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Human platelet glycoprotein V (Mr 82,000) is a surface glycoprotein and a 
substrate for thrombin, undergoing proteolytic cleavage by thrombin and 
releasing a soluble fragment, glycoprotein Vfl (Mr 69,000). It does not appear 
to be the receptor for thrombin’s agonist xfect on platelets. A congenital 
platelet disorder, Bernard-Soulier syndrome, is marked by a deficiency of 
glycoprotein V and two other surface glycoproteins, Ib-IX. The latter two, 
~b-IX, corrstitute the platelet receptor for von Willebrand factor, mediate 
arterial platelet adhesion, and contain unique 24-amino acid sequences, termed 
“leucine-r.ich glycoprotein” segments. The segments relate to adhesive function 
and distinguish the leucine-rich glycoprotein family. Surface glycoprotein V is 
not physically associated with Ib-IX nor does it bind to von Willebrand factor. 
TO date, no common denominator has been found that explains the combined 
deficiency of glycoproteins V and Ib-IX in Bernard-Soulier syndrome. This study 
describes The isolation of glycoprotein V/anti-glycoprotein V antibody and the 
analysis ojE three glycoprotein V peptides that contain”leucine-rich” sequences. 
Therefore, glycoprotein V shares the “leucine-rich” structure with platelet 
glycoproteins ~b-IX and belongs to the family of leucine-rich glycoproteins. 
0 1990 Academic Press, Inc. 

Human platelet glycoprotein(GP) V was originally described in 1977 as a 

single-cha.in, surface glycoprotein (approximate Mr 82,000), detectable by 

surface labelling techniques.’ The protein was subsequently purified from the 

conditioned media of washed, intact platelets that had been suspended in neutral 

salt-containing buffer and incubated overnight.L The work suggested that 

glycoprotein v was a peripheral membrane protein, released from the platelet 

surface by salt-extraction under mild conditions. Later studies indicate that 
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“extraction” is possibly mediated by calpain proteolysis, implying that 

glycoprotein V may be a typical membrane-bound protein with a discrete 

transmembrane domain. 3,4 Other structural features of glycoprotein V include a 

near-neutral isoelectric point (PI 5.85-6.55),2 a high leucine content, 5 and a 

large amount of carbohydrate that constitutes approximately one-third of 

glycoprotein’s weight.2’5 Glycoprotein V also provides antigenic determinants 

on the platelet surface for anti-platelet antibodies. 6 

In terms of function, thrombin cleaves glycoprotein V, releasing a soluble 

fragment termed glycoprotein Vfl (Mr 69,000). 1,2,7 As the only known thrombin 

substrate on the platelet surface, glycoprotein V is a logical candidate to be 

the thrombin receptor. However, direct experiments show that platelets lacking 

glycoprotein V ( on a congenital, 8 proteolytic’ or immunologic3 basis) respond 

to thrombin in a nearly normal fashion. The physical state of glycoprotein V 

is not closely correlated with the agonist effect of thrombin. 10 The 

observations imply that glycoprotein v  may influence the effect of thrombin on 

platelets, but the protein is not likely to be the actual thrombin receptor. A 

unique NH2-terminal amino acid sequence of a GP V thrombin fragment has been 

reported. 5 

A congenital platelet disorder, Bernard-Soulier syndrome, 11 is marked by the 

deficiency of surface glycoprotein I?2 and two other surface glycoproteins, Ib 

and IX.12-l4 The latter two form a non-covalent complex, the GP Ib-IX complex, 

on the platelet membrane 15 and provide the receptor for von Willebrand factor 

(vWf) that mediates platelet adhesion under conditions of rapid blood flow.16r17 

However, glycoprotein V is not involved directly in platelet adhesion and is not 

physically associated with the glycoprotein ~-IX complex. The cormnon 

denominator among the three proteins that leads to the combined deficiency state 

in Bernard-Soulier syndrome is unknown. Perhaps, all three proteins (Ib,V,IX) 

must participate in some or all of the steps (synthesis, processing, assembly) 

that lead to the expression of the mature proteins on the platelet surface. 
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The primary structure of the polypeptides of the GP Ib-IX complex 

(Ibalpha/Ibbeta,IX), determined by direct sequencing and CDNA 

cloning/characterization,18-21 ' 1s marked by the presence of unique 24-amino 

acid, leucine-rich glycoprotein (LRG) segments that distinguish a family of 

proteins, the leucine-rich glycoproteins. 18-22 The function of the LRG segment 

is unknown but may involve adhesion events between cells or between cells and 

matrix components. Currently, the primary structure of glycoprotein V is 

unknown, and neither complimentary nor genomic DNA encoding glycoprotein V has 

been described. In the current study, glycoprotein V and anti-glycoprotein V 

antibody have been isolated, and fragments of the protein have been sequenced, 

revealing the presence of leucine-rich glycoprotein segments. 

METHODS 

Starting material for glycoprotein V purification consists of platelet-rich 
plasma ( approx. 500 ml, 13 mM citrate, 10% platelets-w/v) obtained by 
continuous flow centrifugation (platelet pheresis) gf vc$unteer donors with 
essential thrombocythemia (platelet counts 1-3x10 /mm ). For assay of 
glycoprotein V, proteins are incubated in the presence or absgnce of thrombin 
(5.0 units/ml-provided by John Fenton,Albany NY, 90 min, 22 ), separated by 
sodium dodecyl sulfate-poly2~rylamide gel electrophoresis (SDS-PAGE), and 
stained with Coomassie blue. Glycoprotein V is detected as a protein (Mr 
82,000) that is seduced in size by thrombin proteolysis, yielding glycoprotein 
Vfl (Mr 69,000). 

Following addition of 5mM EDTA, platelets are collected by centrifugation 
(5,OOOxg,15 min,22'), resuspended in buffer (1.5 1, 1OmM Hepes, pH 7.6, 0.15M 
NaCl, 1mM EDTA) and recentrifuged. The washed fresh platelets (~4 hours 
post-pheresis) are suspgnded in the 
incubated overnight (37 C,16 hrs), 

same buffer (2.0 1) containing 8.3 M NaCl, 

carried out at 4'C. 
and centrifuged (25,000xg,45min,4 C). Later 

steps are From the supernate, an NH SO precipitate 
(37.5-52.5X saturation) is collected, solubilized in 10 ml 504 Kff /K HP0 pH 
6.8, 1 mM EDTA, dialysed against the same buffer and applied $0 2a &lumn 
(2.5~100 cm) of Sephacryl S-200 (Pharmacia) equilibrated in the same buffer. 
Eluted fractions containing glycoprotein V are pooled, dialysed against 5mM 
KH/'KHPO pH 6.8, 0.2 mM SDTA, applied to a column (1.5x10 cm) of 
hy&osyla&tite equilibrated in the same buffer and eluted by a linear gradient 

pH 6.8, 0.2 mM EDTA, 250 ml total volume). Fractions 
V are pooled, dialysed against 20 mM NaH /Na HPG pH 

7.5, 0.2 mM EDTA and applied to a column (0.9x5 cm) of &A&elfulose 
equilibrated in the same buffer. Non-adsorbed ("pass-through") 
protein-containing fractions are pooled, dialysed against 10 mM NH HCO 
lyophilized, dissolved in 1 ml 0.1 M Tris-acetate, pH6.8 and injected on a d HP?% 
gel filtration column (2.1x60 cm, TSK4000) equilibrated in the same buffer. 
Fractions containing glycoprotein V, Mr 82,000, are pooled, dialysed against 10 
mM NHqHC03, lyophilized and rechromatographed on the TSK 4000 column, providing 
the final preparation of purified glycoprotein V. 

Rabbits were immunized with pure glycoprotein V in Freund's adjuvant. 
Affinity-purified, anti-glycoprotpjt V antibody was isolated on a glycoprotein 
V-Sepharose column, labeled with I, and analysed for specificity by Western 
blotting u@f5 whole platelet lysates as antigen. The techniques have been 
described. 
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Purified glycoprotein V was reduced, pyridylethylated with I-vinylpyridine, 26 
treated with CNBr and fractionated by reverse-phase HPLC. Two broad peaks were 
eluted, pooled, reconcentrated, digested with trypsin, applied to a C 
reverse-phase HPLC column, and eluted with an acetonitrile gradient. Multip@ 
peaks were observed in the chromatogram of the column eluate, and proteins in 
discrete peaks were collected and subjected to amino acid sequence analysis 
using a Model 477A Prc$,eif Sequencer with an on-line HPLC Model 12OA Analyser 
(Applied Biosystems). ' 

RESULTS AND DISCUSSION 

The methodology employed for glycoprotein V purification follows that described 

by 'Berndt and Phillips' except for the final HPLC gel filtration step. The 

large amounts of fresh platelets (50 gm wet weight, 6 gm protein) used as 

starting material facilitate the purification process. The amount of protein 

eluted by overnight incubation varied from 200-300 mg with 40-60 mg carried 

through the NH4S04 precipitation step and 12-18 mg in the fractions from the 

Mr 
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Figure 1. Gel electrophoretic analysis of purified fractions of glycoprotein V. 

Partially purified glycoprotein V (1Oug) from the DEAF cellulose stg was 
incubated without (lane I) or with (lane II) thrombin (5U/ml,90 min,22 ) and 
fractionated by SDS-PAGE (Laemmli system, 7.5% acrylamide, reduced). Partial 
digestion occurred. Analysis of the final preparation of Purified glycoprotein 
V from the second HPLC gel filtration step is shown in lanes III and IV ( 
ascending and descending limbs, respectively, of the GP V Peak in Fig. 2B). 
Proteins were stained by Coomassie blue. Molecular weight standards are noted 
on the left. 
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Sephacryl column. Protein eluted from the hydroxylapatite column (3-5 mg) 

contained 15-30% glycoprotein V as estimated by the SDS-PAGE assay of 

thrombin-cleavable protein, mr 82,000-69,000). The "pass through" proteins (1 

mg) from the DFAE step contain approximately 50% glycoprotein V, Mr 82,000, 

cleaved by thrombin to glycoprotein Vfl, Mr 69,000 as shown in lanes I and 11, 

Figure 1. Material from the DEAE step was fractionated twice by HPLC gel 

filtration as shown in Figures 2A and 2B, providing the final, highly purified, 

Mr 82,000 glycoprotein V of lanes III and IV, Fig.1 (ascending and descending 

limbs, respectively, of the glycoprotein V peak shown in Fig. 2B). The smaller 

contaminant protein (Mr 50,000) in lanes I and II of Fig. 1 migrates as a larger 

protein under the non-reduced conditions of the HPLC gel filtration step, Fig. 

2, perhaps due to aggregation. 

Affinity-purified rabbit antibody to glycoprotein V was analysed for specificity 

by the Western blot shown in Figure 3. The bulk of the antibody was directed 

against glycoprotein V since thrombin altered essentially all of the antigen in 

platelets from Mr 82,000 (intact) to Mr 69,000 (thrombin-cleaved) as shown in 

lanes 1 and 2, respectively, Fig.3. The result with larger amounts of antigen 

substantiates the conclusion that the anti-glycoprotein V antibody is largely 
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Figure 2. Purification of glycoprotein V by HPLC gel filtration under 
denaturing conditions. 

A. Partially purified glycoprotein V (lmg) from the DEAE step was applied to an 
HPLC gel filtration column (2.1x60cm, TSK4000, O.l%SDS, Zml/min flow) and eluted 
proteins were detected by absorbance (28Onm, O-0.05 units full scale). 
injectic'n (inject) and void/GP V/included volume peaks are noted. 

Sample 

B. Protein from the GP V peak (Fig. 2A) was dialysed, lyophilized and 
rechromatographed as described above (Fig. 2A). Protein in the ascending and 
descending limbs of the GP V peak were analysed by SDS-PAGE (lanes III and IV, 
respectively, Fig. 1). 
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1 2 3 4 

Figure 3. Western blot analysis of anti-GP V antibody. 

Sakine or thrombin-treated whole platelets (2x10',-/+ 5u/ml thrombin, 90 min, 
22 ) were solubilized and proteins separated %25SDS-PAGE. Antigens were 
transferred to nitrocellulose, incubated with I anti-GP V, washed and 
detected by the autoradiogram shown. Lanes 1 (saline) and 2 (thrombin) contain 
50 ug platelet protein. Lanes 3 (saline) and 4 (thrombin) contain 250 ug. 
"Intact"-intact GP V (Mr 82,000), "thrombin cleaved"- GP Vfl (Mr 69,000). 

mono-specific since the bands corresponding to intact and cleaved GP V intensify 

in concert with the amount of antigen present (lanes 3 and 4, respectively, Fig. 

3). The Western blot analysis of the anti-glycoprotein V antibody identifies 

the antigen as glycoprotein V, based on the size of the intact protein and its 

thrombin-cleaved product. The analysis also implies that the antigen was highly 

purified since its use as an antigen and as an affinity-adsorbant produced a 

largely mono-specific antibody. The antigen band migrating just above the dye 

front in lanes 2 and 4, Fig. 3, may correspond to the smaller thrombin fragment 

of GP V. 

Amino acid sequence(s), ranging from 4 to 35 residues in length, were obtained 

with each of 13 peaks taken from the reverse-phase HPLC fractionation of the 
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trypsin digest. Both major and minor sequences were found in nine of the 

samples while single sequences were found in the remaining four. One sequence 

(GPP?PPAADSSS!ZWVHPALApPSSE?P, see legend for Fig. 4) resembles that reported -- 

for a thrombin fragment of glycoprotein V5, although the two sequences differ 

inexplicably at positions 3,10,17,18 and 20. Three of the sequences, M 

392/393/401, show homology to leucine-rich glycoprotein (LRG) sequences 18-22 

when aligned as shown in Figure 4. The individual sequences are continuous as 

indicated by the arrows (E-L, M392; Q-L, M393; L-L, M401) implying that each 

of these sequences represents a pair of tandem repeats, consistent with the 

pattern of tandem repetition of LRG segments in the reported members of this 

family of proteins. The three pairs of sequences suggest that glycoprotein V 

contains at least six LRG repeats. 

By inspecting the three available GP V sequences as displayed in Figure 4, one 

can derive the consensus sequence shown (GP V consensus) with conserved residues 

at various positions within a putative 24-amino acid LRG repeat. In Figure 5, 

the GP V LRG consensus sequence is compared with those of several human LRG 

Position in LRG Sequence 
1 5 10 15 20 24 

Peptlde I I I I 

LVNLQE-, 
M392 +LALNQNQLDFLPASLFlNL?NL 

I I I I G 4 
MVLLEQ-, 

M393 -.LFLwHNALRPGG?A 
(PAGDPL) 

I I I I 

M401 
NHLAFLPSAliFLHSlibjLTL- 

--LT?FENPLAILPGV!F 

GPV Consensus L X L X X N X L A F L P X A L F X X L V N L X X 

4. Figure Amino acid sequences of glycoprotein V peptides with homology to 
leucine-r?ich glycoprotein (LRG) sequences. 

NH -terminal amino acid sequences of three individual peptides (#392,393,401) 
fE&n C@mr/trypsin-treated glycoprotein V are aligned (+) to indicate homology 
with 24--amino acid, leucine-rich glycoprotein (LRG) sequences (see text, Figure 
5 and references 18-22). Arrows denote continuous sequences with the 
NH,-terminal nortion on an uncer line and the CGGH-terminal portion on a lower 
like (peptide- M392 example:-* NH2-terminal leucine, position -19, L; continuous 
seauence crlutamic acid-leucine, positions 24-1, E-+L; COOH-terminal leucine, 
position 22, L). A minor sequence (GAPAGDPL) was noted in cycles 5-12 of 
peptide M393. A consensus of the three sequences is given (GP V consensus). 
The single letter amino acid code is used,(?) indicates an indeterminate 
residue,. ( ) an uncertain identification, (X) a non-conserved residue at the 
given pos.iFion in the consensus sequence. 
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GPV GPV 

GPlba GPlba 

GPlbO GPlbO 

GP IX GP IX 

LRG LRG 

Consensus L X L X X N X L X X L P P G L L X X L P x LXX 

Leucine 1 3 0 11 15 16 19 22 

Figure 5. Consensus and single LRG sequences from human platelet and serum 
proteins. 

The consensus LRG sequence from the six available repeats of glycoprotein V 
(Fig.4) is.given alon~8~~~h th e 

;~~;“e;;&&P&’ 
the 

consensus LRG sequence from the seven repeats 26 
single LRG sequences from glycoproteins 

nsensus LRG sequence from the nine %@ifid” repeats oz2the “pr 
protein, leucine-rich alpha2 glycoprotein of human serum (LRG). An overall 
consensus of the five upper sequences is given (consensus), conserved residues 
are enclosed in boxes, and (X) denotes non-conserved residues. The positions of 
conserved leucines within the 24-amino acid LRG segments are noted (leucine 
1,3,8...). 

proteins; namely, the three polypeptides of the platelet glycoprotein Ib-IX 

complex (GP Ibalpha/GP Ibbeta, GP IX) and the serum leucine-rich alpha2 

glycoprotein (the "proband" of the LRG family).22 The sequence homology among 

these LRG segments is clear-cut, exemplified by the leucines at positions 

1,3,8,11,15,19 and 22. These conserved residues distinguish the LRG family and 

give rise to the "leucine-rich" name. The data in Figures 4 and 5 identify 

human platelet glycoprotein V as an LRG protein, closely related in this regard 

to the glycoproteins of the Ib-IX complex. How these LRG segments relate to 

function or to the common deficiency of qlycoproteins Ib,V and IX in 

Bernard-Soulier syndrome remains to be determined. 
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