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Summary

Dextransucrases are glucansucrases with broad applications in the food, cosmetics
and pharmaceutical industries. Using sucrose as the glucosyl donor, they synthesize both
high molecular weight (HMW) dextrans and potential prebiotic oligosaccharides. The pro-
cess selectivity can be modulated by varying the reaction conditions. When no other mole-
cule is present in the reaction, only dextrans are synthesized. In the presence of methyl
�-D-glucopyranoside, the synthesis of methyl polyglucosides takes place, diminishing the
transfer of glucose molecules to form dextran. In this work, the formation of HMW solu-
ble dextran and methyl polyglucosides was studied with dextransucrases from Leuconostoc
mesenteroides, strains B-512F and B-1299. The amount of dextran formed with dextransucrase
B-512F was reduced up to 4 % with respect to the control in absence of acceptor, using a
mass ratio of sucrose:methyl �-D-glucopyranoside of 1:4. The encapsulation in alginate re-
tains the dextran inside the beads, causing a distortion of the biocatalyst and finally releas-
ing the polysaccharides into the reaction medium.
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Dextrans are bacterial extracellular homopolysac-
charides, namely D-glucans of various structures with
contiguous �(1�6) glycosidic linkages in the main chains
and �(1�2), �(1�3) or �(1�4) branch glycosidic link-
ages (1). The enzymes responsible for the production of
these molecules from sucrose are glucansucrases, which
belong to family 70 of the glycosidases and transglyco-
sidases in the CAZy classification (2,3). In particular, dex-
transucrase (E.C. 2.4.1.5) is a glucansucrase produced by
various species of two genera of lactic acid bacteria,
namely Leuconostoc and Streptococcus. Dextranscucrase

from L. mesenteroides B-512F is an extracellular soluble
enzyme, while dextransucrase from L. mesenteroides
B-1299 is fractionated into a soluble preparation (SGT)
and an insoluble preparation (IGT), which differ with
respect to their dextran content. The IGT accounts for
60–95 % of the total activity produced and its recovery
is associated with the cell layer after centrifugation (4).

The specificity of the synthesized linkages in the
dextran molecule is strain-dependent, as was observed
by Jeanes et al., who isolated 96 strains of dextran-pro-
ducing species, characterizing and classifying their pro-



ducts (5): dextran from L. mesenteroides B-512F contains
95 % of �(1�6) linkages and 5 % of �(1�3) branch-point
linkages; the insoluble form of dextransucrase (IGT)
from L. mesenteroides B-1299 catalyses the synthesis of an
insoluble dextran that contains 63 % of �(1�6), 27 % of
�(1�2) and 8 % of �(1�3) linkages, and of a soluble
dextran that contains 68 % of �(1�6), 29 % of �(1�2)
and 3 % of �(1�3) linkages (6). Molecular mass of dex-
tran can also vary considerably depending on the syn-
thesis conditions (7) as well as on the producing enzyme
(8–11). Dextrans have various applications in the food
industry and as gel-permeation matrices for laboratory
chromatography (12). They also have various clinical
applications, including their use as blood volume ex-
panders. For these applications dextrans are produced
in both Europe and the USA using dextransucrase ob-
tained from L. mesenteroides B-512F and are later par-
tially hydrolysed.

The mechanism of dextran synthesis is still unclear
(13), although a two-site insertion pathway has been pro-
posed (14–17). When other sugars are added to the reac-
tion mixture, dextransucrase can also transfer glucosyl
residues from sucrose to the non-reducing end of these
molecules forming the so-called acceptor products (18).
Maltose is the best acceptor for dextransucrase due to its
capacity of diverting the synthesis of dextran to the for-
mation of acceptor products (19). Several acceptor prod-
ucts obtained with dextransucrase can be considered as
prebiotics (20), because they present high resistance to
glycolytic digestive enzymes and are specifically fer-
mented by bifidobacteria (21,22). Both dextrans and pre-
biotic oligosaccharides synthesized with dextransucrase
are interesting from an industrial point of view.

For the industrial application of dextransucrases,
the search for efficient immobilization methods is re-
quired. Up to now, entrapment has been the most suc-
cessful method for immobilization of soluble and insolu-
ble dextransucrases (23–26), with activity recoveries
close to 90 % and a notable operational stability. Entrap-
ment in alginate beads or fibres is the most popular
method. This technique was first applied to the immobi-
lization of whole cells due to the mild conditions re-
quired and the easy diffusion of substrates and products
through the wide pores of the matrix (27). The effect of
the production of dextran on the stability of the support
has not been evaluated yet.

In the work reported here, we compared the pro-
duction of high molecular weight (HMW, >105) dextran
using two dextransucrases from different strains of L.
mesenteroides, B-512F and B-1299. We also studied the ef-
fect of the addition of the acceptor methyl �-D-glucopy-
ranoside on dextran production by both free and algi-
nate-immobilized enzyme.

Materials and Methods

Reagents

Leuconostoc mesenteroides NRRL B-512F dextransucrase
(dextransucrase B-512F) was obtained and purified as
described (28). L. mesenteroides NRRL B-1299 dextransu-
crase (dextransucrase B-1299) was produced as reported
(4). The insoluble fraction (IGT) was used for this work

as a lyophilized powder. Dextranase (E.C. 3.2.1.11) from
Penicillium sp. (grade 1200, 500 U/mg of protein), methyl
�-D-glucopyranoside and dextran standard (MW=144 000)
were from Sigma. Other dextran standards (MW=180, 504,
830, 4400, 9900, 21 400 and 43 500) were from Pheno-
menex and from Amershan Biosciences (MW=70 000 and
500 000). Alginate SG-300 (rich in guluronic acid) was
provided by System Bio-Industries. Merck supplied su-
crose and fructose. All other reagents and solvents were
of the highest available purity and used as purchased.

Assay of dextransucrase activity

Dextransucrase activity was determined by measur-
ing the initial rate of fructose production using the di-
nitrosalicylic acid (DNS) method (29). The reaction was
carried out at 30 °C in a flask containing 20 mM sodium
acetate buffer (pH=5.4), CaCl2 0.05 g/L and sucrose
100 g/L. The absorbance at A540nm was measured using
a Kontron 930 spectrophotometer. One unit of dextran-
sucrase activity was defined as that corresponding to the
formation of 1 �mol fructose per min under the condi-
tions described above.

Entrapment of native dextransucrase in calcium
alginate beads

A 4 % mass per volume ratio of sodium alginate so-
lution (15 g) was mixed with 15 mL of one of the two
dextransucrase suspensions (5 U/mL) prepared in 10 mM
sodium acetate buffer (pH=5.4). The alginate-enzyme
mixture was dropped into a stirred solution (250 mL) of
50 mM sodium acetate buffer (pH=5.4), containing 0.2 M
CaCl2. The formed beads were further stirred in the so-
lution for 2 h to allow them to harden. The diameter of
the beads obtained was around 2 mm. The biocatalyst
was stored at 4 °C in 50 mM acetate buffer (pH=5.4)
containing 0.2 M CaCl2 and 0.02 % sodium azide.

Soluble dextran synthesis

Dextran synthesis was assayed at 30 °C in a medium
(10 mL) containing sucrose 100 g/L, CaCl2 0.05 g/L and
20 mM sodium acetate buffer (pH=5.4). The dextransu-
crase (3 U for B-512F and B-1299, 2 U for the enzymes
immobilized in alginate) was added. Several amounts of
acceptor (methyl �-D-glucopyranoside) were added to
different flasks (0, 0.5, 1 or 4 g). At several intervals,
500-�L aliquots were extracted from the reaction mix-
ture. The reaction was stopped by incubation at 60 °C
for 10 min. The mixture was then centrifuged for 5 min
at 6000 rpm using eppendorfs with a 0.45-�m Durapore®

membrane (Millipore), and analysed by HPLC.

HPLC analysis

The molecular weight distribution of the dextran
formed was analyzed by size exclusion chromatography
(SEC) with a pump SP 8810 (Spectra-Physics Inc.) cou-
pled to a precolumn BioSep-SEC S-2000 (75 x 7.8 mm)
and a column BioSep-SEC S-2000 (300 x 7.8 mm). The
mobile phase was 20 mM acetate buffer (pH=5.4) contain-
ing 0.05 g/L of CaCl2, at a flow rate of 0.7 mL/min. The
temperature of the column was kept constant at 40 °C. A
Waters 2410 refraction index detector was used at 45 °C.
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The data obtained were analyzed using the Varian Star
Software. The standards used for calibration were in the
range between 180 (glucose) and 500 000 Da. The quan-
tification of the HMW dextran produced was estimated
by a calibration curve obtained with dextran 500 000.

Results and Discussion

Production of HMW dextrans by dextransucrase

Dextransucrase is able to synthesize both high mo-
lecular weight dextrans and low molecular weight com-
pounds. The use of size-exclusion chromatography (SEC)
allowed us to analyse the molecular weight distribution
of the compounds formed.

The production of soluble HMW dextrans with dex-
transucrases B-512F and B-1299 was compared (Fig. 1).
The formation of dextrans was detected from the initial

stages of the reaction. The production of soluble HMW
dextran was 10-fold higher with the dextransucrase
B-512F than with that of B-1299. After 24 h of reaction
the concentration of HMW dextran reached 45.7 g/L with
the former enzyme, whereas it reached only 3.75 g/L
with the latter enzyme.

Effect of the acceptor (methyl �-D-glucopyranoside)
on the production of HMW dextran

When methyl �-D-glucopyranoside was added to the
reaction it acted as an acceptor, which is a consequence
of the mechanism of action of dextransucrase, causing
the synthesis of low molecular weight compounds cal-
led methyl polyglucosides (30). The scheme of the reac-
tion is shown in Fig. 2. Methyl �-D-glucopyranoside also
modulated the amount of dextran that was produced
(Fig. 3). The higher the acceptor concentration, the lower
the amount of dextran that was synthesized. However,
there was only a slight change in the molecular weight
distribution of the formed dextran. When the mass ratio
of sucrose to acceptor was 1:1, the mass of dextran
formed after total consumption of sucrose was only
19 % of the mass formed in a control reaction carried
out in the absence of the acceptor. When the mass ratio
of sucrose to acceptor was 1:4, the mass of dextran
formed fell further still, being only 2 % of the mass
formed in the control. This effect was observed with both
enzymes although with dextransucrase B-1299, in the
range of concentrations tested, the decrease in the mass
of dextran formed was not as pronounced. The dextran
formed with this enzyme was approximately 82 % of
the control for a sucrose:acceptor mass ratio of 1:1 and
36 % of the control for a sucrose:acceptor mass ratio
of 1:4.
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Fig. 1. Synthesis of HMW dextran at 30 °C with dextransucrases
B-512F (�) and B-1299 (�). Experimental conditions: sucrose
100 g/L, 0.3 U/mL, 30 °C, pH=5.4

Fig. 2. Scheme of the acceptor reaction of dextransucrase with methyl �-D-glucopyranoside and sucrose. Synthesis of the initial ac-
ceptor products with dextransucrases B-512F (�) and B-1299 (�) is indicated



Effect of exogenous dextran on the production
of HMW dextran

In order to know if dextransucrase was able to use
an HMW molecule as an acceptor for further elongation,
we studied the synthesis of dextran in the presence of
an exogenous dextran with an average molecular weight
of 40 000 (Fig. 4). The dislocation of the HMW peak to
the left in Fig. 4A, i.e., to higher molecular weights, shows
that the enzyme was able to increase the molecular
weight of this added compound progressively, forming
a dextran with a very high MW (�105), at a much higher
concentration than that obtained in the absence of exog-
enous dextran (Fig. 4B). The successful elongation of ad-
ded dextran in this experiment opens the possibility of
obtaining dextran preparations of particular molecular
weight distributions from lower molecular weight prep-
arations. Thus, we could be able to obtain the desired
molecular weight of dextran, using a single step process.

Production of dextran with the immobilized enzyme

Dextransucrase was successfully immobilized by en-
capsulation in alginate beads as shown in Table 1. The
recovered activity was around 90 % for dextransucrase
B-512F and about 60 % for dextransucrase B-1299. The
entrapment was quite efficient for dextransucrase B-512F.
Lower recovery obtained with dextransucrase B-1299
might be due either to the presence of cells or to the ho-

mogenisation method used for this enzyme, as was re-
ported elsewhere (26).

When the alginate-immobilized enzyme is used in
the acceptor reaction, the internal diffusion of the oligo-
saccharides formed is not restricted (31–33). In contrast,
the dextran produced by the synthesis reaction is re-
tained inside the alginate matrix. Fig. 5 shows the pro-
duction of HMW dextran, using dextransucrases B-512F
and B-1299 encapsulated in the alginate. In the first 6 h,
a negligible amount of dextran was detected in the reac-
tion medium. The appearance of dextran in the solution
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Fig. 3. Size exclusion chromatography analysis of HMW and
LMW dextrans for dextransucrase (A) B-512F and (B) B-1299, at
different mass per volume ratios: sucrose:methyl �-D-glucopy-
ranoside 100:100 (–); 100:400 (–); and 100 g/L sucrose in the
absence of acceptor (···). Reaction time: total consumption of
sucrose (24–50 h). Experimental conditions: sucrose 100 g/L,
0.3 U/mL, 30 °C, pH=5.4. The inset in Fig. 3(A) represents the
retention times of the MW standards used

Fig. 4. Comparison of the HMW dextran produced with dex-
transucrase B-512F, in the presence (A) and absence (B) of 10 g/L
of exogenous dextran (MW=40 000). The chromatograms corre-
spond to reaction times of 0, 3 and 6 h. Experimental condi-
tions: sucrose 100 g/L, 0.3 U/mL, 30 °C, pH=5.4

Table 1. Immobilization of dextransucrase in calcium alginate
beads

Enzyme Introduced
activity*/U

Activity
of the

biocatalyst*
/(U/mL)

Volume
of beads

obtained**
/mL

Recovered
activity/%

B-512F 75 3.0 21 84

B-1299 73 2.0 21 57

*measured by DNS method

**the volume of beads obtained is measured in a graduated cyl-
inder



after 6 h in the reaction with dextransucrase B-512F was
due to the swelling of the alginate beads, which allowed
dextran to leach into the medium (Fig. 6). This swelling
appears to be due to the production of dextran since the
bead that swelled most was that in which the most dex-
tran was produced (see the lower right bead in Fig. 6).
The distortion of the beads of immobilized dextransu-
crase B-1299 was significantly lower (Fig. 6, upper right),
as expected from the lower formation of soluble HMW
dextran with this strain. In both cases, the swelling of the
alginate beads was substantially higher in the experiment
in the absence of the acceptor, this again being expected
since the presence of the acceptor diminishes HMW
dextran production.

In the industrial application of dextransucrases for
the production of prebiotic oligosaccharides, the reuse of
the biocatalyst is of special importance. To avoid the de-
formation of the biocatalyst beads, experimental condi-
tions where the production of dextran is minimized are
desirable. Fortunately, the conditions that are necessary
to favour oligosaccharide production also minimize dex-
tran production and therefore maximize bead stability.

Conclusions

Dextransucrase can be used efficiently in the pro-
duction of controlled low-molecular-weight oligosaccha-
rides or of high-molecular-weight dextran, depending
on the reaction conditions. For the synthesis of HMW

dextran, dextransucrase B-512F is more efficient than
dextransucrase B-1299. However, dextransucrase B-1299
is more convenient for the synthesis of prebiotic oligo-
saccharides, because the enzyme is able to produce com-
pounds with resistant �(1�2) bonds and the formation
of dextran diminishes with respect to B-512F. Immobi-
lized dextransucrase can be used for the production of
prebiotic oligosaccharides; however, the use of the en-
trapped biocatalyst should be avoided for the synthesis
of dextran compounds due to the swelling and break-
down of the support.
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Moduliranje sinteze dekstrana s akceptorskom reakcijom

koriste}i prirodne dekstransukraze i one u kapsulama

Sa`etak

Dekstransukraze su glukansukraze s velikom primjenom u prehrani, kozmetici i far-
maceutskoj industriji. Koriste}i saharozu kao donor glukozilnog ostatka, one sintetiziraju
dekstrane velike molekularne mase i potencijalne prebiotske oligosaharide. Mijenjaju}i re-
akcijske uvjete mo`e se modulirati selektivnost procesa. Kada u reakciji nema drugih mo-
lekula, sintetiziraju se samo dekstrani. U prisutnosti metil-�-D-glukopiranozida dolazi do
sinteze metilpoliglukozida smanjuju}i prijenos molekula glukoze za stvaranje dekstrana. U
radu je istra`ivano stvaranje visokomolekularnoga topljivoga dekstrana i poliglukozida
koriste}i dekstransukraze iz sojeva B-512F i B-1299 Leuconostoc mesenteroides. Koli~ina na-
stalog dekstrana s dekstransukrazom B-512F smanjena je za 4 % u usporedbi s kontrolnim
uzorkom koji nije sadr`avao akceptor. U sintezi je upotrijebljen maseni udjel saharoza:me-
til-�-D-glukopiranozid u omjeru 1:4. Enzim u kapsuli alginata zadr`ava dekstran unutar
kapsule uzrokuju}i distorziju biokatalizatora uz kona~no otpuštanje polisaharida u reakcij-
ski medij.
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