
www.elsevier.nl/locate/carres

Carbohydrate Research 331 (2001) 403–411

Novel oligosaccharides synthesized from sucrose donor
and cellobiose acceptor by alternansucrase
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Abstract

Cellobiose was tested as acceptor in the reaction catalyzed by alternansucrase (EC 2.4.1.140) from Leuconostoc
mesenteroides NRRL B-23192. The oligosaccharides synthesized were compared to those obtained with dextransu-
crase from L. mesenteroides NRRL B-512F. With alternansucrase and dextransucrase, overall oligosaccharide
synthesis yield reached 30 and 14%, respectively, showing that alternansucrase is more efficient than dextransucrase
for cellobiose glucosylation. Interestingly, alternansucrase produced a series of oligosaccharides from cellobiose.
Their structure was determined by mass spectrometry and {13C–1H} NMR spectroscopy. Two trisaccharides are first
produced: �-D-glucopyranosyl-(1�2)-[�-D-glucopyranosyl-(1�4)]-D-glucopyranose (compound A) and �-D-glu-
copyranosyl-(1�6)-�-D-glucopyranosyl-(1�4)-D-glucopyranose (compound B). Then, compound B can in turn be
glucosylated leading to the synthesis of a tetrasaccharide with an additional �-(1�6) linkage at the non-reducing end
(compound D). The presence of the �-(1�3) linkage occurred only in the pentasaccharides (compounds C1 and C2)
formed from tetrasaccharide D. Compounds B, C1, C2 and D were never described before. They were produced
efficiently only by alternansucrase. Their presence emphasizes the difference existing in the acceptor reaction
selectivity of the various glucansucrases. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Sucrose glucosyltransferases (GTFs), also
called glucansucrases, are extracellular en-
zymes mainly synthesized by Leuconostoc
mesenteroides and several species of Strepto-

coccus.1 GTFs catalyze the synthesis of an
�-glucan polymer from sucrose. Koepsell et
al.2 showed that in the presence of a sugar
acceptor molecule, GTFs transfer the glucose
coming from sucrose onto the acceptor to
produce oligosaccharides. This reaction,
named ‘acceptor-reaction’, competes with �-
glucan synthesis. Several authors have
classified the acceptor molecules according to
their capacity to form oligosaccharides. They
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demonstrated that maltose, isomaltose and �-
methyl glucopyranoside are usually the most
effective acceptor sugars.2–5

GTFs can be classified on the basis of the
structure of the glucan they synthesize: dex-
transucrases (EC 2.4.1.5) synthesize a glucan
mainly composed of �-(1�6) linkages into
the main chain named dextran whereas mu-
tansucrases (EC 2.4.1.5) produce a polymer
with only �-(1�3) linkages in the main chain
named mutan. Of particular interest is alter-
nansucrase (EC. 2.4.1.140), the enzyme ex-
creted together with dextransucrase by L.
mesenteroides NRRL B-1355.6–8 Indeed, alter-
nansucrase catalyzes the synthesis of an origi-
nal glucan containing alternating �-(1�6)
and �-(1�3) linkages in the main chain. It is
named alternan.7 Various sugars have been
tested as acceptors for alternansucrase from L.
mesenteroides NRRL B-1355.5,6 Maltose and
nigerose were found to be the most efficient
acceptors. Transfer of the glucosyl moiety oc-
curred onto the non-reducing end of the ac-
ceptor and a series of oligosaccharides
containing alternating �-(1�6) and �-(1�3)
linkages were obtained demonstrating that the
enzyme keeps its specificity during the accep-
tor reaction. The absence of contiguous
�-(1�6) linkages and the presence of �-(1�
3) linkages in the main chain, makes alternan
and oligoalternans quite resistant to endodex-
tranase hydrolysis. Because of this important
property, several authors have suggested that
alternan may be valuable as low- or non-di-
gestible (low- or non-caloric) additives or in-
gredients, e.g., in artificially sweetened food
preparations. Alternan could also possibly re-
place polydextrose, maltodextrins and gum
arabic, used as soluble fibers, binders and
bulking agents in foods and as components of
inks, adhesives, cosmetic creams and
ointments.9

The acceptor reaction in the presence of
cellobiose catalyzed by alternansucrase has
never previously been described. This disac-
charide was tested as an acceptor for dextran-
sucrase from L. mesenteroides NRRL B-512F.
Transfer onto the acceptor was very weak and
a single reaction product was synthesized with
a very low yield. The structure proposed for
the cellobiose acceptor reaction product was

�-D-glucopyranosyl-(1�2)-[�-D-glucopyran-
osyl-(1�4)]-D-glucopyranose.10

In this work, we describe the reaction, in
the presence of sucrose as donor and cel-
lobiose as acceptor, catalyzed by alternansu-
crase from L. mesenteroides NRRL B-23192, a
mutant strain of L. mesenteroides NRRL B-
1355 that mainly produces alternansucrase.11

The cellobiose acceptor reaction products
were purified and their molecular weights and
structures were determined by mass spec-
trometry and {13C–1H} NMR spectroscopy.

2. Results

HPLC analysis of cellobiose acceptor reac-
tion products.—The acceptor reaction, in the
presence of the cellobiose acceptor, was car-
ried out using a sucrose:cellobiose ratio of one
(w/w). As shown in Fig. 1, HPLC chro-
matograms of acceptor reaction products syn-
thesized with L. mesenteroides NRRL B-23192
alternansucrase displayed seven peaks num-
bered from 1 to 7 on the basis of their reten-
tion times. Peaks 1, 2, 3 and 4 also arose on
the chromatogram of the products synthesized
in the same conditions by dextransucrase from
L. mesenteroides NRRL B-512F dextransu-
crase. In order to characterize the oligosaccha-
rides produced with alternansucrase, the
products corresponding to each peak were
separated by preparative HPLC, individually
collected and re-analyzed using analytical
HPLC. Analysis of the purified products
showed that peaks 1 and 2 corresponded to
the � and � enantiomers, respectively, of the
same oligosaccharide named A. Peaks 3 and 4
were also due to the � and � forms of another
oligosaccharide named B and peaks 6 and 7
corresponded to the � and � enantiomers of
oligosaccharide D. Mass spectrometry analy-
sis of the purified oligosaccharides showed
that the molecular weight of products A, B, C
and D were 504, 504, 828 and 666 g/mol,
respectively. Compounds A and B are conse-
quently two trisaccharides, compound C a
pentasaccharide and compound D a
tetrasaccharide.

Oligosaccharide yield.—Table 1 reports the
oligosaccharide yield obtained with both en-
zymes. L. mesenteroides NRRL B-23192 alter-
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nansucrase efficiently catalyzed the glucosyla-
tion of cellobiose with an overall yield of 30%.
Concentrations of A, B, C and D were 10, 7,
2.4 and 11 g/L, respectively. With B-512F
dextransucrase, a lower yield, 14.8%, was ob-

tained. The products synthesized were: trisac-
charide A (11 g/L), trisaccharide B (1.5 g/L)
and oligosaccharide B� (2.5 g/L). The latter,
only produced by dextransucrase, was not fur-
ther characterized.

Fig. 1. HPLC analysis of cellobiose acceptor reaction products synthesized by (a) B-512F dextransucrase and (b) B-23192
alternansucrase. Peak identification, F: Fructose, Cel: cellobiose, A: �-D-glucopyranosyl-(1�2)-[�-D-glucopyranosyl-(1�4)]-D-
glucopyranose, B: �-D-glucopyranosyl-(1�6)-cellobiose, C1,C2: �-D-glucopyranosyl-(1�3)-�-D-glucopyranosyl-(1�6)-�-D-glu-
copyranosyl-(1�6)-cellobiose or �-D-glucopyranosyl-(1�3)-[�-D-glucopyranosyl-(1�6)]-�-D-glucopyranosyl-(1�6)-cellobiose,
D: �-D-glucopyranosyl-(1�6)-�-D-glucopyranosyl-(1�6)-cellobiose.

Table 1
Concentration and apparent yield of cellobiose acceptor reaction products

Apparent yield (%)Degree of polymerisation (d.p.) Concentration (g/L)Peak

Alternansucrase B-23192
3A 10 9.7

6.87B 3
5C 2.4 2.3

D 114 11
Total 30

Dextransucrase B-512F
A 113 11.5

1.41.5B 3
B� ND 2.5 2.4
Total 14.8
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Table 2
1H and 13C NMR data for cellobiose acceptor reaction products A and B

Oligosaccharides Chemical shift aResidue Assignment of C-1

H-1 H-2 H-3 H-4 H-5 H-6a H-6b

C-1 C-2 C-3 C-4 C-5 C-6

5.27 3.53 3.79 3.54A 3.82�-Glcp I b 3.75 3.71 C-1�
89.72 76.24 70.25 79.21

�-Glcp I 4.66 3.28 3.59 3.52 3.44 3.81 3.65 C-1�
96.5 79.06 73.45 79.41
4.38 3.18 3.37 3.27 3.34�-Glcp (�)II 3.77 3.58 C-1,4

102.92 73.68 71.93
�-Glcp (�)II 4.36 3.17 3.36 3.26 3.33 3.77 3.56 C-1,4

102.85 73.70 71.93
�-Glcp (�)III 4.94 3.40 3.64 3.31 3.82 3.69 3.62 C-1,2

97.00 71.84 73.30 69.95 71.84
5.20 3.40 3.60 3.31�-Glcp (�)III 3.91 3.67 3.63 C-1,2

98.30 72.06 73.35 69.88 72.24

5.10 3.46 3.71 3.50B 3.82�-Glcp I 3.76 3.71 C-1�
92.80 76.26 72.41 80.63 71.00 61.20
4.53 3.17 3.51 3.48�-Glcp I 3.47 3.82 3.67 C-1�

96.72 74.92 75.40 80.45 75.65 61.30
4.41 3.21 3.40 3.38�-Glcp II 3.58 3.81 3.69 C-1,4

103.71 74.15 76.70 70.68 75.32 67.18
4.84 3.43 3.67 3.29�-Glcp III 3.57 3.73 3.63 C-1,6

99.13 72.50 74.01 70.80 72.93 61.70

a In ppm relative to the signal of internal acetone at 2.1 ppm (1H) in deuterium oxide at 25 °C or at 31.5 ppm (13C) in deuterium
oxide at 60 °C.

b Glcp : glucopyranosyl residue.

NMR structural characterization
Product A. In the proton spectrum of

oligosaccharide A, the anomeric region shows
the presence of six signals generated by three
protons. This indicates a trisaccharide struc-
ture in agreement with the mass spectrometry
data. The six signals are affected by the mu-
tarotation equilibrium. The signals at 5.27
(H-1 I�, 3.5 Hz) and 4.66 ppm (H-1 I�, 8 Hz)
correspond to the reducing unit. The signals at
5.20 (H-1 III�/�, 3.5 Hz) and 4.94 ppm (H-1
III�/�, 3.5 Hz) are also strongly affected by the
mutarotation, whereas the last two signals,
H-1 II�/�, 8 Hz at 4.38 and H-1 II�/�, 8 Hz at
4.36 ppm, are only slightly affected. By doing
1D-TOCSY experiments on the anomeric pro-
tons, with increasing mixing times, we as-
signed all the proton signals of the three
glucosyl residues as shown in Table 2. 2D
HMQC experiment allowed the assignment of
some carbon-13 signals (Table 2). In the 2D

13C–1H HMBC spectrum, inter-residual three-
bond connectivities over the glycosidic link-
ages were observed. Strong cross-peaks
between H-4 � of unit I (H-4 I�) and C-1 � of
unit II (C-1 II�,), H-4 I� and C-1 II�, H-1 II�
and C-4 I� H-1 II� and C-4 I� demonstrate
that Glc unit II is �-(1�4)-linked to Glc unit
I. Strong connectivities between H-2 I� and
C-1 III�, H-2 I� and C-1 III�, H-1 III� and C-2
I�, H-1 III� and C-2 I� indicate that Glc unit
III is �-(1�2)-linked to Glc unit I. The NMR
results show that product A is an �-D-
glucopyranosyl - (1�2) - [� - D -glucopyranosyl-
(1�4)]-D-glucopyranose (Fig. 2).

Product B. The proton spectrum of
oligosaccharide B presents four signals gener-
ated by three protons. This indicates a trisac-
charide structure in agreement with the mass
spectrometry data. The signals at 5.10 (H-1 I�,
3.5 Hz) and 4.53 ppm (H-1 I�, 8 Hz) are
affected by the mutarotation equilibrium and
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Fig. 2. Structure of cellobiose acceptor reaction products. A:
�-D-glucopyranosyl-(1�2)-[�-D-glucopyranosyl-(1�4)]-D-
glucopyranose, B: � - D - glucopyranosyl - (1�6) - cellobiose,
C1,C2: �-D-glucopyranosyl-(1�3)-�-D-glucopyranosyl-(1�
6)-�-D-glucopyranosyl-(1�6)-cellobiose or �-D-glucopyran-
osyl - (1�3) - [� - D - glucopyranosyl - (1�6)] - � - D - gluco-
pyranosyl-(1�6)-cellobiose, D: �-D-glucopyranosyl-(1�6)-�-
D-glucopyranosyl-(1�6)-cellobiose.

over the glycosidic linkages were observed.
Strong cross-peaks between H-4 � of unit I
(H-4 I�) and C-1 � of unit II (C-1 II�), H-4 I�
and C-1 II�, H-1 II�, and C-4 I� H-1 II� and
C-4 I� demonstrate that Glc unit II is �-(1�
4)-linked to Glc unit I. Strong connectivities
between H-6aII and C-1III, H-6bII and C-1III,
H-1III and C-6II indicate that Glc unit III is
�-(1�6)-linked to Glc unit II. The NMR
results show that product B is an �-D-glucopy-
ranosyl - (1�6) -� - D - glucopyranosyl - (1�4)-
D-glucopyranose (�-D-glucopyranosyl-(1�6)-
cellobiose; Fig. 2).

Product C. Mass spectrometry of compound
C indicated that it was a pentasaccharide. As
shown in Table 3, the proton spectrum agrees
with this result and further shows that com-
pound C was a mixture of two pentasaccha-
rides. Indeed, in the anomeric region, eight
signals are encountered. Their integration in-
dicated 10 protons corresponding to two pen-
tasaccharides. Signals at 5.1, 4.54, 4.43 and
4.87 ppm are common to both oligosacchar-
ides. The signals at 5.1 ppm (H-1 I�, 3.5 Hz)
and 4.54 ppm (H-1 I�, 8 Hz) were affected by
mutarotation equilibrium. The signal at 4.43
ppm (H-1 II�, 8Hz) arose from a �-(1�4)-
linked glucosyl unit. As shown in Table 3, the
proton signal at 4.87 ppm can be assigned
to an �-(1�6)-linked unit substituted on car-
bon 3. Four additional signals at 4.83, 4.85,
5.23 and 5.21 ppm appeared on the spectrum
and were accounted for by four protons. Sig-
nals at 5.21 and 5.23 ppm were assigned to an

correspond to the reducing unit. The two
other signals at 4.41 (H-1, 8 Hz) and 4.84 ppm
(H-1, 3.5 Hz) correspond to two glucosyl
units, which are, respectively � and � linked.
By doing 1D-TOCSY experiments on the
anomeric protons, we assigned all the proton
signals of the three glucosyl residues as shown
in Table 2. 2D HMQC experiment allowed the
assignment of all the carbon-13 signals (Table
2). By doing 2D {13C–1H} HMBC experi-
ment, inter-residual three-bond connectivities

Table 3
1H and 13C NMR data for cellobiose acceptor reaction products C1, C2

Assignment of C-1Oligosaccharide Chemical shift a in the anomeric region

Proton integrationH-1

5.10C 2�-Glcp I b C-1�
C-1�4.54 2�-Glcp I

C-1,4�-Glcp II 4.43 2
C-1,64.87 2
C-1,644.83
C-1,64.85 4
C-1,345.21
C-1,345.23

a In ppm relative to the signal of internal acetone at 2.1 ppm (1H) in deuterium oxide at 25 °C or at 31.5 ppm (13C) in deuterium
oxide at 60 °C.

b Glcp : glucopyranosyl residue.
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Table 4
1H and 13C NMR data for cellobiose acceptor reaction product D

Oligosaccharide Residue Chemical shift a Assignment of C-1

H-1 H-2 H-3 H-4 H-5 H-6a H-6b

C-1 C-2 C-3 C-4 C-5 C-6

D �-Glcp I b 5.09 3.46 3.71 3.49 3.82 3.76 3.71 C-1�
92.80 72.26 72.45 80.66 71 61.20

�-Glcp I 4.53 3.17 3.50 3.52 3.47 3.82 3.68 C-1�
96.72 74.92 75.40 80.50 75.64 61.31
4.41 3.21 3.40 3.36�-Glcp II 3.59 3.82 3.68 C-1,4

103.73 74.10 72.45 70.71 74.20 67.24(�)
103.68(�)

�-Glcp III 4.85 3.45 3.67 3.37 3.75 3.83 3.66 C-1,6
99.10 72.45 74.22 70.80 71.35 66.83
4.83 3.44 3.60 3.30�-Glcp IV 3.57 3.73 3.63 C-1,6

98.80 72.52 72.87 70.68 74.20 61.65

a In ppm relative to the signal of internal acetone at 2.1 ppm (1H) in deuterium oxide at 25 °C or at 31.5 ppm (13C) in deuterium
oxide at 60 °C.

b Glcp : glucopyranosyl residue.

�-(1�3)-linked unit (unit V, Fig. 2) and sig-
nals at 4.83 and 4.85 ppm were assigned to
�-(1�6)-linked residues. From the integration
of these signals, it appeared that the peaks at
4.83 and 5.21 ppm can be attributed to one of
the two pentasaccharides and those at 4.85
and 5.23 ppm can be attributed to the other.
The ratio between the two oligosaccharides is
43/57. Although it would be necessary to sep-
arate the two oligosaccharides eluted in peak
C to distinguish the individual proton chemi-
cal shift assignments, it is clear that two pen-
tasaccharides (C1, C2) are formed. Both pos-
sess an �-(1�3) linkage and NMR analysis is
consistent with the following two possible
structures: �-D-glucopyranosyl-(1�3)-�-D-
glucopyranosyl - (1�6) - � - D - glucopyranosyl-
(1�6) - cellobiose and � - D - glucopyranosyl-
(1�3) - [� - D - glucopyranosyl - (1�6)] - � - D-
glucopyranosyl-(1�6)-cellobiose (Fig. 2).

Product D. In the proton spectrum of
oligosaccharide D we can observe in the
anomeric region the presence of five signals
due to four protons. The signals at 5.09 (H-1
I�, 3.5 Hz) and 4.53 ppm (H-1 I�, 8 Hz) were
affected by the mutarotation equilibrium and
correspond to the reducing unit. The signal at
4.41 ppm (H-1, 8 Hz) corresponds to a �
linked glucosyl unit, whereas the two very

close signals at 4.83 and 4.85 ppm correspond
to two � linked glucosyl units. By doing 1D-
TOCSY experiments on the anomeric protons,
we assigned all the proton signals of the four
glucosyl residues as shown in Table 2. 2D
HMQC experiment allowed the assignment of
all the carbon-13 signals (Table 4). In the 2D
{13C–1H} HMBC spectrum, strong cross-
peaks corresponding to inter-residual three-
bond connectivities across the glycosidic
linkages were observed demonstrating that
Glc unit IV is �-(1�6)-linked to Glc unit III,
which is itself �-(1�6)-linked to Glc unit II,
which is �-(1�4)-linked to Glc unit I. The
NMR results therefore show that product D is
an �-D-glucopyranosyl-(1�6)-�-D-glucopyran-
osyl-(1�6)-cellobiose (Fig. 2).

3. Discussion

The reaction, in the presence of cellobiose
acceptor, catalyzed by two glucansucrases, al-
ternansucrase from L. mesenteroides NRRL
B-23192 and dextransucrase from L. mesen-
teroides NRRLB-512F, were compared. Cel-
lobiose is a disaccharide that had never
been tested before as an acceptor for
alternansucrase.
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Alternansucrase and dextransucrase have
only two common cellobiose acceptor reaction
products: � - D - glucopyranosyl - (1�2) - [� - D-
glucopyranosyl - (1�4)] - D - glucopyranose
(compound A) and �-D-glucopyranosyl-(1�
6) - � - D - glucopyranosyl - (1�4) - D - gluco-
pyranose (compound B). Trisaccharide A re-
sults from the transfer of the glucosyl residue
coming from sucrose onto the reducing end of
cellobiose acceptor through the formation of
an �-(1�2)-glucosidic linkage. Its structure
agrees with the previously proposed structure
for the cellobiose acceptor reaction product
obtained in the reaction catalyzed by dextran-
sucrase from L. mesenteroides NRRL B-
512F.10 The yields of compound A reached 10
and 11% with alternansucrase or dextransu-
crase, respectively. In addition, the presence of
the �-(1�2) linkage in the molecule prevents
its binding to alternansucrase and its glucosy-
lation. However, compound A was considered
to be the sole product of the cellobiose accep-
tor reaction catalysed by dextransucrase from
L. mesenteroides NRRL B-512F.10 It was
demonstrated here that two other oligosacchar-
ides are synthesized with a much lower yield:
�-D-glucopyranosyl-(1�6)-cellobiose (B) and
an oligosaccharide of unknown structure (B�).

The most unexpected and interesting result
comes from the synthesis of oligosaccharides
B, C1, C2 and D. Indeed, these novel oligosac-
charides were obtained in significant amounts
only with alternansucrase. They were synthe-
sized with a reasonable yield (20%) and had
never been described before (Fig. 2). They all
result from the transfer of the glucose moiety
from sucrose onto the non-reducing end of
cellobiose. The first product synthesized is
trisaccharide B which is in turn glucosylated
to produce tetrasaccharide D (�-D-glucopyran-
osyl - (1�6) - � - D - glucopyranosyl - (1�6)-
cellobiose). The last two products obtained
(C1, C2) are pentasaccharides. They are not
separated by reverse phase chromatography
and have a shorter retention time than tetra-
saccharide D, showing that they are less hy-
drophobic. Two structures could be supported
by the proton spectrum. Separation of the two
products would be necessary to distinguish
between them.

Cellobiose, a poor acceptor for dextransu-
crase from L. mesenteroides NRRL B-512F,
was found to be a fairly good acceptor for
alternansucrase leading to the synthesis of a
series of oligosaccharides which, in turn, can
act as acceptors. Therefore, after optimiza-
tion, the acceptor reaction in the presence of
cellobiose (an easily available disaccharide)
could be envisaged as a new route for synthe-
sizing novel oligosaccharides. These com-
pounds contain sequences of glucosidic
linkages never reported before (�-(1�2), �-
(1�3), �-(1�6), �-(1�4)) that may confer
to them new and valuable properties for sev-
eral types of applications.

In addition, from their primary structure
homology, dextransucrase and alternansucrase
can be classified in the same enzyme family
(i.e., family 70 of glucoside hydrolases).12,13

We have recently shown that very specific
segments exist in L. mesenteroides NRRL B-
1355 alternansucrase when compared to all
other glucansucrases.13 The study presented
here further emphasizes the differences in the
selectivity of glucansucrases and the need to
further investigate the structure–function rela-
tionships to address the problem of the selec-
tivity of these enzymes. Indeed, the results
obtained with the cellobiose acceptor demon-
strate that the topology of the dextransucrase
and alternansucrase acceptor binding sites
must be significantly different. With alternan-
sucrase, new compounds were synthesized and
with a good yield. Two trisaccharides were
formed with cellobiose as acceptor showing
that either cellobiose binds to the acceptor site
in two different ways or that alternansucrase
possesses two different acceptor sites. Struc-
ture–function studies supported by 3D struc-
tures will now be necessary to identify the
structural features of these two enzymes in-
volved in their selectivity towards acceptors.
By these means, it should be possible to in-
crease the acceptor reaction yield or to achieve
better control of the reaction.

4. Experimental

Enzyme production.—Alternansucrase was
obtained from L. mesenteroides NRRL B-
23192, a mutant strain of NRRL B-1355
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which produces more alternansucrase.11 L.
mesenteroides NRRL B-512F was the source
of dextransucrase. Both strains were provided
by the NCAUR stock culture collection in
Peoria, Il, USA. The cells were stored in 15%
glycerol at −20 °C, they were grown at 27 °C
on standard medium as previously described.14

L. mesenteroides NRRL B-23192 was grown
in a 50 L fermenter for alternansucrase pro-
duction. L. mesenteroides NRRL B-512F dex-
transucrase was produced in Erlenmeyer flasks
on a rotatory shaker at 200 rpm. Cells and
other insolubles were recovered by centrifuga-
tion. The supernatants containing the soluble
alternansucrase and dextransucrase were con-
centrated by aqueous two-phase partition us-
ing polyethyleneglycol (PEG, Mw=4000),
taking advantage of the dextranosyl-enzyme
complex form in which the enzyme is found.15

This operation enabled the elimination of the
other sucrase activities from the culture super-
natant.16 The precipitate, enriched in insoluble
alternansucrase and dextransucrase, was har-
vested by centrifugation, washed and dis-
solved in sodium acetate buffer (20 mM, pH
5.4).

Oligosaccharide synthesis and analysis.—
Oligosaccharide synthesis was performed at
30 °C in AcONa buffer (20 mM, pH 5.4)
supplemented with sucrose (100 g/L), cel-
lobiose as acceptor molecule (100 g/L), CaCl2
(0.05 g/L) and B-23192 alternansucrase or B-
512F dextransucrase (0.5 U/mL). The accep-
tor reactions were carried out until sucrose
depletion and stopped by heating for 5 min at
95 °C. The oligosaccharides formed were ana-
lyzed by high performance liquid chromatog-
raphy (HPLC), using a C18 column (Prontosyl
Eurobond, 5 �m, 250×4 mm) and ultrapure
water as eluent at a constant flow rate of 0.5
mL/min−1. Oligosaccharide detection was car-
ried out with a differential refractometer.
Analyses were carried out at rt during 30 min.
Oligosaccharide yield was determined from
oligosaccharide concentration measured by
HPLC using the following formula: Apparent
yield=oligosaccharide concentration/
(0.474× initial sucrose concentration+ initial
acceptor concentration). Substrate and
product concentrations are expressed in g/L.

Oligosaccharide purification.—Cellobiose
acceptor reaction products were purified from
the 250 mL synthesis (above conditions). After
sucrose depletion, the reaction was stopped by
heating for 5 min at 95 °C. The medium was
centrifuged at 8000 rpm, 4 °C for 30 min in
order to eliminate the insoluble polysacchar-
ide. Then, an equal volume of ethanol was
added to the supernatant to precipitate the
soluble polysaccharide. After 2 h, the precipi-
tate was removed by centrifugation at 8000
rpm, 4 °C for 30 min. Then, the EtOH con-
tained in the supernatant was evaporated off
using a Rotavapor and the oligosaccharide
mixture freeze-dried. Purification of cellobiose
acceptor reaction products was performed by
preparative HPLC using a C18 column (Ultra-
sep ES 100, 10 �m, 250×4 mm) and ultra-
pure water as eluent. Oligosaccharide
detection was carried out with a differential
refractometer. Each peak was collected sepa-
rately, concentrated and reinjected into an
analytical HPLC system. This step was used
to check the purity of the compounds and
showed that some double peaks corresponded
in fact to oligosaccharide anomers (com-
pounds A, B and D).

Structural analyses of oligosaccharides.—
Mass spectrometry data of the purified cel-
lobiose acceptor reaction products were
obtained by electrospray (MS-ES) measure-
ments. Solvent was ultrapure water at 7 �L/
min−1 and detection was performed in the
positive mode. 1H NMR spectra were
recorded on a Varian unit Plus 500 spectrome-
ter equipped with an ultrashim system (oper-
ating frequency, 499.836 MHz). Samples were
studied as solutions in deuterium oxide (5 mg
in 0.75 mL of solvent) at 25 °C in 5 mm o.d.
tubes without spinning (internal acetone 2.1
ppm relative to Me4Si). 1H spectra were
recorded using 90 pulses, 3300 Hz spectral
width, 12,480 data points, 1.891 s acquisition
time, 32 scans were accumulated. 1D-TOCSY
experiments were recorded using a soft pulse
sequence with an eburp 1-256 shape (186 ms)
and (10–80 ms) mixing time. The heteronu-
clear multiple quantum coherence spec-
troscopy (HMQC) and heteronuclear multiple
bond correlation spectroscopy (HMBC) ex-
periments were obtained by using the Varian
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standard pulse sequences. The delay time for
the detection of long-range 13C–1H couplings
was set to 120 ms in HMBC experiments.
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