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Exploration of B-Glucosidase Activity of Lactic Acid Bacteria
Isolated from Kimchi
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Abstract

The B-glucosidase (E.C. 3.2.1.21) production capabilities of lactic acid bacteria isolated from a variety of kimchi (fer-
mented vegetables) were examined. When grown in a medium containing cellobiose as carbon source, most lactic
acid bacteria showed significantly higher intracellular levels of B-glucosidase than the extracellular levels. A maxi-
mum intracellular B-glucosidase activity of 3.740.5 (unit/mg protein) was obtained in the case of Weissella cibaria
KFRI88010 isolated from kimchi. The optimum reaction conditions for W. cibaria KFRI88010 B-glucosidase activity
were pH 5.0 and 37°C, and addition of divalent cations to the reaction mixture resulted in a notable decrease in
enzyme activity. The [B-glucosidase activity was enhanced twofold when W. cibaria KFRI88010 was grown in a
medium containing fructose as compared with to a medium containing glucose or cellobiose.
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3] Al ATH(Bae
) Altel] thgh A-8-7Z 3 o
Ahtg o] &gk WE A E Ao ZEE|R 9] J)
2ATHJin et al., 2008). ZAkF2] 2]

Corresponding author: Myoung-Dong Kim, School of Biotechnology
and Bioengineering, Kangwon National University, Chuncheon 200-
701, Korea

Tel: +82-33-250-6458; Fax: +82-33-241-0508

E-mail: mdkim@kangwon.ac.kr

Received July 7, 2010; revised August 3, 2010; accepted August 4,
2010

243

I
o

£9l

FREaAE 4k gl 9% pH A7t 7H
o] ¥k, 17 o] Qe Fiksto] AAkslhe vkt F
EHo] AF Q9 A5S gAgTE Zlo]
H A tHKwark et al., 1999).

Fobgto] ksl st @45 5 B-glucosidases A
S22 B4 FHEFES AU e 7IEERYH 25
TS FEATIE Bholth AF7HA E3 BiE B-
glucosidase®] A2]Z Q] 7|52 A& 7§ AEETEH0|
v drje] IR S 2stkete H dosiA, 4
Aol e AR 712l dosts Aow dA
1™ (Gunata et al., 1985; Estruch et al., 1991), 7]} &
719¢] B-glucosidase®l]l ¥3+ AT+Z= Bifidobacterium sp.,
Sporotrichum cellulophilum, Aspergillus niger, A. nidulans
So] AYAsle B-glucosidase’} o) AZeHE wjdA| e 7H¢
waflo] HoAst= A Sol Utk(Hong et al, 2009). B-
Glucosidase= ¥ H-& 7|d5o|H o8 Qlate] 2F 4 3}
S Eokell A o] §H AL 3lom, 53] okl Aaka oA
85 AFRE gl (Kim et al, 2009), A=
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BAE FallsA] Eohs vdEoAE o] 840 EX7F B
=3 JtkBarras et al., 1984). B3k o] G4 2E, &
Fol, a8, Mlit % &9 274 Fol x5 (Lee et al,
1998), A. niger®} Trichoderma reeseis E3rul|Fste] bzt
o] 45 /I WSS dro} B-glucosidase®] S-S &F
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A7 AFA#7E 2" vl 9o w(Juhasz et al.,
2003), B-glucosidaseE ©|F SFAH EA LFAFt] g4
TEE STUATI] e A= JE vk AoHKim et
al, 1993; Kim et al., 1998). 3+ $olujxle] FALZFE]
H| 5= B-glucosidase®] 54 H ol Agt A4Ad=
B39 v} JthMin & Han, 2000). oF2= Eoto)| 3w
B-glucosidase®] ZH&-& o]-&ato] thFe] oliFTHE HH‘%
AZHE A o] &Eo] FFE vudAe] TS Fo4
o7 Z7MZ A7 A3 B E(Yang et al., 2007) 5,
H AT Y] S&& g A7t vl 2]
X3P =] 5 Tt

B A3E =2 B-glucosidase S zte #FE A
st7] fete] o AAoA FEeld 4kt p-
glucosidase €732 §H4 3ttt

LT

i

k=] F AU (Korea Food Research Institute, KFRI)
W S22 e u| A EYAE (Korean Collection
for Type Cultures, KCTC)oll 718=]o] Sl= theFgh 24|
A B2E Lactobacillus < 877 3, Lactococcus < 2
N 5=, Leuconostoc %5 557N 5, Pediococcus % 47|
o5 9 Weissella 4 8 45 5 F 156719 455 &
& wol ol & #F2] B-glucosidase T2 A3 T

2 e gFE -80°Ce] EASAT. A 455
MRS(BD Diagnostic Systems, Sparks, MD, USA) H]X] ]
HEskal, k7] (Hanbaek Scientific Co., Bucheon,
Korea)Z ©]&3}Fo] 30°ColA] 10417 vkt =, 600 nmell
A FBE(0OD, )& =788kl HAliEeste] AR M=
= ﬂAs}ﬁﬁr. 353 MEe Het SFTE 23] MFS
% cellobiose(Sigma-Aldrich, St. Louis, MO, USA)E H|&
3 B4 Yol 2% (wv)e FEE F7FE MRS HiA 9 =
7] F8E(0Dy,)7t 0.10] HEE HEs 5, 7| &

o]g-3to] FFE(0D,,,)7t 101  wi7hA] 30°CollA] w43}
R, A ] wjFH S 3]k F dAlRE sk AlEet
S FElskt

SaEe =8

Az 484
B-Glucosidase®] 242 Hong et al.(2009)2] W<
FAste] FdsAT A2 AAE S 28
AHo 7 o]&3}H L, p-nitrophenol & M (Sigma-Aldrich)S

-{11
By e

o2l TEE AT 7 450 molA e FHES 273tk
M-S ZA5EA T 7188 sodium acetate/acetic acid £+

ZHAS0mM, pH 5)°  p-nitrophenyl-B-,-glucopyranoside
(pPNPG, Sigma-Aldrich)2] =7} 5 mMeo| HE= £31A|7]
%, 70 uLe] '] 71d-8H-E 30 uL H7tsted 37°C
oA 108 &<t WHEAIATE a4 100 ule] 0.5 M
Na,CO,(Duksan, Ansan, Korea)s Y3t T4t A
A p- nitrophenol FEE 450 nmollA EFEE A5l
njg] gk S o83t A HATE 1 unit®] B4
< 37°C, pH 5 2744 1% &2t 1 umole®] p-nitrophenol
< Adshe 3o Fo= Aot

AEN 82484

M af S PAEZ s A& AE sodium acetate/
acetic acid $=(50mM, pH 5) 700 uL2} 0.2 mm stainless
bead(Nextadvance, Averill Park, NY, USA)E 025 g& T3}
3 727 (Nextadvance)S ©]-&3te] Al ZE 35 F<F 343}
STk M E s E] I TS 345t AR (16,000 xg,
4°C, 153)st, 7\§/\—'1% At 2488 A P 2
Aole Alxe] aigyd S48 st

pH X 20 Ciet S48

thFel pHel &5 (pH 3, 4: sodium acetate/HCI, pH 5:
sodium acetate/acetic acid, pH 6, 7, 8: sodium phosphate)=Z
(20, 30, 37, 40, 50 2 60°C) ZAA FLBAHE =
gttt

250|201 CHet g4k

=029 t gt B-glucosidase®] & AT WIS FALSH
7] 918t &ARkE &Y ZnCl, CaCl, CuCl, MnCl,
MgCl,, CoCl, @ FeCl,(Sigma-Aldrich)2] ZH%F F%7}
2mMeo] B =5 Hrtste] 84848 S

chog et

Bradford Dye Reagent(Bio-Rad, Hercules, CA, USA)E
o] &3] AZAP} AASE 2 AM Gl A T E =4 3)
o, d4F=Z 314 H bovine serum albumin(BSA,
Bio-Rad, Hercules, CA, USA.)S °]&3lo] ZFAE 24
3151

SAXE
BE 342 53] grEsigleon Ae] FA4 £4&
SigmaPlot(ver. 11; SPSS Inc., Chicago, IL, USA)S ©]-&
st B EFAE Tkt
2n e o

ZX[OA 22|=l HARZ2| cellobiose CHA}
S wjkeEted F2 AMR-EE MRS iAo g
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H glucoseE cellobiose® THA|3Fod, AX|ol|A] E2]H 24k
2] cellobiose HAFsS ZAISII T ©42YS cellobiose
2 hAIste] ZbS v getds o, Aol AHE-gk 15671
o] #F T 1347119 FFE cellobioseE ©AhYO R 0]8-3}
AR, Leu. inhae(KCTC3774) 2 W hanilKCTC3755) 5
o] 227l #F+= cellobioseE BFAY LR ©]-831A] F3IATH
AR NA EelE ZArt F, Leuconostoc 52 1571 5
470 57} cellobioseE WAFSIA] &3+ 9 M, Lactobacillus
%2 5170 5 5702] FF7T cellobioseE THAFSIA] H-3ht)h+=
HZ A7 A7 = B E vk thKo et al., 2009).

B-Glucosidase A&
Wi F=Z X & B Eg 400 F
cellobioseE ©FAYU O = ]%}

THY AAZFH +24,
13471 9] B4kt st

o] B-glucosidase & AT S A3} Fig. 1A 2 1Bl
EAE AFet o] AukH oz M XY B-glucosidase T4~
gAo] M9 dART =g}t 7 =& AxY) B-
glucosidase &84 UEH #F= v XA €
W. cibaria KFRISSO]OEH 3.740.5 unit/mg  protein®] A T}
Lactobacillus, Leuconostoc 2 Weissella 439 43t #-5=2] Al
XU 84 4ol b—EOLO‘I‘ Lactococcus 2 Pediococcus <
o] #FE-2 0.1-0.5 unit/mg protein HL| 2] S4Ho = A
How ve giedS JeERITh Hong et al(2009)]
Aol oshA AX|NA EBE W, cibaria K-M1-4= A3
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Fig. 1. B-Glucosidase activity of lactic acid bacteria isolated
from kimchi. Data for the strains in the genus of Lactobacillus,
Lactococcus and Pediococcus are shown in panel A. Panel B
shows B-glucosidase activity of lactic acid bacteria in the genus
of Leuconostoc and Weissella. Averages and standard errors
from five independent experiments were determined and
shown. Open ( []) and closed ( ll) bars indicate extracellular-
and intracellular B-glucosidase activity, respectively.

2] B-glucosidase EAE4J 0] 110 unit/mg protein®] 24,
I wbol] EFol A B2 E Fomitopsis pinicola d+2] PB-
glucosidase &Aool R E vl UAthJoo et al., 2009).
Cellobiose HAFs0] U= T8 Z4HF9] B-glucosidase &
2845 Fig. 19 ®A8k3A T

HS pH H 25

CellobioseE T4 02 At = Ax 134719 Zikt
% PB-glucosidase g/ o] 7P =& W, cibaria KFRI88010
a+TE o]&3te] TN pHe 2% g -
glucosidase®] &48/d WstE XA W8-89 9] pH
o et W cibaria @52 B-glucosidase2] /42 pH 591
A 7P e, 947148 2R A ER A dA
o7 ¢ ¥ g4 YU tKFig. 2A). W20
et W cibaria 452 Bglucoydase«] & 37°CAA
P ES 2AEES Yo, W RES2 5 (20°0)
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Fig. 2. Effect of pH (A) and temperature (B) on [-glucosidase
activity of W. cibaria KFRI88010. Intracellular fraction was
assayed for the enzyme activity. Averages and standard errors
from five independent experiments were determined and
shown.

HUE 28 hS-212(50, 60°C)%NA]
O] ‘Cl)‘zl:‘:’]'ME]'(Flg- ZB).
Aol A B2lE W cibaria K-M1-47} A82F8F B-glucosidase
E/\@’” S pH 7, 50°Coll A 7 =41 el (Hong et
., 2009), Chun et al.(1991)¢] B3| ©| 318 Penicillium
verruculosumol A4l B-glucosidase®] 73-%- pH 5, 70914
Hd 48 JePSIAL, Sreptomyces coelicolor A3(2)(Kim
et al, 2009)Z5E feiE B-glucosidase®] == 3}ol| tf
3 FABAHS pH 5 € W 20°C, pH 6 & ) 60°Coll A
7 o A4S eRfATh Park et al(1993)°] A3k
A niger2 FAEE FHol= pH 5olA HAH B-
glucosidase A4S Hole ZoZ HuHE ul Qr} B o
T ARG AR 2 E W cibaria KFRIS’0102]
& B-glucosidase T AHHS-Z AL Kawamori et al.(1987)

o] Thermoascus aurantiacus®t Kurosawa et al.(1989)2]

HojHo e &a8y

80

60

Relative activity (%)

20 |

Control Ca®* Mn* Cu* Co* Fe* zn* Mg”

Fig. 3. Effect of divalent cations on [-glucosidase activity of W
cibaria KFRI88010. Indicated cation was added to the reaction
mixture at final concentration of 2 mM. Intracellular fraction
was assayed for the enzyme activity. Averages and standard
errors from five independent experiments were determined and
shown.

Corticium rolfsii7} AAYsl= B-glucosidase?] 7 -$-9F H]<=3}
At} Joo et al(2009)°] HI3 E pinicola T2 P-
glucosidase™= pH 4.5°41 Ho 34848 Yepflon,
pH 49} pH SOIA = ZH2F 91%, 80%<] TS Ve,
A 48 =& 50Ut Park et al(1993)°] X313k
A nigarZ F == FFoX F2E B-glucosidase®] &=

of thek ) AL 36°CE Yeh} 2 A7 Aol
FAFSFH 2™, Park et al(1982)2] A. niger, Kawamori et
al.(1987)8] T aurantiacus 2 Kurosawa et al.(1989)2] C.
rolfsii +TES] H4 48 2 HTE Wtk

240|201 CHH p-glucosidase SAEA

ol 2ol e W cibaria KFRIS8010 @5-2] A Ev)
B-glucosidase TATYS XAMsL7] l5te] wh-g-&Hof 7}
7te] ol 259 HFEEIF 2mMo| HEE 37t

FABRE 2NN ELBHL 249 A7, 2hole
& kg o TL8R0) geaislon, w2 Co
£ FUlels WET Mn* S Hbslls W o & &4
3k

g A EAE JER ATHFig. 3).

Sung et al.(1997)2] X 7ol 9|3} A niger SFN-416°]
A23HE B-glucosidase= Cu?'oll €J3le] 71 =& A&
Horo ™, Joo et al(2009)2 Fe*', Hg* 2 Cu** o] &E9]
FE pinicola®l ] A E B- glucosidasegl g4& A3l sk,
Hong et al.(2009)< Zn*, Ca®', Mn*'S F7138t9S w p-
glucosidase &go] @A 817 uifﬁth B yagT) wat
Park et al.(1993)°] EI3F A nigerZ FA == dFoA
AJ2kE B-glucosidases Zn?™ SOl 2J8] 4 EAdo] Ay
NS, Volvariella volvacea?| Xl e € B-glucosidase®] &
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B-glucosidase
KFRI88010 grown in a variety of carbon sources. Each carbon
source was added to MRS medium at a concentration of 2%
(w/v). Averages and standard errors from five independent
experiments were determined and shown.

Fig. 4. Intracellular activity of W,

gLz E Cure] A7tell oJal] {folAom AsE=
TAZE HAE b AL et al., 2005).

re b~

Et4210f| CHEF B-glucosidase SAE

W. cibaria KFRIS8010E v g w] AL&3l= ©A9o]
AW B-glucosidase &4/ J PIX&= FFE ZAFSHATH
(Fig. 4). GlucoseE A 2]3t BE A YollA B-glucosidase
2ol dAs] Skt Etl, 53] fructose®] 7d-¢- thx+
(cellobiose)oll Hl&fl 2.5u) & 4TS Yehlon,
ol sucrose 2 xylose’= B-glucosidase?] A4S =7
7HAI AT} Glucose] 7-%- B-glucosidase] 43S # 3]
AA R cellobioseE BAYO R o] &gt At} v s}t
AR & zfol= gt

Moon et al.(1993)2 A. nigerE 91 FE w cellobiose®
H] 3| xylose, fructose, mannose 2 maltose”’} BFAYPOZE
AHEEE W B-glucosidase®] T Aol Tt TRAL
Baste] & AFAe} Ws=dt Al e, glucose”t
cellobiose®} B 3}od B-glucosidase®] &4 A4S F7HA]
7131, galactose®} sucrose”’t HA|SHTI HASE A= B
AFAFHe 2ol2 BYTL F pinicola 7FE AS-
cellobiose?} B3} maltose”’} B-AY O E ARE-E 739 B-
glucosidase®] &4do] 3ul o] Z716k 2, glucoses &4
G4 50% A= AsNa Lo et al, 2009), Cellulo
monas sp. CS1-1 F212] B-glucosidase T4 Errdo=z
glucoseE AHE-RS W ET} cellobioseS AHE-S W B48
o] 75.6H) Z71eF A0 & B EATHLee et al., 1998).

—_

S oy [

o (]
i =

B-Glucosidase BA8/do] w2 #FE Adstr] st
ot Al E2]E B4k B-glucosidase S ©
AstATh AR A FeE 156709] Zatd F 134709] o
F9ko] cellobioseE THAYSZ UASIH oM, Al p-
glucosidase &/g0] M|z SRt A3 =kt wjF4
2ol -2 E| W cibaria KFRIS8010 7} 3.740.5 unit/
mg protein®ZA] 7Fg =2 A2 B-glucosidase T AT
S Yepliglon, 84842 pH 5, 37°C vHeZ70A 7}
& =4 JET Mg v RS §50]22 2488 S
A AN ATE. W cibaria KFRIZ8010 #FZ w3t
o X183 ©A9 ZF, fructosei= cellobioseH} glucose2} Hl
wate] oF 258 o] o] =& AM|XE B-glucosidase EAE

& YeRT
HAR 2
£ A= TAQ7IET AN EA (A S S1035545)
7

9 2] 2 A A F 2] AA 7|7 EAR (AR S 70004487)2]
A hoz Y= AFUTH
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