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Extracellular microcapsules have been demon-
strated on cells of most serotypcs of Strepto-
coccus mutans by electron microscopy, using
bacterial strains of the various serotypes and
peroxidase labeled or unlabeled immune
serum. A correlation was noted between the
amount of capsular substance on the strains of
S mutans examined and degree of antigenicity
as expressed by the indirect fluorescent anti-
body (FA) title. A serotype d strain was shown
to lose both antigenicity as determined by the
FA reaction and capsular material as seen by
electron microscopy with repeated in vitro
passage. JVhen 10% unheated rabbit serum
was added to the medium, antigenicity and
capsular material were restored.

Antisera produced in rabbits to serotypes of
Streptococcus mutans gave various titers by
fluorescent antibody (PA) techniques,1-3 sug-
gesting that there are differences in the de-
gree of antigenicity of the serotypes. Antisera
directed against the serotypes of S mutans may
cross react with S sanguis and S salivarius. The
specificity of the FA reactions can be increased
by prior absorption of the sera with the cross
reacting antigens.4 However, with some S mu-
tans antisera, the working titer may be so low
that cross absorptions will reduce the titer be-
yond a useful range. An eriochrome black
counterstain appears to increase the specificity
of the serotypes without the need for cross ab-
sorptions.2 Both of these procedures, which en-
hance specificity, do not increase the titer, so
that the amount of useful sera is quickly con-
sumed. Higher titers may be achieved by im-
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proving the conditions for isolating specific
antibody5'6 or by increasing the antigenicity of
the S mutans vaccine. In the present investi-
gation, antigenicity was found to be directly
related to the amount of extracellular capsular
material on the cells.

Materials and Methods
STRAINS. The strains of S mutans rep-

resenting the five serotypes' were obtained
from Dr. L. A. Thomson (NIDR, Bethesda,
Md). These included E49 with a antigen;7
BHT with b antigen;8 Fa-1 with b antigen;9
GS5 with c antigen;10 Ingbritt with c antigen;"
OIHI with d antigen;12 6715 with d antigen;13
AHIT with d antigen;8 LM7 with e antigen;14
and B2 with e antigen.'5 Strain AHT was orig-
inally described as having a antigen.1 However,
our strain showed a strong FA reaction with
known anti d sera2 and behaved biochemically
as a serotype d strain.'6 This strain will be
designated as AHT-d. Subsequently an AHT
strain was obtained which had been shown by
% guanine:cytosine ratio to belong to the ge-
netic grouping which contained serotype a
cells,17 and which did not react with group d
antisera.

PREPARATION OF VACCINES, ANTISERA, FA
CONJUGATES AND STAINING.-The preparation
of vaccines and antisera as well as the fluore-
scein conjugation and direct FA staining using
eriochrome black as a counterstain were the
same as that described by Grenier et al.2
Smears of antigen suspensions (vaccines) were
made on glass slides, air dried and heat fixed
for the indirect FA titrations. Serial dilutions
of unconjugated antisera were added and the
slides were incubated in a moist chamber for
30 minutes at room temperature. The slides
were washed in two changes of phosphate buf-
fered saline (PBS) (pH 7.6), rinsed in dis-
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tilled water and air dried. Fluorescein conju-
gated goat anti-rabbit globulin* (undiluted)
was added, incubated and washed as above.
Finally the slides were mounted in buffered
glycerine (one part PBS and nine parts glycer-
ine with pH adjusted to 7.6) and read in a
Zeiss GFL microscope. Appropriate control
tests were made using smears of the antigen
suspensions, normal rabbit serum (pooled)
and the conjugated goat anti-rabbit globulin.
These control tests were all negative.

Fluorescein/protein ratios were obtained
for all of the conjugated antisera,'8 using a
Gilford spectrophotometer, Model 240. All
were within the acceptable range of 2 to 10
ptg/mg.19

AGGLUTINATION TITRATIONs.-Twenty-four
hour cultures of the various strains of S mutans
were grown in medium containing half strength
Brain Heart infusiont and half strength Spiro-
late Brotht to which 0.5% yeast extract was
added (BHS medium). The cultures were cen-
trifuged 10 minutes at 3,000 X g; the super-
natant was poured off and the pellet re-
suspended and washed once with physiologic
saline. The cultures were finally diluted to the
turbidity of a MacFarland No. 5 standard
(1.5X108 organisms per millimeter). The sus-
pensions were mixed well and used as the slide
agglutinating antigens.

Small aliquots of antisera to the S mutans
strains were heated at 56 C each day before
use. Doubling dilutions of the antisera were
made in Kahn tubes, starting with 0.2 ml saline
and 0.2 ml serum. The antiserum dilutions,
0.05 ml each, were pipetted into circled areas
on the slides. Saline (no antiserum) was pi-
petted into one circle to serve as an antigen
control. Then, 0.25-ml antigen suspension was
added to each circle of antiserum and to the
antigen control. Slides were rotated four min-
utes at 160 RPM on a platform shaker. Tests
were read immediately in a light microscope
at 100 X magnification.

PEROXIDASE CONJ UGATION.-Sampies of
antisera to strains AHT-d, Fa-1, GS5, LM7, B2
as well as goat anti-rabbit serum were conju-
gated with peroxidase. The globulin fraction
was precipitated from the antisera in 33% satu-
rated ammonium sulfate.20 The precipitate was
dissolved in water (the same amount as the
original volume of antiserum) and reprecipitat-
ed in 33% saturated ammonium sulfate. The

* Sylvania Company, Millburn, NJ.
t Bioquest
t Type 1, Sigma Chemical Co., St. Louis, Mo.

final precipitate was dissolved in physiologic
saline (half the original volume of antiserum)
and dialyzed ovemight in PBS (pH 7.6) to
remove sulfate ions. The protein content of
the retentate was determined by the Biuret
method with the spectrophotometer at 540
nm.21

Twelve milligrams of horseradish peroxi-
dase4 were added to a solution containing 5
mg of globulin (protein) in 1 ml of 0.1 M phos-
phate buffer (pH 6.8). Then 0.05 ml of 1%
glutaraldehyde (coupling agent) was added
while shaking and the mixture allowed to stand
at room temperature for two hours. The con-
jugate was dialyzed overnight in two changes of
PBS (pH 7.6), and centrifuged at 10,000 X g
for 30 minutes in a Lourdes refrigerated centri-
fuge. Finally the conjugates were filter steril-
ized through a Morton ultra-fine sintered glass
filter and stored at 4 C.

PEROXIDASE STAINING.- A sufficient amount
of vaccine or culture was placed in a sterile
Kahn tube to give a pellet after centrifugation
of about a half millimeter thick. To each
sample 0.1 ml of appropriate peroxidase con-
jugated antiserum was added, mixed and al-
lowed to stand 30 minutes at room tempera-
ture. The samples were centrifuged at 3000 X g
for 10 minutes; the supematant was pipetted
off and the pellet was washed once with PBS
(pH 7.6) and again centrifuged. After pipet-
ting off the supernatant fluid, each sample was
stained with 1 ml of a solution containing 5 mg
of 3,3'-diaminobenzidine tetrahydrochloridel
in 10 ml PBS (pH 7.6) to which 0.01% hydro-
gen peroxide (1 ml of 0.1%) was added im-
mediately before use.20 The preparations were
centrifuged and washed once as above.

ELECTRON MICROScOPY.-After the perox-
idase staining, the bacterial cells were pelleted
and immediately resuspended in 3% glutaral-
dehyde containing 0.1 M phosphate buffer (pH
7.2) for 1-2 hours at room temperature. The
cells were washed three times in 0.1 M phos-
phate buffer containing 0.2 M sucrose and
stored overnight in this mixture. The follow-
ing day the cells were postfixed in 2% osmium
tetroxide in 0.1 M phosphate buffer, de-
hydrated in a graded ethanol series, infiltrated
with propylene oxide and Epon and embedded
in Luft's Epon mixture. Sections were made
with a diamond knife on a Reichert Om-U2
ultramicrotome. For each preparation, one
grid was poststained with uranyl magnesium
acetate23 and lead citrate24 and one was not
poststained. Grids were examined and photo-
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FIc I-. Electron micrographs of thin sec-

tions of S. omuton,. All prejparations were post-
stained with tiran-yl mtagrnesium acetate and lead
citrate. Magnification is X 25 .000. (a) Strain

AJLT-d with no antiserurn. (b) Straiii AHT-d
treated with ATIT-d peroxidase conjugated anti-
serturm. (c) Strain AHT-d treated with AHT-d
unilabelcd atitiseruini.
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lowed to incubate 4 hours at 37 C. The cover
slip preparations were washed again in HBSS,
fixed in absolute methanol for 10 minutes, air
dried and then stained with May-Grunwald-
Geisma stain.26 Stained cover slips were
mounted with Mounting Medium/ and ex-
amined in a light microscope with oil im-
mersion 100 X objective. On each preparation
100 macrophages were examined for phago-
cytosis.

Results
The morphology of untreated AHT-d cells

by transmission electron microscopy can be
seen in Figure la. There is no evidence of cap-
sular or extracellular material around the cells.
However, when the same AHT-d cells were
treated with homologous immune serum that
had been conjugated with peroxidase, an
electron-dense layer (approximately 200 nm)
was evident (Fig lb). When the AHT-d cells
were treated with unconjugated antiserum
(Fig lc), a finer consistency was seen when
compared with the coarse particles of the
peroxidase labeling. These electron-dense
layers were just as evident in sections which
were not poststained with uranyl magnesium
acetate and lead citrate. However, this layer
could not be demonstrated by India ink prep-
arations or by Quellung reaction using light-
field or dark-field microscopy.27

The AHT-d peroxidase conjugate did not
stain extracellular material on S sanguis cells,
strain 10556, or S salivarius cells, strain HHT
(Table 1). When AHT-d cells were treated
with pooled normal rabbit serum followed by
peroxidase-labeled goat anti-rabbit serum and
poststained with uranyl acetate and lead ci-

/ Technicon Chemical Co., Inc., Chauncey, NY.

trate, there was no evidence of extracellular
staining (Table 1).

Representative strains of Streptococcus
mutans serotypes a, b, c, d, and e were also
treated with the AHT-d peroxidase conjugated
antiserum and the electron micrographs
showed varying amounts of labeled extracellu-
lar substance. AHT-a cells (Fig 2a) showed
less extracellular material (ECM) than AHT-d
cells (Fig lb). The Fa-1 cells (serotype b)
showed very little ECM (Fig 2b); Ingbritt cells
(serotype c) seemed to be a mixture of cells
with and without ECM (Fig 2c); OIHI cells
(serotype d) showed a considerable amount of
ECM on every cell (Fig 2d) and the LM7 cells
(serotype e) appeared to have no ECM. When
these cells were reacted with peroxidase con-
jugated homologous antisera, essentially the
same degree of ECM reactions were seen as
those described with the AHT-d peroxidase
conjugate.

Table 2 shows a comparison of the titers
obtained by agglutination tests, direct and in-
direct FA tests using homologous cells and
antisera, and the relative amounts of ECM as
seen in the electron micrographs after staining
with either the AHT-d peroxidase conjugate,
or with homologous peroxidase conjugates.
There seemed to be no correlation between the
agglutination titers and the FA titers. This was
also found by Griffin28 using nonspore-forming
anaerobes. The indirect FA titers were higher
than the direct with every strain except BHT
and LM7. The serotype d strain exhibited a
fourfold increase with the indirect FA test. The
relative amount of ECM as estimated by stain-
ing with the AHT-d peroxidase conjugated
antiserum seemed to parallel direct and in-
direct FA titers.

LE 1

SPECIFICITY OF IMMUNE SERUM

Cells

S mutans (AHT-d)
S mutans (AHT-d)

Ssanguis (10556)

S salivarius (HHT)

S mutans (AHT-d)

Conjugates

plus

plus

plus

plus

AHT-d immune
serum-peroxidase
AHT-d immune
serum-peroxidase
AHT-d immune
serum-peroxidase
pooled normal rabbit serum

and goat anti-rabbit serum-

peroxidase

Capsular Reaction

no capsule
capsule

no capsule

no capsule

no capsule

Vol. 56 No. 2
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In suI)sequllet studies, the A IT-d strain
that had been repeatedly passed in BHS broth
failed to give a FA rea tion svith the original
AlIT-d antiserum (Table 3) and exhibited a
mininmal reaction with the AHT-d peroxidase
conjugate (Fig 3a). This suggested that the
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n ; * F 0 0a

AlIT-d straini had lost, upon laboratory pas-
sage, the antigen(s) that had been present in
the orig-inal vVIi ci x accine anid that ssere re-
sp)onsible for both the FA and the ECM re-
action. Th-is couild hasve been caused by the
routine sele tion of nonadherent cells by the
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Fim 2. Electron rnicrographs of thin sections

of S mutans. All strains treated with AHT-d
peroxidase conj ugated antiserum. Magnification
is X 25,000. (a) Strain AHT-a. Poststained. (b)

Strain Fa-1. Not poststainied. ( ( ) Strain Ingbritt.
Poststained. (d) Strain OIHI. Poststained. (e)
Straini LM7. Not poststained.
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transfer process, which picked cells suspended
in the medium and left behind those sticking to
the glass walls of the test tubes. A new vaccine,
prepared with the repeated passage of AHT-d
cells, failed to elicit an antiserum with a satis-
factory FA titer, confirming the supposition
that laboratory passage had resulted in the loss
of antigenic determinant(s). As this antigen
appeared to be associated with the ECM, the
possibility existed that the ECM could be a
microcapsule.27 Therefore, efforts were made
to enhance capsule formation in this strain. The
addition of 10% unheated rabbit serum to the
BHS medium29 resulted, after three passages
of AHT-d, in the restoration of the FA reaction
(Table 3) and the ECM formation as seen in
the electron microscope with the peroxidase
conjugate (Fig 3b). An antiserum, made in
rabbits, to the AHT-d restored cells showed a
direct FA titer of 1:16. Thus, the unheated
rabbit serum had restored ECM and anti-
genicity to the AHT-d repeated passage cells.
Heated rabbit serum (56 C for 30 minutes) was
also tried as a medium supplement but was not
as effective as the unheated serum.

A lyophilized sample of our original AHT-
d strain was rehydrated and grown in the BHS-
rabbit serum medium. This revived strain had
a copius amount of capsule (Fig 3c) and gave
a strong FA reaction (Table 3). This suggested
that the low FA titers obtained with the other
serotvpes (Table 2) might be improved by
growing those cells in rabbit serum. This was
done using one strain each of the five serotypes.

The possibility that serum protein could
be adsorbed to the cells thereby presenting new
antigenic determinants to the host had to be
considered. Strains of the five serotypes of S
mutans were subcultured three times in BHS
medium with or without the addition of rabbit
serum. The cultures were centrifuged and the
cells suspended in physiologic saline. The cells
were tested with conjugated antisera made to
the serotypes grown in medium with rabbit
serum. Table 4 shows the direct FA reactions
using the cell preparations and the conjugated
antisera. Fluorescent staining occurred only
with the serotype homologous cells and conju-
gates. Cells grown in the medium with rabbit
serum showed stronger FA reactions than those
grown in medium without the serum supple-
ment. The reaction on cells of strain 10449
with GS5 conjugate was very weak. There was
no overall nonspecificity caused by the addition
of rabbit serum.

The effect of growing the cells in the
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TABLE 3

COMPARI.SON OF FA AN-D PLROXIDASE RFAC TION\S WITH CELLS
GROXN' IN BRAIN-HEART-SPIROLATF BROTH (BIIS) WITH

AN-D WITHOUT RABBIT SERUM (RS)

AlT-d Cells Grown in

BHS
BHS + RS
BHS + RS

Labeled Antisera Made
Against AHT-Td Original Cells

FA Reaction Peroxidase Reaction

4

4

4
4

* Repeated-original AHI-d cells passed weekly in BHS.
RZestored-repeated passage AHT d cells grown in BHS + tunheated rabbit serurm.
Revived original lyophilized AHT-d cells revived in BIUS + Lnheated rabbit serLim.

a

::i.:;. m
C:::

Flo 3. Electron micrographs of thin sec-

tions of S mutatis. Magnification is X 25,000.
(a) Strain AHT-d (repeated passage) treated
with AHT-d peroxidase conjugated antiserum

Not poststained. (b) Strain AHT-d (restored

ailtigenicity) treated with AHT-d peroxidase
conjulgated antiserulrni. Poststained. (c) Straini
AHT-d (revived antigenicity) treated with uin-

labeled anlisertLisn tI AHT-d restored cells. Post-
stairletd.

Cell
Designations*

Repeated
Restored
Revived

J Dent Res February 1977
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TABLE 4

FA CROSS REACTIONS OF CELLS GROWN IN BRAIN HEART-SPIROLATE BROTH
WITH OR WITHOUT RABBIT SERUM AND FLUORESCEIN CONJUGATED

ANTISERA TO SEROTYPES GROWN IN MEDIUM WITH RABBIT
SERUM ERIOCHROME BLACK COUNTERSTAIN

Conjugated Antisera to Cells Grown in BHS with
Rabbit Serum

Cells Grown
in BHS+

Rabbit serum-
E49
Fa-1
GS5
10449
AHT-d
OMZ65
B2

S salivarius

No Serum-
E49
Fa-1
GS5
AHT-d
OMZ65
B2

S saliVarius

AHT-d AHT-d-
restored revived

Serotype 1:16 1:8

a
b
c

c

d
d
e

a
b
c

d
d
e

Fa-1
Undil.

GS5 6715 B2
Undil. 1:16 Undil.

+ _-

-- 4 _- _ _
__ -_ 4 - -
_ ~+__

4
4

4
4

_ _ 4 -

_-_ 4 -

_- _ - 3

+

2
2

presence of various enzymes on the FA reaction
and the ECM was also evaluated. TrypsinlT
(0.1%, 2 X crystallized) reduced but did not
eliminate the FA stain for the restored and re-
vived cells, and did not appear to have much
of an effect on the ECM. Amylase,11 lipase**
and dextranasett were also tried but had no
effect on the FA reaction. Hyaluronidase
(7,500 units, bovine testes+t) reduced the FA
reaction but did not alter the peroxidase stain.

Limited studies were done to determine
the phagocytability of the various serotypes.
Rabbit alveolar macrophages were grown over-
night in Medium 199 and 20% normal rabbit
serum. When formalin fixed cells of all five
serotypes were added (2 to 1) to the washed
macrophages, no phagocytosis occurred except
with serotype e. Every intact macrophage
showed phagocytosis of a few cells of serotype
e (strain B2 used) when the reaction took
place in shaker and roller tube cultures (Fig

¶ Nutritional Biochemical Corporation.
Nutritional Biochemical Corporation.** Aldrich Chemical Co., Milwaukee, Wi.

tt Sigma Chemical Co., St. Louis, Mo.
U Worthington Biochemical Co.

2
2

2
2

_ 4
2

4a). However, when the Leighton tube cultures
were used (Fig 4b), the macrophages were en-
gorged with cells. The cover slip preparations
obviously offered a better chance for the con-
tact of cells and bacteria. The same results
were found when homologous immune sera
were used in place of the normal rabbit serum,
except that 1% of the macrophages showed
phagocytosis with the AHT-d antiserum and
cells.

Discussion

Strain AHT-d was used extensively in this
study because it had a higher working titer in
FA tests than the other strains2 and the highest
F/P ratio (Table 2). Its antigenicity may in
part be related to the presence of the ECM on
the cells of the original vaccine, i.e., electron
microscopy of AHT-d revealed ECM which
paralleled the intensity of the FA reaction. The
ECM was demonstrable by staining with either
immune serum or with peroxidase conjugated
immune serum. The AHT-d peroxidase con-
jugated antiserum stained all serotypes of S
mutans to the same extent as did each homolo-

Vol. 56 No. 2
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FiG- 4. Photographs of rabbit alveolar inacrophages with pha-ocytized S
mutans cells serotyle e. (a) Macrophages in tissue culture medium and normal
rabbit serUrm. Strain B2 (ells were added and shaken three hours at 37 C. Mag-
nification is X 750. (b) Macropha-cs in tissute culture medium and immutne
rabbit serumn grown in, Leightoni tubes. Strain B2 cells were added and incubated
overnight at 37 C. Magnification is X 1,875.

J Dent Res February 1-977
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gous conjugated antiserum by electron micro-
scopy. However, the AHT-d peroxidase con-
jugate did not stain S salivarius or S sanguis
cells.

Serial passage of the AHT-d cultures in
BHS resulted in the loss of FA reaction and loss
of peroxidase reaction. The addition of the
rabbit serum restored antigenicity as measured
by both reactions. If the increase in both the
FA staining and antigenicity of the strepto-
coccal cells were due to the absorption of serum
proteins on the cells' surface, then antibody
made against the cells would be nonspecific
and react with all the serotypes grown in BHS
rabbit serum medium. This was not the case.
Cells of the various serotypes after growth in
BUS rabbit serum medium were not stained
by heterologous antisera (Table 4).

While the addition of unheated rabbit
serum did restore antigenicity to the AHT-d
cells, the direct FA titer of the conjugated anti-
serum was no higher than the original titer had
been. The indirect FA test could not be used to
detect sensitivity after growing the organisms
in rabbit serum, as normal proteins on the cells
would have been detected as well as specific
antiserum that had been produced in rabbits.

The rabbit serum may be exposing the S
mutans cells to proteins which they normally
meet in vivo either in the saliva30 or in gingival
crevice fluid.31 These serum proteins may
stimulate S mutans to form a protective cap-
sule detectable as ECM which enables it to
survive more successfully in their presence. In
contrast, when the cells are cultured in vitro in
the absence of serum proteins, there is no need
for capsule formation and this surface antigen
is no longer synthesized. This might account
for the low antigenicity of S mutans cultures as
judged by the FA reactions. Agglutination
titers are not affected by serial passage, indi-
cating that these antigens are distinct from
those measured by the FA reaction. In fact
there appears to be an inverse relationship be-
tween direct FA titer and the agglutination
titer (Table 2).

Phagocytosis studies were undertaken to
further demonstrate differences in extra-
cellular material in the cells of the S mutans
serotypes. Differences were shown with
formalin-killed cells, i.e., strains with ECM
were not phagocytized, while the group e strain
which had no demonstrable ECM was phago-
cytized in the presence of normal rabbit serum.

The ECM has several characteristics
which suggest that it may be a capsule, i.e.. it is

found when the cells are grown in the presence
of serum, it is lost upon serial passage and gives
the cell some protection from phagocytosis.
This capsular material appears to be the anti-
gen that is stained by the fluorescent and perox-
idase conjugated antibody as well as the un-
conjugated antibody. This raises the possibility
that S rnutans can be identified in situ in
plaque.

Lai, Listgarten, and Rosan32 have de-
scribed a capsular reaction on S sanguis using
immune serum. In a later report,33 the authors
have shown by absorption that c and d antigens
of S sanguis are located in the extracellular ma-
terial of this organism. Further they have
shown that the "immunocoating reaction"
could be used for the in situ identification of S
sanguis in dental plaque. Cells showing positive
reactions were arranged as pyramidal shaped
colonies with the apex at the tooth surface and
the base at the surface facing the oral cavity.

Conclusions
Extracellular microcapsules have been

demonstrated on most serotypes of S mutans
which might be of significance in the adher-
ence, survival, and pathogenicity of this organ-
ism. A nongenetic variation was shown to occur
in strain AHT-d resulting in the loss of FA
staining and capsular substance, but both were
restored by the addition of unheated rabbit
serum to the growth medium. It seemed rea-
sonable to assume that other serotypes might
also lose the same type of antigenicity in this
and other media. This may account for the low
titered antisera obtained with some strains of
this organism.
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