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Abstract

Background and Aim: Several Ebola outbreaks have been recorded
worldwide, with most occurring in Central Africa. Given the 50-90%
mortality rate among infected individuals and the lack of a specific treatment,
there is an urgent need for an effective vaccine to control this disease. In this
study, we focus on designing an mRNA vaccine, conducting bioinformatics
analyses, predicting structural features, and evaluating the immunological
response of a chimeric protein.

Materials and Methods: The Ebola virus genome encodes various proteins.
Given the functional and protective roles of the glycoprotein (GP) and
nucleoprotein (NP), they were used to design a chimeric immunogen,
whereas other studies have primarily focused on GP alone. In this study, the
conservation of protein and nucleotide sequences was evaluated across
different species. Additionally, the allergenicity, antigenicity, toxicity, and
physicochemical properties of a recombinant fusion protein resulting from the
fusion of these two proteins were analyzed using bioinformatics, and its
secondary structure was predicted. Linear and conformational epitopes for B
cells, MHC-I, MHC-ll, and TCD4 cells were identified using
immunoinformatics approaches, and the immune response in a mammalian
host was simulated. An mRNA vaccine construct corresponding to the
Recombinant Fusion protein was designed, its secondary structure was
analyzed, and its sequence was optimized.

Results: The designed recombinant fusion protein is an immunogenic
molecule with suitable physicochemical properties and secondary structure
and exhibits no allergenicity or toxicity. With its multiple epitopes, it can
effectively stimulate both humoral and cellular immune responses in the host
for at least one month. The designed mRNA vaccine is stable, has a high
transcription rate, and, due to the inclusion of the NP protein alongside GP,
can be used against various viral strains.

Conclusion: Considering the capabilities and advantages of fourth-generation
vaccines, the designed mRNA chimera vaccine could be a promising
candidate for laboratory studies targeting the Ebola virus.
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TIYTSGKRSNTT GP1
SGQSPARTSSDPG GP1
KIMASENSSAMVQVHSQGR GP1
TSPQSLTTKPGPDN GP1
QHHRRTDNDSTA GP1
PKAENTNTSKSTDF GP1
TTSP GP1
KAMDSR NP
PEEET NP
DPTDSQDTTIP NP
GQHIEGRQTQS NP
APLTDNDRRNEPSGSTS NP
DDADDETS NP
ESDDEEQDRDGTSNRT NP
TQEARNQDSDN NP
VVFSTSDG NP

173
191
227
287
308
341
374
398
417
480
619
926
995
1023
1054
1067
1112
1157

0.97 Negative
0.89 Negative
0.94 Negative
0.98 Negative
0.95 Negative
1.01 Negative
0.9 Negative
0.99 Negative
0.98 Negative
0.98 Negative
0.91 Negative
0.94 Negative
0.96 Negative
0.89 Negative
0.95 Negative
0.91 Negative
0.9 Negative
0.95 Negative

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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7ol (g i BT laged (B) 15lS (g (3 slaggi gl oges @) F S

b ool b S e ol sl ol e F Jax

Epitopes ZONE Start Position  Allergenicity Toxicity
QHHRRTDNDS GP1 374 Negative Negative
PKAENTNTSK GP1 398 Negative Negative
GQHIEGRQTQS NP 995 Negative Negative
APLTDNDRRNEPSGSTSPRMLTPINEEA NP 1023 Negative Negative
DDADDETSSLPPLESDDEEQDRD NP 1054 Negative Negative
ESDDEEQDRDGTSNRTPTV NP 1067 Negative Negative
DSDNTQSEH NP 1119 Negative Negative
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Epitopes Alleles zone Start End Peptide score
FLYDRLASTV HLA-A*02:03 GP1 128 137 0.973
GLFPQLSAI HLA-A*02:03 NP 792 800 0.968
RLEELLPAV HLA-A*02:01 NP 597 605 0.943
KLTEAITAA HLA-A*02:03 NP 885 893 0.842
YQVNNLEEI HLA-A*02:06 NP 525 533 0.814
FLLQLNETI HLA-A*02:01 GP1 220 228 0.8
YPDSLEEEY HLA-B*35:01 NP 1169 1177 0.992
TVAPPAPVY HLA-B*35:01 NP 1084 1092 0.963
HAEQGLIQY HLA-B*35:01 NP 660 668 0.956
GPFDAVLYY HLA-B*35:01 NP 1141 1149 0.955
FPQLSAIAL HLA-B*35:01 NP 794 802 0.939
MASENSSAM HLA-B*35:01 GP1 310 318 0.938
MHC-II 6‘&993@' £ Jeus

Epitopes Alleles zone Start End Peptide score
ASENSSAMVQVHSQG HLA-DQA1*01:02 GP1 311 325 0.85
LGVIHNSTLQVSDVD HLA-DQA1*01:02 GP1 3 17 0.825
HRTIHHASAPLTDND HLA-DQA1*01:01 NP 1015 1029 0.861
EEMYRHILRSQGPFD HLA-DRBI1*11:01 NP 1130 1144 0.972
GHGFRFEVKKRDGVK HLA-DRB1*11:01 NP 582 596 0.965
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FEEMYRHILRSQGPF HLA-DRBI1*11:01 NP 1129 1143 0.953
HGEYAPFARLLNLSG HLA-DRBI1*11:01 NP 771 785 0.897
SSGYYSTTIRYQATG HLA-DRBI1*11:01 GP1 178 192 0.844
CD4 slacy ol .V Jgux

Peptide ZONE Start End Immunogenicity Score Alleles
SVQQGIVRQRVIPVY NP 511 525 97.0466
AFFLYDRLASTVIYR GP1 126 140 95.8534
FTPQFLLQLNETIYT GP1 216 230 94.1759
NEVNSFKAALSSLAK NP 756 770 93.8981
AVKYLEGHGFRFEVK NP 576 590 91.599 HLA-DRB1:03:01
IKFLLIHQGMHMVAG NP 691 705 91.5099 HLA-DRB1:07:01
PFARLLNLSGVNNLE NP 776 790 91.1408 HLA-DRBI1:15:01
RGVRLHPLARTAKVK NP 741 755 90.4833 HLA-DRB3:01:01
MNHKNKFMAILQHHQ NP 1206 1220 90.2989 HLA-DRB3:02:02
GDYKLFLESGAVKYL NP 566 580 89.313 HLA-DRB4:01:01
ANAGQFLSFASLFLP NP 626 640 88.7078 HLA-DRB5:01:01
EISFQQTNAMVTLRK NP 866 880 88.5067
IPLGVIHNSTLQVSD GP1 1 15 88.2979
AGDFAFHKEGAFFLY GP1 116 130 86.5947
NLTYVQLESRFTPQF GP1 206 220 86.4198
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