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Abstract
Vaccines based on epitope are alternative treatments for snakebite aside from anti-venom immunoglobulin, which is specific and not cross-reaction.
However, the potential kistomin epitope has not been known. This study identified the region of T cells epitope and evaluated their immunogenicity to
induce an immune response by in-silico. Sequences of kistomin were collected from Swiss-Prot with ID POCB14. The physico-chemical and conserved
domain of kistomin were predicted by using ProtParam and the NCBI database. The T cell epitope was predicted by using the Artificial Neural Network
(ANN) method on the IEDB website. Epitopes with MHC-IC50 values >250 nM were further analyzed for conservation and immunogenicity on the
IEDB website as well. After that, the candidate 9-mer epitope was interacted by simulated docking with four Major Histocompatibility Complex (MHC)
molecules (SENW, 6VBO, 3PGD, 6DIG). The conserved 9-mer epitope candidates with high immunogenicity and having similarities with the 15-mer
epitope candidates are 4-VLLVTICLA-12 and 27-NVNDYEVVY-35. The 4-VLLVTICLA-12 candidate epitope interacted at -sheet structure of four
MHC. In contrast, The 27-NVNDYEVVY-35 candidate epitope interacted at a-helix and B-sheet structures of HLA-B*15:02 MHC. This study suggested
27-NVNDYEVVY-35 is potentially used as vaccine from envenomation Calloselasma rhodhostoma. In future studies, other alelles can be used to

predict epitope from metalloproteinase domain in kistomin.
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Introduction

Cases of envenomation in Indonesia were estimated
to be >100,000 cases annually with a mortality rate of
101-1000 people per year (Kasturiratne et al., 2008). One
of the envenomation was caused by Calloselasma
rhodostoma. C. rhodostoma 1is classified in the category
of high medical importance and is spread in Southeast
Asia and in Indonesia spread over on Java, Karimun, and
Kangean (Tang et al., 2019; Das, 2010).

C. rhodostoma snake venom from various
geographical locations is dominated by kistomin (Tang et
al., 2019). Kistomin belongs to the Snake Venom
Metalloproteinase (SVMP) group whose it has
hemorrhagic activity (Tang et al., 2016). Kistomin is
included in P-I subfamily of SVMPs. Kistomin have
metalloproteinase domains, pro-domains and signal
sequences. Metalloproteinase enzymes are active when
the peptide signal and pro-domain sequences were
released (Olaoba et al., 2020). The SVMP activation
causes Extracellular Matrix (ECM) degradation and
eliminate cell viability (Gutiérrez et al., 2016)

ECM degradation and cell viability cannot stop if
SVMP are not neutralized or inactivated. The technology
has been developed that is anti-venom immunoglobulin.
Anti-venom immunoglobulin works specifically and
causes cross reaction (Leon et al., 2011). Indonesia has
been developed anti-venoms immunoglobulin which is
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SABU (Serum Bisa Ular) (WHO, 2010). SABU can

neutralize protein venom from Calloselasma rhodostoma.

SABU contains albumin which it can induces
hypersensitivity in respiratory disorders and shock due to
anaphylactoid. The cost of purified albumin production
by maximum purification is significantly high. In
addition, giving antivenom should be done every time if
get bitten by a snake (Bermudez-Méndez et al., 2018).
One of the innovation strategy to treat envenomation
was the immunization vaccine methods. Epitope-based
vaccine has several advantages, including specific
response, no unwanted immune response, an adjustable
composition and easier production (Khan et al., 2015; Li

et al., 2014; Parvizpour et al., 2020; Sette & Fikes, 2003).

It can increase efficacy, safety, and affordability, and
treatment is only done once to induce immunity
(Bermudez-Méndez et al., 2018).

Epitope-based vaccine production has three important
steps, including epitope mapping, immunogen
construction, and evaluation of vaccine effectiveness.
Recently, computational epitope mapping methods have
been used to reduce time, cost and failure (Parvizpour et
al., 2020). The mapping has several stages to evaluate
immunogenicity, evaluate epitope conservation, and
eliminate epitope which to have side effects. These
stages can be solved by using the immunoinformatics
method (Bui et al, 2007; Leén et al, 2011).
Immunoinformatics was used to mapping epitope for
PLA> from Bungarus candidus and Bungarus caerules
(Kurniawan & Kurniasari, 2020; Muhammad Ashraf et
al., 2014). Epitope-based vaccine for kistomin hasn’t yet
researched. Therefore, this study aimed to identify the
epitope region of kistomin (the venom of Calloselasma
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rhodostoma) and evaluate its immunogenicity in
inducing an immune response by in-silico.

Methods

Protein sequence retrieval

The sequence of kistomin from Calloselasma
rhodostoma was retrieved from the Uniprot database
(http://www.uniprot.org). The accession number of the
protein kistomin sequence is POCB14.

Secondary structure prediction

The physico-chemical properties of the secondary
structure of kistomin were predicted by the ProtParam
tool on the ExPASy website server
(https://web.expasy.org/protparam). This ProtParam tool
was used to predict the location of negative and positive
residues, formulas, exclusion coefficients and instability
indexes, aliphatic indexes and Grand Average of
Hydropathicity (GRAVY)

Identification of the conserved domain

The identification of the conserved domain was
carried out by alignment of the kistomin sequences with
members of the protein superfamily Cd00206 and
pfam0087. Identification was carried out with the NCBI
database  (https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi).

Prediction of T cell receptor epitopes (MHC-I and
MHC-II)

T cell epitopes were predicted from the kistomin
sequence by using the Immune Epitope and Analysis
Database (IEDB). The prediction is based on the binding
interaction between the epitope with MHC class I
(MHC-I) and MHC class II (MHC-II). Epitope and
MHC-I interactions were predicted by using the MHC-I
Processing Prediction tool at IEDB
(http://tools.iedb.org/mhci/tcell) by using the Artificial
Neuronal Network (ANN 4.0) prediction method
(Andreatta & Nielsen, 2016; Lundegaard et al., 2008;
Nielsen et al., 2003). The alleles used for prediction were
51 alleles with the length of the epitope determined as
long as 9 amino acids, then were screened virtually by
MHC-II binding using MHC-II binding prediction tool
(https: /tools.iedb.org/mhcii) with the Artificial Neutral
Network (NN-align 2.3) prediction method. The epitopes
vaccine were predicted from 27 alleles and determined
the length of the epitope was 15 amino acids. Then, the
predicted results of the MHC-I epitope were selected
based on the IC50 less than 250 nM and MHC-II epitope
were selected based on the IC50 less than 200 nM and R
value less than 10% (Kurniawan & Kurniasari, 2020).

Epitope conservancy and immunogenicity analysis
Kistomin epitope concervancy was analyzed by using
the tools available at IEDB
(https://tools.iedb.org/concervancy/). Kistomin sequence
was compared with 22 proteins which it were had
similarity, had complete sequences and was reviewed by

UNIPROT (Table S1). Furthermore, the selection of
peptide sequences with conservation values above 50%
were carried out for immunogenicity analysis.
Immunogenicity analysis was carried out using the tools
available in the IEDB  (https://tools.iedb.org/
immunogenicity/).

Docking simulation

The immunogenicity of Kistomin Epitope was
evaluated by docking simulation. The docking simulation
was carried out by interacting the potential candidate
epitope with two molecules of MHC-I allele HLA-
A*0201 (PDB ID: SENW) and allele HLA-B*1502
(PDB ID: 6VB0) and two molecules of MHC-II allele
HLA DRAI1/DRB1 (PDB). ID: 3PGD) and allele HLA-
DQA1*01:02/DQB1*06:01 (PDB ID: 6DIG). The
epitope candidate was modeled with HHpred
(https://toolkit.tuebingen.mpg.de/tools/hhpred) to obtain
a three-dimensional structure. The MHC molecular
structure was prepared by removing water molecules and
ligand molecules using the Discovery Studio Visualizer
V16.1.0.15350 software. Docking simulation was done
with Hex 8.0 software, with the correlation type shape +
electro and other parameters as default (Ahkam et al.,
2020; Tapiory et al., 2020) Molecular docking results
were analyzed using Discovery Studio Visualizer
V16.1.0.15350 and Ligplot V.1.4.5 (Fatchiyah et al.,
2015; Kurniawan & Kurniasari, 2020). The interaction
between the Toxoplasma epitope “GLKEGIPAL” and
the MHC-I molecule HLA-A*0201 allele was used as a
comparison.

Results

Analysis of physico-chemical properties and
identification of conserved domains of kistomin

The kistomin sequence consists of 417 amino acids.
Molecular weight of kistomin was predicted 47445.99
Da. Kistomin was stable protein with stability index
more than 40. Kistomin have residues with positive
charge. Kistomin was a hydrophilic protein with a
GRAVY value and an isoelectric point (pI) of 5.91
(Table 1). Kistomin performed conserved domain in
residues number 32 — 152 and 200 — 385.

Table 1. Physico-chemical properties of kistomin protein from C.
rhodostoma

Criteria Assesment
Number of amino acids 417
Molecular weight 47445.99
Isoelectric pH 591
No. of negatively charged residues (Asp +

58
Glu)
No. of positively charged residues (Arg + 4

9

Lys)
Formula C2105H3264N5580639S26
Extinction coefficient 46300 47050
Instability index 37.21
Aliphatic index 71.75
Grand average of hydropathicity 0518
(GRAVY) :
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Prediction of T cell epitope (predicted MHC-I &
MHC-II binding)

There 74 of 362 epitopes can bind strongly with
some alleles from HLA-A to HLA-C. Certain alleles of
MHC-II recognized with 156 of the 319 epitopes
predicted by strong binding. (Table S2 and S3). In
addition, 62 of 74 epitopes were recognized with MHC-I
and MHC-II allele. (Table S4). The epitope was
recognized to MHC-II consists of 15 amino acids and 9
core-peptides (Table S3).

Epitope conservation and immunogenicity analysis
From 74 epitopes, only five epitopes was have a
conservation value more than 50%. In addition, from the
five conserved epitopes, only 3 epitopes have high
immunogenicity with positive immunogenicity values.
The 9-mer epitope is high conservation and
immunogenicity, only interacted with one MHC-I allele

(Table 2). The conserved peptide has high
immunogenicity in the signal peptide domain (4-
VLLVTICLA-12) and pro-peptide domain (27-
NVNDYEVVY-35), both of them were not in the
conserved domain.

Similarity of candidate MHC-I molecular epitope and
candidate MHC-II

The 9-mer epitope interacted with the MHC-I
molecule and the 15-mer epitope bound to the MHC-II
molecule with the 9-mer core peptide. The 9-mer epitope
has high immunogenicity also has similarity with the 15-
mer epitope except the 23-LESGNVNDY-31. Epitope
27-NVNDYEVVY-35 similar with four candidate
epitopes. It was recognized by several alelles from HLA-
DRB1. Furthermore, 4-VLLVTICLA-12 has similar
epitope which it recognized with several alelles HLA
DQA1/DQB1 and DPA1/DPB1 (Table 2).

Table 2. Conservation values immunogenicity and interactions of 9-mer and 15-mer peptides that interacted with MHC-1 and MHC-II molecules of

several alleles

Peptide (9-mer) Alel Conservancy  Immunogenicity Peptida (15-mer) Alel
25-SGNVNDYEVVYPRKI-39 HLA-DRB1*07:01
HLA-DRBI1*07:01
26-GNVNDYEVVYPRKIT-40
HLA-DRB1*09:01
27- HLA-
NVNDYEVVY  B*15:0 5455% 0.16983 HLA-DRB1*07:01
-35 2
27-NVNDYEVVYPRKITA-41 HLA-DRBI1*09:01
HLA-DQA1*05:01/DQB1*04:02
26-GNVNDYEVVYPRKIT-40 HLA-DRB1*09:01
HLA-DQA1*01:02/DQB1*05:01
I-MIEVLLVTICLAAFP-15
HLA-DQA1#02:01/DQB1*03:01
HLA-DQA1*01:02/DQB1*05:01
4- HLA- 3-EVLLVTICLAAFPYQ-17 HLA-DQA1*02:01/DQB1*03:01
VLLVTICLA-  A*02:0 7727% 0.14904
12 1 HLA-DPA1*01:03/DPB1*02:01
4-VLLVTICLAAFPYQG-18 HLA-DQA1*01:02/DQB1*05:01
HLA-DQA1*02:01/DQB1*03:01
2-IEVLLVTICLAAFPY-16
HLA-DPA1*01:03/DPB1*02:01
23- HLA-
LESGNVNDY-  B*18:0 6364% 0.02046
31 1

Docking simulation

The 27- NVNDYEVVY-35 epitope interacted with
the a-helix and B-sheet region structure in domain A of
the MHC-I HLA-A*02:01 while the epitope interacted
with the HLA-B*15:02 in the o-helix region, even
though the end of the peptide still like interacted with the
a-helix structure. Futhermore, the 4-VLLVTICLA-12
epitope interacted at the B-sheet region of the HLA-
A*02:01 and HLA-B*15:02. The two epitopes interacted

with the HLA-A*02:01 and HLA-B*15:02 at different
residues. The hydrogen bond was produced by the
interaction of the 27-NVNDYEVVY-35 epitope was less
than the 4-VLLVTICLA-12 (Figure 1). In addition, there
were several other bonds, like hydrophobic, electrostatic,
and other bonds between the epitope and the two MHC-I
molecules. The 4-VLLVTICLA-12 epitope provided an
atomic donor for the Asp30 residue in both MHC-I
molecules. The “GLKEGIPAL” epitope also donated its
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atom to the Asp30 residue in the HLA-A*02:01. The
binding energy of 4-VLLVTICLA-12 with HLA-
B*15:02 was lower than 4-VLLVTICLA-12 with HLA-

A*02:01. Meanwhile. the bindine energv 27-
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NVNDYEVVY-35 with HLA-B*15:02 was lower than
binding energy 27-NVNDYEVVY-35 with HLA-
A*02:01 (Table 3).
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Figure 1. Interaction of 4-VLLVTICLA-12 dan 27-NVNDYEVVY epitope with MHC-I1 HLA-A *02:01 dan HLA-B*15:02. The color in 3D view
denote as HLA (Green) 27-NVNDYEVVY epitope (Purple) 4-VLLVTICLA-12 epitope (dark blue) and “GLKEGIPAL” epitope (blue).

The 27-NVNDYEVVY-35 and 4-VLLVTICLA-12
epitopes interacted with MHC HLA DRA1/DRBI at -
sheets structure of the molecule. The 27-NVNDYEVVY-
35 epitope also interacted with the HLA-
DQAT*01:02/DQBI*06:01 in the o-helix structure
although most of it interacted with B-sheet structure.
Meanwhile, 4-VLLVTICLA-12 interacted only in f-
sheet structure of HLA DQAI*01:02/DQBI*06:01.
Distance of the hydrogen bond between 27-
NVNDYEVVY-35 epitope residue and the residue of
DRAI1/DRBI was farther than the 27-NVNDYEVVY-35
epitope  residue with the residue of HLA-
DQA1*01:02/DQB1*06:01. The Cys10 residue on the 4-
VLLVTICLA-12 epitope plays a role in forming
hydrogen bonds in the two MHC-II molecules. The
Cys10 residue interacted by hydrogen bond with Ala52
residue in domain A of HLA DRA1/DRB1 molecule
with a distance of 3.14 A and interacted with Argl49 in
domain B of the HLA-DQA1*01:02/DQB1*06:01
molecule with a distance of 2.7 A (Figure 2). The Cys10
residue interacted with Ala52 as an atomic donor, but the

Cysl0 residue also acted as an atomic acceptor from
Lys106 residue of MHC-II DRAI1/DRB1 molecule.
Residue Cys10 accepted atoms from residue Argl49 and
donated atoms to Leul47 residue of HLA-
DQA1*01:02/DQB1*06:01 which was facilitated by
conventional hydrogen bond. Epitope 27-
NVNDYEVVY-35 only interacted with domain A of
MHC HLA-DQA1*01:02/DQB1*06:01 with three types
of bonds. The types of bond were electrostatic, hydrogen
and hydrophobic bond. Meanwhile, the 4-VLLVTICLA-
12 epitope  interacted ~with MHC  HLA-
DQA1*01:02/DQB1*06:01 both in domain A and
domain B. Domain B of MHC HLA-
DQA1*01:02/DQB1*06:01 more acted as an atomic
donor than domain A of MHC HLA
DQA1*01:02/DQB1*06:01. The energy was generated
from the interaction between the 27-NVNDYEVVY-35
epitope with MHC HLA-DRAI1/DRB1 and HLA-
DQA1*01:02/DQB1*06:01 was lower than the
interaction between the 4-VLLVTICLA-12 epitope with
MHC HLA-DRA1/DRB1 and HLA-
DQA1*01:02/DQB1*06:01 (Table 4).
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Figure 2. Interaction of epitope 4-VLLVTICLA-12 dan 27-NVNDYEVVY with MHC-II HLA-DRA1/DRBI dan HLA-DQA1*01:02/DQB1*06:01.
The color in 3D view denote as HLA (Green) 27-NVNDYEVVY epitope (Purple) and 4-VLLVTICLA-12 epitope (dark blue).

Table 3. Interaction MHC-I Alleles with 4-VLLVTICLA-12 dan 27-NVNDYEVVY-35 epitope

Binding
Interaction Point Interaction Category Type energy
(KJ/mol)
A:LYS243:NZ - X:ALA8:O; X:LEU2:N - A:ASP30:0D1; X:LYS3:NZ Electrostatic Attractive Charge
é - A:ASP29:0D2; X:LYS3:NZ - A:ASP30:0D1
Q -
J B:TYR63:HH - X:GLU4:0; X:LYS3:HN - A:ASP30:0D1 gggzem‘onal Hydrogen
é X:PRO7:CD - X:GLY5:0 Hy];igzﬁe“ Carbon Hydrogen Bond
3 X:LYS3:HZ1 - A:ASP30:0D2 Salt Bridge; Attractive 463.7
é Charge
o) A:ARG6 - X:LYS3 Alkyl
& Hydrophobic
5 B:TYR26 - X:PRO7 Pi-Alkyl
’ X:GLY5:0 - B:TYR63 Other Pi-Lone Pair
, A:ARG65:NH2 - X:ASP30:0D2; A:LYS66:NZ - X:ASP30:0D1; Attractive Charge
w A:ARGY97:NH1 - X:TYR35:0XT; X:ASN27:N - A:GLUS55:0E1; ) g
S X:ASN27:N - A:GLU58:0E2 Electrostatic
[=]
E g X:TYR35:0XT - A:TRP147 Pi-Anion
*
< : 4264
E P A:ARG65:HHI1 - X:-TYR31:0: Hydrogen Conventional Hydrogen
E 5 Bond Bond
> = X:VAL33:CGI - AHIS70 Pi-Sigma
5 Hydrophobic
A:ALAG69 - X:VAL33 Alkyl
& X:LEUG6:N - A:ASP29:0D2; X:LEUG6:N - A:ASP30:0D1 Electrostatic Attractive Charge
< é B:LYS58:HN - X:CYS10:0; B:LYS58:HN - X:CYS10:SG; Hydrogen Conventional Hydrogen
39S  B:TYR63:HH - X:LEU11:0XT; B:TYR63:HH - X:THRS:0; B Bord yaros
E < X:THRS8:HN - A:ASP30:0D1; X:VAL7:HN - A:ASP30:0D1 445.6
< .
ﬂ E A:ARG6 - X:ILE9; A:ALA211 - X:VAL7; X:CYS10 - B:LYS58 Alkyl
=~ Hydrophobic
~ A:TYR27 - X:ILE9; B:TYR63 - X:LEU11 Pi-Alkyl
; <o A:ARG21:NH2 - X:ASP30:0D1 Electrostatic Attractive Charge
mado
RI E e v A:ARG21:HE - X:ASP30:0; A:ASP37:HN - X:GLU32:0E1; Hydrogen Conventional Hydrogen
2%k A:ARGA4:HN - X:GLU32OEL X:VAL28:HN - BILE3S:0; B Bony ydrog 4144
Z > X:ASN29:HD22 - B:ASP34:0D1
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A:PRO43:CA - X:GLU32:0E1 Carbon Hydrogen Bond
A:ARG21:NH2 - X:TYR31; X:ASN27:N - B:HIS51; A:ASP37:0D2 - Electrostati Pi.Cati

X:TYR31; X:GLU32:OE1 - A:PHE36 ectrostatic 1--ation
X:ASN27:CB - B:HIS51 Pi-Sigma

A:ALA40 - X:VAL34; A:ALA41 - X:VAL34; X:VAL28 - B:LEU54; Hydrophobic Alkyl

X:VAL28 - B:ILEU64

B:LYSS58:NZ - X:LEU11:0XT

Attractive Charge

(o] .
= Electrostatic
\n X:LEU11:0 - A:TYR113 Pi-Anion
*
ﬁ A:ARG6:HE - X:CYS10:0; A:ARG6:HE - X:LEU11:0 Conventional Hydrogen
= A:ARG6:HH22 - X:CYS10:0; X:CYS10:SG - A:ASP29:0; Bond
f-l Hydrogen
- X:VAL7:CA - A:ASP30:0D1 Bond Carbon Hydrogen Bond “411.1
< ——— :
g X:LEU6:HT2 - A:GLU212:0E2 Salt Bridge;Attractive
= Charge
5 A:ARG6 - X:CYS10; A:PRO210 - X:VAL7; A:ALA211 - X:LEU6; Hvdrophobic  Alkvl
= A:ALA211 - X:VAL7; B:LYS58 - X:ILE9 yarop Y
4
X:CYS10:SG - A:PHE8 Other Pi-Sulfur
Note : Bold as donor
Table 4. Interaction MHC-II with 27-NVNDYEVVY-35 and 4-VLLVTICLA-12 epitope
Binding
Interaction Point Interaction Category Type energy
(KJ/mol)
S C:LYS106:N - X:TYR35:0 Electrostatic Attractive Charge
A
' /M
Z e
; a A:SER53:HG - X:GLU32:0; D:SER95:HG - X:GLU32:0E1; Conventional
m 5 X:ASN27:HD21 - A:THR41:0; X:VAL33:HN - D:GLU101:0E1 Hydrogen Hydrogen Bond
¥ Bond 2664 Kj
E < D:PRO102:HA - X:ASP30:0D2; D:PRO102:HD1 - X:TYR31:0; Carbon Hydrogen
. E X:GLU32:HA - D:GLU101:0E1 Bond
a C:LYS106 - X:VAL33; D:PRO152 - X:VAL28 Hydrophobic Alkyl
' C:LYS106:N - X:LEU11:0XT; E:LYS98:NZ - X:LEU11:0XT,; . .
S > i Electrostatic Attractive Charge
- . . . . g
z % X:LEUG:N - E:GLU96:0E2
— =
Oz C:LYS106:HT1 - X:ILE9:O; C:LYS106:HT1 - X:CYS10:0; Hydrogen Conventional
£ g C:LYS106:HT2 - X:ILE9:0; X:LEU6:HT3 - E:GLU96:0; Fodvi Hdromen Bond -4432Kj
32 X:CYS10:SG - A:ALA52:0; verog
>
4 T B:VAL345 - X:ILE9; E:VAL95 - X:LEU6; E:LYS98 - X:VAL7, .
E:LYS98 - X:LEU11 Hydrophobic  Alkyl
.2 A:LYS42:NZ - X:TYR35 Electrostatic ~ Pi-Cation
a3
L
= .
E . O  X:ASN27:HD22 - A:GLU137:0El; X:VAL28:HN - A:ILE122:0; Conventional
g <B Hydrogen Hydrogen Bond
AES Bond 353.0
E £  A:ARG41:HH22 - X:GLU32:0E1 Salt Bridge; Attractive
- < Charge
o 8 X:VAL34 - A:LEU69 Hydrophobic Alkyl
_ X:LEUG6:N - A:ASP113:0D2 Electrostatic Attractive Charge
o
2
i 5 B:ARG149:HN - X:CYS10:SG; X:VAL7:HN - A:GLU91:0OE1; Hydrogen Conventional
- 8 X:THRS8:HN - A:GLU91:0E2; X:CYS10:SG - B:LEU147:0; Bond Hydrogen Bond
59
[L:) g -353.8
5 *5 B:PRO146 - X:ILE9; B:ILE148 - X:LEU11; B:ARG149 - Alkvl
= 2 X:CYS10; X:VAL7 - A:LEU111; X:CYS10 - B:ILE148 y
> S Hydrophobic
s
A:PHE9S - X:LEU11 Pi-Alkyl

Note : Bold as donor
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Discussion

The 27-NVNDYEVVY-35 epitope easily interacted
with MHC-I and MHC-II alleles, and interacted in a-
helix and B-sheet structure of HLA-B*15:02 then tended
to a-helix structure in MHC-II alleles. Each MHC-I and
MHC-II alleles had different binding groove residues but
had the same location. The B-sheet structure is the floor
while the a-helix structure is the wall (Huang et al., 2015;
Jones et al, 2006). The epitope of PLA, from
Bungarus’s venom easily interacted with MHC alleles
and also interacted to the a-helix and B-sheet structures
of MHC-I and MHC-II molecules (Kurniawan &
Kurniasari, 2020; Muhammad Ashraf et al.,, 2014).
Therefore, 27-NVNDYEVVY-35 can potent as
candidate epitope for vaccine.

Not only that, Epitopes or peptides was made MHC
complexes that must have a stronger bond with T cell
receptors than MHC molecules (Piepenbrink et al., 2013).
In addition, the recognition of T cells to the peptide-
MHC complex (p-MHC) only occurred when there was a
specification of the binding between the T cell receptor
and the p-MHC complex or called MHC restriction
phenomenon (Nielsen et al., 2003). Therefore, in further
research was needed regarding the pattern of recognition
of p-MHC from candidate epitope with T cell receptors.

T cell receptors recognized with p-MHC although it
were varied (Nielsen et al, 2003). The MHC-1
recognized only with the 9 amino acids of peptide
(Mohan & Unanue, 2012; Rubinstein et al., 2008). This
was due to the closed binding nature of MHC-I. In
contrast to MHC-II was had open binding properties. The
MHC-II recognized with the 14-20 amino acids of
peptides. Despite its open binding, only 9 amino acids
have acted as registry peptides (Mohan & Unanue, 2012).
Therefore, we can conclude that the 9-mer epitope
predicted by the MHC-I molecule was possible to bound
to the MHC-II molecule. Based on the docking
simulation, the 27-NVNDYEVVY-35 epitope bound to
MHC-I and MHC-II molecules with a suitable bonding
location with low bond energy.

The bond energy of the candidate PLA: epitope
with MHC molecules had a low bond energy. The low
bond energy was also accorded with the number of
hydrogen bonds. The good interaction epitope-MHC not
only have low bond energy but also have more than three
hydrogen bond (Jain et al., 2021; Kurniawan &
Kurniasari, 2020). Hydrogen bonds were needed in the
formation of p-MHC because it made p-MHC being
stable (Li et al., 2014). The stability and hydrophilicity
of the protein determined one of the properties that
indicated the antigenicity of a protein (Rubinstein et al.,
2008). Protein venom PLA> were hydrophilic and stable
also had epitopes with high antigenicity (Alam & Ashraf,
2013; Kurniawan & Kurniasari, 2020). In addition to
physico-chemical properties, the location of the epitope
must be in the conserved domain and the protein must be
endocytosed by the APC into the cell (Leodn et al., 2011).
The kistomin protein injected by C. rhosostoma in a
mature form. Maturation of kistomin occurred in snake
venom gland cells by deletion of signal peptides by
peptidase enzymes and hydrolysis of snake venom

prodomains before being transported to the lumen of
gland cells (Moura-da-Silva et al., 2016). Thus, only the
metalloproteinase domain was endocytosed by Antigen-
Presenting Cell (APC) and both candidates epitopes the
4-VLLVTICLA-12 and the 27-NVNDYEVVY-35 were
not found as a result of intracellular or extracellular
degradation because the amino acid sequence was in the
signal peptide domain and pro-domain.

Degradation or denaturation of antigen served to
destroy or cut antigen proteins in order to form p-MHC
complexes (Piepenbrink et al., 2013). MHC molecules in
humans were called Human Leukocyte Antigen (HLA)
whose it were polymorphic (Choo, 2007). This
polymorphic trait was very useful in evolution and
conservation (Sommer, 2005). The variation was
associated with the interaction between peptide and
MHC molecules in p-MHC formation and recognition by
T cell receptors (Mohan & Unanue, 2012; Nielsen et al.,
2003). However, one epitope can be recognized by
several different MHC molecules (Alam & Ashraf, 2013;
Kurniawan & Kurniasari, 2020; Muhammad Ashraf et al.,
2014). Therefore, the selection of HLA for prediction is
very important.

In conclusion, the conserved and highly
immunogenic epitope are 4-VLLVTICLA-12 and 27-
NVNDYEVVY-35, which the region of epitopes are in
signal peptide and pro-domain. Epitope 4-VLLVTICLA-
12 does not induce an immune response whereas epitope
27-NVNDYEVVY-35 can induce an immune response
in human with HLA-A*02:01. In the future, other alleles
can be used to predict the epitope and can be focused
metalloproteinase domain of kistomin.
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