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Our previous studies on Streptococcus mutans have demonstrated that surface proteins
containing a C-terminal sorting signal, such as surface protein antigen (PAc),
glucan-binding protein C (GbpC) and dextranase (Dex), are anchored to the cell wall by
a sortase (SrtA). In this study we found that, unlike other strains of S. mutans,

strain Ingbritt did not exhibit cell wall-anchoring of PAc, GbpC and Dex. It is speculated
that the SrtA of strain Ingbritt did not function in the cell wall-anchoring process

of these surface proteins. Sequence analysis revealed a deletion of an 11-bp nucleotide
sequence in the s7z4 gene of strain Ingbritt, resulting in the generation of a new
termination codon, resulting in production of an incomplete SrtA enzyme protein. As a
result, strain Ingbritt showed a localization change of PAc, GbpC and Dex in the
cell, implying that strain Ingbritt loses the biological functions mediated by the cell
surface-associated proteins of S. mutans. These results suggest that strain Ingbritt
could be less cariogenic than other strains of S. mutans.

Copyright © Blackwell Munksgaard 2004

Oral Microbiology
and Immunology

Short communication

T. Igarashi

Department of Oral Microbiology, Showa
University School of Dentistry, Tokyo, Japan

Key words: biofilm; cell wall anchoring; de-
letion; LPXTG motif; sortase; Streptococcus
mutans Ingbritt

Takeshi Igarashi, Department of Oral
Microbiology, Showa University School of
Dentistry, 1-5-8 Hatanodai, Shinagawa-ku,
Tokyo 142-8555, Japan

Tel.: +81337848166;

fax: +81337848012;

e-mail: igatakes @dent.showa-u.ac.jp
Accepted for publication December 5, 2003

Streptococcus mutans is a gram-positive
oral bacterium and the principal etiologic
agent of human dental caries (12, 20).
Formation of dental plaque biofilm is an
important biological process associated
with the attachment of oral bacteria, in
particular S. mutans, on the tooth surface.
Proteins that S. mutans displays on the cell
surface contribute to biofilm formation,
and some of these surface proteins possess
a C-terminal sorting signal which consists
of a conserved LPXTG motif, a hydropho-
bic domain, and a positively charged tail
(13, 26).

A series of studies by Schneewind and
colleagues 1identified a transpeptidase
called sortase (SrtA) in Staphylococcus
aureus (22, 26, 34) and demonstrated that
the SrtA is involved in anchoring of some
proteins with an LPXTG motif to the
S. aureus cell wall and plays an important
role in the virulence of S. aureus (17, 22,
23, 26). At present, SrtA and surface pro-
teins with an LPXTG motif have been
found in many Gram-positive bacteria
such as S. aureus, S. mutans, Streptococcus
pyogenes, Streptococcus suis, Streptoco-
ccus gordonii and Listeria monocytogenes

(3, 4, 11, 13, 15, 16, 26-28), playing an
important role in the pathogenesis of gram-
positive bacterial infection (11, 17, 23, 26).
In S. mutans it is known that at least six
different proteins possess a C-terminal
sorting signal: surface protein antigen
(PAc), wall-associated protein antigen A
(WapA), cell wall protein (WapE), glucan-
binding protein C (GbpC), dextranase
(Dex) and fructanase (FruA) (1, 6, 13,
24, 26, 29, 32). In recent studies, we have
determined the nucleotide sequence of
the s7t4 gene of S. mutans GS5 and have
demonstrated that the S.mutans SrtA is
involved in the cell wall sorting reac-
tion of PAc, GbpC and Dex and that car-
iogenic properties mediated by these
surface proteins are lost by insertional
inactivation of the srt4 gene of S. mutans
(14-16).

In this study we found that strain Ingbritt
of S. mutans lacked the ability to anchor
PAc, GbpC and Dex to the cell wall and
clarified that this phenomenon was caused
by a deletion of an 11-bp nucleotide
sequence in the srz4 gene.

Strains Ingbritt, 109¢ (15, 32), and srt4
mutant (15) of S. mutans were grown in

Todd-Hewitt broth (Difco Laboratories,
Detroit, MI). Escherichia coli IM109 is
routinely used as a plasmid host and grown
in Luria-Bertani broth (13).
Chromosomal DNA of S. mutans was
isolated by CsCl-ethidium bromide density
gradient centrifugation (13). Plasmid DNA
was extracted with a Wizard miniprep
purification kit (Promega, Madison, WI).
Polymerase chain reaction was performed
as previously described (13). srt4-deficient
mutant of S. mutans 109¢c was prepared by
insertional inactivation as reported pre-
viously (15). The srt4 gene of S. mutans
Ingbritt was polymerase chain reaction-
amplified by oligonucleotide primers,
SmSrt229F and SmSrt1129R, cloned into
pT7Blue T-vector (Novagen, Madison,
WI), and sequenced with an ABI prime
cycle sequencing kit and a Model 373S
automated DNA sequencer (Applied Bio-
systems, Foster City, CA) as reported pre-
viously (13). The primers were designed
on the basis of the sequence of flanking
regions of the strain GS5 srt4 gene (15).
The nucleotide sequences of SmSrt229F
and SmSrt1129R  were as follows:
SmSrt229F, 5’- GGT GTC AAA GTG
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Fig. 1. Detection of cell wall-anchored proteins
in S. mutans. Cell extracts and culture super-
natants were prepared from S. mutans cells cul-
tured in Todd-Hewitt broth and were subjected
to SDS-PAGE. Equal amounts of proteins were
added to each lane (see Material and methods).
A) Protein staining with Coomassie blue. B, C
and D) Western blots with specific anti-serum:
B) anti-PAc serum, C) anti-GbpC serum, D)
anti-Dex serum. Lanes 1 and 4, wild-type strain
109c; lanes 2 and 5, srtA mutant; lanes 3 and 6,
strain Ingbritt, lane M, size marker.

GS5-aa 101 L K I N L P I
GS5-nt 301

Ing-nt 301 TTAAAAATCAATTTACCAATCTTCA
Ing-aa 101 L K I N L P I F K

ATG CGC CT -3’ and SmSrt1129R, 5°-
ATG CTC ATG AGA CCT CAC AG -3°.
Whole cells (30mg of the cell pellet)
were suspended in 600 wl of 1% sodium
dodecyl sulfate-1% 2-mercaptoethanol,
heated at 100°C for 5 min and centrifuged
as reported previously (15, 24). The result-
ing supernatant was used as the cell
extract. The culture supernatant was
adjusted to a final OD,gy of 15. The cell
extract (15l for each sample) and the
culture supernatant (30 pl for each sample)
were analyzed by SDS-PAGE and Wes-
tern blotting with anti-PAc (15), anti-
GbpC (16) or anti-Dex (14) serum.

The nucleotide sequence of the srtA
gene of S.mutans Ingbritt determined in
this study has been deposited in the DDBJ,
GenBank and EMBL databases under the
accession number AB105440.

The distribution of cell-associated pro-
teins PAc, GbpC and Dex in strains
Ingbritt, 109¢c, and srt4 mutant of
S. mutans were examined by Western blot
analysis with specific anti-serum (14-16).
As shown in Fig. 1, these surface proteins
of strain Ingbritt were found in the culture
supernatant, but not in the cell extract
(Fig. 1B-D, lanes 3 and 6). In contrast,
PAc, GbpC, and Dex of the wild-type
109¢ were associated with the cell surface,
but not detected in the culture supernatant
(Fig. 1B-D, lanes 1 and 4). As compared
with strain Ingbritt and the srz4 mutant,
cell localization of PAc, GbpC and Dex in
strain Ingbritt was the same as that of the
srtA mutant (Fig. 1B-D, lanes 2 and 3, 5
and 6) (14-16). The PAc (200 kDa), GbpC
(75kDa) and Dex (102 kDa) released in the
culture supernatant of strain Ingbritt
revealed slightly slower migration than
those (200, 72, 92kDa, respectively) in
the cell extract of the wild-type 109c
(Fig. 1B-D, lanes 3 and 4). Multiple bands
that are due to degradation of the cell wall-
anchored proteins were visible in the cell
extract of the wild type (Fig. 1B-D, lane
4). In contrast, the bands from cell extracts
of srt4 mutant and Ingbritt were of higher
molecular mass than in the corresponding
supernatants (Fig. 1C, lanes 5, 6 and
Fig. 1D, lane 6). We speculate that higher
molecular mass may be due to aggregation
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products with some other components.
Details should be further analyzed.

To determine why strain Ingbritt lost the
surface attachment of PAc, GbpC and Dex,
we cloned and sequenced the s7z4 gene of
strain Ingbritt. The nucleotide sequence of
the s7t4 gene of strain Ingbritt was 730 bp
long, which was shorter than that (741 bp)
of strain GS5 (15). The sequence homo-
logy between the srt4 genes of Ingbritt and
GS5 was 97.0%. Sequence analysis also
exhibited a deletion of an 11-bp nucleotide
sequence in the s7¢4 gene of strain Ingbritt.
The deleted sequence was AAGGATTA-
GAT, which was located between 326 and
336 on the srt4 gene of strain GSS5 (Fig. 2).
The deletion resulted in generation of a
new termination codon, TGA, at position
364 on the srt4A gene sequence of strain
Ingbritt (Fig.2), implying that strain
Ingbritt is unable to produce an intact SrtA
enzyme protein.

Our previous studies demonstrated that
the srtA-deficient mutant of S.mutans
failed to retain PAc, GbpC and Dex on
the cell surface and lost surface protein-
mediated physiological phenomena such
as adherence, aggregation and modifica-
tion of extracellular glucan (14-16). In this
study we found that S.mutant Ingbritt
lacked the ability of cell wall-anchoring
of surface proteins with an LPXTG motif
(Fig. 1). At present, srt4 genes of S. mutans
are reported in strains GS5, NG8 and
UA159 (1, 15, 18). As comparison of the
nucleotide sequences of these srt4 genes
showed, NG8 and UA159 had exactly the
same sequences, and GS5 shared 98.9%
homology with NG8 and UA159. How-
ever, only the Ingbritt srt4 sequence
showed deletion of the 11-bp AAGGAT-
TAGAT between position 325 and 337
(Fig.2). This deletion generates a new
termination codon, resulting in produc-
tion of an incomplete SrtA enzyme
protein. Western blots showed that both
strain Ingbritt and the srt4 mutant failed
to retain PAc, GbpC and Dex on the cell
surface (Fig.1), whereas the wild-type
109¢ substantially retained these surface
proteins on the cell surface. These results
suggest that the failure in the surface
expression of PAc, GbpC, and Dex in
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TTAAAAATCAATTTACCAATCTTCAAAGGATTAGATAATGTTGGCTTAACATATGGTGCTGGAACGATGAAAAATGACCAAGTCATGGGAGAA 393

——————————— AATGTTGGCTTAACATATGGTGCTGGAACGATGAAAAATGACCAAGTCATGGGAGAA 382
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Fig. 2. Deletion of nucleotides in the srz4 gene of S. mutans Ingbritt. Nucleotide (nt) and amino acid (aa) sequences of the srz4 gene from strain Ingbritt
were aligned with those of strain GS-5. Nucleotides deleted in the 574 gene of strain Ingbritt are indicated by dashed lines. Termination codon, a TGA, in
strain Ingbritt is underlined. nt, nucleotide sequence. aa, amino acid sequence.
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strain Ingbritt, as well as in the srt4 mutant,
is due to the lack of SrtA activity. The
fundamental difference between strain
Ingbritt and the srtz4 mutant is a deletion
in the srt4 gene instead of insertional
inactivation of the srt4 gene. Although it
is not clear why the 11-bp nucleotide
sequence in the srt4 gene was deleted,
there are several reports suggesting that
the SrtA enzyme of strain Ingbritt does
not function normally (2, 10, 31, 35).
For example, Russell reported a release
of antigen B (also known as P1, PAc
and I/II) into the growth medium of strain
Ingbritt (31), and Forester et al. and Aya-
kawa et al. also reported that strain Ingbritt
excreted large amounts of antigen P1 into
the culture medium (2, 10), although these
proteins are representative surface-asso-
ciated proteins in S.mutans (5, 19, 26,
31). In addition, Walker et al. reported that
strain Ingbritt, which is able to release Dex
in the culture medium, is the best producer
of Dex (35). These reports strongly suggest
that strain Ingbritt was defective in the
ability to anchor P1 (or B) and Dex to
the cell wall.

In addition to the deletion of the sortase
gene of Ingbritt, there have been several
reports of genetic variations in strains of S.
mutans. Murakami et al. found a frameshift
mutation in the pac gene of strain GS-5,
resulting in premature termination and loss
of cell wall-anchoring of the PAc antigen
(24). Another mutation in strain GS-5 was
detected in the ghpC gene by Sato etal.
(33). The mutation in the ghpC gene ge-
nerated a new termination codon, resulting
in production of an incomplete GbpC pro-
tein and loss of dextran-dependent aggre-
gation. These genetic changes of the pac
and gbpC genes in GS-5 have been linked
to its low cariogenicity. Chromosomal
deletions in S. mutans have also been des-
cribed by Ferretti etal. (9) and Robinson
etal. (30). It is not yet clear, however,
whether these genomic changes are con-
sequences of long-term subculture in the
laboratory or just a reflection of variation
within the species.

Genetic  information reveals that
S. mutans has at least five surface proteins
with a C-terminal sorting signal; PAc,
GbpC, Dex, WapA and FruA (13, 15,
26). Use of the isogenic mutant of each
of these proteins in S. mutans showed that
these surface proteins were deeply
involved in cariogenic properties such as
adherence to tooth surfaces, dextran-
dependent aggregation, modification of
extracellular glucan and supply of nutri-
ents (5-8, 19, 21, 25, 29). In addition, our
recent study using the srz4-deficient

mutant of S.mutans revealed that an
anchoring process of surface proteins
involving SrtA is essential for biological
events of surface proteins in S.mutans
(14-16). However, strain Ingbritt lacking
SrtA could not anchor surface proteins to
the cell wall, resulting in loss of multiple
cariogenic properties mediated by the sur-
face proteins. Therefore, S. mutans Ingbritt
could be less cariogenic than other strains
of S.mutans. As S.mutans Ingbritt is a
strain that has been widely used in various
studies as a reference strain, researchers
should be cautious in using strain Ingbritt
as a cariogenic pathogen.
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