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The enzymatic and adherence properties of Streptococcus mutans GS5 and S.
sanguis ST3, both isolated from human carious lesions, have been compared.
During growth in sucrose media, S. mutans GS5 adheres to smooth surfaces
approximately three times more effectively than does S. sanguis ST3. However,
strain ST3 does not display sucrose-dependent adherence under nongrowth
conditions, whereas strain GS5 displays significant adherence. Although both
organisms synthesize both water-soluble and -insoluble glucans, the glucosyl-
transferases from S. mutans GS5 synthesize much more adherent glucan mole-
cules than do the comparable enzymes from S. sanguis ST3. Both cell types bind
exogenous glucosyltransferases synthesized by strain ST3 equally well, whereas
cells of strain GS5 bind the comparable enzyme fraction that it synthesizes to a
greater degree than do cells of S. sanguis ST3. However, in contrast to the
results with cells of S. mutans GS5, the absorption of the glucosyltransferase
activity synthesized by S. mutans GS5 to the surface ofS. sanguis ST3 results in
low levels of subsequent sucrose-dependent adherence. These results are dis-
cussed in terms of the molecular basis for the sucrose-dependent adherence of
the oral streptococci to smooth surfaces.

A variety of experimental approaches have
substantiated the important role of Streptococ-
cus mutans in the development of dental caries
in humans and experimental animals (10).
Nevertheless, it is possible that a variety oforal
microorganisms found in dental plaque may be
involved in the actual demineralization oftooth
enamel. One of the predominant species of
streptococci isolated from dental plaque has
been shown to be S. sanguis (1). Members of
this group are quite similar to S. mutans in a
number of properties, including the elaboration
of glucosyltransferase (GTF) (EC 2.4.1.5) en-
zymes capable of synthesizing both water-solu-
ble and -insoluble glucan polymers from dietary
sucrose (2). The ability ofS. mutans to colonize
smooth surfaces and initiate plaque formation
has been shown to be primarily dependent on
the synthesis of adherent insoluble glucan mol-
ecules (9). Although various strains of S. san-
guis can also synthesize significant quantities
of insoluble glucan molecules, these organisms
do not induce smooth-surface caries formation
when inoculated into experimental animals, as
occurs with most strains of S. mutans tested
(10). Chemical analysis of the glucan products
synthesized by these two species of oral strepto-

cocci suggests that this difference may be re-
lated to the formation of different types of insol-
uble glucan molecules by the two microorga-
nisms (3, 11). Furthermore, recent results from
this laboratory (14) have suggested that the
synthesis of adherent insoluble glucans by S.
mutans is not in itself sufficient for sucrose-
dependent adherence to smooth surfaces in vi-
tro. In this regard, the sucrose-polymerizing
activities and adherence properties of S. san-
guis ST3, isolated from a human carious lesion,
have been investigated and compared with
those of cariogenic S. mutans GS5 (serovar c).
These results are discussed in terms of the mo-
lecular basis for the adherence of oral strepto-
cocci to smooth surfaces.

MATERIALS AND METHODS
Organisms. Cariogenic S. mutans GS5 (7) was

originally obtained from R. J. Gibbons (Forsyth
Dental Center, Boston, Mass.) in 1971 and has been
maintained as previously described (16). S. sanguis
ST3, provided by S. Hamada (Osaka University
Dental School, Osaka, Japan), was isolated from a
carious lesion of a Japanese child in 1975 and was
transferred biweekly into Todd-Hewitt (Difco) broth
(THB). The classification of strain ST3 as a member
of the S. sanguis group was made on the basis of its
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colonial morphology and fermentation patterns (S.
Hamada, personal communication). In addition, un-

like all strains of S. mutans examined in this labo-
ratory, antibodies directed against the GTF activi-
ties of S. mutans GS5 (21) do not inhibit the corre-

sponding enzyme activities of S. sanguis ST3.
Preparation of cells and enzyme fractions. Cells

were grown in THB supplemented with the appro-

priate carbon source for the indicated time periods
at 37°C. After harvesting, the cells were washed
three times with 0.9% NaCl and resuspended to 1/1o
the original volume in 0.9% NaCl-0.02% NaN3
(SCA). These cell suspensions were utilized as de-
scribed below for the determination of enzyme ac-

tivities and adherence properties. The extracellular
enzyme preparations used in these experiments
were either dialyzed supernatant fluids from the
growth cultures or crude enzyme preparations
(CEP) used as previously described (19).

3H-labeled S. sanguis ST3 suspensions were pre-

pared by inoculating 150 ml of 0.5% Casamino Acids
(Difco)-salts (6)-1% glucose medium containing 1.5
ml of [3H]thymidine (1.0 mCi/ml) with a washed
suspension of S. sanguis ST3. After growth in a
GasPak (BBL) anaerobic system for 18 h at 37°C, the
labeled cells were collected on membrane filters
(0.45 ,um, Millipore Corp.), washed with SCA, and
resuspended in 10 ml of SCA.
Enzyme assays. Soluble and insoluble glucan

syntheses by the GTF preparations were measured
as previously described (19). Fructosyltransferase
(EC 2.4.1.10) (FTF) activity was assayed as de-
scribed earlier (20). Adherent glucan synthesis was
determined by incubating the standard GTF reac-
tion mixture (substituting SCA for water) in 22-mm
glass scintillation vials for 18 h at 37°C. The super-
natant fluids were then carefully aspirated from the
vials, and the adherent glucan layers on the bottom
of the vials were gently washed three times with 2.0
ml of 0.9% NaCl. After drying, the vials were
counted as previously described (18).

Adherence. The adherence of nongrowing cell
suspensions to glass surfaces was determined as
described previously (18). The adherence measured
represents the net result of both the attachment of
the cells to smooth surfaces and the attachment of
the cells to each other. Adherence during growth
was measured by inoculating 5-ml cultures ofTHB-
1% glucose or sucrose with the appropriate organism
(0. 1-ml inoculum). The cultures were then incu-
bated at a 300 angle for 18 h at 37°C. The culture
fluids containing the nonadherent cells were care-

fully decanted and diluted in 0.5 N NaOH, and the
absorbance was determined at 540 nm. The adherent
cells were gently washed three times with 0.9%
NaCl and suspended in 5.0 ml of 0.5 N NaOH, and
the turbidities were measured at 540 nm.

The adherence of3H-labeled S. sanguis was deter-
mined by mixing 3H-labeled S. sanguis (3.3 x 108
colony-forming units [CFU], 2,135 cpm/108 CFU),
0.10 M potassium phosphate buffer (pH 6.0), 2%
sucrose, and SCA in a total volume of 0.5 ml directly
in scintillation vials. After incubation for 18 h at
37°C, the supernatant fluids were aspirated and the
adherent cell layers were washed three times with

2.0 ml of 0.9% NaCl. The vials were then directly
counted after drying.

Cellular interaction with glucans. Visible agglu-
tination of cells in the presence of exogenous sucrose

or glucans was determined as previously described
(8), except that the reactions were followed for up to
1 h. The adherence of cell suspensions to preformed
glucan layers was carried out as described earlier
(17). The glucan layers were synthesized by using
the CEP from culture fluids of S. mutans GS5.
['4C]glucan binding to cells was measured by incu-
bating the appropriate concentration of [14C]glucan
(0.34 ,uCi/mg), cells, and SCA in a total volume of
1.0 ml at 37°C for 30 min. After further incubation
at 7°C for 18 h, the cells were collected on glass fiber
filters (Whatman), washed three times with 2.0 ml
of 0.9% NaCl, and washed once with 3.0 ml of meth-
anol, and the dried filters were counted as previ-
ously described.
Enzyme binding. Live or heat-killed cells (100°C

for 30 min) were incubated in a reaction mixture
containing various levels of the CEP from either S.
sanguis ST3 or S. mutans GS5 together with SCA in
a total volume of 2.0 ml. After incubation at 37°C for
30 min, the mixtures were further incubated for 18 h
at 7°C. The cell suspensions were centrifuged at
13,000 x g for 10 min, washed with 5.0 ml of 0.9%
NaCl, and finally suspended in 2.0 ml ofSCA. These
cell suspensions were then used to determine cell-
associated enzyme activities and adherence proper-
ties.

Materials. [U-14C]sucrose-glucose (212 mCi/
mmol), [U-3H]sucrose-fructose (4.75 mCi/,Lmol), and
[methyl-3H]thymidine (20 Ci/mmol) were obtained
from New England Nuclear Corp. Soluble
["IC]glucan (0.34 ,uCi/mg) was prepared as previ-
ously described (19). Dextran T10 and T2000 were

products of Pharmacia Fine Chemicals.

RESULTS

Sucrose-dependent adherence during
growth. S. mutans GS5 displayed marked ad-
herence to glass surfaces in vitro when grown
in THB supplemented with sucrose (Table 1),
as is typical of organisms of this species (25).
When sucrose was replaced by glucose, adher-

TABLE 1. Adherence of S. mutans GS5 and S.
sanguis ST3 during growtha

Organism Carbon wurce Adherenceb

S. mutans GS5 Glucose (1%) 29
S. mutans GS5 Sucrose (1%) 76
S. sanguis ST3 Glucose (1%) 7
S. sanguis ST3 Sucrose (1%) 24

a Each organism was inoculated into THB me-
dium (5 ml) with the indicated carbon source and
incubated at 37°C for 18 h. Adherent and nonadher-
ent cells were quantitated as described in the text.

b {A540 (adherent cells)/[A540 (adherent cells) +
A5. (nonadherent cells)]} x 100, where A54, is the
absorbance at 540 nm.
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ence was reduced but was still pronounced.
This latter observation is probably the result of
the presence of contaminant sucrose in the
growth medium (18). S. sanguis ST3 also dis-
played significant sucrose-dependent adher-
ence during growth. However, the adherence
observed was about one-third that ofS. mutans
GS5. As with S. mutans GS5, the adherence of
strain ST3 was also reduced when sucrose was
replaced by glucose. The adherence of certain
strains ofS. sanguis to smooth surfaces during
growth in sucrose broth has also been observed
previously (22). The growth rates of both orga-
nisms were nearly identical in THB-glucose
medium, and the final yield of cells of both
strains was increased approximately 32% when
glucose was replaced by sucrose.

Sucrose-dependent adherence of nongrow-
ing cell suspensions. Washed cell suspensions
of S. mutans GS5 grown in THB-glucose me-
dium adhere very strongly to glass in the pres-
ence of sucrose (Fig. 1). In contrast, no detecta-
ble adherence could be measured after the incu-
bation of S. sanguis ST3 with sucrose. In the
presence of sucrose, these latter cells formed a

gel-like layer on glass surfaces, which was
readily removed during the washing procedure
employed in the assays.

Interaction of cell suspensions with glu-
cans. The ability ofS. mutans to agglutinate in
the presence of a variety of glucan polymers is
one of the prominent characteristics of this
group of organisms (8). As reported previously
for other strains of S. mutans (8), strain GS5
agglutinates readily in the presence of dextran
T2000 or after incubation with sucrose, indicat-
ing an interaction of the cells with glucan poly-
mers (Table 2). In contrast, no visible aggluti-
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FIG. 1. Nongrowing sucrose-dependent adherence

of S. mutans GS5 and S. sanguis ST3. Various
levels of the oral streptococci were incubated in the
presence ofsucrose, and the resultant adherence was

quantitated as previously described (18). Symbols:
0, S. mutans GS5 (1.4 x 101 CFU/ml); 0, S. san-

guis ST3 (8.1 x 109 CFUlml). A MOnm, Absorbance at
540 nm.

TABLE 2. Interaction of S. mutans GS5 and S.
sanguis ST3 with glucans

Adherence Dextran- Sucrose-
Cells to preformed induced induced

glucan lay- agglutina- agglutina-
ers° (%) tionb tionb

S. mutans GS5 7.6 + +
S. sanguis ST3 3.9 - +

a Preformed glucan layers synthesized by the
CEP of S. mutans GS5 were prepared (17), and
either S. mutans GS5 (2.7 x 10':CFU) or S. sanguis
ST3 (2.0 x 109:CFU) cells were added. After incuba-
tion for 18 h at 37°C, the adherent cells were washed
and quantitated as previously described. Adherence
is presented as the percentage of added cells com-
plexed to the glucan layers.

b Agglutination in the presence of dextran T2000
or sucrose (1%) was carried out as described in the
text.

nation was observed when S. sanguis ST3 was
incubated with dextran T2000. However, as
with S. mutans GS5, the incubation of S. san-
guis ST3 cells with sucrose resulted in a visible
agglutination of the cells.
The interaction of S. mutans with glucan

molecules can also be demonstrated after incu-
bation ofthe cells with preformed glucan layers
on glass surfaces (17). Both S. mutans GS5 and
S. sanguis ST3 adhere to glucan layers, with
the former cells adhering to a greater degree
than the latter cells. The adherence of S. mu-
tans GS5 to preformed layers in these experi-
ments (Table 2) is much less than the 93%
reported previously (17) for these same cells.
Recent results indicate that strain GS5 has be-
come altered in its ability to interact with glu-
cans after continuous subculture (14).
A direct measurement of the interaction of

the two cell types with soluble glucan molecules
was also carried out with [14C]glucan prepared
as previously described (19). S. sanguis ST3
bound significant amounts of [14C]glucan,
whereas S. mutans GS5 was much less active
in binding the soluble polymer (Fig. 2). The low
level of glucan binding exhibited by strain GS5
is apparently also due to a decrease in glucan
interaction displayed by these cells after con-
tinuous subculture. The ability of S. sanguis
ST3 to bind [14C]glucan is comparable to that
measured for the original cultures ofS. mutans
GS5 grown from lyophilized stored samples and
not maintained for long periods by continuous
subculture (14).

Effects of S. mutans GS5 on the sucrose-
dependent adherence of S. sanguis ST3. De-
spite the relatively low levels of sucrose-de-
pendent adherence observed for S. sanguis
(Fig. 1), these organisms are one ofthe predom-
inant species of streptococci found in smooth-

INFECT. IMMUN.



DIFFERENTIAL SUCROSE-DEPENDENT ADHERENCE 333

Ua.

U0

° 400 -

U

0

C

o 200

0 0.2 0.4 0.6

14C-Glucan (ml)
FIG. 2. Binding of[14C]glucan by S. mutans GS5

and S. sanguis ST3. Cell suspensions of the strepto-
cocci were incubated with the indicated levels of
[4C]glucan (22,000 cpm/ml), and the binding ofthe
radioactive glucan was measured as described in the
text. Symbols: *, S. mutans GS5 (1.65 x 109 CFU);
0, S. sanguis ST3 (1.49 x 109 CFU).

surface dental plaque (1). It was of interest,
therefore, to determine whether the adherence
of S. sanguis ST3 to smooth surfaces could be
augmented by the presence of S. mutans and
sucrose. The addition of sucrose did not signifi-
cantly increase the adherence of 3H-labeled S.
sanguis to glass surfaces (Table 3), as was pre-
viously observed (Fig. 1). However, in the pres-

ence of viable cells ofS. mutans GS5, there was
a significant (threefold) increase in the adher-
ence of the ST3 cells. Thus, the sucrose-depend-
ent adherence of S. mutans GS5 to smooth
surfaces might also trap cells ofS. sanguis ST3
into the adherent layer. In addition, S. sanguis
cells might also adhere to S. mutans-glucan
layers subsequent to their formation, as sug-
gested by the results of Table 2.
GTF activities of S. mutans GS5 and S.

sanguis ST3. One possible explanation for the
inability of cell suspensions of S. sanguis ST3
to adhere to smooth surfaces (Fig. 1) is that
these cells might synthesize primarily extracel-
lular, as opposed to cell-associated, GTF activ-
ity. To evaluate this possibility, the distribu-
tion ofGTF activity was determined in cultures
of strain ST3 and compared with that of S.
mutans GS5 (Table 4). A comparison of the two
cell cultures revealed that strain ST3 possessed
much higher cell-associated GTF activity than
did S. mutans GS5. The magnitude of this dif-
ference varied from experiment to experiment,
but the cell-associated activity from strain ST3
was generally much greater than that of strain

GS5. It was also of interest to examine the
nature of the glucan products synthesized by
the two species of oral streptococci. The extra-
cellular GTF enzymes ofboth cell types synthe-
size large amounts ofboth soluble and insoluble
glucans (Table 5). However, the structures of
the glucan products synthesized by the two or-

ganisms appear to be quite different since S.

TABLz 3. Effects of S. mutans GS5 on the
nongrowing sucrose-dependent adherence of 3H-

labeled S. sanguis ST3a

ScoeAdher-Cells SU(Croe ent cells
(cpm)

3H-labeled S. sanguis ST3 None 146
3H-labeled S. sanguis ST3 2 171
3H-labeled S. sanguis ST3 + S. 2 533
mutans GS5

3H-labeled S. sanguis ST3 + 2 112
heat-killed S. mutans GS5

a 3H-labeled S. sanguis (3.3 x 108 CFU, 2,135
cpm/108 CFU) cells were incubated with the indi-
cated amounts of sucrose and live or heat-killed cells
of S. mutans GS5 (1 x 109 CFU), and the adherence
of radioactive cells was determined as described in
the text.

TABLE 4. Distribution of GTF activities in S.
mutans GS5 and S. sanguis ST3 culturesa

GTF (mU/108 CFU)
Cells

Cell associated Extracellular
S. mutans GS5 0.19 (11)b 1.59 (89)
S. sanguis ST3 0.86 (62) 0.53 (38)

a Each organism was grown for 5 h in THB-1%
glucose (10 ml), and the total GTF activity was
determined for the washed cell suspensions and di-
alyzed extracellular fluids as described in the text.

b Numbers in parentheses indicate percentage of
total culture activity.

TABLE 5. Extracellular enzyme activities of S.
mutans GS5 and S. sanguis ST3a

GTF (mU/ml) Adher-
ent ETF

Organism GTFb
Soluble Insoluble (cpm/ (mU/ml

mU)
S. mutans GS5 34.2 43.0 214 3.8
S. sanguis ST3 113.4 83.2 31 0

a The extracellular proteins of THB-1% glucose-
grown cultures (200 ml) of each organism were pre-
cipitated by ammonium sulfate as previously de-
scribed (19). Each dialyzed enzyme preparation was
then assayed for the indicated activities as described
in the text.

b Adherent GTF activities are expressed as the
counts of '4C-labeled adherent glucan synthesized
in 18 h per milliunit of total GTP activity added.
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sanguis ST3 synthesizes appreciable amounts
of glucan molecules that are water insoluble
but do not adhere strongly to glass surfaces
compared with the S. mutans GS5 products.
In contrast to the extracellular enzymes ofS.

mutans GS5, no appreciable FTF activity could
be detected in the comparable fraction from S.
sanguis ST3. Likewise, strain GS5 possessed
significant cell-associated FTF activity (0.02
mU/108 CFU), whereas relatively little activity
could be detected for cells of strain ST3 (<0.003
mU/108 CFU). Previous investigations have
also indicated that certain other strains of S.
sanguis are devoid of detectable FTF activity
(26).
Binding of GTF by S. mutans GS5 and S.

sanguis ST3. Previous investigations (13) have
suggested that the presence of the cell-associ-
ated GTF activity on S. mutans GS5 is the
result of the binding of extracellular enzymes
by the cells. Furthermore, heat-killed cells ofS.
mutans can also bind significant GTF activity
(23). A comparison of enzyme binding by heat-
killed cells of both S. mutans GS5 and S. san-
guis ST3 indicated that strain GS5 binds its
own extracellular GTF activity more efficiently
than do the S. sanguis cells (Fig. 3A). Further-
more, the activity bound by strain GS5 cata-
lyzes significant sucrose-dependent adherence
of the cells to smooth surfaces. In contrast,
relatively poor adherence of heat-killed S. san-
guis ST3 cells occurs after the binding of the
GS5 extracellular enzymes. Therefore, when
both cell types bind equal levels of enzyme ac-
tivity, the GS5 cells adhere much better than
do the ST3 cells. Recent results that used heat-
killed cells of S. sanguis OMZ-9 with bound S.
mutans GTF enzymes also have indicated that
relatively poor adherence occurs after incuba-
tion with sucrose (27).
Both heat-killed cell populations bound the

extracellular GTF activity from S. sanguis ST3
equally well (Fig. 3B). Despite the binding of
significant enzyme activity by the two strepto-
cocci, very little sucrose-dependent adherence
could be detected for either cell type. Thus, a
comparison of the adherence properties of heat-
killed GS5 cells with bound enzymes from the
two cell types correlates with the earlier sug-
gestion that the GTF enzymes from S. sanguis
ST3 do not synthesize appreciable amounts of
adherent glucan molecules.
The use of viable cells in the binding experi-

ments yielded similar results (data not shown).
Viable cells of both streptococci apparently
bound extracellular GTF activity to a some-
what lesser degree than did the comparable
heat-killed cells. The extracellular enzymes
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FIG. 3. Binding of CEP to heat-killed cells of S.
mutans GS5 and S. sanguis ST3 and subsequent
sucrose-dependent adherence. The binding of the
CEP preparations to the cells and the subsequent
adherence were measured as described in the text.
(A) Binding of S. mutans GS5 CEP. The indicated
levels ofCEP (49.9 mU/mi) were incubated with the
cells and treated as described in the text. Symbols: 0,

S. mutans GS5 (2.5 x 109 CFU); 0, S. sanguis ST3
(2.2 x 109 CFU); shaded bars, adherence of GS5
cells; open bars, adherence ofST3 cells. (B) Binding
of S. sanguis ST3 CEP. The appropriate levels of
CEP (67.9 mU/ml) were incubated with the cells and
treated as described in the text. The symbols are the
same as for (A). Asuonm, Absorbance at 540 nm.

from S. mutans GS5 bound to the viable GS5
cells to a greater extent than to the ST3 cells,
whereas the enzymes from S. sanguis ST3
bound equally well to viable cells of both cell
types. These results with viable cells yield only
apparent binding capabilities since it is not
possible to accurately discriminate between the
relative contributions of the endogenous cell-
associated activity and the added activity in the
binding measurements. Like heat-killed cells,
live cells ofS. sanguis ST3 that bound the GTF
activity from S. mutans GS5 did not adhere
well to smooth surfaces in the presence of su-

crose.

DISCUSSION
Although S. sanguis is found in relatively
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high concentrations on tooth surfaces (1), there
does not appear to be a direct correlation be-
tween the presence of this organism and the
incidence of caries (4). In contrast, several stud-
ies have suggested a direct correlation between
the presence ofS. mutans on tooth surfaces and
the incidence of caries (4, 12), and various
strains of this group uniformly induce carious
lesions in experimental animals (10). These dif-
ferences between the two oral streptococci ap-
pear to result from the inability of S. sanguis
colonies on tooth surfaces to synthesize suffi-
cient acid concentrations to produce enamel de-
mineralization (10). These organisms, once at-
tached to enamel surfaces, may not form large
enough bacterial plaques by themselves for suf-
ficient acid production due to: (i) possible nutri-
ent-limited growth rates (28), (ii) limitations in
the structural properties of the S. sanguis
plaque matrix, or (iii) their inability to synthe-
size intracellular polysaccharides (29).
During growth in the presence ofsucrose (Ta-

ble 1), S. sanguis ST3 displays about one-third
of the adherence capability of S. mutans GS5.
However, in contrast to strain GS5, washed cell
suspensions ofglucose-grown cells ofS. sanguis
ST3 incubated with sucrose do not display any
detectable adherence to smooth surfaces (Fig.
1). These results suggest that most ofthe adher-
ence of strain ST3 observed during growth in
the presence of sucrose may represent adher-
ence of the cells to the adherent glucan layers
synthesized by the extracellular GTF activity
produced by the cells during growth. Adher-
ence of the cells to preforned glucan layers
(Table 2) as well as the synthesis oflow levels of
adherent glucan by the extracellular enzymes
of strain ST3 (Table 5) could be demonstrated.
Although these two properties of strain ST3 are
less pronounced than those of S. mutans GS5,
they may be sufficient to account for the cellu-
lar adherence demonstrated during growth in
vitro. The fact that sucrose-dependent adher-
ence ofS. sanguis to tooth surfaces in vivo does
not appear to be significant (5) may indicate
that the interaction of S. sanguis with glucan
layers on tooth surfaces may be minimal in the
human oral cavity, as has been suggested re-
cently for S. mutans (30).

Previous investigations concerning the com-
parative structures of the glucans synthesized
by the extracellular GTF enzymes ofS. mutans
and S. sanguis (3, 11) indicated that the prod-
ucts differed in their relative proportions of a-
1,3- and a-1,6-linked glucose units. Although
the structural requirements for adherence of
glucan molecules are not precisely known,
these results have been interpreted as indicat-

ing that S. sanguis synthesizes lower concen-
trations of adherent glucans than do strains of
S. mutans. A direct comparison of adherent
glucan synthesis by S. mutans GS5 and S.
sanguis ST3 (Table 5) indicated that the former
synthesizes approximately seven times as
much adherent glucan molecules as does the
latter. Therefore, assuming that the extracellu-
lar activities also reflect the properties of the
cell-associated activities (18), the primary basis
for the widely divergent sucrose-dependent ad-
herence properties observed for the two oral
streptococci (Fig. 1) appears to be a result ofthe
differential synthesis of adherent glucan mole-
cules. The relatively weak adherence of the
glucan products synthesized by the enzymes of
S. sanguis ST3 is also indicated by the inability
of these enzymes bound to heat-killed cells of
either oral streptococci to catalyze significant
adherence (Fig. 3B). In contrast, heat-killed
GS5 cells with bound homologous GTF enzymes
demonstrated significant sucrose-dependent
adherence to smooth surfaces (Fig. 3A). The
weak sucrose-dependent adherence of S. san-
guis ST3 may also result from the inability of
these cells to bind GTF enzymes that synthe-
size adherent glucan or from the defective bind-
ing of glucan molecules involved in the adher-
ence process. These latter two possibilities are
suggested by the observation that heat-killed
cells of S. sanguis that bound appreciable
amounts of the GS5 enzymes displayed rela-
tively weak adherence. These results suggest
that the synthesis of adherent polymer mole-
cules by the cells per se may not be the sole
requirement for maximum sucrose-dependent
adherence to smooth surfaces. A similar conclu-
sion has also been reached from an investiga-
tion ofa nonadherent variant ofS. mutans GS5
(14). The differences observed in the relative
adherence properties of the heat-killed cells
(Fig. 3A) are not the result of the inability of
the ST3 cells to agglutinate since heat-inacti-
vated cells ofboth strains with bound GTF from
strain GS5 display visible aggregation in the
presence of sucrose. However, the nature of the
postulated additional adherence requirement is
unknown, and more detailed investigations
into the adherence properties ofS. sanguis ST3
will be required to substantiate this suggestion.

Although the binding of GTF activity by var-
ious strains ofS. mutans can be readily demon-
strated (14, 23, 27), the nature of the binding
sites responsible for such interactions is still
unknown. The heat-stable receptors on the cell
surfaces of the oral streptococci might interact
with either the protein or glucan components of
the GTF complex. In addition, the GTF com-
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plex might interact with glucan or other poly-
saccharide components on the cell surface (24).
Therefore, it is not yet clear why heat-killed
cells of S. mutans GS5 bind significantly more
GTF activity from strain GS5 than do cells ofS.
sanguis ST3, whereas both cell types bind the
enzymes from strain ST3 equally well.
The ability of S. sanguis ST3 to adhere to

preformed glucan layers contrasts with pre-
vious results with S. sanguis 10556 (17). Fur-
thermore, glucan-mediated agglutination of S.
sanguis has not been previously reported al-
though certain strains of this group agglutinate
in the presence of saliva (15). As with other
strains of S. sanguis (8), strain ST3 does not
agglutinate in the presence of dextran T2000,
but does aggregate when incubated with su-
crose. These variable results suggest that var-
ious strains ofS. sanguis may exhibit differen-
tial specificities on interacting with glucan
molecules or, conversely, that the strains may
become altered to different degrees in glucan
recognition after continuous laboratory subcul-
ture, as has been recently suggested for S. mu-

tans GS5 (14). These possibilities again empha-
size that some caution should be exercised in
drawing conclusions from the comparative
properties of oral streptococci.
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