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Researchers trying to improve the safety and efficacy of fibrinolytic therapy have been
isolating fibrinolytic enzymes from snake venoms. Two fibrinolytic enzymes, colombie-
nases 1 and 2, with significant activity have been isolated from the venom of Bothrops
colombiensis.

Methods: The colombienases were characterized for various biological activities which
include hemorrhagic, fibrinogenolytic, proteolytic, hemolytic, edematogenic and cytotoxic.
Results: Colombienases directly acted on fibrin by degrading fibrinogen Ao and Bf chains
without activating the fibrinolytic system (plasminogen/plasmin), additionally
colombienase-2 degraded fibrinogen y chains as well as the fibronectin molecule. Laminin
and type IV collagen were colombienases resistant. Gelatin-zymogram activity was pre-
sent in B. colombiensis venom (BcV) bands between 64 and 148 kDa. All activities were
abolished by metalloproteinases inhibitors. Both enzymes lacked hemorrhagic, hemolytic,
cytotoxic, plasminogen activator and coagulant activities.

Conclusions: Both colombienases had direct fibrino(geno)lytic activity without other toxic
side effects including in vivo hemorrhaging, which could be promising in terms of thera-
peutic potential as thrombolytic agents.

Keywords:

Bothrops colombiensis
Colombienases

Fibrinolytic

Hanging drop cardiac myoblast
Metalloproteinases

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

At the present time, diseases of the cardiovascular sys-
tem such as acute myocardial infarction, cerebral stroke,
coronary heart disease, hypertension and atherosclerosis
are the most important causes of the human mortality
around the world. Thrombosis is probably the most com-
mon symptom among cardiovascular diseases (Yuan et al.,
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2012). The hemostatic system is designed to maintain
blood in its fluid stage by inhibiting blood coagulation and
platelet aggregation and promoting fibrinolysis. Throm-
bosis may occur if the hemostatic stimulus is unregulated,
either because the capacity of inhibitory pathways is
impaired or, more commonly because the capacity of the
natural anticoagulant mechanism is overwhelmed by the
intensity of the stimulus (Colman et al., 2006). The final
consequence of coagulation is the deposition of fibrin
polymers to fibrin clot. The enzymatic reactions that drive
these pathways are mainly serine proteases (Rau et al,,
2007); so far, more than 100 snake venoms are known to
affect the hemostatic system and/or fibrinolytic by various
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mechanisms (Markland, 1998; Kini, 2005). Studying these
mechanisms of action is of vast interest for diverse reasons,
among them are the understanding and the interpreting of
the clinical pictures and thus helping with the therapeutics,
and exploring its therapeutic potential as possible throm-
bolytic agents, anticoagulants, antiplatelet amongst others
will be useful for diagnostic purposes.

These drugs include the first-generation agents such as
streptokinase (SK) and two-chain urokinase-type plas-
minogen activator (tcu-PA or urokinase); the second-
generation drugs, namely recombinant-tissue-type plas-
minogen activator (rt-PA), recombinant single-chain uro-
kinase  (rscu-PA  or  prourokinase),  anisoylated
plasminogen-SK activator complex (APSAC); and the third
generation compounds derived from t-PA such as TNK-tPA;
recombinant deletion mutants of t-PA (reteplase and lan-
oplase) and scu-PA; conjugates of plasminogen activators
with monoclonal antibodies against fibrin, platelets or
thrombomodulin. Therefore, the search remains open for a
thrombolytic agent able to overcome resistance to clot lysis,
accelerate recanalization, avoiding reocclusion and reduc-
tion of bleeding side-effects. In light of this, much more
attention must be focused on the development of new
types of fibrinolytic enzymes; for instance, enzymes iso-
lated from snake venoms (Guerrero et al., 2001; Liang et al.,
2005; Moura-da-Silva et al., 2011; Girén et al., 2013;
Jonebring et al., 2012).

Colombienases fibrinolytic enzymes (CFe) were isolated
from Bothrops colombiensis venom (BcV). The B. colom-
biensis is Venezuelan’s most significant snake since it is
involved in 85% of the ophidic accidents in the country.
Colombienases, already described by our group (Girén
et al,, 2013) can degrade fibrin directly and proficiently.
Additionally, they did not have toxic action and other side
effects, such as hemorrhages. Colombienases 1 and 2 con-
tained high fibrinolytic activity. In the current paper, the
in vitro proteolytic activities of these colombienases were
investigated. The study and development of CFe has
importance for treating thrombo-embolic diseases (Abou-
Chebl, 2011; Suzuki and Urano, 2011).

2. Materials and methods
2.1. Reagents

Delta 1525, 1525 binary HPLC pump, 2487 dual 2
absorbance detector, and Waters Breeze software were
obtained from Waters™ Corp. (Milford, MA, USA). Dialysis
tubing was from Thermo Scientific, and the YM10 Amicon
membranes from Amicon. Human fibrinogen was from
Aniara Corp. (Mason, OH, USA). Sepharose Heparin and
Phenyl Sepharose were from Pharmacia Biotechnology
(Uppsala, Sweden). Molecular mass standards for SDS-
PAGE were from Bio-Rad (Bio Rad Laboratories Ltd. Cali-
fornia, USA). Sepharose-Gelatine gel, aprotinin, bovine
thrombin, 1,10-phenantroline, benzamidine/HCI, ethylene
glycol-bis-N-tetraacetic acid (EGTA), thermolysin, ethylene
diamine tetraacetic acid (EDTA), dithiothreitol (DTT), p-
nitrophenyl phosphate, anti-human fibronectin, goat anti-
rabbit IgG conjugated to horseradish peroxidase, 3,3'-
dimethyloxacarbocyanine (DiOCy), agar, agarose, laminin

from Engelbreth—-Holm-Swarm murine sarcoma basement
membrane, collagen type IV from human placenta basal
membranes, and other reagents were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). The Polyvalent
snake antivenom (SAOP) was obtained from the Faculty of
Pharmacy of the Universidad Central de Venezuela.

2.2. Venom

Ten adults B. colombiensis snakes from Caucagua,
Miranda state, Venezuela were used to obtain the venom
used in this study. The snakes are currently housed in the
Serpentarium of the Tropical Medicine Institute of the
Universidad Central of Venezuela. Venom was extracted by
allowing the snake to bite into Para-film stretched over a
disposable plastic cup. Each sample was centrifuged
(500 x g for 10 min), filtered through a 0.45 um, lyophilized
and stored at —80 °C.

2.3. Animals

Male Swiss mice (NIH strain), weighing from 18 to 20 g
were purchased from the National Institute of Hygiene
“Rafael Rangel” Animal Facility (Caracas, Venezuela).

Chicken embryos (Shaver Red Sex-Link hens) at 27, 35
and 37 development stages (Hamburger and Hamilton,
1992), corresponding to 5, 8 and 11 days of incubation
respectively, were obtained from the “Mary Poultry Farm"
located in San Antonio de los Altos, Miranda State,
Venezuela.

2.4. Ethical statement

Expert personnel prepared all the experimental events
relating to the use of live animals according to the Ven-
ezuelan pertinent regulations and institutional guidelines
for the care and use of laboratory animals. These guidelines
were published by the US National Institute of Health (NIH,
1985) and approved by the Institute of Anatomy of the
Universidad Central de Venezuela and the Ethics Commit-
tee from the Instituto Venezolano de Investigaciones
Cientificas approved the present study.

2.5. Protein quantification

Protein concentration was tested by Lowry et al. (1951)
method, using BSA as standard and spectrophotometrically
assuming that 1 unit of absorbance at 280 nm corresponds
to 1 mg protein/mL (Simonian and Smith, 2006).

2.6. SDS-polyacrylamide gel electrophoresis

Protein samples were electrophoresed on poly-
acrylamide gels using Laemmli (1970) or Schdgger and von
Jagow (1987) systems.

2.7. Purification of colombienases

B. colombiensis metalloproteinases were isolated using
cation exchange chromatography as the initial step,
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followed by hydrophobic interaction and molecular exclu-
sion chromatographies (Girén et al., 2013).

2.8. Lethality (LDsp)

Five groups of five mice for each sample were located in
mice cages and inspected during the experiments. B.
colombiensis venom (BcV) and colombienases were dis-
solved in 0.85% saline at the highest test dose per mouse.
The lethal toxicity was determined by injecting 0.2 mL of
BcV and colombienases at varying dosages (0.175-2.5 ug)
into the tail veins of 18-20 g female BALB/c mice. Saline
controls were used. The LD5y was calculated by Spearman-
Karber method (1978) after the 48 h experimental period.
In these animals the potential bleeding effect was deter-
mined by dissection of the animal and evaluating the
different organs to macroscopically determine the presence
of hemorrhage or fibrin formation.

2.9. Hemorrhagic activity

Hemorrhagic activity for BcV and fractions was assayed
by Gutiérrez et al. (1985) method. One hundred microliters
of variable amounts (ug) of venom and fractions were
intradermally injected into the abdominal skin of NRMI
mice. After 2 h, the mice were sacrificed and the diameters
of the hemorrhagic spots were measured. A minimal
hemorrhagic dose (MHD) was taken as the end point and
defined as the amount of venom that causes a 10-mm
hemorrhagic spot. Saline solution was used as a negative
control.

2.10. Fibrinolytic activity

Fibrinolytic activity of colombienases was studied by
the fibrin plate method as described by Marsh and Arocha-
Pifiango (1972).

2.11. Fibrinogenolytic activity

Fibrinogenolytic activity of colombienases was assayed
by Salazar et al. (2007) method. Fibrinogen in 0.05 M Tris-
HCl, pH 7.4 was incubated with sample at different ratios at
37 °C and at different time periods. Fifty microliter aliquots
of the Fg:venom solution were mixed with an equivalent
volume of denaturing solution (2% DTT and 2% SDS). To test
the fibrinogen chains, the samples were run on a 10% SDS-
PAGE, using the Tris-Tricine system under reduced condi-
tions (Schdgger and von Jagow, 1987). This activity was also
carried out in presence of protease inhibitors by incubating
venom or colombienases for 30 min at 37 °C with a mixture
of inhibitors. Serine proteinase inhibitors were employed as
a mixture of 10 mmol/L benzamidine/HCI, and 100 IU/mL
aprotinine (final concentrations). Metalloproteinase in-
hibitors were used as a mixture of 10 mmol EGTA-Na and
10 mmol EDTA-Na (final concentrations) (Girén et al., 2008).

2.12. Plasminogen activation

Plasminogen activator activity in colombienases was
determined by a modification of Mussoni et al. (1979)

method, measuring amidolytic activity of the plasmin
generated on S-2251 substrate (Girén et al., 2013).

2.13. Fibronectin purification

Human fibronectin was purified by Vuento and Vaheri
(1979) modified method. In brief, human citrated plasma
was filter through nylon cloth and 10 mmol benzamidin/
HCl and 1 mmol phenylmethanesulfonyl fluoride were
added. The vitamin K-dependent factors were adsorbed
using 1 mol/L BaCl; (80 ml/L plasma); the supernatant was
dialyzed against 0.05 mol/L Tris-HCI, pH 7.5 buffer (TB), and
then applied to a Sepharose-Gelatine column
(2.8 x 20 cm?) formerly equilibrated with the same buffer
(flow rate, 1.5 mL/min). The column was initially washed
with 1 mol/L NaCl and later with 0.2 mol/L arginine in TB.
Elution of fibronectin was run with 1 mol/L arginine in the
same buffer. The eluted fractions were pooled and dialyzed
against TB and applied to a Sepharose-Arginine column
(2.5 x 10 cm?) (flow rate, 0.5 mL/min). The column was
washed with TB and the fibronectin was eluted with
0.1 mol/L NaCl in the same buffer. The eluted fractions were
concentrated by ultrafiltration with an Amicon YM-100
membrane and stored at —80 °C until used. Western blot-
ting recognized fibronectin in each pool and fibronectin
was visualized with a rabbit anti-fibronectin IgG at a dilu-
tion of 1:1000 followed by a goat anti rabbit IgG, peroxidase
conjugated at a dilution of 1:1000. The protein concentra-
tion was determined by assuming an extinction coefficient
at 1 mg/mL and 280 nm of 1.28. Purity was evaluated by
7.5% SDS-PAGE under reduced conditions using the
Laemmli system.

2.14. Degradation of fibronectin

Purified fibronectin was incubated with BcV and
colombienases, ata 1 ug venom/100 pg fibronectin ratio, for
2 and 24 h at 37 °C. Fibronectin degradation was visualized
by SDS-PAGE on a 7.5% gel under reduced conditions. This
fibronectin pre-treated with colombienases was used to
evaluate its functional activities. Changes in the molecules
were visualized by electrophoresis (SDS-PAGE) under
reduced conditions using the Laemmli system.

2.15. Effect of venom on extracellular matrix proteins (ECM)

The effects of BcV and colombienases on ECM proteins
were tested using purified laminin and collagen type IV. For
the analysis of laminin incubation was at 37 °C, and for
collagen type IV was at 25 °C, using a 100:2 ratio. Incuba-
tion times were 2 and 24 h, and the reactions were stopped
by placing the mixture in ice bath and adding 2 pL of 20%
glycerol bromophenol blue and 3 pL of 2% DTT 2%-SDS
(Guerrero et al., 2010). Changes in the molecules were
visualized by electrophoresis (SDS-PAGE) under reduced
conditions using the Laemmli system.

2.16. Zymogram analysis of gelatinolytic activity

To study the colombienases gelatinolytic activity,
gelatin-zymography was performed as previously
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described by Guerrero et al. (2010). Briefly, proteins were
diluted in SDS sample buffer without reducing agents and
electrophoresed on 12% SDS-polyacrylamide gels co-
polymerized with 3 mg/mL of gelatin. Next, the gels were
washed twice for 30 min in 2.5% Triton X-100 to remove
SDS and then incubated in a zymography buffer (0.05 M
Tris-HCl, pH 7.4, 0.15 M Nacl, 0.01 M CaCl,, 0.01 M MgCl,)
at 37 °C for 18 h. After incubation, gels were stained with
Coomassie blue for 2 h and then distained. The presence of
gelatinolytic activity was recognized as clear bands on a
uniform blue background.

2.17. Indirect hemolytic activity

The indirect hemolytic activity was tested according
to Theakston and Reid (1983) method. This test used a
medium consisting of a solidified mixture of agar, blood
and egg-yolk in Petri dishes. Then 20 pL of BcV or
colombienase-1 and colombienase-2 at concentrations of
25 and 50 pg/20 pL were place in 3 mm holes. The plates
were incubated in a humid chamber at 37 °C for 24 h and
the diameters of the hemolysis halos of each dose were
measured. Saline solution was used as negative control and
crude venoms of B. colombiensis and Crotalus durissus
cumanensis as positive controls. Each experiment was
performed in triplicate.

2.18. Edema-forming activity

The edema activity of BcV and colombienases was tested
by Yamakawa et al. (1976) method. For the determination
of minimum edema-forming dose (MED), five sample doses
were prepared using isotonic saline solution as diluent.
Dilutions of each BcV and colombienases solutions
(0.05 mL) were injected in the right plantar pad of four
mice (n = 4). The left plantar pads of the mice were injected
with 0.05 mL of isotonic saline solution as controls.

One hour after the injections, the mice were sacrificed
with CO,, next both injected limbs at the tarsal joint were
sectioned and weighed using an analytical balance. The
results were expressed as MED, which is defined as the
amount of venom that induces, after 1 h, 30% edema with
respect to the limb control. For the determination of
edema-forming activity from colombienase-1 and
colombienase-2, the MED was calculated using BcV (3 pg/
50 plL) as reference (Girén et al., 2011).

2.19. Recognition of colombienases by polyvalent antivenom

The detection of specific antibodies against colombie-
nases was carried out using the double immunodiffusion
technique (Ouchterlony, 1958). The antivenom (SAOP) was
developed at the Faculty of Pharmacy of the Universidad
Central de Venezuela and neutralizes at least 2 mg of B.
colombiensis venom per mL. Slides were pretreated with 1%
agarose and then covered with 3.5 mL of 2% agarose. Once
the gel solidified, equidistant wells were drilled and
distributed by making one central hole and six peripheral.
In the central hole, 10 pL of SAOP was placed. In each pe-
ripheral well, 10 puL of colombienases at dilutions of 26.1,
13.05 and 6.53 ug/well (colombienase-1) and 17.0, 8.5 and

4.25 pgf/well (colombienase-2) were placed and incubated
at 37 °C for 24 h. Once the precipitation band was detected,
the plate was washed with 0.9% saline and stained with
Coomassie Blue.

2.20. Cardiac myoblasts hanging drop

Hanging-drop cultures on glass coverslips were pre-
pared from 5 days old chick embryo heart fragments. The
explants were grown in thin chicken plasma dilute 1:2 with
Tyrode solution which contained a small amount of extract
from 8 day old chicken embryos (Alvarez and Barasa, 1996).
Only primary cultures were employed; in general they
were 24 h old. The cultures were incubated at 38 °C and
before the experiment they were examined with the mi-
croscope and only those that showed a well developed
zone of outgrowth were selected The culture selected were
divided into 2 groups: control and treated. The estimation
of LCsg was carried out by selecting the cells according to
their morphological aspects that included collapsed or
rounded cells, for which the proportion of cellular death
was determined (in terms of percentage of response of all
or nothing), depending on the concentration of BcV. The
cardiac myoblasts monolayers were treated at different
dilutions of BcV (20, 10, 5, 2.5 and 1.25 pg/100 pL) and
incubated for 1 h at 37 °C. Acute toxicity test allowed the
determination of the LCsg, which represents the venom
amount necessary, in direct contact with culture myoblasts
for 1 h exposure at 37 °C, to induce 50% of cell death. Based
on the concentration-response curve, the calculated LCsq
was 40.38 ug/mL, with a 37.67 ug/mL sub-lethal range and a
supra-lethal of 43.11 pg/mL.

2.21. Cellular damage of BcV and colombienases

The cardiac myoblast monolayers obtained by hanging-
drop and selected for treatment were placed in direct
contact with BcV or colombienases (50 ug/100 pL). Once the
treatment was finished, they were incubated in DiOC1
fluorochrome (Jacobberger et al.,, 1984; Poot, 1998) for
1 min and washed three times with Tyrode solution and
observed for living cells in an inverted fluorescence mi-
croscope (Olympus IX71) equipped with a thermal plate at
37 °C and a Blue excitation (Aexc Blue) filter. Images were
captured with a DP71CCD camera and processed with
Adobe Photoshop CS3.

The cellular response to acute exposure with venom is
of quental type, all or nothing, cell death being the final
expression of damage. The different concentrations effect
of BcV on the cell groups of cardiac myoblasts hanging-
drop primary culture was evaluated by determining the
proportion, in terms of the percentage, of cells with
rounded shape associated with cell death.

2.22. Statistical analysis

Data are expressed as mean 4 SD, using n = 3. Means
and standard deviations were calculated using Microsoft
Excel. In case of differences between the experimental
groups, comparisons were performed by one-way ANOVA
test using the Tukey’s multiple comparison (GraftPad).
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3. Results
3.1. Colombienases

Colombienases 1 and 2 with fibrinogenolytic activity
were isolated from BcV using a Mono S HR 10/10 cation
exchange column followed by Phenyl-Sepharose hydro-
phobic interaction and finally a Bio-Silect 125-5 or 10/
300GL Superose 12 exclusion chromatography columns.
The purity criterion was assessed by a 12% SDS-PAGE under
reduced conditions and confirmed by Symmetry® C-18
phase reverse chromatography (Girén et al., 2013). Elec-
trophoresis of B. colombiensis venom showed bands be-
tween 14 and 70 kDa. The fractions F1, F2 and F3, obtained
from cation exchange chromatography, showed bands
around 25 kDa. The silver nitrate stain revealed additional
bands between 14 and 6 kDa (data not shown). Protein
separation continued with the isolation of active metal-
loproteinases with the highest degree of purity.
Colombienase-1 and colombienase-2 showed a single ho-
mogeneous band of 25 kDa (Fig. 1).

3.2. Hemorrhagic and fibrinogenolytic activities

The hemorrhagic and fibrinolytic activities of BcV, active
fractions and colombienase-1 and colombienase-2 are
shown in Table 1. The BcV presented 250 mm?/50 pg and
30.6 mm?/ug of hemorrhagic and fibrinolytic activities,
respectively.

The cation exchange F2 fraction proved to be higher in
fibrinolytic (70.2 mm?/pg) activity but with less hemor-
rhagic activity (18 mm?/50 pg). Colombienases 1 and 2
isolated from F2 fraction did not have hemorrhagic ac-
tivity at a dose of 50 ug, with fibrinolytic activities similar
in fibrin plates in presence or absence of plasminogen.
Both colombienases had no plasminogen activation
activity.
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Fig. 1. SDS-PAGE under reduced conditions on a 12% Gel): 1) Molecular
weight markers; 2) BcV; 3) Cationic Interchange F2 fraction; 4)
colombienase-1; 5) colombienase-2.

Table 1
Hemorrhagic and fibrinolytic activities of BcV, fractions and
colombienases.

B. colombiensis Hemorrhagic Fibrinolytic Activity

Venom/Fractions Activity mm?/50 pg ~ Pg* mm?/ug
BcV 250 30.6
Fractions
Cationic interchange
F1 28 9.5
F2 18 70.2
F3 229 64.4
Hydrophobic
Interaction (F2)
F2-A - 85.7
F2-B - 1313
Molecular Exclusion
Colombienase-1 - 94.2
Colombienase-2 - 211.6

Pg™: in presence of Plasminogen.
- Negative activity.

Colombienase-1 at 100:0.5, 100:0.1 and 100:5 (fibrino-
gen:colombienase) ratios induced rapid degradation of the
fibrinogen Aa. chains (30 s), which was complete at 15 min,
without apparent degradation of y chains (data not shown).
Colombienase-2, at 100:1 ratio, additionally induced vy
chains degradation observed at 120 min (Fig. 2). Fibrinogen
treated with BcV and/or colombienases at 100:1 ratio, after
4 h, lost the coagulant activity by thrombin. The results also
showed that the metal chelants (EDTA, EGTA, or 1,10-phe-
nanthroline) and DTT completely blocked this activity (data
not shown).
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Fig. 2. Fibrinogenolytic activity of colombienase-2 at a 100:1 ratio and 24 °C.
SDS-PAGE under reduced conditions on a 10% Gel. 1) Molecular weight
markers; 2) Control fibrinogen (Fg) chains; 3 and 4) Fg + colombienase for 5
and 120 min incubation time.
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3.3. Activity on extracellular matrix proteins and basal
membranes

3.3.1. Collagen

Under the experimental conditions tested, no effect of
BcV or colombienases on collagen type IV molecule from
human placenta basal membranes was observed. The
collagen control showed the same pattern as the samples
incubated with colombienases-1 (Fig. 3). The BcV and
colombienase-2 showed a pattern similar to the one ob-
tained with colombienase-1 (results not shown).

3.3.2. Fibronectin

Fibronectin control, purified from human plasma,
showed a band of ~210 kDa. Colombienase-1ata100:1 ratio
(Fn:enzyme), at 37 °C and 2 h of incubation, induced the
disappearance of high molecular weight bands, generating
products between 148 and 65 kDa molecular weights. After
24 h incubation, the corresponding band of molecular
weight between 98 and 36 kDa were intensified (Fig. 4).
Colombienase-2 induced a similar effect (results not shown).

3.3.3. Laminin

Colombienases, under experimental conditions, at
100:2 and 100:5 protein:venom ratios and 37 °C for 2 and
24 h incubation did not induce changes in electrophoretic
migration of laminin chains (data not shown).

3.4. Gelatin zymography

Fig. 5 shows an acrylamide-gelatin gel zymography of
BcV and colombienases. The results demonstrated that BcV

KkDa

250.0 = =
148. 0

I

Fig. 3. Effect of colombienase-1 on human type IV collagen at a 100:2 ratio
and 25 °C. SDS-PAGE under reduced conditions on a 5-10% gradient gel. 1)
Molecular weight markers; 2) Collagen control; 3 and 4)
Collagen + colombienase at 2 and 24 h incubation time.

kDa
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50.0
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Fig. 4. Effect of colombienase-1 on fibronectin at a 100:1 ratio and 37 °C.
SDS-PAGE, under reduced conditions on a 7.5% Gel. 1) Molecular weight
markers; 2) Fibronectin control; 3 and 4) Fibronectin + colombienase at 2
and 24 h incubation time.

presented gelatinolytic activity evidenced by clear bands
with relative molecular masses between ~ 148 and 98 kDa
and also near ~22 kDa. Colombienase-2 presented an
active band at ~22 kDa. In contrast, colombienase-1
showed a weak ~22 kDa band (Fig. 5).

3.5. Edematogenic activity of BcV and colombienases

A significant edema developed in the footpad the mice
after a subcutaneous injection of BcV (3 pg/mouse) (Girén
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50
36
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Fig. 5. Acrylamide-gelatin gel zymography of Bothrops colombiensis venom
(BcV) and colombienases. 1) Molecular weight markers; 2) BcV (5 pg); 3)
colombienase-1 (10 pg); 4) colombienase-2 (5 pug).
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et al.,, 2013). A restrained edema was also observed with
colombienase-1 and colombienase-2 (3.9 pg/mouse)
inducing 12.66% and 8.45% MEDs, respectively (Table 2).

3.6. Hemolytic activity

B. colombiensis venom showed a 176.71 mm?/50 pg
hemolytic area. Treatment with 2 mM EDTA abolished the
hemolytic activity. Incubation of colombienases did not
develop hemolytic activity compared with the positive
control (C. durissus cumanensis venom: 192 mm2/50 ug)
(Table 2).

3.7. Colombienases recognition by polyvalent antivenom

Via a double Immunodiffusion method, colombienase-2
did not react with polyvalent antivenom (SAOP). In
contrast, colombienase-1 showed a precipitation band with
the three evaluated doses (Fig. 6).

3.8. B. colombiensis venom and colombienases toxic effects
on monolayers of cardiac myoblasts cultures

The myoblasts treated with BcV and colombienases
cultures showed diverse changes. It highlights the ortho-
dox form filamentous mitochondria, with intense fluo-
rescence in contrast to the loss of this conformation in
cardiac myoblasts treated with venom. In terms of the
monolayer, loss of cell adhesion to the substrate, irregular
monolayer areas, as well as cell rounding in suspension
were observed. In contrast, the monolayer control and
remained adhered to the substrate and maintained a
continuity of cells.

3.9. Acute toxicity

The changes induced by BcV were evaluated by light
microscopy, as well as through fluorescent probes, specif-
ically through the type DiOC; lipophylic fluorochrome
cationic, which allows studying the damage at a subcellular
level. The results obtained with BcV showed a cell structure
collapsed, with intense diffuse fluorescence, mitochondrial
and perinuclear areas lacking structural definition. In
contrast, the population of cardiac myoblasts controls, as
well as those treated with colombienase-1 and
colombienase-2, showed intense fluorescence; high-
lighting the conventional structure of mitochondria (sha-
ped like elongated canes) throughout the cytoplasm and in
the peri-nuclear area. The most prominent nuclear alter-
ations were condensation and fragmentation of nuclear
material.

Table 2
Hemolytic and Edema-forming activities induced by BcV and
colombienases.

Venom/fractions Edema-forming

activity (% edema)

Hemolytic activity
(lysis areas in mm?)

Bcv 30.0 176.7
Colombienase-1 12.7 0
Colombienase-2 8.5 0

Fig. 6. Immunodiffusion of colombienases and SAOP antivenom on a 2%
agarose gel. 1-3) Colombienase-1 at 26, 13 and 6.5 pg/well; 4-6)
colombienase-2 at 17, 8.5 and 4.25 pg/well; 7) 10 pL of SAOP. The samples
were incubated for 24 h incubation at 37 °C.

4. Discussion

To date, many investigators have been trying to improve
the safety and efficacy of fibrinolytic therapy through the
isolation of fibrinolytic enzymes from different snake
venoms (Maruyama et al., 1993; Sugiki et al., 1995; Cintra
et al,, 2012). Amid these, a good deal of consideration has
been dedicated to fibrinolytic enzymes isolated from
Bothrops snake venoms (De Roodt et al., 2003; Girén et al.,
2008; Gomes et al., 2011).

In the current work, several experiments were carried
out to test the colombienases 1 and 2 (non-hemorrhagic
metalloproteinases from B. colombiensis snake venom)
in vitro fibrinolytic effects (Girén et al., 2013). The results
showed that colombienases directly act on the fibrin
polymer, without the fibrinolytic system activation. Both
colombienases can promote anti-coagulant effects, given
that they degraded the Ao and Bp chains of fibrinogen;
additionally colombienase-2 degrade v chains, as well as a-
polymers, dimers y-y and o and B chains of fibrin (Girén
et al,, 2013). There are few descriptions of fibrinogenases
that degrade the fibrinogen y chains. Various authors
(Liang et al., 2005) reported venom fractions degrading the
v chains, such as FlI(a) (Agkistrodon acutus) fraction, which
degrades the y chains. Serrano et al. (1993) evaluated three
proteases isolated from Bothrops moojeni venom, two
serine proteases and one metalloproteinase that reduced
the three fibrinogen chains. Recently, Rodriguez-Acosta
et al. (2010) reported the y chain degradation with
Bothrops isabelae crude venom and its fibrinogenolytic
fractions.

Results related to colombienases fibrinogenolytic ac-
tivity show that they act as a-fibrinogenases. Most of the o-
fibrinogenases are metalloproteinases, which may or may
not present proteolytic and/or hemorrhagic activities on
basal membranes proteins (Gay et al., 2005; Sanchez and
Swenson, 2007). Since they do not activate plasminogen
because their action is directed on fibrinogen, they may
induce few systemic alterations. Laminin and type IV
collagen were resistant to the actions of colombienases.
This finding could explain the absence of colombienases’
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hemorrhagic activity on mice. The dose used (50 ug) did not
have hemorrhagic effects subcutaneously and did not eli-
cited a hemorrhagic syndrome in the mice.

Colombienases lacked hemorrhagic activity, and their
fibrino (geno) lytic activity is inactivated by metal-
loproteinases inhibitors; they can be classified as P-Ib type.
The absence of hemorrhagic activity may be due to a lower
affinity by components of extracellular matrix, or its
structure since metalloproteinases P-Ib class do not have
disintegrin and cysteine rich domains. They present only
the metalloproteinase domain, characterized by the
HEXXHXXGXXH consensus sequence, which seem to
determine their union to collagen and other extracellular
matrix components (Clissa et al., 2006).

Fibronectin is a protein which interacts with coagula-
tion and fibrinolysis components and thus regulates pro-
cesses such as platelet aggregation and adhesion, tissue
remodeling and fibrinolysis mediated plasminogen activa-
tors (Lucena et al., 2007). Both colombienases hydrolyze
fibronectin molecule generating different degradation
fragments. This effect has been reported for snake venoms
containing metalloproteinases, such as Bothrops atrox:
atroxlysin (Sanchez et al, 2010); Bothrops leucurus:
leucurolysin-A and leucurolysin-B, (Sanchez and Swenson,
2007; Bello et al, 2006); B neuwiedi: neuwiedasa
(Rodrigues et al., 2000); Bothrops asper: BaH4 (Franceschi
et al., 2000); as well as in disintegrins, such as colombis-
tatin from B. colombiensis (Sanchez et al, 2009) and
cumanastatin from C. durissus cumanensis (Da Silva et al.,,
2009), among others.

Gelatinolytic activity was evaluated by zymography with
BcV having several high molecular weight bands (<148-
>64 kDa) that may correspond to P-III class metal-
loproteinases and another band was detected at ~22 kDa
region, which was also evident with colombienase-2. On the
contrary, colombienase-1 presented a weak gelatinolytic
activity in this experimental condition. This activity was
EDTA inhibited, corroborating its metalloproteinase nature.
Similar results have been reported by Terra et al. (2009),
comparing B. lanceolatus gelatinolytic activity from this
class P-I metalloproteinases-rich venom and Bothrops jar-
araca rich in class P-IlI metalloproteinases, finding an
increased gelatinolytic activity in the latter.

Our results suggest that colombienases have little rele-
vance in the edema produced by B. colombiensis ophidic
accidents (Rodriguez-Acosta et al.,, 2000). The edema in
bothropic envenomation pathogenesis has been associated
to the phospholipases (PLAy) myotoxic activity acting on
the smooth muscle of the lymph vessels, inducing
contraction and irreversible cellular damage (Mora et al.,
2008). However, with B. jararaca venom, it has been
established that the metalloproteinases play a major role in
inflammatory reactions than the serino proteases or
phospholipases (Zychar et al.,, 2010). Yet, BjussuMP-II, a
metalloproteinase isolated from Bothrops jararacussu, pre-
sented a low edema-forming activity with respect to crude
venom (Marcussi et al, 2007). Neuwiedasa, a 22 kDa
metalloproteinase isolated from Bothrops neuwiedi venom
free of hemorrhagic activity, contributes to local damage
inducing edema, inflammatory infiltrate, myotoxicity and
degradation of extracellular matrix components (Rodrigues

et al., 2001). BaP1, class PI metalloproteinase from B. asper
venom, induces edema, myonecrosis and moderate
bleeding, with leukocytes polymorph nuclear and macro-
phages infiltrate (Rucavado et al., 2002; Moreira et al.,
2012). Porthidin-1, class P-I hemorrhagic metal-
loproteinase isolated from Porthidium lansbergii hutmanni,
degrades fibronectin, gelatin, casein, fibrinogen, fibrin and
induces mice foot-pad edema (Girén et al., 2011).

Results from the present study showed that the
colombienase-1 is recognized by the polyvalent antivenom
(SAQOP). In contrast, colombienase-2 was not recognized by
this antivenom suggesting that this protein presents low
antigenic determinants or that their presence in B¢V has a
low percentage, unable to induce an antibody response.
Now that the involvement of colombienases in fibrinoge-
nolytic activity is known, it would be desirable to incor-
porate them in the inoculum used in immunization
protocols for antivenom production, which may ensure
better antivenom effectiveness.

Table 3 provides the assayed characteristics of both
colombienases in the current work. These biological activ-
ities confer therapeutic potential for these enzymes since
they contain a high fibrinogenolytic activity independent of
plasminogen activation and devoid of hemorrhagic activity
as well as other activities. These metalloproteinases might
be explored as thrombolytic agents given that they dissolve
the fibrin clot or prevent its formation.

Enzymes showing diverse activities present in
bothropics venoms may act on a wide spectrum of organs
and tissues causing multiple local and systemic effects,
such as severe muscle and tissue necrosis, vascular endo-
thelial damage and coagulation disorders (Queiroz et al.,
1984; Milani et al., 1997). In order to evaluate the thera-
peutic potential of the colombienases and elucidate if they
have no cytotoxic potential and/or necrotoxic activities, a
hanging drop cellular model was used in this study. At the
cellular and sub-cellular levels, changes were easily

Table 3
General characteristics of colombienases

Activity Colombienase-1 Colombienase-2

Fibrinolytic 94.16 mm?/ug 211.57 mm?/pg
(fibrin plate)

Fibrin degradation Positive Positive
(SDS-PAGE)

Fibrinogen Chains Chains

degradation

Plasminogen
activation

Aq, fast degradation

Bp slow degradation.

v not altered
Negative

Aa fast degradation.
BB slow degradation.
y low degradation.
Negative

Gelatinolytic Positive (weak) Positive
Proteolytic under:
Fibronectin Positive Positive
Collagen type IV Negative Negative
Laminin Negative Negative
Hemorrhagic on skin  Negative Negative
Edematizing Weak Weak
Coagulant Negative Negative
Hemolytic Negative Negative
Platelet aggregation  Negative Negative
effects
Immunological Positive Negative
recognition
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visualized. Fluorescent probes allow organelle labeling
with DiOC; fluorochrome cationic lipophilic.

Under VBi action, a reduction of cell adhesion to the
substrate, increase in intercellular spaces, and cellular or-
ganization loss were observed, which compromised cell
viability, with a decrease and condensation of cytoplasm,
cell rounded appearance, presence of filamentous struc-
tures, as well as changes in mitochondrial pattern. The
most prominent nuclear alterations were condensation
and fragmentation of nuclear material; these observed
morphological changes have been associated with cell
death by apoptosis. In comparison, colombienases (50 pg/
mL) did not induce significant changes in LCs.

Myoblast  response to  colombienase-1  and
colombienase-2 exposure was similar to the control
without treatment, showing intense brightness of the
emitted fluorescence, highlighting the conventional struc-
ture of mitochondria, shaped like cones elongated
throughout the cytoplasm and in the peri-nuclear area.
These results indicate that the colombienases, highly
fibrinogenolytic, do not seem involved in the BcV cytotox-
icity. The class P-I metalloproteinases lack of disintegrin
domains and rich-in-cysteine appear to be important for
the induction of apoptosis (Tanjoni et al., 2005). Other au-
thors, using canine renal epithelial cell monolayers, have
shown similar results with B. moojen, Bothrops alternatus
and Lachesis muta muta venoms (Collares-Buzato et al.,
2002; Nascimento et al., 2004; Damico et al., 2007).

The potential therapeutic activity of the colombienases
is similar to other described snake venom molecules such
as kistomin, a P-I class metalloproteinase, which has
antithrombotic activity both in vitro and in vivo (Hsu et al.,
2007). Girén et al. (2011) described Porthidin-1 from P.
lansbergii hutmanni, which was two times more specific for
fibrinolytic activity than the crude venom. They assumed
that these proteinases have clinical relevance as thrombo-
lytic agents. Teklemariam et al. (2011) proposed that the
GST-disintegrin-like snake venom peptide designated as
acocostatin, from Agkistrodon contortrix contortrix was
capable of inducing apoptosis of Human Umbilical Vein
Endothelial Cells and HelLa cells; it also prevented migra-
tion of SK-Mel-28 cells having therapeutic value in the
treatment of cancer and other hemostatic diseases. With
the development of the peptide synthesis industry and
extraction of synthetic products, using known and fibri-
nolytic aminoacid sequences of toxins, there could be
important clinical use of these colombienases as fibrino-
lytic agents.
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