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Abstract A thrombin-like serine protease, jararassin-l, was isolated from the venom of Bothrops
jararaca. The protein was obtained in high yield and purity by a single chromatographic step using the
affinity resin Benzamidine-Sepharose CL-6B. SDS-PAGE and dynamic light scattering analyses indicated that
the molecular mass of the enzyme was about 30 kD. The enzyme possessed fibrinogenolytic and coagulant
activities. Thejararassin-1 degraded the B chain of fibrinogen while the Ao, chain and y chain were unchanged.
Proteases inhibitors, PM SF and benzamidine inhibited the coagulant activity. These results showed jararassin-
| is a serine protease similar to coagulating thrombin-like snake venom proteases, but it specifically cleaves
B chain of bovine fibrinogen. Single crystals of enzyme were obtained (0.2 mmx0.2 mmx0.2 mm) and used

for X-ray diffraction experiments.
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Snake venoms of the Viperidae family contain anumber
of proteins that cause hemostatic disturbances. Enveno-
mation of this family is characterized by hemorrhage,
edema, local tissue damage, myonecrosis, fibrinolytic and
kinin releasing activities [1]. In southeastern Brazil, the
viper Bothropsjararaca (Viperidae) isresponsible for 90%
of snakebite accidents[2].

The enzymes that have proteolytic, coagulate and
hemorraghic activities can activate or interfere with
the process of coagulation, and therefore referred to as
thrombin-like enzymes [3]. These enzymes are mainly
serine proteases and metall oproteases that resemble
thrombin in their function to trigger the clotting of fibrino-
gen through fibrinopeptide release. Some other serine pro-
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teases lack the fibrinogen-clotting activity, but can directly
aggregate platelets in platelet-rich plasma and washed
platelet suspensions [4,5]. Due to their important rolesin
the coagulation process, these serine proteases have been
studied as drugs in the clinical therapeutic area, because
they can prevent thrombi formation and improve blood
circulation by reducing blood viscosity. Such proteases
have been purified from venoms of B. jararaca [4,6,7],
B. moojeni [8] and B. jararacussu [9] and some have been
utilized as drugs (Ancrod, Reptilase and Batroxobin).

The complete amino acid sequence of about 40 out
of those proteases have been determined by protein
sequencing or deduced from the nucleotide sequence of
cDNA. Recently, the three-dimensional structures of five
venom proteases, four of which are metalloproteases [5]
and one serine protease [10], have been determined at
high resolution by X-ray crystallography. It provided us a
structural basis for understanding the steric requirements
for the activities of these enzymes.

This paper reports the purification by a single step
chromatographic procedure, the characterization of some
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aspects of the biochemistry, and the crystallization of
athrombin-like enzyme, jararassin-I, from the venom of
B. jararaca, a snake found in southeastern Brazil. Elu-
cidation of its three-dimensional structure by the X-ray
diffraction technique and preliminary crystallographic
characterization are in progress.

Materialsand M ethods

Materials

Crude venom from B. jararaca was obtained as a
lyophilized powder from alocal serpentarium. SDS, EDTA
and Benzamidine-Sepharose CL-6B were obtained from
Sigma(St. Louis, MO, USA) or from Amersham Pharmacia
Biotech (USA).

Purification of jararassin-I

300 mg crude venom powder were dissolved in 1.0 ml
of 0.02 M phosphate buffer (PB), pH 7.8, and centrifuged
at 3500 g for 10 min. The clear supernatant was filtered
through a0.22 uM filter and injected onto a Benzamidine-
Sepharose CL-6B column, which was previously equili-
brated with the aforementioned PB buffer. The column
was washed with the same buffer till the baseline returned
to zero and kept stable. Nonspecifically bound proteins
were eluted with the washing buffer (PB containing 0.5 M
NaCl). The serine protease was eluted by rapidly changing
the pH to 3.2 using the 0.02 M glycine buffer. Fractions
of 1 ml/tube were collected at aflow rate of 1.2 ml/min
using FPL C system (Pharmacia) and the absorbance was
measured at 280 nm. The pH of the eluted fraction was
then immediately adjusted back to 7.0, dialyzed against
water (24 h) and concentrated by using Micro-concen-
trator (Amicon). For the purity assay, 1 mg sample was
applied on an HPLC C18 reverse phase column (0.46
cmx15 cm) equilibrated with 0.1% trifluoracetic acid
(TFA, VIV) and eluted by an acetonitrile concentration
gradient from 20% to 60% (V/V) in 0.1% TFA for 50 min.

Electrophoretic analyses

The fractions were analyzed by 12% SDS-PAGE [11]
under reducing conditions. Molecular weight markers
(phosphorylase B, bovine serum albumin, ovalbumin,
carbonic anhydrase, trypsin inhibitor and lactalbumin) were
runin parallel. After electrophoresis, the gel was devel oped
with silver staining. Isoelectric focusing was carried out
according to the method described previously [12] with
some modifications. A 5.5% polyacrylamide gel with

ampholine at pH 3.5-10.0 was used in a preliminary run
for 1 h at 150 V. After this, a sample of 2 mg/ml of en-
zyme (20 ul) in aqueous solution with 10% glycerol was
applied in the gel. Isoelectric focusing markers
(trypsinogen, basic lentil lectin, middle lentil lectin, acidic
lentil lectin, basic horse myoglobin, acidic horse myoglobin,
human carbonic anhydrase B, bovine carbonic anhydrase
B, lactaglobulin A, soybean trypsin inhibitor and
amyloglucosidase) were run in paralel to the sasmple for
3 hat 200 V. The electrophoretic buffer was NaOH and
H,PO, and the experiments were carried out at 4 °C. The
pl bands were detected by Coomassie R staining. Mole-
cular weight markers, pl markers and ampholine were
from Pharmacia.

Fibrinogenalytic activity

The method described previously [13] was used with
minor modification. 50 ul bovine fibrinogen (1 mg/ml,
dissolved in PBS, pH 7.2) were incubated with different
amount of jararassin-l (10 to 50 pg) at 37 °C for 20 min.
Fibrinogen without jararassin-I treatment was used as
control. The reaction was stopped with the addition of
25 ul 0.05 M Tris-HCI buffer [pH 8.8, containing 10%
glycerol (VIV), 10% B-mercaptoethanol (V/V), 2% SDS
(VIV), and 0.05% bromophenol blue (W/V)]. The reaction
mixtures were then analyzed by 12% SDS-PAGE.

Coagulant activity

Bovine plasma was prepared by centrifuging citrated
blood twice at 1000 g at 5 °C. For the assay, 100 ul of
plasma was incubated with different amount of enzyme
(2.5,5.0, 10.0, 20.0 or 50.0 ug) in PB and the coagulation
time was recorded. As a control, plasma aliquot was
incubated with 0.5 pg of B. jararaca venom and the
coagulation time was determined similarly. Inhibition of
coagulant activity was assayed after preincubation of 20
ug of enzymein 0.1 M Tris-HCI buffer, pH 8.0 for 30 min
at 37 °C, which containing either 2 mM PMSF or 2 mM
benzamidine.

Crystallization

The serine protease was concentrated in the micro-
concentrator to a concentration of 5.0 mg/ml and was
screened for crystallization conditions at 18 °C using the
hanging-drop vapour-diffusion method. Initial trials were
carried out using the screens produced by Hampton
Research [14]. In atypical crystallization experiment,
0.5 ul of protein solution was mixed with the same
volume of screening solution and allowed to equilibrate
against 500 pl of the latter.
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and filtration, the purification was carried out by asingle o
affinity chromatography step, the results were presented
inFig. 1. Thefirst large peak in Fig. 1(A) indicated the | 20.1
nonspecifically bound proteins eluted by the washing with
theinitial buffer. The second peak indicated the proteins i 14.4

(proteases, PLA s and other) eluted by PB containing
0.5M NaCl. Once the baseline was stable, 0.02 M glycine
buffer (pH 3.2) was applied and the serine protease was
eluted as a single sharp peak. Jararassin-I isolated showed
high purity as analyzed by using C18 reverse phase HPLC
[Fig. 1(B)].

The molecular mass of purified enzyme jararassin-I
was estimated to be 30,000 Da by SDS-PAGE [Fig. 2
(A)]. Jararassin-1 product appeared to be a band of
approximately between 7.4 and 7.8 in isoelectric focusing
[Fig. 2(B)].

Fibrinogenolytic and coagulant activities

The fibrinogenolytic activity of 10-50 ug jararassin-I
on the B chain was detected. The results showed that
jararassin-l degraded the B3 chain of fibrinogen while the
Ao chain and y chain were unchanged as shownin Fig. 3.
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Fig. 2 Electrophoretic analyses
(A) 12% SDS-PAGE analysis. The gel was silver stained. 1, serine protease; 2,
molecular weight marker. (B) Isoelectric focusing on a 5.5% polyacrylamide gel
with apH gradient from 3.5t0 10.0, at 200 V for 3 h. 1, pl markers; 2, fraction of

serine protease.

Fibrinogen without jararassin-l treatment was used as
control (Lane 1).

Coagulant activity assay showed that all doses of
jararassin-1 sample had serine protease activity, but showed
different coagulation time (Fig. 4). The protease inhibitors
PM SF and benzamidine (2.0 mM) inhibited the coagulant
activity of the enzyme (20 pg) by 59.2% and 86.7%,

respectively (data not shown).
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Purification of Bothropsjararaca jararassin-|

(A) Affinity chromatography of B. jararaca venom (300 mg) on a column of Benzamidine-Sepharose CL-6B previously equilibrated with 0.02 M, pH 7.8, phosphate
buffer. Thefirst elution was obtained with PB buffer and the second with the washing buffer. For the el ution of serine protease was utilized 0.02 M, pH 3.2, glycine buffer.
Fractions of 1 ml/min. were collected at a flow rate of 1.2 ml/min. (B) Chromatography profile of purified jararassin-1 (1 mg) on a C18 RP-HPLC column.
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Fig. 3 Fibrinogenolytic activity of jararassin-I
12% SDS-PAGE analysis of bovine fibrinogen digest. 1, fibrinogen control with-
out jararassin-1 treatment; 2, fibrinogen+jararassin-1 (50 ug); 3, fibrinogen+
jararassin-l (40 ug); 4, fibrinogentjararassin-1 (30 ug); 5, fibrinogen+jararassin-I
(20 ng); 6, fibrinogentjararassin-1 (10 png).
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Fig. 4 Coagulant activity of jararassin-I

Coagulation time was recorded.

Crystallization

Single crystals with a minimum dimension of 0.2 mm
were obtained in a crystal growing solution containing
0.1 M MES, pH 6.2, 0.01 M zinc sulphate and 15% PEG
MME 550. The crystals grew up after 6 days (Fig. 5).

Discussion

Snake venom thrombin-like enzymes (SVTLES) are
directly involved in the envenomation process with arange
of life-threatening activities that cause several deaths per
year. Particularly in the rural tropics, snakebite morbidity
and mortality has a significant human and veterinary
medical impact. On that account, there is an urgent need
to understand the envenomation process and the molecules
involvedinit.

Fig. 5 Crystal of serine protease
The crystal used for X-ray diffraction experiment (0.2 mmx2 mmx0.2 mm).

Many reports have described thrombin-like enzymes
from snake venoms [5]. Some of them show thrombin-
like coagulant activity whereas others have different
substrates specificities [7]. Their primary structures are
highly similar to each other, implying that they have evolved
from the same ancestor and gradually adapted to each
target protein of the snake's prey.

The single step procedure described here for the purifi-
cation of serine protease jararassin-I from the venom of
B. jararacaisrelatively rapid and efficient (Fig. 1). The
serine protease obtained is of high purity with a corres-
pondingly high yield. Electrophoretic analyses by SDS-
PAGE and isoelectric focusing indicated that the protease
possessed a molecular mass of 30 kD and a pl between
7.4 and 7.8. Thisis similar to the molecular masses of
other serine proteases isolated from snake venoms as the
PA-BJ, MSP1, MSP2, TL-BJ[4,6,8] and bothrombin [7].
In addition, present data revealed that the enzyme posses-
sed fibrinogenolytic and coagulant activities as observed
for bothrombin [7], TL-BJ[6] and LM-TL [15]. All four
enzymes belong to the group referred to SVTLE of high
sequence and structural homology.

Jararassin-| purified in this work was found to have
fibrinogenolytic and coagulant activities. Thisenzyme was
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ableto specificaly cleave BB chain of fibrinogen whilethe
Ao chain and y chain were unchanged in vitro with a 20
min incubation span. However, Guan et al. [16] described
that thrombin-like enzyme were also able to degrade the
Ao chain when time was long enough. Similar Bf chain
fibrinogenase has been isolated from Crotalus atrox [17],
B. jararaca [7] and Agkistrodon halys blomhoffii [18].
B. jararaca bothrombin hydrolyzes the same site of the
Bp chain as A. blomhoffii halystase and also the Ao chain
to release fibrinopeptide A [18].

In this study, we described a simple and efficient
method for purifying this serine protease from B. jararaca
venom. With the aim of understanding the structural basis
for the differences observed in specificities of these
enzymes, we have undertaken a crystallographic study
of these enzymes. The ability of these enzymes to form
fibrin clots made up of short polymers has potential thera-
peutic application for the treatment of patients with occlu-
sivearterial or venousthrombolytic diseases without stimu-
lating the endogenous fibrinolysis system [19,20].
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