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Abstract In addition to b-haemolytic streptococci be-
longing to Lance®eld group A (Streptococcus pyogenes,
GAS), human isolates of group C (GCS) and group G
(GGS) streptococci (S. dysgalactiae subsp. equisimilis)
have been implicated as causative agents in outbreaks of
purulent pharyngitis, of wound infections and recently
also of streptococcal toxic shock-like syndrome. Very
little is known about the organisation of the genomic
region in which the emm gene of GCS and GGS is
located. We have investigated the genome sequences
¯anking the emm gene in GCS by sequencing neigh-
bouring fragments obtained by inverse PCR. Our se-
quence data for GCS strains 25287 and H46A revealed
two types of arrangement in the emm region, which
di�er signi®cantly from the known types of mga regulon
in GAS. We named this segment of the genome mgrC
(for multigene regulon-like segment in group C strep-
tococci). In strains belonging to the ®rst mgrC type
(prototype strain 25287) the emm gene is ¯anked up-
stream by mgc, a gene that is 61% identical to the mga
gene of GAS. A phylogenetic analysis of the deduced
protein sequences showed that Mgc is related to Mga
proteins of various types of GAS but forms a distinct
cluster. Downstream of emm, the mgrC sequence region
is bordered by rel. This gene encodes a protein that
functions in the synthesis and degradation of guanosine
3¢,5¢ bipyrophosphate (ppGpp) during the stringent
regulatory response to amino acid deprivation. In the
second mgrC type (prototype strain H46A), the genes
mgc and emm are arranged as in type 1. But an addi-
tional ORF (orf) is inserted in opposite orientation be-
tween emm and rel. This orf shows sequence homology

to cpdB, which is present in various microorganisms and
encodes 2¢,3¢ cyclo-nucleotide 2¢-phosphodiesterase.
PCR analysis showed that these two mgrC arrangements
also exist in GGS. Our sequence and PCR data further
showed that both types of mgrC region in GCS and
GGS are linked via rel to the streptokinase region
characterised recently in strain H46A. A gene encoding
C5a peptidase, which is present at the 3¢ end of the
mga regulon in GAS, was not found in the mgrC
region identi®ed in the GCS and GGS strains investi-
gated here.
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Introduction

Besides Streptococcus pyogenes, which belongs to
Lance®eld group A (GAS), human isolates of group C
b-haemolytic streptococci have been implicated as
causative agents in outbreaks of purulent pharyngitis
(Efstratiou et al. 1989; Fox et al. 1993; Turner et al.
1993; Bisno et al. 1996). They have also been isolated
from wound infections, and a few case reports were
published recently which describe a link between hu-
man isolates of groups C and G and streptococcal
toxic-shock syndrome (Keiser and Campbell 1992;
Miller et al. 1996; Natoli et al. 1996; Roth et al. 1999).
In this paper we use the abbreviations GCS and GGS
for human isolates of group C and G streptococci,
respectively, which were designated as Streptococcus
dysgalactiae, subsp. equisimilis. Such strains are clas-
si®ed as b-haemolytic and their streptokinase activates
human plasminogen (Vandamme et al. 1996).

It has been shown that GCS and GGS isolated
from human sources can express M proteins that show
high sequence homology in the conserved C-terminal
region to M proteins of class CI in group A strepto-
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cocci (Ben Nasr et al. 1994; Schnitzler et al. 1995;
Geyer et al. 1999). The M proteins of GCS (Geyer
et al. 1999) and GGS (Ben Nasr et al. 1994) show
similar a�nities for several plasma proteins as do M
proteins of GAS (Heden and Lindahl 1993; Schmidt
and WadstroÈ m 1990; Schmidt et al. 1993a, 1995;
AÊ kesson et al. 1994; Carlsson-Wistedt et al. 1995). This
implies that GCS and GGS use mechanisms similar to
those found in GAS to impede phagocytosis during
infection.

In strains of GAS, genes encoding M and M-like
proteins, such as mrp, emm, and enn, as well as the gene
encoding the C5a peptidase (scpA), are closely linked
and arranged in tandem. These genes are co-ordinately
regulated by the upstream mga, a gene that encodes the
trans-acting multigene regulator Mga (Perez-Casal
et al. 1991; Podbielski et al. 1993, 1995; Katerov et al.
1994; Andersson et al. 1996). All these genes are part of
a pathogenicity island formerly called the vir regulon,
but since 1995 the region is referred to as the ``mga
regulon'' by agreement among researchers involved in
this topic (Scott et al. 1995). The protein Mga is a
positive regulator, and inactivation of the coding gene
down-regulates expression of M and M-like proteins.
The genes encoding M and M-like proteins follow mga
in tandem at its 3¢ end (Podbielski et al. 1995). The
architecture of the mga regulon varies in di�erent
strains of GAS and the length of the mga-regulon
depends on the number of emm and emm-like genes
located between the genes mga and scpA (Haanes et al.
1992; Podbielski 1993).

In contrast to GAS, the linkage relationships of
emm genes in GCS and GGS have not hitherto been
reported. Although the gene scpG, which is homolo-
gous to the C5a peptidase gene scpA of GAS, has been
identi®ed in GGS, the genes emmG and scpG were
found not to be closely linked (Cleary et al. 1991;
Sriprakash and Hartas 1996). So far, attempts to
identify an mga-like gene in GCS or GGS have failed
(Podbielski et al. 1992; Sriprakash and Hartas 1996).
A large 8931-bp segment consisting of genes adjacent
to the streptokinase gene skc in the chromosome of the
GCS strain H46A was recently described (Mechold
et al. 1993), but these authors did not ®nd a linkage
between the skc region in strain H46A and the segment
carrying the emm gene.

In this paper we present sequence data from GCS
showing that an mga-like gene is found upstream of
emm. We named this gene mgc. At the 3¢ end emm is
¯anked in some strains by rel and in a second group of
strains by cpdB and rel. On the basis of these results we
de®ned two types of mga-regulon-like genome segments
in GCS which we have named mgrC regions. The mgrC
segments were signi®cantly di�erent from the known
types of mga regulons in GAS. PCR analysis revealed
that in GGS both types of mgrC regions also occur. Our
sequence and PCR data further showed that the gene
encoding C5a peptidase is not located in the mgrC seg-
ment of the GCS and GGS genomes.

Materials and methods

Bacterial strains, plasmids, and culture conditions

Human clinical isolates of S. dysgalactiae subsp. equisimilis group
C strain (GCS) 25287, T-type 4 (Geyer et al. 1999), and the group
G strains (GGS) 39072, 39086 and 40104 were used in this study.
The GCS strain H46A, a streptokinase-producing strain (Chris-
tensen 1945), as well as the GAS strains M1 40/58 and M3 4/55,
were also used. All strains were obtained from the strain collection
of the Streptococcal Laboratory at the University of Jena, Ger-
many. The strains were stored at )70°C in Todd-Hewitt broth
supplemented with 20% calf serum and 20% glycerol, or in lyo-
philised form. For isolation of total DNA, streptococci were
cultured at 37°C overnight in 50 ml of Todd-Hewitt Broth. The
Escherichia coli strains TG1, JM109 (Sambrook et al. 1989),
Epicurian coli XL1-Blue MRF'Kan (Stratagene, Heidelberg, Ger-
many) and TOP10 (Invitrogen BV, NV Leek, Netherlands) were
used for subcloning experiments. The pGEM-T Easy vector system
(Promega, Madison, Wis.), the pCR-Script vector (Stratagene) and
the pCR TOPO XL plasmid (Invitrogen) were used as plasmid
vectors for subcloning of PCR products.

Recombinant DNA techniques and sequencing

Isolation of plasmid DNA from E. coli, DNA restriction, ligation
and related experiments were performed according to standard
techniques (Sambrook et al. 1989) or as recommended by the man-
ufacturers of cloning kits. Total DNA from streptococci was isolated
according to Caparon and Scott (1991). For progressive DNA se-
quencing starting from the emm gene of GCS strain 25287 (Geyer
et al. 1999, AC X93464), templates were produced by the inverse
PCR technique describedbyTriglia et al. (1988). In one case,HindIII
fragments were produced because a HindIII site is located in the
C-repeat region of the emm sequence of strain 25287. The fragments
were ligated to circularise the DNA and the mixture was used as
template for inverse PCR, using primers based on the emm gene.

The primers A (5¢-CACAAGGATCCGCTGCTCTCAAACA-
ACTTGAA-3¢, forward) and B (5¢-GCCCTGCTACTAACCC-
TGCTCC-3¢, reverse) were used to obtain upstream sequences.
These primers hybridise upstream of the HindIII site. Primers C
(5¢-GCACCACAAGCAGGTACAAAACC-3¢, forward) and D
(5¢-GTTTTTCAAGAGCAGCTAAGTTGCTG-3¢, reverse) bind
downstream of the HindIII site and were used to walk downstream
to the emm sequence. Sequencing of this region in GCS strain
H46A was then done using PCR fragments produced based on the
sequence information obtained from strain 25287. DNA sequenc-
ing was performed using the BigDye Terminator sequencing kit
and the Genetic Analyser ABI Prism 310 (Perkin Elmer-Applied
Biosystems). Other primers used were E (5¢-AAGCTTAGCCTT-
CAGAGGAAGCC-3¢, forward), F (5¢-CCTAAGGTTAGCCG-
TAACGCACTCATG-3¢, reverse), G (5¢-GCACCACAAGC-
AGGTACAAAACC-3¢, forward), H (5¢-CAACTTCTTCTCCT-
GTTAAATTG-3¢, reverse), I (5¢-GCACCACAAGCAGGTACA-
AAACC-3¢, forward) and J (5¢-GGGCAAGCGACCCGAAG-
GAGAG-3¢, reverse).

Database searches and sequence analysis

The EMBL Data Library at the Deutsches Krebsforschungszent-
rum, Heidelberg was accessed and searched by computer. Nucleic
acid and protein sequences were analysed using the Genius/Husar
program package.

Nucleotide sequence accession numbers

Nucleotide sequences reported in this paper appear in the EMBL/
GenBank/DDBJ databases under the Accession Nos. X93464,
Y18363, and AJ133440.
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Results

Chromosome walking

The basis of this investigation was the emm sequence
(Accession No. X93464) of strain 25287 (Geyer et al.
1999). This gene has aHindIII site at the end of the fourth
C repeat at position 989.The chromosomalDNAof strain
25287 was digested with HindIII, religated and inverse
PCRwas performedaccording toTriglia et al. (1988)with
the primers described above. Primers A and B produced a
fragmentof 2.8 kb.WithprimersCandDa1-kb fragment
was obtained. The 2.8-kb fragment was cloned in pCR-
Script and completely sequenced. The 1-kb fragment was
sequenced after cloning in the vector pGEM-T Easy. The
complete sequence of the ``emm region'' deduced from
these data is given in Fig. 1. At the 5¢ end of the emm gene
we found two ORFs. The ®rst gene adjacent to emm is in
the same orientation and encodes a 513-amino acid pro-
tein. DNA sequence alignment revealed about 61% ho-
mology to sequences of mga published for di�erent M
types of GAS. The alignment of the corresponding amino
acid sequence with the peptide sequence of Mga (Mry)
from the M type 6 strain D471 (Perez-Casal et al. 1991)
shows a comparable level of homology (Fig. 2). Therefore
we named this genemgc, formultigene regulator in group
C streptococci, and the encoded protein Mgc.

The second gene, which we named nrd, is oriented
oppositely and encodes a protein that has segments of
high homology to the ribonucleotide reductase (nrdI) of
Lactococcus lactis (Jordan et al. 1997; Accession No.
X92690).

Downstream of emm (537 bp away) we found ± in the
same orientation ± the beginning of an ORF identical to
rel gene of the GCS strain H46A, which has been de-
scribed by Mechold et al. (1993). The rel gene encodes a
protein responsible for the synthesis and degradation of
guanosine 3¢,5¢ bipyrophosphate (ppGpp) in various
bacterial systems (Metzger et al. 1989; Mechold et al.
1993), and is linked to the streptokinase region in H46A
(Mechold et al. 1993). We did not ®nd an scpA-like gene
in this region.

Investigation by PCR of the regions ¯anking emm
in di�erent GCS and GGS strains

To investigate how nrd,mgc, emm and rel are arranged in
other GCS and GGS strains, we compared the PCR pat-
terns using the corresponding chromosomal DNAs as
templates. As controls the DNAs of the GAS strains M1
andM3 were used. The PCR primers E, F, G, and H used
for these experiments were based on the sequence shown
in Fig. 1. Primers E andF characterise the region between
nrd and emm. The PCRs with GCS and GGS strains
generated identical patterns with a main band at 2.6 kb
(Fig. 3A). No products were ampli®ed from the DNA of
the GAS strains. Thus we conclude (and this was
con®rmed by partial sequencing of the PCR fragments)

that the arrangement of the genes located upstream of
emm in other GCS and GGS strains is similar to that in
25287.

In a second set of PCRs the primers G and H were
used. These primers recognise the segment between the
end of emm and the start of rel. As illustrated in Fig. 3B,
two di�erent PCR patterns were obtained. With GCS
strain 25287 and the GGS strain 39086 a small PCR
fragment of 0.7 kb was ampli®ed. This corresponded to
the fragment size which we expected from our sequence
data for strain 25287. Partial sequencing of these frag-
ments con®rmed the linkage between emm and rel.

But in the case of theGCS strainH46A andof theGGS
strains 39072 and 40104 a larger fragment of about 3 kb
was found. No PCR fragments were obtained from the
GAS control strains. The 3-kb fragment from strain
H46A was cloned in the plasmid pCR TOPO XL and
sequenced. In this group of strains we found an additional
ORF which was located between the emm gene and rel,
and oriented in the opposite direction. The gene was
identi®ed by database searches as a cpdB-like gene which
encodes a protein of 683 amino acids. The protein showed
high sequence homology to 2¢,3¢-cyclic-nucleotide
2¢-phosphodiesterases found in various bacterial species.
The sequence information obtained enabled us to
sequence the whole emm-containing segment of strain
H46A from nrd to rel (Accession No. AJ133440). The
strain H46A used in this report came from the same stock
culture as was used by Mechold et al. (1993) for se-
quencing of the skc region. In this strain and also in strain
25287 the emm containing segment is ¯anked downstream
by rel. The latter gene starts the following skc region. To
test whether the skc region is generally found adjacent to
this genome segment, a PCR was performed with primers
I and J. Primer I starts in emm and primes in the 3¢
direction, while the reverse primer J, deduced from Mec-
hold et al. (1993), starts inside the skc gene and ampli®es
towards emm. Figure 3C shows a comparable pattern of
PCR fragments to Fig. 3B, but the products are of higher
molecular weight. The fragments obtained from strains
25287 and 39086 (3.3 kb) in this experiment were also
smaller then the 5.8-kb fragment found in the other
strains. This con®rms the result in Fig. 3B, showing that
some strains lack the cpdB gene in that region. The PCR
fragments were partially sequenced. With primer J the
corresponding partial skc sequence including the stop
codon and the following intergenic region was obtained.
Primer I recognised 170 bp of emm and a part of the
downstream intergenic sequence. Because appropriate
PCR fragments were obtained from all ®ve investigated
GCS/GGS strains, we conclude that the emm-containing
segment and the skc region inGCS andGGSare adjacent.

Sequence alignment of Mgc and M proteins
from GCS with the related molecules from GAS

To compare characteristic sequences in the emm-¯anking
regions from GAS and GCS, we performed a multiple
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alignment (with the Clustal program) using peptide se-
quences of Mga and Mgc as well as of M proteins. The
Mga-M and Mgc-M pairs from the same GAS or GCS
strain, respectively, were analysed (Fig. 4A and B). In the
phylogenetic tree Mgc sequences are clearly separated
from the cluster of Mga proteins. But within the GAS,
the analysis splits the Mga sequences into two groups ±

those from opacity factor-positive and negative strains.
In contrast, the corresponding M protein sequences of
GCS (MC, MC1) showed high homology to M proteins
of class CI of GAS and did not form a distinct branch
outside of the GAS (Fig. 4B). The intergenic sequences
located upstream ofmgc and emm of strain 25287 did not
show any similarity to corresponding segments from
GAS (not shown).

De®nition of two types of mgrC region
in GCS and GGS

From the results obtained above at least two di�erent
types of mga regulon-like segments can be proposed in

Fig. 1 DNA sequence of the region adjacent to emm in GCS strain
25287 (Accession No. Y18363) comprising the genes nrd, mgc, and
emm, which is linked to rel. The start of each ORF is marked by an
arrow, putative promoter sequences are boxed, Shine-Delgarno
sequences are shown in italics, and inverted repeats are delineated
by wedges

b

Fig. 2 Alignment of the amino
acid sequences of Mgc (Acces-
sion No. Y18364; this study)
and Mga of M type 6 strain
D471 (Perez-Casal et al. 1991;
AC M58461). The proteins are
51.3% identical and 64.9%
similar. Similar results were
obtained with Mga proteins of
other GAS strains
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the genomes of GCS and GGS (Fig. 5A, B). We termed
this region mgrC, for multigene regulon-like genomic
segment in group C streptococci. The word ``like'' is
included because the role of mgc as a regulator gene in
GCS has yet to be demonstrated. The mgrC segment can
be classi®ed as the small type 1 (Fig. 5A) or the large
type 2 (Fig. 5B). In Fig. 5 the two mgrC types are
compared with two representative types of mga regulons
in GAS. In the case of the GCS and GGS strains in-
vestigated here, nrd is always upstream of mgc and op-
positely oriented (compare with PCR, Fig. 3A). In mgrC
type 1 (prototype strain 25287) the genes immediately
adjacent to mgc are emm and rel. (Fig. 5A). The small
mga regulon in GAS also consists of three genes; how-
ever, here scpA borders the region at the 3¢ end. In the
larger mgrC type 2 (prototype strain H46A) mgc and
emm are arranged as in type 1. But here cpdB is inserted
between emm and rel and in opposite orientation
(Fig. 5B). The other genes located downstream of emm
are di�erent in GCS and GAS. In both mgrC types, rel
links the mgrC segment with the streptokinase region
characterised recently by Mechold et al. (1993).

Discussion

The genomic region which ¯anks the emm gene in GCS
and GGS has not been characterised previously. In this
report we identify the genes that ¯ank the emm gene in
GCS and GGS strains. Sequence data for the GCS
strains 25287 and H46A revealed the existence of a
genome segment which shows partial similarity to, but
also clear di�erences from, the mga regulon in GAS.
We refer to this region as the mgrC region. In mgrC the
two genes upstream of emm are the oppositely oriented
ORF nrd, which encodes a protein with many regions
of similarity to the ribonucleotide reductase (nrdI) of
L. lactis (Jordan et al. 1997), and mgc, which is im-
mediately adjacent to, and oriented in the same direc-
tion as, emm. The mgc sequence is about 61%
homologous to various mga genes of GAS strains. In
GCS strain 25287 emm is closely linked at the 3¢ end to

rel, which encodes a protein that functions in the syn-
thesis and degradation of guanosine 3¢,5¢ bipyrophos-
phate (ppGpp; Metzger et al. 1989; Mechold et al.
1993). The rel gene ¯anks the skc region which itself
comprises several genes: orf1, skc in opposite orienta-
tion, lrp, abc and dexB. This region has been charac-
terized in detail by Mechold et al. (1993). The gene skc
encodes streptokinase of GCS, abc encodes a protein
belonging to the superfamily of ABC transporters
(Higgins 1992), dexB encodes an alpha-glucosidase-like
protein (Russel and Ferretti 1990), while orf1 and lrp
encode proteins of unknown function.

We also identi®ed the gene cpdB in strain H46A. cpdB
is located between emm and rel and its sequence shows
homology to genes present in various microorganisms
which encode 2¢,3¢ cyclo-nucleotide 2¢-phosphodiester-
ases. The analysis of three additional GGS strains re-
vealed that there exist two groups of GCS/GGS strains;
one carries the gene cpdB, the other group does not.
Because of the close linkage between the genes mgc and
emm we postulate that there are two types of mgrC re-
gion in human isolates of GCS and GGS: type 1 lacks
cpdB (prototype strain 25287) and in type 2 cpdB is in-
serted between emm and rel (prototype strain H46A).
This is the ®rst report of an mgrC region in GCS/GGS
strains that is similar to the mga regulon of GAS. The
crucial di�erence between mgrC and the mga regulon lies
in the fact that they are located in completely di�erent
genomic environments. In GAS strains, three ORFs
have been identi®ed 5¢ from mga and in the same ori-
entation; these include isp, which encodes an immuno-
genic protein conserved in GAS (McIver et al. 1996). In
the GCS and GGS strains tested here we identi®ed,
upstream of mgc and in opposite orientation, an nrdI-
like gene (nrd) which shows no sequence homology to
the isp region located 5¢ to mga in GAS. At the 3¢ end the
tandemly arranged mgc and emm genes in GCS and
GGS are linked to rel, which ¯anks the skc region.
Moreover, in some GCS and GGS strains a cpdB gene is
inserted between between emm and rel. This gene is not
present in the mga regulon of GAS. In GAS the di�erent
types of mga regulons start with mga, which is followed

Fig. 3A±C Comparison by
PCR of the mgrC locus in
various GCS (lanes 1±2), GGS
(lanes 3±5) and GAS strains
(lanes 6 and 7). Lanes 1, 25287;
lanes 2, H46A; lanes 3, 39072;
lanes 4, 39086; lanes 5, 40104;
lanes 6, M1 40/58; lanes 7, M3
4/55. A Total DNA from each
strain was used for PCR with
primers E and F to characterise
the region between nrd and
emm. B Primers G and H were
used to amplify the region be-
tween emm and rel. The molec-
ular weight standard was loaded
in the central lane. C Primers I
and J amplify the region located
between emm and skc
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by one or more emm or emm-like genes. Downstream
these genes are ¯anked by scpA (Perez-Casal et al. 1991;
Podbielski 1993; Podbielski et al. 1995; Katerov et al.
1994; Andersson et al. 1996). In GCS/GGS we ®nd a
similar tandem arrangement of mgc and emm, but no
other emm-like genes were found in the mgrC region.
The architecture of mgrC downstream of emm in GCS/
GGS is also completely di�erent from that of the mga
regulon in GAS. In both mgrC types, rel, which ¯anks
the skc region, is the last gene, while scpA terminates the
mga regulon found in GAS. Moreover, in GAS, the
ORFs that have been described 3¢ to scpA ± orf1 and
orf2 (Podbielski et al. 1996) ± show no homology to any
of the genes in the skc region. In GAS the existence of a

skc region with the same arrangement of genes as
described for the GCS strain H46A has been reported
(Frank et al. 1995). But in GAS the skc region seems not
to be located in a genomic segment near the mga regulon
± unlike the case in GCS/GGS, where it is closely linked
to the mgrC region. Recent PCR experiments by Sri-
prakash and Hartas (1996), using GGS genomic DNA
and primers based on published sequences from the mga
regulon of a type M49 strain (Podbielski et al. 1996), did
not reveal DNA fragments with sequence homology to
mga genes of GAS. The apparent divergence (61%
similarity) between the DNA sequences of mgc in GCS
and mga in GAS and the complete lack of homology
between the upstream regions of the two genes explain

Fig. 4A Phylogenetic relation-
ships between the amino acid
sequences of Mga proteins from
di�erent M types of GAS strains
and Mgc and Mgc1 of the GCS
strains 25287 and H46A. B The
M proteins of the corresponding
strains are compared. The
opacity factor status of each
strain is given as OF+ and OF).
The Accession Nos. of the se-
quences from the NCBI data-
base are given in parentheses.
Mgc and Mgc1 form a distinct
cluster, but the corresponding M
proteins MC and MC1 are
highly homologous to the M
proteins of GAS. The sequence
of Mga1 (asterisk) was taken
from the database of the Strep-
tococcal Genome Sequencing
Project funded by USPHS/NIH
Grant No. AI38406 (B. A. Roe,
S. P. Linn, L. Song, X. Yuan, S.
Clifton, M. McShan and J.
Ferretti). Other sequences were
taken from: Hollingshead et al.
(1986); Robbins et al. (1987);
Frithz et al. (1989); Podbielski
(Accession No. X69324);
Harbaugh et al. (1993); Geyer
et al. (1999); Perez-Casal et al.
(1991); Hong (Accession No.
AB016537); Chen et al. (1993);
and Podbielski et al. (1995)
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the failure of this experiment. Our approach, which in-
volved inverse PCR starting from the emm gene of GCS
strain 25287, has provided sequence information for the
genes adjacent to emm.

It has been speculated that the speci®c arrangement
characteristic of the mga regulon may be responsible for
the increased virulence of GAS strains compared to
other b-haemolytic streptococci (Podbielski et al. 1992).
The expression of M and M-like proteins in GAS is
positively regulated by mga, which encodes the protein
Mga. In phagocytosis experiments, both in vivo and
in vitro, the GCS strain H46A was found to be less
virulent than a number of GAS strains (Schmidt et al.
1993b). However, in recent years, GCS as well as GGS
strains have been isolated from patients su�ering from
serious infections like toxic-shock syndrome (Keiser
and Campbell 1992; Miller et al. 1996; Natoli et al.
1996; Roth et al. 1999). Furthermore, we have identi-
®ed the M protein of the GCS human isolate strain
25287 as a virulence factor for chicken embryos (Geyer
et al. 1999). Thus, a regulatory function for mgc in the
expression of M protein, and possibly of additional
proteins, in group C and G streptococci can be as-
sumed. To clarify whether mgc really functions as a
positive regulator gene in GCS and GGS, like mga in

GAS, detailed studies of regulation and expression are
underway in our laboratory.

The phylogenetic analysis revealed that the Mgc
proteins of strains 25287 and H46A clearly form a dis-
tinct cluster separated from the Mga proteins of GAS. It
seems likely that mgc of GCS/GGS and mga of GAS
have undergone a considerable period of independent
evolutionary development, as underlined by the fact that
they now show only 61% identity. In contrast, M pro-
teins of GCS and GAS did not form distinct clusters,
which makes horizontal transfer of emm genes between
GAS and GCS/GGS a likely possibility (Simpson et al.
1992; Schnitzler et al. 1995; Sriprakash and Hartas
1996). A comparison between the 5¢ intergenic sequences
of mgc and emm in the GCS strain 25287 and the cor-
responding regions of mga and emm in GAS did not
reveal any homology, not even in the putative promoter
sequences. This also emphasizes that the mgrC region of
GCS/GGS and the mga regulon of GAS have followed
di�erent evolutionary trajectories.

Acknowledgements We thank Ms. Roswitha John for excellent
technical assistance. The work was supported by the grant
Schm877/1-3 from the Deutsche Forschungsgemeinschaft (DFG)
Germany. We thank Horst Malke (Jena) for his helpful review of
this manuscript.

Fig. 5A, B Organisation of two
types of mgrC regions in GCS
and GGS deduced from se-
quence and PCR data. A The
small mga regulon described for
type 6 GAS (Perez-Casal et al.
1991) compared with the mgrC
type 1 segment deduced from
GCS strain 25287. mgrC type 1
is characterised by the tandem
arrangement of mgc, emm and
rel. The following genes in the
streptokinase region are indi-
cated. The open region in rel
indicates that this gene was
partially sequenced in strain
25287. B The arrangement of
genes in a large mga regulon of
GAS type 49 (Podbielski et al.
1995) and in the mgrC type 2
segment deduced from GCS
strain H46A. In mgrC type 2
the gene cpdB is inserted in the
opposite orientation between
emm and rel. In both cases rel
borders on the skc region
(asterisk) sequenced by Mec-
hold et al. (1993) in strain
H46A. The whole mgrC type 2
segment up to rel of the same
strain was sequenced in our
laboratory (Accession No.
AJ133440)
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