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Hydrophobic Interaction between B-sheet Bl and B2 in
Xylanase XYNB Influencing the Enzyme Thermostability
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B E S ART Strepomyces olivaceoviridis ¥ B E R R AEBE XYNB TR B AL oS RARBH AR BT FHRAL
B AR RS, KL T XYNBH TILY 5K X, LE XYNB & F ¥4 &K Bl & B2 #9350 K4 A = B o B AR 1 49 ¥
., % L8 XYNB AR ASE P R, 568 XYNBBALE L KR8 XYNB(FI M2 35 k88 £K B shie) /788 F AL
BSR4 XYNB #& Ak XYNBAHBHREG 2REREL RM—4H% 60C, %% XYNB'®RiE pH Km AR ILE
HHH T BT, ERERTARBEXINBHEA S FAARAR I AN R KBENA L ARERAX A—F N
ML AT HEGEBHH,

XD ABHEE XYNB, £ 55T, #ATH
hESHEES QS5 XWFRIRE A WL EHS 1000-3061(2005)03-0414-06

Abstract A homology modeling of xylanase XYNB from Streptomyces olivaceoviridis Al was made by Swiss-Model. The
hydrophobic Interaction between B-sheet B, and B, in the tertiary structure model of XYNB was compared with other thermophilic
xylanase. A T11Y mutation was introduced in XYNB by site-dirrected mutagenesis to improve the thermostability of the enzyme.

The XYNB and mutant xylanase ( XYNB’) expressed in Pichia pastoris were purified and their enzymatic properties were
determined. The result revealed that the thermostability of XYNB' was obviously higher than that of XYNB. The optimal
temperature of XYNB’ for its activity was 60°C , similar to XYNB. But, compare to XYNB, the optimal pH value, the K, value
and the specific activity of XYNB' had also been changed . The research results suggested that the aromatic interaction between [-
sheet B, and B, in xylanase should increase enzyme thermostability. The mutant xylanase XYNB' is a good material for further

research in the relationship between structure and function of xylanase .-
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K B B R MK R 3R M P A AR A SR AR A AR
MESER, AT E-1,4-KBEEEE LN 7 XK@
ABESFHHB-1L4BETR B LEFENEL
HEEY, AEBEBEEL AN . ERETLMR
BRI L HAE RN ARRY . BT AR
MHEMESIRHITTRERMR, B4 FKFL
XNE&EHBEEHREXNEHNE T N TR, &
HARARBEBSABEHEMERBRE, TEFUTILA:
F— . HCRkIF R HAREBIFRABEEX . H
16 HHABEXEBHERE . %2, LR
MM _HRENARBEBENARENE —ENWEM,
EATES # ks Mk ENE RS E N
BEE MNTEEEOBES"Y £, S ABHEE
FBREHESHEOMNBERNMBERNESER X,
SHFERES, - BRXR, EOXREHEAREHHEE
R HERA TREFEROMEEASHMKE
HREEAARBROHEER . MAENES S
MEBRMSELTHPREAE 0% ~50%"° . $
o, EREER S AL KBEOHE/ERAES S
BBUKHE EERBANEYHNESER NTREBEEN
HEE",

kW F Streptomyces olivaceoviridis B A R e
XYNBE—MEAMBHEWSHLERREHEE, X
HEHRRALBRERBOHERY , A0 AREH
XYNB #4714 FEE RN AWRIFIFER T H
STFNEHEKER S ERREEHEERE R,

1 Aoy &
1.1 B BRA

AKEWEBEBE vwyB (EMBL K & 5 X
AJ292317) 1 A L 06 = M Streptomyces olivaceoviridis 28]
SilE™ ; K B #F B ( Escherichia coli ) Im109 1 BI21
(DE3) .7l iU B pUC19 MR ik B pET22b( + )3
HALRERF. BHELEREKER GSIIS. &KiE
pPIC9a A Invitrogen 23 0] F= & o
1.2 #FE

K disE e 2 LB, SRR B B 3% R 36 YPD,
MM .MD.BMGY 1 BMMY K B #1 7 & 0.2 % Uk
(91,

1.3 ITREMELRKN

FR#IEE Kpn I \EcoRT .Small .Neo I . HindIll
M Bgl 1 % DNA B Wik 7 &4 B TaKaRa 4t 7] ; T4
DNA %8 N Promega A FIF= s EH R4 T EHR
% Phamacia 23 &) 7 df 5 B % 1 K B B 4-0-Me-D-

glucurono-D-xylan ( From Birchwood ) ¥4 B Sigma 7\ &] ;
HeEhFRR KR E >~ o,
1.4 Fi&
1.4.1 EHEE: Wit PCRIIYPWT .
(1)79: 5'-TA |GAATTC| G |CCATGG| CCACGGT

CATCACCACCAACCAGACCGGCTACAACAACGGGTT
C-3'(& EcoR1 K Neo I BB &)

(2)Z10: 5'-TA |GGTACC| TCAGCCGCTGACCGT

GATGTT-3' (& Kpn I WYL )

Hep 29 RREFNY, FE FUAHR > ARE
MBHMR., £33 XYNB R H ok B4
S5HRER T, B E RN A TILY, RITRES Y,
B PCREOFTEHTERARE, URBRTENR
xynB' . Wit Kpn I M EcoR I XUEE VI 47 54 xynB'
SR T pUCIY Eik, B 1L K FF & IM109 LI K
BBt EARE, RIEHFN pUCL9-2ynB’
AT 5 5E o
1.4.2 FEHRFIFARBOMHE:

(1) pET22b( + )-xynB' Fik B ik

L Neo I 0 Hind [T XUEE U1 15 &5 65 28 70 Bl 2
B xynB BB T pET22b( + ) BIKB L KA H
BL21, EA MR HTHEYIEE.

(2) pPIC9a- xynB’ Fik AR

5 E 40 iR pUC19-xynB' il EcoR 1 0 Smal 1
FHITRE Y], BUK xynB ZEE, EHHHEAZ pPICIa
FB) EcoR T M Smal I i & 2 18], 7 WL & 40 i R
pPIC9o-xynB' WNTI ¥ H K ZE A W [ Bl A0X1 5 3h F
T, T H 5155 BB Fr 51 B E 58 8 B 32 HE 4R .
1.5 EEXABEBORERAL
1.5.1 KBEHEAYTHRFHESRE: I RELWE
LA 17100 M B A Sml LB 3EFHRE$ (0
Amp EARYE 0.1mg/mL);37°C}%rég 3h, f# 0D, B9
EiXF 0.6 ~0.7, A IPTGC Z 4 ¥k & 0.1mmol/L,
28°C 150r/min B § 3 ~ 4h, B B A B O ULIE, 3 A
pH5.2 AT BE R 2% v R UE %, L) 600pL L W iR &
FHEE, TEKE L, 100Hz SRR BB B HITHME,
BiK 6s, B R 20s, HITZREREH , O, W ARH
fig L ERGHEITEEE I, BETE MR v L UK
(8,10], 3 #1715 & H K9 SDS-PAGE 7147,

1.5.2 HHREBESHRHRE:

(1) BERE A B o 35 AL RO 0 328

A% B 40 kL pPIC9a-xynB’ FHl Bgl Il BRI 2 48
Ak, i L B R R KBRS b 7. Bk
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R 2 W Invitrogen 2 7 #:4E FM .

QEHAESHER FRRENEN .

B EREE 1], EABEHAREN
BARBEEE B, KBS S N ERIE R B .
BERABRNMBEMBESRENER, REATER
Invitrogen BE1E F Mt o
1.6 EAKREESBNAL

BBk & B b 1E M 2 i LA Hiprep Desalting 26/10
( Amersham pharmacia biotech T2 H )R Eh /5, B &
5+F % Superdex 75 HR 10/30 ( Amersham pharmacia
biotech F %4 ) #lifl, , 1B BB Ik el ) BHRE B -

1.7 AEREBIENAE

X A3 & Br# A B9 Somogyi-Nelson ¥ o

B TS B A8 SC 01 K BOBE MRS 1 A (TU)
Pl 1% ] %% 1% K B ¥ (4-0-Me-D-glucurono-D-xylan,
Sigma From Birchwood) HJEY , B4 80 75 pH5.2.55C
FUETABAREAER 1lpmol KEEFIFEHWEE.
1.8 BFEHEROINSILR

BaGREMERB(RAFAEEFBERR
I L) " TR RN LR, AR
BRf R EMA e RIE pH f pH R EME LI
2R T X AR A RBEMEENE
L EEEY N EHR MEERMAREOMENSE
Wi, WEHERSHCERI8],

2 H#E

2.1 REMANRE

%F XYNB R asif http ://www . expasy . org/
swissmod/ SWISS-MODEL . html I 3§ b 58 i, #E i &K
R XYNB B T4 11 EAREE"Y , AWK A
B RITBRA—1EH o« BIEHR. B2
AFRLEM, B 1P d The # Ty, EA41451
fLFEHM &M BL A1 B2 £, MREINE 11 &
M 4FEAARBENSHINT PR, EHAR

N T
AR

1 XYNB 5 FH# R
Fig.1 The molecular model of XYNB

YER(R 1), T X AT AE AT AT REXT A2 E BB RO 45 440
EEmHBREEREAT . £ XYNB 4+ g
AL SR TH-Y16, 304 The' RN Ty, A AT R
B BK B .

F1 OITEAARBERABEIENARSEEAAER
MEAKEEERBSH
Table 1 Optimum temperature and aromatic interaction
of N-terminal in four themophilic xylanase

Aromatic
i bond in .
Optimum Accession
. i strands Bl
Protein Organism temperature No.
and B2 of
/T . (GenBank)
Catalytic
domain

Caldicellulosiruptor
Xyl 70 YI2- Y16 AF036925
YEISE o Rw69B.1
Xylanase B Dictroglomus 85 FI4-YI8  UT6545
. )
yLanas thermophilum
Th
THA ermomonospora 75 Y9-Fl4  U01242
fusca
Thermo.
XynA omyees 70 W21-Y26  U35436
lanuginosus

22 ERRE

PhaynB AEEH P HEERTER B, L%
MR EERHFERMN Th'' REN Ty, REEE
FEER pUCIY LA BRI . BREREMNRS
Wit B s s —3.
2.3 BHARERNMEE

i 2 B KB AT B 328 AR A e R B B R A B Ak
WrBERRLAE 2,

pET-22b(+)XynB' W-Hindlll 1
6075bp Bel

B2 B\HRXFE pET-22b-xynB’
X pPICYa-xynB’ By EH
Fig.2 Physical map of recombinant expression plasmid
pET-22b-xynB’ and pPIC9a-xynB’

24 HEXEBEBOREIRAL

2.4.1 EXBIHFEPHRE: TRRY, REME
KEHETBITREE), REMWEEMLF
B2k, 58RSTE—B., BEHAKBHITHEAK
AW EHENBEEEN S /oL, XA RTEMEA E
WK R 0 N
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2.4.2 B BRI R WO TERR IR AKOF LR ol R
AR T T RS FGR S 720 S AT M 6 — -

PR, T i S RE AT SRR S

REFR . TERERRRE b33k B 5 o 09 o 4 7 LA . Q P

PEIRF] 30 1IU/ml., /£ % BERE | EY 9% B85 W B R & TR

Fif [ F) 4 I, SR L b A SR A U H B 0 30— 2

W B A AWK LR B S 1200 15 A R B AT M T ==

1 ¢ ] A 4) .

B (5 ACHBERE XYNB 20 k09 SDS-PAGE 4147

B3 KW FT I ki A 958 XYNB () SDS-PAGE $H4f
Fig.3  SDS-GAGE analysis of sylanase expressed
in K .enliBL211 DEZ

Iz CK; 2-5: XYNB’ expressed in KeoltBL21021kD 1,
kD M I 2 31 4 5 & 7 8§ 9
07 — il
{“’l—-
45—?
30— e
20— gy
s

14—t e g

Bl 4 AR R A Rk A R B EEAE XYNB Y

SDS-PAGE 4 iy
Fig.4  SDS-GACGE analysis of sylanese expressed in

Pivhia pastaris
Iz CKs 2 ~ 9 expressed XYNB' in dilferent lime afler industion with

methanol (31kD1 .

2.4.3 AKEMNE XYNB ALk, Zai{kis, ke
A SE 7 B XYNB OB 50, 5 L0 1k 9 25 W
BERE TR 09 I ME XYNB'" — il 7 s ¢ 1 He 44
B % -

1}

& i ——XYNB &
= Bl - o >
2 —O—XY¥NB Z
E 60 =
2 £
v o40r @
z 3
= o} ‘ £
u v
= 0 : = 4
0o 20 30 40 50 6D 0 1 10 20 an 44
fimin mn
¥ 6
Fig.6

a:607;

Fig.5  SDS-GAGE analysis of purified XYNB'

Lrerude XYNB s 2:purilied XYVEB'.

2.5 ﬁiﬁlﬁﬂﬁﬁ*ﬁ'ﬁttﬁ
o4 5 R A XYNB' A9 34 B2 5E P XYNB 1%

iﬂcﬂl AR & (E 6), 75 60°C fl 70°C 43 B &b 1
6&0min Fl 10min, XYNB' F % G A E S0% 1L 1 - W
XYNB 45 i 150 A 10.28% H1 18.65% ., {F 80C
HL90°C 4 5 4b 8 Imin, XYNB' 4 £ B 75 L 4 91 K
98.07% 1 34.39% ;  XYNB ®l S @5 1
56.99% Fl 6.91 % . Hziékﬁ%-kiﬁ%%ﬂﬁﬁ]&f.ﬂ%jﬁ
B IR, SIREE—F N 60T,

fE pH PEIE I XYNB' B 5 is pH 0 5.6, 45 Bl
XYNB 1 5.0 477 2 %, pH B & &ﬂﬁ&ﬂ:}-m@mﬁ
AR . AE B 6 LE 55 7 B, XYNB R 1179610/
meg. F XYNB e85 1 33% . R0 8 % oy imi, %8
TERE XYNB'TE Km {8 | HOFURGAT 43 9% , X 18 8 %2 15
MEGERORLNE. 2EBE T N HEBE
2 0 SR PR D i et 2 2 N 2 B A A B D o) 4
VA0 0 4 T g 7 0 fl 2 ik 7R i 8 A R Y
R, BT, 8 4 T 15 M 0 4% 09 4t
Hﬁﬂ%mﬁEHM%ﬁﬁn

3 itk
HHET, £ CenBank | %% F 0955 11 1 K B
J =S 10 24,00 BT & 5HE EH f =
REHE R AL . XYNB 55 11 oA
R A 5] 98 T, XYNB 9 5 B vyvaB ( EMBL i 3t &

101
= = 3(,‘[ 1
= 80} 2 d ——XYNE
Z 4N . B0 —o—XYNB
240 g 0¢
2 2w
@ &

[} L ol

a 1 2 3 4 a I 2 3
fmin rmin

REHE XYNB' LA XYNB £i: A [5] i T i 38 B s o o
Compansion of thermostability of XYNB and XYNB'
2 b I0T B0 s 90T,
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K. AJ292317 ) B A K B E M Streptomyces
olivaceoviridis 52 " | [A] I8 ¥ B & ) 15 3 86%*,

H TR LLE ST XYNB B4 TR,

&2 ABUEEE XYNB # XYNB' RIS SR ILE
Table 2 Comparision of enzyme properties of XYNB and XYNB’

Properties of enzyme XYNB XYNB'
Optimum temperature/ °C 60 60
Optimum pH 5.2 5.6

pH stability' 5-9 4-9
Km/( g/kg)? 20.87 11.89
Vmax/ ( umol/mg- min) 4568 3045
Specific activity/( IU/mg) 886.89 1179.6

Effect of metal ion and some reagents on enzymatic activity

Cellulase activity No activity

Resistance to pepsion and trypsin

EDTA,Cr* ,Ni®* activate slightly
Zn®* ,Mn®* inhibit slightly

SDS show no effect on activity

Retain about 95% of its activity

EDTA,CrP* ,activate slightly
Zn®* ,Mn®* Ni%* inhibit slightly
SDS show no effect on activity
No activity

Retain about 99% of its activity

1:pH range in which the relative activity was above 80% .

2 :unknown molecular weight and concentration of xylan led to the unit of g/kg indicating K, value.

S 1 AARESS B EMTAEEREE
BHAEERTS , SHREEMATREEEWRS.
AR BERGER, —REMERMERS 11
AABEHBHAREHEEAKNAER, BitR
TR & K B0 B ) A3 8 M W B A O HE X R 35
FHREAEBRNHIT L,

RAVELX 4 MERABEBE RO T RHA
(R, EARRBBARGTEAEZ NI T EFRAER,
HRARAECNERBES RYRNE S, HEEL
ZEKBEKHEERANBHIREHEE —TF
Mttt ERIE ARSI A YMRE, KRS
AmbBEHES AmESEHAREE, B, R
fI17E XYNB #15| A TI1Y ME SR E, f# XYNB & ¥
M) 8 37 &AL BI A1 B2 b7 5 0 UK B BE AR AR
I/ Y11-Yi6 Bi/KHEEM. &R EW,TIIY BE
B XYNB'HMABREHAEHEMIES . XYNB 7 60C
A1 70°C 4y H) 4L B 60min, 10min, %) 4% B i 1 7€ 50%
LAt , T XYNB R EEH RA 10.28% 1 18.65%
XYNB'7E 80°CH1 90°C 43 B AL 8 1min, F 4 8536 ¥ 5
%149 98.07% 1 34.39% ; T XYNB #| R MEHERA
56.99% 1 6.91% ., 5 XYNB # TR B FH FHR AR
B& ) B 7K AR B 7 E e ) I B K 3R 0 I Y R 1B
BEHE 70CLL E, T TI1Y 4 8 XYNB' H & &
BERFAEZR6OC,HRERR, K TNNY BE
MBRERERAEZW ENBMNEERENARTE
MR HE SR EN, R E MR R REME
FARMER, RTH Ty A T 5SEMEETF

HRERXRARKEYNEAE R THESKYME
M, FERTEA Kn {Hh 20.87 (g/Kg) THER
11.89(g/Kg), WG LM MM IE RS HE, RAN
Vmax B TREM L E MR E, 74 THY RAEMH
XYNB &S pH H 5.0 # /Mm%l 5.6, pH R EMHHE
EHEEANERA, HERAFHE SR,
BT onB' FFIRERZMEEME RN
AL ERBREMABRER=YH S FEH 21kD 2
HF 31kD X 5 M XYNB B h R AR —
H"Y, ATFRIMMENERRENEHEB¥H
BRZBIMXR EMBERRINHEAREREE
BEr, Rk XYNB'5 XYNB LR IEEBE AR,
3k H Streptomyces  olivaceoviridis Ff) A E B
XYNB EABM BB R, ERBMOS
HAMLEERENARESR BEANEEOMAMK
EOMME N MELZRETFANXAESEAY
XYNB F) B [ R 5 T B 8 52 oA, 7 B8 ) pH £
et EHM A B, & XYNBHI3[ATIIY B
ERREL ERRFT XYNB LB R R L3 —
FRETEHRYREENE, A REs T EMAELR
R EHMEAEFHNHAME,
AXH LR R, P 1 RARREEE R
F B R Z 8] W B K A8 AR ST | K R
PEEHABREENHEM, REHE XYNB' 578
XYNB(UA— M HEBMWER, BEMER LK T #
BEMABETS, EHNNER L INEER 3 H %
YR EMLEN RE pHE N myH R Ek, N
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HE—-PHWARBBEN S REMMRELTRRY
PR, BEE KBRS R OAREEREEM R,
RHBER S BEY b RARGERAOAREREY
A48 A R R TR A 0 45 4 5 ) RE BT S LR
AR I 3 F L OF X N PR BT
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BRI E AP H IR L MWAE —~-~iLH HPLC/MS F=

LELHEACHAER AEARECHELE - MHERBHCQESH - HPLC /R L(MS) R4 . FihXF T

HENBERARBEEARGARRSES R R OEE & EERE=RFE,

FEAYEFRARAARBLEORA*HE RELMTEORNORE EHANE ARUBESERRKENER.

RATREMFHESHARIBMENEEHEAR  WARBHOHE BREABASTEERE, VRS EEH G BROES
BAMEA, BIESHIENHEESI - TMTREEEF L ZECREUF LEATHRABKARE BB T HEENH
RBE RRTHMTNEGFEER.

RRTEARRRFAMTLHER,

RARRL BTN LERHAERARAREABN REER REME N TFEEANEARSBYITAHBHY,

HPLC R AR THRE KEF BHERRHESHERT R, B - HPLCE A REMEAL¥EHANA, Bz AR

HEY RIBFBERARERMECNA QBEAYHRAET AEA¥ LEYHN AREL FERMNAERES,

ETHEZRERLHEMNEL ,E17A : www. agilent. com. en,

(ZHEH  H45)
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