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WeSKHE A € $Has R B XT A B 38 B9 PE 7
hEK  AeE  EW  REME

L AR RFRMEP SR LA &% 271018

. PR (laccase) AL GLRLE /K I RBE T AL AT IE LI BT Hericium erinaceus F1
%4 Flammulina filiformis B R TR RISARL, @ RREDIIE . BB BT RIS T, R
BT b R B HEAT TP B0 00 S Ak, SRS 23 I FT T A S R Bl S I 5 /N g3 A AR A R R Bl A
R A4 (laccase-mediator system, LMS) X 12 Flri YL RL B MR o 25 R B, MRSk B I $ 2l 3 I
XPFRIEAT B0 T, FLESANE RIS R #E ARG I B MR RUR , OV 24h J&, BEARZR 5359 79.6% . 66.8%-
80.3% M1 64.6%, H I IS EIMIE, T HoAh BerR R BE R RCR AR . SR BA RPN 2,2
R - XU -(3- 4 FE 2R I A ME ML IRk -6-fif iR ) — %% £5[2,2"-azinobis-(3-ethylbenzothiazoline-6-sulphate), ABTS]
Ja, RTINSk B R A U L A LRSI PR A, iR R 33.7%. 45.6%F1 94.2%.
ST TERI PR A M T FLAE S v PE AR K-7R RN 14 41 KD-8B # B A — & M BRI AR, B MR 43 93 N 37.8%
39.9%11 49%, WIZRILH 1 B G I (AP o 4 B NEAR Z P BN ABTS J, et 2 BB XV R 41 Km-8B
(R W 3G, 9.7%MG N E 58.2%. LA AIF Ft gl Sk T A0 <6 B 0 2% Wl A6 SRk PR 7K Ak 28R 443K 1 7
Fefit 7R AR .
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Abstract: Treatment of dye wastewater by laccase becomes a research hotspot in recent years.
In this study, laccase from the fermentation broth of Hericium erinaceus and Flammulina

filiformis was preliminarily separated and purified successively by ammonium sulfate
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precipitation, ion exchange chromatography and ultrafiltration. The degradation effects of the
primary purified laccases and the laccase-mediator system (LMS) on 12 commonly used dyes
were studied respectively. The results showed that the primary purified laccase from H.
erinaceus had good degradation effect on methyl red, chrome black T, malachite green and
reactive blue R, and the degradation rates were 79.6%, 66.8%, 80.3% and 64.6% in 24h,
respectively, showing time-dependent, but the degradation effect on other dyes was not
obvious. When 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphate) (ABTS) was added to the
reaction system, the degradation rates of coomassie brilliant blue, crystal violet and malachite
green by H. erinaceus laccase increased by 33.7%, 45.6% and 94.2%, respectively. The F.
filiformis laccase had degradation effects to a certain extent on peacock green, reactive brilliant
orange K-7R and reactive red KD-8B, and the degradation rate was 37.8%, 39.9% and 49%,
respectively, also showing time dependence. When ABTS was added to the reaction system, the
degradation rate of reactive red KM-8B by F. filiformis laccase increased significantly from 9.7%
to 58.2%. The studies provide scientific basis for the application of H. erinaceus laccase and F.
filiformis laccase in the field of dye wastewater treatment.
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ARFT A T, B DGR K (R HE R AR TS
IKHEBCE R AR KL, BRI A

REE [ % 28 T A S E W AN v B AT 2 e
#l. LT FEE Lepista nuda (Bull.) Cooke

PTG QAR SRR Y CEE R ORI
2019). ENGLR/KHESE R AL &, &
A1 B 5% P2 7K Ak 2 1T I B BT e) . 58 HL
B, 2 PRUOAEER G IR K & R E S 5
HME BRI 07 A R GURL A AP XA AL
VIR B A B AT R ZL T . SR AN
2 KV AR AR SR, A ) B
AL T B PR, A & B2 553 B — IR
¥5 4% (Sarayu & Sandhya 2012; Liu et al. 2017;
Collivignarelli et al. 2019) .

AREFURM,  FEE AT LN kb AT
IR, HATRE H0, BN (A&
2011b, 2011c; Ba & Kumar 2017; Chaoetal.
2018; R1A% 2019). larketal. (2019) #f
FAE S, /NEEEE Oudemansiella canarii
(Jungh.) H8hn 2 [l A8 % B R I SR 2T, P A 2
7€ 80% L I Ningetal. (2016) KILK#E A
M Leucoagaricus naucinus (Fr.) Singer il
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BT R, IR AL E s R A R0
B f B (Zhu et al. 2016). V&M FASE K AL
Porodaedalea laricis (Jacz. ex Pilat) Niemeld
BRI X-BR. SRR R
FRIRL, HEEERIL 90%LL E (R1a%
2020) . A I I B I i A0 AR 4Rl ) i T R
%, ORI SEAE A T s CRIFERSE 2015;
WOCIE R R 2016; BfEESE 2019).
B, PR 2R (W) AR 5
By, SEJoT A — AP B A A B . R B
A= H AR I B R AR AAS [R SR Y 1R A
MM REAT R RN, 3 ELER AR A A B
Hh B A ()7 A IR A1 4 MBS T B
FER, & 0, ibJF N H,0 (A FkEE
2011a; Kudanga et al. 2017; #£ K% 2017;
Patel et al. 2019; 1RF&% 2020). &HFHI1EH
JRWAEET 2, IR PTIAg0 N 6 5.
My Je AT e S HATAEY) . RIR
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Y. 8RB EMEDOR. SEAEVM
G AR KR (BhSEFR 5 2017;
Mate & Alcalde 2017; Barrios-Estrada et al.
2018). HE|HAT L, ORI BT 5
m AR R A 800mV, 4RI
AL T H A L BRI v B TR R R 3 3
Tk B A AL S, B 0 A R
TERBLICIE R, X & 2N Tk
P Rl ) B F AR S A, B B R B A X L
Yy EAL . X B A AL R 4R B RS
VIR RGFR N LMS (Upadhyay et al.
2016; Zhu et al. 2016). Fesetiid il T R4k
KJTEZEWIN TR & ABTS, B & ki =
/Ny TR R B, BIH R NIE, RE&H
100 Z Pk, HA s RS 3-
2-F A K R (3-hydroxy-2-aminobenzoic
acid, HAA)D . ABTS. N-¥% 3 7K JF = M
(N-hydroxybenzotriazole, HBT). N-¥2J£4[ %K
— HEV % (N-hydroxyphthalimide, HPI) %5
(P PEE 2015; BAHOEAF 2016; Qiu et al.
2021),

W&3L# Hericium erinaceus (Bull.) Pers. &
—MEIAREMA RS AT (B
MR 2008; #EKLSE 2010), W72 MY
MAEERE, BB W—RIMINEE (F
&5 2020). &% #%E Flammulina filiformis (ZW.
Ge, X.B. Liu & Zhu L. Yang) P.M. Wang, Y.C. Dai,
E. Horak & Zhu L. Yang /& —Fl & WL KA &
MEE (BERMHR 2018), BT KM
L, Bt AR b o ALY
B MAMEE CRILE 2017). A REXH
FORB B R IEIR 2, (HHAE Gk B g
J7 T8 B B AT A L ARGE . S Tk, AW
FOOO IX Y PR B REAT T 91 B4 a4k,
BE 70 HG L 12 Bl Gkt ) B Al 2 5, LU
M S TR AN < BT 2 3 T AR G RL R AR R}
WAz

1 g %

1.1 SEIe#HL

1.1.1 Wbk: MRKE R He-03 A4t 4k A
PR FF-05 PRAT T 1L ZRAROV R 28 M IR 9 2 B
LRSI

1.1.2 7t DR EMMAREFRAE (1.00):

L EA S 200g, Fii%iHE 20g, MR 1.5g, B
iR — &8 1.5g, BRBREE 0.5, 4E2E 2 B, 0.1mg,
/K 1.0L, pH B4R,

1.1.3 i{7l: ABTS (4r#74H, Amresco). DEAE-
cellulose (Sigma). Q-Sepharose (GE); %At
BNL IR, EAME. BEER A BRIREE.
YR By IRIREL . TSP JC/KBEATREN. Tris
CEF= o fral, REETIEA A AR A
A]D; HIEEA . HEEE. B T, B HRiE.
flesg, dimE (HE&=odra, JbniEmss
FRA BRA D s I RS K-7RTE 4T KM-8B.
TEMEL KD-8B. ETETE Ry VEPERTE « VG 2
CEP=orprat, sREKWBHE R T) D, FH4IE
BILEE 1.

xR 1 AARFTAZER
Table 1 Dyes used in this study

ekl INU TSI SIS
Dye Maximum absorption

wavelength (nm)

FF 3L 4T Methyl red 524
FHIL M Methyl orange 460
5% M T Chrome black T 540
% L% Coomassie brilliant blue 549
FL#E 4%t Malachite green 614
ZE 545 Crystal violet 584
TEVEHERE K-7R 490

Reactive brilliant orange K-7R
WE 4T KM-8B Reactive red KM-8B 520
WG PE4L KD-8B Reactive red KD-8B 550

i& M # R Reactive blue R 592
i KT Reactive navy blue 600
i M 2 Reactive black 585
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1.1.4 [XEFN A4 B E#S (BS-100N,
EHFPTE TS BUBAEIRE (HL-2N,
T ATACER )DL HARGIE IR K T AR
(XMTD-7000, b5t i 7k /6 B B I7 X 28 R
AN AR EEE B 0L (5804R, SE[E Sigma
AFED AN IG5 G EETH[UV-1600, 4
2 (R AIRAA].
1.2 HAERAHI &

Bk i G5t s BEA R, fE R o
5 F R Rh A0 T 223 [R) /D VR B 97 B 48 1,
BN LR ) & T ) = AR R R R,
AN 10 . KM S I = MAE T3
PRI 120r/min. 25 CHR{Z 1577 8d. REFesh
5, ¥ LIRRE IR T 8 000r/min &.0» 15min
5 BB, 4CHREEH.
1.3 JREGE MR E

75 [ A 9 NN 5.0uL B AT 0.195mL
1.0mmol/L ABTS & [ LA 0.01mol/L Z1&- 1R
MM (pH 4.6) ], WREHS, BT
25°C /K AR R B 10min, I 0.3mL 5% ()i
B =& OMBEHRL LN, WE 405nm
ARV AR . X IRZH 253 T KA B
g5 71008 SO 7R 25 CRAE T, B8k
A Lumol KA ABTS BT 75 2L 1B &8 1N
& B4
1.4 BRIRREBH T ELEL
1.4.1 FRERERTTIE : B3 & B O Sk 11 VA T
R 1.0L TR KBERr e, AW a1 et P
NIRRT FH g s e e i b, H R ER 8%
LIRFE N 80%, FrllREL 5 A VE il o 1 1k
ANUKFE T, 4 CHE 4h,
1.4.2 EHr: KEE S KT 8 000r/min
B0 15min, fREUUEH LB TKEM, A
J5 3 N 4> 78 3.5kDa BT 4SS, H
FETKIBENT 12h, HIE R 3 IREH T K.
1.4.3 DEAE-cellulose B & T 22 ¥ )2 H7 : K5 EHT
F:(2.5cmx20em) I B %23, 344 F 0.01mol/L

1528 EMEIR

Tris-HCl 2230 (pH 7.4) 2T ) DEAE-
cellulose B B3 )= A o Jod £ B B 11 5
WONEAAES,, R T AR, gl
WH, BHR AR Y. F 10 AR KA ]
WL Tris-HCI - T- 1 ZATAE o R iR iE
T 5 BIRE 5 Tris-HCl 22 (pH 7.4) &%
W 0.01mol/L, #RJ5 LA IE 8 000r/min &
L» 15min, HUEWEW _EFE, 4351LL 0.01mol/L
Tris-HCl ZZMK (pH 7.4) BCI ) NaCl Shifk &2
A 0. 0.15. 0.3 I 1.0mol/L HIPE M AT 43
BLyeii, WK 2.5mL/min. WM, 8
5.0mL, WIE & E VR AE 280nm ALHIEOL
{EFIERBEE 1, GIFATEERBE bR, M2k
Bk IENT

1.4.4 HPE: KENTENFELHERE > TEAN
10kDa I JENIHEAT E ISR g, 2 B4R
R RIS 8.0x10%U/L, B 9 SL B #]
PRAiERE, T 4CHRAEE.

1.5 SHWERBHI T BEHEK

1.5.1 TREREUTEMIENT: % IE 1.4.1 A1 1.4.2
W T EEXT & T 100 S EFTE R BRI AT
80% it PR # T UE AIEHT

1.5.2 Q-Sepharose P B F=Z#ZHr: ¥ H
0.01mol/L Tris-HCI ZZ2# (pH 8.6) IRVLLFIT
BT A A TSN JEHTAE (2.5cmx20cm)
W, R 10 AR AR R RE Tris-HCI 22
AT P . AR _E R IENTERES R Tris-HC
ZErP (pH 8.6) ZRZ&UKE 0.01mol/L, A5
8 000r/min &.0» 15min, B _EiEW® EFE, 705
L 0.01mol/L Tris-HCl 22 (pH 8.6) B i [
NaCl 535 5 0. 0.5 F1 1.0mol/L FI¥E Bk
1T B, IROE 2.5mL/min, WCEESE I,
3% 5.0mL, ME B YEBRAE 280nm &b (1)
WA AR R VEYE, A A SR PE W,
RS TR IERT

1.5.3 HiyE: %I 1.4.4 T EEE T S )
FEBETEEE, B EE tEYIPeaigEmg, T 4C
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RAFEH
1.6 & S LFIEEIE MR E

DA bt i % ER) A% S 81 R <8 T 2 VR il )
SN RIS, FRHRCUN 7, 2 il
58 G B AL YIEE (manganese peroxidase,
MnP) FIAR R ENYIEE (lignin peroxidase,
LiP) 36
1.6.1 MnP JEPERIIE: 1ERBARRFMA
3.4mL 0.2mol/L 4 T&- L RN W~ 0.1mL
1.6mmol/L BRI BV, 1A 327, IIN 0.1mL
1.6mmol/L H,0,, /)5 A 0.4mL B, 37°C
SN 3min, MI5E 240nm ZbITREAE » X HEZH
P8 PRI B BEIS J) AL 8 SN
1 37°CHHEN, Fr8hE L 1umol M BT
EBFEA 1 B 1584
1.6.2 LiP JEPERTIINGE : 7E R BAAR R 1.0mL
0.015mol/L ZE 5 BV . 1.5mL 0.25mol/L i A7
FR-TH A B ENVETR (pH 3.0), JREHIZA), A
0.4mL B, #J5 I 0.1mL 0.02mol/L H,0,
Ja B, 37°C B 3min, ll5E 310nm AL
W EAE . SRR 5B KA B . B /)
BRI SUN: AE 37°CEAE T, B AK 1pumol
FPTRERT R B 1 NS )R
1.7 ¥IIRAREE R E LMS X ksl B9 P& 7
1.7.1 JeRIEAIECH]: H 0.05mol/L HAc-
NaAc ZZ/H (pH 4.6) %8R 3 s HiAs
[ A PS5 ) R VR o o T 1) 4 1) e s A
190-800nm Gl N AT IR KT H, e i
IR K o PR R T 4 28 vh Vi BC 1) 1.0mmol /L
ABTS VK, FAAE LRI
1.7.2 YHRATEREE 0 R BE#: /£ 0.38mL
YURlA NN 0.02mL #3242 B BTk,
37°CHAF NI L, AR (1) B B
REAERXTRA, BARMNEE 3 MEE.
43 AAE 6h. 12h. 24h ERTEURE, W52 &% 4ekl
1 H B RO AL IR AR (A, [

SEXTIRAH A (AD. PEMEFRIHEARN:
Bo Al 22 (%)=100%(1-A,/A1) CRMEE 2010).
1.7.3 LMS X 3R BEMF: 7E 0.38mL JukliA
WHMA 0.02mL WITRAUERBERE R, A
3.0ulL 1.0mmol/L ABTS ¥k, 37°C 214 /K
SN, DAFAK I I ER B v A 5 1 o) R4
NN EE 3 ANELR. 75 6h. 12h. 24h 3E
BPECRE, FEfERIT AR 1.7.2.
1.8 BRSS9

KA Excel 2016 #f43EAT ZERIE IR AL B
JEIT SPSS 23.0 A AT ST, A RAT
PIEFREZE (meantSD) Fox, XAS[EALEE
HEIRAT R T 22007, P<0.01 fREREL
PEAFEENG B T2 5

2 R 509
2.1 BLERMH S BEHEK

W 2 B R TVE B T J5 ISk B IR
B EE 4 DEAE-cellulose P B35 #: )2 Ht
gtk EFEJS, S5H 0.01mol/L Tris-HCI 22
W (pH 7.4) HEATHEML, 1344) D1, RJE7r
A Nacl #JE N 0.15mol/L F1 0.3mol/L ]
Tris-HCl Yo (pH 7.4) BEAT 0 BLeht, 15
#I| D2 A1 D3 2H 4y, 245 H NaClik 52 1.0mol/L
[f) Tris-HCI YEMiil (pH 7.4) Vi, 753|404
D4 (B 1o 43l #ANH 5 g B vE 1,
RIVEBHETEE D3 Hr. ZEHHHERRE
DEAE-cellulose [J1 12+ 22 4t E A 4difh J5 Rl 2%
N 78.3%, ALEECN 11.2 fi5.
2.2 £HERBHSBEMEK

Y 25T 1 B MR BRI 1T Q-Sepharose
[ & 1A 1 2 Hr4difh, 55 F 0.01mol/L Tris-HCl
PR (pH 8.6) TEllL, 1HEIAE L5 Ql,
FE5% ) NaCl ¥l 0.5mol/L 1 Tris-HCI 3t
7 (pH 8.6) Yillit, /342I2H 73 Q2, %8 )5 FH NaCl
WRIE N 1.0mol/L ) Tris-HCI LEi (pH 8.6)
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BTV, 753 Q3 Aoy (K 2). 43 HIlE %%
AN BB IE 1, K PR RIS TEAE Q2 44y .
%M B T 4 Q-Sepharose [ B 728 24T
Ja R K 81.5%, AiLfEECN 10.1 1%,

35 D4
30} D2
25+

3 2.0 " 150mmol/L|¥ 300mmol/L 1mmol/L
q':°~° 15} NaCl NacCl NaCl

oiz'nﬁl Y l

0 200 400 600 800 1000
Elution volume (mL)

& 1 L EREEHESRZ DEAE-cellulose [AEF

IR BT Hhzk

Fig. 1 Elution profile of crude laccase from Hericium

erinaceus purified by ion exchange chromatography
on DEAE-cellulose column.

20 Q2
1.6
] 1.2 | Buffer 500r:nar2|0I/L
f’ 0.8}
0.4

00 50 160 150 2(I)0 2;0 300 3I50 400 4|50
Elution volume (mL)

2 SEHEERMBAERRIRZ Q-Sepharose [AE X

o EHT AR LRI R Bl 2%

Fig. 2 Elution profile of crude laccase from

Flammulina filiformis purified by ion exchange

chromatography on Q-Sepharose column.

2.3 fREEMEF EVIRAREBAYE F L4
A&

WSk A Gt G IR TR LB, HOR
Jo3 2% [ A AR E ARG . MnP Al LiP. A
TERFCIX 2 PP LT A [ A 5T 25 B A il ot
KL AR 2, W T ) R A IR I I R
MnP Fl LiP [P, 454 Ol i B g
il (ARG AT DU H 0 Sk TR ) 4 R Il T
B MnP 3EMEA 0.110/L, LiP 3514 96.0U/L;
G T VIR AR B B R MoP WA
0.21U/L, LiP 354 86.0U/L. 1 L& ) 1 Fif
WIFR AN B RV -h ARG )5 149 8 000.0U/L,
5 MnP F1LiP AL, HAWEERSE,
Wt B AE )4 A i v e 3= AR )l D R

(% 2),

2.4 BRLEVIRAREG & E LMS 331l /IBE
FRR

WML E IR AR B S GRS 5 AT
B S 2, I S A TR BT ] 555 25 b G el 1) o At
o I eh I, Ak B ER R EE LT AL
oI BERER B 0, FEIRER R 74.5%
H1 73.8%, HUGRAR B T UG M R AT 4%,
BEAEAZ 9 60.7% 59.7%A1 43.6%. MEE
SOSIES (R I3EI0, 4R N 24h B, 3X 5 gL
L B AR R A s n, U AR Sk B AR g
X 5 P GURL IR R AE A — E (RIS TR ARRS 1 o
FEJ L 24h I, A5k B AR i 0T 2% 17 5 W5 F
Sim B EE —EIEMAIER, RS
N 21.3%A1 27.3%, XF HARGLRE ) R AT FH A
HE (R 3),

R 2 BAEMESHEVREREERTEIELYE. KRELEUDEEFIREEEMY

Table 2 Enzyme activities of MnP, LiP and laccase in primary purified laccase from Hericium erinaceus and

Flammulina filiformis
B2 A g it S AL i A E A B I
Primary purified laccase MnP activity (U/L) LiP activity (U/L) Laccase activity (U/L)
WESLBE H. erinaceus 0.11%0.02 96.0+0.84 8 000.0+2.3
S5 TE F. filiformis 0.21+0.02 86.0+0.51 8 000.0%3.6
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* 3 BRKEVRAREEHE LMSs 3 3R B {ER

Table 3 Degradation of dyes by Hericium erinaceus laccase and its LMS

Jukl Heklik g [%fi# % Degradation rate (%)
Dye Dye concentration (g/L) ¥ Laccase LMS

6h 12h 24h 6h 12h 24h
GBS 0.25 74.5%0.9 76.2+0.8 79.620.7 76.7+0.6 77.8#0.5 78.1%0.7
Methyl red
FH L 0.025 43.6+0.5 49.1#0.6 51.2¢0.4 44.1+0.2 50.2#0.4 50.620.6
Methyl orange
BT 0.75 60.74+0.5 62.6+0.8 66.840.3 61.7¢0.5 65.3+0.8 66.2+0.4
Chrome black T
& ik 0.025 9.7¢0.1  16.4+0.3 21.3¥0.3 25.3#0.3 28.530.5 33.74#0.4
Coomassie brilliant blue
Lt 0.0063 73.8#0.8 76.6£0.7 80.330.5 89.2+0.9 92.1+0.8 94.2#0.5
Malachite green
gk 0.010 15.440.2 21.9+0.3 27.3+0.2 30.840.6 41.7+0.7 45.6%0.5
Crystal violet
RS K-7R 0.05 3.8¢0.1 3.9+0.2 3.8#0.1 1.6#0.1  1.4#0.2  1.8+0.4
Reactive brilliant orange K-7R
S PELL KM-8B 0.05 0.2¢0.03 0.2+0.04 0.3+0.03 0.2#0.05 0.3%0.06 0.1+0.01
Reactive red KM-8B
M4 KD-8B 0.1 0.2¢0.02 0.4+0.05 0.3#0.04 0.330.04 0.4+0.06 0.2+0.05
Reactive red KD-8B
EIEWE R 0.125 59.740.8 65.1#0.6 64.6£0.7 60.120.9 63.1+0.5 64.2+0.4
Reactive blue R
T 0.1 0.2¢0.05 0.3¥0.04 0.2#0.06 0.230.04 0.6+0.05 0.8+0.02
Reactive navy blue
T R 0.05 0.3+0.04 0.4#0.03 0.7¢0.05 0.4+0.05 0.3¥0.02 0.20.04

Reactive black

W NAR BN ABTS Mok JE, sk
R BB FLAE S &5 A RN T s T R
A BN, RIUN YR 24h B,
LB EE AT FLE SR PR AR 2Rt 80.3% 3 0 2
94.2%, JLF-oeafE ;X4 a5 0 I 2
HH 27.3%38 N3 45.6%; X 25 I 32 5 1) 4 A
R 21.3%NF 33.7%. X T HARGeRL, hn
N ABTS JGl#fRR I EEmM. DL g R
BH, AR Sk B VAR i A A e R I S A ZR

TNk ABTS, BT DAFE R 8 ki)

T
2.5 S EEIREREIRE LMS S RRHA0 IS
R R

W S5 HE YR AR BN S RHR S S
AT YR BRSO, 38 W S AN TR B TR) s )
PR . 24N 6h I, &xdt 2 BRI VG PR
P& K-7R FIE TR 4L KD-8B [ MRS I &, %
FRZY N 31.2%H1 39.6%. 24 [z IS A] 1440
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B 24h I, FEAEZRED G IMEN 39.9%A
49.0%, EA @M aAKHEIYE. 7£& Y 24h
I, SR S E LA SR A A —
E M IEMBAER, RSN 29.1%AH
37.8%, X HoAth ekl 1) B AR AE AN IR 55 (3R 4D

1E R NAR Z NN ABTS J&, &ftuid
AEOT 5 1 21 KM-8B 114 [ i 2 B B34 1, 75 )
Vi 24h JG, FEARZFRN 58.2%, BHE & T AN
ABTS H 1) 9.7%, WilH ABTS X &1 % ey %
fiEPEZL KM-8B B (R HEHER . X T4 5

® 4 SHBEVIRAREELE LMS X RRHIFE R

Wi W B B, fEAR RHNN ABTS FF
L 24h B, SxEFas BB H 1 PR RN
8.9%, T AH ABTS B 1) 29.1%, it B [ i
AN ABTS J& 45T % Bl b =5 &
W RR N NN ABTS J&, &4FiEE
BT 22 4 3 H 0 0 Ath Gukl i B i 22 To iE
Ao LA ESERUL, T a R B 4
B RS H, NN A4k ABTS, REBS(E
R B Gk B B, AR AT BB B ARONT 4 e Gkt
i) 5

Table 4 Degradation of dyes by Flammulina filiformis laccase and its LMS

Yokl Poklik & F%fi# 2 Degradation rate (%)
Dye Dye concentration (g/L)  ¥fi§ Laccase BN KRR LMS

6h 12h 24h 6h 12h 24h
FLr 0.25 6.2¢0.1 6.3%0.2 6.13¥0.1 6.1¥0.1  5.6£0.2  5.9%#0.3
Methyl red
FR LA 0.025 4.640.2  4.5#0.5 4.3%0.2 8.6+0.2  10.2+0.3 12.1#0.3
Methyl orange
BT 0.75 5.3t0.2 5.7#0.1  10.2#0.3 5.330.1  7.6#0.2  8.00.5
Chrome black T
Ol 0.025 4.3+0.6  15.2#0.5 29.1#0.3 6.1¥0.2  7.620.3  8.90.2
Coomassie brilliant blue
L 0.0063 3.6£0.1  23.5%0.2 37.8%0.3 8.6+0.2  22.2+0.3 32.7#0.5
Malachite green
ghiin sk 0.010 4.8#0.1 830.2 13.4+0.3 6.8#0.2 9.3#0.5  12.70.3
Crystal violet
TE MR RS K-7R 0.05 31.240.1 30.930.2 39.9#0.3 28.9+0.5 30.5%0.2 38.5+0.3
Reactive brilliant orange K-7R
EPELL KM-8B 0.05 8.8#0.1 9.1#0.2  9.7+0.3  34.6+0.2 46.2+0.6 58.2+0.4
Reactive red KM-8B
iEPELL KD-8B 0.1 39.6£0.5 41.9+0.6 49.0+0.2 28.6+0.5 37.5+0.6 42.2+0.8
Reactive red KD-8B
WM R 0.125 6.3+t0.1 8.8#0.2 8.7¢0.2  14.2+0.2 18.8+0.6 22.2+0.5
Reactive blue R
CRET R 0.1 5.1#0.1 4.9#0.2 55#0.2 3.5+0.2 4.3+0.1  4.720.3
Reactive navy blue
T 1t 0.05 3.9+0.3  10.4#0.2 11.7¢0.3 7.33+0.3  8.5+0.2  16.4%0.4

Reactive black
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3 W

H M RF 20 Bertrand (1896) &
LT, A IERE 2R EA, HBEIRI T
1 J8 35 B VAR il LA B e AR ot 3 I DI R JiE A R
TR 5 (Postemsky et al. 2017; Ali et al.
20200 HJE B 2 BRI f 32 E 0 W
A FHH T 1] Basidiomycota Al T[]
Ascomycota ' (Ge et al. 2011; Mate & Alcalde
2017). Mtibaa et al. (2018) M THEF R
FeJ& Thielavia IR RN T 1 PR EE xS
H B P AT 17T, Othman et al.(2018)
WESE X EELE Agaricus bisporus (J.E. Lange)
Singer "AFAE 2 MEREE AR . RITHESLE
Trametes orientalis (Yasuda) Imazeki Fl1/)N J7 <
Marasmius * W EEM A HRIE (Vantamuri &
Kaliwal 2016; Zheng et al. 2017) . ¥k # fl 4
BEE A BRI AFAE (Saito et al. 2012;
Rajagopalu et al. 2016), AW FiHE—LiFEsL T

BRI RE 0% PR AR A 0T 2= 1 S5 R E T HL e %
BREMARF RGN, 2R
EREAL, Rt EHE S R N R
kPRI H K (IREE5F 2020). TMYTHR
AT Z e SRR R A iy 2R 254, PRtk
R RIS . HAT, CHRZ EREEN
R ff Gl A T o e X LE B R 3R B
FRNB G GRS R, TELRIIAFE
) 35 B R BT ekt B AN F w1 . KB
i Lentinus crinitus (L.) Fr.28BERENS PN
Wi JEFFF IR R AR IS HE R, FRARR AL
#) 70%LL_E (Almeida et al. 2018). KT
Cerrena REf6 A M PFMALEL, FMEIE
91.6% (Yang et al. 2015). HEXE L H
Polyporus brumalis (Pers.) Fr. R &KHL T 1 5
&y 70kDa IR MG, AEEH LB T mE

=W (Kim et al. 2012). E#fLIE Trametes
hirsuta (Wulfen) Pilat B8 % B fif 22 Fp 2
gk, ARG =R, FeiEdyekl.
B YekIZE (Abadulla et al. 2000) . AT 5T 45 5
R, WL ARENT L, R T, fLEE
SEANE LT R AP A R IR, T4
BT 15 R B 5 Ty M i L FLAE 2% T MRS K-7R
G ML KD-8B #REA FRARIE . MASKR
FHIT A BER PR IR 2 Phoasllg, Mk b BRI L
ST I AR I LA T T2 I T AR G R R
O A = R R, G AN Tkl
IS AR B

U H AT AR I R AR X 22 el
WA FMIER, (HENYLR KA ) ekt 45
B, ZHERMBMZEATEY, WHAER
R EIEAEE. RSN, X
a5 45 AR JiR H 3400 3 1 T VR T T T
Bff. WEFRE, 5] NMRLAMAAT LLEIX
LU [ 5 YL 4% B4 fiF (Morozova et al. 2007) .
1E L. nuda EEEFFARGRIT R SR & HFomN
IR ABTS J&, XT&hahse. TH1THELL KM-8B Fl
TG THEAT KD-8B P2 70 il H 76.9% 78.6%
A1 68.6%, BN =T AN ABTS I 15.9%.
9.6%A1 9.2% (Zhu et al. 2016). {EF3LTH
Russula virescens (Schaeff.) Fr.i3s Bt % five Gl Hisf
IS ABTS J& , =5 s i A 4 it 25 1)
B 2 B W N, B AR AR A2 B B 21.8% AN
37.6%3H 15| 40.8% Al 77.1%(Zhu et al. 2013 ).
AR 2NN ABTS J& , M=k B 2 il ot 1L
L, GBS DR R AR B
#hn, HAxT LSRR B 80.3% 1M
2] 94.2% . 10 T & W ERBEIN S, T ABTS
J& s RETELT KM-8B 1) A 2 1 9.7%38 I
3| 58.2%. LA &5 IR [ M AR & o
NNGFTF-AAA, T DL S5 386 o i e ) g
R, AR T — MRS, 4
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BE 5 Bl 2 S e W R RPN ABTS )5,
FEAREN 8.9%, (KT ASINBTH 29.1%, wiHH
TINAN G F- A4 ] DL 3 A8 ek} 1 [ i %
T, TRk gkl g, HEE
fil R A RE PR

ARG M Sk B AN S T T AR B AT T A
o B AR FF 4 I IT T N Rt B A
F o 25 B WA Sk R Rl FE 2 e, BR R T
FLEZANEYEIE R # B AR 1P ARRR
N 24h J5, PERFRAEAE 60% LA, Hodot
LB EIRRIST] 80.3%; 4 Mifk &
JIN ABTS &, A8 i . 45 4
LALLM EMR, HAxfLE SR E
RILF) 94.2%. SEFHEEEEENE SHTIE, fL
PEGE. T TEHEME K-7R FTEELL KD-8B #RE A
—EMIBEMRCR, MRMNARRF AN ABTS
Jei, XHETELL KM-8B FrIBE A2 B B3,
9.7%I N % 58.2%. UL EHF 7T AL B Al 44t
Tl R B TE Gk PR 7K A AU 1) I8 F 44 T R
AkyE, HAEREENSHNE.
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