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Glucan-binding protein B (GbpB) from Streptococcus mutans has been shown to induce protective immunity
to dental caries in experimental models. Having recently sequenced the gbpB gene, our objective in this study
was to identify immunogenic regions within the GbpB sequence for use in subunit vaccines. Potential regions
of immunogenicity were sought by use of a matrix-based algorithm (EpiMatrix) to estimate the binding
characteristics of peptides derived from the GbpB sequence by using a database of known major histocom-
patibility complex class II binding alleles. Screening the entire sequence revealed several peptides with
estimated high binding probabilities. Two N-terminal 20-mer peptides (SYI and QGQ) subtending two of these
regions were synthesized. A preliminary experiment, in which these peptides were synthesized in the multiple
antigenic peptide format and were used to subcutaneously immunize Sprague-Dawley rats twice at a 21-day
interval, revealed that the SYI peptide induced a higher percentage of responses to the inciting peptide as well
as to intact GbpB, as measured by enzyme-linked immunosorbent assay. The effect of immunization with the
SYI peptide construct on the cariogenicity of S. mutans was then investigated by immunizing weanling
Sprague-Dawley rats twice at a 9-day interval with SYI or with phosphate-buffered saline. All rats were then
orally infected with S. mutans strain SJ. After a 78-day infection period, the SYI-immunized groups had
significant reductions in dental caries on both smooth and occlusal surfaces compared with the sham-
immunized group. Thus, these experiments indicated that at least one linear sequence, derived from the
N-terminal third of GbpB, was sufficiently immunogenic to induce a protective immune response in this
experimental rat model for dental caries.

The ability of cariogenic mutans streptococci to accumulate
in the dental biofilm is thought to be a consequence of the
glucosyltransferase-mediated synthesis of glucans (5). These
polymers mediate accumulation by providing binding sites for
glucan-binding proteins associated with mutans streptococci.
Epitopes associated with glucan binding would theoretically be
primary targets for immunological attack, provided that the
relevant sequences are located in molecular areas that can be
accessible to antibody. Several mutans streptococcal proteins
with glucan-binding activities have been described (16, 17, 19).
One of these components, glucan-binding protein B (GbpB),
has been shown to induce protective immune responses against
experimental dental caries following systemic (24) or mucosal
(20) immunization. Furthermore, there is evidence that the
expression of GbpB is directly related to mutans streptococcal
biofilm formation (11). These observations suggest that GbpB
epitopes may have value in dental caries vaccine constructs.

GbpB has recently been cloned and sequenced (11). The
deduced expressed sequence encompasses a single polypeptide
chain which is 431 residues in length. Analysis of the primary
sequence revealed a leucine zipper domain, but GbpB bore no
sequence homology to glucan-binding domains of glucosyl-
transferases (1, 10) or Streptococcus mutans glucan-binding

protein A (2, 3, 6). This prevented the specific recognition and
immunological targeting of GbpB domains of putative glucan-
binding function by use of subunit vaccine approaches that had
been employed successfully with synthetic (23, 27) or recom-
binant (7) peptide constructs derived from glucosyltransferase
glucan-binding domains. Interestingly, the GbpB sequence
bears significant homology to peptidoglycan hydrolases from
other gram-positive microorganisms (14, 18), and comparative
genomic analysis of the gbpB region suggests a functional re-
lationship between genes involved in cell shape and cell wall
maintenance (11). Attempts to knock out the gbpB gene have
also supported the notion that expression of GbpB is essential
for the organism (12). Although these associations have sug-
gested a role for GbpB which is separate from glucan binding,
they have not as yet provided specific information about do-
mains of putative function.

GbpB is exceptionally immunogenic in animals (24) and
humans (21). Understanding the molecular basis of this immu-
nogenicity potentially affords another direction through which
the function of this protein, and ultimately S. mutans accumu-
lation, may be intercepted. The immunogenicity of GbpB is
based, in part, on the presentation of processed GbpB peptides
on the surface of antigen-presenting cells in the context of
major histocompatibility complex (MHC) class II molecules to
T lymphocytes involved in the process leading to antibody
formation (4, 9). Matrix-based algorithms have been used in
T-cell epitope prediction to prospectively identify conserved
class II-restricted MHC ligands in the protein sequence (15).
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Application of this approach to GbpB sequences in order to
identify such peptides could suggest peptide constructs which
could be used to focus the dental caries-protective responses
seen with the intact protein. GbpB peptides associated with
these regions could then be synthesized and evaluated for
immunogenicity, reactivity with the parent protein, and, ulti-
mately, induction of caries-protective immunity. Subunit vac-
cines which block functional domains have an additional ad-
vantage in that, if properly selected, they would not induce
immunity to irrelevant or unwanted epitopes.

In this study, the GbpB sequence was analyzed for regions
associated with peptides known to bind to the MHC II complex
by using a matrix-based algorithm that estimates binding prob-
abilities. Potentially immunogenic peptides suggested by this
analysis were then synthesized, and their immunogenicity was
confirmed in Sprague-Dawley rats. The extent of reactivity of
the antipeptide responses with the parent GbpB protein were
also evaluated. Finally, the ability of these peptides to induce
protective immunity in the experimental rat model for dental
caries was measured.

MATERIALS AND METHODS

Identification of MHC binding regions. Peptides presented in conjunction
with class II MHC molecules are derived from GbpB that has been processed in
the phagosome of the antigen-processing cell. The peptides bind to MHC mol-
ecules on the surface of these cells in a linear fashion. The binding is determined
by the interaction of the peptide’s amino acid side chains with the binding
pockets in the MHC molecule. The characteristics of peptides that are likely to
bind to a given MHC can be directly deduced from pooled sequence data of
MHC alleles, resulting in an estimated binding probability. Thus, in order to
identify potential B-cell epitopes within the GbpB sequence which could be used
for design of subunit vaccines, a matrix-based algorithm for epitope prediction
(EpiMatrix) was used by EpiVax, Inc., (Providence, R.I.) to search the primary
amino acid sequence for known MHC class II binding motifs. These motif-
matching algorithms analyze the GbpB sequence against each MHC class II
allele to indicate regions of sequence that contain clusters of binding motifs.
Those sequences with sufficiently high estimated binding probabilities predict
MHC ligand.

Peptide constructs. SYI (KSNAATSYINAIINSKSVSD; GbpB residues 113 to
132) and QGQ (KHKLITIQGQVSALQTQQAG; GbpB residues 57 to 71 [res-
idues KHKLI are irrelevant to GbpB sequence]) were selected for synthesis
based on the estimated high probability of MHC class II binding identified in the
matrix-based approach described above. Peptides were synthesized (Applied
Diagnostics, Foster City, Calif.) as multiple antigenic peptide (MAP) constructs,
using the stepwise solid-phase method of Merrifield (13), on a core matrix of
lysines to yield macromolecules with four peptides per molecule, following the
method of Tam (26). Purity (�90%) was assessed by using high-performance
liquid chromatography, amino acid analysis, and molecular-weight determination
by mass spectrometry.

GbpB. GbpB was purified from S. mutans strain SJ by ion-exchange chroma-
tography on MonoQ HR 5/5 (Pharmacia) in the presence of urea as described
previously (22). Bacteria were cultivated overnight at 37°C under anaerobic
conditions in sucrose-free defined medium as previously described (25). GbpB
prepared in this manner migrates to a position of approximately 60 kDa in
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (22).

ELISA. Serum immunoglobulin G (IgG) and salivary IgA antibodies were
tested by enzyme-linked immunosorbent assay (ELISA). Polystyrene microtiter
plates (Flow Laboratories) were coated with 2.5 �g of SYI or QGQ/ml or 0.5 �g
of S. mutans GbpB/ml. Antibody activity was then measured by incubation with
1:400 and 1:4,000 dilutions of sera or 1:4 dilutions of saliva. Plates were then
developed for IgG antibody with rabbit anti-rat IgG, followed in sequence by
alkaline phosphatase goat anti-rabbit IgG (Biosource Inc.) and p-nitrophe-
nylphosphate (Sigma Chemical Co., St. Louis, Mo.). A mouse monoclonal anti-
body to rat � chain (Zymed, South San Francisco, Calif.) was used with biotin-
ylated goat anti-mouse IgG (Zymed) and then avidin-alkaline phosphatase (ICN
Biomedicals, Inc., Aurora, Ohio) followed by p-nitrophenylphosphate to reveal
levels of salivary IgA antibody to peptides. Reactivity was recorded as absor-
bance (A405) in a microplate reader (Biotek Instruments, Winooski, Vt.). Serum

data are reported as absorbance. Salivary IgA antibody data are reported as
ELISA units (EU), which were calculated relative to levels of antibody in ref-
erence salivas from rats twice immunized with SYI. Saliva dilutions producing an
A405 of 0.8 were considered 100 EU.

Immunogenicity of peptides. Forty-five-day-old female Sprague-Dawley CD
strain rats (Charles River Laboratories, Wilmington, Mass.) were used for in-
jection. Four groups of six rats were injected subcutaneously (s.c.) in the vicinity
of the salivary glands with 50 �g each of SYI or QGQ peptide construct or with
10 �g of GbpB, or they were sham immunized with buffer alone. The initial
injection included complete Freund adjuvant (Difco Laboratories, Detroit,
Mich.); one subsequent injection 21 days later included incomplete Freund
adjuvant. Animals were bled prior to injection and 14 days after the second
injection. In this experiment, rats were first momentarily anesthetized with a gas
mixture of 50% carbon dioxide and 50% oxygen and then anesthetized by
intraperitoneal injection of a mixture (0.65 ml/kg of body weight) of 3 parts
ketamine (Ketaset [100 mg/ml]; Fort Dodge Laboratories, Fort Dodge, Iowa)
and 7 parts xylazine (Rompun [20 mg/ml]; Bayer Corp., Shawnee Mission,
Kans.). Saliva secretion was stimulated by s.c. injection of 0.6 ml of carbachol (0.1
mg/ml in saline; Sigma Chemical Co.) per kilogram of rat weight. After fluid
collection, rats were injected s.c. first with 0.1 ml of atropine sulfate/kg (0.4
mg/ml; American Pharmaceutical Partners, Inc., Los Angeles, Calif.) and then
with yohimbine (Yobine [2.0 mg/ml]; Lloyd Laboratories, Shenandoah, Iowa) at
a volume equal to 1.4 times that used for anesthesia. Sera from coagulated and
centrifuged blood were stored frozen at �20°C until measurement of antibody
activity. Clarified saliva was stored at �70°C.

Protection experiment. Two groups (n � 13 per group) of 25-day-old female
Sprague-Dawley rats were singly caged. Rats were injected s.c. in the vicinity of
the salivary gland with 50 �g of SYI MAP peptide construct or phosphate-
buffered saline (PBS) (control animals). Antigen was incorporated with complete
Freund adjuvant. Nine days later, rats were reinjected with PBS or with SYI at
the same dose in incomplete Freund adjuvant. Six days after the second injection,
sera and saliva were collected under anesthesia as described above. Fifteen days
after the second injection, rats were placed in tubs (6 rats/tub), given cariogenic
diet 2000 (56% confectioners’ sugar [8]), and orally infected with approximately
108 S. mutans SJ32 for three consecutive days. Rats were again singly caged after
the infection protocol was completed and were continued on diet 2000 for the
duration of the experiment. Blood and saliva were collected 78 days after initial
infection, followed by sacrifice. In preparation for the scoring of dental caries, rat
skulls were defleshed by dermastidide beetles, followed by a rinse with 70%
ethanol.

Bacterial recoveries. The mutans streptococcal flora was assessed at 70 days
after infection as previously described (22). After systematic swabbing of teeth,
sonication, and plating of appropriate dilutions on mitis salivarius agar (MS; total
streptococci) and MS agar with 0.2 mg of streptomycin sulfate/ml (MSS; S.
mutans strain SJr), plates were incubated for 48 h at 37°C in 80% N2, 10% CO2,
and 10% H2. S. mutans CFU were then enumerated microscopically on MSS
agar.

Caries assessment. The extent and depth of carious lesions in all rat molar
teeth (caries score) were microscopically evaluated by a modified Keyes method
as previously described (29). Caries scores were determined separately on
smooth and occlusal dental surfaces.

Statistical analysis. The differences in the median values among the treatment
groups were analyzed by one-way analysis of variance, followed by the Tukey
pairwise multiple comparison test when data were normally distributed. Alter-
natively, data were analyzed by Kruskal-Wallis one-way analysis of variance on
ranks, followed by Dunn’s multiple comparison procedure when nonparametric
distributions were encountered (e.g., bacterial CFU and caries scores).

RESULTS

MHC class II binding studies. Motif-matching algorithms
were run with the GbpB sequence against several sets of
known MHC class II alleles. Figure 1 illustrates a representa-
tive screening against DRB1 alleles in which the number of
motif matches within this set of alleles is plotted against the
respective position in the protein sequence. By using the
EpiMatrix algorithm, four regions within the protein sequence
were identified which had at least six matches within the DRB1
allele data set. One of these regions, beginning at residue 16
(Fig. 1), fell within the 27-residue signal peptide domain. Since
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an epitope at this position would not be expected to be useful
for vaccine purposes, this region was not considered further.
Three other regions within the N-terminal third of the mole-
cule had high estimated binding probabilities. Since regions
beginning at residue 62 and residue 121 were sequentially the
most separated of these three sites, they were selected for
subsequent synthetic-peptide design. Analysis with other sets
of known alleles also identified these two locations as being
regions with higher estimated binding probabilities (data not
shown). Subsequent to these analyses, two 20-mer peptides
(QGQ and SYI) whose sequences included the predicted bind-
ing epitopes following GbpB residues 62 and 121, respectively,
were synthesized. Each peptide was synthesized as a MAP
construct containing four copies of the respective sequence.

Immunogenicity of peptides. Rats were injected twice s.c. in
the salivary gland vicinity with SYI or QGQ MAP peptide or
native GbpB protein in adjuvant. Sera taken 35 days after the
first injection were analyzed by ELISA for levels of serum IgG
antibody to each peptide construct and to GbpB (Fig. 2).

All rats injected with the QGQ peptide responded with
significantly elevated levels (P � 0.001) of serum antibody to
the QGQ peptide, whereas no significant responses to QGQ
epitopes were seen in sham-immunized rats or rats injected
with SYI. Interestingly, sera from two of the four rats injected
with GbpB protein also reacted with QGQ.

All rats injected with the SYI peptide demonstrated signif-
icantly elevated levels (P � 0.01) of serum IgG antibody to the
inciting SYI peptide construct, in contrast to what was seen
with sham- or QGQ-injected rats. Again, serum IgG from one

of the four rats injected with the parent GbpB protein also
reacted with the SYI peptide.

All sera were also evaluated by ELISA using plates coated
with native GbpB. Rats from SYI (6 of 6 animals) or QGQ (4
of 6 animals) peptide-injected groups reacted with the parent
GbpB protein, although the levels of serum IgG antibody re-
active with GbpB from peptide-injected rats were lower than
the anti-GbpB levels from intact GbpB-injected rats. Taken
together, these results supported the immunogenicity of these
peptides predicted by using the bioinformatics approach. Fur-
thermore, they also suggested that the linear epitope(s) found
on both the SYI and QGQ peptide constructs was similar to
the respective epitope(s) on the intact GbpB protein.

Caries-protective effect of immunization with SYI. We hy-
pothesized that the induction of significant GbpB-reactive im-
mune responses by constituent peptides could be protective
since GbpB could consistently induce protection in the exper-
imental rat model for dental caries. The SYI peptide was
selected to test this assumption since this peptide induced
more-consistent and somewhat higher immune responses re-
active with GbpB than did the QGQ peptide.

Two groups of rats were either sham immunized or immu-
nized with the SYI peptide construct by s.c. injection in the
vicinity of the salivary gland. Twenty-four days after the first
immunization, both groups were infected with streptomycin-
resistant S. mutans. Sera collected at the end of the 78-day
infection period were analyzed for IgG and IgA antibody to the
peptide construct and to GbpB (Fig. 3). As expected, immu-
nization with the peptide induced significant levels (P � 0.001)

FIG. 1. MHC class II motif prediction. A matrix-based MHC class II motif-matching algorithm was used to search the primary sequence of
GbpB for known MHC class II binding motifs associated with MHC class II alleles. Shown is the result of the application of this algorithm for
screening GbpB sequence against a set of 17 known MHC binding motifs (listed at right) associated with alleles at the MHC class II DRB1 locus.
The ordinate represents the number (Nr) of motif matches associated with a given peak, while the abscissa represents the GbpB sequence position.
The locations of the sequences used to make synthetic peptides for use in this study are indicated by “QGQ” and “SYI.” Regions of binding interest
extend from 6 to 11 places to the right of peak residue 62 (associated with QGQ) and peak residue 121 (associated with SYI).
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of serum antibody in both isotypes to the inciting SYI peptide
in all rats. Also, consistent with the results of the previous
experiment, SYI immunization induced IgG antibody to intact
GbpB in all rats (P � 0.001). Most SYI-injected rats also
demonstrated levels of serum IgA antibody to GbpB (P �
0.001). Salivas were collected prior to infection and at the end
of the experiment and analyzed by ELISA for IgA antibody to
SYI and GbpB (Table 1). Several (5 of 13 animals) SYI-
immunized rats demonstrated induction of salivary IgA anti-
body to both the peptide and the intact protein at either time
point, although the levels were not significantly different from
the levels for the sham-immunized group under the conditions
of measurement.

Challenge of sham- and SYI-immunized rats with S. mutans

SJr resulted in infection of all rats with these cariogenic strep-
tococci. The mean levels of streptomycin-resistant S. mutans
SJr recovered from the SYI-immunized group were lower than
the mean levels from the sham-immunized group at both 8 and
65 days after infection was initiated, although the differences
did not achieve statistical significance because of the variation
in bacterial recoveries. The extent of dental caries was mea-
sured on molar surfaces 78 days after initial infection with S.
mutans. Caries scores on smooth (buccal; P � 0.01) and oc-
clusal (P � 0.03) surfaces as well as total (P � 0.02) caries
scores of SYI peptide-immunized rats were significantly lower
than those of sham-immunized and infected rats (Fig. 4).
These data indicate that at least one epitope on SYI was
capable of inducing a caries-protective response in this model.

DISCUSSION

Mucosal immune responses to S. mutans GbpB appear in
many children (21), suggesting that this protein has significant
immunogenicity, even when presented early in life. Experimen-
tal immunization with GbpB induced protective immunity to S.
mutans infection after local s.c. (24) or intranasal immuniza-
tion (20). Thus, it could be hypothesized that S. mutans GbpB
would be an effective component of a childhood vaccine for
dental caries. The experiments described in this study sought
to identify the structural basis for these protective effects in
order to potentially improve protective immune responses by

FIG. 2. Box plots of serum IgG antibody to GbpB peptide constructs QGQ and SYI. Serum IgG antibody activities against QGQ (left panel)
and SYI (middle panel) peptide constructs and GbpB protein (right panel) were measured by ELISA. Sham-immunized and SYI-, QGQ-, and
GbpB-immunized groups are indicated on the abscissae of each plot and represent the immune experience of 4 to 6 rats per group at 35 days after
the first of two s.c. immunizations. Antibody reactivity is indicated on the ordinate as A405. Antibody levels are not directly comparable between
panels. Group data indicated by box plots with a single asterisk are significantly different from data for the respective sham group (P � 0.001);
double asterisks indicate a P value of 0.071.

FIG. 3. Box plots of serum IgG and IgA antibody to GbpB and SYI
from rats in the protection experiment. The left two panels indicate
IgG or IgA antibody activity reactive with S. mutans GbpB, and the
right two panels indicate IgG or IgA antibody activity reactive with SYI
peptide construct. Serum antibody activity was measured by ELISA at
the dilution indicated in the upper left corner of each panel. Antibody
reactivity is indicated on the ordinate as A405. Each plot represents the
immune experience of 13 rats per group 3 months after the first of two
s.c. immunizations. Asterisks indicate that the antibody reactivity in
the SYI-immunized group was significantly different from that of the
sham group for the respective antigen and antibody isotype (P �
0.001).

TABLE 1. Salivary IgA antibody to SYI peptide construct and
GbpB protein

Test antigen Group EU (mean � SE)

GbpB protein Sham immunized 7.1 � 5.1
SYI immunized 31.1 � 16.5

SYI peptide Sham immunized 3.6 � 2.4
SYI immunized 12.5 � 5.9
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the designing of subunit vaccines which target functional do-
mains. Given that S. mutans GbpB was initially revealed
through its affinity for �-1-6-linked glucan (20), a glucan-bind-
ing domain could be expected as one functional target. How-
ever, affinity measurements with �-1-6-linked dextran or de
novo-synthesized glucan indicated that this affinity is very low
(data not shown). In addition, amino acid sequence homolo-
gies between S. mutans GbpB and glucan- or carbohydrate-
binding domains of other proteins, such as S. mutans GbpA, S.
mutans glucosyltransferases, or Clostridial toxins could not be
found, making it problematic, at this point, to design subunit
vaccines which interfere with the glucan binding of S. mutans
GbpB. On the other hand, the potential exists for the targeting
of other functional domains of S. mutans GbpB, since this
protein does appear to share sequence homology with putative
peptidoglycan hydrolases (11). Efforts are under way to verify
the cell wall-synthetic activity of S. mutans GbpB and establish
respective structure-function relationships.

Since targeting immune responses to S. mutans GbpB to
functional domains is not yet possible, we sought sequences
which could be associated with the inherent immunogenicity of
GbpB, based on the potential of peptides to serve as MHC
class II ligand. Recognition of such MHC ligands by T lym-
phocytes is dependent on the presentation of the T-cell epitope
in the context of MHC molecules. S. mutans GbpB peptides
that are presented in this context have been processed in the
cytoplasm and bind to MHC molecules in a linear fashion (4),
a binding which is constrained by the amino acid side chains of
the peptide. Using motif- and matrix-based algorithms (15)
that predict the relative degree of binding to a given MHC
class II allele with a sequence length of 10 or 20 GbpB amino
acids, we found several predicted binding regions within the
GbpB sequence (Fig. 1). The N-terminal region contained the
greatest number of putative binding sequences within the pro-
tein. This result was not surprising since this region contains
the greatest sequence heterogeneity. This region is also highly
conserved. Only one of the nine gene mutations seen among 44
amplitypes of S. mutans strains that lead to changes at the
protein level occurred in the N-terminal region of GbpB (11).
Thus, subunit vaccines drawn from this region could be ex-
pected to react with GbpB from most if not all gbpB gene

products. Interestingly, two of the most prominent predicted
binding peptides (residues 55 to 71 and 88 to 107) occurred
within an observed leucine zipper motif (residues 65 to 93).

Local s.c. injection of either peptide QGQ or SYI, which
were selected on the basis of probability of strong binding to
MHC class II alleles, induced levels of IgG antibody to the
respective peptide which could still be detected in most rats at
serum dilutions above 1:105 and in all rats at dilutions above
1:104. These elevated responses support the predictive ability
of the bioinformatic approach. Furthermore, serum IgG anti-
body from most QGQ-injected rats in the immunization ex-
periment (4 of 6 animals) and all SYI-injected rats in either the
immunization (6 of 6 animals) or the immunization-protection
experiment (12 of 12 animals; P � 0.001) reacted with epitopes
on the native GbpB protein (Fig. 2 and 3). Such data would
suggest that the epitopes represented by these two GbpB sub-
sequences are displayed at or near the surface of the protein.
Interestingly, only a minority of the rats immunized with native
GbpB demonstrated significant serum IgG antibody reactivity
to either peptide construct. This could suggest that the cyto-
plasmic processing of GbpB does not favor peptides of these
two sequences or that other processed GbpB peptides are
preferentially used as MHC class II ligands in the rat. Alter-
natively, the differences between the extent of anti-peptide and
anti-native protein antibody binding to peptide could be re-
lated to antibody affinity. In contrast, the immunological com-
plexity of the immune response to GbpB results in far higher
aggregate IgG antibody specificities to native GbpB in protein-
injected animals than in peptide-injected animals (Fig. 2).

The immune response induced by immunization with the
SYI peptide construct was sufficient to modify the extent of
dental disease caused by cariogenic S. mutans. For example,
significant differences in buccal and occlusal caries scores were
observed between SYI- and sham-immunized groups (Fig. 4).
Interestingly, the percentage reductions in caries on smooth
(approximately 50%) and occlusal (approximately 40%) sur-
faces were nearly as great as those seen after immunization
with the native protein (smooth, approximately 65%; occlusal,
approximately 50%) (24). Since this experimental model is
designed to favor disease (high doses of S. mutans infection in
the presence of 56% dietary sucrose), some dental caries is

FIG. 4. Dental caries after 78 days of infection with S. mutans SJr. The buccal, lingual, occlusal, and total molar caries scores from sham- and
SYI-immunized groups are shown. Columns indicate the mean caries scores, and error bars show two standard errors. P values are indicated in
each panel where the caries experience of the SYI-immunized group is significantly lower than that of the sham-immunized group.
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expected even in the presence of antibody. Thus, the similarity
between caries reductions after immunization with the multi-
epitopic native GbpB (24) and the monoepitopic SYI peptide
is remarkable, highlighting the importance of the immune re-
sponse to epitope(s) contained within this sequence. These
data suggest that sufficient salivary anti-SYI antibody was
present at the time of infection, despite the inability to detect
such antibody in the IgA class in some rats. The presence and
protective potential of salivary IgG antibody to GbpB could
also contribute to protection, although such levels were not
measured in this experiment.

GbpB epitopes separate from those found on SYI also have
the potential to induce caries-protective responses. Clearly,
epitopes expressed on QGQ induce GbpB-reactive responses.
In addition, the bioinformatic approach suggested several
other GbpB peptide sequences with potential to lead to induc-
tion of antibody activity. These remain to be evaluated in the
experimental protection model, as do sequences based on
heretofore unidentified functional domains. The potential ex-
ists to design di- or multiepitopic subunit GbpB vaccines con-
taining sequences which would target different features of the
molecule, as has been done for other vaccines (28). Further-
more, the protective features of SYI immunization make it
now possible to design multiepitopic subunit vaccines targeting
both the catalytic function of glucosyltransferase and immuno-
genic (possibly associated with function) epitopes of GbpB.
These approaches should enhance the effectiveness of subunit-
based dental caries vaccines.
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