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The adherence of Salmonella enterica serotype typhi to the surface of intestinal cells is 

an important step in infection, which is facilitated by fimbriae. This study aims to 

evaluate the inhibitory effects of the FimH36-kDa protein from the S. Typhi fimbriae on 

the adhesion of Escherichia coli, Shigella flexneri, and Salmonella Typhi to mouse 

enterocyte cells in vitro as part of the exploration of potential biological materials for 

typhoid vaccine development. This research method is exploratory and experimental 

through the isolation of the protein FimH36-kDa S. Typhi and the determination of its 

molecular weight. The FimH36-kDa protein was purified and characterized by SDS-

PAGE and Western blot using AdhO36 monoclonal antibodies. Enterocyte models, 

derived from Mus musculus Balb/c intestinal cells and the Salmonella Typhi strain 

[8873], were used for in vitro adhesion assays. Inhibitory activity was assessed at 0–400 

μg protein concentrations, with each dose applied to 300 μL of enterocyte suspension. 

Gram staining is performed on enterocytes, observed microscopically, and the adhesion 

index is calculated. The FimH36-kDa protein significantly reduces bacterial adhesion to 

enterocytes, with the highest inhibition observed in S. Typhi (92.86%), followed by S. 

flexneri (90.91%) and E. coli (85.4%). These results highlight its potential as a biological 

component candidate for an S. Typhi vaccine and as a protective agent against enteric 

pathogens. 
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1. INTRODUCTION

Adhesion and invasion by pathogenic bacteria represent 

critical early events in the pathogenesis process. In S. Typhi, 

adherence to intestinal epithelial cells mediated by fimbriae 

constitutes a key initial step in establishing infection. These 

adhesins can recognize specific receptors on host cell surfaces 

and/or extracellular matrix (ECM) components, including 

collagen, laminin, fibronectin, and heparan sulfate [1]. 

Laminin binding by various pilus and non-pilus bacterial 

adhesins represents an important initial step in the invasion 

process of numerous pathogenic microorganisms [2]. The 

adhesion of bacteria to the surface of the mucosa is an 

important factor in the early stages of the infection process [3, 

4]. 

FimH is an adhesion protein located at the tip of type 1 

fimbriae in S. Typhi, with a molecular weight of 36-kDa. 

Fimbriae are elongated protein appendages on the bacterial 

surface that facilitate host interaction, enhance environmental 

survival, aid in motility, promote colonization and cellular 

entry, and enable the exchange of genetic material [4-8]. The 

results of the in situ immuno-electron microscopy experiment 

by Hahn et al. [9] showed that the minor subunit (FimH) 

mediates the adhesion of the pilus to epithelial cells with a 

spring-like appearance. The FimG and FimF subunits connect 

FimH to the FimA rod; the orientation is sequential: FimA–

FimF–FimG–FimH [9-12]. 

The fimbria, which are sticky hair-like structures, are made 

up of a cylindrical rod called pilus made from the FimA 

subunit, along with small tip fibers that include FimF, FimG, 

and FimH adhesions [13-15]. Fimbria type-1 is a component 

of fimbriae in S. Typhimurium, facilitating adherence and 

penetration of human epithelial cells and linked to 

phagocytosis by T cell hospes pediatrics-1 (THP-1) [16-18]. 

When bacteria reach the surface of the host cell, they will 

attach to it and undergo the colonization process [5, 19]. This 

occurrence is important, especially in the surface area of the 

mouth, small intestine, and bladder, as it is always washed 

with fluids [3, 20]. Only in this area are bacteria able to form 

adhesions to the mucosa, so they can stay and multiply [21, 

22]. Two mechanisms for adhering to the host surface include 

pili or fimbrial adhesion and afimbrial adhesion (AFA) [23]. 

The newly identified mechanism involves bacteria secreting 

receptor proteins that target the interior of host cells, undergo 

phosphorylation, and bind to eukaryotic cell structures, 

thereby forming new receptors that enable stronger bacterial 

attachment [24-26]. On the other hand, the secretion of the 

protein hole receptor 90 (Hp90) in the previous host also 

provides another mechanism to inhibit bacterial adhesion and 

infection [27-30]. 

A model of the adhesion mechanism of potential bacteria 

was developed into an anti-adhesion vaccine to inhibit 
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bacterial colonization and infection [31, 32]. The appearance 

of fimbria on the surface of bacteria is an antibody target to 

inhibit the adhesion or interaction of bacteria with the host [33, 

34]. This adhesion receptor binding will activate the 

transduction of complex signals in host cells with a variety of 

consequences, including activation of innate host defenses and 

increased colonization and bacterial invasion [5]. 

Salmonella Typhi bacteria are a significant intracellular 

pathogen as they exclusively infect humans and induce 

typhoid fever. The S. Typhi bacterial infection is recognized 

as the etiological agent of enteric fever, presenting a complex 

clinical issue for physicians globally [1-3]. The use of E. coli, 

S. flexneri, and S. Typhi bacteria in this study aims to prove 

that the FimH36-kDa protein from S. Typhi has the same 

ability to inhibit the adhesion of the enterobacter bacterial 

group to enterocyte cells because it has similarities in receptor 

proteins and the function of FimH type-1 proteins [35-37]. 

Shigella flexneri and Enteropathogenic Escherichia coli 

(EPEC) are bacteria that cause moderate to severe diarrhea in 

young children in developing countries [38, 39]. Patients with 

mild infections caused by EPEC are not dehydrated, inflamed, 

fever, vomit, or experience abdominal pain [40-43]. 

Currently, several vaccines targeting Salmonella enterica 

serovar Typhi are licensed for human use. However, vaccine 

development is hindered by the antigenic diversity among the 

thousands of serovars capable of causing human infection. 

Conjugate vaccines, which consist of polysaccharides 

covalently linked to a protein, address this limitation. 

Although polysaccharides alone are poor immunogens, 

particularly in children, conjugation with a protein carrier 

enhances both humoral and cellular immune responses [41]. 

The currently available vaccines for Salmonella include the 

live-attenuated S. Typhi Ty21a and the purified Vi 

polysaccharide formulations. These vaccines demonstrate 

moderate efficacy (50–70%) in older children and adults but 

are not suitable for children under five years of age. In contrast, 

the recombinant exoprotein A (rEPA) Vi conjugate vaccine 

has shown promising results, achieving a protective efficacy 

of 91.1% [3]. Therefore, potential bacterial components can be 

used and developed as pure antigens for subunit or conjugate 

vaccines. This research is crucial for identifying biological 

materials that prevent the adherence of S. Typhi and other 

enterobacterial pathogens.  

 

 

2. MATERIAL AND METHOD 

 

2.1 Research design  

 

This research is exploratory and a laboratory experiment, 

with the research material being bacteria, Escherichia coli 

(O127:H6), Shigella flexneri (2457T), and Salmonella Typhi 

(endogenius). Agar Mac-Conkey (Oxoid), Thiaproline 

Carbonate Glutamat (TCG) Agar (Oxoid), BSA (Oxoid) and 

Heart Brain Infusion Broth (BHI), SSA (Oxoid), LB (Oxoid), 

TSIA(Oxoid), electrophoresis gel Sodium-dodecyl sulfate 

polyacrylamide (SDS-PAGE), and Balb/c mouse strain. 

Chemical reagent: TCA (Oxoid), ammonium sulfate, sodium 

chloride, sodium citrate, EDTA, EGT, dithiothreitol, KCl, 

Na2HPO4, KH2PO4, acrylamide, bis-acrylamide, glycine, tris-

HCl, basa tris, SDS, Temed, ammonium perisulphate, 

coomassie blue, methanol PBS, glacial acetic acid, glycerol, 

bromothymol blue, 2-mercaptoethanol, Tween 20, p-

nitrophenyl phosphate, diethanolamine, MgCl2. Gram staining, 

oxidase reagent, and protein marker (Wide Range) from Sigma 

Ultra [44-46]. 

Instruments used: spectrophotometer, micropipette, 

autoclave, incubator, colony counter, microscope, microtiter 

plate, dialysis membrane, electro-elution membrane, magnetic 

stirrer, centrifuge, Eppendorf 1.5 ml to 100 ml, elektroforesis 

vertikal (Bio-Red Mini Protein), blotting tool (Bio-Rad Trans-

Blot SD-Semi-Dry Transfer Cell). Micropipette 5–20 μl, 50–

200 μl, 200–1000 μl [47, 48]. 

 

2.2 Growth of bacteria 

 

Strains of Escherichia coli, Shigella flexneri, and 

Salmonella Typhi were cultured on Moeller-Hinton Agar 

medium at a temperature of 37℃ for 18–24 hours [47]. Gram 

staining is performed on the growing bacterial colonies before 

inoculating them onto MacConkey differential media at 35℃ 

for 18-24 hours. S. Typhi colonies that grow on MacConkey 

media are re-cultured on selective BSA media at 37℃ for 18-

24 hours [48, 49]. 

 

2.3 Isolation and fimbria protein separation from bacterial 

cells 

 

Bacterial cultures grown in Mueller–Hinton Broth (MHB) 

were transferred into 100-cc centrifuge tubes. Trichloroacetic 

acid (TCA) was added to achieve a final concentration of 3%, 

followed by centrifugation at 6000 rpm for 15 min at 4℃. The 

resulting pellets were resuspended in phosphate-buffered 

saline (PBS; pH 7.4), and fimbriae were sheared using a 

modified Omni-mixer at 4℃. The fimbrial protein fraction 

was collected by centrifugation at 12,000 rpm for 15 min at 

4℃. This shearing–centrifugation cycle was repeated until 

fimbrial fractions free of cellular debris were obtained. Protein 

isolation and purification via SDS-polyacrylamide gel 

electrophoresis (PAGE) was conducted with a mini-slab gel 

apparatus (Hoeffer Scientific Instruments, San Francisco, 

Calif.) by the method of Laemmli et al. [50]. Whole cells or 

protein fractions were solubilized in SDS sample buffer, 

stacked in 4.5% polyacrylamide (100 V), and separated in 

12.5% polyacrylamide (200 V). Samples containing SEF 21 to 

be analyzed by SDS-PAGE required treatment at 100℃ for 5 

min in SDS-PAGE sample buffer containing 0.2 M glycine 

(pH 7.4) before electrophoresis. Proteins were stained with 

Coomassie Brilliant Blue R-250 [48, 49]. Enterocyte cell 

models were isolated from intestinal enterocytes of Mus 

musculus Balb/c and Salmonella Typhi bacterial strains 

[8873].  

 

2.4 Western blot analysis 

 

Western blotting was performed according to Laemmli et 

al. [50] following SDS-PAGE of FimH protein. SDS-PAGE 

gels and nitrocellulose (NC) membranes were equilibrated in 

transfer buffer for 30 min and assembled in a semi-dry Trans-

Blot system (Bio-Rad) in the order: filter paper–NC 

membrane–SDS-PAGE gel–filter paper. Protein transfer was 

conducted at 300 mA and 20 V for 2 h. Membranes were 

rinsed with distilled water, stained with Ponceau for 1 min, and 

destained with distilled water to verify transfer efficiency. 

Membranes were blocked with 5% skim milk in TBS 

overnight at 4℃ and washed with TBS-Tween 0.05% (1 × 10 

min and 2×10 min, gentle shaking). The primary antibody 

(AdhO36-kDa, 1:100 in 1% skim milk/TBS) was incubated for 
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2 h at room temperature without shaking, followed by washing 

as above. Secondary antibody (biotin-conjugated anti-mouse 

IgG, 1:500 in TBS) was incubated for 1 h at room temperature 

without shaking. After washing (TBS-Tween 0.05%, 1 × 10 

min, gentle shaking), membranes were incubated with SA-

HRP for 40 min without shaking, followed by TMB-

membrane and Western Blue AP substrates. The reaction was 

stopped with ddH₂O, membranes were air-dried, and scanned 

for documentation. 

 

2.5 Dot blot assay  

 

A Bio-Dot Apparatus (Bio-Rad) fitted with a pre-wetted 

nitrocellulose (NC) membrane (PBS, 5–10 min) was used for 

sample application. Fimbrial protein samples (50 μL in PBS 

containing 1% Na-azide) were loaded into each well and 

vacuumed until fully absorbed. The membrane was blocked 

with TBS containing 5% skim milk overnight at 4℃, then 

washed three times with TBS–Tween-20 (0.05%) for 3 min 

each. The membrane was incubated with primary antibody 

AdhO36 kDa (1:800 in TBS with 1% skim milk) for 60 min at 

room temperature, followed by two washes with TBS–Tween-

20 (0.05%) for 10 min each. Biotin-conjugated anti-mouse 

IgG secondary antibody was applied for 60 min at room 

temperature, followed by the same washing procedure. SA–

HRP (50 μL, 1:1000) was added and incubated for 40–60 min, 

after which the membrane was washed and developed with 

Western Blue substrate for ~20 min in the dark at room 

temperature. The reaction was stopped with distilled water, 

and the membrane was air-dried prior to scanning. 

 

2.6 The biuret method is used to measure protein levels 

 

Protein concentration was measured using the Biuret 

method. A total of 200 μL of fimbrial protein solution from 

Salmonella Typhi, purified by electroelution, was transferred 

into a microtube (Eppendorf) and mixed with 800 μL of Biuret 

reagent. The mixture was vortexed to ensure homogeneity and 

then incubated for 30 minutes. Absorbance was measured 

using a UV-VIS spectrophotometer at a wavelength range of 

500–600 nm. A blank solution was prepared using 200 μL of 

distilled water and 800 μL of Biuret reagent. 

 

2.7 Preparation for bacterial adhesion test 

 

For the adhesion test, a group of bacterial cultures of 

Escherichia coli, Shigella flexneri, and Salmonella Typhi has 

been prepared. First, inoculate one loop of the bacterial colony 

into a test tube with 5 mL of nutrient broth, then incubate it for 

24 hours at 37℃. Prepare a test tube with 5 mL of LB broth 

medium. Subsequently, introduce the bacterial culture into the 

LB medium, homogenize the mixture, and incubate for 24 

hours at 37℃. Next, the bacterial culture is centrifuged at 6000 

rpm for 15 minutes at 4℃. Take the suspended sediment in 

PBS with 1% BSA. Measure bacterial density (OD) using a 

spectrophotometer. The bacterial content is 108/ml 

(concentration at OD = 1, λ = 540 nm, for λ = 600 nm = 109/ml) 

[50, 51]. 

 

2.8 Mice’s enterocyte cell preparation and adhesion test 

adhesion 

 

The results of the electroelution of the FimH36-kDa protein 

were prepared for adhesion tests on E. coli, S. flexneri, and S. 

Typhi. Doses of the FimH36-kDa protein were prepared at 0 

μg (control), 100 μg, 200 μg, 300 μg, and 400 μg in 300 μl 

PBS. Each dose of fimbriae protein was added to 300 μl of 

enterocyte suspension and slowly homogenized in a water bath 

shaker at 37℃ for 30 minutes. Each dose of fimbrial protein 

was mixed with 300 μl of enterocyte suspension and gently 

stirred in a water bath shaker at 37℃ for 30 minutes. Next, this 

mixture is added to a bacterial suspension (108/mL), 300 μl. 

Incubate in a shaking incubator for 30 minutes at 37℃. 

Centrifuge at 1500 rpm at 4℃ for 3 minutes, then wash the 

sediment twice with PBS. Gather the precipitated sediment, 

apply it to a glass slide, and conduct Gram staining. The 

preparation was observed under a microscope with 100x 

magnification, and the number of bacteria adhering to the 

enterocytes was counted as the adhesion index. The adhesion 

index is the average number of bacteria adhering compared to 

the total number of bacteria available in an experiment per 100 

enterocyte cells [52-54]. After obtaining the value of the 

bacterial adhesion index, the percentage reduction in the cell 

adhesion index was quantified. The negative control for mouse 

enterocytes was not treated with the 36-kDa FimH protein 

from S. Typhi (enterocytes mixed with bacterial cells). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Gram staining of E. coli, S. flexneri, and S. Typhi 

bacterial cells 

 

To ensure the bacterial samples used in the research, a Gram 

stain was performed to observe cell morphology, and a 

Microbact system test was conducted to determine the 

biochemical reactions as part of the bacterial species 

identification. Here are the results of the bacterial Gram 

staining (Figure 1). 

 

 
 

Figure 1. Gram staining of Gram-negative bacteria (A) 

Escherichia coli, (B) Salmonella Typhi, and (C) Shigella 

flexneri 

  

The staining results were performed to confirm that the 

bacteria utilized in the research samples appropriately display 

the traits of Gram-negative bacteria. The identification results 

of the bacteria E. coli, S. flexneri, and S. Typhi accurately 

reflect their expected characteristics and are further validated 

through biochemical property tests. The biochemical 

experiments conducted with the Microbact system 2000 kit 

demonstrate that these three bacteria are capable of fermenting 

different glucose substrates. Consequently, these bacteria are 

suitable as test subjects for exposure to the FimH protein. 

 

3.2 Results of the isolation of the FimH36-kDa protein of S. 

Typhi 

 

Here are the results of the SDS-PAGE for the isolation of S. 

Typhi protein.
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Figure 2. SDS-PAGE results of the FimH36-kDa protein 

from S. Typhi 

 

Blood sample from a patient who has tested positive for 

typhoid fever from the Central Sulawesi Provincial Health 

Laboratory. The measured molecular weight of this protein is 

36 kDa. M: Marker proteins, WC: Bacterial cell whole protein, 

PF: Fimbriae proteins, kDa: Kilo dalton. Several protein bands 

were detected, with molecular weights ranging from 20.1 kDa 

to 66 kDa. However, only the FimH protein with a molecular 

weight of 36 kDa was purified and utilized in this study. 

The results of the study in Figure 2 show that the S. Typhi 

isolate from Palu has been proven to possess the FimH protein, 

as indicated by the results of the adhesin protein isolation. The 

FimH protein isolated from the endogenous S. Typhi of 

patients from the Central Sulawesi Health Laboratory was 

subsequently named FimH36-kDa due to its molecular weight 

of 36-kDa. Meanwhile, according to Zainer et al. [13], one unit 

of fimbriae consists of all the structural components of the 

proteins FimA, FimF, FimG, and FimH [55-57]. It is suspected 

that the FimH protein is much more susceptible to damage and 

depolymerization compared to the pure FimA protein fimbriae. 

Fimbriae type-1 are heteropolymer proteins because a single 

organelle contains about 1000 structural components of the 

FimA protein and, in addition, consists of three other proteins, 

FimF, FimG, and FimH, which make up 1–2% of the total 

fimbrial protein [12, 58, 59]. Likewise, Galán [23] and Sheikh 

et al. [60] explained that several molecular proteins ranging 

from 45 to 110 kDa are referred to as fimbriae type-1 receptors 

on different cells [35, 57, 58]. Referring to the low-range 

standard protein Sigma Marker M3913, 6.5–66 kDa, this 

protein is believed to be a subunit of the S. Typhi fimbriae 

protein.  

 

Table 1. Description of immunofluorescence/confocal studies of FimH binding receptors 

 
Types of 

Bacteria 
Description Reference 

E. coli Type 1 pili play an important role in optimal adhesion to the small intestinal epithelium. [60] 

E. coli 
The immunofluorescence microscopy image shows bacterial type 1 pili in the kidney (inset: green 

indicates anti–type 1 pili, and red indicates nuclear staining with SYTO 61). 
[61] 

E. coli 
The FimH type-1 fimbrial adhesin allows pathogenic Escherichia coli to adhere to glycoproteins in the 

epithelial linings of the human bladder and intestinal tract, by using multiple fimbriae simultaneously. 
[61] 

Salmonella Adhesion assay with ICE-PURO cells and ICE-CRT cells, Flow cytometry analysis of IPEC-CRT cells. [59] 

Salmonella 
A potential FimH receptor, endo-1,3-β-d-glucanase, has been identified, and the interaction was found to 

be strong and specific, with a dissociation constant in the nanomolar range. 
[62] 

Salmonella 

enterica typhi 
Analysis of bacterial binding upon surface labeling of S. enterica typhi Ty21a with FimH. [63] 

Shigella flexneri 

A representative spinning-disk confocal MIP of wild-type S. flexneri infection foci from 4 h postchallenge. 

Bacteria intrinsically express GFP (green); F-actin is phalloidin568 (red), and nuclei are DAPI-stained 

(blue). 

[64] 

 

The data in Table 1 are derived from previous studies that 

support the role and presence of the FimH protein as an 

adhesin factor capable of binding to receptors in the 

Enterobacter group, particularly in E. coli, S. Typhi, and S. 

flexneri. Several studies have revealed that FimH variants 

within the same Salmonella serotype may differ in their ability 

to recognize receptors in various tissue types, ultimately 

affecting their adhesion capability. 

 

3.3 Western blot and dot blot results of FimH protein from 

S. Typhi  

 

The Western blot assay was performed using the Towbin 

method [15] to determine whether the FimH protein could 

react with the polyclonal antibody AdhO36. Based on the 

qualitative observation of color gradients in Figure 3, the 

fimbrial adhesin protein was found to be recognized by the 

polyclonal antibody AdhO36. This finding is consistent with 

the characteristics of pilus proteins in Gram-negative bacteria, 

which function as mediators of adhesion and defense, enabling 

them to recognize and bind to at least one epitope molecule. 

The presence of the FimH protein was detected through 

cross-reaction with the polyclonal antibody AdhO36 in a Dot 

blot assay, based on the presumed similarity in protein 

characteristics. The results demonstrated that the S. Typhi 

FimH protein reacted positively with the polyclonal antibody 

AdhO36, thereby confirming the presence of the target protein 

Figure 3. 

 

 
 

Figure 3. Western blot and dot blot results of the FimH 

protein from S. Typhi 

 

In part (A), M: molecular weight marker; WC: whole-cell 

proteins, PF: fimbrial proteins, kDa: kilodalton. In part (B), C: 
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control whole-cell S. Typhi; WC: whole-cell proteins of S. 

Typhi; PF: fimbrial proteins of S. Typhi. In section (A), the 

Western blot results showed a consistent positive protein band 

at a molecular weight of 36 kDa, corresponding to the 

FimH36-kDa protein, along with additional bands at different 

molecular weights. The dot blot assay also yielded positive 

results, characterized by a specific reaction between the 

polyclonal antibody AdhO36 and the target FimH protein of S. 

Typhi. These findings confirm the presence of the target 

protein as intended in the study. 

The concentration of FimH protein from S. Typhi, purified 

through electroelution and measured using the Biuret method, 

was determined to be 3.0125 µg/mL. These findings provide 

strong support for the entire isolation process and conclusively 

confirm the presence of the FimH protein in S. Typhi. 

It is known that the FimA protein is the main subunit that 

forms 95% of the fimbrial shaft and is a structurally 

heterogeneous antigen among different species. The crystals 

of the FimH protein and the sugar-binding region have been 

mapped to the N-terminal half of the molecule (residues 1-156 

aa), while the region associated with the fimbrial shaft has 

been mapped to the C-terminal half (residues 160-277 aa) of 

the FimH protein molecule [8]. Based on the research findings 

of Dufresne et al. [32], it is confirmed that the 20.1 kDa protein, 

which is the main component of the fimbrial shaft, can be 

reliably identified as the FimA protein of S. Typhi. Proteins 

with a molecular weight greater than 20.1 kDa are additional 

components, including the FimH protein of S. Typhi. 

Therefore, the expression of the S. Typhi FimH protein isolate 

can be trusted as a component of the FimH subunit protein 

because it has the same characteristics and adhesion 

capabilities as enterocytes [40, 61]. All these glycoprotein 

receptors have binding sites containing oligomannose 

common to the FimH protein, adhesion (mannose-binding 

subunit), found in fimbriae type-1 [8]. Therefore, the 

expressed proteins are a group of fimbrial proteins (fimbriae 

type-1 proteins), which act as adhesion media on host cells. 

Bacterial cells modify their physiology at many regulatory 

levels, including gene and protein expression, during adhesion 

or biofilm development [53, 59]. 

Until now, the crystal structure of FimH Salmonella Typhi 

is still in the process of being finalized, especially the design 

of structure-based inhibitors and the search for effective 

antagonist properties [57, 65-67]. The crystal structure of 

FimH from S. Typhi still requires a reliable and generally 

recognized homology modeling method. To adjust its three-

dimensional structure, homology with the template structure 

of 1 klf of the Protein Data Bank (PDB) of E. coli FimH 

adhesion [6]. Although the crystal structure of FimH of S. 

Typhi has not been completely resolved, studies on other 

serovars suggest that allele variation in FimH can affect the 

adhesion capacity of bacteria [67, 68]. Small differences in 

amino acid sequences can have a significant impact on the 

ability of bacteria to attach to host cells [69]. 

Ligand-receptor interactions strengthened by mechanical 

stress, known as catch-bonds, play a key role in cell adhesion 

[70]. Pathogenic bacteria will adhere to the host epithelium 

through the adhesin FimH, a two-domain protein at the tip of 

type-1 pili that recognizes terminal mannose on epithelial 

glycoproteins. The result indicates the expression of the fimH 

gene associated with the FimH protein of S. Typhi. Similarly, 

this adhesion test proves that the FimH protein of S. Typhi is 

an adhesion protein, which is believed to be one of the 

virulence factors [56, 57]. 

3.4 Inhibition of FimH36-kDa protein adhesion on mouse 

enterocyte cells 

 

The following shows the results of observing the adhesion 

of test bacteria to mouse enterocyte cells. 

 

 
 

Figure 4. Adhesion of E. coli, S. Typhi, and S. flexneri cells 

to mouse enterocyte cells with concentrations of FimH36-

kDa protein exposure (A=0 µl), (B=100 µl), (C=200 µl), 

(D=300 µl), and (E=400 µl) 

 

In E. coli, S. Typhi, and S. flexneri, the letter A (control) 

denotes a mixture of bacteria and enterocyte cells without 

treatment with the FimH protein. Bacterial adhesion in the 

control group is noticeably higher compared to the treated 

groups. Letters B, C, D, and E correspond to increasing 

concentrations of FimH protein exposure, ranging from 100 

µL to 400 µL. The arrows indicate bacterial adhesion sites, 

which decrease in number across all bacterial strains as the 

protein concentration increases. These findings suggest that 

the FimH protein plays a crucial role in inhibiting bacterial 

adhesion to enterocyte cells. 

Microscopic observation results of the adhesion of E. coli, 

S. Typhi, and S. flexneri bacteria, Figure 4, to mouse 

enterocytes after exposure to FimH36-kDa protein at different 

concentrations. The observation of these bacterial cells was 

conducted through Gram staining and analyzed using a 

microscope with 100x magnification. The progressive 

decrease in the number of bacterial cells adhering to the 

number of bacterial cells is visible with increasing exposure to 

FimH36-kDa concentration. In the control group (A=0 µl), 

many bacteria were seen densely adhering to the surface of the 

enterocyte cells. This result indicates a high natural adhesion 

level of the bacteria to enterocytes without the intervention of 

the FimH protein. 

The increased exposure to FimH36-kDa concentrations 

(B=100 µl to E=400 µl) shows a significant decrease in the 

number of bacteria that can adhere. At the highest 
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concentration (E), adhesion is almost not visually detectable, 

indicating that the FimH protein works competitively to block 

mannosylated receptors on the surface of enterocyte cells that 

are usually used by bacterial fimbriae to attach. This means 

that FimH competes with other molecules (such as mannose) 

to bind to the receptor. The phenomenon of the decrease in the 

number of bacteria adhering appears to be consistent across 

the three bacterial species. This evidence indicates that their 

adhesion mechanisms likely utilize the same receptors [17] or 

similar ones, and that the FimH36-kDa protein of S. Typhi can 

disrupt cross-species adhesion of Gram-negative enteric 

pathogens [18]. 

 

3.5 Bacterial adhesion index exposed to FimH36-kDa 

protein S. Typhi 

 

Based on the calculation of the adhesion index of E. coli, S. 

flexneri, and S. Typhi bacteria exposed to the FimH36-kDa S. 

Typhi protein, it can be seen in the following image. 

 

 
 

Figure 5. Adhesion index of E. coli, S. Typhi, and S. flexneri 

bacteria 
Note: Protein FimH36-kDa concentration,1 = Control, 2 = 100 µl, 3 = 200 

µl, 4 = 300 µl, and 5=400 µl 

 

The calculation of the adhesion index of the FimH36-kDa 

protein against E. coli, S. flexneri, and S. Typhi has proven 

capable of reducing the number of bacterial adhesions to 

enterocyte cells. This can provide positive hope for becoming 

a vaccine candidate against the S. Typhi bacteria [58]. 

According to the results of this study, as shown in Figure 5, 

the FimH protein of S. Typhi is also capable of inhibiting the 

adhesion of E. coli, S. flexneri, and S. Typhi cells to mouse 

enterocyte cells. The reduction in the number of E. coli cell 

adhesions to mouse enterocytes indicates that this protein also 

has the potential to act as an anti-adhesion agent or vaccine 

component against these three bacteria, making them non-

pathogenic to humans [56].  

The exposure of the FimH36-kDa S. Typhi protein to 

enterocyte cell receptors reduces the binding sites and 

adhesion capability of the test bacteria's FimH protein. This 

occurs when there is a slight difference in the amino acid 

sequence. FimH protein can significantly affect the bacteria's 

ability to adhere to various types of cells [10, 71, 72], which 

in turn can affect virulence. The exposure of the FimH36-kDa 

protein in this study is believed to induce competitive binding 

with the fimbriae of pathogenic bacteria, thereby preventing 

bacterial adherence to enterocytes. This mechanism is 

explained through the concept of competition, where soluble 

FimH attaches to the mannose receptor on the cell surface, 

blocking potential binding sites for the fimbriae of the bacteria 

S. Typhi, S. flexneri, and E. coli. As a result, the bacteria lose 

their ability to adhere optimally, which in turn reduces the 

initial colonization rate in the intestinal mucosa. This change 

is very relevant, considering that bacterial adhesion is a crucial 

stage in the infection process, facilitating colonization, 

invasion, and activation of the host's immune response. 

Inhibition of the adhesion of E. coli, S. flexneri, and S. Typhi 

bacteria by the FimH36-kDa protein of S. Typhi is expected to 

be a new study on developing vaccines for human Gram-

negative bacterial pathogens [73]. This is supported by 

research findings that show that the higher the concentration 

of exposure to the FimH36-kDa S. Typhi protein, the better its 

adhesion inhibition capacity [32]. The reduction in adhesion 

index is as follows: E. coli decreased from 89 to 13 cells, S. 

Typhi from 28 to 2 cells, and S. flexneri from 11 to 1 cell per 

enterocyte. 

The following table displays the results of computing the 

percentage reduction in the bacterial adhesion index. 

 

Table 2. Percentage reduction in the number of bacterial cell 

adhesion index in enterocyte cells 

 

FimH36-kDa 

Protein Treatment 

Reduction in the Number of Bacterial 

Adhesion Indexes (%) 

E. coli S. Typhi S. flexneri 

K 0 0 0 

A 70.79 57.15 72.73 

B 78.66 75.01 81.80 

C 80.9 89.30 81.80 

D 85.4 92.86 90.91 
Note: Protein FimH36-kDa concentration, K = Control, A = 100 µL, B = 200 

µL, C = 300 µL, and D=400 µL 

 

Table 2 shows the percentage reduction in adhesion index 

for three bacterial strains. In the negative control (K), 

enterocytes were exposed only to bacteria, while treatments 

A–D received increasing concentrations of FimH protein 

(100–400 µL). Higher FimH concentrations corresponded to 

greater reductions in adhesion. 

FimH36-kDa protein treatment elicited a pronounced, dose-

dependent decrease in the adhesion index of E. coli, S. Typhi, 

and S. flexneri, with the greatest reduction observed at 400 µL 

(85.4%, 92.86%, and 90.91%, respectively). S. Typhi 

demonstrated the highest sensitivity, particularly at higher 

protein concentrations. The FimH protein uses its 

carbohydrate-binding domain (CBD) to recognize mannose 

residues on cell surface receptors. The strength of the bond is 

highly dependent on specific oligomannoside structures, such 

as Manα1-3Manβ1-4GlcNAc, which is an optimal target for 

FimH with a high affinity (kₙ ≈ 20 nM) for PMC +1 [74]. 

The FimH36-kDa protein, structurally analogous to the 

FimH domain of Salmonella Typhi, acts as a potent 

competitive antagonist by preferentially binding to 

mannosylated receptors with higher affinity than native 

fimbriae, thereby preventing bacterial adhesion to host cells 

[32]. The high adhesion effectiveness of FimH36-kDa to S. 

Typhi is attributable to its strong affinity for mannosylated 

receptors, structural similarity, and specific molecular 

interactions, which collectively enhance its competitive 

binding ability against bacterial adhesion, given that both 

originate from the same species.  

This reduction presents definitive proof that the FimH36-
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kDa protein from S. Typhi demonstrates significant anti-

adhesive effects against enteric pathogens in vitro. FimH36-

kDa S. Typhi protein, which acts as a virulence factor and 

antiadhesive medium [5, 23, 65], is expected to inhibit the 

initial stage of bacterial adhesion activity and can be further 

studied as a vaccine candidate against S. Typhi bacteria and 

other enterobacterial groups. Although the results of this study 

are promising, further research is needed on the effectiveness 

of the more complex FimH36-kDa protein, such as testing at 

various concentrations, exposure durations, toxicity tests, and 

host immunological responses, before clinical application can 

be recommended. 

 

 

4. CONCLUSIONS 

 

This study concludes that the FimH36-kDa protein from the 

Palu isolate of S. Typhi effectively inhibits the adhesion of 

Escherichia coli, Shigella flexneri, and Salmonella Typhi, 

evidenced by a significant reduction in the bacterial adhesion 

index on mouse enterocytes following exposure to the 

FimH36-kDa protein. This finding is a biological element that 

suggests its potential as a candidate for a typhoid vaccine to 

prevent colonization and infection by the pathogen 

Enterobacter. Despite the encouraging results, additional 

research is required to assess the efficacy of the FimH36-kDa 

protein. The limitation of this study is the absence of 

immunogenicity testing to evaluate the ability of the FimH36-

kDa protein antigen to induce antibody production, as well as 

its capacity to trigger innate and adaptive immune responses, 

either in vitro or in vivo. 
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