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Abstract: The accurate assembling of microtubules identifies microtubular filaments for a coronavirus 

that directs the site of viral. By this work, we are able to design a peptide-based multi-epitope vaccine 

from the surface glycoprotein inside the microtubules via molecular dynamic and docking simulation. 

Therefore, cell-mediated immunity can be killing the viral particles of the coronavirus. Predicted 

epitopes were merged using appropriate linkers to increase the immunogenicity of the vaccine. A wide 

range of bioinformatics analyses was accomplished based on published biological protein sequences in 

this study. Using molecular docking technology of Discovery-Studio 201673, the receptor-ligand 

docking of viral proteins with human heme (or porphyrins) was simulated.   
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1. Introduction 

1.1 Microtubule and its biological function.  

Microtubules consist of long protein structures with a dynamic cytoskeletal of 

morphological changes. It has multiple functions inside the cellular processes, such as peculiar 

biophysical settings in the internal environment. The microtubule structures are the same as 

tubular polymers, while its thickness diameter is about 25 nm, wherein the two dimers can be 

assembled from head to tail [1-10]. Although several microtubules are hugely excluded from 

the cytoplasmic in influence virus, 2.2 nm2 sidelong pores and 2.4 nm2 portals at their ends are 

attached to the cytoplasm section. Currently, particular particles have been explored in whole 

structures of microtubules which those particles can affect the other section of cell components. 

Although distinguishing these ingredients inside the luminal might be difficult, these molecules 

have culminated using the vitreous electron microscopy technique [4,6]. Moreover, an exact 

study of those sections can explain the tubulin-motor- proteins (TMP) mechanism, such as 

dynamics of assembling, transport situations, interactions among other cell ingredients, and 

especially virus entry and exit [5-10]. A stathmin-like domain (SLD) such as RB3 is a known 

protein for responding signals to the extracellular (mostly in breast cancers). It is an important 

inhibitor that makes a close interaction with other tubulins. Stathmin has a soluble and 

cytoplasmic exclusivity that plays an important role in regulating rapid microtubules 

reconstructing the cytoskeleton due to the cell's requirements [8,9]. A collection of the ribbon 
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charts of αβ -tubulins heterodimers with Taxol components are shown in Figure 1. The 

guanosine triphosphate "GTPase" domain and the C-terminal domain on the external surface 

are shown in Figure 1, and as it can be seen, the GTP is surrounded between α and β tubulins 

heterodimers. Whole microtubules can be screwed and bent without being located under great 

strain, and it can be seen in fluorescent microtubules images during growing [11-15]. 

During the bending of a microtubule, individual proto-filaments must be bent in several 

orientations; therefore, there are multiple bent situations for related dimers of each proto-

filament. Many attempts have been accomplished for characterization of the 3 major sections, 

including the first of microtubule structure, second heterodimers, and finally curved Proto-

filament. The establishment of the tubulins-stathmin complexes presented a new approach for 

stabilizing tubulins in the solution of any crystallization.  

 
Figure 1. The β -tubulin has been hydrolyzed via GDP in the domain of α -tubulin. Taxol is located under the 

coverage of β -tubulin, where is occupied by the extended L-loop. 

1.2 Microtubules role in coronavirus entry. 

Several animal viruses, including adenoviruses, influenza, and coronavirus, are related 

to microtubule structures [16-19]. Although the dynamic interaction among these viruses and 

also host cytoskeletal proteins varies largely, the microtubule structure consistently provides a 

concept of oriented transporting. The tubular structure undergoes reorganization following 

viral infections, demonstrating the tendency for invading pathogens. The microtubules 

contribution to the transport of coronavirus is completely evidenced by the location of 

microtubules. The accurate assembling of microtubules identifies microtubular filaments for a 

coronavirus that directs the site of viral. Microtubules facilitate virus-host interactions during 

covid-19 disease, especially during viral entry and exit. In eukaryotic systems, endocytosis 

makes the uptake of external cargo. Although a wide range of several materials, including 

receptor-ligand, trans-membrane proteins, phospholipids, and intracellular pathogens, are 

restructured via endocytosis, cellular machinery for endocytosis provide specialized 

microenvironments for aimed cargo transport [20]. Endosome maturation is necessary for 

efficient downstream cargo transition that can be transported through the endocytic route [20, 

21]. By returning this cargo to the plasma membrane, a determined collection of material, 

including invading viruses, is attacked towards lysosomes [20]. For several viruses, including 

influenza and especially coronavirus, the endocytic direction is first exploited (for priming) 

and then will appear during the subcellular transition of viral genome replication. The cellular 
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cytoskeletons of microtubules build the basic components of the endocytic machinery, which 

are exploited by several particles (Figure 2).  

 
Figure 2. A schematic of coronavirus endocytosis and early transition through the cell, SSRNA is a single-

stranded sense RNA. Viral particles consist of an outer envelope containing the M proteins (MP) and E proteins 

(EP).  

 Endosomes and their components interact with several actin filaments [22, 23], which, 

together with their associated myosin motors with a forth and back movement of EEs. Since 

endosomes movement to the cellular interior, therefore retrograde transport is related to 

microtubules and their related dynein motors [24, 25]. This machinery has the ability to 

straightforward transport macromolecules to the appropriate cellular segments.  

 
Figure 3. Structure of microtubules. (A) Microtubule filaments are comprised of multiple dimer complexes of 

α- and β-tubulin assembled around a hollow core. (B) Microtubules form dynamic networks in the cytoplasm.  

Endosome sorting is mostly related to sorting proteins, which have interacted with 

microtubule motors and mediate endosome-microtubule interactions, subcellular transition, 
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and localization [26]. The fluorescent studies of individual coronavirus, including quantum-

dot-and viral tracking techniques, have been accomplished for microtubules during transit 

through the cytoplasm (Figure 3). 

Moreover, to help the targeted transport of any ingredients direct to the cellular interior, 

also provide specialized subunits microenvironments that allow for the suitable replication of 

coronavirus. Endocytic vesicles are separated from the surrounding cytosol by the 

phospholipids m. While cytosolic pH generally appears at around 7.45, ATP-related proton 

pumps in the membrane, within the range of acidic pH levels (pH 6.4 – 4.2) within optimization 

the catalytic activities of several enzymes [27-31].  

For coronavirus, the progressive acidification during movement towards the nucleus 

represents downstream viral replication. In addition, microtubule de-polymerization exhibited 

a consistent ability for dealing with the maturation of endocytic vesicles [32]. 

1.3. Microtubules in Coronavirus Egress. 

The genome replication, coronavirus can be transited to the cytoplasm and egress to the 

plasma membrane for virion assembly. Nuclear export requires the assembly of a nuclear 

export complex containing nucleoproteins. This complex mediates the association of 

exportin1/XPO1/CRM1 with vRNPs and the translocation of viral proteins from the nucleus to 

the cytoplasm [33]. The magnitude pores through increased activation coronavirus infected 

cells. Coronavirus induced the maturation in infected cells, which led to cholesterol enrichment 

along with the microtubule. 

2. Materials and Methods 

2.1. Vaccine designing from the glycoprotein epitopes of COVID-19. 

Novel strategies of the immune informatics approach were applied to investigate the 

multi-epitope-based vaccine  (Figure 4). The amino acid sequence (around 1300 amino acids) 

of the surface glycoprotein coronaviruses were recovered from NCBI. For vaccines, the surface 

diagrams of the glycoprotein were selected to distinguish the immunogenic identity for the 

vaccine produced. Definition of immunogenic T-Cells or MHC-I and II was accomplished via 

applying the Immune Epitopes Database (IEDB) (https://www.iedb.org) [34]. It employed a 

different prediction pathway for epitope binding analysis (Figure 4). MHC class I and II 

molecules were predicted via the Stabilized Matrix Method (SMM) accounting and neutral-

network-based tool (net MHC-1.1) [35-37]. Epitopes were regulated from the predicted 

ensemble (IC50 ≤ 250 nM), and also B-Cell immunogenic was designed using BCPRED 

(http://ailab.cs.iastate.edu/bcpreds). The B & T-cells epitopes are immune-dominant and 

sensitive to increasing neutralizing-antibody. B-cell epitopes are indispensable for epitope-

based vaccine design and development [38]. The surface of proteins can be encoded by MHC 

where are vital for the adaptive immune system, containing MHC-II binding interferon-

inducing epitopes (Figure 4). For the determination of antigenicity, allergenicity, and their 

toxicity of the prepared vaccine software has been applied (Vaxijen Version 2.0) [39]. An 

online server (http://crdd.osdd./net/raghava/algpred/) was applied to identify the allergenicity 

of the constructs with a -0.5 threshold amount [40]. Expasy Protparam 

(https://web.expasy.org/protparam/) were applied for predicting physical chemistry data such 

as amino acid structure, molecular weight, estimated half-life, aliphatic item, hydrophobicity, 

aromaticity, and instability index of the vaccine. 
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Figure 4. Schematic workflow followed for the multi-epitope vaccine design. 

2.2. Molecular docking and MD simulation. 

For docking simulation, iGEM-DOCK software has been applied. Hereby, an 

acceptable receptor can be defined for the binding site in whole coronavirus structures. The 

mRNA structure is worked with a ligand of the virus, and iGEM-DOCK can help to define the 

suitable binding site quickly. Following steps were accomplished in docking: (a), Providing 

binding site on the ligands. (b) Browsing the files. (c) Defining the binding site type. (d) 

Defining the center of the binding location. (e) Defining the size of the space and radius for 

ligands. IGEM-DOCK yields an analysis surrounding visualized tools and post-analysis tools 

for users to visualize the docked states and categories through the protein-ligand interactions. 

IGEM-DOCK clusters the ligands corresponding to interaction composition features extracted 

from the protein-ligand interactions with related composition. The data in subsets will share 

some general properties. These are based on interaction and atomic combination aspects. 

Interaction aspects are extracted from the protein-ligand couples, and atomic combinations are 

calculated atomic types in various functional groups [41, 42]. TLR7/8 complex (TLR8 PDB 

ID:3w3g) was downloaded from Protein Databank (PDB) (https://www. rcsb.org). FireDock 

refines and re-scoring the docked complexes and ranks the complexes based on binding score 

and global binding energy [43]. Our results have been discussed based on our previous works 

[45-66]. 

3. Results and Discussion 

3.1. Genetic defecting and disordering. 

Defecting due to genetic mutations changes the mRNA and causes dangerous metabolic 

irregularity, which mostly appears in early childhood and destroys the tissues. Mutations in 

those complexes are consequent in alternative functionalities of several assembling, and each 

mutation is associated with the etiologies of the specific disease within some symbolization in 

several disorders.  
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A wide range of bioinformatics analyses was accomplished based on published 

biological protein sequences in this study. Using molecular docking technology (LibDock tool) 

of Discovery-Studio 201673, the receptor-ligand docking of viral proteins with human heme 

(or porphyrins) was simulated. Depending on the results of the bioinformatics analysis, the 

related molecular of the disease was proposed. It can be discussed about the polar and charged 

residues for many of the fraction and binding interfaces of CoV2-RBD and the ACE2. 

Moreover, electrostatic interaction has critical points for a complex formation. Distances 

among the two mentioned proteins are a key at the binding interfaces identified and 

summarized in Table 1 for the three representative models (Figure 5 & Table 1). 

 
Figure 5. Severe acute respiratory syndrome, coronavirus 2, Lama glama. 

The majority of those residues are preserved for models. The same simulations can be 

accomplished for the SARS-RBD/ACE2 complexes. Interestingly, in related simulations, the 

SARS-RBD counterpart in CoV2-RBD did not form near contacts with the ACE(2).  

The hydrogen bonds among the CoV2-RBD and ACE2 can be extracted using VMD 

program. It can be discussed that the number of hydrogen bonds fluctuated over time. 

 Similar trends can be observed in the other simulations, suggesting that the binding 

became stronger as the simulation progressed. Some extra program such as the noisy software 

(http://www.bioinf.uni-leipzig.de/Software/noisy/) has also been applied for this work [67-73]. 

Table 1. Anti-SARS-CoV-2 S protein RBD neutralizing antibody and Nucleo-capsid antibody extracted from 

SSRNA in related microtubules. 

Molecule Cat. No. Species Product Description 

 

AC2(R5246) Rat Rat ACE2 / ACEH Protein, His Tag 

AC2(M5248) Mouse Mouse ACE2 / ACEH Protein, His 

AC2(P5248) 
Paguma 

larvata 
Paguma larvata ACE2 / ACEH Protein, His 

Nucleocaps

id protein 

NUN(V52H3) HCoV-OC43 HCoV-OC43 Nucleocapsid protein, His Tag 

SPN(S52H5) SARS SARS S protein (R667A), His Tag 

S1N(C52H4) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein, 

S1N(C5255) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein 

S1N(C5257) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein, Mouse IgG2a 

S1N(C5256) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein (D614G), His Tag 

S2 protein 

S protein 

RBD 

S2N(C52H5) SARS-CoV-2 SARS-CoV-2 (COVID-19) S2 protein, His Tag 

SPD(C82E9) SARS-CoV-2 
Biotinylated SARS-CoV-2 (COVID-19) S protein RBD, 

His,Avitag™ (MALS verified) 
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Molecule Cat. No. Species Product Description 

SPDC5255 SARS-CoV-2 
SARS-CoV-2 (COVID-19) S protein RBD, Fc Tag (MALS 

verified) 

SPDS52H6 SARS SARS S protein RBD, His Tag (MALS verified) 

SPDC52H3 SARS-CoV-2 
SARS-CoV-2 (COVID-19) S protein RBD, His Tag (MALS 

verified) 

SPDC5259 SARS-CoV-2 
SARS-CoV-2 (COVID-19) S protein RBD, Mouse IgG2a Fc 

Tag 

SPDS52H4 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (V367F), His Tag 

SPDS52H5 SARS-CoV-2 
SARS-CoV-2 (COVID-19) S protein RBD (N354D), His 

Tag 

SPD-S52H3 SARS-CoV-2 
SARS-CoV-2 (COVID-19) S protein RBD (N354D, 

D364Y), His Tag 

SPD-C52H4 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (G476S), His Tag 

 SPDC52H5 SARS-CoV-2 
SARS-CoV-2 (COVID-19) S protein RBD (V483A), His 

Tag 

S1 protein 

CTD 
S1DC52H3 SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein CTD, His Tag 

S protein 

SPNC52H4 SARS-CoV-2 
SARS-CoV-2 (COVID-19)  S protein (R683A, R685A), His 

Tag 

SPNC52H8 SARS-CoV-2 SARS-CoV-2 (COVID-19)  S protein (R683A, R685A) , His 

   

Envelope 

protein 
ENNC5128 SARS-CoV-2 SARS-CoV-2 (COVID-19) Envelope protein, His Tag 

 
NUNC5227 SARS-CoV-2 SARS-CoV-2 (COVID-19) Nucleocapsid protein, His Tag 

NUNC81Q6 SARS-CoV-2 Biotinylated SARS-CoV-2 (COVID-19) Nucleocapsid 

NSP7  

NSP8 
NS8C5125 SARS-CoV-2 SARS-CoV-2 (COVID-19) NSP7&NSP8 Protein, His Tag 

NSP16 

NSP10 
NS0C51W3 SARS-CoV-2 SARS-CoV-2 (COVID-19) NSP16&NSP10 Heterodimer 

 

Based on items in Table 1, four different categories have been selected as names: 

AC2(R5246), SPN(S52H5), NUNC81Q6, and NS0C51W3. Therefore four different constructs 

were built by this integration of linkers.  

The sequence of these constructs differed from each other according to the adjuvant 

used and the arrangement order of the constituent segments. The linker "EAAAK" (blue) links 

the adjuvant (black) in the constructs. The GGGS and HEYGAEALERAG (grey) link the 

epitopes. Immunogenic epitopes (red) and the immune enhancer adjuvant, PADRE, as well as 

linker sequences, were inserted as follows:  

Number (1) 

ALATVNDLIANLRERAEETRAETRTRVEERRARLTKFQEDLPEQFIELRDKFTTEELRKAAEGYLEAATNRYNEL 

QTRAVGERAAKLVGIELEAAAKAKFVAAWTLKAAAGGGSGDEVRQIAPGQTGKIADYNYKGGGSSYQTQTN 

SPRRARSVASQSGGGSAKFVAAWTLKAAAGGGSILPDPSKPSKRSFIEDLLFNKVHEYGAEALERAGQCVNLT 

TRTQLPPAYTNSFTRGV 

Number(2) 

CRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAAKAKFVAAWTLKAAGDEVRQIAPGQTGKIADYNYKGGGSILPDPSKP

SKRSFIEDLLFNKVGGGSAKFVAAWTLKAAAGGGSSYQTQTNSPRRARSVASQSHEYGAEALERAGQCVNLTTRTQLPPAYT 

Number(3) 

NIDDIKAPLLAALGAADLALATVNELITNLRERAEETRRSRVEESRARLEKFTAEELRKAAEGYLEAATSELVERGEAALERLRSQQ

SFEEVSARAEGYVDQAVELTQEALGTVASQVEGRAAAAWTLKAAAGGGSSYQTQTNSPRRARSVASQSGGGSQCVNLTTRTQTR

GVGGGSAKFVAAWTLKAAAGGGSGDEVRQIAPGQTGKIADYNYKHEYGAEALERAGILPDPSKPSKRSFIEDLLFNKVHEYGAEA

LERAGAKF 

Number(4) 

AAAPVAVAAAGAAPAGAAVEAAEEQSEFDVILEAAGDVVREIVSGLGLKEAKDLVDGAPKPLAKLEAAGATVAWTLKAAAGGG

SQCVNLTTRTQLPPAYTNSFTRGVGGGSGDEVRQIAPGQTGKIADYNYKGGGSAKFVAAWTLKAAAGGGSILPDPSKPSKRSFIED

LLFNKVHEYGAEALERAGSYQTQTNSPRRA 

All the four vaccines prepared were tested for allergenicity, antigenicity, and Algpred 

server, Vexijen v2.0 [44] in Table 2. 
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Table 2. Antigenicity and allergenicity of the various vaccine constructs. 

Item Antigenicity 

(Threshold > 0.5) 

Allergenicity 

1 0.4656 -0.875854 

2 0.4213 -0.786857 

3 0.3954 -0.564778 

4 0.4098 -0.456788 

 

The most antigenic vaccine construct, and least allergenic were selected as suitable 

vaccines to elicit host immune response. Physiochemical properties of all vaccine constructs 

were predicted via the Prot-Param server, as shown in Table 3.  

Table 3. Physical chemistry data of the vaccine constructs. 

Item Number of amino acids Theoretical PI Aliphatic index Instability index 

1 295 7.55 69.45 31.25(stable) 

2 165 8.45 71.23 29.43(stable) 

3 255 8.23 69.55 33.56(stable) 

4 183 4.55 80.44 55.44(unstable) 

Potentially, vaccines must be able to bind to different HLA allelic proportions of the 

human population, where it is the most considerable property for its proper function inside the 

host. The docking of all above vaccines structures was accomplished with TLR7, TLR8, and 

TLR 4/MD2 complexes. After analyzing all vaccine stabilities, we manufacture the structure 

based on different physical chemistry properties and docking scores.  

The results of the docking simulation are shown in Table 4. Therefore, we selected 

number 2, as a suitable vaccine against the 2019 novel Coronavirus (2019-nCoV). In addition, 

molecular docking of the vaccines was performed with the modeled TLR7 using the 

HADDOCK web server. 

Table 4. Global, Attractive and Repulsive Energies for four items 

Item Global Energy 

(Kcal/mol) 

Attractive 

VdW 

Repulsive 

VdW 

1 -40.44 -35.66 18.77 

2 -70.55 -43.34 15.44 

3 -50.34 -29.66 17.56 

4 -39.44 -21.33 20.44 

4. Conclusions 

The immune simulation showed an enhanced antibody after virtual administration. It 

also exhibits that the microtubule and their tubulins have an important role in healthy immune 

response elicitation. The final and suitable vaccine structure might also be tested in vitro. 
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