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Screening of efficient lignin-degrading fungal strains and
their degradation on cornstalk
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Engineering Research Center of Chinese Ministry of Education for Edible and Medicinal Fungi, Jilin Agricultural

University, Changchun, Jilin 130118, China

Abstract: Efficient lignin-degrading fungal strains were screened by using guaiacol- and aniline
blue-containing solid media. Using Phanerochaete chrysosporium CGMCC 5.0776 as a control,
cornstalk was pretreated with the selected strains. The degradation rates of lignin and cellulose,
and the activities of laccase, manganese peroxidase (MnP) and lignin peroxidase (LiP) were
determined. Two strains with higher activities of laccase or MnP were screened from 16
white-rot fungal strains. Based on morphology and molecular biology, they were identified as
Trametes betulina (ZT-153) and B. fumosa (ZT-307). The lignin degradation efficiency on
cornstalk was 13.60% by T. betulina ZT-153 and 21.87% by B. fumosa ZT-307, or respectively
1.58% and 9.85% as against P. chrysosporium CGMCC 5.0776, and the degradation rate of
cellulose was 4.10% and 4.50% respectively. During the pretreatment of cornstalk, T. betulina
ZT-153 showed active in degrading laccase and MnP, while B. fumosa ZT-307 only showed active
in degrading LiP. Bjerkandera fumosa ZT-307 showed the highest lignin degradation ability, and
it has potential and application prospects in comprehensive utilization of cornstalk resources.

Key words: white-rot fungi, cornstalk, lignin, cellulose

HERRIWKE, WEREFETERE
MEX. Git8dE TR, 2015 i ERFF %
FEEZ 104 120, DOKREREFT. INEREFF
MEKAEH A, ERIEHX, TR 2
FERRE Y (KRS 2005; % 6L
2016) . FEFAE A —AE W] AR TR,
CHRWF, FEWE” (EFiE 2010). FEFF
MR ERSEFERAR. YRR,
AR AN A 4 2R DU 8 1R 208 i —Fh
RIRMIBERR, Maerde R, By 44E
FMEBHAE AR R KA S S5 R A2 5
M F K AE A R ) B B#R%  (Buranov &
Mazza 2008; KUY 2013; A WAIA 2018).
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iy TCi5 S 0U%s 55 5] R 7038 1) 12 R0
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Horb B B AT AT A B, WA AT
IR TREFHEZ G5/, KRS FF IR R A A
HEEE

RERKBHE T E (FEE 2015),
HoZflEMAE %L, HEnk 600 ZF, &Rk
HUIX 3k 300 2, VBN R B B I B B,
Z AL N SRR T RO EIE (R R
2009; Dai 2010; &##45 2011a, 2011b, 2011c;
TS 2011; BREFASE 2017; KB KEE 2017;
ZMR% 2019, 2020). ABEEXNARREEA
IRIBIIFEMRRE ), REBSTEAES RIS TR
JFi & 5E 4 BN CO, A H,0 (Reid 1995; Z8E%
7% 2005). FHKirk & Tien (1984) W5t T H
JE B FIEZCHEL Phanerochaete chrysosporium
Burds Xf A R IBFAf. L5 Wan & Li (2010)
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P B L FLTE  Ceriporiopsis subvermispora
(Pilat) Gilb. & Ryvarden [&fi# L KAEFT, 7670
42d I}, HOW AR ER FIFEARSCR L 2] 39.2%,
XTEFYE R PR AR AN 5%. Sun et al.(2011)
FIFE#FLEE Trametes hirsuta (Wulfen) Lloyd
X BOKFEAT AT MR, AETUAEHE 42d I, XK
JRRPEARRIAE] 71.91%. KAV (2017) F)
FAREEAH 5 FLEA Funalia trogii (Berk.) Bondartsev
& Singer THALIE FOKAEF, AR FEMEN
33.99%, AL FFfR2N 8.77% . BhF#5(2017)
Xt T. hirsuta XYG422 Bl & B AR T AL,
TRALEE EARFEAT, A 2 A 2205 3] 83.54%.
1B BB N R AT e = B Re JI R g . b
1M ECARCERAR I R L R R R R B A
5 1 PR AR ASUR, T PR AR 4T 4E 2% (Blanchette
etal. 1988).

AT FE N 16 R TR B TR B PR R O IR A
B B RN B0 A BREE TR 2 PR
P FRFEA AT TAR B, R ILEA TN
T ARG H R R ANV A S5t 2R 5 R0 ) P i
YERT . W 9045 3 B 5 B8 B2 B T R R A
DA RO B K AE T AR ot 25 A ARATL A B 7 S it 2
HEAET

1 M5 7%

1.1 #t

1.1.1 k. A ATH Phanerochaete
chrysosporium CGMCC 5.0776 4 H H [E &l
B bR Fb ARk oty , oAt 16 BRTE AR HIEE R
. o, ik, BURET F RO KB R
Fh R0 (CCMID,

1.1.2 ISRl FORFEFELE &R
TRI6 H

1.1.3 7R @OPKE-PDA [H {4 772

200g LS, Bl 20g, % HE 20g,
BAIRE 0.4mL IIZKERE] 1L, 121CKE
3min, FHTE PRI E B AR 00 P BRI RE 1 (O

HeHrEE 2014) . K% -PDA [l 1R 55 77 %5 - 200g
LR BARIGH, Bifls 20g, &Mk 20g, Al
W5 0.1g, MNAKEZRS 1L, 121°C K 30min,
FH T PRI o oA R 1 7 I S Bl e T (3%
5 2002). WHRIEMLETFREL: FEHE 20g,
e 20g, FEBEIR Ky 5.0, KH,PO, 1g,
MgS04-7H,0 0.5g, ZnS04-7H,0 0.05g, HN/K5E
AH) 1L, pH HAR, 121°CKE 30min (A&
2014), WitAREFRHL: Hi%ibE 20g, BERHEM
5g, KH,PO, 1g, MgS04-7H,0 0.5, ZnSO4-7H,0
50mg, HI7KE 253 1L, pH EH 4R, 7335 % 250mL
HETE M A, B N AR S 77 2 100mL,
121°C KB 30min J5, MA4E4Z B, 40uL.
TR FEFF AR R8s B B KFEAFT 60°C Ut
T-FEAEE R, o 40 HiE, 1288 E KA
K=1:2.5 FIELBINA BIRFFR I, 121°C K
30min.
1.2 /&
1.2.1 BEHRENL: BT 4 CRERIE AR B
AR, BETEREER, EMEREERE
35 FE I, 25°CH RS 77 45 T 2240 TR
1.2.2 WHRGTE: WESN 1em BB P 5
Behh B @O RT-PDA [E AR FEEH 25°C RS
7% 6d, LUK RZWE-PDA FlfAR; %K 25°C
B 9% 5d, FIF7RIgik, WEEFEMA K
W HAE. DA /ROEER, Dok /g
tBEERSHLBEANE, S EkE
3NEE. EFR 24 KB R/ AL
DRI PR 2 v ) TR PR FH T 5 B
1.2.3 FHREE: (1) BEAZ%EE. XA%E
G REETTE, B BRI 75 WA AE A O
KR, 287 125 (2015) FLEXZK 5145 (1998)
(IR T IEAT %08

(2) THEYFSEE: B—EENHtE
P22 AR RS, SR FH 2R 24 DNA $2EE ]
& (FENtad) $EEUS DNA. PCR 1854
N 1TSS AT ITS4 (White et al. 1990) , PCR N
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A %: 10xPCR buffer 2.5uL, dNTP (10mmol/L)
2ul, 914 1S4 A1 1TS5 (10pumol/L) 1uL, Tag
DNA K& (5U/ul), HiHk DNA 2uL, #Min
ZBTIKE 25uL. PCR M 4MF: 95CHiiAr
P 3min; 94°CA5 % 40s, 54°CiR K 45s, 72°C
SEAR 1min, 3£ 35 NMEIS; 72°CHEMH 10min,
A CHILE RN PP B TAY) TR R
B H R AwMF, 454 GenBank [H]—%EC
FIR B IR FH 5 K ARV AN DL 92573 B A
ERG K EWN, 1M Boletopsis leucomelaena
(Pers.) Fayod A1 Hydnellum geogenium (Fr.)
Banker {E V4N, FIF MAFFT JEAT P8I LELXT
(Kazutaka et al. 2005), Gblocks FEEUF 1| [ I{R5F
[X1# (Talavera & Castresana2007), ModelFinder
PR AR R S5 (Kalyaanamoorthy et al.
2017), F|H 1Qtree #1 MrBayes 73 4 & £ 45
KE M (Ronquist et al. 2012; Nguyen et al.
2015),
1.2.4 Fp7 K FE: BUEARAN 1om HIREL 5 4,
BRI RE IR I, 25°C. 150r/min ki
FiF% 6d.
1.2.5 FORFEFFTUACEE: DAFR 7 R B AR AR
FORFEFF R =1:1 B ELBIKE AT R B e
Bl FORFEAT A4 R IR, 25°CHE97 33d Jm,
BHEmEH, T 60 CHET2RIEE, HAHH
LR o AL B AT R ANV R T 2R
dfiFsRE, ZREEHAELE (1987)
KA WITTE, AT7EFELENE RAE AR =
E &,
1.2.6 FHBEBRAEE: DAFh T R BERAR AR oK
AT R =1:1 I LUK Fh 7 R B e 31 £
KAEFF AR FR3EF, 25°CHEFE 30d, 4§ 5d
HUHE 3 A TRALFR ) FORAE AT AR, o i EL L
Ja TR AR R R, JE B T-80°CUKAE TR
o PREX 1g BIRFE ST EOE T, INZsiRK
3mL, 25°C. 150r/min #&¥% 4h, 4 JZ21uid
¥, JEMT 4°CF 3 000r/min &> 10min, HY
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B, AR R AR R, T 4C
UKFETRAE (A 2014; mHgomsE 2018) .
1.2.7 BRiETENE : R ERIE (TR E
PIEARAT PR 7] S AL B P o AR AE AT it o
Bl i E Il (manganese peroxidase,
MnP) FIAJH Z i E ALY (lignin peroxidase,
LiP) JEPEIEAT I E « EEETE J1 BALI 8 X
(W: fEHK 420nm ~, &3 810K 1pumol 2,2'-
R - WL-3- £, 35 2 FFWE e IR-6- Tt 12 [2,2"-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid),
ABTS| AT T HIBEE . MnP 3 77 A7 )
SE S (U): AEPK 465nm T, B4 1umol
WAIKEY ST R IR E . LP 5 RALH)E
X (U): K 651nm T, & 1mL KBk £
HHARE BN FEAE AR AL 0.01 S— NG HA
1.2.8 Hdliortr: RAEAF SPSS 22.0 151
YIEMbRHEZE, f#H Duncan’s 23 HT %A AL 2R
Z A 2 S 2

2 R 5540
2.1 BEHKRTHIE

¥ 16 PRE AT @ EIARE-PDA [H 1A
FRIEMIZENZE-PDA [H AR 7R I, I & I (P
AR EA (R 1) o AEEAIARE-PDA [H1A
Bkt FAEKER 6 RIS, BR 21-002. ZT-299 4F,
PIFe A IRt ) B (0 JE] . Horh ZT-153 YA ELAR
5 5o 5 EERCK, A 1.40, B ZT-070.
ZT-079 4F, WEEASRAEERNER
Em T HANTE R, KSLAWr z1-153 R RS
(REEETE, T /a2, 7R K& -PDA
[k R 73 I, ZT-070 #F0EE 5 K, B 2240
IR, WYEEAEN 84.33mm, A HIPLA#
. AR EAR ], o zT-307
I TE BN 61.36mm; HEAEEARK,
N 59.39mm; B EAS D AR EAE
N 0.97. 7T-218 WA tAE HA S DO EHE
EL{Ef AN 0.98, 5 7T-307 TR EMER,
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* 1 AEARFIRNEBMEREFREBLR

Table 1 Results of guaiacol-containing plate coloration and aniline blue-containing plate decolorization of

white-rot fungal strains tested

RS RO AR IR W P AR R
Strain Guaiacol-containing plate coloration Aniline blue-containing plate decolorization
[R=RES 6 A o HAR/ W% HAT TR EAR TR EAR/
Colony Coloration Wk H*E Colony Decolorization % HA&
diameter circle diameter Coloration diameter circle diameter Decolorization
(mm) (mm) circle diameter/ (mm) (mm) circle diameter/
Colony diameter Colony diameter
ZT-002  51.33#3.35cd 0.00 0 57.93+1.39 fg 51.05+3.50 b 0.88+0.04 b
ZT-003  49.12+2.78 cd 53.61+3.03 de 1.09+0.02 cd 58.91+4.11 f 26.88+2.67 fg 0.46+0.04 g
ZT-014  63.27+3.25b 65.15+3.85 b 1.03+0.05 cde 76.08+1.98 bc 50.88+2.59 b 0.67+0.05 d
ZT-018 52.64+3.74c 54.01+4.63 de 1.03+0.03 cde 68.26+1.07 e 24.36%8.02 g 0.3610.11 h
ZT-021  43.89+0.31de 51.63%1.24 e 1.18+0.03 bc 66.51+4.84 e 36.9417.44 de 0.55+0.07 ef
ZT-070  47.95+10.91 cd 59.97+1.17 c 1.30£0.32 ab 84.3310.66 a 0.00 0
ZT-079  32.52+3.87f 44.02+2.13 f 1.36+0.16 a 36.16+1.27 g 9.68+£0.27 h 0.27£0.00 h
ZT-123  53.74+3.51c 46.89+1.76 f 0.87+0.08 e 66.90+3.97 e 32.50+0.27 ef 0.49+0.03 fg
ZT-153  33.3045.13f 46.45+5.54 f 1.40+0.05 a 54.79+1.52 gh 15.76+4.36 h 0.29+0.07 h
ZT-156  51.50+2.48 cd 56.92+2.19 cd 1.10+0.02 cd 69.45+1.59 de 40.4242.92 d 0.5810.04 de
ZT-157  50.21+2.10 cd 55.21+1.75 cde 1.10+0.02 cd 54.86+0.82 gh 42.1540.28 cd 0.77+0.01 c
ZT-178  71.24%1.05a 68.35£1.75 b 0.96x0.03 de 77.23%£1.16 b 12.33+0.16 h 0.16+0.00 i
ZT-197  72.54%1.57 a 76.18+0.68 a 1.05+0.03 cde 72.64+0.84 cd 48.13+1.74 bc 0.66+0.02 d
ZT-218 40.66+1.28 e 45.10+0.40 f 1.11+0.04 cd 47.53+0.43 i 46.70+0.67 bc 0.98+0.01 a
ZT-299 10+0g 0.00 0 52.97+2.49 h 14.1943.53 h 0.27+0.08 h
ZT-307 33.35#4.32f 31.54+0.95¢g 0.95+0.10 de 61.36+1.12 f 59.39+1.37 a 0.9740.01 ab

T FSIEUE G A F/NG 7 RERIRTE P<0.05 KT B2 R %

Note: Different lowercase letters after the same column indicate significant differences at P<0.05 level.

R 48 408 €21 [ 11 K /N W 2T-218 Fi 2T-307 B
BRI AR 7T, R ZT-307 BB 2
HEMBEEEREE ST 21-218, Htik
¥ z1-307 A T e85
2.2 EHREE

ZT-153. ZT-307 WIEEFHES S T
betulina A1 B. fumosa 1EZ4= K45 (2015) FlifX
dk % (1998) WAL H IR AR -

I TEE Y TR B TS AR K
BEREA B 2k W (E 1.

ZT153a (F-52fk) A1 zT153b (FH4K) 5
kEFE. EEFRBIA/RT 6 £k T. betulina
HMRERAE T — 03, >CFF% BP (bootstrap
value) 4 96%, PP (posterior probability) &
1, ZT307a (-F52k) F1zT307b (HH£24K) LA
B (BP=91%, PP=0.993) 5k H
ER. HAMEBB4EWEFEZKK 6 # B.
fumosa WK N—3 . BRI
TFHAYZERT 7T-153. ZT-307 #HT%E, %5E
SRR 2.
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Bjerkandero adusta olrim918 (SUAS) Lithuania
Bjerkandera adusta BRNM771948

Bferkandera adusta BRNM771946

rkandera adusta CCBAS930 BRNM771951 Poland
Bjerkandera fumosa DAOM215869 Canada
Bjerkandera fumosa N37 Latvia
Bjerkandera fumosa SFC20131024-02 Korean Peninsula
Bjerkandera fumosa SFC201210094 Korean Peninsula
Bjerkandera fumosa ZT307a China

Bjerkandera fumosa ZT307b China
Bjerkandera fumosa 26R-5-F09 Japan
70/0.86, 6/0 gﬁ'erkandemfumosa BRNM 771947

: 100/Y;  Bjerkandera atroalba SP446205

Bjerkandera atroalba SP445670
Bjerkandera centroamericana BRNM771949
Bjerkandera centroamericono BRNM771950
Bjerkandern mikrofumosa MV420 Brazil
Bjerkandera mikrofumosa MY363 Brazil
Bjerkandera mikrofumosa MY 398 Brazil
Bjerkandera mikrofumosa MV353

1
98/ 38/0.58 Trametes warnieri CCBAS 564/ Bulgaria
Trametes maxima Daid617 China
100/0.998 Trametes maxima Dail2274 China

97/1— Trametes versicolor FP1351565p USA
Trametes versicofor Dail0998 China

94/0.999

48/0.569
5 0.99318

87/1
85,0.96 ! Trametes ectypa FP106037T USA
77/0:99 Trametes ochracea PRSC82 Puerto Rico

Trametes pavonia Yuan2477 China
Trametes conchifer FP106793sp USA
49/0.85 Trametes conchifer Dai8367 China
36/0.562 /0.99 Trametes conchifer Dai3966 China

Trametes conchifer Dai8359 China
Trametes villosa FP71974R USA
0.545 Trametes pubescens Cui7571 China
A Trametes pubescens Cui5904 China
32/0.789—12/0.90 6/Ergrgnaetes pubescens Cui7569 China
52/0.97 = i Trametes hirsuta Dail2319 China
Trametes hirsuta Cui7462 China
96/0.998. Trgmetes hirsuta Dai9586 China
Trametes elegons FP105679sp USA
Trametes elegans Daill1748 China
/Or ametes elegans Dai9546 China
Trametes elegans Dai11307 China
Trometes membranaceg PRSC82 Puerto Rico
100/1; Trametes gibbosa L11664sp United Kingdom
Trametes gibbosa Cui7390 China
0-508 62/0.9% ometes betulina AJL50 USA
98/0.994 Trametes betulina Cui7095 China
Trametes betulina Dai6847 China
Trametes betulina ZT153a China
96/1L Trametes betulina DSH97 071 China
Trametes betulina ZT153b China
Trametes betufina MONO24 Nepal
64/0.79- Trometes betuiina HHB9942sp USA

98/1 Boletops!s levcomelaena AFTOL-ID 1527_USA
Hydnelfum geogenium ANT117-QFB28743 Canada

73 /1

0.05
B 1 &EF 11s By 21-153, 7T1-307 REHEMN RS L B
Fig. 1 Phylogenetic tree analysis of ZT-153 and ZT-307 tested strains and their related species based on ITS

sequences.

*2 W EK
Table 2 Experimental strains used

R EA N KA

Collecting site

Strain Name
ZT-153 Mete fLEE Trametes betulina (L.) Pilat M E YT ] Mohe, Heilongjiang
ZT-307 W B FLEH Bjerkandera fumosa (Pers.) P. Karst. 1T A& Benxi, Liaoning

1874 EIER
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2.3 EHX E KRBT IBYR

LA P. chrysosporium CGMCC 5.0776 X%}
B PR, (A ERRIITFIEN T. betulina
ZT-153 #1 B. fumosa ZT-307 X} T KAEFT AT
AL B CE 2) o I £ K 5 RS £ (1987)
B SR FH I 5325, I 38 78 KR RS FT T Ak 22 33d
I, 3 K BN RO RGN T AR ot 2= AT
YK BEMAER ., SRER, 3BT E
KAEFT P A SR A2 2 577 A A
P. chrysosporium CGMCC 5.0776 %} T KFEFF A
JREMIEMRER A 12.02%, X4 &K B R R
"N 29.63%: B. fumosa ZT-307 A Ji & ) R
Rigm, N 21.87%, WAL EMNEMERN
4.50%; T. betuling ZT-153 X} A Jii % [ [ fift 2

153 13.60%, MLFLERMIFEMEN 4.10%;
HH T, betulina ZT-153 A1 B. fumosa ZT-307 X
AR B il R 8% 8 P, chrysosporium
CGMCC 5.0776 5 1.58%F1 9.85%, {H 3 ¥k Xt
RBEEMFEMEEZRARZE . T betulina
ZT-153 Fl1 B. fumosa ZT-307 X} 4T 4E R I Bafi R Yy
INTF 5%, TELT P. chrysosporium CGMCC
5.0776 (£ 3),
2.4 AT ERBEHITEPEEMEDN
M E

FIF T. betulina ZT-153 F1 B. fumosa
ZT-307 TRALBE T KFERT, B 5d B—kFE, 12
HURE oM B, e RS . MinP I LiP 7%
P (1 3) . JE T. betuling ZT-153 7£ ikt

2 ZHREMRTUACIE ERFEFT 33d BT 22K A: A EKFEFF; B: Trametes betulina ZT-153; C:
Bjerkandera fumosa ZT-307; D: Phanerochaete chrysosporium CGMCC 5.0776

Fig. 2 Mycelial growth of three tested strains after cornstalk pretreatment for 33d. A: CK; B: T. betulina ZT-153;
C: B. fumosa ZT-307; D: P. chrysosporium CGMCC 5.0776.

® 3 ZHREX ERFEFTRIBEMEAR

Table 3 Degradation of cornstalk by three tested strains

kS dfrRom AHERBME RAEARRE S & TR ANV A o7 25 P A 22
Strain Cellulose Degradation rate Acid-insoluble lignin Degradation rate of

content (%) of cellulose (%) content (%) acid-insoluble lignin (%)

Phanerochaete 12.56+0.42 a 29.63+2.35a 5.61+0.42 a 12.02+6.52 a
chrysosporium CGMCC 5.0776

Trametes betulina ZT-153 17.12+0.54 b 4.104£3.06 b 5.51+0.20 a 13.60+3.19 a
Bjerkandera fumosa ZT-307 17.05+2.33 b 4,50+£1.57 b 4,98+0.26 a 21.87+4.18 a

e FPVEUE G A NS FRERIRAE P<0.05 /K 122 7 i 3%

Note: Different lowercase letters after the same column indicate significant differences at P<0.05 level.
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P KR AT R e T BT MnP U,
B. fumosa zT-307 Xl £] LiP 3&%E. T.
betulina ZT-153 7E TIACEE TOKRFEFFLREH, 7255
20 RIS EREEE 12 N R, 2 JEdud B, 7R
5 30 RIERNHE AR SE, N 21.36U/g;
R B AR MnP 35, I & 5 BRI
[P, 1ETAREE FTOKRFEFT 20 REF, 1A F|iE
i, N 0.32U/g. B. fumosa ZT-307 7ETHikbFH
FoRFEFERES, 7255 10 RFIEE 20 REJAR
Ji F i AR RIS, O 15U/g, ME
SE R RTESS 10 72, JL LiP yEHE LB AR E .
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A: Trametes betulina ZT-153; B: Bjerkandera fumosa
ZT-307

Fig. 3 Variations of the enzyme activities during the
course of cornstalk pretreatment by two fungal
strains. A: T. betulina ZT-153; B: B. fumosa ZT-307.
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3 itib

AT 16 PR AR LR RS, @it
T AAESCE (1987) FR A G 7 60 52
I 2 BRI FORFEFFER AN A T 25 1) %
i E, Hb T betulina ZT-153 F B. fumosa
ZT-307 X FORFEF BIA R 2 P26 iy T X
¥k P. chrysosporium CGMCC 5.0776.

W& AR T. betulina Ab P2 1L T &
(Fukasawa et al. 2005). E[14% (Wang et al.
2014). /NEFEFT (Kneevic et al. 2013) %3t
Iy, EXAS TR I R T R AR, T
1) FH JF o i R R RS T 228 o O 9 B DL
AR, T. betulina ZT-153 X EKAEFTEA
AR R R AR N 13.60%, 51% bk X H
b 5 S ) PR AR RSO R AR B, S KRS AP R AR
oy NI ] 3 7y T (1o RS0 W B ] 2
fRtER, HEWT—J7 102 T R — W AR EAN ]
(PG TR RFNEE T2 5640 T, HeBeffRe I A0
B fiE JJAN[E (Singh & Chen 2008) ; [6]— Bk
X AN RIS 5 IR 5 2= P e T AN [F] (Adejoye
& Fasidi 2009); [FJFFAS [A] B P 1) P g B 77 1
HFEZER R 2018) . H— B TA
WFRFIE 72%M BB RS FTEATAbEE, i€
Ja BT AR AR BN AR R B i, — AR
F O B RA R AEBR IR R AR, Bl E R
RS ENSEARAREESE (EEHM
B E 1987). B. fumosa ZT-307 & AH 5
X FOKAEFF AT 2 P A 2 e s R BRI R, T AR
F B. fumosa X AN[F) 5L JF A i 2= B i R 7%
RIARTE . WRHEIA SR A, A A
JE B AR L, B. fumosa X B KFEFF A
WA R ISR S . REE (2017)
FIH 2B FLE T. pubescens Cui 7571 TALFH
TORFEFF 42d, ERFBEFHBRABARERS &
SR 1) 21.65% 55748 9 17.20%, 1H5 5 0 A
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LR OK A AT R AN I R IR 1 B AR R
20.55%, 1M B. fumosa ZT-307 7E%F T K AL FT T
AT 33d I ERANVE AR BT 2R 1 P AR 26 1A 2|
21.87%.

FE A 3 B PRAC R T KRS AT R A
M5E T. betulina ZT-153 53 WA EEF MnP, B.
fumosa ZT-307 X704 LiP. AR5 M AY) %
R — AN N R, LS M 1
W T Ak RFIRIR SRR A
Ji 2 PR A AR A, ARG R RRAE — N B bR Bl
FEP R AR, T — SR PR T R B
Rl fE b, AEBHE MnP B LiP 35 1 Bk [E
KU AR S MnP 3G M, JRIEA R & P
PR RIERBA/ER (Sun et al. 2011). T.
betulina ZT-153 £ FALEE £ KFEFT 30d B, 3
s B BomstE, Hix®H 30d WHIHK
B, WTHER BT H R B IS 5 25040 N B R
BRI EEF FTEL (Arora et al. 2002) .

AHIEFUITIE ) 2 AR B 300 BOKFE AT
AR R EAEMEIER, HF B fumosa
ZT-307 X FOKFEFFER ANV AT 2 1 B i 2 4
¥ E #k P. chrysosporium CGMCC 5.0776 15
9.85%, HJ WLiZ B AR AE T KRS AT T AL 2 77 1
BRI RS, 580k n] DA
b PR KA AT 04K, BRI A O B ik 5 At B
PRECBRAL 22 T VR A 45 TRAG B B R AS #F
SR X Ao 2R 1) B AR AR

gt Bt E MR LK FIREAEALE R AL FH
3 @R AR I,

[REFERENCES]

Adejoye OD, Fasidi 10, 2009. Biodegradation of
agro-wastes by some Nigerian white-rot fungi.
BioResources, 4(2): 816-824

Arora DS, Chander M, Gill PK, 2002. Involvement of
lignin peroxidase, manganese peroxidase and

laccase in degradation and selective ligninolysis
of wheat straw. International Biodeterioration &
Biodegradation, 50(2): 115-120

Bi YY, 2010. Study on straw resources evaluation and
utilization in China. PhD Dissertation, Chinese
Academy of Agricultural Sciences, Beijing. 1-229
(in Chinese)

Blanchette RA, Burnes TA, Leatham GF, Effland MJ,
1988. Selection of white-rot fungi for biopulping.
Biomass, 15(2): 93-101

Buranov AU, Mazza G, 2008. Lignin in straw of
herbaceous crops. Industrial
Products, 28(3): 237-259

Cai L, Yin JF, Yang LP, Zhang KQ, 2002. Several
qualitative methods for the screening of fungi to

Crops and

decompose lignin. Microbiology China, 29(1):
67-69 (in Chinese)

Cong S, 2014. The suitable varieties of Auricularia
auricular complex substrate screening and
nutritional physiology research. Master Thesis,
Jilin Agricultural University, Changchun. 1-40 (in
Chinese)

Dai YC, 2009. A checklist of polypores in China.
Mycosystema, 28(3): 315-327 (in Chinese)

Dai YC, 2010. Species diversity of wood-decaying
fungi in Northeast China. Mycosystema, 29(6):
801-818

Fukasawa Y, Osono T, Takeda H, 2005. Decomposition
of Japanese beech wood by diverse fungi
isolated from a cool temperate deciduous forest.
Mycoscience, 46: 97-101

Han ML, An Q, Wu XJ, Zheng F, Si J, 2017. Effects of
different lignocellulose as inducers on laccase
activities of Pleurotus ostreatus in submerged
fermentation. Mycosystema, 36(3): 349-357 (in
Chinese)

Jiang HF, 2016. Blue book of China straw industry.
China Agriculture Press, Beijing. 1-476 (in Chinese)

Kalyaanamoorthy S, Minh BQ, Wong TKF, von
Haeseler A, Jermiin LS, 2017. ModelFinder: fast
model selection for accurate phylogenetic

estimates. Nature Methods, 14: 587-589

EFiR 1877



KES F /BRARREEFEAEEREX EREFTRIPE R

Research paper

Kazutaka K, Kuma KlI, Toh H, Miyata T, 2005. MAFFT
version 5: improvement in accuracy of multiple
sequence alignment. Nucleic Acids Research,
33(2): 511-518

Kirk TK, Tien M, 1984. Lignin-degrading enzyme
from Phanerochaete chrysosporium. Applied
Biochemistry and Biotechnology, 9: 317-318

KneZevi¢ A, Milovanovi¢ I, Staji¢ M, Loncar N, Bréeski
I, Vukojevi¢ J, Cilerdzié¢ J, 2013. Lignin degradation
by selected fungal species. Bioresource Technology,
138:117-123

Li HR, 2005. Biology and biotechnology of white rot
fungi. Chemical Industry Press, Beijing. 1-317 (in
Chinese)

Li Y, Li TH, Yang ZL, Bau T, Dai YC, 2015. Atlas of
Chinese macrofungal resources. Central China
Farmers Press, Zhengzhou. 1-1351 (in Chinese)

Lu GX, Wang JB, Chen XR, Yang CD, Xue L, 2014.
Study on a laccase-producing fungus from alpine
grassland soil in eastern Qilian Mountains:
screening, identification, and activity analyses.
Acta Prataculturae Sinica, 23(2): 243-252 (in
Chinese)

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ,
2015. IQ-TREE: a fast and effective stochastic
algorithm for estimating maximum-likelihood
phylogenies. Molecular Biology and Evolution,
32(1): 268-274

Reid ID, 1995. Biodegradation of lignin. Canadian
Journal of Botany, 73(S1): 1011-1018

Ronquist F, Teslenko M, van der Mark P, Ayres DL,
Darling A, H6hna S, Larget B, Liu L, Suchard MA,
Huelsenbeck JP, 2012. MrBayes 3.2: efficient
Bayesian phylogenetic inference and model
choice across a large model space. Systematic
Biology, 61(3): 539-542

Si J, 2014. Decolorization of azo dye Congo Red by
white rot fungus Trametes pubescens. PhD
Dissertation, Beijing Forestry University, Beijing.
1-199 (in Chinese)

Si J, Cui BK, Dai YC, 201l1a. Primary screening of
effective Trametes strains with high laccase-

1878 EIFR

productivity and optimization of conditions on
laccase production. Microbiology China, 38(3):
405-416 (in Chinese)

Si J, Cui BK, He S, Dai YC, 2011b. Optimization of
conditions  for laccase  production by

Perenniporia subacida and its application in dye

decolorization. Chinese Journal of Applied and

Environmental Biology, 17(5): 736-741 (in
Chinese)

Si J, Li W, Cui BK, Dai YC, 2011c. Advances of research
on characteristicc, molecular biology and
applications of laccase from fungi. Biotechnology
Bulletin, 2: 48-55 (in Chinese)

Singh D, Chen SL, 2008. The white-rot fungus
Phanerochaete chrysosporium: conditions for
the production of lignin-degrading enzymes.
Applied Microbiology and Biotechnology, 81:
399-417

Song LL, 2013. Mechanism study on improvement of
enzymatic hydrolysis of corn stover by efficient
lignin modification with white-rot fungus. PhD
Dissertation, Huazhong University of Science &
Technology, Wuhan. 1-119 (in Chinese)

Song LL, Wei T, Zhang JT, Sun H, Zhang NL, 2017.
Effect of biological pretreatment with Funalia
trogii on enzymatic hydrolysis and chemical
components of corn stover. China Brewing,
36(2): 106-110 (in Chinese)

Sun FH, Li J, Yuan YX, Yan ZY, Liu XF, 2011. Effect of
biological pretreatment with Trametes hirsuta
yj9 on enzymatic hydrolysis of corn stover.
International Biodeterioration & Biodegradation,
65(7): 931-938

Talavera G, Castresana J, 2007. Improvement of
phylogenies after removing divergent and

ambiguously aligned blocks from protein
sequence alignments. Systematic Biology, 56(4):
564-577

Wan CX, Li YB, 2010. Microbial delignification of
corn stover by Ceriporiopsis subvermispora for
improving cellulose digestibility. Enzyme and

Microbial Technology, 47(1-2): 31-36



R5IEX

22 July 2021, 40(7): 1869-1880

Mycosystema ISSN1672-6472 CN11-5180/Q

Wang W, Cui BK, Dai YC, 2011. Screening of white
rot fungi and preliminary mechanism in their
biodegradation on Populus nigra during
short-time fermentation. Journal of Beijing
Forestry University, 33(5): 91-96 (in Chinese)

Wang W, Yuan TQ, Cui BK, 2014. Biological
pretreatment with white rot fungi and their
co-culture to overcome lignocellulosic
recalcitrance for improved enzymatic digestion.
BioResources, 9(3): 3968-3976

Wang YW, Xu WY, 1987. Quantitative analysis
program of hemicellulose, cellulose and lignin in
lignocellulose solid substrate fermentation.
Microbiology China, 14(2): 81-84 (in Chinese)

White TJ, Bruns T, Lee S, Taylor JW, 1990.
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: Innis
MA, Gelfand DH, Sninsky JJ, White TJ (eds.) PCR
protocols: a guide to methods and applications.
Academic Press, San Diego, New York. 315-322

Wu XJ, 2017. A study on the mechanism of
degradation and utilization of lignocellulose by
Pleurotus ostreatus. PhD Dissertation, Beijing
Forestry University, Beijing. 1-120 (in Chinese)

Wu Y, Ma HF, Cao Y/, Si J, Cui BK, 2019. Advances on
properties,  production, purification and
immobilization of fungal laccase. Biotechnology
Bulletin, 35(9): 1-10 (in Chinese)

Wu Y, Ma HF, Cao YJ, Si J, Cui BK, 2020. Medium
optimization for the laccase production by white
rot fungus Porodaedalea laricis and its dye
decolorizing capacity. Biotechnology Bulletin,
36(1): 45-59 (in Chinese)

Ye JQ, Song B, Li Y, Fu YP, Li D, Li CT, Wang F, Xu AR,
Meng LS, 2018.

physiological and biochemical characteristics of

Preliminary study on
Grifola frondosa during physiological maturity
and fruiting stage. Jiangsu Agricultural Sciences,
46(19): 133-136 (in Chinese)

Zhang Q, Lu J, Hou L, Jin H, Piao JH, 2005. Research
progress of alcoholic fermentation of corn
stover. Feed Industry, 26(9): 20-23 (in Chinese)

Zhang T, Zhang B, Li Y, 2018. Decolorization of
thiazine dye methylene blue by three white-rot
fungi. Mycosystema, 37(9): 1243-1250 (in Chinese)

Zhao JD, Zhang XQ, Xu LW, 1998. Flora fungorum
sinicorum (Vol. 3) Polyporaceae. Science Press,
Beijing. 208-209 (in Chinese)

Zhen J, Li GJ, Li W, Du ZM, Wang JW, Yin WB, Chen
GC, 2017. Fermentation condition optimization
of laccase producing strain Trametes hirsuta
XYG422 and its activity on corn
degradation. Mycosystema, 36(6): 718-729 (in
Chinese)

Zheng F, Meng G, An Q, Wu XJ, Si J, Liu HX, 2017.
Physiological

straw

studies on laccase-producing
process of white rot fungus Trametes orientalis
incubated with two kinds of liquid media.
Mycosystema, 36(5): 582-597 (in Chinese)

Zuo SS, 2018. Mechanism of corn stover degradation
by white rot fungal treatment and application in
production. PhD Dissertation, China Agricultural
University, Beijing. 1-101 (in Chinese)

(Bt 3252 3CHk]

BTiz, 2010. FEATEIEG SHHOIE. PEK
WARMER #1850, db5T. 1-229

8RAG, FHRE, BIEeE, sk, 2002, LA {E{E
(R T 25 6 i B T 0 PRI G 7 V. TR )
i, 29(1): 67-69

MG, 2014, FEARH- A A 5L 5T 0 B b v fOE
FRAEBBR T, ERA R 830, K.
1-40

BER 2009, HEZ fLIE Aok, W, 28(3):
315-327

R, 2, RER, ALK, AlEF, 2017. AR
A LT 248 3R 175 0 e B N LR e T 7 R
WVERIRC. YA, 36(3): 349-357

Wb, 2016, EARSAT L E R, Jbst: hE
A H AL 1-476

ZEA, 2005, AR EBAEMFEMEYEOR. b
W AT AR AL 1-317

T, ZRE, MUK, BJER, BER, 2015.
A R B A B R A R R R AR
k. 1-1351

Ny

EFIR 1879



KES F /BRARREEFREREEREX EREFTRIMEESR

Research paper

FOGHT, EEH, BRFFE, MRAE, BEF 2014, 7R
A 3% 1Ly v FE M L AR A (R I . S
e g kAR A0 B AT B 2E R, 23(2):
243-252

H]fE, 2014, 6 BUTE 20 B A LA A S 4Rk NI R
AN RSN 71 | 7l 7 NV NG 23 1 S 5 7o i [
1-199

AlE, EFYL, BB, 2011a. BILEBEE
7T PR BT O 3k S 3 7 g R AT A AR AR
Y)-iE IR, 38(3): 405-416

A EE, EEIL, BN, #ER, 2011b. IR ZF
b LB 7= R i 2% A A0 A B I AE okl £ v )
M. NSRS AEYFHR, 17(5): 736-741

A EE, B, EEYL, RN, 2011c. HEEM
PRI o FAEW 2 LRt . AR
ARi@H, 2:48-55

RUNNE, 2013. [ B i RSO A ot 36 e it A A il
il S AL 7T, e RHOR S e ie s, i
M. 1-119

KINEE, 2R¥F, skifdks, FMS, skToe, 2017, ff
B R 25 FL T P Ak B X T K RS A K AR K Ay
ARz, EERIE, 36(2): 106-110

T, EEYL, BB, 2011, I &
TR N ey 7 Rl a1 | B o N AN 2=
%, 33(5):91-96

TETT, BXE, 1987. AR 4E 2 [ 4435 57 &
YRR AR RMARN E &R T.
A B, 14(2): 81-84

REER, 2017, HE RO H- [ g R 5T 41 4E 3R (AL

1880 EIFIR

PR FE. LA R e 30, B R 1-120

Ria, R, EakHE, FEE, HEEYL 20190 B
BB AOVERR . A7 Ak K i AL BT TE .
AEPEARIEHR, 35(9): 1-10

R, DR, HE, FER, #EYl, 20200 H
JE§ B0 VR & TR 75 R LB 7 AR T VAR R 7R S )
Ak S Foxe el i Bt A A . AR AR T,
36(1): 45-59

measR, KoK, FE, fIKF, B, FKH, £
3, BwsR, TRE, 2018, KA TE A HE R
W2t 2 AR B AR AR AR. YL RO R,
46(19): 133-136

sk, BhEAE, R, @A6, AMECE, 2005, FOKAS
FF R 3 A 72 MR R RS I ot Fe gk e Akl T
Ak, 26(9): 20-23

SR, BRI, ZEE, 2018. =l R B B N (0 e
BURLE R . W7, 37(9): 1243-1250

XAk, KN, ARIERE, 1998, EEE & 5B
=) ZALEAL dbnt: Bk 208-209

Wi, A, &, MES, T4k, Ao,
MREZ, 2017. BAFLE XYGA22 A=A
R 25 AR LA O R KRS AT AR % A iR F
B Y44k, 36(6): 718-729

M, i, wH, RER, \F, X48E, 2017
1 85 1R AR 7 e FL A TR T R R B R 3 R e
BB AR AR . W IR, 36(5):
582-597

Je RN, 2018. [ LT AR R OK A AT AL S
MREFL. s E A= e 50, dEs. 1-101

(ALt ém: #m)



