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Abstract

AIM  To investigate the specific pathogenesis
of O-polysaccharide (O-PS) which is on the
outer membrane of lipopolysaccharides
(LPS) from   Shigella flexneri.
METHODS  The O-PS was isolated and
purified from Shigella flexneri- 5 M90T by
e n z y m a t i c  h y d r o l y s i s  a n d  g e l
chromatography. Effects of O-PS were
observed by in vitro experiment, (HeLa cell
culture), and in vivo experiment (rabbit ileal
loop assay).
RESULTS  In vitro and in vivo experiments
with the purified O-PS from Shigella
flexneri-revealed that the O-PS alone was
toxic to Hela cells and caused mucosal
inflammation and hemorrhagic exudation in
ileal loop of rabbit.
DISCUSSION  O-PS might be one of the factors
causing diarrhea and its mechanism was
different from endotoxin reaction of LPS. The
molecular mechanism of O-PS need further
studies.

INTRODUCTION
Shigella flexneri is one of the pathogens which
causes diarrhea and its pathogenic mechanism is
still unclear, even though extensive investigations
were carried out worldwide. It has been known that
the invasive outer membrane protein encoded by
its plasmid DNA plays a primary role in bacterial
infection. The roles of other factors, especially
lipopolysaccharides (LPS), were also better
understood. The specific pathogenesis of O-
polysaccharide (O-PS) which is on the outer
membrane of lipopolysacchrides remains unclear.
To understand the pathogen  esis of the O-PS of
Shigella flexneri, we isolated and purified the O-
PS from Shigella flexneri- 5 M90T and observed
the pathogenesis of O-PS in vitro and in vivo.

MATERIALS AND METHODS
Materials
Strain  Wild-type Shigella flexneri 5 M90T was provided
by Pasteur Institute (French).
Medium  Lauria-Bertani (LB) medium.
Reagents  Proteinase K was purchased from Merck,
Sephadex G50 from Sigma, fetal bovine serum (FBS)
from Institute of Hematology, Chinese Academy of
Medical Sciences, 1640 medium from GIBCO, and
nuclease from Huamei.

Methods
Preparation of O-PS   Cultivation of bacteria
and harvest. A single colony of Shigella flexneri-
5 M90T was inoculated onto LB plates, incubated
at 37  overnight and harvested into a clean
centrifuge tube. The bacteria were washed with
20 mmol/L Tris-HCl (pH 7.4) buffer, lyophilised
and ground to powder in a mortar.  Isolation of
L P S  b y  e n z y m a t i c  h y d r o l y s i s  a n d  g   e l
chromatography[1,2]. Bacterium powder (25 mg)
was suspended in 1.0 mL ddH2O, boiled for 15 min
and centrifuged to remove cell debrits. The
supernatant was added with DNase (50 mg/L) and
RNase (100 mg/L) and incubated at 37  for 1
hour,  then added with proteinase K (1mg),
incubated at 60    for 1 hour, boiled for 5 min
and centrifuged for supernatant. The supernatant
was then dialyzed against ddH2O overnight and
centrifuged again. The supernatant, the crude LPS,
was separated by a Sephadex G50 chromatography
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column with elution of ddH2O. The first peak was
collected, lyophilized and stored at 4 . 
Preparation of O-PS by acid hydrolysis[2,3]. LPS
was hydrolyzed in 1% acetic acid at 100  for 2
hours. The solution was then centrifuged and the
s u p e r n a t a n t  w a s  s e p a r a t e d  b y  g e l
chromatography and O-PS was collected as
described above.

Quantification of carbohydrates by the sulfuric
acid-phenol method[4] A proper amount of O-PS
was dissolved in 2 mL ddH2O, mixed well with 1
mL 5% phenol and then added with 5 mL sulfuric
acid .  The mixture  was  incubated a t  room
temperature for 10 min and transferred to 25 -
30  wate r  ba th  fo r  10  min-20  min .  The
carbohydrate content was quantified by mea
suring absorbance at 480 nm with 10 mg/L-100
mg/L rhamnose as standard.

Antigenicity measurement of O-PS by ELISA
Rabbit antisera against -Shigella flexneri-5 M90T and
enzyme-conjugated goat antirabbit IgG were added to
the plate coated with 50 mg/L O-PS. The antigenicity of
O-PS was determined by color reaction density after
adding TMB.

Effects of O-PS on HeLa cell  With 1640 medium
containing 10% bovine sera, penicillin and
streptomycin, HeLa cells were cultured into
monolaye  r and transferred into a 12 hole tissue
culture plate. When cells grew onto the plate walls
and formed small clumps, the medium was replaced
by fresh one. O-PS was added to each hole to reach
a final concentration of 100, 200, 500 and 1000 µg/
L respectively and incubated under 5% CO2 at 37

. Growth and morphology of the HeLa cells were
observed every 24 hours.

Rabbit ileal loop assay  Rabbits were fasted
for 24 hours. The rabbit ligated ileal loops (5 cm)
w e r e  p r e p a r e d  i n  r a b b i t s  ( w e i g h t  2  k g )
anesthesized with procaine hydrochloride by local
infiltration. Twenty µg O-polysaccharides in 0.5
mL saline was injected into the loop. Rabbits
were sacrificed 24 hours later. Portions of tested
loops were taken and fixed in 10% buffered
formalin immediately. The pathologic slices of the
s p e c i m e n  w e r e  p r e p a r e d  w i t h  s t a n d a r d
procedures.

RESULTS
Purification of O-PS from Shigella flexneri 5 M90T
Separation of the crude O-PS by Sephadex G50
showed three major peaks of carbohydrates
measured with the sulfuric acid- phenol method
(Figure 1). According to   references[3] and the

molecular weight, the peak I was thought to be
the long-chain O-PS.This was confirmed by
ELISA analysis which gave rise to positive
results with peak I by using antisera against -
Shigella flexneri- 5 M90T. On the contrast, peak
II yielded negative results with ELISA analysis.
Peak III  was not  analyzed due to i ts  small
amount and low molecular weight. Therefore, it
i s  p laus ib le  tha t  peak  I I  and  I I I  were  the
fragments generated in acid-hydrolysis. Peak I
is the O-PS based on its molecular weight and
antigenicity.

Figure 1  The curve of carbohydrate content quantified.
The crude O-PS was separated by Sephadex G50 with elution of
ddH2O.

Toxicity of O-PS to HeLa cells
The toxicity of O-PS to HeLa cells demonstrated as
cell shrinking and falling off from plate walls within
48 hours. The cytopathic effect of HeLa cells was
positively related to the concentration of O-PS in
medium (Figure 2).

Effects of O-PS on ileal loop of rabbits
After 24 hours of injection of 20 µg O-PS into ileal
loop of  rabbit ,  mucosal  inf lammation and
hemorrhagic exudation in ileal loop of rabbit could
be observed. When observing the pathologic slice
of the specimen under light microscope, we could
see inflammatory reaction, the mucosa and
submucosa had moderate to severe hyperemia and
infiltration of neutrophils and lymphocytes, the
muscularis and serosa had mild hyperemia and
infiltration of white blood cells. There were necrotic
substances and hemarrhage in the lumen.

DISCUSSION
Shigella flexneri is an intracellular pathogen which
causes acute inflammation by infection of the
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mucosal membrane of the large intestine and
damages the mucosal epithelial cells, leading to
ulcer. It has been shown that the infection of
Shigella flexneri is accomplished by releasing the
across membrane signals which induce aggregation
of actin and polymerization of myosin to trigger
the endocytosis .  This wil l  bring about the
breakdown of membrane and allow bacteria to get
into cells, proliferate and move in cells, diffuse
into surrounding cells and eventually kill the cells
infected by inhibit ing respirat ion [5].  These
functions were dependent on the presence of O
antigen and involved in form a “tail-like” actin
structure on the bacterium surface as a motile
appratus. As for the infection of Shigella flexneri,
LPS plays an important  role in ind  ucing
inflammation. For example, antibodies against LPS
showed protective effects for inflammatory
reaction and the mutants defective in O-antigen
can not cau  se keratitis in guinea pigs, although it
is able to invade HeLa cells. However, little is
known about the roles and mechanisms of LPS
played in the infection of cells.
        LPS of gram negative bacteria is composed of
lipoid A, core polysaccharide and O-PS. Among
them, lipoid A, the principal component of LPS,
causes pathological or physiological damages by
inducing some cellular factors[6]. But O-PS is
generally thought to determine the antigenicity of
the bacterium and its res  istance to the defendance
of the host cells[7]. In recent years, the specific
pathogenesis of O-PS has received increasing
attention worldwide[8,9]. There are reports using
whole baterium in the research, but the role played
by each  component  of  LPS has  no t  been
distinguished. For example, enteroinvasive
Escherichia col i   (EIEC) can be s t rongly
recognized by the antisera against O-PS, suggesting
that the structure of O-PS may be related to its
toxicity. The Shigella vaccine of the same serotype
was efficient; the mAb against O-PS of Shigella
flexneri could inhibit contact hemolytic activity[10].
All these indicate the importance of O-PS in
pathogenesis of Shigella flexneri. Therefore, it is
important to investigate the pathogenesis by using
purified O-PS.
      In this paper, we studied Shigella flexneri
pathogenesis by using purified O-PS both in vitro and
in vivo. We have modified Eidhin’s method to
improve the preparation of crude LPS by conducting
additional steps of nuclease digestion and Sephadex
G50 gel chromatography. The experiment showed
that M90 O-PS alone was toxic to HeLa cells and
caused mucosal inflammation and hemorrhagic
exudation of ileal loop in rabbits. It appears that the
toxicity to HeLa cells and ileal loop pathogenesis
resulted from a common factor. Our experiments

Figure 2  Effect of various doses of O-PS on HeLa cell.
Normal HeLa cells (A), and HeLa cells in the medium containing
1000 (B), 500 (C), 200 (D), 100 (E) µg/mL O-PS respectively.
×200



showed that Shigella flexneri O-PS may also be one of
the factors which cause diarrhea. However, its molecular
mechanism is still nuclear and need further investigations.
The methods and results presented in this report provide
a basis to study diarrhea   pathogenesis and a new thought
to develop diarrhea vaccines.
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