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Objectives: Snake venom is a complex mixture of various pharmacologically active sub-
stances, such as small proteins, peptides, and organic and mineral components. This
paper aims to identify and analyse the proteins in common venomous snakes, such as
Gloydius blomhoffii (G. blomhoffii) and Agkistrodon acutus (A. acutus), in Korea.

Methods: We used mass spectrometry, electrophoresis, N-terminal sequencing and in-gel
digestion to analyse the proteins in these two snake venoms.

Results: We identified eight proteins in G. blomhoffii venom and four proteins in A. acutus
venom. The proteins detected in G. blomhoffii and A. acutus venoms were phospholipase
A,, snake venom metalloproteinase and cysteine-rich secretory protein. Snake C-type lec-
tin (snaclec) was unique to A. acutus venom.

Conclusion: These data will contribute to the current knowledge of proteins present in the
venoms of viper snakes and provide useful information for investigating their therapeutic
potential.

Keywords: gloydius blomhoffii, agkistrodon acutus, proteomics, venomics, venom pro-
teome

INTRODUCTION

Snake venom has been considered nature’s most attractive

are small-molecular-weight proteins (6-7.5 kDa) with 60 to 75
amino acids [7]. The primary structure is similar in these two

toxins groups; however, they show different biological activities.

toxic substance. It contains various pharmacologically active
substances, such as small proteins, peptides and organic and
mineral components [1, 2]. Although the high toxicity of snake
venom can cause death and significant morbidity [3], the bio-
logical and toxicological mechanisms enhance its potential
value as a therapeutic agent [4, 5].

Snake venom is also a mixture of many different toxic sub-
stances, most venomous being cardiotoxins and neurotoxins [6].
Generally, cardiotoxins and neurotoxins are three-finger pro-

tein structured substances. The members of these toxin groups

The target of neurotoxins is the nicotinic acetylcholine receptor
at the post-synaptic level of the neuromuscular junction [8, 9].
Neurotoxins block the receptor and thus, prevent binding with
the acetylcholine receptor [10, 11]. Cardiotoxins cause depo-
larisation and contraction of muscle cells and loss of excitability
and depolarisation of nerve cells [12]. They can also prevent
aggregation caused by the lytic effect on platelets [13]. Few cell
types, such as erythrocytes, epithelial cells and foetal lung cells,
can undergo lysis on exposure to higher concentrations of car-
diotoxin [14-16].
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Qualitative Analysis of Proteins in Two Snake Venoms, Gloydius Blomhoffii and Agkistrodon Acutus

The present study investigated the protein compositions of
two Viperidae snakes, Gloydius blomhoffii (G. blomhoftii) and
Agkistrodon acutus (A. acutus) venoms. We selected these two
species due to their medical significance in Southeast Asia. G.
blombhoftii is commonly known as salmosa (Korea) or mamu-
shi (Japan).

Many studies have examined the proteins and peptides in
the venom of these species. One study on G. blomhoftii venom
showed that it contained two neurotoxins, q-toxin and B-toxin.
o-toxin is a post-synaptic inhibitor, and B-toxin is a pre-
synaptic inhibitor [17]. G. blomhoffii venom was also reported
to contain an anticoagulant, mamushi L-amino-acid oxidase
(M-LAO) [18], and peptide albumin [19]. Other studies on A.
acutus reported that the venom of A. acutus contained activat-
ing or inhibiting factors of the plasmatic coagulation system,
thrombin-like enzymes for fibrinogen conversion and platelet
aggregation inhibitors, or even activators [1, 20].

This study used mass spectrometry, electrophoresis, N-
terminal sequencing and in-gel digestion to analyse the proteins
in two snake venoms. We applied N-terminal sequencing and
in-gel digestion methods to investigate proteins with molecular
weights below 20 kDa because the most toxic and medically
valuable substances in snake venom, such as cardiotoxins and
neurotoxins, are generally low-molecular-weight proteins [7, 8].
The results of this study may promote basic research on snake

venoms for the development of new therapeutic agents.

MATERIALS AND METHODS

1. Materials

The venoms of G. blomhoffii and A. acutus used in this
study were milked from adult snakes. Manual milking was
performed by placing the snake’s fangs on a parafilm-covered
sterile container. The venom samples were immediately frozen
at -80TC, lyophilised via a freeze-dryer and stored at ~20C until
used. Crude venoms were purchased from Geolim Pharmaceu-
tical Company (Hampyeong, Korea). The yields of G. blomhof-
fii and A. acutus venoms were approximately 25% and 42.5%,

respectively.
2. Quadrupole time-of-flight (Q-TOF) mass spectrometry

Dried samples were weighed (10 mg) and diluted using

water. Then, the extract was centrifuged, and the supernatant

was collected for further analysis. Liquid chromatography (LC)
separation was performed using an Acquity I-Class UPLC sys-
tem (Waters, Manchester, UK) with an Acquity UPLC protein
BEH C4 column (1.7 um, 2.1 mm x 100 mm). The column was
maintained at a temperature of 40C. Mobile phase A was water
with 0.1% formic acid, and mobile phase B was acetonitrile with
0.1% formic acid. The injection volume was 2 uL, and the flow
rate was 0.4 mL/min. Mass spectrometry (MS) measurements
were performed on a SYNAPT G2-Si system (Waters, Manches-
ter, UK). Data were acquired in the MS" mode. The ionisation
mode was electrospray ion (ESI)-positive. The source tempera-
ture was set at 120C, and the reservation temperature was set
at 300C. The lock mass compound used leucine enkephaline
(556.2771 in positive, 554.2615 in negative) for the external
standard. The operation parameters were as follows: ESI posi-
tive and negative capillary voltages were set at 3 kV and 2.5 kV,
respectively, and cone voltage was set at 30 V. The collision en-
ergies were set as 6 eV (trap) for the low-energy scan and 20- ~
45-eV ramp (trap) for the high-energy scan. The scanned mass
ranged from 100 to 1,500 m/z. The liquid chromatography-
mass spectrometry (LC-MS) data acquisition was controlled
using a MassLynx 4.1 system (Waters, Manchester, UK). The
acquisition data processing was performed using UNIFI1.8.

Software.

3. Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) of venoms

The lyophilised venoms (G. blomhoffii and A. acutus
venom) were dissolved in phosphate-buffered saline (PBS),
and their protein concentrations were determined using the
Bradford method. Different amounts (100, 50, 25 and 12.5
ug) of both venom proteins were analysed by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) us-
ing 4%-12% gel (bis-tris protein gel, Invitrogen). The gels were
stained with Coomassie blue staining solution (50% MeOH,
10% acetic acid, 1% Coomassie blue) for 30 min, after which
they were destained with destaining solution (20% MeOH, 10%
acetic acid) and then dried with drying solution (30% MeOH,
5% glycerol). The molecular weights of the protein bands were
estimated with reference to molecular weight markers. Next, the
gels were soaked in transfer buffer (NuPAGE™ Transfer Buffer,
Invitrogen), after which the proteins were transferred to polyvi-
nylidene difluoride (PVDF) membranes. Nonspecific binding

sites were blocked using 5% non-fat dry milk. The membranes
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were stained with Ponceau S solution (Sigma, P7170-1L) for 5
min, destained with 50% MeOH and dried at 4C.

4. N-terminal sequencing

After isolating the bands in the PVDF membranes cor-
responding to 20 kDa or less, N-terminal amino sequencing
was conducted using the Edman degradation method with
a Procise 491 HT protein sequencer instrument (Applied
Biosystems, USA). We searched for amino acid sequence
similarities in the non-redundant protein sequences data-
base using Blastp (protein-protein BLAST), found at https://
blast.ncbi.nlm.nih.gov/Blast.cgi?!PROGRAM=blastp&PAGE_
TYPE=BlastSearch&LINK_LOC=blasthome.

SalMoSa
1004

Intensity(%)

5. In-gel digestion

Stained protein bands on 1D-gel were excised using a scalpel
to 1 mm with bands less than 20 kDa in total and transferred
to new Eppendorf Lobind tubes. The gel slices were subjected
to digestion using the in-gel digestion protocol. The gels were
destained with 50% (v/v) acetonitrile/50 mM Bacto agar and
squeezed 3-4 times with 100% (v/v) acetonitrile. After drying
the organic solvent in a speed vacuum concentrator (Savant,
Holbrook, NY), the gels were incubated with 5 mM DTT/50
mM Bacto agar at 56C for 2 h for protein reduction, followed
by 10 mM iodoacetamide (Sigma, T6508)/50 mM Bacto agar
in-dark reaction for 30 min for cysteine alkylation. The gels
were then rinsed a few times with distilled water and squeezed
using 100% (v/v) acetonitrile. The gels were vortexed and com-

pletely dried in the speed vacuum concentrator. Trypsin (1 pg)

1: TOF MS ES+
TIC

1.11e7

Ju. i

Figure 1. UPLC/Q-TOF MS chromatogram of G. blomhoffii venom.

T T T T T T T T T T T
14.00 16.00 18.00 20.00 22.00 2400

R.T(min)

Table 1. Peaks that were identified for G. blomhoffii venom by using Q-TOF MS

No. Name Type RT (min) m/z Mass (kDa)
1 Salmosa venom 423 Analyte 3.07 1,064.1456 7442

2 Salmosa venom 463 Analyte 3.34 1,079.8689 7.552

3 Salmosa venom 602 Analyte 431 1,159.3231 15.071

4 Salmosa venom 864 Analyte 6.22 242.2824 1.676

5 Salmosa venom 1000 Analyte 7.20 1,081.6899 6.189
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in 100 uL with 50 mM Bacto agar was added to each tube, and
the tubes were incubated at 37 for a maximum of 16 h for full
digestion. The peptides were collected in extraction steps using
100 pL of 50 mM bicarbonate, 0.1% trifluoroacetic acid and
0.1% trifluoroacetic acid in acetonitrile, 100% (v/v), sequential-
ly. The resulting peptide extracts were pooled and dried in the
speed vacuum concentrator. The peptides were extracted using
100 L of 50 mM bicarbonate and 0.1% trifluoroacetic acid,
0.1% trifluoroacetic acid in acetonitrile and 100% acetonitrile,
sequentially. After freeze-drying the extracted peptides, the
digested peptides were placed in an oasis solid-phase extraction
(SPE) (water) column and desalted under vacuum according to
the method provided with the oasis SPE column.

OBoSa
100

6.93

s.01|7.03
6.90|

Intensity(%)

16.93
1441
L o
T

6. Protein analyses using Nano UPLC-high-definition mass
spectrometry (HDMSE)

The tryptic peptide mixtures were separated on an Acqui-
ty™ HSS T3 1.8-um Trizaic"™ nano-Tile column (85 um x 100
mm) using a nano-ACQUITY Ultra Performance™ chroma-
tography system (Waters Corporation) with a Synapt G2-Si
HDMSE system (Waters Corp., Milford, MA, USA). The mass
spectrometer was operated in the positive ESI resolution mode
with a resolution of > 250,000 FWHM. During data acquisition,
the collision energies were changed to the low and the elevated
(20-38 eV) collision energies on the Triwave collision cell with a
scan time of 1.2 s per function over 100-2,500 m/z. MS spectral
data were collected in triplicate. Tryptic peptides (4 uL) were
loaded onto the enrichment column with mobile phase A (0.1%

formic acid in water) and mobile phase B (0.1% formic acid in

1: TOF MS ES+
TIC
1.32e7

Figure 2. UPLC/Q-TOF MS chromatogram for A. acutus venom.

T T T T T
8.00 10.00 12.00

T T T T T T T T T T T
14.00 16.00 18.00 20.00 22.00 24.00

R.T(min)

Table 2. Peaks that were identified for A. acutus venom by using Q-TOF MS

No. Name Type RT (min) m/z Mass (kDa)
Obosa venom 838 Analyte 6.04 1,038.7026 22.829
Obosa venom 925 Analyte 6.62 1,099.4354 22.964
Obosa venom 969 Analyte 6.98 1,149.1576 22.963
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acetonitrile). Step gradient was applied at a flow rate of 400 nL/
min; the gradient consisted of 97% mobile phase A initially,
followed by sharp decreases to 90% mobile phase A for 3 min,
65% mobile phase A for 40 min and 20% mobile phase A for
47 min; an increase to 97% mobile phase A for 50 min and a
final sharp increase to 97% mobile phase A for the last 10 min.
[Glul]-fibrinopeptide (0.5 uM/min) was used to calibrate the
time-of-flight analyser in the range of m/z from 100 to 1,500,
and [Glul]-fibrinopeptide (m/z = 785.8426) was used for the

lock mass correction.
7. Protein identification and quantitative analyses

The continuum LC-MSE data were processed and searched
using the PLGS (Protein Lynx Global Server) version 3.0 (Waters
Corporation). Data acquired using alternating low and elevated
energy modes in the LC-MSE were automatically smoothed,
with the background-subtracted, centred, de-isotoped and
charge-state reduced. Then, the alignment of the precursor and
the fragmentation data were combined with a retention time

tolerance of + 0.05 min using PLGS software.

RESULTS

1. Q-TOF mass spectrometry

Mass spectrometry for G. blomhoffii venom revealed five
peaks: one each for Salmosa venom 423 (molecular weight:
7,442 g/mol), Salmosa venom 463 (molecular weight: 7,552
g/mol), Salmosa venom 602 (molecular weight: 15,071 g/
mol), Salmosa venom 864 (molecular weight: 1,676 g/mol)
and Salmosa venom 1,000 (molecular weight: 6,189 g/mol)

(Fig. 1, Table 1). Mass spectrometry for A. acutus venom re-

A Gloydius blomhoffii - Agkistrodonacutus B

Gloydius blomhoffii Agkistrodonacutus

vealed three peaks: one each for Obosa venom 838 (molecular
weight: 22,829.46 g/mol), Obosa venom 925 (molecular weight:
22,964.00 g/mol) and Obosa venom 969 (molecular weight:
22,963.15 g/mol) (Fig. 2, Table 2).

2. SDS-PAGE analyses of venom proteins

The overall protein compositions of G. blomhoftii and A.
acutus venoms were assessed using gradient SDS-PAGE (Fig.
3). This result showed protein profiles with varying molecular
weight distributions. Differences in fraction numbers, elec-
trophoretic mobility and densities of venom proteins were
observed between the two snakes. The separations revealed
that the two venoms were composed of heterogeneous proteins
varying in band intensity and migration. SDS-PAGE results

show bands at molecular weights below 20 kDa.
3. N-terminal sequencing

The N-terminal sequences of G. blomhoffii and A. acutus
venom were obtained using Edman degradation. The amino
acids identified from the low-molecular-weight proteins of G.
blomhoffii and A. acutus venoms are listed in Tables 3, 4. The
N-terminal sequence of the G. blomhoftii venom did not corre-
spond to any of the proteins in the databases. This finding may
reflect the almost complete absence of G. blomhoffii protein
entries in the databases and/or the lack in the G. blomhoftii
proteins of a significant set of tryptic peptides with identical
masses in homologue proteins from other snake species repre-
sented in the databanks. Amino acid sequence similarity for A.
acutus venom was searched in the database using Blastp (pro-
tein-protein BLAST) (Table 5). Results showed that acutolysin

A had a sequence of proteins similar to the A. acutus venom.

Figure 3. (A) Staining with Coomassie

100 50 25 12,5 100 50

25 125 ng

56  nttps://doi.org/10.3831/KP1.2022.25.1.52

100 50 25 125 100 50 25 125 pg

blue gel: Electrophoretic profiles of G.
blomhoffii and A. acutus venoms are pre-
sented in a 4%-12% gradient SDS-PAGE
gel. Picture showing individual venoms
prepared and run in various concentra-
tions. Proteins were visualised using a
staining solution of 50% MeOH, 10%
acetic acid and 1% Coomassie blue. (B)
Ponceau S membrane staining: gels with
the proteins were transferred to polyvinyli-
dene difluoride (PVDF) membranes and
visualised using Ponceau S solution.
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4. Analyses of proteins using Nano UPLC- HDMSE

The venom proteins of G. blomhotftii and A. acutus were
separated and identified using Nano UPLC-HDMSE. Five
bands of G. blomhoftii venom (Fig. 4A) and six bands of A.
acutus venom (Fig. 4B) were analysed; the continuum LC-MSE

data were processed and searched using the PLGS, and the re-

Table 3. Amino acids identified from G. blomhoffii venom
using N-terminal sequencing

sults are shown in Table 6.

The present study used the N-terminal sequencing analysis
to detect only one protein (acutolysin A) in A. acutus venom.

We identified no proteins with sequences similar to the results

Table 4. Amino acids identified from A. acutus venom by using
N-terminal sequencing

No. Amino acid No. Amino acid
1 The result is uncertain 1 The result is uncertain
2 Pro 2 Pro
3 Ala 3 Glu, Gly, Tyr
4 Gln 4 Phe
5 The result is uncertain 5 Gln
6 Not detected 6 Not detected
7 Thr 7 Tyr
8 lle 8 Met
9 Not detected 9 Not detected

10 Leu 10 lle

The standard three letter code was used for the amino acid residues.

The standard three letter code was used for the amino acid residues.

Table 5. N-terminal sequencing of the venom from the A. acutus snake

No. Protein name Sequence Uniprot
0 A.acutus sample-1 PEFQ_YM P60244
1 Chain A, ACUTOLYSIN A FROM SNAKE VENOM OF A. ACUTUS AT PH 7.5 __FQRYM
2 Chain A, ACUTOLYSIN A FROM SNAKE VENOM OF A. ACUTUS AT PH 5.0 __FQRYM
0 A.acutus sample-2 PGFQ_YM P60244
1 Chain A, ACUTOLYSIN A FROM SNAKE VENOM OF A. ACUTUS AT PH 7.5 __FQRYM
2 Chain A, ACUTOLYSIN A FROM SNAKE VENOM OF A. ACUTUS AT PH 5.0 __FQRYM
0 A.acutus sample-3 PYFQ_YM P60244
1 Chain A, ACUTOLYSIN A FROM SNAKE VENOM OF A. ACUTUS AT PH 7.5 __FQRYM
2 Chain A, ACUTOLYSIN A FROM SNAKE VENOM OF A. ACUTUS AT PH 5.0 __FQRYM

Figure 4. In-gel digestion of different pro-
tein bands with molecular weights less
than 20 kDa on 1D-gel in (A) G. blomhof-
fii and (B) A. acutus venoms for protein
identification. After SDS-PAGE using 4%-
12% gradient gel, the gel slices were
subjected to digestion using the in-gel
digestion protocol (described in Materials
and Methods).
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Table 6. Proteins in G. blomhoffii (S1-S5) and A. acutus (01-06) venoms detected from in-solution digests by using UPLC-HDMSE

Band Accession pane . Prote.:in Score Avg mass Matched Matc.hed Digest  SeqCover
family (Da) products peptides peps (%)
S1  P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 518.431 13,973.892 20 3 2,205 22.58
P22796  Hemorrhagic factor Il (EC 3.4.24.-) SVMP 767.0865 22,595.849 38 5 3,801 21
P79845  Cysteine-rich venom protein precursor ~ CRiSP 1,053.453 20,377.963 30 2 3,444 14.21
P34179  Adamalysin Il (EC 3.4.24.46) SVMP 201.4728 23,075.626 i3 1 3,864 4.93
S2  P22796  Hemorrhagic factor Il (EC 3.4.24.-) SVMP  1,678.013 22,595.849 62 8 3801 34
P79845  Cysteine-rich venom protein precursor  CRiSP 1,051.569 20,377.963 20 4 3,444 27.87
P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 2,028.666 13,973.892 42 4 2,205 20.97
S3  P04417  Phospholipase A2_ basic (EC 3.1.1.4) PLA, 2,161.394 13,982.312 28 3 2,163 15.57
(PA2-1)
P00623  Phospholipase A2 alpha (EC 3.1.1.4) PLA, 2,064.735 13,679.499 37 4 2,163 37.7
P14421  Phospholipase A2_ neutral (EC 3.1.1.4)  PLA, 4,071.618 13,868.646 32 5 2,163 36.89
P00624  Phospholipase A2 (EC 3.1.1.4) PLA, 1,582.225 13,595.372 25 3 2,163 34.43
P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 2,517.537 13,973.892 54 5 2,205 20.97
P79845  Cysteine-rich venom protein precursor  CRiSP 437537 20,377.963 11 1 3,444 71
S4  P04417  Phospholipase A2_ basic (EC 3.1.1.4) PLA, 1,915.819 13,982.312 32 3 2,163 21.31
(PA2-1)
P00623  Phospholipase A2 alpha (EC 3.1.1.4) PLA, 2,064.735 13,679.499 37 4 2,163 37.7
P14421  Phospholipase A2_ neutral (EC 3.1.1.4)  PLA, 4,071.618 13,868.646 32 5 2,163 36.89
P00624  Phospholipase A2 (EC 3.1.1.4) PLA, 1,582.225 13,595.372 25 3 2,163 34.43
P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 3,290.186 13,973.892 63 5 2,205 33.87
S5  P00623  Phospholipase A2 alpha (EC 3.1.1.4) PLA, 7474556  13,679.499 12 2 2,163 26.23
P00624  Phospholipase A2 (EC 3.1.1.4) PLA, 478.1932  13,595.372 25 4 2,163 18.85
P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 731.7947  13,973.892 18 1 2,205 8.87
01 Q9PW35 Acutolysin A precursor (EC 3.4.24.-) SVMP 672.6088 46,564.95 B 4 8,274 9.44
02 Q9PW35 Acutolysin A precursor (EC 3.4.24.-) SVMP 5,820.132 46,564.95 259 22 8,274 26.15
03 Q9PW35 Acutolysin A precursor (EC 3.4.24.-) SVMP 515.6565 46,564.95 49 6 8,274 15.74
P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 533.1411  13,973.892 15 2 2,205 8.87
P79845  Cysteine-rich venom protein precursor ~ CRiSP 641.5217 20,377.963 16 2 3,444 71
04  P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 735.4298 13,973.892 19 2 2,205 8.87
05 P81114  Alboaggregin A subunit 4. CTL/ 1,126.348 14,543.723 24 2 6 26.02
snaclec
Q9PW35  Acutolysin A precursor (EC 3.4.24.-) SVMP  1,579.929 47,192.186 57 6 35 19.85
P14418  Phospholipase A2_ acidic (EC 3.1.1.4) PLA, 1,291.795 14,772.193 30 2 14 17.74
06  Q9PW35  Acutolysin A precursor (EC 3.4.24.-) SVMP  1,962.108 47,192.186 110 8 35 23.97

Abbreviations: CTL, C-type lectin; CRiSP, cysteine-rich secretory protein; PLA,, phospholipase A,; SYMP, snake venom metalloproteinase.

of N-terminal sequencing for the G. blomhoffii venom. Using
in-gel digestion with the UPLC-HDMSE approach, we detected
a total of eight proteins belonging to three snake-venom protein
families in G. blomhottii venom and four proteins belonging
to four snake-venom protein families in A. acutus venom. The

G. blombhoftii venom protein families consisted of phospholi-
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pase A, (PLA,), snake venom metalloproteinase (SVMP) and
cysteine-rich secretory protein (CRiSP) families. The A. acutus
venom families consisted of PLA,, SVMP, CRiSP and C-type
lectin/snaclec (CTL/ snaclec) families.

Generally, viper venoms induce haemorrhagic, hypotensive

and inflammatory effects due to high concentrations of metal-
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loproteases, serine proteases and C-type lectins [21]. The results
of the present study do not deviate much from this general fact.
The toxin families detected in the two snakes are discussed be-

low.

1. SVMP family

The SVMP proteins are important compounds in most viper
venoms. The SVMPs are known to show a wide range of physi-
ological activities (haemorrhagic, fibrinolytic and apoptotic
activities), inhibition of platelet aggregation, prothrombin and
blood coagulation factor X activation and deactivation of blood
serine proteinase inhibitors [22]. SVMPs are responsible for the
classic Viperid envenoming effect, the ability to cause haemor-
rhage at the bite site [23, 24]. Interestingly, SVMPs can be a
source of therapeutic agents due to their ability to cause haem-
orrhage, coagulopathy and inflammatory responses. Based
on their structures, these proteins can be classified into three
classes: P-I, P-IT and P-III. The P-I class (with only a metallo-
proteinase domain) is the smallest at 20-30 kDa. The proteins
in the P-II class have molecular weights between 30 and 60 kDa
and contain a metalloproteinase domain, followed by a disin-
tegrin domain. The proteins in the P-III class are the largest at
60 to 100 kDa, consisting of a metalloproteinase domain and
disintegrin-like and cysteine-rich domains [23, 25]. Generally,
the proteins in the P-III class are considered the most potent
of SVMPs because they may play a role in targeting the protein
to a particular site in cells (such as platelets and endothelial
cells), integrins and the extracellular matrix [26-30]. However,
all SVMP proteins detected in this study belong to the P-I class.
We report two SMVPs (haemorrhagic factor II, adamalysin IT)
for the G. blomhoffii venom and one SMVP (acutolysin A pre-

cursor) for the A. acutus venom (Table 6).
2. CRISP family

CRiSPs are relatively low-molecular-weight glycoproteins
(20-30 kDa) with a highly conserved specific pattern of 16 cys-
teine residues and high similarity of amino acid sequences [31-
33]. Some biological functions, such as gamete fusion, sperm
maturation, sperm chemoattraction, anti-microbial activity, ma-
trix degradation, Ca®* and K* channel blocking, stress resistance
regulation and protease-like activity, have been investigated
[34]. CRiSPs are found in most snake families, including vipers,

and the CRiSPs in snake venoms have Ca** channel blocker-like

properties and cyclic nucleotide-gated channel blocker activi-
ties [35, 36]. This study revealed one CRiSP protein in the G.

blomhoftii venom and one in the A. acutus venom (Table 6).
3. PLA, family

Widely distributed in nature, PLA, has been identified in
venoms from all snake families, including Colubridae, Elapidae,
Viperidae and Hydrophilae [37]. PLA, activates the hydrolysis
of glycerophospholipids at the sn-2 position of the glycerol
backbone to dissociate fatty acids and corresponding 1-acyl
lysophospholipids [38, 39]. PLA,s are enzymes of high medi-
cal interest because they are involved in several inflammatory
human diseases and present important effects, including neu-
rotoxic, myotoxic, cardiotoxic, cytotoxic, haemolytic, hypo-
tensive, platelet aggregation, anticoagulant, pro-inflammatory,
oedematogenic and bactericidal activities [40, 41]. Lipolytic
PLA, enzymes have been explored as novel anticancer agents
targeting altered lipid biosynthesis and deregulated lipogenesis,
which are the typical features of cancer [42-44]. Acidic and
basic PLA,s also possess antitumour and antiangiogenic prop-
erties [44-47]. Some PLA,s isolated from viper snake venoms
are capable of antitumoural activity, suggesting that these mol-
ecules may be a new class of anticancer agents [48]. Here, we
report relatively high amounts (62.5%) of PLA, enzymes in G.
blombhotftii venom and PLA, in A. acutus venom (Table 6). We
identified the presence of acidic, basic and neutral PLA, isoen-
zymes in G. blomhoffii venom and one acidic form in A. acutus

venom.
4. CTL/snaclec family

The term “snaclec” avoids confusion between classic C-type
lectins and C-type lectin proteins. Classic C-type lectins bind to
calcium and sugar residue, but the C-type lectin-like proteins in
snake venom do not contain calcium and sugar-binding loops,
so they do not exhibit lectin activity [49, 50]. Snaclecs display
numerous biological activities, including anticoagulation, pro-
coagulation and platelet modulation [51]. Some CTL/snaclecs
show potential prospects in cancer therapy [52]. Snaclecs are
considered abundant components of snake venom, particularly
in viper venom [53]. We report one CTL/snaclec, alboaggregin,
in A. acutus venom (Table 6).

The present study has some limitations. The initial focus of

this study was to identify the low-molecular-weight proteins in
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the venoms of two viper snakes, G. blomhoffii and A. acutus.
The Q-TOF results for G. blomhoffi venom showed peaks with
values of 1,676 kDa and 1,5071 kDa. However, we focused on
confirming the presence of proteins below 20 kDa and conduct-
ed N-terminal sequencing and in-gel digestion for bands corre-
sponding to 20 kDa or less. The results showed proteins with a
higher molecular weight. We assume that this result came from
a protein with high molecular weight being cleaved during elec-
trophoresis. Furthermore, the proteins found by using N-termi-
nal sequencing analyses may not be truly present because those
results were based on the similarity of the N-terminal sequence.
Western blots may help the definitive identification of proteins

in these snake venoms.

CONCLUSION

In conclusion, by combining mass spectrometry, electropho-
resis, N-terminal sequencing and in-gel digestion, we identified
eight proteins from G. blomhoffii venom and four proteins
from A. acutus venom. The proteins detected in G. blomhoffii
and A. acutus were PLA,, SVMP and CRiSP. CTL/snaclec was
unique to the A. acutus venom. These data will contribute to
the current knowledge of proteins in viper-snake venom and
may be beneficial in obtaining a clinical prognosis for patients

envenomed by these snakes.
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