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Abstract
Tuberculosis or TB is a disease caused by a type of bacteria called Mycobacterium tuberculosis that mainly affects the lungs, even 

though other tissues and organs may be involved. The present study aims to choose and analyze different epitopes of Apa, PstS3, 
SecA2, and RD1 using bioinformatics analysis and software. After that molecular docking assay was used to recognize the binding 
energy and affinity of designed epitopes to HLA-A0201. The vaxiJen score of these sequences were 0.5233, 0.8066, 0.5008, and 
0.5512 respectively. B-cell epitopes were predicted using IEDB and Vaxign webserver was used to prediction of binding of peptides 
to MHC class-I. Physicochemical analysis of vaccine showed that the molecular weight of candidate vaccine is 54.331kDa with the 
half-life of 30 hours in mammalian reticulocytes, greater than 20 hours for yeast, and greater than 10 hours for Escherichia coli. 
The chemical formula of vaccine was C2410H3750N648O747S18 and theoretical pI of candidate vaccine was 5.85. There are 496 amino 
acids in the protein structure of which 67 residues with negative charge (Asp + Glu) and 63 (Arg + Lys) residues are negative 
charge. The instability index, aliphatic index, and grand average of hydropathicity of candidate vaccine were 27.44, 67.46, and 
-0.521 respectively. According to the result of protparam and pepcalc analysis, the vaccine is soluble in water. Parabi analysis 
showed that the membrane helices value of vaccine was 25.2%. The vaccine does not have more transmembrane helix, therefore 
no expression difficulties are predicted in the production of vaccine. 3Drefine was used to minimize and correct the hypothetical 
structure. Ramachandran plot analysis by procheck showed that 96.3% of residues are in most favored regions, 3.7% of residues 
are additional allowed regions and 0% of residues is in disallowed regions. Molecular docking result of this research revealed 
that our designed vaccine can stimulate HLA0210. The vaccine may activate humoral and cellular immune responses against of 
Mycobacterium tuberculosis. However, the vaccine could be cloned and expressed in different host cells.
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Introduction
Tuberculosis or TB is a disease caused by a type of bacteria 

called Mycobacterium tuberculosis that mainly affects the lungs, 
even though other tissues and organs may be involved. Tuberculosis 
is spread from a person to another by the air. Approximately one-
third worldwide population has latent tuberculosis, which means 
people have been infected by Mycobacterium tuberculosis, but not 
sick. If Mycobacterium tuberculosis becomes active in the body and 
multiply, the person will go from having latent TB infection to being 
sick with TB disease [1]. Researchers have showed that greater 
than 90% of human reported to have clinically apparent disease 
are those who have harbored tuberculosis infection for at least a 
year or more; the remaining 10% have an immediate progression 
of a recently acquired infection. The number of persons with latent  

 
infection in the United States is estimated to range from 10 million 
to 15 million [2]. As of 2018 one-quarter of the world’s population 
is mind to be infected to Tuberculosis (World Health Organization, 
2018). About 1% of world population infected to TB each year 
(WHO, 2013). In 2017, there were about 10 million infection in the 
world that resulted in 1.6 million deaths. More than 95% of infection 
and deaths occurred in developing countries such as Pakistan, 
India, Indonesia, and Philippine [3]. The symptoms of TB such as a 
bad cough that lasts 3 weeks or longer, weight loss, Loss of appetite, 
coughing up blood or mucus, weakness or fatigue, fever, and night 
sweats may be mild for many months. This can lead to delays in 
seeking care, and results in transmission of the bacteria to others [1]. 
Mycobacterium tuberculosis is an aerobic, nonmotile bacillus with 
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high lipid content of this pathogen accounts for many of its unique 
clinical characteristics [4]. The bacteria have extremely slow 
rate of dividing 16 to 20 hours [5].  Mycobacterium tuberculosis 
has mycolic acid content of its cell wall [6]. After phagocytosis, 
Mycobacterium tuberculosis bacteria reside in the endosomes of the 
macrophages [7]. Throughout infection, the bacteria synthesis and 
relies its lipases for hydrolyzing of host lipids to release Fatty acid 
synthetize via catalyzing the hydrolysis of ester bonds in long chain 
acyl glycerols [8]. Genomic sequencing of different Mycobacterium 
tuberculosis strains showed that Mycobacterium tuberculosis 
possesses more than 250 genes involved in lipid and fatty acid 
metabolism [9]. Some of proteins that contributed in lipid synthesis 
are also virulence related, and mutations of them lead to attenuate 
phenotypes in human and animal infections. These genes include 
mycolic acids metabolisms, polyketide synthase, FA -CoA synthase, 
isocitrate lyase, phospholipases, acyl -CoA dehydrogenases, lipid 
carriers, trehalose synthase, and lipid transporters [10]. Region 
of difference 1 or RD1 with 9.5 kb length encoding the secretory 
proteins ESAT-6 and CFP-10. RD1 is a critical region for virulence 
of Mycobacterium tuberculosis [11]. In many bacterial pathogens 
containing SecA2 systems, such as Mycobacterium tuberculosis 
SecA2 system that is not important but is required for virulence. 
Some SecA2 systems are common as SecA2-SecY2 systems because 
they involve an extra SecY, which is supposed to function as a specific 
channel. SecA2-SecY2 systems appear dedicated to transporting 
proteins that are glycosylated in the cytoplasm prior to export. 
Other SecA2 systems, that is found in Mycobacterium tuberculosis is 
SecA2 systems which lack an extra SecY or any obvious alternative 
membrane channels [12]. Phosphate-binding protein PstS 3 is the 
main carrier for phosphate uptake in Mycobacterium tuberculosis, it 
is the most highly expressed of the PstS proteins under phosphate 
starvation. PstS3 plays a role in host phagosome maturation 
arrest. Apa (Alanine and Proline-rich) is a secreted protein from 
Mycobacterium tuberculosis. Apa is A potent antigen in animals 
immunized with live bacteria, it induces a strong delayed-type 
hypersensitivity in immunized animals. 

Elicits a mostly Th1 type of T-cell response in healthy humans; 
induces IFN-gamma production from CD4(+) and CD8(+) cells. 
Apa has some functions as an adhesion, binds to macrophages via 
mannose residues (https://www.uniprot.org/uniprot/P9WIR7). 
Apa, PstS3, SecA2, and RD1 have important roles in the survival 
and pathogenesis of Mycobacterium tuberculosis. Consequently, in 

the present research, we designed a multi epitope vaccine against 
Mycobacterium tuberculosis infections. Our present research was 
aimed to choose and analyze different epitopes of Apa, PstS3, 
SecA2, and RD1 using bioinformatics analysis and software. After 
that molecular docking assay was used to recognize the binding 
energy and affinity of designed epitopes to HLA-A0201.

Material and Methods
Selection of candidate proteins

Different protein sequences of Apa, PstS3, SecA2, and RD1 
were obtained from National Center for Biotechnology Information 
(NCBI) (NCBI Gene ID, Apa: 885896, PstS3: 885366, SecA2: 887222, 
RD1: 885777). 

B-Cell epitope prediction: B-cell epitopes were predicted using 
IEDB (Immune Epitope Database) webserver (https://www.
iedb.org/). IEDB is a free available tool that funded by NIAID. 
It catalogs experimental data on antibody and T cell (MHC-I 
Binding, MHC-II Binding, MHC-I Processing (Proteasome, TAP), 
and MHC-I Immunogenicity) epitopes predicted in humans and 
animals in the background of infections, allergy, autoimmunity and 
transplantation. The IEDB also hosts tools to assist in the prediction 
and analysis of epitopes. In this research the epitopes higher than 
0.35 threshold were subjected to B-cell epitope prediction [13]. 

MHC-I binding epitopes (CTL) prediction: Vaxign webserver 
was used to prediction of binding of peptides to MHC class I. The 
epitopes were evaluated for their binding affinity with predominant 
HLA-1 alleles (P-values<0.05 were considered significant) [14]. 

Immunogenicity analysis of selected epitopes: The binding 
character (with high score) of MHC-I and B cell epitopes were taken 
into consideration of the selection of the suitable epitopes. The 
antigenicity of selected epitopes was checked in vaxijen prediction 
webserver [15].

Allergenicity analysis of selected epitopes: The allergenicity of 
epitopes were analyzed by Allertop and algpred webserver. This 
software allows allergenicity predication based on the similarity of 
known epitopes with any region of the protein [16, 17]. 

Toxicity analysis of selected epitopes: Toxicity analysis of selected 
B-cell and MHC-I epitopes were performed using toxinpred server. 
Toxinpred allows to recognize the highly toxic or nontoxic peptide 
sequences [18]. 

Figure 1: The part (201 amino acid length) of diphtheria toxin (ACCESSION: AAT37555.1).
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Construction of vaccine sequence: The selected B and MHC-I 
epitopes were linked by Lysine-Lysine (KK) amino acid linker 
together. To increase the antigenecity of designed vaccine, the 
amino acid sequence of diphtheria toxin (ACCESSION: AAT37555.1, 
201 amino acid length) was linked to the N and C-terminal end 
of candidate vaccine. The sequence of diphtheria toxin that was 
used as adjuvant is shown in (Figure 1). Before of attaching, 
diphtheria toxin fragment sequence was checked on toxinpred 
server. Diphtheria toxin fragment was the nontoxic portion of 
Corynebacterium diphtheriae toxin. We used PAPAP amino acid 
linker sequence for joining of candidate vaccine to adjuvant. After 
joining of vaccine to adjuvant the antigenicity, allergenicity and 
toxicity of poly-epitope vaccine were tested by vaxijen, allertop and 
toxinpred software [19]. 

Physicochemical analysis of vaccine candidate
After that, half-life, molecular weight, isoelectric point in 

stability index, aliphatic index and stability of candidate vaccine 
were calculated by Paratparam and Papcolc software [20].

Secondary structure prediction: Parabi server was used to check 
the potential transmembrane helices of candidate vaccine structure.

3D Structure of vaccine and 3D structure refinement: Further 
analysis of candidate protein 3D structural stability was done 
by SWISS-MODEL webserver. The SWISS-MODEL server is an 
automated modeling software that develops a protein tertiary 
structure model of an unknown structure protein based on the 
sequence similarity with the known structured protein [21]. The 
3D structure was refined using 3Drefine analysis. 3Drefine is a 
program for computationally efficient protein shape refinement 
with the ability to perform web based statistical and visual analysis. 
The 3Drefine refinement protocol utilizes iterative optimization of 
hydrogen bonding network combined with atomic-level energy 
minimization on the optimized model using a composite physics 
and knowledge-based force fields for efficient protein structure 
refinement. The webserver subjected the five model to candidate 
vaccine. The refined models were checked for 3D refine score, GDT-
HA score, GTD-TS, RMSD score, and MolProbity, and the best model 
was chosen. The selected model was investigated by Ramachandran 
plot analysis with Procheck online software [22]. 

Discovery of disorder regions: For discovery of disorder regions 
of our designed vaccine, we used IUPred2A software. IUPred2A is 
a server which recognize disordered protein regions. It also has 
ability to identifying protein regions that do or do not adopt a stable 
structure depending on the redox state of their environment [23].

Protein-protein docking analysis: Protein-docking is 
a molecular modeling software which aims to predict, with computer 
science algorithms and techniques, the mutual orientation and 
position of two molecules forming a complex. Molecular docking 
analysis of designed vaccine was performed using HEX protein 
docking software by considering HLA0210 molecule as a ligand 
and candidate vaccine as receptor. Firstly, molecular structure 
of HLA0210 was downloaded in PDB format from Protein Data 
Bank (PDB) database. HexServer (http://hexserver.loria.fr/) is the 
First Fourier transform (FFT)-based protein docking server to be 

powered using graphics processors. Using two graphics processors 
simultaneously, a typical 6D docking run takes ∼15 s, which is up to 
two instructions of magnitude faster than conventional FFT-based 
docking approaches using comparable resolution and scoring 
functions. The server requires two protein structures in PDB 
format to be uploaded, and start it produces a ranked list of up to 
1000 docking predictions. In this study 3D structure of HLA0210 
as a ligand, and the candidate vaccine structure as a receptor were 
uploaded to Hex software. In this study we used human serum 
albumin (protein structure in PDB format) as negative control and 
investigated the affinity of human serum albumin as receptor to 
HLA0210 as ligand in Hex software. 

Result and Discussion
Different protein sequences of Apa, PstS3, SecA2, and RD1 

were obtained from National Center for Biotechnology Information 
(NCBI). The antigenicity of these sequences was tested by VaxiJen 
server. The vaxiJen score of these sequences were 0.5233, 0.8066, 
0.5008, and 0.5512 respectively. The score above the threshold (0.4) 
have good antigenicity, for this reason all sequences were suitable for 
our research. In this in silico research B cell epitopes were predicted 
using IEDB webserver. The B cell epitopes having a score above 
0.8 were taken into consideration. These epitopes were tested to 
antigenicity with VaxiJen. The selected peptide epitopes must also 
possess antigen as assessed via VaxiJen (above the threshold 0.4). 
Then the selected epitopes were analyzed by allertop, algpred, and 
toxinpred server. The predicted B-cell epitopes from four protein 
sequences that produced the best IEDB and vaxijen score with 
negative toxicity and negative allergenicity were AATPDTGPDLD 
(with Vaxijn ecore of 0.9092), VDLWGADGAEGWTADP (with Vaxijn 
ecore of 0.8174) and KTVGETWGL (with Vaxijn ecore of 0.8174). 
The MHC class I epitopes were predicted by vaxign server. The 
epitopes were assessed for their binding affinity with predominant 
HLA I alleles (P-values < 0.05 were considered significant). The 
selected peptide epitopes must also possess antigen as evaluated 
by VaxiJen (above the threshold 0.4). Then the selected epitopes 
were analyzed by allertop, algpred, and toxinpred servers. The 
predicted MHC-I epitopes which produced the best vaxijen score, 
were FSFALPAGW (0.929), DVHANTWRY (1.686), WTADPIIGV 
(0.5996), and LPGERIHVV (0.8976). These selected epitopes have 
the strongest affinity to HLA0210. therefore, HLA0210 will be 
used as a model in Hex protein molecular docking. The sequence 
of candidate vaccine with 496 amino acid is shown in Figure 2. 
Physicochemical analysis of Mycobacterium tuberculosis vaccine 
was done by protparam webserver and the result showed that 
molecular weight of candidate vaccine is 54.331kDa. The estimated 
half-life of candidate vaccine was found to be greater than 30 hours 
(mammalian reticulocytes, in vitro), greater than 20 hours (yeast, 
in vivo), and greater than 10 hours (Escherichia coli, in vivo). The 
chemical formula of vaccine was C2410H3750N648O747S18 and theoretical 
pI of candidate vaccine was 5.85. There are 496 amino acids in the 
protein structure of which 67 residues with negative charge (Asp + 
Glu) and 63 (Arg + Lys) residues are negative charge. The instability 
index is computed to be 27.44, consequently the vaccine was 
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considered stable. The aliphatic index was found to be 67.46, so the 
designed antigen is probable to be thermostable. The grand average 
of hydropathicity of candidate vaccine is -0.521, therefore the 
vaccine is a hydrophilic protein and likely interact with molecules 
of water. According to the result of protparam and pepcalc analysis, 
the vaccine is soluble in water. Parabi analysis showed that the 
membrane helices value of vaccine was 25.2% (Figure 3). The 
vaccine does not have more transmembrane helix, so no expression 
difficulties are predicted in the production of vaccine. 3D structure 
of Mycobacterium tuberculosis vaccine was done using via SWISS-
MODEL server (Figure 4). Afterward, 3Drefine was used to minimize 
and correct the hypothetical structure. All of five chosen templates 
showed good alignment as per their 3Drefine values (ranging 
from 7517-9648 to 5.46). The five predicted models had GTD-HA 
score values ranging from 0.996 to 1.000. The RMSD score value of 
models was ranging from 0.245-0.127. The five predicted models 
had GTD-HA score values ranging from 0.996 to 1.000. The model 
with the highest RMSD score was selected for further refinement 
(Figure 5). The choose model was examined by Ramachandran 
plot analysis using Procheck server. Ramachandran plot analysis 
by procheck showed that 96.3% of residues are in most favored 
regions, 3.7% of residues are additional allowed regions and 0% 
of residues are in disallowed regions (Figure 6). The result of 
Ramachandran plot assayed supported the high-quality structure 
of the refined model. In this study we used IUPred2A webserver to 
detection of disorder regions. The result from IUPred2A revealed 
that the protein is stable and does not have important disorders 
(Figure 7). Molecular docking analysis of designed vaccine was 
performed by considering HLA0210 molecule as a ligand and 
candidate vaccine as receptor. The affinity of epitopes to HLA0210 
investigated using HEX protein docking offline software. For 
this reason, 3D structure of HLA0210 downloaded from Protein 
Data Bank (PDB) and uploaded on software as ligand and the 3D 
structure of candidate vaccine uploaded as a receptor. In this study 

human serum albumin (3D structure) was used as negative control 
and checked the affinity of that human serum albumin as receptor 
to HLA0210 as ligand. The result of protein docking analysis 
showed that maximum affinity of candidate vaccine HLA0210 with 
the score of -547.81 while the affinity of human serum albumin to 
HLA0210 was -100.35. The result of this research revealed that 
our designed vaccine can stimulate HLA0210 (Figure 8 & 9). In the 
present study protein sequences of Apa, PstS3, SecA2, and RD1 from 
Mycobacterium tuberculosis were used for construct of new vaccine 
and bioinorganic analysis of candidate vaccine was done. Molecular 
docking of designed vaccine checked by HEX protein-protein 
docking. The peptide sequences having the antigenicity score above 
the threshold (0.4) can be candidate to vaccine. The Peptide having 
higher scores mean that it can be recognized by B-cell and T-cells. 
Cytotoxic T-lymphocyte T-Cell receptors recognize endogenous 
antigen accessible on MHC-I, but inflammatory T-Cell receptors 
and T- helper recognize exogenous antigen accessible on MHC-
II. In this research we used MHC-I epitopes for candidate vaccine 
against Mycobacterium tuberculosis. These selected epitopes had 
affinity to HLA0210. A physicochemical analysis of Mycobacterium 
tuberculosis vaccine showed that the vaccine had a molecular 
weight of 54.331 kDa. [24-27]. reported that the proteins having 
higher 110 kDa molecular weight are suitable vaccine candidates 
[24, 28-31]. The estimated half-life of candidate vaccine was 
greater than 30 hours in mammalian reticulocytes, higher than 20 
hours in yeast, and higher than 10 hours in Escherichia coli. The 
result showed that the candidate vaccine can be overexpress in E. 
coli and yeast, and the produced vaccine can be used in human. 
The Instability index of candidate vaccine was 27.44, this score 
is less than 40, so the designed peptide is considered as stable. 
The allergist analysis of candidate vaccine revealed that the non-
allergenicity of our vaccine, thus the vaccine is not estimated to 
drop harmful allergic responses in humans. The result of this study 
showed that the vaccine having the affinity to HLA0210 [32,33].

Figure 2: The sequence of designed vaccine.
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Figure 3: Secondary structure of Mycobacterium tuberculosis vaccine.

Figure 4: 3D structure of Mycobacterium tuberculosis vaccine.

Figure 5: Refinement of a protein model by 3D refine software.
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Figure 6: Ramachandran plot of Mycobacterium tuberculosis vaccine.

Figure 7: Prediction of protein disorder by IUPred2a.

Figure 8: Molecular docking of HLA0210 with candidate vaccine.
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Figure 8: Molecular docking of HLA0210 with Human serum albumin.

Conclusion
Our designed vaccine may activate humoral and cellular 

immune responses against of Mycobacterium tuberculosis. The 
vaccine had suitable structural, physiochemical, and immunological 
properties. However, the vaccine could be cloned and expressed in 
different host cells. The candidate vaccine may be produced and 
need to experiment on animals.

References
1. https://www.afro.who.int/health-topics/tuberculosis-tb 

2. MMWR (1990) Screening for Tuberculosis and Tuberculous Infection in 
High-Risk Populations Recommendations of the Advisory Committee for 
Elimination of Tuberculosis 39(RR-8): 1-7.

3. Global tuberculosis report (2017) World Health Organization (WHO, Ge-
neva, Switzerland.

4. Dolin, Gerald LM, Bennett J, Raphael (2010) Mandell, Douglas, and Ben-
nett’s principles and practice of infectious diseases (7th ed.), Elsevier 
Chapter 250.

5. Jindal SK (2011) Textbook of Pulmonary and Critical Care Medicine. In-
dian J Chest Dis Allied Sci 53: 191. ISBN 978-93-5025-073-0.

6. Madison BM (2001) Application of stains in clinical microbiology. Bio-
technic & Histochemistry 76(3): 119-125. 

7. Yang D, Li S, Stabenow J, Zalduondo L, Kong Y (2019) Mycobacterium 
tuberculosis LipE has a lipase/esterase activity and is important for in-
tracellular growth and in vivo infection. Infect Immun pii: IAI.00750-19.

8. Rodriguez JG, Hernandez AC, Repetto HC, Ayala AD, Medina GR, et 
al. (2014) Global adaptation to a lipid environment triggers the dor-
mancy-related phenotype of Mycobacterium tuberculosis. MBio 5(3): 
e01125-14.

9. Camus JC, Pryor MJ, Medigue C, Cole ST (2002) Re-annotation of the ge-
nome sequence 476 of Mycobacterium tuberculosis H37Rv. Microbiolo-
gy 148(Pt 10): 2967-2973.

10. Kinney JD, Bentrup KH, Elias MEJ, Miczak A, Chen B, et al. (2000) Per-
sistence of Mycobacterium tuberculosis in macrophages and mice re-
quires the glyoxylate shunt enzyme isocitrate lyase. Nature 406(6797): 
735-738.

11. Brodin PL, Majlessi L, Marsollier ML, Jonge MD, Bottai D, et al. (2006) 
Dissection of ESAT-6 system 1 of Mycobacterium tuberculosis and im-
pact on immunogenicity and virulence. Infect Immun 74(1): 88-98.

12. Meghan E, Henry SF, Lauren SG Ligon, Braunstein LM (2013) Protein 
Export by the Mycobacterial SecA2 System Is Determined by the Prepro-
tein Mature Domain. J Bacteriol 195(4): 672-681.

13. Srivastava S, Kamthania M, Singh S, Saxena AK, Sharma N (2018) Struc-
tural basis of development of multi-epitope vaccine against Middle East 
respiratory syndrome using in silico approach. Infect Drug Resist 11: 
2377-2391.

14. Dikhit MR, Kumar A, Das S, Dehury B, Rout AK, et al. (2017) Identifica-
tion of Potential MHC Class-II-Restricted Epitopes Derived from Leish-
mania donovani Antigens by Reverse Vaccinology and Evaluation of 
Their CD4+ T-Cell Responsiveness against Visceral Leishmaniasis. Front 
Immunol 8: 1763.

15. Doytchinova IA, Flower DR (2007) VaxiJen: a server for prediction of 
protective antigens, tumor antigens and subunit vaccines. BMC Bioin-
formatics 8: 4.

16. Golshani M, Oloomi M, Bouzari S (2016) In silico analysis of Shiga toxins 
(Stxs) to identify new potential vaccine targets for Shiga toxin-produc-
ing Escherichia coli. In Silico Pharmacol 5(1): 2.

17. Adhikari UK, Mourad Tayebi M, Mizanur Rahman R (2018) Immunoin-
formatics Approach for Epitope-Based Peptide Vaccine Design and Ac-
tive Site Prediction against Polyprotein of Emerging Oropouche Virus. J 
Immunol Res 2018: 6718083.

18. Dhanda SK, Usmani SS, Agrawal P, Nagpal G, Gautam A, et al. (2017) Nov-
el in silico tools for designing peptide-based subunit vaccines and immu-
notherapeutics. Brief Bioinform 18(3): 467-478.

19. Urrutia BVH, Gomez FR, Ramos GMA, Guerra TP, Sauceda LDG, et al. 
(2019) Immunoinformatics Approach to Design a Novel Epitope-Based 
Oral Vaccine Against Helicobacter pylori. J Comput Biol 26(10): 1177-
1190.

http://dx.doi.org/10.32474/DDIPIJ.2019.03.000160
https://www.afro.who.int/health-topics/tuberculosis-tb
https://www.cdc.gov/mmwr/preview/mmwrhtml/00001642.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00001642.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00001642.htm
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf
https://www.elsevier.com/books/mandell-douglas-and-bennetts-principles-and-practice-of-infectious-diseases/mandell/978-1-4557-0872-7
https://www.elsevier.com/books/mandell-douglas-and-bennetts-principles-and-practice-of-infectious-diseases/mandell/978-1-4557-0872-7
https://www.elsevier.com/books/mandell-douglas-and-bennetts-principles-and-practice-of-infectious-diseases/mandell/978-1-4557-0872-7
http://medind.nic.in/iae/t11/i3/iaet11i3p191.pdf
http://medind.nic.in/iae/t11/i3/iaet11i3p191.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11475314
https://www.ncbi.nlm.nih.gov/pubmed/11475314
https://www.ncbi.nlm.nih.gov/pubmed/31636137
https://www.ncbi.nlm.nih.gov/pubmed/31636137
https://www.ncbi.nlm.nih.gov/pubmed/31636137
https://www.ncbi.nlm.nih.gov/pubmed/24846381
https://www.ncbi.nlm.nih.gov/pubmed/24846381
https://www.ncbi.nlm.nih.gov/pubmed/24846381
https://www.ncbi.nlm.nih.gov/pubmed/24846381
https://www.ncbi.nlm.nih.gov/pubmed/12368430
https://www.ncbi.nlm.nih.gov/pubmed/12368430
https://www.ncbi.nlm.nih.gov/pubmed/12368430
https://www.ncbi.nlm.nih.gov/pubmed/10963599
https://www.ncbi.nlm.nih.gov/pubmed/10963599
https://www.ncbi.nlm.nih.gov/pubmed/10963599
https://www.ncbi.nlm.nih.gov/pubmed/10963599
https://www.ncbi.nlm.nih.gov/pubmed/16368961
https://www.ncbi.nlm.nih.gov/pubmed/16368961
https://www.ncbi.nlm.nih.gov/pubmed/16368961
https://www.ncbi.nlm.nih.gov/pubmed/23204463
https://www.ncbi.nlm.nih.gov/pubmed/23204463
https://www.ncbi.nlm.nih.gov/pubmed/23204463
https://www.ncbi.nlm.nih.gov/pubmed/30538505
https://www.ncbi.nlm.nih.gov/pubmed/30538505
https://www.ncbi.nlm.nih.gov/pubmed/30538505
https://www.ncbi.nlm.nih.gov/pubmed/30538505
https://www.ncbi.nlm.nih.gov/pubmed/29312304
https://www.ncbi.nlm.nih.gov/pubmed/29312304
https://www.ncbi.nlm.nih.gov/pubmed/29312304
https://www.ncbi.nlm.nih.gov/pubmed/29312304
https://www.ncbi.nlm.nih.gov/pubmed/29312304
https://www.ncbi.nlm.nih.gov/pubmed/17207271
https://www.ncbi.nlm.nih.gov/pubmed/17207271
https://www.ncbi.nlm.nih.gov/pubmed/17207271
https://www.ncbi.nlm.nih.gov/pubmed/28534196
https://www.ncbi.nlm.nih.gov/pubmed/28534196
https://www.ncbi.nlm.nih.gov/pubmed/28534196
https://www.ncbi.nlm.nih.gov/pubmed/30402510
https://www.ncbi.nlm.nih.gov/pubmed/30402510
https://www.ncbi.nlm.nih.gov/pubmed/30402510
https://www.ncbi.nlm.nih.gov/pubmed/30402510
https://www.ncbi.nlm.nih.gov/pubmed/27016393
https://www.ncbi.nlm.nih.gov/pubmed/27016393
https://www.ncbi.nlm.nih.gov/pubmed/27016393
https://www.ncbi.nlm.nih.gov/pubmed/31120321
https://www.ncbi.nlm.nih.gov/pubmed/31120321
https://www.ncbi.nlm.nih.gov/pubmed/31120321
https://www.ncbi.nlm.nih.gov/pubmed/31120321


Citation: Mostafa Norizadeh Tazehkand*, Orkideh Hajipour. Multi Epitope Vaccine Candidate against Mycobacterium Tuberculosis. Drug 
Des Int Prop Int J 3(2). DDIPIJ.MS.ID.000160. DOI: 10.32474/DDIPIJ.2019.03.000160.

                                                                                                                                                          Volume 3 - Issue 2 Copyrights @ Mostafa Norizadeh Tazehkand, et al.Drug Des Int Prop Int J

358

20. Pritam M, Singh G, Swaroop S, Singh AK, Singh SP (2019) Exploitation 
of reverse vaccinology and immunoinformatics as promising platform 
for genome-wide screening of new effective vaccine candidates against 
Plasmodium falciparum. BMC Bioinformatics 19(Suppl 13): 468.

21. Ghasemi A, Ranjbar R, Amani J (2014) In silico analysis of chimeric TF, 
Omp31 and BP26 fragments of Brucella melitensis for development of 
a multi subunit vaccine candidate. Iran J Basic Med Sci 17(3): 172–180.

22. Bhattacharya D, Nowotny J, Cao R, Cheng J (2016) 3Drefine: an interac-
tive web server for efficient protein structure refinement. Nucleic Acids 
Res 8(44): W406-W409.

23. Meszaros B, Erdos G, Dosztanyi Z (2018) IUPred2A: context-dependent 
prediction of protein disorder as a function of redox state and protein 
binding. Nucleic Acids Res 46(W1): W329-W337.

24. Naz K, Naz A, Ashraf ST, Rizwan, M Ahmad J, et al. (2019) PanRV: Pange-
nome-reverse vaccinology approach for identifications of potential vac-
cine candidates in microbial pangenome. BMC Bioinformatics 20: 123.

25. World Health Organization (WHO) (2019) Tuberculosis (TB). 

26. World Health Organization (WHO) (2003) Treatment of Tuberculosis. 

27. Reed MB, Domenech P, Manca C, Su H, Barczak AK, et al. (2004) A gly-

colipid of hypervirulent tuberculosis strains that inhibits the innate im-
mune response. Nature 431(7004): 84-87. 

28. Rindi L, Fattorini L, Bonanni D, Iona E, Freer G, et al. (2002) Involvement 
of the fadD33 gene in the growth of Mycobacterium tuberculosis in the 
liver of BALB/c mice. Microbiology 148(Pt 12): 3873-3880. 

29. Murphy HN, Stewart GR, Mischenko VV, Apt AS, Harris R, et al. (2005) 
The OtsAB pathway is essential for trehalose biosynthesis in Mycobacte-
rium tuberculosis. J Biol Chem 280(15): 14524-14529.

30. Meng XY, Zhang HX, Mezei M, Cui M (2011) Molecular Docking: A pow-
erful approach for structure-based drug discovery. Curr Comput Aided 
Drug Des 7(2): 146-157.

31. Raynaud C, Guilhot C, Rauzier J, Bordat Y, Pelicic V, et al. (2002) Phospho-
lipases C are involved in the virulence of Mycobacterium tuberculosis. 
Mol Microbiol 45(1): 203-217. 

32. Madison BM (2001) Application of stains in clinical microbiology. Bio-
technic & Histochemistry 76(3): 119-125. 

33. Chang JC, Miner MD, Pandey AK, Gill WP, Harik NS, et al. (2009) igr Genes 
and Mycobacterium tuberculosis cholesterol metabolism. J Bacteriol 
191(16): 5232-5239.

This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link:         Submit Article
Drug Designing & Intellectual  

Properties International Journal

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

DOI: 10.32474/DDIPIJ.2019.03.000160

http://dx.doi.org/10.32474/DDIPIJ.2019.03.000160
https://www.ncbi.nlm.nih.gov/pubmed/30717656
https://www.ncbi.nlm.nih.gov/pubmed/30717656
https://www.ncbi.nlm.nih.gov/pubmed/30717656
https://www.ncbi.nlm.nih.gov/pubmed/30717656
https://www.ncbi.nlm.nih.gov/pubmed/24847419
https://www.ncbi.nlm.nih.gov/pubmed/24847419
https://www.ncbi.nlm.nih.gov/pubmed/24847419
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987902/
https://www.ncbi.nlm.nih.gov/pubmed/29860432
https://www.ncbi.nlm.nih.gov/pubmed/29860432
https://www.ncbi.nlm.nih.gov/pubmed/29860432
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-019-2713-9
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-019-2713-9
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-019-2713-9
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://apps.who.int/iris/bitstream/handle/10665/67890/WHO_CDS_TB_2003.313_eng.pdf;jsessionid=4B4115F117DA0781FFD18FE7D3652E34?sequence=1
https://www.ncbi.nlm.nih.gov/pubmed/15343336
https://www.ncbi.nlm.nih.gov/pubmed/15343336
https://www.ncbi.nlm.nih.gov/pubmed/15343336
https://www.ncbi.nlm.nih.gov/pubmed/12480891
https://www.ncbi.nlm.nih.gov/pubmed/12480891
https://www.ncbi.nlm.nih.gov/pubmed/12480891
https://www.ncbi.nlm.nih.gov/pubmed/15703182
https://www.ncbi.nlm.nih.gov/pubmed/15703182
https://www.ncbi.nlm.nih.gov/pubmed/15703182
https://www.ncbi.nlm.nih.gov/pubmed/21534921
https://www.ncbi.nlm.nih.gov/pubmed/21534921
https://www.ncbi.nlm.nih.gov/pubmed/21534921
https://www.ncbi.nlm.nih.gov/pubmed/12100560
https://www.ncbi.nlm.nih.gov/pubmed/12100560
https://www.ncbi.nlm.nih.gov/pubmed/12100560
https://www.ncbi.nlm.nih.gov/pubmed/11475314
https://www.ncbi.nlm.nih.gov/pubmed/11475314
https://www.ncbi.nlm.nih.gov/pubmed/19542286
https://www.ncbi.nlm.nih.gov/pubmed/19542286
https://www.ncbi.nlm.nih.gov/pubmed/19542286
http://www.lupinepublishers.com/submit-manuscript.php
https://lupinepublishers.com/drug-designing-journal
http://dx.doi.org/10.32474/DDIPIJ.2019.03.000160

	Multi Epitope Vaccine Candidate against Mycobacterium Tuberculosis
	Abstract
	Introduction
	Material and Methods
	Result and Discussion
	Conclusion
	References

