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ABSTRACT

The venom characterization of Lansberg’s hognose viper 
(Porthidium lansbergii hutmanni) was described using a 
combination of SDS-PAGE are 1 and 2d electrophoresis, MALDI 
TOF/TOF and tandem mass spectrometry (LC-MS / MS), as well 
as some proteolytic activities. This study shown the existence 
of metallo and serine proteases, cysteine-rich proteins (CRISPs), 
and L-amino acid oxidases (LAAOs), which appeared in variable 
amounts. It was also described, for the first time in this venom, 
the presence of the glutaminil-cyclase (vQC) that had been only 
before observed in species of Crotalus atrox, C. godmani, C. 
d. terrificus and M. fulvius of the American continent, but not in
Porthidium genus. The presence of toxins with a gelatinolytic 
and caseinolytic activity was also defined. The crude venoms 
are excellent sources of enzymatic and non-enzymatic actions, 
which should be purified and characterized with the aim of their 
possible use as therapeutic agents, in antitumor and haemostatic 
treatments.
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RESUMEN

La caracterización del veneno del Porthidium lansbergii hutmanni 
se realizó utilizando una combinación de electroforesis (SDS-
PAGE) de una y dos dimensiones, por MALDI TOF / TOF y 
espectrometría de masas en tándem (LC-MS/MS), así como 
algunas actividades proteolíticas usando caseína y gelatina. Este 
estudio reveló la existencia de metalo y serino proteasas, proteínas 
ricas en cisteína (CRISP) y L-aminoacido oxidasas (LAAOs), que 
aparecieron en cantidades variables. También se describió, por 
primera vez en este veneno, la presencia de la glutaminilciclasa 
(vQC) que solo se había observado anteriormente en especies de 
Crotalus atrox, C. godmani, C. durissus terrificus y M. fulvius del 
continente americano, pero no en el género Porthidium. También 
se definió la presencia de toxinas con actividades gelatinolítica y 
caseinolítica. Los venenos crudos son una excelente fuente de 
acciones enzimáticas y no enzimáticas, que deben ser purificadas 
y caracterizadas con el objetivo de su posible uso como agentes 
terapéuticos, en tratamientos antitumorales y hemostáticos.
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INTRODUCTION

Lansberg’s hognose viper (Porthidium lansbergii hutmanni) 
(P.l.h) snakebite is an important medical condition in Margarita 
and Coche Islands (Nueva Esparta State, Venezuela) [17]. This 
venom experimentally produces oedema, necrosis, bleeding 
(skin bruising, gastrointestinal haemorrhage and haematuria) 
and lymphatic vessel damage, with degradation of extracellular 
matrix effects [17, 43]. The development of P.l.h snakebite has 
been roughly studied, and the basic pathogenic mechanism 
of this envenomation remains an open question. It has been 
generally assumed that haemostatic complications were linked 
to serine and metalloproteases activities, but this venom is a 
cocktail of toxins with various enzymatic and non-enzymatic 
molecules, which are responsible for the numerous symptoms 
and signs that express the patients, which are caused by the 
pathophysiological venom action. Therefore, it is helpful to ex-
plore by proteomics methods the P.l.h venom to find the P.l.h 
snakebite-associated biomarkers for addressing the mecha-
nism of this envenomation. A comprehensive view offered by 
general proteomics can provide novel insights into the etiology 
of P.l.h snakebite and identify new opportunities for the predic-
tion, prevention, and treatment of this accident. New findings 
in mass spectrometry technologies have transformed the global 
vision of the measurement of isolated molecules, peptides, or to-
tal proteins up to a broad analysis of all the protein components 
that make up cellular cells and how they relate and function or-
chestrated. Mass spectrometry has become a methodology that 
answers many analytical questions, in order to try to dissect the 
molecular complexity of biological entities [4,7].

In the present work, it was initiated a proteome and mass 
spectrometry technologies studies from samples of P.l.h, venom 
using SDS-PAGE and 2 dimensions (2D) electrophoresis, MAL-
DI/TOF/TOF and tandem mass spectrometry (LC-MS/MS), as 
well as particular proteolytic activities, in order to isolate and 
characterize toxins that have relevant activities, which could 
be useful in medical therapy, such as coagulation and cancer 
disorders.

MATERIALS AND METHODS

Reagents

Electrophoresis: Reagents (BIO-RAD, USA), IPG Strips pH 
3-10, 11 cm (BIO-RAD, USA); casein (Merck and Riedel de 
Haen, Germany); Immunoblotting: Equine peroxidase-coupled-
equine IgG antibody (Santa Cruz Biotechnology, CA, USA), 
Nitrocellulose membrane (BIO-RAD, USA), SuperSignal West 
Pico® chemiluminescence development kit (ThermoScientific, 
USA); MALDI-TOF/TOF: α-Cyano-4-hydroxycinnamic acid ma-
trix (α-CHCA) (SIGMA, Mo, USA), Acetonitrile, Trifluoroacetic 
Acid and diethyl ether (SIGMA, Mo, USA); LC-MS / MS: OFFGEL 
RoomTemp HighRes® Kit (Agilent Technologies, USA), IEF pH 
3-10 24 centimetres (cm)   strips (GE Healthcare, USA), Swine 
Trypsin (PROMEGA), Electro spray calibrate solution 63606 and 

Calibration Tune Mix ESI (SIGMA-Fluka, USA ); working solu-
tions: reagents of high purity ≥98% (Merck and Riedel de Haen, 
Germany). 

Software

For the statistical analyses, the Prism® program (GraphPad, 
Software) [60] was used; for the one dimension gels analysis, 
QuantityOne® (BIO-RAD, USA) software was utilised; while for 
the two-dimensional gels electrophoresis analysis, the PDQuest® 
program (BIO-RAD) was employed [48].

In the MALDI/TOF mass spectrometry experiments, Compass 
1.2 SR1 for Flex Analysis (BrukerDaltonics) software was used. 
The LC-MS/MS analyses the Compass 1.2 SR1 program for Mi-
crotof / Maxis® (Bruker-Daltonics) was utilised [9].

Experimental animals

Male mice (Mus musculus) (NIH strain) weighing 20 to 22 
grams (g) were purchased from the National Institute of Hygiene 
“Rafael Rangel” (Caracas, Venezuela) animal facility. The mice 
were kept in cages under room temperature conditions, twelve 
hours (h) natural light with water and food ad libitum until used.

Ethical statement

Trained staff prepared all the experimental methods relating 
to the use of live animals. Applicable regulations as well as 
institutional guidelines, according to protocols approved by the 
Institute of Anatomy of the Universidad Central de Venezuela 
Ethical Committee, following the norms obtained from the 
guidelines for the care and use of laboratory animals, published 
by the US National Institute of Health [38].

Venom

Porthidium l. hutmanni (P.l.h) venom was obtained by manual 
milking of 11 adult specimens of both sexes, from Margarita 
Island, Nueva Esparta State (Venezuela), geographically located 
at 10º 51 ‘50 “- 11º 11’ 06” NL 63º 46 ‘40 “- 64º 24’ 32” WL. The 
island has ∼ 1150 square kilometres (km2) (115.000 hectares 
(Ht) of territory (FIG.1), which represents 0.13% of the national 
land. The P.l.h snakes have been trapped throughout the insular 
territory and the environment where it lives has particular physical 
and natural characteristics. The climate has produced a mixture 
of ecological areas from the tropical desert brushwood, in the low 
and dry zones, with a wide range of altitudinal floors of mountains, 
and tropical dry forest, roofed by the trade winds (“vientos aliseos” 
[2]. The area of the island with greater precipitation corresponds 
to the piedmont zone (“Cerro Copey”), which is a premontane 
humid forest, with average annual temperatures of 280C and an 
atmospheric humidity of around 50%. The annual rainfall is less 
than 500 millimetres (mm). The few rains cause superficial and 
underground water resources to be scarce, because in spite of 
the existence of geological conditions conducive to their storage, 
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the recharge is not significant [41]. All snakes were taken to the 
Research Laboratory Serpentarium, Faculty of Pharmacy of the 
Universidad Central de Venezuela. The snakes were milked upon 
reaching the Serpentarium, after their adaptation for a week (w). 
The venom, once obtained, was crystallized under vacuum in a 
desiccator containing CaCl2 as a desiccant, and maintained at 
4 ° C  (Frigidaire FGVU21F8QF Vertical Freezer, USA), until its 
subsequent use.

FIGURE 1. Porthidium lansbergii hutmanni GEOGRAPHICAL 
DISTRIBUTION IN MARGARITA ISLAND (VENEZUELA) 

Protein determination

The protein venom content was determined by Lowry et al. 
method [30]. 

Lethality determination 

Five groups containing 5 mice weighing 18–22 g were used to 
determine the LD50 for P.l.h venom. The mice were intraperitoneally 
injected with 200 microlitres (µL) of serially diluted sample ranging 
from 17.33 to 132 micrograms (µg). Deaths during a 48-h period 
were recorded. The LD50 was calculated by the Spearman-Kärber 
method [49].

Proteomic characterization of the P.l.h venom

SDS-PAGE analysis of venom

Twelve percent (12%) of polyacrylamide gel electrophoresis 
(SDS-PAGE) were carried out following Laemmli. [26] method. 
Briefly, P.l.h venom sample was dissolved at a concentration 
of 5 μg/μL in a protease inhibitors cocktail, composed of 
4-(2-aminoethyl)-benzene-sulphonyl fluoride (AEBSF), E-64, 
bestatin, leupeptin, aprotinin and disodium EDTA and then diluted 
to the optimum concentration for visualization (venom: 2μg/μL), in 
0.5 M Tris-HCl buffer, pH 6.8, 10% SDS, 1% glycerol and 0.02% 
bromophenol blue. A 5 μL aliquot of the sample and 5 μL of pre-
stained markers of wide molecular weight range were distributed 
into the gel. The samples were subjected to the electric constant 
current of 100 volts (V) until complete the run (about 120 min). 
Afterward, the relevant gels selected for staining were placed in 

a solution containing 12% volume/volume (v/v)  phosphoric acid, 
10% weight/volume (w/v) ammonium sulphate, 20% v/v methanol 
and 0.12% w/v Coomassie G-250 blue, according to Blue Silver 
staining protocol [8], which has a sensitivity of 1 nanogram (ng) 
per band. Then, the gels were washed with deionized water to 
remove excess dye, and digitised by densitometry (Densitometer 
GS-900™ Bio-Rad, USA). Each experiment was performed in 
duplicate. 

Two-dimensional (2D) electrophoresis of P.l.h venom

In order to have the proteomic map of the P.l.h venom, two-
dimensional (2D) electrophoresis was performed. The analysis 
of the venom was carried out in duplicate to obtain two gels per 
sample. The methodology consisted in the dissolution of 100 μg 
of P.l.h venom, in 50 μL of protease inhibitors cocktail.  In turn, 
150 μL of 8M Urea, 2M Tiourea, 4% CHAPS, 20 millimolar (mM) 
DTT and 0.5% v/v of a commercial ampholyte mixture were 
added. The resulting solution was placed on a commercial strip 
that contained immobilized on its surface, a linear pH gradient 
comprised between pH 3 and pH 10, which were used for the 
determinations. After electrophoresis, one lane was removed from 
the unstained gel, and incubated in SDS sample buffer containing 
3% 2-ME for 30 min. This treated gel strip was then relocated to 
the top of a second 12.5% SDS gel, before electrophoresis in 
the second dimension. The obtained gels were stained with Blue 
Silver [8]. They were digitised by densitometry, and the images 
obtained were analysed, in order to estimate the isoelectric point 
and the molecular weights of the visualised spots. 

Those spots visualized in the gels, but not in all of the gel that 
formed the experiment, were taken into account for the results 
of this work. The differences between the intensity of the spots 
were not compared, i.e. the analysis was only performed from a 
qualitative perspective.

Proteomic analysis by Matrix-Assisted Laser (MALDI TOF 
TOF) of P.l.h venom

This assay was carried out in the Proteomics Unit, Structural 
Biology Centre,  Instituto Venezolano de Investigaciones 
Científicas (IVIC). For the P.l.h venom analysis by mass 
spectrometry (MS) [32], the proteins venom was initially 
separated by 10% SDS-PAGE electrophoresis under reducing 
conditions. Then, the gel was stained with Coomassie blue 
staining. After the bands visualization, small portions of them 
were cut and each of these fragments was distained with 30% 
acetonitrile (ACN) and 250mM ammonium bicarbonate. At that 
point, they were dehydrated with aqueous solution at 90 % of 
ACN and subsequent digestion of proteins, by incubation of the 
gel fragments at 37°C for 18 h, covering them with a solution of 
12.5 ng/µL trypsin in 50mM ammonium bicarbonate. The triptych 
peptides obtained were concentrated and purified by using ZIP-
TIP C18® tips, using an aqueous solution containing 60% ACN 
and 1% formic acid as eluent. The ionization of the samples for 
mass spectrometry analysis was carried out by MALDI (Matrix-
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Assisted Laser Desorption / Ionization). Each sample was mixed 
in a 2: 1 ratio with a suspension of α-Cyano-4-hydroxycinnamic 
acid (α-CHCA), prepared in 50% ACN and 0.05% trifluoroacetic 
acid (TFA) and allowed to dry over a MALDI plate, at room 
temperature until their complete crystallisation.

The analysis by mass spectrometry was performed on a 
spectrometer equipped with a TOF/TOF (Time-Of-Flight/ Time-Of-
Flight) type analyser, operated in a reflectron mode. The peptides 
MS/MS analysis that generated the most intense signal was 
carried out using the MASCOT program (MS/MS Ion Search®, 
MatrixScience) [32] with the following parameters: Taxonomy: 
AllEntries, Variable modifications: oxidation (M), deamidated (NQ), 
Fixed Modifications: propionamited (C); against the database of 
the NCBI (National Center for Biotechnology Information, USA). 
In addition, the peptide alignment sequences obtained through 
the manual interpretation of the spectra was performed, with 
non-redundant sequences through the BLAST® program (NCBI), 
considered as valid, those results with an E-Value <1E-04.

Proteomic analysis by liquid chromatography coupled to 
Tandem Mass Spectrometry (LC-MS / MS) of P.l.h venom

In order to obtain more proteomic information P.l.h venom 
was subjected to liquid chromatography, coupled to tandem 
mass spectrometry (MS/MS). Briefly, 100 microgram (ug)/100 
microliters (uL) of venom was incubated for 15 minutes (min) with 
5 miliMol (mM) DTT and subsequently for another 15 min with 
10mM iodoacetamide. Afterward, the sample was incubated at 
37°C with trypsin in a 1:40 ratio enzyme: substrate. The obtained 
sample composed of a mixture of triptych peptides, was placed 
in a fractionator (3100 OFFGEL Fractionator, Agilent, USA), for 
the fractionation of these peptides according to their isoelectric 
point. The products obtained were recovered in 24 liquid phase 
fractions of 150μL each. A linear fixed gradient strip of pH 3-10 
of 24 centimeters (cm) was used. During the process, a voltage/
hour ratio of 50 kilovolts (kV) was reached at a 4500 V. Current: 
50 microAmpere (uA) and Power: 200 microWatts (mW). Then, 
the fractions obtained were injected into a high performance 
chromatographic system, equipped with a C18 reverse phase 
precolumn (5 μm and 2 cm in length) and a C18 chromatographic 
column (5 μm and 10 cm in length). A linear gradient was 
established between a solution Phase A: composed of 0.1% formic 
acid in deionized water and a solution Phase B: composed of 0.1% 
formic acid in ACN. This gradient was increasingly established 
from 0% from Phase B to 80% from Phase B in 60 min. Each of 
the eluates continued through an interface coupled to a tandem 
mass analyser (MS/MS) time of flight-quadrupole. The ionization 
of the peptides was performed by ESI (Electrospray ionization) 
with voltage in the capillary of -4500V, Gas flow desolvation: 2L/
min, Gas nebulizer: 5.8 psi and temperature: 160ºC. The mass 
range analysed was 50-3000 Da/z. Calibration was carried out 
using a commercial calibrator solution. The analysis and searches 
of the obtained monoisotopic masses for the peptide fragments 
were carried out according to MALDI TOF/TOF.

Evaluation of the proteolytic activity of P. l. h venom

Determination of proteolytic activity on gelatine

The methodology proposed by Terra et al. [53], with minor 
modifications was followed. Discontinuous 12.5% polyacrylamide 
gels copolymerized with 1% gelatine were run. The P.l.h 
venom and samples were prepared at a concentration of 2 
μg/μL in 0.5 M Tris buffer, pH 6.8, 10% SDS, 1% glycerol and 
0.02% bromophenol blue, placing 3μL of each sample in the 
gel. In addition, as positive control, 1 μL (2 μg/μL) of Bothrops 
colombiensis venom was added. Then, after electrophoresis, 
the gel was equilibrated in a 2.5% Triton X-100 solution, under 
stirring for 1 h at room temperature, washed with double distilled 
water (two washes of 10 min each) and incubated at 37°C for 18 
h, in a buffer solution Tris-HCl 20 mM pH 7.4, 150 mM NaCl, 5 
mM CaCl2. The proteolytic activity on gelatine was evidenced by 
zones of degradation in the gel, generated by the gelatine staining 
with Coomasie R-250 Blue, which were presented as translucent 
areas on a blue background.

Determination of proteolytic activity on casein

Proteolytic activity was carried out using casein (40µg) as 
substrate. Briefly, 1mL of 1% casein in Tris HCl 0.2M buffer, pH 
8.5 and (5 µg/0.05 mL) of P.l.h venom.  The reaction mixture was 
incubated for 15 min at 370C, stopping the reaction with 0.44 M 
trichloroacetic acid (TCA) at 50C for 30 min. Then, the sample 
was centrifuged (Beckman Avanti 30, USA) at 5000xg for 10 min. 
The specific activity was measured by the formation of acidic 
products soluble at 280 nm, converting the values of optical 
density (OD) (280 nm) to μg of L-tyrosine measured at 660 nm 5 
and expressed in units of activity/mg of protein.

Statistical analysis

In the case of differences between experimental groups, the 
comparison was made using one-way Analysis of Variance 
(ANOVA), using as a statistical test, the Dunett test considered as 
significant those results with an error probability P <0.01. Analysis 
was completed using SPSS version 2.0 [35]

RESULTS AND DISCUSSION

Proteomic approach has permitted far-reaching studies of 
protein expression in different venoms in isolated conditions and/
or time situations. New improvements of procedures in this area 
have initiated new opportunities to achieve applicable information 
on toxinology processes. In the current work, the focal proteomics 
techniques and their application to P.l.h venom analysis were 
studied.

One of the limitations of the MALDI-TOF system is the difficulty 
in detecting low molecular weight proteins, which because of this 
characteristic, generate few peptides (FIG.2). The system is also 
not able to detect more than one component of a mixture [9]  that 
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is why it was combined several protein exploration methods to 
obtain better information.

FIGURE 2. SDS-PAGE OF P.l.h UNDER REDUCING 
CONDITIONS FOR MALDI/TOF-TOF. The arrows indicate the 
cut bands for analysis by MALDI/TOF-TOF

Porthidium lansbergii hutmanni found in Margarita Island 
(Venezuela) is the most common venomous snake in this 
region [17]. Its venom is quite moderate as compared to the 
rattlesnake Crotalus durissus cumanensis described in the 
same areas [17]. The venoms of Porthidium lansbergii hutmanni 
and Crotalus durissus cumanensis lethality showed LD50 value 
of 2.51±0.16 mg/kg, respectively, on experimental animals 
inoculated intraperitoneally. In mammals, Pl.h venom can 
produces numerous pathological effects, such as local pain, 
haemorrhage, oedema, blistering, necrosis, lymphatic vessel 
damage and degradation of extracellular matrix [17]. Commonly, 
its envenomation is not considered a threat to an adult person 
because of its small size and the little amount of injected venom 
[17, 43]. However, P.l.h venom toxins cause muscles necrosis, 
the cascade coagulation activation or blockade of some of their 
factors. Tissue damage happens by endothelial cells injury, 
habitually produced by phospholipases A2 and metalloproteases, 
interfering with homeostasis on diverse levels. Metalloproteases 
enzymes produce haemorrhage damaging of many constituents 
of vessel walls extracellular matrix proteins, such as laminin, 

nidogen, fibronectin, collagen type IV and proteoglycans from 
the endothelial basal membrane, besides cleavage of large 
proteins such as fibrinogen [22], favouring  the dissemination of 
venom fractions through the cell membranes [14]. In this venom, 
phospholipases A2 display myotoxic and haemotoxic activities, 
causing local and systemic degeneration of the skeletal muscles 
by hampering the integrity of the muscle cell membranes [17]. 
Haemostatic activity of phospholipases involves the inhibition 
of blood coagulation factor cascade [11] synergistically acting 
in conjunction with serine proteases, which effectively disturb 
the coagulation victim system, affecting components of blood 
coagulation system, fibrinolysis, and platelets function [41].

The venoms from Viperidae family description have showed 
contain up more than 100 proteins fit in restricted protein families 
[5]. When P.l.h venom was run on 2DE gels 101 spots were 
found.  As soon as the identification using MALDI TOF/TOF 
was carried out, less than 5 protein families were established. 
It could be argued that these proteins are highly modified post-
translationally, an occurrence frequently described for Asiatic and 
South American snakes of Viperidae family. This was evidenced 
by the clearly visible spot sequences in the gels [6,48,55]. 

For separation of P.l.h proteins by one dimension (1-DE) SDS-
PAGE and two-dimensional (2-DE) methods, it was necessary 
to isolate the molecules from fresh crude venom that allowed 
having good electrophoretic results. The P.l.h proteins needed 
to be denatured, disaggregated, solubilized, and treated to 
reduce disulphide bridges. The SDS-PAGE of P.l.h venom 
showed several venom bands at locations in which the high 
molecular weight metalloproteases and L-amino acid oxidase 
(LAAO) are frequently described [31]. Here was also observed 
a larger presence of bands on metalloproteases and LAAO 
locations, more than phospholipases. Previously, the presence 
of these two groups in almost similar amounts had been reported 
[18,20,48]. FIG. 3 shows the P.l.h venom electrophoretic profiles. 
The distribution of protein bands occurred within gel regions 
corresponding to wide molecular weights range. In this venom 
11 protein bands were evident. The high intensity corresponded 
to the ∼ 60, 54, 29, 26 and 12 kDa molecular weights. The lower 
intensity bands corresponded to 45, 39, 36 and 20 kDa. In the 
high molecular weight region only two low intensity bands of 170 
and 140 kDa were evident.  

The two-dimensional electrophoresis was carried out with P.l.h 
crude venom, which was separated in two successive steps. 
The isoelectric focusing (IEF), where the molecules migrate 
on pH gradient polyacrylamide gel immobilized by amphoteric 
buffers to achieve a point (pH) where its charge was equivalent 
to zero (isoelectric point or pI). Then, the venom proteins were 
yield to an electrophoresis with perpendicular direction to IEF 
on polyacrylamide gel sodium sulphate electrophoresis (SDS-
PAGE), being separated agreeing with its molecular weight. In 
the example of 2-DE gels, 101 spots (FIG. 4 and TABLE I), each 
enclosing one or more proteins, and various post-translational 
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modifications were simply distinguished in the form of sequences 
of spots, aligned on the vertical or horizontal axis. 

Then, in the gels using computer programs [35], the background 
material was taken away. The spots were compared and the 
data analysed for quantification of protein volumes or intensities. 
Regarding two-dimensional electrophoresis (2D), this was used to 
preliminary study the of P.l.h proteome.  The P.l.h venom proteins 
isoelectric focusing and its subsequent run on polyacrylamide gel 

were achieved. Then, the two-dimensional proteomic venom map 
was obtained (FIG. 4). One hundred and one protein spots were 
showed in the experimental gels, distributed in a range between 
10.67 and 75.30 kDa, which had predominance between  ∼ 30-40 
kDa (42.10%) and 60-80 kDa (35.80%), and in smaller proportion 
in ∼ 41-59 kDa (11.60%), 10-20 kDa (8.40%) and 21-29 kDa (1%) 
molecular weights. All proteins showed isoelectric points with 
values   between 4.9 and 10, predominantly in the pI <7.5 range 
(66.31%). The location of these spots on the protein map of P.l.h 

TABLE I                                                                                                                                                                                                   
MOLECULAR WEIGHTS AND ISOELECTRIC POINTS (IP) ANALYSIS OF THE TWO-DIMENSIONAL                                                                

(2D) PROTEIN SPOTS IN A PROTEOMIC MAP OF P.l.h  VENOM 
Molecular weight Isoelectric Point Molecular weight Isoelectric Point Molecular weight Isoelectric 

Point
10.67 5.33 34.27 6.62 64.89 7.82

10.69 5.97 34.31 5.65 65.30 7.24

10.75 5.60 34.33 5.43 65.40 7.37

10.76 5.13 34.49 6.38 65.67 7.10

11.12 9.99 34.81 7.70 65.99 7.54

11.82 8.70 34.83 7.34 66.35 6.99

12.90 9.96 35.29 6.61 66.48 7.70

16.17 6.89 35.33 6.38 66.60 7.22

16.72 6.51 35.46 8.33 66.75 7.99

21.93 4.88 35.49 6.15 66.76 8.09

29.67 6.10 35.58 6.78 66.95 6.89

29.69 6.36 35.70 8.75 67.43 7.09

29.69 5.87 35.94 5.82 67.94 7.37

29.72 6.58 35.95 5.48 68.12 7.23

29.78 5.53 35.95 5.64 68.35 7.00

29.79 4.93 35.97 5.30 68.57 7.55

29.84 5.23 36.08 6.14 72.57 5.60

29.87 6.78 39.51 6.40 72.71 5.80

31.60 6.10 43.25 8.49 72.90 5.51

31.83 6.34 45.12 6.81 73.01 5.70

32.32 6.09 45.26 7.16 73.24 8.39

32.46 5.85 45.27 9.98 73.31 8.18

32.54 6.34 45.34 6.98 73.33 8.63

32.63 5.65 46.11 10.00 73.69 9.90

32.66 4.99 47.02 8.98 74.39 8.00

32.75 6.58 47.22 8.46 74.70 8.63

33.60 5.89 49.05 10.00 74.82 8.39

33.64 5.47 51.90 10.00 74.90 8.02

33.65 6.90 56.39 7.58 74.93 8.19

33.66 5.68 63.74 7.37 75.06 7.37

34.19 6.90 63.82 8.12 75.30 9.90

34.21 5.25 64.30 3.00
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venom is illustrated in FIG. 4, while their molecular weights and 
isoelectric points are summarized in TABLE I. The combination 
of 2D and proteomic analysis by MALDI TOF/TOF examination 
of post-translational protein modification discovery was carried 
out. Additionally, the 2D assay for high-molecular mass protein 
examination was more appropriate [56]. 

FIGURE 3. SDS-PAGE OF VENOMS. A) MOLECULAR WEIGHT 
MARKER; B) P.L.H VENOM; C) B. colombiensis Venom.

In the present work, proteomic analysis of P.l.h venom by liquid 
chromatography coupled to tandem mass spectrometry (LC-MS/
MS) and MALDI TOF/ TOF showed that the metallo and serine 
proteases, cysteine-rich proteins (CRISPs)[44], LAAOs, and 
glutaminil-cyclase (vQC) occurred in variable amounts [TABLE 
II]. 

The 2D electrophoresis identified components fluctuating 
between 10.67 and 75.30 kDa, and molecular mass ranging 
from 8 to 116 kDa (FIG. 3). Several horizontal series of spots 
were observed. A total of ∼ 101 spots were saved for analysis 
from diverse regions of the gel. TABLE III summarizes the results 
obtained from P.l.h venom by analysis by liquid chromatography 
coupled to tandem mass spectrometry (LC-MS/MS). During 
the analysis it was possible to identify several proteins, most of 
them corresponding to L-amino acid oxidases (LAAOs) forms, 
metallo and serine proteases, cysteine-rich proteins (CRISPs), 
and glutaminil-cyclase (vQC). The presence of a protein serine 
protease-like, with ability to induce platelet aggregation, and a 
protein rich in cysteine residues, which revealed similarity with a 
domain rich cysteine toxin called Piscivorin was also determined. 

FIGURE 4. TWO-DIMENSIONAL GEL ELECTROPHORESIS 
IMAGE OF THE VENOM OF PORTHIDIUM. L. HUTMANNI 
VENOM (A) MOLECULAR WEIGHT MARKERS. (B) P.L.H 
VENOM. TWO HUNDRED MICROGRAMS WAS RUN ON AN 
ISOELECTRIC FOCUSING (IEF) (PH 3 TO 10) AND 12.5% SDS-
PAGE (M/V), DEVELOPED BY COMASSIE BLUE STAINING.

The CRISPs are responsible for disturbing homeostasis through 
several mechanisms, counting inhibition or activation of some 
factors in blood coagulation and blocking ion channels [34, 58, 
59]. These proteins also can produce a deadbolt of the calcium 
and potassium channels and thus, the inhibition of smooth and 
skeletal muscles contraction and alteration of sanguineous 
vessels [57]. 

Here, cysteine-rich venom proteins (CRISPs) exhibited low 
abundance in analysed samples. This protein had been previously 
identified in this genus [21]. CRISPs also have broadly distribution 
in the venoms of the most important snake’s families (Viperidae, 
Elapidae and Colubridae) [13,57]. It is generally described in 
Viperidae as a single protein [43]. These snake venom secretory 
proteins are a group of proteins, which are capable of disrupting 
homeostasis through various mechanisms, including inhibiting or 
activating factors in blood coagulation, blocking ion channels and 
displaying neurotoxic activity [13,34,58]. 

L-amino acid oxidases (LAAOs) in P.l.h venom were evident 
in the SDS-PAGE     (> 100 kDa), mass spectrometry LC-MS/
MS and mass spectrometry MALDI/TOF-TOF.    Crotalid venoms 
are the richest sources of L-amino acid oxidases with the 
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exception of some C. scutulatus scutulatus [52]. Concerning, 
Porthidium.l.hutmanni venom composition, it varies in its own 
family and individual snake venom, which contains more than one 
type of LAAOs [12,51]. They also have distinct molecular masses 
[12,32] and functions [37,54]. LAAOs can lead to apoptosis 
of vascular endothelial cells in some tumours by its ability 
of producing hydrogen peroxide during amino acid oxidation in 
catalysed reactions [54].  This group of proteins also influence 
platelet aggregation inducing haemorrhages [45]. 

In the current work, P.l.h venom also have demonstrated by 
mass spectrometry and SDS-PAGE that the prevalent cluster 

of proteins of P.l.h venom were the metalloproteases, which as 
is already recognised, it exists in high amounts in the Viperidae 
venom, but also they have been described in Elapidae and Col-
ubridae families [27,36]. The description of Snake Venom Metal-
loproteases (SVMPs) proposed three basic groups (from P-I to 
P-III) established on their protein domain [14]. The spectrum of 
activity of these enzymes is very wide, but all are directly or indi-
rectly involved in the haemostasis disorders. In this venom were 
seen metalloproteases belonging to all three groups, some of 
them may be implicated in haemorrhagic effects, fibrinogenolysis, 
inhibition of platelet aggregation, activation of prothrombin and 
factor X, and acting on inhibitors of serine proteases [14,36,45], 

TABLE II                                                                                                                                                                                             
IDENTIFICATION OF THE P.l.h VENOM PROTEINS BY MASS SPECTROMETRY MALDI/TOF-TOF

Identification BLAST analysis

Bands Sequence

identified peptide

Identified Protein Taxonomy Score 
BLAST

E value % 
sequence

2 R.ETDYEEFLEIAR.N GI:347595686

GI:347602321

Y 34 more

L-aminoacid  oxidase

Protobothrops               
flavoviridis

Bothrops jararaca

50.3 3e-07 100

2 R.NDEEGWYANLGPMR.L GI:82090465

GI:33355627

Y 51 more

L-aminoacid oxidase

Trimeresurus stejnegeri 58.3 9e-09 100

3 IYEIVNTLNVIYR GI:82228618

GI:297593940

VLAIP-B

Zinc-Metalloprotease

Macrovipera lebetina

Echis coloratus

47.3 3e-05 100

4 R.YIELVIVADHR.M GI:308212508

GI:332321851

Y 94 more

Jerdonitin

Zinc-Metalloprotease

Bothrops neuwiedi

Crotalus viridis viridis

47.7 2e-05 100

6 R.NPEIQNEIIDLHNYLR.R GI:46395675

and 58 more

Tripurin

Protein rich in cysteine

Trimeresurus purpureo 
maculatus

64.7 4e-12 100
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TABLE III                                                                                                                                                                                         
IDENTIFICATION OF P.L.H VENOM PROTEINS BY MASS SPECTROMETRY LC-MS / MS

Identification BLAST analysis
Fraction Peptide

Sequence

Identified Protein Taxonomy Score

BLAST

E

Value

% sequence

1 K.DCADIVINDLSLIHQLPK.E GI:426205815

GI:5565692

GI:347602329

L-aminoacid oxidase

Crotalus durissus

cumanensis

Crotalus atrox

Sistrurus catenatus 
edwardsi

68.1 7e-12 100

1 R.NDEEGWYANLGPMR.L GI:60729671

GI:33355627

L-aminoacid oxidase

Trimeresurus 
stejnegeri

51.0 9e-09 100

1 R.NDKEGWYANLGPMR.L GI:538259839

GI:347602324

GI:75570145

GI:401021343

L-aminoacid oxidase

Protobothrops 
flavoviridis

Bothropoides 
pauloensis

Gloydius blomhoffii

Lachesis muta

57.9 1e-08 100

2 K.DCGDIVINDLSLIHQLPK.E GI:347602324

Precursor

L-amino acid 
oxidase

Bothropoides 
pauloensis

68.1 7e-12 100

2 K.KNDVLDKDIMLIR.L GI:34148047

Serine protease 
platelet aggregant

Bothrops jararaca 52.4 6e-07 100

       Continue………                        Identification BLAST analysis
Fraction Peptide

Sequence

Identified Protein Taxonomy Score

BLAST

E

Value

% sequence

4 K.SAGQLYEESLGK.V GI:10120751

GI:48425312

GI:75570145

GI:82088273

GI:538260091

A chain, 

L-aminoacid oxidase

Calloselasma 
rhodostoma

Agkistrodon halys 
pallas

Gloydius blomhoffii

Gloydius halys

Ovophis 
okinavensis

45.2 1e-04 100
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without ruling out the occurrence of other anticoagulant proteins, 
identified in this venom. Early studies proposed that even though 
the Porthidium venom has an important assortment of serine pro-
teases, these enzymes were unable to coagulate human plasma 
or fibrinogen [17], therefore these proteases lack of thrombin-like 
activities. 

One of the most interesting finding was the detection of venom 
glutaminil-cyclase (vQC) in the P.l.h venom, whose presence 
had been only before observed in American continent species 
of Crotalus atrox, C. godmani, C. d. terrificus  and M. fulvius 
[60], but not in Porthidium genus. Among numerous snake 
venom constituents, glutaminyl cyclase (vQC) is one of the least 
understood protein family and none of its members has been 
purified or characterized until 2014 [50, 60]. Although these 
proteins were present in the venom in small quantities was 
observed that had more than 96% sequence similarities among 
vQCs and approximately 75% sequence identities between vQCs 
and human secretory QC (hQC) [60]. The vQC glycoprotein of 
43 kDa was described from C. atrox venom, and its N-terminal 
sequence was established. Glutaminil-cyclase catalyzes 
N-terminal pyroglutamate (pGlu) development on proteins or 
peptides and the discharge of ammonia or water molecules 
[47]. This change seems to be important for structural stability, 
resistance to aminopeptidase degradation, and interaction of 
the proteins or peptides with their associates [48]. The presence 
of vQC activities in P.l.h and several snake venoms can be 
contemplated as one of the protein families present in the huge 
spectrum of snake venom proteins that have been already 
described, but that have been neglected [15]. In human medicine, 
hQC has been involved on infectious diseases and inflammatory 
process [19], but its minimal presence and a single form of vQC 
existing in sample venom put forward its internal management 
guidance for posttranslational venom proteins adaptation. This 
finding is in divergence to the characteristics of other toxins in the 

venom families, which have experienced enhanced evolution to 
produce variations with different activities [15]. The present work 
offers for the first time new evidence about the presence of vQC-
like in the venom of Porthidium genus. 

The P.l.h venom showed proteolytic (gelatinolytic and 
caseinolytic) activities very interesting and with comparable 
results to several Bothrops venoms. This has been widely 
reported and attributed mainly to the presence of serine and 
metalloproteases [40,46]. The electrophoretic profile of P.l.h 
venom (6 μg) on polyacrylamide gels copolymerized with gelatine 
(FIG.5) showed the presence of a degradation band around 37 
kDa; while 2 μg of  B. colombiensis venom (positive control) 
induced six bands of lysis with the predominance of intensity of ~ 
48 kDa band and five weaker bands around 194, 91, 36, 29 and 
26 kDa regions. Regarding casein activity,  P. l. hutmanni venom 
showed proteolytic activity on casein (107.9 Ucas). This activity 
was proportional to the used concentrations (data not shown). 

The proteolytic activity value, on a non-specific substrate such 
as casein (in units of casein = Ucas)(107.9 Ucas) obtained for P.l.h  
venom was similar to B. venezuelensis (116 Ucas) [29], Atropoides 
picadoi (103  Ucas) [1,28], being lower than reported for other 
Central American lineage species such as Atropoides nummifer 
(217  Ucas) and Cerrophidium godmanni (172  Ucas) [1,28], while 
it was higher than reported for other Viperidae such as Bohtrops 
asper (76  Ucas) and Lachesis muta (85 Ucas); even higher than the 
found in the Porthidium ophyromegas (34 Ucas) and Porthidium 
nasutum (42 Ucas) venoms [1,28]. The proteolytic activity value, 
on another non-specific substrate such as gelatine showed 
that metalloproteases from Viperidae snakes are regularly 
linked with extensive haemorrhaging, nonetheless can produce 
myonecrosis, fibrinogenolysis, and also degrade the extracellular 
matrix [39]. As it is known, gelatine is a denatured form of 
collagen and this assay tested proteolytic activity. Proteases 

4 K.SAGQLYQESLGK.A GI:70797645

GI:284018108

GI:395406796

L-aminoacid oxidase

Daboia russellii 
siamensis

Daboia russellii 
russellii

44.8 2e-04 100

8 K.CGENIYMSSIPIK.W GI:48428840

Piscivorin, cysteine rich 
protein

Agkistrodon 
piscivorus 
piscivorus

55.8 3e-08 100

9 R.MWQNDLHPILIER.Y GI:538259821

GI:380846513

GI:380846523

 and 10 more

glutaminilcyclase

Protobothrops 
flavoviridis

Cerrophidion 
godmani

Sistrurus catenatus 
tergeminus

57.9 4e-09 100
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such metalloproteases are the most important enzymes liable 
for the degradation of the extracellular matrix proteins [3]. The 
P.l.h venom  demonstrated gelatinase/proteolytic  activity, but 
much less than the positive control of B. colombiensis, the P.l.h 
venom possessed electrophoretic bands with a molecular weight 
consistent with snake venom type II metalloproteases (FIG.2), 
suggesting that this toxins was responsible for the heightened 
gelatinase activity of the venom.

FIGURE 5. GELATINOLYTIC ACTIVITY OF P.l.h VENOM. A) 
molecular weight marker; B) 6 μg P.l.h  venom; C) 2 μg B. 
colombiensis venom.

The phospholipases A2 (PLA2) were identified varying in their 
isoelectric point located in the acidic and basic spot locations, dis-
playing similar molecular weight. These secreted PLA2 proteins 
are typical of Viperidae family [7]. Most phospholipases A2 present 
in snake venoms have comparable amino acid sequence and 
three-dimensional structure, but wide range of neurotoxic, car-
diotoxic and myotoxic activities, as well as anti-coagulant, anti-
platelet, haemolytic and cell membrane damage actions, which 
have been defined [23]. Bothrops colombiensis possesses high 
proportion of phospholipases A2. But, Porthidium species contain 
lower amounts of these enzymes, which only inducing slight mus-
cle damage [17,28]. Nevertheless, the presence of PLA2, even 
in lower proportions is able to develop anticoagulant properties, 
acting together with haemostatic proteases, resulting in the inhibi-
tion of coagulation complex formation, primarily over hydrolysis of 
phospholipids-induced inhibition of the intrinsic tenase complex 
[2]. Likewise, PLA2, can directly affect platelet membranes: at low 
concentrations are able to produce aggregation, but, acting at 

high concentrations they operate as inhibitors [24].

Among P.h.l venom serine proteases, it was identified a platelet 
aggregant with a 100% identification of a protease from Bothrops 
jararaca [33] possibly involved in thrombosis. Blood coagulation is 
an exceptionally structured physiological route involving cells i.e. 
platelets, coagulation cascade proteins, finishing with the factor 
Xa (FXa)-mediated transformation of the prothrombin zymogen to 
active thrombin. Until now, although having profuse metalloprote-
ases and serine proteases, Porthidium spp. lack of procoagulant 
activity on human plasma, in contrast to bothropic venoms [17]. 
The absence of coagulating capacity in Porthidium group venom 
had been early reported, by Atropoides picadoi [16], P. nasutum 
and P. ophryomegas  [16,28], P. lansbergii lansbergii [21] and P. 
lansbergii hutmanni [17]. However, the presence of this platelet 
aggregant fraction could be the first fraction described in this ven-
om that can generate thrombosis. This platelet aggregant could 
aggregate human platelets, either isolated or in whole blood. In 
the prothrombinase complex on the platelet surface, FXa cleaves 
prothrombin at Arg-271, generating the inactive precursor pre-
thrombin-2, which is further attacked at Arg-320-Ile-321 to yield 
mature thrombin [10, 25]. The present work findings suggest that 
alternative platelet aggregation by proteases can modify the deli-
cate procoagulant-anticoagulant equilibrium toward thrombosis. 

CONCLUSIONS

 P. lansbergii hutmanni venom has demonstrated with the pre-
vious assays being a venom with high lethal, haemorrhagic, pro-
teolytic and procoagulant activity, whose description will have an 
enormous utility among the veterinarians and human clinicians, 
who have to deal with these accidents in its geographical distri-
bution areas. The conformation of previously undefined venoms, 
and their characteristic components, also will allow the releases 
of new potentials interesting molecules with therapeutic activity 
for many diseases treatments. In addition, this will provide new 
toxins that will allow the improving of the production of better an-
tivenoms for the envenomed victims. 
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