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Novel Laminin-Binding Protein of Streptococcus pyogenes, Lbp,
Is Involved in Adhesion to Epithelial Cells
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The Ibp gene, which encodes a laminin-binding protein (Lbp) of Streptococcus pyogenes, was found in all S.
pyogenes M types. An Lbp-deficient mutant showed a significantly lower efficiency of adhesion to HEp-2 cells
than did the wild-type strain. These results indicate that Lbp is one of the important S. pyogenes adhesins.

Streptococcus pyogenes (group A streptococcus) is a gram-
positive pathogenic bacterium that causes pharyngitis, impe-
tigo, scarlet fever, and streptococcal toxic shock-like syndrome
(TSLS) (23). These diseases are initiated by the adhesion of S.
pyogenes to epithelial cells in the upper respiratory tract or
skin. In the process of adhesion, extracellular matrix proteins
such as fibronectin (Fn) and laminin (Lm) serve as mediators
between the bacteria and host cells (2, 3). Previous studies
have demonstrated that Fn-binding proteins of S. pyogenes,
including protein F1/Sfbl (21, 26), protein F2 (9), StbII (15),
FBP54 (1), PFBP (19), and Fba (28), function as adhesins and
invasins. S. pyogenes has been reported to bind to Lm (25);
however, its Lm-binding protein has not been identified, al-
though Hytonen et al. recently suggested that the Lm-binding
activity of S. pyogenes is mediated by SpeB (8).

Several streptococcal strains possess Fn-binding proteins
and other adhesins (10-13), which are present in membrane- or
cell-associated form. These proteins are linked either to the
bacterial cell wall with the C-terminal region harboring an
LPXTG motif (5, 20) or to the cell membrane with the N-
terminal region harboring an LXXC or XXGC motif (24).
Recently, the complete genome sequence of S. pyogenes strain
SF370 (M type 1) has been deposited in the GenBank database
(accession number AE004092) (4). Using this genome data-
base, we found a novel open reading frame (ORF) containing
the XXGC motif in the N-terminal region. These typical se-
quences are known as the signal peptidase II cleavage site of
cell surface lipoprotein (12, 16, 22). In this report, we identify
a novel gene encoding a cell surface protein and characterize
the role of this protein in bacterial adhesion.

ORF analysis of the complete genome sequence. The bacte-
rial strains and plasmids used in this study are described in
Table 1. Based on the complete genome sequence of S. pyo-
genes, the putative ORF sequences were translated into amino
acid sequences with the help of GeneWorks software (Intelli-
Genetics, Campbell, Calif.). When we searched for genes har-
boring an XXGC motif in the N terminus, one ORF was found
and designated /bp (the gene encoding the Lm-binding protein
of group A streptococci). The nucleotide sequences of strains
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SSI-9 (M1) and SSI-1 (M3) were then determined by using an
ABI PRISM 310 DNA sequencer (PE Applied Biosystems,
Foster City, Calif.), and sequencing reactions were performed
by the Sanger dideoxy-chain termination method. The lbp gene
was found to consist of 921 nucleotides and encode a protein of
306 amino acids (designated Lbp) with a calculated molecular
mass of ~34.1 kDa. A putative signal peptidase cleavage site
was revealed between amino acids 16 and 17 in the N-terminal
region by using a method described previously (29). An align-
ment analysis of the deduced amino acid sequences of Lbp
from strains SSI-9 (M1), SF370 (M1) (4), and SSI-1 (M3)
showed that Lbp is 100% conserved. The high degree of sim-
ilarity (98%) seen between Lbp and the Lm-binding protein of

TABLE 1. Bacterial strains and plasmids used in this study

Strain gmd Relevant characteristics Reference
plasmid
S. pyogenes
strains
SSI-9 M type 1, isolated from T. Murai and Y. Shimizu
patient with TSLS
SSI-1 M type 3, isolated from T. Murai and Y. Shimizu
patient with TSLS
#42 M type 12, isolated from H. Watanabe
patient with TSLS
TR-7 Isogenic mutant of SSI-9;  This study
derivative of pYT1088;
Ibp::aphA3 Km"
SE strains Clinical isolates in Japan ~ Saga Prefectural Institute
of Public Health
M]J strains Clinical isolates in Japan ~ Osaka Prefectural Insti-
tute of Public Health
Others Laboratory collection
Other streptococ- ATCC*
cal strains
Plasmids
pGEX-6P-1 Expression vector; Amp"  Amersham Pharmacia
Biotech
pSF151 Suicide vector for inser- 27
tional mutagenesis; Km*
pYT1088 pSF151 with Ibp from This study
SSI-9; Km*
pYT1097 pGEX-6P-1 with [bp from  This study
SSI-9; Amp”

“ ATCC, American Type Culture Collection.
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FIG. 1. Chromosomal DNAs from group A (GAS), B (GBS), C (GCS), D (GDS), and G (GGS) and oral streptococci were purified with a
Puregene DNA isolation kit (Gentra Systems, Inc., Minneapolis, Minn.). DNA was digested with EcoRI and subjected to Southern hybridization

analysis. The /bp gene was employed as a probe.
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FIG. 2. (A) Construction of the Lbp expression plasmid vector.
The fragment containing codons 17 to 306 of the /bp gene was ampli-
fied from the SSI-9 (M1) genome as a template and inserted into
pGEX-6P-1 (Amersham Pharmacia Biotech), which was then named
pYT1097. The recombinant protein was lacking a signal peptide in the
N-terminal region. (B) rLbp was purified by single-step affinity chro-
matography and immobilized on a PVDF membrane. (a) Coomassie
brilliant blue staining. (b) Biotinylated human Lm solution (100 pg/ml)
was added to the membrane. The reaction was developed with horse-
radish peroxidase (HRP)-labeled streptavidin. (¢) Only HRP-labeled
streptavidin was added. (C) Western blot analysis with rabbit anti-Lbp
serum and urea extracts of S. pyogenes. Proteins were extracted from
M1 (SSI-9), M3 (SSI-1), and M12 (#42) with 8 M urea (lanes 1 to 3,
respectively). Samples were subjected to SDS-PAGE and then trans-
ferred to a PVDF membrane. (a) Coomassie brilliant blue staining. (b)
Western blotting using rabbit anti-Lbp serum. Lane M contained mo-
lecular size markers.
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FIG. 3. (A) Targeted mutagenesis of the /bp gene in S. pyogenes SSI-9. pYT1088 contains an internal fragment of /bp and a kanamycin
resistance-encoding gene (aphA3), whereas mutant TR-7 was produced by single-crossover recombination. (B) Lm-binding assay with GST (lane
1), rLbp (lane 2), and 8 M urea extracts of strains SSI-9 (wild type, lane 3) and TR-7 (Albp, lane 4). Samples were separated by SDS-PAGE and
transferred to a PVDF membrane. (a) Coomassie brilliant blue staining. (b) Biotinylated human Lm solution (100 pg/ml) and HRP-labeled

streptavidin.

S. agalactiae, Lmb (22), strongly indicates that Lbp possesses
Lm-binding activity.

Distribution of /bp among streptococci. The distribution of
Ibp among a variety of streptococcal species was examined by
Southern hybridization using lbp as a probe. Chromosomal
DNA samples were digested with EcoRI and subjected to
hybridization. Lbp was detected in strains M1, -2, -3, -4, -6, -12,
-18, -22, -28, and -49 of S. pyogenes, as well as in some group B,
C, D, and G strains (Fig. 1). Furthermore, an Ibp-specific PCR
analysis of various strains demonstrated that /bp is found in all

M type strains of S. pyogenes (data not shown); however, lbp
was not detected in oral streptococci.

Lbp is a novel Lm-binding protein of S. pyogenes. To deter-
mine whether Lbp possesses Lm-binding ability, recombinant
Lbp (rLbp) was purified from the cell lysate of Escherichia coli
BL21 harboring pYT1097 (Fig. 2A) by using glutathione
Sepharose 4B affinity chromatography, followed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Fig. 2B). rLbp, glutathione S-transferase (GST), and 8
M urea extracts of S. pyogenes were subjected to SDS-PAGE



996 NOTES

A. B.
20 5

P <0.005

[
n
T

Adhesion (%)
>
L
Invasion (%)

SS1-9 TR-7 SSI1-9 TR-7
(Wild type) (Albp) (Wild type) (Albp)

FIG. 4. Effects of Lbp on bacterial adhesion to and invasion of
HEp-2 cells. Bacteria were suspended in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum and then used
to infect HEp-2 monolayers. HEp-2 cells were grown in a 24-well plate
at a density of 5 X 10* per well. Approximately 107 bacteria were added
to each well (multiplicity of infection, 1:200), and the plate was incu-
bated for 3 h at 37°C. To determine bacterial adhesion, cells were
washed with DMEM, lysed with 1 ml of sterile distilled water, and then
plated to determine the number that were adhered to or invaded by S.
pyogenes. (A) The percentage of adhesion or invasion was calculated as
follows: (no. of CFU adhered to or invaded/total no. of CFU in inoc-
ulum) X 100. (B) Prior to bacterial invasion, cells were washed and
incubated for 1 h in DMEM containing gentamicin (100 pg/ml) and
penicillin (10 U/ml). Cells were washed, lysed, and plated for counting
of those invaded by S. pyogenes. The percentage of invasion was cal-
culated as follows: (no. of CFU invaded/total no. of CFU in inoculum)
X 100. The results shown are the means =* the standard errors of the
means of six wells (three experiments were performed in triplicate).
Statistical analysis was performed with a nonparametric Mann-Whit-
ney U test. All conclusions were based on a significance level of P <
0.005.

and then transferred to a polyvinylidene difluoride (PVDF)
membrane, after which the membrane was incubated with 100
pg of biotinylated human Lm (Life Technology, Rockville,
Md.) per ml. Biotinylated human Lm was prepared with an
ECL protein biotinylation module (Amersham Pharmacia Bio-
tech, Uppsala, Sweden). Lbp reacted with human Lm but not
with GST, streptavidin only (Fig. 2B and 3B), Fn, or immuno-
globulins (data not shown).

To investigate the function of Lbp, mutant strain TR-7
(Albp) was prepared as described below. The PCR product of
an internal portion of /bp was ligated into a pGEM-T Easy
vector (Promega, Madison, Wis.) and then digested with
EcoRI, after which the fragments were cloned into vector
pSF151 (27). The resultant plasmid, pYT1088, was trans-
formed into strain SSI-9 by electroporation (Fig. 3A). Intro-
duction of pYT1088 resulted in mutant strain TR-7 (Albp),
which did not react with rabbit anti-Lbp antibody (data not
shown). The 8 M urea extracts of strains SSI-9 (wild type) and
TR-7 (Albp) were found to contain a 28-kDa Lm-binding pro-
tein (Fig. 3B). A recent report by Hytonen et al. (8) has
indicated that SpeB is not only secreted from but also binds to
bacterial cell surfaces and that the 28-kDa mature SpeB pro-
tein may mediate Lm binding. Furthermore, another 34-kDa
Lm-binding protein (Lbp) was found in the extract of strain
SSI-9 (Fig. 3B), while other, unknown, components (20 and 15
kDa) were shown to bind to Lm. These results clearly indicated
that Lbp is a novel Lm-binding protein of S. pyogenes. Since 8
M urea extraction is a useful method by which to extract
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bacterial cell surface-associated proteins (6), cellular extracts
of S. pyogenes in 8 M urea were used for Western blot analysis.
Based on the results demonstrated in Fig. 2C and 3B, we
speculated that Lbp is expressed on the cell surface of S.
pyogenes. This organism expresses a variety of cell surface
proteins with a specific ligand. Therefore, it may be hypothe-
sized that Lbp eventually accelerates the infection of S. pyo-
genes by its binding to Lm in the underlying tissues once the
organism adheres to and invades host cells.

Role of Lbp in cell adhesion of S. pyogenes. To investigate the
role of Lbp of S. pyogenes, the adhesion and invasion efficien-
cies of Lbp-deficient mutant strain TR-7 were compared with
those of parent strain SSI-9. Streptococcal adherence and in-
vasion assays were performed as previously described (14). The
TR-7 mutant demonstrated a significantly lower level of adhe-
sion than wild-type strain SSI-9 (Fig. 4A; P < 0.005); however,
the TR-7 mutant invaded HEp-2 cells as efficiently as did strain
SSI-9 (Fig. 4B). These results suggest that Lbp works as an
adhesin but not as an invasin.

The mga, emm, sic, and scpA genes are known as members
of the mga regulon. The fba and /bp genes are located down-
stream of the scpA gene in type M1 S. pyogenes. We investi-
gated the transcriptional level of the Amga mutant by reverse
transcription-PCR analysis; however, transcriptional levels of
mga-, emm-, sic-, scpA-, and fba-specific mRNAs were not
detected in the Amga mutant, although the /bp gene was not
influenced (28). Furthermore, we found putative promoter se-
quences (—35 and —10), a ribosome-binding recognition site,
and two pairs of inverted repeats as putative transcriptional
terminators in the nucleotide sequence between the fba gene
and the /bp gene. These findings suggested that the fba gene is
a member of the mga regulon and that the expression of /bp
mRNA is not controlled by the Mga regulator.

Common and highly conserved cell surface proteins for a
protective antigen are highly regarded as an ideal vaccine
against infection by S. pyogenes. In this regard, Fn-binding
proteins were considered good candidates as a universal vac-
cine; however, a previous report showed that protein F1 was
not present in the M1 and M3 strains among many M types of
S. pyogenes (18). Our own recent study (28) has revealed that
another Fn-binding protein, Fba, is expressed in M1, -2, and -4
and several other types but not in M3. M1 and M3 are the most
common serotypes isolated from patients with TSLS and se-
vere invasive diseases (17). There are more than 90 serotypes
of the M protein, and protective antibodies are type specific
(7). The results of the present study suggest the possibility that
Lbp functions as a protective antigen against M1 and M3, as
well as several other major serotypes of S. pyogenes. If Lbp
could be an effective antigen, it might be useful as a universal
vaccine against infection by a wide variety of S. pyogenes M
types.

Nucleotide sequence accession number. The sequence of the
Ibp gene was deposited in DDBJ/EMBL/GenBank under ac-
cession number AB(040535.
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