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ABSTRACT

Protease inhibitors have been reported rarely from
the leech Hirudinaria manillensis. In this study, we
purified a novel protease inhibitor (bdellin-HM-2) with
anticoagulant properties from H. manillensis. With a
molecular weight of 1.4x10%, bdellin-HM-2 was also
characterized with three intra-molecular disulfide
bridges at the N-terminus and multiple HHXDD and
HXDD motifs at the C-terminus. cDNA cloning revealed
that the putative nucleotide-encoding protein of
bdellin-HM-2 contained 132 amino acids and was
encoded by a 399 bp open reading frame (ORF).
Sequence alignment showed that bdellin-HM-2 shared
similarity with the “non-classical” Kazal-type serine
protease inhibitors, but had no inhibitory effect on
trypsin, elastase, chymotrypsin, kallikrein, factor Xlla
(FXIla), factor Xla (FXIa), factor Xa (FXa), thrombin,
or plasmin. Bdellin-HM-2 showed anticoagulant effects
by prolonging the activated partial thromboplastin time
(aPTT), indicating a role in enabling H. manillensis to
obtain a blood meal from its host. Our results
suggest that bdellin-HM-2 may play a crucial role in
blood-sucking in this leech species and may be a
potential candidate for the development of clinical
anti-thrombotic drugs.
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INTRODUCTION
Protease inhibitors occur naturally in living organisms, including

animals (Shadrin et al., 2015; Vicuna et al., 2015; Wang et al.,
2005; Zhang, 2006), plants (Kim et al., 2009; Ryan, 1990),
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fungi (Sabotic & Kos, 2012), and bacteria (Supuran et al.,
2002). They have multifunctional roles in many physiological
processes and play an important role in biological functions of
venomous animals, such as in predation (Birrell et al., 2007)
and defense (Ali et al., 2002). To prevent clotting during blood
feeding from a host, hematophagous animals have developed
various mechanisms to interfere with blood coagulation
(Markwardt, 1996). Among the inhibitors involved in coagulation,
protease inhibitors are the most prominent anticoagulants
currently described and characterized from leeches (Dodt,
1995) and insects (De Marco et al., 2010; Mende et al., 1999).

There are at least four types of protease inhibitors, including
serine, cysteine, aspartic, and metalloprotease inhibitors (Leung
et al.,, 2000). The Kazal family is one of the best-known
groups of serine protease inhibitors (Rimphanitchayakit &
Tassanakajon, 2010). Kazal-type inhibitory can be sorted into
classical and non-classical Kazal domains. The classical
Kazal domain has two residues between cys4 and cys5,
whereas the non-classical Kazal inhibitor has a spacer region
between cys4 and cys5, ranging from three to seven residues

Received: 03 September 2018; Accepted: 07 January 2019; Online:
28 March 2019

Foundation items: This work was supported by the National Natural
Science Foundation of China (21761142002, 81770464), Ministry of
Science and Technology of China (20182X09301043-003), Chinese
Academy of Sciences (QYZDJ-SSW-SMCO012, SAJC201606), West
Light Foundation and Youth Innovation Promotion Association (2017432),
and Yunnan Provincial Science and Technology Department (2017FB038,
2015BC005)

#Authors contributed equally to this work

‘Corresponding authors, E-mail: longchengbo@mail. kiz. ac. cn;
z_zhang@suda.edu.cn

DOI: 10.24272/j.issn.2095-8137.2019.037

Zoological Research 40(3): 205-210, 2019 205



(Moser et al.,, 1998). There are highly homologous three-
dimensional structures in the Kazal-type serine proteinase
inhibitors regardless of length of amino acid sequences
between the cysteines and amino acid sequence variation
(Eigenbrot et al., 2012). The P1 residue, located in the second
amino acid downstream of the second conserved cysteine
residue, is inserted into the S1 specificity pocket of the
protease in a substrate-like way (Bode & Huber, 1992;
Laskowski & Kato, 1980).

Several Kazal-type serine protease inhibitors have been
characterized from leeches. A few “non-classical” Kazal
inhibitors have been reported from different leeches, including
bdellin-B-3 (Fink et al., 1986), bdellin-KL (Kim et al., 2001),
and bdellin-HM (Lai et al., 2016). In this study, bdellin-HM-2
was purified and characterized from the leech H. manillensis.
To the best of our knowledge, bdellin-HM-2 is the first Kazal-
type serine protease inhibitor displaying anticoagulant
properties identified from H. manillensis.

MATERIALS AND METHODS

Collection of crude extracts

The H. manillensis leeches were purchased from Jinbian
aquafarm, Qinzhou City, Guangxi Province in China. The
leeches were still alive when transported to the laboratory. We
prepared the crude extracts from the leech heads as
described previously (Lai et al., 2016). In short, leech heads
were separated from the bodies, washed in 0.9% saline,
quickly frozen, and then ground in liquid nitrogen.

Purification of bdellin-HM-2

Purification of bdellin-HM2 followed similar methods described
in our previous published article (Lai et al., 2016). Briefly,
crude extracts were dissolved in 50 mmol/L Tris-HCI buffer
(pH 8.9) and subsequently separated by a DEAE Sephadex A-
50 column (5 cm diameter, 60 cm length, GE, USA). Elution
was performed at a flow rate of 15 mL/h at 4 °C and 3.0 mL
fractions were collected in separate tubes. The absorbance of
the fractions was monitored at both 215 and 280 nm. Fractions
that could prolong the activated partial thromboplastin time
(aPTT) were pooled and lyophilized prior to further purification.
The powder from the previous step was dissolved and loaded
for reverse-phase high-performance liquid chromatography
(RP-HPLC) on a C,4 column (Waters, Milford, MA, USA, 5 pm
particle size, 250 mmx4.6 mm). Elution was carried out with a
linear gradient of 10% —60% solution B (99.9% acetonitrile,
0.1% TFA) for 60 min at a flow rate of 1 mL/min. The eluted
fraction that prolonged aPTT was collected.

Mass spectrometric analysis and peptide sequencing

The molecular weight of the collected fraction was analyzed
by matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF-MS, Autoflex speed TOF/
TOF, Bruker Daltonik GmbH, Bruker Corporation, Germany)
using positive ion and linear mode, with specific operating
parameters including a 20 kV ion acceleration voltage, 50-
time accumulation for single scanning, and 0.1% accuracy of
mass determinations. The partial peptide sequence of the N-
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terminal was determined by automatic Edman degradation on
a pulsed liquid-phase sequencer (PPSQ-31A, Shimadzu
Corporation, Japan).

RNA extraction and cDNA library construction

Total RNA from the head of H. manillensis was extracted using
Trizol reagent (Life Technologies, Carlsbad, CA, USA) according
to the manufacturer’ s instructions and was dissolved in
RNase-Free water. A SMART ™ PCR cDNA construction kit
(Clontech, Palo Alto, CA, USA) was used for synthesizing
cDNA, as described previously (Lai et al., 2016).

Screening of cDNA encoding bdellin-HM-2

To screen the cDNA encoding the precursor of bdellin-HM-2,
synthesized cDNA was used as the template for PCR,
following previously described methods (Lai et al., 2016).
Briefly, two pairs of oligonucleotide primers (Table 1) were
used in PCR reactions, where primers 1 and 3 were designed
according to the partial N-terminal sequence of bdellin-HM-2
and primers 2 and 4 were from the SMART ™ PCR cDNA
construction kit. The PCR conditions were as described
previously (Lai et al., 2016).

Table 1 Primers used for cDNA cloning of bdellin-HM-2

Primer

Sequence (5'-3')

1 AACAGGTTTGCGGAAGT

2 AAGCAGTGGTATCAACGCAGAGT
3 AATTCCAGGGTACAGACG

4 ATTCTAGAGGCCGAGGCGGCCGA

Primers 1 and 2 for signal peptide cloning; primers 3 and 4 for mature
peptide cloning.

Effects of bdellin-HM-2 on blood coagulation

For aPTT assay, the aPTT reagent (50 L, FO08-1, Nanjing
Jiancheng Bioengineering Institute, China) was incubated with
50 uL of plasma and different concentrations of bdellin-HM-2
(0.7 and 1.4 pmol/L). After 3-min incubation, CaCl, (50 uL,
25 mmol/L) preheated at 37 °C for 5 min was added, and the
clotting curve was monitored at 650 nm using an enzyme-
labeled instrument (Epoch BioTek, USA) for 2 min. To test the
prothrombin time (PT), plasma (50 pL) was incubated with
different concentrations of bdellin-HM-2 (0.7 and 1.4 ymol/L)
for 3 min at 37 °C, after which the PT reagent (100 uL, F007,
Nanjing Jiancheng Bioengineering Institute, China) preheated
at 37 °C for 15 min was added and the clotting curve was
monitored at 650 nm using the enzyme-labeled instrument for
30s.

Effects of bdellin-HM-2 on proteases

Effects of bdellin-HM-2 on proteases, including trypsin, elastase,
chymotrypsin, kallikrein, factor Xlla (FXlla), factor Xla (FXla),
factor Xa (FXa), thrombin, and plasmin were tested using the
corresponding chromogenic substrates. The testing enzyme
was incubated with different concentrations (0, 0.7, 1.4, 2.8,
and 5.6 ymol/L) of bdellin-HM-2 in 60 yL of 50 mmol/L Tris
buffer (pH 7.4) for 5 min, with a certain concentration of



chromogenic substrate then added. Absorbance at 405 nm
was monitored immediately and the kinetic curve was recorded
using the enzyme-labeled instrument for 30 min. Bovine
pancreas trypsin, elastase, chymotrypsin, and plasmin were
all obtained from Sigma (USA) and the enzyme concentrations
used were 800, 400, 400, and 20 nmol/L, respectively. The
corresponding chromogenic substrates (Sigma, USA) were
Gly-Arg-p-nitroanilide  dihydrochloride  for  trypsin, N-
methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilide for elastase, N-
succinyl-Gly-Gly-Phe-p-nitroanilide for chymotrypsin, and Gly-
Arg-p-nitroanilide  dihydrochloride  for  plasmin.  The
concentration of all substrates in the reactions was 0.2 mmol/L.
The concentrations used for kallikrein, FXla, and FXa (Enzyme
Research Laboratory, USA) were 400, 400, and 20 nmol/L,
respectively, and the corresponding chromogenic substrates
were H-D-Pro-Phe-Arg-pNA - 2HCI (Hyphen Biomed, France),
H-D-Pro-Phe-Arg-pNA - 2HCI (Hyphen Biomed, France), and
CH,OCO-D-CHA-Gly-Arg-pNA-AcOH (Sigma, USA),
respectively. The concentration of all three substrates in the
reaction was 0.2 mmol/L. Human thrombin (Sigma, USA,
10 nmol/L) and FXlla (Enzyme Research Laboratories, USA,
10 nmol / L) were reacted with 0.2 mmol / L chromogenic
substrate of H-D-Phe-Pip-Arg-pNa - 2HCI (Hyphen Biomed,
France) and H-D-Pro-Phe-Arg-pNA - 2HCI (Hyphen Biomed,
France), respectively.

RESULTS

Purification of bdellin-HM-2

The crude extracts from H. manillensis were resolved into
several fractions by DEAE Sephadex A-50 column. The
fraction that prolonged the aPTT was indicated by a bar
(Figure 1A). We then obtained the purified peptide exerting an
aPTT inhibitory effect, named bdellin-HM-2 (indicated by an
arrow in Figure 1B), using a C,; RP-HPLC column. MALDI-
TOF-MS showed that bdellin-HM-2 had a molecular weight
(MW) of 14141.5 (Figure 1C).

Primary structure of bdellin-HM-2

Based on automatic Edman degradation, the partial N-
terminal sequence of bdellin-HM-2 was determined to be
ETECVCTLELKQVCGS. According to the N-terminal sequence,
degenerate primers were designed (Table 1) to clone the
cDNA encoding the precursor of bdellin-HM-2 from the cDNA
library. A 399 bp cDNA encoding the precursor of bdellin-HM-2
was obtained. The cDNA had an open reading frame (ORF) of
396 nucleotides coding a pro-protein of 132 amino acids,
including a signal peptide of 18 residues (indicated by box)
and mature bdellin-HM-2 of 114 residues (Figure 2A). The
theoretical MW of mature bdellin-HM-2 was 13144.78, which
was not consistent with the observed mass by mass
spectrometry analysis (Figure 1C). This inconsistency may be
due to post-translational modification of the protein. Sequence
alignment showed similarity to bdellin-KL (Kim et al., 2001),
bdellin-B-3 (Fink et al., 1986), and bdellin-HM (Lai et al.,
2016), which are ‘hon-classical’ Kazal serine protease inhibitors
(Figure 2B). Multiple sequence alignment showed that the six
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Figure 1 Purification of bdellin-HM-2 from H. manillensis

A: Crude extracts were fractionated using DEAE Sephadex A-50 ion
exchange. Fraction exerting inhibitory activity on aPTT is indicated by
a bar (-). B: Fraction exerting inhibitory activity on aPTT was further
purified by C,; reverse-phase high-performance liquid chromatography
(RP-HPLC). Protein peak exerting inhibitory activity on the aPTT is
marked by an arrow. C: Matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) analysis of purified native bdellin-HM-2.

cysteine residues and threonine-tyrosine residues were highly
conserved among different species (Figure 2C). There were
multiple HHXDD and HXDD motifs at the C-terminus of bdellin-
HM-2.

Anticoagulant activity of bdellin-HM-2

Underthe assay conditions, bdellin-HM-2 exerted anticoagulatory
activity by inhibiting aPTT (Figure 3A), whereas no inhibitory
activity was observed on PT (Figure 3B). Compared with the
control with an aPTT of ~60 s, the aPTT was prolonged to ~
100 s after 0.7 and 1.4 pmol/L bdellin-HM-2 treatment,
suggesting that bdellin-HM-2 acts on the intrinsic pathway.
Bdellin-HM-2 had no effect on trypsin, elastase, chymotrypsin,
kallikrein, FXlla, FXla, FXa, thrombin, or plasmin (Figure 3C).
All enzyme activity test results were plotted (Figure 4).
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Figure 2 cDNA sequence encoding bdellin-HM-2 precursor and
sequence alignment with other protease inhibitors

A: Nucleotide sequence encoding bdellin-HM-2 precursor and deduced
amino acid sequence. Signal peptide is boxed. Bar (—) indicates stop
codon. B: Sequence comparison of bdellin-HM-2 with bdellin-HM,
bdellin-KL, and bdellin-B-3. Identical amino acid residues are indicated
by an asterisk (*). C: Multiple sequence alignment of Kazal domain
from H. manillensis (bdellin-HM-2), Aedes aegypti (AaKP| ABF18209),
Anemonia sulcata (AsEl 1Y1B), and H. medicinalis (LDTI P80424).
Conserved threonine-tyrosine residues between cysteine 3 and 4 are
indicated. Conserved cysteine motifs are also indicated.

DISCUSSION

Several protease inhibitors exerting anticoagulant effects have
been found from leeches (Hong & Kang, 1999; Markwardt,
2002; Salzet et al., 2000; Salzet, 2001; Strube et al., 1993;
Tuszynski et al., 1987). In this report, a novel protease
inhibitor (bdellin-HM-2) with anticoagulant effects was purified
and further characterized from H. manillensis for the first time.
The cDNA encoding bdellin-HM-2 precursor was cloned from
the cDNA library, and the mature bdellin-HM-2 consisted of
114 amino acid residues. MALDI-TOF-MS showed that the
MW of bdellin-HM-2 was 14141.5, compared to the theoretical
molecular weight of 13144.78, a difference of 996.72, which is
not consistent with the theoretical value. Research shows
glycosylation influences the function of protein, governs
physiology, and contributes to disease (Ohtsubo & Marth,
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2006). We speculated that bdellin-HM-2 was O-glycosylated
at Thr-20, Thr-25, Ser-34, Thr-38, and Thr-46. (Gupta & Brunak,
2002), although further research on these O-glycosylation
sites should be performed in the future.

Kazal-type inhibitors with one or more Kazal domains are
characterized by multiple HHXDD and HXDD motifs in their
amino acid sequences (Laskowski & Kato, 1980) and by their
highly homologous three-dimensional structures (Van et al.,
1995). Each Kazal domain usually contains six conserved
cysteine residues forming three intra-molecular disulfide
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Figure 4 Bdellin-HM-2 had no effect on proteases

Bdellin-HM-2 effects on trypsin (A), elastase (B), chymotrypsin (C), kallikrein (D), FXlla (E), FXla (F),

FXa (G), thrombin (H), and plasmin (I). Data

represent at least six independent experiments and are presented as means+SD.

bridges (Laskowski & Kato, 1980; Magert et al., 1999). P1
residue, which contributes to the inhibitory specificity, is
located at the second position after the second cysteine
residue of the Kazal domain (Bode & Huber, 1992). Although
bdellin-HM-2 showed high similarity to bdellin-HM and bdellin-
KL by sequence analysis and belongs to the family of non-
classical Kazal domains, enzyme activity tests showed that
bdellin-HM-2 had no inhibitory effects on trypsin, elastase,
chymotrypsin, kallikrein, FXlla, FXla, FXa, thrombin, or plasmin
under the assay conditions. Sequence alignment showed that
the P1 residue of bdellin-HM-2 was different from bdellin-HM,
bdellin-KL, and bdellin-B-3. The difference in P1 residue was
considered the cause of the enzyme activity test results.
Bdellin-HM-2 prolonged the aPTT, implying that bdellin-HM-
2 functioned to help H. manillensis obtain a blood meal by
inhibiting blood coagulation. Results showed that the activity
was dose-independent. Further work to identify the target of
bdellin-HM-2 in blood is necessary. Blood-sucking animals
obtain a blood meal by overcoming the host’ s natural blood
coagulation (De Marco et al., 2010; Dodt, 1995; Markwardt,
1996; Mende et al., 1999). The anticoagulant peptide obtained
from H. manillensis not only facilitates our understanding of
the mechanism of blood feeding for H. manillensis, but also
provides a new candidate for the development of clinical

anticoagulant drugs.

In conclusion, bdellin-HM-2 identified from H. manillensis
prolonged the aPTT but exhibited no influence on PT and no
inhibitory activity on trypsin, elastase, chymotrypsin, kallikrein,
FXlla, FXla, FXa, thrombin, or plasmin under the assay
conditions. Further research on O-glycosylation sites will be
performed in the future. Bdellin-HM-2 is the first identified
Kazal-type serine protease inhibitor from H. manillensis that
shows a potent anticoagulant effect.

COMPETING INTERESTS

The authors declare that they have no competing interests.

AUTHORS’ CONTRIBUTIONS

R.M.C., X.P.T., and A.L.L. performed the experiments and data analysis. J.
M. and R.P.S. assisted in collection and purification. R.L., C.B.L., and Z.Q.
Z. conceived and designed the study. R.M.C., X.P.T., and C.B.L. conceived
and supervised the project and prepared the manuscript. All authors read
and approved the final version of the manuscript.

ACKNOWLEDGMENTS

We thank Dr. Lin Zeng (Kunming College of Life Science, University of

Zoological Research 40(3): 205-210, 2019 209



Chinese Academy of Sciences) for help in the analysis of mass
spectrometry results.

REFERENCES

Ali MF, Lips KR, Knoop FC, Fritzsch B, Miller C, Conlon JM. 2002.
Antimicrobial peptides and protease inhibitors in the skin secretions of the
crawfish frog, Rana areolata. Biochimica et Biophysica Acta-Proteins and
Proteomics, 1601(1): 55-63.

Birrell GW, Earl STH, Wallis TP, Masci PP, De Jersey J, Gorman JJ, Lavin
MF. 2007. The diversity of bioactive proteins in Australian snake venoms.
Molecular & Cellular Proteomics, 6(6): 973-986.

Bode W, HuberR.1992. Naturalproteinproteinaseinhibitorsandtheirinteraction
with proteinases. European Journal of Biochemistry, 204(2): 433-451.

De Marco R, Lovato DV, Torquato RJS, Clara RO, Buarque DS, Tanaka AS.
2010. The first pacifastin elastase inhibitor characterized from a blood
sucking animal. Peptides, 31(7): 1280-1286.

Dodt J. 1995. Anticoagulatory substances of bloodsucking animals: from
hirudin to hirudin mimetics. Angewandte Chemie-International Edition,
34(8): 867-880.

Eigenbrot C, Ultsch M, Lipari MT, Moran P, Lin SJ, Ganesan R, Quan C,
Tom J, Sandoval W, Van Lookeren Campagne M, Kirchhofer D. 2012.
Structural and functional analysis of HtrA1 and its subdomains. Structure,
20(6): 1040-1050.

Fink E, Rehm H, Gippner C, Bode W, Eulitz M, Machleidt W, Fritz H. 1986.
The primary structure of Bdellin B-3 from the leech Hirudo Medicinalis -
Bdellin B-3 is a compact proteinase inhibitor of a “Non-classical” Kazal
Type - It is present in the leech in a high molecular mass form. Biological
Chemistry Hoppe-Seyler, 367(12): 1235-1242.

Gupta R, Brunak S. 2002. Prediction of glycosylation across the human
proteome and the correlation to protein function. Pacific Symposium on
Biocomputing, 7(3): 310-322.

Hong SJ, Kang KW. 1999. Purification of granulin-like polypeptide from the
blood-sucking leech, Hirudo nipponia. Protein Expression and Purification,
16(2): 340-346.

Kim YH, Choi JG, Lee GM, Kang KW. 2001. Domain and genomic
sequence analysis of bdellin-KL, a leech-derived trypsin-plasmin inhibitor.
Journal of Biochemistry, 130(3): 431-438.

Kim JY, Park SC, Hwang I, Cheong H, Nah JW, Hahm KS, Park Y. 2009.
Protease inhibitors from plants with antimicrobial activity. International
Journal of Molecular Sciences, 10(6): 2860-2872.

Lai Y, Li B, Liu W, Wang G, Du C, Ombati R, Lai R, Long C, Li H. 2016.
Purification and characterization of a novel Kazal-type trypsin inhibitor from
the leech of Hirudinaria manillensis. Toxins, 8(8): 229-239.

Laskowski M, Jr, Kato I. 1980. Protein inhibitors of proteinases. Annual
Review of Biochemistry, 49: 593-626.

Leung D, Abbenante G, Fairlie DP. 2000. Protease inhibitors: current status
and future prospects. Journal of Medicinal Chemistry, 43(3): 305-341.
Magert HJ, Standker L, Kreutzmann P, Zucht HD, Reinecke M, Sommerhoff
CP, Fritz H, Forssmann WG. 1999. LEKTI, a novel 15-domain type of
human serine proteinase inhibitor. Journal of Biological Chemistry, 274(31):
21499-21502.

Markwardt F. 1996. State-of-the-Art Review: Antithrombotic agents from
hematophagous animals. Clinical and Applied Thrombosis-Hemostasis,
2(2): 75-82.

210 www.zoores.ac.cn

Markwardt F. 2002. Hirudin as alternative anticoagulant-a historical review.
Seminarsin Thrombosis and Hemostasis, 28(5): 405-413.

Mende K, Petoukhova O, Koulitchkova V, Schaub GA, Lange U, Kaufmann
R, Nowak G. 1999. Dipetalogastin, a potent thrombin inhibitor from the
blood-sucking insect Dipetalogaster maximus-cDNA cloning, expression
and characterization. European Journal of Biochemistry, 266(2): 583-590.
Moser M, Auerswald E, Mentele R, Eckerskorn C, Fritz H, Fink E. 1998.
Bdellastasin, a serine protease inhibitor of the antistasin family from the
medical leech (Hirudo medicinalis) - primary structure, expression in yeast,
and characterisation of native and recombinant inhibitor. European Journal
of Biochemistry, 253(1): 212-220.

Ohtsubo K, Marth JD. 2006. Glycosylation in cellular mechanisms of health
and disease. Cell, 126(5): 855-867.

Rimphanitchayakit V, Tassanakajon A. 2010. Structure and function of
invertebrate Kazal-type serine proteinase inhibitors. Developmental &
Comparative Immunology, 34(4): 377-386.

Ryan CA. 1990. Protease inhibitors in plants-genes for improving defenses
against insects and pathogens. Annual Review of Phytopathology, 28:
425-449.

Sabotic J, Kos J. 2012. Microbial and fungal protease inhibitors-current and
potential applications. Applied Microbiology and Biotechnology, 93(4):
1351-1375.

Salzet M. 2001. Anticoagulants and inhibitors of platelet aggregation
derived from leeches. FEBS Letters, 492(3): 187-192.

Salzet M, Chopin V, Baert JL, Matias |, Malecha J. 2000. Theromin, a novel
leech thrombin inhibitor. Journal of Biological Chemistry, 275(40): 30774 —
30780.

Shadrin N, Shapira MG, Khalfin B, Uppalapati L, Parola AH, Nathan I. 2015.
Serine protease inhibitors interact with IFN-y through up-regulation of FasR;
a novel therapeutic strategy against cancer. Experimental Cell Research,
330(2): 233-239.

Strube KH, Kréger B, Bialojan S, Otte M, Dodt J. 1993. Isolation, sequence-
analysis, and cloning of Haemadin - an anticoagulant peptide from the
Indian leech. Journal of Biological Chemistry, 268(12): 8590-8595.

Supuran CT, Scozzafava A, Clare BW. 2002. Bacterial protease inhibitors.
Medicinal Research Reviews, 22(4): 329-372.

Tuszynski GP, Gasic TB, Gasic GJ. 1987. Isolation and characterization of
antistasin -an inhibitor of metastasis and coagulation. Journal of Biological
Chemistry, 262(20): 9718-9723.

Van De Locht A, Lamba D, Bauer M, Huber R, Friedrich T, Kroger B,
Hoffken W, Bode W. 1995. Two heads are better than one: crystal structure
of the insect derived double domain Kazal inhibitor rhodniin in complex with
thrombin. EMBO Journal, 14(21): 5149-5157.

Vicuia L, Strochlic DE, Latremoliere A, Bali KK, Simonetti M, Husainie D,
Prokosch S, Riva P, Griffin RS, Njoo C, Gehrig S, Mall MA, Arnold B, Devor
M, Woolf CJ, Liberles SD, Costigan M, Kuner R. 2015. The serine protease
inhibitor SerpinA3N attenuates neuropathic pain by inhibiting T cell-derived
leukocyte elastase. Nature Medicine, 21(5): 518-523.

Wang LJ, Gao GF, Bai SP, Liu ZG, Liang JG, Zhang KY, Lai R. 2005. A
thrombin inhibitor from ixodid tick, Ixodide sinesis. Zoological Research,
26(3): 328-331.

Zhang Y. 2006. Amphibian skin secretions and bio-adaptive significance -
implications from Bombina maxima skin secretion proteome. Zoological
Research, 27(1): 101-112.





