Journal of Mushrooms 23 mw 22 ax

Flammulina velutipes var. lupinicola2| 7T X H 27|t
laccase ™A EX ol EM A

el - dsml»

AT FEHYTS JEYGHG 1oL

Identification and characterization of laccase genes in the
Flammulina velutipes var. lupinicola genome

Hye-Won Yu and Young-Jin Park*

Department of Medicinal Biosciences, Konkuk University, Chungju 27478, Korea

ABSTRACT: The purpose of this study was to identify and characterize the laccase genes of Flammulina velutipes var. lupinicola.
Five laccase genes (g1934, g1937, g2415, g2539, g5858) were selected based on the copper binding site and signal peptide
analysis results using the laccase gene selected from the F. velutipes var. lupinicola genome. The size of the laccase genes of F.
velutipes var. lupinicola were 1,488 bp~1,662 bp. As a result of cDNA sequence analysis, 14 to 17 introns were identified in the
laccase genes. The cleavage site predicted as the signal peptide of the laccase gene was found to be located between 20 bp and
34 bp from the N-terminus. In addition, separation and purification were performed to characterize the F. velutipes var. lupinicola
laccases, and the optimal activity of the separated and purified proteins were analyzed by pH, temperature and time. Five bands
with laccase activity were found from zymogram analysis. The optimal pH of the reaction was 5.5, the optimal temperature was
found to be 40°C. Therefore, characterization of the laccase genes identified in this study should help in better understanding the

biomass decomposition of F. velutipes var. lupinicola.
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HI A ELS S (white-rot fungi)©]™ BRI (basidiomycetes)
o &3}= Flammulina velutipes var. lupinicola= 1999
d Redhead?} Petersenol] 23] x-S A% Stk (Redhead
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and Petersen, 1999). 7|0l AgPEoj AT1E 53 F
velutipes var. lupinicola®} 732 &9\ &38l= Flammulina
velutipes'e 22 (lignin)& #-3lsk= 4220 laccase &
HIE S8l glads Eald o 7] wjEo] Fx 4ol
ZA Festar k. g A gHAo R mEfe] thA] of
YRR FE0 glom, vlo] @ deg-& A=t &
4 o]t} (Tomoko et al., 2013).

F2tFe oget 39 carbohydrate-active enzymes
(CAZymes)E 7HAZL QoA A&E FZA vlo] oujAE
8702 FalE 4 Ath(Eriksson ef al., 1990; Rytioja
et al., 2014; Sista and Qin, 2018). Carbohydrate esterases
(CEs), auxiliary activities (AAs), glycoside hydrolases
(GHs), polysaccharide lyase (PLs), glycosyl transferase
(GTs) 4F CAZymesZ 44 Jom sl o
shakgol olgst EAEC] #Hgth(Lombard er al,
2014). oAl F velutipes (Park et al., 2014), Flammulina
elastica (Park et al., 2018), Flammulina fennae (Lee et
al., 2018), Flammulina ononidis (Park and Kong, 2018)
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o] A d7IMEe] BaEom thefet CAZymess
Z3ele A Falleg Flski.

At o g wAlolgtal e GAtFoll &k thi-
o] MRS e Wisy EdE dexl oplEE )
& gade] BEaE4l laccase, B2 H2A|go]=
(Lignin peroxidase; Lip; EC 1.11.1.14), W7+ HSAJH| 0]
Z(Manganesedependent peroxidase; MnP; EC 1.11.1.13)
& AAlete] Hxpek fFxo dEald EFS Esllst.
olgfgt Wi R ool glad Falaie 7|F 5olido]
S gadsy fARE F2E 7S AL, ARdolA] B
alst7] o HEald seEEl] S ERE
7Fs 3tk (Edward et al., 1996).

Laccase (P-diphenol: oxygen oxidoreductase; EC 1.10.3.2)
= 2= vlolQulfX Falo] &2 o8 zhgsittay o
HA A3, sl EZS Baellske a4 JYl AAs
o Z:3lt}h(Scott ef al., 1994). 772 laccase= TFU3H
T HAleA AFEe] R Fajel HujA-g-S
skt 28tk o] BAEJATHKIm et al., 2014). 87
I}:k3}td 4~ (MnP; manganese peroxidase; EC 1.11.1.13), 2]
a4 FAeEa 4 (LiP; lignin peroxidase; EC 1.11.1.14)
T X tE glad #sl a49 2 laccase= T
glol&(Cu™)g W FAAER 7T e v T
28} g 2~ (multi-copper oxidases; MCO)2] super-family©l]
4:3kc)} (Christopher, 1994; Kim et al., 2014; Upadhyay
et al., 2016). Laccase= dl&, ¥ 9 W= ofglyt
2o A 2 A sleEde] ks s Eslish]
o Zoll AESE 7| WRt ofel Ak B AW e &
ol A& FAA S8l ths] W #AAS EX 3
(Altschul and Erickson, 1985; Eduardo et al., 2015).

B AFE F3 Flammulina velutipes var. lupinicola®]
o S8 FAA FEZHE A4F laccase FHAE 5743
o] 20 e FxF 54 FH3IAL laccase E40]
2 2 BAE Fote] Asietd E4S staat &k

M

M2 2

AETF o ui

B Aol AL A5 Flammulina veltipes var. lupinicola
(ASI-419%5)= w383 SHdAEZAT 5=
B ousTERE Rohe} Agsidinh. RUH #FE
MCM (mushroom complete medium) -4 H3 Hj]
agar (2% glucose, 0.05% MgSO,, 0.046% KH,PO,,
0.1% K,HPO,, 0.2% peptone, 0.2% yeast extract, ¥ 1.5%
agar)oll HE3}L 25°ColA 10€7F AlT) wikste] ALg-s}
Ath. Laccase 84 542 F8IA MCM - 3 vljx]
off Al vl st #AR] 7HEAke] F#AM(disk; 273 0.1 cm)E
AREEIRA, 04mM  CuSO,5H,0 (Copper(Il) Sulfate
Pentahydrate)7} 3 7F8 MCM A] vj=] 3 Lol A w43k

o}, A viA] 10mL B 1 diskES 71502 st HEE
om | wjSkS 25°C, 200 rpme] ZACFE FYEIATE v
W YN O 2 Jaccase B A H7IE S8 TH

HEX LS 7|4 laccase A M

F. velutipes var. lupinicola 70312 At G71A E&
4] (next-generation sequencing, NGS) = HiSeq 2000
(Illumina, Inc., San Diego, CA, U.S.A) & Al&3lo] 4=
PR A7IME A4 A= FastQC  (http:/
www.bioinformatics.babraham.ac.uk/projects/fastqc/) %
Trimmomatic (version 0.32) (Bolger et al, 2014)S ©]&
sto] F7F EAstal AFgEe] A4S FHA oAl EL
(assembly)°ll AF&-3139TF. ABySS (Simpson et al., 2009)
£ ARkl 20~90 kmer gt WA oA EEE F1F st
Gk, FAANY 42} =S Funannotate o] Xz}l
(version 1.7.2) ©]8-3t] a3t thH(Palmer and Stajich,
2020). 742 71% =S 918 Funannotate o] Z <12
AUGUSTUS, Codingquary, GeneMark, gilmmerhmm,
SNAP 42 338, F3d4 7% ¢5-2 BUSCOS,
Pfam, Protease Uniprot, NCBI_NR H|o|EjH]|o] =5 o] &
3to] DIAMOND (Buchfink ef al., 2015) tool2 A}&-3}
of EAJs3dr.

RNA £, cDNA 84 % 7ML 24

A Al RS HA AR vRstal —70°Col Bashd
A Adol] AREITH mREE A& 100 mg¥ TRIzol
(Invitrogen Life Technologies, U.S.A), chloroform
(Sigma-Aldrich, U.S.A), isopropyl alcohol (Sigma-Aldrich,
US.A)Z RNAE FZE3It. 5% RNAE &% 3%
Al (NanoDrop 8000 Spectrophotometer; Thermo Scientific,
US.A)E o83l S3¥%= 260nm ¥ 280 nmol4] RNA
o] Tx9 =5 =43t cDNAE RNA [ pgdt
oligo dT primer, M-MLV Reverse Transcriptase (Promega,
U.S.A)E AH8-3t 333 Th. Laccase FAAME 523}
7] 918t primer= Funannotate T}0]Z2}Q1 0 2 o] =3 &
Az e ARE 7o 2 ke PCR 249 A
£ primer A 292 Table 12} 2t}. $4%E cDNA 3 L
£ F3o 2 3} forward & reverse primerE Z} 1 puL
(10 pmol/uL), Anti HS Taq Premix (TNT Research, Co.,
Ltd., Korea) 10 uLE 7kt AA %S 20 uLE PCR
S ST PCREES- H % 94°ColA 108 wE
S, 94°CoNA 132, 60°COllA 132, 72°Cell M 12 30%7F
o] ¥k3-S 353] WHEel § 72°ColA 1087 vke-ste] &
Rt FZH PCR 2HES pGEM"-T easy vector
(Promega, U.S.A)l FE2Ysl] G/ FREAS F8st
Atk B =70 BIH laccase- A A ELE GeneBank
o] Z+7} 0L964060 (Fvi-lacl), OL964061 (Fvi-lac2),
0OL964062 (Fvi-lac3), OL964063 (Fvi-lac4), OL964064
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Table 1. Primers used in this study

Gene Forward (5’- 3°) Reverse (5°- 3)

g1934 ATGTCGCGGTCTCTTACCGC TCAAAGATCATCTTCAGACA

g1937 ATGCTTAGTCTCAGAGTTTC CTACTGGAACTCGGGTGAGA

82415 ATGCTACGGGCCCTTCTTAC TTAGAGATCACCCGGAGGCA

82539 ATGTCGCGGTCTCTTACCGC TCAAAGATCATCTTCAGACA

85858 ATGGACTACCGACATGGATC CTACTGCAACTCAGGTGCA
M13 universal GTAAAACGACGGCCAGT GCGGATAACAATTTCACACAGG

(Fvl-lac5)o.2 SE315T).

¥ cDNA A3 oAt Y BRE 41817] 9
& BioEdit (http:/www.mbio.ncsu.edu/BioEdit/bioedit.html)
2 Lasergene Z=Z 13 (DNASTAR Inc., Madison, WI,
US.A) < ©]&3}th. NCBI®IA BLAST (Basic Local
Alignment Search Tool)E 33te] the EAHF
laccase A9} Wl A8 =885} T}. Laccase £-4
2ke] RE] 3 (motif) A 8-S 413171 9138 BioEdit 221
oA ofm At YR MIA|7] L His-Xaa-His (HXH)
270, His-Xaa’-His-Xaa-His (HXXHXH), His-Cys-His-
Xaa’-His-Xaa'-Phe/Leu/Met (HCHXXXHXXXXF/L/M)
E A5t ERIEIITHKim ef al, 2014; Kumar ef dl,
2003). Laccase Aol tigh A s 3elo] =] E4 of Fof
HAARAE ol =3517] $I3) signalP 5.0 server (http:/www.cbs.
dtudk)E ARESIRC™, Z2RE A4S 98l 34k )
ANFZEo 2 HE Hh A9 1000 bpe] ML 43T}

Laccase T =% 3 0|2 u& J=20(ETHL], &
=M MSEE I Z0tEHnlof ol 22

Miracloth (Calbiochem, U.S.A)S ©|-&3lo] AL} Y
g FEg &, wigdE 12,000 pmollA] 4577 €4
Egslo] F=dS 8531tk Amicon” Ultra-4 Centrifugal
Filter Devices (Milipore, U.S.A)S ©|-8-3te] wjgdl-& &
=35l3iTh.

ol w3 FAZvrlE Ty 44 (resin)E DEAE-cellulose
colum (2 cm x 7 cm; Diethylaminoethyl-cellulose column;
Sigma chemical corporation, U.S.A)E AFHE-3}H o1 50
mM sodium acetate buffer (pH 5.5)2 ¢F43} Azt 9H4
3} & ohE S BFET NaCle 554 (0.1 M~1.0M)
2 7Rt S 3]sttt

254 Ae2e FRutEa]d] 424 (resin)E Phenyl
SepharoseTM High Performance column (2 cm x 7 cm; GE
healthcare, U.S.A)E A8-3199.2™ 50 mM sodium acetate
buffer (pH 5.5)2} 2.0 M ammonium sulfateZ 3} A]
Zith. P93t T laccase E/d0] gl whd RIS F
3l ammonium sulfate® F=E (0.4M~ 1.7 M)E
ANt TS 3laEatelint.

= mzneady 2% 2A/8uE §45L | mL/min

WS Fal dES sAF e
A2 Model 2110 Fraction

S.A)E o|&3lo] 3]st 3
TE B3 Eo) o3k whlz Ak W Jaccase A FA B
7He AYsi . BE Ai= 22t 33] wHESle] Eduardo
5(2015)°] A& Sl 2 ghe] Hdgk + EFHAR e
Wt (Eduardo et al., 2015).

o fEow
2 3% 854
Collector (BIO-RAD,

=S =
4

i)

A M2 A laccase S Y LIt
o

=
H)E AR Bz e B5E 10 uLe] B

gt

AL |4

AN TR

490 uL Bradford (BIO-RAD, U.S.A)E &334 595 nm
FFToA AL, ¥F 412 BSA (bovine serum
albumin; Biosesang, Korea)E ©]-&3}%t}. Laccase 43
7= Tien 3 Kirk (1988)9] o2 HAa9th. 50
mM sodium acetate buffer (pH 5.5) 188.2 pLel ABTS
(4 g/L)(2,2’azino-bis-3-ethylbenzthiazoline-6-sulfonate,
Sigma, U.S.A) 1.8 uLE WH71AE ARSI, #9&
10 uLE E3std 187 ik AlAH T S8+ SUNRISE-
BASIC TECAN (W}o]AZ2ZHo|E 3% 5747]) ©l
3to] 3¢ 420 nm (€420, 36,000 M'em™)e] 27114
AT & Aol laccase &4 B S 74
(volume) B unit (U/L, units/L)Z, 7]Z ] HalgFo 2 3
datitk. 2E Ade 77t 33] HhEsled]
(2015)°] A& 3l 2 3te] Bk + EEHUAE YERY
A tHEduardo ef al., 2015).

S F

SDS-PAGE % zymogram &4

5X SDS loading buffer (TNT Research, Co., Ltd.,
Korea)®] &7t 1X7} HEE w53 oy} &3t
F 100°CollA 2%7F HAAI AT 12% separating gel}
5% stacking gelZ /3% SDS polyacrylamide gel (3
100 mm x Zo] 80 mm x F7 1.0 mm)2 AR5l 200 V
2 6027 H7]95e & a4 g 2 kit

Zymogram<- ©]-8-3F laccase B4 =742 9% separating
geldt 4% stacking gel= 43 E native gelS ©]8-3te]
ATt A719F T native gel2 0.1 M citrate-
phosphate buffer (pH 4.0)(Sigma-Aldrich, U.S.A)ZE Al
A3lal 3087 7134 2mM O-tolidine (Sigma-Aldrich,
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Table 2. Characteristics of Flammulina velutipes var. lupinicola laccase genes

Items g1934 g1937 g2415 g2539 g5858
Gene size (bp) 2,453 2,442 2,455 2.441 2.485
Coding sequence (bp) 1,560 1,662 1,488 1,551 1,644
Amino acid 519 554 496 517 548
Number of introns 17 14 15 17 16
Average exon size (bp) 86.72 103.88 87.53 86.17 96.59
Average intron size (bp) 52.71 52.00 60.44 52.35 52.69
Signal peptide (bp) 20 ~ 21 23~ 24 20 ~ 21 20 ~ 21 33~ 34
Promoter TATA box TATA box TATA box TATA box TATA box

CAAT box CAAT box CAAT box CAAT box CAAT box

US.A)Z ikg-3te] Jaccase &4 TS A3}
(Kumar et al., 2017).

25, pH, A|ZHE Laccase 82 M 24

Laccase €/3°] #Z# pH #4242 50mM sodium
acetate buffers pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 10.0
2 A|zsle] H71skt). Laccase 2 E4¢] d<lE pH
Z70E HH &4 2& 9 AR FUHE R EAE
o™, 50 mM sodium acetate buffer (pH 5.5) 94.1 pL, T
WA A F 5 uL, ABTS (4 g/L) 0.9 L= £33k % 20°C,
30°C, 40°C, 50°C, 60°CellA] 132, 10, 203, 3027+ &
RSt B E WH-E-2 SUNRISE-BASIC TECAN
< ol&3l I 420 nmolA FHEE EASIATH
Laccase &4 42 53] (volume) B unit (U/L, units/L)
2, 714¢] Wstgo Rt e e 27t 33
HH2-51e] Eduardo 5(2015)9] 412 T3l =2 o] Ha3k
+ XFHXE e SH(Bduardo ef al., 2015).

Zm o oz

Flammulina velutipes var. lupinicola?| XX HE 7|
HF A7 laccase RTA} M & R Sd 7Y

F velutipes var. lupinicola FAA A &2 559
laccase F7AF ek cDNA AMES 7Mooz QEE
(intron)®] 7HF 2 91|, A5 HEfol= Ak 91X]9] F7-,
T2 A 799 fF, 283 Z2RE A E 1]
3} TH(Table 2).

B AT EolE laccase FFAME2] BLASTP
(Basic Local Alignment Search Tool)®4]S 53| g1937
2 Flammulina velutipes strain W232] putative laccase
5(KF557728.1)9F 97.08%, 2415 F+AAR= E velutipes
strain W23 putative laccase 7(KF557730.1)9} 98.55%<]
TFALEE IRISHATE. 19349} ¢2539= E velutipes®]
laccase 1(KM276550.1) f+-=ket 97.99%, ¢58582 F
velutipes strain W232] putative laccase 9(KF557732.1)<}F

99%°] frAMgel S-S ERISHAT. o5E 57h¢] o}
A4 o] 7]E dlolEH o] FEE U= laccase
FAA EHe] =2 FAMdo]l ElHe] d5d 559
FAAES laccase® WHE 7Fs/do] =THaL AFRE T
AT laccase A4 2 R FARE 2
£ 7IAZ At} Introne ¥ oz 107 Welolx, &
F3tshe obr)egtke] 4= 50070 Welolm 20 bp W]
o] A% sElo|= At F-9(signal peptide cleavage site)
£ 73 ok 934 9tk (Bento ef al., 2006). E A
TFX = A 4 B3l 1S laccase ARl
gk AAE AFEe] A71X DS #4181 laccase +3AF T
25 +93t7] 98] cDNA ME-& #A8dch Hx= &
AE FA W laccase A A€} cDNA £A4]02
N M-S v sty] 918 GT - AG #3719
o= &I JEE FES IRt (Bertrand ef al,
2002). g1934, g1937, g2415, g2539, g58582] laccase &
A 371 742 2,453 bp, 2,442 bp, 2,455 bp, 2,441 bp,
2,485 bpel™ HAF AHEe] A7l ZHF 1,560 bp (519
aa), 1,622 bp (554 aa), 1,488 (496 aa), 1,551 (517 aa),
1,644 bp (548 aa)©]t}(Table 2). Intron®] <= laccase -+
AzF el 1471~17717F 3= o3le s Ssint
(Table 2). ¥+ exon Zo]= 86.72 bp, 103.88 bp, 87.53 bp,
86.17 bp, 96.59 bp®|3L, B+ intron®] Zo]= 52.71 bp,
52.00 bp, 60.44 bp, 52.35bp, 52.69 bpUS El3IATH
(Table 2). A& FE}O|=(signal peptide)= N-L& H-4]
of 20~2278¢] 72 7" HEg X8 3o,
signal peptidase %12 2 Atte] #HAgtty B =Tk
(Smale and Kadonaga, 2003; Strange et al., 1995; Zhang
et al., 2009). SignalP 5.0 signal peptide cleavage sites
A5 A3 ¢1937+ N-ZHO25E 23 bp 9 24 bp Al
o], g1934, g2415, 22539 N-ZTHOZHE] 20 bp <} 21
bp Ak], g5858E N-ZTo 2HE] 33 bpol 34 bpAilo]el
A 1= ATH(Table 2). ¥ AolM A=z 543 55
9] laccase F-Z1A signal peptide”} A 8l= A2 &3l
SFRAL, weEbA 5E9] laccase bl ofsl] EAE why



Identification and characterization of laccase genes in the Flammulina velutipes var. lupinicola genome 289

10 0 520 530 540
g1997 s+ cecessiess MLSLRVSQ ' YWY HSHIL HPFHLHBHAF PGPWFLHCHIDWHLEAGL|JAVVFA
GMIS| - --iemmmim i MLRALLT [T R YWY H S HIL eeeeen AHPFHLHBHVF ___ PGPWFLHCHIDWHLELGL|AVVFA
GBI = =somoerae susen MSRSLTA M EWYH s HL AHPFHLHBHVF PGPWFLHCHIDWHLEAGLJALVFA
g5858 MDYRHGSSSTKTMFSLGVSS L YWY H S HIL WHPFHLHBHAF PGPWFLIHCHIDWHLEAGL|AVVFA
GOl S v ens ssms s MSRSLTA " EwYHSHL AHPFHLHBHVF PGPWFLIHCHIDWHLEAGLJALVFA

Fig. 1. Amino acid sequence alignment of laccase genes from Flammulina velutipes var. lupinicola and other basidiomycetes.
Histidine and cysteine residues predicted to be involved in copper-binding region are highlighted with red boxes.

Flammulina velutipes var. lupinicola g2415

Flammulina velutipes var. lupinicola g5858

E Flammulina velutipes var. lupinicola g1934
Flammulina velutipes var. lupinicola g2539
p4 Flammulina velutipes var. lupinicola g1937

=

tlina velutipes KM276550
Flammulina velutipes KM276551
Pleurotus ostreatus FM202673
Pleurotus ostreatus AB51456
Pleurotus ostreatus AAR21094
Pleurotus ostreatus AB474261
Laccaria bicolor ACN49096
Flammulina_velutipes KM276552
Flammulina elastica MW485067
Pleurotus ostreatus FM202672

Lentinula edodes AAF130370

£l

—

0.3

_— Flammulina velutipes KM276553
"L Flammulina elastica MW485066
Trametes versicolor BAA23284
Pycnoporus cinnavarina 059896
Ganoderma lucidum ACR24357

1a elastica MW485065

Fig. 2. The phylogenetic relationship of five laccase genes (g1934, g1937, g2415, g2539, g5858) from Flammulina velutipes var.

lupinciola with other basidiomycetes.

A AE 92 v F A AAFE

Rt 74] laccase= F=3heHEe] AIsE vl sk e
S ZdE A gaag 2R ol3skd E(disulfide
bridges)® 471 8] ¥A7F @3 F-2] (mononuclear
site; 712 0] == T AH M (trinuclear cluster;
0,7} Aol H,0= $hlE= T2 B T3) Afool] x5
o] A th(Baldrian, 2006; Lipman et al., 1984; Zhou et al.,
2012). MR} (electron)= T13 Agd T8 o] 3l
714 EA}ol| A trinuclear cluster?] T2 ¥ T3 S4o= A
gE . AA7F o]F$ & trinuclear cluster®] O,= F
£219] H,0Z ¥ th(Haberle and Stark, 2018; Kumar
et al., 2003). H27FA] ZR1E laccase®] o] =4k AL
£ 4719 g o] Agto] 1071¢] 312~E]Y (hisidine) %+
71 21709 AlZ=H|Q (cysteine) ]2 FAE U=
ElZ (motif)7} EA5He 222 HAEItH(Lipman ef
al., 1984; Strange et al., 1995). WA E AT 54
St F velutipes var. lupinicola®] laccase f+3A2+] motif =
A oAR=S BT 21934, 21937, 22539, 58582
motif2+= HWH, HSH, HPFHLH, HCHIDWHLEAGL®]
TA ] 93, g24152] motifs HWH, HSH, HPFHLH,
HCHIDWHLELGLE /%] 3= 72 ol 4% 4

AT

L=

o] A2 gelatdth(Fig. 1). B Aol geld ;5
7M€l laccase FAAF g 32 4 H G4 4ol T8
3t QTS 1= motifS 7HA L o] laccaseE WA o]
714 Zallel #AT Ao = ALEE T

F vleutipes var. lupinicola®] lacacse +7314}(g1934,
21937, 22415, 22539, g5858)2} YoM Al (F. velutipes)<]
laccase AR ALac-1(KM276550), frLac-2(KM276551),
foLac-3(KM276552), foLac-4(KM276553), 18]3. 72-&
Flammulina 9 X3== Flammulina elastica®) laccase
FARC Fe-lacl(MW485065), Fe-lac2(MWA485066), Fe-
lac3(MW485067), =E}2] (Pleurotus ostreatus)2] laccase
AR poxI(AB51456), pox2(AB474261), pox3(FM202672),
pox4(FM202673), laccase (AAR21094), SZPHA (Laccaria
bicolor)2] laccase - AXHACN49096), GAHAl (Ganoderma
lucidum)®] laccase -FFHAH(ACR24357), FSA7HAl
(Pycnoporus cinnabarina)®] laccase £-2H059896), 3%
WA (Lentinula edodes)®] laccase T+ AHAAF130370),
a3 MM (Trametes versicolor)®] laccase -+3A¢
(BAA23284)9] opv|:=At ME Q] FARAE A8 A
S5 259 tH(Fig. 2). F vieutipes var. lupinicola®]
laccase FHAAES T2 9] laccase FHAETE A2
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Fig. 4. Native-page analysis of laccase from Flammulina velutipes var. lupinicola. Native-page analysis result of eluted protein on
phenyl sepharose high performance column from DEAE-cellulose column 0.1 M NaCl fraction (A). Native-page analysis result
of eluted protein on phenyl sepharose high performance column from DEAE-cellulose column 0.2 M NaCl fraction (B).
Native-page analysis result of eluted protein on phenyl sepharose high performance column from DEAE-cellulose column 0.3

M Na(l fraction (C).
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Fig. 5. Optimal pH (A), temperature and time (B) of laccase activity of Flammulina velutipes var. lupinicola resulted in

chromatography.
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