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FEE SO i B AR PEREIEIN xynd Rl xynB ARS8, PCR §7143K1 574 bp. 594 bp (1 H MWIEN F B, PB: DNA
3 EcoR 1 /BamH 1 « Bgl 1 /Hind M BV )5, 482 23K pET-28a(H) 1 2 SCBEAL AL, T wynd F xynB fll{5 308 24k
pET-xynAB, RITEARZRENE A F1 B Z (A5 N T 7 NSRS 71 (GlyGlyGlySerGlyGlyGly). # pET-xynAB % 46 KA
W BL21, % IPTG %%, SDS-PAGE Rl ] T —4c % 50 ku M55 e R IA 4T . Ni-NTA FE4i40 )5 (K5 S 4 114 8 mol/L
JIR A, BREEEM R R . B R AT R, % AL SR 1) BE AL IELE N 50°C, %S pH N 4.4.

76 pH 2.4~5.4 JG [ A, BERAK GG PERBAE 75% L 1, EAETAE 80°C Rkl 30 min IE T 50% M 5k A WG . AN R FH S

S X T L 3 S AN R

KR B, RPN, bRk
ERNES Q78, Q81

RIFERE A AN M b = B LA sy, 7E
MR S BEOR T4, A9l ER
35%W. ARZEWE B IAF S E B AEE K 2 B
(NSP)Z—, 'EMAEIEMB Y T IE =W A fe
o 5 EE TR AR R T, 1S Zh P It i Ak
FR,  BEAR T RS SR

TR T 2 R S 12k 9 e A SR Ay I 2R A B
ARBE— KRR, | AR R bR 32 ZA 45 3
K2 a WY -p-1,4- REWERF (EC 3.2.1.8), 1EH
TARBIEMLKBEARZENE, M B-1,4- REWEHEN
PN DTSR AR B, T A A SROHE B At S R SE B
SKAA = BN TERANE, A D> AKE ]
PAARE; b.AMI)-B-1,4- RZEWEN (EC 3.2.1.92), 1E
FHFARTEREFIAR SERE (W AR I, P=H I ABE; .
B- AMHFHE (EC 3.2.1.37), ZBHE L) B SRR
i 11 6 TBOAS B 3 . e ST A 2R 0 i AN PR T Y
PI-B-1,4- KEWERG. ARPEREEGR., G, &
ATV £t/ O A7 B2 2 e Sl ol S i s A 11925 B
HAERKEIBENNIFRANE. E5 RS H AR
FRAS A SRR TP MR R . (R
ARARHE . SRR ACE. RS, IRREATT
i D IEEG RS, AR A R L.

ARSI % v B IR AL T 0 A M (Aspergillus
sulphureus) 1 I¢) 2 B AR S B HE ] xynd 1 wynB,
XA R IE AT T B O A e, R
RN A fif IRl 50°C, RIS SN pH E
O 2,48, RIEHERE B Fd AL 40°C, Bl
BN pH B Ay 449, 0 T #1 56 ARSRBE i A 4 pH
EVEH MR, AS0K xynd Fl xynB LA
TER AT E Th AT T Rla RIS, TR0l 2 il
FVE AT T 0T
1 #RFTE
L1
1.1.1 & A KW AT 8 (Escherichia coli) Top10 F
BL21 2 A SR IR AT
1.1.2 4k, pET28a(+). pET-xynA Fl pET-xynB
HI A S5 4 IR AT
1.1.3  FEGT. LATaqs EcoR [+ BamH 1« Bglll
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Hind Il . T4 DNA #0304 H TaKaRa 2 #]; K
MR FNIEMAR-B-D FFL B (IPTG)F1 DNA
Al Ak (UNIQ-10) 1 Eifg A= TA ) TR B
ANl ARZERENE H Sigma 24 7] (Lot: X0627); HiAh
IR B 7= 43 4l Ni-NTA e 3 b5t 5
gL BT I AR T AR TR R 2
ARk
1.2 /7 &
1.2 Fl & R I8 B & . Ll pET-xynA Hl
pET-xynB A A5 45, 73 5l H 51 %) A7-Del-S(5' CG-
GAATTCAGTGCCGGTATCAACTACGT 3', F &I
2N EcoR 1 £ ). A7-Del-T(5' CGGGATCCAC-
CACCAGAAGAGATCGTGACACT 3', N X4 N
BamH 1 £ f5) A1 B5-Del-S (5" GAAGATCTGGTG-
GTGGTTCGACCCCGAGCTCGACC 3', F I h
Bgl 1 {7 i)« B5-R-new(5' TCCCAAGCTTTCACTG
AACAGTGATGGAGGAAGA 3', FRIZ A Hind Il
B 55)BEAT PCR 3719, PCR R NAKZR N 50 ul, 7
A 10xZEM S wl, B 1 pl, BRI 1l
(0.1 g/L), LA Taq M 0.5 ul, 5 mmol/L dNTP 1 pl,
KPEIK 40.5 pl. PCR W4 h: 94°C 30, 55C
30s,72°C 1 min, 30 MEIF. PCR L 0.8%3
JIE B % Ji R 9k [P, ik UNIQ-10 A &fifk . pET-
xynA HI1H 3 =Y H EcoR 1T /BamH 1T XU V],
pET-xynB 4 34~ 1] Bgl [l /Hind W AUEEY). 2 il
Pl R B4 UNIQ-10 #2646 )5 5 EcoR 1 /Hind I AL 34
[f) pET-28a(+) B ARAHE R . EH W ¥4k E. coli
Topl0 2 A4 ML, WA & R IF % 2 (50 mg/L) I
LB Vi, iR, Phmg g gg, aid i
E3RAF xynA F xynB il 3218 5 B pET-xynAB.
X} pET-xynAB itk ff] T7 Promoter 519007, A%
UE P SR A IEAR O 1000 b A6 = & AR Y
AR W]TER).
122 EHAEAMESRIE, gdifh, Bk, S
B F0bi pET-xynAB #4146 E. coli BL21 &2 4541
JL, PR RR R R I #5(50 mg/L) 1Y) LB W
WREFREE, 37TCHRIZIEA. WL 500 wl B 724 4
50 ml LB ¥ 1A 15 77 5& (& 50 mg/L 1) R IR %5 %),
3TCHR A Ao 29 03 ~04, M ANLKWKE N
1 mmol/L ] IPTG 5% 5h LA L. B 1 ml i,
10 000 r/min #5.0» 30 s WARTE K, BIF T 50 ul i
£ 5t FE 22 4R (40 mmol/L Tris-HC1 pH 6.8, 10%
Hi, 2% SDS, 5%%idk O, 0.1% M) 1,
WK# 5 min, 6 000 r/min Z5.0 5 min, H 10 pl

WEWEEAT 12% SDS-PAGE 73 #7, DL S I0FE
i AHO)

12 000 r/min B5/OWCEERA, A 10 ml 24K
(50 mmol/L Tris-HCI pH 8.0, 0.5 mmol/L EDTA,
50 mmol/L NaCl, 0.5% Triton X-100)& V7 H 14, &
FEPA#, 10 000 r/min B0 20 min. PYIEH 10 ml
VB % W (50 mmol/L Tris-HCI pH 7.9, 0.5 mmol/L
EDTA, 50mmol/LNaCl, 1% Triton X-100, 1mmol/L
DTT) ¥k % 2 ~3 & )5, H Ui % 28 v W
(50 mmol/L PBS 2% #fifi pH 7.4, 8 mol/L JX % )&
o AU CE 30 min f53L Ni-NTA AE2i4G. i
ERE, SEH A 10 mmol/L A 50 mmol/L 1B M
(22 (50 mmol/L PBS 22/ pH 7.4) VEfit 2%
B, A 400 mmol/L 1K M 1 2% o vt i H A
A, 12% SDS-PAGE il H A8 (A KR

PR — & U IR R, 3T & B A e
Wk, A2 &N 8 mol/L, L ER'E 30 min,
flf 8 e o M, FHKIRAE & 4T 6 mol/L.
4 mol/L. 2 mol/L 1 0 mol/L JX % ] PBS 2%
BT, BEGENT AT 12 h

A & K H Micro-BCA Protein Assay
Reagent (Pierce, USA)iR & iEAT.
1.2.3  EAEAMBEAE T HT. RS Lu 911
J51:(DNS V2 ) A SR (1095 7. 1 AN BGE A
(U)iE SN s fERGEUR R pH M 4AF T, &8
WIER 5 g/L IR FEAFRIL 1 wmol 185
T T B R R 1 ARG A

2 & B

2.1 RRERIEHMKIEE

HR oL €0 it 5 AR S BE B SE ] xynA (GenBank %
X5 DQ355509) F1 xynB (GenBank ¥f3%*5: DQ
168666) 111 A i 741 73 il 5 v 5 14) A7-Del-S/A7-Del-
T F1 B5-Del-S/B5-R-new, 7 5| ¥ A ¥ 43 5l 51 A\
EcoR 1 /BamH 1 F1 Bgl 11 /Hind T BR il 24 P9 1) 1 437
M. PCRYHYJG, 20 Bl bl g o v ik afi Ak 3R 1K
J£ 53 94 574 bp. 594 bp 1 H I E N BL(E 1),
T AR R B 2 N VIR RG ). BamH T 1 Bgl 11 1§
DI AR ORGP A iy o] DL AR, AR )5, Mg D)
(1) DNA 7 Bt5 EcoR 1 /Hind I A3 1¥1 254k pET-28a
(HEEAT 3 B BOE . WA KA R )R
26 3L 0 1 KA vynd A wynB R @l A B T B
pET-xynAB ( ] 2). LL T7 promoter 5|4 %} Jit fi
pET-xynAB Wl 7>, 45K, J@ylfs 5w g,
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FAHFF. A& xynA 3' 3 1 xynB 5' Jig Z [AJ 4G T —
B 21 nt ¥4, Wl 5 GGTGGTGGATCTGGTGGTG
GT 3'. FHIERUHN LRI A )G, KEEE A
MR EFERE B 2 [0 — B 7 JIK(GlyGlyGlySerGly
G lyGly)/ 7ol

bp
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Fig. 1 PCR amplification of xynA and xynB of Aspergillus
sulphureus

I: DNA molecular mass marker; 2: xynB amplified with primers

B5-Del-S and B5-R-new; 3: xynA amplified with primers A7-Del-S and

A7-Del-T.

T7 Pro XynA Linker xynB
m—) i
His-Tag

GlyGlyGlySerGlyGlyGly

Fig. 2 Organizition of in-fusion expression vector pET-
xynAB
In-fusion DNA fragment of xynA and xynB was cloned downstream of
T7 promoter sequence of pET28a(+).

22 BEEAMIESRIE. 4. THEHMEN

W A% 1K 34k pET-xynAB #:4k E. coli BL21
MM, EAHAWKESE PTG H S, 12%
SDS-PAGE 7 Bk EH, #Deiiika. 5
AN IPTG 353 IR0 B ARAH B, 3 S IR —
22 50 ku [RF ek Rk 4 (K 3), STUHE N
IR/INFAT . T B SRAA ) L3 v PRI AN 1R
RWERIETE, DU, RS B VR R A T
AET WS . EAEAM LA EAN

His-Tag J7 41, KM Ni-NTA F:#E4T T 4t ab 3,
a4k J5 (1) £ [ 545 SDS-PAGE H  % A7 ARHE 5 v
gl (B 3). 4 748 H I ER R R A 1 % TR A
%, HYoH 8 molVL JRFEAM 2 AL, 28 i FFIGI%E
Ml PR FE IR, R IR, B
()R I BT R B0 5 B IE A T 288 1 vl v
gy, MR E EE O PO, SEMRMESR
WRELLER, S~ %2) 0 38.7%.

ku
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Fig. 3 SDS-PAGE ananlysis of the recombinant protein
induced by IPTG

1: Protein molecular mass marker; 2: Total proteins of the transformant

without IPTG induction; 3: Total proteins of the transformant induced

with IPTG; 4: Recombinant protein purified by Ni-NTA column.

23 EAEMBMNREEREMBERENE

fE pH 4.4 4 1F T, 2% F 20C . 30C .
40°C. 50°C. 60°C. 70°CFl 80°C il 2 Mg 1ty 35 7k .
gE WKW (B 4), 1E 50°C I 4 A0 35 2 A
40°C I RIS A SO°C I 1) 85%. i8I 50°C 5, Wi
FEPER I R [, 2] 70°CIy, JUTBRATEE.

TR AR E M, K A S BT
20°C. 30°C. 40°C. 50°C. 60°C. 70°C Al 80°C /K
AR 30 min, AR5 FEAE S0°CHI pH 4.4 [R5
IS (B 4). £F 20~40°C {£35 30 min, 5P
AR /N, E 40~60°C 1), g (135 PR T B, A
I 60°C e, HIH LT MRS PR R SIS, 80°C I
Pl 30 min, AT 50% IR
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Fig. 4 [Effect of temperature on the activity of the
recombinant xylanase

Optimal temperature of the purified recombinant xylanase was
determined using standard activity assay at various temperatures from 20
to 80°C. To estimate the temperature stability, the purified xylanase was
incubated at various temperatures for 30 min and then the residual
activity was determined at 50°C and pH 4. @ —@: Optimal temperature;
A — A : Temperature stability.

24 EHEMHE pH ERERIEEM

16 S0°CEAF T, e EAA R pH 2.4,
34, 44, 54, 6.4 M 74 P IREILREE ). 45 R
XU (E 5), WA pH 4.4 I (K35 PE & LA
pH 2.4~4.4 Z [a], BEAHXTIEPEAAE 90% L L. 78
pH 5.4 I}, THMIEH 75% 035 . £ pH 5.4 UL
b B REAGTE VW FEAC, AE pH 6.4 (AT P
A T IE LR EF 30% L BN, {HE] pH 7.4 [f155
BRPESAT T, AR A AT

100
906

Kelauve acuvity/%
W
S

24 34 44 54 6.4 7.4
pH

Fig. 5 Effect of pH on the activity of the recombinant
xylanase

Optimal pH of the purified recombinant xylanase determined using

standard activity assay at 50°C and different pH buffers.

W ELRFE T pH 2.4 FIRRIESHE FER4F 120 min,
FEAN[E] PRI ) 5 R DU B G, &5 SRR W 6), 7E
90 min N B 1 AHXHE TR FFAE 77%LL L.

100¢
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Fig. 6 Effect of acidophilic buffer (pH 2.4) on the

activity of recombinant enzyme.
To estimate pH stability, the recombinant enzyme was incubated in
buffer of pH 2.4 at room temperature from 0 to 120 min, and then the
residual xylanase activity was determined at pH 4.4 and 50°C . The
activity determined under the standard conditions of pH 4.4 and 50°C

was defined as 100% relative activity.

25 E£REBEFKEDTA XEABFMEREM

ZE o LR S A N L b | ) | N S 7 -
10 mmol/L [ AN [F] 4 J& &+, W& 1) 25 R R W
(#F 1), K\ Na's Ca*. Zn> XA PE A K,
EDTA i [ 1) % P PR AR I 22%, Mn® A g 1 3%
BEAK 50%LA b, T Cut AT RASE A sl i (035 k.

Table 1 Effect of metal ions on activity of recombinant
xylanase

Metal ions Na®™ Zn* K Ca* Mn* Cu* EDTA

Relative activity/% 100 1007 90.7 89.9 453 0 78.4

The recombinant enzyme was mixed with various metal ions and EDTA
(10 mmol/L), respectively. The residual activity was measured at pH 4.4
and 50°C.

K B

SRV T A2 A SRWH 7K At g 2 v i 2 (W) R B 2
—, ARSI TERERG 1 77 P AR, 1
8~145 ku Z [H). T AREWERG K H B 5% —
(PIA5tE, Henrissat F1 Sapag S5© R4 A 25 A4 382
BETR I [RIJ5 PR RN B3 7K A5 23 BT VR AR SRBE G 3 F F I
(10 W&)FI G (11 15). F IGA G IR Z 7S LR 7
S EITCE R R, R IX AN F ek ok
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WT AR, ARSI AT, ARSCHEST A
i B A RPN A F1 B %8 T G IR ) A S Hi
Bly, (AAEZA LR A FOFAH W IR, Ak
B = AR E. coli MRIET xynA F xynB. 284K (1)
ARERVERG A B ELEE Y 50°C, fedl R VY. pH
54 2.4, {EFRYESAE(pH 2.4) FJCE 30 min, &4
85% LA L IEEIE, 7F 70°CARIR 30 min 554> 1% 2k i
WP AR BERE B B aE LR N 40°C,
iGN pH 18 Ky 4.4, B0 BR PEAR 4F, £
pH 2.4 ZZ Py 4 h, BTG LA, 80°C IR
30 min I8 40% L L (KT .

WAk, A 22 RAEWAE s B b i) )iz
H, ARSIl 228 W 1 R B R RIS AR 2 —. W
THEEE R E S AE D pH (EACEROK, TIAT
(IA SRR B MEAL I pH Yo [ Be A, DAk, ) I
TR BoodhAT Wl 27 5 1) e iR 2 BRI 5T (1)
L. AR R T At it 1) 2 FhoR SR
— T ANEIERR I SERRIAT T G Rk, JERT RS
FI R 22 P R T TS, SRR, 1% 4L
BoOE AL E A 50°C . A iE pH b 44. 7
pH 2.4~5.4 2 [A]. 3 21 g 1) AHDOS il #8AE 75% LA
B TR AR R R BE RS A E pH 5.4 BALH
50% MBS, HMERIAM AR BERG B 75 pH 2.4 B
M T 50%. TEAEELE pH 6.4 i b 44+ T
ALY 40% B . ALY pH S 6 30 98 1T BE 2
BT 2 PPl S N S5 R, AR ANHE R 2T AH

g g R, HHLHEIE A R T3

FEIR 0 L A BATT A I A A SRR g (1) L

B ERIE T 2 FORSREERGAHLE, IR A U] SR

R (AR ER), FFAZIRATIUYI 2 il sk &
MAIEER . ATRE SR 284 2 B a AR PERI Rl R

FAEE TR R, ANRESCEL 100% [ IE# 4T &

FH R A 42 1) P AR SR il 2 R (A R s A
RO

KNI R R RGP RIS E A BT REE KR
MR Z RS R, AR SRR 8 5 2 Tk
B, AR U At T, Tk, RO
BERIA RGEBORRZ BT G, 2 2R AME
SED D SE IR T AR Z R G rp s A s ARk . kAN
g2 B0y T RS AR W DR £ B R 1 B
FIEWFT, RIF R EEE . %6 pH A S
BEE LAl
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In-fusion Expression of Xylanase Genes XynA and XynB From Aspergillus
sulphureus in E. coli and Characterization of The Recombinant Enzyme"

LI Yi-Hang, QIAO Jia-Yun, CAO Yun-He"
(Ministry of Agriculture Feed Industry Center, State Key Laboratory of Animal Nutrition, China Agricultural University, Beijing 100094, China)

Abstract Two sets of primers were designed according to the sequences of xynA and xynB from Aspergillus
sulphureus, and the DNA fragments composed of 574 bp and 594 bp were amplified by polymerase chain reaction
(PCR), respectively. The two PCR products respectively digested with EcoR | /BamH 1 and Bgl Il /Hind Il were
ligated into multiple cloning sites of pET-28a(+). The resulting plasmid is pET-xynAB, in which xylanase A and B
are ligated by a 7-amino acid peptide (GlyGlyGlySerGlyGlyGly). E. coli BL21 transformed with pET-xynAB was
induced by IPTG, and a special protein band about 50 ku was detected by SDS-PAGE. The protein purified with
Ni-NTA column was denatured by 8 mol/L urea and dialyzed for refolding. The recombinant xylanase showed
optimal activity at 50°C and pH 4.4. The enzyme retained above 75% of its activity at the range of pH 2.4~5.4.
The xylanase displayed about 50% retained acitivity after incubating at 80°C for 30 min. Various metal ions have
different effects on activity of the recombinant xylanase.

Key words Aspergillus sulphureus, Xylanase, in-fusion expression
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