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The mechanism of Eikenella corrodens adherence to human buccal epithelial
cells in vitro was studied. Initial experiments to determine the optimal conditions
for adherence of E. corrodens to buccal epithelial cells showed that adherence
was dependent on time, temperature, bacterial concentration, and pH. Different
strains of E. corrodens varied in their ability to adhere, and strain 1073 showed
the greatest ability in adherence. Strain 1073 was selected for studies of adherence
mechanisms. Trypsin treatment or heating (100°C, 10 min) of the bacterial cells
abolished their capacity to adhere to buccal epithelial cells. Treatment of buccal
epithelial cells with trypsin also abolished adherence of E. corrodens 1073,
whereas neuraminidase treatment of buccal epithelial cells enhanced the adher-
ence. The adherence was inhibited by ethylenediaminetetraacetic acid and re-
stored by adding Ca?*. The adherence was remarkably inhibited by sugars
containing D-galactose and N-acetyl-D-galactosamine. Treatment of neuramini-
dase-treated epithelial cells with sodium metaperiodate or a- and B-galactosidase
did not decrease the adherence. These data suggest that adherence of E. corro-
dens 1073 to human buccal epithelial cells may require the interaction of lectin-
like proteins on the bacterial surface with galactose-like receptors on the surface

of epithelial cells.

It is generally recognized that the colonization
of bacteria on human mucosal tissues is an im-
portant step in the infectious process (17, 21).
For successful colonization, selective adherence
of bacteria to host mucosal surfaces is a necessity
(17). Virulent group A streptococci cause phar-
yngitis or nasopharyngitis by the colonization on
the surface of these mucosal tissues (5, 11, 12).
Pathogenic strains of Escherichia coli cause var-
ious infectious diseases by adhering to the intes-
tinal canals (25, 29). These pathogenic organisms
can adhere to other cells as well as pharyngeal
or intestinal cells (1, 2, 7, 12). It has been sug-
gested that a portion of lipoteichoic acids on the
surface of group A streptococci and a lectin-like
substance on the surface of E. coli are involved
in the adherence of these bacteria to human oral
epithelial cells (4, 27).

Eikenella corrodens, a slowly growing, gram-
negative, facultative anaerobic rod, is promi-
nently isolated from deep subgingival plaque in
patients with aggressive or advanced periodon-
titis (32, 34). It was found by some investigators
that monoinfection of germfree, or gnotobiotic,
rats with E. corrodens causes periodontal dis-
ease with severe alveolar bone loss (19, 20, 23;
A.C.R. Crawford, S. S. Socransky, E. Smith, and
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R. Phillips, J. Dent. Res., abstr. no. 275, 1977).
The colonization of periodontopathic bacteria in
periodontal pockets is considered to be an im-
portant step in the etiology and pathogenesis of
periodontal disease. Slots and Gibbons (33) dem-
onstrated that Bacteroides melaninogenicus
and other oral bacteria attached to human cre-
vicular epithelial cells in vitro. The mechanisms
of adherence of periodontopathic E. corrodens
to oral epithelial cells, however, has not been
clarified. We have been investigating the inter-
action of E. corrodens with various human cells.
The study reported here focuses on the mecha-
nism of adherence of E. corrodens to human
buccal epithelial cells.

MATERIALS AND METHODS

Cultures and culture conditions. E. corrodens
1073, 1006, and 1080 were kindly provided by S. S.
Socransky of Forsyth Dental Center, Boston, Mass. E.
corrodens 205, 307, and 408 were clinical isolates from
supragingival plaque in humans. The bacteria were
maintained on tryptic soy agar (Difco Laboratories,
Detroit, Mich.) plates supplemented with 5% sheep
blood (Nippon Bio-Test Laboratories, Tokyo, Japan)
and transferred weekly. Strain 1073 was used in most
experiments.

Bacterial cells used were grown in tryptic soy broth
containing 2 mg of KNO; per ml and 5 ug of hemin per
ml at 37°C under anaerobic conditions (95% N, and
5% CO»). Late-log phase cells were harvested by cen-
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trifugation and washed twice with PBS-Ca (phos-
phate-buffered saline [20 mM phosphate, pH 7.2 and
0.15 M NaCl] with 0.1 mM CaCl,). The final concen-
trations of bacteria used in this study were 10° to 5 X
10° colony-forming units (CFU) per ml.

Oral epithelial cells. Buccal epithelial cells were
collected from one of us (Y.Y.) by gently scrubbing
the inner cheeks with wooden. applicator sticks. Epi-
thelial cells were washed twice in PBS-Ca and resus-
pended in PBS-Ca at 2 % 10° cells per ml.

Adherence assay. The adherence assay by Gib-
bons and van Houte (16) was used with a few modifi-
cations. All experiments were performed in duplicate.
For the assay, 0.5 ml of epithelial cell suspension (2
% 10° cells per ml) and 0.5 ml of bacterial cell suspen-
sion (2 X 10% or 2 X 10° CFU per ml) were mixed in a
tube and stirred by a magnetic stirrer at 37°C for 30
min. The epithelial cells were collected on 12-u (pore
size) membrane filters (Sartorius-Membranfilter
GmbH, Gottingen, West Germany) and washed with
200 ml of PBS-Ca to remove nonadherent bacteria.
The epithelial cells on the filter were suspended in
PBS-Ca, harvested by centrifugation at 200 X g for 10
min, and placed on a glass slide. After drying and
fixation, the preparations were stained with gentian
violet. The average number of bacterial cells that
attached per epithelial cell was determined by direct
light microscopic enumeration of 40 epithelial cells.
Epithelial cells with more than 150 bacterial cells were
assigned a value of 150. Bacterial counts of control
epithelial cells incubated only with PBS-Ca were per-
formed in a similar manner to detect the number of
indigenous bacteria present before exposure to E. cor-
rodens.

Trypsin treatment of bacteria. PBS-washed bac-
teria (5 X 10° CFU/ml) were treated for 1 h at 37°C
with 0.5 mg of trypsin (Mochida Pharmaceutical Co.,
Tokyo, Japan) per ml in PBS (pH 7.2). Control sus-
pensions without trypsin were incubated simultane-
ously under similar conditions. The trypsin-treated
bacteria and control bacteria were washed three times
in PBS-Ca and compared with the standard adherence
assay.

Enzymatic treatment of epithelial cells. Ac-
cording to the experimental schedule, epithelial cells
(10° cells/ml) were treated for 30 or 60 min at 37°C
with trypsin (2 ug/ml in PBS), pronase (2 pg/ml in
PBS), neuraminidase (0.2 U/ml in 20 mM acetate
buffered saline, pH 5.8), or enzyme-free buffer. The
epithelial cells were then washed three times and
resuspended in PBS-Ca, and adherence was deter-
mined as described above. A part of the neuramini-
dase-treated epithelial cells (10° cells/ml) was in ad-
dition incubated at 37°C for 1 h with a-galactosidase
(0.5 U/ml in PBS), B-galactosidase (0.5 U/ml in PBS),
or PBS. The cells were then washed and resuspended
in PBS-Ca, and adherence was determined. Pronase
was obtained from Kaken Chemical Co., Tokyo, Ja-
pan. Neuraminidase of Clostridium perfringens (type
VIII), a-galactosidase of green coffee beans, and S-
galactosidase of E. coli were purchased from Sigma
Chemical Co., St. Louis, Mo.

Periodate oxidation of epithelial cells. The sus-
pension of natural or neuraminidase-treated epithelial
cells (10° cells/ml) was incubated with 10 mM sodium
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metaperiodate (Wako Chemical Co., Osaka, Japan) or
PBS for 10 min at room temperature by the method
of Ofek et al. (28). The cells were then washed three
times with PBS-Ca, resuspended in PBS-Ca, and used
for the adherence assay.

Saccharide inhibition. The effect of saccharides
on E. corrodens adherence to buccal epithelial cells
were determined by incubating 0.25 ml of bacterial
cell suspension (4 X 10° CFU/ml) with an equal vol-
ume of either sugar solution (200 mM) or PBS-Ca.
After 30 min at 37°C, 0.5 ml of epithelial cell suspen-
sion (2 X 10° cells/ml) was added, and the mixture was
incubated again for 30 min at 37°C. Adherence was
determined as described earlier. The following saccha-
rides were used for inhibition studies: D-glucose, b-
fructose, D-galactose, D-mannose, L-fucose, N-acetyl-
p-glucosamine (Wako), N-acetyl-D-galactosamine, or
melibiose (Sigma).

RESULTS

General characteristics of E. corrodens

adherence to buccal epithelial cells. Our in-
itial studies were primarily concerned with de-
termining the optimal conditions for adherence
of E. corrodens to buccal epithelial cells. The
optimal time of incubation was determined by
incubating epithelial cell suspension (10° cells/
ml) with bacterial cell suspension (10° CFU/ml)
for various periods of time at 37°C (Fig. 1).
Adherence was greatest after incubation for 30
min,
To determine the effect of temperature on
adherence, we incubated the bacteria (107 to 10°
CFU/ml) and epithelial cells (10° cells/ml) in
PBS-Ca for 30 min at 4, 20, and 37°C (Fig. 2).
Adherence of E. corrodens 1073 to buccal epi-
thelial cells was greater at 4°C than at 20 or
37°C when the bacterial concentration was 10°
or 10° CFU per ml of incubation mixture.

To determine the effect of pH on adherence,
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F1c. 1. Effect of incubation time on adherence of
E. corrodens 1073 to buccal epithelial cells.
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Fi1G. 2. Effect of temperature on adherence of E.
corrodens 1073 to buccal epithelial cells. Symbols:
O, 4°C; @, 20°C; X, 37°C.

the bacteria (10° CFU/ml) and epithelial cells
(10° cells/ml) were incubated for 30 min at
37°C in different buffers over a pH range of 4 to
9 (Fig. 3). Adherence of E. corrodens 1073 to
buccal epithelial cells was maximal at pH 5.0
and declined significantly at pH values below
and above this pH. At a pH of 4.0 adherence
could not be detected.

Adherence of different strains of E. cor-
rodens. To determine whether strains of E.
corrodens differed in their ability to adhere to
buccal epithelial cells, we tested six strains (Ta-
ble 1). The number of bacterial cells attached
per epithelial cells ranged from 10 to 80. Strain
1073 showed the highest ability to adhere.

Effect of EDTA and divalent cations on
adherence. The adherence of E. corrodens
1073 to buccal epithelial cells was almost in-
hibited by 0.1 mM ethylenediaminetetraacetic
acid (EDTA) (Table 2). The addition of 0.2 mM
Ca’ to the incubation mixture not only pro-
tected the adherence from EDTA inhibition but
also enhanced the adherence 2.5 times. At this
concentration, Mg** or Mn®* did not protect the
adherence from EDTA inhibition.

Effect of trypsin treatment and heating
of E. corrodens cells on adherence. To deter-
mine which bacterial surface components might
be important in adherence, we conducted two
treatments of the bacterial cells (Table 3). Heat-
ing (100°C, 10 min) and trypsin treatment of the
bacteria before incubation with buccal epithelial
cells each caused a 90% decrease in adherence.

Effect of enzymatic treatment of buccal
epithelial cells on adherence. E. corrodens
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1073 did not adhere to the epithelial cells pre-
treated with trypsin, whereas a large number of
the bacterial cells (250% of control) adhered to
the epithelial cells pretreated with neuramini-
dase (Table 4). Pronase treatment also caused
50% decrease in adherence.

Effect of saccharides on adherence. Var-
ious investigators have demonstrated that bac-
terial adherence to animal cells can be inhibited
by certain saccharides (3, 14, 21, 22, 28). Exper-
iments were carried out to see whether sugar
inhibition could be observed in E. corrodens
1073 and the human buccal epithelial cell system
(Table 5). p-Galactose and N-acetyl-D-galactos-
amine remarkably inhibited adherence of the
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F16. 3. Effect of pH on adherence of E. corrodens
1073 to buccal epithelial cells. Symbols: O, 20 mM
acetate buffer with 0.1 mM CaCl,; ®, 20 mM phos-
phate buffer with 01 mM CaCly; X, 20 mM
tris(thydroxymethyl)aminomethane-hydrochloride
buffer with 0.1 mM CaCl,.

TABLE 1. Adherence of different strains of E.
corrodens to buccal epithelial cells®

No. of bacterial cells attached per

Strain epithelial cell + SE*
1073 80+ 6
1006 2447
1080 102
205 66+9
307 2242
408 415

2 Bacterial cells (10° CFU/ml) were incubated for

30 min at 37°C with buccal epithelial cells (10° cells/
ml) in PBS-Ca, and adherence was determined as
described in the text.

® Mean of duplicate determinations. SE, Standard
error of the mean.
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TABLE 2. Effect of EDTA and divalent cations on
the adherence of E. corrodens 1073 to buccal

epithelial cells®

i : No. of bacterial cells at-
EDTA Divalent cation 1al cel
(mM) (0.2 mM) tached pe; esl;::t"hehal cell
None None 42+7
0.1 None 11+3
0.1 Ca® 104 + 16
0.1 Mg 10+ 0
0.1 Mn** 18+ 4

° Bacterial cells (10° CFU/ml) were incubated for
30 min at 37°C with buccal epithelial cells (10° cells/
ml) in the absence and presence of EDTA at pH 7.2,
and adherence was determined as described in the
text.

5 Mean of duplicate determinations. SE, Standard
error of the mean.

TABLE 3. Effect of trypsin and heat treatment of
bacterial cells on adherence of E. corrodens 1073 to
buccal epithelial cells®

No. of bacterial cells at-

Treatment tached per epithelial cell
+ SE*
None 92+ 7
Heat (100°C, 10 min) 91
i 9+1

Trypsin
(0.5 mg/ml, 37°C, 60 min)

% Treated and untreated bacterial cells (10° CFU/
ml) were incubated for 30 min at 37°C with buccal
epithelial cells (10° cells/ml) in PBS-Ca, and adher-
ence was determined as described in the text.

® Mean of duplicate determinations. SE, Standard
error of the mean.

TABLE 4. Effect of enzymatic treatment of buccal
epithelial cells on adherence of E. corrodens 1073°

Relative adherence®

Treatment

(%)
None 100 £ 10
Trypsin (2 pg/ml) 0
Pronase (2 pg/ml) 53+ 3
Neuraminidase (0.2 U/ml) 249 + 2

2 Bacterial cells (10° CFU/ml) were incubated for
30 min at 37°C with treated and untreated buccal
epithelial cells (10° cells/ml) in PBS-Ca, and adher-
ence was determined as described in the text.

% (Treated/control) X 100. Mean of duplicate deter-
minations + standard error.

bacteria to both native epithelial cells and neur-
aminidase-treated epithelial cells. Melibiose,
which contains D-galactose residue at the non-
reducing terminal, was also a potent inhibitor.
D-Mannose, which is known to be a specific
inhibitor of E. coli adherence to epithelial cells
(13, 28), was a moderate inhibitor. Other saccha-
rides tested did not result in any significant
inhibition of adherence.
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Periodate oxidation and galactosidase
treatment of buccal epithelial cells. Inas-
much as neuraminidase treatment of epithelial
cells enhanced adherence of E. corrodens 1073,
experiments were performed to determine
whether receptor sites on human buccal epithe-
lial cells for E. corrodens adherence were galac-
tose-like sugars linked to sialic acids or those
located inside of the sugar chains. The oxidation
of native and neuraminidase-treated epithelial
cells by sodium metaperiodate, which is known
to cleave the C-C bond between vicinal hydroxyl
groups of sugar, did not reduce the adherence,
but enhanced it (Table 6). Furthermore, adher-
ence of E. corrodens 1073 to periodate-treated
epithelial cells was inhibited by p-galactose as
well as that in native epithelial cells without
oxidation.

Table 7 shows the effect of a- and B-galacto-
sidase treatment of neuraminidase-treated epi-
thelial cells on E. corrodens adherence. The
treatment with a- or pB-galactosidase did not
affect the adherence. Results of Tables 6 and 7
suggest that receptor sites on buccal epithelial
cell for E. corrodens adherence may be galac-
tose-like substances located inside of the sugar
chains.

DISCUSSION

Three strains (1073, 1006, and 1080) of E.
corrodens employed in this study were isolated
from patients with periodontal disease, and the
other three strains (205, 307, 408) used were
isolated from dental plaque of healthy subjects.
Of the strains used, strain 1073 was shown to be
periodontopathic in animals (19, 20, 23), but the
others have not been examined for their ability

TaBLE 5. Inhibition of adherence of E. corrodens
1073 to native and neuraminidase-treated buccal
epithelial cells by carbohydrates®

No. of bacterial cells at-

tached per epithelial cell
+ SE*
Carbohydrate (50 mM)
Neuramini-
Native cell ~ dase-treated
cell

None 36+3 89+1
D-Glucose 31+4 77+3
p-Fructose 31+1 89+9
p-Galactose 9+1 11+0
D-Mannose 16+2 3+1
L-Fucose 315 77+15
N-Acetyl-D-glucosamine 31+0 93+ 4
N-Acetyl-Dp-galactosamine 8x2 13+1
Melibiose [a-D-Gal-(1 — 6)- 71 14+3

D-Glu]

@ Experimental procedures as described in the text.
5 Mean of duplicate determinations. SE, Standard error of
the mean.
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TABLE 6. Effect of enzymatic treatment and
periodate oxidation of buccal epithelial cells on
adherence of E. corrodens 1073*

No. of bacterial cells attached per
epithelial cell + SE®

Treatment
None Glucose®  Galactose®
None 275 23+3 71
Neuraminidase 82+1 71+3 10+ 0
NalO, 47+ 10 4+1 5+1
Neuraminidase 137+ 4 ND* 13+2
+ NalO,?

° Bacterial cells (10° CFU/ml) were incubated for
30 min at 37°C with treated and untreated buccal
epithelial cells (10° cells/ml) in PBS-Ca. Saccharides
inhibition studies were performed as described in the
text.

5 Mean of duplicate determinations. SE, Standard
error of the mean.

¢ Carbohydrate added (50 mM).

4 Buccal epithelial cells were treated with 0.2 U of
neuraminidase per ml for 1 h at 37°C and then washed,
resuspended in 10 mM sodium metaperiodate, and
incubated for 10 min at room temperature.

¢ ND, Not determined.

TABLE 7. Effect of galactosidase treatment of
neuraminidase-treated buccal epithelial cells on
adherence of E. corrodens 1073°

No. of bacterial cells attached per

Treatment

epithelial cell + SE®
None 19+1
Neuraminidase 71+2
Neuraminidase 75 £ 13
+ a-galactosidase’
Neuraminidase 76+1
+ B-galactosidase®

° Bacterial cells (10° CFU/ml) were incubated for
30 min at 37°C with treated and untreated buccal
epithelial cells (10° cells/ml) in PBS-Ca, and adher-
ence was determined as described in the text.

® Mean of duplicate determinations. SE, standard
error of the mean.

¢ Buccal epithelial cells were treated with 0.2 U of
neuraminidase per ml for 1 h at 37°C and then washed,
resuspended in 0.5 U of a- or B-galactosidase per ml,
and incubated for 1 h at 37°C.

to induce periodontal disease. Strain 1073
showed the highest ability to adhere to buccal
epithelial cells (Table 1). It is not known at this
time whether there is a corelationship between
the ability of E. corrodens to adhere to epithelial
cells and the capability of the bacteria to induce
periodontal disease in animals.

Adherence of E. corrodens 1073 to buccal
epithelial cells appeared to be pH and tempera-
ture dependent. Adherence peaked at pH 5.0
and declined at pH values below and above 5
(Fig. 3). Adherence of Klebsiella pneumoniae to
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rat bladder epithelial cells was reported to be
maximum at pH 5.0 (14), and optimal pH of
group B streptococcal adherence to human vag-
inal epithelial cells was shown to be 5.5 (35).
The data that the number of adherent E. cor-
rodens cells was lower at 37°C than at 4°C
suggested that enzymatic processes or the mo-
bility of epithelial cell membrane components
might not be involved in the adherence of E.
corrodens 1073 to buccal epithelial cells. It was
reported that the adherence of several gram-
positive bacteria was maximum at 37°C (3, 35)
and that there was no differences in adherence
of certain gram-negative bacteria at incubation
temperatures of 4 and 37°C (14, 31). It is inter-
esting that the ability of several plant lectins to
bind to their specific sugars is higher at 2°C than
at 20 or 37°C (9, 18, 24).

The present study indicated that lectin-like
protein(s) on the bacterial surface might be re-
sponsible for adherence of E. corrodens 1073 to
buccal epithelial cells. The adherence was abol-
ished by trypsin treatment or heating (100°C, 10
min) of bacterial cells (Table 3). Calcium ion
was required for adherence (Table 2), and ad-
herence was inhibited specifically by D-galactose
or N-acetyl-D-galactosamine (Table 5). Several
studies have shown that pili on the bacterial
surface was responsible for adherence of certain
gram-negative bacteria to mammalian cell sur-
faces (14, 26, 30, 31). A mannose-specific lectin,
which agglutinated yeast cells, human epithelial
cells, and mouse lymphocytes, has been isolated
from E. coli (13). However, pilus-like structures
were not found on the cell surface of E. corro-
dens 1073 by electron microscopy using the neg-
ative-stain method, and it was observed that the
surface of unwashed cells of E. corrodens 1073
was covered with a slime layer (M. Nakao and
S. Ebisu, manuscript in preparation). Further
work on the characterization of the lectin-like
substances is in progress.

The adherence of E. corrodens 1073 to buccal
epithelial cells was inhibited by p-galactose (Ta-
ble 5), and the addition of p-galactose to epithe-
lial cells to which E. corrodens was preadhered
caused displacement of the bacteria from the
epithelial cells (data not shown). Ofek et al. (28)
reported that the adherence of E. coli to human
buccal epithelial cells was inhibited specifically
by p-mannose. The adherence of K. pneumoniae
to rat bladder epithelial cells was also inhibited
by p-mannose (14). Sialic acid was a specific
inhibitor of the interaction of Mycoplasma
pneumoniae with human lung fibroblasts (15),
and L-fucose inhibited adherence of Vibrio chol-
erae to rabbit brush border membrane (22).
Smoot et al. demonstrated that adherence of
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Fusobacterium nucleatum to human buccal ep-
ithelial cells was inhibited by p-galactose (C.N.
Smoot, J.R. Mongiello, and W.A. Falker, Jr., J.
Dent. Res., abstr. no 637, 1979). These observa-
tions indicate that mammalian cell surfaces have
some different receptor sites for adherence of
various microorganisms.

Treatment of buccal epithelial cells with neur-
aminidase enhanced the adherence of E. corro-
dens 1073 to the cells (Table 4). Two possible
mechanisms might be proposed to explain this
observation: (i) many of the epithelial cell sur-
face receptors for adherence might be masked
by sialic acids, and (ii) negative charges of sialic
acids might have an influence on the adherence.
In the case of Actinomyces viscosus and Acti-
nomyces naeslundii hemagglutination, Costello
et al. (6) and Ellen et al. (10) demonstrated that
Actinomyces hemagglutination proceeds via a
two-step mechanism: (i) neuraminidase removal
of terminal sialic acid on the erythrocytes and
(ii) lectin-like binding to exposed B-galactoside
receptors on the erythrocytes. If epithelial cell
surface receptors for E. corrodens adherence are
galactose-like sugars linked to sialic acid, they
should be destroyed by neuraminidase treat-
ment and periodate oxidation. However, perio-
date oxidation of neuraminidase-treated epithe-
lial cells enhanced galactose inhibitable adher-
ence of E. corrodens 1073 (Table 6). These
results suggested that negative charges of sialic
acids at the nonreducing terminal of the sugar
chains on the buccal epithelial cell surface might
have an influence on the adherence of E. corro-
dens 1073 to sugar receptors on epithelial cells.
The influence of the surface potential, charge,
and topography of animal cells on adherence of
bacteria to the cells has been reviewed (21). In
connection with this, it may be noted that Ebisu
et al. (8) demonstrated that the presence of
charged amino group in an antigen molecule
influenced antigen-antibody interaction.

The findings of the present investigation on
E. corrodens adherence to galactose-like recep-
tors on the buccal epithelial cell surface suggests
that the bacteria may adhere to other cell sur-
faces which possess galactose-like substances.
Indeed, human erythrocytes were agglutinated
by E. corrodens cells irrespective of the ABO
blood group, and hemagglutination was in-
hibited by p-galactose or N-acetyl-D-galactosa-
mine (S. Ebisu, Y. Yamazaki, and H. Okada, J
Jpn. Assoc. Periodontol., abstr. no. 10, 1979).

LITERATURE CITED

1. Alkan, M,, I. Ofek, and E. H. Beachey. 1977. Adherence
of pharyngeal and skin strains of group A streptococci
to human skin and oral epithelial cells. Infect. Immun.
18:555-557.

2. Bar-Shavit, Z., I. Ofek, and R. Goldman. 1977. Man-

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

21.

INFEcT. IMMUN.

nose residues on phagocytes as receptors for the attach-
ment of Escherichia coli and Salmonella typhi. Bio-
chem. Biophys. Res. Commun. 78:455-460.

. Bartelt, M. A, and J. L. Duncan. 1978. Adherence of

group A streptococci to human epithelial cells. Infect.
Immun. 20:200-208.

. Beachey, E. H., and I. Ofek. 1976. Epithelial cell binding

of group A steptococci by lipoteichoic acid on fimbriae
denuded of M protein. J. Exp. Med. 143:759-771.

. Burnett, G. W., and G. S. Schuster. 1978. Streptococci

and streptococcal infections, p. 260-269. Oral microbi-
ology and infectious disease, student ed. The Williams
& Wilkins Co., Baltimore.

. Costello, A. H., J. O. Cisar, P. E. Kolenbrander, and

0. Gabriel. 1979. Neuraminidase-dependent hemag-
glutination of human erythrocytes by human strains of
Actinomyces viscosus and Actinomyces naeslundii. In-
fect. Immun. 26:563-572.

. Duguid, J. P., E. S. Anderson, and 1. Campbell. 1966.

Fimbriae and adhesive properties in Salmonellae. J.
Pathol. Bacteriol. 92:107-138.

. Ebisu, S., P. J. Garegg, T. Iverson, and L. J. Gold-

stein. 1978. An attempt to raise antibodies against 2-O-
a-D-glucopyranosyl-p-galactopyranose, the disaccha-
ride unit of collagen. J. Immunol. 121:2137-2143.

. Ebisu, S., P. N. S. Iyer, and 1. J. Goldstein. 1978.

Equilibrium dialysis and carbohydrate-binding studies
on the 2-acetamido-2-dioxy-D-glucopyranosyl-binding
lectin from Bandeiraea simplicifolia seeds. Carbohydr.
Res. 61:129-138.

Ellen, R. P,, E. D. Fillery, K. H. Chan, and D. A.
Grove. 1980. Sialidase-enhanced lectin-like mechanism
of Actinomyces viscosus and Actinomyces naeslundii
hemagglutination. Infect. Immun. 27:335-343.

Ellen, R. P., and R. J. Gibbons. 1972. M protein-asso-
ciated adherence of Streptococcus pyogenes to epithe-
lial surfaces: prerequisite for virulence. Infect. Immun.
5:826-830.

Ellen, R. P., and R. J. Gibbons. 1974. Parameters af-
fecting the adherence and tissue tropisms of Strepto-
coccus pyogenes. Infect. Immun. 9:85-91.

Eshdat, Y., I. Ofek, Y..Yashouv-Gan, N. Sharon, and
D. Mirelman. 1978. Isolation of a mannose-specific
lectin from Escherichia coli and its role in the adher-
ence of the bacteria to epithelial cells. Biochem. Bio-
phys. Res. Commun. 85:1551-1559.

Fader, R. C, A. E. Avots-Avotins, and C. P. Davis.
1979. Evidence for pili-mediated adherence of Klebsi-
ella p iae to rat bladder epithelial cells in vitro.
Infect. Immun. 25:729-737.

Gabridge, M. G., and D. Taylor-Robinson. 1979. Inter-
action of Mycop iae with human lung
fibroblasts: role of receptor sites. Infect. Immun. 25:
455-459.

Gibbons, R. J., and J. van Houte. 1971. Selective bac-
terial adherence to oral epithelial surfaces and its role
as an ecological determinant. Infect. Immun. 3:567-573.

Gibbons, R. J., and J. van Houte. 1975. Bacterial
adherence in oral microbial ecology. Annu. Rev. Micro-
biol. 29:19-44.

Hayes, C. E., and 1. J. Goldstein. 1974. Equilibrium
dialysis and cell binding studies on Bandeiraea simpli-
cifolia lectin. J. Biol. Chem. 250:6837-6840.

Irving, J. T., S. S. Socransky, and A. C. R. Tanner.
1978. Histological changes in experimental periodontal
disease in rats monoinfected with gram-negative orga-
nisms. J. Periodontal Res. 13:326-332.

. Johnson, D. A., U. H. Behling, C.-H. Lai, M. Listgar-

ten, S. Socransky, and A. Nowotny. 1978. Role of
bacterial products in periodontitis: inmune response in
gnotobiotic rats monoinfected with Eikenella corro-
dens. Infect. Immun. 19:246-253.

Jones, G. W. 1977. The attachment of bacteria to the



VoL. 31, 1981

surface of animal cells, p. 139-176. In J. L. Reissig (ed.),
Microbial interactions. Chapman and Hall Ltd., Lon-
don.

. Jones, G. W., and R. Freter. 1976. Adhesive properties
of Vibrio cholerae: nature of the interaction with iso-
lated rabbit brush border membranes and human eryth-
rocytes. Infect. Immun. 14:240-245.

23. Listgarten, M. A,, D. Johnson, A. Nowotny, A. C. R.
Tanner, and S. S. Socransky. 1978. Histopathology
of periodontal disease in gnotobiotic rats monoinfected
with Eikenella corrodens. J. Periodontal Res. 13:134-
148. .

. Loontiens, F. G., J. P. van Wauwe, R. De Gussen,
and C. K. De Bruyne. 1973. Binding of para-substi-
tuted phenyl glycosides to concanavalin A. Carbohydr.
Res. 30:51-62.

25. Montgomerie, J. Z. 1978. Factors affecting virulence in

Escherichia coli urinary tract infections. J. Infect. Dis.

137:645-647.

26. Nagy, B., H. W. Moon, and R. E. Isaacson. 1977.
Colonization of porcine small intestine by enterotoxi-
genic Escherichia coli: selection of piliated forms in
vitro, adhesion of piliated forms to epithelial cells in
vitro, and incidence of a pilus antigen among porcine
enteropathogenic E. coli. Infect. Immun. 6:344-352.

. Ofek, 1., E. H. Beachey, W. Jefferson, and G. L.
Campbell. 1975. Cell membrane-binding properties of

EPITHELIAL ADHERENCE OF E. CORRODENS

3L

27

group A streptococcal lipoteichoic acid. J. Exp. Med.
141:990-1003.

. Ofek, L., D. Mirelman, and N. Sharon. 1977. Adherence

of Escherichia coli to human mucosal cells mediated
by mannose receptors. Nature (London) 265:623-625.

. @rskov, 1. 1978. Virulence factors of the bacterial cell

surface. J. Infect. Dis. 137:630-633.

. Ottow, J. C. G. 1975. Ecology, physiology, and genetics

of fimbriae and pili. Annu. Rev. Microbiol. 29:79-108.

Salit, I. E,, and E. C. Gotschlich. 1977. Type 1 Esche-
richia coli pili: characterization of binding to monkey
kidney cell. J. Exp. Med. 146:1182-1194.

. Slots, J. 1977. The predominant cultivable microflora of

advanced periodontitis. Scand. J. Dent. Res. 85:114-
121.

. Slots, J., and R. J. Gib!)ons. 1978. Attachment of Bac-

teroides melaninog: subsp. harolyticus to
oral surfaces and its possible role in colonization of the
mouth and of periodontal pockets. Infect. Immun. 19:
254-264.

. Socransky, S. S. 1977. Microbiology of periodontal dis-

ease—Present status and future considerations. J. Per-
iodontol. 48:497-504.

. Zawaneh, S. M., E. M. Ayoub, H. Baer, A. C. Cruz,

and W. N. Spellacy. 1979. Factors influencing adher-
ence of group B streptococci to human vaginal epithelial
cells. Infect. Immun. 26:441-447.



