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Abstract

Streptococcus sobrinus has four gtf genes, gtfI, gtfS, gtfT, and gtfU, on the chromosome. These genes correspond respectively to the
enzymes GTF-I, GTF-S1, GTF-S2, and GTF-S3. An Escherichia coli MD66 clone that contained the S. sobrinus gtfU gene was
characterized. Immunological properties showed that the protein produced by the E. coli MD66 clone was similar to S. sobrinus GTF-S1.
Biological properties and a linkage analysis of the glucans by 13C NMR spectrometry revealed that the protein produced by the E. coli
MD66 clone was GTF-S1. ß 2001 Elsevier Science B.V. All rights reserved.
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Streptococcus mutans and Streptococcus sobrinus are
major pathogenic bacteria for dental caries. They have
the ability to produce water-insoluble glucans (WIG)
and water-soluble glucans (WSG) from dietary sucrose.
These glucans are closely related to the maturation of bac-
terial bio¢lms on the tooth surface and to their virulence.

S. mutans has three gtf genes, gtfB, gtfC, and gtfD, on
the chromosome [1]. These genes correspond to GTF en-
zymes GTF-I, GTF-SI, and GTF-S.

S. sobrinus has four gtf genes, gtfI, gtfS, gtfT, and gtfU,
on the chromosome [2]. These genes correspond respec-
tively to the enzymes GTF-I, GTF-S3, GTF-S2, and
GTF-S1 [2]. GTF-I is an K-1,3-glucan synthesizing enzyme
and synthesizes WIG that is activated by the WSG. The
GTF-S1 enzyme is an K-1,6-glucan and an K-1,3,6-glucan
synthesizing enzyme and synthesizes WSG. GTF-S1 is also
activated by the addition of WSG. The properties of these
enzymes were reported previously [3,4], However, the
genes of GTF-S1 have not yet been identi¢ed. In this

study, we identify the gtfU gene and GTF-S1 enzyme
from the S. sobrinus strain B13N.

The genomic library was constructed by the chromoso-
mal DNA from S. sobrinus B13N and was partially
cleaved with Sau3A1 and ligated with BamHI-cut VL47.1
DNA [5]. Phage plaques that developed on the LB agar
plates after in vitro packaging of the library into Escheri-
chia coli C600 indicator cells were blotted onto nitrocellu-
lose membranes. The membranes were incubated with
antiserum raised against a crude GTF preparation from
the B13N strain. They were then treated by goat anti-rab-
bit IgG conjugated with horseradish peroxidase and devel-
oped using 4-methoxy-1-naphthol. Several clones reacted
with a monoclonal antibody (MAb B76) speci¢c to the
GTF-S1 enzyme [2]. One of the positive clones, designated
as VMDSM66, was selected. The DNA from VMDSM66
was digested with ClaI and ligated into the plasmid vector
pACYC184 [6]. The ligation mixture was transformed into
E. coli HB101. One of the chloramphenicol-resistant re-
combinant transformant MD66 cells was then selected
on LB agar plates containing chloramphenicol (30 Wg/
ml) and was used for the following study.

E. coli MD66 cells containing plasmid pMD66 were
subsequently tested for sucrose hydrolyzing ability. Reduc-
tion of the sugar-forming activity and WSG-forming ac-
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tivity was assayed as previously reported [7,8]. One inter-
national unit (IU) of activity was de¢ned as the amount of
enzyme required to incorporate 1 Wmol glucose from su-
crose into glucans per minute under the standard assay.
The MD66 cells evidently express a recombinant protein
that possesses sucrase and WSG-forming activities.

Rabbit anti-GTF sera speci¢c to GTF-I, GTF-S1, GTF-
S2 and GTF-S3 from the S. sobrinus B13N and rGTF-S1

were prepared as described previously [9]. The extract of
MD66 cells produced a single precipitation line with only
the anti-GTF-S1 serum in the Ouchterlony test [10]. When
the enzyme localization of E. coli MD66 cells was exam-
ined, a large portion (74.3%) of sucrase activity was found
in the soluble cytoplasmic fraction, compared with 13.7%
in the periplasmic fraction and 12.0% in the membrane
fraction. The recombinant GTF-S1 (rGTF-S1) enzyme
was prepared from the soluble cytoplasmic and periplas-
mic fraction of MD66 cells. The recombinant enzyme
rGTF-S1 was then puri¢ed to homogeneity following am-
monium sulfate precipitation, hydrophobic adsorption,
anion exchange, and hydroxyapatite chromatographies.

rGTF-S1 preparation migrated on a sodium dodecyl sul-
fate^polyacrylamide gel electrophoresis (SDS^PAGE) gel
as a 175 kDa protein band (Fig. 1A). The 175 kDa protein
band possessed WSG-forming activity and was reactive to
the anti-GTF-S1 serum (Fig. 1B). The pI value and the
speci¢c activity (determined by WSG-forming assay) of
the puri¢ed rGTF-S1 enzyme were pI 4.0 and 13.3 IU/
mg protein. In contrast, the molecular size, pI value, and

speci¢c activity of the GTF-S1 enzyme puri¢ed from the
B13N culture £uid were 176 kDa, pI 4.0, and 14.3 IU/mg
protein. These data corresponded to the previous report
[11]. Sucrase activities both of the rGTF-S1 and GTF-S1

enzymes were increased three times by addition of dextran
T10 in the reaction mixtures.

A sequence analysis of plasmid pMD66 was carried out
to determine the complete sequence of the gene (Fig. 2).
The putative active site sequence (D-G-V-R-V-D-A-V-D)
of pMD66 was identical to the previously published [12]
active site peptide derived from GTF-S. GTF-I and GTF-
S active-site peptides had similar but not identical sequen-
ces: GTF-I, D-S-I-R-V-D-A-V-D; GTF-S, D-G-V-R-V-
D-A-V-D. Each has three aspartic acids (D) as potential
sites of glucose conjugation [12].

The ¢rst 35 amino acids encoded by sequence MEKKL-
HYKLHKVKKHWVTIAVASIGLVSLVGAGTV are
similar to those encoded by the previously reported S.
sobrinus gtfT gene, MERKLHYKLHKVKKQWVTIA-
VASAGLASIVGAGSV [13]. Since these amino acids con-
tain the signal sequence of the GTF protein, we truncated
the ¢rst 35 amino acids to estimate the pI value of rGTF-
S1 by computer (DNASIS, Hitachi, Japan). Computer
analysis revealed that the total number of amino acids
of rGTF-S1 was 1519, the pI value was 4.35 and the mo-
lecular mass was 167 843. Values for the previously re-
ported gtfT gene that encoded the GTF-S3 protein were
calculated to be 1433 amino acids, pI 5.22 and Mr 158 973,
respectively. The pI value of the enzyme and its molecular
mass both corresponded with the previous report [11].

A linkage analysis of the glucans by 13C NMR spec-
trometry was conducted to determine the structure of
the glucans that were formed by GTF-S1. The 13C NMR
spectrum was recorded at 67.9 MHZ with a JEOLJNM-
GX270 spectrometer operated in the Fourier transform
mode, with complete proton-decoupling, at 21‡C.

Table 1 shows the result of 13C NMR spectra of glucans
synthesized from sucrose by puri¢ed rGTF-S1 and GTF-
S1 enzymes in the absence of dextran. As shown in Table
1, spectra A and B were similar, indicating that WSGs
synthesized by both enzymes are highly branched 1,3,6-

Fig. 1. SDS^PAGE, immunostaining and activity-staining analysis of
the recombinant enzyme rGTF-S. (A) Protein staining (with CBB) of
various rGTF-S1 preparations in the puri¢cation process. Lane 1, cell-
free extract ; lane 2, ammonium sulfate fraction; lane 3, Butyl-Toyopearl
650 fraction; lane 4, DEAE Bio-Gel A fraction; lane 5, hydroxyapatite
fraction. (B) Analysis of the puri¢ed enzyme (ca. 0.5 Wg protein). Lane
1, CBB staining of size marker proteins; lane 2, CBB staining of the pu-
ri¢ed enzyme; lane 3, activity staining (activity is displayed after incuba-
tion with sucrose and subsequent PAS staining); lane 4, immunostaining
with anti-GTF-S1 serum.

C

Fig. 2. The complete sequence of the gtfU gene obtained from the S. sobrinus B13N. The ¢rst 35 amino acid peptide and putative active site sequence
(D-G-V-R-V-D-A-V-D) is underlined.

Table 1
Structures of glucans produced by GTF-S1 and rGTF-S1 measured by
13C NMR

Linkages A B

1,3-K-linked glucosyl residues 0 6 1
1,3,6-K-linked glucosyl residues 32.0 30.8
1,6-K-linked glucosyl residues 26.3 25.2
Terminal residues 41.7 43.9

(A) 13C NMR spectra of WSGs synthesized by B13N GTF-S1 (%). (B)
MD66 rGTF-S1 enzymes (%).
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Fig. 2.
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K-linked glucosyl residues of nearly the same structure.
The previously reported gtfT gene that encoded GTF-S2

produced a small amount (5%) of branched 1,3,6-K-linked
glucosyl residue [13]. The results of the linkage analysis
completely corresponded with the previous report [14].
These results strongly suggest that the MD66 clone ob-

tained in this study has the native S. sobrinus gtfU gene
and expresses an active GTF-S1 enzyme.
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