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Screening and enzymatic characterization of the fungal strains
producing lignocellulose-degrading enzymes
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Abstract: [Background] Microbial degradation of straw has attracted increasing attention of
researchers. [Objective] To screen out the fungal strains with fast growth and strong activities
of degrading lignin and cellulose for the efficient utilization of straw. [Methods] The fungal
strains were isolated from the samples collected in the natural environments. PDA-guaiacol and
PDA-carboxymethylcellulose were used for preliminary screening and then the activities of
laccase and carboxymethyl cellulose (CMCase) of the selected strains were determined by
liquid fermentation. The target strain was obtained by re-screening based on mycelial growth
rate and identified by sequencing of internal transcribed spacer (ITS). Furthermore, the laccase
and CMCase activites of the target strain was determined and the enzymatic properties were
studied. [Results] A total of 18 strains of fungi were isolated from the samples, among which
9 strains producing lignocellulose-degrading enzymes were selected through preliminary
screening. After re-screening, strain M1 with high activities of laccase and CMCase and fast
mycelial growth was screened out as the target strain and identified as Pleurotus ostreatus. The
strain had the laccase and CMCase activities of (243.59+1.11) U/mL and (36.03+£0.63) U/mL,
respectively, as well as the mycelial growth rate of (9.43+£0.32) mm/d during the 5 days of
culture. The relative activity of laccase produced by strain M1 was the most stable at pH 5.5 and
over 90% in a pH range of 5.0 to 6.5 and below 55 °C. The relative activity of CMCase
produced by strain M1 was the most stable at pH 6.0 and over 90% in a pH range of 5.5 to 6.5
and below 60 °C. [Conclusion] P. ostreatus M1 had high laccase and CMCase activities and the
potential of degrading lignin and cellulose. This study provides a promising fungal strain for the
biodegradation of straw.

Keywords: lignocellulose-degrading enzyme; fungi; screening; identification
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(EEESE SRS iBuN= =& R3] TR (ST I LR e
DI EE R I LTHER | RBRR ML R AL
JRT DUR B 2% 8 SR IR A 2 B REDR . W A &
ARSI E AR

TR KAE ., 2R R AT 2R
LPYERR | L7 YR R TR SR 27 4R B 4 o
TEARDI AL RE KRR 52 4R DI p i
MR ES &k, HRTgEREENLT,
s — 2R 0 TRE Y PR, BUEtEY)
TR S W7, TR, 75 ) A 0 i e i
PR FERS, AR EAYER . LA R
FHA S50 2% g =5 22 b A5 W I 1) B R 4 T A RS R
ERERF A RS 8 FER A
L, MTERARRNEERT =, MELURRS AT
TR B ROM A, D, 0 i e v ™ AR
2 1) A W R] O A AT B R A i R R A A
A BRI & SR AR B AR S

Pl Al R E RO — R LA R
R BRI A B, B R A
SRR B RERE T, RS S B RIS AT 14 1R AL
Refg ., BEPGSEMTIUESS, FTF-£5 AL 3N
FEFF AT ] B R RRS AP AR R &5, AT
TEI B N HET T EF AR R P R A ) AR5
B R I AR S R o 7 1 v 7 AR o AR Al 2T 4
KRR HE R, LU = il w e AR AR A
AR L AT B IRDRME A AT B I A
Hh 24 A ) ke T S AN o FH 255 Sk

1 MR5r%

1.1 #8
1.1.1 #&

TENS T BIRIX . BIETLA S AR KR 4
MREE . RIESEAGHER, UAERAKH
B AR SRS 30 4y, WA, T
it AT 0

1.1.2 FERFANEE

DNS i #ZHARMIE NY/T 912—2020 Jic
il DNS 7M1,

ABIARE . WIS L | R LA 4 R
(CMC-Na) ., 2,2"-B% % - W -3-Z, 2 I e M - 6- it
I [2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid ammonium salt), ABTS]. #{AZE ¥ Kot
afi, B AR RHECA R R 3,5- TR ARK
W2 (DNS) . PU/KT A BREPEN . KBy . Jo/K AR
FREN . Jo/K AR SR8 R ot ali, 246
Ak 2 A PR Al s Ezup A B SR 41
DNA i & . 514 . DNA REMSE, 4
A TARCEE) R A RA A .

AT OLA R T, RiRRSS R AER A B
73] pH TR F K7 MR ) -FE R 2 (1
VA BRA w5 H P R K 0 i 0 AP I B 7
., b —fER SR A R AR B,
Olympus 23] ; PCR X, ARIEAIH AEMFHHA
FRAF
1.1.3 EHFE

PDA Bi3E3L . #4954 20.0 g, Bl 20.0 g,
+ Ei2% 1000.0 mL, pH A%k,

PDA-@BIARMIGFEL: 76 PDA ¥zt
IR 0.4 g/L, FT 73 M EL B 017

PDA-CMC };i5373E: 1E PDA BigRFE s
CMC-Na 2.0 g/L, FF 7725 4k 2 W B 4

PG R A R TR 47 JE (g/L): NaNO; 2.5,
KH,PO, 1.0, MgSO,-7H,0 1.0, NaCl 1.0, CaCl,-2H,0
0.5, BEEEE 0.1, ARZE 3.0, pH HA.

PRETAE R MRRAR R T RE R H (g/L): CMC-Na
5.0, EMME 3.0, MgS0,4-7H,0 0.3, BEREE 0.5,
CaCl,'2H,0 0.3, KH,PO, 1.5, pH 7.0-7.3,

1.2 A&
121 HESBS5441
HURAE () 78 1 SR B I sl AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RSS2 4 2 B A iy 1R 10 97 8 B B R 1

1101

FATCHE BT JIBT AL 1 em 2247 A/, G TR 47k
PG DR 3 K, BWIRIEYE 3-5 min, TG IESR
W o BUEEPEAE S $e Rl 2 PDA K53R3E, B 28 °C
B FRAR R AR 45 do BUERK M A EV , R
ETHRBUG 22470 PDA 55373, U2 e B 95 0k
fralifh. Wi fb kS 3 PDA ks g%, F
28 CREFEMREFE 4 d, SRIGHE 4 °CIRAFA .
1.2.2 FHREEVIE

1) J7 B IE ) 1k

Z BN B R E IR s, WAk ) B
Pl 5480 2 PDA “FAle, B 28 °CIEFRAHE IR
B3t 7d, R ER 9 mm W ICH T LA AE
VE I G U DF o B DFEE D PDA-RL AR
M ge, REAPAREER—IE Y, AR R
3ANEAT, FEROSEARCE 28 CCREFRAN R IR B 5E,
B R WS TL 53 T 7 ] TR 204 0 S £ B 1 7 A
o ¥EFREH 7 K, HUER R RS 5 ™4
0 P TR PR B T VR BAR(R) M B B B AR (), FF
IHEREEERS BB ERNEREERN)™, ¥
A ) 7 T 32 TR R IR il 1)

2) UL YRR IR )ik

SR FF D SR 21 2 e, 303000 5 7 35 PR A ™ 4T 4k 3R
ey . HUAiAL ELA R 5> 0 Fh 2= PDA F
Mr, B 28 °CHEFAENESR 7d, EREANSGHHE
£ 9 mm WICEATILAR IR D BOR PHER
% PDA-CMC VAl e, R4 F A 4 il — e 1
E, B 3 AP, ERCEARE 28 °C
BRI, BREE 7 R, R mA
1 mg/mL RIS 207 78 w5 Bk 1
Juft, 15-20 min JEMUENIRA AW, MA
1 mol/L SAL AN W vh sk, H0 B0 € P ) T Pk
FRE AR AR KR53 5000 1 B8 7% B4R (R) S g WK i
Bl ER(), HitHEwEERSEVKREA
7 (0 HAB (RM, H0 28 4 2 B Wk 7 £F 4 R i
HIRET] -

123 FHEEEI®

1) KL

B0 BT 43 32 Ff PDA SPAl, B 28 °C
B RAREE AR 7 d, R ER 9 mm MICHFTHL
ATE VR D SRR DE . B TRRR 53 e ™
VS TRV A 2 T 5 3 R AR 7 7 4 2R TR M T s
FRIAS 3,250 mL = AR A 50 mL,
B Z MR —EEPE, T 28 °C. 180 r/min
PIRIRG 57 7 do FEFRMRAEZ IR 6 000 r/min 2
O 15 min, IR EHLERG . & 4 °CIREL

2) R Tl I DU

2 B X 2R A 25 VTR A 34 DTG Oy v 2
I 355 AT 1 R T TS o IBOMAL R 0.1 mL, =
1.7 mL pH 5.0 i 0.1 mmol/L il -tk ik 44 2% v
W, IRAT, FA 0.5 mmol/L ABTS JK#I
W 0.2 mL, 1RE), f£ 25 °CI i 6 min, JIIA
0.4 mol/L 1Y =S LRV 0.5 mL Z& 1k vy 5 LA
FENB KA R R R Xt ], ZE %4 420 nm AR
EWSERE ., £ 25°C, pH 5.0 &4 F, LLEES b
A4k 1 pmol ABTS & (MR R 1 MG )
HAL(U),

3) ZT 4 Tl 1 I

Z: B AR NY/T 912—2020 % DNS &
I 5 £ 2 R TS, B pH 5.5 11 0.1 mol/L
M TR - T TR B 2 o A, I AR Y R 2 4 R A
(CMC-N)FE /i, BCil i B 15.0 g/L 1Y)
CMC-Na R AE IR R . BUM B 2 mL,
T 2 mL JEPIE I, 76 37 °CHAIE Y 30 min,
BIA 5 mL DNS %2 E S, 7K 5 min,
BHEER, MKERZE 25 mL, WK 2 mL,
HIA 2 mL JEYEE A 5.0 mL DNS &85, /K
W 5min, EAZE 25.0mL, VERNFRIES AL,
I P K 540 nm AL AW YRS . 7E 37 °C. pH 5.5
AN, BT OK R T BLER 4 R AR A
T 1.0 pmol % BE 5 I A (A 14>
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it 1% 1 B AL (U)

4) BERAE KRR

B 3 1) EL TR A AR 32 Pl PDA -, 28 °C
FFRAaRE R 7d, R HER 9 mm BICEATAL
ATE VR NS I Y. B PR PDA OF
M ge, B R— PG, AR R
3ANEAT, ERCENCE 28 CCRE AR SR, BEK
WAL 2 A KGN . BHRES S K, #%
A Sk RS R R 43 S 8 B AR 1Y TR U
HAE, #ARXIHE R 224 K # & (mm/d)FLE A
KAt (mm)!'*,
1.24 BHIEHKLEE

1) A MER

B H BBk RD PDA 55558, B 28 °CH
FRAAEEFE 5 d, WEOLRRMFEIEA | B g
IS A )RR . A BB R O T TR
SR DN — A0 2 280 G P VR A 5 W T 0 T ) 2k B
b, HEH AR, R AR, AR R
B PR E W 2Z K/ B RIEFHE A
TR AR KR EE,

2) TR E

K H Ezup #ExCE 5L [ 20 DNA il #2057
EIRBUY B B A AR L F 4 DNA, HARS IR
ZHRUL H#EE. RAIETE#EHAG Y 1TSI
(5'-TCCGTAGGTGAACCTGCGG-3') #l 1TS4
(5'-TCCTCCGCTTATTGATATGC-3") #£ 17 PCR
P 14 N &% 5% (8] g X (internal transcribed spacer,
ITS) 441, Hid 18 A B >4 500750 bp.
PCR S WKZ (25 pLl): #A DNA (5 pg/mL)
0.5 uL, 10xPCR buffer (5 Mg®") 2.5 uL, dNTPs
(2.5 mmol/L) 1 pL, Tag DNA 45 U/uL)
0.2 uL, k. F#F5I¥(20 pmol/L)% 0.5 pL,
sterilized ddH,O 19.8 pL., PCR JZ i 14 95 °C
5min; 95°C 1 min, 56°C 1 min, 72 °C 1 min,
35 MEF; 72 °C 10 min; 4 °C{37%. PCR /=¥

B A TAE Y TR (i) A A BR 2w 4tk Jm il
JF o Ry g5 R4 AC ) NCBI 4l 5, Al
BLAST A7 [Al M LL#, R MEGA 11.0
/) MUSCLE Z ¥4l lbxt B L, LIRSS &9
(neighbour-joining method)H R G & B, K
571 °M bootstrap 7, RIS ECH 500 I, ik
# Kimura-2 ZH Y, 8 H R R R 5K
AR, B BARERIN R,
1.2.5 E#HREERENE

S 1 TR AR A3 00 2 e 7 R TR AR e T i 7
S A R R A R R TR A 3 0, 250 mL
ST 50 mL, A = MAHER
— PR, T 28 °C. 180 r/min ¥&IKIRE% R %
30 d, MES 2 RIFURRE R RIUFE b —IK . AR
F 6 000 r/min .0> 15 min, H FIHKE 4 °C
UKARRAE, TN EETG ; WSR2k, 251K
VeI UE 3, 60 °CCHLT 2 {HEE, FRE, 1R E
PR,
1.2.6 BgETREMENE

1) e

BUHLEERFE S 4351 B 20, 30, 40, 50, 60,
70, 80 CHIEAEF 1 h, IR PEAT AT K
WAE R X, A 3 A1, I BT
e RIS P, THOAXS BTG ) o AHRE
FIRAEAR TG 715 %t B IG 7 005 43 E 12

2) BRERERE PRI E

Fi pH{E5 %14 3.0, 4.0, 5.0, 6.0, 7.0,
8.0 Y Wi R Sl — AN - A R 2% i W 4 i T ok
LO%MIEE W, ZWAEM 1 h 5, DUHZEmK
Be il ) 1.0% ML BBV E % I, BRI 3 41
A7, DN A B AN 2T 2 R I A IS Pk, TH AR X
WG 7 o REXT BTG O A AR TG 7 5 %) Bl
T E 43 H P,
1.3 #HEHIT

RIGEHE R H Excel 2007 ZbFRIEAVER], N
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JH SPSS 26.0 #E4T H K &K Jr 2 43 7 (one-way
ANOVA), P<0.05 HZERFB#E, P<0.01 hZEH
e, I B s ] CF I E PR E22) s .

2 EREGHN

21 EREMAIBER

MRS AR B0 A4k b e 43 28 B 18 Ak,
Forp R A 25 8k oy s B HIER 8 Bk, 4390l
A4 NEMR M1, M2, M3, M4, M5, M6,
M7 1 M8; >R FH B 22 To vt 40 Ak 7 40 85 31 B R
10 ¥k, 439l 4 AHE Pk F1. F2, F3, F4, F5,
F6. F7. F8. F9 I F10.
22 FREEHENERLSR

K 1 PDA- A A B~ i 8315 X5 43 5 11
18 PR LI AT R BT R B A0 P ik, 250 3R
B, FERRSRESE 5 KT, A 7 HREWTE PDA-RL
BIAREF- A b= R 2U o B e, Ui 7 bk
FLIA RN ™ A R, oAy 11 BRECTR R AR
Bl 76 7 MRy ERBRILIE T, AR M4 19 R/ H
/N, 4 0.64+0.01; IRZAH K M5, R/ir fH N
0.68+0.01; HIR /M HIH B R M1, M2, F2, M3,
F3, GV M4 B9 P= 3B RE J ok, 4%
BLFE1, K1,
23 PFAHLZMERVIEER

K HI PDA-CMC -l B €835 %5 43 25 119 18 £k
WA A g R RGP e, 45 R A
8 FRELIETE PDA-CMC - = a5 B K fiie [
ULEHIX 8 PR ECPHRERS - AR 4 A B, A 10 £k
B A A 3 WK AL . A A6 3 B K i P 1
HEEY, Wk M3 B R/r{Ei/)N, 4 0.71£0.02;
WZHEERE M5, Rir fH} 0.78+0.01; k435
SRR M4, M1, M6, F2, M2, F1, iR
BRI R M3 P2 21 4 R FRE ) fieom, Z5R 3R 2,
K2,

x1 FREBEEVEES
Table 1 Preliminary screening results of laccase
producing fungi

Wk WEERZ - DEeEHERE Wik HES D6

Strain Colony Coloration circle B E 121 H{A
diameter diameter Ratio of colony
(R, mm) (r, mm) diameter to

coloration circle
diameter (R/r)

Ml 37.30+£0.57A 47.61+0.44A 0.78+0.02C
M2 20.99+0.31C 26.51+£0.19B 0.79+0.01C
M3 21.25+0.17C 21.25+0.17D 1.00+0.00B
M4 17.24+0.43D 27.05+0.32B 0.64+0.01Db
MS5 15.22+0.17E  22.39+0.15Ca 0.68+0.01Da
F2 20.72+0.53C 21.59+0.24CDb  0.96+0.02B
F3 26.28+0.14B 19.43+0.77E 1.35+0.05A

[F) 1 B AN [\ /NS 7 bR R0R 22 57 1 % (P<0.05), ARIRE
FRRIN2ZE RN B (P<0.01). T

In the same column, values with different lowercase letters
mean significant difference (P<0.05), and with different
capital letters mean extremely significant difference
(P<0.01). The same below.

1 EHRMIEPDA-BEAREMERE LHESR
Figure 1 Coloration circle formed of strain M1 on
PDA-guaiacol medium.

24 EEEKFH

R R G E g5 R R, £ 5d ik
FEHIN] WAR R 2 E KR S H 2 E KRR
IEAHSE, Hid, BERE M1 A KRR R, 4
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x2 FAUEZBERVMIESR
Table 2 Preliminary screening results of cellulase
producing fungi

Wk HvEEAR 7 K fife
Strain Colony diameter F/%

R TR I8 5 K i
Rl ELAR Y LU (EL

(R, mm) Hydrolytic circle Ratio of colony
diameter diameter to
(r, mm) hydrolytic circle
diameter (R/r)

M1 3496+0.13B  40.96+0.44B 0.85+0.01Ca
M2 20.78+0.41Ca  22.70+0.30D  0.92+0.01B
M3 19.42+0.36Db  27.46+0.19C 0.71£0.02F
M4  11.1240.35G 13.6840.21G ~ 0.81+0.04CEb
M5  13.48+0.35F 17.39+0.28F 0.78+0.01DEb
M6  16.41+0.43E 19.22+0.15E 0.85+0.02Ca
Fl1 41.33+0.59A  42.31+0.53A  0.98+0.00A
F2 20.30+£0.60CDa 22.49+0.49D  0.90+0.01B

K& & K, 2% 8 (©9.43£0.32) mm/d Fl
(47.14+1.59) mm; HUCZERE F1, ARKEE54
B3R (8.47+0.21) mm/d F1(42.39+1.03) mm;
PR M5 AR K IR e, A K R 5 AR K&y )
}9(3.52£0.04) mm/d F1(17.62+0.20) mm, %55 0L
%3,
25 BEMIAMEEERER
FHERE I E G5 RAR Y, TR R, T
Pk M1 PHEEHEROK, F(241.17£1.97) U/mL; HH

*x3 THEERE PDA ER EAIEKIER

Table 3 The growth of the selected fungi on PDA plate

2 E# M1 7£ PDA-CMC #2555 FR9iERA K
fi

Figure 2 Hydrolytic circle formed of strain M1 on
PDA-carboxymethylcellulose sodium medium.

UORTEE M4, 778 B4 (194.38+0.69) U/mL;
PR M6 7= f /)N, 4(0.89+0.04) U/mL.
TR B EE T, Wtk M3 P g R i
K, H(39.49+1.05) U/mL; HJZEFE#E M1,
LT Y A (35.17+40.79) U/mL; bk B3 7%
Y F i /N, M(0.23+£0.03) U/mL, 455 W,
R 4, LA T BRERY 7 B RE 71 e A K e
B LT MR A 7 i DIG  TRTRE

LS WL ERKE

Strain Myecelium growth mass (mm)

[CEA RS Es

Mycelium growth rate (mm/d)

(g8
Mycelium density

[EE22E)) S

Mycelium uniformity

M1 47.14+1.59A 9.43+0.32A Dense Uniform
M2 31.23+0.75C 6.25+0.15C Relatively dense Uniform
M3 21.98+0.25EFa 4.40+0.05Ea Relatively sparse Uniform
M4 22.76+0.46Ea 4.55+0.09Ea Relatively sparse Uniform
M5 17.62+0.20H 3.52+0.04F Sparse Relatively uniform
M6 20.09+0.87FGb 4.02+0.17Eb Sparse Uniform
F1 42.39+1.03B 8.48+0.21B Dense Relatively uniform
F2 21.56+0.71EGa 4.31£0.14Ea Relatively sparse Uniform
F3 27.87+0.94D 5.57+0.19D Relatively dense Uniform
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x4 HEREKRKEFFEBELENE
Table 4 The results of enzyme activities of different

fungi in liquid culture

k7S % il e £ Yl 2K WS
Strain Laccase enzyme activity Cellulase enzyme
(U/mL) activity (U/mL)
M1 241.17+£1.97A 35.17+0.79B
M2 155.78+1.37D 10.84+0.35F
M3 87.06+1.16E 39.49+1.05A
M4 194.38+0.69B 15.86+0.49E
M5 167.26+0.86C 19.09+0.62C
M6 0.89+0.04H 17.56+0.50D
Fl 1.60+0.08H 7.56+0.26G
F2 48.61+0.74F 11.17+0.22F
F3 25.61+£0.39G 0.234+0.03H

2.6 EHk M1 EESREERFE

TEIGFR 2 7 K, Hbk M1 g RS2
@, BE, memE, JBR0E 3A); HERE
i I 18] T v A8 N BURRVIR W8 I 22 B W8
e, IR O/ N (K 3B); AEFUE A
(% 3C); BB K 228K, A HL,
Tof ¥, T 22 n] WS 31 B BT AR I & (B 3D).
27 EHMI D FFELEEHER

AR M1 7E B Z A B B 2 Bod o
(National Microbiology Data Center, NMDC)%&
&5 NMDCNOO0011VH, 43144 W% % & 4%
REW, Wk M1 SRS B H Rk O s 5

KY951482. 1) ITS J¢ A APEE E] 100%,
EFRR M1 RRE Bz N BT (Pleurotus ostreatus),
RE M1 RS R B WA HE5 R LA 4.,
2.8 BHEKTEERE

FERRE M1 S R B R, DRSS 12 K
FEIR = B E G K, R EESS 18 Rk B
EE, JFRFEEEAEEE 30 K, Hd, fEREES
22 RikB| e, WE(EH M (243.59+1.11) U/mL;
INEBESS 6 KITUh 7~ 25 4k 2 B i K, &
RS 16 RBFKEME, i E kKBS
30 K, Hrp, fEEBES 24 KikH| i, 1gH
$1(36.03+0.63) U/mL. TERME 8 X, W
YR I RGN, B SRS, ERBES
18 K, MWARG:, fERBE 20 X, WLikAg
PRGBS RIRKR, MGG TR, FIReE w221k
24 B (E 5).

KT R ABERE M1 A 7 i 2 A 2214
Az g AT B0 ) IR, PR 22 A AR R
AR T RN 24 2% Tl ) 7 R K
29 MEEIERREM
29.1 BEEHORRIREM

S 25 B R B R Rz 0 EORH I v R A
fiKF 50 cCIsEH AR Mg wr s TEIRE =
F 55 cCHEE Aot T e, HXTEGIE B 2
92.77%; TE T 60 °CIREE A FE I W R TE , 1%

3 EHMI BEERMELES
2w

A: HEFHETAdHEEEAS.B: K 15dEHEES. C: HENH.D: #H

Figure 3 Colony and mycelium morphology of strain M1. A: Colony morphology after culture7 days. B:
Colony morphology after culture 15 days. C: Back of colony. D: Mycelium.
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100 M1 (NMDCNO00T1VH)
100 L Pleurotus ostreatus (KY951482.1)
Pleurotus ostreatus (KY951481.1)
Pleurotus ostreatus (KJ862075.1)
Pleurotus ostreatus (KY951480.1)
Pleurotus ostreatus (MK855520.1)
Pleurotus ostreatus (KC582641.1)
Pleurotus ostreatus (KX836263.1)
100 95— Pleurotus eryngii (F1904770.1)

L Pleurotus eryngii (OM541308.1)

94 [ Pleurotus nebrodensis (MN822666.1)
28 L Pleurotus nebrodensis (DQO77887.1)
100 —————— Plewrotus fuscosquamulosus (KM111497.1)

L Plewrotus giganteus (KP120919.1)

66

47

93

90

0.050

4 ETITS FIMEMER M1 REXER S5 H0FSH GenBank & 355 TH5 5 H; 73 3¢
AR BT ERIN BRAE s FRRFTZR BN 0.050 A2 IR B e %
Figure 4 Phylogenetic tree of strain M1 constructed based on ITS sequence. GenBank accession numbers of

aligned sequences are shown in the brackets; The bootstrap values are shown at the node; Bar 0.050 means
the nucleotide substitution rate of 0.050.
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E* 20
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50 10
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5 EMMIBSABIETEEREDETHURE

Figure 5 Changes of enzyme activities and biomass during liquid fermentation of strain M1.

BEAEMCT 55 cCHABMTRUE RS .. MK  BmdE 6).

HLFAE R EMLT 55 cCHEE MR EM  29.2 BSRY pHIREM

B TEIRE R T 60 CCHEE R EME TR, # SLHEE AR, Rk B O EORH R R A
SRR 91.05%; (EET 65 cCHE sl  pH 5.0-6.5 YA/ 5 b AE G (R HF R O BTG
KAGWIE s EIRIETEE 75 cOmfHEEE Ay T, ADUTEEE S 90.99%L) F ., HAfE pH 5.5 By
67.99%; £F 4 ZFELEAR T 60 CCHRBI MR RaEYE A BUPECONERE, MIXTERTE Y 99.12%; HIBER
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LT 4k E i LE pH 5.5-6.5 A i Th AE
PREFRCAT BT TS 1, AT TS A 90.14% LA I,
HrPTE pH 6.0 B9 S di RS sE , AT Oy
99.82% (&1 7).

3 W54 #®

ABIFFER T PDA- BIA B . (3% | W1
SRALGeAD 73 B E VRN E T 73 B EL R IR
YRR M TEE, SRR, PR R AR AR
3 0 P 13 W K A Bl S 85 R T M, R/ {ELE PSS
R 7 E N E SR IEANANAT, PR
TR PPN BRI )7 B TS A R 25 A7 o ARV

—o—Laccase CMCase
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. % 3 ® E_®
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Relative enzyme activity (%)
N
S
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6 ARIREME# M1 A% P iR T %

EhEhE TR E A 220

Figure 6 Effects of different temperature on laccase
and cellulase stability of strain M 1.

CMCase

—o— Laccase
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= T T

3o}

Relative enzyme activity (%)
=N
=]

2.0 4.0 6.0 8.0 10.0
pH

7  A[E pH X @k M1 FHES & P iREEF T4 &=
fElg ET E RS2 N

Figure 7 Effects of different pH onlaccase and
cellulase stability of strain M1.

PDA- #1401 A By - Al 0 32 00 5 T 0k 7 T
B, K4 PDA-A O B B ig 1B B 7% B LA 5
0 P AR B (B VT VF M B AR R AR OR BT R Y R
71, WAE<1 MERRREILCPE AR ZR , th{E>1
AR AR REDL e R 2P e ) HRIL e, A
5T 0 e A B R P, Bk M3 RN TR Bk F3 A9 HLAE
¥i>1, RARGREMA4ERTE, M1 S5 HAL B RE T
P <t, NIRJCREMARRER N .

AR5 2R 8 ot T 0 B A A 2o Ak Tl . R
J 2 ot A Y B R I S W £ A AT
RUBEfR, EOREA ARG R EEARR, &
JEA R R E BT R, BENTYERLE
UERTE T LI, Hit, KRR
TERTPIRE AT 00 B it b R P SR E ™) r 2
BTV T 7R 2 WA W 0 43 5 5 i AU
5, N EERS PSR EE . HREE
FIP= B A W) o 220 W 5543 B8 3R A5 — PR AR A
JoT 2 1) R DE M 2R AT IR, 1% AT AR B A AR R i
ESUE-RI7/] N PURN 7] AR YIRS
YRS, (2RI 10-16 d 223k 2 B 1%
8, e B 1505k 55.00 16.7. 45.4 Fl
60.5 U/, 2= 7 78 25 PR AR 2 + 358 vh 43 1 0
T — R R Y B R AR AR TR, ZE DR
KU TFEFRES 6 K, PR MG Mk (A,
PR IR F] 120.0 U/LP, 55 7 845 A 4 3R 5
B 18 31— B 7 R T R 1) W8 22 2F 8 X PR
FHF 7= B 16 PR o 25 R0, 7 R T
9.37 U/mLP, Faiiize 1 7 A0 Ja 1R ik A s il
ARG | s R 0B P VA T e , M7 189.11 U/mLP",
AT NI AR P A b 40 B 0 o TS R R
T (AR 7 B T ML, 22800 5 2% T L A TR P 14 I
TEPEE IA(241.17£1.97) U/mL, W B & TEMRiE
SRR, SRHIRE, BT WK A B EERE
Hh, WHRIE R .

FE R R AR P 27 4E AR DG IF ST L T 77 &F
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AR HAE IR Z, Hrh iy g - e
M Z B E Y 2 R = Y KB A, e
YR EHE B FEYEENE TE
M (1) A 458 rp O 26 Y — MR BR [ROR 8 (Trichoderma
koningii), 3% 72 h B £F 4 L RS fe iy, 18
F(19.18+0.68) U/mL™™, 5k & 55 % Mg H +- 8
i 3 B — Bk H R F & (Penicillium oxalicum)
WAF6, 3i3% 5 d WEF4E RBRHE w183
29.35 U/mLPY, i 5255 AR 220 ARk -+ 4
HOR BT 2 PREF 4 2R AR LA, TR FRE R A
T, BRE B (Penicillium oxalicum)5 W) fi)&
(Oidiodendron tenuissimum) & 19 5= CMC i
P, 4355k 103.89 U/mL 1 158.36 U/mLEY,
KA T S5 DA VY R e VR R P AR AR B g vy
17 3 1) — Ak 1 0™ 1 4 22 Tl IR LT R
W& (Penicillium), TEARHR 15 °CHI™ £ 4k = i
M S SR AR F N, A4 R S Al ik
72.07 U/mLPY . AR5 53 B 1 1 (0 s F M0 H- T
M 1 RH B H £ 24 25 B 28 (35.17+0.79) U/mL,
A2 B IEPE R T O R IE RS R O EE T

gE ERTIR, ARG BT B MR R M1
28 M AR K H B B 1 AR A R B 2R R
YR TT, NIEPFEF A YRR T AL
) T A B
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