2 3M £ % I B ¥ Wi Vol.21  Ne.3
2005 4% 5 A Chinese Journal of Biotechnology May 2005

ABIEE XYNB o FH3i7 &A% B1 71 B2 BB /KERMEBAREEN
M)

Hydrophobic Interaction between B-sheet B1 and B2 in
Xylanase XYNB Influencing the Enzyme Thermostability
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W E AR KT Streptomyces olivaceoriridis ) HILERERSE XYNB 2T F A LR A LS FAARBBALSFTEARL
BEAHAGEMON BT XYNBH TIUY RLEE K XYNB & F P 4r £ Bl & B2 98544 M P8R40 48 F 1 67
. BT XTNDALAMR S PAZ AKX XYNBZ2ALEE A& XYNR(RHZE A S RE G4t )R TR FRAL
# HEEY XYNBHAHREL XYNBHARZSRH CREEEL B4 60C. A, XYNB' # & i& pH, Km L2 1L
MM E - RHATE. FREETARBESE XYNBH RS FFAAARZ AR KBANANS A AR THMA AR -FTHE
Hhh e TR T KR A IHF.

QR AEBBXYNB, £AELE, AN
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Abstract A homology modeling of xylanase XYNB from Streptomyces olivaceoviridis Al was made by Swiss-Model. The
hydrophobie Inferaction between 3-sheet By and B, in the tertiary structure model of XYNB was compared with other thermophilic
xvlanase . A TI1Y mutation was introduced in XYNB by site-dirrected mutagenesis to improve the thermostability of the enzyme.

The XYNB and mutant xylansse (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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ARREER R TR AR R AR AERN AR
MEABR. N R 4-KERERELIA T 20K R
ARBAFPIMBLABER. E—-LEEMES
BEM . KEBMAESR T8 B ST LR
HHE CHEET ZOMAREY . BRI AR
MOSH SRR T THREHMMR, ESFKEL
MEEMBEERACNEEE T —EN TR, &
WAREMARENNERRZ . EZEAUPILA:
F-BCRAFNHAEEEIARRER K
16 BRI EE RERK AR o B2 RS
BH_pigd A RERAORBERAF —EMNEA,
T8 o i e R T A A1 B B AR 1 A A 45 4 A
EE MNMESEBORERE . B2 FEARES
MEEHSHEANMEERMBEARP S &AL
WFEHRES, SRR, EHRAHEFES R R
Mog HEHTERBEAMMEERSHHE
MBI A RBHHEER . MENEASP
TR & B i TR E T 40% ~ 50% ° . B
I, %5 i o BB S i O K B A AH B AF 4R 2 B
B K MRS SER MME S 8B
MBS .

H AR T Streptomyces olivaceoviridis B K T ¥ B
XYNBR—FEARBHEHNE L EAEER, K
EREALEEAENTREE" . A AEHN
XYNB AT T BB R AN sl f R HiIiER 7K
aTHIMFKER S KRR EHEHER.

1Ak

1.1 BN

AEBEBEEHAN onB (EMBL W ® 5 K.
AJ292317T)HI AL E M Streptomyces olivaceoviridis s
Bk K FF B { Escherichia coli } Iml09 #1 B121
(DE3) . 7 B BB pUCIS FIE A Uk pET22b( + ) 1
MALHZRE. CWEEARCEY GSNIS HK
pP1C9a A Invitrogen A1 kT
1.2 BFE

KEF # E 37 % LB, e R B 5 3f & YPD.
MM MD.,BMGY # BMMY [ BC &l 7 3 W & % C#k
(9"
1.3 ITREBMELRN

FRil® Kon I \EcoR1 .Small .Nco 1 | Hindll
1 Bgl I B2 DNA EIWIA 7 & W B TaKaRa 2 A5 T4
DNA K8 N Promega AR fh; BEHBR T T84
#EH Phamacia 22 ) ™ dh; FIE M AK B 4-0-Me-D-

glucurono-D-xvlan { From Birchwoed) 14 H Sigma 23 7 ;
Hue b ulm = o ag.

1.4 HiE

1.4.1 EHERE: WiHH PCRIIPWT .

(1)29: 5'-TA [GAATTC, G |CCATGG| CCACGGT

CATCACCACCAACCAGACCGGCTACAACAACGGGTT
C-3(& EcoRI1 B Neo I FIREEIAL &)
(2)Z10: 5'-TA ‘GGTACC TCAGCCGCTGACCGT

GATGTT-3' (% Kpn I MIBEBAI 55D

HP 29 RETS|Y.FH TURNBPARE
BT . £3% XYNB REECERARERES N
S5t BEREM S TNY, BT RESY,
Hid PCR M T HEHTESRT, UFEBETEA
onB'. @it Kpn 1 M EcoR 1 WEGEHI 7 54 xvnB’
FEREH T pUCIO Bk, L A B E IM109 L) i
OBERE v B vk, REH EE pUCI9-xynB’
PHIT R P
1.4.2 EHRFHEEMRHEE.

(1) pET22b( + )-xynB' FikE &

L Neo | #1 Hind | RV L S M R MR
B B WEH T pET22b{ + )R {EBEILKBETE
BL21, 28 R i FT B U] 45 5 -

(2) pPIC9a-xynB’ FikE (&

FHLH MR B pUCI9-xwnB' i EcoR I H1 Smal T
AT R, [ onB' B, 2 75 A B pPIC9a
EH EcoR T 1 Smal I {3 & 2 18], & i & 40 /8L
pPIC9qa-xynB" M\ THT ¥4 B 9 5 Fl ST BE 3] A0X1 338 F
T, MBS ESREET TR ER K EELR.
1.5 BEEAREBAORERAL
1.5.1 KEHEPHMES R BdREHME
FIL 1100 MR B H 5 A SmL LB K 3R & (4
Amp ZEREE 0. 1lmg/mL),37CHEE 3h, {F 0D, HI
EixF 0.6 ~ 0.7, MA IPTC ELEE 0. lmmol/L,
28C 150/ min 5% 3 ~ 4h, $f A & .CUTRE, IF A
pHS .2 & Fr B8 B2 28 bR PE 3%, L) 600pL X 42 il B
PR, TEUKE T UL 10082 49 A 7S B T4,
IR 6s, (R 20s, HITEHEWEN, B.L, A ARH
ARG T RS TR R, AR R MR vk W Ok
(8.10°, 3 #1715 % 5 SDS-PAGE 547 .

1.5.2 HFRBEHhmES:

(1) BRI R L AT 3

HE A A pPIC9a-xynB' H Bgl 1 By 4 {# 2 2
Pfe, G L R A, BRI T . B
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B 35 W Invitrogen 2> Bl BLEF L.
(EARSNEF FEIFREANEN.
BEEFERSEICE1]. EHBEN LN

BN E AN R, AR A ERE RN B

WEEBHMBERNESEENE, RETEL

Invitrogen ¥ 1EF

1.6 HHKREEBRLSGL
BEf} R BE L 18 MR 42 R L Hiprep Desalting 26/10

{ Amersham pharmacia biotech T H )i &5, B &t

4+F % Superdex 75 HR 10/30 ( Amersham pharmacia

biotech Tl #F )4 fk , 1G k£l AR EE -

1.7 ARERBEHNNE
¥ R E brof F Y Somogyi-Nelson o
BTSS0S 1 DA RBRIS tE f (1U) H

L 19 7] 7% #E AR B 8 (4-0-Me-D-glucurono-D-xylan,

Sigma From Birchwood) R /K ¥, 8 7+ $h 7k pH5.2.55C

AT ABEARREE R lymol KBEFIRHHEE.

1.8 EWEERBTHSHLE
BakEWRTESREB(RE2ERETX

PRI A" ST R Y R BB T . AR

BIGEEMBREMS. RIS pH M pH BEM &

. eBREFHHXEERNTAREEEHNOR

WLEEE IR MM E A AEEOBENY

PERL . W T RS H SRR (8],

2 #K

2.1 REMAHWE

%t XYNB # 6 {F B 7£ http://www . expasy . org/
swissmod/ SWISS-MODEL . himl B ¥ F 58 . #EM K
BEER XYNB B T8 1 BARERM " & RM
MBI BRF—TEMN  BIRAK, ¥ M2 TR
HFERIGH. B 1 PEE Th" #8 Ty, B85
GFESMATERBLAIB2 £, WREAE 11K
B4 M A RBIMSEW b 2B, EH AW

Bl 1 XYNB 4> TR
Fig.1 The molecular model of XYNB

EF (1), xR M E AT e R E BRI E .
EamoREEEEER . £ XYNB & i
ol 7 &5 & TI1-Y16, Q0HF The' A5 % Tye", W A7 9T €
AL HEAKETEA.

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

Aromatic
. bond in .
Optimum Accession
. strands B1
Protein Urganism temperature 4 B2 of No.
c an _0 ( GenBank)
Catalytic
domain
Caldicellulosi
Xylanase o cenulosiruptor 70 YIZ- Y16 AFO36925
sp. Rt69B . 1
Dictroglomus
Xylanase B ot 85 F14-Yi8 76545
thermophilum
Thermomenospara .
TixA 75 Y9-F14  L0j242
fusca
Thermomyees . .
Xvn4 (J) 70 W21-Y26 135436
lanuginosus

2.2 ERRE

L onB HEHK, FIEEREEEN xynB’, H 4
EAEERAERMN Th!' BT Ty, REHENE
WEER pLCy L EBIMFEST WEREMLS
Wit e H RS —E
2.3 BAFRERRAEE

B K AT F R 4R R B R R B R A A
B BE LA 2,

B2 #EHEREMA pET-22b-xynB’
K pPIC9a- xynB' BIRE
Fig.2 Physical map of recombinant expression plasmid

pET-22b-xynB’ and pPIC9a-xynB’

24 EAXEBBORERSAWL

2.4.1 HKBITHEPHEL: THRRW . ZETHE
KEHETER T EE(E3), RANKEH T T
X2k, 580 TR, EHXBHEAR
B LIS ROREIETE N 5 IU/mL, X iR R TG IE
FHARBERIEE.
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242 BEMEPRHEDR: TEAEEERKT LA
FEGEYA THITHERES, BT 720 FHTHEE
HHE,MELERABGKATH S HEBRRY
Kk, ERERKFLRIBRENEA THBEE
WA 30 IU/mL. EEAMELER EETRES
HEMER, KB FERPAREREE 2 EH
N MEAAHER, BES 120h 5 AR B E AT

i% 400 TU/mL(H 4),

kD M 1 2 3 4 5
97—1 o 3 i
66— e

45

30— =

B3 XBHFERANARMER XYNB /Y SDS-PAGE 4 %7
Fig.3 SDS-GAGE analysis of xylanase expressed
in E.coliBL21( DE3)
1: CK; 2~ 5: XYNB' expressed in EcoliBL21(21kD).

kb M 1 2 3 4 5 6 7 8 9

20— e

4 EEETERSRANARME XYNB'H
SDS-PAGE 43§t
Fig.4 SDS-GAGE analysis of xylanase expressed in
Pichie pastaris
1: CK; 2 ~ 9: expressed XYNB'in different time after induction with
methanol (31kD) .

2.4.3 AKEVERS XYNB f4ifb:. 24fbf5, 286
TkaERIZE A RS XYNB' (B 5), 5 RIRT difk 89 2 % %
B8 kB RS XYNB" — BH#TEE N RA LR
.

t/min t/min

100 100
£l ——XYNB| ¥ o
F —0—XYNB z
Z 60} & 60 —0—XYNB
& | ]
g 40 L 40r
= 201 s 20f
N . 2N . G b
0 10 20 30 40 50 60 70 0 10 20 30 40

KD M 1 2
97 — N
66 — =

45 — -
=
30 —u== g

20— =
14— -
s KK XYNB 4i{k 9 SDS-PAGE 4+ 8r

Fig.5 SDS-GAGE analysis of purified XYNB’
1:crude XYNB'; 2: purified XYNB'.

2.5 ME¥EHRANSIWSHER

TREFEH XYNB HHRBEMER XYNB A
BABEENRS(E6), 7 60CH 70C 57 5 4
60min i 10min, XYNB' Fl R B 15 ¥ & 50% LA b,
XYNB # R REEHE N A 10.28% H1 18.65% . 7E 80C
#90C 4 M4 B Imin, XYNB' %) 42 B4 35 1 4 51 3%
98.07% M 34.39%; M XYNB # & B§ 3% # R°
56.9% 1 6.91% . ERBEEHETHWEN, HEH
BEHALT, 5FEE—HK R 60C,

E pHHE L, XYNB'HBRE pH N 5.6, 5ENE
XYNBHS.OFFFER, pHEFHEMELBEANS
AT iR @ . 16 B B9 G 3E % 5 T, XYNB' 28 1179.61U/
mg, B XYNBIRE T 33%., EMMNEI ¥ Fm, %
8§ XYNB'TE Km {H L R B IE 43% , X B & AF
BEFERMMEARE. EREF N MBS
SR8 A WOTE FE R, T A 9 2 2 B b B 1R Y A o 4
A AMERE FALEAR T E, REEDEEN
R -, BARETE . KAEFTEMBIFHAR
BEEOBMREQMIIE.

3 iW#
BT, 7E GenBank 1B R F A5 11 HA RN
By =AM 10 24,3 AT R B R 51 A =

FEWARBEHHECHE" ., XYNB 58 11 AR
PIREA R, XYNB f) 2 H xynB (EMBL L F &

100

2 g 80

z 8 2 19 —#—XYNB'

g 60l £ %r —o0-XYNB
= L

g 40 E

= 2f = 0f

& & 4

0 1 2 3 4 0 1 2 3
t/min Hmin

B o AR XYNB FIEES XYNB AR RIRE THREEH
Fig.6 Comparision of thermostability of XYNB and XYNB’
8:60C; b:70C; ¢:80C; d:90C.
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K. AJ292317 ) B A X B OFE M Sweptomyces
olivaceoviridis FILEE S | B ¥ & B 053 86% *

H AT L8 7 XYNB R4 FREEL .

%2 ABHES XYNBf XYNB' B RER
Table 2 Comparision of enzyme properties of XYNB and XYNB'

Properties of euzywe XYNB XYNB’
Optimum temperature/ C &0 60
Optimum pH 5.2 5.6
pH stability' 5-9 4-9
Km/{ grkg)? 20.87 11.89
Vmax/{ umol/mg* min) 4568 3045
Specific activity/ (1U/mg) B86. 89 1179.6

Effect of metal ion and some reagents on enzymatic activity

Cellulase activity No activity

Resistance 1o pepsion and trypsin

EDTA,Cr'* . Ni*~ activate slightly
Zn** . Mn’* inhibit slightly

SDS show no eflect on activily

Retain about 95% of its activity

EDTA.CE* , 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 xvlan led to the unit of g/kg indicating K., value.

e L Al ARER D DHET T EREE
AR R TIOR3, ik S S hais Ak E
R EER L RR, ZHENE R R 1

HABBHUAREHEREARER” . HiltHk
I3 58 787 A B M S 400 0B 1 ) B B X R 0 9
EHREERMN T L.

Fe A58 A XF 4 T~ v B4 R TR HE BB BN I BT R R
(F1) BRARHEBERTES N FERELER,
W EWNTHIARMES KON & E, FE el
ZRWE KHEFHTESREHE —EF
L MRS AESNES, FAREERE
AmBEEES AMEREOREEE. Hit, &
fiTfE XYNB 13| A TIY B M %4, {ff XYNB & i
B 3 17 B Bl F0 B2 b 77 7E 55 W 34 oA B 8l A v A
BT Y11-YI6 BiKHEER . SREH, TIY BE
& XYNB MR EEAHERES . XYNB'TE 60C
# 70°C 4 B 2 7F 60min. 10min. F KB IEHETE 50%
B LT OXYNB &R EM RA 10.280 F 18.65% .
XYNB'ZE 80°CHI 90°C 7+ 50 2 B 1emin, Tl 4% BB 75 142
B3 98.07% M1 34.39% ; 15 XYNB Rl R A& RH
56.99% f1 6.916% . 5 XYNB H#HITR iR F HFHREAR
1 1 0 K 48 1 R Eb 69 DY 7 A R TR R I 1Y) S
HHEEHAE 70C LU E T TIY 2% 8 XYNB' K B E
BEREAE N 0T, HRARS . IEHA TIY BE
EEREEA S, NN RERERKEE
HARHBE (U SHRERN, TREZMERLRE
MR, REH ™ # D SHAENHESFE

HEERARKEYNE G BRE TB Y RYHFE
e, R ERA Kn R 20.87(g/Kg) THEH
11.8%{g/Kg). R EmMEHERRIE, KRY
Vmax B T BE AW 5E 4R &5. 54 TIlY REM
XYNB B9&:E pH I S.0 BN F| 5.6. pH REMTE
MU EENENES AERAHE—EHR-

HT xyaB BFFEHE = TEENEELN
oL EEE R RA KBB4 & & 21kD 2
R 3kD X 5 M XYNB B R R IIER -
Y. HTRIMWEMERRHMSEH SMEFEH
FmZEMAR EMESREAMNFRERERERE
BEM, HI XYNB'S XYNBHILEXR BB AR .

¥ A Streptomyces olivaceoviridis ) K B £ R
XYNB BRI RBEYEER" . EREWAHE
WL FEESHARER, AN EE0MME
EEHMBWESN, MA & BE T f R mE A xS
XYNB fBS(E & L EHA B0, th A B 4T /Y9 pH 12
EfE. HHEWHME M. 7EXYNB B A TIIY 8
TERT EEET XYNBIERMERMER b, #—
SHRETEMABEE MNBESTBRELX
# {E k8 EA BTN AHE-

AXMEHRE RN, E 1 AR E RS
FHREEMZAMHKHEEERMEEAREEEN
HMEFHAEREEMEM. LB XN SR
XYNBUA —THEBEBMAM LR AEEN ERTH#
BEMEEE TR ERIMIER LM IE
MR OEHRES BE pHE WA EL, A

© PERFRMEMHARAATIKSHEST http journals

im. ac. cn



R

FAERBBEXYNES THRHAERB AR ANFEAEIRBRBEELHE Y

419

B—AHAREMENSIENHRER TERH

it

MiFREMRE R A RBEREERSH,

TSR 7 oo (AR 4 T LA R ot R A K R A AT
T E, AEE ARG SRR AREG
FEAE L R, It LA A o TR

REFE

Sl
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