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Nucleotide sequences of water-insoluble glucan-producing glucosyltransferase (gzf) genes of new mutans
streptococci isolated from pig oral cavity, Streptococcus orisuis JCM14035, and of Streptococcus criceti HS-6
were determined. The gif gene of S. orisuis JCM14035 consisted of a 4,401 bp ORF encoding for a 1,466
amino acids, and was revealed to belong to the gtfI group. The percent homology of amino acid sequence
of the GTF-I from S. orisuis and S. criceti are 95.0%, however, this score ranges from 77.0% to 78.0%
when compared to Streptococcus sobrinus 6715. The deduced N-terminal amino acid sequence was consid-
ered responsible for the secretion of GTF-I in S. orisuis JCM14035 and S. criceti HS-6 with high similarity
to known GTF proteins from other streptococci. In addition, two other conserved regions, i.e., N-terminal
putative catalytic-site and C-terminal glucan binding domain, were also found in GTF-Is of S. orisuis
JCM14035 and S. criceti HS-6. Phylogenetic analysis suggested that S. orisuis JCM14035 and S. criceti
HS-6, closely related to each other, resemble S. sobrinus and S. downei based on the amino acid sequences

of the GTFs.
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Among the oral mutans streptococci, Streptococcus mutans
and Streptococcus sobrinus are generally accepted to be the
principal etiological agent of human dental caries. These
bacteria can secrete glucosyltransferases (GTFs), which cat-
alyze the formation of water-insoluble and water-soluble glu-
cans (WIG and WSG, respectively). It has been proposed
that the function of WIG-producing enzymes is the most
important virulent factors contributing to the development
of caries formation in human (Hamada and Slade, 1980).
S. mutans and S. sobrinus possess different WIG-producing
enzymes, GTF-B and GTF-I, which are encoded by gifB
and gffl genes, respectively (Shiroza et al., 1987; Abo et al.,
1991).

Recently, a novel S. mutans-like species, Streptococcus or-
isuis JCM14035 was isolated from pig oral cavity, and char-
acterized (Takada and Hirasawa, 2007). The serological char-
acteristic of S. orisuis JCM14035 was serotype d, which is the
same as that of S. sobrinus 6715. However, genetic analyses
such as DNA-DNA hybridization, GC contents, and 16S
rRNA gene sequence indicated closer relationship to Strepto-
coccus criceti HS-6 (serotype a). The production of WIG-
synthesizing GTF from pig strain was also confirmed.

In S. criceti, nucleotide sequence of two WSG-producing
gtf genes were determined and characterized previously
(Inoue et al., 2000), on the other hand, one WIG-producing
GTF enzyme was reported (Tsumori et al, 1985), though
WIG-producing gtff gene has not yet been isolated.

In this communication, we present the nucleotide sequence
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of the WIG-producing gtf gene of S. orisuis JCM14035 and
S. criceti HS-6. Also we attempted the enzymatic and anti-
genic analysis of WIG-producing gtf gene products and con-
struction of phylogenetic tree based on deduced amino acid
sequences from other streptococcal GTFs.

Materials and Methods

Bacterial strains and medium

S. orisuis JCM14035 (Takada and Hirasawa, 2007) and S.
criceti HS-6 (GTC242) were used in this study. The strepto-
cocci were maintained on Brain Heart Infusion agar (BHI,
Difco Laboratories, USA). Partially defined medium, M4
(Fukushima et al., 1981), was used for the preparation of
the GTF proteins.

PCR experiments

The sequences of PCR primers used in this study are listed
in Table 1. In the first PCR for the detection of WIG-pro-
ducing gtf gene, two sets of primers, GTFB-F and GTFB-R,
and GTFI-F and GTFI-R, were used (Oho et al., 2000).
Chromosomal DNA was isolated using the commercial
Wizard® Genomic DNA Purification Kit (Promega, Co.,
USA). PCR amplification was carried out employing the
GeneAmp® PCR system 9700 (PE Applied Biosystems, Ltd.,
USA), and the target region of the gene was amplified using
the Ex Tag polymerase (TaKaRa Bio Inc., Japan) under the
following conditions: (i) initial denaturation, 94°C for 1
min; (ii) 30 cycles of amplification, denaturation at 95°C
for 30 sec, primer annealing at 59°C for 30 sec, and exten-
sion at 72°C for 1 min; (iii) final extension, at 72°C for 10
min. A final amplicon containing the entire gffI-coding se-
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Table 1. Used primers in this study
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Primers Sequence Location Reference
GTFB-F 5-ACTACACTTTCGGGTGGCTTGG-3 793-814* Oho et al. (2000)
GTFB-R 5-CAGTATAAGCGCCAGTTTCATC-3’ 1228-1309" Oho et al. (2000)
GTFI-F 5-GATAACTACCTGACAGCTGACT-3 871-892° Oho et al. (2000)
GTFI-R 5-AAGCTGCCTTAAGGTAATCACT-3’ 1561-1582° Oho et al. (2000)
GTFI-up 5’-GTCCTCAACAGAAATTGCCT-3 9-28" Shinozaki-Kuwahara et al. (2005)
GTFI-down 5-AATGGACTTAAAGCGTAAACC-3’ 5021-5042 Shinozaki-Kuwahara et al. (2005)
otfl-1235F 5-ACGGTGCTCTCAAATTCGAC-3’ 1547-1566¢ This study
gtfl-1760F 5-CAGTGTGGTTGATCGTGAAG-3’ 2091-2110° This study
gtfl-2262F 5 TATCCCTCCACCAAGATGCA-3’ 2933-2952° This study
gtflI-3177F 5 TTCTACCGGTCAGGCAATAGATCC-3’ 3489-3512° This study
gtfl-1187R 5-GGTTGGGTCTTAACAAAGGC-3’ 1480-1499° This study
gtfl-1723R 5-CCAGTGACCAAAGCATTGAC-3’ 2025-2044° This study
gtfI-2188R 5-AATTTTGCATAGCTTGTCCG-3’ 2481-2500° This study
gtflI-2820R 5- ATCAAGGAAGGTACCATCTG-3’ 3113-3132° This study
gtfl-5’F 5-TACCCTCTTCGCTAAGGTGAAG-3¥ 1-22° This study
gtfl-3’R 5-GGCTTCCCCAAGTGTGAGGAAGTC-3 4961-4984° This study

* The nucleotide sequence from GenBank accession no. M17361 (S. mutans gitfB).
" The nucleotide sequence from GenBank accession no. D90213 (S. sobrinus 6715 gifT).

¢ The nucleotide sequence from DDBIJ accession no. AB272987 (S. orisuis gifl).

quence was prepared using other primers, gtfl-5’F and gtfI-
3’R, under the same conditions of inverse PCR (see below).

Inverse PCR and DNA sequencing

An inverse PCR method was utilized to determine unknown
regions flanking the known sequence of the gtf genes. The
purified chromosomal DNA was digested with appropriate
restriction enzymes, re-circularized by ligation, and subjected
to the template for inverse PCR with suitable primer sets.
The target region of the gene was amplified using the LA
PCR kit (TaKaRa) under the following conditions: (i) initial
denaturation, 94°C for 1 min; (ii) 30 cycle of amplification,
denaturation at 94°C for 1 min, primer annealing at 60°C
for 1 min, and extension at 72°C for 3 min; (iii) final exten-
sion, at 72°C for 10 min. Amplified PCR products were pu-
rified and sequenced with ABI PRISM 310 Genetic ana-
lyzer (PE Applied Biosystems) using a Big Dye Terminator
vl.1 Cycle Sequencing Kit (PE Applied Biosystems).

Sequence and phylogenetic analyses

Sequence data were analyzed using DNASIS sequence anal-
ysis software (Hitachi Software Engineering Co., Ltd., Japan).
Multiple-alignment and phylogenetic analyses were performed
by using the CLUSTAL W program (Thompson et al., 1994).
Tree topology and evolutionary distances were calculated by
Kimura (1983). Phylogenetic trees were constructed by neigh-
bor-joining method (Saito and Nei, 1987), and were displayed
with the TreeView program (Page, 1996).

Enzymatic and antigenic activities of GTFs prepared
from S. orisuis and S. criceti
All centrifugation was carried out at 4°C. The streptococci

were cultured in 5 ml of M4 broth at 37°C for 18 h under
anaerobic condition. To detect the enzymatic activities of
the GTF present in the culture supernatants, the cells were
removed by centrifugation (8,000xg for 10 min). To 5 ml
supernatant was added an equal volume of chilled ethanol,
and the mixture was kept on ice for 30 min. Following cen-
trifugation (20,000xg for 20 min), precipitates were dis-
solved in 100 pl of distilled water. Five microliter aliquots
were subjected to SDS-polyacrylamide gel electrophoresis
(PAGE), and the gels were allowed to soak in a sucrose
solution (50 mM phosphate buffer; pH 6.0, 2% sucrose, and
1% Triton X-100). Following incubation at 37°C for 16 h,
the presence of WIG in a gel could be detected as white
bands on a black background. Western blotting was carried
out following SDS-PAGE, and proteins were transferred
onto a nitrocellulose membrane and allowed to react with
anti-GTF-I mouse monoclonal antibody (MAb), which was
prepared previously (Nanbu et al., 2000). Immuno-positive
protein bands were visualized using the standard procedure
employing horseradish peroxidase-conjugated goat anti-rab-
bit IgG antibody (Bio-Rad Laboratories, USA).

Nucleotide sequence accession numbers

The DDBJ/EMBL/GenBank accession numbers for gtfl genes
of S. orisuis JCM14035 and S. criceti HS-6 in this paper are
AB272987 and AB273728, respectively.

Results

Detection of gtf genes
To examine the presence of gif genes in S. orisuis JCM
14035 and S. criceti HS-6 strains, a PCR experiment was
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performed using the two sets of primers capable of detecting
and identifying a difference of S. mutans gifB and S. sobrinus
gtfl genes (Oho et al., 2000). As shown in Fig. 1, the 712 bp
fragment was observed in lanes 4 to 6, while no 517 bp frag-
ment was amplified, except for the positive control (lane 1).
It was suggested that gtfl-like gene was maintained in these
strains. The 712-bp fragments were purified, and sequenc-

8B sl

712
517 —»

Fig. 1. Agarose gel electrophoresis of PCR products of the gtfB or
gifl sequences in chromosomal DNA from mutans streptococci using
primers GTFB-E -R (lanes 1 to 3), and GTFI-E, -R (lanes 4 to 6).
Lanes 1, S. mutans GS5; 2 and 4, S. orisuis JCM14035; 3 and 5,
S. criceti HS-6; 6, S. sobrinus 6715; M, 100-base ladder for size
marker.

J. Microbiol.

ing results revealed 80.0 to 82.0% homology compared to
the corresponding region of g¢fI gene from S. sobrinus 6715.

Determination of S. orisuis gtf gene by inverse PCR
Because GTFI-up and GTFI-down primers, designed pre-
viously based on the gfI gene from S. sobrinus 6715
(Shinozaki-Kuwahara et al., 2005; see Table 1), were unable
to amplify the counterpart of S. orisuis JCM14035 and S.
criceti HS-6, an inverse PCR method was utilized to deter-
mine the unknown regions adjacent to the known sequence
of the gtf genes in S. orisuis JCM14035 (Fig. 2). As shown
in Fig. 2A, a set of other primers, gtfI-1235F and gtfI-1187R,
was designed based on the sequenced 712-bp fragments,
and used in BamHI-digested inverse PCR. The resulting
product (line a) was directly sequenced utilizing the gtfl-
1235F and gtfI-1187R primers, respectively. The BamHI-di-
gested inverse PCR allowed to determine the sequence from
position 1 (528 bp upstream of the start codon) to position
1,652, thus covering approximately one-fourth of the 5’-end
of the gtf gene. To further examine the nucleotide sequence
around the 3’-region of the gif gene, the 0.9-, 1.1-, 0.7-, and
1.5-kb fragments were obtained by subsequent PstI-, HindIII-,
Clal-, and PstI-digested inverse PCRs, respectively (lines b to
e, respectively). Utilizing these fragments, the whole gtfl-like
gene of S. orisuis JCM14035 was determined. To amplify
the entire gff-coding region of S. criceti HS-6 by PCR, pri-
mers, gtfl-5’F and gtfI-3’R, were designed, 5.0 kb PCR prod-
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Fig. 2. (A) Restriction map of S. orisuis JCM14035 gtfl gene. Shaded bar presents the 712 bp region amplified by GTFI-F and GTFI-R
primers. Solid bars show the amino acid sequences of repeating units. Asterisk indicates putative catalytic-site. Arrowheads denote the primers
designed in this study (see Table 1). B, BamHI; Bgl, Bg/ll; H, HindIll; K, Kpnl; P, PstI. Solid lines a, BamHI-digested; b and e, PstI-di-
gested; ¢, HindllI-digested; d, Clal-digested inverse PCR products for determination of nucleotide sequences of S. orisuis gtfl gene. For
details, see text. (B) Agarose gel electrophoresis of PCR products amplified by gtfI-5’F and gtfI-3’R primers. Lanes 1, S. orisuis JCM14035;

2, S criceti HS-6; and M, 1 kb ladder for size marker.
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Fig. 3. Alignment of the amino acid sequences of GTF-Is. Identical residues are shown by dots (-) while gaps (-) are introduced to maximize
the homology. Putative active-site is under lined. The C-terminals of repeat regions are indicated by boxes according to Abo et al. (1991).

So, S. orisuis JCM14035; Sc, S. criceti HS-6; Ss, S. sobrinus 6715.

ucts from S. orisuis JCM14035 and S. criceti HS-6 were am-
plified (Fig. 2B), and sequenced.

Sequence analysis

The determined nucleotide sequences of S. orisuis JCM
14035 gtf gene contain a 4,401 bp open reading frame (ORF)
and the primary gene products are composed of 1466 amino
acids with a molecular mass of ca.162 kDa. The ORF of
this gene is preceded by a potential ribosome-binding site,
AGGAGG (Shine and Dalgarno, 1974) that is comple-
mentary to the 3’-end of the 16S rRNA gene of S. orisuis
JCM14035. In addition, several promoter-like sequences,

i.e., -10 (ATTAAA) and -35 (TTGACG) region, can also be
found, which resemble the S. sobrinus 6715 gtfl sequence
(Abo et al., 1991). The percent homology of the nucleotide
sequence of the gtf gene from S. orisuis JCM14035 was 74.0%
when compared with that of S. sobrinus 6715. Therefore, gtf
gene from S. orisuis JCM14035 seems to correspond to the
S. sobrinus gtfl gene. The amino acid sequences of S. orisuis
JCM14035, S. criceti HS-6, and S. sobrinus 6715 GTF-1
were examined and aligned (Fig. 3). The percent homology
of the GTF-I amino acid sequences from S. orisuis JCM
14035 and S. criceti HS-6 was 95.0%. The score of these
two strains is ranging from 77.0 to 78.0% compared with
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that of S. sobrinus 6715. The first 38 amino acids contained
the signal sequence of GTF proteins, and these amino acids
were similar to those by previously reported GTFs (Ferretti
et al., 1987; Shiroza et al., 1987; Abo et al., 1991; Sato et
al., 1993). Then, Mooser et al. (1991) reported the putative
active-site sequence (DSIRDAVD) from GTF-I enzyme of
S. sobrinus 6715, and the corresponding sequence was iden-

(A) (B)
Anti-GTF-1  GTF activity
1 2 3 1 2 3

kDa
250 —*|

150 —| .
100 —|
75 —*
50 —

Fig. 4. Western blotting (A) and zymograph (B) of the crude GTF-I
enzyme preparations following SDS-PAGE. Lanes: 1, S. sobrinus
6715; 2, S. orisuis JCM14035; and 3, S criceti HS-6, respectively.
Molecular size markers are shown at the left in panel A.

J. Microbiol.

tified in the amino acid sequence of S. orisuis JCM14035.
Near the C-terminus of the GTF molecule are the direct
repeating units consisting of 35 amino acids responsible for
glucan binding. However, the numbers of repeating units of
these domains were different in S. orisuis JCM14035 and S.
criceti HS-6 compared with that of S. sobrinus 6715.

Confirmation of WIG-producing GTFs from S. orisuis
and S. criceti

To confirm the secretion of WIG-producing GTF in S. ori-
suis JCM14035 and S. criceti HS-6, extracellular crude en-
zymes were prepared from these streptococci (see ‘Materials
and Methods’). As shown in Fig. 4, both immunologically
(A) and enzymatically (B) active GTF-I proteins were
found in the preparations from supernatant of S. sobrinus
6715, S. orisuis JCM14035 and S. criceti HS-6 following
SDS-PAGE experiments (lanes 1 to 3, respectively).

Phylogenetic analysis

To study the relationship among various the deduced amino
acid sequences of the GTFs, a phylogenetic tree was con-
structed based on GTFs including WIG- and WSG-producing
enzymes from oral streptococci. In this tree, one dextran-
sucrase (DSRA) sequence from Leuconostoc mesenteroides
was added. As shown in Fig. 5, WIG-producing enzymes
from mutans streptococci (GTF-I, GTF-B, and GTF-C) were
positioned in the same group. The two GTF-Is of S. orisuis
JCM14035 and S. criceti HS-6 were closely related to that
of S. sobrinus and S downei.

— S. criceti GTF-S

{S mutans GTF-C
S. mutans GTF-B

_E S. criceti GTF-I
S. orisuis GTF-l

—

S. sobrinus OMZ176 GTF-I
E S. sobrinus 6715 GTF-I

S. downei GTF-I
S. oralis GTF-R

S. gordonii GTF-G
S. mutans GTF-D

s419 Buonpoid-9|m

r S. salivarius GTF-N

L S. salivarius GTF-L*
S. salivarius GTF-M

L. mesenteroides DSRA
— S. criceti GTF-T

LS. sobrinus GTF-T

S. sobrinus GTF-U
S. salivarius GTF-J*

0.1

S. salivarius GTF-K

Fig. 5. Phylogenetic tree constructed from 20 GTF amino acid sequences of oral streptococci and from one dextransucrase of L. mesenteroides
DSRA. Asterisks indicate the exceptional WIG-producing GTFs (for details, see text). The length of the connecting lines indicates relative

phylogenetic distances.
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Discussion

In human, the mutans streptococci have been implicated as
etiologic factors in the development of dental caries. In
these bacteria, S. mutnas and S. sobrinus have the ability to
secrete GTF-B or GTF-I, which are different WIG-producing
enzymes, encoded by gffB or gifl gene, respectively. It has
been proposed that the functions of these GTFs are the
principal virulence factor contributing to caries formation
(Hamada and Slade, 1980).

Initially, PCR was carried out using the primer sets capa-
ble of amplifying and detecting the WIG-producing gtf gene
in the present study, because the presence of WIG-producing
gtf was focused on our attention. Since it is recognized that
the homologies of 3’-end of both WIG and WSG-producing
gtf genes were very high, it will be possible to amplify both
WIG- and WSG-producing gtf genes by PCR using the primer
sets designed by these region of the gtf genes.

Previously, it was reported that among six repeating units
in the C-terminal of the S. sobrinus 6715 and S. downei
GTF-1, the first two of these units are essential for GTF-I
activity as well as for binding of glucans (Ferretti et al.,
1987; Abo et al., 1991). In this study, it turned out that, in
the C-terminal region, one repeating unit is deficient in S.
orisuis JCM14035 and S. criceti compared to S. sobrinus
6715 GTF-1 (Fig. 3), however, the first two of repeating
units of GTF-I were preserved each two strains. It is difficult
to explain this difference of the number of repeating units.
Since S. mutans is known to be amenable to transformation,
deletion of a repeating unit might arise by genetic recombi-
nation during transmission of mutans streptococci from ani-
mal to human

To confirm the secretion of other GTF proteins from S.
orisuis JCM14035 and S. criceti in culture supernatant, im-
munostaining with MAbs anti-GTF-U and anti-T purified
from S. sobrinus B13N (Nanbu et al., 2000) was performed.
The prepared protein sample of S. criceti was only recog-
nized with the ant-GTF-T MAb (data not shown). This result
coincides with the previous study showing that S. criceti has
gifS and gtfT genes (Inoue et al., 2000). Protein from S. orisuis
was not detected by anti-GTF-U and anti-GTF-T MAbs
(data not shown). However, S. orisuis JCM14035 was able to
secrete the enzymatically active WIG-producing GTF (Fig.
4B), further experiment would be necessary to identify the
properties of this GTF-I enzyme.

Takada and Hirasawa (2007) reported that S. orisuis JCM
14035 is very closely related species to S. criceti HS-6. In
accordance with this, each cluster was joined by S. sobrinus
JCM14035 and S. downei based on the phylogenetic analysis
using 16S rRNA gene sequences. In the present study, when
GTF-based phylogenetic tree was constructed, the similar
results could be drawn (Fig. 5). S. sobrinus and S. downei are
very closely related species, and their amino acid sequences
of GTF-I show a high degree of homology (Ferretti et al.,
1987; Abo et al., 1991). Therefore, it was guessed that S.
orisuis JCM 14035 and S. criceti positioned almost the same
distances from S. sobrinus and S. downei, respectively. The
WIG-producing GTFs group thought to have branched from
WSG-producing GTFs except that S. salivarius GTF-L and
GTF-J (Fig. 5, asterisks), and then GTF-B and GTF-Is was
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considered to have divided. L. mesenteroides is a free-living
soil organism and secretes glucansucrases, which have com-
mon structural features, i.e., N-terminal catalytic site and
C-terminal repeating units, against GTFs. Interestingly, there
is no conservation of primary amino acid sequences between
L. mesenteroides glucansucrases and streptococcal GTFs
(Monchois et al., 1999). Therefore, DSRA of L. mesenter-
oides might poor relationships to other GTFs.

The ultimate goal of this ongoing work will be to identify
the origin of cariogenic factor in human. In this study, two
novel nucleotide sequences of gifl gene were determined
from pigs and hamsters, and a GTF-based phylogenetic tree
was constructed indicating close relationships between mu-
tans streptococci from animals and S. sobrinus.

Acknowledgements

This investigation was supported in part by a research grant
from Nihon University and the Ministry of Education,
Culture, Sports, Science, and Technology to promote multi-
disciplinary research projects (2003).

References

Abo, H., T. Matsumura, T. Kodama, H. Ohta, K. Fukui, K. Kato,
and H. Kagawa. 1991. Peptide sequences for sucrose splitting
and glucan binding within Streptococcus sobrinus glucosyltrans-
ferase (water-insoluble glucan synthetase). J. Bacteriol. 173,
989-996.

Ferretti, J.J., M.L. Gilpin, and R.R.B. Russell. 1987. Nucleotide se-
quence of a glucosyltransferase gene from Streptococcus sobrinus
MFe28. J. Bacteriol. 169, 4271-4278.

Fukushima, K., R. Motoda, and T. Ikeda. 1981. Effects of exoge-
neous insoluble glucan primer on insoluble glucan synthesis by
Streptococcus mutans. J. Dent. Res. 60, 1707-1712.

Kimura, M. 1983. The neutral theory of molecular evolution, p. 75.
Cambridge University Press, Cambridge, England.

Hamada, S. and H.D. Slade. 1980. Biology, immunology, and car-
iogenicity of Streptococcus mutans. Micorobiol. Rev. 44, 331-
384.

Inoue, M., T. Inoue, A. Miyagi, I. Tanimoto, R. Shigaki, H. Ohta,
and K. Fukui. 2000. Nucleotide sequencing and transcriptional
analysis of two tandem genes encoding glucosyltransferase
(water-soluble-glucan synthase) in Streptococcus cricetus HS-6.
Microbiol. Immunol. 44, 755-764.

Monchois, V., J.H. Lakey, and R.R.B. Russell. 1999. Secondary
structure of Streptococcus downei GTF-I glucansucrase. FEMS
Microbiol. Lett. 177, 243-248.

Mooser, G., S.A. Hefta, R.J. Paxton, J.E. Shively, and T.D. Lee.
1991. Isolation and sequence of an active-site peptide containing
a catalytic aspartic acid from two Streptococcus sobrinus alpha-
glucosyltransferases. J. Biol. Chem. 266, 8916-8922.

Nanbu, A., M. Hayakawa, K. Takada, N. Shinozaki, Y. Abiko, and
K. Fukushima. 2000. Production, characterization, and applica-
tion of monoclonal antibodies which distinguish four glucosyl-
transferase from Streptococcus sobrinus. FEMS Immunol. Med.
Microbiol. 27, 9-15.

Oho, T., Y. Yamashita, Y. Shimazaki, M. Kushiyama, and T. Koga.
2000. Simple and rapid detection of Streptococcus mutans and
Streptococcus sobrinus in human saliva by polymerase chain
reaction. Oral Microbiol. Immunol. 15, 258-262.

Page, R.D.M. 1996. TREEVIEW: An application to display phylo-
genetic trees on personal computers. Comput. Appl. Biosci. 12,
357-358.



208 Noriko et al.

Saitou, N. and M. Nei. 1987. The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol. Biol. Evol.
4, 406-425.

Sato, S., M. Inoue, N. Hanada, Y. Aizawa, Y. Isobe, and T. Katayama.
1993. DNA sequence of the glucosyltransferase gene of sero-
type d Streptococcus sobrinus. DNA Seq. 4, 19-27.

Shine, J. and L. Dalgarno. 1974. The 3’-terminal sequence of Escher-
ichia coli 16S ribosomal RNA: complementarity to nonsense
triplets and ribosome binding sites. Proc. Natl. Acad. Sci. USA
71, 1342-1346.

Shinozaki-Kuwahara, N., T. Shiroza, M. Hayakawa, Y. Abiko, and
K. Fukushima. 2005. Expression of the gtfl gene from Strepto-
coccus sobrinus in Streptococcus anginosus using integration-
mediated transformation system. Biochem. Biophys. Acta. 1722,
189-199.

J. Microbiol.

Shiroza, T, S. Ueda, and H.K. Kuramitsu. 1987. Sequence analysis
of the gtfB gene from Streptococcus mutans. J. Bacteriol. 169,
4263-4270.

Takada, K. and M. Hirasawa. 2007. Streptococcus orisuis sp. nov.,
isolated from pig oral cavity. Int. J. Syst. Evol. Microbiol. 57,
1272-1275.

Thompson, J.D., D.G. Higgins, and T.J. Gibson. 1994. CLUSTAL
W: improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res. 22, 4673-
4680.

Tsumori, H., A. Shimamura, and H. Mukasa. 1985. Purification
and properties of extracellular glucosyltransferase synthesizing
1,3-a-D-glucan from Streptococcus mutans serotype a. J. Gen.
Microbiol. 131, 553-559.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


