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An extracellular protein of Streptococcus pyogenes, streptococcal inhibitor of complement (SIC), and its
variant, called DRS (distantly related to SIC), are expressed by some S. pyogenes strains. SIC from type 1 (M1)
isolates of S. pyogenes interferes with complement-mediated cell lysis, reportedly via its interaction with
complement proteins. In this study we demonstrate that S. pyogenes strains carrying emm12 and emm55 (the
genes for the M12 and M55 proteins, respectively) express and secrete DRS. This protein, like SIC, binds to
the C6 and C7 complement proteins, and competition enzyme-linked immunosorbent assay experiments
demonstrate that DRS competes with SIC for C6 and C7 binding. Similarly, SIC competes with DRS for
binding to the complement proteins. Despite this, the recombinant DRS preparation showed no significant
effect on complement function, as determined by lysis of sensitized sheep erythrocytes. Furthermore, the
presence of DRS is not inhibitory to SIC activity.

Streptococcus pyogenes (group A streptococcus), a human
pathogen responsible for a wide spectrum of diseases and
sequelae such as rheumatic fever and poststreptococcal glo-
merulonephritis (PSGN), produces many extracellular surface
and secretory products (14, 22) that may help overcome host
responses. Such streptococcal proteins may interact with host
cells or host proteins and could contribute to pathogenesis (6).
Recently much attention has been drawn to a secretory pro-
tein, streptococcal inhibitor of complement function (SIC) (1).
Despite much work, the role of SIC in pathogenesis is largely
elusive. The gene for this protein (sic) is generally found in a
restricted number of group A streptococcal strains (1), al-
though in a recent study, Ma et al. (23) reported a greater
distribution of this gene among group A streptococcal M se-
rotypes in a Japanese population.

SIC is expressed by all S. pyogenes isolates of serotype 1
(M1), is highly immunogenic in natural infection, and shows
extraordinarily high sequence divergence which could arise
within an epidemic wave (19, 20, 24, 25, 31). It appears that
there is no association between specific sic alleles and severity
of streptococcal invasive diseases (4, 17). Although sic variants
have been known to emerge rapidly on the mucosal surface
(20), examination of consecutive pharyngeal isolates from per-
sistently infected patients suggests that variations in sic are not
required for persistence (3).

The sic gene in M1 strains is present within the mga regulon,
which also harbors genes for M protein (a major surface anti-
gen) and C5a peptidase (1, 25). Earlier studies in this labora-
tory showed that M57 strains also possess a gene closely re-
lated to sic (crs57). However, the crs57 gene is located
elsewhere in the genome (16). In the same report, we also
showed that strains containing emm12 and emm55 (the genes
for the type M12 and M55 proteins, respectively) possess a

gene for a protein that is Distantly Related to SIC (DRS)
within the mga regulon. Furthermore, emm12 and emm55
strains do not possess the crs gene. The similarity between
DRS and SIC from M1 is confined to the signal sequence and
a proline-rich region within the C-proximal half of SIC (and
DRS). Ubiquitous occurrence of the DRS gene (drs) in all
emm12 and emm55 strains suggests that DRS may have an
important role in increasing the fitness of these strains in the
host.

SIC is a multifunctional protein able to interact with diverse
host cell proteins such as clusterin, a histidine-rich glycopro-
tein, ezrin, and components of the innate immune system (1, 9,
12, 18). The significance of its inhibitory action on comple-
ment-mediated cell lysis in group A streptococcal pathogenesis
or virulence is not understood. Fernie-King et al. (10) showed
that SIC prevented the incorporation of the C6 and C7 com-
plement proteins into the membrane attack complex (MAC).
Consistent with this, SIC has been shown to bind the C6 and
C7 proteins and the intermediate forms of terminal comple-
ment complex. In their study, SIC marginally inhibited the
hemolytic activity of preformed MAC on guinea pig erythro-
cytes.

In this communication, we show that DRS does not appear
to inhibit complement function, as judged by hemolysis of
sensitized sheep erythrocytes, nor does it seem to modulate
hemolytic activity of SIC. However, DRS does bind to the C6
and C7 complement proteins and partially competes with SIC
for binding. These results suggest that binding of SIC to C6 or
C7 in itself may be insufficient for the inhibition of complement
function.

MATERIALS AND METHODS

Strains, DNA, and antibodies. Group A streptococcal isolates NS25 (emm55),
NS488 (emm12), DRV1 (emm55), NS27 (emm91), NS844 (emm1), and BSA5
(emm57) were from the Northern Territory, Australia, group A streptococcal
collections. A reference strain for emm1 (2031) was from Prague. The bacteria
were grown in Todd-Hewitt Broth (THB; Oxoid) supplemented with neopeptone
(15). DNA manipulations, vir typing, and sequencing were done as described
previously (13, 16). Antibodies to SIC or DRS were raised in rabbits by immu-
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nizing (IMVS, Gilles Plains, Australia) with recombinant M1 SIC from 2031 or
recombinant DRS from NS488, respectively. The polyclonal antibodies reacted
specifically with their target antigens, although some cross-reactivity with SIC
antibodies and DRS and vice versa was noted.

Cloning, expression, and purification of recombinant DRS and SIC. The DRS
gene (drs) was amplified from NS488 with sicFall (CTACTAGGAGCTACA-
CAACC) and sicRdrs (TTTAATACCTTCAAAATAACCTCT) as the forward
and reverse primers, respectively, in a PCR, and the product was cloned into the
pBAD-TOPO-thio vector (Invitrogen). Likewise, sic from BSA5 was cloned after
amplification with sicRcrs (CGTTGCTGATGGTGTATATGG) as the reverse
primer. The recombinant vectors were transformed into Escherichia coli BL21.
The thioredoxin fusion proteins containing a His6 tag at the C terminus were
purified on an Ni-nitrilotriacetic acid matrix under nondenaturing conditions as
described by the manufacturer (Qiagen). Clones expressing only His-tagged
thioredoxin were also obtained, and the recombinant protein was purified as
above. Figure 1 shows the expression of the recombinant SIC-thioredoxin and
DRS-thioredoxin fusion proteins. The anti-SIC and anti-DRS antibodies did not
react with thioredoxin. The majority of the fusion proteins are intact, as seen on
the Coomassie blue-stained gel.

Detection of DRS12 and DRS55 in culture supernatants. Overnight cultures
(10 ml) of S. pyogenes (NS488, NS25, DRV1, NS844, and NS27) in THB were
centrifuged at 10,000 � g for 10 min, and 1 ml of the culture supernatant was
transferred to a new tube. The culture supernatants were concentrated by pre-
cipitation with trichloroacetic acid (10% final concentration) at �20°C for ap-
proximately 20 min. To retrieve the precipitated proteins the mixture was cen-
trifuged at 16,000 � g for 20 min. The supernatant was discarded, and the pellet
was resuspended in 100 �l of 0.1 M NaOH. Detection of SIC and DRS was
achieved by fractionation of the sample on polyacrylamide gel electrophoresis
(PAGE) (Gradipore Miniprotean II; Bio-Rad), followed by Western blotting.
Anti-SIC and Anti-DRS primary antibodies at 1:1,000 in phosphate-buffered
saline (PBS), and horseradish peroxidase-conjugated goat anti-rabbit immuno-
globulin secondary antibodies (Sigma) were used for detection.

Binding of DRS to the complement proteins C6 and C7. Assays for binding of
DRS to the complement proteins C6 and C7 were performed by indirect enzyme-
linked immunosorbent assay (ELISA). Ninety-six well plates (Titertek) were
coated with 10 �g of recombinant proteins (DRS12 or thioredoxin) in PBS at 4°C
overnight. After blocking with 5% skim milk in PBS, human sera (1:100; Sigma)
or purified C6 and C7 (1 �g/ml final concentration; Sigma) was added and
incubated for 1 h at 37°C in a final volume of 100 �l. The wells were then washed
three times with PBS containing 0.5% Tween 20. Binding was detected with
primary goat anti-C6 or anti-C7 antibody (1:1,000; ICN Biomedical) and horse-
radish peroxidase-conjugated rabbit anti-goat immunoglobulin (1:1,000; Sigma)
secondary antibodies. The reaction was developed with o-phenylenediamine
dihydrochloride (Sigma), and the absorbance was read at 450 nm in a Bio-Rad
benchmark microplate reader. In competitive ELISAs, the complement proteins
were incubated with the competing protein in PBS for 15 min at 37°C.

Complement-mediated hemolytic assay. Sheep erythrocytes were activated
with hemolysin (Virion, 1:500 dilution) in GVB�� (gelatin veronal buffer;
Current Protocols in Immunology) buffer for 30 min at 37°C, followed by 30 min
at 4°C. Human serum, used in this study as complement source, was usually
titrated to 1:100 to 1:150 dilution in GVB�� buffer to give approximately 30 to
50% lysis. For the SIC assay, the serum was incubated with DRS (4 �g), SIC (4
�g), thioredoxin (control protein, 1.5 �g), or PBS for 30 min at 37°C. Osmolysis
of erythrocytes with water was considered the 100% value. After removal of the
unlysed erythrocytes by centrifugation at 1 700 � g, hemolysis was measured by
reading absorbance at 415 nm in the Bio-Rad benchmark microplate reader.

RESULTS

Expression of DRS by emm12 and emm55 strains. The genes
for both DRS12 and DRS55 (drs12 and drs55, respectively)
have signal sequences which are highly homologous to that of
sic from M1 strains (16). This suggests that DRS, like SIC, is a
secretory product. To test this, culture supernatant and whole-
cell extracts from overnight cultures of NS844, DRV1, NS488,
NS25, and NS27 were fractionated by sodium dodecyl sulfate
(SDS) PAGE, and the Western blot was reacted with a mixture
of SIC and DRS antibodies. In the representative experiment
shown in Fig. 1, the antibodies reacted with 40- to 50-kDa
proteins in culture supernatants of the emm12 and emm55

strains, and the intensity of the bands was not affected when the
supernatants were passed through a 0.22-�m filter (data not
shown). In general, both DRS and SIC showed anomalous mo-
bilities on SDS-PAGE. DRS was detected in the whole-cell ex-
tracts of these strains, but in much lower quantities (data not
shown). Similar results were obtained with SIC-expressing NS844
(an emm1 positive control). Strain NS27 (an emm91 strain),
which does not possess sic or drs, did not show any detectable
signal (negative control). Together, these observations provide

FIG. 1. (A and B) Recombinant DRS expressed in E. coli as thi-
oredoxin fusion proteins. The proteins were purified as described in the
text. (A) Coomassie blue-stained SDS-polyacrylamide gels. (B) Western
blot reacted with a mixture (1:1) of polyclonal antibodies against SIC and
DRS. Lanes 1 to 3 show His-tagged thioredoxin, SIC (BSA5)-thioredoxin
fusion protein, and DRS (NS488)-thioredoxin fusion protein, respectively.
The antibodies did not react with thioredoxin. (C and D) Presence of
DRS in culture supernatants of DRS-expressing strains. The culture su-
pernatants were processed as described in the text. The SDS-polyacryl-
amide gels were transferred to a nitrocellulose membrane (Amersham)
and either stained with Ponceau S (C) or reacted with a mixture of SIC
and DRS antibodies (D) as described for panel B. Lanes 1 to 5 are culture
supernatants from NS844, DRV1, NS488, NS25, and NS27, respectively.
NS27 is a SIC- and DRS-negative control. Channels marked M contain
Kaleidoscope (Bio-Rad) markers, and approximate sizes of the proteins
are shown (in kilodaltons).
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further support that DRS, like SIC, is an extracellularly secreted
protein.

DRS binds to C6 and C7. SIC from an M1 strain binds to
intermediate terminal complement complexes (10). To deter-
mine whether the recombinant DRS protein also binds to the
C6 and C7 complement proteins in serum, we purified the
fusion protein containing thioredoxin (pBAD-TOPO-thio
cloning system; Invitrogen). In our hands, expression of DRS
in the pQE (Qiagen) system gave low yields when purified
under nondenaturing conditions, and much of the recombinant
protein accumulated in inclusion bodies. Furthermore, these
recombinant proteins often degraded upon purification. The
thioredoxin fusion has made a considerable improvement in
the yield, solubility, and stability of the recombinant proteins
(Fig. 1). Thioredoxin did not bind to the complement proteins
and hence did not interfere with this assay (Fig. 2). Wells
coated with the recombinant fusion proteins were reacted with
human serum, and the binding of the C6 and C7 complement
proteins was detected by appropriate antibodies. The results dem-
onstrate that the complement components C6 and C7 in serum
directly or indirectly bind to SIC and DRS (Fig. 2A). To confirm
direct binding to the complement C6 and C7, we tested the

binding using purified components in place of the human serum
(Fig. 2B). It is noteworthy that the binding to C6 and C7 in the
serum is far greater than to the individual complement compo-
nent. The difference in binding may be due to conformational
changes of C6 and C7 in the terminal complement complex or to
the contribution of an indirect interaction with the complex.
Taken together, our results demonstrate that DRS resembles SIC
in the ability to bind to complement proteins.

SIC and DRS compete for complement binding. To test
whether DRS inhibits binding of SIC to complement C6 and
vice versa, competitive ELISA experiments were performed
(Fig. 3). SIC-coated wells that were reacted with C6 that had
been incubated with SIC or DRS (molar equivalent) showed
significant inhibition of binding to C6. These experiments re-
vealed that both SIC and DRS in solution competed against
solid-surface-bound SIC for C6. Similarly, both SIC and DRS

FIG. 2. Ability of DRS to bind to the C6 and C7 complement
proteins. The microtiter wells were coated with proteins as indicated.
The proteins were reacted with either (A) human serum or (B) com-
plement protein C6 or C7. Binding was detected with anti-C6 (solid
bars) or anti-C7 (open bars) primary antibodies.

FIG. 3. (A) Competition of SIC binding to complement proteins by
DRS and vice versa. DRS (solid bars) and SIC (open bars) were used
to coat microtiter wells and reacted with (a) C6, C6 and DRS, or C6
and SIC or (b) C7, C7 and DRS, or C7 and SIC, as indicated. Each set had
a no-coat control (gray bars) in which the wells were not coated with
either SIC or DRS. (B) Comparison of competitive inhibition by SIC and
DRS of SIC binding to the C6 protein. Wells were coated with 10 �g of
SIC and reacted with C6 that had been incubated with various concen-
trations of SIC (■ ) or DRS (Œ), as indicated. In the absence of the
competitors, SIC and DRS bound to the C6 protein and had an optical
density at 450 nm of 0.802 and 0.787, respectively, after subtraction of the
respective backgrounds (0.126 and 0.154, respectively).
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in solution competed against the bound DRS for C6 (Fig. 3A).
Therefore, SIC and DRS mutually inhibited each other’s bind-
ing to C6. The results of competition experiments were similar
with C7. It is noteworthy that binding of C6 to SIC is greater than
to DRS at the same molar concentrations. However, DRS com-
peted only poorly with SIC for C6 (Fig. 3A). To further investi-
gate this, we tested the effect of different concentrations of the
competitors on C6 binding to SIC (Fig. 3B). Collectively, these
results indicate that DRS has lower affinity than SIC for C6.

Recombinant DRS preparations did not inhibit comple-
ment-mediated hemolytic activity. All SIC variants of M1 in-
hibit complement-mediated cell lysis. We recently demon-
strated that SIC-like molecules (called CRS) from emm57
strains also inhibit complement function (2). Since DRS, like
SIC, can bind to C6 and C7, we expected that DRS would also
be endowed with such activity. To test this, sensitized sheep red
blood cells were treated with human serum (complement
source) with and without pretreatment with DRS. The results

of three experiments are shown in Table 1. Human serum used
as complement source lysed between 25 and 56% of the sen-
sitized sheep erythrocytes, typifying the variability in these
assays. Recombinant SIC from an emm57 strain at 25 �g/ml (4
�g/ml total) inhibited this complement-mediated hemolysis ac-
tivity by 36 to 50%. Neither recombinant DRS nor thioredoxin
(control protein) at comparable molar concentrations showed
similar inhibitory activity.

Since DRS inhibited the binding of SIC to the C6 and C7
complement proteins, we questioned whether the addition of
DRS, which on its own has no effect on complement function,
would inhibit SIC by competing for binding sites on C6 and C7.
For this study, human serum was incubated with a mixture of
SIC and DRS (4 �g of each) before addition of the mixture to
the hemolytic assay. The results (Table 1, experiment III) show
that DRS did not have any significant effect on the hemolysis-
inhibitory activity of SIC.

DISCUSSION

As mentioned earlier, SIC is likely to be a multifunctional
protein able to partner with numerous host ligands. Mutations
in SIC seem to occur throughout the molecule, and the number
of repeat sequences varies. However, there are some common
features of SIC that may account for the interactions men-
tioned above. The common features are a short consensus
repeat structures containing tryptophan residues, one or more
repeat regions, and a proline-rich region (Fig. 4). While all
emm1 isolates express SIC, a gene for CRS was also found in
emm57 strains. We recently demonstrated that CRS57, like
SIC from M1 strains, exhibits inhibitory activity on comple-
ment-mediated lysis and binds to complement proteins (2).
CRS57 has all the above features of SIC and has �80% amino
acid sequence identity with SIC. On the other hand, emm12
and emm55 strains have DRS, which exhibits similarity only
within the proline-rich region comprising approximately 55
residues. Although DRS molecules contain repeat regions and
short repeats, their primary sequences are not similar to those

TABLE 1. DRS does not inhibit complement-mediated cell lysis

Expt
no.

Human serum
preincubated with:

%
hemolysisa

%
inhibition

I PBS 55.5 0
SIC 35.2 36.6
DRS 64.4 0
Thioredoxin 67.6 0

II PBS 32.2 0
SIC 17.5 45.7
DRS 35.3 0
Thioredoxin 46.1 0

III PBS 25 0
SIC 12.6 49.6
SIC � DRS 14.6 41.6
DRS 27.1 0
Thioredoxin 25.5 0

a Percent hemolysis was determined for each sample in triplicate, and averages
are shown. Osmolysis of erythrocytes with water was taken as 100% lysis.

FIG. 4. Common features between SIC and DRS. Signal sequence (SS), short repeat regions (SRR), repeat regions (RR), and proline-rich
regions (PR) are shown. The DRS molecule has different repeat regions (RR�) which contain short repeat region (SRR�). The similarity of the
proline-rich region is indicated.
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of the SIC molecules. Therefore, it is possible that DRS may
share only a limited repertoire of activities with SIC. In this
report, we showed that DRS, like SIC, is capable of binding to
the C6 and C7 complement proteins and competes with SIC
for binding to these complement proteins. Since SIC and DRS
share sequence similarity within the proline-rich region, we
predict that it is this region that may be responsible for binding
to complement proteins.

Despite its ability to compete with SIC for binding to com-
plement proteins C6 and C7, the recombinant DRS prepara-
tion had little effect on the complement function, nor did it
interfere with SIC’s inhibition of complement function. Possi-
ble explanations for this observation are that binding to C6 or
C7 is not necessary for the inhibitory activity of SIC on com-
plement-mediated hemolysis; that subtle differences in the
binding characteristics of SIC and DRS to the complement
proteins (see Fig. 3) alter their effect on complement activity;
and that greater affinity of SIC for the complement protein
outcompetes DRS binding. The first possibility is consistent
with the interpretation of an earlier study (10) that binding of
SIC to the terminal complement complex or to the purified
complement components is unlikely to have any functional
implications.

DRS expressing M types M12 and M55 are historically as-
sociated with post-streptococcal glomerulonephritis (PSGN), a
major sequela of S. pyogenes infection (8, 11, 21). PSGN is an
immune complex-mediated disease (26, 32) wherein the glo-
merular injury is probably initiated by the activity of terminal
complement complex (27) and in which circulating streptococ-
cal antigen and complement complexes are codeposited on the
glomerular basement membrane early in the natural history of
the disease. Antibodies to the streptococcal antigen and de-
creased levels of complement have also been consistently
noted in PSGN patients (7). The identity of the streptococcal
nephritogenic antigens is still speculative, and there is no rea-
son to believe that a single antigen is the cause of this disease
(5, 26, 28, 33–35). However, Rodriquez-Iturbe (29) described
possible criteria for a PSGN-associated streptococcal antigen.
They are that the antigen is likely to be a secretory product of
a nephritis-associated strain, that it is found in the glomerulus
of PSGN patients early in natural history of the disease, and
that convalescing patients show antibodies to the antigen. The
biochemical and antigenic properties of DRS potentially fulfill
these criteria for a PSGN-associated antigen.

DRS is a secretory product of M12 and M55 strains, histor-
ically PSGN-associated serotypes. The protein is capable of
binding to the complement proteins C6 and C7 and thus has
the potential to colocalize with the MAC in the glomeruli of
PSGN patients. Yet DRS does not appear to interfere with
MAC function, which could promote initiation of glomerular
injury, and once planted on the glomerular basement mem-
brane, DRS may form an antigen-antibody complex with cir-
culating DRS antibodies. Consistent with this, we recently ob-
served (30) that DRS is highly immunogenic, and antibodies
are present in a significantly greater number of subjects who
have a history of PSGN than in subjects without such a history
in a PSGN-endemic population.

In summary, the ability to incorporate into MAC through in-
teraction with C6 and C7 without affecting MAC function may

endow DRS with the potential to cause renal tissue damage in
PSGN. Further work is in progress to test this hypothesis.
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