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Bacillus pumilus WL-11 KB A 4L L ERHEWEBHR
Identification and Mode of Action of a Xylanase A
Purified from the Culture Filtrate of Bacillus pumilus
WL-11
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B E A —# Bocillus pumilus W1 KRR BB WAL B2 R AAARHERBEARATHAE. B Ak Ld C0
Sephadex & Sephadex G-75 & #7 4 % sk AL , K 4F — AT sk #g WL-11 AR 488 A, L 5 F % 5 26.0kD,pl £ 9.5, A % £ AR B X &
HE AR K, EH 16 6mg/mL, Vmax A% 1263 pumol/(min'mg) . AR A S pHRITE®H 6.0 £ 104, REHA pH & &
MWET2ESOZLHE , AHMEARBS , REFEABEH 5T ~55C, 37 T 45 CATHESRAB T ELE,50CHED
BOEMEANFREAN S 2h ERLSOCHFRT GBI ABIREL, STHOCHGBLLEN S % min &
5min. WL-11 RRAEEF AT R B TEA BARBAOTELARBORBLEE LA KREHS A LARARES AL B
HHBLEEAT . RAHPICEA S W LEARD BB AR ARSI REAAAERS A A ANDARES TRAHGEM
FHEIPBAEBARE L RAREERRL SALHSREAERADBBARAGL, BB A st A AKX B %M
BRAOERGHERREARE. RATICASH T W HAEBRSRAZIARBRO IR SRV A L ARBEY
HWLNBARBESMEAZARES RS EAR THW WL 224X AMBARBAE A, A L8R+ Lo A#T
B i oM R B S INERE.

X@in #mFRHE, AR, Bk, RHEM
fFESES 08141 MRLERIDA A X FH 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. Bacillys pumilus WL-11 was identified as a preducer of alkane xylanase free of
cellulase after screening soil samples of paper-making factories. The xvlanase A (XylA) was purified to homogeneity from the
culture filirate 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 - 55°C and stable at temperature below 45°C, 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 ende-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

hvdrolysate 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.
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A BEAH RS (xylanase, EC 3.2.1.8) B XK REER
FREARSNEE EARBAEMHANEZELR
B L 0 FRXFEBAREFT AL ZHE BHA
ShHEREFRIE A 3000 £ (5] B htp://www.nchi.
nlm. nih. gov/J& CNKI o B A Tl & SC 48 ) I H i
EEBESHHPIRE AR, ARBEAERK
e, AR RER T hREDED
B R Tl B R A R T A
% A AR S REARE . HER, AW
RELEHAREBERYARGTREEAEENAR
TheE, Tl g S Rl R T R ZELL KA AL
HELS, Hb  BSABRNBHEREAREBTE
464 4 M 8 1 (bio-bleaching) B A - H & K B A B
R R

T AR 6] A B R M A R R Y B E T AR
AR R T WA - TEERE. HEdT
AR TEHNE ZERREDARERENSH
e, A B A KRR T UM IER B IS By A
BR 35 3558 SR R B0 0 2 b SRR A X = A F
R I A B S IE Y ML & AR R RN
EHFR. Kb Ay anERERAFHBT
035 B JE WM 2 A7 (HPLC) 35 2 R 7 (TLC) i
et

AHFRENTHEE e R RES R W
MAESSRAT, EILEE EB T MBS
EYABEREEMED . NZETFEEET &%
S0 B A 58 0 i P AR o /N ZF LR B ( Bacillus pumilus
WL-1L), W5 T A BB A Y& s .
BEAT AR ER, PR RETR, RERT
BT ANE. AE— o ARZARRER
R R B Ok R R A, A SRS T WL KR
RO AP Ak BB MR M BR SR T Ak
f) WL-11 REEBERE A XORIR THE HEARMBEARN
AT BE ( Sigma FERO BB R R R H HPLC =40

T EA b R4 L 2 , 7 SRR b AR
AR A BRBARERYMERT .
1 ME5FE
1.1 H#E WL-11 A B ESENH&

H 2 52 B 2F 07 ok F R R A T B A R R e T A
B /b T B Bacillus pumilus WL-11)'" . A
%75 Bk B (60g/L) . (NH, ), S0, (8g/L) K, HPO, (4g/L) .
pH 8.5 (/= B3 5 4 37°C HE 9% WL-11 #4 36h |5
47 ,10000 x g &.0> 15min R H AR FRAEKRE,
HIH AR R AR
1.2 BHHE4gW
1.2.1 FEEh . £ A 50 % @FE I (NH, ), 80,
HhiT - RH RS, RERMEERRFT
0.04 mol/L pH7.6 KIE Lk Z B4R EME P .4 C
B FKEN 24 h B (REBRAK 1K), KHE, 5
HHEFEEERATT 2 %R.
1.2.2 CM-Sephadex 2 #7: ¥ & iR 13 $I| i) B i 0 #
|4 pH 6.0 1 0.02 mol/L B ER 28 v ik - & #) CM-
Sephadex ( Pharmacia /= )£ ($2.6 em x 25 em) L, LA
&4 AR NaCl #7 pH 6.0 89 0.02 mol/L B§AEEE
R I A Y B e L R 1.5 mL/min, B EUWE
10 mL, NaCl ¥ & 4 %1 47 0.2 mol/L.0.4 mol/L.0.6
mol/ L, & 3 BLA A T I 5 NG 15 1 0 I A ok, W A
1.2.3  SephadexG-75 2 #7 . # - 3 e 4 £ & Jn i 2
pH 6.0 £ 0.02 mol/L B% & 4% np # 7 ¥ 85 89 AKTA-
Explore SephadexG-75 { Pharmacia PR ($2.6 cm x
60 em) b, LA pH 6.0 B 0.02 mol/L B A% 28 wh il HE MR,
FiE R 2 mL/min, BEYCE 10 ml, 4R BT REM
Ve RS AT RKARTER.
1.3 EQREaBNE

HoCEL (11 LA ME B R E AR,
1.4 AEEMBEIHME

B 0.5mL J8 pH 7.6,0.04mol/L I B2 L Z 822 nb
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BEYHBORREEEBE, MA InL XARFE
M ECH B 1 % B9 A K WE (Oat Spelt, Sigma ) % ¥,
50CH i 30min /5 ,DNS H: 8 2 £ FE & (LA
), MENELRERFZFHT, B0 WER
lpmol # A RIBEE R 1 M AEIE LI u),
1.5 AESBROER
1.5.1 MERMIZh A% AE: LA 2 /L E 10 /L KE B
{Oat spelt, Sigma) N EY, B FIMA 2 pg/ml B AR
BERG A, LA e 7E B (0 5T VB R AR K SR B IR BT
BT BE (UAEID RIERMNERE, A
Lineweave-Burk 8 B ¥, 53 BISR th A B BB a0 30 h1 2
FH Km #l Vmax f§,
1.5.2 HREEMR . H LA 0.04mol/L, pH
HATOHMEREMEMBRELEREL , BBE Y
PERRRE T I8, SF 10min B REBH 2
FREEEA T R E RSN, UM BREE S
¥ 100 %,
1.5.3 MMBEEH B SYHpHEN 2.7,
3.7, 4.1, 5.7 B9 0. 1lmol/L F9FTEERRZE b ¥k ,pH fH N
6.80, 7.2, 7.6, 8.1, 8.6 3 0.04mol/L i) & . Z 84
ZrW LR pH K 9.6, 10.5 9 0. Imol/L B9 3 M
thBPRE ARG ACHE 24h 5, A pHES
TCRBEREMEHE.UREFMENRESE N
100% 3t o
154 MERMEERE: A 0.04mol/L, pH {4 7.6
) B2 b 2N R b JBLE R AR, E A IR T R
RE 30min, W EILRETE S, ARG IS AT B E O 100% .
1.5.5 FHERMMERE pH: A HARE R AR
pH F 48 wh R TR N B O, B R AL O Bk M e BB OE
LIREIE TR EE RN 100 %it.
1.5.6 & BB T X B IE B9 ) : 15 SN K R w4
MA S mmol/L FI&FARF & EE FIEH, MEARE
WEEIE L UERERE FAEEE R, LA
RETFHAXHE,
1.6 AREBEMRTWE TLC S#F

ZRwk12],
1.7 WL-I1 AREMAMAERENAERED
PR B =4 HPLC 247

4 B FR B — & B A B3k B KR B8R (Sigma 2
B ), F pH 7.6 19 0.04mol/L B H 2812 th ik A2
B —EREMHARERRSE 120000/ mn # L
10min , B _E 3 3% 1 25 4R 7T 25 R AR MR S O, 3 B
FRUBEHARBERNELSE, SR EAENA
800 u B WL-11 KERFER A, 40 ~ASCTRBIRH K

B, 43 %1 F 0.5.10.20.40 ,60min BLHE , BUHE S5 57 B K
A B KERIB 3min KK,

Sy S BRSO R R R B LR R
fh 2 0.22pm JE T 38 )G | % B B P S i 4T HPLC 4
#r. HPLC 78 %4 9 : A B H H ZARBAX NH,,
WA LHE K =85:15 (V/v), mEF RN, B
HE30C. AEMPRHEN AAFEHLSH ™, 8
— B REAFHEE,
1.8 B8 REENRE"

R BN RN RR PR SRR E.

2 #R

20 WL-NIAREBNSYESHEER

HE 50% W MmESRTEAHHBEES L CM-
Séphadex HE, EAAE NaCl 89 5% 82 2 v o 0k B 7 LA 4§
HETASAREEO AR REGAR LR . &
& 0.2 mol/L B9 NaCl #48 np ¥ ¥E B )5 AT L8 2] & K
FHMBEENELE BE D). RAPEERR
%i AKTA-Explore (1] Sephadex G-75 #EX} B M #£ i o

1200
0mol/L+=0.2mol =}+0.4mol -=}«0 6mol=17
I 16

A B

ARE

Protein
concéntration/mg/mL)

g

Xylanase activity(u/mL)

P T S
O -t W b o

(=3

1] 20 40 60 80
Tube number

Bl 1 CM-Sephadex i3 1 i 4%
Fig.1 Purfication of xylanase by CM-Sephadex
column chromatography

@) xylanase activity; < protein concentration .

B2 ABHRE SDS-PAGE ik (12 %)
Fig.2 SDS-PAGE examination of xylanase purification
1: culture filtrate of Bacillus pumilus WL-11, 2: after ( NH, },50,
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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- aBsal 2615 - o ERREHK
BTOEGSHEECD  BXABmE RN WL-11 XE
PR A

it 12 % i SDS-PAGE B 3k M 5 41 55 &b 4k it
BhPEARMTAERFRRARER A M4,

ZERME 2:BEALSROH#T BHESPIRED
ERESAERK SEENAEBEE AL L2 28
SDS-PAGE % k22 88— .

HIE ERE R M WL 11 AR B Bk
RERINE L

1 WLUAERMSRALHXRER
Table 1 Purification of xylanase produced by WL-11

Purification fold

Step Total protein/mg Total Acivity/u Specific activity/(u/mg) Activity recovery/%
Crude extract 1680 86528 51.5 100 1
( NH, },50, Precipitation 1204 77899 64.7 90.0 1.3
CM-Sephadex 40 16600 415 19.2 8.1
SephadexG-75 4.32 4860 1125 56 21.8

2.2 WL-11 ABESH A NER

Bt —FEP S EakE, BB TRk ARE
BE A 27 4)  SHRERKGERRVAARER
AW pl N 9. 5(EiERAEN). RERFG TEIRE
ERRHAMEBERERRERLE (B3, EH
ZEMEASTEH N 26.0kD,

52
5.0 +
48
Z 46
=
44 F
42 F
40 1 1 i L 1
(] 02 04 06 08 10

Mr
B3 RESTFREEEARFENTEDS
Fig.3 Standard curve of relative migration and molecular

weight of proteins

3% Lineweaver-Burk fFE A T AR M A
BB - KRUEREXR HEARER A LEEA
B RYET R ERR K, (R 16.6 mg/mL, Vmax &
4 1263 pmol/( min- mg) o

WL-11 AR B8 A £ pH HE i 4 4C
B 24h FME pH M iZMBREHENE W, H1E
B, pH 6.0 E 10.5 RFENZBRFHEIBE,H
R RGEE A pH TEE M /£ 7.0 £ 8.0 Z ], h—i
WHARER; BaERRERN 45~ 55C,# 37C.
45C LL T B i A A8 B tE ST B 07 s SOC R B AT , B
BHMEFEHKAN 2h, E-E S0OCHAR T, &
BHABTERE,S5CH 0T IME T ETRS
% 35min ) 15min,

Cu’” Hg'" .Zn” F & BE T3 WL-11 AR
MEEBRAMMEER (W E > 95%); Ca™’

Mg’* .Ba’' .Fe’' .Sn’' .Fe'* & Li* F WX ZMHE
— B BOE VR (BT HTE 2% ~ 20% 22 [A)) ; AP |
Mn'" (Co™' B T ZMHEER — EMmHER
(MHE<20%).

2.3 WL ARES ANTRRENAEREE
ok 1:ibo

FH WL-11 REVEEE A 7 5I% & A THE (oat
spelt) . B AR (beech wood ) . HE A (birch wood ) it 17 B
L, FEE WL-11 AR A X LA B AR
M RNET AR TEREROEREEM, &
&% EEAKRETEERENEE XER DT
BRAEMTAT AL, WL-11 KB A X JLF
RIERBEHARBHERIEHFA - AR
MARBEYRENFAFEER.

it— R HPLC A KRR A R
KEHARBE-DERE R ERSR,FRIE 4.
BB 4A FLLE Y BEFH KRBT B 0, ik &
PARZEHMAIEN S BZHE M, 20min 5 Z #
BTFa: &R P AREEAAASENELE 20mn 15
FEE MR EH TR A TBAERMERMBERE
B, 20min FREREH M, BELBRAZEM
ARBHERBK. REZE 60min b, FEM =8P LI
“HMAEERE, A BN R R ARR S
KBE, R WL-11 ARER AR - TMHIIRARE
K.

HE 4B RE 4C Pl LIE N, WL-11 KEHE A
FEMPEARMBERARBN TE=W R =. 2hH
ZHMRRIBRLRAMAMTEINNEREE—X
MER N THAARBENS AEPEREA=BHH
PO AEFLBHEME EBE AR S TR
U5 F AR B R MR T &, 5O R 70 350 A 38 0 P AR A
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FIDURE TR AN /SRR , RE B B TR0 B AR A /D o T Y
W RAARANRUMBH B, AR XN E

=

Sugar
concentration/(mg/ml.)
L=] — (%] W - wn
Sugar
concentration/(mg/mL)

S = N W Rk WL ]

BEE IR A R

Sugar
concentration/(mg/ml.)

S o= N W AN 00D
— T T T T T T

20 30 40 50 60 70
t/min

0 10

(=]

10 20 30 40 50 6 70

10 20 30 40 50
1/min 1/min

4 WL ARBER ARBERTRERBEAIREARBE- YN IHER

Fig.4 Products analysis of different soluble xylans hydrolyzed by purified WL-11 xylanase A
A:Qat spelt xylan; B:Birch wood xylan; C:Beech wood xylan.

=

60 70

{xylobiose; [xylotriose; A xylotetraose; Oxylopentose; x xylohexaose .

24 BHWL-NAARERERAZAEE"Y
9 TLC 447

EABREBMNAET SN EEE P, BYEET I
i B o AL ) 3 B AL IR AR L S — A R RS
=& o B BE, 3o R R ) R R AR R RO A B e
ARG EHTHEIEHOTLNA.

Mll23456‘789
S WLl ABRBSEEHEEABRBH=YH TLC 440

Fig.5 TLC analysis of time course of oat spelt xylan
hydrolysed by crude WL-11 xylanase
M1, sylose: 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.

R WL-11 % B AR 4G % 8 A 3R W 8 , X ol ) 7%
% K B ¥E (Oat spelt, Sigma) #F 17 & 8 ( &L 5L &% 1 [F)
L7),RATIC AT HERTY, LR LE 5. b
ERNAE R, MEAREZHE WL-11 KB
WMSRERM AR - RV ER, BTRMUE KEP
CHEHMEERES BT TICEMARESE, X
BEASREL LMEEAEGR ST BLES,
R ZE 120 min, AR PPHA —E BB K5 FEHFK
EREEBESH)., S ABXHERERTDPX

B AR, XEAEE WL TELHRSRAYR
REES A FNZEREL = AETH, LR
HERER WL ARWME T EAHEMENS
R A Mk
3 it#
3.1 EHHE WL ABRERASH

2P THEE WL KBS %51
HARBRBBFHE S AT UE S WL AR
BEY I EARS TEFHAFAITHARES
B pl fH. WL-11 AE WA 9 5E pH X pH BEH
EMSTERPIHNERFRITEAREE, v
WRAE AR, P (U Bacillus sp. Strain AR-009 &
EHBNEE HEEUABENBEHHEE T
AT WL-11 KB,
3.2 MEWLNARESEEARREDNER
R

A3 47 A IR SR U 14 A B 0 R 7= 4 B9 T A A AR R
DA, ERMNAERE, AREE A RACREAX
SFRBERER, ERES FTHER, KHEERP
KOFER MAABESERE ST KEREN
REMAEARERGIIER, XA FEMM; KN
FHHTFREARREREPABSARY ,
AABEEBRARBARBBRER HIBE R
Ko MBS PTG RETTLUR W, & 888 S
BT AR R PR F R L B S T8 BN
SFEAEHE, AR A=B%(32,53). %
BEANHMRAEBRT SEATHALMSE R, MHHR
SHEANHMRERWNANR, XTEREFRME
VEEWMARBEBMERNERFISE., B
Mitsuishi AR RE R A RBOBEE K ER
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K, ARRBEM X RS, REESRA KR

AFRBERKHARBNRE <

£2 EHEWLN 5 EFRAEARERSHOLER
Table 2 Comparison of WL-11 xylanase and some xylanes of Bacillus strains

Molcular {ptima Stability
Strain mass oH Temp o Temp pl
/kD 11 /¢
Bacillus pumifus WL-11 26.0 7.0-8.0 50 6-10.5 55 9.5
Bacillus pumitus A-30 230 7.5-8.0 50 7-9.0 40 8.5
Bacillus sp. W-1 21.5 6 65 4-10 40 8.5
Bactllus sp WL-12 15 5.5-7 - - - 9.1
Bacillus stearothermophivs T-6 43 6.5 55 6.5-10 70 7.9
Buacillus sp. strain BP-23 32 5.5 30 9.5-11 55 9.3
Bacillus sp. strain BP-7 22 -120 6 55 g8-9 65 7-9
Bacillus plovmyxa CECT-153 61 6.5 50 - - 4.7
Bacillus sp. strain K-1 23 5.5 60 5-12 50 - 60 -
Bacillus sp. NG-27 - 7, 8.4 70 6-11 40 - 90 -
Baeillus sp. SPS-0 - 6 75 6-9 85 -
Bacillus sp. strainAR-009 23, 48 9-10 60 -5 8-9 ol - 65 -
Baeillus sp. NCIM-59 15.8, 35 6 50 - 60 7 50 4.8
WL RBEEES A X R =SHOAKEBEYERE b7, Ebringerova A% AT HYIRE TR M E

R EA eI E] A A FR R IR AT S
FEER B0 SR, B — B AR e B R 5 AN
AESEYHEREDF o BNHBRRERKS. X
RS WL AR MR RERRERNS
RE—HM, XEAF—TBEEHT WL-11 £%
ER—MABRBMOIRER., SREAMNMEER
EHIEMRRAR MR, ZEHEARRBERDE
BT L TR RO Ak s PR R RE T BR , AR R LT
B, ki THRAMBEANRKRBIRIER> YT
TR & B R AR EEY G 85 SR
SREMRBZ.

ARBMANPIENIS HEAEEE AR
ATFETLGAEEME T ARBEE XK 11 (Family
1),BE4SFE. B pl ENAERBERK. FL1 X
1% 64 A 28 0 A o K BB R A AU BE SR R A P10 FBR
A BBEERETED & SENRE~Y
TEAEOFEMNER DA B AZHEF. N
2IGHEATLIEL,WL-11 ARER A RPN
BAXG FIOREMABRERAEL, M5 F11 FK
A R R R R F AANE], BoR iR e
EWEAStE A — TR, X 7 EK IR ER
bl R

MEARBELPEENY SeNEEHERE
0% PIH s A, RBREMN & 70% 6,
AMBEAMARE P ABERAES BEH T 0% U

KERBEHENLH T ERAR, FREARRELL
AR E FEE—ERKPTH O HH R
LS BN T B A B TR AR
82 GITET A& & 8 & BT L6 B, T f {F 9 %
BEAR EE L R 2 WSS, K A
ARG RHR, BERBRAREY, HAR
BEWE ERORREE A AR, A1
ARWOEAR SN ZMEEEWH, B WL-11 A
REMERTEANEAERTESARXENES
A BT R 2 2 ) B 45 4 T T B T LS
S T AR A X A BRI,
B 2 [m) /A B AR I P A ) B P AR RORE A AC SR, R
BERA NSRRI R S, B8 A M TR
BMHEAAR. REEE, Bl TARRREARESR
Py {00 e 225 ¥ A D, 53¢ 4 R 5% 25 g T 0 9 [] — b AR
0 B DA R U 0y B s AR () £ L 380 A I T - B A
YR ES -

REFERENCES( & % 3Lk )

71} Biely P, Vrsanska M, Kucar $. ldentification and mode of action of
endo-{ 1-4 )-3-xvlanases In: Visser J. Beldman G, vanSomeren
MAK, et al. (eds) Xylans and xylanases. Amsterdam. Elsevier
press, 1992, pp.81-954

"2 Wong JG, Nelson SL. Saddler JN. Xylanase treatment for the
peroxide bleaching of oxvgen delignified kraft pulps derived from
three softwond species. [ Biotechnol . 1996, 48:137 — 145

© PERFRMEDHARAATIRSHEST http://journals. im. ac. cn



W E %% : Bacillus pumilus WI-11 A RSB A W8 K ERAE 0BT R 413

(3]

4]

(6

!

AlEat YAt ot At ol Faktat Palttal Partal Yol tak Sot ol Fak fol Palt ot Pal Fak fattal:

Rouau X, FEl-Hayek ML, Moreau D. Effect of an enzyme
preparation containing pentosanases on the bread-making quality of
flours in relation to changes in pentosan properties. J Cereal Sci,
1994, 19:259 - 272

Classen HL. Cereal grain starch and exogenous enzymes in poultry
diets. Anim Feed Sci Technol. 1996, 62:21 - 27

Patrice P, Michele G, Jean PL, e al. Enzymatic preduction of
oligosaccharides from corncob xylan. Enzyme Microb Technol .
1991, 13:617 - 621

Katapodis P, Vrsanska M, Kekos D. Biochemical and catalytic
properties of an endoxvlanase purified from the culture filtrate of
Sporotrichum thermaphile. Carbokydr Res. 2003, 338: 1881 - /
1890

Bataillon M, Cardinali APN, Castillon N et af. Purfication and
charactenzation of a moderately thermostable xvlanase from Bacillus
sp. Strain SPS - 0. Ennvme Microb Technol . 2000, 26:187 - 192
Bennett NA, Rvan J. Biely P et of . Bicchemical and cavalytic
properties of an endoxylanase purified from the culiure filtrate of
Thermomyces lanuginosus ATCC 46882. Carbohydr Res. 1998,
306:445 - 455

XuZHUFEE) Mao WY(E L) Xu ZHBEEE) o o.
Establishmeal of & strain library of xylanase producers and
production of fungal xylanase. Chemistry and Industry of Forest
products (R P={E2E S Tk ). 2002, 22(1):43 - 46

Huang JI{ 9 F H) . Xu ZHOF EE ), Du HL{HE ) et ol
The bio-mechanism of the production of xylanase [rom Bacillus
pumilus WL-11, Food Sei Techrol (& & £2) . 2003, 5:13- 15
Zhuge JOE B ) . Wang ZX( EIE# ). Experimental methods of
industrial microbiology (in Chinese) . Beijing{ {5 )1 China light
Industry Press{ PEZ T HEH) . 1994

Zhang W] { % 4 ). FExperimental methods of carbonhydrate
complex (2}, Hangzhou(HLH ), Zhejiang University Press{ #f il
K=ty . 1999

(13]

[14]

[15]

[16]

[17]

18!

f20]

Xu Y(# B ), Chen M(UFR B)., Yu SY(RHE). Study on
enzymatic hydrolysis of xylan into xylo-oligosaccharide. Chemistmy
and Industry of Forest products (W= {b 4 5 T dv) . 2002, 22.57
- 60

Yang RI(C##i &) . Enzymatic preparation of xylo-olignsaccharide.
Doctoral Thesis of Wuxi University of Light Industry({ 48 8 T &
FHIW), 2000

Mitsuishi Y. The modes of action of three xylanase {rom Mesophilic
Fungus strain Y-04 on xylooligosaccharides. Agric Biol Chem,
1988, 52:921 - 927

Biely P, Vrieanska M, Tenkanen M et al. Endo-£-1, 4-xylanase
families: differences in catalvtic properties. J Biotechnol, 1997,
57:151 - 166
Ebringerova A, Kovacikova A, Hromadkova Z & al.
Immunomodulatory activity of acidic xvians in relation to their
structural  and I Biological
Macromolecules , 2002, 30:1 -6

Beg QK. Kapoor M, Mahajan L et al. Microbial xylanases and their

molecular  properties.  frt.

industrial applications: a review. Appl Microbiol Biotechnol , 2001.
56:326 - 338

Subramaniyan 5, Prema P. Cellulase-free xylanases from Bacillus
and vther microorgunisms, FEMS Microbisl Lew . 2000, 183:1 -7
Chen SC(BR+ M), Qu YB(BI &), Liv XM(AH M) e al.
Purification and some properties of alkali- tolerant xylanase from
Bacillus pumilus A-30. Chin J Biochem Mol Biol (R E 4 1k 5 4
FHEPFEH), 2000, 16(5) :698 - 701

Aspinall G O. Structural chemistey of the hemicelluloses. Adr
Carbohydr Chem . 1959, 14:429 - 468

Puls J, Schuseil J. Chemistry of hemicelluloses: relationship
between hemicellulose structure and enzyme required for hydroiysis.

In: Coughlan M P, Hazlewood G P (eds) Hemicellulose and
hemicellulases. London: Portland Press, 1993, pp.1- 28



