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Research Progress of Fungal Laccase Structure

GAO Ywgian, ZHANG Lirming, ZHANG Shimin, XU Shwrxia, WU Kun®
(College of Life Science, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: Three different enzymes are involved in lignin degration produced by the white rot
fungi, they are lignin peroxidases, manganese peroxidases and laccase. Laccase, a member of the
blue multrcopper oxidase family, catalyzes the oxidation of a variety of organic substrates
coupled to the reduction of molecular oxygen to water. The abilities to degrade lignin by different
laccases vary widely, which depend on the structure of laccases, especially the structure of the
trinuclear copper site. The structure characteristics, active site and three dimension structure of
fungal laccase weresummarized in this review.
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, e 1%~ 7%, Coriolopsis fulvocine-
rea  Botrytis cinerea
, 32%  49% (Ganoderma lucidum )
1 AW REeEY 25 A4 48 7
[6] )
, 3%-49%
45% , , 4
. 10%~ 20% !
, ( Pleurotus eryngit) 50 000~ 130 000 ’ pl  3~6

1
Tab.1 The properties of some fungal laccase

(Mr) pl pH /C Tinoh K./ (Pmol/ L)
T rametes hirsute . 2. 4 ABTS) T9,=5,
159 90x 10 4.3 5. S(DMP) 85(DM P) e 117 - [ 8]
480(DM P)
Loweporus lividus 3 @ _ 230 )
VT e 1178 64.8% 10 - 5.0(DMP) 60(DM P) T9,= 2 210( ) [9]
320( )
350( )
T rametes versicolor ~ 64x 10 - - - - - [ 10]
Fomitella fraxinea 47x 10° 3.8 3.0(ABTS)  70( ABTS) TV, = 1 247206((%?;;) [11]
o 2.53.0(ABTS) 4.2( )
%4{1’;["0;”;’;’?84”)' 88x 10° 2.8 6.0 ) 7O(ﬁBTS) 104. 9 ABTS) [12]
6. 5( DMP) 67.8(DMP)
Perenniporia 5 4. 0(DMP)
tephropora 63x 10 3.3 5. 0( ABTS) - - - [13]
P emonorus 3. 0( ABTS) 91( )
yenop 61.4% 10° - 4.0(DMP) 65( ABTS) - T1(ABTS) [ 14]
sanguineus 5.00 ) 203(DM P)
Panustigrinus 3 3.75(DMP) Tih= 4.68, 119(DM P)
CBS 577.79 69.1x10° 315,53 5aprs) H(PMP) Tih= 0.42 31(ABTS) [15]
Pleurotus erg ngii 34x 10° - - 70( ABTS) - - [ 16]
Ganodermalucidum 75% 10° - 3. 5( ABTS) 70( ABTS) - - [ 17]
P leurotus 5 _ : 56(ABTYS)
cqj oreaj 61x 10° 5.0(ABTS)  40( ABTS) 2 y L8l
gieurotus ostreatus 64x 10° 3 7808( )> : 3 : [ 19]
4.0 ABTS)
Cerrenaunicolor 2. 3( ABTS) 7(ABTS)
Lacol 64x 10° 3.6 3.5(DMP) 60 - 86.5(DMP) [ 20]
ace 4.5 ) 9.8( )
Cerrena unicolor 3. O( ABTS) 21(ABT §)
Lo 57% 10° 3.7 4.5(DMP) 60 - 88.9(DMP) [ 20]
ace 5.5( ) 13. 3( )
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Phellinus ribis’™"  Pleurotus 600 nm
p ulmonarius'™ Trametes villosa'™ , R T 1Cu
Cantharellus cibarius"", Rhizoctonia sola- (P. ostreatus) 61 000
ni POXAT1,
, POXA 1w 605 nm
[ ( Pleurotus ostreatus ) 400 nm Cu Fe
POXA3a POXA3b 2 Zn, | , , “
7 M onocillium indi- » 12 (Phlebiaradiate)
cum Cu(T1 T2 )
100 000, SDS ( pyrroquinolinequinone, PQQ),
24 000 56 000 72 000 3 26l T3 (20l (P. ribis)
( Gaeumannomyces gramminis ) , 2 7T6KD ,
190 000, 3 60 000 (21, 1 Cul Mg 2 Zn, I ,
( Podospora anserina) 80 000 , - » 21
[ 28]
| mo 3 RS AL
2 FEEEAEMFS .
4  Cu™ )
(Electron Paramagnetic Reso 1998 |, Ducros  Brzozowski
nance, EPR) , 4 3 ( Cop rinus cinereus) ,
;I Cu™ (T1Cu) I  Cu™ (T2Cu) , (Aspergillus oryzae) ,
\ ;1T Cu™ (T3Cu) , , 0l
, 31 1 224 A
T1 , Cys His PEGS8000 ,pH 5.5 / ,
Met~ Cu , Cys P21 21 21, a= 45.4 A b=
P : 614 nm 857 Ac= 143.1 A 2.24 A
(€=5000 L/(mol * cm)) ,
( ), EPR )
(g1=2.30, A= (40-95)+ 10%/ F N ,
cm), T1 His  Cys, His
Cys —
) Hg Co
T2 EPR (gn=
2.24, An = (140- 200) * 10*/cm),
, (ultrafine
splitting) T2 ,
( Cys) ,
T3 , 1 T2  Copinus cinereus
, EPR ; (PDB code: 1HFU, 2001)
OH , 330 nm Fig. 1  Three dimensional crystal structure of laccase
T2/T3 8 His from Copinus cinereus
, , 3 cupre-
T2 cl doxirr like , B ( B
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(70 Ax 50 Ax 45 A (1 )
, ; (11
) 158~ 341 ,

: (I ) 342~ 559

[31]

T1Cu 3, His
N Cys S , CurSeys
T2/ T3 1

Bsandwich 4
G , 1
2 Cys48
(Cys117-Cys204) 1
2 loop( 284-327)
2 3, Asn343 N- N-

[31,32- 33]

Cys85

C. cinerues 2 T1Cu
,His396 His457 NDI
2.19 2.07 2.03 A
. M et
Leud62,
Phe, T1Cu 3.51 A
T1Cu

Cysd52

C. cinereus

T 1Cu
Leud62 Phe340  Phe398, T 1Cu
1le454 T1Cu 6 A
6 A 12A \
1 3 3 loop(AA152165, AA336 340,
AA387395)
loop

B 2

loop ( 100 K

[33]

,T2/T3Cu
4 HisXHis 8
His T3Cu 6 ,T2Cu 2
T3Cu
T3Cu C. cine-
reus ,T2/T3 8 His

’ B

2 C cnereus

Fig.2 T1 copper center of the C cinereus

, T2Cu ) )
R Cu 5.3 A
3.7 A
T 3Cu s Cu
, Cu3(a) Cu3(b)
2.17 A 3.26 A 3
His 399
v/ .

83(b:

’F(\l i?uf \

“~ 13.26

is 64\ b2\
His b“r‘. ;’\Vu(cr

"

3 C cinereus

Fig. 3 Trinuclear centers of the C. cinereus

C. cinereus

B

Hukulinen Melanocarp us albomy ces
pH
, 4
2.4 A 4 ¢
M. albomyces 3
:4Cys Cys12 , 114Cys Cys540
, 298Cys Cys332

[2]

, Rigidoporus lignosus
5 Bacillus subtilis

CotA 6 T. versi-
color 65 Ax55 Ax45 A
, ( 8Cys Cys488)
c- (117Cys Cys205)
C. maxima s
85Cys Cys488, G alpha helix;

117Cys Cys205, (3]



170 £ % 5 4 ¥ H K F R %30 %

4 M. albomyces

Fig.4 Three dimensional structure of laccase from M. 6 CGotA (PDB code:

1UVW, 2004)
Fig. 6 The crystal structure of CotA from Bacillus sub-
tilis(PDB code: 1UVW, 2004)

albomyces

4 % iE

5 Rigidoporus lignosus (PDB
code: 1V10, 2004)
Fig. 5 Crystal structure of laccase from Rigidoporus
lignosus (PDB code: 1V10, 2004)

( )
T2/ T3Cu :
His Cys His :

(T 1Cu T2/T3Cu :

)
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