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ABSTRACT

In order to identify probiotic microorganisms, 25 isolates of Lactobacillus sp. were selected from kimchi based on their
growth rates, lactic acid production and salt tolerance. The isolate JK-01 was identified as Lactobacillus plantarum by the
API kit and 16S rDNA analysis (99.9% of homology), and named as L. plantarum JK-01. The maximum number of L. plan-
tarum JK-01 was reached at 18 hr fermentation in MRS broth and the pH gradually decreased to 4.5. L. plantarum JK-01
showed high enzyme activities for xylanase, amylase, protease, and phytase on MRS agar plates containing each substrate.
L. plantarum JK-01 showed high resistance to acidic pH and bile salts, and grew well even at pH 2.0 and 1.0 % bile sait. In
particular, L. plantarum JK-01 showed high heat stability as shown by 3.3x10° CFU/mL at 60°C. The isolate showed
remarkable antimicrobial activity against E. coli in MRS broth based on its disappearance after 18 hr and clear zone forma-
tion using a paper disk assay. These results suggest that L. plantarum JK-01 may be probiotic in nature.
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& 31 god, HELAA M FakTo] FFBHHA
a3t v AL Abdalal FEo] At HEAA A
AAAgo] oA 7152 F{tal JtHAmmor and Myo,
2007). AEAQA HaAFo = 7 o] YFE AA
A BEd gk dEloAle Bt 33z oln oA
g aAEErE 2 7FsAo] ok v=E e E A
B4 fars Arrsle] dEAIZ] S8E0] AVIE T8t
I gJoug X fAFS Bl Aaksie] AFo|u A
Az o]2ldt 71%5S S8El] B AL ulEAg Yol

i

AaAE gtz o g &5 Aasle] fajAdE A
AV WASEAL ARS AAASEAY AR Aol
7 2g-S sk Iteleay g 0AlS Aikehs 5
S Yzt glem, 1 axE 9428 e] od(Tannock
et al, 1988)7 HAZ7H(Kimura et al,, 1997) 2 F=dH
o], &oF8HA (Fuller and Gibson, 1997) So| B gt}
E3), 2 ERofe] ZZnlo]QE] fAte ¥hE fAE W
fakr A 2 A FoEA 9y AREEI AL
(Hood et al, 1988), ST2EU X2 T FaEHAIFA W)
& &H|zbe) 7)57) UekslEuA f40¢t Bt 1E
= A2 5] B2 ZeAFE I JrH(Tannock, 1997).
ZellA 7% 23S SsiMe AdE Al gl &
o] B85 straine 35 Ao G52t Oigk u
238 Aok 1 (Park ef al, 1996), Aol 7Fiksl Zhy
Aja 2ol gk 222y 2 gFol s FAESET)
wan iAol gk 238 Fo] 27FHTtiMacDonald
et al., 1990; Havenaar er al, 1992; Tannock, 1997).

ZoME BTA Ao ANHAE FAAT HF
Aoz Ao & fakdEe] A AFHHY W
A A ES Z2ulo] Q8 frktEo] AfitEY YEikd
o Ae] AL Al 11 QUth(Leory et al., 2006). =
e vl BXY L plantarumel] 3l B2 A7} °]
Fo] AEH Lee(1996y7} &N} S5l thigh Wiidol
Je FAEE EEF vk o, o} Al o
3 A7 T B vf QOLKOh er al, 1997), HTAZA
9} o] gAel g A= mImE Aot

webd, B dApie ATAZ o] 88 753 U
ApFE Aestr) skl XA L plantarume ®AY
slod B - RS, BATFe AFEY 2 24
Az WEA, WA, RS, s 5-8 88150t

(ut

=T

R

=

AR 7N B2 BAU AR EEAAF, )
2 78l o) &8 aL, Escherichia coli KCTC 10415
Bt A A28 (Korean  Collection for Type Cultures,

KCTC)Y EFTFE ARESIA T MRS broth®} nutrient
broth= DifcorkSparks, MD, USA)IA T3t}

Lactobacillus sp.2| £2| ¥ X

ANE FFHE ZA R Ug, 1 F 1 ¢S B
A9 20 mLol| FEEtL GAIFH R 3|48t 02%
CaCO,Z X35t MRS A)Ao] =@ttt 37°CAA]
48117 vljeFste] AFet colonys & A 59 colony=H
B & 28 AL A3 F 0.02% NaNy7F 2718 MRS
TARR|N A 30°CA] 48A1ZE F_F HiFEIATH

Ax2RE 1a-8e2 wjA)4te] colony HeEl, WAL, &
v @2 2 PYAEA A4 9%, WEA, 8 5=
FAst 25709) FAFFO 2 F2EE colony’} HoiHL
o pHEMR AAEErE W 7)Y 3§ A9ste
Bergey's Mannual of Systematic Bacteriology(Williams ef
al., 1986)d we} B3, APT S0CHL reagent kit
(Biomerieux, L'etoile, France)2] @ol& A3 F31 L
plantarums 333 th. 2, APl 50CHL reagent kit®] 49
Y Goll thale] 37°Coll A 48717 v FEFEA 219] of
BE pste] zizte] B @AYo R o] gAY o
HE AFslal $AHNF= API Lab Plus Software3 APIS0
CHL(version 4.0)*|4 743} ch.

IE, o] FFEHE DNAE FE31 27F Primer (AgAg
TTTgATCMTGGCTCAg)$} 1492R Primer (TACggYTAC
CTTETTACEACTT)E o|-83&}a] 94°CollA] 453, 55°CellA
60, 72°CAlA 6022 B 35 Ato]E9] polymerase chain
reaction®. 2 ZZ3l & 16S rDNASY VA Ee 443}
I PCAFEENA BLAST =218 o] &ated nats
THLoffler et al, 2000). HFZE EIg T 30%Y
glycerolo] H71g MRSHA] wljx]o]] o-& ol -70°ColiA
FARE3AT

MRS x| &fe] MESM Dt pH M5}

L. plantarum JK-012] 4452 Jar Fermenter(BK511,
Kobiotech, Korea)2 ©|83}d Z}z} MRS brothol] pH 2
HQlo] 32°Cell A 48A17F vl sttt & e vl g
< 0.85% NaCl &4l 107 347 ths Had wjAo]
0.1 mL¥ BEFsle] =Udt ¥, HA x4 wjFear
Z24 A9 (colony forming unitys =73t AlLbsh
ATHAPHA, 1985). pH= pH meter (HM-5E, Toa, Japan)
£ o]g3ld A% 2HAo g 48AI%t 71A] FAsTh

AL 2R3 A&l L plantarum JK-012] 244
74 ujFlE 4°C, 430xgE 2087 AAEEst FAE
5=8) & Table 1914 AAIE ule} 2ol 2 714dS 3}
F= 71ZE| Aol BAEE clear zone@] H7|Z 57FA] 7F
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Table 1. Medium compositions used for detection of the some hydrolytic enzyme activities by using a agar plate method

Enzyme Substrate (basal medium : MRS") Dye Clear zone
Protease 2% (w/v)skim milk +
Cellulase 1%(w/v)CMCellulose? 0.2%(w/v)congo red sol. +
Amylase 1%(w/v)soluble starch 0.2%(w/v)I,+4%(w/v)KI +
Xylanase 1%(w/v)oat spelt xylan +
Phviase Ca-Phytate(5), NH,NOs(5) MgS0,(0.5), KCI(0.5), N
Y FeSo0,(0.01), MnS0O,(0.01), Dextrose(15) at g/L
4 il
Y MRS Agar.

2 Carboxymethyl cellulose(medium viscosity, Sigma).

R EA0] B RS AASATHAST ], 1998; Shiral
et al., 1994). Protcase & xylanase, phytase= Y &

HEZ clear zone #10] 7Faslc}. Cellulase®] 4% 0.2%
(W/V) congo red o2 GMZE & 1 M NaCIE oo
clear zoneS E213H o™, a-amylase®] 7% 0.2%(w/v)
L9} 4%(wiv) KIZ &3 gdoz a3l clear zone
o WA oJE JABN

LH&HY o LHERELHE BN

WAk 71 Kobayashi(1974)48-& 48k MRS
brothZ 0.1 N HCIZ pH 2.0, 3.0, 4.0, 5.02 ZA3 -
L. plantarum JK-01-2 3715 308 X & &3 v
43kt

WEEAAS oxgall(Sigmays 0, 0.1, 0.3, 0.5, 1.0%(w/
v) A 718 MRS brotholl L. plantarum JK-01 T35
(2.0x10° CFU/mNE A%E3l] 37°Co|A] 6117 A3 &,
Z} broth 0.1 mLE MRS agar plateol] =2aled LERG U]
BEFE ATt BEE (%) FsaTh

gﬂ/\E

LH°’¢§ =4

g ok Ae {AHFS 30°C, 40°C, 50°C, 60°C, 80°CE
S " MRS broth(Difcoyol] o] 1087 A=) & =3
vAE FE AT

s =X

vl L. plantarum JK-01 o5 MRSHIR|O A, Wi
< Nutrient brothol|4] 12-2477F vljoksr & tiZ22=2 MRS
Hj Aol hAFTHE ¢F 5.0x107 CFU/mLe] HEE HZ
sz, k2 s)e] MRS HiRGE JK-013 tigto) 24zt
°F 50x10" CFU/mLe) BEE &3 AEF39t. A4
WS 37°C vl g71elA AR wksbaA 3A1ZE 74
o2 wjAs AHNAL, AFHAL thA] T AeHE
2 343 o8 nutrient agar platedl] =L3FHATE 37°C
oA 2477 wljksle] VRt Reks tiTE Attt

UE WO 2= nutrient agar plateoﬂ 15% E. coli

KCTC 10415 gHA 531 £113F &, paper discE Hi

Al &8 & o pHE 7.022 AT vﬁ&—’ﬂ%
50 uL¥ F4A1A 37°CellA 24A)7F st Frghe]
4 55 AL HE2FC2E brothsh 7<47}6} 7
-9} 50 ppme] oxytetracyclin(Sigma)yS- 7}t A2 3}
AL, Frakd-s RS o Jeda) WY TAE
A8t gatalde] o] &3t

24 # 1

]

2El7FEe ML
Ax ]ETH 1A 02 WP 2Hde] e 25709
HARF O B F=ZE= colony?} MRS paltecllA] dojzlo

Table 2. Sugar-fermentation of the isolated Lactobacillus JK-
01 on API 50 CHL kit

Sugar substrate Result Sugar substrate  Result
Control - Esculin +
Glycerol - Salicin +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose +
D-xylose - Sucrose +
L-xylose - Trehalose +
Adonitol - Inulin +
B-Methyl-D-xylose - Melezitose +
Galactose + Raffinse +
Glucose + Starch -
Fructose + Grycogen -
Mannose + Xylitol -
Sorbose - Gentiobiose +
Rhamnose + D-Turanose +
Dulcitol - D-lycose -
Inositol - D-tagatose -
Mannitol + D-Fucose -
Sorbitol + L-Fucose -
a-Methyl-D-mannoside + D-Arabitol -
o-~-Methyl-D-glucoside + L-Arabitol -
N-Acethyl-glucosamine  + Gluconate -
Amygdalin + 2-keto-Gluconate -
Arbutin + 5-keto-Gluconate -

+: Positive, - : Negative.
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w, pH 3739 AFEES} WE o) BFE sl
Bergey's Mannual of Systematic Bacteriology(Williams et
al., 1986) @} Hl W3}l (data not shown), API kitE
ol-gsld L plantarums FASIATE Table 2+ L
plantaruma} 97.2%] 353 HEPR T2 API kit
Folg Axjo o] #& HEHoZ F3t 7FE U

o] #F¢ 168 IDNAE 25l vlwslgs o, Fig
13 o] 1,571 Z7]e} A7MES YERAIL homologyE
A4 A JA) L plantarum¥} 99.9%2] 354E Ve
Wt o]F Ao o] FFE HF B #FE=E ot
o L. plantarum JK-012 3713}9\9\5}

MRS X AfS] MEHS AT} pHEHE}

L. plantarum JK-012] o] JA=20E '—TL?‘S]'7
A 2 QA" MRS vl Ao 48AIZF wjdst FE
stgtt. Fig. 2-A%F 7o) MRS HlX|olM = 18417
A] 2.0x10"° CFU/mLE. Aol 2stdod ]z‘f
3 pashe A0 vepith. 430 G e p

[e)

:L

ﬁoﬁoﬁ:"{é

‘r"

z

)
L
R

T AR B3l wiEsted 18A1X171A) pH 452 FA
3] wopylon] ojf= Ahs] spdeb AT FES A

AstaArhFig. 2-B). o218 Aul= o] fAktel it
AT AT (You er al, 2005) ot AA&EL7) WE Holm
pHE 2£:3] 3733 Aolug Ajlgoz 8357 2
3 Zlo g HoE Ak

2| By

Hlo] R E] AiEo] EHlske Ao
S AFEs W AR, 9 2
ol8-& MAANZA 4 Ao, o2 A FHE
FE AR oy Mg & F UTHWalsh e al,
1993).

Lactobacilluse Bacillusd F30]9} @8] Aol &1l
g5 FHlghs oz deld J=tlFB7], 1998), L
plantarum JK-01-2 Fig. 39 YERH vk} o] screening
iAol 2zt 18 g BaEte FAEE FHEEE I
e 2 g484E 7N e ALE AFEHJH L

>
o
T

(o e

]_

o]

9 2

5

o N

o]

1 ATTAATTTGA GAGTTTGATC CTGGCTCAGG ACGAACGCTG GCGGCGTGCC TAATACATGC
61 AAGTCGAACG AACTCTGGTA TTGATTGGTG CTTGCATCAT GATTTACATT TGAGTGAGTG
121 GCGAACTGGT GAGTAACACG TGGGAAACCT GCCCAGAAGC GGGGGATAAC ACCTGGAAAC
181 AGATGCTAAT ACCGCATAAC AACTTGGACC GCATGGTCCG AGTTTGAAAG ATGGCTTCGG
241 CTATCACTTT TGGATGGTCC CGCGGCGTAT TAGCTAGATG GTGGGGTAAC GGCTCACCAT
301 GGCAATGATA CGTAGCCGAC CTGAGAGGGT AATCGGCCAC ATTGGGACTG AGACACGGCC
361 CAAACTCCTA CGGGAGGCAG CAGTAGGGAA TCTTCCACAA TGGACGAAAG T CTGATGGAG
421 CAACGCCGCG TGAGTGAAGA AGGGTTTCGG CTCGTAAAAC TCTGTTGTTA AAGAAGAACA
481 TATCTGAGAG TAACTGTTCA GGTATTGACG GTATTTAACC AGAAAGCCAC GGCTAACTAC
541 GTGCCAGCAG CCGCGGTAAT ACGTAGGTGG CAAGCGTTGT CCGGATTTAT TGGGCGTAAA
601 GCGAGCGCAG GCGGTTTTTT AAGTCTGATG TGAAAGCCTT CGGCTCAACC GAAGAAGTGC
661 ATCGGAAACT GGGAAACTTG AGTGCAGAAG AGGACAGTGG AACTCCATGT GTAGCGGTGA
721 AATGCGTAGA TATATGGAAG AACACCAGTG GCGAAGGCGG CTGTCTGGTC TGTAACTGAC
781 GCTGAGGCTC GAAAGTATGG GTAGCAAACA GGATTAGATA CCCTGGTAGT CCATACCGTA
841 AACGATGAAT GCTAAGTGTT GGAGGGTTTC CGCCCTTCAG TGCTGCAGCT AACGCATTAA
901 GCATTCCGCC TGGGGAGTAC GGCCGCAAGG CTGAAACTCA AAGGAATTGA CGGGGGCCCG
961 CACAAGCGGT GGAGCATGTG GTTTAATTCG AAGCTACGCG AAGAACCTTA CCAGGTCTTG
1021 ACATACTATG CAAATCTAAG AGATTAGACG TTCCCTTCGG GGACATGGAT ACAGGTGGTG
1081 CATGGTTGTC GTCAGCTCGT GTCGTGAGAT GTTGGGTTAA GTCCCGCAAC GAGCGCAACC
1141 CTTATTATCA GTTGCCAGCA TTAAGTTGGG CACTCTGGTG AGACTGCCGG TGACAAACCG
1201 GAGGAAGGTG GGGATGACGT CAAATCATCA TGCCCCTTAT GACCTGGGCT ACACACGTGC
1261 TACAATGGAT GGTACAACGA GTTGCGAACT CGCGAGAGTA AGCTAATCTC TTAAAGCCAT
1321 TCTCAGTTCG GATTGTAGGC TGCAACTCGC CTACATGAAG TCGGAATCGC TAGTAATCGC
1381 GGATCAGCAT GCCGCGGTGA ATACGTTCCC GGGCCTTGTA CACACCGCCC GTCACACCAT
1441 GAGAGTTTGT AACACCCAAA GTCGGTGGGG TAACCTTTTA GGAACCAGCC GCCTAAGGTG
1501 GGACAGATGA TTAGGGTGAA GTCGTAACAA GGTAGCCGTA GGAGAACCTG CGGCTGGATC

1561 ACCTCCTTTC T
Fig. 1. 16S rDNA sequence of L. plantarum JK-01.
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Fig. 2. Fermentation in MRS medium showing viable cell numbers (A) and pH change (B) of L. plantarum JK-01. Values are mean

+ SD.

plantarum JK-012] EAES cellulase EAEA]L kst
Ho|%l o1}, xylanase, amylase protease, phytase®] T2 2
B A4S ¥l e AR YERTE ©|F phytase
= gy 3‘71%@94 o844S TAATIH wjAEo]
FAeH F8 Yelo g AFET = phytic acidE &
&)8kd myo-inositol?t F-71EQ1-S FASIA sk &A=

A%, ST AT R AR TATE RS BoH
‘}}U}(Eeckhout and Pacpe, 1994). phytase A4+ ¥y &
Aspergillus sp. 2 Bacillus sp.7} WHEH 0| A4k o
phytaseZAS A2 ZFo)9t Bacillus sp7}t ik €
Aol vlaf R AoE LedFTH(Shiral er al, 1994). ©]
23 £ 5A8HL FRY AEY e B 43l
TS = Ao® AT QA g AEEOE F§
g Aoz 1z

LH&HS 2 LHERE LM

AxoNA B8 L plantarum JK-019] A3 FAL
8l A= Fig. 4-A9F 2] pH 59l4= 7.4x10° CFU/mL,
pH 2014 1.4x10° CFU/mLE oF 54% 743t} Ad
AZA 7)5E B3] YAl pH 3 ol8te] @

Z79 AN Euste AANE TPl AESIAoL
3H(Booth, 1985). L. plantarum®] 7% AW pHe o

B Ushg dFETE B 4.6-4.8% %}eﬂz% NI, & FE
o) Aol E2ldk AWdA| Enterococus sp= pH 39 €1
Z9jol 2 24)7F o] AEE0] 90-100%= LA
)th(Klaver and van der Meer, 1993). ¥ Agror= &

23}t L. plantarum JK-01-= pH 2914 = 1.36x10° CFU/mL
o fAEke] e AEES JEIT. Bulsial) pHrt
P CE RN EEE RSEEREEEIE R
o 9 BEEE T WO ARE}
pelg 2FE 2l U WAe A9a] el
0.1-1.0%2] FF FEAAY BEES A 2,
Fig. 4-Bo] VebA uie} 3bo] L. plantarum JK-01(5.7x10°
CFU/mMLYE 25413 0.1%14 5.1x10® CFU/MLE 2F 89%
7} fAERN e BEHA 0.5% 2 1.0% A% 10° CFU/
mL o]4o] AESIHTE. FFARE Ho| Aol A EHlEE
ER2A M A4S Ak 71%S AYal e,
53] 4 ‘ﬂ;*o] oid Af-ole FFatel T HiAlel
Ae A= S ok g3 A d=8l(Gilliand et al., 1997),
L. plantarum JK-01& WGF4ito] 53 Ao 2 15
Aok

E»—A

LN
E‘—a] FAkE-e] WEAL MRS HiX|o] T the A
£ 30°C, 40°C, 50°C, 60°C, 80°Col|A] 1083+ AR & A
tO}— 2 ZAFSIE HFig. 5). 818t L. plantarum JK-
012 30004 1.6x107 CFU/mLY] Aol 40°C oldo g &
7} obgoll vlgste] APE3] AlEEE 2 60°Coll A
T 33x10° CFUmLY 37 23 =o] gt A&
e ydAdel sle Aoz FH=Egeh B3 SR AAA
o] 0]83E 7= pH 4.2-6.0 oA Ao] Zx|ofof
the 2748 WAS-3L =8 (Ammor and Myo, 2007), &

k

Fig. 3. Phytase, xylanase, amlylase, cellulase and protease activities of L. plantarum JK-01 on MRS agar plates.
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Fig. 4. pH resistance at various pH from 5.0 to 2.0 (A) and bile salts tolerance of L. plantarum JK-01 at various bile salt from 0 to
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Fig. 5. Heat stabilities of L. plantarum JK-01.

FANFS AT (E. coliy &
Aol AMAEE AIRML} T
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5, —— £ oo

~= £ o +L pantarunJ<-01
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=

_11}1'

A3lact. Fig. 6-Ac YR w1} 2o] L. plantarum
JK-012 6AZHE F23] diatol 7“\'3}7] A) ZFshed
18217 Foll= ghdd] APEE QY. &, Fig. 6-BS} o)
paper diskHS ©]-&38l] FEg 63*3 F5E AES
A7} A ZFEoE o83 50 ppme] H xytetracyclin
(OTC, Sigma)dll HIdtde AAIge] 277t Agront L
plantarum JK-012] v%F FZA 3} 747 25 FHIS
34815 Havenaar $(1992) -2kl 23t shtd
= pH A3t F3ld@ BAAA dF BE] 4Hl, A4
§]’ gl A9 A, 3714 Al Fiksleie] A
A, bacteriocin®} 22 A Edo BH] F& YA
g0z AREa Qo). L plantarum JK-012] )31l
3k A A= g S = YERY bacteriocin
o 93t 7hedel & AoE nAEHY 7HE Hsixe
Be @77l Basio

(o]
24

i

0219 L. plantarume] ATAA E4L 2AH) Y8t

(B)
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O =w NWAR O ON®® OO
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Fig. 6. Antimicrobial activity against E. coli by L. plantarum JK-01. A was the growth inhibition of E. coli KCTC 1041 by L. plan-
tarum JK-01 in MRS broth. Values are mean = SD (bar). B was antimicrobial activity of L. plantarum JK-01 in paper disk assay
which contains E. coli in LB agar plate (1: culture supernatant of JK-01, 2: Bacteria body of JK-01, Con: Control, OTC: 50 ppm

oxytetracyclin).
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of AN ABAH B Fol £ 2559
Lactobacillus sp& E2]3F3aL, API kit F2J0l] o5} L.
plantarums A3 A=} 16S tDNA E 714 E(99.9%
A=2)e vludt § L plantarum JK-012 E718FHTH
L. plantarum JK-012 MRS brotholl 4] Al 1843 ¥

L
2.9x10'° CFU/mIZ Y2 A5 W AZEAS U
EPlow pHE 452 X&3] spstdt. aiagdde

xylanase, amylase, protease, phytased] ¢S 2 &2 €4
< z3sla Y= Aoz AZHYY. L. plantarum JK-
018 pH 20|41 % 1.36x10° CFU/mL7} AE3HARL, 1%
FEFEHAME oF 10° CFU/mML o}de] st 23
WEELHdol A4 Aoz yeisth &, 60°ColM =
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