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Abstract

Background

The venom of Bothrops lanceolatus, a viperid species endemic to the Lesser Antillean
Island of Martinique, induces thrombosis in a number of patients. Previous clinical observa-
tions indicate that thrombotic events are more common in patients bitten by juvenile speci-
mens. There is a need to develop an experimental model of this effect in order to study the
mechanisms involved.

Methodology/Principal findings

The venoms of juvenile and adult specimens of B. lanceolatus were compared by (a)
describing their proteome, (b) assessing their ability to induce thrombosis in a mouse
model, and (c) evaluating their in vitro procoagulant activity and in vivo hemostasis alter-
ations. Venom proteomes of juvenile and adult specimens were highly similar, albeit show-
ing some differences. When injected by the intraperitoneal (i.p.) route, the venom of juvenile
specimens induced the formation of abundant thrombi in the pulmonary vasculature,
whereas this effect was less frequent in the case of adult venom. Thrombosis was not abro-
gated by the metalloproteinase inhibitor Batimastat. Both venoms showed a weak in vitro
procoagulant effect on citrated mouse plasma and bovine fibrinogen. When administered
intravenously (i.v.) venoms did not affect classical clotting tests (prothrombin time and acti-
vated partial thromboplastin time) but caused a partial drop in fibrinogen concentration. The
venom of juvenile specimens induced partial alterations in some rotational thromboelasto-
metry parameters after i.v. injection. When venoms were administered i.p., only minor alter-
ations in classical clotting tests were observed with juvenile venom, and no changes
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and analysis, decision to publish, or preparationof  occurred for either venom in rotational thromboelastometry parameters. Both juvenile and
the manuscript. adult venoms induced a marked thrombocytopenia after i.p. injection.
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An experimental model of the thrombotic effect induced by B. lanceolatus venom was devel-
oped. This effect is more pronounced in the case of venom of juvenile specimens, despite
the observation that juvenile and adult venom proteomes are similar. Adult and juvenile ven-
oms do not induce a consumption coagulopathy characteristic of other Bothrops sp venoms.
Both venoms induce a conspicuous thrombocytopenia. This experimental model repro-
duces the main clinical findings described in these envenomings and should be useful to
understand the mechanisms of the thrombotic effect.

Author summary

Envenomings by the viperid species Bothrops lanceolatus, endemic of the Caribbean
Island of Martinique, are characterized by a thrombotic effect responsible for infarcts in
various organs. Until now, no experimental in vivo models of this effect have been
described. In this study, we developed a mouse model of thrombosis by using the intraper-
itoneal route of venom injection. The venom of juvenile specimens of B. lanceolatus
induced the formation of abundant thrombi in the lungs, whereas the effect was much less
pronounced with the venom of adult specimens. This difference in the ability of juvenile
and adult venoms occurs despite both venoms having highly similar proteomic profiles.
Both adult and juvenile venoms showed a weak in vitro procoagulant effect on plasma and
fibrinogen, underscoring a thrombin-like (pseudo-procoagulant) activity. In vivo, the ven-
oms did not affect the classical clotting tests (prothrombin time and activated partial
thromboplastin time) but induced a partial drop in fibrinogen concentration and limited
alterations in rotational thromboelastometry parameters when injected by the i.v. route.
In contrast, few alterations of these parameters were observed after i.p. injection of ven-
oms, in conditions in which thrombosis occurred, hence evidencing the lack of a con-
sumption coagulopathy. After i.p. injection both venoms induced a pronounced
thrombocytopenia. This experimental model reproduces some of the main clinical mani-
festations of envenoming by this species. This model can be used to identify the toxins
responsible for the thrombotic effect, to study the mechanism(s) of thrombosis and to
assess the preclinical efficacy of antivenoms and novel therapies.

Introduction

Bothrops lanceolatus is a viperid snake species endemic to the Lesser Caribbean Island of Marti-
nique as a result of a long-distance dispersal of South American species of the Bothrops atrox-
asper complex [1]. It inflicts between 20-30 cases of envenoming per year [2,3]. The clinical
manifestations of these envenomings include local effects, i.e., pain, edema, and necrosis, and
systemic alterations, i.e., hemodynamic disturbances and, in some cases, alterations in hemosta-
sis [2-5], most of which are characteristic of envenomings by Bothrops sp [6-8]. However, in
contrast to the typical hemostatic alterations induced by Bothrops sp venoms, characterized by a
consumption coagulopathy and defibrinogenation [8,9], some envenomings by B. lanceolatus,
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in the absence of antivenom treatment, involve a severe thrombotic effect which may result in
cerebral, myocardial, and pulmonary infarctions [3,10,11], and a diffuse thrombotic microan-
giopathy [12]. Interestingly, clotting laboratory tests are altered to a much lower extent in these
envenomings as compared to those inflicted by other Bothrops species, although thrombocyto-
penia is frequent [3,5,11]. This thrombotic effect has been also described in envenomings by the
closely related species B. caribbaeus, endemic to the neighboring island of Saint Lucia [13].

Despite its clinical relevance, the pathogenic mechanisms and the toxins involved in this
thrombotic effect remain unknown. It has been proposed that venom-induced alterations in
the endothelium might be involved [12,13,14]. Other proposed mechanisms include platelet
activation, the effect of venom on the binding of von Willebrand factor to type VI collagen in
the subendothelium [15], and the proinflammatory activity of the venom [16-18].

Proteomic analysis of the venom of adult specimens of B. lanceolatus have revealed a pat-
tern characteristic of viperid snake venoms, with predominance of P-III and P-I metalloprotei-
nases (SVMPs), serine proteinases (SVSPs), phospholipases A, (PLA,s) and, to a lower extent,
L-amino acid oxidases and C-type lectin like proteins (SNACLECs), disintegrins, and cyste-
ine-rich secretory proteins (CRISPs) [14,19]. The proteome and the toxicological profile of the
venom of juvenile specimens have not been investigated. Experimental in vitro and in vivo
studies with venom of adult specimens have documented lethal, hemorrhagic, edema-forming,
myotoxic, PLA,, proteinase, fibrinogenolytic, complement-activating, and proinflammatory
activities [14,16-18,20,21,22]. Conflicting results have been presented regarding the in vitro
procoagulant activity of this venom on plasma, since this effect has been observed in some
studies [19,23,24] but not in others [20,21]. On the other hand, the thrombotic effect described
in humans has not been reproduced in mice injected intravenously (i.v.) with venom [14].
Thus, there is a need to develop experimental models which would allow the study of the
mechanisms involved in this thrombotic effect.

It has been described that the thrombotic effect is more frequently observed in patients bit-
ten by small, i.e., juvenile snakes [4,25], thus raising the possibility of ontogenetic variations in
the composition and effects of the venom of this species. In order to develop an experimental
model of venom-induced thrombosis, venoms were collected from juvenile and adult speci-
mens to compare their proteomes and their effects on blood coagulation, platelet numbers,
and thrombosis. Results revealed that the venom of juvenile specimens, when injected intra-
peritoneally, induces thrombosis in the pulmonary vasculature, whereas the venom of adult
specimens has a much weaker thrombotic activity. This thrombotic effect occurs in the
absence of a consumption coagulopathy characteristic of other Bothrops sp venoms.

Methods
Ethical statement

The methods carried out in this study using mice were approved by the Institutional Commit-
tee for the Care and Use of Laboratory Animals of Universidad de Costa Rica (approval code
CICUA 13-2023). Mice (CD-1 strain, 20-23 g body weight of both sexes) were provided by
the Bioterium of Instituto Clodomiro Picado. Mice were handled in Tecniplast Eurostandard
Type II 1264C cages (268 x 215 x 141 mm), four mice per cage. Mice were maintained at 18—
24°C, 60-65% relative humidity, and a 12:12 h light-dark cycle, and were provided with water
and food ad libitum.

Venoms

Venoms were obtained from Bothrops lanceolatus specimens caught in the wild in various
locations of Martinique. Venom of adult snakes was a pool obtained from six specimens (five
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females, one male) with a range of body length of 150 to 172 cm. Venom of juvenile snakes
was a pool prepared from ten specimens (five females, five males) with a range of body length
of 59 to 92 cm. After venom extraction, snakes were released to the field in the places where
they had been captured. Upon collection, venoms were frozen, freeze dried, and kept at -40 °C
until used. Solutions of venoms were prepared immediately before use.

SDS-Polyacrylamide gel electrophoresis (SDS-PAGE)

The venoms of B. lanceolatus (adults and juveniles) were comparatively analyzed by
SDS-PAGE, after reduction with 2-mercaptoethanol for 5 min at 95°C. Samples of 10, 20 or
40 ug were loaded onto a 4-20% pre-cast gel (Bio-Rad; Hercules, CA, USA, catalog number
4561095) alongside with molecular weight markers (Bio-Rad, catalog number 1610375) and
separated at 160 v in a mini-Protean apparatus (Bio-Rad, catalog number 1658000). Proteins
were visualized with Coomassie Blue R-250 stain (Sigma-Aldrich, St. Louis, MO, USA, catalog
number 42660) and recorded with ImageLab software (Version 6.1.0 build 7 Standard
Edition).

Reverse phase HPLC (RP-HPLC)

The venoms of B. lanceolatus (adults and juveniles) were comparatively analyzed by RP-HPLC.
Samples of 2 mg were dissolved in 200 pL of water containing 0.1% trifluoroacetic acid (solu-
tion A) and centrifuged. The supernatant was applied to a reverse-phase column (C,g, 250 x
4.6 mm, 5 um particle; Phenomenex, Torrance, CA, USA, catalog number 00G-4053-E0Q)
equilibrated with the same solution and separated at 1 mL/min using an Agilent 1220 chroma-
tography system (Agilent Technologies, Santa Clara, CA, USA) monitored at 215 nm. Elution
was carried out with a gradient toward acetonitrile containing 0.1% trifluoroacetic acid, as fol-
lows: 0% for 5 min, 0-15% for 10 min, 15-45% for 60 min, 45-70% for 10 min, and 70% for 9
min [26].

Proteomic profiling

The venoms of B. lanceolatus (adults and juveniles) were comparatively analyzed using a bot-
tom-up 'shotgun’ MS/MS approach, as described [27]. In brief, 15 ug of each venom, dissolved
in 25 mM ammonium bicarbonate, were subjected to reduction with 10 mM dithiothreitol (30
min at 56 °C), alkylation with 50 mM iodoacetamide (20 min in the dark), and overnight
digestion with sequencing grade trypsin at 37 °C. After stopping the reaction with 0.5 pL of
formic acid, the tryptic peptides were dried in a vacuum centrifuge (Eppendorf, Hamburg,
Germany, catalog number 022820168), redissolved in 0.1% formic acid, and separated by
RP-HPLC on a nano-Easy 1200 chromatograph (Thermo Scientific, Waltham, MA, USA, cata-
log number LC140) coupled to a Q-Exactive Plus mass spectrometer (Thermo Scientific, cata-
log number IQLAAEGAAPFALGMBDK). Six pL of each sample (~0.7 ug of peptide mixture)
were loaded onto a C18 trap column (75 pm X 2 cm, 3 um particle; Thermo Scientific, catalog
number 164943), washed with 0.1% formic acid (solution A), and separated at 200 nL/min on
a C18 Easy-Spray PepMap column (75 pm x 15 cm, 3 pm particle; Thermo Scientific, catalog
number ES900). A gradient toward solution B (80% acetonitrile, 0.1% formic acid) was devel-
oped for a total of 120 min (1-5% B in 1 min, 5-26% B in 84 min, 26-80% B in 30 min, 80-
99% B in 1 min, and 99% B for 4 min). MS spectra were acquired in positive mode at 1.9 kV,
with a capillary temperature of 200 °C, using 1 pscan in the range 400-1600 m/z, maximum
injection time of 50 msec, AGC target of 1x10°, and resolution of 70,000. The top 10 ions with
2-5 positive charges were fragmented with AGC target of 3x10°, minimum AGC 2x10°, maxi-
mum injection time 110 msec, dynamic exclusion time 5 s, and resolution 17,500. MS/MS

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012335 October 2, 2024 4/22


https://doi.org/10.1371/journal.pntd.0012335

PLOS NEGLECTED TROPICAL DISEASES Experimental thrombosis by Bothrops lanceolatus venom

spectra were processed against protein sequences contained in the UniProt database for Ser-
pentes (taxid:8570) using Peaks X (Bioinformatics Solutions, Waterloo, Canada, PEAKS Stu-
dio 10.0 build 20190129). Parent and fragment mass error tolerances were set at 15.0 ppm and
0.5 Da, respectively. Cysteine carbamidomethylation was set as fixed modification, while
methionine oxidation and deamidation of asparagine or glutamine were set as variable modifi-
cations. A maximum of 2 missed cleavages by trypsin in semispecific mode were allowed. Fil-
tration parameters for match acceptance were set to False Discovery Rate (FDR) <0.1%,
detection of >1 unique peptide, and -10IgP protein score >30. A comparison of the number of
matching/non-matching proteins of the SVMP and SVSP families between the juvenile and
adult venoms was performed and represented by using Venn diagrams.

In vitro coagulant activity on plasma and fibrinogen

Blood was collected from mice by cardiac puncture under inhaled isoflurane anesthesia, and
immediately added to citrate anticoagulant (3.8% sodium citrate; citrate: blood volume ratio of
1.9), followed by centrifugation at 2,000 x g for 10 min for the collection of plasma. Aliquots of
200 pL of citrated plasma were incubated at 37°C for 5 min, and then 15 pL of 0.2 M CaCl,
was added, followed by 25 pL of various amounts of each venom, dissolved in 25 mM Tris-
HCl, 137 mM Na(l, 3.4 mM KCl, pH 7.4 (TBS). Tubes were incubated at 37 °C and the clot-
ting time recorded. The ability of venoms to clot fibrinogen was assessed by incubating 200 pL
of a 6 mg/mL bovine fibrinogen solution (MP Biomedicals, Illkirch, France, catalog number
151122) at 37 °C for 5 min, followed by the addition of 25 pL of TBS containing various
amounts of venoms. In both cases, the formation of a clot was visually assessed during a period
of 10 min by tilting the tubes every minute. Procoagulant activity was also assessed by the tur-
bidimetric assay described by O’Leary and Isbister [28], as modified by Sanchez et al. [29].
Briefly, 50 pg venom, dissolved in 100 pL TBS, were added to wells in a microplate and incu-
bated for 2 min at 37°C in a microplate reader (Cytation 3 Imaging Reader, BioTek, VT, USA).
Then, 4 uL of 0.4 M CaCl, were added to 100 pL of mouse citrated plasma previously incu-
bated at 37°C, and the mixture added to wells in the plate containing the venom dilutions.
Controls included plasma/CaCl, incubated with TBS in the absence of venom. After shaking
for 5 sec, the absorbances at 340 nm were recorded during 10 min. In other experiments, the
same protocol was followed, but a 6 mg/mL solution of bovine fibrinogen (Merck) was used
instead of plasma, without the addition of CaCl,, in order to assess for thrombin-like (pseudo-
procoagulant) activity. In this assay, various amounts of venom were tested and absorbances
recorded at 10 min, and a dose of 25 ug venom was tested at various time intervals. In all cases,
tests were done in triplicates.

Effects of venom on coagulation parameters in vivo

Groups of four mice (20-22 g) received an i.v. injection of 20 ug of either juvenile or adult B.
lanceolatus venom, dissolved in 100 puL 0.12 M NaCl, 0.04 M phosphate, pH 7.2 solution
(PBS). One hr after injection, blood was collected by cardiac puncture under isoflurane anes-
thesia and immediately added to Eppendorf vials containing 3.8% sodium citrate as anticoagu-
lant, using a citrate: blood volume ratio of 1: 9. In another set of experiments, a dose of 70 ug
of either adult or juvenile B. lanceolatus venom, dissolved in 100 pL PBS, was injected by the
intraperitoneal (i.p.) route into groups of four mice (20-22 g). Blood was collected 4 hr after
injection and added to citrate anticoagulant, as described above. This dose was selected
because it induced pulmonary thrombosis at this time interval (see below). For controls,
groups of mice received an injection of 100 pL PBS by the i.v. route and were bled one hr after
injection, as described.
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Citrated blood samples were used for rotational thromboelastometry determinations, using
a ROTEM Delta 4000 equipment according to the manufacturer’s instructions (Tem Innova-
tions, GmbH, Munich, Germany). The parameters determined were: Extem, Intem and Fib-
tem clotting time (CT), clot formation time (CFT), and amplitude-clot strength at 20 min
(A20). Extem and Intem tests evaluate the extrinsic and intrinsic coagulation pathways, respec-
tively, whereas Fibtem evaluates the contribution of fibrinogen to clot formation and strength
in conditions in which platelets are inhibited. CT is the time lapse (in sec) needed for the for-
mation of a clot amplitude of 2 mm. CFT is the time lapse (in sec) between 2 mm clot ampli-
tude and 20 mm clot amplitude. A20 reflects the clot firmness (in mm amplitude) 20 min after
CT. These tests were run at a temperature of 37°C. Additional individual citrated blood sam-
ples from each experimental group were centrifuged at 2,000 g for 10 min, and plasma was
obtained for determination of prothrombin time (PT) (STA-Neoplastine R, Stago, Paris,
France), activated partial thromboplastin time (aPTT) (STA-PPT A, Stago) and fibrinogen
concentration (STA-Liquid Fib, Stago), using a STA R Max2 coagulation analyzer (Stago). For
platelet counts, a dose of 70 pg of either adult or juvenile B. lanceolatus venom, dissolved in
100 pL PBS, was injected i.p. into groups of four to eleven mice (20-22 g), whereas a control
group of seven mice received 100 puL PBS alone. Blood was collected at 4 hr and added to
sodium citrate as described. Platelet counts were carried out in citrated blood in an automated
hematology analyzer (VetsCan HMS5, Abaxis Global Diagnostics, Union City, CA, USA). The
time of 4 hr was selected in the case of mice receiving an i.p. injection of venom because
thrombi developed in the lungs at this time interval (see below).

Histological assessment of thrombotic activity

In order to establish a model of the thrombotic activity described in patients envenomed by B.
lanceolatus, various routes of venom injection were initially tested. Groups of four mice (22—
23 g) received either 30 ug venom by the i.v. route in the caudal vein, 50 pg venom by the intra-
muscular (i.m.) route in the right gastrocnemius muscle, 50 pg by the subcutaneous (s.c.) route
or 70 ug by the i.p. route, in all cases diluting the venom in 100 pL PBS. Groups of four control
mice received 100 uL PBS under otherwise identical conditions. These venom doses were
selected for being sublethal (in the case of i.v. and i.p. routes) on the basis of previous reports
of Median Lethal Dose (LDsg) of venom from adult specimens [21, 30], and for inducing
prominent local tissue pathology without being lethal (in the cases of i.m. and s.c. routes). At
either 4 or 24 hr after venom injection mice were sacrificed by cervical dislocation, and sam-
ples of heart, brain and lungs were obtained and added to 3.7% formalin fixative solution. Tis-
sues were processed routinely and embedded in paraffin. Sections of 4 um were obtained and
stained with hematoxylin-eosin for microscopic observation.

Staining for fibrin in the microvasculature

In order to ascertain whether fibrin microthrombi developed in the pulmonary microvascula-
ture, paraffin-embedded sections from mice receiving i.p. injections of 70 pg of venom of juve-
nile specimens were prepared as described above and stained with the Martius-Scarlet-Blue kit
for staining fibrin (Diapath, Martinengo, Italy, catalog number 010255). Sections of 4 pm were
deparaffinized with xylene and ethanol and rehydrated with water. Then, sections were serially
stained with martius yellow, crystal scarlet and methyl blue following the manufacturer’s
instructions. Sections were briefly rinsed with 1% acetic acid, dehydrated and mounted. With
this method, fibrin stains red, erythrocytes yellow, and connective tissue blue.
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Role of SVMPs in the thrombotic effect

Once the experimental model of thrombotic effect was established, the role of SVMPs in the
pathogenesis of this effect was assessed by using the metalloproteinase inhibitor Batimastat
(British Biotech, Oxford, UK). Solutions of venom from adult or juvenile specimens were pre-
pared in PBS and incubated for 30 min at room temperature with Batimastat (final concentra-
tion 250 uM). This concentration was selected to ensure complete inhibition of SVMPs on the
basis of a previous study with venom of a closely related species showing that proteolytic and
hemorrhagic activities were inhibited at concentrations lower than 250 pM of the inhibitor
when incubated prior to injection [31]. Solutions of venoms incubated with the vehicle alone
were also prepared. Aliquots of 100 pl of the mixtures, containing 70 ug venom, were injected
i.p. into groups of four mice (22-23 g). Four hr after injection, mice were sacrificed and tissue
samples from the lungs were obtained and processed for histological observation, as described
above.

Statistical analyses

Results were expressed as mean + SEM. The significance of the differences between the mean
values of experimental groups was assessed by Mann-Whitney U test when two groups were
compared. In experiments involving more than two groups the significance of the differences
was assessed by one-way ANOVA for normally distributed data and by Kruskal-Wallis test for
non-normally distributed data. Tukey-Kramer or Dunn’s post-hoc tests, respectively, were
used to analyze differences between pairs of mean values. Other results with non-normally dis-
tributed data were analyzed by Generalized Linear Model (GLM), which was initially tried
using a binomial or poisson distribution but was changed to a quasibinomial or quasipoisson
distribution due to overdispersion. P values < 0.05 were considered significant.

Results
Electrophoretic and chromatographic analyses of the venoms

SDS-PAGE separation of venoms revealed highly similar electrophoretic patterns (Fig 1), with
bands in the range of 150 kDa to 10 kDa. The most abundant bands have estimated molecular
masses of 50, 30, 25, 22 and 15 kDa. A qualitatively similar RP-HPLC profile was also observed
in these venoms (Fig 2A and 2B), with some differences in peaks eluting at 52 min (juvenile
venom) and 58, 65 and 83 min (adult venom), and in the region between 60 and 70 min.

Proteomic profiling

Table 1 depicts the protein families identified in the venoms of B. lanceolatus (adults and juve-
niles) by bottom-up shotgun proteomics. Families present in both venoms include metallopro-
teinases (SVMPs), serine proteinases (SVSPs), phospholipases A, (PLA,), C-type lectin-like
proteins, L-amino acid oxidases, nerve growth factor, phospholipase B, and glutamyl cyclase,
with highest number of variants in the first four families (Table 1). On the other hand, nucleo-
tidase, vascular endothelial growth factor, hyaluronidase and PLA, inhibitor were detected
only in the adult venom, whereas protein disulfide isomerase was detected only in juvenile
venom (Table 1). S1 Table provides the details of the protein matches and supporting peptides.
A comparison of the number of matching proteins of the SVMP and SVSP families between
the juvenile and adult venoms was performed. As shown in the Venn diagrams (S1 Fig) pro-
teins identified as SVSP showed a higher proportion of shared matches, in comparison to pro-
teins of the SVMP family.
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Fig 1. SDS-PAGE separation of venoms of adult (Ad) and juvenile (Ju) specimens of B. lanceolatus. Various
amounts of venom (10, 20 and 40 ug) were separated under reducing conditions on 4-20% pre-cast gels. Molecular
weight (Mw) markers were also run. Proteins were stained with Coomassie Blue R-250.
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In vitro procoagulant activity on plasma and fibrinogen

When added to citrated plasma in the presence of calcium, the venom of juvenile specimens of
B. lanceolatus did not induce the formation of a firm clot up to a dose of 50 pg for a maximum
observation period of 10 min, although an increase in turbidity was observed. When testing
the venom of adult specimens, a weak clot formed after approximately 10 min of incubation
when using a dose of 50 ug venom, whereas no clot formation, and only an increase in turbid-
ity, occurred when using doses of venom of 25 ug, 12.5 pg, and 6.25 ug. When venoms were
added to a bovine fibrinogen solution, the venom of adult specimens induced the formation of
a fibrin clot in a dose-dependent way. The time required to form a visible clot was 10 min, 9
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Fig 2. RP-HPLC separation of venoms of juvenile (A) and adult (B) specimens of B. lanceolatus. Samples of 2 mg
were dissolved in water containing 0.1% trifluoroacetic acid (solution A). After centrifugation, the supernatant was
applied to a reverse-phase column equilibrated with solution A and separation was monitored by recording the
absorbance at 215 nm. The following gradient of acetonitrile, containing 0.1% trifluoroacetic acid, was used for elution:
0% for 5 min, 0-15% for 10 min, 15-45% for 60 min, 45-70% for 10 min, and 70% for 9 min (red line).

https://doi.org/10.1371/journal.pntd.0012335.g002
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Table 1. Protein families identified in the venoms of B. lanceolatus (adults and juveniles) by bottom-up shotgun proteomics™.

Protein family Juveniles Number of variants** Adults Number of variants
Metalloproteinase Vv 22 V4 25
Serine proteinase v/ 22 4 21
Phospholipase A, V4 9 4 13
C-type lectin/lectin-like Vv 13 Vv 12
L-amino acid oxidase v 2 v/ 2
Phosphodiesterase Vv 2 v 2
Nerve growth factor v 1 V4 1
Natriuretic peptide/BPP Vv 2 (-) (-)
Phospholipase B Vv 1 V4 1
Glutaminyl cyclase Vv 1 V4 1
Protein disulfide-isomerase Vv 1 ) )
Nucleotidase (-) (-) V4 1
Vascular endothelial growth factor ) ) V4 2
Hyaluronidase (-) (-) 4 1
Phospholipase A, inhibitor -) -) 4 1
Total number 11 76 14 83

* For a detailed summary of protein matches and supporting peptides, refer to S1 Table.
** Number of variants is expressed as the minimum number of distinct ‘protein groups’ calculated by the Peaks X software, supported by at least 1 unique peptide.
\/: detected; (-) not detected.

https://doi.org/10.1371/journal.pntd.0012335.t001

min, 4.5 min and 3 min for venom amounts of 6.25 ug, 12.5 pg, 25 ug and 50 pg, respectively.
In contrast, the venom of juvenile specimens did not induce the formation of a firm fibrin clot
when the same doses were tested, although an increase in turbidity was observed at the dose of
50 pg. When the more sensitive turbidimetric method was used, both venoms induced an
increase in absorbance at 340 nm, reflecting the formation of fibrin after addition of venoms
to plasma (Fig 3A) and fibrinogen (Fig 3B and 3C), thus revealing a thrombin-like (pseudo-
procoagulant) activity. Venom of adult specimens showed a stronger thrombin-like activity
than venom of juvenile specimens.

Effects of venoms on coagulation parameters in vivo

Experiments were done in order to assess the effect of venoms of juvenile and adult specimens
on classical clotting tests and rotational thromboelastometry parameters. For this, two experi-
mental settings were used: i.v. injection of 20 pg venom followed by blood collection and test-
ing one hr after injection, and i.p. injection of 70 ug venom followed by blood collection and
testing at 4 hr, the time when thrombosis was observed in pulmonary blood vessels. When the
i.v. route was used, no major changes were observed in PT and aPTT in envenomed mice
receiving either venom, as compared to control mice receiving PBS. However, a partial and
significant drop in fibrinogen concentration occurred at one hr after i.v. injection of both ven-
oms (Fig 4). No significant differences (p > 0.05) were observed when comparing the effect of
the two venoms on fibrinogen concentration.

Regarding rotational thromboelastometry parameters in samples obtained 1 hr after i.v.
injection, Extem and Intem CT and CFT, and Fibtem CFT were prolonged in mice injected
with juvenile venom, as compared to controls, whereas only Fibtem CFT was prolonged in the
case of adult venom. When the clot strength was assessed by the determination of the A20
parameter, it was altered in Extem, Intem and Fibtem in the case of juvenile and adult venoms
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Fig 3. In vitro procoagulant activity of venoms of juvenile and adult specimens of B. lanceolatus. A: Procoagulant
effect on plasma. Fifty ug venom, dissolved in 100 uL TBS, were added to wells in a microplate. Then, 4 pL of 0.4 M
CaCl, were added to 100 pL of mouse citrated plasma previously incubated at 37°C, and the mixture added to wells in
the plate containing the venom solution. Controls included plasma/CaCl, incubated with TBS with no venom. After
shaking for 5 sec, the absorbances at 340 nm were recorded during 10 min as an index of the increase in turbidity of
the samples. No change in absorbance was observed in control samples. B and C: Thrombin-like (pseudo-
procoagulant) activity effect of venoms on bovine fibrinogen. In B, solutions containing various amounts of venom,
dissolved in 100 pL TBS, were added to 100 pL of a fibrinogen solution (6 mg/mL) previously incubated at 37°C, and
the change in absorbance at 340 nm were recorded at 10 min. In C, solutions containing 25 ug venom, dissolved in
100 pL TBS, were added to 100 pL of fibrinogen (6 mg/mL). The changes in absorbance at 340 nm were recorded at
various time intervals. Controls included fibrinogen incubated with TBS with no venom. No change in absorbance was
observed in control samples. Results are presented as mean + SEM (n = 3). *p < 0.05.

https://doi.org/10.1371/journal.pntd.0012335.g003

(Figs 5 and 6). When comparing parameters in juvenile and adult venoms, significant differ-
ences were observed in Extem CFT, Intem CFT and Extem A20, juvenile venom showing
higher alterations than adult venom (Fig 5). Thus, overall, the venom of juvenile specimens
induced more pronounced alterations in these parameters than the venom of adult specimens
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Fig 4. Effect of i.v. injection of juvenile and adult B. lanceolatus venoms on classical clotting tests. 20 ug venom
from juvenile or adult specimens, dissolved in 100 pL PBS, were injected i.v. in mice. Controls received 100 pl PBS.
One hour after injection mice were bled under isoflurane anesthesia and blood was collected, added to citrate
anticoagulant, and centrifuged for plasma collection to determine prothrombin time (PT), activated partial
thromboplastin time (aPTT) and fibrinogen concentration. Results are presented as mean + SEM (n = 4). *p < 0.01
when compared to controls.

https://doi.org/10.1371/journal.pntd.0012335.g004

when injected by the i.v. route. S2 and S3 Figs depict Intem and Fibtem rotational thromboe-
lastometry tracings.

In order to assess the status of clotting parameters in circumstances when pulmonary
thrombosis occurred, the same assays were carried out in samples collected 4 hr after i.p. injec-
tion of 70 pg venom, which induces thrombosis. No alterations in PT, aPTT and fibrinogen
concentration were observed in mice receiving adult venom, whereas a partial, but significant,
change occurred in aPTT and fibrinogen concentration in mice receiving juvenile venom (Fig
7). On the other hand, both venoms induced a profound thrombocytopenia, as compared to
controls (Fig 7). No significant differences (p > 0.05) were observed when comparing the
effect of the two venoms on platelet counts.

Analysis of rotational thromboelastometry parameters in blood samples collected 4 hr after
i.p. injection of venoms showed no significant alterations in samples from envenomed mice, as
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Fig 5. Effect of i.v. injection of juvenile and adult B. lanceolatus venoms on rotational thromboelastometry
parameters. Twenty pug venom, dissolved in 100 uL PBS, was injected i.v. in mice. Controls received 100 ul of PBS. On
hour after injection mice were bled under isoflurane anesthesia and blood was collected and added to citrate
anticoagulant for determination of Extem, Intem and Fibtem parameters. CT: Clotting time; CFT: clot formation time;
A20: clot amplitude (in mm) 20 min after CT (see Methods for details). Results are presented as mean + SEM (n = 4).
*p < 0.05, **p<0.01 when compared to control; # p < 0.05 when comparing juvenile and adult venoms. co: In the case
of Fibtem CFT in envenomed mice, the clot did not reach an amplitude of 20 mm.

https://doi.org/10.1371/journal.pntd.0012335.g005
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Fig 6. Representative Extem rotational thromboelastometry tracings from mice injected with PBS or venoms of
juvenile and adult specimens of B. lanceolatus. Blood was collected by cardiac puncture under inhaled isoflurane
anesthesia, added to sodium citrate solution, and evaluated by rotational thromboelastometry (see Methods for
details). (A) Extem tracing from a mouse receiving PBS by the i.v. route and bled 1 hr after injection. (B) and (C)
Extem tracings from mice receiving 20 ug of juvenile (B) or adult (C) B. lanceolatus venoms by the i.v. route and bled 1
hr after injection. (D) and (E) Extem tracings from mice receiving 70 pg of juvenile (D) or adult (E) venoms by the i.p.
route and bled 4 hr after injection. CT (clotting time, green line) is the time lapse (in sec) needed for the formation of a
clot amplitude of 2 mm. CFT (clot formation time, pink) is the time lapse (in sec) between 2 mm clot amplitude and 20
mm clot amplitude. A20 (clot amplitude at 20 min) reflects the clot firmness (in mm amplitude) 20 min after CT.

https://doi.org/10.1371/journal.pntd.0012335.g006

compared to those from control mice (Figs 6, 8, S2, and S3). The raw data related to coagula-
tion, rotational thromboelastometry and platelet counts are available in S2 Table.

Histological assessment of thrombotic activity

Tissue samples from control mice receiving injections of PBS by various routes showed normal
histological features in heart, brain, and lungs. In the case of lungs, the normal histological

Prothrombin Time Partial Thromboplastin Time
<10 <10 <10

8
% g T
& & #
=] =]
g4 $ 20 <20
2 )
@ @
£ 2 E10
[ =

0 T T T 0 T T T

Control Juvenile Adult Control Juvenile Adult
Fibrinogen Platelets
g = = T
2 150 * =
= — g 750
g 2
S 100 < 500
= I *
e 90 2 250 = *
g o T T T 60 r T T
Control Juvenile Adult Control Juvenile Adult

Fig 7. Effects of i.p. injection of juvenile and adult B. lanceolatus venoms on classical clotting tests and platelet
counts. Mice received 70 pg venom, dissolved in 100 pL PBS, by the i.p. route. Controls received 100 pl of PBS. Four
hours after injection mice were bled under isoflurane anesthesia and blood was collected and added to citrate
anticoagulant for determination of prothrombin time (PT), activated partial thromboplastin time (aPTT), fibrinogen
concentration, and platelet counts (see Methods for details). Results are presented as mean + SEM (n = 4 in the case of
clotting tests and fibrinogen concentration and n = 4-11 in the case of platelet counts). *p < 0.05 when compared to
control; # p < 0.05 when comparing juvenile and adult venom.

https://doi.org/10.1371/journal.pntd.0012335.g007
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Fig 8. Effect of i.p. injection of juvenile and adult B. lanceolatus venoms on rotational thromboelastometry
parameters. Mice received 70 pg of venom, dissolved in PBS, by the i.p. route. Controls were injected with 100 pl of
PBS. Four hours after injection mice were bled under isoflurane anesthesia and blood was added to citrate
anticoagulant for determination of Extem, Intem and Fibtem parameters. CT: Clotting time; CFT: clot formation time;
A20: clot amplitude (in mm) 20 min after CT (see Methods for details). Results are presented as mean + SEM (n = 4).
No significant differences (p > 0.05) were observed between the groups.

https://doi.org/10.1371/journal.pntd.0012335.g008

patterns of bronchi, bronchioles, alveolar sacs and blood vessels was preserved (Fig 9A). In the
cases of animals receiving venoms, no thrombi were observed in brain, heart, and lung blood
vessels after adult and juvenile B. lanceolatus venom injections by the i.v., s.c. and i.m. routes
at4 hr and 24 hr. In contrast, when 70 ug venom were administered by the i.p. route, the
venom of juvenile B. lanceolatus specimens induced numerous thrombi in the lungs at both
time intervals (Fig 9B and 9C), but not in heart or brain. Few mice receiving 70 ug juvenile

5

BEEFT

Fig 9. Light micrographs of sections of pulmonary tissue of mice which received an i.p. injection of venom from
juvenile or adult B. lanceolatus. Sections correspond to samples of mice receiving 100 uL PBS (A) or 70 pg of B.
lanceolatus venom from either juvenile (B and C) or adult (D) specimens, dissolved in 100 uL PBS. Mice were
sacrificed 4 hr after injections, and samples from pulmonary tissue were collected, added to formalin fixative and
processed for embedding in paraffin. Sections from control mice receiving PBS show a normal histological pattern.
Abundant thrombi are observed in sections of mice receiving juvenile venom (arrows in B and C). In contrast, samples
from mice injected with adult venom are largely devoid of thrombi, and only a pale hyaline material is observed in
some vessels (arrow in D). Hematoxylin-eosin staining. Bar represents 100 um.

https://doi.org/10.1371/journal.pntd.0012335.g009
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Fig 10. Thrombi in the pulmonary microvasculature of mice injected with juvenile B. lanceolatus venom. Light
micrographs of sections of pulmonary tissue of mice which received an i.p. injection of 100 uL PBS (A) or 70 ug of B.
lanceolatus venom from juvenile specimens, dissolved in 100 uL PBS (B). Mice were sacrificed 4 hr after injections, and
samples from pulmonary tissue were collected, added to formalin fixative and processed for embedding in paraffin.
Sections were stained with Martius-Scarlet-Blue, which stains fibrin in red color. No fibrin is observed in samples of
mice receiving PBS, whereas abundant red fibrin deposits are observed in the microvasculature of the section from
mice treated with venom. Bar represents 100 pm.

https://doi.org/10.1371/journal.pntd.0012335.g010

venom by the i.p. route died before 4 hr; in these cases, additional mice were injected to com-
plete the sample of four mice per time interval. In samples from mice receiving juvenile venom
by the i.p. route thrombi were observed in vessels of variable caliber, being more abundant in
veins, although they were also present in arteries and arterioles. On the other hand, venom of
adult specimens induced the formation of thrombi only in few blood vessels and in few of the
tissue samples analyzed, and no thrombi were observed in brain and heart vasculature. In
some pulmonary vessels, mostly veins, of mice injected with adult venom a hyaline pale mate-
rial was observed having a lower density as compared to the overt thrombi observed with juve-
nile venom (Fig 9D). No mice injected with adult venom by the i.p. route died. Venoms of
both juvenile and adult specimens induced hemorrhage in the lungs, evidenced by the pres-
ence of erythrocytes in the alveolar spaces in some regions.

Overall, blood vessels with thrombi were more abundant in mice injected with juvenile
venom than in those receiving adult venom. In order to provide a semiquantitative assessment
of the frequency of thrombi formation, a number of histological sections obtained from mice
injected with venoms were examined. Among 26 sections from mice receiving juvenile venom,
20 showed thrombi, 3 presented the hyaline pattern of staining described above, and 3 did not
show thrombi. In contrast, in the case of 16 sections from lung tissue of mice injected with
adult venom, 1 had thrombi, 6 presented the hyaline material inside vessels, and 9 did not
show thrombi or hyaline material.

Staining for fibrin in the microvasculature

It was of interest to assess whether thrombi were also present in the microvasculature of mice
receiving juvenile venom by using a specific staining of fibrin (Martius-Scarlet-Blue). No red
staining, characteristic of fibrin, was observed in the microvasculature of alveolar septa in sam-
ples from mice injected with PBS (Fig 10A), whereas abundant red-stained microthrombi
occurred in sections from mice that had received an i.p. injection of venom from juvenile spec-
imens 4 hr after injection (Fig 10B).

Role of SVMPs in the thrombotic effect

In order to assess the role of SVMPs in the formation of pulmonary thrombi, venoms were
incubated with the metalloproteinase inhibitor Batimastat before i.p. injection. Samples from
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Fig 11. Inhibitory action of Batimastat on the effects induced by juvenile B. lanceolatus venom in the lungs. Light
micrographs of sections of pulmonary tissue of mice which received an i.p. injection of 70 g of B. lanceolatus venom
from juvenile specimens dissolved in 100 pL PBS (A) or the same dose of venom which was previously incubated with
Batimastat (250 M final concentration) (B). Mice were sacrificed 4 hr after injections, and samples from pulmonary
tissue were collected, added to formalin fixative and processed for embedding in paraffin. The section from a mouse
receiving venom show abundant hemorrhage (*) and a thrombus in a blood vessel (arrow). In contrast, no hemorrhage
is observed in tissue from a mouse receiving venom incubated with Batimastat, whereas thrombi are present (arrows).
Hematoxylin-eosin staining. Bar represents 100 um.

https://doi.org/10.1371/journal.pntd.0012335.9011

mice injected with venom incubated with PBS showed thrombi in blood vessels and hemor-
rhage, evidenced by abundant erythrocytes in the alveolar spaces (Fig 11A). Incubation of
venom with Batimastat did not inhibit the formation of thrombi in samples injected with juve-
nile venom (Fig 11B), and also did not prevent the formation of the intravascular hyaline mate-
rial in the case of adult venoms. In contrast, Batimastat was effective in the inhibition of
hemorrhagic effect in the lungs (Fig 11B). Thus, SVMPs do not seem to be the causative agent
of pulmonary thrombosis in this model but are responsible for the hemorrhagic activity. The
raw data related to histological assessment of thrombosis are available in S3 Table.

Discussion

The mouse experimental model described in this work reproduces three of the characteristic
clinical findings in patients envenomed by B. lanceolatus, i.e., thrombosis, lack of consumption
coagulopathy, and thrombocytopenia. Clinical observations indicate that patients developing
thrombosis were generally bitten by specimens of small size [4, 22]. This prompted us to obtain
venom of juvenile snakes and compare its composition and effects with those of adult speci-
mens. Results show that, when administered by the i.p. route, venom from juvenile specimens
induced pulmonary thrombosis in mice, whereas the venom of adult specimens induced this
effect to a much lower extent. Interestingly, no such effect was observed when venom was
injected i.v., s.c. or i.m. When administered by the i.p. route, macromolecules reach the sys-
temic circulation mainly via lymphatic vessels and reach higher concentrations in blood than
when using the s.c. and i.m. routes [32]. It is suggested that the i.p. route is a model of systemic
absorption of the venom that, in terms of toxicokinetics, may resemble what occurs in clinical
cases. Thus, our model could be used to study the mechanism of thrombosis in B. lanceolatus
envenomings.

The majority of thrombi observed in pulmonary vasculature in mice injected with juvenile
venoms were observed in large and medium size veins, although thrombi were also present in
arteries and arterioles. In addition, a staining for fibrin showed positive staining in the micro-
vasculature of the alveolar septa, hence reproducing the phenomenon of diffuse thrombotic
microangiopathy described in an autopsy of a patient envenomed by B. lanceolatus [12]. In
our study we did not observe thrombi in cerebral or myocardial blood vessels, which are
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common findings in human patients [2-4]. Our observations can be explained by the higher
propensity of the pulmonary vasculature to develop inflammatory and thrombotic complica-
tions in a variety of diseases [33,34] and by its unique hemodynamic and immunologic fea-
tures. In the case of tissue samples from mice injected with adult venoms the occurrence of
evident thrombi was infrequent. Instead, a pale hyaline material was observed in some vessels.
Clearly, the thrombotic action induced by adult venoms was weaker than by juvenile venoms.

The proteomic analysis of juvenile and adult venoms did not reveal overt differences in
composition. Thus, B. lanceolatus presents a venom proteomic profile that fits within the ‘pae-
domorphic’ pattern described for some populations of B. atrox, in which there are no major
changes in venom composition as snakes age [35]. Bothrops sp venoms present a dichotomic
ontogenetic pattern, with some venoms having a ‘paedomorphic’ profile while others show
drastic changes as snakes age, corresponding to an ‘ontogenetic’ profile [35,36]. Thus, the basis
for the difference in thrombogenic potential between juvenile and adult venoms is not evident
from the overall electrophoretic, chromatographic, and proteomic comparison. However,
when the matches of protein sequences were analyzed, it was found that SVMPs showed a
lower proportion of shared matches than in the case of SVSPs. This suggests that, despite the
overall similarities in these venoms, variations in the isoforms present in toxins within the
most abundant protein families may account for the functional difference observed, an issue
that awaits the identification of the thrombogenic factor(s) in venoms of juvenile specimens.
The small amount of venom available from juvenile specimens did not allow us to undertake
the purification of venom components.

The use of the SVMP inhibitor Batimastat allowed us to assess whether SVMPs are involved
in the thrombotic effect. It has been hypothesized that B. lanceolatus venom may activate the
vascular endothelium, rendering it thrombogenic [12,37], an effect that might be related to the
action of SVMPs, which are abundant in this venom [14,19,38,39]. It is known that SVMPs
induce a variety of effects on endothelial cells [40-42]. However, inhibition of SVMPs did not
prevent the formation of thrombi, although abrogated pulmonary hemorrhage, thus evidencing
that thrombosis occurs in conditions where SVMPs are inhibited and implying that other as yet
unidentified components are responsible for this effect. The proinflammatory effect of B. lan-
ceolatus venom, reflected by its ability to activate the complement system and generate a variety
of mediators, has been proposed as a possible mechanism of the thrombotic effect [16-18].

Alternative mechanisms of thrombosis might be related to the action of venom on von
Willebrand factor, promoting its binding to type VI collagen in the subendothelial surface [15]
or to platelet activation, perhaps associated with the thrombocytopenia observed in clinical
cases and in our experimental conditions. Additionally, the release of tissue factor, as a conse-
quence of the action of venom in the vasculature, might be involved in the thrombotic effect.
Likewise, the possible role of SVSPs in the genesis of thrombosis, either by acting on clotting
factors or on platelets should be explored in future studies. It is likely that the pathogenesis of
thrombosis involves an interplay between a variety of mechanisms, including inflammatory
events and platelet alterations in a scenario of thromboinflammation [43,44]. There might also
be underlying factors related to the conditions of the patients which could contribute to
thrombogenesis. On the other hand, our observations concur with clinical laboratory findings
in that this venom induces thrombocytopenia, which might be a consequence of the action of
a C-type lectin-like component, similar to the one characterized from the closely related
venom of B. caribbaeus [45].

There have been conflicting findings in the literature concerning the effect of B. lanceolatus
venom on hemostasis in vitro and in vivo. Regarding the in vitro procoagulant effect on
citrated plasma, both negative and positive results have been described [14,19,21,23,24],
whereas the venom did not induce defibrinogenation in mice [21]. It has been proposed that
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the negative in vitro results described by Bogarin et al. [21] and Gutiérrez et al. [14] are due to
the fact that calcium, a cofactor required for coagulation, was not added to the plasma in these
experiments. When calcium is added, adult B lanceolatus venom induces plasma clotting in
vitro [19,23,24]. Our observations and those of others demonstrate that venoms of both adult
and juvenile specimens exert thrombin-like (pseudo-procoagulant) activity. This activity has
been previously described for adult B. lanceolatus venom [20,24]. This effect explains the weak
procoagulant activity described for this venom on mouse citrated plasma. However, in vitro
experiments do not necessarily reproduce what occurs in vivo and hence the importance of
assessing hemostatic alterations in vivo.

We explored the in vivo effect of adult and juvenile venoms on classical clotting tests and
rotational thromboelastometry parameters. No alterations were observed in PT and aPTT, and
there was only a significant drop in the concentration of fibrinogen after i.v. injection. In con-
trast, when the venom of B. asper, which induces a typical consumption coagulopathy, was
tested in a similar mouse model, there were drastic alterations in these parameters [46]. This
agrees with clinical observations of B. lanceolatus envenomings since, in most cases, a con-
sumption coagulopathy is not observed [3,5,11].

When in vivo effects were evaluated by rotational thromboelastometry, which provides a
more in-depth assessment of the hemostatic status, the venom of juvenile specimens affected
various Extem, Intem and Fibtem parameters 1 hr after i.v. injection, whereas only Fibtem
parameters were altered in the case of adult venom. These findings might be due to the par-
tial drop in fibrinogen concentration in mice injected with B. lanceolatus venoms as a conse-
quence of the action of thrombin-like (pseudo-procoagulant) enzymes, since Fibtem
basically depends on the status of fibrinogen. However, when venoms were administered i.
p.» in conditions where pulmonary thrombosis occurs, clotting tests were largely not altered,
implying that thrombosis occurs in conditions where there is no defibrinogenation. The
higher extent of rotational thromboelastometry alterations when using the i.v. route, as com-
pared to the i.p. route, might be due to the fact that in the former the venom is in immediate
contact with clotting factors in the bloodstream, thus increasing the likelihood of alterations.
The lack of major alterations in rotational thromboelastometry parameters is in contrast
with observations carried out with the venom of B. asper, which causes a consumption coa-
gulopathy and drastically affects these parameters in a mouse model [46]. Overall, B. lanceo-
latus venoms do not induce in vivo consumption coagulopathy in this model, in agreement
with clinical observations. The lack of overt consumption coagulopathy might be related to
the thrombotic effect since clotting factors are present in the bloodstream by the time the
thrombogenic mechanisms induced by the venom are operating in blood vessels. On the
other hand, a drastic drop in platelet numbers was observed by the time thrombosis occurs,
suggesting that platelet alterations might be related to the pathogenesis of thrombosis by
mechanisms as yet unknown.

In conclusion, when injected by the i.p. route, the venom of juvenile specimens of B. lanceo-
latus induces abundant thrombi in the pulmonary vasculature, thus reproducing clinical find-
ings describing thrombosis in patients bitten by snakes of small size in Martinique. The model
also reproduces clinical observations describing thrombocytopenia and lack of consumption
coagulopathy in many patients. This experimental model could be used to explore the mecha-
nisms of thrombosis induced by the venom of B. lanceolatus and to identify the toxins respon-
sible for this effect. Moreover, although rare, peripheral arterial thrombosis and pulmonary
thromboembolism have been described in envenomings by other viperid snake species
[47,48], thus opening the possibility of using this experimental model to explore the develop-
ment of thrombosis with other snake venoms.
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Supplementary Table S1: Proteomic profiling of JUVENILE Bothrops lanceolatus venom by bottom-up 'shotgun' analysis

Group

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Accession

AOA1S6K7T1

AOA1L8D5X9

AOA1L8D5X3

AOA1L8D691

AOA6HOQSW2

AOAOK8RYQS

AOA1L8D5Y9

AOAIW7RIW4

AOA194ARP3

AOA1L8D646

AOA1L8D5Z3

E9IG74

AOA6HOQV24

AOA6HOQSW3

AOA194ATI5

E9JGC2

AOAOM4MEY5

AOA182C5W4

BOVXU9

AOA2H4Z2X4

AOA077LA53

AOAOB8RNSS

AOA217YS71

AOA1L8D674

-10IgP Cov (%) #Pept.

241.8

243.6

192.8

189.9

194.8

175.0

178.7

1711

162.3

166.5

127.0

110.2

161.8

155.4

162.3

36.5

78.0

80.8

130.8

112.4

103.2

88.8

55.5

207.6

29

27

17

16

14

13

19

16

11

10

16

10

13

13

16

17

20

10

61

32

28

17

16

16

13

15

12

10

12

10

10

17

#Uniq. Avg. Mass

1 68317

2 68047

3 67503

5 68031
1 68763
1 53152
1 46031
1 46359
1 46049
2 68490
1 55089
2 68128
1 67747
1 53618
1 54732
1 56995
1 22907
1 69622
1 55816
1 69150
1 19487
3 76736
1 42317
4 27876

Family

_ Snake venom metalloproteinase Bothrops atrox

_ Snake venom metalloproteinase, Bothrops atrox

Matching protein description

_ Snake venom metalloproteinase, Bothrops atrox

_ Snake venom metalloproteinase, Bothrops atrox

_ MDC-5b, Crotalus atrox

_ Metalloproteinase (Type Il) 3a, Crotalus horridus
IR 5ATXSVMPIS, Bothrops atrox

_ Metalloproteinase (Type I) 6a, Agkistrodon c. contortrix
_ Metalloproteinase type | 1, Agkistrodon piscivorus

_ Snake venom metalloproteinase, Bothrops atrox

[V 5ATXSVMPII4, Bothrops atrox
_ Metalloproteinase, Echis coloratus

_ MDC-9, Crotalus scutulatus

_ MAD-3b, Crotalus atrox

_ Metalloproteinase type Il 1, Sistrurus tergeminus
_ Metalloproteinase (Frag.), Echis pyramidum leakeyi
_ AAV1 protein (Frag.), Deinagkistrodon acutus
_ Metalloproteinase, Phalotris mertensi

_ Metalloproteinase isoform 7 (Frag.), Sistrurus c. edwardsii
_ DSAIP (Frag.), Daboia siamensis

_ Metalloprotease P-llic (Frag.), Protobothrops elegans

_ Xaa-Pro aminopeptidase 2, Boiga irregularis

SP Serine endopeptidase, Crotalus molossus

SP BATXSVSP6, Bothrops atrox

Supporting unique peptides
K.MFYSNDDEHKGM(+15.99)VLPGTK.C

K.IIVQSTPSVTLDLFGNWR.K
R.TC(+57.02)RNPC(+57.02)C(+57.02) DAATC(+57.02)K.L

R.HDGNQC(+57.02)HC(+57.02)NAPSC(+57.02)V.M
R.HDGNQC(+57.02)HC(+57.02)NAPSC(+57.02).V
R.DLINVQSSS.S
R.KEN(+.98)GVNIPC(+57.02)AEEDVKC(+57.02)GR.L
K.ENGVNIPC(+57.02)AEEDVKC(+57.02)GR.L
R.KENGVNIPC(+57.02)AEEDVK.C
K.ENGVNIPC(+57.02)AEEDVK.C
K.C(+57.02)EEGKVC(+57.02)SNR.K
C.NDNSPGQNNPC(+57.02)K.I

K.YNGDSDKIRR.R

R.STGVIQDHSE.Q

V.TQ(+.98)NWESDEPIKK.A
K.QNPQC(+57.02)ILNK.P

K.GGYYGYC(+57.02)R.V
G.GYYGYC(+57.02)R.V

R.TDIVSRPVC(+57.02)GNELLEVGEEC(+57.02)DC(+57.02)GPPANC(+57.02) QNQC(+57.02)C(+57.02) DAATC(+57.02)K.L

R.KEN(+.98)DVLIPC(+57.02)AQ(+.98)Q(+.98)DVKC(+57.02)GR.L
R.KEN(+.98)DVLIPC(+57.02)AQ(+.98)Q(+.98)DVK.C

K.N(+.98)SC(+57.02)FKN(+.98)NQK.G
L.INVQPAAPN(+.98)TLN(+.98)SFGEWR.K

W.GSYEPIKK.A

HGRIQ(+.98)NDADSTAS.|

DVVSPPVC(+57.02)GNY.F

C.GFKGAGTEC(+57.02)R.A

RIENDADSTAS.I
P.SVC(+57.02)QNPC(+57.02)C(+57.02)N(+.98) AATC(+57.02)K.L
K.AC(+57.02)NSN(+.98)GQC(+57.02)VDVNR.A
K.VVSLVPYAR.N

R.YLVWLEK.K

K.AALFTDSR.Y
K.RPVN(+.98)N(+.98)SAHIATLSLPSSPPSVGSVC(+57.02)R.I

K.VYDYLPWIQSIIAGNTDATC(+57.02)PE

-10IgP
47.5

37.8
68.4

423
40.3
345
67.5
61.5
64.5
41.7
45.6
49.2
50.7
385
313
443

415
336

60.8

63.7
46.3

433
353
322
36.5
43.5
39.8
42.1
57.0
60.0
50.6
40.5
49.3
37.8

34.2

Mass

2083.93

2045.09
1612.62

1654.60
1555.54
961.47

2074.94
1945.86
1700.80
1572.71
1237.52
1343.55
1222.61
1071.48
1474.69

1113.56

994.40
937.38

4482.84

2131.99
1758.83

1140.49

2014.97

920.50

1371.60

1205.54

1081.50

1177.52

1669.63

1493.60

1002.59

949.53

879.45

2704.36

2525.18

Length
18

18
13

14
13
9
18
17
15
14
10
12
10
10

12

39

18
15

18

13
11
10
11
14

13

22

ppm

0.5

11.2

2.8

1.8

0.2

0.7

13

15

0.3

0.5

17

24

0.9

-0.3
17

5.9

-11.6
-13.6

29

7.6

7.7

22

11

12

-12.1

m/z
695.65

1023.57
538.55

828.31
778.78
481.74
519.74
649.63
567.94
787.36
619.77
672.78
612.31
536.75
492.57

557.79

498.21
469.70

1121.72

534.00
587.28

571.25
1008.50
461.26
686.81
603.78
541.76
589.77
835.83
747.81
502.30
475.77
440.73
902.45

1263.60

3

N

NN W WA



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

ADA194AQCS

AOA1L8D5T9

AOA1L8D5U3

AO0A217YS18

AOA1L8D664

AOA194APM6

AOA1L8D658

AOA1YODIB4

AOA194APX9

AOA2I17YS78

AOAOK8RYPO

AOA1L8D5V3

AOA6B2F3F5

AOA1L8D5W4

AOA1L8D620

AOA1L8D5U8

AOA217YS49

AOA182C5S51

B3Vv4z6

AOA1L8D668

142.3

202.7

138.9

191.7

148.4

84.0

142.6

131.4

147.2

140.7

140.2

109.9

110.1

140.9

122.6

166.8

98.1

56.9

51.5

76.7

23

58

28

18

32

19

23

22

18

19

15

17

14

28

16

32

12

19

10

27920

28044

28383

28040

28264

29013

27754

28574

28254

28389

28470

28000

28352

28119

28653

28487

28252

28382

28705

28269

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

Serine proteinase, Agkistrodon piscivorus

BATXSVSP20, Bothrops atrox

BATXSVSP18, Bothrops atrox

Serine endopeptidase, Crotalus atrox
BATXSVSP16, Bothrops atrox

Serine proteinase 10b, Agkistrodon piscivorus

BATXSVSP12, Bothrops atrox

Serine protease, Azemiops feae

Serine proteinase 9a, Sistrurus miliarius barbouri

Serine endopeptidase, Crotalus molossus

Serine proteinase 1, Crotalus horridus

BATXSVSP14, Bothrops atrox

Peptidase S1 domain-containing prot., Bothriechis nigroviridis

BATXSVSP3, Bothrops atrox

BATXSVSP1, Bothrops atrox

BATXSVSP7, Bothrops atrox

Serine endopeptidase, Crotalus lepidus
Snake Venom Serine Proteinase, Phalotris mertensi
Thrombin-like protein DAV-WY, Deinagkistrodon acutus

BATXSVSP2, Bothrops atrox

K.VYDYLPWIQS.|
R.VMGWGSISSPK.V
R.TLC(+57.02)AGIMEGGK.S

R.LDSPVNNSEHITPLSLPSSPPSVGSVC(+57.02)R.I
D.SPVNNSEHITPLSLPSSPPSVGSVC(+57.02)R.1
P.VNNSEHITPLSLPSSPPSVGSVC(+57.02)R.I

K.DTC(+57.02)WGDSGGPLIC(+57.02)NGELQGIVSWGAHPC(+57.02)GQPHNPGVYTK.V

R.AAYPWQPVSSTTLC(+57.02)AGILQGGK.D
K.KDDEVDKDIMLIK.L
K.VSDYTEWIK.S

K.DTC(+57.02)QGDSGGPLIC(+57.02)NGQFQGIVSWGGHPC(+57.02) AQPREPALYTK.V
K.DTC(+57.02)QGDSGGPLIC(+57.02)NGQFQGIVSWGGHPC(+57.02)AQPR.E

C.NIMGWGTISPTKETYPDVPHC(+57.02)ANINILDHAVC(+57.02)R.A

K.DTC(+57.02)QGDSGGPLIC(+57.02)NGELQGIVSWGAHPC(+57.02)GQPHNPGVYTK.V

L.IRLDSPVN(+.98)N(+.98)SAHIAPLSLPSSPPNVGSVC(+57.02)R.|
1.RLDSPVN(+.98)NSAHIAPLSLPSSPPNVGSVC(+57.02)R.I

K.SLNQDEQTRNPK.E

K.KSLNQDEQTR.N

K.SLNQDEQTR.N
K.ETYPDVPHC(+57.02)ANINIVDHAVC(+57.02)RA.L
R.LDRPVGNSEHIAPLSLPSSPPSVGSVC(+57.02)R.I
L.NIPVRN(+.98)SEHIAPLSLPSSPPSVGSVC(+57.02)R.V
K.IRNEDEQTRDPK.E

K.KIRNEDEQTR.D

K.IRNEDEQTRD.P

K.IRNEDEQTR.D

K.NILNEDEQTRDPK.E
K.SFAPGVYTK.V

R.LNRPVN(+.98)N(+.98)STHIAPLSLPSNPPSVGSVC(+57.02)R.I
R.LNRPVNDSPHIAPLSLPSNPPSVGSVC(+57.02)R.V
P.VN(+.98)DSPHIAPLSLPSNPPSVGSVC(+57.02)R.V
R.SVPNDDEEIRYPK.E

K.VFEYLPWIQS.|

R.FLAFLYPGR.F

K.LHEPALYTK.V
K.VNLPDVPHC(+57.02)ANINLLHYSVC(+57.02)R.A
R.FLALVYSDR.F

K.YFC(+57.02)PNKK.N

V.GEPALYTK.V

L.GLPSNPPSVGSVC(+57.02)R.V
L.VIGGN(+.98)EC(+57.02)NINEHR.F

R.IYLGIHTR.S

322
57.7
60.6

66.7
50.4
51.0
37.6
58.8
45.6
53.2

28.9
59.5

39.4

33.8

313
43.0

51.9
45.2
48.4
52.1
354
43.6
49.8
35.0
30.6

38.7

44.8
56.9

69.4
70.2
36.4
28.9
30.7
59.0
58.0
79.9
49.4
42.7
29.0
36.9
515

47.1

1282.62
1147.57
1135.54

2945.46
2717.34
2533.26
4220.89
2304.16
1560.81
1139.55

4257.94
3455.52

3778.80

4162.87

3155.60
3041.54

1428.70
1217.60
1089.51
2550.17
2927.49
2870.47
1499.73
1287.65
1274.59

1159.56

1570.76
968.50

2984.51
2979.53
2500.24
1560.74
1280.64
1082.59
1070.58
2490.23
1082.58
955.46

877.45

1425.70

1511.68

971.56

10
11
11
28
26
24
39

22
13

39

32

33

39

30
29

12

10

22

28

27

12

10
10

13

28
28

24
13

14

13

8

1.6
3.8

6.2

8.5

0.6

0.2

17

-4.7
-7.9
-5.8
-8.1

0.5
0.7

3.9

25

0.8

6.4

7.1

7.3

0.7

0.5

25

16

0.6

13

642.32
574.79
568.78

982.83
906.79
845.43
1056.24
1153.10
521.28
570.78

1065.49
1152.86

945.71

1041.73

789.90
761.39

477.24
609.81
545.76
638.55
976.83
957.82
750.87
430.22
638.30

580.78

786.39
485.26

747.14
745.89
626.07
781.38
641.33
542.31
536.30
623.57
542.30
478.74
439.74
713.86

756.85

486.79

NW NS w

IS

NN WN
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45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

AOA2D1UXN7

AOA194ARZ7

AOA1L8D6CA

AODA194APSO

BOLSGO

AOA217YS22

AOA194AQ80

AOA6J1VEN2

AOADAIWCG3

AOA1L8D650

AOA1L8D678

AOA1L8D638

AOA1L8D6F6

AOA1L8D6C2

AOA1L8D6E6

AOA1L8D644

AOA1L8D6F1

AOA194ASP3

T1E6WO

M9T7Co

AOA6B2F7N8

AOA1L8D6CY

AOA6B7FRF2

AOA1L8D615

166.5

157.7

161.5

152.2

136.0

143.1

122.7

56.3

45.5

128.8

126.0

130.6

43.2

75.1

1118

76.1

119.0

71.2

71.8

31.4

35.4

33.0

207.3

197.1

34

18

22

22

14

18

17

10

18

37

48

10

15

24

21

14

11

11

18

19

16

16

14026 PLA2 Acidic myotoxic phospholipase A2 (Frag.), Bothrops asper

15678 PLA2 Phospholipase A2 2d, Sistrurus miliarius barbouri
15489 PLA2 BATXPLAA4, Bothrops atrox

15657 PLA2 Phospholipase A2 3c, Agkistrodon piscivorus

15774 PLA2 Phospholipase A2, Sistrurus catenatus catenatus
15774 PLA2 Secretory phospholipase A2, Crotalus lepidus

15962 PLA2 Phospholipase A2 1a, Agkistrodon contortrix contortrix
17337 PLA2 group 10 secretory phospholipase A2, Notechis scutatus
15674 PLA2 Phospholipase A2 Group IIA d, Echis coloratus

17048 CTL BATXCTL27, Bothrops atrox

17561 CTL BATXCTLS3, Bothrops atrox

18829 CTL BATXCTL32, Bothrops atrox

16466 CTL BATXCTL24, Bothrops atrox

16961 CTL BATXCTL3, Bothrops atrox

18030 CTL BATXCTL34, Bothrops atrox

17139 CTL BATXCTL30, Bothrops atrox

17255 CTL BATXCTL1, Bothrops atrox

16920 CTL C-type lectin 21, Sistrurus tergeminus

18001 CTL Lectin_alpha-CohLL-2, Crotalus oreganus helleri

18689 CTL Lectin-Mor-1, Morelia spilota

16778 CTL C-type lectin domain-containing prot., Bothriechis nubestris
17357 CTL BATXCTL21, Bothrops atrox

57103 _ Amine oxidase, Vipera ammodytes ammodytes

56661 _ Amine oxidase, Bothrops atrox

R.DNKDTYDIK.Y
K.QIC(+57.02)EC(+57.02)DRG.A

K.DVVC(+57.02)GGDDPC(+57.02)KKQ.|
K.DVVC(+57.02)GGDDPC(+57.02)KK.Q

E.NGDVVC(+57.02)GGN(+.98)DPC(+57.02)KK.E
N.GDVVC(+57.02)GGN(+.98)DPC(+57.02)KK.E

C.KNQIC(+57.02)EC(+57.02)DR.V
P.QDGTDRC(+57.02)C(+57.02)FVHDC(+57.02)C(+57.02)YGK.V
Q.DATDRC(+57.02)C(+57.02)FVHDC(+57.02)C(+57.02)YNK.V
R.C(+57.02)C(+57.02)FVHDC(+57.02)C(+57.02)YNK.V
F.VHDC(+57.02)C(+57.02)YNK.V
K.DQVDWC(+57.02)C(+57.02)FKHDC(+57.02)C(+57.02)YGK.A

R.AVC(+57.02)EC(+57.02)DR.V

K.TC(+57.02)IGLEEDSGFRK.W
K.TC(+57.02)IGLEEDSGFR.K

K.WSDGSSVSYENVVER.T
G.AHFEC(+57.02)PSDWPSYDQYC(+57.02)YNFFQQK.M
K.WSDGSC(+57.02)VC(+57.02)YENLVER.R
K.VYC(+57.02)GQQNAFIC(+57.02)K.S

R.EGFLTWR.K
A.DC(+57.02)PPDWSSYEGSC(+57.02)YK.L
Q.NWADAEK.F

R.AEGKEQQC(+57.02)SSYWNDGSR.|

V.NGGHLVSIESAGEAAFVAQLVAENK.D

R.VFQ(+.98)ELKTWDDAESFC(+57.02)QTQHRG.S
R.VFQ(+.98)ELKTWDDAESFC(+57.02)QTQHR.G

C.GEINPFVC(+57.02)K.A
K.QLKTWEDAERFC(+57.02)SEQAK.G
F.INVWIGLR.D

M.GLSNLWNK.C

K. AWGEVSEC(+57.02)VGFR.T
R.VGEVNKDPGLLN(+.98)YPVKPSEEGK.S
K.RVGEVNKDPGLLN(+.98)YPVKPSEEGK.S
E.VNKDPGLLN(+.98)YPVKPSEEGK.S

K.AVEELKR.T

K.IQQDVKEVTVTYQTSAK.E
K.EVTVTYQTSAK.E

59.3

32,0

53.8
54.0

45.0
49.6

411

30.5

53.2

58.8

42.0

335

45.5

714
57.5

49.5

45.0

40.4

59.0

40.9

43.2

303

62.3

54.8

64.0
87.0

34.7

35.8

31.4

35.4

33.0

71.8

70.3

43.7

36.6

56.4
50.3

1110.52

1036.41

1476.63
1348.58

1519.64
1405.60

1221.52

2176.82

2119.80

1561.56

1094.43

2176.82

908.35

1510.71
1382.61

1712.76

3016.22

1872.78

1486.67

907.46

1849.69

832.37

2000.83

2510.28

2582.15
2525.13

1062.52

2124.99

969.58

930.49

1395.62

2369.21

2525.31

2084.08

843.48

1937.01
1225.62

13
12

14
13

17
16
11

16

13
12

15

23

15
12

15

17

25

21
20

17

12

22
23
19

17
11

23

0.7

1.8

11
2.6

1.8

19
0.9
0.9

16

0.6
21

1.8

113

6.8

0.7

17

0.5

1.4

9.8

3.2
4.8

12.7

16

0.9

19
1.6

556.27

519.21

739.32
675.30

760.83
703.81

611.77

726.61

707.61

521.53

548.22

1089.42

455.18

504.58
692.32

857.39

1006.43

937.40

744.34

454.74

925.86

417.19

667.95

837.77

861.73
842.72

532.27

532.25

485.80

466.25

698.82

790.75

632.34

522.03

422.75

646.68
613.82

NN W

N A AW [N
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69

70

71

72

73

74

75

76

AOA1L8D6B7

AOAOF722Q3

AOA1L8D608

AOA1L8D686

AOA6B2F6B8

AOA2H4N395

M9ONCD2

AOAIW7REY4

189.3

176.3

124.6

76.0

76.1

166.7

58.6

35.8

20

15

18

12

14

11

91859

96373

27197

21902

20705

63875

40415

58415

PDE

PDE

NGF

BATXPDE1, Bothrops atrox

Phosphodiesterase, Crotalus adamanteus

BATXNGF1, Bothrops atrox

_ BATXBPP1, Bothrops atrox

_ Uncharacterized protein, Bothriechis nigroviridis

PLB

GCY

PDI

Phospholipase B-like (Frag.), Bothrops moojeni

Glutaminyl cyclase, Cerrophidion godmani

Protein disulfide-isomerase, Agkistrodon c. contortrix

* Group: 'Protein Groups" calculated by the Peaks X software, supported by at least 1 unique peptide

R.IANALC(+57.02)SC(+57.02)SEDC(+57.02)LEKKDC(+57.02)C(+57.02)TDYK.S

K.IESEAHNLPYGRPQVLQNHSK.Y

R.IANALC(+57.02)SC(+57.02)SEDC(+57.02)LEKK.D
R.IANALC(+57.02)SC(+57.02)SEDC(+57.02)LEK.K

R.LNLNNEAK.I
R.AGYLENWDSLM(+15.99)PNINK.L

R.HWNSYC(+57.02) TTTNTFVK.A
K.C(+57.02)RNPNPVPTGC(+57.02)R.G
R.IDTAC(+57.02)VC(+57.02)VISR.K
K.QYFFETK.C

R.DLRPDGK.Q
R.GSKAPAAPH.R

R.SLEDGTLYIIEQVPK.L
R.YNNYKEDPYAK.R

K.FTAYAISGPTVEK.G
R.RTPVPAGC(+57.02)YDSK.V
K.RNPC(+57.02)NTIC(+57.02)C(+57.02)R.Q
R.NPC(+57.02)NTIC(+57.02)C(+57.02)R.Q
K. TWAETFEK.Q

R.GVPILHLIPSPFPR.V

R.EADDILNWLK.K

50.8
40.3
48.6
56.9
41.9

40.3

65.3
48.1
60.6
50.7

44.0

44.2

61.1
64.2
67.9
68.6
65.8
49.4
40.2

58.6

35.8

2839.16
2416.22
1896.84
1768.74
914.48

1879.88

1757.78
1426.66
1292.62
961.45

799.42

834.43

1703.90
1403.64
1382.71
1349.64
1349.58
1193.47
1010.47

1541.91

1215.61

23
21
16
15

16

14
12
11

15
11
13
12
10

14

10

25
11
23
15
0.7
0.7

-1.9

710.80
605.07
949.43
885.38
458.25

940.95

879.90
714.34
647.32
481.73

400.72

418.22

852.96
702.83
692.36
675.83
675.80
597.75
506.24

514.98

608.82

[N) NNN A

NN

NNNNNNN



Supplementary Table S1: Proteomic profiling of ADULT Bothrops lanceolatus venom by bottom-up 'shotgun' analysis

Group

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Accession

AOABHOQTZ2

AOA1SEK7T1

AOA6B2F729

AOA1L8D5X9

AOABHOQSW2

AOA1L8DE91

AO0A194ATI1

AOA1L8DSW7

AOA1L8D5Y9

AOA194ARP3

Q2QA03

AOA1L8D646

E9IGC4

AOA1L8D675

AO0A182C5W4

E9JG87

V5TBK6

E9IG74

AOA077LAS3

VSIWE4

AOA2H4Z2Y9

AOABHOQT28

AOA6J1UPV4

AOAOB8RNSS

-10IgP  Cov (%)

237.4

244.6

206.1

236.4

162.1

160.9

136.3

141.1

148.8

126.4

109.3

135.4

40.4

140.1

74.8

36.1

87.1

86.3

103.8

101.8

81.4

139.6

123.7

125.0

28

30

22

29

13

13

12

24

13

10

12

14

#Pept.

34

39

22

28

14

14

11

15

11

10

#Uniq.

2

Avg. Mass

68381

68317

68435

68047

68763

68031

53395

68352

46031

46049

53468

68490

49052

54595

69622

70552

68662

68128

19487

53648

54432

53981

76681

76736

Family Matching protein description

_ MDC-4, Crotalus scutulatus

_ Snake venom metalloproteinase, Bothrops atrox
_ Uncharacterized protein, Bothriechis nubestris

_ Snake venom metalloproteinase, Bothrops atrox

_ MDC-5b, Crotalus atrox

_ Snake venom metalloproteinase, Bothrops atrox

_ Metalloproteinase type Il 5a, Sistrurus tergeminus

_ Snake venom metalloproteinase, Bothrops atrox

IR 5ATXSVMPIS, Bothrops atrox

_ Metalloproteinase type | 1, Agkistrodon piscivorus

_ Metalloproteinase P-lI, Crotalus durissus durissus

_ Snake venom metalloproteinase, Bothrops atrox

_ Metalloproteinase (Frag.), Echis pyramidum leakeyi
[ BATXSVMPIIS, Bothrops atrox

_ Metalloproteinase, Phalotris mertensi
_ Metalloproteinase, Echis coloratus

_ Metalloproteinase H4-A, Vipera ammodytes ammodytes
_ Metalloproteinase, Echis coloratus

_ Metalloprotease P-llic (Frag.), Protobothrops elegans
_ Metalloprotease Plla, Trimeresurus gracilis
_ DSAIP (Frag.), Daboia siamensis

_ MAD-5a, Crotalus atrox

_ xaa-Pro aminopeptidase 2, Notechis scutatus
_ Xaa-Pro aminopeptidase 2, Boiga irregularis

Supporting unique peptides

M.YEIVNTVNEIYR.Y
LVNTVNEIYR.Y

K.MFYSNDDEHKGM(+15.99)VLPGTK.C
R.KKHDN(+.98)AQLLTGIDFNGDTIGLAYVGSMC(+57.02)DPK.R
K.IIVQSTPSVTLDLFGNWRK.T
K.IIVQSTPSVTLDLFGNWR K
R.TC(+57.02)RNPC(+57.02)C(+57.02)DAATC(+57.02)K.L
R.TC(+57.02)RNPC(+57.02)C(+57.02)DA.A
C.NDNSPGQNNPC(+57.02)K.I
R.KENGVNIPC(+57.02)AEEDVK.C
K.EN(+.98)GVNIPC(+57.02)AEEDVK.C
K.C(+57.02)EEGKVC(+57.02)SNR.K
V.NIPC(+57.02)AEEDVK.C

K.YNGDSDKIRR.R

T.KIPC(+57.02)ASQ(+.98)DVK.C
K.IPC(+57.02)ASQ(+.98)DVK.C

R.STGVIQDHSE.Q
N.PQC(+57.02)ILNKR.L

K.QNPQC(+57.02)ILNK.P
N.VQPAAPDTLN(+.98)SFGEWR.E

K.GGYYGYC(+57.02)R.V
G.GYYGYC(+57.02)R.V

R.N(+.98)GKPC(+57.02)LON.H

M.SATVSDQPSSR.F

C.GFKGAGTEC(+57.02)R.A
R.IYQ(+.98)IAN(+.98)ILN(+.98)EIYR.Y
P.GNC(+57.02)RNPC(+57.02)C(+57.02)N(+.98)ATTC(+57.02)K.L
R.KEN(+.98)DVLIPC(+57.02)AQ(+.98)Q(+.98)DVK.C
K.AC(+57.02)NSN(+.98)GQC(+57.02)VDVNR.A
AN(+.98)C(+57.02)QNAC(+57.02)C(+57.02) DAATC(+57.02)K.L
P.SVC(+57.02)QNPC(+57.02)C(+57.02)N(+.98)AATC(+57.02)K.L
R.ISHDNAQLLTAINFQENIIGRAYTGSM(+15.99)C(+57.02)DPR.K
R.NLIDQSLLSQDQIQYINK.Y

K.AALFTDSR.Y

-10igP

48.9
45.3

49.7
44.3
53.2
55.5
69.9
28.9
46.6
61.0
39.9
45.7
35.8
46.2

35.5
56.0

40.4
326

41.9
27.2

51.2
40.9

265
343
40.1
36.1
56.1
49.4
56.0
26.9
525
28.1
37.1

43.2

Mass

1511.76
1106.57

2083.93
3378.62
2173.19
2045.09
1612.62
1152.41
1343.55
1700.80
1573.69
1237.52
1173.53
1222.61

1145.58
1017.48

1071.48
1027.56

1113.56

1787.85

994.40
937.38

930.42

1133.53

1081.50

1624.83

1712.65

1758.83

1493.60

1572.54

1669.63

3520.68

2132.11

879.45

Length

12
9

18
31
19
18
13
9
12
15
14
10
10
10

10
9

10

11
10
13
14
15
13
13
14
31
18

8

ppm

1.6

0.5

7.4
0.6
0.4
11
1.2
11
1.6
21
1.2

17
0.8

17
0.8

15

3.1

0.4
0.4

0.4

0.9

9.7

-1.1

-13

2.5

0.6

9.4

m/z

756.89
554.29

695.65
1127.21
725.41
682.71
538.55
577.21
672.78
567.94
787.85
619.77
587.78
612.31

573.80
509.75

536.75
514.79

557.79
894.93

498.21
469.70

466.22
567.77
541.76
813.43
571.89
587.28
747.81
787.28
557.56
881.18
1067.07

440.73

N W ww
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25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

AOA6I9Z4H2

B3V4z6

AOA194ATE3

AOA1L8D668

AOAIW7RIXS

AOAOK8RYPO

AOA194ATG3

AOA1L8D674

AOA194AQC5

AOA1L8D5TY

AOA1L8D658

AOA217YS95

AOA1L8D5W4

AOA1L8D620

AOA1L8D5U8

AOA194ARUG

49.2

52.5

99.7

91.0

75.5

105.4

96.1

190.8

147.9

183.8

187.7

177.8

170.1

160.6

1715

101.2

12

19

14

17

61

22

53

42

23

33

37

30

8

17

18

17

11

11

10

1 23954
1 28705
1 28325
1 28269
1 29102
3 28470
1 27748
4 27876
3 27920
4 28044
6 27754
2 28040
5 28119
7 28653
3 28487
1 29126

_ Dipeptidase, Thamnophis sirtalis

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

SP

Thrombin-like protein DAV-WY, Deinagkistrodon acutus

Serine proteinase 8a, Sistrurus tergeminus

BATXSVSP2, Bothrops atrox

Serine proteinase 14a, Agkistrodon contortrix contortrix

Serine proteinase 1, Crotalus horridus

Serine proteinase 11a, Sistrurus tergeminus

BATXSVSP6, Bothrops atrox

Serine proteinase 20a, Agkistrodon piscivorus

BATXSVSP20, Bothrops atrox

BATXSVSP12, Bothrops atrox

Serine endopeptidase, Crotalus molossus

BATXSVSP3, Bothrops atrox

BATXSVSP1, Bothrops atrox

BATXSVSP7, Bothrops atrox

Serine proteinase 5, Sistrurus miliarius barbouri

T.GLEDVSKYPDLIEELLR.R
L.VIGGN(+.98)EC(+57.02)NINEHR.F
K.GDKDIMLIR.L

R.IYLGIHTR.S
R.LDSPVNNSAHIVPLSLPSSPPSVGSVC(+57.02)R.|

K.IRNEDEQTRDPK.E
K.KIRNEDEQTR.D
K.IRNEDEQTR.D

R.LDSPVNNSTHIMPLSLPSSPPSVGSVC(+57.02)R.I

K.VYDYLPWIQSIIAGNTDATC(+57.02)PE
K.VYDYLPWIQS.I

R.VMGWGSISSPK.V
R.TLC(+57.02)AGIMEGGK.S

R.LDSPVNNSEHITPLSLPSSPPSVGSVC(+57.02)R.1
D.SPVNNSEHITPLSLPSSPPSVGSVC(+57.02)R.I
P.VNNSEHITPLSLPSSPPSVGSVC(+57.02)R.I

K.DTC(+57.02)WGDSGGPLIC(+57.02)NGELQGIVSWGAHPC(+57.02)GQPHNPGVYTK.V
R.AAYPWQPVSSTTLC(+57.02)AGILQGGK.D

A.YPWQPVSSTTLC(+57.02)AGILQGGK.D

K.VSDYTEWIK.S

K.KSLNQDEQTRNPK.E
K.SLNQDEQTRNPK.E
S.LNQDEQTRNPK.E
K.KSLNQDEQTR.N
K.SLNQDEQTR.N
S.LNQDEQTR.N

C.NIMGWGTISPTKETYPDVPHC(+57.02)ANINILDHAVC(+57.02)R.A
K.NNKEWDKDIMLIR.L

R.LNRPVNDSPHIAPLSLPSNPPSVGSVC(+57.02)R.V
L.NRPVNDSPHIAPLSLPSNPPSVGSVC(+57.02)R.V
P.VN(+.98)DSPHIAPLSLPSNPPSVGSVC(+57.02)R.V
R.SVPNDDEEIRYPK.E

R.LNRPVNDSPHIAPL.S

R.KFC(+57.02)AGVLQGGIDTC(+57.02)WADSGGPLIC(+57.02)NGQFQGIVPWR.T
R.SYIKDKDIMLIR.L

K.VFEYLPWIQS.I

N.GQFQGIVPWR.T

R.FLAFLYPGR.F

K.LHEPALYTK.V

Y.NGLPVTSR.K

K.VNLPDVPHC(+57.02)ANINLLHYSVC(+57.02)R.A
R.VMGWGTISASK.V
M.GWGTISASK.V

P.NKPALYTK.V

49.2

52.5

43.9

49.8

31.0

48.4
36.2
38.6

32.7

36.9
344
50.5
56.5

65.5
47.6
52.1

343
54.8
319
55.3

52.9
533
30.7
48.3
46.1
27.4

29.7
26.8

70.9
48.9
26.6
56.3
341

36.2
63.3
34.9
38.9
60.4
53.6
26.9

76.6
57.1
311

33.8

1988.05

1511.68

1059.57

971.56

2885.47

1499.73
1287.65
1159.56

2947.45

2525.18
1282.62
1147.57
1135.54

2945.46
2717.34
2533.26

4220.89
2304.16
2162.08
1139.55

1556.79
1428.70
1341.66
1217.60
1089.51
1002.47

3778.80
1673.86

2979.53
2866.45
2500.24
1560.74
1541.83

3863.83
1493.83
1280.64
1186.62
1082.59
1070.58
842.46

2490.23
1135.57
905.46

933.53

17

13

28

12
10

28

22
10
11
11

28
26
24

39
22
20

13
12
11
10

33
13

28
27
24
13
14

35
12
10
10

©

21
11

8

8.5

0.2

0.8

13

5.5

-6.2
-7.4
9.4

1.2
7.8
-0.3
0.8

23
3.4
2.9

113
8.5
29
1.6

13
0.8
0.9
1.2
11
0.1

0.8
12.7

3.5
3.5
8.8
0.8
2.4

0.7
6.5
19
6.9
11
-2.6

0.8
11
0.8

663.70

756.85

530.80

486.79

962.84

750.87
430.22
580.78

983.49

1263.60
642.32
574.79
568.78

982.83
906.79
845.43

1056.24
1153.10
1082.05
570.78

519.94
715.36
671.84
609.81
545.76
502.24

945.71
419.48

745.89
717.62
626.07
521.26
514.95

966.97
498.95
641.33
594.32
542.31
536.30
422.24

623.56
568.79
453.74

467.77
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41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

AOA194APX9

AOA194APM6

AOA6B2F3F5

AOA217YS49

AOA1YODIB4

AOA217YS78

AOA2D1UXN7

AOA1L8D6C4

MI1TFPS

AOAIW7RIXO0

BOLSGO

J3s3ve

AOA194AQ80

Q2TU95

AOAQH3U1Z6

Q6A3A5

AOABJ1VEN2

AOA6G5ZVS8

Q6A363

AOA1L8D650

AOA1L8D644

AOA1L8D678

1315

78.6

119.7

94.5

114.4

110.7

180.6

175.5

168.9

175.7

151.6

148.7

133.0

146.5

130.1

51.6

60.0

49.3

31.4

204.8

113.7

129.9

18

19

14

22

13

47

32

42

28

20

22

17

28

30

12

10

74

16

35

13

14

13

11

12

1 28254
2 29013
1 28352
1 28252
1 28574
1 28389
2 14026
2 15489
1 15325
5 15552
1 15774
1 15521
3 15962
1 15609
1 15356
1 15375
1 17337
1 10119
1 15353
8 17048
1 17139
2 17561

SP

SP

SP

SP

SP

SP

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

PLA2

CTL

CTL

Serine proteinase 9a, Sistrurus miliarius barbouri

Serine proteinase 10b, Agkistrodon piscivorus

Peptidase S1 domain-containing protein, Bothriechis nigroviridis
Serine endopeptidase, Crotalus lepidus

Serine protease, Azemiops feae

Serine endopeptidase, Crotalus molossus

Acidic myotoxic phospholipase A2 (Frag.), Bothrops asper

BATXPLAA4, Bothrops atrox

Phospholipase A2, Bothrops neuwiedi

Phospholipase A2 4, Agkistrodon contortrix contortrix

Phospholipase A2, Sistrurus catenatus catenatus
Phospholipase A2 6, Crotalus adamanteus

Phospholipase A2 1a, Agkistrodon contortrix contortrix

Phospholipase A2, Sistrurus tergeminus

Phospholipase A2, Trimeresurus hageni

Ammodytin 12(C) variant, Vipera ammodytes meridionalis
group 10 secretory phospholipase A2, Notechis scutatus
Phospholipase A2 2 (Frag.), Vipera anatolica senliki
Ammodytoxin C variant, Vipera aspis aspis

BATXCTL27, Bothrops atrox

BATXCTL30, Bothrops atrox

BATXCTL53, Bothrops atrox

R.LDRPVGNSEHIAPLSLPSSPPSVGSVC(+57.02)R.I

L.IRLDSPVN(+.98)N(+.98)SAHIAPLSLPSSPPNVGSVC(+57.02)R.I
I.RLDSPVNN(+.98)SAHIAPLSLPSSPPNVGSVC(+57.02)R.I

R.LN(+.98)RPVNN(+.98)STHIAPLSLPSNPPSVGSVC(+57.02)R.|
V.GEPALYTK.V
K.ETYPDVPHC(+57.02)ANINIVDHAVC(+57.02)RA.L
L.N(+.98)IPVRNSEHIAPLSLPSSPPSVGSVC(+57.02)R.V

R.DNKDTYDIK.Y
N.KDTYDIK.Y

K.DVVC(+57.02)GGDDPC(+57.02)KKQ.I
K.DVVC(+57.02)GGDDPC(+57.02)KK.Q

Y.SEDNGDIVC(+57.02)GGDDPC(+57.02)KK.Q
V.ENGDVVC(+57.02)GGN (+.98)DPC(+57.02)KK.E
E.NGDVVC(+57.02)GGN(+.98)DPC(+57.02)KK.E
N.GDVVC(+57.02)GGN(+.98)DPC(+57.02)KK.E
E.NGDVVC(+57.02)GGN(+.98)DPC(+57.02)K.K
N.GDVVC(+57.02)GGN(+.98)DPC(+57.02)K.K
C.KNQIC(+57.02)EC(+57.02)DR.V
T.QIC(+57.02)EC(+57.02)DKAAQ(+.98)IC(+57.02)FR.D
Q.DATDRC(+57.02)C(+57.02)FVHDC(+57.02)C(+57.02)YNK.V
R.C(+57.02)C(+57.02)FVHDC(+57.02)C(+57.02)YNK.V
F.VHDC(+57.02)C(+57.02)YNK.V

K.LDTYTYSEEN(+.98)GEIIC(+57.02)GGDDPC(+57.02)K.K

K.ATGC(+57.02)DPKTDVYTYSEENGDIIC(+57.02)GGDDPC(+57.02)KK.E

R.AVC(+57.02)EC(+57.02)DR.V
K.DQVDW(C(+57.02)C(+57.02)FKHDC(+57.02)C(+57.02)YGK.A
H.GHDC(+57.02)C(+57.02)YNK.V
N.RIC(+57.02)EC(+57.02)DR.A

K.TC(+57.02)IGLEEDSGFRKWNNLYC(+57.02)EQQIPFVC(+57.02)EA
K.KQPC(+57.02)SSEWSDGSSVSYENWIEAELK.T
K.GGHLVSIESAGEAAFVAQLVAENKHSR.E
R.KWN(+.98)NLYC(+57.02)EQQIPFVC(+57.02)EA
R.KWNNLYC(+57.02)EQQIPFVC(+57.02)EA
K.WNNLYC(+57.02)EQQIPFVC(+57.02)EA
K.TC(+57.02)IGLEEDSGFR.K

K.WMNWADAER.F

V.NGGHLVSIESAGEAAFVAQLVAENK.D

K.WSDGSSVSYENVVER.T
R.DLYVWIGLR.V

50.7

30.9
46.3

65.7

33.6

51.2

345

54.0
29.2

47.1
513

29.5

41.8

41.5

51.5

45.0

46.4

39.9

40.3

46.2

63.9

48.9

27.5

27.8

35.2

27.5

311

314

28.5

34.7

82.2

37.0

45.1

34.6

62.5

48.1

64.7

58.5
50.4

2927.49

3155.60
3041.54

2984.51

877.45

2550.17

2870.47

1110.52
881.45

1476.63
1348.58

1864.76

1648.68

1519.64

1405.60

1391.54

1277.50

1221.52

1798.78

2119.80

1561.56

1094.43

2536.03

3364.42

908.35

2176.82

1052.38

1007.43

3562.60

2915.29

2776.43

2198.98

2197.99

2069.90

1382.61

1177.50

2510.28

1712.76
1133.62

28

30
29

28

22

27

13
12

17

15
14
13
13
12

14

16

11

22

30

16

29
25
27
17
17
16
12

25

15

-14.5

-5.6

3.8

0.9

-14.6

0.6
0.6

0.6
0.6

11
0.9
1.4
2.2
0.5
13

1.4

9.1
-8.1

6.3

10.3

17

1.4

0.7

21
6.2

976.82

789.90
761.39

747.14

439.74

638.55

957.82

556.27
441.73

739.32
675.30

622.59

550.57

760.83

703.81

696.78

639.76

611.77

900.40

707.61

521.53

548.22

1269.01

1122.48

455.18

726.61

527.20

504.72

1188.55

972.76

695.11

1100.50

1100.01

1035.97

692.32

589.76

837.77

857.39
567.82
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63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

AOA1L8D6E6

AOA1L8D6F6

AOA194ASP3

AOA1L8D619

AOA1L8D640

AOA1L8D6F1

AOA1L8D6H4

AOA194ARU4

T2HPQ3

AOA6B7FRF2

AOA1L8D615

AOA1L8D6B7

AOA6B2FCW7

AOA1L8D608

AOA2HAN395

148.1

54.1

83.0

80.0

125.0

129.2

64.2

60.5

47.9

227.6

210.3

221.7

208.4

129.6

183.0

27

16

11

17

25

14

27

25

27

32

22

18

15

26

25

21

17

3 18030
2 16466
2 16920
1 18967
1 17169
3 17255
1 16804
1 18334
1 14697
8 57103

CTL

CTL

CTL

CTL

CTL

CTL

BATXCTL34, Bothrops atrox

BATXCTL24, Bothrops atrox

C-type lectin 21, Sistrurus tergeminus

BATXCTL35, Bothrops atrox
BATXCTL15, Bothrops atrox

BATXCTL1, Bothrops atrox

BATXCTL4, Bothrops atrox

C-type lectin 5b, Agkistrodon piscivorus

C-type lectin factor IX/X binding prot. A subunit (Frag.), Protobothrops flavoviridis

_Amine oxidase, Vipera ammodytes ammodytes

7 56661 _Amine oxidase, Bothrops atrox

5 91859
1 96405
4 27197
9 63875

PDE

PDE

NGF

PLB

BATXPDE1, Bothrops atrox

Uncharacterized protein, Bothriechis nubestris

BATXNGF1, Bothrops atrox

Phospholipase B-like (Frag.), Bothrops moojeni

R.AEGKEQQC(+57.02)SSYWNDGSR.|
K.EQQC(+57.02)SSYWNDGSR.
K.FLQWNNTDC(+57.02)QAK.N

A.DC(+57.02)PPDWSSYEGSC(+57.02)YK. L
E.YVVC(+57.02)EFQA

C.GEINPFVC(+57.02)K.A
G.EINPFVC(+57.02)K.A

D.MNWDDAER.F
K.TTDNQWWSR.D

R.VFQ(+.98)ELKTWDDAESFC(+57.02)QTQHRG.S
R.VFQ(+.98)ELKTWDDAESFC(+57.02)QTQHR.G
K. TWDDAESFC(+57.02)QTQHR.G

K.FC(+57.02)TQQQTGGHLVSFQSSEEADFVLK.L
E.FYVWIGLR.D
K.SYVWIGLR.V

K.RVGEVNKDPGLLN(+.98)YPVKPSEEGK.S
R.VGEVNKDPGLLN(+.98)YPVKPSEEGK.S
R.VGEVNKDPGLLN(+.98)YPVKPSEE.G
E.VNKDPGLLN(+.98)YPVKPSEEGK.S
R.VGEVNKDPGLLN(+.98)YPVKPSE.E
N.KDPGLLN(+.98)YPVKPSEEGK.S
D.PGLLN(+.98)YPVKPSEEGK.S
K.AVEELKR.T

K.IQQDVKEVTVTYQTSAK.E
K.TYRNEKEGWYANLGP.M
R.NEKEGWYANLGP.M
K.EVTVTYQTSAK.E
E.VTVTYQTSAK.E
V.TVTYQTSAK.E
M.YQAIQEK.V

K.DKRPDFYTLYIEEPDTTGHNYGPVSGEIIK.A
K.IESEAHNLPYGRPQVLQNHSK.Y
R.IANALC(+57.02)SC(+57.02)SEDC(+57.02)LEKK.D
R.IANALC(+57.02)SC(+57.02)SEDC(+57.02)LEK.K
R.LNLNNEAK.I

M.ASGC(+57.02)SC(+57.02)DDKC(+57.02)TER.Q

R.HWNSYC(+57.02)TTTNTFVK.A
K.C(+57.02)RNPNPVPTGC(+57.02)R.G
R.IDTAC(+57.02)VC(+57.02)VISR.K
K.QYFFETK.C

R.SLEDGTLYIIEQVPK.L
K.KVVPESLFAWER.V

R.YNNYKEDPYAK.R

K.FTAYAISGPTVEK.G
R.RTPVPAGC(+57.02)YDSK.V
K.RNPC(+57.02)NTIC(+57.02)C(+57.02)R.Q
R.TPVPAGC(+57.02)YDSK.V

71.1
59.8
60.5

39.1
30.0

34.6
33.2

26.6

48.7

58.1
77.9
63.7

27.1

27.3

47.9

60.8
71.4
34.2
57.8
42.4
50.1
47.0
35.6

50.7
28.5
38.5
54.1
30.5
36.3
29.9

29.2
60.1
62.5
67.3
42.4

55.5

69.7
58.1
56.0
48.5

62.8
49.5
64.8
63.6
713
66.6
61.0

2000.83
1615.63
1523.68

1849.69
1014.45

1062.52
1005.50

1035.41

1192.53

2582.15
2525.13
1779.73

2842.32

1052.58

992.54

2525.31
2369.21
2184.10
2084.08
2055.05
1870.97
1627.85
843.48

1937.01
1796.85
1376.64
1225.62
1096.58
997.51

878.45

3453.67
2416.22
1896.84
1768.74
914.48

1544.57

1757.78
1426.66
1292.62
961.45

1703.90
1459.78
1403.64
1382.71
1349.64
1349.58
1193.54

17
13
12

15

21
20
14

25

23
22
20
19
19
17
15

17
15
12
11
10

30
21
16
15

13

14
12
11

15
12
11
13
12
10
11

1.4
1.4

3.6
-0.1

12
115

0.6

1.6

19
25
0.1

6.5

2.6

0.5

12
15
1.6
23
-0.8
0.5

18
0.2
0.4
2.2
1.4
0.5
13

0.2
25
0.7
0.8
1.6

0.7

0.1
21
0.9
0.4

8.4
-0.2
0.8
18
0.9
0.4
3.9

667.95
808.82
762.85

925.86
508.23

532.27
503.76

518.71

597.27

861.73
842.72
890.87

948.45

527.30

497.28

632.34
790.75
729.04
695.70
686.03
468.75
543.62
422.75

646.68
599.96
689.33
613.82
549.30
499.76
440.23

864.43
605.06
949.43
885.38
458.25

773.29

879.90
714.34
647.32
481.73

852.96
487.60
702.83
692.36
675.83
675.80
597.78
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78

79

80

81

82

83

MINCR9

AOA1L8D667

AOA1L8D651

AOA1L8D5U5

AOA1L8D603

AO0A4815725

73.8

213.2

62.4

68.4

76.1

533

32

12

18

17

41199

61015

16334

16419

GCY Glutaminyl cyclase, Cerrophidion godmani

Nucleotidase Ecto-5'-nucleotidase, Bothrops atrox

VEGF BATXVEGF2, Bothrops atrox

VEGF BATXVEGF4, Bothrops atrox

52550 _ Hyaluronidase, Bothrops atrox

37367

PLI Phospholipase A2 inhibitor, Bothrops moojeni

* Group: 'Protein Groups" calculated by the Peaks X software, supported by at least 1 unique peptide

R.NPC(+57.02)NTIC(+57.02)C(+57.02)R.Q
K. TWAETFEK.Q

R.GVPILHLIPSPFPR.V
R.WSPSDSLYGSR.S

K.YLGYLTVIFDDKGNVIK.S
K.HVNFPILSANIRPK.G

K.VVYDLSQKPGSR.V

Y.SHSVC(+57.02)QTR.E
R.C(+57.02)GGC(+57.02)C(+57.02)NDESLEC(+57.02)TATEK.R

R.DLHPELSEDEIKR.L

R.NLPQLHTLDLSR.N

50.7
42.7

48.5
49.5

63.4

72.2

69.3

29.7

41.7

57.5

533

1193.47
1010.47

1541.91
1253.57

1957.06

1604.92

1347.71

973.44

1989.72

1579.78

1405.77

14
11

17

14
12

17

13

12

2.6

12

0.1

5.4

11
-0.7

23

597.75
506.24

514.98
627.79

653.36

535.98

450.25

487.73

995.87

527.60

469.60



