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Abstract

Crotalid venoms are rich sources of components that affect the hemostatic system. Snake venom
metalloproteinases are zinc-dependent enzymes responsible for hemorrhage that also interfere
with hemostasis. The disintegrin domain is a part of snake venom metalloproteinases, which
involves the binding of integrin receptors. Integrins play an essential role in cancer survival and
invasion, and they have been major targets for drug development and design. Both native and
recombinant disintegrins have been widely investigated for their anti-cancer activities in biological
systems as well as /n vitroand in vivo systems. Here, three new cDNASs encoding ECD
disintegrin-like domains of metalloproteinase precursor sequences obtained from a Venezuelan
mapanare (Bothrops colombiensis) venom gland cDNA library have been cloned. Three different
N- and C-terminal truncated ECD disintegrin-like domains of metalloproteinases named
colombistatins 2, 3, and 4 were amplified by PCR, cloned into a pGEX-4T-1 vector, expressed in
Escherichia coliBL21, and tested for inhibition of platelet aggregation and inhibition of adhesion
of human skin melanoma (SK-Mel-28) cancer cell lines on collagen 1. Purified recombinant
colombistatins 2, 3, and 4 were able to inhibit ristocetin- and collagen-induced platelet
aggregation. r-Colombistatins 2 showed the most potent inhibiting SK-Mel-28 cancer cells
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adhesion to collagen. These results suggest that colombistatins may have utility in the
development of therapeutic tools in the treatment of melanoma cancers and also thrombotic
diseases.
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1. Introduction

In the occurrence of the Viperidae snakes, local and systemic hemorrhages are one of the
most prevalent and devastating consequences of envenomation (Bjarnason and Fox, 1994).
Many of the hemorrhagic toxins in the venom of the mapanare (Bothrops colombiensis),
which cause these effects have been isolated and differentiated as zinc metalloproteinases
(Giron et al., 2008). In general, metalloproteinases in the mammals play a role in cell growth
and proliferation, preservation of the extracellular membrane, synaptogenesis, and
angiogenesis. Mutant forms of these metalloproteinases can conduct over activation of cell
growth and it has been suspected that they are implicated in tumor growth and metastasis
(Ramos and Selistre-De-Araujo, 2006).

cDNA cloning and sequencing of the hemorrhagic toxins of B. colombiensis aside from
other Viperidae snakes have pointed out that the metalloproteinases from snake venoms are
synthesized as multi-domain precursors (Hite et al., 1992). Snake venom metal-loproteinases
(SVMPs) are classified into three major classes (P-1 to P-111) based on their structural
domains (Fox and Serrano, 2009). The P-I class metalloproteinases, having molecular
weights of 20-30 kDa, have pre-, pro-, and metalloproteinase/spacer domains while the
bigger forms, P-11 (30-60 kDa) and P-111 (60-100 kDa), preserve one to three additional
carboxy domains (Fox and Bjarnason, 1995). The P-IlI class is the most hemorrhagic SVMP
and has been shown to inhibit collagen-induced platelet aggregation (Moura da Silva et al.,
2001; Zigrino et al., 2002).

The P-I11 class comprises a signal sequence, a pro-domain, a metalloproteinase domain, a
spacer peptide, a disintegrin-like domain (non-RGD disintegrin domain), and a cysteine-rich
domain (Bjarnason and Fox, 1994). It has been described that class P-111 of SVMPs
undertakes proteolytic actions to liberate the carboxy disintegrin-like/cysteine rich (DC)
domains from the main metalloproteinase using post-translational processing (Shimokawa et
al., 1996; Fox and Serrano, 2005, 2009). Several studies reported that both native and
recombinant proteins of disintegrin-like domain itself or DC domains of P-111 SVMPs show
a potent anti-platelet aggregation activity induced by collagen (Higuchi et al., 2011; Tanjoni
et al., 2010; Selistre de Araujo et al., 2005; Moura-da-Silva et al., 2001; Zigrino et al., 2002;
Shimokawa et al., 1997).

Recently, we have created a Bothrops colombiensis snake venom gland cDNA library
(Suntravat et al., 2016). The significant clones were sequenced and functionally explored
using cross-species genomic estimation to assess the capacity and operative properties of the
constructed library for disintegrins research. The most abundant toxin transcripts were
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metalloproteinases (35%). The class P-111 SVMPs group was the most complex showing five
different subclasses with a great diversity of disintegrin-like (D/ SECD motif) and cysteine-
rich domains. In this study, three different 5° and 3" truncated ECD disintegrin-like
domains of the 5" truncated P-111 metalloproteinases from B. colombiensis were cloned and
expressed and determined their biological activities. The recombinants proteins, named r-
colombistatins 2, 3, and 4, were identified and tested for their abilities to inhibit ristocetin-,
ADP-, collagen-induced platelet aggregation in whole human blood and skin melanoma
(SK-Mel-28) cell adhesion. These new venom molecules have been documented, and could
be utilized as a base for venomic knowledge, evolutionary research and further disintegrin
functional and structural studies.

2. Materials and methods

2.1. PCR amplification and cDNA cloning of partial ECD disintegrin-like domains

The cloning of the partial ECD disintegrin-like domains was done according to the method
of Suntravat et al., 2013. The partial cDNASs encoding the Bothrops colombiensis venom
class P-111 metalloproteinases identified from the cDNA library (GenBank accession no.
JZ880093, JZ880098, and JZ880094) (Suntravat et al., 2016) were used as a template for
PCR to subclone their N- and C-terminal truncated ECD disintegrin-like domains, which
were designated as colombistatins 2, 3, and 4, respectively. PCRs were used to generate
double stranded cDNA, with the following disintegrin-specific primers (colombistatin 2, a
forward primer 5'-CGCGAATTCGA-GATGGGAGAAGAATGTGAC-3" and a reverse
primer 5"-GACTCGAGTCACCTTTGGAAGTCATCTGTGG-3"; colombistatin 3, 5-
CGCGAATTCGAGAAGGGAGAAGAATGTGACTG-3” and a reverse primer 5'-
GACTCGAGTCACCTTTTGAAGTCATCTGTGGGA-3’; colombistatin 4, a forward
primer 5'-CGCGAATTCGAGGTGGGAGAAGAATGTGAC-3" and a reverse primer 5’-
GACTCGAGTCACCTTTGGAAGCGATCTG-TAC-3, two restriction enzyme sites
(underlined): EcoRI in forward primer and X#ol in reverse primer) as previously described
(Suntravat et al., 2015, 2013). PCR amplification consisted of a cycle of 94 °C (3 min), 30
cycles of 94 °C (30 s), 58 °C (30 s), and 72 °C (1 min). A final extension step was
performed for 10 min, at 72 °C. The PCR product was digested with £coRI and Xhol and
gel purified. The PCR product was ligated into £coRl and X#ol sites of pGEX-4T-1
expression vector (GE Healthcare Lifesciences, Uppsala, Sweden). The ligated plasmid was
transformed into £. col/i Top10 competent cells (Invitrogen, CA, USA). Plasmid was
extracted using the Gen-Elute plasmid miniprep kit (Sigma-Aldrich, MO, USA). Plasmids
containing inserts of the predicted size for recombinant colombistatins 2, 3, and 4 (r-
colombistatins 2, r-colombistatins 3, and r-colombistatins 4) were performed by PCR and
further confirmed by sequencing for construction of in-frame.

2.2. Sequence analysis

The cDNA sequences and predicted amino acid sequences were compared to the sequences
in the GenBank database using Gen-Bank BLASTN and BLASTX programs (Altschul et al.,
1997). Multiple alignments of the amino acid sequences were performed with Clustal W
program (Thompson et al., 1994). A phylogenetic tree was generated from a multiple
alignment of disintegrin-like domains within MegAlign program using the neighbor-joining
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method, Lasergene 12 software (DNASTAR, Inc. Madison, WI). The bootstrap test was
done using 1000 replications. The sequence of mojastin was used as an outgroup.

2.3. Expression and purification of recombinant colombistatins 2, 3, and 4

Once the sequence was obtained, in-frame r-colombistatins 2-, r-colombistatins 3-, and r-
colombistatins 4-pGEX-4T-1 plasmids containing an extra five amino acids from this
cloning vector was transformed into £. co/i BL21 (DE3) star cells (Invitrogen). BL21 cells
harboring recombinant plasmid DNA was first cultured in shaking flasks containing Luria-
Bertani (LB) medium overnight. After inoculation of the overnight culture into fresh LB
medium, the culture cells were grown at 37 °C with shaking at 225 rpm until the absorbance
at 600 nm (ODgqg) reached 0.6. The culture was induced with a final concentration of 0.1
mM isopropyl B-d-thiogalactoside (IPTG) for 5 h to induce expression of recombinant
proteins. Bacterial cells were collected by centrifugation at 10,000 x g for 10 min and
resuspended in 1x BugBuster Protein Extraction reagent (Novagen CA, USA) by gentle
vortexing, using 5 mL reagent per gram of wet cell paste. Cells were resuspended and
incubated on a shaking platform for 30 min at room temperature. The lysate was centrifuged
at 16,000 x gfor 30 min at 4 °C. The soluble supernatant was purified using a glutathione S-
transferase (GST)-binding resin (GE Healthcare, CA, USA) in Econo-Column
chromatography column (BIO-RAD, CA, USA), which was previously equilibrated with 1X
GST Bind/Wash Buffer (Novagen). Recombinant colombistatins 2, 3 and 4 were cleaved and
eluted from GST bound to GST-binding resin by thrombin cleavage. Thrombin was removed
from colombistatins using a5 mL HiTrap™ Benzamidine FF (high sub) column (Amersham
Biosciences, NJ, USA) according to the manufacturer’s instruction. The column was
equilibrated with 5 column volumes of binding buffer (20 mM sodium phosphate, 0.15 M
NaCl, pH 7.5). One milliliter of the sample was loaded into the column and colombistatins
were obtained by washing the column with a high salt buffer (20 mM sodium phosphate, 1
M NaCl, pH 7.5). The column was finally washed with 10 column volumes of elution buffer
(10 mM HCI, 0.5 M NacCl, pH 2.0) to remove the thrombin bound to the column. Each
colombistatin was dialyzed in 1X phosphate buffer saline (PBS), pH 7.4 and concentrated
using a 3 kDa Amicon Ultra-15 centrifugal filter (Millipore, Carrigtwohill, Ireland),
electrophoresed on SDS-PAGE under non-reducing condition. Protein concentrations were
estimated from the absorbance at 280 nm.

2.4. N-terminal sequencing

A 4 g of each r-colombistatin was transferred from an SDS-PAGE onto a PVDF membrane
(Milipore Corporation, MA, USA) using a Semi-Dry Transblot Cell (BIO-RAD) at 125 mA
for 1 h. The membrane was stained with Coomassie blue R-250 stain for 5 min and distained
with 50% methanol for 5 min. The sample membrane was sent out for N-terminal amino
acid sequencing at the Protein Facility, Office of Biotechnology, lowa State University, lowa.

2.5. Inhibition of platelet aggregation

Human blood was drawn from healthy donors who had not taken any anticoagulant
prescription within two weeks prior to blood donation (Sanchez et al., 2010). Four hundred
and fifty microliters of 10% citrated whole human blood was incubated at 37 °C at least 5
min prior to use with equal amounts of 0.15 M sodium chloride. r-Colombistatins at various
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concentrations (10 pL) were incubated with blood samples in a Chronolog Whole Blood
Aggregometer (Chronolog, PA, USA) at 37 °C for 2 min. Platelet aggregation was initiated
by adding 8 pL of ristocetin (1 mg/mL), 2 pL of collagen (5 pg/mL), or 10 pL of ADP (10
UM). Percent inhibition of platelet aggregation was calculated using the following equation:
[(C-E/C)] %100, where C is the units of platelet aggregation (chms) for the control, and E is
the unit of platelet aggregation (ohms) for the experimental fraction. The extent of the
inhibition of platelet aggregation was assessed by comparison with the maximal aggregation
induced by the control dose of agonists (ristocetin, collagen, and ADP). The median
inhibitory concentration (1Csp) values were determined from dose-response curves generated
from various concentrations colombistatins using Microsoft Excel 2011.

2.6. Cell line and culture conditions

The human skin melanoma (SK-Mel-28) cell line was obtained from the American Type
Culture Collection (ATCC, Manassas, VA). The SK-Mel-28 cell line was sustained with
Eagle’s minimum essential medium, supplemented with 10% fetal calf serum and antibiotics
(50 units/mL penicillin and 50 pg/mL streptomycin). The cells were cultured in a humidified
5% (v/v) CO, air incubator at 37°C.

2.7. Cellular adhesion inhibition assay

3. Results

The Wierzbicka-Patynowski et al. (1999) method was used to measure the inhibition of SK-
Mel-28 cell binding to collagen I induced by venom components in triplicate wells of a 96-
well plate (Falcon®Tissue Culture Plate), which were coated with 100 L of collagen | at 10
pg/mL, in 0.01 M phosphate buffer saline (PBS), pH 7.4, and incubated overnight at 4 °C.
The plate was blocked by addition of 0.2 mL of PBS in 5% bovine serum albumin (BSA)
and incubated at 37 °C for 1 h. Cells were collected with 0.25% Trypsin-EDTA, counted,
and resuspended in a medium containing 1% BSA at 5 x 10° cells/mL. Each r-colombistatin
at various concentrations (50 pL) was added to the cell suspension (450 uL) and incubated at
37 °C for 1 h. The blocking solution was aspirated, and the cell/ venom fraction suspensions
(200 pL) were added to the wells coated with collagen | and incubated at 37 °C for 1 h. The
SK-Mel-28 cells incubated with PBS were used as negative control. In these negative control
wells, the cells bound to collagen. The wells were washed three times with PBS-5% (w/v)
BSA by filling and aspirating. A total of 200 UL of medium in 1% BSA containing 3-[4,5-
dimethylthiazol-2-yl] 2,5-diphenltetrazolium bromide (MTT) (5:1, v/v) was added to the
wells containing cells and incubated at 37 °C, for 2 h. The MTT was aspirated and 100 pL of
dimethyl sulfoxide (DMSO) was dispensed to the wells to lyse the cells. The plate was
lightly shaken, and the absorbance read at 570 nm using a Beckman Coulter model AD 340
reader. The percent of inhibition was measured by the next formula: [(absorbance of
negative control-absorbance of cell/r-colombistatins)/absorbance of negative control x 100.

3.1. cDNA cloning of partial ECD disintegrin-like domains

The cDNA sequences coding for partial metalloproteinases containing ECD disintegrin-like
and cysteine rich domains (Gen-Bank accession no. JZ880093, JZ880098, and JZ880094)
were used as template to clone and express the 5” and 3" truncated ECD disintegrin-like
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domains, which were designated as colombistatins 2, 3, and 4, respectively. The deduced
amino acid sequences of the partial ECD disintegrin-like cDNA colombistatins 2, 3, and 4
presented 231, 231, and 228 bp long, correspondingly, with the deduced sequence
containing 77, 77, and 76 amino acids, respectively (Fig. 1). The putative primary structure
includes 14 cysteine residues, in that order and the ECD maotifs, the molecular masses were
estimated as 8.5, 8.5 and 8.2 kDa. Analysis of the predicted amino acid sequence revealed
that colombistatins are P-111 disintegrin-like proteins with an ECD motif. Fig. 1 shows
predicted amino acid sequences and the percent identity in comparison with the partial ECD
disintegrin-like domains of colombistatins and other closely related P-111 disintegrin-like
domains. NCBI protein BLAST analysis showed that the deduced amino acid sequence of
the partial ECD disintegrin-like domains of the cloned colombistatins 2 and 3 was
homologous to the disintegrin-like domain of leucorolysin-B (P86092.1) from Bothrops
leucurus with 93.5% and 88.3% identity, respectively. Colombistatin 4 had a 92% sequence
identity with crotastatin (C5H5D1.1) from Crotalus durissus cascavella.

Colombistatin 2 had 90.9% sequence identity with colombistatin 3 and was 64.5% identical
to colombistatin 4. Colombistatins 3 and 4 were matched with 61.8% identity (Fig. 1).
Colombistatins 2 and 3 were grouped together with other disintegrin domains of P-111 class
form the genus Bothrops such as leucurolysin-B (P86092.1) from Bothrops leucurus, MP
1111 (ADO21501.1) from Bothrops neuwiedi, and HF3 (Q98UF9.3) from Bothrops jararaca.
Colombistatin 4 was classified with crotastatin (C5SH5D1.1) from Crotalus durissus
cascavella, halysase (Q8AWI5.1) from Gloydius halys, Met VMP-II1 from ACV83929.1)
from Agkistrodon contortrix laticinctus.

3.2. Expression and purification of r-colombistatins

Escherichia coliBL21 (DE3) Star cells effectively expressed r-colombistatins. The soluble
supernatant was purified using a GST affinity resins in Econo-Column chromatography
column. Highly purified colombistatins were eluted with a high salt buffer (20 mM sodium
phosphate, 1 M NaCl, pH 7.5). Purified r-colombistatins were identified by N-terminal
sequence analysis. The N-terminal end contained an extra five amino acids derived from the
vector (GSPEF), which added an additional molecular weight of 0.54 kDa. The total
calculated molecular weight of r-colombistatins 2, 3, and 4 were about 9 kDa with the pl
values 4.40, 4.76, and 4.73, respectively, by Protein Identification and Analysis Tools on the
Expasy Server (Fig. 3).

3.3. Inhibition of platelet aggregation by r-colombistatins 2, 3 and 4

Table 1 shows the results of inhibition of platelet aggregation of the three recombinant
partial ECD disintegrin-like domains from B. colombiensis with three different agonists
comprising of ristocetin, collagen, and ADP. Recombinant colombistatins inhibited
ristocetin- and collagen-induced platelet aggregation in a dose-dependent manner. No
statistical difference in the ICsqs for inhibiting ristocetin- and collagen-induced platelet
aggregation between r-colombistatins 2 and 3 was observed (p > 0.05). Neither recombinant
colombistatins (in this study) inhibited ADP-induced aggregation, even nor at high doses
(Table 1).
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3.4. Inhibition of cell adhesion to collagen |

r-Colombistatin 2 inhibited SK-Mel-28 adhesion to collagen I, in a concentration-dependent
manner with ICgq value of 22.2 uM (Fig. 4). r-Colombistatin 3 (22 pM) and r-colombistatin
4 (32 uM) inhibited SK-Mel-28 cell adhesion to collagen | by 10.8 + 6.4% and 6.2 + 4.3%,
respectively.

4. Discussion

Disintegrins are proteins with low molecular mass ranging from 49 to 84 amino acids in
length, which are implicated in cell adhesion ligand recognition, binding expressly to
integrin receptors located in the cell surface and in some cases displaying anti-platelet
aggregation.

The first described colombistatin isolated from the venom of B. colombistatin was RGD-
disintegrin containing 72 amino acids with a mass of 7.778 kDa as determined by mass
spectrometry. This native RGD disintegrin inhibited ADP-induced platelet aggregation (ICsq
of 210 nM), human urinary (T24) and skin melanoma (SK-Mel-28) cancer cell adhesion to
fibronectin, and cell migration (Sanchez et al., 2009). Recently, our group (Suntravat et al.,
2016) provided transcriptomic profiles of SVMPs of B. colombiensis showing a great
diversity of P-111 SVMPs containing ECD-DC domains. In addition to the transcriptome
studies, proteomic techniques (Calvete et al., 2009) also demonstrated that both P-111
SVMPs and a few DC domains of P-11l SVMPs were isolated from the venom.

In the current study, we cloned and expressed the N- and C-terminal truncated ECD
disintegrin-like domains named r-colombistatins 2, 3, and 4 from the B. colombiensis cDNA
library to evaluate their biological activities. The deduced amino acid sequence comparison
of the colombistatins with other closely related P-111 disintegrin-like domains revealed that
14 conserved cysteine residues were observed among disintegrin-like domains (Fig. 1). They
share high sequence identity (70%-93.5%) with the previous reported ECD disintegrin-like
domain from P-I11 class SVMPs.

A number of different amino acids in disintegrin-like coding regions were observed among
the predicted amino acid sequences of colombistatins 2, 3, and 4, illustrating the diversity of
disintegrin-like domains of metalloproteinases in this snake. The phylogenetic relationships
of the 5" and 3" truncated disintegrin-like domains within P-111 class metalloproteinase
precursors are based on their predicted amino acid sequences (Fig. 2). Colombistatins 2 and
3 were grouped together with other disintegrin domains of P-I11 class from the genus
Bothrops such as leucurolysin-B (P86092.1) from Bothrops leucurus, MP 1111
(ADQ21501.1) from Bothrops neuwiedi, and HF3 (Q98UF9.3) from Bothrops jararaca.
Colombistatin 4 was clustered in a clade, which was constituted by the P-111 disintegrin-like
domains from the several genera including the South American rattlesnake (genus Crotalus
aurissus), the Asian ground pit vipers (genus Gloydius), and the Copperhead (genus
Agkistrodon). Interestingly, colombistatins 2 and 3 were clustered in a clade, which was
constituted by the P-111 disintegrin-like domains with S/K3SECD®8, while colombistatin 4
was classified in the lineage of the disintegrin-like domains with an Asp (D) substitution at
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position 55 (Fig. 2). Colombistatin, an RGD disintegrin isolated from B. colombiensis
venom (Séanchez et al., 2009) was defined as an out-group.

Edman degradation is even now the typical and most widely used method for sequencing
unidentified proteins and has the benefit of providing a simple interpretation of long amino
acid sequences. The N-terminal amino acid sequences of 9-kDa proteins were r-
colombistatins 2, 3, and 4 containing an additional five amino acids from the vector at the N-
terminus end. The total molecular mass and hypothetical pl values of r-colombistatins were
shown in Fig. 3. They contain some differences in the amino acid sequence of the ECD-
flanking region, RSECDIAE sequence in colombistatins 2 and 3, but KDECDMADL
sequence in colombistatin 4 (Fig. 1).

Since disintegrin-like proteins have a particular inhibitory activity on platelet aggregation
induced by some agonists, such as collagen, in our study, we examined the inhibitory
activity of platelet aggregation by ADP (integrin allbp3 agonist), ristocetin (von Willebrand
factor, VWEF agonist), and collagen (integrin a2p1 and platelet glycoprotein (GP) VI
agonist). Recombinant colombistatins 2, 3, and 4 were not able to inhibit ADP-induced
platelet aggregation but showed inhibition when induced by ristocetin and collagen (Table
1). The inhibition of ristocetin- and collagen-induced platelet aggregation of r-
colombistatins 2 and 3 was about 13 and 11 times, respectively, more efficient than that of r-
colombistatin 4, suggesting that flanking amino acid residues might significantly influence
the ECD loop structure. In disintegrins including ECD disintegrins, the loop is important for
ligand binding to the integrins (Muniz et al., 2008; McLane et al., 1998). The structural
difference may have a role for the biological activity of the ECD motif.

In this study, we showed that recombinant colombistatins had the most potent inhibition
effect on platelet aggregation induced by ristocetin, which was about 3—4 times more
efficient than that induced by collagen. In addition, several studies reported that ECD
distegrins inhibit collagen-induced platelet aggregation and cell adhesion by binding to
integrin a2P1 (Kamiguti et al., 1997; Zigrino et al., 2002; Souza et al., 2000). It has been
described that ECD disintegrin-like domain of jararhagin, a P-111 class SVMP can bind to
collagen and appears to be sufficient to inhibit collagen-induced platelet aggregation
(Tanjoni et al., 2010). Since collagen is a main initiator for platelet adhesion and aggregation
mediated by the interaction to the platelet membrane glycoprotein VI (GPVI) and integrin
a2p1, while ristocetin induces the binding of VWF to platelet glycoprotein Iba (GPIba)
(Scott et al., 1991), it is possible that recombinant colombistatins may possibly act on GPIb
either alone or in complex with VWEF or on collagen receptors, integrin a2p1, and/or GPVI.
However, other integrin specificity for recombinant colombistatins should be further
investigated.

Integrin-mediated cellular adhesion functions have been estimated to have an important
participation in various biological activities, including the malignant growth of tumors
(Humphries et al., 1988; Plantefaber and Hynes, 1989; Boukerche et al., 1989). Previous
studies have demonstrated a likely role of integrins in tumor metastasis (Humphries et al.,
1986; Saiki et al., 1988; Suntravat al., 2015; Lucena et al., 2011, 2015). In the current paper,
we have considered the capability of recombinant colombistatins in inhibiting SK-MEL-28
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melanoma cells adhesion to collagen I. In human patients, the primary melanoma propagates
either horizontally or vertically in the skin. The vertical growth phase characteristically
directs to widespread metastatic disease (Felding-Habermann et al., 1992). Some authors
(Albelda et al., 1990) studying normal skin melanocytes and nevi, and comparing with the
expression of a number of integrins on primary and metastatic melanoma tissues, established
that the vitronectin receptor, integrin avp3, was likely detected on the vertical propagation
phase primary melanoma in addition to metastatic lesions, and was not noticed on nevi, or
horizontal primary melanoma. These findings mean that the expression of this integrin
shows a relationship with the metastatic form of human melanoma. Principally, tumor
melanoma starts in the skin as proliferative and invasive expansion of the primary site. This
process finally guides to expand metastasis dissemination, which is distinguished by a varied
development that necessitate not only cell proliferation but also demands the tumor cells
capacity of proteases secretion, cell migration, angiogenesis activation and resistance against
host immune activities (Poste et al., 1981: Nicolson, 1984). Authors (Chan et al., 1991)
many years ago had established that expression of a2p1, a collagen/laminin receptor on
rhabdomyosarcoma, amplified the metastatic ability of those cells without affecting the
growth rate of the primary tumor.

Sanchez et al. (2009) found that colombistatin, RGD-disintegrin had an extremely potent
inhibitory effect on the adhesion of SK-Mel-28 cells to fibronectin with an 1Csq of 33 nM.
As it is known, different disintegrins have the ability to interact with many integrins,
resulting in the inhibition of cell membrane attachment. It is plausible that r-colombistatins
2, 3 and 4 recognize different integrin or multiple integrins, other than the existing on
fibronectin; thus, explaining the good reactivity with the SK-Mel-28 cell line.

5. Conclusion

This study reports on the cloning, expression, and the biologic activities of the first three
different recombinant ECD disintegrin colombistatins 2, 3, and 4 cloned from B.
colombiensis. They can inhibit collagen- and ristocetin-induced platelet aggregation and also
inhibits an adhesion effect of SK-Mel-28 cells to collagen I.
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Colombistatin 2
Colombistatin 3
Colombistatin 4
Leucurolysin-B (P86092.1)
MP III1 (ADO21501.1)

HF3 (Q98UF9.3)
Leberagin-C (COLZJ5.1)
Crotastatin (C5H5D1.1)
Halysase (Q8AWIS5.1)

Met VMP-III (ACV83929.1)

Fig. 1. Multiple alignment of the partially deduced amino acid sequences of the ECD disintegrin-
like domain of metalloproteinases predicted from partially sequenced clones from B.
colombiensis with other homologous venom proteins

Colombistatin 2 (Col-2), colombistatin 3 (Col-3), and colombistatin 4 (Col-4) are aligned
with closely related protein in the database, and the % identities are shown in the figure. The
alignment was generated with the ClustalW multiple sequence alignment program with
manual adjustment and displayed with box shaded. The numbers in parenthesis are the
NCBI accession numbers. The tripeptide (ECD) binding motif is marked by the letter “X”
above the sequences. All cysteine residues (letter “C” above the sequences) are conserved.
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Fig. 2. Phylogenetic tree analysis of snake P-111 disintegrin-like domains based on their predicted

amino acid sequences

The colombistatins identified in the cDNA library of the Venezuelan mapanare
(colombistatins 2, 3, and 4) are marked with an asterisk (*). The tree was constructed using
the neighbor-joining methods with a bootstrap for 1000 replications. The number at the
branches represents the bootstrap probability. Colombistatin, a RGD disintegrin reported by

Sanchez et al. (2009) was used as outgroup.
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M 1 2 3
Lane N-Terminus Identification MW (kDa)
- 1 GSPEFEMGEECD* Colombistatin 2 8.9
2 GSPEFEKGEECD* Colombistatin 3 9.0
3 GSPEFEVGEECD* Colombistatin 4 8.7

Fig. 3. SDS-PAGE of r-colombistatins 2, 3, and 4
Samples (3 ug) were run on 4-12% (w/v) Bis-Tris Gel using an Xcell SureLock Mini-Cell at

200 V for 30 min. The gel was stained with RapidStain. Lane 1: SeeBlue Plus2 Markers;
lane 2: purified r-colombistatin 2; lane 3: purified r-colombistatin 3; lane 4: purified r-
colombistatin 4. An asterisk (*) represents the N-terminal amino acid sequences of purified
r-colombistatins containing the five amino acids from the vector (italicized) before the
disintegrin-like sequences, which are shown in bold letters.
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Adhesion of SK-Mel-28 to collagen I with Colombistatins

y = 13.053In(x) + 9.5342
R2=0.90261

* Colombistatin 2
O Colombistatin 3

A Colombistatin 4

30.0

% Inhibition

20.0

10.0
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0.0 T i T T ]

0 5 10 15 20 23 30 35
Concentration (uM)

Fig. 4. Effects of r-colombistatins on adhesion of SK-Mel-28 cancer cell lineson collagen |
SK-Mel-28 cells were seeded in 96-well plates, which was pre-coated with collagen I in the

absence (PBS added), or presence of various concentrations of colombistatins 2, 3 and 4.
Cell adhesion was measured by MTT technique and the results were expresses as percent of
inhibition. The error bars represent the standard deviation from two independent
experiments with n = 3.
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Table 1

Inhibition of platelet aggregation by r-colombistatins 2, 3, and 4 from B. colombiensis.

Agonist r-Colombistatin-2  r-Colombistatin-3  r-Colombistatin-4

Ristocetin 0.9+ 0.1 uM 1.3+0.2uM 13.7 £0.4 uM
Collagen  4.2+0.01pyM 41+04uM 45.9 £ 14.2 yM
ADP NA NA NA

*
The results are expressed in IC5Q.

NA: No activity.
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