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ABSTRACT 

 

 

For several decades many efforts are being made to understand autoimmunity. Through 

research, it has become apparent that immune system has evolved multiple mechanisms 

to control self-reactivity. The human system contains microbiota, and their interactions 

help to regulate immune system. However, any defects in these mechanisms can break 

down immune tolerance. Generally, a significant portion is occupied by bacteria, but 

some viruses, protozoa as well as fungi also reside as the normal microflora. Microbial 

dysbiosis initiates dysregulation of immune system on its own via many processes, 

including T helper cell skewing, epitope spread, bystander activation, cross-reactive, 

and dual T cell receptor (TCR) stimulation act on susceptibility, initiation, and disease 

propagation. The human body contains both commensals and pathogenic bacteria. This 

work aims to study various commensal bacteria linked with autoimmune diseases. 

Under this provision, we will focus on the immunological mechanisms that give rise to 

autoimmune diseases. Further, we can predict potential epitopes in bacteria’s to find 

similarity with human sequences and perform molecular docking of bacterial peptides 

with MHC class II and TCR. Through this study, new preventive and therapeutic 

strategies can be developed. 
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CHAPTER 1 

MICROBIOTA AND AUTOIMMUNITY 

1.1 ESCHERICHIA GENERA HISTORY  

In 1885, E. coli was discovered by a German scientist named Odor Escherichia. He discovered it 

in the excreta of healthy individuals and hence named it Bacterium coli due to their presence in 

the colon of humans. Based on the bacterial shape and its motility, it was placed in the genera, 

according to the early prokaryotic classification. After further studies, Ernst Haeckel placed 

E.coli in the Monera kingdom, and this classification was named Ernst Haeckel’s bacterial 

classification. In 1895, E.coli was not considered in the Monera kingdom; instead, it was 

reclassified in the genus Escherichia, which was named after its discoverer, and this was 

classified by the scientist named Migula. Formally this genus was belonging to the bacterial 

group known as “coliforms,” these come under the Enterobacteriaceae family; hence they are 

called “the enterics[1].” 

 

1.2 SALIENT FEATURES OF ESCHERICHIA COLI 

Escherichia coli is a Gram-negative and facultative anaerobic bacteria. It is rod-shaped.  Its 

diameter is about 0.25 to 1.0 micrometers, and its length is 2.0 micrometers[2]. Strains that 

contain flagella are called motile strains because they have the ability to move. In the majority, 

flagellar strains have a peritrichous arrangement that means multiple flagella may be randomly 

distributed over the cell surface[3]. Bacteria required optimum conditions for their growth, such 

as temperature, pH, salinity. E.coli. required 37°C (98.6°F) specific temperature for their 

multiplication[4], but there are many laboratory strains, which shows their growth at 49°C 

(120°F) of temperature. For their multiplication, a large number of substrates are needed, such as 

oxygen, hydrogen, different types of acid, including pyruvic as well as formic acid. They utilize 

these by involving the oxidation-reduction reactions[5]. 
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1.3 ESCHERICHIA COLI PHENOTYPIC DIVERSITY 

Escherichia coli encompass a large inhabitant of bacteria that denotes a very high level of 

phenotypic as well as genetic diversity. Reclassification of the taxonomy is needed after focusing 

on the different isolates of E.coli in a large number[6]. E.coli is considered one of the diverse 

species in the groups of bacteria. The genomic sequence of different strains of E.coli is also quite 

variable. Only 20% of genomic sequence is shared between the strains hence called as they have 

only 20% sequence similarity[7]. 

 

From an evolutionary perspective, members of Shigella genus such as S. flexneri, S. sonnei, and 

S. dysenteriae are considered E.coli strains. This process is known as taxa in disguise. Likewise, 

K-12 strain of E.coli majorly helpful in the field of recombinant DNA technology; hence they are 

called warrant classification[8]. 

 

A subgroup of species that contains some different and unique characteristics from the other 

members, thus differentiating it from the others, is known as strain. We can find these small 

characteristic variations only by looking at molecular level. This will tell us about the genes 

which are responsible for the functioning as well as life cycle of the bacterium. For instance, one 

strain may attain the resistance towards the antimicrobial agents while others remain sensitive[9]. 

 

Serotype is a common subdivision system of E.coli based on their cell surface antigens, which 

was observed through evolutionary relatedness. For instance, O-antigen which are present in LPS 

layer, flagellin protein, K-antigen as well as in the capsule structure[10]. In this case, O is 

considered as the serotype. The common strain of laboratory has a mutation which does not 

allow formation of an O-antigen hence it is non type able[11].  Till now only 190 serogroups are 

found in the literature. 
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Natural biological process of horizontal gene transfer, mutation as well as gene duplication are 

the major phenomenon which is responsible for evolution of new strains of E.coli. Every E.coli 

strain is taken from either E.coli B or E.coli K strains. There are many strains that acquire 

characteristics which can be deleterious to human host[12]. Strain which is responsible for 

various illness, and even death in weak immunity compromised person specially aged or in 

young ones is O157:H7, which is a more dangerous strain[13]. Most of the labortatory strain 

MG1655 genome was obtained through the process of  horizontal gene trasfer from species of 

salmonella divergence[14]. 

 

1.4 LIFE CYCLE OF ESCHERICHIA COLI 

In life cycle of Escherichia coli, one cell divides into two cells and they are called as daughter 

cells. Hence, they divide by the process of binary fission. These daughter cells are genetically 

identical to theire parental cells under the normal conditions, this is referred to as local doubling 

of cells. E. coli take generation time of 20 minutes.Nonetheless, both daughter cells will survive 

or die, is not necessary, their growth is exponential when surviving cells excceds one on an 

average[15]. 
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Figure 1.1 Life Cycle of E. coli. 

Garg & Das (Manuscript under preparation) 
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1.5 BASIC CHARACTERISTICS AND LOCALISATION OF NORMAL MICROFLORA 

Every living organism interacts with environment, and this interaction is important, but 

sometimes it proved to be endangered. As epithelial cells are in direct contact with environment, 

so it represents the most important interaction between organism and environment. About 300m2 

surface area of humans body is represented by mucosa whereas 2m2  by skin. After the delivery 

of a fetus, or we can say delivery from sterile uterine environment, represents the first contact of 

macro with microorganisms. Major way for microbial entry is skin, gastrointestinal, urogenital 

tract as well as respiratory tract. Physiological relationship with bacteria brings settlement of 

epithelial surface and beneficial for the host as well as for bacteria also, hence, this interaction is 

known as commensalism. Sometimes this relationship turns into the opportunistic behavior, 

where endogenous microbes harms their host and now this is called parasitism[16]–[18]. In the 

major portion, bacteria are the microflora in the body but it some viruses, protozoa as well as 

fungi also resides as the normal microflora.  

 

In gastrointestinal tract , majority of bacteria are anaerobic in nature. In the gut system, stomach 

is the major organ which is responsible for blocking the microbes entry from the outer 

environment to the lower parts of tract because it contains different types of proteolytic enzymes 

as well as it releases some content which are acidic in nature. Even after that few bacteria still 

resides there, these bacterias are often attached to gastric epithelia and also present in mucus[19]. 

Ileum contains a large number of bacteria while duodenum and jejunum have very less number 

of  bacteria’s. Vast diversity and highest number of bacteria located in colon, these bacteria’s 

either attached to mucosal layer or found in colon’s content[18], [20]. 

 

 Disturbance in intestinal mucosa can be because of two resons:-first, Microorganisms and their 

toxins secondly, poor functioning of parts of mucosal immune system. Many inflammatory 

processes may occur due to  pathologically enhances activities of immune system. Disturbances 

in mucosal barriers functioning and because of change in mechanisms regulating mucosal 
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immunity various chronic disease may occur. For instance inflammatory diseases (allergies), 

multi-organ failure as well as autoimmune disease (AIDs). These diseases may develop either in 

their starting phase or throughout the surface[19]. 

 

1.6 INVOLVEMENT OF COMMENSAL BACTERIA AND THEIR COMPONENTS IN 

THE DEVELOPMENT OF AUTOIMMUNE DISEASES 

Cancer as well as heart diseases (cardiovascular diseases ) are the major victims in enhancing the 

death rate of the world. In addition to it, many other chronic disorders are also prevalent in 

causing drastic morbidity including inflammatory diseases, different types of allergies, arthritis 

as well as autoimmune diseases[21], [22]. The above-described disorders shows predominant 

medical problem due to their deleterious impact on the life, also require a kind of medical care 

which are long-standing. 

 

There are two major deleterious features of autoimmune diseases as well as inflammatory 

diseases, firstly destruction of tissues, and, secondly impairement of functions which are caused 

due to immunologically mediated mechanisms. For immunomodulatory mechanisms, bacteria as 

well as elements such as metabolites are accountable[23]. Recognizable work on neoplastic 

diseases, autoimmune as well as inflammatory diseases directed at looking environmental agent’s 

infective action, in addition with microbial components[24], [25]. 

 

In view of several cases, diminished role of intestine barrier tends to elevated in antibodies aimed 

against antigen located in intestine lumen. Recent studies showed that presence of autoantibodies 

in person(s) having no symptoms can have essential predictive value addition for progression of 

autoimmune as well as inflammatory diseases[26], [27]. 

 

Immense efforts have been made to acknowledge the mechanism which leads to destruction of 

self-tolerance in case of autoimmunity. In genetically predisposed people infection were 
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observed to begin this action. One of the major hypothesis describing about how infectious 

agents can lead to autoimmunity based upon cross-reactivity, known as “molecular mimicry”, 

resemblance within autoantigenic epitopes and harmless antigens in environment[28], [29]. 

Infection start build-up of autoimmunity by inefficient stimulation of immune system[30]. 

Microbial components lead to the activation of APC’s which lead to the unusual antigen 

processing and presentation through their adjuvant activity. These components are superantigens 

that are noted for the induction of inflammatory reactions. 

 

It was noticed that, in the immunosuppressed individuals, pathogenic microorganisms as well as 

toxins that attacks the intestine may disturb homeostasis of the intestinal mucosa. Hypo-activity 

or hyperactivity of immune system affects intestinal mucosa[31], [32]. Studies indicating that 

inter-individual differences as well as patterns which are specific to disease in composition of the 

microbiota in humans are notable. Even though, the complexity and differences of gut microbiota 

between individuals states a surprising factor in the hard work to find out the possible 

consequence of individual commensal microbes in disease pathogenesis. 

 

The study of early events of any disease become difficult because patients go to clinic after the 

disease become symptomatic. Animal models that are induced experimentally or developed 

spontaneously are used to study role of environmental factors along with genetic factors in earlier 

phase of the development of disease, to interpret mechanism of pathogenesis and mainly for 

development of new medical approaches such as preventive or therapeutic strategies, Induced 

experimentally. Spontaneous making models of animal allow to study role of genetic factors as 

well as environmental factors during initial events of disease build-up, to interpret pathogenic 

phenomenon and to succeed new preventive as well as therapeutic strategies. However, they 

sometimes become too unreal to compare it with human disease[33].  
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Fig 1.2 Schematic representation of autoimmunity 

Garg & Das (Manuscript under preparation) 

 

1.7 IMMUNE TOLERANCE  

There are many factors that contribute to dysregulation of immune system and disturbance in 

peripheral tolerance[34] which can lead to abnormal immune responses towards normal flora and 

dysbiosis. These factors include epigenetics, environmental as well as genetic factors. These 

deleterious effects may come up during early childhood or maybe ignited during change in the 

hormone level after puberty when different diseases manifest which are related to immune 

system[35], [36]. As per hygiene hypothesis, dysbiosis in microbial community may get 

transferred to future generation and this may result in autoimmune disease[37], [38]. Epitope 

spread, bystander activation, cross-reactive as well as dual TCR stimulation are ways by which 

dysbiosis may initiate immune system dysregulation that results in development of the disease. 

We will study about immunological processes that give rise to autoimmune diseases, even 

though they likely to apply for allergic diseases[39]. 
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1.1.1 T helper cell skewing 

For the damage of inflammatory tissues two cells are mainly responsible, TH1 and TH17 cells. 

There is homeostasis between immune response and microbiota and may unbalanced during 

microbial action or injury of tissue[40], [41]. Markedly, programmed cell death during 

pathogenic inflammation directed to autoreactive TH17 cell responses[42], [43]. Furthermore, 

pin-pointed commensals induce mucosal T cell responses that are autoreactive. Additionally, few 

commensals may induce differentiation of mucosa T cell towards TC cells, TH1, or TH17 which 

encourage immune-related diseases[44]. Notably, conditions are different during homeostasis 

and inflammation.  

1.1.2 Bystander activation 

Activation of autoreactive T-cells and B-cells in an antigen-independent manner in time of 

infection by generating inflammatory conditions, this is called  bystander activation which can be 

done via pathogens[34], [45], [46]. Pathobionts encourages pro-inflammatory signals and are 

found within microbial community. Commensal-derived MAMPs like LPS, peptidoglycan may 

ignite NOD-like receptors and TLRs which further play role in autoimmunity as well as 

inflammatory diseases[47]–[51]. 

1.1.3 Epitope spread 

Infections like viral and other cytolytic may cause release of antigen as well as epitope spreading 

that can be intramolecular or intermolecular. Contribution to this mechanism are also done by 

microbiota residing in gut that cause tissue damage under inflammatory conditions like infection 

of viral or change in function of gut barrier. Autoantigens may modify post-translationally which 

can also cause autoimmunity. It is a alternate way used by commensals to encourage multiple 

epitopes targeting. [52]. 

1.1.4 Cross- reactivity 

It is usually referred to as molecular mimicry. Cross reactivity may occur due to steady 

colonization with cross-reactive microflora in host having adequate haplotypes of  MHC, which 
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initiate development of disease[53]–[60]. In human microflora, cross-reactive antigens are 

provided by orthologues of autoantigens or non-orthologue mimotopes of antigens that initiate T-

cells as well as B-cells which are autoreactive in nature[55], [56], [60]. Likewise, cross-reactivity 

with commensal antigen in human body affects other organs than gut[61]. There is no need of 

bacterial translocation  for non-gut autoimmunity, particularly if abnormal gut homing of 

immune cells lead to spreading of autoimmune responses[62] but it contribute where gut barrier 

structural integrity  is disturbed. 

1.1.5 Dual T cell receptors 

Another mechanism of how commensal microflora can activate autoimmunity is through TCR. 

T- cell receptor which is present on T-lymphocytes may recognize self antigens as well as 

microbial antigens. In humans, this mechanism is not known till now but it was observed in mice 

model. In Crohn’s diseased patient, IgA-coated adherent-invasive E. coli was found to be 

associated with spondylarthritis, which encourage TH17 cells that are specific to commensal 

antigen along with autoantibodies[63]. Investigations shows that T-cells with dual TCRs can also 

a factor for causing autoimmunity, but this is not known whether this pathobiont give rise to 

immune cell stimulation by this mechanism or via other mechanisms. 
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Figure 1.3 Mechanism of normal flora induced autoimmunity 

 

Garg & Das (Manuscript under preparation) 
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CHAPTER 2 

METHODOLOGY 

2.1 MATERIALS AND METHODS: 

2.1.1 Database used: 

i) Immune Epitope Database (IEDB) 

ii) Protein Data Bank 

iii) Uniprot 

iv) National Centre for Biotechnology Information (NCBI) 

v) Protein BLAST 

 

 2.1.2 Servers used: 

i) PEP-FOLD 3 

ii) PatchDock  

iii) FireDock 

 

2.1.3 Software used: 

i) PyMOL 

 

2.2 METHODS 

 

2.2.1 Literature review and sequence retrieval 

To determine the names of commensal bacteria, literature review was carried out that may cause 

autoimmune diseases. Out of all the bacteria, one specific organism was selected for the further 

study based on their characteristics. After selection, FASTA sequences of the obtained antigen of 

a particular bacteria was retrieved using UniProt tool.  
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2.2.2 B cell and T cell epitope prediction 

For B cell and T cell epitope prediction IEDB tool was used. IEDB contains list of epitopes from 

patent applications and peer-reviewed papers. FASTA sequence retrieved from UniProt is given 

as input in B cell epitope prediction of linear peptides from protein sequence. As a result, 

different sized peptides are obtained. Out of all, longest peptide was selected for the prediction of 

T-cell epitope. We used TepiTool in our study for T cell epitope prediction. Output obtained was 

then saved for further use in protein BLAST. 

 

2.2.3 Sequence alignment 

Most common tool for determining the sequence similarity between two sequence is NCBI 

BLAST. Protein BLAST compares query sequences to protein database. T- cell epitopes that are 

obtained in the previous step , now used as predicted peptides .Predicted peptides are compared 

to protein sequences of humans to determine the similarity between the 2 sequences.  

 

2.2.4 Molecular docking of predicted peptides with MHC Class II 

For determining the structures of predicted peptides from the sequence of amino acid given as 

input PEP-FOLD3 server was used. Amino acid sequence of predicted peptides is used as input 

to obtain PDB files. 

 

After the PEP-FOLD3 server, PatchDock server was used as an intermediary tool for molecular 

docking. The result contains potential complexes list that is sorted by shape complementarity 

criteria. PDB files of both receptor and ligand are loaded onto PatchDock to obtain the desired 

output. 

 

PatchDock server was followed by FireDock server. It was used to provide scoring of protein-

protein docking solutions. Transformation files obtained from PatchDock along with the receptor 

and ligand PDB files are loaded onto the server. Output contains global energy ranking, attractive 

vanderwaal, repulsive vanderwaal, ACE, and HB. 
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2.2.5 Structure Visualization of predicted peptides- MHC class II complex 

For the visualization of structures PyMOL software was used. It is a molecular visualization 

software that help to produce high quality images in three-dimensional. It produces images of 

small molecules and big macromolecules. Best global energy structure obtained from FireDock 

was loaded onto PyMOL. The obtained image was then saved in PNG format. 

 

2.2.6 Molecular docking of predicted peptides with TCR 

Firstly, TCR sequence and peptide structure was retrieved using PDB followed by molecular 

docking with predicted peptides. Only five predicted peptides were selected on the basis of their 

global energy with MHC Class II. These5 peptides were then used for molecular docking with 

TCR. PatchDock server was used as an intermediary tool for molecular docking. The result 

contains potential complexes list that are sorted by shape complementarity criteria. PDB files of 

both receptor and ligand is loaded onto PatchDock to obtain the desired output. This step was 

followed by FireDock server. It was used to provide scoring of protein-protein docking solutions. 

Transformation file obtained from PatchDock along with the receptor and ligand PDB files are 

loaded onto the server. Output contains global energy ranking, attractive vanderwaal, repulsive 

vanderwaal, ACE and HB. 

 

2.2. 7 Structure Visualization of predicted peptides- TCR complex 

For the visualization of structures PyMOL software was again used. Best global energy structure 

obtained from FireDock was loaded onto PyMOL. The obtained image was then saved in PNG 

format. 
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2.3 WORKFLOW TO DETERMINE BINDING EFFICIENCY OF PEPTIDES - MHC 

CLASS II COMPLEX 

 

Literature review on commensals bacteria associated with autoimmune diseases  

 

Selection of particular bacteria based on characteristics 

 

Retrieval of FASTA sequence of different proteins of E.coli. using UniProt  

 

Prediction of possible B cell epitopes using IEDB 

 

T cell epitope prediction by IEDB for MHC Class II 

 

Perform Blastp with protein sequences of Humans to find similarity between the two sequences 

 

Retrieve MHC class II receptor from Protein Data Bank 

 

Creation of PDB files using PEPFOLD -3 Server 

 

Use of PatchDock server to get transformation file 

 

 

Perform FireDock Server 

 

 

Structure visualization by PyMOL software 
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2.4 WORKFLOW TO DETERMINE BINDING EFFICIENCY OF PEPTIDES-  TCR 

COMPLEX 

 

Retrieve T- cell receptor using PDB 

 

Molecular docking of selected peptides with TCR 

 

 Structure visualization by PyMOL software  
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CHAPTER 3  

 RESULTS, DISCUSSION, AND CONCLUSION 

3.1 B - CELL EPITOPE PREDICTION USING IEDB TOOL 

E. coli. has a potential to cross-react with human antigens that may cause autoimmunity by 

triggering autoreactive B cell activation. Hence we need to check whether B cell epitopes of    E. 

coli can activate humoral immunity. 

 

 

Figure 3.1 Hydropathy plot of E.coli Putrescine aminotransferase protein 
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Figure 3.2 Predicted peptides of E.coli Putrescine aminotransferase protein 
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Figure 3.3 Bepipred Linear Epitope Prediction Graph of E.coli ATP-dependent Clp 

protease proteolytic subunit 

 

 

 

Figure 3.4 Predicted peptides of E.coli ATP-dependent Clp protease proteolytic subunit 

 



20 
 

 

 

Figure 3.5 Bepipred Linear Epitope Prediction Graph of E.coli Chaperone protein DnaJ 

 

 

Figure 3.6 Predicted peptides of E.coli Chaperone protein DnaJ 
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Figure 3.7 Bepipred Linear Epitope Prediction Graph of E.coli Dihydrolipoyllysine-residue 

acetyltransferase component of pyruvate dehydrogenase complex 

 

Figure 3.8 Predicted peptides of E.coli Dihydrolipoyllysine-residue acetyltransferase 

component of pyruvate dehydrogenase complex 
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Figure 3.9 Bepipred Linear Epitope Prediction Graph of E.coli Dihydrolipoyllysine-residue 

succinyltransferase component of 2-oxoglutarate dehydrogenase complex 

 

 

 

 

Figure 3.10 Predicted peptides of E.coli Dihydrolipoyllysine-residue succinyltransferase 

component of 2-oxoglutarate dehydrogenase complex 
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Figure 3.11 Bepipred Linear Epitope Prediction Graph of E.coli GTPase protein 

 

 

Figure 3.12 Predicted peptides of E.coli GTPase protein 
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From the B-cell epitope prediction, result was observed in the form of graph and table. In the 

graph, yellow area which is present are suggested to be a B-cell epitope. In the table, peptides of 

different length are predicted. Out of all, longest peptide was selected for T-cell epitope 

prediction. The purpose of T cell prediction is to check whether the longest predicted peptide can 

also trigger cell-mediated immunity. Hence, T- Cell epitopes were predicted using TepiTool. 

Output obtained was then saved for further use in protein BLAST. 

 

3.2 SEQUENCE SIMILARITY BETWEEN E. Coli. ANTIGENIC PEPTIDES AND 

HUMANS USING BLASTP 

 

PEPTIDE SEQUENCE TARGET 

 

HLA-CLASS II 

ALLELE 

IDENTITY 

(%) 

 

Putrescine aminotransferase 

 

 

KALNREVIEYFKEHV 

 

minichromosome 

maintenance complex 

binding protein isoform 

3 

HLA-

DPA1*01:03/DPB1*

02:01 

 

100 

  HLA-

DPA1*02:01/DPB1*

01:01 

 

100 

  HLA-

DPA1*02:01/DPB1*

05:01 

100 

 

PSSASALACSAHALN 

 

capping protein 

inhibiting regulator of 

actin dynamics isoform 

X6 

HLA-

DQA1*01:02/DQB1*

06:02 

100 

  HLA-

DQA1*05:01/DQB1*

03:01 

 

100 

NPGFLEYRKSVTAGG 

 

hCG2041195 

 

HLA-DRB1*04:01 

 

72.73 

 

IEYFKEHVNPGFLEY 

 

zinc finger CCHC 

domain-containing 

protein 9 

HLA-DRB1*04:01 64.29 
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  HLA-DRB3*02:02 

 

 

64.29 

 

ATP-dependent Clp protease proteolytic subunit 

 

 

SLEQIERDTERDRFL 

 

 

immunoglobulin heavy 

chain junction region, 

partial 

HLA-DRB1*03:01 

 

100 

 

Chaperone protein DnaJ 

 

 

RGVTKEIRIPTLEEC 

 

stAR-related lipid 

transfer protein 13 

isoform 3 

HLA-

DQA1*03:01/DQB1*

03:02 

 

77.78 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

 

77.78 

CDVCHGSGAKPGTQP 

 

ribonuclease P protein 

subunit p29 

 

HLA-

DQA1*05:01/DQB1*

03:01 

 

64.29 

 

Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase 

complex 

 

 

KEAAPAAAPAAAAAK 

 

probable E3 ubiquitin-

protein ligase IRF2BPL 

 

HLA-

DQA1*01:02/DQB1*

06:02 

 

85.71 

  HLA-

DQA1*03:01/DQB1*

03:02 

 

 

85.71 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

85.71 

  HLA-

DQA1*05:01/DQB1*

85.71 
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03:01 

 

 

DGAADAAPAQAEEKK 

 

60S acidic ribosomal 

protein P2 

HLA-

DQA1*03:01/DQB1*

03:02 

 

 

76.92 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

76.92 

  HLA-

DQA1*05:01/DQB1*

03:01 

 

76.92 

 

DKVEAEQSLITVEGD 

 

protein AHNAK2 

isoform 2 

 

HLA-

DQA1*03:01/DQB1*

03:02 

 

57.14 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

 

 

DVNVPDIGSDEVEVT 

 

DENN domain-

containing protein 11 

isoform X1 

HLA-

DQA1*05:01/DQB1*

02:01 

 

76.92 

 

Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate 

dehydrogenase complex 

 

 

KESAPAAAAPAAQPA 

 

host cell factor 1 

isoform X1 

 

HLA-

DQA1*03:01/DQB1*

03:02 

 

78.57 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

78.57 

  HLA-

DQA1*05:01/DQB1*

03:01 

 

78.57 

AAPAAQPALAARSEK 

 

phosphatidylinositol-4-

phosphate 5-kinase-like 

HLA-

DQA1*05:01/DQB1*

90.91 
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1, isoform CRA_a 

 

03:01 

 

 

DASAIKGTGVGGRLT 

 

RAN binding protein 

17, isoform CRA_g 

 

HLA-

DQA1*05:01/DQB1*

03:01 

 

88.89 

 

SPAIRRLLAEHNLDA 

 

immunoglobulin heavy 

chain junction region, 

partial 

 

HLA-DRB1*01:01 

 

100 

  HLA-DRB1*04:01 

 

100 

  HLA-DRB1*04:05 

 

100 

  HLA-DRB4*01:01 

 

100 

 

GTPase Der 

 

 

 

GRGVLSLLEHVLLPW 

 

transmembrane and 

coiled-coil domains 

protein 2 isoform 4 

 

HLA-

DPA1*01/DPB1*04:

01 

 

100 

  HLA-

DPA1*02:01/DPB1*

01:01 

 

100 

  HLA-

DPA1*03:01/DPB1*

04:02 

 

100 

  HLA-

DQA1*01:01/DQB1*

05:01 

 

100 

  HLA-DRB1*01:01 

 

100 

 

EVDEDAEYWAQFEAE 

 

immunoglobulin heavy 

chain variable region, 

partial 

 

HLA-

DPA1*01:03/DPB1*

02:01 

 

77.78 

  HLA-

DPA1*02:01/DPB1*

01:01 

 

77.78 
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  HLA-

DQA1*01:01/DQB1*

05:01 

 

77.78 

  HLA-

DQA1*03:01/DQB1*

03:02 

 

77.78 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

77.78 

 

LEHVLLPWMEDLAPQ 

 

pim-2 protooncogene 

homolog pim-2h 

HLA-

DPA1*01:03/DPB1*

02:01 

 

55 

  HLA-

DQA1*01:01/DQB1*

05:01 

 

55 

  HLA-

DQA1*05:01/DQB1*

02:01 

 

55 

 

WMEDLAPQEEVDEDA 

 

Chain A, Glycogen 

phosphorylase, muscle 

form 

HLA-

DQA1*03:01/DQB1*

03:02 

 

57.14 

  HLA-

DQA1*04:01/DQB1*

04:02 

 

57.14 

  HLA-

DQA1*05:01/DQB1*

02:01 

57.14 

 

YWAQFEAEENGEEEE 

 

piezo-type 

mechanosensitive ion 

channel component 2 

isoform 1 

HLA-

DQA1*03:01/DQB1*

03:02 

80 

  HLA-

DQA1*05:01/DQB1*

02:01 

80 

 

Table 3.1 Blastp results of E.coli antigenic peptide sequence with Human protein sequence 
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Sequence similarity of all predicted peptides with human protein sequence was observed using 

blastp. Similarity was found in range of 55% - 100%. These peptides were further used for 

molecular docking. 

 

3.3 DOCKING TO PREDICT THE BINDING EFFICIENCY OF PREDICTED 

PEPTIDES TO MHC CLASS II MOLECULE USING FIREDOCK SERVER  

Number 

given to 

peptides 

Peptide sequence Global 

energy 

Attractive 

VdW 

Repulsive 

VdW 

ACE HB 

1 KALNREVIEYFKEHV -26.16 -32.26 50.86 4.55 -2.19 

2* PSSASALACSAHALN -54.59 -27.64 7.36 -3.68 -1.76 

3 NPGFLEYRKSVTAGG -43.49 -32.79 22.37 0.83 -5.89 

4 IEYFKEHVNPGFLEY -41.60 -34.60 32.96 -2.74 -3.53 

5 SLEQIERDTERDRFL -7.15 -4.02 0.39 -1.44 0.00 

6 RGVTKEIRIPTLEEC -47.23 -33.83 10.15 1.38 -0.65 

7* CDVCHGSGAKPGTQP -51.86 -29.98 17.24 -5.73 -0.47 

8 KEAAPAAAPAAAAAK -43.96 -33.85 16.34 -6.23 -1.64 

9 DGAADAAPAQAEEKK -37.41 -33.64 18.18 6.53 -4.77 

10 DKVEAEQSLITVEGD -14.28 -41.09 90.52 -3.75 -2.53 

11 DVNVPDIGSDEVEVT -42.90 -36.36 28.12 -1.62 -1.32 

12* KESAPAAAAPAAQPA -56.70 -33.40 18.63 -14.44 -4.36 

13 AAPAAQPALAARSEK -25.80 -36.70 15.73 3.45 -3.15 

14 DASAIKGTGVGGRLT -50.99 -35.59 19.69 -7.53 -3.70 

15 SPAIRRLLAEHNLDA -27.66 -39.70 44.84 -1.42 -4.77 

16* GRGVLSLLEHVLLPW -71.61 -30.82 19.66 -4.93 -2.47 

17 EVDEDAEYWAQFEAE -0.34 -1.03 0.00 0.42 0.00 

18* LEHVLLPWMEDLAPQ -82.11 -43.09 41.45 -19.44 -1.37 

19 WMEDLAPQEEVDEDA -12.72 -37.29 43.03 8.27 -4.39 

20 YWAQFEAEENGEEEE 0.08 -0.00 0.00 0.00 0.00 

Table 3.2 Binding Efficiency of E.coli antigenic peptides- MHC Class II complex 
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To observe the binding efficiency of peptides with MHC Class II molecule, FireDock server was 

used. Binding efficiency was observed for all predicted peptides. Out of all, five peptides were 

selected on the basis of their highest binding energy. These peptides were further used for 

checking the global energy of peptides with TCR also. 

 

3.4 DOCKING TO PREDICT THE BINDING EFFICIENCY OF PREDICTED 

PEPTIDES TO TCR USING FIREDOCK SERVER 

 

Peptide 

sequence 

Global 

energy 

Attractive 

VdW 

Repulsive 

VdW 

ACE HB 

2 -23.38 -23.47 24.84 -0.09 -2.34 

7 -34.05 -33.97 20.38 -5.17 -4.15 

12 -8.36 -8.20 3.22 5.95 -1.69 

16 -42.75 -29.89 12.68 -0.61 -1.81 

18 -0.41 -1.50 0.00 -1.16 0.00 

 

Table 3.3 Binding efficiency of E.coli antigenic peptides- TCR complex 

Highest global energy of Peptide 16 was found when docked with TCR. 
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3.5 3-D STRUCTURES OF PREDICTED PEPTIDES TO MHC CLASS II MOLECULE 

USING PyMOL SOFTWARE 

 

               

                         Figure 3.13                                         Figure 3.14 

      MHC Class II-Peptide 1 Complex                MHC Class II-Peptide 2 Complex  

     

                     

                         Figure 3.15                                                       Figure 3.16 

          MHC Class II-Peptide 3 Complex                   MHC Class II-Peptide 4 Complex                                          
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                       Fig 3.17                                                                  Fig 3.18 

          MHC Class II-Peptide 5 Complex                  MHC Class II-Peptide 6 Complex 

                  

                      Fig 3.19                                                                Fig 3.20 

          MHC Class II-Peptide 7 Complex                    MHC Class II-Peptide 8 Complex 
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                          Fig 3.21                                                             Fig 3.22 

            MHC Class II-Peptide 9 Complex                 MHC Class II-Peptide 10 Complex 

                 

                       Fig 3.23                                       Fig 3.24 

         MHC Class II-Peptide 11 Complex                 MHC Class II-Peptide 12 Complex                                                                                           
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                        Fig 3.25                                                          Fig 3.26 

         MHC Class II-Peptide 13 Complex             MHC Class II-Peptide 14 Complex                                                                                           

               

                            Fig 3.27                                                            Fig 3.28 

          MHC Class II-Peptide 15 Complex               MHC Class II-Peptide 16 Complex                                                                                           
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                      Fig 3.29                                                                 Fig 3.30 

       MHC Class II-Peptide 17 Complex                   MHC Class II-Peptide 18 Complex                                                                                           

               

                      Fig 3.31                                                                 Fig 3.32 

         MHC Class II-Peptide 19 Complex              MHC Class II-Peptide 20 Complex       
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3.6 3-D STRUCTURES OF PREDICTED PEPTIDES TO TCR MOLECULE USING 

PyMOL SOFTWARE  

 

 

 

Figure 3.33 TCR- Peptide 2 Complex 

 

 

 

Figure 3.34 TCR- Peptide 7 Complex 
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Figure 3.35 TCR- Peptide 12 Complex 

 

 

 
 

 

Figure 3.36 TCR- Peptide 16 Complex 
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Figure 3.37 TCR- Peptide 18 Complex 

Using PyMOL software the 3D structures were visualized for the respective peptides with 

TCR. 

 

3.7 DISCUSSION 

 

In this study, an E. coli bacterium is taken into consideration which may cause autoimmunity 

under some conditions. The reasons to study the E.coli includes ubiquitous presence in human 

ecosystem and it being commonly associated in the microflora. Hence we studied if there are 

peptides derived from E coli that can crossreact with human peptides such that it may lead to 

autoimmunity. Autoimmunity is only diagnosed when it gets symptomatic. Applying in-silico 

approach we can perform pre-symptomatic diagnosis of autoimmune disorders. In contrast to 

other approaches, epitope prediction study is highly specific. However, for this intervention to be 

effective, the antigen(s) driving the autoimmune response must be known. To investigate this 

kind of opportunistic behavior of commensal bacteria, percent similarity between the bacterial 

antigenic peptides and human peptide sequence was done, which can be responsible for 

stimulating the autoimmune reactions and hence cause autoimmunity. Firstly, B cell epitopes and 

T cell epitopes are predicted for a particular bacterium i.e. E. coli. Longest peptide is selected 

from B cell epitope prediction so that it not show any ambiguity and this is carried out by IEDB 

followed by T cell epitope prediction using same tool. 
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Secondly, Protein BLAST is carried out to check similarity with the sequence of Homo sapiens. 

Molecular docking is performed to identify global energies (binding affinity) for different 

peptides. This is done to check binding of peptides with both MHC class I and TCR. Since MHC 

has a broader stringency we need to check global energy for TCR also because our main aim is 

whether these peptides can be presented to T cells and how well it can bind with TCR to initiate 

T cell activation and cause an immune response. Five peptides with the highest global energy 

with MHC class II are selected including PSSASALACSAHALN, CDVCHGSGAKPGTQP, 

KESAPAAAAPAAQPA, GRGVLSLLEHVLLPW and LEHVLLPWMEDLAPQ. These five 

peptides are now used to check their global energy with TCR also. Peptide with the highest 

global energy is GRGVLSLLEHVLLPW i.e., 42.75kcal/mol. PyMOL is used to visualize and 

obtain 3D structures of peptide-MHC class II and peptide-TCR complex. The peptide with the 

best global energy with TCR can now used to check its population coverage. This can be done to 

check the effectiveness of the peptide in Indian population and whether or not it will be well 

presented by Indian population. 

 

3.8 CONCLUSION 

 

In this study, we made an attempt to identify the bacterial epitope which may cause 

autoimmunity in humans. This study will help us to look for commensal bacteria and their 

similarity with human sequences so that later it could be used as a biomarker for detection of 

autoimmune diseases. Research in the field considering bacteria should be carried out more in 

order to find more such pathways that can lead to AID. Accordingly, we require more 

epidemiological and molecular research in this field to gain knowledge about interaction between 

bacterial infection and host that may cause autoimmune diseases. Through our study, we find 

some computational data which will help us in identifying as well as screening of epitopes. For 

the development of vaccines against epitope, this data may be used. Also, this will provide 

improved efficacy and safety for vaccine designing. For prevention of autoimmune diseases, this 

result may provide upgraded regimens. Our findings are fully based on analysis of epitope 

sequence along with some computational predictions. Nonetheless, in vitro studies as well as in 

vivo experiment are also needed to prove or to confirm the results, interpreted through in silico 

study. 
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