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Abstract
The dextransucrase enzymes synthesize dextran, a glucose polymer with broad
industrial applications, making the search for new dextransucrases of great interest.
The work described aimed at the partial characterizing of a recombinant
dextransucrase enzyme from Leuconostoc citreum M-3. From the genomic DNA of
strain M-3, an amplicon containing a coding region of a dextransucrase called DSRV was isolated, and deposited in the GenBankTM (Accession number: KF724950).
The amino acid sequence alignment of DSR-V with other dextransucrases
demonstrated that it shares a 94% identity with the DSR-D of L. mesenteroides Lcc4
and the DSR-S of L. mesenteroides NRRL B-512F. The DSR-V was cloned and
expressed in Escherichia coli JM109 facilitating the formation and detection of DSR-
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V specific dextran. The SDS-PAGE soluble fraction zymography of E. coli DSR-V
and the

13C-NMR

spectra of dextran polymers synthesized by this clone confirm that

L. citreum M-3 dsrV gene codes for a different dextransucrase synthesizing linear
dextrans with mainly α(1-6) linkages.
Introduction
Lactic acid bacteria (LAB) have great potential to produce exopolysaccharides (EPS)
and oligosaccharides, which have been the subject of extensive research efforts due
to their physicochemical and bioactive properties (Pu et al., 2001). EPS represent a
group of very diverse polymers, whose individual functional properties are
determined by their chemical composition, molecular weights, types of glycosidic
linkages as well as degree and arrangement of branches (Zannini et al., 2016). As a
result of the unmatched variety of possible osidic bonds between sugar monomers,
the structural diversity of these polysaccharides offers an extensive range of
functionalities of interest for food, feed, pharmaceuticals, cosmetics and chemicals
industries (Xu and Zhang, 2016).
Among the first microbial polymers produced at industrial scale are the dextrans
(Naessens et al., 2005). These polysaccharides are produced by microorganisms of
the genera Lactobacillus, Streptococcus, Weissella, Leuconostoc, Pediococcus and
Oenococcus (Daudé et al., 2014). The most common dextran of commercial use is
synthesized by Leuconostoc mesenteroides strain NRRL B-512F. The biopolymer
contains a(1-6) linked glucosyl residues in the main chain with only 5% of a(1-3)
linked branches (Naessens et al., 2005). Dextran fractions of controlled molecular
weight and their numerous derivatives are mainly used in medicine, pharmaceuticals
and fine chemistry (Zdolsek et al., 2011). The polymer production is attributed to the
extracellular glucansucrase (dextransucrase) DSR-S, a 6-a-D-glucosyltransferase
(EC 2.4.1.5) (Monchois et al., 1997). This enzyme belongs to glycoside hydrolase
family 70 (GH70) according to the CAZy classification (http://www.cazy.org/)
(Lombard et al., 2014). The GH70 family consists of a large and diverse group of
polymerases and branching enzymes, some of them being mainly active on sucrose
and others on starch substrate (Passerini et al., 2015, Gangoiti et al., 2017). In the
catalytic domain of GH70 enzymes can be identified three regions which contain the
amino acids involved in the catalysis (D551, E589, D662, DSR-S numbering) forming
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the catalytic triad and the domain presents the typical (b/a)8 barrel of glucansucrases
(Macgregor et al., 1996, Vujicić-Zagar and Dijkstra 2006 , Pijning et al., 2008).
Biochemical and molecular studies of these enzymes have allowed identifying some
of determinants of enzyme specificity and are promising to increase the prospects of
their practical applications (Daudé et al., 2014). The study of GH70 enzymes with
different specificity from new LAB strains could provide new insights in structurefunction relationships of glucansucrases as well as enlarge the dextransucrase
toolbox available for industrial application. In this sense, the Cuban Research
Institute on Sugarcane By-products (ICIDCA) has a collection of LAB strains. Some
of them have already been characterized (Fraga et al., 2011a, Fraga et al., 2011b).
They have been isolated from sugarcane and sugarcane derivatives which includes
the Leuconostoc citreum strain M-3. In the present study, we describe the cloning,
sequencing, and heterologous expression in Escherichia coli of a novel extracellular
dextransucrase coding region (dsrV) from L. citreum M-3, and the partial
characterization the polymer produced by the recombinant dextransucrase. The
alignment of the deduced amino acid sequence with other dextransucrase
sequences is presented as well as a 3D structural model of DSR-V.
Materials and methods
Bacterial strains and culture media
The Leuconostoc citreum strain M-3 was obtained from the Cuban Research
Institute on Sugarcane By-products (ICIDCA) culture collection. It was isolated from
sugar cane juice. Stock cultures were maintained at 80oC in 15% (v/v) glycerol. The
cultures were grown in a rotary shaker at 30oC, 175 cycles min-1 in standard medium
M1 (20 g.L-1 sucrose, 20 g.L-1 potassium hydrogen phosphate, 20 g.L-1 yeast extract,
0.2 g.L-1 MgSO4 7H2O, 0.01 g.L-1 MnSO4 H2O, 0.01 g.L-1 NaCl, 0.02 g.L-1 CaCl2, 0.01
g.L-1 FeSO4 7H2O) with an adjusted pH of 6.9. Glucose instead of sucrose was
added in the standard medium for chromosomal DNA purification purposes.
Dextransucrase enzyme activity assays
The enzyme activity was determined by measuring the release of reducing sugars
with the dinitrosalicylic acid method (Sumner and Howell, 1935). One unit of
glucansucrase enzyme (U) is defined as the amount of enzyme that catalyzes the
formation of 1 mmol.min-1 fructose at 30oC in 20 mmol.L-1 (pH 5.4) sodium acetate
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buffer, 2 mmol.L-1 CaCl2, with 100 g.L-1 sucrose and 1 mL of enzymatic preparation
in a total reaction volume of 5 mL.
SDS-PAGE and zymogram analysis
Protein electrophoresis under denaturing conditions (SDS-PAGE) was performed
with the Mini-Cell SureLockTM XCell system with polyacrylamide gels (8%, v/v) - SDS
(Novex Tris-Acetate 1.5 mm thick, Invitrogen Corp.) NuPAGE antioxidant, and
NuPAGE running buffer Tris-acetate - SDS (for Tris-Acetate gels) from Invitrogen
Corp. The NuPAGE reducing agent (DTT 1 mol.L-1) 3mL and 7.5 mL of loading buffer
NuPAGEâLDS (4X) were mixed with 20 mL of the sample and heated to 70°C for 10
min prior to loading on the gel. Samples containing resuspended cells were
centrifuged (Eppendorf centrifuge 5804 R) 10,000 x g for 5 minutes before being
applied. About 2 mU of enzyme was applied to the gels and electrophoresis was
performed for approximately one hour at 150 volts. Gels were treated for in situ
detection of glucansucrase-dextransucrase activity (zymogram) using sucrose as the
substrate (Miller and Robyt, 1986) in combination with the technique for reversibly
negative staining protein (Fernandez-Patrón et al., 1995). High Molecular Weight
Marker (Amersham Biosciences) was included in the electrophoresis runs.
DNA extraction and purification
Leuconostoc citreum M-3 DNA was purified using the “Blood and Cell Culture DNA
Maxi kit” (Qiagen, Germany), and plasmid DNA purification was done using the
“QIAprep Spin Plasmid kit” (Qiagen, Germany). LA-PCR (Long and Accurate PCR)
amplification products and gel extraction were performed using “QIAquick gel
extraction kit” (Qiagen, Germany).
PCR amplification and cloning of the dextransucrase encoding region
Primers were designed based on the sequence of the dextransucrase gene dsrS
deposited in GenBankTM (accession number: I09598). The recognized sequence of
the restriction endonuclease Cfr9I (SmaI) was inserted in both primers to flank the
amplicon. DNA fragments were generated by LA PCR (Long and Accurate PCR)
using the Expand High Fidelity PCR System (Roche Applied Science) with a Perkin
Elmer Gene Amp PCR System 2400 thermocycler and 50 ng of genomic DNA, and
10 µmol.L-1 of forward and reverse primers:
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dsrS-dir-PS (5'-CCCGGGATGCCATTTACAGAAAAAGTAATGCGGA-3')
dsrS-inv-PS (5'- CCCGGGTTATGCTGACACAGCATTTCCATTATT-3')
(ATG and TTA in italic type represent, respectively, the start and stop codons.
Nucleotides underlined represent mismatches with the sequence and the cleavage
site of restriction enzyme of Cfr9I.
The thermal cycling was 1 cycle at 94oC for 2 min, ten cycles of 94oC for 15 s, 50oC
for 30 s, 68oC for 10 min, 20 cycles of 94oC for 15 s, 50oC for 30 s, 68oC for 10 min
plus 5 s for each cycle, and 1 cycle 68oC for 15 min.
The amplicon was digested with the restriction endonuclease Cfr9I (MBI Fermentas)
and cloned in the vector pGEM-3Zf(+) (Promega). The transformation of Escherichia
coli JM109 with the construction was achieved by the procedure of Hanahan, (1983).
The screening of E. coli colonies producing functional dextransucrase enzymes was
done basically as described by Hernández et al. (2002). LBT medium (10 g tryptone,
5 g yeast extract, and 10 g NaCl, 100 mmol.L-1 Tris-HCl, pH 6,4) with ampicillin 100
µg.mL-1 was used instead of Luria-Bertani (LB) medium (Monchois et al., 1997). The
method relies on the addition of the pH indicator bromothymol blue to LBT media,
supplemented with 5% sucrose and 1% glycerol as extra carbon sources 2.4 mM
isopropyl-1-thio-b-D-galactopyranoside (IPTG). E. coli was grown and maintained on
LB medium supplemented when needed with ampicillin (100 µg.mL-1). All E. coli
strains were stored at -80°C in 15% glycerol.
Amplicon DNA sequence analysis
Amplicons were sequenced in both directions by Genome Express, France.
Nucleotide sequence analysis was performed with Vector NTI 8.0 software
(Invitrogen- InforMax, USA). The amino acid sequence encoded by the amplicon
was subjected to a BLAST 2.2.7 search (Altschul et al., 1997). COBALT – constraintbased multiple alignment tool (Papadopoulos and Agarwala 2007) was run on
BLAST search result and was used to build the phylogenetic tree using the neighbor
joining method with a maximum sequence difference (0.85) and the distance
estimated according the model of Kimura (1980). Final edition of the phylogenetic
tree was conducted using MEGA version X (Kumar et al., 2018). The MultAlin (http://
multalin.toulouse.inra.fr/multalin/) internet software of Corpet (1988) was used to
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perform the sequence alignments of the dextransucrases and the result was
visualized using the EsPript 3.0 software (http://espript.ibcp.fr/ESPript/cgi-bin/
ESPript.cgi) (Robert and Gouet 2014). The cleavage site of the peptidase signal was
predicted by the SignalP 4.1 software (Petersen et al., 2011).
Inducible production of dextransucrase in Escherichia coli JM109
For the expression of recombinant dextransucrase, a single colony of a clone was
inoculated into 10 ml of 2xYT/T medium (16 g tryptone, 10 g yeast extract, 5 g NaCl,
complete to 1L with 100 mmol.L-1 Tris/HCl, pH 6.4 buffer) supplemented with 100
µg.mL-1 of ampicillin and grown at 30oC, 175 cycles.min-1 overnight. The cultures
were then diluted 1:100 with 2xYT/T medium supplemented with 200 µg.ml-1
ampicillin, and grown at 30oC and 175 cycles.min-1 until the OD600 reached 0.5. Then
IPTG was added to a final concentration of 2.4 mmol.L-1 and the cultures were
incubated 12-14 h at 20ºC at 175 cycles.min-1. The cells were centrifuged at 10,000
x g 15 min, 4ºC and resuspended in a rupture solution [50 mmol.L-1 NaAc, pH 5.4,
Tritón X-100 0.1 % (v/v), CaCl2 0.05 g.L-1, inhibitors cocktail of proteases (Roche)]
until the OD600 reached 80. Finally the cells were disrupted by sonication (MSP,
England). The crude extract was centrifuged at 21,390 x g for 40 min. The soluble
and insoluble fractions of every crude extract were separated, recovered, and kept at
-20oC until they were analyzed.
Isolation of the exopolysaccharide produced by the recombinant dextransucrase in
Escherichia coli JM109
A positive colony was spread on solid LBT medium and grown at 30°C for one week.
The cells and exopolysaccharides were recovered, resuspended in 1 mL of
deionized (Mili Q) water and mixed by vortexing. The cellular and the supernatant
fractions were separated by centrifugation (Eppendorf 5804 R) at 10,000 x g at 4°C
for 15 min. The soluble exopolysaccharide of the supernatant fraction was
precipitated in 60 % (v/v) ethanol at room temperature. The precipitate was
recovered by centrifugation (Eppendorf 5804 R) at 7,000 x g 10 min at 20°C and was
resuspended in deionized (Mili Q) water, and this step was repeated two times. The
polymer was finally resuspended in deuterium oxide (D2O).
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13C-NMR

analyses of dextran polymers

All NMR spectra were obtained from solutions of 20 mg.mL-1 in deuterium oxide
(D2O). The NMR 1D spectra were obtained using inverse sequences taken from the
Bruker pulse sequences library and using 90o pulse, 25,000 Hz sweep width, 2.5 s of
relaxation delay and 0.63 s acquisition time. A total of 30,000 scans were recorded.
Signal assignments were made by the comparison of spectra from commercially
available dextran, inulin and levan, (Sigma-Aldrich). Some signals of dextran were
assigned according to Maina et al. (2008).
Results and discussions
Amplification, cloning and expression to a coding DNA fragment for DSR-V
dextransucrase
Primers were designed based on the nucleotide sequence of the N-terminal and Cterminal regions of the dextransucrase gene dsrS from L. mesenteroides NRRL
B-512F. This method was previously used in the isolation and cloning of the gene
dsrF and its truncated variant dsrF-ΔSP-ΔGBD from L. citreum B/110-1-2 (Fraga et
al., 2011a). Briefly, a DNA fragment of 4602 bp containing an open reading frame
(ORF) of 4587 bp putatively encoding a glucansucrase was amplified by PCR and
cloned into pGEM3Zf (+) (Figure 1A, lane 2).
E. coli JM109 clones expressing glucansucrase activity (DSR-V) were selected using
a simple phenotypic screening procedure. First, the positive clones turned the
medium color from the initial green (pH 6.5–7.0) to yellow (pH 6.0) due to medium
acidification resulting from the consumption of the glucose and fructose released
from sucrose (Hernández et al., 2002). In addition, the positive clones showed the
typical dextran polymer formation phenotype and negative clones appeared as flat
colonies without dextran (Figure 1B). The dextransucrase activity in the soluble
fraction of sonicated cell extracts was low (0.032 U.mL-1) as compared with other
production levels of recombinant dextransucrase in E. coli (Moulis et al., 2006, Yalin
et al., 2008). A possible cause of these levels may be the presence of 53 rare
codons in the dsrV sequence including 2 Arginine-AGG (2), AGA (4); Isoleucine-AUA
(9); Leucine-CUA (12); Proline-CCC (2); Glycine-GGA (24) and two in tandem
(AGAAUA). This tandem codon is especially unfavorable because it may cause an
early end of the translation process (Rogulin et al., 2004). In other study, an E. coli
clone expressing the dextransucrase DSR-F was supplemented with the pRARE
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vector, which carries rare RNAt genes, resulting in an increase in enzymatic activity
of 66%, indicating that rare codons have a negative effect on the production of
dextransucrase enzymes (Fraga 2015).

%

Figure 1. Cloning and detection of glucansucrases in E. coli JM109. (A): Lane 1: Protein marker 1 Kb
DNA Step Ladder (Promega). Lane 2: DNA electrophoresis of 4.6 kb amplicons encoding for
glucansucrase enzyme amplified by LA PCR. (B) Histochemical detection of dextransucrase enzyme
activity in E. coli. (C) Zymogram for detection of dextransucrase activity in the clone pGEM-3Zf(+) dsrV.
Lane 1: Protein marker HMW Maker. Lane 2: E. coli JM109 pGEM-3Zf(+) dsrV. Lane 3: E. coli JM109
pGEM-3Zf(+).

Amino acid sequence analysis of DSR-V dextransucrase
The dsrV gene, whose sequence was deposited in GenBankTM data base (accession
number: KF724950), encoding the protein DSR-V (GenBankTM accession number:
AHC31982) of 1530 amino acids, has a theoretical molecular weight of 170466.27
Da (~ 170 kDa) and an isoelectric point of 4.25 according to information provided by
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the Vector NTI 8.0 software. The deduced amino acid sequence of DSR-V showed a
high level of identity of 94% with several characterized dextransucrases of L.
mesenteroides strains like: DSR-D, a dextransucrase of 1527 aa of L. mesenteroides
Lcc4 (Neubauer et al., 2003), with the DSR-S of L. mesenteroides NRRL B-512F
(Moulis et al., 2006), with DexYG, a dextransucrase of 1527 aa of L. mesenteroides
0323 (Zhang et al., 2008) (Figure 2). The highest level of identity of DSR-V (99%)
was with a recently reported uncharacterized hydrolase of 1525 aa from an
annotated genome of L. mesenteroides subsp. suionicum deposited in GenBankTM:
API72687.1. Sequence alignment showed that DSR-V mainly differed from DSR-S in
89 amino acids all over the sequence. Concerning L. citreum, the highest identity
was 70% with an uncharacterized dextransucrase of 1381 aa deposited in
GenBankTM: CDX65712. The characterized dextransucrase of 1477 aa from L.
citreum strain HJ-P4, showed an identity of 67% (Yi et al., 2009).
Furthermore, the three amino acids (D551, E589, D662, DSR-S and DSR-V
numbering) forming the catalytic triad are highly conserved in GH70 family. It has
been proposed that the first conserved residue D551 (Asp) operates in the
nucleophilic attack, upon forming the intermediate enzyme substrate and activity
transferase (Macgregor et al., 1996). The second amino acid E589 (Glu) is involved
in the acid/general base catalysis (Macgregor et al., 1996, Vujicić-Zagar and Dijkstra
2006, Pijning et al., 2008). The conserved residue D662 (Asp) is the catalytic residue
stabilizing the transition state intermediate (Macgregor et al., 1996, Vujicić-Zagar and
Dijkstra 2006, Yi et al., 2009). Located downstream of the catalytic triad amino acid
D662 is the dextransucrase consensus sequence SEV (Ser663-Glu664-Val665)
which seems to be the responsible for a(1-6) linkage formation (Moulis et al., 2006).
All the characteristic motifs responsible for a(1-6) linkages specificity, were actually
observed in the predicted amino acid sequence of DSR-V (Figure 3). The highly
conserved regions (II, III, IV) (Vujicić-Zagar and Dijkstra, 2006) of the catalytic
domain of DSRV are identical to DSR-S dextransucrase ones (Figure 3).
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Figure 2. Phylogenetic tree of DSR-V (arrow) with members of the GH-70 family. Enterococcus (Ent.),
Lactobacillus (Lc.), Leuconostoc mesenteroides (Leu. mesent.), Oenococcus (O.), Weissella (W.).
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Figure 3. Amino acid sequence alignment of highly conserved regions (II, III, IV) in the catalytic
domains of dextran-, mutan-, alternan-, and reuteransucrase enzymes of lactic acid bacteria (including
DSR-V) and residues with functional roles identified by site directed mutagenesis. Key: GTF-180 Lb.
reuteri 180, GTF-A Lb. reuteri 121, Dsr-S, L. mesenteroides NRRL B-512F; Dsr-D L. mesenteroides
Lcc4; DSR-V L. citreum M-3; Dsr-B 742, L. citreum NRRL B-742; Dsr-F, L. citreum B/110-1-2; ASR, L.
citreum NRRL B-1355; Dsr-E CD1 y CD-2, L. citreum NRRL B-1299. Symbols → dextransucrase from
L. citreum strain M-3, ↑ catalytic triad amino acid, ◊ putative catalytic nucleophile, ♦ putative acid/base
catalyst, ↓ putative residue stabilizing the transition state intermediate (Macgregor et al., 1996, Ito et al.,
2011), ∀ putative sugar-binding/glycosyl transfer sites (Devulapalle et al., 1997), ∀ residues involved in
linkage specificity and glucan solubility. Amino acids involved in enzyme linkage specificity (Corpet
1988, Kralj et al., 2005) are in bold underlined type.

Primary structure analyses revealed that DSR-V displays the same organization as
that of all the dextransucrases from family GH-70 (EC 2.4.1.5) (Figure 4).
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Figure 4. Representation of DSR-V from L. citreum M-3. (A): Schematic representation of the primary
structure organization of DSR-V from L. citreum M-3. Repeat regions CW are shown. (B): Model of the
3D structure to DSR-V based in the 3D structure of GTF-180 from Lactobacillus reuteri 180 (3HZ3)
obtained by SWISS-MODEL, https://swissmodel.expasy.org. (C): “U” conformation based on the 3D
structure.

In the N-terminal region, a Gram-positive signal peptide with a cleavage site followed
by the amino acid 37 was identified. These are typical regions of Gram positive
bacteria dextransucrases. Previous deletion studies of this region in DSR-B of L.
citreum NRRL B-1299 have shown that its absence does not affect the enzyme
activity (Monchois et al., 1998). Following the signal peptide it was identified the
variable region consisting of 243 aa with three conserved regions corresponded to
sequences binding to the cell wall (CW) consisting of repeating units YG-consensus.
These regions have homology with other proteins binding to the cell wall; available
three-dimensional structures of such proteins show a b-solenoid folding where the
repeating units for binding to the cell wall are binding sites of choline like the choline
binding domain of LytA autolysin from Streptococcus pneumoniae (Fernandez-
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Tornero et al., 2001) or a trisaccharide (C-terminal domain of Clostridium difficile
toxin A [Greco et al., 2006]) present in the cell wall components.
Adjacent to the variable region is the catalytic domain that has 910 aa and is the
region of greatest homology with other known dextransucrases as the DSR-S of L.
mesenteroides NRRL B-512F and DSR-D of L. mesenteroides Lcc4 (Figure 3).
Amino acid alignment sequence analysis of DSR-V compared to other
dextransucrases of the GH70 family was performed to detect the correspondence
between the predicted secondary structure elements of DSR-V and those
determined from the 3D structure of GTF-180 (PDB: 3HZ3). From sequence
alignment, DSR-V can be predicted to adopt the typical U-shape fold adopted by
GH70 glucansucrases which comprises five domains: the catalytic A domain, domain
B and C that are related to GH13 family enzymes and the domains IV and V specific
of GH70 family (Figure 4).
Finally, the C-terminus, also named glucan binding domain (GBD), is 340 residues in
size. Once again four putative CW units can be localized at the N-terminal region of
this domain. Truncation and deletion studies showed that GBD is involved in binding
to the polymerization products, constituting functional domains that can bind to the
glucans themselves, but they are not directly involved in catalysis (Suwannarangsee
et al., 2007, Brison et al., 2012). The GBD contributes to increasing the
concentration of the carbohydrate chain to the vicinity of the active site and plays a
role in the presentation of these chains to the catalytic site for elongation and
branching (Brison et al., 2016). Truncations in the GBD of DSR-S, synthesizes
dextrans with lower molar mass than complete enzymes, having an effect on the
elongation of the polymer without affecting the catalysis reaction (Moulis et al.,
2006).
13C-NMR

analyses of dextran polymers synthetized by recombinant DSR-V

The polymer formed by the recombinant DSR-V was analyzed and compared to the
dextran T70 synthesized by dextransucrases DSR-S from L. mesenteroides NRRL
B-512F (ATCC 10830), as shown in Figure 5.
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Figure 5.

13C-NMR

spectra of dextran polymers. (A) Dextran polymers synthetized by recombinant

DSR-V in E. coli JM109. (B) Dextran T-70 produced from L. mesenteroides NRRL B-512F DSR-S
dextransucrase.

Dextrans have their signals

13C

NMR anomeric with chemical shifts after 90 ppm,

while at C-2, C-3, C-4 and C-5 the chemical shift appears in the range of 70-85 ppm,
which is the resonance region known for branched links, and the C-6 is normally
before 60 ppm (Gorin, 1981, Ahmed et al., 2012).
The

13C-NMR

spectrum of the dextran produced by recombinant dextransucrase

DSR-V in the presence of sucrose, has 6 prominent resonances, characteristic of
linear dextrans (Maina et al., 2008), showing a very similar maximum spectrum to
dextran T-70. In addition to these six peaks, the spectrum doesn’t contain peaks
indicative of lower branches. The maximum resonance 98.4 ppm indicates the
presence of α(1−6) links. This has also been described for DSR-B (Monchois et al.,
1998) and DSR-M (Passerini et al 2015), both of the L. citreum NRRL B-1299.
Overall, these results strongly support the proposal that L. citreum M-3 it is probably
the first L. citreum strain that possesses a DSR-S like protein (DSR-V) with
specificity like DSR-B and DSR-M.
Conclusions
On the basis of its amino acid sequence and specificity, it is concluded that DSR-V,
is a novel dextransucrase enzyme (EC 2.4.1.5), which must be classified in family
GH70. The data obtained in this study enhances the understanding of this
dextransucrase and enriches the great biodiversity of this group of enzymes. Further
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studies of new chimeric fusion enzymes obtained by the substitution/addition of
different Carbohydrate Binding Modules (CBM) will permit the design of rationally/
semi-rationally engineered dextransucrases producing a wide range of glucose
polymers with novel physicochemical properties.
Conflict of interest
No conflict of interest exist since the authors declare no competing financial interest,
and manuscript is approved by all authors for publication
Acknowledgements
Reinaldo Fraga and Roberto C. Aríticas were supported by a Development Research
Project financed by the Development Cooperation Program (2017-2021) of ARES
(Académie de Recherche et d’Enseigment Supérieur) from Belgium. Reinaldo Fraga
thanks William David Rau (MS Rau Antiques, New Orleans, USA) for his kind
support. We express our gratitude to Sandrine Morel for her technical support and
advice for the

13C-NMR

analyses of dextran polymers. We thank to Aidín Martínez

for providing the strain Leuconostoc citreum M-3. We also thank Dr. Joan Combie for
the style correction of the manuscript.
References
Ahmed, R.Z., Siddiqui, K., Arman, M., Ahmed, N. (2012). Characterization of high
molecular weight dextran produced by Weissella cibaria CMGDEX3. Carbohydr.
Res., 343, 1237-1250. https://doi.org/10.1016/j.carbpol.2012.05.063
Altschul, S.F., Madden, T.L., Schäffer, A.A., Zhang, J., Zhang, Z., Miller, W., Lipman,
D.J. (1997). Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs. Nucl. Acids Res., 25, 3389-3402.
Brison, Y., Malbert, Y., Czaplicki, G., Mourey, L., Remaud-Simeon, M., Tranier, S.
(2016). Structural insights into the carbohydrate binding ability of an α-(1→2)
branching sucrose from glycoside hydrolase family 70. J. Biol. Chem., 291,
7527-7540. doi: 10.1074/jbc.M115.688796
Brison, Y., Pijning, T., Malbert, Y., Fabre, E., Mourey, L., Morel, S., Potocki-Veronese,
G., Monsan, P., Tranier, S., Remaud-Siméon, M., Dijkstra, B.W. (2012). Functional
and structural characterization of α-(1→2) branching sucrase derived from DSR-E
glucansucrase. J. Biol. Chem., 287, 7915-7924. doi: 10.1074/jbc.M111.305078

309

Microbial Exopolysaccharides (Caister Academic Press)

Corpet, F. (1988). Multiple sequence alignment with hierarchical clustering. Nucl.
Acids Res., 16(22), 10881-10890.
Daudé, D., André, I., Monsan, P., Remaud-Siméon, M. (2014). Successes in
engineering glucansucrases to enhance glycodiversification. In Carbohydrate
Chemistry: Volume 40, A. P. Rauter, T. Lindhorst, Y. Queneau, eds. (Royal Society
of Chemistry) pp. 624-645. http://dx.doi.org/10.1039/9781849739986-00624
Devulapalle, K.S., Goodman, S.D., Gao, Q., Hemsley, A., Mooser, G. (1997).
Knowledge-based model of a glucosyltransferase from the oral bacterial group of
mutans streptococci. Protein Sci., 6, 2489-2493. https://doi.org/10.1002/pro.
5560061201
Fernandez-Patrón, C., Hardy, E., Seoane, J., Castellanos, L. (1995). Double staining
of coomassie blue-stained polyacrylamide gels by imidazole-sodium dodecyl
sulfate-zinc reverse staining: Sensitive detection of coomassie blue-undetected
proteins. Anal. Biochem., 224(1), 263-269. https://doi.org/10.1006/abio.1995.1039
Fraga, R. (2015). Aislamiento, caracterización y expresión heteróloga del gen de una
nueva dextranasacarasa de la cepa industrial de Leuconostoc sp. B/110-1-2. Ph.D.
Thesis Dissertation, University of Havana (2015).
Fraga, R., Moulis, C., Escalier, P., Remaud-Simeón, M., Monsan, P. (2011). Isolation
of a gene from Leuconostoc citreum B/110-1-2 encoding a novel dextransucrase
e n z y m e . C u r r. M i c r o b i o l . , 6 2 , 1 2 6 0 - 1 2 6 6 . h t t p s : / / d o i . o r g / 1 0 . 1 0 0 7 /
s00284-010-9851-7
Fraga, R., Martínez, A., Moulis, C., Escalier, P., Morel, S., Remaud-Simeón, M.,
Monsan, P. (2011). A novel dextransucrase is produced by Leuconostoc citreum
strain B/110-1-2: an isolate used for the industrial production of dextran and
dextran-derivatives. J. Ind. Microbiol. Biotechnol., 38, 1499-1503. https://doi.org/
10.1007/s10295-010-0936-x
Fernandez-Tornero, C., Lopez, R., Garcıa, E., Gimenez-Gallego, G., Romero, A.
(2001). A novel solenoid fold in the cell wall anchoring domain of the pneumococcal
virulence factor LytA. Nat. Struct. Biol., 8, 1020-1024. https://doi.org/10.1038/
nsb724
Gangoiti, J., van Leeuwen, S., Gerwig, G., Duboux, S., Vafiadi, C., Pijning, T.,
Dijkhuizen, L. (2017). 4,3-α-Glucanotransferase, a novel reaction specificity in
glycoside hydrolase family 70 and clan GH-H. Sci. Rep., 7, 39761. doi: 10.1038/
srep39761.

310

Microbial Exopolysaccharides (Caister Academic Press)

Gorin, P.A.J. (1981). Carbon-13 nuclear magnetic resonance spectroscopy of
polysaccharides. Adv. Carbohydr. Chem. Biochem., 38, 13-104. https://doi.org/
10.1016/S0065-2318(08)60309-1
Greco, A., Ho, J.G., Lin, S.J., Palcic, M.M., Rupnik, M., Ng, K.K. (2006).
Carbohydrate recognition by Clostridium difficile toxin A. Nat. Struct. Mol. Biol., 13,
460-461. https://doi.org/10.1038/nsmb1084
Hanahan, D. (1983). Studies on transformation of Escherichia coli with plasmids. J.
Mol. Biol., 166(4), 557-580. https://doi.org/10.1016/S0022-2836(83)80284-8
Hernández, L., Menéndez, C., Soto, M., Trujillo, L.E., Arrieta, J.G. (2002). A simple
method for direct screening of Escherichia coli and Pichia pastoris expressing
recombinant saccharolytic enzymes. Biotecnología Habana 2002. Agro-Biotech in
the New Millennium. ISBN 959-235-021-3 Elfos Scientiae.
Ito, K., Ito, S., Shimamura, T., Weyand, S., Kawarasaki, Y., Misaka, T., Abe, K.,
Kobayashi, T., Cameron, A.D., Iwata, S. (2011). Crystal structure of glucansucrase
from the dental caries pathogen Streptococcus mutans. J. Mol. Biol., 408(2),
177-86. https://doi.org/10.1016/j.jmb.2011.02.028
Kimura, M. (1980). A simple method for estimating evolutionary rate of base
substitutions through comparative studies of nucleotide sequences. Journal of
Molecular Evolution, 16, 111-120.
Kralj, S., van Geel-Schutten, G.H., Faber, E.J., van der Maarel, M.J., Dijkhuizen, L.
(2005). Rational transformation of a reuteransucrase into a dextransucrase:
analysis of mutant enzymes and their glucan and oligosaccharides products.
Biochemistry, 44, 9206-9216. DOI: 10.1021/bi050447q
Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura, K. (2018). MEGA X: Molecular
evolutionary genetics analysis across computing platforms. Molecular Biology and
Evolution, 35, 1547-1549. https://doi.org/10.1093/molbev/msy096
Lombard, V., Golaconda Ramulu, H., Drula, E., Coutinho, P.M., Henrissat, B. (2014).
The Carbohydrate-active enzymes database (CAZy) in 2013. Nucl. Acids Res., 42,
D490-D495. https://doi.org/10.1093/nar/gkt1178
Macgregor, E.A., Jespersen, H.M., Svensson, B. (1996). A circularly permuted alphaamylase-type alpha/beta-barrel structure in glucan-synthesizing
glucosyltransferases. FEBS Lett., 378, 263-266. https://doi.org/
10.1016/0014-5793(95)01428-4
Maina, N.H., Tenkanen, M., Maaheimo, H., Juvonen, R., Virkki, L. (2008). NMR
spectroscopic analysis of exopolysaccharides produced by Leuconostoc citreum

311

Microbial Exopolysaccharides (Caister Academic Press)

and Weissella confuse. Carbohydr. Res., 343, 1446-1455. https://doi.org/10.1016/
j.carres.2008.04.012
Miller, A.W., Robyt, J.F. (1986). Detection of dextransucrase and levansucrase on
polyacrylamide gels by the periodic acid-Schiff stain: staining artifacts and their
prevention. Anal. Biochem., 156,

357-363. https://doi.org/

10.1016/0003-2697(86)90266-6
Monchois, V. Remaud-Simeon, M., Monsan, P., Willemot, R.M. (1998). Cloning and
sequencing of a gene coding for an extracellular dextransucrase (DSR-B) from
Leuconostoc mesenteroides NRRL B1299-synthesizing only a(1–6) glucan. FEMS
Microbiol. Lett., 159, 307-315. https://doi.org/10.1111/j.1574-6968.1998.tb12876.x
Monchois, V., Remaud-Simeon, M., Russel, R.R., Monsan, P., Willemot, R.M. (1997).
Characterization of Leuconostoc mesenteroides NRRL B-512F dextransucrase
(DSRS) and identification of amino-acid residues playing a key role in enzyme
activity. Appl. Microbiol. Biotechnol., 48(4), 465-72. DOI:10.1007/s002530051081
Moulis, C., Joucla, G., Harrison, D., Fabre, E., Potocki-Veronese, G., Monsan, P.,
Remaud-Simeon, M. (2006). Understanding the polymerization mechanism of
glycoside-hydrolase family 70 glucansucrases. J. Biol. Chem., 281, 31254-31267.
doi: 10.1074/jbc.M604850200
Naessens, M., Cerdobbek, A., Soetaert, W., Vandamme, E.J. (2005). Leuconostoc
dextransucrase and dextran: production, properties and applications. J. Chem.
Technol. Biotechnol., 80, 845-860. https://doi.org/10.1002/jctb.1322
Neubauer, H., Bauche, A., Mollet, B. (2003). Molecular characterization and
expression analysis of the dextransucrase DsrD of Leuconostoc mesenteroides
Lcc4 in homologous and heterologous Lactococcus lactis cultures. Microbiology,
149, 973-982. doi: 10.1099/mic.0.26029-0
Papadopoulos, J.S., Agarwala, R. (2007). COBALT: constraint-based alignment tool
for multiple protein sequences. Bioinformatics, 23(9), 1073-1079. https://doi.org/
10.1093/bioinformatics/btm076
Passerini, D., Vuillemin, M.l., Ufarté, L., Morel, S., Loux, V., Fontagné-Faucher, C.,
Monsan, P., Remaud-Siméon, M., Moulis, C. (2015). Inventory of the GH70
enzymes encoded by Leuconostoc citreum NRRL B-1299–identification of three
novel-transglucosylases. FEBS Journal, 282(11), 2115-2130. https://doi.org/
10.1111/febs.13261

312

Microbial Exopolysaccharides (Caister Academic Press)

Petersen, T.N., Brunak, S., von Heijne, G., Nielsen, H. (2011). SignalP 4.0:
discriminating signal peptides from transmembrane regions. Nature Methods, 8,
785-786. https://doi.org/10.1038/nmeth.1701
Pijning, T., Vujicic-Zagar, A., Kralj, S., Eeuwema, W., Dijkhuizen, L., Dijkstra, B.W.
(2008). Biochemical and crystallographic characterization of a glucansucrase from
Lactobacillus reuteri 180. Biocat. Biotrans., 26(1-2), 12-17. https://doi.org/
10.1080/10242420701789163
Pu, Y., Zou, Q., Hou, D., Zhang, Y., Chen, S. (2017). Molecular weight kinetics and
chain scission models for dextran polymers during ultrasonic degradation.
Carbohydr. Polym., 156, 71-76. https://doi.org/10.1016/j.carbpol.2016.09.017
Robert, X., Gouet, P. (2014). Deciphering key features in protein structures with the
new ENDscript server, Nucl. Acids Res., 42(W1), W320-W324. https://doi.org/
10.1093/nar/gku316
Rogulin, E., Perevyazova, T., Zheleznaya, L., Matvienko, N. (2004). Plasmid pRARE
as a vector for cloning to construct a superproducer of the site-specific Nickase
N.BspD6I. Biochemistry (Moscow), 69, 1123-1127.
Sumner, J., Howell, S. (1935). A method for determination of saccharase activity. J.
Biol. Chem., 108, 51-54.
Suwannarangsee, S., Moulis, C., Potocki-Veronese, G., Monsan, P., RemaudSimeon, M., Chulalaksananukul, W. (2007). Search for a dextransucrase minimal
motif involved in dextran binding. FEBS Letters, 581, 4675-4680. https://doi.org/
10.1016/j.febslet.2007.08.062
Vujicić-Zagar, A., Dijkstra, B.W. (2006). Monoclinic crystal form of Aspergillus niger
alpha-amylase in complex with maltose at 1.8 angstroms resolution. Acta
Crystallogr. Sect. F Struct. Biol. Cryst. Commun., 62(Pt 8), 716-21. https://doi.org/
10.1107/S1744309106024729
Xu, L., Zhang, J. (2016). Bacterial glucans: production, properties, and applications.
Appl. Microbiol. Biotechnol., 100(21), 9023-9036. https://doi.org/10.1007/
s00253-016-7836-6
Yalin, Y., Jin, L., Jianhua, W., Da, T., Zigang, T. (2008). Expression and
characterization of dextransucrase gene dsrX from Leuconostoc mesenteroides in
Escherichia coli. J. Biotechnol., 133, 505-512. https://doi.org/10.1016/j.jbiotec.
2007.12.002
Yi, A.R., Lee, S.R., Jang, M.U., Park, J.M., Eom, H.J., Han, N.S., Kim, T.J. (2009).
Cloning of dextransucrase gene from Leuconostoc citreum HJ-P4 and its high-level

313

Microbial Exopolysaccharides (Caister Academic Press)

expression in E. coli by low temperature induction. J. Microbiol. Biotechnol., 19(8),
829-35.
Zannini, E., Waters, D.M., Arendt, E.K. (2016). Production, properties, and industrial
food application of lactic acid bacteria-derived exopolysaccharides, Appl. Microbiol.
Biotechnol., 100(3), 1121-1135. https://doi.org/10.1007/s00253-015-7172-2
Zdolsek, H.J., Vegfors, M., Lindahl, T.L., Tornquist, T., Bortnik, P., Hahn, R.G. (2011).
Hydroxyethyl starches

and dextran during hip replacement surgery: effects on

blood volume and coagulation. Acta Anaesthesiologica Scandinavica, 55(6),
677-685. https://doi.org/10.1111/j.1399-6576.2011.02434.x
Zhang, H., Hu, Y., Zhu, C., Zhu, B., Wang, Y. (2008). Cloning, sequencing and
expression of a dextransucrase gene (dexYG) from Leuconostoc mesenteroides.
Biotechnol. Lett., 30, 1441-1446. https://doi.org/10.1007/s10529-008-9711-8

314

