
© 2023 Humaira Zafar, et al.                                                                                                                                                                   1 

 

Insilco Approach for Unraveling Flagellin as a Promising Antigen 
for Next-Gen DNA Vaccines 

 

Ammar Mehfooz1, Zahid Hussain2, Humaira Zafar3* 
1Industrial Biotechnology, Institute of Industrial Biotechnology, Government College University, Lahore. 

2Associate Professor of Biotechnology, Institute of Industrial Biotechnology, Government College University, Lahore, Pakistan. 
3Professor of Pathology, Consultant Microbiologist, Al Nafees Medical College & Hospital, Islamabad. 

*Corresponding author: Humaira Zafar, Professor of Pathology, Consultant Microbiologist, Al Nafees Medical College & 
Hospital, Islamabad.

Introduction 

The relentless march of progress in sanitation 
practices, coupled with groundbreaking advances in 
vaccination techniques and the discovery of novel 
antibiotics, has wielded a transformative influence on 
the well-being and living standards of humanity. 
Within the realm of vaccine development, a pivotal 
concern looms large: the cost-benefit ratio of 
safeguarding lives against an array of pernicious 
diseases [1]. In the contemporary landscape, the 
arsenal of cutting-edge technologies for identifying 
optimal vaccine candidates against targeted pathogens 
includes recombinant DNA technology, chemical 
conjugation, reverse vaccinology, structural biology, 
and systems biology [2,3]. The amalgamation of 
reverse vaccinology, recombinant DNA technology, 
molecular cloning, and genome editing opens vistas 
for combatting obstinate maladies and fostering novel 

avenues for vaccine design and production [4,5]. 
Vaccines generated through reverse vaccinology and 
recombinant DNA technology bear the distinction of 
being non-allergenic and non-reactive, heralding a 
new era of immune protection with minimal adverse 
effects [6, 7]. 
The triumvirate of bacteremic maladies spearheaded 
by Salmonella typhimurium, Streptococcus pneumoniae, 
and Neisseria meningitides stand as chief targets for 
multifaceted defenses [8]. Among all of them an array 
of Salmonella species, notably Salmonella typhi, and 
the notorious Salmonella typhimurium are reported as 
most hazardous [9, 10]. The gravity of typhoid fever is 
unequivocally portrayed by the staggering statistics 
that emerged from a comprehensive survey conducted 
in 2018. A harrowing toll of approximately 269,000 
lives was claimed by this affliction, with an alarming 
annual incidence of about 26.9 million reported 
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Abstract 
Objective: To identify and characterize the best possible vaccine candidate among entire proteome of Salmonella 
typhimurium on the basis of its suitability as an immunogen for DNA vaccine development, emphasizing its non-allergenic 
properties and it’s potential to elicit elevated antibody titers. 
Methodology: It was an exploratory, Insilco experimental study. It was performed at the Pathology laboratory, Department 
of Biotechnology, Institute of Industrial Biotechnology, GC University Lahore, from January 2020 to October 2020. 
This study employed the powerful approach of reverse vaccinology to investigate the proteome of Salmonella 
Typhimurium. Our primary focus was directed towards flagellin, a protein previously considered hypothetical, which bears 
a striking resemblance to a conserved extracellular phage-encoded counterpart (accession number AEF07831.1). 
Results: Total sample size of study was 207(N). Our investigation unveils the remarkable ability of flagellin to elicit both 
innate and adaptive immune responses. This dual role in orchestrating immune reactions, as predicted by Vaxijen, C-
Immsim, Allertop and Properd significantly enhances the potential value of flagellin as a potentially strong DNA vaccine 
candidate. 
Conclusion: With the anticipation of flagellin as a potent immunogen, molecular cloning within a non-pathogenic host, 
we envision a new paradigm in defense against Salmonella Typhimurium. Nonetheless, the imperative for empirical 
validation remains, guiding us forward on our journey fueled by the allure of uncharted scientific discovery. 
 
Keywords: Salmonella typhimurium; flagellin; hypothetical proteins; immune simulations; reverse vaccinology; insilco 
characterization 
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cases, as outlined in the authoritative WHO report 
[11]. The urgency for effective intervention becomes 
abundantly clear. In this innovative landscape, 
microbial proteins emerge as prime candidates for 
antigen sourcing. Their merits, spanning high yields, 
rapid microbial growth on cost-effective media, 
consistent production, ease of modifiability, 
economic viability, and structural stability, place them 
at the forefront of vaccine development strategies [12]. 
Such proteins offer a promising trajectory towards 
robust, scalable, and effective vaccine solution [13].  
So, the convergence of reverse vaccinology, DNA 
synthesis, and microbial protein selection not only 
accelerates our response to existing threats but also 
holds the key to tackling future infectious adversaries 
with unparalleled precision and efficacy. The 
landscape of immunization is evolving, and these 
advancements propel us towards a safer and healthier 
world. This study aims to identify most antigenic and 
least allergic vaccine candidate among whole 
proteome of Salmonella species using reverse 
vaccinology and other Insilco techniques for 
development of DNA vaccine agsinst Salmonella typhi 
and Salmonella typhimurium, which pose significant 
threats to public health. Microbial proteins, due to 
their advantages like high yields, rapid growth, and 
structural stability, emerge as ideal antigens for 
vaccine development. So, by combining reverse 
vaccinology, DNA synthesis, and microbial protein 
selection, this research accelerates responses to 
existing threats and equips us to combat future 
infectious adversaries effectively. This evolving 
landscape of immunization promises a safer and 
healthier world through these advancements. 
 

Methodology 

The complete research work was performed at the 
Pathology lab, Department of Biotechnology, 
Institute of Industrial Biotechnology, GC University 
Lahore, under the approval number granted by IRB 
i.e., 031O-MPHIL-BT-18, from January, 2020 to 
October 2020. This was an Exploratory Insilco 
experimental study in which the cutting-edge 
approach of reverse vaccinology was applied for 
sample analysis. Total 207 (N) hypothetical proteins 
were selected from 1964 protein of Salmonella 
typhimurium found on NCBI server by mean of Vaxign 
tool. A pioneering journey was started within the 
genome of Salmonella typhimurium, strategically by 
selecting hypothetical proteins to sculpt a novel 

vaccine candidate primed for the creation of a robust 
DNA-based vaccine. The foundation of Inclusion 
criteria was set on the basis of a meticulously crafted 
bioinformatics algorithm, intricately woven with 
critical parameters [14]. These parameters encompass 
an optimal fusion of antigenic prowess and adhesion 
potential, the precise subcellular or membrane 
localization of the proteins, a judicious restriction of 
trans-membrane helices (set at a threshold of one or 
less), a resolute divergence from the human proteome 
through non-homology and non-similarity, and an 
emphasis on inciting formidable immunogenic 
responses. All those vaccine candidates which didn’t 
match the vaccine candidancy criteria of Vaxign, 
Allertop as well as Vaxijen were excluded accordingly. 
Among the instrumental tools, Vaxign emerges as a 
beacon of innovation, standing tall as an online 
system that spearheads vaccine design endeavors. A 
simple digital portal (www.violinet.org/vaxign) 
unveils a realm where the algorithmic principles of 
reverse vaccinology are harnessed to unearth the gems 
of potential vaccine candidates [15]. From the initial 
bounty of 201 proteins, an arduous winnowing 
process unfolds, governed by the principles of scrutiny 
and precision. Ultimately, a curated assembly of 50 
proteins emerges victorious from the crucible of our 
exacting standards, each exuding the hallmarks of an 
ideal vaccine candidate. Beyond their individual 
merits, these selected proteins collectively span a 
broad spectrum of S. typhimurium strains, infusing 
versatility into their potential application. A 
meticulous extraction effort yielded a trove of nearly 
50 robust candidates from the annals of Salmonella 
typhimurium, meticulously cherry-picked for their 
remarkable resilience and potency when juxtaposed 
with their 155 counterparts. After the identification 
of promising hypothetical proteins through predictive 
methods, the spotlight now turns to their refinement 
via a meticulous shortlisting process based on 
subcellular localization. Then we employed two 
potent tools: PsortB [16] and CELLO [17] each an 
embodiment of precision in the realm of subcellular 
localization assessment. Then next task was evaluation 
of antigenicity which stands as a cornerstone in the 
meticulous curation of a robust vaccine candidate.  
Central to this endeavor is the indispensable role of a 
tool aptly named Vaxijen, accessible at the following 
web address: www.ddg-pharmfac.net/vaxijen. The 
remarkable potency of Vaxijen's predictions finds its 
quantifiable footing, with reported accuracy range 
spanning approximately 70% to 89% [18]. The 
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evaluation of allergenicity among the chosen 
candidates underwent meticulous scrutiny through 
the utilization of the cutting-edge tool known as 
Alertop. While Vaxign primarily targets human 
similarity searches, the supremacy of Alertop reigns 
when it comes to deciphering allergenicity indices 
within the realm of the proposed hypothetical 
proteins [19]. Imbued with an impressive sensitivity 
rate of 94%, alertop emerges as a beacon of accuracy 
in allergenicity determination. C-immsim breathes 
life into the process of assessing hypothetical proteins 
for their potential as robust antigens, capable of 
eliciting a robust immune response [20]. The 
orchestration of C-immsim's operation was elegantly 
simple yet profoundly powerful. It examined a 
shortlisted protein named flagellin one the basis of its 
antigenic potential to generate antibody titer with 
least allergic response, after that prediction of its B & 
T cell epitopes were performed the formidable 
predictive capabilities of Propred-1 [21] and Propred-
2 tools. This intricate model enabled the 
identification of shared epitopes capable of binding to 
both MHC I and MHC II molecules. A subsequent 
meticulous scrutiny and tallying of interacting MHC 
alleles culminated in comprehensive epitope 
assessment. 
 

Results 

The reverse vaccinology algorithm, harnessed through 
the bioinformatics powerhouse known as Vaxign, was 
deployed to discern potential vaccine candidates 
against the formidable Salmonella typhimurium.  207 
(N) out of the expansive pool of 1964 proteins 
exhibited the promise of inducing immunity and 
serving as prime candidates for inclusion in vaccine 
design. Notably, the sequences of these hypothetical 
proteins were diligently retrieved and meticulously 
archived in the FASTA format files, via NCBI 
ensuring their availability for comprehensive analysis. 
Out of those 205 proteins only 40 revealed their 
residence in the coveted outer membrane or outer 
layers of the bacterial realm, hold the keys to an 

efficacious vaccine. Their strategic positioning 
facilitates encounters with vigilant immune cells. 
With the field narrowed down to these 40 proteins, 
the next chapter unfolded: antigenicity assessment. 
The criteria were stringent, as proteins with an 
antigenicity score breaching the 50% threshold 
emerged as the cream of the crop, primed for vaccine 
design. However, not all could bear the weight of this 
lofty standard. 
After meticulous examination, 11 proteins from this 
elite group were deemed non-antigenic, their 
antigenicity scores falling below the 50% threshold, 
and thus were judiciously excluded from further 
consideration. Then we harnessed the predictive 
prowess of Allertop to predict allerginicity of 
shortlisted proteins. The outcome was both revealing 
and cautionary, as the digital oracle pinpointed 10 
proteins awash in the hues of allergenicity and 
triumphant majority of 30 proteins emerged 
untarnished, bearing the mantle of non-allergens, 
fortifying our endeavor's foundation. From this pool 
of 30 proteins, 6 were singled out based on their 
remarkable antigenicity scores, surpassing a threshold 
of 0.83 and to delve deeper into their immunogenic 
potential, we harnessed the power of C-immsim. The 
chosen roster of protein candidates for immune 
simulations encompassed an array of intriguing 
entities: the outer-membrane fimbrial usher protein, 
cryptic curlin major subunit, cell envelope integrity 
inner membrane protein TolA, major curlin subunit 
precursor, flagellin, and outer membrane protein S. 
By inputting the FASTA sequences of these 
distinguished proteins, we initiated a cascade of 
immune simulations, materialized in the form of 
intricate graphs. These visual representations 
illuminated that among all selected proteins, A 
protein named flagellin having accession number 
AEF07831.1.1 showed highest number of antibody 
titer and can generates strong immunity by 
considering it as a potentially strong immunogen with 
antigenicity score of 1.214 predicted by Vaxijen. This 
protein has no allergic potential and possessed 
maximum number of B & T Cell epitopes.

 
Table 1: Characteristics of flagellin 

S. No Characteristics Values Attained 
1 Protein I AEF07831.1 
2 Antigenicity Score 1.214 
3 Allergenicity Non-Allergen 
4 Molecular weight 53269.67 
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The comparative analysis of antibody titer of 
predicted primary immune simulations after first, 
second, third and fourth immunization of all those 
selected candidates are shown in graphs below and 
flagellin was the only antigen having maximum 

number of antibody titers. It was found out that the 
antigenicity and antibody titer is correlated and 
higher the antibody titer higher will be the 
antigenicity score.

 

 
Figure 1:  Showing the results of first immunization of the selected proteins where protein flagellin with accession number 

AEF07831.1 has maximum antibody titer. 
 

 
Figure 2: Showing difference among first, second, third and fourth immunization where protein flagellin with accession 

number AEF07831.1 still has maximum antibody titer proving flagellin as a best candidate for DNA vaccine development 
against Salmonella typhimurium 

 
Discussion 

Salmonella typhimurium remains a significant public 
health concern, warranting the development of 
effective preventive measures, including vaccines. In 
this study, we employed a reverse vaccinology 
approach using the Vaxign algorithm to identify 
potential vaccine candidates from a vast pool of 1964 
proteins. Our findings have provided valuable 
insights into the selection of promising candidates, 
their antigenicity, allergenicity, and immunogenic 
potential. Moreover, we have compared our results 
with existing literature to contextualize the 
significance of our findings [20-22]. Our initial 
screening identified 207 proteins as potential vaccine 
candidates, but we focused on the 40 proteins residing 
in the outer membrane or outer layers of Salmonella 

typhimurium, as these proteins are strategically 
positioned to interact with the host immune system. 
Subsequently, we subjected these 40 proteins to 
stringent antigenicity assessments, with only those 
surpassing the 50% threshold being considered for 
further evaluation. This rigorous criterion allowed us 
to select the top 30 antigenic proteins, which formed 
the basis for subsequent analyses. To ensure the safety 
of our vaccine candidates, we utilized Allertop to 
predict allergenicity. This step revealed that 10 out of 
the 30 proteins exhibited potential allergenic 
properties. However, the majority of 30 proteins were 
deemed non-allergenic, providing a solid foundation 
for our research [22]. 
From this pool of 30 proteins, we further narrowed 
down our selection to six proteins based on their 
exceptional antigenicity scores, exceeding a threshold 
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of 0.83. To explore their immunogenic potential, we 
turned to C-immsim, a tool that allowed us to 
simulate the immune response to these proteins. The 
results of our simulations, presented graphically, 
showed that flagellin, with the accession number 
AEF07831.1.1, stood out prominently among the 
selected proteins. Flagellin not only exhibited the 
highest number of antibody titers but also possessed a 
remarkable antigenicity score of 1.214, as predicted by 
Vaxijen. Moreover, it was identified as a non-allergen, 
further enhancing its appeal as a vaccine candidate. 
Additionally, flagellin was found to contain the 
maximum number of B and T cell epitopes, which are 
crucial for inducing a robust immune response [22, 
23]. Comparatively, our findings align with previous 
research indicating that reverse vaccinology is a 
positive approach for designing DNA vaccine. Tao et 
al, [22] in his study also performed the same 
technique and applied an in-silico, in-vitro and in-vivo 
process in order to screen various cell-wall-associated 
proteins because available vaccines that were used at 
that time against Salmonella typhimurium were not able 
to act against all serotypes of Salmonella typhimurium 
that’s why, they have designed a special unbiased as 
well as genome-wide technique, BacScan, and utilizes 
bacterial-specific serum to for identification of 
potentially immunogenic as well as stable proteins. 
Their technique resembles with our methodology of 
finding a specific immunogenic protein for DNA 
vaccine development [22-23]. 
Khan et al. [23] applied C-Immsim and other 
computational approaches for designing a stable, 
most antigenic and safe vaccine against the pathogen 
species of Salmonella and find that simulations of 
antibody titer generated by this tool has high 
precision rate and found quite helpful in finding a 
vaccine candidate. They used multiple 
immunoinformatic approaches and other 
computational approaches for designing a stable yet 
save vaccine against species of Salmonella [23]. A 
correlation between antigenicity and antibody titers of 
flagellin has also been reported by a study by Kumar 
et al., who identified the multifaceted potential of 
flagellin [24]. The prediction of both B-cell and T-cell 
epitopes augments its promise as a formidable 
candidate, capable of inciting responses from both the 
innate and adaptive arms of the immune system. 
Their vision was to extend the transition of this DNA 
vaccine through rigorous clinical trials in human 
subjects, envisaging its potential to emerge as a potent 
defense against Salmonella typhimurium, marked by its 

capacity to induce a potent antibody response [24]. 
Another study by Loomba et al., shows that flagellin 
holds immense potential in generating a robust DNA 
vaccine that not only sidesteps harm to the host but 
also promises efficacy. They found the flagellin and 
Outer membrane protein C (omp C) as important 
vaccine candidate as they were resulted in reducing 
colony forming units and, in an animal sepsis model 
it reduces mortality [24]. 
 

Conclusion 

With the anticipation of flagellin as a potent 
immunogen, molecular cloning within a non-
pathogenic host, we envision a new paradigm in 
defense against Salmonella typhimurium. The journey 
from computational predictions to tangible DNA 
vaccine candidates signifies a leap towards safer and 
more effective immunization strategies. 
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