was
deleted. Line 6, sequence arrangement of glycoprotein J (gJ),
glycoprotein D (gD), and glycoprotein I (gl) in Us. Line 7,
replacement of gD with the immediate early promoter of
CMYV in order to enable the expression of gl. Line 8, sche-
matic representation of recombinant HSV-1(F) genome, in
which the N-terminal domain of gC was replaced with 1113,
the poly-lysine domain of gB was deleted, and I[.13 was
inserted after amino acid 24 of gD (FIG. 1D). Line 9, a
polylinker Xhol-BgllI-EcoRI-Kpnl was inserted after amino
acid 24 of gD, with I1.13 inserted into the Xhol and Kpnl sites
of gD.

FIG. 2. Amino acid sequence alignment of [[.13-gC, IL.13-
gD junction sequence, and the HS binding domain of gB.
FIG. 2A. The amino-terminal sequence of I[.13-gC chimeric
protein (SEQ ID NO:22). The sequences upstream and down-
stream of the HS binding site portion are shown. IL.13 was
inserted between the two restriction enzyme sites that are
underlined. FIG. 2B. The domain of the gB open reading
frame (i.e., ORF) from which the poly lysine [poly(K)]
sequence was deleted (SEQ ID NO:23). The underlined
sequences (codons 68-77) were not present in gB amplified
from R5107. FIG. 2C. The amino-terminal sequence of I[.13-
gD (SEQ ID NO:24). The first underlined sequence identifies
the gD signal peptide. 113 (bracketed by arrows) was
inserted between residues 24 and 25 (underlined) of gD,
between the Xhol and Kpnl restriction enzyme sites.

FIG. 3. Verification of R5111 viral DNA by PCR. Photo-
graphs of electrophoretically separated PCR products ampli-
fied directly from the plaques picked from Vero (FIG.3A)and
HEp-2 (FIG. 3B) cells. Viral DNAs were extracted as
described in Example 1 and subjected to PCR with “I[.13”
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primers from the IL.13 ORF and IL.13-gD primers, which
bracketed 11.13 and the gD ectodomain.

FIG. 4. Photograph of electrophoretically separated pro-
teins from lysates of cells infected with R5111 reacted with
antibody to gC, gD or IL13. HEp-2 cells grown in 25 cm?
flasks were exposed to 10 PFU of HSV-1 or R5111 per cell.
The cells were harvested 24 hours after infection, solubilized,
subjected to electrophoresis in 10% denaturing polyacryla-
mide gels, electrically transferred onto a nitrocellulose sheet,
and exposed to a monoclonal antibody against gD (FIG. 4A),
gC (FIG. 4B) or IL13 (FIG. 4C), respectively. The protein
bands corresponding to the gC, 1[.13-gC fusion protein, gD
and the IL.13-gD fusion protein are indicated. 1[.13-gC was
the same size as native gC, as expected.

FIG. 5. HA-tagged IL.13Ra2 expression from individual
clones of stable transfectants of the J1.1 cell line. The indi-
vidual clones were amplified as described in Example 1. Cells
were harvested from 25 cm? flasks, solubilized, and subjected
to electrophoresis in 12% denaturing polyacrylamide gels,
electrically transferred onto a nitrocellulose sheet, and
exposed to a polyclonal antibody to HA tag.

FIG. 6. Diagram of the pgD-vector.

FIG. 7. Schematic representation of the HSV-1 (F) genome
and genetic structure of R5141 and R5144.

DETAILED DESCRIPTION

The invention provides benefits that will improve the
health and well-being of animals such as man by providing a
targeted approach to the treatment of a variety of conditions
and diseases that currently impair health, resulting in signifi-
cant economic burdens using conventional treatments. In pro-
viding modified viral particles having controllable targeting
capacities, the diagnostic and therapeutic benefit of the
viruses themselves can be delivered with greater precision to
particular cells. Additionally, these viral particles can be used
as targeting vehicles for the delivery of a wide variety of
therapeutic and diagnostic biomolecules, such as polynucle-
otides encoding therapeutic or diagnostic peptides.

Beyond the modified viral particles, the invention provides
methods for making such therapeutic and diagnostic agents as
well as methods for using the agents to diagnose or treat a
variety of diseases and conditions, such as tumorigenic dis-
ease (e.g., gliomas). To facilitate an understanding of the
invention and all of its aspects, illustrative embodiments are
described below. The descriptions of these illustrative
embodiments are not meant to limit the invention to the
embodiments disclosed herein. In light of the description, one
of skill in the art will understand that many changes and
modifications can be made to the illustrative embodiments
and still remain within the invention. The illustrative embodi-
ments are disclosed using as an exemplary virus a member of
the Herpesviridae family of viruses, herpes simplex virus
(HSV).

As noted above, HSV-1 and HSV-2 are members of the
family of viruses known as the Herpesviridae, whose struc-
tures are well known in the art. The targeting methods of the
invention are applicable to any member of the Herpesviridae
and are not limited to the exemplary embodiments described
in the examples. Furthermore, a large number of recombinant
HSV viruses are known in the art. Such viruses may contain
one or more heterologous genes. Also, such viruses may
contain one or more mutated HSV genes, for example, muta-
tions that render the virus, replication-deficient or affect the
virulence of the virus in one or more cell types.

Examples of recombinant HSV containing a heterologous
gene and methods of making and using such viruses are
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described in U.S. Pat. No. 5,599,691 (incorporated herein by
reference in its entirety). Preferred heterologous genes
include genes encoding marker proteins. Marker proteins,
such as green fluorescent protein, luciferase, and beta-galac-
tosidase, allow detection of cells expressing the protein. In
other embodiments, the heterologous gene encodes an
enzyme that activates a prodrug thereby killing adjacent unin-
fected cells. In yet other embodiments, the heterologous gene
encodes a protein that affects the immune response, such as
interleukin 12 (IL-12). Such proteins that activate the immune
response against a tumor are particularly useful.

In one aspect, the invention relates to altering the surface of
an HSV particle to target the virus to a specific receptor. By
creating a fusion protein comprising a portion of gD and a
ligand (or binding pair member), the virus is targeted to a cell
having a cell surface receptor that binds the ligand (or binding
pair member). In preferred embodiments, one or more HSV
surface proteins, such as gB (SEQ ID NOs.:27 and 28), gC
(SEQ ID NOs.:29 and 30), or gD (SEQ ID NOs.:25 and 26),
are altered to reduce binding to natural HSV receptors.

“Alterations” of the surface of an HSV particle or HSV
surface protein include insertions, deletions, and/or substitu-
tions of one or more amino acid residues. One type of alter-
ation is an insertion, which involves the incorporation of one
or more amino acids into a known peptide, polypeptide or
protein structure. For ease of exposition, alterations will be
further described using a protein exemplar. Insertions may be
located at either or both termini of the protein, or may be
positioned within internal regions of known proteins, which
yield proteins such as fusion proteins and proteins having
amino acid tags or labels.

Another type of alteration is a deletion, wherein one or
more amino acid residues in a protein are removed. Deletions
can be effected at one or both termini of the protein, or with
removal of one or more residues within the amino acid
sequence. Deletion alterations, therefore, include all frag-
ments of a protein described herein.

Yet another type of alteration is a substitution, which
includes proteins wherein one or more amino acid residues
are removed and replaced with alternative residues. In one
aspect, the substitutions are conservative in nature; however,
the invention embraces substitutions that are also non-con-
servative. Conservative substitutions for this purpose may be
defined as set out in Tables A or B, below.

Amino acids can be classified according to physical prop-
erties and contribution to secondary and tertiary protein struc-
ture. A conservative substitution is recognized in the art as a
substitution of one amino acid for another amino acid that has
similar properties. Exemplary conservative substitutions are
set out in Table A as described in Lehninger, [ Biochemistry,
2nd Edition; Worth Publishers, Inc. New York (1975), pp.
71-77] and set out immediately below.

TABLE A
Conservative Substitutions T
SIDE CHAIN CHARACTERISTIC AMINO ACID
Non-polar (hydrophobic):
A. Aliphatic ALIVP
B. Aromatic FwW
C. Sulfur-containing M
D. Borderline G
Uncharged-polar:
A. Hydroxyl STY
B. Amides NQ



US 7,550,148 B2

9

TABLE A-continued

Conservative Substitutions T

SIDE CHAIN CHARACTERISTIC AMINO ACID
C. Sulfhydryl C

D. Borderline G

Positively charged (basic) KRH
Negatively charged (acidic) DE

Alternative, exemplary conservative substitutions are set
out in Table B, immediately below.

TABLE B

Conservative Substitutions IT

ORIGINAL RESIDUE EXEMPLARY SUBSTITUTION
Ala (A) Val, Leu, Ile

Arg (R) Lys, Gln, Asn

Asn (N) Gln, His, Lys, Arg

Asp (D) Glu

Cys (C) Ser

Gln (Q) Asn

Glu (E) Asp

His (H) Asn, Gln, Lys, Arg

Ile (I) Leu, Val, Met, Ala, Phe,
Leu (L) Ile, Val, Met, Ala, Phe
Lys (K) Arg, Gln, Asn

Met (M) Leu, Phe, Ile

Phe (F) Leu, Val, Ile, Ala

Pro (P) Gly

Ser (S) Thr

Thr (T) Ser

Trp (W) Tyr

Tyr (Y) Trp, Phe, Thr, Ser

Val (V) Ile, Leu, Met, Phe, Ala

The binding site of HveA has been reported to be at the
amino terminal domain of gD (Carfi A., et al., 2001) The
precise binding sites of gD for Nectin 1 are not known,
although it has previously been reported to involve gD amino
acids 38 and 221 (Manoj S., etal., 2004; Zago A., et al., 2004;
Connolly S A., 2005). Accordingly, in one aspect the inven-
tion relates to amino acid alterations in the N-terminal region
of gD such that the ability of gD to bind HveA or Nectinl is
reduced or eliminated A “natural receptor” as used herein is a
cell surface molecule that interacts with wild-type HSV in the
absence of human intervention. For example, gB and gC of
HSV-1 interact with heparan sulfate proteoglycans in a natu-
ral infection. In preferred embodiments, gB and/or gC are
altered to reduce or eliminate binding to heparan sulfate pro-
teoglycans. As another example, gD is known to bind to
several receptors, including HveA and HveC, in a natural
infection. In preferred embodiments, gD is altered to reduce
or eliminate binding to HveA and/or HveC.

Receptor-Ligands

As used herein, “receptor” and “ligand” refer to two mem-
bers of a specific binding pair and, hence, are binding part-
ners. A receptor is that member of the pair that is found
localized on the surface of the cell; the ligand is the member
of'the pair that is found on the surface of HSV. Thus, in certain
embodiments, the “ligand” may actually be what the art rec-
ognizes as a receptor outside the context of the invention and
the “receptor” may be its respective ligand. More generally,
the invention comprehends an HSV exhibiting a member of a
binding pair, or a fragment thereof that retains the capacity to
specifically bind the other member of the binding pair, on its
surface and the other member of that binding pair, or a frag-
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ment thereof that retains the capacity to specifically bind its
partner, is present on the surface of a target cell.

One advantage of the invention is the ability to tailor HSV
to target a specific receptor while maintaining infectivity of
the virus. In an exemplary embodiment, an HSV particle
contains a fusion protein comprising a portion of gD and the
cytokine IL.-13. Such a virus is able to infect cells expressing
the receptor IL.-13Ra2. Because IL-13Ra.2 is expressed on
the surface of cells of malignant gliomas, HSV containing the
gD/IL.-13 fusion protein are effectively targeted to such cells.
Ligands that bind to receptors which are overexpressed or
differentially expressed on either tumor cells or cells associ-
ated with tumor growth (e.g., neovasculature) are particularly
preferred. Examples include the o, ;- 5 integrins, which
are overexpressed in tumor neovasculature; epidermal growth
factor receptor (EGFR), which is overexpressed in head,
neck, lung, colon, breast, and brain cancer cells; HER-2/Neu,
which is overexpressed in breast cancer cells; MUC-1, which
is overexpressed in breast, lung, and pancreas cancer cells;
and prostate-specific membrane antigen, which is overex-
pressed in prostate cancer cells. In certain embodiments, the
ligand is a single-chain antibody that binds to its cognate
specific binding pair member, herein referred to as a receptor.
Single-chain antibodies have been shown to be effective in
targeting applications, as evidenced by their ability to target
retroviruses to specific receptors.

Essentially any two binding pair members or partners may
be used as receptor-ligands in the invention. However, it is
contemplated that certain factors, such as the distance from
the binding site on the receptor to the membrane, or the
conformation of the ligand when fused to gD, may affect the
efficiency of recombinant HSV fusion to the cell membrane.
Therefore, screens for effective receptor-ligand pairs are con-
templated, using no more than routine procedures known in
the art. Additional screens, conventional in nature, may be
used to optimize constructs. One routine method of screening
is to follow the protocol provided in the example for candidate
receptor/ligand pairs, using IL.-13R/IL-13 as a control recep-
tor/ligand pair.

Alternatively, one may use a membrane fusion assay as
described in Turner et al., 1998, incorporated herein by ref-
erence in its entirety. In the Turner assay, cells transfected
with construct(s) encoding gB, gH, gl., and the gD/ligand
fusion protein, and cells expressing the receptor, are co-cul-
tured and the cells are examined for membrane fusion. Mem-
brane fusion between gD/ligand-expressing cells and recep-
tor-expressing cells indicates that the candidate receptor-
ligand pair (the ligand being a gD/ligand fusion protein) is
functional. Constructs encoding functional gD/ligand pro-
teins can then be used to create recombinant HSV that are
targeted to cells expressing the receptor.

Cell Targeting

Evident from the preceding discussion, another aspect of
the invention is the targeting of a recombinant HSV to a cell
having a specific receptor on its surface. In preferred embodi-
ments, a recombinant HSV is designed to comprise a ligand
that interacts with a receptor known to be expressed on a cell
of interest. The cell of interest is then infected with recombi-
nant HSV. Such targeting methods may be used for a variety
of purposes.

In one aspect, a recombinant HSV is used to introduce a
heterologous gene into a cell that expresses the receptor. In
preferred embodiments, the cell is not infected by, or is poorly
infected by, wild-type HSV. Thus, in certain embodiments,
the invention provides a vector for transforming a cell of
interest with a heterologous gene.
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Further, a cell can be rendered a target of a recombinant
HSV of the invention. The cell can be rendered a target by
transforming the cell to express one member of a binding pair,
e.g., a receptor capable of specifically binding a ligand
expressed on a recombinant HSV. For example, as described
in Example 2, the J1.1 cell line, which was resistant to infec-
tion by a recombinant HSV expressing an I[.-13 ligand, was
rendered susceptible to infection by transforming the cell line
with a vector encoding IL.12Ra2 to produce the cell line
JI3R.

Generally, the targeted HSV according to the invention
exhibit one member of a binding pair, with the other member
of that pair found on the surface of a target cell. In some
embodiments of the invention, targeting is achieved with a
ligand-receptor binding pair, with the ligand exhibited on the
targeted HSV and the cognate receptor found on the surface
of the target cell, as described above. Although the invention
comprehends embodiments involving binding pairs that do
not exhibit a ligand-receptor relationship (e.g., biotin-avidin)
and embodiments in which the receptor is exhibited by the
targeted HSV (the “receptor” defined above as a “ligand”
using an alternative definition of “ligand”) while the cognate
ligand is found on the target cell (the “ligand” defined above
as a “receptor” using an alternative definition of “receptor”),
embodiments in which the targeted HSV exhibits a ligand and
the target cell presents the cognate receptor on its surface is
used as an illustrative embodiment to reveal the versatility of
the invention and to disclose the full scope thereof. For
example, several ligands have been used for receptor-medi-
ated polynucleotide transfer. Some ligands that have been
characterized are asialoorosomucoid (ASOR) and transferrin
(Wagner et al., Proc. Natl. Acad. Sci. USA, 87(9):3410-3414,
1990). A synthetic neoglycoprotein, which recognizes the
same receptor as ASOR, has also been used in a polynucle-
otide delivery vehicle (Ferkol et al., FASEB J., 7:1081-1091,
1993, Perales et al., Proc. Natl. Acad. Sci., USA 91:4086-
4090, 1994) and epidermal growth factor (EGF) has further
been used to deliver polynucleotides to squamous carcinoma
cells (Myers, EPO 0273085). Each of these specific
approaches, and other approaches known in the art to achieve
some selectivity in DNA delivery, or targeting, are amenable
to use in the compositions and methods of the invention and
are contemplated as embodiments of the invention.

For embodiments in which a targeted HSV harboring a
coding region, e.g., a therapeutic coding region or gene, is
delivered to a target cell, the nucleic acid encoding the thera-
peutic gene product may ultimately be positioned and
expressed at different sites. In certain embodiments, the
nucleic acid encoding the therapeutic polynucleotide may be
stably integrated into the genome of the cell. This integration
may place the gene in its native location and orientation via
homologous recombination (gene replacement) or it may be
integrated in a random, non-specific location (gene augmen-
tation). In yet further embodiments, the nucleic acid may be
stably maintained in the cell as a separate, episomal segment
of DNA. Such nucleic acid segments or episomes encode
functions sufficient to permit maintenance and replication
independent of or in synchronization with the host cell cycle.
How the expression construct is delivered to a cell and where
in the cell the nucleic acid remains is dependent on the type of
expression construct employed, as would be understood in
the art.

It is envisioned that promoters subject to cell cycle regula-
tion will be useful in the present invention. For example, in a
bicistronic HSV vector designed to treat a disease, disorder or
condition by killing a target cell, use of a strong CMV pro-
moter to drive expression of a first gene, such as p16, that
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arrests a cell in the G1 phase is accompanied by expression of
a second gene, such as p53, under the control of a promoter
that is active in the G1 phase of the cell cycle, thus providing
a dual-gene approach to ensure that the target cell undergoes
apoptosis. Other promoters, such as those of various cyclins,
PCNA, galectin-3, E2F1, p53, BRCA1, and, indeed, any suit-
able promoter or expression element known in the art, could
be used.

In embodiments of the invention designed to treat diseases,
disorders, or conditions associated with unwanted or exces-
sive cell proliferation, such as cancer or restenosis, HSV is
targeted to proliferating cells thereby killing the cells.
Because HSV is lethal to infected cells, expression of a het-
erologous gene is not required. However, in embodiments
wherein the lethality of HSV is attenuated, an HSV harboring
a gene that is lethal to the infected cell or that prevents
proliferation of the infected cell may be used to target a cell.

Alternatively, HSV targeted to specific surface markers can
be used to visualize the distribution of tumor cells in tissues.
This diagnostic tool had been unavailable because of the
indiscriminate binding of HSV to cells. Modification of HSV
by eliminating (ablating) or reducing the indiscriminate bind-
ing of HSV to heparan sulfate proteoglycans without delete-
riously affecting the capacity of such HSV to replicate in both
dividing and non-dividing cells makes possible the use of
these modified viral forms to visualize the distribution of
tumor cells.

In one preferred method for visualizing the distribution of
tumor cells, radioactive visualization is achieved by viral
thymidine kinase (TK)-dependent incorporation of a radio-
active precursor. Methods of molecular imaging of gene
expression are well known in the art. Methods often use
highly sensitive detection techniques such as positron emis-
sion tomography (PET) or single-photon emission-computed
tomography (SPECT). In one embodiment, TK expression is
measured using a gancyclovir analog, such as 9-(3-[**F]
fluoro-1-hydroxy-2-propoxy )methylguanine, as the tracer or
marker (Vries et al., 2002). For a review of imaging TK gene
expression using PET or SPECT, see Sharma et al., 2002 or
Vries et al., 2002.

A second preferred imaging method is to fuse a non-critical
tegument protein (e.g. U l1, which is present in nearly 2000
copies per virus particle) to a marker protein, such as green
fluorescent protein, which is capable of being visualized in
vivo. Alternatively, a non-critical protein can be fused to a
luciferase and the presence of the luciferase visualized with a
luminescent or chromatic luciferase substrate. Although a
marker protein can be fused to essentially any viral structural
protein, preferred viral proteins include gC, gE, gl, g¢G, gJ,
eK,egN,U,11,U,13,U,14,U,21,U,41,U,35,U,45, U, 46,
U,47,U,51,U,55, U,56, U 10, and Ugl1. The marker pro-
tein also may be fused to thymidine kinase (Soling et al.,
2002).

Library Screening

As noted above, HSV comprising a gD/ligand fusion pro-
tein can bind and infect cells expressing a receptor to the
ligand. In one embodiment, a cell line expressing a receptor is
used in screening for ligands of the receptor. cDNA from a
c¢DNA library is cloned into a vector encoding a portion of gD
to produce a gD/cDNA-encoded fusion protein. The resulting
vectors are then screened for membrane fusion using the
assay of Turner et al. described above or by creating recom-
binant HSV expressing the gD/cDNA-encoded fusion protein
and screening the viruses for the ability to infect receptor-
expressing cells. Such methods may be used, e.g., to identify
a ligand to an orphan receptor.
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In other embodiments, mutations in, or variants of, the
receptor or ligand are screened to determine whether the
mutants or variants maintain the ability to interact with the
respective partner. Such methods may be useful in determin-
ing the specific residues important in receptor-ligand interac-
tion.

Therapeutic Methods

Another aspect of the invention is the use of the targeted
HSV in therapeutic methods. By altering the cell-binding and
infectivity properties of the virus, many routes and methods
of administration become viable. For example, non-targeted
HSV will bind indiscriminately to a variety of cells. Because
of'this property, large virus numbers are used and intravenous
administration is generally not effective. However, by target-
ing the virus, one may lower the viral load (i.e., quantity of
virus), yet maintain or increase efficacy. Furthermore, the
targeted HSV can be administered intravenously and produce
therapeutic effects.

Therapeutic methods of the invention include those meth-
ods wherein an HSV is targeted to a receptor of a cell that
contributes to, or is the basis of, a disease or disorder. These
targeted HSV can either exploit the therapeutic properties of
HSV itself (e.g., the lethality of HSV to infected cells) or the
targeted HSV can serve as a vector for the targeted delivery of
atleast one therapeutic polynucleotide, such as an expressible
polynucleotide comprising a coding region. For example, in
methods wherein the targeted HSV contains one or more gene
products that render the virus toxic to the cell or that prevent
or inhibit cell proliferation, a preferred receptor is overex-
pressed or selectively expressed on harmful or undesirable
cells, such as cancer cells. In other embodiments, the targeted
HSV encodes a gene product that provides a desired function
or activity in the targeted cell, e.g., when a cell has one or
more genetic defects preventing the cell from functioning
properly.

Additionally, it is contemplated that a therapeutic poly-
nucleotide (e.g., gene or coding region) of a targeted HSV
may be engineered to be under the expression control of a
cell- or tissue-specific expression control element, e.g., a
promoter. In such embodiments, the targeted HSV provide a
further enhancement to the selective treatment of a suitable
disorder, disease or condition. The targeted HSV is specific
for a binding partner located on the surface of those cells for
which treatment is intended, and expression of the therapeutic
coding region or gene borne by the targeted HSV is limited to
particular cells or tissues.

As HSV has been engineered to overcome the barriers to
vector-based therapies, the choice of recombinant polynucle-
otide to be inserted into the vector has widened to the point
where a wide variety of diseases, disorders and conditions are
amenable to treatment with targeted HSV. A number of dis-
eases are amenable to polynucleotide-based therapy using
HSV (see, e.g., Kennedy, et al., Brain. 120, 1245-1259, 1997,
incorporated by reference herein in its entirety). Though most
attention has focused on cancers, there has been success in
treating Parkinson’s disease by expressing tyrosine hydroxy-
lase in striatal cells, thus restoring [.-dopa-induced nerve
repair following axotomy of the superior cervical ganglion.
Injection of a vector expressing nerve growth factor resulted
in restored levels of tyrosine hydroxylase. More generally,
HSV can now be used in polynucleotide-based therapy to
replace missing or defective coding regions in the target cells.
In the event of an inherited single-gene disorder (such as
Lesch-Nyhan syndrome) where the complete DNA sequence,
cause, and effect of the disorder are known, a single poly-
nucleotide replacement mediated by targeted HSV is appro-
priate and contemplated. Another strategy amenable to the
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use of targeted HSV is the enhancement of endogenous
expression levels of a gene product, e.g., a growth factor or
enzyme. Yet another strategy for using targeted HSV is HSV-
directed enzyme pro-drug therapy. The delivery of a drug-
sensitivity gene would be beneficial in the treatment of, e.g.,
a malignant brain tumor, making the tumor more susceptible
to conventional anti-cancer agents.

In other embodiments, the targeted HSV of the invention
provide for vector-mediated delivery of anti-sense oligode-
oxyribonucleotides (oligonucleotides). The oligonucle-
otides, short segments of DNA (e.g., 2-100 nucleotides in
length), are delivered to target cells and therein bind to
complementary mRNA, thus blocking the expression of spe-
cific genes within the target cells. The encoded protein fail to
be synthesized, as the mRNA is not be recognized by the
translational components of the cell. In preferred embodi-
ments, a deleterious gene is targeted.

In yet other embodiments, targeted HSV are used to deliver
polynucleotides, e.g., DNAs encoding gene products, that can
recruit or enhance an immune system response, thereby
bringing a subject’s or patient’s own immune system to bear
in the treatment of a disease, disorder or condition known in
the art to be amenable to immune system activity. For
example, an increase in cellular antigen expression of tumor
cells, mediated by delivery of an expressible coding region
for the antigen by a targeted HSV, would enhance the immune
response and increase the susceptibility of such tumor cells to
host cytotoxic immunity.

In some embodiments, a targeted HSV composition of the
invention is delivered to a patient at or around the site of a
tumor, which is a very efficient method for counteracting
clinical disease. Alternatively, systemic delivery of targeted
HSV compositions may be appropriate in other circum-
stances, for example, where extensive metastasis has
occurred, or where inaccessible tumors are encountered.

Itis contemplated that in certain embodiments of the inven-
tion a protein that acts as an angiogenesis inhibitor is targeted
to a tumor. Also, an angiogenesis inhibitor agent may be
administered in combination with a targeted HSV of the
invention. These agents include, for example, Marimastat
(British Biotech, Annapolis Md.; indicated for non-small cell
lung, small cell lung and breast cancers); AG3340 (Agouron,
LaJolla, Calif; for glioblastoma multiforme); COL-3 (Col-
lagenex, Newtown Pa.; for brain tumors); Neovastat
(Aeterna, Quebec, Canada; for kidney and non-small cell
lung cancer) BMS-275291 (Bristol-Myers Squibb, Walling-
ford Conn.; for metastatic non-small cell lung cancer); Tha-
lidomide (Celgen; for melanoma, head and neck cancer, ova-
rian, and metastatic prostate cancers; Kaposi’s sarcoma;
recurrent or metastatic colorectal cancer (with adjuvants);
gynecologic sarcomas, liver cancer; multiple myeloma; CLL,
recurrent or progressive brain cancer, multiple myeloma, and
non-small cell lung, nonmetastatic prostate, refractory mul-
tiple myeloma, and renal cancer); Squalamine (Magainin
Pharmaceuticals Plymouth Meeting, Pa.; non-small cell lung
cancer and ovarian cancer); Endostatin (EntreMEd, Rock-
ville, Md.; for solid tumors); SU5416 (Sugen, San Francisco,
Calif; recurrent head and neck, advanced solid tumors, stage
IIIB or IV breast cancer; recurrent or progressive brain (pedi-
atric) cancer; ovarian cancer, AML (acute myeloid leukemia);
glioma, advanced malignancies, advanced colorectal cancer,
von-Hippel Lindau disease, advanced soft tissue cancer;
prostate cancer, colorectal cancer, metastatic melanoma, mul-
tiple myeloma, malignant mesothelioma: metastatic renal,
advanced or recurrent head and neck cancer, metastatic col-
orectal cancer); SU6668 (Sugen San Francisco, Calif;
advanced tumors); interferon-a; Anti-VEGF antibody (Na-
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tional Cancer Institute, Bethesda Md.; Genentech San Fran-
scisco, Calif., for refractory solid tumors; metastatic renal cell
cancer, in untreated advanced colorectal cancer;
EMD121974 (Merck KCgaA, Darmstadt, Germany, for HIV-
related Kaposi’s sarcoma, and progressive or recurrent Ana-
plastic Glioma); Interleukin 12 (Genetics Institute, Cam-
bridge, Mass., for Kaposi’s sarcoma) and IM862 (Cytran,
Kirkland, Wash., for ovarian cancer, untreated metastatic can-
cers of colon and rectal origin, and Kaposi’s sarcoma). The
parenthetical information following the agents indicates the
cancers against which the agents are being used in these trials.
It is contemplated that any of these disorders may be treated
with the targeted HSV compositions of the invention, either
alone or in combination with the agents listed.

In order to prepare a therapeutic composition for clinical
use, it will be necessary to prepare the therapeutic composi-
tion as a pharmaceutical composition, i.e., in a form appro-
priate for in vivo applications. Generally, this will entail pre-
paring compositions that are essentially free of pyrogens, as
well as other impurities that could be harmful to humans or
other vertebrates.

Generally, appropriate salts and buffers are included to
render delivery vectors stable and to allow for uptake by target
cells. Aqueous compositions of the invention comprise an
effective amount of the targeted HSV, dissolved or dispersed
in a pharmaceutically acceptable carrier or aqueous medium.
Such compositions also are referred to as inocula. The phrase
“pharmaceutically acceptable” or “pharmacologically
acceptable” refer to molecular entities and compositions that
do not produce adverse, allergic, or other untoward reactions
when administered to an animal or a human. As used herein,
“pharmaceutically acceptable carriers” includes any and all
solvents, dispersion media, coatings, antibacterial and anti-
fungal agents, isotonic and absorption delaying agents, and
the like. The use of such media and agents for pharmaceuti-
cally active substances is well known in the art. Unless a
conventional medium or agent is incompatible with either the
vectors of the invention or the intended subject receiving
treatment, its use in therapeutic compositions is contem-
plated. Supplementary active or inert ingredients also can be
incorporated into the compositions.

The active compositions of the invention include standard
pharmaceutical preparations. Administration of these com-
positions according to the invention is by any known route,
provided that the target tissue is accessible via that route. The
pharmaceutical compositions may be introduced into the sub-
ject by any conventional method, e.g., by intravenous, intra-
dermal, intramusclar, intramammary, intraperitoneal, intrath-
ecal, retrobulbar, intravesicular, intrapulmonary (e.g., term
release); sublingual, nasal, anal, vaginal, or transdermal
delivery, or by surgical implantation at a particular site. The
treatment may consist of a single dose or a plurality of doses
over a period of time.

Upon formulation, solutions are administered in a manner
compatible with the dosage formulation and in such amount
as is therapeutically effective. Appropriate dosages may be
ascertained through the use of established routine assays. As
studies are conducted, further information will emerge
regarding optimal dosage levels and duration of treatment for
specific diseases, disorders, and conditions.

In preferred embodiments, the unit dose may be calculated
in terms of the dose of viral particles being administered.
Viral doses are defined as a particular number of virus par-
ticles or plaque forming units (pfu). Particular unit doses
include 10°,10%,10°,10°, 107, 10%,10°,10'°,10'*, 102, 10*3
or 10'* pfu. Particle doses may be somewhat higher (10- to
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100-fold) due to the presence of infection-defective particles,
which is determinable by routine assays known in the art.

The pharmaceutical compositions and treatment methods
ofthe invention are useful in the fields of human medicine and
veterinary medicine. Thus, the subject to be treated may be a
vertebrate, e.g., a mammal, preferably human. For veterinary
purposes, subjects include, for example, farm animals such as
cows, sheep, pigs, horses and goats, companion animals such
as dogs and cats, exotic and/or zoo animals, laboratory ani-
mals including mice, rats, rabbits, guinea pigs and hamsters;
and poultry such as chickens, turkey, ducks and geese.

In some embodiments of the invention, it is contemplated
that the targeted HSV is administered in conjunction with
chemo- or radiotherapeutic intervention, immunotherapy, or
with any other therapy conventionally employed in the treat-
ment of cancer.

To kill cells, inhibit cell growth, inhibit metastasis, inhibit
angiogenesis or otherwise reverse or reduce malignant phe-
notypes using the methods and compositions of the invention,
one contacts a “target” cell, a tumor, or its vasculature with a
targeted HSV composition and at least one other agent. The
components of these compositions are provided in a com-
bined amount effective to kill or inhibit proliferation of cancer
cells. This process may involve contacting the cells with the
targeted HSV composition and the agent(s) or factor(s) at the
same time. This may be achieved by contacting the subject
organism, or cell of interest, with a single composition or
pharmacological formulation that includes both agents, or by
contacting the cell with two distinct compositions or formu-
lations, at the same or different times, wherein one composi-
tion includes a targeted HSV composition of the invention
and the other composition includes the second agent.

Another aspect of the invention provides diagnostic meth-
ods that involve imaging a tumor or diseased tissue using a
targeted HSV. Such methods are useful in diagnosing a
patient with a disease, disorder, or condition that is indicated
by the presence of a receptor on the surface of a cell. Diag-
nostic imaging methods are discussed above.

Kits

Kits according to the invention may include recombinant
viruses of the invention or may include vectors for producing
such recombinant viruses. A vector for producing a recombi-
nant virus of the invention may encode the gD/ligand fusion
protein or may be designed to facilitate cloning of a ligand to
produce a gD/ligand fusion protein (e.g., a vector containing
amultiple cloning site within the gD coding region that facili-
tates in-frame insertions).

Other components that can be included in a kit of the
invention include a receptor-expressing cell line (useful as a
control), a nucleic acid molecule for expressing the receptor
in a particular cell type, and instructions for using the kit to
effect diagnostic analyses or therapeutic treatments. In cer-
tain embodiments, a therapeutic kit will further contain a
component for bringing about a therapeutic effect, such as a
prodrug or a toxic compound. In other embodiments, a diag-
nostic kit will contain a compound useful in imaging meth-
ods, such as a chromophore or fluorophore, or an antibody for
detecting infected cells.

Having provided a general description of the various
aspects of the invention, the following disclosure provides
examples illustrative of the invention, wherein Example 1
describes construction of a targeted HSV, Example 2 illus-
trates the construction of a cell line expressing a targeted
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HSV, and Example 3 describes the controlled infection of a
desired cell by a targeted HSV.

EXAMPLE 1

Construction of HSV Targeting Vector R5111

A targeted HSV was constructed to target the recombinant
virus to cells of malignant gliomas. The target for entry of the
virus into such cells is the IL13Ra2 receptor known to be
present in malignant gliomas. Unlike the more prevalent
IL13aR1 receptor, the IL.13Ra2 receptor has a shorter cyto-
plasmic domain and does not interact with IL4, of which I[.13
is a close relative. In general, the construction of the targeted
HSV involved mutagenizing gB and gC to preclude their
interaction with heparan sulfate. Also, I1.13 was inserted into
gD atamino acid 24 thereby disrupting the gD binding site for
HveA. The resulting I[.13-gD chimeric virus can use
IL13Ra2 for entry into cells carrying that receptor.

More specifically, the targeted HSV R5111 was con-
structed in several steps depicted in the four panels of FIG. 1
and detailed below.

(1) Substitution of amino terminal domain of gC with 1,13

fused to the signal sequence of gC.

FIG. 1A, lines 1-3 schematically depicts a cDNA consist-
ing ofthe IT.13 coding sequence fused at its amino terminus to
its signal sequence. The complete cDNA of I 13, with the
N-terminal signal peptide coding region, was amplified using
the PCR primer elongation method. The primers were as
follows:

pIL13F1,
(SEQ ID NO:1)
CATTGCTCTCACTTGCCTTGGCGGC TTTGCCTCCCCAGGCCCTGTGCCTC

CCTCTACAGC;

pIL13F2,
(SEQ ID NO:2)
GCAGCTAGCCTCATGGCGCTTTTGTTGACCACGGTCATTGCTCTCACTTG

CCTTGGCGGC;
and

PIL13RECORI,
(SEQ ID NO:3)
GAGCTCGGATCCTGAATTCAACCGTCCCTC.

First-round PCR used pI[L13F1 and pI.13REcoRI as prim-
ers, with pRB5830 (containing the I1.13 coding region) as the
template. The PCR reaction mixture was then diluted 10-fold
and 1 ul of the diluted reaction mixture was used as template
for the second round of PCR amplifications with pII.13F2 and
pIL13REcoRI as the primer set. The PCR product was gel-
purified, digested with Nhel/EcoRI, and ligated into pBlue-
script II KS(+) at Xbal/EcoRlI sites to generate pPRB5832. To
construct the transfer plasmid pRB5835, a 4.8-kbp HindIIl/
Sacl fragment containing the HSV-1 gC coding region was
released from cosmid pBC1007 and inserted into pBluescript
II KS(+) to generate pRB5833. pRB5833 was cleaved with
Nhel and EcoRI and the N-terminal 148 residues of gC were
replaced with the gC-signal/IL13 chimeric sequence
(pRB5834). The insert in pPRB5834 was released by Xhol/
Sacl digestion and ligated into pKOSY at the same sites to
generate pRB5835.

The recombinant virus R5107 (FIG. 1A, line 1) carrying
the IL.13-gC chimera was generated with the aid of the BAC-
HSV system. RR1 competent cells that harbored bacterial
artificial chromosome (BAC)-HSV bacmids were trans-
formed with the transfer plasmid pRB5835 by electropora-
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tion. After incubation for 1 hour at 30° C. in LB broth, the
transformed bacteria were plated on pre-warmed Zeocine
(Zeo) plus chloramphenicol (Cm) (20 pg/ml of each) plates
and incubated overnight at 43° C. for integration. The next
day, six colonies were picked and each was separately diluted
in 1 ml LB. Five pl of the diluted bacteria were then plated on
Cm/10% sucrose (Suc) plates, and incubated at 30° C. over-
night. To further confirm the loss of the replacement vector,
24 Cm/Suc-resistant colonies (four colonies from each plate)
were restreaked in duplicate on Cm LB and Zeo LB plates,
respectively. The Suc’/Cm’/Zeo” colonies were further
screened by PCR (95° C., 4 minutes forcycle 1; then 35 cycles
ot 94° C., 1 minute; 60° C., 1 minute; and 72° C., 1 minute).
The primers were:

pgC-F,

GACACGGGCTACCCTCACTATCGAGGGC (SEQ 1D
NO:4; from nt 96158 to 96185 in HSV-1 strain 17),

and pgC-R,

GGTGATGTTCGTCAGGACCTCCTCTAGGTC (SEQ
ID NO:5; from nt 96859 to 96830 in HSV-1 strain 17).

The DNA fragment amplified from PCR-positive clones

(FIG. 2B) was sequenced to further confirm the integration of
113 in the correct open reading frame (ORF) of gC. To verify
the viability of the recombinant (R5607), the recombinant
BAC-HSV DNA was prepared as described elsewhere (Ye et
al., 2000) and transfected into rabbit skin cells by Lipo-
fectamine reagent (Life Technologies, Grand Island, N.Y.).
The resultant virus, R5607, was stored at —-80° C.

(i) Deletion of the polylysine track from gB, FIG. 1 Panel
B. To make a transfer plasmid for the deletion of the gB
heparan sulfate binding domain (polylysine), a 4.76 kbp
BstEIl fragment (from nt 53164 to 57923 of HSV-1)
containing the U,27 (gB) ORF released from cosmid
BC1014 was blunt-ended and cloned into pBluescript 11
KS (+) at a Smal site to generate pRB5846. To construct
pRB5847, from which the 10-amino-acid polylysine
domain of gB was deleted, two fragments flanking the
polylysine domain were amplified by PCR from
pRB5846. The primer sets were:

pgBlBamHI :

(SEQ ID NO:6)
GTTCTTCTTCGGTTTCGGATCCCCCG;
PYB2BspETI :

(SEQ ID NO:7)
CGGCATTTCCGGAATAACGCCCACTC;
and
pgB3BamHI :

(SEQ ID NO:8)
CAGAAAACCGGATCCCCCAAAGCCGCC;
PgB4BsiWI:

(SEQ ID NO:9)

GCCAACACAAACTCGTCGTACGGGTAC.

PCR amplified fragments were then cut with BspEl/
BamHI, or BsiWI/BamHI and ligated into pRB5846, which
had the 1.2 kbp BsiWI1/BspEI fragment already deleted. To
generate the transfer plasmid pRB5848, the 4.76 kbp insert in
pRB5847 was released by Xbal/EcoRYV digestion and ligated
into pKOSY at the sites of Xbal and Scal. Recombinant
HSV-1 virus R5108 is based on R5107 with the additional
deletion of the gB heparan sulfate binding domain. It was
made by the same procedure as BAC-R5607, except that the
transfer plasmid pRB5848 was used instead of BAC-HSV
wild-type and pRB5835. The sequence of the mutant gB was
verified by sequencing the entire ORF.
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(iii) Deletion of gD (FIG. 1 panel C, lines 6 and 7). The
coding sequence of gD was replaced with the human
cytomagolovirus immediate early promoter to enable
the expression of glycoprotein 1. A 0.65 kbp fragment
containing the promoter was released from pRB5836 by
Clal digestion and inserted into pgD (FIG. 6), a plasmid
obtained from G. Campadelli-Fiume. This plasmid, con-
taining the flanking sequences of gD but lacking the gD
ORF, had been cut with Clal to generate pRB5849.
pRB5849 was then cut with Notl and Pmel and ligated
into pKOSY at the Notl and Scal sites to generate the
transfer plasmid pRB5850. Recombinant HSV-1 virus
R5110 is based on R5608 with the additional deletion of
gD. It was made by the same procedure as BAC-R5607
except that transfer plasmid pRB5850 was used instead
of BAC-HSV wild-type and pRB5835. The recombinant
BAC-HSV DNA was prepared as described in (Yeet al.,
2000). The mutant virus was designated R5110.

(iv) Construction of the R5111 mutant carrying the IL.-13-
gD chimeric gene (FIG. 1 panel D). Plasmid pRB123
carries a 6,584 bp BamHI J fragment containing the gD
coding region and flanking sequences in the BamHI site
of pBR322. To construct the I 13-gD chimeric plasmid,
pRB123 was digested with Aflll and Hpal to release two
fragments of 7.6 kb and 3.2 kb. The 3.2 kb fragment was
further digested with Fspl to release 2.5 kb and 0.7 kb
fragments that contain the amino-terminal 661 bp of the
gD ORF. A polylinker sequence containing the restric-
tion sites Xhol-Bglll-EcoRI-Kpnl was inserted into the
0.7 kb fragment downstream of the 24th codon of gD by
two PCR reactions using a first forward primer,

(SEQ ID NO:10)
5'-CAGTTATCCTTAAGGTCTCTTTTGTGTGGTG-3 ",

and a first reverse primer,
(SEQ ID NO:11)

5' -CCGGAATTCCGGAGATCTTCCCTCGAGGACCGGAAGGTCTTTGCCGC

GAAAG-3',

and a second forward primer,

(SEQ ID NO:12)
5'CCGGAATTCCGGGGTACCCTGGACCAGCTGACCGACCCTCCGG-3 !,

and a second reverse primer,

(SEQ ID NO:13)
5' - CGGGGGGATGCGCAGCGGGAGGGCGTACTTAC-3 ",

respectively. After digestion of the two PCR products by
EcoRlI, they were ligated and amplified by PCR again to
obtain the desired DNA fragment containing the polylinker
insertion.

113 was amplified by PCR with the forward primer,

(SEQ ID NO:14)
5'-CCGCTCGAGATGGCGCTTTTGTTGACCACGG-3",

and the reverse primer,
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(SEQ ID NO:15)
5'-GGGGTACCGTTGAACCGTCCCTCGCGARAA-3!,

and then inserted into the Xhol and Kpnl sites of the 0.7 kb
fragment described above. This new fragment with the 11,13
insertion was then ligated with the 2.5 kb and 7.6 kb frag-
ments (see above) to generate the I1.13-gD chimeric transfer
plasmid, pRB13-24.

R5111 was generated by co-transfection of transfer plas-
mid pRB13-24 and the R5110 viral DNA into U87 glioma
cells. The progeny of the transfection was plated at a high
dilution on Vero and HEp-2 cell cultures to yield individual,
well-spaced plaques. From each of the infected cell cultures,
six single plaques were picked, frozen-thawed, sonicated, and
then replated on fresh cultures of Vero or HEp-2 cells (de-
pending on the origin of the plaque) for preparation of virus
stocks and to prepare viral DNA for sequencing.

Viral DNA extraction. Infected cells were removed from
each of the 25 cm? flasks exposed to individual plaque iso-
lates, rinsed, and resuspended in 500 pl of Lyse-O-Lot (150
mM NaCl, 10 mM Tris, 1.5 mM MgCl, in the presence of
0.1% of NP40). Nuclei were removed by low-speed centrifu-
gation. To the supernatant fluid were added sodium dodecyl
sulfate (SDS) to 0.2%, EDTA to 5 mM and -ME to 50 mM.
The solution was then extracted twice with phenol/chloro-
form. Viral DNA was finally precipitated by ethanol, resus-
pended, and the IL.13 ORF and I1.13-gD chimeric reading
frame were amplified by PCR with two sets of primers. The
first set, designed to amplify 11,13, consisted of: a forward
primer, 5'-CCGCTCGAGATGGCGCTTTTGTTGAC-
CACGG-3' (SEQ ID NO:16), and a reverse primer,
5'-GGGGTACCGTTGAACCGTCCCTCGCGAAA-3'
(SEQ ID NO:17), which will amplify the I1[.13 ORF. The
second set, designed to amplify the IL. 3-gD junction, con-
sisted of a forward junction primer,

5'-CCGCTCGAGATGGCGCTTTTGTTGACCACGG-3'
(SEQ ID NO: 18), and a reverse junction primer, 5'-AACT-
GCAGGTTGTTCGGGGTGGCCGGGGG-3' (SEQ 1D
NO:19). All 12 1L.13-gD PCR products were sequenced to
determine whether the gD sequence contained deletions or
substitutions.

Verification of the structure of R5111 The construction of
the R5111 virus is depicted in FIG. 1. The design involved
replacement of the HveA binding site with the I1.13 ligand to
enable the recombinant virus to bind the IL.13¢2 receptor on
cell surfaces and to delete the sequences reported to bind to
heparan sulfate. Verification of the structure of R5111 was
done as follows:

(1) The replacement of the amino-terminal domain of gC
with IL13 and the disruption of the heparan sulfate bind-
ing site was initially verified by sequencing gC from
recombinant R5107 (FIG. 2 A).

(i1) The deletion of codons 68-77 of gB was verified by
sequencing the gB ORF amplified by PCR from recom-
binant R5108 (FIG. 2 B). The nucleotide and amino acid
sequences of gB with the polylysine track deleted are set
out in SEQ ID NOs.:35 and 36, respectively.

(iii) The presence of chimeric I1.13-gD in R5111 was veri-
fied by PCR, as illustrated in FIG. 3, and by sequencing
the entire I[.13-gD coding region, amplified by PCR, as
shown in FIG. 2. The nucleotide and amino acid
sequences of gD with the I[.13 integration are set out in
SEQ ID NOs.:39 and 40, respectively. The R5111
recombinant was initially isolated from transfected U87
cells and grown in parallel in Vero cells and HEp-2 cells.
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To determine whether the virus grown in Vero cells or
HEp-2 cells differed with respect to amino acid
sequence, six plaques each from Vero or HEp-2 cultures
containing well-separated plaques were picked. In this
series of verification experiments, two sets of primers
were used to confirm the presence of the IL13 insert in
gD and to verify the presence of a junction between 1113
and gD. In a second round of verifications, the 12 clones
of' gD were sequenced to determine whether the isolates
obtained from the viruses passaged in Vero cells or in
HEp-2 cells differed in amino acid sequence. No differ-
ences were found. Furthermore, except for the inserted
1113 sequence, no differences were found between the
sequence of HSV-1 (F) gD and those of the cloned
1L-13-gD chimeric genes (FIG. 2C).

(iv) In denaturing polyacrylamide gels, I1.13 migrated as a
protein with an apparent Mr of 15-17,000. In the recom-
binant R5111, 1113 replaced 148 amino acids of gC.
FIG. 4B shows an immunoblot of electrophoretically
separated proteins from a lysate of R5111 mutant-in-
fected cells exposed to an antibody to gC. As illustrated
in that figure, the anti-gC antibody reacted with proteins
present in lysates of HSV-1(F) and with proteins from
R5111 lysates, exhibiting similar electrophoretic
mobilities. In contrast, an antibody to I[.13 reacted with
a band of similar mobility in R5111 lysates (FIG. 4C,
lane 3) but not in lysates of HSV-1(F) (FIG. 4C, lane 2).
The IL13-gD fusion protein in the R5111 mutant virus
was verified by reacting the cell lysates with gD and
IL13 antibody. Comparison of wild-type gD and the
chimeric 11.13-gD chimeric protein (FIG. 4A, lane 3),
showed that, as expected, I[.13-gD migrated more
slowly than the wild-type gD (FIG. 4A, lane 2). The
faster migrating band of gD did not react with the anti-
body to IL.13 (FIG. 4C, lane 2).

EXAMPLE 2

Construction of a Cell Line Expressing the I1.13 Receptor
(IL13Ra2)

A rigorous test of the ability of R5111 to utilize the
IL13Ra2 protein as a receptor for entry required construction
of a cell line expressing IL.13Ra2 (nucleotides 126-1265 of
SEQ ID NO.:33; SEQ ID NO:34) in the absence of other
HSV-1 entry receptors. The J1.1 cell line was selected for this
construction. In essence, this cell line lacks the receptors
necessary for the entry of virus into cells and the cell line is
not susceptible to infection by wild-type virus. The construc-
tion of a plasmid encoding a ILL13Ra2 protein fused at its
carboxyl terminus to a HA tag, transfection of J1.1 cells with
the plasmid encoding the tagged IL.13Ra2 protein, and selec-
tion of the cell line expressing the protein is described below.

To test for the production of I[.13Ra2 protein, five clones
of'the selected cells were harvested, solubilized, subjected to
electrophoresis in denaturing polyacrylamide gels and tested
for expression of the protein.

Construction of J13R, a cell line stably expressing
IL13Ra2 receptor. The 111302 coding region was tagged
with an HAtag at its 3' end (the carboxyl terminus of the
encoded polypeptide) by PCR with forward primer, 5-AA-
GATTTGGGC-TAGCATGGCTTTCGTTTGC-3' (SEQ ID
NO:20), and reverse primer,

5'-TCCCTCGAAGCTTCAAGCATAATCTG-
GCACATCATATGTATCACAGAA-AAA-3'  (SEQ 1D
NO:21). Nhel and HindIII restriction digests were used to
create compatible ends. The DNA fragment was then inserted
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into pcDNA 3.1 (zeo) vector (Invitrogen; Carlsbad, Calif.) to
generate transfer plasmid pRB 13-R2. All of the constructs
were sequenced to insure fidelity.

J1.1, a derivative of BHK thymidine kinase cells which
lack both HveA and nectin 1 receptors, was obtained
from Dr. G. Campadelli-Fiume, University of Bologna,
Italy. J1.1 cells, stably transfected with pRB 13-R2 using
a Lipofectamine kit (Gibco-BRL), were selected on the
basis of their resistance to zeocin (Invitrogen). Zeocin-
resistant clones were amplified and screened for
IL13Ra2 expression by immunoblotting with anti-HA
polyclonal antibody. Lysates of parental and trans-
formed cells formed by solubilized in SDS were each
electrophoretically separated in a denaturing gel (50
ng/lane), transferred to a nitrocellulose sheet, and
probed with antibody against HA (Santa Cruz Biotech-
nology). The protein bands were visualized by an
enhanced chemiluminescent detection (ECL) system
(Pierce, Rockford, 111.) according to the instructions of
the manufacturer. One (J13R-2) was selected for testing
the ability of R5111 to use the IL.13Ra2 receptor.

As shown in FIG. 5, all clones expressed a protein band
reactive with the anti-HA antibody. The apparent size of the
protein was consistent with the reported size of IL13Ra2. Of
5 J13R-positive clones, J13R-2 (FIG. 5, lane 3) was selected
and designated J13R.

EXAMPLE 3

Infection by the HSV Targeting Vector R5111

SK—N—SH, HEp-2, Vero, and U87 cells were obtained
from American Type Culture Collection (Rockville, Md.) and
maintained in Dulbecco’s modification of Eagle’s Minimal
Essential Medium (DMEM) supplemented with 10% fetal
bovine serum. Replicate cultures of SK—N—SH, HEp-2,
Vero, U87, J1.1, and J13R were exposed to 0.01 PFU of
R5111 virus per cell. After 24 hours of incubation, the cells
were harvested and viral yields were titered on Vero cells.

Immunoblotting electrophoretically separated proteins.
The indicated cells were mock-infected or exposed to 10 PFU
of recombinant or wild-type HSV-1(F) per cell. The cells
were harvested at 24 hours after infection, disrupted in SDS
disruption buffer, boiled, cleared by centrifugation and elec-
trophoretically separated on a 10% denaturing polyacryla-
mide gel. After transfer to a nitrocellulose membrane, the
isolated proteins were reacted with antibodies as indicated
using known and conventional techniques. Monoclonal anti-
bodies against gD-(clone H170), gC- and HA-specific poly-
clonal antisera were purchased from the Goodwin Institute,
Plantation, Fla. Polyclonal antibodies against I[.13 were pur-
chased from Santa Cruz Biotechnology.

The results shown in Table 1 were as follows: R5111 rep-
licated to within a 10-fold range in HEp-2, Vero, U87, and
J13R cells. The titer obtained from J1.1 cells was approxi-
mately 10°-fold lower than that obtained from all other cell
lines. To test whether the J13R cell line had acquired a recep-
tor for wild-type HSV-1 (HSV-1(F)), J1.1 and J13R cells were
also exposed to the wild-type virus. The results, also shown in
Table 1, indicate that the cells remain resistant to the wild-
type virus. It was known that HEp-2 cells express the nectin
receptor but not the HveA receptor. The results show that the
targeted HSV containing an 11.13-gD fusion can target (i.e.,
bind and infect) cells expressing a particular receptor
(IL13Ra2) approximately as well as wild-type HSV targets
cells expressing the HveA receptor. The results indicate that
R5111 can use IL.13Ra2 as a receptor for entry in a cell line
lacking all other HSV-1 receptors.
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TABLE 1

Replication of R5111 in various cell lines

Virus Cell Line* Yield**
R5111 Vero 11x 107
HEp-2 1.2x 107
SK-N-SH 17 x 107
us7 27 x 107
J1.1 2 x 102
J13R 11x 107
HSV-1(F) J1.1 6x 103
J13R 4% 103

*cell lines derived from human brain tumors.
**The cells were exposed to 0.01 PFU of R5111 or HSV-1(F) per cell and
harvested 24 hours after infection. Progeny virus were titered on Vero cells.

This disclosure contains an exemplary description of the
construction and properties of a recombinant HSV virus,
R5111. In R5111, the heparan sulfate binding sites on the
surface of the viral particle were ablated to preclude or at least
reduce the attachment of virus to non-targeted cells. Attach-
ment even in the absence of fusogenic activity may lead to
endocytosis, degradation of the virus particle, and to poten-
tial, damage to the cell by lysosomal enzymes (Zhou et al.
2002; Zhou et al. 2000). At the same time, a copy of IL.13 was
inserted into gC to enhance binding of virus particles to the
IL13Ra2 receptor. The major restructuring of the viral
genome consisted of insertion of I1.13 at amino acid 24 of gD.
Available data indicate that this modification ablates the gD
binding site for the HveA receptor (Carfietal. 2001). The data
obtained using R5111 indicate that the virus retains the
capacity to interact with the Nectin receptor. Nonetheless, the
R5111-targeted HSV was able to infect and replicate in J13R
cells but not in the parental, J1.1, cells.

EXAMPLE 4

Construction of HSV Targeting Vector R5141 and R5144

A therapeutic herpes simplex virus 1 (HSV-1) capable of
infecting and replicating solely in cells harboring the
IL13Ra2 receptor was constructed using recombinant DNA
techniques. As disclosed above, construction of R5111,
which expresses 11,13 on its surface and lacks the binding
sites for heparin sulfate, allowed R5111 to infect J-13R cells
as well as cells exhibiting the natural receptors for HSV-1.
Thus, the involvement of fusogenic glycoproteins of
R5111—a key step in viral entry—is independent of the
receptor with which gD interacts.

The binding site of HveA has been reported to be at the
amino terminal domain of gD (Carfi A., et al., 2001). The
precise binding sites of gD for Nectin 1 are not known,
although it has previously been reported to involve gD amino
acids 38 and 221 (Manoj S., etal., 2004; Zago A., et al., 2004;
Connolly S A., 2005). The general assumption within the field
is that the HveA and Nectin 1 sites do not overlap and that
each independently promotes the same structural alteration of
gD to enable entry of the virus into cells. However, it is
possible that the surface structure of HveA and Nectin 1 at
their binding sites may be similar even though the Hvel and
Nectinl amino acid sequences are not identical.

Based in part on the foregoing information, viruses capable
of productive replication solely in targeted cells were
designed as shown in FIG. 7. Using standard molecular bio-
logical cloning techniques known in the art, recombinant
virus R5141 was constructed by inserting 1113 in the place of
gD residues 1-32. In addition, the valine residue at position 34
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was substituted with serine (“V34S”) (SEQ ID NOs.:41 and
42, respectively). Similarly, recombinant virus R5144 was
constructed by inserting 113 in the place of gD residues
1-32, and the valine at position 37 was substituted with serine
(“V37S) (SEQ ID NOs.:43 and 44, respectively).

One of skill would appreciate that a variety of re-targeted
SHYV, both HSV-1 and HSV-2, could be constructed and
assessed using routine techniques in view of the disclosures
herein. In particular, substituting a binding domain of a bind-
ing partner for the N-terminal region of gD, e.g., for amino
acids 1-32 of gD, would be within the skill in the art. Further
alteration of the gD fusion, e.g., by amino acid substitution,
whether conservative substitution or not, would also be
within the skill in the art. Of course, additions or deletions to
gD fusions would also be within the skill in the art and
assessing the targeting capacities of such constructs would
involve routine experimentation in view of the teachings
herein.

EXAMPLE 5

Infection by the HSV Targeting Vectors R5141 and R5144

The capacities of the recombinant viruses described in
Example 4 to productively replicate solely in targeted cells
were assessed using the cell lines which express either HveA
(J-HveA) alone (relative to the group of HveA, Nectinl, and
IL13R a2), Nectinl (J-Nectinl) alone, or IL.13Ra2 (J-13R)
alone. For cell infection, the procedure set forth in Example 3
was repeated using recombinant virus R5141 and recombi-
nant virus R5144.

The replication of R5141 and R5144 in J-Nectin-,
J-HveA-, and J-13R-specific cells are summarized in Table 2.
R5141 and R5144 do not productively interact with either
native gD receptors, HveA or Nectinl. Significantly, how-
ever, R5141 interacts with and replicates in IL13Ra2 for
productive entry into cells.

TABLE 2

Replication of R5141 and R5144 in
J-Nectin, J-HveA and J-13R cells.

HSV-1 (F) R5141 R5144
J-Nectin 4% 108 7 x 10! 5x 10!
J-HveA 3 x 108 4% 10! 3x 102
J-13R 3x 10! 5% 108 7 x 102

Thus, recombinant virus R5141 is capable of productive
replication solely in targeted cells and this result opens the
way for development of therapeutic viruses targeting cells
exhibiting the IL.13Ra2 receptor, such as malignant gliomas
and other human tumors exhibiting IL.13Ra2. It is expected
that other mutations (i.e., those that abolish binding of Nectin
and those that have a similar effect on HveA) will yield
viruses that enter solely via non-natural HSV receptors.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 44

<210> SEQ ID NO 1

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 1

cattgetete acttgecttyg geggetttge ctecccagge cetgtgecte cctctacage

<210> SEQ ID NO 2

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 2

gcagctagee tcatggeget tttgttgace acggtcattg ctetcacttyg ccttggegge

<210> SEQ ID NO 3

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 3

gagctceggat cctgaattca accgteccte

<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 4

gacacgggct accctcacta tcgaggge

<210> SEQ ID NO 5

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 5

ggtgatgttc gtcaggacct cctctaggte

<210> SEQ ID NO 6

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 6

gttecttette ggttteggat cccceg

<210> SEQ ID NO 7
<211> LENGTH: 26

60

60

30

28

30

26
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 7

cggcatttecc ggaataacgce ccactce 26

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 8

cagaaaaccg gatcccccaa agccgec 27

<210> SEQ ID NO 9

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 9

gccaacacaa actcgtcecgta cgggtac 27

<210> SEQ ID NO 10

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 10

cagttatcct taaggtctcect tttgtgtggt g 31

<210> SEQ ID NO 11

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 11

ccggaattee ggagatctte cctegaggac cggaaggtet ttgecgegaa ag 52

<210> SEQ ID NO 12

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 12

ccggaattee ggggtaccct ggaccagetg accgacecte cgg 43

<210> SEQ ID NO 13

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 13
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cggggggatg cgcagcggga gggcgtactt ac

<210> SEQ ID NO 14

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 14

ccgetegaga tggegetttt gttgaccacg g

<210> SEQ ID NO 15

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 15

ggggtaccegt tgaaccgtec ctcgcgaaa

<210> SEQ ID NO 16

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 16

ccgetegaga tggegetttt gttgaccacg g

<210> SEQ ID NO 17

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 17

ggggtaccegt tgaaccgtec ctcgcgaaa

<210> SEQ ID NO 18

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 18

ccgetegaga tggegetttt gttgaccacg g

<210> SEQ ID NO 19

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 19

aactgcaggt tgttcggggt ggccggggg

<210> SEQ ID NO 20

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

32
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<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 20
aagatttggyg ctagcatgge
<210> SEQ ID NO 21

<211> LENGTH: 51
<212> TYPE: DNA

tttegtttge

Synthetic primer

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 21

Synthetic primer

tcecctegaag cttcaageat aatctggcac atcatatgta tcacagaaaa a

<210> SEQ ID NO 22
<211> LENGTH: 568
<212> TYPE: DNA

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 22

gettggtegyg gaggecgeat

ttttcagtge ccggtetege

cggtcattge tctcacttge

cagccctcag gtacctceatt

tctgcaatgyg cagcatggta

tggaatccct gatcaacgtg

geggattetyg ccegcacaag

ccaaaatcga ggtggeccag

gcgagggacg gttgaattee

tgggtcegte ccccccaate

<210> SEQ ID NO 23

<211> LENGTH: 350
<212> TYPE: DNA

cgaacgcaca

tttgccggga

cttggegget

gaggagctgg

tggagcatca

tcaggctgea

gtctcagetyg

tttgtaaaag

acccgcatgg

geteegge

ccececateeyg

acgctagect

ttgcctecee

tcaacatcac

acctgacage

gtgccatcga

ggcagtttte

atctgetett

agttcecgect

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 23

gggtecctggt ggegteggeg
cccaggegge gaacggggga
cgggggatce gaaaccgaag
cggcegacaac gcgaccgteg
caaggcggayg aacaccgatg
ggtgcagttce gagcagccge
<210> SEQ ID NO 24

<211> LENGTH: 655
<212> TYPE: DNA

getecgagtt
cctgecacte
aagaacagaa
cegegggeca
caaactttta

geegetgece

cceceeggeac

cggegecged

aaccgaaacc

cgccacecety

cgtgtgececa

gacceggece

<213> ORGANISM: Artificial sequence

<220> FEATURE:

gtggtecgtg
catggegett
aggccctgty
ccagaaccag
tggcatgtac
gaagacccag
cagcttgeat
acatttaaag

ccagatatgg

geetggggte
cgececectgge
cccaaagege
cgcgagcace
ccececcacgyg

gagggtcaga

tggaggtegt
ttgttgacca
ccteccteta
aaggctcege
tgtgcagece
aggatgctga
gtcegagaca
aaactttttc

cgttactceca

gcggecgega

ccecgecccaa

cgegeecccge

tgcgggacat

gegecacggt

<223> OTHER INFORMATION: Amino-terminal sequence of IL13-gD

<400> SEQUENCE: 24

atgggggggy ctgcegecag gttgggggee gtgattttgt ttgtegteat agteggecte

30

51

60

120

180
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60
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180
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300

350

60
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catggggtcee gcggcaaata tgccttggeg gatgectcete tcaagctgge cgaccccaat 120
cgetttegee gcaaagacct tccggtecte gagatggege ttttgttgac cacggtcatt 180
getetcactt gecttggegg ctttgectee ccaggecctyg tgectecect ctacageect 240
cagggagcte attgaggagc tggtcaacat cacccagaac cagaaggctce cgctctgcaa 300
tggcagcatg gtttggagca tcaacctgac agetggcatyg tactgtgcag ccctggaatce 360
cctgatcaac gtgtcaggct gecagtgecat cgagaagacce cagaggatge tgggeggatt 420
ctgceegecac aaggtctcag ctgggcagtt ttecagettyg catgtccgag acaccaaaat 480
cgaggtggee cagtttgtaa aggacctget cttacattta aagaaacttt ttcgegaggg 540
acggttcaac tgaaacggta ccctggacca getgaccgac ccteeggggyg tcecggegegt 600
gtaccacatc caggcgggcece taccggacce gttcecagcce cccagectee cgatce 655
<210> SEQ ID NO 25
<211> LENGTH: 1185
<212> TYPE: DNA
<213> ORGANISM: Herpes Simplex Virus-1
<400> SEQUENCE: 25
atgggggggyg ctgccgecag gttgggggece gtgattttgt ttgtegtcat agtgggecte 60
catggggtcee gcggcaaata tgccttggeg gatgectcete tcaagatgge cgaccccaat 120
cgetttegeg gcaaagacct tcecggtecceg gaccggetga cegaccctece gggggtecgg 180
cgegtgtace acatccagge gggcctacceg gaccegttece agecccccag ccteccgate 240
acggtttact acgcegtgtt ggagcgegece tgecgcageg tgctectaaa cgcaccgteg 300
gaggccccee agattgtceg cggggectcece gaagacgtece ggaaacaacc ctacaacctg 360
accatcgett ggttteggat gggaggcaac tgtgctatee ccatcacggt catggagtac 420
accgaatgct cctacaacaa gtctcetgggg gectgtcececa tecgaacgca gccceegetgg 480
aactactatg acagcttcag cgccgtcage gaggataacce tggggttect gatgcacgece 540
ccegegtttyg agaccgecgg cacgtacctg cggetcegtga agataaacga ctggacggag 600
attacacagt ttatcctgga gcaccgagece aagggctect gtaagtacge ccttecgetg 660
cgcatecccee cgtcagectg ccteteccee caggectace agcagggggt gacggtggac 720
agcatcggga tgctgeccceg cttcatecce gagaaccage gcaccgtege cgtatacage 780
ttgaagatcg ccgggtggca cgggcccaag gecccataca cgagcaccct getgeccccg 840
gagetgteeyg agacccccaa cgccacgcag ccagaactcg ceccggaaga ccccgaggat 900
teggecctet tggaggacce cgtggggacg gtggtgccege aaatcccacce aaactggcac 960
ataccgtcga tccaggacgce cgcgacgect taccatcceee cggecacccece gaacaacatg 1020
ggcctgateg ccggegeggt gggcggcagt ctcecctggtag ccectggtcat ttgcggaatt 1080
gtgtactgga tgcgccgceceg cactcaaaaa gccccaaage gecatacgect cecccacatce 1140
cgggaagacg accagccgte ctcecgcaccag ccecttgtttt actag 1185

<210> SEQ ID NO 26
<211> LENGTH: 394

<212> TYPE:

PRT

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 26

Met Gly Gly Ala Ala Ala Arg Leu Gly Ala Val Ile Leu Phe Val Val

1

5

10

15
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38

Ile

Ser

Val

Ile

65

Thr

Asn

Val

Gly

Tyr

145

Asn

Leu

Val

Arg

Ser

225

Ser

Ala

Tyr

Thr

Glu

305

Ile

Pro

Val

Gln

Gln
385

<210>
<211>
<212>
<213>

<400>

Val

Leu

Pro

50

Gln

Val

Ala

Arg

Asn

130

Asn

Tyr

Met

Lys

Ala

210

Ala

Ile

Val

Thr

Gln

290

Asp

Pro

Asn

Ala

Lys

370

Pro

Gly

Lys

35

Asp

Ala

Tyr

Pro

Lys

115

Cys

Lys

Tyr

His

Ile

195

Lys

Cys

Gly

Tyr

Ser

275

Pro

Pro

Ser

Asn

Leu

355

Ala

Ser

Leu

20

Met

Arg

Gly

Tyr

Ser

100

Gln

Ala

Ser

Asp

Ala

180

Asn

Gly

Leu

Met

Ser

260

Thr

Glu

Val

Ile

Met

340

Val

Pro

Ser

SEQUENCE :

His

Ala

Leu

Leu

Ala

85

Glu

Pro

Ile

Leu

Ser

165

Pro

Asp

Ser

Ser

Leu

245

Leu

Leu

Leu

Gly

Gln

325

Gly

Ile

Lys

His

SEQ ID NO 27
LENGTH:
TYPE: DNA
ORGANISM: Herpes Simplex Virus-1

2715

27

Gly

Asp

Thr

Pro

70

Val

Ala

Tyr

Pro

Gly

150

Phe

Ala

Trp

Cys

Pro

230

Pro

Lys

Leu

Ala

Thr

310

Asp

Leu

Cys

Arg

Gln
390

Val

Pro

Asp

55

Asp

Leu

Pro

Asn

Ile

135

Ala

Ser

Phe

Thr

Lys

215

Gln

Arg

Ile

Pro

Pro

295

Val

Ala

Ile

Gly

Ile

375

Pro

Arg

Asn

40

Pro

Pro

Glu

Gln

Leu

120

Thr

Cys

Ala

Glu

Glu

200

Tyr

Ala

Phe

Ala

Pro

280

Glu

Val

Ala

Ala

Ile

360

Arg

Leu

Gly

25

Arg

Pro

Phe

Arg

Ile

105

Thr

Val

Pro

Val

Thr

185

Ile

Ala

Tyr

Ile

Gly

265

Glu

Asp

Pro

Thr

Gly

345

Val

Leu

Phe

Lys

Phe

Gly

Gln

Ala

90

Val

Ile

Met

Ile

Ser

170

Ala

Thr

Leu

Gln

Pro

250

Trp

Leu

Pro

Gln

Pro

330

Ala

Tyr

Pro

Tyr

Tyr

Arg

Val

Pro

75

Cys

Arg

Ala

Glu

Arg

155

Glu

Gly

Gln

Pro

Gln

235

Glu

His

Ser

Glu

Ile

315

Tyr

Val

Trp

His

Ala Leu Ala Asp

Gly

Arg

60

Pro

Arg

Gly

Trp

Tyr

140

Thr

Asp

Thr

Phe

Leu

220

Gly

Asn

Gly

Glu

Asp

300

Pro

His

Gly

Met

Ile
380

Lys

45

Arg

Ser

Ser

Ala

Phe

125

Thr

Gln

Asn

Tyr

Ile

205

Arg

Val

Gln

Pro

Thr

285

Ser

Pro

Pro

Gly

Arg

365

Arg

30

Asp

Val

Leu

Val

Ser

110

Arg

Glu

Pro

Leu

Leu

190

Leu

Ile

Thr

Arg

Lys

270

Pro

Ala

Asn

Pro

Ser

350

Arg

Glu

Leu

Tyr

Pro

Leu

95

Glu

Met

Cys

Arg

Gly

175

Arg

Glu

Pro

Val

Thr

255

Ala

Asn

Leu

Trp

Ala

335

Leu

Arg

Asp

Ala

Pro

His

Ile

80

Leu

Asp

Gly

Ser

Trp

160

Phe

Leu

His

Pro

Asp

240

Val

Pro

Ala

Leu

His

320

Thr

Leu

Thr

Asp
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atgcgecagg gegeccecoge gegggggege cggtggtteg tegtatggge getettgggg 60
ttgacgctgg gggtectggt ggegteggeg getccgagtt cecceggeac gectggggte 120
geggecgega cccaggcegge gaacggggge cctgcecacte cggegecgec cgeccctgge 180
geeeccccaa cgggggaccee gaaaccgaag aagaacagaa aaccgaaacc cccaaagcecg 240
cegegecceg ccoggegacaa cgcgaccegte gecgegggece acgecaccct gcgcegagcac 300
ctgcgggaca tcaaggcgga gaacaccgat gcaaactttt acgtgtgecce accccccacyg 360
ggcgecacygy tggtgcagtt cgagcageccg cgccgetgee cgacceggec cgagggtcag 420
aactacacgg agggcatcgc ggtggtette aaggagaaca tcegecccgta caagttcaag 480
gecaccatgt actacaaaga cgtcaccgtt tcgcaggtgt ggttceggeca cegetactece 540
cagtttatgg ggatctttga ggaccgegece ceegtcecect tegaggaggt gatcgacaag 600
atcaacgcca agggggtetg tcggtccacg gecaagtacyg tgcgcaacaa cctggagace 660
accgegttte accgggacga ccacgagacce gacatggage tgaaaccgge caacgcecgceg 720
acccgeacga gccggggetyg gcacaccacce gacctcaagt acaaccccte gegggtggag 780
gegttecace ggtacgggac gacggtaaac tgcatcegteg aggaggtgga cgegegeteg 840
gtgtaccegt acgacgagtt tgtgttggeg actggegact ttgtgtacat gtecccegttt 900
tacggctace gggaggggtc gcacaccgaa cacaccaget acgecgcecga ccgcttcaag 960
caggtcgacg gcttctacge gegcgaccte accaccaagg ccecgggecac ggcgecgace 1020
acccggaace tgctcacgac ccccaagtte accgtggect gggactgggt gccaaagcge 1080
ccgteggtet gecaccatgac caagtggcag gaggtggacg agatgctgeg ctceccgagtac 1140
ggcggctect tecgattcte ttecgacgece atatccacca ccttcaccac caacctgacce 1200
gagtaccege tctegegegt ggacctgggg gactgcatceg gcaaggacgce ccgegacgec 1260
atggaccgca tcttegeccg caggtacaac gegacgcaca tcaaggtggyg ccagecgcag 1320
tactacctgg ccaatggggg ctttctgatc gcgtaccage cccttcectcag caacacgcetce 1380
geggagetgt acgtgcggga acacctccge gagcagagec gcaagcecccc aaaccccacyg 1440
ccecegecge ccoggggecag cgccaacgeg teegtggage gcatcaagac cacctectee 1500
atcgagttcg ccaggctgca gtttacgtac aaccacatac agcgccatgt caacgatatg 1560
ttgggcegeg ttgccatcege gtggtgcgag ctgcagaatc acgagctgac cctgtggaac 1620
gaggcccegea agctgaacce caacgcecatce gecteggeca cegtgggecg gegggtgage 1680
gegeggatge teggcgacgt gatggecgte tecacgtgeg tgcceggtege cgeggacaac 1740
gtgatcgtece aaaactcgat gcgcatcage tegeggecceyg gggectgeta cagecgecce 1800
ctggtcagct ttcggtacga agaccagggce ccgttggteg aggggcagcet gggggagaac 1860
aacgagctge ggctgacgceg cgatgcgatce gagecgtgea cegtgggaca ccggegetac 1920
ttcacctteg gtgggggcta cgtgtactte gaggagtacg cgtactccca ccagctgagce 1980
cgcgcecgaca tcaccaccegt cagcacctte atcgacctca acatcaccat getggaggat 2040
cacgagtttg tcccectgga ggtgtacacce cgccacgaga tcaaggacag cggcectgetg 2100
gactacacgyg aggtccageg ccgcaaccag ctgcacgacce tgecgettege cgacatcgac 2160
acggtcatcc acgccgacgce caacgccgcece atgtttgegg gectgggcge gttettegag 2220
gggatgggeg acctggggeg cgcggtegge aaggtggtga tgggcatcgt gggeggegtg 2280
gtatcggeeg tgtcgggegt gtectectte atgtccaacce ccetttgggge gctggceegtyg 2340
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ggtctgttgg

ctgcagagca

accaaccegg

gecgaggece

cacaaggcca

atgcgcaage

gaggacgace

tcectggeegy
accccatgaa
acgcgteegyg
gggagatgat
agaagaaggg
gecgcaacac

tgtga

<210> SEQ ID NO 28
<211> LENGTH: 904

<212> TYPE:
<213> ORGANISM: Herpes Simplex Virus-1

PRT

<400> SEQUENCE: 28

Met

1

Ala

Ser

Gly

Gly

65

Pro

Leu

Phe

Gln

Gly

145

Ala

Pro

Ser

Arg

225

Thr

Ser

Val

Leu

Arg

Leu

Ser

Gly

50

Asp

Arg

Arg

Tyr

Pro

130

Ile

Thr

Arg

Phe

Thr

210

Asp

Arg

Arg

Glu

Ala
290

Gln

Leu

Pro

35

Pro

Pro

Pro

Glu

Val

115

Arg

Ala

Met

Tyr

Glu

195

Ala

Asp

Thr

Val

Glu

275

Thr

CCtggngCg

ggcectgtac

dgagggcegag

acggtacatg

cacgagcgeg

caactacacc

Gly Ala Pro Ala Arg

Gly Leu Thr Leu Gly

20

Gly Thr Pro Gly Val

Ala Thr Pro Ala Pro

55

Lys Pro Lys Lys Asn

70

Ala Gly Asp Asn Ala

85

His Leu Arg Asp Ile

100

Cys Pro Pro Pro Thr

120

Arg Cys Pro Thr Arg

135

Val Val Phe Lys Glu
150

Tyr Tyr Lys Asp Val

165

Ser Gln Phe Met Gly

180

Glu Val Ile Asp Lys

200

Lys Tyr Val Arg Asn

215

His Glu Thr Asp Met
230

Ser Arg Gly Trp His

245

Glu Ala Phe His Arg

260

Val Asp Ala Arg Ser

280

Gly Asp Phe Val Tyr

295

gecttetteyg
ccgctaacca
gagggeggeg
gecetggtgt
ctgcteageyg

caagttccca

Gly Arg Arg
10

Val Leu Val
25

Ala Ala Ala

Pro Ala Pro

Arg Lys Pro

75

Thr Val Ala
90

Lys Ala Glu
105

Gly Ala Thr

Pro Glu Gly

Asn Ile Ala

155

Thr Val Ser
170

Ile Phe Glu
185

Ile Asn Ala

Asn Leu Glu

Glu Leu Lys

235

Thr Thr Asp
250

Tyr Gly Thr
265

Val Tyr Pro

Met Ser Pro

cctttegeta cgtcatgegy

ccaaggagcet

actttgacga

ctgccatgga

ccaaggtcac

acaaagacgg

Trp

Ala

Thr

Gly

60

Lys

Ala

Asn

Val

Gln

140

Pro

Gln

Asp

Lys

Thr

220

Pro

Leu

Thr

Tyr

Phe
300

Phe

Ser

Gln

45

Ala

Pro

Gly

Thr

Val

125

Asn

Tyr

Val

Arg

Gly

205

Thr

Ala

Lys

Val

Asp

285

Tyr

Val

Ala

30

Ala

Pro

Pro

His

Asp

110

Gln

Tyr

Lys

Trp

Ala

190

Val

Ala

Asn

Tyr

Asn

270

Glu

Gly

caagaacccc
ggccaagcta
gegecacggaa
cgacatggte

tgacgccgac

Val Trp
15

Ala Pro

Ala Asn

Pro Thr

Lys Pro
80

Ala Thr
95

Ala Asn

Phe Glu

Thr Glu

Phe Lys

160

Phe Gly
175

Pro Val

Cys Arg

Phe His

Ala Ala

240
Asn Pro
255
Cys Ile

Phe Val

Tyr Arg

2400

2460

2520

2580

2640

2700

2715
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44

Glu

305

Gln

Thr

Ala

Trp

Arg

385

Glu

Ala

Leu

Val

465

Pro

Thr

Ile

Cys

Leu

545

Ala

Ala

Pro

Gln

Leu

625

Phe

Leu

Tyr

Val

705

Thr

Gly

Val

Ala

Trp

Gln

370

Phe

Tyr

Arg

Ile

Ile

450

Arg

Pro

Thr

Gln

Glu

530

Asn

Arg

Ala

Gly

Gly

610

Thr

Thr

Gln

Asn

Thr

690

Gln

Val

Ser

Asp

Pro

Asp

355

Glu

Ser

Pro

Asp

Lys

435

Ala

Glu

Pro

Ser

Arg

515

Leu

Pro

Met

Asp

Ala

595

Pro

Arg

Phe

Leu

Ile

675

Arg

Arg

Ile

His

Gly

Thr

340

Trp

Val

Ser

Leu

Ala

420

Val

Tyr

His

Pro

Ser

500

His

Gln

Asn

Leu

Asn

580

Cys

Leu

Asp

Gly

Ser

660

Thr

His

Arg

His

Thr

Phe

325

Thr

Val

Asp

Asp

Ser

405

Met

Gly

Gln

Leu

Gly

485

Ile

Val

Asn

Ala

Gly

565

Val

Tyr

Val

Ala

Gly

645

Arg

Met

Glu

Asn

Ala

Glu

310

Tyr

Arg

Pro

Glu

Ala

390

Arg

Asp

Gln

Pro

Arg

470

Ala

Glu

Asn

His

Ile

550

Asp

Ile

Ser

Glu

Ile

630

Gly

Ala

Leu

Ile

Gln

710

Asp

His

Ala

Asn

Lys

Met

375

Ile

Val

Arg

Pro

Leu

455

Glu

Ser

Phe

Asp

Glu

535

Ala

Val

Val

Arg

Gly

615

Glu

Tyr

Asp

Glu

Lys

695

Leu

Ala

Thr

Arg

Leu

Arg

360

Leu

Ser

Asp

Ile

Gln

440

Leu

Gln

Ala

Ala

Met

520

Leu

Ser

Met

Gln

Pro

600

Gln

Pro

Val

Ile

Asp

680

Asp

His

Asn

Ser

Asp

Leu

345

Pro

Arg

Thr

Leu

Phe

425

Tyr

Ser

Ser

Asn

Arg

505

Leu

Thr

Ala

Ala

Asn

585

Leu

Leu

Cys

Tyr

Thr

665

His

Ser

Asp

Ala

Tyr

Leu

330

Thr

Ser

Ser

Thr

Gly

410

Ala

Tyr

Asn

Arg

Ala

490

Leu

Gly

Leu

Thr

Val

570

Ser

Val

Gly

Thr

Phe

650

Thr

Glu

Gly

Leu

Ala

Ala

315

Thr

Thr

Val

Glu

Phe

395

Asp

Arg

Leu

Thr

Lys

475

Ser

Gln

Arg

Trp

Val

555

Ser

Met

Ser

Glu

Val

635

Glu

Val

Phe

Leu

Arg

715

Met

Ala Asp Arg Phe

Thr

Pro

Cys

Tyr

380

Thr

Cys

Arg

Ala

Leu

460

Pro

Val

Phe

Val

Asn

540

Gly

Thr

Arg

Phe

Asn

620

Gly

Glu

Ser

Val

Leu

700

Phe

Phe

Lys

Lys

Thr

365

Gly

Thr

Ile

Tyr

Asn

445

Ala

Pro

Glu

Thr

Ala

525

Glu

Arg

Cys

Ile

Arg

605

Asn

His

Tyr

Thr

Pro

685

Asp

Ala

Ala

Ala

Phe

350

Met

Gly

Asn

Gly

Asn

430

Gly

Glu

Asn

Arg

Tyr

510

Ile

Ala

Arg

Val

Ser

590

Tyr

Glu

Arg

Ala

Phe

670

Leu

Tyr

Asp

Gly

Arg

335

Thr

Thr

Ser

Leu

Lys

415

Ala

Gly

Leu

Pro

Ile

495

Asn

Ala

Arg

Val

Pro

575

Ser

Glu

Leu

Arg

Tyr

655

Ile

Glu

Thr

Ile

Leu

Lys

320

Ala

Val

Lys

Phe

Thr

400

Asp

Thr

Phe

Tyr

Thr

480

Lys

His

Trp

Lys

Ser

560

Val

Arg

Asp

Arg

Tyr

640

Ser

Asp

Val

Glu

Asp

720

Gly
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-continued
725 730 735
Ala Phe Phe Glu Gly Met Gly Asp Leu Gly Arg Ala Val Gly Lys Val
740 745 750
Val Met Gly Ile Val Gly Gly Val Val Ser Ala Val Ser Gly Val Ser
755 760 765
Ser Phe Met Ser Asn Pro Phe Gly Ala Leu Ala Val Gly Leu Leu Val
770 775 780
Leu Ala Gly Leu Ala Ala Ala Phe Phe Ala Phe Arg Tyr Val Met Arg
785 790 795 800
Leu Gln Ser Asn Pro Met Lys Ala Leu Tyr Pro Leu Thr Thr Lys Glu
805 810 815
Leu Lys Asn Pro Thr Asn Pro Asp Ala Ser Gly Glu Gly Glu Glu Gly
820 825 830
Gly Asp Phe Asp Glu Ala Lys Leu Ala Glu Ala Arg Glu Met Ile Arg
835 840 845
Tyr Met Ala Leu Val Ser Ala Met Glu Arg Thr Glu His Lys Ala Lys
850 855 860
Lys Lys Gly Thr Ser Ala Leu Leu Ser Ala Lys Val Thr Asp Met Val
865 870 875 880
Met Arg Lys Arg Arg Asn Thr Asn Tyr Thr Gln Val Pro Asn Lys Asp
885 890 895
Gly Asp Ala Asp Glu Asp Asp Leu
900
<210> SEQ ID NO 29
<211> LENGTH: 1800
<212> TYPE: DNA
<213> ORGANISM: Herpes Simplex Virus-1
<400> SEQUENCE: 29
agggcgcettyg gtcgggagge cgcatcgaac geacaccceee atceggtggt cegtgtggag 60
gtegttttea tgccecggtet cgetttgteg ggaacgctag ceggtceccte gegaggggga 120
ggegteggge atggecccegg ggegggtggg ccttgecgtyg gtectgtgga gectgttgty 180
geteggggeyg ggggtggcecyg ggggetcegga aactgectee accgggecca cgatcaccege 240
gggagceggtyg acgaacgcga gcgaggccce cacategggg tecccegggt cagecgecag 300
cceggaagte acccccacat cgaccccaaa cceccaacaat gtcacacaaa acaaaaccac 360
ccccaccgag ccggecagcece ccccaacaac cceccaagecce acctcecacge ccaaaagccce 420
cceccacgtee acccececgace ccaaacccaa gaacaacacce accceccgeca agtcegggecg 480
ccecactaaa ccccceggge ccgtgtggtyg cgaccgecege gacccattgyg cccggtacgg 540
ctegtgggty cagatccgat gecggttttg gaattccace cgcatggagt tccgectceca 600
gatatggegt tactccatgg gtcegtcecce cccaateget ceggeteccg acctagagga 660
ggtectgacyg aacatcaccg ccccaccegg gggactectg gtgtacgaca gegeccccaa 720
cctgacggac ccccacgtge tectgggegga gggggcecgge cegggcegecyg acccteegtt 780
gtattctgte accgggccge tgccgaccca geggetgatt atcggegagg tgacgccege 840
gacccaggga atgtattact tggectgggg ccggatggac agcccgcacg agtacgggac 900
gtgggtgege gtecgecatgt tcecgeccccee gtetcetgace ctecagecce acgeggtgat 960
ggagggtcag ccgttcaagg cgacgtgcac ggccgecgece tactacccge gtaacccegt 1020
ggagtttgtc tggttcgagg acgaccgcca ggtgtttaac ccgggccaga tcgacacgca 1080
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gacgcacgag

cggecaggte

gttctegega

ggaatttggg

tgcctggtte

gtegtgegac

cagcgagtac

cggcagtcac

gtgggtgggy

gtacgtcgte

gttacctttt

caccecegacy

cececeegegga

cgcaatgeca

gtceggcatyg

ctgggggacyg

cacccaeggyge

atctgteggt

cagcccccac

attggaatcg

cgcacatcac

taatatctat

tataaagccyg ccaccctete

<210> SEQ ID NO 30
<211> LENGTH: 511
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 30

ggttcaccac

cctteaccetyg

CnggCtggC

tggtctgeac

acccctecace

tggctacggt

tgaccggata

ccagggaccc

gggttctege

agtcgeggea

atagtttggt

ttcectecagy

Met Ala Pro Gly Arg Val Gly Leu

1

Trp

Pro

Ser

Thr

65

Pro

Pro

Ala

Arg

Arg

145

Tyr

Glu

Asp

Ala

Pro

225

Met

Leu

Thr

Gly

50

Pro

Ala

Pro

Lys

Arg

130

Phe

Ser

Val

Ser

Gly

210

Thr

Tyr

Gly

Ile

Ser

Asn

Ser

Thr

Ser

115

Asp

Arg

Met

Leu

Ala

195

Pro

Gln

Tyr

Ala Gly Val Ala Gly

20

Thr Ala Gly Ala Val

Pro Gly Ser Ala Ala

55

Pro Asn Asn Val Thr

70

Pro Pro Thr Thr Pro

85

Ser Thr Pro Asp Pro

100

Gly Arg Pro Thr Lys

120

Pro Leu Ala Arg Tyr

135

Asn Ser Thr Arg Met
150

Gly Pro Ser Pro Pro

165

Thr Asn Ile Thr Ala

180

Pro Asn Leu Thr Asp

200

Gly Ala Asp Pro Pro

215

Arg Leu Ile Ile Gly
230

Leu Ala Trp Gly Arg

245

agtctctace

ccagatgacg

cctggtgetyg

ggCngCth

ggcggctaag

ceggtecace

tCngCngg

caccgagegyg

ggegggggte

gegtcategyg

ccececcteta

tcatcettygyg

Herpes Simplex Virus-1

Ala Val Val
10

Gly Ser Glu
25

Thr Asn Ala

Ser Pro Glu

Gln Asn Lys

75

Lys Pro Thr
90

Lys Pro Lys
105

Pro Pro Gly

Gly Ser Arg

Glu Phe Arg
155

Ile Ala Pro
170

Pro Pro Gly
185

Pro His Val

Leu Tyr Ser

Glu Val Thr
235

Met Asp Ser
250

gtgacctecg aggctgtegg
tggcaccgeyg actccgtgac
ccgeggecaa ccatcaccat
gtcecegagg gegtgacgtt
tcggeegtta cggcccagga
ctgcccattt cgtacgacta
attccegtte tagagcacca
caggtgatcg aggcgatcga
ctggtegtaa cggcaatcegt
cggtaacgeg agaccccccc
tccegeccac cgetgggege

tcgatccega acgacacacg

Leu Trp Gly Leu Leu
15

Thr Ala Ser Thr Gly
30

Ser Glu Ala Pro Thr
45

Val Thr Pro Thr Ser
60

Thr Thr Pro Thr Glu
80

Ser Thr Pro Lys Ser
95

Asn Asn Thr Thr Pro
110

Pro Val Trp Cys Asp
125

Val Gln Ile Arg Cys
140

Leu Gln Ile Trp Arg
160

Ala Pro Asp Leu Glu
175

Gly Leu Leu Val Tyr
190

Leu Trp Ala Glu Gly
205

Val Thr Gly Pro Leu
220

Pro Ala Thr Gln Gly
240

Pro His Glu Tyr Gly
255

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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-continued

50

Thr

Pro

Ala

Asp

305

Gly

Arg

Val

Val

385

Leu

Glu

Ile

Ala

Arg

465

Ile

Val

<210>
<211>
<212>
<213>

<400>

Trp

His

Ala

290

Arg

Pro

Gly

Asp

Leu

370

Cys

Gly

Ser

Ser

Gly

450

Asp

Gly

Tyr

Val

Ala

275

Tyr

Gln

Asp

Gln

Ser

355

Pro

Thr

Asp

Cys

Tyr

435

Ile

Pro

Ile

Val

Arg Val Arg Met Phe

260

Val Met Glu Gly Gln

280

Tyr Pro Arg Asn Pro

295

Val Phe Asn Pro Gly
310

Gly Phe Thr Thr Val

325

Val Pro Pro Arg Thr

340

Val Thr Phe Ser Arg

360

Arg Pro Thr Ile Thr

375

Ala Gly Cys Val Pro
390

Asp Pro Ser Pro Ala

405

Asp His Pro Gly Leu

420

Asp Tyr Ser Glu Tyr

440

Pro Val Leu Glu His

455

Thr Glu Arg Gln Val
470

Gly Val Leu Ala Ala

485

Val Arg Thr Ser Gln

500

SEQ ID NO 31
LENGTH: 1282
TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 31

aagccaccca gectatgeat

cgettttgtt

ctgtgectee

accagaaggc

tgtactgtge

cccagaggat

tgcatgteeg

taaagaaact

gagacaggac

ttgggtaggc

gtgctgeccey

gaccacggte

ctctacagec

tcegetetge

agccctggaa

getgagegga

agacaccaaa

ttttegegag

ctgactattg

dggaaggagy

tcttecagect

cecgetectea

attgctctca

ctcagggage

aatggcagca

tcecctgatca

ttctgecege

atcgaggtgg

ggacagttca

aagttgcaga

gttagggagg

agccgaccte

Arg Pro Pro
265

Pro Phe Lys

Val Glu Phe

Gln Ile Asp

315

Ser Thr Val
330

Phe Thr Cys
345

Arg Asn Ala

Met Glu Phe

Glu Gly Val

395

Ala Lys Ser
410

Ala Thr Val
425

Ile Cys Arg

His Gly Ser

Ile Glu Ala

475

Gly Val Leu
490

Ser Arg Gln
505

atcctetect
cttgecttygyg
tcattgagga
tggtatggag
acgtgtcagg
acaaggtctce
cccagtttgt
actgaaactt
ttcattttte
ggtaaaattc

agccttecce

Ser

Ala

Asp

300

Thr

Thr

Gln

Thr

Gly

380

Thr

Ala

Arg

Leu

His

460

Ile

Val

Arg

Leu

Thr

285

Trp

Gln

Ser

Met

Gly

365

Val

Phe

Val

Ser

Thr

445

Gln

Glu

Val

His

Thr

270

Cys

Phe

Thr

Glu

Thr

350

Leu

Arg

Ala

Thr

Thr

430

Gly

Pro

Trp

Thr

Arg
510

gttggcactg

cggetttgee

getggtcaac

catcaacctyg

ctgcagtgee

agctgggcag

aaaggacctyg

cgaaagcatce

tttctgatgt

cttagcettag

ttgcccaggy

Leu Gln

Thr Ala

Glu Asp

His Glu

320

Ala Val
335

Trp His

Ala Leu

His Val

Trp Phe

400

Ala Gln
415

Leu Pro

Tyr Pro

Pro Pro

Val Gly

480

Ala Ile
495

Arg

ggcctcatgg

tcceccaggece
atcacccaga
acagctggea
atcgagaaga
tttteccaget
ctcttacatt
attatttgca
caaaaatgtc
acctcagect

ctcagectygy

60

120

180

240

300

360

420

480

540

600

660
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52

tgggectect ctgtecaggg cectgagete ggtggaccca

cccteccectyg ceoctagagca cactgtagea ttacagtggg

tggtgggaca gggacccact tcacacacag gcaactgagg

cttcttettg gtettattta ttattgtgtg ttatttaaat

gggattgggyg aagactgtgg ctgctagcac ttggagccaa

ccagcactaa agcagtggac accaggagtc cctggtaata

gctacctcac tggggtcectyg gggectegga gectcateceg

cagaacagcce gctectgtcet gecagecage agecagctcet

gtttttectt gtatttaaat attaaatatg ttagcaaaga

cttgaacact gggggagggg acattgaaca agttgtttca

agaaataaag ttggtgacag at

<210> SEQ ID NO 32

<211> LENGTH: 146

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

Met His Pro Leu Leu Asn Pro Leu Leu Leu Ala

1 5 10

Leu Leu Leu Thr Thr Val Ile Ala Leu Thr Cys

20 25
Ser Pro Gly Pro Val Pro Pro Ser Thr Ala Leu
35 40

Glu Leu Val Asn Ile Thr Gln Asn Gln Lys Ala
50 55

Ser Met Val Trp Ser Ile Asn Leu Thr Ala Gly

65 70 75

Leu Glu Ser Leu Ile Asn Val Ser Gly Cys Ser

85 90
Gln Arg Met Leu Ser Gly Phe Cys Pro His Lys
100 105
Phe Ser Ser Leu His Val Arg Asp Thr Lys Ile
115 120

Val Lys Asp Leu Leu Leu His Leu Lys Lys Leu
130 135

Phe Asn

145

<210> SEQ ID NO 33

<211> LENGTH: 1376

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

gtaagaacac tctecgtgagt ctaacggtct tccggatgaa

acctggtcag aagtgtgect gteggegggyg agagaggcaa

gagaaatggce tttegtttge ttggetatcg gatgcttata

catttggcetg tacttcatct tcagacaccyg agataaaagt

agatagtgga tcccggatac ttaggttatce tctatttgea

tggatcattt taaggaatgc acagtggaat atgaactaaa

-continued

gggatgacat gtccctacac 720
tgcecccectt gecagacatg 780
cagacagcag ctcaggcaca 840
gagtgtgttt gtcaccgttg 900
gggttcagag actcagggcce 960
agtactgtgt acagaattct 1020
aggcagggtc aggagagggy 1080
cagccaacga gtaatttatt 1140
gttaatatat agaagggtac 1200
ttgactatca aactgaagcc 1260

1282
Leu Gly Leu Met Ala

15
Leu Gly Gly Phe Ala
30
Arg Glu Leu Ile Glu
45
Pro Leu Cys Asn Gly
60
Met Tyr Cys Ala Ala
80
Ala Ile Glu Lys Thr
95
Val Ser Ala Gly Gln
110
Glu Val Ala Gln Phe
125

Phe Arg Glu Gly Gln
140
ggctatttga agtcgccata 60
tatcaaggtt ttaaatctcg 120
tacctttetyg ataagcacaa 180
taaccctect caggattttg 240
atggcaaccc ccactgtcte 300
ataccgaaac attggtagtg 360
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aaacatggaa gaccatcatt actaagaatc tacattacaa agatgggttt gatcttaaca 420
agggcattga agcgaagata cacacgcttt taccatggca atgcacaaat ggatcagaag 480
ttcaaagtte ctgggcagaa actacttatt ggatatcacc acaaggaatt ccagaaacta 540
aagttcagga tatggattgc gtatattaca attggcaata tttactctgt tcttggaaac 600
ctggcatagg tgtacttectt gataccaatt acaacttgtt ttactggtat gagggettgg 660
atcatgcatt acagtgtgtt gattacatca aggctgatgg acaaaatata ggatgcagat 720
ttccctattt ggaggcatca gactataaag atttctatat ttgtgttaat ggatcatcag 780
agaacaagcce tatcagatcc agttatttca cttttcaget tcaaaatata gttaaacctt 840
tgccgecagt ctatcttact tttacteggg agagttcatyg tgaaattaag ctgaaatgga 900
gcataccttt gggacctatt ccagcaaggt gttttgatta tgaaattgag atcagagaag 960
atgatactac cttggtgact gctacagttg aaaatgaaac atacaccttg aaaacaacaa 1020
atgaaacccg acaattatge tttgtagtaa gaagcaaagt gaatatttat tgctcagatg 1080
acggaatttg gagtgagtgg agtgataaac aatgctggga aggtgaagac ctatcgaaga 1140
aaactttgct acgtttctgg ctaccatttg gtttcatctt aatattagtt atatttgtaa 1200
ccggtetget tttgcgtaag ccaaacacct acccaaaaat gattccagaa tttttetgtg 1260
atacatgaag actttccata tcaagagaca tggtattgac tcaacagttt ccagtcatgg 1320
ccaaatgttc aatatgagtc tcaataaact gaatttttct tgcgaatgtt gaaaaa 1376
<210> SEQ ID NO 34
<211> LENGTH: 380
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 34
Met Ala Phe Val Cys Leu Ala Ile Gly Cys Leu Tyr Thr Phe Leu Ile
1 5 10 15
Ser Thr Thr Phe Gly Cys Thr Ser Ser Ser Asp Thr Glu Ile Lys Val

20 25 30
Asn Pro Pro Gln Asp Phe Glu Ile Val Asp Pro Gly Tyr Leu Gly Tyr

35 40 45
Leu Tyr Leu Gln Trp Gln Pro Pro Leu Ser Leu Asp His Phe Lys Glu
50 55 60
Cys Thr Val Glu Tyr Glu Leu Lys Tyr Arg Asn Ile Gly Ser Glu Thr
65 70 75 80
Trp Lys Thr Ile Ile Thr Lys Asn Leu His Tyr Lys Asp Gly Phe Asp
85 90 95

Leu Asn Lys Gly Ile Glu Ala Lys Ile His Thr Leu Leu Pro Trp Gln

100 105 110
Cys Thr Asn Gly Ser Glu Val Gln Ser Ser Trp Ala Glu Thr Thr Tyr

115 120 125
Trp Ile Ser Pro Gln Gly Ile Pro Glu Thr Lys Val Gln Asp Met Asp
130 135 140
Cys Val Tyr Tyr Asn Trp Gln Tyr Leu Leu Cys Ser Trp Lys Pro Gly
145 150 155 160
Ile Gly Val Leu Leu Asp Thr Asn Tyr Asn Leu Phe Tyr Trp Tyr Glu
165 170 175

Gly Leu Asp His Ala Leu Gln Cys Val Asp Tyr Ile Lys Ala Asp Gly

180 185 190
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-continued

56

Gln

Asp

Ser

225

Pro

Lys

Glu

Glu

Cys

305

Ile

Ser

Ile

Tyr

Asn

Phe

210

Ser

Val

Trp

Ile

Asn

290

Phe

Trp

Lys

Leu

Pro
370

Ile

195

Tyr

Tyr

Tyr

Ser

Glu

275

Glu

Val

Ser

Lys

Val

355

Lys

Gly Cys Arg Phe Pro

200

Ile Cys Val Asn Gly

215

Phe Thr Phe Gln Leu
230

Leu Thr Phe Thr Arg

245

Ile Pro Leu Gly Pro

260

Ile Arg Glu Asp Asp

280

Thr Tyr Thr Leu Lys

295

Val Arg Ser Lys Val
310

Glu Trp Ser Asp Lys

325

Thr Leu Leu Arg Phe

340

Ile Phe Val Thr Gly

360

Met Ile Pro Glu Phe

<210> SEQ ID NO 35
<211> LENGTH: 2685
<212> TYPE: DNA

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 35

atgcgecagyg gegeccoage

ttgacgctygyg

gcggecgega

gcccccccaa

gccgcgggcec

gcaaactttt

cgeegetgec

aaggagaaca

tcgcaggtgt

ccegtecect

gccaagtacyg

gacatggagce

gacctcaagt

tgcatecgteg

actggcgact

cacaccagct

accaccaagg

accgtggect

gggtcetggt
cccaggegyge

cgggggaccc

acgccaccect

acgtgtgece

cgacceggec

tcgeccegta

ggttcggeca

tecgaggaggt

tgcgcaacaa

tgaaaccgge

acaacccectce

aggaggtgga

ttgtgtacat

acgcegecga

ccegggecac

gggactgggt

375

gegggggege

ggegteggeg

gaacgggggce

gccaaagecyg

gegegageac

accccccacyg

cgagggtcag

caagttcaag

cegetactee

gatcgacaag

cctggagace

caacgcegeg

gegggtggag

cgegegeteg

gtcecegttt

ccgetteaag

ggcgecgace

gccaaagcege

Tyr Leu Glu

Ser Ser Glu

Gln Asn Ile

235

Glu Ser Ser
250

Ile Pro Ala
265

Thr Thr Leu

Thr Thr Asn

Asn Ile Tyr

315

Gln Cys Trp
330

Trp Leu Pro
345

Leu Leu Leu

Phe Cys Asp

cggtggtteg
getecgagtt
cctgecacte
cegegeceag
ctgegggaca

ggcgccacgg

aactacacgg
gccaccatgt
cagtttatgg
atcaacgcca
accgegttte
acccgcacga
gegttecace
gtgtaccegt
tacggctace
caggtcgacyg
acccggaacc

cegteggtet

Ala Ser Asp
205

Asn Lys Pro
220

Val Lys Pro

Cys Glu Ile

Arg Cys Phe

270

Val Thr Ala
285

Glu Thr Arg
300

Cys Ser Asp

Glu Gly Glu

Phe Gly Phe

350

Arg Lys Pro
365

Thr
380

tcgtatggge
ccececggeac
cggegecgece
ccggcegacaa
tcaaggcgga
tggtgcagtt
agggcatcge
actacaaaga
ggatctttga
agggggtcetg
accgggacga
geeggggetyg
ggtacgggac
acgacgagtt
gggaggggtce
gettetacge
tgctcacgac

gcaccatgac

Tyr Lys

Ile Arg

Leu Pro

240

Lys Leu
255

Asp Tyr

Thr Val

Gln Leu

Asp Gly

320

Asp Leu
335

Ile Leu

Asn Thr

gCtCttgggg

gCCtggggtC

cgececectgge
cgcgaccgte
gaacaccgat
cgagcagecg
ggtggtette
cgtcaccgtt
ggaccgegece
tcggtecacy
ccacgagacce
gcacaccacce
gacggtaaac
tgtgttggey
gcacaccgaa
gegegaccete
ccccaagtte

caagtggcag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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gaggtggacg agatgctgcg ctccgagtac ggcggctcecet tcecgattcectce ttecgacgece 1140
atatccacca ccttcaccac caacctgacce gagtaccege tcectcegegegt ggacctgggg 1200
gactgcateg gcaaggacgce ccgcgacgcece atggaccgca tcttegeccg caggtacaac 1260
gcgacgcaca tcaaggtggg ccagccgcag tactacctgg ccaatggggg ctttcetgatce 1320
gegtaccage cecttetcag caacacgetce geggagetgt acgtgeggga acaccteege 1380
gagcagagcece gcaagcccce aaaccccacg cccccgecge ceggggecag cgcecaacgeg 1440
tcegtggage gcatcaagac cacctcectcee atcgagtteg ccaggctgca gtttacgtac 1500
aaccacatac agcgccatgt caacgatatg ttgggccgeg ttgccatcge gtggtgcgag 1560
ctgcagaatc acgagctgac cctgtggaac gaggcccgea agctgaacce caacgcecate 1620
gecteggeca cegtgggecyg gegggtgage gegeggatge teggcgacgt gatggccegte 1680
tccacgtgeg tgccggtege cgcggacaac gtgatcgtcecce aaaactcgat gegcatcagce 1740
tegeggeceg gggectgeta cagccgeccee ctggtcaget tteggtacga agaccaggge 1800
cegttggteg aggggcagcet gggggagaac aacgagcetge ggcetgacgeyg cgatgegate 1860
gagcecgtgca ccgtgggaca ccggcgctac ttcacctteg gtgggggcta cgtgtactte 1920
gaggagtacyg cgtactccca ccagectgage cgcgcecgaca tcaccaccgt cagcacctte 1980
atcgacctca acatcaccat gctggaggat cacgagtttg tcccecctgga ggtgtacacce 2040
cgccacgaga tcaaggacag cggcctgetg gactacacgyg aggtccageyg ccgcaaccag 2100
ctgcacgace tgcgettege cgacatcgac acggtcatee acgecgacge caacgcecgece 2160
atgtttgcgg gectgggege gttecttegag gggatgggeg acctggggeg cgcggteggce 2220
aaggtggtga tgggcatcgt gggcggcegtg gtatcggecg tgtcgggcegt gtectcectte 2280
atgtccaacc cctttgggge getggceegtg ggtetgttgg tectggecgg cetggeggeyg 2340
gccttetteg cetttegeta cgtcatgegg ctgcagagca accccatgaa ggccecctgtac 2400
ccgetaacca ccaaggagct caagaacccece accaaccegg acgegtcecegyg ggagggcgag 2460
gagggcggeyg actttgacga ggccaagcta gecgaggece gggagatgat acggtacatg 2520
geectggtgt ctgccatgga gcgcacggaa cacaaggceca agaagaaggg cacgagcgeg 2580
ctgctecageg ccaaggtcac cgacatggte atgcgcaage gcecgcaacac caactacacce 2640
caagttccca acaaagacgg tgacgccgac gaggacgacc tgtga 2685

<210> SEQ ID NO 36
<211> LENGTH: 894

<212> TYPE:

PRT

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 36

Met Arg Gln
1

Ala Leu Leu
Ser Ser Pro

35
Gly Gly Pro
Gly Asp Pro
65

Ala Ala Gly

Gly Ala Pr

o Ala Arg

Gly Leu Thr Leu Gly

20

Gly Thr Pr

Ala Thr Pr

Pro Lys Pr
70

o Gly Val
40

o Ala Pro
55

o Pro Arg

His Ala Thr Leu Arg

Gly Arg Arg

Val Leu Val

25

Ala Ala Ala

Pro Ala Pro

Pro Ala Gly

75

Glu His Leu

Trp Phe Val

Ala Ser Ala
30

Thr Gln Ala
45
Gly Ala Pro

Asp Asn Ala

Arg Asp Ile

Val Trp

Ala Pro

Ala Asn

Pro Thr

Thr Val

80

Lys Ala
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60

Glu

Thr

Gly

Ala

145

Ser

Glu

Ala

Glu

Lys

225

Asp

Thr

Pro

Pro

Ala

305

Thr

Thr

Val

Glu

Phe

385

Asp

Arg

Leu

Thr

Lys

465

Ser

Gln

Asn

Val

Gln

130

Pro

Gln

Asp

Lys

Thr

210

Pro

Leu

Thr

Tyr

Phe

290

Ala

Thr

Pro

Cys

Tyr

370

Thr

Cys

Arg

Ala

Leu

450

Pro

Val

Phe

Thr

Val

115

Asn

Tyr

Val

Arg

Gly

195

Thr

Ala

Lys

Val

Asp

275

Tyr

Asp

Lys

Lys

Thr

355

Gly

Thr

Ile

Tyr

Asn

435

Ala

Pro

Glu

Thr

Asp

100

Gln

Tyr

Lys

Trp

Ala

180

Val

Ala

Asn

Tyr

Asn

260

Glu

Gly

Arg

Ala

Phe

340

Met

Gly

Asn

Gly

Asn

420

Gly

Glu

Asn

Arg

Tyr
500

85

Ala

Phe

Thr

Phe

Phe

165

Pro

Cys

Phe

Ala

Asn

245

Cys

Phe

Tyr

Phe

Arg

325

Thr

Thr

Ser

Leu

Lys

405

Ala

Gly

Leu

Pro

Ile

485

Asn

Asn

Glu

Glu

Lys

150

Gly

Val

Arg

His

Ala

230

Pro

Ile

Val

Arg

Lys

310

Ala

Val

Lys

Phe

Thr

390

Asp

Thr

Phe

Tyr

Thr

470

Lys

His

Phe

Gln

Gly

135

Ala

His

Pro

Ser

Arg

215

Thr

Ser

Val

Leu

Glu

295

Gln

Thr

Ala

Trp

Arg

375

Glu

Ala

His

Leu

Val

455

Pro

Thr

Ile

Tyr

Pro

120

Ile

Thr

Arg

Phe

Thr

200

Asp

Arg

Arg

Glu

Ala

280

Gly

Val

Ala

Trp

Gln

360

Phe

Tyr

Arg

Ile

Ile

440

Arg

Pro

Thr

Gln

Val

105

Arg

Ala

Met

Tyr

Glu

185

Ala

Asp

Thr

Val

Glu

265

Thr

Ser

Asp

Pro

Asp

345

Glu

Ser

Pro

Asp

Lys

425

Ala

Glu

Pro

Ser

Arg
505

90

Cys

Arg

Val

Tyr

Ser

170

Glu

Lys

His

Ser

Glu

250

Val

Gly

His

Gly

Thr

330

Trp

Val

Ser

Leu

Ala

410

Val

Tyr

His

Pro

Ser

490

His

Pro

Cys

Val

Tyr

155

Gln

Val

Tyr

Glu

Arg

235

Ala

Asp

Asp

Thr

Phe

315

Thr

Val

Asp

Asp

Ser

395

Met

Gly

Gln

Leu

Gly

475

Ile

Val

Pro

Pro

Phe

140

Lys

Phe

Ile

Val

Thr

220

Gly

Phe

Ala

Phe

Glu

300

Tyr

Arg

Pro

Glu

Ala

380

Arg

Asp

Gln

Pro

Arg

460

Ala

Glu

Asn

Pro

Thr

125

Lys

Asp

Met

Asp

Arg

205

Asp

Trp

His

Arg

Val

285

His

Ala

Asn

Lys

Met

365

Ile

Val

Arg

Pro

Leu

445

Glu

Ser

Phe

Asp

Thr

110

Arg

Glu

Val

Gly

Lys

190

Asn

Met

His

Arg

Ser

270

Tyr

Thr

Arg

Leu

Arg

350

Leu

Ser

Asp

Ile

Gln

430

Leu

Gln

Ala

Ala

Met
510

95

Gly

Pro

Asn

Thr

Ile

175

Ile

Asn

Glu

Thr

Tyr

255

Val

Met

Ser

Asp

Leu

335

Pro

Arg

Thr

Leu

Phe

415

Tyr

Ser

Ser

Asn

Arg

495

Leu

Ala

Glu

Ile

Val

160

Phe

Asn

Leu

Leu

Thr

240

Gly

Tyr

Ser

Tyr

Leu

320

Thr

Ser

Ser

Thr

Gly

400

Ala

Tyr

Asn

Arg

Ala

480

Leu

Gly
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62

Arg

Trp

Val

545

Ser

Met

Ser

Glu

Val

625

Glu

Val

Phe

Leu

Arg

705

Met

Arg

Ala

Ala

Phe

785

Pro

Gly

Ala

Thr

Lys

865

Gln

Val

Asn

530

Gly

Thr

Arg

Phe

Asn

610

Gly

Glu

Ser

Val

Leu

690

Phe

Phe

Ala

Val

Val

770

Arg

Leu

Glu

Arg

Glu

850

Val

Val

Ala

515

Glu

Arg

Cys

Ile

Arg

595

Asn

His

Tyr

Thr

Pro

675

Asp

Ala

Ala

Val

Ser

755

Gly

Tyr

Thr

Gly

Glu

835

His

Thr

Pro

Ile

Ala

Arg

Val

Ser

580

Tyr

Glu

Arg

Ala

Phe

660

Leu

Tyr

Asp

Gly

Gly

740

Gly

Leu

Val

Thr

Glu

820

Met

Lys

Asp

Asn

Ala

Arg

Val

Pro

565

Ser

Glu

Leu

Arg

Tyr

645

Ile

Glu

Thr

Ile

Leu

725

Lys

Val

Leu

Met

Lys

805

Glu

Ile

Ala

Met

Lys
885

<210> SEQ ID NO 37

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Herpes Simplex Virus-1

1626

Trp

Lys

Ser

550

Val

Arg

Asp

Arg

Tyr

630

Ser

Asp

Val

Glu

Asp

710

Gly

Val

Ser

Val

Arg

790

Glu

Gly

Arg

Lys

Val

870

Asp

Cys

Leu

535

Ala

Ala

Pro

Gln

Leu

615

Phe

His

Leu

Tyr

Val

695

Thr

Ala

Val

Ser

Leu

775

Leu

Leu

Gly

Tyr

Lys

855

Met

Gly

Glu

520

Asn

Arg

Ala

Gly

Gly

600

Thr

Thr

Gln

Asn

Thr

680

Gln

Val

Phe

Met

Phe

760

Ala

Gln

Lys

Asp

Met

840

Lys

Arg

Asp

Leu

Pro

Met

Asp

Ala

585

Pro

Arg

Phe

Leu

Ile

665

Arg

Arg

Ile

Phe

Gly

745

Met

Gly

Ser

Asn

Phe

825

Ala

Gly

Lys

Ala

Gln

Asn

Leu

Asn

570

Cys

Leu

Asp

Gly

Ser

650

Thr

His

Arg

His

Glu

730

Ile

Ser

Leu

Asn

Pro

810

Asp

Leu

Thr

Arg

Asp
890

Asn

Ala

Gly

555

Val

Tyr

Val

Ala

Gly

635

Arg

Met

Glu

Asn

Ala

715

Gly

Val

Asn

Ala

Pro

795

Thr

Glu

Val

Ser

Arg

875

Glu

His

Ile

540

Asp

Ile

Ser

Glu

Ile

620

Gly

Ala

Leu

Ile

Gln

700

Asp

Met

Gly

Pro

Ala

780

Met

Asn

Ala

Ser

Ala

860

Asn

Asp

Glu

525

Ala

Val

Val

Arg

Gly

605

Glu

Tyr

Asp

Glu

Lys

685

Leu

Ala

Gly

Gly

Phe

765

Ala

Lys

Pro

Lys

Ala

845

Leu

Thr

Asp

Leu

Ser

Met

Gln

Pro

590

Gln

Pro

Val

Ile

Asp

670

Asp

His

Asn

Asp

Val

750

Gly

Phe

Ala

Asp

Leu

830

Met

Leu

Asn

Leu

Thr

Ala

Ala

Asn

575

Leu

Leu

Cys

Tyr

Thr

655

His

Ser

Asp

Ala

Leu

735

Val

Ala

Phe

Leu

Ala

815

Ala

Glu

Ser

Tyr

Leu

Thr

Val

560

Ser

Val

Gly

Thr

Phe

640

Thr

Glu

Gly

Leu

Ala

720

Gly

Ser

Leu

Ala

Tyr

800

Ser

Glu

Arg

Ala

Thr
880
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<400> SEQUENCE: 37

atggcgettt tgttgaccac ggtcattget ctecacttgece ttggeggett tgcctceccca 60
ggeectgtge cteectctac agcectcagg gagctcattyg aggagetggt caacatcacce 120
cagaaccaga aggctccget ctgcaatgge agcatggtat ggagcatcaa cctgacaget 180
ggcatgtact gtgcagccct ggaatccctg atcaacgtgt caggctgcag tgccatcgag 240
aagacccaga ggatgctgag cggattctge cegcacaagyg tcetcagetgyg gcagttttee 300
agcttgcatg tccgagacac caaaatcgag gtggcccagt ttgtaaagga cctgetctta 360
catttaaaga aactttttcg cgagggacag ttcaacgaat tccacccgca tggagttccg 420
cctecagata tggegttact ccatgggtcece gtecccceca atcgetcegyg ctcececgacct 480
agaggaggtc ctgacgaaca tcaccgeccece acccggggga ctectggtgt acgacagcge 540
ccccaacctyg acggacccece acgtgetetg ggeggagggyg gecggecegyg gcegecgacce 600
tcegttgtat tetgtcaccg ggccgetgece gacccagegyg ctgattateg gcecgaggtgac 660
geeegegace cagggaatgt attacttgge ctggggecgg atggacagec cgcacgagta 720
cgggacgtgg gtgcgegtcee gecatgtteeg cecccegtet ctgaccctece agecccacge 780
ggtgatggayg ggtcagccgt tcaaggcgac gtgcacggec gecgectact acccgcgtaa 840
cceegtggag tttgtetggt tcgaggacga cegecaggtyg tttaaccegyg gccagatcga 900
cacgcagacg cacgagcacc ccgacgggtt caccacagte tctaccgtga cctecgagge 960
tgtcggegge caggteccce cgcggacctt cacctgcecag atgacgtgge accgegacte 1020
cgtgacgttce tecgcgacgca atgccaccgg gctggcectg gtgctgeccge ggccaaccat 1080
caccatggaa tttggggtcc ggcatgtggt ctgcacggcce ggctgcgtece ccgagggegt 1140
gacgtttgece tggttecctgg gggacgaccce ctcaccggeg gctaagtegg ccgttacgge 1200
ccaggagtcg tgcgaccacc ccgggctggce tacggtecegg tccaccctge ccatttegta 1260
cgactacagc gagtacatct gtcggttgac cggatatccg geccgggattce ccgttctaga 1320
gcaccacgge agtcaccage ccccacccag ggaccccace gagcggcagg tgatcgagge 1380
gatcgagtgg gtggggattg gaatcggggt tcectcegeggeg ggggtcectgg tcecgtaacgge 1440
aatcgtgtac gtcgtccgceca catcacagtce gcggcagegt catcggcggt aacgcgagac 1500
ccececegtta cectttttaat atctatatag tttggtecce cctctatcece geccaccget 1560
gggcgctata aagccgccac cctetcttece ctcaggtcat ccttggtecga tceccgaacga 1620
cacacg 1626

<210> SEQ ID NO 38
<211> LENGTH: 497

<212> TYPE:

PRT

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 38

Met Ala Leu Leu Leu Thr Thr Val

1

Phe Ala Ser

Ile Glu Glu
35

Asn Gly Ser
50

Ala Ala Leu

5

Pro Gly Pro Val Pro

20

Leu Val Asn Ile Thr

40

Met Val Trp Ser Ile

55

Glu Ser Leu Ile Asn

Ile Ala Leu
10

Pro Ser Thr
25
Gln Asn Gln

Asn Leu Thr

Val Ser Gly

Thr Cys Leu
Ala Leu Arg
30

Lys Ala Pro
45

Ala Gly Met
60

Cys Ser Ala

Gly Gly

15

Glu Leu

Leu Cys

Tyr Cys

Ile Glu
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66

65

Lys

Gly

Gln

Gly

Trp

145

Leu

Val

Glu

Pro

Gln

225

Tyr

Leu

Thr

Glu

His

305

Ala

Trp

Ala

Trp

385

Ala

Leu

Tyr

Pro

Val

465

Ala

Thr

Gln

Phe

Gln

130

Arg

Glu

Tyr

Gly

Leu

210

Gly

Gly

Gln

Ala

Asp

290

Glu

Val

His

Leu

Val

370

Phe

Gln

Pro

Pro

Pro

450

Gly

Ile

Gln

Phe

Val

115

Phe

Tyr

Glu

Asp

Ala

195

Pro

Met

Thr

Pro

Ala

275

Asp

His

Gly

Arg

Val

355

Val

Leu

Glu

Ile

Ala

435

Arg

Ile

Val

Arg

Ser

100

Lys

Asn

Ser

Val

Ser

180

Gly

Thr

Tyr

Trp

His

260

Ala

Arg

Pro

Gly

Asp

340

Leu

Cys

Gly

Ser

Ser

420

Gly

Asp

Gly

Tyr

Met

85

Ser

Asp

Glu

Met

Leu

165

Ala

Pro

Gln

Tyr

Val

245

Ala

Tyr

Gln

Asp

Gln

325

Ser

Pro

Thr

Asp

Cys

405

Tyr

Ile

Pro

Ile

Val
485

70

Leu

Leu

Leu

Phe

Gly

150

Thr

Pro

Gly

Arg

Leu

230

Arg

Val

Tyr

Val

Gly

310

Val

Val

Arg

Ala

Asp

390

Asp

Asp

Pro

Thr

Gly

470

Val

Ser

His

Leu

Ser

135

Pro

Asn

Asn

Ala

Leu

215

Ala

Val

Met

Pro

Phe

295

Phe

Pro

Thr

Pro

Gly

375

Pro

His

Tyr

Val

Glu

455

Val

Arg

Gly

Val

Leu

120

Thr

Ser

Ile

Leu

Asp

200

Ile

Trp

Arg

Glu

Arg

280

Asn

Thr

Pro

Phe

Thr

360

Cys

Ser

Pro

Ser

Leu

440

Arg

Leu

Thr

Phe

Arg

105

His

Arg

Pro

Thr

Thr

185

Pro

Ile

Gly

Met

Gly

265

Asn

Pro

Thr

Arg

Ser

345

Ile

Val

Pro

Gly

Glu

425

Glu

Gln

Ala

Ser

Cys

90

Asp

Leu

Met

Pro

Ala

170

Asp

Pro

Gly

Arg

Phe

250

Gln

Pro

Gly

Val

Thr

330

Arg

Thr

Pro

Ala

Leu

410

Tyr

His

Val

Ala

Gln
490

75

Pro

Thr

Lys

Glu

Ile

155

Pro

Pro

Leu

Glu

Met

235

Arg

Pro

Val

Gln

Ser

315

Phe

Arg

Met

Glu

Ala

395

Ala

Ile

His

Ile

Gly

475

Ser

His

Lys

Lys

Phe

140

Ala

Pro

His

Tyr

Val

220

Asp

Pro

Phe

Glu

Ile

300

Thr

Thr

Asn

Glu

Gly

380

Lys

Thr

Cys

Gly

Glu

460

Val

Arg

Lys

Ile

Leu

125

Arg

Pro

Gly

Val

Ser

205

Thr

Ser

Pro

Lys

Phe

285

Asp

Val

Cys

Ala

Phe

365

Val

Ser

Val

Arg

Ser

445

Ala

Leu

Gln

Val

Glu

110

Phe

Leu

Ala

Gly

Leu

190

Val

Pro

Pro

Ser

Ala

270

Asp

Thr

Thr

Gln

Thr

350

Gly

Thr

Ala

Arg

Leu

430

His

Ile

Val

Arg

Ser

95

Val

Arg

Gln

Pro

Leu

175

Trp

Thr

Ala

His

Leu

255

Thr

Trp

Gln

Ser

Met

335

Gly

Val

Phe

Val

Ser

415

Thr

Gln

Glu

Val

His
495

80

Ala

Ala

Glu

Ile

Asp

160

Leu

Ala

Gly

Thr

Glu

240

Thr

Cys

Phe

Thr

Glu

320

Thr

Leu

Arg

Ala

Thr

400

Thr

Gly

Pro

Trp

Thr

480

Arg
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Arg
<210> SEQ ID NO 39
<211> LENGTH: 1593
<212> TYPE: DNA
<213> ORGANISM: Herpes Simplex Virus-1
<400> SEQUENCE: 39
atgggggggyg ctgccgecag gttgggggece gtgattttgt ttgtegtcat agtgggecte 60
catggggtcee gcggcaaata tgccttggeg gatgectcete tcaagatgge cgaccccaat 120
cgetttegeg gcaaagacct tccggtecte gagatggege ttttgttgac cacggtcatt 180
getetcactt gecttggegg ctttgectee ccaggecctyg tgecteccte tacagcccte 240
agggagctca ttgaggagct ggtcaacatc acccagaacce agaaggctcece gctctgcaat 300
ggcagcatygyg tatggagcat caacctgaca gctggcatgt actgtgcage cctggaatcce 360
ctgatcaacg tgtcaggctg cagtgccatce gagaagaccce agaggatgcet gagcggatte 420
tgccegcaca aggtctcage tgggcagttt tecagettge atgtccgaga caccaaaatce 480
gaggtggcee agtttgtaaa ggacctgctce ttacatttaa agaaactttt tcgcgaggga 540
cagttcaacg gtaccctgga ccggctgacce gacccteegyg gggtecggeyg cgtgtaccac 600
atccaggcegg gectaccgga cccgttecag ceccccagece teccgatcac ggtttactac 660
geegtgttygyg agegegectyg ccgecagegtg ctectaaacyg caccgtegga ggecccccag 720
attgtccgeg gggectecga agacgtecgg aaacaaccct acaacctgac catcgettgg 780
tttecggatgg gaggcaactg tgctatcccee atcacggtea tggagtacac cgaatgctce 840
tacaacaagt ctctgggggce ctgtcccatce cgaacgcage cccgetggaa ctactatgac 900
agcttcageg ccgtcagega ggataacctg gggttectga tgcacgcccee cgegtttgag 960
accgccggca cgtacctgeg getcgtgaag ataaacgact ggacggagat tacacagttt 1020
atcctggage accgagccaa gggctcectgt aagtacgcecce ttceccegetgeg catcccccecg 1080
tcagectgee tcteccccca ggectaccag cagggggtga cggtggacag catcgggatg 1140
ctgcceeget tcatcccecga gaaccagcge accgtcecgecg tatacagctt gaagatcgece 1200
gggtggcacyg ggcccaagge cccatacacg agcaccctge tgecccecgga getgtcecgag 1260
acccecaacg ccacgcagcece agaactcegece ceggaagacce ccgaggatte ggceectettg 1320
gaggacceeyg tggggacggt ggtgccgcaa atcccaccaa actggcacat accgtcgatce 1380
caggacgcceg cgacgectta ccatccecceg gecaccccga acaacatggyg cctgatcgece 1440
ggcgeggtgyg geggcagtcet cctggtagece ctggtcattt geggaattgt gtactggatg 1500
cgecgecgea ctcaaaaagce cccaaagege atacgectece cccacatccyg ggaagacgac 1560
cagccgtect cgcaccagec cttgttttac tag 1593

<210> SEQ ID NO 40
<211> LENGTH: 530

<212> TYPE:

PRT

<213> ORGANISM: Herpes Simplex Virus-1

<400> SEQUENCE: 40

Met Gly Gly Ala Ala Ala Arg Leu Gly Ala Val Ile Leu Phe Val Val

1

5

10

15

Ile Val Gly Leu His Gly Val Arg Gly Lys Tyr Ala Leu Ala Asp Ala

20

25

30
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70

Ser

Val

Leu

65

Arg

Pro

Met

Ala

Val

145

Glu

Phe

Pro

Phe

Arg

225

Ile

Thr

Val

Pro

Val

305

Thr

Ile

Ala

Tyr

Ile

385

Gly

Glu

Asp

Pro

Leu

Leu

50

Gly

Glu

Leu

Tyr

Ile

130

Ser

Val

Arg

Gly

Gln

210

Ala

Val

Ile

Met

Ile

290

Ser

Ala

Thr

Leu

Gln

370

Pro

Trp

Leu

Pro

Gln

Lys

35

Glu

Gly

Leu

Cys

Cys

115

Glu

Ala

Ala

Glu

Val

195

Pro

Cys

Arg

Ala

Glu

275

Arg

Glu

Gly

Gln

Pro

355

Gln

Glu

His

Ser

Glu

435

Ile

Met

Met

Phe

Ile

Asn

100

Ala

Lys

Gly

Gln

Gly

180

Arg

Pro

Arg

Gly

Trp

260

Tyr

Thr

Asp

Thr

Phe

340

Leu

Gly

Asn

Gly

Glu

420

Asp

Pro

Ala

Ala

Ala

Glu

85

Gly

Ala

Thr

Gln

Phe

165

Gln

Arg

Ser

Ser

Ala

245

Phe

Thr

Gln

Asn

Tyr

325

Ile

Arg

Val

Gln

Pro

405

Thr

Ser

Pro

Asp

Leu

Ser

70

Glu

Ser

Leu

Gln

Phe

150

Val

Phe

Val

Leu

Val

230

Ser

Arg

Glu

Pro

Leu

310

Leu

Leu

Ile

Thr

Arg

390

Lys

Pro

Ala

Asn

Pro

Leu

55

Pro

Leu

Met

Glu

Arg

135

Ser

Lys

Asn

Tyr

Pro

215

Leu

Glu

Met

Cys

Arg

295

Gly

Arg

Glu

Pro

Val

375

Thr

Ala

Asn

Leu

Trp

Asn

40

Leu

Gly

Val

Val

Ser

120

Met

Ser

Asp

Gly

His

200

Ile

Leu

Asp

Gly

Ser

280

Trp

Phe

Leu

His

Pro

360

Asp

Val

Pro

Ala

Leu

440

His

Arg

Thr

Pro

Asn

Trp

105

Leu

Leu

Leu

Leu

Thr

185

Ile

Thr

Asn

Val

Gly

265

Tyr

Asn

Leu

Val

Arg

345

Ser

Ser

Ala

Tyr

Thr

425

Glu

Ile

Phe

Thr

Val

Ile

90

Ser

Ile

Ser

His

Leu

170

Pro

Gln

Val

Ala

Arg

250

Asn

Asn

Tyr

Met

Lys

330

Ala

Ala

Ile

Val

Thr

410

Gln

Asp

Pro

Arg

Val

Pro

75

Thr

Ile

Asn

Gly

Val

155

Leu

Asp

Ala

Tyr

Pro

235

Lys

Cys

Lys

Tyr

His

315

Ile

Lys

Cys

Gly

Tyr

395

Ser

Pro

Pro

Ser

Gly Lys Asp Leu

Ile

Pro

Gln

Asn

Val

Phe

140

Arg

His

Arg

Gly

Tyr

220

Ser

Gln

Ala

Ser

Asp

300

Ala

Asn

Gly

Leu

Met

380

Ser

Thr

Glu

Val

Ile

45

Ala

Ser

Asn

Leu

Ser

125

Cys

Asp

Leu

Leu

Leu

205

Ala

Glu

Pro

Ile

Leu

285

Ser

Pro

Asp

Ser

Ser

365

Leu

Leu

Leu

Leu

Gly

445

Gln

Leu

Thr

Gln

Thr

110

Gly

Pro

Thr

Lys

Thr

190

Pro

Val

Ala

Tyr

Pro

270

Gly

Phe

Ala

Trp

Cys

350

Pro

Pro

Lys

Leu

Ala

430

Thr

Asp

Thr

Ala

Lys

95

Ala

Cys

His

Lys

Lys

175

Asp

Asp

Leu

Pro

Asn

255

Ile

Ala

Ser

Phe

Thr

335

Lys

Gln

Arg

Ile

Pro

415

Pro

Val

Ala

Pro

Cys

Leu

80

Ala

Gly

Ser

Lys

Ile

160

Leu

Pro

Pro

Glu

Gln

240

Leu

Thr

Cys

Ala

Glu

320

Glu

Tyr

Ala

Phe

Ala

400

Pro

Glu

Val

Ala
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450 455 460
Thr Pro Tyr His Pro Pro Ala Thr Pro Asn Asn Met Gly Leu Ile Ala
465 470 475 480
Gly Ala Val Gly Gly Ser Leu Leu Val Ala Leu Val Ile Cys Gly Ile
485 490 495
Val Tyr Trp Met Arg Arg Arg Thr Gln Lys Ala Pro Lys Arg Ile Arg
500 505 510
Leu Pro His Ile Arg Glu Asp Asp Gln Pro Ser Ser His Gln Pro Leu
515 520 525
Phe Tyr
530
<210> SEQ ID NO 41
<211> LENGTH: 1416
<212> TYPE: DNA
<213> ORGANISM: Herpes Simplex Virus-1
<400> SEQUENCE: 41
atggcgettt tgttgaccac ggtcattget ctecacttgece ttggeggett tgcctceccca 60
ggeectgtge cteectctac agcectcagg gagctcattyg aggagetggt caacatcacce 120
cagaaccaga aggctccget ctgcaatgge agcatggtat ggagcatcaa cctgacaget 180
ggcatgtact gtgcagccct ggaatccctg atcaacgtgt caggctgcag tgccatcgag 240
aagacccaga ggatgctgag cggattctge cegcacaagyg tcetcagetgyg gcagttttee 300
agcttgcatg tccgagacac caaaatcgag gtggcccagt ttgtaaagga cctgetctta 360
catttaaaga aactttttcg cgagggacag ttcaacggta ccgggtcceyg gcegegtgtac 420
cacatccagg cgggectacce ggaccegtte cageccceca gecteccgat cacggtttac 480
tacgecegtgt tggagegege ctgccgeage gtgctcectaa acgcaccgte ggaggeccce 540
cagattgtce gceggggectce cgaagacgtce cggaaacaac cctacaacct gaccatcget 600
tggtttcgga tgggaggcaa ctgtgctatce cecatcacgyg tcatggagta caccgaatge 660
tcctacaaca agtctetggg ggectgtece atccgaacge agecccgetyg gaactactat 720
gacagcttca gegecgtcag cgaggataac ctggggttee tgatgcacge cecccgegttt 780
gagaccgeeyg gcacgtacct gcggetegtg aagataaacg actggacgga gattacacag 840
tttatcctgg agcaccgage caagggctcece tgtaagtacyg ccecttecget gegeatccce 900
cegtecagect gectcetecce ccaggectac cagcaggggyg tgacggtgga cagcatcggg 960
atgctgcecccce gettcateee cgagaaccag cgcaccgteg ccgtatacag cttgaagatce 1020
geegggtgge acgggcccaa ggccccatac acgagcaccce tgctgecccce ggagetgtec 1080
gagacccceca acgccacgca gccagaactce gecccggaag accccgagga tteggcccte 1140
ttggaggacce ccgtggggac ggtggtgecg caaatcccac caaactggca cataccgtceg 1200
atccaggacg ccgcgacgcece ttaccatccce ceggecaccee cgaacaacat gggectgate 1260
gceggegegy tgggceggcag tctectggta gecctggtceca tttgcggaat tgtgtactgg 1320
atgcgecgee gcactcaaaa agccccaaag cgcatacgece tcccccacat ccgggaagac 1380
gaccagcegt cctecgcacca gcecttgttt tactag 1416

<210> SEQ ID NO 42
<211> LENGTH: 471
<212> TYPE:
<213> ORGANISM: Herpes Simplex Virus-1

PRT
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<400> SEQUENCE:

Met Ala Leu Leu

1

Phe

Ile

Asn

Ala

65

Lys

Gly

Gln

Gly

Gly

145

Tyr

Ser

Gln

Ala

Ser

225

Asp

Ala

Asn

Gly

Leu

305

Met

Ser

Thr

Glu

Val

385

Ile

Ala

Glu

Gly

50

Ala

Thr

Gln

Phe

Gln

130

Leu

Ala

Glu

Pro

Ile

210

Leu

Ser

Pro

Asp

Ser

290

Ser

Leu

Leu

Leu

Leu

370

Gly

Gln

Ser

Glu

35

Ser

Leu

Gln

Phe

Val

115

Phe

Pro

Val

Ala

Tyr

195

Pro

Gly

Phe

Ala

Trp

275

Cys

Pro

Pro

Lys

Leu

355

Ala

Thr

Asp

Pro

20

Leu

Met

Glu

Arg

Ser

100

Lys

Asn

Asp

Leu

Pro

180

Asn

Ile

Ala

Ser

Phe

260

Thr

Lys

Gln

Arg

Ile

340

Pro

Pro

Val

Ala

42

Leu

Gly

Val

Val

Ser

Met

85

Ser

Asp

Gly

Pro

Glu

165

Gln

Leu

Thr

Cys

Ala

245

Glu

Glu

Tyr

Ala

Phe

325

Ala

Pro

Glu

Val

Ala
405

Thr

Pro

Asn

Trp

Leu

70

Leu

Leu

Leu

Thr

Phe

150

Arg

Ile

Thr

Val

Pro

230

Val

Thr

Ile

Ala

Tyr

310

Ile

Gly

Glu

Asp

Pro

390

Thr

Thr

Val

Ile

Ser

55

Ile

Ser

His

Leu

Gly

135

Gln

Ala

Val

Ile

Met

215

Ile

Ser

Ala

Thr

Leu

295

Gln

Pro

Trp

Leu

Pro

375

Gln

Pro

Val

Pro

Thr

40

Ile

Asn

Gly

Val

Leu

120

Ser

Pro

Cys

Arg

Ala

200

Glu

Arg

Glu

Gly

Gln

280

Pro

Gln

Glu

His

Ser

360

Glu

Ile

Tyr

Ile

Pro

25

Gln

Asn

Val

Phe

Arg

105

His

Arg

Pro

Arg

Gly

185

Trp

Tyr

Thr

Asp

Thr

265

Phe

Leu

Gly

Asn

Gly

345

Glu

Asp

Pro

His

Ala

10

Ser

Asn

Leu

Ser

Cys

90

Asp

Leu

Arg

Ser

Ser

170

Ala

Phe

Thr

Gln

Asn

250

Tyr

Ile

Arg

Val

Gln

330

Pro

Thr

Ser

Pro

Pro
410

Leu

Thr

Gln

Thr

Gly

Pro

Thr

Lys

Val

Leu

155

Val

Ser

Arg

Glu

Pro

235

Leu

Leu

Leu

Ile

Thr

315

Arg

Lys

Pro

Ala

Asn

395

Pro

Thr

Ala

Lys

Ala

60

Cys

His

Lys

Lys

Tyr

140

Pro

Leu

Glu

Met

Cys

220

Arg

Gly

Arg

Glu

Pro

300

Val

Thr

Ala

Asn

Leu

380

Trp

Ala

Cys

Leu

Ala

45

Gly

Ser

Lys

Ile

Leu

125

His

Ile

Leu

Asp

Gly

205

Ser

Trp

Phe

Leu

His

285

Pro

Asp

Val

Pro

Ala

365

Leu

His

Thr

Leu

Arg

Pro

Met

Ala

Val

Glu

110

Phe

Ile

Thr

Asn

Val

190

Gly

Tyr

Asn

Leu

Val

270

Arg

Ser

Ser

Ala

Tyr

350

Thr

Glu

Ile

Pro

Gly

15

Glu

Leu

Tyr

Ile

Ser

95

Val

Arg

Gln

Val

Ala

175

Arg

Asn

Asn

Tyr

Met

255

Lys

Ala

Ala

Ile

Val

335

Thr

Gln

Asp

Pro

Asn
415

Gly

Leu

Cys

Cys

Glu

80

Ala

Ala

Glu

Ala

Tyr

160

Pro

Lys

Cys

Lys

Tyr

240

His

Ile

Lys

Cys

Gly

320

Tyr

Ser

Pro

Pro

Ser

400

Asn
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Met

Val

Pro

Ser
465

<210>
<211>
<212>
<213>

<400>

Gly

Ile

Lys

450

His

Leu
Cys
435

Arg

Gln

Ile Ala Gly Ala Val Gly Gly Ser

420

Gly Ile Val Tyr Trp

440

425

Met Arg Arg

Ile Arg Leu Pro His Ile Arg Glu

455

Pro Leu Phe Tyr
470

SEQ ID NO 43
LENGTH: 1416
TYPE: DNA

ORGANISM: Herpes Simplex Virus-1

SEQUENCE: 43

atggcgettt tgttgaccac

ggcectgtge

cagaaccaga

ggcatgtact

aagacccaga

agcttgecatg

catttaaaga

cacatccagg

tacgcegtgt

cagattgtcc

tggtttcgga

tcctacaaca

gacagcttca

gagaccgecyg

tttatcctgg

cegteagect

atgctgecce

geegggtgge

gagaccccca

ttggaggacc

atccaggacyg

geeggegegy

atgegeegec

gaccagccgt

ctcectctac

aggcteeget

gtgcagcect

ggatgctgag

tccgagacac

aacttttteg

cgggectace

tggagcgcgc

gngggCCtC

tgggaggcaa

agtctetggyg

gegecgteag

gcacgtacct

agcaccgage

gectetecce

gettcatece

acgggcccaa

acgccacgca

ccgtggggac

cegegacgec

tgggeggcag

gcactcaaaa

cctegeacca

<210> SEQ ID NO 44
<211> LENGTH: 471
<212> TYPE:
<213> ORGANISM: Herpes Simplex Virus-1

PRT

<400> SEQUENCE: 44

ggtcattgcet

agccctcagyg

ctgcaatgge

ggaatcccty

cggattetge

caaaatcgag

cgagggacag

ggaccegtte

ctgeccgeage

cgaagacgtce

ctgtgcetate

ggcetgtece

cgaggataac

geggetegtyg

caagggctec

ccaggectac

cgagaaccag

ggccccatac

gccagaacte

ggtggtgecg

ttaccatccce

tctectggta

agccccaaag

geecttgttt

ctcacttgee

gagctcattyg

agcatggtat

atcaacgtgt

ccgcacaagg

gtggcccagt

ttcaacggta

cagccccecca

gtgctectaa

cggaaacaac

cccatcacgyg

atccgaacge

ctggggttec

aagataaacg

tgtaagtacg

cagcaggggy

cgcaccgteg

acgagcaccc

gececggaag

caaatcccac

cecggecaccee

gecctggtea

cgcatacgec

tactag

Leu Leu Val
430

Arg Thr Gln
445

Asp Asp Gln
460

ttggcggett
aggagctggt
ggagcatcaa
caggctgeag
tctecagetygy
ttgtaaagga
ceggggtecyg
gecteccgat
acgcaccgte
cctacaacct
tcatggagta
agcccegetyg
tgatgcacge
actggacgga
ceccttecget
tgacggtgga
ccgtatacag
tgctgeceee
accccgagga
caaactggca
cgaacaacat
tttgcggaat

tccceccacat

Ala Leu

Lys Ala

Pro Ser

tgcctececa
caacatcacc
cctgacaget
tgccatcgag
gecagttttce
cctgetetta
gegetegtac
cacggtttac
ggaggcccce
gaccatcget
caccgaatge
gaactactat
ccecegegttt
gattacacag
gegeatccce
cagcatcggyg
cttgaagatc
ggagctgtee
ttcggeccte
cataccgteg
gggectgate
tgtgtactgyg

ccgggaagac

Met Ala Leu Leu Leu Thr Thr Val Ile Ala Leu Thr Cys Leu Gly Gly

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1416
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Phe

Ile

Asn

Ala

65

Lys

Gly

Gln

Gly

Gly

145

Tyr

Ser

Gln

Ala

Ser

225

Asp

Ala

Asn

Gly

Leu

305

Met

Ser

Thr

Glu

Val

385

Ile

Met

Ala

Glu

Gly

50

Ala

Thr

Gln

Phe

Gln

130

Leu

Ala

Glu

Pro

Ile

210

Leu

Ser

Pro

Asp

Ser

290

Ser

Leu

Leu

Leu

Leu

370

Gly

Gln

Gly

Ser

Glu

35

Ser

Leu

Gln

Phe

Val

115

Phe

Pro

Val

Ala

Tyr

195

Pro

Gly

Phe

Ala

Trp

275

Cys

Pro

Pro

Lys

Leu

355

Ala

Thr

Asp

Leu

Pro

20

Leu

Met

Glu

Arg

Ser

100

Lys

Asn

Asp

Leu

Pro

180

Asn

Ile

Ala

Ser

Phe

260

Thr

Lys

Gln

Arg

Ile

340

Pro

Pro

Val

Ala

Ile
420

Gly

Val

Val

Ser

Met

85

Ser

Asp

Gly

Pro

Glu

165

Gln

Leu

Thr

Cys

Ala

245

Glu

Glu

Tyr

Ala

Phe

325

Ala

Pro

Glu

Val

Ala

405

Ala

Pro

Asn

Trp

Leu

70

Leu

Leu

Leu

Thr

Phe

150

Arg

Ile

Thr

Val

Pro

230

Val

Thr

Ile

Ala

Tyr

310

Ile

Gly

Glu

Asp

Pro

390

Thr

Gly

Val

Ile

Ser

55

Ile

Ser

His

Leu

Gly

135

Gln

Ala

Val

Ile

Met

215

Ile

Ser

Ala

Thr

Leu

295

Gln

Pro

Trp

Leu

Pro

375

Gln

Pro

Ala

Pro

Thr

40

Ile

Asn

Gly

Val

Leu

120

Val

Pro

Cys

Arg

Ala

200

Glu

Arg

Glu

Gly

Gln

280

Pro

Gln

Glu

His

Ser

360

Glu

Ile

Tyr

Val

Pro

25

Gln

Asn

Val

Phe

Arg

105

His

Arg

Pro

Arg

Gly

185

Trp

Tyr

Thr

Asp

Thr

265

Phe

Leu

Gly

Asn

Gly

345

Glu

Asp

Pro

His

Gly
425

Ser

Asn

Leu

Ser

Cys

90

Asp

Leu

Arg

Ser

Ser

170

Ala

Phe

Thr

Gln

Asn

250

Tyr

Ile

Arg

Val

Gln

330

Pro

Thr

Ser

Pro

Pro

410

Gly

Thr

Gln

Thr

Gly

75

Pro

Thr

Lys

Ser

Leu

155

Val

Ser

Arg

Glu

Pro

235

Leu

Leu

Leu

Ile

Thr

315

Arg

Lys

Pro

Ala

Asn

395

Pro

Ser

Ala

Lys

Ala

60

Cys

His

Lys

Lys

Tyr

140

Pro

Leu

Glu

Met

Cys

220

Arg

Gly

Arg

Glu

Pro

300

Val

Thr

Ala

Asn

Leu

380

Trp

Ala

Leu

Leu

Ala

45

Gly

Ser

Lys

Ile

Leu

125

His

Ile

Leu

Asp

Gly

205

Ser

Trp

Phe

Leu

His

285

Pro

Asp

Val

Pro

Ala

365

Leu

His

Thr

Leu

Arg

30

Pro

Met

Ala

Val

Glu

110

Phe

Ile

Thr

Asn

Val

190

Gly

Tyr

Asn

Leu

Val

270

Arg

Ser

Ser

Ala

Tyr

350

Thr

Glu

Ile

Pro

Val
430

Glu

Leu

Tyr

Ile

Ser

95

Val

Arg

Gln

Val

Ala

175

Arg

Asn

Asn

Tyr

Met

255

Lys

Ala

Ala

Ile

Val

335

Thr

Gln

Asp

Pro

Asn

415

Ala

Leu

Cys

Cys

Glu

80

Ala

Ala

Glu

Ala

Tyr

160

Pro

Lys

Cys

Lys

Tyr

240

His

Ile

Lys

Cys

Gly

320

Tyr

Ser

Pro

Pro

Ser

400

Asn

Leu
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80

-continued

Val Ile Cys

435 440 445
Pro Lys Arg

450

Ile Arg Leu Pro His Ile Arg Glu Asp Asp
455 460

Ser His Gln
465

Pro Leu Phe Tyr
470

Gly Ile Val Tyr Trp Met Arg Arg Arg Thr Gln Lys Ala

Gln Pro Ser

The invention claimed is:

1. A recombinant herpes simplex virus (HSV) particle hav-
ing at least one protein on its surface, comprising:

(a) an altered viral surface protein, wherein the alteration
reduces binding of the viral surface protein to a sulfated
proteoglycan; and

(b) an altered gD, wherein the alteration reduces binding of
gD to one or more of its cellular receptors, said alteration
comprising
(1) a heterologous peptide ligand on the surface of the

recombinant HSV particle forming a fusion protein
with the altered gD; and
(i1) 2 V34S amino acid substitution;
wherein said recombinant HSV particle preferentially binds
to cells expressing a binding partner to said heterologous
peptide ligand.

2. The recombinant HSV particle of claim 1, wherein the
viral surface protein is selected from the group consisting of
gB and gC.

3. The recombinant HSV particle of claim 1, wherein the
ligand forms a second fusion protein with a viral surface
protein selected from the group consisting of gB and gC.

4. The recombinant HSV particle of claim 1, wherein the
cell is a cancer cell.

5. The recombinant HSV particle of claim 4, wherein the
cancer cell is a malignant gliomal cell.

6. The recombinant HSV particle of claim 1, wherein the
ligand is selected from the group consisting of a cytokine and
a single-chain antibody.

7. The recombinant HSV particle of claim 6, wherein the
cytokine is 1L.13.

8. A pharmaceutical composition comprising the recombi-
nant HSV particle of claim 1 and a pharmaceutically accept-
able carrier, diluent, or excipient.

9. A kit comprising the pharmaceutical composition
according to claim 8 and a set of instructions for administer-
ing the composition to a subject in need.

10. A method of targeting a recombinant HSV particle to a
cell comprising

(a) identifying a ligand for a ligand binding partner exhib-
ited on the surface of a target cell; and

(b) creating an HSV particle according to claim 1, wherein
the ligand binds to the binding partner exhibited on the
surface of said target cell.
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11. The method of claim 10, wherein said altered viral
surface protein is selected from the group consisting of gB
and gC.

12. The method of claim 10, wherein the ligand forms a
second fusion protein with gC.

13. The method of claim 10, wherein the cell is a cancer
cell.

14. The method of claim 13, wherein the cancer cell is a
malignant gliomal cell.

15. The method of claim 12, wherein the ligand is selected
from the group consisting of a cytokine and a single-chain
antibody.

16. The method of claim 15, wherein the cytokine is IL.13.

17. A method of imaging a cell comprising:

(a) contacting the cell with a recombinant HSV particle
according to claim 1, said recombinant HSV particle
further comprising a coding region for a marker protein;
and

(b) detecting the presence of the marker protein.

18. The method of claim 17, wherein the cell is a cancer
cell.

19. The method of claim 17, wherein the binding partner is
present at a higher number on the cancer cell as compared to
a non-cancerous cell of the same type.

20. A method of treating cancer comprising delivering a
therapeutically effective amount of a recombinant HSV par-
ticle according to claim 1 to a subject in need.

21. A method of ameliorating a symptom associated with
cancer comprising administering a therapeutically effective
amount of arecombinant HSV particle according to claim 1 to
a subject in need.

22. A method of delivering a therapeutically useful peptide
to a cancer cell comprising:

(a) inserting a coding region for a therapeutically useful
peptide into the DNA of a recombinant HSV particle
according to claim 1, thereby producing a recombinant
HSYV clone; and

(b) delivering a therapeutically effective amount of said
recombinant HSV clone to said cell.

23. A method of killing a target cell, comprising contacting

the target cell with a recombinant HSV particle according to
claim 1.



