
Page 1/25

Analysis of the relationship between proteins of microorganisms and MS
disease by bioinformatics methods
Ali Bigdeli 

Tarbiat Modares University Faculty of Biological Sciences
Seyed Shahriar Arab  (  sh.arab@modares.ac.ir )

Tarbiat Modares University Faculty of Biological Sciences https://orcid.org/0000-0002-2739-1617
Mehrdad Behmanesh 

Tarbiat Modares University Faculty of Biological Sciences

Research Article

Keywords: MS, Bioinformatics, Myelin basic protein, Myelin oligodendrocytes glycoprotein, Microorganisms

Posted Date: April 13th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1510914/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-1510914/v1
mailto:sh.arab@modares.ac.ir
https://orcid.org/0000-0002-2739-1617
https://doi.org/10.21203/rs.3.rs-1510914/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/25

Abstract
Multiple Sclerosis (MS) is an autoimmune disease that is caused by the invasion and destruction of the myelin sheath in the human nervous system. Several
studies have shown that there is a powerful link between infectious agents such as bacteria and viruses, with the development or severity of MS disease. With
regards to the normal duty of the immune system, we hypothesize that this attack can be caused by sensitizing the immune system to an antigen/s
containing resemble myelin sheath components. This study is tried to use bioinformatics and its related tools as a new approach to �nding the possible
resemble protein amino acid sequences or 3D structures in different microorganisms with human myelin basic protein as a main protein component of myelin
sheath human nerve system. Based on the limitations of the proteins 3D structures prediction, the study was categorized in two ways: 1. Simultaneous study
and analysis of protein structure and sequence 2. Study exclusively through Sequence similarities between proteins. The similarity of the sequence in several
analysis suggests that the presence of these microorganisms or their entry into the body increases the risk of MS.  The results indicated the presence of
species of fungi is highly capable of infecting immune cells associated with MS. The sequence similarity in the bacterial structures, speci�cally in the
intestinal �ora, indicates the class of bacteria that intercede the metabolism of the human body and promote natural activities. Their imbalance increases the
possibility of the immune system activating against the body itself.

Highlights
Two target proteins in the nervous system associated with MS have been studied with pathogenic and non-pathogenic microorganisms

A different approach to MS-related structural proteins is proposed.

This study is based on the preserved similarities of amino acids and the tertiary structure of proteins.

The possibility of error in the immune system has been investigated by examining antigenic epitopes in sequences.

1. Introduction
Multiple sclerosis (MS) is an autoimmune disease that causes in�ammation. MS is a central nervous system (CNS) disease that produces in�ammatory
plaques in the brain, spinal cord, and optic nerve, as well as nerve cell degeneration[1,2]. Several proteins are involved in the development of the nervous
system's myelin structure. The myelin basic protein (MBP) is one of these proteins that is required for the formation of myelin[3]. The second of numerous
proteins involved in this structure is myelin oligodendrocyte glycoprotein (MOG). This protein is only found on the outside of the CNS myelin and
oligodendrocytes membranes[4].

The immune system is activated by microorganisms. The immune system is reacted to infectious agents in the body. The immune system recognizes speci�c
antigens for each of them and then secretes antibodies to overcome them. However, structural similarities between viral and bacterial antigens and their own
antigens promote immune system malfunction, and autoimmune disease is caused by an attack on the host body itself. The process through which antigenic
similarities generate autoimmune diseases is referred to as molecular mimicry[5,6]. Researchers have conducted considerable studies on these diseases as a
result of the link between microbes and autoimmune diseases, and research is still ongoing[7–9]. MS exacerbation has also been linked to infections of the
upper respiratory tract, gastrointestinal tract, and genitourinary system. Microbial pathogens may impact the neurological system of immunocompromised
people, notwithstanding the absence of clear evidence for an infectious etiology of MS in humans. Viruses including Epstein-Barr virus (EBV), Human
Herpesvirus 6 (HHV-6), and the Human endogenous retroviruses (HERV) family, as well as bacteria like Helicobacter pylori, Chlamydia pneumonia, and
Staphylococcus aureus enterotoxins, have all been associated with the development or exacerbation of MS in various studies[10].

1.1 Relation of Parvoviridae family with MS
The Parvoviridae family of microorganisms belongs to the virus category. The link of Parvovirus B19 species of this family with most autoimmune diseases
has been researched. However, the status of pathogenic proteins of this virus in relation to MS has not been thoroughly determined. Through molecular
mimicry of the processes reported in Human parvovirus B19 (HPV-B19) associated autoimmune proteins, IgG antibodies is interacted with recognized human
autoantigens, such as MBP[11]. In relation to this virus, only the tertiary structure of the capsid protein is submitted in the RCSB database. The possibility of
similarity of this protein with MBP was investigated in this study.

Adeno associated viruses (AAV), which are utilized as vectors in genetic engineering transmissions, are the second member of this family[12]. Serotype 4 of
this virus has a three-dimensional (3D) structure that is highly similar to HPV-B19 and its association with MS can be investigated.

1.2 Relation a member of Herpesviridae with MS
The following virus is a member of the Herpesviridae family that is linked to autoimmune disorders[13]. Using this virus family, serotype 6 has been linked to
the autoimmune disorder MS in the literature[14]. In this system, the immune response and function of CD4+ T cells were studied and veri�ed using the
MDRPRTPPPSYSE sequence of U24 protein from HHV-6 and the IVTPRTPPPSQGK sequence of MBP[15]. According to previous data, the impact of trypsin on
the amino acids Arginine and Threonine leads to the hypothesis of autoantigens and MS[16].

1.3 Association of gut microbiota and MOG
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Bacteria will be the subject of the following report. The synergistic impact of Lactobacillus reuteri and OTU0002 Erysipelotrichaceae in the gut generated T cell
responses in the intestine and particular response to MOG in the nervous system that produces autoimmune encephalitis. This action is according to
information collected from intestinal microorganisms. This mechanism relationship is unknown, although it is being investigated. In this case, scientists
discovered two cases of bacteria and MOG-dependent CD4+ cells. This result identi�ed their proteins and their similarity in the target species due to the
induction of autoimmune encephalitis in mice by this disruption[17].

1.4 Concurrent association of virus and bacterium in MS
In the next case, according to a research, portion of the peptides of two proteins from bacteria and the EBV were found in the cerebrospinal �uid and serum of
MS patients, causing an immune response. The study looked at the cross-reaction between the peptides of this protein from viruses and bacteria, as well as
the cross-reaction in the MBP and Interferon regulatory factor 5 protein, (IRF-5) and came up with the aforementioned �nding[18]. IRF-5 regulatory factor
epitope matching to EBV virus and Mycobacterium paratuberculosis (MAP) produces a particular humoral immune response in MS patients. Peptides of these
two bacteria have been discovered using myelin-based anti-protein antibodies[19,20].  

1.5 Epsilon toxin from Clostridium perfringens and MS
The other type is the link between epsilon toxin and Clostridium perfringens, which has been examined in MS patients, and clinical �ndings reveal antibodies
to this toxin. This toxin causes brain damage in animals and humans by affecting their neurological systems. Observations by Western blotting con�rmed the
presence of antibodies to epsilon toxin in some patients with multiple sclerosis in the United States[21]. In another study, three groups of MS patients were
tested in a control group of 125. Two groups demonstrated a stronger response (14 percent) in the serum of patients than the control group using epsilon
toxin. Peptide 170-184 with the TGVSLTTSYSFANTN sequence is the Epsilon toxin of the bacterium Clostridium perfringens. This peptide is obtained from the
Western blot results of a group of patients that was not present in the other experimental groups[22]. 

1.6 SARS-CoV-2019
With the outspread of the COVID-19 pandemic in 2019, researchers have had many questions about the SARS-CoV-2 virus. In an investigation, the potential
link between this virus and autoimmune diseases in various population groups. During the pandemic, numerous reports and evidence of in�ammation and
autoimmunity have been published in scienti�c journals. The study of autoantibodies in clinical trials, genetic diversity in populations, and the possibility of
autoimmunity after remission of the pandemic in the world are investigated. As well as reports of cases such as Guillain-Barré syndrome, Myasthenia gravis,
Psoriasis, In�ammatory arthritis in studies, have highlighted the importance of this disease research. Equally important is the presence of autoantibodies in
COVID-19 patients, which can include Anti-nuclear antibodies (ANA), Antiprothrombin IgM, Anti-CCP antibodies, etc[23–25]. 

1.7 Gut microbiota balance
The next two examples are distinct from the aforesaid example and contribute to the overall balance of immune system. The immune system is disrupted and
autoimmune disorders are caused by an imbalance in the gut microbiome. Butyric acid, a short-lived fatty acid that in�uences gut bacteria metabolism, is
decreased in MS patients[26]. Bile salt hydrolase (BSH) is involved in the metabolism of butyric acid and is found in many gut bacteria. They play an
important part in its synthesis, working in tandem with human enzymes[26]. Polysaccharide A, found in Bacteroides fragilis, is the last example. This
polysaccharide has the potential to protect nerve cells in the human body against demyelination. The synthesis of this polysaccharide necessitates the use of
many enzymes[27]. The immune system reacts against nerve cells when the equilibrium of this bacteria in the gut microbiome is disrupted. The �ndings of
this study reveal that a part of the MOG and MBP autoantigen sequences are similar to some enzyme sequences involved in butyric acid and polysaccharide A
metabolism.

Advances in numerous sectors of life sciences, as well as the discovery of various methods for disease treatment are noticeable. Bioinformatics and its
numerous technologies, such as drug design, molecular dynamics and simulation, proteomics investigations, and structural proteins, play a critical role in
developing clinical research in the treatment of diseases and improving community health[28]. In this regard, bioinformatics research has been conducted on
several autoimmune disorders[29,30]. The goal of this study is to look at viral pathogenic proteins, which are bacteria that have a comparable structure to
myelin-based proteins in the nervous system in terms of protein sequence and 3D structure. Using a variety of bioinformatics techniques, researchers have
solved this problem and provided a novel strategy to the treatment and prevention of autoimmune disorders, especially MS, which is the focus of this project.
In this study, structural relationships and protein sequence similarity with respect to the microorganisms mentioned in the introduction section are investigated
in order to evaluate the possibility of association with MOG and MBP.

2. Materials And Methods

2.1 Data extraction
In general, the information used in this study includes the amino acid sequences of MBP and MOG from humans, as well as several groups of viruses,
bacteria, and molds that have been linked to MS. This information from patients has been obtained clinically. Experiments with mice have also been studied,
speci�cally in this project and in relation to their structural proteins.
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2.2 Extraction of data related to MBP
The amino acid sequence of protein was obtained from the Uniprot database under the accession number P02686. The sequence was checked in the RCSB
database for the presence of a tertiary structure. The MBP sequence was checked using the Basic Local Alignment Search Tool (BLAST) online software
available in the National Center for Biotechnology Information (NCBI) database and the Protein Data Bank (PDB) database as the sequence comparison
reference. The information obtained from the NCBI database in the MBP analysis with the PDB reference database revealed that among the 304 amino acids,
there are only a few known 3D structures. (Fig. 1).

2.3 The tertiary structures of the MBP
To retrieve the structure of MBP, the AlphaFold database, created by the DeepMind team using an arti�cial intelligence methodology, is utilized. DeepMind and
EMBL's European Bioinformatics Institute (EMBL-EBI) have created an online web server to provide free 3D prediction structures to the scienti�c community
(http://alphafold.ebi.ac.uk). AlphaFold predicts 3D protein structures with scoring more than 90 in CASP14 (Critical Assessment of protein Structure
Prediction) challenging. A deep learning algorithm is used for prediction, which makes use of physical, biological, and bioinformatics information about
protein structure, as well as multiple sequence alignments[31,32].

2.4 MBP sequence alignment with HPV-B19 and AAV-4 viral capsids proteins
The HPV-B19 and AAV-4 viral capsids sequences separately were aligned with MBP. The PRALINE[33,34] server was used to these alignment, which has the
ability to consider the predicted secondary structure, when the amino acid sequences are aligned. The results were utilized for further investigation in the
tertiary structures. Also, to evaluate the obtained scores and classify the amino acid alignments information, their position in the 3D structure was
investigated. The tertiary structure was investigated using the YASARA[35] software. As well as the structural overlap feature was used to analyze the
similarities between the two 3D structures of viruses using the pairwise alignment of software (MUSTANG algorithm).

2.5 Data related to Oligodendrocyte glycoprotein
Data on oligodendrocyte glycoproteins are retrieved from the UniProt database using the human and mouse codes Q16653 and Q61885, respectively. The
YRSPFSRVV motif is part of a protein sequence in mice that is linked to the development of autoimmune encephalitis of the nervous system and, as a result,
MS[17]. This MOG motif in mice has a speci�ed tertiary structure that was discovered using X-ray crystallography. YRPPFSRVV is a human sequence that is
similar to this motif, and the tertiary structure of this domain is also included in the PDB database.

2.6 List of microbe motifs related to MS disease  
The information used as input in the alignments and adaptations of this study to �nd connections with accurate information that has been thoroughly
examined (Table 1). This table is obtained from the search for the relationship between microorganisms and MBP and MOG.

Table1. Information on Previously Investigated Sequences, Alignments, and Adaptations.



Page 5/25

3. Results

3.1 Similarity in the sequences and structural alignments

3.1.1 HPV-B19
Code Q9PZT0 in the UniProt database represents the capsid sequence of the HPV-B19. The tertiary structure of the HPV-B19 capsid protein in the RSCB
database with the 1S58 code is obtained through the X-ray diffraction method. Using this information, the structure and sequence alignment of the
aforementioned protein with MBP was performed. It should be noted that there are multiple references that associate the HPV-B19 virus and MS. However,
research into the location of pathogenic proteins of this virus in relation to MS has not been adequately identi�ed[36]. Sequence alignment of two proteins
displays in the Fig. 2a.

3.1.2 AAV-4
The Adeno-Associated Virus serotype 4 (AAV-4) capsid sequence is represented by the UniProt database code O41855. AAV-4 capsid with 2G8G code obtained
by X-ray diffraction method was selected from the RCSB database. The tertiary structure of HPV-B19 and AAV-4 capsids have Root-mean-square deviation
(RMSD) 9.64 for the Cα atoms. According to this score, similarity between them is high, therefore alignment of structure and sequence for AAV-4 with MBP had
done. The alignment result of protein sequences is shown in Fig. 3a.

The alignment of the tertiary structure between the HPV-B19 and AAV-4 of capsid proteins and the MBP has been done by MUSTANG algorithm (Fig. 4a, b).

Aligned amino acids with a high score of 8 in Figs. 2 and 3 were chosen for the 3D position of protein in the two viral capsid structures (Fig. 5a, b, c). The
similarity in the aligned positions between the two virus structures is very noticeable on the left side of the images of the two 3D structures.

3.2 Similarity of sequences

3.2.1 Human Herpes Virus and MBP

ReferencesOrganismSequenceProtein

 

[15]

Human herpesvirus 6B (strain Z29) (HHV-6 variant B) (Human B
lymphotropic virus)

MDRPRTPPPSYSEU24 protein

 

 

 

 

 

[17]

Lactobacillus reuteri (strain DSM 20016)GRLTFLRVYElongation factor G

Lactobacillus reuteriKREGFVRVQUvrABC system protein A

Erysipelotrichaceae bacterium OTU0002ERDGFTRVLAminopeptidase (AP)

Lactobacillus reuteriKRIAFSRVYAmino acid ABC transporter
substrate-binding protein

 

 

 

 

 

 

[18,19]

Mycolicibacterium paratuberculosis (strain ATCC BAA-968 / K-10)
(Mycobacterium paratuberculosis)

PGRRPFTRKELQTyr recombinase domain-
containing protein

Epstein-Barr virus (strain B95-8) (HHV-4) (Human herpesvirus 4)PGRRPFFHPVGEADEpstein-Barr nuclear antigen 1

Epstein-Barr virus (strain B95-8) (HHV-4) (Human herpesvirus 4)AVPVLAFDAARLRLLEInner tegument protein

Mycolicibacterium paratuberculosis (strain ATCC BAA-968 / K-10)
(Mycobacterium paratuberculosis)

AVVPVLAYAAARLLLUncharacterized protein
(MAP_4027)

 

[22]

Clostridium perfringensTGVSLTTSYSFANTNEpsilon-toxin type B

 

 

 

[26]

Clostridium perfringens (strain 13 / Type A)All of SequenceConjugated bile acid hydrolase

Lactobacillus plantarum (strain ATCC BAA-793 / NCIMB 8826 / WCFS1)All of SequenceConjugated bile acid hydrolase

 

[27]

Bacteroides fragilis (strain ATCC 25285 / DSM 2151 / JCM 11019 / NCTC
9343)

All of SequenceCapsular polysaccharide
biosynthesis protein
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The BLAST was done on the PRTPPPS sequence that is described in the introduction section. The information, which is related to three fungi and one
amoebae species, was obtained (Table 2).

Table 2. BLAST Peptide of MBP sequence 230 to 236 provided the following results

Protein sequence (as a study input) and its position

Human 230 PRTPPPS         236 MBP

Protein sequences found using BLAST and their positions

Aspergillus clavatus NRRL1  1124 PSTPPPS         1130 Protein transport protein sec31 

Aspergillus �scheri NRRL 181 1110           PSTPPPS            1116 Protein transport protein sec31

Aspergillus fumigatus Af293 1110           PSTPPPS            1116 Protein transport protein sec31

Dictyostelium discoideum  95 PPTPPPS   101 Homeobox protein 12

The obtained results are analyzed in the Immune Epitope Database (IEDB) to assess the immunogenicity of the aforementioned sequences and their effect on
CD4+ in immune system T cells. Because sequences in the IEDB in this section must be at least 15 amino acids long, the length of the sequences is greater
than the length shown in the table above. Given the previously demonstrated association between the human leukocyte antigens (HLA)-DRB1:15:01 allele and
MS, it is important to note the scores obtained from this allele by the IEDB[37]. The obtained results are shown in Table 3. 

Table 3. CD4+ T cell immunogenicity prediction scores. All sequences were analyzed using the CD4+ T cell prediction tool in the IEDB. HLA-DRB1:15:01 allele
.scores are bolded in the table and underlined because of their importance in MS association

Protein
  Name

Organism,
 Amino acids
position

Peptide Combined 
 Score

Immuno-genicity
  Score

Peptide
  core

Median
Percentile 
 Rank

 (7-allele)

HLA-
 DRB

1:03:01

HLA-
 DRB

1:07:01

HLA-
 DRB

1:15:01

H
 D

3:

Protein
transport
  protein
sec31

Aspergillus 
 clavatus
  1122-1136

YAPSTPPPSQLPMQQ 87.84488 99.6122 YAPSTPPPS 80 93 73 95 77

 Aspergillus 
�scheri,
 Aspergilllus
 fumigatus
 1108-1122

YAPSTPPPSQLPMQQ 87.84488 99.6122 YAPSTPPPS 80 93 73 95 77

Homeobox 
 protein 12

Dictyostelium
discoideum
(Slime mold)
 92-106

QATPPTPPPSSSSLL 99.99964 99.9991 PTPPPSSSS 100 100 63 100 94

U24 protein Human
herpesvirus
6A
 1-15 

MDRPRTPPPSYSEVL 96.95668 99.8917 DRPRTPPPS 95 97 91 92 88

MBP Human 
 227-241 

IVTPRTPPPSQGKGR 97.43512 99.5878 VTPRTPPPS 96 88 98 96 97

The method used in the results of Table 3 is a combination of prediction methods major histocompatibility complex (MHC) binding (using 7-allele method)[38]
and immunogenicity.

The Dictyostelium discoideum has a higher immunogenicity score than other sequences. Also, the score of HLA-DRB:15:01 is higher than other cases in this
sequence, indicating the importance of the information obtained due to the association of this allele with MS (Table 3).

3.2.2 Relation of the mouse gut �ora amino acid sequences and the MOG
Miyauchi et al. discovered similarities in the protein sequences of Lactobacillus, Erysipelotrichaceae, and MOG. The sequences of these proteins are displayed
in Table 4[17].

Table 4. shows the similarity information of proteins sequence and conserved amino acids in the study by Miyauchi et al.
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Organism Sequence information Protein name

Lactobacillus reuteri 172 KREGFVRVQ 180 UvrABC system protein A

Lactobacillus reuteri (strain DSM 20016) 324 GRLTFLRVY 332 Elongation factor G

Lactobacillus reuteri (strain DSM 20016) 122 KRIAFSRVY 130 Amino acid ABC transporter substrate-binding protein

OTU0002

Erysipelotrichaceae

 
 

ERDGFTRVL  
 

Xaa-Pro Aminopeptidase

Mus musculus 68 YRSPFSRVV 76 MOG (MOG_MOUSE)

Then these sequences were then analyzed using the BLAST database, and the results were imported into Table 5.

The �ndings indicate the presence of highly similar proteins in various bacteria. Repetition of Lactobacillus, which is part of the gut �ora, has been observed in
several cases[39]. The resulting proteins are involved in the binding of a speci�c type of RNA, the DNA damage and catalysis system, and the translation of
the protein by the elongation factor G. Lactobacillus sakei subspecies are used in the food industry, and studies show that this bacterium plays a protective
role in the sinus cavities, preventing sinusitis[40,41].

Clostridium and its elongating factor G, were found in the results. In the next phase of the research, other bacterial species that secrete epsilon toxin and are
linked to MS will be discussed further.

Leptotrix, a bacterium that oxidizes iron and manganese, is abundant in running water containing these elements[42]. A ribosomal protein with cation-
dependent endonuclease activity is involved in this similarity.

The lactic acid bacterium Oenococcus oeni is used in a variety of industries, for example, its high content in butter causes more aroma and �avor[43].

In another case, an Aspergillus species capable of secreting patulin toxin and causing neurological damage can enter the respiratory system and cause
pathogenicity[44]. The 6-methylsalicylic acid synthase is one of the enzymes involved in patulin biosynthesis[45]. Methanococcus is a thermophilic
archaebacterium that performs methanogenic metabolism and participates in biochemical cycles[46].

Two of the Penicillium species in Table 5 can also produce the extremely dangerous patulin toxin. In addition, one of these two species is known as blue mold,
and it has been linked to apple contamination[47,48]. In both cases of penicillium, the elongation factor G are the proteins with structural similarities and
associated sequences with the studied bacteria.

Table 5. BLAST results of bacterial proteins from Table 4.

Organism Sequence information Protein name

Aspergillus clavatus (strain ATCC 1007 / CBS 513.65 / DSM 816 / NCTC 3887 / NRRL 1) 1468 TRAGFTRVL 1475 6-methylsalicylic
acid synthase

Methanocaldococcus jannaschii (strain ATCC 43067 / DSM 2661 / JAL-1 / JCM 10045 /
NBRC 100440) (Methanococcus jannaschii)

375 KRDGFIRVL 383  

Adenine deaminase

Lactobacillus sakei subsp. sakei (strain 23K)

 

   50    
      

LRDGFIRVR 58 SsrA-binding protein

Penicillium expansum (Blue mold rot fungus) 1523 TRDAFNRVL 1531 6-methylsalicylic
acid synthase

Penicillium patulum (Penicillium griseofulvum) 1523 TRDAFNRVL 1531 6-methylsalicylic
acid synthase

Lactobacillus plantarum 

 

172   KREGFVRVR 180 UvrABC system
protein A
(UVRA_LACPL)

Oenococcus oeni (strain ATCC BAA-331 / PSU-1) 332  GRLTFLRVY 340 Elongation factor G

Lactobacillus fermentum (strain NBRC 3956 / LMG 18251) 324  GRLTFLRVY 332 Elongation factor G

Clostridium perfringens (strain ATCC 13124 / DSM 756 / JCM 1290 / NCIMB 6125 / NCTC
8237 / Type A)

321  GRLAFTRVY 329 Elongation factor G

Leptothrix cholodnii (strain ATCC 51168 / LMG 8142 / SP-6) (Leptothrix discophora (strain SP-
6))

50 LRIAFDRVE 58 30S ribosomal
protein S16

3.2.3 Relation of MAP, EBV, and IRF5 proteins with MBP
According to the information provided in the introduction section, which is related to MAP and EBV, the results of the study by Mameli et al. are shown in Table
6.
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Table 6. shows the sequences related to the two microorganisms mentioned, as well as the results of the study conducted by Mameli et al.

Organism Sequence information Protein name reference

Mycolicibacterium paratuberculosis (strain ATCC BAA-
968 / K-10) 

121 PGRRPFTRKELQ  132 Tyr recombinase domain-containing
protein (MAP_0106)

 

 

[18]
Epstein-Barr virus (strain B95-8) (HHV-4)  400 PGRRPFFHPVGEAD 413 Epstein-Barr nuclear antigen 1 (EBNA1)

Human) Homo sapiens (

  
 

85 PGSRPHLIRLFSRD 98 MBP (MBP_HUMAN)

Organism Sequence information Protein name reference

Mycolicibacterium paratuberculosis (strain ATCC BAA-
968 / K-10) 

18 AVVPVLAYAAARLLL 32 Uncharacterized protein (MAP_4027)  

 

[19]
Epstein-Barr virus (strain B95-8) (HHV-4)  305  AVPVLAFDAARLRLLE

  
320 Inner tegument protein (BOLF1)

Homo sapiens (Human)

  
 

424 RLLLEMFSGEL 434 Interferon regulatory factor 5
(IRF5_HUMAN)

The obtained results from the Table 6 are aligned in with each other (Figs. 6-7).

The sequences and conserved sites of each of these proteins (1.MAP 0106, EBNA1, and MBP 2.MAP 4027, BOLF1, and IRF5) were performed in the BLAST
database. The information on each sequence, function, and position in the microorganism are provided by Table 7. Additionally, multiple alignments of each
of the protein classes have done (Figs. 8-9).

The BLAST results show that different pathogens have sequences that are similar to the two groups of MAP and EBV peptide sequences, which will be
introduced. These �ndings are summarized in Table 7.

A species of Aspergillus fungus that causes lung infection and, due to the conditions growing of fungus and resistance in the environment, can cause a
destructive infection in the lung and result in the death of patient[49].

A similar sequence was found in a fungal protein that is responsible for editing pre-mRNA. Klebsiella pneumonia is the second case in the results of Table 7.
This bacterium is found in the �ora of the mouth, skin, and intestines and, if inhaled, can cause lung alveoli infections and pneumonia. This type of
pneumonia is more common in people with weakened immune systems and in nosocomial infections[50]. In bacteria, this sequence is part of a protein that
synthesized pyrroloquinoline quinone.

Schizosaccharomyces pombe, is the next item in Table 7. It is a yeast that use in basic molecular biology studies, and an extension of these studies can be
seen in biotechnology. This yeast is also one of two yeasts with more than 200 human-like genes, 23 of which are involved in cancer[51]. This sequence is part
of a protein that is responsible for histone nucleosome binding and is a prerequisite for chromatin regeneration in bacteria.

The two following �ndings are related to the bacterium Borkhdelriaia. Because of the similarity in the immune response. The �rst case (B. thailandensis) is
used to model the infection of other species of this bacterium family because it is easier to work with and does not require high-level biological facilities. The
second strain of this bacterium (B. cenocepacia) causes lung infections in cystic �brosis patients and is one of the most dangerous pathogens for these
patients[52,53]. The �rst protein from the bacterium Borkhdeldriaia is involved in controlling the function of the s70 ribosome and the maturation of srRNA16
in its �nal stages. The role of the second protein of this bacterium in the biosynthesis pathway of converting GTP to 7,8-dihydroneuroprotein triphosphate.

Bordetella avium, the �nal bacterium in the �rst group, causes a respiratory infection in turkeys, causing disease by attaching to and spreading to respiratory
epithelial cells. It should be noted that this disease is known as Bordetellosis in birds. The presence of this bacterium has been reported in studies performed
on patients with cystic �brosis and is considered a risk factor. The presence of this bacterium has been reported in studies performed on patients with cystic
�brosis and is considered an opportunistic pathogen in humans[54,55]. In this study, a portion of the enzyme glucose 6-phosphate isomerase was obtained
from this bacterium (this enzyme is involved in the glycolysis cycle).

The �rst bacterium in the second category of BLAST results is MAP. According to the researches, this bacterium causes tuberculosis and respiratory
infections[56]. Trehalose Phosphate Phosphatase is one of this proteins of the bacterium, which is similar to the second group of sequences, functions as a
hydrolase, separating phosphate from trehalose phosphate.

The second bacterium is a freshwater single-celled cyanobacterium. The photosynthesis and mechanisms involved in cyanobacteria are used as examples.
Synechocystis sp. PCC6803 can grow in the absence of light; thus, it is one of the most widely used cyanobacteria[57]. This sequence is part of the NAD(P)H-
quinone oxidoreductase enzyme belonging to the mentioned bacteria, which is shown in the results of Table 7.

The following bacterium is a Streptomyces species that is involved in the production of antibiotics and vitamin B12[58]. ElmGT protein of Streptomyces
bacteria is involved in the biosynthesis of alaromycin in glucose transport.
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The �nal bacterium obtained from the results is a cyanobacterium with autotrophic and rapid growth against yeast. Its ability to grow rapidly in the presence
of sunlight is the reason why it is used in biotechnology as a photosynthetic bioreactor model[59]. The obtained sequence, like that of other cyanobacteria, is
related to the NAD(P)H-quinone oxidoreductase enzyme in Thermosynechococcus elongatus.

In addition to the above information, the probability percentage of each sequence as an epitope of an antigen in CD4+ T cell activation is showed in the Table
7. It should be noted that this score is only related to the leukocyte antigen allele HLA-DRB1:15:01 and is related to MS, as determined by the IEDB[60].

Table 7. BLAST results in two categories of protein sequences EBV, MAP, IRF5, MBP.

Results obtained from the �rst group (EBNA1, MAP_0106, MBP)  HLA-
 DRB 1:15:01 Score

Sequence Sequence information Protein name

 Aspergillus fumigatus (strain ATCC MYA-4609 / Af293 /
CBS 101355 / FGSC A1100)

818 PGRRPRGDSLSRSPS 832  

Pre-mRNA-splicing factor
cwc22

 

97

Klebsiella pneumoniae 803 PGRRPEAILQAILRQ 817 Coenzyme PQQ synthesis
protein F

35

 pombe (strain 972 / ATCC 24843)Schizosaccharomyces
 (Fission yeast)

346 PGRRPRSMTAPKGGA 360 Bromodomain-containing
protein C631.02

 

82

 

Burkholderia thailandensis (strain ATCC 700388 / DSM
13276 / CIP 106301 / E264)

128 PGRRPTSTPNRRAPA  142
    

 

Endoribonuclease YbeY

 

93

 

Burkholderia cenocepacia (strain MC0-3) 25 PGRRPLEWVGMQGID    39
  

GTP cyclohydrolase FolE2
2

60

Bordetella avium (strain 197N) 436 PGRRPSTLIVLPRMT  450
    

Glucose-6-phosphate
isomerase

43

Results obtained from the second group (BOLF1, IRF5, MAP4027)  

Sequence Sequence information Protein name

Mycobacterium paratuberculosis (strain ATCC BAA-968 / K-
10) 

226 AIPVLAQAAGRLRDE 240  

Trehalose-phosphate
phosphatase

 

13

Synechocystis sp. (strain PCC 6803 / Kazusa) 19 LVPVLALTASKLLRP 33 -quinoneNAD(P)H
oxidoreductase subunit 3

 

3.6

 Streptomyces olivaceus 87 LAPVLAYLAGRLLEP 101 Elloramycin
glycosyltransferase ElmGT

 

0.41

 (strain BP-1)Thermosynechococcus elongatus 31 LVPVLALAASALLRP 45 NAD(P)H-quinone
oxidoreductase subunit 3

 

4.3

The multiple alignments results were shown based on the protein data recorded in two different categories (Figs. 8-9).

These sequences were compared in terms of the possibility of eliciting an immune system response in B cell antibodies. (Fig. 10 and Table 8). The amino
acids are listed separately, along with their scores as part of the antigen epitope that induces activity of immune system and exclusively B cells (Fig. 10). This
prediction was performed using the Bepipred Linear Epitope Prediction 2.0 method, in which the BepiPred-2.0 server uses protein sequences to predict B cell
epitopes[61].

The Table of amino acid is shown scores for each sequence separately (Fig. 10). The horizontal axis in this diagram represents the position of amino acids in
each sequence, and the vertical axis shows the points related to each amino acid.

Table 8. Obtained sequences as the epitope structure of an antigen. each amino acid from sequences has a special score in epitope structure and the scores
of each amino acid have been shown in Figure 10. Bolded amino acids have scored higher than the threshold (0.5) in this prediction tool.
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Aspergillus
 
fumigatus

Klebsiella
pneumoniae

Schizosaccharomyces
  pombe

Burkholderia
 
thailandensis

Burkholderia
 
cenocepacia
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3.2.4 Correlation of Epsilon toxin from Clostridium perfringens with MS
The amino acid sequence TGVSLTTSYSFANTN (170–184) of epsilon protein, according to previous studies of researchers and the introduction information is
linked to MS disease. A similar portion was obtained using the BLAST database, is belongs to Noravirus. The two sequences aligned each other (Fig. 11). This
similar sequence is hosted by the Drosophila, Uncharacterized ORF3 protein, according to the Uniprot database. This virus family can infect the intestines of
all Drosophila species that is a member of the Picorna virus family.

According to the IEDB, the Bepipred Linear Epitope Prediction 2.0 method shows the epitope score of antigen in the part of Noravirus sequence that is higher
than the bacterial epsilon sequence. The amino acids individually investigated, along with their scores as part of the antigen epitope (Fig 12). The diagram in
this Figure shows the position of amino acids in each sequence on the horizontal axis and the score of each amino acid on the vertical axis. Also, the amino
acids are shown separately, in which score of them are higher than a threshold and they were bolded (Table 9).

Table 9. Norovirus and Clostridium perfringens related sequences as antigen epitopes.

Position Noravirus Clostridium 
 perfringens

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
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S
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T
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S

Y

S

F

A

N

T

N

T

I

T
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L
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S

L

A

N

V

P
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3.2.5 Spike and protease of SARS-CoV-2
Because of the global COVID-19 pandemic, researchers are currently interested in researching and studying various aspects of this disease. The similarities of
two SARS-CoV-2 proteins with parts of two proteins, MOG and MBP, were investigated in this study. First, the sequence similarity of MOG and MBP with the
spike glycoprotein of virus (UniProt ID: P0DTC2) was investigated. MBP and MOG with glycoprotein spike sequences have aligned (Figs 13-14).

In the next part, the MOG and MBP sequences were aligned with the SARS-CoV-2 main protease sequence. The results of these alignments are shown in Figs
15-16.

3.3 Gut microbiota balance
Considering the role of butyric acid and polysaccharide A in the protection of nervous system cells, bacterial enzymes that play a role in the metabolism of
these two metabolites is taken into account. The investigation was divided into two parts: BSH and related enzyme to Polysaccharide A production. �rstly,
possibility of similarity between a portion of the MOG and MBP sequences and BSH enzyme is investigated as follow.

3.3.1 BSH enzyme involved in butyric acid metabolism
Fig. 17 demonstrates the bacteria involved in butyric acid metabolism, which, along with human enzymes, play an important role in its formation[26].

In this segment, sequences 246 to 256 of the MBP (inducing autoimmune encephalitis) and 68 to 76 of the MOG (with four protected amino acids in a study
of mouse gut �ora by Miyauchi et al.) were aligned with the BSH enzyme in several species of bacteria in the gut �ora to investigate the possible association
between a microbial imbalance in the gut. The results obtained with the active site of the enzyme in a protected part of the aligned sequence are shown below.
The alignment of the MBP sequence (246 to 256) and the Cl. perfringens BSH enzyme sequence has done (Fig. 18).

Also, the multiple alignment of MBP sequences 246–256 and bacterial sequences in their common region was investigated (Fig. 19).

The presence of Lactobacillus was considered in the results, so in addition to the above alignment, the entire sequence of this protein from the bacterium with
the results of Table 5 and the MOG of mouse and human was aligned (Fig. 20). Three amino acids from the four protected amino acids in the obtained results
are the same (according to list of Table 5). Following the determination of the precise location of the MOG and Cl. perfringens alignment, the next alignment
with the other bacteria (Bi. longum, La. plantarum) was performed (Fig. 21).

The 3D structure of two proteins of Bi. Longum (PDB ID: 2HF0) and Cl. Perfringens (PDB ID: 2RF8) has been determined by the X-ray diffraction method. As a
result, these two structures were matched to each other (Fig. 22). The common motifs obtained from the alignment with the MOG sequence, Bi. longum, and
Cl. perfringens are marked in red and green, purple, and yellow, respectively. It should be noted that the sequence similarity between these two proteins of the
bacteria is 37%. However, according to the image, the alignment of the tertiary structure of these two proteins shows a high overlap. Additionally, the RMSD
between two chains of molecules is 3.53, as calculated for Cα atoms.

3.3.2 Polysaccharide A in Bacteroides fragilis
Several enzymes are involved in the production of polysaccharide A[62], which is shown in Fig. 23.

According to the results of the studies, a portion of the MOG sequence and a portion of the two proteins of the polysaccharide A metabolic pathway have
similar amino acid sequence. The �rst similarity is the MOG association with Wzy. This enzyme of bacterium acts in the periplasmic space as a polymerase in
the binding of polysaccharide subunits. MOG alignment with this enzyme was done (Fig. 24).

In the second case, a sequence was performed between glycosyltransferase (WcfQ) and MOG (Fig. 25).

4. Conclusion
The importance of recognizing the structural relationship of MBP with MS disease is not obscured. The association between microorganisms with this
disease and myelin structural protein has been reported in many life-science studies. In this study, an attempt was made to analyze the data of laboratory
studies that showed the relationship of a microorganism and its speci�c metabolite with patients or animal models of MS, with the possibility of structural
similarity with other microorganisms and even the same microorganism. Also, bioinformatics analysis and more comprehensive information on possible
mechanisms in the immune system with some of microorganisms and MS had been reported.

Figure 5c depicts an examination of the alignment regions with a normalized score greater than 8 between the virus capsid sequences HPV-B19 and AAV-4
with MBP. This result demonstrates that, in addition to sequence similarity, three different parts of the tertiary structure of capsids overlap with MBP. Due to the
existence of these motifs on the surface of capsid proteins, the similarity of the sequence in the alignment performed in these motifs, as well as the possibility
of immune system error in the face of it, additional laboratory research is warranted.

Several transporter proteins from Aspergillus species and one species from Dictyostelium have been obtained with the similarity of a sequence of HHV-6. This
information due to effect of the virus sequence on CD4+ cells of the immune system is noteworthy. The results for analysis in relation to the mentioned cases
were evaluated by the IEDB (Table 3). Results of Table 3   include Aspergillus �scheri, whose genome is very similar to Aspergillus fumigatus, a fumigatus
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species that causes Aspergillosis[63]. Aspergillus clavatus, which is used in the production of enzymes[64]. Also included are the soil amoebae Dictyostelium
discoideum, which is used as a model in immune system studies[65]. Three mentioned organisms have a direct relationship with humans that are notable as
pathogens, as well as for research and industrial application. The high score of Dictyostelium compared to the HHV-6 virus sequence and MBP, in the effect
with CD4+ cell activation and HLA-DRB:15:01 involvement in the immune system, are noteworthy in these results. The results also show that all cases had a
high score when compared to the HHV-6 virus sequence.

The notable results obtained in BLAST with a portion of the MOG sequence. Four amino acids Arginine, Phenylalanine, Arginine, and Valine protected in the
result of Table 5 respectively. Two Penicillium species and one Aspergillus species are present in the results. Their proteins are 6-methylsalicylic acid synthase.
6-methylsalicylic acid synthase is involved in patulin biosynthesis, a toxin that causes various reactions in the immune, gastrointestinal, and nervous systems.
The Elongation factor G in three cases of the results of is obtained (One of these cases is Cl. perfringens bacterium, whose epsilon toxin is associated with MS
in the results). Also, the UvrABC system protein in Lactobacillus plantarum is present in the results. All of the mentioned cases are signi�cant due to their high
similarity with the Miyauchi et al study results.

 In Table 7, three of the obtained sequences are related to Aspergillus fumigatus, Schizosaccharomyces pombe, and Burkholderia thailandensis. These
sequence had a score above 80 in predicting the CD4+ antigen epitope and speci�cally in relation to the HLA-DRB1:15:01 allele, according to the IEDB.

In the same database, the above cases were predicted as an antigen epitope in the face of immune system B cells (Fig. 10). All of this information (Table 7
and Fig. 10) suggests that these three sequences have the potential to cause immune system errors, and various body con�icts. It should be noted that, as
previously stated, the fungus Aspergillus fumigatus secretes patulin toxin.

The ORF3 protein sequence of NoraVirus in Drosophila is very similar to the Epsilon toxin sequence in Cl.perfringens. This sequence has a higher score than
the epsilon toxin sequence in the antigen epitope position, according to data predicted from the IDEB database. Given the prevalence of this virus in
Drosophila populations and the use of this organism in laboratory studies, there is an urgent need for additional research on this issue.

Extensive research on Murine Coronavirus has been conducted prior to the COVID-19 pandemic on the effect of this coronavirus on the nervous system of
mice and the induction of encephalomyelitis by this virus. it is worth mentioning that during these studies, Demyelination in neurons also had similar
structural to human MS disease[66–68]. Murine and Sars-CoV-2 viruses belong to the same genus, and new research shows that Sars-CoV-2 remains have
been found in the human brain[69]. According to the results obtained in the sequences alignments between the part of MOG and MBP with Spike and protease
proteins of the virus, the amino acid similarity is particularly high in MOG (Figs 14 and 16). These motifs are located on the surface of these virus proteins in
their 3D structure, so when the immune system is exposed to these proteins, the possibility of error increases, and as a result, the individual develops
autoimmunity. This is a case that needs further investigation.

BSH enzyme involved in butyric acid synthesis and enzymes involved in polysaccharide A synthesis, the study approach of which differs from all cases
studied in this research. Because the human intestine coexists with microbial �ora, two factors that contribute to the production of human metabolites were
investigated. The goal of these cases is to look into the possibility of dysbiosis intestinal �ora composition in humans. The results of the aforementioned
cases show that there is sequence similarity between the MBP and MOG and the BSH, WcfQ, and Wzy enzymes. In the alignment study of MBP, the amino acid
Arginine in the second position of its sequence is identical to the active site amino acid in the BSH enzyme. Another observation is the alignment of a portion
of MOG with the WcfQ and Wzy enzymes, the protected amino acids Phenylalanine and Arginine. The results show that if there is an imbalance in the human
microbial �ora, the production of metabolites is impaired (as reported in MS patients, as mentioned in the introduction). It is possible that these cases will be
misidenti�ed by the immune system as pathogenic factors. Because of the similarity in protein sequence, this disorder may cause autoimmune reactions in
the human body.
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Figures

Figure 1

Current PDB structures related to a portion of the MBP sequence. From 304 amino acids of MBP (isoform 1 of MBP, Golli-MBP1), three-dimensional structure
of this protein is incomplete in PDB database, in other words, only a few amino acids of this

Figure 2

a) Alignment of MBP with the HPV-B19 viral capsid. There are three lines in image, and each line contains 50 characters. The viral capsid amino acid
sequence is on the �rst line, the MBP amino acid sequence is on the second line, and the scores associated with the amino acid alignment between the two
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sequences are on the third line. In amino acid alignment, the colors blue and red are used to represent the gap and identity mode, respectively. b) The graph of
Alignment. According to a section of this �g, the horizontal axis shows alignment position and the vertical axis is related to scoring above 8 on alignment.

Figure 3

a) AAV-4 viral capsid coat alignment with MBP sequences. The sequences below are listed in three lines with 50 characters in each: The �rst line contains the
amino acid sequence of the viral capsid coat, whereas the second line contains the amino acid sequence of the MBP. The third line depicts the consistency of
each amino acid alignment from 0 to 10 (star). The similarity and identity of two amino acids are represented by points, with 0 representing the gap mode and
a star representing the identity of two amino acids. b) Diagram of alignment. In this part, the alignment diagram of section A is drawn, which depicts the
horizontal and vertical axes of position and score greater than 8 between sequences, respectively.

Figure 4

a) Alignment of tertiary structure between HPV-B19 capsid and MBP. b) Alignment of tertiary structure between AAV-4 capsid and MBP.
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Figure 5

depicts the 3D structure of virus capsid (with emphasis on aligned positions). a) The 3D structure of the HPV-B19 capsid that red states indicate aligned
amino acids with a score greater than 8. b) The blue states in the 3D structure of the AAV-4 virus capsid represent amino acids in this protein's sequence that
are aligned with the MBP sequence. c) Alignment of the two viruses' capsid structures for overlap in the blue and red areas.

Figure 6

Multiple alignment of MAP_0106, EBNA1, and MBP.

Figure 7
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Multiple alignment of MAP_4027  BOLF1 and IRF5 proteins.

Figure 8

Multiple alignment results of the �rst group of BLAST protein sequences (EBNA1, MAP 0106, MBP). The amino acids Proline, Glycine, two consecutive
Arginine, and Proline can be seen as protected in the sequences in this alignment.

Figure 9

Multiple alignment results of the second group of BLAST protein sequences (BOLF1, IRF5, MAP4027). The amino acids Proline, Valine, Leucine, two Alanine,
and Leucine can be seen as protected in the sequences in this alignment, respectively.

Figure 10

Diagram of the sequences obtained from Table 8 as epitopes of an antigen.
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Figure 11

Alignment of two proteins of Clostridium perfringens and Noravirus.

Figure 12

Sequence analysis of epsilon and ORF3 proteins as an antigen epitope. 

Figure 13

Sequence alignment of MBP 246–256 with spike glycoprotein 349–359. The spike glycoprotein sequence 349-359 is located in its RBD domain.

Figure 14

Sequence alignment of 68 to 76 MOG with 28 to 36 spike glycoprotein. Two of the four amino acids (in the Miyauchi et al. study) are conserved, and the
amino acids at the beginning and end of this sequences are the same. This sequence is located in the N-terminal of the spike of the virus.

Figure 15
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Sequence alignment of MBP 246–256 with main protease 5487–5497. This sequence is found in the Helicase nsp13 chain of the protease.

Figure 16

Sequence alignment of 68 to 76 MOG with 1975 to 1983 main protease. All of the amino acids scores are higher than 7. One of the four amino acids (F) in the
Miyauchi et al. study is conserved, and the amino acid at the beginning of this sequences are the same. The virus protease sequence from 1975 to 1983 is in
the chain of papain-like protease nsp3.

Figure 17

Bacteria and enzymes involved in the butyric acid metabolic pathway (red areas of active sites based on the structure obtained from Cl. perfringens).
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Figure 18

Alignment of Cl.perfringens MBP (from 246 to 256) and BSH enzyme sequences (227-238). According to the alignment of this Figure, the arginine amino acid
at position 228 of the bacterial protein sequence is the active site of the enzyme, which can also be seen in red at the fourth position of domain B5 in Figure
17.

Figure 19

Protected points in the alignment three bacterial sequences of Cl. perfringens, Bi. longum, La. plantarum, and MBP. The amino acids in the sequence are
arranged as follows: 227–237 for Cl. perfringens, 225–235 for Bi. longum, 222–232 for La. plantarum, and 246–256 for MBP. Furthermore, the amino acid
arginine, which is present in the active site of the bacterial enzyme, shares a protected site with the MBP.

Figure 20

Alignment of human and mouse MOG with BSH protein from Cl.perfringens. Seven amino acids out of nine amino acids that are aligned, have a score above
seven, and three amino acids out of four amino acids (in the study of Miyauchi et al.) are conserved (F, R, V).
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Figure 21

Multiple alignment of MOG with Cl. perfringens, Bi. longum, La. plantarum. Two of the four default amino acids are protected amino acids. The bacterial
enzyme's active site is the amino acid Arginine, which is similar to the amino acid proline in human and mouse proteins.

Figure 22

Structure alignment of Bi.longum (purple) and Cl.perfringens (yellow).
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Figure 23

Metabolism of the related enzyme to Polysaccharide A production.        

Figure 24

Relationship between MOG and the Wzy enzyme. Four amino acids in this alignment have scored above 7. Phenylalanine, Serine, and Arginine are conserved.
The protected position in the Phenylalanine and Arginine amino acids, as well as the high similarity of Valine and Isoleucine, can be seen in this alignment,
that these amino acids had been conserved in Miyauchi et al study.

Figure 25

MOG (Mouse and Human) alignment with the bacterial enzyme WcfQ. Three out of the nine amino acids have scored higher than 7 and are highlighted in
Figure. Also, two amino acids out of four (according to Miyauchi et al study) are conserved (R, F). 


