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Porphyromonas gingivalis Fimbrillin Is One of the
Fibronectin-Binding Proteins
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In this study, we demonstrate that Porphyromonas gingivalis fimbrillin, a major component of bacterial
fimbriae, is one of the fibronectin-binding proteins and that fibronectin is a potent inhibitor of the adherence
of the bacteria to host cells and of the pathogenesis of the bacterium that acts by binding to the fimbriae. A
Western blotting (immunoblotting) assay showed that fibronectin binds strongly to P. gingivalis fimbrillin. The
fimbrial binding to fibronectin was also evidenced by a binding assay involving 125I-labeled fimbriae. Further-
more, fibronectin markedly inhibited the fimbria-induced expression of interleukin-1b and neutrophil-specific
chemoattractant KC genes in macrophages. The inhibitory action depended on the fimbrial interaction with
heparin-binding and cell attachment domains in the fibronectin structure. The binding of P. gingivalis to mouse
peritoneal macrophages via its fimbriae was inhibited by fibronectin. Fibronectin also inhibited the bacterial
cell-induced expression of interleukin-1b and KC genes in the macrophages. These results demonstrate the
importance of fibronectin as a modulator of the pathogenic mechanism of P. gingivalis, a pathogen that causes
adult periodontal disease.

Adherence to host cells is the initial stage in triggering the
pathogenesis brought about by pathogenic bacteria (4). Bacte-
rial fimbriae may be an important cell structure for adherence.
In many cases, the adherence takes place through the binding
of fimbriae to specific receptors on the host cell surface. There-
fore, it is very important to investigate substances that modu-
late this binding and determine their mechanism of action.
Porphyromonas gingivalis has been recognized widely as the

predominant pathogenic organism in adult periodontitis,
which is a chronic inflammatory disease. Chemical, immuno-
logical, and genetic characterizations of P. gingivalis fimbriae
have been well demonstrated (39, 40). We (7, 21) previously
suggested that the fimbriae attach to fibroblasts and macro-
phages through the binding of the former to specific receptors.
Our suggestion has been confirmed genetically by a recent
study showing that a mutation of the fimA gene encoding the
major subunit of the fimbriae, fimbrillin, prevents bacterial
adherence to host cells (6).
Many investigators (3, 5, 11, 14, 17–19, 28–31, 33–38) have

shown that several bacteria, including streptococci, Escherichia
coli, and Treponema pallidum, bind to extracellular matrix mol-
ecules such as fibronectin, collagen, and laminin. Also, several
investigators (12, 16, 23) have shown that P. gingivalis is able to
bind to the extracellular matrix. These observations suggest
that the matrix proteins exert an inhibitory action in the ad-
herence of the organism to host cells via the fimbriae. In the
interaction of P. gingivalis with fibronectin, although Lantz et
al. (16) demonstrated a 150-kDa fibronectin-binding compo-
nent of the organism, the functions and characterization of this
binding protein have not yet been reported. As described
above, since P. gingivalis fimbriae are essential for the adhesion
of the bacterium to the host cell, we considered the possibility
that fimbrillin is one of the fibronectin-binding proteins and
that the binding of the organism to host cells may be modu-
lated by the interaction of fimbrillin with fibronectin.

Therefore, in the present study, we investigated the ability of
P. gingivalis fimbriae to bind to fibronectin and also the inhib-
itory effect of fibronectin on the fimbria-induced expression of
inflammatory cytokine genes in mouse peritoneal macro-
phages. We demonstrate here that fimbrillin strongly binds to
fibronectin with high specificity and propose that fibronectin
may function as an inhibitor in the pathogenesis of P. gingivalis
via binding to the fimbriae.

MATERIALS AND METHODS

Reagents. Human fibronectin, collagen types I and V, laminin, and their
polyclonal antibodies raised in rabbits were purchased from Sigma Chemical.
Co., St. Louis, Mo. Heparin- and gelatin-binding and cell attachment domains of
human fibronectin were obtained from Gibco BRL, Gaithersburg, Md. Na125I
was from Dupont New England Nuclear, Wilmington, Del. IODO-BEADS io-
dination reagent was obtained from Pierce, Rockford, Ill. Horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit immunoglobulin G and HRP color
development reagent were from Bio-Rad, Richmond, Calif. P. gingivalis ATCC
33277 lipopolysaccharide (LPS) was prepared as described previously (8).
Preparation of P. gingivalis fimbriae. P. gingivalis ATCC 33277 fimbriae were

prepared and purified from cell washings by the method of Yoshimura et al. (39)
as described previously (7). Our previous study (13) demonstrated that the
purified fimbriae were able to induce several biological activities and that such
inducing activity could not be attributed to contaminants in the preparation. The
protein content of the fimbriae was measured by the method of Bradford (2).
Preparation of antiserum to P. gingivalis fimbriae. The purified fimbriae (500

mg of protein) prepared from P. gingivalis ATCC 33277 were injected subcuta-
neously into a rabbit two times at a 2-week interval with Freund’s complete
adjuvant and 2 weeks later intraperitoneally with Freund’s incomplete adjuvant.
Five days thereafter, whole serum from the immunized rabbit was prepared.
Western blotting (immunoblotting) analysis showed that the antiserum recog-
nized 43-kDa fimbrillin with high sensitivity and specificity.
Preparation of mouse peritoneal macrophages. Thioglycolate-stimulated peri-

toneal exudate cells from 6- to 8-week-old BALB/c mice were harvested, and the
peritoneal macrophages were prepared as described previously (8). The pre-
pared macrophages were treated for selected times with test samples.
Western blotting assay. The purified fimbriae were subjected to sodium do-

decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a 12.5% poly-
acrylamide gel (15). After SDS-PAGE, the separated samples were transferred
to nitrocellulose paper by the method described by Towbin et al. (32). After
transfer, the nitrocellulose paper was treated for 2 h with extracellular matrix
proteins, washed, and then further incubated for 2 h with polyclonal antibody to
each matrix protein. The binding of extracellular matrix protein to the fimbriae
was visualized by use of horseradish peroxidase-conjugated goat anti-rabbit im-
munoglobulin G and HRP color development reagent.* Corresponding author. Fax: 81-492-85-1035.
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Preparation of 125I-fimbriae. Purified fimbriae were iodinated with IODO-
BEADS iodination reagent (chloramine-T molecules immobilized on polysty-
rene beads). In brief, fimbriae (100 mg of protein) were added to a phosphate-
buffered saline solution containing three IODO-BEADS and Na125I (18.5 MBq).
The reaction was stopped after 15 min, and the beads were then applied to a
Sephadex G-25 column to remove the free iodine. Also, P. gingivalisATCC 33277
bacterial cells (1011 cells per ml) were iodinated with Na125I as described above
and then washed five times with physiological saline to remove the free iodine.
Binding of 125I-fimbriae to fibronectin. Human fibronectin (5 mg per well) was

inoculated into the wells of a SUMILON 96-well-type assay plate (Sumitomo
Bakeliet Co. Ltd., Tokyo, Japan), which was maintained overnight at 48C, and
then incubated for 4 h at 48C with 125I-labeled fimbriae (0.5 mg of protein per ml)
in the absence or presence of unlabeled fimbriae or test sample. After incuba-
tion, the reactive substances were washed 10 times with 15 mM phosphate buffer
(pH 7.2). The amount of radioactivity bound to fibronectin was measured in a
gamma counter. The experiment was carried out in triplicate. The results were
expressed as the mean counts per minute 6 standard deviation (SD).
Binding of 125I-fimbriae and 125I-bacterial cells to macrophages. The macro-

phage monolayer prepared from mouse peritoneal exudate cells (2 3 105 cells)
on each well of a 96-well-type multiple microculture plate was fixed with 8%
formalin. Then 125I-fimbriae (0.5 mg of protein) or 125I-bacterial cells (2 3 108

cells) were inoculated onto each cell monolayer, and the cells were incubated for
4 h at 48C in the absence or presence of various doses of fibronectin. Thereafter,
the monolayer was washed 10 times with 15 mM phosphate buffer (pH 7.2). The
amount of radioactivity bound to the macrophages was measured in a gamma
counter. The experiment was carried out in triplicate, and the results were
expressed as the mean counts per minute 6 SD.
cDNA hybridization probe. A plasmid containing mouse neutrophil chemoat-

tractant KC cDNA sequences was provided by C. D. Stiles. Also, a plasmid
bearing mouse interleukin-1b (IL-1b) cDNA was provided by T. Hamilton. In
addition, a plasmid with b-actin cDNA was obtained from JCRB, Tokyo, Japan.
The methods used for plasmid preparation were described previously (20).
Preparation of RNA and Northern blot analysis. The macrophage monolayers

prepared from mouse peritoneal exudate cells (107 cells) were treated or not
treated with the fimbriae or P. gingivalis LPS (provided by T. Umemoto). There-
after, preparation of total cellular RNA and Northern (RNA) blot analysis were
performed as described previously (9). b-Actin was used as an internal standard
for the quantification of total mRNA on each lane of the gel.
P. gingivalis- and fimbria-induced expression of inflammatory cytokine genes

in mouse peritoneal macrophages. Macrophage monolayers prepared from
mouse peritoneal exudate cells (107 cells) on 5-cm-diameter plastic plates were
incubated with P. gingivalis ATCC 33277 bacterial cells (109 cells) or their
fimbriae (5 mg of protein per ml) that had been pretreated or not treated for 2 h
at room temperature with anti-fimbria antiserum or fibronectin. After a 1-h
incubation, the monolayers were washed five times with phosphate-buffered
saline to remove the test samples. Thereafter, IL-1b and KC gene expressions in
the macrophages were analyzed by the Northern blot assay.

RESULTS

P. gingivalis fimbriae bind to fibronectin with high specific-
ity. First, we examined by Western blotting assay the ability of
extracellular matrix molecules such as fibronectin, laminin, and
collagen types I and V to bind to P. gingivalis fimbriae. As
shown in Fig. 1, fibronectin strongly bound to the 43-kDa
fimbrial protein (fimbrillin), the major subunit. However, such
strong binding reactivity was not observed for laminin or col-
lagen types I and V. To verify the binding reactivity between
fibronectin and the fimbriae, we tested the binding specificity
by an assay of the binding of 125I-labeled fimbriae to fibronec-
tin. The binding activity of 125I-labeled fimbriae toward fi-
bronectin was measured in the presence of unlabeled fimbriae
as a competitor. Figure 2a shows that the binding activity of
125I-labeled fimbriae was inhibited in a dose-dependent man-
ner by the competitor. Furthermore, we examined whether the
binding of 125I-labeled fimbriae to fibronectin pretreated with
anti-fibronectin antibody would be inhibited. The anti-fi-
bronectin antibody pretreatment inhibited the binding in a
dilution-dependent fashion (Fig. 2b). These results strongly
suggest that the fimbriae are able to bind to fibronectin with
high specificity via the fimbrillin.
Fibronectin inhibits binding of P. gingivalis fimbriae to

mouse peritoneal macrophages. Since our previous studies (7,
21) suggested that the fimbriae are able to bind to macro-
phages and fibroblasts, we assumed that fibronectin would

inhibit the fimbrial binding to mouse peritoneal macrophages.
Therefore, we examined this assumption. The binding of 125I-
labeled fimbriae to the macrophages was inhibited in a dose-
dependent fashion by unlabeled fimbriae (Fig. 3a). Also, the
binding to the cells was markedly inhibited when the fimbriae
were pretreated with fibronectin at 50 mg/ml or greater and
then inoculated onto the macrophage monolayer (Fig. 3b).
Fibronectin inhibits the fimbria-induced expression of

IL-1b and KC genes in mouse peritoneal macrophages. We
also previously demonstrated that purified fimbriae were able
to induce powerfully the expression of IL-1b and neutrophil
chemoattractant KC genes in mouse peritoneal macrophages.
Therefore, we next examined by Northern blotting whether
fibronectin would be able to inhibit the fimbria-induced ex-
pression of both cytokine genes in the macrophages. The mac-
rophages were incubated with fimbriae that had been pre-
treated or not treated for 2 h with fibronectin, and then the
expression of IL-1b and KC genes was measured 1 h later.
Although the fimbria-induced expression of both cytokine

FIG. 2. Binding of 125I-labeled fimbriae to fibronectin. (a) 125I-labeled fim-
briae (1 mg of protein) were added to fibronectin that had been used at 5 mg of
protein per ml to coat the wells of a microtiter plate overnight. The binding
activity of 125I-labeled fimbriae toward the fibronectin was measured at 4 h after
their addition. Unlabeled fimbriae were used as a competitor. (b) 125I-labeled
fimbriae (1 mg of protein) were added to fibronectin-coated wells of a microassay
plate that had been pretreated or not treated for 2 h with anti-fibronectin
antibody. The experiment was carried out in triplicate. The results are expressed
as the mean counts per minute 6 SD.

FIG. 1. Binding of fibronectin to P. gingivalis fimbriae in a Western blotting
assay. Purified fimbriae (10 mg of protein per ml) were separated by SDS-PAGE
and blotted to a nitrocellulose membrane. Thereafter, the reactivity to extracel-
lular matrix molecules was analyzed by a Western blotting assay with polyclonal
antibodies against fibronectin (FN), laminin (LN), and collagen (Co) types I and
V. M.W., molecular mass.
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genes was inhibited by fibronectin at 10 mg/ml, the inhibitory
effect on IL-1b gene expression was the more obvious (Fig. 4a).
Furthermore, by using anti-fibronectin antibody, we exam-

ined the specificity of the inhibitory effect of fibronectin on the
fimbria-induced expression of both cytokine genes. The fim-
briae were treated or not treated with fibronectin that had
been pretreated or not pretreated with anti-fibronectin anti-
body, and then the macrophages were incubated in the absence
or presence of the fimbriae. Subsequently (1 h later), the ex-
pression of IL-1b and KC genes in the macrophages was ana-
lyzed. Figure 4b shows that the inhibitory effect of fibronectin
on the fimbria-induced expression of both cytokine genes was
almost completely eliminated by pretreatment with anti-fi-
bronectin antibody at a dilution of 1:500. These results strongly
suggest that fibronectin inhibited the fimbria-induced expres-
sion of both cytokine genes with high specificity.
P. gingivalis LPS is not involved in the binding of the fim-

briae to fibronectin. Although we were unable to detect LPS in
the purified fimbrial preparation by silver staining after SDS-
PAGE, it is very important to clarify whether the LPS is in-
volved in the interaction between the fimbriae and fibronectin.
Therefore, we used Northern and Western blotting assays to
examine the possible involvement of LPS in their interaction.

Western blotting analysis showed that fibronectin was unable
to bind to the LPS (data not shown). Also, the LPS-induced
expression of IL-1b and KC genes in mouse peritoneal mac-
rophages was not inhibited by pretreatment of the LPS with
fibronectin (Fig. 5). These results strongly indicate that LPS is
not involved in the interaction between the fimbriae and fi-
bronectin.
Heparin-binding and cell attachment domains are involved

in fibronectin inhibition of the fimbria-induced expression of
IL-1b and KC genes in mouse peritoneal macrophages. Since
the existence of cell attachment and heparin- and gelatin-
binding domains in the fibronectin structure is well known, we
explored by the Northern blotting assay which domain in the
fibronectin structure is involved in binding to the fimbriae and
contributes to fibronectin inhibition of the fimbria-induced
expression of the cytokine genes. In this experiment, the fim-
briae were treated or not treated with fibronectin or each
domain. Thereafter, the fimbriae were inoculated onto the
macrophage monolayer, and IL-1b and KC gene expression in
the cells was analyzed 1 h later. As shown in Fig. 6, the fimbria-
induced expression of both cytokine genes was inhibited by
pretreating the fimbriae with either the heparin-binding or cell
attachment domain of the fibronectin structure. We also ob-
served, by Western blotting analysis, that fibronectin binding to
the fimbriae was inhibited by pretreating the fimbriae with
heparin-binding or cell attachment domains (data not shown).
These observations suggest that heparin-binding and cell

attachment domains in the fibronectin structure are involved in
the fimbrial binding and contribute to the inhibitory action of
the protein toward fimbria-induced gene expression in the
macrophages.
Fibronectin inhibits P. gingivalis binding to mouse perito-

neal macrophages via its fimbriae. As shown in Fig. 3, fi-
bronectin inhibition of fimbrial binding to peritoneal macro-
phages suggested that the binding of the bacterial cells
themselves would also be inhibited by the protein. Therefore,
we examined the effect of fibronectin on P. gingivalis binding to
mouse peritoneal macrophages via its fimbriae. As shown in
Fig. 7a, we first demonstrated that the bacterial binding to the
cells was mediated by its fimbriae by showing that anti-fimbrial
antiserum inhibited the binding in a dilution-dependent fash-
ion. Then we tested fibronectin and found that it also inhibited
the bacterial cell binding to the cells (Fig. 7b). Together, these
parallel results strongly suggest that fibronectin actually is able
to inhibit the bacterial cell binding to the macrophages via
interaction with the fimbriae in situ.

FIG. 3. Fibronectin inhibits the binding of 125I-labeled fimbriae to mouse
peritoneal macrophages. (a) 125I-labeled fimbriae (1 mg of protein) were inocu-
lated with or without unlabeled fimbriae into wells of a microculture plate
containing formalin-fixed peritoneal macrophages. The binding activity of the
125I-labeled fimbriae toward the cells was measured at 4 h after their addition.
(b) 125I-labeled fimbriae (1 mg of protein) inoculated with or without fibronectin
into wells of a microculture plate containing formalin-fixed peritoneal macro-
phages. The binding activity of the 125I-labeled fimbriae toward the cells was
measured at 4 h after their addition. The experiment was carried out in triplicate,
and the results are expressed as the mean of counts per minute 6 SD.

FIG. 4. Fibronectin inhibits the fimbria-induced expression of IL-1b and KC genes in the peritoneal macrophages. (a) Cells from BALB/c mice were incubated for
1 h with or without fimbriae (5 mg of protein per ml) that had been pretreated or not treated with fibronectin. Then their total RNAs were prepared, and Northern
blot analysis was performed with IL-1b, KC, and b-actin cDNAs as probes. (b) Cells from BALB/c mice were incubated for 1 h with or without fimbriae (5 mg of protein
per ml) and fibronectin that had been pretreated or not treated with anti-fibronectin antibody. Then their total RNAs were prepared, and Northern blot analysis was
performed with IL-1b, KC, and b-actin cDNAs as probes.
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Fibronectin inhibits P. gingivalis-induced expression of
IL-1b and KC genes in mouse peritoneal macrophages. As
described above, since P. gingivalis binding to the peritoneal
macrophages via its fimbriae was inhibited by fibronectin, it is
also important to demonstrate whether fibronectin inhibits the
expression of IL-1b and KC genes induced by the bacterial
cells via the fimbriae. Again, we first examined whether the
bacterial cell-induced expression of both cytokine genes in the
cells would be inhibited by the anti-fimbriae antiserum. Figure
8 shows that this was indeed the case. These results suggest
that the bacterial cell-induced expression of the cytokine genes
is mediated in part by the fimbriae. Then we investigated
whether fibronectin also is able to inhibit the bacterial cell-
induced expression of the cytokines. As shown in Fig. 9, the
bacterial cell-induced IL-1b and KC gene expression was in-
hibited by fibronectin. These observations strongly imply that
fibronectin functions as an inhibitor in the pathogenesis of P.
gingivalis via its binding to the fimbriae.

DISCUSSION

Fibronectin is present in soluble form in plasma and saliva
and in insoluble form in the extracellular matrix of many tis-

sues. Several studies (19, 28) have shown that fibronectin is
involved in the adherence of Staphylococcus and Treponema
organisms to epithelial cells. On the other hand, it has been
shown that the adherence of E. coli to epithelial cells is inhib-
ited by fibronectin (27). These observations suggest that fi-
bronectin serves as a potent modulator of the bacterial cell
infection.
We (7, 21) previously suggested that a P. gingivalis fimbrial

receptor is located on the human gingival fibroblasts and
mouse peritoneal macrophages and that N-acetyl-D-galac-
tosamine in the receptor may play an functional role in the
interaction of the cells with the fimbriae. As described above,
since fibronectin functions as an inhibitor in bacterial adhesion
to host tissues, it was of interest to understand whether fi-
bronectin is able to bind to P. gingivalis fimbriae and, if so,
whether the matrix protein functions as a modulator in the
pathogenesis of the organism via its interaction with the fim-
briae. The present study demonstrated that the fimbriae bind
to fibronectin with high affinity and consequently inhibit the
expression of inflammatory cytokine genes induced in mouse
peritoneal macrophages by the fimbriae.
It is well known that P. gingivalis is able to bind to extracel-

FIG. 5. P. gingivalis LPS is not involved in the binding of the fimbriae to
fibronectin. Cells from BALB/c mice were incubated for 1 h with or without LPS
(1 mg/ml) or fimbriae (5 mg of protein per ml) that had been pretreated or not
treated for 2 h with fibronectin (100 mg/ml). Then their total RNAs were pre-
pared, and Northern blot analysis was performed with IL-1b, KC, and b-actin
cDNAs as probes.

FIG. 6. Heparin-binding and cell attachment domains are involved in fi-
bronectin inhibition of the fimbria-induced expression of IL-1b and KC genes in
the peritoneal macrophage. Cells from BALB/c mice were incubated for 1 h with
or without fimbriae (5 mg of protein per ml) that had been pretreated or not
treated for 2 h with fibronectin (100 mg/ml) or each domain (1, heparin binding;
2, cell attachment; 3, gelatin binding [each at 20 mg/ml]). Then their total RNAs
were prepared, and Northern blot analysis was performed with KC and b-actin
cDNAs as probes.

FIG. 7. P. gingivalis binding to mouse peritoneal macrophages via its fimbriae
is inhibited by fibronectin. 125I-labeled bacterial cells (2 3 108 cells) were pre-
treated or not treated for 2 h with anti-fimbria antiserum (a) or fibronectin (b)
and then inoculated onto formalin-fixed peritoneal macrophages in the wells of
a microculture plate. The binding activity of 125I-labeled fimbriae to the cells was
measured 4 h after their addition. The experiment was carried out in triplicate,
and the results are expressed as the mean counts per minute 6 SD.

FIG. 8. P. gingivalis-induced expression of IL-1b and KC genes in mouse
peritoneal macrophages is inhibited by anti-fimbria antiserum. Cells from
BALB/c mice were incubated for 1 h with or without bacterial cells (109 cells)
that had been pretreated or not treated for 2 h with anti-fimbria antiserum. Then
their total RNAs were prepared, and Northern blot analysis was performed with
KC, IL-1b, and b-actin cDNAs as probes.
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lular matrix proteins, like collagen, fibronectin, and laminin.
Although Lantz et al. (16) showed that a 150-kDa component
from the organism binds to fibronectin, the chemical character
and nature of this fibronectin-binding component were not
determined in detail. Since P. gingivalis fimbriae are important
structures for bacterial adherence to host tissues, it was of
much interest to demonstrate whether the fimbriae could bind
to several extracellular matrix molecules. Our Western blotting
analysis showed that fibronectin was able to bind to 43-kDa
fimbrillin with high affinity, although laminin and collagen
types I and V did not do so. This high affinity between fimbriae
and fibronectin was demonstrated by a binding assay in which
125I-labeled fimbriae were incubated with fibronectin in the
presence of unlabeled fimbriae as a competitor. Since the bind-
ing of 125I-labeled fimbriae to fibronectin pretreated with anti-
fibronectin antibody was markedly inhibited (although 125I-
fibronectin binding to the fimbriae in the presence of unlabeled
fibronectin has not been examined), these observations
strongly suggest that 43-kDa fimbrillin is a fibronectin-binding
protein.
Recently, Svanborg et al. (29) showed that E. coli fimbriae

induce IL-6 production by urinary epithelial cells. We (7, 13,
21, 22) also previously demonstrated that P. gingivalis fimbriae
were able to induce the expression of inflammatory cytokines
in human gingival fibroblasts and mouse peritoneal macro-
phages. These findings suggested an important role for their
fimbriae in the pathogenic mechanism of these organisms fol-
lowing their adherence to host cells. Therefore, it was of in-
terest to us to explore whether fibronectin functions as an
inhibitor of the cytokine expression through inhibition of the
binding of P. gingivalis to macrophages, because the fimbria-
induced inflammatory cytokines may contribute to the patho-
genic mechanism(s) triggered by the organism. Although sev-
eral studies (12, 23) have demonstrated the binding of P.
gingivalis to fibronectin, the inhibitory action of fibronectin in
the pathogenic mechanism of the organism has not yet been
investigated. Thus, we investigated the inhibitory effect of fi-
bronectin on P. gingivalis fimbria-induced expression of IL-1b
and KC genes in mouse peritoneal macrophages. We observed
that the fimbria-induced expression of both cytokine genes was
inhibited by the fibronectin pretreatment. Since the inhibitory
effect of fibronectin on the fimbria-induced expression of both
cytokine genes was eliminated by pretreatment with anti-fi-

bronectin antibody, fibronectin may be an inhibitor involved in
the pathogenesis of P. gingivalis via its binding to the fimbriae.
It has been demonstrated that there are three distinct bind-

ing sites, i.e., cell attachment and gelatin- and heparin-binding
domains, in the fibronectin structure. Several studies (24, 25,
35) have examined the binding domain and ability of fibronec-
tin to bind to bacterial cells. Visai et al. (35) examined the
binding of enterotoxigenic E. coli to fibronectin and its pro-
teolytic fragments and showed that the bacterial cell compo-
nents are able to interact with an N-terminal fragment and
heparin-binding domain in the fibronectin structure. However,
they did not demonstrate the character or nature of the com-
ponents of the bacterial cells that bound to the fibronectin
structure. Since it was of much interest to us to examine which
domain in the fibronectin molecule is able to bind to P. gingi-
valis fimbriae, we used the Northern blotting assay to investi-
gate the inhibition of the fimbria-induced expression of IL-1b
and KC genes by three distinct domains of the fibronectin
structure. Consequently, we observed that the fimbria-induced
expression of the cytokine genes was inhibited by the heparin-
binding and cell attachment domains. These results thus sug-
gest the presence of some fimbrial structure that is able to
recognize these two domains. Although we do not yet have any
information on the chemical structure of the fimbrial receptor
that may be localized on the cell surface of human fibroblasts
and mouse macrophages, we assume that there is a similarity in
chemical structure between the fimbrial receptor on the cell
surface and the fimbrial binding domains in the fibronectin
structure.
Fibronectin is detected in soluble form in saliva, and several

investigators have suggested that fibronectin is involved in the
modulation of bacterial adherence (10, 26). Thus, it was very
attractive to us to demonstrate whether fibronectin actually
inhibits the binding of P. gingivalis to host cells via binding to
its fimbriae and also whether the bacterial cell-induced expres-
sion of inflammatory cytokine genes is inhibited by fibronectin.
Interestingly, the binding of the bacterial cells to macrophages
was inhibited markedly by anti-fimbria antiserum, and the bac-
terial cell-induced expression of inflammatory cytokine genes
was also inhibited by pretreatment with anti-fimbria antiserum
or fibronectin. Although the inhibitory action of the anti-fim-
bria antiserum toward bacterial binding is partly due to bacte-
rial aggregation, because we did not use the Fab fragment of
the fimbrial antibody, these observations strongly suggest that
fibronectin may play a regulatory role in the pathogenic mech-
anism for P. gingivalis fimbrillin via the fimbriae. Since a recent
study (1) demonstrated the presence of a receptor for P. gin-
givalis in saliva, it is possible that several chemical substances in
saliva contribute to the modulation of infection of the host by
the organism.
In summary, our present study demonstrates that P. gingiva-

lis fimbrillin is one of the fibronectin-binding proteins and
suggests that fibronectin may play a functional role as a potent
modulator in the pathogenic mechanism of the organism via
binding to the fimbriae.
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