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Abstract A dextransucrase gene (dsrB742) that expresses a
dextransucrase to synthesize mostly o-1—6 linked dextran
with a low amount (3- 5%) of o-1—3 branching was cloned
and sequenced from Leucorostoc mesenteroides B-742CB.
The 6.1-kb Psil fragments were ligated with pGEM-32f(-)
and transformed into E. coli DH50. The recombinant clone
(pDSRB742) synthesized dextran on an agar plate containing
2% (w/iv) sucrose. The dextran synthesized was hydrolyzed with
Penicilliunm endo-dextranase. The hydrolyzate was composed of
glucose, isomaliose. isomaltotriose, and branched pentasaccharide.
The mucleotide sequence of dsiB742 showed one open reading
frame (ORF) composed of 4,524 bp encoding dexiransucrase.
The deduced amino acid sequence revealed a calculaled
molecular mass of 168.6 kDa. It also showed an activity band
of 184 kDa on a non-denaturing SDS-PAGE (109%). The amino
acid sequence of DSRB742 exhibited a 50% similarity with
DSRA from L. mesenteroides B-1299, a 70% similarity with
DSRS from L. mesenteroides B-512 (F, FMCM) and a 45~
56% similarity with Strepfococcal GTFs.
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Dextran is a generic term applied 1o baclerial polysaccharides
that are synthesized from sucrose and composed of chains
of p-glucose units connected by o-1-+6 linkages, Dextrans
can be composed of varions amounts and arrangements of
branches: for example. ¢-1—2, o-1—3, and ¢-1-34 to the
main chains [17]. The enzymes that synthesize dextrans are
known as dextransucrases (EC 2.4.1.5). Dextransucrases are
extracellular glucansucrases that are produced by various
species of Leuconostoc and Streptococcus. Different kinds
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of glucansucrases, synthesizing different kinds of glucans,
are produced by various strains or species of Lexconostoc
and Streprococcus [8, 10, 17]. The glucansucrases of
Streptococcuts sp. are produced constitutively, whereas the
L. mesenteroides glucansucrases can only be produced by
sucrose induction, with the exception of the constitutive
mutants produced from Leuconostoc sp. [10, 11]. It has
been previously teported that L. mesenteroides B-742
produces two kinds of dextransucrases with sucrose. One
enzyme synthesizes a dextran containing ¢-1—4 branch
linkages and the other synthesizes a dextran with a very
high degree of single o-1—3 branched glucose residues
[10, 17]. From L. meunsenteriodes B-742, Kim and Robyt
[10] isolated a dextransucrase constitutive mutant, L.
mesenteriodes B-742C. Following further mutation of B-
742C. two different constitulive mutants, B-742CA and B-
742CB, were isolated. B-742CB produced extracellular
dextransucrases on 2% ghicose with higher activities than
that produced by B-742 produced on 2% sucrose. The B-
742CB dextransucrase synthesized both a soluble and an
insoluble dextran. In this study, a gene was cloned from L.
mesenteroides B-742CB that expressed a dexitransucrase
{ds/B742) forming only a soluble glucan that had glucose
units comnected mostly by a-1—26 glucosidic linkages.
Accordingly, this report describes the isolation and expression
in E. coli of the B-742CB dextransucrase gene and compares
the homology characteristics with the reported sequences
of other L. mesenteroides dextransucrasc and Streptococcies
sp. GTFs genes.

L. mesenteroides B-742CB was grown on an LM
medium containing 2% (w/v) glocose [6]. E. coli DHS5o.
TOPI10F, and BL21{DE3)pLysS (Invitrogen, The Netherlands)
were maintamed and grown on Luria-Bertani agar plates [12]
containing the indicated antibiotics. pGEM3Zf{-) {Promega,
U.S.A.) and pRSET (lnvitrogen, The Netherlands) plasmids
were 1sed for cloning and expressing the dextransucrase gene.
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The genomic DNA of L. mesenteroides B-742CB was
extracted as described by Haj-Ahmad ez al. [5] with some
modifications. The cells were harvesied from a culture
broth and the pellet was washed twice with a 50 mM
Tris buffer (pH 8.0)). Next, the cells were incubated with
a lysozyme solution (4 mg/ml lysozyme, 50 mM Tris-HCI,
50 mM glucose, pH 8.0) aL 37°C for 1 h in 25% sucrose,
a TES buffer {100 mM Tris-HCI, 50 mM EDTA, 800 mM
NaCl, pH 8.0), and sodmm dodecyl sulfate (final conc,
1%) was then added and the solution gently agitated.
Ribonuclease A (5 mg/ml, Sigma R-6513) was added and
the mixture incubated at 37°C for 15 min. Proteinase K
{5 mg/ml, Sigma P-6556) was added and the mixture was
incubated at 50°C [or 90 min. After phenol extraction. the
DNA was precipitated with 2 volumes of cold ethanol, and
then dissolved in distilled water. The plasmid DNA was
isolated by an alkaline lysis method [12]. The endonuclease
restriction, ligation, and transformation of the E. coli
cells were carried out as described by Maniatis ef al. [12].
The E. coli cells harboring pDSRB742 were cultured in
100 ml of LB broth with ampicillin (50 jig/ml) at 37°C for
18 h. The cells were collected by centrifugation, suspended
in 2ml of a 20 mM sodium acetate buffer (pH 5.2), and
sonicated on ice. To express the dsrB742. the DNA insert
of pDSRB742 was ligated into a pRSET vector and
transformed into F. cofi BL21{DE3)pLysS, In this plasmid,
since the gene 15 under the control of the T7 promoter, it
would be expected that the gene would be induced by
1sopropyl a-np-thiogalactoside (JPTG). The expression of
dsrB8742 was performed as described in the Invitrogen
Manual [A Marnual of Methods for Expression of Polvhistidine-
Containing Recombinant Proteins using the pRSET Vector
Systern. pp. 1-21] and confirmed by the appearance of
fructose after a reaction with 30 mM sucrose. SDS-PAGE
and dexfransucrase activity deteciton were conducted as
previously described [18].

The acceptor reaction of DSRB742 was performed at
30°C with final concentrations of 50 mM sucrose, 100 mM
maltose. and 0.2 IU/ml of dextransucrase in a 20 mM sodium
acetate buffer (pH 5.2) containing (.(1% sodium azide,
2 mM calcium chloride, and Tween 80 [9, 1(}]. The reaction
was allowed to continue for 16 h and the reaction products
were analyzed by TLC with two ascents of 2:5:1.5 (v/v/v)
nitromethane: !-propanol: water. The carbohydrates were
visualized by dipping the plate inlo 5% (v/v) H,SO, in methanol
conlaining 0.3% {w/v) N-(1-naphthyl) ethylenediamine,
followed by drying and heating for 10 min at 120°C [7,
10]. The sequencing of the dsrB742 was performed using a
standard sequencing strategy with an ABI PRISM Cycle
Sequencing Kit (Perkin Elmer) in a GeneAmp 9600 thermal
cycler and a DNA sequencing system (model 373-18,
Applied Biosystems). The nucleotide sequence similarity
with other L. mesenteroides dextransucrases and dsrB742
was investigated using BLAST.
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Fig. 1. Dextranase hydrolysis product (A) and maltose acceptor
product prepared from DSRB742.

(A) Gle, glncose, M2, 1somaltose M3, isomaltotriose; TM4, 1somaltotetraose;
1, womalleoligesaccharide standard, 2. maltoohgosaccharide standard; 3,
dextranase hydrolysis products. There was no small sacchande conlamination
in the DERB742 dextran preparation (B): Gle, glucose' Suc, sucrose: M2,
maltose: IM2, isomaltose: M3. maltotriose; P3, panosc; IM3, 1somaliotriose;
M4, isomallotetracse: 1. isomallocligosaccharide  standards: 2,
maltooligosaccharide standaids, 3, maltose accepter product by B-312F
dextlransuctase; 4, maltose acceplor producl.

The dextran producing recombinant clone (pDSRB742)
was screened on LB plates containing 2% (w/v) sucrose.
The dextran synthesized by DSRB742 was hydrolyzed with
Penicillivmm endo-dextranase. The hydrolyzate was composed
of glucose, isomaltose, isomaltotriose, and branched
pentasaccharide (Fig. 1A). DSRB742 was able to transfer
the glucosyl residue of sucrose to maltose, and formed
panose (6°-0-n-glucopyranosyl maltose) (Fig. [B).

To characterize the dextransucrase, it was necessary to
increase the expression level of the enzyme. For this
purpose, the pDSRB742 DNA insert was ligated into a
pRSET veclor and transformed inlo BL21(DE3)pLysS.
The isolaled clone was named pDSRB742C. The cell lysates
from £. cofi BL21 (pDSRB742C) showed a maximal
activily 2 h post-incubation. A non-denaturing SDS-PAGE
(10%) showed an aclivity band of 184 kDa (Fig. 2).
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Fig. 2. Non-denaturing SDS-PAGE  activity staining of
dextransucrase from pDSRB742C.
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The 6.1kbp DNA fragment carryving dsrB742 was
sequenced (Fig. 3). One ORF composed of 4,524 bp was
identified. The deduced amino acid sequence showed that

it began from the start codon (ATG) at position 698 and
extended to the termination codon (TAA) al position
5,221. The enzyme congisted of |,508 amino acids and had

TECAGCTARRCTCACT T AACTATTGCTGETT I T IGAGAARACTUATCRACCACETOGE 60
RCCATAATTIARARAASCACT AGCARACROTART AMARGETATATOEAT \GETAATGOTT! 120 TVP?PRVYYG6GDTLYTDDG GO QTYHMANK 726
TTGARGTATCATGTCORRATACATTATGATGRCARTAGETGT TARACARARTACAGACE 180 ARGTCCOCTTATT M TGATGCOAY CAAGDACTTACTARRGTCACETATCAANIATETTEST 2940
ACCARTBECCEGATTOATATAATARARCACCMARATAGOGAGTAABTARTATAPATAGAT 240 XK S PYFDBABAINTEGILLTIEKTSZ RTIZERTYWVA 748
APTACCRAATACTAATT TAGAGACHERTAAT MAGCTATATATT GATGECARARACACCAC 300 GiETAGTCAGTCARTGGCTGT THATCAARACGATATCC IGACAARATGTTCATIATCETRAR 3000
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DEE®™ YT EFDDEKGT AT I GGL & AT 248 PALFETHXOISTOGILEETDTPES QX :[Lm
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ATTEACGEICARGTACEC T AT T TGATCAAGARTCAGGACAAGRGETATCRACAACCGAS 1560 TP CTTGRAACRUAGTGETRCCGATCAR TAL IR AREETTA A CRARCANTAAT 2R T 4’08“8
I D@0V RYFDOQESGOQETVSTOTD 208 e D R e e AL
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HSsS TDS ADVFDIDNTFIHNGTYTU LT 3aASSW 3z8 N - P - SR PO AT G ECT ZED
TATOGCCCTABAGATGTTTTARGARATGETCAACACTGEAAAGCAGCARCAGOTARTGAT 1740 B ; A;A ;Gcé“pﬁ “‘?A;TR”Y" T;GF‘I;JA“C;‘C?G%A T;{C‘CSET‘;“T;GC&TC;AE f{;;
Y RPEDYVLRUHNGOGEWEA ATTAND 348 rrReT . - -
TTCORGCOCATTGFETCRGT TTEETGECCTAGCARGCARACACARGTARATTACITAAAS 1800 E{T; 1“; ;A;CA?{ -.gr i,mi_‘criC;;M“E{GGETT]?P“;;TCETT‘;"AS e a2 ;35
FRPIVSEVW¥W?PEP S EKQTGQVXNVYLN 368 . "",f -
TACAIGTCTCAATEGERCT CAT TRACARTCETCAGRTCTTOTCECTARGRCACAATCAR 860 T-RCASRATGUTGACEGT TCARCEATTTATTYTEACCRAARAGGEOSTCRAGTATTTART 4 380
¥ M 5 QM GLIDNYRQMEGSTILEKTSHNQ 38 MQNADGSTIYFDQ"GRQVFN 1228
BCCATETTGANTATTECTTECACRACRGTCCARCARGCART TGRAACAMRARTCOGTGTE 1920 CF‘HT-”\CF-TT°~CTG-‘\CCWCCGGTMCGCCT"TTM;PTC;MS‘AT\?ATSGCS““-_;TG:TS_ "fgg g
AMILNTIACTT TV QeaTIlIZ ETIZ KTITEGV 408 Q¥ I TDhoTGTATY - 2 -
ECTARTASTHCAGCRTGECT T ARRACAGCCATTGATGATTTCATTUSTACACAGOIACAR 1980 FCTTCTEECTTCACTERART CGATGETCATARCCARTACTTCTACRAGAACSGORCACAS 4500
AN S5 TARWLIKTATILITDDRFEFTIRTGEPEQ 428 TS G FTEIDOGHXEQTYF Y KNaGTQ 1268
TGGARCAT G GEARTGRRGAT CCCARRART GATCATT TACRARACEECGCTTTEACTITG 2040 CTCAARGEGCAATT TETATCAGACAL I GRTGETCACSTTTTCTACT TAGARGCTGGTRAS 560
W N MSSEDPIEKSHDHLO QNG GA ATLTF 448 Y ¥ & QF V¥ SDTDEHYTF Y L B n GN 1288
BTCARCAGTCCATTEACACAGRTACTAACTC TP ATTTCRGACTATTAARTCGCACACCA 2100 EECRRACGTEGCHACRCARAGAT TTGCRACAPARTIGICARGET AGTEG ITCTATTTESET 4620
v NS PLTUPDTUNUSUNPFURTILILMNIERETE 468 N Vv ATQRUYAQUNSQGEGEOQWERYLG 1308
ROARACCAGACAGGTETECCAAARTATECARTTGATCARTCTAAGGEETGETTITEARCTC 2160 AATGATGEECAT T GOCT TOACTAETT TRCARRCAPTCAR L GETAT TCARAATTATITOIAC 4680
TN QTGYV®PHK?YTIDOGgSZXKSOGEUEFEL 488 ¥ D& IALTOGTIL QT IHNGTVQNWTYTFY 1328
TACTCECTANIGATGTAGACRACTC A ATCC TGTTETGCRAGITGAGCACTTARATTGE 2220 COCGATEETCATCAMAGTAAGILT CATTTTAITACGATACARARTCRCGTATTATATACT 4720
LLANDVDNSNPWVVQAEQTILNW 508 A DG HQ S KGDF ITTIQNHYILYT 1348
T'I'ACACTATFTTGATEF.BATTTTGGTAGCF.TTACAGC‘AAPCGATTGTGC’I‘GCT}:BTTTTGAT 2zan ARCCCRCTA A T EGCCL TATARCGAChG S TATGOLACAART TRETACRAGA T TTTETC 1780
LEYLMKNTYFOGS ITZARNDSEAAZNTPFEFD 52 P LTG@ATITTTGMOQOIGEGDNKITFEV 1368
GEGATACGTETCOATECTCTCGATARTGTTEACGETGATTTACTCCACATTGCAGCAGHT 2340 DT TGACA T ACGEGUAAGAT G T GACCART CRA T CTATCARACESTAGRT GOOCARTGE 1640
G I RVDAVDNVDARAR_DLILGETIAATLD 548 FDNTGHNMLTDNQTYTYORTTILDGGQW 1338
TATTTCAARGCTECTTATGETGTTGRTARARRT GRCGCARCAGCPARTCARCATCTTTCA 2400 TTACATT T AAGCACTCAAGATCOAGCAGACACTGETTTEG TANACATTAATGOTARTTES 4300
Y P X AAY GV DHKUNDATANO GHTLS 568 L HL ST eGP ADT GLY NINGUHNL 1408
AT TCPTEARGA T TEGAGCCAT AACGACLOT GARTACGTGARGEATTTGEG [AATARTCAR 2450 ARRTAT PICORAGCT ARG HT OGO PG TGRAA G TCAATTTATERCTGATOCTATORGG  « 960
I L ED WS HNDPEVYYVYEKTDILGDNINQ 548 XK ¥ F QA NGROQGQY KGQREFVTDDUPTIT 1428
CTCACRATGOATGAT TACATGCATACCCAGT TAN T CTECTCCTTGACTARNGATAT GCOT 2520 ARCGTGARTIATTRTATEANT GICACTEATGEI TOGGUAGTATTTARTGACTACT T TECS £020
LTMDDYMHETQTLI WS L TEKDMER &08 NV 5 YT NNATDES AV FNDLZYZEF®RT 1448
A']'l:;CG'I'GG'T?\E:CATGCM\CGCTTCATGG}-\CT;‘-\TTACECTCGTCN‘,TCGCI\I\TCACGATAGT 25B0 TATCAAGECCAATIET AT TTARCGEA TATTAAT TAT CAACTCH T O AANGGAT T TARASTT BOBOD
M R GTMQRTFTHMDTY YLV HNRDNHYHDS 628 Y0 @QWYLTDS S HNYOQLTYEKTGTEKY 1468
CCGMA}\C}\CTGCC.D_'K‘TCCARA'L‘T}\CAGCT'l"I‘GTTCGCGC.“.CRC_GF\TF\GTGMGTACP 2541 GTTAATAATADGITACAACAT T T GATGAAATARCAGECETACARLC TAARTCAGCTCAT 5140
T EWTAIPHNYSFVRAHEDSEVO GI8 Y8 NWNKLOGQHTEDETITGYVGOTEKRSAH 1488
ACAZTUATTGUTCARATTAT TCTGACTTACATCCCORCETARARARTAGTITEECACCA 2700 RTCATCGPTARTANTGRA ACRTACAT T COATEACCARSETIBCTTCGICICAGTCECT 5200
T T O UL S S L S 41 I I VNNRTYITFPDDAQGTYTFETVAS VA 1508
—“C?T*GCRGR%C -‘émi‘;cf“;m;*'T;"P"EWIT‘“;P‘TB?N; g”" 5 K SCG}& D &8y TARCTRRARRPAGCCTACT CANT TARGRETGECOTTTT T TART TR ARGAACTATARGECA  b750
ARGARRTATALACAATACAACATACCTAGIECCTNT GOGATECTEITARCTARTARAGRT 2820 AT ARAGCAREE AR CEC OGO TR GO T T CTACCACRAGRATTITCCGAGCTEATGITATG 5320
K K YT YT NMPs AYAMLILTNIRKD 793 CTECCATATATCGLTGCART TAAGATAT LGAGCATT ICARS T TETARCATCAGCCTTET 5330
ACAGTBCCGECSCETTTAT PATGETGATTTATACACCGRTGATEETCAATATATGECRARY 5550 PGCGAACTNTGAR TGRAARACATEG T CACCAATATGAGTACTCOGAF TAAFEOGTTET A Sy

Fig. 3. Nucieotide and deduced amuno acid sequence of dsrB742.
The underlined regions indicate the pulative promoter, SD sequence. Bold letters indicale the YG 1epcars, The right-hand margin represents (he nuclectide
and amino acid number.
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a calculated molecular mass of 168.6 kDa. A putative
ribosome-binding site sequence (AGGAY was located five
nucleotides upstream from the translation initiation codon.
A potential promoter was identified with a -10 sequence
(TATAAT) at 654 to 661 nt and a -35 sequence {ATGATA)
al 627 to 637 ut (Fig. 3).

L. mensenteriodes B-742CB synthesized either a soluble or
an insoluble dextran. The dsrB742 from L, mensenteriodes
B-742CB was isolated and it was [ound that it encoded
a dextransucrase that synthesized mostly c-1—6 linked
dextran. The direct repeats in the C-terminal were composed
of the structural element known as YG repeats (hat have
been previously reported [, 2, 13. 14, 217. The DSRB742
amino acid sequence showed a 45% (o 56% similarity with
Streptococcal GTFs (2-4), a 50% similarity with DSRA [15],
and a 70% similarity with DSRS [13]. DSRB742 icluded
a putative sucrose binding sile JANFDGIRVDAVDNVD-
ADLLQI] [16]. The Asp534 of DSRB742 was homologous
1o the Aspd53 identified by Mooser ef al. [16] as part of
the active site of 8. sobrinus GTF and to the Asp451 of S,
mutans GTF [3]. A sequence homologous to the glucosyl-
transfer site  (GGFELLLANDVDNSNPVVQAEQLN)
proposed by Funane er af, [4] was also identified at
posuions 484 to 507 of DSRB742 (Fig. 4). Asp493.
Asp495, and His643 were all homologous to the conserved
residues identified as essential amino acids for enzyme
activity in GTFC [20] or DSRS [[4]. The Thr649 residue.,
which has been suggested to greatly influence the structure
of the glucan from S. mutans GTFs [19]. was also
identified in DSRB742. There were similar. yet not
identical, o-1—6 glucan synthesizing genes for different
L. mesenteroides.

In summary, the dextransucrase gene from the constituent
mulant, L. mesentercides B-742CB, was cloned and
expressed. It was found that the expressed dextransucrase
(DSRB742) synthesized a dextran with a high number of
0-1—6 linkages. The amino acid sequence of DSRB742
had a 50% and 95% similarity with DSRA and DSRB,

(2}

DS RB 7 4 2 521 A NF DG I
DS R B 323 A N F D GIT
DS RA 7 4 N F D G ¥
DS R S A3 A N F D G I
G TV FB 443 A NF ID &8 1T
GTVFC 469 A NF D 3§ 1
TV FI s A N F D § 1
(b)

D S§ R B 7 4 2 iig) G G F E L L
D S R B 484 G G F BE L L
D S R A 7 G G F B L L
D 8§ R § 43 d G F E L L
G T F B 402 ¢ G Y EF L
G T F C 428 G4 & Y E F L
G TFI W G G YELL

Fig. 4. Alignment of the deduced partial amino
DSRA, DSRB. GTFB, GTFC, and GTFI.

AR ARS D

sl

respectively, from L. mesenteroides B-1299, a 709 similarity
with DSRS [rom f. mesenteroides B-512F [22] and B-
S512FMCM [18]. and a 45- 56% similarity with Streptococcal
GTFs.

The E. col cloned and expressed dextransucrases, DSRA,
DSRB, and DSRS f{rom [. mesenieroides strains also
synthesized dextrans that contained very high amounts of
0-1—6 linkages. The synthesis of almost exclusive o-1—6
linkages by DSRB742 was surprising as the gene was
obtained from L. mesenteroides B-742 that elaborates two
dextransucrases, one of which synthesizes a dextran with
13% - 1—4 branch linkages, whereas the other synthesizes
a dextran with a very high degree (50%) of ot-1—3 branch
linkages [17].

Accordingly, it would appear that during the course of
evolution, the 7. mesenteroides dextransucrase genes have
slowly changed and diverged from the ancestral gene that
primarily synthesized o-1—6 linked glucans (dextrans).
These changes have resulted in specific changes in and
around the aclive site to give L. mesentervides strains that
synthesize dextrans with altered structures. These structures
ditfer from the kind of branch linkages, lor example. or-1—2,
0-1—3, or 0-1—4, and in the frequency of branching [17].
All the cloned genes from L. mesemnteroides B-512F, B-
1299, and B-742CB express the ancestral dextransucrase
in £. coli that primarily synthesizes ¢-1—6 linkages. The
dextransucrases from the L. mesenteroides wild-types and
L. mesenteroides constitutive mutants that synthesize dextrans
with more complex structures must either have undergone
subtle changes in their amino acid sequences within and
around the active sites, or, when the cloned genes were
expressed in E. coli, changes occurred so that only the
ancestral dexiransucrase was elaborated.

Accordingly, to understand the molecular differences in
the dextransucrases that produce different kinds of dextrans
with different kinds and/or amounts of branch linkages.
studies of the isolation and expression in Leuconostoc of
the gene for dextransucrase that synthesizes the highly -

VDAVDNWYDADLTLQgQ!
VDAVDNVYVDADTILTLQI
VDAVDNVYVDADILTLQI
VDAY DNYDADLTLQI
¥VDAYDNYVDADLTLQI
VDAVDNYVDADLTLOGQI
¥vVDAVDHNVYDADLTLQI
ANDVDNS NPV VQAEQLDN
ANDVDNSNPUVYVYQSEQLN
ANDVDNSBMNPVYVYVY QATE QLN
ANDYDHNSBMNPV VY QAaAEQLN
ANDYDMNZENPVYVY QAEOQLN
AND Y DHNS NPV VQAEOGQTIL N
ANDYVYDHNSNPVV QAL QLN

acid sequences of DSRS, L. mesentervides NRRL B-512F dextransucrase gene,

() DSRB742 sequence homologous 1o the sucrose binding sites identified by Moeoser er o/, [16]. The active asparlic acid residue is in bold type. (b}
DSRET42 scquence homelogous to the aclive sites wlentified by Funane ef of. [4].
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1—3 branched dextran from L. mesenferoides B-742 [regular
comb dextran, [7] is currently in progress.
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