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Two platelet aggregation inhibitors, ussuristatin 1 (US-1) and 2 (US-2), were newly isolated
from the venom of Chinese viper (Agkistrodon ussuriensis) by SP-Toyopearl 650M column
chromatography and reverse-phase HPLC. The Afrs of these polypeptides were estimated to
be about 8,000 by SDS-PAGE. Analytical gel filtration revealed that US-2 exists as a dimer.
Both polypeptides comprised 71 amino acids, whose sequences showed high similarities to
those of other disintegrins. US-1 had a typical Arg-Gly-Asp (RGD) sequence, which is
responsible for blocking the binding of fibrinogen to the receptor. In US-2, the correspond-
ing sequence was Lys-Gly-Asp (KGD). US-1 strongly suppressed platelet aggregation
induced by ADP, collagen, thrombin, and epinephrine with IC50 = 17-33 nM. US-2 also
inhibited the platelet aggregation, but the IC6Os were about ten times higher. US-1 also
dose-dependently inhibited the adhesion of human melanoma cells to fibrinogen and
fibronectin, while US-2 did not inhibit the cell adhesion to fibronectin. This indicates that
the KGD-bearing disintegrin is a specific inhibitor for the fibrinogen receptor.

Key words: amino acid sequences, disintegrins, platelet aggregation, protein purification,
snake venom.

Platelet aggregation, which is essential for effective pri-
mary hemostasis, involves the interaction of plasma
fibrinogen with a specific receptor, glycoprotein (GP) n b /
Dla, on the platelet membrane (1, 2). Two binding domains
for the fibrinogen receptor are present in the fibrinogen
molecule: an Arg-Gly-Asp (RGD) sequence of the Aa-
chain, and a C-terminal dodecapeptide of the y-chain (3).
Since the first report on the purification of trigramin, an
anti-platelet aggregation peptide, from Trimeresurus
gramineus venom (4), several platelet aggregation inhibi-
tors have been isolated from various snake venoms (5, 6).
Termed disintegrins, these peptides commonly possess the
RGD sequence and compete with fibrinogen for GP nb /H[ a .
Barbourin is the only exception (7). It was discovered as a
KGD-containing disintegrin from the venom of the south-
eastern pigmy rattlesnake Sistrurus m. barbouri, and it
selectively inhibits the binding of fibrinogen to GP nb/IIIa

without affecting the binding of fibronectin or vitronectin to
the receptor. Disintegrins contain many highly conserva-
tive Cys residues, which form the intramolecular disulfide
bonds necessary for the development of full inhibitory
activity to platelet aggregation as well as for the construc-
tion of a tight tertiary structure (4, 8).

Three kinds of Agkistrodon snakes inhabit China: A.
halys brevicaudus, A. halys intermedius, and A. ussurien-
sis. Neither the evolutionary relationship between these
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Abbreviations: Arg-C, arginylendopeptidase; GP, glycoprotein; Lys-
C, Achromobacter protease I; PE, S-pyridylethylated; TFA, trifluoro-
acetic acid; US, ussuristatin.
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snakes nor the protein components in their venoms have
yet been analyzed. As a first step, we chose to study the
disintegrins, since these proteins in general are well charac-
terized and many homologues are known. In this paper, we
report the isolation, characterization, and complete amino
acid sequences of two disintegrins, ussuristatin (US) 1 and
2, from A. ussuriensis venom. Both proteins inhibited the
aggregation of human platelets. US-1 was a monomeric
protein containing an RGD sequence. In contract, US-2 was
a unique disintegrin that exists as a homodimer and
contains a KGD sequence in place of the RGD sequence.
US-1 inhibited the attachment of C32 human melanoma
cells to fibrinogen and fibronectin, while US-2 inhibited the
attachment to fibrinogen but not to fibronectin.

MATERIALS AND METHODS

Materials—Crude A. ussuriensis venom which was
collected in the northeast provinces of China was provided
by Dr. W.-X. Hao (China Medical University) in lyophi-
lized form. ADP was purchased from Niko Bioscience
(Tokyo). Achromobacter protease I (Lys-C), arginylendo-
peptidase (Arg-C), and endoproteinase Asp-N were pur-
chased from Takara (Kyoto). Human melanoma cell line
C32 (ATCC CRL 1585) was purchased from American
Type Culture Collection. Carboxypeptidase Y and all other
reagents were purchased from Wako Pure Chemical
(Osaka).

Purification of Ussuristatins—Crude A. ussuriensis
venom (1.0 g) was dissolved in 20 ml of 0.5 M acetic acid.
After 2 h at room temperature, the insoluble material was
removed by centrifugation at 3,000 rpm for 10 min. The
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supernatant was lyophilized, dissolved in 10 mM acetate
buffer (pH4.5), and loaded onto a SP-Toyopearl 650M
column (1.6x35 cm, Tosoh) equilibrated with the same
buffer. Elution was performed at 4"C with a linear gradient
of NaCl from 0 to 0.2 M in the same buffer, and 5-ml
fractions were collected. Proteins were detected by the
absorption at 280 nm on a Ubest-30 spectrophotometer
(Jasco). Active fractions that suppress ADP-induced plate-
let aggregation were further purified by reverse-phase
HPLC using a TSK-gel ODS-120T column (4.6x250 mm,
Tosoh) with a linear gradient of 0 to 80% acetonitrile in
0.1% TFA.

Platelet Aggregation Assay—Human blood was obtained
from healthy adult donors in tubes containing 0.1 volume of
3.8% sodium citrate and used within 3h. Platelet-rich
plasma was separated from whole blood by centrifugation
at 1,200 rpm for 10 min. Platelet aggregation was mea-
sured using an aggregometer (NBS Hema Tracer 601, Niko
Bioscience). ADP (10 //M), thrombin (5 U/ml), collagen (2
//g/ml), epinephrine (2/^g/ml), and ristocetin (1 mg/ml)
were used to induce the aggregation.

SDS-Polyacrylamide Gel Electrophoresis (SDS-
PAGE)—SDS-PAGE was carried out using a 16.5% poly-
acrylamide gel under the reduced and non-reduced condi-
tions as described by Schagger and von Jagow (9). Protein
bands were detected by staining gels with 0.1% Coomassie
Brilliant Blue R-250.

Analytical Gel Filtration—Sample was dissolved in 10
mM phosphate buffer (pH 6.0) and applied to a TSK-gel
G3000 SWXL column (7.8x300 mm, Tosoh). Elution was
done with the same buffer at a flow rate of 1 ml/min and
monitored at 280 nm. The column was calibrated with
ovalbumin (45 kDa), carbonic anhydrase (30 kDa), soybean
trypsin inhibitor (20.5 kDa), tf-lactalbumin (14.2 kDa),
and aprotinin (6.5 kDa).

Proteolytic Digestions—S-Pyridylethylated proteins
were prepared according to Friedman et al. (10). PE-pro-
teins were digested at 37°C with Lys-C (E/S= 1:100) for 6
h in 20 mM Tris-HCl (pH 9.0), Arg-C (E/S = l:50) for 6 h
in 50 mM Tris-HCl (pH8.0), or Asp-N (E/S = 1:100) for
16 h in 50 mM Tris-HCl (pH 8.0). The digests were lyophi-
lized, dissolved in 0.1% TFA and fractionated by reverse-
phase HPLC on a TSK-gel ODS-120T column (0.46x25
cm) in 0.1% TFA with an appropriate gradient of aceto-
nitrile.

Sequence Analysis—The amino acid sequences of pep-
tides were determined by manual Edman degradation using
the 4 - N, N - dimethylaminoazobenzene - 4' - isothiocyanate/
phenylisothiocyanate double coupling method (11). Amino
acid derivatives were identified as described previously
(12). The C-terminal residues were identified by carboxy-
peptidase Y digestion as follows. PE-protein was dissolved
in 20 mM acetate buffer (pH 5.5), and the enzyme (E/S =
3:100) was added. The mixture was incubated at 37'C for
15-120 min. Aliquots were subjected to amino acid analy-
sis:

Cell Attachment Assay—The human melanoma cell line
C32 was cultured in Dulbecco's Modified Eagle medium
containing 10% fetal calf serum and harvested at subconflu-
ency with 0.2% trypsin and 1 mM EDTA. Wells (2 cm1) of
four-well dishes were treated with 50 //I of fibrinogen (50
Ag/ml) or fibronectin (50/ig/ml) in PBS for 2 h at room
temperature or overnight at 4'C. A 300-//1 aliquot of cells

(1.25 XlO5 cells/ml in Hanks' balanced salt solution with
glucose and 0.5% BSA) was added to each well. The cells
were incubated for 1 h at 37°C, then nonadherent cells were
removed by aspiration, and adherent cells were washed
with PBS. Adherent cells were fixed with 2% glutaralde-
hyde for 10 min and stained with 2% Giemsa solution for 20
min. The total number of cells in each well was counted
microscopically.

RESULTS

Purification of Ussuristatins—Crude ussuristatins were
purified by cation-exchange chromatography on a SP-Toyo-
pearl 650M (Fig. 1A). ADP-induced platelet aggregation
inhibition activity was found in two peaks (fractions I and
H). Each fraction was further purified by reverse-phase
HPLC. Fraction I gave a peak of US-2 with platelet
aggregation inhibitory activity at a retention time of 31 min
(Fig. IB). Fraction II yielded an active peak of US-1 at a
retention time of 27 min (Fig. 1C). We obtained 1.7 mg of
US-1 and 1.1 mg of US-2 from 1.0 g of A. ussuriensis
venom.

The apparent molecular masses of purified US-1 and
US-2 were estimated to be 24 and 30 kDa under non-re-
duced conditions, respectively (Fig. 2A). These values were
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Fig. 1. Purification of ussuristatins. (A) Cation-exchange chro-
matography of acid-treated A. ussuriensis venom on an SP-Toyopearl
650M column. Broken line indicates concentration of NaCl in 10 mM
acetate buffer (pH4.5). Reverse-phase HPLC of fraction I (B) and
fraction II (C) on a TSK-gel ODS- 120T column. Broken lines indicate
concentrations of acetonitrile in 0.1% TFA.

J. Biochem.

 at C
hanghua C

hristian H
ospital on O

ctober 1, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Disintegrins from Agkistrodon ussuriensis Venom 33

not changed in the presence of 8 M urea under non-reduced
conditions (data not shown). On the other hand, both
peptides gave a single band at about 8 kDa under reduced
conditions. The molecular masses were estimated to be 8
kDa for US-1 and 16 kDa for US-2 by an analytical gel
filtration (Fig. 2B). These results showed that US-1 exists
as a monomeric polypeptide, and US-2 as a homodimer,
probably linked by disulfide bridges.

Amino Acid Sequences of Ussuristatins—PE-US-1 was
digested with Lys-C and Asp-N, and the fragment peptides
were separated by reverse-phase HPLC (data not shown) to
give K1-K4 and D1-D6, respectively. The peptide D6 was
further digested with V8 protease to give three subfrag-
ments, D6V1-D6V3. Figure 3 shows the results of sequenc-
ing and the complete primary structure of US -1. The amino
acid sequence of US-2 was determined similarly as shown
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Fig. 2. SDS-PAGE and analytical gel filtration of purified
ussuristatins. (A) SDS-PAGE was carried out under non-reduced
(lanes 1 and 2) or reduced conditions (lanes 3 and 4). M, marker
proteins; lanes 1 and 3, US-1; lanes 2 and 4, US-2. (B) Analytical gel
filtration on a TSK-gel G30O0 SWXL column in 10 mM phosphate
buffer (pH 6.0) at a flow rate of 1 ml/min. Mr marker proteins are
ovalbumin (OV), carbonic anhydrase (CA), soybean trypsin inhibitor
(STI), <r-lactalbumin (LA), and aprotinin (Ap).
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Fig. 3. Amino acid sequences of ussuristatins. Peptides derived
from PE-US-1 and -2 by digestion with Arg-C (R), S. aureus V8
protease (V), or Lys-C (K) are shown below the sequence. CPase Y,
the estimated sequence by carboxypeptidase Y digestion. Broken line
indicates the estimated sequence from the amino acid composition.
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Fig. 4. Platelet aggregation inhibition by ussuristatins. Aggre-
gation was initiated by the addition of 10 jtM ADP (O), 5 U/ml of
thrombin (•), 2 mg/ml of collagen (A) , or 2 mg/ml of epinephrine
(D). (A) US-1 and (B) US-2. Concentration of US-2 was calculated as
the monomer.
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Fig. 5. Effects of ussuristatins on adhesion of C32 melanoma
cell to (A) fibrinogen and (B) flbronectin. O, US-1; • , US-2.
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in Fig. 3. PE-US-2 was digested with Lys-C and Arg-C to
give K1-K4 and R1-R4, respectively (data not shown). The
C-terminal five residues of US-2 were confirmed by car-
boxypeptidase Y digestion.

Both disintegrins are 71 arnino acid residues long. The
calculated molecular weight is 7,458 for US-1 and 7,385 for
the monomer of US-2. An RGD sequence, which is known to
act as a cell-adhesion signal (13), is present at residues 49-
51 in US-1, but not in US-2. Instead, a KGD sequence is
found at residues 51-53 in US-2.

Inhibition of Platelet Aggregation by Ussuristatins—The
inhibitory effects of ussuristatins on human platelet aggre-
gation were examined. US-1 strongly inhibited the fibrino-
gen-dependent platelet aggregation by ADP, thrombin,
collagen, and epinephrine with IC60 of 32, 28, 33, and 17
nM, respectively (Fig. 4). These values were almost identi-
cal to those for other potent disintegrins such as echistatin
(14) and applaggin (15). US-2 was about ten times less
effective as an inhibitor (Fig. 4). The concentration of US-2
was calculated on the basis of the monomer, which behaves
as a divalent ligand. The IC6Os of US-2 were 290, 230, 220,
and 140 nM for ADP, thrombin, collagen, and epinephrine-
induced platelet aggregation, respectively. Neither ussuri-
statin inhibited platelet aggregation induced by ristocetin
(data not shown), which activates the receptor (GP Ib) for
von Willebrand factor on human platelets (16).

Inhibition of C32 Cell Adhesion by Ussuristatins—We
next examined whether ussuristatins block the adhesion of
C32 human melanoma cells (C32 cells) to fibrinogen and
fibronectin. C32 cells in the absence of serum adhere to and
spread on fibrinogen or fibronectin-coated dishes through
their cell surface integrins (17). Both ussuristatins dose-
dependently inhibited the attachment of C32 cells to
fibrinogen-coated dishes (Fig. 5A). A similar result was
reported for trigramin (18). US-1 also blocked the C32 cell
attachment to fibronectin-coated dishes, while US-2 did not
(Fig. 5B). This is explained by the fact that an RGD
sequence is indispensable for the interaction of cellular
fibronectin receptor, integrin a6/3i, with fibronectin (18, 19)
and the conservative Lys for Arg substitution in US-2
appeared not to be recognized by the receptor.

DISCUSSION

We isolated two new disintegrins, termed ussuristatins,
from the venom of A. ussuriensis. The acid treatment of
crude venom inactivates and precipitates most of the
contaminating proteins in the venom and facilitates the
purification of ussuristatins without affecting their anti-
platelet aggregation activity. Purification by reverse phase
HPLC on C18 column gave pure disintegrins.

On SDS-PAGE analysis, ussuristatins gave significantly

higher Mrs than those calculated from the sequence in the
absence of reductant. A similar phenomenon was observed
with other disintegrins from A. halys brevicaudus (unpub-
lished data). The Mr of US-1 was confirmed to be 8,000 by
SDS-PAGE under reduced condition and by analytical gel
filtration HPLC. The MT of US-2 was determined to be
16,000 by analytical gel filtration, while SDS-PAGE under
reduced condition gave a different value (8,000), which is
close to the calculated value (7,385) from the sequence.
This suggests that US-2 forms a homodimer linked by
intennolecular disulfide bonds.

The deduced sequences of ussuristatins were compared
with those of disintegrins from other snake venoms (Fig. 6).
Twelve Cys residues are completely conserved in both
ussuristatins. US-2 showed the highest similarity to US-1
(88% identity) among several disintegrins. Similarity
between US-2 and barbourin (7), a KGD-bearing disinte-
grin from Sistrurus m. barbouri, was 86%. On the other
hand, US-1 showed much higher similarities to lutosin (20)
from Crotalus viridis lutosus (92% identity) and durissin
(20) from C. durissus durissus (90% identity) than to
US-2.

Both US-1 and 2 dose-dependently inhibited human
platelet aggregation induced by ADP, thrombin, collagen,
and epinephrine (Fig. 4). US - 2 was less effective than US -1
with respect to the inhibition of ADP-, collagen-, and
epinephrine-induced aggregations. This may be attribut-
able to the substitution of the usual RGD sequence by a
KGD sequence. Barbourin, another KGD-bearing disinte-
grin, also showed a little weaker inhibitory activity to
platelet aggregation than other RGD-disintegrins from
closely related species (7). US-1 inhibited adhesion of C32
cells to both fibrinogen and fibronectin, while US-2 did not
inhibit the adhesion to fibronectin (Fig. 5B). Barbourin also
does not bind to receptors for fibronectin and vitronectin
(7). Only the RGD sequence is recognized by the fibronectin
receptor.

Recently, two series of platelet aggregation inhibitors,
lebetins 1 and lebetins 2, were isolated from Vipera
lebetina venom (25). Lebetins lack both RGD/KGD-related
sequences and other sequences with known anti-aggregat-
ing activity. They have a tetrapeptide PPKK sequence that
is identical to residues 109-112 of a cow x-casein (26),
which inhibits ADP-induced platelet aggregation. Accord-
ing to Jia et al. (27), the platelet inhibitory activity of
atrolysin A, a hemorrhagic metalloprotease obtained from
C. atrox venom, is attributable to the RSECD sequence, in
lieu of the RGD sequence, and two acidic residues as well as
the S-S bridged cysteinyl residue are essential for inhibi-
tion of platelet aggregation. These results imply that the
binding of ligand to fibrinogen receptor is not restricted to
the RGD/KGD sequence.
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Fig. 6. Sequence alignment of disintegrins
from Crotalinae venoms. Sequences of US-1
and 2 are compared with those of barbourin (7),
durissin (20), lutosin (20), molossin (20), flavo-
ridin (21), elegantin (22), halystatin (23), ap-
plagin (15), and trigramin-a' (24). Dots indicate
the identical residues to those of US-1. Cys
residues are numbered above the sequences. The
RGD or KGD sequence is boxed.
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Applaggin (15) and contortrostatin (28) are disintegrins
that form a disulfide-linked homodimer. Unlike monomeric
disintegrins, contortrostatin behaves as a divalent ligand
and differently regulates the intracellular signaling path-
way leading to tyrosine phosphorylation of platelet proteins
on activation (29). Since US-2 is also dimeric but a KGD-
containing disintegrin, it will be interesting to examine how
it affects the platelet tyrosine phosphorylation.

In this study, we could not determine the location of
intermolecular disulfide bonds in US-2. The conformation
of kistrin in solution (8) involves four disulfide bonds
linking C-3 to C-9, C-6 to C-8, C-7 to C-ll, and C-10 to
C-12 (Fig. 6) that are partially or completely buried inside
the molecule, and two disulfide bonds Unking C-1 to C-5 and
C-2 to C-4 that are exposed to the same direction and
located apart from the RGD loop. If US-2 has a similar
conformation to kistrin, these Cys residues (residue 5, 7,
14, and 19 in US-2) would be involved in the intermolecular
linking. Finally, US-2 may provide an important model for
designing potent and selective GP IIb / ina antagonists that
can be utilized as anti-platelet agents.
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