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hematotoxin snake venom proteins of all species of
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Introduction

ABSTRACT

Objective: Snake bite-induced elevation of serum LDH and CRP-1 is considered
as useful biomarkers of hemotoxic. The snake venom contains proteins and may
result in various envenomation such as bleeding, inflammation, and pain, cytotoxic,
cardiotoxic, or neurotoxic effects. This in silico study was aimed to screen the snake
venom proteins and to find out the most interactive hemotoxic venom protein against
LDH and CRP-1 proteins as biomarkers.

Materials and Methods: To validate the hypothesis of the prospective interaction
of snake venom proteins, molecular docking analysis was used in the current work
by deploying a cutting-edge docking program. Snake venom peptides were screened
from literature and both peptide as well as target protein were obtained from PDB.
HDOCK online server was used for the molecular docking analysis of target proteins
with hemotoxic snake venom peptides. Further, the toxicity properties of each docked
complex of target proteins were subjected for ADME/T analysis.

Results: The selected snake venom peptides were subjected to molecular docking
study and the results generated from computational-based approach reveals that all
the hematotoxin snake venom proteins are interactive with LDH and CRP-1 peptide.
Further, this study indicates that snake venom metalloproteinase (SVMPS) peptide
may be considered as the best interactive protein with both LDH and CRP-1 proteins;
also, ADME/T screening revealed that all docked complex are safe and follow toxicity
properties.

Conclusion: This in silico study clearly shows that the greatest interaction of SVMPS
peptide with LDH and CRP-1 may be due to strong binding in the active site of the
target proteins LDH and CRP-1 with SVMPS. Results, further, confirmed LDH and
CRP-1 as potential biomarkers against hemotoxic snake venoms. This study should be
validated by in vitro and in vivo analysis as well as specific species snake venom should
be assessed. For further studies, SVMPS can be consider as therapeutic point of view.

Keywords: C-reactive protein, hematotoxin snake venom proteins, lactate
dehydrogenase, snake venom metalloproteinase

their presence as primary endpoints in clinical trials is now
accepted almost without question. In recent year, biomarkers

Snake venoms are natural sources of physiologically active
chemicals that can modulate physiological activities by acting
selectively and specifically on diverse cellular targets.!"! Snake
venom is complex mixtures, which constituted of proteins and
peptides, given ample and demanding opportunities, as well as a
diverse molecular architecture, for the design and development
of instruments and agents of scientific and therapeutic interest.™

The use of biomarkers in basic and clinical research as well
as in clinical practice has become so commonplace that
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play important role in understanding information on complex
cascade of events and molecular mechanisms underlying.#
The biomarkers have the potential to improve diagnostic
accuracy, predict clinical outcomes, select patients for clinical
trials, track disease progression, and find new treatment
targets.l*!

The search for newer and sensitive biochemical markers for
systemic envenomation is a field of active ongoing research.
Serum LDH and CRP-1 activities increased in mild-to-severe

Vol. 17, Issue 2 (March - April 2023)



Honutagi, et al.: Snake venom proteins with LDH and CRP-1

envenomation cases; hence, it may be useful as biomarker in
the diagnosis and prognosis of snake bite cases.!®”)

The present study was aimed to assess the interactions of LDH
and CRP-1 as predictor biomarker proteins with hemotoxic snake
venom proteins using molecular docking and in silico ADME
studies. Further, this in silico study will also predict the most
interactive protein among the hemotoxic snake venom proteins.

Methodology

Screening of snake venom peptides from
database and literature

For this proposed study, all types of snake venom, that is,
hematoxic, cytotoxic, neurotoxic, and proteolytic were
screened from literature. Further, only hemotoxic snake venom
protein was selected for further process.

Retrieval of selected peptides from PDB
database

The available 3-D structure of selected hematoxic peptides was
retrieved from protein data bank (PDB). The 3-D structure of
selected hematoxic peptides were retrieved from protein data
bank (PDB) [Table 1].

Retrieval of target proteins sequences

The crystal structure of human LDH (PDBID: 419U) and
CRP-1(PDBID:1PVN) protein were obtained from the
Brookhaven protein data bank.[® The protein structures were
processed using accerly discovery studio by removing all
non-receptor atoms including water, ion, and miscellaneous
compounds. The binding site for the inhibitor was
searched based on a structural association of template
with experimental evidence using PDBsum supported by a
literature survey [Figure 1].1)
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Docking studies

Protein-protein interaction is important to understand many
biological processes such as metabolic pathways and protein
regulations. To gain structural insight into interaction of
LDH and CRP-1 protein with snake venom peptides, the
protein- protein docking was performed. The protein-protein
interaction was predicted in HDOCK server (http://hdock.phys.
hust.edu.cn/).' It is an integrated tool of multiple function
such as homology search, template-based modeling, structure
prediction, and macromolecular docking with comprehensible
approach. This online server takes both sequences and
structures as an input. The intrinsic scoring functions are used
to predict the protein—protein and protein-DNA/RNA docking.
The HDOCK score include van der Waals, electrostatic, and
restraint violation energies. The interaction between target
proteins and snake venom peptides was visualized through
discovery studio.

Screening of ADME/T properties by SWISS-
ADMET online tool

All the docked the complex were subjected to ADME/T
screening in SWISS ADMET tool, it was predicted that all
the complex obey Lipinski rule and safe.!'!]

Results

Screening of snake venom peptides from
database and literature

From the literature, hemotoxin snake venom peptides were
screened and among them seven were further selected. This
toxin is predominantly found in many vipers, cobra, and
rattlesnakes. The toxin causes hemolysis by destruction of
red blood cells or cause blood coagulation. Snake venom
metalloproteinase (SVMPS) is common venom peptide found
in hemotoxin.
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Figure 1: Binding site of target protein (a) human LDH and (b) human CRP-1
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Table 1 and Figure 2 showed some selected snake venom
peptides with PDBID from specific snake species as found in
protein database.!'?

Retrieval of target proteins from PDB database

The crystal structure of both target proteins complexed with
the inhibitor is already reported. The human LDH is composed
of 507 amino acids, with a molecular weight of 299.3kDa and
resolution of 2.30 A. This protein has single domains (62-265)

Table 1: Selected hemotoxic snake venom peptides

Snake venom peptides PDBID Snake species

Snake venom metalloproteinase ~ /QUA Deinagkistrodon

(SVMPS) acutus

Arginine ester hydralases 2BQV Crotalus scutulatus

Hyaluronidases 1W3Y Echis ocellatus

Phospholipases A2 (PLA2s) 1PP2 Vipera ammodytes

Acetylcholinesterase (AChE) 2ACE All species

Serine proteinase (SvsPs) 4GSO Crotalus durissus
terrificus

L-amino acid oxidase (LAAO) IREO Crotalus durissus

terrificus

and two amino acid residues in active site Argl70, His 185.
Human CRP-1 protein has 224 amino acid residues in A chain
with 1.98 A. It also has only one conserved domain, Cys319,
Asp358, Gly360, Gly381, Arg382, Tyr405, Gly408, and Gly409
amino acid residues in binding domain [Figures 1 and 3].

Docking studies

Molecular docking shows the best binding confirmation and
predicts low confirmation energy. Intrinsic scoring function
was used to select the best complex among the selected best
protein-peptide complex. The server predicted that all the
selected snake venom peptide exhibited good activity, among
all the snake venom metalloproteinase (SVMPS) exhibited the
best affinity with the active binding site of both target proteins.
The binding energy for LDH-SVMPS is — 256.54 kJ/mol and
CRP-1-SVMPS is —234.15 kJ/mol [Table 2 and Figure 4].

Screening of ADME/T properties by SWISS-
ADMET online tool

ADME/T analysis of all docked complex predicted for various
pharmacological properties using SWISS ADME software. All
docked complex of both target proteins follows the Lipinski

Table 2: Docking score of each of the hemotoxic snake venom peptides with LDH and CRP-1 protein in silico

Snake venom peptides

Docking Score KJ/mol

LDH CRP-1

Amino acid residues at binding site
CRP-1

Snake venom metalloproteinase (SVMPS) —256.54 —234.15
Arginine ester hydralases —273.84 —23.87
Hyaluronidases -219.76 —213.82
Phospholipases A2 (PLA2s) —220.79 —256.09
Acetylcholinesterase (AChE) —221.97 —228.07
Serine proteinase (SvsPs) —233.13 —250.96
L-amino acid oxidase (LAAO) —223.95 —280.98

SER91, ARE93, ASP64
SER91, ARE93, ASP64
SER91, ARE93, ASP64
SER91, ARE93, ASP64
SER91, ARE93, ASP64
SER91, ARE93, ASP64
SER91, ARE93, ASP64

ASNG61, GLU18, GLN150, ASP140, GLU138, SER74
ASN61, GLU18, GLN150, ASP140, GLU138, SER74
ASNG61, GLU18, GLN150, ASP140, GLU138, SER74
ASN61, GLU18, GLN150, ASP140, GLU138, SER74
ASNG61, GLU18, GLN150, ASP140, GLU138, SER74
ASN61, GLU18, GLN150, ASP140, GLU138, SER74
ASN61, GLU18, GLN150, ASP140, GLU138, SER74

Figure 2: 3-D structure of hemotoxic snake venom peptides (a) snake venom metalloproteinase (SVMPS); (b) arginine ester hydrolases;
(c) hyaluronidases; (d) phospholipases A2 (PLAZ2s); (e) acetylcholinesterase (AChE); and (f) serine proteinase (SvsPs);G) L-amino acid

oxidase (LAAO)
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Figure 3: 3-D structure of target protein with PDB ID (a) human LDH (PDBID: 419U) and (b) human CRP-1 (PDBID:1PVN)
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Figure 4: Molecular interaction of snake venom metalloproteinase with (a) LDH and (b) CRP-1

rule of five. There is zero violation of the rule shown by these
molecules. The compounds exceeding the cutoff values tend
to have solubility and permeability problems which would
lead to poor oral bioavailability; hence, these molecules are
eliminated. The property of selected drug molecules is depicted
in the [Table 3].

Discussion

Snake venom protein composed of various components.!'!
Venom is complex mixtures of proteinaceous components
(circa 50-200). Through a variety of processes, including
gene duplication, recombination, and straightforward
expression modification, these toxins have evolved from a
number of non-toxic housekeeping genes. Snake venoms can
be broadly classified as hemotoxic, neurotoxic or cytotoxic.
When a person is bitten by a snake, the hemorrhagic,
coagulopathic, and/or hypotensive pathologies caused by the
snake venom hemotoxins can develop. Therefore, improving
our knowledge of the bioactivity of venom hemotoxins is
crucial for the development of next-generation anti-venom
therapies. Due to their high levels of selectivity and potency,
venom hemotoxins continue to be highly relevant for use as
investigational ligands for understanding vertebrate physiology
as well as for the development of new therapeutic and

Table 3: ADME/T analysis of the snake venom peptide docked
complex with LDH and CRP-1 protein in silico

Snake venom peptides Lipinski rule

Snake venom metalloproteinase (SVMPS) Yes Yes
Arginine ester hydralases Yes Yes
Hyaluronidases Yes Yes
Phospholipases A2 (PLA2s) Yes Yes
Acetylcholinesterase (AChE) Yes Yes
Serine proteinase (SvsPs) Yes Yes
L-amino acid oxidase (LAAO) Yes Yes

diagnostic pharmaceuticals relevant for human medicine. In
past few years, computer-aided drug discovery has emerged
as an effective and promising tool for new drug discovery
using existing drug database. The in silico drug discovery
approach has already been employed in various diseases.
There are many reports which suggest that form ancient time
in Ayurveda, homeopathy snake venom is used in different
pathophysiological conditions.!'¥) CRP has been used in
several studies as the prototypic biomarker of inflammation.!*
From the research reports, snake venoms can be consider as
important source for new drug discovery. Many snake venom
components such as PLA, serine proteases, metalloproteinase,
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lectins, I-amino-acid oxidases, bradykinin potentiating factors,
natriuretic factors, and integrin induce some pharmacological
actions which include neurotoxicity, myotoxicity, cytotoxicity,
hemotoxic, and antimicrobial activity.['®!

Some reports suggested role of serum LDH and CRP as markers
of hemolysis. Venomous snakebites by developing acute phase
reaction characterized with pathophysiological changes such
as moderate leukocytosis, with neutrophilia, lymphopenia, and
eosinophilia along with increase of LDH and C-reactive protein
and decrease of total proteins, erythrocyte sedimentation rate,
and albumin.!'" Results from this in silico study are suggestive
of the potential utility of serum LDH and CRP-1 activities as
possible useful biomarkers in the diagnosis and prognosis of
snake bite cases.'" Snake bite-induced increase in LDH is
indicative of as a result of hemolysis which further leads to
acute renal failure.!"” It also induces inflammatory responses
in the vascular smooth muscles and alter CRP level. Reports
suggests that hematological analysis of snake bite showed
positive elevated CRP level.l?”

The aim behind selection of hemotoxin peptides was the many
vipers and cobra species are dominant in the North Karnataka
region as well as its prediction of interaction with target
proteins as biomarker. This in silico study revealed that snake
venom metalloproteinases (SVMPs) docks both LDH and
CRP with the best affinities among all the types of hemotoxic
snake venom proteins.

The SVMPs cause local and systemic effects including
hemorrhage, myonecrosis, blistering, dermonecrosis, edema,
and coagulopathies, in addition to being allogenic and strongly
pro-inflammatory. Hence, this hemotoxic snake venom proteins
SVMPs may be considered as the best possible biomarker of
hemotoxic snake bite induced and can be used as diagnostic
and prognostic tool for snake bite injuries.

Conclusion

The current work suggests that both target proteins, that is,
LDH and CRP positively interact with SVMPs as bind with
amino acid residues in the active site of target proteins and
are likely to be effective biomarker in snake bite patients.
These molecules mimic the substrate structure and have a
nearly identical affinity for the binding site, thus negating the
enzyme action. Hence, further study should carry out to on
SVMP activity as therapeutic point of view. This study should
be validated by in vitro and in vivo analysis as well as specific
species snake venom should be assessed.
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