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ABSTRACT

BACKGROUND: Mycetoma is a distinct body tissue destructive and neglected tropical disease. It is endemic in many tropical and subtropi-
cal countries. Mycetoma is caused by bacterial infections (actinomycetoma) such as Streptomyces somaliensis and Nocardiae or true fungi
(eumycetoma) such as Madurella mycetomatis. To date, treatments fail to cure the infection and the available marketed drugs are expensive
and toxic upon prolonged usage. Moreover, no vaccine was prepared yet against mycetoma.

AIM: The aim of this study is to predict effective epitope-based vaccine against fructose-bisphosphate aldolase enzymes of M. mycetomatis
using immunoinformatics approaches.

METHODS AND MATERIALS: Fructose-bisphosphate aldolase of M. mycetomatis sequence was retrieved from NCBI. Different prediction
tools were used to analyze the nominee’s epitopes in Immune Epitope Database for B-cell, T-cell MHC class Il and class |. Then the pro-
posed peptides were docked using Autodock 4.0 software program.

RESULTS AND CONCLUSIONS: The proposed and promising peptides KYLQ show a potent binding affinity to B-cell, FEYARKHAF with a
very strong binding affinity to MHC | alleles and FFKEHGVPL that shows a very strong binding affinity to MHC Il and MHC | alleles. This indi-
cates a strong potential to formulate a new vaccine, especially with the peptide FFKEHGVPL which is likely to be the first proposed epitope-
based vaccine against fructose-bisphosphate aldolase of M. mycetomatis. This study recommends an in vivo assessment for the most
promising peptides especially FFKEHGVPL.
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Introduction

Mycetoma is a distinct destructive neglected tropical disease,
caused by bacterial infections (actinomycetoma) such as
Streptomyces somaliensis and Nocardiae or true fungi (eumyce-
toma) such as Madurella mycetomatis.»*> Mycetoma is endemic
in many tropical and subtropical countries; these regions are
referred to as the “mycetoma belt” that lies between 15° S and
30° N of the equator.3-¢ Sudan is considered as one of the most
affected regions by this disease; furthermore, 70% of the prev-
alent causes of mycetoma is related to M. mycetomatis.>>® The
disease characterized by chronic subcutaneous masses, large
tumor-like swellings, multiple draining sinuses, discharge
grains, blood, and pus; while the recurrent infection may lead

to amputation.”™ The infection is mainly located in the lower
extremities, but could also affect other parts of the body.>®
Mycetoma can affect all age groups (20-50years) and is more
common in males than females with a ratio 3:1. It is widely
spread within people who had lived in rural areas and had
worked in the farms due to their frequent contact to/with
organisms, which have saprobiotic life in soil. On other hand,
man-to-man infection does not occur.* There are no ideal
diagnostic tools available to identify mycetoma and the iden-
tification of the etiological agent is a very challenging issue
that reflects directly on the treatment, especially in non-
endemic areas.® The laboratory-based diagnostic tools and
techniques of mycetoma detection include direct microscopy
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and cytological, histopathological, classical grain culture and
immunohistochemical, molecular-based methods recently
have joined the mycetoma diagnostic armamentarium.?>712
On the other hand, treatment is not affordable, not effective,
toxic for patients and requires a long period (18-24 months or
more).%’ No vaccine was prepared yet against mycetoma;
therefore, vaccination is highly recommended.’3 Epitope-
based vaccines have notable privilege over the conventional
ones seeing that they are specific, capable to keep away from
undesirable immune responses, reasonably cheaper, easy to
produce, less safe.’* The
Understanding of epitope/antibody interaction is that the key
to constructing potent vaccines and effective diagnostics. The

time-consuming and also

host defense mechanisms against fungi generally vary from
germline-encoded immunity, which present early in the evolu-
tion of microorganisms to activation and induction of specific
adaptive immune responses by the production of Th-1 and
Th-2 cytokines.’ B-cells recognize antigens via membrane-
bound antibodies using B-cell receptors (BCRs), resulting in
the secretion of antibodies that bind to the antigen and deac-
tivate or remove it. Processing and presentation of peptide
epitopes are essential steps in cell-mediated immunity.1® In a
previous study, two antigenic proteins, fructose-bisphosphate
aldolase (FBA) and pyruvate kinase (PK) of M. mycetomatis,
had shown the ability to induce an antibody response in
human implied that they might be useful as vaccine candidates
in the prevention of mycetoma.’® FBA was detected as a novel
immunogens of M. mycetomatis using a serum pool from
patients with active mycetoma; they screened an M. mycetom-
atis-specific Ngt11 cDNA library, which was shown to contain
8% of cDNA inserts encoding proteins involved in glycolysis.
Two of these enzymes, FBA and PK, were produced in vitro
and their antigenicity was studied with bead-based flow
cytometry.1°

The aim of the study is to predict effective epitope-based vac-
cine against FBA enzymes of M. mycetomatis. Development of
immunogenetics will enhance apprehension of the impact of
genetic factors on the interindividual and interpopulation varia-
tions in immune responses to vaccines that could be helpful to
progress new vaccine strategies.!” In silico/reverse vaccinology
had replaced conventional culture-based vaccine because it
reduces the cost required for laboratory investigation of patho-
gen, also speeds up the time needed to achieve the results.!® In
a previous study, an epitope of antibodies elicited by HIV-1
infection, through immunization with fusion peptide coupled
carriers and prefusion stabilized envelope trimers, induces
cross-clade neutralizing responses. These immunogens elicited
monoclonal antibodies capable of neutralizing up to 31% of a
cross-clade panel of 208 HIV-1 strains in mice. Overall, there
results provide proof of principle for the ability of epitope-
based vaccine design to induce FP-directed antibodies with
neutralization breadth and indicate that the exposed N termi-
nus of FP is a site of exceptional HIV-1 vaccine promise.'

Therefore, using immunoinformatics approaches to predict
this new kind of vaccines could be a magnificently additive in
the way forward of preventing mycetoma. Normally, the
investigation of the binding affinity of antigenic peptides to
the MHC molecules is the main goal when predicting
epitopes. Using such tools and information leads to the devel-
opment of new vaccines.!®? While these approaches permit
the optimization of a vaccine for a specific population, the
problem can also be reformulated to design a “universal vac-
cine” a vaccine that provides maximum coverage for the
whole worlds’ population.?! In this study, we focused on both
MHC class II and class I with performing of molecular
docked in HLA-A0201.

Materials and Methods

The sequence of FBA was retrieved from NCBI Database
(https://www.ncbi.nlm.nih.gov/protein)?? in a FASTA format
as of September 2017 for further analysis and then the candi-
date epitopes were analyzed using different prediction tools of
the Immune Epitope Database (IEDB) analysis resource
(http://www.iedb.org/).??

B-cell epitope prediction

The candidate epitopes were analyzed by IEDB B-cell predic-
tion (http://tools.iedb.org/beell/) with several methods that
determine the antigenicity, hydrophilicity, flexibility, and sur-
face accessibility. The predicted linear epitopes were obtained
using Bepipred Linear Epitope Prediction method?* threshold
value of 0.149 and a window size of 6.

Furthermore, surface accessible epitopes were predicted
with a threshold value of 1.0 and a window size of 6.0 using
the Emini Surface Accessibility Prediction method.?> The
Antigenicity methods of Kolaskar and Tongaonkar (http://
webcache.googleusercontent.com/search?q=cache:http://tools.
iedb.org/beell/help/) were proposed to determine the sites of
antigenic epitopes with a default threshold value of 1.030 and
a window size of 6.0.26

MHOC class I binding predictions

Analysis of peptide binding to MHC I molecules was assessed
by the IEDB MHC I prediction tool at http://tools.iedb.org/
mhci/. The attachment of cleaved peptides to MHC molecules
was predicted using artificial neural network (ANN) method.
MHC T alleles at score equal or less than 100 half-maximal
inhibitory concentrations (ICs,) were selected for further
analysis.?’28

MHUC class 11 binding predictions

Analysis of peptide binding to MHC II molecules was assessed
by the IEDB MHC II prediction tool at http://tools.iedb.org/
mhcii/.27?° For MHC 1I binding prediction, human allele
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references set were used. MHC II groove has the ability to bind
different lengths peptides that makes prediction more difficult
and less accurate. We used ANN:Ss to identify both the binding
affinity and MHC II binding core epitopes. All epitopes that
bind to many alleles at score equal or less than 1000 half-max-
imal inhibitory concentration (ICs,) were selected for further
analysis.

Population coverage calculation

All potential MHC I and MHC 1I binders of FBA were
assessed for population coverage against the whole world,
North Africa and Sudan population with the selected MHC 1
and MHC II interacted alleles by the IEDB population cover-
age calculation tool at http://tools.iedb.org/tools/population/
iedb_input.30

The physicochemical properties

The physicochemical properties of FBA protein were assessed
using BioEdit sequence alignment editor software Version

7.2.53

Homology modeling

The reference sequence of FBA of M. mycetomatis was submit-
ted to Raptor X web portal (http://raptorx.uchicago.edu/)?? in
September 19, 2017, the 3D structure of it was received in
September 20, 2017 and then treated with UCSF Chimera
version 1.10.2, UCSF ChimeraX version 0.1 software to show
the position of proposed peptides.3334

Protein structure retrieval and preparation

The HLA-A0201 was selected for docking and the 3D struc-
ture of 4UQ3 was retrieved from the RCSB Protein Data Bank
(http://www.rcsb.org/pdb/home/home.do).  The  structure
4UQ3 of this database was the crystal structure of HLA-
A0201 in complex with an azobenzene-containing peptide.3
The protein files were prepared by removal of all water mole-
cules and hetero groups.

In silico molecular docking

Molecular docking was performed using Autodock 4.0 soft-
ware,3¢ based on Lamarckian Genetic Algorithm, which com-
bines energy evaluation through grids of affinity potential to
find the suitable binding position for a ligand on a given pro-
tein.” Polar hydrogen atoms were added to the protein targets
and Kollman united atomic charges were computed. All hydro-
gen atoms were added to the ligands before the Gasteiger par-
tial charges were assigned, then a co-crystal ligand was removed,
and the bond orders were checked. The target’s grid map was
calculated and set to 60 X 60 X 60 points with grid spacing of

0.375A. The grid box was then allocated properly in the target
to include the active residue in the center. The default docking
algorithms were set in accordance with standard docking pro-
tocol. Finally, 10 independent docking runs were carried out for
each ligand Peptide and results were retrieved as binding ener-
gies. Poses that showed lowest binding energies were visualized
using UCSF chimera.33

Results
B-cell epitope prediction

The sequence of M. mycetomatis FBA was subjected to Bepipred
Linear Epitope Prediction, Emini Surface Accessibility
Prediction, and Kolaskar and Tongaonkar Antigenicity meth-
ods in IEDB, to determine the epitopes binding to B-cell,
being on the surface and to test the immunogenicity. The
results were shown in Table 1 and Figures 1 to 4.

Prediction of T helper cell epitopes and interaction
with MHC I alleles

M. mycetomatis FBA sequence was analyzed using IEDB
MHC I binding prediction tool based on ANN-align with
half-maximal inhibitory concentration (ICy,) <100; the list of
the most promising epitopes that had binding affinity with the
Class I alleles along with their positions in the M. mycetomatis
FBA is shown in Table 2.

Prediction of T helper cell epitopes and interaction
with MHC II alleles

M. mycetomatis FBA sequence was analyzed using IEDB
MHC II binding prediction tool based on NN-align with half-
maximal inhibitory concentration (ICs,) <1000; the list of the
most promising epitopes and their correspondent binding
MHC II alleles along with their positions in the M. mycetoma-
tis FBA is shown in Supplementary Table 1 while the list of the
most promising epitopes that had a strongly binding affinity
with the Class II alleles and the number of their binding alleles

is shown in Table 3.

FBA physical and chemical parameters

The physicochemical properties of M. mycetomatis FBA pro-
tein were assessed using BioEdit software version 7.0.9.0. The
protein length was found to be 363 amino acids and the molec-
ular weight was 39675.83Da. The amino acid that formed
FBA protein and their number along with their molar percent-

age (Mol%) were shown in Table 4 and Figure 5.

Population coverage analysis

Population coverage test was performed to detect all epitopes
binds to MHC I alleles, MHC II alleles for Sudan and North
Africa (Tables 5 to 10).
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Table 1. List of peptides with their surface accessibility score and antigenicity score.

PEPTIDE LENGTH
MSG 1 3 3
VvIY 14 16 3
NVTSSST 38 44 7
NVTSSS 38 43 6
AAKDAKS 51 57 7
NGGAAFF 65 71 7
GISNDGQAASI 75 85 11
GISNDGQAAS 75 84 10
MMDA 124 127 4
AFF 130 132 3
EEAVDYNIQT 149 158 10
*KYLQ 161 164 4
AAPWK 166 170 5

EMINI SURFACE NGAONKAR
SCORE TH=1.00

0.653 0.904
0.406 1.232
1.201 1.002
1.044 1.017
1.853 0.990
0.242 0.976
0.324 0.987
0.580 0.971
0.659 0.895
0.377 1.082
1.642 1.003
1.785 1.089
1.047 1.003

*Refer to the conserved peptides that passed the Emini surface accessibility and Kolaskar and Tongaonkar antigenicity test.
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Figure 1. Present Bepipred Linear Epitope Prediction, the yellow space
above threshold (red line) is proposed to be a part of B-cell epitopes and
the green space is not a part.
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Figure 2. Present Kolaskar and Tongaonkar antigenicity prediction,
yellow areas above threshold (red line) are proposed to be a part of B-cell
epitope while green areas are not a part.
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Figure 3. Present Emini surface accessibility prediction, the yellow
space above threshold (red line) is proposed to be a part of B-cell
epitopes and the green space is not a part.

Figure 4. Present the structural position of the most promising B-cell
epitope peptides KYLQ, FEYARKHAF of MHC |, and FFKEHGVPL of
MHC | and MHC Il of Madurella mycetomatis FBA using UCSF Chimera
version 1.10.2.
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Table 2. List of the most promising epitopes that had binding affinity with MHC | alleles along with their positions in the M. mycetomatis FBA, 1Cs,,
and percentile.

EPITOPE START END ALLELE 1Csq PERCENTILE
FEYARKHAF 24 32 HLA-B*15:02 37.69 0.1
24 32 HLA-B*18:01 7.73 0.1
24 32 HLA-B*40:02 67.13 0.2
24 32 HLA-B*44:02 38.22 0.1
24 32 HLA-C*03:03 23.48 0.4
24 32 HLA-C*12:03 49.26 0.2
24 32 HLA-C*14:02 48.23 0.2
FFKEHGVPL 131 139 HLA-B*08:01 35.25 0.2
131 139 HLA-C*03:03 30.3 0.4
131 139 HLA-C*12:03 18.9 0.2
131 139 HLA-C*14:02 46.21 0.2
YIRAVAPIY 94 102 HLA-A*29:02 42.76 0.2
94 102 HLA-B*15:01 81.1 0.2
94 102 HLA-B*35:01 43.95 0.3
YARKHAFAL 26 34 HLA-B*07:02 9.28 0.1
26 34 HLA-B*08:01 5.78 0.1
26 34 HLA-B*35:01 44.01 0.3
26 34 HLA-C*03:03 472 0.1
26 34 HLA-C*12:03 11.86 0.2
Table 3. List of the most promising epitopes (core sequence) that had Table 3. (continued)
binding affinity with MHC Il alleles and the number of their binding
alleles. CORE ALLELES NUMBER OF
SEQUENCE ALLELES
gggEENCE ALEELES QEI?IAEBLIIEEE oF HLA-DQA1*01:02/DQB1*06:02
FFKEHGVPL HLA-DPA1*01/DPB1*04:01 15 HLA-DQAT'05:01/DQBT'03:01

HLA-DPA1*01:03/DPB1*02:01 HLA-DRB1701:01

HLA-DPA1*02:01/DPB1*01:01
HLA-DPA1*03:01/DPB1*04:02
HLA-DQA1*05:01/DQB1*03:01
HLA-DRB1*01:01
HLA-DRB1*04:01
HLA-DRB1*04:04
HLA-DRB1*04:05
HLA-DRB1*07:01

HLA-DRB1*03:01
HLA-DRB1*04:01

HLA-DRB1*04:05

HLA-DRB1*07:01
YIRAVAPIY HLA-DQA1*04:01/DQB1*04:02 1
HLA-DQA1*05:01/DQB1*02:01
HLA-DRB1*01:01

HLA-DRB1*04:01

IYQALSKIS

HLA-DRB1*09:01
HLA-DRB1*11:01

HLA-DRB1*13:02
HLA-DRB1*15:01
HLA-DRB3*01:01

HLA-DPA1*02:01/DPB1*01:01
HLA-DPA1*03:01/DPB1*04:02

13

HLA-DRB1*04:05
HLA-DRB1*07:01
HLA-DRB1*08:02
HLA-DRB1*09:01
HLA-DRB1*11:01
HLA-DRB1*15:01
HLA-DRB5*01:01
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Table 4. Present the list of amino acid that formed FBA protein with their number and Mol% using BioEdit software Version 7.2.5.

AMINO ACID NUMBER MOL% AMINO ACID NUMBER MOL%
Ala A 40 11.02 Met M 7 1.93
Cys C 3 0.83 Asn N 16 4.41
Asp D 26 716 Pro P 17 4.68
GluE 18 4.96 GInQ 13 3.58
Phe F 16 4.41 Arg R 9 2.48
Gly G 32 8.82 Ser S 19 5.23
His H 12 3.31 ThrT 14 3.86
lle | 20 5.51 Val V 28 7.71
Lys K 26 716 Trp W 6 1.65
Leu L 27 7.44 TyrY 14 3.86
Abbreviation: FBA, fructose-bisphosphate aldolase.
Amino acid composition
Fructosebisphosphate aldolase
12 -
10 -
8 - 6

° i

§ 6 -

=

=

Ala Cys Asp Glu Phe Gly His Ile Lys Leu Met Asn Pro Gln Arg Ser Thr Val Trp Tyr

Amino aicd

Figure 5. The graph shows the amino acid composition in Mol% of M. mycetomatis FBA.

Table 5. Population coverage average for all epitopes binding to MHC |
alleles in World.

POPULATION/AREA  CLASS |

COVERAGE:? AVERAGE HIT® PC90°
World 97.57% 8.77 3.22
Average 97.57 8.77 3.22
Standard deviation 0.0 0.0 0.0

aProjected population coverage.

bAverage number of epitope hits/HLA combinations recognized by the population.

°Minimum number of epitope hits/HLA combinations recognized by 90% of the
population.

Table 6. Population coverage average for all epitopes binding to
MHC | alleles in North Africa.

POPULATION/AREA  CLASS |

COVERAGE2  AVERAGE HIT® PC90°
North Africa 94.16% 7.35 1.91
Average 94.16 7.35 1.91
Standard deviation 0.0 0.0 0.0

aProjected population coverage.

bAverage number of epitope hits/HLA combinations recognized by the population.
°Minimum number of epitope hits/HLA combinations recognized by 90% of the
population.
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Table 7. Population coverage average for all epitopes binding to
MHC | alleles in Sudan.

POPULATION/AREA  CLASS |

COVERAGE2 AVERAGE HIT®  PC90¢
Sudan 92.64% 712 1.48
Average 92.64 712 1.48
Standard deviation 0.0 0.0 0.0

aProjected population coverage.

bAverage number of epitope hits/HLA combinations recognized by the population.

°Minimum number of epitope hits/HLA combinations recognized by 90% of the
population.

Table 8. Population coverage average for all epitopes binding to
MHC Il alleles in World.

POPULATION/AREA  CLASS I

COVERAGE= AVERAGE HIT® PC90¢
World 81.94% 41.15 8.86
Average 81.94 4115 8.86
Standard deviation 0.0 0.0 0.0

aProjected population coverage.

bAverage number of epitope hits/HLA combinations recognized by the population.

°Minimum number of epitope hits/HLA combinations recognized by 90% of the
population.

Table 9. Population coverage average for all epitopes binding to
MHC Il alleles in North Africa.

POPULATION/AREA  CLASS I

COVERAGE?2 AVERAGE HIT>  PC90¢
North Africa 75.2% 30.7 6.45
Average 75.2% 30.7 6.45
Standard deviation 0.0 0.0 0.0

aProjected population coverage.

bAverage number of epitope hits/HLA combinations recognized by the population.

cMinimum number of epitope hits/HLA combinations recognized by 90% of the
population.

Table 10. Population coverage average for all epitopes binding to
MHC Il alleles in Sudan.

POPULATION/AREA  CLASS I

COVERAGE2  AVERAGE HIT® PC90¢°
Sudan 59.3% 20.73 3.93
Average 59.3 20.73 3.93
Standard deviation 0.0 0.0 0.0

aProjected population coverage.

bAverage number of epitope hits/HLA combinations recognized by the
population.

°Minimum number of epitope hits/HLA combinations recognized by 90% of the
population.

Molecular docking

2 '

Figure 6. Molecular docking of KYLQ peptide of M. mycetomatis FBA that
binds B-cell and docked in HLA-A0201 using UCSF Chimera version 1.10.2.

Figure 7. Molecular docking of the most promising peptide FEYARKHAF
of M. mycetomatis FBA that binds MHC | alleles and docked in
HLA-A0201 using UCSF ChimeraX version 0.1.

FFKEHGVPL

Figure 8. Molecular docking of the most promising peptide FFKEHGVPL
of M. mycetomatis FBA that binds MHC Il alleles and MHC | and docked
in HLA-A0201 using UCSF ChimeraX version 0.1.
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Discussion
The current study revealed three promising peptides that could
be the first vaccine against M. mycetomatis FBA worldwide.
The peptide KYLQ_is the only one peptide that passed all
B-cell prediction tests in this study and shows high binding
affinity in docking. In MHC I analysis, 71 conserved peptides
were predicted using ANN method with ICs;=100. Three
peptides were suggested and thought to be a possible epitope-
based peptide vaccine against M. mycetomatis FBA. The pep-
tide FEYARKHAF interacts with the highest number of
MHC 1 alleles and the other two, YIRAVAPIY and
FFKEHGVPL, are highly MHC I-binding peptides. The
selection was done according to the binding with the highest
numbers of alleles. The peptide FEYARKHAF interacts with
seven alleles (HLA-B*15:02, HLA-B*18:01, HLA-B*40:02,
HLA-B*44:02, HLA-C*03:03, HLA-C*12:03, HLA-
C*14:02) while the other two peptides, YIRAVAPIY and
FFKEHGVPL, interact with three alleles (HLA-A*29:02,
HLA-B*15:01, HLA-B*35:01) and four alleles (HLA-
B*08:01, HLA-C*03:03, HLA-C*12:03, HLA-C*14:02),
respectively. The reference FBA was analyzed using IEDB
MHC II binding prediction tool based on NN-align with half-
maximal inhibitory concentration (ICs,) =< 1000; there were
240 predicted peptides found to interact with MHC II alleles.
We proposed the peptides FFKEHGVPL, IYQALSKIS and
YIRAVAPIY that had the affinity to bind the highest number
of MHC 1II alleles. The peptide FFKEHGVPL exhibits
exceptional population coverage results for both MHC I and
MHC 1I alleles with total binding to 15 different alleles in
MHC II and 4 alleles in MHC I, This finding shows a very
strong potential to formulate an epitope-based peptide vaccine
against M. mycetomatis and make the peptide FFKEHGVPL
highly proposed. The population coverage analysis using IEDB
analysis resource predicted both MHC class I and class II
based coverage of the selected peptides for Sudan, North
Africa, and world population to assess the feasibility of being
potential vaccine candidate in those endemic aeries. The pep-
tide FEYARKHAF population coverage was found to be
30.3% for Sudan, 24.38% for North Africa, and the world
population coverage was found to be 36.63%. Furthermore, the
peptide FFKEHGVPL population coverage was found to be
26.59% for Sudan, 20.37% for North Africa, and the world
population coverage was found to be 29.11% (Figures 6 to 8).
Population coverage results for total peptides binding to
MHC I alleles with IC5, =< 100 shows 97.57% projected popu-
lation coverage for the world, 94.16% in North Africa, and
92.64% in Sudan while the population coverage results for total
peptides binding to MHC II alleles shows 81.94% projected
population coverage for the world, 75.2% in North Africa,
and 59.3%in Sudan. Finally, the three peptides KYLQ,
FEYARKHAF, and FFKEHGVPL were proposed as poten-
tial candidates to be devolved into a vaccine. Herein, in silico
molecular docking was done to explore the binding affinity

between the aforementioned peptides and the target HLA-
A0201.The target HLLA-A0201 has been selected for docking
pertained with its involvement in several immunological and
pathological diseases hence, although numerous studies have
demonstrated an association between HLA alleles and disease
susceptibility, Defining protective HLA allelic associations
potentially allows the identification of pathogen epitopes that
are restricted by the specific HLA alleles. These epitopes may
then be incorporated into vaccine design in the expectation
that the natural resistance can be replicated by immuniza-
tion.3¥4 The binding energies between the peptides and
HLA-A0201 molecule were calculated and ranked. Peptide
FFKEHGVPL shows the best Docking result, this indicates a
strong potential to formulate a vaccine using the peptide
FFKEHGVPL that is highly promising to be the first pro-
posed epitope-based peptide vaccines against M. mycetomatis
FBA. Based on our previous studies on Mokola Rabies Virus
and Lagos Rabies Virus, a computational analysis was made
and the most immunogenic epitopes for T- and B-cells
involved in the cell-mediated immunity were analyzed.**? In
this study, the same techniques were used, to design the
epitope-based peptide vaccine against FBA enzymes of M.
mycetomatis as an immunogenic part to stimulate a protective
immune response.

One of the limitations of this study was the number of FBA
sequences; there was only one sequence of FBA that retrieved
from NCBI Database: This sequence collected from Sudan.
On the other hand, the new version of IEDB population
coverage calculation tool does not illustrate the ability to know
the population coverage results for every peptide binding to
MHC 1I like as previously was, it illustrates only the average
percentage of all peptides. Recently, two other studies were
going along parallel with our study to predict new epitope-
based peptide vaccines against M. mycetomatis. They used PK
of M. mycetomatis and translationally controlled tumor protein
(TCTP) as target proteins.*>** But we believe that FBA
enzymes could be the best target protein due to its high ability
to induce an antibody response in a human. In de Klerk et al’s
study, they found that both FBA and PK IgG antibodies were
present in eumycetoma patients’sera. However, only FBA anti-
body levels were found to be significantly higher in eumyce-
toma patients’ sera when compared with healthy controls.!

Conclusions

To the best of our knowledge, this study is considered to be the
first to propose epitope-based peptide vaccine against M. myce-
tomatis FBA, which is expected to be highly antigenic with a
minimum allergic effect. Furthermore, this study proposed
promising peptides those peptides were (KYLQ) that show
a very strong binding affinity to B cell, (FEYARKHAF) with
a very strong binding affinity to (MHC 1) alleles and
(FFKEHGVPL) that show a very strong binding affinity to
(MHCII) and (MHC I) alleles. In vitro and in vivo assessment
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for the most promising peptides, namely, (KYLQ),
(FEYARKHAYF), and (FFKEHGVPL) are recommended to
be explored and find out more on their ability to be developed
into vaccines against M. mycetomatis.
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