
 

– 591 – 

Chinese Journal of Natural Medicines 2019, 17(8): 05910599
 

Chinese 
Journal of 
Natural  
Medicines 

                 
 
 
 
 

   

 

A novel protease-activated receptor 1 inhibitor from  
the leech Whitmania pigra  

REN Shen-Hong1∆, LIU Zhao-Jun1∆, CAO Yuan1, HUA Yi2, CHEN Cong3, 
GUO Wei1, KONG Yi1* 

1 School of Life Science & Technology, China Pharmaceutical University, Nanjing 210009, China; 
2 School of Life Science, China Pharmaceutical University, Nanjing 210009, China;  
3 Jiangsu Province Hospital of Chinese Medicine, Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing 210029, 
China 

Available online 20 Aug., 2019 

[ABSTRACT] Whitmania pigra has been used as a traditional Chinese medicine (TCM) for promoting blood circulation, alleviating 
blood coagulation, activating meridians and relieving stasis for several hundred years. However, the therapeutic components of this 
species, especially proteins and peptides were poorly exploited. Until now only a few of them were obtained by using chromatographic 
isolation and purification. In recent decade, transcriptome techniques were rapidly developed, and have been used to fully reveal the 
functional components of many animal venoms. In the present study, the cDNA of the salivary gland of Whitmania pigra was se-
quenced by illumina and the transcriptome was assembled by using Trinity. The proteome were analysed by LC-MS/MS. Based on the 
data of the transcriptome and the proteome, a potential antiplatelet protein named pigrin was found. Pigrin was cloned and expressed 
using P. pastoris GS115. The antiplatelet and antithrombotic bioactivities of pigrin were tested by using aggregometer and the rat arte-
rio-venous shunt thrombosis model, respectively. The bleeding time of pigrin was measured by a mice tail cutting method. The docking 
of pigrin and protease-activated receptor 1 (PAR1) or collagen were conducted using the ZDOCK Server. Pigrin was able to selectively 
inhibit platelet aggregation stimulated by PAR1 agonist and collagen. Pigrin attenuated thrombotic formation in vivo in rat, while did 
not prolong bleeding time at its effective dosage. There are significant differences in the key residues participating in binding of Pi-
grin-Collagen complex from Pigrin-PAR1 complex. In conclusion, a novel PAR1 inhibitor pigrin was found from the leech Whitmania 
pigra. This study helped to elucidate the mechanism of the leech for the treatment of cardiovascular disorder. 
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Introduction 

Leeches (Euhirudinea) first named by Linnaeus in 1758 
are a kind of blood-sucking annelids [1]. They live naturally in 
aquatic or moist terrestrial regions, such as ponds, lakes, riv-
ers, and sea [2]. Most of them are external parasites, and sur-
vive on their host’s blood [3]. To adapt their own special life-
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style of hematophagy, leeches developed a versatile salivary 
gland which secreted a variety of bioactive substances to pre-
vent blood clotting and facilitate their feeding [4]. Based on 
their anticoagulant function, the salivary components of 
leeches attracted the attention of researchers for antithrom-
botic drug development. Since the original discovery of hi-
rudin, a thrombin inhibitor purified from the leech Hirudo 
medicinalis in 1950s [3], numerous proteins and peptides were 
obtained from leeches. The hot time of these researches was 
conducted between 1980s−2000s, using chromatographic 
purification technique to find new proteins or peptides. Over 
the recent decade, transcriptome techniques were developed 
rapidly, and have been used to reveal the functional proteins 
and peptides of many species of leeches, such as Haementeria 
depressa [5], Macrobdella decora [6], Haementeria vizottoi [7], 
and Pontobdella macrothela [8]. 
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Whitmania pigra is a traditional Chinese medicine (TCM) 
for promoting blood circulation, alleviating blood coagulation, 
activating meridians and relieving stasis for several hundred 
years. So far, only a few anticoagulant molecules were ob-
tained from this species, such as WP-30 [9], whitide [10] and 
HF2 [11], by using chromatographic isolation and purification. 
In the present study, we found a novel PAR1 inhibitory pro-
tein named pigrin by using the transcriptome and the pro-
teome. Biological studies showed that pigrin inhibited platelet 
aggregation induced by PAR1 agonist and collagen but did 
not by ADP and U46619 in vitro. Furthermore, pigrin showed 
strong activity to inhibit thrombosis in vivo in rat, without 
bleeding at its effective dosage.  

This study helps to elucidate the mechanism of the leech 
for the treatment of cardiovascular disorder. Also pigrin can 
be a lead compound for the design of new PAR1 inhibitor. 

Materials and Methods 

Gland transcriptome 
Specimens of Whitmania pigra were collected from 

Huai’an Tianyi leech company, Jiangsu, China. Whole sali-
vary gland of live specimens was dissected, snap-frozen in 
dry ice and stored at −80 °C. cDNA library preparation, 
normalization and illumina sequencing were performed by 
Annuo company, Beijing, China. De novo transcriptome 
assembly was performed using Trinity (http://trinityrnaseq. 
sourceforge.net). The assembled transcriptome was trans-
lated into 6-frames from which open reading frames were 
extracted and used as a database for subsequent MS-ma-
tching. The signal peptide sequence was determined using 
the SignalP 4.1 server [12]. 
Salivary gland protein preparation 

The salivary gland was excised and transferred into 
20 mmol·L−1 PBS. After dissection, salivary glands were ho-
mogenized in a blender with 0.025 mol·L−1 of PBS and cen-
trifuged at 14 000 r·min−1 for 1 h at 4 °C. The lyophilized 
supernatant was stored at −20 °C until use. Lyophilized su-
pernatant was resuspended in 0.1% trifluoroacetic acid 
(TFA)/20% acetonitrile (MeCN), then centrifuged and the 
supernatant was collected and lyophilized. This process was 
repeated with 40% and 60% MeCN.  
Proteome 

Peptide mixtures were diluted 10-fold with 50 mmol·L−1 
NH4HCO3 buffer. Add dithiothreitol (DTT) from a 0.5 mol·L−1 
stock to a final concentration of 5 mmol·L−1 and incubate for 
30 min at 56 °C to reduce disulfide bonds. Allow the protein 
mixture to cool to room temperature, spin briefly to collect 
condensation. Add iodoacetamide to 14 mmol·L−1 final con-
centration. Incubate for 30 min at room temperature and in the 
dark to alkylate cysteines. Quench unreacted iodoacetamide by 
adding 0.5 mol·L−1 DTT to additional 5 mmol·L−1 and incu-
bating 15 min at room temperature in the dark. Trypsin was 
added to the sample (1 : 50), incubated overnight at 37 °C. All 
digested peptide mixtures were passed over a C18 column to 

remove extra salt. Tryptic peptides were eluted from the 
column with 80% ACN in 0.1% TFA and dried in a vacuum 
centrifuge for later use. 

The dried peptides were dissolved in solvent A (5% ACN, 
0.1% formic acid) and analyzed on Triple TOF 5600 systems 
(AB SCIEX, Concord, ON, Canada) in an information de-
pendent mode. Briefly, peptides were separated by reverse- 
phase column (ZORBAX 300SB-C18 column, 5μm, 300 Å, 
0.1 mm × 15 mm; Micromass) using an Eksigent 1D PLUS 
system (AB SCIEX, Concord, ON, Canada) at an analytical 
flow rate of 300 nL·min−1. The peptides were separated with a 
120 min linear gradient from 5% to 40% solvent B (0.1% 
formic acid/90% acetonitrile). Survey scans were acquired 
from 400 to 1500 with up to 15 precursors selected for 
MS/MS and dynamic exclusion for 20 sec. 
Mass spectrometry matching 

Data were processed in ProteinPilot software (version 
Beta 4.1.46, AB/MDS SCIEX, Foster City, CA, USA) using 
the Paragon algorithm. For peptide identification, MS/MS 
data were searched using MASCOT version 2.3.02 (Matrix 
Science, London, United Kingdom) against database com-
prised the Whitmania pigra salivary gland transcriptome (de-
scribed in experimental procedures). 

The search parameters were as follows: threshold set-off 
at 0.05 in the ion-score cutoff (with 95% confidence); MS/MS 
fragment ion mass tolerance of ± 0.1 Da; enzyme specificity 
was set to trypsin with one missed cleavage; peptide tolerance 
was set at 25 × 10−6; variable modifications of oxidation at 
Met; peptide change was set at Mr and monoisotopic mass 
was chosen; charge states of peptides were set to +2 and +3. 
Only peptides with significance scores greater than “identity_ 
score” were counted as identified. 
Annotation 

The unigenes that include open reading frame were an-
notated using Gene Ontology (GO, http://geneontology.org), 
UNIPROT (http://www.uniprot.org/), NR (ftp://ftp.ncbi.nlm. 
nih.gov/blast/db), NT (ftp://ftp.ncbi.nlm.nih.gov/blast/db), or 
Pfam databases (http://pfam.xfam.org/). Several putative pro-
teins acting on platelets, fibrin and the clotting cascade 
were identified. Among of them, a protein named pigrin 
exhibited similarity to saratin, which was a platelet aggre-
gation inhibitor. 
Expression and purification 
Plasmids, strains and culture medium 

The construction of recombinant plasmids was carried 
out in Tran1-T1 Phage Resistant (GENEWIZ, Suzhou, China). 
The P. pastoris GS115 strain was used as a host for the ex-
pression of heterogenous proteins. pEFαA blank plasmid were 
extracted from the E. coli DH5α (The P. pastoris GS115 and 
the E. coli DH5α strain were donated by professor CUI 
Zhong-Li, College of Life Sciences, Nanjing Agricultural 
University, Nanjing, China). E. coli DH5α and Tran1-T1 
Phage Resistant were cultured in Luria-Bertani medium (LB) 
[1% (W/V) tryptone, 0.5% (W/V) yeast extract, and 1% (W/V) 
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NaCl] at 37 ºC. The P. pastoris yeast strain was cultured in 
yeast extract peptone dextrose medium (YPD) [1% (W/V) 
yeast extract, 2% (W/V) tryptone, 2% (W/V) dextrose]. YPDZ 
plates containing Zeocin (100 μg·mL−1) were used for the 
selection of positive P. pastoris transformants. Buffered 
minimal methanol-complex medium (BMMY) was prepared 
with 2% (W/V) tryptone, 1% (W/V) yeast extract, 0.5% (W/V) 
methanol, 1.34% (W/V) yeast nitrogen base with ammonium 
sulfate but without amino acids, and 4 × 10−5% (W/V) biotin 
in 100 mmol·L−1 potassium phosphate buffer. 
Expression and purification of a recombinant protein in P. 
pastoris. 

Genes for pigrin were synthesized by GENEWIZ and 
cloned in pEFαA vector, which contains the zeocin-resistance 
gene and the alcohol oxidase 1 (AOX1) promoter and the 
α-factor secretion signal peptide. The synthetic sequence dis-
plays a Kpn I restriction site (GGTACC) at the 5'end, and the 
3'end comprised a sequence for 6xHis, a stop codon, and a 
Xba I restriction site (TCTAGA).  

Recombinant protein was expressed in P. pastoris ac-
cording to the previously described method [13] with a minor 
modification. Nde I was used to linearize 5–10 μg pEFαA- 
Pigrin plasmid DNA, and linear DNA was then transformed 
into the competent P. pastoris GS115 cells using an Electro-
porators (Bio-Rad, Hercules, CA, USA); conditions used: 
1.5 kV, 200 Ω, 25 μF, and 4.5 ms). pEFαA blank plasmid 
vector alone was also linearized and transformed into P. pas-
toris GS115 cells as a negative control. Then they were 
spread on YPDZ plates and the zeocin-resistant colonies were 
verified by colony PCR [14].  

Culture supernatant containing pigrin was collected by 
centrifugation after shake flask fermentation. And then the 
supernatant was concentrated with 3kDa ultrafiltration tubes 
(Millipore, Bedford, MA, USA). Samples were loaded in a 
column previously loaded with Ni NTA Beads 6FF (Solarbio, 
Beijing, China). Columns were washed with 100 mL of 
NTA-0, followed by 50 mL each of 20, 40, 60, 80, 100, 200 
and 1000 mmol·L−1 imidazole diluted in NTA-0 Fractions 
were dialyzed against 5 mmol·L−1 Tris-HCl buffer and ana-
lyzed by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). 
Bioactivity assay 
Animals  

Institute of Cancer Research (ICR) mice (18–22 g), and 
Sprague-Dawley rats (180–250 g) were purchased from Nan-
jing Qinglongshan Animal Center (Jiangsu Province, China). 
They were housed in a temperature-controlled room at 25 ± 
2 °C and 50% ± 5% relative humidity with a l2 h dark/light 
cycle. They were given free access to food and water ad libi-
tum. The animals were acclimatized for at least 1 week prior 
to use. All experiments were carried out in accordance with 
the guidelines and the regulations of the Ethical Committee of 
the China Pharmaceutical University (CPU2017-S10, 25 
September 2017). The protocols were approved by the Insti-

tutional Animal Care and Use Committee of the China Phar-
maceutical University. 
Platelet preparation 

Human venous blood was drawn from healthy donors 
without stasis into the siliconized vacutainers (BD, Franklin 
Lakes, NJ, USA). The blood samples were centrifuged at 
168 g for 5 min to obtain platelet-rich plasma (PRP). 
Gel-filtered human platelets were prepared as previously de-
scribed [15]. The gel-filtered human platelets collected from 
sepharose 2B column were combined and adjusted to 3 × 108 
platelets/mL using Tyrode’s buffer (5.56 mmol·L−1 glucose, 
137 mmol·L−1 NaCl, 2.7 mmol·L−1 KCl, 2.56 mmol·L−1 
NaH2PO4·2H2O, 20 mmol·L−1 HEPES, 137 mmol·L−1 
MgCl2·6H2O, 0.1% BSA, pH 7.4). 
Platelet aggregation assay 

In vitro platelet aggregation was measured using the tur-
bidimetric method with a four-channel aggregometer (LBY- 
NJ4, Pulisheng Instrument Co. Ltd., Beijing, China) as pre-
viously described [16-17]. Aliquots of gel-filtered human plate-
lets at a concentration of 3 × 108 platelets/mL were preincu-
bated with pigrin or vehicle for 5 min at 37 ºC. Then platelet 
aggregation was induced by ADP (5 μmol·L−1), U46619 
(3 μmol·L−1), Collagen (2 μg·mL−1), thrombin (0.1 U·mL−1), 
SFLLRN-NH2 (2 μmol·L−1), Ristocetin (1 mg·mL−1) or 
AYPGFK-NH2 (75 μmol·L−1) (SFLLRN- NH2 for specific for 
PAR1 [18]; AYPGFK-NH2 for PAR4 [19]; Ristocetin for 
GPIb [18]). The maximum platelet aggregation rate was 
determined within 5 min with continuous stirring. The light 
transmittance was calibrated with Tyrode’s buffer. 
Arterio-venous shunt thrombosis assay in vivo 

Antithrombotic activity of Pigrin in vivo was tested in a 
rat arterio-venous shunt thrombosis model according to the 
previously described method with a minor modification [20-21]. 
The rats were randomized into five groups: saline (vehicle), 
aspirin (50 mg·kg−1), and the Pigrin groups (5, 10 and 
15 mg·kg−1). The doses were administered through tail veins. 
Twenty minutes after the administration, rats were 
anesthetized with chloral hydrate (300 mg·kg−1, i.p). The 
right common carotid artery and left jugular vein were 
isolated and cannulated with two 4-cm long saline-filled 
tygon tubes. Then a 12-cm long polyethylene tube 
(containing a 10-cm long silk thread), filled with heparin 
saline solution (50 U·mL−1), was inserted between the two 
4-cm long tygon tubes. The extracorporeal circulation was 
maintained for 20 min and the shunt was then removed. The 
silk thread was withdrawn from the polyethylene tube and 
its dry weight was measured 30 min later at 60 °C. Dry 
weights of thrombi were determined by subtracting the 
weights of dry 10-cm long threads. 
Bleeding time 

Bleeding time of the mice was measured by a tail cutting 
method as described previously [22]. Mice were randomly 
divided into five groups (10 per group), including a vehicle 
group, aspirin group (50 mg·kg−1 of aspirin-treated) and three 
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sample groups (15, 30 and 45 mg·kg−1 of pigrin-treated). 
Docking experiments 

Protein-protein docking was conducted using the ZDOCK 
Server [23]. ZDOCK uses a fast Fourier transform-based algo-
rithm to produce candidate docked structures from rigid pro-
tein units [24]. The ZDOCK program is primarily used to 
search for all possible models of interaction in the space be-
tween two proteins by translation and rotation, and to evaluate 
each binding model using an energy-based scoring function. 
Here, the best models of the Pigrin−Collagen (PDB : 2F6A) 
complex and Pigrin−PAR1 (PDB : 3BEF) complex were 
docked by ZDOCK Server in 3.0.2 version (Accelrys Soft-
ware Inc., San Diego, CA, USA) [23]. For this ZDOCK work, 
PAR1 (PDB : 3BEF) and collagen (PDB : 2F6A) were fixed 
and pigrin was allowed to be flexible. The structure of pigrin 
was obtained through homology modeling [25]. For a detailed 
description, see the ZDOCK server home page (http: //zdock. 
umassmed.edu/).  
Statistical analysis 

All data are expressed as mean ± standard deviation (SD). 
Statistical significance was evaluated using one-way ANOVA 
followed by Dunnett’s multiple comparisons test and two-way 
ANOVA by the Bonferron’s multiple comparisons test. A 
value of P < 0.05 was selected as statistical significance. The 
data were analyzed with GraphPad Prism 6 (GraphPad Soft-
ware, Inc., La Jolla, CA, USA). 

Results 

Identification of salivary gland transcriptome 
cDNAs prepared from salivary gland of Whitmania pigra 

were sequenced using IlluminaHiSeq™ 4000 (Illumina, San 
Diego, CA, USA). After sequencing and cleaning the 
low-quality reads, we acquired 46 522 622 clean reads from 
the salivary gland. Using the Trinity program for the de novo 
assembly of clean reads into contigs, 53 077 contigs were 
generated from salivary gland. Finally, the transcriptome data 
consisted of 38 164 putative gene objects (all unigenes) rang-
ing from 201 to 52 082 bp, with an average length of 933 bp. 
The N50 of unigenes was 1787 bp. 
Identification of salivary gland proteome 

High-resolution MS/MS of the salivary gland protein of 
C. Whitmania pigra generated 51 502 MS/MS spectra. This 
library of spectra was matched against the salivary gland 
transcriptome database using Mascot software (Matrix Science, 
London, UK). A total of 561 proteins were identified. 
Annotation 

Pigrin has a highly identity of 66% with saratin (identity 
≥ 40, e-value ≤ 1 × 10–5), an antiplatelet aggregation protein. 
The match of the library of MS/MS spectra of Whitmania 
pigra salivary gland against transcriptome database also indi-
cated that pigrin exist in salivary gland (Fig. 1). So pigrin was 
chosen to clone, express, purify and characterize. 

 

Fig. 1  The venom peptide pigrin shares structural similarity with sarartin. Sequence alignment of pigrin and saratin (NCBI: 
2K13_X), the signal peptide sequence highlighted in purple was determined using the Signal P 4.1 server, and the sequences 
match by proteome in yellow. Amino acid conservations are denoted by an asterisk (*). Full stops (.) and colons (:) represent a low 
and high degree of similarity, respectively  

 

Clone, expression, and purification of Pigrin 
The Kpn I and Xba I sites were used to insert the DNA 

fragment encoding the pigrin in the P. pastoris expression 
vector pEFαA which contains α-factor secretion signal 
peptide and an alcohol oxidase 1 (AOX1) promoter 
(Fig. 2A). 

The positive colonies were cultured in BMMY medium. 
SDS-PAGE analysis showed that pigrin was successfully 
expressed in the P. pastoris GS115 transformant. The mo-
lecular weight of the protein was approximately 12 kDa as 
determined by SDS-PAGE (Fig. 2B). 

The culture supernatant was primarily purified by a column 
previously loaded with Ni NTA Beads 6FF and the target 
protein was eluted at 60 mmol·L−1 imidazole diluted in 

NTA-0 (Fig. 2C). The purity of pigrin was > 95%, as revealed 
by SDS-PAGE (Fig. 2D) and about 80 mg of pigrin was ob-
tained. 
Pigrin inhibited collagen and thrombin-induced platelet ag-
gregation in vitro 

To study the anti-platelet aggregation effect of pigrin, the 
gel-filtered human platelets induced with various agonists 
was chosen as an in vitro model. As shown in Fig. 3A, pigrin 
selectively inhibited thrombin and collagen-induced platelet 
aggregation but did not inhibit U46619 and ADP-induced 
platelet aggregation. Further studies showed that pigrin inhib-
ited collagen and thrombin-induced platelet aggregation in a 
dose-dependent manner with IC50 of 0.39 μmol·L−1 (Fig. 3B) 
and 0.36 μmol·L−1 (Fig. 3C) respectively. 
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Fig. 2  Clone, expression and purification of pigrin. (A) Design of recombinant plasmid pEFαA-Pigrin; (B) SDS-PAGE analysis 
of the concentrated supernatant. Line 1: protein marker; Line 2: the concentrated supernatant; (C) Profile of gel filtration of the 
fractions from the Ni-chelating affinity chromatography. The arrow indicates the purified protein eluting peak which corresponds 
to the 60 mmol·L−1 imidazole; (D) SDS-PAGE analysis of the purified pigrin after gel filtration. Line 1: protein marker; Line 2−5: 
the eluting fraction which corresponds to the 0, 20, 40 and 60 mmol·L−1 imidazole; Line 6: fermented supernatant 
 

Pigrin inhibited SELLRN-NH2 induced platelet aggregation in 
vitro 

There are three thrombin receptors on the surface of 
platelet: glycoprotein Ib (GPIb), PAR1 and protease-activated 
receptor 4 (PAR4). To clarify which receptor pigrin act on, we 
used human gel filtrated platelet induced with various specific 
agonists as an in vitro model. We surprisingly found that pi-
grin inhibited SFLLRN-NH2-induced platelet aggregation by 
20.50% ± 2.17% but did not inhibit AYPGFK-NH2 and risto-
cetin induced platelet aggregation (Fig. 4). 
Pigrin inhibited arterio-venous shunt thrombosis in rats in vivo 

To examine whether pigrin exerted antithrombotic effects 
in vivo, pigrin was challenged in an arterio-venous shunt 
thrombosis model in rats. As illustrated in Fig. 5, pigrin inhib-
ited thrombosis formation in a dose-dependent manner. After 
the administration of pigrin at 15 mg·kg−1, the thrombus dry 
weight was reduced by 43.23% ± 12.63% (mean ± SD, n = 6), 
indicating that the anti-thrombosis ability of pigrin at 
15 mg·kg−1 was comparable to that of aspirin at 50 mg·kg−1 
in vivo. 
Pigrin exhibited a low bleeding risk in mice.  

To assess the bleeding risk incurred by pigrin, we meas-

ured the bleeding time of pigrin-treated mice by a mice tail 
cutting assay at pigrin concentrations of 15, 30 and 45 mg·kg−1, 
representing three times the doses used for the in vivo 
anti-thrombotic studies. As shown in Fig. 6, a slight prolonga-
tion of the bleeding time was observed at 45 mg·kg−1 of 
pigrin. At doses of 10 and 15 mg·kg−1, the efficient dos-
ages required for avoiding thrombus formation in rat, pi-
grin did not significantly prolong the bleeding time com-
pared with the vehicle group, suggesting that pigrin con-
fers a low bleeding risk. 
3D Model of the pigrin-collagen complex and pigrin-PAR1 
complex. 

The experiments were carried out on the ZDOCK pro-
gram software (Accelrys Software Inc., San Diego, CA, USA). 
The calculation process was completed on the ZDOCK Server. 
The PDB formats of the two proteins were input to the corre-
sponding position of the web server for protein-protein mac-
romolecular docking, in which PAR1 or collagen was used as 
the receptor protein and pigrin was used as the ligand protein. 
After calculations, download and view the docked protein 
complex files and score files. The output file shows the 
ZDOCK docking protein data and ZRANK scores. 
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Fig. 3  Pigrin inhibited collagen- and thrombin-induced human platelet aggregation in vitro. (A) Gel-filtered was preincubated 
for 5 min with pigrin (1.416 μmol·L−1) or the vehicle. Platelet aggregation was initiated with ADP (5 μmol·L−1), U46619 (3 μmol·L−1), 
thrombin (0.1 U·mL−1) or collagen (2 μg·mL−1). Different concentrations of pigrin inhibited collagen- (B) and thrombin-induced 
(C) human platelet aggregation. Data are shown as the mean ± SD (n = 3), *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 vs the 
vehicle group, analyzed by two-way ANOVA followed by the Bonferron’s multiple comparisons test (A) and one-way ANOVA fol-
lowed by Dunnett’s multiple comparisons test (B, C) 
 

 

Fig. 4  Pigrin inhibited SELLRN-NH2-induced platelet ag-
gregation in vitro. Gel-filtered was preincubated for 5 min 
with pigrin (1.416 μmol·L−1) or the vehicle. Platelet aggrega-
tion was initiated with SFLLRN-NH2 (2 μmol·L−1), Ristocetin 
(1 mg·mL−1) or AYPGFK-NH2 (75 μmol·L−1). Data are the 
mean ± SD (n = 3), **P < 0.01 vs the vehicle group, analyzed 
by two-way ANOVA followed by the Bonferron’s multiple 
comparisons test 

 

According to the ZRANK, the protein with the highest 
score can be determined. The higher the score, the more reli-
able the protein fit model. This work chose the highest score 
complex as model. The key amino acids, Arg3, Tyr36, Asp39, 
Tyr42, Glu61, Asp64, Asp66, Tyr78 and Ser81 in pigrin are 
necessary for pigrin-collagen complex binding, while Arg13, 
Tyr15, Ser17, Phe18, Phe22, Phe68 and Asp71 are important 
in docking with PAR1 (PDB : 3BEF, Fig 7). 

 

Fig. 5  Pigrin inhibited arterio-venous shunt thrombosis in 
rats in vivo. After the administration of pigrin (5, 10 and 
15 mg·kg−1), aspirin (50 mg·kg−1) and the vehicle, Spra-
gue-Dawley rats were weighted and anesthetized by intrap-
eritoneal injection of 10% chloral hydrate (5 mL·kg−1) and an 
arterio-venous shunt tube (12 cm, containing 10-cm long of 
single silk thread) was installed between the right carotid 
artery and left jugular vein of each rat. The silk thread was 
removed from the shunt tube after 20 min, and the dry 
weight of the thread was measured 30 min later at 60 °C. 
The dry weights of the formed thrombi were determined by 
subtracting the pre-experiment weights of the dry 10-cm 
threads, respectively. Data are the mean ± SD (n = 6), **P < 
0.01 and ****P < 0.0001 vs the vehicle group, analyzed by 
one-way ANOVA, followed by the Dunnett’s multiple com-
parisons test 
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Fig. 6  Pigrin exhibited a low bleeding risk in mice. Fifteen 

minutes after the administration of pigrin (15, 30 and 45 mg·kg−1), 
aspirin (50 mg·kg−1) and the vehicle, mice were anesthetized 

with intraperitoneal 5% chloral hydrate (6 mL·kg−1). And a 

3 mm-long tail tip was cut from the mice and the remaining 
tail was immersed immediately into saline at 37 °C. The ac-

cumulated bleeding time (including periods of re-bleeding) 

was recorded over a 20 min period. Data are presented as the 
mean ± SD (n = 10). ****P < 0.0001 vs the vehicle group, ana-

lyzed by one-way ANOVA, followed by the Dunnett’s multiple 

comparisons test 

 

Discussion 

In this paper, we identified a novel antiplatelet protein 

termed pigrin in the salivary of Whitman pigra by using a 

proteogenomics strategy and expressed it in P. pastoris. Pigrin 

inhibited collagen- and PAR1 agonist-induced platelet aggre-

gation in vitro, and decreased thrombus formation in arte-

rio-venous model in rat in vivo. 

Leeches salivary gland contain numerous anticoagulants, 

antiplatelet agents and fibrinolytic enzyme, for facilitating 

blood meal acquisition [7]. Some antiplatelet proteins derived 

from leech have been reported over last several decades, 

such as LAPP an inhibitor of collagen-induced platelet ag-

gregation from the leech H. officinalis [26], Calin a platelet 

adhesion inhibitor from the leech H. medicinalis [27], Decor-

sin an antagonist of platelet glycoprotein IIb-IIIa from 

American medicinal leech Macrobdella decora [3], Ornatin a 

potent GPIIb-IIIa antagonists from a North American leech 

Plucohdella ornate [28], Saratin an inhibitor of collagen- 

induced platelet aggregation from the leech Hirudome dici-

nalis [29]. 

Our in vitro experiments showed that pigrin not only in-

hibit collagen induced platelet aggregation but also inhibit 

PAR-1 AP induced platelet aggregation. Molecular docking 

studies showed that Arg3, Tyr36, Asp39, Tyr42, Glu61, Asp64, 

Asp66, Tyr78 and Ser81 in pigrin may play a key role in the 

interaction with collagen, while Arg13, Tyr15, Ser17, Phe18, 

Phe22, Phe68 and Asp71 play a key role in the interaction 

with PAR1. 

 

Fig. 7  Models of Pigrin−Collagen (PDB : 2F6A) complex 
and Pigrin−PAR1(PDB : 3BEF) complex. (A) Structural 
comparison of pigrin and saratin. In a ribbon representation, 
an overlay of one of the structures of saratin (red) and the 
homology modeling structure of pigrin (blue) is shown; (B) 
Ribbon diagram of the 3D structure of pigrin. The structure 
consists of a regular five-stranded β-sheet (yellow) and one 
α-helix (green); (C) Pigrin is shown in a ribbon representation 
and bound to a part of the triple-helical collagen model pep-
tide. Collagen is displayed in a surface representation and 
colored by elements; (D) Top view of the pigrin−collagen 
complex and label the important docking amino acid; (E) The 
best model of the Pigrin-PAR1 complex. Pigrin is shown in a 
ribbon representation on the top of the PAR1. The PAR1 is 
shown in a surface representation and colored by elements; 
(F) Top view of the Pigrin−PAR1 complex and specify the 
important docking amino acid 

 

 PAR1 belonged to the family of G-protein-coupled re-
ceptors (GPCR) can be cleavaged by thrombin and further 
induced the activation of platelet as well as thrombosis [30-31]. 
Hence, the inhibition of PAR1 can significantly reduce 
thrombosis. Many studies have been conducted to find new 
inhibitors of PAR1 for the development of antithrombotic 
agents. Most of them are small molecular compounds [32]. 
Here we reported a protein derived from leech, which is 
PAR1 inhibitor. 

Inhibiting platelet aggregation in vitro may cause a de-
creasing of thrombosis in vivo. A rat arterio-venous shunt 
thrombosis model was used to test pigrin’s antithrombotic 
effect. In this model, platelets were stimulated by the coarse 
surface of silk thread and adhere to the thread, and form plug 
with erythrocytes and fibrin [33]. The results showed that pi-
grin exhibited a strong antithrombotic effect in this model. 
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Compared to the negative control group, pigrin significantly 
attenuated thrombus weights at the doses of 10 and 
15 mg·kg−1, and it produced the same effect at 15 mg·kg−1 as 
that of a positive control aspirin at 50 mg·kg−1. 

A number of antithrombotic agents used in clinical are 
accompanied with bleeding side effects [21]. At a dose of 
30 mg·kg−1, representing two times the high doses used for 
the anti-thrombotic model, pigrin did not show a significant 
bleeding risk compared with negative control, indicating it is 
a safer agent. 

Conclusion 

In conclusion, we found a new PAR1 inhibitory protein 
pigrin from the salivary of Whitmania pigra, a traditional 
Chinese medicine. Pigrin inhibited platelet aggregation in 
vitro, and showed strong antithrombotic effect in vivo with-
out bleeding. These results help to elucidate the mechanism 
of the leech for the treatment of cardiovascular disorder. 
Also pigrin can be a lead compound for the design of new 
PAR1 inhibitor. 
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