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Abstract

Multiple sequence alignment and structure prediction of glucansucrases produced by oral streptococci and Leuconostoc
mesenteroides showed that all have common structural features, with three major domains. There is no conservation of primary
sequence or structure in the N-terminal variable region. Sequence-based structure prediction combined with circular dichroism
spectrum analysis of purified truncated forms of Streptococcus downei GTF-I revealed that the core catalytic region has a
defined structure consistent with the proposed (K/L)8-barrel structure. The C-terminal domain is a mixed structure with
significant amounts of L-sheet and random-coil. This information contributes to the development of our understanding of
structure-function relationships in glucansucrases. ß 1999 Federation of European Microbiological Societies. Published by
Elsevier Science B.V. All rights reserved.
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1. Introduction

Glucansucrases (E.C. 2.4.1.5) are extracellular en-
zymes from oral streptococci (commonly named glu-
cosyltransferases, GTFs) or Leuconostoc mesenter-
oides (commonly named dextransucrases, DSRs)
that catalyze the synthesis from sucrose of high mo-
lecular mass D-glucose polymers called glucans.
Properties of these glucans di¡er, depending on mo-
lecular size, nature of the glucosyl linkages, and

degree of branching. In the presence of acceptor
molecules in the reaction medium, glucansucrases
catalyze the synthesis of low molecular mass oligo-
saccharides [1]. Glucansucrases from oral streptococ-
ci are of profound medical interest as they are key
enzymes in the formation of dental plaque and in-
duction of human dental caries [2,3] while glucansu-
crases of Leuconostoc are of industrial interest for
the production of dextran and oligosaccharides that
have potential as prebiotic food constituents [4].
Comparative studies of the enzymes should help ex-
plain their mechanism, throw light on their evolution
and facilitate structural studies.

Multiple alignment of deduced amino acid se-
quences of glucansucrases has allowed recognition
of a common pattern of organization [1,4,5]. They
are of high molecular mass, around 160 kDa. With
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the exception of DSR-A of L. mesenteroides B1299
[6], they possess an N-terminal highly variable region
containing 127^232 amino acids followed by a con-
served central core region of about 900 amino acids
including catalytic residues, and a C-terminal glucan-
binding domain covering about 400 amino acids and
containing a series of tandem repeats [7,8]. No
3-dimensional (3-D) structure of a glucansucrase
has yet been determined but molecular modeling
studies based on sequence similarities between glu-
cansucrases and glycosylhydrolases of the K-amylase
family have suggested that the core region contains a
cyclically permuted form of the (K/L)8 TIM-barrel
structure [9,10].

Streptococcus downei is one of the mutans group
of oral streptococci [11]. It expresses four GTFs in-
cluding GTF-I which produces K(1-3)-rich glucan
[8,12]. Engineered derivatives of GTF-I possessing
the core region alone or with various lengths of the
glucan-binding domain (Fig. 1) have been expressed
in Escherichia coli and puri¢ed by the use of a histi-
dine a¤nity tag [13]. Analysis of the properties of
these forms showed that neither the N-terminal var-
iable region nor the glucan-binding domain played a
signi¢cant part in determining the enzyme activity or
stability of GTF-I [13].

In this study, the secondary structure pattern of
glucansucrases was explored by combining for the
¢rst time circular dichroism spectroscopy of puri¢ed

variants of GTF-I with multiple sequence alignments
and molecular modelling.

2. Materials and methods

2.1. Production and puri¢cation of truncated forms of
GTF-I

Production and puri¢cation of GTF-Ic, GTF-I3,
GTF-I2 and GTF-I1 were performed as previously
described [13], the enzymes being puri¢ed to homo-
geneity from sonicated E. coli extracts under native
conditions using Ni-nitrilotriacetic acid agarose resin
(Qiagen). Protein concentrations were determined by
UV absorption at 280 nm using calculated extinction
coe¤cients.

2.2. Computational analysis

The evolutionary tree of deduced amino acid se-
quences was constructed using CLUSTALW [14]
and was drawn using the Treeview program [15].
Secondary structure analysis for each GTF sequence
was achieved using the PREDATOR program [16].

2.3. Circular dichroism (CD)

Samples of GTF-I proteins were prepared in 50

Fig. 1. Domain structure of S. downei GTF-I and location of predicted secondary structure. Black shades correspond to predicted K-heli-
ces and grey shades to predicted L-sheets. The lower part of the ¢gure shows the extent of the truncated forms of the enzyme used in CD
studies.

FEMSLE 8907 29-7-99

V. Monchois et al. / FEMS Microbiology Letters 177 (1999) 243^248244

 by guest on Septem
ber 15, 2016

http://fem
sle.oxfordjournals.org/

D
ow

nloaded from
 

http://femsle.oxfordjournals.org/


mM Tris-HCl pH 7.5 at concentrations around
0.5 mg ml31. The CD spectrum of each sample solu-
tion was recorded at 20³C with a Jobin Yvon CD6
spectrophotometer using a 0.2 mm pathlength cell
and protein concentrations W0.5 mg ml31. Data
are presented in units of vO (M31 cm31). Twenty
scans were collected at 0.5 nm intervals and
smoothed using a ¢ve point FFT procedure in Ori-
gin1 graphics software. Secondary structure was
predicted using the self-consistent algorithm of Sreer-

ama and Woody [17], part of the DICROPROT
package [18].

3. Results and discussion

3.1. Relationships between glucansucrases

To examine the relationship between the variable
and core regions of glucansucrases from oral strep-

Fig. 2. Phylogenetic tree of the variable (top part of ¢gure) and core (lower part of ¢gure) domains of glucansucrases. GTF-B, C, D are
from S. mutans ; GTF-G from S. gordonii ; GTF-S, I from S. downei ; GTF-J, K, L, M from S. salivarius. DSR-A, B and S are produced
by L. mesenteroides. Branch lengths are proportional to the sequence divergence.
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tococci and L. mesenteroides, an evolutionary tree
was calculated by aligning together the relevant sec-
tions of sequences available in the databases (Fig. 2).
The C-terminal glucan-binding domains were not in-
cluded because of the considerable variation in their
lengths, which makes such analysis inappropriate.
The N-terminal variable regions showed great heter-
ogeneity, with no conservation of primary sequence
or of predicted secondary structure. This suggests
that there is no selective pressure for maintenance
of an essential structure associated with function.
Experimentally, it has been shown that enzymic
function is retained even if the variable region is
deleted [5,13,19] and argues against the proposal by
Devulapalle et al. [10] that this region contains im-
portant functional or structural elements conserved
amongst di¡erent glucansucrases.

Each GTF appears to have a distinctive variable
region and in those cases where it seems probable
that gene duplication has occurred (e.g. GTFB/C
and J/K [5,20]) divergence of variable regions has
taken place after duplication while the cores remain
closely similar (Fig. 2). In Streptococcus mutans,
where sequences are available from multiple isolates
[21], the variable regions distinctive for each GTF
are essentially the same in all isolates, indicating
that each gene retains its distinctive features, regard-
less of the genetic background.

It is interesting to note that variability was ob-
served in glucansucrases from both oral streptococci
and L. mesenteroides. It has previously been pro-
posed that the variation seen in the streptococcal
GTFs might represent antigenic variation to avoid
immune challenge in the mouth. However, the dis-
covery that the glucansucrases of L. mesenteroides, a
free-living soil organism, show similar variation is
evidence of some other mechanism for maintaining
variability. The role of the variable region therefore
remains unknown, but the possibility that it is a
form of proprotein associated with secretion or fold-
ing is worthy of investigation.

3.2. Secondary structure prediction

In contrast to the variable regions, the core and
the glucan-binding regions possess distinct secondary
structure patterns identi¢ed by multiple alignment of
all the glucansucrase sequences combined with sec-

ondary structure prediction. The core region is pre-
dicted to contain alternating K-helices and L-sheets,
which agrees with the presence of a TIM-barrel
superfold structure proposed by MacGregor et al.
[9]. Fig. 3 illustrates the results for GTF-I but, as
would be expected from the close sequence alignment
of core regions [1], the predicted helices and sheets
align in all the glucansucrases.

Previous sequence analysis has shown that the
C-terminal glucan-binding regions are composed of
a series of related but non-identical tandem repeats
[1,7,8]. While these result in short stretches of con-
served structure, the number and arrangement of
repeats varies with each enzyme. In addition, be-
tween these homologous repeat units are stretches
of varying length of non-conserved sequence suggest-
ing considerable structural £exibility within this do-
main, even though all these enzymes bind to glucan.
This £exibility in the glucan-binding region is also
revealed by the structure prediction algorithm, which
indicates it to be composed almost entirely of
L-sheets (Fig. 3).

3.3. Circular dichroism analysis of GTF-I derivatives

In order to con¢rm the prediction for secondary
structure, far-UV circular dichroism spectra were
measured for each of the puri¢ed derivatives of
GTF-I produced by S. downei : GTF-I1, GTF-I2,
GTF-I3 and GTF-Ic (Fig. 1).

The far-UV CD spectrum of GTF-Ic showed two

Fig. 3. Circular dichroism spectra of GTF-I. GTF-I1 (line),
GTF-I2 (dashed line), TF-I3 (dotted line), and GTF-Ic (bold
line).
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negative bands at 210 and 222 nm, characteristic of
the presence of K-helical secondary structure (Fig. 3).
However, the low intensity of the signal (32.5 vO)
indicated that the fraction of core region amino acids
in de¢ned secondary structure elements was not
high. This observation is consistent with the compu-
tational analysis of the data [17,18] which indicated
that the K-helix content was about 30% with a sim-
ilar content of L-sheet (Table 1). This information
thus supports the structure prediction proposed for
the core region of glucansucrases.

The CD spectra of GTF-I1, GTF-I2 and GTF-I3,
with increasing lengths of the C-terminal domain, all
showed an increased intensity at 215 nm compared
to GTF-Ic, indicating an increase in L-sheet content
(Fig. 3). Of particular note is the shift in the wave-
length at which crossover occurs on the zero axis.
For both K- and L-structures this occurs in the range
202^205 nm and indeed the core ¢ts this pattern.
However, as the length of C-terminal domain in-
creases in each of the variants, there is a shift of
the crossover point to a lower wavelength. Since
random-coil structure is unique in displaying a neg-
ative signal between 200 nm and 190 nm [22], this
shift is most likely to be due to an increase in £ex-
ibility in the C-terminal region of the protein. This
shift occurred particularly between GTF-I2 and
GTF-I3 and may correspond to the large insertions
between repeat units seen in GTF-I primary se-
quence [8]. The increase in the minimum at 215 nm
together with the sequence-based prediction (Table
1) suggests that L-sheets form a higher proportion
of the C-terminal glucan-binding domain of GTF-I
than the core region.

Recently, Haas et al. [23] have described the CD
spectrum of the glucan-binding protein (GBP-A)
from S. mutans, which has strong sequence similarity
to the C-terminal glucan-binding domains of GTFs

[25]. GPB-A far-UV spectra contain a distinctive ar-
omatic side chain contribution, which is clearly not
present in our data. This is likely to be due to spe-
ci¢c interactions between single residues [24] and its
absence from our data is not indicative of a signi¢-
cantly di¡erent fold. This feature complicates analy-
sis of GBP-A secondary structure but it also is pre-
dicted to contain a high content of L-sheets and
negligible K-helix [23].

Thus, we have experimentally found that while the
catalytic core region of GTF-I has a de¢ned struc-
ture consistent with the proposed (K/L)8-barrel struc-
ture, the C-terminal domain is a mixed structure in-
dicative of signi¢cant amounts of L-sheet and
random-coil. According to the multiple alignment
combined with structure prediction of glucansucrases
of L. mesenteroides and oral streptococci, this pat-
tern of organization appears to be a common feature
of all the enzymes of this family. This information
will be of value in determining structure/function re-
lationships of these important enzymes.
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