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Supplementary figures


Figure 1. SARS-CoV-2 Genome Structure. 


The genome size varies from 29.8 kb to 29.9 kb, the 5′ more than two-thirds of the genome comprises orf1ab 
encoding orf1ab polyproteins, while the 3′ one third consists of genes encoding structural proteins SP, E, MG, 
NP and accessory proteins.





Figure 2: Development of vaccines against SARS-CoV-2







Figure 3. Innate immune response and damage of the signaling pathways by coronavirus proteins.


Once the virus enters the cell, the viral RNA is recognized by the TLR7, TLR3, RIG-I, and MDA5 receptors 1,2 
activating the following signaling cascades: 1) translocation of nuclear factor kappa B (NF-kB) by TLR-7, to 
produce pro-inflammatory cytokines such as interleukins (IL) IL-1, IL-6 and tumor necrosis factor (TNF); 2) 
through TLR3, RIG-I and MDA5, nuclear translocation of IRF3 and IRF7 promote the synthesis IFN-I 3; and 3) 
activation of JAK-STAT and IRF9 by autocrine action of INF, promotes transcription of INF-stimulated genes 4. 
The proteins involved in the alteration of IFN-I production are nsp1, 3a, 3b, and 6. They alter the IFN-I 
production by inhibiting the nuclear translocation of STAT1. The nsp16 protein alters the production of IFN-I 
by preventing the detection of viral RNA by MDA5 5. The Papain-like protease protein (PL-PRO) antagonizes 
the production of IFN-I by inhibiting the phosphorylation of IRF3 6 while MP and NP alter the translocation of 
IRF3 and IRF7 7,8. Another innate altered immune response is the production of proinflammatory cytokines 
such as elevated IL-6 production, which is related to the action of the NP protein, which drives the translocation 
of NF-kB at the nuclear level 9,10. The "cytokine storm" could be associated with the expression of viral 
proteins such as 3a, 3b, and 7 11,12  that activate signaling pathways for the production of cytokines such as 
IL-8, CCL5, and TNF.  The SARS-CoV envelope protein (E) is associated with inflammasome activation, which 
is related to lung damage12. 







Figure 4: HLA-I by country: allelic frequency <0.1 are grouped in “others”












Figure 5: HLA-II by country.












Figure 6: B cell epitopes zones. 


a.) Ribbon diagram of RNA binding domain in NP  b.) Surface structure RNA binding domain in NP with linear 
B cell epitopes in red, yellow, orange, green, and aquamarine that continue with opaque blue and light blue 
colors c.) Ribbon diagram of SP obtained from PDB:6M3M with the presence of Nglycosylations d.) Front view 
of SP with RBD domain in purple e.) Front view of SP with B cell epitopes in the lower region of the RBD 
domain f.) Lower view of SP, with discontinues epitopes in blue and linear epitopes in red, yellow, and orange.







Figure 7: Prediction of the secondary structure of the multi-epitope construct from conserved regions of 
92 SARS-CoV-2 proteomes.


a.) The sequence of vaccine construction along with the predicted secondary structure b.) The overall 
percentage of various secondary structures in vaccine construction as predicted by the SOPMA server c.) 
Representations of various secondary structures in the construction of the multi-epitope vaccine d.)The 
propensity for the appearance of various secondary structures according to the residues in the vaccine 
construction.







Figure 8: Secondary structure prediction


Structure prediction of the multi-epitope construct with PSIPRED 4.0







Figure 9: Characteristics of the 3D structure of the multi-epitope construct.


The tertiary structure of the vaccine was predicted by a thread-based homology model using the Robetta server, 
plotted in Pymol. The magenta, yellow, and red regions represent the set of epitopes of HTL, CTL, and BL 
respectively. a.) Analysis of the Ramachandran diagram obtained using PDBsum of the modeled structure 
revealed the presence of favorable regions of 88.7%, and 10.8% in the additionally allowed regions b.) The 
quality factor was analyzed using the ERRAT server and a quality factor of 90.78 that represents a good 
modeled structure was obtained c.) To refine the structure obtained, 3D refine and GalaxyRefine were used 
which resulted in an overall improvement given by the Ramachandran diagram of 91.5% in the most favored 
regions and 8.3% in the permitted regions d.) and by an ERRAT quality factor of 94.77.







Figure 10: Molecular docking between the multiepitope construct and the TLR-4 / MD-2 heterodimer. 


a.) Pose with lower energy obtained from the protein-protein molecular coupling obtained from ClusPro server 
v 2.0. The multi-epitope construct is in a position close to the TLR4 ectodomain and contacts MD-2 at the 
bottom when positioned in the concave cavity. b.) front view of MD-2 c.) back view of MD-2.







Figure 11: Intermolecular forces involving the molecular docking interface, between the multiepitope 
construct and TLR-4. 


Hydrogen and salt bridges between the multiepitope construct and TLR4 a.) Hydrogen bridges (blue) b.) 2d 
diagram from PDB sum, Chain B TLR-4, Chain E multiepitope construct c.)  Salt bridges (orange).







Figure 12: Intermolecular forces involving the molecular docking interface, between the multiepitope 
construct and MD-2.


hydrogen and salt bridges between the multiepitope construct and MD-2 a.) Hydrogen bridges (blue) b.) 
2d diagram from PDB sum, Chain D MD-2, Chain E multi-epitope construct c.) Salt bridges (orange).







Figure 13: Salt bridges formation between TLR-4 and multi-epitope vaccine.


a.) a zoomed ball-and-stick representation of salt bridges. b.) Time series of salt bridges formed by the residue 
ASP-1424:ARG1639, ASP-756:ARG-1641, GLU-1180:ARG-1524, GLU-1183:ARG1520, and 
GLU-1556:ARG930







Figure 14: In silico cloning of the multi-epitope construct. 


a.) The reverse translation used for optimization was performed using EMBOSS Backtranseq b.) Codon 
adaptation index value (CAI) of the cDNA before adaptation was observed to be 0.5690 with a GC content of 
57.84% c.) The CAI score of the improved sequence was increased to 0.977 with a GC content of 50.71%. The 
improved CAI score represents the presence of the most abundant codons in Escherichia coli K12. d.) The 
adapted cDNA sequence was used for in-silico cloning purposes.







Figure 15: Extend immune simulation 


a.) Total B-cell population and breakdown into IgG1-2 and IgM isotypes. As the time series progresses, a 
decrease in IgM and an increase in IgG is identified. This is consistent after day 311 of simulation and beyond 
day 460, but without antigenic stimulus. This suggests the presence of antibody-specific memory b.) CD4+ T-
cell population. Memory persists beyond day 311 of simulation. This suggests the presence of CD4+ T memory 
beyond the antigen exposure that corresponds to the multi-epitope construct c.) Polarization towards a TH1 
profile, which is related to the antigenic stimulus and is maintained during the simulation. This profile allows 
an adequate cellular interaction that mediates an adequate immune presentation d.) CD8+ T cell population, 
we see a constant stimulation of this cell lineage that is maintained beyond the period of stimulation by the 
vaccine construct e.) The population of antigen response-related cells, that are not professional presenters but 
secrete cytokines that stimulate other professional cells such as DC and MA. These are mediators of the 
adaptative immune response and are activated during the antigenic stimulus  f.) The concentration of cytokines 
and interleukins that form a cellular response to the antigen. A greater amount of IFN γ and TGF-β is observed 
at the beginning of the exposure, as well as the presence of IL-2. In this graph, this is related to leukocyte 


growth. 
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