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Abstract The B-xylosidase (EC 3.2.1.37) production capabilities of lactic acid bacteria in the genus Leuconostoc, isolated
from a variety of kimchi (fermented vegetables), were examined. The intracellular levels of B-xylosidase were similar to the
extracellular levels, when most Leuconostoc lactic acid bacteria were grown in a medium containing xylose as the carbon
source. Intracellular B-xylosidase with a maximum activity of 1.240.1 units/mL (meanz+standard error) was obtained from
Leuconostoc lactis KCTC 13344, which was isolated from fermented Chinese cabbage. The optimum reaction conditions for
Leu. lactis KCTC 13344 B-xylosidase activity were pH 6.0 and 30°C, and the addition of most divalent cations, except zinc,
to the reaction mixture resulted in a slight increase in enzyme activity. Compared with a media containing other carbon
sources, the B-xylosidase activity was 5 times higher when Leu. lactis KCTC 13344 was grown in a medium containing
xylose as carbon source. Zymographic analysis indicated that the synthesis of Leu. lactis KCTC 13344 pB-xylosidase
(approximate size, 64 kDa) is induced by xylose. A maximum intracellular B-xylosidase activity of 7.1+0.3 units/mL was
obtained in a batch cultivation in an MRS medium containing 30 g/L xylose.
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B-Xylosidase:= AFAolA] AE22 Thgo g Fol EAlske &
TRl ApdEhe ApdEAg 7RIS 9151 endoxylanase,
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M3 ERoA AAkEE Bxylosidases F2 Al EUol A
sl (16), FFoloX = AT AE FHAAN BAEE= Ho
2 A UTH17). B-Xylosidase2] W3 22717 ek A

= o5 FEoldl tated BEAHJAI(18), 53] Aspergillus,
Penicillium 2 Trichoderma 49 2l8 AAF=]= B-xylosidaseol] T
st AqAsr Bol HAEHG =, olE &%) e T4AEL
oy =719 &l EFFIEI=R A JU3(17-19), Al
= Bacillus®t Clostridium < @514 AAr=E= B-xylosidase
7F F2 AFEA=, T8l FEel Bxylosidaseell Wl w4}
2, 4 dhe2x 9 gkS pHyt Bk Theksk Aew d#A 3l
th20,21). 2y AA7EA] 2 akte] B-xylosidasedl] tigh A=
Sl oz Ao BiEo A o, 53] Leuconostoc 4
9] Ag- B2 vF Ao BEHNA BEYE Leu lactiss ©|&
sto] ZhEelE LS wad dwte] BaE groltk(1s).

2 AoXe AF daaEd AXA EElE Leuconostoc
& ZAHFe] Bxylosidase 95 ©AEt] =2 Bxylosidase &
e Zte dFE st s

Az o

G2 Z- A7 (Korea Food Research Institute, KFRI) 2 =
A gAY mAEAYAIE (Korean Collection for Type Cul-
tures, KCTC)l| 7I8t=e] U= BiFAHXE HIZS theFst ARl
A E2¥" Leuconostoc & HiHt 557 45 Y Wol ol
o472 B-xylosidase &2 A5
=
TFE -80°Col Bsty ARkt Bad 455 ©@ad
02X 20gLe E2xFo] /M SmLe MRSBD Diagnostic
Systems, Sparks, MD, USA) ®jx]ol| HZa}1, ZEH]U47](Han-
baek Scientific Co., Bucheon, Korea)S ©]&3}o] 30°Col|A 104]
ZF Bt wiket H, 600 nmelX §3E(0D ) =795k A4l
et AAFe MEE FFah It MEs EF TR
2 23 AHI F YR 2(Sigma-Aldrich, St. Louis, MO,
USAYE HIESH o8] 7R ekadle] 20g/Le] &%= 71 MRS
il 27] AEFFE7F 0.10] H=E HES &, 157
£ ol&ste] FHEIF 10] 2 wi7lR] 30°ColA wisia, o
Aol mjgA g 3l diEEste] Mt Feds e
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Hj A b w2 FAS] A aaALe] AEE AP
sle] Bxgog JAdg27) 30gL H7HE MRS A 100 mL
S X333 A+ 500mL Z2FAZ(Nalgene, Rochester, NY,
USAYN 20 gL 20| X3 MRS vi=|ol|A vl Leu. lactis
KCTC 13344 45 B S/HTE 23] AF & 27] AxF
FErt 0.10] HEE HETIINAT HF F 3687 Bk s
Al 4 Al e S 3t | FAleE B EAgdS
=739 o, HPLC(LC-20A Prominence, Shimadzu, Kyoto,
Japan)E& ©|&3lo] AI2 2 AL oMM EAL H e wEE
ke e=a

HPLC 244

HPLC #4& 93kl 283 H7l> Rezex ROA-Organic Acid
H'(Phenomenex, Torrance, CA, USA)S o™, o] FFSE 5mM
H,80,5 0.6mL/min®] F&22 Utk A&7 =248 4
Z7](Refractive Index Detector, Shimadzu)E AHE-3}33Th.
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p-nitrophenol 8- (Sigma-Aldrich)y& <& s=Z A% F
450 nmell A e] FE=E FAste] AFAE skl 71de
sodium phosphate 4Z(50mM, pH 6)° p-nitrophenyl-B-D-
xylopyranoside(pNPX, Sigma-Aldrichy?] 557} 5 mMo] H=Z &
AL 5, 70 uLe] R4 Z1AgelS 30 ul F7kste] 37°C
oA 5E Fot WHSAIZT EANHESS 100 uLe] 0.5M Na,CO,
(Duksan, Ansan, Korea)S S35l F431th A% p-nitro-
phenol FEE 450 nmolX FFEE SHIAL g Fg A
< ol&at] ARt 1unit®] 2L 30°C, pH 6 =719
A 1% F<9F 1 umole®] p-nitrophenolS A= @49 o=z
Aot e SA42 53] whEsiglen Axe Hys &
F9 2= SigmaPlot(ver. 11; Systat Software Inc., Chicago, IL,
USAYS ol-&3tlal, BAIx 2= SPSS(ver. 18, SPSS Inc., Chi-
cago, IL, USAYE ©]&-3slo] A3t

ujol-g AAFelste] A2 M| Eo| sodium phosphate $H5-<H
50mM, pH 6) 700 uL$} 02mm stainless bead(Nextadvance,
Averill Park, NY, USA)E 0.25gS FY3sta 72 7](Nextadvance)
£ o]&slo] AZE 37 et et A2 skee] d%
S 3)5akar YalRa](16,000xg, 4°C, 15 min)dte] 2EANS A
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Bradford Dye Reagent(Bio-Rad, Hercules, CA, USA)E ©]|-&3}
o] AZAPE AAE 2004 @i FEE SA e, A%
FE= 34% bovine serum albumin(BSA, Bio-Rad)yg ©]8-51
AFAE skt

pH ¥ 2=0 st S48

oFFst pHE &S H(pH 3: sodium citrate/HCI, pH 4: sodium
citrate/citric acid, pH 5: sodium acetate/acetic acid, pH 6, 7, 8:
sodium phosphate, pH 9: Tris/HCI)3} ¥F-8-21=(20, 30, 37, 40,
50 ¥ 60°C) 27X a484S A5

50|20 hst S48

FE&ol 2o thek B-xylosidase®] TAYA] WIHE AN 9
st} EAWES 899 CaCl,, CoCl,, CuCl,, FeCl, MgCl,, MnCl,
2 ZnCLe] #F TE7F 2mMe] H=% Friste] aadds =

g3ttt
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Leu. lactis KCTC 13344 #5-o|42] B-xylosidase T2 2a
TS 2ARP Slete Bador ¥edyt Adzavt 747
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A7Fd MRS HiAlolA F2 =7 1744 st AZ2E 3963
t}. Sodium dodecyl sulphate-polyacryamide gel electrophore-
sis(SDS-PAGE, 10%)= Sambrook} Russell®] ®H(23)0l w2} 4=
el on Tz JAL Coomassie Brilliant Blue G-250(Sigma-
Aldrich)S ©]&3}th B-Xylosidase®] EA IS Lee 5(22)¢
Wi S WEsle] £ on, SDS-PAGE ¥ gelS 50mM
sodium phosphate(pH 6) &SNS Z 3087+ 23] AlHS & FF
71821 5mM p-methylumbelliferyl-B-D-xylopyranoside(BMUX)<}
50 mM sodium phosphate(pH 6)7} & agarose gel(0.8%, w/v)
< STFEL 30°CAA 30% WAL F A SellA HES

Att.
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nE

UX|oM 22|18l Leuconostoc & AUZA CHAL

2ktE vjdehet 2 ARShs MRS HiXo] ghiE Xk
e Adrsg tAlste] HA MM EEl® Leuconostocs AHd
2& gAbsS AT B9 S AYRARE thAste] FAE
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a2 FSAE o, APl ARRE 55709 4 F 36709 o
Fe= ALZEE BAYoZ o|83I9AIT, Leu. inhae (KCTC
3774) 2 Leu. paramesenteroides(KFRI 88210) 52| 197 4+
AAZAE BFAQo R o] L31R] FEal) wlER], 4714,
Z77), AR o] XA "EE O] Leuconostoc & B3Nt
o2 FFE WY 45 T I dFE AYRLE gadosn
o] &EAA, WA §/l] dFE AYRAE gagdow o]gd)
2 B3 AoF HyE v Arh24). YE2A] 5EF) L2o] Buo|
A Z¥7y #8]¥ Leu. lactis SHO-472k Leu. lactis SHO-542] 739
EEPS A A9 ol8ad Relgon, AUss, AAwn}
o9 @ AUTEL 0 0 BaHOE olaTHIS),

B-Xylosidase A&

HFAAE IR 219 7] AAERE 2eE Ad=s
& Aoz o]&3t= 36712 Leuconostoc <0l thste] p-
xylosidase 2835 S5 Fig 19 FA1E At o] 4
o] AME BE FFollA] ARk o 2 A XU Bxylosidase &4
g3 Mo Edo] HISITh 7Y =2 A2 B-xylosidase

KFRI 200150

KFRI 200136
citreum KFRI 87308
KFRI 87007
KFRI 86702
KFRI 60708
KFRI 60707
KFRI 200138

garlicum I:

KFRI 87003

lactis KCTC 13344
r— KFRI200139
KFRI 73005
KFRI 352
KFRI 73204
KFRI 61101
KFRI 40347
KFRI 200146
Leuconostoc
KFRI 200107
KFRI200102
KFRI 88014
KFRI 74702
mesenteroides KFRI 73908
KFRI 73902
KFRI 73808
KFRI 73803
KFRI 73801
KFRI 73606
KFRI 73202
KFRI 73007
KFRI 61701
KFRI 60505
KFRI 60308

— KFRI 60303

paramesenteroides

w [

KFRI 61501
KFRI 40333
KFRI 200132

0.0

0.2

0.4 0.6 0.8 1.0 1.2 1.4 1.6
B-Xylosid

activity (uni )

Fig. 1. B-Xylosidase activity of Leuconostoc sp. isolated from kimchi. Averages and standard errors from five independent experiments were
determined and shown. Open ([]) and closed () bars indicate extracellular- and intracellular B-xylosidase activity, respectively.
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Fig. 2. Effect of pH (A) and temperature (B) on (-xylosidase
activity of Leu. lactis KCTC 13344. Intracellular fraction was
assayed for the enzyme activity. Averages and standard errors from
five independent measurements were determined and shown.

A4S Vel 455 v B2 Lew. lactis KCTC
1334424 1.240.1 units/mLCEH+ X730 AL, 7P =2 AlX
9] gAY E FUS FFEA 0.9+0.0 units/mLe] T}, B-Xylosi-
daseZ7} 2 AlXlo] EAste EL(16)YoE B3k MEe
TAEAO] FL #FE Leu mesenteroides KFRI 40347, KFRI
74702 % Leu. paramesenteroides KFRI 6150124 Z}Zz} 0.2+0.0,
02+0.0 & 0.3+0.0 units/mLS YERHSATH

AEA HZoA B E Lew lactis SHO-47S 2.5 units/mg
protein, 2x2] FHHA E2]¥ Leu. lactis SHO-54% 2.1 units/mg
protein®] B-xylosidase TAEFS YERHATH(1S). SolA 24
Streptomyces sp. CH-M-10352] B-xylosidase &8> 1 units/
mg protein? 2™ (25), FRIAZHE EE Streptomyces sp=
gaglo] L2 2U 79 Bxylosidase AL SHEA &
gkov}, zdznlo] @ 2~0] 739 280 units/mg protein®] B-xylosidase
BAEAo] Bad vl rk(16). Al A5 EGOA € &
G294 Paenibacillus sp. DG-227} 2.5 units/mg  protein®] p-
xylosidase &484S YEfo] 2 A3l fARgE 752 548
S UERHem(22), 2 9ol FolA ¥ 584 B. stearo-
thermophilus= 34.2 units/mg protein(20), 73|t Eoll Eel€ C
cellulolyticunre 0.09 units/mg protein®] FATA-S YERITH2ID).
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Fig. 3. Effect of divalent cations on [-xylosidase activity of Leu.
lactis KCTC 13344. In panel A, divalent cation was added to the
reaction mixture at final concentration of 2 mM. Panel B shows the
effect of various concentrations of Fe** on B-xylosidase activity.
Averages and standard errors from five independent experiments
were shown. Based on Duncan's Multiple Range Test (p<0.05),
different letter indicates significant difference between means.
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FFol] A ZANA EHE Fusarium verticillioides NRRL
265182 AUTS B0 2 o]&E W] 57 unitsmg protein®] -
xylosidase & 4E/4-& YERAATH(19).
S pH Y 20 cigt p-xylosidase EAEM

AURAE BAaYoR YAt = A 307l Bt F -
xylosidase EAEAJo] 71 =2 Leu lactis KCTC 13344 475
o] &3l] pH} 2= thdt Bxylosidase?] &4 WIS %
AFsFATE, Wke-gale] pHel| thek KCTC 13344 F5-2] B-xylosi-
dase®] &2 pH 6ollA 71 w9kom, 971 245 W =
ZAoA w3t B34S e ATH(Fig. 2A). RHE2X0] tigh
KCTC 13344 752] Bxylosidase®] TS 30°CollA 7Hd H&
TS YeiRlen, w8 WS40, 50, 60°C)HTHE W
L& R = 200 AthFegs g4EAo] -3 tHFig. 2B).

Pseudomonas sp. CB-33 pH 7¢] sodium phosphate ¢35} 3}
45°CollA] B-xylosidase EAEAo] 7Y & AR BRAHS
w(26), =301 A niger KG79E pH 3.59F 65°Colx] 7P =&
TGS YA, A= el Al & iRl T
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Fig. 4. Intracellular p-xylosidase activity of Leu. lactis KCTC
13344 grown in a variety of carbon sources. Each carbon source
was added to MRS medium at a final concentration of 20 g/L (panel
A). Panel B shows the effect of xylose concentration on -xylosidase
activity. Averages and standard errors from five independent
measurements were shown.

reesei®] 735 pH 2.59014 7FF =& B-xylosidase A4S
ERN O™ (18), F verticillioides NRRL 26518& pH 4.5, 65°Col|A]
T2l 7P =)UTH19). Fote] At B4 e dFE F
B e Fo=2 1o oAl e Bifidobacterium
sp. Int-57¢] 739 pH 7, 40°ColA 7F¢ =2 G484S el
S (28), Pseudomonas sp. CB-33 ¥ pH 7, 45°CollA] T4
gdol 71 =UTH26). B stearothermophilus®] B-xylosidase=
HA pH7t & #F¢ AL, HAF2EE 70°C] Ao=

B 7= I THQ20).

=50[20f Cigt p-xylosidase &AM

F&ol Lo hat Leu. lactis KCTC 13344 T32] B-xylosidase
TAEES AR S8t ukegdo] Ao ARgg T
259 HFEE7F 2mMo] HES Hrisle] aAa84ds 545
Atk AATAHE 243 A, Zn S AQslaL e FE5o)
2o sl o)l sagAe] TV UElen, I F Fe*
< Arels W 7P = 24844 JeRATKFig 3A).

F¥'S TxR(1, 2, 3, 4mM)E AE3 A3 1mMeo] 7P =3
tHFig. 3B).

Hg*, Cu** ¥ Zn*= Pseudomonas sp. CB-332] B-xylosidase
BAEES 3] AslskE, Mg¥, Na', K, Mn*, Ca®" %
Li'e 84848 fo8om S7MZ ZoE HIEITH26).

EtbA210] CHEt p-xylosidase S2A&M

Leu. lactis KCTC 133445 wWigd wj Al&sls ghaglo] Al
W B-xylosidase &840l mXE FFS ZABIATHFIg. 4A).
AU 25 AL BE @A oA Bxylosidase®] E/do] @A
3] ZAstth 53] X A4S tiRTERIEE2)0 H3)] 20
Hj o]te] e gASdS veRilom, 1 o AU Th(beech-
wood)?} ol2HH] =2 Bxylosidase®] 43S IA AsAZH. &
AL xyloseE H7ISINS Wl 7FE A Yelgon, zAd=2
2 Fxo] gk B-xylosidase®] BS AN A, (U2 5
Z7F 30 g/LR] Aol 7HY =2 §4EYS YERNITHFig. 4B).
B A7) AMES Lew lactis KCTC 133449 7% E3ol B
¥ Bifidobacterium sp. @5 Al AL Z27} B-xylosidase
o BAHE frixEshes AR FREHJUTHRY). ALZREE F4E
o7 s R AYT A9 ©idow AIRAE b
Sk 7499 Hd ] BAGNS I8 FoE dAsiie
v, ARG 2 20) vlwste] el W 24AEdS JERIIH
olgiet AFZHE Bxylosidased] HH FEe AXUZ FY=
7] o] AdTEg JH oz Ealgo] 2 A2 29 9
g B3t Avks A8 dvlste Zlojw, & At AMGHE #F
o] M328] Bxylosidase E/0] wl$- Wtk AREE z2pU T 9
Sk B-xylosidase L& F= &7} A Yt APEHE dF
S5k Aoz FAHEUC. Paenibacillus sp. DG-222] B-xylosi-
dase= AZulo]l o B Ao oA AYito] FrEEN O,
ofgi| e, AYES ¥ gl wheol 7R TRl o3
M Al FreldoR AL, AUR2e] e ghAgo] ¢l
= WiAI9} B=gt gAagdo] YEhe ZoR BIHATH22).
3 Streptomyces sp. CH-M-1035= A+ F(larchwood, birch-
wood, oat spelt)?} 7+ TfFFoA =& B-xylosidase E4TAIS
YERN S TH2S). Bifidobacterium sp. Int-5728)3 T, reesei(18)=
2 779 fARH AYEAE BAY0 R o] 83e HS 7t
F =2 aA%AdS Yelldh Sweptomyces sp. 4= ALZ

)

H

il

oX,

al

B>

o Iz
£ ©agoR olgahA] Xatgen, FTAE, AdY % A
2rlo| e 2E BAYOR o85S Wl %2 B-xylosidase B

24s UeERASITH(16).

m

HHE MO|1¥ES W MM

Leu. lactis KCTC 133447} A2Fsl= B-xylosidase] ErAglo]
st EA 2 gAauge] Bxlge F4387] 93] 20 gL
o] X33 30 gL ALZAT) Z47F gAY eE 7k MRS
Hix]efA] B MEZRE dL dAes A7|dEs & ¥
7142 BMUXE ©ol-&st S FNE Attt 527 &
WA zlo] Al o] A E (relative mobility, RS HIFSZ Tt
W o] BAERE F4 A} oF 64kDa F719] ©iHo] Y
2A7F Ao ARSE Ao IRiEE S g
ATHFig. 5). WA Leu lactis KCTC 13344914 AAHe = p-
xylosidase= xyloseell <Ja @do] F=%m #A50] 64 kDagl
G Fo)AY FYUT 64kDa 2719 AT9|E FAdE dulFd
ZAow FALAJTH SHAA A A A 7hed oA
o|A] B-xylosidase®] 712350 YERAL, S84 Tl
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Fig. 5. SDS-PAGE (left panel) and zymographic analysis (right panel) of intracellular protein of Leu. lactis KCTC 13344. Lane M,
molecular size markers; lane T, total fraction; lane S, soluble fraction; lane I, insoluble fraction. An arrow indicates the putative B-xylosidase.
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Fig. 6. Profiles of cell growth and intracellular B-xylosidase activity of Leu. lactis KCTC 13344 in MRS medium containing xylose as
carbon source. O, acetic acid; W, dry cell mass; V¥, ethanol; @, lactic acid; A\, xylose; A, B-xylosidase activity. Results from three

independent measurements were averaged and shown.

YERER] go} B FFdlA FH == Bxylosidase= 7H-d &Y
Al Aoz At ).

T3l B3E Paenibacillus sp. DG-229] 739+ pMeXyloll <]
& o] §¥ Bxylosidase”} 80kDa Z7]2] il 24
o] YER O™ (22), E verticillioides NRRL 26518 94.5kDa =L
71¢] B-xylosidase”t H.ILEATH19). Pseudomonas sp. CB-332]
B-xylosidase FAFFS 44 kDa®|™(26), B. stearothermophilus T
9] Bxylosidase2] ¥ F7]= 150kDaS 2 75kDa2] F 7)<
2T BAE o|Fo)F Aog HIEHATH20).

HjEA[ZHOl| HE B-xylosidase EAEM

B-Xylosidase EAg/do] 7P & 30gLe] AYZAE AR
81o] Leu. lactis KCTC 133445 vl sle], v oA Zdol] whe A
A, B4 A AL2A AR ZE oA EAF 2 ool ghg]
A AFE ZAVBIATHFig. 6). Leu. lactis KCTC 133442) A

AEE HE T F 2007 Foll A7 Tt on, vl
710l FYUE ALYEEE 8] AR Rshal Alzke] A2
T2 AR aslh AY22e] AL 20%0] AR Ve
3, A3} o EARS oF 30l SR AAEIoY e
2 A=A st olet At BAYUR AUBAE o83}
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