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Dextransucrase (DSR-S) from Leuconostoc mesenteroides NRRL B-512F is a glucosyltransferase that cata-
lyzes synthesis of soluble dextran from sucrose. In the presence of efficient acceptor molecules, such as maltose,
the reaction pathway is shifted toward glucooligosaccharide synthesis. Like glucosyltransferases from oral
streptococci, DSR-S possesses a C-terminal glucan-binding domain composed of a series of tandem repeats. In
order to determine the role of the C-terminal region of DSR-S in dextran or oligosaccharide synthesis, four
DSR-S genes with deletions at the 3* end were constructed. The results showed that the C-terminal region
modulated the initial velocity of dextran synthesis but that the Km for sucrose, the optimum pH, and the
activation energy were all unaffected by the deletions. The C-terminal domain modulated the rate of oligosac-
charide synthesis whatever acceptor molecule was used (a good acceptor molecule such as maltose or a poor
acceptor molecule such as fructose). The C-terminal domain seemed to play no role in the catalytic process in
dextran and oligosaccharide synthesis. In fact, it seems that the role of the C-terminal domain of DSR-S may
be to facilitate the translation of dextran and oligosaccharides from the catalytic site.

Dextransucrase (DSR-S) from Leuconostoc mesenteroides
NRRL B-512F is a 1,527-amino-acid glucosyltransferase (EC
2.4.1.5) that catalyzes the synthesis from sucrose of a soluble
dextran in which more than 95% of the D-glucosyl units are
a(1-6) linked (21, 34). This dextran has many important indus-
trial and medical uses (4). In the presence of efficient acceptor
molecules, such as maltose, the reaction pathway is shifted
toward oligosaccharide synthesis (16, 21).

Analysis of the DSR-S sequence revealed that in its N-ter-
minal portion the region extending from amino acid 268 to
amino acid 1134 is homologous to the corresponding region of
glucosyltransferases (GTFs) from oral streptococci (21). In
GTFs, this region is essential for maintaining glucan synthesis
activity (1, 8) and includes a putative catalytic site for sucrose
hydrolysis (12, 22). Essential amino acids have been identified
in DSR-S (21), and structural predictions have suggested that
like a-amylases, the catalytic domains of GTFs and DSR-S are
members of the (b/a)8 barrel-containing protein family (19).

In GTFs the glucan-binding region is located in the carboxy-
terminal portion, which contains about 300 to 400 amino acids
in these enzymes (8, 35). The glucan-binding region does not
participate in sucrose splitting (1, 12, 35) but strongly modu-
lates activity (1, 8, 11, 18). It contains a series of homologous
repeating units consisting of about 30 amino acids, which are
also found in Streptococcus mutans glucan-binding protein (3).
A number of types of repeats have been identified on the basis
of sequence similarities, and these repeats have been desig-
nated A, B, C, and D repeats (8, 9, 33). All of these repeats
contain the same structural element, the YG repeat, which is
characterized by the presence of clusters of aromatic residues,
the predominance of polar and turn-promoting residues at

certain positions, and the occurrence of a glycine residue three
or four residues downstream from the aromatic cluster (9).
The numbers and patterns of repeats vary in different strepto-
coccal enzymes, but no correlation between these repeats and
enzyme function has been found. However, four A repeats are
required for functioning of S. mutans GTF-S, which synthe-
sizes soluble glucan composed of D-glucosyl units that are
predominantly a(1-6) linked (18). In contrast, only two A re-
peats are necessary for S. mutans GTF-I, which synthesizes
insoluble mutan, a polysaccharide composed of D-glucosyl
units that are a(1-3) linked (1, 8, 11). The C terminus may also
influence the structure of the glucan produced, but this has not
been well studied (23, 32). Moreover, the involvement of the
glucan-binding domain in the catalytic mechanism is still not
clearly defined, nor is the role of the glucan-binding domain in
oligosaccharide synthesis understood.

In the present paper we describe a sequence analysis of the
C-terminal portion of L. mesenteroides NRRL B-512F DSR-S
and the effect of sequential deletions on the biochemical prop-
erties of DSR-S. We paid particular attention to characterizing
the dextran and oligosaccharide synthesis activities of mutants
in order to better understand the role of the C-terminal region
of DSR-S in the catalytic mechanism.

MATERIALS AND METHODS

Molecular techniques. Escherichia coli transformations were carried out by the
method of Hanahan (10). Restriction or modifying enzymes were used as de-
scribed by the enzyme supplier (New England Biolabs, Inc.). DNA purification,
digestion, and agarose gel electrophoresis were performed by standard proce-
dures (20).

Construction of plasmids. Genomic DNA from L. mesenteroides NRRL B-
512F was extracted as described by Phalip et al. (25) and was used as a template
to clone the full-length 4,580-bp dsr-S gene in plasmid pTrc99A in order to
produce plasmid pBF7 (21) by using sequence information obtained by Wilke-
Douglas et al. (34) and deposited under GenBank accession no. I09598. Briefly,
a set of primers (a 59 end primer, 59-ATAGAAGAGAGCTCATTATAAGGA
GAAAATTTATG, containing a SacI-engineered restriction site, and a 39 end
primer, 59-TATATATCTAGAAAGCTTATGCTGACACAG, containing an
XbaI-engineered restriction site) was designed to PCR amplify a 4.8-kb fragment
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containing the entire dsr-S gene. Plasmid pBF7 was obtained by ligating the PCR
product and pTrc99A (2) that had been double digested with XbaI and SacI. The
SacI cleavage site was positioned in the primer sequence so that the ATG of the
vector could be used as the start codon.

In order to construct a dsr-S gene having a 255-bp deletion at the 39 end (and
coding for DSR-S1) (Fig. 1), a 4.3-kb SacI-BamHI fragment was isolated from
pBF7 and cloned in pTrc99A that had been double digested with the same
enzymes. To construct a dsr-S gene having a 510-bp deletion at the 39 end (and
coding for DSR-S3), a 2.7-kb SpeI-EcoRI fragment carrying the part of dsr-S
lacking the 39 end was first inserted into pBS-SK (Stratagene) to obtain plasmid
pKS7. Then the 2.7-kb SpeI-KpnI fragment from pKS7 and the 1.4-kb SacI-SpeI
fragment from pBF7, corresponding to the 59 end of dsr-S, were inserted into
pTrc99A.

In order to construct dsr-S genes having 409- and 636-bp deletions (and coding
for DSR-S2 and DSR-S4, respectively), these deleted 39 ends of dsr-S were PCR
amplified and inserted into pTrc99A with the 59 end of dsr-S. In these two cases,
the PCR consisted of annealing at 48°C, 1 min, extension at 72°C for 2 min, and
denaturation at 94°C for 1 min for 4 cycles and annealing at 50°C for 1 min,
extension at 72°C for 2 min, and denaturation at 94°C for 1 min for the subse-
quent 20 cycles. Vent polymerase (Biolabs Inc.) was used as the thermostable
polymerase.

In order to clone the gene coding for DSR-S2, the 39 end of dsr-S was PCR
amplified with a 59 end primer (59-AGCTACAATTAGAGGATGG) located
upstream from an NdeI restriction site identical to residues 2667 to 2696, which
corresponded to ELQLEDG in the protein sequence, and a 39 primer (59-CTG
ATTTGGATCCTAATTGCCTGTGTT) complementary to residues 4408 to
4434, which corresponded to NTGNLITNQ in the protein sequence. An engi-
neered BamHI restriction site was introduced into the latter primer by substi-
tuting GATCAC for GGATCC. Also, a stop codon (CTA) was inserted just after
the restriction site. Following PCR, the 1.7-kb product obtained was double
digested with NdeI and BamHI. It was then ligated into pTrc99A that had been
double digested with SacI and BamHI along with a 2.5-kb SacI-NdeI fragment
from pBF7 that corresponded to the 59 end of dsr-S.

In order to clone the gene coding for DSR-S4, the 39 end of dsr-S was PCR
amplified with a 59 end primer (59-AGCTACAATTAGAGGATGG) located
upstream from the NdeI restriction site and a 39 end primer (59-ACTATTGTC
GACTTAACGTAGGATAGC) complementary to residues 4171 to 4197, which
corresponded to AILRYVQNS in the protein sequence. An engineered SalI
restriction site was introduced into the latter primer by substituting GTGCAA
for GTCGAC. Also, a stop codon (TTA) was inserted just after the restriction

site. Following amplification, the 1.5-kb fragment was digested with NdeI and
SalI. It was ligated into pTrc99A that had been double digested with SacI and
SalI along with a 2.5-kb SacI-NdeI fragment from pBF7 that corresponded to the
59 end of dsr-S.

Preparation of wild-type and mutant DSR-S. E. coli DH1 containing the dsr-S
gene and E. coli DH1 containing the deleted dsr-S genes were grown as described
previously (21) in 400 ml of Luria-Bertani medium supplemented with 100 mM
Tris-HCl (pH 6.4) and 0.1 mg of ampicillin per ml at 30°C. Lactose was added to
final concentration of 20 g/liter; this compound was used as an inducer of the trc
promoter. Cells were harvested after 13 h of growth by centrifugation, resus-
pended in 20 mM sodium acetate buffer (pH 5.4) containing 1% (vol/vol) Triton
X-100 and 1 mM phenylmethylsulfonyl fluoride, and sonicated. Debris and
unbroken cells were pelleted, and the supernatant was used as the source of
enzymes. Protein concentrations were determined by the method of Bradford (6)
with bovine serum albumin as the standard.

Enzyme activity assays. In order to determine dextran synthesis activity, re-
actions were performed at 30°C in 20 mM sodium acetate buffer (pH 5.4)
containing 0.05 g of CaCl2 per liter and 100 g of sucrose per liter. Activity was
assayed by the dinitrosalicylic acid method (30). One unit was defined as the
amount of enzyme that catalyzed the formation of 1 mmol of fructose per min
under these conditions. Activity was also determined by measuring the quantity
of soluble dextran by high-performance liquid chromatography with gel perme-
ation (type SI-100 column; Merck) by using a Hewlett-Packard series 1050
system consisting of a pump, an injector, and a model HP 1047A refractometer.
The eluant was ultrapure water at a flow rate of 0.5 ml/min.

The effect of pH on activity was measured in the presence of 100 g of sucrose
per liter at 30°C by using 20 mM sodium acetate buffer at pH values ranging from
4.3 to 6.6.

Oligosaccharide synthesis reactions were performed at 26°C to reduce enzyme
thermal denaturation. Oligosaccharide synthesis in the presence of maltose ac-
ceptor was carried out in 20 mM sodium acetate buffer (pH 5.4) containing 0.05 g
of CaCl2 per liter, 50 g of sucrose per liter, and 25 or 10 g of maltose per liter,
giving ratios of sucrose concentration to maltose concentration of 2 or 5. In the
presence of a fructose acceptor, sucrose was used at a concentration of 50 g/liter
and fructose was used at a concentration of 50 g/liter, which gave a ratio of
sucrose concentration to fructose concentration of 1. Oligosaccharides were
analyzed by high-performance liquid chromatography with a type C18 column by
using a Hewlett-Packard series 1050 system and ultrapure water as eluant at a
flow rate of 0.5 ml/min.

FIG. 1. (A) Schematic representation of the structure of the C-terminal domain of DSR-S. The cleavage sites on the dsrS sequence are shown, as are the ends of
truncated enzymes on the DSR-S sequence. Corresponding protein sizes are also indicated. aa, amino acids. (B) Sequences of A repeats, C repeats, and N repeats. The
consensus sequences (7, 8) used to identify the A and C repeats are shown. Boldface type indicates conserved amino acid residues.
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Electrophoresis analysis. Equivalent quantities of total proteins from cell
extracts prepared from E. coli transformants expressing either full-length dsr-S
genes or dsr-S genes having deletions or transformants simply carrying pTrc99A
were denatured for 2 min at 95°C, separated by 7% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) (17), and stained with Coomas-
sie blue R-350 (Pharmacia).

Detection of reaction product in gel. After SDS-PAGE, the gel was washed
three times with 20 mM sodium acetate buffer (pH 5.4) containing 0.1% (vol/vol)
Triton X-100 at 4°C to eliminate the SDS. The gel was incubated in the same
buffer at 4°C, 100 g of sucrose per liter was added, and the active bands were
detected by the formation of dextran as a white polymer inside the gel.

RESULTS

Construction of dsr-S genes having deletions and expression
in E. coli. Analysis of the C-terminal domain of DSR-S re-
vealed that this region contains several types of repeats (Fig.
1). Repeats homologous to the A and C repeats identified
previously in S. mutans glucan-binding protein (3) were iden-
tified at amino acids 1193 to 1396 (Fig. 1). The carboxy end of
this domain was composed of a repeat homologous to the C
repeat and a series of small repeats containing the character-
istic elements of the YG repeats, such as a glycine residue
three or four residues downstream from the aromatic cluster
(9) (Fig. 1). However, these repeats are not highly conserved
(Fig. 1). The fact that a C-terminal domain ends with repeating
units that are not very well conserved has not been encoun-
tered previously in other glucan-binding proteins or GTFs. We
have named these repeats N repeats.

In order to determine the function of these repeating units
during enzyme activity, four DSR-S deletion derivatives were
constructed as described in Materials and Methods. DSR-S1
contained the first three A repeats, the first two C repeats, and
only one N repeat, while DSR-S2 contained the first three A
repeats and the first two C repeats. DSR-S3 contained the first
two A repeats and the first two C repeats, while DSR-S4
contained the first A repeat and the first two C repeats (Fig. 1).
All truncated genes were cloned into pTrc99A (2). Sonicated
extracts of each deletion derivative obtained from cultures of
transformed E. coli DH1 were used as sources of enzymes.
SDS-PAGE staining of these extracts revealed that dsr-S and
the deletions were expressed at similar levels (Fig. 2A). The
typical DSR-S pattern was observed with DSR-S, and different
active forms were produced, which corresponded to bands at
200, 180, and 160 kDa (21). The molecular masses of the three
bands decreased with a decrease in DNA length. For DSR-S
and the four deletion derivatives, these protein bands exhibited
DSR-S activity that was detectable on SDS-PAGE gels (Fig.
2B).

Characterization of DSR-S and truncated DSR-S activities.
Activity assays carried out with DSR-S and the truncated en-
zymes indicated that removal of the C-terminal end from
DSR-S resulted in a strong decrease in activity, as determined
by the release of fructose (Fig. 3). The effects of deletions on
dextran synthesis activity seemed to be the same; similar de-
creases in fructose-releasing and dextran synthesis activities
were observed with DSR-S, DSR-S1, and DSR-3 (Fig. 3). The
lack of the last six repeats, corresponding to a loss of only 85
amino acids, resulted in the largest decrease in activity. When
DSR-S2 was compared to DSR-S4, the loss of activity was less
drastic. In order to further characterize the effects of the de-
letions and because DSR-S2, DSR-S3, and DSR-S4 exhibited
similar activities, only DSR-S1 and DSR-S3 were used in a
comparison of properties with the properties of the full-length
enzyme, DSR-S.

Effects of deletions on Km and Vmax values. In order to
determine whether the deletions that altered activity also af-
fected the binding of sucrose, the Km value for sucrose of
full-length DSR-S was compared with the Km values of two
truncated enzymes, DSR-S1 and DSR-S3. These values were
determined from Lineweaver-Burk plots by determining initial
velocities in the presence of 100 to 2.5 g of sucrose per liter.
The Km values were very similar (26, 28, and 32 mM for
DSR-S, DSR-S1, and DSR-S3, respectively). However the

FIG. 2. Expression of DSR-S and truncated enzymes in E. coli DH1. (A) SDS-PAGE analysis of wild-type and truncated proteins. (B) Assay for soluble glucan
synthesis following SDS-PAGE. Lanes 1, wild-type DSR-S; lanes 2, DSR-S1; lanes 3, DSR-S2; lanes 4, DSR-S3; lanes 5, DSR-S4; lanes 6, cell extract from E. coli
DH1(pTrc99A); lane M, molecular weight standards.

FIG. 3. Effect of DSR-S deletions on activity in the presence of sucrose. The
dashed line shows the correlation between the size of the enzyme and activity.
The histogram shows the rates of dextran synthesis determined for DSR-S,
DSR-S1, and DSR-S3. aa, amino acid; extr., extract.
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Vmax value was significantly affected by the deletions; the Vmax
values for DSR-S, DSR-S1, and DSR-S3 were 75, 21.1, and 1.9
U/ml, respectively.

Effect of temperature on DSR-S activity. As shown in Fig. 4,
DSR-S and DSR-S1 exhibited the same optimum temperature
(30°C), whereas DSR-S3 had an optimum temperature of
26°C. DSR-S3, in which 170 amino acid residues in the C-
terminal portion of DSR-S were deleted, was much more sen-
sitive to temperature denaturation than DSR-S or DSR-S1.
The three preparations had the same profile for activation by
temperature (Fig. 4). The activation energies were determined
by using Arrhenius plots and were of the same order of mag-
nitude (39.0, 40.0, and 39.2 kJ/mol for DSR-S, DSR-S1, and
DSR-S3, respectively).

Effect of pH on activity of truncated enzymes. The effect of
pH on activity of truncated enzymes was determined with
DSR-S, DSR-S1, and DRS-S3. Exogenous soluble T70 dextran
was also added at a concentration of 5 g/liter to determine if
the effect on activity observed with dextransucrase from L.
mesenteroides NRRL B-512F (13) was modified by deletions
(Fig. 5). In the absence of exogenous dextran, the pH range for
maximal activity was the same, pH 5.1 to 5.6, for the three
enzymes. At low pH values, DSR-S3 was also much more sensi-
tive to pH inhibition than DSR-S or DSR-S1 was (Fig. 5C).

In the presence of exogenous dextran, the pH range for
maximal activity was 5.3 to 5.7 for DSR-S and DSR-S1 (Fig. 5A
and B). This effect was identified previously with the dextran-
sucrase expressed from L. mesenteroides NRRL B-512F (13).
In the presence of dextran, a shift in the pH range for maximal
activity to higher values was not observed with DSR-S3. Also,
exogenous dextran was an activator of DSR-S and DSR-S1
(Fig. 5D). With DSR-3, no activator effect was observed in the
presence of dextran (Fig. 5D).

Oligosaccharide synthesis in the presence of maltose. As
previously observed with the dextran synthesis reaction, all of
the deletions affected acceptor reaction kinetics (Table 1).
Addition of maltose increased the initial velocity of the reac-
tion with DSR-S. Deletions did not suppress this effect. With
DSR-S1 this positive effect of maltose on activity seemed to be
the same as the effect observed with DSR-S. With DSR-S3,
maltose had a stronger activator effect (Table 1). With DSR-S,

the yield of oligosaccharide synthesis decreased when the ratio
of sucrose concentration to maltose concentration increased
(Table 2). The increase in the ratio of sucrose concentration to
maltose concentration also affected the yield of oligosaccha-
rides produced by truncated enzymes. The yield was the same
with all enzymes.

All of the oligosaccharides synthesized by DSR-S are pro-
duced by DSR-S1 and DSR-S3 (Table 3). In the presence of

FIG. 4. Effect of temperature on DSR-S, DSR-S1, and DSR-S3 activities.
The highest level of activity observed for each enzyme was defined as 100%
activity for that enzyme.

FIG. 5. Effect of pH on DSR-S, DSR-S1, and DSR-S3 activities. DSR-S (A),
DSR-S1 (B), and DSR-S3 (C) activities were determined at different pH values
in the presence (solid symbols) or in the absence (open symbols) of 5 g of dextran
T70 per liter. The highest level of activity observed for each enzyme with or
without dextran T-70 was defined as 100% activity for that enzyme. (D) Com-
parison of the activator effects of dextran T70 on DSR-S, DSR-S1, and DSR-S3
activities. The highest level of activity observed at the optimum pH for each
enzyme was defined as 100% activity for that enzyme.

TABLE 1. Effects of deletions on the initial velocities of reactions
in the presence of sucrose, in the presence of sucrose plus

maltose, and in the presence of sucrose plus fructose

Sugar(s) Ratio
Enzyme activities (U/ml)

DSR-S DSR-S1 DSR-S3

Sucrosea 71.5 (100)b 17.3 (100) 4.4 (100)
Sucrose 1 maltose 5c 96.9 (135) 22.9 (132) 10.2 (231)

2d 137.5 (192) 32.7 (189) 15.9 (363)
Sucrose 1 fructose 1e 56.6 (79) 14.4 (89) 6.5 (147)

a Each reaction mixture contained 50 g of sucrose per liter (dextran synthesis
reaction).

b The values in parentheses are percentages; 100% was defined as the initial
velocity observed in the absence of an acceptor.

c Each reaction mixture contained 50 g of sucrose per liter and 10 g of maltose
per liter.

d Each reaction mixture contained 50 g of sucrose per liter and 25 g of maltose
per liter.

e Each reaction mixture contained 50 g of sucrose per liter and 50 g of fructose
per liter.
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maltose, oligosaccharides from panose to oligodextran having
a degree of polymerization of 6 (OD6) were produced in all
cases. However, deletions influenced the size distribution of
the oligosaccharides produced. With DSR-S, the percentage of
OD6 obtained when sucrose was completely consumed was
found to be 16% when the ratio of sucrose concentration to
maltose concentration was 5. With DSR-S3, this percentage
was 30% when the ratio of sucrose concentration to maltose
concentration was 5 (Table 3). The lack of the C-terminal
region seemed to facilitate the production of oligosaccharides
having higher degrees of polymerization.

Effects of deletions on leucrose synthesis in the presence of
fructose. With dextranscurase produced by L. mesenteroides
NRRL B-512F, fructose is a weak acceptor which slows down
the overall reaction rate, and the leucrose produced [5-O-(a-
D-glucopyranosyl)-D-fructopyranose] is not an acceptor (5, 14).
With DSR-S, the initial velocity of the reaction in the presence
of fructose was lower than the initial velocity of the reaction in
the absence of fructose, (Table 1), and the leucrose yield in the
presence of fructose was 21% (Table 2). With DSR-S1 and
DSR-S3, the yields were greater, showing that deletions fa-
vored leucrose synthesis at the expense of dextran synthesis.
Moreover, the inhibitory effect on the reaction rate was less
with DSR-S1 than with DSR-S. Surprisingly, with DSR-S3,
fructose, like maltose, had an activating effect (Table 1).

DISCUSSION

Like all GTFs whose sequences are known (9, 33), the C-ter-
minal domain of DSR-S from L. mesenteroides NRRL B-512F
is composed of a series of repeats homologous to A and C re-
peats. The terminal portion contains repeat motifs which are
not highly conserved but possess the main characteristics of the
YG repeats (9) that we call N repeats. This structure has not
been identified in streptoccocal GTFs. In order to gain further
insight into the role of C-terminal repeats in GTF activity, the
effects of engineered deletions on both dextran and oligosac-
charide synthesis were examined.

As with streptococcal GTFs (1, 8, 11, 18, 32), the C-terminal
portion of DSR-S is crucial for maintaining a high initial rate
of consumption of sucrose and a high initial rate of synthesis of
dextran. There is a direct correlation between dextran synthe-
sis and sucrose consumption, which indicates that deletions
have no effect on the ratio of sucrose hydrolysis to polymer
synthesis. This suggests that the C-terminal domain of DSR-S
does not facilitate the transfer of glucosyl residues on the dex-
tran chain.

The binding sites for sucrose and dextran are separate sites

on DSR-S (15), and the catalytic site responsible for cleavage
of sucrose is located in its N-terminal region (19, 21, 22). The
fact that deletions do not have a drastic effect on the Km for
sucrose suggests that they do not alter the ability of DSR-S to
bind the substrate sucrose. Moreover, the activation energy of
the dextran synthesis reaction is not affected by deletions,
which shows that the energy level of the transition state is not
modified. The optimum pH does not change. The distribution
of local charges in the catalytic site of DSR-S and the distri-
bution of these charges in the truncated enzymes are the same,
which indicates that the sucrose binding site is not directly
affected by deletions.

The reaction velocity is the only parameter which is strongly
influenced by deletions; deletions in the C terminus of DSR-S
result in decreases in the initial reaction rate. Although the
truncated proteins seem to be more sensitive to thermal dena-
turation than DSR-S is, this difference cannot explain the de-
creases in the initial rate observed with the truncated enzymes.
The presence of the three first repeats is sufficient to maintain
a detectable dextran synthesis activity, but the last 85 amino
acid residues are particularly crucial for activity. However,
without additional evidence it is not possible to say whether the
size of the C-terminal portion of DSR-S alone is crucial for
maintaining activity or whether there is a direct correlation
between the absence of a nontypical N series of repeats in the
C-terminal domain and the decrease in activity.

In the case of the dextran synthesis reaction, it has been
proposed that translation of the growing dextran is the limiting
step in the reaction, perhaps because of steric hindrance (7).
Like the initial velocity of the reaction, the glucan-binding
properties of the C-terminal domain are also altered by dele-
tions; the activator effect of dextran T70 does not occur with
DSR-S3. Thus, because of its glucan-binding properties, the
C-terminal domain of DSR-S could have a positive effect on
the reaction velocity by making translation of the growing
dextran from the catalytic site easier.

The effect of deletions on oligosaccharide synthesis has not
been examined previously, but such a study could provide
interesting information because mechanisms of synthesis are
different; transfer of glucosyl residues occurs at the nonreduc-
ing ends of oligosaccharides, while synthesis of polymers oc-
curs at the reducing ends (27, 28). Maltose and fructose were
used as examples of good and bad acceptors, respectively. In
both cases, the velocity of oligosaccharide synthesis was also
dramatically affected by deletions. As in the dextran synthesis
reaction, the C-terminal portion of DSR-S is crucial for main-
taining a high initial rate of oligosaccharide production.

The activation of DSR-S by maltose described previously
(24, 26) is even more pronounced with truncated enzymes.
Paul et al. interpreted this effect as the result of a change in a
limiting step of the reaction (24). In the presence of maltose,
the formation of a D-glucosyl–enzyme complex before sugar is
transferred to the acceptor should be the limiting step (24).

TABLE 2. Effects of deletions on oligosaccharide yields in
the presence of sucrose plus maltose and on leucrose

yields in the presence of sucrose plus fructose

Sugars Ratio

Oligosaccharide
yields (%) with:

Leucrose
yields (%) with:

DSR-S DSR-S1 DSR-S3 DSR-S DSR-S1 DSR-S3

Sucrose 1
maltose

5a 63 62 63
2b 93 91 95

Sucrose 1
fructose

1c 21 27 37

a Each reaction mixture contained 50 g of sucrose per liter and 10 g of maltose
per liter.

b Each reaction mixture contained 50 g of sucrose per liter and 25 g of maltose
per liter.

c Each reaction mixture contained 50 g of sucrose per liter and 50 g of fructose
per liter.

TABLE 3. Effects of deletions on the sizes of oligosaccharides
produced in the presence of maltose and sucrose

Enzymea
% Composition of oligosaccharides produced

Panose OD4 OD5 OD6

DSR-S 13.1 33.3 37.1 16.5
DSR-S1 13.9 32.9 38.6 14.6
DSR-S3 6.5 23.3 40.2 30.0

a Each reaction mixture contained 50 g of sucrose per liter and 10 g of maltose
per liter.
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This effect is observed with deleted proteins, which supports
the idea that the kinetics of D-glucosyl–enzyme complex for-
mation in the presence of maltose is not modified by deletions.
The overall yields of oligosaccharides are equivalent in the
presence of maltose. As previously described for dextransu-
crase produced by L. mesenteroides NRRL B-512F (29), only
the ratio of sucrose concentration to maltose concentration
had an effect on these yields. According to the proposed mech-
anisms for the acceptor reaction with maltose (28, 31), this
supports the hypothesis that the C-terminal portion is not
involved in the process which results in oligosaccharide forma-
tion.

However, the distributions of the products are not similar. A
170-amino-acid deletion in the C-terminal domain of DSR-S
results in an increase in the percentage of the longest oligo-
saccharides produced (OD6). When the C-terminal domain is
truncated, the oligosaccharides may stay longer in the micro-
environment of the catalytic site, which allows the oligosaccha-
ride chain to elongate. Thus, it seems that the role of the
C-terminal domain of DSR-S in oligosaccharide synthesis is to
facilitate removal of the oligosaccharides from the catalytic
site. In this case, the C-terminal glucan-binding domain of
DSR-S also appears to be an oligosaccharide-binding domain.

As previously described (5, 14), the presence of the poor
acceptor fructose decreases the reaction rate of DSR-S. Dele-
tions tend to suppress this inhibitory effect, and fructose is a
strong acceptor with DSR-S3; both the reaction rate and the
yield increase in its presence. Böker et al. (5) have proposed
that the leucrose synthesis reaction is slower than the dextran
synthesis reaction but inhibits dextran chain elongation. With
DSR-S3, the leucrose synthesis reaction may be faster than the
dextran synthesis reaction. Thus, the reaction velocity would
not be limited by dextran elongation but would be limited by
the step that occurs in the acceptor reaction in the presence of
a strong acceptor, such as maltose.

ACKNOWLEDGMENTS

This study was supported by the European Union as part of the
project “Structure-function relationships of glucosyltransferases,” by
BIOTECH contract BIO2CT 943071, and by Région Midi-Pyrénées.

We thank R. R. Russell for critically reading the manuscript.

REFERENCES

1. 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 glucosyltransferase (water-insoluble glucan
synthetase). J. Bacteriol. 173:989–996.

2. Amman, E., B. Ochs, and K. J. Abel. 1988. Tightly regulated tac promoter
vectors useful for the expression of unfused and fused proteins in Escherichia
coli. Gene 69:301–315.

3. Banas, J. A., R. R. B. Russell, and J. J. Ferretti. 1990. Sequence analysis of
the gene for the glucan-binding protein of Streptococcus mutans Ingbritt.
Infect. Immun. 58:667–673.

4. Barker, P. E., G. Ganetsos, and N. J. Ajongwen. 1993. A novel approach to
the production of clinical-grade dextran. J. Chem. Technol. Biotechnol. 57:
21–26.
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