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T AR R BT R 27 2 28 B T B, (4545 d IS
VIR EE R T ANE, A5 Sk il Y ifE— 20 R i
VEHHRHE S Z4E FALS P,

LPMOs J&— 4RI m", a8 s
HL PV AE T AL M R ) S AL A
LPMOs &3 3ef {57 T PR~ I A i i 2 R B i b 2
Y D B B R B S AR AT 1 T SR AR 4 R BE Y
PHEAER, T HZs & AL 4 2 1 -3 s K R 1
FURL YA R R 68 B LPMOs, CAZy
B PR T P S AR RIS LPMOs VA28 h 4t B ity
EKF Y (auxiliary activity, AA), 0§ AA9.
AA10, AALL, AAI3! 0 AAL4 AATS!PTR
AALOIIR, FEAEHTFILT B e ML 4%,
REGE A WD LT BTl . E K i i 2F 24 35 1 X)L
TR JER AR YE R ARl

AR, E AN T LPMOs [0 B 5T & B
T A B R 2R VR IS Y P R R .
Filiatrault-Chastel 45 & P Aspergillus japonicus
BRFM 1487 il 1490 1EA JTT 27 4k iS4 (GE VR
ZEAE RN b AR B o3 WA R A R 7 b
BT 9%ZE 16%"), Zhu 2K B Schizophyllum
commune(1 F LPMO 5 £1- 4 2 TR A ) 7] DA T
A2 B A ) T oER A B R R SRR AR R . K
fift 72 h 5, DGIERAG BEAE UL R A AL T R SR
b H 75.9% , 1 &k A T Trichoderma
longibrachiatum 1) T i ) 7 A0 [F] € 4 Hh ALK A
19. 1% AR B Petrovi 5 F & LPMO 4T 4
ZEHESY) Cellic® CTec2 TEPLINMBRLEAE T H
85% Novozym188 (C/N188)Fl 15% BSA MR 4
AbFRZEVRARREHERT 96 h 451 = 2k i 25%7,

HcLPMO 2 1 #RIET Hahella chejuensis 1Y
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MREEMR . H(LPMO HEHEA 3 MARIAE,
AATO(IR MR 43 Bl oK AL G456 80 33 Kk
carbohydrate-binding module family 33, CBM33;
203 ~ERFE)FI CBM2 (106 M585E), H1 222 4~
YIResk IR X % . HeLPMO FZ/E M T41 4
R, X TR ALY R AR R A5 N
S BEBE M . HALPMO 75 KT i i 26 15
e, A PR AT, Bl S R L O 45 o™,
JE—N ST AR X 4, R DUTAVESR 4 R Y
PRI RGR , DA SO R 4T 4E 3R SR . A 5T
W 7 H S LR 4E R R R AR S 2P 4 R | Bkl
FEFOKES . VR EORAE A AR S S5 [R) Z RIS
VIR RCR, FFEE T HcLPMO 5 27 2 R gl
IR AR T BRI AR b o ASBF5E S 1 LPMOs
5 e HE R g R B Ad 2 B B it 1 A

1 AR

L1 K

L1.1 BARFIBTRL: KIHFFE E. coli BL21 Gold
(DE3). pET-28a 75 # fiky J pET-28a-HcLPMO Ji
Rk B TR R £ . H(LPMO ) GenBank
Accession No. ABC27701,

1.1.2 EFREMEERN . (1) LB, Yeast
Extract, 5 g/L; Tryptone, 10 g/L; NaCl, 10 g/L.
(2) LB AR 76 BIRETFREEPIMA 18 ¢/L
MIBUER . (3) FEIH: 10-LWEIE-3,7- 374k
Wy W& & (Amplex™ Ultra Red) 1y H 3£ [ Life
Technologies 3 Al 5 BUAR L ALY HF(HRP)A A I
B AR BRA W) 7 4 Rl (% (AR5
Wy T eR A BRA F ;SRR -B-D-F ZLpE
TFAPTG)WWF Sigma A +l; Bk RGN &M T
RAEABHEABRA R, BCA [ i)
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£ F Sangon biotech, Ni Sepharose 6 Fast Flow
His Fr485 8 H AE AL SEORE T Hw il GE 242 7] g
g T 18 [E Merck KGaA darmstadt; &4l 4 &
(avicel)lly T [ 245 45 Ak 2 1R AT IR ), ik 2
TR L A VMR KRS FF (4060 H)X
FHBE R TV AE Y EARDT ST I Tolk A=) R 58 T A2
WFFTAIE T .

1.2 HcLPMO ISR s sifk

5k pET28a-HcLPMO 41 fFoki ik 3 3%
k78 F E. coli BL21 Gold (DE3)H, I F Tk Hi2 B
) R R TR TR AR ) BORE T P B e s, Pk
FH M 55 21 A PR TR V% 2 2 LB (50 pg/mL Kan)ifl s i
RGP 1%5] 400 mL LB 1535 54(50 pg/mL
Kan)fJ 2 L 4P E5 32 (37 °C, 220 r/min)i5 55 £
ODgoo fHM 0.6 7247, LA IPTG (4K 0.4 mmol/L)
AT S K20 °C, 220 r/min, 24 h), 6000 r/min
290 15 min WAETH AR, FHA4 R 1A HE T 20 mmol/L,
pH 6.0 BERRANZE vP P o VKA AT R S A
4, 12000 r/min 2.0 30 min, W& FIERIFT
0.22 pum A1 %€ f# F Ni Sepharose 6 Fast Flow His
PR AL EORE B S B 4l HeLPMO R
1, 15 AR FR & A 20 mmol/L K () washing
buffer HATUEMELABR L2481, FH 10 fiAE AR

250 mmol/L KMk e B 156 i W elution buffer JE i 15
#| HC(LPMO 46§, 48 J5 R 30 kDa 8 IE4 FR 2
Wk )5, F SDS-PAGE farilll 2 (146 %, 3£ BCA
A v R I i) D R R
1.3 HcLPMO 3 A

H1 T LPMOs B i5 PERIN A 2%, Kittl S8R T
— P BRI s, JETF Amplex™ Ultra Red i
FIA P A5 ek " . Amplex™ Ultra Red J2
— R BRSO, A HoO0 4R5T,
FUA 5 R AR e e, VAR 2 RN A e
55 A AT S A TE 9 2500 T S AR B 4
A, WA R AR A Y E T, B
% F1 Amplex™ Ultra Red 21 Az B ELAT 2GR0
it R o 1 pd RTEWL B 560 nm, AT
590 nm MY A5 1F T REBSBIAGIN , JE &L e, DA
Rl (slope, RFU/s)I It LPMOs [ 4H 3¢ A AL PE 5
(E 1),

HcLPMO 48 46 1% M 0 5 /K & : HcLPMO
1 mg/mL, HRP 7.5 U/mL, #i¥K IfiL B& £l (ASC)
100 umol/L, Amplex™ Ultra Red 50 pmol/L.

R 214 R DK 560 nm, KRG 590 nm,
i o2k % 22 E , DA% (slope , RFU/s) iz e
HcLPMO 84615, Kl ez 30 °C.

Amplex™ Ultra Red Resorufin
LPMOs+ASC+0,
HO o OH ]
HRP

—
||

0]

& 1.

LPMOs 53t 53 ¢ e 3% T8 14 i JR 38

Figure 1. Principle of LPMO activity determination based on AmplexTM Ultra Red. HRP: horseradish peroxidase;

ASC: ascorbic acid sodium salt.
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1.4 HcLPMO #FS& 11k

1.4.1 BERBLZMMAL: 100 mL HEIE A 53k
9 10-50 mL LB A K% 55 5 (Kan 50 pg/mL), 35
1% 868 pET-28a-HcLPMO J53RM; 1597 1.5—
2.0h &, M ODgoo, H2IT 0.6 J ) Ferh i A 2k i
0.4 mmol/L IPTG, & F 20 °C,220 r/min i F 24 h;
W oeten, M ODeoo, PEATS RN LI B i P
VK(SDS-PAGE)K il H i 25 (115 R ik it .

142 FBRFRIBEFRMEMAL: 100 mL HEIE
EAEHEE 20 mL LB WA 35 (50 pug/mL
Kan), #EF0 1%# L) pET-28a-HcLPMO ;357K
B3 1.5-2.0 h 5, Ml ODgoo, T 0.6 J5 10 R
ALWE 0.4 mmol/L IPTG, Z3rHIE T 10, 20,
30 °C, 220 r/min S 24 h; BFFEEE, WiE
ODyoo, 475 N M Tt JHe 55 ¢ HEL UK (SDS-PA GE ) K ]
HIE NG T RE R,

1.5 HcLPMO 5 A 44404k

1.5.1 BTN HLPMO WEHENE M. B
Fe4lifb )5, B pH 8.0 A9 Tris-HCL 2% M % ft H b
1, BCA Bl IR B, 4% 1:5 LN A CuSOs,
TEEIR FHCE 30 min J5, FEREWE cu®, A
pH 6.0 ABEBRENZE vhif & 4 2-3 3 J DU Vs 1
SR cu® H g, a5 (it B pH 6.0 BEERENZSE
PR IR Cu™, TR S R LR Cu™
RS, HABSS 1.3 PllE KRR —2L

1.5.2 BIRMBREEST HLPMO 59 E § 5
M. FHE 25540 B T 10 HcLPMO SHAE &l 2
LU 2 1 mg/mL s AR BT IR i R R 4k B i
10", 1072, 107, 10", 107 mol/L; %5 AN} IR Ry
pH 6.0 BERRENSE wpi A N Al it Cu®', Pl ol A U
R CuP RN, AR 1.3 ek
A5,
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1.5.3 Amplex™ Ultra Red ¥EX} HcLPMO 7%
PR E AR . T E 4565 8 11 HcLPMO
FEA I E ; Hob Amplex™ Ultra Red 24 3¢ i 1k &
4 0.250.0.050 ., 0.005 mmol/L; 25 A%} #E K pH 6.0
5 T2 0 % phBOUR I R R Cu®T, P R
B K CuP FR i, A& 1.3 hillE ik R
—
154 BHSEAYEEREX HLPMO &N
FERIEM . 4554081 HILPMO ZiEg i
a5 b AR A Y HRP 299k B2 e 5 Ky
75.00. 37.50. 7.50. 3.75 U/mL; %5 (A%t &}y pH 6.0
BRER A ZE sl A IR i Cu™, FE e A bR 2
W CuRES, HAh SRS 1.3 RiE R RS
1.6 HcLPMO 520 4E R B[R] FE AR i R 47 4 2K B
R A Ll 2
1.6.1 RNKRR: AHLFLER 4% (W/V), PiIkii
FREN 2 mmol/L, 20 mmol/L W§ARZE ik (pH 6.0),
SRR 10 mL, RNIREE 45 °C, 220 r/min k%
JW 72 he BUFE 2 mL, 12000 r/min Z.0> 15 min,
WCBC B, BT 0.22 pm JEREBREE, AR
TEMERE SR, WE HLPMO FMIZF4E R 8 &
it 0.5 mg/mL, 3t 5 4147505, Hf HcLPMO
FYERFEAE 50 0:5, 1:4, 2:3, 3:2, 4:1, 5:0,
1.6.2 fiE&MF: 7EFER 35 °C T/l Bio-Rad
Aminex HPX-87H #1. WiaIAHA 5 mmol/L iR
W, WHER 0.6 mL/min, #EEER 20 uL. ik
FE UK 27 (refractive index detector, RID) M FR/R
ZEPHCAIFRAE IR 35°C RrFE i .
1.7 HcLPMO 54 4E R B A R RA 0 U 5] A
MEIE HCLPMO 5 27 4 Z il 5 AN R Z H )
AP IR AR, 43 ) i P ARAE B EOK S . R 35
L VR ORGSR e R AR IR, O
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K2 . Y 4% (W/V), HcLPMO 0.1 mg/mL, 4
Z i 0.4 mg/mL, ASC 2 mmol/L, Cu*" 0.1 mmol/L JH
20 mmol/L EMRZE M (pH 6.0)#ME % 10 mL, =
Xt B4 AR HeLPMO . ASC Al Cu®", £ 4k
WV 0.5 mg/mL, Hh & —3, 45 °C,
220 r/min &% N 72 he W SRR, BUE &I
R, 12000 t/min 2.0 15 min, WHL F3, B
WO 0.22 pm UEMEBRTA, VBORFAGIN A A 4 7

2 ERFAM

2.1 HcLPMO HIFExmsifk

X% pET28a-HcLPMO ki) E. coli BL21(DE3)
2 i T4 JEE 0.4 mmol/L 1 IPTG #E471% S0k,
SRJGHIFH SDS-PAGE #ill H(LPMO FKik1E 1l o 45

(A) kDa

180
135

100
75

63

48

35

25

HcLLPMO
68 kDa

RE 2-A Fion, HE 2-A FTLUEH, HLPMO
% IPTG %) , 15 E. coli BL21(DE3)H REfS K i
ik AR TR 68 kDa, R
HEMZMralifk HeLPMO 1, H: SDS-PAGE %%
RuE 2-B iR, GEBTE B 0SS U0 21 5
AR R B EAZNTIER, (RIEH W E MRS
GIBUK: SEii BRI (e
2.2 HcAA10-2 EAbTEMNE

M5E HLPMO HEALTEER W] BRIk
HcLPMO IR AT T 200 A0 3 T P9 9 ST B 1) I
E T as gk pET-28a MR AT 1A 4H M Al 0 VR 114 ¢
IR E(E 3-A). ¥ HLPMO JEA74ifb)s, 4l
T AR LPMO B4 fiE (8 3-B), TUE T
Amplex™ Ultra Red &7 A 2GR B2 EAG
PE HcLPMO i PR 154

(B) 1 M kDa

180
135

100

HeLPMO 73

68 kDa 63

48

35

25

17

B2 BSRERAF HLPMO SDS-PAGE
Figure 2. SDS-PAGE of HcLPMO after induced expression and purification. A: SDS-PAGE of HcLPMO after
induced expression. M: protein marker; lane 1: uninduced HcLPMO; lane 2: induced HcLPMO. B: SDS-PAGE of
purified HcLPMO. M: protein marker; lane 1: purified HcLPMO.
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A
( )0.25
2
& 0.15
£0.10F
17)
0.05
BL21-pET-28a BL21-HcLPMO
Samples
& 3.

Figure 3.

Slope/(RFU/s)

PB (Na) HcLPMO

Samples

SRR 4§ HcLPMO S 4L E 14 E
Activity determination of HcLPMO in whole cell and purified HcLPMO. A: activity determination of

HcLPMO in whole cell; B: activity determination of purified HcLPMO. PB(Na): pH 6.0 sodium phosphate buffer.

Data were represented as mean+SD (n=2).

2.3 HcLPMO BS&MH44E

231 EREFMHMAL: Kl 4 alfgA: R
R AT, 6 B KT 4K ODgoo
FHZEARNK, [HTE 20%$E W I i HcLPMO 1
Bm, PRI R 20%,

232 BREESMMA: FEEE 5-A WA,

£ 10 °C PRI T KA ODeoo B BARAL, 2E
K 2218 ,20 °C .30 °C P FWE T ODgop FHZEAK,
BNE 5-B ol LA 20 °C 5 SEE T ™
HeLPMO 1M R, RIS SR R 20 °C.

555

2.4 HcLPMO J&E MR &84k

FF Amplex™ Ultra Red 35 2 YR M )
PECK LM E HLPMO JE YRR, #RFTPUIR I AR
ih FREEIRE . BT . Amplex™ Ultra Red ¥ &
DA R R o) A b e 38 5 45 P X T P DN 7 ) A
AR, 45RANE 6, &I HCLPMO ‘S48 145
A UK ASC W EXT T HcLPMO RO TE MR M 4K 5
f£ HCLPMO S F2456 )5, 16D i 4 s 4%
Z (K 6-A); HcLPMO iGPEMIERS, 7E%7 ASC ik
JEESL T, HcLPMO JfHME #65 , {Hikh ASC

(A) 30 ¢ (B) 0.25 -
25 020}
2.0t =
g ; 0.15
Q 15} =
S 20.10
1.0 | S
wnn
05 L 0.05
0.0 . . . : 0
10 20 30 40 50 10 20 30 40 50
Culture volume/% Culture volume/%
B 4. FREEBREEK ODg X EMAFEE

Figure 4. ODygoo and activity of whole cell at different culture volumes. A: ODgq at different culture volumes; B:
activity of whole cell at different culture volumes. Data were represented as mean+SD (n=2).
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AR B HRA T L, 25 O BEPE AR R A5 0F T I ok
FY R, 1124 ASC ¥R EEFEMILE] 107 mol/L i,
TEPENE T S8 TERE R 0.17 2247, ASC W
BEARINE, Jo¥k i HeLPMO 5 P g SRk i a8 1y
M, PR A 5 ASC 295 K 107 mol/L (&

(A) 3.0

oD 600

(B) 0251

Slope/(RFU/s)

25¢
201
151
1.0
05+ I
0.0
/°C

6-B); Amplex'™ Ultra Red ¥ [ L) R iR i AL
P 2 X T PN T2 R R/, 5 IR R 2 B 1
YErE, ik Amplex™ Ultra Red 2% >4 0.05 mmol/L
(# 6-C); BRIt AL AL FE A 7.5 U/mL (K]
6-D).

0.20 |
015
0.10
0.05 F
0
/°C

B 5 AEFFEEFETER 0D & EHMAENE

ODgoo and activity of whole cell at different induction temperature. A: ODg at different induction

temperature; B: activity of whole cell at different induction temperature. Data were represented as mean+SD (n=2).

Figure 5.
(A) 1.4
= HcLPMO
1.2 Control

“ 1.0

=

2 0.8

o 0.6

g

= 0.4

0.2
With copper Without copper
Samples
©
u HcLPMO

2 Control
=)

|9

&

ES)

Q.

=]

n

0.25 0.05 0.005
Amplex™ UltraRed reagent/(mmol/L)

(B) 45

40 m HcLPMO
=35t Control
E 30+
02 25¢
S 20t
‘_8‘ 1.5¢
» 1.0+

0.5F

0.1 0.01  0.001 0.0001 0.00001
ASC/(mol/L)
D
) %g - = /cLPMO

% 16 @ Control
E 14}

1.2+
5 1.0}
Qg’. 0.8}
= 0.6}
204t

02+

0.0

75 37.5 7.5 3.75
HRP/(U/mL)

B 6. AREEZEN HLPMO FHNE B 220

Figure 6.

Effect of different factors on the determination of HcLPMO activity. A: effect of copper ions on the

determination of HcLPMO activity; B: determination of HcLPMO enzyme activity under different ascorbate

concentrations; C: determination of HcLPMO activity at different Amplex™

Ultra Red concentrations; D:

determination of HcLPMO activity at different horseradish peroxidase concentrations. Data were represented as

mean+SD (n=2).
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2.5 HcLPMO 54 RMGUHFEFEFBRBLT LR
Bt & sl

AW AER 2N 0.5 mg/mL &4 T,
¥ HeLPMO 5 27 4t R [ AN [ L 51 20 G 03 [ e A
ABET ez, S50 A 7 Fin. TELF4E K =
4 0 mg/mL B}, RIFAA T 0.5 mg/mL () HcLPMO

4l fifg A FRGY AL AT 4R K i, TR A A, IEM
HcLPMO ToeF 4 2B iGPE . BEE 4R & R4

AN, B HcLPMO 57 4k K i LB FRAI%, 4
PR B AL, 24 HeLPMO 5 21 4E R i
Fefil ok 2:3 B, JKFESON 72 h R, AAHERRPUIR M
PR il Cu”X]LQ?QE?@@E’JE’ i, 5 0.5 mg/mL 4izf
YE R TGFEMRRCRARLL, #A R = 0.76 g/L 42
THE] 1.52 /L, BIGAHEF 2 K B MR 3 T
99.38%; A NHEBRPUIR MR AN Cu Xt 41 4 K i 1Y
o, AR AER R RCRE S . YA AR
F3EM 0.4 mg/mL B, Bl H(LPMO 52174 £ i Lt
B2 1:4 B, 5 0.5 mg/mL £F 4k R Ak 3!
AR LR 2R AR L, A A0 7 R R AR s T
34.29%, SEAR G AR 22 R W

2.6 HcLPMO 544 R AR S8 1 U e R

AWFFE FH HeLPMO 5 £ 4 2 g 1 ) Ak BEAS []

1.8
1.6}
1.4+
1.2+

Glucose production/(g/L)

RPN AR AT HE 2 . VR EORREFT . BllAb 3 EOK
ASHUR A T 2 B, X i A B 5 a0 28 PR A s
BAL BRI IEY) . LPMO S4F4E R It RO B 4T
FOr VR FOKRFE AT 0 RO B T i WD i, A
FbT 0.5 mg/mL £F4ER B ab 3, ] HcLPMO
B o b 20%3E U, # AR R R T 63.81%;
TR e R WA AR AR 5 T 59.43%; Al
) 2% 0 N, B Ak 3 OKES A B  a ER E T
35.41%; MMARZHTA AR EEAPE R T 11.06%
(Kl 8). Sanhueza 5] GLPMO HUYL Celluclast
1.5 L (—Fhigller 48 = ) 10%15 60 T /K i wsist
PRI/ NZREAT, R R R 35%), HA
WF5E FH HeLPMO #5021 4k 22 i Ak 3 Ak 34 ) K
SRR AHIE

3 itk

AT RN KT R 523 T HeLPMO (1)
SUERLE, MAHFRESMNE, HERRB R
WL N 20%, BT RIREN 20 °C, FFFIHERAE
A% T HCLPMO (2, SCm kg, B145410
K ASC WFEXT HCLPMO OISR AR, BivE

0:5 1:4 2:3

10}
0.8+
0.6
0.4+
0.2+
0 . .

Cellulase: LPMO

7. ARSI HLPMO 544 Z8HE 3 WM&
Synergistic degradation of avicel by HcLPMO and cellulase with different proportions. Data were

Figure 7.
represented as mean+SD (n=2).
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1.6 m(.5 mg/mL cellulase @ 0.4 mg/mL cellulase: 0.1 mg/mL HcLPMO

1.4+
1.2+ /‘f
1.0
< 0.8

206
(]

oduction/(g/L)

804t
=
Z 02

7
i _

/}

./

Avicel

Alkali treated corn cob  Steam explosion straw Cassava residue

Different substrates

8. HcLPMO 5H 4 ZBh EMEBARIKY

Figure 8.
mean+SD (n=2).

B, KA Amplex™ Ultra Red &5 A YY)
DEIEIE AT I B2 W ) ST 1, R T I
R vk B 25 A, 2 B UAG I 3k w4 45 4140 T
BHEC LG, W/NE PO, B H(LPMO I
S . AWFSE HALPMO 15 PEI E S E R Ak A
fdiFl Amplex™ Ultra Red 7 Y6 # i F2¢ 5
IR TR E AR LPMOs i PEAG I 25 32
TR

ARWFFEXF LPMOs 55 25 4k 2 it b3 [5] 4 A7 £l
YR AE BT T Ak, 255 3R] LPMOs
SEP YR BN TR], U [ B A RO AN AR ]
TEHRIBEE RS BU T, HeLPMO 55 27 4k 25 i L 451
Xt H R AR AT e R R B, Y
HcLPMO S 4w B4 LBl 2:3 i), H P
TSl 2T 4 3R BRI, AR it HE 0.5 mg/mL
2T 4k KRR AL B AT 4E R IHE RS T 99.38%.
Du 25098 27 4k K i Fll AnLPMO15g A [a] FH 1 i [A]
VERIIE, FmfEdem 93%, SAWFITIESCRM
;5 Zhang ZEHFFTE 4 PMO9A MALCI FlZf4
F 5] CellicCtec2 LA 9:1 f LA XS F 8:2 L il
VERI TR . B4 3 00 R B RMERT (1 7K i KA

Synergistic degradation of different substrates by HcLPMO and cellulase. Data were represented as

Prde P, SR AL IR, R AT RE
JEARFFZE LPMOs 1EH TR R i A AR H
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Synergistic degradation of cellulose by lytic polysaccharides
monooxygenase HcLPMO and cellulase
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Abstract: [Objective] To study the synergistic degradation of cellulose by lytic polysaccharide monooxygenase
HcLPMO and cellulase. [Methods] We used E. coli for heterologous expression of HcLPMO and studied the
influences of various conditions on the activity detection of LPMOs with AmplexTM Ultra Red as fluorogenic
substrate. Subsequently, we studied the synergistic degradation of avicel and other biomass substrates with different
proportion of HcLPMO and cellulase. [Results] We found the optimal filling liquid volume was 20% and the
optimal induction temperature was 20 °C for HcLPMO expression. The results of activity determination show that
HcLPMO had activity only when it was combined with copper ions. The optimal concentration of sodium ascorbate
was 10 mol/L. We also found that the concentration of Amplex™™ Ultra Red and horseradish peroxidase had little
effect on the detection of enzyme activity. For the synergistic degradation of avicel by HcLPMO and cellulase, we
found the optimal ratio of HcLPMO to cellulase was 2:3, and the yield of glucose increased by 99.48% compared
with cellulase alone. In addition, for a variety of biomass substrates, HcLPMO and cellulase had better synergistic
degradation efficiency on steam exploded straw and microcrystalline cellulose from which the yield of glucose
increased by 63.81% and 59.43%, respectively, compared with using cellulase alone. For alkali treated corn cob and
cassava residue, the yield of glucose only increased by 35.41% and 11.06%, respectively. [Conclusion] The
appropriate ratio of HcLPMO and cellulase can effectively improve the efficiency of enzymatic degradation of
cellulose, and substrate pretreatment is very helpful for the synergistic degradation of lignocellulose by HcLPMO
and cellulase.
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