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B AR E A vwacl #0 vwdac6 BIEE R BIERIA
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IR R P R AR T s A b S R R T A S 5 R RO A R T B B 5 i T AR
BBt B, Bilg 201403
PG b A bR BB K 2 AR A B A B, BRG M 712100

e (A MY 5o o g B G 5 B ov-dacl T ovdac6 41 cDNA, UE S H 4 0 1) £ 11 A R Wi 06 S e 25 4 5T
L g AR RS DAL I S R R IR S itk Re 71 FIR RACE $iR 5e B 42 K cDNA 741, 3 F A 15 18 2% 3
ARIEAT P 5050 s E L HE Rl b 25 B2 cDNA #9585 45 5 IR 10 32 41 O £ 37 i 45 I His—tag B 5 77 51, 8848 1
Ja I¥) cDNA i Bt v [ 2 838 44 pPICOK b, JF AL £ He iR e £} GS11S rh g A7 33k, b BE 41 4 (M ] Ni AR 3t
170y B AEAL JF L ABTS JR GRS I 41 8 1 10 B s v (45 2R Y vodacl A1 vodac6 1) 42K eDNA K 70
5 23 1599 bp A1 1554 bp, H2p il &4 19 15 A2 15 F g b5 19 &2 (1 i B8 2 1 & 20 il /2 57. 3 kDa A1
56.3 kDa, PR S il xi 70 5 4 4.73 F105.62, HLARJ® T 70 b B () i A 2 1 04 I FE 4188 11 RByvlacl A
RBvvlac6, 3L 70 75 KNI 70 kDa, B8 WY A7 #5255 B 16 5 47 150 mmol /L WK M (¥ 22 ' JL X RBvvlacl A
RBvvlac6 J I 2 47 U 0 T 19 21 1K) B2 1 9 W0 A dee g e 6 1 (333,17 U/L RN 227.63 U/D .« (458 5
4 8 i A TN wodacl A1 wodac6 RE 5 G 5 A7 35 VE 1K) I 2 L, ASBIE 05 37 10 S PR TR e AR A 2RO T T el B
FLe R Bl DA (1) S RO B Al

REEIA O, WAL, SRR, L

FE 45 ES Q933 X E %S :0001-6209 (2014) 07-0828-08

3k (Volvariella volvacea) 2 — P o] ULl i [ g
TR S AN PR R ok e A A B A KT T R TR
AE 1 K B AT » IR R A B I B B R S DR AE AN
B 70 3 1H 7 7 B 2R m L DX )2 R R S 2 e L [
RGNS U (R 11 e SN N EC ) el
FRo B g 1) A W) e A R, — A 15% -
40% ", T 3L T AU B 100% BLF. ST
J5BAL AT BE A2 S 2k 3 A R 3R I RE ) A 0 R 55 B R
2R s T G A MR (1 7 2 45 B T o (1 28 4 35 R i

FOENUEE, XiERAgER LR, B
SEI AW ELRBE .

FLR K AR 5T 3% i A A W) 5 (lignin peroxidase, i
R LiP) , 4% 34 446 %) B (manganese peroxidase, fij K
MnP) F1 % (Laccase EC1.10. 3.2, faj #% Lac) & [%
AR R (0 AR o AE R P, R R I A )
P R o S0 A 0 88 B R el (8
AT LUK H T RO 2 M A S Y o
PRI 3Z R BT & Tl 25 R TR 4 S0 R B LR
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G 5% 1) R T 2 A 5 IR A R R e
T Z %A (multicopper oxidases, MCOs) 28 # [
B T (i o VR 2 TU T O 4% A DR L R %
WA R A7 A Y o BBV R B T &R R
F A2 BE D BE » AN RE % B A AR 5T 3R 5 1T HLAE 1 S AR Y
T B 1035 K T8 B~ AR 05 i I T 45 i T 0 A EL A
I~ 3B AT WL A0 FA R D R 300 45 My 3 o # E 21)
EAEMY .

TR VR g AL — 2R B A 1 2 1 S AL Bl BE 8 HE AL
Z Mg KA ARy KA & Wk AR AL, T AR K AR
B AR AR R A e AT PR R
B3P 1R V8 0 RN 93 4 AT i A T A Bz N H
R E RN . DR T A
FR) A2 ) 2 Ty BE AR T 9 b 5 % Ik D] 0% 1) 975 4 A0 A
FIA)i2 R - A TR ok B A R R R A B
e 3 BTG A R AR sy DA K O A R A5 S R A
BRI 7 G ) i, AT 2R T e Y Rk S5 A2 ) T
Rk A~ B MG - H T, AR 20 B0 IR R I8 ] R
SEHL T SRR IE, Ul Pleurotus sajor-caju 2]
versicolor™ , Flammulina velutipes 4] & HEBTA
[Fi) 4 ol L A7 AN [ P 9% Mg AT, AN [R) ) 9% g ik P
A AR F0 45 48 S Dy e 555 1R BT LAAE S R L i
w0 AN [ R Il AT Y 3 Ak A% AN AL 2% 1R
FEREACACHIE ST > 40 )3 B 1 FIAF 5 JIK AR a8 45 4l A b 25
FRy e 8 S s T 7 2K 30K B RR R Gk B R AR E L K
T 25 A A B I 4% A1 R 30k 6 45 45, DL 57— A
e A8 H) R YR AR AR R

B FE DR 2 P 1L A T ) R Wl ) (oo dacl
£ vvdacll) , R HEAL 5 B LW b 9 AN Jk ] (o
lacl =5 F1 vodac? - 10) 4K — K EE, F 42 A
B (vwdace F vwodacll) IH j)%&l‘ﬁ/l\d\ﬂﬁ[lﬂ o
Hurh ik, 4 John A. Buswell [F] 3 @8 4 %} &L %5
V14 BEARE T ORIEHRE 0 2 AN i 5 8] AT o e %
PR OISO M T e A R 1 S 9 I
VAT AEAT ()RS o« ASHIFF0 I I T 2 R I A PR K
W EE P ) vodacl F/N 0 BE T vvdacd VE 8 BF 5T 5%
%5 M RACE BoR vl 1 H cDNA Jv BE, HfAE B R
W £} (Pichia pastoris) GS115 Bk BT HEAT T 5 W
ik o X EEEEE AL R A AT T A A R E
W0 3 57T R g A Il DR S YRR IR I AR R o WIEST A
Ry 720 T e 5 s e W R DR (14 S 3 K T B )
S T 050 BRI % .

, Trametes

| O R SR

1.1 EHRERK

Bk V23 TR PR b T AR R A e A R
GLHT T AR 0 3R . P. pastoris GS115 T Bk~
Escherichia coli JM109 T ¥k DA M £ 15 %44 pPICIK iy
H Invitrogen A &), 7d [ 244 PMD19-T iy H TaKaRa
AR
L2 BFRERBEFFH

B V23 JERIE R A 2 IR T T I
F 4% . YPD.MD.BMM A1 LB ¥ 57 FL ¢ g P.
pastoris 32 1K & & Ut W 45 (Pichia Expression Kit,
Invitrogen, USA) it 7l -

Bk V23 1R 22 15 97 U5 3 AE 250 mL ) = Al
TN 100 mL A B JR O, o Bl V23 f Al
AL, BT 32°C R IR B IR B Oy 150 r/min.
1.3 E#EE[F4H DNA #1 RNA 2B K cDNA &%

HE L N 4] DNA 42 G & RNA 42 HURT cDNA
O B A 189 2 BRI N BT R 0 7 35 04T
1.4 5147t PCR ¥ &1 7

AR w0 2 i DX A o wodacl T vv-dac6 i 5k A
R R primer 5 3 B F R A4 (% 1)
PCR J W #{E % 4 TaKaRa Ex Taq Kit (TaKaRa) i
FUGE VLA AT - PCR =128 1. 5% 11 B it
TR WL WK 29 125 )5 » ] AxyPrep DNA Gel Extraction Kit
(Axygen Biosciences) @ik, H (1) 4% iy » 44k 7 ) 3% $2
T PMD19-T #§ #& (TaKaRa) , 2 1F ¥ Ui W] 45 3k 47 o
BRI AN R W FE R S A Topl10 CR AR
AR A IR A A 5 BV BV 4 PCR BRI )5
ZRRAETAEY TR (R AR A 7 848N R
Bt A7 e
1.5 EBEEFRbgREIEERA vwdacl 1 vvdac6 B &
cDNA #JIREE F 55 4

X V23 BEAT B IR 4d JR U IR 2 mLs
A1 mLo0.03% (W/V) ABTS ¥l 78R4, HE
B IR WAR 0y 0 e 05 LU S B 9 MR AT B S S
U U0 ) M T 22 P A A Bl R DR ik . [ N S B e 2
FEHUE RNA, S % 5% e cDNA AE S B4R A oo
lacl R vvdac6 ) FPES4 (2 1) 1 RACE (rapid-
amplification of ¢cDNA ends) 3 R FRELIX 2 4> K K] 1)
4K ¢cDNA. 8 RACE =4 vi Bt 2] PMD19-T #{&
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b9 % 2. RACE £ R A] B§ TaKaRa 5 Full
RACE Kit with TAP 1 TaKaRa 3”“Full RACE Core

Set with PrimeScript RTase Kit [5 2E 4 T f (K i&)
AR A F ] I 2 B LU AT A

RLAMREAASY

Table 1. Primers used in this study

name sequence (5°—37)

fl.ll’l(’,ti()l’l source

3’RACE Adaptor

3’RACE Outer Primer

3’RACE Inner Primer

3’RACE Control Outer Primer
3’RACE Control Inner Primer
3’RACE GSP Outer Primer-vvlacl
3’RACE GSP Inner Primer-vvlacl
3’RACE GSP Outer Primer—vvlac6
3’RACE GSP Inner Primer—vvlac6
5’RACE Outer Primer

5°'RACE Inner Primer

5'RACE Control Outer Primer
5'RACE Control Inner Primer
5°RACE GSP Outer Primer-vvlacl
5’RACE GSP Inner Primer—vvlacl
5'RACE GSP Outer Primer-vvlac6
5°RACE GSP Inner Primer-vvlac6

TCCACTGTTGCGCAAGAGTAC

contains the Takara unique design of dT region
TACCGTCGTTCCACTAGTGATTT
CGCGGATCCTCCACTAGTGATTTCACTATAGG
GAGTGCAGGACATTGTGGTAGGG
ATCTTTGACTGCCGTTCTCGACC
GTAGGCAATAAGGGCGACCAA

ATGACCCCGAAGATCCACACAG
TACGATCATCTCACTCACCGACT
CATGGCTACATGCTGACAGCCTA
CGCGGATCCACAGCCTACTGATGATCAGTCGATG c¢cDNA
AGGTAGGTGATGTTCCGAGAGCGT
TTGGAGTCGCCCTCAGCAGAGAT
CTGAAACGATTCCTGGTATATCC
AGGATGACACCAAGACCGCTTCG
GTGTAAATGGAAAGGATGCGGT
GACCTG ATTCCTCTTC AGCTCA

amplifying 3’ end of TaKaRa 3’ Full
¢DNA RACE Core Set with

PrimeScript  RTas
Control for amplifying rimesenp ase

37 end ¢cDNA Kit
Amplifying 3’ end of
cDNA of Voacl .

This study

Amplifying 3’ end of
c¢DNA of Vo-dac6
Amplifying 5’ end of
TaKaRa 5”Full
Control for amplifying RACE Kit with TAP
5’ end of cDNA
Amplifying 5’ end of
c¢DNA of Vv-Hacl
Amplifying 5’ end of
c¢DNA of Vo-dac6

This study

FI H ProtParam tool I &% 1 5T (1) AH X 4 F it
R B S A R T S BE AL T, R SignalP4. 0 Al
Target P1. 1 73 5] JE 47 85 A A5 5 JIK 0090 M1 SIE. 21 i
TE AT o
1.6 #wi%{ES BB F 580 £ Bk & Histag R & By
i~

R S5O 1 4% 5 R 1 4L 4 B 4% 5 KO 471
) DNA Jy Bt I N4 KK ¢DNA 510 £ B o iR 4
AN B G AT 5 T FU ) cDNA /) W 35 17 41 ok 57 3
19 J 373 i A1 His—ag 19514 (£ 1) o F i L&
gl*t, L& vwdacl 8% w-acd 114K ¢cDNA £ 3
1) PMD19-T # fA h i tie, AT PCR ¥ 1, LA43 247
4 His-tag b2 HLR 45 %19 15 5 B ¥ 919 cDNA ¢
51 B BE wvlacl > 1 1 polac6 T3 R e g g 4
P UK v B ) PMD19-T v, DR B FORL PMD19-T
+ovlacl 3P T PMDI19-T + wwlaco =5+ s~
W56 10E o
1.7 RiKRAEE

MR 75 A7 His—tag b7 28 H AN 9 19 15 5 JIK T 41
i1 cDNA 3251 i B ¥ v & A EcoRT F1 NotT i 1 {07 £
Mgy (& 1) . R H X 28 5] %5, 4 3 BLJJ kL
PMD19-T + Srefcuem PMDI9-T 4+
wlac6™" " T O B IEAT PCR M X4 1 72 )

wlacl

ML B Ak pPICIK 14T EcoRT/Notl XU 1] 4k 2E,
Wt 44k J5 , il TaKaRa DNA Ligation Kit ik 4T i 7%
VERE N, B 23R 459 0k kL pPIC9K—+bvvlacl Al
pPIC9K +bvvlac6 .
1.8 [PHMEEHETFIHiE

S A R N T J7 AT . BRSOk
pPICOK «+bvvlacl « pPICO9Kabvvlac6 K 4% [ %} HR %% 14
pPICOK | Sall iy 2k 1% 1k, %t e 4l 1k J5 (19 2% 2% 1k
DNA 3 i v o7 %% 46 357 66 1 % 18 P. pastoris GS115
JESZ 2 A0 O s R B A T U A B MD AR B T
30°C % 7% DL i ik His ™ #% 46 . Bl ALk B 200 4>
His * # 46 7, B Fh 3] BMM “F# b (4 0.3 x107°
mol /L. CuSO, f1 0. 2 x 10 ° mol/L ABTS (2, 2’ —-¥&4&
- M- B-C IR eIk -6 1 ) ,pH 6.0) , F
28°C Ki7e, 0 24 h ¥ 0 100 wL HEE, 154 H bR v
i S TR LR IR W A A R AR B . BEAL PR 10 - 15 A
Jii [+ B % 4R A R AIE L 1 3% 4k 1, L pPICIK /
GS115 4 7% (4 %f M, i BE 4b 21 /5 1F S B2 4R A
pPICOK %5 5 ¥ 51 4 factor A1 3-AO0X (£ 1) # 47
PCR ™ 38 - Wl P % 52 » 808 1E 40 1) 36 A0 1 40l im 44
73 pPIC9K-rbvvlacl /GS115 FI  pPIC9K-rbvvlact/
GS115,

Xof Ja) L AT 4 T AU A R e EL U P O A ) B



Pl

MR B VR N I R vodacl F vodact [T K U FIE. /R 4R (2014) 54 (7) 831

T AT (1 R I [1 Western blot £ 3.  FL 44k Jy ¥
5 8 pPIC9K~+bvvlacl /GS115 Fl pPICIK~bvvlac6 /
GS115 . 7% 43 il #2 Fh ] 100 mL BMG ¥% 7% ¥
(1000 mL =) h, F 28°C 220 r/min K% 16 -
18 h 42 0Dy, = 4; 850 3KAF 18 44, H] BMM 85 55 5L
&, ARG HEF) 100 mL BMM 55 52 [ 0.3 x
10 * mol /L CuSO, #10.8% (M/V) 5% #,pH6.0,
1000 mL = )i Ip, {4 0D, =~ 2, F 20°C 200 1/
min FF 46 5 3 BF KBS 24 h U HORE 2 AR E N
0.5% » 1% 3 96 h; &5.0 W 4 v W 3L 20 pL, H
12% 58 V3 o5 Wt g i 3k 47 22 1 43 255 BA 200 mA HELR
e v A L #% B PVDF IS, %% BN ) 25 65 min; K
¥ W55 1K) PVDF 5 e I 99 8 5 W 3= 1 2 b 15 41
APk (1:2000) F 4°C o & 4 FHEH R = ht
(1:4000) # 5 1 h, DAB & {4, K I 4 717 K /N M2 ik
o Hp A APt AEMER N B AR
(Beyotime) W) BRI 5 T A o
1.9 EHEAMNSECEEENE

HY 100 mL & Western blot £l & 7~ A & &)
JE 45 1) W 2818 N4 100 mL pHT. 5 ) 50
mmol /L PBS 2% ph i ~F- 45 J=5 1) Ni £ op; # X ) 100
mL pH7.5 [ 50 mmol /L PBS ZZ ¥ %) Ni k:3E47
#5543 W 4 50.100.150.200+ 300 mmol /L Bk M 1]
PBS 2 ol i (pH7. 4) JEAT B 5 Bk JBE » 150 A 6 T vk
o 2 VR I U 4% Bk 4T SDS-PAGE A 4 k6 Wil , 48 4 it
FEFIH Protein Stains Q PR3 Yl & [ T4
TR C i) I A7 BR 2 711 JF 2 M LU o 10 gk AT .

3 3 O 8 AT IS AR o R A SR
A ABTS 7,3.0 mL Jx N 4& & $1 4 2 mL 0. 1 mol/L
pHS. O i 1% & 2% ph ¥ ¥~ 0.5 mL 0.03% (W/V)
ABTS %3 F10. 5 mL 3 . 30°C 385 {736 3 min, JII
SE SN AE 420 nm AR IR FE AR f . B 100°C 2%

P15 min (1 B AE b o IR R S B AL
1 wmol ABTS 4 1t Jir i Wy & & 1 A My 7% J) 52 47
(U) o 3z FHELF A (1) T 5 8w B -
AOD x V,
TTxWxe
V= RNAK R BARBLV, = BRI AR e = ABTS
1 420 nm &b (¥ BER WG REG T =1 ming AOD =
1 min 1y O FE ) AR 4K

A (1)

2 4R
2.1 Vv-acl #1 vvdac6 ¥ FHYF 5451

A H RACE $: R 3Kk B 1) vodacl F wwdaco ) 4>
K cDNA J¥ I K BE 73 5l 4 1599 bp Al 1554 bp, 73
A H DNA P4 K E 52.8% F161.2% . ¥ —
¥ DNA 3 41 5 & AT AR XF 1) 4> K eDNA 741 [
GenBank No. : KF944449 (w-acl) F1 KF944450 (vo—
lacl) ] HEATXFEE, 45 R B8 Vodacl F vvdac6 4y 5
T 19 RIS AN (3R 2) , 5 CURIE ¥ 5 8 5
Fg =807 o WA & A 50 B0 4R VVLACL A
VVLAC6 ) & A 7 40 1 Bk 7> 7 & 2l 2
57.3 kDa #156. 3 kDa (A~ 25 F& 1 ¥ J5 & 1) A1 2E 18
S S R 4073 RS, 62, HoAs 5 Ik B AL 4
M TN S )5S 32 FH 33 AN S AR IR A S
18 F1 19 MNE LM 2| (F 2), 4B wwdacl Fl vo-
lac6 A4 K cDNA J3 51 v 4 i 455 5 JIK B9 7 51 43 00 Ay
{7 F 570 (19K 5 96 bp 154 bp ) DNA B . Ll L
R 8 0 M R R Il R T AT (R IN R IX
2 AN FED 3 AR IE 22 e 5K H AT RE R L 4 i T R
1 T3X 2 AN B 04 0 40 5 A7 A1 M A (3% 2) T
AN X 2 AR DA G A 0 A S 2 s B 40 Ak AR
AT XA B o B e o LD e g At T &R

& 2. Vvdacl 1 vvdac6 EREMEEQ MR

Table 2. Gene structures of vw-acl and ww-ac6 and characterization of theirs encoded proteins

gene number of molecular weight/ isoelectric  cleavage site of signal subcellular
distribution of exons

name amino acids” kDa™" point *"  peptide®* localization™'!
between No. 32 and No. 33

w-acl E-HHHHHHEHHHH—EHH 533 57.3 4.73 extracellular
amino acids: AQA-SP
between No. 18 and No. 33

w-aco | J3 8 mais 8 2 mammmml 518 56.3 5.62 extracellular

amino acids:SAA-SL

a: Proteins encoded by ww-acl and wvwHac6. b: Predicted by ProtParam tool and the predicted proteins have not been modified by posttranslational

modification, such as glycosylation. ¢ : Predicted by SignalP4. 0 software. d: Predicted by Target P1. 1 software.
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2.2 Vvdacl #0 vwdac6 EFREEFRERRHIRIE

Vodacl F vvdaco [f]4> K cDNA & it =5 9
1 A5 5 K1 7 510 U8 0 His—tag f% EcoR1 F1 Notl [if§ 1]
P RS 73 AR B v I 31 3% ik A& pPICOK 1 B pk
Ik ki pPIC9K<bvvlacl F1 pPICOK~+bvvlac6, iX 2
FIK FURLBE % R pPICOK 111 o 15 5 K40 41 15
FI ARy Wh 2% [) I 23 i 1) B 20 2R i) C g oy AT
) His—tag G F) T 5 8210 8 E 7 & a4k .

2L ik pPIC9K~bvvlacl FI pPICO9K~+bvvlac6
AL B P. pastoris GS115 J& 2 2540 i )5 » £ MD 4
ORI His ™ ya B A 7 tF AR A R L
B ng JJURL G5 73 3] 62 N Ak 1o BEML L H 1K 200
A His + ¥4k 1 8] BMM (£ ABTS) “¥-4t L, {£ 48 h
W » 29 90% 1AL 1 J5) [ A7 B M e AL i ) ABTS 1)
RS2 G T 28 3 6] Rk 994 X — 45 SRR W) H
B Ak~ Be s 43 Wb 1k 28 T8 V5 1P R I 4 1 o

M F R X R A AG IR ) ABTS Je Nk B 1R
pPIC9K~bvvlacl I pPICOK~+bvvlac6 #% 1k 1+ 1 43 5l
ik 10 AN B, BEAT PCR § 38 J0 v 56 F , 45 )R &
B 16 A0 b e 21 58 4 IE# 1, B 8 A
pPICOK—<bvvlacl /GS115 F1 8 4~ pPIC9K-rbvvlac6/
GS115. XX 16 Ml v AT 3 R 1L 5, H 4
T AL Western blot 3G IE Bon, ZEF KT EAH B
5y ¥ 57.3 kDa F1 56. 3 kDa [¥] 38 [ P9 fig 6 4 0 2|
HIEE, 7846 70 kDa A4 (B 1), #& &
F 73 5 39 K1) st DAL ] i A 4 I A 1 o S S M
B2 i 2R AL ™, S A LT 4% 4 () Hisag b2
WHEHE T2 > 7 R K. Western blot 1] 45 4L ik 1
7% pPIC9K—bvvlacl /GS115-3 ¥k Al pPICOK-
rhyvlac6 /GS115- 1 &k Ity T 20 & 171 4% lF ok % o
(F 1), WX 2 ANENFRER W ENEAMN
2.3 Vvdacl F0vv-dac6 ERER WS B K&REEEN

AN R OBK e vk (50, 100, 150, 200
300 mmol /L) ff] PBS ZZ il (pH 7. 4) X 45 4 v 1)
414 1 RBvvlacl 1 RBvvlac6 AT # 5 U8 i J5 » Uk i
W 2E SDS-PAGE HRGLAG M, 45 R B oxiX 5 Bk 11
BRI 27 ph oy B RE B VE R x A B, & 50
100 mmol /LUK M f) 22 h i 6 M T oK 1) £ B A7 4 2 %
W, 45 150200300 mol /L 1K M 1y 22 v i B e T
SR A O B — (& 2) , Ui G 3 ol mk e g
JEE TR 28 1 IO T ke 1) B 1 L AR Al o

(A)
kDa
17—

M 1 2 3 4 5 6 7 8 9

«~—70kDa

1. Western blot & il pPIC9K-rbvvlacl /GS115 (A)
# pPIC9K+bvvlac6/GS115 (B) RizHWELHEH

Figure 1. Western blot analysis of the recombinant proteins expressed
by pPIC9K-bvvlacl /GS115(A) and pPIC9K-bvvlac6/GS115 (B) .
M. Protein marker; lane 9. Negative control, pPICOK/GS115 yeast
transformant. A: lane 1 —8. Yeast transformants pPIC9K—bvvlacl/
GS115-1,2,3...8; B: lane 1 —8. Yeast transformants pPIC9K-
rbvvlac6 /GS115 -1,2,3...8.

& 2. SDS-PAGE 4R 3 # i 44 £ B9 RBvvlacl (A) %0
RBvvlac6 (B)

Figure 2. Silver stainning of SDS-PAGE gel for detecting the
isolated RBvvlacl (A) and RBvvlac6 (B). The recombinant

proteins were indicated by the arrows. Lane 1. Supernatant; lane
2. cellular content of yeast transformants; lane 3. Proteins
isolated by 50 mmol/L imidazole eluent; lane 4. Proteins isolated
by 100 mmol/L imidazole eluent; lane 5. Proteins isolated by
150 mmol/L imidazole eluent; lane 6. Proteins isolated by 200
mmol/L imidazole eluent; lane 7. Proteins isolated by 300 mmol/

L imidazole eluent; M. Protein marker.

K] ABTS 348 30°C R A 25 47 Wk M 1) 22 i ik
(pH 7. 4) P~ K 1) B O 9 i 1EAT Wi 0 7 > LAoR
5 Al A, TFHEL G 00 b R S M A A . SE IR B OR
A 150 mmol /L K e (1) 2 w6 T oK 1) 8 1 VR W
LA 55 v v W v (333,17 U/L F1 227.63 U/L) ,
4y & RBvvlacl I RBvvlac6 [1]FH i v 7 & M Lb Vg
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77 (363.46 U/L H1 371.96 U/L) ff 91.6% A
61. 2% » it W 33K — 2 33 ke KL A 90K 11 400 1 2 S 65

E IR B s (R 3) , &3 B Bk i (200300 mmol /
L) A fig 4> 3 i 5 20 B R I P AR R Rk

% 3. EtHE A RBvvlacl #1 RBvvlac6 B % giE H
Table 3. Laccase activity of RBvvlacland RBvvlac6

specific activity /

protein name A A2 A A/ [c(imidazole eluents) / (mmol/L) b] (U [specific activity/ (U/D 1 / [¢ (imidazole eluents) / (mmol/L) b]
RBvvlacl 0. 066 0.038/50 0.055/100 0.060/150 0/200 0/300  363.46 210.93/50 305.32/100  333.17/150 0/200  0/300
RBvvlact 0. 067 0.025/50 0.022/100 0.041/150 0/200 0/300  371.96 138. 81/50 122.17/100  227.63/150 0/200  0/300
a: Proteins in culture solution;b: Isolated proteins in different concentrations of imidazole eluents which were used to wash the recombinant protein out from Ni columns.
N 2 = N 2
3 i FR) 2 1 b5 A A A& R B AT 00 S TR I WD A IE S T T
Wik

AT 5 E O g B R DA R AT T S AR A K
AR AL, BT e BE T3 A M B gk R i
w-acl 5 vwdac6 4K cDNA FEL3HRET 24
A7 VG ) B AR I R 2 B ) A A TS B kR il
H DR S A ik e AL R AR AR . AR g A
LR 75 A3 8] T vodacl 5 vw-dach (1) DNA J7
S AWM TR 2 ANERTEENE T Bl EwE
T BORIUIN 1) 9 5 B A0 A g wEA, AT S
Wi 483 713 X 2 AN JE LA K P 90 R A 1 3 S U 3 IE 1) R E
Rk o HIEAHEFUR H RACE $ R 3kA5 71X 2 A4~ 3E
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Cloning and heterologous expression of laccase genes vv—
lacl and vv-ac6 from Volvaria volvacea
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'Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences, Key Laboratory of Edible Fungi Resources and
Utilization (South) , Ministry of Agriculture, National Engineering Research Center of Edible Fungi, Shanghai 201403,
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®College of life science, Northwest Agriculture and Forestry University, Yangling 712100, Shaanxi Province, China

Abstract: [Objective] To clone the fulldength ¢cDNAs of two laccase genes, ww-acland vw-ac6, from Volvaria volvacea,
verify their encoded proteins with laccase activity and develop a heterologous expression and protein purification system for
V. wvolvacea laccase genes. [Methods] The fulldength ¢DNAs were cloned with rapid amplification of ¢cDNA ends
(RACE) technology and carried out in silico analysis. After modified by removing the sequence encoding signal peptide
and adding the sequence encoding His-tag at 3 ends, the ¢DNAs were cloned into pPIC9K vector. The resulting
constructs were transformed into Pichia pastoris GS115 for heterologous expression. The recombinant proteins were purified
with Ni columns and the laccase activity were detected with ABTS assay. [Results] The fulldength ¢cDNAs of ww-acl and
w-ac6 are 1,599 bp and 1,554 bp, and containl9 and 15 exons, respectively. The predicted molecular weights of the
proteins encoded by w-acl and w-ac6 are 57.3 kDa and 56.3 kDa, respectively. The predicted isoelectric points are
4.73 and 5.62, respectively. Both proteins are extracellular. The recombinant proteins RBvvlacland RBvvlac6 are
70kDa, which may be modified by posttranslational modification. The solutions of the two recombinant proteins eluted by
150 mmol/L imidazole eluent have the highest laccase activity levels (333.17 U/L and 227.63 U/L). [Conclusion]
The proteins encoded by the laccase genes w-acland vv-dac6 from V. wvolvacea have laccase activity, the heterologous
expression and protein purification system developed in this study is suitable for future studies of other laccase genes from
V. wvolvacea or other fungi.

Keywords: Volvaria volvacea, laccase gene, heterologous expression, laccase activity
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