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Background: Bovine tuberculosis (bTB) can be transmitted to humans 
by inhalation or consumption of incomplete pasteurized milk and dairy 
products derived from infected cows. Most cases of Mycobacterium 
tuberculosis (M. bovis) infection are resistant to tuberculosis (TB) drugs. 
The risk of death during treatment for bTB has been reported to be 2.55 
times higher than for TB. However, the quality of diagnostic methods for 
bTB remains relatively low.
Objective: We aim to evaluate the potential of the B-cell epitope of the 
MPB83 protein as a candidate bTB serodiagnostic antigen using an in 
silico approach. 
Methods: This study was a computer-based descriptive study using 
secondary data from the National Center for Biotechnology Information 
(NCBI) protein database. The MPB83 protein sequence was obtained from 
M. tuberculosis variant bovis AF2122/97 from the United Kingdom. We 
described the characteristics of the linear epitope of the M. bovis B-cell 
protein MPB83 by measuring antigenicity, molecular weight, instability 
index, and Grand Average of Hydropathy (GRAVY) score. The tools used 
in this study were IBIVU PRALINE, VaxiJen v2.0, IEDB, ExPASy ProtParam, 
Cluspro, and the PyMOL application.
Results: We found an epitope that could be used for bTB serodiagnostic 
antigen with low conservation, the 106KLNPDVNLVDTLN118 epitope. It 
has the molecular weight, instability index, and GRAVY score of 1638.76 
Da, -28.44, and -0.300, respectively. Epitopes with the best criteria were 
simulated by docking to human major histocompatibility complex (MHC) 
class II. Docking results showed that the lowest binding energy was 
-644.8 kcal/mol. Further analysis using the PyMOL application obtained 
14 hydrogen bonds with bond distances ranging from 1.7 Å to 2.2 Å, all of 
which showed strong hydrogen bonds.
Conclusion: The B-cell epitope of MPB83 protein sequence 
106KLNPDVNLVDTLN118 has a potential serodiagnostic antigen candidate 
for human bTB.

INTRODUCTION
Tuberculosis is a communicable disease caused 

by M. tuberculosis, which is still a world health 
problem with high mortality and morbidity rates.1 
Tuberculosis can be caused by other species from 
the Mycobacterium group, such as M. bovis, which 

causes bTB.2,3 In 2016, cases of bTB on a global 
scale reached 147,000, with a death rate of 12,500.4 
The burden of bTB in developing countries in 
the human population is about 10%, with 2.1% 
pulmonary TB and 9.4% extrapulmonary TB 
cases.5

http://dx.doi.org/10.20885/JKKI.Vol14.Iss2.art3
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Bovine tuberculosis is a zoonotic disease 
with livestock as the primary host, especially 
dairy cows. M. bovis can infect humans directly 
through inhalation or non-intact skin. Milk and 
its processed products that are not entirely 
pasteurized can be a source of M. bovis excretion 
from infected cows.6 Many cases of bTB were 
found to be resistant to several TB drugs, such 
as isoniazid, rifampicin, and pyrazinamide.5 The 
resistance rate reaches 70% of all cases, and it is 
one of the reasons for the high rate of MDR-TB 
(Multidrug-resistant tuberculosis).7,8 The risk of 
death for bTB during treatment was reported to 
be 2.55 times higher than TB.3

The quality of bTB diagnosis is still relatively 
low because it is carried out with the same clinical 
and microscopic examination as TB.9 A specific 
diagnostic method needs to be developed to 
differentiate M. bovis infection from other species 
of the Mycobacterium group because its infection 
causes a higher risk of resistance, requiring further 
examination for the level of sensitivity of each 
drug. When several drugs are found to be resistant, 
the duration and type of drugs used will follow 
the management of drug-resistant TB.7,8 Based on 
bTB studies conducted on livestock, M. bovis was 
reported to have an immunodominant antigen,  
the MPB83 protein. The MPB83 protein is a 
protein that is widely expressed by M. bovis.10,11 
Seroreactivity rates in response to IgG and IgM to 
MPB83 were reported to be 97.5% and to other M. 
bovis protein antigens only to be 85%.10 MPB83 
was used in recombinant form to investigate the 
effect of the protein on the immune response. 
They recruited the protein in vitro to the murine 
macrophage cell line RAW264.7 The data showed 
that MPB83 is a glycosylated lipoprotein processed 
by type II signal peptidase II and located at the 
bacterial membrane, which confers more vital 
immunogenic properties when compared to 
MPB70, so it is important to note that MPB83 is 
an immunogenic antigen in M. bovis infection.12

Similar to the gold standard for diagnosing 
TB, bTB sputum culture takes a long time, is 
expensive, can only be performed by experts, and 
is not adequate for patients with extrapulmonary 
TB. Sensitive and specific PCR (Polymerase Chain 
Reaction) tests are impractical and expensive.13 
The serological test using protein antigen as a 
supporting examination is commonly used, namely 
tuberculosis immunochromatography (ICT),  with 

a sensitivity that is still relatively low, at  35%.14 
This low sensitivity will increase the risk of false 
negatives, so developing diagnostic methods by 
combining several tests or increasing sensitivity 
is urgently needed.14 A previous study attempted 
to increase serodiagnostic sensitivity by 5.1% to 
5.8% by replacing the antigen protein with B-cell 
epitopes.15 B-cell epitopes as amino acids can be 
accessed on the surface, recognized by secreted 
antibodies or directly on B-cell receptors, and elicit 
cellular or humoral immune responses.16 Based 
on these studies, a serodiagnostic innovation by 
utilizing the MPB83 protein B-cell epitope that is 
more specific to M. bovis needs to be developed. 

In silico characterization of one of the proteins 
from M. bovis species is the first step in designing 
a diagnostic method utilizing the MPB83 protein 
epitope. The results map the amino acid chain and 
its interactions, which can be used as a diagnostic 
tool.15,17 These mapping results can reduce the 
failure rate in trial and error in subsequent 
validation studies by in vitro, in vivo, and clinical 
trials, as well as reduce the research costs 
effectively. The identification of the B-cell epitope 
of MPB83 protein using the in silico approach has 
just been performed. This study aims to assess the 
potential of the B-cell epitope of MPB83 protein as 
a candidate for bTB serodiagnostic antigen using 
an in silico approach.

METHODS 
Study design

We performed computer-based descriptive 
research by using secondary data taken from 
the NCBI protein databank (https://www.ncbi.
nlm.nih.gov/protein) to obtain  MPB83 protein 
sequences from Mycobacterium tuberculosis 
variant bovis AF2122/97 originating from the 
United Kingdom. The accession number of this 
sequence in the NCBI Protein databank is P0CAX7. 
The AF2122/97 is a reference strain of the M. bovis 
species commonly used as a basis for research 
and the primary strain in vaccine development, 
diagnostics, and therapy development for bTB.18,19 
This study describes the characteristics of the 
B-cell epitopes of the MPB83 protein.

Data collection
The instruments used in the study were Asus® 

G5O4FLP laptop with Intel® Core™ i5-7200U CPU 
2.50 GHz 16 GB RAM and Windows® 10 Pro 64-bit 
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operating system. The characterization was carried 
out using several online servers, such as IBIVU 
PRALINE (https://www.ibi.vu.nl/programs/
pralinewww/), IEDB (http://tools.iedb.org/
bcell/), VaxiJen v2.0 (https://www.ddgpharmfac.
net/vaxijen), and ExPASy ProtParam (http://www.
expasy.org/tools/protparam.html). The IBIVU 
PRALINE is an online server used to assess the 
conservation level of MPB83 protein. Epitope 
prediction was performed using the IEDB (Immune 
Epitope Database) with the Bepipred linear 2.0 
method (threshold = 0.5), and the antigenicity 
of each epitope was tested with the VaxiJen v2.0 
server (threshold = 0.4).15,17 We analyzed the 
epitopes with antigenicity values that exceeded 
the threshold-based physicochemical properties 
using the ExPASy ProtParam server based on their 
physicochemical properties. Docking simulations 
were carried out to describe the binding of the 
best B-cell epitope MPB83 protein candidates to 
MHC class II using the ClusPro server (https://
cluspro.bu.edu/login.php). The docking simulation 
was performed using blind docking, which is the 
docking of the ligand across the protein surface 
without understanding the target binding sites 
that might interact.20 Furthermore, the docking 
results were visualized using the open-source 

PyMOL application (https://pymol.org/2/).

Ethics
Ethical clearance is not required for this 

research because this is a bioinformatics study, 
which does not require samples from living beings.

RESULTS 
Protein sequence homology of MPB83

We aligned the MPB83 protein sequence of M. 
bovis strain AF2122/97 with the Ag85 protein 
sequence of the M. tuberculosis complex as a 
candidate antigen protein for TB biomarkers in M. 
tuberculosis infection. The M. tuberculosis complex 
Ag85 protein consists of Ag85A, Ag85B, and Ag85C 
proteins. Table 1 displays each sequence subjected 
to homology testing with the MPB83 sequence 
of M. bovis.

Antigenicity of MPB83 protein sequences
The results of the antigenicity test show that 

the MPB83 M. bovis protein is an antigenic protein 
because it has a score of 0.5742. The protein is 
considered antigenic because it has a score higher 
than the predetermined threshold value of 0.4 and 
is said to be non-antigenic if the score obtained 
is less than the predetermined threshold value.

Data
Spesies

Ag85A M. tuberculosis 
(strain H37Rv)

Ag85B M. tuberculosis 
(strain H37Rv)

Ag85C M. tuberculosis 
(strain H37Rv)

Percent sequence identity 0.32 0.27 0.28

Number of residues 558 545 560

Number of gaps 118 109 124

Table 1. Alignment results of MPB83 protein of Mycobacterium bovis strain AF2122/97 with Ag85 protein 
sequence of Mycobacterium tuberculosis complex

Prediction and antigenicity test of B-cell 
epitopes of M. bovis MPB83 protein

Figure 1A shows the results of predicting 
B-cell epitopes on the MPB83 protein sequence 
of M. bovis. Furthermore, the antigenicity test 
was carried out on the linear B-cell epitope 
sequences obtained using the VaxiJen v2.0 server 
and Kolaskar and Tongaonkar. These results are 
shown in Table 2 and Figure 1B. 

Physicochemical test of B-cell epitopes of M. 
bovis MPB83 protein

The physicochemical test results showed that 

the 106KLNPDVNLVDTLN118 epitope has the most 
potential to be used as a bTB serodiagnostic 
antigen protein. Epitope 106KLNPDVNLVDTLN118 
has a molecular weight of 1,454.64 Da, is stable, 
and hydrophilic, as shown in Table 3.

B-cell epitope binding analysis of MPB83 
protein with MHC class II

We performed molecular docking using 
Cluspro to obtain results in binding energy and 
binding interaction model between epitope 
106KLNPDVNLVDTLN118 with MHC Class II (PDB ID: 
1J8H). Interaction model number 3 of 14 existing 
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Figure 1. A. Linear epitope prediction results in MPB83 B-cells M. bovis strain AF2122/97. The yellow area 
results from epitope prediction, namely the area with a threshold exceeding the predetermined threshold of 
0.5. B. Antigenicity test results of MPB83 B-cell linear epitopes of M. bovis strain AF2122/97 using Kolaskar & 
Tongaonkar Antigenicity.

Name Start End Peptide Length
Antigenicity (T = 0,4)

Score Interpretation

MBP83

5 5 Q 1 - Non-Antigen

25 84 CSSTKPVSQDTSPKPATSPAAPVTTAAMADP
AADLIGRGCAQYAAQNPTGPGSVAGMAQD 60 0.4987 Antigen

106 118 KLNPDVNLVDTLN 13 0.8693 Antigen

137 138 AA 2 - Non-Antigen

140 140 I 1 - Non-Antigen

142 146 QLKTD 5 - Non-Antigen

162 176 QASPSRIDGTHQTLQ 15 1.0949 Antigen

Table 2. Prediction results and antigenicity test of linear epitopes of MPB83 B-cells of M. bovis strain AF2122/97 
using VaxiJen v2.0

Name No Start End Molecular
Weight (Da)

Instability Index GRAVY score

Score Interpretation Score Interpretation

MPB83

1 25 84 5,788.40 50.81 Unstable -0.263 Hydrophilic

2 106 118 1,454.64 -28.44 Stabilized -0.300 Hydrophilic

3 162 176 1,638.76 80.38 Unstable -1.107 Hydrophilic

Table 3. Results of physicochemical testing of linear epitopes of B-cell protein MPB83 of M. bovis

models showed the lowest binding energy value 
of -644.8 (kcal/mol) in the ClusPro score. Then, 
each hydrogen bond formed in model number 
3 was analyzed for bond strength based on the 
bond distance in angular units (Å) shown in Table 
4 and Figures 2A and 2B. Interactions formed at 
distances less than 3 Å indicate strong bonds.21 
The strong binding of epitope with MHC class II 
receptors indicates that the epitope can trigger an 
immune response like all M. bovis MPB83 protein 
antigens.

DISCUSSION 
Our in silico characterization of the proteins 

from Mycobacterium bovis species, a crucial step 
in designing a diagnostic method utilizing the 
MPB83 protein epitope, has led to a promising 
discovery. The 106KLNPDVNLVDTLN118 epitope, 
identified based on its characterization and 
molecular docking results, emerges as a potential 
candidate antigen for serodiagnostic for TB due 
to M. bovis. Notably, the homology test results 
in this study have revealed that the MPB83 
protein sequence of M. bovis is highly specific, 
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with a low level of conservation compared to the 
Ag85 protein sequence of the M. Tuberculosis 
complex, which consists of Ag85A, Ag85B, and 
Ag85C. This specificity suggests that the MPB83 
antigen protein is a promising candidate for M. 
bovis-specific serodiagnostic.

Our results support the in vivo study by Sridhara 
et al., which showed that detecting IgG antibodies 
against MPB83 antigens is specific for optimal 
diagnostic accuracy. The use of MPB83 antigen 
to measure IgG response in M. bovis infected pigs 

has an estimated test sensitivity of 97.5%. None 
of the 57 control samples (uninfected pigs) were 
detected to have IgG and IgM antibodies to MPB83 
antigen protein in the in vivo assay, indicating a 
specificity of 100%.11 Percent sequence identity of 
the MPB83 antigen protein of M.bovis to the Ag85 
protein sequence complex is low, less than 30%. 
These results indicated that the MPB83 protein 
is specific to M. bovis, so it will not cause cross-
reactions with the complex Ag85 protein when 
used as a serodiagnostic antigen. Cross-reactions 

Type of bond 
formed

Number 
of ties

Amino acid interaction 
of MPB83 protein that

 binds to

Binding MHC class
II amino acid
interactions

Bond 
distance (Å)

Strength

Hydrogen bonding 14 LYS-106 GLN-44 1.7 Strong 

LYS-106 GLN-41 1.7 Strong

LYS-106 SER-83 2.2 Strong

LYS-106 ARG-169 1.8 Strong

ASN-108 THR-175 1.9 Strong

PRO-109 ARG-111 1.7 Strong

VAL-111 ASN-40 2.2 Strong

ASN-112 ARG-113 1.8 Strong

ASN-112 GLN-41 2.0 Strong

ASP-110 GLN-178 2.1 Strong

ASP-110 ARG-111 1.8 Strong

ASP-115 CLN-37 2.1 Strong

THR-116 TYR-10 1.7 Strong

ASN-118 SER-110 1.9 Strong

Table 4. Binding and amino acid residues of epitope 106KLNPDVNLVDTLN118 to MHC class II.

MHC: major histocompatibility complex 

Figure 2. A. Binding interaction model number 3 illustrates the interaction of 106KLNPDVNLVDTLN118 with MHC 
class II. The blue model is MHC class II as the receptor, and the magenta model is the epitope 106KLNPDVNLVDTLN118 
as the ligand; B. Cartoon diagram of binding interaction model of 3 docking results of 106KLNPDVNLVDTLN118 
epitope against MHC class II (green). The drawing was made using PyMOL visualization software. The green 
model is MHC class II as the receptor, and the blue model is the epitope 106KLNPDVNLVDTLN118 as the ligand. 
MHC: major histocompatibility complex 
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can occur when sequences have more than 50% 
similarity.22

The results of the antigenicity test have 
provided evidence that the MPB83 protein is 
classified as an antigenic protein, meaning that the 
human immune system with MHC intermediaries 
can recognize it. This finding, supported by in 
vivo studies on a group of pigs infected with M. 
bovis, demonstrated that the MPB83 protein is 
an immunogenic protein capable of evoking an 
immune response by producing IgG. This potential 
to produce antibodies, which will later bind to 
the MPB83 protein to form an antigen-antibody 
complex for bTB diagnosis.11 Thus, the MPB83 
protein, as shown by the VaxiJen v2.0 analysis 
server score and in vivo studies, could potentially 
be used as a promising candidate biomarker for 
serodiagnostic bTB.

B-cell epitope prediction results from the 
MPB83 sample showed seven predicted epitope 
regions. Potential epitopes are currently more 
developed than whole proteins in designing 
antigen protein-based serodiagnostics. Lv et al. 
found it better to use recombinant epitopes of 
pGEX-Sj23-SjGCP protein antigens as diagnostic 
antigens rather than recombinant whole proteins 
in detecting the presence of S. japonicum. This 
replacement was shown to increase the sensitivity 
of the diagnostic biomarker to 97.8%.23 A study 
also showed protein replacement with B-cell 
epitopes to detect antibodies in leptospirosis 
increased sensitivity by 5.1%-5.8%.15

Antigenic epitopes are expected to bind to 
specific parts of the formed antibodies. Therefore, 
the epitope predicted on MPB83 is continued 
with the antigenicity test using VaxiJen v2.0 and 
Kolaskar and Tongaonkar Antigenicity. The results 
of the epitope antigenicity test showed three 
epitopes classified as antigenic epitopes based 
on the VaxiJen v2.0 server. Based on analysis using 
Kolaskar & Tongaonkar, three antigenic epitopes 
were narrowed down to one epitope because 
the entire peptide is antigenic, namely epitope 
106KLNPDVNLVDTLN118. These results showed that 
epitopes with high antigenicity values could have 
more potential than the whole protein antigen 
because proteins that have several epitopes with 
different antigenicity values, when accumulated, 
can cause lower antigenicity values of the most 
potential epitopes.24 This aligns with Ndille et al., 
who used a peptide and an epitope of Nterm-34 
kDa as a biomarker of exposure to Aedes aegypti 

mosquito bites.25 Epitopes that are part of the 
antigen will bind to the paratope on the antibody 
so that antigenic epitopes will more specifically 
bind to the antigen.

Based on the physicochemical character 
test, the epitope with the most potential 
for use as a serodiagnostic antigen is the 
106KLNPDVNLVDTLN118. This epitope stands 
out due to its stability and hydrophilic nature. 
A molecule is predicted to be stable if it has an 
instability index of less than 40, according to 
the Expasy ProtParam analysis server.26 Stable 
epitopes, such as this one, will maintain their 
structure during environmental changes due to 
chemical and physical reactions in binding to the 
antibody structure.27 Stable epitopes will affect the 
presentation of diagnostic biomarker epitopes and 
increase humoral cellular immunity. The stability 
of this epitope enhances epitope presentation, 
prolongs protein persistence for continued 
processing and presentation by dendritic cells, 
and even allows direct interaction with B-cells.28

The epitope 106KLNPDVNLVDTLN118 showed 
hydrophilic properties when tested using the 
Expasy ProtParam server. These results align 
with Mamaghani et al., who chose hydrophilicity 
as the nature of the epitope designed in the 
SARS-CoV-2 diagnostic kit.29 Another study 
also mentioned that hydrophilicity was chosen 
in selecting serodiagnostic antigen proteins to 
detect Corynebacterium pseudotuberculosis.30 

Hydrophilicity is a crucial factor in selecting 
serodiagnostic antigens, as it allows the epitopes 
to dissolve in a hypotonic environment and easily 
interact with the paratope region, which is part of 
the antibody that binds to the antigen.29

The molecular weight of epitope 
106KLNPDVNLVDTLN118 is 1,454.64 Da,  which 
does not follow Nugraha's opinion, which states 
that in proteins, a peptide with a molecular 
weight of 4-5 kDa is classified as immunogenic. 
Nugraha also noted that some molecules weighing 
2 kDa are already immunogenic.31 The problem 
of molecular weight that allows epitopes to be 
less immunogenic can be addressed by using 
multiple epitopes connected using protein linkers. 
Previous results by Yu et al., who applied multiple 
epitopes connected with linker proteins, produced 
a molecule weighing 49 kDa.32 A multi-epitope 
diagnostic design is strongly recommended 
to enhance sensitivity and specificity with 
high-density expression of antigen-antibody 
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interactions. Theoretically, the epitopes selected 
in this study are excellent candidates for designing 
serologic diagnosis tests. For sensitivity and 
specificity assessment, the designed multi-epitope 
should be evaluated using patient sera to validate 
its potential as a diagnostic biomarker of bTB in 
humans.

T h e  m o s t  p o t e n t i a l  e p i t o p e , 
106KLNPDVNLVDTLN118, was then molecularly 
docked to the MHC class II receptor using ClusPro 
v.2 to assess the interaction between the two. 
The docking simulation was performed by blind 
docking, docking the ligand to the entire protein 
surface without understanding the target binding 
sites that may interact.20 Blind docking simulation 
does not have a limit on the size of the search 
space or the number of residues, so this method 
can filter out as many of the best interactions as 
are formed.20 The strength of the bond will be 
interpreted based on the binding energy value 
formed.33 

The b l ind  dock ing  of  epi top e 
106KLNPDVNLVDTLN118 on the MHC class II receptor 
yielded 19 hydrogen bond binding interaction 
models, with number 3 emerging as the most 
potent binding interaction model based on binding 
energy values. We used hydrogen bonding to assess 
the strength of the binding interaction because 
the interaction between ligand and receptor 
at hydrogen bonding is the most stable.34 As a 
serodiagnostic biomarker candidate, stability is an 
indispensable criterion in serodiagnostic design. 
The results of this study demonstrate that the bond 
with a binding energy value of -644.8 kcal/mol 
in the ClusPro score is the most robust and most 
stable bond between the 106KLNPDVNLVDTLN118 
epitope and the MHC class II receptor. The 
negative binding energy value indicates that in 
the hydrogen bond binding between MHC class II 
and the 106KLNPDVNLVDTLN118 epitope, no energy 
is required from external sources but rather a 
bond that causes the release of energy into the 
environment. The strong hydrogen bond formed 
indicates that the 106KLNPDVNLVDTLN118 epitope 
can be applied as a biomarker of bTB in humans. 

In our study, we obtained 14 hydrogen bonds. 
The distance on the hydrogen bonds ranges 
from 1.7 Å to 2.2 Å, indicating strong hydrogen 
bonds. These results agree that the hydrogen 
bond distance formed from the interaction 
between malvidin compounds and epidermal 

growth factor receptor (EGFR) is less than 3Å. 
Interactions formed at a distance of less than 3Å 
indicate a strong bond.21 The strong binding of 
the 106KLNPDVNLVDTLN118 epitope to the MHC 
class II receptor indicates that the epitope can 
trigger an immune response, such as the whole 
antigen protein MPB83 M. bovis. It was parallel 
with Alam et al. that the epitope of potato virus 
Y antigen that can bind to MHC class II has the 
potential to induce the release of antibodies 
such as whole antigen appropriately so that it 
will produce antigen-antibody complexes when 
simulated as serodiagnostic antigens.35 The strong 
binding of the 106KLNPDVNLVDTLN118 epitope 
with MHC class II indicates that the epitope is 
related to the humoral immune response, which 
can be recognized by specific antibodies so that 
antibody-antigen binding occurs as the basis 
for the development of bTB serodiagnostics in 
humans. Therefore, the 106KLNPDVNLVDTLN118 
epitope is the most potential candidate antigen 
to be developed as a serodiagnostic for TB due 
to M. bovis. 

Despite the limitations of our research, it is 
important to note that our method, while unable 
to definitively prove which protein chain will be 
effective as a serodiagnostic, has been effective in 
prediction and mapping to narrow the likelihood 
of bonded chains. This method has proven effective 
as a reference for future research in both in vivo 
and clinical trials. It is supported by Chen et al., 
who used an silico study to map amino acids 
that could potentially be used as a SARS-CoV2 
vaccine.17 Similarly, Kanagavel et al. also used 
in silico methods as an initial stage in finding 
epitopes that have the potential as markers in 
designing leptospirosis diagnostic tools.15

CONCLUSION 
The B-cell epitope of the MPB83 protein 

sequence 106KLNPDVNLVDTLN118 can potentially 
be a serodiagnostic antigen candidate for bTB 
in humans. To gain a more comprehensive 
understanding, further research in vivo, including 
the construction, expression, and purification of 
recombinant proteins, followed by ELISA (Enzyme-
linked immunosorbent assay) and western blot 
analysis, is needed.
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