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Global burden of autoimmune pathology is getting heavier with every year. The antigenic 
mimicry of host and alien peptides may provoke pathological autoimmunity in individuals 
with some alleles of HLA. Identification of peptides shared between host and pathogen proteins 
can be a useful technique for studying molecular mimicry, evaluation of autoimmunity risks, 
and for selecting epitopes while developing the safest vaccines. There are many examples 
of the autoimmune response induction due to antigenic mimicry, the recent ones concern 
the new Coronavirus infection COVID-19 as a trigger of autoimmunity. The pentapeptides 
are proven to be minimal sequential immunogenic protein epitopes. Therefore, we created 
a new computer program “Alignmentaj” that identifies similar pentapeptides between two 
proteins, for example autoantigens and antigens of infectious agents. The resulting model has 
been implemented in a revised version of the “Alignmentaj” server (https://muslimb.github.
io/ProjectAlignmentaj/index.html) and successfully used to explore molecular mimicry 
of human and viral antigens. The principle of its work is described and perspectives of 
bioinformatic analysis in immunology discussed.
Keywords: autoimmunity, bioinformatics, epitope, molecular mimicry, pentapeptide, vaccine.

Introduction: Autoimmune Diseases and Molecular Mimicry

Autoimmune diseases are a group of illnesses in which autoreactive immune cells 
and/or autoantibodies attack the self targets. They can be regarded as an exaggeration 
of physiological autoimmune mechanisms or as a kind of “autoallergy”, which means a 
hyperactive, wrong targeted and poorly regulated autoimmunity [1]. At least 3–5 % of 
people suffer from autoimmune diseases in some populations [2; 3]. The global burden of 
autoimmune pathology is on the rise, making this group of diseases third biggest reason 
of death and disability in many populations, especially among women [4]. The countries 
with higher sociodemographic development levels shouldered disproportionately higher 
burden of pathological autoimmunity, which inequality gets more noticeable with every 
year [5]. Autoimmune disorders have multi-factorial etiology, however the main factors 
are genetic predisposition [6] and hyperstimulation of the immune system by the environ-
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mental and/or endogenous agents [7–10]. Infectious agents have long been the most well-
studied environmental factors altering autoimmunity by various mechanisms [11; 12]. 
Molecular mimicry underlies the pathogenesis of autoimmune diseases associated with 
microorganisms [12; 13]. The term “molecular mimicry” was first coined by an American 
biologist Raymond T. Damain in 1964 [14; 15]. But the very existence of common proteins 
in microorganisms and higher eukaryotes was predicted much earlier by Russian evolu-
tionary biologist Konstantin Sergeevich Merezhkovsky (1855–1921), an alumnus of Saint 
Petersburg University, while developing his symbiogenetic theory of the cell origin [16]. 
Molecular mimicry occurs when there are epitopes shared between antigens of a pathogen 
and human autoantigens. Potentially it may be the cause of autoimmune disorders, if the 
host immune system, being restricted by certain HLA haplotype, will process the alien an-
tigen using shared epitopes for antigen presentation [17]. In this case anti-alien T-helpers 
may boost anti-self response. The way of autoimmune disorder provocation via the anti-
genic mimicry is illustrated in Figure 1. Mechanisms of autoimmunity provocation in mo-
lecular mimicry: 1) antigens of viruses are recognized by antigen-presenting cells (APCs); 
2) APCs presenting mimicking peptide to T-helper cells; 3a) B cells or 3b) cytotoxic T cells 
activated by T-helper; 4а) B cells produce autoantibodies against self proteins or 4b) own 
cells are destroyed by cytotoxic T-lymphocytes.

Fig. 1. The way of autoimmune disorder provocation via the antigenic mimicry. 
The picture was created using the BioRender web-server (https://www.biorender.com/)

https://www.biorender.com/)
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Epitope spreading in autoimmunity was first noted while modeling experimental au-
toimmune encephalomyelitis [18]. Later it was demonstrated in many experimental and 
clinical diseases [12; 15].

The Immune Epitope Database (IEDB) is a freely available resource of experimen-
tal data on antibody and T cell epitopes studied in humans and other animal species in 
the context of infectious disease, allergy, autoimmunity and transplantation [19]. The 
IEDB recently was used by us and other authors for prediction of mimicking potential of 
SARS-CoV-2 epitopes regarding the most essential target autoantigens of human endo-
crinopathies, with appropriate pathomorphological and clinical correlates documented 
COVID19-mediated triggering of autoimmune endocrine diseases [20–22].

Implementation

The minimal recognizable sequential antigenic determinant is a pentapeptide [23]. 
Hence, we created, registered in Russian Federation Intellectual Property Service (Regis-
tration certificate N 2023617186) and implemented an original computer program named 
“Alignmentaj” searching the shared pentapeptides in protein antigens. “Alignmentaj” is 
written in the Python programming language. Our program source code is available in 
https://github.com/muslimb/MyProekt1 and web tool in https://muslimb.github.io/Pro-
jectAlignmentaj/index.html. “Alignmentaj” currently supports reading popular biologi-
cal data format FASTA with amino acid sequences of protein. Algorithms of our pro-
gram operation are illustrated in Figure 2 (the picture was created using the Microsoft 
Word 2016 v. 2109). “Alignmentaj” web tool algorithm. Input information: 1) the length 
of the peptide to be analyzed can be entered at the tool input; 2) amino acid sequences of  

Fig. 2. “Alignmentaj” web tool algorithm
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the 1st protein; 3) amino acid sequences of the 2nd protein. Analysis: 4) the 1st protein pri-
mary sequence dissected into pentapeptides offset by one residue (i. e., MFVFL, FVFLV, 
VFLVL, FLVLL, etc.), and the resulting 1st pentapeptides are: 5) analyzed for occurrences 
within the 2nd protein by the web tool “Alignmentaj”. Output information (Results): 6) if 
there are similar peptides in the analyzed proteins, we get them in the output.

Conclusions
Bioinformatics approach is considered essential in analysis of autoimmune diseases 

[24]. The prediction of similar peptides between infectious antigens and human autoan-
tigens has been extensively studied by a number of authors in last years [25–27]. That’s 
why, we have created a web tool and program “Alignmentaj” for searching shared peptides 
between human and microbial/viral proteins. It is based on the alignment of amino acid 
sequences between two proteins. We consider bioinformatic analysis prediction of molec-
ular mimicry to be an essential step in the preliminary evaluation of autoimmunity risks. 
The program can be used in the field of medicine (infectiology, immunology and allergol-
ogy) and also is applicable in selecting epitopes for the development of the safest vaccines.
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Для цитирования: Normatov M. G., Pakhomov V. A., Churilov L. P. “Alignmentaj” — a tool for in 
silico prediction of similar peptides potentially involved in molecular mimicry phenomenon (short 
communication) // Вестник Санкт-Петербургского университета. Медицина. 2025. Т. 20. Вып. 1. 
С. 96–101. EDN OQEMMA

Глобальное бремя аутоиммунной патологии с каждым годом становится все тяжелее. 
Антигенная мимикрия пептидов хозяина и чужеродных пептидов может провоциро-
вать патологический аутоиммунитет у лиц с некоторыми аллелями HLA. Идентифи-
кация пептидов в белках, общих для белков хозяина и патогена, может быть полезным 
методом для изучения молекулярной (антигенной) мимикрии, оценки риска аутоим-
мунных нарушений и выбора эпитопов при разработке более безопасных вакцин. Су-
ществует множество примеров индукции аутоиммунного ответа за счет антигенной 
мимикрии, последние из  них касаются новой коронавирусной инфекции COVID-19 
как триггера аутоиммунитета. Доказано, что именно пентапептиды представляют со-
бой минимальные секвенциальные иммуногенные белковые эпитопы для иммунных 
клеток человека. Поэтому мы создали, зарегистрировали и применили оригинальную 
компьютерную программу «Alignmentaj», которая идентифицирует сходные пентапеп-
тиды между двумя белками, например аутоантигенами человека и антигенами инфек-
ционных агентов. Полученная модель была реализована в обновленной версии сервера 
“Alignmentaj” (https://muslimb.github.io/ProjectAlignmentaj/index.html) и  успешно ис-
пользована для изучения молекулярной мимикрии человеческих и вирусных антиге-
нов. В сообщении описан принцип работы данной программы и обсуждены перспек-
тивы применения биоинформационного анализа в иммунологии.
Ключевые слова: аутоиммунитет, биоинформатика, эпитоп, молекулярная мимикрия, 
пентапептид, вакцина.
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