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Hot saline extracts of Streptococcus mutans have been shown to contain
antigenic substances which occasionally react nonspecifically with some anti-
sera against whole cells of various serological groups and types of streptococci.
Chromatography of the extract of S. mutans strain MT703 (serotype e) on a

diethylaminoethyl-Sephadex A-25 column gave two principal antigens. One
antigen was eluted without adsorption to the resin and was identified as the
serotype-specific polysaccharide. The other antigen, which contained a large
quantity of phosphorus, was adsorbed to and released from the resin by gradient
elution. It was reactive against the antisera specific for polyglycerophosphate
(PGP) from group A Streptococcus pyogenes and/or S. mutans strain Ingbritt
(type c). The PGP antigen was further purified by gel filtration with Sephadex
G-75. Two peaks, PGP-1 and PGP-2, were obtained. Each possessed the same

antigenic specificity to anti-PGP serum as shown by immunodiffusion. Chemical
analyses revealed that the molar ratio of phosphorus to glycerol in both was

about 1:1, although the protein content between the two was significantly
different. PGP antigen was found to be widely distributed in hot saline extracts
from various gram-positive bacteria, with a few exceptions. However, all gram-
negative bacteria examined were free of PGP. The PGP in the hot saline extracts
of various gram-positive bacteria possessed an essentially identical antigenic
specificity. The addition of diethylaminoethyl-Sephadex A-25 resin to hot saline
extracts successfully removed the cross-reacting PGP antigen. After adsorption
of the extract from S. mutans, the supernatant contained only type-specific
polysaccharide antigen, except type b, in which both type b-specific polysaccha-
ride and PGP antigens were adsorbed with the resin. This simple procedure
should be useful for the removal of the PGP-type teichoic acid from antigen
extracts of bacteria that contain uncharged polysaccharides.

The immunological specificity of bacterial
cells is a property that has made a significant
contribution to their classification. In the case
of many streptococci, crude antigen-containing
extracts of whole cells are used. Some of these
procedures use dilute acid (17), formamide (7),
and saline (26) at temperatures of 100°C or
above. The saline extraction method of Rantz
and Randall (RR extracts) has been frequently
used in clinical laboratories and experimental
investigations (10, 11, 16, 25, 26) because of its
simplicity and reproducibility. Although the
method has provided useful extracts for studies
on the serotype-specific antigens of Streptococ-
cus mutans (10), we have found that these ex-
tracts also contain substances that cross-react
with anti-polyglycerophosphate (PGP) serum
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in addition to antiserum to the type-specific
polysaccharide antigen. Therefore, removal of
PGP from these extracts is necessary to identify
the specificity of the polysaccharide. The pres-
ent paper describes procedures for the removal
of the PGP with anionic exchange resin from
crude antigen extracts and the presence ofPGP
antibody in rabbit antisera to S. mutans and
many other gram-positive bacteria.

MATERIALS AND METHODS
Bacterial strains. Most of the streptococcal

strains used in the present study were kept in the
lyophilized state in our laboratories. A strain of
Micrococcus citreus was obtained from the Midwest
Culture Service (Terre Haute, Ind.) and designated
as MCS645 according to its code number. Many
strains of other species were generously given by T.
Umemoto (New York State University School of
Dentistry at Buffalo, Buffalo), B. Guggenheim
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(Dental Institute, University of Zurich, Zurich,
Switzerland), and N. Masuda (Osaka University
Dental School, Osaka, Japan). All strains were
grown in Todd-Hewitt broth (Difco).

Extraction of the antigen. Routine extraction of
antigen from lyophilized cells was done according to
a modified procedure of Rantz and Randall (26).
Cells were suspended in 20 mg (dry weight) per ml of
saline and autoclaved at 120°C for 20 min. They were
centrifuged, and the supernatant was used as a
crude extract (RR) for serological investigation. The
PGP from group A S. pyogenes strain Richard (type
3) was prepared as previously described (22).

Purification of the cross-reacting antigen. The
chemical nature of the cross-reacting antigen was
investigated in S. mutans MT703 (serotype e) ex-
tract. The hot saline extract was applied to a column
of diethylaminoethyl (DEAE)-Sephadex A-25, and
three antigenic peaks (fractions eI, eII, and eIII)
were obtained (11). The first two peaks were com-
posed of type e-specific polysaccharide antigen,
whereas the third antigen (eWIM) contained a large
quantity of phosphorus and showed a strong precipi-
tin reaction against specific PGP antiserum (vide
infra). Consequently, eIII was purified on a Sepha-
dex G-75 column.

Fraction eIII (20 mg, dry weight) was suspended
in 2 ml of saline. After vigorous shaking, the sus-
pension was centrifuged to remove insoluble materi-
als. The supernatant was applied to a Sephadex G-
75 column (55 by 2 cm). The column was eluted with
0.15 M saline, and the fractions (5 ml/tube) were
collected. Total phosphorus and protein were esti-
mated for each fraction. Fractions that reacted with
PGP-IB antiserum (see below) were monitored by
the capillary precipitin test as described previously
(11).

Antisera. One lot of antiserum against whole cells
of S. mutans strain Ingbritt (IB) (serotype c) was
found to be specific for PGP and free from anti-type
c-specific antibody (9). This was designated as PGP-
IB antiserum. Another reference antiserum specific
for PGP of group A S. pyogenes (PGP-A antiserum)
was kindly supplied by T. Myoda, Du Pont Institute.
Furthermore, the antiserum against whole cells of
S. mutans strain MT703 contained significant PGP
antibody in addition to type e polysaccharide anti-
body (11, 12). Serotype-specific antisera (types a to
g) were prepared in this laboratory by the absorp-
tion of 1 ml of serum with 50 mg (dry weight) of
group A streptococcal cells or provided by B. Perch
(Statens Seruminstitut, Copenhagen, Denmark) and
N. Masuda. Antiserum against Lancefield group E
streptococcal cells was obtained from the Center for
Disease Control, Atlanta, Ga. Antiserum specific for
glucan and dextran T-2000 was obtained by immu-
nizing rabbits with sucrose-grown cells ofS. mutans
strain MT123 (9).

Immunological procedures. Capillary precipitin
tests, immunodiffusion, and immunoelectrophoresis
were carried out as previously reported (11).

Chemical analyses. To determine the composition
of the material that cross-reacted with PGP anti-
sera, the samples were hydrolyzed in 2 N HCI for 18
h at 100°C in sealed ampoules and dried in vacuo,
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and samples of the hydrolysates were spotted on
precoated silica gel plates (Brinkmann Instru-
ments Inc., Westbury, N.Y.). The plates were devel-
oped with the solvent system of n-propanol-ammo-
nia-water, 6:1:3 (vol/vol/vol) (5). The components
were located by spraying with aniline-phthalate
(Brinkmann) and potassium permanganate-sulfuric
acid (6).

For quantitative estimation of glycerol, the hy-
drolysates obtained above were further hydrolyzed
with alkaline phosphatase (Sigma) to convert the
residual glycerophosphate into glycerol and phos-
phate (5). The glycerol content was determined en-
zymatically (Glycerol Stat-Pak, Calbiochem, La
Jolla, Calif.). Protein was estimated by using the
Folin phenol reagent, total hexose was estimated by
the authrone reagent, and total phosphorus was
estimated by ammonium molybdate-ascorbic acid in
sulfuric acid, as previously described (18).

RESULTS
Characterization of RR extract of the

whole cells of S. mutans strain MT703 (sero-
type e). To determine the number and specific-
ity of the antigenic components in a crude RR
extract, the extract of S. mutans MT703 was
subjected to electrophoresis in veronal-hydro-
chloride buffer (pH 8.25) and then tested with
unadsorbed MT703 antisera (lot-R545) and
against PGP derived from group A S. pyogenes.
Figure 1 shows that the antigen extract gave
two precipitin arcs against anti-MT703 serum.
One antigen showed a slight movement toward
the cathode, whereas the second antigen
showed extensive movement toward the anode.
The second antigen gave a clear precipitin arc
against PGP-A (and PGP-IB) antiserum, with
the same mobility as the arc developed against
MT703 antiserum. This behavior, and the pres-
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FIG. 1. Diagram of immunoelectrophoresis of
PGP from group A S. pyogenes, autoclave extract of
S. mutans strain MT703 (serotype e) in saline (RR
extract), and purified type e antigen from MT703
cells against PGP-A antiserum and the unadsorbed
MT703 whole-cell antiserum. Electrophoresis was
carried out at 6 mA for 1 h. Noble agar (Difco, 1%)
was melted in barbital-hydrochloride (pH 8.25; ionic
strength, 0.05) buffer.
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ence of a negative charge, indicated the pres-
ence of a PGP-like antigen. Immunodiffusion
tests in agar gel demonstrated that the RR
extract and PGP from group A S. pyogenes
formed a fused precipitin line against PGP anti-
sera (data not shown). The precipitin arc that
moved to the cathode was shown in previous
studies to be the type e-specific polysaccharide
(11).
Separation and purification of PGP antigen

from the RR extract. The RR extract of MT703
cells was separated into three antigenic compo-
nents, el, eII, and eIII, as shown previously
(11). Antigens el and elI were the type e-specific
antigens and had the same antigenic specific-
ity, whereas eIII contained phosphorus and
gave a positive immunological reaction only
against PGP antisera.

eIII was further fractionated by gel filtration
with Sephadex G-75 (Fig. 2). The fractions that
gave a positive precipitin reaction against PGP
antiserum were combined and designated as
PGP-1 and PGP-2. The recoveries of PGP-1 and
PGP-2 were 16 and 10% of the starting material
(eWIM), respectively. Both fractions had the
same immunological specificity against anti-
PGP-A antiserum (Fig. 3), and PGP-1 reacted
with both PGP-IB and PGP-A antisera.
Chemical analyses revealed that PGP-1 and

PGP-2 were composed of glycerol, phosphorus,
protein, and total hexoses in a ratio (weight
basis) of 2.9:1.0:1.5:1.0 and 2.5:1.0:8.8:1.1, re-
spectively. It is of interest that the molar ratio
of glycerol and phosphorus ofboth antigens was
about 1:1, although the protein content of PGP-
2 was significantly higher than that of PGP-1.
The minimum concentrations of PGP-1 and
PGP-2 that gave a definite positive reaction
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FIG. 2. Gel filtration on Sephadex G-75 column of
antigen eIII reactive with PGP-IB antiserum. eIII
was obtained by applying the RR extract of MT703
on a DEAE-Sephadex A-25 column as described pre-
viously (11). The Sephadex G-75 column (2 by 55 cm)
was eluted with saline; the fractions reacting with
PGP-IB antiserum by capillary precipitin test are

marked by brackets.
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PGP-1 Anti-PGP-A
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Antisera Antigens

FIG. 3. Diagram of immunodiffusion in agar gel
showing the identity of immunological specificity be-
tween PGP-IB and PGP-A antisera and between
PGP-1 and PGP-2.

FIG. 4. Immunodiffusion showing the presence of
a common antigen in 10 pd of RR extracts (upper
holes) from different serotypes ofS. mutans cells and
the extracts after adsorption (lower holes) with
DEAE-Sephadex A-25. From left to right: RR extract
from S. mutans strains HS6 (a), FAl (b), Ingbritt
(c), B13 (d), MT703 (e), OMZ175 (t), KIR (g). A
100-pl amount of PGP-IB antiserum was used.

against PGP-IB antiserum in the capillary pre-
cipitin test were 0.001 and 0.01 ,ugI/ul, respec-
tively.

Presence of PGP in the other serotypes of
S. mutans. Crude antigen extracts of S. mu-
tans cells that belong to serotypes a to g were
prepared by the RR procedure. Immunodiffu-
sion tests revealed that all the extracts reacted
with anti-PGP serum (Fig. 4, upper section).
The continuous precipitin line suggested that a
similar immunological specificity was present
in each extract.

Specific adsorption of PGP from the crude
antigen with DEAE-Sephadex A-25. Previous
findings (9, 11, 18, 19, 23) and Fig. 1 show that
PGP components from S. mutans are highly
negatively charged due primarily to a high con-
tent of phosphorus. Therefore, it was consid-
ered that PGP would bind tightly to an anionic
exchange resin, such as DEAE-Sephadex A-25,
and would be released by a solution of higher
ionic strength and/or an elution buffer of lower
pH. On the other hand, most S. mutans polysac-
charide antigens are weakly charged and show
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Capillary precipitin reaction

Anti-MT703
RR extract Anti-MT703 adsorbed with Anti-PGP-IB
from strain (unadsorbed) group A S. py-
(serotype): ogenes cells

RR RR + RR RR + RR RR +
A-25 A-25 A-25

AHT (a) 3+ _ - 3+
HS6 (a) 3+ - _ - 3+ -
BHT (b) 2+ - _ _- 3+ _
FA1 (b) 2+ - _ _ 3+ _
IB (c) 3+ - _ 3+
C67-1 (c) 3+ - _ 3+
B13 (d) 2+ -_ 2+ _
MT703 (e) 4+ 4+ 4+ 4+ 3+
SE3 (e) 3+ 3+ 3+ 3+ 3+
SEll (f) 2+ _ _ 2+ _
OMZ175 (f) 2+ _ ___ 2+ _
KlR (g) - 2+

_

_
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TABLE 2. Immunological reactivity ofRR extract of
seven serotypes of S. mutans with or without

adsorption by DEAE-Sephadex A-25

Immunological re-
action against ho-
mologous antiserum

RR extract Antiserum RR ex-from strain (se- against: Nonad- tractrotype): sorbed after ad-
RR ex- sorption
tract with A-

25

AHT (a) HS6 (a) 3+ 3+
HS6 (a) HS6 (a) 2+ 3+
BHT (b) FAl (b) 4+ -
FAl (b) FAl (b) 4+ -
OMZ51 (b) FAl (b) 4+ -
OMZ71 (b) FAl (b) 4+ -
IB (c) MT3 (c) 3+ 3+
C67-1 (c) MT3 (c) 3+ 3+
GS5 (c) MT3 (c) 3+ 3+
B13 (d) B13 (d) 3+ 3+
OMZ176 (d) B13 (d) 3+ 3+
MT703 (e)a MT703 (e) 4+ 4+
LM7 (e)a MT703 (e) 4+ 4+
SE3 (e)a MT703 (e) 3+ 3+
SEll (fb SEll (/) 2+ 2+
OMZ175 (f)b SEll (t) 3+ 2+
MT557 (f)b SEll (t) 3+ 3+
EN19-1 (fb SEll (1) 3+ 3+
KlR (g) OMZ65 (g) 3+ 3+
OMZ65 (g) OMZ65 (g) 3+ 3+

a These antigens (both with or without adsorption
by DEAE-Sephadex A-25) also reacted with anti-
Lancefield group E serum (11).

b These antigens (both with or without adsorption
by DEAE-Sephadex A-25) also reacted with antiglu-
can serum (9).

contained no PGP: Actinomyces naeslundii
(ATCC 12104); Actinomyces viscosus (ATCC
19246, OMZ105); Streptococcus group 0 (B357,
B361); M. luteus (NCTC 2665); M. citreus (MCS
465); Proteus mirabilis (OMZ109); Escherichia
coli (OMZ116, E16); Serratia marcescens
(0MZ144); Neisseria perflava (OMZ143); Lep-
totrichia buccalis (ATCC 19616); and Fusobac-
terium nucleatum (ATCC 25586). Furthermore,
immunodiffusion tests showed that the immu-
nological specificities of PGP antigens were
identical among different species of streptococci
(Fig. 6). RR extracts from group D and N strep-
tococci gave no precipitin line against PGP an-
tisera on immunodiffusion plates, although
these antigens were reactive with PGP antisera
by the capillary precipitin method (Table 3).
However, no PGP activity was demonstrated in
the extracts of group 0 Streptococcus, Micro-
coccus spp., and Actinomyces spp., although
each is gram positive. Gram-negative bacteria

examined were found to be PGP negative. Al-
though an RR extract of each Micrococcus spp.
did not give a positive reaction against the PGP
antisera, the RR extract of M. citreus MCS645
grown in Trypticase soy broth (BBL) fortified
with 10 g of glycerol, 3 g of K2HPO4, and 2 g of
KH2PO4 per liter of medium gave a positive
reaction by the capillary precipitin test.

DISCUSSION
The presence of PGP as a common antigenic

component among marny gram-positive bacte-
rial species has been demonstrated in crude
antigen extracts obtained by different methods
(3, 4, 15, 20, 23, 28, 35). This type ofimmunolog-
ical factor has been termed heterophile or het-
erogenic (15) or Forssman antigen (32) because
of its wide distribution among the bacteria.
During studies on the immunological speci-

ficities of the various serotypes of S. mutans,
we frequently found that antisera obtained by
immunizing rabbits with whole cells of S. mu-
tans showed cross-reactions with heterologous
antigen extracts of various types.

m _h_=
FIG. 6. Immunodiffusion showing the immuno-

logical identity of PGP in the crude antigens from
different streptococci. Center well: PGP-IB antiserum
(20 jid). Peripheral wells: RR extract (15 p) from
groupA S. pyogenes Richards (1), S. mutans MT703
(3), group H Channon (4), group G 9603 (5), and
group C 26Rp66 (6). (2) is a group E antigen prepa-
ration (Difco lot 612134).
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Our previous study (11) revealed that RR
extracts from type e S. mutans MT703 cells
contained nucleoproteins and cross-reacting
PGP, in addition to serotype-specific polysac-
charide antigen. The extracts obtained with hot
water (23) or trichloroacetic acid (9, 18, 19) also
contained PGP. Thus, the selective removal of
cross-reacting PGP is necessary to obtain the
type-specific polysaccharide antigen. Other-
wise, PGP may mislead or confuse the results of
grouping or typing tests based on immunologi-
cal specificities. In this connection, Gibbons et
al. (8) reported that the antisera prepared
against six strains of S. mutans designated
later as serotype a, b, and c cross-reacted with
seven formamide antigen extracts in varying
degrees by the capillary precipitin test. Their
failure to demonstrate a type differentiation
was probably due to the presence of PGP com-
ponents in these crude formamide extracts.
This cross-reaction of S. mutans due to PGP
was recently demonstrated by Mukasa and
Slade (23) and Chorpenning (3), and Rosan and
Knox have reported (Abstr. Annu. Meet. Am.
Soc. Microbiol. 1976, E 49, p. 71) cross-reactions
of group D, H, and N streptococci due to lipotei-
choic acid. We have also found that a commer-
cial grouping antigen of Lancefield group E
streptococci reacted strongly with PGP-IB and
PGP-A antisera.
An anionic exchanger, DEAE-Sephadex A-

25, has been used to separate neutral polysac-
charide and acidic substances such as PGP and/
or nucleoprotein complexes for the chromato-
graphic purification of various streptococcal an-
tigens. Therefore, a batchwise adsorption of
these acidic materials from RR extracts was
attempted to remove heterophile PGP anti-
gens. All PGP-positive materials in these ex-
tracts were completely adsorbed with A-25 and
were released with increased molarity and/or
by lowering the pH of the elution buffer. The
immunologically active material was further
purified by gel filtration and chemically charac-
terized as glycerol-phosphate polymers with
variable amounts of proteins and hexose (Fig.
1). As far as S. mutans is concerned, the type-
specific polysaccharide antigen remained fully
active even after treatment with A-25, except
for that of serotype b. Previous results (24)
showed that the type b polysaccharide antigen
possessed a negative charge, probably because
of its phosphorus content, as compared with
that of other serotype-specific antigens. It can
be expected that most streptococcal carbohy-
drate group antigens will remain unadsorbed
with A-25. For example, A-25-absorbed RR ex-
tracts of groups A, C, E, and G reacted with

their homologous grouping antisera (data not
shown). Extracts from other streptococcal
groups were not examined. However, antigens
from groups D and N were absorbed with A-25,
because their grouping antigens are glucose- or
galactose-substituted teichoic acids (15, 34, 35).
It is of interest that RR extracts from group D
and N streptococci were reactive with PGP-IB
and PGP-A antisera by the capillary precipitin
test but not by the gel diffusion method. This
may be a reflection of the immunological speci-
ficity of the substituted sugars, although the
backbone structure, i.e., PGP, in the group D
and N glycerol teichoic acids was reactive by
the capillary precipitin test because of the high
sensitivity of the method.
McCarty (20) described that most hot acid

extracts of group H streptococcal cells exam-
ined were lacking PGP antigen. In our experi-
ence, however, RR extracts from six strains of
group H streptococci/S. sanguis contained anti-
genic substances that cross-reacted with PGP
antibody. Also, the presence of lipoteichoic acid
has been reported in group H streptococci (Ro-
san and Knox, Abstr. Annu. Meet. Am. Soc.
Microbiol. 1976, E 49, p. 71). In contrast to
group H streptococci, PGP antigen could not be
demonstrated in two RR preparations from
group 0 streptococci, M. luteus and M. citreus.
These results agree with the findings of Mc-
Carty (20). On the other hand, Sharpe et al.
(28) failed to demonstrate PGP antigen in
Lancefield extracts from various streptococci.
The variation in these results is probably due in
large measure to a difference in the extraction
method and the relative activity of the PGP
antibody used.

It is of interest that M. citreus cells were
induced to synthesize a substance that reacted
with PGP antisera when grown in Trypticase
soy broth to which glycerol and phosphate were
added.

Lipoteichoic acid has been postulated (13) to
be one of the factors that cause bone resorption
in peridontal disease. However, A. viscosus
and A. naeslundii, which cause periodontal dis-
ease in experimental animals, were not found
to contain PGP (see Results).
The presence of PGP was detected some years

ago in association with the group D streptococ-
cal protoplast membrane (29, 31) and the mem-
brane fraction of various gram-positive bacteria
(4, 15, 30, 33, 35). However, the adsorption of
streptococcal PGP antibodies by streptococcal
cells of groups A and E and S. mutans of types
a, c, e, and f suggests that the immunological
specific components of PGP reach the surface of
the cell (9, 11, 12). Such a surface location for
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the specific components of lipoteichoic acid of
Lactobacillus fermentii and L. casei has been
established (15, 33, 35), and, more recently, it
has been found in the culture fluid of lactoba-
cilli and oral streptococci (14, 21). An in situ
difference for the immunological behavior
among the streptococci, however, is indicated
by the lack of agglutination of some S. mutans
strains by PGP antibody, although these
strains can adsorb the antibody. For example,
antibody to PGP-IB and PGP-A did not aggluti-
nate S. mutans type a, b, d, and g cells or
Lancefield group A, E, and G cells. All these,
however, adsorbed PGP antibody from whole-
cell serum. These results may be due to a differ-
ence in the quantity of the immunologically
specific component of PGP at the surface of
these cells, or the penetration of antibody to a
subsurface location in those cells that do not
agglutinate.
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