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Abstract 

Shigella dysenteriae is an intracellular bacterium responsible for shigellosis, a disease prevalent in developing 
countries with a reported mortality rate of 10–15%. Transmission typically occurs through contaminated food. In 
addition to maintaining hygiene during food handling and preparation, verifying that food ingredients are free from S. 
dysenteriae is critical for preventing its spread. Immunoassay-based methods are commonly used for such 
authentication and rely on the availability of specific antibodies targeting S. dysenteriae. The production of these 
antibodies requires the identification of specific immunogenic epitopes. In this study, we conducted an in silico analysis 
to identify a potential epitope of S. dysenteriae using bioinformatics tools. Protein sequence data were obtained from 
UniProtKB (https://www.uniprot.org/) and analysed with the VaxiJen v2.0 server (https://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html). This analysis revealed a candidate immunogenic epitope with the amino 
acid sequence LAKLTNNNAQGEITDIIALAY. While these findings are promising, further in vivo validation is necessary 
to determine whether this epitope can effectively elicit antibody production for use in immunoassay development 
aimed at detecting S. dysenteriae contamination in food.  
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1. Introduction

Contamination of pathogenic bacteria in food and beverages can cause various diseases such as typhoid, diarrhea, as 
well as food poisoning (1). These diseases will easily attack people who experience a decrease in body resistance due 
to factors from intrinsic and from extrinsic (2,3). Foodborne diseases or food poisoning caused by contamination by 
pathogenic bacteria need careful attention, because people with these cases can experience digestive disorders and 
impaired absorption of nutrients (2). 

Salmonella, Escherichia coli, Shigella, and a range of other microorganisms are recognized as major contributors to 
foodborne illnesses (4). Shigella is a genus of Gram-negative bacteria, closely related to Escherichia coli, that cause 
diarrheal disease and have remained a significant public health concern globally (5). Furthermore it was reviewed that 
Shigella is primarily transmitted through ingestion of food or water contaminated with feces, or via direct person-to-
person contact (5). An infectious dose as low as 10 to 100 viable cells can cause illness in a healthy individual. Shigellosis 
is less common in developed countries, where transmission occurs mainly through the fecal–oral route, whereas in 
developing countries, both fecal–oral transmission and contamination of food and water contribute to its spread (6,7). 
According to the CDC’s 2016 Annual Report on Laboratory-based Enteric Disease Surveillance, 12,597 cases of Shigella 
infection were reported across all 52 U.S. states. The majority were caused by Shigella sonnei (80.5%), followed by S. 
flexneri (12.6%), S. boydii (0.2%), and S. dysenteriae (0.1%). It has been reported also that shigellosis causes more than 
200,000 deaths worldwide (8). To date there is no widely accessible vaccine. The disease caused by Shigella dysenteriae 
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is becoming resistant to various types of antibiotics, while prevention by vaccine mechanisms is still very limited in use 
(9). 

Prevention of the spread of Shigella dysenteriae bacteria through food can be done through hygiene quality control when 
preparing and serving food (10). In addition, authentication that food ingredients are completely free of Shigella 
dysenteriae must be implemented (11). One practical method, which is relatively faster than bacterial culture, is 
immunoassay-based testing (12). For the development of immunoassay testing tools, the availability of antibodies, both 
polyclonal and monoclonal, is required. To produce antibodies, an immunogen must be used to immunize experimental 
animals such as mice, rabbits, or chickens to obtain IgY (13,14). A practical method currently available for preparing 
immunogens to produce antibodies from experimental animals is through the use of bioinformatics technology (15,16).  

In this study, we report the results of our preliminary research utilizing bioinformatics to create an epitope vaccine 
against Shigella dysenteriae bacteria. It is hoped that this vaccine can be used to produce home made antibodies for the 
development of authentic food safety diagnostics free from Shigella dysenteriae in the future  

2. Material and methods 

This research was conducted in silico, using computer simulations and bioinformatics data analysis based on several 
studies conducted (17,18).  

2.1. Use of software and websites 

The protein or peptide sequences of Shigella dysenteriae bacteria were drawn from the UniProtKB database site 
(https://www.uniprot.org) which provides complete information about proteins from various organisms. The peptide 
sequence of Shigella dysenteriae bacteria were filtered and downloaded. Following this, the Immune Epitope Database 
and Analysis Resource (IEDB, https://www.iedb.org/) was immplied for epitope prediction and analysis (19). Sequence 
peptides with scores above 0.5 and percentile ranks below 2% were used to clasify a higher affinity for binding to MHC 
molecules, indicating their potential to elicit a strong immune response. Furtheromere epitopes with affinity values 
>1,000 were predicted to have potential for peptide vaccine development(19,20).  

2.2. Determination of Antigenicity Level of Peptides 

The antigenicity level of the peptides was determined using VaxiJen 2.0 software (https://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html). VaxiJen 2.0 is able to predict server-based antigens that allow the 
determination of antigen potential (21).  

2.3. Analysis of Physicochemical Properties 

Evaluation of the physicochemical properties of Shigella dysenteriae bacterial vaccine candidates was carried out using 
the Expasy ProtParam online server (https://web.expasy.org/protparam/) (22), and the Pepcalc server 
(https://pepcalc.com/). 

3. Results and Discussion 

3.1. Shigella dysenteriae protein sequence from the database 

Shigella dysenteriae is an intracellular pathogen that causes Shigellosis (bacillary dysentery). Shigellosis is common in 
developing countries, with a mortality rate of 10-15% if untreated, killing about 1.1 million people out of approximately 
120 million cases annually (9). The Gram-negative bacterium Shigella dysenteriae type 1 (SD1) is one of the most 
virulent serotypes of the four Shigella serotypes (S. Dysentriae, S. Flexneri, S. Sonnei and S. boydii) (23). 

In-silico design of peptide vaccine candidates to produce antibodies against Shigella dysenteriae bacteria is a research 
method that utilizes computational technology and databases to develop vaccines without prior laboratory 
experiments. In this study, the amino acid sequence of Shigella dysenteriae bacteria was obtained from UniProtKB 
(https://www.uniprot.org). It was found as many as 34 thousand types of proteins and gene names from these bacteria, 
ten of them were chosen in this study (Table 1), and one of them was selected i.e. serotype 1 or strain Sd 197 with the 
entry identifier number Q329R9, the protein known as Bifunctional protein GlmU with456 amino acid length (Figure 1). 
Shigella dysenteriae serotype 1 (SD1), including strain Sd 197, is strongly associated with Shiga toxin (Stx) production 
(24,25). Stx is the primary virulence factor of SD1 strains and is responsible for the severe diarrheal disease and 
potential complications like hemolytic uremic syndrome (HUS), reviewed by Wang (25). So, if we succeed in creating 
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antibodies specific to this strain, it is very possible that we can develop specific diagnostics against Shiga toxin in the 
food. 

Table 1 Shigella dysentriae Bacterial Proteins from UniProtKB data 

No. UnitProtKB 

Identifier 

Protein 

name 

Gen 

name 

Organisms Length 

1. Q9FBI2 Shiga toxin subunit A stxA Shigella dysenteriae 315 AA 

2. Q7BQ98 Shiga toxin subunit B stxA Shigella dysenteriae 89 AA 

3. Q32A21 Fatty acid oxidation complex subunit 
alpha 

FadB Shigella dysenteriae serotype 1 
(strain Sd197) 

729 AA 

4. Q932V0 Alanine recemase. biosynthetic alr Shigella dysenteriae 359 AA 

5. P00906 Anthranilate synthase component II, TrpG-
TRPD 

Shigella dysenteriae serotype 1 
(strain Sd197) 

201 AA 

6. Q326Z6 E3 ubiquitin-protein ligase ipaH9.8, ipaH9.8 Shigella dysenteriae serotype 1 
(strain Sd197) 

545 AA 

7. Q329R9 Bifunctional protein GlmU glmU Shigella dysenteriae serotype 1 
(strain Sd197) 

456 AA 

8. Q32AZ8 Sirome synthase cysG Shigella dysenteriae serotype 1 
(strain Sd197) 

457 AA 

9.  Q32D45 Dual-specificity RNA Methyltransferase 
RlmN 

rlmN Shigella dysenteriae serotype 1 
(strain Sd197) 

348 AA 

10. Q32DT3 Bifunctional polymyxin resistance 
protein ArnA 

arnA Shigella dysenteriae serotype 1 
(strain Sd197) 

660 AA 

 

 

Figure 1 Peptide Sequence of Q32R9 retrieved from UniProtKB 

3.2. Determination of peptide antigenicity levels and identification of candidate epitopes 

Figure 2 shows the results of sequence alignment analysis using the Immuno-Epitope Database (IEDB). This analysis 
aims to identify potential epitopes for peptide-based vaccine development (19,20). The distribution and position of 
epitopes on the graph identified in the SD1 bacterial protein sequence and the colors and symbols on the figure indicate 
the level of antigenicity and potential of each epitope for vaccine development.  
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Figure 2 Epitope prediction analysis of Shigella dysenteriae bacteria using IEDB 

Peptide sequences with antigenic potential were further tested for peptide bond strength, selected based on the results 
of the IEDB B graph. Table 2, displays the results of this analysis using VaxiJen 2.0 software analysis. Based on the 
antigenicity score, there is one peptide, LAKLTNNNAQGEITDIIALAY with an antigen binding affinity of 0.5527 Nm 
(highlighted), which is a potential vaccine candidate for SD1 bacteria. 

Table 2 Prediction results of the entigenicity level of Shigella dysenteriae bacteria using VaxiJen 2.0 software 

Peptide Sequence Affinity (Nm) Probabili 

ITDIIALAY 0.1683 Non-antigen 

GTRMYSDLPK -0.0961 Non-antigen 

QAEQITDIIALAY 0.1897 Non-antigen 

GTRMYSDLPKITDIIALAY 0.1339 Non-antigen 

VETLQRLRDAITDIIALAY -0.1661 Non-antigen 

HKDATDEQRQIITDIIALAY 0.3659 Non-antigen 

LAKLTNNNAQGEITDIIALAY 0.5527 Antigen 

ITDIIALAYN 0.1309 Non-antigen 

ITDIIALAYQSEQAEKLLLAGVMLRDPARFDLR  0.3112 Non-antigen 

ITDIIALAYDGANKF -0.1880 Non-antigen 

ITDIIALAYRNVGENALAISRVPQTQKEGWRRPV 0.1554 Non-antigen 

Peptide-based vaccines have shown potential results in triggering an immune response. However, a single peptide may 
not be enough to produce a strong and lasting immune response. These vaccines are considered safe as they have fewer 
side effects. However, it has low immunogenicity when used alone (16,26). Therefore, combining multiple peptides or 
epitopes in vaccine manufacturing is necessary, with the intention of obtaining a strong immune response resulting in 
antibodies with sufficient affinity against the pathogen (27). 

3.3. Evaluation of Physicochemical properties  

Figure 3 displays the results of physicochemical analysis on the Shigella dysenteriae bacterial vaccine candidate which 
has a molecular weight of 2246.52 g/mol, with isoelectric point (pI) occurs at pH 3.93. A pI of 3.93 indicates that the 
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vaccine is acidic and could lead to instability and poor performance, particularly at the physiological pH of the animal 
body (around 7.4). In addition, the poor water solubility of this vaccine candidate is also a constraint. When vaccine 
candidates or drugs have low water solubility, this can lead to several problems, including decreased drug efficacy, 
irregular or low absorption, and potential side effects or therapeutic inefficacy (28). This can affect the success of the 
vaccine in stimulating an effective immune response. To overcome these challenges, various strategies are being 
implemented to increase solubility and improve vaccine efficacy, such as formulation techniques and the use of 
cyclodextrins (28,29). 

Research on the development of a vaccine against Shigella dysenteriae using the insilico method is quite advanced, with 
very promising results, especially for use in humans (8,30,31). In this study, the main objective is that the vaccine is not 
for use in humans, but for the production of antibodies in experimental animals. The antibodies generated later, will be 
utilized to develop diagnostic tools for detecting Shigella dysenteriae in food. Therefore some limitations found in the 
study are understandable, given the complexity of this application. However, t whatever the reason, the results this 
insilico design still needs to be optimized and tested in vitro and in vivo. 

 

Figure 3 Physicochemical properties analysis using Pepcalc server (https://pepcalc.com/ )  

4. Conclusion 

This study successfully analysis the immunogenic epitopes of Shigella dysenteriae as potential candidate epitopes for 
the development of Shigella dysenteriae bacterial vaccines, espesially for the purpose of in-house antibody production. 
The epitope prediction of Shigella dysenteriae bacteria obtained from UniProtKB is LAKLTNNNAQGEITDIIALAY. Further 
study need to be carried out to ensure whether this epitope is truly effective in vivo.  

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Hernández-Cortez C, Palma-Martínez I, Gonzalez-Avila LU, Guerrero-Mandujano A, Solís RC, Castro-Escarpulli G. 
Food Poisoning Caused by Bacteria (Food Toxins). In: Poisoning - From Specific Toxic Agents to Novel Rapid and 
Simplified Techniques for Analysis. InTech; 2017.  

[2] Bintsis T. Foodborne pathogens. AIMS Microbiol. 2017;3(3):529–63.  

https://pepcalc.com/


GSC Biological and Pharmaceutical Sciences, 2025, 31(02), 198-204 

203 

[3] Kearney GD. Introduction to Foodborne Illness Outbreak Investigations. In: Environmental Public Health: The 
Practitioner’s Guide. American Public Health Association; 2018.  

[4] WHO. Burden of foodborne diseases in the South-East Asia Region. New Delhi, India: World Health Organization, 
Regional Office for South-East Asia.; 2016.  

[5] Schnupf P, Sansonetti PJ. Shigella Pathogenesis: New Insights through Advanced Methodologies. Microbiol Spectr. 
2019 Apr 12;7(2).  

[6] Addis M, Sisay D. A Review on Major Food Borne Bacterial Illnesses. J Trop Dis. 2015;3:176.  

[7] Radostits OM, Gay CC, Hinchcliff KW, Constable PD. Veterinary Medicine. A textbook of the diseases of cattle, 
horses, sheep, pigs and goats. 10th ed. Saunders, Philadelphia, PA ; 2007.  

[8] Qureshi H, Basheer A, Faheem M, Arshad MW, Rai SK, Jamal SB. Designing a multi-epitope vaccine against Shigella 
dysenteriae using immuno-informatics approach. Front Genet. 2024 May 17;15.  

[9] Ranjbar R, Farahani A. <p><em>Shigella</em>: Antibiotic-Resistance Mechanisms And New Horizons For 
Treatment</p>. Infect Drug Resist. 2019 Oct;Volume 12:3137–67.  

[10] Warren BR, Parish ME, Schneider KR. Shigella as a Foodborne Pathogen and Current Methods for Detection in 
Food. Crit Rev Food Sci Nutr. 2006 Oct;46(7):551–67.  

[11] Horne B, Badji H, Bhuiyan MTR, Romaina Cachique L, Cornick J, Hotwani A, et al. Microbiological Methods Used 
in the Enterics for Global Health Shigella Surveillance Study. Open Forum Infect Dis. 2024 Mar 
25;11(Supplement_1):S25–33.  

[12] Kabiraz MP, Majumdar PR, Mahmud MMC, Bhowmik S, Ali A. Conventional and advanced detection techniques of 
foodborne pathogens: A comprehensive review. Heliyon. 2023 Apr;9(4):e15482.  

[13] Shillito R, Guo R, Currier T. Protein-based detection methods. In: Application of Sampling and Detection Methods 
in Agricultural Plant Biotechnology. Elsevier; 2022. p. 85–109.  

[14] Tabll AA, Shahein YE, Omran MM, Hussein NA, El-Shershaby A, Petrovic A, et al. Monoclonal IgY antibodies: 
advancements and limitations for immunodiagnosis and immunotherapy applications. Ther Adv Vaccines 
Immunother. 2024 Jan 25;12.  

[15] Kwong PD, Chuang G, DeKosky BJ, Gindin T, Georgiev IS, Lemmin T, et al. Antibodyomics: bioinformatics 
technologies for understanding B‐cell immunity to <scp>HIV</scp> ‐1. Immunol Rev. 2017 Jan 30;275(1):108–
28.  

[16] Kim J, McFee M, Fang Q, Abdin O, Kim PM. Computational and artificial intelligence-based methods for antibody 
development. Trends Pharmacol Sci. 2023 Mar;44(3):175–89.  

[17] Andayani IGAS, Depamede SN, Dradjat AS, Sriasih M. In-Silico Study to Design Foot and Mouth Disease Vaccine 
Candidates. Jurnal Biologi Tropis. 2024 Sep 2;24(3):737–46.  

[18] Depamede BUR, Alisjahbana B, Depamede SN, Hafidhoh S, Nururrohmah S, Tryawan IN, et al. In Silico-Predicted 
Cytokeratin Fragment 21-1 (Cyfra 21-1) Immunogenic Epitopes for The Early Detection of Nasopharyngeal 
Carcinoma. Chimica et Natura Acta. 2024 Dec 5;12(3):233–50.  

[19] Fleri W, Paul S, Dhanda SK, Mahajan S, Xu X, Peters B, et al. The Immune Epitope Database and Analysis Resource 
in Epitope Discovery and Synthetic Vaccine Design. Front Immunol. 2017 Mar 14;8.  

[20] Yılmaz Çolak Ç. In silico analysis of virulence factors of Streptococcus uberis for a chimeric vaccine design. In 
Silico Pharmacol. 2024 Jan 6;12(1):7.  

[21] Doytchinova IA, Flower DR. VaxiJen: a server for prediction of protective antigens, tumour antigens and subunit 
vaccines. BMC Bioinformatics. 2007 Dec 5;8(1):4.  

[22] Gasteiger E, Hoogland C, Gattiker A, Duvaud S, Wilkins MR, Appel RD, et al. Protein Identification and Analysis 
Tools on the ExPASy Server. In: Walker JM, editor. The Proteomics Protocols Handbook. Humana Press; 2005. p. 
571–607.  

[23] Levine MM, Kotloff KL, Barry EM, Pasetti MF, Sztein MB. Clinical trials of Shigella vaccines: two steps forward and 
one step back on a long, hard road. Nat Rev Microbiol. 2007 Jul;5(7):540–53.  

[24] Sváb D, Falgenhauer L, Horváth B, Maróti G, Falgenhauer J, Chakraborty T, et al. Genome Analysis of a Historical 
Shigella dysenteriae Serotype 1 Strain Carrying a Conserved Stx Prophage Region. Front Microbiol. 2021 Jan 8;11.  



GSC Biological and Pharmaceutical Sciences, 2025, 31(02), 198-204 

204 

[25] Wang X, Yu D, Chui L, Zhou T, Feng Y, Cao Y, et al. A Comprehensive Review on Shiga Toxin Subtypes and Their 
Niche-Related Distribution Characteristics in Shiga-Toxin-Producing E. coli and Other Bacterial Hosts. 
Microorganisms. 2024 Mar 28;12(4):687.  

[26] Kim YG, Lee Y, Kim JH, Chang SY, Jung JW, Chung WJ, et al. Self-Assembled Multi-Epitope Peptide Amphiphiles 
Enhance the Immune Response against Enterovirus 71. Nanomaterials. 2020 Nov 25;10(12):2342.  

[27] Lalinde-Ruiz N, Martínez-Enriquez LC, Alzate Gutierrez D, Hernandez Nieto H, Niño LF, Parra-López CA. 
Methodological approach to identify immunogenic epitopes candidates for vaccines against emerging pathogens 
tailored to defined HLA populations. Comput Biol Chem. 2025 Jun;116:108389.  

[28] Varan G. Cyclodextrin in Vaccines: Enhancing Efficacy and Stability. Future Pharmacology. 2023 Aug 
24;3(3):597–611.  

[29] Gurunathan S, Thangaraj P, Wang L, Cao Q, Kim JH. Nanovaccines: An effective therapeutic approach for cancer 
therapy. Biomedicine & Pharmacotherapy. 2024 Jan;170:115992.  

[30] Lu T, Das S, Howlader DR, Picking WD, Picking WL. Shigella Vaccines: The Continuing Unmet Challenge. Int J Mol 
Sci. 2024 Apr 13;25(8):4329.  

[31] Razzak A, Saha O, Sultana KF, Amin MR, Zahid A bin, Sultana A, et al. Development of a Novel mRNA Vaccine 
Against Shigella Pathotypes Causing Widespread Shigellosis Endemic: An In-Silico Immunoinformatic Approach. 
Bioinform Biol Insights. 2025 Mar 28;19  


