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Summary

Agkicetin-C, a potent glycoprotein Ib antagonist from the venom
of the Chinese pit viper, Deinagkistrodon acutus, has been purified
and characterized (5). It is a disulfide-linked heterodimer containing 
subunits of 132 and of 123 amino acid residues. Herein, the complete
amino acid sequences were resolved by cloning and nucleotide 
sequencing of the cDNAs. The sequences of its subunits are
homologous to those of other snake venom proteins of the C-type
(Ca2+-dependent) lectin superfamily. A three-dimensional model of 
agkicetin-C was constructed based on the crystal structure of habu 
coagulation factor IX/X-binding protein. By careful alignment of
all the related sequences available and comparing the 3D-model of
agkicetin-C with structures of other homologous proteins of different
functions, some variable residues of agkicetin-C were identified, which
possibly are responsible for the specificity of this distinct subtype of the
C-type lectin-like venom proteins.

Introduction

Platelet adhesion and aggregation play important roles in homeo-
stasis and thrombosis. The glycoprotein (GP) Ib-IX-V complex on
the membrane of platelets functions as the primary receptor for
von Willebrand factor (vWF) bound to the subendothelial matrix. The
formation of the vWF-GPIb-IX-V complex regulates both the initial
adhesion of platelets to the subendothelium at high shear and the
shear-induced platelet aggregation which leads to thrombus formation
(1).

A number of GPIb-binding proteins (GPIb-bp) have been isolated
from various viperid snake venoms and characterized in the past 
few years (2), including alboaggregin-B (AL-B) from Trimeresurus 
albolabris (3), echicetin from Echis carinatus (4), agkicetin from
Deinagkistrodon acutus (5), jararaca GPIb-BP from Bothrops jararaca
(6), tokaracetin from Trimeresurus tokarensis (7), CHH-B from 
Crotalus horridus horridus (8), mamushigin from Agkistrodon halys
blomhoffii (9), and crotalin from Crotalus atrox (10). Snake venom 

proteins specifically bind to the GPIb molecule at or in close proximity
to the vWF-binding site, resulting in inhibition of platelet agglutination,
with the exception of AL-B and mamushigin which induce agglutina-
tion of fixed human platelets without any cofactor. These proteins are
disulfide-linked heterodimers containing subunits homologous to the
carbohydrate-recognition domain (CRD) of the C-type lectins. They are
classified into group VII of the lectins (11) along with pancreatic-
associated proteins (12) and pancreatic-stone proteins (13). The C-type
lectin-like superfamily from snake venom is comprised of GPIb-bp and
other structurally similar proteins with diversified biological activities.
For example, the venom of Bothrops jararaca contains at least four
lectin-like proteins of different functions: jararaca IX/X-bp (14), two-
chain botrocetin (15), bothrojaracin (16), and jararaca GPIb-binding
protein (6). Jararaca IX/X-bp binds to coagulation factors IX and X in
the presence of calcium ions (14). Botrocetin induces vWF binding to
glycoprotein Ib (GPIb) of platelets (15). Bothrojaracin is a thrombin 
inhibitor binding the exosite of �-thrombin (16). Jararaca GPIb-BP is
an antagonist specific to platelet GPIb (6). To ferret out the putative
binding sites of these venom proteins for their targets will be important
for mechanistic studies and drug design based on these proteins.

We have previously isolated agkicetin-C, a heterodimeric GPIb 
antagonist, from the venom of Deinagkistrodon acutus (the Five-pace
pit viper) of China (5). Herein, the cDNAs encoding both subunits of
agkicetin-C were cloned and sequenced to resolve the complete protein
sequence. Moreover, a three-dimensional model of agkicetin-C was
constructed using the x-ray crystallographic structure of habu IX/X-bp
as a template (17). Some significant residues responsible for glyco-
protein Ib-binding are proposed and discussed.

Materials and Methods

Materials

Crude venom and fresh venom glands of D. acutus from China were 
provided by Dr. M. Y. Liau (Institute of Preventive Medicine, Taiwan). 
Trifluoroacetic acid (TFA), acetonitrile, dithiothreitol, and 4-vinylpyridine
were from Merck (Germany). Sequencing grade Lys-C endoproteinase was
from Boehringer Mannheim (Germany). N-succinimidyl[2,3-3H]propionate
was purchased from Amersham (UK). Anti-GPIX mAb (MAB 1202) and anti-
GPIIbIIIa mAb (MAB 1207) were from Chemicon (USA). Anti-GPIb mAb
(AK-2) was kindly supplied by Dr. Michael Berndt (Baker Medical Research
Institute, Australia)  (18). Human vWF was purified by the method of Fujimura
et al. (19).

Platelet Agglutination Assay

Formaldehyde-fixed human platelets were prepared by the method of Peng
et al. (3). The inhibitory effects of purified venom proteins on the agglutination
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of fixed platelets induced by ristocetin (1.0 �g/ml) and human vWF (10 �g/ml)
were measured using an aggregometer (Payton, module 600B, Canada) as 
previously descried (4).

Binding of 3H-agkicetin to Fixed Platelets

Purified agkicetin-C was labeled by N-succinimidyl[2,3-3H]propionate
(20). The binding of 3H-GPIb-bp to platelets was measured as previously 
described (4). The labeled protein was mixed with either buffer or unlabeled 
ligands, such as agkicetin or monoclonal antibody AK-2 before the addition of
200 ml platelet suspension. The mixture was incubated at 37° C for 10 min and
then centrifuged at 12,000 � g for 2 min. The radioactivity of platelet pellets
was measured by a �-counter (LKB 1219 Rackbeta, Sweden).

Reductive Alkylation and Amino Acid Sequencing

Purified GPIb-bp (50 �M) was denatured for 2.5 h in the dark in 0.25 M
Tris-HCl buffer (pH 8.5) containing 6 M guanidine hydrochloride, 1 mM 
EDTA, and dithiothreitol (35 mM), under N2 gas at 50° C. The protein was 
alkylated by adding iodoacetamide (105 mM) and incubated at room tempera-
ture for 30 min (21). S-alkylated subunits were purified by RP-HPLC using a
Vydac C8 column (0.46 � 25 cm). The elution was performed using a gradient
of 0-30% acetonitrile (containing 0.07% TFA) over 10 min, followed by a
gradient of 30-50% acetonitrile over 40 min. The effluent was monitored at 
230 nm.

The alkylated � and � subunits of agkicetin-C were hydrolyzed by Lys-C
endoproteinase as described previously (22). Digested peptides were separated
by RP-HPLC on a Vydac C18 column (0.46 � 25 cm) and eluted with a linear
gradient of acetonitrile in 0.07% trifluoroacetic acid at a flow rate of 
1.0 ml/min. The effluent was monitored at 214 nm. After HPLC, the purified
oligopeptides were subjected to mass analysis and amino acid sequencing. An
automated gas-phase sequencer (Model 477A, Applied Biosystems, USA) was
used, and the phenylthiohydantoin derivatives of amino acids were determined
by an on-line HPLC system (23).

Ion Spray Mass Spectrometry (ISMS) Analysis

ISMS analysis was performed with a PE-Sciex API 100 mass analyzer.
About 50 pmole of the purified proteins or peptides was dissolved in 25 �l of
50% acetonitrile containing 0.1% acetic acid and injected into the analyzer for
positive mode analysis.

Cloning and Sequencing of Agkicetin-C

Two grams of fresh venom gland of Deinagkistrodon acutus (China) frozen
previously in liquid nitrogen was ground to powder and then quickly suspended
in 6 M guanidinium isothiocyanate, 5 mM sodium citrate (pH 7.0), 0.1 M 
�-mercaptoethanol, and 0.5% sarkosyl. This was homogenized on ice, and the
cell lysate was centrifuged to remove cell debris. RNA in the supernatant was
recovered (24). The poly(A) RNA was isolated according to the oligo-(dT) 
affinity method (25). A kit of cDNA synthesis from poly (A) RNA was used 
according to the manufacturer’s instructions (Stratagene, USA).

Polymerase chain reaction (PCR) was conducted to amplify internal cDNAs
of agkicetin-C. Two sets of degenerate oligonucleotide primers were designed
based on the N-terminal amino acid sequences and internal peptide sequences
determined for the purified agkicetin-C subunits. For PCR amplification of the
�-subunit cDNA, the sense primer AN (a 21-mer designed from the N-terminal
sequence DCLPGWS) and the antisense primer AC2 (a 20-mer designed
from the peptide sequence KDTGFRT) were used. For PCR amplification of
the �-subunit cDNA, oligonucleotide BN (a 22-mer designed from the N-termi-
nal sequence DCPPDWS) as sense primer and oligonucleotide BC (a 22-mer 
designed from the peptide sequence NQWLSRAC) as antisense primer were
synthesized. PCR was carried out using SuperTaq DNA polymerase (HT Bio-
technology, UK) under the following conditions: a first step of 2 min at 92° C

was followed by 30 cycles of 1 min at 92° C, 1 min at 55° C , and 1 min at 
72° C, after which there was a further incubation for 10 min at 72° C. PCR
products were subcloned by the dideoxythymidine-tailed vector method into a
pGEM T-vector (Promega, USA).

DNA sequencing was performed with an automatic fluorescence-base 
sequencing of PCR-amplified templates using the model 373A DNA 
Sequencing System with a Taq DyeDeoxy terminator cycle sequencing kit
(PE Biosystems, USA). The 3’-end of cDNA was determined from total RNA
by rapid amplification of cDNA ends (RACE) method with RACE kit (Life
Tech., USA). Based on the internal cDNA sequences, specific primers for
the � subunit (5’-TACCAGCCCTTCAAGCTCCTC-3’) and � subunit (5’-
GATTGTCCCCCTGATTGGTCC-3’) were also designed. The 5’-end of
cDNA was determined by PCR using a sense primer (5’-TGCCTGGAACTTG-
CAGACG-3’) designed from the 5’-untranslated cDNA sequence of habu
IX/X-bp (26) and two antisense primers (5’-ACGCGGTTTCAGGTACTTG-3’
and 5’-TGCCTGGAACTTGCAGACG-3’) designed from the internal cDNA
sequence of �- and �-subunits of agkicetin-C, respectively.

Computer Modeling

The tertiary structure of agkicetin was constructed by a homology modeling
technique based on satisfaction of spatial constraints derived from a high-
resolution crystal structure of habu IX/X-bp (17) with the protein data base
(PDB) entry as 1ixx. The sequences of both proteins were first aligned using the
program BESTFIT of GCG (WI, USA, Package vers. 9.1). These were further
manually adjusted by identifying sequence-conserved regions and disulfide
bond-linking residues. The alignment showed protein sequence identities of up
to 59% and 60% for the � and � subunits of agkicetin to those of IX/X-bp, 
respectively, and a deletion at position 59 in the � subunit of agkicetin. The
alignment was introduced into the program Modeller (27) then integrated in 
InsightII (Molecular Simulations, USA) to construct a 3D model of agkicetin-C.
Maximally satisfied coordinates were obtained without further manual inter-
vention or subjective constraints. After the prototype model was built, the side
chain conformations were refined by the program, SCWRL (28), with succes-
sive iterations of molecular dynamics followed by energy minimization using
InsightII/ DISCOVER and AMBER force fields. The numbers of constraints
applied to the protein were progressively reduced during subsequent cycles
(29). Reliability of the model was assessed on a residue-by-residue basis using
the programs, PROCHECK and WHAT IF (30, 31). Then program VERIFY
3D was used for further evaluation of 1D-to-3D compatibility (32). The results
were fed back to the refinement parameters. Molecular dynamics, energy 
minimization, and side chain rotamer alternation were focused on defective 
regions of the model, followed by global optimization cycle by cycle until an
optimized structure was obtained. The surface electrostatic properties of 
agkicetin-C were probed by the DelPhi program and then mapped onto the 
molecular surfaces of proteins viewed as contour maps (33).

Results

Inhibition of Platelet Agglutination by Agkicetin-C

The dose-dependent inhibitory effect of native agkicetin-C on 
ristocetin-vWF inducing platelet agglutination was shown in our 
previous report (5). The concentration of agkicetin-C required for 50%
inhibition of agglutination of human platelets (IC50) was approximately
12.5 nM. In contrast, agkicetin-C at 50 �g/ml showed no effect if the
aggregation was induced by ADP (10 �M), collagen (5 �g/ml), or
�-thrombin (0.1 U/ml). After reduction and alkylation, the subunits of
the agkicetins were separated immediately by RP-HPLC on a Vydac C8

column. The intact subunits were almost insoluble in Tris-saline buffer
(TBS) alone, but soluble in TBS containing 4 M urea. The dissociated
subunits (up to 10 �M) had no inhibitory activity on vWF-ristocetin-
induced platelet agglutination (data not shown).
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Binding of 3H-agkicetin to Platelets

Agkicetin-C was labeled with N-succinimidyl[2,3-3H]propionate
without loss of antiplatelet activity. The binding of the labeled proteins
to fixed human platelets was saturable, and was effectively inhibited
by an excess (50 fold) of unlabeled agkicetins (Fig. 1A). The results
of Scatchard analysis revealed that the binding sites of agkicetin-C
were 24,900 ± 1900 per platelet, and the dissociation constant Kd was 
16.8 ± 0.23 nM. Monoclonal antibody AK-2 could compete with the
binding of labeled agkicetin-C to fixed platelets in a dose-dependent
manner, and its IC50 was 2.8 �g/ml (Fig. 1B). Since the antibody is
known to be specific for the N-terminal domain of GPIb (18), this 
domain seems to be involved in venom protein binding. In contrast, the
monoclonal antibodies, MAB 1202 and MAB 1207 (against epitopes
on the GPIX and the GPIIbIIIa, respectively), had no effect on the bind-
ing of agkicetin-C to platelets.

Various sugars at concentrations up to 100 mM did not affect the
binding of agkicetin-C (15 nM) to fixed human platelets (Table 1).
Polycations, such as poly-l-lysine, effectively inhibited agkicetin 
binding with an apparent IC50 of 7.5 �M, but polyanions, such as 
heparin, at up to 100 �M had no effect on agkicetin binding. Binding
was also unaffected by EDTA, suggesting that binding is probably 
divalent-cation independent. However, increasing the ionic strength
of the buffers by addition of sodium sulfate inhibited agkicetin
binding. The IC50 for sodium sulfate was approximately 0.085 M
(Table 1).

cDNA Cloning and Nucleotide Sequencing

Based on the amino acid sequences of the N-terminal region and
those of the peptides, AK-9 or BK-8 derived from Lys-C hydrolysis,
two pairs of sense and antisense primers were designed, and PCR was
performed using Chinese D. acutus venom gland cDNA. The amplified
PCR products were sequenced. cDNA fragments containing nucleo-
tides 169-704 for the � subunit and nucleotides 130-685 for the �
subunit were obtained by the 3’-RACE procedure. The 5’ ends of the
cDNAs were also amplified by PCR, and nucleotides 1-525 for the �
subunit and nucleotides 1-498 for the � subunit were obtained. The
full-length nucleotide sequences of agkicetin-C cDNA were assembled
from the data of more than 3 clones from 3’-RACE and specific PCR.
Fig. 2 shows the complete nucleotide sequences and the deduced 
amino acid sequences of agkicetin-C subunits. The 704-bp cDNA for
the � subunit of agkicetin-C contains a 5’-untranslated region of 60 bp,
an open reading frame of 465 bp, and a 3’-end noncoding region of 
176 bp that includes a polyadenylation signal (AATAAA) and a poly
(A) tail. The cDNA for the � subunit of 685 bp contains a 5’-untrans-
lated region of 60 bp, an open reading frame of 438 bp, and a 3’-end
noncoding region of 184 bp that includes a polyadenylation signal 
(AATAAA) and a poly (A) tail. The deduced amino acid sequences of
the � and �-subunits contained a leader peptide of 23 amino acid 
residues, followed by a mature subunit of 132 and 123 residues, respec-
tively. The underlined amino acid sequences are consistent with those

Fig. 1 Binding of agkicetin-C to fixed platelets. (A) Concentration-dependent
binding of 3H-agkicetin-C. The assay mixture contained 6.0 � 107 fixed 
platelets and 3H-agkicetin in 200 �l buffer. After incubation for 10 min, it was
centrifuged, and radioactivities of the pellets were counted. Total binding was
measured in the absence of unlabeled proteins, while nonspecific binding was
in the presence of 50-fold unlabeled protein. Specific binding of agkicetin-C 
(–�–) was calculated by subtracting nonspecific binding from total binding.
(Inset) Scatchard plot of binding. (B) Effect of monoclonal antibodies. Platelet
suspensions were incubated with 3H-agkicetin-C (3.3 nM) and a monoclonal
antibody: AK2 (–�–), MAB1202 (–�–), or MAB1207 (–�–)

Table 1 Effect of various reagents on 3H-agkicetin-C binding to human
platelets
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of HPLC-purified peptide fragments. The molecular mass of deduced
S-carboxyamidated (SCA)-�- and �-subunits of agkicetin-C were 
calculated to be 15,781 and 14,743 Da, respectively. These values were
confirmed by ISMS analysis of the purified SCA-subunits.

To test the possibility that the messengers of both chains of 
agkicetin-C are linked in tandem in the same RNA transcript, PCR 
amplification was performed on total RNAs isolated from the venom
gland with a pair of specific primers (5’ sense of one subunit and 3’
antisense of another subunit). No PCR products encoding a double-
sized precursor protein could be identified. The results suggest that the
� and � subunits are coded by separate genes.

Homologous Modeling

A three-dimensional model of agkicetin-C was generated as 
mentioned in “Materials and Methods”, and compared with the crystal-
lographic structure of habu IX/X-bp (Fig. 3). A Ramachandran plot of
main torsion angles generated by the program PROCHECK showed
that 92% of the residues fall in the most favored regions. Only five 
residues fall outside the permissible regions. The energy profile over
the entire sequence of the model is in the reasonably folded region, 
indicating that the agkicetin model is nativelike.

Discussion

Deinagkistrodon acutus (formerly Agkistrodon acutus) is a mono-
typic pit viper snake of medical importance due to its large size, 
frequent snakebites on humans, and wide range in South and East 
China. The venom causes strong hemorrhagic, antiplatelet, and 
anticoagulating effects due to various enzymes and non-enzymatic
components. We have purified and characterized agkicetin-C from the
venom of Chinese D. acutus (5). The antiplatelet effect of agkicetin 
appears to mediate specifically through its binding to the N-terminal
domain of GPIb since it was replaced by a specific monoclonal anti-
body against GPIb (i.e., AK-2). As shown in Table 1, various sugars
did not affect the binding of agkicetin-C to fixed human platelet; a 
lectin-like mechanism for agkicetin thus could be ruled out. Binding
was also unaffected by EDTA, suggesting that binding probably is 
divalent-cation independent. However, increasing the ionic strength of
the buffers by addition of sodium sulfate inhibited agkicetin binding.
This is in accord with observations that platelet agglutination induced
by alboaggregin-B and bovine vWF was dependent on ionic strength
(3, 34). Positively charged polypeptides could interfere with the 
binding of ristocetin-mediated vWF to GPIb (35). We also found that
polycations such as poly-L-lysine, but not polyanions (i.e., heparin), 
effectively inhibited agkicetin binding (Table 1).

Amino acid sequences of snake venom proteins of the C-lectin
superfamily known to date show 44-70% identity (Fig. 4). The a 
subunit of agkicetin-C has the highest structural similarity (70%) to that
of AL-B, and the � subunit bears the highest similarity (69%) to 
mamushigin � subunit. Interestingly, sequences of the leader peptides
(Met–23-Ala–1) of all C-lectin-like venom proteins are almost identical.
Sequences in the non-coding regions of venom proteins of the C-type
lectin family generally bear higher similarities than those in their 
coding regions. Lower similarities in coding sequences relative to 
non-coding sequences of venom proteins may result from gene duplica-
tion and accelerated evolution of protein-coding regions to generate
new functional subtypes. Positive Darwinian evolution has been well
documented for other venom protein families including phospholipases

Fig. 2 Nucleotide and amino acid sequences of the cDNAs encoding �- and
�-subunits of agkicetin-C. Nucleotide numberings are above the nucleotide 
sequence, and amino acid numberings are given at the right side. The deduced
amino acid sequences are shown in one-letter codes, and residues determined
by protein sequencer are underlined. Asterisks and double-underlining denote
termination codons and poly(A) addition signals, respectively. The sequence
data are deposited in the GenBank database with the following accession 
numbers: AF102901 and AF102902

A)

B)
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Fig. 3 Comparison of the 3D model of agkicetin-C to
the structure of habu IX/X-bp. (A) �-Carbon backbones
of the subunits � and � are shown in blue and red, re-
spectively. Every 10th residue is marked. (B) Surface
electrostatic potential maps. Orientation of the mole-
cules is the same as that in (A). The putative binding
sites in habu IX/X-bp (17, 38) and charged residues
on agkicetin possibly participating in GPIb binding
are marked. Residues belonging to subunits � or � are
denoted respectively by letters a or b after the residue
numbers. The color of electrostatic potential maps
ranged from red (–20 kBT/mol) via white (0 kBT/mol)
to blue (20 kBT/mol), where kB stands for Boltzmann’s
constant and T, absolute temperature

A2, metalloproteases, serine proteases, and Elapidae non-enzymatic
toxins (36, 37 and references therein).

The three-dimensional model of agkicetin-C which is based on the
x-ray crystallographic structure of habu IX/X-bp is shown in Fig. 3A. In
this model the backbone folds of both subunits of agkicetin-C are
similar to each other, and their central regions project toward each 
other forming a tight association. The hydrophobic or core residues are
highly conserved in the amino acid sequences of agkicetin and 
habu IX/X-bp, and they share 60% overall identity in protein sequences
(Fig. 4). The only obvious main chain difference between the two is the
C-terminal four residues extension in agkicetin, which is absent in 
habu IX/X-bp. The root mean square differences (RMSD values) for
superposition of the Ca atoms between agkicetin and habu IX/X-bp are
generally less than 0.3 Å.

Although the backbone structures of both venom proteins are
very similar (Fig. 3A), the two molecules have quite different
patterns of electrostatic surface potential, particularly at the concave

surface created by the dimerization (Fig. 3B). The central region
of the concave surface of habu IX/X-bp is much more basic (blue
color) than that of agkicetin. The variable residues presumably are
critical sites for their distinct functions. It was proposed previously that
the putative binding sites of habu IX/X-bp for coagulation factors IX or
X are located at this central concave surface, with Lys100 of subunit A
and Lys100 and 105, Arg107, 109, and 112 of subunit B binding
Gla-residues of the coagulation factors (17). In addition, some acidic
residues of IX/X-bp, e.g., Glu96, 98, and 108 in subunit A and Glu92
and 93 in subunit B, are likely to coordinate Ca2+ ions (38). Noticeably,
most of the corresponding positions in agkicetin are not charged
(e.g., Phe97 of � subunit, and Gly92, Ile93, Gln105, Leu107, and
Ser112 of � subunit). On the other hand, in the homologous mannose-
binding protein, the five residues coordinating Ca2+ ion (i.e., Glu185,
Asn187, Glu193, Asn205, and Asp206) (39, 40) are either deleted or
changed in the corresponding positions in agkicetin-C. These sequence
differences may explain why agkicetins do not require Ca2+ for activity,
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Fig. 4 Sequence comparison of agkicetin-C-related venom proteins. Agkicetin-C to DACV X-bp are aligned by distinct functions: the first six specifically bind
to GPIb; the latter three bind to vWF, thrombin, and p62/GPVI collagen receptor, respectively; and the last three bind to the coagulation factors IX or X. Amino
acid numbering follows that of agkicetin-C. Gaps (–) are introduced to improve alignment. Identical residues are shaded. References are: echicetin from Echis
carinatus venom (41, 42); jararaca GPIb-BP from Bothrops jararaca venom (43); CHH-B from Crotalus horridus horridus venom (8); alboaggregin-B (AL-B)
from Trimeresurus albolabris venom (44); mamushigin from Agkistrodon halys blomhoffii venom (9); botrocetin from Bothrops jararaca venom (45); bothrojar-
acin from Bothrops jararaca venom (46); convulxin (CVX) from Crotalus durissus terrificus venom (47); ECLV IX/X-bp from Echis carinatus leucogaster
venom (22); habu IX/X-bp from Trimeresurus flavoviridis venom (48); and DACV X-bp from Deinagkistrodon acutus venom (38)
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and do not bind to carbohydrates nor to coagulation factors IX
and X.

The salts with divalent anions (e.g., SO4
2+) and polycations (e.g., 

polyLys) inhibited GPIb-binding (Table 1), electrostatic interactions
are probably involved. Charged residues located on the subunit 
interface or the concave surface possibly involve in GPIb binding since
separated subunits were inactive toward platelets. For example, surface
basic residues at position 60, 62, 99, 105, and 106 of the a subunit and
21, 109, and 113 of the � subunit seem to constitute a continuous 
positively charged patch on the right side of the central concave
surface of agkicetin-C in this 3D-model (Fig. 3B). Moreover, sequence 
alignment reveals that some surface residues such as Lys121 of the �
subunit and Asp62, Glu95, and Asp103 of the � subunit are distinctly
conserved in all GPIb-binding proteins (Fig. 4). However, these 
putative hypothesis and discussions based upon the results of modeling
are highly speculative and remain to be investigated by crystallographic
analyses and site-directed mutagenesis.

In conclusion, we have characterized and sequenced the glyco-
protein Ib-binding protein (agkicetin-C) from Deinagkistrodon acutus
venom. The proteins specifically block the vWF-GPIb interaction and
are potential leads for designing novel anti-thrombotic drugs. The 
complete sequence and the three-dimensional model of agkicetin helps
to explain its lack of binding capacity to coagulation factors and initiate
some speculations on possible GPIb binding sites of the molecule.
Hopefully, our results may serve as a basis for rational site-directed 
mutagenesis experiments of the venom GPIb-bps to explore their 
binding mechanism and structure-function relationships, which may
contribute to the design of low molecular weight GPIb antagonists.
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