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ABSTRACT: Shigellosis becomes a major health problem of developing 

countries. It is caused by Shigella spp. Shigella dysenteriae causes the most 

severe; prolonged and fatal Shigellosis by its ability in producing Shigatoxin 

(Stx). Unfortunately, there has not been any effective vaccine available in 

worldwide and using antibiotic is no longer effective. Adhesion molecule of 

bacteria can be used as component of vaccine as its facilitates attachment into 

host in which the adhesion molecule located in Outer Membrane Protein (OMP). 

This research aims to confirm the molecular weight (MW) of OMP’s sub unit 

protein that acts as an adhesion molecule of S.dysenteriae. OMP was isolated 

using NOG 0.05% and profiled using SDS PAGE. Dominant sub unit protein 

was purificated using electroelution method. According to Hemagglutinin Assay 

(HA), sub unit protein with MW 35.47 kDa has the ability to agglutinate mice 

eritrocyte in the highest titer compared to another sub unit protein. Various 

concentrations of 35.47 kDa protein (100µg, 50µg, 25µg, 12.5µg dan 6.75µg 

and 0µg) were used in the assay to confirm the adhesion rate into the mice 

enterocyte. Protein 35.75 kDa has a closer relationship with the number of 

bacterial adhesion. The protein concentration significantly influences the 

bacterial adhesion number into the mice enterocyte {(R
2
) 0.85, p= (<0.01) < α 

(0.05)}. The higher concentration of protein results on the fewer bacterial 

adhesions. Based on the result, it can be concluded that the sub unit protein 

35.47 kDa in OMP of S.dysenteriae acts as an adhesion molecule that can inhibit 

the bacterial adhesion into the mice enterocyte. 

INTRODUCTION: Shigellosis, which is caused 

by Shigella, has caused eighty millions cases of 

diarrhea with bleeding. From the number, it is 

predicted that there are 700.000 of death. The 

highest number of death, for about 60%, existed 

among less than 5 years children 
1
. 
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Shigella is a Gram-negative, basil, and non-motile 

bacterium, in included in Enterobactericeae group. 

Its genus contains four species: Shigella 

dysenteriae (S.dysenteriae), Shigella flexneri, 

Shigella boydii dan Shigella sonnei. S.dysenteriae 

can cause a heavier, longer, and more severe 

clinical manifestation rather than other Shigella. It 

is due to its ability in producing Shiga toxin (Stx) 

that can destroy microvascular endothel that will 

cause bleeding in gastrointestinal 
2
.  Its adhesion 

process becomes the significant component in the 

bacterial invasion process, where after its adhesion 

the bacterium will release its virulent factor.  
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The adhesion process is mediated by pili (Fimbrial 

adhesin) dan outer membrane protein (Afimbrial 

adhesin) 
4
. Most of adhesin is a specific 

glycoprotein or glycolipid and is known as lectin 
5 - 

6
. Some studies have mentioned that the adhesion 

molecule can act as a hemagglutinin protein that 

can bind with the receptor in the erythrocyte. 

Therefore, the hemagglutination reaction can be 

used in the prior assay whether a hemagglutinin 

protein is an adhesion molecule. The characteristic 

of adhesion molecule is if it is capable to inhibit the 

bacterial adhesion in the host ‘cell coated with the 

protein 
6
. Hemagglutinin protein sub unit pili BM 

49.8 kDa and anti hemagglutinin protein sub unit 

pili BM 7.9 kDa S. dysenteriae are adhesion 

molecules 
7 - 8

.  

The study on adhesion molecule characteristics on 

OMP S. dysenteriae has not been done. It is 

important as the adhesion molecule can be used as 

the basis of diagnostic and vaccine component 

development. 

MATERIALS AND METHODS: 

Shigella dysenteriae Isolation and Culture: 

S.dysenteriae from The Regional Health 

Laboratorium of East Java Province, Surabaya was 

used. Selected Salmonella-Shigella Agar SSA dan 

Mac Conkey Agar media were used. 

It is incubated at 37 
0
C within 24 hours. The culture 

on the media was harvested using a scraping  that 

has been poured with sterile PBS 7.4 pH as much 

as 10 ml. The bacterial suspension resulted from 

the scraping was then poured into a bottle 

containing 1000 ml of brain heart infusion broth 

(BHI) solution. Then, the bottle was shaken for 30 

minutes in the water bath at 37 
0
C. 

Outer Membran Protein (OMP) Isolation: 

Bacterial pellet was suspended with PBS 7.4 pH 

then added with n-octyl- β-D-glucopyranoside 

(NOG) solution with 0.05 % concentration. Then, 

the homogenization was done with full speed 

vortexs within 1 minute. After the homogenization, 

pellet was separated from its supernatant using 

centrifugation with 10.000 rpm speed at 4
o
C within 

15 minutes. OMP was resulted from the 

supernatant, whereas the pellet was isolated again 

with NOG. The process was repeated for three 

times. 

Profiling using SDS PAGE: Molecule weight 

monitoring was done using SDS-PAGE Laemmli 

method 
9
. The protein sample was heated at 100 

o
C 

within 5 minutes in the buffer solution containing 5 

mM Tris HCl pH 6.8, 5% 2-mercapto ethanol, 

2.5% sodium dodecyl sulfate, 10% glycerol with 

bromophenol blue as tracking color. 12.5% mini 

slab gel was used with tracking gel 4%. 125 mV 

was employed. Coomassie brilliant blue and 

molecule standard sigma low range marker were 

used as dyes. 

Hemagglutinin Assay (HA): HA was done 

according to the guideline by Hanne and 

Finkelstein 
10

. Sample dilution was made at the 

concentration of ½ of microplate where V of each 

well volume was 50 l. In each well was added 

mice erythrocyte suspension with the concentration 

of 0.5% in the same volume of 50 l. Then, it was 

shaken with rotator plate within 15 minutes. After 

that, it was put at the room temperature within 1 

hour. The number of titer was determined through 

the observation of erythrocyte agglutination 

existence on the lowest dilution. The tested sample 

was the result of purification of each resulted OMP 

band. Balb/c mice erythrocyte was used here. 

Mice Erythrocyte Isolation: Based on Weiser 

method from Nagayama
11

, the intestinal tissue was 

cut for 5 cm length, then cut transversely. The 

content of intestinal tissue was cleaned using liquid 

containing PBS pH 7.4 dithiothreithol 1 mm. The 

result was mixed with solution containing 1.5 mM 

KCl; 9.6 mM NaCl; 2.7 mM Na-sitrat; 8 dan 5 mM 

KH2PO4; 6 mM Na2HPO4 pH 7.3. It was then 

incubated at 37 
0
C and shaken within 30 minutes. 

The solution was then replaced with PBS pH 7.4 

and solution containing 1.5 Mm EDTA, and 0.5 

Mm dithiothreitol pH 7.4 and incubated at 37
0
C 

and fast shaken within 20 minutes.  

The result was then washed with PBS pH 7.4; dan 

centrifuged with 1000 rpm speed within 5 minutes 

at 4 
0
C, the washing process was repeated for 3 

times, the result was suspended in PBS pH 7.4, 

slowly shaken. The result was pipette using a 

sterile pipette and entered in a sterile tube. The 

resulted enterocyte then was diluted until 10
6
 per 

ml, and was kept at 4 
0
C 
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Adhesion Index Test: Adhesion inhibitory test 

method was based on Sumarno 
8
.
  
S.dysenteriae was 

diluted until Optical Density (OD) 1 using 

spectrophotometer with the wave length of 580 nm. 

OMP protein sample resulted from electroelution 

was diluted with 100 µg, 50 µg, 25 µg, 12.5 µg, 

6.75 µg dan 0 µg using sterile PBS pH 7.4. In each 

protein dilution was then added 100 µl of 

enterocyte isolate. Protein enterocyte suspension 

was shaken within 30 minutes at 37 
o
C. Then, 100 

µl of bacterial suspension was added and it was 

reshaken. 

20 µl of suspension from each protein dilution that 

has been extracted was smeared on a glass preparat, 

then Gram coloring was done and the observation 

was also done using a microscope to count the 

number of bacteria adhering on 100 of enterocyte. 

RESULT: The following is the picture of OMP 

S.dysenteriae profile using SDS PAGE 12.5% (Fig. 

1). Based on Fig. 1 it can be identified that there 

are some clear and thick protein bands on the 

molecule weights of 11.93 kDa; 19.19 kDa; 23.74 

kDa; 32.33 kDa; 35.47 kDa; 40.26 kDa; 64.6 kDa; 

and 72 kDa. From 3 times of isolation process 

using NOG, band pattern with a consistent 

molecule weight is obtained. The first isolate 

results on clear and firm protein bands, but on the 

second and third isolates, protein bands appear to 

be thinner. 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 1: OUTER MEMBRANE PROTEIN (OMP) S. 

DYSENTERIAE PROFILE USING SDS PAGE 

From left to right; protein marker; first OMP isolate;second 

OMP isolate; third OMP isolate 

Each of clear protein bands was then purified using 

electroelution to be used in HA assay that its result 

is described on Table 1. Protein 35.47 kDa can 

agglutinate mice erythrocyte cell with the highest 

titer compared to other sub unit protein. Therefore, 

protein 35.47 kDa becomes a sub unit protein 

candidate that acts as an adhesion molecule on 

S.dysenteriae.  

Since protein 35.47 kDa is the strongest candidate, 

therefore the protein was diluted with different 

concentration in the treatment, so 100 µg, 50 µg; 25 

µg; 12.5 µg; 6.75 µg; 0 µg (without the protein 

administration) were obtained to determine number 

of bacterial adhesion on mice enterocyte. Adhesion 

test result on mice enterocyte can be seen on Fig. 2. 

  
                    100 µg                                      50 µg 

  
 25µg                                  12.5 µg 

  
                       6.75 µg                          0 µg(control) 

FIG. 2:  S.DYSENTERIAE ADHERENCE ON MICE 

ENTEROCYTE Black arrow (        )shows adhesion location 

between S.dysenteriae and mice enterocyte 

 

 

35,47kDa 

72kDa 

11, 93 kDa 
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TABLE 1: HEMAGGLUTINATION TEST RESULT ON OMP SUB UNIT PROTEIN 

Protein (kDa) 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 K 

72 - - - - - - - - - - 

64,6 + - - - - - - - - - 

40,26 - - - - - - - - - - 

35,47 + + + + - + - - - - 

32,33 - - - - - - - - - - 

23,74 - - - - - - - - - - 

19,19 + - - - - - - - - - 

 

Bacteria that adhere on 100 enterocyte in each 

different protein concentration then were 

calculated. Regression analysis on adhesion test 

result can be seen on Fig. 3 and 4. 

 
FIG. 3: RELATION TENDENCY BETWEEN PROTEIN 

CONCENTRATION AND BACTERIAL ADHESION 

NUMBER 

 

 
FIG. 4: CORRELATION BETWEEN PROTEIN RATE 

INCREASE AND BACTERIAL ADHESION DECREASE 

 

Based on the regression analysis result on Fig. 3 

and 4, it can be known that the tested data result on 

the quotation Y=-7.071x+754.9. It can be inferred 

that every increase of 1 µg protein concentration 

will decrease 7.071 adhesion rates in 100 

enterocyte. Determination coefficient value (R
2
) 

0.855 (85.50%) shows that adhesion rate can be 

explained by protein concentration (µg) as much as 

85.50%, whereas the rest 14.50% were explained 

by other variable. Based on the coefficient rate 

result, it can be analyzed that there is a strong 

negative correlation where the number of bacteria 

adhering on enterocyte inversely proportional to 

protein concentration. The result of variance 

analysis shows that the increase of protein 

concentration (µg) significantly influences toward 

adhesion rate with p (<0.01) < α (0.05). 

TABLE 2: DIFFERENCE BETWEEN PROTEIN 

CONCENTRATION TREATMENTS TOWARD 

BACTERIAL ADHESION 
Concentration (µg) Rates ± SD 

100 140.67 ±13.05
a 

50 267.67±23.18
b 

25 486.00±22.61
c 

12.5 603.33±15.50
d 

6.75 780.33±21.55
e 

0 878.00±18.94
 f 

Description: Different alphabetical notation shows a 

significant difference (p value <0,05) 

DISCUSSION: S.dysenteriae causes Shigellosis, 

where it causes a longer symptom, causes a more 

severe clinical manifestation so it gives a fatal 

effect to its patient, compared to other Shigellosis 

caused by S.flexneri, S.boydii, and S.sonnei 
1
. It is 

due to S.dysenteriae has an ability to produce 

Shigatoxin (Stx) that can cause bleeding in 

gatrointestinal 
6
. Early stage of the bacterial 

infection process is the adherence on the host ‘cell. 

To adhere, receptor on the host ‘cell is needed. In 

this case is the receptor on the enterocyte, also 

ligan possessed by the bacterium. Besides the 

adhesion using bacterial pili on its end, it also 

needs a close bond using afimbrial adhesin on its 

outer membrane 
4
.Through the electron microscope 

observation, we can identify that Gram-negative 

bacterium is covered by membrane layer outside of 

its peptidoglycan layer. This layer is different to 

cytoplasm or inner membrane. These two 

membranes can be differentiated through its density 
12

. 
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The predominant protein is probably protein that is 

expressed in a large quantity. As it is known there 

is 50% of outer mass membrane containing protein, 

as integral protein or lipoprotein. Some integral 

membrane protein as Omp A and most of porin are 

expressed in the high level. Besides, there are some 

minor protein and is synthesized as the effect of a 

very strong induction when it is needed, as porin 

(PhoE and LamB), TonB-dependent receptors (e.g. 

FhuA and FepA), some of protein component, 

which is needed in export system, as auto 

transporter system and I until III system, including 

Type III secrestion apparatus (T3SS), protein 

existed on pili and flagella, enzym dan fosfolipase, 

which all of its function has not been known yet 

and described absolutely 
13

.  

Whereas the increase of color firmness fade of 

protein band is confirmed due to the depletion of 

protein on the isolated outer membrane. To find an 

adhesion molecule candidate on OMP, some of 

bacterial adhesions have been proven capable of 

agglutinating erythrocyte (act as hemagglutinin), as 

pili protein 49.8 kDa of S.dysenteriae, pili protein 

of V.cholerae 38 kDa dan 76 kDa on OMP 
7
.
 

The close relation that is inversely proportional 

between protein concentration and number of 

bacterial adhesion is in accordance with the theory 

that the higher of adhesion molecule coated on 

enterocyte will saturate receptor on enterocyte 
6
. 

Some experiments prove that between the receptor 

and adhesion molecule acting as ligan mediate a 

specific adhesion that is bacteria will adhere on the 

isolated receptor or analog receptor, and the 

isolated adhesion molecule or its analog will bound 

on host ‘cell surface. It is in accordance with the 

explanation that the bacterial adhesion can be 

inhibited by the adhesion molecule; or isolated 

receptor molecule, or molecule that is analog with 

adhesion molecule and receptor; enzyme or 

chemical component that destroys adhesion 

molecule or receptor, also specific antibody that is 

inducted by adhesion molecule 
6
.
 

This experiment proves that OMP protein sub unit 

with BM 35.47 kDa as an adhesion molecule. It is a 

little bit different with adhesion molecule possessed 

by OMP S.flexneri 2a and S.flexneri 3a which is 

BM 34 kDa and 38 kDa. BM 34 kDa possessed by 

OMP S.flexneri has been identified as integral 

protein which is Omp A that has an imunogen 

characteristic so that it can be used as a vaccine 

candidate. It can induce the development of Ig A 

and IgG and activate the production of Th1, 

mediate macrofag stimulation and upregulate MHC 

CD80 dan CD 40 expressions that activate T CD 4 

cell 
14

.
 

Adhesion molecule on S.dysenteriae on its pili, 

which is on BM 49.8 kDa is an adhesion molecule 

that can inhibit bacterial adhesion on enterocyte.  

This protein also has been researched capable of 

inducing increasingly the production of s-IgA on 

mice that has an effect in decreasing colon 

epithelium damage, and decreasing bacterium 

colonization in colon 
15

. Besides, antibody 49.8 

from pili can inhibit the bacterial adhesion of 

S.dysenteriae on enterocyte 
16

. It has been explored 

too that protein 11.65 kDa is also a receptor protein 
17

. With this research result, it is expected to give a 

contribution to the further experiment to develop a 

vaccine research that is based on adhesion 

molecule, especially in dealing with Shigellosis.
 

CONCLUSION: Based on the result, it can be 

concluded that the sub unit protein 35.47 kDa in 

OMP of S.dysenteriae acts as an adhesion molecule 

that can inhibit the bacterial adhesion into the mice 

enterocyte.
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