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PI.l\TELE~ GLYCOPRO~EIN V GENE· AND USES 

This application is a Continuation-in-Part of U.S. 
Application Serial No. OS/099,455 ~iled July 9,· 1993 • 

. 
BACXGRO'Clm OP THE ZNVENTION 

10 P1atelets arise from thQ fragmentation of 
maqakaryocy-teg, which arQ larg-e polyploid bone marrow cQlls 
produced by seve'.t'al cycles: of chromoso:roal duplication without 
c~toplasmic division (Handin (Wilson et. al., eds) in 
Harrison's Principles of Internal Medicine, 12th edition 

15 (1991)). Once free of the marrow space, approximately 2/3 of 
the platelets circulate freely, while approximately 1/3 are 
sequestered in the spleen. clrculating platelets last for 1 to 
10 days, after which they are removed by phagocytic cells. A 
decrease in platelet Eass stimulates meqakaryocytopoiesis, 

20 resulting in an increase in the nulnber, size and ploidy or the 
megakaryocytes. 

Platelet receptors which mediate platelet adhesion 
. . 

and agqregation are located on ~he two major platelet surface 
glycoprotein complexes. These complexes are the qlycoprotein 

25 Ib-IX complex which facilitates platelet adhesion by binding 

30 

von Willebrand factor (vWF), and the glycoprotein IIb-IIIa 
complex which links platelets into aggregates by binding to 
!ibrinogen. Patients with the Bernard-Soulier syndrome, a 
congenital bleeding Qisorder, show deficient platelet adhesion 
due to a def icieney in the glycoprotein lb-IX complex which 
hinds VWF, mild thrombocytopenia, and large ly:m.phocoid 
platelets. 

Glycoprotein v (GPV) is a major (-12,000 molecules/ 
platelet),· heavily qlycoaylated plntele~ meJr.brane protein (Mr 

35 S2, 000) {Modderman et. al. J. Biol. Che..'72: 267: 364-369). 

Earlier reports showin9 that GPV was a peripheral protein 
(Berndt and Phillips J~ Biol. Chem. 256!59~GS) ware preswuably 
due to the release of GPV -~fl:'.cm the membrane by calpain during 
the purification procedure. Exposure of platelets to thrombin 
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liberate~ a G9 kOa soluble fragment termed GPVfl (Phillips and 

Poh-Agin, Bjochem. Bjophys. Res. Co~mun. 1..§.:940-947). This, 
and its absence in the.BernArd-Soulior syndro~a (Clemetson et. 

al., J. cljn. Invest • .z.s!:304-311 (1982); Nurden et. al., J_ 

s Clin. Xnvese . .2.1:1431 (1981); Berndt et. al., Blood §2.:800"807 

(l.9S3))., led to the suqgestion that GPV may_ be involved in the 

thrombin-induced activation.response (Be:t".ndt and Phillips J_ 

Biol. Chem 256:59-65 (1981)). Recent eXtie~i~ents show that- GPV 
can interact·non-covalently with the GPib-IX complex (Modderman 

10 et. al. J_ Siol. Ch_em. 267:364-369 (1992)), a complex formed by 

the non-covalent association of GPib (consistinq of GPiba, a 
145 kDa protein, disulfide linked to GPib6. a 24 kDa protein} 
with GPIX (a 22 kDa protein). The binding sites for von 
Willebrand factor and for thrombin on the GPib-IX complex have 

15 been localized on GPiba (Wick! and Clemetson Eur. J". Btochem. 
l.5,l:l-ll (1985); Vicente et. al.1 J. Biol. Cllem. 265:274-iso 

{1990)). Since thrombin is now known to activate platelets by 

cleaving the thrombin receptor (Vu et. al., Cell §.!•1057-1068 
{1991)), a G-protein coupled receptor, it is unknown whether 

20 throm?Jin cleaves GPV incidently as a consequence of thrombin 

binding to GPiba, or whether this cleavage has a physiological 

role. 
· The amino acid seqilences of GPih~~ GPib{J, and GPIX 

have been deduced from their cDNA and qenomic sequences (Lopez 

25 et. al., Proc. Nat;.l. Acad. sci. USA .§.!:56"1:-4-5619 (l9S7); Wenqer 

et. al.,· Eioohcm. Siophyo. Res. Commun. 156:389-395 {l9SS); 

Lope~ et. al., Proc. Natl. Acad. Sci. USA 85:2135-2139 (l9S8); 

Hickey, et. ·al., Proc. Natl. Acad. Scj. US~·.§.§:6733~6777 

(l9S9); Hickey and Roth J. Bjol. Chem 268:3438-3443 {1993)). 

30 Analysis of the primary amino acid sequenee of GPiba, GPibP, 

·and GPIX has revealed a common evolutionary origin for the 

three proteins, as they contain one or morQ homoloqous 24 amino 
. . 

acid leucine-rich domains- Tbese doinain.s are also found in a 
large family of leucine-rich qlycoproteins (LRG) including 

35 leucine-rich ~2 GP, proteoglycan core, fibromodulin, human 

.lutropin-chorio qonatropin receptor and RNAse inhibitor, ana 
toll pr~tein and chaoptin found in Drosophila (reviewed in Roth 
Blood 22:5-19 {1991)). Recently1 analysis of partial peptide 
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sequences obtained from purified platelet CPV suqga§ted that 

GPV is also a meiill~r of the LRG family (Shimomura et. al., 
Slood 75:2349-2356 (1990): Roth et. al., Biochem. Biophys. Res. 
Commun. 170~153-161 (1990)). 

5 GPV is a very specific marker for the ~egakaryocytic 

cell lineage. A monoclonal antibody specific :for GPV (SW16) 
. . 

was recently shown to bind exclusively to_plate~ets (Modderxnan 
et. al., J. Biol. Chem . .2..S1:364-369- {1992))~ SWI6 did not ·bi~d 

to red cellsr leukocytes, endothelial cells, or cell lines such 
10 as HEL or MEG-01 which are known to express platelet 

meqakaryocyte ~arkers. 

SUMMARY o:r TBB INVENTrON 

Tne invention comprises an isolatea DNA construct 
is· co~prisinq the polynucleotide sequence of the qlycoprotein v 

gene, including the polynucleotide sequence which has the 
sequence sho~n in Figure SA. The polynucleotide sequence 
encodes a GPV polypeptide, including the aEino acid sequence as 
shown in ~igure 5a. 'J."he polynucleotiae sequence may lack 

20 introns, and may incorporate a heterologous promote~ operably 

linked to the polynucleotide sequence which is capable of 
directing eXpre~sion in.a prokaryot~· or in a eukaryote. 

The invention further comprises a DNA construct 

Wherein th~ polynucleotida sequence encodes n fUll length 
25 9lycoprotein V polypeptide. 

The present application includes prokaryotic or 

eukaryotic a oell containing a glycoprotein v DNA construet. 

The present application further provides for a 

pharmaceutical composition comprising a pharma~autieally 

3 O acceptable carrier and a glycoprotein v polypeptide. 'l'he 
polypeptidQ ~ay have the ~equence shown in Fiqure SB. 

35 

A further understanding of the natura ~nd advantaqes 

of the invention will become.apparent by refer~nce to the 
remaining portions of the.specification and drawings. 

BRIEF DESCRIPTION OF-'l'R2 DRAWINGS 
Fiqure l: Cloninq, seqUencing strategy, and 

restriction map of a partial human platelet GPV cDNA (a), and 

. I 
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of the complete human GPV qene (b). 

(a) Tlia top line represents the coding region (open 

bar) and 5 1 -\Ultranslated sequence (hatched bar) for a platelet 
GPV cDNA with a partial restriction map. The cloning strategy 

5 is indicated below. overlapping clones (i to vi) covering 
l,199 bp or cDNA were o~tained after PCR amplitication or 
platelet lnRNA. The oiigonucleotide-prilners useCJ.·ror the 
amplificat1on are indicated arid·the-correspondinq·sequences.are 
listed in Table I. The GPV 8.l kl:> genomic fragment (b) was . 

10 obtained after screening a human genomic library in the XFix 
vector with a 748 bp 32P-labelled GPV cDNA prope (indicated in 

(a) by a broken line). The top line is a partial ~estrictio~ 
map of the gene. Exons are boxed: the open box represents the 
codinq sequence, the hatched box represents the 5 1-untranslated 

15 sequences, and the shaded box repre5ents the 3 1 -untranslated 
region. The vertical arrow indicates the beqinninq of the 

geno~ic sequence reported in Fig. 5A. The open arrowhead 

indicates tho 5 1 -end and the closed arrowhead indicates the 3 1 -

end of the partial platelet cDNA obtained by PCR. A saquance 

20 with perfect consansus fQr a TATA box is indicated. The closed 

circles; indicate AA.TAAA consensus sequences for polyadenylation 
signals. Tha restrlction $ites are indicated as follow: A, 
Ace I ::· B, Bam HI : E. Eco RI: K, Ksp I ~ · Pt Pst l; S, ·sac I : X, 

Xho r. 
25 Figure 2: Detection of GPV mRNA in platelets, 

: . 
megakaryocytes, and HEL cells by RT-PCR amplification. Total 
RNA (25 nq) was subjected to reverse transcription followed by 

PCR with GPV cDNA based primers, and in a control reaction with 

primers for the housekeeping GAPDH gene. Ten ~l of the PCR 

30 reactions were separated on a 2% agarose gel stained with 

35 

ethidium bromide and are shown together with Bgl I/Hinf l cut 
pBRJ28 DNA molecular-weight markers. (a) Platelet (PLT) an~ 

megakaryocyte (MGK) RNA were amplified with a mixture.of t~o. 
GPV primer pairs .. (nt 3,0l0-'.3,589 and 2,675-2,877) ge~erating 
bands of 579· bp and 202 bp. (b) HEL cells with (HEL+FMA) or 

without (HEL) stimulation with phorbol ester, HL60, and 

platelet (l?L'l') R.i.'lA were amplified with a GPV prime:x- pair (nt 
3,091-3 1 589} generating a 498 bp band. 

111~111nr 
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Fiqure 3: Northern blct analysis. Total RNA (10 µq 

per lane) from human platelets (lanes a and b) and hWD.an 
monocytes (lane c) was electrophoretically separated on 1% 

agarose-formaldehyde gel, transferred to Zetaprobe, and probed 

s with a 748 bp ·random prime 32P-labelled cDNA probe. Lane d is 
an ethidium bromide stained gel of leukocyte total RNA showinq 

the position o~ 2as ana·1ss ribosomal RNA. The molecular size 
was caiibrated.·by rererence to the migration of A/Hind III DNA 
fragments indicated in kilo base pairs. 

10 ~igu:ra 4: Southern l:>lot analysis.. High mol'ecular 

weight genomic DNA lOvg) from human leukocytes was cut with an 

excess of Eco RI, Bam HI, and Bgl II restriction endonucleases~ 

separated QTI a 0.7% agaro$e gel, and tran5ferred to Hybond N+ 

nylon membranes. The filters were probed with a 748 bp 32p-

15 labelled GPV cDN~ fragment. The size of the hybridizing bands 

in kilobase pairs was estiwated by comparison with A/Hind III 

ON~ frasments .. 
Figures SA (SEQ.IP.NO. 1) and SB (SEQ.ID.NO. 2): 

Sequence of the human GPV 9ene Fiqura SA and daduead a~ino acid 

20 sequence Figure 5B of the GPV protein. The Gl?V genomic 

sequence (S~Q.ID.NO. 1) Figure SA is shown in the 5t- to 3'-. 

orientati~n with the single intron sequence of 958 bp shown in 

lower case letters. The .gt/aq donor and acceptor· sites are in 

bold characters. Consensus sequenca~ for putative ~i~-actinq 

25 promoter elements are indicated as shaded areas. The closed ·-

30 

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 3,589) indicate 
·the 5'- and 3'- end, res~ectively, of the partial cDNA sequence 
obtained by FCR amplification of platelet RNA. T'Wo Alu 
repeats, nt 598-886 and nt 6,133-6,440, are underlined. 

Possible polyadenylation signal sequ·ences (nt 5,610, nt 6,966, 

nt 7,224 and,. nt 7,358) are. double _underlined. The GPV amino 
acid sequence Figure 5B {SEQ.ID.NO. 2), indicated in ·single 

35 letter code, was deduced after translation o'! tlle cDNA and 

gen-omic sequences. The putative signal peptide is unclerlined. 

The putative transmembrane domain is double underlined. 
~~~~~~~~~ 

cysteine residues are circled. Potential N-linked 

111i1iiflf 
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glycosylation sites in the extracellular domain are indicated 

by a vertical arrowhead. N-glycosylation sites that had been 

identified by protein sequencinq are indicated by a star. 
Internal peptide sequences that were obtaihed from pu~if ied 

s platelet GPV (20, 3lJ, indicated in italics~ are underlined by 

a ~roken arrow. Differences between the DNA-derived and 
internal peptiaes sequences are indicated in parenthesis as 
lower case letters. (X) indicate a residue which had not paen 

aetennined in the original peptide sequence. 

10 Figure 6: Alignment of the 15 tandem Leu-rich 
repeated st:i:uctures for platelet GPV (SEQ.ID.Nos. 2Z-36). The 

alignment spans the sequences between residues 61 and 421 of 
the protein. Identical residues among the 15 seg1!tents are 
boxed. An overall consensus sequence tor the GPV repetitive 

15 motifs is presented (SEQ.ID.No. 37). 

Figure 7: Comparison of the GPV thrombin c::leava9e 

site to other thromhin substrates. The GPV sequence around the 

RG thrombin cleavago p~ptide bond (SEQ.lD.NO. 38) vas aligned 

with sequences of human fibrino9an (Fg) Aa (SEQ.ID.Nos. 39 and 

20 40) and B~ (SEQ.ID.NO. 41) chains, to human plasma factor XIII 
(FXIII) (S~Q.IO.NO. 42), and to hwuan ehorionic qonat~opin P­
subunit (CG~) (SEQ.ID.NO. 43) - Amino aeid residues ident.ical 

25 

: to GPV are boxed. 

Figure s~ Schematic representation of the GPV 

protein inserted in the platelet plasma mambrane in comparison 

with the GPib-IX complex. The proteins depicted as bars, are 

oriented with their NH2- and COOR-termini oriented toward the 
outside and inside of the cell, respectively. Numbering cf 
amino acids for the ~ature proteins is indicated. The 

JO transmelllbrane domains are represented as solid rectangles. The 

Leu-rich {LR) repetitive domains are represented as hatched 

rectangles. 
triangles. 

· CHO) and is 

N-qlycosylation sites are indicated as solid 

GP!l:>O! contains a region.rich in o.;.linked sugars.(O­

linked to GPib~ by a disulfide (S-5) nond. The· 

35 location of the thro11Win cleavage site in GPV is indicated PY a 
double-headed arrow. 
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DETAXLED DESCRIPTION OF SPECIFIC ~MBODXMEHTS 

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

5 genomic sequence, and has a simple structure with a single 

intron _of 958 bp in the s•-untrans~ated se~ence; the coQing 
s·equence is contained withi~ a single ex~n.. The promotei; 
region contains a canonical TATA box, and putative GATA, Ets-l, 
and Spl cis~actin9 ele?nents. R~-PcR analysis on RNAs from 

lO cells of different hematopoietie origins revealed that GPV was 
specif ioally transcribed from platelets and from calls of the 

megakaryocytic lineage (me9akaryocytcs, HEL cell$). A single 

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

Northern blot analysis, and the entire amino acid sequence of 

15 GPV was daduced from thQ eDNA and genomic sequences. 

Mature GPV is composad of 543 amino acids which 
contain a single transmembrane domain, a short cytoplasmic 
domain (16 residues) and a large extracellular domain with s 
potential N-qlycosylation sites. Analysis of the extracellular 

20 domain revealed the presence of 15 tandem Leu-rich repeats of 
24 alD.ino acids with homology to GPiba, and identified a 
cleavage site for thrombin near th~ c-terminus with homology to 
the Aa ch.a.in of fibrinoqen. 

The predicted amino acid seqUence of GPV accounts for 
25 the k.nown·features o! the protein. First, it contains with one 

exception (peptide M4, Shimamura et. al., Blood 75:2349-2356 
{19~0) all of the partial peptide sequences which had been 
reported for purified platelet GPV (Figure SA). Second, the 
predicted molecular weight of the polypeptide chain of 59 1 276 

30 Oa agrees with the 60 kDa value determined a~ter SOS-PAGE · 
analysis o~ the deglycosylated protein. Third, the predicted 

amino acid composition is very si1nilar to th~t reported for 

purified GPV when the data. are _corrected for the 59 1 276 

molecular mass. Fourth, the LRG repeat~ in GPV di~play 
35 significant similarity to those found in' the subunits of the 

GPib-IX eo~plex, which GPV associates with in platelets4 

Finally, the translated protein contains a thrombin cleavage 
~ccognition site at a position which would generate a solub1e 



5 

PCT!US94/07644 

B 
, 

eleava9e fragment of the size of GPVfl, a fragment known to be 

~enorated after platalat treatment with thromhin (Phillips and 

Poh-A9in, Biochem_ Biophys. Res. Commun:. 1.5.:940-947 (1977): 

Mosher et. al., ~load .5.J.:437-445 (1979)}. 

Analysis of the deduced primary amino acid sequence 

revealed several distinctive features for GPV. The protein 

contains an N-terxninal signal pe~tide with a consensus ·c1eavase 

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

residue. N-term.inal glutamines are often cyclized to 
10 pyroqlutamic acids, expiaininq the N-ter.minai blockade 

consistently observed with pu~itied GPV. A second hydrophobic 

domain was located at the c-terminus of the protein su9qestin9 

that GPV "is a transmembrane protein. This agrees with data 

showing that GPV was found in the hydrophobic phase of a Trito~ 

15 X-ll4 pnase partition (Bienz et. al., Blood i§.;720-725 (1986)). 

GPV contains a potential N-glycosylation sites, loc~ted on the 

extracellular dcmain. The presence of 0-linked carbohydrates 

and sialic acid ha5 been suggested basod upon a ~o kDa 

molecular wei9ht reduction following neura~inidasa treatment 

20 (Zafar and Walz Thromb. Res. §1.:31-44 (1999)). One short 

reqion in the C-term.inal region contains two Ser-rich se9mQnts 

and cou_ld contain O-l_inke.d su9ars, but it is probable that. the 

bulk of tho carbohydrat~s are repres~nted. by N-sugars due· to 

the oboerved 20,000 Da apparent ~olecular weight drop after 

25 treatment of GPV by N-qlycanase (Zafar and Walz Thromb. Res. 

· 53:31-44 {1989)). GPV has a very short intracellular domain 

which contains no potential phcsphorylation site as it lacks 

any Tyr, Ser, or Thr residues. The c-terminal intracellular 

domain also lacks· an unpaired cysteine residue, which is a site• 

30 for acylation by fatty acids which is found in GPib~ and GPIX 

(Lopez et. al., Proc. Natl. Acad. Sci. USA 85:2135-2139 {l9BS); 

Hickey et. al. Proc. Natl. Acad. Sci. USA 86!6773-6777 (1989)). 

Thus, lnost of the polypeptide, chain (92%) is exposed to the 

·outside of the platelet.A This is consistent with the observed 

35 release of a GPV tragment slightly smaller (80 kDa) than intact 

membrane bound GPV arter treatment of platelets with caipain .... 
(Bienz et. al., Blood §A:720-725 (1986)). This observation 

shows that the cleavage site for calpain must lie in a region 

111if11ur 
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between the last c-termirial N-glycosylation site and the 

transmembrane do~airi. The eight cysteine tesidues are not 

evenly distributed in the protein: four are clustered in the 

N-tet'lllinal portion, and four are in the region between the Leu-. 
5 rich domains and the ~ernl:lrane in the c-ter.ininal part.or the· 

extracellular segment. The absence of an apparent molecular 

weight change upon reduction ·<.Berndt and Phillips. J. Biol. 
Chem. 256:59-65 (1981)) suggests that all the disulfide .bonds 

are formea over short distances. The absence of cysteines in 

10 the middle portion of the molecule indicates that this region 

is su5ceptible to enzj'lllatic cleavage, accounting for its 

sensitivity to various enzymes such as calpain, chymotrypsin, 

elastase and thro:mbin. 

Analysis of the peptide sequence for a putatiye 

15 thrombin cleavage site revealed the presence of an Arq-Gly 

·matif at position 476-477. This appears to be the actual 

cleavaqe site based on the following observations: first, the 

estimated =oleeular weight of the fragment liberated by 

thrombin would be 67,613 Da after correction for the presence 

20 of seven N-9lycosylation £ites, which is si~ilar to the 

.apparent molecular weight of the GPVfl fragment. Second, the 

amino acid sequence around· the Arg-Gly peptide bond disp~ayed 

siqni'f_;cant similarity to sequences around known thrombin 

cleavage sites (Muszbek and Laki. et~ al., (R. Machovich, ed) in 

25 The Thrombin pp 83-90, CRC Pr~ss, Boca Raton, FL (1984)), and 

most notably to the Aa chain of f ibrinogen. The sequence is 

also similar to other thrombin substrates where a high 

incidenee of proline residues occur at the P2 subsite. 

Finally, the sequence immediately after the RG peptide 

30 corresponds ~c the N-tenninal sequence of a peptide obtained 

after throml:>in cleavage of purified GPV (Shimomura et. al., 

Blood 75:2349-2356 (l~90); Roth et. al., Biochem Biophys. Res. 

Commuo. l70:l.5J-161 {i.990}). 

Tlle prior art suq9ests that GPV has a high aftinity 

35 binding site for thrombin. The GPVfl tragment is generated at 

cor1centration~ of thrombin in the nM range: a-throlnbin cleaves 

100% of platelet GPV at concentrations less than 30 nM 

(Jandrot-Perrus et. al. Thromb. Haemoscas. ~:915-920 (1987))· 
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In addition, direct interaction of GPV with thro:mbin was 
demonstrated by thi selective retention of purified GPV on a 
thrombin-Sepharcse column which could then be eluted With 
heparin (Bienz et. al., Blood 68:720-725 (1986)). Other 

5 examples of platelet proteins known to interact with throll:lbin 
with hiq~ arfinit~ are the newly cloned tbrombin receptor, and 
·G~Iba (Vu, et~ ~l., cell .§.i:l_057-l06a (l~9l); LOpez et. a1., 
Proc. Nat. Acad. Sci. USA 84:5614-5619 {1987); oe marco et •.. 
al., J. Bioi. Chem. ~:ZJ776-ZJ7SJ (1991)). 

10 A distinctive reature 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 
GPV are contained within 15 tandem Leu-rich repeats of 24 amino 
acids similar to repeats found in the LRG family of proteins 

15 (Roth, Biood zz.:5-19 (1991)), and most nQticeably to platelet 
GPiba (7 LRG repeats), GPibP (1 LRG repeat), and GPIX (l I.RC 
repeat) (Figure 8). The LRG domainc, at least in some mambers 
of the family, mediate protein-protein, eell-cel1, or cell­
matrix interactions. For examele, proteoglycan II (Krusius et. 

20 al., ;roe. Na.t:l. Acad. 9c.i. US:A li: 7GSJ-7687 {1986)) and 

-fibromodulin (Hashimoto et. al., Cell 52:269-279 (19SS)) bind 
to a speC?if ic type of collagen, and Drosophila chaoptin (Reinke 
et-· al.,· Cell 52: 291-301. (1988)) and toll (Oldbe.r.q et. al., 
EMBO J. a:260l (1989)) proteins orient calls du~ing 

25 morphoqenesis and embryogenesis, respectively. ·- ··" 
Analysis by the sensitive RT-PCR amplification 

technique revealed the presence of GPV mRNA in platelets and 
megakaryocytes. A GPV transcript was also detected in HEL 
cells which were upregulated after treatment with a pho~bol 

30 ester which is a known inducer of megakaryocyte differentiation 
in HEL cells. · RT-PCR analysis did not reveal GFV lllRNA in non 
negakaryocyt1c cells sucn as leukocytes, endothelial cells, 
HL60 and U~37 cells. Northern analysis revealed a transcript 
of approximately 4.5 kb in platelets and also revealed a 

35 positive band of lower size in lymphocytes. Further analysis 
is needed to identify the nature of this transcript, but it 
could repre5ent some related gene revealed by the long exposure 
times necess~xy to detect the minute amounts of mRNA present in 
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platelets. The restricted distribution to platelets, coupled 

to a high sensitivlty to thrombin cleavage makes GPV a useful 

marker for meqakaryocytopoiasis and for the detection of 

thronibin depQndent platelet ~ctivation in thrombotic or 
.s prethrolnbotic states. 

The present invention demonstrates that GPV is the 

product of a sinq~e qen~.· The GPV gene is-interrupted by a 

single intron within the 5 1-untranslated region with consensus 

GT/AG donor and acceptor sites. several observations show that 
• 

10 the isolated qeno~ic clone was derived from. the gene tor GP\1. 

First, the genomic sequence in axon 2 agrees completely with 

1:he cDNA sequence obtained from platelet lnRNA. second, the 

restriction map of the isolated clone is consistent with 

restriction fragments identified herein by southern analysi's of 

15 human chromosomal DNA. The structure ot the GPV gene is very 

similar to that of the GPiba gene (Wenger et. al., Bjocbem. 

Biophys. Res. Commun. 156:389-3~5 (l9Sa), another platelet 

melllber of the LRG family; both have a single intron in the 5'­

untranslated sequence and their entire codinq sequence is 

20 contained within a single exon. The sequence of the GPIX gene 

was ~ecently reported (Hickey et. al., J. Biol. Chem. ~;3439-

.3443 {1993)), and.was shown to contain its entire oodins reqion 

in: a single exon and to have. its ~ s.• -non coding reg'ion 

~nterrupted by two introns. ~he ai~ilar exon-intron 

25 distribution for the GPV, GPiba, and GPIX genes sug9e$ts that 

these gones ~iqht have a common evolutionary origin within the 

IiRG fa~ily of proteins. Analysis of tha 5 1-flanking region of 

the CPV qene for cis-acting ele~ent~; and comparison to 

available sequences from othe~ ~egakaryocyte specific qenes 

30 rovealed significant diffe~ences and similarities. Unlike the 

PF4 (Doi et. al., MOl_ C~ll_ Biol. 1:898-904 (1987)), GPiba 

(Wenger et~ al., Biochem. ~iophys. Res. Commun. 15~:389-395 

. (1988)) ,· GPilb (Prandini et. al. I Biochem. Biophys. Res. 

Commun. l..5.Q.:595-601 (1988); Heidenreich. et. ··al., Biochemistry 

35 29~1232-1244 (1990}), and GPIX (Hickey et. al., J. siol. Chem. 

'.68:3438-3443 (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 tha other meqakaryocyta spaeific qen@s, the GPV qena lacks 

a CAAT sequence~ and contains putative hindinq sites for GATA-
1, Ets-1, and Spl trans-activatinq factors. Recent experiments 
support the association of GATA and Ets-1 cis-acting sequences 

5 in megakaryocyte-specific gene expression (Lemarchandel et. 
al., Nol. cell. Biol. 16:668-676 (1993}) while Spl sites 

. . 

interact with-more Ubiquitou~ transcriptio~ factors* 
Tne availability of the qenomic sequence ror GPV is 

useful in the characterization of patients wi~h Bernard-soulier 
io syndrome. These patients are characterized by·an absence or or 

detect, in the GPib-IX glycoprotein complex and the GPV 

platelet grycoprotein. The availability of the GPV cDNA 
sequence allows for the assessment o! the role of GPV in the 

correct expression of the four proteins which are deficient in 
is· the :Berna.rd-Soulier syndrome. The demonstration of a 

requirement of GPV for correct and efficient formation of the 

GPib-IX ccnnp1ex indicates that a defect in the gene for GPV can 

cause certain types of Bernard-Soulier syndrome. The 

availability of the genomic sequonoe allows fo~ the detec~ion 

20 of possible alterations in the GPV gene of such patients. 

As used herein i:ha terDS "GPV" or "9lyeoprotein vc' 

·refer to polypeptide sequences: at l~ast substantially simiiar 

to GPv sequence disclosed hera. The terms also specifically 
refer to fraqments such as GPVfl a~ well as th& full-length 

25 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 inven~ion can be ·readily designed 
and manufactured utilizing various recombinant DNA techniqUes 

30 well known to those skilled in the art and described in detail, 

below. For example, the chains can vary rrom the naturally­
occurring sequence at the primary structure level by amino acid 

insertions, substitutions, delet_:Lons, ario. the lilte. .These 

lnodif ications can be used in a number oi combinations to 
35 produce the final modified protein chain. 

The amino as~d sequence variants of GPV.can be 

prepared with various objectives in mind, such as !acilitating 

lo 



PCT /US94/07644 

13 

purification and preparation of the protein. The modified 

molecules are also useful fer modifying plasma half life, 

improving therapeutie efficacy, and lessening the severity or 

occurrence of side effects during therapeutic use. ~he amino 

S acid 5eqaence variants are usually predeter=ined va~iants not 

found in nature. The variants typically exhibit the same 
bioloqical activity as naturally occurring GPV, such as the 
ability to form complekes with GPib~zx. However, the vari~nts 

and derivatives that are net capable of binding to ligands are 
10 useful nonetheless (a) as a reagent in diagnostic assays for 

GPV or antibodies to GPV, (b) as agents for purifying anti-GPV 
antibodies from antisera or hybridoma culture supernatants when 

insolubilized in accord with known methods, and (c) as 

inununogens for raising antibodies to GPV or as immunoassay kit 
15 components so long as at least QnQ GPV epitope remains active. 

In general, ~edifications of. the qene encodinq the 
GPV may be readily accomplished by a variety of well-known 
techniqUes, such as site-directed mutaqenesis (see, Gillman and 
smith, Gene 8:81~97 (1979) and Roberts, s. et al., Nature 

20 328:731-734 (1987), Doth of which are incorporated herein by 

reference). one of ordinary skill will appreciate that tne 
effect of many mutations is cUfricult to predict. Thus, most 

modifications are evaluatea ·by routine screening in a 5uitable-

assay for the desired cnaracteristic. For instance, a change 
25 in the immunological character of tne GPV can be detected by 

competitive immunoassay with an appropriate antibody. The 

effect of a modification on the ability of the GPV to promote 
platelet aggregation can be tested using in .viero assays, woll 

30 

35 

kno'W"Il to those of skill in the art. Modifications of othe~ • 

properties such as redox or thermal stability, hydrophobicity, 

susceptibility to p~oteolysis, or the tendency to aggregate are 

all assayed accordinq to standard toohniquos. 
Insertional variants ·of the present .. invention a.ra 

those in which one or more a~ino acid iesiduas are introduced 

into a predetermined site in the protarn and which displace the 
preexisting ~esidues. For instance, insertional va~iants can 

be fusions of heteroloqous proteins or polypeptides to the 
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amino or carboxyl terminus of GPV. Such fusion proteins can be 
used to facilitatt! burif ication of the enddded protein. 

Ipunoqenic .fusions may also be proauceci by cross­
linking in vitro or by recombinant cell cUlture using DNA 

5 encoding an im:munogenic po1ypeptide linked tc a nuclectide 

sequence encoding Gtrv. These immunogenic fusions are useful, 

tor instance, to raise antibodies useful in diagnostics or in 
purification cf GPV by immunoaffinity techniques well known.to 
the skill.ed artisan. .> 

10 Substitutional variants are those in which a~ least 
one residue has been removed and a different residue inserted 
in its place. Non-natural mnino ncid (i.o., a=ino acids not 

normally found in native proteins), as well as_isosteric 

analo9s (a~ino acid or otherwise} are also suitable for use in 

15 this invention. 
·substantial chanqes in function er illlll\unologieal 

identity are made by selectinq substitute residues that differ 
in thair effect on the structure of the polypeptide backbone 

(e.g., as a sheet er helical conformation), the charqe or 
20 hydrophobicity of tha molecule at the target site, or the bulk 

of the side chain. The 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, 

25 e.g6. leucine, isoleucine, phenylalanine, valine or alanine: 
(b) a cysteine or proline is sUl:>st~tuted for (or by) any other 
residue; (c) a residue havinq an electropositive side chain, 
e.q., lysine, arginine, or histidine, is substituted for (or 
by) an electronegative residue, e.g., glutamine or aspartine; 

30 or (d) a residue having a bulky side chain, e.g.,, 

phenylalanine, is substituted for (or by) one not having a side 
chain, e.g6, glycine • 

. ·Substitutional vario.nts of. the subunits also include 

variants in which functionally homologo~s (having at least 

35 about 70% similarity) domaina of other proteins are substituted 
by routine mQthoda for ~ne or ~ore of the GPV domains. 

Another class of variants are deletional variants. 

Deletions are characterized by tha removal of ona or more amino 

.. 
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acid residues from thQ GPV sequence. oe+etions of cysteinQ o~ 

other labile residues also may bQ da~irable, for example in 

increasinq the oxidative stability of the protein. Deletion or 

substitutions of potential ~roteolysis sites, e.q., Arg Arq, is 

5 accomplished by deletinq one of the basic residues or 

substituting one by glutaminyl or histidyl residues. 

A preferred class· or sut>stitutional or deletional 
variants are those· involving the transmembrane reqion of the 

protein. Inactivation of the t~ans~elllbrane domain,.typically 

lO by deletion or subst1tut1on of transmembrane domain 

hydroxylation residues, will racilitate recovery and 

formulation by reducing its cellular or membrane lipid affinity 

and improving its aqueous solubility. Alternatively, the 

transme:mbrane and cytoplasmic domains can be deleted to avoid 

15 the introduction of potentially i2mt1Unogenic epitopes. 

Inactivation of the mel\\brane bindin9 function is accomplished 

by deletion of aufficient residues (not necessarily all the 

residues} to produce a substantially hydrophilic hydropathy 

profile at this site or by sUbstituting with heterologous 

20 residues which accomplish the same result. 
A principal advantage of the transmembrane 

inactivated G~V is that it may be sacretad into the culture 

tnedium o·f recombinant hosts~. 'l'his variant i!t ~oluble in: body 

fluids such as blood and does not have an appreciable affinity 

25 for cell membrane lipids, thus considerably simplifying its 

recovery from recombinant ceil culture. Deletional 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 

30 comprise sequences rrom the transme~~rane reqion (up to about 

10 amino acids}, so long as solubility is not siqnificant1y 

afrected. 
The transme:mb:rane domain may also be substituted by 

any alllino acicl sequence, e. g·~ , a random or predetenu.ineci" 

35 sequence of about 5 to so serine, threonine, lysine, arginine, 

glutamine, aspartic acid and like hydrophilic residues, which 

altogether exhibit a hydrophilic hydropathy profile. Like the 

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

5 

Glycosylation variants are included within the scope 
of this invention. They include variants completely lacKing in 
qlycosylation (unqlyccsylated) and variants havin9 at least one 

less glyoosylated site than the native·torm (deglycosylated) as 
well as variants in which the glycosylation has been changed. 

. . 

Included are deglycosylated and ung1ycosylated amino acid .. 

sequence v~riants, deqlycosylated and unqlycosylated subunits 
10 having t~e native, umnodified amino acid sequence. For 

example, substitutional or deletional mutagenesis is e=ployed 

to eliminate the N- or o-1inked glycosylation sites of the 
subunit, e.q., the asparasine residue is deleted or substituted 

for by another basic residue such as lysine or hi~tidineA 

15 Alternatively, flanki~q residues making up the glycosylation 
site are substituted or deleted, ·evan though the asparagine 

residues re~ain unchanqed, in order to pravent 9lycosylation by 

eli~inatinq the qlycosylation recoqnition site. Additionally, 
unqlycosylated subunits which have the amino acid sequence of 

20 the native subunits are produced in recombinant prokaryotic 
csll culture because prokaryotes are incapable of introducing 
qlyc~s~lation into polypeptides. 

-Glycosylation variants a~e conveniently produced.by. 
selecting appropriate host calls or by in vitro methods. 

25 Yeast, for example, introduce qlycosylation which varies 
significantly from that or mammalian systems. similarly, 

mammalian cells !rom a different species (e.g., hamster, 
~urine, insect, porcine, Devine or ovine) or tissue .than the 

GPV source are routinely sc~eened for the· ability to introduce 
JO variant glycosylation as characterized for example by elevated 

levels of mannose or variant ratios or mannose, fucose, sialio 
acid, and other sugars typic~lly found in malllillalian 

glyccproteins •. In vitro processinq of the subunit typically is 

accomplished by enzymatic hydrolysis, e.g., ncu~aminidase 
35 digestion. 

The polypeptidea of tho invention can consist of the 

fuli lenqth GPV or a fraqinent thereof as dascribed above. 

Particularly pref erred polypeptides of the invention are those 

• 
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having a polypeptide sequance substantially identical to the 

sequenoo disclosed in Figure SB. 
'l'Wo polynucleotides or polypeptides are said to be 

"identical" if the sequence of nucleotides or amino acid 
5 residues in the two seqU.ences is the same when aligned for 

ma¥i~u~ co~espondence. Optimal align~ent of ~equences for 
co:inpa:rison :may be conducted by _the local bomc:>logy alqorithlu of 
Smith and Waterman Adv. Appl. ·Mat:h.- 2:482 (1981), by the 

homology aliqnment alqorithm of Needleman and wunsch J. Mai. 

io Bioi. A.B,:443 (1970), by the search for si~ilarity ~ethod of 
Pearson and Lipman Proc. Proc. Natl • A cad. sci. • USA .§..2: 244 4 

(1988), by computerized implementations of these alqorithlns 
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics 
Software Package, Genetics Computer Group, ~75 Science Dr., 

15 Madison, WI), or by inspection. These references are 
incorporated herein ~y reterence. 

. ~ 

The percentage or sequence identity between two 
sequences is determined by comparing two optimally aligned 

sequences over a window of co~parison of at least 20 positions. 

20 The percentage is calculated by determininq the number of 

positions at which the identical nucleic acid bass or a~ino 

acid residue occurs in bath sequenees_to yield the number of 

matched position::s, · divid;i.ng the nwnbe·r of lnatched positions by 

the total nuinber of positions in tho window of comparison 

25 (i.e~, the window size), and multiplyinq the re~ult by 100 to 

yie1d tho percentage of se.quenoE! ident~t.y. 

'rhe term 11substantial identityH means that a 
polypeptide comprises a sequence that has at least sot sequence 

• identity, preferably 90%, more preferably 95% or more, compared 

30 to a reference sequanca over a comparis~n ~indow of about 20 
residues to about 500 residues .. typically about 50 to about 
500 residuas usually about 250 to 300 residues. The values of 

percent identity are determined using the proqrams.abo"\'e. 
Another indication that polypeptide sequences a:re 

35 substantially identical is if one protein is illllilunoloqically 
r~aetive with antibodies raised aqainst the other protein • 

. Thus,, the polypeptides of the invention include polypeptides 
immunologically· reactive with antioodies raised against GPV. 
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The present invention provides substantially pure 

preparation of GPV.pblypeptides, produced aither .by reccmbina:nt 

or synthetic means, or isolated from natural sources. The 

phrases "isolated11 or 11bioloqically pure" :refer to material 
5 which is substantially or essentially free fro~ components 

which normally accompany it as found in its native state. 
Thus, the binding domain polypeptides of this invention do not 
contain materials normally .associatea with their in ·situ 
environment, e.g., other proteins from a platelet membrane. 

lO However, even where a protein has been isolated to a ho~ogenous 

or dominant band by PAGE, there can be trace contaminants in 
the ran9e ot s-10~ of native protein which co-purify with the 

15 

. . 
desired protein. Isolated polypeptides ot this invention do 

not contain such endoqenous co-purified protein. 
Protein purity or homogeneity may be indicated ~y a 

nwnl:>er or means well known in the art, such as polyacrylamide 

gel electrophoresis of a protein sample, fellowed by 

visualization upon 5taining. For certain purposes high 

resolution will be needed and HP!.C or a si~ilar means for 

20 purification utilized .. 
Much of the nomenclature and general laboratory 

procedures ref erred to in thiG application can be: f oun~ in 

Samb:rook et. al., Molac:ular Cloning - A Laboraco.ry Manu . .al (:lnd 

Ed.), Vol. l-J, Cold Spring Harbor Laboratory, Cold Spring 

25 Harbor, Naw York, l9S9 or in Berger and Kinu:nel, Guide to 

Molecular Clon.i.ng Techniques, Methods .in Rnzymology 1s2 

(Acadalllic Press, Inc,, San Diego, CA), The ~anuals are 

harainafter referred to as; 11Sa'm.bronk11 or 11 Barqer" respectively. 

30 Clofling 

A variety of methods for cloning DNA sequences into 
prokaryotic cells are well known in the art. Orqanisms which 
are commonly utilized as hosts for the amplification of a 

vector include Escherichia, Bacillus and.Streptomyces. The 

35 most common bacterial hosts are various commercially 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 li~e-cycle, genetics, viruses and 
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developmental regulation. The vectors most commonly used in 
E. coli a.i:e those derived from the pBR322 :Plasmid and those 
derived trom A or MlJ phage, although several vectors unrelated 
to any of these are also common. The Sambrook and Berqer 

5 manuals contains methodology sufficient to direct persons of 
skill through most cloning exercises. 

A nwuber of .vectors detailed in SamDrook and 

elsewhere may be initially cioned into E. ·coli and then 
subsequently transferred into a eukaryot.1c system without any 

10 necessity ~or re-cloning that.part o~ the vector which is of 
interest to the person of skill. Vectors capable o! 
replication in both prokaryotic and eukaryotic calls are 
generally ter.m.ed 11shuttle vectors" and mu:;;t contain at a 

minimum a eukaryotic and a prokaryotic oriqin of replication. 
15 Several shuttle vectors are commercially available which 

contain polyclcninq sites, selectable markers for both. 
bacterial and eukaryotic c~lls, pro~otera for both bacterial 

and eukaryotie exp~ession of the gene(s) of interest, and 
integ~ation sequeneos for insertion cf the vector into the 

20 eukaryotic genome. A few examples of vectors which ~ay be 

amplified in bacteria and used for transformation in euka:ryotic 

cells include the family of P element vectors for Drosophila 

.melanogaster, a n:umber of .. SV40-de.r.iva.d v.Actors for the 

transfonnation of cos cells, adenovirus-derived vectors for 
25 transfonnation in cells containing the appropriate 

transcription factor for RNA polymerase III, a variety of BPV~ 
derived vectors and the YIPS-derived vectors of Saccharomyces 

.cerevisiae (see Salllbrook chapter 16 and Berger chapter 53 for 
an overview of different vectors which may be transferred 

30 between E. coli and eukaryotes). General techniques for 
shuttling DNA between prokaryotes and eukaryotes are also 

described in Cashion et. al., U.S. patent nu:rnber 5,017,478 and 
]ti-iegler, Ge.rie Tra:aster. and EX.press ion: A Laboratory Manual, 

W.H. Freeman, N .. Y., (l.990) which are incorporated by reference. 
35 

~xpression of Recombinant Proteins 

Methods for expression of recombinant proteins may be 
found in Sambrook chapters 16 and 17. 
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Recombinant proteins may be expre5sed in either 

bacteria such as E. coli or in eukaryotic expression systeas. 
In general, it is often necessary to express membrane proteins 

in eukaryotic systeID.s to a~~e~e proper poet-t~anslational 
5 =odification of the protein, although it is sometimes possible 

to engineer the bioloqically active fra911lent of a polypeptide 
into an appropriate bacterial expression system, or to use the 
baoterial systeni for qcin~·rating peptides tihioh may be used .fer 

antibody qeneration. In theDc prokaryotic host~, one can make 
10 oxpressian vectors which will typically contain ex:pression 

control sequences compatible with the host cell {e.q., an 
oriqin of replication). In addition, a variety of Y~ll-known 

promotars or promoter elements Yill ba pre~ant, such a~ the 
lactose promoter system, a tryptophan (t?.'p) pro~oter syste~, a 

15 beta-lactamase promoter system, or a promoter system from phage 
lambda (see Yanofsky. c .• 1984, J. Bacterial_~ lSB:lOlS-1024 

and Herskowitz, I. and Hagen, D., 1980, Ann. Rev. Genet_, 

.JA.:399-445). The pro~oters will typically control expression, 
optionally w1th an operator sequence, and have ribosome binding 

20 site sequences and similar elements for initiating and 
completing transcription and translation. 

Methods for expressing large amounts of a protein in 
·a· bacterial cell are often invaluable in determining the -

protein's function, or in generating simple methods or · 
25 purifying a protein, ::sucj1 as by raising antibodies to a protein 

expressed in a bacterial cell for use in an immunopurificaticn 
technique !or isolation of a protein from a eukaryotic cell. 
During purification from B. coli, the expressed polypeptides 
may first be denatured and then renatured. This can be 

30 accomplished by solubilizin9 the bacterially produced proteins 

in a chnotropic agc:nt such ns 9uanidine HCl and reducing all 
the cystoino rceidue~ with a reducinq asent such ns beta­

=crcaptoethanol. . The . polypeptides a.re . then rcnatu.:c-cd, either 

by slow dialysis or by gel filtration, ti.s. Patent No. 

35 4,511,503. Tha most common of these techniques is the 

generation of fusion proteins which express a porti~n of the 

protein of interest fused to a known antigen which is not 
otherwise. present in the bacterial cell (a.9_, Lacz in E. 
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coliJ1 but for which antibodies are readily available. After 
purification usirl~ immunopurif ication methods di~ected against 
the known antiqen, the fusion protein is used to raise 
antibodies via standard techniques. 

S Expression of qenes in eukaryotic systems may be used 
for a number of purposes, includinq the following: to confi.rln 
tne identity of a cloned qene, to express eukarY'otic qenes 
which require post-translational modification, to produce large 
quantities of p~oteins which are ordinari1y available in small 

10 quantities from naturally-occurring biological sources, to 
study the biosynthetic pathway of the gene product, to clarify • 
the relationship between the structure and function or a 
protein through mutational analysis, to properly express . . ·. 
proteins containing introns which prokaryotes cannot process, 

15 and to identify the gene's promoter elements. When choosing an 
expression vector several factors need to be taken into account 
including the size of the qene (some packa~inq viruses may 
incorporate only relatively small a~ounts of DNA), the type of 
host cell which is available (so~e cells such as CHO cells add 

20 more post~translational modifications than othe~ cells such as 

NIH-3~3 calls), whether a permanent transformant or a transient 
expression system is desired and.the pras~noa of· control 

eleme.-n:t;:s in tha vector - Eukaryotic e):pression vector£ contain" 
both prokaryotic origins of replication (generally derived from 

25 pBRl22) and eukaryotic transcription units which are 

transcribed only in eukaryotes. The euka.ryotic 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 

30 portion of the qene of interest necessary for expression. In 
general the transcription unit is assembled from well-
characterized viral or eukaryotic qenes. 

Intrciduct:1ori of the recombinant vectors into 
, eukaryotic cellS·· may be·: achieved by a variety Of methods kn.own 

J5 in the art, includinq: calcium phosphate or DEAE-mediated 
transfection, polybrene, protoplast fusion, electroporation, 
liposomes and direct microinjection. 
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Common vsctors for mammalian raplication systems 
include ths Simiari Virus SV40, papilloma viruses such as bovine 
papilloma virus (BPV) and herpes viruses such as Epstein-Bar~ 
(EBV). Each of these vectors may be used to generate cell 

5 lines which contain multiple copies of the qene of .interest. 
call lines with ~igh levels of expression of the introduced 
q~ne may be se+ected ·by treatinq the cells with qradually 
increasinq amounts of the toxin which the selectable marker·· 
provides resistance against. The DNA unit which is amplified 

io under selective conditions is variable, but generally includes 
a substantial amount of tlankin9 DNA, particularly in stably 
transrected lines in which the vector has integrated into the 
chromosome. 

The DNA sequences will be expressed in"hosts after 

15 the seqUences have been operably linked to an expression 

control sequence. These expression vectors are typically 

replicab1e in the hoat organisms either as episomes or as an 
integrQl part of the host chromosomal DNA. Commonly, 
expression vectors will contain selection markers, e.g., 

20 tetracycline er neomycin, to permit detection of those cells 
transforaed with the desired DNA ~equences (see, e.g., u.s. 
·pa.tent 4_ 1 704, 362, which is incorporated herein by reference). 

Many standa.rd.purificaticn techniques.may:be used to 

purify the qene product from the gene of interest which is 
25 expr~ssed as described _above. In the present invention which 

provides a direct means for antibody qeneration~ it is possible 
to use an immunoprecipitation or immunochromatoqraphic method 
in addition to or in conjunction with standard precipitation 
and chromatographic methods for purification of GPV or its 

30 cleavage products; without first qenerating antibodies using 
prokaryotic fusion proteins. 

As indicated above, the vector, e.g., a plasmid, 
which is used to trans!Qrm the host cell, pre!erably contains . . 

DNA sequences to initiate transcription and sequences to 

35 control the translation or the antigen gene sequence. These 
sequences are referred tc as expression control ~equences. 

When the host cell is ot insect or ma~.:malian origin, 
illustrative expression control sequences are obtained from the 
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sV-40 promoter (Science, "1.l:524-527, 1983), the CM'V I.E. 

Promoter (Proc. Natl. ·Acad. Sci. §.l.:659-663, 1984) or the 

metallothionein promoter (Nature 296;39-42, 1982). The cloning 

vector containing the expression control sequences is cleaved 

5 using restriction enzymes and adjusted in size as necessary or 

desirable and ligated with ONA coding for the GPV polypeptidQ 

by means well known in the art. 
As with yeast, when higher-ani=al host cells ara · .. 

employed, polyadenlyation or tran~cription tQrm.inator seqUences 

10 rrom known mamlllalian genes need to be incorporated into the 

vector. An exa~ple of a te:r:minator sequence is the 

polyadenlyation sequence from the bovine growth hormone qene • 
. . 

sequences for accurate splicin~ of_ the transcript may also be 

included. An exa~ple of a splicing saquenoe is the VPl intron 

l!> frolll SV40 (Spra~e, J. et al., 1963, J. Virol. il:773-78l). 

Additionally, qene sequences to control replication 

in the host cell may be incorpcrated into the vector such as 

those found in bovine papillcma virus type-vectors. 

Savaria-Campo, M., 1985, "Bovine Papilloma virus DNA a 

20 Eukaryotic Cloninq Vector" in DNA Cloninq Vol. II a Practical 

Approach Ed. D.M. Glover, IRL Press, Arlington, Virginia 

PP~ . 213-238. 

The host cells are competent or.rendered compe~ent 

for transformation by various ~eans. ~here are several well-

25 known methods. of introducing ONA into animal cells. These 

include: calcium phosphate precipitation, !usion of the 

recipient cells with bacterial protoplasts containing thQ DNA, 

treatment of the recipient cells with liposomes containing the 

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

30 DNA directly into tne cell~. 

The transformed cells are cultured by means well 

known in the art. Biochemical Methods in Cell Culture and 

Viro].ogy / Kuchler, R. J. , Dowden, Hutchipson and Ross , Inc. , 

{1977) • The expressed GPV polypeptides· are isolated from cells 

35 grown as suspensions er as monolayers. ·The latter are 

recovered by well known meehanical, chemical or enzymatic 

means • 
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Production or GPV R..eQtides by protein chemistry technique§ 

The polypeptides of the invention can be 
synthetically prepared in a wide variety of ways. For instance 

polypeptides of relatively short size can be synthesized in 
5 solution or on a solid support in accordance with conventional 

techniques. Various automatic synthesizers are con!lllereia1ly 

available and can be used in ac:c::orclance with known protoc:ols. 
See, for example, Stewart and.Younq; Solid .Phase P(!pti.de 

Synehe:d..s, 2d. ed., ·Pierce Chemical Co.. (1984) .. The peptides 

10 may be used to generate antibodies using standard methods, 

including those methods described in this application. 
Alternatively, purified and isolated GPV may be 

treated with proteolytic enzym~s in order to produce GPV 

polyPeptides. The.GP~ protein sequence may be analyzed to 

15 select proteolytic enzymes to be u~ed to generata polypeptides 

containinq desired regions of the GPV protein. The desired 
polypeptides are then purified by using standard technigues for 
protein and peptide purification~ For a review of standard 
techniques see, Methods .in En.zy.mology, "Guide to Protein 

20 Purification", M. Deutscher, ed •. Vol. 182 (1990), pages 619-

25 

. . 
626, which is incorporated herein by reference. Peptides 
generated by this strategy may be used to generate antibodies 
using standard methods, including those described in this 

application. 

Antibo.Qy Generation 
The antibodies recogni~ing polypeptides 0£ the 

present invention are suitable for modification using the 

multitude of techniques available to those skilled in the art 

~O for production and ~anipulation of variou5 immunoqlobulin 

molecules. Iwnunoglohulins are proteins consisting of one or 

more polypeptides substantinlly encoded by immunoglohulin 

genea. The recognized i:mmunoqlobulin 9~nes inclUdG the kappa, 

· lal!lbdn, alpha, qamma~_delta, epsilon and ~u constant req~on 

35 genes, as well as the myriad i:mmunoglohulin variable region 

genes. For a discussion of im:rnunoglobulin forln&, see e.9., 

Funda..~ental Immunology, 2d Ed. W.E. Paul ed., Raven Press NY 
{l9S9), Huston et al., Proc. Nat. Acad. sci. USA 
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,!2.:5879-~883 (1988); Bird et al., Science ~:423-426 {19aa), 

and Hnnkapiller arid Hood, Nature 323:15-lt; ("1986). 
As used herein, "immunoqlobulin, 11 "antibody" or 

"antibody peptide(s)" refers to polyelonal antibodies, 

~ monoclonal antibodies, to an entire ilDlUUnoqlobulin or antibody 

or any functional fragment of an i:aununcglobulin ~olecule which 

binds to the tarqet antigen. Exa~ples of such peptides include 

complete antibody molecules, antibody fragments, such as Fa.1;1, 
F(ah•) 2 , ccnuplementarity doterminin9 regions (CORs), V~ (light 

10 chain variable ~egion), VH {heavy chain variable region), and 

any combination of those Qr any other functional portion of an 

antibody peptide. 

An F(ab 1 ) 2 fra9111ent lacks the C-terminal portion of 
th~ heavy obain constant reqicn, and has a molecular weight of 

15 approxima~ely 110 kD. It retains the two antigen binding sites 
and the interchain disulfide bends in the hinqe region, but it 
does not have the effector functions of an intact IqG molecule. 
An F(ab 1 ) 2 fragment ~ay be obtained from an IgG molecule by 

proteolytic digestion with pepsin at pH 3.0-3.5 using standard 

20 Eethods such as those qescribed in Harlow and Lane, Antibodies: 

A Laboratory.Manual, Cold spring Harbor PUbs., N.Y. (1988). 
An Fab fragment coniprises a light chain and the N­

ter.uiinus portion of the heavy chain to which -it is linked by 
disulfide bonds. It has a molecular weight o! approxi~ately 50 

25 kD ana contains a sinqle antigen binding site. Fab frag1Ilents 

may be obtained from F(ab 1
) 2 frag"Illente by limited reduotion, or 

from whole antibody by digestion with papain in the prooence of 
reducing agents. (See, Harlow and Lane, supra.) 

A multitude of ·techniques available to those skilled 

30 in the art for production and manipulation of various 

iltllllunoglobulin molecules can be readily applied to produce 

antibodies for use in the p~esent invention. Antibodies which 

bind to GPV may be produced_by a variety of means. The 
. . . 

production of non-human.:11\onoclonal antibodies, e.9., murine, 
j5 la9omorpha, equine, etc., is well known·and may be accomplished 

by, for example, immunizing tha animal with a preparation 

containing calls bearing GPV or isolated GPV molecules. 
Antibody-producing cells obtained.from the i:r.u:iunized animals 

"' 
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are immortalized and screened, or screened first tor the 
production Ot antibody Which Dinds to GFV and then 

immortalized. For a discussion of general procedures of 

monoclonal antiboay production see Harlow and Lane, supra. 
5 The generation of human monoclonal antibodies to a 

human antigen is also known in the art. Generation of such 

hwnan monoclonalantibodies may.be difficult with conventional 
techniques. Thua, it may be desirable.to isolate DNA seqUe~pes 

which encode an anti-GPV human monoclonal antibody (or portions 

10 thereof) by screening a DNA library from human B cells · 

according to the 9eneral protocol outlined by Huse at al., 

Science Ai.§.:1275-1291 (1989). The sequences which encode the 

antibody {or binding frag;ment) of the desired specificity are 

then cloned and a~plified. Alternatively, one may transfer the 
is antigan binding regions of non-human antibodies, e.q., the 

F(ab') 2 or hypervariable regions~ to hUlllan constant regions 
(~c) or framework reqions by recolnbinant DNA techniques to 
produce sub~tantially human molecules. such·~ethods are 
generally known in the art and are described below. 

20 The invention also provides synthetic or recolnbinant 
immunoqlobulins, including chimeric ilDlllunoglobulins, humanized 
antibodies or hybrid.antibodies or aerivatives of any of. those. 
Chimeric i:nunti~oglobulins are typically the product of chimeric 

DNA, which is recombinant DNA containing genetic material fro~ 

25 more than one eukaryotic specie~. 
°Cbimeric immunoglobulins'' or "chimeric antibodies 

refer to those antibodies or antibody peptides wherein one 

portion of the peptide has an amino acid sequence that is 

derived "from, or is homologous to, a correspcnding sequence in • 

30 an antibody or peptide derived from a first gene source, while 

the remaining segutent of the chain(s) ie ho~oloqous to 

correspondin; sequences of nnother qene source. For example, a 

chimeric antibcdy peptide may c:otnprise an anti.body heavy chain 
. . . .· 

with a murine variable reqion and a human constant region. The 

35 two gene sources will typically involve·two species, but ~ill 

occasionally invol~~ different souroas from one species. 

Chi"meric antibodies or peptide~ are typically 
produced usin~ recombinant nolecular and/or -cellular 
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techniques. Typically, chimerie antibodies have variable 

regions of both li~ht and heavy chains that mi=ic the variable 

regions of antibodies derived from one Mammalian species, while 
the constant portions are homolo~ous to thQ sequences in 

5 antibodies derived from a second, different mammalian species. 
Methods for p~oduotion of such antibodies are well known and 
al:'e described in, ·far example, u.s. Patent Ne. 4,816,397, and 

EP publications 173,494 and 239,400,. which are incorporated 

herein by reference. 
10 ~he definition of a chimeric ilillllunoglobulin, however, 

is not limited to this example. A chimeric antibody is any 
antibody in which either or both of the heavy or light chains 
are composed of combinations of sequences milnicking the 
sequences in antibodies of different sources, whether these·· 

l.5 sources are diffe:rinq classes, di:!:rerinq antigen responses, er 
differing species of origin, and whether or not the fusion 
point is at the variable/constant boundary. 

The term "humanizectt' or "nwnan-like imrnunoglobulin11 

refers to an immunoqlobulin comprising a human-like framework 
20 region and a constant re9ion that is substantially homoloqous 

to a human immunoglcbulin constant region. Hence, most parts 

of a hµman-like inununoglobulin, ex~ept possibly the CDRs are 

sUhstantially homologou5 to corresponding parts of one or more 

native human immuno9lobulin sequences. 
25 "Hybrid antibody" refers to an antibody wharein each 

chain is separately homolog-ous with raferenee to a mammalian ·, 

antibody chain, but the combination represents a :novel assembly .. 

so that two different antigens ara recognized by the antibody. 
In hybrid antibodies, one heavy and light chain pair is 

30 homoloqous to a pair found in an antibody raised against 
another cpitope. This result~ in the property of multi­
func~ional valancy, i.e., ability to bind at least two 

·different apitcpas simultaneously. Such hybrids may, o~ 

course, also ·i;Q formed u.sinq chimeric chains. 
35 ITO.munoqlobulins may be fused to functional regions 

fro~ other genes (e.q., those encoding enzymes) to produce 
fusion proteins (e.q., i:nununotoxins) having novel properties. 
In qeneral, modifications of the qenes may be readily 
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accomplished by a variety of well-known techniques, such as 
site-directed ~utagenesis (~ea, Gillman and Smith~ Gene, .a,:8197 

(1979) and Roberts, s. et al, Nature, 328:731-734 (1987)). 

For this invention, an immunoqlobulin is specific 
5 for, or reactiva with, a GPV molecule if the i:mm.unoqlobulin 

binds GPV as measured or determined by standard antioody-
an tigan assays, for example, competitive binding· assays, 
satu~ation assayst or standard i:mn\unoassays such as-ELISA o~. 
RIA. This definition of specificity applies to sinqle heavy 

10 and/or liqht chains, CDRs, fusion proteins or traglllents of 
heavy and/or light chains, that are also specific for GPV if 
they bind GPV alone or if, when properly incorporated into 
immunoqlobulin conformation with complementary variable regions 

and constant regions as appropriate, are then capable of 

15 bindinq GPV. Binding affinity is typically represented by the 

affinity constant_ (Ka) for equilibrium concentrations of 
associated and disassociated ccnfiguration5, i.e.,_Ka ~(A­

B]/[AJ(BJ where (A], (BJ, and (A-BJ are the concentrations at 
equilibriUlll of the antibody (A), anti9en (B) and antigen -

20 antibody camplex {A-B), respectively. Under physiological 

condition~, the affinity constant of a specific immunoglobulin 

of tfle present invention is typically about lOW 3 to about io-12 

liters/moie,: ~nd preferably about. io-10 lit~rs/:mole .or Irtore. 
One of skill will recognize, however, that binding' affinity 

25 bctwaen two molecules will he in£luenced by a number of factors 

$Uch as temperature, pH, ionic strength, and the like • 
. Compositions of the present invention comprise 

immuno9lobulins which selectively bind GPV lnolecules on 
platelet cells. The inununoqlobulins and pharmaceutical 

30 compo~itions of this invention are particularly useful for 
parenteral administration, i.e., subcutaneous, intramuscular, 
or intravenous adninistration. A number of ~ew drug delivery 

approaches are being developed, and .the pharmaceutical . . . . 

compositions of the· present invention are suitable !o~. 

35 administ:c:ation using these new methods, ·as well. see, Langer, 
sc4ence, 249: 1527-1533 (l99.o). 

In one emboc1illtent, the antibodies 0£ the present 
invention can pe usea to target conventional drugs or other 
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agents to platelets. BY usinq an antibody to target a drug to 
cells bearing GPV, such druqs can achieve higher concentrations 
at sites of platelet aqqregation. The i:mni.unoqlobulins can be 
directly or indirectly coupled to the chemotherapeutic aqent. 

The antibodies of the present invention may·aiso ce 
used for diagnostic purposes, such as identifying areas o~ 
platelet aggregation. . For diagnostic purpos"es I the antibodies 

may either !Je labeled or unlabeled.- Unlabeled antibodies can 
be used in combination with other labeled antibodies (second 

lO antibodies) that are reactive with the antibody, such as anti­
bodies specific tor a particular immunoqlobulin constant 

reqion. Alternatively, the antibodies can be directly labeled. 
A wide variety of labels aay be ~ployed, such as 
radionuclides, fluorescers, enzymes, enzyme substrates, enayme 

15 cofactors, enzyme inhibitors, ligands (particularly haptens), 
etc. Nu~erous types of il'!Ul\unoassays are availab1e and are wal1 
known to those skilled in tho art. 

In diagnostic applications, compositions containing 
the immuncqlobulins or a cocktail thereof, ara administered to 

20 a patient suspected of havinq a defect in platelet function. 
AlternativQly, the efficacy of a particular treatment can be 
monitored. An amount sufficient to-accomplish this is defined 
to be a 11diagnostically effective dose~" rn· this use,· the 
precise amounts will depend upon the patient's state of health 

25 and the bindinq constants for the specific antibodies employed •. 

30 

Kits can also be supplied f·or use with the subject 
antibodies. Thus, the subject antibody composition Of the 

present invention xnay be provided, usually in a lyophilized 
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 
unconjugated, are included in the kits with ~Uffers, such as 
Tris, ~hosphate, carbonate, etc.,· stabilizers, biocides, inert 
proteins, e.g., sertim albumin, or tne like, and a set of 

35 instructions fo~ use. Gene~ally, these mQterials will be 

present in less than about 5% wt. based on the amount of aotiVG 

· anti.body, and usually present in total amount of at least about 

o. 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 ha prasQnt in fro~ about l to 99% wt. of tha 

total composition. Where a second antibody capable of binding 

6 to the chi~eric antibody is employed in an assay, this ~ill 

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

·typically conjugated to a-label and formulated in a.n analogous 

·mannar with the antibody formulations described above.·. 

10 PCR 

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

-4r6B3,202 (19.87)) in the field of molecular biology is well 

known. PCR has been adapted for many diverse purposes 

includinq cloning, sequencing, forensics, diagnostics and 

15· cladistic analysis. The techniQUe is detailed in several 

general sources which provide adequate quidance to one ot skill 

to perform the technique, including Sambrook and PCR Protocols; 

A Guide t:o Met=hods and Applicat:ions (Innis et. al. eds) 

Academic Press Inc. San Diego, CA (1990) (hereinafter "Innis"). 

20 The fellowing PCR prctccol ig provided a5 a startinq 

point for a person of skill, who will readily recoqnize that it 

is usually necessary to optimize reaction conditionG1 ·and that 

optimization is especially importa~t wnen the technique yield~ 

inadequate results, or when an cs:;cntially repetitive task 

25 utilizing tho technique needs to be performed. In 9eneral, a 

lOO µl reaction contains the followinq: l to l x 107 target 

molecules (generally about 1 x 105 to 1 x io6 targat 

=olecules) ; lp=ol-lOOpmol of_ each primer (9enerally about 

20pmol_) r the primer having a Tm of from about 3ooc to about 

30 70°C (preferably greater than about 50°C) 2011\M Tris-Hcl (pH 

appro~imately 8.3 at 20°c); o.2:mM- SmM MgC12 (generally about 

1.5 Jnr.~ MgC12 ; occasionally it may be helpful to substitute so~e 

of the M9Cl2 with MnCl2): 25mM KCl: 0.05% TWeen20: lOOµq 

autoclaved gelatin or nuclease-free bovine serum albumin; 5-

35 200JJ.M of each. dNTP (generally about 50µM of each dNTP), and 

from 0.2"5 to 5 units (generally about 2 units) of taq DNA 

polymerase. Many practitioners prefer to add an oil phase on 

top of the aqueous phase to preve.nt evaporation of the reaction 
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mixture and to prevent the reaction components !rom being 
distributed uneveh1Y in the reaction tube"tipon heating. The 
reaction mixture is cycled through 15~65 (u5ually 20-35) of the 

following temperature variations (generally using a 
5 commercially available thermal cycler, occasionally performed 

by hand with 3 temperature hath:s): "denaturation1
' at ~6 °c for 

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

reac:tion mixture at 96 °c fer 1-5 minutes), •1pril!ler annealing" 
at a temperature about 5°C to l0°C lower than the calculated Tm 

10 for 30 seconds, "prilller extension" at 72°C for l-3 minutes 
depending on the length of the target sequence to be amplified. 

Cycling is generally concluded with a final 72°C extension for 
about 5 minutes and the reaction is ~topped by chilling the 
reaetants to about 4°C and/or by the addition of EDTA in an 

15· nmount approximatGly 8-fold greater than the quantity of MqC12 

plu$ MnC12 plue any other divalent cation in the mi~ure. 

Once the complete sequence of a gene is known, it is 
entirely straightforward to design PCR experiments to detect 
the presence of abnorJDalities in the structure of the qene in 

20 individual organisms. After performing PCR on the individual's . 
DNA or cONA using primers designed from the known GPV qene 
sequence, the presence of qross defects in the gene or the 
·qene 1 s cDNA may be. ascertained by standard aqarose gel 

electrophoresis of restriction endonuclease-diqest.ea fragments 

25 of the DNA or cDNA. If· desirable, allot the structural 

elements o! a defective gene may be determined, either by 
direct sequencing of the PCR product, or by subcloning the PCR 
product into a sequencinq vector tor sequencing by standard 
Methodologies; commercially-available sequencing kits from a 

30 variety of sources are available for the sequencinq of either 
PCR-generated or cloned DNA. ~n the present invention, the GPV 

gene may be examined in patients in order to diagnose Bernard­
.Soulier :syndrome, or in order to determine any qenetio 

predisposition towards the Bernard-soul.ier syndrome in persons 

35 which may be at ri5k for the disease. The ability to detect 

genetic di5eases in utero usi~g PCR a~plif icati~n of DNA fro~ a 

developing fetus is also known in the nrt and it will be 

possible to detect abnormalities in the CPV gene using standard 
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PCR methodologies. In addition, the GPV qene is a specific 

marker for cells 6! the megakaryooytic lihaage and is generally 

useful as a morphological marker for tracking platelet 
dovelopment. 

5 

Southarn 1'Jlalvsis and Nn"ri:.hern Analysis 

Southern analysis of genomic DNA and northern 
analysis of RNA using a cloned probe are basic to the art qt. 

molecular biology. Sambrook provides adequate guidance to 

10 perform most col1Ut\only used Southern and northern techniques 

including analysis of genomic DNA, m.RNA and cDNA. The present 
invention provides an array of probes that may be constructed 

from the GPV qene for use in southern analysis. These include 
synthetic oligonucleotide probes generated from the sequence 

15 of any region or the GPV gene, probes generated from cleQva9e 
products of the ci·oned gene using random-primer or terminal 

phosphate labeling ~ethods and several other methods known to 

person~ of skill. The probes may be.used for a variaty of 

purposes including isolatio~ cf homologous genes from other 

20 species by screening genomic or expression lihra~ies or 

perfoDninq PCR, the identification of restriction fraqnient 
length polYJllorp~ism_and tho. idantification of tissues which 

·express the CPV gene using- in s.i.tu _or northern an~lysis. 

25 Pharmaceutical Composition and ThP.rapeutic uses of GPV 

Po},ypaptides. 

The recombinant proteins of the present invention ~ay 
be used to boo~t the level of GPV and its cleavage products in 

a patient vhich exhibits a lower than norm.al level or the GPV • 

30 or GPVfl, er at a specific site such as a wound in a patient 

with normal clotting. The pharmaceutical compositions of tne 

GPV gene are intended for parenteral, oral, topical, or local 

administration. For the phannaceutical compositions which are 

adlninistered parenterally (e.g., intrav~ously, sUiJcutaneously, 

35 intradermally, or intramuscularly), the invention provides 

compositions for parenteral administration that comprise a 

solution o! the GPV polypeptide isolated from an e~ressi.on 

system as descriLed above dissolved or suspended in nn 
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acceptable aqueous carrier. A variety of aqueous carriers may 
~e used, e.g., water, buffere~ water, 0.4% saline, 0.3% 

glycine, hyaluronic acid and the like. ~hese co~positions may 
be sterilized by conventional, well known sterilization 

S techniques, or may be ~terile filtered. The resultinq aqueous 

solutions ~ay bo packaged £or use as is, or lyophilized, the 
lyophilized preparation Qein~ combined with a sterile solution 

prior to ad.lninistration. 'l'he·compositio~s may contain 
pharmaoeutical1y acceptable auxiliary substances as required to 

10 approximate physioloqical ~onditions, such as pH adjustinq and 
buffering aqents, tonicity adjustinq agents, wettinq·agents and 
the lika, for example, sodium acetate, sodimn lactate, sodium. 
chlorida, potassium. chloride, calcium chloride, sorbitan 
monolaurate, triethanolamine oleate, etc. For solid 

15 compositions, conventional nontoxic solid carriers may be used 

which include, for example. pharmaceutical qrades o~ mannito1, 
lactose, starch, magnesium stearate, sodium, saccnarin, talctUD., 
cellulose, qlucose, sucrose, ~aqnesium carbonate, and the like. 

For oral administration, a pharmaceutically 
20 acceptable nontoxic composition is formed by incorporating any 

or the norlltally employed excipients, such as those carriers 

previously listed, and generally 10-95% of active inqredient . . . . . 

arid more pref~rably at a cQncentration of 25%~75%. 

For aerosol administration, the G~V pclypeptide(s) 

25 are preferably supplied in finely divided form along with a 

surfactant and propellant. The surfactant must be nontoxic, 
and preferably ~oluble in the propellant. Representative of 

such agents are the ~stors or partial esters of fatty acids 
containinq from 6 to 22 carbon ato=s, such as caproic, 

30 octanoie, lauric, palmitic, stearic, linoleic, linolenic, 

olesteric and oleic acids with an aliphatic polyhydric alcohol 
or its cyclic anhydride. Mixed esters, such as mixed or 
natural qlyceridies may be el!lployed. A carrier c~n a_lso be 

inoluded, as .desired, as with, e.9~, lecithin for intranasal 
35 delivery. 

.. 

For topical administration, e.g., to a wound, the GPV 
'I'· 

polypeptides may be administered in an aqueous solution as 
described above, or may be applied in a salve composed or non-
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toxic carrying agents such as completely pclY'l1\erized 

polyacrylamiae, or 1ong-chain e5ters or partial esters of fatty 

acids as described above. Additionally, the solution or salve 

may be applied tc bandages in standard wound-dressinqs. 
In therapeutic applications, GPV polypeptides are 

administered to a patient in an a~ount sufficient to affect 

platelet.a9gre9ation, an.amount which constitutes a 

"therapeutically effective dose." Amounts effective for tJ;t..ts 

use will depend on several factors includinq the particular 

10 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 judgll1Qnt of the prascribinq physician. This will 
typically ba between about l µq/kq and about 100 mq/kq, 

15 preferably about 3~g/kg to about 15 mg/kq. 

Gane Thern?W 

strateqies for qene therapy are reviewed in 

Friedmann, Science 24~:1275 (1989), which is incorporatea 

20 herein by reference. 
Delivery of the polynucleotide ot interest may be 

accomplished in y.!vo. by administering the thex-apy vector to an 

individual patient,. typically b:y systemic administration. (e.g., 

intravenous, intraperi toneal, i1itramuscular, subQ.e~al, or 

25 intracranial infusion). Alternatively, the_ vector may bG used 

to deliver polynucleotides to cells ex vivo such a~ cell5 

explanted from an individual patient or universal donor 

hematopoietic stem cells, ·followed by reimplantation of the 

cells into a patient, usually a.fi:er selaction for cells -which • 

JO have incorporated tho gene for the polynucleotide. 

The veo~or may be used for gene therapy to treat 

congenital genetic diseases, acquired genetic diseases (e.g., 

cancer)~ viral diseasQs or to modify the genome of selected 

tYPes of cells of a patient for any therapeutic benefit. A 

35 treatable disorder using the GPV gene of the present invention 
is the Bernard-Soulier syndrome. Polynucleotides which reverse .. 
or suppress the neoplastic phenotype (e.g. antisense inhibition 
of defective GPV expression) may be used to treat detec~ive GPV 
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expression as well as engineering the nonn.al GPV gene into 
patients. 

The following examples are offered.by way of 

illustration, not l1~1tation. 

E!AMPLES 

The following examples·are o!!ered by way of 
iJ.lustration and do not ·limit the claims. It will be appar.ent 
to one cf skill that many of the experi~ental parameters may bo 

10 altered. 
Materials: The following applies to ~aterials used 

in the ~xample$ below: Restriction endonucleases, modifyinq 

enzyuies, and~the M13 cloning vector were purchased from 
Boehrinser, Mannheim, Ger:in.any. The pBluesc:r:ipt I<SII vector was 

15 obtained from Stratagene, San Diego, CA. The Gene Clean II kit 
was from Bio 101, La Jolla, CA. Radiolabeled nucleotides, 
Hybond N+ melnbranes and ayperfilm X-ray films were obtained 
fro~ .Amershall\ Corp.,. Les Olis, France. Nitrocellulose 
membranes ware from Schleicher and Schuell, EccauevillY1 France. 

20 Synthese Oligonucleotides were obtained fro~ the Service de 
Synthase des oligonucleotides, lNSERM u 1841 LGME, strasbourq, 
France or synthesized on a Beckluann Oligo iooo oligonucleotide 

·synthesizer. (Beclonann, Gagny, France).- All reagents were 

molecular biology grade. 
25 

EXAMPLI 1 

CONA Cloninq ot HU.ltlan Platelet Glycoprotein v via 
PCR ~plifiaation of Pl~telet and Meqak~ryocyte cDNA 

In order to clone the cDNA encoding qlycoprotein v 

30 via PCR, a series of degenerate pri~ers were desisned basod on 

published partial peptide sequences (Shimomura, et. al., Blood 
1,2.;2349-2356 (1990)) obtained from purified platelet GPV. 

Fresh human platelets were isolatod and plil.te.let total RNA. -was 
prepared nccordinq to previously descrihQd procedures (Lanza 

JS et. al. 1 J. Cl.i.n. Invest. fi:l.995-2004 ·(1992) .ancl Wicki et. 

al., Thromb. Raemost:.as 61:448~'153) •. Meg~ka:ryocyte RNA k:i.ndly 

provided by Or. Nally Kieffer, Laboratoire Franoo­
Luxelnbouri;eois dQ Recherche BicrnedicalP., r.uxem.bourq, was from.a 
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patient suffering rrom megaJcaryoblastic leukemia. Platelet or 
megaka.ryocyte polya• RNA was used to synth@!size cDNA with a 
commercial kit (Boehringer Mannheim). First strand synthesis 
was perroJ:111ed by priming with oligo dT or by priming with 

5 degenerate or exact primers specitic for GPV and extendinq with 
.20 units cf M~MJ:,\1 reverse transcriptase (Gibco-:aro., Cer9Y 
Pontoise, France). Approximately 25 nq o; platelet or 

. . 

megakaryocyte cDNA was used in the PCR amplification reactipn 
using a Gene Amp ONA amplification reaction kit (Perkin-Elmer 

10 Cetua, st. Quentin, France), a 0.2 µ.M concentration of aach 
nucleotide primer, and 1 unit of Taq polymerase. ~he cDNA was 
denatured at 94°C for 4 min, and amplification was perfonn.ed 
for JO cyolas with extension at 12°c for 2 min, denaturation at 
94°C for 1 min, and primer annealing between 45 to 60°C for 1 

15 min depending on the primers usad. Daqenerate primers l and 4 
based on peptide sequence KS/6 and runninq on opposite strands 
were used successfully to amplify a 108 bp fraglllent (fraglUent 
i) from oliqo dT primed platelet cDNA. Sequence analysis 
revealed that the cDNA fragment contained within primers l and 

20 4 coded for a 20 amino acid peptide corresponding exactly to 
the pUl:>lished peptide sequence (amino acid residues 13 to 33). 
This demonstrated that the amplified fragment corresponded to 
GPV cDNA. In order to o~tain_addition~l cDNA ~equence, exact 
oligonucleotide prim.er:s were generated in the (-) strand 

25 (primer 3) and in the (+) strand (pri~er 2) orientation. An 
additional 150 bp cDNA iraglilent (£ragment ii) was obtained 
using primer 3 ana degenerate primer 5 pased on the MG peptide 
sequence. Following PCR, 10 µ.l of the amplification mixture 
wa:s analyzed on a l to 2% agarose gel. 

30 Rapid amplification of cDNA ends (RACE) was used to 
extend the sequence in the 5'- and 3 1-direetion (Frohman, et. 
al., Proa Natl. Acad. Sci. USA. H.§.:8999-9002 (19S8}). Using 
the 3t-RAcE procedure two additional ov~rlappinq fra9'l1lents (iii 
and iv) coverin9 703bp of cDNA ware obtained in tha J"'-

35 direction. For the 3 1 -RACE, 25 nq of cDNA were subjected to a 
first round of PCR with the Adaptor-dTI7 pl:'imer and (+) strand 
primer 2 or 6, followed by a second PCR with the adaptor and 
primer 2 (SEQ.ID.NOS. 8 - 9) or 6 (SEQ.ID.NO. 16) (see Table l 
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for a d•scription of the priMers). The 5t-RA.CE procedure using 
{-) strand primer!i 1 .and a generated two more fragments ot 260 
and 150 bp (v and vi) in the 5 1 -direction. For the 5'MRACE, 

cDNA was prepared from 1 µg or RNA using a (-) strand specific 

5 primer and was aG-tailed by in~Ubation with 5 µM DGTP and so 

units of terminal transferase (Boehringer Mannheim) at 37°C ror 

10 niin in the buffer suppiied ·by the manufacturer. After 

phenol-chloroform· extraction, the reaction 111ixture was dialyzed 

over a Centricon 30 column (Am.icon, Beverly, MA) and_ used in 

10 the PCR reaction. A first round of PCR was perfor.med with thG 

Adaptor-dCl2 primer and primers 7 or a followed by a second 

rouna of PCR with the adaptor alone and primers 7 o~ s. 

The po5itive fragments obtained from regular PCR or 

from the RACE approach were end-cleaved with restriction 

15 enzymes (usually Eco RI and Sal I), isolated by electrophoresis 

~n sea Plaque agarosa (FMC Bioproducts, Rocklandr ME), purified 

usinq the Gene Clean II kit, and subcloned into the Ml3 or 

pBluescript vectors. The inserts were sequenced using the 

Soquenase .kit (United StatGs Biochemical Corp., Cleveland, OH) 

20 · with DATP 5 1 ~-r 35sJ-thiophosphate. All the fragments obtained 
by the PCR approach ~ere analyzed by sequencinq on beth strands 

and their identity to GPV was assessed by comparison to the 

published GPV partial sequences. 
Using the strategy described above we were able to 

25 assemble 1,199 bp of GPV cDNA from 6 fragments amplitied from 

platelet mRNA. Sequence analysis revealed the presence of 31 

bp of 5 1 untranslated sequence followed by a i,1aa bp open 

reading frame starting with a methionine and coding for a total 

30 

of 389 a~ino acids. 

EXAMPlJE·2 

southern Anal.Y§is of Human Chromosomal DNA 

. In order to. d.etermine the· complexity of. the hum.an GPV 

·. gene, a Southern· blot analy:sis was performed JJnder hiqh 

35 stringency on human chromosomal ONA using a 74B bp cDNA proba · 

corresponding to the eodinq region, High molecular 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 fraqments were transferrea to a Hybond NT nylon 

membrane and were hybridized to a 748 bp 32P-labelled GPV cONA 

fragJD.ent at 45°C overnight. ~he hybridization buffer vas 50% 

(V/V) formamide, 0.9 M NaCl, 50mM NaH2P04, 2 ~ EDTA, 1% (w/v) 

5 sos, 5% (w/v) dextran sulfate, 0.02% (w/v) 

polyvinylpyrrolidone, o.02% (w/v) Ficoll 400, and 50 ~g/ml 

salmon sperm DNA. Membranes were washed in 0.5X ssc, 1% · (w/v) 

sos at 60°C and autoradiographed. 
s·inqle positive bands of appl:'oxiinately 5 kb, :l.S kb, 

10 and 12 kb were observed when the DNA was cut with Eco RI, Bam. 

HI, and Bgl II restriction endonucleases, respectively 

(Fiqure 4). Analysis of additional individuals revealed an 

extra polymorphic Bql rI band of 364 kb. This simple 
hybridization pattern vas suggestive of a single copy gene ot 

15 low complG!xity. 

EDHPLE 3 · 

H,orthern Analysis qt Platelet l2lRNA 

In order to dete?'llline the size or the platelet GPV 

20 mRNA, Northern blot analysis was performed on hwnan total 

platelet RNA usinq a 748 bp cONA probe corresponding to the 
coding region· (Fi9'l:lre 3). Total RNA· {l.O µg) front platelets 

(leukocyte contam1nation <10·7) or·monocytes was 

electrophoresed on 1% ronnaldehyde-agarose qel, and transferred 

25 to a Zetaprobe (Biorad) membrane. A 748 bp GPV c:ONA probe (50 . 

pg) was labelled with (a-32P]-dCTF using the random prime 

labelling metllod and cleaned on a Nick co1umn (Pharmacia) 

(incorporation [a-32PJ-dCTP was 7l.%} • The hybridization 

conditions were o.s M WaH2Po4, pH 7.2, lmM EDTA, and 7% SDS at • 

30 65°C. 

Analysis of the gel revealed a si~gle transcript of 

approximately 4.5 kb. A partially degraded RNA revealed a ~ore 

complex pa-Cte~. A tx-anscript of less than 2 kb was also. 

revealed with monocyte P.NA. 
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lnMPLE i 
11olatign and Cha;tcteriz1tion of GPV Genomic Clone1 

With the 746 hp fraqlllent as a probe is genomic clones 
were isolated from a hwnan fibroblast genomic library in the 

5 phage AFix vector. Approximately a x 105 rccombinants of a · 

human c_om:mercinl genomic library in tho. ~Fix vector 
. {Strntaqene) were pia.ted ·on E. ·· col.i LE39J / tl:'ans~errad to . 
nitrocellulose me:inloranes, and probaa with a 749.bp 32p labelled 
GPV oONA fraglllant. The hybridization conditions were 50% (v/v) 

10 fot'n\amide, SX SSC, 0.1% (w/v) sos, SX Denhardt•s medium, and 

0.1 mq/lD.1 salraon speJ:"Jll DNA at 42°C overnight. The filters 
were washed in O.lX 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 to obtain isolated 
15 clones. Phage DNA was purified usinq the liquid lysis 

procedure. The ONA was digested with EcoRI, separated on a 
0.7% aqarose qal, transferred to nitrocellulose, and hybridized 
to the 32p-labelled GPV cDNA fraglnent to localize exon 
containing traqments. The positive fraqments were subcloned 

20 into the pBluescr1pt vector for rurtner restriction enzyme 
analysis, and_finally sllbcloned into the M13 sequencins vector. 
Atter characterizatio~ by restriction endonuclease ~apping and 
scuth@rn blot- analysis, clone G5a was chosen fo~ further 

subclonin9, ~estriction eniyme analysis, and nucleotide 
2 5 sequencing'. 

A 7.5 kb portion of the GSa clone, shown in Figure l 
with a partial restriction map, was entirely sequenced on both 
strands. Co~parison with the cONA "sequence obtained by PCR 
revealed that the 7.5 kb qenomio fragltlant contained the entire 

30 l,19B bp eONA sequence in two exons (Figure 5A (SEQ.IO.NO- 1)) 
separated by a 95S hp intron. Exon l contained 29 bp of s•­

untranslated. region and exon 2 was composed of 2 bp of 5 1 -

untrans:lated saqua~ce and l,16S bp of coding sequence obtained 
by PCR. :Exon 2-- contain@d ·an additional 5l.2 bp of coding 

35 sequence before reachin9 a TAA ~top codon. _ 

The s~quence i:mmediately adjacent to the 5 1 -end of 
the cONA (exon 1) was examined for the presence of cis­
regulatory elements. The analysis revealed the presence of a 

lo 
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sequenca which matched the consensus sequence for a TATA box 

(5'-TATATA-3'), characteristic of RNA poi:Ymerase II transcribed 
qenes, hut did not reveal a consensus sequence for a CAAT hox. 
The TATA box was followed 31 hp downstream by a putative cap 

5 site. An additional sequence (TATAT) with similarity to the 
TATA box_ consensus was found at position 1,199. A St-AAGATA·3' 
a~d a 5 1 -AGATA~-3' seqilene~ with similarity to· the consensus 
5•-(AT)GATA(AG)-3' ~otif for a GATA~l bindinq site (Faisst and 
Mayer Nucleic Aajds Research 2..Q.:J-26 {1992)) were located at 

10 position l,285 and 1,Ji1 respectively. The GATA ~otif has ~een . 
found in the promoters and enhancers of all characterized 

erythroid and megakaryocyte specific qenes. Other motifs for 
cis-acting elements include Ets-1 els-acting sequences ~t 
positions 471 (5'-CAGGAAGT-3 1

), 49J (5'-GAGGAAGC-3'), 897 (5'-

15 · GCATCCTG-3 *, inverse), 1 1 178 (5 1 -ACTTCCC-3 •, inverse) and, 

1 1365 (5'-CAGGATGCAA-3 1 } (SEQ.ID.NO 3) (con5ensus sequence; 

5t-(GC)(AC)GGA(&T)G(TC)), and a Spl putative binding site at 
position i,142 (S'-GGGGTGTGGC-3 1

) (SEQ.ID.NO. 4), {consensus 
sequence; S'-(GT) (GA)GGCG(GT)(GA)(C~}-3'). A putative TP~ 

20 responsive element (TRE) (5'-'l'GAC'l'GAC'!'-3') was found at position 

68. Analy$is of 3,348 bp of genomic eiequence J'- of the TM 

ter.m.inat;on site rcvoalcd the presence of putativ~ 

pol"yaderiylation AA'l'AAA sii:es at·positions, 5,610, 6,:966, ?,224, 

and 1,JSS. Two Alu repetitive sequences (Schmid and Jalinek 
25 Science 216!l06S-l070 (1982) were located at positions 598-896, 

and 6,J.33-6,440. 

30 

Nucleotide sequence comparison and ass~mbly wa~ 
performed usinq the PC Gene software.developed by 

lntelljqenetios Inc., Palo Alto, CA • 
• 

EDMPLE 5 

Detepnination of ?he Primary Amino Acid Structure of GPV 
· The amino acid sequence of" GP~ as deduced from its · 

·cDNA and genomic sequences is shown in Figure SA (SEQ.ID.NO. 
35 2). · GPV was round to be composed or 560 amino acids, including 

a puta~ive 16 amino acid signal peptide, and a putative c­
terminal 25 amino acid transmell'lbrane domain. Between the 
signal peptide and tlle transmembrane domain, is a sequence ot" 
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503 amino acids containing eight potential N•9lycosylation 
sites (NXS, NXT) arid eiqht cysteine residues. The putative 
transmembrane domain is followed by a 16 residue hydrophilic 
segment. The carl:>oxy reqion of the transmembrane·domain 

. s contains basic residues which are typically found on the 
cytoplasmic side of the integral ~e:mbrane ~roteins {Sabatini 
et. al., J, Cell. Biol. ,2:6: i-·2·2 (1982)}. These features· 

. . 
suggest that GPV is a type I integral membrane protein with .. 
most of its polypeptide chain located outside the call 

10 (Figure 8). The predicted molecular weiqht or the GPV 
polypeptide after removal ot the signal peptide is 59,276 Da. 
Assuming a weiqht of 2,500 Da per oliqosacchariae moiety, the 
addition of eight N-linked carbohydrates to the GPV polypeptide 
backllone would bring the weight to 79,i76 Da, close to tne 

15 reported 82 k.Oa apparent molecular weight estimated by sos-PAGE 
analysis (Berndt and Phillips J. Biol. Chem~ .l2.§.:59-65 (1981)7 
Shimomura et.·al., Blood 1..Z;2349-2356 (1990); 2iafar and Walz 
Throll?b. Res. liil:J1-44 (l9S9)). 

Analysis of the GPV extracellular sequence revealed 
20 the presence of 15 leucine-rich tandem repeats of 24 a~ino 

acids (FiCJUre 6} (SEQAID.NOs. 22-36). ~hese repeats are very 
similar to repeats found in platelet GPib~, GPibJ3, and GPIX, 
and to the 24 amino acid consensus sequence basod on ."tho 

repeats found in othar mel11.bars of the LRG family {SEQ.IO.NO. 
25 37) •. ThQ last GPV Leu-rich repeat {SEQ.ID.NO. 36) is flanked 

on its c-terminal side by a sequence (NSWRCDCGL) (SEQ.ID.NO. 5) 
similar ~o sequences _described at the c-terminal and of Lau­
rich do~ains in other ma?Dbers of tha LRG family (Hickey et­
a.l., Proc. Nat:l_ Acad. Sci_ USA .a§.~6773-6777 (1989)). 

30 Thrombin-induced cleava9a of CPV results in the 
9eneration of a soluble fragm.ent .:(GPVfl) of approximately 69 

kOa. At position 47tS-477 a sequence was found containinq an RG 
dipeptide which represents a· potential.cleavaqe site for 
thrombin (Stubbs and Bode Thromb. Res. ~: 1-ss (1993)). 

35 Proteolytic cleavage at this RG site would cause a 67,613 Da 
loss in the ~olecular weight of GPV. comparison of the 
sequence flanking the RG site to sequences of other Kn.own 
throlitbin sUbstrates revealed significant homology to the Aa and 
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BP chain of human !ibrinogen, to human plasma FXI~I, and to 

hwnan chorionic gonatropin P-5ubunit (Fiqure 7) (S~Q.ID.Nos. 

JB-43). Ali\ino acid sequence c01D.parison and assembly was 

perforined using the PC Gene software developed by 

5 Intelli9enetics Inc., Palo Alto, CA. 

The new N-te%lllinal sequence revealed by the p9tential 

oleavaqe site matched· the:t of the· ?.'hl. peptide obtained after N­

terminal seq'\ieneing of thrombin-cleaved platelet GPV (Shi~o~ura 

et. al., .Blood .1!:2349-2356 (1990); Roth et. al., Biochem. 

10 Biophys. Res. Commun. lZ.Q.:152-161 (1990)). Inspection·cf the 

sequence surrounding the RG dipeptide aid not reveal a cluster 

of negativQly charged residues which nre known to be 

responsibl~ for the interaction of thrombin with the newly 
cloned thrombin receptor {Vu et. al., Cell §.S:1057~1o68 (1991)) 

15 or like those in GPib~, another th~ombin-bindinq mel!lbrane 

glycoprotein (Lopez eta ala, Proc. Natl. Acad. sci. USA 

85:2135-2139 (1988). 

20 

EXAMPLE 6 

Determinati~n of the Cellular Distribution of 

Human Platelet Glyc_Qprotein v message via E,2Z-ECB 
The cellular distribution of GPV mRNA. was assessed 

using the.sensitive RT-PCR amplification techniqUe using 
primers from the cDNA sequence. GPV mRNA was detected in 

25 platelets, megakaryocytes and REµ cells, and was increased in 

HEL cells after stimulation with phorbol ester, but was not 

detected in HL60 cells, K562, U937, or endothelial cells 

(Figure 2). 
All publications, patents, and patent applications 

JO herein are ineorporated by re!erence to tne same extent as if 

each individual publication, patent or patent application was 

epecif ically and individually indicated to be incorporated by 

rcfcro.nc~.-

Althou13"h tho· present· invention has been de::u:;;ribed ·in . 
35 so~Q detail by.way of illu~tration nnd example for purposes of 

clarity and understanding, it will be appnrent that certain 

changes and_ modifications may be practiced within the scope of 

the appended claims. 

11i1rnrwr 
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SEQUENCE LISTING 

( l) GENERAL INFORMATION: 

{i) APP~ICANT: Lan~a. Francois 
Phillips, David R. 
Cazenave, Jean·Pierre 

PCTIUS94/07fi44 

(ii) TXT~E OF INVENTION: Platelet Glycoprotein v Gene and Uses 

(iii) NUMBER OF SEQUENCES: 43 

(iv) CORRESPOND2NCE AODRESS: 
CA> ADDRESSEE: Townsend and Townaend Rhourite and O::'ew 
(B) STREET: 37Q Lytton Avenue 
CC> Cl'l'Y: Palo Alto 
(D) STATE: California 
(E) COTJN'rRY; TJS 
(P} ZIP:· 94301 

(v) COMl>UTER READABLE FORM: 
(A) MEDIUM ~PE: Floppy disk 
CB) COMPUTER: IBM PC compatible 
(Cl OPERATING SYST£M: PC-DOS/MS-DOS 
(D) SOF'IWAilE: Paten~In Release ~1.0, ve~aion *i.2~ 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION N't1MBER.; US 08/089,455 
(B) F~LING DAT!: 09-JUL-1993 
(C) CU.SSIPI:CATION: . 

(viH) Jll'TORNSY/AGENT INFORMATION: 
(A) NAME: Dow, Karen B. 
(B) REGISTRAT!O~ NUMBER: 29.684 
(C) REFSR.ENCE/DOCK'ET NUMB£R1 12418-28 

(ix} TBI.ECOMMUNIOTION INFORMATION: 
(A) TEL2PHONS! (41S) 326~2400 
(B) TELEFAX: C•lS} l2G-Z422 

{2) INf'ORMATlON FOR SEQ lD NO:l! 

.( i) SEQUSNCE CHARACTERISTICS: 
(A) LE~Gtff: 7452 base pairs 
(B) TYPE: nucleic acid 
{C} STRAND~DNESS: single 
(D) TOPOLOGY; lin~ar 

{ii) .MOLECULE TYPE: DNA (genomi~) 

(vi) ORIGINAL SOVRC~: 
(A) ORGANISM: Homo sapiens 

(ix) FEATURE: 
CA> NAME/KEY: intron 
(Bl LOCATION! l462 .. 24l~ 

HX) FEATURR: 
<A.> NAME/K:Ei'; CDS 
(BJ LOCATION; 2422 •• 4101 
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(i:x) FEA'l'UR.E: 
<A> NAME/KEY: misc_~\gnal 
(B) 1.0CA.TION: ,S •• 76 
(D) O"l'HER INi:'ORMATION: /funecion= •putitive TPA responsive 

element.• 
/lob=l= 'l'RE 

(ix) F!ATUR:E:: 
(A) NAME/KEY~ misc_signal 
{B) LOCATION: 471 •• 478 
(D) OTHER IN~ORMA.TION: /function• "Ets·l cis-acting 

sequence" · 
/label= Sts-l 

(ix) FEATUR.2: 
CA) NAME/KEY: misc_s ignal 
{B) LOCATION: 493 •• 502 
(P) OTHE& XNFO~TION: /function= "Ets-1 cis-acting 

sequence" 
/label= Ets-l 

(ix) FEATURE : 

(i.X) 

(ix) 

<ix) 

(A) NAME/KEY: repeat_regio~ 
(B} LOCATION: 593 •• 881 
(D) OTH.SR INFORMATION; /;r;pt:_type= "Oth~r· 

/label= Alu 

FEATURE: 
{A) NAME/KEY: misc_signal 
(B) LOCATION: 897 •• 904 
(D) OTHER INFO~TION: /function= ~Ets-1 cis-acting 

sequence" 
/label= Ets-1 

FEATUR£: 
(A) N»m/DY: mise_binditig 
(B} LO~~lON; 1142 •• 1149 
(0) OTHER INFORMl\TION: /func~ion= nspl Dinding Site" 

/st.~nda:i;d_name• nsp1" . 

FEATURE:. · 
(A) NAMS/KBY: misc_signal 
{B) LOCATION: 1178 •• 1184 
(D) OTHER INFORMATION: /function~ •Ets~i cis-acting 

sequences" 
/label .. Ets-1 

(ix) FEATURE: 
(A} NAME/KSY; TATA_signal 
(B) LOCATION: ll,9 .. 1203 

Ci:it) FEATURE: 
(A) NAME/KE'!: TATA_signal 
(B) LOCATION: 1263 •• 1269 

( i.x) FEATURE: 
(A) Na.ME/KEY: misc_binding 
(B) LOCATION; 1285 •• 1289 
{D) OT'l'IER. INFORMl\TION; /function= ~GAT~-l binding s.it:en 

(ix> PEATt1R~: 
(A} NAM!:/KtY: rn~sc_~inding 
(B) LOCATION: 1321 •. 1326 
(D) OTHER INFOlUl.ATION: /function= nGA_TA·l binding siteR 
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(ix) FEATURBt 
CA) N.lME/KEY: misc_signal 
{8) LOCATION: 13S5 •• 1372 
(D) OTHSR INFORMATION: /function= fl!tS·l cis-accing 

seq1,1enc;e:s" 
/labt:l= Stis-1 

(iX) FEATORH: 

(ix) 

Cix) 

{he) 

Cix) 

(A} NAME/Jml: repeat .. region 
(8) LOCATION: 6133 •• 6440 
(D} OTBER INFORMATION: /rpt~type=. •other" 

/label= Alu · · 

FEA'l'UR£: . 
(A) NAME/KEY: misc_s.tg.nal 
(8) LOCATJ:ON: 5610 •• 5615 
{D) OTHER lNFORMATION: /standard name• 8 POlyadenylation 

signal sequence• -

FEATURE: 
<Al NAME/KEY! misc_signal 
(8) LOCATION: 696g __ ,g71 
CD) OTHER INPORMA"rlON; /stondard name= "Po-lycdenylation 

signal .acqu¢nce" -

P'SA'l'URB : 
CA) NAME/KEY~ . inisc_signal 
(B) J:,OCA~ION: 722~ •• 7229 
(D) O'l'HER INFORMATION: /standard_name• •Polyadenylacion 

signal sequence~ 

FEATURE: . 
(A) NAME/KEY~ mise_signal 
{B) LOCA~ION; 7358 •• 73£3 
CD) OTH£R. IN~ORMATION: /stan.do:i;-d name• "l?olyo.cle11ylat.ion 

signal 5cquencew -

( ili) FEA TUR!; : 
. (A) NAME/KE~: misc· feature 

tBJ LOCATION: 1 •• 7452. 
(D) OTHER INFORMATION~ /standard name= ~Nucleotide 

sequence con~aining che h'iiman GPV geneft 

(xi) Si0UENC£ DESCRIPTION: SBQ lD NO:l; 

TGATCGGAAC TGAAA~CCT CCCGCGATAC CTGGC'.AGAGG CAG"IGGCTCT TCCCTGTGGT 60 

CCAGGGCTGA CTGl\CITI'GA AGGTAArrrc AGTCAACCCA GCCTTTACTG GGCTCTGACT 120 

GC"ATTAGGCT GCATCAAAGG GGATTGGA'tC CCATGA.TICT 'ITATATC'ITC TGACAITAAG J80 

Cc:TrrGTCAG CTATAGGTGT TACAA.ATATC 'ITI'AGT'l'TGT GGTTr.h.TCTT Tl"CCCC'ITTT 240 

T!ATGGTGTC TTGAAG<D.TA C'..AAG'l'C'lT.ll. TCCAGACAGC ATTATCAGTO TG'ITCAAAAG 300 

Ao.QC"l'AGAC ACGT'I'Tl'GCC TATACACAAA. TGGGa.AMG GAAACCCAGC TTTCTCAAAT 360 

(."W!.GCACAAG TGC-GCCTI'AA Tl'ATOTGAAA AGGTGTTCAA G'lTCATCATI' AMCAGGGAA 420 . . . 

. · AOO.~GTT AAAACCATGC TGAGATA'.t"Cl' TI'CATAGAAA TGGCAAAAAG CAGGMGTGC 480 

CACGTGTGGG CAGAGAGGAA GCACAGGAAC TCTCACAAAT GGCAGGTGTC ATCG~AGACC 540 

MCACAACC.2\ CTI'TGGAGAG 0...GTl'TC"..ACT T!CCCO.G'IT MA.CTGl\ACA TGTGACCCGC 600 

CG~GCGTG~T ~..GC~C~TGCC TGTAATCCCA GCAGTT'r'C-CG ACCCCC)!.GGC C-GGCGGATrG· 660 

CC:-·~GCTCJ\ GG.1\GTTCAAC .ACCAGCCAGG GCM.Ci\CGGT AAAACCCCG't C!CTACUU>.A 7 i 0 



PCT/0$94/07644 

46 

ATACA'AA'-'-1'A 'l"l'AGCTGGCC GTGA"l'GGTGT GTGCCTGTAA TCCCAGCTAC: Tl'GTQAGGCC 700 

GAGGCAOGAG AATl'GCTl'GA ACCAGGGAGC AGGAGGT"t'GC AG'l'GAGCCGA GATCGCACCA &to 

CTGCACCCCA GCCTGGCGAC AGAGTCCCCC TCCCCCACCA AAAAAACAAC AAGTGAGCA.T 900 

CCTGCAACCT AGCAATGCCA TTGTI'GAACA AGTl'CAAAGA TGTTC'ITAGC CTTATTAGTC 960 

CCAAllGG.AA C'Jl.AAAAAATG GAGGATTTGA GU.TGTTCTl' AGCTTTATTG CTAAGCGGAG 1020 

MAGAAAAAC MCA~TACC AAAAAAAAM ~ ~CAA M.M.CCTGGG 1080 

TGGGAAATTA GGGCCATGTG GCATGAMAG GAAGACCCAG -GGGAAGTGTG GCCCATC!AG 114!l. 

GGGTGTGGCT ACTGCAGTGA TCCAGCTGTA TCACTGAACT TCCCTGG~T CATAGAGTrA 1200 

TA'lTGTGCCA. T'I'TATGGAAA AACTCTCCCC ACTGCTCTTG GCTTl'GACAG TAGGM'l'CAG • 1260 

GTTATATATG GTCTC1'CGGT T!'GAAGA'l'A'l' TI'GTCA'ITAA AAACCAGAAC AAOOGCTCTG 1320 

.ACATAGGGTC CTI'TCCTG.7\C C'tACTCTGG'l' 2\MGTCTI'l'A TCCTCAGGAT GCMGQATAC 1380 

CACCC'l'CTTC CTGTGGMAG TGTCGAATCA CATGCAGAGC TCTAAGTC'I.T TCAGTTACTI' l.f40 

TGGAGTGCAG .AACCAT'I'l'CA GGTAAGGCCA AATA'ITITAA ACA'l.TAGTAT AGGAAATI'AG 1500 

AGGGCTCTIT AGTCTGTGTG TGCATGAGAA GTJ\MATTGC ACGAGAAGCA ATITATGTM 1560 

AATITCGCT'I' AGGAAACATT G'ITITGGCAG GTTAGTAGTA TGGTGTGCAT TZ'CCCAGAAA 1620 

AT'l'CAGTGCC GTGZlGTATTA CCTI'TAGTTA. AGCATC'l'TAG AAA'l'AGT.).CC TC'ITATl'GTl' 1&80 

TATGGCTMG TCAGAAATAC TACCCTCAAA Tl'CT/!..TCTGA CCCTACTTAT ACTGTl'G)!.GC 1?40 

CTITCTGTGC CTCTGTGCCT TCATCCTTGA ATCGGGGAl'A ATATACTTAC CTCCTAAGGT 1800 

TA'ITGTAAGG A'ITAAATGCA TGTAGTATAA ATAAAGAGCT GAGAACAATG CATGGCGTAA 1860 

AGTGATAGGT ATI'A'ITATAT GCTTTI"GTI'G GCTGTl'GAt'X' GAAGGTGTI'C GCTGTITI'GG 1920 
. . . 

GGGTGTCC'IT T.AATAGAGTA ACTTGGT.AC'r GTGGA.?.ATAG CATGATTG".l'G AGCAAAAGAA · 1980 

TCAGATGGTG GTGGCTGCA.G .,11..ctTI'GCTGT TCCCTTCTl'G ACTGTrGG1T ATAGCCU.TC 204.0 

CAGGGTAAGT 'l'ATAAAGTCA AGAGCAGAGC CGTTTI'CACA AT~CA"t'TG CTTTGTGATG 2100 

TCTGTGAGCT TGAA'IUTGAIJ AATGAITATI' TTAATTCTCT ATGTAAAGAC TITAMGTAT. aJ.60 

'l"GGCTATTCG GTAGCTrGAT TTCTC'I'GTAA TCTCATGCTT TAAACTGAGA GTGGAAMTC 2220 

AATAMGCAA AAGCATGAGG CCACGCAGTG TAGM.TGAGT GTC!TTTCAC CACGTAGGGA 2280 

AATCTGTAGT CCTAAGAAAA GAGGGACTGA Gll.T'tCTGGC ~GJlTTG TGCCTCTGCA :2340 

CAAAGTGCAG GATCCCACCC TTCACTACAG GCOCGAACGC TCCTCTGTGT TCACCACACT 2~00 

CCCACGG"i'IG CIIIIICAGA C ATG <:TG AGG GGG ACT Cl"A CTG ~GC GCG GTG 2451 
Met Leu Arg Gly Thr Leu Leu cys Ala val 

1 5 . 10 

CTC GGG CTl' CTG CGC GCC CAG CCC Tl'C CCC TOT CCG CCA GCT TGC AAG 2499 
Leu Gly Leu Leu .Arq Ala Gln Pro ~he Pro Cys Pro Pro Ala Cys Lys 

lS 20 25 

r 
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TGT GTC Tl'C CGG GAC GCC GCG CAG TGC· TCG GGG GGC GAC GTG GCG CGC 254? 
Cys val Phe Arg Asp Ala Ala Gln Cys Ser Gly Gly Asp Val Ala Arg 

30 35 40 

ATC TCC GCG C'1'G GGC ere CCC ACC UC ct'C ACG CA.C ATC CTG CTC TTC ::2595 
Ile Ser Ala Leu Gly Leu Pro Thr Asn Leu Thr His Ile Leu Leu Phe 

45 so 55 

GGA ATG GGC CGC GGC GTC CTG CAG AGC CAG AGC nc AGC C-GC ATG ACC 2643 
Gly Me~ Gly Arg Gly Val Leu Gln Ser Gln ser Pne ser Gly Mee Tnr 

60 65 ·10 

GTC CTG CAG CGC CTC ATG ATC TCC GAC AGC CAC.ATT TCC GCC GTr GCC 26.91 
val Leu Gln .Arg Leu Met Ile Ser Asp Ser His Ile Ser Ala Val Ala 

75 so as go 

CCC CGC ~cc TTC AGT GAC CTG ATA AAA C'l'G >.AA ACC ere AOO CTG TCQ 27 39 
Pro Gly Thr Phe Se~ Asp ~cu Ile Lys Leu Lys Thr ~eu ~g Leu Ser 

95 lOO 105 

CG<: AAC AAA ATC ACG CAT CIT CCA GGT GCG C'I'G CTG GAT AAG ATG GTG 2787 
Arg Asn Lys Ile Thr His Leu Pro Gly Ala Leu Leu Asp Lys Met Val 

. 110 115 120 

CTC C'I'G GAG CAG TI'G TIT 'ITG GAC CAC llT GCG CTl. .AGG C'..GC J..TT Gl.C 2S3S 
~e~ ~eu Glu Gln Leu Phe Leu Asp Hie Jlsn Ala ~eu A~g Giy lle Asp 

12S 130 135 

CAA .AAC ATG T'IT CA(J AAA CTG GTT MC CTG CAG GAG CTC GCT C'l"G AAC 2883 
Gln Asn Met Phe Gln Lys Leu Val Asn L~u Gln Glu Leu ~la ueu Asn 

140 145 150 

CAG MT CAG CTC GAT Tl'C CTr CCT GCC 1.GT C1'C Tl'C ACG MT CTG GAG 2931 
Gln Asn Gln teu Asp Phe Leu Pro Ala Ser Leu Phe Thr Asn Leu Glu 
155 160 us 170 

AAC CTG .U.G TTG TrG GAT TTA. TCG GGA. MC AAC CTG ACC ac CTG CCC 2979 
Asn Leu Lys Leu Leu Asp Leu Ser Cly Asn Asn Leu Thr His Leu Pro 

· 17s ieo .ias · 

AAG GGG "ITG CTT. GM G~ CAG GCT AAG CTC GAG AGA en' CTG ere CAC 3 02 7 
~ys Gly ~eu Leu Gly ~la Gln Ala uys ~eu Glu A=g Leu Leu Leu His 

190 135 200 

TCG AAC CGC CTT GTG TCT CTG GAT TCG C-GG CTG TTG MC AGC CTG GGC 3075 
Ser .Asn Arg Leu Val Ser Leu ASp Ser Gly Leu Leu Asn Ser Leu Gly 

205 210 215 

GCC CTG·AcG GAG CTG CJl.G "ITC CAC CGA MT CAC ATC CGT TCC ATC GCA 3123 
Ala Leu Thr Glu Leu Gln Pne His Arg Asn Hie Ile Arg Ser Ile Ala 

220 225 .2JO 

CCC GGG GCC TrC GAC CGG c:rc·CCA AAC ere .AGT TCT TTG ACG C1T TCG 3171 
Pro Gly Ala Pne Asp Arg Leu ~ro Asn Leu Ser Ser Leu Thr Leu Ser 
235 . 240 245 250 

AGA MC "CAC CTr GCG TTI' CTC CCC TCT GCG ere TIT rn CAT TCG CAC 3219 
llt"g Jlsn His Leu Ala Phe t.eu Pro Ser Ala Leu Phe I.eu His Se"r" His 

:255 . 260 265 

MT CTG ACT C'I"G TtG ACT CTG TTC GAG AAC CCC CTG GC1\ Gi-.G CTC· CCG 3267 
1'.sn Leu Th::- Leu Leu Thr !.r¢u Phe Glu Asn Pro Leu Ala Glu Leu Pro 

270 275 280 

GGG GTG <."TC -rrc GGG GAG ATG GGG GGC C"rG CAG GAG CTG TGG CTG AAC 3315 
Gly Val Leu Phe Gly Glu Met Giy Gly Leu Gln Glu Leu Trp Leu Asn 

285 290 295 

CGC ACC CAG CTG CGC ACC CTG CCC GCC GCC GCC TTC CGC MC C'l'G AGC 3363 
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Arg Thr Gln µeu Arg Thr Leu Pro Ala Ala Ala Phe Arg Asn Le~ Ser 
300 305 310 

CGC CTG CGO TAC 'ITA CCG GTG ACT CTG AGC CCG CGG CTG AGC GCG CI'r 3411 
A~g Leu Al:'g Tyr Leu Gly Vcl Th~ L~u Ser Pro Arg Leu Ser Ala Leu 
315 320 325 330 

CCG CAG GGC GCC TTC CAG GGC CTI GGC GAG CTC CAG GTG crc GCC CTG 3459 
Pro Gln Gly Ala Phe Gln Gly Leu Gly Glu Leu Gln Val Leu Ala Leu 

335 340 345 

. CAC TCC AAC GGC · CTG Ji.CC GCC CTC CCC GAC GGC TTG CTG CGC GOC CTC 3S07 
1-lis Ser Asn GlyLeu Thr Ala Leu P:i:o Asp Gly. Leu t.eu Ar9 Gly. ~eu 

350 l55 360 . 

·GGC MG CTG CGC CAG GTG TCC CTG CGC CGC AAC AGG CTG CGC GCC CTG 3555 
Gly Lys Leu Arg Gln val se~ Leu Arg Arg Asn Arg Leu Arg Ala Leu 

365 370 375 

CCC CGT GCC CTC Tl'C CGC AAT CTC AGC AGC CTG GAG AGC GTC CAG CTC 3&03 
Pro .Arg Ala Leu Phe Arg Asn Leu Ser Ser Leu Glu Ser Val Gln Leu 

380 38S 390 

~C CJlC MC CAG CTG GAG ACC C'rG CCT GGC GAC GTG TT't GGG GCT CTG 3651 
Asp Hi~ A$n Cln Leu Glu Thr Leu Pro Gly Aop Val Phe Gly Ala Leu 
39$ 4.00 . 405 uo 

cc:c; CGG. ctG ACG GAG GTC Cl'G ·rm GGG Cli.C AAC TCC TGG CGC TGC GAC 369 9 
Pro Arg Leu Thr Glu val Leu Leu Gly His Asn Ser Trp Arg Cys .Asp 

415 420 425 

TGT GGC CTG GGG CCC Tl'C CTG GGG TGG CTG CGG Cl.G CAC CTA GGC CTC 3747 
Cys Gly Leu Gly Pro Phe Leu Gly Trp Leu Arg Gln Hie I..eu Gly Leu 

4l0 435 440 

GTG GGC GGG CAA GJ\C CCC CCA CGG TGC GCA GGC CCT GGG GCG CAC GCC · 3795 
Val Gly Gly Clu Cl~ P~o Pro Arg Cys Ala Gly Pro Gly Ala His Ala 

445 450 455 
. . 

GGC c.rG CCG ere TGG GCC CTG C~G GGG GGT GAC GCG GAG TGC CCG GGC 3843 
Gly·Leu Pro Leu Trp Ala Leu Pro Gly Gly Asp Ala Glu Cys Pro Gly 

460 465 470 

CCC CGG GGC CCG CCT CCC CGC CCC GCT GCG CAC AGC TCC TCG GAA GCC 3$91 
Pro Aig Gly Pro Pro ~ro Arg Pro Ala Ala Asp Ser Ser Sc~ Glu Ala 
475 480 485 490 

CCT GTC CAC CCA GCC TTG GCT CCC AAC AGC TCA GAA CCC "I"CiG GTG.TGG 3939 
P;i;-o Val His Pro Ala Leu Ala Pro ASn Ser Ser Glu P40 Trp Val Trp 

495 ~00 505 

GCC CAG CCG GTG ACC ACG GGC 'AAA GGT CAA GAT CAT AGT CCG 'ITC TGG 3987 
Ala Gln Pro Val Thr Thr Gly Lys Gly Gln Asp His Ser Pro Phe Trp 

510 SlS 520 

GGG TIT TAT '!TT CTG CTr 'ITA GCT GTl' CAG GCC 1'.TG ATC ACC GTG ATC 4035 
Gly Phe Tyr Phe Leu Leu Leu Ala Val Gln Al~ Met Ile Tnr V~l Ile 

525 530 535 

ATC GTG TTT GCT ATG Ari ·N\A ATT GGc CAA c-rc 'l-rr cGA AAA. TIA ATC. 4083 · 
Ile Vd Pht: Ab Met Ile Ly5 Ile Gly Gln Leu Phe Arg Lys Leu Ile 

540 !>45 550 ' 

AGA GAG AGA GCC CTT GGG TAAACCAATG GGAAAATCTr CTAATTAL"l"l' 4131 
Arg Glu Arg Ala Leu GlY 
555 SGO· 

AG.AACCT~C CA.GATGTGGC "l'CGGAGGCGA J\TCCACACCC GCTGCTGTCT TGCTCTCCC':' 4191 
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ccccrcccCA CTCCTCCTCT C'ITC'lTCCTC Tl'CTCTC'l'CA CTGCCACGCC TTCC'I"M'CCC 

TCCTCCTCCC CCTCTCC~"'T CTGTGCTCTT CATI'CTCAC:G GGCCCGCll.C CCCTCC1'CTC 

TCTGTCCCCG CCCGTCTCTG GAAACTGAGC 'ITGACC'lTI'G TAAACTGTGG TTGCCTGCCT 

TCCCAGC'l'CC ACGCCGTGTG CGCTGACACT GCCGGOOGGC "l"GGACTGl'GT TGGAtCCATC 

CTTGCCCCGC TGTGCCTGGC TIGGCCTC'l."G GTGGAGA~G GGACCTCTTC AGTGTC'I'ACT 

GAGTAAGGGG ACAGCT~CAG GCCGGGGCTG · TCTCCTGCAC AGAGTAAGCC GGTAM'OOTI' · 

TGTGAAATCA ATGCGT~T AAAGGAACAC ATGCCATC~ AGTGATGATG GC'rrrl'CCTG 

GJl.GGGAAAGG ATAGGC'I'CTT GC'1'CTA'1"CTA A1"11Trl'G'lT TITGTTTI'TG GACAGTCTAG 

CTCTGTGGCC CAGGCTGGCG TGCAGTGGGC CGT'C'l'CAG'lT CACTGO.GCC TCCGCCCTCC 

AGGTTCAJ\G'l" GATICTCATG CC'l'CAGCGTr CTGAGTAGCT GGGATl'AGAG GCGTGTGCCA 

CTACACCCGG CTAATITI'TG TACT!tl"I'AA AGTAGAGACG GGcmGCCA TA'ITGGCCTG 

GCTGATC'l'O. MCTCCTGGT C'lTGAACTCC 'l'GGCO.ChAG TGATCTGCCC GCCTT.AGCCT 

CCCAAAGTGC TGGG.l.TTACA. GGCG~CCC ACTACACCTG CCCTCTl'CAT CCM'l"I"l"l'AT 

TTGAGAAGTA GAGCTCTI'GC CATI fi l"l'CC C'l'TGcTCCA.T TITl'CTCACT 'ITATGTCTCT 

CTGACCTA'l'G GGC"l?.CTI'GG ~GAGCACTG GACTC:CATl'C ATGCATGAGC ATTI'TCAGGA 

TMGCGACTI' Cl'GTGAGGCT GAGAGAGGAA GAAMCACGG AGCCTTCCCT CCAOOTGCCC 

AGTGTAGGTC CAGCGTGTI'T CCTGAGCCTC CTGTGAGTI'T C~CTTGCTT TACATCCATG 

CAACATGTCA T!TTGAAACT GGA'"!TGAT'l'T GCATTI'CCTG GAACTCTGCC ACCTCATTTC 

ACll.GCJl.TTr ATGGAGo.GT 'r.AACATGTGA CTGCTATl'CA TGAATATAAT GATAAGC'rl'G 

ATI'CfAGttc: J\GCTGCTGTC AC1.GTCTCAT Tl'GTTC'XTCC 1'.ACTGAAAGC CGTAAMCCT 
.. 

T.l'GTTGCTl'T AAT!GMTGT CTGTGCTIAT ~GAGGCAGT GGTIMAACA TITrCTGGCG 

AGTTGACAAC TGTGGGTICA AATCCCAGCT CTACCACTIA CTAACTGCAT GGG.ACTITGG 

GTAAGACACC TGCT'l'ACATT CTCTAAGCCT TGGTITCCTG Ji..l\C'CTl'AAAA CA.GGATllO. 

TAGTACCTGC TI'CAT.AGAGT TTTGTGAGll Tl'AAAGCCM Tz..:AAGCATAT MTCACT'l"AG 

CCCAGCGGCC TGCAGACAAT ACATCTTMT GAATG'ITAGC TATTA"ITACT .AAAGA~GC 

MTTA"ITA1.T GGCATCA'!'GA TITCTAAAGA AGAGCTTI'GA GT'rGC:r~l"A'lTl" TIC'ICTu'TGT 

ATAAGGGTM GTCCGAACTT TCTCATACTG GAGGTTACAT TCACATCAGT CTGTCTTCCC 

CTGCGGATGG CCTCA.GCCCT GGGTGGCCAG GCTCTGTGCT CACAGTCcAG AGCAATGGAT 

CCTCCAACAC CACO\GGTGG ATGTGGAGCA GGAGAGCTGG ATCGTGGCAT TTGTTTCTGG 

. GTTCTGCAGT TGGGAGTTCG 'ITI'CTGGGTr CTCCAttGGT CTACTrGTCl' !'-GTCCCATAC 

CACACTCACG GTCTCCA'ITA 'ITGGAGCT'lT AATAATTT'IT GGTATAGGGT CATCTCTCO\ 

CCTTGTTTl'T CITCTATI'CT TGGTI'CTTTG O>Jl.'ITCTATG AATA'lTfCAG GGTO.GCATG 

TCAACTCCAT TGAAAAACCC 'l'GCTGGGA'IT TTM.TAGAAC TTA.CAGCI'CA CGCCTGTAAT . 

CCCAGCACT'.r 'I'GGGAOGCTG AGGTGGGTGG .ATCA.CliGGTC AGGAG'ITIGA GAAC'.AGCTGG 

CCAAGATGGT G)i._JV\CCCCGT CTCTACTAA~ .AA.TA~ TI'AGCTCGGT GCGGTGGCJ',G 

4251 

4311 

4371 

4431 

4491 

4551 

4611 

4671 

4731 

4?91 

48S1 

4911 

4~71 

5031 

5091 

5151 

$211 

5271 

5331 

53~H 

5451 

5511 

SS?l 

5631 

!iOl 

5151 

SSll 

SS'i'l 

$93J. 

5991 

6051 

6ll.l 

6171 

6231 

b29l 

~ 
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GTGCCTGTAG TCCCAGCTAC TtGGlGACACC GAOGCAGGJ\G ~TCACTTGA ACCCGGGAGG 63Sl 

cGGAGGTTGc AGTGAocd~·GATCGTGCCA CTG<'.'AC'l'CTA oC.:CfddacGA CAGAGCGAGA 6411 

C?CCATC'l'CA 1'.NtAAAAAGA. AMAGAAAAT TGCAGTAAAT TIAAAACTAA TTTGGGGAAG 64? l 

AATCTGTATT TT'tJ\CAATAC CTAGTGTTCT TGCCAGTAAG CA'l'GGTI'CAT C'ITCCCA'ITr 6531 

ATTI'ACGTCA TI'Tl'AAATCT Tl'CAGTGATG tTlTAGMTT TTTl'T'!ATAA AAACC'M'CA.C 'S91 

TATAAGAACI\ GAAAACCMA CACCGCATGT TCTCACTC,.T AGGTGGGAAT TGAAC1\ATGA G6S:L 

GAACACTTGG ACAcAGGGCG GGGAACG'l'CA CACCCCTGGA CTGTTGGGGG GGTGGCTGGG 6711 . . .. . . . -
AGAGCGA'l'AG TGTTAGOAGA M.TAC<::rAAT GTAAATGl\CG AG'ITAATGGT GCAGCCAACC 677 l 

AACCTGOc.t-.C ATGTATTCAT ATG'rMCAAA CCTGCACGTI' GTGCACATGT ACCCT.AGAAC· 6831 

TTAAAG"l'ATA 'IT.AAAAAAAG AAACC'lTGGC ACTGAT'l"I'TG 'ITAGA'l"ITAT TCCTAGGTAT 689 l 

CCTI'CCTC'IT TITI'GA'ITTG TCATI'GCTAT TGTAGATC'..GC ATC'l*l"l"ti'll. mG1TATAT OSl 

TI"l'CTAMGC AAAAAAT.MA .llllGTTGT.l. 'lTI'CTAATTr Tl'ATTAC~ TATATAAGAA 7011 

TGTAATTI'AT TI'Tl'ACATAA "ITATC'l'TATG TCTAGTAATJ\ A'lTCTGATAA 'tn'GCTl'C'IT 7071 

CCTAT'l'.M.i\A CCTTACACCC ATTA'l"l'GATT TATitlICTG TITTAAAATA TCTI'CCTGCA 7131 

CTGGCTAAAA CCTC:CACTAT AATGrl'GAGC AGAACAGTGA GGCATCCTfA GAACTATC'lT 7191 

GGl'l"GCAAAG GGTAGGTCTC TAATGTTTCA TCAATAAATG TC'..ATGTTTCT AGTCTGAGTT 7251 

TGCfMGTAT ATIT'rMAAT AAtcAGTAAA G'IT).GATrTT A".rCCATrI'TT ATCTl"AACTA 7:311 

'ITGAGATGCT CATATCATl'T TTCTTCTl'Cl. .11.'roTGTl'MA ATCCTCAATA AATTTATAGA 7371 

T'ITI'GGAAAA GT.ll.A.TTCAT TCTTCC'ATTC CCGAAGT.AAA CCAAGCCATG CTATGTGTAT 7431 

'ITAAMTATA TTCCl'GMTl' C 7452 

(2> INFOR!"JATION FOR S£Q ID N0:2: 

{il SEQUENCE CFARACTERISTICS: 
(A) LENGTH: 560 amino acid$ 
CB> TYPE: a~ino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE; protein 

(xi) S!QOENCE DESCRlPTION: SEQ ID N0:2: 

Met Leu Arg GlY Thr Leu Leu cys Ala Val Leu Gly Leu Leu Arg Ala 
l s 10 l.5 

Gln Pro Phe Pro Cys Pro Pro Ala Cys Lys Cys val Phe Arg Aap Ala 
20 25 .30 

Al~· Gln Cys Ser Gly Gly .A.sp Val Ala Ax-g Ile Ser Ala Leu Gly Iaeu 
3S . iO . 45 

Pro Thh ~sn ~eu Thr Hi~ Ile Leu Leu Phe Gly Met'Gly Arg Gly Val 
50 55 60 

Leu Gln Ser Gln Ser Phe Ser Gly Met Thr Val Leu Gln Arg Leu Met 
65 70 75 ao 

:::le Ser -~SP Ser His Ile Ser .Al.a Val 11.1~ Pro Gly Thr tihc Se::- Asp 
as go ~:,; 
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Leu Ile Lys Leu Lys Thr Leu Arg Leu Ser Arg Asn Lys !le Thr His 
100 . 105 110 

Leu Pro Gly Ala r.eu t.eu Asp Lys Met val Leu Leu Glu Gln Leu Phe 
115 120 125 

Leu Asp His Asn Ala Leu A:i::g Gly l:lc A$p Gln Asn Mel; fhe Oll'l I.rye 
130 135 140 

Leu val Asn Leu Gln Glu Leu Ala Leu Asn Gln Asn Gln Leu.Asp Phe 
145 150 155 160 

Leu Pro Ala Ser Leu Phe Thr Asn Leu Glu Asn Leu Lys Leu ·Leu ASp· 
. 165 170 - 175 

Leu Ser Cly Asn Asn Leu 'th~ ~is Leu P~o Lys Gly Le~ Leu Gly Ala 
180 185 l~O 

Gln Al~ Lys Leu Glu Al:'g Leu Leu lreu His Ser Asn Arg Leu Val Ser 
us 200 205 

Leu Asp Ser Gly Leu Leu ASn Ser Leu Gly Ala Leu Thr Glu Leu Gln 
- 210 215 220 

Phe His Arg Asn His Ile Arg Se~ Ile Ala Pro Gly ~la Phe Asp Arg 
225 230 235 240 

Le~ P~ As~ Le~ Se• Se• ~eu Thr Leu Se~ A~g Asn Hie Leu Ala ~he 
245 250 255 

Leu Pro Ser Ala Leu ~he ~eu His ser His Asn Leu Tnr Leu ~eu TlU' 
260 265 270 

Leu Phe Glu Asn Pro Leu Ala Glu Leu Pro Gly Val Leu Phe Gly Glu 
21s 2so 2as 

Met Gly Gly Leu Gln Glu Leu Trp Leu Asn Arg Thr Gln Leu Arg Thr 
290 295 300 

Leu Pro Ala JI.lo Ale Phc Ars Asn Le~ Ser A?:g Leu Arg Tyr Leu Gly 
305 3l0 315 . 3.20 

Val Thr Leu Ser Pro Ar9 Leu Ser Ala Leu Pro Gln Gly Ala Phe Gln 
325 330 335 

Gly Leu Gly Glu Leu Gln Val Leu Ala Leu His Ser Asn Gly Leu Thr 
340 345 JSO 

Ala Leu ~ro Aap Cly Leu Leu A::g Gly Leu Gly Lys Leu Arg Gld Val 
JSS . 3GO 355 

ser Leu Arg Arg Asn Arg Leu Arg Ala Leu Pro Arg Ala Leu Phe Arg 
310 375 ·3so 

Asn Leu Ser Ser Leu Glu Ser Val Gln Leu ASD His Asn Gln Leu Glu 
385 390 395 . 400 

Thr Leu Pre Cly Asp Val Phe Gly Ala Le~ Pro Arg Le~ Thr Glu Val 
405 410 . 'olS 
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Leu Leu Gly His Asn Ser Trp Arg Cys Asp Cys Gly Leu Gly ~ro Phe 
420 425 430 

Leu Gly Trp Leu A~g Gln His Leu Gly Leu Val Gly Gly Glu Glu Pro 
. 435 440 .. 445 

Pro Arg cys Ala Gly Pro Gly Ale His Ala Gly ~eu ~re Leu 'l"rp .Ala 
450 4:55 460 

Leu Pro Gly Gly Asp Ala Glu Cys Pro Gly Pro Arg Gly Pro Pro Pro 
46S 470 475 . 480 

Arg Pro Ala Ala Asp Ser Ser Ser Glu. Ala Pro Val His Pro Ala Leu 
485 490 495 

Ala Pro Asn Ser Ser Glu Pro Trp Val Trp Ala Gln Pro Val Th• ~hr 
500 505 510 

Gly Lys Gly Gln Asp His Ser Pro Phe Trp Gly Phe '!Yr fhe Leu Leu 
515 520 525 

Leu Ala Val Gln Ala Met Ile Thr Val Ile Ile Val Phe Ala Met Ile 
530 5l5 540 

Lys Ile Gly Gln ~eu Phe Arg Lys ~eu lle >..rg Clu A~g ~la Leu Gly 
54S 550 SSS SGO 

(2) INPORMATION FOR SEQ ID NO:J: 

(1) SEQUENCE CHARACTERlSTICS: 
(A} LENGTH: 10 base pairs 
(a) TYPR: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: li~ear 

(Xi) SEQUENCS DESCRIPTION: SEQ IU N0:3: . 

CAGGATGCAA 

(2) INFOR?-<ATION FOR SEO ID N0:4: 

(i) S~QUENCE CHARACTERISTICS: 
(A) L~GTH: 10 base pairs 
(BJ TY~S: n~clcic acid 
(C) ST~OEDNESS: single 
(D) 'IOPO~OGY: linea~ 

C~i) SEQUENCE DESCRIPTION: SEO ID N0:4: 

CGGGTG'l'GGC 

{2} INFORMAT!ON FOR SEQ IO N0:5: 

(i) SEQUENCE CHhr~CT~RlSTlCS; 
CA> LENGTH: ~ aro.ino ,ac"id::; 
CBl TYPE: amino acio 
(D} TOPOLOGY: unknown 

(ii) MOLECULS TYPE: peptide 

(xi) SBQUENCS DESCRIPTION: S~Q IO ~O:S: 

10 

10 
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.Asn Ser Trp Arg Cys Asp CyS Gly Leu 
l s 

(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARA<::T2RISTICS; 
(A) LENGTH: 13 4mino acids 
lB) TY~S: am1no ac10 
(D) TOPOLOGY: unltnown 

Cii) MOLECULS -TYPE: peptide . . 

{ix) FEATURE: 
(A) NAME/KEY: Peptide 
(B) ~O~TION: 1 •• 13 
(D) 0111ga INFORMATION: /noLe= "KS/6 pe~cide residues 

l-l.3." 

Cxi) SEQUENCE DESCRIPTION: SBO ID N0:6: 

Lys Met Val Leu Leu G1u Gln teu ~he Leu ~sp Hia Asn 
l s 10 

(2) INFORMATION FOR SEO l?> NOs7: 

Ci) SEQUENCE OiARACTERISTICS: 
<~> LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
{C) STRANDEDNESS: single 
(D) 'I'Ot'OLOGY: linear 

{ix) FSA'I't1~: 
(A) Ni'.ME/KEY: misc_feature 
ca> LOCATION; 1 •• 23 
(D) OTHER lNPORM11.TION: /s~andard name: wprimer l (T}• 

/note= ··oligonuc:leo~ide primer used for th~ PCR 
.amplification of platelet GPV.n 

Cxil SEQU£NCE DESCRIPTION: SEO ID N0:7: 

GARCARCTGT TYCTSGAYCA YAA 

{2) INFOttMATION FOR SEQ 10 N0:8: 

Ci) S~QUENCE ~CT!RISTICS: 
(A) LENGTH~ l~ amino acias 

· tB' ~P~; amino acid 
(D} TOPOLOGY: unknown 

(ii) MOLECULS TYPE: pe~ti~e 

( i~) FEATURE: 
(JI,.) NAMS/KSY: ~ep~ide 
(!I) LOCATION: l. - .12 
(t>) OTH2R INFORMATION; /not.ea ":K5/6 pept.S.~e re~ddues 

13·24." 

23 
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(xi) SEQUENCE O~SCRIPTION: SEQ ID N0:8: 

.Asn Ala Leu Arg Gly Ile Asp Gln Asn Met Phe Gln 
l s 10 

{2) lNFOitMATION FOR S~Q ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 
(A} ~2NGTH: 32 base pairs 
(B) TYPS; n~cleic acid 
CC> STRANPEDNESS~ single 
(D) TOPOLOGY; linear. 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 1 .• 32 
(D) OTHER INFORMATION= /standard name. "Primer 2 (+)• 

/notew •P~ime~ used for the PC~ amplification of 
pl.atelec GPV. 11 

(xi) SSQUENCS DESCRIFTlON: SEQ ID N0:9: 

TGCGCTAAGG GGCATIGACC AAAACATGTr TC 

C 2) INFORMATION tOR SEO ID NO: l O : 

(i) SEQUENCE CHARACTERISTICS! 
(A) LENGTH: 10 ~ino acids 
{S) TYPE: amino acid 
(D) TOPOLOGY; unknown 

(ii) MO~~CTJLE '14P5: pepciae 

(ix) FEATURE: 
(A) NAME/KEY: Peptide 
(B) LOCATION: .1 .• 10 
(D) OTHER INFORMJlT!O'.N= /note= "KS/6 peptide residues 

21·30." 

(xi) SEQUENCS DSSCRIPTION: SEQ ID N0;10; 

Asn Met Pne Gln Lys Leu Val Asn ~eu Gln 
1 5 10 

(2) INFORMATION FOR SEO ID NO:ll: 

(i) SEQUENCE C~CTERISTICS! 
(A) LENGTH: 27 base pairs 
(S) TYP5: nucleic acid 
(C) STRA..~DEDNESS: single 
(D} TOPOLOGY: linear 

< i:x:) FEATURE; 
(A) NAME/KEY: misc_feature 
CB} LOCATION! 1 .. 27 
CDl OTHER INFORMATION: /standard name= "Primer-3(·)• 

/note~ "Primer used for the PCR.~mplificaeion o= 
platelet GPv. 11 

32 
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(Xi) SEQUJ!:lfCX D~SCRIPTION; S£Q ID NO:ll: 

GTACAAAGTC Trl'GACCAAT TGGACGT 

(2) INFO!lMATION FOR SEQ ID NO!l2: 

(i) SEQUENCE omRACTERIST!CS: 
(A) LENGTR: ll amino acids 
(B) TYPE: amino acid 
{D) ~Q?OLOGY: unknown 

. {ii) MOLECULE TYPE: peptide 

C ix) FEA'I'ORE: 
(A) NAME/KEY: Peptide 
(S) LOCATION~ l .. 11 . 
(D) OTHER INFORMATlONa /note• bKS/G pcpeide rcsioYeS 

31-41." 

(xi} SEQUENCE DESC!tIPTION: SEQ IO NO~l2: 

Glu Leu Ala Leu Asn Gln Asn Gln Leu Asp Phe 
· 1. 5 10 

(2} INFORMATlON FOR SEQ rn NO:ll: 

(i) S~OURNCS C~C'I'ERISTICS; 
(A) LENGTH: 21 baee pAi~s 
Ca) "l'YP5; nucleic acid 
(C} STRANDEDNESS: sin9le 
{O) TOPOLOGY: linear 

(ix) FEATORE: 
(A) NAME/XE¥: misc_fea~ure 
CB) LOCATION: l .. 21 
(D) OTHER INFO~TION: /standard name- •Primer 4 {-)n 

/note- "Primei:- used i<:>"r di'e PCR c;i.mplification of 
platelet GPV. • · 

C~i) SEQUENCE OESCRIPTION: SEQ ID NO:l3: 

"ITRGTYTIRG "l"YGASCTRAA R 

(2} INFORMATION FOR SEO ID N0:14: 

{i) SEQUENCE CHARACTERISTICS: 
(A) t..s.NG'l'K; 7 amino acid$. 
(B) TYP£; (ltl'lir.o acid 
(D) TOPOLOG~~ unknown 

... (ix) FU'Ii.J'RJ::: 
(A) NAME/KEY: Peptide· 
{"Bl t.OCATION: 1 .• 7 
(D) OTHER INFO~TION: /note- ftM6 peptide resid~ee 

1-7 ... 

27 

21 



PCT/US94/07644 

56 

(xi) SEQUENCE DESCR?fTION: SEQ ID N0;14: 

Met Ile Ser Asp Set His Ile 
l 5 

[2) INFORMATION FOR SEO ID NO:lS: 

Ci) SEQUENCE CHARACTERISTICS~ 
l.1.) LENGTH: 20 base pairs 
tB) TYPE1 nucleic acid 
(C) STRANDBDN2$$; aingle 
{D) TOPOLOGY; linear .. 

(iX) FEATURE: 
(A) NAM2/KEY: misc_feature 
(B} LOCJ\TlON: l .. 20 
{D) OTHER INFORMATION: /standard name= ~Primer 5 (•)" 

/note~ •Primer used for the PCR amplification of 
platelet GPV." 

(~i) S!OUSNCB UESCRIPTION: S!Q ID NO;l5: 

A'l'GATCTSCG AYWSCCP.YAT 

(2} INFORMATION FOR SEQ ID NO:l6: 

{i) SEQUENCE C~CTERISTICS: 
(Al L~NGTH~ 21 base pairs 
(B) TYPR; n~cleic acid 
(C) STRANDSDNSSS: oingle 
(D) TOPOLOOY: linear 

(ix) FEA'lURE: 
CA) 
{B) 
(D) 

NAME/KEY: misc ... feature 
LOCATION: l •• 21 
OTHER INFORMATION: /standard name= ~Primer 6 (+)" 

/not.e= •Primer used for the PCR amplifie.ation 0£ 
platelet. GPV." · 

{xi) SEQUENCE PESCRIPTION: SSQ ID NO:l6; 

GAGAGACTI'C TGCTCCACTC G 

{2) lNFORMATlON FOR SEQ IO N0:17: 

(i) SEQUeNCB CHARACTERISTICS: 
CA} LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) ST~DEDNESS: stngle 
(D) TOPOLOGY: linear 

{ix} FEATU.RE: 
(A} NAME/KEY: misc_feature 

. CB} LOCA"l'ION: l •• 21 . . 
CD) OTHER. INFORMATION: /standard name:... "Prlmer 7 (-)" 

/note= "Primer used for the PCR amplification of 
platelet GPV, 11 

20 

21 
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(xi) SEQUENCE DESCRIPTION: SEO ID NO:l7: 

'l'A'tCAGGTCA CTGAAGGTGC C 

( 2) INFORMATION POR SEQ ID NO: 18·: 

(i) SEQUENCE CHARACTERISTICS: 
(A) ~2NG'J:'H; 18 base pai•S 
(B) TYPE; nucleic acid 
{C) S"l':RANDEDNSSS: Single 
(0) TOPOLOGY: linear 

Cix) FEATURE: 
(A) NAME/KEY: misc:_fea.ture 
(B) LOCA~ION: 1,,18 
(D) 0-rltER INFO~TION: /stand.a.rd norne= ·Primer 8 (•)" 

/note= nprimer used for the PCR amplification of 
platelet:.. GPV." 

{xiJ SEQUENCE DESCRIPTION: SEQ IO N0:18: 

MGACACACT TGCAAGCT 

{2) INrORMATION ~OR SEQ ID NO:l9; 

(i) SEQUENCE CHARACTEaISTICS; 
CA> LENGTH: 35 base pairs 
(B) TYPE: n~cleic acid 
(C) STRANDEDNESS: single 
<D> roroi.OGY: linear 

U.x> FEATURE: 
(Al NAME/KEY: misc_teature 
fR) T10CA.TION: 1 .. 35 
(D) OTH~~ INFORMATION: /s~~ndo~o_name- "Adapto~ oTl7• . 

(xi} SEQUENCE DESCR°IPTION: SEQ lD_ NO :·19 : 

GACTCGAGTC: GACATCGATI' rrnTrITIT TITIT 

(2) INFORMATION FOR SEQ ID N0:20~ 

Ci) SEQU2NC£ CHARAcrERISTICS: 
(A) LENGTH: 30 base pair$ 
{B) TYPE1 nucleic acid 
(Cl STRANOSDNESS: Gingle 
(0) TOPOLOGY; linear 

(ix) FEATURE: 
(A) NAME/KEY: misc_feature 
(B) LOCATION~ 1 •. 30 
(D) OTHER INFORMi\TION: /st.andard_narne= "Adaptor dCl2" 

(xi} S£0U~NC~ P~SCRI~TION: SSQ ID N0!20: 

GACTCGAGTC GAC1\TCGACC CCCCCCCCCC 

:a 

18 

35 

30 

I 
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{2J !NFORMATION FOR SEO IO N0:21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
~B) TYPE; nucleic Qcid 
(C) S'l'ftAND20NaSS; single 
(0) TOPOLOGY: linear 

<ix> FE1\'totta: 
<A> NAME/KEY; misc_feature 
un LOO.TI ON~ l. _ lQ . . 

58 

(D) OTHER IN$0RMATION: /seandard_:oame.= ·"Adaptor" 

(xi} SBOUlnfCB D!SCRIPTION; s~o ID N0:2l: 

GACTCGAGTC GACATCGA 

(2) INFORMATION FOR SEQ lP N0:22: 

Ci) SEQUENCE CHARACTERISTICS: 
(~) LENGTH: 24 amino acids 
(al TYPS: amino ~cid 
{DJ TOPOLOGY1 unknown 

(ix) FEATURE; 
CAl NAME/KEY: Region 
(B) LOCATION: 1 •• 24 
(D} 011lBR INFORMATION: /note= "Tandem Leu-rich repeated 

structure fer platelet GPV.~ 

[Xi) SEQUENCE DESCRirTlON: SEQ ID N0:22: 

Gly Arg GlY. val Leu Gln Ser aln ser Phe ser Gly Met Tnr val i-eu 
l S . 10 lS · 

Gln Arg Leu Met Ile Ser Asp Ser· 
20 

(2) INFOR.f-Ol.TION FOR SEQ ID N0:23: 

(i) SEQUENC£ C~...ARllCTRRISTXCSi 
(AJ L~NCTH: 24 ~mino aeids 
(SJ TYPE: amino acid 
(0) TOPOLOG'i: unknown 

Ciil MOLECULE TY?E:-peptide 

C ixl FEATURE: 
(~) NAMF./KEY: RP.gion 
(S) LOCATION: l .. 24 
(D} OTHER lNFORMATlON: /no~e- "Tandem Leu~rich ~epeated 

s~ruc~ure for pla~elct O~V." 

{Xi) SEQUENCE DESCRIPTION; S~Q lD ~-0:23: 

His !le Ser Ala Val Ala Pro Gly Th~ Pr.e Ser Aso Leu Ile Lys Leu · 
1 .S lO - 15 

18 



Lys Thr Leu Arg Leu Ser Arg Asn 
20 

(2) lNFO.RMATION FOR SZO IO N0~24~ 

Ci) SEQUENCE CRARACTBRISTICS: 
(Al L~GTH: 24 amino acids 
lBJ TYPa: amino ac10 
(D) TOPOLOGY: unknown 

. ti i) MOLECULE TYPE! pepdde 

(ix) FBATUR£: 
(A) NAM!/KEY: Region 
(~} t.OCATION: 1 •• 24 
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to) OTHER INFORMATlON: /note= "Tanoem Leu-rich repea~ed 
structure tor platelet GPV." 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24; 

Lys Ile Thr His Leu P~o Gly Ala Leu Le~ ~sp Lys Met Val Leu Leu 
1 S 10 lS 

Glu Gln L~u Phe ~eu Asp Kis Asn 
20 

(2) INFO~TION FOR SEQ ID N0:45: 

{i) SEQUENCE CHARACTERISTICS: 
lA> LENGTH: 24 amino acids 
(B) TYPE! amino acid 
(0) TOPOLOGY~ unknown 

(ii) MOLECULE TYPE; peptide 

C ix) FEA'lURE: 
{A) NAME{KEY: Region 

. (B) LOCATION:· i· •• 24 . 
<D> OTHER INFORMATION: /note= "Tandem Leu-rich repeated 

structure for platelet GPV.w 

hc.i) SJ;:QUBNCE DESCRIPTION: SEQ ID N0:25·1 

Ala Leu A~g Gly Xle ASP Gln ASn Met Phe Gln Lys Leu Val Asn Leu 
1 s J.0 15 

Gln Glu Leu Ala Leu Asn Gln Asn 
20 

(2} "INFORMATION FOR S£0 ID N0:26: 

(i) SEQUENCE CIURACTERISTICS: 
(A) LENGTH: 24 amino acids 
(B) 1YPE: amino acid 
(Dl TOPOLOGY; un,knovn 

{ii) MOI.i5CUX..£ 1.'YPEt pept.~de 
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(ix) FEATURE: · 
(A) N.AMS/iCSY: Region 
(B) LOCATibiH l •• 24 
(D) OTHER INFORMATION: /note~ "Tandem teu~rieh repeated 

structure for platelet GPV." 

(xi) SSQUiNCS OSSCRXPTION: SEQ IO N0:26: 

Gln Leu Asp Phe Leu Pro Ala Ser Leu Ph~ Thr Asn Leu Glu Asn Leu 
l 5 10 15 

tys Leu Leu Asp Leu Ser Gly Asn. 
20 

(2) INFORMATION FOR SEQ ID N0:27! 

(i) SEQU~NC~ CHARAC'l'~ISTICS: 
(A) LENGTHt 24 atAino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: pepcide 

<ix) FEATURE: 
{A) NAME/KEY: Region 
(B) LOCATION1 1 •• 24 
(D} O'l'H£R tNFORMATIONs /note- •Tandem Leu-ri~h repeated 

structure for platelet GPV." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:~7: 

Asn Leu Thr His Leu P~o Lys Gly Leu Leu Gly Ala Gln Ala Lys Leu 
1 5 lO is 

Glu Arg Leu Leu Leu His Ser Asn 
~o 

{2) INFO~TIO~ FOR SEQ IO N0:28: 

( i) SEQUENCE Cl"'J>JtAC'l'!:RISTlCS: 
(Al LENGTH: 24 amino ac1os 
CBl TYPE: am1no acid 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TY~g: peptide 

(ix) FEATURE: 
{A) NAME/KEY: Region 
CB) LOCATION: 1 .• 24 
(Pl OTa!R lNFOR.Mt\TION: /no~e~ "Tandem Leu-rich repeated 

~~ruc~ure for platelet GPV." 

(:ic;i} SEQUENCE D~SCR!PTION.~ SEQ ID N0;28: 

Ar9 Leu Val Ser.Ireu Asp Ser Gly Leu Leu·.A.sn·Ser Leu Gly Ala Leu 
'!. s 10 15 

Thr Glu Le~ Gln Phe His Arg Asn 
20 

1UliHiifl1~r 



(2) INFORMATION FOR SSQ ID N0:29: 

(i) SEOU:eNCE ~CtEaISTICS: 
(Al LENGTH: 24 amino ac:ids 
{B) TYPE: amino acid 
(D] TOPOLOGY: unknown 

(ii)· MOLECULE TYPS: pepeide 

. (ix) FEATUR.$: 
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. (A) NAME/KEY: Region 
(B) LOCATION: 1,.24. 
(D} OTHER INFORMATION: /note• KTandem Leu-rich repeated 

scru~ture for platelet GPV.K 

(Xi) SEQUSNCE DSS~lJ:ITION; SEQ IO N0;29; 

His Ile A&g Ser Ile Ala ~ro Gly Ala Phe ASP Al:g Leu Pro ASn Leu 
l 5 10 lS 

Ser Ser Leu Thr Leu Ser Arg Asn 
20 

(2) INFORMATION FOR SEQ ID N0!30: 

(i) SEOUtNCE CHARACT2RXS~rcs: 
{A) LENCTa: 24 amino acids 
(B) TYPE: i!!lmino acid 
(D) TOi'OLOGt': unknown 

{ii) MOLEcut.E TYPE: peptide 

(ix) FEATORB: 
(AJ NAME/KEY! Region 
ca> LOCA.T~ON: 1 .• 24 
(D) OTHER INFORMA.TION; /note- nTandoM Lcu~rieh rcpcnecd 

structure for };llOtclct GPV.·· 

(X1} SEQUENCE DESCRIPTION: SEQ !D NO:JO~ 

His Leu Ala Phe Leu Pro Ser Ala Leu Phe Leu His Ser His Asn Leu 
l S lO 15 

Thr Leu Leu Thr Leu Phe Glu Asn 
20 

(2) INPORM11.TlON FOR SEQ ID N0:31: 

(i) S2QOENCE CP.ARACTERISTICS: 
{Al ~ENGTH; 24 amino acids 
{BJ TYPE: amino.acid 
(D) TOPOLOGY: unknown 

{ii) MOLtCULE TYPE: peptide 

Cix) FSATtJR.E: 
(A} Nl\MB/KBY: Region 
(B) I:JOCATION: L .24 
(D) OTHER INFORMATION: /note~ ftTandem Leu-rich ~epeated 

structure for plate.Lee GPV." 

(xi) SEQUENCE DESCRIPTION: s~o ID N0:31! 
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Pro teu .Ala Glu Leu Pro Gly Val Leu Phe Gly Glu Mee Gly Gly ~eu 
1 s . 10 15 

Gln Glu Leu Txp Leu Asn Arg Thr 
20 

(2) lNPO~TION FOR SEQ ID N0:32: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 amino acias 
(2) T'X'PE: amino acid 
(0) TOPOLOGY:. unknawn. 

(ii) MOLECULE TYP:E~ peptide 

<ix) FEATUaa: 
(A) NAME/KEY: Region 
"(B) LOCATION: 1. .24 
(Pl OTHER lNFO~TION: /note= ·Tandem Leu·ricn repeace~ 

structure for platelet GPV." 

(xii SEQUENCE DESCRIPTION: SEO IO ~0:32! 

Gln Leu .Arg '!'hr ~·~ Pro Ala Ala Ala Phe Arg Asn Le~ Se~ .t>.rg Le~ 
l S 10 lS 

Arg T,yr Leu Gly V~l Thr Leu Ser 
20 . 

(2) lNtO!U1A1:ION FOR SSQ lD N0:33: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LRNGTJi; 25 amino acids 
CB) TYP~: amino aeid 
(D) TOPOLOGY~ unknown 

{ii) MOLSCUt.S T¥'t'S; pept.ide 

(i.x) FEATUJlE: 
tA) NAME/KEY: Region 
CS) LOCATION: 1 .. 24 
{0) OTHER INFORMATION: /note~ nTandem Leu-rich repeated 

scructure for platelet GPV." 

{xi) SBQUENCE DESCRIPTIO~; SEQ ID N0l33: 

Pro Arg Leu Ser Ala Leu Pro Gln Gly Al~ ~he Gln Gly Leu Gly Glu 
1 5 lO 15 

Leu Gln val Leu Ala Leu His Ser Asn 
20 25 

{2) INFORMATION FO~ SEQ ID N0:34: 

. ( i) . SEQUENCE CP.ARACT.ERISTIC.S: 
(A) L£NGTH: 24 amtno acids 
(B) T!P£i amino acid 
(0) TOPOLOGY; unknown 

(ii) MOLECULE TYPE: pep~ide 

( ixl FEATURE: 
(Al NA."ffi/K£t: R~9ion 
(B) LOCATION: l •. 24 
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(0) OTHER INFORMATION: /no~e~ RTandem Leu-rich repeated 
struc~ure for placelet GPV. 6 

(xi) SEQUSNCE DESCRIPTION1 SEQ to N0:34: 

G1y Le~ 'I'hr ~l~ Leu P~o Asp Gly L~u Leu Arg Gly Leu Gly Ly5 ueu 
l 5 . 10 15 

Arg Gln val Ser Leu Arg Arg Asn 
20 

C2)· INFORMATION FOR SEQ IO N0:3S: 

(i) SEQUENCE C~qJ\CT£RXSTICS: 
(A} LENGTH: 24 omino acids 
{B} TYPE: aminQ aeid 
CD} TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(ix} FEATURE; 
(A} NAME/KEY! Region 
(B) LOC1lTION; 1 •• 24 
(0) OTHER INFOR!O.TION: /note- ~Tandem Leu-~ich ~cpcatcd 

structure for platelet GPV.w 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3~: 

Arg Leu Arg Ala Leu Pro Arg Ala Leu Phe Arg Asn Leu Ser Ser Leu 
l s 10 15 

Glu Ser Val Gln Leu A.qp Hjs Asn 
'-0 

{2) XNVOJUU\TION FOR SEQ ID N0;36; 

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

(ii) MOLECULE TYPE: peptide 

(ix) :;'~TTJR.~ : 
(J\,.) NAM£/KEY1 Region 
(B) LO~TION: l •. 24 
{D) OTHER X»f'ORMATION: /no~e~ nTandem Leu-ricn repeated 

struc~ur~ for platelet GPV.n 

{xi) SSQUENCE DESCRIPTION: SEQ ID N0:36: 

Gln Leu Glu Thr Leu Pro Gly ASP Val Phe Gly Ala Leu P~O Arg Leu 
l 5 lO 15 

Thr Glu Val Leu Leu Gly His Asn 
20 



(2) INFORMA,TION FOR SEQ ID N0:37: 

(i) S£0UENCE CHARACTERISTICS: 
(Al LENGTH: 24 amino acids 
CSl TYPE: amino acid 
(J)) TOPOLOGY: unknown 

(ii) MOLECULE TYP~; peptide 

(ix) F~TURE: 
(Al NAME/KEY: Region 
(Bl LOCATION: l .. 24 
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{Dl OTHER INFORMATION~ /note= nconsensus sequen~e for the 
tandem Leu·rieh repeated structure fo~ platele~ 
GPV." 

(~i) SEQUENCE 02SCRlPTION: S!Q ID N0:37: 

Xaa Leu xaa Xaa Leu Pro Xaa Xaa Leu Phe Xaa Xaa Leu Xaa Xaa Leu 
1 5 10 15 

xaa Xaa Leu Xaa Leu Xaa Xaa Asn 
20 

(2) INFORMATION FOR S~Q ID NOilS: 

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

{ii} MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

{ix) FMTlTRE~ 
(A) N.AMB/xEY:·Peptide 
{B) LOCATION: l. ;ll 
CD) OTHER INFORMATION: /note= 9 Amino aci~ sequence of the 

GPV thromein cleavage site.~ 

(ix) FEATURE: 
{Al NAME/KEY: Region 
{B) LOCATION: l •. 2 . 
{0) OTH~R INFO~~TION~ /note- "Amino acid residues found 

in other th~ombin subst~atea.-

{ix} FEATURE: 
(A) NAME/KEY: Region 
(B) LOCi\TlON: 5 •. 9 
CD) OTHER INFORW\"l"lON: /note= "Amino acid residues founct 

in other thrombin substrates.• 

(ix) FEATURE: 
CA) NAME/KEY: Region 
('B) 1:,0C1'Tl0N: U 
CD> OTHER. INFO~TION: /note ... "Ami~o ·acid nsidue found in 

other t:hrombin subs"Crai:es." 

(Xi) SEQU!NC! P$SCaIPTlON: SEQ ID N0:38: 

Ala Glu Cys Pro Gly Pro Arg Gly Pro Pro Pro 
l s 10 

(2) INFORMA7ION FOR SSQ tO N0:39: 



(i) SEQUENCE CHARACTERISTICS: 
CA> LENGTH: 11 amino acids 
{B) TYPE: amino acid 
(D) TOPOLOGY: unknQwn 

(ii) MOLECULE TYPEl peptide 

f iii) HYPOTHSTICA~: NO 

C.iX) nATURS: 
(A) NAME/KE'!~ Peptide_ 
<S> LOCAT!ON; l •• ll 
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(0) OTHRR INFORM1tTION: /notem •Amino acid sequence of the 
hi.Un&tn fi:t>.rincgen C~g) A-alpha J. chain ehrombin 
cleavage si.ce.• 

( i.:ii.) 

(ix) 

(ix) 

f'EATUR:e~ 
(A) NAME/KEY: Region 
CB) LOCATION: 1. . .:2 
(D) OTHER INFORMATION: /note= ~Amino acid resiaues 

identical to GPV.~ 

FEATURE: 
(A) 

0

NAME/KEY: R~gion 
OU LOCATION: 5 
{0) OTH£R XNFORMJ\~XON: /note- •Amino acid residue 

iocnticcl ~o GPV.• 

FEAnntE: 
(A) NAMB/KJ::Y: Region 
(BJ LOCll.TION: 7 •• '9 
(D) OTHER INFORMATION: /note~ •Amino acio residues 

identical to GPV.ft 

{xi) SEQUENCE DESCRIPTION: SRO to N0:39: 

AlJ. Glu Gly Gly Gly Val Arg Cay Pro Ar9 Val 
l 5 . 10 

(2) INFO~TION FOR SEQ lO N0:40: 

Ci1 SEQUENCE CHARACTERlSTICS: 
(Al LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGl: unknown 

(ii) MOL~COL£ TYP~: peptide 

(iii} HYPOTHETICAii; NO 

CiX) FEATURE: 
(A) NAME/KEY: Peptide 
(B} LOCATION: i .. ll 
(D) OTHER INfORIC\1ION: /note= "Amino acid sequence of the 

human fibrinogen (Fg} A·alDha 2 chain th:r:omhin 
cleavage site. 11 

.. 
. (ix) FEATURE: 

(A} NAME/KE¥: Region 
(B) LOCATION: S .. 1 
(D) OTH~R INFORY.AT?ON: /note= •11rnino acid residues 

ictencical to GPV.• 

. (xi) SEQUENCE DESCRIPTION: SEQ ID N0:40: 
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Gly Gly Val Arg Gly Pro Arg Val Val Glu Ar<; 
l s 10 

(2) INPO~TION FOR SEQ ID N0:4l~ 

Ci) S~QOENCE ~RISTICS: 
(A) LENGTH: 11 amino ~cids 
{B} TY~E: amino acid 
(D) TOPOLOG~; unknown 

(ii) MOL~CULE_TYP~: pepti~e 

(iii_) H'{POTHSTICAL: NO. 

(ix) Fi1TURE: 
(A) NJ\Mlil/KBY: Peptid¢ 
(S) LOCATION: l •• 11 

PCTJUS94/07'44 

(D) OTHER INFORMATION; /note= ·A.~ino acid sequence o! the 
hum~n fibrinogen CFg) B-beca cnain cniom?>in 
cleavage sic.a." 

(ix) FEATURE: 
(A) NAMB/KEY: Region 
(B) LOCATION: ~ .• 8 
CD) OTHBR INFORMJ.TION: /note= •JUnino acid ~esidues 

identical to GPV.w 

U.~> f'SA'tQRl:: = 
{M NA!-m/KEY: Region 
(:B) LOCATION: 11 
CDl OTHER lN'f'OJUIJATION: /note= "Amino acid residue 

identical to GPV." 

{xi) SEQUENCE DESCRIPTIO~: SEO ID N0:4l: 

Glu Gly Phe Phe Ser Ala Arg Gly His Arg Pro 
l s 10 

(2) INFORMl'l.TXON FOR SEQ ID NO;t2: 

Ci) SEQUENCE CHARACT£RISTICS: 
(A) LENGTH: ll am1no acids 
CB) TYPE: amino acid 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(i:i.i) ~POTHETICA.L: NO 

(ix) PEA.TORE: 
{A) NAME:/KEY: Pep~ide 
{B) LOCATION; 1 •• 11 
{D) OTHER INFORMA.TION: /note• ftAJnirio acid sequence of the 

human plasma factor XIII {FX!Il) thrombin cleavage 
site.ft 

(ix} FFJl.'t'URF.: 
(A) NAME/KEY: Region 
(B} LOCJ\TION; 6 •. 8 
(0) OTHER INFORMP.TION: /ncit.e= "Amino acid resioues 

. identi.~ol eo GPV." 

(Xi)' SEQUENCE DESCRIPTION~ SEQ ID N0:42: 

Glu Leu Gln Gly Val Pro Arg Gly Val Asp Leu 
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(2) INFOm.fATION FOR SEO ID N0!43! 

(i) SEQUENCE CHARACTER~STICS: 
{A) t.£NGTH: 11 amino acids 
(B) 'l'Y~S: omino aeid 
(Pl TOPOLOGY; unknown 

(ii} MOLECUua T¥PE; peptide 

(iii} HYPOTHETICAL: NO 

(ix) PEA'l'UR.E: 
(Jl) NAM2/ICEY: Peptide 
(2) LOCATION: l •• ll 
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10 

(D) OTHER INFORMATION: /note• ~Amino acid sequence of the 
ll.umAn cborionic gonatropin beta•subunit (CGbeta) 
thrOmbin cleavage site.·" 

(ix) nATORE; 
(A) NAME/KEY: Region 
(Bl LOCATION: 6 .'. S 
(D) OTHER INFORMATION: /note= •Junino acid residues 

iden~ical to GPV.w 

( i~) FEATURE: 
(A) NAME/KEY: Region 
(8) LOCATION; ll 
CD) OTHER INFORMATION: /note= "Amino acid residue 

identical to GPV.~ 

(xi) SSQUENCE DESCRIPTION: SEO ID N0:43: 

A~ Leu Pro Gly Cys Pro A.rg Gly V~l Asn P~o 
l s 10 
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"C ---~ ~ I \ Peptide sequences and oligonucleotide primers used for the PCR amplification of platelet CPV Q. 

KS/6 peptide Kl M v L L B 0 L F L D H N13 (SBQ. ID. NO. 6) 
Priir.er 1 {+) s·- GA:'.l CAG CTG TTT C'l'G GAT CAT AA-J• ($£.06 ID.NO. 7) 

1'. }\ c c c c 
KS/6 pcpt ide N13 A [., R G I D 0 t-1 N F 024 (SEQ. ID. NO. 8) 
Pri1r.er 2 (+J s• -T GCG CTA J\GG GGC J1T'r GAC CAA AAC ATG Tl'T C-3' (SEQ. ID. NO. 9 t 

KS/6 peptide N21. M F' 0 K L v N L 030 (SBQ. ID.KO. 10) 
Prhrer 3 (-) J•-G 'TAC' AAA GTC 'MT CT\C CAA "ITG GJ\C GT-5' (SEQ. ID.NO. 11) 

KS/6 peptide E31. L ,I\ L N 0 H Q [.. D p-41 (SEQ. IP.NOA 12) 
Prlme·r 4 (-) 3• - TTG OTC TTG OTC G.l\C CTG AAG-5., (SEQ.ID.NO. ll) 

A T A ... G A A . 
Ol 

V.6 peptide . Ml I s D s H 17 (SEQ. ID.NO. lt) 
o:> 

Primer 5 (+, 5' ·A.TO 1\TC TGC GAT TCC CAT A'T· 3 • (SEQ.JD.NO. lS) 
c c AG c 

' Primer 6 (+) 5' -QAG AGA en CTG CTC CAC TCG-3' (SEQ. lD. NO. l6) 

Primer 7 (-) 5' -TA.T CAG GTC ACT GAA CGT GCC-3' (SEQ. JD. NO. l?) 

Primer 0 ( ·) 5 1 ~AAG /'!CA CAC TTG CAA GC'I' {SEQ. ID. NO. 18 I 

Adaptor-dTl "1 5'-GAC TCG /\GT CGA CAT CGA. TIT 'lTT TIT TTI' TTT TT-3' (SEQ. ID.NO. H) 

"d 
Adaptor dC1:2 S'·GJl.C 'ICG A(;T CGA CAT CGI\. CCC CCC CCC CCC-3' (SEQ. ID.NO. 20) n 

~ 
(SEQ. JD.NO. 21) 

rn 
Adaptor 5 • ·GJ\C TCG AG'! CGA CJ\T CGA.;J• 'Cl .e: 

~ 

The K/6 and M6 peptide sequences were taKen frcm ref.X and numbereo accordingly. Seo RI and.Sai J restriction sites wece £ 
added at. the 5'-end of coding (+) and non coding (-J strand primers respectively to {acllitate fur.tiler subcloning of the 
PCR product.s. r 
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WJPl.T !S CLA:OO:D IS: 

1. An isolated DNA construct comprising a polynu~leotide 
sequence ~ncoding a glycopro~ein V polypeptide. 

2. The DNA construct of claim 1. wherein the 
polynucleotide sequence encodes a polypeptide having an ami~o •cid sequence 

as shown in Figure SB (SEQ.ID.NO. 2>. 

3 • . The· .DNA C:onatruet of claim· 1, wherein the· ·polynucleotide 

sequence has a sequence as shown in Figure SA · C SEQ. ID. NO_ l} . -

4, The DNA conot~uc~ of claim l, wherein the 
polynucleotide sequence lacks introns. 

5. The DNA ~onst~uct of clai~ l, wherein the 
polynucleotide sequence encodes a full length glycoprotein V 
protein. 

6. Tl'le DN~ construct of claim 1, further comprising a 
heterologous promoeer operably linked to tbe pQlyn~cleoci~e seqllen~c. 

7. The DNA construe~ ot claim 6, wherein the p~oin.oter Qirects 
expression of the polynucleotide sequence in a eukaryote. 

8. The DNA construe~ of claim 6, wherein the promoter direc~s 

expression of the polynucleotide se~~ence in a p~okaryote. 

9 . · A compo$ition i:¢IH-pris_ing a. cell containing a :ONA construct 

of claim 1. 

10. The composition of claim 9, wherein the ecll is a 

eukaryote. 

11. The composition 0£ claim 9, ~herein the cell is a 

prokaryoi::e. 

12. A pharmaceutical composition comprising a pharmaceutica1ly 
aceeptaDle carrier and the GPV polypeptide. 

13. The com~osition of claim 12. where.in the GPV polypeptide 
has a sequence ai:; i;hown in Figure SB CS£Q.l1.l.NO. 2) ,' 

H. A.~ isolated, purified GPV polypeptide having a sequence as 
shown in Figure 55 (S£Q.ID.NO. 2). 

is. .;..~antibody capable of reacting with the pol)rpeptide of 
claim l4. 

111111111111111111111111111111 
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lG. ·A m~ehod for inducing a degree of chrombocytopenia in a 

pacient comprising the administracion of the a~~ibody of claim 15. 
' 

17. The ~se of an isolaced G:nl promoter to direcc expresoion 

of a polypeptide. 

18. A method for the detection of cells of megakaryoblastic 
lineage, comprising evaluating a sample for the presence or absence of a 
polynucleQCide ~equence·a~.shown in Figure SA (SEQ.ID.NO. 1). 

19. A method for detecting thrombus tormation.in a su~ject. 
compriaing the measurement of circulating G~Vfl. 

20. An isolated nucleic acid capable of hybridizing to a 
nucleic acid having a ~equence Qf Figure SA (SEQ.le.NO. l). 

111111111111111111111111111111 
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