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2E WG BIAAEE  VV SR B L N F-10 bk

A, Mm#E, FEE, B OE, A oM, K &, #H45
(PR R A i Bk 55 B2 g, DU )1 %2 625014)

WE. ANZHEEF-10 REHAADH REBARKITLERZE, 914 (KIIE) F= 369 1+
(K369R) & 4 B #t 47 % &, M R & i 4 (K9IE) ; (K369R) #= (K91E/K369R ) , 4544 K #y AF #
BL21, % i KA R X A # RAEH A B T2 B # KI1E,K369R = K91E/K369R ., £ IPTG # %
Jo BB MR N, EREAN . FERAAS T REH 53000; K LA RE pH AR
A& TA A pH 6.8; % T4k K369R F» K9IE/K369R #) # i 2 & 4 50 °C, ™ % L4k KIIE & &
BERE TR T, A 40 C; B9 & A 5 % 4 202, 162.8.77.9 Uimg, 4 %) 5T & 45 B (66
U/mg)#9 3.045,24 8 F 124 ;AR EHORBTEARKRIES,70 CLAE | h B, RIEEN
EHERI T R AE DA 12%, M KIIE #9 K & 7% H 4 36% ,K369R # 4 & 71 % 30% ,K91E/
K369R #| & & A K 41%, % 42 80 CA 2 1 h & ,KIIE KA E DA 2%, ARFRIKF T Baid ik
ROV A MBI RBEBAR, AR—TFTELSTRIFARTAMRRBEE G HRA S RNITT T A8,
WK BB E T AR R AR KRR T A A,
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Improving the Character of the F—10 Endoglucanase Gene
by Site—Directed Mutation

TANG Zizhong, LIU Moyang, LI Yufei, SUN Rong, LIU Shan, CHEN Hui", HAN Xueyi
(College of Biology and Science, Sichuan Agricultural University, Ya’an 625014, China )

Abstract: Endoglucanase is one of the most important cellulose enzymes,However,the large—scale
industrialized application of these enzymes was restricted by the low activity and high cost price.
Improving their activity through genetic engineering and protein engineering was considered an
efficient approach to cut down the cost price. In this study the site —directed mutation technology
was used to improve the activity of the F-10 endoglucanase gene. The cellulose of endoglucanase
91 lysine (AAA) was replaced by glutamic acid (GAA) (K91E),369 lysine (AAA) was replaced by
arginine (AGA ) (K369R) and the 91 and 369 were replaced by arginine (AGA). Mutation plasmids

were transfored into E. coli,the expression product was induced by IPTG. The result showed that
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protein molecular weight was 53 000. The optimum reaction pH unchanged, was pH 6.8. The

optimum temperature of K369R and K91E/K369R were 50 °C ,the optimum temperature of the
mutant K91E have great change,is 40 °C. The specific activity reached 162.8.77.9 202 U/mg. The

thermal stability of the three mutants increased,when the temperature reached 70 °C,the activity of

F-10 fell sharply,surplus energy is only 12% ,36% ,30% and 41% ,when the temperature reached

80 °C,the residual activity of K91E is still about 22%. By site —directed mutation technique,we

obtain the efficient expression in E. coli and good thermal stability of endoglucanase gene

engineering strains. This research can provide the basis for the further investigations of cellulose.

Keywords: endoglucanase,site —directed mutagenesis,separation and purification , thermostability ,

enzymatic properties, structure analysis

YR ERAFE ALY AN BE Rz A
TRAKRFW—Fh 20, MY S8 50%09 7] AR
PR Ay £ B FH 2 2 2R X — B R R B B
S A i U T £ [ R 2 4 2R O — A AR
Ut ok i 28 4k 3% Rk 3 TR W A LA 0 0E R W] AR
W) —Ff T X T T 2 2 A I 5 ok
Z | Hop AR ) AR AR AR R ARy —Fh
TR g 0 R T AR W AR AR Rl E Ol A
Az dE O PRl PR TS e kb B RE R R 4
A AR B Iz N R, 27 Y K5 IR AT 4 R
JB ek 1 Ak 2% T I A AT FH B B, X T i 2 e T
[P, P35 ) R 4 LA L

KRG YE R TR 2 AL TE VAL AR 7 A
L, AL AR 1, EOIE RR IS T Tk 2B = 1 21 AR
o RTINS S AR BRI AT A R T AR
K07 FR R A0 3 2k R PR TR B R T ORE T BT
I3 F KT 1% 27 4 2 Wl S R R A A PR T s
T I M 2T o R N TR R AR AT 4 Rl 0 2
PRI B S M B BN A S I AR —
TR 22 9 A R 1 v & 2 2% R T ok ka2
£ DN (R0 e = 1 o S D2 el [ B A v e
AT EGE 2001 4F 1 A AER R BENL A8 45 5
FE A5 5EAE AR R VR T B COK B A G #4755+
O, AE 30 CHfi BEAS B T TG ¢ R A 28 A8 TR AR
2004 AF 15 SE R 2 X B [GOR B EGIIT /Y N321 {7
ST A M RS pH &R T RO, H
H, A A O W 9 i 25 4 5 T Re 1 LT
B W) T CE BRI R AR

VE# R BUER (5 TR P A & BRI T SR W (5
SUBRARFAR) X Ty 5 PCR AR AT 21 4 =5 P9 14 2R

i F—10 JE R JE 77 R A s, it T
KO1E,K369R X WA i b7 2R 48 , LIRS Big 7%
A7 HT v Y N 1) SR

A S i P B4 R PR 2 A AL

1 #il5HE

1.1 SEIe# sl
111 BA#HF R
x1,

®1 EHRSRE

Table 1 Strains and vectors

KRIGFFH DHS« [ 17 5 40 B I AE 52065 58 AR A
pET-32a-F-10 & F-10 & A 1y & -
ok N VB T AE S5 5 % (R AT
W T o 52 A B R
pET32a KIAF R RB B RAR I F AT R =
e
BI21 PN LN
P 1) i 2Rk Tt o 2 R
pET-C36d - A T A S 56 4

112 8 A X A E R LR & (Fast
Mutagenesis System): W4 0 bt & K SAEYHARE
[2 23 7] ; DNA Marker Protein Marker (Low) & "N &
B 2B M [ RARLS F 5 B IR Ok 4
WO & LA B PCR P slif il R & . WA 1
Omega "EWHARA R A BEREKy AR WA
Oxoid 2~ A 5 N=3. HH JE XUTN I I e | 7% FH L &1 4 3 4
(CMC—-Na) , 945 B e B 06 4 IPTG . ¥ I Sigma
o8 w) s He A R A R 4 Ay g 1 B 5 i A
A
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1.2 EWH%
121 REKRIN X ABERGHE DCE
S B JT I e 0 F—10 PR D) 3 2R O08 il 356 DX A AR,
FH primer 5.0 #AF AT AR RS, [FEFE T
TSI 51 A EcoR 1 F1 Not 1 WA I 5,8
91 1 YR AL A R (AAA-GAA),369 {1
R RS RS R (AAA—AGA) , LL K A7 5[]
HF2EAE W A b 5t 4 1G4 A W H AR AT BRA W S A
AN G, RIS EESI W, (HPCR Mt
By 8 Y e R UK AT DL R R R BRAR
5 THAk o TR 2877 5 R T4 A1 BR il 14 P9 170 g
A PN TR 7 A A I U 5 A R R A T %k
R GLEAT LR PIR 7 1, 58 3 A A5 b B i FF S 4k
BRI | SRR I, MR & g st
f1 8 5 S o B X 3 i A X, AR N A T
P59 1, S50 T IE M 48 5| 9 5 & X T iz
BAREZ X I 51 5 %, LA F-10 JE [ Bk A AR
Mo .

91 F.:5'-CTGCCGCTTCAA CCGCTTCTTTTACTT
TATTTTTC-3’

91 R:5'-AAGCGGTTGAA GCGGCAGAAGAAC
TTGG-3'

369 F:5'-CTCGCGTTATA CCAATAACGGGCA
GTGACATC-3'

369 R:5'-CGTTATTGGTATAA CGCGAGAAAC
AAAGGC-3’

RIZ& () Bl 0 2 A8 B 3, AR Z B A B 3Lk 57
Ui B 25 DX, JLA IE AR BE ARSI Sy 37 SEARIX P
B R B R/ R 1 413 bp, DA pet32a-F-10 ki
RN, eIk 5t 4 TG A PRk i o 2 74 3k 701 6 it P e A
4T PCR, ¥ 384447 .94 C 3 min,94 °C 40 s,57
°C 305,72 °C 4 min,25 MEFF,72 °C 10 min,

U5 L PCR =¥, 19%35 g 4 6k B e K A6 )
H Y 4 K/ANIE# IS A 0.5 wl. DMT f§ T PCR
FEY R R TIE AL, TRAT,37 CHFE 1 h. B 2~5 pL
DMT Fil 14 A 7™ ¥ B4 e A K AT 18 BL21 (DE3 ) /%
ZAS ML, TR AR AR LB (% 100 wg/ml &) Amp) ¥
M ,37 CHFRER
122 bk ey ik A% FHE 519t
PHMESE AL 7 UETTH 78 PCR i %8 22 , 78 LB+Amp
H b B AL S i i B G V6 I A PCR A8 A A A
B ,PCR J W Z %00 :94 °C 3 min,94 °C 40 5,57 C

305,72 C 4 min,30 MMEH,72 °C 10 min, f 5 pL
PCR 7= AT 1 o/dL By B0 B Je FL Dk 4G K /1Ny
1.4 kb 2247 BAT 0 hy BE P 8 T Ak 9 ST 42 o
PR HEA T W AR B 5% , SR TR S 647 AU V) % 0

it 1 O A 2 BRI B A v 1O m AL DAL
mL 0.8%(1) 32 W B LF A R AN AR, A 1 mLL KL
W, 50 CoK R 30 min J&, JilA 2.5 mL DNS &
W, K& 5 min, B S 7 K R TG A A
FEAE S mLFE2],7F 540 nm AL E WOGE . A H
Xof HE R T 28 v YR G R i BRBRAE 7 AR
Yy, 5 S A A ) — 20 F AT AR T . B
PR E o1 mL BB 508077 45 1 pmol 38 5B (1)
fitp i Ry 1SS B A7, U/mL 2R
123 ZEXHRAWHRBEHGFF R L LR
SDS-PAGE %-#1  #kBCFH M 5% 4k 4 F0 2] 10 mL
LB AR F2 3 (% 100 ug/mL A FHH % ),37 C.,
170 v/min 3535230, #5193 R T 70 BBz #p = 25
mL B FR 3L 37 CREFRE OD {0 0.6~0.8, MANA
IPTG , i LW 1 mmol/L, % $ 15 9% 3 h, B0k
AL TR A 75 0 A 2 A AT B, 4 8 000 r/min 2§
O 10 min, B35 ORR B IS A A REL T DU 2 Tl T
T FEAERA TR F5F T I 5 b B 28 A8 B BOHL g
WA 2xSDS-PAGE LK A28 sl IR A1, 8 K I
AbEE 3~5 min, A1, B0 J5 T SDS-PAGE #E i it
TTHEERE IR A3 M, B BT A9 43 2 4l Ak K B pET32a
AR PE T, B 6%HIS #R%5, 28 Niz i alifb , gk
AALER T SDS-PAGE Z0Hr A=A IR ) 434
1.2.4 £ TR W bn#) RN B B 5 M R o AT

1) Z375 Bk P )8 5 0 il 1) fe 35 S pH A pH
etk DLl mL AR pH R 8 52 36 2F 4 K 40
(CMC—Na) %5 W R W, 0 2 il %, 0 7 il 114 e 3
N pH ., B J5 BB TSR] pH H A 2% vh i, T 50 °C
P 30 min, 76 il pH {E 244 T 0 5% A Jl G 77,
AT 5 pH B P

2) 5 78 Bk PN VD SR T 1) R M A BT« A
N pH PR, A AR R 1Y I 43 ) A AN TR
ok TS 0 S TR R Y B A RN L L R
T YRR Y BEVRCE T AR Y pH (., 2 BIEAR
[7) 9 5 6 B R AT 30 min, FEAE 50 CHll & 5% 4 il
T sl

3) 4z Ja 5 % 9 A8 ke PN 1) A SR W Tl ) S ) < A
fitf 5 I ) S TR A R I 1 mmol/L 1 45 Fh 42 &
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B P FERRUESE T I E BTG, IS N4 8 B 1
B BTG A 1009%1F S 52 56 X6k HE 204

TP

21 REGHENHERMBAEELTFHEE

PL pET32a-F-10 Bk MR , 24 PCR )5, 3k 1%
F LA H 0 B, B R Be K omA 1
WLDMT 4k, IR 57,37 CIFE 1| h, RIGH1e K
FFR BL21, 28 Amp HUPE 07 28 5 45 21 BH 4 4% 1k 7, i
fTW % PCR, fE A Amp 1Y LB 8535 S b B AL Pk 1%
JUA R E AT BV PCR %2, AUKSS LA 1,
HIE 1 WAL, Y& PCR HLUKAS 8K/ A 1400 bp
B — ZRly ) 20 S 7 3K JLAS BEAL PR I 1) K T 1A
YAl 7 2 R BRI AL T

1 2 3 4 5 6 7

2000 bp

1000 bp
750 bp
500 bp

200 bp

1~7 . 588 Rk, M: DNA FifE
B 1 % PCR HEiki%NE
Fig. 1 Electrophoresis results of colony PCR
K18 7 PCR W1 20 %2 58 Oy BH A 9 e Ak 1 T k1
i LB+Amp WA TR S O BORL ] EcoR 1 #1 Not
I X3 BORE AT AUBEU) 4558, LIk & SR DL 2,

M 1 2 3

15 000 bp
7500 bp
5000 bp

2500 bp
1000 bp

250 bp

M,DNA #rifl; 1. 2878 K9IE;2: %75 K369;3: 2E7F K91E/
K369R
2 RERNNEYLEERKE
Fig. 2 Electrophoresis of digestion of mutant plasmid
i & 2 A1, 361 13 5828 1 F1 91 v 58 748 5 XLl

YIS E T —45 pET32a #AR I A BER/h—E1
25785 900 bp B 257 Fl— 4% 5 il V1) 1l 4 2% 0 3k [
i BER/AIN—3 200 1 400 bp 194571, 85 FHAE B bk
HRMPER SR e RS R 8, Ik
361 F1 91 (i (WA FLFR AT T 5878,
22 REXNVERBEHBHFSRESAN

W B AR R B K AT B2 38 B AR N D4R
PR S B pET32a 25 JFORLAY K I AT B8 26 15 1 bk 4
LW FE M 1 mmol/L IPTG 37 CiESF 3 h e &
W, 2ot BRI , UEAT SDS-PAGE HL Tk , 455 W
P 3, AR BRI R R 5825 TR R 28635 HhK/NZY S 530000
AR B, & A 3K pET32a B B bkt 2635 B4R
W, KNk 20 000,

M 1 2

94 000
66 000

45 000

33000
26 000

M 3 A GE 23 7 oA A v 5 1 588 K9TE/K369R 52: 2% 4%
K91E;3: %48 K369R ;4 :F-10 X} B #% ;5. 45 2 {k pET32a
B 3 1HEER SDS-PAGE HE ik E
Fig. 3 SDS-PAGE of the crude enzyme

5% TR BR AR IR B AR 28 1 mmol/L IPTG 5 %
Jor, ST 2R Z A Al 5 1 A A AR I i P U0 5
W ) AN S AL A N DDA SRR 2L 1, DL 4, 4lid s 1Y
AR 5 B 29k 53 000, 5 Wit R —2,

4 3 2 1 M

94 000
66 200

45000

33 000

26 000

1. F-10 XF BBk ;2. K369R 2€ 78 ¥k ;3:K9IE %€ 22 #k ;4 . K9IE/
K369R J A8 #k s M« 8 11 5T AH X 437 J5T 42k A
4 #{LEEH SDS-PAGE
Fig. 4 SDS-PAGE of the purified enzyme
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2.3 EgLLIE A RE R R S

2301 B E A egm e FbRE TS 0T RE
2, WO TR R B 2 OB AR O S ) G A R
FIZ AT 43 B 2k 0 it 00 s HC RS 0 9 2% 5 M
SEWE I B A R R S R R OR Y BTSSR
HERAME WK 5, K91E K369R . K91E/
K369R Lt J1 43 5l /2 B dR i F-10 19 3.0 £ ,2.4 %
1.2 1%,

250
200

150
100+
50- I I

Gl K91E K369R K91E/K369R

BS5 FpmSRETmMLE

Fig. 5 Specific activity of wild endoglucanase and mutant

HEE F1/(U/mg)

S

endoglucanase

232 LR e RIE pHAEL R —ERAEN
fifg W 43 9 5 H pH R 3.0.4.0.5.0.6.0.7.0.8.0.9.0
9 2 nfr i e i B I DR i, 7E 50 CORIR TR 30
min, 85 S M TEARME S AE T I E 703X 28 pH 26144 T
PN DDA SRE B G, AR B O 100%1 1, 55
AT BEG , SRILIE 6, RAZME S IR0 i Y B il
pH 35— 20, 8 KR, 6.8,

1201 —o— Jit1if
—=— K369R

1007, koiE

80} —<— K91E/K369R,

601

AHXT G %

40t

20+

5 6 7 8 10
pH{E

B 6 KA pH XM Y1 REEEEREE NN
Fig. 6 Effection of reaction pH on activity of wide—type

endglucanase and its mutant
233 BMRREERERE  1EpH 6.8 T KMk
—EAE BB S5 CMC-Na KRB S5, 0 34
30.,40.50.60,70.80.,90 CF /K ¥ f4 ¥ 30 min J&5 ,
TEARESRAE T DN T[] S Ot B AR LA
T B A 100%31 S5 A RS 7, 25 L 7,

120

100}

S

% 80 —— JEIARE

% 60 L —=—K369R

"E'?E —4&—KI91E

<= 40t —%—K91E/K369R

20+
0 . . ,
30 50 70 90 110

/G
B 7 RMREXAYIEEESBIEEENZm
Fig. 7 Effection of reaction temperature on activity of

wide—type endglucanase and its mutants
W7 ) 0 K91E 28 748 il 1 d5c ik Ik B2 AH T it
G FRET 10 °C, BEF] 40 °C, 1 K369R,K91E/
K369R 575 [iff 1) i 3 st B2 A & A= A8 Ak, BR D 0 Tl
1 —+E32h 50 C,
234 EARR B HAEEE  FE pH 6.8 F K HE B
— 2 A% E 0 B 4 3 #E 30,40 .50.55 .60 .65 .70,
75.80 C F /K R 30 min J& , YK 2 = E IR, fEbR
YE AT WU T A IS ), DA IR ) A v A T S
J120 100% , 15 H AH XS Bl % ), 25 R 0L IE 8

120
100

T 80

o

% 60

= —o— JEh

= 40F _m—K369R
sl A KIIE

—*— K91E/K369R

% 40 %0 60 70 80 90
/G
8§ MUIFAREHHOARERE

Fig. 8 Thermostability of wide—type endglucanase and its

mutants

& 8 m T, 2 A 2 65 CCI, J5L LA B A9 TF

P 2R T B T K91E, K91E/K369R Ab TR R4
TG F1 0 90% ,K369R HIFI A1 JI7E 50%; ik
JEIKE] 70 CHY, JEUG B AR AT 1 RA 12%, T
K369R A 30% ,K91E A 36% ,K91E/K369R it A
4% ; G AT 80 CHF, T 4 B b I 2 1% |, T
KIIE B il A 22% .,
235 2 kB THBERY YA TEBHIKYR
BB PITMA 1 mmol/L 1145 4 J& 55 1, He g 1%
J30 % J7 200 i LW g, LIS 4 R S B TR
J14 100% . 32 i LA Y, Ca* Mn* Co™Xf N 1]
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RO AT U A RS A 5 G 2o AP —
A, D H R Cu? T Zn® TT 0 i 3% ) [ =
50% . e G JE B T P9 U 3RO A R R AN R
MR EL10% ) o ABFSEER 55 5 PR
SRS AT TG B FFAT T C-36 21 2 2% i Y 1l ° M o
WFFEAS A 4 R A — 2

x2 eEBTFMANUIERERENNME

Table 2 Effect of metal ions on?Endoglucanase activity

F62+

107 88 0
Ba* 107 90 0
Ca* 10° 124 +
Mn?** 107 117 +
Cu* 107 50 =
Co™ 107 130 +
Zn* 107 51 =
Li* 107 101 0
Na* 107 106 0
Al** 107 56 =

T+ 3R R AT -2 R A5 T 5 0 SRR AR TR 3%
(IEf 10%LLN)

| 3 & i

FIH SOPM J7 2 % i 1y il 0 2 A% il 1 24 26 1
) S5 A T 43 AT 45 SR AT, AR P 1) A R A
Hoa— M2 HE  (Helix),8-#1 & (Sheet) fl B ¥ ffi
(Turn) DL GEHLU B/ (Coil) Y 2 it 55 B 4f il AH
L VAT 22 KA B |, Fh o vl L B 2 725 )5 9 P4 D) A
M (1) — R 25 F S A A e A AR AR

Xof 5 ey T R 5 A8 i 1) B 11 0T — 4 R T 4y
BT 25 JE T A, 98 A8 i 55 98 A% e 1 P9 U A SR i 1 =
L AE J IO B BRI AR AT e A AR 3D S
s, HEEE TR (B/a) 8 MR,
FEFTA 1) a/B AREEF WM 35 40 F— S B
L B F i i 4 B T B RE R IL G 5 o IR IE R

SZH .

LR NIRRT AR T S 5 454 M
PEAL R 3% FE AR X BEBR X (100p) HrUS PN 1) 4 S
ity J& F K ff g L R S, B PR SF A @
(ARG109,HIS148 ,ASN186,HIS254 , TYR256) * %
AR e SIS

O1 v & FE R A1 369 o7 24 3 ik 28 A% I W A 5% i
1o R ) B R AR Al AR S AN S AR A — A
LTRSS R I, — AN T 45 A a5 F I, 91 A7 Y &
BEMR A THEAL S5 M o BELE |, 24 91 {7 Ay iR
1% 58 A8 LA TR e, PN D) R SR T 1) EL 0% B D s il
O3 T 3 %, i s 1y T PR A 3] 40 °C, frei pH
B R AR, IR R AR T A Tl T R
AL AR BT R (AR ) A R M A R
(BEm) r=AE TR ELR A AR £k, AT R X 5 A~ il 43
T 14 R AT 43 A A R ) T AR T M PO 1 4L
RRPERO2 214 369 A 11 2 iR 58 A8 RS AR, Y
TSRO T 1) LU VS AR IR AR A AR R T 2.4 4%, ol
TR RN il pH M ARy AR CE MR IR IR IR
it A B, T R R O 5 AR T B0 A A A B R Ak
S EE A4, AT RE AT A S R AR R A
[vi) 1 AT B8 A T 4 4 R el A 5 A SR ) ) A
AR, TR T RN M L 5 R A H e ) Ak
FRAH L RS 2R (Arg) , 2R (Glu) A 5 KA )
3O T AL RON | T L B T B AL A S A
AR T RE R R R B A R T R RE— Sl
238 25 B 4 # 3T DA A R R4 sk 2 1) 7
S A A T 3 T RS PR AR R ISR AL
FE A — SR A A A8 e nT DA A o AR Y
FOI& 7 TR B S X St £ A 5 SR PN DDl T
(2 FE TR 5% 3k 291 HEAT 2 s 2848 (G291S), LI )
MR AR 2.2 £ o AHIESE N ik — 2 ) B £ 4 2 i
(A HE AL HL IR R B2 T S0 B | e Ah | 3 Sk A 8 v AR
35 L P TRE TR bt N U0 SRR T b
A PR T LR R R

[ 1] A R A, 1, 45 27 43X b Hv I BUIRTT]. %2 8ol 238 41,2009, 15(13) :59-62.
YANG Youkun,ZHU Fengxiang, WANG Weiping,et al. Applications status of cellulase [J]. Anhui Agricultural Science

Bulletin, 2009,15(13) :59-62.(in Chinese)

[2]Li HM,Mei L H,Urlacher V B,et al. Cytochrome P450 BM-3 evolved by random and saturation mutagenesis as an effective
indole-hydroxylating catalyst[J]. Appl Biochem Biotechnol,2008,144(1):27-36.
[ 3] Tomme P. Cellulose Hydrolysis by Bacteria and Fungi[J]. Advances in Microbial Physiology, 1995,37.71-81.

A& 5 4 odh £ S0 2014 4E5 33 HE 8 W 875



TANG Zizhong,et al: Improving the Character of the F-10 Endoglucanase Research Al‘ticle
Gene by Site-Directed Mutation

[4]VERET. iy AR SR 5> A2 W) 2 W 58 2F e (D). TR 3 48,2000 121-127.

WANG Tianhong. The molecular biology progress of Trichoderma reesei|J]. Mycosystema,2000:121-127. (in Chinese)

[5]RaEh, M, 5k 5 55, B4 PCR $2 i v 9 DDA SR IE 00 PEATT 9C1)). B 5 2R W HOR 241, 2013,32(7) : 754-761.
TANG Zizhong,LIU Shan,HAN Xueyi,et al. Improving endoglucanase activity from Bacillus subtilis by error—prone PCR[J].
Journal of Food Science and Biotechnology,2013,32(7):754-761. (in Chinese)

[6] BRAE, 55 34, 2 (AR5 A SRR A DI 1 TR A 5 e 878 I it 2 PR A ISR, T P Aolk A= 9 B2, 2008 ,27 : 123-131.
CHEN Qi,WEI Yutuo. Research of the characters of site —directed mutagenesis of Trichoderma viride endoglucanase 1[J].
Journal of Guangxi Agricultural and Biological Science,2008,27:123-131.(in Chinese)

[ 7] Tomschy A,Lehmann M. Engineering of phytase for improved activity at low pH [J]. Appl Environ Microbiol,2002,68 (4):
1907-1913.

[81 W, £L07 , REF, A5, G AL AR M 5t TR S0 ok R[], AR 2 38 42,2004 ,31(3) : 106-110.

CHEN Hui, WANG Honglin,WU Qi,et al. Research progress of feed phytase protein engineering [J]. Microbiology China,
2004,31(3):106-110.(in Chinese)

[ 9] Lehmann M, Kostrewa D. From DNA sequence to improved functionality : using protein sequence comparisons to rapidly design a
thermostable consensus phytase.[J]. Protein Engineering,2000,13(1) :49-57.

[10] Shuang Zhang,Qiu—yu Yin, Yan—hong Li,et al. Molecular and biochemical characterization of Ba—EGA ,a cellulase secreted by
Bacillus sp. AC-1 from Ampullaria crosseans.|]]. Applied Microbiology and Biotechnology,2007,75(6):1327-1334.

[11] Qin Y,Wei X,Song X,Qu Y. Engineering endoglucanase Il from Trichoderma reesei to improve the catalytic efficiency at a
higher pH optimum[J]. Biotechnol Bioeng,2008,135:190-195.

[12] 55 BRB, 2 5. AR 28 B AT B C—-36 2F 4k 3% i 1) 40 A0 Sty 27 PR ST, D)1 A0l K 2424 4z, 2006 ,24(4) :398-401.

XU Bing,CHEN Hui, HAN Xueyi. Purification and Properties of Cellulase from Bacillus subtilis C-36 [J]. Journal of Sichuan
Agricultural University ,2006,24(4):398-401.(in Chinese)

[13] =07 MR, W I P D07 SR 08 i ik PR 7 B8 IR 1 B vh iy R IB WS (D). A0l A= W BOR 241, 2009, 17(3) : 529-535.

WU Zhenfang, CHEN Hui,ZENG Min. Over—expression of endoglucanase gene in Pichia pastoris []]. Journal of Agricultural
Biotechnology,2009,17(3) :529-35.(in Chinese)

[14] PING Y. Enhancing the enzymatic activity of the endochitinase by the directed evolution and its enzymatic property evaluation[J].
Process Biochemistry,2012(15):1089-1094.

[15] Cooper V. Molecular analysis of the major cellulose (celv) of Erwinia carotovora:evidence for an evolutionary “mix—and match”
of enzyme domains|J]. Mol Gen Genet,2000,241 :341-350.

[16] Linder M. The difference in affinity between two fungal cellulose —binding domains is dominated by a single amino acid
substitution[J]. Protein Sic,1995,4:1056-1064.

[17] Saloheimo M, Lehtovaara P,Penttila M,et al. A new endoglucanase from Trichoderma reesei:the characterization of both gene
and enzyme[]]. Gene,1988,63:(1):11-22.

[18] Ro- A 222 g I 2%, B a5 g M. L1 . BIERL A AE 2005 :42-43.

[19] Wang Q,Tull D,Meinke A, et al. Glu280 is the nucleophile in the active site of Clostridium thermocellumCelC,a family A endo—
B-1,4glucanase[J]. J Biol Chem, 1993,268 :14096-14102.

[20] Takeshi F,Tomoko I,Mariko O,et al. Enhancement of cellulase activity by clones selected from the Combinatorial library of the
cellulose-binding domain by cell surface[J]. Engineering , Biotechnology Progress,2006,22(4):933-938.

[21] Takamitsu A,Rie A,Akiyoshi T,et al. Characterization of a cellulase containing a family 30 carbohydrate —binding module
(CBM) derived from Clostridium thermocellum cel] :importance of the CBM to cellulose hydrolysis[]]. Journal of Bacteriology,
2003,185(2):504-512.

[22] Park J S,Nakamura A ,Horinouchi S. Indentification of the cellulose binding domain of a Bacillus subtilis endoglucanase distinct

from its catalytic domain[]]. Biosci-Biotech Biochem, 1993 ,57.260-264.

876 Journal of Food Science and Biotechnology Vol.33 No.8 2014



