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Changes in linkage pattern of glucan products induced by substitution
of Lys residues in the dextransucrase

Kazumi Funane®*, Tadashi Ishii®, Hiroshi Ono®, Mikihiko Kobayashi®

& National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan
® Wood Biochemistry Forestry and Forest Products Research Institute, 1 Matsunosato, Tsukuba, Ibaraki 305-8687, Japan
¢ Jissenn Women’s University, 4-1-1 Osakaue, Hino, Tokyo 191-8510, Japan

Received 6 June 2005; revised 16 July 2005; accepted 19 July 2005

Available online 8 August 2005

Edited by Stuart Ferguson

Abstract Dextransucrase S (DSRS) is the only active glucan-
sucrase that has been found in Leuconostoc mesenteroides NRRL
B-512F strain. Native DSRS produces mainly 6-linked glucopyr-
anosyl residue (Glcp), while Escherichia coli recombinant DSRS
was observed to produce a glucan consisting of 70% 6-linked Glcp
and 15% 3,6-Glcp. Lys residues were introduced at the N-termi-
nal end of the core domain by site-directed mutagenesis. In glu-
cans produced by the one-point mutants T350K and S455K, the
amount of 6-linked Glcp was increased to about 85% of the total
glucan produced, more similar in structure to native B-512F dex-
tran. The double mutant T350K/S455K produced adhesive,
water-insoluble glucan with 77% 6-linked Glcp, 8% 3,6-linked
Glcp and 4% 2,6-linked Glcp. The T350K/S455K mutant exhib-
ited a 10-fold increase in glucosyltransferase activity over those
of the parental DSRS-Hisq and its T350K and S455K mutants.
This is the first report demonstrating a change in the properties
of a dextransucrase or a related glucosyltransferase through sim-
ple site-directed mutagenesis to create 2,6-linked Glcp.
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1. Introduction

Glucansucrases [EC 2.4.1.5] are produced by several kinds of
Leuconostoc, Streptococcus, and Lactobacillus bacterial strains
to catalyze the synthesis of a-D-glucan from sucrose. Glucan-
sucrases that produce primarily o -1,6-D-glucan are called dex-
transucrases. Leuconostoc mesenteroides NRRL B-512F
produces a high percentage (95%) of o-1,6-dextran. Fre-
quently, different glucosidic linkages are found in glucan
products; i.e., Leuconostoc strains produce glucans with
o-1,6-linkages, frequently o-1,3-, and sometimes o-1,2- or ao-
1.4-linkages. [1]. Streptococcus strains produce glucan with
a-1,6-linkages and/or a-1,3-linkages [2]. Lactobacillus reuteri
121 was reported to produce glucan with mainly o-1,4- and
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a-1,6-linkages [3]. The glucosidic linkage pattern of the glucan
product differs depending on the kind of glucansucrase. How-
ever, the mechanisms as to what kinds and what proportions
of the linkages are produced are unclear.

Glucansucrases are approximately 160 kDa in size and be-
long to the glycoside hydrolase family 70 (see http:/
afmb.cnrs-mrs.fr/CAZY/). A typical glucansucrase amino acid
sequence includes a signal sequence, followed by a variable
stretch of approximately 200 amino acids, conserved core
region of about 900 amino acids (N-terminal catalytic core
domain), and a series of direct repeating units of about 400
amino acids (C-terminal glucan-binding domain) [4]. In the
highly-conserved core region, about 700 amino acids make
up a predicted circularly permuted (p/a)g barrel [5-7]. Catalytic
Asp [7-9] and essential substrate-binding Gln [6] exist in this
region. The N-terminal end of about 200 amino acids out of
this (p/a)g barrel are highly conserved among glucansucrases,
but have not been found in other enzymes or proteins. The
properties and functions of this region (glucansucrase spe-
cific-conserved region, GSC region) are unclear. In Streptococ-
cus downei glucansucrase GTFI, Trp344 and His355, both of
which are in the GSC region, were reported to be involved
in the enzyme reaction [10]. It was also suggested that
His355 plays a role in the binding to the subsite necessary
for glucan and oligosaccharide elongation [10]. This region
has been reported to contain an essential Asp511 residue at
the border between the GSC region and the (B/a)g barrel in
the dextransucrase S (DSRS) of the L. mesenteroides NRRL
B-512F strain, which could function to bind a sucrose mole-
cule [11,12]. In one of our previous studies, a chemical modifi-
cation of the Lys residues was performed on the native DSRS of
the B-512F strain with o-phthalaldehyde in the presence and ab-
sence of sucrose, the sucrose analog sucrose monocaprate, and
clinical dextran [13]. The results suggested the GSC region con-
tained sucrose- and dextran-binding Lys-residues. Lys residues
in the GSC region may have some role in substrate binding, but
it is unclear whether or not some of the Lys residues contribute
to the enzymatic reaction. The GSC regions of some glucansuc-
rases from Leuconostoc, Streptococcus, and Lactobacillus are
aligned, as shown in Fig. 1. Lys residues are indicated in white
letters with a black background. Many of the Lys residues are
not conserved in this region, but there are a few Lys residues
conserved in most of the glucansucrases. In another one of
our previous studies, DSRS was incubated with a glucan pre-
pared from a Streptococcus mutans culture, and a glucan-bind-
ing peptide fragment was detected in the GSC region [14].
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L.m.DSRS 340 YLTASSWYRPTGILRNGTDWEPSTDTDFRPILSVWWPDIINTOVNYLNYMADLGFISN----ADSFETGDSQSLLNEASN 414
L.m.DSRB 322 YLTASSWYRP{ADVLRNGQHWEATTANDFRPIVSVWWPS)$OTQVNYLNYMSQMGLIDN----RQMFSL{ZDNQAMLNIACT 396
L.m.DSRA 77 HLTASSWYR IHS:QERWAPSTVTDFRPLLMAWWP TQVTYLNYMIDQGLLSG----THHF SDNENMRTLTAAAM 151
L.m.DSRE 318 YLTANSWYR GTTWTPTTAEDFRPLLMSWWPDINTQVAYLQYMOSVGMLPD-~~--DVIVSNDDNMSTLTDAAM 392
2008 FLTADTWYRPJS ILANGTTWRDSTDIIDMRPLITVWWP! QOVNYLNFMKANGLLTQVAITAAQYTLHSDQYDLNQAAQ 2082
L.m.DSRT 307 YLTADSWYR ILVNGQNWEsﬂEDDDLRPLLMTwWP TOVNYLNAMZYLDATET----ETVYTSDDSQDALNZAAQ 381
S.d.GTFS 227 YLTADSWYRP GOSWOASSEGDLRPILMTWWPDAATIAAYAN----FWAREG----LISGSYRONSANLDAATQ 297
S.m.GTFD 251 YVTANSWYRP) ASSESDLRPLLMSWWPDBQTQIAYLNYM-NQQGLGT----GENYTADSSQESLNLAAQ 324
S.m.GTFB 239 YLTAESWYRP) STEI FRPLLMTWWPDQETQRQYVNYMNAQLGINA-————— TYDDTSNQLOLNIAAA 311
S.d.GTFI 239 YLTADSWYRP) s: SSIDDFRPLLMAWWPDTETIRNYVNY! GIDi-————= TYTAETSQADLTAAAE 311
L.R.GTFA 816 YLTADTWYRP GTTWTD TDMRPILMVWWPNTLTQAYYLNYMIOHGNLLP--SALPFFNADADPAELNHYSE 892
--** o**** * **--- ***o- .. *-o--
L.m.DSRS 415 YVQISIEMJISAQQSTEWLED-—————— AMAAFIVAQPOWNETSE----DMSNDHLONGALTYVN-SPLTPDANSNFRL 481
L.m.DSRB 397 TVQOAIET|NIGVANSTAWLIST——————— AIDDFIRTQPQWNMSSE----DPINDHLONGALTFVN-SPLTPDTNSNFRL 463
L.m.DSRA 152 QAQVNIE[S{IGOLGNTDWLT——————— AMTQY IDAQPNWNIDSE----ARGDDHLOGGALLYTN-SDMSPIANSDYRY 218
L.m.DSRE 393 TVQENIESRIGVSGQETDWLjQ-—-—-—— DMNILIDSQANWNIDSE-—---Si$GNDHLOGGALLYVN-DDITPNANSDYRL 459
2083 DVQVAIERRIASEHGTDWLQILLFESQNNNPSFVEOOF IWNIDSE--YHGGGDAWFQGGYLIYGN-NPLTPTTNSDYR- 2157
L.m.DSRT 382 NIQV[JIEE[RISQEGQTOWL{D--————- DISEFVDSQSNWNIASE----SEGTDHLOGGALLYVN-SDITPDANSDYRL 448
S.d.GTFS 298 NIQSAIENIASEGNTNWLRD---———-] [IMSQFVIISONOWSIASENETVYPNODHMOGGALLFSN-SIDTEHANSDWRL 368
S.m.GTFD 325 TVQVIIIETI{ISQTOQOTOWLRD-—————— IINSFVITOPNWNSQTESDTSAGEIDHLOGGALLYSN-SDI{TAYANSDYRL 395
S.m.GTFB 312 TIQ. E. TTLENTDWLRQ-——=——~ TISAF QSAWNSDSE----E;FDDHLQNGAVLYDNE 379
S.d.GTFI 312 LVQARIEQITTEONTIWLRE-—————- AISAFVIUTOPOWNGESE----){PYDDHLONG. DNQOSDLTPDTQOSNYRL 379
L.R.GTFA 893 IVQONI ISETGNTDWLRT ------- LMHDFVTNNPMWNIDSE--NVNFSGIQFQGGFLIJYEN-SDLTPYANSDYRL 961
* ** . *** .. .o *o o* ooo* *oooo
L.m.DSRS 482 LNRTPTNQTG----EQAYNLDNS[IGG--FELLLANDVDNSNPVVQAEQ 523
L.m.DSRB 464 LNRTPTNQTG----VPEYTIDQOS)GG--FELLLANDVDNSNPVVQOSEQ 505
L.m.DSRA 219 LSRTPINQRG------ QIADRY[I0GG--FELLLANDVDNSNPVVQAEQ 258
L.m.DSRE 460 LNRTPTNQTG------ QITDPSiQGG--YEMLLANDVDNSNPVVQAEQ 499
2158 ———m e QPGNAFDFLLANDVDNSNPVVQAEN 2182
L.m.DSRT 449 LNRTPTNQTG----TPLYTTDPTQGG--YDFLLANDVDNSNPVVQAEQ 490
S.d.GTFS 369 LNRNPTFQTG----| FTTN-YAG--YELLLANDVDNSNPVVQAEQ 409
S.m.GIFD 396 LNRTPTSQTG---—-| FEDNSSGG--YDFLLANDIDNSNPVVQAEQ 437
S.m.GTFB 380 LNRTPTNQTGISYDPR--YTADNTIGG--YEFLLANDVDNSNPVVQAEQ 423
S.d.GTFI 380 LNRTPTNQTGSLDSRFTYNANDPLGG--YELLLANDVDNSNPIVQAEQ 425
L.R.GTFA 962 LGRMPIN-———-— IGEDOTY————- RGQ---EFLLANDIDNSNPVVQAEQ 996
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Fig. 1. Alignments of amino acid sequences and positions of Lys residues in the GSC region of various Leuconostoc dextransucrases and
streptococcal glucosyltransferases. The deduced amino acid sequences of the GSC regions of L. mesenteroides dextransucrases are DSRS from the
gene dsrS (109598) [12,34], DSRB from dsrB (AF030129) [23], DSRA from dsrA (U38181) [35], DSRE from dsrE (AJ430204) [32] and DSRT from
dsrT gene (AB020020) [18]. The streptococcal glucosyltransferase are GTFS from gzfS from S. downei (M30943) [36], GTFD from S. mutans gtfD
(M29296) [37], GTFB from S. mutans gtfB (M17361) [38] and GTFI from S. downei gtfI (M17391) [39]. The Lactobacillus glucansucrase is GTFA
from L. reuteri gtfA (AY697435) [3]. All were aligned by the GENETYX version 11.2 program (Software Development Co., Tokyo) as described in
Section 2. DSRB produces a-1,6-glucan [23], DSRA produces o-1,6- and a-1,3-glucans [35] and DSRE produces o-1,2-branched linkage-containing
a-1,6-glucan [32]. GTFS [36] and GTFD [37] produce water-soluble a-1,6-glucan. GTFI [39] and GTFB [38] produce water-insoluble a-1,3-glucan.
GTFA [3] produce water-soluble a-1,4- and a-1,6-glucan. The positions of the Lys residues are indicated by white letters with a black background.
Solid arrowheads are the positions of substituted Lys residues in the DSRS protein. The open arrowhead is an essential Asp residue [11,12].

Additionally, in our most recent study, chimeric enzymes con-
structed from two different recombinant dextransucrases that
were exchanged their GSC regions each other produced glucans
different from those of their parental enzymes [15]. It should be
noted, however, that the positions of the glucan-binding Lys
residues in the GSC region have not yet been identified, nor
have the roles of the Lys residues in the GSC region been clar-
ified. The positively charged amino acid residues of His, Arg,
and Lys can potentially bind with sugars or other carbohydrates
via hydrogen bonding. The Lys residue was reported to be one
of the essential residues for sugar binding in a lectin from the
freshwater Indian gastropod Balamyia bengalensis [16] and for
carbohydrate binding in bovine B-lactoglobulin [17].

In this study, Lys residues were substituted in a recombinant
C-terminal polyhistidine-tagged DSRS dextransucrase (DSRS-
Hisg) through site-directed mutagenesis. A possible role of the
GSC region is speculated based on the changes in the linkage
patterns of the glucan products of the DSRS-Hiss enzymes of
the Lys-substituted mutant. The contributions of the Lys resi-
dues in the GSC region in terms of enzyme reactions and the
determination of the kinds of glucosyl linkages made are dis-
cussed in this report.

2. Materials and methods

2.1. Construction of the DSRS-Hiss gene and the introduction of
mutations

The plasmid pDSRS, carrying the complete dsrS gene in the form of
pET23d, was constructed as described before [18]. To introduce the
(His)-Tag at the C-terminal of the recombinant DSRS protein, an
EcoRI1/Xhol fragment of PCR-amplified DNA was used with pDSRS
as a template with the primers 5'-GCCATGCTGTCACTGGTTTC-
3’ and 5'-GCCTCGAGTGCTGACACAGC-3’, which were replaced
in pDSRS to construct pDSRSH. Site-directed mutagenesis was car-
ried out on pDSRSH with a Mutan-Super Express Km Kit (Takara).

2.2. Expression of pDSRSH and the purification of the gene product
DSRS-Hiss and its mutants in E. coli BL21(DE3)

DSRS-Hisg and its mutant enzymes were produced as described be-
fore [18,19]. Cultured E. coli BL21(DE3) cells carrying pDSRSH or
mutated plasmids were suspended in 20 mM Na-acetate (pH 5.2) con-
taining 30% glycerol. The recombinant proteins were then extracted by
sonication. The supernatant was obtained by centrifugation at
10000 x g for 10 min, to which 6 M guanidine-HCI, 0.5M NaCl,
and 15 mM imidazole were added. The enzyme solution was put on
a HiTrap~ 1 ml Chelating HP (Amercham Bioscience) column previ-
ously loaded with 0.1 M NiSO, and equilibrated by a 20 mM Na-ace-
tate, 30% glycerol, 0.5 M NaCl, 6 M guanidine-HCI, 15 mM imidazole
solution (pH 7.5). The column was washed with the same solution to
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