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Monoclonal antibodies to Streptococcus mutans OMZ175 (serotype f) cell wall-associated antigens (wall-
extracted antigens [WEA]) were derived from the fusion of Lou C plasmocytoma rat cells (IR 983 F) and spleen
cells from Wistar R inbred rats immunized with WEA. Four cell lines producing monoclonal antibodies
directed against a component of S. mutans WEA have been established. All four monoclonal antibodies reacted
only with two antigens of WEA from S. mutans OMZ175 by Western blotting and immunoprecipitation
techniques, enzyme-linked immunosorbent assay (ELISA), and competitive ELISA. Western blot analysis of
WEA showed that the four monoclonal antibodies recognized two related cell wall-associated proteins with
apparent molecular weights of 125,000 and 76,000. Immunoprecipitation of whole cells with the monoclonal
antibodies confirmed the surface localization of the two antigens. The ELISA and competitive ELISA were used
to analyze the distribution of the epitopes on seven S. mutans serotypes. All S. mutans serotypes were found to
express the recognized epitopes; however, different reactivity patterns could be distinguished among the var-
ious strains tested, and the four monoclonal antibodies reacted only weakly with S. mutans serotypes d and g.

The components of Streptococcus mutans cell wall, which
seem to play an important role in bacterial adherence or
agglutination and dextran aggregation, are composed of two
major classes of macromolecules, i.e., serotype antigens and
wall-associated proteins (12, 16). The serotype antigens have
been extensively studied by several investigators (12). Most
recent studies have focused on the proteins which bind more
or less strongly to the streptococcal cell wall. Several of
these proteins were purified (8, 19, 20, 22, 25), and some of
them were characterized as glucosyltransferases or dextran-
binding proteins (11, 21). Until now, our own and other
studies on the S. mutans cell wall-associated proteins have
involved polyclonal antisera raised in animals, and it seemed
difficult to establish a precise comparison between the vari-
ous purified proteins.
Monoclonal antibodies, produced by the hybridoma tech-

nique of Kohler and Milstein (13), have been successfully
used for bacterial serotyping and characterization of antigen.
They have, for example, been used to analyze the lipopoly-
saccharides of several gram-negative bacteria (1, 10) and to
characterize the cell surface proteins of various bacterial
strains (6, 18, 27). This study was undertaken to obtain
anti-cell wall protein monoclonal antibodies to facilitate the
protein typing of S. mutans serotypes. Since monoclonal
antibodies react with a single antigenic determinant or

epitope, we did not, before the immunization of animals,
extensively purify the streptococcal wall-extracted antigen
(WEA) (24) which contains several proteins common to
various S. mutans serotypes.

In the present paper, we report the production of four rat
monoclonal antibodies against WEA antigen of S. mutans
OMZ175 (serotype f) and describe the distribution of the
recognized antigens in seven S. mutans serotypes.

* Corresponding author.

MATERIALS AND METHODS

Bacterial strains and antigen preparation. S. mutans strains
E49 (serotype a), OMZ51 (serotype b), OMZ70 (serotype c),
OMZ176 (serotype d), B-2 (serotype e), OMZ175 (f), and
6715 (serotype g) have been described previously (24). The
reference strain was S. mutans OMZ175. Strains were main-
tained in brain heart infusion broth (Difco Laboratories,
Detroit, Mich.).

Antigens were prepared from exponential-phase cultures
as previously described (24). Briefly, wall-associated anti-
gens (WEA) were obtained from washed bacterial pellets
extracted with 0.5 M phosphate buffer (pH 6.0), which
underwent shaking for 1 h at 4°C, after the inactivation of
autolytic enzymes by heating the bacterial pellet at 60°C for
30 min (23). The crude fraction was chromatographed on a
Bio-Gel P6 column (Bio-Rad Laboratories, Richmond,
Calif.) and adjusted to a final protein concentration of 2
mg/ml.

Production of antibody-secreting hybridomas. Wistar R rats
(8 to 10 weeks old) were intraperitoneally immunized with 50
,ug of alum-precipitated S. mutans OMZ175 WEA fraction
two times at 14-day intervals. Rats were tested for antibody
production by double diffusion, and the positive serum was
subsequently used as total anti-WEA serum. Seven months
later, the rats were boosted intravenously with 100 ,ug of
WEA in phosphate-buffered saline (PBS). Spleen cells were
harvested 4 days later and fused with Lou rat nonsecreting
IR 983F myeloma cells (3) in a cell ratio of 5:1. The fusion
solution was 50% (wt/wt) polyethylene glycol 4000 (Merck,
Darmstadt, West Germany). The fused cells were diluted in
complete Dulbecco modified Eagle medium (GIBCO Labo-
ratories, Grand Island, N.Y.) containing 5% calf fetal serum
and 5% horse serum supplemented with 0.1 mM
hypoxanthine, 0.4 mM aminopterin, and 0.015 mM thymi-
dine and plated in 24- and 96-well tissue culture plates
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(Nunc, Kamstrup, Denmark). Approximately 2 weeks after
fusion, wells with growth of hybrid cells were tested for the
presence of antibodies against S. mutans OMZ175 WEA
antigen by indirect solid-phase radioimmunoassay. Positive
clones were recloned by limiting the dilution at least two
times to ensure monoclonality.
The immunoglobulin class and subclass of the monoclonal

antibodies were determined by immunodiffusion precipita-
tion with culture supernatants of the monoclonal antibody-
producing hybridomas and subclass-specific antisera against
rat immunoglobulin Gl (IgGl), IgG2a, IgG2b, IgG2c, IgA,
IgM, IgE, and IgD (prepared as described in references 4 and
5).

Production of ascitic fluid and antibody purification. Hybri-
doma cells of monoclonal origin were injected intraperitone-
ally into (Wistar R/Lou C) Fl hybrid rats, ascites fluid was
collected, and the immunoglobulin was purified.
Each IgM monoclonal antibody was precipitated from

clarified ascites fluid by dialysis against 0.1 M Tris-hydro-
chloride buffer (pH 8) (48 h, 4°C). Radial immunodiffusion of
the supematants revealed a 100% removal of the antibody
from each ascite. The protein was dissolved in PBS (pH 7.2),
applied to a column of Bio-Gel A Sm (90 by 2.6 cm) (Bio-Rad
Laboratories), and eluted with PBS. The IgM peak was
recovered, adjusted to a final protein concentration of 4
mg/ml, and stored at -80°C.
Each monoclonal antibody was evaluated for purity by

immunoelectrophoresis against whole anti-rat serum. The
electrophoretic pattern revealed a minor contamination with
protein a2 macroglobulin.

Antibody detection. Antibody production by the hybrid
cells was assessed by indirect solid-phase radioimmunoas-
say. Briefly, a WEA fraction from S. mutans OMZ175 was
diluted to 50 ,ug of protein per ml in 0.1 M carbonate buffer
(pH 9.6), and 50 ,lI of the solution was added to each well of
flexible microtiter plates (Dynatech Laboratories, Inc.,
Dynatech Corp., Alexandria, Va.). The plates were incu-
bated for 2 h at room temperature, followed by an overnight
incubation at 4°C. The plates were then washed with PBS
containing 0.05% Tween (PBS-T) and incubated for 1 h at
room temperature with 4% bovine serum albumin in PBS-T
to bind the residual groups. After the plates were washed
with PBS-T, 50 ,l of the hybridoma culture supernatant was
added to the wells, and the plate was incubated for 1 h at
room temperature. The plates were washed again with
PBS-T, 50 ,ul of I251-labeled mouse IgGl monoclonal anti-
bodies against rat kappa light chains (MARK-1) (3a) was
added to each well, and the plates were incubated at room
temperature for 1 h. The plates were washed again and
counted in a gamma scintillation counter. 5% calf fetal
serum-5% horse serum supplemented with hypoxanthine-
aminopterin-thymidine was used as control, and samples
which assayed 10-fold over background were considered
positive.
ELISA and competitive binding assays. The antigenic cross-

reactivity of the four monoclonal antibodies with various S.
mutans serotypes was established (i) by directly measuring
with enzyme-linked immunosorbent assay (ELISA) the
binding of the antibodies of the various strains and (ii) by a
standard competitive assay.

In the first procedure, flat-bottomed polystyrene
microtiter plates (Nunc) were coated with identical amounts
(50 ,ug of protein per ml) of WEA fractions from seven S.
mutans serotypes under the conditions used for indirect
solid-phase radioimmunoassay. Serial dilutions in PBS-T of
the purified antibody were added to the wells (50 RI).

Antibody binding was detected with MARK-1-alkaline
phosphatase conjugate (MARK-1-AP) at a 1:500 dilution
with p-nitrophenyl phosphate as the substrate (17). The
absorbance at 405 nm was read in a Multiskan reader (Flow
Laboratories, Inc., McLean, Va.) after incubation of the
plates for 1 h at 25°C. Normal rat IgM was used as the
control. The minimum concentration of purified monoclonal
antibody required for saturation of S. mutans OMZ175 WEA
was determined for each of the four antibodies.

In the competitive ELISA procedure, 50 ,u of the pre-
determined saturating amount of purified antibody was incu-
bated (1 h at 25°C) with 50 ,1 of PBS-T containing constant
amounts ofWEA from various S. mutans serotypes or from
an unrelated Bacillus subtilis strain (H. Monteil, Institute of
Bacteriology, Strasbourg). Samples (50 RI) were then trans-
ferred to a microtiter plate coated with S. mutans OMZ175
WEA, and hybridoma binding was determined by ELISA as
described above. Incubation of the monoclonal antibodies
was always performed with at least four different concentra-
tions of antigens. The results are expressed as percent
inhibition of binding of the monoclonal antibodies to the
homologous antigen. Percent inhibition was calculated as
[(OD of the control - OD of the competitor)/OD of the
control] x 100, where OD is the optical density. Wells in
which no WEA antigen was added were controls.

Epitope analysis by competitive ELISA. Various amounts
of purified antibody in PBS were mixed with an equal
volume of PBS containing the predetermined saturating
concentration of AP-labeled antibody. Fifty-microliter sam-
ples of the reaction mixture were added to S. mutans
OMZ175-coated microtiter plates and incubated 1 h at 25°C.
The amount of AP-labeled antibody bound was determined
by ELISA, and the results are expressed as the percent
inhibition of binding of AP-labeled antibody as described
above.

Antibody specificity assay. The specificities of the four
monoclonal antibodies were determined by immunodiffu-
sion, Western blot analysis, and immunoprecipitation. Dou-
ble diffusion experiments were performed with S. mutans
OMZ175 WEA fraction and purified antibodies in 1%
agarose with barbital buffer (pH 7.2).

Molecular weight markers and WEA fractions were
electrophoresed in 10% polyacrylamide gels in presence of
sodium dodecyl sulfate (sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis [SDS-PAGE]) by the method of
Laemmli (14). After electrophoresis the proteins were elec-
trophoretically transferred to nitrocellulose paper (BA 85,
Schleicher & Schull LPCR, Strasbourg, France) as de-
scribed by Towbin et al. (26). An immunoperoxidase assay
was then performed on a nitrocellulose sheet (7). The blots
were first soaked with 4% bovine serum albumin in PBS-T
for 1 h at room temperature, then rinsed in PBS-T five times
over a 30-min period, and were finally incubated 1 h at room
temperature with rat control IgM, rat anti-total WEA serum,
or purified monoclonal antibody diluted in PBS-T. The
nitrocellulose sheets were washed again and soaked in
MARK-1-peroxidase conjugate for 1 h at room temperature
and then washed in PBS-T as described above. The blots
were then shaken in a 0.2 mg/ml solution containing 3,3'-
diaminobenzidine (Sigma Chemical Co., St. Louis, Mo.) and
0.001% H202 in PBS-T. Molecular weight markers were
stained separately in 0.1% amido black in 10% acetic acid.

Immunoprecipitation was carried out by incubating whole
S. mutans OMZ175 cells with either monoclonal antibodies
or rat anti-WEA serum. After being washed, the bacteria
were extracted with 1% Triton X-100, and the immune
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complexes were recovered by incubating the extract with
MARK-1-Sepharose CL-4B beads. The immunoprecipitates
were submitted to SDS-PAGE and then transferred to nitro-
cellulose paper as before. The antigens were detected by
incubating the sheets with rat horseradish peroxidase-
labeled anti-WEA globulin, followed by enzyme substrate.
This procedure has been described in detail elsewhere (16).

Labeling of antibodies. MARK-1 was coupled to 125I by the
chloramine-T method of Greenwood et al. (9). MARK-1,
monoclonal antibodies, and rat total serum phosphatase
alkaline or peroxidase conjugates were prepared according
to the procedure of Avrameas (2). MARK-1 was coupled to
CnBr-activated Sepharose CL-4B (Pharmacia Fine Chemi-
cals, Inc., Piscataway, N.J.) as described by the manufactur-
ers.

Chemical modification of the WEA fraction. Pronase (B
grade [Calbiochem-Behring, La Jolla, Calif.], 0.1 ml of a 200
,ug/ml solution in 0.05 M Tris-hydrochloride buffer [pH 7.5])
was added to 0.1 ml (1 mg of protein per ml) of the WEA
fraction from S. mutans OMZ175. The mixture was incu-
bated for 4 h at 37°C. After incubation, the sample was
heated to 100°C for 5 min to inactive the enzyme, freeze-
dried and reconstituted in SDS gel electrophoresis sample
buffer, electrophoresed, blotted, and then reacted with
monoclonal antibodies as described above. Untreated sam-
ples and enzyme alone were run in parallel.
A 0.1-ml WEA fraction (1 mg/ml) was incubated with 0.1

ml of sodium metaperiodate (0.05 M in 0.05 M acetate buffer
[pH 5.0]) overnight at 4°C in the dark. After exhaustive
dialysis against distilled water at 4°C, the sample was freeze-
dried, reconstituted in SDS sample buffer, and used to
generate electrophoretic blots. A buffer control without
periodate was run in parallel.

RESULTS
Isolation of monoclonal antibodies. From the fusion of

nonsecreting IR 983 F myeloma cells with primed spleen
cells, 311 wells were tested for anti-S. mutans OMZ175
WEA antibody. Thirty-five supernatants were strongly posi-
tive in the indirect solid-phase radioimmunoassay against the
immunizing WEA fraction. Cloning of the positive cultures
resulted in the recovery of 11 stable antibody-secreting
hybridomas. Of these, four were chosen for detailed study.
The selected hybridomas and their corresponding antibodies
were named LOSM1, LOSM2, LOSM3, and LOSM4.
Each one of the monoclonal antibodies gave a single

precipitin line in Ouchterlony gel diffusion analysis against
antisera specific for only one of the eight rat immunoglobulin
isotypes tested, and all of them were identified as IgM(K).
The hybridomas were grown in vivo to produce large
amounts of ascitic fluids rich in specific antibodies (5 to 20
mg/ml). Each antibody was purified before its use in subse-
quent experiments.

Characterization of the monoclonal antibodies. The purified
monoclonal antibody from all four hybridoma lines reacted
with the S. mutans OMZ175 WEA fraction but to various
extents (Fig. 1). Antibody LOSM4 yielded a strong reaction
with the WEA fraction (Fig. ld); antibodies LOSM1 and
LOSM2 exhibited lower specificity agaitist the antigen (Fig.
la and b), whereas antibody LOSM3 showed a reduced
activity (Fig. ic). When antibodies were present in amounts
greater than required for saturation, the ELISA showed
differences in the maximum absorbance achieved, suggest-
ing differences in the avidity of binding of the monoclonal
antibodies to their epitopes.

Antigen identification. The reactions between the WEA
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FIG. 1. ELISA of the four purified monoclonal antibodies di-
luted in PBS-LOSM1 (a), LOSM2 (b), LOSM3 (c), and LOSM4
(d)-to the homologous WEA fraction from S. mutans serotype f
(0 ----- 0) and the heterologous WEA fraction from S. mutans
serotypes a (6), b (U), c (A), d (0), e (0), and g (*). A 405 nm,
Absorbance at 405 nm.

fraction and each monoclonal antibody or rat anti-WEA
serum were examined by immunodiffusion (Fig. 2). The
monoclonal antibodies precipitated with the same antigen of
WEA components, whereas total rat antiserum reacted with
this antigen and with additional ones.

Immunoblotting was implemented to determine the mol-
ecule-specific binding of the monoclonal antibodies. SDS-
PAGE of the WEA fraction from S. mutans OMZ175,
stained with Coomassie blue, revealed at least 20 bands
ranging in molecular weights from 135,000 to 30,000 (Fig.
3h); a quite identical pattern was obtained by Western blot
analysis with rat anti-WEA serum (Fig. 3a). Attempts at
immunoblotting with antibodies LOSM1, LOSM2, LOSM3,
and LOSM4 showed that all four monoclonal antibodies
were directed against two molecules with apparent molecu-
lar weights of 125,000 and 76,000 (Fig. 3b to e). Moreover,
antigenic components did not react with control IgM fol-
lowed by labeled MARK-1. The protease sensitivity of the
reactive antigens was evident upon digestion of WEA with
pronase (Fig. 3f0, which completely abolished the reactivity
of the antigens with the monoclonal antibodies on im-
munoblots. However, when the WEA fraction was submit-
ted to periodate oxidation before electrophoretic transfer to
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FIG. 2. Precipitation of each monoclonal antibody with an anti-
gen of S. mutans OMZ175 WEA fraction. Immunodiffusion wells 1
and 2 contained rat antiserum against S. mutans WEA, and wells 3
to 6 contained purified monoclonal antibodies, each at 5 mg/ml
(LOSM1, LOSM2, LOSM3, and LOSM4, respectively). Antigen
well contained S. mutans OMZ175 WEA at 0.5 mg/ml.

nitrocellulose paper, only the low-molecular-weight (76K)
component was revealed by the four monoclonal antibodies
(Fig. 3g). This was also confirmed by SDS-PAGE of period-
ate-treated WEA, directly stained with Coomassie blue,
which showed the disappearance of the 125K component.
These results suggest the presence of carbohydrate moieties
in the 125K antigen.
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Monoclonal antibodies LOSM1 to LOSM4 used in the
Western blot study were also used for immunoprecipitation
experiments. When whole S. mutans OMZ175 cells were
incubated with the four monoclonal antibodies extracted
with Triton X-100 and antigen-antibody complexes precipi-
tated with MARK-1-Sepharose, 125K and 76K antigens
were present in the immunoprecipitates (Fig. 4a to d). Thus,
these results confirm the ability of the monoclonal antibodies
to bind to the native antigens as well as the surface localiza-
tion of the antigens. No immunoprecipitation of the surface
antigens was seen with S. mutans incubated with rat nonim-
mune IgM molecules.

Epitope analysis. The distribution of the antigenic deter-
minants on 125K and 76K proteins was studied in a competi-
tive ELISA procedure by using the four IgM monoclonal
antibodies labeled with AP. ELISA had shown that antibody
concentrations of 2 ,ug/ml corresponded to saturating levels
for each monoclonal antibody (Fig. la to d). Controls
showed that 90 to 98% of AP-labeled antibodies could be
displaced by 20 ,ug/ml concentrations of homologous unla-
beled antibodies (Fig. 5a to d).

Notable differences were seen in the ability of heterolog-
ous antibodies to inhibit binding (Fig. 5a to d). AP-labeled
LOSM1 binding was 90% inhibited by a 20 p,g/ml concentra-
tion of LOSM1 antibody and was 70, 55, and 35% inhibited
by monoclonal antibodies LOSM4, LOSM2, and LOSM3,
respectively (Fig. 5a). The binding of AP-labeled LOSM2
antibody was completely inhibited by homologous antibody;
there was a 85% inhibition by antibodies LOSM3 and
LOSM4 and 75% inhibition by antibody LOSM1 (Fig. Sb).
When LOSM3 was the labeled antibody, 88, 80, and 70%
inhibitory activity was obtained with monoclonal antibodies
LOSM2, LOSM4, and LOSM1, respectively (Fig. Sc). On
the other hand, antibodies LOSM1, LOSM2, and LOSM3
exhibited almost the same inhibitory effect on AP-labeled
LOSM4 binding as did the homologous antibody (Fig. Sd).

Interaction of the monoclonal antibodies with WEA frac-
tions from various S. mutans serotypes. Monoclonal antibod-
ies specific for 125K and 76K proteins of S. mutans serotype
f were tested by ELISA for binding to WEA fractions of the
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FIG. 3. Western blot analysis of electrophoretically resolved S.
mutans OMZ175 WEA fractions (lanes a to e) and WEA fractions
treated with pronase (f) or NaIO4 (g) before electrophoresis. The
electrophoretic blots were treated with rat anti-WEA serum (lane a)
or monoclonal antibodies LOSM2 (lane b), LOSM1 (lane c),
LOSM3 (lane d), and LOSM4 (lanes e to g), followed by peroxidase-
conjugated MARK-1 and the addition of substrate. Coomassie blue
staining of the WEA fraction on polyacrylamide gel (lane h). The
arrows on the left indicate the position of the molecular weight
markers, and the arrows on the right indicate the molecular weight
of the major antigens contained in the WEA fraction. Molecular
weight standards are represented by the following: lactate dehydro-
genase, 140; phosphorylase b, 94; bovine serum albumin, 67;
ovalbumin, 43; and carbonic anhydrase, 30.
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FIG. 4. Western blot analysis of S. mutans OZM175 antigens
obtained after immunoprecipitation with monoclonal antibodies
LOSM1 (lane a), LOSM2 (lane b), LOSM3 (lane c), and LOSM4
(lane d). Arrows on the left indicate the position of molecular weight
markers, and arrows on the right indicate the position of the 125K
and 76K antigens. Molecular weight standards are the same as
described in the legend to Fig. 3.
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six other S. mutans serotypes. Results for LOSM1, LOSM2,
LOSM3, and LOSM4 are shown in Fig. la to d. Monoclonal
antibody LOSM1 showed a quite identical reactivity with
WEA from S. mutans serotypes f and b, reduced activity
against WEA from serotypes c, e, and a, and weak binding to
serotypes d and g (Fig. la). Monoclonal antibodies LOSM2
and LOSM3 exhibited the same specificity as did LOSM1
against the various S. mutans serotypes; however, antibody
LOSM3 showed a lower binding to the recognized epitopes,
as suggested by the shape of the ELISA curves. On the other
hand, LOSM4 reacted strongly to WEA from serotypes b
and d, to a lesser extent to serotypes c, e, and a, and weakly
with serotype g. Thus, the epitopes recognized by the four
monoclonal antibodies on 125K and 76K proteins from
serotype f are apparently present in all of these S. mutans
strains.
To confirm the presence of a common epitope in the

various serotypes, we reinvestigated the above results by a

competitive ELISA analysis. Increasing amounts of WEA
fractions from S. mutans serotypes were preincubated with
adequately diluted monoclonal antibodies and then tested on
homologous strains for remaining binding activity. A nearly
complete inhibition of binding for the four monoclonal
antibodies was achieved with the homologous WEA fraction
at a protein concentration higher than 25 jig/ml.
The results for heterologous competition are shown in

Table 1, and the data presented correspond to the inhibition
of binding obtained with an identical amount of WEA (25 ,ug
of protein per ml). In the solid-phase competitive assay, the
crude WEA fraction from serotypes a, b, c, and e is able to
inhibit the binding of the four monoclonal antibodies to

a b

50,

.2 20.

10

1 2 5 tO 20 1 2 S 10 20

concentration of non labelled antibody
(IJg/ml )

FIG. 5. Competitive ELISA. AP-labeled monoclonal antibody
preparations were added simultaneously with a dilution of nonla-
beled monoclonal antibody to WEA-coated wells. Labeled antibod-
ies were LOSM1 (a), LOSM2 (b), LOSM3 (c), and LOSM4 (d). The
purified antibodies used to inhibit the binding of conjugates were

LOSM1 (*), LOSM2 (M), LOSM3 (O), and LOSM4 (A). Broken
lines indicate homologous competition in each case. Controls con-
taining rat IgM without anti-WEA activity showed less than 10%
inhibition of binding.

TABLE 1. ELISA inhibition assays of the four monoclonal
antibodies binding to S. mutans OMZ175 WEA with WEA

antigens from seven different S. mutans serotypes

% Inhibition of binding of monoclonal antibodies to S.
mutans OMZ175 WEAa

Serotype
LOSM1 LOSM2 LOSM3 LOSM4

f 91 87 86 94
a 54 47 52 59
b 60 83 60 89
c 74 79 76 73
d 20 21 21 74
e 68 79 75 72
g 10 0 0 23

a Monoclonal antibodies were used at concentrations required for maximal
binding in ELISA with S. mutans OMZ175 WEA as the solid phase. Inhibition
experiments were performed in triplicate with at least four different concen-
trations of heterologous antigens. For ease of comparison, data from only one
quantity of WEA are shown (25 ,g of protein).

immobilized WEA from S. mutans serotype f by >50%.
WEA from serotype d showed only an inhibitory effect for
antibody LOSM4, whereas WEA from serotype g had little
effect on the binding of the four monoclonal antibodies to
homologous WEA. On the other hand, the four monoclonal
antibodies did not react with an unrelated B. subtilis strain.
These data confirm the results shown above for direct

ELISA and suggest that WEA from serotype d bears a
common epitope only recognized by monoclonal antibody
LOSM4. The low inhibitory effect of WEA from serotype g
could be due either to the fact that serotype g expresses
slightly cross-reactive epitopes or that crude WEA fraction
from serotype g contains very weak amounts of 125K and
76K proteins.

DISCUSSION
We report here the successful production and partial

characterization of four IgM monoclonal antibodies directed
against cell wall proteins from S. mutans serotype f and
describe the distribution of the recognized antigenic deter-
minants among the S. mutans serotypes. The four
monoclonal antibodies exhibited unique immunoreactivities
as defined by four different procedures, i.e., Western blot
analysis, immunoprecipitation, ELISA, and competitive
ELISA. It could be concluded that the monoclonal antibod-
ies reacted with two partially different epitopes on the 125K
and 76K proteins.
The results obtained above lead to some conclusions

concerning recognized antigens in the S. mutans OMZ175
WEA fraction. As shown by Western blot transfer, the four
monoclonal antibodies LOSM1 to LOSM4 recognized, in the
crude fraction, two antigens which migrated in a region
containing the 125K and 76K antigens when compared with
SDS-PAGE profiles or with blots revealed with rat anti-
WEA serum of identical extracts (16). The precipitation of
WEA antigens with the monoclonal antibodies could be
explained by the existence of an aggregated form of 125K
and 76K antigens in the crude WEA extract which could be
considered as a component with repetitive units. Indeed,
preliminary data indicate that purified 76K protein exists as
an aggregate with a molecular weight of more than 300,000 in
nondenaturing conditions (unpublished data). The four
monoclonal antibodies are also able to react with the native
form of both antigens, as assessed by immunoprecipitation
and ELISA. The 125K and 76K antigens are surface located,
as shown by the ability of the monoclonal antibodies to

INFECT. IMMUN.



MONOCLONAL ANTIBODIES TO S. MUTANS 349

immunoprecipitate them. The protein or protein-associated
nature of both antigens was demonstrated by their pronase
sensitivity.
The fact that the four monoclonal antibodies recognized

common epitopes present on two antigens with very dif-
ferent molecular weights could be due to the existence of a
dimeric form (125K) of 76K protein, to degradation of
protein 125K, or to the presence of common epitopes in two
unrelated antigens. Degradation products have been ob-
served by Russell et al. for purified protein I/MI from S.
mutans serotype c which splits into three different compo-
nents (A, B, and C) after SDS-PAGE (19) or for purified
protein B from S. mutans serotype c which gives multiple
bands in Western blot analysis with corresponding anti-
serum, a problem which is probably due to the degradation
of antigen B (23). The disappearance of 125K protein in gels
or blots after periodate treatment of the crude WEA fraction
suggests either that, in the initial extract, the 76K component
could exist as a protein carbohydrate complex or that 125K
antigen, which is a glycoprotein (16), is destroyed by period-
ate. However, at the present time we do not have enough
data allowing us to choose between the three hypothesis,
and further investigations would be necessary to clarify this
point.
The distribution of the epitopes recognized by the four

monoclonal antibodies on S. mutans OMZ175 125K and 76K
cell surface proteins was investigated by using AP-labeled
monoclonal antibody in a competitive ELISA procedure.
The results of epitope analysis suggest the existence of at
least two partially different antigenic determinants on 125K
and 76K proteins that are recognized by monoclonal anti-
body LOSM1 and by both antibodies LOSM2 and LOSM3.
On the other hand, antibody LOSM4 seems to recognize a
common part of the two epitopes.
We observed in ELISA significant differences in the

interactions of the four monoclonal antibodies with cell wall
proteins from various S. mutans serotypes. Monoclonal
antibody LOSM4 detected the cross-reactive epitope on
125K and 76K proteins in all S. mutans serotypes, with the
exception of serotype g which showed an appreciably
weaker cross-reaction in ELISA. The epitope distribution in
the six S. mutans serotypes was also confirmed by competi-
tive ELISA. In contrast to the cross-reactive antibody
LOSM4, monoclonal antibodies LOSM2 and LOSM3 re-
acted strongly with serotype b and significantly with
serotypes c and e, the two latter serotypes being correlated
to serotype f on the basis of their polysaccharide determi-
nants. The cross-reactivity of both monoclonal antibodies
was very weak with S. mutans serotypes d and g when
compared with homologous serotype f. The epitope recog-
nized by monoclonal antibody LOSM1 was apparently re-
stricted to serotypes a, b, c, and e and, to a lesser extent, to
the other serotypes. The epitope distribution observed
among the various S. mutans serotypes with monoclonal
antibodies LOSM4, LOSM2, LOSM3, and LOSM1 by com-
petitive ELISA confirms the results obtained by direct
ELISA. The quantitative differences in the reactivities of the
four monoclonal antibodies against the wall-associated pro-
teins from various S. mutans serotypes could also result
from (i) various amounts of proteins in the various antigenic
preparations, (ii) similar but not identical determinants, (iii)
alterations of the antigenic sites giving rise to different
antigen-antibody affinities, or (iv) different affinities of the
monoclonal antibody for the different serotypes of S.
mutans.

In conclusion, we have reported the production of four

monoclonal antibodies specific for at least two different
antigenic determinants present on 125K and 76K proteins
from S. mutans serotype f. Data obtained by Western blot
and immunoprecipitation showed that the four monoclonal
antibodies are able to recognize both SDS-denaturated and
native epitopes on 125K and 76K proteins. Using these
monoclonal antibodies, we have demonstrated cross-reactiv-
ity and conservation of the specific epitopes among the
various S. mutans serotypes. The detection of such epitopes
is not surprising and confirms earlier observations of cross-
reactivities among extracellular proteins in S. mutans
serotypes, obtained with conventional antisera (16, 19, 23).
Furthermore, the ability of all four monoclonal antibodies to
bind to whole cells of S. mutans and previous data obtained
by immunoprecipitation with polyclonal antiserum (16) sug-
gest strongly that the antigenic determinants are surface
located. These antibodies should be useful in studying the
streptococcal surface proteins.
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