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Abstract
The extracellular dextransucrase from Leuconostoc mesenteroides NRRL B-640 was purified using polyethylene glycol
(PEG-400) fractionation. A 25% (v/v) PEG-400 concentration gave dextransucrase with maximum specific activity of 9.2 U/mg
with 16 fold purification in a single step. The purified enzyme by PEG-400 showed multiple protein bands on SDS-PAGE with
one prominent band corresponding to the size 180 kDa (12). However, the same PEG-$00 fractionated dextransucrase samples
showed single, intact and homogeneous band when analyzed on non-denaturing native-PAGE. This showed that
dextransucrase remains in single molecular form in the native state and shows multiple forms only under denaturing conditions
when it is heated before loading and when it contained SDS or 2-mercaptoethanol.

INTRODUCTION
Leuconostoc mesenteroides NRRL B-640 is known to
produce extracellular dextransucrase that gives highly linear
dextran (1,2). The linear dextran is water soluble and has
numerous applications in pharmaceutical, food and fine
chemical industries (3). Several attempts have been made to
enhance the production of dextransucrase from Leuconostoc
mesenteroides NRRL B-640 (4,5,6,78,9). Various methods have
been reported for purification of dextransucrase. The
purification methods such as salt, glycerol and alcohol
precipitation, fractionation by polyethylene glycol, ultrafiltration, chromatography and phase-partitioning have been
standardized and successfully used for purification of
dextranucrase from different strains (10). Among various
purification methods, polyethylene glycol (PEG)
fractionation is a simple and rapid method for dextransucrase
purification (11,12,13). Polyethylene glycols are nonionic
hydrophilic polymers and are known to selectively
precipitate proteins. They also have an advantage of being
readily removed by dialysis. The purification by two-phase
partitioning using different molecular weight PEGs have
also been reported for dextransucrase from various strains of
Leuconostoc mesenteroides (14,15,16,17).
The extracellular dextransucrase from Leuconostoc
mesenteroides NRRL B-640 was purified using polyethylene
glycol fractionation PEG 400. The purified dextransucrase

fractions confirmed their presence by synthesis of dextran,
when run on non-denaturing SDS-PAGE gels for in-situ
activity detection by Periodic Acid Schiff staining and the
activity bands corresponded to the native and active form of
the purified dextransucrase of approximately, 180 kDa
molecular size, that appeared on the identical denaturing
SDS-PAGE gels stained with Coomassie Brilliant Blue (12).
The purified enzyme by PEG-400 showed multiple protein
bands on SDS-PAGE with one prominent band
corresponding to 180 kDa (12). In the present study the native
state of purified enzyme by PEG-400 fractionation was
analyzed by non-denaturing native polyacrylamide gel
electrophoresis.

MATERIALS AND METHODS
THE MICROORGANISM AND REAGENTS
Leuconostoc mesenteroides NRRL B-640 was procured
from Agricultural Research Service (ARS-Culture
collection), USDA, Peoria, USA. The culture was
maintained in modified MRS (sucrose in place of glucose)
agar medium (18) as a stab at 4°C and sub cultured every 2
weeks. The ingredients required for the maintenance and
enzyme production media were from Hi-Media Pvt. Ltd.,
India. All the chemicals required for reducing sugar
estimation, protein estimation and buffer preparation were of
highest purity grade commercially available. PEG400
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(Ranbaxy Pvt. Ltd., India) was used for fractionation of
dextransucrase.

PRODUCTION OF DEXTRANSUCRASE
For enzyme production a loop of culture from modified
MRS agar stab was transferred to 5 ml of sterile medium as
described by Tsuchiya et al., 1952 (19). The cultures were
grown at 25°C with 200 rpm for 12-16h. 1% of the culture
inoculum was used for the enzyme production from
Leuconostoc meseteroides NRRL B-640. The culture broth
was centrifuged at 10,000g for 10 min at 4°C to separate the
cells. The cell free supernatant was analyzed for enzyme's
activity and concentration.

DEXTRANSUCRASE ASSAY
The assay of dextransucrase was carried out in 1 ml of a
reaction mixture in 20 mM sodium acetate buffer, pH 5.4,
containing 146 mM (5%) sucrose and using the cell free
supernatant (10- 20 µl) for the enzyme source. The reaction
mixture was incubated at 30°C for 15 min. The enzyme
activity was measured by estimating the liberated reducing
sugar (20,21). Aliquots (0.2 ml), from the reaction mixture
were analyzed for reducing sugar concentration. The
absorbance was measured at 500 nm using a UV-visible
spectrophotometer (Cary100 Bio, Varian Inc., USA) against
a blank with D-fructose as a standard. One unit (U) of
dextransucrase activity is defined as the amount of enzyme
that liberates 1 µmol of reducing sugar per min at 30°C in 20
mM sodium acetate buffer, pH 5.4. The total protein content
of the cell free supernatant was estimated by the method of
Lowry et al. 1951 (22). Bovine serum albumin ranging from
25µg/ml to 500µg/ml concentration was used as a reference
to plot a standard curve.

PURIFICATION OF DEXTRANSUCRASE BY PEG
FRACTIONATION
The polyethylene glycol PEG-400 pre chilled to 0°C was
added to 200 ml cell free supernatant to obtain the final
concentrations of 20, 25, 33, 40 and 50 (%, v/v). The
mixture was incubated for 12h at 4°C to allow the
dextransucrase to precipitate. The mixture was centrifuged at
12,000g for 30 min at 4°C to separate the fractionated
dextransucrase. The enzyme pellet was dissolved in 20 mM
sodium acetate buffer (pH 5.4). These fractions were
analyzed for dextransucrase activity and protein
concentration and subjected to dialysis using 5 kDa cutoff
membrane.

2 of 5

NON-DENATURING NATIVE -PAGE ANALYSIS
OF PURIFIED ENZYME
The non-denaturing native-polyacrylamide gel
electrophoresis was performed with a vertical slab mini gel
unit (BioRad, USA) using 1.5 mm thick gels, following the
method described elsewhere (12) using only 7.5% (w/v)
acrylamide resolving gel prepared in 0.125 M Tris-HCl pH
8.8. The protein samples were prepared in 0.0625 M TrisHCl buffer (pH 6.8) containing glycerol, 5% (w/v) and
0.05% (w/v) bromophenol blue but with out 2mercaptoethanol and SDS. The enzyme samples from all
PEG-400 purified fractions were loaded on 7.5% acrylamide
gel without heating. The electrophoresis was carried out
using Tris-Glycine buffer (0.025M Tris and 0.192 M
Glycine) pH 8.3 with a current of 2mA per lane. The protein
bands were fixed with solution containing acetic acid (5%,
v/v) for 5 min, then stained for 30 min with 0.25% (w/v)
Coomassie Brilliant Blue, and destained by repeated
washing using a solution containing 20% methanol and 10%
(v/v) acetic acid. Although for native-PAGE markers are not
used but the molecular mass marker (Myosin from Rabbit
Muscle, 205000; Phosphorylase b 97400; Bovine serum
albumin, 66000; Ovalbumin, 43000; Carbonic anhydrase,
29000 Da purchased from Genei, India) along with BSA
sample with out boiling were added to the gel for reference.

RESULTS AND DISCUSSION
DEXTRANSUCRASE FRACTIONATION BY PEG
400
The culture broth obtained after 12 h growth of Leuconostoc
mesenteroides NRRL B-640 was centrifuged and the cells
were discarded. Dextransucrase purification by fractionation
using PEG-400 ranging from 20 to 50% (v/v) was carried
out from the cell free extract with a specific activity of 0.6
U/mg. The fractionation by 25% (v/v) PEG-400 gave the
maximum specific activity of 9.2 U/mg with 16 fold
purification and 3.8% overall yield in a single step (Table 1).
The purification by higher concentrations of PEG-400 did
not favor the enzyme activity and the increase in the
PEG-400 concentration beyond 25% resulted in decrease of
specific activity of dextransucrase (Table 1).
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Figure 1

Figure 2

Table 1: Purification of dextransucrase by PEG-400

Figure 1: Non denaturing native -PAGE analysis of
dextransucrase purifed by PEG-400. (Lanes: CFE- cell free
supernatant; BSA-Bovine serum albumin; PMH- Protein
Marker High Mol. wt. 29- 205 kDa; 20%; 25%; 33%; 40%
and 50% (v/v) PEG-400 fractions.

ANALYSIS OF PURIFICATION BY NON
DENATURING NATIVE-PAGE
The dextransucrase samples obtained with PEG-400
fractionation were analyzed by SDS-PAGE to check the
purity of dextransucrase. The results showed the presence of
multiple protein bands however there was a prominent
protein band of approximately 180 kDa molecular size
obtained from all concentrations of PEG-400 as shown
earlier (12). From SDS-PAGE results dextransucrase
appeared to exist in multiple molecular forms, however, the
same samples showed predominantly a single, intact and
homogeneous protein band on non-denaturing native-PAGE
(Fig. 3). This showed that dextransucrase remains in native
state after it is purified and dialysed and shows multiple
forms only in under denaturing conditions when enzyme
sample was heated before loading and when it contained 2mercaptoethanol. The non-denaturing native-PAGE of
dextransucrase samples purified by higher than optimum
concentration of 25% PEG-400 showed presence of other
contaminating non-dextransucrase protein(s) with increasing
protein band intensities (Fig. 3) which were not visible in
SDS-PAGE, owing to low protein content and being
denatured or proteolysed under denaturing conditions (12).
The native-PAGE revealed that a concentration of PEG-400
lower than optimum (25%) fails to fractionate most of
dextransucrase and so specific activity was low and the
higher concentrations of PEG-400 fractionated also other
proteins which accounted for decreased specific activity of
dextransucrase (Table 1),

3 of 5

ACKNOWLEDGEMENTS
The authors thank Indian Institute of Technology Guwahati,
Guwahati, India, for providing experimental facilities and
Ministry of Human Resource Development, Government of
India, for providing a PhD fellowship to RKP.

References
1. Uzochukwu, S., Balogh, E., Loefler, R.T. and Ngoddy,
P.O. (2002) Structural analysis by 13C- nuclear magnetic
resonance spectroscopy of glucan extracted from natural
palm wine. Food Chem. 76, 287-291.
2. Purama, R.K., Goswami, P., Khan, A.T. and Goyal, A.
(2009) Structural analysis and properties of dextran
produced by Leuconostoc mesenteroides NRRL B-640.
Carbohydr. Polym. doi:10.1016/j.carbpol. 2008.09.018 (in
press).
3. Purama, R.K. and Goyal, A. (2005) Dextransucrase
production by Leuconostoc mesenteroides. Ind. J. Microbiol.
2, 89-101.
4. Purama, R.K., Singh, G. Majumder, A., Dasu, V.V. and
Goyal, A. (2007) Dextransucrase production from
Leuconostoc mesenteroides NRRL B-640 in batch
fermentation. Int. J. Chem. Sci. 5(4), 1497-1504.
5. Purama, R.K. and Goyal, A. (2008) Effect of nutrients
using one variable at a time approach for dextransucrase
production from Leuconostoc mesenteroides NRRL B-640.
Internet J. Microbiol. 5(1). (Internet Scientific Publications
LLC, USA, www.ispub.com)
6. Purama, R.K. and Goyal, A. (2008) Screening and
optimization of nutritional factors for higher dextransucrase
production by Leuconostoc mesenteroides NRRL B-640
using statistical approach. Bioresour. Technol. 99,
7108-7114.

Purified Dextransucrase from Leuconostoc mesenteroides NRRL B-640 Exists as Single Homogeneous
Protein: Analysis by Non-denaturing Native-PAGE
7. Purama, R.K. and Goyal, A. (2008) Application of
response surface methodology for maximizing
dextransucrase production from Leuconotoc mesenteroides
NRRL-B-640 in a bioreactor. Appl. Biochem. Biotechnol.
(in press) DOI 10.1007/s12010-008-8165-8
8. Purama, R.K., Singh, G. Majumder, A., Dasu, V.V. and
Goyal, A. (2008) Dextransucrase production by Leuconostoc
mesenteroides NRRL B-640 in bioreactor: effect of aeration
and mathematical modelling. J. Appl. Biosci. Biotechnol. (in
press).
9. Purama, R.K. and Goyal, A. (2009) Optimization of
conditions of Leuconostoc mesenteroides NRRL B-640 for
production of dextransucrase and its assay. J. Food Biochem.
(in press)
10. Majumder, A., Purama, R.K. and Goyal, A. (2007) An
overview of purification methods of glycoside hydrolase
family 70 dextransucrase. Ind. J. Microbiol. 47, 197-206.
11. Goyal, A. and Katiyar, S.S. (1994) Fractionation of
Leuconostoc mesenteroides NRRL B-512F dextran sucrase
by polyethylene glycol: a simple and effective method of
purification. J. Microbiol. Methods 20, 225-231.
12. Purama, R.K. and Goyal, A. (2008) Identification,
effective purification and functional characterization of
dextransucrase from Leuconostoc mesenteroides NRRL
B-640. Bioresour. Technol. 99, 3635-3542.
13. Majumder, A., Mangtani, A. and Goyal, A. (2008)
Purification, identification and functional characterization of
glucansucrase from Leuconostoc dextranicum NRRL
B-1146. Current Trends in Biotechnology and Pharmacy (in
press).
14. Lopez-Munguia, A., Pelenc, V., Remaud, M., Paul, F.,
Monsan, P., Biton, J., Michel, J.M. and Lang, C. (1993)
Production and purification of alternansucrase, a

4 of 5

glucosyltransferase from Leuconostoc mesenterodes NRRL
B-1355, for the synthesis of oligoalternans. Enzyme Microb.
Technol. 15, 77-85.
15. Dols, M., Simeon-Remaud, M., Willolt, R., Vignon, M.
and Monson, P. (1998) Characterization of the different
dextransucrase activities excreted in glucose, fructose or
sucrose medium by Leuconostoc mesenteroides NRRL
B-1299. Appl. Environ. Microbiol. 64, 298-302.
16. Quirasco, M., Lopez-Munguia, A., Remaud-Simeon, M.,
Monsan, P. and Farres, A. (1999) Induction and transcription
studies of the dextransucrase gene in Leuconostoc
mesenteroides NRRL B-512F. Appl. Environ. Microbiol. 65,
5504-5509.
17. Nigam, M., Goyal, A. and Katiyar, S.S. (2006) High
yield purification of dextransucrase from Leuconostoc
mesenteroides NRRL B-512F by phase-partitioning. J. Food.
Biochem. 30, 12-20.
18. Goyal, A. and Katiyar, S.S. (1996) Regulation of
dextransucrase productivity from Leuconostoc
mesenteroides NRRL B-512F by the maintenance media. J.
Gen. Appl. Microbiol. 42(1), 81-85.
19. Tsuchiya, H.M., Koepsell, H.J., Corman, J., Bryant, G.,
Bogard, M.O., Feger, V.H. and Jackson, R.W. (1952) The
effect of certain cultural factors on production of
dextransucrase by Leuconostoc mesenteroides. J. Bacteriol.
64, 521-526.
20. Nelson, N. (1944) A photometric adaptation of the
Somogyi method for the determination of glucose. J. Biol.
Chem. 153, 375-380.
21. Somogyi, M. (1945) A new reagent for the determination
of sugars. J. Biol. Chem. 160, 61-68.
22. Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall,
R.J. (1951) Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193, 265-275.

Purified Dextransucrase from Leuconostoc mesenteroides NRRL B-640 Exists as Single Homogeneous
Protein: Analysis by Non-denaturing Native-PAGE

Author Information
Ravi Kiran Purama, Ph.D.
Research Associate, Department of Biotechnology, Lund University
Arun Goyal, Ph.D.
Associate Professor, Department of Biotechnology, Indian Institute of Technology Guwahati

5 of 5

