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Characterizing the specific
coaggregation between
Actinobacillus
actinomycetemcomitans
serotype ¢ strains and
Porphyromonas gingivalis ATCC
33277
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A visual coaggregation study showed specific interspecies coaggregation between an
Actinobacillus actinomycetemcomitans serotype ¢ strain and Porphyromonas gingivalis
strains ATCC 33277 and 381. We mutagenized A. actinomycetemcomitans SUNYaB 67
(serotype ¢) with transposon IS903dkan and isolated three transposon insertion mutants
that had a reduced ability to aggregate with P. gingivalis ATCC 33277. The three
transposon insertions in the mutant strains mapped to the genes at ORF12, ORF13 and
ORF16 of the gene cluster responsible for producing serotype c-specific polysaccharide
antigen (SPA). Western blot analysis with serotype c-specific antibody showed that these
strains did not produce the high-molecular-mass smear of SPA. Furthermore, two SPA-
deficient mutants and an SPA-producing mutant were constructed. The two SPA-deficient
mutants were deficient for ORF12 and ORF14, which are necessary for the synthesis of
serotype c-SPA, and the SPA-producing mutant was deficient for ORF17, which is not
related to SPA synthesis. The ORF12- and ORF14-deficient mutants showed reduced
ability to aggregate with P. gingivalis ATCC 33277, while the ORF17-deficient mutant
aggregated with ATCC 33277 to the same extent as wild-type SUNYaB 67. Our findings
suggest that serotype c-SPA of A. actinomycetemcomitans mediates coaggregation with
P gingivalis ATCC 33277.
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Actinobacillus actinomycetemcomitans is a
non-motile, Gram-negative, capnophilic
fermentative coccobacillus that has been
implicated in the etiology and pathogenesis
of localized juvenile periodontitis (4, 40,
48), adult periodontitis (38), and severe

non-oral human infections (28). Strains of
A. actinomycetemcomitans are classified
into six serotypes: a, b, ¢, d, e and f (8, 14,
32, 50). Their serological specificity is
defined by the polysaccharide on the sur-
face of the organism (15). Of these sero-

types, serotype b is most frequently isolated
from subjects with localized juvenile peri-
odontitis (4, 50) who have elevated serum
antibody levels to serotype b-specific poly-
saccharide antigen (SPA) of 4. actinomyce-
temcomitans (37). Nevertheless, serotype b
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is a minor strain of 4. actinomycetemcom-
itans in Asia, including Japan (45), Korea
(6) and China (20). By contrast, serotype ¢
strains are frequently recovered from sub-
gingival sites in periodontitis patients in
Asian countries (6, 20, 45), while they are
uncommon in the USA (50). Serotype c-
SPA is also one of the immunodominant
antigens of the organism in periodontitis
patients (5) and induces the release of
interleukin-1 by murine macrophages
(42). The differences between the fre-
quency distributions of 4. actinomycetem-
comitans serotypes among populations (4,
20, 45, 50) suggests that the virulence and
pathogenic role of the bacterium in indu-
cing periodontitis may differ among sero-
types.

Porphyromonas gingivalis is a black-
pigmented, gram-negative, anaerobic rod
bacterium, which is one of the important
pathogens in adult-onset periodontitis (39,
49) and oral malodor (26). Previously, we
examined the relationship between the
detection of P. gingivalis and the distribu-
tion of A. actinomycetemcomitans sero-
types in Japanese adults using polymerase
chain reaction (PCR) (47). Although some
investigators have reported that A. actin-
omycetemcomitans and P. gingivalis are
rarely detected in the same periodontal site
(1, 30, 41), our data suggest that the
frequency of A. actinomycetemcomitans
serotype ¢ is significantly higher in
P, gingivalis-positive sites than in P. gingi-
valis-negative sites, in comparison with
serotypes a, b, d and e (47). Furthermore,
the deeper the periodontal pockets are, the
greater the frequency of detecting both
P. gingivalis and A. actinomycetemcomi-
tans. These results suggest that A. actin-
omycetemcomitans serotype c strains have a
possible association with P. gingivalis in the
periodontal pockets. In this study, we
describe the specific relationship produ-
cing the intergeneric coaggregation of
A. actinomycetemcomitans serotype ¢
and P. gingivalis, and identify a factor in
A. actinomycetemcomitans serotype ¢
strains that is responsible for their coaggre-
gation with P. gingivalis ATCC 33277.

Materials and methods
Bacterial strains and growth conditions

P, gingivalis ATCC 33277, W50, W83 and
381 were cultured at 37°C anaerobically
(85% N3, 10% Hj, 5% CO,) in GAM broth
(Nissui Medical, Tokyo, Japan) and on 5%
sheep blood agar plates (trypticase soy agar;
Becton Dickinson, Franklin Lakes, NJ)
supplemented with 5.0 pg/ml hemin and
1.0 pg/ml menadione. A. actinomycetem-

comitans ATCC 29523 (serotype a), Y4,
JP2 (serotype b), NCTC 9709, NCTC 9710,
SUNYaB 67 (serotype c), IDH 781, 3381
(serotype d) and IDH 1705 (serotype e)
were cultured at 37°C in a CO,-enriched
atmosphere in THY broth (Todd—Hewitt
broth supplemented with 1.0% yeast ex-
tract; Becton Dickinson) or on THY agar
plates. When required, the medium was
supplemented with 5 pg/ml chloramphen-
icol, 75 pg/ml rifampicin, 6.25 pg/ml
kanamycin and 25 pg/ml spectinomycin.

Escherichia coli DH5a was used in the
DNA manipulations. E. coli DH1 con-
taining pVJT128 (44) and pRK21761
(36), designated KD59, which was kindly
provided by Prof. K. M. Derbyshire
(Division of Infectious Disease, Wads-
worth Center, New York State Depart-
ment of Health, NY), was used as the
donor for mutagenesis of A. actinomyce-
temcomitans SUNYaB 67 with transposon
1S903¢kan. The E. coli strains were
grown aerobically at 37°C in 2x YT
medium (yeast/tryptone; Becton Dickin-
son) or on a 2x YT agar plate. Where
appropriate, the medium was supplemen-
ted with 20 pg/ml chloramphenicol,
25 pg/ml kanamycin and 50 pg/ml amp-
icillin.

DNA manipulation

DNA fragment preparation, agarose gel
electrophoresis, DNA labeling, ligation
and bacterial transformation were per-
formed using the methods of Sambrook
et al. (33).

Southern blot hybridization

Southern blot hybridization was performed
non-radioactively with a digoxigenin
(DIG)-labeled kan gene in 1S903¢dkan as
the probe. This DIG-labeled PCR probe
was constructed using PCR DIG Labeling
Mix (Roche Diagnostics GmbH, Penzberg,
Germany) and oligonucleotide primers
OKD110 and OKD115 (44), in accordance
with the supplier’s instructions. Other pro-
cedures involved in Southern blot hybrid-
ization were performed as previously
described (33).

DNA sequencing and database search

DNA was sequenced using an ABI PRISM
3100 Genetic Analyser (Applied Biosys-
tems, Foster City, CA). Sequence homol-
ogy between the nucleotide fragments
cloned into pMCL210 (24) and those in
the GenBank database was determined
using BLAST on the server at the National

Center for Biotechnology Information,
Bethesda, MD (http://www.ncbi.nlm.nih.
gov/BLAST). The nucleotide sequences
involved in the synthesis of serotype c-
specific polysaccharide antigen from
A. actinomycetemcomitans NCTC 9710
have been submitted to the DDBJ/
EMBL/GenBank under accession no.
ABO010415 (295).

Western blot analysis

Cells harvested from the wild-type and
mutant strains of A. actinomycetemcomi-
tans SUNYaB 67 were mixed with 0.1 mol
Tris—HCI (pH 6.8) containing 2% [weight/
volume (w/v)] sodium dodecyl sulfate
(SDS), 5% (v/v) 2-mercaptoethanol and
10% (v/v) glycerol, and boiled at 100°C for
15 min. Serotype-specific polysaccharide
was extracted using 500 pg/ml proteinase
K (Sigma, St Louis, MO). The samples
were analysed by 8.0% SDS—polyacryla-
mide gel electrophoresis (SDS—PAGE) and
Western blotting. After blotting, the mem-
brane was incubated with rabbit antiserum
raised against whole cells of 4. actinomyce-
temcomitans NCTC 9710 (serotype ¢) (35).
Alkaline phosphatase-conjugated goat anti-
rabbit immunoglobulins (Zymed Laborat-
ories, San Francisco, CA) were used for
detection. Serum against whole cells of
serotype ¢ strain NCTC 9710 was exten-
sively pre-absorbed with cells of serotypes
a (ATCC 29523), b (Y4), d (IDH 781) and
e (IDH 1705) to remove non-specific reac-

tivity.

Coaggregation assays
Visual assay

A visual coaggregation assay (7) was used
to determine the potential coaggregation of
A. actinomycetemcomitans and P. gingiva-
lis strains. Bacterial cells were harvested by
centrifugation and washed twice with co-
aggregation buffer containing 1 mmol so-
dium phosphate buffer (pH 7.2), 0.1 mmol
CaCl,, 0.1 mmol MgCl, and 150 mmol
NaCl. Then, the cell suspensions in coag-
gregation buffer were adjusted to an optical
density (ODsgg) of approximately 0.6 using
a double-wave spectrophotometer (Shi-
mazu, Tokyo, Japan). Equal volumes
(1.0 ml) of each cell suspension were added
to a glass test tube and mixed for at least
10 s on a vortex mixer; they were then
stood at room temperature for 20 h under
anaerobic conditions (80% N,, 10% H,,
10% CO,). Tubes containing each cell
suspension (1.0 ml) with an equal volume
of coaggregation buffer were incubated
as controls. Coaggregation scores from



0 (no change in turbidity and no visible
coaggregates) to + 4 (maximum coaggre-
gation with a clear-water supernatant) were
monitored visually using the scale des-
cribed by Kolenbrander et al. (16). Average
coaggregation scores were determined
based on at least five reactions.

Spectrophotometric assay

To measure the coaggregation between the
wild-type or mutant strains of A. actin-
omycetemcomitans SUNYaB 67 (serotype
¢) and P, gingivalis ATCC 33277, we used
a spectrophotometric assay. The coaggre-
gation assay was performed as described
above. After the coaggregation assay, the
glass test tube was rotated on its axis
gently 50 times and then the supernatant
fluid was analysed spectrophotometrically
at 590 nm. The differences in the ODsg
between the 0-h and 20-h tubes were
calculated. Tubes containing just the indi-
vidual cell suspension were used as con-
trols. The percentage of coaggregation was
calculated as [(ODsg difference of mixed
sample — ODsq difference of control sam-
ple)/ODsg, difference of control sam-
ple] x 100. The coaggregation score was
obtained as the average of the percentages
of seven or eight independent reactions.

1S903pkan mutagenesis of
A. actinomycetemcomitans

To isolate mutants of A. actinomycetem-
comitans SUNYaB 67 (serotype c) that
were not able to aggregate with P, gingivalis
ATCC 33277 cells, transposon 1S903 pkan
(44) was used. E. coli KD59 was used as a
donor in mating with A. actinomycetem-
comitans SUNYaB 67Rif, which was iso-
lated as a spontaneous rifampicin-resistant
(75 pg/ml) mutant of strain SUNYaB 67.
Conjugal transfer was performed using the
method of Thomson et al. (44). After the
performance of two coaggregation assays
between kanamycin-resistant A. actin-
omycetemcomitans cells and five times the
concentration of P. gingivalis ATCC 33277,
the A. actinomycetemcomitans cells that
remained in the fluid were plated onto THY
medium with kanamycin (6.25 pg/ml) at
37°C in 5% CO,. A total of 49 kanamycin-
resistant transformants were screened using
the visual coaggregation assay with
P. gingivalis ATCC 33277. Southern blot
hybridization analysis of the coaggrega-
tion-deficient mutants was performed with
the DIG-labeled kan gene in 1IS903 dpkan as
the probe, and the HindIll fragments
extracted from an agarose gel were cloned
into plasmid vector pMCL210 (24).

Coaggregation of P. gingivalis and A. actinomycetemcomitans

Genomic integration

Insertional mutagenesis of the ORFs in the
cluster responsible for producing serotype
c-SPA was performed by homologous
recombination of the target genes and
selected by resistance to spectinomycin.
The chromosomal DNA of A. actinomyce-
temcomitans NCTC 9710 containing genes
disrupted by insertion of the spectino-
mycin gene (25) was introduced into
A. actinomycetemcomitans SUNYaB 67
cells by electroporation. The electropora-
tion was performed in a Gene Pulser
apparatus (Bio-Rad, Hercules, CA) set to
12.5 kV/em, and the cells were plated onto
THY-spectinomycin (25 pg/ml) medium.

Results

Characterization of coaggregation between
A. actinomycetemcomitans serotype ¢ and
P. gingivalis

The coaggregation scores between the nine
A. actinomycetemcomitans strains, inclu-
ding five serotypes (a, b, ¢, d and ¢), and the
four P gingivalis strains, are listed in
Table 1. As a control, a cell suspension

Table 1. Coaggregation scores between A. actinomycetemcomitans and P. gingivalis
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containing each A. actinomycetemcomitans
strain and coaggregation buffer showed no
visible aggregation (score 0 to + 1). Of the
four control tubes containing P. gingivalis
strains, those containing strains W50 and
W83 showed no change in turbidity and
visible aggregation and no coaggregation
with any A. actinomycetemcomitans sero-
type strains. In contrast, the tubes contain-
ing P. gingivalis ATCC 33277 and 381
alone showed high aggregation that scored
+ 4 and + 3, respectively, and they coag-
gregated strongly with 4. actinomycetem-
comitans strains NCTC 9709, NCTC 9710
and SUNYaB 67 (serotype c), but did not
bind to any other serotype strains of
A. actinomycetemcomitans. In the cell
suspensions containing each strain of
A. actinomycetemcomitans serotype ¢ and
P. gingivalis strains ATCC 33277 or 381,
the supernatant became clear (Fig. 1).
Rough tiny clusters that were difficult to
remove when rocking the tube adhered to
the wall of the glass test tube. At the bottom
of the tube, the clusters accumulated and
formed an adhesive biofilm. Consequently,
we counted planktonic cells in the super-
natant from the cell suspension of

a

P, gingivalis
ATCC 33277 W50 W83 381 CB°
A. actinomycetemcomitans serotype

ATCC 29523(a) 0-1 0-1 0 1 0
Y4(b) 0-1 0-1 0 12 0
JP2(b) 0-1 ND¢ ND ND 0
NCTC 9709(c) 34 ND ND ND 0
NCTC 9710(c) 34 0-1 0 34 0
SUNYaB 67(c) 34 ND ND 34 0
IDH781 (d) 0-1 1 0 1-2 0-1
3381 (d) 0-1 ND ND 1 0
IDH1705 (e) 0-1 0-1 0 2 0
CB 4 1 0 3

ICoaggregation scored as described in Materials and Methods, read at 20 h following vortex mixing.

°CB: coaggregation buffer.
°ND: not done.

Fig. 1. Coaggregation reaction between Actinobacillus actinomycetemcomitans SUNYaB 67
(serotype c) and Porphyromonas gingivalis ATCC 33277. Equal volumes (1.0 pl) of cell suspensions
of each strain or coaggregation buffer (CB) were added to a glass test tube and allowed to stand in
anaerobic conditions at room temperature for 20 h. The tubes contain P. gingivalis ATCC 33277 and
CB (left), A. actinomycetemcomitans SUNYaB 67 and CB (center), and ATCC 33277 and SUNYaB

67 (right).
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Bacterial cells (log)

Time (h)

Fig. 2. Counts of cell-forming units of Actino-
bacillus actinomycetemcomitans SUNYaB 67
cells in the supernatant from a mixture with an
equal volume of P. gingivalis ATCC 33277 cell
suspension (open squares) or coaggregation
buffer (open circles). (Closed square) and (closed
circle) indicate total 4. actinomycetemcomitans
cells (planktonic and biofilm) in the reaction
mixture at 20 h obtained by vortexing. *P < 0.05
when compared with planktonic cells of
A. actinomycetemcomitans between 0 and 20 h.

A. actinomycetemcomitans SUNYaB 67
and P. gingivalis ATCC 33277 (Fig. 2).
There were consistently fewer A. actin-
omycetemcomitans cells in the supernatant
mixed with P. gingivalis cells than with
A. actinomycetemcomitans alone and there
was a significant difference between the 0-h
and 20-h planktonic cells (P < 0.05), while
there was no significant reduction in
planktonic cells in the suspension of
A. actinomycetemcomitans alone. All the
A. actinomycetemcomitans cells contained
in the cell suspension at 20 h were obtained
by vortexing and there was no difference
between the mixture with P. gingivalis and
A. actinomycetemcomitans alone (Fig. 2).
Therefore, the survival of 4. actinomyce-
temcomitans was not aftected by the pres-
ence of P. gingivalis ATCC 33277. The
number of planktonic P. gingivalis ATCC
33277 did not change, despite the presence
of A. actinomycetemcomitans (data not
shown). These findings suggest that 4. ac-
tinomycetemcomitans serotype c-cells have
the ability to bind specifically to P. gingi-
valis ATCC 33277 and coaggregate, while
P. gingivalis ATCC 33277 aggregates with
itself, but is not affected by the presence of
A. actinomycetemcomitans cells.

Isolation and characterization of A.
actinomycetemcomitans coaggregation-
deficient mutants

To isolate A. actinomycetemcomitans
coaggregation-deficient mutants, visual
coaggregation assays were performed
using each of 49 kanamycin-resistant
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not done because ORF could not be inactivated.

transformants from A4. actinomycetemcom-
itans SUNYaB 67 and P. gingivalis ATCC
33277. Three coaggregation-deficient
derivatives of A. actinomycetemcomitans
SUNYaB 67 were isolated and these
mutant strains were designated SZ41,
SZ47 and SZ49. The tubes containing
each mutant strain and P. gingivalis ATCC
33277 were similar to that containing the
wild-type serotype ¢ and ATCC 33277, as
shown in Fig. 1. However, when these test
tubes were rocked, the clusters on the glass
surface and the bottom of the tube readily
fell off (data not shown); indicating the
reduction in adhesion. Southern hybridiza-
tion analysis using the DIG-labeled kan
gene in IS903dkan as a probe hybridized
with 3.0-, 4.6- and 3.0-kb HindIll frag-
ments from the chromosomal DNA of
SZ41, SZA7 and SZ49, respectively. DNA
sequencing of these HindIll fragments
cloned into pMCL210 revealed that the
insertion from each mutant strain was
located in a gene responsible for the
biosynthesis of serotype c-SPA in 4. actin-
omycetemcomitans (Fig. 3). The transpo-
son in SZ49 was part of open reading
frame 13 (ORF13) encoding dTDP-6-
deoxy-L-lyxo-4-hexulose reductase (23),
which forms dTDP-6-deoxy-L-talose. The
transposons in SZ41 and SZ47 were parts
of ORF12 and ORF16, respectively, which
share 26% identity with RgpF of Strepto-
coccus mutans (25) and 56% identity with
RIbN of Salmonella typhimurium (11),
respectively. Western blot analysis with
rabbit antiserum against whole cells of
A. actinomycetemcomitans NCTC 9710
showed that these mutants did not produce
the high-molecular-mass smear of SPA
(Fig. 4). Next, the coaggregation values of
each coaggregation-deficient mutant strain
and P gingivalis ATCC 33277 were
measured for the 0- and 20-h reaction

.

Fig. 4. Western blot analysis of the coaggrega-
tion-deficient mutants and the wild-type serotype
¢ strain of SUNYaB 67. Cell lysates treated with
proteinase K were run on SDS—polyacrylamide
(8%) gels, and transferred to a nitrocellulose
membrane. The membrane was treated with
rabbit antiserum raised against NCTC 9710
cells. The samples in lanes 1-3 were prepared
from the coaggregation-deficient mutants (SZ41,
SZA47 and SZA49, respectively) and that in lane 4
was prepared from wild-type strain of SUNYaB
67.

R e

samples. The coaggregation values of
every cell suspension of each mutant and
P, gingivalis ATCC 33277 were markedly
lower than that of the wild-type strain
A. actinomycetemcomitans SUNYaB 67
and P, gingivalis ATCC 33277 (Fig. 5A).
Because P. gingivalis ATCC 33277 aggre-
gates with itself, negative coaggregation
values (indicating that the ODsqo differ-
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Fig. 5. Coaggregation value of Porphyromonas gingivalis ATCC 33277 and the spontaneous
Actinobacillus actinomycetemcomitans coaggregation-deficient mutants (A) and ORF-deficient
mutants of the genes that synthesize serotype c-SPA (B) derived from SUNYaB 67 (serotype c).
Lanes 1-3 contain the spontaneous coaggregation-deficient mutants of SUNYaB 67, lanes 4 and 8
contain the wild-type SUNYaB 67, and lanes 5-7 contain mutants deficient in the ORFs for the
synthesis of serotype c-SPA. Lane 1, strain SZ41; lane 2, strain SZ47; lane 3, strain SZ49; lane 4,
wild-type SUNYaB 67; lane 5, ORF12-deficient; lane 6, ORF14-deficient; lane 7, ORF17-deficient;
lane 8, wild-type SUNYaB 67. *P < 0.05, **P < 0.001, ***P < 0.0001 when compared to the value

for wild-type SUNYaB 67.

ence of the mixed sample was lower than
the ODso difference of the control sam-
ple) were obtained for SZ47 and SZ49.

Coaggregation values of SPA-deficient
strains with P. gingivalis ATCC 33277

To demonstrate that serotype c-SPA of
A. actinomycetemcomitans is directly
involved in the coaggregation with P. gin-
givalis ATCC 33277, two SPA-deficient
mutant strains and one SPA-producing
mutant strain derived from 4. actinomyce-
temcomitans SUNYaB 67 were prepared
by electroporation using the chromosomal
DNA from the ORFI12-, ORF14-, and
ORF17-deficient strains in A. actinomyce-
temcomitans NCTC 9710 (25). Neither
ORF13 nor ORF16 could be inactivated,
although we tried to construct mutants.
Immunodiffusion reactions using auto-
claved extracts from whole cells of wild-
type A. actinomycetemcomitans SUNYaB
67 and its mutants with anti-A. actin-
omycetemcomitans NCTC 9710 serum
revealed that insertional activation of
ORF12 and ORF14, but not of ORF17,
resulted in the loss of the ability of
A. actinomycetemcomitans SUNYaB 67
cells to produce SPA (data not shown).

These findings suggest that ORF12 and
ORF14 are essential for SPA biosynthesis,
and that the ORF17 gene is located
adjacent to the genes that are indispensable
for serotype c-SPA synthesis but is unre-
lated to the synthesis of serotype c-SPA.
Figure 5B shows the coaggregation values
between these insertional mutants of
A. actinomycetemcomitans SUNYaB 67
and P. gingivalis ATCC 33277. The coag-
gregation values of the cell suspensions
containing either the ORF12- or ORF14-
deficient mutant and P. gingivalis ATCC
33277 were reduced by approximately
one-third in comparison with that of the
wild-type 4. actinomycetemcomitans
SUNYaB 67 and P. gingivalis ATCC
33277. By contrast, the ORF17-deficient
strain aggregated with P. gingivalis ATCC
33277 as well as the wild-type strain
SUNYaB 67 did.

Discussion

Periodontitis is thought to be caused by a
microflora complex that includes the puta-
tive periodontopathic bacteria P. gingivalis,
A. actinomycetemcomitans, Treponema
denticola, Prevotella intermedia, Tannerel-
la forsythia (formerly Bacteroides forsythus
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or Tannerella forsythensis) (18) and Fuso-
bacterium nucleatum (9,43). These bacteria
are isolated together from affected perio-
dontal sites (41) and it has been suggested
that periodontitis is initiated by cooperation
between the different species. Bacterial
coaggregation has been recognized as the
most important process in the development
of multi-species biofilms (29). Many syner-
gistic relationships between P. gingivalis
and other periodontopathic bacteria depend
on cell-to-cell interactions (10, 34) and on
soluble components of the bacteria (46). For
A. actinomycetemcomitans, only a cell-to-
cell interaction with F. nucleatum has been
reported (31); this report is the first to
describe cell-cell coaggregation between
A. actinomycetemcomitans and P. gingivalis
and the coaggregation factor of the 4. actin-
omycetemcomitans serotype ¢ strain that
interacts with other periodontopathic bac-
teria.

Various compounds on the surface of
A. actinomycetemcomitans have important
roles in oral biofilm formation. Non-spe-
cific, tenacious surface attachment is
dependent on the presence of long, bun-
dled adhesive pili (fimbriae) that form on
the cell surface (12). Mutations in fip-/,
which encodes the major fimbrial protein
subunit, result in cells that fail to produce
fimbriae or attach to surfaces. Kaplan et al.
(13) reported that the genes responsible for
the synthesis of serotype f-specific O poly-
saccharide (O-PS) of lipopolysaccharide
were required for biofilm cell detachment
that involves the release of cells from
inside a biofilm colony, but were not
required for surface attachment or biofilm
colony formation. It has been reported that
A. actinomycetemcomitans strains with
mutations of the outer membrane protein
100 (Omp100), which localizes on the cell
surface, show decreased adhesion and
invasion efficiency to KB cells — it is
60% that of the wild-type (3). In this study,
we found that three coaggregation-defici-
ent mutants of 4. actinomycetemcomitans
had reduced coaggregation efficiency with
P. gingivalis. These findings suggest that
the serotype-SPA plays a role in biofilm
formation in 4. actinomycetemcomitans, in
addition to various other factors including
O-PS, Omp100, SPA and other unidenti-
fied factors. Most of these studies have
rarely examined the effects of saliva and
serum components. When saliva, serum
and other bacteria are added to these
reactions, the results should be more
complex.

The serotypes a-SPA and c-SPA of
A. actinomycetemcomitans have unique
structural features and consist solely of
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rare 6-deoxyhexoses: 6-deoxy-D-talose and
6-deoxy-L-talose, respectively (28, 39).
D-Fucose, which is found in serotype
b-SPA, is also rare. Rosen etal. (31)
reported that the [-N-acetyl-D-galactosa-
mine in 4. actinomycetemcomitans sero-
type b O-PS is recognized by F. nucleatum
lectin. Therefore, the serotype-specific
polysaccharides in A. actinomycetemcomi-
tans have a role in relation to the differ-
ences in virulence, pathogenesis and
biofilm formation among the different
serotypes of this organism.

Interestingly, of the four P. gingivalis
strains studied here, P. gingivalis ATCC
33277 and 381 had the ability to bind to the
A. actinomycetemcomitans serotype ¢
strains, while P. gingivalis W50 and W83
did not coaggregate with any A. actin-
omycetemcomitans strain. Nakagawa et al.
(21,22) classified P, gingivalis into six types
(I'to Vand Ib) based on the differences in the
fimA genes encoding the subunit of the long
(major) fimbriae, FimA. Both P. gingivalis
ATCC 33277 and 381 are type I fimA strains
and W50 and W83 are type IV fimA strains.
The FimA of P. gingivalis ATCC 33277 and
381 may affect coaggregation with
A. actinomycetemcomitans serotype ¢
strains. P. gingivalis fimbriae bind to var-
ious oral surfaces, such as salivary compo-
nents (19) and epithelial cells (2), and have
also been reported to participate in coag-
gregation with other oral bacteria (10, 17,
27). The long fimbriae of P. gingivalis,
predominantly composed of FimA, interact
with glyceraldehyde-3-phosphate  dehy-
drogenase on Streptococcus oralis (17).
Mfal, which is the major protein subunit of
the short fimbriae, bound to the SspB
streptococcal  surface polypeptide of
Streptococcus gordonii  (27). Recently,
FimA-deficient and Mfal-deficient mutants
derived from P. gingivalis ATCC 33277
were kindly provided by Prof. Fuminobu
Yoshimura, Department of Microbiology,
Aichi-Gakuin University, and we are cur-
rently investigating the adhesion factor of
P. gingivalis that is responsible for coag-
gregation with 4. actinomycetemcomitans
serotype c-SPA.
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