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	 The wide use of dextran in many different applications, makes its industrial production 
a challenge and, hence, to obtain a control branched structure of this enzyme research is in 
progress. In the present paper, the enzyme dextransucrase, produced by cultivation of the 
bacterium Leuconostoc mesenteroides CMG713, was purified and characterized. Methods: The 
produced dextransucrase was partially purified by PEG400 obtaining a purification factor of 
29.4-fold and an overall yield of 18.3% from the initial crude enzymatic extract. The partially 
purified dextransucrase had a specific activity of 24.0 U/mg and presented a molecular weight 
of about 200 kDa. In addition, the produced dextransucrase was stable at 30ºC and pH 5.5 for 3 
days and led to a highly soluble dextran with wide potential industrial applications. The current 
study has successfully partial purification, characterization and conformation of dextransucrase 
produced by fermentation of the bacterium Leuconostoc mesenteroides CMG713.

Keywords: Dextran; Dextransucrase; Leuconostoc m esenteroides.

	 Dextransucrase (sucrose: 1, 6-a-d-
glucan 6-a-glucosyltransferase EC 2.4.1.5) is an 
extracellular enzyme that catalyzes the formation 
of dextran from sucrose by the polymerization 
of glucosyl moieties1,2. Generally, this enzyme 
is produced by lactic acid bacteria (LAB) such 
as Leuconostoc mesenteroides strains and 
Streptococcus sp., which are Gram positive cocci 

bacteria3,4. However, L. mesenteroides needs 
the presence of sucrose in its culture medium 
to produce dextransucrase enzymes whereas 
Streptoccoccus sp. as this genus is constitutive for 
dextransucrases5.
	 Dextran is a biodegradable glucose 
linear polymer consisting mainly of 1,6-a-d-
glucosidic linkages as a backbone and some 
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a-1,2, a-1,3 and a-1,4 as branching links6,7. The 
link frequency and type as well as its physical and 
chemical characteristics depend on the enzyme’s 
nature and microorganism’s type4,8. The different 
characteristics and properties of the purified and 
produced dextran will be used accordingly9–11. 
In this sense, Sarwat el al.2 found that the strain 
Leuconostoc mesenteroides CMG713 produced 
a high molecular weight linear dextran with no 
branches. This dextran may present high solubility in 
water since low dextran solubility in water is related 
to a high amount of a-1,3 links4. Consequently, 
such a strain was selected to perform the present 
research. Given the industrial importance of 
dextran, monitoring the activity of dextransucrase 
enzymes to produce new dextran products with 
mastered characteristics is appalling1,2, 6. Therefore, 
the aim of the present study was the partial 
purification, characterization and conformation of 
dextransucrase produced by fermentation of the 
bacterium Leuconostoc mesenteroides CMG713. 
To the author´s knowledge the dextransucrase 
produced by the above-mentioned strain has been 
hardly investigated.

Materials and Methods

Microorganism
	 Leuconostoc mesenteroides CMG713 
was previously isolated and identified at the 
University of Karachi (Pakistan)2. The bacterium 
was maintained in modified MRS (yeast extract 
0.4%; glucose 2.0%; sodium acetate trihydrate 0.5 
%; Tween 80 0.1%) agar medium at 4ºC until used.
Dextransucrase production
	 Sterile mineral salt medium containing 
sucrose was prepared according to3 with minor 
modifications (0.18 g of MgSO4. 7H2O and 
0.08 g NaCl were used instead of 0.2 g and 0.1g, 
respectively). Wire loops of slime producing 
colonies of L. mesenteroides were first used to 
inoculate (one loop per tube) test tubes containing 
10 mL of MSM (mineral salt medium) broth and 
incubated at 30°C for 20 h in the dark. To produce 
dextransucrase, the broth (final concentration 
1%) was further transferred to 250-mL conical 
flasks containing 90 mL of fresh MSM broth and 
incubated as above. Then, the culture broth was 
collected and centrifuged at 10,000 rpm for 20 min 
at 4°C. The cell-free supernatant, containing the 

extra-cellular crude enzyme, was stored at -20°C 
for further analysis.
Enzyme assay
	 Hydrolytic activity was determined 
by measuring the reducing sugars using the 
dinitrosalicylic acid (DNS) method12. Enzyme 
activity was expressed as dextransucrase units 
(DSU/mL/h) defined as the enzyme quantity that 
converts 1.0 mg of sucrose into fructose in 1 h 
under the standard assay conditions (30ºC, pH 5) 
against a blank.
	 The total protein content was measured 
spectroscopically at 560 nm by the method of 
Bradford 13 using bovine serum albumin (BSA) 
as a standard.
Enzyme purification and SDS-PAGE
	 The cell-free supernatant containing the 
extracellular enzyme produced by L. mesenteroides 
CMG713 was first purified by polyethylene glycol 
(PEG 400) fractionation as described by14. Briefly, 
different percentages of ice cold PEG 400 were 
added to 50 mL of cell-free supernatant in the 
range of 25-50%. They were incubated at 4 °C for 
12 h. The mixture was centrifuged at 13 200×g 
for 30 min at 4°C to separate the fractionated 
dextransucrase.
	 The molecular weight was determined 
using sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) according to15–19. 
The resolving gel was prepared using 7% (w/v) 
acrylamide and the stacking gel using 4% (w/v) 
acrylamide. The loading buffer composition was 
Tris–HCl buffer (0.0625 M; pH 6.8), SDS (2.3% 
w/v), glycerol (10% w/v), 2- mercaptoethanol (5% 
w/v) and bromophenol blue (0.05% w/v). The 
partially-purified enzyme samples (fraction 50%) 
were boiled at 100ºC for 5 min and loaded onto 
the gel. The running buffer consisted of 0.56% 
glycine, 0.12% Tris-HCl buffer (1 M; pH 8.3) 
and 0.5% SDS. The electrophoresis was carried 
out with a current of 2 mA per lane. The protein 
bands were fixed with 40% ethanol and 10% acetic 
acid and then stained with 0.1% silver nitrate in 
0.02% formaldehyde solution. The reaction was 
stopped by adding 1.46% disodium salt of ethylene 
diammine-tetra acetic acid and the protein bands 
were developed by adding 2.5% sodium carbonate 
in 0.01% formaldehyde solution.  The molecular 
weight was determined with standard marker 
proteins (Promega Corporation, USA).
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Table 1. Purification of dextransucrase by PEG400

PEG 	 Volume 	 Enzyme 	 Specific 	 Total 	 Overall 	 Protein 	 Purification 
400 (%)	 (mL)	 activity 	 activity 	 units	 % yield	 (mg/mL)	 fold
		  (U/mL)	 (U/mg)

Crude	 25	 167.5	 20.4	 116		  8.2	
Partially purified enzyme 	
25%	 1.7	 1.7	 1.8	 3.5	 4.9	 0.9	 5.2
30%	 2.6	 3.5	 2.5	 6.2	 6.8	 1.4	 15.5
35%	 2.9	 15.4	 4.6	 8.1	 7.3	 3.3	 20.4
40%	 3.2	 54.7	 11.2	 10.8	 9.2	 4.9	 25.2
45%	 3.8	 105.5	 17.1	 11.7	 10.2	 6.2	 27.4
50%	 4.7	 220.5	 24.0	 25.8	 18.3	 9.2	 29.4

Fig. 1. SDS-PAGE profile of dextransucrase: Lane A, 
high molecular weight marker (29-225 kDa);

Lane B, partially purified dextransucrase; Lane C, 
purified dextransucrase of L. mesenteroides

NRRL B512F (used as a standard dextransucrase) Fig. 2. Transfer of protein bands to the polyvinylidene 
difluoride (PVDF) membrane after SDS-PAGE

Identification of dextransucrase by activity 
staining
	 The identification of the dextransucrase 
enzyme by activity staining was conducted by 
electrophoresis (1.5 mm thick gels) following the 
method of Miller et al.20. After the electrophoresis, 
the gel was cut into half equal parts and both 

parts were subjected to activity staining. For the 
removal of SDS from the gel firstly, the gel was 
treated thrice with a solution containing 20 mM 
sodium acetate buffer (pH 5.4), 0.1% Triton-X-100 
and 0.005% calcium chloride for 20 min each 
time. After the removal of SDS, one part of the 
gel was incubated with 5% raffinose solution in 
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Table 3a. ClustalW2 multiple sequence alignment of 10 dextransucrase enzymes of Leuconostoc mesenteroides showing 
the homology to the N-terminal sequence of dextransucrase DsrF (P85089). The match peptides are highlighted in 

yellow 
                                                                                                                                                                                                                   
1 --------------- ----------------------------------------------------------------------------------DSTNY--------- 	 5  P85089    
1 ------ ----------------------------------------- --------------------------------------------------DSTNTV------- 	 6 P850807	
1 ----- -------MFMIKERNVRKKLYKSGKSWVIGGLILSTIMLSMTATSQNVNADSTNTVTDKS     	 53  O52224   
1---------------------------------- -------------------------------------MLSMTATSQNVNADSTNTVTDKS   	  23 Q9L466   
1------------------MIKERNVRKKLYKSGKSWVIGGLILSTIMLSMTATSQNVNADSTNTVTDKS	 51 D2CFL0   
1 - ------------MFMIKERNVRKKLYKSGKSWVIGGLILSTIMLSMTATSQNVNAPSTNTVTDKS     	 53 Q9EZH5    
1-----------  ----------------- ----------------------------------------MLIKERNVRITNSGDPNSGNAVTG   	 24 Q84CN4 
1  MRDMRVICDRKKLYKSGKVLVTAGIFALMMFGVTTASVSANTIAVDTNHSRTSAQINKS	 59  Q8G9Q2           
1  MRNRNVTSVFRKKMYKSGKMLVIAG--SVSIIGVTSFIQQAQADVSQKNGVVVTTAVNQS   	 58  Q69A94      
1--------------- -------------MYKSGKMLVIAG--SVSIIGVTSFIQQAQADVSQNNGVVVATAVDQS  	 45  Q9LCJ7   

Table 3b. Details of match N- terminal sequences of the 10 dextransucrase enzymes highlighted above

Accession	 Organism and gene name	 Reference	 Sequence

P85089	 L. mesenteroides CMG713, dsrF	 Current study	 DSTNY
P85080 	 L.  mesenteroides AA1	 Aman et al., 2007  	 DSTNTV
O52224	 L. mesenteroides NRRL B-1299, dsrB	 Monchois et al., 1998 	 DSTNTVTDKS
Q9L466	 L. mesenteroides NRRL B-1355 dsrC,dsrb742	 Arguello-Morales  	 DSTNTVTDKS
		  et al., 1999	
D2CFL0 	 L. mesenteroides NRRL B-1299CB4 dsrBCB4	 Kang  et al.,2006  	 DSTNTVTDKS
Q9EZH5 	 L. mesenteroides  B-742CB, dsrb742	 Kim et al.,2000 )	 PSTNTVTDKS
Q84CN4	 L. mesenteroides NRRL-1501, dsrR	 Kim et al.,2002 	 NSGNAVTG--
Q8G9Q2 	 L. mesenteroides NRRL B-1299  dsrE	 Bozonnet et al.,2002 	 SRTSAQINKS
Q69A94	 L. mesenteroides IBT-PQ,  dsrP	 Olvera.et al.,2007	 VVVTTAVNQS	
Q9LCJ7	 L. mesenteroides  NRRL B-512F, dsrT	 Funane et al.,2000  	 VVVATAVDQS

20 mM sodium acetate buffer (pH=5.4) and the 
other part with 10% sucrose solution in 20 mM 
sodium acetate buffer (pH=5.4) for 10–12 h, After 
incubation, the gels were washed twice with 75% 
ethanol for 20 min each time and incubated in a 
solution consisting of 0.7% periodic acid in 5% 
acetic acid for 20 min at room temperature. The 
gels were then washed thrice with a solution of 
0.2% sodium bisulfate in 5% acetic acid and finally 
stained with the Schiff’s reagent (0.5% w/v basic 
fuschin, 1% sodium bisulfite and 0.1 N HCl) until 
discrete magenta bands appeared.
	 For in situ detection of the dextransucrase 
activity, after electrophoresis the gel was washed 
thrice with sodium acetate buffer (20 mM, pH 5.4) 
containing 0.05 g of CaCl2 and 0.1% of Triton 
X-100 to remove the SDS. Then, the gel was 
incubated in the same buffer containing 100 g/L 
of sucrose at 30°C for 72 h. The active bands were 
detected by the formation of dextran as a white 
polymer inside the gel21.

Electroblotting
	 The band showing dextransucrase activity 
was blotted onto a polyvinylidene diflouride 
membrane (PVDF) membrane using a semi-dry 
blotting device. After blotting, the transfer was 
performed by the method described by22. The 
membrane and the gel were removed, and the 
membrane was rinsed with deionized water. The 
PVDF membrane was soaked in methanol for few 
seconds before transferring it. The membrane was 
stained with Coomassie R-250 for no longer than 
one min. It was further distained in 50% methanol 
several times and finally rinsed with deionized 
water. The band of interest was cut and stored at 
4°C for further analysis.
N-Terminal protein sequencing 
	 The obtained protein band of 200 kDa was 
excised from the gel and sent for the N-terminal 
protein sequence determination (Proteome Factory 
AG, Berlin, Germany) using ABI procise 491 
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Fig. 3. Phylogenetic tree of 22 dextransucrases of L. mesenteroides generated by EMBL-EBI

protein sequencer. The obtained sequence was 
submitted to UniprotKB KB http:// www.uniprot.
org and EMBL-EBI http://www.ebi.ac.uk. The 
sequence was analyzed using the Multiple sequence 
Alignment tool ClustalW223 that uses tree-based 
progressive alignments and can incorporate 
secondary structure information into the process.
General characteristics of dextran and partial 
characterization of dextransucrase
	 The dextran samples were analyzed 
for general characteristics like colour, texture 
and smell. For this, samples with different 
concentrations (i.e. 0.5, 1, 1.5 and 2 mg/mL) were 
used.
	 To determine the thermal stability of 
dextransucrase, 50 µL of the partially purified 
enzyme was incubated in a solution of 10% 
sucrose in 20 mM sodium acetate buffer (pH 5.4) 
at temperatures ranging from 20 to 60°C for 15 and 
30 min. After each incubation time, the enzyme 
activity was determined using the DNS method as 
indicated previously.

	 For the pH stability, 50 µL of the partially 
purified enzyme was incubated in a solution of 10% 
sucrose in 20 mM sodium acetate buffer at pHs 
ranging from 3.5 to 6.5 for 15 min at 30ºC. After 
this time, the enzyme activity was determined as 
indicated previously.

Results

Dextransucrase production and partial 
purification
	 The dextransucrase activity of the crude 
enzyme before and after partial purification 
is shown in Table 1. Thus, before purification 
the dextransucrase activity was 167.5 U/mL 
(specific activity 20.42 U/mg) and after PEG400 
purification, the dextransucrase activity was 
220.5 U/mL (specific activity 23.96 U/mg). The 
purification fold was 29.4 with an overall yield of 
18.9%.
	 After SDS-PAGE of the partially purified 
dextransucrase, three protein bands were seen 
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Table 4. Length and molecular mass (Da) of 
dextransucrase

SeqB Name	 Length 	 Mass 
	 (bp)	 (Da)

sp|P85089|GTF2_LEUME	 5	 599
sp|P85080|GTF3_LEUME	 6	 636
tr|Q9L466|Q9L466_LEUME	 1477	 164,887
tr|, |D2CFL0_LEUME	 1505	 168,088
tr|O52224|O52224_LEUME	 1508	 168,511

Table 5. General characteristics of the produced 
dextran from Leuconostoc mesenteroides 

CMG713 dextransucrase

Characteristics	 Dextransucrase

Color	 White
Smell	 Odorless
Texture	 Powder
Solubility(water & ethanol)	 5%

on the gel. Zymography indicated that the most 
intense coloured band of the partially purified 
dextransucrase was close to that of the standard 
strain L. mesenteroides NRRL-512F band. 
Therefore, the molecular weight of the obtained L. 
mesenteroides dextrosucrase was considered to be 
around 200 kDa (Figure 1).
In situ detection of dextransucrase
	 The enzyme was confirmed to be 
dextransucrase by Schiff’s reagent staining. Thus, 
a bright magenta color band appeared in the gel 
incubated with sucrose whereas no band was 
detected in the gel incubated with raffinose.
	 In situ electrophoresis was performed to 
distinguish the protein bands with dextransucrase 
activity and, thus, capable of synthesizing dextran 
from sucrose. After electrophoresis, an active 
white band of dextransucrase was detected after 
incubating the gel at 30°C for 18 h in the presence 
of sucrose confirming that the enzyme was active 
(Figure 2).
Electroblotting
	 An active band was observed after blotting 
the partially purified enzyme onto a polyvinylidene 
difluoride (PVDF) membrane using a semi-dry 
blotting device. The membrane was stained with 
Coomassie R-250 and distained in 50% methanol. 
The band of dextransucrase was excised from the 
gel and stored at 4°C for further analysis.
N-terminal sequencing analysis
	 For this study, all the 22 dextransucrases 
from L. mesenteroides were selected and aligned 
using the alignment tool present on the UniprotKB 
(http://www.uniprot.org/align) (Table 2). In Figure 
3 the multiple sequence alignment of the 22 
dextransucrases from Leuconostoc mesenteroides 
is shown. The N-terminal amino acid sequencing 
analysis of the partially purified dextransucrase 

revealed that the first five amino acids were Asp-
Ser-Thr-Asn-Tyr (D-S-T-N-Y) and the N-terminal 
molecular mass was 599 Da. UniProtKB P85089 
was the accession number of the sequences and 
only nine dextransucrases (DsrF) were already 
reported from L. mesenteroides (Table 3a and 3b). 
The first four amino acids (i.e. D-S-T-N) were only 
found in four UniprotKB ID O52224, Q9L466, 
D2CFL0 and P85080 sequences. In addition, 
EBI database indicated that P85089 had an 80% 
homology with O52224, Q9L466, D2CFL0 and 
P85080 (Table 4).
General characteristics of dextran and partial 
characterization of dextransucrase
	 The dextran produced by L. masenteroides 
dextransucrase presented various characteristics 
of standard dextran such as colour, smell, texture 
and solubility. Thus, it was white in colour, had no 
specific smell, a powdery texture and its solubility 
in water and ethanol was 5% (Table 5).
	 On the other hand, the produced L. 
masenteroides dextransucrase was stable at 
30oC and a pH of 5.5 for 3 days. In addition, the 
results illustrated that the enzyme produced was 
dextransucrase and not another enzyme.

Discussion

	 Exopolysaccharide dextrans from 
bacteria present better biodegradability and 
biocompatibility than those obtained from 
animals, plants and seaweeds. Dextrans differ 
in their glycosidic linkages, degree and/or type 
of branching, molecular mass and physical and 
chemical features depending on the producing 
bacterial strain14. Thus, as commented in the 
introduction section, each dextran is appropriate 
for different industries and applications depending 
on its characteristics. Consequently, it is essential 
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to explore and identify dextransucrases produced 
by novel strains to obtain different types of dextran 
for multiple applications. The results obtained in 
the present study showed that L. mesenteroides 
CMG713 produced the enzyme dextransucrase. 
The partially purified enzyme showed a molecular 
weight of 200 kDa. This result is similar to 
that found by24 for a dextransucrase from L. 
dextranicum NRRL-B-1146, The molecular weight 
of most L. mesenteroides dextransucrases was 
reported to be around 180 kDa10,25,26. However, 
Florez-Guzman et al27 reported a molecular weight 
slightly lower (i.e. 170.1 kDa) for a dextransucrase 
produced by the strain L. mesenteroides IBUN 
91.2.98. In addition, the purified enzyme remained 
stable at 30oC and a pH of 5.5 for 3 days.
	 On the other hand, the produced L. 
masenteroides dextransucrase was able to produce 
dextran which presented similar characteristics to 
the standard dextran but a higher solubility (5% in 
water and ethanol).

Conclusion

	 The isolation and characterization 
of the enzyme dextransucrase produced by L. 
mesenteroides CMG713 was partially purified 
using PEG400 and its molecular weight was 
found to be 200 kDa. The enzyme was subjected 
to in–situ renaturation and activity, which gave a 
white band in the presence of sucrose, due to in situ 
dextransucrase synthesis. A detailed comparison 
of the N-terminal sequencing of the obtained 
dextransucrase with other ones from databases 
showed that it was like at least nine dextransucrases 
from L. mesenteroides previously reported. In 
addition, the obtained dextransucrase from L. 
mesenteroides CMG713 produced a highly soluble 
dextran which makes it very interesting for various 
medical and industrial applications.
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