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Bacillus pumilus WL-11 KB HEEE A NaGd EERHEWER AKX
Identification and Mode of Action of a Xylanase A

Purified from the Culture Filtrate of Bacillus pumilus
WL-11
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W B sr—# Bacillus pumilisWL-11 KE BB B2 L RALASBREXAFTHAR, 2LARE L H.CM-
Sephadex A Sephadex G-75 B & & s 4l , K AF — AP sb 16y WL 11 A X488 A, £ 5 F ¥4 26.0kD,pl 15 9.5, A R E KRB A K
Hot ey AW K, 1A 16.6mg/mL, Vmax 18 # 1263pmol/(min'mg) . AR B A ) pHRE LMY 6.0 £ 104, REHA pH B W
MAET2 28020, RAHERRBME, REHERABE A 45C ~55C, 48 37 C 45 C A T ot ik 8 2 8 7 9 8T ;50CH# =2
MLEBENGFEMKY N 2h, ART SOCHRKET, ABGARETRL 55CH 0CH 698 E X XM 55 A 35min F
15mine WL-11 KRBH AT RETEL BAFPBRAKGTERARBOSGMERLL AREBE AT AHARTARBRGARE
MR R K, RMHPLC A O EERI GRS H AR BREAARRESE A A AP ARESE, RAAS YRR
FhtHRAEBGORR L BORRERKS; 5AAHORIARBAYRMRANOL ARBSE A RAARBESR
HBAHEROBEEEMEIEE, RATICHI T WLHBARBMER R I ARBOIRE S X ARAREIARRRS
MWL ARRBEEMR LR LS KERS AHEAS K30 WL 2248 AWAARBEH A ANLBERYT A2 KBH
B i AP R EEEH EIAR AR,

X HIFTRAE, KEBS, ik, AR
hESES (814.1 XWFRIRE A 3T %S 1000-3061(2005) 03-0407-07

Abstract  Microbial xylanases have received a great deal of attention in the last two decades for their potential applications in
food, paper making and animal feed industries. Bacillus pumilus WL-11 was identified as a producer of alkane xylanase free of
cellulase after screening soil samples of paper-making factories. The xylanase A (XylA) was purified to homogeneity from the
culture filtrate of Bacillus pumilus WL-11 by (NH, ),S0, precipitation, CM-Sephadex and Sephadex G-75 chromatographies.
The molecular mass of XylA is estimated to be 26.0 kD by SDS-PAGE and its isoelectric point is 9.5. The apparent Km is
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16.6mg/mL and V, is 1263 pmol/( min- mg) towards oat spelt xylan. XylA is optimally active between pH 7.2 and 8.0, and

stable at pH 6.0 to 10.4. The enzyme is optimally active at 45°C - 55%C and stable at temperature below 45T, with its half

time of activity of 35 min and 15 min at 55°C and 60°C respectively. HPLC analysis revealed that hydrolysis patterns of xylans

from oat spelt, birch wood and beech wood by purified XylA were different. The XylA is determined to be an endo-3-1,4-

xylanase, as it generated mainly xylotriose and no xylose was detected among the three hydrolysates. XylA has strong hydrolytic

activity towards the pentose in the hydrolysates of beech wood and birch wood xylans, but was not active to the pentose in the

hydrolysate of oat spelt xylan. The crude WL-11 enzyme can efficiently hydrolyze oat spelt xylan to a series of xylo-

oligosaccharides, suggesting its potential application in nutraceutical industry .

Key words Bacillus pumilus, xylanase, purification, substrate hydrolysis, xylo-oligosaccharide

A BEBE (xylanase, EC 3.2.1.8) R — KRR
FEmARBHBE EAEBARAMANEETR
B, L 208 KXFEMAREFNEKRLZHE, BN
SN RBE R X F 3000 £ 55 (5| B htp://www . ncbi.
nlm. nih.gov/ &% CNKI ¥ E#I Pl &35 #EE), HAE
FEHARFNARTEX AR, AREBEERK
TN, TRBEEMERTILSHMAEYER
i R = N A D = RN 1 I 4= B 1
% AT R M BB AEY . HEX, FE B
RELIEHAREBEMAYHATEEEENAH
e, ERRE S R LB BT R F U KA AL
HEXRY, Hd RS NBNBYITERAREBE
HE3 A ¥ B 1 (bio-bleaching) K& & B i £ {1 B A ¥
W B

HAFARREBYRYERTARZTHRES
ARBHEBRIATINAN—-ITEERNE., BAT
AEBED FEMYERENBEDARAREBHEH
O REEBNRYERFANTREZBENEME,
TR E EHE RSN E T ERE Y 5t F
ARRARARHEE S KWL GO R RERY
fERF R, Hd A=Y amERREEAEHNF
B EERAZEN (HPLC) 3 . 2 E T (TLC) &
%[6—310

EHRENFTHE DR EYARBRER~EH
MESHHAAT, FEFRERM LB T -1/
EMABREBERE" . NZEPIBERET —%
40 B K S O B 7 A A 0 /N ZE U FF B8 ( Bacillus pumilus
WL-11) , MR T HARBEB A& RIH" .
BZHEATAERE, LS AEES, RARY
B Tl B U B . A ik — 25 40 BT 5 90 12 A K B 5 A
RIYER R Tk b FIH A, A R & T WL-11 KRB
VR s B Al B F R R R 4 T 4k
B WL-11 AR REERE A MR IR T M E HEARFBE AR
AR HE (Sigma /=5 ) BB %3 72 , Rl HPLC B 4047

TEMNWRER=WERIE, FELERM EHFT
AREFERE A FEFEARBEYHERT Ko

1 #MR57®

1.1 HAE WL-11 ABERNH &

FH A S T 2 O 306 R R B T At A SRR B = A
B & /N F R (Bacillus pumilus WL-11)" . % F
&K %k K (60g/L) .(NH, ), S0, (8¢/L) K, HPO, (4g/L) .
pH 8.5 W= B IS £ 4 37C 5 5 WL-11 4 36h J5
4°C,10000x g B 0> 15min EREXRRIEFRERE,
RIBAREBEMBR,
1.2 Bn B
1.2.1 FBREEHT . KM 50 %W F K (NH,),S0,
B EAEBREBITE. RELRAEEEET
0.04 mol/LpH 7.6 WEHZMW-EEMRE bl ,4 C
EEFKEN 24 h B (PEBRAK 1K), %K4%E, 18
AMKRBEBBAT TSR,
1.2.2 CM-Sephadex /2 #7: ¥ LR 18 B i 85 & 0 A
F1# pH 6.0 1 0.02 mol/L BE R 28 vf VR FLF- 4 1Y CM-
Sephadex( Pharmacia 7= i ) £ ($2.6 cm x 25 em) L, LA
EAHANFHE NaCl B9 pH 6.0 ¥ 0.02 mol/L B IR 48
R GE B A B BRUE R, A 1.5 mL/min, BB IE
10 mL, NaCl ¥& B 43 514 0.2 mol/L.0.4 mol/L.0.6
mol/L, & H BB ARREBBIE AR, K%,
1.2.3  SephadexG-75 J&#T : ¥ b R W& 48 B i A 3
pH 6.0 /9 0.02 mol/L B% BR 4% vh ¥& T °F #F 1y AKTA-
Explore SephadexG-75 ( Pharmacia RO (42.6 cm x
60 cm) I, A pH 6.0 7 0.02 mol/L B8 28 rh ik Y it ,
FHEA 2 mL/min, BEWE 10 oL, KEREBHE M
MBI R TR K ETFER.
1.3 ERHEERUE

FOCER (11347, LA mE B R A iR HE,
1.4 KEEREEHHIE

B 0.5mL Fl pH 7.6,0.04mol/L f B2 Lt 2 44 28 nh
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¥ £ % : Bocillus pumilus WL-11l KRB A NG ST RARY BT R 409

BOE YW B AR, WA 1mL kA RHER
PR HI B 1 % B9 K JE W (Oat Spelt, Sigma) % ¥,
50°C {8 30min /& , DNS I %E if [FOH & (LLAH N
). IS N EX N ERFZGT, B8R
1pmol FIARKERIBER 1 BB J B0 (u) o
1.5 KEEHRNKER
1.5.1 BHBI ML 2 g/L E 10 /L ABHE
(Qat spell,Sigma)ﬁfEE%,ﬁ%“bﬂA 2 pg/mL B AR
VERE A, LLSA N RSB 7E S B (] B A R SRR 9 P
BHRAEEER (AT RERNEE, H
Lineweave-Burk {8 & , 5+ BIK th K B¥ERG 130 1
HH Km M Vmax fH,
1.5.2 AR EHMR N LASEEH 0.04mol/L, pH
HATOHMELRZNEMBELHRR EBERS
BITEA [FE TR , /R 10min BUEE, RERH =
FREHE AT RN E RS, YR 8EE
100 %,
1.5.3 BBEEH BassaHHpHEN 2.7,
3.7, 4.1, 5.7 K 0. 1mol/L FIFFBERRZE mh ik , pH {H N
6.80, 7.2, 7.6, 8.1, 8.6 {1 0.04mol/L 2 Lt 244
ZrpW A K pH{E N 9.6, 10.5 B 0. 1mol/L I 5k BR
HE P BE LRSS 4CHE 240 S5, % pHEE
T6RMHARTEHMESE, UREBEIBESEN
100%it o
1.5.4 FEAR R A BiE VR B : F 0.04mol/L, pH {H 7.6
2 b AN R v BGE MR BB, EE AR E T R
R 30min, € REE S, LABE TBRE N 100%,
1.5.5 BHERMNMEE pH: A HAAFEKE AH
pH B b iR B i B B, Sk B M 5 B E WG 15 7,
LABEIE B EE N 100 %it,
1.5.6 £RBEFUBENE®R ERNEZR PS5
A5 mmol/L B &R R & B B F 7, W& KER
WS MESRE FXBEBEIWNER, A NE
J& B IR R,
1.6 KREEEBR=HWE TLC 4

ZR3Er(12],
1.7 WL-11 REEER ANTRARENABEEY
P& % B 7= ) HPLC 4 #f

43 B PR B — & B A [7] 3R R 9 AR BB (Sigma 2
A=), A pH 7.6 1 0.04mol/L P bt 2 G428 nh ik i
BR—EXRENARBEERS 120000/min 2 L
10min , B _b 18 W) 2 B 7T 7 R SR MRV 8, 4 1 B
FRTREEARBEEBRMESE BREEMA
800 u i) WL-11 KRB A,40 ~a5CEBBIEH R

R, 4+ 31F 0.5.10.20.40 .60min BAE , BREE S5 57 B K
A KB RE 3min K,

4y HI 5 bR R B R R R BT B R e
2 0.22um B IS 3 BT HPLC &
o HPLC 44 & 14 5 : & E M i ZARBAX NH,,
WEHRZHE K =85:15 (VI V), mEFIERM , B
B 30C, AREBRAN HAMERR S5,
—fEHERHATHNE R,
1.8 EEEEREHYE™

TR A ARNAR S BES RN HE,

2 #R

2.1 WL ARERNSESALSER
BES0nmMESNTFRAEBEL L CM-
Sephadex # , LA & NaCl f98% B8 2% b B Uk A 7T LA
HEPTATAREEO AR ZEAERER. £
& 0.2 mol/L K NaCl KR mp ¥ Y ML )5 W] AR B & K
EEMBEHNEAEB(E 1), RATERNER
Bt AKTA-Explore [ Sephadex G-75 HEXT B 0§ K 5, 3

1200

< 0mol/L >}«0.2mol -»}«-0.4mol ->}«0.6mol>]7 ~
210001 {¢ E
E ~
S 800 | {s &
= A B S
2 {4 8¢
= 600t 8.8
g 388
“ 400 =
& 12 8
_i 200 | 1 8
g 0

1} 20 40 60 80
Tube number

Bl 1 CM-Sephadex fj ¥t i 28
Fig.1 Purification of xylanase by CM-Sephadex
column chromatography

QO xylanase activity; <> protein concentration.

kb

—974
—66.2

—43.0
—31.0

20.1

—144

Bl 2 KR SDS-PAGE M3k (12 %)
Fig.2 SDS-PAGE examination of xylanase purification
1: culture filtrate of Bacillus pumilus WL-11, 2: after ( NH, ),SO,
precipitation, 3: peak B from CM-Sephadex chromatography, 4: purified
xylanase A after Sephadex G-75 chromatography, 5: protein molecular

marker. The arrow indicates the position of xylanase A.
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i —F WA Eas, 2 615 t—H B EHREBIK
BTREAHBEA, K IXEBKEN WL-11 KR
WERE Ao

Wit 12 % K SDS-PAGE i, 3k ) <& 43 &8 4k 1k i
BPEARNTHERFERARER A MK,

£1 WL ARBESEA4LNXBEER
Table 1 Purification of xylanase produced by WL-11

ZERME 2. ME SIS BROFET, BESPRES
SREBLSEMK SAEHMAREEE AL I2 21
SDS-PAGE & 2 88— %7,

BIE ERER, B4 WL-11 KBRS % 4tk
M RWME 1,

!
|
|
|
]

Purification fold

Step Total protein/mg Total Acivity/u Specific activity/( u/mg) Activity recovery/ % i )

Crude extract 1680 86528 51.5 100 1 i3

( NH, ), SO, Precipitation 1204 77899 64.7 90.0 1.3 i

CM-Sephadex 40 16600 415 19.2 8.1 i
SephadexG-75 4.32 4860 1125 5.6 21.8

2.2 WL-11 KRERE A BHER
Z23—FRAoESlE, B THEKEHRER
R A(E 2% 4), FHRERKERRHFARRERS
AR pI N 9.5(EERAL ), M\ KL TRIFE
BEARMMEIBRTEMRER L (B 3), 48
ZMEASTFRA N 26.0 kD,

521
50F .
48
46
a4}
42+

4.0
0

lgMW

0..2 0,L4 0.I6 078 ll.O
Mr
B3 RS FRAFERDFEAERE 2
Fig.3 Standard curve of relative migration and molecular

weight of proteins

X Lineweaver-Burk fEE B340 T K B HEEE A
MBS - RUREXR,ITEREER A LIER
B AR ER K, HH 16.6 mg/mL, Vmax {4
7 1263 pmol/ ( min* mg) .

WL-11 AR A EAR pHEZEWR T 4C
BE24h G E pH M ZMRE MR N, LR E
8,7 pH 6.0 £ 10.5 WE A ZBRFHANRE, (B
ZR RS E A pH TEEMTE 7.0 £ 8.0 Z 6], K — T
BHEAREE  BEERREN 45~ 55C, 7 37°C.
45°C UL B i B AR HE BT ; SO CR IR BT, X BE
EAHEER AL N 2h, BT SOCHIAE T, %
MR E B 2E,55CH 60°C BT B BETE 1 ¥ W4
%124 35min 1 15min.

Cu” Hg'" \Zn"" ¥ £ RBE FX WL-11 KE¥
MEABAKNMHERIH X > 95%); Cd™”

Mg’ \Ba’* \Fe’* .Sn’* .F&’* K Li* FMtZBEA
—E HIBOE VR R (BETE AE 2% ~20% Z 18] ) ; A" |
Mn®* .Co™* %8 FxHiZ MM E A — & MM H £ A
(MHEZE <20%),

2.3 WL-11 KAERE A X A R 3k A TR0 ARE
ULz 0k i)

KA WL-11 KEVERE A 2 513 % B FH#ZE (oat
spelt) . B K (beech wood) . ¥ K (birch wood) 3# 1T F&
% HE WL-11 KEWHE A XL AT B ERRER
BELRMET AR PEFERNB AW E M, &
AEREMBEERPTERNYEE REHTZYHFY
BAEANELTU AN, WL-11 KR¥ER A X JL#H
AR REHARBEHEFESEIFA -3 AR
MARBEVWERTXEEER,

#—# K HPLC I KR WERE A B A R
REHARRE-YARIHAERSR, ZERUHA 4,
i B 4A B LAFE B, BEE R B (8] 300, B 1k R
FOR =B FK 2O & B & B % 0, 20min J5 & ¥
BTREARPAODEMAABENETE 20min &
e MERH TR R HBERNERNERE
B/, 20min FRRRBZHE I, ESBEAKRK=HH
ARMEHBRRME. KN E 60min B, B =9 4 LA
SRR RN T, A, BB BRI S
KM, XEH WL-11 KEBE AR THTB AR
Wiss.

HE 4B KB 4C W LUEH, WL-11 KRR A
FEMEMEARFBARARBRBMEE=Y H=. 7HH
EFHREBEIELZIE AN TEMNNRBEE— T
MER T FHARREMNS . ARZPBRA=ZEHH
BN BALEBHMIUME AR AR X T X
BFREARM AR S , KR HA A 5 R A )
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¥ I # % ; Bacillus pumilus WLl KESH ANGN ST RARSBET A 411
H PO TR I SBE , BE R R TR PR R A BN B8 T B s AR
B, BARKRIN RN AT B B IR R X B
9
5 ~ 8
iJE\ \ :E ZJ B %2 c
g ! 21 51
° 0 — %9 x 0

20 30 40 50
f/min

0 10 60 70

<

10 20 30 40 50 60 70
t/mm t/min

(=]

10 20 30 40 S50 60 70

B4 WLl KRR A BRSAFERRTRERRE=WH TSR
Fig.4 Products analysis of different soluble xylans hydrolyzed by purified WL-11 xylanase A

A:Oat spelt xylan; B:Birch wood xylan; C;:Beech wood xylan.

Oxylobiose; [xylotriose; O xylotetraose ; O xylopentose; x xylohexaose.

2.4 EHRWL-NEXABREHRERRERERESY
f TLC #17
EAREBMA SN AR S, BMEET I
SRR B A REB TR — W ARERS
P o B, Yo X I R B R K RO RS W B R
TRREKAETESBEO TLNA,

Xyl

Xyl2
Xyl3
Xyl4

8 xy15

MILl 2 3 4 567 8 9M2
BlS  WL-11 AR BE B [ i 70 5 K OB B9 7= W9 9 TLC 5347
Fig.5 TLC analysis of time course of oat spelt xylan
hydrolysed by crude WL-11 xylanase
M1, xylose; Lanes 1,2,+:*,9: samples hydrolyzed in 0, 5, 10, 20, 40,

60, 80, 100 and 120min respectively; M2, xylo-oligosaccharides
mixture; xyl, xylose; xyl2, «xylobiose; xyl3, xylotriose; xyl4,

xylotatreose ; xyl5, xylopentose.

KA WL-11 ZEER1G #o A REERE, X 5 & 7
F A THE (Oat spelt, Sigma ) # 17 K& M ()2 [ % 4 [
1.7), RATIC BT HER=Y . SR WK 5:F8
ER LB RIEE I, ®E R RBEZEHE WL-11 KR
REERAN—RIIERE. BIMRMIE, KR
AN SERE AT TICENREEAE, L
BHASNEU LW ERAREYS ST EHTLUEE,
JRBLZE 120 min, KR PNE —EBH KRG FERR
REAEESIN ., 2ABXMERER=Y PR

BEARE X REEE WL FESWERRTR
AEFER A, RN ZER=H o= ARETEH, Lk
SRER WL AREB T EFARBEH &
TRIRARE,
3 i
3.1 ¥ WL-11 kEEESY

K25 THEB WL-11 ARBEBES —BFEAMMN
EARMEE R R AT UE R WL-11 AR
RENplIEHERE FTRPHINFRITEARESE
B plH. WL-11 ARBEBHEE pH X pH R E W
ERHETERPI LM ERFRITEARER, i
AR, (L Bacillus sp. Strain AR-009 K
ERMAOEE pHEEURBEMNRELERET
AXHRE WL-11 AR,
3.2 EHRVWL-NAREBEBAEEBEYNER
R

ST [R) R U i AR B B % 7 0 O T A i AR |
UK, EER MBI B, KRFERE A REERX
G FRIBEE AR REE, L BRS F SR, ILET (R R
KO FHER MAANBESEREIEREAREH
FPMABARREEEMR, R & B KM
FHHTREARBERBPAET SFRE, Lt
AABEERAHEARREBER KEEF M
Ko ME S B9 RO LUE W, bE 2 B R I L
MEAT AR R P KA F SRR e B B S T 8 o BN
SFENER OAZE KBS 2,5 3), %
BEANHRRBET SATHLKER, i HH
&% AN RZE RN AMF, XA EREAS RMAE
VAR AERBOUERNERTSE. #
Mitsuishi %AE"JH;‘E%%US] ARBHOESERKE®
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K, AR ROBERS X H R AR AR TR B R AR

FATFREEBRKEARRERRES

£2 EHHE WL 5—EFRTEAREBFEMNILLE
Table 2 Comparison of WL-11 xylanase and some xylanes of Bacillus strains

Molcular Optima Stability
Strain mass oH Temp oH Temp pl
/kD /C /C

Bacillus pumilus WL-11 26.0 7.0-8.0 S0 6-10.5 S5 9.5
Bacillus pumilus A-30 23.0 7.5-8.0 S0 7-9.0 40 8.5
Bacillus sp. W-1 21.5 6 65 4-10 40 8.5
Bacillus sp WL-12 15 55-1 - - - 9.1
Bacillus stearothermophius T-6 43 6.5 ) 6.5-10 70 7.9
Bacillus sp. strain BP-23 32 5.5 S0 9.5-11 S5 9.3
Bacillus sp. strain BP-7 22 - 120 6 S5 8-9 .65 7-9
Bacillus ploymyxa CECT-153 61 6.5 S0 - - 4.7
Bacillus sp. strain K-1 23 5.5 60 S-12 S0 - 60 -
Bacillus sp. NG-27 - 7, 8.4 70 6-11 40 - 90 -
Bacillus sp. SPS-0 - 6 75 6-9 85 -
Bacillus sp. strainAR-009 23, 48 9-10 60 -75 8-9 60 - 65 -
Bacillus sp. NCIM-59 15.8, 35 6 S0 - 60 7 S0 4.8

WL-11 KRR A X LR =F KRB R Y HPE
R — L[ A B XA R Y R R R RIS
FEER S R R, B — B A 3R AR g [ R R )
AEBEYHERZYT BN RARBEE., X
—HERE WL HARBBERREARENEG
RE—BH, XtBANS M UEEAT WL-11 £
BEHR—MARBBRHERER., SREARMHEEAR
FERIRYMEFEAR R, %X E A KRR YR
FETY LB TURE B 9K SR PR AR BB ) BB, FER N AL
B RRFRARBEARNG K EREYRERE ™Y
T X & & e R KB YRR MRS T A X
ERERKBZE,

AR AN pIEN IS, EAARER AN
SFRATLUAEZERE T A KB R 11 (Fanmily
1), &4 F& .5 pl HRARBEERK, F11 ¥
T Y K B 3 B %o K B I ) Y e £ R I AR 10 MK
MAREBMREEFES & EENERTY
FEABESFRENER WA B AZBES, A
23ERATLIE H,WL-11 KEBBEE A XHEY KN
BARXE FIORKENAREBAEL, WS F11 Kk
MARREBY R RER T AR, B ZBE
YIS RS —E RN, X EMRER
y Lo R

MEARBERPEAA 5B E R
M 10% FA AR RE, KMBREN YL 0% L4,
AMBERAMABHE P ABERESREIE 90% LI

EP?), Ebringerova A A" MRE T AT BB M E
KEARBERNEM AT ERAR, EXEREREL
KEERFE, BINSEH — B BPTRARE B H R
RS ERETAHEEARBAKASBEERREY
FEEHNE T E SRS OB B8, Fh{aE
BEABEE LERBRENILEEN, MAKAEH
AREEMEEMER, RERBRARAEY, KKK
BEMSERERERNEMAMUERER, THEH
AEBEARAREMO X MESH, BN WL-11 K
FEMERFTEENAEEBITESAXRNES
WA AR ESNESHTIE RS I, XM
EHMERTARES A XHRAE—BMERE, 1,
B 2 5] 8 B8 K (MR AR ) B e R R RS R R B, R
BRENSHHELUEERE, B8 A X BN R
BOAHRAR, RELE, B FARREAREE
A0 4% 5 # S [, 3 A ) 4 45 g BT BE X TR] — Fb K 3R
Y B8 P 0 VS ) o) e L5 1) o BEL 38K I A [ T 5 B AR
YN ER,
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