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Isolation and Characterization of Exopolysaccharide-Producing Bacteria from Korean Fermented Veg-
etables. Kwon, Taeyeon, Sangmin Shim, Minyoung Heo, Doohyun An, Kwang-Soon Shin, and Jong-
Hoon Lee*. Department of Food Science and Biotechnology, Kyonggi University, Suwon 443-760, Korea — Four
bacteria producing viscous exopolysaccharides (EPSs) were isolated from Korean fermented vegetables
(Cucumber kimchi, Young radish kimchi, Green onion kimchi) using a selection medium intended for isolating
bacteria with tannin-degrading activity. They were identified phylogenetically by 16S rDNA sequence analy-
sis and found to be very close to Enterobacter cowanii, Escherichia senegalensis, Enterobacter asburiae, and
Enterobacter ludwigii. Strain CK31, the most efficient EPS-producer, produced a heteropolysaccharide with
an approximate molecular weight of 420 kDa. The neutral sugar fraction of the EPS was composed of rham-
nose, fucose, arabinose, mannose, galactose, and glucose.
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HiX] 3 bHQ

ehd Faje] 2S5 913 AR 2%(w/v) tannic
acid -89 (Sigma, USA)e] *2]% brain heart infusion agar
(T-TBHIAY} ARSI I[15], 37°CoAlA] 3U7F wiokslsl S
o AL YehllE= g2 (colony)y2 AWsle] £5HE]8
F, AAE] WS Felskdth(Fig. 1). AEE AAE A
Age] wiekE W 1] T A A wiA R AA
Aol Wt 1.5%(w/v) galactose, 1.0%(w/v) yeast extract,
0.25%(w/v) peptone, 0.15%(w/v) MgSO47H,0, 0.15%(w/
v) KzHPOy, 0.1%(w/v) Tween 802 &313le] pH 6.5 A
%3+ GYP (galactose-yeast-peptone) & A v A £ 1.5%
(w/v) agarg A7 STAPRRE ARSsle] 37°Col A wioFst
At

ojYE 4

22|72 AL 168 ribosomal DNAS] ¢17)A{ el 2)&)
A A=A

Ad FFE59] 168 tDNAS] PCR $3-& ¢ & uni-
versal primer (16F: 5'-GAA CGC TGG CGG CGN GCY
T-3'; 16R: 5-TGA CGG GCG GTG TGT ACA AG-3)
= GenBank database®l 55 Lactobacillus plantarum
(AL935260), Lactobacillus pentosus (D79211), Lactobacillus
paraplantarum (AJ306297), Bacillus cereus (AE017194),
Listeria monocyfogenes (AL591981), Bacillus subtilis
(299107), Lactobacillus acidophilus (CP000033), Strepto-
coccus thermophilus (CP000023), Streptococcus pyogenes
(AE004092), Lactococcus lactis subsp. lactis (AE006456),

Fig. 1. Growth of exopolysaccharide-producing strains on GYP
agar plates after 2 days of incubation at 37°C.

Clostridium perfringens (CP000246), Desulfotalea psychro-
phila (CR522870), Nitrobacter hamburgensis (CP000319),
Shewanella  denitrificans (CP000302), Vibrio fischeri
(CP000020), Bifidobacterium longum (AE014295), Treponema
denticola (AE017226), Ehrilichia canis str. Jake (CP000107),
Chlamydia trachomatis (DQ019307)2] 16S rDNA 7] A
9g ClustalX multiple alignment program (Higgins
Laboratory, Ireland)s ©]-4-3}ed AH3 F, REGAS 1A
3151, Thelulo] @ (Koreayl| A A 2s}3ic}.

AuFE2] total DNAE GYP HAHlR]ellA] 37°C, 244]7F
woFsl A 25E] DNeasy® tissue kit (Qiagen, Germany)-
ARgBle] FE3odtt.

PCR HH5-oll= UNOI thermal cycler (Biometra, Germany)
E AHE-314 21, 100 pL ¥H-E-A o= 20 ng DNA, 0.25
mM dNTP, 1 U Tag polymerase (Roche, Germany) ¥ 7}
20 pmol®] primerZ F 718l LEEZL 95°CollA 5F
of¥] 71 &, 95°C 187 WA, 72°C 14 annealing, 72°C
137 FA9 #AE 308] WSt 355t

PCRel| ®l3le] F&d @ A7 953 95, 0.8%
agarose gel Z5-E] QIAquick gel extraction kit (Qiagen)S
Ab4-8te] 3428t thg, pGEM-T Easy vector (Promega,
USAYI cloningdldeh. A8 plasmidell AF4® =] <
71-9-& ek Al (SolGent, Koreayl] 2235l A 315}

AR " G714 Q-2 nucleotide blast search (http://www.
ncbinlm.nih.gov)E ©]§-3ted AFAe] ¥ FF9 168
DNA ARE 12 &, ClustalX programs- ©]-4-3le] 4
71198 AQskaL, TreeView program [16]18 ©]-8-3}e] A
284 (phylogenetic) treeS $HAI I}
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0.2 M NaCl &4 A4l Z 0.5 ml/minZE. 420l 4
319932, A&l = RI detectors AHESIAT). o] #x4b
%2 standard pullulan P-400, 200, 100, 50, 20, 5 (Showa
Denko Co., Japan)y&S A7i3ted dolzl BFAH v s}
o] AbEsiole.
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121°Cell A 905-7F 7hpi-s3t o1& alditol acetate =3
= APAA GC-FIDE FA431500H6]. GC F-4-2 SP-2380
capillary column (0.2 um film, 0.25 mm x 30 m, Supelco)©]
Z2E Hewlett-Packard model 5890 series [ o239 2
o, LEFELS 60°CANAM 187 A F 220°C7HA] 30°C/
min®] B E&E AALA)|A 1287F -F-23F2 250°C7HA] 8°C/
min®| B|E&2 A5A7] F 1587 ‘ﬁ‘ I8t EA3e.
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o|(Cucumber kimchi), %&7+%) %] (Young radish kimchi), 5%
71| (Green onion kimchi)25E] TFFFE FAHE HAE

e AR 489 A ShEsisin 2olatolq)
A Eelgt 32 47 CK31, CK32%, 3471l A Ee]8t
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°|& TFE GYP ZAMiA|o|A wjokst Az}, @ o]imtold]
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& %4 EPSsE FAEE AAEA S YAske Flo| St

Pantoea endophytica (AF130958)
(— Enterobacter aerogenes (AY335554)
Enterobacter pyrinus (EF059884)
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AAEA S YAksH= CK31, CK32, YKS, GK23 #5-&
ALe 2 16S rDNAS] A 97]-FE ZA3le] nucleotide
blast searchg- S35l A}, AAFolA A 459 I
= % Enterobacteriaceae} (family)l] 43h= v|AEES}
R34 A4 7 Fel=gd). Fig. 2= AA 16S tDNA
A7 de] 55 ZdRA Y HAEES Y=
Escherichia coli K128) 529158} 1401 7}R] o) 833}
16S tDNA 97]A9-& ClustalX program 22 A & 3} o]
TreeView programell &M A Z-FA8A treel I3 2
Ftole}. CK31-2> Enterobacter cowaniit CK32%= Escherichia
senegalensis®t 99%2] AFAS eI, YKS= Entero-
bacter asburiae®t GK23-& Enterobacter ludwigii®t 99%2]
2 AMFA-S Vel . Enrerobacterd: X Escherichia
utg|g]olz2] AA 16S rDNA G714 Gl ek HB7}
A 4T, o] 5 TF7He] A7IMEE 97% o] ¥
AERE 7V]—L %E}(Table ). 971199 vlaEgtez
SAs AL WY S AT, CK319 YKS, GK23
= Enlerobacteré;——i CK32 ¥5%= Escherichic®-22.
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Salmonella bongori (AF029226)
Escherichia coli (U00096)

— Lt{Eschert‘chm coli O157:H7 (AM184233)

Shigella sonnei (CPO00038)
Shigella boydii (AY696681)
Escherichia hermannii (EF059869)
CK31
= Enterobacter cowanii (AJ508303)

CK32
Escherichia senegalensis (AY217654)

Citrobacter farmeri (DQ187383)
t Salmonella typhimurium (AE008706)

YK5
- Enterobacter asburiae (AB004744)

Enterobacter cancerogenus (Z96078)
Klebsiella oxytoca (AJ871855)
Enterobacter hormaechei (EF428236)
Pantoea agglomerans (AM184263)
{[ﬂterobacter cloacae (AF157695)
Citrobacter freundii (DQ133536)
{ Leclercia adecarboxylata (AJ277977)

GK23
Enterobacter ludwigii (AJ853891)

0.1

Shewanella baltica (NC_009052)

Salmonella enterica subsp. enterica serovar Choleraesuis (AE017220)

Fig. 2. Phylogenetic tree based on 16S rDNA sequences showing relationship between isolates and bacteria with full 16S rDNA
sequence. The GenBank accession number is enclosed in parenthesis. Scale bar corresponds to 0.1 substitutions per nucleotide position.
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Table 1. The % 16S rDNA sequence identities between bacteria
isolated in this research.

asburiae  cowanii  ludwigii senegalensis
E. asburiae 100
E. cowanii 97 100
E. ludwigii 99 97 100
E. senegalensis 97 99 97 100
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2813 450 HAE PATe] ATl &3l A=
Aol wel, I Fejdl AMEE Qojinte], F747)X],
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g FHAL wlAZ 4= ¢io}t. wWebA Enterobacteriaceae
3} e} AAF LA FHAAY & $s) vl $
Ae] Fusctal WA= Mg Y A= A dF9lE 5
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A AT g A =390}, 550 AR EFEE
B AAEA L AAlsle 571 AESHA 49

aelr, 2 AlgoA HAEF 459 HAE QA deee}
= AAF DR Tl ofd v Alze] o3 elo
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CK31 @37 ditsh= MZ2| Ciet 24

L. mesenteroides’= M| E 2]Z glucose® TAE dextran
o]#= homopolysaccharideZ A 5145}, vteg]olr} YA
e o] EPSstE o8 £5F) 7AZE JHAR sl
heteropolysaccharidesq] 7122 okax] glc}. =3) wleE]o}
2} heterod EPSs:= F(species)l] wabA] 2}o]r} gl #at
ofgl TF(strain)ol] WA= Zo|7} Sl 27 HrE
AoH2, 5]. '

HPLCel| ¢J8ll £2]¥l &3 chromatogram (Fig. 3)°llA]
ol FAAe] 3 FA9 Y peakr} HEF o], H]
34 AR =7} 458 A o2 ST, CK31 e 4
F oF 420 kDa®) ©U3 EPSE AE 92 gaksle Ao
2 FA¥v. Aditol acetate -+ =A4 ] AFE T3 2ot
Zo] FAY XS GC-FIDZE 243} 247}, £F rhamnose,
fucose, arabinose, mannose, galactose, glucose®} 4|3}
peakEe] HAEHRL, o] 5 TAZ mole%E AAME 2

Relative intensity
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Fig. 3. Molecular weight determination of the exopolysaccha-
ride produced by CK31 with HPLC.
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Fig. 4. Gas chromatogram of alditol acetate derivatives of
the hydrolyzate of exopolysaccharide produced by CK31. Peak:
1, thamnose; 2, fucose; 3, arabinose; 4, mannose; 5, galactose; 6,
glucose.

I 13:32:3:1:24:279) ¥ &2 A 722 Jelge A
7R B 0% Enterobacterds Alde] A= EPSs= T2
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