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ABSTRACT

In a praviaus study we demonstrated the ability of Shigellsa
dyvsenteriag type 1 ¢grown under stringent culture conditions toO
agglutinate mammalian erythrosytes. In this study we attributed
the hemagglutinating activity (HA) to the polysaccharide tfraction
of bacterial cell lipopolysaccharides (LP3). ~LPS cbtained from a
rough mutant strain of 5. dvsenteriae type 1, lacking the
0 antigen polysaccharide side chain, failed to agglutinate
erythrocytes, which clearly demonstrated the link between the
O antigen polysaccharides and the HA. Smooth strains. even when
not expressing Ha. firmly adhered to cultured Henle Intestinal
407 cells, compared wWwith poor binding by rough strains.
Pretreatment of bacteria with lipopolysaccharide specific
antisera inhibited both HAa and binding to cultured humain
intestinal cells. The contribution of the polysaccharide side
chains (and its relation to HAI--which appear to facilitate
binding to cultured cells--to bacterial attachment to colonocytes
and to the pathogenesis of shigellosis in viwve, needs to be

confirmed in animal studies.
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INTRODUCTION

Shigella dvsenterias Lype 1. the most pathogenic among the
genus Shigella, is responﬁiblé for major epidemlcs of bacillary
dysentery in developing countries (1.24). The ability to invade
and multiply within host colonic epithelial cells 1is pathognomic
of shigellae (21). Additional factors which may contribute to
virulence include lipopolysaccharides (LPSY, outer membirane
proteins and Shiga toxin, although their precise relative role is

far from clear.

Bacterial adhesion to epithelium of mucosal surfaces 1is an
essential step in the patﬁogena$is of many diseases, including
enteric infections (3). This process is either mediated by
fimbriae, flagellas, capsule, alvcocalyx, lipopolysaccharide
(LPS)Y, nonfimbrial adhesin or lactin (25). The attachment of
shigella to host cells has been reported; strainsg of
&, Flexneri type lb adhere to guinea pig colonic cells (Le) and
8. Flexneri type 5 to Heba cells (31). We have recently shown
that &. uwﬁéntariae type 1 and . Flexneri strains agglutinate
mammalian erythrocytes, and that the hemagglutination (HA) was
resistant to D-mannose and sensitive to N-acetylneuraminic acid.
N-acetylneuraminlactose,., and alwglycoprot@in. Nog fTimbria was
observed by electron microscopy in &. dvsenieriae type 1 strains

that were positive for Ha (33). In the present study wWe have

N
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characterized the hemaggliutinin of &. dvsenterias Lype 1 and

examined its relationship to adherence of hacteria to cells

cultured in vilro. ICDDR.B LIBRARY
DHAKA 12123

MATERIALS AND METHOD

Bacterial strains. Shigella strains included 1n tha study were
abtained from diarrheal patients attending the Clinical Research
Centre (CRC) of the International Centre for Diarrhoeal Disease
Research, Bangladash (ICDDR,BY, Dhaka. 5. dysenteriie type 1
strain 14731 was used for extraction of cell-surtace components,
and results were confirmed with three others {12588, 3351 and
26406). Non-pathogenic £. coli OB:K2D (strain 346000) and a rough
mutant of &. covsenteriae tvpe i (strain &60R) were obtained from
the Centers for Disease Control, Georgia, Atlanta. Another rough
mutant of &. dvsenteriae type 1 (strain PSD~-10} (153), was
obtained from Khaleda Haider ({(ICCDR,B). Seraeny’ s test (37) and
congo red binding assay (34) weres used tb confirm the virulence
of strains. Bacterial cell surface hydrophobicity was measured
using the salt aggregation test (SAT) {Z4). Bactaeria wsre

stained with India Ink to detect slime (111.

Media and storage. Bacteria stored at 'YOOC wWere subcultured in
trypticase soy (T$) agar and grown in Casamino acid-yeast extract
(CYE)} broth medium in the presence of 1 mM calcium chloride for

22 h at 379C to express HA properties (33). Bacteria were either
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arown in screw cap test tubes containing 5 ml of medium for HA&,
or in S00 mi bottles (Gibco Diagnostilcs, Madison, Wis.}?
containing 150 ml of medium for extraction of bacterial
components. Shigellae were also cultured in flasks. in T8 agar
or in TS broth, conditions that do PNot express nemagglutinating
property (33).

HA assays. HA was carried out on slides (2Z), Oor 1in U*bbttom
microtitre platés (Cooke, Alexandria, Va.) using 0.5% (vol/vol)
ervthrocytes. Thirty wwl of 2-fold diluticns of bacterial
components were mixed with an equal volume of guinea oig
erythrocytes (0.5%, vol/voll. The plates were sealed and
imcubated for 1 h at room temperature with shaking (180 rpm on &
rotary shaker). Results were recorded after 30 min and scored
as positive when the erythrocyte suspension was distributed over
the bottom of the wells, and negative when a red button was
clearly visible. Titers wsra recorded as the arithmetic.meaﬂ of
the minmimum concentration of material at which HA was clearly

visiblae. HA was tested with guinea pig, human {types A,B,0),

monkey. rabbit and sheep erythrocytes (33). In most ABSAYS
however, guinea pig and human (type 0O) erythrocytes werse used.
Inhibkbition of HA. Inhibitien of HA was tested with 1%

N~acetylneuraminic acid (Sigma), 1% fetuin (from fetal calf
serum, Sigma) and other carbohydrates (33). Inhibition by LPS
spacific rabbit antibody was restad after incubation with test

material for 1 h at 37°C.



Extraction and purification of bacterial components. T
determine whether in &. dvsenteriag type 1 HA was mediated by
protein, extraction methods used for £. coli were utilized
(14,35). For isolation of the hemagglutinin, outer mambrane
protelns were also prepared by either a lysozyme and EDTA
extraction procedure (17), or a simple buffer extraction
technigue (2%). LPS was extracted with hot phenol water (43). and
purified by ultracentrifugation at 100,000 X ¢ for 4 h. Nuclelc
scid contaminants in LPS (5-10 mg/ml) were removed by Lreatment
with deoxyriboruclease and ribonuclease (Sigma) (20 upg/ml), and
protein contaminants. by- treatment with Proteinase K (Sigma)
(100 pg/mil. LPS was collected by centrifugation at 100,000 X g

for 4 h.

Delipidation of LPS. LPS from &. dvsenterias type 1 strains was
delipidated (27) by refluxing in 1% (vol/vol) acetic acid.
The agueous laver was lyophilized, resuspended 1n water and
centrifuged at 100,000 X ¢ for 4 h to remove unhydrolysed LPS.

After lyophilization, the material was dialyzed against PBS and

used Tor HA assays.

Cell debris from bacteria grown in CYE medium_weré removead
by centrifugation at 8000 X g for 30 min. The clear culture
supernatant was collected, passed through a membrane filtgr
(0.45 pm, Millipore), dialyzed for 24 h against deionized water

and lyophilyzed. culture supernatants prepared 1n this mannsr



are referred Lo as "cg" in the rest of the text. Uninoculated

sulture medium, treated as above. was used as control.

components used for HA assays described balow were fresze
dried and reconstituted in PBS. Erotein sstimation was done by
the dye binding method (2}, and carbohydrate content in LPS was
determined by the phenol-sulfuric acld method (10). Purified LPS
and other LPS containing fractions were guantitated on the basis
of carbohydrate content rather than dry welght. To further
confirm the presence of LPS, the content of P-keto-3-daoxy-
octulonate, a core sugar in LPS., was estimated (QZ). LPS was
also detected in fractions by the Chromogenic timulus Amosbocyte
Lysate method (LAL) (Whittaker Bioproducts, Inc. Walkersville,
M. ) using LPS from &. coli 055-B5 as standard (32). Sialic acid
content in materials was assayed (38) using N-acetyl neuraminic

acid as standard.

Gael filtration. Culture supesrnatants were Tractionated on
Sepharose 4B (74 x 2 cm; (Pharmacia Fine Chemicals. Ino. .
Uppsala, Sweden). The elution volume was 108 ml for Blue dextran

{Pharmacia), and 118 ml for LP3. from &. Jvssntierias type 1
strains. Fractions were assayved for protein (at 280 nm) and for
carbohydrate content {10). Fractions were pooled, lyophilized

and tested for HA activity.
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Analyses of LPS and proteins. Fractions were analvzed after
electrophoresis on polyacrylamide gels (13.5%) in the presence of
sodium dodecyl sulfate (20). cels were stained with 0.2%
coomassie blue to detect proteins and silver nitrate for LPS

{39).

Enzyme treatment. suspensions of 5. dvsenteriae type 1 (1 x loio
CFY)Y in 0.5 ml of PBE were treated with 50 uwg of trypsin {Flow
Laboratories.Herts, England}! or 100 ug of proteinase K and

incubated for 4 h o at 3700. culture supernatants and LPS were

also treated similarly.

Guinea pig erythrocytes (30% vol/vol) were treated with 100
to 1000 milliunits of neuraminidase obtainsd from elosbridium
perfringens (Sigma) and incubated as described above before

testing for HA assavs.,

Antibodies. New Zealand white rabbits were immunized twice
subcutansously with €3 (100 pg) mixed with Freund’s complete
adjuvant, at ten days interval, followed by a third dose
(150 ug), fTiftesen days later. Serum was collected one weesk
after the last injection and stored at -20°¢., The rabbit
antibody titer to &. dJdyvsenieriae type 1 LPS (antl-C5) was
determined by ELISA (24) using LPS purified from &. dvsenteriaes
type 1 (25 pg/ml) as source of antigen: it was found to be
2.5%6 X 104. For absorption studies, serum {1 ml) was incubated

with 3 mg of 8. dysenteriae type 1 LPS for 1 h at 37°9C and then



overnight at 4°¢. after incubation. the absorbed sarum was
centrifuged at 35,000 X ¢&. Canvalescent sera eollected 21 dave
after onsat of infection in 3 adult patients with &, dvsenteriae

type 1 were also included in the study.

Crossed immunoelectrophoresis and double immunodiffusion.
Crossed immunoelectrophoresis (41) was performed con glass plates
(5 % 5 cm) with agarose (1%) in Tricine puffer (pH £.7). Double

immunodiffusion wag carried out according to Ouchterlony (30) on

microscopic glass slides.

Bacterial adhesion to cultured epithelial cells. Henle
intestinal 407 cells (Int.407) (Flow laboratories, Inc.. Herts.
England) were maintained 1in Basal Eagle Medium (Flow)
supplemented with 13% nawborn calf serum {(Flow}) and 2 mp
glutamine. Ccells were seaded with 1 X 10% in culturé vials
{Kimble, Toledo, 0Ohio) containing cover siips {(diameter 12 mM).
After 18 h cells were inoculated with 100 pl of bacterial
suspensions containing 1 x 109 CFU and centrifuged at 500 X g for
10 min at 49C. The vials were ihcubated for a further 20 min at
37% in 3% CO, and then washed 10~times 1in PES fTo remove non-
adherent bacteria. Cover slips were fixed with metharnol. stained
with Giemsa and examined under a microscope (X1000). Both HA
positive and HA negative strains of &. dyvsenterize type 1 Were
included. In addition asmooth Corngo red HA negative and HA

positive strains (34), and rough mutants of &. ovsenteriae



type 1 strains ware also examined in the adhesion assays

{Table 2. The effect of serum, bacterial components,
carbohydrates, proteins. and enzymes on the adhesion of bacteria
to Int.407 was determined {(Table 3. For each assay bacteria
adhering to 10 infected cells were counted ahd the number of
bacteria adhering per cell was calculated. The mean  and +
standard error of bacteria adhering per cell from five =zsparate
experiments were calculated. Extent of adhesion under different
conditions was expressed as the percentage of binding compared
to that of the HA positive control strain 14731. Student’s t
test was used to calculate differences in adhesion due to the
effect of wvarious pretreatments. = vaiuas exceeding 0.05% were

considerad not significant.

Bacterial adhesion to immobilized mucin. Human mucin (extracted
from a human colon at post-mortem)} was fractionated (20 mg/ml)
on a column of Sepharose 4B (2.2 =% & cm). Fractions eluting in
the region of Blue dextran (60 ml) were dialvyzea agalinst PBS and.
lvophilized. For immobilization purposes, 0.5 ml of human mucin
(1.5 mg/ml) was immobilized (8) on culture vials containing cover
slips. Adhesion assays with bacteria were carried out as
described above and adhesion was axpressed as the numbsr of

adherant bacterla per g mm.
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RESULTS

Extraction and purification of the hemagglutinin. The oguter

membrang proteins and cell surface proteins of &, dvsenteriae
type 1 strain 14731 prepared by different methods did not
agglutinate srythrocytes 1in protein concentrations of up to
10 mg/ml, either on slides or in microtitre plates. Treatment of
| hemagglutinating bacterla Wwith terypsin or proteinase K had o

effect on the HA nor did pretreatment of erythrocytes with

neuraminidase.

Culture supernatants of 8. Jdvsenterige type 1 strain 147371
grown ir the CYE medium caused HA at concentrations of 52.6 upg/ml
and above {(Table 1). Heating CS at 100°C for up to 30 min or
treatment with trypsin or proteinase K had no effect on the HA.
When ©C5 was fractionated through a column of Sepharose 4B, HA
(30.6 ug/ml) was detected in materials eluting {(Pool-i, fractions
90-115% ml) at a wvolume similar to the region at which LPS
(118 ml) from &. dyvsenteriae type 1 was eluted. Subsequent
fractions (230-380) did not contain HA activity. FPool-1
contained high concentration of carbohydrates (1.05 mg/ml) but
relatively low concentration of protein (0.126 mg/ml). Pool- 1
showed & reaction of identity with LPS when analvzed by double
immunodiffusion by the Ouchterlony’s method against rabbit (anti-
C8%) serum.- €%, Pool-1 and LPS; showed similar types of
precipitin lines when analyzed against rabbit (anti-C5) serum by

crossaed immunoelectrophoresis. Pool-1l gave a positive reaction
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wWith thiobarbitauric acid confirming the presence of KDO and was
positive in Limulas amoebocyte Lvsate assay indicating the
presence oOF endotoxin (detected up to a concentration of
50 pg/mil). Heat treatment or treatment with proteolytic enzymes
did not affect H& activity. These results confirmed that Pool-l

contained LS.

purifisg LPS obtained from &. dvsenteriae type 1 strain
14731 agglutinated erythrocytes (Table 1). Treatment with heat
or BRIYyNes did not decrease activity. The HA activity of C&.
Pool-1 and LPS {up to 80 ug/ml) was completely inhibited by
rabbit (anti-C3) serum (1:100 dilution in PBS). Serum absorbed
with LPS however did not inhibit the HA of these preparations.
These reéults confirmed that the HA in cell-free cultures of

&, dvsenteriae type 1 was associated with LPS.

Similtar results were obtained with C3 and LPS derived Tfrom

HA positive &. dvsenteriae type 1 strains 12588, 3351 and 264064.

Pre-treatment of LPS, CS and Pool-l with N-acetyl naeuraminic
acid or fetuin resulted in loss of HA activity. Polysaccharides
obtained by delipidation of LPS showed the highest HA activity
J(Table iy, LPS obtained from &. sonnei, &. bopdii. rough mutant
of &. dvsenterias type 1 PSD-10, £. coli 055-85% or non-pathogenic
E. rcoli Q8-K25 failed to show any HA activity (Table 1). LPs

obtained from &. dvsenteriase type 1 strains cultivated under non-

12



Ha conditions were navertheless positive for HA in mictrotiter

nlates. LPS from HA positive and HA negative strain of 14731 of
5. dwsenteriss type 1 showed the same pattern on silver-stained
polyacrylamide gel. Culture supernatant appeared similar but with

more bands staining in the high molscular mass region (94-

43 KDal).

Strains of &. dvsenieriae type 1 groun in the CYE broth
medium contained slime as detected microscopically with the India
ink stain. This was more apparent in bacteria which had been
cultured longer than 18 h. Hemagglutinating strains always
contained high amounts of slime cohparad to non-hemagglutinating
cultures. The SAT value or &. dvsenteriae type 1 strains in the
CYE medium was féuhd to be 2.0 M, whereas in T84 or 75 broth, 1t
was 1.5 M. This showed that there was a decrease in surface
Ffydrophobicity. The praesence of glime, however, did not affect
agglutination of the bacteria in O-antigen spacific sera.
Agglutination of erythrocytes by strains of &. dvsenlerliae
tyvpe 1 was also visualized under the microscope {(X10). It was
found that slimy material present in cultures agglutinated
ervithrocytes, forming large aggregates {300 um to >500 um}.
Small aggregates of ervthrocyies were also present bﬁt these wers
anly wvisible microscopically. The small agaregates were alsc
observed Nith LPS and CS when examined microscopically. wWhen
cultures of HA positive stralns ware shaken in PBS for 1 h,
cantrifuged and retssted, HA could not be detected sither by

slide agglutination or under the microscope.

13



Bacterial cultures, PES extracts. €5 and LPS did not

contain sialic acids when tested by the resorcinol-HC1 method

(38).

Adhesion to Int.407 cells. Wnen incubated. with Int.407 cells
for 20 min at 379C the HA positive strains of 8. dvsenterlas
type 1 showed fTirm adherence {Table 2) (Fig. 1B)}. When
incubation of bacteria with Int.407 cells was allowed Lo prodursss
lonaer, cell invasion occurred {(Fig. iCchy. Adhesion was also
temperature-dependent; bacteria cultured at 37°C adhered better
than those grown &at 20°C. Adhesion to Int.407 cells was not
uniform: more bacteria adhered to some cells than to others.
INnt.407 cells grown fTor 18 h on coverslips were better suited
for this assay than cells grown for 40 h and longer. Smooth,
Congo red positive and negative strains, grown under
hemagglutinating or non-hemagglutinating conditions, egually
achered to Henle 407 cells. In contrast,., rough mutants of

&, dvsenterize type 1 showed poor binding (Table 2).

Binding of strains of S. dvsenieriae type 1 to Int.d407 was
completely inhibited by pretreatment of cells with homologous
LPS {(Table 3I) at a concentration of 0.18 mg/ml. CS at & similar
concentration inhibited approximately 60% of adherence. Human
convalescent sera and rabbit (anti-~C3) serum also inhibited to
some extent bacterial adhesion. When Int.407 cells were treated

with wheatgerm agglutinin, binding of bacteria was reduced to 1lé%

14



of control. Protease and neuraminidase Lreatment of the
intestinal cells also reduced considerably the numbers of binding
bacterlia. Howaver, the presence of human mucin increased the
binding of the bacteria to Int.407 celis (174%). Thus., various
pre-treatments {Table 2) significantly affected the adhesion of
&, dvsenteriae type 1 to Int.407 cells (p valuas ranging from

0.01L to <0.0013.

Binding to mucin. Strains of &. dvsenterise type L also cound
ta immobilized human mucin {average of 1.2 X 104/sq~mmj (Fig. 1D)
Binding of bacteria to Int.407 cells in the presence of MU

could not be inhibited by any of the above conditions.

DISCUSSION

The resyults show that HA& activity of 8. dysenteriae type L
ie associliated with lipopolysaccharide present in culture
supernatants and with LPS purified from the bacteria. NO
proteins were linked with LPS in this interaction since heat or
proteases did not affect the HA apbility of purifisa LPE or
components separated from the culture supernatant. The
sbservation that rabbit serum ralsed against €S inhibited this
activity, and absorptionm of the LPS antibodies removed this
inhibition, further confirmed the role of LPES 1n the

agglutination of erythrocytes.
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LPsS in general are known Gto be cyvtotoxic to macrophages,
polymorphonuclear leukocytes, platsliets, B-lymphocytes and
fipbroblasts (4). 'LPS from &. sonnel stimulates human mononuclaar
leucocytes to produce & strong procoagulant activity (26). In
addition LP3 has been suggested to play a role in intravascular
coagulation 1n sepiicemia due Lo gram-negative bacteria and to be
involved in complications arising from severs shigellosis (18).
Studies have suggested that LPS released from bacteria in the
culture medium is more potent than LPS extracted firom cell
surfeces using chemical means (35). In this study, however. the
extractead LPS from bacterial cell surface had nigher activity.
which possibly is because protein components complexed with LPS

were not reaquired for the HA activity.

The agglutination of erythrocytes by LPO from 8. dyvsenteriae
was a highly specific process and possibly involvaed the
O-antigenic carbohydrate side chains. Polysaccharides separated
from the Lipid A component of LPS also aggiutinatsd erythrocytes.
It was not possible to test Lipid A for HA because of its
insolubility in agueous solutions although this component is
kKnown to have affinity for cell membranes (4). .LPS extracted
from the rough mutant of &. ovsenteriae type L PSD-10 which is

deficient in polysaccharide side chains {(15) showed nio

o

gaiutinating property. The rough strains also exhibited poor

adherence to Int.407 cells.
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LPS derived from smooth strains inhibited adhésion of
5. dysenterise type 1 to Int.407 cells. Izhar et al. (16) have
showr that LPS from &. Flexperi 1lb irhibited the binding of the
homologous strain to guinea pig colonic cells. which =suggested
that the LPS is the component responsible for adhesion. But,
since treatment of bacteria with proteases did not result in loss
of binding whereas treatment of the epithelial cells led to a
1oss of affirmity. these workasrs concluded that the adhesin was
present on the surface of the host cells. Our results however,
indicated that the heat- and protease-resistant adhesin for both
erythrocvtes and for the cultured epithelial cells was assoclated
with the LPS. It has been shown before that only smooth strainsg
of &higella {21,40) are virulent altnough an exact Functlon was
not assigned to LPS. in Saimonella tyvphl however, it was shown
that amooth LPS is necessary for adhesion and invasion (28B). LPS
obtained from strains of 8. sonnesil form 1. 8. bovdii type (1-86)
and from &. coli (Q8:K25 or 055:B5) under the same culture
conditions did not agglutinate erythrocytes. which possibly

points out to the non-hemagglutinating nature of these organisms

(337,

HA activity of &. dvsenterfas type 1 is sensitive to sialic
acids (323) and the hemagglutination assgclated wilth the LPE was
also sensitive to sialic acid or to fetuin cobtained from TfTetal
calf serum, a sialic acid (5.7% NANA) containing protein. This

suggests that the LPS binds to sialic acid containing receptors

17



on eryvthrocytes. The pinding of protein adhesins to erythrocytes
is mediated wvia receptors (22.,23) containing specific
carbohydrates including sialic acids, wWwhich may or may not be
sensitive to sialinidases such as neuraminidase {(13,14.22,23).
wWe have demonstrated that treatment of ervthrocytes with
neuraminidase from Clostridium perfringens did not decrease the
affinity of the hemagglutinin to erythrocytes, while similar
treatment of the cultured intestinal cells resuited in a marked
decrease in binding of the bacteria as has been reported in other
interactions. The reason for the resistance of erythrocytes to
treatment with neuraminidase is not clear. but indicates that.
possibly. the enzyme has no effect on the LPS binding site.
Dther proteolytic and hydrolytic ehzymeﬁ have to be tested to
further characterize the hemagglutinin binding site on the

surface of ervthrocytes.

Adhesion to Int.407 cells of &. dvsenterliase type 1 requirss
less stringent conditions than hemagglutination. Strains
cultured in trypticase soy medium or in casamino acid-ysast
extract medium showed almost similar degree of adhesion to
Int.407 cells. Trhar &f al. (16) have also shown that non=
hemagglutinating and non-piliated strains of 8. Flexneri lb bind
to guinea pig colonic cells suggesting that the occurrence of HA
activity in these strains is not é pferequiaite for bacterial
adhesion. We have found that both virulent and avirulent smooth

straing showed similar binding te cells. Adherence of a virulent

18




strain of &. flexneri type 5 to Hela cells, however, Was 16-fold
higher than that of the smooth avirulent isogenic mutant (31}, a
characteristic which wWas protein dependent. We have earlier
showﬁ that strains of Shigella Flexneri (types la. lb, 23, 20
have HA properties when grown under similar conditicns as that of
8. dvsenierias type L (33). It iz possible that Shigslla spp.
may express a number of adhesins under different cultural
conditions. The association of adhesins with LPS is less common
than Qith protein: other bacteria in which adhesins were shown to
he associated with LPS include campylobacter Jjejuni (25),
v, cholerae (6Y, &. tvohi (28), and £. cgli F-18 (7). Bacterial
glycocalyx were also shown to contribute to the binding of zoma
£, ool to host surfaces (5,14,19). We suggest that the CYE
medium stimulates production of slime which is responsipble Tor
agglutinatioh of erythrogytes. The presence of these components,
possibly polysaccharides also result in a decrease of the surface
hydrophobicity measured by SAT. Bactarial slimes can be removed
by heat and by extraction in buffers. Heat treatment of Lhe
.bacteria or extraction in PBRS result in complete loss of HA
activity (33), which suggests that the slime is degraded by such
treatment. Electron microscopic examination of bacteria may help
demonstrate the presence of these substances as has been shown
with some &. coli strains (5,147, It has been suggested
previcusly that shigellae also produce such extracaellular
polvsaccharides (12), however. the chemical nature of the
polysaccharide was not determined. 5 further chemical analysis

of these components is reguired.
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In conclusion, strains af &. dvsenteriae type |1 have
adhesive property which ig associated with smooth LPS ahd the
hemaggiutinating ability 1s only an amplification §r gxpression
of ite ability to bind to host surfaces. This study and those
of Izhar &t al. (léﬁ and Fal and Hale (31) together highlight
the role of adhesins in the interaction of strains of &. Flexneri
and &. owvsenleriae type 1 with host cell surfaces. The
significance of bacterial adhesioen in the pathogenesis of
shigellosis nesds to be clarified in wivgr it is possible that
serospecific LPS antibody which is oftan demonstrated in patients
recovering Trom &. dvsenteriae type 1 and 5. Flexnseri infections
(24)., play a major role in protection against spaciaes and

serotype-specific reinfection by preventing bacterial adhesicn.
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TABLE 1-: Hemagglutinating activity (HA) of bacterial components
nf &. dvsenterias type 1 14731 and LPS of other

stralns
Bact@rial He Minimum concentration
component regulired fo& HA
(pg/ml)
Culture supesrnatant + 52.6 (x 3)
Sepharose 4B Eluate + 0.6 (+ 1.8)
(Pool-13
LPS (from &. dyvsenterise R 18.58 {+ 1.0L1)
type 1)
Polysaccharides (from ' + 3.98 (+ .152)

delipidation of LPS)

LPS {(from £. coli C8:KZ3) - -
strain 36000 '

LPS (from £&. coli 055:83) - -

LPS (from &. seonner Form 1) - -
straln o577

LPS {8, boydii (1-6)} - ' -
strain 23744

LPS (Rough mutant PSDIO) - -

a1l materials were auantified on the basis of carbohydrate
content and results shown are the mean and standard error of 3
axperiments. Comporents negative for HA wers tested up to a

concentration of 10 mg/ml



TABLE 2 : Ahesion to Int.407 cells of hemagglutinating (HA) and
non-HAa variants of strain 14731, compared with 2 rough
mutant strains of &. dvsenteriage type 1, expressed as
mean and standard error (#SE) of 5 experiments

adhesion
*strain No. of bacteriajcell Adhesion P yalue
{+58E) (% of control)

1. Strain 14731, HA 75.8 (7.058) 100%
positive

*2. Strain L4731 HA negative 70.0 (5.69) 92.3 NS#
virulent

3. Strain 14731 HA positive 76.0 (5.09) 100.24 NS
avirulent

4. Rough mutant 12.8 {2.39) 15.5 < .001
P30-1C

5. Rough mutant 15.2 {3.84) z0.0 <. 003
60-R

*Except {?) all strains were girown in CYE medium (33)

¥Not significant (P>0.05)
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TABLE 3 : Effect of various pre-treatment regimes on adhesion of
5. dvsenteriae types 1 strain 14731 to Int. 407

Prae-treatment Conc (/ml) Adhesion Difference
(% of from control
comtrol)* (P value)

Neuraminidase 100 units 20.0 C.C02

treatment

Wheat germ 0.05 ug 16.1 0.001
agalutinin

Mucin 0.05 ug 174.6 0.003
{ human)

LPS 0.18 ug Q.G00 0.000

{(8.dyst.type 1)

Culturs O.18 ug 40.89 0.01
supernatant

¥rapbit (anti CS)serum 35.4 0.006
¥uuman convalescent serum {1) ' i8.46 6.001
! a " (2) 25.1 0.000
" " " (3) 37.9 0.003

X . . . .
Compared with binding of bacteria not treated before adhesion as
shown in Table 2

#ﬁll sera were tested at 1:50 dilution in PBS

FQoimh/B7:a&DHESIN
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ILEGEND TO FIGURE

Fig. 1 : adhesion of &. dvsenteriae type 1 (strain 14731) to
Int.407 after an incubation of 20 min (B) and invasion
(CY after 3 h compared with uninoculated Int.407 cells

(A)Y. The binding to immunobilized mucin is shown in D.
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