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Streptococcal pyrogenic exotoxin F (SpeF), previously referred to as mitogenic factor, is a newly described
potent mitogen produced by group A streptococci. To investigate whether this protein belongs to the family of
microbial superantigens, we analyzed the cellular and molecular requirements for its presentation to T cells
and compared it with the known streptococcal superantigen pyrogenic exotoxin A (SpeA) and the nonspecific
polyclonal T-cell mitogen phytohemagglutinin (PHA). SpeF and SpeA were efficiently presented by autologous
antigen-presenting cells (APCs) and an allogeneic B lymphoma cell line, Raji. In contrast, the monocytic cell
line U937, which does not express major histocompatibility complex (MHC) class II molecules, failed to
present SpeF as well as SpeA but supported the response to PHA. Thus, the presentation of SpeF by APCs was
class II dependent but not MHC restricted. The requirement for HLA class II was further supported by the
ability of anti-HLA-DQ monoclonal antibody to block the SpeF-induced proliferative response by 75 to 100%.
Paraformaldehyde (PFA) fixation of autologous APCs resulted in an impaired ability of SpeF and SpeA to
induce optimal T-cell proliferation. In contrast, fixation of Raji cells did not affect the induced proliferation.
The stimulatory effect of PHA remained unaffected by both the use of PFA-fixed APCs and the addition of the
HLA class II-specific monoclonal antibodies. The addition of a supernatant enriched in interleukin 1 and
interleukin 6 to fixed autologous APCs resulted in an increased SpeF-induced response; thus, the impairment
was not due to a requirement for processing, but, rather, costimulatory factors produced by metabolically
active APCs were needed. SpeF was found to preferentially activate T cells bearing VB 2, 4, 8, 15, and 19, as
determined by quantitative PCR. The data presented clearly show that SpeF is a superantigen. We also studied
the prevalence of the speF gene in clinical isolates by Southern blot analyses, and the gene could be detected

in 42 group A streptococcal strains, which represented 14 serotypes.

Superantigens are a group of microbial proteins which are
very powerful immunomodulators. The bacterial superantigens
include, among others, the Staphylococcus aureus enterotoxins
(1, 33) and toxic shock syndrome toxin 1 (1, 33) as well as the
streptococcal pyrogenic exotoxins A, B, and C (SpeA, -B, and
-C) (1), the cell surface M protein (49), and the recently
identified streptococcal superantigen (SSa) (36), all produced
by group A streptococci (GAS).

Superantigens induce massive T-cell proliferation; 5 to 40%
of the cells become activated, which can be compared to
approximately 0.001% for a conventional antigen (30). Their
capacity to activate such a large T-cell population is due to
their ability to cross-link the relatively invariable parts of the
major histocompatibility complex (MHC) molecule on anti-
gen-presenting cells (APCs) and the T-cell receptor (TCR) of
the T cells without prior internalization and processing by the
APC (10, 11, 23, 33, 35, 44, 51). Superantigens are presented to
T cells by APCs that express MHC class II molecules in an
MHC-unrestricted manner. Superantigens interact with the
variable region of the T-cell receptor B chain, and each
superantigen has affinity for a set of VB elements (9, 23, 32,
33). This results in a preferential expansion of all T cells
bearing those specific VB elements, which is followed by a high
production of cytokines (2, 8, 16, 17, 26, 40, 52). The superan-
tigen-induced overproduction of cytokines is believed to
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strongly influence the development of toxic shock syndrome
(16, 17, 30, 33, 40, 43, 46).

SpeA and SpeC show high structural homology with each
other but no significant homology with SpeB (14). Further-
more, SpeA and SpeC have been shown to be encoded by
bacteriophages, while SpeB is chromosomally encoded (15, 24,
25). SpeB also has cysteine proteinase activity and can as such
convert precursor interleukin 18 (IL-1B) to mature IL-18 (18,
28). The Spes share many biological activities, such as pyroge-
nicity, mitogenicity, enhancement of host susceptibility to
endotoxin shock, and superantigenicity (1, 29, 53, 55). A novel
mitogenic factor, called MF, expressed by GAS has been
reported recently (22). The nucleotide sequence of MF did not
reveal any significant homology with the Spes or any other
known proteins. However, the MF protein induced a cytokine
production profile similar to that of the Spes, and nanogram
concentrations were sufficient for induction of a massive T-cell
response, which indicated that MF might exhibit superanti-
genic activity (40). Even though pyrogenicity tests of MF have
not been performed, we argue that the protein is a pyrogenic
exotoxin on the basis of the massive induction of pyrogenic
cytokines noted in vitro, and therefore the protein is renamed
SpeF in accordance with the other streptococcal exotoxins. The
clinical relevance of SpeF has been shown by analyses of
neutralizing antibodies in sera from patients with streptococcal
toxic shock syndrome (STSS) or uncomplicated infections (41).
The study showed a correlation between the low neutralizing
capacity of SpeB and SpeF mitogenicity and severe infections
(41). In the present report, we have analyzed the superantige-
nicity of SpeF on the basis of its interaction with APCs and T
cells.
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FIG. 1. Proliferative response induced by SpeF, SpeA, and PHA
under various cell culture conditions. Purified human T cells (1 X 10°
cells) were incubated with either autologous APCs (5 X 10%) cells,
paraformaldehyde-fixed APCs (Fix.APC), or fixed APCs plus the
addition of an IL-1- and IL-6-enriched supernatant (Fix. APC.sup).
The cells were stimulated with 7.5 ng of SpeF per ml (A), 7.5 ng of
SspeA per ml (B), or 5 pg of PHA per ml (C) for 3 days, after which
[°PH]thymidine was added for 6 h and the incorporation was measured.
The values are presented as: the mean counts per minute (cpm) of
toxin-stimulated cells minus the mean cpm of unstimulated cells *
standard deviation. Statistically significant higher values for fixed
APCs plus supernatant as compared with those of fixed APCs are
indicated at the top of relevant bars: *, P < 0.05; **, P < 0.01; #*x, P
< 0.001. The mean cpm values * standard deviations for unstimulated
cells in experiments 1, 2, and 3 were 1,324 *= 327, 1,638 = 972, and
7,016 * 118, respectively.

w

MATERIALS AND METHODS

Bacterial isolates. TIM1 and T12M12 GAS strains isolated
from patients with uncomplicated pharyngotonsillitis in Swe-
den during 1976, 1980-1981, 1984-1985, and 1988-1989 (38),
two of each serotype per year, were tested for the presence of
the gene encoding the SpeF protein. Four additional TIM1
GAS strains isolated in Sweden during 1988-1989 from pa-
tients with STSS (38) as well as 16 strains of various serotypes
isolated from patients with erysipelas during 1988-1990 were
tested (39). NY5 of serotype T8/25, SF130 of T1M1 serotype,
J17 of serotype T19, K56 of serotype T12M12, and D471 of
serotype M6 were used as reference strains.
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FIG. 2. Analyses of the requirements for accessory cells of SpeF.
The Burkitt lymphoma cell line Raji and the monocytic cell line U937
were tested as accessory cells for SpeF stimulation. Purified T cells (1
X 10°) were incubated with either Raji (2 X 10%), fixed Raji (2 X 10%),
or U937 (2 x 10*) cells. The cells were stimulated with 7.5 ng of SpeF
per ml, 7.5 ng of SpeA per ml, or 5 pg of PHA per ml for 3 days, after
which [*H]thymidine was added for 6 h and the incorporation was
measured. The values are presented as the mean counts per minute
(cpm) of toxin-stimulated cells minus the mean cpm of unstimulated
cells * standard deviation. The mean cpm values *+ standard devia-
tions for unstimulated cells in Raji cell cultures, fixed Raji cell cultures,
and U937 cell cultures were 2,760 + 327, 7,016 + 838, and 689 = 111,
respectively.

Serotyping of GAS strains. T typing was performed by
agglutination with T type-specific antisera from the Institute of
Sera and Vaccines, Prague, The Czech Republic (13). To
further discriminate between the T types, a serum opacity
reaction test was performed as described previously (34).

Antigens. SpeF was purified from a clinical GAS isolate,
Oslo 85, kindly provided by A. Hoiby, Department of Bacte-
riology, National Institute of Public Health, Oslo, Norway.
Oslo 85 was found to be a high producer of SpeF by Western
blot (immunoblot) analyses using a polyclonal monospecific
SpeF antisera. Ethanol-precipitated overnight culture super-
natant of Oslo 85 was subjected to preparative isoelectric
focusing in 2% Biolyte solution (pH range, 3-10; Bio-Rad
Laboratories, Upplands Vasby, Sweden) with a Rotofor (Bio-
Rad). The purified protein was analyzed by Western blot as
well as sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis with silver staining and determined to be 99% pure.
SpeA was kindly provided by D. Gerlach and W. Kohler,
Institute fiir Experimentelle Mikrobiologie, Jena, Germany
(12). Phytohemagglutinin (PHA) was purchased from Sigma
Chemical Co. (St. Louis, Mo.).

DNA techniques. Chromosomal DNA was prepared essen-
tially by the method of B. M. Chassy (5) after growth in
Todd-Hewitt broth supplemented with 20 mM glycine. The
restriction enzyme HindIIl and Tag DNA polymerase were
used as described in the manufacturer’s recommendations
(Boehringer-Mannheim, Bromma, Sweden). DNA fragments
were isolated from agarose gels by the Gene Clean method
(Bio 101, La Jolla, Calif.).

PCR. The gene encoding SpeF was amplified by PCR (42)
using chromosomal DNA from GAS strain NYS5 as a template.
The oligonucleotides used were nucleotides 789 to 808 (5'-
CGAAATTAGAAAAGAGGAC-3") as the 5' primer and
nucleotides 1963 to 1982 (5'-GGCTGAGCAAAAGTGT
GTG-3') as the 3’ primer. The reaction mixture contained 200
pM each dATP, dCTP, dGTP, and dTTP, 170 pg of bovine
serum albumin per ml, 20 pmol of each primer, PCR buffer
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FIG. 3. Inhibition of toxin-induced proliferation by an HLA class II
DQ-specific monoclonal antibody. Autologous APCs were preincu-
bated for 15 min at room temperature with 0.1 pg of class II
DQ-specific monoclonal antibody per ml and then cultured with
purified T cells and 7.5 ng of SpeF per ml, 7.5 ng of SpeA per ml, or
5 pg of PHA per ml for 3 days. The data are presented as percent
inhibition * standard deviation of three separate experiments as
compared with cell cultures with untreated APCs.

(Boehringer-Mannheim), and 2.5 U of Tag DNA polymerase
(Boehringer-Mannheim). The gene was amplified by one de-
naturation cycle of 94°C for 1 min and then 30 cycles of 94°C
for 1 min, 50°C for 1 min, and 72°C for 2 min, and one cycle of
72°C for 3 min. This PCR product (1 pl) was used as the
template in a second PCR, which was run for 25 cycles at an
annealing temperature of 53°C but otherwise as described
above.

speA and speB were also amplified by using chromosomal
DNA from SF130 and from a clinical Swedish isolate, TIBW
(38), as templates in the respective PCRs. The oligonucleo-
tides and reaction conditions for spe4 and speB amplification
have been described previously in detail (38). A booster PCR
was performed for detection of the spe4 gene in strains that
were negative for sped by Southern blot analyses. The gene
was first amplified as described previously (38), and 1 l of this
PCR product was used as a template in a booster PCR which
was run for 25 cycles at an annealing temperature of 50°C but
otherwise as described previously (38).

Southern blot analyses. HindIIl-digested chromosomal
DNA was separated on 0.7% agarose gels and transferred to
Hybond N filters (Amersham, Solna, Sweden) by the method
of Southern (45). The filters were probed with PCR-amplified
gene fragments of the speF, spe4, and speB genes. For labelling
of the probe and detection of DNA hybrids, the nonradioactive
digoxigenin DNA labelling and detection kit (Boehringer-
Mannheim) was used. Hybridization and washing were per-
formed at 65°C under high-stringency conditions in buffers
recommended by Boehringer-Mannheim.

Preparation of PBMCs and cell culture conditions. Periph-
eral blood mononuclear cells (PBMCs) were isolated from
heparinized venous blood obtained from healthy adults by
centrifugation on Ficoll-Metriozate density gradients (Lym-
phoprep; Nycomed AS, Oslo, Norway) (4). T cells were
separated from purified PBMCs by two rounds of erythrocyte
rosetting (27) and then by overnight adherence to plastic. The
erythrocyte rosette-negative populations enriched in B cells
and monocytes were used as APCs. Raji cells and U937 cells
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FIG. 4. Human T-cell receptor VB specificity of SpeF. Erythrocyte
rosette-purified T cells (10%ml) were stimulated with either 7.5 ng of
SpeF per ml or 2 pg of anti-CD3 (OKT3) per ml for 3 days. IL-2 (20
U/ml) was added to the cultures 24 h prior to harvesting. RNA was
extracted from the cells, and cDNA was prepared and analyzed with a
reverse transcription-PCR-based method. The PCR value for each VB
was compared with the value obtained after OKT3 stimulation. The
PCR value equals (area VBn/area Ca)g,,. divided by (area VBn/area
Ca)okr3s Where n equals VB family number 1 to 20. (A) VB panel of
cells from one donor, which is representative of data obtained from
three donors repeated at least six times; (B) average PCR ratios of
VB-specific expression in cells obtained from five donors. The data are
mean values * standard deviations of each V.

were treated with mitomycin C (Boehringer-Mannheim) be-
fore being used as APCs. The cells were cultured in RPMI
1640 with 20 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid) buffer (RPMI-HEPES; GIBCO Labora-
tories, Grand Island, N.Y.) supplemented with 0.1 mg of
gentamicin (Schering-Plough Int., Kenilworth, N.J.) per ml, 2
mM L-glutamine (GIBCO BRL, Life Technologies Ltd., Pais-
ley, Scotland), and 10% heat-inactivated fetal calf serum. For
the VB analysis, T cells (1 X 107) and APCs (5 X 10%) were
stimulated with 7.5 ng of SpeF per ml or with 10 pg of
anti-CD3 per ml and cultured for 3 days. The viable cells were
recovered on a Ficoll density gradient and recultured for 24 h
with 10 U of recombinant IL-2 per ml (Collaborative Re-
search, Cambridge, Mass.) (32).

In the proliferation assays, T cells (1 X 10°) and APCs (5 X
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FIG. 5. Southern blot of HindIlI-digested chromosomal DNA us-
ing a SpeF-specific probe. Chromosomal DNA was restricted with
HindIll, separated on a 0.7% agarose gel, and transferred to a Hybond
N filter. The filter was probed with a PCR-amplified speF gene
fragment. For detection and labelling of DNA, the nonradioactive
digoxigenin DNA labelling kit from Boehringer-Mannheim was used.
The sizes of the two major fragments are indicated on the right. The
four TIM1 strains indicated by a bracket were all isolated during
1988-1989.

10%), paraformaldehyde fixed or unfixed, were stimulated with
7.5 ng of SpeF per ml, 7.5 ng of SpeA per ml, or 5 pg of PHA
(Sigma) per ml. After 3 days of culture, the cells were pulsed
with 1 pCi of [*H]thymidine (specific activity, 16.0 Ci/mmol)
per well and harvested after 6 h.

Blocking of HLA class II molecules by monoclonal antibod-
ies. Autologous APCs were preincubated for 15 min at room
temperature with 0.1 pg of monoclonal antibodies per ml, after
which the cells were stimulated and cultured as described
above. The monoclonal antibodies used were anti-human HLA
class II DP+DQ+DR (Bu25), anti-human class II DQ (Bu46;
The Binding Site, Birmingham, Ala.), and anti-human class II
DR (B8.12.2; Immunotech, Marseilles, France).

Paraformaldehyde fixation of APCs. Purified APCs were
fixed with 0.5% (wt/vol) paraformaldehyde for 15 min at room
temperature, and 8 volumes of 0.15 M glycine (pH 7.2) were
added immediately after the incubation. The cells were washed
once with 0.15 M glycine buffer, incubated with culture media
for 30 min, washed three times in Hanks balanced salt solution,
and resuspended in culture medium, as described previously
(50). The fixed cells were stimulated with SpeF, SpeA, and
PHA for three days. The cells were also stimulated with 10 pg
of purified protein derivative (PPD) per ml for 6 days, and the
lack of proliferative response seen after PPD stimulation
confirmed that the fixation procedure had been successful.

Assessment of monocyte culture supernatants. IL 1- and IL
6-enriched culture supernatant was obtained by stimulating
PBMCs (5 X 10° cells per ml) with 1 pg of indomethacin
(Sigma) per ml for 24 h in RPMI complete medium containing
10% fetal calf serum as described previously (31). The cell-free
supernatant was filter sterilized and stored at —20°C. Fifty
microliters of supernatant was added per well in the cell
culture experiments.

Analysis of T-cell receptor VB gene usage by PCR. Total
RNA was extracted from stimulated cell cultures by using
RNAzol-B (Tel-Test, Inc., Friendswood, Tex.). First-strand
cDNA was synthesized from total RNA by using a random
hexanucleotide primer and reverse transcriptase (Bethesda
Research Laboratories, Inc., Gaithersburg, Md.) and used as a
template in the PCR amplification. The methods are described
in detail by Kotb et al. (32). Quantification of the PCR
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TABLE 1. Occurrence of speF, speA, and speB in clinical

GAS isolates”
Yr of Occurrence® of:
Serotype” isolation speF
spe. speA speB
M6 (D471) 1971 + + +
M12 (K56) 1956 + - +
T19 (J17) Before + + +
1930s
T1iM1 (SF130) Before + + +
1930s
T8/25(NYS) Before + + +
1930s
TiM1 1976 2/2 2/2 2/2
TiM1 19801981 22 2/2 22
TiM1 1984-1985 2/2 212 22
TiM1 1988-1989 6/6 6/6 6/6
T12M12 1976 22 2/2 2/2
T12M12 1980-1981 22 22 22
T12M12 1984-1985 2/2 2/2 22
T12M12 1988-1989 2/2 22 2/2
T2 1992 22 02 2/2
T3 1992 2/2 12 2/2
T4 1992 2/2 12 212
T8 1992 2/2 0/2 212
Ti1 1992 11 n 11
T12M22 1992 22 12 2/2
T14 1992 22 0/2 2/2
T28 1992 22 0/2 2/2
PolyY 1992 2/2 2/2 22

“ The genes were detected by Southern blot analyses of HindIlI-digested
chromosomal DNA with PCR-amplified probes specific for each toxin gene.

® The names of the reference strains are given in parentheses.

¢ Symbols: +, gene found in serotype; —, gene not found. In the case of
numerical values, the number of isolates with the gene relative to the total
number of isolates is given.

products were accomplished by use of 5'-3?P-labelled primers
for the CB and the Ca chains. The Ca cDNA was coamplified
with the VB cDNA and used as an internal control. Radiola-
belled PCR products were separated on 2% agarose gels and
exposed on X-ray films. The relative amounts of Ca and VB
were determined by scanning the autoradiograms and integrat-
ing the relevant peaks. The PCR values were normalized by
dividing the area of the VB peak by the area of the Ca peak.
To determine the specific expansion, the normalized VB value
for SpeF-stimulated cells was then divided by the correspond-
ing VB value obtained after anti-CD3 stimulation. The PCR
value is described by the following equation: PCR value =
(area of VBn/area of Ca)sper/(area of VBn/area of Cat),pngi.cpss
where n equals VB family number 1 to 20. Ratios greater than
one indicate specific expansion of particular VB elements.

RESULTS AND DISCUSSION

Superantigens have generated a lot of attention during
recent years, in part because of their potential role in both
autoimmunity and manifestations in acute infections. The toxic
shock syndrome caused by S. aureus has been shown to be
mediated by the superantigen toxic shock syndrome toxin 1 (6,
48) and the Spes have been implicated in the development of
STSS caused by GAS (19, 20, 37, 47, 54).

Although the biological activities of SpeF strongly suggested
superantigenic properties of the protein, further studies were
required to verify this. To determine if SpeF is a superantigen,
we investigated whether SpeF was HLA class II dependent in
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its T-cell stimulation and showed affinity for a unique VB
repertoire, which are the major criteria for defining superan-
tigens. We analyzed the interaction of SpeF with autologous
human APCs, Raji cells, U937 cells, and autologous human T
cells.

APC requirement for induction of T-cell proliferation by
SpeF. The requirement of SpeF for APCs to induce T-cell
proliferation was analyzed by cell culture experiments using
autologous APCs and Raji cells. Both cell types functioned as
accessory cells for SpeF-induced T-cell proliferation (Fig. 1A
and 2), which indicated a lack of MHC restriction in presen-
tation of this molecule. However, paraformaldehyde fixation of
autologous APCs resulted in an impaired presentation of both
SpeF and SpeA (Fig. 1A and B). The proliferative response to
SpeF was decreased by 75 to 100%, and that to SpeA was
decreased by 67 to 96%. In comparison, when APCs were
treated with paraformaldehyde, a mild decrease in PHA-
induced proliferation was noted in two of the three experi-
ments (Fig. 1C). However, fixation of Raji cells did not affect
their ability to function as accessory cells. This is in accordance
with other studies reporting an impairment of superantigen
activity by fixation of autologous APCs (50), while fixed Raji
cells were functional as accessory cells (9, 50). Raji cells
express class II molecules on their surface as well as constitu-
tive high levels of the costimulatory molecule B7 and mem-
brane-bound cytokines (3); as proposed by Tomai et al. (50),
this could be the reason for their function as accessory cells
even when they are metabolically inactive. Tomai et al. (50)
also reported that the impairment of superantigen stimulation
could be overcome by the addition of recombinant IL-1 and
recombinant IL-6; this argued for a role of costimulatory
factors normally produced by active APCs. We obtained
similar results with cell culture experiments with fixed autolo-
gous APCs where both the SpeA- and SpeF-induced prolifer-
ative responses were increased by the addition of a cell
supernatant enriched in IL-1 and IL-6. Thus, the impairment
in SpeF ability to induce T-cell proliferation when fixed APCs
were used was not due to the requirement for cellular process-
ing but rather to the need for costimulatory factors.

SpeF requires HLA class IT molecules for T-cell activation.
The monocytic cell line U937, which lacks class II molecules on
its cell surface, was also tested as accessory cells and was found
to be nonfunctional for SpeF or SpeA presentation but func-
tional for PHA stimulation (Fig. 2). This was indicative of a
requirement for class II molecules in SpeF-induced T-cell
activation. Further support for class II dependence was ob-
tained by blocking HLA class II molecules on APCs with class
II-specific monoclonal antibodies. The experiment showed an
almost complete inhibition of SpeF-induced proliferation (75
to 100%) by a class II DQ-specific monoclonal antibody as
compared with that of untreated APCs (Fig. 3). Two other
monoclonal antibodies, one specific for HLA class II DR and
one for class II DR+DP+DQ, were tested, but only a slight
effect was noted for the DR-specific antibody (9 to 34%; data
not shown). The HLA class II DQ-specific monoclonal anti-
body inhibited the SpeA mitogenicity by 78 to 90%, while PHA
stimulation was not affected by the antibody (Fig. 3). The lack
of inhibition by the DR and DR+DP+DQ antibodies might be
a result of binding of the antibodies to parts of the class II
molecules other than the superantigen-interactive parts. On
the other hand, both SpeA and SpeB as well as a streptococ-
cus-derived protein have been shown previously to bind pref-
erentially to DQ molecules (7, 21). Thus, preferential binding
to HLA class II DQ might be a common motif among
streptococcal superantigens.

SpeF induces preferential expansion of specific VB-bearing
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cells. The VB repertoire was analyzed by using blood from five
different individuals, each stimulated with either SpeF or
anti-CD3 monoclonal antibody for 3 days. Analysis of the VB
gene expression was performed by use of a reverse transcrip-
tion-PCR-based method. Comparison of VB expression in
SpeF-stimulated cultures with that in anti-CD3-stimulated
cultures revealed that SpeF induced a consistent pattern of
preferential VB expansion which involved VB 2, 4, 8, 15, and 19
(Fig. 4). This is a unique V specificity which is not shared with
any of the staphylococcal enterotoxins or other Spes. Taken
together with the HLA class II dependence, but not restriction,
this clearly shows that SpeF is a novel group A streptococcal
superantigen.

Prevalence of the SpeF gene in GAS isolates. GAS strains of
14 different serotypes, isolated from patients with different
disease manifestations from 1930 to 1992, were tested for the
presence of the speF, speA, and speB genes. The Southern blot
technique using PCR-amplified probes specific for each toxin
revealed that all 42 strains harbored the speF gene as well as
the speB gene, while 12 (29%) strains lacked the spe4 gene
(Table 1). These frequencies are in agreement with previous
findings that SpeA is phage encoded, while SpeB is chromo-
somally encoded (24). That speF could be found in all strains
tested suggested that the gene was chromosomally encoded.
Figure 5 shows a Southern blot of HindlIII-digested chromo-
somal DNA probed with a speF-specific gene fragment. A
difference in fragment size could be detected between different
serotypes, while in TIM1 and T12M12 strains, the speF
fragment was constant in size (Fig. 5 and data not shown).
Thus, there was no extensive polymorphism in the speF gene
region of the tested strains, which further supports the assump-
tion that speF is chromosomally encoded.

An argument commonly used when discussing the clinical
importance of the Spes in STSS has been that if the gene is
found in all strains, including those isolated from bacteremia
patients and patients with uncomplicated infections, the toxin
cannot be of any clinical importance. However, we have
previously reported that SpeB and SpeF are of clinical rele-
vance since sera from septic patients had a significantly lower
neutralizing capacity of the toxin mitogenicity than that of sera
from patients with uncomplicated infections (41). Our theory is
that the specificity of the host humoral response as well as the
reactivity of the immune cells of the patient will determine
which particular toxin(s) produced by the infecting strain will
be decisive for the clinical manifestation. Thus, we think that
SpeB and SpeF can be equally as important in the develop-
ment of STSS as other streptococcal superantigens.
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