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POLYNUCLEOTIDES, POLYPEPTIDES AND ANTIBODIES AND USE
THEREOF IN TREATING TSG101-ASSOCIATED DISEASES

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to polynucleotides, polypeptides and antibodies
which can be used to treat TSG101-associated diseases such as AIDS.

The human immunodeficiency virﬁs (HIV) is the agent responsible for the slow
degeneration of the immune system in patients suffering from acquired immune
deficiency syndrome (AIDS) [Barre-Sinoussi, F., et al., (1983) Science 220:868-870;
Gallo, R., et al., (1984) Science 224:500-503]. At least two distinct types of HIV are
known to date, including HIV-1 [Barre-Sinoussi, F., et al., (1983), Science 220:868-
870; Gallo, R., et al., (1984), Science 224:500-503] and HIV-2 [Clavel, F., et él.,
(1986), Science 233:343-346; Guyader, M., et al., (1987), Nature 326:662-669]. Each
of these types of viruses displays significant intra-population heterogeneity.

In humans, HIV replication occurs predominantly in CD4" T lymphocyte
populations, and thus leads to depletion of this cell type and eventually to immune
incompetence, opportunistic infections, neurological dysfunctions, neoplastic growth,
and ultimately death.

HIV is a member of the lentivirus family of retroviruses [Teich, N., et al.,
(1984) RNA Tumor Viruses, Weiss, R., et al., eds., CSH-Press, pp. 949-956], which
are small enveloped viruses that contain a single-stranded RNA genome, and replicate

via a DNA intermediate produced by a virally-encoded reverse transcriptase, an RNA-
dependent DNA polymerase [Varmus, H., (1988) Science 240:1427-1439]. The HIV
viral particle includes a viral core, composed in part of capsid proteins, which are
associated with the viral RNA genome and enzymes required for early replicative

events. A myristylated gag protein forms an outer shell around the viral core, which is,

~ in turn, surrounded by a lipid membrane envelope derived from the infected cell

membrane. The HIV envelope surface glycoproteins are synthesized as a single 160
kDa precursor protein which is cleaved by a cellular protease during viral budding into
two glycoproteins, gp41 which is a transmembrane glycoprotein and gp120 which is an
extracellular . glycoprotein which remains non-covalently associated with gp41,
possibly in a trimeric or multimeric form [Hammarskjold, M., and Rekosh, D., (1989)
Biochem. Biophys. Acta 989:269-280].
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Since HIV infection is pandemic, HIV-associated diseases represent a major

world health problem.

Several stages of the HIV life cycle have been considered targets for therapeutic
intervention [Mitsuya, H., et al., 1991, FASEB J. 5:2369-2381]. Attention has been
drawn mainly to viral proteins such as, for example, the virally encoded reverse-
transcriptase, as potential drug targets. A number of reverse-transcriptase-targeted
drugs, including 2', 3'-dideoxynucleoside analogs such as AZT™, ddI™, ddC™, and
d4T™ have shown to be effective in at least partially halting HIV replication [Mitsuya,
H,, et al., (1991) Science 249:1533-1544).

New treatment regimens for HIV-1 combine anti-HIV compounds, which target
reverse transcriptase (RT) combined with an HIV-1 protease inhibitor. Such treatment
regimens have a far greater effect on viral load (2 to 3 fold reduction) as compared to
therapy using a single agent [Perelson, A. S., et al., (1996), Science 15:1582-1586].

Although such combined treatments have been somewhat effective in
decreasing viral loads in AIDS patients, it is likely that long-term use thereof will lead
to toxicity, especially to bone marrow cells and to the release of suppressive factors,
notably the chemokines Rantes, MIP-1¢ and MIP-18 [Cocchi, F., et al., (1995) Science
270:1811-1815]. These effects can lead to suppression of CD8" T cells, which are
essential to the control of HIV, via killer cell activity [Blazevic, V., et al., (1995) AIDS
Res. Hum. Retroviruses 11:1335-1342].

Another limitation inherent to long-term chemical therapy is the development
of HIV mutations with partial or complete resistance [Lange, J. M., (1995) AIDS Res.
Hum. Retroviruses 10:577-82]. It is thought that such mutations may be an inevitable
consequence of anti-viral therapy. The pattern of disappearance of wild-type virus and
appearance of mutant virus due to treatment, combined with coincidental decline in
CD4" T cell numbers strongly suggests that, at least with some compounds, the
appearance of viral mutants is a major factor underlying the failure of AIDS therapy.

Treatment regimens which target viral entry into the cell, which is the earliest
stage of HIV infection have also been attempted. Recombinant soluble CD4, for
exémple, has been shown to inhibit infection of CD4" T cells by some HIV- 1 strains
[Smith, D. H., et al., (1987) Science 238:1704-1707]. Certain primary HIV-1 isolates,
however, are relatively less sensitive to inhibition by recombinant CD4 [Daar, E., et al.,
(1990) Proc. Natl. Acad. Sci. USA 87:6574-6579]. In addition, recombinant soluble
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CD4 clinical trials have produced inconclusive results [Schooley, R., et al., (1990)
Ann. Int. Med. 112:247-253; Kahn, J. O., et al. (1990) Ann. Int. Med. 112:254-261;
Yarchoan, R., et al. (1989) Proc. Vth Int. Conf. on AIDS, p. 564, MCP 137].

The late stages of HIV replication, which involve crucial virus-specific
processing of certain viral encoded proteins, have also been suggested as possible anti-
HIV drug targets. Late stage processing is dependent on the activity of a viral protease,
therefore drugs designed for inhibiting this protease are currently in late developmental
stages [Erickson, J. (1990) Science 249:527-533], although the predicted therapeutic
potential ‘of such drugs is questionable.

In view of the limited number of therapeutic approaches available and the large

number of infected individuals world wide (forty million people according to

UNAIDS), there is a widely recognized need for novel approaches for treating AIDS

and halting the spread of this deadly disease.

Recently attention of the HIV/AIDS research community has been drawn to
understanding the cross talk between viral proteins and host factors. Of particular
interest are host proteins which act late in the viral assembly and release pathway. This
step of viral infection is driven by the viral Gag precursor, Prs55%e {Freed (2002) J.
Virol. 76:4679-87], which attaches to the inner leaflet of the plasma membrane and
multimerizes to trigger the budding of virions. Following release from the cell,
Pr55%, undergoes cleavage to generate several proteins including the matrix, capsid,
nucleocapsid and p6 proteins.

Studies of retroviral particles indicated that the Gag protein harbors a late, or ‘L'
domain, whose disruption results in a phenotype characterized by virion assembly that
is normal but devoid of the late budding event [Willis and Craven (1991) AIDS 5, 639-
654]. Because L-domains are autonomous and independent of their position within
Gag, it has been proposed that they recruit host factors necessary for budding. Indeed,
each of the retroviral L-domains characterized to date contains one of three sequence
motif that bind cellular proteins: a P(T/S)AP tetrapeptide binds Tsgl01 [VerPlank et
al., (2001) Proc Natl Acad Sci U S A 98, 7724-9], PPXY binds the ubiquitin ligase
Nedd4 [Kikonyogo and et al. (2001) Proc Natl Acad USA 98, 11199-11204], and a
YXXI. motif binds the clathrin adaptor AP2 [Puffer et al. (1997) J Virol 71, 6541-
6546].
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The PTAP motif of HIV-1, which is conserved in all HIV and SIV strains binds
Tsgl01, a component of the vesicular sorting machinery [Babst et al. (2006) Traffic 1,
248-58].

Tsgl01 participates in endosome maturation by controlling budding of vesicles
into the endosome lumen to create the multivesicular body (MVB). A topologically
similar budding (i.e., ‘away from the cytoplasm’) occurs when viruses bud at the
plasma membrane. The mammalian tumor susceptibility 101 (tsgl01) éene was
initially discovered in a screen for tumor suppressor genes [Li and Cohen (1996) Cell
85:319-329], whereas the yeast ortholog was identified by virtue of its ability to induce
a class E compartment representing a defect in endosome maturation and MVB
formation [Katzmann et al. (2002) Nat Rev Mol Cell Biol 3, 893-905].

Depletion of Tsgl01 from HIV-producing cells results in a budding defect,
whereas a short peptide motif can restore budding competence to a late domain-
defective HIV, consistent with the essential role of Tsgl01 in HIV egress [Demirov et
al. (2002) Proc Natl Acad Sci U S A 99, 955-60; Garrus et al. (2001) Cell 107, 55-65;
Martin-Serrano et al. (2001) Nat Med 7, 1313-9].

While reducing the present invention to practice the present inventors have
uncovered a Tsgl01 associated ligase (Tal) which attaches ubiquitin (Ub) molecules to
TsglO1 to thereby regulate release of HIV particles from infected cells. These
findings indicate an essential and important role for Tal in controlling HIV budding
and, as such, serve as a basis for an agent suitable for controlling viral spread and

disease progression.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided an isolated

polynucleotide encoding a polypeptide having a sequence of at least 10 and no more
than 500 amino acids, wherein the sequence is derived from the amino acid sequences
of SEQIDNO: 2, 4 or 6.

According to another aspect of the present invention there is provided a
nucleic acid construct comprising the isolated polynucleotide.

According to further features in preferred embodiments of the invention
descnbed below, further comprising a promoter for regulating transcnptlon of the

isolated polynucleotide in sense or antisense orientation.
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According to still further features ifl the described preferred embodiments the
nucleic acid construct further comprises a positive and a negative selection markers
for selecting for homologous recombination events.

According to yet another aspect of the present invention there is provided a
host cell comprising the nucleic acid construct.

According to still another aspect of the present invention there is provided an
isolated polynucleotide as set forth in SEQ ID NO: 38, 39 or 40.

According to an additional aspect of the present invention there is provided an
isolated polypeptide comprising an amino acid sequence of at least 10 and no more
than 500 amino acids, wherein the amino acid sequence is derived from SEQ ID NO:
2,40r6.

According to still further features in the described preferred embodiments the
amino acid sequence is as set forth in SEQ ID NO: 7, 8, 37 or 51.

According to yet an additional aspect of the present invention there is provided
an antibody or an antibody fragment being capable of specifically binding a
polypeptide at least 90 % homologous to SEQ ID NO: 2, as determined using the
BestFit software of the Wisconsin sequence analysis package, utilizing the Smith and
Waterman

According to still an additional aspect of the present invention there is provided
a display library comprising a plurality of display vehicles each displaying at least 6
consecutive -amino acids derived from a polypeptide at least 90 % homologous to SEQ
ID NOs: 2 as determined using the BestFit software of the Wisconsin sequence
analysis package, utilizing the Smith and Waterman algorithm, where gap creation
penalty equals 8 and gap extension penalty equals 2..

According to a further aspect of the present invention there is provided an
oligonucleotide specifically hybridizable with a nucleic acid sequence as set forth in
SEQ ID NO: 1. |

According to still further features in the described preferred embodiments the :
oligonucléotide is a single or double stranded.

According to still further features in the described preferred embodiments the
oligonucleotide is at least 10 bases long.

According to still further features in the described preferred embodiments the

oligonucleotide is hybridizable in either sense or antisense orientation.
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According to yet a further aspect of the present invention there is provided a

pharmaceutical composition comprising a therapeutically effective amount of at least
an active portion of a polypeptide being at least 90 % homologous to SEQ ID NO: 2,
as determined using the BestFit software of the Wisconsin sequence analysis package,
utilizing the Smith and Waterman algorithm, where the gap creation equals 8 and gap
extension penalty equals 2 or an active portion thereof and a pharmaceutically
acceptable carrier or diluent.

Accordiﬁg to still a further aspect of the present invention there is provided a
method of treating HIV infection in a subject, the method comprising providing to a
subject in need thereof a therapeutically effective amount of at least an active portion
of a polypeptide being at least 90 % homologous to SEQ ID NO: 2, as determined
using the BestFit software of the Wisconsin sequence analysis package, utilizing the
Smith and Waterman algorithm, where the gap creation equals 8 and gap extension
penalty equals 2 or an active portion thereof, to thereby treat the HIV infection in the
subject.

~ According to still further features in the described preferred embodiments
providing is effected by:
@) administering the polypeptide to the subject; and/or
(i)  administering an expressible polynucleotide encoding the polypeptide to the
subject.

According to still further features in the described preferred embodiments the
method further comprises providing to the subject a therapeutically effective amount
of Tsgl01.

According to still a further aspect of the present invention there is provided a
nucleic acid construct system comprising: (a) a first nucleic acid construct including a
first polynucleotide encoding at least an active portion of a polypeptide being at least
90 % homologous to SEQ ID NO: 2, as determined using the BestFit software of the
Wisconsin sequence analysis package, utilizing the Smith and Waterman algorithm,
where the gap creation equals 8 and gap extension penalty equals 2; and (b) a second
nucleic acid construct including a second polynucleotide encoding TsglO1 or an
active portion thereof.

According to still further features in the described preferred embodiments the
first polynucleotide is as set forth in SEQ ID NO: 1, 3 or 5.
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According to still a further aspect of the present invention there is provided a
nucleic acid construct comprising a first polynucleotide encoding at least an active
portion of a polypeptide being at least 90 % homologous to SEQ ID NO: 2, as
determined using the BestFit software of the Wisconsin sequence analysis package,
utilizing the Smith and Waterman algorithm, where the gap creation equals 8 and gap
extension penalty equals 2 and a second polynucleotide encoding Tsg101.

According to still further features in the described preferred embodiments the
polypeptide is as set forth in SEQ ID NO: 2, 4 or 6.

According to still further features in the described preferred embodiments the
nucleic acid construct system of 36, wherein the first polynucleotide is at least 85%
identical to SEQ ID NO: 1, as determined using the BestFit software of the Wisconsin
sequence analysis package, utilizing the Smith and Waterman algorithm, where gap
weight equals 50, length weight equals 3, average match equals 10 and average
mismatch equals -9. |

According to still further features in the described preferred embodiments the
first polynucleotide is as set forth in SEQ ID NO: 1, 3 or 5.

According to still further features in the described preferreiad embodiments the
active portion of the polypeptide is as set forth in amino acid coordinates 490-723 of
SEQ ID NO: 2.

According to still further features in the described preferred embodiments the
active portion of the polypeptide is as set forth in amino acid coordinates 647-723 of
SEQIDNO: 2. - |

According to still further features in the described preferred embodiments the
active portion of the polypeptide is as set forth in amino acid coordinates 647-665 of
SEQ ID NO: 2.

According to still further features in the described preferred embodiments the
active portion of the polypeptide is as set forth in amino acid coordinates 647-667 of
SEQ ID NO: 2. '

According to still further features in the described preferred embodiments the
active portion of the polypeptide is encoded by nucleotide coordinates 1556-2255 of
SEQ ID NO: 1.
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According to still further features in the described preferred embodiments the
active portion of the polypeptide is encoded by nucleotide coordinates 2025-2255 of
SEQID NO: 1.

According to still further features in the described preferred embodiments the
active portion of the polypeptide is encoded by nucleotide coordinates 2025-2079 of
SEQ ID NO: 1.

According to still further features in the described preferred embodiments the
active portion of the polypeptide is encoded by nucleotide coordinates 2019-2088 of
SEQID NO: 1.

According to still further features in the described preferred embodiments the
nucleic acid construct further comprises a promoter for regulating transcription of the
first and second polynucleotides in sense or antisense orientation.

According to still further features in the described preferred embodiments the
promoter is active in a mammalian cell.

According to still a further aspect of the present invention there is provided a
method of treating HIV infection and/or a hyperproliferative disease associated with
disregulated activity of Tsgl01 in a subject, the method comprises downregulating in
a subject in need thereof a polypeptide being at least 90 % homologous to SEQ ID
NO: 2, as determined using the BestFit software of the Wisconsin sequence analysis
package, utilizing the Smith and Waterman algorithm, where the gap creation equals 8
and gap extension penalty equals 2, to thereby treat the HIV infection in the subject.

According to still further features in the described preferred embodiments
downregulating the polynucleotide is effected using a ribozyme being specifically
hybridizable with the polynucleotide. ‘ t

According to still further features in the described preferred embodiments
downregulating the polynucleotide is effected using an antisense being specifically
hybridizable with the polynucléotide.

According to still further features in the described preferred embodiments
downregulating the polynucleotide is effected using a small interfering RNA duplex
being specifically hybridizable with the polynucleotide.

According to still further features in the described preferred embodiments the
small in’;erfering RNA duplex is set forth in SEQ ID NOs: 45 and 46.
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According to still further features in the described preferred embodiments the
small interfering RNA duplex is set forth in SEQ ID NOs: 47 and 48.
According to still further features in the described preferred embodiments
downregulating the polypeptide is effected using an antibody.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing novel polynucleotides, polypeptides and antibodies
which can be used in methods of treating TSG101-associated diseases such as AIDS.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable
methods and rﬂateﬁals are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods,

and examples are illustrative only and not intended to be limiting,

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.
In the drawings:

FIG. 1a is a schematic diagram depicting Tsgl01, Tal and Gag regions

expressed in yeast as C-terminal fusion proteins.

FIG. 1b is a histogram depicting binding of Tsg101 to Tal and Gag proteins, as
determined using reporter gene activity assays. Yeast were transformed with different
plasmids encoding the indicated proteins. Reporter gene activation was measured by

growth on selective medium (-trp-leu-his, not shown) and by liquid B-galactosidase
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assay of the yeast lysates using ONPG [O-Nitrophenyl p-D-Galactopyranoside] as a

substrate. Data is represented as the mean B-galactosidase activity of three separate

assays using independent transformants.

FIG. 1c is a histogram depicting binding of Tsg101 to Tal proteins, effected as
in Figure 1b.

FIG. 1d —is a photomicrograph depicting cell growth of yeast transformed with
wild type or deletion mutants of Tal and Tsgl101 following serial dilutions and plating
on a selective (Trp-Leu-His minus) medium.

FIG. 2a is the amino acid sequence of human Tal. The two P(T/S)AP motifs
are highlighted.

FIG. 2b is a schematic illustration of human Tal depicting the approximate
boundaries of the leucine-rich repeats (LRR), ezrin-radixin-moesin (ERM) domain,
coiled-coil (CC) region, a sterile o motif (SAM) and a RING-finger motif.

FIG. 2c is a multiple sequence alignment of human, rat, mouse and Ciona
intestinalis Tal. Conserved sequences are highlighted.

FIG. 2d is a western blot analysis showing expression of Tal protein in cell
lines and tissues. Tal was immunoprecipitated (IP) from extracts of HEK-293T cells
transfected with either the respective plasmid, or an empty vector. Alternatively,
extracts of mouse brain were subjected to IP and immunoblotting (IB) with antibodies
directed to the indicated amino acids (AA) of hTal.

FIG. 2e is a northern blot analysis showing expression of Tal in various tissues.
Poly-adenylated RNA was extracted from the indicated mouse tissues, resolved by
electrophoresis, and the Northern blot was hybridized to a human Tal ¢cDNA probe.
The location of a 4 kb marker is shown. Equal lane loading (approximately 2
micrograms of RNA) was verified by RNA staining (not shown).

FIG. 3a is pull down assay depicting the interaction between Tal and Tsg101 in
inammalian cells. Whole extracts derived from HEK-293T cells co-expressing mGST-
nglOi and hTal (HA-tagged) were subjected to a pull down (PD) assay using
glutathione-agarose beads and immunoblotting (IB).

FIG.3bisa co;innnunoprecipitation analysis depicting the interaction between
Tal and TsglOl in mammalian cells. Whole extracts derived from HEK-293T
transiently expressing HA-hTal were subjected to immunoprecipitation with an

antibody directed - to the - endogenous TsglOl protein. Cell lysates and
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+ immunoprecipitates were analyzed by western blotting using anti HA antibodies or anti

Tsgl01 antibodies.

FIG. 3cis a co-immunoprecipitation analysis depicting the interaction between
Tal and Tsg101 in mammalian cells. HEK-293T cells co-expressing hTal (HA-tagged)
and a Flag-tagged Tsgl01, either wild type or the indicated deletion mutants, were
analyzed by immunoprecipitation (IP) and IB using anti Flag antibodies or anti HA
antibodies.

FIGs. 4a-b are photomicrographs which illustrate that human Tal increases
ubiquitylation of Tsgl01 in a RING finger-dependent manner. HEK-293T cells were
co-transfected with plasmids encoding a Flag-tagged TSG-101 (either wild type or a
mutant lacking the steadiness box), HA-tagged hTal [either wild type (+) or a RING
mutant (H695A)], and Myc-tagged ubiquitin. Forty-eight hours following transfeétion,
cells were divided into two unequal portions: the first portion (75% of cell population)
was extracted in Triton X-100 (1%; weight/volume, Figure 4a), and the remainder
(25% of cell population) was extracted in SDS (1%; weight/volume, Figure 45).
Fdllowing removal of insoluble material, the concentration of SDS was reduced to
0.1% by adding Triton X-100-containing lysis buffer. Immunoblotting of
immunoprecipitates or whole extracts was performed with the indicated antibodies.

FIG. 4c shows ubiquitination of Tsgl01 proteins in the soluble cell fraction by
the indicated Tal mutants. HEK-293T cells transiently expressing the indicated
proteins, along with Myc-ubiquitin, were lysed in 1% Triton X-100 and subjected to
immunoprecipitation with anti-Flag antibody and immunoblotting. A

FIG. 4d shows ubiquitination of Tsgl01 proteins in the insoluble cell fraction
by the indicated Tal mutants. The insoluble material from the experiment shown in
Figure 4c was solubilized with 1% SDS containing lysis buffer. Prior to

immunoprecipitation with anti-Flag antibody, the SDS concentration was diluted to

- 0.1% with Triton X-100 lysis buffer. Immunoblots were performed using anti Flag

aﬁtibodies, anti Myc-Ub antibodies or anti HA antibodies.

FIGs. 5a-e are photomicrographs depicting Tal depéndent ubiquitylation of
TsglO1. Figures Sa-b are photomicrographs depicting Tal dependent ubiquitylation
of Tsgl01 as determined by western blot analysis in transiently transfected HEK-
293T cells. HEK-293T cells transiently expressing the wild type Tsgl01 and either
wild-type (WT) or truncated forms of Tal, along with Myc- (Figure 5a) or Flag-
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(Figure 5b) tagged ubiquitin, were extracted in Triton X-100 and subjected to western

blot analysis. Figures 5c-d - are autoradiograms depicting Tal dependent mono-
ubiquitylation of Tsgl01 as determined by in-vitro ubiquitylation assay. Figure 5S¢ -
WT or mutant forms of HA-Tal were expressed in HEK-293T cells, immobilized on
anti-HA-decorated agarose beads, and incubated with recombinant E1, E2 (Ubc-H5B)
and '*I-labelled ubiquitin. Ubiquitylated products were resolved by gel
electrophoresis and detected by autoradiography. Figure 5d - Flag-Tsgl01 was
immobilized by using anti-Flag antibodies, and incubated with an ubiquitylation assay
mixture supplemented with whole cell extracts. Extracts were derived from HEK-
293T cells transfected with a control plasmid (Con) or vectors encoding the indicated
forms of hTal. After extensive washing, the Tsg101-hTal complex was subjected to
ubiquitylation in vitro. A control reaction was performed in the absence of cell extract
(lane labeled -). Figure Se is a photomicrograph depiction of Tal-mediated
ubiquitylation of GST-Tsgl01  Extracts of HEK-293T cells expressing mGST-
Tsgl101, Tal-HA (either WT or C675A), and Flag- or Myc- tagged ubiquitin (either
WT or 4KR) were subjected to pull down (PD) with glutathione beads. A portion
(10%) of the beads was then analyzed and the rest eluted at 95 °C, and subjected to IP
with an anti-Flag antibody. Open arrows indicate the unmodified mGST-Tsgl01, and
filled arrows indicate the mono-ubiquitylated species. Note that the second isolation
step yielded no Myc-reactive mono- and di-ubiquitylated Tsgl101.

FIGs. 6a-c are photomicrographs depicting a partial co-localization of Tal with
TsglOl and Gag at a sub-membranal domain. Figure 6a - HeLa cells that over-
express Flag-TsglO1, along with HA-hTal and EGFR, were pre-incubated for 45
minutes at 4 °C with EGF conjugated to AlexaFluor®™®. Cells were fixed,
permeabilized, and stained with primary and fluorescently-labeled secondary
antibodies, prior to confocal microscopy. The merge panel shows all three probes.
Figure 6b - HeLa cells expressing HA-hTal (either WT or ACC) and Flag-Tsg101
(either WT or ASB) were visualized as in Figure 6a. Figure 6¢ - Cultures of HeLa-
SS6 cells grown on poly-D-lysine-coated glass slides were transfected with plasmids
encoding either WT or C675A HA-hTal. Cells were treated 24 hours after
transfection with either a control vector (left column) or a Gag-GFP-encoding
plasmid. Fixation, staining and confocal visualization were performed six hours later.

Bars represent 20 microns.
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FIGs. 7a-h are photomicrographs showing a synergistic inhibitory activity of

Tal and TSG101 in the release of HIV-1 virus like particles (VLPs) and infectious
virions. Figure 7a - HEK-293T cells were co-transfected with vectors expressing
HIV-1 Gag —GFP, and wildtype or mutant Tal and Tsg101, as indicated. Supernatants
were harvested 24 hrs or 36 hrs post-transfection, and the presence of Gag in pelleted
virus like particles from the supernatant or in cytoplasmic extracts was analyzed by
immunobloting with anti-GFP antibody. Note the appearance of a RING mutant of
hTal in virus-like particles 36 hours following transfection. Figures 7b-c - HEK-293T
cells were co-transfected with the pNLenv-1 vector encoding HIV-1 Gag, along with
the indicated plasmids. A Myc-Ub plasmid was used only in Figure 7c. Forty-eight
hours post-transfection, VLPs were harvested, cells were extracted and analyses
performed either directly or after IP with anti-p24%* antibodies. Figure 7d — HEK-
293T cells were co-transfected with a mixture of plasmids that generates an infectious
HIV-1 -based vector, and the indicated treatment constructs. Virus-containing
supernatants were harvested two days later, and used to infect naive HEK-293T cells.
Shown are normalized infectivity results of duplicate determinations (average + S.D.).
Infectivity is repbrted relative to the control, where no Tsgl01 and hTal proteins were
expressed ectopically. The experiment was repeated twice. Figure 7¢ - HeLa-SS6
cells expressing either WT or C675A-hTal were treated with either a control vector
(left column), or a Gag-GFP-encoding plasmid. Fixation, staining and confocal
visualization were performed six hours later. Figure 7f - HeLa-SS6 cells were
transfected with the indicated siRNA oligonucleotides, and twenty-four hours later a
second transfection was performed with vectors encoding HIV-1 Gag [pNLenv-1;
Schubert et al. (1995) J. Virol. 69(12):7695-711] and HA-hTal (or a control plasmid).
Cells were extracted 24 hours later, and co-immunoprecipitation of Tal and Gag was
tested by using the respective antibodies. Figure 7g — HEK-293T cells were co-
transfected with the pNLenv-1 vector encoding HIV-1 Gag, along with WT-hTal or
the indicated mutants. The presence of Tal in VLPs was tested 48 hrs later. Figure 7h
- HeLa-SS6 cells were transfected with a Tal-specific siRNA, which starts-at
nucleotide 1252; and a -control inverted sequence (50 nM each). Forty-eight hours
later, cells were co-transfected with the indicated oligonucleotides (25 nM) along with
pNLenv-1 (1 pg). The presence of Gag in VLPs or in cytoplasmic extracts was
analyzed 24 hours later.
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FIGs. 8a-g show the effect of Tal and catalytically-inactive mutants thereof on

endocytic degradation of EGF-receptors and signaling therefrom. Figure 8a - HeLa
cells expressing HA-hTal (either WT or H695A) were pre-incubated at 4°C with EGF
conjugated to AlexaFluor 488. Thereafter, cells were incubated at 37°C for the
indicated time intervals, fixed, permeabilized, and stained with anti-HA antibodies,
followed by fluorescent secondary antibodies. Figure 8b - Chinese hamster ovary
cells transfected with plasmids encoding EGFR, Flag-Tsgl01 and HA-hTal, or the
indicated mutants, were surface biotinylated 48 hours after transfection, and analyzed
as indicated. Figure 8c - HEK-293 cells stably expressing the ecdysone receptor, were
transfected with plasmids that express HA-hTal (WT or C675A) from an ecdysone
inducible promoter. The indicated stable clones were incubated at 37°C without or
with Muristerone A (2uM) for various time intervals and cell extracts analyzed
directly by IB. Numbers below lanes indicate quantification of signals normalized to
the respective tubulin signal. Figure 8d - HeLa-SS6 cells were transfected with siRNA
oligonucleotides (50 nM each). Forty-eight hours post-transfection, cells were starved
for six hours in the absence of serum, and then stimulated with EGF (20 ng/ml) for
one hour. Whole-cell extracts were immunoblotted with the indicated antibodies.
Figure 8¢ - Chinese hamster ovary (CHO) cells transiently transfected with an EGFR
plasmid, along with either a C675A-Tal (solid line) or an empty vector (Control;
dashed line), were pre-incubated in cysteine- and methionine-free medium prior to a
20 minute-long pulse of [>>S]-labeled amino acids. Thereafter, cells were chased at
37°C in fresh medium for the indicated time intervals. An autoradiogram of the
immunoprecipitated EGFR is shown, along with the respective quantification of the
precursor (p140) and mature (p170) forms of EGFR. Figure 8f — HEK-293 cells
expressing HA-hTal (WT or C675A) from a Muristerone-inducible promoter were
incubated without or with Muristerone A (2 uM) for forty-eight hours. Cell extracts
were tested for co-immunoprecipitation of hTal and EGFR. Figure 8g - HEK-293T
cells were co-transfected with a GFP-ERK2 plasmid, and either a vector encoding for
HA-hTal; or a control empty plasmid. Thirty-six hours post-transfection, cells were
starved for eight hours in the absence of serum, and then stimulated with EGF (100
ng/inl) for the indicated time intervals. Whole-cell extracts were immunoblotted with
antibodies to the doubly phosphorylated ERK (pERK) or a general ERK antibody
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(gERK). Shown are the resulting immunoblots (inset) and quantification of the active
ERK signal.

FIGs. 9a-b depict inhibition of HIV-1 budding by a PTAP containing Tal
peptide (SEQ ID NO: 51). Figure 9a — shows a GFP-fusion to the PTAP containing
Tal peptide. Figure 9b HEK-293T cells were co-transfected with 1pg of pNLenv-1
vector encoding HIV-1 Gag and 0.5 ug of a GFP- PTAP containing "[}‘al peptide (SEQ
ID NO: 51) or 0.5ug of a empty GFP vector which was used as a control.
Supernatants were harvested 36 hrs post-transfection, and the presence of Gag in
pelleted virus like particles from the supernatant or in cytoplasmic extracts was
analyzed by immunobloting with anti-p24%¢ antibodies.

FIG. 10 is a scheme depicting interactions between Tal and TSG101. The
domain structures of Tal and Tsgl01 are depicted, along with their intermolecular
binding specificities. Note that the UEV domain of Tsgl01 binds the double PTAP
motif of Tal, and a distinct site binds a monomeric ubiquitin (not presented).
Secondary interactions between Tal and Tsgl01 involve a region encompassing the
coiled coil (CC) domain of Tal and the steadiness box (SB) of Tsgl01. Potentially,
both binding sites of the UEV domain may be blocked intramolecularly through
binding to the C-terminally located PTAP motif and to a monomeric ubiquitin
conjugated by Tal.

FIG. 11 is a scheme depicting functional interactions between Tal and
TSG101. The model illustrates the role of the Tal-Tsgl01 complex in budding of
vesicles into the lumen of the multi-vesicular body (MVB) and in virus budding.
Accordingly, Tsgl01 sorts cargo proteins like the epidermal growth factor receptor
(EGFR) and HIV Gag into budding structures. Tal-mediated ubiquitylation of Tsgl101
inactivates this sorting function, and concomitantly translocates TsglO1 from
relatively insoluble membrane subdomains. Presumably, the coordinated action of Tal
and a deubiquitylation enzyme (DUB) enables recycling of Tsg101 and re-loading of

cargo.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is of polynucleotides, polypeptides and antibodies,
which can be used in treatment of TSG101-associated diseases such as AIDS.
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The principles and operation of the present invention may be better understood

with reference to the drawings and accompanying descriptions.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details set forth in
the following description or exemplified by the Examples. The invention is capable of
other embodiments or of being practiced or carried out in various ways. Also, it is to
be understood that the phraseology and terminology employed herein is for the purpose
of description and should not be regarded as limiting.

The human immunodeficiency virus (HIV) is the primary cause of the
degenerative immune system disease termed acquired immune deficiency syndrome
(AIDS) [Barre-Sinoussi, F., et al., (1983) Science 220:868-870; Gallo, R., et al., (1984)
Science 224:500-503]. HIV infection leads to depletion of T cells, which serve as
hosts for v1ra1 replication and as such, this disease eventually leads to immune
incompetence, opportunistic infections, neurological dysfunctions, neoplastic growth,
and ultimately death. '

Although considerable effort is being put into identifying or designing
therapeutics effective in inhibiting HIV replication, current therapeutic approaches fail
to eradicate the disease in infected individuals. |

Recent studies have focused on the role of various host proteins in viral
assembly and budding in infected cells. Such studies have shown that Tsgl01, a
protein component of the vesicular sorting mechanism, participates in the budding
stage of HIV.

While reducing the present invention to practice the present inventors have
uncovered a Tsgl01 associated ligase (Tal, SEQ ID NOs: BC009239), which attaches
ubiquitin (Ub) molecules to Tsgl01 to thereby inhibit release of HIV particles from
infected cells.

As is illustrated in the Examples section which follows, Tal is a RING-finger
containing protein with a unique domain structure including, an N-terminal leucine-
rich repeat (LRR) domain followed by an ERM domain, coiled coil (cc) region, a SAM
domain and a C-terminal C3HC4-type RING finger domain, which is present in many
E3 ubiquitin ligases [Joazeiro and Weissman (2000) Cell 102:549-52]. Notably, Tal
contains adjacent PTAP and PSAP motifs in the C-terminus thereof, which mediate
binding to the UEV domain of Tsgl0l. Secondary interactions between Tal and
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Tsgl01 involve a region encompassing the coiled coil (cc) domain of Tal and the

steadyness box (SB) of Tsg101 (see Figure 10). These motifs are conserved among Tal
orthologs. Sequence alignment analysis illustrates that Tal proteins are highly
homologous, representing a distinct protein family. Preliminary analysis suggests that
the gene encoding Tal is represented as a single copy gene in all vertebrate genomes.
Furthermore, Tal is ubiquitously expressed, though elevated levels of the protein were
detected in a brain tissue.

Tal ubiquitinates Tsg101 in a RING—finger dependent manner, as mutations at
conserved residues within the RING finger domain abolish ubiquitination of TsglO1.
Interestingly, ubiquitination of Tsgl01 is dependent on (i) an integral steadiness box
(SB) of Tsg101 and on (ii) conserved PTAP/PSAP sequence motifs of Tal as deletion
of these sequences abolishes the ubiquitination of Tsgl01 (Figure 5a). Morphological
and biochemical analyses indicated that ubiquitination of Tsgl01 by Tal shifts Tsg101
to Triton X-100 soluble fraction.

As is shown in Example 6 of the Examples section, expression of Tal in cells
also expressing the HIV Gag polypeptide inhibits secretion of this protein from
infected cells, clearly showing that Tal can be used to regulate viral budding and
infectivity. Notably, co-expression of Tal and Tsgl01 elicits a synergistic inhibitory
effect on Gag release. |

All these findings indicate an essential role for Tal and fragments thereof in

controlling HIV budding and as such these sequences serve as a basis for use in

~ therapeutic formulation for preventing viral spread and disease progression (see Figure

11).

Thus, according to one aspect of the present invention there is provided an
isolated polynucleotide encoding a polypeptide having a sequence at least 10 and no
more than 500 amino acids. This sequence is derived from (i.e., obtained from) an
amino acid sequence of SEQ ID NO: 2 (human Tal, GenBank Accession |
No0:BC009239), SEQ ID NO: 4 (mouse Tal, GenBank Accession No: XM149118.3) or
SEQ ID NO: 6 (rat Tal, GenBank Accession No:XM231157.1)

The amino acid sequences of the present invention refer to peptides which
display one or more functions of Tal (i.e., active portions thereof), including but not
limited to binding of Tsgl01, ubiquitination of Tsgl01, translocation of Tsgl01 to a
soluble cellular compartment, inhibition of HIV infection, inhibition of HIV budding
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and EGFR degradation (see Examples 6-7 of the Examples section which follows and
Figure 11).

As mentioned hereinabove “an isolated polynucleotide” refers to a single or
double stranded nucleic acid sequences which is isolated and provided in the form of
an RNA sequence, a complementary polynucleotide sequence (cDNA), a genomic
polynucleotide sequence and/or a composite polynucleotide sequences (e.g., a
combination of the above).

As used herein the phrase "complementary polynucleotide sequence" refers to a
sequence, which results from reverse transcription of messenger RNA using a reverse
transcriptase or any other RNA dependent DNA polymerase. Such a sequence can be
subsequently amplified ir vivo or in vitro using a DNA dependent DNA polymerase.

As used herein the phrase "genomic polynucleotide sequence" refers to a
sequence derived (isolated) from a chromosome and thus it represents a contiguous
portion of a chromosome.

As used herein the phrase "composite polynucleotide sequence" refers to a
sequence, which is at least partially complementary and at least partially genomic. A
composite sequence can include some exonal sequences required to encode the
polypeptide of the present invention, as well as some intronic sequences interposing
therebetween. The intronic sequences can be of any source, including of other genes,
and typically will include conserved splicing signal sequences. Such intronic
sequences may further include cis acting expression regulatory elements.

According to one preferred embodiment of this aspect of the present invention
the amino acid sequence of the present invention includes amino acid coordinates 490-
723 of SEQ ID NO: 2, which is encoded by nucleotide coordinates 1556-2255 of SEQ
ID NO: 2 (SEQ ID NOs. 7 and 38). Such an amino acid sequence is capable of
regulating Tsgl01 activity through the addition of ubiquitin moieties to the Tsgl01
molecule, thereby modulating Tsgl101 localization and function, to fhereby down-
regulate HIV infectivity.

According to yet another preferred embodiment of this aspect of the present
invention the amino acid sequence of the present invention includes amino acid
coordinates 647-723 of SEQ ID NO: 2, which is encoded by nucleotide coordinates
2025-22550f SEQ ID NO: 1 (SEQ ID NOs. 8 and 39).
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According to still another preferred embodiment of this aspect of the present

invention the amino acid sequence of the present invention includes amino acid
coordinates 647-665 of SEQ ID NO: 2, which is encoded by nucleotide .coordinates
2025-2079 of SEQ ID NO: 1 (SEQ ID NOs. 37 and 40).

According to an additional preferred embodiment of this aspect of the present
invention the amino acid sequence of the present invention includes amino acid
coordinates 645-667 of SEQ ID NO: 2, which is encoded by nucleotide coordinates
2019-2088 of SEQ ID NO: 1 (SEQ ID NO. 51). GFP peptide fusion of this sequnece
was shown to inhibit HIV-1 budding as described in Example 8 of the Examples
section. _

The isolated polynucleotides of the present invention can be ligated into a
nucleic acid coﬁsﬁuct designed for expression of coding sequences in prokaryotic
and/or eukaryotic cells (e.g., mammalian cells).

To enable cellular expression of the polynucleotides of the present invention,
the nucleic acid construct of the present invention includes at least one cis acting
regulatory element. As used herein, the phrase "cis acting regulatory element" refers to
a polynucleotide sequence, preferably a promoter, which binds a trans acting regulator
and regulates the transcription of a coding sequence located downstream thereto.

Any suitable promoter sequence can be used by the nucleic acid construct of the
present invention.

Preferably, the promoter utilized by the nucleic acid construct of the present
invention is active in the specific cell population transformed. Examples of cell type-
specific and/or tissue-specific promoters include promoters such as albumin that is
liver specific [Pinkert et al., (1987) Genes Dev. 1:268-277], lymphoid specific
promoters [Cala:rhe et al., (1988) Adv. Immunol. 43:235-275]; in particular promoters
of T-cell receptors [Winoto et al., (1989) EMBO J. 8:729-733] and immunoglobulins;
[Banerji et al. (1983) Cell 33729-740], neuron-specific promoters such as the
neurofilament promoter [Byrne et al. (1989) Proc. Natl. Acad. Sci. USA 86:5473-
5477], pancreas-specific promoters [Edlunch et al. (1985) Science 230:912-916] or
mammary gland-specific promoters such as the milk whey promoter (U.S. Pat. No.
4,873,316 and European Application Publication No. 264,166). The nucleic acid

construct of the present invention can further include an enhancer, which can be
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adjacent or distant to the promoter sequence and can function in up regulating the

transcription therefrom.

The nucleic acid construct of the present invention preferably further includes
an appropriate selectable marker and/or an origin of replication. The nucleic acid
construct utilized by the present invention can be a shuttle vector, which can propagate
both in E. coli (wherein the construct comprises an appropriate selectable marker and
origin of replication) and mammalian cells. The construct according to the present
invention can be, for example, a plasmid, a bacmid, a phagemid, a cosmid, a phage, a
virus or an artificial chromosome.

Examples of suitable constructs include, but are not limited to pcDNA3,
pcDNA3.1 (+/-), pGL3, PzeoSV2 (+/-), pDisplay, pEF/myc/cyto, pCMV/myc/cyto
each of which is commercially available from Invitrogen Co. (www.invitrogen.com).
Examples of retroviral vector and packaging systems are those sold by Clontech, San
Diego, Calif., including Retro-X vectors pLNCX and pLXSN, which permit clohing
into multiple cloning sites and the transgene is transcribed from CMV promoter.
Vectors derived from Mo-MuLV are also included such as pBabe, where the transgene
is transcribed from the S’LTR promoter.

Since the polynucleotide sequences of the present invention encode previously
functionally undefined polypeptides, the present invention also encompasses an
isolated polypeptide or portions thereof, which are encoded by the isolated
polynucleotide and respective nucleic acid fragments thereof which are described
hereinabove.

Identification of peptide regions of Tal which are capable of binding Tsg101 or
other biomolecular targets participating in HIV budding can be effected using various
approaches, including, for example, display techniques.

Thus, according to still another aspect of the present invention there is provided
a display library comprising a plurality of display vehicles (such as phages, viruses or
bacteria) each displaying at least 6, at least 7, at least 8, at least 9, at least 10, 10-15,
12-17, or 15-20 consecutive amino acids derived from the polypeptide sequence of Tal.

Methods of constructing such display libraries are well known in the art. Such
methods -are described in, for example, Young AC, et al., "The three-dimensional
structures of a polysaccharide binding antibody to Cryptococcus neoformans and its

complex with a péptidé from a phage display library: implications for the identification
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of peptide mimotopes" J Mol Biol 1997 Dec 12;274(4):622-34; Giebel LB et al.

"Screening of cyclic peptide phage libraries identifies ligands that bind streptavidin
with high affinities" Biochemistry 1995 Nov 28;34(47):15430-5; Davies EL et al.,
"Selection of specific phage-display antibodies using libraries derived from chicken
immunoglobulin genes" J Immunol Methods 1995 Oct 12;186(1):125-35; Jones C RT
al. "Current trends in molecular recognition and bioseparation" J Chromatogr A 1995
Jul 14;707(1):3-22; Deng ST et al. "Basis for selection of improved carbohydrate-
binding single-chain antibodies from synthetic gene libraries" Proc Natl Acad Sci U S
A 1995 May 23;92(11):4992-6; and Deng SJ et al. "Selection of antibody single-chain
variable fragments with improved carbohydrate binding by phage display" J Biol Chem
1994 Apr 1;269(13):9533-8, which are incorporated herein by reference.

Peptide sequences capable of binding Tsgl01 or other biomolecular targets of
Tal can also be uncovered using computational biology. For example, various peptide
sequences derived from ‘Tal can be computationally analyzed for an ability to bind
TsglOl or any other molecular target using a variety of three dimensional
computational tools. Software programs useful for displaying three-dimensional
structural models, such as RIBBONS (Carson, M., 1997. Methods in Enzymology 277,
25), O (Jones, TA. et al, 1991. Acta Crystallogr. A47, 110), DINO (DINO:
Visualizing Structural Biology (2001) http://www.dino3d.org); and QUANTA,
INSIGHT, SYBYL, MACROMODE, ICM, MOLMOL, RASMOL and GRASP
(reviewed in Kraulis, J., 1991. Appl Crystallogr. 24, 946) can be utilized to model
interactions between Tsgl01 and prospective peptide sequences to thereby identify
peptides which display the highest probability of binding to a specific Tsgl01 region.
Computational modeling of protein-peptide interactions has been successfully used in
rational drug design, for further detail, see Lam et al., 1994. Science 263, 380;
Wlodawer et al., 1993. Ann Rev Biochem. 62, 543; Appelt, 1993. Perspectives in Drug

- Discovery and Design 1,‘ 23; Erickson, 1993. Perspectives in Drug Discovery and

Design 1, 109, and Mauro MJ. et al., 2002. J Clin Oncol. 20, 325-34.

It will be appreciated that peptides identified according to the teachings of the
present invention may be degradation products, synthetic peptides or recombinant
peptides as well as peptidomimetics, typically, synthetic peptides and peptoids and
semipeptoids which are peptide analogs, which may have, for example, modifications

rendering the peptides more stable while in a body or more cépable of penetrating into
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cells. Such modifications include, but are not limited to N terminus modification, C

terminus modification, peptide bond modification, including, but not limited to, CH2-
NH, CH2-S, CH2-8=0, O=C-NH, CH2-0, CH2-CH2, S=C-NH, CH=CH or CF=CH,
backbone modifications, and residue modification. = Methods for preparing
peptidomimetic compounds are well known in the art and are specified, for example, in
Quantitative Drug Design, C.A. Ramsden Gd., Chapter 17.2, F. Choplin Pergamon
Press (1992), which is incorporated by reference as if fully set forth herein. Further
details in this respect are provided hereinunder.

Peptide bonds (-CO-NH-) within the peptide may be substituted, for example,
by N-methylated bonds (-N(CH3)-CO-), ester bonds (-C(R)H-C-O-O-C(R)-N-),
ketomethylen bonds (-CO-CH2-), a-aza bonds (-NH-N(R)-CO-), wherein R is any
alkyl, e.g., methyl, carba bonds (-CH2-NH-), hydroxyethylene bonds (-CH(OH)-CH2-
), thioamide bonds (-CS-NH-), olefinic double bonds (-CH=CH-), retro amide bonds (-
NH-CO-), péptide derivatives (-N(R)-CH2-CO-), wherein R is the "normal" side chain,
naturally presented on the carbon atom.

These modifications can occur at any of the bonds along the peptide chain and
even at several (2-3) at the same time.

Natural aromatic amino acids, Trp, Tyr and Phe, may be substituted for
synthetic non-natural acid such as Phenylglycine, TIC, naphthylelanine (Nol), ring-
methylated derivatives of Phe, halogenated derivatives of Phe or o-methyl-Tyr.

In addition to the above, the peptides of the present invention may also include
one or more modified amino acids or one or more non-amino acid monomers (e.g. fatty
acids, complex carbohydrates etc).

- As used herein in the specification and in the claims section below the term
"amino acid" or "amino acids" is understood to include the 20 naturally occurring
amino acids; those amino acids often modified post-translationally in vivo, including,
for example, hydroxyproline, phosphoserine and phosphothreonine; and other unusual
amino acids including, but not limited to, 2-aminoadipic acid, hydroxylysine,
isodesmosine, nor-valine, nor-leucine and ornithine. Furthermore, the term "amino
acid" includes both D- and L-amino acids. ‘

Tables 1 and 2 below list naturally occurring amino acids (Table 1) and non-
conventional or modified amino acids (Table 2) which can be used with the present

invention.
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Table 1
Amino Acid Three-Letter Abbreviation |One-letter Symbol
alanine Ala A
Arginine Arg R
Asparagine . Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine Gln Q
Glutamic Acid Giu E
glycine Gly G
Histidine ) His H
isoleucine -~ lie I
leucine Leu L
Lysine Lys K
Methionine Met M
phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
tryptophan Trp w
tyrosine Tyr Y
Valine Val \%
Any amino acid as above Xaa X
Table 1 Cont.
Table 2
Non-conventional amino acid  |Code Non-conventional amino acid Code

l0t-aminobutyric acid Abu L-N-methylalanine Nmala
(0i-amino-Cl-methylbutyrate Mgabu [ -N-methylarginine Nmarg
minocyclopropane- Cpro L-N-methylasparagine Nmasn
garboxylate IL-N-methylaspartic acid Nmasp
lminoisobutyric acid Aib L-N-methylcysteine Nmcys
fminonorbornyl- Norb L-N-methylglutamine Nmgin
carboxylate [-N-methylglutamic acid INmglu
cyclohexylalanine Chexa L-N-methylhistidine [Nmhis
cyclopentylalanine Cpen L -N-methylisolleucine Nmile
D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine INmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet
D-cysteine Dcys [_-N-methylnorleucine Nmnle
D-glutamine Dgln [-N-methylnorvaline Nmnva
D-glutamic acid Dglu [-N-methylornithine Nmorn
D-histidine . Dhis [-N-methylphenylalanine Nmphe
D-isolencine Dile L-N-methylproline Nmpro
D-leucine , Dleu L-N-methylserine Nmser
D-lysine Dlys [L-N-methylthreonine Nmthr
D-methionine Dmet [ -N-methyltryptophan Nmtrp
D-ornithine Dorn [-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline IDpro L-N-methylethylglycine Nmetg
D-serine : Dser | -N-methyl-t-butylglycine Nmtbug
D-threonine Dthr L-norleucine Nle
D-tryptophan Dtrp [-norvaline . © [Nva
D-tyrosine : Dtyr O-methyl-aminoisobutyrate Maib

. [D-valine Dval Ol-methy]-Y-aminobutyrate Mgabu
D-O-methylalanine Dmala Ot-methylcyclohexylalanine Mchexa
D-Ol-methylarginine Dmarg 0l-methylcyclopentylalanine Mepen
D-Ol-methylasparagine Dmasn 0(-methyl-Ol-napthylalanine Manap
D-Ol-methylaspartate . [Pmasp (- methylpenicillamine Mpen
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D-Ql-methyleysteine Dmcys N-(4-aminobutyl)glycine Nglu
D-0L-methylglutamine Dmgln IN-(2-aminoethyl)glycine Naeg
D-Ol-methylhistidine Dmhis N-(3-aminopropyl)glycine Norn
D-Ol~methylisoleucine Dmile N- amino-Ol-methylbutyrate Nimazbu
D-Ol-methylleucine Dmleu Ol-napthylalanine Anap
D-Ol-methyllysine Dmlys N-benzylglycine Nphe
D-0l-methylmethionine Dmmet N-(2-carbamylethyl)glycine 4 Ngln
D-0l~methylornithine Dmorn IN-(carbamylmethyl)glycine Nasn
D-OL-methylphenylalanine Dmphe IN-(2-carboxyethyl)glycine Nglu
D-Ol-methylproline Dmpro N-(carboxymethyl)glycine Nasp
D-Ol-methylserine Dmser N-cyclobutylglycine Ncbut
D-0t-methylthreonine Dmthr IN-cycloheptylglycine INchep
D-0L-methyltryptophan Dmtrp IN-cyclohexylglycine Nchex
D-Ol-methyltyrosine Dmty IN-cyclodecylglycine Ncdec
D-0l-methylvaline Dmval N-cyclododeclglycine Ncdod
D-Ot-methylalnine Dnmala N-cyclooctylglycine Ncoct
D-0l-methylarginine Dnmarg N-cyclopropylglycine Ncpro
D-Ol-methylasparagine Dnmasn N-cycloundecylglycine Ncund
D-Ct-methylasparatate Dnmasp N-(2,2-diphenylethyl)glycine Nbhm
D-Ol-methylcysteine Dnmcys IN-(3,3-diphenylpropyl)glycine INbhe
D-N-methylleucine Dnmleu N-(3-indolylyethyl) glycine INhtrp
D-N-methyllysine Dnmlys N-methyl-Y-aminobutyrate Nmgabu
N-methylcyclohexylalanine Nmchexa D-N-methylmethionine - Dnmmet
D-N-methylornithine Dnmorn IN-methylcyclopentylalanine Nmcpen
N-methylglycine Nala D-N-methylphenylalanine Dnmphe
N-methylaminoisobutyrate Nmaib « _ {D-N-methylproline Dnmpro
N-(1-methylpropyl)glycine Nile D-N-methylserine Dnmser
N-(2-methylpropyl)glycine Nile D-N-methylserine Dnmser
N-(2-methylpropyl)glycine Nleu D-N-methylthreonine Dnmthr
D-N-methyltryptophan Domirp N-(1-methylethyl)glycine Nva
D-N-methyltyrosine Dnmtyr IN-methyla-napthylalanine Nmanap
D-N-methylvaline Dnmval N-methylpenicillamine Nmpen
Y-aminobutyric acid Gabu N-(p-hydroxyphenyl)glycine Nhtyr
I --butylglycine Tbug N-(thiomethyl)glycine Ncys
L-ethylglycine Etg enicillamine Pen
[ ~homophenylalanine Hphe -OL-methylalanine Mala
L-Ol-methylarginine Marg [-Ol-methylasparagine Masn
[-Ol-methylaspartate Masp L-Ol-methyl-+-butylglycine Mtbug
I -OL-methyleysteine Mcys [-methylethylglycine Metg
[ ~O-methylglutamine Mgln [ -Ol-methylglutamate Mglu
L-Ol-methylhistidine Mhis L-Ot-methylhomo phenylalanine  [1bPhe
-Ol-methylisoleucine Mile IN-(2-methylthioethyl)glycine Nmet
D-N-methylglutamine Dnmgln IN-(3-guanidinopropyl)glycine Narg
D-N-methylglutamate Dnmglu N-(1-hydroxyethyl)glycine Nthr
D-N-methylhistidine Dnmbhis N-(hydroxyethyl)glycine Nser
D-N-methylisoleucine - Dnmile N-(imidazolylethyl)glycine Nhis
D-N-methylleucine Dnmleu N-(3-indolylyethyl)glycine . Nhtrp
D-N-methyllysine Dnmlys N-methyl-Y-aminobutyrate . |Nmgabu
N-methylcyclohexylalanine Nmchexa D-N-methylmethionine Dnmmet
D-N-methylornithine Dnmorn N-methylcyclopentylalanine Nmcpen
N-methylglycine Nala D-N-methylphenylalanine Dnmphe
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N-methylaminoisobutyrate Nmaib D-N-methylproline Dnmpro
N-(1-methylpropyDglycine Nile D-N-methylserine Dnmser
N-(2-methylpropyl)glycine Nleu ID-N-methylthreonine Dnmthr
D-N-methyltryptophan Dnmitrp IN-(1-methylethyl)glycine Nval
D-N-methyltyrosine Damtyr N-methyla-napthylalanine Nmanap
ID-N-methylvaline Dnmval N-methylpenicillamine Nmpen
Y-aminobutyric acid Gabu N-(p-hydroxyphenylglycine Nhtyr
L-t-butylglycine Thug N-(thiomethyl)glycine Ncys
L-ethylglycine Etg enicillamine Pen
L -homophenylalanine - Hphe L-O-methylalanine Mala
[L-Ol-methylarginine Marg I ~-Ol-methylasparagine Masn
L-Ol-methylaspartate Masp L-Ol-methyl-t-butylglycine Mtbug
L-Ol-methylcysteine Mcys [-methylethylglycine Metg
I -Ol-methylglutamine Meln [ -Ol-methylglutamate Mglu
1-Ol-methylhistidine Mhis L-0l~methylhomophenylalanine Mhphe
L-Ol-methylisoleucine Mile N-(2-methylthioethyl)glycine Nmet
[ ~Ol-methylleucine Mleu [-Ol-methyllysine Miys
L~O-methylmethionine Mmet L~Ol-methylnorleucine Male
I -Ol-methylnorvaline Mnva L-OL-methylornithine Morn
[L-Ol-methylphenylalanine Mphe [~Ol-methylproline Mpro
[ -Ol-methylserine Mser [-O(-methylthreonine Mithr
L-Ol-methylvaline Mtrp [L-Ol-methyltyrosine Mityr
L-0l-methylleucine Mval Nnbhm L~-N-methylhomophenylalanine Nmhphe
N-(N-(2,2-diphenylethyl) IN-(N-(3,3-diphenylpropyl)
carbamylmethyl-glycine Nnbhm carbamylmethyl(D)glycine INnbhe
1-carboxy-1-(2,2-diphenyl Nmbc
ethylamino)cyclopropane
Table 2 Cont.

Since the peptides of the present invention are preferably utilized in

therapeutics which require the peptides to be in soluble form, the peptides of the

present invention preferably include one or more non-natural or natural polar amino

acids, including but not limited to serine and threonine which are capable of increasing

peptide solubility due to their hydroxyl-containing side chain.

The peptides of the present invention are preferably utilized in a linear form,

although it will be appreciated that in cases where cyclicization does not severely

interfere with peptide characteristics, cyclic forms of the peptide can also be utilized.

The peptides of present invention can be biochemically synthesized such as

by using standard solid phase techniques. These methods include exclusive solid

phase synthesis, partial solid phase synthesis methods, fragment condensation,

classical solution synthesis. These methods are preferably used when the peptide is

relatively short (i.e., 10 kDa) and/or when it cannot be produced by recombinant
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techniques (i.e., not encoded by a nucleic acid sequence) and therefore involves

different chemistry.

Solid phase peptide synthesis procedures are well known in the art and further
described by John Morrow Stewart and Janis Dillaha Young, Solid Phase Peptide
Syntheses (2nd Ed., Pierce Chemical Company, 1984).

Synthetic peptides can be purified by preparative high performance liquid
chromatography [Creighton T. (1983) Proteins, structures and molecular principles.
WH Freeman and Co. N.Y.] and the composition of which can be confirmed via
amino acid sequencing.

In cases where large amounts of the peptides of the present invention are
desired, the peptides of the present invention can be generated using recombinant
techniques such as described by Bitter et al., (1987) Methods in Enzymol. 153:516-
544, Studier et al. (1990) Methods in Enzymol. 185:60-89, Brisson et al. (1984)
Nature 310:511-514, Takamatsu et al. (1987) EMBO J. 6:307-311, Coruzzi et al.
(1984) EMBO J. 3:1671-1680 and Brogli et al., (1984) Science 224:838-843, Gurley
et al. (1986) Mol. Cell. Biol. 6:559-565 and Weissbach & Weissbach, 1988,
Methods for Plant Molecular Biology, Academic Press, NY, Section VIII, pp 421-
463..

As mentioned hereinabove, newly isolated Tal and compositions derived
therefrom (e.g., peptides) can be used to treat HIV (or SIV) infection, since as shown in
the Examples section over expression of Tal partially inhibits viral budding.

Thus, according to another aspect of the present invention there is provided a
method of treating AIDS in a subject.

As mentioned hereinabove, a subject according to the present invention is a
mammal, preferably a human which is infected with the aids virus or is at risk of
being infected with the aids virus.

The term "treating” refers to alleviating or diminishing a symptom associated
with HIV infection. Preferably, treating cures, e.g., substantially eliminates, the
symptoms associated with the infection and/or substantially decreases the viral load in
the infected tissue.’

The method is effected by providing to the subject a therapeutically effective
amount of a Tal polypeptide (i.e., full length protein of fragments thereof such as
described hereinabove) being at least 80 %, at least 85 %, at least 90 %, at least 91
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%, at least 92 % or more, say 95 % - 100 % homologous to SEQ ID NO: 2, as

determined using the BestFit software of the Wisconsin sequence analysis package, -
utilizing the Smith and Waterman algorithm, where the gap creation equals 8 and
gap extension penalty equals 2 or an active portion thereof, as described above, to
thereby treat the HIV infection in the subject.

Alternatively, the method is effected by providing a Tal polypeptide (i.e., full
length protein of fragments thereof such as described hereinabove) being at least 80
%, at least 85 %, at least 90 %, at least 91 %, at least 92 % or more, say 95 % - 100
% identical to SEQ ID NO: 2, as determined using identical to SEQ ID NO: 2, as
determined using the BestFit software of the Wisconsin sequence analysis package,
utilizing the Smith and Waterman algorithm, where gap weight equals 50, length
weight equals 3, average match equals 10 and average mismatch equals -9.

Provision can be effected by administering the polypeptide or peptide of the
present invention to the subject per se, or as part of a pharmaceutical composition
where it is mixed with a pharmaceutically acceptable carrier.

As used herein a "pharmaceutical composition" refers to a preparation of one
or more of the active ingredients described herein with other chemical components
such as physiologically suitable carriers and excipients. The purpose of a
pharmaceutical composition is to facilitate administration of a compound to an
organism.

Herein the term "active ingredient" refers to the polypeptide, polynucleotide or
peptide, such as described hereinabove, which is accountable for the biological effect.

Hereinafter, the phrases "physiologically .acceptable carrier" and
"pharﬁnaceutically acceptable carrier" which may be interchangeably used refer to a
carrier or a diluent that does not cause significant irritation to an organism and does
not abrogate the biological activity and properties of the administered compound. An
adjuvant is included under these phrases. One of the ingredients included in the
pharmaceutically acceptable carrier can be for example polyethylene glycol (PEG), a
biocompatible polymer with a wide range of solubility in both organic and aqueous
media (Mutter et al. (1979)).

Herein the term “excipient" refers to an inert substance added to a
pharmaceutical composition to further facilitate administration of an active ingredient.

‘Examples, without limitation, of excipients include calcium carbonate, calcium
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phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable

oils and polyethylene glycols.

Techniques for formulation and administration of drugs may be found in
"Remington’s Pharmaceutical Sciences," Mack Publishing Co., Easton, PA, latest
edition, which is incorporated herein by reference.

Suitable routes of administration may, for example, include oral, rectal,
transmucosal, especially transnasal, intestinal or parenteral delivery, including
intramuscular, subcutaneous and intramedullary injections as well as intrathecal,
direct intraventricular, intravenous, intraperitoneal, intranasal, or intraocular
injections. '

Alternately, one may administer a preparation in a local rather than systemic
manner, for example, via injection of the preparation directly into a specific region of
a patient's body.

Pharmaceutical compositions of the present invention may be manufactured by
processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
lyophilizing processes.

Pharmaceutical compositions for use in accordance with the present invention
may be formulated in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing
of the active ingredients into preparations which, can be used pharmaceutically.
Proper formulation is dependent upon the route of administration chosen.

For injection, the active ingredients of the invention may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hank's
solution, Ringer's solution, or physiological salt buffer. For transmucosal
administration, penetrants appropriate to the barrier to be permeated are used in the
formulation. Such penetrants are generally known in the art.

For oral administration, the compounds can be formulated readily by
combining the active compounds with pharmaceutically acceptable carriers well
known in the art. Such carriers enable the compounds of the invention to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries,
suspensions, and the like, for oral ingestion by a patient. Pharmacological

preparations for oral use can be made using a solid excipient, optionally grinding the
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resulting mixture, and processing the mixture of granules, after adding suitable

auxiliaries if desired, to obtain tablets or dragee cores. Suitable excipients are, in
particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol;
cellulose preparations such as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-
cellulose, sodium carbomethylcellulose; and/or physiologically acceptable polymers
such as polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added,
such as cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such
as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used which may optionally contain gum arabic,
talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, titanium dioxide,
lacquer solutions and suitable organic solvents or solvent mixtures. Dyestuffs or
pigments may be added to the tablets or dragee coatings for identification or to
characterize different combinations of active compound doses. ‘

Pharmaceutical compositions, which can be used orally, include push-fit
capsules made of gelatin as well as soft, sealed capsules made of gelatin and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules may contain the active
ingredients in admixture with filler such as lactose, binders such as starches,
lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft
capsules, the active ingredients may be dissolved or suspended in suitable liquids,
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition,
stabilizers may be added. All formulations for oral administration should be in
dosages suitable for the chosen route of administration.

For buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner.

For administration by nasal inhalation, the active ingredients for use according
to the present invention are conveniently delivered in the form of an aerosol spray
presentation from a pressurized pack or a nebulizer with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro-
tetrafluoroethane or carbon dioxide. In the case of a pressurized aerosol, the dosage

unit may be determined by providing a valve to deliver a metered amount. Capsules
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and cartridges of, e.g., gelatin for use in a dispenser may be formulated containing a

powder mix of the compound and a suitable powder base such as lactose or starch.
The preparations described herein may be formulated for parenteral
administration, e.g., by bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form, e.g., in ampoules or in multidose
containers with optionally, an added preservative. The compositions may be
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.
Pharmaceutical compositions for parenteral administration include aqueous
solutions of the active preparation in water-soluble form. Additionally, suspensions

of the active ingredients may be prepared as appropriate oily or water based injection

~ suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame

oil, or synthetic fatty acids esters such as ethyl oleate, triglycerides or liposomes.
Aqueous injection suspensions may contain substances, which increase the viscosity
of the suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran.
Optionally, the suspension may also contain suitable stabilizers or agents which
increase the solubility of the active ingredients to allow for the preparation of highly
concentrated solutions.

Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile, pyrogen-free water based solution, before use.

The preparation of the present invention may also be formulated in rectal
compositions such as suppositories or retention enemas, using, e.g., conventional
suppository bases such as cocoa butter or other glycerides.

Pharmaceutical compositions suitable for use in context of the present
invention include compositions wherein the active ingredients are contained in an

amount effective to achieve the intended purpose. More specifically, a therapeutically

effective amount means an amount of active ingredients effective to prevent, alleviate

or ameliorate symptoms of disease or prolong the survival of the subject being treated.
Determination of a therapeutically effective amount is well within the
capability of those skilled in the art.
For any preparation used in the methods of the invention, the therapeutically

effective amount or dose can be estimated initially from in vitro assays. For example,
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a dose can be formulated in animal models and such information can be used to more

accurately determine useful doses in humans.

Toxicity and therapeutic efficacy of the active ingredients described herein can
“be determined by standard pharmaceutical procedures in vitro, in cell cultures or
experimental animals. The data obtained from these in vitro and cell culture assays
and animal studies can be used in formulating a range of dosage for use in human.
The dosage may vary depending upon the dosage form employed and the route of
administration utilized. The exact formulation, route of administration and dosage
can be chosen by the individual physiciém in view of the patient's condition. [See e.g.,
Fingl, et al., (1975) "The Pharmacological Basis of Therapeutics", Ch. 1 p.1].

Depending on the severity and responsiveness of the condition to be treated,
dosing can be of a single or a plurality of administrations, with course of treatment
lasting from several days to several weeks or until cure is effected or diminution of
the disease state is achieved.

The amount of a composition to be administered will, of course, be dependent
on the subject being treated, the severity of the affliction, the manner of
administration, the judgment of the prescribing physician, etc.

Compositions including the preparation of the present invention formulated in
a compatible pharmaceutical carrier may also be prepared, placed in an appropriate
container, and labeled for treatment of an indicated condition.

Compositions of the present invention may, if desired, be presented in a pack
or dispenser device, such as an FDA approved kit, which may contain one or more
unit dosage forms containing the active ingredient. In addition, other additives such
as stabilizers, buffers, blockers and the like may also be added.

It will be appreciated that the compositions of the present invention can be
packaged in a one or more containers with appropriate buffers and preservatives and
used for therapeutic treatment. ' | ,

The pack may, for example, comprise metal or plastic foil, such as a blister
pack. The pack or dispenser device may be accompanied by instructions for
administration. The pack or dispenser may also be accommodated by a notice
associated with the container in a form prescribed by a governmental agency
regulating the manufacture, use or sale of pharmaceuticals, which notice is reflective

of approval by the agency of the form of the 6ompositions or human or veterinary
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administration. Such notice, for example, may be of labeling approved by thg U.s.

Food and Drug- Administration for prescription drugs or of an approved product
insert.

It will be appreciated that the polypeptides or active portions thereof (e.g.,
peptides) of the present invention can also be provided to the subject by
administering to the subject an expressible nucleic acid construct including a
polynucleotide being at least 75 %, at least 80 %, at least 85 %, at least 90 %, at
least 915 %, at least 92 % or more, say 95 % - 100 % identical to SEQ ID NO: 1 as
determined using as determined using the BestFit software of the Wisconsin
sequence analysis package, utilizing the Smith and Waterman algorithm, where gap
weight equals 50, length weight equals 3, average match equals 10 and average
mismatch equals —9 or active portions thereof (i.e., in-vivo gene therapy), or by
administering cells transformed with the expressible nucleic acid construct(i.e., ex-
vivo gene therapy).

Currently preferred in vivo nucleic acid transfer techniques include
transfection with viral or non-viral constructs, such as adenovirus, lentivirus, Herpes
simplex I virus, or adeno-associated virus (AAV) and lipid-based systems. Useful
lipids for lipid-mediated transfer of the gene are, for example, DOTMA, DOPE, and
DC-Chol [Tonkinson et al., Cancer Investigation, 14(1): 54-65 (1996)]. The most
preferred constructs for use in gene therapy are viruses, most preferably
adenoviruses, AAYV, lentiviruses, or retroviruses. A viral construct such as a
retroviral construct includes at least one transcriptional promoter/enhancer or locus-
defining element(s), or other elements that control gene expression by other means
such as alternate splicing, nuclear RNA export, or post-translational modification of
messenger. Such vector constructs also include a packaging signal, long terminal
repeats (LTRs) or portions thereof, and positive and negative strand primer binding
sites appropriate to the virus used, unless it is already present in the viral construct.
In addition, such a construct typically includes a signal sequence for secretion of the
peptide or antibody from a host cell in which it is placed. Preferably the signal
sequence for this purpose is a mammalian signal sequence. Optionally, the construct
may also include a signal that directs polyadenylation, as well as one or more
restriction sites and a translation termination sequence. For example, such constructs

will typically include a 5' L'TR, a tRNA binding site, a packaging signal, an origin of
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second-strand DNA synthesis, and a 3' LTR or a portion thereof. Other vectors can be

used that are non-viral, such as cationic lipids, polylysine, and dendrimers.

While reducing the present invention to practice, the present inventors
demonstrated that inactive mutants of Tal are capable of significantly reducing HIV
infectivity, a process which requires not only budding but also correct virus processing
and maturation. As is shown in Example 6 of the Examples section which follows,
RING-finger or coiled-coil mutants of Tal are very potent inhibitors of HIV infectivity
(e.g., see Figure 7d). These findings suggest that down-regulation of Tal can be used
to treat HIV infection.

Down regulation of Tal may be effected by an agent capable of downregulating
transcription, translation or activity of Tal.

One example, of an agent capable of downregulating Tal activity is an antibody
or antibody fragment capable of specifically binding the RING finger domain which is
essential for Tal’s E3 activity. Preferably, the antibody specifically binds at least one
epitope of the RING finger domain. As used herein, the term "epitope" refers to any
antigenic determinant on an antigen to which the paratope of an antibody binds.

Epitopic determinants usually consist of chemically active surface groupings of
molecules such as amino acids or carbohydrate side chains and usually have specific
three dimensional structural characteristics, as well as specific charge characteristics.

The term "antibody" as used in this invention includes intact molecules as well
as functional fragments thereof, such as Fab, F(ab")2, and Fv that are capable of
binding to macrophages. These functional antibody fragments are defined as follows:
(1) Fab, the fragment which contains a monovalent antigen-binding fragment of an
antibody molecule, can be produced by digestion of whole antibody with the enzyme
papain to yield an intact light chain and a portion of one heavy chain; (2) Fab', the
fragment of an antibody molecule that can be obtained by treating whole antibody with
pepsin, followed by reduction, to yiéld an intact light chain and a portion of the heavy
chain; two Fab' fragments are obtained per antibody molecule; (3) (Fab')2, the fragment
of the antibody that can be obtained by treating whole antibody with the enzyme pepsin
without subsequent reduction; F(ab")2 is a dimer of two Fab' fragments held together by
two disulfide bonds; (4) Fv, defined as a genetically engineered fragment containing

.the variable region of the light chain and the variable region of the heavy chain

expressed as two chains; and (5) Single chain antibody ("SCA"), a genetically
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engineered molecule containing the variable region of the light chain and the variable

region of the heavy chain, linked by a suitable polypeptide linker as a genetically fused
single chain molecule.

Methods of producing polyclonal and monoclonal antibodies as well as
fragments thereo‘f are well known in the art (See for example, Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1988,
incorporated herein by reference).

Antibody fragments according to the present invention can be prepared by
proteolytic hydrolysis of the antibody or by expression in E. coli or mammalian cells
(e.g. Chinese hamster ovary cell culture or other protein expression systems) of DNA
encoding the fragment. Antibody fragments can be obtained by pepsin or papain

~ digestion of whole antibodies by conventional methods. For example, antibody

fragments can be produced by enzymatic cleavage of antibodies with pepsin to provide
a 5S fragment denoted F(ab")2. This fragfnent can be further cleaved using a thiol
reducing agent, and optionally a blocking group for the sulfthydryl groups resulting
from cleavage of disulfide linkages, to produce 3.5S Fab' monovalent fragments.
Alternatively, an enzymatic cleavage using pepsin produces two monovalent Fab'
fragments and an Fc fragment directly. These methods are described, for example, by
Goldenberg, U.S. Pat. Nos. 4,036,945 and 4,331,647, and references contained therein,
which patents are hereby incorporated by reference in their entirety. See also Porter, R.
R. [Biochem. J. 73: 119-126 (1959)]. Other methods of cleaving antibodies, such as
separation of heavy chains to form monovalent light-heavy chain fragments, further
cleavage of fragments, or other enzymatic, chemical, or genetic techniques may also be
used, so long as the fragments bind to the antigen that is recognized by the intact
antibody.
Fv fragments comprise an association of VH and VL chains. This association
may be noncovalent, as described in Inbar et al. [Proc. Nat'l Acad. Sci. USA 69:2659-
- 62 (19720]. Alternatively, the variable chains can be linked by an intermolecular
disulfide bond or cross-linked by chemicals such as glutaraldehyde. Preferably, the Fv
fragments comprise VH and VL chains connected by a peptide linker. These single-
chain antigen bihding proteins (sFv) are prepared by constructing a structural gene
comprising DNA sequences encoding the VH and VL domains connected by an

oligonucleotide. The structural gene is inserted into an expression vector, which is
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subsequently introduced into a host cell such as E. coli. The recombinant host cells

synthesize a single polypeptide chain with a linker peptide bridging the two V domains.
Methods for producing sFvs are described, for example, by [Whitlow and Filpula,
Methods 2: 97-105 (1991); Bird et al., Science 242:423-426 (1988); Pack et al.,
Bio/Technology 11:1271-77 (1993); and U.S. Pat. No. 4,946,778, which is hereby
incorporated by reference in its entirety.

Another form of an antibody fragment is a peptide coding for a single
complementarity-determining region (CDR). CDR peptides ("minimal recognition
units") can be obtained by constructing genes encoding the CDR of an antibody of
interest. Such genes are prepared, for example, by using the polymerase chain reaction
to synthesize the variable region from RNA of antibody-producing cells. See, for
example, Larrick and Fry [Methods, 2: 106-10 (1991)].

Humanized forms of non-human (e.g., murine) antibodies are chimeric
molecules of immunoglobulins, immunoglobulin chains or fragments thereof (such as
Fv, Fab, Fab', F(ab').sub.2 or other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human immunoglobulin. Humanized
antibodies include human immunoglobulins (recipient antibody) in which residues
form a complementary determining region (CDR) of the recipient are replaced by
residues from a CDR of a non-human species (donor antibody) such as mouse, rat or
rabbit having the desired specificity, affinity and capacity. In some instances, Fv
framework residues of the human immunoglobulin are replaced by corresponding non-
human residues. Humanized antibodies may also comprise residues which are foundA
neither in the recipient antibody nor in the imported CDR or framework sequences. In
general, the humanized antibody will comprise substantially all of at least one, and
typically two, variable domains, in which all or substantially all of the CDR regions
correspond to those of a non-human immunoglobulin and all or substantially all of the
FR régions are those of a human immunoglobulin consensus sequence. The humanized
antibody optimally also will comprise at least a portion of an immunoglobulin constant
region (Fc), typically that of a human immunoglobulin [Jones et al., Nature, 321:522-
525 (1986); Riechmann et al., Nature, 332:323-329 (1988); and Presta, Curr. Op.
Struct. Biol., 2:593-596 (1992)]. |

Methods for humanizing non-human antibodies are well known in the art.

Generally, a humanized antibody has one or more amino acid residues introduced into
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it from a source which is non-human. These non-human amino acid residues are often

referred to as import residues, which are typically taken from an import variable
domain. Humanization can be essentially performed following the method of Winter
and co-workers [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature
332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)], by substituting
rodent CDRs or CDR .sequences for the corresponding sequences of a human antibody.
Accordingly, such humanized antibodies are chimeric antibodies (U.S. Pat. No.
4,816,567), wherein substantially less than an intact human variable démain has been
substituted by the corresponding sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in which some CDR residues and
possibly some FR residues are substituted by residues from analogous sites in rodent
antibodies.

Human antibodies can also be produced using various techniques known in the
art, including phage display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381
(1991); Marks et al., J. Mol. Biol., 222:581 (1991)]. The techniques of Cole ef al. and
Boerner ef al. are also available for the préparation of human monoclonal antibodies
(Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985)
and Boerner et al., J. Immunol., 147(1):86-95 (1991)]. Similarly, human antibodies can
be made by introduction of human immunoglobulin loci into transgenic animals, e.g.,
mice in which -the endogenous immunoglobulin genes have been partially or
completely inactivated. Upon challenge, human antibody production is observed,
which closely resembles that seen in humans in all respects, including gene
rearrangement, assembly, and antibody repertoire. This approach is described, for
example, in U.S. Pat. Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126, 5,633,425,
5,661,016; and in the following scientific publications: Marks et al., Bio/Technology
10,: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994); Morrison, Nature
368 812-13 (1994); Fishwild et al., Nature Biotechnology 14, 845-51 (1996);
Neubérger, Nature Biotechnology 14: 826 (1996); and Lonberg and Huszar, Intern.
Rev. Immunol. 13, 65-93 (1995).

Another agent capable of downregulating Tal is a small interfering RNA
(siRNA) molecule. RNA interference is a two step process. the first step, which is
termed as the initiation step, input dsRNA is digested into 21-23 nucleotide (nt) small

- interfering RNAs (siRNA), probably by the action of Dicer, a member of the RNase



10

15

20

25

30

WO 2005/019407 PCT/IL2004/000760

37
II family of dsRNA-specific ribonucleases, which processes (cleaves) dsRNA

(introduced directly or via a transgene or a virus) in an ATP-dependent manner.
Successive cleavage events degrade the RNA to 19-21 bp duplexes (siRNA), each
with 2-nucleotide 3’ overhangs [Hutvagner and Zamore Curr. Opin. Genetics and
Development 12:225-232 (2002); and Bernstein Nature 409:363-366 (2001)].

In the effector step, the siRNA duplexes bind to a nuclease complex to from
the RNA-induced silencing complex (RISC). An ATP-dependent unwinding of the
siRNA duplex is required for activation of the RISC. The active RISC then targets the
homologous transcript by base pairing interactions and cleaves the mRNA into 12
nucleotide fragments from the 3’ terminus of the siRNA [Hutvagner and Zamore Curr.
Opin. Genetics and Development 12:225-232 (2002); Hammond et al. (2001) Nat.
Rev. Gen. 2:110-119 (2001); and Sharp Genes. Dev. 15:485-90 (2001)]. Although the
mechanism of cleavage is still to be elucidated, research indicates that each RISC
contains a single siRNA and an RNase [Hutvagner and Zamore Curr. Opin. Genetics
and Development 12:225-232 (2002)].

Because of the remarkable potency of RNAi, an amplification step within the
RNAI pathway has been suggested. Amplification could occur by copying of the input
dsRNAs which would generate more siRNAs, or by replication of the siRNAs formed.
Alternatively or additionally, amplification could be effected by multiple turnover
events of the RISC [Hammond et al. Nat. Rev. Gen. 2:110-119 (2001), Sharp Genes.
Dev. 15:485-90 (2001); Hutvagner and Zamore Curr. Opin. Genetics and Development
12:225-232.(2002)]. For more information on RNAi see the following reviews Tuschi
ChemBiochem. 2:239-245 (2001); Cullen Nat. Immunol. 3:597-599 (2002); and Brantl
Biochem. Biophys. Act. 1575:15-25 (2002).

Synthesis of RNAi molecules suitable for use with the present invention can be
effected as follows. First, the Tal mRNA sequence is scanned downstream of the AUG
start coddn for AA dinucleotide sequences. Occurrence of each AA and the 3’ adjacent
19 nucleotides is recorded as potential siRNA target sites. Preferably, siRNA target
sites are selected from the open reading frame, as untranslated regions (UTRs) are

richer in regulatory protein binding sites. UTR-binding proteins and/or translation
initiation complexes may interfere with binding of the siRNA endonuclease complex
[Tuschl ChemBiochem. 2:239-245]. It will be appreciated though, that siRNAs

directed at untranslated regions may also be effective, as demonstrated for GAPDH



10

15

20

25

30

WO 2005/019407 PCT/IL2004/000760

38
wherein siRNA directed at the 5° UTR mediated about 90 % decrease in cellular

GAPDH mRNA and completely abolished protein level
(www.ambion.com/techlib/tn/91/912.html).

Second, potential target sites are compared to an appropriate genomic database
(e.g., human, mouse, rat etc.) using any sequence alignment software, such as the
BLAST software available from the NCBI server (www.ncbi.nim.nih.gov/BLAST/).
Putative target sites which exhibit significant homology to other coding sequences are
filtered out.

Qualifying target sequences are selected as template for siRNA synthesis.
Preferred sequeﬁces are those including low G/C content as these have proven to be
more effective in mediating gene silencing as compared to those with G/C content
higher than 55 %. Several target sites are preferably selected along the length of the
target gene for evaluation. For better evaluation of the selected siRNAs, a negative

control is preferably used in conjunction. Negative control siRNA preferably include
the same nucleotide composition as the siRNAs but lack significant homology to the
genome. Thus, a scrambled nucleotide sequence of the siRNA is preferably used,
provided it does not display any significant homology to any other gene.

Examples of hTal specific siRNA sequences, which are effective in down-
regulating hTal are set forth in SEQ ID NOs: 45-48 (see Figure 7h and Example 6 of
the Examples section which follows).

Another agent capable of downregulating Tal is a DNAzyme molecule capable
of specifically cleaving an mRNA transcript or DNA sequence of Tal. DNAzymes are
single-stranded polynucleotides which are capable of cleaving both single and double
stranded target sequences (Breaker, R.R. and Joyce, G. Chemistry and Biology
1995;2:655; Santoro, S.W. & Joyce, G.F. Proc. Natl, Acad. Sci. USA 1997;943:4262)
A general model (the "10-23" model) for the DNAzyme has been proposed. "10-23”
DNAzymes have a catalytic domain of 15 deoxyribonucleotides, flanked by two
substrate-recognition domains of seven to nine deoxyribonucleotides each. This type

of DNAzyme can effectively cleave its substrate RNA .at purine:pyrimidine junctions
(Santoro, SW. & JJoyce, G.F. Proc. Natl, Acad. Sci. USA 199; for rev of DNAzymes
see Khachigian, LM [Curr Opin Mol Ther 4:119-21 (2002)].

Examples of construction and amplification of synthetic, engineered

DNAzymes recognizing single and double-stranded target cleavage sites have been
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disclosed in U.S. Pat. No.. 6,326,174 to Joyce et al. DNAzymes of similar design

directed against the human Urokinase receptor were recently observed to inhibit
Urokinase receptor expression, and successfully inhibit colon cancer cell metastasis in
vivo (Itoh et al , 20002, Abstract 409, Ann Meeting Am Soc Gen Ther
www.asgt.org). In another application, DNAzymes complementary to bcr-abl
oncogenes were successful in inhibiting the oncogenes expression in leukemia cells,
and lessening relapse rates in autologous bone marrow transplant in cases of CML and
ALL.

Downregulation of Tal can also be effected by using an antisense
polynucleotide capable of specifically hybridizing with an mRNA transcript encoding
the Tal polypeptide.

Design of antisense molecules which can be used to efficiently downregulate
Tal must be effected while considering two aspects important to the antisense
approach. The first aspect is delivery of the oligonucleotide into the cytoplasm of the
appropriate cells, while the second aspect is design of an oligonucleotide which
specifically binds the designated mRNA within cells in a way which inhibits
translation thereof.

The prior art teaches of a number of delivery strategies which can be used to
efficiently deliver oligonucleotides into a wide variety of cell types [see, for example,
Luft T Mol Med 76: 75-6 (1998); Kronenwett ef al. Blood 91: 852-62 (1998); Rajur et
al. Bioconjug Chem 8: 935-40 (1997); Lavigne ef al. Biochem Biophys Res Commun
237: 566-71 (1997) and Aoki et al. (1997) Biochem Biophys Res Commun 231: 540-5
(1997)].

In addition, algorithms for identifying those sequences with the highest
predicted binding affinity for their target mRNA based on a thermodynamic cycle that
accounts for the energetics of structural alterations in both the target mRNA and the
oligonucleotide are also available [see, for example, Walton et al. Biotechnol Bioeng
65: 1-9 (1999)].

Such algorithms have been sﬁccessﬁllly used to implement an antisense
approach in cells. For example, the algorithm developed by Walton et al. enabled
scientists to successfully design antisense oligonucleotides for rabbit beta-globin
(RBG) and mouse tumor necrosis factor-alpha (TNF alpha) transcripts. The same

research group has more recently reported that the antisense activity of rationally
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selected oligonucleotides against three model target mRNAs (human lactate
dehydrogenase A and B and rat gp130) in cell culture as evaluated by a kinetic PCR
technique proved effective in almost all cases, including tests against three different
targets in two cell types with phosphodiester and phosphorothioate oligonucleotide
chemistries.

In addition, several approaches for designing and predicting efficiency of
specific oligonucleotides using an in vitro system were also published (Matveeva et al.,
Nature Biotechnology 16: 1374 - 1375 (1998)].

Several clinical trials have demonstrated safety, feasibility and activity of
antisense oligonucleotides. For example, antisense oligonucleotides suitable for the
treatment of cancer have been successfully used [Holmund e? al., Curr Opin Mol Ther
1:372-85 (1999)], while treatment of hematological malignancies via antisense
oligonucleotides targeting c-myb gene, p53 and Bcl-2 had entered clinical trials and
had been shown to be tolerated by patients [Gerwitz Curr Opin Mol Ther 1:297-306
(1999)].

More recently, antisense-mediated suppression of human heparanase gene
expression has been reported to inhibit pleural dissemination of human cancer cells in
amouse model [Uno et al., Cancer Res 61:7855-60 (2001)].

Thus, the current consensus is that recent developments in the field of antisense
technology which, as described above, have led to the generation of highly accurate
antisense design algorithms and a wide variety of oligonucleotide delivery systems,
enable an ordinarily skilled artisan to design and implement antisense approaches
suitable for downregulating expression of known sequences without having to resort to
undue trial and error experimentation.

Another agent capable of downregulating Tal is a ribozyme molecule capable of
specifically cleaving an mRNA transcript encoding a Tal polypeptide. Ribozymes are
being increasingly used for the sequence-specific inhibition of gene expression by the
cleavage of mRNAs encoding proteins of interest [Welch et ai., Curr Opin Biotechnol.
9:486-96 (1998)]. The possibility of designing ribozymes to cleave any specific target
RNA has rendered them valuable tools in both basic research and therapeutic
applications. In the therapeutics area, ribozymes have been exploited to target viral
RNAs in infectious diseases, dominant oncogenes in cancers and specific somatic
mutations in genetic disorders [Welch et al., Clin Diagn Virol. 10:163-71 (1998)].
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Most notably, several ribozyme gene therapy protocols for HIV patients are already in
Phase 1 trials. More recently, ribozymes have been used for transgenic animal
research, gene target validation and pathway elucidation. Several ribozymes are in
various stages of clinical trials. ANGIOZYME was the first chemically synthesized
ribozyme to be studied in human clinical trials. ANGIOZYME specifically inhibits
formation of the VEGF-r (Vascular Endothelial Growth Factor receptor), a key
component in the angiogenesis pathway. Ribozyme Pharmaceuticals, Inc., as well as
other firms have demonstrated the importance of anti-angiogenesis therapeutics in
animal models. HEPTAZYME, a ribozyme designed to selectively destroy Hepatitis C
Virus (HCV) RNA, was found effective in decreasing Hepatitis C viral RNA in cell
culture assays (Ribozyme Pharmaceuticals, Incorporated - WEB home page).

Oligonucleotide agents utilized by the present invention can be generated
according to any oligonucleotide synthesis method known in the art such as
enzymatic synthesis or solid phase synthesis. Equipment and reagents for executing
solid-phase synthesis are commercially available from, for example, Applied
Biosystems. Any other means for such synthesis may also be employed; the actual
synthesis of the oligonucleotides is well within the capabilities of one skilled in the
art and can be accomplished via established methodologies as detailed in, for
example, “Molecular Cloning: A laboratory Manual" Sambrook et al., (1989);
"Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M., ed. (1994);
Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and Sons,
Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",
John Wiley & Sons, New York (1988) and "Oligonucleotide Synthesis" Gait, M. J.,
ed. (1984) utilizing solid phase chemistry, e.g. cyanoethyl phosphoramidite
followed by deprotection, desalting and purification by for example, an automated
trityl-on method or HPLC.

The oligonucleotide of the present invention is of at least 17, at least 18, at
least 19, at least 20, at least 22, at least 25, at least 30 or at least 40, bases according
to the function thereof. Thus, for example, oligonucleotides of a small interfering .
duplex oligonucleotide are preferably 21-23 bases long.

The oligonucleotides of the present invention may comprise heterocylic
nucleosides consisting of purines and the pyrimidines bases, bonded in a 3' to 5'

phosphodiester linkage.



10

15

20

25

30

WO 2005/019407

PCT/IL2004/000760

4
Preferably used oligonucleotides are those modified in either backbone,

internucleoside linkages or bases, as is broadly described hereinunder. Such
modifications can oftentimes facilitate oligonucleotide uptake and resistivity to
intracellular conditions.

Specific examples of preferred oligonucleotides useful according to this
aspect of the present invention include oligonucleotides containing modified
backbones or non-natural internucleoside linkages. Oligonucleotides having
modified backbones include those that retain a phosphorus atom in the backbone, as
disclosed in U.S. Pat. NOs: 4,469,863; 4,476,301; 5,023,243, 5,177,196; 5,188,897,
5,264,423; 5,276,019; 5,278,302; 5,286,717, 5,321,131; 5,399,676; 5,405,939,
5,453,496; 5,455,233; 5,466, 677, 5,476,925; 5,519,126; 5,536,821; 5,541,306;
5,550,111; 5,563,253; 5,571,799; 5,587,361; and 5,625,050.

Preferred modified oligonucleotide backbones include, for example,
phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
aminoalkyl phdsphotriesters, methyl and other alkyl phosphonates including 3'-
alkylene phosphonates and chiral phosphonates, phosphinates, phosphoramidates
including  3'-amino  phosphoramidate and  aminoalkylphosphoramidates,
thionophosphoramidates, thionoatkylphosphonates, thionoalkylphosphotriesters, and
boranophosphates having normal 3'-5' linkages, 2'-5' linked analogs of these, and
those having inverted polarity wherein the adjacent pairs of nucleoside units are
linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. Various salts, mixed salts and free acid forms can
also be used.

Alternatively, modified oligonucleotide backbones that do not include a
phosphorus atom therein have backbones that are formed by short chain alkyl or

cycloalkyl internucleoside linkages, mixed heteroatom and alkyl or cycloalkyl

internucleoside linkages, or one or more short chain heteroatomic or heterocyclic

internucleoside linkages. These include those having morpholino linkages (formed
in part from tile sugar portion of a nucleoside); siloxane backbones; sulfide,
sulfoxide and sulfone backbones; formacetyl and thioformacetyl backbones;
methylene formacetyl and thioformacetyl backbones; alkene containing backbones;
sulfamate backbones; methyleneimino and methylenehydrazino backbones;
sulfonate and sulfonamide backbones; amide backbones; and others having mixed

N, O, S and CH; component parts, as disclosed in U.S. Pat. Nos. 5;034,506;



10

15

20

25

30

WO 2005/019407 PCT/IL2004/000760

43 :
5,166,315; 5,185,444; 5,214,134; 5,216,141; 5,235,033; 5,264,562; 5,264,564;

5,405,938; 5,434,257, 5,466,677; 5,470,967, 5,489,677; 5,541,307; 5,561,225,
5,596,086; 5,602,240; 5,610,289; 5,602,240; 5,608,046, 5,610,289; 5,618,704;
5,623, 070; 5,663,312; 5,633,360; 5,677,437, and 5,677,4309.

Other oligonucleotides which can be used according to the present invention,
are those modified in both sugar and the internucleoside linkage, i.e., the backbone,
of the nucleotide units are replaced with novel groups. The base units are
maintained for complementation with the appropriate polynucleotide target. An
example for such an oligonucleotide mimetic, includes peptide nucleic acid (PNA).
A PNA oligonucleotide refers to an oligonucleotide where the sugar-backbone is
replaced with an amide containing backbone, in particular an aminoethylglycine
backbone. The bases are retained and are bound directly or indirectly to aza nitrogen
atoms of the amide portion of the backbone. United States patents that teach the
preparation of PNA compounds include, but are not limited to, U.S. Pat. Nos.
5,539,082; 5,714,331; and 5,719,262, each of which is herein incorporated by
reference. Other backbone modifications, which can be used in the present
invention are disclosed in U.S. Pat. No: 6,303,374.

Oligonucleotides of the present invention may also include base
modifications or substitutions. As used herein, "unmodified" or "natural" bases
include the purine bases adenine (A) and guanine (G), and the pyrimidine bases
thymine (T), cytosine (C) and uracil (U). Modified bases include but are not limited
to other synthetic and natural bases such as 5-methylcytosine (5-me-C), 5-
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and
other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives
of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil
and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-
uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl
and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, 5-
trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine and
7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-
deazaadenine and 3-deazaguanine and 3-deazaadenine. Further bases include those
disclosed in U.S. Pat. No: 3,687,808, those disclosed in The Concise Encyclopedia
Of Polymer Science And Engineering, pages 858-859, Kroschwitz, J. L., ed. John
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Wiley & Sons, 1990, those disclosed by Englisch et al., Angewandte Chemie,

International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y. S., Chapter
15, Antisense Research and Applications, pages 289-302, Crooke, S. T. and Lebleu,
B., ed., CRC Press, 1993. Such bases are particularly useful for increasing the
binding affinity of the oligomeric compounds of the invention. These include 5-
substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6 substituted purines,
including 2-aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-
methylcytosine substitutions have been shown to increase nucleic acid duplex
'stability by 0.6-1.2°C. [Sanghvi YS et al. (1993) Antisense Research and
Applications, CRC Press, Boca Raton 276-278] and are presently preferred base
substitutions, even more particularly when combined with 2'-O-methoxyethyl sugar
modifications.

It is not necessary for all positions in a given oligonucleotide molecule to be
uniformly modified, and in fact more than one of the aforementioned modiﬁcations‘
may be incorporated in a single compound or even at a single nucleoside within an
oligonucleotide.

It will be appreciated that small molecule agents directed at the RING finger
domain of Tal may also be employed to downregulate the &ctivity of Tal. Such
compounds were reported to block the ligase activity of another RING-bearing ligase,
essentially Hdm2 (Z. Lai et al. PNAS vol. 99, pp 14734-14739, 2002).

The above-described methodology may be used to treat other retrovirus-
associated diseases since it is well established that all retroviruses funnel into the Vps
pathway for egress from the cell and Tsgl01 has been implicated in the budding
process of enveloped viruses [reviewed in Pornillos (2002b) Trends Cell Biol. 12:569-
791.

Thus, it is conceivable that Tal, or active portions thereof, can be used to inhibit
budding of retroviruses other than HIV possibly by interferiné with the function (i.e.,
stabilization or disruption) of oligomeric complexes (e.g., ESCRT-1) known to be
essential for the viral budding process [see Garrus (2001) Cell 107:55-65; and Martin-
Serrano (2003) J. Virol. 77:1313-9].

Prior art studies have established that cells either overexpressing or lacking
expression of TsglOl exhibit defects in endosorﬂal trafficking which leads to
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prolonged-signaling from cell-surface molecules and results in enhanced cell
proliferation which ultimately leads to tumorogenesis [Babst (2000) Traffic 1:248-58].
It is notable that Tsgl01 participates in tumorogenesis. For example, it was
shown that functional inactivation of tsg101 in mouse NIH3T3 fibroblasts leads to
cellular transformation, and the transformed cells can form metastatic tumors in nude
mice. The neoplastic transformation and tumorogenesis are reversible by restoration of
tsg101 function. [Li and cohen (1996) Cell 85:319-329]. Tsgl01 has been mapped to
chromosome 11p, bands 15.1-15.2 [Li et al (1997) Cell 10;88(1):143-54] a region
known to exhibit loss of heterozygosity in a variety of human malignancies [Weitzel et
al (1994) Gynecol Oncol. 55(2):245-52], suggesting that Tsgl01 might be a Tumor
suppressor. Although no genomic deletion has been identified, aberrant transcripts can
be found in various tumors [Carney et al (1998) J Soc Gynecol Investig. 5(5):281-5;
Chang et al (1999) Br J Cancer. 79(3-4):445-50; Wang et al (2000) Oncogene 16:677-
9]. Abnormally spliced transcripts of Tsg101 have been found to very closely correlate
with tumor grades and p53 mutations in breast cancer samples. Stress conditions such
as hypoxia induce splicing transcripts in primary lymphocytes (Turpin et al 1999).
Thus, the present invention also contemplates use of the present therapeutic
agents in treatment of tumorous diseases, such as cancer. Such treatment can be
effected by systemic or intra-tumor administration of the oligonucleotides,
polypeptides (e.g., see Example 7 of the Examples section) and antibodies described
hereinabove and monitoring of tumor progression until satisfactory tumor reduction is

achieved and tumorogenesis is halted.

Additional objects, advantages, and novel features of the present invention will
become apparent to one ordinarily skilled in the art upon examination of the following
examples, which are not intended to be limiting. Additionally, each of the various
embodiments and aspects of the present invention as delineated hereinabove and as
claimed in the claims section below finds experimental support in the following

examples.

EXAMPLES
Reference is now made to the following examples, which together with the

above descriptions, illustrate the invention in a non limiting fashion.
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Generally, the nomenclature used herein and the laboratory procedures utilized

in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M.,
ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",
John Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific
American Booké, New York; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531,
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III
Cellis, J. E., ed. (1994); "Current Protocols in Immunology" Volumes I-III Coligan J.
E., ed. (1994); Stites et al. (eds), "Basic and Cliniéal Immunology" (8th Edition),
Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods
in Cellular Immunology”, W. H. Freeman and Co., New York (1980); available
immunoassays are extensively described in the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987,
3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074,
4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M.
J., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and ‘Higgins S. J., eds.
(1985); "Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984);
"Animal Cell Culture" Freshney, R. 1., ed. (1986); "Immobilized Cells and Enzymes"
IRL Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Protein Puriﬁéation and Characterization - A Laboratory Course
Manual" CSHL Press (1996); all of which are incorporated by reference as if fully set
forth herein. Other general references are provided throughout this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

herein by reference.
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Materials and Experimental Procedures

Materials

Chemicals - The composition of buffers was previously described [Waterman
et al., (1999) J Biol Chem 274, 22151-22154]. Unless otherwise indicated all
chemicals were purchased from Sigma-Aldrich St. Louis MO. USA. Missouri Yeast
growth media was purchased from Becton Dickenson Sparks. Human recombinant
EGF was purchased from Sigma (St. Louis, MO). Na'*I (1000mCi) was purchased
from Amersham Pharmacia. Biotech (Buckinghamshire, UK). IODOGEN was from
Pierce (Rochford, IL). A protease inhibitor cocktail (set III) was from Calbiochem
(San Diego, CA).

Tissue culture reagents - Fetal calf serum, and L-Glutamine were purchased
from Biological Industries (Beit Haemek, Israel). Dulbecco’s Modified Eagle’s
Medium (DMEM), DMEM:F12 (1:1), F12, Lipofectamine, and a penicillin-
streptomycin mixture were supplied by Gibco BRL (Grand Island, N.Y.).

Antibodies - An anti-hemagglutinin (HA) mAb was purchased from
Bochringer Mannheim. A mAb to the active doubly phosphorylated form of Erk was
from Sigma (Anti DP-Erk, Cat. No. M8159, Sigma-Aldrich St. Louis MO. USA). An
anti hemagglutinin (HA) rat monoclonal (mAb) antibody 3F10 was purchased from
Roche Molecular Biochemicals (Mannheim, Germany), and an anti Flag mouse mAb
was from Sigma (St. Louis, MO USA). Murine mAb SG565 to the EGFR was
generated in mice immunized with a recombinant extracellular portion of the human
EGFR. A polyclonal antiserum for immunoblot analysis of EGFR was from Santa
Cruz Biotechnology (Santa Cruz, CA). Murine monoclonal IgG (C-2) and goat
polyclonal (M-19) anti Tsg101 antibodies, anti c-Myc mAb, and rabbit polyclonal anti
GST antibody were also from Santa Cruz Biotechnology. An anti GFP mAb was
purchased from BD Biosciences Clontech (Palo Alto, CA USA). A goat anti rat
peroxidase- conjugated IgG, a goat anti mouse peroxidase- conjugated IgG, donkey
anti goat peroxidase- conjugated IgG, a donkey anti rat Cy3- conjugated, and a
donkey anti mouse Cy2- conjugated were purchased from Jackson ImmunoResearch
(West Grove, PA). A peroxidase- conjugated protein-A was from ICN (Costa Mesa,
CA).

Polyacrylamide gel electrophoresis, immunoblot, and immunoprecipitation

reagents - Acrylamide (30%), ammonium persulfate, and TEMED were from Bio-
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Rad (Richmond, CA). Molecular weight standard proteins were purchased from

Sigma-Aldrich (St. Louis, MO, USA). The ECL chemiluminescence kit used for
immunobloting was obtained from Amersham (Buckinghamshire,UK). Nitrocellulose
membranes were purchased from Schleicher & Schuell (Dassel, Germany). Anti-
mouse IgG-, anti rat IgG-coupled agarose beads, murine anti Flag IgG-conjugated
agarose beads, and glutathione-agarose beads were from Sigma Aldrich (St. Louis,
MO, USA).

Molecular biology reagents - Restriction enzymes were purchased from New
England Biolabs (Berely, MA). Extended high fidelity DNA polymerase, and ANTP’s
were from Roche Molecular Biochemicals (Mannheim, Germany). T4 DNA ligase,
and T4 polynucleotide kinase (PNK) were from MBI Farmentase (Vilinius,
Lithuania). A pfu turbo DNA polymerase, and a mutagenesis kit were purchased
ﬁom Stratagene (Cedar Creek, TX).

Experimental Procedures

Vectors for two hybrid screening — Yeast expression plasmid pBTM116-
LexA (bait), carrying TRP1 selection marker was cut using EcoRI and Sall restriction
enzymes. Human Tsgl01 coding sequence (GenBank Accession No: BC009239) was

- PCR  amplified from pEFlo/TsglOlwt wusing primers: seTsgRI (5'-

GGAATTCGTCATGGCGGTGTCGGAG-3’, SEQ ID NO: 9), and asTsgXho (5°-
CCTCGAGTCAGTAGAG GTCACTGAGACCG-3’, SEQ ID NO: 10). The resultant
PCR product was digested with EcoRI and Xhol, and cloned into EcoRI and Sall sites
of pPBTM116 to generate pBTM116-Tsg101.

o Tsgl01 C-terminus (nucleotides 500 to 1290) was PCR amplified using
UbcSRI (5°-GGAATTCGGGCTTATTCAGGTCATGATTG T-3°, SEQ ID NO: 11),
and asTsgXho (SEQ ID NO: 10), and cloned as an EcoRI-Xhol fragmént into EcoRI

~and Sall sites in pBTM116 to generate pBTM116/Tsg101AN.

The SB subdomain of TsglO1 (i.e., nucleotides 1041 to 1291) was PCR
amplified using BamHISB5 (5’-CCGGGACATTCCCACAGCTCCCTTA TA-3,
SEQ ID NO: 12), and asTsgXho (SEQ ID NO: 10), and cloned as an BamHI-Xhol
fragment into the BamHI and Sall sites of pPBTM116, to generate pBTM116/SB.

Tsgl01ASB was generated using the seTsgl01EcoRI 5° primer (SEQ ID NO:
9) along with a 3’ primer AAACTGCAGCCAGAGCAGAACTGAGTTCTTCATCC
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(SEQ ID NO: 13) containing a PSTI site. The resultant PCR product was cut with

EcoRi and PSTI and ligated to these sites in the pBTM116 vector.

Tsgl01AC was generated using the seTsgl01EcoRI 5° (SEQ ID NO: 9) primer
along with a 3’ primer AAACTGCAGGGCACGATCCATTTCCTC containing a
PSTI site (SEQ ID NO: 14). The resultant PCR product was cut with EcoRi and PSTI
and ligated to these sites in the pBTM116 vector.

Tal CC was generated by cutting the rescued Tal-pGAD10 from the yeast two
hybrid with EcoRI and PSTT and ligating the construct to a pGAD424 (CLONTECH
Palo Alto CA).

Tal APTAP/PSAP was generated wusing the Forward primer
CCTGCAGAGCTGGAGGTGC (SEQ ID NO: 15) and the Reverse primer
GACGACCTCACCCATTGGTG (SEQ- ID NO: 16) thereby deleting nucleotides
2028-2078 of hTal.

Construction of mammalian expression vectors - Flag-tagged murine Tsgl101

¢DNA (provided by S. Cohen INFOsncohen@stanford.edu, Department of Genetics,

 Stanford University, SUMC L-312A, Mail Code 5120, Stanford CA 94305-5120) was

amplified by PCR and cloned into the pEFlo. mammalian expression vector
[Grammatikakis et al., (1999) Mol Cell Biol 19, 1661-72]. Deletion mutants were
generated by PCR using the pfu-turbo enzyme (Stratagene, Cedar Creek, TX), and
primers complementary to regions downstream and upstream to the region to be
deleted. Resultant PCR products were subsequently phosphorylated using T4
polynucleotide kinase and ligated.

The following deletion mutants were generated: .

AUEV-Tsgl01 (deletion of nucleotides 259 to 434) -pEFla/Tsgl01AUEV
(nucleotides 259 to 434) was generated using UEVR primer (5'-
GTATGTATTACCTCTA TAAGGCAC-3’, SEQ ID NO: 17), and UEVF (5-
GGGCTTATTCAGGT CATGATTGT-3’, SEQ ID NO: 18).,

APro-Tsgl01 (deletion of nucleotides 459 to 725) - pEF1a/Tsgl01APro
(nucleotides 459 to 725) was generated wusing primers: ProR (5°-
CACAATCATGACCTGAATAAGCC-3’, SEQ ID NO: 19), and ProF (5°-
GAGGACACCATCCGA GCCTC-3’, SEQ ID NO: 20).

ACC-Tsgl01 (deletion of nucleotides 725 to 1010) - pEF1a/Tsgl01ACC
(nucleotides 725 to 1010) was generated using primers: CCR (5-
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GAGGCTCGGATGGTGTCCTC-3’, SEQ ID NO: 21), and CCF (5’-CATTCCCA

CAGCTCCCTTATAC-3’, SEQ ID NO: 22).

ASB-nglOl (deletion of nucleotides 1031 to 1230) - pEF1a/Tsgl01ASB
(nucleotides 1031 to 1230) was generated using primers: SBR (5’-GTATAAGGG
AGCTGTGGGAATG-3’, SEQ ID NO: 23), and SBF (5’-GGAGGTGGAGACTA
CAAGGAC-3’, SEQ ID NO: 24).

A vector encoding a fusion protein including full-length TsglO1 fused to
mGST, was generated by PCR amplification of Tsg101 sequence from pEF1a/Tsg101
using primers: BamHITsg (5’-CCGGGATCCATGGCGGTGTCGGAG-3°, SEQ ID
NO: 25), and TsgNotl (5-ATAGTTTAGCGGCCGCTAGTCACTTGTCAT
CGTCGTCC-3’, SEQ ID NO: 26). The resulting PCR product was digested and
cloned into the BamHI and NotI sites of the mGST expression vector.

hTal identified by yeast two hybrid screening was cloned from a cDNA library
generated from T47D cells. BC009239 (hTal, SEQ ID NO: 1) coding sequence was
PCR amplified using the following primers: Tal5’ (5-CCCAAGCTTG
GAAGGATGCCGCTCTT-3’, SEQ ID NO: 27), which contains a HindIIl site and
Tal3’
(5’GGGGTACCCCTCATCAGGCATAATCGGGTACATCATAGGGATAGCTGCT
GTGGTAGATGCG-3°, SEQ ID NO: 28), which contains the HA-tag coding sequence
and a Kpnl site. The resultant PCR product was digested with HindIII and Kpnl, and
cloned into the HindIII and Kpnl sites of the mammalian expression vector pcDNA3.1
(Invitrogen, Rhenium Ltd. Israel). pcDNA3.1/Tal-HA was used as a template for the
following deletion and point mutants:

ASAM-Tal (deletion of nucleotides 1704 to 1896) was generated by PCR using
primers: SAMR (5’-CTCTTCTTGCAGCTTCAAGG-3’, SEQ ID NO: 29), and SAMF

(5’-GCCAGGATCCAGCCAGAG-3°, SEQ ID NO: 30).

The T H695A al point mutation was generated using site-directed mutagenesis
of pcDNA3.1/Tal-HA wusing the following primers: seTalH695A (5°-
CCTCAACTGTGGCGCCGTCTGCTGCTGCC-3’, SEQ ID NO: 31), and
asTalH695A (5°-GGCAGCAGCAG ACGGCGCCACAGTTGAGG-3’, SEQ ID NO:
32). All the mutations and deletions were confirmed by DNA sequencing,. -

Tal APTAP/PSAP was generated using the Forward primer 5’-CCTGCAGA
GCTGGAGGTGC-3° (SEQ ID NO: 33) and the Reverse primer 5’-
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GACGACCTCACCCATTGGTG-3’ (SEQ ID NO: 34), thereby deleting nucleotides

2028-2078 of hTal.

TalACC  was  generated  using  the  forward  primer  5’-
GAGGAGCTGTCGGCTGAGC-3’ (SEQ ID NO: 35) and the reverse primer 5’-
TAACTTAATCTGGCTCCTGATCTGCCG-3’ (SEQ ID NO: 36) thereby deleting
nuclotides1518-1820 of hTal.pGAG-GFP including the rev-independent HIV-1uxs:
Gag sequence fused to EGFP was provided by M. Resh [Hermida-Matsumoto and
Resh, (2000) J Virol 74, 8670-9].

c-Myc peptide-tagged ubiquitin (Myc-Ub) was constructed by fusion of three
copies of c-Myc peptide upstream to a ubiquitin coding sequence in pcDNA3. The
expression vector (pcDNA3) encoding human EGFR was described previously [Tzahar
et al., (1996) Mol Cell Biol 16, 5276-5287].

Yeast-two hybrid assays - The full length coding sequence of Tsg101 (GenBank
Accession No. NM_006292.) was fused to the LexA DNA binding domain (amino
acids 1 to 211) of the pBTM116 bait vector (Constructed from CLONTECH pGBT9 by
Fields s and Bartel Proc Natl Acad Sci U S A. 1993 Oct 1;90(19):9186-90). The L40
yeast strain (Invitrogen, Corp. Rhenium Ltd. Israel) was first transformed with
pBTM116-Tsgl01, tested for auto-activation and then transformed with a human brain
cDNA library (CLONTECH, Palo alto, CA) cloned in pGAD10 vector. All
transformations were performed using the lithium acetate method as described in
CLONTECH YEAST protocol hand book
(http://www.clontech.com/techinfo/manuals/PDF/PT3024-1.pdf). Co-transformants
were plated onto Trp-Leu-His selective medium supplemented with 3-aminotriazole
(5Mm Sigma St. Louis, MO). His" colonies were then assayed for S-galactosidase
using a filter lift assay as described in CLONTECH YEAST protocol hand book
(http://www.clontech.com/techinfo/manuals/PDF/PT3024-1.pdf). Positive clones were
rescued into bacteria and re-transformed into the 140 yeast strain to confirm
interactions. Clones confirmed in this manner were sequenced using the 5> pGAD10
sequence amplifier (CLONTECH, Palo Alto, CA).

Liquid culture B-galactosidase. assays - Naive 140 yeast cells were
transformed with bait énd prey constructs (as described in CLONTECH YEAST
protocol hand book, supra). Three independent transformants were grown overnight

in synthetic media (Leu-Ttp), re-suspended in Z buffer and lysed in liquid nitrogen.
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Subsequently, Z buffer containing the ONPG substrate and S-mercaptoethanol was

added, and culture tubes were incubated at 30 'C. Reactions were terminated upon
addition of 1M NayCOj; prior to centrifugation, and spectrophotometric analysis of
supernatants at wavelength of 420 nm.

RNA extraction and Northern analysis - Total RNA was obtained from the
indicated tissues using the LiCl/urea precipitation method. The RNA was separated on
1.2% agarose, and transferred to a Magna nylon membrane. The filters were
hybridized with a randomly primed Tal probe or GAPDH. Hybridization was done
according to standard procedures [Sambrook et al., (1989) Molecular Cloning: A
Laboratory Manual, 2nd edn (Cold Spring Harbor, Cold Spring Harbor Laboratory
Press)], and the filters were washed in 0.1 x SSC and 0.1% SDS at 60°C. RNA
products were revealed by autoradiography.

Immunofluorescence - Transfected cells grown on cover slips were fixed for
15 min with 3% paraformaldehyde in PBS, washed with PBS, and permeabilized for
10 min at room temperature with PBS containing 1% bovine serum albumin and 0.2%
Triton X-100. For staining, cover slips were incubated for 1 hr at room temperature
with anti-Flag, anti-Tsg101 or anti-HA mAbs, either alone or in combination. After
extensive washing in PBS, the cover slips were incubated at room temperature for 40
min with Cy3- or Cy2-conjugated donkey anti-mouse F(ab),, either alone or in
combination with Cy3-conjugated donkey anti-rat F(ab), . For EGF uptake, prior to
fixation, transfected cells were washed in PBS and incubated in starvation medium
(DMEM supplemented with 0.05% FCS) for 3hr, after which cells were washed once
with binding buffer (DMEM supplemented with 1% bovine serum albumin and 20
mM HEPES (pH 7.5)) and incubated with binding buffer containing 2 pg/ml of EGF-
conjugated to Alexa Fluor 488 (Molecular Probes) at 4°C for 30 min. After binding,
cells were transferred to 37°C for the indicated time points, washed in PBS and fixed
as described above. After staining, cover slips were mounted in moviol, and
immunofluorescence was viewed and analyzed using a Confocal Zeiss Axiovert 100
TV microscope with a 63X/1.4 plane Apochromat objective, attached to the Bio-Rad
Radiance 2000 laser scanning system, operated by LaserSharp software, or a Zeiss
Axioplan microscope equipped with SPOTIL

In _vitro ubiquitylation assays - For self-ubiquitylation, HA-tagged Tal

proteins were immunoprecipitated from cleared extracts of transfected HEK-293T
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cells. Following isolation, agarose beads were extensively washed with HNTG buffer

[20mM HEPES (pH 7.5), 150mM NaCl, 0.1% Triton X-100, and 10% glycerol],
followed by an additional wash with ubiquitin wash buffer [SmM MgCl, 50mM Tris-
HCI (pH 7.5), 2mM dithiotreitol, and 2mM ATP). The agarose beads were then re-
suspended in buffer containing SmM MgCl, 50 mM Tris-HCl pH 7.5, 2mM
dithiotreitol, 2mM ATP and *I-Ubiquitin (0.5 pg per reaction). Ubiquitination assays
were carried out by adding purified E1 (160 ng), and E2 (UBC-HS5C; 5ul of crude
bacterial extract). Reaction mixtures were incubated for 1 hour at 30°C. The beads
were then extensively washed with HNTG buffer and proteins were eluted and
resolved by gel electrophoresis. For trans-ubiquitylation, Flag peptide-tagged Tsg101
was immunoprecipitated from cleared extracts of HEK-293T cells.
Immunoprecipitates were extensively washed with HNTG buffer, and tumbled for 1.5
hr at 4C with cleared extracts of HEK-293T cells expressing HA-Tal, to allow
formation of Tsgl01-Tal complexes. Thereafter, the beads and associated proteins
were washed with ubiquitin wash buffer, and ubiquitylation assays performed as
described above.

Preparation of virion-like particles (VLPs) - HEK-293T cells were
transfected with 0.5pg of vector encoding Gag-GFP in six well plates using the
calcium phosphate method. Culture media were collected after 24-36 hrs. VLPs were
pelleted by layering 1.2ml of the total 2ml of culture medium onto 200ul of 20%
sucrose (in PBS), and centrifuging at 13,000rpm for 90 min. Alternatively, the 2ml of
cell medium was centrifuged for Smin at 14,000 rpm, filtered through a 0.45pum filter
and VLPs were pelleted by centrifugation for 2hr at 14,000rpm. In both cases, the
VLPs pellet was resuspended in 25ul of 2x SDS sample buffer, boiled, resolved by
SDS-PAGE and subjected to Western blot analysis. The two methods of VLP
isolation yielded identical results.

Sméll inhibitory RNAs - The following siRNAs duplexes were synthesized:
Tsgl01: sense, 5’-CCUCCAGUCUUCUCUCGUCATAT-3’ (SEQ ID NO: 41) and
antisense, 5’-dTATGGAGGUCAGAAGAGAGCAG-3’ (SEQ ID NO: 42) , Control:
sense, 5’-GUCCAAAGGUUCCGGAGACATAT-3’ (SEQ ID NO: 43) and antisense,
5°-dTdTCAGGUUUCCAAGGCCUCUG-3’ (SEQ ID NO: 44).ITW0 21 nucleotide-
long RNA duplexes corresponding to hTal (Genebank BC009239) coding nucleotides
272-290 and 1252-1270, relative to the starting codon were designed. Tal siRNA
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sequences are as follows: 272 sense: 5’-UCACCUCACUUCCCUGCUUATAT-3’

(SEQ ID NO: 45); 272 antisense: 5’°-dTdATAGUGGAGUGAA GGGACGAA-3’ (SEQ
ID NO: 46); 1252 sense: 5’-UGCUGACUGAGAGCUGUAAJTAT-3’ (SEQ ID NO:
47); 1252 antisense: 5’-UUACAGCUCUCAGUCAGCAATAT-3’ (SEQ ID NO: 48);
control Tal siRNA sequences (scrambled 1252) are as follows: sense: 5’-
AAUGUCGAGAGUCAGUCGUATAT-3° (SEQ ID NO: 49) ; antisense, 5’-
ACGACUGACUCUCGACAUUATAT-3’ (SEQ ID NO: 50). All the siRNAs were
chemically synthesized, purified, and annealed by Dharmacon Research (Dharmacon
Research, Lafayette, CO). Usage of the siRNAs was according to the manufacturer’s
instructions. Cells were transfected with the relevant double-stranded siRNA (50 nM)
using Lipofectamine 2000 (Invitrogen).

Metabolic labeling of cultured cells - Transfected CHO cells were rinsed
twice and pre-incubated for 3 hours in cysteine- and methionine- free medium
supplemented with 10% dialyzed serum. Thereafter, cells were labeled for 15 minutes
with a mixture of *S-labeled amino acids (pulse). Cells were then washed thoroughly,
and incubated in media containing non-labeled cysteine and methionine for the
indicated time intervals (chase). This was followed by cell lysis, immunoprecipitation,
electrophoresis and autoradiography.

Construction of a nucleic acid construct capable of expressing recombinant
Tal-PTAP (SEQ ID NO: 51) - Two flanking Tal primers were used to amplify Tal
nucleic acids 2019-2088. The PCR product was later on cleaned and cut with BamHI
and EcoRI restriction enzymes. Thereafter, the pEGFP-C1 vector (Clontech) was
digested with the BamHI and EcoRI restriction enzymes, and cleaned. A ligation
reaction ‘was set between the two DNA products and later transformed into E. coli.
Postive colonies were sequenced. Tal PTAP forward primer with EcoRI site for
pEGFP-C1 was as follows 5’aagaattcagaggtcgtcaccectacgg (SEQ ID NO: 52). Tal
PTAP reverse primer with BamHI site for pEGFP-C1 was as follows 57

. aaggatccctetgeagggggagegg (SEQ ID NO: 53).
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EXAMPLE 1

Tsgl01 interacts with a novel ubiquitin E3 ligase in the yeast two hybrid
system

In order to identify proteins that potentially work together with Tsgl01 in
budding away from the cytoplasm, essentially MVB formation and retrovirus egress,
a yeast two hybrid screen was effected to characterize Tsgl01 interacting proteins.

Full length Tsgl01 (GenBank Accession No. NM_006292) fused to the LexA
binding domain was used as a bait in a yeast two-hybrid screen of a human brain
c¢DNA library. From 6.5 x 10° transformants screened, three interacting clones were
identified, of which only one was a novel protein and two were previously identified
proteins known to function in the endocytic pathway. Three independent clones of
the motor protein KIF5A [Aizawa et al., (1992) J Cell Biol 119, 1287-96], and two
independent clones of intersectinl, a component of the endocytic machinery that
contains two EH domains and five SH3 domains [O'Bryan et al., (2001) Oncogene 20,
6300-8], were found to interact with TsglOl. Interestingly, all clones isolated
included the coiled-coil region of the respective proteins. The novel TsglOl-
interacting protein was named Tal, for Tsgl01 associated ligase.

To map the interaction between Tsgl01 and hTAl, various deletion mutants
were constructed and their interaction was addressed in yeast (Figure 1a). N-terminus
truncated hTal (AN), which was identified in the original screen was used as a bait.
HIV-Gag was used as control, since the single PTAP motif of this viral protein
sfrongly binds to the UEV of Tsgl01. Indeed, using HIV-Gag as prey, the binding of
TalAN to full-length Tsgl01 was confirmed, as well as to two carboxyl terminal
truncation mutants (Tsgl01-AC and ASB), but not to a mutant lacking the UEV
(Tsgl01-AN; Figure 1b). In contrast with Gag-Tsgl01 interactions, despite reduced
binding to hTal, Tsgl01-AN reproducibly retained significant recognition. This
observation indicated that hTal and Tsgl01 maintain PTAP-dependent and PTAP-
independent interactions. Secondary recognition was verified by using a mutant of
hTal lacking the carboxyl-terminus (hTal-CC; Figure 1b). Further analysis localized
the secondary interaction to the SB of Tsg101. In line with this model, an isolated SB
retained weak, but specific binding to hTal (Figure 1c).

To directly address the PTAP motifs, a corresponding internal deletion mutant

was examined (Tal-AP; Figure 1g). These analyses confirmed bimodal interactions,



10

15

20

25

30

WO 2005/019407 PCT/IL2004/000760
56
and showed that Tal-AP completely lost binding to a mutant Tsg101 lacking an intact
SB.
In conclusion, hTal and Tsgl101 display bimodal interactions: in addition to the
predicted UEV-PTAP recognition, the highly conserved SB mediates secondary Tal-
Tsgl01 interactions by binding to a central region of hTal.

EXAMPLE 2
Domain structure and tissue expression of Tal

Results

The full-length cDNA of human Tal was isolated from a cDNA library derived
from a human breast cancer cell line, T47D. As shown in Figure 2a, the open reading
frame of human Tal encodes a protein of 723 amino acids. The predicted amino acid
sequence of Tal contains an N-terminal leucine-rich repeat (LRR) followed by an
ERM domain, coiled-coil region, SAM domain and a C-terminal C3HC4-type RING
finger domain (Figure 2b), which is present in many E3 ubiquitin-ligases [Joazeiro
and Weissman, (2000) Cell 102, 549-52]. Interestingly, Tal also contains adjacent
PTAP and PSAP motifs in a C-terminus portion thereof, and all four amino acids of
respective motif located within the late domain of Gag proteins of multiple viruses
interacts with the UEV domain of Tsgl01 [Pornillos et al., (2002) Nat Struct Biol 9,
812-7; Pomnillos et al., (2002) Embo J 21, 2397-406]. Furthermore, mouse Tal
(GenBank Accession No. XM149118.3 was identified in the Ensembl data bank, and ..
displayed 86 % nucleic sequence identity, 88.6 % amino écid sequence identity and
91.15 % amino acid sequence homology to the human corresponding sequences as
determined by recursive Blast analysis using default parameters
(www.ncbinlm.nih.gov/homloGene, Figure 2c). Similar level of homology was
exhibited with rat Tal (GenBank Accession No. XM231157.1, nucleic acid identity
87.9 %, amino acid sequence identity 89.48 % and amino acid sequenée homology
92.5 %). As is evident from Figure 2¢, Tal is conserved only in vertebrates.

To confirm the amino acid sequence of Tal, antibodies to synthetic peptides
derived from the N- and the C-terminus of hTal were raised. The antibodies
identified both an ectopic hTal transiently over-expressed in HEK-293T cells, and a

similar 80 kDa species in mouse brain (Figure 2d).
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Northern blot analysis of Tal with RNA from various mouse tissues, shown in

Figure 2e, identified one major hybridizing band of 3.5 kb, which was detected in

most tissues and developmental stages from embryonic day 10.

EXAMPLE 3
Tal and Tsgl101 interact in mammalian cells

In order to confirm that the interactions observed in yeast are found in
mammalian cells, a series of co-immunoprecipitation experiments in HEK-293T cells
transiently expressing HA-tagged Tal and mGST-tagged Tsgl01 was effected.

Exponentially growing transfected cells were lysed and their cleared extracts
were subjected to pull-down assays with GSH-coupled agarose beads. As shown in
Figure 3a, Tal co-precipitated with mGST-Tsgl01, while no Tal protein was
precipitated by the beads in the absence of mGST-Tsgl01. In agreement with this
conclusion, the endogenous Tsgl01 of HEK-293T cells underwent co-precipitation
with ngiOl, which was precipitated using a specific antibody coupled to agarose
(Figure 3b). Note that endogenous Tal protein is consistently detected as a major
band of an apparent molecular weight of 80 kDa, consistent with the molecular weight
predicted by computer analysis of the mRNA sequence. Interestingly, when HA-
taéged Tal was overexpressed, two additional HA-immunoreactive bands were
observed, which may represent proteolytic cleavage.

In order to dissect the domain mediating the interaction between Tsgl01 and
Tal, HEK-293T cells were co-transected with HA-Tal and various deletion mutants of
a Flag peptide-tagged Tsgl01. As shown in Figure 3c, Tal co-precipitated with
deletion mutants lacking the UEV, coiled-coil and proline-rich region. However,
Tsgl01 did not recognize a Tal mutant missing the SB region, confirming the data
from the yeast two hybrid analyses (Figure 1b).

EXAMPLE 4
Tal is an E3 ubiquitin-ligase that ubiquitylates Tsgl101 in living cells and in vitro
As Tal contains a C3HC4-type RING finger domain with homology to similar
motifs found within known E3 ubiquitin ligases [Joazeiro and Weissman (2000)
Science 286, 309-312], the ability of Tal to promote ubiquitylation of Tsgl01 upon

interaction therewith was addressed. Ubiquitylation of Tsgl01 was first addressed in
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HEK-293T cells co-expressing Flag-Tsgl01 and Myc-tagged ubiquitin (Myc-Ub).

Ubiquitylation of exogenous Tsg101 was identified by immunoblotting with anti-Myc
antibodies. As shown in Figure 4a, a high molecular weight smear representing
ubiquitylated TsglO1 was apparent in cells expressing Tsgl0l and Myec-Ub.
Expression of an ectopic Tal resulted in a dramatic increase in the levels of Tsgl01
ubiquitylation.

To test whether Tal is the E3 ligase responsible for the ubiquitylation of
TsglO1, a histidine residue within the RING finger of Tal, which is predicted to be
crucial for its E3 ligase activity was mutated (mutant denoted H695A-Tal). As
expected, in contrast to wild type Tal, H695A-Tal did not increase Tsgl01
ubiquitylation. Further, mutation of the first cysteine residue within the RING finger
domain (residue 675), which is also expected to be critical for E3 ligase activity,
yielded similar results. As the steadiness box is the region of Tsgl01 which mediates
the association with Tal (Figures 1a-d and 3a-c), the effect of deletion of this region
on Tsgl01 ubiquitylation was determined.

These results suggest that Tal is an E3 ligase, which mediates Tsgl01
ubiquitylation in a RING-finger dependent manner.

Notably, an apparent low expression of both H695A-Tal and Tsgl01 (wild
typ¢) in cells expressing this Tal mutant (Figure 4a; lower two panels), and
immunoblotting with a control antibody (to heat shock protein 70) verified equal gel
loading. To examine the possibility that the observed differences were due to
translocation of Tsgl01 to an insoluble fraction Triton X-100 was replaced with the
ionic detergent sodium dodecylsulfate (SDS). This analysis revealed that H695A-Tal
lost detergent so'lubility,' rather than expression levels (see anti-HA blotted panels in
Figures 4a and 4b). Strikingly, the majority of Tsgl01 was found to be insoluble in
Triton X-100 (Figure 4b, and data not shown), but ubiquitylation thereof significantly
increased solubility. For example, mono- and oligo-ubiquitylated forms of Tsg101
were less soluble than poly-ubiquitylated forms in Triton X-IOO, but SDS-exhibited
solubilities were comparable. A mutant lacking the SB was mis-localized and it
displayed high solubility, but no ubiquitylation (Figure 4a).

These observations imply that along with enabling ubiquitylation, the SB links
TsglO1 to insoluble structures. Hence, hTal controls both ubiquitylation and
solubility of TsglOl. Indeed, experiments in which cells were first extracted with
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Triton X-100, and the insoluble fraction was then treated with SDS, verified that the

solubility of Tsgl101 correlates with its ubiquitylation by hTal (Figures 4c¢-d): Tsgl01
is less soluble in the presence of the ubiquitylation-defective, and relatively insoluble
hTal-C675A. Further, deletion of the coiled-coil (ACC), but not the SAM region of
hTal, severely reduced ubiquitylation of Tsgl01 and solubility of both Tsgl01 and
hTal. Last, in line with bimodal Tsg101-Tal interactions, deletion of the PTAP motifs
of hTal abolished binding to and ubiquitylation of Tsgl01 (Figure 5a). This mutant
was as soluble as WT hTal in Triton X-100, and it did not affect solubility of Tsgl101.

To ascertain self-ubiquitylation of hTal, an activity shared by many RING-
bearing ligases, hTal mutants were co-expressed together with a Flag-tagged
ubiquitin. As expected, WT-hTal, as well as mutants lacking the CC and PTAP
motifs exhibited a smear of ubiquitylated species, but a RING-defective mutant was
not modified (Figure 5b). In vitro auto-ubiquitylation of hTal was tested by
incubating the isolated protein in the presence of recombinant E1, E2, and 127 labeled
ubiquitin. This analysis confirmed that hTal is capable of self-ubiquitylation, which is
dependent on an intact RING (Figure 5c).

A similar protocol was used to assess the ligase activity of hTal towards
Tsgl01. An immunoprecipitated Tsgl01 was pre-incubated with extracts derived
from cells overexpressing wild type or mutant hTal proteins, and the Tsgl01-Tal
complexes were subjected to an in vitro ubiquitylation assay. Substantial Tsgl01
ubiquitylation was observed in complexes pre-incubated with WT-hTal, whereas only
background ubiquitylation was observed with two RING mutants of hTal (Figure 5d).
Taken together with experiments performed in living cells, these results identify hTal
as a physiological E3 ubiquitin ligase for Tsgl01.

Unlike proteasomal degradation, which requires a chain of ubiquitins
polymerized through lysine 48 of ubiquitin, conjugation of monomeric ubiquitins is
associated with vesicular sorting [Hicke, (2001) Nat Rev Mol Cell Biol 2, 195-2]. To
determine whether the smeary appearancé of ubiquitylated Tsgl101 corresponds to
poly-ubiquitylation or to multiple monomeric ubiquitins (multi-ubiquitylation), a
polymerization-defective mutant of ubiquitin (Ub-4KR), which lacks all four
branching lysines‘ was used. Because similar patterns of ubiquitylated Tsgl01 were
obtained with both WT and mutant ubiquitin (Figure S5e), a conjugation of

monomeric, rather than polymeric ubiquitin was inferred. To verify conjugation of
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more than one mono-ubiquitin per Tsgl01 molecule, Ub-4KR was fused to two

different peptide tags, and co-expressed the two species in cells over-expressing
Tsgl01. In support of multi-ubiquitylation, a double-step isolation protocol yielded
Tsgl0l molecules that were simultaneously modified by two distinct mono-
ubiquitins. As expected, a catalytically-defective mutant of hTal (C675A) eliminated
the ubiquitylation signal in these experiments, primarily by reducing protein
solubility.

In conclusion, hTal mediates mono-ubiquitylation of Tsgl01, consistent with a

role in vesicular trafficking,

EXAMPLE 5
Tal partly co-localizes with Tsg101 to a sub-membranal domain

The subcellular localization of Tal and Tsg101 was addressed using confocal
microscopy (Figures 6a-c). As previously reported [Bishop and Woodman, (2001) J
Biol Chem 276, 11735-42], Tsgl01 showed a vesicular localization corresponding to
endosomal clusters (Figure 6a). However, these structures were devoid of Tal.’
Binding of fluorescent EGF to the outer plasma membrane under conditions that
prevent EGFR internalization revealed that hTal localizes to the inner leaflet of the
plasma membrane. When expressed at moderate levels, Tsgl01 displayed sub-
membranal, reticular and endosomal punctate localizations (Figure 6b), in line with
previous reports [Bishop and Woodman, (2001) supra; Goila-Gaur et al., (2003) J
Virol 77, 6507-6519]. The sub-membranal fraction of Tsgl01 partly co-localized
with hTal. The endosomal localization of Tsg101 was abolished upon deletion of the
SB, which may underlie its complete solubility in Triton X-100 (Figures 4a-d), and
the corresponding mutant did not affect hTal’s distribution. In contrast, hTal mutants
defective in the RING or CC domains mis-localized, together with WT-Tsgl101, to the

outer rim of large vesicular structures (Figure 6b, insets; and data not shown).

EXAMPLE 6
Tal synergizes with Tsg101 to inhibit release of HIV-1 Gag
Because Tsgl01 is crucial for budding of HIV-1 and Ebola viruses from the
cell membrane [Demirov et al., (2002) Proc Natl Acad Sci U S A 99, 955-60; Garrus
et al., (2001) Cell 107, 55-65; Martin-Serrano et al., (2001) Nat Med 7, 1313-9], and
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due to the profound effects of Tal on Tsgl01 ubiquitylation and localization, it was

postulated that Tal might also affect the function of Tsgl01 with respect to viral
budding.

To test this possibility, the two most commonly used cellular systems for
HIV1 gag budding, HEK-293T and HeLa cells, were used.

HEK-293T cells were transfected with GFP-Gag fusion protein. The Gag
poly-protein is the major structural protein of retroviruses and is entirely sufficient for
particle formation [reviewed in Swanstrom and Erona, (2000) Pharmacol Ther 86,
145-70]. Hence, GFP-Gag mimics normal Gag budding. As shown in Figures 7a-c,
overexpression of either Tal or TsglO1 reduced GFP-Gag secretion into virus-like
particles (VLPs) by 50%, whereas overexpression of both reduced viral budding by
over 90% (Figure 7a; at both 24 hrs and 36 hours). The effects of Tal on viral

- budding were mediated through Tsgl01 ubiquitylation, as no effect was observed

with either catalytically inactive Tal (H695A) or upon expression of ASB-Tsgl01,
which could not interact with Tal. Tsgl01 was reported to be included within virus-
like particles [Myers and Allen, (2002) J Virol 76, 11226-35]. Interestingly, in the
presence of Tsgl01, H695A-Tal but not wild type Tal was also seen in VLPs (right
second panel from top).

Interestingly, unlike WT-hTal, all ubiquitylation-defective mutants of hTal,
namely H695A, C675A and ACC, were detectable in VLPs (Figures 7a and 7b).
Presumably, a Tsgl01-hTal complex escorts Gag into viral particles, but the complex
is dissociated, and Tal escapes exocytosis upon ubiquitylation of Tsgl01 or Gag.

In order to better understand the counter effects of HIV-1 Gag on Tal and vis
versa, GFP-Gag was expressed in HeLa-SS6 cells. When co-expressed with WT-
hTal, Gag significantly narrowed the sub-membranal distribution of hTal to a fine
peripheral layer containing both proteins (Figure 7¢). In contrast to WT-hTal, the
mis-localized C675A-hTal altered the distribution of Gag, and both co-localized to
circular structures similar to those observed with other dominant negative mutants of
Tal.

Gag contains a PTAP motif, which recruits Tsgl01 to virus budding sites
[Garrus et al. (2001) Cell 107:55-65; Martin-Serrano et al. (2001) Nat. Med. 7:1313-
9; VerPlank et al. (2001) Proc. Natl. Acad. Sci. USA 98:7724-9; Demirov et al.

* (2002) Proc. Natl. Acad. Sci. USA 99:955-60; Myers and Allen (2002) J. Virol.
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76:11226-35; Pornillos et al. (2002a) Nat. Struct. Biol. 9:812-7]. In addition, it has

been shown that Tsgl01 multimerizes via its CC domain (Martin-Serrano et al. 2003,
supra). Hence, the observed co-distribution of hTal and GFP-Gag might be mediated
by a Gag-(Tsgl01),-Tal complex. Indeed, the Gag polyprotein (Pr55%¢) and Tal
underwent co-immunoprecipitation when co-expressed, but blocking expression of
TsglO1l by using a specific siRNA (SEQ ID NOs: 41-44) practically abolished
complex formation (Figure 7f). Hence, it is likely that a Tsgl01-Tal complex is
recruited by Gag to sites of virus egress.

This conclusion predicts insertion of Tal into VLPs, as has been reported for
Tsgl01 [Myers and Allen (2002) J. Virol.76:11226-35].

Indeed co-budding expveriments performed in HEK-293T cells supported
budding of hTal. Unlike a PTAP deletion mutant of hTal, which cannot bind Tsg101,
WT-hTal was detectable in VLPs (Figure 7g). Moreover, more effective insertion into
VLPs was observed with C675A-hTal (Figure 7g), a ubiquitylation-defective mutant
that strongly binds to and decreases solubility of Tsg101 (Figure 4c).

These observations suggested that a stable, perhaps un-ubiquitylated, Tal-
TsglO1 complex is essential for insertion of Tal into VLPs. Hence ACC-hTal, an
ubiquitylation-defective mutant that binds Tsgl01 even stronger than C675A-hTal
was tested. Extremely effective insertion of ACC-hTal into VLPs was observed
(Figure 7b), which reinforces the interpretation that Tsgl01 drives Tal into budding
HIV-1 particles.

Because Tsgl01 plays an essential role in budding of HIV-1 (Garrus et al.
2001; Martin-Serrano et al. 2001; Demirov et al. 2002 supra) as Tal profoundly alters
TsglO1 partitioning by means of multi-ubiquitylation (Figures 4a-d and 5a-€), Tal’s
effect on VLP release was addressed. A Tal-specific siRNA (denoted Tal-1252)
dramatically increased budding (Figure 7h), consistent with ubiquitylation-mediated
inactivation of Tsgl01. Interestingly, only limited inhibition of VLP release was
observed in cells overexpressing hTal, but co-expression of Tal and Tsgl01 almost
blocked egress (Figure 7a).

Ubiquitin plays an important, albeit poorly understood role in viral budding
[Ott et al., (2003) , J Virol 77, 3384-93; Schubert et al., (2000) Proc Natl Acad Sci U
S A 97, 13057-62]. Hence, a role for hTal and Tsgl01 in Gag ubiquitylation was then

determined. As shown in Figure 7c¢, overexpression of Tsgl01 significantly increased
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ubiquitylation of p55-Gag. Similarly, it has been reported that overexpression of
Tsgl01 increases ubiquitylation of HIV-2 Gag [Myers and Allen, (2002) , J Virol 76,
11226-35]. Co-expression of hTal with Tsgl01 decreased Gag ubiquitylation to the
basal level, preéumably because the stoichiometry of a transient Tal-Tsgl01-Gag
complex was disrupted. Consistent with this possibility, catalytically-defective forms
of hTal (i.e., ACC and C675A) acted as dominant negative mutants that reduce Gag
ubiquitylation below the background level (Figure 7c, and data not shown). Further,
when co-expressed with these mutants, the Gag protein lost solubility. In conclusion,
because inactive mutants of hTal reduce Gag ubiquitylation and they are co-
exocytosed with Gag, it is conceivable that transient Gag-Tsgl01-Tal complexes are
necessary for budding, whereas blocking complex dissociation, or interrupting its
stoichiometry, inhibits Gag ubiquitylation, and consequently reduces budding
efficiency.

In many assembly-defective Gag mutants, processing of the Gag precursor is
impaired. Notably, the ACC mutant of hTal impaired processing of p55-Gag to the
p24 species (Figure 7c), suggesting that in cells expressing this hTal mutant, Gag
molecules may assemble incorrectly. To test this prediction, a single-cycle infection
assay in cells expressing a mixture of three plasmids that generate an infectious, GFP-
encoding vector based on HIV-1 was employed [Naldini et al., (1996) Proc Natl Acad
Sci USA 93, 11382-11388]. VLP-containing supernatants were used to infect naive
cells, whose GFP fluorescence was determined. The results presented in Figure 7d
indicate that overexpression of hTal reduces infectivity by approximately 40%, but
when combined with an ectopic TsglOl, hTal exerted a significantly greater
inhibitory effect. RING or CC mutants of hTal potently inhibited HIV-1 infectivity
even in the absence of an ectopic Tsgl01, probably reflecting interactions with the
endogenous nglOi protein. Interestingly, a PTAP-defective mutant of hTal, which
only weakly binds and ubiquitylates Tsg101, mediated a relatively mild effect on viral
infectivity. Conceivably, through complex formation with and ubiquitylation of
Tsgl01, hTal plays a critical role in Gag polyprotein assembly and egress to generate
a fully infectious HIV. '

In conclusion, Tal-mediated ubiquitylation of TsglO1 likely inactivates its
virus release function, in analogy to the inhibitory action of Tal on Tsgl01 function in
late-stage endocytosis (Figures 8a-e further described below).
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EXAMPLE 7

Tal-mediated unbiquitylation of Tsg101 controls sorting event in EGFR endocytosis
Normal internalization of EGFRs was observed in fibroblasts depleted of
Tsg101, but instead of trafficking to lysosomes, EGFRs were shunted in the MVB to a
recycling pathway [Babst et al., (2000) Traffic 1, 248-58]. To analyze possible roles
for hTal in endocytosis, a fluorescent derivative of EGF was used.

Notably, overexpression of hTal did not affect the rapid translocation of
membranal EGFRs to endocytic vesicles (Figure 8a, and data not shown). While the
majority of hTal remained close to the plasma membrane, a fraction co-localized with
the internalized EGFR. In contrast, no co-localization was observed in cells
expressing a catalytically-defective mutant of hTal (H695A). Surprisingly, in some
experiments a reduced binding of the fluorescent derivative of EGF to cells
expressing catalytically-inactive mutants of hTal was observed (data not shown).

Consistent with this observation, two dominant negative mutants of hTal
(C675A and ACC) accelerated degradation of surface biotinylated EGFRs, even in the
absence of EGF (Figure 8b). To rigorously link the endocytic fate of EGFR to Tal, a
HEK-293T cell system that expresses a catalytically inactive mutant of hTal from the
inducible ecdysone promoter was established. As shown in Figure 8c, upon induction
with Muristerone A, C675A-hTal reduced expression of the endogenous EGFR of
HEK-293T cells. Consistently, WT-hTal moderately increased receptor stability and
enhanced Tsgl01 levels by increasing protein solubility. These results were further
substantiated by a Tal-specific small interfering RNA sequences (siRNA). Two
siRNA oligonucleotides (SEQ ID NOs: 45, 46, 47 and 48) that effectively reduced
expression of the endogenous hTal in human cells, as revealed by using anti-Tal
antibodies (Figure 8d) were identified. When transfected into HeLa-SS6 cells, these
oligonucleotides significantly accelerated EGF-induced degradation of endogenous
EGFR molecules, consistent with a role for hTal in restraining late sorting of EGFR to
degradation.

To test the prediction that hTal regulates endocytic degradation of EGFR,
rather than maturation and delivery to the plasma membrane, EGFR was subjected to
a short pulse of metabolic labeling and subsequent receptor maturation and
degradation were followed (Figure 8¢). As shown in Figure 8e, exogenously
expressed C675A-hTal did not affect the rate of synthesis of the precursor p140ECTR
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which gradually matured to p170EGFR. The latter, however, disappeared more rapidly

in the presence of C675A-hTal.

In conclusion, these results attribute to hTal a role in late endocytic sorting of
internalized EGFRs, and together with observations made with HIV-Gag, they
support a general function in budding away from the cytoplasm.

The mechanism underlying the ability of catalytically inactive mutants of hTal
to accelerate endocytic degradation of EGFR was then addressed. According to one
model, Tsgl01 directly binds mono-ubiquitylated cargoes like EGFR, and sorts them
to the lumen of MVBs [Katzmann et al. (2002) Cell 106:145-55]. Presumably, the
sorting function of Tsgl01 is inactivated upon ubiquitylation by Tal, but catalytically
defective forms of Tal can maintain Tsgl01 in its active, de-ubiquitylated state. This
model predicts formation of a stable sorting complex containing both EGFR and
C675A-hTal.

Indeed, by using the above-described inducible hTal, a co-immunoprecipitate
including EGFR with C675A-hTal was detected (Figure 8f). No complex was
detectable in cells expressing WT-hTal or in un-induced cells, in line with the
proposed model of Tal’s action.

Since WT-hTal is able to stabilize EGFR at the cell surface (Figures 8d and
8e), the effect of Tal on EGFR-mediated signaling, a process regulated primarily
M6ugh receptor endocytosis was addressed [reviewed in Waterman and Yarden
(2001) FEBS Lett. 490:142-52]. Indeed, the onset phase of MAPK activation by EGF
was similar in control and in hTal-expressiﬁg cells, but the inactivation phase almost
disappeared when hTal was over-expressed (Figure 8g). Notably, a similar behavior
of MAPK signaling was observed in cells defective in Tsgl01 [Babst et al. (2000)
Traffic 1:248-58], in line with the proposition that Tal inactivates Tsg101 by means of
multi-ubiquitylation.

EXAMPLE 8
Inhibition of HIV-1 budding using a Tal-derived peptide
Experimental Procedures and Results

As budding of the HIV-1 Gag is dependent on active Tsgl01 complexes, it was

- hypothesized that sequestering Tsgl01 from HIV-1 Gag will inhibit budding. Since

Tsgl01 binds more effectively to a double PTAP motif (VerPlank et-al 2001, supra),
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the two adjacent PTAP-PSAP motifs of Tal were included in a GFP-fusion peptide
(SEQ ID NO: 51).

Using flanking primers, the region encompassing nucleotides 2019-2088 of tal
was amplified and ligated into the pEGFP-C1 vector (Clontech, Figure 9a). As shown
in Figure 9b, co-expression of GFP-PTAP along with the HIV-1 Gag completely
blocked budding as comperd to control expesssing HIV-1 Gag along with a GFP empty
vector. These results substantiate the PTAP-PSAPpeptide (SEQ ID NO: 51), as a
valuable anti HIV therapeutic tool.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims.  All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by refereﬂce
into the specification, to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated herein
by reference. In addition, citation or identification of any reference in this application
shall not be construed as an admission that such reference is available as prior art to the

present invention.
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WHAT IS CLAIMED IS:

1. An isolated polynucleotide encoding a polypeptide having a sequence
of at least 10 and no more than 500 amino acids, wherein said sequence is derived
from the amino acid sequences of SEQ ID NO: 2, 4 or 6.

2. The isolated polynucleotide of claim 1, wherein said sequence is as set
forth in amino acid coordinates 490-723 of SEQ ID NO: 2.

3. The isolated polynucleotide of claim 1, wherein said sequence is as set
forth in amino acid coordinates 647-723 of SEQ ID NO: 2.

4. The isolated polynucleotide of claim 1, wherein said sequence is as set
forth in amino acid coordinates 647-665 of SEQ ID NO: 2.

5. The isolated polynucleotide of claim 1, wherein said sequence is as set
forth in amino acid coordinates 647-667 of SEQ ID NO: 2.

6. The isolated polynucleotide of claim 2, wherein said sequence said

polypeptide is encoded by nucleotide coordinates 1556-2255 of SEQ ID NO: 1.

7. The isolated polynucleotide of claim 3, wherein said sequence of said
polypeptide is encoded by nucleotide coordinates 2025-2255 of SEQ ID NO: 1.

8. The isolated polynucleotide of claim 4, wherein said sequence of said
polypeptide is encoded by nucleotide coordinates 2025-2079 of SEQ ID NO: 1.

9. The isolated polynucleotide of claim 5, wherein said sequence of said

polypeptide is encoded by nucleotide coordinates 2019-2088 of SEQ ID NO: 1.

10. A nucleic acid construct comprising the isolated polynucleotide of

claim 1.
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11.  The nucleic acid construct of claim 10, further comprising a promoter

for regulating transcription of the isolated polynucleotide in sense or antisense

orientation.

12.  The nucleic acid construct of claim 10, further comprising a positive

and a negative selection markers for selecting for homologous recombination events.
13.  Ahost cell comprising the nucleic acid construct of claim 10.
14.  Anisolated polynucleotide as set forth in SEQ ID NO: 38, 39 or 40.
15.  Anisolated poiypeptide comprising an amino acid sequence of at least
10 and no more than 500 amino acids, wherein said amino acid sequence is derived

from SEQ ID NO: 2, 4 or 6.

16.  The isolated polypeptide of claim 15, wherein said amino acid
sequence is as set forth in SEQ ID NO: 7, 8, 37 or 51.

17.  The isolated polypeptide of claim 15, wherein said amino acid

sequence is as set forth in amino acid coordinates 490-723 of SEQ ID NO: 2.

18.  The isolated polypeptide of claim 15, wherein said amino acid
sequence is as set forth in amino acid coordinates 647-723 of SEQID NO: 2.

19.  The isolated polypeptide of claim 15, wherein said amino acid
sequence is as set forth in amino acid coordinates 647-665 of SEQ ID NO: 2.

20.  The isolated polypeptide of claim 15, wherein said amino acid
sequence is as set forth in amino acid coordinates 647-667 of SEQ ID NO: 2.

21.  The isolated polypeptide of claim 17, wherein said amino acid
sequence is encoded by nucleotide coordinates 1556-2255 of SEQ ID NO: 1.
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22.  The isolated polypeptide of claim 18, wherein said amino acid

sequence is encoded by nucleotide coordinates 2025-2255 of SEQ ID NO: 1.

23.  The isolated polypeptide of claim 19, wherein said amino acid
sequence is encoded by nucleotide coordinates 2025-2079 of SEQ ID NO: 1.

24.  The isolated polypeptide of claim 20, wherein said amino acid
sequence is encoded by nucleotide coordinates 2019-2088 of SEQ ID NO: 1.

25, An antibody or an antibody fragment being capable of specifically
binding a polypeptide at least 90 % homologous to SEQ ID NO: 2, as determined
using the BestFit sofiware of the Wisconsin sequence analysis package, utilizing the
Smith and Waterman algorithm, where the gép creation equals 8 and gap extension

penalty equals 2.

26.  The antibody or éntibody fragment of claim 25, wherein said
polypeptide is as set forth in SEQ ID NO: 2, 4 or 6.

27. A display library comprising a plurality of display vehicles each
displaying at least 6 consecutive amino acids derived from a polypeptide at least 90
% homologous to SEQ ID NOs: 2 as determined using the BestFit software of the
Wisconsin sequence analysis package, utilizing the Smith and Waterman algorithm,

where gap creation penalty equals 8 and gap extension penalty equals 2.

28.  An oligonucleotide specifically hybridizable with a nucleic acid
sequence as set forth in SEQID NO: 1.

29. The oligonucleotide of claim 28, wherein said oligonucleotide is a

single or double stranded.

30.  The oligonucleotide of claim 28, wherein said oligonucleotide is at

least 10 bases long.
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31. The oligonucleotide of claim 28, wherein said oligonucleotide is

hybridizable in either sense or antisense orientation.

32. A pharmaceutical composition comprising a therapeutically effective
amount of at least an active portion of a polypeptide being at least 90 % homologous
to SEQ ID NO: 2, as determined using the BestFit software of the Wisconsin
sequence analysis package, utilizing the Smith and Waterman algorithm, where the
gap creation equals 8 and gap extension penalty equals 2 or an active portion thereof

and a pharmaceutically acceptable carrier or diluent.

33.  The pharmaceutical composition of claim 32, wherein said polypeptide
is as set forth in SEQ ID NO: 2, 4 or 6.

34,  The pharmaceutical composition of claim 32, wherein said active
portion of the polypeptide is as set forth in amino acid coordinates 490-723 of SEQ
ID NO: 2.

35.  The pharmaceutical composition of claim 32, wherein said active
portion of the polypeptide is as set forth in amino acid coordinates 647-723 of SEQ
IDNO: 2.

36.  The pharmaceutical composition of claim 32, wherein said active
portion of the polypeptide is as set forth in amino acid coordinates 647-665 of SEQ
ID NO: 2.

37.  The pharmaceutical composition of claim 32, wherein said active
portion of the polypeptide is as set forth in amino acid coordinates 647-667 of SEQ
ID NO: 2.

38.  The pharmaceutical composition of claim 34, wherein said active
portion of the polypeptide is encoded by nucleotide coordinates 1556-2255 of SEQ ID
NO: 1.
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39.  The pharmaceutical composition of claim 35, wherein said active

portion of the polypeptide is encoded by nucleotide coordinates 2025-2255 of SEQ ID
NO: 1.

40.  The pharmaceutical composition of claim 36, wherein said active
portion of the polypeptide is encoded by nucleotide coordinates 2025-2079 of SEQ ID
NO: 1.

41.  The pharmaceutical composition of claim 37, wherein said active
portion of the polypeptide is encoded by nucleotide coordinates 2019-2088 of SEQ ID
NO: 1.

42. A method of treating HIV infection in a subject, the method
comprising providing to a subject in need thereof a therapeutically effective amount
of at least an active portion of a polypeptide being at least 90 % homologous to SEQ
ID NO: 2, as determined using the BestFit software of the Wisconsin sequence
analysis package, utilizing fhe Smith and Waterman algorithm, where the gap creation
equals 8 and gap extension penalty equals 2 or an active portion thereof, to thereby
treat the HIV infection in the subject.

43.  The method of claim 42, wherein said polypeptide is as set forth in
SEQ ID NO: 2, 4 or 6.

44.  The method of claim 42, wherein said active portion of said

polypeptide is as set forth in amino acid coordinates 490-723 of SEQ ID NO: 2.

45.  The method of ciaim 42, wherein said active portion of said

polypeptide is as set forth in amino acid coordinates 647-723 of SEQ ID NO: 2.

46. The method of claim 42, wherein said active portion of said

polypeptide is as set forth in amino acid coordinates 647-665 of SEQ ID NO: 2.
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47.  The method of claim 42, wherein said active portion of said

polypeptide is as set forth in amino acid coordinates 647-667 of SEQ ID NO: 2.

48. The method of claim 44, wherein said active portion of said

polypeptide is encoded by nucleotide coordinates 1556-2255 of SEQ ID NO: 1.

49. The method of claim 45, wherein said active portion of said

polypeptide is encoded by nucleotide coordinates 2025-2255 of SEQ ID NO: 1.

50. The method of claim 46, wherein said active portion of said

polypeptide is encoded by nucleotide coordinates 2025-2079 of SEQ ID NO: 1.

51. The method of claim 47, wherein said active portion of said

polypeptide is encoded by nucleotide coordinates 2019-2088 of SEQ ID NO: 1.

52.  The method of claim 42, wherein said providing is effected By:

@) administering said polypeptide to the subject; and/or

(il)  administering an expressible polynucleotide encoding said polypeptide
to the subject.

53.  The method of claim 42, further comprising providing to the subject a
therapeutically effective amount of Tsgl01.

54. A nucleic acid construct system comprising:

(a)  a first nucleic acid construct including a first polynucleotide encoding
at least an active portion of a polypeptide being at least 90 %
hqniologous to SEQ ID NO: 2, as determined using the BestFit
software of the Wisconsin sequence analysis package, utilizing the
Smith and Waterman algorithm, where the gap creation equals 8 and
gap extension penalty equals 2; and

(b) a second nucleic acid construct including a second polynucleotide

encoding Tsg101 or an active portion thereof.
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55.  The nucleic acid construct system of claim 54, wherein said

polypeptide is as set forth in SEQ ID NO: 2, 4 or 6.

56.  The nucleic acid construct system of claim 54, wherein said first
polynucleotide is at least 85 % identical to SEQ ID NO: 1, as determined using the
BestFit software of the Wisconsin sequence analysis package, utilizing the Smith and
Waterman algorithm, where gap weight equals 50, length weight equals 3, average

match equals 10 and average mismatch equals -9.

57.  The nucleic acid construct system of claim 54, wherein said first
polynucleotide is as set forth in SEQ ID NO: 1, 3 or 5.

58.  The nucleic acid construct system of claim 54, wherein said active
portion of said polypeptide is as set forth in amino acid coordinates 490-723 of SEQ
ID NO: 2.

59.  The nucleic acid construct system of claim 54, wherein said active .
portion of said polypeptide is as set forth in amino acid coordinates 647-723 of SEQ
ID NO: 2.

60.  The nucleic acid construct system of claim 54, wherein said active
portion of said polypeptide is as set forth in amino acid coordinates 647-665 of SEQ
ID NO: 2.

61.  The nucleic acid construct system of claim 54, wherein said active
portion of said polypeptide is as set forth in amino acid coordinates 647-667 of SEQ
ID NO: 2.

62. = The nucleic acid construct system of claim 58, wherein said active
portion of said polypeptide is encoded by nucleotide coordinates 1556-2255 of SEQ
ID NO: 1.
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63.  The nucleic acid construct system of claim 59, wherein said active
portion of said polypeptide is encoded by nucleotide coordinates 2025-2255 of SEQ
ID NO: 1.

64. The nucleic acid construct system of claim 60, wherein said active
portion of said polypeptide is encoded by nucleotide coordinates 2025-2079 of SEQ
ID NO: 1.

65.  The nucleic acid construct system of claim 61, wherein said active
portion of said polypeptide is encoded by nucleotide coordinates 2019-2088 of SEQ
ID NO: 1.

66.  The nucleic acid construct system of claim 54, wherein each of said
first and second nucleic acid constructs further include a promoter for regulating

transcription of said first and second polynucleotides in sense or antisense orientation.

67.  The nucleic acid construct system of claim 66, wherein said promoter

is active in a mammalian cell.

68. A nucleic acid construct comprising a first polynucleotide encoding at

least an active portion of a polypeptide being at least 90 % homologous to SEQ ID

NO: 2, as determined using the BestFit software of the Wisconsin sequence analysis

_package, utilizing the Smith and Waterman algorithm, where the gap creation equals 8
and gap extension penalty equals 2 and a second polynucleotide encoding Tsg101.

69.  The nucleic acid construct of claim 68, wherein said polypeptide is as
set forth in SEQ ID NO: 2, 4 or 6.

70.  The nucleic acid construct system of 36, wherein said first
polynucleotide is at least 85% identical to SEQ ID NO: 1, as determined using the
BestFit software of the Wisconsin sequence analysis package, utilizing the Smith and
Waterman algorithm, where gap weight equals 50, length weight equals 3, average

match equals 10 and average mismatch equals -9.
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71.  The nucleic acid construct of claim 68, wherein said first

polynucleotide is as set forth in SEQ ID NO: 1, 3 or 5.

72.  The nucleic acid construct of claim 68, wherein said active portion of

said polypeptide’is as set forth in amino acid coordinates 490-723 of SEQ ID NO: 2.

73.  The nucleic acid construct of claim 68, wherein said active portion of

said polypeptide is as set forth in amino acid coordinates 647-723 of SEQ ID NO: 2.

74.  The nucleic acid construct of claim 68, wherein said active portion of

said polypeptide is as set forth in amino acid coordinates 647-667 of SEQ ID NO: 2.

75.  The nucleic acid construct of claim 68, wherein said active portion of
said polypeptide is as set forth in amino acid coordinates 647-665 of SEQ ID NO: 2.

76.  The nucleic acid construct of claim 72, wherein said active portion of
said polypeptide is encoded by nucleotide coordinates 1556-2255 of SEQ ID NO: 1.

77.  The nucleic acid construct of claim 73, wherein said active portion of

said polypeptide is encoded by nucleotide coordinates 2025-2255 of SEQ ID NO: 1.

78.  The nucleic acid construct of claim 75, wherein said active portion of
said polypeptide is encoded by nucleotide coordinates 2025-2079 of SEQ ID NO: 1.

79.  The nucleic acid construct of claim 74, wherein said active portion of
said polypeptide is encoded by nucleotide coordinates 2019-2088 of SEQ ID NO: 1.

80.  The nucleic acid construct of claim 68, further comprises a promoter
for regulating transcription of said first and second polynucleotides in sense or

antisense orientation.

81.  The nucleic acid construct of claim 80, wherein said promoter is active

in a mammalian cell.
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82. A method of treating HIV infection and/or a hyperproliferative disease
associated with disregulated activity of Tsgl01 in a subject, the method comprises
downregulating in a subject in need thereof a polypeptide being at least 90 %
homologous to SEQ ID NO: 2, as determined using the BestFit software of the
Wisconsin sequence analysis package, utilizing the Smith and Waterman algorithm,
where the gap creation equals 8 and gap extension penalty equals 2, to thereby treat
the HIV infection in the subject.

83.  The method of claim 82, wherein said downregulating is effected by
downregulating a polynucleotide encoding said polypeptide.

84. The method of claim 83, wherein said downregulating said
polynucleoﬁde is effected using a ribozyme being specifically hybridizable with said
polynucleotide. '

85. The method of claim 83, wherein said downregulating said
polynucleotide is effected using an antisense being specifically hybridizable with said

polynucleotide.

86. The method of claim 83, wherein said downregulating said
polynucleotide is effected using a small interfering RNA duplex being specifically
hybridizable with said polynucleotide.

87.  The method of claim 86, wherein said small interfering RNA duplex is
set forth in SEQ ID NOs: 45 and 46.

88.  The method of claim 87, wherein said small interfering RNA duplex is
set forth in SEQ ID NOs: 47 and 48.

89.  The method of claim 83, wherein said downregulating said polypeptide

is effected using an antibody.
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<120> POLYNUCLEOTIDES, POLYPEPTIDES AND ANTIBODIES AND USE THEREOF IN
TREATING TSG101-ASSOCIATED DISEASES

<130> 2818

<160> 53

6

<170> PatentIn version 3.2

<210> 1
<211> 2893
<212> DNA

<213> Homo sapiens

<400> 1

ggcacgagga tcaggaaggg ggtgcaagag

aaagatcgcet
aggaggcteg
acattctcga
gcaaagttcet
ccaaatcetg
agctgacage
aaaggaatca
tcaatgttaa
tgegtacect
ttcgaaccct
tgtgtggtge
actacccccq
gggacagecc
ggttetecaga
ggegectgga
aggatgagat
agcaccageg
aacagaacat
gctecgagat
taacccagga
tgctgactga
acttggteca
tgtegtggea
tgcagaaggc
ggagccagat

ggaagtccct

ctgggaaaag
gaaacgectyg
catctctaaa
gcagaagaag
cagcctectg
cettectgac
actgatgeag
agacaacaag
caacatcagt
ggagatgctg
cggcactgeg
ttctecagtac
tgatgggece
ctatgagaag
actggggcag
ccttcagacg
ccacctegac
tteccageegy
tttgaaatcg
ggagactgag
gagctgtéag
gcaggectgt
gcaaatggat
tgcegttegag
taagttaata

ggacacagag

ggaaggatge
gagtaccaga
tgtgagetct
gtgctgateg
agtctggeaa
gatctgggge
ctececcacgtt
ctgaaggagce
ggaaacgaga
ageccttgacy
gccatettge
ttgctgecaa
acggacagat
aggaaggaac
cgggagcaca
gtcaaggagy
gcagagceggce
atccagaage
ctggaaaatg
agectgegge
aaccggctea
tccagcatgg
cagaacaaag
gcactecagyg
gaaactgagt

tcactecagy

ggttagtgat
cgectettett
tgtgtttgge
cagagattcc
teccacacgaa
ccattaaggt
agctgactge
ccattgggaa
ttecagacac
teocagagatt
ccteggecat
agttcctetg
ttectggagea
tetcaaggga
agaagatget
ccecagetect
agcagtececg
agcggetgea
tgctgcagga
aaagaataag
gacgtgacgt
teccagatgge
ccgaaatgga
ccatcageca
tgaagaaaga
tattgecagcet

agatgatctc

tggggagcag
ccggaagegg
aaaagaagct
atttggaget
tecaccteact
tctagatete
cctecaggte
cctgacccag
cgtgggggag
gccgeagatg
ggtctaceceg
caaagagtca
agatggaatc
ggagttagag
ggagaaactc
tcagcagage
gctggageag
ggagcagctg
caatcagaga
aatggaacag
tgccteoegee
ctacgaatct
tgaacgattc
gatcctgeag
cctgatgeat
gacacagctg

ggagcagege

aaggggtect
aaacccagtg
ggggcagatg
tttgcaacat
teectgette
cacgataatc
ttaaacgtgg
ctecagacte
cttegaagee
ctggctcacg
ccgegggagg
gggctggaat
gagaactctc
tggcagaaca
gagtttgaac
agcagccaga
ggcctgagtyg
aagcagacgg
caaaagaaaa
ttgatgtcca
atgcagcaga
cagaggcaga
cagcagattc
gagagcgega
cggcagatca
gagttaaaga

tgggcecctea

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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getecctget ccageagetyg

tectgacgga gttagaagec

atcaacggct tttgaaccag

geccagetggt ggccctectg

accaccgcecet ctecactggac

gcegtectecaga agectggectg

cagccaggat ccagccagag

cccaggagee tectgagtet

cctecagagtyg tgtegtgtge

acgtctgetg ckgecageag

acategccca gegectécge

tggtectage cetgectegg

cagactegta tgaggcetcce

tectaagete caagcatgtc

tctgaatggt cctggggget

gecagegtece cagectaate

cgecectgea ggagettggg

atgtgggaag ggagcaggag

tggtgecagge ctgtgetcac

ccagaaccec ggggceccteco

tccgaageag gagtgteaat

aaaaaaaaaa aaa

<210> 2
<211> 723
<212> PRT

<213> Homo sapiens

<400>

Met Pro Leu Phe Phe Arg Lys

1

Arg Leu

Ile Leu

Phe Ala
50

Asn His
65

Ala Thr

2

5

Glu Tyr Gln Met Cys

20

Agp Ile Ser Lys Cys

35

ctcaaagaga
aaaagtgaaa
aagecccttgt
gaggagcetgt
ctgctgagee
cagcacgaga
ctgaaaccac
gtgaggccat
ctggaacggyg
tgetgecage
atctaccaca
ccactgtgag
ceetgeectg
tgggecaggce
ggggctggag
acggatctge
tectecatetg
ggcctggetg
agtggcacca
tgctecteeac

aaacctgtet
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agcagcagceg agaggaagag

ccaggcagga
cecttgaaget
cggctgagea
aaatgagccc
teccteeggag
caatgggtga
ccgeteecce
aggcccagat
cactgcgcac
gcagctgagt
cceegggcte
ggcccecttee
agaggtgcte
aggccgetge
tgeccteccag
ggggccatge
ggtgagggga
gcaaccctgg
aactgtecect

tcagtgecgaa

Arg Lys Pro Ser

10

Leu Ala Lys Glu

25

40

Glu‘Leﬁ Ser Glu

Thr Cys Lys Val Leu Gln Lys Lys Val

55

Leu Thr Ser Leu Leu Pro Lys Ser Cys

70

- 75

Ile Lys Val Leu Asp Leu His Asp Asn

85

20

aaattactgg

gcaagaagag

ctacctgeee

aggggacctg

agtccaggaa

ggtegtcacce

tgcagagctg

gatctteete

ctgcecegetg

gcetgeccoegece

ctgetecagee

ccactgeeca

ctcatccatg

accaccacce

ctgtettgac

acaggcccgt

ggcettectg

gtcteoectet

ccttaccecea

aaaaaaaaaa

Glu

Ala

Ile

Leu

60

Ser

Gln

Glu

Gly

Pro

45

Ile

Leu

Leu

Ala

Ala

30

Phe

Vval

Leu

Thx

ctecgggaaa
ctgattcagt
gggatggage
atctttgege
gccaaggtgg
ctgctggatyg
cctacggece
gaggtgcagg
aactgtggce
tgcegecagy
cacctgggee
ttgtgecage
ggagccccca
acaccaccag
gagcctggga
tgaaggccac
cecacectge
ggaaggcgtg
ctgctgetee
tgtagctcega

aaaaaaaaaa

Arg Lys

Asp Asp

Gly Ala

His Thr

Ser Leu

80

Ala Leu
95
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Pro

Leu

Thr

145

Glu

Met

Gly

Gln

2285

Glu

Ser

Arg
305

Ser

Ser

Lieu

Val
385

Asp

Asn

Gln

130

Vval

Ile

Leu

Gly

Leu

210

Asp

Phe

Lys

Leu

Ser

290

Leu

Gln

Arg

Glu

Met

370

Ala

Asp

Gln

115

Thr

Gly

Gln

Ser

Ala

195

Glu

Gly

Ser

Axg

Glu

275

Gln

Glu

Arg

Ile

Ile

355

Ser

Ser

Leu

100

Leu

Leu

Glu

Arg

Leu

180

Gly

Ile

Arg

Lys

260

Leu

Lys

Gln

Leu

Gln

340

Leu

Tle

Ala

Gly
Met
Asn
Leu
Leu
165
Asp

Thr

Glu
Glu
245
Glu
Gly
Asp
Gly
Gln
325
Lys
Lys

Thr

Met

Gln

Gln

Val

Arg

150

Pro

Ala

Ala

Pro

Asn

230

Glu

Gln

Gln

Glu

Leu

310

Glu

Leu

Ser

Gln

Gln
390

Leu

Leu

Lys

135

Ser

Gln

Ser

Ala

Pro

215

Ser

Leu

Lys

Arg

Ile

295

Ser

Gln

Leu

Leu

Glu

375

Gln

Thr

Pro

120

Asp

Leu

Met

Ala

Ile

200

Ser

Arg

Glu

Met

Glu

280

Leu

Glu

Leu

Gln

Glu

360

Glu

Met

Ala

105

Arg

Asn

Arg

Leu

Met

185

Leu

Gln

Asp

Trp

Leu

265

His

Gln

His

Lys

Asp

345

Asn

Thr

Leu

Leu

Ser

Lys

Thr

Ala

170

val

Gln

Ser

Gln

250

Glu

Thr

Thr

Gln

Gln

330

Asn

Glu

Glu
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Gln

Ile

Leu

Leu

155

His

Phe

Leu

Pro

235

Asn

Lys

Gln

val

Arg

315

Thr

Glin

Arg

Ser

Glu
395

Val

Gly

Lys

140

Asn

Val

Pro

Leu

Leu

220

Asp

Arg

Leu

Leu

Lys

300

Glu

Arg

Ile

Leu

380

Ser

Leu Asn
110

Asn Leu
125

Glu Leu

Ile Ser

Arg Thr

Pro Arg
190

Cys Lys
2058

Pro Ile

Gly Pro

Phe Ser

Glu Phe
270

Leu Gln
285

Glu Glu

Leu Asp

Gln Asn

Gln Lys

‘350

Arg Met
365

Arg Arg

Cys Lys

val

Thr

Pro

Gly

Leu

175

Glu

Glu

Leu

Asp

255

Glu

Gln

Gln

Ala

Ile

335

Lys

Glu

Arg

Asn

Glu

Gln

Asp

Asn

160

Glu

val

Ser

Glu

Asp

240

Arg

Ser

Ser

Glu

320

Ser

Ser

Gln

Asp

Arg
400
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Leu

Ala

Ser

Glu

Asp

465

Glu

Ser

Leu

Glu

545

Leu

Leu

His

Ala

Arg

625

Pro

Glu

Ser

Asn

Ile

cys

Txp

Ser

450

Leu

Leu

Glu

Leu

Arg

530

Asn

Ser

Leu

Arg

Lys

610

Val

Pro

Ser

Glu

Cys

Gln

Ser

Gln

435

Ala

Met

Leu

Ser

Leu

515

Glu

Leu

Glu

Leu

595

Val

Gln

Met

Val

Cys
675

Gly

Met

Ser

420

Gln

Met

His

Gln

Leu

500

Gln

Ile

Lys

Glu

580

Ser

Gly

Glu

Gly

Arg

660

Val

His

Ala Tyr
405

Met Ala
Met Asp
Gln Lys
Arg Gln

470

Leu Thr
485

Gin Glu
Gln Leu
Leu Thr
Leu Tle

550

Leu Gln
565
Leu Ser

Leu Asp

Val Ser

Leu Leu

630

Glu Vval

645

Pro Ser

Vval Cys

Val Cys

Glu

Glu

Gln

Ala

455

Ile

Gln

Met

Leu

Glu

535

Gln

Glu

Ala

Leu

Glu

615

Asp

vVal

Ala

Leu

Cys

Ser

Met

Asn

440

Ala

Axg

Leu

Ile

Lys

520

Leu

Glu

Glu

Leu

600

Ala

Ala

Thr

Pro

Glu

680

Cys

Gln

Asp

425

Lys

Phe

Ser

Glu

Ser

505

Glu

Glu

Gln

Gly

His

585

Ser

Gly

Ala

Pro

Pro

665

Arg

Gln

Arg

410

Glu

Ala

Glu

Gln

Leu

490

Glu

Lys

Ala

Arg

Met

570

Gln

Leu

Arg

650

Ala

Glu

Gln

4/20

Gln

Arg

Ile

Ala

Ile

475

Lys

Gln

Gln

Lys

Leu

555

Glu

Leu

Met

Gln

Ile

635

Ala

Glu

Ala

Cys

Asn

Phe

Sexr

Leu

460

Lys

Arg

Arg

Gln

Ser

540

Leu

Arg

Pro

Ser

His

620

Gln

Pro

Leu

Gln

Leu
Gln
Gln
445
Gln
Leu
Lys
Trp
Arg
525
Glu
Asn
Gln
Ile
Pro
605
Glu
Pro
Gln
Glu
Met

685

Gln

Val

Gln

430

Ile

Val

Ile

Ser

Ala

510

Glu

Thr

Gln

Leu

Phe

590

Gly

Ile

Glu

Glu

Val

670

Ile

Pro

Gln

415

Ile

Leu

Lys

Glu

Leu

495

Leu

Glu

Arg

Lys

val

575

Ala

Asp

Leu

Leu

Pro

655

Gln

Phe

Leu

Gln

Leu

Gln

Lys

Thr

480

Asp

Ser

Glu

Gln

Pro

560

Ala

His

Leu

Arg

Lys

640

Pro

Ala

Leu

Arg
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690

695

5/20

700

Thr Cys Pro Leu Cys Arg Gln Asp Ile Ala Gln Arg Leu Arg Ile Tyr
710

705

His Ser Ser

<210> 3

<211> 2044
<212> DNA
<213> Mus

<400> 3
cttggtttct

agttteggtg
caatggtttg
agaatcggaa
caccggagga
ctggagtacce
aaatgtgage
aaggtgttga
ttgagecttg
gatgacatgg
catctececte
aagctgaagyg
agtgagaacg
ctgagectea
geggeegtge
tacctgetge
éccgéaagcc
aagcggaagg
cagcgggage
acggtcaagce
gatgcagagce
cgcattcaga
tegetggaga
gggaacctca
aﬁgagccggc
tgttccagea
gatcagaaca
gaggetctcece

atagaaactg

musculus

agaatctcga
ctcacttcta
tatctgtgge
catcggtgga
tgceccctett
agatgtgtct
tctctgagat
ttgtcecatac
tecaccatcaa
ggcagctgac
gctectattgg
agcttectga
agattcagag
acgecttgge
agcagttcect
cagtecctgga
gattctecag
agcagaagat
acgctgaget
aggagcagac
ggcagcaget
gactcctgea
atgagagaat
ggcagcgtga
tecatccagat
tggctgaaat
aagccatcag
aggtgaagaa

agttactgca

gactttgteca
tgtttgaagg
caagtctteg
ggacctececcee
ctttecggaag
ggcaaaagaa
tcecatttggy
aaaccacctce
ggttctggat
agtcctgeag

gaacctgetg

‘caccetgggg

acttccccag
aatggtctac
ctgcaaagag
gcaagatgga
ggaggagget
gctggagaag
actgcagcag
acggctagag
gcaggagcag
ggacaaccag
aagaatggag
gategecegece
ggcctatgag
ggacaagcgyg
ccagateccett
ggacctgatg

gctgacacag

715

tcectgagtty
agaccggaca
gagtgactgg
atccacagag
cggaaaccca
getggggeag
gettttgecaa
accteectge
ctcecatgaga
gtattgaatg
cagctecaga
gagctgegga
atgctggege
ccceccaccag
tcaggactgg
gcagagaaca
gaatggcaga
ctggagtteg
agccacagec
caggacctga
ctcaagcaga
aggcaaaaga
cagttgatgt
gccatgeage
tetecagagge
ttccagcaga
caggagagtg
catcggeaga

ctggagttaa

cgtgtcttte
ccagctecage
cctaccttga
ccagggtcca
gtgaggagge
atgacattc£
cgtgcaaagt
ttecccaagtce
accagctgac
tggaaagaaa
cgctcaatgt
gcectgeggac
acgtgceggac
aggtgtgtgg
actattaccc
cccaagacag
atcggttete
agcggegect
acaaggacga
gcgagegeca
cggagcagag
agagttctga
ccatcaccca
agatgctgac
agagecctgge
ttectgtettg
taatgcagaa
tcaggaacca

agaggaagtc

720

tgaaatttaa
ttttggggge
ggtccacceca
gaagagctca
tcgaaaacge
cgacatctet
tctacagaaa
ctgcagectce
agceccttect
tcaactcacg
aaaagacaac
actcgacatt
cctggagacyg
cgctggeact
accttctcag
cccagatgga
cgactacgag
ggaccttggg
gatcctgecag
gegetgtetg

categecage

gattctgaaa

ggaggagaca
ggagagetgt
gcagcaggce
gcagcagatg
ggctgeette
gattaggcta

cectggacaca
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260

1020
1080
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gagacgcttce

407

aggagatggt

ctecctgaaag agaagaagca

gccaagageg aaacgaagca

cagaagcctt

ctggtggagc
gaca

<210> 4
<211> 116
<212> PRT
<213> Mus

<400> 4

tgtecttgaa

tttetgeaga

musculus

6/20

ctcagagcag cgctgggeac
gocgggaagag gaactccatg
ggaaaattac tggctcatce
actgcaggaa gaaggcatgg

gcactacctg cccctetteg

Met Phe Glu Gly Asp Arg Thr Pro Ala Gln Leu

1

10

Leu Tyr Leu Trp Pro Ser Leu Arg Ser Asp Trp

20

Thr Gln Glu Ser Glu His Arg Trp Arg Thr Ser

35

40

Gly Ser Arg Arg Ala His Thr Gly Gly Cys Pro

50

- 55

Gly Asn Pro Val Arg Arg Leu Glu Asn Ala Txp

65

Trp Gln Lys

Ser Ser Leu

75

Lys Leu Gly Gln Met Thr Phe Ser

85

100

Arg Lys Arg Cys

115

<210> 5
<21l> 2971
<212> DNA

20

Arg Phe His Leu Gly Leu Leu Gln

105

<213> Rattus norvegicus

<400> 5
ggtccagaag

ggaagctcgg
cateccttgac
caaagttcta
caagtcctge
gctgacagec
aaggaatcaa
caacgtaaaa

ggccaccgag

aactctegea
aaacgccetgy
atctctaagt
cagaaaaagg
agcctettga
cttoctgacyg
ctgacacacc
ggtggggaca

tgtgagggtg

ggaggatgce tctettettt
agtaccagat gtgtctggea
gcgagettte cgagattcca
tgttgattgt ccacacaaac
gectegecac catcaaggtt
atattgggca gctgacagcce
tceecacgete tgttgggaac
caagcectgt geacgttace

acggatcagt ctgtctccat

tcagcaacct
gcatcctgge
agtaccaacg
agcgacgget

cccaccaceg

gctecageag
ggaattagag
gettttaaac

ggtggccetyg

catcteactyg

Leu Gly Ala Asn Gly

Pro Thr Leu Arg Ser

30

Pro Ser Thr Glu Pro

45

Ser Ser Phe Gly Ser

60

Ser Thr Arg Cys Val

80

Thr Ser Leu Asn Val

Arg Ala Lys
110

cggaagcgga
aaagaagctg
tttggggett
catctecacct
ctggatctec
ctgeaggtat
ctgetgeage
ctecaggcaac

ggcaaccaga

95

Phe Tyxr

aacccagtga
gggcagatga
ttgcaacgtg
ccctgetgec
atgacaacca
tgaatgtaga
tccagaccct
tccagagtcea

agcagtatgt
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ctatgagece
gacagaacga
gcgtacecte
gcggacectg
ttgtcacagt
atcacccetg
cctegatgee
cgtgcagcag
gctgecagte
acgcagatte
aaaggagcag
ggagcatget
caagcaggag
agaacggcag
ccagagactc
ggagaatgag
ccteaggeag
ceggeteate
cagcatggct
gaacaaagcc
acacgcgatg
gaatcccate
tgtccttctg
tecteegtett
agatgagegt
attcgagget
gctaétagaa
cacagagacg
gagagcegge
gggcgagagg
cctcaaagag
caagagtgaa
gaagectttg
ggtggagetg
catgetgage
gcaacatgaa

gttgaaacca

gagagtcaga
gacaacaagc
gacatcagtyg
gagatggttc
ggtaacaacc
tcaagccaga
ttgtecaatgg
ttectctgea
ctggagcaag
tccagggagg
aagatgctgg
gagctgetee
cagacacgge
cagctgeagg
ctgcaggaca
agaatacgaa
cgtgagatcg
cagatggeet
gaaatggaca
atcagccaga
tgtccagtce
cattttegtt
tecctggtgt
cagaatgcca

ctgacctecag

ctcecaggtaa

actgagttac
cttecagggeg
ccagecccag
gagatggtct
aagaagcagc
acgaagcagg
tcettgaage
tctgetgage
cggatgggte
atcctgegaa

cccaagaatg

gacttgtggg
taaaggagcet
aaaatgagat
tgaacaaccce
tggcegagea
ctgaggagca
tctacceceec
aagagtcagg
atggagccga
aggctgaatg
agaagctgga
agcagagceca
tegagcaggg
agcagctcaa
atcagaggca
tggagcaget
cecgeegecat
atgagtccca
agceggtteca
tcoettecagga
tgtetttget
tagatgtgga
ttggggctgt
gtcacctgge
aacctecegtt
agaaagacct
tgeagctgac
gctgetecte
tagaacagat
cagagcageg
gggaagagga
aaaattactg
tgcaggaaga
actacctgece
ctggagatcect
gagceeggga

aggtetttgg

7/20

gcagaagaca
tccggacace
ccagagactt
tgtggetgte
tcecagtece
gcagtgtctg
accagaggtg
cctggactat
gaactcccag
gcagaatcgg
gttegagegg
cagccacaag
cctgagtgag
gcagtcggag
aaagaagagt
gatgtccatt
gcagcagatg
gaggcagagce
gcagattetg
ggctcegaatg
gaaggetgtt
gttgaggacc
cctegtecca
tgtttgcagt
gttcatccte
cacgcatcgg
acagctggag
agctccagac

gtggtccatg

‘ctgggegete

gctecatgge
gctcatccag
aggcatggag
cetettegee
ggctaaggtg
cetgetggat

tgtctetgag

gacagacaga
ctgggggage
ceccagatge
acctctgeaa
cgcteceect
gggaagtggce
tgtggegetg
tacccacctt
gacagccctg
ttctecgact
cgectggace
gacgagatcec
cgecageget
cagagcattg
tetgagatte
acccaggagg
ctgaccgaga
ctggtgcage
tcatggecage
ctgcttgeag
tettacagge
caggactgga
cctgtggttt
cagegtcatg
agtgtgatge
cagatcagga
ttaaagaéga
acaggcttet
ggcaaaggta
agcaacctge
atcectggegg
taccaacgge
cggcagetgg
caccaccgea
ggtgtctcag
gtggccaggg

cceeeecacag

ccatcacagt
tgcggagect
tggctcatgt
agcttagtat
gettttgtga
agacgctgag
gcactgcggce
ctecagtacct
atggacccac
acgagaagcg
tcgggeageg
tgcagacggt
gectggatge
ccagecgeat
tgaaatcact
agaccgagaa
gctgtaagag
aggcctgtte
agatggacca
ttgattacaa
aacagcagct
ggccectett
cgggtgetet
tggatgtgte
agaaggctge
gccagattag
agtccetgga
ccggeacaca
gctetgtgea
teccagecaget
aattagaggc
ttttgaacca
tggeectget
tecacactgga
aagcaggect
tccaaccaga

ccectcagga
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600

660

720

780

840

800

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

2760
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gcttectgag teegtgagac catctgeocce gcecagctgaa ctggacgtge cgacctcaga
gtgtgttgtg tgcctggaac
ctgetgeccag cagtgetgec

ccagegecte cggatctacce

<210>
<211>

<212>
<213>

<400>

6
981

PRT
Rattus norvegicus

6

Met Pro Leu Phe

1
Arg
Ile
Phe
1
Asn
65

Ala

Pro

Leu

145

Ser

Ser

Thr

Leu

Leu
225

Leu

Leu

Ala

50

His

Thr

Asp

Asn

Gln

130

Leu

Val

Gln

Glu

Arg

210

Pro

Phe

Glu Tyr Gln

Asp

35

Thr

Leu

Ile

Asp

Gln

115

Arg

Cys

Arg

Arg

195

Ser

Gln

20

Ile

Lys

Ile

100

Leu

Leu

Gln

Leu

Leu

180

Asp

Leu

Met

Ser
Lys
Sexr
Val
85

Gly
Thr
Asn
Leu
His
165
Val
Asn

Arg

Leu

Arg

Met

Lys

Val

Leu

70

Leu

Gln

His

Val

Gln

150

Gly

Gly

Lys

Thr

Ala
230

Lys

Cys

Cys

Leu

S5

Leu

Asp

Leu

Leu

Lys

135

Ser

Asn

Gln

Leu

Leu

215

His

Arg

Leu

Glu

40

Gln

Pro

Leu

Pro

120

Gly

Gln

Gln

Lys

Lys

200

Asp

Val

acagcagetg a

Liys

Ala

25

Leu

Lys

Lys

His

Ala

105

Arg

Gly

Ala

Lys

185

Glu

Ile

Arg

Pro

10

Lys

Ser

Lys

Ser

Asp

90

Leu

Ser

Asp

Thr

Gln
170
Asp
Leu

Ser

Thr

8/20

Ser Glu Glu

Glu

Glu

Val

Cys

75

Asn

Gln

Val

Thr

Glu
155

Tyx

Arg

Pro

Glu

Leu
235

Ala

Ile

Leu

Ser

Gln

Val

Gly

Ser

140

Cys

val

Gln

Asp

Asn

220

Glu

Gly

Pro

45

Ile

Leu

Leu

Leu

Asn

125

Pro

Glu

Thr

Thr

205

Glu

Met

Ala

Ala

30

Phe

Val

Leu

Thr

Asn

110

Leu

Val

Gly

Glu

Ile

190

Leu

Ile

Val

Arg

15

Asp

Gly

His

Ser

Ala

95

val

Leu

Asp

Pxo

175

Thr

Gly

Gln

Leu

gtgaggceca gatggtette cteacctgeg gecatgtetg

agcecegetgeg cacctgecca ctgtgecgee aggagatcte

Lys

Asp

Ala

Thr

Leu

80

Leu

Glu

Gln

Val

Gly

160

Glu

Val

Glu

Arg

Asn
240
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Asn

Asn

Ser

Gln

Val

305

Ser

Glu

Arg

385

Ser

Thxr

Glu

Ala

Ser

Pro

Asn

Pro

Thr
290

Cys

Gly

Gln

Arg

Glu

370

Axg

His

Arg

Arg

Ser

450

Ser

465

Gln

Glu

Gln

Leu

Ile

Leu

Ala
530

val

Leu

Leu

275

Leu

Gly

Leu

Asp

Phe

355

Lys

Leu

Ser

Leu

Gln

Ala

Ala

260

Ser

Sexr

Ala

Asp

Gly

340

Ser

Arg

Asp

His

Glu

420

Gln

435 -

Arg

Glu

Met

Ala

Ile
515

Cys

Ile

Tle

Ser

Ala

500

Gln

Ser

val

245

Glu

Ser

Leu

Gly

325

Ala

Arg

Lys

Leu

Lys

405

Gln

Leu

Gln

Leu

Ile

485

Ala

Met

Ser

His

Gln

Asp

310

Tyx

Glu

Glu

Glu

Gly

390

Asp

Gly

Gln

Arg

Lys

470

Thr

Met

Ala

Met

Ser

Pro

Thr

Ala

295

Ala

Pro

Asn

Glu

Gln

375

Gln

Glu

Leu

Glu

Leu

455

Ser

Gln

Gln

Ala
535

Ala

Ser

Glu

280

Leu

Ala

Pro

Ser

Ala

360

Lys

Arg

Ile

Ser

Gln

440

Leu

Leu

Glu

Gln

Glu

520

Glu

Lys

Pro

265

Glu

Ser

Val

Ser

Gln

345

Glu

Met

Glu

Leu

Glu

425

Leu

Gln

Glu

Glu

Met

505

Ser

Met

Leu

250

Arg

Gln

Met

Gln

Gln

330

Asp

Trp

Leu

His

Gln

410

Arg

Lys

Asp

Asn

Thr

490

Leu

Gln

Asp

9/20

Ser

Ser

Gln

Val

Gln

318

Ser

Gln

Glu

Ala

395

Thr

Gln

Gln

Asn

Glu

475

Glu

Arg

Lys

Ile

Pro

Cys

Tyr

300

Phe

Leu

Pro

Asn

Lys

380

Glu

Val

Arg

Ser

Gln

460

Arg

Asn

Glu

Gln

Arg
540

Cys

Cys

Leu

285

Pro

Leu

Leu

Asp

Arg

365

Leu

Leu

Lys

Cys

Glu

445

Arg

Ile

Leu

Ser

Ser

525

Phe

His

Phe

270

Gly

Pro

Cys

Pro

Gly

350

Phe

Glu

Leu

Gln

Leu

430

Gln

Gln

Axg

Arg

cys

510

Leu

Gln

Ser
255

cys

Lys

Pro

Lys

val

335

Pro

Ser

Phe

Gln

Glu

415

Asp

Ser

Lys

Met

Gln

495

Lys

Val

Gln

Gly

Glu

Trp

Glu

Glu

320

Leu

Thr

Asp

Glu

Gln

400

Gln

Ala

Ile

Lys

Glu

480

Arg

Ser

Gln

Ile
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Leu
545
Gln
Pro
Asn
Arg
Pro
625
Leu
Thr
Phe
Ser
Glu
705
Sexr
Ala
Gly
Leu
Giy
785

Leu

Val

Ser

Glu

Val

Pro

Pro

610

Pro

Ala

Ser

Glu

Gln

690

Leu

Ser

Pxo

Glu

Gln

770

Ile

Txp

Lys

Glu

Trp

Ala

Leu

Ile

595

Leu

Val

Val

Glu

Ala

675

Ile

Lys

Ala

Val

Arg

755

Gln

Leu

Leu

Leu

Leu

Gln

Arg

Ser

580

His

Phe

Val

Pro

660

Leu

Arg

Arg

Pro

Glu

740

Glu

Leu

Ala

Ile

Gln
820

Ser

Gln
Met
565
Leu
Phe
val
Ser
Ser
645
Pro
Gln
Leu
Lys
Asp
725
Gln
Met
Leu
Glu
Gln
805

Glu

Ala

Met

550

Leu

Leu

Arg

Leu

Gly

630

Gln

Leu

Val

Ile

Ser

710

Thr

Met

Val

Lys

Leu
790

Tyr

Glu

Glu

Asp

Leu

Lys

Leu

Leu

615

Ala

Arg

Phe

Lys

Glu

695

Leu

Gly

Trp

Ser

Glu

775

Glu

Gln

Gly

His

Gln

Ala

Ala

Asp

600

Ser

Leu

His

Ile

Lys

680

Thr

Asp

Phe

Ser

Glu

760

Lys

Ala

Met

Tyr

Asn

Val

Val

585

Val

Leu

Leu

Val

Leu

665

Asp

Glu

Ser

Met

745

Gln

Lys

Lys

Leu

Glu

825

Leu

Lys

Asp

570

Ser

Glu

Val

Arg

Asp

650

Sexr

Leu

Leu

Glu

Gly

730

Gly

Arg

Gln

Ser

Leu

g8lo

Arg

Pro

10/20

Ala

555

Tyr

Leu

Phe

Leu

635

Val

Val

Thr

Leu

Thr

715

Lys

Trp

Arg

Glu

795

Asn

Gln

Leu

Ile

Lys

Arg

Arg

Gly

620

Gln

Ser

Met

His

Gln

700

Leu

Gln

Gly

Ala

Glu

780

Gln

Leu

Phe

Ser

His

Gln

Thr

605

Ala

Asn

Asp

Gln

Arg

685

Leu

Gln

Arg

Ser

Leu

765

Glu

Lys

Lys

val

Ala

Gln

Ala

Gln

590

Gln

Val

Ala

Glu

Lys

670

Gln

Thr

Gly

Ala

Ser

750

Ser

Glu

Gln

Pro

Ala

830

His

Ile

Met

575

Gln

Asp

Leu

Ser

Arg

655

Ala

Ile

Gln

Gly

Gly

735

Val

Asn

Leu

Glu

Leu

815

Leu

His

Leu
560

Cys

Leu

Trp

Val

His

640

Leu

Ala

Arg

Leu

Cys

720

Pro

Gln

Leu

Asn

800

Ser

Leu

Arg
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835

Ile Thr Leu Asp Met Leu Ser
850 ) 855

Val Gly Val Ser Glu Ala Gly
865 870

Arg Asp Leu Leu Asp Val Ala
885

Lys Asn Glu Val Phe Gly Val
200

Leu Pro Glu Ser Vval Arg Pro
915

Pro Thr Ser Glu Cys Val Val
930 935

Phe Leu Thr Cys Gly His Val
945 950

Leu Arg Thr Cys Pro Leu Cys
965

Ile Tyr His Ser Sér
980

<210> 7

<21l> 234

<212> PRT

<213> Homo sapiens

<220>
<221> misc_feature

840

Arg Met

Leu Gln

Arg Val

Ser Glu

905

Ser Ala
920

Cys Leu

Cys Cys

Arg Gln

<223> Active portion of human Tal

<400> 7
Leu Lys Arg Lys Ser Leu Asp
1 5

Glu Gln Arg Trp Ala Leu Ser
20

Lys Gln Gln Arg Glu Glu Glu
35

Ala Lys Ser Glu Thr Arg Gln
50 ) . 55

Arg Leu Leu Asn Gln Lys Pro
65 70

Met Glu Arg Gln Leu Val Ala
85

Thr Glu

Ser Leu
25

Leu Arg

40

Glu Asn

Leu Ser

Leu Leu

Gly

His

Gln

890

Pro

Pro

Glu

Glu
970

Ser
10

Leu

Glu

Tyr

Leu

Glu
90

11/20

Pro

Glu

875

Pro

Pro

Pro

Arg

Gln

955

Ile

Leu

Gln

Ile

Trp

Lys

75

Glu

Gly

860

Ile

Glu

Thr

Ala

Glu

940

Gln

Ser

Gln

Gln

Leu

Leu

60

Leu

Leu

845

Asp

Leu

Leu

Ala

Glu

925

Ala

Cys

Gln

Glu

Leu

Thr

45

Ile

Gln

Ser

Leu

Arg

Lys

Pro

910

Leu

Gln

cys

Arg

Met

Leu

30

Glu

Gln

Glu

Ala

Ala

Pro

895

Gln

Asp

Met

Gln

Leu
975

Ile

15

Lys

Leu

Tyr

Glu

Glu
95

Lys

Ala

880

Pro

Glu

Val

Val

Pro

960

Arg

Ser

Glu

Glu

Gln

Gly

His
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Tyr Leu Pro Ile
100

Gln Met Ser Pro
115

Leu Gln His Glu
130

Arg Ile Gln Pro
145

Thr Ala Pro Gln

Ala Glu Leu Glu
180

Glu Ala Gln Met
195

Gln Cys Cys Gln
210

Ala Gln Arg Leu
225

<210> 8
<211s 77
<212> PRT

Phe
Gly
Ile
Glu
Glu
165
Val
Ile

Pro

Arg

<213> Homo sapiens

<220>

<221> misc_feature
<223> Active portion of human Tal

<400> 8

Val Thr Pro Thr
1

Ala Pro Pro Ala
20

Leu Glu Arg Glu
35

Cys Cys Gln Gln
50

Gln Asp Ile Ala
65

<210> 9
<211> 25
<212> DNA

Ala

S

Glu

Ala

Cys

Gin

Ala

Asp

Leu

Leu

150

Pro

Glin

Phe

Leu

Ile
230

His

Leu

Arg

135

Lys

Pro

Ala

Leu

Arg

215

Tyxr

His

Ala

120

Arg

Pro

Glu

Ser

Asn

200

His

Arg

105

Lys

Val

Pro

Ser

Glu
185

Cys

Cys

Ser

Pro Gln Glu Pro

Leu Glu val Gln

25

Gln Met Ile Phe

40

Cys Gln Pro Leu

55

12/20

Leu Ser Leu

Val Gly Val

Gln Glu Leu
140

Met Gly Glu
155

Val Arg Pro
170

Cys Val Val

Gly His Val

Pro Leu Cys

220

Ser

Asp

Ser

125

Leu

val

Ser

Cys

Cys

205

Arg

Leu

110

Glu

Asp

Val

Ala

Leu
190

Cys

Gln

Leu

Ala

Ala

Thr

Pro

175

Glu

cys

Asp

Ser

Gly

Ala

Pro

160

Pro

Arg

Gln

Ile

Pro Glu Ser Val Arg Pro Ser

10

Ala Ser Glu

Leu Asn Cys

Axrg Thr Cys
60

Arg Leu Arg Ile Tyr His Ser

70

<213> Artificial sequence

<220>

75

<223> Single strand DNA oligonucleotide

15

Cys Val Val Cys

30

Gly His Val Cys

45

Pro Leu Cys Arg

Ser

PCT/IL2004/000760
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<400> 9
ggaattcgte atggeggtgt cggag 25

<210> 10

<211> 29

<212> DNA '
<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 10
cctegagtea gtagaggteca ctgagaceg 29

<210> 11

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

'<400> 11 .
ggaattceggy cttattcagg tcatgattg 29

<210> 12

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<40Q0> 12
ccgggacatt cccacagete cctta 25

<210> 13

<211l> 35

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 13
aaactgcagc cagagcagaa ctgagttctt catce 35

<210> 14

<21l> 27

<212> DNA

<213> Artificial sequence

<220> ’
<223> Single strand DNA oligonucleotide

<400> 14
aaactgcagg gcacgatcca tttecte 27

<210> 15

<211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 15 ,
cctgecagage tggaggtge 19
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<210> 16

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 16
gacgacctca cccattggtg 20

<210> 17

<211l> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 17
gtatgtatta cctctataag gcac 24

<210> 18

<211l> 23

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 18
gggcttatte aggtecatgat tgt 23

<210> 19

<211> 23

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 19
cacaatcatg acctgaataa gcce 23

<210> 20

<21l> 20

<212> DNA

<213> Artificial sequence

<220>
<223> 8ingle strand DNA oligonucleotide

<400> 20 - )
gaggacacca tccgagecte 20

<210> 21

<211l> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 21
gaggctegga tggtgtcecete ) 20

<210> 22
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<211> 22
<212> DNA
<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 22
cattcccaca getcecttat ac 22

<210> 23

<21l> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 23
gtataaggga gctgtgggaa tg 22

<210> 24

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 24
ggaggtggag actacaagga c 21

<210> 25

<21l> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 25
ccgggatcca tggeggtgte ggag 24

<210> 26

<211> 37

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 26
atagtttage ggccgetagt cacttgteat cagtegte 37

<210> 27

<211l> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 27
cccaagettyg gaaggatgce getett 26

<210> 28

<211> 61

<212> DNA

<213> Artificial sequence
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<220>
<223> Single strand DNA oligonucleotide

<400> 28
ggggtaccee teatcaggca taatcgggta catcataggg atagetgetg tggtagatge 60

g ‘ 61

<210> 29

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 29 .
ctcttettge agettcaagg 20

<210> 30

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 30
gecaggatcee agecagag 18

<210> 31

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 31
cctecaactgt ggegeegtet gatgetgee 29

<210> 32

<211l> 29.

<212> DNA .

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucleotide

<400> 32
ggcageagca gacggcgccea cagttgagg 29

<210> 33

<211i> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 33
cetgecagage tggaggtge 19

<210> 34

<211> 20

<212> DNA

<213> Artificial sequence
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<220>
<223> Single strand DNA oligonucleotide

<400> 34
gacgacctca cccattggtg

<210> 35
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 35
gaggagctgt cggctgage

<210> 36
<211> 27
<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 36
taacttaate tggctectga tetgeeg

<210> 37
<21l1l> 19
<212> PRT

<213> Homo sapiens

<220>
<221> mwmisc_feature
<223> Active portion of human Tal

<400> 37

Val Thr Pro Thr Ala Pro Gln Glu Pro Pro Glu Ser Val Arg Pro Ser

1 5 10

Ala Pro Pro

<2l0> 38
<211l> 700
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Active portion of human Tal

<400> 38
aaagaggaag tccctggaca cagagtcact ccaggagatg atcteggage

cctecagetee ctgetecage agetgctcaa agagaagcag cagcgagagg
ggaaatcctg acggagttag aagccaaaag tgaaaccagg caggaaaatt
tcagtatcaa cggcttttga accagaagec cttgtecttg aagetgcaag
ggagegecag ctggtggece tectggagga getgtegget gageactace
tgegeaccac cgecteteac tggacctget gagecaaatg ageccagggg

ggtgggegte tcagaagetg gectgcagea cgagatccte cggagagtecc

15

agegetggge
aagagcteeg
actggetgat
aagaggggat
tgcccatett
acctggecaa

aggaactget

PCT/IL2004/000760

20

19

27

60
120
180
240
300
360

420
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ggatgcagec aggatccage cagagctgaa accaccaatg
ggeecccecag gagecteetg agtctgtgag gecatceget
geaggectea gagtgtgteg tgtgectgga acgggaggece
tggccacgtc tgetgetgec agecagtgetg ccagecactg

ccaggacatc gececagegece tecgeatcta ccacageage

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

<220>
<221>
<223>

<400>

gtcaccecta cggeccecca
gagctggagg tgcaggcectce
tteectcaact gtggecacgt

ccgetgtgee gecaggacat

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

<220>
<221>
<223>

<400>

18/20

33

231

DNA

Homo sapiens

misc_feature
Active portion of human Tal

39

40

55

DNA

Homo sapiens

misc_feature
Active portion of human Tal

40

ggagcectect gagtetgtga
agagtgtgtc gtgtgectgg
ctgetgetge cagecagtget

cgeccagege cteegeatct

PCT/IL2004/000760

ggtgaggtcg tcacccctac 480
ccecectgeag agetggaggt 540
cagatgatct tcctcaactg 600
cgcacctgee cgetgtgeeg 660

700

ggccatceege teccectgea 60
aacgggagge ccagatgatc 120
gccagcocact gegcacctge 180

accacagcag ¢ 231

gtcaccecta cggcecceca ggagectect gagtetgtga ggecatcege tecce 55

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

<220>
<223>

<400>

41

21

DNA

Artificial sequence

SiRNA synthetic oligonucleotide

41

ccuccagucu ucucucguct t

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

<220>
<223>

<400>

42

21

DNA

Artificial sequence

SiRNA synthetic oligonucleotide

42

ttggagguca gaagagagca g

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

43

21

DNA

Artificial sequence

21

21
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<220>
<223> SiRNA synthetic oligonucleotide
<400> 43
guccaaaggu uccggagact t 21
<210> 44
<21l1l> 21
<212> DNA
<213> Artificial sequence
<220>
<223> SiRNA synthetic oligonucleotide
<400> 44
ttcagguuuc caaggocucu g 21
<210> 45
<211> 21
<212> DNA
<213> Artificial sequence
<220>
<223> SiRNA synthetic oligonucleotide
<400> 45
ucaccucacu ucccugcuut t 21
<210> 46
<21l> 21
<212> DNA
<213> Artificial sequence
<220>
<223> BSiRNA synthetic oligonucleotide
<400> 46
ttaguggagu gaagggacga a 21
<210> 47
<211> 21
<212> DNA
<213> Artificial sequence
<220>
<223> SiRNA synthetic oligonucleotide
<400> 47
ugcugacuga gagcuguaat t 21
<210> 48
<21li> 21
<212> DNA
<213> Artificial sequence
<220>
<223> SiRNA 'synthetic oligonucleotide
<400> 48
uuacagcucu cagucagcat t 21
<210> 49
<211i> 21
<212> DNA

<213> Artificial secquence

<220>
<223> BSiRNA synthetic oligomucleotide
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<400> 49 . :
aaugucgaga gucagucgut t 21

<210> 50

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> SiRNA synthetic oligonucleotide

<400> 50
acgacugacu cucgacauut t 21

<210> 51

<211> 23

<212> PRT

<213> Artificial sequence

<220>
<223> PTAP-PSAP motif synthetic peptide GFP-fusion peptide

<400> 51

Glu Val Val Thr Pro Thr Ala Pro Gln Glu Pro Pro Glu Ser Val Arg
1 5 10 15

Pro Ser Ala Pro Pro Ala Glu
20

<210> 52

<211l> 28

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 52
aagaattcag aggtcgtcac ccctacgg 28

<210> 53

<21l> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 53
aaggatccet ctgdaggggg agcegg 25
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