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Abstract 
The production of dextransucrase (DS) by Leuconostoc mesenteroides T3, novel isolate 
from water kefir grain, was studied and optimized. Bacterial supernatant reached activity
of 3.1 U/ml when the culture was grown at 23 °C and under static culture condition using
classical Tsuchiya medium for DS production. The increase of sucrose concentration to 7%
led to an increase of DS activity by 52% compared to the control. Medium with 2% beef
extract and 1% yeast extract resulted in 4.52 U/ml, which was 47% higher than in the
control (with 2% yeast extract). Finally, the increase of K2HPO4 concentration from 2 to 3% 
resulted in the increased enzyme activity by 28%. Enzyme purified by polyethylene glycol
400 fractionation displayed maximum activity at 30 °C and pH 5.4. Zymogram analysis 
confirmed the presence of DS of approximately 180 kDa. The addition of divalent cations
Ca2+, Mg2+, Fe2+ and Co2+ led to a minor increase of DS activity, while the addition of Mn2+

was the most prominent with 73% increase. These findings classify dextransucrase from
Leuconostoc mesenteroides T3 as promising candidate for production of dextran, which
has numerous applications in various industries. 
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Lactic acid bacteria (LAB) are one of the main 
classes of microorganisms that are known to produce 
several industrially important biomolecules among 
which exopolysaccharides (EPS) have the widest range 
of uses [1]. Fermentation processes for EPS production 
are quite expensive due to purification costs, giving an 
advantage to the use of enzymes. Current challenges in 
the LAB enzymes production include both strain imp-
rovement and enhancement of enzyme production. 

Dextransucrase (DS) is an extracellular enzyme that 
belongs to the class of glucosyltransferases [2] and it is 
mainly produced by microorganisms belonging to the 
families Lactobacillaceae and Streptococcaceae, espe-
cially by the genera Lactobacillus, Leuconostoc and 
Streptococcus [3]. Enzyme DS catalyzes the transfer 
reaction of glucosyl residues from sucrose to dextran 
polymer chain and releases fructose [4,5]. In the pre-
sence of appropriate acceptor (glucose, maltose, iso-
maltose, etc.) this enzyme can also produce oligosac-
charides [6]. 
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The growing importance of DS stems from the wide 
application of dextran [7–10]. Dextran is a high-mole-
cular-mass homopolysaccharide made of glucose. The 
glucose molecules in the main chain of dextran are 
linked by linear alpha 1-6 glycosidic bonds and by alpha 
1-2, alpha 1-3 and/or alpha 1-4 branching linkages [11]. 
The proportion of branching and the chain length 
influenced the rheological properties of dextran [12]. 

Depending on its solubility and molecular mass, 
dextran has had successful industrial application so far, 
such as in medical, pharmaceutical, food, textile and 
chemical industries [7–10]. Dextrans of low molecular 
weight have been used as a blood plasma substitute for 
the last 60 years while the high molecular weight dex-
trans can be used as viscosifying, stabilizing, gelling, 
sweetening and emulsifying agents in food production 
[9,13,14]. There are also approved patents related to 
the use of dextran in the preparation of bakery pro-
ducts [15,16]. 

In the present study, Leuconostoc mesenteroides 
strain T3, water kefir grains’ isolate described earlier 
[17] has been used for the production of DS. The 
growth conditions and culture medium composition for 
the highest DS production from the aforementioned 
strain were determined. The DS was purified by poly-
ethylene glycol fractionation and characterized in terms 
of temperature, pH value and the influence of ions. 
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EXPERIMENTAL 

Microorganism and culture conditions for 
dextransucrase production 

The microorganism used in this study is Leuconostoc 
mesenteroides T3 natural isolate from water kefir grain, 
indentified as L. mesenteroides based on the almost 
full-length 16S rRNA gene sequence (KT924430), des-
cribed earlier [17].  

Production of dextransucrase from L. mesenteroides T3  
For DS production, the organism was grown in 100 

ml enzyme production medium described by Tsuchiya 
et al. [18], with 4% of sucrose. The medium was com-
posed of sucrose, 4%; yeast extract, 2%; K2HPO4, 2%; 
MgSO4·7H2O, 0.02%; MnSO4·4H2O, 0.001%; FeSO4·7H2O, 
0.001%; CaCl2·2H2O, 0.001%; NaCl, 0.001%, while the 
pH was adjusted to 6.9. The culture was incubated at 
23 °C for 16 h under static condition. The culture broth 
was then centrifuged at 7000 rpm at 4 °C for 10 min, 
and the cell free supernatant was analyzed for enzyme 
activity and protein concentration as described below. 

Enzyme assay and protein estimation 
The enzyme assay was carried out in 450 μl reaction 

mixture containing 10% sucrose in 20 mM sodium ace-
tate buffer (pH 5.4) and 50 μl cell free supernatant at 
30 °C for 15 min. After that time the reaction was 
stopped by adding 500 μl of DNS. The enzyme activity 
was determined by measuring the concentration of rel-
eased reducing sugars by DNS method [19], using fruc-
tose as a standard. The absorbance was measured at 
540 nm using spectrophotometer (Ultrospec 3300 pro, 
Amersham Biosciences). One unit of DS activity was 
defined as the amount of enzyme releasing 1 µmol of 
reducing sugars per min. 

The protein concentration of the cell free super-
natant was determined using the method of Lowry et 
al. [20], using bovine serum albumin as a standard. 

Screening for factors affecting dextransucrase 
production 

Growth conditions (temperature and aeration) and 
culture medium composition (sucrose, nitrogen source, 
K2HPO4 and Tween 80) for enzyme production were 
screened and optimized.  
Effects of growth conditions on dextransucrase 
production 

The influence of temperature and shaking on pro-
duction of DS by L. mesenteroides T3 was tested. The 
temperature was varied from 17 to 37 °C under static 
condition, using 100 ml Tsuchiya medium [18]. The 
effect of shaking condition on enzyme production was 
analyzed at 90, 120, 150 and 180 rpm at fixed tempe-
rature of 23 °C. Every 4 h, during the period of 24 h, 

1ml of culture was taken out from flask and centrifuged 
at 6000 rpm and 4 °C for 10 min. The DS activity in cell 
free supernatant was determined in triplicate. 
Effects of culture medium composition on 
dextransucrase production 

The effects of various concentrations of medium 
components, i.e., sucrose, nitrogen source (yeast ext-
ract, meat extract and peptone) and K2HPO4, on DS 
production were studied by changing the concentration 
of one component, and keeping other components 
constant in Tsuchiya medium [18]. Concentration of 
sucrose was varied from 1 to 10% with step of 1%, 
nitrogen sources were varied from 0.5–4.0 % with step 
of 0.5%, and K2HPO4 was varied from 1–6% with step of 
1%. The isolate was grown in different media at 23 °C 
under static condition. Broth samples of 1 ml were peri-
odically withdrawn and analyzed for enzyme activity.  

Dextransucrase purification 
DS was precipitated from cell free supernatant by 

addition of 25% PEG 400 (Zorka Pharma, Serbia) [21]. 
After precipitation at 4 °C for 24 h, the mixture was 
centrifuged at 10000 rpm for 15 min at 4 °C. The pellet 
was dissolved in 20 mM sodium acetate buffer (pH 5.4). 
These fractions were subjected to dialysis using 10 kDa 
cutoff membrane (Thermo scientific, USA). The DS frac-
tions were analyzed for enzyme activity and protein 
estimation. 

SDS-PAGE analysis and activity staining of 
dextransucrase 

Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed under denaturing 
condition according to the method of Laemmli [22] 
using 7.5% polyacrylamide running gel. The enzyme 
was purified by 25% PEG 400 fractionation. The protein 
samples were prepared in 0.0625 M Tris-HCl buffer (pH 
6.8) containing 2% sodium dodecylsulfate, 10% gly-
cerol, 5% β-mercaptoethanol and 0.02% bromphenol 
blue and boiled at 100 °C for 3 min. The electrophoresis 
was carried out using Tris-Glycine buffer (pH 8.3) at 
room temperature with a current of 12 mA throughout 
stacking gel and of 25 mA throughout running gel 
(Cleaver Scientific Ltd., OmniPAGE Mini System). Pro-
teins were stained using Coomassie brilliant blue G-250. 

The in situ detection of DS activity in gel was carried 
out following the method of Holt et al. [23] with 
modification described by Purama and Goyal [24]. The 
protein samples for non-denaturing SDS-PAGE were 
prepared in the same manner as described above, with 
exclusion of β-mercaptoethanol component and boiling 
step. The gel was washed in 20 mM sodium acetate 
buffer solution (pH 5.4) with 0.3 mM CaCl2 and 0.1% 
Tween 80 at 30 °C for 30 min to remove SDS. Sub-
sequent incubation in 20 mM sodium acetate buffer 
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(pH 5.4) containing sucrose (10%) at 30 °C for 48 h 
enabled dextran formation within gel on locations 
having DS activity. The sucrose treated gel was washed 
first with 75% ethanol for 40 min at room temperature 
and with a periodic acid solution (periodic acid, 1%, and 
acetic acid, 3%) for 45 min at 30 °C and finally with a 
solution containing 0.2% sodium metabisulphite and 5 
vol.% acetic acid for 5 min at room temperature. The 
cleaned gel was stained with Schiff’s reagent (15 mL) 
(0.5%, Fuchsin basic, 1%, sodium bisulphate and 0.1 M 
HCl) for 10 min to form magenta bands within the gel 
matrix, an indication for DS activity. 

Optimum temperature and thermal stability of 
dextransucrase 

The optimum  temperature of DS was studied by 
adding 50 μl of the purified enzyme (16.7 U/mg, 0.47 
mg/ml) to 450 μl enzyme reaction mixture containing 
10% sucrose in 20 mM sodium acetate buffer (pH 5.4). 
The reaction mixture was incubated at different tem-
peratures varying from 20 to 50 °C for 15 min. The 
enzyme activity was determined in 50 μl sample using 
DNS method, as previously described. The thermal sta-
bility of the enzyme was determined by incubating 0.5 
ml of the purified enzyme with 0.5 ml 20 mM sodium 
acetate buffer (pH 5.4, 16.7 U/mg, 0.47 mg/ml) at dif-
ferent temperatures ranging from 20 to 60 °C for 30 
min. The residual enzyme activity was determined as 
described earlier.  

Optimum pH and pH stability of dextransucrase 
The optimum pH of DS was determined by incub-

ating 50 μl (16.7 U/mg, 0.47 mg/ml) of the purified 
enzyme in 450 μl reaction mixture containing 10% con-
centration of sucrose in 20 mM sodium acetate buffer 
of different pH, ranging from 3.5 to 6.5. The reaction 
mixture was incubated at 30 °C for 15 min and enzyme 
activity was determined using previously described 
method. In order to determine the pH stability, 100 μl 
of purified enzyme was incubated for 30 min at 30 °C at 
different pH ranging from 3.0 to 5.0 in 100 mM sodium 
acetate buffer and pH 6.0 to 8.0 in 100 mM sodium 
phosphate buffer, and then the aliquots of 50 μl were 
assayed for residual enzyme activity.  

Determination of kinetic parameters of 
dextransucrase 

The kinetic constants were evaluated by measuring 
the initial reaction rate at different sucrose concen-
trations ranging from 1.5 to 450 mM. The data were 
used to create a Lineweaver–Burk plot, and Km and Vmax 
were analyzed from the plot. 

Effect of ions and EDTA on dextransucrase activity 
The effect of CaCl2, MgCl2, CoCl2, MnSO4, FeSO4, 

FeCl3 and EDTA addition (in concentrations between 0 

and 10 mM) on the activity of the purified DS (16.7 
U/mg, 0.47 mg/ml) was assessed. The assays were 
carried out at 30 °C for 20 min in 0.5 ml reaction 
mixtures containing salt or EDTA and sucrose (10%) in 
20 mM sodium acetate buffer (pH 5.4), and 50 μl enz-
yme. After specified time the reaction was stopped, the 
enzyme activity was measured as described earlier, and 
expressed as residual activity in percentages.  

Statistical analysis 
All the experiments were carried out in triplicate 

and the presented data are mean values of three inde-
pendent experiments with ± standard deviation. Mean 
values of experiments were compared using analysis of 
variance. One-way ANOVA followed by Tukey test was 
applied to evaluate the effect of the investigated para-
meters. Differences were considered significant at P < 
< 0.05. 

RESULTS AND DISCUSSION 

Effects of growth conditions on dextransucrase 
production 

The production of DS is highly influenced by growth 
of bacterial cells and optimal condition for their growth. 
Considering that, the incubation temperature had 
prominent influence on DS production. In this set of 
experiments we tested temperature in the range from 
17 to 37 °C under static condition. The maximum acti-
vity of 3.10±0.09 U/ml was obtained at 23 °C (Fig. 1). 
The DS activity obtained at this temperature was sig-
nificantly higher (P ˂ 0.05) compared to the activities 
obtained at other tested temperatures. Incubation at 
37 °C gave the lowest measured activity of 0.40±0.12 

Figure 1. Dextransucrase activity of the cell free supernatant 
obtained by incubation of Lc. mesenteroides T3 at various 
temperatures and under static condition in enzyme pro-
duction medium with 4% sucrose. The mean value of three 
independent experiments ± standard deviation is presented.



M.G. MILJKOVIĆ et al.: DEXTRANSUCRASE FROM L. mesenteroides Hem. ind. 71 (4) 351–360 (2017) 

354 

U/ml. It was 87% lower than at 23 °C.  
This is in accordance with other authors̕ results 

[25,26] and can be explained by deactivation of the 
enzyme at higher temperatures. The lowest incubation 
temperature of 17 °C reduced enzyme activity by 18% 
compared to 23 °C, which most likely reflects the slower 
metabolism. This was reported in our previous results 
for growth rate of L. mesenteroides T3 [17]. The aer-
ation of production medium, by shaking at orbital 
shaker in range from 90 to 180 rpm at 23 °C, gave 
lower enzyme activity. It was observed that shaking at 
90 rpm at 23 °C led to 12% less activity of DS (2.70± 
±0.12 U/ml) compared to the same temperature under 
static condition (3.1±0.09 U/ml). Higher rpm produced 
even lower results. These results indicate the microaer-
ophilic nature of the bacterium. 

Effects of culture medium composition on 
dextransucrase production 
Effect of sucrose concentration  

DS from Leuconostc sp. are known to be inducible 
enzymes [27]. Sucrose is the only known substrate that 
is able to induce this enzyme production [28]. The suc-
rose concentration in term of influence on DS pro-
duction, ranging from 1 to 10% was studied. The ori-
ginal production medium (Tsuchiya et al. 1952) that 
contains 4% sucrose was used as a control. The maxi-
mum enzyme activity of 4.71±0.13 U/ml was observed 
at 7% sucrose (Fig. 2). The DS activity obtained at this 
sucrose concentration was significantly higher (P ˂ 0.05) 
compared to the activities obtained at other sucrose 
concentrations. The further increase of sucrose concen-
tration led to decreasing of enzyme production. At 10% 
sucrose the enzyme activity was lower by almost 70% 
compared to the optimal concentration of 7% (Fig. 2). 

This may be due to the binding of DS on dextran 
formed by released enzyme from excess sucrose. The 
similar results can also be found for other dextran-
producing strains such as NRRL B-640 in research of 
Purama and Goyal [29]. The lower concentration of 
sucrose (5%) in the growth medium was the optimal for 
DS production by Weissella confusa Cab3 [30] and 
Lactobacillus plantarum DM5 [31]. 
Effect of nitrogen source 

The effects of yeast extract, beef extract and pep-
tone in various concentrations on DS production were 
studied. The concentration of nitrogen sources were 
varied from 0.5–4.0%. The results (Fig. 3) showed that 
the DS activity depend on source as well as on the con-
centration of nitrogen. The beef extract as a sole nitro-
gen source in a concentration of 2%, demonstrated the 
highest positive impact on DS, exhibiting an activity of 
3.81±0.04 U/ml, which was 15% higher than in the con-
trol medium containing 2.0% yeast extract. 

 
Figure 2. Dextransucrase activity of the cell free supernatant 
obtained by incubation of Lc. mesenteroides T3 with various 
concentrations of sucrose in enzyme production medium at 23 
°C. The mean value of three independent experiments ± 
standard deviation is presented. 

Lower activity (3.64±0.02 U/ml) was observed in 
medium with 1% of yeast extract, but statistically sig-
nificantly lower was in medium with 2% of peptone as 
sole nitrogen source (2.28±0.06 U/ml). The DS activity 
obtained with beef extract compared to the activity 
obtained with yeast extract as sole nitrogen source was 
not significantly higher (P ˂ 0.05).  

With the increase of the nitrogen concentrations 
beyond 2.0%, a slight decrease in the enzyme activity 
was observed regardless of nitrogen source used indi-
vidually. However, the combination of some nitrogen 
sources with increased total concentration stimulates 
heightened DS activity. 

Given that the 2% beef extract was the most effect-
tive nitrogen source, we tested its combinations with 
yeast extract and peptone, in concentrations in which 
they were the best as the sole nitrogen sources. Com-
bining 2% peptone with 2% of beef extract enhanced 
activity for 31% compared with the control medium. 
Medium with 2% of beef extract and 1% of yeast ext-
ract exhibited activity of 4.52±0.10 U/ml, which is 47 
and 19% higher than in the control (2% of yeast extract) 
and in medium with 2% of beef extract respectively. 
This combination of nitrogen sources gave significantly 
higher (P ˂ 0.05) result compared to any measured act-
ivity obtained from sole nitrogen sources (Supple-
mentary file 1). Similar results were observed from 
other DS producing strains such as Lc. mesenteroides 
NRRL B-640 [29], L. mesenteroides PCSIR-3 [32] and Lb. 
plantarum DM5 [31], for which the combination of two 
nitrogen sources was better than either one sole source. 
Effect of K2HPO4 and Tween 80  

Phosphate is currently used in order to neutralize 
the effect of lactic acid produced by L. mesenteroides 
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T3 during the fermentation process. The effect of vari-
ous concentrations (1 to 6%) of K2HPO4 in the ferment-
ation medium on DS production was studied. Our 
results show that the maximum enzyme activity of 
4.02±0.08 U/ml was obtained at 3% K2HPO4, which was 
significantly (P ˂ 0.05) higher (for 28%) compared to 
control medium having 2% K2HPO4 (Fig. 4). However, 
the higher concentration (above 4%) of K2HPO4 did not 
support the enzyme activity. In fact, the concentration 
of 6% of K2HPO4 leads to decreasing of DS activity 54%.  

Goyal and co-workers [33] found that 2.5% K2HPO4 
was the optimal for DS production from L. mesen-
teroides NRRL B-512F. In addition, the effect of the 
Tween 80, known as surfactant that can enhance the 
production of some enzymes [34] on DS production 
was also studied. However, it was showed that the 
addition of Tween 80 in concentrations ranging from 
0.1 to 1 vol.% in the test medium had no effect on DS 
production, which is in contradiction with results rep-
orted by other authors [31,33]. 

Dextransucrase purification 
Extracellular DS obtained from cell free supernatant 

with specific activity of 0.56 U/mg and protein concen-
tration of 5.7 mg/ml was precipitated by 25% PEG 400. 
After the first step of enzyme purification specific acti-
vity was 11.90 U/mg indicating 21-fold purification in a 
single step. This procedure of purification was then rep-
eated, obtaining the enzyme with specific activity of 
16.70 U/mg showing 30-fold purification. This enzyme 
was further characterized. 

 

 
Figure 4. The dextransucrase activity of L. mesenteroides T3 
cell free supernatant obtained after growing the bacterium in 
presence of various concentration of K2HPO4 in enzyme 
production media at 23 °C. The mean value of three 
independent experiments with ± standard deviation is 
presented. 

SDS-PAGE analysis and activity staining of 
dextransucrase 

The molecular weight of the purified enzyme (25% 
PEG 400) was determined by 7.5% SDS polyacrylamide 
gel under denaturing condition and showed one iso-
form of approximately 180 kDa with Coomassie brilliant 
blue G-250 staining (Fig. 5, lanes 1 and 2). The purified 
enzyme was also run on SDS-PAGE gels under non-
denaturing condition for the in situ activity detection of 
DS by PAS staining. The PAS staining of the gel showed 

 
Figure 3. The dextransucrase activity of L. mesenteroides T3 cell free supernatant obtained after growing the bacterium in presence 
of various nitrogen sources in enzyme production media at 23 °C. The mean value of three independent experiments ± standard 
deviation is presented. 
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one activity band of molecular weights of approx-
imately 180 kDa when incubated in 10% sucrose sol-
ution (Fig. 5, lane Z). It has been reported that the 
molecular weight of extracellular glucansucrase was in 
the range of 120–200 kDa [22]. 

 
Figure 5. SDS-PAGE and zymogram of the dextransucrase acti-
vity of the purified enzyme. Lane M: protein molecular mass 
marker (60 to 250 kDa) from Thermo Scientific; lane 1: puri-
fied dextransucrase after two precipitation steps with 25% 
PEG 400 fractionation under denaturing condition; lane 2: 
purified dextransucrase after one precipitation steps with 25% 
PEG 400 fractionation under denaturing condition; lane 3: 
crude bacterial supernatant; Z: zymogram of the dextransuc-
rase activity of the purified enzyme by 25% PEG 400 fraction-
ation (PAS staining) of glucan formed using sucrose as 
substrate. 

Optimum temperature and thermal stability of 
dextransucrase 

The purified DS showed maximum activity within 
the temperature range of 30–33 °C with a specific acti-

vity of ∼16.70 U/mg at pH 5.4 in 20 mM sodium ace-
tate buffer (Fig. 6).  

This result is supported by the findings that opti-
mum temperature for DS activity from L. mesenteroides 
B-512F [35], L. dextranicum NRRL B-1146 [36] and Pedi-
ococcus pentosaceus [14] ranges between 30–35 °C. 
The results for DS thermal stability showed that enz-
yme was stable at temperatures lower than 3 °C, 
whereas with the increase of temperature above 35 °C 
the stability was rapidly lost, indicating the denatur-
ation of the enzyme. 

Optimum pH and pH stability of dextransucrase 
The maximum DS activity was observed at pH 5.4 

with a specific activity of 16.70 U/mg, although it was 
not significantly different from activity at pH 5.2 which 
was 16.0 U/mg (Fig. 7). A 4% reduction in the activity 
was observed at pH 5.2, and 6% at pH 5.6. Higher loss 
of the enzyme activity of 35 and 83% occurred at pH 
6.4 and pH 4.0, respectively (Fig. 7).  

The optimum pH for DS production from our strain 
is in correlation with other reports for glucansucrases 
from various lactic acid bacteria viz. L. mesenteroides 
NRRL B-640 [29], W. confusa Cab3 [30] and Lb. plan-
tarum DM5 [31]. The enzyme was stable in pH (4.5–6.0) 
range similar to other glucansucrases from L. dextra-
nicum NRRL B-1146 [36] and P. pentosaceus SPA [14]. 

Determination of kinetic parameters of 
dextransucrase 

Kinetic constants Km and Vmax were obtained by 
measuring the initial reaction rate in a wide range of 
sucrose concentrations (Supplementary material). The 

 
Figure 6. Effect of temperature on activity (–▼–) and stability (–●–) of dextransucrase. The enzyme activity measurements for tem-
perature optima were performed in temperature (20–50 °C) range. For stability studies, the enzyme was incubated at different 
temperatures (20–60 °C) for 30 min. The assay was performed in optimum conditions and the data are mean values of three 
independent experiments with ± standard deviation.
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enzyme exhibited Michaelis–Menten type kinetic beh-
avior. The Km value was 0.014 M which is similar to that 
reported on other Leuconostoc DSs (0.026 and 0.015 
M) [37,38]. 

Effect of salts and EDTA on dextransucrase activity 
The metal ions, Ca2+, Mg2+, Fe2+ and Co2+, in low 

concentrations caused a marginal increase of DS acti-
vity, whereas the addition of Mn2+ had a significant 
effect (Table 1). The addition of 1mM CaCl2, MgCl2, 
FeSO4 and CoCl2 to the DS caused an improvement of 
enzyme activity by 6, 8, 14 and 12%, respectively. The 
slight enhancement of DS activity achieved with the 
addition of divalent ions has been observed in other 
studies [31,36,39]. This effect has been attributed to 
the stabilization effect of the divalent ions on the ter-
tiary enzyme structure [36,40].  

Table 1. Effect of salts on the activity of purified dextran-
sucrase from L. mesenteroides T3 

Salt 
Residual activitya, % 

Maximum Minimum 
CaCl2 106.2±2.1 (1 mM) 67.2±1.4 (9 mM) 
MgCl2 108.1±1.1 (1 mM) 85.3±1.6 (10 mM) 
CoCl2 112.1±1.1 (1 mM) 67.4±1.6 (10 mM) 
MnSO4 172.9±2.1 (4 mM) 125.7±1.2 (10 mM)
FeSO4 112.3±1.3 (1 mM) 38.9±1.2 (9 mM) 
FeCl3 98.0±1.2 (1 mM) 7.9±1.0 (5 mM) 
EDTA 83.8±0.9 (1 mM) 46.2±0.8 (9 mM) 
aThe mean values of three independent experiments are presented 
with ± standard error 

The addition of Mn2+ in a wide range of concen-
trations had a significant activation effect on the stu-
died DS. The highest measured enzyme activity was 
73% higher than the activity of the enzyme without 
ions (control), and was achieved by the addition of 4 
mM MnSO4. Further addition of MnSO4 had a less pro-
minent positive effect, but even in the concentration of 
10 mM the effect of Mn2+ was not inhibitory. These 
results contradict the results of many authors in which 
Mn2+ shows a negative effect on enzyme activity 
[31,36,41]. There is only one report about slightly posi-
tive impact of 1 mM Mn2+ on DS from L. mesenteroides 
CGMCC 1.544 [42]. Majumder and Goyal [43] showed 
that Mn2+ addition in the culture medium had a posi-
tive effect on DS production, but there was no litera-
ture data that this ion had positive effect on enzyme 
activity. This reproducibly detected effect shows an 
unusual ion specificity of the DS from our strain. Being 
manganese, the trace elements makes DSs from L. 
mesenteroides T3 suitable candidate for use in the food 
industry. 

Among all tested cations only Fe3+ was inhibitory in 
all tested concentrations, while the concentrations 
higher than 5 mM caused a complete loss of enzyme 
activity. Kobayashi and Matsuda [41] and Majumder et 
al. [43] observed the same negative effect of Fe3+ on DS 
activity. 

EDTA at all concentrations displayed a denaturing 
effect on DS, and 54% of enzyme inactivation was 
observed with 9 mM EDTA (Table 1). Similar result was 
also found in the case of glucansucrase from Lacto-
bacillus plantarum DM5 [31] for effects of EDTA. 

 
Figure 7. Effect of pH on activity (–▼–) and stability (–●–) of dextransucrase. The enzyme activity measurements for pH optimum 
were performed in pH (3.5–6.5) range. For stability studies, the enzyme was incubated at different pH (3.0–8.0) for 30 min. The 
assay was performed in optimum conditions and the data presented are mean values of three independent experiments with ± 
standard deviation. 
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CONCLUSION  

This study shows a thorough technological charac-
terization of conditions for production of DS using a 
novel strain L. mesenteroides T3. The production of 
enzyme could be enhanced by combination of 2% beef 
extract and 1% yeast extract as nitrogen source. The 
optimal production was observed without shaking and 
at 23 °C. The enzyme was enriched (purified) by double 
precipitation with 25% PEG 400. Active subunits of the 
enzyme were identified in SDS PAGE experiment and 
showed that it was composed of one subunit of size 
180 kDa. The purified DS exhibited maximal activity at 
30 °C and pH 5.4, and was stable in acidic pH and at low 
temperatures. The enzyme could be stabilized with 
addition of any divalent cation but the addition of Mn2+ 
had a significant effect on the enzyme activity, which 
makes it the unique enzyme in its class. The data 
obtained from the biochemical characterization of DS 
can highly contribute to the technological process of 
dextran production and its utilization in different 
branches of industry, particularly food industry. 
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Supplementary data are available from correspond-

ing author on request. 

Acknowledgements 
The financial support for this investigation given by 

Ministry of Science, Education and Technological Dev-
elopment of the Republic of Serbia under the project 
TR 31035 is gratefully acknowledged. 

REFERENCES 

[1] P. Ruas-Madiedo, J. Hugenholtz, P. Zoon, An overview of 
the functionality of exopolysaccharides produced by 
lactic acid bacteria, Int. Dairy J. 12 (2002) 163–171.  

[2] H. Leemhuis, T. Pijning, J.M. Dobruchowska, S.S. van 
Leeuwen, S. Kralj, B.W. Dijkstra, L. Dijkhuizen, Glucan-
sucrases: Three-dimensional structures, reactions, 
mechanism, α-glucan analysis and their implications in 
biotechnology and food applications, J. Biotechnol. 163 
(2013) 250–272. 

[3] A. Majumder, R.K. Purama, A. Goyal, An overview of 
purification methods of glycoside hydrolase family 70 
dextransucrase, Indian J. Microbiol. 47 (2007) 197–206. 

[4] A. Jeanes, W.C. Haynes, C.A. Wilham, J.C. Rankin, E.H. 
Melvin, M.J. Austin, J.E. Cluskey, B.E. Fischer, H.M. 
Tsuchiya, C.E. Rist, Characterization and classification of 
dextrans from ninety-six strains of bacteria, J. Am. 
Chem. Soc. 78 (1954) 2499–2502. 

[5] J.F. Robyt, Dextran, in: H.F. Mark (Ed.), Encyclopedia of 
Polymer Science and Engineering, 2nd ed., John Wiley & 
Sons, New York, 1986, pp. 752–767. 

[6] F. Paul, E. Oriol, D. Auriol, P. Monsan, Acceptor reaction 
of a highly purified dextransucrase with maltose and 

oligosaccharides. Application to the synthesis of con-
trolled-molecular-weight dextrans, Carbohydr. Res. 149 
(1986) 433–441. 

[7] R. Mehvar, Dextrans for targeted and sustained delivery 
of therapeutic and imaging agents, J. Control Release 69 
(2000) 1–25. 

[8] M. Naessens, A. Cerdobbel, W. Soetaert, E. Vandamme, 
Leuconostoc dextransucrase and dextran: production, 
properties and applications, J. Chem. Technol. Bio-
technol. 80 (2005) 845–860. 

[9] G. Lacaze, M. Wick, S. Cappelle, Emerging fermentation 
technologies: Development of novel sourdoughs, Food 
Microbiol. 24 (2007) 155–160. 

[10] R. Sen, Biotechnology in petroleum recovery: The mic-
robial EOR, Prog. Energy Combust. 34 (2008) 714–724. 

[11] S.J.F. Vincent, E.J. Faber, J.R. Neeser, F. Stingele, J.P. 
Kamerling, Structure and properties of the expolysac-
charide produced by Streptococcus macedonicus Sc 
136, Glycobiology 11 (2001) 131–139. 

[12] P.T. Murphy, R.L. Whistler, Dextrans, in: R.L. Whistler, 
J.N. BeMiller (Eds.), Industrial Gums. Polysaccharides 
and Their Derivatives, 2nd ed., Academic Press, New 
York, 1973, pp. 513–542. 

[13] R.K. Purama, A. Goyal, Screening and optimization of 
nutritional factors for higher dextransucrase production 
by Leuconostoc mesenteroides NRRL B-640 using statis-
tical approach, Bioresource Technol. 99 (2008) 7108– 
–7114. 

[14] S. Patel, D. Kothari, A. Goyal, Purification and character-
ization of an extracellular dextransucrase from Pedio-
coccus pentosaceus isolated from the soil of northeast 
India, Food Technol. Biotechnol. 49 (2011) 297–303. 

[15] E.J. Vandamme, C.E.F.G. Renard, F.R.J. Arnaut, N.M.F. 
Vekemans, P.P.A. Tossut, Process for obtaining imp-
roved structure build-up of baked products, European 
Patent, EP 0 790 003A1, 1997. 

[16] E.J. Vandamme, C.E.F.G. Renard, F.R.J. Arnaut, N.M.F. 
Vekemans, P.P.A. Tossut, Process for obtaining imp-
roved structure build-up of baked products, US Patent 6 
399 119, 2002. 

[17] S. Davidović, M. Miljković, D. Antonović, M. Rajilić-Sto-
janović, S. Dimitrijević-Branković, Water kefir grain as a 
source of potent dextran producing lactic acid bacteria, 
Hem. Ind. 69 (2015) 595–604.  

[18] H.M. Tsuchiya, H.J. Koepsell, J. Corman, M.O. Bryant, 
V.H. Geger, R.W. Jackson, The effect of certain cultural 
factors on production of dextransucrase by Leuconostoc 
mesenteroides, J. Bacteriol. 64 (1952) 521–526. 

[19] G.L. Miller, Use of dinitrosalicylic acid reagent for 
determination of reducing sugars, Anal. Chem. 31 (1959) 
426–429. 

[20] O.H. Lowry, N.J. Rosebrough, A.L. Farr, R.J. Randall, 
Protein measurement with the Folin phenol reagent, J. 
Biol. Chem. 193 (1951) 265–275. 

[21] A. Goyal, S.S. Katiyar, Fractionation of Leuconostoc mes-
enteroides NRRL B-512F dextransucrase by polyethylene 
glycol: a simple and effective method of purification, J. 
Microbiol. Methods 20 (1994) 225–231. 



M.G. MILJKOVIĆ et al.: DEXTRANSUCRASE FROM L. mesenteroides Hem. ind. 71 (4) 351–360 (2017) 

 

359 

[22] U.K. Laemmli, Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4, Nature 227 
(1970) 680–685. 

[23] S.M. Holt, H. Al-Sheikh, K.J. Shin, Characterization of 
dextran producing Leuconostoc strains, Lett. Appl. Mic-
robiol. 32 (2001) 185–189. 

[24] R.K. Purama, A. Goyal, Identification, effective purific-
ation and functional characterization of dextransucrase 
from Leuconostoc mesenteroides NRRL B-640, Biores. 
Technol. 99 (2008) 3635–3642. 

[25] A. Goyal, M. Nigan, S.S. Katiyar, Optimal conditions for 
production of dextransucrase from Leuconostoc mesen-
teroides NRRL B512 and its properties, J. Basic Microb. 
36 (1995) 375–384. 

[26] M. Cortezi, R. Monti, J. Contiero , Temperature effect on 
dextransucrase production by Leuconostoc mesentero-
ides FT 045 B isolated from Alcohol and Sugar Mill Plant, 
Afr. J. Biotechnol. 4 (2005) 279–285. 

[27] M. Santos, A. Rodrigues, J. Teixeira, Production of dex-
tran and fructose from carob pod extract and cheese 
whey by Leuconostoc mesenteroides NRRL B512(f), Bio-
chem. Eng. J. 25 (2005) 1–6.  

[28] M. Lopretti, E. Martinez, L. Torres, R. Perdomo, M. San-
tos, A.E. Rodrigues, Influence of nitrogen:carbon ratio 
and complementary sugars on dextransucrase product-
ion by Leuconostoc mesenteroides NRRL B512(f), Pro-
cess Biochem. 34 (1999) 879–884.  

[29] R.K. Purama, A. Goyal, Effect of nutrients by one vari-
able at a time (OVAT) approach on the dextransucrase 
production from Leuconostoc mesenteroides NRRL 
B-640, Internet J. Microbiol. 5 (2007).  

[30] S. Shukla, A. Goyal, Optimization of fermentation 
medium for enhanced glucansucrase and glucan pro-
duction from Weissella confuse, Braz. Arc. Biol. Technol. 
54 (2011) 1117–1124. 

[31] D. Das, A. Goyal, Isolation, purification and functional 
characterization of glucansucrase from probiotic Lacto-
bacillus plantarum DM5, Ann. Microbiol. 64 (2014) 
1715–1724. 

[32] S.A. Ul-Qader, L. Iqbal, H.A. Rizvi, R. Zuberi, Production 
of dextran from sucrose by a newly isolated strain of 
Leuconostoc mesenteroides (PCSIR-3) with reference to 
Leuconostoc mesenteroides NRRL B-512 F, Biotechnol. 
Appl. Biochem. 34 (2001) 93–97. 

[33] A. Goyal, S.S. Katiyar, Effect of certain nutrients on the 
production of dextransucrase from Leuconostoc mesen-
teroides NRRL B-512F, J. Basic Microbiol. 37 (1997) 197–
–204. 

[34] Z. Xia, Effect of Tween 80 on the production of curdlan 
by Alcaligenes faecalis ATCC 31749, Carbohyd. Polym. 
98 (2013) 178–180. 

[35] R.K. Purama, A. Goyal, Dextransucrase production by 
Leuconostoc mesenteroides, Indian J. Microbiol. 45 
(2005) 89–101. 

[36] A. Majumder, A. Mangtani, A. Goyal, Purification, ident-
ification and functional characterization of glucansuc-
rase from Leuconostoc dextranicum NRRL B-1146, Curr. 
Trends Biotechnol. Pharm. 2 (2008) 493–505. 

[37] M. Chellapandian, C. Larios, M. Sanchez-Gonzalez, A. 
Lopez-Munguia, Production and properties of a dextran-
sucrase from Leuconostoc mesenteroides IBT-PQ iso-
lated from “pulque”, a traditional Aztec alcoholic bever-
age, J. Ind. Microbiol. Biot. 21 (1998) 51–56. 

[38] J.P. Martinez-Espindola, A. Lopez-Munguia, On the kin-
etics of dextransucrase and dextran synthesis in batch 
reactors, Biotechnol. Lett. 7 (1985) 483–486. 

[39] R.K. Purama, M. Agrawal, A. Goyal, Stabilization of dex-
transucrase from Leuconostoc mesenteroides NRRL 
B-640, Indian J. Microbiol. 50 (2010) S57–S61. 

[40] A.W. Miller, J.F. Robyt, Stabilization of dextransucrase 
from Leuconostoc mesenteroides NRRL B-512 F by non-
ionic detergents, poly (ethylene glycol) and high mole-
cular weight dextran, Biochim. Biophys. Acta 785 (1984) 
89–96. 

[41] M. Kobayashi, K. Matsuda, Purification and properties of 
the extracellular dextransucrase from Leuconostoc 
mesenteroides NRRL B-1299, J. Biochem. 79 (1976) 
1301-1308. 

[42] Y. Yalin, L. Jin, W. Jianhua, T. Da, T. Zigang, Expression 
and characterization of dextransucrase gene dsrX from 
Leuconostoc mesenteroides in Escherichia coli, J. 
Biotechnol. 133 (2008) 505–512. 

[43] A. Majumder, A. Goyal, Optimization of culture condi-
tions of a novel glucan producing glucansucrase from 
Leuconostoc dextranicum NRRL B-1146, Curr. Trends 
Biotechnol. Pharm. 2 (2008) 260–268. 

 
 
 
 
 
 
 
 
 
 



M.G. MILJKOVIĆ et al.: DEXTRANSUCRASE FROM L. mesenteroides Hem. ind. 71 (4) 351–360 (2017) 

360 

IZVOD 

KARAKTERIZACIJA DEKSTRANSAHARAZE IZ BAKTERIJE Leuconostoc mesenteroides T3, PRIRODNOG IZOLATA IZ ZRNA 
VODENOG KEFIRA 
Miona G. Miljković1, Slađana Z. Davidović1, Slavko Kralj2, Slavica S. Šiler-Marinković1, Mirjana D. Rajilić-Stojanović1, 
Suzana I. Dimitrijević-Branković1 

1Univerzitet u Beogradu, Tehnološko–metalurški fakultet, Katedra za Biohemijsko inženjerstvo i biotehnologiju, 
Karnegijeva 4, Beograd, Srbija 
2Department for Materials Synthesis, Jožef Stefan Institute, Ljubljana, Slovenia 

(Naučni rad) 

Dekstransaharaza (DS) je ekstracelularni enzim koji pripada klasi glukozil-
transferaza i uglavnom ga produkuju mikroorganizmi iz porodice Lactobacillaceae
i Streptococcaceae, posebno vrste rodova Lactobacillus, Leuconostoc i Strepto-
coccus. U radu je ispitana produkcija DS od strane bakterije Leuconostoc mesen-
teroides T3, izolovane iz zrna vodenog kefira. Optimizovana je hranljiva podloga za
produkciju enzima i enzim je okarakterisan. Aktivnost sirovog enzima u bakterij-
skom supernatantu nakon gajenja kulture u klasičnoj Čučijinoj podlozi na 23 °C 
pod statičkim uslovima je bila 3.1 U/ml. Ova podloga je korišćena kao kontrola sa
kojom su poređeni svi rezultati dobijeni u eksperimentima optimizacije. Poveća-
njem koncentracije saharoze na 7% enzimska aktivnost je povećana 52%. U pod-
lozi sa 2% mesnog i 1% kvaščevog ekstrakta izmerena je aktivnost od 4.52 U/ml,
što je 47% više u poređenju sa kontrolom (koja sadrži 2% kvaščevog ekstrakta).
Povećanjem koncentracije K2HPO4 sa 2 na 3% dovelo je do porasta DS aktivnosti
za 28%. Enzim je prečišćen taloženjem pomoću polietilen glikola 400 i utvrđeno je
da pokazuje najveću aktivnost na temperaturi 30 °C i na pH vrednosti 5.4. 
Zimogramom je potvrđeno prisustvo DS od oko 180 kDa. Dodatak dvovalentnih
katjona, Ca2+, Mg2+, Fe2+ i Co2+, dovelo je do manjeg povećanja DS aktivnosti, dok
je veći pozitivan uticaj (od čak 73%) imao jedino dodatak Mn2+. Ovi nalazi klasi-
fikuju dekstransaharazu iz bakterije Leuconostoc mesenteroides T3 kao obećava-
jućeg kandidata za proizvodnju dekstrana, koji ima brojne primene u različitim
industrijama. 

  Ključne reči: Bakterije mlečne kiseline •
Leuconostoc mesenteroides • Dekstran-
saharaza • Dekstran 
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