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Group A streptococcal pyrogenic exotoxins (SPE) types A, B, and C are potent
nonspecific lymphocyte mitogens. The mitogenicity of these exotoxins was in-
hibited by gangliosides and sialic acid, whereas concanavalin A was unaffected.
The capacity of both concanavalin A and SPE-A to stimulate lymphocytes was
suppressed by a-methyl-D-mannopyranoside. Galactose reduced the activity of
SPE-C. The sugars, glucose, N-acetylglucosamine, a-methyl-p-glucopyranoside,
and fucose, did not affect SPE mitogenicity.

Group A streptococcal pyrogenic exotoxins
(SPEs) are low-molecular-weight proteins with
a large number of biological properties. These
include pyrogenicity (1, 11, 16, 21) and enhance-
ment of host susceptibility to lethal shock (11,
16), myocardial damage (11, 17), and skin reac-
tivity (14). Further, the three antigenically dis-
tinct toxins, A, B, and C, alter antibody produc-
tion (5, 8, 9) and are potent nonspecific and
specific lymphocyte mitogens; the mitogenicity
is specific for T-cells (2, 15).

With such a large number of biological activ-
ities produced by low concentrations of SPEs,
usually in nanograms or micrograms, it would
be expected that the toxins interact with highly
specific receptors on target tissues. This inves-
tigation was undertaken to study SPE-receptor
interactions. The studies assessed the capacity
of various monosaccharides and gangliosides to
inhibit SPE-induced proliferation of normal rab-
bit lymphocytes.

All reagents and glassware used for toxin pro-
duction and biological assays were maintained
pyrogen free.

Group A streptococcal strains utilized for pro-
duction of SPEs were NY-5 (M type 10/12) for
A, B, and C toxins and T18P (M type 18) for C
toxin. Stock cultures were maintained by lyoph-
ilizing in the presence of whole defibrinated fresh
rabbit blood.

Streptococci were cultured in a modified beef-
heart dialysate medium (11, 21). Highly purified
preparations of SPEs were obtained from cell-
free culture supernatant fluids after differential
precipitation with ethanol and resolubilization
in acetate-buffered saline (1, 11, 13), followed by
preparative thin-layer isoelectric focusing (1, 13).
Purified toxins were stored lyophilized in the
presence of pyrogen-free streptococcal hyalu-

ronic acid (16). Hyaluronic acid did not affect
the mitogenicity of the SPEs.

The capacity of SPEs to induce lymphocyte
proliferation was assessed by incorporating
[*H]thymidine into deoxyribonucleic acid as a
measure of mitogenesis (2). Optimal stimulatory
doses of SPEs (1 ug per well) and concanavalin
A (ConA) (1 ug per well) were used throughout
the study. Inhibition of mitogenic activity by
various monosaccharides was evaluated after in-
cubation of lymphocytes with SPEs plus sugars.
Sugar concentrations tested for inhibition of mi-
togenicity were 1, 10, and 50 mM unless stated
otherwise. Gangliosides were a pool of ganglio-
side types and were obtained from P-L Biochem-
icals, Inc., Milwaukee, Wis. Ganglioside concen-
trations tested were 0.1, 1.0, and 5 pug per well.

Data were reported as average counts per
minute + 1 standard deviation.

Lymphocyte proliferation can be induced non-
specifically by many lectins, including ConA (7,
12), phytohemagglutinin (3), and wheat germ
mitogen (4). The mitogenicity of lectins is in-
hibited specifically by sugar residues (3, 4, 7, 12),
suggesting that the monosaccharides are com-
ponents of the host cell surface receptors.

Comparable to ConA, the nonspecific mito-
genicity of SPE-A was inhibited by a-methyl-
p-mannopyranoside (Fig. 1). However, lympho-
cyte stimulation by SPE-B and -C was not af-
fected significantly by the sugar. a-Methyl-D-
mannopyranoside at concentrations of 1 and 10
mM did not inhibit the activity of either SPE-A
or ConA.

The nonspecific mitogenicity of SPE-C was
reduced by 50 mM galactose (Fig. 2), but not at
1 and 10 mM concentrations. Complete inhibi-
tion of incorporation of [*'H]thymidine into DNA
by galactose was not achieved by sugar concen-
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trations up to 100 mM; galactose concentrations
greater than 100 mM were not tested. The ca-
pacities of ConA and SPE-A and -B to induce
lymphocyte proliferation were not affected by
galactose at a concentration of 50 mM.

The monosaccharides fucose, glucose, a-
methyl-p-glucopyranoside, and N-acetylgluco-
samine did not inhibit SPE-induced lymphocyte
mitogenicity (Table 1).

Gangliosides effectively inhibited the mito-
genic activity of all SPE types (Fig. 3), whereas
the activity of ConA was unaltered. It is not
known which type of ganglioside contributed to
the suppression since the gangliosides used may
have contained many types. The inhibition of
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SPE mitogenicity was specific since comparable
doses of gangliosides failed to suppress ConA-
induced lymphocyte proliferation. Studies are
underway to identify the ganglioside or related
compound responsible for the inhibition of SPE
activity.

A major component of gangliosides, sialic acid,
also inhibited lymphocyte proliferation induced
by all SPE types (Fig. 4). The higher dose of
sialic acid (50 mM) inhibited both SPE and
ConA stimulation of lymphocyte proliferation
(data not shown). This inhibition of activity
probably represented a nonspecific effect (20).

Other protein toxins have either ganglioside
or sialic acid as components of host cell surface
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Fic. 1. Effect of a-methyl-D-mannopyranoside on SPE-induced proliferation of spleen cells from normal
rabbits. ConA and SPE concentrations were 1 ug per well. Bars, 1 standard deviation.
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FiG. 2. Effect of p-galactose on SPE-induced proliferation of spleen cells from normal rabbits. ConA and
SPE concentrations were 1 pg per well. Bars, +1 standard deviation.
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TABLE 1. Effect of several monosaccharides on SPE stimulation of spleen cells from normal rabbits
Monosaccharide (mM) SPE-A° SPE-B* SPE-C*
Fucose
0 240,000 + 18,000 122,905 + 4,080 340,000 + 40,000
50 220,000 + 36,000 141,370 + 10,313 320,000 + 38,000
Glucose
0 95,000 + 4,000 94,000 + 16,000 105,000 = 4,000
50 93,000 + 16,000 90,000 + 11,000 105,000 + 20,000
a-Methyl-D-glucopyranoside .
(1] 170,000 + 15,000 200,000 + 15,000 270,000 + 11,000
50 175,000 + 14,000 180,000 + 25,000 250,000 + 15,000
N-acetylglucosamine
170,000 £ 20,000 140,000 + 20,000 238,000 + 15,000
50 140,000 + 25,000 150,000 + 15,000 230,000 + 15,000

% Counts per minute + 1 standard deviation.

30

20 }
3
2
b3
a
%)
<
(=]
= 10F
0 G Spg 0 Sug 0 Sug 0 Sug
neg Con A A toxin B toxin C toxin

FiG. 3. Inhibition of SPE-induced proliferation of spleen cells from normal rabbits by gangliosides. ConA
and SPE concentrations were 1 pg per well. Bars, 1 standard deviation.

30’—

20

10% CPM /well

[o] /

O I0mM O I10mM O 1I0mm O 10mM
neg ConA A toxin B toxin C toxin
Fi1c. 4. Inhibition 'of SPE-induced proliferation of spleen cells from normal rabbits by sialic acid. ConA
and SPE concentrations were 1 pg/well. Bars, +1 standard deviation.



VoL. 27, 1980

receptors. Tetanus toxin, which is a potent neu-
rotoxin, binds two sialic acid residues of ganglio-
side (18, 20). Cholera and heat-labile Esche-
richia coli enterotoxins bind GM; ganglioside of
intestinal tissues or cultured adrenal cells (6, 10,
19). The diversity in biological activities ob-
served for these exotoxins and SPEs is probably
caused by differences in arrangements of sugar
residues within the gangliosides and by the con-
tent of specific ganglioside types on various host
cells.

It is interesting that the mitogenicity of SPE-
A and -C was reduced by two sugar residues:
SPE-A by a-methyl-D-mannopyranoside and
SPE-C by galactose. Sialic acid inhibited all
three types. The inhibition of SPE-A and -C by
two different sugars indicates that the toxins
may bind residues on cell types that do not
contain the specific ganglioside. The possibility
exists, therefore, that some activities of the SPEs
are regulated by a ganglioside (or related com-
pound) binding property, whereas others may
be controlled by toxin binding to other sugars.

Studies are presently in progress to investigate
this hypothesis and to examine the kinetics of
binding of SPE to various cell types expected to
have receptors for the toxins.

This investigation was supported by Public Health Service
research grant AI-06487 from the National Institute of Allergy
and Infectious Diseases. P.M.S. was supported by Public
Health Service training grant 5T32 HL07116 from the Na-
tional Heart, Lung and Blood Institute.

LITERATURE CITED

1. Barsumian, E. L., C. M. Cunningham, P. M. Schliev-
ert, and D. W. Watson. 1978. Heterogeneity of group
A streptococcal pyrogenic exotoxin type B. Infect. Im-
mun. 20:512-518.

2. Barsumian, E. L., P. M. Schlievert, and D. W. Wat-
son. 1978. Nonspecific and specific immunological mi-
togenicity by group A streptococcal pyrogenic exotox-
ins. Infect. Immun. 22:681-688.

3. Borberg, H,, L. Yesner, B. Gesner, and R. Silber. 1968.
The effect of N-acetyl-D-galactosamine and other
sugars on the mitogenic activity and attachment of
PHA to tonsil cells. Blood 31:747-757.

4. Brown, J. M., M. A. Leon, and J. J. Lightbody. 1976.
Isolation of a human lymphocyte mitogen from wheat
germ with N-acetyl-D-glucosamine specificity. J. Im-
munol. 117:1976-1980.

5. Cunningham, C. M., and D. W. Watson. 1978. Sup-
pression of antibody response by group A streptococcal
pyrogenic exotoxin and characterization of the cells
involved. Infect. Immun. 19:470-476.

6. Donta, S. T. 1976. Interaction of choleragenoid and GM,

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

21.

NOTES 279

gangliosides with enterotoxins of Vibrio cholerae and
Escherichia coli in cultured adrenal cells. J. Infect. Dis.
133S:115-119.

. Goldstein, L J., C. E. Hollerman, and E. E. Smith.

1965. Protein-carbohydrate interaction. II. Inhibition
studies on the interaction of concanavalin A with poly-
saccharides. Biochemistry 4:876-883.

. Hale, M. L., and E. E. Hanna. 1976. Deregulation of

mouse antibody-forming cells by streptococcal pyro-
genic exotoxin. II. Modification of spleen T-cell-comple-
mented nude mouse PFC responses. Cell. Immunol. 26:
168-177.

. Hanna, E. E., and D. W. Watson. 1973. Enhanced

immune response after immunosuppression by strep-
tococcal pyrogenic exotoxin. Infect. Immun. 7:1009-
1011.

Holmgren, J., J. E. Mansson, and L. Svennerholm.
1974. Tissue receptor for cholera exotoxin: structural
requirements of GM, ganglioside in toxin binding and
inactivation. Med. Biol. §2:229-233.

Kim, Y. B,, and D. W. Watson. 1970. A purlﬁed group
A streptococcal pyrog in. Physi
and biological properties including the enhancement of
susceptibility to endotoxin lethal shock. J. Exp. Med.
131:611-628.

Powell, A. E,, and M. A. Leon. 1970. Reversible inter-
action of human lymphocytes with the mitogen concan-
avalin A. Exp. Cell Res. 62:315-325.

Schlievert, P. M., K. M. Bettin, and D. W. Watson.
1977. Purification and characterization of group A strep-
tococcal pyrogenic exotoxin type C. Infect. Immun. 16:
673-679.

Schlievert, P. M., K. M. Bettin, and D. W. Watson.
1979. Reinterpretation of the Dick test: role of group A
streptococcal pyrogenic exotoxin. Infect. Immun. 26:
467-472.

Schlievert, P. M., D. J. Schoettle, and D. W. Watson.
1979. Nonspecific T-lymphocyte mitogenesis by pyro-
genic exotoxins from group A streptococci and Staphy-
lococcus aureus. Infect. Immun. 25:1075-1077.

Schlievert, P. M., and D. W. Watson. 1978. Group A

xin: pyrogenicity, altera-
t:on  of blood-bram barrier, and separation of sites for
pyrogenicity, and enhancement of lethal endotoxin
shock. Infect. Immun. 21:753-763.

Schwab, J. H., D. W. Watson, and W. J. Cromartie.
1955. Further studies of group A streptococcal factors
with lethal and cardiotoxic properties. J. Infect. Dis. 96:
14-18.

van Heyningen, W. E. 1963. The fixation of tetanus
toxin, strychnine, serotonin, and other substances by
ganglioside. J. Gen. Microbiol. 31:375-387.

van Heyningen, W. E., C. C. J. Carpenter, N. F.
Pierce, and W. B. Greenough III. 1971. Deactivation
of cholera toxin by ganglioside. J. Infect. Dis. 124:415-
418.

. van Heyningen, W. E., and J. Mellanby. 1971. Tetanus

toxin, p. 69-108. In S. Kadis, T. C. Montie, and S. J. Ajl
(ed.), Microbial toxins. Academic Press Inc., New York.

Watson, D. W. 1960. Host-parasite factors in group A
streptococcal infections. Pyrogenic and other effects of
immunologic distinct exotoxins related to scarlet fever
toxins. J. Exp. Med. 111:255-284.



