
INFECTION AND IMMUNITY, Sept. 1980, p. 999-1006
0019-9567/80/09-0999/08$02.00/0

Vol. 29, No. 3

Affinity Purification and Characterization of Protease-
Susceptible Antigen I of Streptococcus mutans
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An antigenic component (antigen I) of the cell surface of Streptococcus mutans
has been purified from culture supernatants and shown to be immunologically
identical to the protease-susceptible moiety of antigen I/II. Ion-exchange and gel
filtration chromatography failed to yield a physicochemically homogeneous prod-
uct. Immunoabsorbent chromatography on single and tandem columns containing
immobilized antibodies to antigens I/II and II yielded identical products which
were homogeneous in sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
and which when injected into rabbits induced monospecific antisera to antigen I.
This antigen consisted of approximately 70% protein. Its molecular weight was
estimated as 150,000, and the isoelectric point was estimated to be 5.1. Immuno-
fluorescence microscopy using monospecific antiserum to antigen I showed that
a similar antigen was present on cells of S. mutans serotypes a, c, d, e, f, and g,
but not b.

In an investigation of the antigenic structure
of Streptococcus mutans, we have previously
described cell surface antigens I, II, and III,
which are also present in culture fluids (19).
Antigens I and II appear to be two determinants
present on one molecule, now known as antigen
I/II. The antigen I determinant can be removed
by treatment with trypsin or pronase, and the
protease-resistant antigen II has thereby been
purified and characterized (15). Purification of
antigen I has proved more difficult, since it has
not been possible to dissociate it in intact form
from the purified antigen I/II by physical, chem-
ical, or enzymatic methods. However, its exist-
ence as a separate entity from antigens I/II and
II has been observed during chromatographic
purification of antigen I/IL. Further, some final
preparations of antigen I/II, when examined by
electrophoresis in polyacrylamide gels contain-
ing sodium dodecyl sulfate (SDS), have shown
contamination with a protein (band C) possess-
ing only antigen I activity (15).
Antigen I has now been partially purified from

S. mutans culture supernatants by ion-exchange
chromatography and purified to homogeneity by
using affinity chromatography on single and tan-
dem immunoabsorbent columns. This paper de-
scribes these procedures, together with an anal-
ysis of purified antigen I and its distribution
among oral streptococci.

MATERIALS AND METHODS
Organisms and cultural conditions. Antigens
t Present address: Department of Microbiology, University

of Alabama in Birmingham, Birmingham, AL 35294.

were prepared from S. mutans Guy, grown in 5-liter
flasks of medium incubated at 370C for up to 65 h (15).
The medium was either a dialysate of Oxoid tryptone,
yeast extract, and acid casein hydrolysate, supple-
mented with glucose and salts (7), or a semidefined
medium (1) based on Acidicase peptone 2, low salt
(BBL Microbiology Systems). Antigens were precipi-
tated from the culture supernatant with 3 M ammo-
nium sulfate. Alternatively, antigens were extracted
from the 3 M ammonium sulfate precipitate of super-
natant obtained from a 400-liter culture supplied by
the Centre for Applied Microbiology and Research,
Porton, Salisbury, Wilts, U.K., also using a tryptone-
yeast dialysate medium.

Other organisms used for immunofluorescence have
been described previously (14), and were grown in
Todd-Hewitt broth for 24 h at 370C.
Column chromatography. Culture supernatant

antigens were separated by chromatography on dieth-
ylaminoethyl (DEAE)-cellulose equilibrated with 0.01
M tris(hydroxymethyl)aminomethane (Tris)-hydro-
chloride (pH 7.4) in a column 5 to 10 cm long and 5
cm in diameter. After eluting with the starting buffer
at a flow rate of 80 ml/h, a step of 0.1 M NaCl in
starting buffer was applied. Fractions eluted with
starting buffer and containing antigen I were dialyzed
against water and lyophilized. Antigen I/II was then
eluted with 0.1 M NaCl. Some preparations of antigen
I were subjected to repeated chromatography on
DEAE-cellulose in 0.01 M Tris-hydrochloride (pH 8)
in a smaller column (15 by 1.6 cm), using a gradient of
0 to 0.5 M NaCl. This did not result in any substantial
improvement in purification.

Partially purified antigen I was further fractionated
by gel filtration on a column (85 by 2.6 cm) of Ultrogel
AcA 22 (LKB) in 0.1 M Tris-hydrochloride-0.5 M
NaCl (pH 7.4). A flow rate of 10 ml/h was used, and
5-ml fractions were collected.

Preparation and use ofimmunoabsorbents. An
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immunoglobulin G fraction of 5 ml of rabbit antiserum
to antigen I/II or to antigen II was obtained by chro-
matography on DEAE-cellulose (10 by 1.6 cm) in
0.0175 M phosphate (pH 6.5). The starting buffer peak
yielded approximately 30 mg of immunoglobulin G
which contained precipitating antibody activity iden-
tical to that of the original serum. This was dialyzed
against 0.1 M NaHCO3-0.5 M NaCl (pH 8.3) and
coupled to 3 g of CNBr-activated Sepharose 4B (Phar-
macia) as described by the manufacturers. The im-
munoabsorbents were packed into columns approxi-
mately 5 by 1.6 cm and washed with two cycles of 0.1
M borate-1 M NaCl (pH 8) and 0.1 M acetate-1 M
NaCl (pH 4), followed by 6 M guanidinium chloride.
After washing with 0.1 M phosphate-0.5 M NaCl (pH
7.4), the columns were ready for use.

Samples were applied in 1 to 2 ml of 0.1 M phos-
phate-0.5 M NaCl (pH 7.4) and eluted at a flow rate
of 10 ml/h, first with the starting buffer, then with 0.2
M glycine hydrochloride-0.5 M NaCl (pH 2.8), and
finally with 6 M guanidinium chloride, using at least
2 column volumes (20 ml) for each eluent. Fractions
of 1 ml were collected, and their absorption at 280 nm
was measured. The columns could be reused after re-
equilibrating with the starting buffer.
Other antigens. S. mutans antigens I/II, II, and

III were purified as described previously (14, 15).
Antisera. Rabbit antisera were raised against un-

fractionated culture supernatant antigens and against
purified antigens I/II and II (15). Antisera to antigen
I were raised similarly by injecting about 1 mg of gel
filtration-purified antigen I, or about 0.1 mg of affinity-
purified antigen I. The first dose was given intramus-
cularly in Freund complete adjuvant, and the second
dose was given 3 to 4 weeks later, subcutaneously, in
Freund incomplete adjuvant. Blood was taken after 3
further weeks.
Immunological methods. Immunodiffusion (ID),

immunoelectrophoresis (IEP) and single radial ID for
the identification of antigens in chromatographic frac-
tions were performed in 1% agarose gel (15, 19). Indi-
rect immunofluorescence was performed on air-dried
smears of streptococci using serial twofold dilutions of
test antisera and a 1:20 dilution of fluorescein-conju-
gated sheep anti-rabbit immunoglobulin (Wellcome
Reagents Ltd.) (14).
Chemical analyses. Protein was assayed by the

Lowry method (12), using bovine serum albumin as a
standard. Carbohydrate was assayed by the phenol-
sulfuric acid reaction with glucose as a standard (6).
Amino sugar was assayed using 3-methyl-2-benzothia-
zolinone hydrazine hydrochloride (Sigma) and a glu-
cosamine standard (24). Phosphorus was assayed by
the method of Chen et al. (4).
Amino acid analysis was carried out on 70 ug of

affinity-purified antigen I protein, hydrolyzed in 6 N
HCl at 105°C for 17 h in the presence of thioglycolate
and under nitrogen, and then analyzed on an LKB
Amino Acid Analyzer.

SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) was performed using the Laemmli buffer sys-
tem (10). Molecular weights were estimated using '4C-
methylated protein standards (Radiochemical Centre,
Amersham, U.K.) detected by autoradiography. Two-
dimensional immunoisoelectric focusing was per-

formed in polyacrylamide gels (21).

RESULTS
Extraction of free antigen I from culture

supernatants and its partial purification.
The separation of antigen precipitated from
about 12 liters of culture supernatant by DEAE-
cellulose chromatography is shown in Fig. 1.
When the fractions were tested in single radial
ID against antisera specific for antigens I/II and
II, it was observed that fractions eluted with
starting buffer reacted with the former but not
the latter antiserum and therefore contained
antigen I free of antigen II. However, the precip-
itin reaction was weak, and the ultraviolet ab-
sorption profile, which was relatively strong, did
not entirely coincide with the distribution of
antigen, so it was clear that the antigen consti-
tuted only a minor component. Antigen I-posi-
tive fractions were combined, dialyzed, and ly-
ophilized to yield 28 mg, in this example.
The yields of three such columns were com-

bined and further chromatographed by gel fil-
tration on Ultrogel AcA 22 (Fig. 2). Fractions
containing antigen I were distributed over a wide
zone, in which Ve/Vo extended from 1.85 to 2.32,
corresponding to a molecular weight range of
approximately 70 x 103 to 300 x 103. In the
typical experiment illustrated, 6.7 mg of pooled
lyophilized material was obtained from 38 mg of
starting sample.
This gel filtration-purified antigen I consisted

of 28% protein, 44% carbohydrate, 9.2% amino
sugar, and 0.31% phosphorus. In ID against
polyspecific S. mutans antiserum, it showed par-
tial identity with antigen I/II and nonidentity
with antigen II (Fig. 3A). In IEP, it reacted with
antiserum to antigen I/II, but not with antise-
rum to antigen II, and it migrated more slowly
than antigens I/II and II (Fig. 3B). When in-
jected into rabbits it yielded an apparently mon-
ospecific antiserum, which reacted with the im-
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FIG. 1. DEAE-cellulose chromatography of crude
culture supernatant antigens in 0.01 M Tris-hydro-
chloride (pH 7.4). Arrow indicates step to 0.1M NaCl;
bars indicate distributions of antigens I and I/II.
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munizing antigen I and with antigen I/II to give
a line of identity, but not with antigen II (Fig.
30).
Thus antigen I purified by gel filtration ap-

peared to be antigenically homogeneous. How-
ever, whereas its antigenic activity was de-
stroyed by treatment with trypsin or pronase
(not shown), its elution pattern on Ultrogel AcA
22 (Fig. 2) was not consistent with that of a
single protein species, and in SDS-PAGE, sev-
eral weak bands staining with Coomassie blue
were observed (see below, Fig. 6 lane b). Clearly,
therefore, this was not a chemically homogene-
ous substance suitable for analysis.
Immunoabsorbent separation of anti-

gens I/H and I. It has previously been found
that preparations ofantigen I/II were sometimes
contaminated with free antigen I, which was
revealed as a faster-migrating band (band C) in
SDS-PAGE (15) (see below, Fig. 6, lane a). This
band C material was located in the low-molec-
ular-weight tail of the antigen I/II peak on gel

BD TG Ft
I 1

IgG HSA
I14

01- Ag I

280
nm

0-
20 30 40 50 60 70 80 90

Fraction No.

FIG. 2. Ultrogel AcA 22 chromatography of par-
tially purified antigen L Bar shows the distribution
of antigen I; arrows indicate elation position of: BD,
blue dextran (VW); TO, thyroglobulin (molecular
weight, 670,000); Ft, ferritin (apoferritin, 430,000);
IgG, immunoglobulin G (150,000); HSA, human se-
rum albumin (67,000).

S. MUTANS PROTEIN ANTIGEN 1001

filtration, but was not satisfactorily resolved
from antigen I/II by such means. Figure 4 shows,
by IEP, the presence of an extra free antigen I
line which reacted with antiserum to antigen I/
II but not with antiserum to antigen II in the
tail fraction of antigen I/IH purified on Ultrogel
AcA 22. This tail fraction was considered ame-
nable to separation by immunoabsorbent chro-
matography.
Approximately 3 mg of this mixed antigen I

and I/Il was applied to a column containing
immobilized antibody to antigen II (Fig. 5). An-
tigen I/II was retained by virtue of its antigen II
determinant, whereas free antigen I passed
through with the starting buffer. Antigen I/II
was later eluted with 6 M guanidinium chloride.
Both antigens were collected and dialyzed ex-
haustively against saline.
The chemical composition of this antigen I

preparation is given in Table 1. Consistent with
a protein content of approximately 70%, antigen
I had an ultraviolet absorption peak at 270 to
280 nm, and absorbed strongly below 230 nm.
E2,0 for a solution of 1 mg/ml (as protein) was

lal/II
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I

FIG. 4. IEP analysis of two antigen IIII prepara-
tions, to show contamination of tail fraction with
antigen I (lower well). Abbreviations as in Fig. 3.
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FIG. 3. (A) ID analysis of antigen I compared with other antigens against polyspecific anti-S. mutans

antiserum (center well). (B) IEP analysis of antigen I compared with antigens I/II and I. (C) ID analysis of
antiserum to gel filtration-purified antigen L I, Antigen I; I/II, antigen I/II; II, antigen II; III, antigen III;
SNAg, unfractionated culture supernatant antigens. Prefix "a" indicates antiserum to the designated antigen.
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*'I/II hydrate and amino sugar might be an indication
of this. The use of a second immunoabsorbent

0 2 I column containing antibody to antigen I/II
OD placed in series after the anti-antigen II column
280 would provide a means of retaining free antigen
nm GlyHC1 GICI I which had passed the first anti-antigen II col-

01 ~~~~~~~umn.
Purification of antigen I on tandem im-

munoabsorbent columns. Approximately 10
mg of antigen I partially purified from culture

0 supernatant on DEAE-cellulose was applied to
10 20 30 40 50 60 tandem immunoabsorbent columns of anti-an-

Fraction No. tigen II and anti-antigen I/II linked in series in
FIG. 5. Affinity purification of antigen I from mix- that order. After washing with starting buffer,

ture with antigen I/II, by immunoabsorbent chro-
matography on an anti-antigen II column. Arrows
indicate elation with: Gly HCl, 0.2M glycine hydro-
chloride-0.5 M NaCl (pH 2.8); GuCl, 6M guanidin-
ium chloride. Bars show distribution of antigens I

w

and I/II.

TABLE 1. Chemical composition of antigen I

Purified by immunoabsorbent
chromatography on:

Substance Single col- Tandem col-
umn umns

mg/mi %b mg/Mi %h

Protein 115 71 138 67
Carbohydrate 40 25 57 28
Amino sugar 6 4 11 5
Phosphorus 0 0 0.9 0.4

aSee text for details.
b Percentage of total substances analyzed.

1.07, and the ratio E280/E260 was 1.45. On SDS-
PAGE, antigen I resolved into one major Coo-
massie blue-positive band corresponding to band
C and with an estimated molecular weight of
about 150,000 (Fig. 6, lane c). In ID, it reacted
with antiserum to antigen I/II, but not with
antiserum to antigen II, and it showed partial
identity with antigen I/II (Fig. 7A). The reac-
tions of the affinity-purified antigen I/II are also
shown, though these were rather weak on ac-
count of the low antigen concentration. On in-
jection in rabbits, affinity-purified antigen I
yielded an antiserum which was monospecific
when tested in IEP against unfractionated anti-
gens. This antiserum reacted with antigens I/II
and I, but not with antigen II (Fig. 7B).
Thus this affinity-purified antigen I appeared

to represent a homogeneous protein. However,
because it had been prepared by negative selec-
tion on an anti-antigen II column, the possibility
remained that it could contain contaminants of
the starting material which also passed through
the immunoabsorbent. The presence of carbo-

FIG. 6. SDS-PAGE. Lane a, Antigen I/II prepa-
ration, to mark bands A, B, and C; lane b, antigen I
incompletely purified by gel filtration; lane c, antigen
I affinity purified on anti-antigen II column; lane d,
antigen I affinity purified on tandem anti-antigen II
and anti-antigen I/II columns.
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FIG. 7. (A) ID analysis ofaffinity-purified antigens
I (Ia) and I/II (I/IIa). (B), ID analysis of antiserum
to affinity-purified antigen I. Abbreviations as in Fig.
3.
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the columns were separated for elution with
dissociating agents (Fig. 8). Nonantigenic mate-
rial passed through both columns (first double
peak), whereas any antigen II, free or combined
as antigen I/II, was retained on the first anti-
antigen II column. Free antigen I was then re-
tained on the second anti-antigen I/II column
and was eluted from it with 6 M guanidinium
chloride. This material, which coincided with
the ultraviolet absorption peak, was collected
and dialyzed exhaustively against saline. The
anti-antigen II column was similarly eluted, and
a large peak ofopaque material overlapping with
the distribution of weakly reactive antigen II (or
I/IT) was obtained.
The chemical composition of this positively

selected affinity-purified antigen I was closely
similar to that of the negatively selected antigen
I (Table 1): both preparations contained similar
proportions of protein, carbohydrate, and amino
sugar. Amino acid analysis revealed a mixture of
most common amino acids, except that methio-
nine and cysteine were not detected, and tryp-
tophan would have been destroyed during hy-
drolysis. Only low amounts of histidine and ar-
ginine were found, so that the acidic residues,
glutamate and aspartate, predominated over
basic residues. However, since amide nitrogen
was not determined, it is not known how much
glutamine and asparagine were present in the
protein before hydrolysis.

In SDS-PAGE, positively selected antigen I
also revealed one Coomassie blue-positive band,
corresponding to band C and with an estimated
molecular weight of 150,000 (Fig. 6, lane d). On
isoelectric focusing, a single band was formed

Tandem aAg II

with an estimated isoelectric point at pH 5.0 to
5.2.
Presence ofantigen I in oral streptococci.

Indirect immunofluorescence using antiserum to
affinity-purified antigen I was used to examine
its occurrence among representatives of the dif-
ferent serotypes of S. mutans and other oral
streptococci (Table 2). Strong cell surface fluo-
rescence was seen not only with the homologous
strain Guy, but also with other serotype c and
also serotype d, e, f, and g organisms. Lower

TABLE 2. Immunofluorescence reactions of
streptococci with antiserum to antigen I

Organism/strain

S. mutans
Guy
Ingbritt
SR 25
SS41
NCTC 10449
LM 7
T 93
OMZ 175
AHT
OMZ 61
OMZ 176
6715
Fa-1
Rat

S. sanguis OMZ 9
S. salivarius HHT
Streptococcus CHT

Serotype Titera

c

c
c

c

c

e
e
f
a
a
d
g
b
b

6
6
6
6
6
6
6
5
2
3
4
5
0
0
1
0
1

a Log2 highest dilution, starting at 1:10, giving strong
fluorescence. Control reactions were all completely
negative.

a Ag I/II

10 20 30 40 50 60 70 80 90 100
Fraction No.

FIG. 8. Affinity purification ofantigen Ifrom partially purified antigen I, by immunoabsorbent chromatog-
raphy on tandem anti-antigen II and anti-antigen I/II columns. Columns were loaded and elated with
starting buffer while in series (fractions 1 to 21) and then separated for elation with dissociating agents
(fractions 22 to 60; 61 to 100). Gly HCl, 0.2 M glycine hydrochloride-0.5 M NaCl (pH 2.8); GuCl, 6 M
guanidinium chloride. Bars show distribution of antigens.
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titers were given against serotype a cells, and
serotype b strains were negative. Streptococcus
sanguis, Streptococcus salivarius, and Strepto-
coccus CHT were weakly reactive or negative.
No organism exhibited fluorescence if treatment
with antiserum to antigen I was omitted or re-
placed by normal rabbit serum.

DISCUSSION
The recognition and identification of antigen

I of S. mutans have previously depended on the
use of two antisera, one having specificity for
both antigens I and II, and the other being
monospecific for antigen II. The former antise-
rum was raised against the dual antigen I/II
prepared from cells or culture supernatants of S.
mutans, whereas the latter was raised against
antigen II that was prepared by treating antigen
I/IH with pronase (15). Thus antigen I was de-
fined as the protease-susceptible component of
antigen I/II and could be identified as a free
substance reacting with antiserum to antigen I/
II but not with antiserum to antigen II. In the
absence of an antiserum monospecific for anti-
gen I, the presence of antigen I in antigen I/II
was demonstrated by the formation of a spur in
gel ID against antigen I/II antiserum in compar-
ison with antigen II (15). It has, however, proved
impractical to obtain a satisfactory antiserum to
antigen I by absorbing antiserum to antigen I/II
with antigen II (which is available only in limited
amounts) or with S. mutans cells or cell walls
treated with pronase. It has therefore been nec-
essary to obtain and purify antigen I free of
antigen II, not only to characterize it, but also to
raise a monospecific antiserum.
Antigen I free of antigen II has been identified

in fractions of culture supernatant eluted from
DEAE-cellulose under starting buffer condi-
tions, and it has been further purified by gel
filtration. The product was, however, not chem-
ically homogeneous by the criterion of SDS-
PAGE. Its protein content was low (<30%) and
its carbohydrate content was high (>40%), al-
though the only detectable antigen present was
protease-susceptible antigen I. It elicited an ap-
parently monospecific antiserum when injected
into rabbits, which suggests that the contami-
nating substances were at most weakly immu-
nogenic. The nature of these contaminants, and
hence of their relation to antigen I and the
reason for its polydisperse behavior on gel filtra-
tion, remains unclear. The low estimates of
amino sugar and phosphorus appear to eliminate
contamination with significant amounts of pep-
tidoglycan or teichoic acid. Furthermore, con-
tamination with high-molecular-weight sub-
stances derived from the culture medium can be
eliminated because, among other things, either

a dialysate or a semidefined medium was used.
Antigen I was successfully purified to homo-

geneity as judged by SDS-PAGE by affinity
chromatography on immunoabsorbents. Start-
ing with a mixture of antigens I/II and I arising
as a by-product in the purification of antigen I/
II, antigen I was obtained by retaining antigen
I/II on an anti-antigen II column. A more satis-
factory procedure, and one amenable to purifi-
cation of antigen I from crude mixtures, was to
use tandem columns, the first containing anti-
body to antigen II to retain antigen I/II and any
free antigen II, and the second containing anti-
body to antigen I/II to retain free antigen I that
had passed the first column. Nonantigenic ma-
terial, or substances with other antigenic deter-
minants, would pass both columns. Antigen I
was then recovered from the second column. An
essential requirement in this procedure is that
the capacity of the columns, especially of the
first anti-antigen II column, should not be ex-
ceeded. Otherwise, antigens I/II and II would be
copurified with the antigen I. That this did not
occur in these experiments was demonstrated by
SDS-PAGE, in which antigen I was shown to be
homogeneous, and by single radial ID, which
showed that the antigen I fractions did not react
with antiserum to antigen II. The substitution
of antibody to antigen I, now that this has been
raised, for antibody to antigen I/II in the second
column would not overcome the difficulty aris-
ing from overloading, since it would also retain
antigen I/II, though not antigen II. This substi-
tution would, however, be a satisfactory alter-
native to the anti-antigen I/II column.
The two affinity-purified antigen I prepara-

tions were identical by ID and IEP and by SDS-
PAGE, which showed that they corresponded to
band C which was previously recognized as an
antigen I moiety (15). They also gave reactions
of identity with antigen I which had been incom-
pletely purified by gel filtration.
The peptide molecular weight of 150,000 esti-

mated by SDS-PAGE agrees reasonably well
with the difference between antigen I/II
(185,000) and antigen II (48,000). The prepon-
derance of acidic over basic amino acid is con-
sistent with an isoelectric point at pH 5.0 to 5.2.
This property also agrees with the isoelectric
points of antigen I/II (4.8) and antigen 11 (4.1)
(15). However, the nature of the relationship
bewteen antigens I and II, and how they are
combined in antigen I/II, cannot be explained
without detailed information on the structure of
these molecules. It would also be interesting to
know whether any of these molecules can bind
to structural cell wall components such as pep-
tidoglycan, teichoic acid, or polysaccharide, or
whether the carbohydrate associated with anti-
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gen I is related to cell wall or serotype polysac-
charide.

Previous studies using immunofluorescence
with antisera to antigen I/II and II (15) have
indicated that antigen I was present in S. mutans
serotypes a, d, and g which lacked antigen II,
and possibly in serotypes c, e and f which pos-
sessed antigen II. Positive identification in the
latter group was not possible because the pres-
ence of antigen II precluded additional identifi-
cation of antigen I with antiserum to antigen I/
II. However, the use of antiserum monospecific
for antigen I has now confirmed its presence in
S. mutans serotypes c, e, and f as well as in
serotypes a, d, and g. The lower fluorescence
titers given with S. mutans serotype a (and also
with S. sanguis and Streptococcus CHT) may
indicate that these organisms possess a more
distantly related cross-reactive antigen rather
than an identical one. However, more studies
will be necessary to determine whether the an-
tigen I of different organisms is truly identical
with that isolated from S. mutans serotype c.
There has recently been another report of S.

mutans antigens (20), one of which has a molec-
ular weight (190,000) and isoelectric point (5.4)
similar to those of antigen I or antigen I/II (15).
Further tests will be necessary to determine
whether this protein B is indeed identical with
either antigen I or I/II. Protein B was also
reported to cross-react with an antigen extracted
from human heart tissue (9, 20). The finding,
however, that antigens extracted from S. mutans
can themselves bind to human heart tissue (23)
raises a further complicating factor in the eval-
uation of cross-reactivity between streptococcal
and heart antigens. Clearly, inability to bind to
or cross-react with heart tissue will need to be
demonstrated for any antigen that is proposed
for potential human vaccination.

It has been known for some time that there
are antigens shared by different serotypes of S.
mutans (2). However, apart from glycerol tei-
choic acids (5), which are of frequent occurrence
in gram-positive bacteria (25), and certain cross-
reactions between serotype polysaccharides, e.g.,
a-d (3) and c-e (8), these have not been ex-
plained. The practice of employing extensive
cross-absorption to obtain serotype-specific an-
tisera has of necessity detracted from the rec-
ognition of non-serotype-specific protein anti-
gens. Our experience, however, has been that
protein antigens I, II, and III are distinctly more
immunogenic, even if less abundant, then the
polysaccharide in serotype c organisms, and
therefore of potentially greater importance in
immunity to infection. Studies on immunity to
dental caries, particularly in rodents, have con-
centrated on the role of glucosyltransferase and

serotype polysaccharide (22), which are involved
in the adherence of S. mutans to the tooth
surface (13). In rhesus monkeys, however, it
appears that antibodies to glucosyltransferase,
serotype polysaccharide, or lipoteichoic acid are
not related to caries immunity (16, 17). Rather,
antibodies to antigen I/IImay be important (18);
and there is now direct evidence that immuni-
zation of monkeys with antigen I/II induces
significant protection against dental caries (11).
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