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SUMMARY

I. Title

Development of Chinese Kimchi Discrimination Techniques Using Microbial Community Analysis

[I. Goal and Importance of the Research

1. Goal of the Research

The increase of kimchi import from China has brought about social and economical problems
in the kimchi market of Korea. This research was carried out to contribute to the sound and safe
circulation of kimchi in the domestic market of Korea by the development of scientific Chinese

kimchi discrimination techniques.

2. Importance of the Research

Social changes of Korea originated from economic growth accelerated the growth of
commercial kimchi market in Korea. With the increase of commercial kimchi market, the import of
kimchi made in China has been increased and brought about social and economical problems such

as distribution order, safety, domestic kimchi share, and etc.

In order to solve these problems, Korean government has put into force the labeling of kimchi
origin since 2008, but the achieved effects are not enough to solve the problems owing to the lack

of a scientific verification method.

The scientific kimchi origin discrimination method has to be developed urgently to solve the

problems originated from the import of kimchi from China.



III. Research Contents and Scope

1. Research Contents

For future use in the discrimination of Korean and Chinese kimchi, the bacterial communities
in Korean and Chinese kimchi samples were compared. Based on the bacterial difference according
to kimchi origin, the target bacteria to be used in the discrimination of Korean and Chinese kimchi
were determined. Rapid and specific target bacteria detection methods were developed to apply for
the confirmation of kimchi origin and the possibility of application was evaluated by the field test

for commercial kimchi.

2. Research Scope

(1) Analysis of bacterial diversity in Korean and Chinese kimchi
- Collection of kimchi samples manufactured in Korea and China
- Analysis of bacterial diversity in Korean and Chinese kimchi
- Determination of the target bacteria based on the bacterial differences in Korean and

Chinese kimchi

(2) Development of Chinese kimchi discriminating methods using target bacteria-specific

detection

Application of 16S rDNA PCR-RFLP analysis for the rapid detection of Weissella species

Development of PCR-based Weissella soli detection method with recN gene targeted

species-specific primers

Development of PCR-based Serratia proteamaculans detection method with gyrB gene

targeted species-specific primers

Application and evaluation of T-RFLP analysis as a tool for the discrimination of Korean

and Chinese kimchi

(3) Evaluation of the developed of Chinese kimchi discrimination techniques



IV. Research Results

1. Analysis of bacterial diversity in Korean and Chinese kimchi

The purpose of this research is to draw the bacterial community difference between Korean and
Chinese kimchi for future use in the confirmation of kimchi origin. Initial fermentation stage kimchi
samples (above pH 5) were used for the analysis of bacterial diversity. From 26 Korean kimchi
samples, 1,017 strains in the 45 genera and from 22 Chinese kimchi samples, 842 strains in the 54
genera were isolated with use of marine medium, nutrient medium, succinate minimal medium
(SMM), leuconostocs selective medium (LUSM) agars. In the order of isolated numbers, Bacillus,
Weissella, Leuconostoc, Pseudomonas, and Lactobacillus genera and Bacillus, Weissella,
Lactobacillus, Pseudomonas, Serratia, and Enterobacter genera were predominated in Korean and
Chines kimchi, respectively. Among the isolated lactic acid bacteria, Weissella spp. were isolated
most dominantly owing to the biased growth of Weissella spp. on LUSM agar. Species in the
genera Leuconostoc and Lactobacillus were the next frequently isolated LAB from Korean and
Chinese kimchi, respectively. Weissella confusa was isolated only from Korean kimchi and W. soli
and Serratia proteamaculans were isolated only from Chinese kimchi. They have a possibility to be

used as target bacteria to differentiate Korean kimchi from Chinese kimchi.

2. Development of Chinese kimchi discriminating methods using target

bacteria-specific detection

(1) Application of 16S rDNA PCR-RFLP analysis for the rapid detection of Weissella species

A polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) analysis
was applied to detect and identify ten Weissella spp. frequently found in kimchi. The previously
reported genus-specific primers designed from 16S rDNA sequences of Weissella spp. were adopted
but PCR was performed at the increased annealing temperature by 4°C. The sizes of amplified PCR
products and restricted fragments produced by Alul, Msel, and BceAl endonucleases were well
correspond with the expected sizes. W. kandleri, W. koreensis, W. confusa, W. minor, W.
viridescens, W. cibaria, and W. soli were distinguished by Al/ul and Msel and W. hellenica and W.
paramesenteroides were identified by BceAl. W. thailandensis was distinguished when restriction

pattern of other species was compared but identified by the single use of Mspl.



(2) Development of PCR-based Weissella soli detection method with recN gene targeted

species-specific primers

PCR-based Weissella species-specific detection method was developed to apply for the
discrimination of Korean and Chinese kimchi by detecting a Weissella species only found in Korean
or Chinese kimchi. PCR primers were designed from the species-specific sequence in the recN gene
of each species. The primers allowed the species-specific detection and identification of nine species
in the genera Weissella, and were successfully applied to the detection of W. cibaria, W. confusa,
W. koreensis, and W. soli in kimchi with 20 ng template DNA. W. cibaria, W. confusa, and W.
koreensis were detected from the Korean kimchi samples tested but W. soli was not detected.
However, the four species were detected from Chinese kimchi samples. PCR-based W. soli-specific
detection has the potential of scientific verification method will be evaluated as a tool for Chinese

kimchi discrimination.

(3) Development of PCR-based Serratia proteamaculans detection method with gyrB gene

targeted species-specific primers

PCR-based Serratia proteamaculans-specific detection method was developed to apply for the
discrimination of Korean and Chinese kimchi by detecting a species S. proteamaculans only found
in Chinese kimchi. PCR primers were designed from the species-specific sequence in the gyrB gene
of the species. The primers allowed the species-specific detection and identification and were
successfully applied to the detection of S. proteamaculans in kimchi with 30 ng template DNA. In
the application of PCR-based S. proteamaculans-specific detection of Korean kimchi samples,
successful detection was performed at 50% level. PCR-based S. proteamaculans-specific detection
could not be perfectly applied as the Chinese kimchi discriminating method but has significance as
an approach to evaluate the potential of scientific verification method based on the difference of

microbial community.

(4) Application and evaluation of T-RFLP analysis as a tool for the discrimination of Korean

and Chinese kimchi

Terminal-restriction  fragment length polymorphism (T-RFLP) analysis, one of rapid
culture-independent microbial community analysis methods, was applied to prove the possibility in
the discrimination of Korean and Chinese kimchi. Two kinds of primer pairs for the amplification

of 16S rRNA gene and 4 kinds of restriction enzymes for the production of T-RFs were used for



the analysis of bacterial complexity in Korean and Chinese kimchi. Distinguishable T-RFLP profiles
were not produced to differentiate Korean and Chinese kimchi. T-RFLP analysis was not suitable for

the bacterial community analysis in the species level.
3. Evaluation of the developed Chinese kimchi discrimination techniques

PCR-based Weissella soli-specific detection was proved to have the potential to be used as a
tool for the discrimination of Korean and Chinese kimchi. The method was applied for the
verification of commercial Korean and Chinese kimchi. W. soli was detected from six samples
among 36 Korean kimchi samples. In the application to Chinese kimchi, W. soli was detected at the
86% of 36 samples. The developed technique was not a perfect success in the discrimination of
Korean and Chinese kimchi. However, W. soli-specific detection has a meaning in the aspect that a

potential of scientific verification method was evaluated as a tool for Chinese kimchi discrimination.

V. Research Achievements and their Applications

Through the research on the bacterial communities in kimchi made in Korea and China, we
came to know the complexity and diversity of bacteria in kimchi that was not reported before.
Additionally, harmful microbes including food pathogens were detected from kimchi at the very low
level and the detection was more frequent in Chinese kimchi than in Korean kimchi. These

insinuated the necessity of quality control for the imported kimchi in the safety aspects.

From the bacterial community differences between Korean and Chinese kimchi, W. soli and S.
proteamaculans were determined as the target bacteria for the discrimination of Korean and Chinese
kimchi. Rapid and specific target bacteria detection methods were developed and applied for the
confirmation of kimchi origin and the possibility of application was evaluated by the field test for
commercial kimchi. PCR-based specific detection of W. soli was the most reliable method for the
discrimination of Chinese kimchi among the techniques developed in this research. However,
discrimination of Chinese kimchi by W. soli-specific detection was successful at 86% level. Even
this technique is not perfectly applied to Chinese kimchi discrimination, this is the first scientific
approach to applied kimchi origin verification. If this scientific technique would be used together
with social verification method such as origin labeling will be successful for the verification of

kimchi origin.
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T HAAA Ut FHoE e FEAA @ b FEAA F FAE ob7|sta 9
o}, 2)FojokEebdy o] Hae] maw 2007d oAk AR oA Alo]ZEdolE &5 FXA] ]
57 AFE AHEZE 25 3044 @sta, ATHRIGES, B 2L 5 vala #JVE HE 31
A, v AAA 2] S Ao R Qe o5 HE 187, HIIE AME V&9 37,
FASE A 14 T2 Uetwal, YA A B8 deE 20059 279 &, 20064
282 &, 20079 1637 Eo & wid Frksta vk E3F HA FdFo] FUEFF wlF,

BE
hE, AF 5 AR Amdad Ak 9 B AR o mo] Heko] Frbs| HA| EwakE
%
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Aol olsto] FH7F YA EE AAGEAFOE, =
el X&ddE w2 A #d vAE AFE B8t Lactobacillus, Lactococcus,
Leuconostoc, Streptococcus, Pediococcus, Weissella & 59| thekdl f-4kyto] dgof] 3o
gl Ao w Ay A YrH[Bae et al. 2005; Chang et al. 2008; Cho et al. 2006, 2009;
Lee 2009; Kim and Chun 2005; Lee et al. 2005a; Park et al. 2003; Shim and Lee
2008b]. ol¢} o] A FrE wAEo] Fabatoll= ARde] ofn] zZ oA U] ol
AR EAshE e v e A= A BadA] v 22y dRelA fddte
¥

TheFg mg o] WraE Z7]o EAE Aolal, olF HAES AR AuE iAo S8 &
e Aow FAAY. b k=4l 2 F=AE ZA] o] EAJEE bacteriad] FFoll xfo] 7t
NS Aoz FAHIL, 2 ol Bart P Eo] FAkato] F7sl7] deAloA dAA A
g Zlew FAAY

 AFolM = Al B FAE A Ao EA8k= bacteriad] xpolE o] &3 A AAHA]
dE7 =] S flste] HE 2719 At 2 S Ao EAlskE bacteria®] tHEA
S HEsSIY A ik sHd AFgE 4 e A bacteriag EE3TF A% bacteriaZb



AR EH Eo]x PCRE 9|83 A X bacteria AE=HE /NLstx, PCRE o83 Ax
—=

H=2
bacteria HEWel a4 HT= Fdtol Tt A AEN ] 48 JHeds B

T 5o MAE SAFEH) B0l o vkt wi vlejEH <l DNA fingerprinting
71%o] /MEE A3, DGGE (denaturing gradient gel electrophoresis)®t T-RFLP (terminal
restriction fragment length polymorphism) #2412 H|A& 3% % Ao A< Wsle] Yy
B ol AFRE = thiEA W olth ojn] Mo oy T dEAFES HAE S 4ol
AgHda, AAds Ay vAE Aol x= DGGEZF 48¥ vk 9tk [Lee et al. 2005a;
Park et al. 2003]. DGGE= T-RFLP 4% @7 mlde 2 Z40 A3 a2 3715
AL glov Agtate] mE Adde] ta EolA= Ao m PrhEal gl T-RFLP= A d/d <]
ol 2o BrhE wa gom, DGGE waA ARe] A £wrb o ol 9l
= Ao® HuHa vt wEbq B AT s A dabxE Y R 3 o R w|

e vy 2 gz muE o] w24 A&E i Qe T-RFLP 2418 % 83}0]



FEvel 2 gad da JAF AAE ARCdA FHEteE vdEe] AdEge ¢

af g Fu7F e A, Ao, HE, FU1d T FEdlTe e AEelth A
Ao wAd e vAlE T3 24 T stuel AAE A wAAE] g Ay T
g o vAEY #y 2 T84S SAeE AFEHY, AEHAY Fa Sk wEk #5713t
I 771z Ade BRE S A AR ASAAe] tie AR IFEHAL[An et
al. 1999; Lee et al. 1999], F XY F4 L= Al FAFLEAASG} o] =
o7 Hrtetele= Al=7F 2@ EJATG[Chae et al. 2006;

AT S AXWae] F4f(starter)
Choi et al. 2003; Jin et al. 2008].

1939 #AAda Ay v ABE gk A7 Agow Huy o]F 1984 Mheend}
Kwon®|] B I[1984]5 Al#ez AR wofste= vzl vk A7 24407 119
%o} Leuconostoc, Lactobacillus, Lactococcus, Streptococcus Pediococcus 9l 43+
TheFeE Akt Eo] AAEge gt ARdo] wre o, sAIAAAA WA= FA

A dkg o
%, Leuconostoc &2 g x7|d 2 HAEHL 4\;7] o] % o= Lactobacillus %°| A=
HeE Ao® BHuEtHlLee et al. 1992; Lim et al. 1989; Mheen and Kwon 1984; So

and Kim 1995]. 53], 8% leuconostocs &, WS 7} Leuconostoc mesenteroides=

EREAQa, wag I7)o HAEH+=  Lactobacillus & FolAd Be 47} Lactobacillus
plantarum®.% &A%, Lc. mesenteroidess Ao FH|E Host= FeHo=E b

plantarum 2Fdji+ 0.2 A A EH At} Lee et al. 1992; Mheen and Kwon 1984 ].

20004 o] Fell= AlEHA 4 (phylogenetic) /A Al og v|AES] Fgo] Unks)
%32, DGGE (denaturing gradient gel electrophoresis) [Lee et al. 2005a; Park et al.
2003], T-RFLP (terminal restriction fragment length polymorphism) [Shim and Lee
2008b]et 22 A= H ol o3k wjek W& dEwA ol JNAHAS B oy
microarray =230] A FAE Aol HEE o] [Bae et al. 2005], e 2 Ag]stE 5o

kA FAE o JAE Aok v Ayso] mErEe] 7S Had A
ol gt Abefrel] ik 1ol debxar lar, 7ol HaH A e v gl
ol AATad #Hosh= o= YERTHBae et al. 2005; Chin et al. 2006; Cho et al.
2006; Kim et al. 2000a; Kim and Chun 2005; Kim et al. 2002; Lee 2009; Lee et al.
2005a; Park et al. 2003; Shim and Lee 2008b; Um et al. 2006].
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2000 o] %-¢] 31X Aow AuH e F4 HE> 1D 759
T A Fo R HJd Le. mesenterofdesﬂ Lb. plantarum®.t}+= Weissella
koreensis 52 Weissella % % Lactobacillus sakei7} ¥a-2%o A glo] AxTao] A
A #ofste= FRAFolgE ARdelth 2) B3 7] 9 V]9 HaE FRote JoE Al

Lc. mesenteroides o= Lc. kimchii % Lc. inhaeS} 28 A4t #5F¢F Le. citreum, Le.

ro :(o
o
=y
rO
—
=
>
o

B

carnosum, Lc. gasicomitatum, Lc. gelidum, Lc. lactis®}t 722 Y43t Leuconostoc % 4+
ol AXdge Fofshy g TRt = &S YERU A vk A, 3) oln 7|9 A

A
g ¢ v AEAF[Lim et al. 1989; So and Kim 1995]9l X% Lb. plantarum®] A<44
oM HEEHA Fevhal AAE vk JAIRY, Lb. plantarum®] 7ol ol AA FFS wrol
Z

o
=
AewE AANAE BE F/19 $HFoR BANA BAUE H 5L 5 4 ArklLeo

3} g9lo == 16S ribosomal RNA %%k
(16S rDNA) 7] FAAL E9jol wE fakdt BFRAAY ¥
s} [Collins et al., 1993; Stiles and Holzapfel 19971, <+ A9l A=
& 8l ﬂ‘-’r*}**oﬂ g3 BAFE wdH AN A& A9 eFE B P

AFAE) A3 FEENE Aol 20°CoIg) Lol AR

dbate] A 89
ik =g 37 9]

ZAEe] Aol BF AH2drgoAe] #FEAS star o] A A AAHo] = Ak
TS50 &2 BEH7] wFow EXFETHLee 2009]. E3], HAX AT oZ s 9
71 2 dEs =+ 2902 = Collins 501993191 I+A Lactobacillus 5252 5 Qe

B At 2 Le. paramesenteroidesES M =S Weissella 9.2 A A

A=A R =9 el 2o AAYE ad i 5, 27
_‘|

%)
A A Le. mesenteroides®] 540 LF57F AA9S Aoz FAHD wF 79 Faoit
S 7

AN
A%

=y

o

Lb. plantarums W|33$¢ Lactobacillus 4
ol T YUYt Weissella 0.2 AJH ROz FHAL MEZL Weissella 59 HAHY} &
A @A AxEae] Fhasre stuzE 7= W koreensis7b gt AAbl o] Ej A Al

o7 TEIUTE HoA A FEFForo AEAS AAY & 4 At [Lee et al. 2002].

W. koreensis o= Xl gt #A e T7he= AF PAES] da2x AdZdEo 20004
Leuconostoc kimchii [kim et al. 2000ble] T5& A|#o= 2010974 Lactobacillus
kimchii [Yoon et al. 20001, Weissella kimchii [Choi et al. 2002], Leuconostoc inhae
[KIm et al. 2003], Tetragenococcus koreensis [Lee et al. 2005bl, Lactobacillus
koreensis [Bui et al. 20101, Lactobacillus kimchicus [Liang et al. 201017} Al&o 2 &
Ero] & 8F0°] TFHAUL



AANA HAEE = MAE FToAA Weissella 0] A s HlT o] Ht+ Hael F7het

HAE Weissella 2] A3 o "QAo] dg =73t Q)

o
X
o
i3
kol
S
s

}. 6%1‘1&, %’?}ﬂ'iﬂr ZFo] 16S rDNA ¢7|Ado] & M%*é% ZHA AL A
o BA HES AMEdE A$olE 16S rDNAZF A FAAR A gslA] ¢

Berthier et al. 1998; Shim and Lee 2008a; Torriani et al. 2001].

o[ —

K
i)
K
ass

ole gt =AY Hebs #18, PCRel o3k 47142 TF3 FFd Fd49] Agdas
o w2 DNA @A 9 & A (polymorphism)< A3 PCR-

length polymorphism)7} T3k vjAlE9] &<l 9w mE Ao o]&¥a [Jang et al.
2003]. ©]"] Jang &[2002]2 amplified ribosomal DNA restriction analysis (ARDRA)E
o] &3 1059 Weissella & #Aiketel A& HAEWS gk vf oy 22y &Ml Bal
¥ 3 W. koreensis [Lee et al. 200219} W. soli [Magnusson et al. 2002], W.
ghanensis [Bruyne et al. 200817} Al&E#o 2 =, W. kimchii [Choi et al. 2002]
= W. cibaria®t 5943t heterotypic = HHE S W. cibaria® &3 % 2 tHEnnahar and
Cai 2004]. =3k GenBank database©]| 16S rDNA 7|4 E(AY040669)°] 5= W. hanii
= FHHOR W, koreensis®t TU3 Ao R B Eo] AFEFORT SZH EFPr} B =%
S AAsta e 2010 @Al Weissella o= 13F°] 5% vk wepA A=

& g

o)
A
%}\ ,] )\] 6‘]— 747~H4c>] g 9 3k /\lzéo]ﬂr_

.

’;U

FLP (restriction fragment

rl

Weissella

T UE 16S rDNA @749 9] =2 dsdolA HAsts oAld e doe=z=
gyrB [Duaga 2002], oriC [Roggenkamp, 2007], recA [Shim and Lee 2008a; Torriani
20011, recN [Arahal et al. 2008], rpoB [Mollet et al. 1997] $¢ ©wWd FZFHAE
A X FHARZ o] gel= o7t S7lstal A, 53] recN F4A= 16S rDNAX T} F(species)

7o) FEo 83 Ao HiEAY[Arahal et al. 2008; Zeigler 2005].



O HAZHY bacteria® &3S +A k=

W] TlE AR Aol 2 A7F AA sk fA

A7) AR AKISTDE Holewlo] =5 o g3le] AT AX #dl kF 2 53

= 20119 @A ZH7y 2,359 2 57237102 HAEHA G, AAES o] st XA
AL ARG ATE B APapEe] A gold

Az AN W AE ATE AAWEA Belst FATY B R B9 Fold A
Z, W& Wb B HAT 1§ 954 mUEYe] F8 o1 du, Ave] &S
A5 e

DGGE, Clone analysis, Microarray, T-RFLP, Species—specific PCR
5 Od RAYESA Yol AFHAAY, FE AE BhF AT fFAtolh
o

webd Ak oo vrFd mAl=e] B JheAde] Fol= Eatskar ofdl iy A

P =] = =

Sho WA Bacillus cereus, Enterobacter <
bacteria’} 22 H=HAY. Tarl Mol wel [fAkto] S8k, BAAH Tor7]
Abell 9l pH7F #HAas o] falAlate]l Aol Ao AFns oA =

2 dgEyg e deshA edd Ao deaME 94 2 s B
Bas Ao ey

o
=

m

&2
N
lo
N

F2 HER ffeAlde] HEHE Aoz Wop T4t

of AxgHgol Fh=itel s F£A Feltk= Aol oAFH 7] el T=Ak ARl gt



w AreM = Al B Tt Aol EA8k= bacteria®] AFolE o] &3 HA Ak
i 7l=o] N TheA B B Ak el AREE AE bacteria® EES 9ot A

719] db=Al 2 A 7] R0 £33} bacteriad] YIS HAES] H kU

e

P

2. Als 9 v

—

hHTE W FFA AAAE S

datAel w44 4 bacteria®l thFd @7HE flE AHEE AR
ATH F=rab A 28F2 A7%E A, $AERE opt, A
FRFORFH ol ARalalFig. 1-1), 2989 &

=
oA AzEel FdE Ae FARAL A T

o AHsAd e LA o !
oA FHeAHFig. 1-2). o5 #AA =T, AX=ES pH7F 5.0 o]do] H= wa x7]9 3
=X A 26F, A 1R 22F RS bacteria 3 Yo ® AFE3 TH(Table 1-1).

HEYA| (3F) 2leiAl (35)
34091013 (1F)  1KH:09.06.05 (23)
44:0912160%)  3%:091013(13)

54 ot 53) |

1% :09.04.30 23) 1%} :09.04.30
24} : 09.06.26 ] 24} : 09.06.26
3%} : 09.08.05 V i 3%} : 09.08.05

4%}:0911.19 4%} 09.11.19 2F)

TE Hok (53)

35 o3 43)
13} : 09.04.30 2F)

1%} : 09.04.30
21} : 09.06.26

24} : 09.06.26
34} : 09.08.05

3%} : 09.08.05
4%} 091119

43} :09.11.19

Hit ol 53) _— " L
et o e
1% 09.0430 25) \6 (Ng s g g
2K} : 09.06.26
3%} : 09.08.05 BEA (173)
4%}:09.11.19 / / 1%} : 09.06.05 (3%) 3%}:09.10.13 (35)

24:09.0805(5F)  4%:09.1216(6F)

Fig. 1-1. @54 4 #3 A9 Fig. 1-2. 34 A #3 A9



Table 1-1. The pHs of Korean and Chinese kimchi samples.

a Korean kimchi Chinese kimchi

Sample T 2nd 3 4th  5th Ist 2nd  3rd  4th  5th
1 565 563 569 565 544 423 608 553 58 546
2 541 526 568 566 543 539 572 542 550 532
3 550 535 575 581 572 543 447 550 568 457
4 580 495 543 560  5.95 462 603 565 539 456
5 533 505 556 529 539 453 564 547 566  5.58
6 470 558  4.89
7 5.41 5.80
8 5.69 5.63

Total 28 29

‘Sample number was arbitrarily mentioned.
L. A f@ bacteria w2 2 wldz=A

AA] & bacteria®l wEE A% HAANE A& g AZE ARSI, 1P ES

FAE 28] AYAAFE Theke] Eesh ol of sty dojXl oS 7 s o
<, bacteria®] ¥]7} 7153 w2 AYAA4-E 3243519 marine medium (Difco, USA),
nutrient medium (Difco), succinate minimal medium (SMM)[Monna et al. 1993],
leuconostocs selective medium (LUSM)[Benkerroum et al. 1993191 1.5% (w/v) 33
A7 e ARl o] mste] 30T, mE7] oA 24A1%F vikatltl The ek sk J
o ke flste] Zb iAol A AR JetE T, oW A2 Bkl zolrt vy e
ZE wjAE 10704 F 40705 AT Aol ARRE 5 Al E o83t s el el

o X rulo

t}. 16S ribosomal RNA FdA £41S %3+ bacteria 574

7y wjx]olA F2] ¥ bacteria®] 16S rRNA F+A2H16S rDNA) 5% DNeasy tissue
kit (Qiagen, Germany)& ©]&3slo] F5% DNAZ PCR stAY, colony PCRE Esto] 43
3l th. 16S rDNA PCR SZole vt bacteria®l S Ho| Wo] AFEEE eubacterial
universal primer 27F (5'-AGA GTT TGA TCC TGG CTC A-3)9 1492R (5'-GGT TAC
CTT GTT ACG ACT T-3)% AF&3titH[Shim and Lee 2008b]. PCR Rkg-ol= UNOII
Thermocycler (Biometera, Germany)E A}F&3}%12m™, 50 ul. PCR HEg7l9l= template
DNA, 100 mM dNTP, 1 U Taq polymerase (Roche, Germany), 20 pmol® primerE %7}
sttt Rbg2d2 95TellA 5% dH7kE F, 95T 123k WA, annealing 57C 1%, 72T
I SRkse] HAES 308 wHEekar, mpx|drof] 72TCddA 5i7F A g & T3S FEHAIF
t}. PCR WHgAHE2 0.8% agarose gels ©o]&3F A7|dso =2 &2lss o™, 16S rDNA =



7]l 323 DNA bandE Gel & PCR purification system (SolGent, Korea)2. 2 3|4

Agt & -20TColA HEQY. AAE GHe] A7IAE AAL FE YA (SolGent)ell «]ﬂa
o F3stda, A2A-E A7) <LS NCBI (http://www.ncbi.nlm.nih.gov/)¢} EzTaxon server
2.1 [Chun et al. 200719 55 97I4<E AHE S =Z nucleotide blast serchE &3l
AeEATA FAS sttt Databased| 58 Zwwro 7HE =& AsAds UER

= TR (Taxon)< dld F7IAL s|Fs= bacteria® 543 T

7b. dbaal @ FaA AX 28 E 229 bacteriad] T

AA =& agiEe] o) pH7E 5.0 of Al waE Z7]9 =4k A 268 = FH
7k =4 71:“1 22F 02 HE T 842 77t =7 EE ], 16S rDNA A7IA<E

st o7 EAE QT AL R HE] = 454 Al A= 540 B

g 5o staAtH s FoAE X oA thekst & bacteriad EA17F &I A tH(Table 1-2).
Actinobacteria, Bacilli, 3—Proteobacteria, v—Proteobacteria, Flavobacteria “d(class)dl 2
st bacteriaZl =4t W T A B4 2] E AL, o -Proteobacteria 73 bacteria
© T AR B2 = AT Bacillus, Microbacterium, Weissella % bacteriat= 43
H EE HAAAEBCAM  w#EHaL,  Arthrobacter,  Curtobacterium,  Plantibacter,
Comamonas, Herbaspirillum,  Acinetobacter, Buttiauxella, Cobetia, Moraxella,
Elizabethkingia, Sphingobacterium 2 3$t=2b Ao ATt HEF QO Brevibacterium,
Cellulosimicrobium, Corynebacterium, Rhodococcus,  Aerococcus, Brochothrix,

Carnobacterium, Pediococcus, Thalassobacillus, Azospirillum, Rothia, Sanguibacter,

Sphingomonas, Cedecea, Citrobacter, Pectobacterium, Proteus, Providencia, Raoultella,
Shewanella 42 T=4F A AT HEH ST

stk Sl AAARAA $H o R HEE = bacteriax 4t XA Bacillus,
Weissella, Leuconostoc, Pseudomonas, Lactobacillus %% T2=2, FT34b XM=
Bacillus, Weissella, Lactobacillus, Pseudomonas, Serratia, Enterobacter %2 =22 <l
¥ tH(Table 1-2). Bacillus %3 fAb1S AL Pseudomonas 45°] =2by So4k
AR BFA =2 WEZ HEFJT Pseudomonas & Tl ZE =ik 71X of A
Microbacterium 4°] T2 AZHAARE, k=it X9} @2]  Enterobacter <3} Serratia
Zol Tl A9 fHow HEHJWTable 1-2). #AALaE 7|+ ARG
Bacillus % bacteria® A=o] 7FF =/ yehd Aoz "ol wa Z7|de dRolA #
st EY @ bacteriaZb -8 ske A o= AR HT



Table 1-2. Numbers of the isolated genera from Korean and Chinese Aimchi samples.

Korean kimchi Chinese kimchi
Class Genus Ist 2nd 3d  4th Sth Total" Ist 2nd 3rd 4th  5th Total"
7 4 5 5 5 26 2 4 5 8 3 22
Arthrobacter 1 1 2
Brevibacterium 1 1
Cellulosimicrobium 1
Corynebacterium 1 1 2
Curtobacterium 1 1 2
Actinobacteria Kocuria 1 1 3 5 1 1
Microbacterium 10 10 2 1 7 30 2 7 9 6 11 35
Ochrobactrum 1 1 2 1
Paracoccus 1 1 2 3 5
Plantibacter 2 2
Rhodococcus 1 1
Aerococcus 2 1 3
Bacillus 133 77 72 108 74 464 11 17 40 114 26 208
Brochothrix 1
Carnobacterium 3 3
Enterococcus 1 1 6 7
Exiguobacterium 2 3 5 2 1 3
Lactococcus 2 7 2 11 6 13 7 26
. Latobacillus 16 2 2 17 37 7 13 18 35 3 76
Bacilli
Leuconostoc 49 9 4 9 10 81 8 10 16 3 37
Lysinibacillus 1 1 2 2
Marinilactibacillus 2 2 1
Paenibacillus 1 1 1
Pediococcus 3 3
Staphylococcus 4 2 6 2 1 29 32
Thalassobacillus 1 1
Weissella 47 33 53 41 20 194 15 24 30 29 24 122
Azospirillum 1 1
Rothia 1 1
Qv -Proteobacteria Sanguibacter 1 1
Sphingomonas 1 1
Achromobacter 1 2 3 1 1 2
Comamonas 2 1 3
5 -Proteobacteria Delfiia 5 2 1 1
Herbaspirillum 1 1
Acinetobacter 2 2
Buttiauxella 1 1
Cedecea 1
Citrobacter 4 1 5
Cobetia 3 3
Enterobacter 2 5 3 1 11 10 14 6 1 39
Erwinia 1 1 2 2 1 1 6
Ewingella 1 1 2 3 5
Flavimonas 1 1 1 1
Klebsiella 1 1 1 1 2
Kluyvera 2 2 1 1 3 5
Leclercia 1 1 3 1 4
Moraxella 1 1
“Y-Proteobacteria Pantoea 2 2 3 3 10 3 3 2 4 8 20
Pectobacterium 1
Proteus 2 1 3
Providencia 1 1 2
Pseudomonas 2 10 13 6 22 53 17 10 23 21 71
Psychrobacter 1 2 4 7 1 1 2 4
Rahnella 1 7 8 4 4 3 2 13
Raoultella 1 1
Rhizobium 6 8 1 9 24 4 8 3 15
Serratia 1 3 5 9 6 9 16 7 2 40
Shewanella 2 2
Stenotrophomonas 2 1 5 4 12 1 3 4 3 1 12
Vibrio 1 1 1 1
Yersinia 1 1 2 1 1 4
. Chryseobacterium 3 1 5 9 2 2 1 5
Flavobacteria . o
Elizabethkingia 1 1
Sphingobacteria Sphingobacterium 1 1
Total 274 159 197 193 194 1017 80 155 183 307 118 842

*Number of kimchi samples.



L}, Bacteria®] #glo v X wix] o]

AAAA g A2 2 A= Aol = MRS WA 7F & daatdl Akt o] e
Adboll o] HAARE, - ATFolM = Akt 9o tdd bacteriad #ElE 913 marine,
nutrient, SMM, LUSM gHduj#]| & A}-8-3F¢ltH(Table 1-3). marine HJA|o|A =4t X =
FH 274, T4 AAZHEEH 3549 bacteria’b w85 913, nutrient WA A= A A
A ZHEE 254, T4 AAZHE 33459 bacteriaZb T8 HATE SMMo|A] k=4l 71X 25
B 194, '5%/& AR ZHH 2549 bacteriaZl ®#] ¥ UaL, LUSMlA k=4t A 25H 4
& Toak Hx ] 25 H 649 bacteria’t AEHAT & Aol AR = wj Ao A g4t

1% B B2 £ bacteriaZt A=W AARE, ZF viH] A E2]¥ bacteria

,‘_?L
of e ARG o7k WAA kb,

SMMX. & marine ® nutrient WiX] 7} 71X o] EA)sh= 1Yt bacteria®l HEol 2
st o2 Yesa, 859 A& o] SMMOAME Enterobacter 470] t2 Hj =] ]3|
E2 FTloR HEHAY. T3 Microbacterium % FZ°|+= nutrient WA 7} Pseudomonas
%9 HZF= nutrient HIXeF SMMe] Hlnz  gold Aow YEelWtl  Bacillus,
Lactobacillus, Leuconostoc, Serratia <> AH&¥ B wix[el X AE%SQLaL, Enterobacter,
Kluyvera, Lactococcus, Leclercia, Microbacterium, Pantoea, Pseudomonas,
Staphylococcus %<2 LUSM= A93t =& wix|o A HAE=HJUT}. Leuconostoc 42 A8%
AES 98 e LUSMOIX = Leuconosotc SR Weissella %0] =2 HIEZ HEY
o] Leuconostoc 429 Ao AHE3HA] ¢S Aoz YeltiBenkerroum et al. 1993;
Choi et al. 1996].



Table 1-3. Numbers of the isolated genera from Korean and Chinese kimchi according to media.

Marine medium Nutrient medium SMM* LUSM"

Genus
KK* CcK* KK CK KK CK KK CK

Achromobacter 2 3

Acinetobacter 2

Aerococcus 2 1

Arthrobacter 1 1

Azospirillum 1

Bacillus 166 80 123 65 174 63 1
Brevibacterium 1

Buttiaxella 1

Brochothrix 1

Catnobacterium 2 1

Cedecea 1

Cellulosimicrobium 1

Chryseobacterium 1 8 5

Citrobacter 2 1 2

Cobetia 3

Corynebacterium 2

Comamonas 1 2

Curtobacterium 2

Delftia 2 1

Elizabethkingia 1

Enterobacter 2
Enterococcus 1
Erwinia

Ewingella

[SIN SR SRRV
w

Exiguobacterium 5
Flavimonas 1 1
Herbaspirillum 1

Klebsiella 1 1 1
Kluyvera 1 4

Kocuria 2 3

Lactobacillus 1 1

Lactococcus 10 15

Leclercia 1

Leuconostoc 28 13 15

—_ = N 0 N = —
w

Lysinibacillus

Microbacterium 7 18 23 4 5

1
Marinilactibacillus 2 1
8
Moraxella 1

Ochrobactrum 2 1

Paenibacillus 1 1

Pantoea 2 5 3 2 5 13

Plantibacter 2

Paracoccus 1 5

Pectobacterium 1

Pediococcus 1 2
Proteus

Providencia

Pseudomonas 3 25 38 25 30
Psychrobacter 7
Rahnella

Raoultella 1

Rhizobium 7 3 17 12

Rhodococcus 1

Rothia 1

Sanguibacter 1

Serratia 2 12 5 13 2 14 1
Shewanella 2

Sphingomonas 1

A A WL = =

Sphingobacterium 1 1

Staphylococcus 1 12 2 13 3 7

Stenotrophomonas 11 9 1 1 1
Thalasobacillus 1

Vibrio 1 1

Weissella 3 1 10 1 181 120

Yersinia 1 1 3

Total 257 207 254 212 257 205 249 218

SMM: succinate minimal medium, PLUSM: leuconostocs selective medium.
°KK: Korean kimchi, “CK: Chinese kimchi.
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stk "W FAh IAXZYXE Carnobacterium,  Enterococcus,  Lactobacillus,
Lactococcus, Leuconostoc, Weissella % ribitol AEHAaL, sk=4t, T4k EFof A
Weissella %°] 7} 822 AZ%HAHTable 1-4). st=4ke] 79 Leuconostoc %°], &
AR Lactobacillus 0] Weissella 4 Th&71s 872 YElRTh 228 2 oA
= frAbre] A=l dRbHow ARE Y= MRS WA E ARESHA @Far, LUSMolA e
e HAE AdE vEeRE stal Qlof, d'E x7] HXAA EAsk= Lactobacillus,

Leuconostoc, Weissella < 2] w0 st 228 E&E517| = I =T

rl

2

AxEg 7] AT R 24X Lactobacillus %9 4%, =ik W Fa 5ol A
Lb. sakeZ} 802 Yelwtal, T4t AXo|X= Lb. graminis7} k=r4F 71X v]g] ol
AZEAHTable 1-4). Lactococcus %2 JZ o2 Sk=opito] W& FrAlo A wWo] A=
YA}, Leuconostoc %2 74%, k=it A= Leu. mesenteroides®t Leu. citreum®] =
HEg ASEJA, St AE= Leu. mesenteroides’t 8 o.x2 UElth 7H4 ®ol
=49 Weissella %9 735, =4ty S54F 25X W, cibaria®t W. koreensis7b 57 S
AZH AT, Sl A] 150l AFH W. confusas =it AeE 84S P43t AN

, W. solic St Ant ol or A&t LUSMAAM & Weissella <:0] Agid o=

2lE 3L Qo) W, confusa, W. soli®] 2143 A& =ws & 7 Ao WMAZ Aladh

(i

HHUHE
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Table 1-4. Lactic acid bacteria isolated from Korean and Chinese kimchi.

Genus Species Korean kimchi Chinese kimchi
Ist 2nd 3rd 4th  S5th Ist 2nd 3rd 4th 5th

C. inhibens 2
Carnobacterium

C. maltaromaticum 1

E. casseliflavus 1
Enterococcus E. durans 6

E. sulfureus 1

Lb. brevis 1

Lb. curvatus 1 1

Lb. graminis 3 1 2 18

Lb. paraplantarum 1
Lactobacillus Lb. pentosus 6 2

Lb. plantarum 2

Lb. rossiae 1

Lb. sakei 15 1 2 7 7 11 9 17 3

Lb. salivarius 1

Le. lactis subsp. lactis 2 7 2 7 3
Lactococcus Lc. garvieae 2 2 6 4

Le. lactis subsp. hordniae 2

Leu. carnosum 1 2

Leu. citreum 19 6 3 5 3 5 1
L eticonostoc Leu. holzapfelii 1 1 1 1

Leu. lactis 3 1 5 2 1

Leu. mesenteroides 25 1 1 3 3 4 10 8 1

Leu. pseudomesenteroides 1

W. cibaria 7 23 24 30 2 15 21 17

W. koreensis 40 2 8 9 21 24

W. soli 3 2 8
Weissella W. confusa 6 27 11 10 1

W. hellenica 2 1

W. paramesenteroides 1

W. viridescens 1




g}, skl W Eat X oA EolH o R A% bacteria

Bacillus, Weissella 42 2% HAX|A|RX, Serratia, Enterobacter %42 R& =4t
AN GA =& Y2 HAEFEo, EA AAARAAY 134 HZEFo] ofd Aoz Foly
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Table 1-5. Commonly isolated dominant genera from Korean and Chinese kimchi.

Genus

Species

Korean kimchi

Chinese kimchi

st

2nd  3rd 4th

Sth

Ist  2nd

3d

4th

Sth

Bacillus

aerius

altitudinis
amyloliquefaciens
anthracis
atrophaeus
aryabhattai
cereus

. flexus

. gibsonii

. licheniformis
infantis
marisflavi
mojavensis
methylotrophicus
niacini

safensis

simplex
sonorensis
stratosphericus
subtilis subsp. spizizenii
subtilis subsp. subtilis
tequilensis

S T R R R EEEEEEE R

thuringiensis

&

vallismortis

19

16

21

37

38

2 1
1
10 8 24

11

22 14 21

18 11 35

5

16

24

22

— W N -

14

— = N = =

2

10

12

Weissella

W. cibaria

W. koreensis

W. soli

W. confusa

W. hellenica

W. paramesenteroides

W. viridescens

40

23 24 30

10

15

21

24

Serratia

S. fonticola

S. glossinae
grimesii
marcescens
nematodiphila
plymuthica

proteamaculans

16

N W = N

Enterobacter

aerogenes

asburiae
cancerogenus
cowanii

kobei

S.
S.
S.
S.
S.
E.
E. amnigenus
E.
E.
E.
E.
E. ludwigii

12




o, AT A

pH 5 o9 ¥ra %7] AAqAE EF 3 29E 2oA A=He HdA vdES
Stsli= Enterobacter, Erwinia, Serratia < bacteriaZ} $t=14F 2 T4l RS HE5 S
ARE, HAERIEE Toite]l & A2 2 UERH(Table 1-6)[Grimont and Grimont 1978;
Madigan et al. 2009]. A2 AEHYATo] 5 o|Fi, AFsH5doz dHF B cereusst
E. aerogenes’} ==k Ao HAZEFFAt 2008do] 27kE 2
o HEZ ’—‘w]%oﬂ e} F=7F g2 A A8H o, ddAsEe] A 0,000 CFU/g °lst=, 4l
$ 1,000 CFU/g ©]3t= ﬁ”ﬁﬂ‘ﬂ Jk. AA 7 ES-, B. cereusol| tigk Tt
Zol AafA Al FUAT, E ATM HEE TS Vs olst®R A o= wATE H
A e A EFAE FEe AT A, dAdT AEo] H4e®E A A 1

%!

[e]
Q- A EAA|FE et A] &, 1719 E. aerogenes T3 EAE

Hil

o
on —

FToAl AR AMR HEE AEHYT S marcescens®] -, dEAA= A B
o] Arthhttp://www.nih.go.jp/). A=W U]l A2 A=H Aye HA
2 AR A A AR ALY, AHAET "olXE ARE AFEE] UEd AR
HAoh S AR A Ak HE] e HIER 9ejAito] HAEHE o Hol Fi

=

B EG B G AAAFEe wael A ne
o
4

o] = 7123} bacteriocin®l <] & e
ot wabA &g fEiAte] HEEHAT st AFAT AX o) AFmo] AT Ths
d2 Bube Zlow AR ETh

Table 1-6. Potential pathogenic species isolated from Korean and Chinese kimchi.

Pathogenic Korean kimchi Chinese kimchi
Species
character Ist 2nd  3d  4th  5th Ist 2nd 3d  4th 5th
Bacillus cereus 3
Food pathogens
Enterobacter aerogenes 1
Enterobacter ammigenus 2 2 1 4 12 1
Enterobacter cancerogenus 1 2
Plant pathogens
Erwinia perscina 1 2 2 1
Serratia marcescens 2 2
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w2 AR el AFES O Akt A eAe] HEo]l Had Weissella & 10%
(Table 2-1) ¥ Leuconostoc % 7%(Le. carnosum KCTC3525", Le. citreum KCTC3526",
Le. gelidum KCTC3527", Lc. kimchii KCTC2386', Lc. lactis KCTC3528', Lec.
mesenteroides  subsp. dextranicum  KCTC3530", Le. mesenteroides  subsp.
mesenteroides KCTC3505")3} Lactobacillus 6%(Lb. brevis ATCC14869", Lb. curvatus
subsp. curvatus KCTC3767", Lb. graminis KCTC3542", Lb. plantarum KCTC3108", Lb.
pentosus KCCM40997", Lb. sakei subsp. sakei KCTC36031)& MAsTLE ol uFE
(type) @52 Korean Collection for Type Cultures (KCTC), Korean Culture Center
for Microorganisms (KCCM), ATCC the global bioresource center=4%¥E Yttt 1
YU W. koreensis {5t S5SdTFE SREO Yo B dAE & AN &
Ak AA2=EE AR e 4 W koreensis KKO101 #55 AME8I3ith fFAktTE52
MRS broth (Difco, USA)E AH&3t4 30°C wl&7]|4 Z=zlelA] wlkatolom, A u)X]

Zo = dHS 1.5% (w/v) H7bsk o).

lo
2

. PCR &3 % Agax

Ao A3 =TT total DNAE MRS B Aol 4] 30°C, 2447t vl kst A 25
Genome DNA extraction kit (Axygen, CA, USA)S A-g38lo] F==3FA ). Weissella &

FE9 16S rDNA FEL 93t PCR primers Jang 5[2002]¢] F=3} forward primer
S-G-Wei-0121-a-S-20 (5'-CGTGGGAAACCTACCTCTTA-3") <} reverse primer



S-G-Wei-0823-a-A-18 (5'-CCCTCAAACATCTAGCAC-3)<  AF&3FaL,  Solgent
(Daejeon, Korea)ollA A|Z&sldty. PCR WESo+= T3000 thermal cycler (Biometra,
Germany)E AF&3831 o™, 50 pL ¥HgAl9l+= 20 ng template DNA, 0.1 mM dNTP, 1.25
U Taq polymerase (RBC Bioscience, Taipei, Taiwan) ¥ Z} primerg 1.0 mME& #7513
th =212 95°CellA] 53t oulZkd F, 95°C 17 Wi, 65°C 14 annealing, 72°C 1

S HAL 303 whEEla, mixEto® 72°ColA 7R3 A3 F owkgs Fok
ot Wkg & T PCR AHE2 1% agarose gel AolA 779 3le] &Rl o, Gel
& PCR purification kit (Solgent)E ©]-&3t primerol] o3 TFHORZ o4ty = °F 727 bp
arz1el dHg A A GHS AFEA Alul, Msel, BeceAl (New England
Biolabs, Ipswich, MA, USA)E A}&3sto] dAust ths, 4% agarose gel (NuSieve 3:1
Agarose, Lonza, UK)& o838t H7|9g%F sl BAg FXdalo] Agas Aol ofs)
A E = DNA @ 9] o o= Webcutter 2.0 program (http://bio.lundberg.gu.se/cutter?2/)
= AH&SESITH

#

3. A3 =

=

olu] Jang 5[2002]°] ¢J3] ARDRA (amplified ribosomal DNA analysis)E& %E3}lo] 10
SO Weissella & At A& HEwel Hag vf ity 22y JEWo] Bud 5, W
koreensis [Lee et al. 200212} W. soli [Magnusson et al. 20021, W. ghanensis [Bruyne
et al. 200817} Ao 2 S5, W. kimchii [Choi et al. 2002]:= W. cibaria®t &%
3l heterotypic w2 HWE W. cibaria? S %% At [Ennahar and Cai 2004]. 3k
GenBank database®] 16S rDNA 7|4 <E(AY040669)¢] =¥ W. hanii= X o= W.
koreensis$} Q3 Ao=m FHYPEo JFAoR FEHHA XY 2010d 89 dA|
Weissella o= 13F°] 5% o] At} &3l Jang 51200219 Wil <3 ARDRA 43
Al, Weissella % 9] Eol4 FFo| A&¥ PCR primer’} AR8-3l= Taq polymerase®l
wel vl 5o]%Ql band7} TFH = As a7 A= PCR =3 Agtasas] ARgo
gk ool tFHArt. B ATl s AAAA F2= HEHE 1059 Weissella & 14k
o wmE 54 16S rDNA PCR-RFLP (restriction fragment length polymorphism) 4]

of

M g3 A3S B,

Jang £[2002]¢] ®a3 &z 7o A PCRS 383t 23}, H]Eo]% el DNA thH o]
T 3 g ue} annealing =%9 A4S JaysA Tt 4°C A DA 65°C, 179 7 09]
oA Ao AFEE A U VAN AE3 Ao w yElgt AjE A3 PCR WHSZA

A 1059 Weissella <, 659 Lactobacillus %, 759 Leuconostoc <& 412l total

DNAE template® genus-specific PCRS 33t 23} ¢F 727 bp A7]9] oA SF THo|



Weissella & dFo|Aqr Eolx o2 735t (data not shown).

Webcutter 2.0 program< AF&-38te] 727 bp THHA UF9 Adas ATAAE oA
st A3} (Table 2-1), Jang 5[2002]°] A3+ #|stas Mnll, Msel, BeceAl < Mnl% 735,
Ui B2 Ad9IXE 7EA A 9le] 100 bp o]k w@Ho] v AGH 7] o] AghaEa A
5 Uetde g A8gk 7] gl oy wol e Aom YEET AR s A
Stgso] e WAEE dHe I7]E Webcutter 2.0 programs o]&3sle] AEI A}
Alul& Mnll3} 5Q&A Weissella 48 371502 FH3HA 0 134 bp ol @S A
sh7] Wl v Fv]e] SR fol3k Ao oAEALt FEFAES AR AEgr A
3, 1059 Weissella 5 %, W. kandleri, W. koreensis®] &Z &S Aotz A] gro} v
A fdFEY WIS FEEHE @Y band2 EFAESACE. W. confusa, W. hellenica, W.
minor, W. viridescens, W. paramesenteroides, W. thailandensis<= &% 3% band ¥4S
WL, W. cibaria®t W. soli7} 593 band ¥4 YHEFHATH(Fig. 2-1). A3at Msel
of ot A2 oAZHI}, Weissella & HTE°] 5IAFOE FolA e o=z oSl
UH(Table 2-1). S32FE9] Msel A2l A3, W. koreensis®t W. minor= 2YZ+e] 4 59|
A9l band Y-S WERIAL, W. kandleri®t W. viridescens, W. confusa®t W. cibaria, ~1
2|3l W. hellenica, W. paramesenteroides, W. thailandensis, W. soli’} Z}7Z} 593t band
O(;l:}\

Uetdo], A4 37 a4y xS Fdedtk(Fig. 2-1). Ada L BeeAle 2 A

A

Nof

W. hellenica®}t W. paramesenteroides’t 5°]4<%] band %S YEeRJo] FA3H
band & L}EM A 8% dFsd f4A FEEATFig. 2-1). S5 E 727 bp @A

stas Ay &, 33 A7)9% A3 (Fig. 2-1)% Webcutter 2.0 program< ©]-83}o]
—f‘*%f‘?} A3} (Table 2—1)34 s ARk o, Fig. 2-1-Bell= A&as Aol e et
= band ¥ Aelste] =243 sl

=
o

A ALEE AFtEA 3F T, oY AR SR Weissella & 9] A4Sl
| 7 fAIRE, PF7H T ARe AFdFaALE o] &ote] band Y= HluSHH EE HFF
o] ZkQlo] 7hsst Ao = YEMNY. W. kandleri, W. koreensis, W. confusa, W. minor, W.
viridescens, W. cibaria, W. soli= Alul¥} Msel®] AL&02 FA o] 7hsdt oz SRIES
t}. W. hellenica, W. paramesenteroides, W. thailandensis®] 7%, 3+ 7+% 16S rDNA
A0l 97% olFo.2 wlg- ol Alul E Mselol 23|AE FEHA &= A2 YES
18y W. hellenica, W. paramesenteroides= BceAl°l| o& #+F Eo]&<2l band %¥4te]
b7l witell 7 gl Eol b sklth. W thailandensis®] 7%, & ARl AR
Aras Alul, Msel, BeeAl E5ol oef 5H2<Q] band &&= WERA] &9kAw, 1A
9% dFEH] A o HluE F3 ol hsetth 1Yy, AlgtEd Mspls ARS
St W. thailandensis= 727 bp SZF29] 442/606 bpol AWEXE 7|1 9lo] 121,

N

N



164, 442 bp A7]1°] YH A #F53 T8+ band S UERN O 21535 FEo| 7158}
t}Hdata not shown).

Ho23%lo] - 483 PCR-RFLP ﬁ#% Weissella % @2 73| &8st o] DNA
fingerprinting 232} Hlal {lo] whE 1S flto] 3F 2 AFas A ot FEHAHE
ZHH dojx= DNA @3¢l A7]8 #5 H=2 Qs th(Table 2-2). W. soli¢] & &9
Table 2-29] A}8-& AWsldH, Al A are SHFFEZFEH 223 2 504 bpY
o] AARE7] ol W. cibaria®t T-¥A Feth ey FFAES Aol Msel& 3
AVESCPH | WL cibariat™ 86, 247, 394 bpel ©HS AASIAL, W. soli= 247, 480 bpel
He At 27 &84 AMEWoRRE wWE FAol Jbesith. Wl confusa®l Zd-5-ol=
Alul Aol oA 5Fe] & #FE5F FUg 134, 223, 370 bpe @HE AAsA v
Msel Aol o3| 5% 4557 tE 86, 247, 394 bpel ©HS AAsHy] wol 7]
FE Fol vehve d=9Y 7] #@elS Fsto] wmE sAo] Jhesith # A AREF
B A2|3t Table 2-2%= Weissella 4 o2 W& Ao H& 7[sd Aoz 7|3y,

flﬂﬂi
)



Table 2-1. List of Weissella strains used in this study and the expected sizes of the digested amplicons by Alul, Msel, and BceAl endonucleases.

Species Strain No. ﬁccession Alul (bp) Msel (bp) BeeAl (bp)
o. RP FS RP FS RP FS

W. cibaria KCTC3817"  AJ295989 504 223/504 86/480 86/247/394 216/390 174/216/337

W. confusa KCTC3499"  AB023241 134/504 134/223/370 86/480 86/247/394 216/390 174/216/337

W. hellenica KCTC3668"  X95981 134/504 134/223/370 480 247/480 216/339/390 51/123/216/337
W. kandleri KCTC3610"  X52570 - 727 86/480/506  26/86/221/394 216/390 174/216/337

W. koreensis KKO0101 - 727 65/86/480 21/65/247/394 216/390 174/216/337

W. minor KCTC3604"  AB022920 134/504 134/223/370 480/506 26/221/480 216/390 174/216/337

W. paramesenteroides KCTC3531"  AB023238 134/504 134/223/370 480 247/480 150/216/339/390  51/66/123/150/337
W. soli KCTC3789"  AY028260 504/716 223/504 480 247/480 216/390 174/216/337

W. thailandensis KCTC3751"  AB023838 134/504 134/223/370 480 247/480 216/390 174/216/337

W. viridescens KCTC3504"  AB023260 134/504 134/223/370 86/480/506  26/86/221/394 216/390 174/216/337

r
7 5

: restriction endonuclease cutting points in the amplicon.
: the sizes of the digested amplicons by Alul, Msel, and BceAl endonucleases.

: no cutting point.



B ‘ Digest with Alu1 |

Alul - —
700 W. kandleri W. confusa W. cibaria
500 W. koreensis W. hellenica W. soli
W. minor
300 W. viridescens
200 W. paramesenteroides
W. thailandensis
100

‘ Digest with Msel |

Msel i l l l
W. kandleri i w. fi
..ar'r i W. koreensis W. hellenica cc.m ‘{SZ W. minor
W. viridescens W. paramesenteroides W. cibaria
W. thailandensis
w. soli
‘ Digest with BceA 1 |
BC'eA I W. kandleri
W. hellenica W, koreensis W. paramesenteroides
w. P
W. minor

W. viridescens
W. thailandensis
W. cibaria

W. soli

Fig. 2-1. PCR-RFLP profiles after the digestion of Weissella-specific PCR products with Alul, Msel, and BceAl endonucleases (A) and the schematic
presentation of restriction patters (B).

Lanes: M, 100-bp DNA ladder (Solgent, Korea); 1, W. kandleri KCTC3610T; 2, W. koreensis KKO101; 3, W. confusa KCTC3499T; 4, W. hellenica

KCTC3668"; 5, W. minor KCTC3604"; 6, W. paramesenteroides KCTC3531"; 7, W. thailandensis KCTC3751"; 8, W. viridescens KCTC3504"; 9, W.
cibaria KCTC3817"; 10, W. soli KCTC3789".



Table 2-2. The restriction pattern analysis derived from the digestion with Alul, Msel, and BceAl endonucleases.

Alul (bp) Msel (bp) BceAl (bp)

No. Species

727 134/223/370 223/504 26/86/221/394 21/65/247/394 86/247/394  247/480  26/221/480 216/174/337  51/123/216/337  51/66/123/150/337
1 W. kandleri (0] (0] (0]
2 W. koreensis (0] (0] (0]
3 W. confusa (0] (0] (0]
4 W. hellenica (0] (0] (0]
5 W. minor (0] (0] (0]
6 W. paramesenteroides (6] O (0]
7 W. thailandnsis (0] (0] (0]
8 W. viridescens (0] (0] (0]
9 W. cibaria (0] (0] (0]
10 W. soli (0] (0] (0]

The sizes of the digested amplicons by Alul, Msel, and BceAl endonucleases are summarized in table.



Al 3 A RecN w484 5o]4 PCRe ©|&3 Weissella & ritat

LA+ W&
2 AFo= EA vAEY Bold HAES o8 Tt A IEY RS HET &
X5 W. confusa 2 W. solis XE3tst= Weissella & 9% 59 PCR #AEWE /N33 1,

i

=
ol HEE ol &3 T4 AA WHY 7S AESQT. Weissella & w5¢ ik
4 2 AES 9% PCR A& AH89 T 59 5|4 PCR primer (Species—specific

PCR primer)®] 7W&ol= recN 84S A ZrAAZ ARESAH

HoAde AMg3t ¥+ F(type strain)i= Korean Collection for Type Cultures

(KCTC), Korean Culture Center for Microorganisms (KCCM), ATCC the global
bioresource centerZ4-¥ TY3FStHTable 3-1). Z&v} W. koreensis “wda+ 59+
FE TEH gl 7 AR B dAgAase] Al AX 2R AR Ee sAH W
koreensis KKO0101 %5 AF&stlth. FAikt+E5<2 MRS broth (Difco, USA)E A}&-3l4]
30°C M7 =AM wgstdlen, aAmA ] Alxol= S 1.5% (w/v) F7Fs3Th

. Weissella & 9& #59 5ol4 A&S 9k PCR primer ¥ PCR =71

Weissella % #79 5o|4 AES 9% PCR primere Leuconostocaceae Hfamily)?l
%3910l Weissella 43 <+ #Al A& Oenococcus 2 Leuconostoc & itdE3 71
Ao A Wol AEE = Lactobacillus & w5 oA GenBankoll 5% recN 3= 47

4S5 PHYDIT program (http://plaza.snu.ac.kr/~jchun/phydit/)S ©]&3ste] AHs & =
Foll A Zb g 5ol Fis AAste] Al#ekith. Table 3-1¢l= primer A 2tel] A}
&

St recN -7 AF9] accession numberES o H=E A3}
Ao ALE3E #F9] total DNAE MRS #l#|ol A 30°C, 24A17F w]kst A 25-H

Genome DNA extraction kit (Axygen, CA, USA)& AE3te] F&3F30 . PCRS 50 ul wh
SAlA 10 ng template DNA, 0.1 mM dNTP, 1.25 U Tag polymerase (RBC



Taiwan) 2 2z} primerE 10 pmol %2 FH7}ste] T3000 thermal
ST S AE 95°ColA 5E3F onjrtd
, 95°C 183+ WA, #& 79 & annealing 1%, 72°C 1839 F38ks 34-S 303]
Balar, npxgtoz 72°Col A 587 A3 F ub$S Tt Table 3-291% Weissella
TFE9 PCR #AES A% primere] 9714 4% annealing &%5 YERNAIL PCR AHE
2% agarose gel2 ARE3le] A7) E 3 & ethidium bromide €N o2 AM3te] band=

o ]_Oﬂ]:],

Bioscience, Taipei,

cycler (Biometra, Germany)& A}&3}¢]

fo b = o

Jﬂ

Table 3-1. Reference strains and rec/N genes used in this study.

Species recN accession number Strain designation
Weissella
W. cibaria AM698013 KCTC 3817"
W. confusa AM698014 KCTC 3499"
W. hellenica AM698016 KCTC 3668"
W. kandleri AM698017 KCTC 3610"
W. koreensis AM698018 KKO0101
W. minor AM698019 KCTC 3604"
W. soli AM698020 KCTC 3789"
W. thailandensis AM698021 KCTC 3751"
W. viridescens AM698022 KCTC 3504"
Lactobacillus
Lb. brevis CP000416.1 ATCC 14869"
Lb. curvatus KCTC 3767
Lb. paraplantarum ATCC 700211"
Lb. pentosus KCCM 40997"
Lb. plantarum NC 012984 KCTC 3108"
Lb. sakei subsp. sakei NC 007576 KCTC 3603"
Leuconosotc
Le. carnosum AM698023 KCTC 3525"
Le. citreum DQ489736 KCTC 3526"
Lc. gelidum AM698027
Le. lactis AM698029
Lc. mesenteroides subsp. cremoris AM698031
Lc. mesenteroides subsp. dextranicum AM698032 KCTC 3530"
Lc. mesenteroides subsp. mesenteroides AM698033 KCTC 3505"
Oenococcus
O. onei AM698012 KCTC 3072"

T type strain;, KCTC, Korean Collection for Type Cultures; KCCM, Korean Culture Center for

Microorganisms; ATCC, ATCC the global bioresource center.



Table 3-2. Sequences of the oligonucleotide primers and annealing temperatures used for
species-specific PCR amplification and PCR product sizes.

Target species  Primer Oligonucleotide sequence (5° — 3°) Proda)(;) s1ze Ar%réﬁgng

WeicibaF TTG ATT GAC ATA GAA CCT GAT
W. cibaria 596 55°C
WeicibaR TTC GGT GCT AGT TCT TCA ATA

WeiconF CGC CAT TTA TCA TTG CTG

W. confusa 637 55°C
WeiconR GTT TCT CAG CAT GTG TAC G
WeihelF GCG GCA AGC AGA TGA ACA GGC

W. hellenica 513 67°C
WeihelR AGG GCA GCA TTT TCTTCA TTA
WeikanF ACT TCC CT GAT GGC GAT TG

W. kandleri 673 65°C
recNR CWC CTG TAT CAA CTT CAT CAA A
WeikorF GTG CTG GTC TGC GTA AAA TA

W. koreensis 812 64.5°C
recNR CWC CTG TAT CAA CTT CAT CAA A
WeiminF GTT ACA GAC GCA ACA GGC CT

W. minor 325 65°C
recNR CWC CTG TAT CAA CTT CAT CAA A
WeisolF AGA GAT TGA ACC CCT GCT A

W. soli 661 67°C
WeisolR GGC TTG GCG GAC TGC GGT TA
WeithF GCG ACG GCA ATG AGT GAG TT

W. thailandensis 660 65°C
recNR CWC CTG TAT CAA CTT CAT CAA A
WeiviF CGA CAA AGC GTACGC GGA G

W. viridescens 343 67°C
WeiviR CTC TAA TCC GTC ATG CAC

=

. @52 2 %4 UANE 2 DNA FF

A

gL | Soldoz EASI: Weissella & #F9 HES 9 AL&H
AAANBEE B AFAEe] da 7] =4l 2 T4 X9 bacteria ©HY4Ad H7HE 98l
AATolA FHe it D 4 AAA RS AR AS WEHESATIL s ste] AMS
&ttt Lee et al. 2010]. HAA=E oY 4 mLes ATt TAE AT oF,
Genome DNA extraction kit (Axygen)S AF&3te] DNAE FE351%13, FE3 DNAT

spectrophotometerg ©]-&3s}o] A=kl tt.



3. A% W w2

7}, Weissella 4 w2 W& THE 93 recN 32 Eo]% PCR primerd]

Table 3-20¥ Weissella & 9% w59 e 4 2 A&S

o=
recN 744 E9°]4 PCR primer, PCR 4F=9] =7], annealing ==% Xéﬁlﬂ‘}i‘jr. Table
s

j&
ol
N
ON

A

3-1°] YElH 8F2] Weissella éj— B9 F 9 W. koreensis KKO101, 18]a2 #HA XA =}
T 7HAEFY = Lactobacillus & 5 6%, Weissella 3 A Ao A= Oenococcus

Leuconostoc 2] 5% %75 o= PCRE 33+ A3, 2429 primer pairell 23|
W. cibaria, W. confusa, W. hellenica, W. kandleri, W. koreensis, W. minor, W. soli, W.
thailandensis, W. viridescens 5°]% 2] PCR At&Eo] ZZF Qo FZw PCR AHE9 A7)
T g dAEItHFig. 3-1). T3 FEHAES A7IAE 2SS Fote] 7 7Tl sldst

SEAEO] AP AE Fsditt. 1Yy TF A o FE A3 e dFEEREHE

= =
Z} primer pairol] 93t FZALEo] AL X o} recN FHA} 50] Z PCRo] Weissella <
iy 5

700 >

500 >

300
200

100 >

Fig. 3-1. PCR amplification of the recN gene from Weissella spp.

Lanes: M, 100 bp DNA size marker (SolGent, Korea); 1, W. cibaria KCTC 3817; 2, W. confusa
KCTC 3499; 3, W. hellenica KCTC 3668; 4, W. kandleri KCTC 3610; 5, W. koreensis KKO0101; 6,
W. minor KCTC 3604; 7, W. soli KCTC 3789; 8, W. thailandensis KCTC 3751; 9, W. viridescens
KCTC 3504. All reference strains are type strains except W. koreensis KKO101.



L} recN 5o°]4 PCR& o]&3t st=4il 2 T4 X 9o Weissella & 5
o] Bold A=

AAE primer pair’t £ FFoNA9 Weissella & o5 A& 2 SHo 83 Zo=7
gelgel wet gk 2 A AAE GO R Weissella & i FE2 PCR &S A =3}
Aok AEF WA Weissella & o5 oA AXAA WA A AE== W. cibariast W.
koreensis ZL¥]aL, % AFAFEel APFATA =it AR B Tt AARRE 742 5ol
Aoz AEH W. confusa B W. soli= S, HAAA B EAt= 48 Weissella &
5old PCR A&l Al recN =t Hol3 3o Hagh 7
£ AAsGlH. o= 439 HE=S 9l A& template DNA: 7} =
of £ st 7z} ﬁ—zr%o] M gel A= NREFH =Y. PCRES T8l A=
NAS Hasx= 2AS 98 AAZFE F=3 DNAS dAH o= 3)X&to] PCR&

W. cibariax= 10 ng, W. koreensisi= 20 ng %04 —18laL W. confusa®t W.
soli= 1 ng XA HEo| 7Fsdtith(Fig. 3-2). webd fAA = &
FFNAe AEES 93 template DNAE 20 ngS #8319}

W. confusa

0.1 0.1 0.001 M C 5 10 1 01 001

4596

0.01 0.001

43812

Fig. 3-2. Amplified PCR products according to the template DNA concentration.

Template DNA was extracted from kimchi samples. PCR primer pairs specific for W. cibaria, W.
confusa, W. koreensis, and W. soli were used for the detection of each species. Lanes M and C are
a 100 bp DNA size marker (SolGent, Korea) and positive control, respectively. Template DNA was

used at the ng concentration.



AAANEZFEH FE3 DNAE o] &3 PCR #AE Ao wef shaiit @ S04k AAAI=
Ztzt 16%S W e® 20 ng® template DNA FRE  AE3te] 5ol PCR
(Species—specific PCR)S <38, 4% Weissella & d59 A& &2t} ko4t 449

A, W. cibariaz™= 8%, W. confusat®™ 9%, W. koreensise= 4%°] XA HZE=%JATH
W. solic HE%HA &Urtt. x4 AR A= W. cibaria’t 8%, W. confusa= 7%, W.
koreensis= 115, W. soli= 11F9 AAZHEYH HEZHJHFig. 3-3). W. cibaria®t W.
confusat®= 7% ool =2tk Bl Tt AX =AY HEH AL, W. koreensis®t W. soli=
SR AR A RIS HAEHA. St HAAEY v A AX O HEE W
koreensis®t W. soli= Wa %719 st=4F AR A= djd oz He Fo] EAAY &
AstA g AS®E Ve



Korean kimchi Chinese kimchi
W. cibaria

KK1 KK2 KK3 KK4 KKS KK6& KK7 KKS KK9 KKIO KK11 KK12 KK13 KK14 KK15 M C Kl K2 O3

K4 CKS CK6 €K7 CKS (K9 CK10 CK11 CK12 CK13 (K14 CK15

W, confusa

KK1 KK2 KK3 KK4 KK5 KK6 KK7 KKE KK KKIO KK11 KK12 KK13 KK14 KK1S CK1 (K2 CK3 CK4 CK5 K6 CK7 CK8 CK9 CKI0 CK11 CK12 CK13 CK14 CKiS

W, koreensis

Mo C KK1 KK2 KK3 KK4 KKS KK6 KK7 KKZ2 KK9 KK10 KK11 KK12 KK12 KK14 KK1S M € CKL (K2 CK3 CK4 CKS CK6 CK7 CKB CK9 CKI0 CK11 K12 K13 K14 CK15

[ — — L — — - —-— -
o

W, soli

KK KK2 KK3 KK4 KK5 KK6 KK7 KKB KK3 KKI0 KK11 KK12 KK13 KK14 KKiS C CKL CK2 CK3 CK4 CKS CK6 CK7 CKB CK9 CKI0 CKI1 CK12 CK13 CK14 CKiS

Fig. 3-3. Detection of W. cibaria, W. confusa, W. koreesis, and W. soli from the DNA extracted
from Korean and Chinese /kimchi samples.

Korean and Chinese kimchi samples are represented as KK and CK, respectively. C is the positive

control.



ol A=Wl wE Weissella & fikte] A& vl

O

Table 3-3°& Hl¢
gt DNAo| A8t 54 mA &< DNAE PCR=Z HEshs i wE4 Wi
£ 483t Lee et al. 2010]. ¥lg¥e Fste] 2a x7] =4k R =
bacteria Tt S B7het AaAFAX = W. confusaZt =4t AT HE
=3k DNAE ©]&3t= PCR A=Ws A& 4F 3 AAddE A=52 H
W Weissella & 4% 52 PCR A= A7 viFES 483 Aot vha Zo7t e A
o w uepktth s wieF v EA WY AUt dA s gE 5
W. cibaria 60%, W. confusa 80%, W. koreensis 67%, W. soli 100%= YE}SkiL, =4k
AR A% W. cibaria 80%, W. confusa 53%, W. koreensis 47%, W. soli 33%2] 4=
Btk T4k AARGE 4k AR FA4 AUt 52 dAE H HE ATl A
sTAE AR o] mAEA o] Fh=itel] M| thgd Ao Adtel #Ho] Q= o=

St Al A x]9] mjAYEAgo] Faake HlE| ARl AL —7;‘* tHLee et al. 2010].
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oy gt EUXE 7IEY MAE wHEA AFoA AAHJD AR E Al
AMEA Jebd Aaks ol [Forney et al. 2004]. W& wj o] ARE3E wjx|o] wha}l A
gqoz Agete]l AA Lol A8k BTl ta A FUhEARE dA= A 2
Al AR sk HlFo] iAo R Aol PCR SF0] dojubA] &7 ot R oflg} A5 R
B DNAE FEoh= #A43 PCR #AA 54 vz EA47F F44E 7ted= A4 &
of S S 483 Aols ARE AHS AR AR A

ZHE] DNAE FE3to] o Ulo] 54 nAES] DNAE HA&ste WY Hloj&4 s
B3l= 49, Abf(dead cel)®] DNAZF m]AE 9] el G FA Hol A= v
W7 gERUA fek wEba] vk vlejE A el o% 54 wAlE] HE2 vAE] A
of #A glo] 2 MAES] EA o5 AAsA At

AR, W, solis AEHA ek A %iw AA 2HEE PCR @%H@. Ago] ola
wjoFs ol olsle] AZ&E A kA W. confusa’t HEHAS Wuk opg}, wkHS 483+
S A9 1570 As F 3 ARAdA HEEHAYD W. sol7t 1170 A EE2FEH AEE 73%
B2 AEHIE7F molxith, wetA PCR HEWY A82 =2 W. confusat A9 YA+ 3

S 9% AE Udo] HA ESheE Ao w2 YERGAI W, W, solie] HEO Wik AF == o}
7

W. soli x5 EYo2REH ¥ [Marnusson et al. 2002], X574 7 A 9|
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Table 3-3. Detection of W. cibaria, W. confusa, W. koreensis, and W. soli in Korean and Chinese kimchi samples by culture-dependent and culture—
independent methods.

Korean kimchi Chinese kimchi
Sample W. cibaria W. confusa W. koreensis W. soli W. cibaria W. confusa W. koreensis W. soli
16S rDNA PCR 16S rDNA PCR 16S rDNA PCR 16S rDNA PCR 16S rDNA PCR 16S rDNA PCR 16S rDNA PCR 16S rDNA PCR
1 o o o o o o o
2 o o o o o o o
3 o) o) o) o
4 o o o o o o o o o
5 e} e} e} e} e} e} e} e} e} o
6 o o o o o o o o o
7 o o o o o o
8 o) o) o) o) o) o) o) o o o o
9 o o o o o o o
10 o) o o o o o o o
11 o o o
12 o o o o o
13 o o o o o o
14 o o o o o o
15
Total 10 8 10 9 5 4 7 8 7 5 11 3 11

The isolated bacteria by culture-dependent method were identified by 16S rDNA sequence analysis and species-specific PCR amplification was applied to detect each

species by culture-independent method.



A 4 A GyrB 73 A} o]d PCRE o]&3t Serratia

A==
-
proteamaculans A& /W @ Z24 71 3

L A5 W&

vty %7] Ak @ F=AF 71X 9] bacteria UFSA HIVEHE Weissella soli®t ¢
Serratia proteamaculans?} =4k ZAAoA HAE=HAT st=4t AXZHEHE AE55A &
ot webAl S, proteamaculans®] o134 PCR A&HE /Mdste] A AR E 7] &= 4 <
g 7hsAEs Hrbsksih

N

2. Al % U

Ao AVR3E Serratia & FairF(type strain)y FAFAALARAE (KACOE
FE B woton Serratia &3 o #TAlO U= #F 1252 HuA A 3% 1-NA
71esk it Z7] Ak 2 A 71X 9] bacteria YU H7F A A el BAHI 45

2 A}g5Fg tH(Table 4-1). &5 w5+ Nutrient broth (Difco, USA)E A}&3to] 30°C, v &
718 ZA0 A it o, A EjA] o] A Fo+= S 1.5% (w/v) H7F8F

jus)

L}, S. proteamaculans 5°1% =S ¢33 PCR primer ¥ PCR %3

S. proteamaculans® 5°l4 H&& 9% PCR primers AlFEAsHo =2
proteamaculans®} <-A@AY] = bacteria oA GenBankdl 5% gyrB FAA @714
4S5 PHYDIT program (http://plaza.snu.ac.kr/~jchun/phydit/)S ©o]&3ste] HH3 3 =
(species) 7oA S. proteamaculans 5°]4%1 Hi& AA3to] A %8St Table 4-19

+ primer A|Zto] ARE-SF gyrB -4 AF2] accession numberE w5 H=E A2 33T

Ao AFE3E #59] total DNAE Nutrient HlA|o|A] 30°C, 24A13F vt A 25-H
Genome DNA extraction kit (Axygen, CA, USA)& AFE3te] F&3F3 . PCRS 50 ul wh
SAHANA 10 ng template DNA, 0.1 mM dNTP, 1.25 U Tag polymerase (RBC
Bioscience, Taipei, Taiwan) % 7} primerE 10 pmol &%= H7}ste] T3000 thermal
cycler (Biometra, Germany)& AF&3}o] $=8a}it). wb-g-272 95°ColAl 587 on|7td
o 95°C 187 WA, A= o5 WE annealing 1%, 72°C 1879 T3d49ke 3148 309]



HEESla, wpx|eo g2 72°Co|A 583 A & ¥gS Tt PCR A= 2% agarose
=

gelS& AHg-3te]l 271958 F, ethidium bromide §H o= AA3te] bandE A3t

Table 4-1. Accession numbers of the gyrB gene and reference strains used in this study.

Number Species Strain designation gyrB gene
1 Serratia proteamaculans KACCI12322 AJ300531
2 Serratia ficaria KACC12322 AJ300540
3 Serratia fonticola KACCI12323 AY370866
4 Serratia grimesii KACCI11959 AJ300538
5 Serratia liquefaciens KACC11923 AJ300537
6 Serratia marcescens subsp. marcescens KACCI11961 AB014946
7 Serratia odorifera KACCI12324 AJ300533
8 Serratia plymuthica KACC11971 AJ300532
9 Serratia quinivorans KACCI12326

10 Serratia rubidaea KACCI11931 AJ300530

11 Serratia ureilytica KACC11950

12 Serratia entomophila KACCI12108 AJ300542

13 Citrobacter murliniae CK0009

14 Stenotrophomonas maltophilia CKO0020 EU499066
15 Proteus hauseri CKO0028

16 Raoultella terrigena CK0029 AJ300549

17 Citrobacter braakii CK0047

18 Enterobacter asburiae CKO0098 AY370835
19 Enterobacter cancerogenus CK0099 AY370836
20 Shewanella putrefaciens CK0201 AF005683

21 Erwinia persicina CKO0224 HQ393610
22 Rhizobium radiobacter CKO0516 AM418832

. #2442 234 UANE D DNA 3F

A

S. proteamaculans §°14 HE&S A% AAA N E= Fa 7] b4t 9 T4 A9
bacteria TFFA H7FE 18] APAFoNA =35t YIS XA R o s

ARSI AMESISITE. S, proteamaculans 5014 AE AT WA AAA R 48F F



Serratia & {77} A=d T4 1A 125 sh=4F A 4585 o= 4358l
Genome DNA extraction kit (Axygen)= AF-&3le] DNAE FE31%13, 53 DNAE

Nanodrop 2000 spectrophotometer (Thermo, USA)E A}-g3lo] A ks}c)
3. A7 2 3z

7}. S. proteamaculans 5°1%4 HAZ< 9%k PCR primere] -84

2 ATl S, proteamaculans®] WE A 2 AES 98 28¥ Sol4 forward
primer gyrB128F (5'-CTA CGC CAT GGG CGA ACC ACA-3)¢ reverse primer
gyrB761R (5'-ATC AGA TTA ACG ACC AGC TTC PCR-3)E o]&3le] Holx 7ZE<]
2= AEZ 43, annealing 2=+ 61°C2 Z2A AL, o443 dAek= 633 bpe] TFAt
o] AAEAoH, AV AAH A} S proteamaculans®] 16S rDNA7} S35 S &9l
SFATE Table 4-19] 12 Serratia & Fwvd+ % oA #Ad &= 1059 FEHdFE U
Ao 2 S proteamaculans £°]% PCRS 38t A3}, E Ao|x ZAH3s PCR primerol
ol&l| S. proteamaculans 5°1% PCR AtZo] T3 Fomn, T35 PCR A& A7|% o4
I AR5k tH(Fig. 4-1). PCR primer® 87 &<l& 9&l A& 3 bacteriax= Table 4-19]
AAE 5SS AFE35ESlaL, Fig. 4-19 AAE PCR #AE A9} Table 4-19 w5 A+

i

Fig. 4-1. S. proteamaculans-specific PCR detection using the gyrB128F-gyrB761R primer pair.
The number in the electrophoresis results corresponds to that in Table 4-1.



. gyrB 5°]% PCRS o] &3t shar4t 2 =04t X9 S. proteamaculans

e

AXA Tl EA3= S, proteamaculans £°]% PCR HAZo| 24X gyvrB A2 Eo]4

Zo| a3 FAXAE DNAY %2 ZAASHTE. S, proteamaculans 73E5S 98] AF&3H
template DNAYX A3JAol]l 2438+ S. proteamaculans?} 7V ©ol AEZH AAAZZE
Bl $&39th PCRYS 538 HEF 7158 DNAY HAxrs:E A4S 3 AE2ZREH F5T
DNAZ 100 ngollA 1 ngZ7tA @A H o= A5t PCRS 33+ A=}, 30 ng? template
DNAE o]&3F A$-oA S proteamaculans®] 7HZ°] 7}Fs3dt% th(data not shown). wzhA
HA A 7ol EA8t= S, proteamaculans® =5 $% template DNAE 30 ngS 48313

.

OI}J

27" PCR £ ¥ template DNA FXxo we} AdaAAFAdA S proteamaculanss
st Serratia 4 bacteriaZt AEE T=Ab 1288 =4l AXAR 4F AR
proteamaculans 5°]4 PCR HA=S S5t widH =S
proteamaculans+~ 759 F34F AXAA S ZEEH B8 EA AT Eo]% PCR 7= «]OHHE
659 HAANEEZRYH AEHAUT A T4k AXE dde2 5o]4 PCR HAEHE A&
3t A9, S proteamaculansZ @%EPX] 5ot A9-7F 27 A, FAEEHA FddE A
af A

AlE 1H25E 5013 PCRel 9

m_mm

483 7Ee] Aol

A3AT[Lee et al. 20101904 F=AF AXZRE%E Serratia %0 AEH7E dAA
W HJEWET) YAl S proteamaculanst WSS T EEH A EIdo 28y Eo0]4 PCR
Az el 2% AAXANBEZRE S proteamaculans® 7Zo] FelE At (Table 4-2).
Table 4-20&= wSHE o] 838t S. proteamaculansE AE3% APAFo Ao AgzH
B 33 DNAC| EA3l= S. proteamaculansE 7 &3 23= vl wl A5t gvrB £E0]
4 PCR& 483 4, 2%9 =3t HAAZNY S proteamaculans’t HZHl w2k S

proteamaculansv A YA HEES QI A qHo2 A&t P& ASZ YEN



Table 4-2. Detection of S. proteamaculans in Korean and Chinese /kimchi samples by

culture-dependent and culture-independent methods.

Detection method

Kimchi origin Sample
Culture-dependent Culture-independent

1-3 0)
2-1 ) 0)
2-2 ) 0)
2-4
2-5

. 3-1 o 0)

China
3-2 o 0)
3-3
3-4 0)
3-5 0)
4-4
4-5 o 0)
1-4
2-1 0)
Korea

2-3 0)
4-1

The isolated bacteria by culture-dependent method were identified by 16S rDNA sequence analysis
and species-specific PCR amplification was applied to detect S. proteamaculans by

culture-independent method.



Al 5 A T-RFLP A& o83 gt 2 S54F A3 LAk 2

sy B}

1. A9 Y&

HZ =0 A= AR Aol theket vieF B9 =4 <] DNA fingerprinting 7<%
o] /W= 13, DGGE (denaturing gradient gel electrophoresis)®t T-RFLP (terminal
restriction fragment length polymorphism) #2412 H|A& 3% %2 HAd A< Wsle] Yy
g ol AFRE = A otk ojn] MM oy TR TaEAEY] s 2 EA4
AgHda, HAAds A vAE Aol x= DGGEZF 48¥ b 9tk [Lee et al. 2005a;
Park et al. 2003]. DGGE= T-RFLP 4% @7 mlde 2 Z40 A3 7e=2 3715
ot Ayl mE Q@A o] tha "HojA = Ao r H{rieEal vk, T-RFLP+= A/ 9
< H7HE W 9low, DGGEe| HlaiA Alme] A £Xrt waths Filo] 9l
= Ao BuEHI ok mepA 2 A e AR dax Y ] & WHOo R H

e vy 2 gz muE o] w24 A&E i Qe T-RFLP 2418 % 83}0]

rd
g
2,
X
i
)

P EE R g =1

BoAde] Ag3d EF FAFS Korean Collections for Type Cultures (KCTO),
Korean Culture Center for Microorganisms (KCCM)O. ZHE FYUsIR L, Weissella
koreensis v+ ST E sFEo T4l B AAE E AP HAZHFH
= 4% W. koreensis KKO101 w55 AHE38I3lth. o5 #5523 MRS A A (Difco,
USA) = 1.5% (w/v) @HE 7k aAAE AREste] 30°C, ml=r]d 2ol vl st

e,



A7bskel ol EAskhs V=S FESAL, T AA e Ao B A== o
#ahodth. T-RFLP ¥4& 93 A8t g2 s 58 #AE 353 F, DNeasy" tissue

kit (Qiagen, Germany)< A}&3}e] total DNAE FE3¥3, F=3F DNA+

spectrophotometerg ©]-&3s}o] A=kl tt.

t}. T-RFLP #41& 913} 16S ribosomal RNA §#x =%

T-RFLP A #2g 16S rRNA F+22H16S rDNA) FZoll= T4t bacteria®l T%
o] AM&EE eubacterial universal primer 27F (5'-AGA GTT TGA TCC TGG CTC
AG-3)E forward primer® A}83}$ 3L, reverse primer®Z+ eubacterial universal primer
1492R (5'-GGT TAC CTT GTT ACG ACT T-3)# & dA4dA AAe 16R (5'-TGA
CGG GCG GTG TGT ACA AG-3)& AH&3tth[Shim and Lee 2008b]. 16R primer<=
GenBank database®| <+=% Lactobacillus plantarum (AL935260), Lactobacillus pentosus
(D79211), Lactobacillus paraplantarum (AJ306297), Bacillus cereus (AE017194), Listeria
monocytogenes (AL591981), Bacillus subtilis (Z99107), Lactobacillus acidophilus
(CP0O00033), Streptococcus  thermophilus (CP000023), Streptococcus pyogenes
(AE004092), Lactococcus lactis subsp. lactis (AE006456), Clostridium perfringens
(CP000246), Desulfotalea  psychrophila (CR522870), Nitrobacter  hamburgensis
(CP000319), Shewanella denitrificans (CP000302), Vibrio fischeri (CP000020),
Bifidobacterium longum (AE014295), Treponema denticola (AE017226), Ehrlichia canis
str. Jake (CP000107), Chlamydia trachomatis (DQ019307)¢] 16S rDNA 71X <&
ClustalX multiple alignment program (Higgins Laboratory, Ireland)& ©]-&3}o] AHH3s &
HEGYS dAsisla, tdvte] 2 (Korea)oll A A|2&ekglct. 27F  primerd] 55—l =
phosphoramidite dye%l 6-carboxyfluorescein(6-FAM)C2. & %2]3}$ tHTaKaRa, Japan).

PCR 4¥k$o= UNOII Thermocycler (Biometra, Germany)E AF&3F31 o™, 100 pL Wt
S Ao+ 300 ng DNA, 0.25 mM dNTP, 1 U Taqg polymerase (Roche, Germany), 20
pmol®] primerE F7}e}Fth WS ZALS 95°ColA 58ZF oH7FE %, 95°C 1% WA,
58°C 1% annealing, 72°C 1% T@9-$ FH S 303 HHESFaL, wpx|duhof] 72°ColA 583
Aegk & ukgS A F T PCR WHSAHES 0.8% agarose gel 7950 = &2lslglo
™, 16S rDNA =7]|° 3|d3t+= DNA bandE Gel & PCR purification system (SolGent,
Korea) 0= 34, AAg & -20°CollA HEsH

2}, T-RFLP &4



Agarose gel=45H 3|5 AA PCR Whgibe 49714 E A4 AFas Alul, Haelll,
Msel, Mspl (New England Biolabs, Ipswich, MA, USA)S z}7} 20 Unit #7}sked, 37°Co
A BAIZE FF HEEAIZ T Hbgo] 2 & WA SHH(T-RE)Y #4128 A(SolGent)
of ot AFEA7INLEAEEA ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems, USA)oll ¢]3] GeneScan mode®l|A] 483} th. T-RF9] =7]:= Peak Scanner
Software v1.0 (Applied Biosystems)ol4 Local southern HHol 9] ZAAFE o,
standard DNA size marker®+ GS-500 ROX9} GS-1000 ROX (Applied Biosystems)E
AH&SESITE. T-RELP #2419 A& vebd 7bo] T-RF peaki w7384 ©¢](Operational
Taxonomic Unit, OTU)e] B4 S, peakd WAL AFAHE Yujste Aoz (51T
7t T-RFel| sldst= OTUS &2l Microbial Community Analysis III web site
(http://mica.ibest.uidaho.edu/)¢] Virtual Digest (ISPaR)S ©o]-&3tA, 7]1€¢ Z|FlA
HaE 2kt 16S rDNA 97|41 4S8 RDP database®t GenBank database®2%-E] F% 3t
t}S, webcutter 2.0 program (http://bio.lundberg.gu.se/cutter2/)S ©]-&sfe] oA E =
T-RFE A71&5 A4 Axtsilvt.

-

FHE AN WE AP e FPA0R 33 wBsgy, 29 A% P
A2 FASAC wael thE WARTH "ol BAL 9 AAE 10°CAA nEfEA 7}
70, 3, 30U ARE AANAL, BHol BA 7 A FE pHE ST

7F F& A T-RFLP &4

T-RFLP #2419 ZAxz2 yelys T-RFY A9} ogx9 23 &<l 2 Adagss}
16S rDNA S%-& primer? 84 1S 95t wFAX A T2 HAEHE oz B
H 1029 ¥FE FAHoRRE FE3 DNAZS AY3] 4o] T-RFLP #A4<& 334t

Fig. 5-19]% T-RFLP 2o 7} ®o] A}8-% &= forward primer 27F¢} reverse primer

=
1492RS AF&3Fe] 16S rDNAS 23 A3E Yelf Aot AFE3E Astaso] uef =2 o
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Fig. 5-1. T-RFLP profiles of reference strains (primer pair 27F-1492R).
T-RFs were generated by Alul, Haelll, and Msel digestion of 16S rDNAs amplified from the total
DNA mixtures of reference strains. Primers 27F and 1492R were used for the amplification of 16S

rDNA. Each T-RF represents one or several bacterial species.
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Fig. 5-2. T-RFLP profiles of reference strains (primer pair 27F-16R).
T-RFs were generated by Haelll and Msel digestion of 16S rDNAs amplified from the total DNA
mixtures of reference strains. Primers 27F and 16R were used for the amplification of 16S rDNA.

Each T-RF represents one or several bacterial species.



Table 5-1. Predicted and observed T-RF sizes of reference strains.

5’-T-RF size  (bp)°
Reference  strain Ac%&;zs'ion Alul Haelll Msel

T.RF DB T-RF DB T-RF DB
Lactobacillus brevis ATCC14869" CP000416 62 63 282 283 457 459
Lactobacillus paraplantarum ATCC700211" AJ306297 262 264 324 327 458 459
Lactobacillus pentosus KCCM40997" DQ239698 262 264 324 237 458 459
Lactobacillus plantarum KCTC3108" DQ239698 262 264 324 327 458 459
Lactobacillus sakei subsp. sakei KCTC3603" NC 007576 84 84 332 333 623 616
Leuconostoc mesenteroides subsp. mesenteroides KCTC3505" NC 008531 450 455 261 266 202 200
Weissella cibaria KCTC3817" AJ295989 84 87 336 340 226 228
Weissella confusa KCTC3499" AB023241 84 87 338 340 226 228
Weissella koreensis KK0101 - ND NA 338 340 182 183
Weissella soli KCTC3789" AY 028260 643 643 336 340 73 75

', type strain.

*, T-RF, observed size of T-RF; DB, predicted size of T-RF from 16S rDNA sequence in database.

® The strain was isolated from kimchi by our group.
ND, not detected, NA, not primed or not digested.
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Fig. 5-3. Comparison of T-RFLP profiles for Korean and Chinese kimchi generated by Haelll.
Primer pairs 27F-1492R (A) and 27F-16R (B) were used for the amplification of 16S rDNA.
KR, Korean kimchi; CN, Chinese kimchi.
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Fig. 5-4. Comparison of T-RFLP profiles generated by Alul, Haelll, Msel, and Mspl digestions of
16S rDNAs amplified from the total DNAs of kimchi manufactured in Korea and China.
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Table 5-2. The pHs of Korean and Chinese kimchi samples during fermentation.

Kimchi origin Sample No. Day 0 Day 3 Day 30
1 4.43 4.21 3.91
2 4.69 4.38 4.04
3 5.69 4.98 4.09
Korea 4 5.76 4.92 3.67
5 6.16 5.54 3.90
6 5.24 4.72 3.61
7 6.00 4.80 4.10
1 4.78 4.51 4.02
2 5.44 4.75 4.09
3 5.90 491 4.05
China 4 5.43 4.83 422
5 4.75 4.56 4.49
6 6.15 4.56 4.13
7 5.63 4.53 4.21




Table 5-3. Classification of samples according to their pHs.

Korean kimchi (pH)

Chinese kimchi (pH)

Sample

>5.0 5.0-47 4.7-42 >4.2 >5.0 5.0-47 4742 >42
1 6.16 4.98 4.69 4.10 6.15 4.91 456  4.22
2 6.00 4.92 4.43 4.09 5.90 4.83 456  4.21
3 5.76 4.80 4.38 4.04 5.63 4.78 4.53 4.13
4 5.69 4.72 4.21 3.91 5.44 4.75 451 4.09
5 5.54 3.90 5.43 4.75 449  4.05
6 5.24 3.67 4.02
7 3.61

Total 21 21
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Table 5-4. Predicted genus or species in kimchi samples based on the predicted sizes of T-RFs.

Predicted 5°-T-RF size (bp)

Accession number Predicted genus or species in database OTU group
Haelll Msel
236/310 598 - Bacillus sp. Bac

266 200 AF439560 Leuconostoc inhae KCTC3774 Leul
266 200 CP000414 Leuconostoc mesenteroides subsp. mesenteroides ATCC8293" Leul
310 200 AF111948 Leuconostoc citreum ATCC49370 Leu2
310 200 AF173986 Leuconostoc kimchii KCTC2386 Leu2
310 598 AB259061 Streptococcus dentirousetti DSM18963 -

310 598 AY 188349 Streptococcus sobrinus ATCC33478 -

323 604 AJ301831 Enterococcus faecalis LMG7937 -

326 616 AJ306297 Lactobacillus paraplantarum ATCC700211" Lacl
326 616 D79211 Lactobacillus pentosus ATCC8041" Lacl
326 616 AJ965482 Lactobacillus plantarum ATCC14917" Lacl
333 458 AM113777 Lactobacillus curvatus ATCC25601 Lac2
333 458 AM113778 Lactobacillus graminis ATCC51150 Lac2
333 458 AM113784 Lactobacillus sakei subsp. sakei ATCC15521 Lac2
340 75 AJ305321 Pediococcus pentosaceus ATCC33316 -

340 75 AY028260 Weissella soli DSM 14420 -

340 228 AJ295989 Weissella cibaria JCM12495" Weil
340 228 AB023241 Weissella confuse ATCC10881 Weil
340 183 AY035891 Weissella koreensis KCTC3621 Wei2




Table 5-5. Proportion of each OTU group in Korean and Chinese kimchi during fermentation.

Korean kimchi Chinese kimchi

Genus OTU group
>5.0 4.7-5.0 4.2-4.7 <4.2 >5.0 4.7-5.0 4.2-4.7 <4.2
Lactobacillus Lacl 11.50 11.63 11.89 7.10 5.64 6.92 9.14 8.82
Lac2 5.40 11.42 21.51 52.60 3.31 9.85 23.88 30.65
Leuconostoc Leul 27.14 20.21 14.02 10.28 26.98 24.73 18.65 16.09
Leu2 5.53 4.22 2.96 2.44 7.14 6.12 4.73 3.70
Weissella Weil 9.24 13.14 21.12 6.70 8.84 18.48 13.47 9.40
Wei2 18.15 14.10 9.30 1.77 12.09 17.77 6.97 2.86
Bacillus Bac 15.80 20.19 15.26 15.85 29.89 11.77 19.78 24.14
Others - 7.24 5.09 3.94 3.26 6.11 4.36 3.38 4.34
Total (%) 100 100 100 100 100 100 100 100
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Fig. 5-5. Proportion of each OTU group in Korean and Chinese kimchi during fermentation.
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Fig. 5-6. Migration of bacterial communities in Korean kimchi and Chinese kimchi during fermentation.

Data are expressed as means + standard deviations from three independent experiments with same sample.
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