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Abstract

A proteomic and toxicological study of the venom from one specimen of Micrurus
ruatanus, a critically endangered coral snake species endemic to Roatan Island, Honduras,
was carried out. Immunorecognition and neutralization of venom lethality by an anticoral
antivenom was also evaluated. Forty peaks were collected from RP-HPLC fractionation of
the venom. After SDS-PAGE analysis, fifty-eight bands were examined by MALDI-TOF/TOF
mass spectrometry. Micrurus ruatanus venom displayed a three-finger toxin (3FTx)-rich
venom phenotype, as well as a significant amount of phospholipases A, (PLA2s). Various
other proteins were identified, including Kunitz-type inhibitor proteins, L-amino acid
oxidases, C-type lectin/lectin-like, metalloproteinases, serine proteinases, vespryn/ohanin,
5'-nucleotidases, glutathione peroxidases, and phosphodiesterases. Micrurus ruatanus
venom displayed significant PLA, activity in vitro and myotoxicity in vivo. The venom
showed high lethal potency in mice, being one of the most lethal in Central America. The
anticoral antivenom (SAC-ICP) produced by Instituto Clodomiro Picado neutralized the
lethal activity of the venom. Major fractions with relevant lethal activity were also
identified by a screening analysis.
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Significance

The proteomic characterization, toxicity, immunorecognition and neutralization of
Micrurus ruatanus venom have been determined for the first time. This coral snake is
endemic to Roatan Island and contains a three-finger toxin-rich venom that displayed a
potent lethal activity in mice. The anticoral antivenom produced by Instituto Clodomiro
Picado neutralized the lethal activity of this venom in vivo, and therefore should be

effective in the treatment of envenomings by this snake.



1. Introduction

Micrurus ruatanus is a bicolored venomous coral snake species that inhabits the
Caribbean island of Roatan in Honduras [1-3]. This species has been categorized as
critically endangered by the International Union for Conservation of Nature (IUCN).
Micrurus ruatanus is the only venomous snake on this island, which has a human
population of approximately 45 000 and an estimated area of 83 km?. Adults of M.
ruatanus are 50-60 cm long, with a pattern of dark red and black rings (Campbell and
Lamar, 2004; Wilson et al., 1992; Fig.1A). Micrurus ruatanus is considered a different
species from M. nigrocinctus since the former has a higher number of black body rings,

lower ventral scale number, and a smaller body size than the latter [1].

Bites caused by M. ruatanus are rare due to its low abundance, but at least one fatal
envenoming has been recorded [3]. Venoms from Micrurus species cause neurotoxic
alterations such as paresthesia, local pain, ptosis, nausea, diplopia, ophthalmoplegia, and
bulbar paralysis associated with dysarthria and dysphagia [5,6]. In severe cases,

respiratory paralysis that leads to death has been reported [5].

Virtually no information is known on the venom of M. ruatanus, due to the fact that the
snake is critically endangered and therefore specimens and venom are extremely hard to
obtain. Based on the snake venomics platform [7-9], previous studies of the composition

of coral snake venoms have shown that they are mainly composed of three finger toxins



(3FTxs) and phospholipases A; (PLAzs), with a predominant abundance of one of these

toxin types, depending on the species [10,11].

We report the proteomic analysis of the venom from a specimen of this species, as well as
a characterization of its toxic and PLA, activities, the neutralization of lethality, and
immunorecognition by an anticoral antivenom produced at Instituto Clodomiro Picado,

Costa Rica.

2. Materials and methods

2.1. Snake venom and antivenom

Venom was collected in March, June, and September of 2018 from one M. ruatanus
female adult specimen, kept at the Serpentarium of Instituto Clodomiro Picado, University
of Costa Rica, after it was confiscated in 2006 by Costa Rican authorities. After extraction,
the venom samples were lyophilized, pooled, and stored at -20°C until analysis.
Immunoassays and neutralization experiments were performed with the equine
antivenom raised against the coral snake M. nigrocinctus (SAC-ICP) produced by Instituto
Clodomiro Picado, University of Costa Rica (Batch 6040518, protein concentration: 2.64 +
0.05 g/dL, expiry date: May 2021). Protein quantification was performed by measuring the
absorbance at 280 nm and assuming a 1 mg/mL concentration for 1.0 absorbance, using a

NanoDrop 2000C instrument (Thermo Scientific, Waltham, Massachusetts, United States).

2.2. RP-HPLC and SDS-PAGE



Venom samples (2.2 mg) were dissolved in 200 uL of solution A (0.1% trifluoroacetic acid;
TFA), centrifuged at 15,000 x g for 5 min to remove debris, and separated on a C18 column
(250 x 4.6 mm, 5 um particle size; Teknokroma) using an Agilent 1200 chromatograph with
detection at 215 nm. Elution was performed at 1 mL/min by applying the following
gradient toward solution B (0.1% TFA in acetonitrile): 0% B for 5 min, 0-15% B over 10 min,
15-45% B over 60 min, 45-70% B over 10 min, and 70% B over 9 min [12]. Fractions were
collected manually, dried in a vacuum centrifuge (SpeedVac, Thermo), redissolved in
water, and separated by SDS-PAGE in pre-cast 4-20% gels (Sigma—TruPage™) under
reducing conditions. After LabSafe GEL Blue™ staining, protein bands were cut from gels
and subjected to reduction (10 mM dithiothreitol), alkylation (50 mM iodoacetamide), and
overnight in-gel digestion with sequencing grade bovine trypsin (in 25 mM ammonium
bicarbonate) using an automated digestor (DigestPro MSi, Intavis, Cologne, Germany). The
peptides were extracted with 0.1% TFA in 60% acetonitrile and concentrated for tandem

mass spectrometry.

2.3. MALDI-TOF/TOF

Tryptic peptides were mixed with an equal volume of saturated a-cyano-4-
hydroxycinnamic acid matrix (in 50% acetonitrile, 0.1% TFA), spotted (1.5 uL) onto Opti-
TOF 384 plates, dried, and analyzed in positive reflector mode using a Proteomics Analyzer
4800-Plus instrument (Sciex, Washington D.C., USA). Spectra were acquired using a laser
intensity of 3000 and 500 shots/spectrum, using as external standards CalMix-5 (Sciex)

spotted on the same plate. Up to 10 precursor peaks from each MS spectrum were



selected for automated collision-induced dissociation MS/MS spectra acquisition at 2 kV,
in positive mode (500 shots/spectrum, laser intensity 3500). Resulting spectra were
searched using the Paragon® algorithm of ProteinPilot v.4 (Sciex) against the
UniProt/SwissProt database for Serpentes, at a confidence level of >95%, for the
assignment of proteins to known families. A few peptides with lower confidence scores
were manually searched using BLAST (http://blast.ncbi.nlm.nih.gov), and their sequence

was confirmed manually.

2.4. Protein family composition of venom

The relative abundance of each protein (% of total venom proteins) was estimated by
integration of the RP-HPLC peak signals at 215 nm, using Chem Station B.04.01 (Agilent,
Santa Clara, California, USA). For HPLC peaks containing two or more SDS-PAGE bands,
their percentual distribution was assighed by densitometry, using the Image Lab v.2.0
software (Bio-Rad, Hercules, California, USA). When SDS-PAGE bands contained more than
one protein class, the percentage of each protein was assigned equally to each protein

class.

2.5. In vitro venom activities

2.5.1. Phospholipase A; activity

Different amounts of venoms from M. ruatanus, M. alleni, and M. nigrocinctus (from 312
ng to 5 ug), dissolved in 25 plL of water, were added to 200 puL of 10 mM Tris-HCl, 10 mM

CaCl,, 0.1 M NaCl, pH 8.0 buffer, in microplate wells. Afterward, 25 pL of the



monodisperse synthetic substrate 4-nitro-3-octanoyloxy-benzoic acid (1 mg/mL in
acetonitrile) were added [13]. After incubating for 60 min at 37 °C, the absorbance at 405
nm was determined in a microplate reader (Thermo, Waltham, Massachusetts, USA). One
unit of PLA; activity was defined as the change of 0.001 in absorbance. Blanks omitting the

venoms were included, and all assays were performed in triplicates.

2.5.2. Enzyme-linked immunosorbent assay (ELISA)

The ability of SAC-ICP equine antivenom to cross-recognize whole M. ruatanus venom, or
its RP-HPLC fractions, was assessed by ELISA. Venoms from M. ruatanus, M. alleni, and M.
nigrocinctus, respectively, were dissolved in PBS (0.12 M NaCl, 0.04 M sodium phosphate
buffer, pH 7.2) and adsorbed onto 96-well microplates (Nunc) using 1 ug/100 pL/well,
overnight at room temperature. After decanting the excess venom samples, wells were
blocked by incubation with 100 pL of PBS containing 3% bovine serum albumin (BSA) for
30 min. Plates were washed five times with PBS and 100 pL of antivenom (serially diluted
from 1:500 to 1:64,000) were added and incubated for 1 h. As a negative control, mock
antivenom prepared using the plasma of a normal, non-immunized horse was run in
parallel under identical conditions. After five washes with PBS, venom-bound antibodies
were detected by adding anti-horse IgG/alkaline phosphatase conjugate (Sigma; 1:4000
dilution in PBS with 3% BSA) for 1 h, followed by five washes with PBS, and final color
development using p-nitrophenylphosphate (1 mg/mL in 0.1 M glycine, pH 10.4, with 1
mM MgCl, and 1 mM ZnCl,). Absorbances were recorded at 405 nm in a Multiskan

microplate reader (Thermo, Waltham, Massachusetts, USA). All samples were run in



triplicate wells. ELISA titers were obtained by calculating the antivenom dilution that
resulted in an absorbance of 0.5. A similar ELISA procedure was used to assess the
recognition of RP-HPLC fractions of M. ruatanus venom by the SAC-ICP antivenom. In this
case, microplates were coated with 0.4 ug/100 uL/well of each fraction, and the binding of
equine antibodies was performed at an antivenom dilution of 1:1000, in PBS-BSA, as
described above.

2.6. In vivo venom activities

Animal experiments were performed following protocols approved by the Institutional
Committee for the Care and Use of Laboratory Animals of the University of Costa Rica,

using CD-1 mice of both sexes, bred at Instituto Clodomiro Picado.

2.6.1. Venom lethality

In order to evaluate the lethal activity of M. ruatanus venom, various amounts (from 1.25
to 10 pg) dissolved in 100 pL of PBS, were injected intravenously (caudal vein) in groups of
four mice (body weight between 16 and 18 g). Deaths were recorded after a period of 24
hours, and the median lethal dose (LDso) was calculated by Probit analysis [14]. A similar
method to determine lethal activity of the most abundant RP-HPLC fractions of M.
ruatanus venom was used. The volume of the intravenously injected solution was 100 pl,
containing 10 ug of each fraction, dissolved in PBS. Fractions 7, 8, 10, 13, 17, 20, 23, 24,

25, 26, 27, and 39 were injected.

2.6.2. Myotoxic activity



To assess the myotoxic activity, groups of five mice (18-20 g) received an intramuscular
injection of 5 ug of either M. ruatanus, M.alleni, or M. nigrocinctus venom, in a volume of
50 uL of PBS, in the right gastrocnemius muscle. A control group received 50 uL of PBS
alone. Three hours later, blood samples were taken from the tail of each mouse into
heparinized capillary tubes. After centrifugation, 4 pL of plasma was used to determine
the creatine kinase (CK) activity using a UV-kinetic assay (Wiener Lab, Sankt Ingbert,

Germany). CK activity was expressed in units/L.

2.6.3. Neutralization of lethality

The capacity of the equine SAC-ICP antivenom to neutralize the lethal activity of M.
ruatanus venom was estimated by pre-incubation type experiments. Groups of five mice
(16-18 g) were injected intravenously with 200 uL of a solution that contained 10.6 ug of
venom (equivalent to 3 x LDso), previously mixed and incubated for 30 min at 37 °C with
different dilutions of antivenom to obtain the following venom/antivenom ratios: 50, 100,
and 200 pg of venom/mL of antivenom. Control groups of mice received the same dose of
the corresponding venom, incubated with PBS instead of antivenom. Deaths were

recorded after 24 h.

2.7. Statistical analyses
The significance of differences between means of two groups was assessed by Student's t-
test, or between means of three groups by ANOVA with post-hoc Tukey HSD. Differences

were considered significant if p < 0.05.



3. Results

3.1 The venom proteome of M. ruatanus
Micrurus ruatanus venom was separated into 40 fractions using RP-HPLC, which
subsequently were separated into 58 bands (Fig.1). Peaks 9 and 37 were not individually
analyzed by SDS-PAGE since they were considered to be part of peak 10 and peak 36,
respectively. All of the SDS-PAGE bands were assigned to a protein family using tandem
mass spectrometry. 3FTxs were the proteins with the highest abundance in the venom
(46.4%, Fig.2), followed by PLA>s (29.8%). A significant proportion of Kunitz-type inhibitors
was also observed (10.6%). Proteins that belonged to the L-amino acid oxidase (3.4%),
metalloproteinase (2.7%), C-type lectin/lectin-like (2%), serine protease (1.2%),
vespryn/ohanin (0.4%), 5'-nucleotidase (0.1%), glutathione peroxidase (0.3%), and
phosphodiesterase (<0.1%) families were also present, in lower amounts. Micrurus
ruatanus venom also contained 2.9% of either peptidic or non-protein material (peaks 1-

6).

3.2 In vitro and in vivo activities of M. ruatanus venom

As expected from its venom composition, M. ruatanus venom had a lower PLA; activity in
vitro (Fig. 3) than the PLA;-rich M. nigrocinctus venom [15] and a higher activity than M.
alleni venom, which contains a much lower amount of PLAs [10]. When M. ruatanus
venom was injected intramuscularly (i.m.) in the right gastrocnemius of mice, it was able

to increase significantly plasma CK, as compared to control muscles injected with the



vehicle alone (Fig 4). Histological analysis of injected muscles confirmed the in vivo
myotoxic activity of M. ruatanus venom (Fig 4). Micrurus ruatanus venom had a very
potent lethal activity, since the intravenous (i.v.) LDsp in mice was 3.54 ug (95% confidence
limits: 2.19 - 5.70 pg) per 16-18 g mouse. Signs compatible with respiratory paralysis were

observed in injected mice.

3.3 Lethality screening analysis of major venom components of M. ruatanus

When injected i.v. at a dose of 10 ug, Fraction 7, which contained a 3FTx, caused the
death of both mice. Fractions 17, 23, and 24 contained both 3FTxs and PLA2s and caused
also the death of the two mice injected with this dose. Fraction 25 caused the death of
one mouse out of two, and only a PLA; was detected in this fraction. In contrast, no
deaths occurred after the injection of fractions 8, 10, 13, 20, 26, 27 and 39 at a dose of 10
pg. Therefore, fractions 8, 10, 13, 20, 26, and 27 contain toxins that are not potent in its
lethal effect. Fraction 39 contained an L-amino acid oxidase and a gluthathione

peroxidase, which probably were denatured in the RP-HPLC process.

3.4 Immunorecognition and neutralization of M. ruatanus venom by SAC-ICP

The SAC-ICP antivenom was evaluated for its capacity to recognize and neutralize the
lethal activity of M. ruatanus venom. ELISA of the whole venom (Fig.5) showed that it was
recognized with a similar signal to the one obtained for M. nigrocinctus venom. When
immunorecognition of individual RP-HPLC fractions of the venom was assessed (Fig.6), a

metalloproteinase was the fraction with the highest signal, while fractions 7, 8, and 10



(3FTxs) were the least recognized toxins. Fractions that contained PLA;s, Kunitz-type
inhibitors, L-amino acid oxidases, C-type lectin/lectin like, and Vespryn/Ohanin were
moderately recognized by the antivenom. When tested in the murine model, the SAC-ICP
antivenom was able to neutralize the lethal activity of M. ruatanus up to a level of 200 ug

of venom/mL of antivenom (132 mg of antivenom/ 1 mg of venom).

Discussion

The most abundant protein components in M. ruatanus venom belong to the 3FTx family,
accounting for nearly half of its proteome. The predominance of 3FTxs has also been
determined in several other Micrurus venoms [10,16-20], particularly in species from
South America, but also extending to some of the species distributed in Central America.
In this regard, M. ruatanus can be classified as a “3FTx-rich” venom in the proposed
3FTx/PLA; phenotype dichotomy for Micrurus venoms [10,11]. This venom composition is
interesting since M. ruatanus was considered a subspecies of M. nigrocinctus by some
authors for a period of time [21], but it was later classified as a distinct species [1,2]. The
current analysis shows that these venoms have a different distribution of toxin families,
since M. nigrocinctus venom is a “PLA;-predominant” venom [15], in contrast to M.
ruatanus. Geographically, M. ruatanus venom is one of the northernmost “3FTx-rich”
venoms described to date, since these venoms have been found predominantly in South
and Central American species, while in North America only “PLAz-rich” Micrurus venoms

have been described [22,23].



In vivo studies in mice revealed that M. ruatanus venom is one of the most toxic snake
venoms in Central America, in terms of its lethal activity (LDso). The i.v. LDso of M. ruatanus
venom was very similar to the i.v. LDsg of the yellow bellied sea snake Hydrophis platurus
[24], which was described as the Central American snake with the lowest reported LDsp in
murine models so far. Micrurus ruatanus also induced significant myotoxicity in mice. In
humans, muscle necrosis due to coral snakebites is not common [6]. Based on its
proteomic composition, as well as signs observed in the injected mice, the expected main
clinical effects of M. ruatanus venom in humans would be neurotoxic effects that could

lead to respiratory paralysis.

The potent lethal effect of the whole venom of M. ruatanus is also observed in several
fractions that contain 3FTxs, or both 3FTxs and PLA;s. Notably, fractions 8, 10, 13, 20, 26,
and 27 contained 3FTxs that did not display lethal activity at the dose tested. The
pharmacological effects of these fractions remain to be elucidated. Some 3FTxs with no
lethal activity have been reported in other Central American coral venoms, such as M.

clarki venom [20], or in M. dumerilii from Colombia (unpublished data).

The anticoral antivenom produced at Instituto Clodomiro Picado using M. nigrocinctus
venom as immunogen was able to cross-recognize the whole venom of M. ruatanus with a
similar intensity (ELISA titer of 12687) to the one obtained for M. nigrocinctus venom
(ELISA titer of 14161), underscoring a close immunological similarity despite the departed

patterns of predominant toxins. As previously observed with other coral snake venoms



[20], the most hydrophilic 3FTxs (such as fractions 7, 8, and 10 ) are recognized with a
lower intensity than other fractions, while more hydrophobic and/or larger toxins are
recognized with a higher intensity. The lethal activity of M. ruatanus venom was
successfully neutralized by preincubation with the SAC-ICP antivenom, up to a dose of 200
ug of venom/mL of antivenom. Therefore, it is proposed that this antivenom would be

effective in the treatment of envenomings by M. ruatanus.

Concluding remarks

The proteomic composition and toxicological characterization of the venom of M.
ruatanus have been studied. Micrurus ruatanus venom is composed mainly by 3FTxs, with
a significant amount of PLAs also present. Smaller amounts of L-amino acid oxidase,
metalloproteinase, C-type lectin/lectin-like, serine protease, vespryn/ohanin, 5'-
nucleotidase, glutathione peroxidase, and phosphodiesterase proteins were also found.
M. ruatanus possesses a potent lethal activity, as well as a significant myotoxic activity in
mice. The anticoral antivenom produced by Instituto Clodomiro Picado was able to
immunorecognize the whole venom and neutralize its lethal activity. Even though bites by
M. ruatanus are rare, its high toxicity suggests that severe envenomings can occur and,
therefore, the provision of antivenom to the health facilities in Roatan Island is
recommended. Since this study was performed with the venom of a single individual,
there is still some degree of uncertainty if the reported venom phenotype is

representative of the entire species.



Figure 1; Micrurus ruatanus (A) and separation of its venom proteins by RP-HPLC (B),
followed by SDS-PAGE (C). Venom was fractionated on a C18 column and eluted with an
acetonitrile gradient (dashed line), as described in Methods. Fractions were further
separated by SDS-PAGE under reducing conditions. Molecular weight markers (Mw) are
indicated in kDa. Stained bands were excised, in-gel digested with trypsin, and subjected

to MALDI-TOF/TOF for assignment to protein families, as shown in Table 1.

Figure 2: Composition of Micrurus ruatanus venom proteome according to protein
families, expressed as percentages of the total protein content. 3FTx: three-finger toxin;
PLA2: phospholipase A;; LAO: L-amino acid oxidase; CTL: C-type lectin/lectin-like; MP:
metalloproteinase, SP: serine proteinase; PDE: phosphodiesterase; KUN: Kunitz-type
serine proteinase inhibitor; 5’NU: 5'-nucleotidase; GPO: Glutathione peroxidase; VSP:

vespryn/ohanin; UNK: unknown/unidentified.

Figure 3: Phospholipase A activity of the venoms of Micrurus ruatanus, M. alleni, and M.
nigrocinctus on the monodisperse synthetic substrate 4-nitro-3-octanoyloxy-benzoic acid.
Varying amounts of the venoms were incubated with the substrate for 60 min at 37 °C and
the absorbance changes were recorded at 405 nm. One unit is defined as a change of
0.001 in absorbance under these conditions. Each point represents mean + SD of

triplicates.



Figure 4: Assessment of myotoxic activity in the venoms of Micrurus ruatanus and M.
nigrocinctus. Plasma creatine kinase (CK) activity (A) was determined 3 h after the i.m.
injection of 5 pg/50 uL of the venoms in the right gastrocnemius of mice. PBS vehicle
alone (50 pL) was injected in the control group. Bars represent mean * SD of five mice.
The differences between CK activity values of PBS and M. nigrocinctus venom, or between
PBS and M. ruatanus venom are significant (p<0.05). Histological evaluation of muscles
injected with PBS (B) or with Micrurus ruatanus venom (C), after 3 h, confirmed

widespread muscle necrosis in the latter.

Figure 5: Assessment of the ELISA cross-recognition of Micrurus ruatanus and M. alleni
crude venoms by the equine antivenom to Micrurus nigrocinctus. Each venom was
adsorbed to microplates and incubated with various dilutions of antivenom or normal
horse serum. Bound antibodies were detected by an anti-horse IgG/alkaline phosphatase

conjugate, as described in Methods. Each point represents mean + SD of triplicates.

Figure 6: Immunorecognition of the RP-HPLC fractions of Micrurus ruatanus venom by an
equine antivenom raised against M. nigrocinctus venom (SAC-ICP), as evaluated by ELISA.
Venom fractions (0.4 pg/well) were adsorbed onto microplates, and the binding of
antibodies was detected as described in Methods, using anti-equine immunoglobulins
conjugated to alkaline phosphatase, followed by color development using

p-nitrophenylphosphate substrate. Mock antivenom prepared using the plasma of a



normal, non-immunized horse, was used as a negative control for background. Each bar
represents mean + SD of triplicate wells. Colored circles above the bars indicate the
protein family identified in each chromatographic fraction: three-finger toxin (3FTx),
phospholipase A; (PLA;), and Kunitz-type serine protease inhibitor (Kun), Vespryn/Ohanin,

C-type lectin, Metalloproteinase, L-amino acid oxidase (LAO).
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Table 1. Assignment of the RP-HPLC isolated fractions of Micrurus ruatanus venom to

protein families by MALDI-TOF/TOF of selected peptide ions from in-gel trypsin-digested

protein bands.

Mass Peptide_ion
Peak % kDa m/z . MS/MS-derived peptide sequence  Conf (%) Sco Protein family; related protein
approx.
16 29 Peptides or non-proteinaceous
components
7 9.8 7 1696.85 1 YSAGXBTSBTCPAGBK 99 15 Three-finger toxin ;
) : AOA194ATD7_9SAUR
Three-finger toxin ;
delta da ’
19909 1 B(Hde'2) ETX(B%)CCTENNCNR 99 17 AOAI94ATD7 9SAUR
8A 26 10 1696.81 1 YSAGXBTSBTCPAGBK 99 14 Three-finger toxin ;
' ’ AOA194ATD7_9SAUR
Three-finger toxin ;
delta da 4
1990.84 1 B(HY)ETX(B%)CCTENNCNR 99 15 AOA194ATD7 SSAUR
Alpha-neurotoxin homolog ;
8B 3.0 7 2490.26 1 XDRGCAATCPTVBPGVNXXCCK 99 15 P58370|3N048_MICCO
Alpha-neurotoxin homolog ;
2106.04 1 GCAATCPTVBPGVNXXCCK 99 25 P58370|3N048_MICCO
Mipartoxin-I;
10A 2.2 10 1687.69 1 GPYNVCCSTDXCNK 99 13 AOA2P1BSY2 MICMP
Mipartoxin-I;
108 2.2 7 1687.7 1 GPYNVCCSTDXCNK 99 20 AOA2P1BSY2 MICMP
Kunitz type serine protease
7 1655.8 1 BXGPPEYCNXPPDR man man inhibitor; Q1RPS9.1
Kunitz type serine protease
1783.8 1 BXGPPEYCNXPPDRK man man inhibitor; Q1RPS9.1
Long chain neurotoxin;
11 0.7 7 1036.39 1 WGCAASCPK 99 6 U3FYQO_ MICFL
Long chain neurotoxin;
2086.96 1 GEBVCYTXFXVGPSYPEK 99 6 U3FYQO_ MICFL
Kunitz-type protease inhibitor;
7 1627.69 1 ANFPAFYYDPASHK 99 12 AOAT94ARF4_9SAUR
Kunitz type serine protease
7 1655.8 1 BXGPPEYCNXPPDR man man inhibitor; Q1RPS9.1
Kunitz type serine protease
17838 1 BXGPPEYCNXPPDRK man man inhibitor; Q1RPS9.1
Kunitz type serine protease
12 1.2 7 16558 1 BXGPPEYCNXPPDR man man inhibitor; Q1RPS9.1
Kunitz type serine protease
17838 1 BXGPPEYCNXPPDRK man man inhibitor; QIRPS9.1
Three-finger toxin;
13 104 7 131054 1 AXEFGCAASCPK 99 7 AOAOH4BLZ2_9SAUR
7 137457 1 XCBEFXYGGCK 82.6 5 Kunitz-type serine protease

inhibitor; B2KTG1.1
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three-finger toxin precursor,
B2BRQ6.1
Kunitz type serine protease
inhibitor; Q1RPS9.1
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Phospholipase A2; U3FYP8_MICFL

Phospholipase A2;
AOA2H6N4A4_MICLE

three-finger toxin; P34073.1

Kunitz type serine protease
inhibitor; Q1RPS9.1
Kunitz type serine protease
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Kunitz type serine protease
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Three-finger toxin;
AOAOH4BLZ2_9SAUR

Phospholipase; U3EPF6_MICFL

PLA-2-Den-2; R4G2S8_DENDV

PLA-2-Den-2; R4G2S8_DENDV

PLA-2-Den-2; R4G2S8_DENDV

Three-finger toxin;
AOA194APE1_9SAUR

Phospholipase A2; U3FYP1_MICFL
PLA-2-Den-2; R4G2S8_DENDV

Three-finger toxin; U3FVH6_MICFL

Three-finger toxin; U3FVH6_MICFL

Three-finger toxin;
AOAOH4BLZ7_9SAUR

Phospholipase A2; U3EPF6_MICFL
PLA-2-Den-2; R4G2S8_DENDV

Phospholipase A2; U3EPF6_MICFL

Phospholipase A2; P60044
Phospholipase A2; COHKB8

Three-finger toxin;
AOA194ASF5_9SAUR

Three-finger toxin;
AOAOH4BLZ7_9SAUR
Three-finger toxin;
AOAQOH4BLZ7_9SAUR

Three-finger toxin;
AOAOH4BLZ7_9SAUR
Three-finger toxin;
AOAOH4BLZ7_9SAUR

Three-finger toxin;
AOAOH4BLZ7_9SAUR
Three-finger toxin;
AOAOH4BLZ7_9SAUR

Phospholipase A2; U3EPF6_MICFL
Phospholipase A2; USEPF6_MICFL

Three-finger toxin;
AOAOH4BLZ7_9SAUR
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AOA2H4N3D4_BOTMO
Amine oxidase (Fragment);
AOA2H4N3D4_BOTMO

Serine proteinase;
AOA194AT39_9SAUR
Serine proteinase;
AOA194AT39_9SAUR
Serine proteinase;
AOA194AT39_9SAUR

MP_I2 SVMP (Fragment);
E3UJL4_BOTNU
MP_I2 SVMP (Fragment);
E3UJL4_BOTNU
BATXSVMPII1;
AOA1L8D600_BOTAT
BATXSVMPIIL;
AOA1L8D600_BOTAT

Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL

Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL
Amine oxidase; U3FYQ2_MICFL

Amine oxidase;
AOA194ASA8_9SAUR



Glutathione peroxidase
39C 0.3 23 18549 1 GDVNGENEBBXYTFXK 99 8 (Fragment); V8P395_OPHHA

Glutathione peroxidase

1329.69 1 XHDXBWNFEK 99 15
(Fragment); V8P395_OPHHA

serine protease;
40 0.9 30 1089.65 1 XBVPVBYSR 99 8 AOA2DAPRX2._MICSU

Cysteine residues are carbamidomethylated. X: Leu/lle; B: Lys/GIn; Confidence (Conf) and Score (Sco) values
calculated by the Paragon® algorithm of ProteinPilot®. Mass kDa approx: estimated mass in SDS-PAGE in
reducing conditions. Possible, although unconfirmed or ambiguous amino acid modifications suggested by
the automated identification software are shown in parentheses, with the following abbreviations: :
deamidated, ¢¢"®: Delta(H(2)C(2)(H), ©: carbamyl, ®*:oxidation, °™: carbamidomethyl, ¢": dehydrated.



Highlights

e The proteomic characterization of Micrurus ruatanus venom has been determined.

e Toxicity, immunorecognition, and neutralization of the venom were also
determined.

e The venom displayed a three-finger toxin-rich phenotype.

e Venom lethal activity in mice was neutralized by an anticoral antivenom.

e Major fractions with lethal activity were also identified.
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