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ABSTRACT 

Background; Salmonella typhi (S.typhi) is the cause of typhoid fever infection. Its pathogenicity is influenced 

by the adhesion ability of S.typhi’s flagella to the host cells. Each flagellum’s adhesion ability is varied, 

influenced by the flagellin protein type and its interaction with the host.  

Objectives;  at finding out the immunogenicity of flagellin protein of S. typhi of Semarang and Salatiga isolates.  

Methods; The samples are flagellin protein coded by fliC 1500bp gene (Semarang isolate) and fliC 1262 gene 

(Salatiga isolate), each is used as an antigent for the immunization of 8-weeks-old male Balb C mice.  

Results; The research indicate that there are different sequences of flagellin protein-coding fliC gene between 

Semarang and Salatiga isolates and these influence the flagellin protein types expressed. From NO content 

testing, it is found that the generated phagocytosis activity of macrophages, and antibody level and type are 

higher in mice induced with S.typhi’s flagellin from Semarang isolate than the one with S.typhi’s flagellin from 

Salatiga isolate.  

Conclusions; The immunogenicity level of S.typhi’s flagellin protein from Semarang isolate is stronger than 

Salatiga isolate. 
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INTRODUCTION 

Bacterium Salmonella typhi (S. typhi) is the 

cause of typhoid fever infection. Typhoid fever still 

continue to be a public health problem in the world, 

particularly in developing countries, including 

Indonesia (Vollaard et al., 2005). It’s pathogenicity 

is highly dependent on a number of virulence 

factors, such as ability to adhere to host cells, 

flagella, enzyme, toxin, bioactive factors, which 

will facilitate the bacterium to adhere to small 

intestinal mucosa, invade, multiply and spread into 

lymphoid tissue up to blood circulation and 

circulate throughout the body to liver, bone marrow, 

spleen, gallbladder and Peyer’s patch(Alexan, 

Mohamed and Ibrahim, 2009). The flagella that a 

bacterium owns will facilitate it to get into a cell or 

get out of the cell, since this flagella plays a role in 

bacterial motility (Hatta, Andi R. Sultan, et al., 

2011). 

Bacterium S. typhi is distinguished into 2 

serotypes based on the flagellum antigen expressed. 

Both antigens also have different antigenicities 

(Bishop et al., 2012). Salmonella typhi of H1 

serotype expresses H1(fliC) flagellin gene which is 

in the chromosome, i.e. Hd antigen, and H2 serotype 

expresses H2(fljBz66) flagellin gene which is in the 

linear plasmid, i.e. Hj antigen (Bishop et al. 2012; 

Scott & Simon 1982). fljBz66 gene is a fliC gene 

which experiences deletion in its central parts at 

261bp, i.e. the antigenically determinant part (Hatta, 

Andi R Sultan, et al. 2011; Frankel et al. 1989). 

Antigen Hd is found in S. typhi throughout the 

world, meanwhile the antigen Hj can only be found 

in isolates from Indonesia (Frankel et al., 1989). 

Most Salmonella have these two genes, yet only one 

gene is expressed at one time (Sabir et al. 2014; 

Frankel et al. 1989). 

Bacterium S. typhi of Salatiga isolate (SLT-1) 

has (fliC) a flagellum gene of 1262bp, and S. 

Typhi’s fliC gene of Semarang isolate (BA07.4) is 

1458bp in size, indicating different protein profile 

(Darmawati, Santosa and Prastiyanto, Muhammad 

Evy, 2015). The flagellum consisting of many 

protein subunits is immunogenic, i.e. capable of 

causing adaptive immune response, hence it can 

trigger the occurence of anti flagellin antibody 

(Alexan, Mohamed and Ibrahim, 2009). Flagellin 

will also induce iNOS (inducible NO synthase) gene 
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transcription by activating the iNOS promoter, 

which eventually might stimulate macrophages to 

produce NO. Flagellin protein can also increase the 

level of antimicrobial substance such as lysozim 

enzyme which plays a role in lysing bacterial cell 

walls and increase the phagocytosis activity of 

dendritic and macrophage cells (Sano et al., 2007). 

The different length of flagellin-coding gene DNA 

and different flagellin protein profile in S. typhi 

bacteria of Salatiga isolate (SLT-1) and S. typhi’s 

fliC gene of Semarang isolate (BA07.4) are the 

background of this research to distinguish their 

immunogenicity levels in hosts. Therefore, this 

research aims at distunguishing the immunogenicity 

of flagellin protein of two S. typhi isolates which 

have different flagellum gene sizes (Salatiga and 

Semarang isolates). 

 

METHODS 

Bacterial culture 

The bacterial culture is 2 strains of S. typhi 

(BA07.4 Semarang town isolate, SLT-1 Salatiga 

town isolate), which are the results of isolation of 

blood culture of Widal positive patients, which is 

then identified using API20E and API 50CHBE 

media (Darmawati, Sembiring and Asmara, 2011). 

 

Isolation of Potein Flagellin and SDS-PAGE 

The isuolation of flagellin protein uses 

modified method of Alexan et al. (2009). The 

flagellin protein is obtained by growing a bacterial 

colony from Mac Conkey medium in 50mL liquid 

BHI medium, incubated at 37˚C for 48 hours with 

agitation which is used as a starter. The starter is 

then put into 500 mL BHI mediyum, incubated at 

37˚C for 48 hours with agitation. Furthermore, the 

bacterial culture is centrifuged at 4˚C, at 3000 rpm 

for 20 minutes. The pellet is suspended using 5mL 

physiological solution until it becomes a thick 

suspension, then the suspension acidity is made up 

to pH 2 by adding 1M HCl to it, stirred for 30 

minutes at room temperature, centrifuged at 3000 

rpm for 30 minutes. The supernatant containing 

flagellin protein is then added with 1M NaOH to 

make the pH 7.2.  

 The flagellin protein is then measured for 

its concentration using Biorat Assay reagent and for 

its absorbance at λ595nm using spectrophotometer 

visible, separated using SDS-PAGE method (12%) 

to see its protein profile, with coloring 0.1% 

Coomassie Brilliant Blue R-250.  

 

 

Mice Immunization 

30 8-weeks-old BalbC mice are kept under 

hygienic condition. 10 of these mice are immunized 

using physiological salt and act as the control, and 

20 mice are immunized using flagellin protein (10 

are immunized using flagellin antigen S. typhi BA 

07.4, and 10 other using flagellin antigen S. typhi 

SLT-1) subcutaneously. Each of Balb C mice is 

immunized 4 times, the first one using 10µg/100µl 

PBS1X emulsified in Freund adjuvant complete 

(1:1) v/v, booster is made on 7th, 15th, 22nd days 

since the first day upon immunization, at the same 

doses yet in Freund adjuvant in-complete 

subcutaneously. The blood sample is taken from 

conjunctiva in the 30th day upon immunization, the 

serum is separated, ready to be analyzed for its 

antibody titer using Elisa method, then to figure out 

the antibody specificty, immunoblotting is used. 

 

Isolation of macrophage and measuring the 

phagocytosis activity of macrophages 

The isolation of peritoneal macrophage from 

mice is done 15 days after the first immunization. 

The method of isolating macrophage: 5mL cold, 

sterile medium RPMI is provided in 6mL syringe. 

The killed mouse is laid on their back, then 

sprayed with alcohol 70% on the skin surface of 

its stomach. The fur is tidied up by fondling it 

using hand towards the tail. The skin on the 

stomach is lifted using a tweezer, scissored and 

separated between its skin and meat, so that the 

meat on the stomach is visible. The medium 

RPMI is injected to the peritoneal caviry on the 

right and left stomach, then the stomach is 

massaged using fingers and left for 3 minutes to 

release the macrophages into RPMI medium. The 

macrophage suspension is taken back (aspired) 

using syringe carefully (to prevent the organs 

from being punctured). Afterwards, the 

macrophage suspension is immediately stored at 

4̊ C, then it is centrifuged at 2000rpm, for 10 

minutes at 4̊ C. The supernatant is disposed of, 

and the pellet is the macrophage. To this pellet 

1mL complete grower medium (RPMI containing 

10% FBS) is added, then it is resuspended and 

calculated for its density using hemocytometer. 

Macrophage cells are prepared in RPMI 

complete medium whose density is 2.5X106/mL. 

The macrophage cell suspension is then cultured at 

a well plate 24 (6x4) which has been given a round 

slip cover, put into each well at 200µL (5x105 sel) 

macrophage. Then, it is incubated in an incubator 

with CO2 5%, at 370C for 30 minutes, and added 
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with RPMI complete medium at 800 µL so that the 

macrophage suspension volume in each well 

becomes 1 mL. The culture is incubated back in the 

incubator with CO2 5%, at 370C for 2 hours, then 

the medium is disposed of, added with 1 mL 

complete media to each well and incubated back 

for 24 hours. The cultured macrophage is then 

washed 2 times using RPMI medium.  

A latex suspension is prepared at 

2.5X107latex/mL density, then it is put into PBS of 

200µL (5x106) in each well. Afterwards, it is 

incubated in an incubator with CO2 for 1 hours, 

washed with PBS 3 times. It is then dried at room 

temperature, fixated with absolute methanol for 30 

seconds. The methanol is then disposed of, and 

wound. Next, painting is done by adding Giemsa 

20% for 20 minutes. It is then washed with distilled 

water until it is clean, then wound at room 

temperature. The slip cover is lifted from the well 

and examined using a microscope to calculate the 

phagocytosis activity by the macrophages. 

 

Measuring NO 

The Nitric Oxid (NO) level is examined using 

this method: the macrophage cells from the isolation 

of mice are counted using hemocytometer, and its 

density is made to be 1x106sel/mL, by adding RPMI 

complete grower medium. This cell suspension is 

then cultured in a microplate of 12x8 wells (96 

wells). Each well contains 200µL (2x105 cells), 2 

repetitions or duplo are made, incubated in an 

incubator with CO2 5%, at 370C for 24 hours. The 

cultured macrophages are taken, the standard 

solution and supernatant from the culture are 

pipetted, inserted into microplate of 96 (12x8) wells 

at 100µL / well, and made duplo. 

 Griess A and B mixture is prepared at 1:1 

ratio, added into microplate 96 at 100µL/well, and a 

reaction will occur between NO and Griess A and B 

mixture as purple color appears. It is then read using 

Elisa Reader at 550nm wavelength, waited for 15 

minutes and the reading is repeated. The NO content 

is examined indirectly since its half-life in the tissue 

is very short, i.e. using Griess reaction. 

 
Immunoblotting 

For detecting the flagellin protein’s 

immunogenicity and antibody specificity produced, 

Immunoblotting method is used. The flagellin 

protein samples are separated using 12% SDS-

PAGE. After the protein tapes within 

polyacrylamide gel are obtained, this protein is then 

transferred to the nitrocellulose membrane using 

semi dry blot apparatus (Bio-Rad) at 500 mA for 

30-60 minutes. The method of transferring the 

protein from polyacrylamide gel to nitrocellulose 

paper in sequence from the bottom is: 1) Thick 

watman paper, 2) One piece of thin watman paper, 

3) Nitrocellulose paper, 4) Polyacrylamide gel, 5) 

One piece of thin watman paper, 6) One piece of 

thick watman paper (every time a piece of 

watman/nitrocellulose paper is placed, it is first 

wetted using buffer transfer and laid slowly to 

prevent any bubble from occuring). 

The nitrocellulose membrane is taken after the 

transfer process is done, its marker is cut, and 

separated alone. The nitrocellulose membrane 

(without marker) is incubated in blocking solution, 

incubated overnight. Afterwards, the membrane is 

washed the next day using 0.05% TBS Tween for 3 

x 10 minutes. Policlonal antibody is added (1:100 

dilution using incubation buffer pH 7.2), incubated 

at room temperature, shaken for 1 hours. It is then 

washed using 0.05% TBS Tween for 3 x 10 minutes. 

1:4000 IgG anti mouse Al-Phosphatase conjugate is 

added to 1% BSA in a buffer and incubated with pH 

7.2. Next, it is washed using 0.05% TBS Tween for 

3 x 10 minutes. Substrate (60µL NBT, 30 µL BCIP 

for 20mL in substrate buffer) is added. The protein 

band is waited to occur, the reaction is halted using 

sterile double-distilled water. Then it is wound. 

 

RESULTS AND DISCUSSION 

1. Flagellin Gene 

The PCR results of fliC flagellin gene are 

obtained using primaries LPW 1856 and LPW 1857, 

which are then electrophoresized using 1% agarose 

as shown in Figure 1. The results indicate that the 

band size in PCR results of fliC gene in S. typhi 

strain of SLT.1 Salatiga isolate is equal to 1260 bp. 

It looks different from the band of S. Typhi BA07.4 

strain which is equal to 1500bp. This incident 

matches the result of research by Lau et al. (2005) 

and Baker et al. (2007) which finds that fliC 

flagellin gene which has a size equal to 1260 bp 

codes the fliC H1-J gene from S. typhi serovar H1-

j. This bacterium is less motile and less invasive 

than S. typhi serovar H1-d.  
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Figure 1. PCR of fliC gene, Marker DNA 1kb, 1) 

fliC of S. typhi SLT-1, 2) fliC of S. typhi BA07. 

 
2. Flagellin protein profile 

The flagellin protein of 2 strains of S. Typhi, 

i.e. BA07.4 Semarang isolate and SLT-1 Salatiga 

isolate strains is then separated using SDS-PAGE 

12% as shown in Figure 2. The SDS-PAGE results 

regarding flagellin protein show that the flagellin of 

both S. typhi BA07.4 and S. typhi SLT-1 strains 

consists of three major protein subunits as shown in 

Table 1.  

 

Table 1. Profile of flagellin protein of S.typhi 

BA07.4 and SLT-1 strains using SDS-PAGE 12% 

 

 
 

 
Figure 2.  SDS-PAGE of flagellin protein of S. typhi, 

M) Protein marker, 1) S. typhi BA 07.4, 2) S. typhi SLT-

1 

3. Nitric Oxid (NO) 

The Nitric Oxid (NO) level is examined in 

the macrophage of mice which have been 

immunized with the total flagellin protein of S. 

typhi BA07.4 and S. typhi SLT-1 (Table 2).  

 
Table 2.  NO level of macrophage supernatant 

of mice which have been immunized 2 weeks 

ago with flagelliin protein of S. typhi BA07.4 

and S. typhi SLT-1 

No. Sample NO Level 

1. S. typhi BA 07.4/H1-d 0.9296 ± 0.8529 

2. S. typhi SLT-1/ H1-j 0.5760 ± 0.6709 

 3. Control  0.0623 ± 0.0556 

 

The NO level produced by the macrophage 

of mice immunized with flagellin of S. typhi 

BA07.4 is higher than the one produced by 

those immunized with flagellin of S. typhi 

SLT-1. Likewise, it is also higher than the 

control. 

 

4. Phagocytosis activity of macrophages 

The phagocytosis activity of 

macrophages of mice which have been 

immunized 2 weeks ago with flagellin protein 

of S. typhi BA07.4 and S. typhi SLT-1 to latex 

is shown in Table 3. On average, the latex 

phagocytized by macrophages of mice 

immunized with flagellin of S. typhi BA07.4 

and the phagocytocyte index are higher than 

the one obtained in macrophages of mice 

immunized with flagellin of S. typhi SLT-1 and 

control. The latex phagocytized by 

macrophages seems inside the cytoplasm of 

macrophage cells, as shown in Figure 3. 

 
Table 3. Phagocytosis activity of macrophages of 

mice mice which have been immunized 2 weeks 

ago with flagellin protein of S. typhi BA07.4 and 

S. typhi SLT-1 to latex 

No. Sample  

Average 

Phagocytized 

Latex 

Average 

phagocyte 

index 

1. S. typhi BA 07.4/H1-d 1.61 ± 0.2945 0.87 ± 0.3063 

2. S. typhi SLT-1/ H1-j 1.58 ± 0.1628 0.82 ± 0.2135 

 3. Control  0.46 ± 0.0764 0.46 ± 0.0764 

 

Subunit 
S. typhi BA07.4 

(kDa) 

S. typhiSLT-1 

(kDa) 

1 64 55 

2 42 42 

3 20 20 
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Figure 3. Phagocytosis activity of macrophages of mice 

immunized 2 weeks ago with flagelliin protein of S. typhi (A). 

Macrophage cells, (B). Phagocytized latex 

 

5. Specificity of anti flagellin 

               
Table 5. Results of Elisa of Anti flagellin of S. typhi 

BA07.4 and S. typhi SLT-1 

No. Antibody 
Flagellin antigen 

S. typhi BA07.4 S. typhi SLT-1 

1. Anti flagellin of 

S. typhi BA07.4 

2.764±0.02995 1.380±0.6110 

2. Anti flagellin of 

S. typhi SLT-1 

0.822±0.3370 1.008±0.3745 

3. Control  0.353±0.0553 0.349±0.0489 

 

 
Figure 4. Immunoblotting of anti flagellin of S. typhi: 

M) Protein marker, 1). Anti flagellin of BA07.4 with 

flagellin BA07.4, 2) Anti BA07.4 with SLT-1, 3) Anti 

flagellin of SLT-1 with flagellin BA07.4, 4) Anti 

flagellin SLT-1 with flagellin SLT-1 
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DISCUSSION 

Flagellin is a protein which builds flagella 

expressed from flagellin-coding gene. Each 

flagellin-coding gene has different expressions, thus 

it generates difference in flagellar antigen, referred 

to as phase 1 (H1) and phase 2 (H2) flagellins, also 

known as FliC and FljB flagellins. FliC has a 

structure of flagellar filament subunits, contributes 

to pathogenicity and activation of inflammation 

response in host cells. Flagellin (FliC) plays a role 

in bacterial movement, and it is the ideal candidate 

for natural immune system introduction (Bameri et 

al., 2018). The PCR results of fliC gene from S. 

typhi of different isolates show different DNA band 

lengths. From the PCR results, it is found that the 

fliC gene in S. typhi of SLT.1 Salatiga isolate is 

1260 bp long. Meanwhile, the flagellin gene in 

S.typhi shows that its DNA band is around 1260 bp 

long, and there is a deletion of 261 bp in fliC gene. 

This gene points to H1-j antigen and it belong sto 

phase 1 flagellar antigen (Lau et al., 2005). From 

the PCR results, it is found that the fliC gene in 

S.typhi BA07.4 strain has a DNA band of 1500bp 

long. The flagellin-coding fliC gene has a sequence 

of heterogeneity existing between alleles where the 

alleles coding the same antigen are homologous. It 

is possible that the flagellin genes can be developed 

as a specific target in its molecular difference in 

flagellar antigen types (Mcquiston et al., 2004).  

The different flagellin proteins can cause 

different immunogenic responses since fliC is 

identified as a Pathogen-associated molecular 

pattern (PAMP) which can be bound to Toll-like 

receptor 5 (TLR5) in the host cells. FliC has a 

hypervariable antigenic molecule and a conserved 

domain involved in TLR5-dependent systemic, 

mucosal pro inflammatory, and adjuvant. FliC is a 

strong adjuvant which has some effects on the 

immune system through mucosal routes (Bameri et 

al., 2018). The different DNA band lengths of fliC 

gene in S,typhi SLT.1 Salatiga isolate and S.typhi 

BA07.4 Semarang isolate strains allow the 

expression of different flagellin proteins. The next 

test is profiling flagellin protein using protein 

electrophoresis with SDS PAGE method. 

The resulting flagellin protein protein shows a 

difference between S. typhi SLT.1 Salatiga isolate 

and S. typhi BA07.4 Semarang isolate strains. 

S.typhi SLT-1 has protein bands of 55 kDa, 42 kDa, 

and 20 kDa and S. typhi BA07.4 has a specific 

protein profile of 64 kDa, 42 kDa, and 20 kDa. 

Flagellin protein can code acid induced outer 

membrane protein (AIP)(Jindal, Tewari and Rishi, 

2011). Flagellin protein has a high potential of 

stimulating macrophages to improve inflammatory 

mediator such as malondialdehyde (MDA) and 

nitrite (Jindal et al., 2012). For the next test, to 

discover whether the difference in molecule weights 

of flagellin-forming protein subunits can influence 

the amount of Nitric Oxid (NO), a NO concentration 

test is conducted. The flagellin protein with high 

virulence level can highly induce inflammatory 

mediator (Jindal et al., 2012). 

From the results of NO test, the NO levels 

produced by macrophages of mice immunized with 

flagellin of S. typhi BA07.4 is higher than the ones 

immunized with flagellin of S. typhi SLT-1. 

Likewise, it is also higher than the control. Nitric 

oxide is an important signal molecule to regulate the 

tissue in a physiological process. When the amount 

of nitric oxide is too high, it has the potential to be 

toxic and to result in chronic inflammation (Bogdan, 

2001). Reactive nitrogen intermediate (RNI) such as 

nitrites is known to be the final product in labile 

nitric oxide and its quantification can serve as an 

indicator for NO generation. (Chanana et al 2007). 

The increase in level of nitrite as an effect of 

the existence of FliC in both S.typhi BA07.4 and 

SLT-1 occurs as an attribute of TNF-alpha which is 

known and has the potential for immune-

stimulating activity in iNOS and then increase the 

level of NO (Pacher, Beckman and Liaudet, 2018); 

(Liaudent et al 2003, Zeng et al 2003). Flagellin can 

induce the expression of several inflammatory 

mediators including TNF-alpha and NO.  

On average, the latex phagocytized by 

macrophages of mice immunized with flagellin of 

S. typhi BA07.4 has higher results than what is 

obtained in the macrophages of mice immunized 

with flagellin of S. typhi SLT-1 and control. The 

virulence factors of S.typhi is associated with the 

response of inflammatory cells in intestinal mucosa 

(Valdez, 2009). S.typhi’s ability to adhere to 

intestinal cell mucosa is determined by the type of 

flagellin proteins. The flagellin of S. typhi BAO7.4 

has higher virulence ability than S. typhi SLT-1. The 

virulence factors of S typhi are known as OMPs 

which have the ability to induce inflammation 

reaction for release of cytokines (Chanana, Ray and 

Rishi, 2007). Flagellin protein can induce 

inflammation response by increasing the amount of 

pro-inflammatory mediator such as MDA and 

nitrite. 

The anti flagellin of S. typhi BA07.6 in mice 

induced with S. typhi BA07.4 is higher than the anti 
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flagellin of S typhi BA07.6 in mice induced with 

S.typhi SLT-1. The anti flagellin of S.typhi SLT-1 in 

mice induced with S. typhi BA07.4 is lower than the 

ones induced with S. typhi SLT-1. However, the 

formed antibody is higher when it is induced using 

S. typhi BA07.4. Yet, each antibody's concentration 

will be linear with the antigen type used for 

induction. Based on the results of research on the 

type of flagellin in S. tiphy of Semarang and Salatiga 

isolate, it is found that the immunogenicity of 

Semarang isolate strain S. typhi BA07.4 is higher. 

This can be seen from the level of NO which is a 

mediator expressed by inflammatory cell, 

additionally the phagocytic activity macrophages in 

BA07.4 flagellin-induced mice is higher, and 

antibody produced by the mice induced with 

BA07.4 is higher. The different virulence ability of 

S. typhi presented by flagellin can affect the increase 

in celular natural immune system level in the form 

of macrophages and the components mediated by 

inflammatory immune cells in the form of NO. The 

diversity of sequences of DNA flagellin protein-

coding fliC gene determines the protein types 

expressed and has specific antibody to each antigen 

in one S. typhi species of different isolates. 

 

CONCLUSION 

The research indicate that there are different 

sequences of flagellin protein-coding fliC gene 

between Semarang and Salatiga isolates and these 

influence the flagellin protein types expressed. 

From NO content testing, it is found that the 

generated phagocytosis activity of macrophages, 

and antibody level and type are higher in mice 

induced with S.typhi’s flagellin from Semarang 

isolate than the one with S.typhi’s flagellin from 

Salatiga isolate. The immunogenicity of flagellin 

protein of Semarang isolate S.typhi is higher than 

Salatiga isolate. 
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