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Abstract: Shigella flexneri remains an important cause of invasive diarrheal disease, and
adhesin-associated pili proteins are relevant targets for mucosal vaccine exploration.
Objective: This study evaluated whether immunodominant epitopes derived from the 49.8
kDa pili protein of S. flexneri could provide protective activity against bacterial infection in
an enterocyte-associated experimental model. Thirty male Balb/C mice were assigned to
six groups: negative control, positive control, cholera toxin B subunit (CTB) only, CTB plus
pep_1, CTB plus pep_2, and CTB plus pep_3. The three peptides were characterized in
silico for antigenicity, human sequence similarity, allergenicity, and toxicity. Protective
activity was assessed by intestinal fluid accumulation and bacterial colony growth on
Salmonella-Shigella Agar. All three epitopes were predicted to be antigenic, non-toxic, non-
allergenic, and dissimilar to human receptor sequences. Intestinal fluid accumulation varied
among groups, but the difference was not statistically significant (P = 0.647). Bacterial
colony counts differed significantly among groups (P = 0.011), with peptide-treated groups
showing reduced colony growth compared with the positive control pattern. The 49.8 kDa
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pili protein epitopes, particularly pep_3 (ATLGATLNRLDFNVNNK) combined with CTB,
showed preliminary protective potential by inhibiting S. flexneri bacterial colonization,
although the intestinal fluid endpoint was not statistically significant.

Keywords: bacterial colonies; enterocyte; epitope; intestinal fluid; protective efficacy;
Shigella flexneri

INTRODUCTION

Shigellosis is an invasive diarrheal disease caused by Shigella spp. and
remains a major public health concern, particularly among young children in low- and
middle-income settings.'® S. flexneri is one of the most important species in endemic
settings and is strongly associated with inflammatory enteric disease, transmission in
crowded environments, and the continuing need for preventive interventions.'? Despite
decades of vaccine research, a broadly available licensed Shigella vaccine is still not
in routine public health use, making additional antigen discovery and preclinical
evaluation scientifically relevant.6-20

Shigella pathogenesis depends on epithelial invasion, manipulation of host-cell
signaling, intracellular survival, inflammatory tissue injury, and bacterial surface
structures that support early host-pathogen interactions.*” Adhesion is a key early
event in infection, and bacterial pili, fimbrial structures, and other surface organelles
can mediate attachment, immune recognition, and colonization in Gram-negative
pathogens.®'" Therefore, proteins associated with pili or adhesin function remain
biologically plausible targets for vaccine-oriented antigen screening.

Protection at the intestinal mucosa requires more than systemic antibody
responses. Secretory IgA contributes to immune exclusion, neutralization of enteric
pathogens, preservation of epithelial barrier integrity, and control of inflammatory injury
during Shigella infection.'>'® For this reason, experimental readouts such as intestinal
fluid accumulation and bacterial colony recovery can provide functional evidence of
whether a candidate antigen reduces fluid secretion or limits enterocyte-associated
bacterial colonization.

Epitope-based and peptide-based vaccine strategies offer a focused way to
test defined immunogenic regions while reducing unnecessary antigenic complexity.2"
2 However, short peptides often require appropriate adjuvant or carrier strategies, and
cholera toxin B subunit (CTB) has long been explored as a mucosal adjuvant or antigen
carrier.?>% Previous work on 49.8 kDa S. flexneri pili protein peptides reported intestinal
immune activation and identified antigenic epitope sequences relevant to shigellosis
vaccine development.?”-?® Building on that background, this study aimed to evaluate
the protective efficacy of three 49.8 kDa pili protein epitopes against S. flexneri
infection using in silico safety characterization, intestinal fluid measurement, and
bacterial colony assessment.

MATERIALS AND METHODS

Research design and experimental animals

This experimental study used 30 male Balb/C mice (Mus musculus), aged 6-8
weeks. The animals were randomly assigned into six groups, with five mice per group.
The animals were obtained from and maintained at the Experimental Animal
Laboratory, Faculty of Medicine, Brawijaya University, Malang, Indonesia. Reporting
details were strengthened with reference to ARRIVE 2.0 principles where applicable.®*

The antigenic peptides derived from the 49.8 kDa pili protein of S. flexneri were
pep_1 (QSSTGTNSQSDLDS), pep_2 (DTTITKAETKTVTKNQVVDTPVTTDAAK), and
pep_3 (ATLGATLNRLDFNVNNK). CTB was used as an adjuvant for immunization.?2
The six treatment groups were negative control, positive control, CTB only, CTB plus
pep_1, CTB plus pep_2, and CTB plus pep_3.

In silico characterization of epitopes

Before ex vivo protective efficacy testing, the three peptide epitopes were
characterized in silico. Antigenicity was predicted using the Vaxiden v2.0 server, and
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sequence similarity was evaluated using BLASTp to assess homology with human
proteins and minimize cross-reactivity risk.2®3" Allergenicity was assessed using
AllerTOP v2.0, and peptide toxicity was evaluated using ToxinPred.3233

Isolation of mucosal fluid

Intestinal mucosal fluid was isolated with minor modifications from the
submitted protocol. A 15 cm intestinal segment was excised and opened longitudinally
to expose the mucosal surface. The mucus layer was collected by longitudinal scraping
using a sterile spatula and transferred into sterile tubes containing phosphate-buffered
saline (PBS). The suspension was vortexed and centrifuged at 12,000 rpm at 4
degrees Celsius for 10 minutes. The pellet was resuspended in PBS, followed by
dialysis against PBS. The resulting mucosal fluid, presumed to contain sIgA, was used
for subsequent protective efficacy assays.

Measurement of intestinal fluid volume

Following epitope immunization, mouse intestines were excised and cut into
10 cm segments. Both ends of each segment were tightly ligated with surgical thread.
Each segment was injected with 100 pL of S. flexneri suspension (106 CFU/mL) and
immersed in Roswell Park Memorial Institute (RPMI) medium. Samples were
incubated at 37 degrees Celsius under continuous agitation using a shaker water bath
at 60 rpm for 3 hours. Each intestinal segment was weighed before and after bacterial
exposure. Intestinal damage was assessed by calculating the difference in intestinal
fluid weight after exposure compared with before exposure.

Quantification of bacterial colonization

Intestinal segments of 10 cm were exposed to S. flexneri that had been pre-
coated with mucosal slgA samples. The segments were incubated for 3 hours at 36
degrees Celsius and subsequently rinsed with sterile PBS. The tissue was
homogenized using a Potter homogenizer in an equal volume of sterile PBS. A 100 pL
aliquot of homogenate was plated onto SSA medium and incubated for 18-24 hours at
37 degrees Celsius. Colonies showing characteristic S. flexneri morphology were
quantified using a colony counter.

Statistical analysis

Data were analyzed using ANOVA and the Kruskal-Wallis test. Results are
presented as mean values and standard deviations. A P value less than 0.05 was
interpreted as statistically significant.

RESULTS

In silico characterization

The in silico characterization showed that all three epitopes were antigenic,
had no similarity to human receptors, were predicted to be non-toxic, and were
predicted to be non-allergenic (Tables 1 and 2). These results support further ex vivo
protective efficacy testing, while recognizing that computational screening does not
replace experimental safety and immunogenicity assessment.?9-33

Table 1. Antigenicity and similarity analysis of 49.8 kDa pili protein epitopes

Peptide Antigenicity Antigenicity Similarity Similarity
score interpretation score interpretation
pep_1 (Q-S) 1.6531 Antigen (>0.4) <40 No similarity
pep_2 (D-K) 0.8225 Antigen (>0.4) <40 No similarity
pep_3 (A-K) 1.2407 Antigen (>0.4) <40 No similarity
Table 2. Toxicity and allergenicity analysis of 49.8 kDa pili protein epitopes
Peptide Score Toxicity Allergenicity
pep_1(Q-S) -0.77 Non-toxin Non-allergen
pep_2 (D-K) -1.55 Non-toxin Non-allergen
pep_3 (A-K) -1.20 Non-toxin Non-allergen
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Intestinal fluid accumulation
The volume of intestinal fluid in mice challenged with S. flexneri was used as
an indicator of intestinal damage after bacterial exposure. Variations in intestinal fluid
weight were observed across the experimental groups (Figure 1). However, the
between-group comparison was not statistically significant (P = 0.647).
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Figure 1. Intestinal morphology and intestinal fluid weight after S. flexneri challenge. A:
intestinal morphology in the diarrhea treatment model; B: comparative analysis of intestinal
fluid weight across groups. Group 1: control negative/placebo; Group 2: control
positive/bacterial infection; Group 3: CTB only; Group 4: PEP-1 (CTB plus pep_1); Group 5:
PEP-2 (CTB plus pep_2); Group 6: PEP-3 (CTB plus pep_3). The submitted analysis reported
P =0.647.

Bacterial colony growth

Bacterial colony growth on SSA medium was used as an indicator of protective
capacity against S. flexneri proliferation. The treatment groups showed distinct
bacterial growth patterns compared with the positive control group (Figure 2). The
submitted statistical analysis showed a significant difference among groups (P =
0.011).

A B
ak @Control {+)
= b @Control {(+)
T ace
. 20 { b QPEP-1
: WPEP-2
E_;‘ 15 @PEP-3
g.
o
O 10
Q10
o
Treatment

Figure 2. Observation of S. flexneri bacterial colonies on SSA medium. A: bacterial colony
growth on SSA culture media; B: statistical analysis of bacterial colony counts. Group 1:
control negative/placebo; Group 2: control positive/bacterial infection; Group 3: CTB only;
Group 4: PEP-1 (CTB plus pep_1); Group 5: PEP-2 (CTB plus pep_2); Group 6: PEP-3 (CTB
plus pep_3). The submitted analysis reported P = 0.011.

DISCUSSION

This study evaluated three immunodominant epitopes derived from the 49.8
kDa pili protein of S. flexneri using a combination of computational screening and ex
vivo protective efficacy testing. The computational results indicated that pep_1, pep_2,
and pep_3 were antigenic, had low human sequence similarity, and were predicted to
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be non-toxic and non-allergenic. These findings are consistent with the logic of epitope-
based vaccine design, in which antigenic potential must be balanced with early safety
screening before functional testing.2!-242%-33

The biological rationale for focusing on pili-derived epitopes is plausible.
Shigella disease involves epithelial invasion and inflammatory tissue damage, and
surface-associated adhesins or pili-related structures can contribute to early host-
pathogen contact.*'" A peptide derived from such a structure may therefore contribute
to immune recognition that interferes with bacterial attachment, colonization, or
downstream epithelial injury. However, the present data remain preliminary because
the work evaluated functional endpoints rather than directly measuring binding
inhibition, epithelial invasion, cytokine profiles, or quantitative mucosal antibody titers
in the same assay set.

The intestinal fluid endpoint showed a downward pattern in some peptide-
treated groups but did not reach statistical significance (P = 0.647). This result should
be interpreted cautiously. It suggests that the peptides did not produce a statistically
clear reduction in fluid accumulation under the submitted experimental conditions,
even though the direction of the pattern may be biologically interesting. The conclusion
should therefore avoid overstating protection based on this endpoint alone.

The bacterial colony endpoint provided stronger evidence of functional activity.
Colony counts differed significantly among groups (P = 0.011), and the peptide-treated
groups showed reduced bacterial growth compared with the positive control pattern.
This supports the interpretation that the epitopes, particularly pep_3 combined with
CTB, may inhibit S. flexneri colonization in the intestinal model. The finding is
consistent with previous work showing that mucosal antibodies can reduce Shigella
epithelial injury and preserve barrier integrity.'?

The use of CTB is also relevant to interpretation. CTB has been studied as an
oral mucosal adjuvant and antigen carrier, and it may enhance antigen delivery and
mucosal immune responses.?26 Therefore, the observed protective pattern should be
understood as the effect of peptide administration in combination with CTB, not as
peptide-only efficacy. Future work should include peptide-only controls, CTB-matched
controls, direct slgA measurement after challenge, epithelial adhesion or invasion
assays, and quantitative histopathology.

This study has several limitations. The sample size was small, with five animals
per group. The manuscript did not provide complete animal ethics approval
information, randomization implementation details, blinding procedures, or sample-
size justification. The intestinal fluid endpoint was not statistically significant, and the
available figures did not provide exact numeric summary values for all plotted bars. In
addition, computational predictions are screening tools and should not be interpreted
as definitive evidence of safety or immunogenicity. These limitations do not invalidate
the observed colony-count pattern, but they mean the findings should be presented as
preliminary preclinical evidence requiring confirmation.3

CONCLUSION

The three immunodominant epitopes derived from the 49.8 kDa pili protein of
S. flexneri were predicted to be antigenic, non-toxic, non-allergenic, and dissimilar to
human receptor sequences. In the ex vivo intestinal model, the epitopes reduced
intestinal fluid accumulation descriptively, but this endpoint was not statistically
significant (P = 0.647). Bacterial colonization differed significantly among groups (P =
0.011), with pep_3 (ATLGATLNRLDFNVNNK) combined with CTB showing the
strongest inhibitory pattern in the submitted figure. These results support the
preliminary potential of 49.8 kDa pili protein epitopes as Shigella vaccine candidates,
while further studies are needed to confirm mucosal immune mechanisms, dose-
response effects, and reproducibility.

pg. 184



Anam K, et al Jurnal Teknologi Laboratorium 15 (2) (2026) 180-187

ACKNOWLEDGEMENT

The authors thank Slamet Riyanto and Ali Sabet for assistance during the analysis
work.

AUTHORS CONTRIBUTIONS

Khoirul Anam, Siti Raudah, Muhammad Fahmi Aminuddin, Yuliati, Agustina Tri
Endharti, and Sumarno Reto Prawiro contributed to the conception, experimental work,
analysis, manuscript preparation, and critical revision of the study. All authors reviewed
and approved the manuscript.

FUNDING INFORMATION

This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

DATA AVAILABILITY STATEMENT

The data supporting the findings of this study are available from the corresponding
author upon reasonable request.

Al STATEMENT

Generative artificial intelligence was used to support language. No Al tool was used to
generate original research data, perform experiments, or alter study results.

DISCLOSURE STATEMENT

The authors declare no conflict of interest. The data are original and have not been
published in another journal.

REFERENCES

1. Kotloff KL, Riddle MS, Platts-Mills JA, Pavlinac P, Zaidi AKM. Shigellosis. Lancet.
2018;391(10122):801-812. doi:10.1016/S0140-6736(17)33296-8

2. Khalil IA, Troeger C, Blacker BF, et al. Morbidity and mortality due to Shigella and
enterotoxigenic Escherichia coli diarrhoea: the Global Burden of Disease Study
1990-2016. Lancet Infect Dis. 2018;18(11):1229-1240. doi:10.1016/S1473-
3099(18)30475-4

3. Livio S, Strockbine NA, Panchalingam S, et al. Shigella isolates from the Global
Enteric Multicenter Study inform vaccine development. Clin Infect Dis.
2014;59(suppl 4):5226-S232. doi:10.1093/cid/ciu468

4. Schroeder GN, Hilbi H. Molecular pathogenesis of Shigella spp.: controlling host cell
signaling, invasion, and death by type Il secretion. Clin Microbiol Rev.
2008;21(1):134-156. doi:10.1128/CMR.00067-07

5. Mattock E, Blocker AJ. How do the virulence factors of Shigella work together to
cause disease? Front Cell Infect Microbiol. 2017;7:64.
doi:10.3389/fcimb.2017.00064

6. Ashida H, Mimuro H, Sasakawa C. Shigella manipulates host immune responses by
delivering effector proteins with specific roles. Nat Rev Microbiol. 2015;13(11):679-
691. doi:10.1038/nrmicro3566

7. Jennison AV, Verma NK. Shigella flexneri infection: pathogenesis and vaccine
development. FEMS Microbiol Rev. 2004;28(1):43-58.
doi:10.1016/j.femsre.2004.01.002

8. Kline KA, Falker S, Dahlberg S, Normark S, Henriques-Normark B. Bacterial
adhesins in host-microbe interactions. Cell Host Microbe. 2009;5(6):580-592.
doi:10.1016/j.chom.2009.05.011

9. Hospenthal MK, Costa TRD, Waksman G. A comprehensive guide to pilus
biogenesis in Gram-negative bacteria. Nat Rev Microbiol. 2017;15(6):365-379.
doi:10.1038/nrmicro.2017.40

pg. 185


https://doi.org/10.1016/S0140-6736(17)33296-8
https://doi.org/10.1016/S1473-3099(18)30475-4
https://doi.org/10.1016/S1473-3099(18)30475-4
https://doi.org/10.1093/cid/ciu468
https://doi.org/10.1128/CMR.00067-07
https://doi.org/10.3389/fcimb.2017.00064
https://doi.org/10.1038/nrmicro3566
https://doi.org/10.1016/j.femsre.2004.01.002
https://doi.org/10.1016/j.chom.2009.05.011
https://doi.org/10.1038/nrmicro.2017.40

Anam K, et al Jurnal Teknologi Laboratorium 15 (2) (2026) 180-187

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Craig L, Forest KT, Maier B. Type IV pili: dynamics, biophysics and functional
consequences. Nat Rev Microbiol. 2019;17(7):429-440. doi:10.1038/s41579-019-
0195-4

Thanassi DG, Bliska JB, Christie PJ. Surface organelles assembled by secretion
systems of Gram-negative bacteria: diversity in structure and function. FEMS
Microbiol Rev. 2012;36(6):1046-1082. doi:10.1111/j.1574-6976.2012.00342.x

Mantis NJ, Rol N, Corthesy B. Secretory IgA's complex roles in immunity and
mucosal homeostasis in the gut. Mucosal Immunol. 2011;4(6):603-611.
doi:10.1038/mi.2011.41

Corthesy B. Multi-faceted functions of secretory IgA at mucosal surfaces. Front
Immunol. 2013;4:185. doi:10.3389/fimmu.2013.00185

Boullier S, Tanguy M, Kadaoui KA, et al. Secretory IgA-mediated neutralization of
Shigella flexneri prevents intestinal tissue destruction by down-regulating
inflammatory circuits. J Immunol. 2009;183(9):5879-5885.
doi:10.4049/jimmunol.0901838

Mathias A, Longet S, Corthesy B. Agglutinating secretory IgA preserves intestinal
epithelial cell integrity during apical infection by Shigella flexneri. Infect Immun.
2013;81(8):3027-3034. doi:10.1128/IA1.00303-13
Barry EM, Pasetti MF, Sztein MB, Fasano A, Kotloff KL, Levine MM. Progress and
pitfalls in Shigella vaccine research. Nat Rev Gastroenterol Hepatol.
2013;10(4):245-255. doi:10.1038/nrgastro.2013.12
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;5(7):540-553. doi:10.1038/nrmicro1662

Chen WH, Kotloff KL. Shigella vaccine development: finding the path of least
resistance. Clin Vaccine Immunol. 2016;23(12):904-907. doi:10.1128/CVI1.00444-
16

Giersing BK, Porter CK, Kotloff K, et al. Clinical and regulatory development
strategies for Shigella vaccines intended for children younger than 5 years in low-
income and middle-income countries. Lancet Glob Health. 2023;11(11):e1819-
€1827. doi:10.1016/S2214-109X(23)00421-7
Lu T, Liu Y, Sun X, et al. Shigella vaccines: the continuing unmet challenge. Int J
Mol Sci. 2024;25(8):4329. doi:10.3390/ijms25084 329
Purcell AW, McCluskey J, Rossjohn J. More than one reason to rethink the use of
peptides in vaccine design. Nat Rev Drug Discov. 2007;6(5):404-414.
doi:10.1038/nrd2224

Skwarczynski M, Toth |. Peptide-based synthetic vaccines. Chem Sci.
2016;7(2):842-854. doi:10.1039/C5SC03892H
Malonis RJ, Lai JR, Vergnolle O. Peptide-based vaccines: current progress and
future challenges. Chem Rev. 2020;120(6):3210-3229.
doi:10.1021/acs.chemrev.9b00472
Li W, Joshi MD, Singhania S, Ramsey KH, Murthy AK. Peptide vaccine: progress
and challenges. Vaccines (Basel). 2014;2(3):515-536.
doi:10.3390/vaccines2030515
Holmgren J, Lycke N, Czerkinsky C. Cholera toxin and cholera B subunit as oral-
mucosal adjuvant and antigen vector systems. Vaccine. 1993;11(12):1179-1184.
doi:10.1016/0264-410X(93)90039-Z

Eriksson K, Fredriksson M, Nordstrom I, Holmgren J. Cholera toxin and its B
subunit promote dendritic cell vaccination with different influences on Th1 and Th2
development. Infect Immun. 2003;71(4):1740-1747. doi:10.1128/IAl.71.4.1740-
1747.2003
Anam K, Endharti AT, Poeranto S, Sujuti H, Hidayati DYN, Prawiro SR. Shigella
flexneri vaccine development: oral administration of peptides derived from the 49.8
kDa pili protein subunit activates the intestinal immune response in mice. Vet
World. 2022;15(2):281-287. doi:10.14202/vetworld.2022.281-287

pg. 186


https://doi.org/10.1038/s41579-019-0195-4
https://doi.org/10.1038/s41579-019-0195-4
https://doi.org/10.1111/j.1574-6976.2012.00342.x
https://doi.org/10.1038/mi.2011.41
https://doi.org/10.3389/fimmu.2013.00185
https://doi.org/10.4049/jimmunol.0901838
https://doi.org/10.1128/IAI.00303-13
https://doi.org/10.1038/nrgastro.2013.12
https://doi.org/10.1038/nrmicro1662
https://doi.org/10.1128/CVI.00444-16
https://doi.org/10.1128/CVI.00444-16
https://doi.org/10.1016/S2214-109X(23)00421-7
https://doi.org/10.3390/ijms25084329
https://doi.org/10.1038/nrd2224
https://doi.org/10.1039/C5SC03892H
https://doi.org/10.1021/acs.chemrev.9b00472
https://doi.org/10.3390/vaccines2030515
https://doi.org/10.1016/0264-410X(93)90039-Z
https://doi.org/10.1128/IAI.71.4.1740-1747.2003
https://doi.org/10.1128/IAI.71.4.1740-1747.2003
https://doi.org/10.14202/vetworld.2022.281-287

Anam K, et al Jurnal Teknologi Laboratorium 15 (2) (2026) 180-187

28.

29.

30.

31.

32.

33.

34.

Anam K, Endharti AT, Poeranto S, Prawiro SR. Peptide sequence of pili subunit
protein 49.8 kDa Shigella flexneri as antigenic epitope for shigellosis vaccine
development. Turk J Pharm Sci. 2022;19(6):649-656.
doi:10.4274/tjps.galenos.2021.75031

Doytchinova IA, Flower DR. Vaxiden: a server for prediction of protective antigens,
tumour antigens and subunit vaccines. BMC Bioinformatics. 2007;8:4.
doi:10.1186/1471-2105-8-4

Zaharieva N, Dimitrov |, Flower DR, Doytchinova I. VaxiJen dataset of bacterial
immunogens: an update. Curr Comput Aided Drug Des. 2019;15(5):398-400.
doi:10.2174/1573409915666190318121838

Altschul SF, Madden TL, Schaffer AA, et al. Gapped BLAST and PSI-BLAST: a
new generation of protein database search programs. Nucleic Acids Res.
1997;25(17):3389-3402. doi:10.1093/nar/25.17.3389

Dimitrov |, Bangov |, Flower DR, Doytchinova I. AllerTOP v.2: a server for in silico
prediction of allergens. J Mol Model. 2014;20(6):2278. doi:10.1007/s00894-014-
2278-5

Gupta S, Kapoor P, Chaudhary K, Gautam A, Kumar R, Raghava GPS. In silico
approach for predicting toxicity of peptides and proteins. PLoS One.
2013;8(9):e73957. doi:10.1371/journal.pone.0073957

Percie du Sert N, Hurst V, Ahluwalia A, et al. The ARRIVE guidelines 2.0: updated
guidelines for reporting animal research. PLoS Biol. 2020;18(7):e3000410.
doi:10.1371/journal.pbio.3000410

pg. 187


https://doi.org/10.4274/tjps.galenos.2021.75031
https://doi.org/10.1186/1471-2105-8-4
https://doi.org/10.2174/1573409915666190318121838
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1007/s00894-014-2278-5
https://doi.org/10.1007/s00894-014-2278-5
https://doi.org/10.1371/journal.pone.0073957
https://doi.org/10.1371/journal.pbio.3000410

