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Abstract: Snake envenomation is considered as a neglected disease from world health organization. Recent survey states India
has the highest rate of around 1.2 million deaths. As a pathophysiological effect, snake bite is contributing for major toxicity on
human organ systems. As a secondary outcome of snake bite, testicular toxicity on the later stages of envenomation gaining more
interest in recent years. But till date none of the studies have explored the field with the major toxins of the viper venom. Based
on the review, our aim of the study was to predict the possible mechanism of action of the viper toxins against testicular toxicity.
Hence to achieve the aim of the study, the objectives framed to perform the in-silico docking of major viper venom toxins namely
VRV-PL-V and VRV-PL-Vllla against human testicular tight junction and extra cellular matrix proteins. Docking results of our data
demonstrated the prominent interaction of VRV-PI-Vllla with claudin, occludin, TGF-B and Tubulin a/B with the strong hydrogen
bonds where as VRV-PL-V exhibited very poor hydrophobic interactions. VRV-PL-V structure was available and hence the
structure was predicted and its stability was confirmed before docking. Occludin, TGF-B and Tubulin-a proteins shared multiple
hydrogen bonds with the toxin VRV-PL-Vllla whereas claudin and Tubulin-a had numerous hydrophobic interactions with the
VRV-PL-Vllla toxin. On discussion, our docking studies state the impressive binding intensity of VRV-PL-Vllla over VRV-PL-V
where it showed binding ability only with Tubulin o and B that too with weak interactions. In conclusion, our overall studies justify
the previous reports of VRV-PL-Vllla on testicular toxicity.
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. INTRODUCTION

Snakebite - a global burden, is classified under neglected public
health issues by WHO. India is the highest contributor
towards morbidity and mortality in Asian countries tolling to
around 58000 deaths a year and most go unrecorded.' And
India has 1.2 million, the highest snakebite envenomation in the
world.> WHO estimates around 81000 - 138000 people die
each year from snake bite worldwide.> The burden of snake
envenomation estimates at 6 million disability-adjusted life
years globally*. Envenomation owing to the high variability of
venoms of different snake species, clinical manifestations of
bite vary from local to systemic toxicities caused by the
biological concoction, a composite of active substances like
Phospholipase A;, Snake venom metalloprotease, hree-finger
toxins, Snake venom serine protease, Hyaluronidase,
vasoactive peptides & dendrotoxins.’ Snake venom PLA;’s
display numerous pharmacological activities including
myotoxic, neurotoxic, anticoagulant. Hypotensive, hemolytic,
anti-platelet aggregating activity, bactericidal, and pro-
inflammatory activities.® This has inspired towards extensive
research to understand the underlying mechanisms. Venom
PLA; can be either specific or non-specific in their action with
a high potency of toxicity or non-toxicity. In spite of high
degree of sequence and 3D structural homologies all these
variations occur. Since PLA;’s is phospholipid hydrolyzing
enzymes they potentially act by disrupting the membranes of
tissue & organs. VRV-PL-Vllla is a basic PLA; and a major
fraction of Vipera russelli pulchela snake venom from the
south Indian region which makes up to about 30% of the total
venom protein having a lethal potency of approximately 5.4
mg/kg body weight.” It attacks vital organs such as the liver,
lungs, kidney & muscle contributing to the whole venom
toxicity provoking biological effects such as edema, platelet
aggregation, hemolysis, and pulmonary hemorrhage®. Snake
venom toxin administration in a study resulted in severe
structural damage to testes.’” The abnormalities observed
were, reduction in the intracellular concentrations of calcium,
potassium & phosphorus in testis cells'’. Significant
degenerative alterations caused severe damage to
seminiferous tubules resulting in severe disarray of the
spermatogonia and the malformation of spermatozoa
disrupting the spermatogenesis through Sertoli cells."
Furthermore, studies have shown that Pit Viper’s highly toxic
venom has the ability to reverse puberty.'? It showed that 29%
of people who survived bites later suffered from
hypopituitarism, which resulted in men losing their sex drive
fertility."” Loss of libido and erectile dysfunctions was also
reported following viper bites. Case studies of snakebite,
report the reproductive toxicity as a secondary effect.'* Even
by the neutralizing effect of the anti-venin, these secondary
effects were observed in the survived victims'. Studies shows
that many other toxins like bee venom toxins and hazardous
chemicals which shows testicular toxicity are having a direct
effect on tight junction proteins and on blood testes barrier.'®
But none of the studies till date have explored the snake
venom toxins against tight junction proteins. Hence in the
present study by using virtual docking methods, we have
predicted the possible mechanism of venom testicular toxicity
via binding of tight junction proteins.

2. MATERIALS AND METHODS
2.1 Protein Structure Retrieval

2.1.1 Yenom Toxins

Biochemistry

The structure of phospholipase A; VRV-PL-V protein was
predicted using the protein sequence of Daboia russelli pulchella
phospholipase A; VRV-PL-V obtained from Genbank
Database. The structure was predicted using Modeller protein
structure prediction server. The structure of phospholipase A,
VRV-PL-Vllla (Daboia ruselli pulchella) with PDBID: | THé.

2.1.2  Tight Junction Proteins

Structure of human occludin with PDBID: | WPA, structure of
PDZ domain of claudin with PDBID: 3VQF, structure of
Tubulin a and Tubulin B with PDBID: 7LXB were procured
from protein data bank.

2.2 Protein Structure Validation

The predicted structure of phospholipase A, VRV-PL-V
protein was validated through Ramachandran plot using
Rampage webtool, and Z-score was predicted using ProSA
server '’

2.2.1 Binding Site Prediction

The binding site of the phospholipase A, VRV-PL-Vllla Claudin,
Occludin, Tubulin a and Tubulin B protein structures were
analyzed through ligand explorer of RCSB PDB server.
Whereas, the binding site of phospholipase A; VRV-PL-V,
protein structure was determined using GalaxySite tool from
GalaxyWeb server '8,

2.2.2 Molecular Interaction Studies

The procured crystal structures of the Phospholipase A; VRV-
PL-Vllla (PDB ID: ITH6) and VRV-PL-V, Claudin, Occludin,
Tubulin a and Tubulin B protein structures were further
refined by removing water residues and other cofactors. The
interaction of Phospholipase A2 VRV-PL-Vllla (PDB ID: 1TH6)
and VRV-PL-V with Claudin, Occludin, TGF B, Tubulin a and
Tubulin B were analysed using Z-dock server '°. Where, the
binding site residues were selected based on the binding site
data procured from ligand explorer of RCSB PDB.

2.3 Visualization of Interactions

The hydrogen bond interaction and hydrophobic interactions
between Phospholipase A; VRV-PL-Vllla (PDB ID: ITH6) and
VRV-PL-V with Claudin, Occludin, TGF-B, Tubulin a and
Tubulin B were analyzed through UCSF Chimera tool **

3. RESULTS

3.1 Interaction of VRV-PL-Viiia with Tight Junction
and Extra Cellular Matrix Proteins

Out of the selected protein from of tight junction and
extracellular matrix protein Claudin, occludin, TGF-B and
tubulin showed the interactions.

3.1.1 Interaction with Claudin
VRV PL Villla exhibited high interaction with tight junction
protein claudin, indicative of possible modification of normal

functioning of the tight junction of sertoli cells, through
constitutive activation of claudin.
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Fig-1: Exhibiting molecular docking of VRV PL Vllla with Claudin, where the contact sites have been
illustrated in green and orange hue.

Chain A Chain B

@ Lys100
Leud46 -- Auesd

Ala191 @D - Glu97
Ser490 @0 (D Cys98

D Cys133
@D Leul3o

The amino acid residues LEU2, LEU3, PHES, ILE9, LEUI0 and ILEI9 of VRV PL Vllla interact with VAL22, ARG23, VAL25 AND ASP26 of Claudin
through hydrophobic interaction more closely when compared to other hydrophobic interactions between VRV PL Villa and claudin, depicted in

figure 2.

Fig-2: Representative image of various interactions seen at binding site of VRV PL Vllla with (Chain B) Claudin
(Chain A).
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3.1.2 Interaction with Occludin

Fig-3: Exhibiting molecular docking of VRV-PL-Vllla with occludin, where the contact sites have been illustrated
in green and orange hue.

Chain A Chain B

Ned17 @D @D Ser23

Pro422 @D ~“@D Pro20
Gna28 @D @D lle19
Argd13 @D” C DCys29
Thr424 @D Trp31
Serd25 - . Leu3
Ne423 @D , Leull9

D Phel24
D Tyr2s
G427 @D D Tyr120

F g.'tw. Asp122
Tyr517 @D =@ Pro121
Lyss21 @ - -

f
Ser24 ‘

The amino acid residues ARG43, CYS51, ASN54, GLU97, LYS100 and ALAI0I of VRV PL Vllla interact with GLU442, VAL487, SER490, and SER495 of
occludin through hydrophobic interaction more closely when compared to other hydrophobic interactions between VRV PL Vllla and claudin,
depicted in figure 4.

Fig-4: Representative image of various interactions seen at binding site of VRV-PL-Vllla (Chain B) with
Occludin. (Chain A)

3.1.3 Interaction with Tgf6

VRV PL Vllla was found to interact with the heterodimers of TGF-B simultaneously forming a triad kind of complex upon binding
to chain A and chain B of TGF-p.
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Fig-5: Exhibiting molecular docking of VRV-PL-Vllla with TGF-$, where the contact sites have been illustrated
in orange, grey and blue hue.

Chain A

Thr745 @D
Arg744 @D
Leu741
Arg751

His753 @D
Arg749 @D
Pro681 @ @D Lys34
Leu728 @D

Chain C
Lys116

wo D Tyr120

Phe680 D Lys38
Glu748 : Tyrll7
Thr36

Pro6s3 @D~ @ Pro37

His726 . D Phel24
Arges2 @D @D Gly128
Leu627 @ @D Lys127
vals79 @D
Asp62s @D

Chain B Chain C

Pro673 Vi,

Argss7 @D @D Gly33

Glu63c @ @ Lys131
~ @@ G129

Gly703 - - Asn67

Met670 @D -

Ser596 @D

Thr762 @ - @ Leu3
Argis @D @D Argn2
Args2 @D @D Glu92
Thr6’s @D

Asn674 .///% @D Gly32

P Trp31
i - Asp49

Arg676 @D Asp122
His672 @ Asp71

Glues1 @ . @D Lys34
Thr594 @D, .
valc77 @D @D Ser70

VRV PL VIl A binds to TGF 8 at the interface of chain A and chain B, where GLU92, ASP71, LYS69 and THR36 amino acid residues of VRV PL VIl A
interact with GLU748, PRO683, LEU728 of chain A and PRO673, ARG592, GLU593 and ARG587 of chain B respectively.

Fig-6: Representative image of various interactions seen at binding site of VRV-PL-Vllla (Chain C) with
TGF-B (Chain A and B)
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3.1.4

Interaction with Tubulin A

Biochemistry

Fig-7: Exhibiting molecular docking of VRV-PL-VIllla with Tubulin a, where the contact sites have been

illustrated in yellow and Pink hue

Thr3é

Aspl22
Lys127
Phel24

C
Pro37

thain A Chain G

@ @D Tyr3s7
@ @ rros

@ @ e
@D G1y29
@D @D His2s
@D Leu2s
@D ne30
@ ciw2?

VRV PL VIl A binds to Tubulin a, where LYS127, LEUI125, PHEI24, ARGI21, TYRI20, THR36, TYRI 17, LYS38, PRO37, ASP39, ARG43 amino acid
residues of VRV PL VIl A interact with TYR357, ASP245, PRO359, GLN358, PHE70, ASP47, GLU27, PHE41, LEU26, ILE30, MET36, PRO37, AND

SER38 of Tubulin a.

Fig-8: Representative image of various interactions seen at binding site of VRV-PL-Vllla with Tubulin o, where

the contact sites have been illustrated in yellow and pink hue
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3.1.5 Interaction with Tubulin B

Fig 9: Exhibiting molecular docking of VRV-PL-Vllla with Tubulin B, where the contact sites have been
illustrated in yellow and pink hue.

Chain A Chain G

Pro37 @D
Thr36 @D @D Tyr3s7

@D Pro3so

VRV PL VIl A binds to Tubulin 8, where ASN67, LYS69, SER23, SER24, TYR25, LEUI 19, LYS34, PROI21, CYSI26, LEUI25, and LYS 127 amino acid
residues of VRV PL VIII A interact with ASP41, LEU42, ASP355, LYS354, MET321, SER322, MET323, LYS324, ASP325, AND LEU328 of Tubulin 8.

Fig 10: Representative image of various interactions seen at binding site of VRV-PL-Vllla (Chain A) with
Tubulin B (Chain B), where the contact sites have been illustrated in yellow and pink hue

3.2 Structure of VRV PL V

The other toxin VRV-PL-V of viper venom was not available on PDB. Hence by taking the sequence of VRV-PL-V structure was
predicted using modeller software.
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Fig 11: Predicted structure of VRV-PL-V
3.2.1. Validation of Protein Structure

The predicted protein structure was validated for structural integrity through Ramachandran plot prediction. It was found that all
the amino acids were in stable region authenticating the stability of the predicted structure.
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Fig 12: Ramachandran plot for VRV-PL-V

3.3

Interaction of VRV-PL-V with Tubulin A and B

VRV-PI-V toxin was not binding with any of the proteins other than Tubulin o and B. Hence only that data is been projected in

the below results section.
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Fig 13: Exhibiting molecular docking of VRV-PL-V with Tubulin a and B, where the contact sites have been
illustrated in yellow hue.

Chain F Chain S Chain J Chain S
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111 (D
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Fig 14: Representative image of various interactions seen at binding site of VRV-PL-V (Chain S) with Tubulin a
and B (Chain F & )), where the contact sites have been illustrated in yellow and blue hue
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VRV-PL-V was found to interact with GLY321, ASP322, VAL323, PRO325, ASP327, LYS328 of G chain of Tubulin o and 8. GLY71, SER78, GLY79,
ALA80, GLN171, ASP224 VALI75 and TYR208 of chain H of Tubulin a and 8 through hydrophobic interactions. It can be noted that the VRVPL-V
interacts with both chain G and chain H simultaneously at the site of intersection of chain G and Chain H.

Fig 15: Hydrophobic interactions seen at binding site of VRV PL V with Tubulin a and B, where the contact sites
have been illustrated.

Table - 1 Exhibits the binding site interaction between VRV PL VIII A, VRV PL V with various cell junction
proteins, with binding energy, number of non-bonded interactions, hydrogen bond interactions between each
toxin and respective cell junction proteins.

Bindin Lo i e Hydrogen bond
Protein s o e . Protein Binding 8 bonded yerogen
Sl.no Toxin Binding Site . Energy . . interaction
Name Site interactions
Toxin Protein
VRYV PL Vllla
LYS100, ASN54, LEU446, VAL487,
GLU97, CYS98, ALA49 [, SER495,
CYSI33, LEUI 30, SER490, ASP492,
ALAIOI, VAL47, GLU452, ASN498, 124
| Claudin CYS51, LYSI3I, GLN502, TRP416, k- I/r'n | 17 ; -
PHE46, GLU108, LYS496, THR438, calimo
CYSI105, THR36, HIS499, SER445,
VAL78, VALS3, GLN441, ARG483,
ARGH43 GLU442
ILE417, PRO421,
SER23, PRO20, ILEI9,  1O422, GLN428,
ARGH418, THR424, GLU452,
CYS29, TRP31, GLNI108,
. SER425, ILE423, -95 CYSI105,
2 Occludin LEUI 19, PHE |24, 112 GLU449,
ASP5 16, GLN520, kcal/mol ASN54
TYR25, TYRI20, ALA49|
ASP122. PROI2| ASP426, GLN427,
’ TYR517, LYS521,
SER24
LYSI 16, TYRI20, CHAIN A: THR745,
LYS34, LYS38, ARG744, LEU741,
TYRI17, THR36, ARG751, HIS753,
PRO37, PHE|24, ARG749, PRO68I, 15| TYRI 17, GLU748
TGE GLY 128, LYSI27, LEU728, PHE680, k;al /r.nol 115 LYS38, AR G592,
3 -B GLY33, LYSI3I, GLU748, PRO683, ARG72, THR 59 4’
GLUI129, ASNé67, HIS726, ARG682, SER70, ARGT5| ’
LEU3, ARG72, GLU92, LEU627, VAL679, LYSI 16
GLY32, TRP31, ASP49, ASP625
ASP122, ASP71, CHAIN B: PRO673, 9%

LYS69, LYS34, SER70

ARG587, GLU636,
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GLY703, MET670,
SER596, THR762,
ARG704, ARG592,
THR675, ASN674,
ARG676, HIS672,
TRP638, GLU593,
GLUé631, THR594,
VAL677
CHAIN G: TYR357,
PRO359, ASP245,
PRO37, THR36, GLY246, PRO37,
ARG43, LYSI 16, ASP47, GLN358,
Tubulin TYRII7, PROI2I, ASP39, SER38, -21.3
4 a TYRI20, LEU125, PHE49, ASN356, kcal/mol 238 TYRI20 SER38
LYS38, ASPI122, PHE244, MET36,
LYS127, PHEI24 GLY29, HIS28,
LEU26, ILE30,
GLU27
PRO28, GLY29,
TYR22, ILE9, ILEl9,  CLU27.VALDS,
ARG24, ASP26,
. LEU2, PHES, GLY30, -10.4
5 Tubulin B PHE3 1, SER65, 159
SER23, ALAIS, LEU3, kcal/mol
ARG72, LEUI17, LEUIO ARG23, GLU49,
’ ’ VAL22, PHE33,
GLU67
VRV-PL-V
CHAIN F:
SER26, VAL3, ILE2,
Tubulin LYS127, PHE124, GLUI, PROI0I 97
. wand B LEUI25, LEUI17, ILEI9, CHAIN |: keal/mol 238
PRO20, LEU3 TYRI IS, LYS6S,
GLNé67, PROI 13,
ALA[45, GLUI46
4. DISCUSSION involved in normal testicular spermatogenesis were identified

Tight junction (T)) proteins of testes are found in blood testes
barrier (BTB).?' The term blood-testis barrier, also known as
the Sertoli cell seminiferous epithelium barrier.”> 2 BTB is
unique from the other tissue barriers as it not only comprised
of TJs but also they co-exist and co-function with
desmosomes?*, gap junctions and ectoplasmic specializations
2% to create a specific environment for meiosis to occur among
the spermatids to develop into spermatozoa.’ It’s the main
route for any toxin or any external materials to interfere with
the spermatogenesis.”'**” Many previous studies have reported
the interaction of the toxicants with the tight junction proteins
impacting on reproductive toxicity in males.” 3' The
interruption in the BTB of sertoli cells cause damage to the
normal  physiological functions of testes namely,
spermatogenesis and cause loss of spermatids.** Previous
research on reproductive toxicity in male have shown the
direct interaction or the damage TJ's proteins leading to
testicular toxicity'®. Many case studies on snake bite has
confirmed the secondary effect of toxins on reproduction in
males showing disruption in spermatogenesis.®* Even with the
notable case reports, none of studies was conducted on the
mechanism of action of snake venom toxins on TJ’s. Hence in
the present study, we predicted the possible mechanism of
action of major viper venom toxins against T] proteins and
extra cellular matrix proteins. Literatures on snake bite
evidenced mainly the viper venom bite on testicular toxicity.
And the research studies on toxins from viper venom
reported VRV-PI-V and VRV-PL-Vlila as the lethal toxins.**
Hence these two toxins were considered for the whole study.
However, for the study, the major proteins of the sertoli cells

through a thorough literature review. Based on their location
and function proteins present in the tight junction (T]) of
sertoli cells, were considered along with the Extracellular
matrix proteins (EMP) of the seminiferous tubule.?' Hence
proteins such as Claudin, Occludin, TNFa, TGFfB, Tubulin a
and B were considered for molecular interaction studies with
venom toxins. In-silico docking studies of VRV-PL-Vllla shows
a very interactive binding to the major sites of Claudin (Figure
-1 & 2), Occludin (Figure -3 & 4). Toxin was found to interact
with the heterodimers of TGFf simultaneously forming a triad
kind of complex upon binding to chain A and chain B of TGF
(Figure -5 & 6). Tubulin a & B interaction with the VRV-PL-
Vllla also exhibited a significant interaction (Figure -7 & 8). The
major hydrogen bonding was found in between the toxin and
protein of interest. These interactions may contribute for the
inhibition of the protein functioning as its proved that changes
in Claudin results in the lack of functional redundancy in BTB**.
Likewise, VRV-PL-V toxin was considered for the studies. Due
to the unavailability of the VRV-PL-V structure, by using
homology modelling, VRV-PL-V structure was predicted
(Figure-11). Again the predicted protein structure was
validated by rechecking the predicted protein for its stability
using Ramachandran plot (Figure-12). VRV-PL-V toxin didn’t
show any interaction with the other T] or EMP than Tubulin a
and B. But the data represents only the hydrophobic
interactions between VRV-PL-V and Tubulin a and B of sertoli
cells (Figure-13, 14 & |5). The binding interaction between the
toxin and the sertoli cells T] or EMP proteins were
summarized in table-1. The overall docking of major toxins of
viper venom with the T] or EMP demonstrates the prominent
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interactions between them. Among both the toxins, VRV-PL-
Vllla represents maximum strong hydrogen bonding
interpreting the possible inhibitory mechanism of the TJ or
EMP proteins. Even this prediction is justified by the previous
results were among the two toxins, VRV-PL-Vllla has been
experimentally proved for reproductive toxicity in male
mice3* Hence our overall studies signifies the possible
mechanism of toxins on testicular toxicity. Further
experimental studies should be conducted to justify the above
present in-silico study.

5. CONCLUSIONS

The predicted mechanism of toxins in effecting the testicular
toxicity by docking studies explained the possible strong
interactions between the venom toxin and the tight junction
proteins through hydrogen bonds and hydrophobic
interactions. Whereas VRV-PL-Vllla presented the more
interfaces than VRV-PL-V. These data helps us to conclude
that the testicular toxicity by viper snake venom is mainly by
aberration of the tight junction proteins by venom toxin
proteins. These findings have paved a way for further
exploration of the toxins on male reproductive system in-turn
in future it would be helpful in the treatment strategy against
snake bite.
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