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T BN ERA A S . LR A S TS
BhE WEE WHE 2R

(HEXFEPHESERRE B 210093)

# E L RE (pyenoporus cinnabarius) & EBEE I 3d J5 W PLMRAM R AEE 16, RE XA
MMOREARAESRESAESER, RS F2K, G AMA DL-XHNEKRET
24h 5, SR EEEES DA EY 28,43, 3.5 8 L7, EREL (NH,),SO, T,
Sephadex G—150. DEAE-Sephadex A—25, Sephadex G—25 &2 4 4L)5, B Uk TH. &R
WA (HPLO) B Wy — Mk, 2 FR N 26000, F 17 FE 8, EXMO 8 S4B
64.27%., SETRE(CPINHMEHEMSHM. HBRENRERE R 30C, SEEE
P e 2 Y s pH 3 4.0, K {8 % 385umol / L; 5T F8F % KUY Bl pH b 5.8, Km 4
833umol / L,
XA g8E WSS FES

A% (lignin) P AN T ELRTAEEN 40, —B G- TEMN 20%, Kid
SEEN. BEASHAERRECHNN S ERES TLEY, EI KSR EYE
EHH AMERX - TARRHEMEARR. HRARERC R AAXENEER
gz —.

AEHFEHUWEREERE. ERTAHM ERARBHEBE (wood—decaying fungi)
e A RAM URM A KEFNRE, BREMAFEE TR AR -XSGHL
£ %y B R Bk D 1 R (8] WM B A7 4> 9 & BE B (white—rot fungi) 145 /8 & (brown-rot
fungi), Bil % 72 MR AT 4 2R L AP B R W R R A R AR R 5 E RARAAH
HUABRNYARE, B TS ERAEESSPEARIECEME. Ahimad.
KS (phenol oxidase) iE tE B35 3 2 b, 96% B9 (1 R B4 2 B ST R, 80% R 45 16 B8 &2 BHTE R
P, T A ERER SR E LR FORR, L1 i B AR A R SR A B AR AT
fTRLA R SR ACHE , T B U B O T ok 0 3 B 8 R AR R K AN ACHE P B BT E A
44,

W (laccase, EC1.10.3.2) Ry ELBHM—f, £ R—-FSHNBEER., NESS
MBS AHETHEREA SRR hTUEEREAERRPE -ENE
AY. BEENTHREMAERLHEN R TEL. FABEE ERIHC, Eh.F
FE-C, WAL R MEE | C,~Cp Z IAMBRY, |

POt A, T VR AEMES. BEARES - THREKE. B RTEN

« B at. of W R A2 BT W ART S L, JEAT10008]
EXT 1995 F 5 A 19 BYEL.
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MBER A F AR, B RO SR EREAR, AL FRNNESILEE %, ATA
RO BE BN WARGE. EHNTE 80 FAUE X B M R 078 4 B EAk o 00 1R Al
B RIBIR, AR REN RN B, i, B E " 0 R RS vy E 7
F. EARNBEMT D, B2 K0 HER IR MRS RIEEY, A pian e
BB T G VX DR T SN R R Y AR L RS A FR LR T .

1 AR 3
1.1 E#

LL¥E W Pycnoporus cinnabarius( Jacg.Fr.)Karst, Syn B4 1RS48 A7 B atifkiB 8],
apEBERNEDHRFEEES.
1.2 #m

Sephadex G—25. Sephadex G—150, DEAE—Sephadex A—25 34 Phamarcia 4 & /=
i, T EHBEER Y Sigma A F= &,
1.3 EXERE

% B8 Malmstrom %™ Leonowicz & Trojanowskil'Vh £ 5, Mk L& & FLRE
MR BRI (g/ L) M8 10, RITA B 2.0, Na,HPO, - 12H,0 0.47,
KH,P0,0.45, MgSO, - 7H,0 0.5, CaCL0.01, MnSQ, - 4H,0 0.001, FeSO, - 7H,0
0.001, ZnSO, - 7TH,0 0.001, CuSO, - SH,0 0.001 & VB,50ug, B EKEH K pH £ 6.0,
14 F3&
141 Hmbl& aRlEMNEN 15%, 28CHBRKES SR, ERACLEER R
¥, BREAATHIE, WEBR ACT .
142 TERE HLHIOCHTEER,
143 BMEHSRE: 1.5ml SOmmol / L 82 ik (pHS.8)+0.2ml 0.5mmol / L T
FE R (BF) +1.8ml #:4%, 30C LW Smin 5T 525nm 4 o6, 5 408 {# ODs,s 14
T 0.001 H— BB A,
144 EEAME: 28 Bradford Y, DUNME S B SRR L.
145 R EHRMESE AL (1) (NH,),S0, il HHBFBRE 60% (NH,),S0, JLK,
4C 2L, 4000r / min & 0> 30min, FIEM 0.2mol / L # B E - BB g
(pH6.0) % f#. (2)Sephadex G—150 ¥ B (2.0 x 100cm); 0.02mol / L B %G & — #h—#5
WA i (pH6.0) -85, BEMK, Uk & 280nm ¥&, FE17MEIE #E W, (3) DEAE—Sephadex
A-25 HEHT (2.0 60cm) : 0.02mol / L BME, A~ Fr 8RR 28 oh K (pH6.0) T-45, FI 46 [F
M (NaCl 3B 0.2~0.5mol / L) BEATHE REBEBE, I EE MG E 047, ATRETE M (4)
Sephadex G—25 H E#7 (2.0x 60cm) B2k : 0.02mol / L # M S — G —Fr RS 28 mh i
(PHE.0) -8, YLk, AR IG R4, (5)% % T4 (Labconao B 48 41).
146 5+ 7 E¥E: Kontron HPLC400 4, TSK3000SW %k, #izh4 4 0.05mol / L B
MG s (pH6.0), R % £ 280nm, F 0.5ml/ min, $FAERE B0 o~ M6 (97 600),
M L7 B B (67 000) , BRI 2B (45 000) , ME TR MR 3 505 8 81 (17 500) , 75 B
(13930). BARE el 487, 40 7RO ECHBRER, AR5 7Y
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1.4.7 BEOEERAMRTHT B H Y 83550 MEER T #ET.

148 #HE T HEE L (ICP) M.

1.4.9 ERHEI T EERT: DUABBCE W BOM T & ®8EE F AR R4 5109 : 1ml
Immol / L 455 3 B e 3 i+ 1mlS0mmol / L BEEREN / RS B4R M (pHA4.0) +0.2ml 21
7K+0.2ml B #, B 5min, F 600nm H.#;0.2ml 0.5mmol / L T % 8§ % 2U7F W (BE)
+1.5ml 50mmol B$EESE Mk (pH5.8)+1.8ml B#, LAY Smin, T 525nm L@,

2 H#Rfoifw
2.1 OBRREBRFIEFEPRLR

MBRERAEBEAERMES =XABRSE (B D, N FL2E R T REL
KR, B3 pH 3 3.81, BR8N 7.75mg / ml, (PR BEHER Y 20%. R
¥, pH h 6.0 BRERIKS 3.7, MENBEBRTFZE 4.0 2%, Rogalski ¥ A
Fomes fomentarius X BB ¥ B8, pH EEEREMHTAD, NEEESRSMIE
P BRI LUE i, BRI AR AN TR ERETHEER TRl H T
(fEI5 7105 4.5, 6d B, 45 I RE RS FI3K 60%. 80% F1 90%) , th b B i # e
EREHO TRITRESTHANEERERAEAX.

10 110

pH
=7 7”8 Js

T E 1 7
£E Zs 6 46 =
?\?\; o0

E 1 E
A= 2 ;

E <. b I
ws < 1§
TR 1 -

04 o 1o

t/d
M1 ahEEEEFRDE ETESRNER
Fig.] Curves of major parameters during fermentation of P.cinnabarius

L% & i Glucose content: 2.3 £ £ & Mycelium growth; 3.3 528 pH {8 pH of medium; 4.3 8™ & Laccase activity.

£ F.fomentarius KA BD, BMIEHE lod LEA ERBEHE, B EIERUE
1819, Leatham & Stahmann J{ FZE/FRKA, & FHE 10d A 5 HEM TR HE",
ML B AE R T 3d A ERAS DA B B i, X6 A B Ui P R AR, Rt R4
B AR B AE RN T U ECRER .
22 BIVFERLRENHE

WA AE R M. F2E, AfARMEA DL XN EAMBE AKX REEN
R, KT FAME DL-f-ENERIAZRCNFHE. BRYERRHERT
KENEGIE W L B AT A, RS2 3E IR 24h BWEFEAR. BT RE, WA E YR ER
SRERE A ARBENESEN, BEREHN 5x107mol / L. HHKEEST.
LT ER/MNERBISHE IR | R, BIBLRE, 2% ABIARK A DL-f-EHN BRI HH I
MRS ER IS TR R B UK 2.8.4.3,.3.5 1 17 45, W W/ FRIARR XD RAR
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REPEANBERAZNEET RN, AR 2K QUARTRENESER
(28.43.3.5)8 DL-f-ANEM (1.7 5 EAWE, Ef|Z %M EHERNETI=
AR E WA MBI E (-OH) 5F E& (-OCH,) . i DL-- %R EMFHF L0
K. BULHER B AR G P H A RIS Y 0T REXT AL AR T RS R AR R S R (R
(IR ERVE:R7 58 IR: ot R 2 7 A

F; 1 AERCMFL BN FREEAESER

Tabie | Induction of laccase activity of P.cinnabarius by lignin—like substances

o 1 2R Y. LR e R DL-p-FHEAM
Control Ferulic acid Vallilin Guaiacol DL-f-phenylalanine
0D, / min 0.212 0.594 0912 0.742 0.360
53 fold - 2.8 43 3.5 1.7

Leonowicz & Grzywnocicz 5§ B b8 B8i% S R B (Trametes versicolor) FI RSN &
M, ERE AR R AFE S 2 Y A TR R, F 2 XA QOIAR 3R E RS
BEEMER RSB ER. ELESCHECR M R DA .
23 dRERSMNERHSL

SN HPLC BIiE WA 2, h— kg, - Eatife gy R 0% 2, B aifbffon 31.9,
[ % 79.8%.

®2 LEERSSFERASEL

Table 2 Purification of extracellular laccase from P.cinnabarius

STELR SR = ACP] afr g (=] iy 3
Purification steps Total amount / ml  Activity /U - ml™ Purification fold Recovery / %
Culture from fermentation 5000 47 — 100
{NH,),80, sedimentation 250 935 19.9 995
Sephadex G—150 260 894 19.0 98.9
DEA E—Sephadex A-25 130 1472 313 814
Scphadex G—25 125 1500 319 79.8

24 TEERSERA—ZEFER

241 BRBHEALE.A HPLC MR ERIIMEMLSMN o T8 R 26 000(A 3).
AREEAEMES TR’ERMBK, W E T (4spergillus nidulans) BEREH W # 5] T K,
4B 4512k 110 000, 80 000, 55 000 36 00015, 1% 3% 7 ¥ & (Podospora anserina) 4N &
4> TR E7E 340 000~ 390 000174, 4T B MM ERT TR 2T 26 000, B—F4 T

BR/ BN,
4 Keilin & Mann""f38, MR —MEL & B E, A XA ICP 4 AR BT 5 M
EAHPEERET.

BE OB ERAN T BR AR B IMER S 17 FREER (5 3), BB N 64.27%.
FEBRETRN 8.16%, 52 BRERMNE S & (6.45%) ME A F & & (45%) 25!,
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O£ B % W 36 %

HPERELHRXTLAEM 28RN 4R,

29
20
[=]
E 15
10
s -
0 1 1 1 1
4.00 4.20 “4.40 4.60 4.80 5.00
MW
M2 #@{LEERss HPLC M M3 BEENTTEMT
Fig.2 Purification of Fig-3 Detection of laccase molecular weight
P. cinnabarius laccase by HPLC | F5 R lysozyme: 2B IEM R EHEIEEN

TMV CP: 1WiEE T Ovalbumin; 4/h4MiFEA
BSA; S.o—{E#M e—amylas.

®3 dRERSRERNEEREN

Table 3 Amino acid contents of P.cinnabarius extracellular laccase

H AN it iR 3 [RE-1.4 - gB
Amino acid Content / % Amino acid Content / % Amino acid Content / %
Asp 5.81 Ser 5.13 Val 4.06
Pro 4.64 Ala 4.54 Met 2.14
Ile .02 Tyr 3.64 Lys 314
Arg 334 Thr 4.02 Glu 5.89
Leu 3.98 Cys 1.29 Gly 4.91

Phe 2.56 His 2.15

242 ARBERAAEBNENSHFARERAERS T ERERARNNBERER
30C, 4R R TOCH, &R RN 30THY 48.2% (B 4). BIRELUHRMKINN
BER A N 40C!, 2 (b A R SRR BB IR A S 60T, R IR R S I e e B

R it BE AN .

MREMANER SRR RN T FRERLNARE pH 7755 4.0 8 5.8(H
5). X T HEMERRNAEE pH Bz WP P RV A 85 pH &, X5
TR AR B 45 AT (DL T 70 M LA ARG P S I O RS pHL 44 4,00, B
PN T AR R A BGE pH W 5.3M. REDR R R X PR 2R
RIAR BRSPS THMK KM, ELASBKR N T FRERNEYRKK
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K% (K,) 7504 385umol / L A1 833umol / L, XEH LML ERBRMEMAKTFT

0.9
g i 1.0
= 0.7 .
% -
a & B 0.8F \)
S E 0.5}
< ‘5 L . 0.6
€ o
= R 2 0.4k
a_u 0.3 3 i 5
’? i 0.2p
E 0k
4 ) 0 1 1 1
L A L 1
20 30 40 30 60 70 3 4 7
t/C pH
A BEMENERSBENXER s BENSpHBXE
Fig.4 Relationship between reaction Fig.5 Relationship beiween reaction and pH for
rate and temperature for laccase of P.cinnabarius
laccase of P.cinnabarius 1 ABREFE P % Tolidine.600nm:

2. T &MBEEHE Syringaldazine,525nm.

i FXAtdad e *@ﬂﬂ%#%%i%ﬁ*ﬁ%*bﬁi%ﬁ%ﬁ LRI
IE, URBE.
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PURIFICATION AND PARTIAL CHARACTERIZATION OF
EXTRACELLULAR LACCASE FROM

PYCNOPORUS CINNABARIUS
Qin Xiaogiong * Fu Tingzhi Cao Yougin Jiang Jianming

(Department of Biotechnology, Nanjing University, Nanj ing 210093)

Abstract The activity of extracellular laccase reached a peak value three days after inocula-
tion. It was found that the activity of laccase could be induced by ferulic acid, vallilin, guaiacol
and DL—p—phenylalanine to 2.8, 4.3, 3.5, 1.7 times higher than that of the noninduced control,
respectively. After( NH,),SO,sedimentation followed by Sephadex G—150, DEAE—Sephadex
A-25 and Sephadex G—25 chromatography. we obtained purified laccase that showed a single
peak on HPLC. The molecular weight of laccase detected by HPLC is 26 000. The P.
cinnabarius laccase contains 17 kinds of amino acids whose total amounts accounted for
64.27% of the total molecules. ICP analysis indicates that the laccase is a copper—associated
protein. The optimal reaction temperature for P.cinnabarius laccase is 30C . With tolidine as
substrate, the optimum pH for laccase reaction is 4.0 and K, is 385 umol / L, while for
substrate syringaldazine, the data is 5.8 and 833 umol / L, respectively.

Key words Pycnoporus cinnabarius, Laccase, Induction

* Present address: Biotechnology Research Center. Chinese Academy of Agricultural Sciences. Beijing 100081.

© PEREHA

YIRS R EATIBA S 4R4REE  http://journals. im. ac.cn




