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BLATELET GLYCOPROTEIN ¥V GENE AND USES

This application is a Continuation-in-Part of U.s.
Application Serial No. 08/089,455 filed July 9§, 1993,

'BACRGROUND OF THE INVENTION

Platelets arise from the fragmentation of
megakaryocytes, which are large polyploid bone marrow cells |
produced by =several cycles of chromosomal duplication without ;
cytoplasmic division (Handin (Wilson et. al., eds) in |
Harrison’s Principles of Internal Medicine, 12th edition
(1991)}). Once free of the marrow space, approximately 2/3 of
tha platelets circulate freely, while approximately 1/3 are
saquestered in the spleen. Circulating platelets last for 7 to
10 days, after which they are removed by phagocytic cells. A
decrease in platelet mass stimulates megakaryocytopoiesis,
resulting in an increase in the number, size ang ploldy of the
megakaryocytes. ,

Platelet receptors which mediate platelet adhesion
and aggregation are located on the two major platelet surface
glycoprotein complexes. These complexes are the glycoprotein
Ib-IX complex which facilitates platelet adhesion by binding
von Willebrand factor (vWF), and the glycoprotein IIb-IITa
complex which links platelets into aggregates by binding to
fibrinogen. ~Patients with the Bernard-Soulier syndrome, a
congenital bleeding disorder, show deficient platelet adhesion .
due to a deficiency in the glycoprotein Ib-IX complex which
binds VWF, mild thrombocytopenia, and large lymphocoid
platelets.

Glycaprote;n v (GPV) is a major (=12, 000 mclecules/

-platelet), hcav1ly glyecos ylated blatelet membrane protein (Mr

82,000) (Modderman et. al. J. Biol. Chem. 257 364-369),

Barlier reports showing that ¢PV was a perlpheral protein
(Barndt and Phillips J. Biol. Chem. 256:59~65) waere presumably
due to the release of GPV from the membrane by calpain during
the purification procedure. Exposure of platelets to thrombin
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liberates a 69 kDa soluble fragment termed GPVEl (Phillips and
Poh-agin, Biochem, Biophys. Res, Commun. 78:940-947). Thisg,
and its absence in the Bernard-Soulicr syndrome (Clemetson at,
al., J. Clinn. Imvaest. 703:304-311 (1982); Nurden et. al., .J.
Clin. Invest. §7:1431 (1981); Berndt et. al., Blood 62:800-807
(1983)), led to the suggestion that GPV may be involved in the
thrombin-induced activatibn,tesponée (Berndt and Phillips .7.
Biol, Chem 2856:59-65 (1981)). Recent experiments show that GPV
ecan interact non~covalently with the GPIb~IX compléx (Modderman
et. al. J. Biol. Chem. 267:364-369 (1982)), a complex formed by
the non-~covalent association of GPIb (consisting of GPIbe, a
145 kDa protein, disulfide linked to GPIbB, a 24 kDa protein)
with GPIX (a 22 kba protein). The binding sites for von
Willebrand factor and for thrombin on the GPIb-IX complex have
been localized on GPIba (Wicki and Clemetson Eur. J. Blochem.
153:1-11 (1985); Vicente et. al., J. Biol, Chem. 265:274-280
(1990)). Since thrombin is now known to activate platelets by
cleaving the thrombin receptor {(Vu et. al., Cell £4:1057-1068
(1981) ), a G—-protein coupled receptor, it is unknown whether
thrombin cleaves GPV incidently as a consequence of thrombin
binding to GPIb&, or whether this cleavage has a physiclogical
raole. _ - S _
. The amino acid sequences of GPIbe, GPIbS, and GPIX
have been deduced from thelr cDNA and'genomic sequences (Lopez
et. al., Proc. Natl, Acad. Sci, USA §4:5614-5619 (1987); Wenger
et, ai.,-Biochem. Biophys. Res. Commun. 156:389-395 (1088):
Lopez et. al., Proc, Natl. Acad, Sci. USA 85:2135-2138 (1988):
Hickey, et. al., Proc. Natl. Acad. Sci. USA 86:6733-6777
(1589) ; Hickey and Roth J. Biol. Chem 268:3438-3443 (1993)).
Aﬁalysis of the primary aminc acid sequence of GPIba, GPIhS,

‘and GPIX has revealed a common evoluticnary origin far the

three proteins, as they contain one cr'mcre homolagons 24 amino
écid leucine-rich'domaihs- These domalnq are also found in a
large family of leucine-rich glyconrot&lns (LRG) 1nc1ud1nq
lsucine-rich o2 GP, proteoglycan core, flbromodulln, human

Jutropin-chorio gonatropin receptor and RNAse inhibitor, and

toll prqtéin and chaoptin found in Drosophila (reviewed in Roth
Blood 77:5-19 {1991))}. Recently, analysis of partial peptide



.

Sheet Has Been Replaced
i PCT/US4/07644

TR

sequences obtaxned from purified platelet GDV suggasted that
CIV is also a menbér of the LRG family {Shimomura et. al.,
Blood 75:2349-2386 (1990); Roth et. al., Bipchem. Biophys. Resg.
Commun. 170:183-161 {1850)).

GPV is a very specific marker for the megakaryocytic
cell lineage. A monoclonal antibody specific for GPV (SW16) |
was recently shown to bind exclusively to platelets (Modderman
et. al., J. Biol. Chem. 267:364~369 (1992)). SWI6 did not bind
to red cells, leukocytes, endothelial cells, or cell lines such
as HEL aor MEG-01 which are known to express plate’et
megakaryocyte markers.

| SUMMARY OF THE INVENTION

The invention comprises an isolated DNA constrct
comprising the polynucleotide secquance of the glycoprotein v
gene, including the polynucleotide sequence which has the
sequence shown in Fiqure 5A. The polynucleotide sequence
encodes a GPV polypeptide, inecluding the amino acid sequence as
shown in Figure 5B. 7The polynucleotide sequence may lack
introns, and may incorporate a heterologous promoter operably
linked te the polynuclectide sequence which is capable of
directing express;on in a prokaryote or in a eukaryote.

' The inventioh further comprises a DNA construct
vherein the polynucleotide secquence encedes a full 1ength
glycoprotein V polypeptide.

The present application includes prokaryotic or
eukaryotic a cell containing a glycoprotein v DNA construct.

The present application further provides for a
pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a glycoprotein v polypeptide, The
polypeptide may have the sequence shown in Figure 5B.

A further understanding of the nature and advantages
of the 1nvention will becone apparent by referenCe to the
'remalnlng portlons of the spec1f1catlon and draw1ngs.

BRIEF DESCRIPTION QF THE DRAWINGS
Figure 1: Cloning, segquencing strategy, and
restriction map of a partial human platelet GPV cDNA (a), and
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of the complete human GPV gene (b).

(2) THE top line represents thé coding region (open
bar) and 5'~untranslated sequence (hatched bar) for a platelet
GPV ¢DNA with a partial restriction map. The cloning strategy
is indicated below. Overlapping cleones (i to vi} covering
1,199 bp of cDNA were obtained atter PCR amplification of
platelet mRNA. The oligonucleotide primers used for the

" amplification are indicated and. the corresponding sequences. are

listed in Table I. The GFV 8.1 kb genomic Iragment (b) was
obtained after screening a human genomic library in the AFix
vector with a 748 bp 32p-labelled GPV CDNA probe (indicated in
{a) by a hroken line). The taop line is a partial restyiction
map of the gene, Exons are boxed: the open box represents the
coding sequence, the hatched box represents the 5!'-untranslated
seguences, and the shaded box represents the 3!'-untranslated
region. The vertical arrow indicates the beginning of the
genomic secuence reported in Fig. 5A. The open arrowhead
indicates the §'-end and the closed arrowhead indicates the 31
end of the partial platelet cDNA obtained by PCR. A saguence
with perfect consensus for a TATA box ig indicated. The closed
circles indicate AATAAA consensus sequences for polyadenylation
signals. The restriction sites are indicated as follow: A,
Acc I B, Bam HI:; B, Beo RI; K, Ksp I:'P,-Pst I: 8, Sac If X,
Xho I.

_ Figure 2: Detection of GPV mRNA in platelets,
megakaryocytes, and HEL cells by RT-PCR amplification. Total
RNA (25 ng) was subjected to reverse transcription followed by
PCR with GPV cDNA based primers, and in a control reaction with
primers for the housekeepihg GAPDH gene. Ten ul of the PCR
reactions were separated on a 2% agarose gel stained with
ethidium bromide and are shown together with Bgl I/Hinf I cut
pBR3I28 DNA molecular-weight markers. (a) Platelet (PLT) and
megakaryocyte (MGK) RNA were amplified with a mixture of two .
GPV primer pairs. (nt 3, 010—3 589 and 2,675-2,877) generdtlng
bands of 579 bp and 202 bp. (b) HEL cells with (HEL+FMA) or
without (HEL) stimulation with phorbol ester, HL60, and
platelet (PLT) RNA were amplified with a GPV primex pair (nt

3,091-3,589) generating a 498 bp band.
' ' This Sheet Has Been eﬂlaced _
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Figure 3: Northern blot analysis. Total RNA (10 ug
per lane) from human platelets (lanes a and b} and human
monocytes (lane ¢) was electrophoretically separated on 1%
agarose~formaldehyde gel, transferred to Zetaprobe, and probed
with a 748 bp random prime *2p-lapelled cDNA probe. Lane d is
an ethidium bromide stained gel of leukocyte total RNA showing
the position of 28$ and 185 ribosomal RNA. The molecular size
was calibrated: by reference to the migration of A/Hind III DNA
fragments indicated in kilo base pairs.

¥igure 4: Southern hlot analysis. High molecular
weight genomic DNA 10vg) from human leukocytes was cut with an
excess of Eco RI, Bam HI, and Bgl II restriction endonucleases,
separated on a 0.7% agarose gel, and transferred to Hybond N*
nylon membranes. The filters were probed with a 748 bp 32p-
labelled GPV cDNA fragment. The size of the hybridizing bands
in kilobase pairs was astimated by comparison with M/Hind III
DN2, fragments,

Figures 5A (SEQ.ID.NO. 1) and 5B (SEQ.ID.NO. 2):
Sequence of the human GPV gene Figure SA and deduced amine ac¢id
secquence Figure 5B of the GPV protein. The GPV genomic
sequence (SEQ.ID.NO. 1) Figure 53 is¢ shown in the 5'- to 3'-
orientation with the single intron sequence of 958 bp shown in
lower case letters.-'The-gt/ag donor and acceptor sites are in
pold characters. Consensus sequences for putative cis-acting
promoter elements are indicated as shaded areas. The closed
circle indicates a possible Cap site., The ATG translation
start and the in-frame TAA stop codon are boxed. The open
arrowhead (nt 1,433) and closed arrowhead (nt 3,5892) indicate

&

the 5'~ and 3'- end, respectively, of the partial cDNA sequence

obtained by PCR amplification of platelet RNA. Two Alu
repeats, nt 59B~B86 and nt 6,123~6,440, are underlined.
Possible polyadenylation signal sequences (nt 5,610, nt 6,966,

nt 7,224 and, nt 7,358) are double underllned. The GFV anmino
acid sequence Figure 5B (SEQ ID.NO. 2), indicated in ‘single

letter code, was deduced after translation,of the cDNA and
genomic seqﬁences. The putative signal peptide is underlined.
The putative transmembrane domain is double underlined.

Cysteine residues are circled. Potential N~linked
: Sheet Has Been Reﬁaced
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glycosylation sites in the extracellular domain are indicated

by a vertical arrowhead.

identified by protein sequencing are indicated by a star.

Internal peptide sedquences that were obtaihed from purified _
platelet GPV (20, 21), indicated in italics, are underlined by
a broken arrow. Differences between the DNA~derived and

internal beptides sequences are indicated in parenthesis as
(%) indicate a residue which had not heen
determined in the original peptide sequence.
Alignment of the 15 tandem Leu-rich
repeated structures for platelet GPV (SEQ.ID.NOs. 22-36).
aligmment spans the sequences between residues 61 and 421 of
the protein. Identical residues anong the 15 segments are
boxed. An overall consensus sequence for the GPV repetitive

lower case letters.

Figure 6:

motifs is presented
Pigure 7:

site to other thrombin substrates.

(SEQ.ID.NO. 37).

N-glycosylation sites that had been

The

Comparisen of the GPV thrombin cleavage

The GPV sequence around the

RG thrombin cleavage peptide bond (SEQ.ID.NO. 38) was aligned
with sequences of human fibrinogen (Fg) Aa (SEQ.ID.NOs. 39 and
40) and BB (SEQ.ID.NO. 41) chains, to human plasma factor XITI

(FXIII) (SEQ.ID.NO. 42),
subunit (CGB) (SEQ.ID.NO. 43)
" to GPV are boxed.

Figure 8:

Schematic representation of the GPV

and to human chorioniec gonatropin g-
- Amino acid residues identical

protein inserted in the platelet plasma membrane in comparison

with the GPIb-IX complex.

The proteins depicted as bars, are

oriented with their NH2- and COOH-termini oriented toward the

outside and inside of the cell, respectively.

Numbering of

anino acids for the mature proteins is indicated. The
transmembrane domains are represented as solid rectangles.
Leu-rich {LR) repetitive domains are represented as hatched
réctangles. N*glycosylétion sites are indicated as solid
triangles. GPIb& contains a region.rich in O-linked sugars {0-

- CHO) and .is linked to GPIbS by a disulfide (S~5) bond.

The

--The

location of the thrombin cleavage site in GPV is indicated by a

flouble-headed AaIIOW.

-

"
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DPETALILED DERBCRIPTION OF BPECIFIC EMBODIMENTS

The present invention provides the primary structure
of the human GPV gene and the structure of the GPV protein.
The single-copy gene for GFV is contained within 6.5 kb or

'aced ' PCT/US94/07644
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genomic seguence, and has a simple structure with a single
intron of 258 bp in the 5'=-untranslated sequence; the coding
sequence 15 contazned w1thin a 51ngle excn. The promoter
region contains a canonical TATA box, and putatlve GATA, Ets-1,
and 5pl cis-acting elements. RT-PCR analysis on RNAs from
cells of different hematopoietic origins revealed that GPV was
specifically transcribed from platelets and from calls of the
megakaryocytic lineage (megakaryocytes, HEL cells). A single

. transcript of 4.5 kb for GPV wag detected in human platelets by

Northern blot analysis, and the entire amino acid seguence of
GPV was daduced from the cDNA and genomic sequehces.

Mature GPV is composed of 543 amine acids which
contain a single transmembrane domain, a short cytoplasmic
domain (16 residues) and a large extracellular domain with 8
potential N-glycosylation sites. Analysis of the extracellular
domain revealed the presence of 15 tandem Leu-rich repeats of
24 amino acids with homology to GPIbe, and identified a

- cleavage site for thrombin near the C-termlnus Wlth homology to -

the Ac chain of fibrinogen.

The predicted amino acid segquence of GPV accounts for
the known features of the protein. First, it contains with one
exception (peptlde M4, Shimamura et. al., Blood 75:2349-2356
{1990) all of the partial peptide sequences which had been
reported for purified platelet GPV (Figure 54). Second, the
predicted molecular weight of the polypeptide chain of 59,276
Da agrees with the 60 kDa value determined after SDS~PAGE -
analysis of the deglycosylated protein. Third, the predicted
anino acid composition is very similar to that reported for
purlfled GPV when the data are corrected for the 59,276
molecular mass. Fourth, the IRG repeata in @GPV dlsplay

significant similarity to those found in the subunits of the

GPIb-IX complex, which GPV associates with in platelets.
Finally, the translated protein contains a thrombin cleavage
roecognition site at a2 position which would generate a soluble
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cleavagé fragment of the size of GPVEl, a fragment known to he
gencrated after platelet treatment with thrembin (Phillips and
Poh-Agin, Biochem. Biophys. Res. Commun. 75:940-947 (1977):
Mosher et. al., Blood 53:437-445 (1979)).

Analysis of the deduced primary amino acid sequence
revealed several distinctive features for GPV. The protein
contains an N-tErminal signal peptide with a consensus cleavage

site (Von Heijne, J. Mol. Biol. 173:243-251 (1984)).at a Gln

residue. N-terminal giutamines are often cyclized to
pyroglutamic acids, explaining the N-terminal blockade
consistently observed with purified GPV. A second hydrophobic
domain was located at the C-terminus of the protein suggesting
that GPV 'is a transmembrane protein. <This agrees with data
showing that GPV was found in the hydrophobic phase of a Triton
X-114 phase partition (Bienz et. al., Blood 68:720-725 (1986)).
GPV contains 8 potential N-glycosylation sites, located on the
extracellular domain. The presence of 0—linked carbohydrates
and sialic acid has been suggested based upon a 10 kDa
molecular weight reduction following neuraminidase treatment
(2afar and Walz Thromb. Res. 53:31-44 (1989)). One short
region in the C-terminal region contains two Ser-rich segments
and could contain O-linked sugars, but it is probable that the
bulk of the carbohydrates are represented by N-sugars due to

the observed 20,000 Da apparent molecular weight drop after

treatment of GPV by N-glycanase (Zafar and Walz Thromb, Rés.,

"B3:31-44 {1989)). GPV has a very short intracellular domain

which contains no potential phosphorylation site as it lacks .
any Tyr, Ser, or Thr residues. The C-terminal intracellular
demain also lacks an unpaired cysteine residue, which is a site:
for acylation by fatty acids which is found in GPIbE and GPIX

. (Lopez et. al., Proc, Natl. Acad. Sci. USA 85:2135-2139 (1988);

Hickey et. al. Proc. Natl. Acad. Sci. USA B6:6773-6777 (1989)).
Thus, most of the polypeptlde chain (92%) is exposed to the

‘outside of the platelet. This is con51stent with the observed

release of a GPV tragment slightly smaller (80 kDa) than lntact
membrane bound GPV after treatment of platelets with calpain
(Liiénz et. al., Blood 68:720~725 (1986)). This observation
shows that the cleavage site for calpain must lie in a region

This Sheet Has Been Reﬂlaced

|




10

i5

25

30

35

is Sheet Has Been Re laced PCT/US94/07644

S 111 J—

between the last C-terminal N-glycosylation site and the
transmembrane domdiit. The eight cysteine residues are not
evenly distributed in the protein: four are clustered in the
N-terminal portion, and four are in the region between the Leu-
rich domains and the membrane in the C-terminal part ‘of the
extracellular segment. The absence of an apparent molecular
weight change upon reduction (Berndt and Fhillips J. Biol.
Chem. 256:59-65 (19381)) suggests that all the disulfide bonds
are formed over short distances. The absence of cysteines in
the middle portion of the molecule indicates that this region
is susceptible to enzymatic cleavage, accounting for its
sensitivity to various enzymes such as calpain, chymotrypsin,
elastase and thrombin.

Analysis of the peptide sequence for a putative
thrombin cleavage site revealed the presence of an Arg-Gly

-motif at position 476~477. This appears to be the actual

cleavage site based on the following cobsexvations: £irst, the
estimated molecular weight of the fragment liberated by
thrombin would be 67,613 Da after correction for the presence
of seven N-glycosylation sites, which ig similar to the

_apparent malecular weight of the GPVEL fragment. Second, the

amino acidé sequence around-the Arg-Gly peptide bond displayed
significant similarity to sequences afbﬁnd-known thrombin
cleavége sites (Muszbek and Laki et. al., (R. Machovich, ed) in
The Thrombin pp 83-90, CRC Press, Boca Raton, FL (1984)), and
most notably to the Aq chain of fibrinogen. The sequence is
also similar to other thrombin substrates where a high
incidence of proline residues occur at the P2 subsite.
Finally, the sequence immediately after the RG peptide
corresponds to the N-terminal sequence of a peptide obtained
after thrombin cleavage of purified GPV (Shimomura et. al.,
Blood 75:2349-2356 (1990); Roth et. al., Biochem Blopnjs Res,
Commun. 17Q:153-161 (1990} ) . . '

| The prior art. suggests tnat GPV has a nlcn afflnlty
binding site for thrombin. The GFVIl fragment is generated at
concentrations of thrombin in the nM range: o-thrombin cleaves
100% of platelet GBV at concentrations less than 30 nM
(Tandrot-Perrus et. al. Thromb..Haemostas. 58:915-920 (1%87)) -
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In addition, direct interaction of GPV with thrombin was
demonstrated by thé selective retention of purified GPV on a
thrombin-Sepharose column which could then be eluted with
heparin (Bienz et. al., Blood 68:720~725 (1986)). Other
examples of platelet proteins known to interact with thrombin
with hiqh afflnlty are the newly cloned thrombin receptor, and
GPIba (Vu, et. al., Cell 64:1057-1068 (1991); Lopez et. al.,
Proc, Nat. Acad. Sci. USA 84:5614-5619 (1987); De marco et. ..
al., J. Biol, Chem. 266:23776-23783 (1991)).

A distinctive feature of GPV is that it has the
highest leucine content (comprising 20% of the amino acids) of
the known platelet proteins. Most of the leucine residues in

10

GPV are contained within 15 tandem Leu-rich repeats of 24 amino
acids similar to repeats found in the IRG family of proteins
(Roth, Blood 77:5-19 (1991)), and most noticeakly teo platelet
GPIba (7 LRG repeats), GPIbS (1 LRG repeat), and GPIX (1 LRC
repeat) (Figure 8). The LRG domains, at least in some members
of the family, mediate protein-protein, cell-cell, or cellw-
matrix interactions. For example, proteoglycan II (Xrusius et.
al., Proc. Natl. Acad. Sci. USA £3:7683-7687 (1986)) and

-fibromodulin (Hashimoto et. al., Cell 52:269-279 (1988)) bind

to a gpecific type of collagen and Drosophila chaoptin (Re1nke
et_ al., Cell 532: 291-301 (1988)) and toll (0ldberg et. al.,
EMBO J. 8:2601 (1988)) proteins orient calls during
morphogenesis and embryvogenesis, respectively.

Analysis by the sensitive RT-PCR amplification
technique revealed the presence of GPFV mRNA in platelets and
megakaryocytes. A GPV transcript was also detected in HEL
cells which were upregulated after treatment with a phorbol
ester which is a known inducer of megakaryocyte differentiation
in HEL cells. RT-PCR analysis did not reveal GPV mRNA in non
megakaryocytic cells such as leukocytes, endothelial cells,
HLEO and U937 cells. Northern analysis 1"ev¢.=.a:l..~ad a transcrlpt '

- of approximately 4.5 kb in platelets and also revealed a

positive band of lower size in lymphocytes. Further analysis
is needed to identify the nature of this transcript, but it
could represent some related gene revealed by the lonyg exposure
times necessary to detect the minute amounts of mRNA present in
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platelets. The restricted distribution to platelets, conpled
<o a high sensitiﬁiiy to thrombin cleavage makes GPV a nseful
marker for megakaryocytopoiesis and for the detection of
thrombin dependent platelet activation in thrombotie or
prethrombotic states.

The present inventien demonstrates that GPV is the
product of a 51ngLe gene.’ The GBV gene is lnterrupted by a
single intron within the 5'-untransiated region with consensus
GT/AG donor and acceptor sites. Several chservations show that
the isolated benomic clone was derived from the gene for GPV.
First, the genomic sequence in exon 2 agrees completely with
the cDNA sequence obtained from platelet mRNA. Second, the
restriction map of the isolated clone is consistent with
restriction fragments identified herein by Southern analysis of
human chromosomal DNA. The structure of the GPV gene is very
similar to that of the GPIba geéne (Wenger et. al., Biochenm.
Biophys. Res. Commun. 156:389-~395 (1983), another platelet
member of the ILRG family: both have a single intron in the 57~
untranslated seguence and their entire coding sequence is
contained within a single exon. The sequence of the GPIX gene
was recently reported (Hickey et. al., J. Biol. Chem. 268:3438~

.3443 {(1993)), and was shown to contain its entire codlng region

ina 51ng1e exon and to have its S5'-non coding region
interrupted by two introns. The siwmilar exon-intron
distribution for the GPV, GPIbwx, and GPIX genes suggests that
thesc genes might have a common evolutionary origin within the
IRG family of proteins. BAnalysis of the 5'~flanking region of
the GPV gene for cis-acting elements; and comparison to
available sequences from other megakaryocyte Speciflc genes
revealed significant differences and similarities. Unlike the
PF4 (Dol et. al., Mol. Cell. Biol. 7:898~904 (1987)), GPIba
(Wenger et. al., Biochem. Riophys. Res. Commun, 156:389-385

;(1988)),‘prib (Prandini et. al., Biochem., Biophys. Res.

Commun. 156:595-601 (1988); Heidenreich et.-al., Biochemistry
29:1232-1244 (1990)), and GPIX (Hickey et, al., J. Biol. Chem,
268:3438~3443 (1993)) genes, the GPV gene contains a perfect
consensus sequence for a canonical TATA box which is found in
the majority of RNA polymerase II transcribed genes. Similar
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with the other megakaryocyte specific genes, the GPV gene lacks
a CAAT sequence, and contains putative binding sites for GaTa-

1, Ets-1, and Spl trans-activating factors. Recent experiments

support the association of GATA and Ets-1 cis-acting sequences
in megakaryocyte-specific gene expression (Lemarchandel et,

al., Mol. Cell. Biol. 163668~676 (1993)) while Spl sites

interact with more ubiquitous transcription factors.

The availability of the genomic sequence tor GPV is
useful in the characterization of patients with Bernard-Soulier
syndrome, These patients are characterized by an absence of or

defect, in the GPIb-IX glycoprotein complex and the GFV

platelet glycoprotein. The availability of the GPV cDNA
sequence allows for the assessment of the role of GPV in the
correct expression of the four proteins which are deficient in
the Bernard-Soulier syndrome. The demonstration of a
requirement of GPV for correct and efficient formation of the
GPIb~IX complex indicates that a defect in the gene for GPV can
cause certain types of Bernard-Soulier syndrome. The
availability of the genomic sequence allows fox the detection
of possible alterations in the GPV gene of such patients.

Ac used herein the terms "GPV or “glycoprotein A

- refer: to polypeptlde sequences at least substant:.ally smllar

to GPV sequence disclosed here. The terms also spec1f1cally
refer to fragments such as GPVE1l as well as the full-length
protein. Typically polypeptides will consist of from about 50
to about 560 residues, preferably between about 75 and 500,
more preferably between about 100 and about 480 residues. The
GPV sequences of the present invention can be:readily designed
and manufactured utilizing various recombinant DNA techniques
well Known to those skilled in the art and described in detail,
below. For exXample, the chains can vary from the naturally-
occurring sequence at the primary structure level by amino acid

insertions, substitutions, deletions, and the liXe. These .

modifications can be used in a number of combinations to
produce the final modified protein chaim.

The awmino acid segquence variants of GPV.can be
prepared with various objectives in mind, such as facilitating

-This Sheet Has Been Replaced
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purification and preparation of the protein. The modified
molecules are also useful for modifying plasma half life,
improving therapeutic efficacy, and lessening the severity or
occurrence of side effects during therapeutic use. The amino
acid sequence variants are usually predetermined variants not
found in nature. The variants typically exhikit the same
biological activity as naturally occurring CPV, such as the
ability_ﬁo form complexes with GPIb-IX. 'However, the variants
and derivatives that are not capable of binding to ligande are
useful nonetheless (a) as a reagent in diagnostic assays for
GPV or antibodieg to GPV, (b) as agents for purifying anti~Gpv
antibodies from antisera or hybridoma culture sunpernatants when
insolubilized in accord with known methods, and (c) as
immunogens for raising antibedies to GPV or as immuncassay kit
components so long as at least bne GPV epitope remains active.

In general, modifications of the gene encoding the
GPV may be readily accomplished by a variety of well-known
techniques, such as site-directed mutagenesis (see, Gillman and
smith, Gene 8:831-97 (1979) and Roberts, 8. et al., Nature
328:731-734 (1987), both of which are incorporated herein by
reference). One of ordinary skill will appreciate that the
effect of many'mutations-is difficnlt to predict. Thus, most
ﬁodifications.are evaluated by routine screening in a suitable
assay for the desired characteristic. For instance, a change
in the immunological character of the GFV can be detected by
cdmpetitive immunoassay with an apprdpriate antibody. The
effect of a modification on the ability of the GPV to promeote
platelet éggregation can be tested using in .vitro assays, well
known to those of skill in the art. Modifications of other
properties such as redox or thermal stability, hydrophobicity,
susceptibility to proteolysis, or the tendency to aggregate are
all assayed according to standard techniques.

_ Inscrtional variants of the present. invention are.
those in which one or more amino acid residuas are introduced
into a predetermined site in the protein and which displace the
preexisfing residues. For instance, insertional variants can
be fusions of heterologous proteins or polypeptides to the

- ‘This Sheet Has Been Re';ilaced
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amino or carboxyl terminus of GPV. Such fusion proteins can be
used to facilitaté purification of the endoded protein.

Immunogenic fusions may alse be produced by cross—
linking in vitro or by recombinant cell culture using DNA
encoding an immunogenic polypeptide linked to a nucleotide
sequence encoding GFv. These lmmunogenlc fusions are useful,
ror instance, to raise antlbodles useful ln dlagnostics or in
purification of GFV by 1mmunoaff1n1ty tEChnlqués well known to
the skilled artisan. _ ?

Substitutional variants are those in which at least
one residue has been removed and a different residue inserted
in its place, Non-—natural amino acid (L.e., amino acids not
normally found in native proteins), as well as isosteric
analegs (amino acid or otherwise} are also suitable for use in
this invention.

" SBubstantial changes in function or immunclogical
identity are made by selecting substitute residues that differ
in their effect on the structure of the polypeptide backhone
{(e.g., as a sheet or helical conformation), the charge or
hydrophobicity of the molecule at the target site, or the bulk
of the side chain. fThe substitutions which in general are
expected to produce the greatest changes in function will be
those in which (a) a hydrophilic residue, e.g., serine or
threonine, is substituted for (or by) a hydrophobic residue,
e.g..- leucine, isoleucine, phenylalanine, valine or alanine;

(b} a cysteine or proline is substituted for (or by) any other
residue; (¢) a residue having an electropositive side chain,
e.g., lysine, arginine, or histidine, is substituted for (or
by) an electronegative residue, e.g., glutamine or aspartine;
or (d) & residue having a bulky side chain, e.g.,,
phenylalanine, is substituted for (or by) one not having a side
chain, e.g., glycine,

_ -Substitutional variants of the subunits also include
variants in which functionally homologous (having at least
about 70% similarity) domains of other proteins are substituted

'~ by routine methods for one or more of the GPV domains.

Another class of variants are deletional variants.
Deletions are characterized by the removal of one or more amino
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acid residues from the GPV sequence. Deletions of eysteine or
other labile residues also may he desivable, for example in
increasing the oxidative stability of the protein. Deletion or
substitutions of potential proteolysis sites, e.qg., Arg Arg, is
accomplished by déleting one of the basic residues or
substituting one by glutaminyl oxr histidyl residues.

' A preferred class of substitutional or deletional
variants are those involving the transmembrane region of the
protein. Inactivation of the transmembrane domain, typically
by deletion or substitution of transmembrane domain
hydroxylation residues, will facilitate recovery and
formulation by reducing its cellular or membrane lipid affinity
and improving its eqﬁeous solubility. Alternatively, the
transmembrane and cytoplasmic domains can be deleted to aveid
the introduction of potentially immunogenic epitopes,
Inactivation of the menbrane binding function is accomplished
by deletion of sufficient residues (not nacessarily all the
residues} to produce a substantially hydrophilic hydropathy
profile at this site or by substituting with heterologous
residues which aecompiish the same result. '

A principal advantage of the transmembrane
inactivated GPV is that it may be secreted inte the culture
medium of recombinant hosts. This variant is qeluble in body
fiuids such as blood and deoes not have an appreclable affinity
for cell membrane lipids, thus considerably simplifying its
recovery from recombinant cell cunlture. Deletianal variants
typically substantially lack a transmembrane domain and consist
essentially of the effective portion of the extracellular
domain of GPV. In some circumstances, the molecule may
comprise sequences from the transmembrane region (up to about
10 amino acids), so long as solubility is not sighificantly
affected. : .
The transmemhrane domain may also be substitutedjby -

any amino acid seguence, e.g., a random or predetermined:

sequence of about 5 to $0 serine, threonine, lysine, arginine,
glutamine, aspartic acid and like hydrophilic residues, which
altogether exhibit a hydrophilic hydropathy profile. ILike the

- This Sheet Has Been R

R



10

15

20

25

30

35

-

eet Has Been Rep laced

LT —

16

deletional (truncated) variants, these variants are secreted
into the culture medium of recombinant hosts.

Glycosylation variants are included within the scope
of this invention. They include variants completely lacking in
glycosylation (unglycaosylated) and variants having at least one
less glycosylated site than the native form (deglycosylated) as

-well as varlants in which the glycosylatlon has been changed.

Included are deglycusylated and unglycosylated amine acid
sequence variants, deglycosylated and unglycosylated subunits
having the native, ummodified amino acid sequence. For
example, substitutional or deletional mutagenesis is employed
to eliminate the N- or O-linked glycosylation sites of the
subunit, e.g., the asparagine residue is deletad or substituted
for by another basic residue such as lysine or histidine.
Alternatively, flanking residues making up the glycosylation
site are substituted or deleted, -evan though the asparagine
residues remain unchanged, in order to prevent glycesylation by
eliminating the glycosylation recognition site. Additionally,
unglycosylated subunits which have the amino acid segquence of
the mative snbunits are produced in recombinant prokaryotic
cell culture because prokaryotes are incapable of introducing

glycosylatlon into polypeptides.

Glycosylation variants are conveniently produced by
selectlng appropriate hest calls or by'in vitro methods.
Yeast, for example, introduce glycosylation which varies
significantly from that of mammalian systems. Similarly,
mammalian cells from a different species (e.g., hamstér,
purine, insect, porcine, bovine or ovine) or tissue than the
GPV sowrce are routinely screened for the ability teo intreduce :

variant glycosylation as characterized for example by elevated

levels of mannose or variant ratios of mannose, fucese, sialic
acid, and other sugars typically found in mammalian

glyceproteins. In vitro processing of the subunit typically is

. accomplished by enzymatic hydrolysis, e. g., neugaminidase

digestion.

The polypeptides of the invention can consist of the
full length GPV or a fragment thexeof as described above.
Particularly preferred polypeptides of the invention are those
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having a polypeptide saquence substantially identical to the

sequence disclosed in Figure 5B.

Two polynuclaotides or polypeptides are said ta be
tidentical” if the sequence of nucleotides or amino acid
residues in the two mequences is the same when aligned for
maximum correspondence. Optimal alignment of sequences for
comparison may be conducted by the local ‘homolegy algorithm of
Snith and Waterman Adv. Appl. ‘Math. 2:482 {1981), by the
homoalogy alignment algorithm of Needleman and wWunsch J. Mol,
Biol. 48:443 {1970), by the search for similarity method of
Pearson and Lipman Proc. Proc. Natl. Acad. Sci. USA 85:2444
(1988), by computerized implementations of these algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics

' Software Package, Genetics Computer Group, 575 Becience Dr,,

Madison, WI), or by inspection. These references are
incorporated herein by reference,

The percentage of sequence 1dentity between two
seguences is determined by comparing two optimally aligned
sequences over a window of comparison of at least 20 positions.
The percentage is calculated by determining the number of
positions at which the identical nucleic acid bass or amine
acid residve occurs in both segquences to yield the numbex of

. matched positions, dividing the number of matched poéitions by

the total number of positions in the window of comparison
(i.e., the window siza), and multiplying the result by 100 to
yield the percentage of sequence identity. _

The term Y“subgtantial identity" means that a
polypeptide comprisés a sequence that has at least 80% sequence
identity, preferably 90%, mare preferably 95% or morsa, compareé'
te a reference sequence over a comparison window of about 20
residues to about 500 residues - typically about 50 to about
500 residues usually zhout 250 to 300 residues. The values of
percent 1dent1ty are determined u51ng the programs above.

Another 1nd1catlon that polypeptlde secuences are
substantially identical is if one protein is immunologically
reactive with antibodies ralised against the other protein.

Thus,, the polypeptides of the invention include polypeptides

immunologically reactive with antibodies raised against GPV.
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The present invention provides substantially pure

praparation of GPﬁfﬁblypeptides, produced aither by recombinant
or synthetic means, or isolated from natural sources. The
phrases “isolated" or "bhioleogically pure" refer to material
which is substantially or essentially free from components
which normally accompany it as found in its native state.

Thus, the binding domain polypeptides of this 1nvent10n do not
contain materials normally associated with their in -situ
environment, e.qg., other proteins from a platelet membrane.
However, even where a protein has been isclated to a homogenous
or dominant band by PAGE, there can be trace contaminants in
the range of 5-10% of native protein which co-purify with the
desired protein. Isolated polypéptides of this invention do
not contain such endogenous co-purified protein.

Protein purity or homogeneity may pe indicated by a
nunber of means well known in the art, such as polyacrylamide -
gel electrophoresis of a protein sample, followed by
visualization upon staining. For certain purpeses high
resolution will be needed and HPLC or a similar means for
purification utilized.

Much of the nomenclature and general 1abofatory
procedures roferred to in this application can be found in
Sémhréok et. al., Molecular Cloning - A Laboracory Manual (2nd
Ed.), Vel. 1-3, Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York, 1989 or in'Berger and Kimmel, Guide to
Molecular Cloning Technigues, Methods in Enzymology 152
{Academic Press, Inc., San Diego, CA). The manuals are
hereinafter referred to.as'"Sambroak" or "Berger" respectively.

Cloning

A variety of methods for cloning DNA seguences into
prokaryotic cells are well known in the art. Organisms which
are commonly utlllzed as hosts for the amplification of a _
vector include Escherichia, Bacillus and. Streptomyces. The
most common bacterial hosts are various commerc1ally available
strains of E. coli, due to the ease with which the organism may
be cultured and the wealth of information which is available
regarding the cell's life-cycle, genetics,'viruses and

Ld
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developmental regulation. The vectors most cbmmonly used in
E. coll are those dérived from the pBR322 plasmid and those
dexrived from A or M13 phage, although several vectors unrelated
to any of these are also common. The Sambrook and Berger
manuals contains methodology sufficient to direct persons of
Sklll through most cloning exercises.

. A number of vectors detailed in Sambrook and
elsewhere may be 1n1t1a11y cloned into E. coli and then
subsegquently transferred into a eukaryotic system without any
necessity for re~cloning that part of the vector which is of
interest to the person of skill. Vectors capable of
replication in both prokaryotic and eukaryotic cells are
generally termed Yshuttle vectors®™ and must contain at a
minimum a eukaryotic and a prokaryotic origin of replication.
Several shuttle vectors are commercially available which
contain polycloning sites, selectable markers for both
bacterial and eukaryotic cells, promoters for both bacterial
and eukaryotic expression of the gene(s) of interest, and
integration sequences for insertion of the vector into the
enkaryotic genome. A few examples of vectors which may be
amplified in bacteria and used for transformation in eukaryotie
cells include the family of P element vectors for Drosophila

melanogaster, a rumber of. SV40-derived vectors for the.

transformation of COS cells, adenovirus-derived vectors for
transformation in cells containing the appropriate
transcription factor for RNA polymerase III, a variety of BPV-
derived vectors and the YIpS5~derived vectors of Saccharomyces

_cerevisiae (see Sambrook chapter 16 and Berger chapter 53 for

an overview of different vectors which may be transferred
between E. coli and eukaryotes}. General techniques for
shuttling DNA between proXaryotes and eukaryotes are also
described in Cashion et. al., U.S. patent number 5,017,478 and
Kr:.eglex:, Gene Transfer and Expréssion: A Laboratory Manual,

W.H. Freeman, N.¥., (1990) which are incorporated by reference.

Expression of Recombinant Proteins
Methods for expression of recombinant proteins may be

found in Sambrook chaptexs 16 and 17.
This Sheet Has Been RT
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Recombinant proteins may be expressed in either
bacteria such as E. coli or in eukaryotic expression systens,
In general, it is often necessary to express membrane proteins
in eukaryotic systems to achiexe proper post-translational
modification of the protein, although it is sometimes possible
to engineer the biclogically active fragment of a polypeptide
into an appropr;ate bacterial expr3551on system, or to use the
bacterial systcm for gcncrat;ng peptides which may be used for
antibody generation. In these prokaryotic hosts, one can make
expression vectors which will typically contain expression
contreol sequences compatible with the host cell (e.g., an
origin of replication). In addition, a variety of well«known
promoters or promoter elements will be present, such as the
lactoze promoter system, a tryptophan (trp) promoter system, a
beta-lactamase promoter system, or a promoter system from phage
lambhda (see Yanofsky, C., 1984, J., Bacteriol., 158:1018-1024
and Berskowitz, I. and Hagen, D., 1980, Ann. Rev. Ga&ner._,
1&:399—445). The promoters will typically control expression,
optionally with an operator sequence, and have ribosome binding
site sequences and similar elements for initiating and
completing transcription and translation.

Methods for expressing large amounts of a protein 1n

a bacterial cell are often 1nva1uable in determining the

protein's function, or in generating simple methods of
purifying a protein, such as by raising antibodies to a protein -
expressed in a bacterial cell for use in an immunopurification
technigue for isolation of a protein from a eukaryotic cell.
During purification from E. coli, the expressed polypeptides
may first be denatured and then renatured. This can be
accomplished by solubilizing the bacterially produced proteins
in a chaotrepic agent such'as'guanidine HCl and reducing all
the cysteine residues with a reducing agent such as beta—
mercaptoethanol. The . polypeptldcq are then renatured, elther
by slow dialysis or. by gel filtratien, U S. Patent No. |
4,511,503. The most common of these technigques is the
generation of fusion proteins which express a portion of the
protein of interest fused to a known antigen which is not
otherwise present in the bacterial cell (e.g., LacZ in E.
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coli), but for which antibodies are readily available. After
purification usiﬁ& immunopurification methods directed against
the known antigen, the fusion protein is used to raise
antibodies via standard techniques.

Expression of genes in eukaryotic systems may be used
for a number of purposes, 1nclud1ng the follow1ng. to conflrm

- the 1dent:.ty of a clone.d gena, to express eukaryotlc qenes
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which regquire post—translatxonal nodification, to produce large'

quantities of proteins which are ordinarily available in small
¢quantities from naturally~cccurring biological sources, to
study the biosynthetic pathway of the gehe product, to clarify -
the relationship between the structure and function of a
protein through mutat;pngl analysis, to properly express
proteins containing introns which prokaryotes cannot process,
and to identify the gene's promoter elements. When éhoosing an
expression vector several factors need to be ftaken inte account
including the size of the gene (some packaging viruses may
incorporate only relatively small amounts of DNA), the type of
host cell which is available (some cells such as CHO cells add
more post-translational modifications than other cells such as
NIH-3T3 cells), whether a permanent transformant or a transient
axpresajon systen is desired and the presence of control
elements in the vector. Eukaryotic expression vectors contain’
both prokaryotic origins of replication (generally derived from
PBR322) and eukaryotic transcription units which are
transcribed only in eukaryotes. The eukarvotic transcription
unit consists of non-coding sequences and sequences coding for

- selectable markers such as thymidine kinase, aminoglycoside

phosphotransferase or dihydrofolate reductase, as well as the
portion of the gene of interest necessary for expression. In
general the transcription unit is assembled from well-
characterlzed viral or eukaryotic genes,

Intrcxduction of the recombmant vectors :.m:o

. eukaryotlc cells- may be achieved by a varlety of metnods known

in the art, including: calcium phosphate or DEAE-mediated
transfection, polybrene, protoplast fusion, electroporation,
liposomes and direct microinjection.

Sheet Has Been R laced
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Common vectors for mammalian replication systems
include the Simiafi ¥irus 8V40, papilloma viruses such as hovine
papilloma virus (BPV) and herpes viruses such as Epstein-Barr
(EBV). Each of these vectors may be used to generate cell
lines which contain nultiple copies of the gene of interest.
call lines with high levels of expression of the introduced

22

Vgene may be selected by treatzng the cells with gradually

increasing amounte of the toxin which the selectable marker -
provides resistance against. The DNA unit which is amplified
under selective conditions is variable, but generally includes
a substantial amount of flanking DNA, particularly in stably
transfected lines in which the vector has integrated into the
chromosome. '

The DNA sequences will be expressed in hosts after
the sequences have been operably linked to an expression
control segquence. These expression vectors are typically
replicable in the host organisms either as episomes or as an
integral part of the host chromosomal DNA. Commonly,
expression vectors will contain selection markers, e.q.,
tetracycline or neemycin, to permit detection of those cells
transformed with the desired DNA sequences (see, e.g., U.S.

‘Patent 4,704,362, which is incorporated herein by reference).

Many standard_purification techniques may be used to
purify the gene product from the gene of interest which is
expressed as described above. 1In the present invention which
provides a direct means for antibody generation, it is possible
to use an immunoprecipitation or immunochromatographic method
in ‘addition to or in conjunction with standard precipitation
and chromatographic methods for purification of GPV ox its
cleavage products, without first generating antibodies using

prokaryotic fusion proteins,

As indicated above, the vector, e.g., a plasmid,
whxch is used to transform the host cell, preferably contains
DNA sequences to initiate transcription ana seguences to
control the translation of the antigen gene sequence:. These
sequences are referred to as expression control seguences.

When the host cell is of insect or wammalian orxigin, .
illustrative expression control seguences are obtained from the
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' ' The host cells are compétent or. rendered competent
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sV-40 promoter (Science, 222:524-527,

PCT/US94/07644

1983), the CMV I.E.

Promoter (Proc. Natl. Acad. Sci. 81:659~663, 1984) or the
metallothionein promoter (Nature 286:39-42, 1982). The cloning
vector containing the expression control seguences is cleaved
uging restriction enzymes and adjusted in size as necessary or

deSLrable and ligated with DNA cod;ng
by means well known -in the art.

for the GPV polypeptxde

as with yeast, when higher- animal host cells are

employed, polyadenlyation or transcription terminator sequences

from known mammalian genes need to ba

incorporated into the

vector. An example of a terminator sequence is the

polyadenlyation sequence from the bovine growth hormone gene.

Sequences for accurate splicing of the transeript may also be
included. an example of a splicing sequence is the VPl intron
from SV40 (Sprague, J. et al,, 1983, J. Virol. 45! 773-781).
Additionally, gene sequences to control replication
in the host cell may be incorporated into the vector such as

those found in bovine papilloma virus

typea~vectors.

Saveria-Campo, M., 1983, “Boavine Papilloma virus DNA a
Eukaryotic Cloning Vector® in DNA Cloning Vol. II a Practical
Appreach Bd. D.M. Glover, IRL Press, Arlington, Virginia

for transformation by various means.
known methods of introducing DNA into

Therse are several well-
animal cells. These

include: c¢alcium phosphate precipitation, fusion of the
recipient cells with bacterial protoplasts containing the DNA,

treatment of the recipient cells with

liposomes containing the

DNA, DEAE dextran, electroporation and micro-injection of the

DNA directly into the cells.

The transformed cells axe cultured by means well
known in the art. Biochemical Metheds in Cell Culture and

Virology, Kuchler, R.J., Dowden, Hutchinson and Ross, Inc.,

(1977). The expressed GPV polypeptides are isolated from cells

grown as suspensions or as monolayers.

*The latter are

recovered by well known mechanical, chemical or enzymatic

means.

- i
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Production of GPV peptides by protein chemistry techniques
The polypeptides of the invention can be

synthetically prepared in a wide variety of ways. Tor instance

polypeptides of relatively short size can be synthesized in
solution or on a solid support in accordance with conventional
techniques., Various automatic synthesizers are commercially
available and can be used in accordance with known pratocols.
See, for example, Stewart and Young, Solid Phase Peptide
Synthesis, 2d. ed., Pierce Chemical Co. (1984). The peptides
may be used to generate antibodies using standard methods,
1naludzng those methods described in this application.

Alternatively, purified and isolated GPV may be
treated with proteoclytic enzymes in order to produce GPV
polypeptides. The. GEV protein saquence may be analyzed to
select proteolytic enzymes to be used to generate polypeptidas
containing desired regions of the GPV protein. The desired
polypeptides are then purified by nsing standard technigues for
protein and peptide purification. For a review of standard
technicues see, Methods in Enzymology, “"Guide to Protein
Purification", M. Dentscher, ed. . Vol. 182 (1980), pages 619~
626, which is incorporated herein by reference. Peptides
generated by this strategy may be used to generate antibodies
using standard methods, including thbsé described in this
application. |

Antibody Generation
The antibodies recognizing polypeptides of the

present invention are suitable for modification using the
multitude of techniques available to those skilled in the art
for production and wanipulation of various immunoglobulin
molecules. Immunoglobulins are proteins consisting of one or
more polypeptides substantially encoded by immunoglobulin

~ genes, The recegnized 1mmuncglobu11n genes include the kappa,
'1ambdh, alpha, gamma, delta, cpsilon and mu constant region

genes, as well as the myriad 1mmunoglobu11n variable region
genes, For a discussion of immunoglobulin forms, see e.g.,
Fundamental Immunology, 24 EQ. W.E. Paul ed., Raven Press NY

(1989), Huston et al., Proc. Nat. Acad. Sei. USA
}ma}hsBumRTa

T MO




10

15

20

25

30

35

is Skeet Has Been Reﬂlaced

LT — —

B5:5879~5883 (1988}, Bixd et al., Science 242:423-426 (1988),
and Hunkapiller arnd Hood, Nature 323:15-16 (1986).

As used herein, "immunoglebulin," "antibody" or
“"antibody peptide(s)" refers to polyclonal antibedies,
monoclonal antibodies, to an entire immunoglobulin or antibody
or any functional fragment of an lmmunoglobulxn molecule which
binds to the target antigen. Examples of such peptides include
complete éntihody molecules,'antzbody fragments, such as Fabh,
F{ab'},, complementarity determining regions (CDRs), V, (light
chain variable region), V4 (heavy chain variable region), and
any combination of those or any other functional portion of an
antibody peptida.

An F(ab'), fragment lacks the C-terminal portion of
the heavy chain constant region, and has a molecular weight of
approximately 110 kXD. It retains the two antigen binding sites
and the interxchain disulfide bonds in the hinge region, but it
does not have the effector functions of an intact IgG molecule.
An F(ah'), fragment may be obtained from an IgG molecule by
proteolytic digestion with pepsin at pH 3.0-3.5 using standard
methods such as those described in Harlow and Lane, Antibodies:
A Laboratory Manual, Cold Spring Harbor Pubs., N.Y. (1988).

- An Fab fragment copprises a light chain and the N-
termlnus portion of the heavy chain to which it is linked by .
disulfide bonds. It has a molecular weight of approximately 50
kD and contains a single antigen binding site. Fab fragments
may be obtained from F(ab'}, fragments by limited reduction, or
from whole antibody by digestion with papain in the presence of
reducing agents. (See, Harlow and Lane, supra.)

A multitude of techniqgues available to those skilled
in the art for production and manipulation of various
immunoglobulin melecules can ke readily applied to produce
antibodies for use in the present invention. Antibodies which

“bind to GPV may be produced. by a varaety of meang. The

production of non-human monoclonal antibodies, e. g.;'mdrine,
lagomorpha, equine, etc., is well known ‘'and may be accomplished
by, for example, immunizing the animal with a preparation
containing c¢ells bearing GPV or isolated GPV molecules.
Antibody-producing cells obtained from the immunized animals
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are immortalized and screened, or screened first for the
production of antibo&y which binds to GPV and then
immortalized. For a discussidn of general procedures of
monoclonal antibody production see Harlow and Iane, supra.

The genezation of human monccleonal antibodies to a
human antigen is also known in the art. Generation of such
human monoclonal antlbadxes may. be difficult with canventxonal

."technlques. Thus, it may be desirable to isolate DNA sequences

which encode an anti-GPV human monoclonal antibeody (or portions
thereof) by screening a DNA library from human B cells °*
according to the general protocol outlined by Huse et al.,
Science 246:1275-1281 (1989). The sequences which encode the
antibody (or binding fragment) of the desired specificity are
then cloned and amplified. Alternatively, one may transfer the
antigen binding regions of nan-human antibodies, e.g., the
F(ab'), or hypervariable regions, to human constant regions
(Fe) or framework regions by recombinant DNA technigues to
produce substantially human molecules. Such metheds are
qenerally known in the art and are described below.

The invention also provides synthetlc or recombinant
immunoglobulins, including chimeric immunoglobulins, humanized
antibodies or hybrid antibodies or derivatives of any of. those.
Chimeric imminoglobulins are typically the product of chimeric
DNA, which is recombinant DNA containing geneﬁic material from
more than one eukaryotic species. _

*chimeric immunoglobulins® or “chimeric antibodies
refer to those antibodies or antibody peptides wherein one
portion of the peptide has an amino acid secquence that is
‘derived from, or is homologous to, a corresponding sequence in
an antibody or peptide derived from a first gene source, while
the remaining segment of the chain(s) is homologous to
corresponding sequences of another gene source. For example, a
-chimarlc antibody peptide may’ ccmprlse an antlbody heavy chain
with a murine variable region and a human constant region. ‘The
two gene sources will typically inveolve two species, but will
occasionally involve different sources from one species.

Chimeric antibodies or peptides are typically
produced using recombinant molecular and/or cellular

-



,._ﬂ____,_____—ﬂﬁ~i
as Been Replaced

B 1T — o

techniques. Typically, chimeric antibedies have varijable
regions of both lighkt and heavy chains that mimic the variable
regions of antibedies derived from one mammalian species, while
the constant portions are homologous to the sequences in
antibodies derived from a second, different mammalian species.
Methods for preduction of such antibodies are well known and
are described in, for e#ample,_uis; Patent No. 4.816,397, and
EP publications 173,484 and 239,400, which ére incorporéted _
herein by reference. . '

The definition of a chimeric immunoglobulin, however,
is not limited to this exampia. A chimeric antibody is any
antibody in which either or both of the heavy or light chains
are composed of combinations of sequences mimicking the
secuences in antibodies of different sources, whether these"
sources are differing classes, differing antigen respunses, or
differing species of ¢rigin, and whether or not the fusion
point is at the variable/constant boundary.

The term "humanized" or *human-like immunoglobulin®
refers to an immunoglobulin comprising a human-like framework
region and a constant region that is substantially homologous
to a human immunoglobulin constant region. Hence, most parts
of a human-like immuncglobulin, except possibly the CDRs are
' :substant1al1y homologous to correspond;ng parts of one or more
native human 1mmunoglohu11n sequences.

"Hybrid antibody" refers to an antibody wherein each
chain is separately homologous with reference to a mammalian
antibody chain, but the combination represents a neovel assembly
so that two different antigens are recognized by the antibody.
In hybrid antibodiesz, one heavy and light chain pair is
" homologous to a paiy found in an antibody raisaed against
another epitope. Thie results in the property of multi-
functional valancy, i.e., ability to bind at least two
-difforent epitopas simultaneouQ1y._ Such hybrids may,.of_.
course, alsc be formed using chimeric chains. '

Immunoglobulins may be fused to functlonal reglons
from other genes (e.g., those encoding enzymes) to produce
fusion proteins (e.g., immunotoxins) having novel properties.
In general, modifications of the genes may be readily



10

15

20

25

30

135

i,

accomplished by a varlety of well-known techniques, such as
site~directed mutagenesic (see, Gillman and Smith, Gene, 8:8197
(1979) and Roberts, S. et al, Nature, 328:731-734 (1987)).

For this invention, an immunaglobulin is specific
for, or reactive with, a GPV molecule if the immunoglobulin
binds GPV as measured or determined by standard antibody-
antigen assays, for example, competitive binding assays,
saturation assays, or standard immuncassays such as.ELISA or.
RIA. This definition of specificity applies to single heavy
and/or light chains, CDRs, fusion proteins oy fragments of
heavy and/or light chains, that are also specific for GPV if
they bind GPV alome or if, when properly incorperated into
immunoglobulin conformation with complementary variakle regions

- and constant regions as appropriate, are then capable of

binding GPV., Binding affinity is typically represented by the
affinity constant (X,) for equilibrium c¢oncentrations of
associated and diéassociated configurations, i.e.,_Ka = [A—
B1/[A)[B) where [A], [B), and [A—B] are the concentrations at
equilibrium of the antibedy (A), antigen (B) and antigen -
antibody complex (A-B), respectively. Under physiological
canditions, the affinity constant of a specific immunoglobulin
of the present invention is typically about 10"3 to ahout 10°%?
liters/moié, and preferably about 10710 llters/mole or more.
One of skill will recoqnlze, hQWQver, that binding affinity
hetwaen two molecules will be influenced by a number of factors
such as temperature, pH, ionic strength, and the like.

. Compositions of the present invention comprise
immunoglobulins which selectively bind GPV molecules on
platelet cells. The immunoglobulins and pharmaceutical
compositions of this invention are particularly usefunl) for
parenteral administration, i.e., subcutanecus, intramuscular,
or intravenous administration. A number of new drug delivery
approaches are being developed and the pharmaceutlcal
comp051tlons af the present 1nventlon are suitable ror
administration using these rnew methods, -as well. See, Langer,
Sc;ence, 249:1527-1533 (1990). L

In one embodiment, the antibodies of the present
invention can be used to target conventional drugs or other
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agents to platelets. By using an antibedy to target a drug to
cells bearing GPV,'shch drugs can achieve higher concentrations
at sites of platelet aggregation. The immunoglobulins can be
directly or indirectly coupled to the chemotherapeutic agent.

The antibodies of the present invention may also be
used for diagnestic purposes, such as identirfying areas of
platelet aggregation. For diagnostic purposes, the antibodies
may either be labaled or unlabeled.- Unlabeled antibodies can
be used in combination with other labeled antibodies (second
antibodies) that are reactive with the antibody, such as anti-
nodies specific for a patticular immunoglicbhuliin constant
region. Alternatively, the antibodies can be directly labeled.
A wide variety of labels may be employed, such as

29

radionuclides, fluorescers, enzymes, enzyne substrates, enzyme
cofactors, enzyme inhibitors, ligands (particularly haptensg),
etc. Numercus types of immuncassays are available and are wall
known to those skilled in the art.

In diagnostic applications, compositions containing
the immuneglobuline or a cocktail thereof, are administered to
a patient suspected of having a defect in platelet function.
Alternatively, the efficacy of a particular treatment can be
monitored. Aan amount sufficient to-accomplish this is defined

to be a "diagnostically éffé¢tive dose." Im this use, the

precise amounts will depend upon the patient‘'s state of health
and the binding constants for the specific antibodies employed. .
Kits can also be supplied for use with the subject
antibodies. Thus, the subject antibody composition ¢of the
present invention may be provided, usually in a lvophilized
form in a container, either alone or in conjunction with
additional antibodies specific for the desired cell type. The
antibodies, which may be conjugated to a label or toxin, or
unconiugated, are included in the kits with buffers, such as
Tris, phosphate, carbonate, etc., stabilizers, biocides, inert .

‘proteins, e.g., serum albumin, or the like, and a set of

instructions for use. Generally, these materials will be
present in less than ahout 5% wi. based on the amount of active

- antibody, and usually present in total amount of at least about

0.001% wt. based again on the antibody concentration.
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Frequently, it will be desirable to include an inert extender
or excipient to dilute the active ingredients, where the
excipient may be present in from ahout 1 to 89% wt. of the
total composition. Where a second antibody capable of binding

" ¢o0 the chimeric antibody is employed in an assay, this will

uszually be present in a separate vial. The second antibody is

-typically conjugated to a-label and formulated in an analogous
‘manner with the antibody formulations described above.

PCR
| The use of PCR (Mullis et. al., U.S. Patent No.

4,683,202 (1987)) in the field of molecular bhiology is well
known. PCR has been adapted for many diverse purposes
including ¢loning, sequencing, forensics, diagnostics and
cladistic analysis. The technigue is detailed in several
general sources which provide adequate guidance to one of sk111
to perform the technicue, including Sambrook and PCR Protocols:
A Guide to Methods and Applications (Innis et. al. eds)
Academic Press Inc. San Diego, CA (1990) (hereinafter "Innis").

_ The following PCR protocol is provided as a starting
point for & person of skill, who will readily recognize that it
is usually necessary to optimize reaction cenditions, and that
optiﬁization is especially importanf when the toachnigue yields
inadequate'rcsﬁlts, or when an cséchtially repetiti#e task
utilizing the technique needs to be performed. In general, a
100 pl reaction contains the following: 1 to 1 x 107 target
molecules (generally about 1 x 10% to 1 x 10% target
mclecules); lpmol-~100pmol of each primexr (generally about
20pmol}, the primer having a T, of from about 30°C to about
705¢ (preferably greater than about 50°C) 20mM Tris-Hel (pH
approximately 8.3 at 20°C): 0.2mM~ 5mM MgCl, (generally about
1.5 mM MgCl,; occasionally it may be helpful to substitute sone
of the MgClz w1th MnC12)°'25mM KCi: 0. 05% Tween. 20: 10049
autoclaved gelatin ox nuclease—free bov1ne serum albumin; b—
200uM of each ANTP (generally about 50uM of each dNTP}, a
from_D.ZS to 5 units (generally about 2 units) orf tag DNA
polymerase. Many practitioners prefer to add an oil phase on
top of the agqueous phase to prevent eévaporation of the reaction
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mixture and to prevent the reaction components f£rom being
distributed unevenly in the reaction tubé iupon heating. The
reaction mixture is cycled through 15-65 (usually 20-35) of the
following temperature variations (generally using a
commercially available thermal cycler, occasionally performed
by hand with 3 temperature baths): "denaturatien" at 96°C for

PCT/USY4/07644

.25 min, (on the first cycle it is often better to leave the

réadtioﬁ mixture at 96°c for 1-5 minutes),'"primer annealing"-
at a temperature about 5°C to 10°C lower than the caloculated T,
for 30 seconds, "primer extension" at 72°C for 1-3 minukes
depending on the length of the targst sequence to be amplified.
Cycling is generally concluded with a final 72°C extension for
about 5 minutes and the reaction is stepped by chilling the
reactants to about 4°C and/or by the addition of EDTA in an
amount approximately 8-~fold greater than the guantity of Mgcl,
plus MnCl, plus any other divalent cation in the mixture.

Once the complete sequance of a gene is known, it is
entirely straightforward to design PCR experiments to detect
the presence of abnormalities in the structure of the gene in
lndxvxdual organisms. After perforning PCR on the individual's
DNA or cDNA using prlmers designed from the known GPV gene
sequence,_the presence of gross defects in the gene or the

gene's cDNA may be ascertained by standard agarose gel

electrophoresis of restriction endenuclease-digested fragments
of the DNA or cDNA., If-desirable, all ot the structural
elements of a defective gene may be determined, either by
direct sequencing of the PCR product, or by subcloning the PCR
product into a sequencing vector for sequencing by standard
methodologies; commercially- available sequencing kits from =
variety of sources are available for the sequencing of either

. PCR~generated or cloned DNA. In the present invention, the GFV

gene may be examined in patients in order to diagnose Bernard-

Soulier =yndrome, or in order to determine any genetic

predisposition towards the Bernard-Soulier syndrome in persons
which may be at risk for the disease. The ability to detect
genetic diseases in utero using PCR amplification of DNA from a
developing fetus is also known in the art and it will be
possible to detect abnormalities in the GPV gené using standard
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FCR methodologies. In addition, the GPV gene is a specific
markex for cells 5¥ the megakaryoeytic lifieage and is generally
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useful as a morphological marker for tracking platelet

development.

Scutharn Agalgsis and Nnrfh@rn Anmlysisg
SQuthern analysis of genomic DNA and northern

‘analysis of ‘RNA using a cloned probe are basic to the art of

nelecular biology. Sambrook provides adequate guidance to
perforn most commonly used Southern and northern technidques
ineluding analysis of genomic DNA, mRNA and cDNA. The present
invention provides an array of probes that may ke constructed
from the GPV gene for use in Southern analysis. These include
synthetic oligonucleotide probes generated from the sequence
of any region of the GPV gene, probes generated from cleavage
products of the cloned gene using random-primer or terminal
phosphate labeling methods and several other methods known to
persons of skill. The probes may be .used for a variety of
purposes including isolation of homologous genes from other
species by screening genomic or expression libraries or
performing PCR, the ldentification of restriction fragment
length polymorphism and the identification of tissues which
eﬁpress the GPV gené using 4in situ or northern analysis; .

Pharmaceutiecal Composition and Therapeutic uses of GPV
DPolypeptides.

The recombinant proteins of the present invention may
be used to boost the level of GPV and its cleavage products in
a patient which exhibits a lower than normal level of the GFV
or GPVfl, or at a specific site such as a wound in a patient
with normal clotting. The pharmaceutical compositions of the
GPV gene are intended for parenteral, oral, topical, or local
administration. For the pharmaceutical compositions which are

 administered parenterally (e.g., intravenously, subcutanecusly,

1ntradermally, or intramuscularly), thé invention provides
conmpositions for parenteral administration that comprise a
solution of the GPV polypeptide isolated from an expression
system as described above dissolved or suspended in an
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acceptable aqueous carrier. A variety of aguecus carviers may
he used, e.g., water, buffered water, 0.4% saline, 0.3%
glycine, hyaluronic acid and the like. These compositions may
be sterilized by conventional, well known sterilization
techniques, or may be sterile filtered. The resulting aqueous

33

solutions may be packaged for use as is, or lyophilized, tha
lyophilized preparation being combined with a sterile solution
prior to adminigtration. The comPQSthons may contain
pharmaceutically acceptabhle auxiliary substances as required to -
approximate physioclogical econditions, such as pE adjusting and
buffering agents, tonicity adjusting agents, wetting agents and
the like, for ewample, sodium acetate, sodium lactate, sodium
chloride, potassium chloride, calecium chloride, sorbitan
monolaurate, triethanolamine oleate, etc. For solid
compositions, conventional nontoxic solid carriers may be used
which include, for example, pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium, saccharin, talcum,
cellulose, glucose, suc&ose, magnesium carbonate, and the like.
For oral administration, a pharmaceutically
acceptable nontoxic composition is formed by incorporating any
of the normally employed excipients, such as those carriers
breviously listed, and generally 10-95% of active lngredlent
and more preferably at & cqncentratlon of 25% 75%.
 For aexosol administration, the GPv polypeptide(s)
are preferably supplied in finely divided form along with a
surfactant and propellant. The surfactant must be nontoxic,
and preferably soluble in the propellant. Representative of
such agents are the esters or partial esters of fatty acids
containing from 6 to 22 carbon atoms, such as caproic,
octanoic, lauric, palmitic, stearie, linoleic, linolenic,
olesteric and oleic acids with an aliphatic polyhydric alcohol
or ite cyclic anhydride. Mived esters, such ac mived or
natural glycerides may be emplcyed-_ A carrier can also be
included, as desired, as with, e.g., lecithin for intranasal
delivery. | |
For topical administration, e.g., to a wound, the GFV
Solypeptides-may he administered in an aqueous solution as
described above, or may be applied in a salve composed of non-
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toxic carrying agents such as completely polymerized
polyacrylamide, or long-chain esters or partial esters of fatty
acids as described above. Additionally, the solution or salve
may be applied to bahdages in standard wound-dressings.

In therapeutic applications, GPV polypeptides are
administered to a patient in an amount sufficient to affect
platelet aggregation, an.amount which constitutes a
"therapeutically effectlve dose." Amounts effective for thls
use will depend on several factors ineluding the particular
polypeptide, the manner of administration, the weight and
general state of health of the patient, the presence of other
blood disorders in the patient, the presence or severity of a-
wound and the judgment of the prescribing physician. This will
typically be between about 1 ug/kg and about 100 mg/kyg,
preferably about 3mg/kg to about 15 mg/kg.

Gene Therapv

Strategies for gene therapy are reviewed in
Priedmann, Science 244:1275 (1989), which is incorporated
herein by reference.

Delivery of the polynucleotide of interest may be
accomplished in vivo by administering the thexapy vector to an

individual patient,.typically by systemic'adhinistration_(e;g.,'

intravenous, intraperitoneal, intramuscular, subdermal, or
intracranial infusion). Alternatively, the vecter may be uced
to deliver polynuclectides to cells ex vivo such as cells
explanted from an individual patient or universal donor
hematopoietic sten cells,'foilowed by reimplantation of the
cells inte a patient, usually after selection for ecells which *
have incorporated the gene for the polynuclebtide.

The vector may be used for gene therapy to treat

cangenital genetic diseages, acquired genetic diseases (e.g.,

. cancer)} viral diseases or to modify the genome of selected

types of cells of a patlent for any therapeutlc benefit. A
treatable disorder using the GPV gene of the present invention
is the Bernard-Soulier syndrome. Polynucleotldes which reverse
or suppress the neoplastlc phenotype (e.g. antisense inhibition
of defective GPV expression) may be usged to treat detective GFV




10

15

20

25

.30

This Sheet Has Been Replaced

Ny rermssutnes

expre551on as well as engineering the normal GPV gene into
patients.

The following examples are offered by way of
illustration, not limitation.

FPLES
The fellowing examples are nffered by way of
illustration and do not limit the claims. It will be apparent
to one of skill that many of the experimental parameters may be
altered.
Materials: The following applies to materials used
-in the Examples below: Restriction endonucleases, modifying
enzymes, and -the M13 cloning vector were purchased from
Boehringer, Mannheim, Germany. The pBluescript KSII vector was
obtained from Stratagene, San Diego, CA. The Gene Clean IT kit
was from Bio 101, La Jolla, CA. Radiolaheled nucleatides,
Hybond N* membranes and Hyperfilm X-ray films were obtained
from Amersham Corp., Les Tlis, France. Nitrocellulose
membranas ware from Schleicher and Schuell, Ecquevilly, France.
Synthese Oligonucleotides were obtained from the Service de
Synthase des oligonucleotides, INSERM U 184, LGME, Strasbourd,
- France or synthesized on a Beckmann 011go 1000 ollgonucleotlde
. synthegizer . (Beckmann, Gagny, France) All reagents were
molecular biology grade.

- EXAMPLE 1

CONA Cloning of Human Piatelet Glycoprotein Vv via

PCR_2mplification of Platelet and Megakaryocyte cDN2
In order to clone the cDNA encoding glycoprotein v

via PCR, a series of degenerate primers were designed basced on
published partial peptide sequences (Shimomura, et. al., Blood
75:2349-2356 (1990)) obtained from purified platelet GPV,

' Fresh human platelets were isclated and platelet total RNA was
prepared accerding to previcusly described proceduresg (Lanza
et. al., J. Clin., Invest. 89:1995-2004 (1962) and Wicki et.
al., Thromb. Haemostas 81:448+453). . Megakaryocyte RNA kindly
provided by Dr. Nelly Kieffer, Laboratoire Franco- '
Luxembourgeois de Recherche Biomedicale, Luxemboury, was from.a
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patient suifering from megakaryoblastic leukemia. Platelet or
megakaryocyte polyd* RNA was used to syntliésize cDNA with a
commercial kit (Boehringer Mannheim). First strarnd synthesis
was perrormed by priming with oligo 4T or by priming with
degenerate or exact primers specific for GPV and extending with

36

20 units of M-MLV reverse transcriptase (Gibco-BRL, Cargy
Pontoise, France) Approx;mately 25 ng of platelet or
megakaryocyte cDNA was used in the PCR amplemcatlon reaction
using a Gene Amp DNA amplification reaction kit (Perkin-Elmer
Cetus, St. Quentin, France), a 0.2 pM concentration of each
nuclectide primer, and 1 unit of Taqg polymerase. The cDNA was
denatured at 94°C for 4 min, and amplification was performed
for 30 cycles with extension at 729C for 2 min, denaturation at

- 949C for 1 min, and primer annealing between 45 to 60°C for 1

nmin depending on the primers used. Degenerate primers 1 and 4
based on peptide sequence K5/6 and running on opposite strands
were used successfully to amplify a 108 bp fragment (fragment
i) from oligo dT primed platelet cbhNA., Sequence analysis
revealed that the cDNA fragment contained within primers 1 and
4 coded for a 20 aminc acid peptide corresponding exactly to
the published peptide sequence (amino acid residues 13 to 33).
This demonstrated that the amplified fragment corresponded to
GFV CDNA. In order to obtain additional cDNA sequence, ‘exact
oligonucleotide primers were generated in the (=)} strand
(primer 3) and in the (+) strand (primer 2) orientation. Aan
additional 150 bp cDNA fragment (fragment ii) was obtained
using primer 3 and degenerate primer 5 based on the Mé peptide
seguence. Following PCR, 10 pl of the amplification mixture
was analyzed on a 1 to 2% agarose gel.

Rapid amplification of cDNA ends (RACE) was used to
extend the sequence in the 5'- and 3'-direction (Frohman, et.
al., Proc Natl. Acad. S$ci. DSA. 85:8998-8002 (1988)). Using

- the 3'—RACE procedure two addltxonal overlapp;ng fragments (111

and iv) covering 703bp of cDNA were obtained in the 3'- :
direction. For the 3'—RACE, 25 ng of cDNA were subjected to a
first round of PCR with the Adaptor-dTI7 primer and (+) strand
primer 2 or 6, followed by a second PCR with the adaptor and
primer 2 (SEQ.ID.NOs. 8 - 8) or 6 (SEQ.ID.NO. 16) (see Table 1
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for a description of the primers). The 5'~-RACE procedure using
() strand primerg 7 and 8 generated two more fragments of 260
and 150 bp (v and vi) in the 5'-direction. For the 5'-RACE,
¢DNA was prepared from 1 pg of RNA using a (-) strand specific
primer and was dG-tailed by incubation with § pM DGTP and 350
units of terminal transferase (Boenringer Mannheim) at 37°C for
10 min in the buffer supplied by the manufacturer. Affer

'phenol-chloroform extraction, the reaction mzxture was d;alyzed

over a Centricon 30 column (Amicon, Beverly, MA) and used in
the PCR reaction. A first round of PCR was performed with the
Adaptor-qclz primer and primers 7 or & followed by a second
round of PCR with the adaptor aleone and primers 7 or 8.

The positive fragments obtained from regular PCR or

from the RACE appreoach were end~cleaved with restriction

enzynmes (usuwally EZco RI and Sal I}, isolated by electrophorasis
on Sea Plague agarcse (FMC Bioproducts, Rockland, ME), purified
using the Gene Claan II kit, and subcloned into the M13 or
pBlugscript vectors. The inserts were sequenced using the
Sequenase kit (United States Biochemical Corp., Cleveland, CH)
with DATP 5'a~[3°S}-thiophogphate. All the fragments obtained
by the PCR appreoach were analyzed by seduencing on both strands
and their identity to GPV was assessed by comparison to the
publlshed GPV partial segquences.

Using the strategy described above we were able to
assemble 1,199 bp of GPV cDNA from 6 fragments amplified from
platelet mRNA. Sequence analysis revealed the presence of 31
bp of 5' untransliated secquence foliowed by & 1,168 bp open
reading frame starting with a methionihe and coding for a total
of 389 amino acids. '

EXAMPLE 2

Southern Analysis of Human Chromosomal DNA
.In order tov determine the complexity of the human GPV

' “gene, a Southern blot analysis was performed under high

stringency on human chromosemal DNA using a 748 bp cDNA probhe
corresponding to the coding region. High meolecularx weight
human leukocyte DNA was digested to completion with restriction
endonucleases and subjected to electrophoresis on 0,7% agarose
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gels. The fragments were transtferred to a Hybond K™ nylon
membrane and were hybridized to a 748 bp 32P-labelled GPV c¢DNA
fragment at 45°C overnight. fThe hybridization buffer was 50%
(v/v) formamide, 0.2 M NaCl, 50mM NaH,PO,, 2 mM EDTA, 1% (w/v)
§Ds, 5% (w/v) dextran sulfate, 0.02% (w/V)
polyvinylpyrrolidone, 0.02% (w/v) Ficoll 400, and 50 pg/ml

_ salmon sperm DNA. Membranes were washed 1n 0.5X SSc, 1% (w/v)

SDS at 60°C and autorad;ographcd. - -

Single positive bands of approximately 5§ kb, 3. 5 kb,
and 12 kb were cbserved when the DNA was cut with Eco RI, Bam
HI, and Bgl II restriction endonucleases, respectivaly
(Figure 4). Analysiz of additional individuals revealed an
extra polymorphic Bgl II band of 2.4 kb. This simple
hybridization pattern was suggestive of a single copy gene of
low complexity. '

EXAMPLE
Northern Analysis of Platelet MRNA

In order to determine the size of the platelet GFV
mRNA, Northern blot analysis was performed on human total
platelet RNA using a 748 bp ¢DNA probe corresponding to the
coding region (Figure 3). Total RNA (10 pg) from platelets
(leukocyte contamination <10 7y or monocytes was
glectrophoresed on 1% formaldehyde-asyarose gel, and tran ferred
to a Zetaprobe (Bilorad) membrane. A 748 bp GPV @DNA probe (50
ng) was labelled with [o~32P]-dCTP using the random prime
labelling method and cleaned en a Nick celumn (Pharmacia)
{incorporation {a~32p]-dCTP was 71%) . The hybridization
conditions were 0.5 M HaHbPO4, pPH 7.2, 1lmM EDTA, and 7% SDS at *
65°C.

Analysis of the gel rcvnaled a single transcript of
approximately 4.5 kb. 2 partially degraded RNA revealed a more
complex pattern. A transcript of less than 2 kb was also.

revealed with monocyte RNA.
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EXAMPLE 4
elation an aracterization of GFV Genemic Clone _
With the 748 bp fragment as a probe 15 genomic clones
were isolated from a human fibroblast genomic library in the
phage APix vector. Approximately 8 x 10° recombinants of &
human commerc;al genamlc lxbrary in the kFLx vector

-(Stratagene) were plated on E. ceoll LE392, transferred to

nitrocellulose membranas, and probed with a 748 bp 32p lahelled
GPV oDNA fragment. The hybridization conditions were 50% (v/v)'
formamide, 5X S8¢, 0.1% (w/v) SDS, 5X Denhardt's medium, and
0.1 mg/ml salraon sperm DNA at 42°9C overnight. The filters
wvere washed in 0.1¥ SSC, 0.05% (w/v) SDS at 56°C, dried and
exposed for autoradiography. Positive clones were subjected to
two additional rounds of screening in order fo obtain isolated
clones. Phage DNA was purified using the liguid lysis
procedure. The DNA was digested with EcoRI, separated on a
0.7% agarose gal, transferred to nitrocellulose, and hybridized
to the 3°p-labelled GPV CDNA fragment to localize exon
containing fragments. The positive fragments were subcloned
into the pBluescript vector for further restriction enzyme
analysis, and finally subcloned into the M13 sequencing'vector.

- After characterization by restriction endonuclease mapping and
 Southern blot. analysis, cleone G5a was chosen for further

subcloning, restriction enzyme analysis, and nucleotide
sequencing.

A 7.5 kb portion of the G5a clone, shown in Figure 1
with a partial restriction map, was entirely secquenced on both
strands. Comparison with the c¢DNA seguence obtained by PCR
revealed that the 7.5 kb génumic fragment contained the entire
1,198 bp ¢DNA sequence in two exons (Figure S5A (SEQ.ID.NO. 1))
separated by a 958 bp intron. Exon 1 contained 29 bp of 5'~

L)

untranslated region and exon 2 was composed of 2 bp of 5!~

‘untranslated secuence and 1, .68 bp of coding. sequence obtalned
"hby PCR. Exon 2 contained an additional 512 bp of rodlng

sequence before reaching a TAA stop codon.

The sequence immediately adjacent to the S5'-end of
the cDNA (exon 1} was examined for the ﬁresénce of cis-
regulatory elements. The analysis revealed the presence of a
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sequence which matched the consensus sequence for a TATA box
(5'~-TATATA~3'), characteristie of RNA polymerase II transcribed
genes, but did not reveal a consensus seguence for a CAAT box.
The TATA box was followed 31 bp dewmstream by a putative Cap
site. An additional sequence (TATAT) with similarity to the
TATA box consensus was found at position 1,199, A 5!'~AAGATA~3!
and a 5'-AGATAG-3‘ sequence with 51m11arity to the consensus
51— (AT)GATA(AG)-3' potif for a GATA=1 binding site (Faisst and
Mayer Nucleic Acids Research 20:3-26 (1992)) were located at
position 1,285 and 1,321 respectively. The GATA motif has heen
found in the promoters and enhancers of all characterized
erythreoid and megakaryocyte specific genes. Other motifs for
cis~acting elements include Ets-1l cis-acting sequénces at
positions 471 (5'-CAGGAAGT-3'), 493 (5'-GAGGAAGC-3'), B97 (5'-
GCATCCTG-3', inverse), 1,178 (5'~ACTTCCC-3', inverse) and,
1,365 (5'-CAGGATGCAA~3'} (SEQ.ID.NO 3) (cunsensus seguence;
5'=(GC) {AC)GGA(AT)G(TC)), and a Spl putative binding site at
position 1,142 (5'-GGGGIETGGEC-3') (SEQQID.NO; 4), {(consensus
sequence: S'—(GT) (CA)GGCG(GT) (GA) (CT)=3'). A putative TPA
responsive element (TRE) (5'-TGACTIGACT-3') was found at position
68. Analysis of 3,348 bp of gencmic sequence.a'— cf the TAA
termination site revealed the presence of putative

PCT/US94/07644

'polYadeﬁylatioh AATAAA sites at positiens, 5,616,.6f966, ?.:224,

and 7,358. Two Alu repetitive sequences (Schmid and Jelinek
Science 216:1065-1070 (1982) were located at positions 558-896,
and 6&,133-6,440. '

Nucleotide sequence comparison and ascembly was
performed nsing the PC Gene software developed by
Intelligenetics Inc., Palo Alte, CA.

EXAMPIE 5
Qg ermination of Ing Primary Amino Agld Strug;ure of GFV

"The -amino a61d sequence of GPV as deduced from its

'cDNA and genomic sequences is shown in Figure 53 (SEQ.ID.NO.

2). GFV was Ifound to be composed of_560 amino acids, including
a putative 16 amino acid signal peptide, and a putative C-
terminal 25 amino acid transmembrane domain. Between the
signal peptide and the transmembrane domain, is a sequence of
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502 amino acids containing eight potential N-glycosylation
sites (NXS, NXT) arid eight cysteine residiies. The putative
transmembrane domain is followed by a 16 residue hydrophilic
segment. The carboxy region of the transmembrane domain
contains basic residues which are typically found on the
cytoplasmic side of the integral membrane proteins (Sabatini
et. al., J. Cell, Biol, 92! 1-22 (1982)}. These features

"suggest that GPV is a type I lntegral membrane protein with. .

most of its polypeptide chain located outside the call

(Figure 8). The predicted molecular weight of the GFV
polypeptide after removal of the signal peptide 1s 59,276 Da.
Assuming a weight of 2,500 Da per oligosaccharide moiety, the
addition of eight N-linked carbohydrates to the GPV polypeptide
backbone would bring the weight to 79,276 Da, close to the
reported 82 XDa apparent molecular weight estimated by SDS-PAGE
analysis (Berndt and Phillips 7. Biol. Chem. 256:59-~65 (1%81);
Shimomura et. al., Blood 77:2349~2356 (1990); Zafar and Walz

- Thromb. Res. 53:31-44 (1989)).

Analysis of the GPV extracellular seguence revealed
the presence of 15 leucine-rich tandem repeats of 24 amino
acids (Figure 6) (SEQ.ID.NOs. 22-36), These repeats are very
sinilar to rapeats found in platelet GPIba, GPIbS, and GPIX,
and to the 24 amino acld ‘consensus sequence basced on the
repeate found in other members of the LRG family (SEQ.ID.NO.
37).. The last GPV Leu-rich repeat (SEQ.ID.NO. 26) is flanked
en its C~terminal side hy a saguence (NSWRCDCGL) (SEQ.IDR.NO. 5)

gimilar to sequences described at the C-terminal end of Leu-

rich domaine in other members of the LRG'family {Hickey et.
al., Proc. Natl. Acad. Sci. USA 86:8773-6777 (1989)).
Thrombin-induced cleavage of GPV results in the
generation of a soluble fragment - ?GPVfl) of approximately 69
kDa. At position 476~477 a sequence was found containing an RG
dlneptlde which represents a potent1a1 cleavage site for
thrombin (Stubbs and Bode Thromb. Res. ' 69:1-58 (1993)).
Proteolytic cleavage at this RG site would cause a 67,613 Da
loss in the meolecular weight of GPV. Comparison of the
sequence flanking the RG site to sequences of other known
thrombin substrates revealed significanf homology to the Ac and
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Bf c¢hain of human fibrinogen, to human plasma FXJIII, and to
human chorionic gonatropin f-subunit (Figure 7) (SEQ.ID.NOs.
38-43). Anmino acid sequence comparison and assembly was
performed using the PC Gene software developed by
Intelligenetics Inc., Palo Alto, CA.

The new N—tsrmlnal sequence revealed by the potential .
cleavage szte matched that of the Thl peptide obtained after N~
terminal sequencing of thrombin-cleaved platelet GEV (Shlmomura
et. al., .Blood 7B:2349-2356 (1990); Roth et. al., Biochem,
Biophys. Res, Commun. 170:152-161 (1950)}. Inspection ‘of the
sequence surrounding the RG dipeptide did not reveal a cluster
of negativaly charged residues which are known to be
responsible for the interaction of thrombin with the newly
cloned thrombin receptor {Vu et. al., Cell €4:1057-1068 (1991))
or like those in GPIba, another thrombin-binding membrane
glycoprotein (Iapez et. al., Proc. Natl. Acad. Sci. USa
85:2135-2139 (1988).

_ EXANPLE 6
Determination of the Cellinlay Digtribution of

Human Platelet Glvooprotein v message via RT-PCR
The cellular dlstrlbutlan of GPEV mRNA was assessed

| using the. sensitive RT-PCR ampllflcatlon technlque u51ng

primers from the CDNA sequence. GPV mRNA was detected in
platelets, megakaryocytes and HEL cells, and was increased in
HEL cells after stimulation with phorbol ester, but was not
detected in HLGO cells, K562, U937, or endothelial cells
(Figure 2).

All publications, patents, and patent applications
herein are incorporated by reference to the same extent as if
cach individual publication, patent or patent application was
speclflcally and 1nd1vzdually indlcated to be 1ncornorated by

Although the . present anentlon has heen descrlbed in
coma detaill by way of illustration and example for purposes of
clarity and underxstanding, it will be apparent that certain

changes and modifications may be practiced within the scope of
the-appende& claims.

Thls Sheet Has Been Replaced

T




PCT/US%4/07644

43

SEQUENCE LISTING

{1) GENERAL INFORMATION:

{i} APPLICANT: Lanza, Francois
Phillips, David R.
Cazenave, Jean-Pierre

{ii) TITLE OF INVENTION: Platelet Glycoprotein V Gene and Uses
(11i) NUMBER OF SEQUENCES: 43

{iv) CORRESPONDENCE ADDRESS: ) . '
{A)}) ADDRESSEE: Tounsend and Townsend Khourie and Crew
. {B) STREET: 379 Lytton Avenue
{Q) CITY: Palo Alts
{D) STATE: {alifornia
{E} COUNTRY: US
{F} ZIP: 54301

(v) COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTHARE: Patentln Release #1.0, version #1.25

{vi) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER: US 08/08%, 555
{(B) FILING DATE: 09-JUL-1993
{€) CLASSIFICATION: ‘

{(viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Dow, Karen B.
{B) REGISTRATION NUMBER: 29.684
{C) REFERENCE/DOCKET NUMBER: 12418-28

(ix) TELECOMMUNICATION IMFORMATION:
{A) TELEPHONE: (41S) 326-2400 _
(B} TELEFAX: (415) 326-2422

{2) INFORMATION FOR SEQ 1D NO:1:

{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 7452 base pairs
(B) TYPE: aucleic acid
{C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(ix) FEATURE:
{A) NAME/KEY: intron
(B) LOCATION- 1452..2419

{ix) FEATURE
(A) NAME/KEY: CDS
(B} LQCATION: 2422..4101

Thlmlslliileltliiilﬁmlileﬂll




{ix)

{ix)

{ix}

(ix)

{ix}

{ix)

{ix}

{ix)

{ix)

{ix)

{ix)

44

FEATURE:
{a) NAME/KEY: mise_signal
{B) LOCATION: £8..76

PCT/US94/07644

(D) OTHER INFORMATION: /fumcrtion= “Putitive TPA responsive

element”
/label= TRE

FEATURE:
(A) NAME/KEY: mis¢ signal
{B} LOCATION: 471..478

(D) OTHER INFORMATION: /function= "Ets-1 cis-acting

sequence” -
Jlabel= Ets-1 -

FEATURE :
(a) HAMB/KEY. misc signul
{B} LOCATION: 433..502

{P} OTHER INFORMATION: /function= "Ets-1 cis-acting

Sequence®
/label= Ets-1

FEATURE :
(A} NAME/KEY: repeat_region
(B} LOCATION: 593,.881

(D} OTHER INFORMATION: /rpt_type= “other®

Jlabel= Aln

FEATURE:
{A) NAME/XEY: misc s;gnal
{B) LOCATION: 897..904

(D) OTHER INFORMATION: /function= *Ets-1 cis-acting

sequence"
/label= Ets-1

FEATURE :
(A} NAME/XEY: mise_binding
(B} LOCATION: 1142,.1149

{0} OTHER INFORMATION: /function= "Spl binding site"

/s:andard names= “Spl"

FEATURE
{A) NAME/KEY misc_signal
(B) LOCATION: 1178..1184

{D) OTHER INFORMATION: /function= "Ets-1 gis-acting

sequences®
/lzbelz Etg.l

FEATURE :
(A} NAME/KEY: TATA signal
{B} LOCATION: 1199,.1203

FEATURE:
(A} NAME/XEY: TATA_signal
(B} LOCATION: 1263..1269

FEATURE: )
(A} NAME/KEY: misc : binding
(B) LOCATION: 1285,.1289

(D} OTHER INFORMATION: /funciion= "GATA-1 binding site"

FEA‘I'UR
(A} NAM‘/KEY- misc b;ndzng
(B) LOCATION: 13217,1326

{D) QTHER INFORMATION /function= °PRATA-1

binding siter

This Sheet Has Been

Tilaced
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{ix) PEATURE:
{A) NAME/KEY: misc_gignal
{8) LOCATION: 1365..1372 _
(D} OTHER INFORMATION: /function= *Ets-1 cis-acring
sequences®
/label= Ets-1

(ix) FEARTOURE:
{A) NAME/KEY: repeat region
{B) LOCATION: 6133..6440
(D) OTHER INFORMATION: /rpt_type= "other®
/label= Alu C _

{ix) FEA'I‘URE
: (A) NAMB/KEY: misc_signal
(B) LOCATION: 5610..5615
{D) OTHER INFORMATION: /standard _name= "Polyadenylation
signal segquence"

(ix) FEATURE:
{A) NAME/KEY: misc_signal
(B} LOCATION: 6966..6971
(D) OTHER INFORMATION: /standard name= "Polyadenylation
gignal scquence" .

{ix) FEATURE:
(A) NAME/KEY: misc_signal
(B) LOCATION: 7224..7228
{D) OTHER INFORMATION: /standard name= “Polyadenylation
signal seguence®

(ix) FEATURE: .
() NAME/KEY: misc_signal
{BY LOCATION: 7358..7363
(D) OTHER INFORMATION: /standard name= "Folyadenylation
signal sequence” '

{(ix) FEATURE:
. {A) NAME/KEY: misc feature . ,
{B) LOCATION: 1..7452. .
{D} OTHER INFORMATION: /smndard name= "Nucleatride
sequence containing che human GPV gene®

{xi} SEQUENCE DESCRIDPTION: SEQ ID NO:1:

TEATCGCGAAC TGARAGACCT CCCGCRATAC CTGGCAGAGG CAGIGGCTCT TCCCTGTIGET

CCAGGGCTGA CTGACTTTGA AGGTAATITC AGTCAACCCA GCCTTTACTG GGCTCTGACT

GCATTAGGCT GCATCAAAGG GGATTGGATC CCATGATICT TTATATCTIC TGACA'I'I‘AAG.
CCTTTGTCAG CTATAGGTGT TACAAATATC TTTAGTTIGT GGTTTATCIT TTCCCCITIT
TTATGETGTC TTGAAGGATA GAAGTCTTAA TGCAGACAGC ATTATCAGTG 'I‘G.'I'I‘CAAAAG
ACAGCTAGAC ACCTTTTGCC TATACACARA TGGACAARAG GARACCCACGC TITCICAAAT

GAAGCACAAG TGGGCCTTAA TTATOTGARA AGGIGTTCAA GITCATCATT AAACAGGGAA

. AGGAAAAGTT ARAACCATGC TGAGATATCT TTCATAGAAA TGGCAAAMAG CAGGAAGTGC
CACGTGTGGE CAGAGAGGAA GCACAGGAAC TCTCACAMAT GGCAGGTGTC ATCGTAGACC

AACACAMCCA CTTTGGAGAG CAGTTTGACT TICCCCAGTT AAACTGAACA TGTGAGCGGC

CG3GCETGRT  GACTCATGCC TGTAATCCCA GCAGTTTGCES ACCCCGAGGC GGGCGAATIG
COTOAGCTOA GGAGTTCAAC ACCAGCCAGG GCAACACGGT AARACCCCGT CTICTACTAAA

1Y

120

180
240
300
360
420

480 |
540
600
660
720
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ATACAAARAA TTAGCTGGGC GTGATGGTST GTGCCTGTAA TCCCAGCTAC TIGTGAGGIC
GAGGCAGGAG AATTGCTTGA ACCAGGGAGC AGGAGGTTOC AGTGAGCCGA GATCGCACCA
CTGCACCCCA GCCTGGCGAC AGAGTCCCCC TCCCCCACCA AAAAPACAAC AAGTGAGCAT
CCTGCAACCT AGCAATGCCA TTGTTGAACA AGTTCAAAGA TGTTICTIAGC CTTATTAGTC
CCAARAGGAA GAAMARAATG GAGGATTTGA GAATGTTCTT AGCTTTATTG CTAAGCGEGAG
AAAGAMAAAC AACACATACC AMARARAAAA AAAAAAMAAA AMMAABACAA AAMACCTGGC
TGGGARATTA GGGCCATGTG GCATGAAAAG GARGACCCAG GGGAAGTGTG GCCCATCTAG

GGGTETEGCT ACTGCAGTGA TCCAGCTGTA TCACTGAACT TCCCTGGCAT CATAGAGTTA

TATTGTGCCA TITATGGAAA AACTCTCCCC ACTGCTCTTG GCTTTGACAG TAGGAATCAG -

GTTATATATG GTCTCPCGGT TTGAAGATAT TTGTCATTAA AARCCAGAAC ARGGGCTCTG
AGATAGGGTC CTTTCCTGAC CTACTCTCGT AANGTCTTTA TCCTCAGGAT GCAAGGATAC
CAC'CCTCTTC CTGTGEAAAG TG'I‘CGAATCA. CATGCAGAGC TCTAAGTCIT TCAGTTACTT
TGGAGTGCAG AACCATITCA GGTAAGGCCA AATATTTTAA ACATTAGTAT AGGARATTAG
AGGGCTCTIT AGTCTGTGTG TGCATGAGAA GTAAAATTGC ACGAGAAGCA ATTTATGTAA
AATTTCGCIT AGGAAACATT GTTTTGGCAG GTTAGTAGTA TGGTGTGCAT TTCCCAGAAA
ATTCAGTGCC GYGAGTATTA CCTTTAGTTA AGCATCTTAG AAATAGTAGC TCTTATTGTT
TATGGCTAAG TCAGAAATAC TACCCTCAAA TTCTATCTGA CCCTAGTTAT ACTGTTGAGC
CTTICIGIGC CTCTGTGCCT TCATCCTTGA ATCGGGGATA ATATACITAC CTCCTAAGGT
TATTGTAAGG ATTAAATGCA TGTAGTATAA ATAAAGAGCT GRAGAACRATG CATGGCGTAA

AGTGATAGGT ATTATTATAT GCTTTTGTTG GCTGTTGATT GAAGGTGTTC GCTGTTTTGG
GGGTGTCCTT TAATAGAGTA ACTTGGTACT GTGGARATAG CATGATTGTG AGCAAAAGAA

TCAGATGETG GTGGCIGCAG ACTTTGUTCT TCCCTICTIG ACTGTIGGTT ATAGCCAARTG

CAGGETAAGT TATRAACTCA AGAGCAGAGC CGTITICACA ATGGACATTG CTTTGTGATG

TCTGTGAGCT TGAATGTGAG ARTGATTATT TTARTTCTCT ATGTARAGAC TTTAARGIAT.

TGGCTATTCG GTAGCTTGAT TTCTCTGTAA TCTCATGCTT TAAACTGAGA GTGGAAAATC
AATAAAGCAA AAGCATGAGG CCACGCAGTG TAGAATGAGT GTCITITCAC CACGTAGGGA
AATCTGTAGT CCTAAGAAAA GAGGCACTGA GAATTCYGGC GAARAGATTG TGCCTCTGLA
CAAAGTGCAG GATCCCACCE TTCACTACAS GCGCGAACGS TCCTCTCTGT TGACCACACT
CCCACGGIIG CITITICAGA C ATG CTG AGG GGG ACT CTA CIG TGC GCG GTG

. : Mei Leu Arg Gly Th* Leu Leu cys Ala v?g

CTC GCG cTT CTG CGC GCC CAG CCC TYC CCC TGT CCG CCA GCT TGC AAG
‘Leu Gly Leu Leu Arg Ala Gln Pro Phe Pro Cys Pro Pro Ala Cys Lys

is 20 25
haﬁ}iiﬁ“ﬁrﬁﬁﬁﬁred
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TGT GTC
Cys Vval

ATC TCQ
Ile Ser

 GGA ATG
Gly Metc
-1

GTIC CTIG
val Leu
75

cee GEC
rro Gly

CGC AAC
Arg Asn

cTC 16
Leu Leu

Caa AAC
Gin Asn
140

CAG AAT
Gln Asn
155

AAC CTG
Asn Len

ARG GGG
Lys Gly

TCG AAC
Ser Asn

GLL 16
Ala Leu
220

CCC GGG
Pro Gly
235

AGA AAC
. Atrg Asn

" AAT CTG
Asa Leu

GGG GIG
Gly Val

GC ACC

TIC CGG GAC GCC GCG CAG TGC TCG
Phe Arg Asp Ala Ala Gln Cys Ser

GCG
Ala
45

GGC

CAG
Gln

ACC
Thr

AAA
Lys

GAG
Glu
128

ATG
Met

CAG
Glin

AAG
Lys

Leu

cGe
Arg
205

ACG

Thro

GCC

Ala

‘cac
Rig

ACT
Thye

CTC
Leu

285

CAG

30

CTG GGC CTC
Leu Gly Leu

35

QCC AQC AAC CYC

Pzro

C3C GGC GTC CTG
Gly Arg Gly Vval

CGe CTC ATG

Arg

IC
Phe

ATC
Ile
110

CaG
Gln

Phe

C1C
Leuy

v e]
Leu

L.eu
190

Leu

GAG
Glu

3¢
Fhe

CIT

Leu

Leu
270

I
Phe

CTG

Leu

AGT
Ser
85

ACG
Thr

76
Leu

LaG
Glin

GAT
Asp

TG
Leu
178

- GGA

Gly

GTG
Val

CTG
Leu

GAC
Asp

lelaic]
Ala
285

TG

Laeu

GGG

Gly

6T

Mer.
80

GAC
Asp

CAT
His

Ty
Phe

Lys

TIC
Phe
160

GAT
Asp

GCA
Ala

TCT
Ser

CAG
Gin

GO

Arg

240
Phe
ACT

Thz

GAG
Glu

Leu
&5

ATC
Ile

loyye
Leu

Leu

G
Leu

CTG
Leu
145

Leu

TTA
Leu

CAG
Gln

CIG
Leu

e
Phe
22%

o

Lau

cTe
Leu

TG

Leu

ATG
Met

Thr
50

CAG
Sin

TCC
Ser

ATA
Ile

CCA
Pro

GAC
Asp
130

GTT
val

CCT
Pro

TCG
Ser

GCT
Ala

GAT
Asp
210

Cac
His

CCA
Pro

cce

Pro

TTC
Phe

GGG
Gly
290

ACC CIG CCC

Asn Lew

AGC CAG
Ser Gin

GAC AGC
Asp Ser

AAA CIG
Lys Len
100

GGT GCG
Gly Ala
115

CAC AAT
Hig Asn

AAC CTG
Asn Leu

GCC AGT
Ala Ser

GGA AAC
Gly Asn

- 180
ARG CTC
Lys leu
155

TCG GGG
Ser Gly

CGA AAT
Aryg Asn

AAC CIT
Asn Leu

TCT GCG
Ser Ala

- 260
GAG AAC
Glu Asn
275

GGC CIG
Gly Leu
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GGG GGC GAC GTG GCG CGC

Gly Gly Asp

ACG
Thye

AGC
Ser

CAC.

His

85
AAA
Lys

TG
Leu

cTc
Leu
165
AAC
ASn

GAG
Glu

AGT
245

eTe
Leu

felee

Pro

CAG
Gln

GCC

Lad.Yad
His

TIC
Pne

ATC
Ile
B5

AGC
ser

70

ATT
Ile

ACC
Thx

CTG
Leu

CTA
Leu

GAG
Glu

185G

TTC
Phe

CTG
Leu

AGA

Arg

Leu

230

T
Ser

T
Phe

CTG

Leu

GAG
Glu

TC

TCC
Ser

CTG
Leu

GAT
Asp

AGE
Ary
135
cre
Leu

ACG
Thr

ACC
Thr
ciT
Leu
AAC

215
aery
Arg

TI6
Leu

Lean

feler S
Ala

CTG
Leu
295

Cae

Val Ala Arg

40

CTG
Leu

GGC

CTC
Leu

ATG

Gly Mec

Gce
Ala

AGG

AAG
120
GGC
Gly

GCT
Ala

AaT
Asn

CAC
Eis

Leu
200

AGC
Ser

TCC
Ser

ACG
Thr

CAT
Hig

GAG
Glu
280

TGG
Trp

ARC

GTT
Val

Leu
105

ATG

yS Met

ATT
Ile

Lieu

CTG
Leu

Leu
185

cIc
Leu

CTG
Leu

ATC
Ile

Leu

TCe
Ser

265

CTC
Len

CTG
Leu

CTG

TIC
Phe

ACC
Inr

GCC

Ala
80

Kya'e]
Sexr

GTG
Vval

GAC
Asp

AAC
Asn

GAG
Glu
170

cee
Pro

CAC

His

GGC
Gly

GcA
Ala

TCG
Ser
250

CAC
His

CCG
Pro

ARC

Asn .

2547
2595
2643
2691
2738
2787
2835
2883
2931
2974
5027
3075
3123
3171
3215
3267
3315

3363



i

Gln Leu

T

Arg Thy
300

CGG TAaC
Azg Tyr

CGC CI6
Axryg Leu
315

GGC GCC
Gly Ala

CCG CAG
Pro Gln

'CAC TCC AAC GGC
His Ser Asn Gly
350

CTG
Leu
365

GCC
Ala

uc e
Arg

-GGC AAG
Gly Lys

cTC
Leu

CCC CGT
Pro Arg
380

CAG
Gln

CGAC CAC
Asp His
388

Asn

CIG ACG
Len Tar

CCC CGG
Pro Arg

CTG GGG
Leu Gly
430

TGT GGC
Cys Gly

GTG
val

GGRC
Gly

CCG
Gly
445

Glu

CTC
Leu

CIG
Leu
460

CGG
Arg

fo=e)
PIo

GGC
Gly

CCG
Pro

cce
Pro
475

GGC
Gly

ooy
Pro

GTC
val

CAC
His

cca
Pro

GTC
val
510

GCC
Ala

CAG
Gln

cce
Pro

TAT
Tyz
525

GGG
Gly

TIT

Phe Phe

. ATC TTT GCT
- Xle Fhe Ala

GIG
val
54Q

GAG
Glu

AGA
Arg
555

aGA GCC
Arg Ala

ATG

i

Arg Thr

TTA GGG
Leu Gly
320

TTC CAG
Phe Gln
335

CTG ACe

Le&u Thr

CAG
Gln

qTG
val

TIC
Phe

¢ac
Arg

cT6
Leu

CACG
Glu
500

GAG
Glu
415

ccc
Bro

GIC
val

TTC
Phe

GAG
Glu

ceo
Pro

TGG GCC
Trp Ala

cee
Pro
480

ccT
Pro

116
Leu

GCC
Ala
495

ACC
Thr

ACG
Thr

CTG
Let

CTT
Leu

Met Ile

CTT
Leu

GGG
Gly

560
AGAACCTGAC CAGATGTGGS TCGGAGGGCA ATCCAGACCC GCTGCTGTCT TGCTCTOCCT

ATT

Leu
305

GTG
val

GGC
Gly

Gee
‘Ala

TCC
Ser

AAT
Asn
385

ACC
Thr

Leu

Leu

cca
Pro

CIG
Leu
4565

CeC
Arg

GCT
Ala

GGC
Gly

TTA
Leu

BAA
Lys
545

Pro Ala Ala Ala

ACT CTG AGC
Thy Leu Ser

ccae
PIo
325

CTC
Leu

CIT GGC GAG
Leu Gly Glu
340

CTC CCC GAC
Leu Pro Asp
388

GGC
Gly

CTG CGC CGC AAC
Leu Arg Arg Asn
370

CTC AGC AGC CTIG
Leu Ser Ser Leu

CTe CceY
Leu Pro

e e
Gly

GAC
Asp
405

AAC
Asn

CaC
Bis
420

TG GGG
Leu Gly

GGG TGG
Gly Trp
435

TG
Leu

Kee
Arg

TaC
Cys

CGG
Arg
450

GCA
Ala

&GC
Gly

GGG
Gly

CCG
Pro

GGT
Gly

GaC
Asp

cee
Pro

GCT GGG
Ala Ala

GAC
Asp
485

ccC
Pro

AAC
ASn

AGC
ser
500

TCA

RAA
Lys

GGT
Gly
5158

GTT
Val

CAA
Gln

GAT
Asp

GCcT
Ala
€30

CAG
Gln

Gee
Al
CAA
Gln

ATT
Ile

66
Gly Leu

Ser

cre

Phe
210

folcle]
Arg

CAG
Gln

Pyl
Leu

AGG
Arg

GAG
Glu
390

GTG
val

gy
Ser

CAG
Gln

cCT
Pro

GCG
ala
470

AGC
Eer

GAA
Glu

CAT
Eisg

ATC
Met

T CGA AAA

Phe

Arg

CTG
Lau

GTG
val

CTG
Leu

CTG
Leuy
378

AGC
Ser

T7r
FPhe

TGG
Trp

CAC
Hig

GGG
Gly
455

GAG

Glu

e
Scr

cce
Pro

AGT
Ser

ATC
Ile
535

Arg

550 -
TAAACCAATG GGAAAATCTIT CTAATTACTT

Asn Leu

AGC GCG
Ser Ala

CTC GCC
Leu Ala

345
cee cee
Arg
360
CGC
Arg

GCC
Ala

CAG
Gln

GTC
val

GUG ©CT
Gly Ala

CGC TGC

Arg Cys
425

[celn
Gly

CTA
Leu
440

GCG
Ala

CAC
His

o CCG
Cvs Pro

mry
= i

Scr Glu

TGS
Trp Val

505

TIC
Phe

CCG
Pro
520

ACC
The

GTG
Val

TTA

Lys Leu

Gly

GIG
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Leuy
330
CIG 3459
Leu
CTe 3507
Leu '
CIG 3555
Ley
cre 3603
Leu
CTG 3651
Ley
410
GAC 3699
Asp
CTC 3747
Leu
GCC 3795
Ala
GGC 3843
Gly
GCC 3891
Ala
4990
TGG 393%
TGG 3987
Trp
ATC 4035
Ile
ATC. 4083
Ile

Lan

4191
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CCAAGATGGT

GAAACCCCGT

CTCTACTAAA AATACARXAA TTAGCTCGGT GCGGTGGCAS

CCCCTCCCCA CTCCTCCTCT CTTCTTCCTC TICTCTCTCA CTGCCACGEC TTCCTTTCCC 4251
TCCTCCTCCC CCTCTCOGCT CTGTGCTCTT CATTCTCACG GGCCCGCAAC CRCTCCTCTC 4311
TCTGTCCCCG CCCGTCTCTG GAAACTGAGC TTGACGTTTG TAAACTGTGG TTGCCTGCCT 4371
TCCCAGCTCC ACGCCGTGTG CGCTGACACT GCCGGGGEEC TGGACTGTGT TGGACCCATC 4431
CTTGCECCEC TOTGCCTRAE TIGGCCTCIG GTGGAGAGAG GGACCTCTTC AGTGTCTACT 4491
GAGTAAGGGG ACAGCTCCAG QCCGGGGECTG TCTCCTGCAC AGAGTAAGCC GGTAARTGIT - 4551
TGTGARATCA ATGCGTGGAT AAAGGAACAC ATGCCATCCA AGTGATGATG GCTTTTCCTC 1611
GAGGGARAGG ATAGGCTGTT GOTCTATCTA ATTTTTIGTT TTTGTTTTTG GACAGYCTAG 4671
CTCTGTGECC CAGGCTGGCG TGCAGTGGGC CGTCTCAGTT CACTGCAGCC TCCGCCCTCC 4731
AGGTTCAAGT GATTCTCATG CCTCAGCGTT CTGAGTAGCT GGRATTAGAG GCGTGTGCCA 4791
CTACACCCGG CTAATTTTTG TACTITTTAA AGTAGAGACG GGCTTTGCCA TATTGGCCTG 4851
GCTGATCYICA AACTCCTGET CTTGAACTCC TGRCCACAAGS TGATCTGCCC GCCTTAGCCT 4913
COCAARGTRC TGGGATTACA GGCECARGCE ACTACACCTG CCCTCTTCAT CCAATTTTAT 4971
TTGAGAAGTA GAGCTCTTGC CATITTITCC CTTGCTCCAT TITICTCACT TTATGTCTCT 5031
CTGACCTATG GGCTACTTGG GAGAGCACTG GACTCCATIC ATGCATGAGC ATTTTCAGGA 5091
TAAGCGACTT CTGTGAGGCT GAGAGAGGAA GAMRACACGG AGCCTTCCCT CCAGGTGCCC 5151
AGTGTAGGTC CAGCGTGTIT CCTGAGCCTC CTGTGAGTTT CCACTTGCTT TACATCCATG 5211
CAACATGTCA TTTTGAARCT GGATIGATTT GCATTTCCTC GAACTCTGCC ACCTCATTIC 5271
ACAAGCATTT ATGUAGCAGT TAACATGTGA CTGOTATTCA TGAATATAAT GATAAGCTTG 5331
ATTCTAGTIC AGCTGCTGTC ACAGTCTCAT TTGTTCITCC AACTGARAGE CGTARAACCT 5391
| TIGTTGCTTT AATTGAATGT CTGYGCTIAT GAGAGGCAGT GGTTAABACA TTTTCTGGCG - 5451
AGITGACAAC TGIGGGTTCA AATCCCAGCT CTACCACTTA CTAACTGCAT GGGACTTTGE 511
GTAAGACACC TGCTTACATT CTCTAAGCCT TGGTTTCCTG AACCTTAAAA CAGGATAACA 5571
TAGTACCTGC TTCATACGAGT TTITGTGACGAA TTAAAGCCAA TAAAGCATAT ARTGACTTAG 5631
CCCAGCCGCT TCCAGACAAT ACATQTTAAT GAATGTTAGC TATTATTACT AAAGATGAGC 5691 .
AATTATTATT GGCATCATGA TTTCTAAAGA AGAGCTTIGA GTTGGIATIT TICICTGTGT 5751
ATAAGGGTAA GTCCGAACTT TCTCATACTG GAGGTTACAT TCACATCAGT CTGTCTICCC 5811
CTGCGGATGG CCTCAGCCCT GGGTGGCCAG GCTCTGTGCT CACAGTCCAG AGCAATGGAT 5871
CCTCCAACAC CACCAGGTGG ATGTGGAGCA GGAGAGCTEG ATCGTGRCAT TTGTTTCTGE 5931
| GTTCTGCAGT TGGGAGTTGG TTTCTGGETT CTCCATIGGT CTACTTGTCT AGTCCCATAC . 5951
CAGACTCACG GTCTCCATTA TTGGAGCTTT AATAATTTIT GGTATAGGGT CATCICICCA 6051
CCTTG'H'IT_I‘ CTTCTATTCT TGG‘ITmTG C-AATI'CTA.TG AA'I'I;'ITI'CAG GGTCAGCATG 6111
TCAAGTCCAT TGARAAACCC TGCTGGGATT TYAATAGAAC TTACAGCTCA CGCCTGIAAT . 6171
CCCAGCACTT TGGGAGGCTG AGGTGGGTGE ATCACAGGTC AGGAGTTIGA GAACAGCTGE 6231

391
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GTGCCTGTAG TCCCAGCTAC TTGGGACACC GAGGCAGGAG AATCACTTGA ACCCGGGAGH 6352
CCGACGTTCC AGTGAGCOGA GATCGTGCCA CTGCACTCTA GééfééGCGA CAGAGCGAGA 6411
CTCCATCTCA AAAARAAAGA AAAAGAAAAT TGCAGTAAAT TTAAAACTAA TTTGGGGAAG €471
AATCTGTATT TTIYACAATAC CTAGTGTICT TGCCAGTAAG CATSGTTCAT CTTCCCATIT 6531
ATTTACGTCA TTTTAAATCT TTCAGTGATG TTTTAGAATT TTiTTtmrAA AAACCTTCAC £891
~ TATAAGAACA CGAARACCAAA CACCGCATGT TCTCACTCAT AGGTGGGAAT TGAACAATGA 6651
GAACACTTGG ACACAGGGCE GGGAACGTCA CACGCCTGGA CTGTTGGGAG GGTGOCTOOG 6711
ACAGGGATAG TGTTAGGAGA AATACCTAAT GTAAATGACG AGTTAATGGT GCAGCCAACC 6771
AACCTGGCAC ATGTATTCAT ATGTAACAAA CCTGCACGTT GTGCACATGT ACCCTAGRAC- 6831
TTARAGTATA TTAAAAAAAG AAACCTTGGC ACTGATTTTG TTAGATTTAT TCCTAGGTAT 6891
CCTTCCTCTT TTTIGATTITG TCATTGCTAT TGTAGATGGC ATCTTTTTAA. ARAGTTATAT €951
TTTCTAARGC AARAAAATAAA AAAAGTTGTA TTTCTAATTT TTATTACCAA TATATAAGAA 7011
TGTAATTTAT TTTTACATAA TTATCTTATG TCTAGTAATA ATTCTGATAA TITGCITCIT 7071
CCTATTAAAA CCTTACACCC ATTATTGATT TATTITICTG TTTTAARATA TCTICCTGCA 7131
CTGGCTARRAA CCTCCACTAT AATGTTGAGC AGAACAGTGA GGCATCCTTA GAACTATCTT 7191
GGITGCAARAG GGTAGGTCTC TAATGTTTCA TCAATAAATG TGATGTITCT AGTCTGAGTT 7251
TGCTAAGTAT ATITTAAAAT AATCAGTAAA GTTAGATTTIT ATCCATTITT ATCITAACTA 7311
TTGAGATGCT CATATCATTT TTCTTICTTCA ATGTOITAAA ATCCTGAATA AATTTATAGA 7371
TTTTGGAAAA GTAAATTCAT TCTTGCATTC CCGAAGTAAA CCAAGCCATG CTATGTIGIAT 7431
TTAAAATATA TTGCTGAATT C o - - 7452

{2} INFORMATION FOR SEQ 1D NO:2:

{i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 560 amino acids This Sheet Has Been Replaced
(B} TYPE: amino acid T
(D} TOPOLOGY: linear .

{ii) MOLECULE TYPE: protein

»

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:2:

Mec Leu Arg Gly Thr Leu Leuw Cys Ala Val Leu Gly Leu Leu Arg Ala
S 10 18

Gln Pro Phe Pro Cys Pro Pro Ala Cys Lys Cys Val Phe Arg Asp Ala
20 25 30

Ala Gln Cys Ser Gly Cly Agp Val Ala A_rg"Ile $cr Ala Leu Gly Leu
o3 T 40 as .

Pro Thx Asn Leu Thr His Ile Leu Leu Phe Gly Met Gly Arg Gly Vval
50 ' 55 o v 60 _

Leu Gln Ser Gln Ser Phe Ser Gly Met Thr Val Leu Gln Arg Leu Met

65 70 75 - _ a0

Ile Ser Asp Se2r His Ile Ser Ala val Ala pfo Gly Thy DPhe Sex Asp
85 ' 90 95



Leu

Leu

Lew

Leu

185

Len
Leu
Gln

Leu

Asp
130

val

‘Pro

Ser

Ala

Asp

+ 230

Phe
235
Leu
Leu
Leu
Met
Leu
305
val
Gly
Ala

Ser

Asn
385

Thr

His
Pro
Pre
Phe
Gly
280
Pra
Thr
Leu
Lou
Ley
3790

Leu

Leu

Lys
Gly
135
His
ABn
Ala
Cly
Liys
195
Ser
Arg
AsSn
Ser
Glu
275
Gly
Ala
Leu
Gly
Dro
355
Arg

Ser

Pro

Leu

100

Ala
Asr;
Leu
Ser
Asn
180

Leu

Gly

Asn

Litu
Ala
260
Asn
Leu
Ala
Ser
Glu
340
Asp
Arg
Ser

Gly

Lys

Leu

Ala

Gin

Ley

165

Asn
Glu
Leu
His
Ser
245
Leu
Pro

Gln

Ala

- 310

Pro
325
Leu
Cly
ASn

Leu

Asp

‘408

Thr
"!-eu
Leu
Glu
150
Phe
Leu
Axg
Leu
Ile
230
Sex

Fhe

Leu

Glu

Phe
Arg
Gln
Loy
Arg
Glu

390
Vval

Leu
Asb
Arg

135

Leu
Thr
Thy
Leu
AsSh
215
Arg
Leu
Leu
Ala
Leu
298
Arg
Leu
Val
Leu
Leu
375

Sex

Phe

Arg Leu
105

Lys Mat
120

Gly XIle
Ala Leu
Asn- Leu

Hiz Leu
185

L&u Leu
200

Ser Leu
Ser Ile
Thr Leun
His Ser

265

Glu Leu
280

Trp Leuw
Asn Len

Ser Ala

Leu Ala
345

Azg Gly
360

ATg Ala
Val Gln

Gly Ala

5%

Ser Arg Asn

val
aAsp
As_n
Glu
17@
Pro
His
Gly
Ala

Ser

250

His

Pro

Asn

Sex

Leu

330

Leu

Leu

Leu

Leu

Leu

Léu
Gln
Gln
155
Asn

Lys

‘88T

Ala

Pro
235

Arg

Asn

Leu
Asn
140

ASn

Leu
Gly
Asn
Leu
220
Gly

Asn

Leu

Gly Val

Arg
hxg
315
Pro
His
Gly

Pro

© 410

Thr
300

LEU

Ser

Lys

Lys
Glu
125
Met
Glin
Lyvs
lLeu
aArg

205
Thr

Ala

His

Thr

Leu

285
Gln

2rg

Gly
Asn
Ley
365

Ala

Asn

Leuw

Ile

t

Gln

Phe

Leu.

Leu
Leu
150
Lueu
Glu
Phe
Leu
Leu
270

Phe

Leu

Ala
Gly
iso
Leu

Gln

Thr

Thr
Leu
Gln

Asp

Leu

178
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His

Phe

Lys

Phe

. 160

ASp

Gly Ala

Val
Leu
Asp
Ala
2585
Leu

Gly

Arg

Leu

Phe
335
Leu
Gln

Phe

Leu

Glu

4315

Ser
Gln
Arg
240
Phe

Glu
Thr
Gly
320
Gln
Thr
Val
Arg
Glu

400
Val
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Leu Leu Gly His Asn Ser Trp Arg Cys Asp Cys Gly Leu Gly Pro Phe
420 425 430

Leu Gly Trp Leu Arg CGln His Leu Gly Leu val Gly Gly &lu Glu bro
- 435 440 445

Pro ATg Cys Ala Gly Pro Gly Ala His Ala Gly Leu Pro Leu Trp Ala
450 455 460

Leu Pro Gly Gly Asp Ala Glu Cys Pro Gly Pro Arg Gly Pro Pro Pro
465 . 470 . 475 . 480

. Axg Pro Ala Ala Asp Ser Ser Ser Glu Ala Pro Val His Pro Ala Len
485 480 i 495 -

Alz Pro Asn Ser Ser Glu Pro Trp Val Trp Ala Gln Pro Val Thr Thr
500 505 510

Gly Lys Gly Gln Asp His Ser Pro Phe Trp Gly Phe Tyr FPhe Leu Leu
518 - 20 525

Leuz Ala Val Gln Alz Met Ile Thr val Ile Ile Val Phe Ala Met Ile
£30 B3S 540

Lys Ile Gly Gln Leu Phe Arg Lys Leu Ile Arg Clu Arg Ala Leu Gly
543 550 . 555 560
(2) INFORMATION FOR SEQ ID NO:3;
{i) SEQUERCE CHARACTERISTICS:
{A} LENGTH: 10 base pairs
{B) TYPE: nucleic acid

(C} STRANDEDNESS: single
{D} TOPOLOGY: linear

{xi)} SEQUENCE DESCRYIPTION: SEQ ID NO:3:. .
CAGGATGCAA - . . - S R T
{2) INFORMATION FOR SEQ ID NO:4: '
{i) SEQUENCE CHARACTERISTIC_S :
{(A) LENGTH: 10 base paixs
{B) TYDPE: nucleic agid

{C) STRANDEDNESS: single
(D) TOPOLOGY: J.inear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CGRETGTGEC . 10
{2} INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 9 amino.acids .

{(B) TYPE: amino agid

(D} TOPQLOGY: unknown

(ii) MOLECULE TYPE: peptide

This Sheet Has Been Reﬂlace_d _
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Asn Ser Trp Arg gys Asp Cys Gly Leu
1l

{2) INFORMATION FOR SEQ ID NO:6:

{i} SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 13 anmino acids
[B) TYPE: anine acid
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide.

{ix} FBATURE: .
{A) NAMB/KEY: Deptide
{(B) LOCATION: 1..13
(D) OTHER INFORMATION: /note= “K5/6 peptide residues
1-13."

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:6:

Lys Mat Val Leu Leu Glu Gln Leu Phe Leu Asp His Asn
5 10

{2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 23 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: single
{D} TOPOLOGY: linear

{ix) FEATURE:
(A) NaME/KEY: misc_feature
(8) LOCATION: 1..23
(D} OTHER INPORMATION: /standard pname=x "Primer 1 {+}*
/note= “Olzgonucleotlde primer used for r.hu PCR |
ampl:.fa.cat:.on of platelet GPV " .

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:7:
GARCARCTCT TYCTSGAYCA YAA 23
{2} INFORMATION FOR $EQ ID NO:8:

(i) SEQUERCE CHARACTERISTICS:
(&) LENGTH: 12 amino acias
- {B) TYPE: amino acidq
{D} TOPOLOGY: unknown

{1i) MOLECDLE TYPE: peptide

{ix} FRATURE:
{A} NAME/KEY: Peptide
(B} LOCATION: 1..12 .
{D} OTHER INPORMATION: /no:e- "K5/6 peptide *esidnes
13-24."
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{xi) SEQUENCE DESCRIPTION SEQ ID NO:8:

AsSn Ala Leu Arg Gly Ile ASp Gin Asn Met Phe Gln
1 5 10

{2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 32 base pairg
(B} TYPE: nucleic acid
{C} STRANDEDNESS: single
(D) TOPOLOGY: lineax.

{ix) FEATURE:
(A) NAME/KEY: misc_feature
{B) LOCATION: 1..32 .
(D)} OTHER INFORMATION: /srandard _names "Primer 2 (+)°
/notew "Primer used for the PCR amplification of
plataler GPV."®

' (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: |
TGCGCTAAGG GGCATTGACC AAAACATGTT TC | 32
{2} INFORMATION FOR SEQ ID NO:10:

{i} SEQUENCE CHARACTERISTICS:
{a) LENGTH: 10 amine acids
{B} TYPE: amineo acid
{D) TOPOLOGY: unknown

(i) MOLECULE TYPZ: pepctide

{ix} FEATURE:
{A) NAME/KEY: Peptide
(B} LOCATION: 1..10 )
(D) OTHER INFDRMATTON /note= "X5/6 pepride residues
. 23-30." . : -

{xi) SEQUENCE DSSCRIPTION: SEQ ID NO:10:

Asn Mer Phe Giln Lys Leu Val Asn Leu Gln
1 5 10

{2} INFORMATION FOR SEQ ID NO:11:

{1) SEQUENCE CHARAC']_.‘ERISTICS H
{A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linearx

{ix) FEATURE:
- (A) NAME/KEY: misc_fearure - _
" (B} LOCATION: 1..27 - - '
(D} OTHER INFORMATION: /scandard . names “Primer I(~ )' :
/notes "Primer used for the DCR. amplificacion oZ
platelet GPV."

i Sheelt iliilnelenlllTlllalced
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(xi) SEQUENCE DESCRIFTION: SEQ ID NQ:1l:
GTACAAAGTC TTTGACCAAT TGGACGT 27
{2) INFORMATION FOR SEQ ID NO:12:

{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 11 amino acids
{B}) TYRE: amino acid
{D} TOPOLOGY: unknown

. {11) MOLECULE TYPE: peptide -

{ix) FEATURE:
{A} NAME/KEY: Peptida
{B) LOCATION: 1..11 .
{D} OTHER INFORMATION: /notee- "K5/6 peptide vresidues
31-42."

{xi} SEQUENCE DESCRIFTION: SEQ ID NO:12:

Glu Len Ala Leu ngsn Gln Asn Gln Leu Asp Phe
1 10

(2} INFORMATION FOR SEQ TN NO:13:

{i) SEQUENCE CHARACTERISTICS:

- {A) LENGTH: 21 base¢ pairs
{B} TYPE: nucleic acid
{C} STRANDEDNESS: single
{D) TOPOLOGY: linear

{ix) FEATURE:
(A) NAME/XEY: misc_fearura
{B) LOCATION: 1..21
(D) OTHER INFORMATION: /standard name- "Primexr 4 (-)"
/note- "Primer used for cthe PCR amplification of
platelet GEV.* . -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
TIRGTYTTRG TYGASCTRAA R 21
{2} INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 7 amino acids
{B} TYPE: amine acid
(D} TOPOLOGY: uaknown

(ii) MOLECULE TYPE: peptide

_{ix) FEATURE: ,
: (A) NAME/KEY: Peptide - _ _
{B) LOCATION: 1..7 -~
(D) OTHER INFORMATION: /nov:e— "M& Dent:l.de residues
1-7.%
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO:).4:

Met Ile Ser Asp $&f His Ile
1 5

(2} INFORMATION FOR SEQ ID NO:15:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
{B} TYPE: nucleie acid
{C) STRANDBDNESS: single
{D} TOPOLOGY: linear..

{ix}) FEATURE:
{A) NAME/KEY: misc_feature
(R} LOCATION: 1..20
{D} OTHER INFORMATION: /standard_name= "Primer 5 ()"
/notes "Primer used for the PCR amplification of
platelet GPV.r

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
ATGATCTSCG AYWSCCAYAT 20
(2} INFORMATION FOR SEQ ID NO:16:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 base pairs
(B) TYPR: nuecleic acid
{C) STRANDEDNESS: single
{D} TOPOLRGY: lineax

{ix) FERTURE:
{A) NAME/KEY: misc feature
(B} LOCATION: 1..2%1
{D} OTHER INFORMATION: /standard name= "Primer 6 (+)”
" /note= "Primer used for the PCR amplzflcatzcn of
platelet Gw " _

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
GAGAGACTTC TGCTCCACTC G 21
{2) INFORMATION FOR SEQ ID NO:17: '

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21 hase pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: gingle
{D) TOPOLOGY: linear

{ix} FEATURE:
(A) NAME/KEY: misc_feature
"{B} LOCATION: 1. 21 : '
(D} OTHER INFORMATION /sr;andard name=. "Primer 7 (-)"
/note= "Primer used for the PCR ampl:...:.c-armn of
platelet Gpv., " .

S
ect Has Been Replaced

\\ll\l\\ Wi



PCT/US94/07644

57

" (xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

TATCAGGTCA CTGEAAGETGC C
{2} INFORMATION FOR SEQ ID NO:18-:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(I} TOPQLOGY: linear '

21

{ix) FEATURE:
(A} NAME/KEY: misc_feature
(B, LOCATION' ' 018
(D} OTHER INFORMATION: /srtandayrd name= "Primex & {~)"
/note= "Primer used for the PCR amplification of

platelet GPBV,"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

AAGACACACT TGCAAGCT 18

{2} INFORMATICN FOR SEQ ID NO:i9:

(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESSE: singie
(D) TOPOLOGY: linear

{ix) FEATURE:
(A} NAME/KEY: mimg_feature

{R) TLOCATION: 1..35
(P} OTHER INPORMATION: /standard name- "Adzptor dT17"

{xi) SEQUENCE DESCRIPTION: SEQ IP NO:19:
GACTCGAGTC GACATCGATT TYTITITTIT TITIT 35

(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: lineax

{ix) FEATURE:
(A} NAME/KEY: misc_feature
(B} LOCATION: 1,.30

{D} OTHER INFORMATION: /srandard_name= "Adaptor dCi2"
{xi) SEQUENCE Dsscnipwxbmz'SEQ'xn szzo;

GACTCGAGTC GACATCGACC CCCCCCCCCe 30

-
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{2) INFORMATION FOR SEQ IO NO:21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D)} TORQLOGY: linear

{ix) FEATURE:
{A) NAME/KEY: misc_feature
{8) LOCATION: 1..18 - - '
(D) OTHER INFORMATION: /standard _pame= "Maptor"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
GACTCGAGTC GACATCGA 18
(2) INFORMATION FOR SEQ ID NO:22:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
{8} TYPE: amine acid
{Dh} TOPCLOCGY: unknown

{ii} MOLECULE TYPE: pepride

{ix) FEATURE:
(A) NAME/XEY: Region
{(B) LOCATION: l..24
{D} OTHER INFORMATION: /niote= "“Tandem Leu-rich repeated
structure for platelet GPV."

(xi} SEQUENCE DESCRIPTION: SEQ ID NQ:22:

Gly Arg Gly val Leu Gln Ser .Gln Ser Phe Ser Gly Mer Thr Val Leu
. 10 15 .

Gln Arg Leu Mgt Ile Ser Asp Ser-
2

{2} INFORMATION FOR SEQ ID NO:23:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino =eids
{B) TYPE: amino acid
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{ix) FEATURE: '
(A} NAME/KEY: Regmn
{B) LOCATION: 1..24
(D) OTHER INFORMATION: /note- "Tandem Leu-uch repeated
struccure for platelc: G*v Ll

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

His Ile Ser Ala Val Ala Pro Gly Thr Phe Ser Asp Leu Ile Lys Leu’
1 5 10 1s
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Lys Thr Leu Arg Leu Ser Arg Asn
20

(2) INFORMATION FOR SEQ ID NQO:24:

(2}

(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

(ix) FBATURE:
{A) WAME/KEY: Region
{B) LOCATION: 1..24
{D) OTHER INFORMATION: /nGQte= "Tandem Leu-rich repeaced
structure for platelec GPV."

(xi} SEQUENCE DESCRIPTION: SEQ ID NQO:24:

Lyes Ile Thr His Leu Pro Gly Ala Leu Leu Asp Lys Met Val Leu Leu
1 & 10 is

Glu Gln Leu Phe Leu Asp His Asn
20

INFORMATION FOR SEQ ID NO:235:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 24 amino acids
(R} TYPE: amino acid
(D} TOPOLOCY: unknown

{ii) MOLECULE TYPE: peptide

. (iX) FEATURE:

{A) NAME/KEY: Region

“{B}) LOCATION: 1..28 . S

(D} OQTHER INFORMATION: /note= "Tandem Leu-rich repeated
structure for platelet GPV."

{xi) SEQUENCE DESCRIPTION SEQ ID NO:25:

Ala Leu Arg Gly lle Asp Gln Asn Mot Phe Gla Lys Leu Vel Asn Leu
5 10 15

Gln Glu Leu Ala Leu Asn Gln Asn -
20

(2) "INFORMATION FOR SEOQ ID NO:26:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 amino acids
(B) TYPE: amino. acid
(D) TOPOLOGY: unknown

(1i} MOLECULE TYPE: pepride |
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{ix) FEATURE:
(A) NAME/XEY:; Region
(B) LOCATION: 1..24 .
(D} OTHER INFORMATION: /note= *Tandem Leu-rich repeated
gtructure for platelet GPV.Y

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Gln Leu Asp Phe Leu Pro Ala Ser Leu Phe Thr Asn Leu Glu Asnh Leu
1 i 5 _ 10 . 15

i.ys Leu Leﬁ Jzkgp Leu Ser Gly Asnl_ .

(2) INFORMATION FOR SEQ ID ND:27:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amnino acids
(B} TYPE: amino acid
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(ix)} FEATURE:
{A} NAME/XEY: Region
{B) LOCATION: 1..24
(D} QTHER INFORMATION: /note- "Tandem Leu-rich repeated
structure for platelet GPV."

(xi} SEQUENCE DESCRIPTION: SEQ ID NQ:27:

Asn Leu Thr His Leu Pxo Lys Gly Leu Leu Gly Ala Gin Ala Lys Leu
1 5 10 15

'Glu Arg Leu Leu Leu His Ser Asn
. _ 20 _ .

{2) INFORMATION FOR SEQ ID NO:28:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: unknown

{(ii) MOLECULE 7TYPE: peptide

{ix) FEATURE:
{A) NAME/REY: Region
(B) LOCATION: 1..24.
{D) OTHER INFORMATION: /note= "Tandem Leu-rich repeated
structure for platelet Gpv."

(xi) SEQUENCE DLSCRIPTION SEQ ID NO:28:

Arg Leu Va1 Se" Leu Asp Ser Gly Leu Leu Asn: Ser Leu Gly Ala Leu
10 : 15

Thz Glu Leu Gln Phe His Arg Asn
20 .
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(2) INFORMATION FOR SEQ ID NO:29:

{i) SEQUENCE CHARAC'I‘ERISTICS-
{A) LENGTH: 24 amino acids
{BR) TYPE: amino acid
{D) TOPCLOGY: unknowm

{ii) MOLECULE TYEE: peptide

- (X} _FEATURE: :

{A) NAME/KEY: Region

. (B) LOCATION: 1,.24

{D) OTHER INFORMATION: /notes "Tandam Leu-r:.ch repeated
grructure for platelet GPV.*

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

Hiz Ile Arg Ser Ile A‘*a Pro Gly Ala Phe ASp AXg Leu PIO AsSn Lau
1 5 10 i5

Ser Ser Leu ';‘hr Leu Ser Arg Asn
0

(2) INFORMATION FOR SEQ ID NO:30:

(2)

{i} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 24 amino acids
(B} TYPE: amino acid :
(D} TOPOLOGY: unkiown

{ii) MOLECULE TYFE: peptide

{ix) FEATURE:
(A} NAMB/KEY: Region
(B} LOCATION: 1..24
{D) OTHER INFORMATION: /note- "Tandem Lou- r;ch rcpcn:ed
. st:r:ucture for platelct GBV. - .

(x1) SEQUENCE DESCRIFTION: SEQ ID NO:30:

His Leu Ala Phe geu Pro Sexr Ala Leu Pge Leu His Ser His Asn Leu
1 1 i5

Thr Leu Leu Thr Leu Phe Glu Asn
20

INFORMATION FOR SEQ ID NO:31:

(i) SEQUENCE CEBARACTERISTICS:
{A) LENGTH: 24 amino acids
{B] TYPE: amino acid
{D} TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{ix} FEATURE:
{A] NAME/KEY: Region
{B) LOCATION: 1..2%
(D) QTHER INFORMATION: /ioteé= "Tandem Leu-rich repeated
structure for platelet GPV.Y

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:31: This Sheet Has Been R
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Pro Leu Ala Glu Leu Pro Gly Val Leuw Phe Gly Glu Met Gly Gly Leu
1 5 ’ 10 15

Gln Glu Leu Trp Leu Asn Arg Thy
20

(2) INPORMATION FOR SEQ ID NO:32:

{i) SEQUENCE CHARACTERISTICS:
- {A) LENGTH: 24 amino acids
" {B)} TYPE: amino acid =~ -
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide ) -

{ix) FEATURE: -
{A) NAME/KEY: Region
B) LOCATION: 1..24
(D} OTHER INFORMATION: /note= ~"Tandem Leu-rich repeated
structure for platelet GPV."

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

Gln Leu Arg Thr Leu Pro Ala Ala Ala Phe Arg Asn Lew $Ser Arg Leu
1 s 10 15

Arg Tyr Leu géy val Thr Leu Ser

{2) INFORMATION FOR S5EQ 1D NO:33:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(R} TYPE: amino acid
{D) TOPOLOGY: unknown

{i4) MOLECULE TYPE: peptide

{ix) FERTURE:
{A) NAME/KEY: Region
{B) LOCATION: 1..24
{D} OTHER INFORMATION: /notes= "Tandem Leu-rich repeated
scructure for platelet GPV."

- {%i) SEQUENCE DESCRIDTION: SEQ ID NO:32:

Pro Axrg Leu Ser Ala Leu Pro Gln Gly Ala Phe Gla Gly Leu Gly Glu
1 L) . 10 is

Leu Gln Val Leu Ala Leu His Ser Asn
20 25

{2) INFORMATION FOR SEQ ID NO:34:

' {i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
{B) TYPE; amino acid
{D) TOPOLOGY: unknown

{ii} MOLECULE TYPE: peptide

- This Sheet Has Been Rzﬂlaced .
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(D) OTHER INFORMATION: /nores "Tandem Leu-rich repeated
strucrure for platelet GBV."

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:34:

Gly Leu Thr Ala Leu Pro Asp Gly Leu Leu Arg Gly Leu Gly Lys Leu
5 10 15

Arg Gla val ggr Leu Arg Arg Asn

{2) INFORMATION FOR SEQ ID ND:35:

{i) SEQUENCE CHARALTERISTICS:
(A} LENGTH: 24 amine acids
{B} TYPE: amino acid
{D} TOPOLOGY: unknown

(ii) MOLECULE TYFE: peptide

{ix) FEATURE:
(A} NAME/KEY: Region
{B) LOCATION: 1..24
(D) OTHER INFORMATION: /aote- "Tandom Leu-yich repeoated
structure for platelet GPV.*

{xi) SEQUENCE DESCRIFIION: SEQ ID NOQO:3b:

Arg Leu Arg Ala Leu Pro Arg Ala Leu Phe Arg Asn Leu Ser Ser Leu
1 5 10 15

Glu Ser vVal Gln Leu Asp His Asn
20

{2} INFORMATION FOR SEQ ;D NO:36:

{1} SEQUENCE CHARACTERISTICS:
: {A)} LENGTH: 24 aming acids
(B} TYPE: amino acid
(D} TOFOLOGY: unknown

(ii}) MOLECULE TYPE: peptide

(ix) FRATURE:
{A) NAME/KEY: Region
(B} LOCATION: 1..24
{D} OTHER INFORMATION: /note= "Tandem Leu-rich repeared
struccure for plavelet Gkv."

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

Gln Leu Glu Thr Leu Pro {ily Asp Val Phe Gly Ala Leu Pro Arg Le
1 _ -5 . 10 _ 15 -

“Th Glu Val Lea Leu Gly His Asn
: 20

-
— .
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(2} INFORMATION FOR SEQ ID NQ:37:

(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 24 amino acids
(B} TYPE: amino acid
{D)} TOPOLOGY: unknowsn

(Li) MOLECULE TYPE: peptide

(ix) FEATURE:
{A] NAME/KEY: Region
{R) LOCATION: 1..24 - '
{D! OTHER INFORMATION: /note= "Ccnsansus sequence for the
tandem Leu-rich repeated structure for platelec
GPV. ¥

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Xaa Leu Xaa Xaa £J‘E:eu Pro Xaa Xaa Leu Phe Xaa Xaa Leu Xaa Xaa Leu
1¢ 15

Xaa Xaa Leu Xaa Leu Xaa Xaa Asn
20

{2) INFORMATION FOR SEQ ID NO:38:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: unknown

{ii} MOLECULE TYPE: peptide
(iii} HYPOTHETICAL: NO

{ix) FRATURE:
{A}) NAME/KEY:’ Pepuide
{B}) LOCATION: 1..11 ' ' ' -
{D) OTHER INFORMATION: /note= "AmMinG acid sequence of the
GPV thrombin cleavage gite."

{ix) FEATURE:
{A) NAME/KEY: Region
{B} LOCATION: 1..2 o : .
{D) OTHER INFORMATION: /note- "Amine acid residues found
in other thrombin substrates.*

{ix) FBATURE:
{A) NAME/REY: Region
(B) LOCATION: 5..9
(D) OTHER INFORMATION: /note= "amino ac:Ld rasidues found
in other thrombin sybstrates.®

{ix) FEATURE:
: (A) NAME/KEY: Reg:.on
{B) LOCATION: ' ' ' -
{b) OTHER INFOR.MATION /nete- "Am.no oc:.d res:.due found in
other thrombin substraces."

{xi) SEQUENCE DESCRIPTION: SEQ ID N(O:38:
Ala Glu Cys Pro Gly Pro Arg Gly Pro Pro Pro This Sheet Has Been Replaced
5
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(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 11 amino acids
{B) TYPE: amino acid
{D) TOPOLOGY: unknown .

{(ii) MOLECULE TYPE: peptide

{iii) HYPOTHETICAL: NO

(ix) FEATURE:
(A) NAME/K‘Y‘ Peptzde ' _
(B) LOCATION: 1..1l .
{D} OTHER INFORMATION: /note= "Amino acid sequence of the
human fibrinegen (Fg) A-alpha 1 chain thrombhin
cleavage site."

{ix) FBATURE:
{A) NAME/KEY: Region
- {B) LOCATION: 1..2 )
{D) OTEER INFORMATION: /note= *Amino acid residues
identical to GPV."

{ix) FEATURE:
(A) NAME/KEY: Region
{R) LOCATION: 5
{D) OTHER INFORMATION: /note- "Amino acid residue
identical veo GBV.®

{ix) FEATURE:
(A} NAME/KEY: Region
{8) LOCATION: 7..9
{D} OTHER INFORMATION: /note= "Aminoe acid residues
identical o GePV."

{xi} SEQUENCE DESCRIPTION: SRQ TD NO:38:

Ala Glu Gly Gly Gly Val Axg Gly Pro Arg Val
1 i -5 _ - 10

(2) INFORMATION FOR SEQ ID NO:40:

{i) SEQUENCE CHARACTERISTICS:
{3} LENGTH: 11 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: pepride

{iii) HYPOTHETICAL: NO

(ix} FEATURE: :

{A) NAME/KEY: Peptide

{8} LOCATION: 1..11

{D} OTHER INPORMA‘IION Jnote= "Amino ac1d sequence of the
human fmbrmogen {¥Fg) n-alpha 2 cham thrombm
c]eavage site.®

"{ix} FEATURE:
{A) NAME/KEY: Region
{B) LOCATION: 5..7
{D) OTHEZR INFORMATION: /noce= "Amino acid residues
idencical to GPV."

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: This Sheet Has Been Re'ill d

AR



PCT/US94/07644

66
Gly Gly val Arg gly Pro Arg Val Val Glu Arg.
1 10

{2) INFORMATION FOR SEQ ID NO:41:

(1) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 11 amino acids
{p) TYPE: amino acid
{D)} TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide
(1ii) HYPOTHETICAL: NO'

{ix) FEATURE:
(A) NAME/KEY: Peptide
(B) LOCATION: 1..11
(D} OTHER INFORMATION: /note= “Amine acid sequence of the
human fibrinogen (Fg) B-bheta chain chrombin
cleavage sirte."

{ix) FEATURE:
(A} NAME/KEY: Region
{B) LOCATION: 7..8
(D} OTHER INFORMATION: /note= *Amino agid residues
identieal to GPV,.T

{ix) FEATURE:
{A} NAME/KEY: Region
(B) LOCATION: 11
(h) OTHER INFORMATION: /note= "Amino acid residue
identrical £o GPV. M

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:41:

Glu Gly Phe Phe Ser Ala Arg Gly His Arg Pro
i 5 ‘10

{2) INFORMATION FOR SEQ ID NO:;42:

{i} SEQUENCE CHARAMCTERISTICS:
(A) LENGTH: 1l amin¢é acids
(B) TYPE: amine acid -
(D} TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide
{5ii) HYDOTHETICAL: NO

{ix} PEATURE:

{A) NAME/KEY: Peptide

{B) LOCATION: 1..l1 _

(D) OTHER INFORMATION: /note= "Amino acid sequence of the
tsmman plasma factor XIII {rXIII) thrombin cleavage
ite."

(i} FFATURY-‘-
- {A) NAMB/KEY: Regxon
{B) LOCATION: 6..8 s
{D)} OTHER INFORMATION: /note= "Amino acid residues
:.dcm::.cal to GPV.*

" (xi} SEQUENCE DESCRIPTION: SEQ ID NO:42:

Sheet Has Been Replaced
Glu Leu Gln Gly val Pro Arg Gly Val Asp Leu ““ ﬂ

I




PCT/US94/07644

67
1 5 ' 10
(2) INFORMATION FOR SEQ ID NO:43: '

{1} SEQUENCE CHARACTERISTICS:
{A} LENGTHK: 1} amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: unknown

{ii) MOLECULE 'I‘Y;’E: reptide
(ii3) HYPOTHETICAL: NO

{ix} PEATURE:
(A) NAME/XEY: Peptide
{BR} LOCATION: 1,.l1
{D)} OTHER INFORMATION: /note= *Amino acid sequence of the
human chorionic gonatropin beta~subunit (CGbeta)
thrombin cleavage site,™

{ix) FEATURE;
(A) NAME/KEY: Region _
(B) LOCATION: 6..8
(D) OTHER INFORMATION: /note= "Amino acid residuses
identical to GPV.~ )

{ix) FEBATURE:
{A} NAME/KEY: Region
(B) LOCATION: 11
(D) OTHER INFORMATION: /note= "Amino acid residue
identical to GBV."

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:43:

Axg Leu Pra Gly Cys Pra Arg Gly Val Asn Pro
1 10
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TABLE X

peptide sequences and oligonucleotide primers used for the PCR amplification of platelet GPV

K5/6 peptide:
Primer 1 {+)

‘K5/6 peptide -

Frimer 2 (+)

K5/6 peptide
Prirer 3 (-]

Ks5/6 peptide
Primer 4 [-)

M6 peptide
Primer S5 (4]

Primer 6 (+)
Primer 7 {-}
Primer 8 {-)
Adapror-dT17
Adapror dC12

2daptorx

gl M v L L B . @ L ¢ L D B pid {(SEQ. ID.NO.
- 5~ GAS  CAG ¢T6¢ TTT CTG GAT CAT AA-3*  (SEQ.ID.NO.
A A ¢ c c c
i3 A L R G 1 b Q R Y] F 24 - {SEQ.ID.NO,
5'-T  GCG CTA AGG GGC ATF GAC CAA  AAC  ATG TTT c-3 (SEQ. 1D, NO.
el M P 0 K L v N L 030 - {SEQ. ID.5O.
3'-6  TAC AAA GTC TIT GAC . CAA’ TIC GAC GT-5 . (SEQ. ID. NO.
el & A L N p  n Q L b pil ' {SEQ. ID. NO.
S 3~ TT6 CTC ™G GTC GAC (TG ARG-57 (SEQ. ID. NO.
A T ) <% - G A N
R TLE ¢ 5 D s H 17 ' {SEQ. ID.NO.
5/-ATG NTC TGC GAT TCC CAT AT-3¢ {SEQ. 1D.NO.
c ¢ A C ,

5°-GAG AGA CTT CTIG CTC CAC -  TCG-3' _ o (SEQ.1D.NO.
S'-TAT CAG GTC ACT GAA CGF = GCC-3¢ ' (SEQ. 1D. NO.
S<-AMG ACA CAC TTG CAA GCT : g (SEQ. ID.NO.
5¢-GAC TCG AGT CGA CAT CGA TIT TrT  TTT TIT T TT-3° (SEQ. ID.NO.
5:-GAC TCG AGT CCA CAT CGA cec ccc oo coe-3¢ .o (SEQ. ID.NO.
5¢-GAC TCG AGT CGA CAT CGA=3' ' {5EQ. 1D.NO.

6}
7}

16}

17y

18)

19}

20)

21)

The K/6 and M6 peptide sequences were taken frem ref.X and numbered accordingly. ZEco RI and Sal T restriction sites were

added at the 5'-gnd

PCR products.

L 4

. of coding {+} and nor coding {-) strand primers respectively to facilitate further subclonlpg of the

89
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1. An isolated DNA construct comprising a polyaucleotide
sequence encoding a glycoproceln V polypeptide.

PCTUSY4107634

WHAT IS CLAIMED IS:

2. The DNA construct of claim 1, wherein the
pelynucleotide sequence encodes a polypeptide having an amino acid sequence
as shown in Figure 5B (SEQ.ID.NO. 2}.

3. The DNA construct of claxm 1, wherezn the polynucleatlde
Sequence hag a sequence as shown in Figure 5A (S8EQ.ID.NO. 1} .-

4. The DNA construct of claim 1, wheresin the
polynucleotide sequence lacks introns.

5. The DNA zonstzuct of claim ), wherein the
polynucleotide sequence encodes a full length glycoprotein V
protein.

6. Tne DNA construct of claim 1, further comprising a
heterologous promoter operably linked to the polynuclectide segquence.

7. The DNA construct ¢t claim 6, wherein the promoter directs
expression of the polynucleotide sequence in a eukaryote,

a. The DNA comstruct of claim 6, wherein the promoter directs:
expression of the polynucleotide seguence in a prokarvote.

i 8. A compesition comprising & cell contéining a DNA construct
of claim 1. . - A
10. The composition of claim 9, wherein the <¢ell is a
eukaryote.
1. The composition of c¢laim 8, wherein the cell is a
prokaryote. . .

12, A pharmaceutical composition comprising a pharmaceutically
ascceptable carrier and the GPV polypeptide.

13. The composition of claim 12. wherein the GPV polvpepride
.Has a sequence as bhown in Figure SB (SEQ.ID.NO. 2).

14, An isolated, purified GPV polybeptzde haV1ng a sequence 2as
shown in Figure 5B (SEQ.ID.NO. 2).

1$. An antibody capable of reacting with the polypeptide of

* c L M S *

U elaim 14.
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16. A mechod for inducing a degree of thrombocytepenia in a
parient comprising the administracion of the an;ibody of claim 1S.

17. The use of an isolared GOV promoter to direcr expression
of a polypeptide. '

18. A method for the detectien of cells of megakaryoblastic
lineage, comprising evaluating a sample for the presence or absence of &
pelynucieotide seguence as.shown in Figure 5A (SEQ.ID.NO. 1).

19. A method for detecting thrombus formation.in a subject,
comprising the measurement of circulating GPVEL. )

20. An isolated nucleic acid capable of hybridizing to a
nucleic acid having a sequence of Figure 5A (SEQ.ID.NO. 1}.
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