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Use of specific fimbria-defective mutants derived from Actinomyces viscosus T14 has shown that salivary
acidic proline-rich protein 1 and statherin serve as receptors for type 1 fimbriae which mediate attachment of
the organism to experimental pellicles on apatitic surfaces.

Actinomyces viscosus is prominent in human supra- and
subgingival dental plaques (8, 10). This filamentous bacte-
rium preferentially colonizes the teeth, and it appears to
actually require the presence of teeth in order to colonize the
mouth, since it is usually not detected in the oral cavities of
predentate infants (8). In adults, elevated proportions of A.
viscosus have been associated with gingivitis (18, 25) and
root surface decay (9).

Typical strains of A. viscosus possess two types of fim-
briae, which can be distinguished antigenically and function-
ally. Type 2 fimbriae are associated with a galactose- and
N-acetylgalactosamine-specific lectin that mediates attach-
ment to receptors on certain bacteria and mammalian cells
(2, 3, 21). On the other hand, type 1 fimbriae mediate
attachment of A. viscosus cells to salivary pellicles formed
on apatitic surfaces similar to those of teeth (4, 5, 6, 26).
Interactions involving type 1 fimbriae are not inhibited by
galactosides or by other sugars studied.

In contrast to A. viscosus, typical strains of Actinomyces
naeslundii frequently contain only type 2 fimbriae (3) and
they attach relatively poorly to salivary pellicles on mineral
surfaces (5, 7). Recent studies have shown that attachment
of A. viscosus cells to apatitic surfaces is greatly promoted
by adsorbed salivary proline-rich proteins (PRP) and by the
protein statherin; other components of saliva are ineffective
(13). Adsorption of A. viscosus cells to experimental pelli-
cles prepared from pure PRP-1 is not inhibited by lactose,
which suggests that type 1 rather than type 2 fimbriae are
responsible. Furthermore, adsorbed PRP molecules do not
promote the attachment ofA. naeslundii cells which possess
only type 2 fimbriae (13). Recently, mutants of A. viscosus
which are defective in the production of either type 1 or type
2 fimbriae have been obtained (4). The purpose of the
present investigation was to compare the adhesion of these
specific fimbria-defective mutants to experimental pellicles
formed from pure salivary PRP or statherin.

Parental A. viscosus T14V-J1 (1+2+) possesses type 1 and
type 2 fimbriae. The isolation of fimbria-defective mutants
from this strain has been described (4). Mutant 5519 (1+2-)
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is defective in the synthesis of type 2 fimbriae, while mutant
5951 (1-2+) is defective in the synthesis of type 1 fimbriae.
Mutant 147 (1-2-) is defective in both types of fimbriae (4).
The organisms were grown in Todd-Hewitt broth (BBL
Microbiology Systems, Cockeysville, Md.) supplemented
with 10 ,uCi of [3H]thymidine (New England Nuclear Corp.,
Boston, Mass.) per ml at 35°C in Brewer jars filled with 80%
N2, 10% H2, and 10% CO2 as previously described (11).
Cells from overnight cultures were washed three times and
suspended in 0.05 M KCl containing 1 mM phosphate (pH
6.0), 1 mM CaCl2, and 0.1 mM MgCl2 (buffered KCl)
supplemented with 5 mg of bovine serum albumin (BSA) per
ml (12).
Samples of submandibular saliva were obtained by using a

custom-made collecting device. Acid candy was used to
stimulate salivary flow, and samples were immediately dia-
lyzed against 0.1 M NH4HCO3 (pH 8.0) buffer which con-
tained 0.5% CHCl3 at 4°C overnight (13). The saliva was then
fractionated on columns of Trisacryl GF 2000 (LKB,
Bromma, Sweden) at 4°C and eluted with 0.1 M NH4HCO3
buffer as previously described (13). Experimental pellicles
were prepared by exposing 5 mg of spheroidal hydroxyapa-
tite (HA) beads (BDH Chemicals, Gallard-Schlesinger
Chemical Corp., Carle Place, N.Y.) to 125 ,ul of unfraction-
ated saliva or to each column fraction for 1 h. The beads
were then washed twice with buffered KCI and treated for 30
min with buffered KCI-BSA to block any uncoated regions of
the HA. After being washed, the beads were incubated with
6.25 x 106 [3H]thymidine-labeled actinomyces cells sus-
pended in 125 ,ul of buffered KCl-BSA. After incubation with
continuous rotation for 1 h at room temperature, the beads
were washed three times and the number of actinomyces
cells which attached was determined by scintillation count-
ing as previously described (11, 12).

Parental strain T14V-J1 (1+2+) and mutant 5519 (1+2-)
attached in significantly higher numbers to HA treated with
unfractionated submandibular saliva than did mutant 5951
(1-2+) or 147 (1-2-) (Table 1). These observations are
consistent with previous studies (4-7). Treatment of HA
with chromatographic fractions of submandibular saliva pro-

duced two broad peaks of adhesion-promoting activity for
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TABLE 1. Adsorption of parental and fimbria-defective mutant strains of A. viscosus to Experimental Pellicles on HA'

No. (106) (mean ± SE) of A. viscosus cells adsorbed per 5 mg of HA
Pellicle source Strain T14V-J1 Strain 5519 Strain 5951 Strain 147

(1+2+) (1+2-) (1-2+) (1-2-)

Buffer 0.63 ± 0.01 0.86 ± 0.01 0.22 ± 0.05 0.14 ± 0.02
Submandibular saliva 5.19 ± 0.03 4.64 ± 0.03 2.81 ± 0.23 1.15 ± 0.13
PRP-1 (100 ,ug/ml) 5.44 ± 0.19 4.96 ± 0.23 0.33 ± 0.05 0.45 ± 0.04
PRP-1 (20 ,ug/ml) 5.19 ± 0.16 5.02 ± 0.06 0.39 ± 0.07 0.27 ± 0.01
Statherin (200 ,ug/ml) 5.56 ± 0.14 5.18 ± 0.33 0.94 ± 0.08 0.05 ± 0.01
Statherin (20 ,ug/ml) 1.32 ± 0.24 1.37 ± 0.06 0.10 ± 0.04 0.38 ± 0.01

a Reaction mixtures (125 ,ui) contained 5 mg of HA beads and 6.25 x 106 3H-labeled bacteria in buffered KCI-BSA.

parental strain T14V-J1 (1+2+) (data not shown) and mutant
strain 5519 (1+2-) (Fig. 1). These two salivary fractions are
known to include the acidic PRPs and the protein statherin,
respectively (13). The adhesion of strain 5951 (1-2+) was not
strongly promoted by any salivary fraction (Fig. 1).
The adhesion of parental strain T14V-J1 (1+2+) and the

fimbria-defective mutants was determined by using HA
beads treated with pure PRP-1 or statherin (Table 1). Sam-
ples of these proteins were prepared from human saliva as
previously described (13, 22). Their purity was assessed by
polyacrylamide gel electrophoresis, by high-performance
liquid chromatography, and by sequencing (22-24, 27, 28).
Pellicles prepared from 20-lpg/ml solutions of pure PRP-1
were as effective as unfractionated submandibular saliva in
promoting the adhesion of strain T14V-J1 (1+2+) and mutant
5519 (1+2-) (Table 1). Pellicles formed from high concentra-
tions of statherin (200 p.g/ml) also promoted good adhesion
of these strains. In contrast, the adhesion of mutant 5951
(1-2+) or 147 (1-2-) was not promoted by either adsorbed
PRP-1 or statherin (Table 1). The presence of 0.05 M lactose
did not significantly inhibit adhesion of strain T14V-J1 or
5519 to any of the pellicles studied (data not shown). These
observations are consistent with previous reports that have
shown that the type 1 fimbriae of A. viscosus cells are
primarily responsible for mediating attachment to unmodi-
fied salivary pellicles on HA surfaces (4-7). Our data further

indicate that the type 1 fimbriae of A. viscosus cells interact
with adsorbed PRP-1 and statherin molecules on HA sur-
faces.
The ability of A. viscosus T14V-J1 and its fimbria-de-

fective mutants to bind to adsorbed PRP-1 was also studied
by using polystyrene latex beads (15.7-p.m diameter, LB16;
Sigma Chemical Co., St. Louis, Mo.). Suspensions (0.5%) of
the beads were incubated with the 50-,ug/ml solutions of the
protein in 0.05 M carbonate buffer at pH 9.5. For compari-
son, beads were also coated with BSA or asialofetuin
prepared by mild acid hydrolysis from fetuin (Sigma). The
beads were washed twice and suspended in buffer containing
2 mg of BSA per ml. Samples (100 p.l) of the protein-coated
beads were mixed with 5 x 106 bacteria in microdilution
plates on a rotary shaker and then examined for agglutina-
tion.

Parental strain T14V-J1 agglutinated latex beads coated
with either PRP-1 or asialofetuin, but not beads coated with
BSA (Fig. 2). Mutant 5519 (1+2-) agglutinated only beads
coated with PRP-1, while mutant 5951 (1-2+) agglutinated
only beads coated with asialofetuin. Mutant 147 failed to
agglutinate any of the beads tested (Fig. 2). These observa-
tions further substantiate that type 1 fimbriae bind to ad-
sorbed PRP-1 molecules, whereas type 2 fimbriae do not.
PRP-1 and statherin are nonglycosylated proteins (15,

22-24, 27, 28), and the fimbriae ofA. viscosus cells have also
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FIG. 1. Attachment of A. viscosus 5519 (1+2-) and 5951 (1-2+) to HA treated with submandibular saliva fractions obtained by

chromatography on columns of Trisacryl GF-2000. Symbols: ----, absorption of the fractions at 220 nm; l, mean number of 5519 (1+2-) cells
which attached; [3, mean number of 5951 (1-2+) cells which attached.
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FIG. 2. Aggregation of latex beads coated with PRP-1 (PRP),
asialofetuin (ASF), and BSA by cells of parental A. viscosus
T14V-J1 (1+2+) and fimbria-defective strains 5519 (1+2-), 5951
(1-2+), and 147 (1-2-). Note that strains possessing type 1 fimbriae
aggregated PRP-1-coated latex beads, while strains possessing type
2 fimbriae aggregated asialofetuin-coated latex beads.

been reported to be free of carbohydrate (6, 26). Therefore,
the interaction of type 1 fimbriae with adsorbed PRP-1 or
statherin molecules appears to represent a clear example of
a protein-protein stereochemical interaction which mediates
bacterial adhesion. The PRPs and statherin are characteris-
tically found in saliva (16, 17), and these proteins adsorb
with high affinity to apatitic minerals (14, 15, 19). Both
proteins would therefore be expected to be present in the
acquired pellicle which forms on teeth, and this prediction
has been confirmed in the case of the PRPs (1, 15, 17). The
present study has now shown that these proteins serve as

major salivary receptors for the type 1 fimbrial adhesins
which mediate attachment of A. viscosus cells to pellicles
formed on HA surfaces. These findings provide a molecular
explanation for the tropism which A. viscosus cells display
for teeth.
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