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BE)F MR T, TrGH61 133 kX, #EMIBARHRIAFTIAT] 233 g/L. TrGH61 A #5549
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Abstract: [Objective] The GH61 family glycoside hydrolases exhibit glucan oxidative activity; they
randomly oxidize glucan and thus partially destroy the crystallized structure of lignin cellulose,
overcoming the major hurdle for the activity of cellulase upon lignin cellulose. In this work, a GH61
family glycoside hydrolase in Trichoderma reesei (TrGH61, previous name is endoglucanase IV) was
obtained through homologous expression and purification, and its function in enzymatic degradation
of lignin cellulose was studied. [Methods] The promoter of T. reesei pyvurate decarboxylase gene,
the signal peptide of cellubiohydrolase, the endoglucanase IV gene, and the terminal region of the
PDC gene were sequentially ligated through overlap PCR, forming the expression cassette of
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TrGH61. The expression cassette was then transformed into 7. reesei QM9414 with the aid of plas-
mid pAN7.1, and TrGH61 was homologously expressed and purified to homogeniety. The hydro-
lytic activity towards cellulosic materials, the synergistic effect with cellulase and the oxidase ac-
tivity were studied. [Results] Highly efficient production of the TrGH61 was achieved under the
control of the PDC promoter, and the expressing level was 2.33 g/L in shake flask cultivation. The
expressed TrGH61 exhibited feint endoglucanase activity, with a specific activity of 0.02 IU/mg.
Moreover, it enhanced the activity of cellulase towards straw mill when it was added into the reac-
tion mixture, with a synergistic degree of 1.998. Metal ions Cu®" and Co®", and electron donor re-
duced glutathione, L-ascorbic acid, and pyrogallic acid, enhanced the activity of TrGH61 effectively.
The cellulose crystallinity and degree of polymerization of rice straw were decreased by TrGH61.
[Conclusion] TrGH61 can be effectively expressed with the T. reesei PDC promoter, and the puri-
fied TrGH61 can act as a cellulase activity enhancer, improving the action of cellulose by destroy
the crystal structure of cellulose on lignin cellulose.
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Synergistic effect

ALY R A b i 3= ] BEA U, X
B HEAT A O F X 9% A BE DR A A i R Kk
B T AT B A R S AR, RREF 4 & it
AR 2 5y ST B [ A 45 i 45 (LT 4E R Tl
L42), LY RMEF L NG9 E . RRRIE
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1.1.1 BHRFOEIK: B[ AKRE (Trichoderma reesei)
QM9414 I 17 3 [ Mt B 15 5% 1 £ 38 .0 (ATCC
26921); pMDIS-T Simple AR A 5245 M (K i%E)
BHIRANTE; KIGFE Escherichia coli TOP10F I H
Invitrogen (AT Bkl pAN7-1 A SR =
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PR,
1.1.2 ERE: BRI LB HiFekk
(R R 10 g/L, FEREEEY) 5 ¢/L, NaCl 10 g/L),
BARIE IR 2%5i08, 5L F ik ain A
100 mg/L 2 N H®HE; HICKREN S PDA
BARRE FREE (T 20%, HAE 2%, B 2%),
VA $5 S g ] Mandels T AR LA B 3 5041
Trichoderma reesei T 2 TRl B (4 11 66 455 % 5 0
STC KL Hil A PDA, JF7% 100 g/L (i1 F % B,
T. reesei W= Mt FR I N 0.3 o/L BELHEEUI
Mandels i A SEA BT F7 0L
1.1.3 ESFIIKF: Prime STAR® HS DNA &7
DNA A-Tailing Kit {576 . &R0 bR e
DNA 3 T-RArUEl [ TaKaRa 23 al(Ki%); LA
[K2H DNA #2507 & . DNA HBialifbif#l 4 . BCA
e A IR AN U T BRI |
AT . BUIRPESEIA B IBAY TRAR] ., 20N
HEMMER B 45 A BG4y TREA A M
Invitrogen (_FT8) 3wl o 8l & Rl (CED #5) A H
WA S AR I BE . AP R BRI T ARSI %
1.2 F&k
1.2.1 BERASEELE DNA B3R EL: ffi ]
K41 DNA $2 B0 & 28 T ARy TR (i) s A
BN HEHCH AR EE QM9414 JEN 4] DNA, HAA
EAES DAL R R P 1 D6
122 RIEE Puac-Seoni-egd-Tpa BIHIE: X H
Primer Premier 5.0 #{fF¥cil 6 4514, H
Ppdc-S-1R 5 eg4-F, eg4-R Y Tpdc-F %45 20 bp
B 25 B A BB, IR Overlap-PCR § 8 £ A&
Ppac-Seoni-eg4-Tpae (32 1)0

i PCR 14354 18 T. reesei 1) eg4 . BLIK
AR A IR 2 58 7R il 5 AL 11 3 801 (Ppac) T 4E — Ml
K IR DKL ()55 R 9 (S comn )« PR TR 138 4% i
AL LT 9 (Tpac)o SRJG L Overlap PCR J5ik
¥ Ppacs Sconi~ eg4 F Tpae IKUGEEA BT IEE
Ppac-Sconi-€g4-Tpaco

%1 PCR X Overlap PCR FRF3|4)

Table 1 Primers used in the PCR and Overlap PCR
procedures

5L 5]

Primer sequences (5'—3')

CCAAGCAGGTGACCAAGAAAG

GlLY B4
Primer names
Ppdc-S-1F

Ppdc-S-1R AATATGTCCATGTCCGACAACAGCACGA
GCTGTGGCCA

eg4-F TCTTGGCCACAGCTCGTGCTGTTGTCGG
ACATGGACATATT

eg4-R CTAGTGGTGATGGTGGTGGTGGTTAAG
GCACTGGGCGT

Tpdc-F CACCACCACCATCACCACTAGCCCGGC
ATGAAGTCTGACC

Tpdc-R TCCCGTAGAGCTTTTCGC

123 RIEFHAWHWESERASEL: MM
DNA A-Tailing Kit & OREEAEYNERBE
Ppac-Sebn1-€g4-Tpae T ELHY 3R IN— AR5
Y pMDI8-T Simple #iikiEHz, HARAITE E.
coli TOP10F', $&H 4 ki Ifid@ 1t Xba 1 BEDIZ
eSS, 5 pANT-1 L5464k T. reesei QM9414,
5 Penttila 2519 )7 i AT
1.2.4 TrGH61 WIEIREFRIES AL W HEHk
TR T RS IR 2L, T 28 °C. 200 r/min $R% 5%
FE4d. BFRWT 4°C. 12000 r/min #.0> 10 min,
b 3 AR A R A o R i 2T i vkl 2o 2
P 2T B Ak RIS 44k 1 TrGH61, BUHLE
Witk E 3817 SDS-PAGE Fil Western-blot 43
Mr, FEBRS TS ds B kA T,
1.2.5 TrGH61 EREBHEEFEMNE"": /55
K 2% B B 4T 4E Z 4l (CMC-Na) . JE 4% (Whatman
No. 1), flEF4ER . TR REE M AARMEE
R, W A RS M . — A& S8 (1U)
E XCNTE 50 °C. pH 4.8 54 F A/t ET 1 mg
I D W P S ) il o
1.2.6 TrGH61 ER ST H R RRFLEK
RHT RIS : (1) IFSER RIS : % TrGH6l1
115 2T 4 2 W R A R 5 b e e s g U
A3 BB R BE Y TrGH61 5 11(0.1. 0.3,
0.5 mg)5 0.005 FPU (&L 77 [ b A0 ) £F 4k Z iy
'S mg FEEHNRAT, FH 0.05 mol/L NaAc 2% i
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(pH 4.8)EZ % 500 uL, &HT 1.5 mL EP &, 7E
50 °C. 250 r/min #R¥ /N, FRLLEE 0% E
15 &, ANEEE6, 12, 24, 36, 48 h)EUFENE
WEHE, BREAER 3 8, BCE¥ME, IR
TrGH61 & 1 5 A 4ER AR PR R BE o X BRA
AR TrGH61 & 43 515 0.005 FPU 4] 4 £ [if
JKA# 5 mg FEHH .

PRS2 R TrGH61 &[5 25 4 % i 3 7]
1 F 7 A= 130 TR 5% L R 5 B4 ™ AR B A R
BEZ A, B, PplE =
G rraer sy OB JFHE Teome1 il I WH ) o

(2) DAL 4R MK : ¥ TrGH61 5
212k 23 it 0T e SRy A T P )l A S

BN TR EE B TrGH61 FE 1(0.1
0.5 mg)5 0.001 FPU MILF2E 2 A 5 mg fill %%
% Avicel %], F1 0.05 mol/L NaAc Z& i (pH 4.8)
EZZE 500 uL, 7E 50 °C., 250 r/min $&7% S0 24 h
5 i R BE, XRG4 A 0.3 mg TrGH61 Al
0.001 FPU -4 53005 5 mg b F 4t R s
SN o RS 3 AN
1.2.7 EEMEEFHAI TrGH61 EBRIIERM
3 (1) W EMHFUMAST TrGHO1 RS £F 4k
REMEM.

2 0.1 mg TrGH61 15 0.001 FPU 4=
B 5 mg UL EF4E R Avicel 1R5), 20 WK AP A
JRME MR L-PURMmER . MR E TR (A
0.05 mol/L NaAc Z& i e )i A ok Ji 15 51
10 mmol/L, 7E 50 °C. 250 r/min &% S 24 h il
FEIRJENE, W 4 DXL, S B EIN 0.1 mg
TrGH61 . Hjifil 0.001 FPU 24k X . hn L-prk
MFRF 0.1 mg TrGH61 ., MEETER & F IR 0.1 mg
TrGH61., FFASLHM 3 1~ HEE .

(2) A[RIHR B i JE A IR X TrGH61 g fi
TEE R

2 0.1 mg TrGH61 15 0.001 FPU 44 =
filg 73 ) S5 AR HEEE (0.5, 1.0, 5.0, 10 mmol/L)if J&
PR LA RIS DR TR . L-UIR i | fErkE i
BT 5 mg FIHRIRS), H 0.05 mol/L NaAc
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ZE I (pH 4.8)E 25 E 500 uL, £ 50 °C ., 250 r/min
PRGN 24 h MR R, XTHRZEH 0.1 mg
TrGH61 2 15 0.001 FPU (I 4E 2 5 5 mg
24 - D A = Ry 15 SR G R B L S A
55X B A SR AR X A i . SR 3 A
Cig-I8

M AR O 2 Ak =15 0 - IR [ e AL
/% BEZH A SR % Ak
128 £EBEFX TrGH61 EAMEAMR: W
0.1 mg TrGH61 & [ 437l 5 AN Wk BE(0.5. 1.0, 5.0,
10 mmol/L)4:J& &+ Cu®*" . Mg*" . Co*". Ca®" . Zn®",
Mn> " Hl 5 mg RFERNRAT, ] 0.05 mol/L NaAc 2%
i (pH 4.8)E A % 500 uL, 7E 50 °C. 250 r/min
PRGN 24 h DE R RS, XFIRZH 0.1 mg
TrGH61 5 5 mg I ahEF dE 2 Bl s . R
SIBE TR T 5XT R4 TrGHO1 A JFOFEAH
XA, RS 3 N EE .

I SR AR X Ak S =8 4 S 5 340 SRR R X
AL X IR AR JOW A X 7 Ak
1.2.9 TrGH61 EHMKMEREHTM: (1)
JOE DR O B R O T R R A .

I 0.05 g TrGH61 &5 0.2 g FEH MRS,
1 0.05 mol/L NaAc 2% Wik (pH 4.8)E & £ 20 mL,
BT 40 mL Z.08H, 7E 50 °C. 250 t/min #R %%
JE, FAMAIRERL 0.2 g FE OB R AN E . 2 d
J 43 ) U IR R Ry IO 0 S R ok 2= b, kT
A3 U T R Rk B TR, A 25 mL
ZRIRAIRAT, SRR INA 25 mL CED %
W, P R AR RS R, BHERIER,
AMEMIR Y B 2 E R s T
BETE 25 °C fHIRVE H ) 5 FORG BE b, MR DU s
FEMRS BETT EARZR IR 2 T ARk BT E] (7)o [R] B R
Tl B SR 2 VS A A B T (20) . RRLHIEE R SEGG 3
RHCE-IE . ARG BT R A AR e R 2R
G

(2) BEF X SHRAT LRI E AR Rk AT
e R BT

B 0.05 ¢ TrGH61 115 0.2 g T KRS,
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JH 0.05 mol/L NaAc Zz M/ (pH 4.8)E 4 % 20 mL,
BT 40 mL E.04H, 78 50 °C. 250 r/min PR S
N, AP 0.2 g FAFDR RONAE XTI, 1 d
Je 43 ) B U BORE BB U UE S S gk & bk T
fEEE 5L 80 Hifi, BI Mfriadiiteih. KM Rigaku
D/max-2500 PC A X H A5 (XRD){EA 7494
FEEMSECH X B N, 8 R HPR CuKa
R, TAERIE N 40KV, BN 30 mA, FEAEH
HEYE R R 10°-80°, #i4E X PR Fgam i, %
JH Segal WA HSARXT 45 il C:
C: (%)=[(Too2—Lam)/ 0021100 (1)
Hrr: Iopp: 002 1A KATH SRE 5 Lim:
20=18.5° W AT SR, B JCEIE X AT S o i .

2 ZR540h0

2.1 FRIEE Ppac-Seom-e94-Tpac FIHIE 554k
i3 PCR 73408 B K /N A 1 545 bp 1

Ppac-Seont FBE . 1021 bp Y eg4 H B, 1051 bp HY

Toac FBE, T Overlap PCR 518 3 A4~ F Bk

YGERERK, WE 1 PR, ZRB&ESTRRNR

3617 bp, SHUHR/NEFRF .

bp M 1

12 000

8 000
5000

4000
3000

1 RixgE dec-Scbhl-eg4-Tpdc 2} ;;}%HS_Z F kT
Figure 1 Agarose gel electrophoresis analysis of the ex-
pression cassette

¥: M: 500-12 000 bp DNA 73 F#45#E; 1: Overlap PCR §”
WEREE.

Note: M: 500-12 000 bp DNA marker; 1: Overlap PCR of ex-
pression cassette.

$ 10 pg Ppac-Sconi-eg4-Tpae FiXEH 10 pg
PAN7-1 Xf HL[CORE; 5 A iR b A7 2L ik, &
100 g/L M7 % B AYGEF I, T 28 °C Ki¥F
3-5 d R EI A WA R B PUERFELT 19 #%,
AR AN 2 #REE LT /ug DNA,
2.2 TrGH6l BIFREE4 1k

W e B A 19 K BH M FE 1L 40 501 42 4 3
25 mL ARSEAEE R, WREK 48 hJREA
7O R R S h SR Gk o 4 0 O g R E AT
SDS-PAGE, i £I|— ik 3235 5t 5 i 19 B FROR 55 T2
TP TEB-H, M ERIA G AEE M N b5 A
i) 6xHis Tag, HX TEB-H HMIER{# FHH7 6xHis Tag
SR FZNTHE 2L S 1, B TEB-H MR 2tk
M 17 SDS-PAGE J3 47, [FII ] 6xHis Tag H 5w
FEPTIRIEAT Western-blot #4041, FKIHH T3k
iR AT B RORE IR R G PDC A4
R 808 3, ARSI S A A2 T R R
R — 4 M H W& TrGHel, FF B4 A
BCA 25 [ 2 1K ) 8 00 e KL i VA 3 1 vk 3 3k 3
233 g/L, WIS T TrGH61 & AR Rk, W
Kl 2. 3 f7n, TrGH61 5T A0 56 kD A 47 .

kD M 1 2 3

97.2

66.4
TrGH61

443

2 FiAFiX TrGH61 ) SDS-PAGE 7} #f

Figure 2 SDS-PAGE analysis of the recombinant TrGH61
T M: A TRME; 1. BLROKE QM9414 LFE; 2:
HLH MRS ; 3: TrGH61 4ifkiE .

Note: M: Standard protein molecular weight marker; 1:

Fermentation broth of 7. reesei QM9414; 2: Crude enzyme of
recombinant strain; 3: Purified TrGH61 protein.
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kD
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B 3 FLHFRIE TrGH61 BY Western-blot 247

Figure 3 'Western-blot analysis of the recombinant TrGH61

e M. EASTFERE; 1. HIRKE QMY414 KR ; 2.
MM 3. TrGH61 4ifLi .

Note: M: Standard protein molecular weight marker; 1:
Fermentation broth of 7. reesei QM9414; 2: Crude enzyme of
recombinant strain; 3: Purified TrGH61 protein.

2.3 TrGHe1 B9E REEGIE RN

FIHAEAL IS TrGH61 B 7351 KA 2% HT 5
LY E N (CMC-Na), JE4L(Filter paper)., {4l 4
Z (Avicel) , T KPS (Corn cob)  Fi H 3 (Straw powder)
FIAR B (Xyloglucan), %2 How BG4,
F2WTH, TrGH61 HXf CMC-Na HAT —E T 1,
eI 7124 0.02 TU/mg. T T HABLT 4 R IS #i
BHBETE AR, SEg 25 /K] TrGH61 HEA il
553 8 DA 70 28 2 W I T 12

Fz 2 TrGH6l 3 A ERRAFH EZLRIAE

Table 2 Different cellulosic substrate activity of
TrGH61

LRI T
Cellulosic substrate Enzyme activity (102 IU/mg)

CMC-Na 2.21+0.07
Filter paper nd.”

Avicel 0.39+0.01
Corn cob 0.96+0.01
Straw powder 0.46+0.04
Xyloglucan 0.71£0.13

e~ el K2
Note: *: Not detected.
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2.4.1 TrGH61 X444 REGEKRIEER B aI1E
S0H: & 4 P, TrGH61 RERS 5535 Hh b s 2T
Yt 3 Wl T FE BT (K SRR, FETEAR AT 1 DR IRl
F, 4 H TrGHe61 MR R, BhR& B 2
HA YK 24 h BFERFEE SRS, LD 0.5 mg
TrGH61 & 111 0.005 FPU £F- 4 Z g1 v 24 h
J5 T4 RS TR T 100%, BhEIEE R 1,998,

2.4.2 TrGH61 WA ZREGAEKBHMRATHERTP
BITER &M TrGHO61 XH&F 4k K /K i fl fb 21 4t K
WHMRIEER, MRIEAAE—EIE . wmE s

A
700

= 600}
)

£ 500
g 400
=

o 300
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M

6 12 24 36 48
7 (h)

Redu

(==

)
[}
)

o
T
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(O8]
T

Degree of synergism
>

6 12 24 36 48
1 (h)

—
S

4 TrGH61 5 £ 4 REG/KRFEE M B 1 B ) L
Figure 4 Synergistic reaction on hydrolysis of straw
powder between TrGH61 and cellulase

TE: A: TrGH61 X £F4E R EHEERfEIEAEA]; B: TrGH61 5
U R AL R AR PME . —o—: 0.005 FPU £F4E R il ;
—m—: 0.005 FPU £}-4E K [iff+0.1 mg TrGH61; —a—: 0.005 FPU
L4k £ §5+0.3 mg TrGH61; —e—: 0.005 FPU 274k £ Ji§+0.5 mg
TrGH61.

Note: A: Enhancing effector of TrGH61 on cellulase activity; B:
Degree of synergism of TrGH61 and cellulase. —3—: 0.005 FPU
cellulase; —m—: 0.005 FPU cellulase+0.1 mg TrGH61; —a—:
0.005 FPU cellulaset0.3 mg TrGH61; —e—: 0.005 FPU
cellulase+0.5 mg TrGH61.
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5 TrGH61 544 RE/K R R A 4E R R B s L
Figure S5 Synergistic reaction on hydrolysis of avicel
between TrGH61 and cellulase

7: A: 0.3 mg TrtGH61; B: 0.001 FPU £7-4E il ; C: 0.001 FPU
FHEZNFH0.1 mg TrGH61; D: 0.001 FPU ZF4EZ+0.3 mg
TrGH61; E: 0.001 FPU £F4E Z[iff+0.5 mg TrGH61.

Note: A: 0.3 mg TrGH61; B: 0.001 FPU cellulase; C: 0.001 FPU

cellulaset0.1 mg TrGH61; D: 0.001 FPU cellulaset0.3 mg
TrGH61; E: 0.001 FPU cellulase+0.5 mg TrGH61.

=]

FIE7R , €1 4 2 K 2T 4 Z R R i AR ]
WL TrGH61 R 115, 77 A= 0 JEpl it LEAS A
TrGH61 & 177 A Wik i i 2%, (AR (AR
)2 BEE AR TrGH61 e THE , i JEURHR A
MY, Dimarogona ZFHFFE TSR ET 4K K&
A EFYEZR A, A RS RO I 5 Bl R ot 22 45 oA
By, TR BT R ARy i A B {2 3 TrGHe1 b
TS R1E A, Br A2 TrGHO1 AMEARE ]
TR DELT 4 R BK R SR ET R , MR A —E W)
B0 £ 11 1 L
2.5 E[EMEREFEE TrGH61 EHERMR
mE 6 Fros, MAREYEEFEHA L-hudRim
. EHEETRRIE 6 ' C. D)FREM &2 1R
TrGH61 521 4k R B /K S 21 4 3R DM R0 o 10
Bl TrGH61 5 £F 4k 2L Mg [ /K A o it £ 2 338 )i
A %) JE IR AT i SR A 1 4 2R i = B R 4y
Ve A, RIAFL il TrGH61 & & —Fh ik
it o L AEUAR I e A D P A i e A T 34
K, Wi 7 s, 78 10 mmol/L ¥ A PRI B TR
VR T 3 SRR Ab vl LA R 13 £%
2.6 £EBEFX TrGH61 EEMIERAMR
ACHATT Cu®'. Mg® . Co*". Ca®t, zZn®*",

Mn> P4 R B Tt TrGH61 FEAASBR =14 5
WRABFSE . WK 8 firs, Mg™ . Ca®"Xf TrGH61
ReR A e A B A S, EARIREE A Cu™” | Co” il
BEHALIE TrGH61 MR FAS . Hrp, Cu™ L Co™
TE 0.5 mmol/L fIGH BE T 738 Il & 32 = A5 500 31
M 1.58 Fl 1.65, FW TrGH61 J&—FP4x @ U airE
E=Rid N

1400
1200
1 000
800
600
400
200

Reducing sugar (g/L)

B 6 FRMERFMHEN TrGHo1 57 4% ZEgth F/ER
PR R AT R RER

Figure 6 Effect of redox-active electron donor on
synergism of TrGH61 and cellulase in hydrolysis of avicel
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B+ TrGHO1+L-FL IR MR ; D: 274 Z M+ TrGHO 1+ R T
f2; E: TrGH6I+L-HiINIMfR; F: TrGHO1+fEMER A TR
Note: A: Cellulase; B: Cellulase+tTrGH61; C: Cellulase+

TrGH61+L-ascorbic acid; D: Cellulase+ TrGH61+Pyrogallic
acid; E: TrGH61+L-ascorbic acid; F: TrGH61+Pyrogallic acid.
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Figure 8 Effect of metal ions on synergism of TrGH61
and cellulase in hydrolysis of straw mill
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Figure 9 The diffraction pattern of X-ray of rice straw
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Note: A: Control; B: Treated by TrGH61.
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