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BAFARIL20 754, RFRRARAEF S Ao

T

A R AR EMTR, B, AaaHFRA, TEMRTTEA
RHARARZLIHRERRST. THXELLEEAR. 4. THAAMKLELRB 20 $3,
HZE5ZRMERRERILL0 S0, AEAFARLX10 24, SClitL2 &, KEFHRRE
A 237, HEHE 23,

7R R ST B Ao 7 B 5 S R SNBSS M O 20
B Y2 I wmAl ImBE AT

QLT REMAFREAEBALH RERMNFEALATREARTEFALEET BRAAE AR
AP EEFTRLZAEFTHEELEE g 201403
Oy s LARAMEH Hd ki 410013

. UAEKAEE Lepista sordida AR, BIFFEHA HIE 9 FRBsIEA 11 F IS5 757 26 A1 T A FIRY B
pH {FL 1] 2 BEVR BE A8, DA KA [ Bk RN G P 43 WA RO A S 3 T AL G L R PR LA 2 3Kl . B 4R
B ARBE TR S . G5 KRB, pH EAEAN R BRI 75 5 A 22 (P<0.05), TTAEAS A 2R 7%
BB TGHH AR (P>0.05), 1 &1 iR BE AN B 22 EETE AN A B ARt B B3 2 57 (P<0.05) . ANl JEAN A
Ve R IR R PENG B B AR R Fd A L R P R AT 4 Rl | B S AT R v PR A B R (P<0.05).
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Abstract: Lepista sordida was used as experimental material to study the variation of pH-value

and glucose concentration and lignin peroxidase, carboxymethyl cellulase, manganese
peroxidase, and laccase activities in liquid cultures containing different carbon and nitrogen
sources (9 carbon and 11 nitrogen sources). The results showed that the pH-value changed
significantly in the later period of culture using different carbon sources (P<0.05), but there was
no significant change in the cultures with different nitrogen sources (P>0.05). The glucose
concentration and mycelial biomass were not significantly different in the cultures with different
carbon and nitrogen sources (P<0.05). The activities of lignin peroxidase, carboxymethyl cellulase,
manganese peroxidase and laccase varied with different carbon source and nitrogen sources
(P<0.05). Xylose and rice bran were conducive to the secretion of carboxymethyl cellulase
(P<0.05), and brown sugar and beef extract were conducive to the secretion of laccase (P<0.05);
white granulated sugar and bean powder were conducive to the secretion of manganese
peroxidase (P<0.05), and xylose and urea were conducive to the secretion of lignin peroxidase
(P<0.05). This study provided a reference for the selection of appropriate medium to improve the
efficiency of biotransformation of L. sordida.

Key words: Lepista sordida, carbon and nitrogen sources, extracellular enzymes, pH value,

mycelial biomass

1616 7 % Lepista sordida (Schumach.)
Singer, XM OE. THES, BHTFH
I"] Basidiomycota. <> 44 Agaricomycetes.
A5 H Agaricales. IHJE%} Tricholomataceae
(R E A7 B R 2008; % E K% 2010;
ARG 2013), FEE AT EFIRRH S
e HREEERFEE, THZHE. ZWh5E

Z IR (Mazur et al. 1996), &—Fh3k
AR mmERLAAGHAMEMERENE, HE
ORI R E - 855 77 58 o 0 £ FH B 1A T 22
AR, AYERE. EFRIMEM T B
H B E 2 (Philippoussis et al. 2001;
Isikhuemhen & Mikiashvilli 2009). H Fi{£ 16 &
BEDIRERL . FOoK. NER B S N2
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AR, KPP EARE.. VPR
REEJE A, H a1z & H B R fese il
B AL FORASEAL P A

KT Y= R IR EHRFEE
I 2 —, RER S8 1 800 14,
HR A4 R AR I A AR R mT Fp 4k
RIBI T A LS S ORI R SRR,
23] T A KT (Schutyser et al. 2018;
Dahmen et al. 2019) . {Eflu A = iR 5 &
T XA TE— 3, WA ARRA4ERIIET
R fR L ALt R, A 4T 4 25 £ B 4T 4 2
PR IR R, A FIFER L A
JRAMR TR ARG AR HPR
Ji 2 A2 ) LR BE SRR TR B — Fh B2 2 By 2 3R
G, AN TR, IR R 2P
Foe AR EE 3 B gy, L D-Li
HIEIELL B-1,4 HEE R B R AR EEIR
BT ZFEYIR (Kameshwa & Qin 2016; 5
MRS 2018); R ERSVLA4ERME, B
BT EARBUCRE IS L5 . shak, R4
HIRfRny E B AR A AR R, A4
R R MR R R, AR A
5 i1 H SR B R AT 4 R e T A4,
X HEE MM S 2 RGP e . X
L Hf A1 IR AR T A 4 R AR A T A )
filf (manganese peroxidase). AJfi & it %4k
Il (lignin peroxidase). %M (laccase) %%,
HHAE AR R MRS, 1S5 1) 258 A
G5 SCHUR T IR IS e e (R e %%
2017). Ul Wengetal. (2008) #}i& T HFH &
BRI, SRATIRE: 265 (2019) fik
T HEERA . aifb et fE; A
FE (2011b) FIRIASE (20200 HRIE T KA
BEEEXT Gk I B« HLERBEIE N —Fh 2R
BRI A AR, REAA R4 1 05 &
BALEY) (RIEEE 2011c; #H3EREE 2017;
Azaetal. 2021). #E4RiE, & HFE AT ERE
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fige T P BB R, Horb | R T A e
fir I R B AR v B R o 2R AN 45 B AT 4E R 55
B, FERG AR R G RIRIE I R 5 OR
4 (Baldrian & Valadkova 2008; Camarero
etal. 2014; HKHES 2021); WIS HERE AR
R bE, (HRREH PR Z (Niemenmaa
et al. 2007; Yelle et al. 2008; Floudas et al.
2014),
G ET 4 7R B FH B RS vh i FH I s 9
T, AR FH A AR AR R A Bl A o £
e P A W, PRI A4 R 1A
RIEAE R TR L FRAENA Z 5.
Tuyen et al. (2013) RIEFFEFHEH K
BEHIARRE, BEFRVARNZASER, =
X ICAE ) B e e AR B R P . BT AR
(2020) K BINEL T Hericium erinaceus (Bull.)
Pers. B A B IS IG VESZ IR R M K, R Tk AN
Tk AR 2 il 1) s 3 i U 0 i) D T A A e A 7
B, Bod BRI AR A d M. 5K
46 (2020) KI5 #RA R R 2 Ganoderma
lingzhi Sheng H. Wu et al.AEK B & RIEY
NEKK . BOEEIRSINE SO, Hh A
FR XL AR B RS A S SR, oK NE S
Dk A DA A YR A R, [RRE A B 3 o
BREEEPE . BR/ANBEE (2018) BEFL T A [RIBK
RIR N A& LE Lentinula edodes (Berk.) Pegler H
PRAF T TR ) W AR IR AL B (UGP) T 1,
RILING T CRERl . 22 2P BRI H B
BRI CGEEFRME G L) v DAEdE A 45 5§
22 ugp FEN R RIE KT, HE UGP BTG
o BTk FE ARG BT (20200 $R3T
T A1 %5 Pleurotus eryngii (DC.) Quél. % v
R F g S R R o A 4 2R 1R S O %
ok A Pl vt P AR A, A P 0 2 7 8 R 2
KOS 2 ANECT7 AR BT L , AN R BA R 25
A2 (hemicellulase ) AR FEHEREF (xylanase)
AR AR AR — B, HIS7E KM
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BRI R R B . AlERSE (20112)
5126 H =y P R AR FLIR )8 Trametes TRIFR
T T 1% R PR B = R g 25 A, Bl B e P
1% 19.923U/mL. # €& (2017) B T EHE
HIH R I fLE Trametes orientalis 1£ P FK
Pt R B v P R R ) AR B 2R, RN
IR 7 ¥ LA R B 1 1) /N5 T R AR ROIR
s PrEALRE ST TIAE O .

el T2 AR E AR, H
IR A A O T AN (A i 80 7 1) ) A7 VO
RKWARIE. HTEYFEE 555577 200 i
Toft &5 DR 25 357 ek 471 g 4D 7= R ARt A b 1) 5
BAEH, NPHRARBA4ERHADHNE I, A
FFsLie =R et e . Rk, AR5 F]
F 9 Fiii Al 11 R EURAE NER TR R, 18
VRS R B 7 O R G A B AR K R R
Bg. AR . AR ALYl
o F AL AT VP T, DU T R
TR F M EFRAEMTENR, DA A
8 FAKERE BRI . Al
7 i A AR B R IR AR RS I R B B
SR AR B e PR B A, O R
FUAC M B B N A T £ 4 2R 11 B4 A AL ) R0 42
=) = 2R~ AP S i T o N P L SSy
YER—NEERREERENR, NERT A
A M 7 B B e A e R e e R A .

1 M¥E i

1.1 ksl

1.1.1 A S PR A 8 R BT R
BB H BT T R A

1.1.2 W5 FE. ARPBE. B, KR ©
Ky BN LISE . BEE . A
MIEINE. PR ORPE. OBIKE. BBE. EH
. BEEERy . Z2PRE . FREE. KK,
Fbs, BRE . WA, B, LR,
R RA4ER . . OIRE . 35

BRI o i e, T B 2455 Bk R A TR
ANHE. 3,5-iHKIK M (3,5-dinitrosalicylic
acid, DNS) ¥ Sigma A H],
1.1.3 R FEIE: c1. B4%E 200g, 40K
20g, LHKERE 1L. C2: %% 200g,
W 20g, THI/KERZE 1L.C3: L 200g,
HbkE 20g, LHKEARSR 1L. C4: LRZE
200g, JEFE 20g, TLHWI/KERZE 1L. C5: G
%% 200g, TH%IME 20g, TLHEIKERZE 1l.
C6: LHE 200g, ZIFHE 20g, TLHKESR
% 1L, C7: 43 200g, A¥E 20g, TLHE/K
ERE 1L, C8: L4 200g, Mk 208, &
FKERZR 1L. C9: L% 200g, FHE 20g,
THKERZE 1L pH HHR, 121°C. 1x10°Pa
K 20min.
1.1.4 FERFRE: N1: D% 200g, Hi4
BE 20g, HRHME 58, LHEKERZS 1L, N2:
A% 200g, % HE 20g, EEER) 5g, LA
KERZE 1L. N3: 4% 200g, % HH 20g,
%k 58, TH/KERE 1L, N4: 4% 200g,
Hi%H% 20g, KB 5g, TLHE/KEAZ 1L, N5:
E4 % 200g, Hi%iHE 20g, HH) 5g, TLHIK
ERZE 1L. N6: L% 200g, Hi%ibE 20g,
KIFRE 58, LH/KEARZR 1L, N7: LRE
200g, Hi%iWE 20g, 4WIRE 58, TLHKE
KA 1L, N8: D44 E 200g, HiZikE 20g, L
KFy 5g, TH/KERZE 1L N9: L4 % 200g,
Hi % fE 20g, JKE 5g, LW KEZA % 1L. N10:
L4453 200g, % bE 20g, & ALE: 5, LW
IKFERE 1L, N11: B4 % 200g, Fi %) H 20g,
TR # 5g, TH/KER A 1L.pH HHR,121°C,
1x10°Pa ‘K 20min.
1.1.5 DNS IAFIACE: SREM K% (2018)
ioppre
1.2 ERFHE

WACR FBE R AR T PDA PR, T
25°C 44 MEIRE IR 7d, HATILESHCELR AN
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Smm B RS 2T PDA AR, IELETE1L
3 o FHFTFLASEN 10 £ Smm [ B FhB g
T4 100mL Bi 7251 250mL =M+, B
T 25°C. 150r/min $&RHEDEEE 7 8d. B
T (R T A F S LA EE 2min, {EH 78
WERES 5 0 Al Al 35 100mL B85 77 2
Cl. C2. C3. C4. C5. C6. C7. C8 #1 C9,
KR IRREFRHE N1L N2 N3, N4. N5. N6.
N7. N8. N9. N10 F1 N11 FI=#F A
SmL 51l AN B AR, BT 25C.
150r/min FEIR FHEEERE 7 8d. R ML EEYY &
B3IXEE.
1.3 pH. BEEKEMENENE

REIRFGFREE 5-8 K, EHLE N LS A
1) 10mL KEEA, H pH T GHEREEI-FER
% FE-28) W€ K pH AE, FHH EIHEAR
iF (ATAGO PAL-15S) il 5 P V3 i ) W VA FEE
(%), W3 RECFIME. PG FRE ARG,
4 2O AR, REKTES 3 Ik, AR
#22BRE T S0 CIEEMAMA P T EEEH, it
HEZEYE,
1.4 D FEMFLEE

FE R ZH DNA 280, PCR 184 K il > 2 i
Fan et al. (2016) W77, PCR PPk =c A4 T
A TR CREED A RA S HATIE .
1.5 BgSENE
1.5.1 FHEGMHEEL: FEIREFHE 5-8 K,
SEIRE I HAS AL B 10mL REEAWR, T
12 000r/min &> 20min, Frfs FiEWEN A
FH B VR
1.5.2 AJR = ENYIBEE J1 e : SR
% (2014) W5k, ERE TN 2.2mL
0.1mol/L WA FR-1 A FRENZZ . (pH 3.5)+
0.1mL 0.01mol/L Z2/< £, 0.1mL 0.06mmol/L
LWL 0.1mL 0.01mol/L AL A AT 0.5mL
B, JREIE T 28°C/RGE P m#k 1h, HX
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0.2mL B & SFE 2B ARk £, H M200PRO
FE ARG 310nm bR GAE - BATE 90°CIK it
B KIS 1h B BERRE N S B IR . 1 A
TEJJHAL (U 8 SUCNEEI B S SAKR R A
1.0umol 27 I AL = I B 5 IR o
1.5.3 R HILA4E KIS 1 . SR EER
& (20200 My777%. HX 1.9mL 0.1mol/L £1%-
AN (pH 5.5) I 0.1mL FHEHEAE A
R FH B 45 FH - B 0.2mL 0.01mol/L ¥4 3
YA 0.2mL MR IIHERVRE T 37°CR
& 30min, FAIA 0.5mL DNS 37, 67Kk
5min, EZAF 2.5mL, BKMEEREELH.
B 0.2mL &V R BB AR AR, FH M200PRO
B A 540nm b IR OEME . B 0.2mL
0.01mol/L FRHFEL4E =44, 0.5mL DNS if
AT 0.2mL B (R BV E T 37 C R iR 30min,
KN 5min, EZF) 2.5mL, B/KPEE
FEIRER B 0.2mL VR A S AL BB AR R L
F M200PRO FEEARAC I 540nm Kb W YGAEAE
TR . 1 AN JT AL (WD 8 SRR
SONAK Z AL P AE % 1.0umol F % 4 BT 7
(B
1.5.4 i S ALYIBEE 00 - 2 IRANIER S
(2015) Bk FEREF WA 2.3mL
0.1mol/L A Z=1R- RN M (pH 3.5)
0.1mL 0.015mol/L i iR%%h 0.01mL 0.04mol/L
R .0.1mL 0.01mol/L T E S 1 0.5mL
FHERR, VRGBT 28°CRIAR T N 1h.
HY 0.2mL VRA SFE 2R AR L, I M200PRO
BEFRACI 240nm Kb IR EAE - BATE 90°C /K i
By KIS 1h B BERE N T FO IR . 1 A
TESIEAL (U) 8 SRR B SR R AL
1.0pumol Mn* A Mn** BT & [ & .
1.5.5 FEEEE/1E: SREKFESE (2021
5. ERE F I 2.0mL 0.1mol/L F)HE
IR -BR IR AN 22 P (pH 4.5). 0.5mlL
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0.04mol/L FEIAEFI 0.5mL ¥HEFW, RS )G
B 0.2mL B & W A FE BB AR iR B,
M200PRO BEFRACI 465nm AbHIWEGAE AT
SR, W52 S BT 28°CKB AT, FE 1h T
465nm ALV A . 1 ANEFIE J1 AL (U) 58
SRR S SR FR A — AN RO AR A0 P
G .
1.6 ¥iESHH

FIFH SPSS 26 X Frf5 Hu a3 AT 40 B Fllks:
I, FIH Origin 2017 1EE.

W

A -Cl v C4 » C7
70l *C C5 = C8
: A-C3 4 C6 * (9 <
6.5 | '5*‘:\'\'
& ¢ VN
o 2 4 V.1
€seof a3/ \' ]
a T = 3 “|' 73
[= % 55| : /,/'!/ ® ,_* '
e e
5.0t *
4.5 L L L L L 1 . >
0o 1 2 3 4 5 6 7 8
BRI 6]
Incubation period (d)
C 33+ —=m-Cl v C4 » C7
’\; -o-C2
s A-C3
E 30}
y A
o i ;
*a‘::_[ § 27 | i"" = ﬁ"}.‘*
=g 5 %/ @
=5 =1
B g 24} '
o]
g . e
G 2.1} TeEe ¢ ?
¢ G N

O

0 1 2 3 4 5 6 7 8
BRI (1]

Incubation period (d)

2 R4
2.1 TTFEMFER

PR PR 7 TR 7 45 5 A &
Lepista sordida (Schumach.) Singer, GenBank
5N MZ396402.
2.2 TERGEEX LI EERAKEF pH
BEVERE R0

B IERT AL I T B WA G 5% pH (AL
i) AT &, R pH (B AR A R AN 2 2 (B 1)

=Nl & N5 % N9
11 e N2 -« N6 = NI10
A-N3 N7 + N11
10+ ¥ N4 -—* N8
5 9t i L R S
m =
TET 8¢
QT
a 7t »
. _: - §_—=
6 T — = -z
——t
;’_—' = ] * * & L ]
5 L. .
0o 1 2 3 4 5 6 7 8 9
HEFRIT I
Incubation period (d)
. —=-N1 N5 N9
X 39F e N2 <« N6 = N0
= —4-N3 > N7 — N11
S v N4 * N8 #
g 36} 4
_g *;::‘ * -
i 3 *
BO33] ¢———3 s e
¥ g A
:REE o ’ ‘.'//! *-.\
3 30F e— B e
o i— i
2 ¥ I
[G]
2.7+

1571 (8]
Incubation period (d)

1 FEEMERS LR EE pH MEETERERRME

A: R pH (080 B: [0

pH [RIREIA s Ce A [EIBRUFNT 31 T W R FE (RS2 s D AN [F) ZUIRERT 4 267 R VAR FEZ 1) 52

Fig. 1 Effects of different C and N sources on pH values and glucose concentrations of Lepista sordida. A: Effects
of different carbon sources on pH values; B: Effects of different nitrogen sources on pH values; C: Effects of
different carbon sources on glucose concentrations; D: Effects of different nitrogen sources on glucose
concentrations. C1: Brown sugar; C2: Molasses; C3: White granulated sugar; C4: Sucrose; C5: Glucose; C6:
Maltose; C7: Xylose; C8: Dextrin; C9: Fructose; N1: Peptone; N2: Yeast powder; N3: Bran; N4: Rice bran; N5:
Soybean powder; N6: Malt extract; N7: Beef extract; N8: Corn flour; N9: Urea; N10: Ammonium chloride; N11:
Ammonium sulfate. The same below.
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9 Pl 7RI h, BiIRE 1-4 KIK pH fELHD
W S T 8 I v e b B A 5 77 I (] ) 48
I, ZERER pH ABAESS 6 Rik B, .
R ATEAR PR pH (B2 8 RIAFIR
o AW RERE. A ZFRERTRIRG I pH {H
RS 7 RiEF . 11 MRS =&, JR
RN pH E— BYERER S KT, BRI AE
B IR5 6 K pH (HIA B i iy Jr IV FRIG, =
MFEREFREE 7 RJG pH EMGEFFAC, KA
AR BAER IR 7 R A pH (H 2 DUARE E T
Ea, HAREIN pH AR FRI BUEALAN R
Fo KR T 22 A A R o e o i
W2 P 2 20

N TR 0 A1 M 7 P YR A 5 7R 1) ]
B BT W R AR A, 700 S0 15 5% VL)
B BREVR R LU RS T RE A S 0 R U A
Bk BE S ORARSE IR AR LS AT Tt B e N e
B, 3 B IR O A ORER R A T AR
(B 1), 9 FililiRs TRk rh, fE8 7 A
A PR ERUA KR, BFRE 1-4 RAIH
) B AR PR S I P V) T B i R

=1 AERARNEREERLEYENN

TR S — B TR, ATRe A
VoA RN, AR T e R i 2 )
WCRI . 11 FhaUEss 752t v, 8% PR S
TAIE AN, k. KBE. SR &
K AERE TR AT 7 R 5 i 20 Ak 2 T T vy
HRNR B MR IR EE R 775 6 RG]
BEA B LT T2
23 FERABENTEREERLEEN
=AU

DL 0 AS 5] e R A0 IR A 8 97 4 A
I, REFREE 8 R, MBI AR K 1) TR 22
EVEE —EER (R 1. WRIEEFEIELE
VEII B 2 e, 18 1.19g;s LAARKER TR
2R RAR, [N 0.37g, WIREREH T AN E
BLDIR TR XAFAE, AN 5 T 0 225 fr i 3
BYH 22 TG - RS 77 3 DAk B R T 22 A2 )
i E, 1A 1.56g, BREEREMENEE (2019)
P A [F) R85 55 25 A T ARG 7 8 o 22 4F
K R—5 LS I 22 Y E Ak, X
0.20g, J5i[AI A BEs2 Tl AR AN Be i 2 1E e A
BE TR 22 A B T AE K B 7R K

Table 1 Effects of different C and N sources on mycelial biomass of Lepista sordida

e W) & ERE [EIEEAE=Y/E s
Culture medium Mycelia biomass (g) Culture medium Mycelia biomass (g)
41 §# Brown sugar 0.62 % [ HEEH) Yeast powder 0.47 %

P % Molasses 0.42° %k % Bran 1.56 "
AP HE White granulated sugar 0.67 % KA Rice bran 0.58 <

JEHE Sucrose 1.19% EH) Soybean powder 0.89 %

H] % HE Glucose 0.49 « F IR E Malt extract 0.42 ™

% ZEJE Maltose 0.46 < A2 B Beef extract 0.40 ™
AHE Xylose 0.37 ™ EKH Corn flour 0.60 <

I F5 Dextrin 0.61°%° JRZ Urea 0.27 %

HE Fructose 0.49 ™ A% Ammonium chloride 0.20%

5 A I Peptone 0.46 > iR Ammonium sulfate 0.25°%

E: FAEERE R A F/NS RS Ry 5 R R4 0.05 & 0.01 K ZE 57 8%

Note: Different lowercase and capital letters in the same column indicate significant differences at the level of 0.05 and 0.01,

respectively.
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2.4 FERRIREN LI B ERPESYE R
&M RS2 M

9 FPERIRRTFREE, M. MEE. WA
Bl AHERIVRIRG 1052 FF 2 £ 2 SR s 14 T A2
TEEE 8 RisE|mmn: MEME. 22 - BEA LB
BEVETESE 6 Rigmns M FIRPHELESE 5 R,
I i il v 7 o ) B85 iz A8 BRI (I 2D
DLELHE AR IR S SR 7R 260, Tel & BE 1R
H R AP Y BT TEE 2R 5-8 RANIRFFILIK M)
K, TE5E 8 RIFIARIHKAE, N 1.42U/mL.
DUKE B R IR S SR IR R0, R LA 4R
BETE TEAE S 5-8 RALERORFFEURIIKF, H
b 5 ) () B B S 0350 BT, TESE 8 KA
S F B KA, N 1.81U/mL. LLERMHE IR
SRR, PR L A Y 2 e 1 e
BN s i I e, 8 B 2 21 o 25 i 1 i K
IS 5 K, A 1.57U/mL. LARERE AKX
PE SR IR, R ALY R B A 2R
5-8 RAMYEFFRR AR,  H B B E] 3 0
s 1P, FEEE 7 RN IS B 5K E,
91.04U/mL. LA % B BRI 75 5 55 7R R N
2 FR - 24 2 i v R B At Al R AR R T
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Fig. 2 Effects of different C (A) and N (B) sources on carboxymethyl cellulase activities of Lepista sordida.
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Fig. 3 Effects of different C (A) and N (B) sources on laccase activities of Lepista sordida.
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Fig. 4 Effects of different C (A) and N (B) sources on manganese peroxidase activities of Lepista sordida.
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Fig. 5 Effects of different C (A) and N (B) sources on lignin peroxidase activities of Lepista sordida.

R E ALl s CAAORE AR IR S S I
BTGB o AR s L TR A ik
N R7ERS Sl S 81 S R g s e AL U A K 2
Vil . DUKHRAE A RIS R, AT
J 5 IR A W R R IR AT A Rl s DL IR E A
BIRE SIS, AR T B 53 WA BRI 5
PLE RN RIS 2R, AR T e A
Gy A LR = AR BRI S5
INf, AR TR B B o WA R o 25 0 SE A P
3 Wik

RIRAYE R tBR E—F = E 1 n] H Ak
AV RE, B R BEIRE] 75 AN 5 B R TR
ARG RO R A 43R . = it Ak
VIBGAERE ] 2 25 TR BA e A )
AR, IR TR B RO ol A 4 2
(R KA A 0 R SR A5 A2 K F1 B 8E P /5 118
Tt o TR AN IR A 5 M 35 B RO 5 A 4E R
WETEEERIRE, Sulejetal. (2013) KIIAR
FAE R Il 1) 2208 52 I RH /B8 20U S ok
FEERI R AG ) 5200 o r s SE A i v P ) B
JUPARAETFA W H i, & 3 3R ™
=i 2 2 fLTR H A< H  (Eichlerova &

Baldrian 2020),

Karp et al. (2015) W4T T pH. 7K 7375 &
TLPEE BRERA . TRFEREE. BRI B, RA&
9t Jiz 7 B B2 B0 1) IR B 6 ~F- 4 Pleurotus
ostreatus AR T RS20, R B PR R A
B R B R i 2 25 S R B K A, I RER R
B AQHR R e A0 A o B B 1R 15 5 R B VS 1k
S $ErE T 5.7 f5F0 2.0 fis. B (2020)
PLEKES. FOKRFEFF. KRB (e TN
FE, R BAE IX B L 5 R IR i ) O Ul 5
Pleurotus eryngii H', BEBEFIA T i E ALY
il S VAR X B, TR 22 AR R R
Ui B 22 AR KT 575 5 7 AR R i 41 4
R R A R A O, WSS, Praekt
TP B YR B 22, B 22 A AR B B B
Camassola et al. (2013) &I H-J& Pleurotus
53 VAR T AN e SE A D B AT AE — 8 1 22
BRI ARMA AR TS« 222k AR5 8 i k), 8T
] A R TR 5 R 100 10 ARAS IR - B Ak o 73R
B AL I A B P R, BRI R
28 YL R AT AE T A R M SR A ) B R
Janusz et al. (2015) LX) 12 A& 448
Flammulina filiformis (ZW. Ge, X.B. Liu & Zhu L.

EEER 3297



IR F /AFERRIEI SR EERIMNEE RIS

Research paper

Yang) P.M. Wang & PR & Bl RAL IO 5T, R
FC T B AN S ST i Bl AR B AE S,
B TANFINREE . 2R FIERIR N4 JE B+
Cu™. CA* WHABHE MR, ZREE, AT
BEFHIT 12 G525 8 MR ER I R 1835

sZ, 57 SRR FE A T8 FH A Rk
EE T 155 50 E] (Wang et al. 2018) . BiZE
&5 (2020) BFFT 1 T EL Ak R B AR i R 4l
i 175 T AR A R R B A B PR A 5T 4 4 2R Il v
(R, 2 3 B DLRE RS AR Bl 5 3 A A
TR RSN, FA R T s P AL
YegmBTE T, A ENEA R TR SR RS
PE; ERREA R RIS FYA R T 18 = i
T, THERERA R TR E R R A Yk R s
P, RERE AR T I E AR RN, 0¥
155 (2014) RIWAS[F (78 7 5 AR B R 2
Hypsizygus marmoreus (Peck) H.E. Bigelow ]
Z MR E A IR KR, R B S IR A A
BN LK B 71 (RN, ot E
YIEg. KRR A AWYEE. REWER. 44
Rl WEAG, REFKM TR TERER
o ALYl , S TEALER SR B o AR R
MRS FACIEE . 22 3HAE (2015) DAASFEIfR
PR AN S A S B 9 H Gk e At 2k [ AR A Joia 41
HERBEIEER 2R, 45 R AR &4 5 4%
BRI TR AR K I R I A A T 1 B
BIRE FERLE . Naraian et al. (2014) PLI/NEFE
MR PaERRRL, USG5 i T AR HE
ARE, RIS A 5Tk XA [F] 3 R BOA
3 e N, AE SR AR 4R B B ) B B
(5.433U/g) Mifd EAAABE (0.097U/g) &
H1o AT TR IAKE R KA ] T TE 16 77 B
SRR LA e X, N R E A A
TACH BB oy WA R, DR AN Sk A R T
TEIG B B o iR I A, REBERIIRZRE
T TE M7 B 4 WA ot 2 ik E A g . 1 W

3298 EMIFIR

Ae I B B 2 A B B R IR R RE 7T, Be o ilh
KE A EE R R i I R 3R 15 2 8 1A
BB, 75 A IR R R 5 AR K s 2R
Ak ) W 3 A R R R L £ o 2R I 1 AR N v
TP R, MEEAR R RIS A b
Mils 52 M. XE5HMEHERNSRE —
JE HIARAME, (HAFAE—E X . JRERAT
RE A R N A []B FH BT vt Ffovss AS 5] () ik 80
P, BOASIE B R A % H Bl 15
T

B8 A5 A J5T £ 4E 2= 2 A ATL 3 ARk Ak AT
J&, A I B AN AR BT ) e BRI
ey ANTR] o R IR 21 24 2R Il 2 DR 0 T e R
SN | R AR 23 SCECT A, TR T
ANEAESAETE TR Fernandez-Fueyo et al.
(2016) ACHLAEFT AT SR 5 JE 48 £ 1 1 R 1]
HPfEEAR R il Al . S ik
VIlEAN 2 Dhgeit | YIBE K, 15T HE )5
FLIR R 20 A A IR BE L] . An et al. (2019)
RIAS R AE SR B R A R FE
X SE (1) 73 fife B DR S 0 B B 6 ) o XX
fEETE Agaricus bisporus FiiE JE AR} I BRIE
ARV ] REAEtH S A E, oKL &4
Py R0 B (1) AR AN 55 0L F B s = A ) B 1
K. Kabeletal. (2017) < BILZENE & XU B 15
W ez A KRR EE A R EZ ), W
T g A 22 AR AR R I R R R 5 2R 1R sk b A AR
th, & T AEKE KL S RTEE
A it 3 o] PEAR R R AF 4 2%, HAMIzEfEdEAR
A SRR EAKES, R Ik B 1 H B
A2 . Pefiaetal. (2021) 45i&HEANH
ML BESRU SERURI A S 4 S T, BER
T VA 9 A R A 6 0 1 A o £ 4 2R B
R AR, DL TR B AT 2 5 U I ) 4
EERIFEf% . Vasina et al. (2016) RINERHE
Trametes hirsuta (Wulfen) Lloyd 3= 543 A% %



R5IEX

22 December 2021, 40(12): 3286-3303

Mycosystema ISSN1672-6472 CN11-5180/Q

R TR 2 A R i A B 4 4 R TR A1
A0, ERTFRRET, BARE=EA T
KeIH R ) 2 E 57 Chen et al. (2016)
RIS T B 43 b K B RO A o 4T 4 2 /K R
B 101 P H A R BB AH AL A T 41 4
#Mg, HYE5ME PSR, F4EReEF
FEEEFE 120min B, gwhd 2 FRAF4ERBEA 16
e F K -F R K R A F i . Naraian et al.
(2009) i Ft R oAk 35 ~F- 4 T 0E A BT £F 4 3%
SR REWIEAT WAL, IERE S 1 2 Tl DA B
fife BT A OB 2R ) R R T AT 4E 2 2 B S G
Yy, AR AR AE TR A E SR AR
PIRGE T B ROER . A TIRR T A FBE
PRI A B P M A s SAEH, RIUA
Sl 5 5 B A R T 58 = M A oA E R, T
AR AL, R 0T BE A2 23 WA 1 B 4 g
R DR g R g m k. B
FEE) pH B FVE 4 BV FE AR RS 77 I B 2
WK, WRES M ARSI B 2R K B A K,
T2 AE K /. Xu et al. (2013) HRIEH
B, B B B AN A A M O T e
Jodm Pl Sk VI OC, BEETES, 55
JE B o

KSR T AC B BEAEAN [F) B TR 4%
ANFIBARBS FR I (8] T B AP B I AR, Kk
TR O Pl 35 32 FL AN 11 Fh B G 35 IR BE N AE I
FEE IR PR A 4RI, M. St E L
VI ANA i 2 SE ALY — R RS,
bR [ B Y AN R A R 2K I R AL e R
M AR 3 . ARBERUCKMEE R 115 AL & B
PR A YR RN AMERERIRE AR
TSR EE LN, AN EnE
P75 FA NG A B P AR A E AL, AR
FRZA R T FAEM A BE 7= A AR 2t 4
Wlg. R, AR N — 0 T A
IG5 A K T R S R R L A AR R R T

A, it mfed A KE . e
AR A ] AR A SR R A T
2%,

[REFERENCES]

An Q, Wu XJ, Dai YC, 2019. Comparative genomics of
40 edible and medicinal mushrooms provide an
insight into the evolution of lignocellulose
decomposition mechanisms. 3 Biotech, 9: 157

An Q, Wu XJ, Wu B, Dai YC, 2015. Effects of carbon
and nitrogen sources on lignocellulose
decomposition enzyme activities in Flammulina
velutipes. Mycosystema, 34(4): 761-771 (in
Chinese)

Aza P, Molpeceres G, Ruiz-Dueiias FJ, Camarero S,
2021. Heterologous expression, engineering and
characterization of a novel laccase of Agrocybe
pediades  with  promising properties as
biocatalyst. Journal of Fungi, 7: 359

Baldrian P, Valaskova V, 2008. Degradation of

by basidiomycetous fungi. FEMS
Microbiology Reviews, 32: 501-521

Camarero S, Martinez MJ, Martinez AT, 2014.

Understanding lignin biodegradation for the

cellulose

improved utilization of plant biomass in modern
biorefineries.  Biofuels,
Biorefining, 8: 615-625
Camassola M, da Rosa LO, Calloni R, Gaio TA, Dillon
AJP, 2013. Secretion of laccase and manganese

Bioproducts and

peroxidase by Pleurotus strains cultivate in
solid-state using Pinus spp. sawdust. Brazilian
Journal of Microbiology, 44(1): 207-213

Cao YJ, Ma HF Cui BK, Si J, Dai YC, 2021.
Lignocellulolytic enzyme activities of three white
rot fungi under different solid-state fermentation
media. Mycosystema, 40(5): 1123-1139 (in
Chinese)

Chen LF, Gong YH, Cai YL, Liu W, Zhou Y, Xiao Y, Xu ZY,
Liu Y, Lei XY, Wang GZ, Guo MP, Ma XL, Bian YB,
2016. Genome sequence of the edible cultivated

mushroom Lentinula edodes (shiitake) reveals

EMER 3299



IR F /AFERRIEI SR EERIMNEE RIS

Research paper

insights into lignocellulose degradation. PLoS
One, 11(8): e0160336

Chen XM, Wu HB, Xiang QJ, Gu YF, Zhang XP, 2018.
Transcriptional expression profiles and enzyme
activity of UGP from Letinous edodes under
different carbon and nitrogen sources. Journal of
Sichuan university (Natural Science Edition),
55(1): 214-220 (in Chinese)

Dahmen N, Lewandowski I, Zibek S, Weidtmann A,
2019. Integrated lignocellulosic value chains in a

growing  bioeconomy: status quo and
perspectives. GCB-Bioenergy, 11(1): 107-117

Dai YC, Yang ZL, 2008. A revised checklist of
medicinal fungi in China. Mycosystema, 27(6):
801-824 (in Chinese)

Dai YC, Zhou LW, Yang ZL, Wen HA, Bau T, Li TH,
2010. A revised checklist of edible fungi in China.
Mycosystema, 29(1): 1-21 (in Chinese)

Eichlerova I, Baldrian P, 2020. Ligninolytic enzyme
production and decolorization capacity of
synthetic dyes by saprotrophic white rot, brown
rot, and litter decomposing basidiomycetes.
Journal of Fungi, 6: 301

Fan L, Han L, Zhang PR, Yan XY, 2016. Molecular
analysis of Chinese truffles resembling Tuber
californicum in morphology reveals a rich
pattern of species diversity with emphasis on
four new species. Mycologia, 108(2): 344-353

Fernandez-Fueyo E, Ruiz-Duefas FJ, Lépez-Lucendo
MF, Pérez-Boada M, Rencoret J, Gutiérrez A,
Pisabarro AG, Ramirez L, Martinez AT, 2016. A
secretomic view of woody and nonwoody
lignocellulose  degradation by  Pleurotus
ostreatus. Biotechnology for Biofuels, 9: 49

Floudas D, Held BW, Riley R, Nagy LG, Koehler G,
Ransdell AS, Younus H, Chow J, Chiniquy J, Lipzen
A, Trittc A, Sun H, Haridas S, LaButti K, Ohm RA,
Kies U, Blanchette RA, Grigoriev IV, Minto RE,
Hibbett DS, 2014. Evolution of novel wood decay
mechanisms in Agaricales revealed by the
genome sequences of Fistulina hepatica and

Cylindrobasidium torrendii. Fungal Genetics and

3300 EMFIR

Biology, 76: 78-92

Gao F, Cao Y, He MX, Liu J, Fang YW, Zhang CX, 2017.
Type and activity variation of extracellular
enzymes of Lentinus edodes, Pleurotus eryngii
and Pleurotus ostreatus. Northern Horticulture,
23:199-206 (in Chinese)

Guo YY, Ruan LY, Feng HC, Hu KH, Sun SJ, 2014.
Characteristics of mycelial growth and enzyme
production of Hypsizygus marmoreus under
different nutritional conditions. Mycosystema,
33(3): 697-705 (in Chinese)

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)

Han ML, Bian LS, Jiang HH, An Q, 2020. Effects of
different carbon and nitrogen sources on
lignocellulolytic enzyme activities of Pleurotus
ostreatus. Mycosystema, 39(8): 1538-1550 (in
Chinese)

Isikhuemhen 0s,

Lignocellulolytic

20009.
substrate

Mikiashvilli NA,
enzyme activity,
utilization, and mushroom vyield by Pleurotus
ostreatus cultivated on substrate containing
anaerobic digester solids. Journal of Industrial
Microbiology & Biotechnology, 36: 1353-1362
Janusz G, Czuryto A, Fragc M, Rola B, Sulej J, Pawlik A,
Siwulski M, Rogalski J, 2015. Laccase production
and metabolic diversity among Flammulina
velutipes strains. World Journal of Microbiology
and Biotechnology, 31: 121-133
Kabel MA, Jurak E, Makeld MR, de Vries RP, 2017.
Occurrence and function of enzymes for
lignocellulose degradation in commercial Agaricus
bisporus cultivation. Applied Microbiology and
Biotechnology, 101: 4363-4369
Kameshwa AKS, Qin WS, 2016. Recent developments
in using advanced sequencing technologies for
the genomic studies of lignin and cellulose
degrading microorganisms. International Journal

of Biological Sciences, 12(2): 156-171



R5IEX

22 December 2021, 40(12): 3286-3303

Mycosystema ISSN1672-6472 CN11-5180/Q

Karp SG, Faraco V, Amore A, Letti LAJ, Soccol VT,
Soccol CR, 2015. Statistical optimization of
laccase production and delignification of

sugarcane bagasse by Pleurotus ostreatus in

solid-state  fermentation. BioMed Research
International, 2015: 181204

Li CH, Qu MQ, Cao H, Deng WQ, Shang XD, Song B,
Tan Q, 2013. Checklist of common names of
mushrooms in China. Acta Edulis Fungi, 20(3):
50-72 (in Chinese)

Lu H, Xu N, Wang CH, Feng LG, Deng ZL, Xia YL, 2019.
Effects of different nutritional conditions on the
growth of mycelium of Lepista sordida. Jiangsu
Agricultural Sciences, 47(19): 113-117 (in
Chinese)

Ma HF, Cui BK, Yuan Y, Chen YY, Dai YC, Si J, 2018.
Optimization of liquid medium composition for
the production of cellulase from brown rot
fungus Antrodia bambusicola by response
surface methodology. Biotechnology Bulletin,
34(4): 91-101 (in Chinese)

Mazur X, Becker U, Anke T, Sterner O, 1996. Two
new bioactive diterpenes from Lepista sordida.
Phytochemistry, 43(2): 405-407

Narayan OP, 2014.

Differential response of oyster shell powder on

Naraian R, Srivastava J,

enzyme profile and nutritional value of oyster

mushroom Pleurotus florida PF05. BioMed
Research International, 2014: 386265

Naraian R, Sahu RK, Kumar S, Garg SK, Singh CS,

2009.

nitrogen rich supplements during cultivation of

Kanaujia RS, Influence of different

Pleurotus florida on corn cob substrate.
Environmentalist, 29: 1-7

Niemenmaa O, Uusi-Rauve A, Hatakka A, 2007.

[0'*CH;]-labelled

model compounds by the brown-rot fungi

(Postia)

Demethoxylation of lignin

Gloeophyllum trabeum and Poria
placenta. Biodegradation, 19: 555-565
Pefia A, Babiker R, Chaduli D, Lipzen A, Wang M,
Chovatia M,

Sanchez-Ruiz M, Kijpornyongpan T, Salvachua D,

Rencoret J, Marques G,

Camarero S, Ng V, Gutiérrez A, Grigoriev 1V,
Rosso MN, Martinez AT, Ruiz-Duefias FJ, 2021. A
approach to

multiomic understand how

Pleurotus  eryngii  transforms  non-woody
lignocellulosic material. Journal of Fungi, 7: 426

Philippoussis A, Zervakis G, Diamantopoulou P, 2001.
Bioconversion of agricultural lignocellulosic

wastes through the cultivation of the edible

mushrooms Agrocybe aegerita, Volvariella
volvacea and Pleurotus spp. World Journal of
Microbiology and Biotechnology, 17(2): 191-200

Schutyser W, Renders T, van den Bosch S, Koelewijn
SF, Beckham GT, Sels BF, 2018. Chemicals from
lignin:  an interplay  of  lignocellulose
fractionation, depolymerisation, and upgrading.
Chemistry Society Reviews, 47: 852-908

Si J, Cui BK, Dai YC, 2011a. Primary screening of
effective

Trametes  strains  with high

laccase-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)

SiJ, 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)

Sulej J, Janusz G, Osinska-Jaroszuk M, Malek P,
Mazur A, Komaniecka I, Choma A, Rogalski J,
2013.

dehydrogenase and its FAD-domain from the

Characterization of cellobiose

ligninolytic basidiomycete Pycnoporus
sanguineus. Enzyme and Microbial Technology,
53:427-437

Sun SJ, Shan SK, Li ZF, Guo YY, Chen WX, Hu KH,
2015. Effects of trace elements on the mycelial
growth and enzyme activities of Hypsizygus
marmoreus. Journal of Fujian Agriculture and

Forestry University (Natural Science Edition),

EMEFR 3301



IR F /AFERRIEI SR EERIMNEE RIS

Research paper

44(6): 639-645 (in Chinese)
Tohtirjap A, Zhang GQ, Guo YX, Zhang WQ, Chen QJ,
Yang JY, 2020. Lignocellulose utilization and
changes in lignocellulosic enzyme during
Volvariella volvacea cultivation using spent
mushroom substrate of Pleurotus eryngii.
Chinese Journal of Applied and Environmental
Biology, 26(3): 520-527 (in Chinese)

Tuyen DV, Phuong HN, Cone JW, Baars JIP,
Sonnenberg ASM, Hendriks WH, 2013. Effect of
fungal treatments of fibrous agricultural

by-products on chemical composition and in

fermentation and

vitro rumen methane

production. Bioresource
256-263
Vasina DV, Pavliov AR, 2016.

Extracellular proteins of Trametes hirsuta st. 072

Technology, 129:

Koroleva QV,

induced by copper ions and a lignocellulose
substrate. BMC Microbiology, 16: 106

Wang PM, Liu XB, Dai YC, Horak E, Steffen K, Yang ZL,
2018. Phylogeny and species delimitation of
Flammulina:  taxonomic status of winter
mushroom in East Asia and a new European
species identified using an integrated approach.
Mycological Progress, 17: 1013-1030

Weng JK, Li X, Bonawitz ND, Chapple C, 2008.
Emerging strategies of lignin engineering and
degradation for cellulosic biofuel production.
Current Opinion in Biotechnology, 19: 166-172

Wu Y, Ma HF, Cao YJ, 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 VYJ, 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)

Xu JZ, Zhang JL, Hu KH, Zhang WG, 2013. The
relationship between lignin peroxidase and
manganese peroxidase production capacities

and cultivation periods of mushrooms. Microbial

3302 EMEIR

Biotechnology, 6(3): 241-247
Yelle DJ, Ralph J, Lu F, Hammel KE, 2008. Evidence
for cleavage of brown rot

lignin by a

basidiomycete. Environmental
10(7): 1844-1849

Zhang XJ, Hua J, Yan JQ, Long HZ, Huo GH, Zhang C,
Zhang LP, Cui CY, 2020. Optimization of carbon

and nitrogen sources of liquid inoculant of

Microbiology,

Ganoderma sp. in Jiangxi and their vitality
evaluation. Food Science and Technology, 45(4):
19-25 (in Chinese)
Zhang YT, Song MZ, Wang XF, Liu ZJ, 2021. Enzyme
activity and decolorization of laccase from
Journal of lilin
317-323 (in

Trichoderma pleuroticola.

Agricultural  University, 43(3):
Chinese)

Zhao CJ, Zhang YJ, Gong JL, Yu J, Zhao ZY, Ruan H, Fan
BW, Li ZT, 2020. Effects of different carbon and
nitrogen nutrients on extracellular enzyme
activity of Hericium erinaceus. Journal of
Heilongjiang Bayi Agricultural University, 32(3):
1-6 (in Chinese)

Zhao CM, Du F, Zou YJ, Hu QX, Zheng SY, 2020. Study
on the relationship between mycelial growth
and lignin degrading enzymes of Pleurotus
eryngii based on different substrates. Edible
Fungi of China, 39(11): 109-114 (in Chinese)

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

(Bt 3252 3CHk]

B A kA FEa R NG i, sRER, RESE, KX
S, BREE, MEE, 2020, 7655 R R
g o R R 5T 2T 4 R M R L I A e 1
. N SHEAY TR, 26(3): 520-527

W, REHE, RIK, BEM, 2015 A FERKIEH
VRS <5 T 2 o Al R J5T 2T 4 3 0 12 1) R
WYIAR, 34(4): 761-771

WK, SR, EEL AlE, R, 20210 A
(][] A i 1% 5% 5% 2 T =B B 6 L TR 23 WA 1 R



R5IEX

22 December 2021, 40(12): 3286-3303

Mycosystema ISSN1672-6472 CN11-5180/Q

A YR B . Bk, 40(5): 1123-1139

VRN, RIGUK, mREE, #i8E, kF, 2018.
4% UDP-H] %) B £ W IR A0 I % S /K P B Bl vty
P 508 A [0 e 80U 1R e RLAREAIE . DY TR 2 2
CHARBIZRR), 55(1): 214-220

B, WHLR, 2008, H[E 25 H B 4 5k B
HRRHELT. B, 27(6): 801-824

B, B, BHR, s, BIhR, &
ZHE, 2010 FEEHEL X WY EHR,
29(1): 1-21

e, W, TEIEE, XIEE, 5 2, XIBE, 2017.
a0 18 51 25 5 00 B AN B A 2 AT AR
R X e oA, dE5 T 25, 23:199-206

I, iz, % E, HIFRE, FhNEEE, 2014,
AN RIS F7 444 F B R B B 22 2R K R IR
B 2EAR, 33(3): 697-705

iR, wH, REE, A%, A, 2017. AFH
KA 4 25 175 5 0 RS B A B A T e R Tl
TETER . EAY) AR, 36(3): 349-357

hRFY, WRRAR, I, ®H, 20200 ARIRE
5N R R N B A J5 21 4 31 B 1 K S . T A
224, 39(8): 1538-1550

AeAe, UG, EIE, XBEERK, MBS, AR,
T, 2013, PEEGHEEE AL AR BHE
224, 20(3): 50-72

Bk, fhoe, THEEE, B3 E, BEF, EXR,
2019. AN[RIE 7 A X AL 2 B o 22 AR K 56
W, YLARMR, 47(19): 113-117

oS, #EEYL RIR, BREE, &E& A,
2018. M S [F1 V20 A 4 JE O TR AT A AL R P 4
Y KBRS TR AL, A EARER, 34(4):
91-101

A, EEYL, WA, 2011a. HILEEERES
7 TR PR WA O 3k S G R g R AT AR AR AR
Y)22iE IR, 38(3): 405-416

AER, EEYL, BN, LA, 2011b. MIRZE
b FL B 7 R W A% A P A B L AE Gk €5 H 1
RIF. NS, 17(5): 736-741

AlEE, B, EEIL, WEM, 2011c. HEEMH
PRI o FAEW 2 RO it . A
ARi@Ef, 2:48-55

FhEER, BRYL, R, SR, BROCE, T
M, 2015. AN [AIf B o6 200 B B B R 22 A K
W3 B RE . AR AR AR KR CH AR
fi), 44(6): 639-645

Ria, T, EakEE, FEE, EEYL 20190 B
BRI VER . A2 Ak R e AL TE .
AR IEHR, 35(9): 1-10

R, SRR, HaE, \ER, #EYL, 20200 A
B T R 5 K L 7 R A i R S )
Ptk S FonT ekt B E . AR @R,
36(1): 45-59

skded, fE4l, BRI, RERM, B, ki,
TR, BT, 2020, JURE TR 2 HEKK
TR i R 7 AR A S L0 J1 VP, B R,
45(4): 19-25

TRFEE, REER, FEE, XEZE, 2021. iIHA
B P RIS 70 D 0 g k. AR AR K
2ot 43(3):317-323

BT, SRV, R, T, BEE, P,
I, 2R, 20200 AFEBREE 7R K
el AR e O A T A WA (- N 1= 5
%, 32(3):1-6

DRI, KETS, AREAS, NGS5, AR A, 2020, &
R NGIE- Y5 ([ RENEFAE N = Nl
Mg (AR O PERT AT, B AR, 39(11): 109-114

K, R, wH, RER, AlEE, X448, 2017.
155 BB 2R 7 R L TR L A A 8 o i o e
BT RN AR, W, 36(5):
582-597

(ALt #hm)

B4R 3303



