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Abstract To effectively investigate the identification and
distribution of the lactic acid bacteria in Kimchi, polyphasic
methods, including a PCR, SDS-PAGE of the whole-cell
proteins, and 16S rRNA gene sequence analysis, were used.
In various types of Kimchi fermented at 20°C, the isolate
KHU-31 was found to be the predominant lactic acid bacteria.
This isolate was identified as Lactobacillus sake KHU-31,
based on SDS-PAGE of the whole-cell proteins and a 16S
rRNA gene sequence analysis, which provided accurate and
specific results. Accordingly, the approach used in the current
study demonstrated that Lactobacillus sake KHU-31, together
with Leuconostoc mesenteroides, were the most predominant
lactic acid bacteria in all types of Kimchi in the middle stage
of fermentation at 20°C.
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Kimchi, a Korean traditional fermented food, is made of
Chinese cabbage along with various kinds of vegetables,
condiments, and fermented fish juices. It is prepared
through a series of processes, including the pretreatment of
Chinese cabbage, brining, blending with various spices
and other ingredients, and fermentation. In Korea, Kimchi
is served as an indispensable side dish with all Korean meals
and is considered as a nutritious and fundamental food
[17]. Its fermentation is initiated by various microorganisms
originally present in the raw materials. However, the
fermentation becomes gradually dominated later on by lactic
acid bacteria, such as Leuconostoc spp. and Lactobacillus
spp. [13, 14, 16, 20, 21]. In previous microbial studies on
the lactic acid bacteria present in Kimchi, it was found that
Leuconostoc mesenteroides was the major microorganism
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during the optimum ripening period of Kimchi fermented
at 5°C, 10°C, and 20°C [13, 14, 16, 21], and that Lactobacillus
plantarum becomes the dominant microorganism during
the later stage of fermentation. Consequently, Lactobacillus
plantarum is generally regarded as the undesirable organism
responsible for the acidic deterioration of Kimchi fermented
at above 10°C [13, 14, 16,20]. The quality of Kimchi
depends on the composition of the lactic acid bacteria
involved in the fermentation process. Therefore, in order to
study the ecology of Kimchi, it is important to understand
the components of the microbial community and identify
the physiologically active organisms for Kimchi fermentation.

Since many lactic acid bacteria have similar nutritional
and growth requirements, their identification is very difficult
and also ambiguous, when conventional methods are used.
Traditional identification methods based on physiological
phenotypes are labor intensive and time consuming. Until
recently, the identification of the lactic acid bacteria
isolated from Kimchi has mostly depended on traditional
phenotypic analyses [13, 14, 16, 20, 21]. However, this type
of identification method using biochemical and morphological
characteristics is limited in its discrimination and accuracy
[21]. Accordingly, the effective study of Kimchi fermentation
requires the development of a rapid and accurate lactic
acid bacteria identification method, such as genotypic
approach using modern molecular typing and identification
tools. To this end, a variety of methods, including rRNA
gene sequence analyses [15], rRNA-targeted probes [3,
12], DNA-DNA hybridization [5], randomly amplified
polymorphic DNA (RAPD) [18], and sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of
whole-cell proteins [4, 6, 8, 19], have been used. Based on
the above-mentioned methods, protein profiles can be
stored in a database format and routinely used for the
identification of unknown isolates. Although molecular
biology-based methods have also become available. the
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Table 1. Kimchi samples used for isolation of lactic acid bacteria.

Characteristics
Samples — Preparation Region
pH Total acidity (%)

Chinese-cabbage Kimchi A 4.5 0.61 Store-bought Suwon
Chinese-cabbage Kimchi B 43 0.70 Laboratory-made Yongin
Chinese-cabbage Kimchi C 4.7 0.52 Commercial manufacture H Company
Chinese-cabbage Kimchi D 4.2 0.68 Commercial manufacture D Company
Cucumber Kimchi 5.0 0.40 Homemade Bundang
Yeolmoo Kimchi 4.8 0.50 Homemade Anyang
Welsh onion Kimchi 4.7 0.63 Homemade Anyang
Kakdugi 4.2 0.76 Homemade Bundang

identification of lactic acid bacteria in Kimchi using these
methods have rarely been reported [10, 11, 24] and have
not sufficiently been examined to identify a large variety of
lactic acid bacteria from various types of Kimchi. The aim
of the current study is to investigate a reliable identification
method and the distribution of the predominant lactic acid
bacteria in various types of Kimchi using polyphasic methods.
It is hoped that information regarding the identification and
distribution of the predominant lactic acid bacteria involved
in Kimchi fermentation will help in the understanding of the
Kimchi fermentation process.

MATERIALS AND METHODS

Kimchi Samples

Various types of Kimchi, homemade, laboratory-made, and
commercially-sold (store-bought), were collected. Chinese
cabbage Kimchi, cucumber Kimchi, Yeolmoo Kimchi, Welsh
onion Kimchi, and kakdugi were used for isolation of
lactic acid bacteria. Characteristics of the various types of
Kimchi are shown in Table 1. The Chinese cabbage Kimchi
A was purchased from a store in Suwon and fermented at
20°C. The other Kimchi were prepared either at the home,
laboratory, or factory and fermented at 20°C.

Bacterial Strains and Isolation of Strains

The reference strains used in the current study were
obtained from the Korean Collection for Type Cultures
(Dagjon, Korea) and Korean Culture Center of Microorganisms
(Seoul, Korea), and cultured in an MRS broth (Difco,
Detroit, U.S.A.) at 30°C. Lactic acid bacteria were isolated

from various types of Kimchi. The juice of the Kimchi was
diluted to 10°~10° with distilled water, spread onto the
surface of an MRS agar plate, and incubated for 2—-3 days
at 30°C to allow colonies to develop. The colonies were
collected for testing with PCR and SDS-PAGE. The
selected colonies were recultured in a liquid MRS broth for
18 h at 30°C, and then respread on an MRS agar plate for
purification and identification.

PCR for Detection of Leuc. mesenteroides

The PCR primers were selected from specific 16S/23S
rRNA spacer gene sequences and the 235 rRNA gene of
Leuc. mesenteroides. The GenBank (National Center for
Biotechnology Information, Bethesda, U.S.A.) BLAST
was used to ensure that the designed primers were only
complementary with the target species and not other
species. The primers were synthesized by Bionix (Seoul,
Korea), and the sequences of the primers (LMf and LMr)
used to detect Leuc. mesenteroides are shown in Table 2.
The colonies on the MRS plates were selected using sterile
toothpicks, diluted with 30 ul of distilled water in an
Eppendorf tube, and mixed by shaking the tube for 30 sec.
The bacterial suspensions were boiled for 6 min, immediately
cooled on ice, and tested directly using a PCR without
isolation of the DNA. The PCR amplification was performed
as described by Kim er al. [12], except for the annealing
temperature (64°C).

SDS-PAGE. of Whole-Cell Proteins and Identification
of Isolates

The whole-cell proteins were analyzed by the modified
method of Pot et al. [19]. The strains were incubated

Table 2. Sequence of the oligonucleotide primers used for PCR amplification and sequencing,.

Primer Location Sequence (5'-3") Reference
LMf* 16S/238S spacer region of Leuc. mesenteroides GGACTTAAGTGTCAATTTGT Present study
LMr* 23S rRNA gene of Leuc. mesenteroides AGATACAGACAACTCTTACG Present study
16f 16S rRNA gene position 9-27 of E. coli GAGTTTGATCCTGGCTCAG 17
161 16S rRNA gene position 1525-1544 of E. coli AGAAAGGAGGTGATCCAGCC [71

*f indicates forward and r reverse.
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overnight at 30°C in 5 m! of an MRS broth and centrifuged
at 12,000 xg for 3 min at 4°C. The cell pellet was washed
twice with deionized water and suspended in 50 pl of a
Tris-HCl buffer (50 mM, pH 8.0). Approximately 50 mg of
glass beads (diameter, 425 to 600 microns; Sigma, St. Louis,
U.S.A.) was added to the tubes and vortexed for 5 min.

The cells were then resuspended in an equal volume of
the sample buffer [2xSDS sample buffer; 25 ml of 4xTris-
HCI/SDS (pH 6.8), 20 ml of glycerol, 4 g of sodium
dodecyl sulfate, 2ml of 2-mercaptoethanol, 1 mg of
bromophenol blue and H,O were added to 100 ml].

For protein denaturation, the tubes including the samples
were heated for 5 min at 95°C. The cell debris was removed
by centrifugation and the supernatants were analyzed by
gradient (8—16%) SDS-PAGE. After the electrophoresis,
the gels were stained for 2 h with 0.05% Coomassie Brilliant
Blue R-250 (Bio-Rad Laboratories, Richmond, U.S.A)),
and destained with 10% acetic acid and 30% methanol
solution. The destained gels were scanned for further
analysis. The identification of the isolates was based on a
comparison of the protein patterns with those of protein
fingerprints which were derived from almost all known
reference strains of lactic acid bacteria previously isolated
from Kimchi. The pattern storage and comparison were
performed using 1D main software (Bioneer, Korea).

DNA Isolation for PCR Amplification of 16S rRNA
Gene

The chromosomal DNA was isolated using a modification
of the method of Ausubel ef al. [1]. Five ml of the culture
was harvested by centrifugation. The cells were then washed
in a TE buffer (50 mM Tris-HCI, 50 mM EDTA, pH 8.0)
and resuspended in 0.5 ml of another TE buffer (10 mM
Tris-HCI, 1 mM EDTA, pH 8.0). Lysis was initiated by the
addition of 50 ul of 10 mg/mtl lysozyme. After incubation,
30 ul of 10% (w/v) SDS and 3 ul of 20 mg/ml proteinase
K (Sigma) were added, gently mixed, and further incubated
for 1 h at 37°C. Next, the samples were treated with 100 pl
of 5M NaCl and 80 ul of a CTAB/NaCl solution, and
incubated for 10 min at 65 pl. The protein was removed by
treatment with an equal volume of phenol-chloroform. After
centrifugation at 12,000 xg for 5 min, the supernatant was
added to a 0.6 volume of isopropanol, gently mixed, and spun
down at 12,000 xg for 10 min. The pellet was then washed
twice in ice-cold ethanol and resuspended in ultra pure water.

16S rRNA Gene Sequence Analysis

The 16S rRNA gene was amplified using a universal primer
pair [7] (Table 2). The PCR products were then purified
using a QIAquick gel extraction kit (Qiagen, Valencia,
U.S.A)), ligated into a pEZ-T vector (RNA Inc., Korea),
and transformed into Fscherichia coli DHS50 competent cells.
The recombinant plasmids were purified using a QlAprep
spin miniprep kit and digested with EcoRI to confirm the

insert. The nucleotide sequences of the plasmids were
determined using an ABI PRISM Dye Terminator sequencing
kit and ABI PRISM 377 sequencer (Perkin-Elmer, Norwalk,
U.S.A.), according to the manufacturer’s instructions. The
T7 (forward) and M13 (reverse) primers were used as the
sequencing primers.

Phenotypical Characterization of Isolates

Before testing, the strains were subcultured twice overnight
in an MRS broth at 30°C. The capacity of the strains to
grow at pH 3 or pH 8.5, at 10°C or 45°C, and in the
presence of 6.5% or 8% NaCl (w/v) was tested in the MRS
broth. The gas production was tested using Durham tubes.
The strains were also tested for the production of acids
from carbohydrate and related compounds by the use of
API 50 CH strips and an API CHL medium (Montalieu
Inc., Vercieu, France). The tests were performed according
to the manufacturer’s instructions and the results read after
incubating the strains at 30°C for 2 days.

Scanning Electron Microscopy

The cell pellets were fixed with glutaraldehyde and dehydrated
with ethanol, as described by Yamauchi and Johannes [23].
The ethanol was then removed by adding CO, at the
critical point. Thereafter, the dried specimens were coated
with platinum and examined using a Spectroscan Leica
Model 440 microscope at Kyung Hee University in Korea.

RESULTS AND DISCUSSION

PCR Specificity for Detection of Leuc. mesenteroides

In previous studies on the lactic acid bacteria isolated from
Kimchi, Leuc. mesenteroides was identified as the major
bacterial population in Kimchi during the initial and the
middle stages of Kimchi fermentation, while Lb. plantarum

Fig. 1. PCR products obtained by amplification of type strains
and lactic acid bacteria isolated from Kimchi using LM{/LMr
primers.

Lanes: M, Haelll-X174 DNA marker (Gibco BRL, U.S.A); 1, Leuc.
mesenteroides KCTC 3100; 2, Lb. plantarum KCTC 3104; 3-6, isolates
from Kimchi.
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Table 3. Distribution of lactic acid bacteria isolated from various types of Kimchi.

Number of isolates (%)

Samples Unknown Total
KHU-31 KHU-32 (Lb. sake) KHU-38 (Leuc. mesenteroides)
Chinese-cabbage Kimchi A 11 (55%) 1 (5%) 4 (20%) 4 (20%) 20 (100%)
Chinese-cabbage Kimchi B 23 (57%) 14 (35%) - 3 (8%) 40 (100%)
Chinese-cabbage Kimchi C 6 (33%) 3(17%) 5(28%) 4 (22%) 18 (100%)
Chinese-cabbage KimchiD 6 (33%) - 7 (39%) 5(28%) 18 (100%)
Cucumber Kimchi 19 (67%) 1 (3.5%) 6 (21%) 2(7.1%) 28 (100%)
Yeolmoo Kimchi 5 (20%) - 10 (40%) 10 (40%)  25(100%)
Welsh onion Kimchi 25 (96%) - - 1 (4%) 26 (100%)
Kakdugi 5 (20%) 3 (12%) 6 (24%) 11 (44%) 25 (100%)

was found to continuously increase quantitatively during the
last stage of fermentation [13, 14, 16, 20]. In the current study,
the PCR method was used for the rapid identification and
detection of Leuc. mesenteroides in Kimchi. The specificity
of the primers was tested by performing a PCR with
various reference strains of lactic acid bacteria (Lb.
plantarum KCTC 3104, Lb. brevis KCTC 3498, Lb. casei
KCTC 3109, Lb. sake 3603, Lb. sake 3598, Lb. acidophilus
KCTC 3142, Leuc. mesenteroides subsp. mesenteroides
KCTC 3505, Leuc. mesenteroides subsp. dextranicum
KCCM 35046, Leuc. argentinum KCCM 40710, Leuc.
citreum KCTC 3524, Leuc. lactis KCTC 3528, and Ped.
pentosaceus KCTC 3507). It was found that PCR
amplification using the LMf/LMr primer set consistently
produced a unique DNA fragment of the expected size
without producing PCR products from nontarget species,
thus suggesting that the primer set was species-specific. As
expected, the LMf/LMr primer set yielded a 503 bp PCR
product for Leuc. mesenteroides. The DNA templates for
the primers were obtained from the colonies using a simple
lysis procedure, as described in Materials and Methods.
This procedure produced the same result as the experiments

kDa M 1 2 3 4 5 6 7 8

29

Fig. 2. SDS-PAGE profiles of whole cell proteins of reference
strains and isolates from Kimchi.

Lanes: M, Protein molecular weight markers (kDa); 1, Leuc. mesenteroides
KCTC 3100; 2, Lb. plantarum KCTC 3104; 3, Lb. sake KCTC 3598, 4, 5,
Isolate KHU-31; 6, Isolate identified as Leuc. mesenteroides; 7, Isolate
KHU-32 identified as Lb. sake; 8, Unidentified isolate.

where DNA isolated from the strains was used. To
investigate the distribution of Leuc. mesenteroides, a PCR
was carried out using 200 strains isolated from various
types of Kimchi fermented at 20°C. The use of species-
specific primers designed in the current study allowed
successful identification of Leuc. mesenteroides in the
mixed microbial populations in Kimchi (Fig. 1). Unlike
previous reports, Leuc. mesenteroides was not detected as
the predominant population in various types of Kimchi
fermented at 20°C (data not shown). Therefore, it would
appear that another type of lactic acid bacteria rather than
Leuc. mesenteroides is the predominant species in Kimchi,
when fermented at 20°C. To test this hypothesis, all 200
isolates were examined using SDS-PAGE of the whole-
cell proteins.

Identification of Isolates Based on Whole Protein
Patterns Using SDS-PAGE

The reproducibility of the SDS-PAGE technique was
investigated by comparing duplicate extract preparations

kDa M 1 2 3

97.4

68

43

29

Fig. 3. SDS-PAGE profiles of whole-cell proteins of Lb. sake,
KHU-31, and KHU-32 isolated from Kimchi.

Lanes: M, Protein molecular weight markers (kDa); 1, Lb. sake KCTC
3598; 2, KHU-32 strain isolated from Kimchi; 3, KHU-31 strain isolated
from Kimchi. Arrow indicates distinct 38 kDa band of KHU-31.



639

IDENTIFICATION AND DISTRIBUTION OF PREDOMINANT LAB IN KIMCHI

(-4
o
E
<
1
«
Iy
w
»
@
0
b
»
-t
-
<
=
o
w
w
»
=
(%)
(=]
<
L
3
©
»
fL3
"
(L]
k2
“
w
-
-
e
»
£
o
=
I
0
®
L2
«
I
Y
v
o
&
3
@
-
®
=
o
L]
»
B
=
=

o
#
“
-
-~
[
-
o
W
-3
[
(3
[
@
-
-
&
Ll
©
("
L5
W
=
o
o
-
<
()
(-3
L]
@
I
(LY
£*
-
o
&
3
[
w
<
[
%

TTTGEAGT CGAGTGCGC GO ALS S

¢ 666 AT A MESEN.SEQ

€5 666 4T & PLAN.SEC

456

15
(1}
(53
o
L
(%)
©
<
<

CAGTAACACGTGCGEGT AACCTHECCCT AMAGT 66666 AT & KNVIZ.BEQ

©
»
»
2
fLY
w
3
(23
L
<
"
©»
-
Y
=
@
w
[
[ERR 2 4]
<
s
LIRS
W u
RS
ERCRTY
HObOE
@ o
EE R
[Tt
RN
[CRTITS
o
wie
R b
R
R
B R

A0 C6CAT 6EET

<
<
(3
<
o
(3
w
L]
oz
=
<
-<
1.
w
W
Lol
<
(3
-
L]
<
o~
o
»
[
I

ACATTTOHGAALACBGATGCT AATACCOGCAT AARAACCTABMBCACCGCATGHGTCT A666TT 6 & & KUIZ.IEQ

81
[ 28
61

:T T & & & PLAN.SEQ

AGATHGTTTCGGECTATCACTTTAGCGATCGCGALCCCGECGGTHRCATTAGTTAGTT 66T GCAGGT A SAKE.3EQ
AGATHEGTTTCG66CTATCACTTTAGGATGGACCCROCGETGCATTAGTTAGTT 66T GAGGT & KUSLSER

121
21

o
N o
-

b4
H
o
g
<
3
s
IS
4
»
=
[
»
=
=
©
£
1
[
Y
<
&
2]
-
o
0y
=
®
L
W
@
W
o
bg:
&
3
[}
"
<
©
¢

o
8
]
g
8
-
&
®

ATTAGTT &%

& T A FLAN.SEQ

~
o~
B

bk
o
he
mu
1B
o
@
EEY)
v v
e
o
L8 5
<
o
-
LU+
wu
o e
oo
W
e
«
<
e
@
[T
TN
<
6w
<
Y
B
o
ww
«
e
Lk
oo
[T
“
LR
<
"
oo
L
<
(O
Y
oW
LS
o
“ <
LYY
“©
o
o
oy
<
o
BB
Lo =]
s
)
<
-

181
181
181
179

o
[
0
™
W.
w
-
A3
o
o

AT CGE6CCAC A

w
<
(L
<
L4
A2
L
<
9
3
o
s
w
<
<

W
w
[ty
-
-

& & 6 & C MESEN.BLQ
&6 6 AC PLAN.SEQ

A6 CCHACCTEAGAGGGT AATLCEGLOCACL

<
w
(9]
<
o
(2]
w
w
3

181

SAKE . SEQ

TGEGAGBAMCALGGEGLCCCAGACT CLTACGGGAGG CAGC ACT AGCSEEAATCTTCCACAATCGACD S &K KHUZL.SEY
TEAGACAKALGGELCCAGAMCTCCTACGGCGAGGCABCAGTAGGEGAATCTT CCACAATGE AC 6 & 5 KHUI2.3EQ

7]
-
o
W
L]
"
<
u
-~
w
w
Lol
Lol
3]
L]
-
-~
(LY
W
>
-
Lol
o
<
w
»
-
w
(L]
(L]
<
i3
o
W
o
=
L]
w
w
[}
v
-
LU
]
"]
w
%]
&
o
o
-«
4]
“
W
“
AL
B
~
3

242
241

ACTCCTACEHOEAGCGLAGECBETAGCGERGAATCTTCCACAMT CFACGEGAAM PLAN.BEQ

T&¢AGACACGEGCCC A

241

AGTCTGAT GG AGCAACELCCECGTORAGTEAAGAMAGETITTICGGATCGTAZAMAACTCT ST T GT SAKE.SEQ
AGT CTGATOGG6AGCAALCGCLGCETHAGCT HAAGCGAAGETTTTICEGAT CGT AAAACTCT T T G T KHUIL.BEQ

Jo1
301
a0

3
S
o
g
e
w
(2]
[
(L]
Lol
u
B
1
-~
<
<
-
L]
(L]
7]
Ll
<
o
B
1
L]
b
(2]
Lk
(L]
[
<
-t
»
-~
-
w
L
(L]
<
o
Ll
&
w
o
w
33
o
7]
-
<
w
o
<
o
©
[
<
(L]
L
3]
=
L
<

hd
2]
L]
5
3]
g
-
»
&
=
»
3
o

TCGET AA3ACTCTGTT GT PLAR.SEQ

AT CTGATGCGGAGCARCGEGLCLGCHTGCAGTGCARAAEGARS

301

o
)
3
o
o
o
o~
-
<
)
]
“
o
<
<
o
o
[
-
]
»
©
(%]
<
Y
[
o
-
]
o
»
-
[
-
<
o
]
7]
-
]
L]
°
<
[
<
)
&
w
1]
<
e
Y
[
<
o
«
]
L]
»
-
“»
@
2]
-t
“
o

=4
a
o
;
L%
(%)
»
<
<
E
»
-~
L2
o
L
£
[+
i%3
=
-
=
@
EY
o
o<
I
3
®
-
r
o
»
-~
L53
"
£
»
=
=
-
-~
=
W
<
e
-
w
=
o

]
-
e
@
-
<
£

®

-
«
»
o~
»
@
e

361

o
%]
"
&
W
(1}
[
W

o
2]
3}
b
54
n
g

240036

T&ACGEGET AT

A4 A A6 CC PLAN.BEYQ

ACGGCTAACTACGTOHCOCCAGCAGCLGLGOET EATACGEGTAGGET GG6CAALGCGEGTT ST CCEGEEATT T SAKE.SEQ

423

TCCEGEATTT KHUIZ.SEQ

AL GEH6CTAACTACGTECCAGLAGCCGSLGET ABMAT ACEGETAGHET CELAAGCOGTT HETCCEEGATTT KAUSL.SEQ

421
421
413
421

CCT66ATTT HEIEN.SEQ

CC6GGATTT PLAN.BEQ

TACGTGCCAGCAGLCGCEETAATACCTAGSRT

<
-
=
w
n
®w
%]
]

ATTEGGCETAAMAGCGAGLOGRCAGGEGLGGETTTCTTARGTCT GAT ST #AAAGCCTT CGG6CTC AA BMKE.SEQ

481

ATTGEGEGECO6T HAAG6CGACERLCAGECSETTTCTTABJMET LT HATOT ¢AXRAGECCTTCGE6LCTCAR KHISL.SEQ
ATT OGS ECGET BAAGLGAGCLCGCAGGCEETT T CTTAAMGTCT GCAT 6T G AAMGCCTTCGELTC A A KHUIZ.SEQ

481

481

[
o
o

TTAAMGTCTOATCT GCGABAGCCOCTT C6GCTC A A PLAN.SEQ

ATTGEGGGECETARAAGCGEGAGCSELCAGHEOGGETTT

-
®
o

CCHEAAGCGARAGT GCLCATLCGGABACT CGGAAACTT GAGT GCAGAALZGARGHACAGT G G6ALCT CCAT 3ARE.3EQ

$41
541
541

CLELAAGAAGBGTGCLATCOGARACTOOG AAACTTOASTCCAGAMAGAGGACAGT S AACT CC AT KHIBLSEQ
CC6ABGABMET GCGLATCOERARARACT GG6CAAALCTTOGAGTCGLCAGAAGAGGALCAGTHBGAMACT CCAT KHUIZ.BEQ

CCGP.AGAAGTGCATCEGA&ACTGGGAAACTTG&GTGCAS&AGJ\GG’ACAGTGGA&CTCCAT PLAN.3EQ

541

ETGTAGCGGT GAABTGCGLCET A6ATATATOGCGCAAGALALACCAGTSEGLG6AAGECGETTGT CT 66 SAKE.SEQ

&01
s01

CTGTAGCEGETGCARAAT L ETAGARATATATCOGALGARLCACCAGTE®RCEGAAGGCEECT ET CT &6 KHUIL.SEQ
GTGTAGLEGT GARATECECGT AGAT AT AT 6 6AAMAGCAMCACCAGTEELGAAGGCHEGECTET CT &6 KNU2Z.3EQ

{C T 6 ¢ MESEW.SEQ

GTETAGLCGEOT GAAATGCCOGT A3GATATATHGAAGAACACCAGTOGOGCGARAAGECGGELTGT CT G & PLAN.SEQ

601
599
601

(=4
£
mu
28
< <
oo
®
[ERTY
R
oo
(X~
wou
<
Bk
<
S
<
o
¥
Ex
[
ER
<5
o
< @
< 4
< A
oW
(LY
“ @
N
w e
ww
2o
X
< @
v o
we
<
< <
Ex
W
oo
B b
v U
2 e
EY
< -
e
=R
(AR 4
[yt
L
-
Y
o
R
-
< <
B oEe
(LYY
o
Vo
o
ga
LY

=4
8
o
g
“
e
W
@
©
L
w
o
<
[
-
W
-
=

[
C]
©
®
<
o
«
..n
]
L)
)
B
=
W
o
o
£
<
L%
»
@
-
-
w
w
&
w
©
»
5
W
=
o
»

W

-

w

=

s

£
g
*

»

=

L=

=

3
o

o
8
=
a
g
<
[
[
[t
=
o
w
)
<
[
<
£
-
(2

=
<
[ty
o
<
o
-
-~
«
()
o
<
(o]
@
o
©
B

TEEGTAGC BAACAGGATT AGAT ACCCT &6T & PLAN.3EQ

TCTSET AACTGACGLCT GAGELOT O GAARG

861

g
:
@&
-
o
o
o
o
L3
[
&
-
w
(]
(3
o
o
o
W
(¥
(%)
[
(2]
L]
&
@
©
<
[
[}
[
1
[
L3
@
@
]
[
(4
W
3
w
B
@
[
-
o
w
o~
<
<
2
)
(5
w
©
(3]
-~
w
w
1
(L]

Tz

<
)
:
®
-
u
[
w
L%
w
=
@
-
L)
12
e
L%
L=
E~3
@
w
e
]
1
]
©
@
S
“
(-]
w
[ 2]
[
»
=
L3
®
]
&
w
w
=
[t
-
@
e
]
@
o
<
<
<
1
»
w
w
-
3
L
L 3
w
-
»

7z

LTAGGETETT

<
[P
2R
< < g
[ERTIY
Wy
<
R
< a g
o
G
LU= I ¥
WU

k=3
13
123
~
W
o
-«

‘eeTTTCCGCC

6T LA

21

4 & PLAM.BEQ

28
e
m.u
4
R
[
<
«
¢
)
<<
-
<
3
o
o ow
«
< @
“ .
v
B
B
@w
v
-
<
WU
[P
oo
T
<
@ w
o
-
B
L)
-«
O
BB
w
w e
BB
LS5
[P L4
v
(S5
oo
Y
L=
< -
Wy
v
< <
< <
B ke
Ba b
<
LS =)
LY
o
<
<
Bk
LX)

(L3
<
-
L
F
-
w
L3
o
<
-
[
(%

181
751
181
79

oo
HE
o
Wn
g
R
)
<
<
ey
©w
<
e
<
oW
o
W
<
«<
«< L
o B
X
R
@ e
O
<
<«
oo
o
o
oW
-«
o
W
<
R
e »
@
w
we
o e
[Py
[
uou
U
e B
(A8 +]
oW
=

(=4
#
:
2
13
<
<t
»
w
o~
a2
-
L=
=
w
<
<
P
©®
s

CCGCETHEEEL AET AL

CTAACGCATT ALKGT

81

oo
o3
gag
I R
maa
15E
LR
oo
e
ERCR
ERCR
[CRU
LR
@ @
[ERTRTS
v ou W
RTINS
[T
LR
<
U oW
[CRLITY
g
TR
[T
WOy
LR
CERS
<
<

I

Eal A
ok B
oW
[N
L2l
(L
Lol o )
LI
LI
B
g
B O e
DD
BRR
AL LY
LU
[T YR
RN
o« g
< G G
LR YY)
<
LY T}
ALY
[T}
(SRR
[T Ty}
EUIEUNNEY
[LEt N
W
AL
ALY
(YR TR
o<
WA G

o
]
1
&
w
<
1Ll

B4l
641

841
839

@
#
5
8
g
L
w
W
<
L
[
<
<
L)
1]
[
1
<

ACGCGAAGAMCOT PFLAK INQ

CLCBLAMCAEAGECELT 6GAGLCATETGEGETTTAMATTCGAALGCT

W
©
<
<
@
w
=
w
-
<
B
=
L
©
w
=
»
]
<
o
©
-
©
Iy
=
»
w
w
®
<
-
o
3
L%
3
w
o
Ao
w
»
©
®
3
~
-
®

841

8
:
<
El
<
]
-
L
o
©»
»

01 TACCAGEHT CTTGACAT CCTTTGEACCACT CTAGAGAT AGA-GLTTTCCCOT Y

3
H
-
-
-
<
<
o
-
W
)
©»

TACCAGGSGTCTTOGACATLCECT TP GCGACCACT CTAGAGAT AGA-GCTTTCCCT T

g01

& KHU32.8EQ

HESLN.SLQ

&

PLAN.SEQ

w
o
(5]
2]
L
©

<
w
-«
w
&
P
w
[ 2]
»
£
-«
L=
w
<
e
3
o

Fig. 4. Comparison of 16S rRNA gene partial sequence of strains aligned with that of Lb. sake.

SAKE; Lb. sake (GenBank AF401673); KHU31, Isolate KHU-31; KHU32, Isolate KHU-32; MESEN, Leuc. mesenteroides (GenBank AB023242); PLAN,
Lb. plantarum (GenBank M58827). Sequences were aligned by using MegAlign software (Windows version 3.03c; DNASTAR, Madison, W1, U.S.A.).

Differences between sequences are indicated by a gray box.
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on different gels. The whole patterns were very similar
(96:+1%), therefore, the 200 isolates mentioned above could
be characterized by their whole-cell protein patterns obtained
by SDS-PAGE. SDS-PAGE of whole-cell proteins of the
reference strains and lactic acid bacteria isolated from
Kimchi yielded different banding patterns which provided
results specific for identification of lactic acid bacteria
(Fig. 2).

The whole-cell protein patterns of the KHU-32 and the
KHU-38 strains were found to be identical with those of
the reference strains of Lb. sake KCTC 3598 and Leuc.
mesenteroides KCTC 3100, respectively (Fig. 2), thus
identifying the KHU-32 and KHU-38 strains to be Lb. sake
and Leuc. mesenteroides, respectively. In various types of
Kimchi, KHU-31 and KHU-32 (Lb. sake) and KHU-38
(Leuc. mesenteroides) were found to be present as the
predominant species (Table 3). In particular, the KHU-31
isolate was more predominant than Leuc. mesenteroides in
various types of Kimchi. The protein pattern of the KHU-
31 strain was almost identical to the reference strains of
Lb. sake, yet distinctly different in one band (indicated
by the arrow) with 38 kDa molecular weight (Fig. 3). This
strain was further examined using a 16S rRNA gene sequence
analysis.

16S rRNA Gene Sequence Analysis of Isolates

Two isolates, KHU-32 identified as Lb. sake and KHU-31
identified as a Lb. sake-like strain by SDS-PAGE, were
further examined by a 16S rRNA gene sequence analysis.
The 16S rRNA genes from the two isolates were amplified.
As expected, fragments with an approximate 1,500-bp size,
corresponding to the 16S rRNA gene, were obtained. The
sequences of the two isolates were subjected to a similarity
search using the GenBank databases. The 16S rRNA gene
sequences of two isolates were aligned with those of
Leuc. mesenteroides (GenBank AB023242), Lb. plantarum
(GenBank M58827), and Lb. sake (GenBank AF401673)
(Fig. 4). The 16S rRNA gene sequence of two isolates
matched perfectly with that of Lb. sake (99.6%). However,
the similarity among the two isolates, Leuc. mesenteroides
and Lb. plantarum, were low, therefore, KHU-31 strain
was named Lb. sake KHU-31.

Morphological and Physiological Characteristics of
Isolates

The phenotypic characteristics of the two isolates, KHU-
31 and KHU-32, were found to be Gram-positive, non-
spore forming, rod-shaped (Fig. 5), facultatively anaerobic
and catalase-negative. The isolates did not produce any gas
from glucose and grew at both 10°C and 40°C. The optimal
temperature for growth was approximately 30°C. The isolates
grew optimally at pH 6.0-7.0, yet were not inhibited at pH
3 and pH 8.5. The strains also exhibited salt tolerance in
the presence of 6.5% (w/v) NaCl, yet not in 8% (w/v)

(A)

(B)

Fig. 5. SEM micrographs of strains isolated from Kimchi.
(A) KHU-31 strain and (B) KHU-32 strain, isolated from Kimchi. Bar
represents | pm.

NaCl. The patterns of carbohydrate fermentation for KHU-
31 and KHU-32 were slightly similar to that for Lb. sake
KCTC 3598 (Table 4). The two isolates utilized arabinose,
rhamnose, and xylose, whereas Lb. sake KCTC 3598 did
not. Therefore, even though the strains belong to the same
species, the carbohydrate fermentation patterns were different
[9]. It would appear that the major microorganisms in
Kimchi were affected by special environments, such as a
low pH and salts. The adaptation of microorganisms to
special environmental conditions has been previously reported
in other fermented foods [2, 22]. Hence, it would seem that
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Table 4. Characteristics of carbohydrate fermentation for Lb.
sake KCTC 3598, and KHU-31 and KHU-32 isolates.

Fermentation
Lb. sake KCTC3598 KHU-31

Carbohydrates
KHU-32

Acid from
Arabinose
Cellobiose
Esculin
Fructose
Galactose
Glucose
Gluconate
Lactose
Maltose
Mannitol
Mannose
Melezitose
Melibiose +
Raffinose -
Rhamnose
Ribose
Salicin +v
Sorbitol
Sucrose
Trehalose
Xylose

+
+ +
+ +

%
£
%

+oE
o o
+ o+

+ 1
+ 1
+ 1

+ 1
+ 1

| +
+ o+

£
o+

o+
o+ o+
+ o+

Symbols; +, positive; +", weak positive; -, negative.

a genotypic approach could offer more reliable and specific
results than conventional identification methods for the
detection and identification of the lactic acid bacteria in
Kimchi.

CONCLUSION

The use of a PCR, SDS-PAGE of whole cell proteins, and
16S rRNA gene sequence analysis was able to offer rapid
and accurate results in the identification and detection of
the lactic acid bacteria in Kimchi and could be employed
for the analysis and monitoring of the lactic acid bacteria
during Kimchi fermentation. This approach would be
particularly useful when the species are phenotypically
closely related and nondistinguishable by conventional
microbiological approaches, as in the case of the lactic acid
bacteria in Kimchi. The current results showed that Lb.
sake KHU-31 together with Leuc. mesenteroides were the
predominant lactic acid bacteria in various types of Kimchi
in the middle stage of fermentation at 20°C. Accordingly, it
is proposed that Lb. sake may play an important role in
various types of Kimchi fermented at a high temperature.
In particular, Lb. sake seems to be the main microorganism
responsible for the acidification of Kimchi, because it
exhibited tolerance at low pH and characteristics of homo-

fermentative lactic acid bacteria. For a better understanding
of Kimchi fermentation, further studies on the lactic acid
bacteria present in Kimchi fermented at low temperatures
(i.e. 4°C or 10°C) and with various sub-ingredients using
polyphasic methods are necessary.

Acknowledgment

This study was supported by a grant of the Korea Health
21 R&D Project, Ministry of Health & Welfare, Republic
of Korea (01-PJ1-PG4-01PT04-0010).

REFERENCES

1. Ausubel, F., R. Brent, R. E. Kingston, D. D. Moore, J. G.
Seidman, J. A. Smith, and K. Struhl. 1999. Preparation of
genomic DNA from bacteria, pp. 2—14. 4th ed. In Short
Protocols in Molecular Biology, John Wiley and Sons, New
York, U.S.A.

2. Berg. R. W, W. E. Sandine, and A. W. Anderson. 1981.
Identification of growth stimulant for Lactobacillus
sanfrancisco. Appl. Environ. Microbiol. 42: 786-789.

3. Berthier, F. and S. D. Ehrlich. 1998. Rapid species identification
within two groups of closely related lactobacilli using PCR
primers that target the 165/23S rRNA spacer region. FEMS
Microbiol. Lett. 161: 97—-106.

4. Descheemacker, P., B. Pot, A. M. Ledeboer, T. Verrips, and
K. Kersters. 1994. Comparison of the Lactococcus lactics
differential medium (DCL) and SDS-PAGE of whole cell
proteins for the identification of Lactococci to subspecies
level. System. Appl. Microbiol. 17: 459-466.

5. Dicks, L. M. T., E. M. Plessis, F. Dellaglio, and E. Lauer.
1996. Reclassification of Lactobacillus casei subsp. casei
ATCC393" and Lactobacillus rhamnosus ATCC 15820 as
Lactobacillus zeaenom. rev., designation of ATCC 334 as the
neotype of L. casei subsp. casei and rejection of the name
Lactobacillus paracasei. Int. J. Syst. Bacteriol. 46: 337—
340.

6. Elliott, J. A. and R. R. Facklam. 1993. Identification of
Leuconostoc spp. by analysis of soluble whole cell protein
patterns. J. Clin. Microbiol. 14: 1030—-1033.

7. Johanna, B., G. Rolf, S. Ulrich, W. Norbert, D. V. Paul, H. H.
Wilhelm, J. K. Hannu, and V. Peter. 2000. Characterization
of Leuconostoc gasicomitatum sp. Nov., associated with
spoiled raw tomato-marinated broiler meat strips packaged
under modified-atmosphere conditions. Appl.  Environ.
Microbiol. 66: 3764-3772.

8. Jorgen, J. L., P. Bruno, C. Henrik, R. Gulam, E. O. John,
W. W. Bee, M. Kharidah, and G. Hasanah. 1999. Identification
of lactic acid bacteria from chili bo, a Malaysian food
ingredient. Appl. Environ. Microbiol. 65: 599-605.

9. Kadler, O. and N. Weiss. 1986. Genus Lactobacillus, pp.
1208-1234. In Bergey 5 Manual of Systematic Bacteriology,
Williams & Wilkins, Baltimore, Maryland, U.S.A.



642

10.

11.

12.

13.

15.

16.

17.

KiMm et al.

Kim, B. J., H. J. Lee, S. Y. Park, J. H. Kim, and H. U. Han.
2000. Identification and characterization of Leuconostoc
gelidum, isolated from Kimchi, a fermented cabbage product.
J. Microbiol. 38: 132-136.

Kim, J. H,, J. S. Chun, and H. U. Han. 2000. Leuconostoc
kimchii sp. nov., a new species from Kimchi. /nt. J. Syst.
Evol. Microbiol. 50: 1915-1919.

Kim, T. W,, S. K. Min, D. H. Choi, J. S. Jo, and H. Y. Kim.
2000. Rapid identification of Lactobacillus plantarum in
Kimchi using polymerase chain reaction. J. Microbiol. Biotech.
10: 881-884.

Lee, C. W, C. Y. Ko, and D. M. Ha. 1992. Microfloral
changes of the lactic acid bacteria during Kimchi fermentation
and identification of the isolates. Kor. J. Appl. Microbiol.
Biotechnol. 20: 102-109.

. Lee, H. J, Y. J. Joo, C. S. Park, J. S. Lee, Y. H. Park, J. S.

Ahn, and T. I. Mheen. 1999. Fermentation patterns of green
onion Kimchi and Chinese cabbage Kimchi. Kor. J. Food
Sci. Technol. 31: 488—-494.

Martinez-Murcia, A. J., M. Nicola, and M. D. Collins. 1993.
Phylogenetic analysis of some Leuconostocs and related
organisms as determined from large-subunit rRNA gene
sequences: Assessment of congruence of small and large
subunit rRNA derived trees. J. Appl. Bacteriol. 74: 532-
541.

Mheen, T. I. and T. W. Kwon. 1984. Effect of temperature
and salt concentration on Kimchi fermentation. Kor: J. Food
Sci. Technol. 16: 443-449.

Park, K. Y. 1995. The nutritional evaluation, antimutagenic
and anticancer effects of Kimchi. J. Korean Soc. Food Nutr.
24: 169-182.

18.

19.

20.

21.

22.

23.

24,

Plessis, E. M. and L. M. T. Dicks. 1995. Evaluation of
random amplified polymorphic DNA (RAPD)-PCR as a
method to differentiate Lactobacillus acidophilus, Lactobacillus
crispatus, Lactobacillus amylovorus, Lactobacillus gallinarum,
Lactobacillus gasseri and Lactobacillus johnsonii. Curr.
Microbiol. 31: 114-118.

Pot, B., P. Vandamme, and K. Kersters. 1993. Analysis of
electrophoretic whole cell protein fingerprints, pp. 493 —521.
In Chemical Methods in Prokaryotic Systematics, John
Wiley and Sons, New York, U.S.A.

Shim, S. T., K. H. Kyung, and Y. J. Yang. 1990. Lactic
acid bacteria isolated from fermenting Kimchi and their
fermentation of Chinese cabbage juice. Kor J. Food Sci.
Technol. 22: 373-379.

So, M. H. and Y. B. Kim. 1995. Identification of
psychrotrophic lactic acid bacteria isolated from Kimchi.
Kor. J. Food Sci. Technol. 277: 495-505.

Tilbury, R. H. 1975. Occurrence and effect of lactic acid
bacteria in the sugar fermenting industry, pp. 177. In Lactic
Acid Bacteria in Beverages and Food. Academic Press,
London, UK.

Yamauchi, K. E. and S. Johannes. 2000. Transmission
electron microscopic demonstration of phagocytosis and
intracellular processing of segmented filamentous bacteria
by intestinal epithelial cells of the chick ileum. Infect.
Immun. 68: 6496-6504.

Yoon, J. H., S. S. Kang, T. I. Mheen, J. S. Ahn, H. J. Lee,
T. K. Kim, C. S. Park, Y. H. Kho, K. K. Kang, and Y. H.
Park. 2000. Lactobacillus kimchi sp. nov., a new species
from Kimchi. Int. J. Syst. Evol. Microbiol. 50: 1789—1795.



