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DESCRIPTION

BACTERIAL VECTOR SYSTEMS

This application claims priority to U.S. Provisional Patent Application serial
number 60/602,276 filed August 17, 2004, which is incorporated herein by reference

in its entirety.

Supported by grants from THECB, ARP 003658-0219-1997 and ARP 003658-
0475-2001.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to the fields of protein chemistry, gene
therapy, and microbiology. More particularly, it concerns compositions and methods
that include bacterial vectors for delivering one or more polynucleotides to a target

cell.

2. Description of Related Art

Bacterial type III secretion systems (TTSS) are a class of specialized protein
secretion systems that deliver bacterial proteins directly into host cells (reviewed in
He, 1998). Bacterial pathogens that utilize this system are known to be responsible
for a number of diséases in plants, animals, and humans, such as rice leaf blight in
plants and diarrhea in animals and humans. These pathogens are very diverse in their
taxonomy, host range, and disease symptoms caused. A unique feature of the TTSS is
the ability to deliver bacterial virulence proteins directly into host cells (Rosqvist et
al., 1994). This protein delivery mechanism enables bacterial pathogens to gain
access to a vast number of host targets, which would have been inaccessible if

bacterial virulence proteins were delivered only to the surface of host cells.

Different bacteria use TTSS for different purposes. For example, plant
pathogenic bacteria is believed to use a TTSS to secrete virulence proteins that cause
leakage of plant nutrients to the extracellular space of infected tissues (Sigee and AL-
Rabaee, 1986). Intracellular pathogens such as Salmonella spp. and Shigella spp. use
TTSS for invasion of host cells (Galan and Bliska, 1996; Menard et al., 1996). In

Yersinia spp. the TTSS is not used for invasion, but is used to resist uptake of bacteria
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by both phagocytic and non-phagocytic cells when bacteria are extracellular (Simonet
et al., 1992).

Bacteria-mediated gene transfer is an alternative strategy to conventional gene
therapy. Bacteria exhibit several unique properties such as tissue tropism and cell-to-
cell spread. Thus, bacteria-mediated nucleic acid transfer has the potential for use in

targeting tissue layers that are inaccessible to the conventional gene therapy vectors.

Typically, gene therapy is the treatment or prophylaxis of disease in a subject
based on the transfer of genetic material (DNA/RNA), e.g., therapeutic
polynucleotides. For example, gene therapy can be achieved either by direct
administration of a virus encoding a therapeutic polynucleotide or indirectly through

the introduction of genetically engineered cells to a subject.

A large number of disease states may be treated by the administration of
various therapeutic polynucleotides, which may encode polypeptides including tumor
suppressors, lymphokines, interferons, growth factors, tissue plasminogen activator,
insulin, erythropoietin, thymidine kinase, and the like. Moreover, the selective
delivery of therapeutic polynucleotides encoding toxic peptides to diseased,
hyperplastic, or neoplastic cells can have major therapeutic benefits. The tremendous
promise of conventional gene therapy is potentially limited due to a number of factors
including inefficiency of gene transfer and limited DNA or RNA capacity of viruses
or other vectors. Additionally, gene therapy vectors can be difficult to prepare and

purify in large quantities.

Furthermore, the clinical application of conventional gene therapy has been
delayed because of safety considerations. For example, gene therapy may provoke
undesirable side effects in humans. Integration of exogenous DNA into the genome
of a normal cell may cause DNA damage and possible genetic changes in the recipient

cell that could possibly predispose the recipient to malignancy.

Attenuated bacteria have been used to deliver plasmids to target cells.
Bacteria carrying a plasmid of interest are internalized by the target cell, the bacteria
escape from the phagocytic vacuole, and lyse as the result of either metabolic
attenuation (auxotrophy), an inducible autolytic mechanism, or simply from treatment

with antibiotics (Sizemore et al., 1995; Courvalin et al., 1995; 1996; Darji et al.,
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2000; Dietrich et al., 1998; Hense et al, 2001; U.S. Patent Application
20020045587). Plasmids liberated from the bacteria are transferred into the nucleus
of the host cell, leading to expression of the encoded protein. Plasmid transfer has
been reported for Shigella flexneri, Salmonella typhimurium, Salmonella typhi,
Listeria monocytogenes, and recombinant E. coli (reviewed in Weiss and
Chakraborty, 2001). However, these techniques for gene transfer are limited by lack

of cell type specificity, inefficiency, and lack of timing specificity.

Thus, additional techniques of gene therapy involving bacterial vectors, which
avoid the problems set forth above, would be of significant benefit in making an

efficient, safer, and high capacity gene therapy.

SUMMARY OF THE INVENTION

The present invention provides additional compositions and methods for
delivery of nucleic acids into a target cell. Furthermore, the invention provides
various fusion proteins and modified bacteria that can be formulated for
administration by various routes, including oral administration. Use of the
compositions and methods of the invention can result in efficient and rapid delivery of

one or more polynucleotides to specific tissues in a host.

Embodiments of the invention include, fusion proteins comprising a Type III
secretion domain and a polynucleotide-binding domain. The Type III secretion
domain can be, but is not limited to, a Shigella Type III secretion domain or a
Yersinia Type III secretion domain. In a preferred embodiment, the fusion protein
comprises a Type III secretion domain as set forth in SEQ ID NO:3. In other
embodiments, a fusion protein includes a TAT, Antp, or HSV VP22 transduction
domain with or without a secretion domain. The polynucleotide-binding domain of a
fusion protein may be a deoxyribopolynucleotide (DNA) binding domain or a
ribopolynucleotide (RNA) binding domain. In certain embodiments, the
polynucleotide-binding - domain is a sequence-specific polynucleotide-binding
domain, more preferably a sequence-specific DNA binding domain. In a preferred
embodiment, the sequence-specific DNA binding domain is a Lac repressor
polynucleotide-binding domain. In other aspects, the sequence-specific

polynucleotide-binding domain is a sequence-specific RNA binding domain.
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In further embodiments, a composition may include a fusion protein as
described above and a polynucleotide, wherein the polynucleotide-binding domain of
the fusion protein is capable of binding to the polynucleotide. A polynucleotide of the
invention may comprise one or more therapeutic or prophylactic polynucleotides,
encode one or more therapeutic or prophylactic polypeptides. The therapeutic or
prophylactic polynucleotide may include, but is not limted to a tumor suppressor
gene, an apoptotic gene, a gene encoding an enzyme, a gene encoding an antibody, or
a gene encoding a hormone. In certain aspects, the therapeutic or prophylactic gene is
Rb, CFTR, pl6, p21, p27, p57, p73, C-CAM, APC, CTS-1, zacl, scFV ras, DCC,
NF-1, NF-2, WT-1, MEN-I, MEN-II, BRCA1, VHL, MMACI1, FCC, MCC, BRCA2,
IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11 IL-12, GM-CSF, G-
CSF, thymidine kinase, mda7, fus, interferon a, interferon B, interferon y, ADP, p53,
ABLI, BLC1, BLC6, CBFA1, CBL, CSFIR, ERBA, ERBB, EBRB2, ETS1, ETS2,
ETV6, FGR, FOX, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN, MDM2, MLL,
MYB, MYC, MYCL1, MYCN, NRAS, PIM1, PML, RET, SRC, TAL1, TCL3, YES,
MADH4, RB1, TP53, WT1, TNF, BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF,
NT3, NT5, ApoAl, ApoAlV, ApoE, RaplA, cytosine deaminase, Fab, ScFv, BRCA2,
zacl, ATM, HIC-1, DPC-4, FHIT, PTEN, INGl, NOEY1, NOEY2, OVCAl,
MADR?2, 53BP2, IRF-1, zacl, DBCCR-1, tks-3, COX-1, TFPI, PGS, Dp, E2F, ras,
myc, neu, raf, erb, fms, trk, rvet, gsp, hst, abl, E1A, p300, VEGF, FGF,
thrombospondin, BAI-1, GDAIF, or MCC. In further aspects, the polynucleotide may
be an antisense nucleic, preferably an antisense DNA. The antisense nucleic acid or
DNA may be an antisense ras, antisense myc, antisense raf, antisense erb, antisense
src, antisense fins, antisense jun, antisense #rk, antisense ref, antisense gsp, antisense
hst, antisense bcl, or antisense abl. In still further aspects, the polynucleotide is an
RNA. An RNA may be a messenger RNA, an antisense RNA, an interfering RNA or
a ribozyme. In still further aspects, the polynucleotide may be a DNA-RNA hybrid.

A polynucleotide of the invention may be comprised in a bacterium.

Embodiments of the invention include compositions comprising a bacterium,
wherein the bacterium further comprise a fusion protein of the invention and a
polynucleotide of the invention; wherein the polynucleotide binding domain of the
fusion protein is capable of binding the polynucleotide. In other embodiments, a
fusion protein includes, but is not limited to TAT, Antp, or HSV VP22 transduction
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domain with or without a seretion domain. In a preferred aspect, the bacterium is an
attenuated, non-pathogenic bacterium, more preferably, the bacterium is a Shigella
species, or a Yersinia species. In other aspects, the bacterium carries a mutation that
causes the bacterium to undergo lysis in the gastrointestinal tract or inside the cells of

the gastrointestinal tract of a subject following oral administration by the subject.

Compositions of the invention may be pharmaceutical compositions suitable
for oral or parenteral delivery to a subject. In certain aspects, the composition is

suitable for oral delivery to a subject.

In still further embodiments, methods of the invention include delivering one
or more genes into a target cell, comprising contacting the target cell with a
composition comprising a fusion protein of the invention, wherein the contacting
results in delivery of the polynucleotide into the target cell. In ceratin aspects, the cell
is a mammalian cell, more preferably a human cell. The human cell can be comprised
in a human subject, preferably, the human subject is a patient with cancer or at risk of

developing cancer.

In yet further embodiments of the invention, the methods include delivering
one or more therapeutic or prophylactic polynucleotides into a target cell in a subject,
comprising obtaining a composition comprising a bacterium and administering the
composition to the subject. In certain aspects, the bacterium comprises a fusion
protein of the invention. Administering the bacterium results in delivery of the one or
more polynucleotides into a target cell of the subject. The subject can be a mammal,
more preferably a human, and still more preferably a patient with cancer or a person

at risk of developing cancer.

Furthermore, embodiments of the invention include methods of delivering one
or more genes into a cell, comprising obtaining a bacterium capable of becoming
internalized within the cell and contacting the cell with the bacterium. The bacterium
may comprise a first nucleic acid encoding one or more polynucleotides; a second
nucleic acid comprising an expression cassette comprising a first promoter, which is
active in the cell, operably linked to a polynucleotide encoding an RNA polymerase;
and a third nucleic acid comprising an expression cassette comprising a second

promoter, activated by the RNA polymerase, operably linked to a polynucleotide that
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when expressed results in bacterium lysis. The methods further include, contacting a
cell with the bacterium, which ;esults in the internalization of the bacterium by the
cell. Once internalized, the first promoter is activated resulting in the transcription of
the nucleic acid encoding the RNA polymerase. The RNA polymerase in turn
activates the second promoter, which results in the transcription of the nucleic acid
encoding the bacterio-lytic polypeptide or peptide, resulting in the lysis of the
bacterium. Lysis of the bacteria delivers one or more polynucleotides into the cell. In
certain aspects, the first promoter is specific for a target cell and may become active
once the bacterium is within the cell. In other aspects, the RNA polymerase is a viral

RNA polymerase, preferably a T7 RNA polymerase.

In yet further embodiments, methods of the invention include delivering one
or more therapeutic or prophylactic gene to a target cell in a subject, comprising
obtaining a pharmaceutical composition suitable for delivery to a subject, wherein the
composition comprises a bacterium capable of becoming internalized within the cell.
In certain aspects, the bacteria comprise a first nucleic acid encoding one or more
therapeutic or prophylactic polynucleotide; a second nucleic acid comprising an
expression cassette comprising a first promoter, active in the cell, operably linked to a
polynucleotide encoding an RNA polymerase; and a third nucleic acid comprising an
expression cassette comprising a second promoter, activated by the RNA polymerase,
operably linked to a polynucleotide that when expressed lysis the bacterium. The
method may also include administering the composition to a subject, wherein the
administering results in internalization of the bacterium within a target cell, activation
of the first promoter, encoding of the RNA polymerase, activation of the second
promoter, encoding of the lytic polynucleotide, lysis of the bacterium, and delivery of

the therapeutic or prophylactic polynucleotide into the target cell.

Embodiments discussed in the context of a methods and/or composition of the
invention may be employed with respect to any other method or composition
described herein. Thus, an embodiment pertaining to one method or composition may

be applied to other methods and compositions of the invention as well.

“A” or “an,” as used herein in the specification, may mean one or more than
one. As used herein in the claim(s), when used in conjunction with the word

“comprising,” the words “a” or “an” may mean one or more than one.
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The use of the term “or” in the claims is used to mean “and/or” unless
explicitly indicated to refer to alternatives only or the alternatives are mutually
exclusive, although the disclosure supports a definition that refers to only alternatives

and “and/or.”

The term “about” is used to indicate that a value includes the standard

deviation of error for the device or method being employed to determine the value.

Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however,
that the detailed description and the specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or more of these drawings in combination with

the detailed description of specific embodiments presented herein.
FIG. 1. illustrates a scheme for using bacteria to deliver gene therapy vectors.
FIG. 2. illustrates a scheme for using Yersinia spp. as a gene delivery vector.
FIG. 3. illustrates a type III secretion system (TTSS).

FIG. 4. illustrates the use of the TTSS of Yersinia pseudotuberculosis to

deliver a GFP expressing nucleic acid into a eukaryotic cell.

FIG. 5. illustrates a scheme for use of TAT as a carrier for DNA in gene

therapy.
FIG. 6. illustrates exemplary fusion proteins with DNA-binding domains.

FIG. 7. shows bacterial secretion of exemplary fusion proteins.
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FIG. 8. shows bacterial secretion of plasmid DNA into the growth medium.

FIG. 9. shows the delivery of plasmid DNA to eukaryotic cells.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present invention includes additional gene therapy vector compositions
and methods for using such that provide efficient, specific, and high capacity
polynucleotide delivery methods, vehicles, vectors, or combinations thereof. The
compositions and methods of the invention also provide for the transfer of large
genomic fragments facilitated by the almost unlimited coding capacity of bacterial
plasmids. One use of large genomic fragments is to enable homologous
recombination in the genome of a target cell. Homologous recombination. may

correct genetic abnormalities and mutations.

In particular, the inventors have developed various methods using modified
bacterial vectors for polynucleotide delivery. For example, the methods include
polynucleotide transfer from bacteria to target cell, internalization of bacterial vector
by a target cell followed by polynucleotide delivery by bacterial lysis or
polynucleotide secretion, bacterial delivery of polynucleotide external to a target cell

by lysis or secretion, or variations and combinations thereof.

A first exemplary system exploits use of the Type III Secretion System
(TTSS) of bacteria, such as Shigella and Yersinia, for delivery of a polynucleotide of
interest. The TTSS is capable of injecting proteins and molecules associated with the
injected proteins into cells, such as eukaryotic cells. Bacteria have engineered for
injecting polynucleotides and polynucleotides associate with fusion protein into a
target cell. Embodiments of the invention use novel fusion proteins that include a
TTSS secretion or processing signal(s) operatively coupled to a polynucleotide
binding sequence. A bacterium can be engineered to encode and express such a
fusion protein. The bacterium may also include a polynucleotide encoding one or
more nucleic acids, such as therapeutic or prophylactic nucleic acids. Furthermore, a
fusion protein may bind or associate with a polynucleotide to be delivered by way of a
polynucleotide-binding domain. When the fusion protein is internalized or secreted

into a target cell it carries with it a polynucleotide of interest.
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In further embodiments, a delivery method uses a bacterium that is highly
efficient in becoming internalized within a target cell. Examples of such a bacterium
include Shigella flexneri, which is extremely infectious and capable of entering and
multiplying in host cells. The inventors have constructed a system in which the
bacterium enters a target cell, lyses, and releases a polynucleotide to be delivered. In
addition to including polynucleotides to be delivered to the target cell, a bacterium
may contain a gene encoding an RNA polymerase under the control of a cell-specific,
temporally regulated promoter. A bacterium may also include a gene that induces the
lysis of the bacterium. The lytic gene may be under the control of a promoter
recognized by an RNA polymerase. Internalization of the bacterium activates
transcription and translation of the RNA polymerase gene and gene product. The
RNA polymerase, in turn activates the transcription of a lytic gene. The bacterium
Iyses, releasing the polynucleotide of interest inside the target cell. By manipulating
the promoters used in these methods, the inventors have developed methods of
controlling cell type specificity and temporal regulation of polynucleotide release
from a bacterial vehicle. This control results in decreased toxicity and increased

polynucleotide delivery compared to other methods of gene delivery.

In still further embodiments, a delivery system may involve using bacterium
that will release a polynucleotide outside of the host cells, for example by regulated
bacterial lysis. Novel fusion proteins including a polynucleotide binding domain and
a cellular uptake domain capable of facilitating intracellular delivery, such as a TAT
polypeptide (for example see SEQ ID NO:4 and SEQ ID NO:7) or similar
polypeptides. In addition to the fusion protein, a bacterium typically includes
polynucleotides to be delivered to a target cell. The bacterium may be engineered to
undergo lysis outside or inside a target cell. For example, a bacterium may contain a
mutation that causes lysis following depletion of a particular nutrient(s). The
polynucleotide to be delivered becomes “tagged” or associated with an uptake
sequence, e.g., fusion protein. Following lysis, a target cell internalizes a fusion
protein, which is associated with the polynucleotide to be delivered. Thus, regulated
lysis of a bacterial vehicle, expression of protein mediators for polynucleotide
delivery, and related compositions and methods of the invention can be applied to
facilitate efficient and specific polynucleotide delivery to a target cell, tissue, organ or

subject.
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I. BACTERIA AS POLYNUCLEOTIDE DELIVERY VEHICLES

Certain embodiments of the present invention concern compositions that
include a bacterium engineered to deliver polynucleotides. In certain embodiments, a
bacterium includes (1) a protein mediator of polynucleotide deliver (“protein
mediator”), e.g., a fusion protein that includes a TTSS secretion or translocation
domain (for example see SEQ ID NO:17), a TAT transduction domain (SEQ ID NO:4
or SEQ ID NO:7), Antp transduction domain (SEQ ID NO:8), or HSV VP22
transduction domain (SEQ ID NO:12); and (2) a polynucleotide binding domain (see
for example SEQ ID NO: 14). A protein mediator of polynucleotide delivery is a
protein, polypeptide, or peptide that facilitates translocation of a polynucleotide into a
target cell or organelle (e.g., nucleus, mitochondria, lysosome, golgi apparatus, and/or
peroxisome). A protein mediator of the invention is translocated into, within, or both
into and within a target cell. An associated polynucleotide of interest is translocated
along with the protein mediator and is thereby delivered to the target. In various
embodiments, the protein mediator is a fusion protein comprising a translocation
domain and a polynucleotide-binding domain. The polynucleotide binding sequence
of a protein mediator is capable of binding to all or part of a polynucleotide of
interest. Polynucleotide binding may be by general interactions with a polynucleotide

or by sequence specific polynucleotide binding, such as SEQ ID NO:15.

Compositions and methods of the invention involve bacteria expressing
protein mediators comprising a TTSS secretion signal or processing domain, and a
polynucleotide of interest associated with the protein mediator. Typically, the
bacterium will express a TTSS. Examples of such species of bacteria include
Yersinia, Shigella, and Salmonella. Generally, the bacteria of the invention will be
attenuated, non-pathogenic bacteria engineered to deliver of one or more
polynucleotide fo a cell, tissue, organ or subject. One of ordinary skill in the art is

familiar with various species of bacteria that utilize TTSS.

Some embodiments of the present invention concern compositions and
methods for the delivery of one or more genes into a target cell. The methods include
contacting a target cell, tissue, organ, or subject with a bacterium capable of injecting
or transferring a polynucleotide into, becoming internalized within, or lysing in the

vicinity of a target cell. Various bacteria are contemplated for use in these methods as

10
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long as the bacteria comprise a TTSS are capable of becoming internalized within the
target cell, are capable of lysing upon contacting a target cell, or are a combination
thereof. In certain specific embodiments of the present invention involve delivery of
one or more genes to a target cell in a subject using for example attenuated, non-
pathogenic bacteria. For example, the bacteria may be a modified Shigella, Yersinia,
Salmonella, or E. coli species. One of ordinary skill in the art would be familiar with
the various species of bacteria that are capable of becoming internalized within a
target cell and with the methods of attenuating these bacteria to render them non-

pathogenic or at least reducing the pathogenicity of the bacteria.

Embodiments of the invention include bacteria engineered to lyse under
particular conditions and release a polynucleotide of interest into or in proximity of a
target cell. A bacterium of the inventionemay contain a polynucleotide that when
expressed results in the lysis of the bacteria. Expression of this lytic gene may be
regulated by an inducible or otherwise regulated promoter. In particular, the gene
may be under the control of a promoter that is activated by a transcriptional regulator
or environment. In certain embodiments, the transcriptional regulator is a RNA
polymerase that specifically recognizes the promoter elements controlling expression
of a lytic gene. The RNA polymerase gene itself may be under the control of a
second inducible promoter. The inducible promoter may be activated under specific
cellular conditions by the addition of a particular metabolite or compound, or is
actived in a particular cell type or environment (hypoxic region or tissue). The
promoter may also be time or location specific such that transcription of a
transcriptional regulator or a lysis gene, e.g., RNA polymerase, occurs after
internalization of the bacterium or upon contact with the external environs of a target
cell. Bacteria of the invention may also include one or more polynucleotides
encoding on or more therapeutic agents to be transferred to and/or expressed in a
target cell. After internalization into or contact with a target cell, induction of a
transcriptional inducer, e.g., a RNA polymerase, activates of the promoter controlling
expression of the gene that causes lysis. Lysis of the bacteria causes release of the

gene or genes into the target cell or in proximity of a cell.

Further embodiments include compositions and methods that utilize a

bacterium that is capable of delivering a gene or genes of interest to the outside of a

11
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target cell or in proximity to a target cell. Various species of bacteria are
contemplated for use in delivering polynucleotides, as long as the polynucleotide is
released outside and in the vicinity of a target cell, and is taken up into the cell. For
example, in specific embodiments of the present invention, the bacterium is a species
of Shigella.

In yet still further embodiments, the bacterium may contain a mutation that
results in bacterial cell lysis following a particular time interval, following depletion
of a nutrient, following oral administration to a subject, following exposure to lysis in
the gastrointestinal tract, or combinations thereof. Typically, polynucleotides are
released in the extracellular space or gastrointestinal tract of a subject after bacterial

lysis.

In certain embodiments of the present invention, a protein mediator may
include a TAT sequence of human immunodeficiency virus (SEQ ID NO:4, 5, 6, and
7). In other embodiments, for example, a protein mediator may comprise polypeptide
domains derived from an Antennapedia (Antp) protein transduction domain (SEQ ID
NO:9 and 10), (SEQ ID NO:8) or a polypeptide from the HSV-1 structural protein
VP-22 (SEQ ID NO:11 and 12). These “tags” or protein mediator domains are

discussed below.

A. Type III Secretion System (TTSS)

The type III secretion system (TTSS) is class of specialized protein secretion
systems that deliver bacterial virulence proteins directly into a host cell (reviewed in
He, 1998). Bacterial pathogens that utilize this system are those known to be
responsible for a number of diseases in plants, animals, and humans, such as rice leaf
blight and diarthea. These pathogens are very diverse in their taxonomy, host range,
and related disease symptoms. A unique feature of the TTSS is the ability to deliver
bacterial virulence proteins directly into host cells (Rosqvist et al., 1994). This
protein delivery mechanism enables bacterial pathogens to gain access to a vast
number of host targets, which would have been inaccessible if bacterial virulence

proteins were delivered only to the surface of host cells.

12
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Molecules destined to travel through the TTSS pathway are targeted to the
secretion organelle by information contained within the first 120 amino acids of a
protein or an associated protein (Cheng e al., 1997; Michiels and Cornelis, 1991;
Sory et al., 1995). This secretion and translocation domain is not cleaved upon
secretion, and when added to the amino terminus of reporter proteins, is capable of
delivering them into host cells (Sory and Cornelis, 1994). In the bacterial cytoplasm,
this domain serves as the binding site for a family of related customized chaperones,
which are not secreted and are released upon secretion of the cognate effector proteins
(Page and Parsot, 2002; Schesser et al., 1996; Wattiau et al., 1994; Wattiau and
Cornelis, 1993). Recent crystallographic studies have shown that these chaperones
maintain significant portions of the amino terminus of the effector proteins in an
extended conformation that is presumably primed for rapid secretion (Birtalan ez al.,
2002; Stebbins and Galan, 2001). Furthermore, the crystal structure of two of these
effectors, SptP and YopE, in complex with their respective chaperones, revealed that
the main chain path across the chaperones is strikingly similar, despite the notable
lack of overall primary sequence similarity among chaperone binding domains
(Birtalan et al., 2002; Stebbins and Galén, 2001). The nucleic acid sequence and
protein sequence of YopE is provided in SEQ ID NO:1 and 2, respectively. This

feature may serve as recognition signal for targeting the complexes to the TTSS.

Bacteria use TTSS for difference purposes. For example, the TTSS of plant
pathogenic bacteria is used to secrete virulence proteins that cause leakage of plant
nutrients to the extracellular space of infected tissues (Sigee and AL-Rabaee, 1986).
Intracellular pathogens such as Salmonella spp. and Shigella spp. use TTSS for
invasion of host cells (Galan and Bliska, 1996; Menard et al., 1996). Yersinia spp.
also invade host cells, but the TTSS is not used for invasion. Yersinia spp. TTS resist
uptake of bacteria by both phagocytes and non-phagocytic cells in the later stages of

pathogenesis when the bacteria are extracellular (Simonet et al., 1992).

Clusters of genes associated with TTSS are either in extrachromosomal
elements such as plasmids or in specific chromosomal regions. Analysis of isolated
gene clusters of many apparently diverse bacteria reveal unexpected sequence
similarities among themselves and to flagellar assembly genes (He, 1998). A

common function of these broadly conserved genes is secretion of proteins and their
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sequences (with few exceptions) are not related to genes involved in any other protein

secretion systems (Salmond and Reeves, 1993).

II. POLYPEPTIDES RELATED TO POLYNUCLEOTIDE DELIVERY

Embodiments of the present invention generally pertain to protein mediators
of polynucleotide translocation. Protein mediators include peptides, polypeptides, or
fusion proteins comprising a protein translocation domain, (e.g., a TTSS secretion
domain) and a polynucleotide binding domain for the delivery of a polynucleotide to
the interior or exterior of a target cell. Further embodiments pertain to fusion proteins
that include protein translocation domains such as TAT (SEQ ID NO:4 or 7), Antp
(SEQ ID NO:8), or HSV VP22 (SEQ ID NO:11) polypeptide coupled with a
polynucleotide binding domain, such as SEQ ID NO:15.

A. TTSS Secretion or Translocation Domain

In certain embodiments of the invention, a fusion protein includes a TTSS
secretion or translocation domain. Throughout this application, the term “TTSS
secretion domain” refers to any portion of a polypeptide that signals or enhances
secretion or translocation through the TTSS. A TTSS secretion domain may be
derived from any species of bacteria having a TTSS. Exemplary amino acid sequence

of selected TTSS secreted polypeptides includes SEQ ID NO:3.

As used herein, a TTSS secretion domain refers to a polypeptide sequence that
is a substrate for the TTSS of an appropriate species or engineered bacteria. The
bacteria can be any species of bacteria that is known to one of ordinary skill in the art
to utilize a TTSS. For example, the species of bacteria may be Pseudomonas spp.,
Yersinia spp. or Shigella spp. As discussed above, many proteins have been identified
that are associated with the TTSS, and a TTSS secretion domain can be a polypeptide
sequence from any such protein, as long as the domain is capable of facilitating the
secretion and/or uptake of a polypeptide into a target cell. One of ordinary skill in the
art would be familiar with the many TTSS polypeptide sequences that are available

for use in the context of the fusion proteins of this invention.

In certain embodiments of the invention, the fusion protein includes a protein

transduction domain that includes, but is not limited to a TAT polypeptide (SEQ ID
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NO:4, 6 or 7) (Nagahara et al., 1998, herein specifically incorporated by reference in

its entirety).

In further embodiments, the polypeptide capable of facilitating uptake of the
fusion protein into a target cell is a polypeptide that functions in a manner similar to a
TAT polypeptide to promote uptake of the fusion protein into a cell. For example,
fusion protein uptake is facilitated by a polypeptide from an Antp protein transduction
domain (SEQ ID NO:8) (Derossi et al., 1994; herein specifically incorporated by
reference in its entirety). The polypeptide capable of facilitating uptake of the fusion
protein into a target cell may also be a polypeptide from the HSV-1 structural protein
VP22 (SEQ ID NO:11) (Elliott and O’Hare, 1997; herein specifically incorporated by
reference in its entirety). One of ordinary skill in the ért is familiar with these

polypeptide sequences.

In certain embodiments, a variety of protein transduction domains (PTDs) may
be included in fusion proteins of the invention. To date, sequence analysis of a
number of TTSS gene clusters is available. For example, He (1998) (herein
specifically incorporated by reference in its entirety) lists published proteins that are
encoded by genes in various TTSS gene clusters, and also discusses in detail the

TTSS of Yersinia spp., Salmonella spp., and Shigella spp.

Salmonella and Shigella uvse TTSS to invade host cells. Both Shigella and
Salmonella secrete multiple proteins, four of these proteins are well characterized:
IpaA, IpaB, IpaC, and IpaD in Shigella (Menard et al., 1993), and their functional
homologs SipA, SipB, SipC, and SipD in Salmonella (Kaniga et al., 1995A, Kaniga et
al., 1995B). IpaB-D and SipB-D are required for the entry of Shigella and
Salmonella, respectively, into cultured epithelial cells. The IpaB and IpaC proteins

assemble into multiprotein complexes that appear to be essential for their function.

Other bacterial proteins that are used to facilitate uptake of bacterial proteins
by target cells include TAT protein transduction domains (SEQ ID NO:4 and 7) and
Antp protein transduction domain (SEQ ID NO:8), as well as the HSV-1 structural
protein VP22. TAT and Antp protein transduction domains promote endocytosis of
proteins upon binding to target cell surface glycosaminoglycans (Console et al,

2003). PTDs are short basic peptide sequences present in many cellular and viral
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proteins that mediate translocation across cellular membranes. These cell-permeable
peptides are functional when fused to recombinant polypeptides or when chemically
coupled to their cargo. The mechanism responsible for PTD-mediated membrane
translocation is controversial and may vary among the various PTDs reported in the
literature. Thus direct physical interaction with membrane lipids resulting in vector
delivery to cells has been proposed for the Antp PTD, whereas uptake by TAT PTD

seems to require the expression of glycosaminoglycans on the cell surface.

The exploitation of bacterial TTSS to efficiently deliver high cabacity
polynucleotides into target cells is novel. There have been limited reports attempting
to use TAT, Antp, and HSV VP22 polypeptides in gene delivery (Nakanishi et al.,
2003; U.S. Patent 6,376,248). However, these techniques lack target cell specificity,

are inefficient, and lack timing specificity.

B. Polynucleotide Binding Domains

A protein mediator of the invention, e.g., a fusion protein, may comprise a
polynucleotide-binding domain, such as Lacl (SEQ ID NO:14). The fusion proteins
are also used in compositions and methods of the invention for delivery one or more

polynucleotide into a target organelle, cell, tissue, organ or subject.

Various polynucleotide-binding domains are known to those of ordinary skill
in the art and may be engineered into protein mediators of the invention. In certain
embodiments, the polynucleotide-binding domain is a DNA binding domain, an RNA
binding domain, or a combination thereof. One of ordinary skill in the art is familiar
with the various binding domains that are available for application in the present
invention. In certain embodiments of the present invention, the polynucleotide
binding domain of a fusion protein is a sequence-specific polynucleotide binding
sequence, such as LacI (SEQ ID NO:14, which is encoded by SEQ ID NO:13), which
binds a LacO sequence (exemplified in SEQ ID NO:15).

The sequence-specific polynucleotide-binding domain of a fusion protein may
be a sequence-specific DNA binding sequence, or a sequence-specific RNA binding

sequence. For example, the sequence-specific DNA binding sequence may be all or
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part of a Lac repressor polypeptide (SEQ ID NO:14) that specifically bindings to Lac
operator (SEQ ID NO:15).

C. Fusion proteins

Protein mediators of polynucleotide deliver include fusion proteins. The term
"fusion protein” refers to a protein formed by the joining of different peptide,
polypeptide, or protein segments by genetic or chemical methods wherein the joined
ends of the peptide, polypeptide, or protein segments may be directly adjacent to each
other or may be separated by linker or spacer moieties such as amino acid residues or
other linking groups. Fusion proteins of the invention are non-naturally occurring
proteiﬁs, wherein the domains of the fusion protein may be derived from one or more

proteins or artificial molecules.

One of ordinary skill in the art would be familiar with methods for preparing
fusion proteins. The fusion protein may be constructed by a variety of mechanisms
including, but not limited to, standard DNA manipulation techniques and chemical
assembly via subunit parts of the fusion protein. The chemical assembly may lead to
an equivalent of the fusion protein. In certain embodiments, the fusion protein is
produced by standard recombinant DNA techniques. Polynucleotides encoding fusion
proteins of the invention may be stably integrated into the genome of or maintained

episomally within a bacterial host.

The fusion proteins of the present invention, as exemplified in SEQ ID NO:17,
include a polypeptide domain capable of facilitating uptake of the fusion protein into
a target cell. The term “polypeptide,” as used herein, refers to any amino acid or
amino acid-like sequence having consecutive amino acids or amino acid like
monomers. Fusion protein includes consecutive amino acid sequences forming a
protein translocation domain, e.g., a TTSS secretion domain, a protein transduction
domain, a polynucleotide binding domain, or combinations thereof. For example, a
fusion protein or a peptide component of a fusion protein can include, but is not
limited to, about 10, about 20, about 21, about 22, about 23, about 24, about 25, about
26, about 27, about 28, about 29, about 30, about 31, about 32, about 33, about 34,
about 35, about 36, about 37, about 38, about 39, about 40, about 41, about 42, about
43, about 44, about 45, about 46, about 47, about 48, about 49, about 50, about 51,
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about 52, about 53, about 54, about 55, about 56, about 57, about 58, about 59, about
60, about 61, about 62, about 63, about 64, about 65, about 66, about 67, about 68,
about 69, about 70, about 71, about 72, about 73, about 74, about 75, about 76, about
77, about 78, about 79, about 80, about 81, about 82, about 83, about 84, about 85,
about 86, about 87, about 88, about 89, about 90, about 91, about 92, about 93, about
94, about 95, about 96, about 97, about 98, about 99, about 100, about 110, about 120,
about 130, about 140, about 150, about 160, about 170, about 180, about 190, about
200, about 210, about 220, about 230, about 240, about 250, about 275, about 300,
about 325, about 350, about 375, about 400, about 425, about 450, about 475, about
500, about 525, about 550, about 575, about 600, about 625, about 650, about 675,
about 700, about 725, about 750, about 775, about 800, about 825, about 850, about
875, about 900, about 925, about 950, about 975, about 1000, about 1100, about 1200,
about 1300, about 1400, about 1500, about 1750, about 2000, about 2250, about 2500
or greater amino acid or amino acid-like residues of a fusion protein, and any range

therein.

“Peptide” refers to any amino acid or amino acid-like sequence that includes
100 or fewer consecutive amino acid sequence of the amino acid sequence of the
protein. “Peptide” includes consecutive amino acid sequences from a bacterial or
human, or from any other species, such as mouse. Thus, for example, a particular
peptide may include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 1000
consecutive amino acids or ranges therebetween. Additional amino acids can also be
included, which may be amino acid sequences that are not associated with a particular
protein. The term polypeptide is used generally to include polymers of amino acids

and amino acid like molecules of various sizes and includes peptides and proteins.

The polypeptide domain capable of facilitating translocation or uptake of a
fusion protein into a cell include TTSS secretion domains, TAT protein transduction
domains (SEQ ID NO:4 and 7), Antp protein transduction domain (SEQ ID NO:8),
and VP22 protein transduction domain (SEQ ID NO:12) as described herein.
Included in the definition of these particular polypeptides or polypeptide domains are
polypeptide equivalents. It is well understood that inherent in the definition of a
“polypeptide equivalent” is the concept that there is a limit to the number of changes

that may be made within a defined portion of the molecule and still result in a
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molecule with an acceptable level of equivalent biological activity, e.g., ability of the
polypeptide to facilitate uptake of fusion protein into a target cell. “Polypeptide
equivalent” is thus defined herein as any polypeptide in which some, or most, of the
amino acids may be substituted so long as the polypeptide retains substantially similar
activity in the context of polynucleotide delivery. Of course, a plurality of distinct
proteins/polypeptides/peptides with different substitutions may easily be made and

used in accordance with the invention.

Additionally, in the context of the invention, a polypeptide equivalent can be a
homologous polypeptide from any species or organism, including, but not limited to,
a bacteria. One of ordinary skill in the art will understand that many polypeptide
equivalents would likely exist and can be identified using commonly available
techniques. Of course, any homologous polypeptide may be substituted in some, even
most, amino acids and still be a “polypeptide equivalent,” so long as the polypeptide

retains substantially similar activity in the context of the uses set forth.

These amino acid sequences may, for example, have an amino acid identity of
about 40% with a known polypeptide domain (e.g., a TAT polypeptide), and a
chemical identity (presence of identical or chemically similar amino acids) of about
60-70%, indicating that they are biologically equivalent polypeptides to the known
polypeptide. Therefore, polypeptides such as these would be polypeptide equivalents
because only certain amino acids are substituted when compared with a known

polypeptide.

The present invention may utilize polypeptides or polypeptide equivalents
purified from a natural source or from recombinant material. Those of ordinary skill
in the art would know how to produce these polypeptides using recombinant methods.
This material may use the 20 common amino acids in naturally synthesized proteins,

or one or more modified or unusual amino acids.

Generally, “purified” will refer to a composition that has been subjected to
fractionation to remove various other proteins, polypeptides, or peptides, and which
composition substantially retains its activity. Purification may be substantial, in
which the desired polypeptide or equivalent is the predominant species, or to

homogeneity, which purification level would permit accurate degradative sequencing.
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Amino acid sequence mutants of known polypeptides, such as TTSS secreted
polypeptides, TAT, Antp, and VP22 sequences are encompassed within the definition
of “polypeptide equivalent.” Amino acid sequence mutants of the polypeptide can be
substitutional mutants or insertional mutants. Insertional mutants typically involve
the addition of material at a non-terminal point in the peptide. This may include the
insertion of a few residues; an immunoreactive epitope; or simply a single residue.
The added material may be modified, such as by methylation, acetylation, and the
like. Alternatively, additional residues may be added to the N-terminal or C-terminal

ends of the peptide.

Amino acid substitutions are generally based on the relative similarity of the
amino acid side-chain substituents, for example, hydrophobicity, hydrophilicity,
charge, size, and the like. An analysis of the size, shape and type of the amino acid
side-chain substituents reveals that arginine, lysine and histidine are all positively
charged residues; that alanine, glycine, and serine are all a similar size; and that
phenylalanine, tryptophan, and tyrosine all have a generally similar shape. Therefore,
based upon these considerations, arginine, lysine, and histidine; alanine, glycine, and
serine; and phenylalanine, tryptophan, and tyrosine; are defined herein as biologically
functional equivalents. In making changes, the hydropathic index of amino acids may
be considered. The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is generally understood in the art (Kyte
and Doolittle, 1982, incorporated by reference herein). It is understood that an amino
acid can be substituted for another having a similar hydrophilicity value and still
obtain a biologically equivalent protein, as detailed in U.S. Patent 4,554,101, which is

incorporated herein by reference in its entirety.

As set forth above, the fusion proteins of the present invention typically
include a TTSS secretion or processing domain, a TAT protein transduction domain
(SEQ ID NO:4 and 7), an Antp protein transduction domain (SEQ ID NO:8), an HSV
VP22 transduction domain (SEQ ID NO:12) or a derivative thereof fused with a
polynucleotide binding domain, such as SEQ ID NO: 14.

The term “a sequence essentially as set forth” means that the sequence

substantially corresponds to a portion of a particular sequence and has relatively few
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amino acids that are not identical to, or is a biological functional equivalent of, the -

amino acids of referenced sequence.

III. NUCLEIC ACIDS RELATED TO POLYNUCLEOTIDE DELIVERY

Various aspects of the present invention pertain to nucleic acid compositions,
e.g., polynucleotides to be delivered or polynucleotides encoding engineered
polypeptides. Nucleic acid compositions may include polynucleotides encoding
fusion proteins of the invention, therapeutic polypeptides, or prophylactic
polynucleotides. Embodiments include compositions and methods for nucleic acid
transfer, including polynucleotides or a bacterium comprising one or more
polynucleotides, such as one or more therapeutic polynucleotide, prophylactic
polynucleotide, nucleic acid encoding a polypeptide engineered to deliver a nucleic

acid or a combination thereof.

As used in this application, the term “polynucleotide” refers to a nucleic acid
molecule, RNA or DNA, that has been isolated free of total genomic DNA or RNA.
Therefore, a “nucleic acid encoding a therapeutic or prophylactic polynucleotide”
refers to a nucleic acid segment that contains the coding sequences of a therapeutic or
prophylactic polypeptide, nucleic acid, or genomic segment, yet is isolated away
from, or purified and free of, total genomic DNA and proteins. In certain
embodiments, a polynucleotide of the invention need not encode a therapeutic nucleic
acid, but may encode a portion of a genome that may be used to correct detrimental
sequence present in a subjects genome, such as replacing a defective splice junction,

promoter region, or repetitive element, and the like.

A nucleic acid contemplated for inclusion in the compositions and methods of
the present invention includes, but is not limited to a plasmid, an artificial
chromosome, a genomic fragment, an expression vector, or an expression cassette. A
nucleic acid may or may not include one or more polynucleotide regions encoding, for
example, an entire protein sequence, a functional protein domain of a particular
protein, a polypeptide of a particular protein, a polypeptide equivalent or may encode
a functional portion of the genome that may or may not be transcribed or translated.
In certain embodiments, the polynucleotide may be derived from genomic DNA, i.e.,

cloned directly from the genome of a particular organism.
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In other embodiments, a polynucleotide may be complemenfary DNA
(cDNA). The. term “cDNA” is intended to refer to DNA derived from a RNA
template. The advantage of using a cDNA, as opposed to genomic DNA or an RNA
transcript is stability and the ability to manipulate the sequence using recombinant
DNA technology (See Sambrook, 2001; Ausubel, 1996). Alternatively, cDNAs may
be advantageous because it represents coding regions of a polypeptide and eliminates
introns and other regulatory regions. In other embodiments, a polynucleotide may be

produced synthetically.

It may be advantageous to combine portions of a genomic DNA segment with
a cDNA or synthetic sequences to generate specific constructs. There may be times
when a full or partial genomic sequence is used. For example, where an intron is
desired in the ultimate construct, a genomic clone will need to be used. Introns may

be derived from genes known to those of ordinary skill in the art.

The term “gene” is used for simplicity to refer to a polynucleotide that
encodes a functional protein, polypeptide, or peptide. As will be understood by those
in the art, this functional term includes genomic sequences, cDNA sequences, and
smaller engineered gene segments that express, or may be adapted to express,
proteins, polypeptides, domains, peptides, fusion proteins, and mutants. Any gene is
contemplated for inclusion in the invention. A person of ordinary skill in the art
would understand that commonly available experimental techniques can be used to
identify or synthesize polynucleotides encoding any gene. The present invention also

encompasses chemically synthesized mutants of particular genes.

In some embodiments, the polynucleotide further comprises a polypeptide
binding sequence. As used herein, “polypeptide binding sequence” references to any
polynucleotide sequence capable of preferential binding to a corresponding
polypeptide domain. One example of a polypeptide binding sequence is the Lac

operator, which is capable of binding a Lac repressor polypeptide domain.

Various polynucleotides of the invention may be isolated substantially away
from other sequences. “Isolated substantially away from other sequences” means that
the nucleic acid of interest forms part of the polynucleotide, and that the segment does

not contain large portions of other naturally occurring nucleic acids, such as large
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chromosomal fragments or other functional genes or cDNA coding regions. Of
course, this refers to the nucleic acid segment as originally isolated, and does not
exclude genes, polynucleotides or coding regions later added to the segment by

human manipulation.

The term "biological functional equivalent" is well understood in the art and is
further defined as sequences that encode a polypeptide of about 70%, about 71%,
about 72%, about 73%, about 74%, about 75%, about 76%, about 77%, about 78%,
about 79%, about 80%, about 81%, about 82%, about 83%, about 84%, about 85%,
about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99%,
and any range derivable therein, such as, for example, about 70% to about 80%, and
more preferably about 81% and about 90%; or even more preferably, between about
91% and about 99%; of amino acids that are identical or functionally equivalent to the
amino acids of sequence will be sequences that are “essentially as set forth” in the
respective sequence provided the biological activity of the protein is maintained. The
term “esseptially as set forth in” in a referenced nucleic acid sequence is used in the
same sense as described above and means that the nucleic acid sequence substantially

corresponds to a portion of a referenced sequence.

In certain embodiments, one may wish to employ antisense constructs, which
include other elements, for example, those which include C-5 propyne pyrimidines.
Oligonucleotides that contain C-5 propyne analogues of uridine and cytidine have
been shown to bind RNA with high affinity and to be potent antisense inhibitors of
gene expression (Wagner ef al., 1993).

As an alternative to targeted antisense delivery, a polynucleotide may be a
targeted ribozyme. The term "ribozyme" refers to an RNA-based enzyme capable of
targeting and cleaving particular base sequences in both DNA and RNA. Ribozymes
can either be targeted directly to cells, in the form of RNA oligonucleotides
incorporating ribozyme sequences, or introduced into the cell as an expression vector
encoding the desired ribozymal RNA. Ribozymes may be used, applied, and
modified in much the same way as an antisense polynucleotide. For example, one
could incorporate non-Watson-Crick bases, or make mixed RNA/DNA

oligonucleotides, or modify the phosphodiester backbone.
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Alternatively, the antisense oligo- and polynucleotides according to the
present invention may be provided as mRNA via transcription from expression
cassette that carry nucleic acids encoding the oligo- or polynucleotides. Expression

cassettes are described in greater detail below.

The polynucleotides utilized in the present invention may also be interfering
RNA. Interfering RNA refers to the ability of exogenous double strand RNA to
suppress the expression of the gene that corresponds to the double strand RNA

sequence.

A. Therapeutic and Prophylactic Polynucleotides

Bacterial vectors of the invention may be used to deliver various nucleic acids
encoding therapeutic or prophylactic nucleic acids into or in the proximity of a target
cell. In certain embodiments, the nucleic acids include one or more therapeutic or
prophylactic polynucleotides. Various polynucleotides encode a functional protein,
polypeptide, or peptide. “Therapeutic polynucleotide” is a polynucleotide that can be
administered to a subject for treating or ameliorating a disease. “Prophylactic
polynucleotide” is a polynucleotide that can be administered to a subject for

preventing a disease.

The therapeutic or prophylactic polynucleotide may be a tumor suppressor
gene (or encoding a tumor suppressor), a pro-apoptotic gene, or a gene encoding a
hormone, antibody, or enzyme. Examples of therapeutic and prophylactic genes
include, but are not limited to Rb, CFTR, pl6, p21, p27, p57, p73, C-CAM, APC,
CTS-1, zacl, scFV ras, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II, BRCA1, VHL,
MMACI, FCC, MCC, BRCA2, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-11 IL-12, GM-CSF, G-CSF, thymidine kinase, mda7, fus, interferon a,
interferon P, interferon y, ADP, p53, ABLIL, BLC1, BLC6, CBFA1, CBL, CSFIR,
ERBA, ERBB, EBRB2, ETS1, ETS2, ETV6, FGR, FOX, FYN, HCR, HRAS, JUN,
KRAS, LCK, LYN, MDM2, MLL, MYB, MYC, MYCL1, MYCN, NRAS, PIM1,
PML, RET, SRC, TAL1, TCL3, YES, MADH4, RB1, TP53, WT1, TNF, BDNF,
CNTF, NGF, IGF, GMF, aFGF, bFGF, NT3, NT5, ApoAl, ApoAIV, ApoE, RaplA,
cytosine deaminase, Fab, ScFv, BRCA2, zacl, ATM, HIC-1, DPC-4, FHIT, PTEN,
ING1, NOEY1, NOEY2, OVCA1l, MADR?2, 53BP2, IRF-1, Rb, zacl, DBCCR-1, rks-
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3, COX-1, TFPL, PGS, Dp, E2F, ras, myc, neu, raf, erb, fins, trk, ret, gsp, hst, abl,
E1A, p300, VEGF, FGF, thrombospondin, BAI-1, GDAIF, and MCC.

Other examples of therapeutic or prophylactic genes include genes encoding
enzymes, which include, but are not limited to, ACP desaturase, an ACP hydroxylase,
an ADP-glucose pyrophorylase, an ATPase, an alcohol dehydrogenase, an amylase,
an amyloglucosidase, a catalase, a cellulase, a cyclooxygenase, a decarboxylase, a
dextrinase, an esterase, a DNA polymerase, an RNA polymerase, a hyaluron synthase,
a galactosidase, a glucanase, a glucose oxidase, a GTPase, a helicase, a hemicellulase,
a hyaluronidase, an integrase, an invertase, an isomerase, a kinase, a lactase, a lipase,
a lipoxygenase, a lyase, a lysozyme, a pectinesterase, a peroxidase, a phosphatase, a
phospholipase, a phosphorylase, a polygalacturonase, a proteinase, a peptidease, a
pullanase, a recombinase, a reverse transcriptase, a topoisomerase, a Xylanase, and a

reporter gene.

Further examples of therapeutic or prophylactic polynucleotides include the
nucleic acids encoding carbamoyl synthetase I, ornithine transcarbamylase,
arginosuccinate synthetase, arginosuccinate lyase, arginase, fumarylacetoacetate
hydrolase, phenylalanine hydroxylase, alpha-1 antitrypsin, glucose-6-phosphatase,
low-density-lipoprotein receptor, porphobilinogen deaminase, factor VIII, factor IX,
cystathione beta.-synthase, branched chain ketoacid decarboxylase, albumin,
isovaleryl-CoA dehydrogenase, propionyl CoA carboxylase, methyl malonyl CoA
mutase, glutaryl CoA dehydrogenase, insulin, beta.-glucosidase, pyruvate
carboxylase, hepatic phosphorylase, phosphorylase kinase, glycine decarboxylase, H-
protein, T-protein, Menkes disease copper-transporting ATPase, Wilson's disease
copper-transporting ~ ATPase, cytosine deaminase, hypoxanthine-guanine
phosphoribosyltransferase, galactose-1-phosphate uridyltransferase, phenylalanine
hydroxylase, glucocerbrosidase, sphingomyelinase, o-L-iduronidase, glucose-6-

phosphate dehydrogenase, HSV thymidine kinase, and human thymidine kinase.

Therapeutic polynucleotides also include genes encoding hormones.
Examples include, but are not limited to, polynucleotides encoding growth hormone,
prolactin, placental lactogen, luteinizing hormone, follicle-stimulating hormone,
chorionic gonadotropin, thyroid-stimulating hormone, leptin, adrenocorticotropin,

angiotensin I, angiotensin II, P-endorphin, B-melanocyte stimulating hormone,
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cholecystokinin, endothelin I, galanin, gastric inhibitory peptide, glucagon, insulin,
lipotropins, neurophysins, somatostatin, calcitonin, calcitonin gene related peptide, p-
calcitonin gene related peptide, hypercalcemia of malignancy factor, parathyroid
hormone-related protein, parathyroid hormone-related protein, glucagon-like peptide,
pancreastatin, pancreatic peptide, peptide YY, PHM, secretin, vasoactive intestinal
peptide, oxytocin, vasopressin, vasotocin, enkephalinamide, metorphinamide, alpha
melanocyte stimulating hormone, atrial natriuretic factor, amylin, amyloid P
component, corticotropin releasing hormone, growth hormone releasing factor,
luteinizing hormone-releasing hormone, neuropeptide Y, substance K, substance P, or

thyrotropin releasing hormone.

B. Expression Cassettes and Promoters

Certain embodiments include compositions and methods involving a
polynucleotide wherein the polynucleotide is comprised in an expression cassette.
For example, specific aspects of the present invention pertain to methods of delivering
one or more genes into a cell that involve contacting the cell with a bacterium

containing polynucleotides comprised in expression cassettes.

Throughout this application, the term “expression cassette” is meant to include
any type of genetic construct containing a polynucleotide in which all or part of the
polynucleotide sequence is capable of being transcribed. The polynucleotide may
include one or more polypeptide coding regions. The transcript may be translated into
a protein or polypeptide, but it need not be. Thus, in certain embodiments, expression
includes both transcription of a polynucleotide and translation of a mRNA into a

polypeptide.

One of skill in the art would understand the techniques relating to use of
expression cassettes to deliver polynucleotide sequences to cells or subjects.
Particular aspects of these techniques of these techniques are summarized in this
specification. This brief summary is in no way designed to be an exhaustive overview
of all available experimental techniques related to expression cassettes since one of

skill in the art would already be familiar with these techniques.
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In order for the expression cassette to effect expression of a polypeptide, the
polynucleotide may be under the transcriptional control of a promoter. A “promoter”
is a control sequence that is a region of a nucleic acid sequence at which initiation and
rate of transcription are controlled. It may contain genetic elements at which
regulatory proteins and molecules may bind such as RNA polymerase and other
transcription factors. The phrase “operatively linked” means that a promoter is in a
correct functional location and/or orientation in relation to a nucleic acid sequence to
control transcriptional initiation and/or expression of that sequence. A promoter may
or may not be used in conjunction with an “enhancer,” which refers to a cis-acting
regulatory sequence involved in the transcriptional activation of a nucleic acid
sequence. One of skill in the art would understand how to use a promoter or enhancer

to promote expression of a particular polynucleotide.

In certain embodiments of the present invention, a particular polynucleotide,
such as a polynucleotide encoding RNA polymerase, is under the control of a
promoter that is cell-type specific. Specifically, such a promoter is only active when
it is located within a cell of a particular type. Certain promoters used to control
expression of a polynucleotide may also be timing-specific in that the promoter
becomes active following exposure to a certain environment, such as location within a

specific cell type.

In certain embodiments, a polynucleotide may be under the control of a
promoter that is capable of binding RNA polymerase. For example, the
polynucleotide may be a polynucleotide in a bacterium that contains a lysis gene
under the control of such a promoter. The promoter may be capable of binding a
specific RNA polymerase, such as viral RNA polymerase (for example, T7 RNA
polymerase). Utilization of specific promoters in association with the present
invention allows for both cell type and timing specificity of polynucleotide

expression.

A regulatable promoter may be used which may be inserted as part of a DNA
fragment which additionally carries a polynucleotide of interest. However, other
promoter systems inserted in the plasmids in accordance with the principles of the
invention and influenced by other external factors such as temperature and promoters

which are inducible with chemicals or regulatable by means of metabolites, such as
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lac, trp and deo promoters. In certain embodiments, promoters are regulated by
antibiotics or derivatives thereof, includihg, but not limited to tetracycline and its

analogs.

In certain embodiments, promoters that are specifically expressed in the
intracellular environment to drive the synthesis of T7 polymerase or other specific
polymerases will be used. Non-limiting examples of intracellular promoters are those
for uhpT, bioA, lysA, fhuA, sitA, sufA, pstS, and phoA.

In certain embodiments of the invention, the delivery of an expression cassette
in a cell may be identified in vitro or in vivo by including a marker in the expression
vector. The marker would result in an identifiable change to the transfected cell
permitting easy identification of expression. The selectable marker employed is not
believed to be important, so long as it is capable of being expressed along with the
polynucleotide of the expression cassette. Examples of selectable markers are well

known to one of skill in the art.

In certain embodiments of the invention, the use of internal ribosome entry
sites (IRES) elements are used to create multigene, or polycistronic, messages. IRES
elements are able to bypass the ribosome-scanning model of 5° methylated Cap
dependent translation and begin translation at internal sites (Pelletier and Sonenberg,
1988). One of skill in the art would be familiar with use of IRES in .expression

cassettes.

In expression, one will typically include a polyadenylation signal to effect
proper polyadenylation of the transcript. The nature of the polyadenylation signal is
not believed to be crucial to the successful practice of the invention, and/or any such
sequence may be employed. One of skill in the art would understand how to use these

signals to effect proper polyadenylation of the transcript.

In certain embodiments of the present invention, the expression cassette is
comprised in a bacterium or a bacterial vector that may or may not be able to become

internalized within a target cell.

In certain embodiments of the invention, a targeted cell may be identified in

vitro or in vivo by including a marker in the expression vector. Such markers would
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confer an identifiable change to the cell permitting easy identification of cells
containing the expression vector. A positive selectable marker is one in which the
presence of the marker allows for its selection, while a negative selectable marker is
one in which its presence prevents its selection. An example of a positive selectable
marker is a drug resistance marker. Examples of selectable and screenable markers

are well known to one of skill in the art.

IV.  DISEASES FOR TREATMENT AND PROPHYLAXIS

The present invention contemplates methods of delivering one or more
therapeutic or prophylactic polynucleotide to a subject. The subject can be a
mammal, such as a human. The subject may be disease-free, and delivery of one or
more polynucleotide may be for preventing onset of a disease in the subject. Delivery
of one or more polynucleotide to such a subject can be for preventing a disease or
condition for which such preventive treatment by delivery of one or more

prophylactic polynucleotide is deemed beneficial by one of skill in the art.

Alternatively, treatment with one or more polynucleotide may be deemed
beneficial by one of skill in the art to a subject already affected by a disease. For
example, in some embodiments of the present invention, the subject may be a patient
with a disease associated with abnormal cell proliferation, such as cancer. Treatment
or prevention of any type of cancer by delivery of one or more therapeutic
polynucleotide is contemplated by the methods of the present invention. For example,
a cancer may be breast cancer, lung cancer, prostate cancer, ovarian cancer, brain
cancer, liver cancer, prostate cancer, cervical cancer, colon cancer, renal cancer, skin
cancer, head & neck cancer, bone cancer, esophageal cancer, bladder cancer, uterine
cancer, lymphatic cancer, stomach cancer, pancreatic cancer, testicular cancer,

Iymphoma, or leukemia.

In other embodiments of the present invention, the subject is afflicted by other
conditions. For example, the condition may be a hormonal defect, an infection, or an

enzyme deficiency.
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Polynucleotides delivered for the purpose of preventing or treating a disease
include, by way of example, encode tumor suppressors, inducers apoptosis, enzymes,

antibodies, or hormones.

In particular embodiments of the present invention, delivery of the one or
more therapeutic or prophylactic polynucleotide is targeted to cells of a specific type

in a subject. Use of specific promoters, as discussed above, facilitates such targeting.

V. COMBINATION THERAPIES

Embodiments of the invention provide for methods of delivering one or more
therapeutic or prophylactic polynucleotides to a subject in combination with a second
treatment. For example, in certain embodiments, the subject is a patient with cancer.
A variety of other therapies are known to one of skill in the art and may be used in

combination with the compositions and methods of the invention.

In the case of cancer, examples of some of the existing cancer therapies
include radiation therapy, chemotherapy, surgical therapy, immunotherapy, and other
gene therapies.  Examples of other cancer therapies include phototherapy,
cryotherapy, toxin therapy, or hormonal therapy. One of skill in the art would know
that this list is not exhaustive of the types of treatment modalities available for cancer

and other hyperplastic lesions.

In order to increase the effectiveness of delivering one or more therapeutic or
prophylactic polynucleotides to a target cell of interest, it may be desirable to combine
these compositions with other agents effective in the treatment of the disease of
interest. These compositions would be provided in a combined amount effective to
kill or inhibit proliferation of the cell. This process may involve contacting the cells
with the therapeutic or prophylactic preparation of the present invention and the
agent(s) or second factor(s) at the same time. This may be achieved by contacting the
cell with a single composition or pharmacological formulation that includes both
agents, or by contacting the cell with two distinct compositions or formulations, at the
same time, wherein one composition includes the polynucleotide(s) to be delivered

and an additional therapeutic agent.
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‘Altematively, the polynucleotide therapy may precede or follow a second
agent or treatment by intervals ranging from minutes to weeks. In embodiments
where a second agent and polynucleotide therapy are applied separately, one would
generally ensure that a significant period of time did not expire between the time of
each delivery. In such instances, it is contemplated that one may contact the cell with
both modalities within about 12-24 h of each other and, more preferably, within about
6-12 h of each other. In some situations, it may be desirable to extend the time period
for treatment significantly, however, where several days (d) (2, 3, 4, 5, 6 or 7) to
several weeks (wk) (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective

administrations.

Administratioﬁ of bacteria and bacterial vectors of the present invention to a
patient will follow general protocols for the administration of chemotherapeutics,
taking into account the toxicity, if any. It is expected that the treatment cycles would
be repeated as necessary. It also is contemplated that various standard therapies, as
well as surgical intervention, may be applied in combination with the described

therapy.

VI. PHARMACEUTICAL COMPOSITIONS

Certain embodiments, include compositions of polypeptides and
polynucleotides bound thereto, wherein the composition is a pharmaceutically
acceptable composition. The composition may be suitable for oral or parenteral
delivery to a subject. In a specific embodiment, the composition is suitable for oral

delivery to a subject.

Certain other embodiments of the present invention pertain to methods of
delivery of one or more polynucleotide to a target cell, such as a target cell in a
subject, that involve pharmaceutical preparations of polynucleotides comprised in a

bacterium.

2 G

The phrases “pharmaceutical,” “pharmaceutically,” or “pharmacologically
acceptable” refer to molecular entities and compositions that do not produce an
adverse, allergic or other untoward reaction when administered to an animal, or

human, as appropriate. As used herein, “pharmaceutical” includes any and all
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solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for

pharmaceutically active substances is well known in the art.

As to the meaning of “pharmaceutical” in the context of bacterial vectors, the
composition includes one or more bacterium suitable for oral or parenteral delivery to
a subject. In various embodiments, the bacteria are attenuated or non-pathogenic. In
this context, “pharmaceutical” also pertains to any such media and additives required
to maintain viability of the bacterium. One of ordinary skill in the art would be
familiar with agents that can be added to the compositions that can be added without

producing any adverse, allergic, or other untoward reaction in the recipient subject.

Except insofar as any conventional media or agent is incompatible with the
bacteria, bacterial vectors, or active ingredients, its use in the therapeutic
compositions is contemplated. Supplementary active ingredients, such as one or more
additional therapeutic or prophylactic agents, can also be incorporated into the
compositions. One of ordinary skill in the art would be familiar with methods and
techniques used to formulate pharmaceutical compositions to include additional

supplementary active ingredients.

Certain embodiments include compositions suitable for oral administration.
The term “oral administration” includes any form of administration of therapeutic
substance through the oral cavity and into the gastrointestinal tract. The
pharmaceutical compositions of the present invention may be formulated for oral
delivery to a subject. For example, the compositions may be formulated for oral
administration through a nasogastric tube, through solutions that can be swallowed,
and the like.

Certain embodiments of the present invention include pharmaceutical
compositions that are suitable for parenteral administration, e.g., formulated for
injection by any route other than through the digestive tract, such as intravenous,
intramuscular, subcutaneous, or even intraperitoneal routes.  Typically, the
compositions can be prepared as injectables, either as liquid solutions or suspensions;
solid forms suitable for using to prepare solutions or suspensions upon the addition of

a liquid prior to injection can also be prepared; and the preparations can also be
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emulsified. For those compositions that include a bacterium, appropriate additives
can be included to maintain viability of the bacterium upon administration.
Pharmaceutical preparations of the present invention can be formulated for oral or

parenteral delivery by any method known to those of ordinary skill in the art.

Pharmaceutical preparations that include bacteria may include appropriately
buifered media, nutrients, and other additives to maintain viability of the bacteria.
One of ordinary skill in the art would be familiar with methods to formulate bacteria
for oral or parenteral administration, and appropriate pharmaceutical additives that

can be safely included in the preparations.

The carrier of the pharmaceutical preparations of the present invention may
include a solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and

the like), suitable mixtures thereof, and vegetable oils.

The proper fluidity can be maintained, for example, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants.
Compositions of the present invention that do not include bacteria may include
various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. Prolonged absorption of the injectable
compositions can be brought about by the use in the compositions of agents delaying

absorption, for example, gelatin.

Injectable solutions are prepared by incorporating the active compounds or
bacteria in the required amount in the appropriate solvent with various other
ingredients enumerated above, as required. If the pharmaceutical preparation does not

include bacteria, filtered sterilization may be used.

Upon formulation, solutions will be administered in a manner compatible with
the dosage formulation and in such amount as is therapeutically effective. For
parenteral administration in aqueous solution, the solution may be suitably buffered if
necessary. These particular solutions are especially suitable for intravenous,
intramuscular, subcutaneous, and intraperitoneal administration. Some variation in
dosage will necessarily occur depending on the condition of the subject being treated.

Solutions containing bacteria will be administered in a manner compatible with
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appropriate safety precautions, and in a manner that takes into account the bacterial
count of the preparation. The person responsible for administration will determine the

appropriate dose for the individual subject.

An effective amount of a therapeutic or prophylactic polynucleotide or agent
is determined based on the intended goal, for example regression of a tumor. The
quantity to be administered, both according to number of treatments and dose,
depends on the subject to be treated, the state of the subject and the protection desired.
Precise amounts of the therapeutic or prophylactic composition also depend on the

judgment of the practitioner and are peculiar to each individual.

In certain embodiments, it may be desirable to provide a continuous supply of
a therapeutic composition to a patient. For various approaches, delayed release
formulations could be used that provide limited but constant amounts of the
therapeutic agent over an extended period of time. Continuous perfusion of the region
of interest, such as a tumor or other area of diseased tissue, may be preferred. The
administration could be post-operative, such as following tumor resection. The time
period for perfusion would be selected by the clinician for the particular patient and
situation, but times could range from about 1-2 hours, to 2-6 hours, to about 6-10
hours, to about 10-24 hours, to about 1-2 days, to about 1-2 weeks or longer.
Generally, the dose of the therapeutic composition via continuous perfusion will be
equivalent to that given by single or multiple injections, adjusted for the period of

time over which the doses are administered.

EXAMPLES

The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by
the inventor to function well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and still obtain a like or similar

result without departing from the spirit and scope of the invention.
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EXAMPLE 1
CONSTRUCTION OF THE YOPE-LACI FUSION

Materials and Methods

The lacl gene was amplified from E. coli W3110 chromosomal DNA as a
1.1kb fragment using primers SP044F (5’-GTGGGTACCGTGAAACCAGTAACG-
3’ (SEQ ID NO:18)) and SP044R (5’-TAGGATCCGCTCACTGCCCGCTTT-3’
(SEQ ID NO:19)). The fragment was digested with Kpnl and BamH1 and cloned in-
frame downstream of a fragement containing the first 100 codons of yopE and the
native yopE promoter from Yersinia enterocolitica into the vector pHSG575, yielding
pSS350. Variants of this plasmid were created by removing the EcoR1-Ndel
fragment encompassing the promoter region upstream of lacI and replacing it with the
promoter and first 15 codons of yopE (pSS352), or with a fragment spanning the
promoter and first 49 codons of yopE (pSS357). To generate a fusion protein with a
smaller Lacl domain, the first 334 codons of lacl were amplified by PCR from
pSS350 and ligated to pSS356 digested with Kpn and BamHI, producing pSS357.

DNA binding activity of the fusion proteins was tested by measuring the
ability of the fusion to repress LacZ expression. The lacl -, lacZ + E. coli strain
CSCG856 was transformed with each of the plasmids, and the repression of lacZ was
measured by comparing Miller units in cells grown in the presence of lactose or in
glucose. Fold repression of expression for each plasmid was: pSS350 (1.2-fold),
pSS352 (>500-fold), pSS356 (16-fold), and pSS357 (16-fold).

Secretion of YopE-Lacl via the TTSS was assessed by transforming a wild
type and a TTSS" strain of Y. enterocolitica with pSS356 or pSS357. The cells were
grown under conditions designed to induce secretion and the amount of the fusion
protein in the culture supernatant was determined by immunoblot of the supernatant
proteins using anti-Lacl antiserum. The 45-kDa fusion protein encoded by pSS356
and the 42 kDa protein encoded by pSS357 were found in greater quantities in the
supernatants of the Y. enterocolitica strains that had an intact TTSS compared to the

strain that was TTSS minus.

Reporter constructs were based on vectors containing green fluorescent

protein. The gfp sequence from pEGFP1 (Clontech) was digested with Sspl and a
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chloramphenicol resistance genes was inserted. The cytomegalovirus (CMV)
promoter was isolated as a 0.9 kb BglII-HindIII fragment from CMYV and insertéd into
the BglII-HindIII digested plasmid to produce pCMV-EGFPA. pSS361 contains the
CMV-EGFP fragment of pCMV-EGFPA and lacO cloned into pBR322.

To test for DNA secretion through the TTSS, the fusion protein expressing
strains were transformed with pSS361 and tested under inducing and non-inducing
conditions for their ability to secrete the lacO-containing plasmid into the culture
supernatant. Induced cultures were incubated with a rabbit anti-Lacl antibody and a
biotinylated anti-rabbit secondary antibody. Streptavidin-containing paramagnetic
beads were added to remove the DNA/YopE-Lacl/antibody complexes. The culture
medium contained more plasmid DNA in the presence of a functional translocation
apparatus. Little or no plasmid DNA was detected in medium derived from a strain
lacking the TTSS.

DNA translocation into eukaryotic cells via the TTSS was assessed using
cultured Henle cells. Yersinia strains carrying pSS356 (YopE-Lacl fusion vector)
and/or pSS361 (eukaryotic GFP reporter construct) were added to Henle cell
monolayers in the presence of cytochalasin D to prevent uptake of the bacteria.
Gentamicin was added after 1 hour to kill the bacteria, and the cells were washed to
remove the bacteria and cytochalasin D after an additional 90 minutes. The Henle
cells were harvested after 48 hours and analyzed by flow cytometry to measure
transfer and expression of the EGFP reporter gene. Cells exposed to Yersinia

carrying an intact TTSS and both pSS346 and pSS361 showed expression of GFP.

EXAMPLE 2
CONSTRUCTION OF REGULATED LYSIS VECTORS
The Shigella uhpT gene is specifically expressed within the intracellular
environment of mammalian cells. This effect is mimicked in vitro by growth in the
presence of 0.4% glucose-6-phosphate, the major form of glucose inside the
mammalian cell. Other carbon sources do not allow expression of this gene. When
fused to an open reading frame, the uApT promoter directs the expression of that gene
within the intracellular environment. A fragment containing the uhpT promoter was

fused to the gene encoding T7 polymerase to create pFZ27. This plasmid is
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integrated into the attB site in a T7 polymerase resistant strain of Shigella flexenri to
produce strain SF2019 or into standard laboratory strains of E. coli. The lysis
construct consists of a plasmid carrying the T7 promoter fused to rabbit defensin.
When grown in the presence of 0.4% glucose-6-phosphate, the strains are killed;

survival is less than 1 x 10,

A pFZ27 (PuhpT-T7 pol construct in integrating vector) was also constructed.
T7 RNA polymerase gene was amplified from BL21(DE3) by colony PCR and cloned
into pGEMT-Easy vector (Promega). The PCR was carried out using Expand High

‘Fidelity PCR System (Roche), with primers FZ017 (5°-

CTGGAAGAGGCACTAAATGAAC-3> (SEQ ID NO:20)) and FZ018 (5°-
CCCTCTATAGTGAGTCGTATTG-3’ (SEQ ID NO:21)). The recombinant plasmid
carrying the T7 RNA polymerase gene was designated pFZ109.

The S. flexneri uhpT promoter region was amplified from strain SA100
genomic DNA as a 260 bp fragment with primers FZ007 (5°-
GAAGATCTCGATACCTGGCACTGGA-3’ (SEQ ID NO:22)) and FZ008 (5°-
TCGCCCGGGTTACTCCTGAAATGAA-3’ (SEQ ID NO:23)). This fragment was
cloned into pGEMT-Easy vector to generate pFZ6, and pFZ6 was further verified by
DNA sequencing. Then, the Bglll/Spel fragment from pFZ6, containing the uhpT
promoter, was cloned into integrating vector pCD11PKS at the Bglll/Spel site.. The
resulting construct was designated pFZ20.

pFZ27 was constructed by cloning the Pstl/Sphl fragment from pFZ19,
containing the T7 RNA polymerase gene, into pFZ20 at the PstI/Sphl site. Upon
induced with 0.4% G-6-P, the strain DH5aApir (pFZ27+pFZ73) produced a higher
level of B-galactosidase activity and the strain DH5aApir (pFZ27+pFZ50) showed
reduced CFU, indicating that pFZ27 contains inducible and functional T7 RNA
polymerase gene (pFZ73 is a plasmid containing the E. coli lacZ gene controlled by
the T7 promoter; pFZ50 is a plasmid containing synthetic rat defensin gene fused with
pelB leader and ®X174 lysis E gene, both under the control of the T7 promoter).

pFZ58 (modified PuhpT-T7 pol construct in integrating vector) was also
constructed. To eliminate any possible interference of the T7 promoter located at the

original cloning vector pCD11PKS, the 3.0 kb Spel fragment from pFZ27, containing
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PuhpT-T7 pol, was polished with pfu (Stratagene) and cloned into pCD11PSK at the
polished BssHII site, yielding pFZ58. Upon induced with 0.4% G-6-P, the strain
DHS5aApir (pFZ58+pFZ73) produced a higher level of B-galactosidase activity and the
strain DHS5oApir (pFZ58+pFZ50) showed reduced CFU, indicating that pFZ58
contains inducible and functional T7 RNA polymerase gene (pFZ73 is a plasmid
containing the E. coli lacZ gene controlled by the T7 promoter; pFZ50 is a plasmid
containing synthetic rat defensin gene fused with pelB leader and ®X174 lysis E
gene, both under the control of the T7 promoter).

Still further, pFZ72 ((PuhpT-T7 pol construct in replicating vector) was
constructed. The 3.0 kb BgllI/HindIII fragment from pFZ27, containing PuhpT-T7
pol, was cloned into pACYC184 at the BamHI/HindIII site, yielding pFZ72.

EXAMPLE 3
LYSIS GENE CONSTRUCTS

A pFZ49 (synthetic rat defensin gene NP-1 fused with pelB leader under the
control of the T7 promoter) was constructed. Primers FZ001 (5°-
GGATCCGGTGACCTGCTACTGTCGTCGTACTCGTTGCGGTTTCCGTGAACG
TCTGTCCGGTGCTTG- 3 (SEQ ID NO:24)) and FZ002 (5°-
GTCGACTTAACGACAGCACAGACGGTAGATACGACCACGGTAACCGCAA
GCACCGGACAGACGTTC-3’ (SEQ ID NO:25)) were annealed and extended with
Taq polymerase. The resulting product was digested with BamHI/Sall and cloned
into pET25b at the BamHI/Sall site, yielding pFZ1. The Xbal/Xhol fragment from
pFZ1, containing pelB-NP-1 fusion gene, was cloned into pET23a at the Xbal/Xhol
site, yielding pFZ49.

A pFZ50 (synthetic rat defensin gene NP-1 fused with pelB leader and ®X174
lysis E gene under the control of the T7 promoter) vector was also constructed.
®X174 E gene, whose product is responsible for lysis, was PCR amplified from
®X174 RF DNA with primers FZ013 (5>~ AAGGCCTACTGACCGCTCTC-3’ (SEQ
ID NO:26)) and FZ014 (5’-CGTGCATGCTTGCCTTTAGTACC-3° (SEQ ID
NO:27)) and cloned into pGEMT-Easy vector, yielding pFZ10. The Notl fragment
from pFZ10, containing the ®X174 E gene, was cloned into pFZ1 at the Notl site,
yielding pFZ45. The Xbal/Xhol fragment from pFZ45, containing pelB-NP-1-E, was
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cloned into pET23a at the Xbal/Xhol site, yielding pFZ50. pFZ50 was verified by
DNA sequencing, showing that the transcription orientation of E gene is the same as

the pelB-NP-1 fusion gene, both under the control of the T7 promoter.

When pFZ49 or pFZ50 was introduced into an E. coli strain carrying an
inducible T7 RNA polymerase gene, the recombinant strain displayed reduced CFU

under the inducing condition.

EXAMPLE 4
IN VIVO TRANSDUCTION

Mice will be infected orally, orogastrically, or intranasally with the bacteria
carrying the delivery system and a reporter or therapeutic gene. The bacteria (10° to
10° bacteria) will be suspended in phosphate buffered saline and delivered in a
volume of 5 to 100 pl or any volume therebetween. The expression of the reporter or
therapeutic gene will be measured three or more days after delivery. An example of a
reporter construct assay is gfp (encoding green fluorescent protein) fused to a
eukaryotic promoter. Intestinal or pulmonary epithelium will be excised from the
mouse three to five days after delivery of the bacteria. GFP production will be
measured by fluorescence of transfected or transduced tissue. Some of the constructs
will contain all or portions of mouse mammary tumor virus (MMTV) to target
lymphocytes and mammary tissue. Monitoring of constructs containing MMTVwill
be by measuring deletion of Vb14 T cells. It is contemplated that over the course of
three months following delivery of MMTYV via the bacterial lysis delivery system, a
significant reduction in the number of Vb14 positive T cells will be seen, as measured
by sorting peripheral blood Iymphocytes stained with a fluorescent labeled antibody

against Vb14 using a fluorescence activated cell sorter.

The delivery of constructs containing portions of MMTV fused to a reporter
gene, gfp, lacZ, or other genes producing a measurable gene product will also be
tested. These will be delivered via the intestinal or respiratory tracts. Expression of

the reporter gene will be measured in mammary tissue and other tissues in the mouse.

All of the fusion proteins, compositions, and methods disclosed and claimed
herein can be made and executed without undue experimentation in light of the

present disclosure. While the fusion proteins, compositions, and methods of this
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invention have been described in terms of preferred embodiments, it will be apparent
to those of skill in the art that variations may be applied to the fusion proteins,
compositions, and in the steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the
same or similar results would be achieved. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit,

scope and concept of the invention as defined by the appended claims.
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CLAIMS

1. A recombinant bacterium comprising:
(a) a first polynucleotide comprising an expression cassette comprising a
first regulatable promoter that is operably linked to a polynucleotide encoding
a recombinant RNA polymerase; and
(b) a second polynucleotide comprising an expression cassette having a
second promoter driven by the recombinant RNA polymerase that is operably
linked to a polynucleotide that when expressed lyse the bacterium,

wherein the bacterium is able to be internalized by a cell.

2. The bacterium of claim 1, further comprising a third polynucleotide that is a

therapeutic polynucleotide or encodes a therapeutic polypeptide.

3. The bacterium of claim 2, wherein the polynucleotide encodes a tumor

suppressor, an apoptosis inducer, an enzyme, an antibody, or a hormone.

4, The bacterium of claim 3, wherein the polynucleotide encodes Rb, CFTR,
pl6, p21, p27, p57, p73, C-CAM, APC, CTS-1, zacl, scFV ras, DCC, NF-1, NF-2,
WT-1, MEN-I, MEN-II, BRCA1, VHL, MMACI1, FCC, MCC, BRCA2, IL-1, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11 IL-12, GM-CSF, G-CSF,
thymidine kinase, mda7, fus, interferon a, interferon B, interferon y, ADP, p53, ABLI,
BLC1, BLC6, CBFA1, CBL, CSFIR, ERBA, ERBB, EBRB2, ETS1, ETS2, ETVG6,
FGR, FOX, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN, MDM2, MLL, MYB,
MYC, MYCL1, MYCN, NRAS, PIM1, PML, RET, SRC, TAL1, TCL3, YES,
MADH4, RB1, TP53, WT1, TNF, BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF,
NT3, NT5, ApoAl, ApoAlV, ApoE, RaplA, cytosine deaminase, Fab, ScFv, BRCA2,
zacl, ATM, HIC-1, DPC-4, FHIT, PTEN, ING1, NOEY1, NOEY2, OVCA1l,
MADR?2, 53BP2, IRF-1, zacl, DBCCR-1, rks-3, COX-1, TFPL, PGS, Dp, E2F, ras,
myc, neu, raf, erb, fims, trk, ret, gsp, hst, abl, E1A, p300, VEGF, FGF,
thrombospondin, BAI-1, GDATF, or MCC.

5. The bacterium of claim 2, wherein the polynucleotide is RNA.

6. The bacterium of claim 5, wherein the RNA is messenger RNA.
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7. The bacterium of claim 5, wherein the RNA is antisense RNA.

8. The bacterium of claim 5, wherein the RNA is interfering RNA.

9. The bacterium of claim 5, wherein the RNA further comprises a ribozyme.
10.  The bacterium of claim 2, wherein the polynucleotide is a DNA-RNA hybrid.

11. The bacterium of claim 1, wherein the bacterium is an attenuated non-

pathogenic bacterium.

12.  The bacterium of claim 11, wherein the attenuated bacterium is a Shigella

species, a Yersinia species, a Salmonella species, or an E. coli species.
13.  The bacterium of claim 1, wherein the first promoter is an inducible promoter.

14. A method of delivering at least one polynucleotide into a cell, comprising:
(@ obtaining a bacterium as described in claim 2; and

(b) contacting the cell with the bacterium.

15.  The method of claim 14, wherein the first polynucleotide is a therapeutic

polynucleotide or encodes a therapeutice polypeptide.

16.  The method of claim 15, wherein the polynucleotide encodes a tumor

suppressor, an apoptosis inducer, an enzyme, an antibody, or a hormone.

17.  The method of claim 16, wherein the polynucleotide encodes Rb, CFTR, p16,
P21, p27, p57, p73, C-CAM, APC, CTS-1, zacl, scFV ras, DCC, NF-1, NF-2, WT-1,
MEN-I, MEN-II, BRCA1, VHL, MMAC1, FCC, MCC, BRCA2, IL-1, IL.-2, IL-3, IL-
4, IL-5, IL-6, IL-7, IL-8, IL-9, TL-10, TL-11 IL-12, GM-CSF, G-CSF, thymidine
kinase, mda7, fus, interferon a, interferon f3, interferon y, ADP, p53, ABLI, BLCI1,
BLC6, CBFA1, CBL, CSFIR, ERBA, ERBB, EBRB2, ETS1, ETS2, ETV6, FGR,
FOX, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN, MDM2, MLL, MYB, MYC,
MYCL1, MYCN, NRAS, PIM1, PML, RET, SRC, TAL1, TCL3, YES, MADH4,
RB1, TP53, WT1, TNF, BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, NT3, NT5,
ApoAl, ApoAlV, ApoE, RaplA, cytosine deaminase, Fab, ScFv, BRCA2, zacl,
ATM, HIC-1, DPC-4, FHIT, PTEN, ING1, NOEY1, NOEY2, OVCA1, MADR2,
53BP2, IRF-1, zacl, DBCCR-1, rks-3, COX-1, TFPI, PGS, Dp, E2F, ras, myc, neu,
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raf, erb, fns, trk, ret, gsp, hst, abl, E1A, p300, VEGF, FGF, thrombospondin, BAI-1,
GDATF, or MCC.

18.  The method of claim 15, wherein fhe polynucleotide is RNA.

19. The method of claim 18, wherein the RNA is messenger RNA.

20. The method of claim 18, wherein the RNA is antisense RNA.

21. The method of claim 18, wherein the RNA is interfering RNA.

22.  The method of claim 18, wherein the RNA further comprises a ribozyme.
23. The method of claim 15, wherein the polynucleotide is a DNA-RNA hybrid.
24.  The method of claim 14, wherein the cell is in a human subject.

25.  The method of claim 24, wherein the human subject is a patient with cancer.

26.  The method of claim 24, wherein the human subject is a human subject at risk

of developing cancer.

27. The method of claim 14, wherein the bacterium is an attenuated non-

pathogenic bacterium.

28.  The method of claim 27, wherein the attenuated bacterium is a Shigella

species, a Yersinia species, a Salmonella species, or an E. coli species.

29. The method of claim 14, wherein the first promoter is active when the

bacterium is internalized by the cell.

30. A fusion protein comprising:
(a) a Type III secretion domain; and

(b) a polynucleotide binding domain.

31.  The fusion protein of claim 30, wherein the Type III secretion domain is a

Shigella Type III secretion domain or a Yersinia Type III secretion domain.

32.  The fusion protein of claim 31, wherein the Type III secretion domain is SEQ
ID NO:3.
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33.  The fusion protein of claim 30, wherein the polynucleotide binding domain is

a DNA binding domain.

34.  The fusion protein of claim 30, wherein the polynucleotide binding domain is

a sequence-specific polynucleotide binding domain.

35.  The fusion protein of claim 34, wherein the sequence-specific binding domain

is a Lac repressor DNA binding domain.

36.  The fusion protein of claim 30, further comprising a polynucleotide bound to
the polynucleotide binding domain.

37.  The fusion protein of claim 36, wherein the polynucleotide is DNA.
38.  The fusion protein of claim 37, wherein the polynucleotide is antisense DNA.

39. The fusion protein of claim 38, wherein the antisense DNA is antisense ras,
antisense myc, antisense raf, antisense erb, antisense src, antisense fins, antisense jun,

antisense ¢rk, antisense ret, antisense gsp, antisense /st, antisense bcl, o; antisense abl:
40.  The fusion protein of claim 36, wherein the polynucleotide is RNA.

41.  The fusion protein of claim 40, wherein the RNA is messenger RNA.

42.  The fusion protein of claim 40, wherein the RNA is antisense RNA.

43.  The fusion protein of claim 40, wherein the RNA is interfering RNA.

44.  The fusion protein of claim 40, wherein the RNA further comprises a

ribozyme.

45.  The fusion protein of claim 36, wherein the polynucleotide is a DNA-RNA
hybrid.

46.  The fusion protein of claim 36, wherein the polynucleotide comprises one or

more therapeutic or prophylactic polynucleotides.
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47.  The fusion protein of claim 46, wherein the therapeutic or prophylactic
polynucleotide encodes a tumor suppressor, apoptotic agent, an enzyme, an antibody,

or a hormone.

48.  The fusion protein of claim 47, wherein the therapeutic or prophylactic
polynucleotide encodes Rb, CFTR, p16, p21, p27, p57, p73, C-CAM, APC, CTS-1,
zacl, scFV ras, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II, BRCA1, VHL, MMACI,
FCC, MCC, BRCA2, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11
IL-12, GM-CSF, G-CSF, thymidine kinase, mda7, fus, interferon a, interferon j3,
interferon v, ADP, p53, ABLI, BLC1, BLC6, CBFA1, CBL, CSFIR, ERBA, ERBB,
EBRB2, ETS1, ETS2, ETV6, FGR, FOX, FYN, HCR, HRAS, JUN, KRAS, LCK,
LYN, MDM2, MLL, MYB, MYC, MYCL1, MYCN, NRAS, PIM1, PML, RET,
SRC, TAL1, TCL3, YES, MADH4, RB1, TP53, WT1, TNF, BDNF, CNTF, NGF,
IGF, GMF, aFGF, bFGF, NT3, NT5, ApoAl, ApoAIV, ApoE, RaplA, cytosine
deaminase, Fab, ScFv, BRCA2, zacl, ATM, HIC-1, DPC-4, FHIT, PTEN, ING1,
NOEY1, NOEY2, OVCA1, MADR?2, 53BP2, IRF-1, zacl, DBCCR-1, rks-3, COX-1,
TFPL, PGS, Dp, E2F, ras, myc, neu, raf, erb, fms, trk, ret, gsp, hst, abl, E1A, p300,
VEGF, FGF, thrombospondin, BAI-1, GDAIF, or MCC.

49. A bacterium comprising the fusion protein of claim 36.

50. The bacterium of claim 49, wherein the bacterium is an attenuated non-
pathogenic bacterium.

51.  The bacterium of claim 49, wherein the bacterium is a Shigella species, or a
Yersinia species.

52. A method of delivering at least one polynucleotide into a cell comprising:
(a) contacting the cell with a bacteria claim 49; and
(b) delivering the polynucleotide into the target cell via the TTSS of the

bacterium.
53.  The method of claim 52, wherein the cell is a mammalian cell.
54.  The method of claim 53, wherein the mammalian cell is a human cell.

55.  The method of claim 54, wherein the human cell is comprised in a human

subject.
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56.  The method of claim 55, wherein the human subject is a patient with cancer.

57.  The method of claim 55, wherein the human subject is a human subject at risk

of developing cancer.

58.  The method of claim 52, wherein the Type III secretion system secretion
domain is a Shigella Type III secretion system domain, or a Yersinia Type 11T

secretion system domain.

59.  The method of claim 58, wherein the Type III secretion system domain is SEQ
ID NO:3.

60.  The method of claim 52, wherein the polynucleotide is DNA.
61.  The method of claim 60, wherein the polynucleotide is antisense DNA.

62. The method of claim 61, wherein the antisense DNA is antisense ras,
antisense myc, antisense raf, antisense erb, antisense src, antisense fins, antisense jun,

antisense frk, antisense ret, antisense gsp, antisense Ast, antisense bcl, or antisense abl.
63.  The method of claim 52, wherein the polynucleotide is a DNA-RNA hybrid.

64.  The method of claim 52, wherein the polynucleotide binding domain is a

sequence-specific polynucleotide binding domain.

65.  The method of claim 64, wherein the sequence-specific polynucleotide

binding domain is a sequence-specific DNA binding domain.

66.  The method of claim 65, wherein the sequence-specific DNA binding domain

is a Lac repressor DNA binding domain.

67.  The method of claim 52, wherein the polynucleotide encodes a therapeutic

polypeptide.

68.  The method of claim 67, wherein the polynucleotide encodes a tumor

suppressor, an apoptosis inducer, an enzyme, an antibody, or a hormone.

69. The method of claim 68, wherein the polynucleotide encodes Rb, CFTR, p16,
p21, p27, p57, p73, C-CAM, APC, CTS-1, zacl, scFV ras, DCC, NF-1, NF-2, WT-1,
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MEN-I, MEN-II, BRCA1, VHL, MMACI1, FCC, MCC, BRCA2, IL-1, IL-2, IL-3, IL-
4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11 IL-12, GM-CSF, G-CSF, thymidine
kinase, mda7, fus, interferon a, interferon B, interferon y, ADP, p53, ABLI, BLCI,
BLC6, CBFAL1, CBL, CSFIR, ERBA, ERBB, EBRB2, ETS1, ETS2, ETV6, FGR,
FOX, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN, MDM2, MLL, MYB, MYC,
MYCL1, MYCN, NRAS, PIM1, PML, RET, SRC, TAL1, TCL3, YES, MADH4,
RB1, TP53, WT1, TNF, BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, NT3, NT5,
ApoAl, ApoAlV, ApoE, Rapl A, cytosine deaminase, Fab, ScFv, BRCA2, zacl,
ATM, HIC-1, DPC-4, FHIT, PTEN, ING1, NOEY1, NOEY2, OVCA1, MADR?2,
53BP2, IRF-1, zacl, DBCCR-1, rks-3, COX-1, TFPL, PGS, Dp, E2F, ras, myc, neu,
raf, erb, fins, trk, ret, gsp, hst, abl, E1A, p300, VEGF, FGF, thrombospondin, BAI-1,
GDATF, or MCC.

70.  The method of claim 52, wherein the polynucleotide is RNA.

71.  The method of claim 70, wherein the RNA is messenger RNA.

72.  The method of claim 70, wherein the RNA is antisense RNA.

73.  The method of claim 70, wherein the RNA is interfering RNA.

74.  The method of claim 70, wherein the RNA further comprises a ribozyme.

75.  The method of claim 52, wherein the polynucleotide is a DNA-RNA hybrid.
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<110>

<120>

<130>

<140>
<141>

<140>
<141>

SEQUENCE LISTING

PAYNE, SHELLEY M.
DUDLEY, JAQUELIN P.
SELIGER, STEFAN S.

FENG, ZHENGYU

BACTERIAL VECTOR SYSTEMS

CLFR:030WO

UNKNOWN
2005-08~17

60/602,276
2004-08-17

<160> 27

<170>

<210> 1

<211> 1055
<212> DNA
<213>

<400> 1
gaattcccceca
ttgttgaaat
agataaaata
tttagttttt
cggctatttt
aatatcatca
cgtaggagaa
tctggecggyg
gttatcatca
ccataaaccg
cagtgacagt
tagcttggat
tcttegtgge
agctgaggec
aactattggt
aaatgagatc
ataaaaacaa
1020
ctgatctttce
1055

<210> 2
<211> 219
<212> PRT

PatentIn Ver.

actttgacac
aattgagtga
tcaacttaac
gttttgtcta
cccactaaga
tttatttcta
atgtctggge
cgcactgaaa
gtggcccact
gtggtgacac
atcaagcaac
gcagagatgce
agtatcactc
agtgccatct
ggggtggeca
aaagggctgg
ggggatagtg

aggggcgaat

2.

1

Yersinia pseudotuberculosis

cgataaccgg
tagcttgttce
caaagcactc
atataacaac
taaccttgtt
catcactgcce
gctcagtcte
gcectecaggg
ctgtgattgg
cagcacccac
ttgctgcectga
tgcagaaaaa
aatgccaagg
taaacacgce
gcgegtacgt
cgcaacagat
tttececccett

cgttttttag

<213> Artificial Sequence

<220>

ttcaatagta
aaatgaatac
tcggecagacce
aaaaacagca
ttaatagcca
cctgecgaca
acagcaaaca
ttccagctta
gtttatccaa
acctgcacaa
gacgctgeca
tcatgctecag
gctgatgcag
tgtttgtggt
cgccagtgge
gcagaaatta
tttctatcaa

catgc

<223> Description of Artificial Sequence:
Peptide

<400> 2

PCT/US2005/029263

tctggaatag
attatgatct
atcaatttta
gcgatttttt
aggtaataaa
tctgtgtcag
agtgatcaat
gccageccgta
cgcatgttcect
atgccaagtce
aaatacatgc
ttegectacgg
ttttgtggtg
attccettet
gttgatctaa
ctgtcattga
tattgecgaat

Synthetic

acaacgaaag
cataatagtt
gcctataatt
atatagccat
tagtcatgaa
gatctagcag
atgcaaacaa
tcattgagag
cggaggggag
ctacgtcttt
agcagttgaa
gcagecggecc
gggaattgca
cgcagtgggg
cgcaggcagce
tgtgatatgg
atecttegtec

Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Thr Ser

1

5

10

15

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



WO 2006/137836 PCT/US2005/029263

Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser Val Ser
20 25 30

Gln Gln Thr Ser Asp Gln Tyr Ala Asn Asn Leu Ala Gly Arg Thr Glu
35 ' 40 45

Ser Pro Gln Gly Ser Ser Leu Ala Ser Arg Ile Ile Glu Arg Leu Ser
50 . 55 60

Ser Val Ala His Sex Val Ile Gly Phe Ile Gln Arg Met Phe Ser Glu
65 70 75 80

Gly Ser His Lys Pro Val Vval Thr Pro Ala Pro Thr Pro Ala Gln Met
85 90 95

Pro Ser Pro Thr Ser Phe Ser Asp Ser Ile Lys Gln Leu Ala Ala Glu
100 105 110

Thr Leu Pro Lys Tyr Met Gln Gln Leu Asn Ser Leu Asp Ala Glu Met
115 120 125

Leu Gln Lys Asn His Ala Gln Phe Ala Thr Gly Ser Gly Pro Leu Arg
130 135 : 140

Gly Ser Ile Thr Gln Cys Gln Gly Leu Met Gln Phe Cys Gly Gly Glu
145 150 155 160

Leu Gln Ala Glu Ala Ser Ala Ile Leu Asn Thr Pro Val Cys Gly Ile
165 170 175

Pro Phe Ser Gln Trp Gly Thr Ile Gly Gly Val Ala Ser Ala Tyr Val
180 185 190

Ala Ser Gly Val Asp Leu Thr Gln Ala Ala Asn Glu Ile Lys Gly Leu
195 200 205

Ala Gln Gln Met Gln Lys Leu Leu Ser Leu Met
210 215

<210> 3

<211> 49

<212> PRT

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: Synthetic
Peptide
<400> 3
Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Thr Ser
1 5 10 15

Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser Val Ser
20 25 30

Gln Gln Thr Ser Asp Gln Tyr Ala Asn Asn Leu Ala Gly Arg Thr Glu
35 40 45

Ser
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Sequence:

10

Sequence:

tggaaccatc
tgctatcatt
aagcggagac
aagcaaccca
atggagagca

Sequence:

Glu Pro

10

Trp

cys
25

Tyxr Cys

Lys Gly Leu

Arg Thr Pro

Ile Pro

75

Pro

<210> 4

<211> 11

<212> PRT

<213> Artificial Seguence

<220>

<223> Description of Artificial
Peptide

<400> 4

Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg

1 5

<210> 5

<211> 306

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial
Primer

<400> 5

atggatctgg tagatcctag cctagagccce

gcttgtaata agtgttactg taaagtgtgt

aaaggcttag gcatctccta tggcaggaag

agcagtaagg atcatcaaaa tcctatacaa

tcgacaggcc cggaagaatc gaagaagaag

gattag

<210> 6

<211> 101

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial
Peptide

<400> 6

Met Asp Leu Val Asp Pro Ser Leu

1 5
Gln Pro Ala Thr Ala Cys Asn Lys
20
His Cys Gln Val Cys Phe Leu Asn
35 40

Arg Lys Lys Arg Arg Gln Arg Arg
50 55

His Gln Asn Pro Ile Gln Lys Gln

65 70
Ser Thr Gly Pro Glu Glu Ser Lys

Lys Lys Met

PCT/US2005/029263
Synthetic
Synthetic
cgggaagcca gcctgcaact 60
gtcaagtttg ctttetgaac 120
aacgacgaag aactcctcaa 180
taccccgaac ccaaggggtc 240
aggcagagac agatcgattc 300
306
Synthetic
Asn His Pro Gly Ser
15
Lys Val Cys Cys Tyr
30
Gly Ile Ser Tyr Gly
45
Gln Ser Ser Lys Asp
60
Arg Thr Gln Gly Val
80
Glu Ser Lys Ala Glu
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85

Thr Asp Arg Phe Asp

<210> 7
<211> 11
<212> PRT
<213>

<220>
<223>

100

Peptide

<400> 7

Artificial Sequence

90

Description of Artificial Sequence:

Tyr Ala Arg Ala Ala Ala Arg Gln Ala Arg Ala

1

<210> 8
<211> 16
<212> PRT

5

<213> Artificial Sequence

<220>

10

<223> Description of Artificial Sequence:
Peptide

<400> 8

PCT/US2005/029263

Synthetic

Synthetic

95

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys

1

<210> 9

<211> 1125
<212> DNA
<213>

<400> 9
atgacgatga
ggggcggaca
cagatgcacc
ccaccctacg
caggtctact
cagaccaacg
cagaaccagc
caggtgacgc
agctgcaagt
cegetggtygg
atgggacatc
gtccatcaga
ggtgcececcac
catectggee
tctccactgt
accecggtacc
cggcgaagga
1020
tteccagaatce
1080

5

gtacaaacaa
tgcatcatgg
actacagcca
accgcatgece
ccecgeccgga
gtcagttggg
agcaacagca
aacaggtgac
tgcaagcgge
atcaaatgtc
cgcaggcgca
accatcacaa
ctcagggcat
aacacacgcc
atccctggat
agactctaga
tcgagatcege

ggcgcatgaa

Drosophila melanogaster

ctgcgagagce
gcactacccg
gaacgcgaat
ctactacaac
cagcccctee
tgttececceag
ggcgcagcag
acatccgeag
cgttggtgga
cggtcaccac
gttgggctat
catgggcatg
gatgcaccag
tcetteccaa
gcgaagtcag
gctagagaag
ccacgccctg

gtggaagaag

10

atgacctcgt
ggcaacgggg
caccagggca
ggccagggga
agccaggtgg
cagcaacagc
gcceccacage
cagcaacaac
ctgggtatgg
atgaacgccce
acggacgttg
taccagcagce
ggccagggtce
aacccgaact
tttgaacgca
gagtttcact
tgcctecacgg

gagaacaaga

acttcaccaa
tcaccgacct
acatgccecta
tggaccagca
gcggggtcat
agcagcagca
aactgcagca
agcagcccgt
ttcecegaggyg
agatgacgct
gagttcececga
agtcgggagt
cteccacagat
cgecagtccte
aacgcggaag
tcaatcgcta
agcgeccagat

cgaagggcga

15

ctcgtacatg
ggacgcccag
ccecgegettt
gcagcagcac
gcecccaggceg
acagcccteg
gcagctgeeg
cgtcectacgece
cggatecgect
gccecatcac
cgtgacagag
tcegeceggtg
gcaccaggga
ggggatgccg
gcagacatac
cttgaccegt
aaagatttgg

gcecgggatcce

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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ggaggcgaag gcgacgagat aacaccaccc aacagtccge agtag
1125

<210> 10

<211> 374

<212> PRT

<213> Drosophila Antennapedia’

<400> 10
Met Thr Met Ser Thr Asn Asn Cys Glu Ser Met Thr Ser Tyr Phe Thr
1 5 10 15

Asn Ser Tyr Met Gly Ala Asp Met His His Gly His Tyr Pro Gly Asn
20 25 30

Gly Val Thr Asp Leu Asp Ala Gln Gln Met His His Tyr Ser Gln Asn
35 40 45

Ala Asn His Gln Gly Asn Met Pro Tyr Pro Arg Phe Pro Pro Tyr Asp
50 55 60

Arg Met Pro Tyr Tyr Asn Gly Gln Gly Met Asp Gln Gln Gln Gln His
65 70 75 80

Gln Val Tyr Ser Arg Pro Asp Ser Pro Ser Ser Gln Val Gly Gly Vval
85 20 95

Met Pro Gln Ala Gln Thr Asn Gly Gln Leu Gly Val Pro Gln Gln Gln
100 105 110

Gln Gln Gln Gln Gln Gln Pro Ser Gln Asn Gln Gln Gln Gln Gln Ala
115 120 125

Gln Gln Ala Pro Gln Gln Leu Gln Gln Gln Leu Pro Gln Val Thr Gln
130 135 140

Gln Val Thr His Pro Gln Gln Gln Gln Gln Gln Pro Val Val Tyr Ala
145 150 155 160

Ser Cys Lys Leu Gln Ala Ala Val Gly Gly Leu Gly Met Val Pro Glu
165 170 175

Gly Gly Ser Pro Pro Leu Val Asp Gln Met Ser Gly His His Met Asn
180 185 190

Ala Gln Met Thr Leu Pro His His Met Gly His Pro Gln Ala Gln Leu
195 200 205

Gly Tyr Thr Asp Val Gly Val Pro Asp Val Thr Glu Val His Gln Asn
210 215 220

His His Asn Met Gly Met Tyr Gln Gln Gln Ser Gly Val Pro Pro Val
225 230 235 240

Gly Ala Pro Pro Gln Gly Met Met His Gln Gly Gln Gly Pro Pro Gln
245 250 255

Met His Gln Gly His Pro Gly Gln His Thr Pro Pro Ser Gln Asn Pro
260 265 270
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Asn Ser Gln Ser Ser Gly Met Pro Ser Pro Leu
275 280
Ser Gln Phe Glu Arg Lys Arg Gly Arg Gln Thr
290 295
Thr Leu Glu Leu Glu Lys Glu Phe His Phe Asn
305 310 315
Arg Arg Arg Ile Glu Ile Ala His Ala Leu Cys
325 330
Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys
340 345
Lys Thr Lys Gly Glu Pro Gly Ser Gly Gly Glu
355 360
Pro Pro Asn Ser Pro Gln
370
<210> 11
<211> 750
<212> DNA
<213> Herpes Simplex Virus
<400> 11 ‘
atgggggatt ctgaaaggcg gaaatcggaa cggcgtcegtt
tatgatgacg tctcgattece tgctcgcaga ccatcaacac
caggatgatt tgtcaaaaca tggaccattt accgaccatc
gcgaaagcceg tatcggaaga cgtttegtet accacccecggg
cgtgccaage ccggggtcag agctgtacaa agtaataaat
tcatcagcat ctagcacttg gagatcaaat acagtggcat
ggagcggttg caactgtgge tcaatatcac gcataccaag
caagatccte cgcgaacaaa tgaagaatta gatgcatttc
attaccattc aagagggtcc aaatttgatg ggggaagccg
ttggaagagt ctggattatc ccaggggaac gagaacgtaa
accaaatctg aacgtacaag acgcggceggt gaaattgaaa
tctcatecgta cacataacce tcgecactcece gecaacttcege
cgcggatatce gtagecagtga tagcgaataa
<210> 12
<211> 249
<212> PRT
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
Peptide

<400> 12

PCT/US2005/029263

Pro
285

Tyr Trp

Tyr
300

Thr Arg

Arg Tyr Leu

Leu Thr Glu

Trp Lys Lys

350
Glu

Gly Asp

365

ccecttggata
gtactcagcg
caacacaaaa
gtggetttac
tcgettteag
ttaatcagcg
gcgegetege
ttteccagage
aaacctgtge
agtccaaatc
tcaaategcee
gtcgccecatca

Synthetic

Met Arg

Tyr Gln

Thr Arg

320
Arg Gln
335

Glu Asn

Ile Thr

tceectetgea
aaatttaaac
acataaatcg
aaacaaacce
tacggctcct
tatgttttgt
cctttggegt
tgtcattaaa
ccgcaaacta
tgaacgtaca
agatccggga
ttcatcegece

Met Gly Asp Ser Glu Arg Arg Lys Ser Glu Arg Arg Arg Ser Leu Gly

1

Tyr Pro Ser Ala Tyr Asp Asp Val Ser Ile Pro Ala Arg Arg Pro

Thr Arg Thr Gln Arg Asn Leu Asn Gln Asp Asp Leu Sexr Lys His

35

5

20

40

10

25

30

45

15

Ser

Gly

60

120
180
240
300
360
420
480
540
600
660
720
750
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Phe Thr

50

Pro

Ser Glu

65

Asp

Arg Ala Lys

Ser Thr Ala

Ala Phe Asn

115
His Ala
130

Tyr

Arg Thr Asn

145

Ile Thr Ile

Ala Arg Lys

Val Ser

195

Lys

Gly Gly Glu

210
Pro

His Asn

225
Arg

Gly Tyr

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

13
1119
DNA

<220>
<223>
Prime

<400> 13

atgaaaccag
tceegegtgg
gcgatggegyg
tcgttgectga
gecggegatta
cgaagcggcyg
gggctgatca
actaatgtte
ttectecececatg
caaatecgege

Asp His

Val Ser

Pro Gly

85
Pro Ser
100

Gln Arg

Tyr Gln

Glu Glu

Pro

Ser

70

Val

Ser

Met

Gly

Leu

Thr
55

Gln

Thr Thr

Arg Ala

Ala Ser

Phe Cys

120

Ala
135

Leu

Asp Ala

150

Glu
165

Gln

Leu Leu

180

Lys Ser

Ile Glu

Arg Thr

Gly

Glu

Glu

Ile

Pro

Pro Asn

Glu

Ser

Thr
200

Arg

Lys Ser

215

Ala Thr

230

Ser
245

Arg

r

taacgttata
tgaaccaggc
agctgaatta
ttggegttge
aatctcgege
tcgaagcectg
ttaactatcc
cggcgttatt
aagacggtac
tgttageggg

Ser

Asp Ser

Artificial Sequence

cgatgtecgca
cagccacgtt
cattcccaac
cacctccagt
cgatcaactg
taaagcggcg
gctggatgac
tcttgatgtce
gcgactgggce
cccattaagt

Lys
Arg
val
Ser
105
Gly
Ala
Phe
Leu
Gly
185
Thr

Pro

Ser

Lys

Gly Gly

75

Gln
90

Ser
Thr Trp
Ala Val
Leu

Trp

Ser
155

Leu

Met
170

Gly

Leu Ser

Lys Ser

Asp Pro

Arg Arg

235

Glu

Description of Artificial Sequence:

gagtatgcceg
tctgcgaaaa
cgcgtggeac
ctggcectge
ggtgccageg
gtgcacaatc
caggatgcca
tctgaccaga
gtggagcatc
tctgtctegg

7

PCT/US2005/029263

Ser Ala

60

Lys

Phe Thr Asn

Asn Lys Phe

Asn
110

Arg Ser

Ala Thr

125

Val

Arg Gln

140

Asp

Arg Ala Val

Glu Ala Glu

Gln Asn

190

Gly

Glu Arg Thr

205
Gly Ser
220
Ser

His His

Synthetic

gtgtctctta
cgcgggaaaa
aacaactggc
acgcgcecegte
tggtggtgte
ttetegegea
ttgctgtgga
cacccatcaa
tggtcgcecatt
cgcgtcectgeg

Ala Vval

Lys Pro

80

Ala
o5

Phe

Thr val

Ala Gln

Pro Pro

Ile Lys

160

Thr
175

Cys
Glu Asn
Arg Arg
Arg Thr

Ala
240

Ser

tcagaccgtt
agtggaagcg
gggcaaacag
gcaaattgtc
gatggtagaa
acgegteagt
agctgectge
cagtattatt
gggtcaccag
tectggetgge

60

120
180
240
300
360
420
480
540
600
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tggcataaat atctcactecg caatcaaatt cagccgatag cggaacggga aggcgactgg 660
agtgccatgt ccggttttca acaaaccatg caaatgctga atgagggcat cgttcccact 720
gcgatgetgg ttgccaacga tcagatggcg ctgggcgcaa tgcgegcecat taccgagtcecce 780
gggctgegeg ttggtgecgga tatctecggta gtgggatacg acgataccga agacagctca 840
tgttatatcec cgecgttaac caccatcaaa caggatttte gectgetggg gcaaaccage 900
gtggaccget tgetgeaact ctcectecagggce caggeggtga agggcaatca gctgttgcce 960
gtctcactgg tgaaaagaaa aaccaccctg gcgcccaata cgcaaaccge ctectccccge
1020
gecgttggeeg attcattaat gcagetggca cgacaggttt cccgactgga aagcgggcag
1080
agcagcctga ggcctectaa gaagaagagg aaggtttga
1119
<210> 14
<211> 359
<212> PRT
<213> Artificial Sequence
<220>
<223> Degcription of Artificial Sequence: Synthetic

Peptide
<400> 14
Met Lys Pro Val Thr Leu Tyr Asp Val Ala Glu Tyr Ala Gly Val Ser
1 5 10 15
Tyr Gln Thr Val Ser Arg Val Val Asn Gln Ala Ser His Val Ser Ala
20 25 30
Lys Thr Arg Glu Lys Val Glu Ala Ala Met Ala Glu Leu Asn Tyr Ile
35 40 45
Pro Asn Arg Val Ala Gln Gln Leu Ala Gly Lys Gln Ser Leu Leu Ile
50 55 60
Gly Val Ala Thr Ser Ser Leu Ala Leu His Ala Pro Ser Gln Ile Val
65 70 75 80
Ala Ala Ile Lys Ser Arg Ala Asp Gln Leu Gly Ala Ser Val Vval Vval
85 90 95
Ser Met Val Glu Arg Ser Gly Val Glu Ala Cys Lys Ala Ala Val His
100 105 110
Asn Leu Leu Ala Gln Arg Val Ser Gly Leu Ile Ile Asn Tyr Pro Leu
115 120 125
Asp Asp Gln Asp Ala Ile Ala Val Glu Ala Ala Cys Thr Asn Val Pro
130 135 140
Ala Leu Phe Leu Asp Val Ser Asp Gln Thr Pro Ile Asn Ser Ile Ile
145 150 155 160
Phe Ser His Glu Asp Gly Thr Arg Leu Gly Val Glu His Leu Val Ala
165 170 175
Leu Gly His Gln Gln Tle Ala Leu Leu Ala Gly Pro Leu Ser Ser Val
180 185 190
Ser Ala Arg Leu Arg Leu Ala Gly Trp His Lys Tyr Leu Thr Arg Asn
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195

Gln Ile Gln

210
Gln

Gly Phe

225
Ala

Met Leu

Ile Thr Glu

Asp
275

Tyr Asp

Ile Lys Gln

290
Gln

Leu Leu

305
Val

Ser Leu

Ala Ser Pro

Val Ser Arg

355

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

15
34
DNA

<220>
<223>

Pro Ile

Gln Thr

Ala

Met

200

Glu
215

Arg

Gln Met

230

Val Ala

245

Ser
260

Gly
Thr Glu
Asp Phe

Ser Gln

Asn

Leu

Asp

Arg

Gly

Asp Gln

Arg Val

Glu

Leu

Met

Gly

Gly Asp

Glu
235

Asn

Ala
250

Leu

Ala Asp

265

Ser
280

Ser

Leu Leu

295

Gln Ala

310

Val Lys

325
Arg Ala
340

Leu Glu

Primer

<400> 15

Arg

Leu

Ser

Lys Thr

Ala Asp

Cys

Gly

Val

Thr

Ser

Tyr Ile

Gln Thr

Lys Gly

315
Leu Ala
330

Leu Met

345

Gly

Artificial Sequence

Description of Artificial Sequence:

cacatgtgga attgtgagcg gataacaatt tgtg

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

16
1266
DNA

<220>
<223>
Prime

<400> 16

atgaaaatat
agcagcgtag
aacaatctgg
tatgccggtg
gcgaaaacgce

r

catcatttat
gagaaatgtc
ccgggegeac
tctecttatea
gggaaaaagt

Artificial Seguence

ttctacatca
tgggcgetca
tgaaagcatg
gaccgtttece
ggaagcggcyg

Description of Artificial Sequencé:

ctgcecectge
gtctcacagce
aaaccagtaa
cgcegtggtga
atggcggage

9

PCT/US2005/029263

205

Trp Ser Ala

220

Gly Ile Val

Gly Ala Met

Ile Val

270

Ser

Pro Leu

285

Pro

Ser Val

300

Asp

Asn Gln Leu

Pro Asn Thr

Gln Ala

350

Leu

Synthetic

Synthetic

cgacatctgt
aaacaagtga
cgttatacga
accaggccag
tgaattacat

Met Ser

Thr
240

Pro

Arg Ala

255

Val Gly

Thr Thr
Leu

Arg

Pro
320

Leu

Gln
335

Thxr

Arg Gln

gtcaggatcet
tcaatatgca
tgtecgcagag
ccacgtttct
tececcaacege

34

60

120
180
240
300
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gtggcacaac aactggcggg caaacagtcg ttgctgattg

gcecetgeacyg cgccgtegea aattgtcegeg gegattaaat

gccagcegtgg tggtgtegat ggtagaacga agcggegteg

cacaatcttce tcgcgcaacg cgtcagtggg ctgatcatta

gatgccattg ctgtggaagc tgcctgcact aatgttccgg

gaccagacac ccatcaacag tattattttc tcccatgaag

gagcatctgg tcgcattggg tcaccagcaa atcgcecgcetgt

gtcteggege gtcectgegtet ggetggectgg cataaatatce

ccgatagegg aacgggaagg cgactggagt gecatgteeg

atgctgaatg agggcatcgt tcccactgeg atgectggttg

ggcgcaatge gcgecattac cgagtceggg ctgegegttg

ggatacgacg ataccgaaga cagctcatgt tatatccege

1020

gattttegee tgctggggca aaccagegtg gaccgcttge

1080

gcggtgaagg gcaatcagcect gttgeccgte tcactggtga

1140

cccaatacge aaaccgcectce tcececgegeg ttggecgatt

1200

caggtttcce gactggaaag cgggcagagce agcctgaggc

1260

gtttga

1266

<210> 17

<211> 408

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Peptide

<400> 17

Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu
1 5 10

Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser

20 25
Gln Gln Thr Ser Asp Gln Tyr Ala Asn Asn Leu
35 40
Ser Met Lys Pro Val Thr Leu Tyr Asp Val Ala
50 55

Ser Tyr Gln Thr Val Ser Arg Val Val Asn Gln
65 70 75

Ala Lys Thr Arg Glu Lys Val Glu Ala Ala Met

85 90
Ile Pro Asn Arg Val Ala Gln Gln Leu Ala Gly
100 105
Tle Gly Val Ala Thr Ser Ser Leu Ala Leu His
115 120
Val Ala Ala Ile Lys Ser Arg Ala Asp Gln Leu
130 135

10

PCT/US2005/029263

gcgttgccac
ctegegecga
aagcctgtaa
actatccget
cgttatttct
acggtacgcg
tagcgggecce
tcactcgcaa
gttttcaaca
ccaacgatca
gtgcggatat
cgttaaccac

tgcaactctce
aaagaaaaac
cattaatgca

ctcctaagaa

Synthetic

Pro Leu Pro

Gly Ser

30

Arg

Ala Gly Arg

Glu Ala

60

Tyx

Ala Ser

Ala Glu Leu

Gln Ser

110

Lys

Ala Pro Ser

125
Gly Ala
140

Ser

ctccagtctg
tcaactgggt
agcggeggtyg
ggatgaccag
tgatgtctcet
actgggegtg
attaagttct
tcaaattcag
aaccatgcaa
gatggcecgetg
ctcggtagtg
catcaaacag

tcagggccag
caccctggeg
gctggcacga

gaagaggaag

Thr
15

Ser

Val Ser

Thr Glu

Gly val

Val Ser

80

Asn
95

Tyr
Leu Leu
Gln Ile

Val Vval

360
420
480
540
600
660
720
780
840
900
960
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Val
145
Leu
Pro
Ile
Ala
225
Val
Agn
Ser
Thr
Ala
305
Gly
Thr
Leu
Pro
Thr

385

Gln

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

<400>

Ser

Asn

Asp

Ala

Phe

210

Leu

Ser

Gln

Gly

Ala

290

Ile

Tyr

Ile

Leu

Val

370

Ala

Val

Met

Leu

Asp

Leu

195

Ser

Gly

Ala

Ile

Phe

275

Met

Thr

Asp

Lys

Gln

355

Ser

Ser

Ser

18
24
DNA
Artificial Sequence

18

Val

Leu

Gln

180

Phe

Arg

Gln

260

Gln

Leu

Glu

Asp

Gln

340

Leu

Leu

Pro

Arg

Glu

Ala

165

Asp

Leu

Glu

Gln

Leu

245

Pro

Gln

Val

Ser

Thr

325

Asp

Ser

Val

Arg

Leu
405

Arg

150

Gln

Ala

Asp

Asp

Gln

230

Arg

Ile

Thr

Ala

Gly

310

Glu

Phe

Gln

Lys

Ala

390

Glu

Ser

Arg

Ile

Val

Gly

215

Ile

Leu

Ala

Met

Asn

295

Leu

Asp

Arg

Gly

Arg

375

Leu

Ser

gtgggtaccg tgaaaccagt aacg

Gly

Val

Ala

Ser

200

Thr

Ala

Ala

Glu

Gln

280

Asp

Arg

Ser

Leu

Gln

360

Lys

Ala

Gly

Val

Ser

val

185

Asp

Arg

Leu

Gly

Arg

265

Met

Gln

Val

Ser

Leu

345

Ala

Thr

Asp

11

Glu

Gly

170

Glu

Gln

Leu

Leu

Trp

250

Glu

Leu

Met

Gly

Cys

330

Gly

Vval

Thr

Ser

Ala

155

Leu

Ala

Thr

Gly

Ala

235

Gly

Asn

Ala

Ala

315

Tyr

Gln

Lys

Leu

Leu
395

Cys

Ile

Ala

Pro

Val

220

Gly

Lys

Asp

Glu

Leu

300

Asp

Ile

Thr

Gly

Ala

380

Met

Lys

Ile

Cys

Ile

205

Glu

Pro

Tyr

Trp

Gly

285

Gly

Ile

Pro

Ser

Asn

365

Pro

Gln

PCT/US2005/029263

Ala
Asn
Thr
190
Asn
His
Leu
Leu
Ser
270
Ile
Ala
Ser
Pro
Val
350
Gln

Asn

Leu

Ala
Tyr
175
Asn
Ser
Leu
Ser
Thr
255
Ala
Val
Met
Val
Leu
335
Asp
Leu

Thr

Ala

val

160

Pro

val

Ile

Val

Ser

240

Arg

Met

Pro

Arg

Val

320

Thr

Arg

Leu

Gln

Arg
400

24
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<210> 19

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer

<400> 19
taggatccge tcactgecceg cttt 24

<210> 20

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer

<400> 20
ctggaagagg cactaaatga ac 22

<210> 21

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer

<400> 21
ccctcectatag tgagtcgtat tg 22

<210> 22

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer

<400> 22
gaagatctcg atacctggca ctgga 25

<210> 23

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
Primer

12
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<400> 23
tcgececegggt tactcctgaa atgaa 25

<210> 24

<211l> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> Desgcription of Artificial Sequence: Synthetic
Primer

<400> 24
ggatccggtg acctgctact gtcgtcgtac tegttgeggt ttccgtgaac gtctgteccgg 60
tgcttg 66

<210> 25

<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer

<400> 25
gtcgacttaa cgacagcaca gacggtagat acgaccacgg taaccgcaag caccggacag 60
acgttc 66

<210> 26

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer

<400> 26
aaggcctact gaccgctcetce 20

<210> 27

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
Primer
<400> 27
cgtgecatget tgectttagt acc 23

13
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