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TS TR ~F S S TR 7 ) HU T A R — S 485 Wy T 0 4%
B SR LR RS T TR AN T A
TE. T A 0 L R TR R R R TR (R B
Bk, BASAR, ST LA S R 2 1 4 Tl R R e, (HL 2]
TR WA BN RS, TR 5 KB A R AR
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1 HEFEBHSTHRS ST

eI T L, AR B ECR —, A B
AN, X 5B R EUR AN, 0 0 R e R
AP Gy F TR 10% ~49% FE A ° 7L AE
Wanm ) S S NE 2 & N Re N U R N e
— IR L, RZ9EA 500 ~ 600 M HLR kAL,
HAAN T A R T Ry SE SR, QIR H Streptomyces
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PRI T 735 v B0 o e B - WA B T UK S T I
R SHEORIER B BEA L, AR R A AT 2 4
fiE, 20 T B W Oy 5 ) 4 AN B R A g 3
2 B LA T A E 7 (TICK™) (1A TR
(T2Cu™ ) A1 2 A~ T R4 3 F (T3Cu,™ f T3Cu™ -
Cu®T3). RN B R Bl 1 4 B8 7 e A e vk LA IR
Ml ) He , (HHAR B I 45 6 AL 5 0 A 20 5
HEBEA AR, TICu™ 52 4 His, 1 4~ Cys Fl
1A Met JERGRC A28, o CysHis2 JE 42 7 i 2 4
T, T Met FUEAS 50 ) 40 A R Tl v i HL B A R 1R
10 Phe \Leu 5% Glu JAX, {HIZ A 5 75 ELTE FIE )
Tt P4 £ WL #1J2: Phe 58 Leu!". T1Cu™ 5 Cys B
JREE A2 ( CysS —Cu®™) JiT, SREL HL T I R B

K2 610 nm ShATHFAERACIE , {57 4 T 2 05 4.
LRSI TLCU™ BTG, FHE 1R i 05 .
— ke R R ZERURT B 0 1 GSK AT

B AR, o B AT SR AN A AN TR R

HAY T 4 AN B T4 A 0 R RIS 2= RRAE an 26
1R, P L IRAT R B, 76 1GSK kK%
BOMAERE T 7, 5 4 AR R 12 A5
FERRFR KL 1 4 Cys. 1 4> Met Fi1 10 4> His | BF7EAY 4
FEWR B AT RS, TE AN B S 43 1 P R e
1) 4 DMEIERITHRSFIX (C1 ~ C4), BN
5P 5 TR R P B R ST 50 TS
2 FRABE I LE A T I 4 AN R ) T 4
A B AR SE 5 X N2 PR, i 54441 8 F

R 1IGSK fiBEFHEA ML RSEFER
Table 1 The binding sites and the spectral features of copper ions in 1GSK

Type I I Ma b
D Cys492 D His105 D Hisl55 D His107
(2 His419 (2 His422 (2 His424 (2 Hisl53
Ligand (3 His497 3 H,0 (3 His493 ® His491
@ Met502 @ - @ —0— @ —O0—
H H
Absorption peak (nm) ~610(blue) no 330 330
R2 AEFEBHPENEERTHF
Table 2 Four highly conserved sequences in bacterial laccases
Conserved signature sequences in bacterial laccases
Cl1 104 V H W H 6 (X 6 D 117
(L) (L)
(D (D
# I I,
(69) 151 w Y H D H X, G L X G 170
(P)
# I, I,
C3 419 H P I H L H 424
(F) (D
(V)
# I I I,
C4 489 vV W H C H I L E H E D X X M M 503
(M) (F) (L) (V) (F)
(Y) (L)
# m 1 I, I I
#: Type of copper ion bonded with the shaded residue

: Residue bonded with copper ion
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FAFC AL 2 BRIk A A & R IX 4 DMRSF P91 v
CH IR A BERRIRIE) , AR FSIh =G 2 4
BREE S B AHBC A FRAT T DA v i 8 19 2 4
e ZW2531.1 (16S RNA 5% 5 EF567395.1)
v R F) 1 Ak A (ZGL3, GenBank % 5% %5
EU368579.1), H5 1GSK & F R, mHA T4 4
AT IIES A5 1GSK S 4R ™.

H T AR R F TR AL B, B 5 AT
TR B, DRI T 200 o % Tl — ZE 25 R A F 5
HERE M B . H Ok A Al 2 A (Bacillus
subtilis) (PDB ID: 1GSK,3ZDW ) """"* " K i #F 14
( Escherichia coli) (PDB ID.1KV7 30D3)"* ") Ji
% IR B ( Desulfovibrio desulfuricans ) ( PDB ID:
LOFY) o) 2 iz 25 il T 1 ( Campylobacter jejuni )
(PDB ID:3ZX1) ") B 5555 18 ( Streptomyces anti-
bioticus) (PDB 1D:3CG8) """ | [ Y 7. fif§ 1k B it 14
( Nitrosomonas europaea) (PDB 1D :3G5W) A IlE
WHIAEE ( Thermus thermophilus) (PDB 1D ;:2XU9) )%
TRt ) it A 25 R AR T 2 2 DA, A7 T T 114 5[]
ZE L E B .

TRt b, A [) o 5 i) 4 A % I, HC 2
M PSRRI A, EERART 30% , (Hilid iR

FRIRT LG 0 A A 3, A0 T AR T 10 2 () 45 4 B AT v JE 1Y
FRARLE , DAUAY B 2 60 T 348 T A0 K A 1 34 Tt )
3D 2544 (PDB ID:1GSK .PDB ID.30D3) A, UniE
LR, B5G, 4003 B B 3G A
PR AL, BIHT 3 AR (cupredoxin-like ) £
Pl (D1, D2 . D3) i, 3 & BHEE G I g i 1)
BRI (81 D1.D2.D3). HIK, i GG 4
A IR T A AR T bt (L L, [ R
43) : TLCW "fiF D3, FfabFHEd 4 TR MK
AIMRE N, BT A EAZ I A AR I bl TRTAR
#% 0> (mononuclear centre, MNC) , JE¥Y) /> T 175t
G IFREAL 2 A T3Cu™ (Cu,™) B T MRS
BB R — A BUZE5H , TS 14 T2Cu TR T A=
R A AR Sty ) FR =A% 0 (trinuclear
centre, TNC) , fiiF D1 5 D3 ZJa], Jf-4bF W H
Hde s N, R AR T IPIE L T Ky
T BB X A AL SO A A TS A
5o AR mARE (B L, dhik s ), & A IEY)
A9y e AR T S8R AE 5. AR, B
A AR S0 25 DL AT D3 A5G, T D2
FEEEFERE D1 A D3, FFREE B O 1 B
S/BGIRENPE(IAER

P 1A B ZF AT TR (a, b) (51 H PDB ID: 1GSK Jf45iT) 5 R M B A (¢ )
(51 E PDB ID:30D3 F457E) 1Y 3D 4544
Fig. 1 3D structures of laccases from Bacillus subtilis (a, b) (cited from PDB ID;1GSK and marked)
and from E. coli (¢) (cited from PDB ID;:30D3 and marked)

AR BRI R R R R B2 e A
TE MNC #8057, A58 IR 2855 TR 109 R/ (BT A K
Ji] A BB 4 2 5 fL e A B 2000 4F Gladys
Alexandre LA 20 B 345 il 1] RE Y = 4k 45 14 15 4R

e, IR TS A 4 A T A H B R 0 T
R (B 2) . 2011 4F Dwivedi 2538 i Bl Il
JEIE S T 20 T S T RS O 405 4 T ) 8 L B
FEP R B R SRR T 40 T i L
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Model of bacterial
laccase homolog

Fungal laccase

Bl 2 FCR A S AT R R R R B PeoA 1 3D 54 HLAR
Fig.2 3D structure comparison of fungal laccase and a laccase

homolog, PcoA, from Escherichia coli. (cited from ref. 2)

AR WY ) — AR IR, BR T /DR
PP AT RSN, B AR e R AT AE
B, T TR MR % Il v 03k A AE . 0
BRI ARG R IAL R SRR, A
oK B HZF AT T 1 B (PDB D 1GSK \3ZDW)
T HAEAE LA L (C322-C229) , MR A >
TR AU BRI, [EX LA E R
B BRBEA R A BE, A0 BRI R MY 3 A AR IR 235 44 J5
(D1.D2 D3 ) H I B AU ) 3 il 1) A L 3 203 B 4%
BB, KLV A T A S A A B A B A A
oS 1 L RN s s R R A B R A
ERBEMIES TR, PR I A PR R A R AR E

BEAk, fEA 25 22 FRBIE B (AN R AT i) B3
figrp , ISAFAEE & Met fJIKEE (Met-rich region)
KBRS 6] _ETE R T 1 AL TF 01 2 1 I T
MNC 35 X, 732 JIk B 7 R 20 B8 22 ER PR P T
CHRs BEAF ) OB B = AAFAER). T 1C R
FFRTRA I = S50 I e Sk /s L I B
N Met BYRKEBL(355-396) , i i B HELEE 1A
HOANAEAE. 22 PRSP TR 8 i P X o s 3 Meet IR
Bl a X il B A BRI R A, Ok S
3 P 32 4 g A o

AN BBy 1 ) A AL S5 G (MNC
TNC) JE L T A X DR SF (8 = e 250 3 43, FLA5 i 4F
P, JEHUE MNC (45 MR D g T 40 1 T 19 4R
P IR A7 A R IR, 11 7 L5 X LU R Al A AR AL T
PERUIEARSE ™ 22 B0 T4 % i 8 T M SR S5
OLERAG T, BOPE—E R B L BRI T O AR AN
HOIAER

2 WMEZREBIIRE S EA ST

SHERIRIERMAR, 28040 3R AR T
PR, (ELAT A0 A 200 4R il LA S 5 (4 CueO) |
SRUBEET Y ARG (U CotA) B AR E, X &
LHMEBREN YRR L. MRl EES S
SRS ZR BT JCRI IR AR 55 AP 2k S S 1 L A Y 4
7327 B A R R 20, R AT AR S AN
A WA R E S SRR R 4
Y& IS Bk B T RO A, B R R
ZHARBR W EEfR R TUE TSR AT AL

RN AL R B S R, Al 3 B
R BRI TICW RN TR, B
b FUR R R i IR IR. 8 PR Y 4
AL TLCO™ RS T BRI =), i Filad
55 T1Cu™ AHBL LAY His-Cys-His BEAE SR =0
¥ T2Cu™ 1 T3Cu, " Hi 3K, IJ5#A T k7%, A
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Fig. 3 Schematic function of the two redox centres in laccase

SRR A R A T ) A A e e L R A 0L (T
3), AHANERGR N T B, ORI, it
BRI ) AR B R AN R . A
TR 1 B Y 32 S T MOk T 1 5 TRT B TR AR
(D) RYS b o iy =S R, BRI B A 5
PEARG S FFR B M MG A IR TICo™ §EIT. 48
PRI T ) A% PO MR S RL B, REAR AR BR R
MYy, BTG T 55 10075 08, 20T 3R W IR
TEHRXTESE. (2) RS T1Cu™ [ &AL I8 S L ir
Z2(AE"), BRIV A 0% ik 1L S 1 08 R H Az 1L
T1Cu™ AR JEC 4 & AR B ST, T L7 & 1 SR AL i
ALK, FEBI T2 R T aR i Al 2
AL, AE" YoE TR R, H TR B Y
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28 %

AL FEAIIFE 0.4 ~0.8 V[, [EEr_FH
Sr WIS s i A AR SR VR (0. 6 ~ 0.8 V) Al
AR SRR (0.4 ~0.6 V). KIRGNTR R
it O AR A SRR A R R T P T A R T
(1) SR PR I L (02380 o A, T1C™ 1 B HEA 17
0.45~0.54 V {ulll, B AN SEALIE S5 437 7 11 %
JE, AR ) R Y B SR B0, g
FLARAE VAR I 7 AR A IR 1 8 A SR,
ATEIRFh AR, AR AL T2
FLER e 3

T LR B R I 2 55 7 I s M I ) J
RHEMBRIYTEEGZRY), WA TR NEH
MR, UK THAEB iR & 2 RY), kA
iR, IR AR Y & — PEAA R AR &, ml AL
MR FPEIIE 12 , X e B A ) H AR
Hg | Tz R E A B R MK AE 2006 4 Riva
AU SR A R A I RV R, AN R LR
F AR S B IR AL S T (T 4)

(@ O, : :LaC-CU*" XMed'ox: :Sub,y
H,0 Lac-Cu*,, Med,, Sub-,,
® O XLM—CTm X Med- Flavoenzyme,, : :Suh“,
H,0 Lac-Cu*,, Med,, Flavoenzyme,, Sub- .
K4 AR ERHE R A TR AL
14 S AL SR B 7R T AT (275 3K 31)
Fig. 4 Schematic representation of laccase-catalyzed redox

cycles for substrates oxidation in the presence of

chemical mediators ( refer to ref.31).

TE LR IR, 20 R Al ELR AL SR AR Y
P FRA R EIER R 731, M52 Sk (medi-
ator, Med) , ‘E7ERR B AEAL T Al T2 sUAG RE 1M =
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HIERRY), I A B R IRGAJRES) . E5 2
B, B TR E RN TS50, B EA L
RN HFER B AR TR T RE I, A RS EE
R AL

AR, 7EA A TAAEARMET, &
BRI AL J8E T 3 AL S RE 1 Rl IR IR R
RERS A AL IR B B A BRI = AL IR I R AL R
Py, B R A A AL T T R T
B AL AL S AR, BRUE B RS TR B T i

AEPE.O)E, R SRY) TR AE B SRR R
S (TR AR i A 22 IR ), IR
PR, ARG T BN I RN
BAERR B S5 Y Z 6] 5824 1 L ZE R 4K (electron
shuttle) . SZPR b, MASGEA RIS 59 KT
20 TR AR T P SEC DY L, A 9 1 A T AR T P 8 43
BT Al A VA N R R AL R Y
A TP

20 PR TAR TR A R A A P R 0l L RO, T
40 ~70 CYLHE N ¥ HA R4S, miok A
it #4# ( Thermotolerant bacteria ) B ( Thermoph-
ilic bacteria ) B} Vi W€ #4 & ( Thermus thermophilus )
F348 I AT 117 52 785 ik 90 °C L Z W i g a0
MR ] Martins S5 2 38 (19 R 5 2F 60 FF 58 1
CotA B A1 A3 1) 2 HUFF 18 42 B ZGL3' 7, JLT:
JITAA R B ZE LR BRI 27 f g A TR 1Y R B o i AL
L BEHRAE 60 ~75 CHEH, MiAE 80 CHIENTF
HIRTIK 2 ~ 14 h, X UEHIR B ZF MO s dE 27 g
AT 110 0 T 2 Tl 3 EL A e AR E P, T L
R NE 2 @ b2 R S bral o RN | E S
1R 24 P R T TE AR Tk 22 K, A 1 400 R R Tl
£ 80 “CHEPRE ] A JLAMEE 2. AR, Al R il
3k A L TR R B AR E MR, T BV E R
—JAE 25 ~50 C Z 0], #HE AL 40 C, TE
60 CLL EfESE4RTE 1T, HA /D80 0 b e i 4 i
P, IR AT B AR Y T AR AN R
AR FARe M T BB H 20 I 2% v 3l T B 1 AR X 4K
ZWEREE A B A G, M5 ZmEERA
K, P 2200 B Bl b AR . 2011 4F
Fernandes 45" ** SR %0 ML 2878 (9 7 TR A3 HT T A
2 M AT B B (CotA) 73 1 H A B A AE
(C322A) , RI_HREEAAAAEXS Hoor TR B IR 5
PGB A R, HEX TICu™ B AERA
AL

20 T R T LA Y pH Y Rl 8 58, — en]
1E pH 4.0 ~9.0 JEHEAE, A L6 40 5 3 fi ik vl 78
AR pH 50 TR, X 2B TR
PRFRPIAI 25, A0k E g 1S i 40 78 ( Alkalo-
philic/alkalotolerant bacteria ) {¢7E##/E pH 10. 0 5§
st A PE A RE AR R A i e ) FRATT kAR
B2 A I ZGL3 ik ABTS ( Diammonium?2 ,2 “-azi-
no-bis ( 3-ethylbenzothiazoline-6-sulfonate ) \DMP (2 ,6-
Dimethoxyphenol ) f{) fz3& pH {E 45351 4 4.0.7. 5t
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M 250K BB s ) 09 i 5058 B e pH 4.0 ~
6.0 F8 FEfEH. 2003 4 Bains 5585 M) A HE
B — R SR 40 1, 75 pH 6 ~ 10 (78 Fl N
AT LA A, JF HLAE pH 10 A9 T B
s L MTAESR, B A 2 ) TR 0 T 14 T
KA, IR T BT8R0 48 Tolk A /9 R
@[46—48]'

LR TR R B RE T 2 5 = (R Wk B, A
FAEEA 1 mol NaCl By FR8E FP TS RE AR 35 KL 4 A9 1%
PENT s ol 40 A G L P (P
K. AFEPIANHEREE, B2z 135 7 2R H
(), A EE XS T, A RRE X 7, (H4l
BRSO B B0 T B T s
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X P b G LI AR . R8T T Qi) B 4 1
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SRR A T B S AR
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IR SR Bl N TR 2, AR
Al Tl IR B2 TSRS (RN A
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W SIS AR B (05 95 UYL A e
HeAh, HATE A B A ARFME G YT FHAE S 40 e 4
BB A, IXAE—EFEE L3 T8 1 40 1A% i 04 1z
TR, SR AN T R A L A A
ity 32 L0 A I T DA U

(1) FMR——FRBT 15 S (1 K A

Ty =R AR AR 2 Ak A A A R B I
R RERPI. 3 LA A TR 8 BHEOR B 22 4
JHIAR B gk ik 6368 B SR P05 1 W™ 5 e i) T5 ) |
(27 VNN €S/ i a4 N3
JEZAE pH 6.0 ~9.0 JuH, i H. & A e L A pel Jk
TS ERE T, ZREEEEAE N, HHE
RMEANE T, JUHOE R S M Y R TS A,
ARG L LT B A T AETRYT IR T
b5 G A AR A A0 AR ) T A R i
RS T IR PR R B T ARG 0 R A

(2) dEAR—4R I A=t

AR Tl SR BR B AR R BRI
SPYEIRI RS 0 BRSO IR i A e I
HOREARA TR AL PRI, XA B T A A, Wl

DM A P AE BRI 45 T AT, [RIBEA &= A AT
YA AT RIGY, tEs T2 R IR,
I HASGAN P4 XML 4 £ 44y, b
AR AU . H TR X —SUA 3
N SRS, w40 AR B A T K AL
BTN AR, JUHJEE XA B 2R 4150 R 7K
AR AR, 0 R T A TR TR R R, W
SR 2 TR VAR Tl L R il A I A

(3) G T —4U R i

B B RHE BT B R SR EL AT H5 58 1 T A2 A
Bk Pt HUE ek, B AL B Ao
J5 i AR ME TR B A5CR . R R BURR S ek L
AEBENE, AT E SR A, T H R R
R R SR B M AE . I IR AT AR5 A S
ZGL3 1 LA ), 5t fe A sk {4 RBBR ( Remazol
Brilliant Blue R) Wil 521 F1E w5 IR AR 20 i €2, 17 24
FELEST VRIS, B3 i (o X €00 1 PP L2 TN 46 i SR
o, S H IR T E Gk Ay 5 € A Ak 38 v 2 e 17
L7 R 1 s E G A RS S RGBT T
pH 9.0, 60 C LA L #EAT, 4R 22504 P A B A B0 1
VRS

IR KB, #4574 40 TR R T 4N CotA 5 H: A A
KRN A B BRI VE R, AT A R 4 vy L £
TR IR

BUAR, 20 TR B AE SR — b b R o 550 4 1z FH
WS MR RE S A, AT B
US4 P R AT R TR A% RIS RGN R AT
UM REAT R I8 RG LI A G YER IS, Ak
RN RIBIEJE /T W R IE, BIA K R IBRE
AL, KRBT BN, 2 B A A RE 4
TR LR
i A ] A4 e LR At AR A S I Y 5
T3 A A AR Ak 4 0 P 52 LB R i DA
PO S, A 2 TR AR il ) 5 S LA A%
FEACERIB L, ARk F i 38 S 6 1Y
AR, PRI A O B AT SR
.

4 RE

BT HIEPREEIARRRE, EAEERS
hRER RSN, R, BEIRYTHAFZ
WREHGL AL AL A, (25 3L AL A ()
(e, R ML I SN A o AN 2 A AT T A aed 4
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(4 28 %

EFITEVESE(ROS) |, 172 A Wit B 2 Bl 2 0 BT 4R
A, SRR SR RN PR A W 00 il
TEARGR I S " 2 52600 St 2 2 A i
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ity LA FLR A A BRI 52 R0 T AR Ak ] 5 1 SR 28 1 Ry
PR AE N A 2 0 VF 22 A0 b & 45 10 B g 2%
o o« W s

MZ, T BB BIe 5 A SA A F
TR B K B KSR A T AR g T AR
' B S E AR, Y54 SO i A0 R I
FERARA R, mfEC 2R, 4055 H
HIAXZY 5 9% , T ZR GEWT 5 HY 40 1 % il 5 /0. 7
BB, BT BRI 2 il R 2 F AT 1R
(B acillus subtilis) 1) £ CotA . KJIGFF i (E.
coli) B CueO | M W (Aquifex aeolicus) Vg
PRI ( Thermus thermophilus ) WP B . REH
SO A A S BT A i 4 A Tl Y
i e B = AR I AL R O R AN R B, AL
AR E B R AR R, DS R AN R AR G AE L
M ) Z B TSR 245 5 55 1 B 77 Tl

B3k

[1] Givaudan A, Effosse A, Fanre D, et al. Polyphenol oxi-
dase in Azospirillum lipoferum isolated from rice rhizo-
sphere[ J]. FEMS Microbiol Lett, 1993, 108(2) : 205-
210.

[2] Alexandre G, Zhulin L. B. Laccases are widespread in
bacterial J|. Trends Biotechnol, 2000, 18(2) ; 41-42.

[3] Sharma P, Goel R, Capalash N. Bacterial laccases[ J].
World J Microbiol Biotechnol, 2007, 23, 823-832.

[4] Kellner H, Luis P, Zimdarsa B, et al. Diversity of bacte-
rial laccase-like multicopper oxidase genes in forest and
grassland cambisol soil samples[ J]. Soil Biology & Bio-
chemistry, 2008 , 40, 638-648.

[5] Claus H. Lassases and their occurrence in prokaryotes
[J]. Arch Mierobiol, 2003, 179(3) . 145-150.

[6] Santhanam N, Vivanco ] M, Decker S R,et al. Expres-
sion of industrially relevant laccases: prokaryotic style
[J]. Trends Biotechnol, 2011, 29(10) ; 480—489.

[7] Slomeczynski D, Nakas J P, Tanenbaum S W. Production
and characterization of laccase from botrytis cinerea 61—
34([J]. Appl Environ Microbiol, 1995, 61 . 907-912.

[8] Diamantidis G, Effosse A, Potier P, et al. Purification
and characterization of the first bacterial laccase in the

rhizospheric bacterium azospirillum lipoferum [ J ]. Soil

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Biology & Biochemistry, 2000, 32. 919-927.

Endo K, Hayashi Y, Hibi T, et al. Enzymological cha-
racterization of Epo A, a laccase-like phenol oxidase pro-
duced by streptomyces griseus [ J |. J Biochem, 2003,
133.671-677.

Kumar S V, Phale P S, Durani S, Wangikar P P. Com-
bined sequence and structure analysis of the fungal lacca-
se family[ J]. Biotechnol Bioeng, 2003, 83(4): 386—
394.

Enguita F J, Martins L. O, Henriques A O, et al. Crys-
tal structure of a bacterial endospore coat component. A
laccase with enhanced thermostability properties [ J]. J
Biol Chem, 2003, 278 (21) :19416-19425.

SRAEA, B, QRIS A PR R gl 2 il B
W AIP]: A E, 201310498465. X. 2013-10-22.
Enguita F J, Margal D, Martins L O, et al. Substrate
and dioxygen binding to the endospore coat laccase from
Bacillus subtilis [ J ]. J Biol Chem, 2004, 279 (22):
23472-23476.

Roberts S A, Weichsel A, Grass G, et al. Crystal struc-
ture and electron transfer kinetics of CueO, a multicopper
oxidase required for copper homeostasis in escherichia co-
lifJ]. Proc Natl Acad Sci USA, 2002, 99(5) . 2766—
2771.

Singh S K, Roberts S A, McDevitt S F, et al. Crystal
structures of multicopper oxidase CueO bound to copper
(1) and silver (I): functional role of a methionine-rich
sequence[ J]. J Biol Chem, 2011, 286 (43) . 37849 -
37857.

Bento I, Teixeira V H, Baptista A M, et al. Redox-bohr
and other cooperativity effects in the nine-heme cyto-
chrome C from desulfovibrio desulfuricans ATCC 27774 .
crystallographic and modeling studies[ J]. J Biol Chem,
2003, 278(38) :36455-36469.

Silva C S, Durdo P, Fillat A, et al. Crystal structure of
the multicopper oxidase from the pathogenic bacterium
campylobacter jejuni CGUG11284; characterization of a
metallo-oxidase[ J|. Metallomics, 2012, 4(1) : 37-47.
Skalova T, Dohnalek J, Ostergaard L H, et al. Crystal-
lization and preliminary X-ray diffraction analysis of the
small laccase from streptomyces coelicolor [ J ]. Acta
Crystallogr Sect F Struct Biol Cryst Commun, 2007, 63
(Pt 12) :1077-1079.

Lawton T J, Sayavedra-Soto L A, Arp D J, et al. Crystal
structure of a two-domain multicopper oxidase: implica-
tions for the evolution of multicopper blue proteins[ J]. J

Biol Chem, 2009, 284(15): 10174-10180.



24

[ e Y DR I Y CXi Y & WA

195

[20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

(29]

(30]

[31]

[32]

(33]

Dwivedi U N, Singh P, Pandey V P, et al. Structure-
function relationship among bacterial, fungal and plant
laccases[ J]. J Mol Catal B-Enzym, 2011, 68. 117 -
128.

Roberts S A, Wildner G F, Grass G, et al. A labile
regulatory copper ion lies near the T1 copper site in the
multicopper oxidase CueO[ J]. J Biol Chem, 2003, 278
(34): 31958-31963.

Arnesano F, Banci L, Bertini I,et al. Solution structure
of CopC: A cupredoxin-like protein involved in copper ho-
meostasis[ J]. Structure, 2002, 10(10) . 1337-1347.
Long F, Su C C, Zimmermann M T, et al. Crystal struc-
tures of the CusA efflux pump suggest methionine-media-
ted metal transport [ J]. Nature, 2010, 467 (7314 ) .
484-488.

Su C C, Long F, Yu E W. The Cus efflux system re-
moves toxic ions via a methionine shuttle [ J]. Protein
Sci, 2011, 20(1) . 6-18.

Xu F, Shin W, Brown S H, et al. A study of a series of
recombinant fungal laccases and bilirubin oxidase that ex-
hibit significant differences in redox potential, substrate
specificity, and stability [ J ]. Biochim Biophys Acta,
1996, 1292(2) . 303-311.

Mikolasch A, Schauer F. Fungal laccases as tools for the
synthesis of new hybrid molecules and biomaterials|[ J .
Appl Microbiol Biotechnol, 2009, 82(4) . 605-624.
Senan R C, Abraham T E. Bioremediation of textile azo
dyes by aerobic bacterial consortium [ J]. Biodegrada-
ion, 2004, 15(4) : 275-280.

Telke A A, Ghodake G S, Kalyani D C, et al. Bioche-
mical characteristics of a textile dye degrading extracellu-
lar laccase from a Bacillus sp. ADR[J]. Bioresour Tech-
nol, 2011, 102(2) . 1752-1756.

Hullo M F, Moszer I, Danchin A, et al. CotA of Bacil-
lus subtilis is a copper-dependent laccase[ J]. J Bacteri-
ol, 2001, 183(18) : 5426-5430.

Lee S M, Grass G, Rensing C, et al. The Pco proteins
are involved in periplasmic copper handling in Escheric-
hia coli[ J]. Biochem Biophys Res Commun, 2002, 295
(3): 616-620.

Riva S. Laccases: blue enzymes for green chemistry[J].
Trends Biotechnol, 2006, 24(5) . 219-226.
Bourbonnais R, Paice M G, Freiermuth B, et al. Reac-
tivities of various mediators and laccases with kraft pulp
and lignin model compounds [ J]. Appl Environ Microbi-
ol, 1997, 63(12) . 4627-4632

Husain M, Husain Q. Applications of redox mediators in

(34]

(35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

the treatment of organic pollutants by using oxidoreductive
enzymes: a review [ J]|. Crit Rev Environ Sci Technol,
2008, 38.1-42.

Kudanga T, Nyanhongo G S, Guebitz G M, et al. Poten-
tial applications of laccase-mediated coupling and grafting
reactions; a review [ J]. Enzyme Microb Technol, 2011,
48(3) : 195-208.

Reiss R, lhssen J, Thony-Meyer L. Bacillus pumilus
laccase : a heat stable enzyme with a wide substrate spec-
trum [J]. BMC Biotechnol, 2011, 11 9.

Singh G, Sharma P, Capalash N. Performance of an al-
kalophilic and halotolerant laccase from gamma-pro-
teobacterium JB in the presence of industrial pollutants
[J]. J Gen Appl Microbiol, 2009, 55(4) . 283-289.
Zheng 7, Li H, Li L,et al. Biobleaching of wheat straw
pulp with recombinant laccase from the hyperthermophilic
thermus thermophilus [ J]. Biotechnol Lett, 2012, 34
(3):541-547.

Lu L, Zhao M, Wang T N, et al. Characterization and
dye decolorization ability of an alkaline resistant and or-
ganic solvents tolerant laccase from bacillus licheniformis
LS04 J]. Bioresour Technol, 2012, 115. 35-40.
Zheng 7, Li H, Li L,et al. Biobleaching of wheat straw
pulp with recombinant laccase from the hyperthermophilic
thermus thermophilus [ J |. Biotechnol Lett, 2012, 34.
541-547.

Martins L. O, Soares C M, Pereira M M, et al. Molecu-
lar and biochemical characterization of a highly stable
bacterial laccase that occurs as a structural component of
the bacillus subtilis endospore coat[ J]. J Biol Chem,
2002, 277 . 18849-18859.

Miyazaki K. A hyperthermophilic laccase from thermus
thermophilus HB27[ J]. Extremophiles, 2005, 9. 415—
425

Fernandes A T, Soares C M, Pereira M M, et al. A ro-
bust metallo-oxidase from the hyperthermophilic bacteri-
um aquifex aeolicus[ J]. FEBS J, 2007, 274. 2683 -
2694

Hildén K, Hakala T K, Lundell T. Thermotolerant and
thermostable laccases [ J ]. Biotechnol Lett, 2009, 31
(8): 1117-1128.

Fernandes A T, Pereira M M, Silva C S, et al. The re-
moval of a disulfide bridge in CotA-laccase changes the
slower motion dynamics involved in copper binding but
has no effect on the thermodynamic stability[ J]. J Biol
Inorg Chem, 2011, 16(4) . 641-651.

Bains J, Capalash N, Sharma P. Laccase from a non-



196

hoF

(4 28 %

[46]

[47]

(48]

[49]

[50]

[51]

[52]

melanogenic, alkalotolerant gamma + proteobacterium JB
isolated from industrial wastewater drained soil[ J]. Bio-
technol Lett, 2003, 25(14) . 1155-1159.

Fang Z M, Li T L., Chang F, et al. A new marine bacte-
rial laccase with chloride-enhancing, alkaline-dependent
activity and dye decolorization ability [ J ]. Bioresour
Technol, 2012, 111 36-41.

Zhang C, Zhang S, Diao H,et al. Purification and cha-
racterization of a temperature- and pH-stable laccase from
the spores of bacillus vallismortis fmb-103 and its appli-
cation in the degradation of malachite green[J].
Food Chem, 2013, 61(23) . 5468-5473.

Ye M, Li G, Liang W Q, et al. Molecular cloning and

characterization of a novel metagenome-derived multicop-

Agric

per oxidase with alkaline laccase activity and highly solu-
ble expression[ J|. Appl Microbiol Biotechnol, 2010, 87
(3): 1023-1031.

Fang Z, Li T L, Wang Q, et al. A bacterial laccase from
marine microbial metagenome exhibiting chloride tole-
rance and dye decolorization ability [ J]. Appl Microbiol
Biotechnol, 2011, 89(4) . 1103-1110.

Reiss R, lhssen J, Thony-Meyer L. Bacillus pumilus
laccase ; a heat stable enzyme with a wide substrate spec-
trum[ J]. BMC Biotechnol, 2011, 11 9.

Vitk A P, Sharma P, Capalash N. Use of laccase in
pulp and paper industry[ J]. Biotechnol Prog, 2012, 28
(1):21-32.

Held C, Kandelbauer A, Schroeder M, et al. Biotrans-

[53]

[54]

[55]

[56]

[57]

(58]

formation of phenolics with laccase containing bacterial
spores[ J|. Environ Chem Lett, 2005, 3. 74-77.
Mendes S, Farinha A, Ramos C G, et al. Synergistic ac-
tion of azoreductase and laccase leads to maximal deco-
lourization and detoxification of model dye-containing
wastewaters [ J |. Bioresour Technol, 2011, 102 (21):
9852-9859.

Mollania N, Khajeh K, Ranjbar B,et al. An efficient in
vitro refolding of recombinant bacterial laccase in Esche-
richia coli[ J]. Enzyme Microb Technol, 2013, 52 (6/
7) :325-330.

Mohammadian M, Fathi-Roudsari M, Mollania N, et al.
Enhanced expression of a recombinant bacterial laccase at
low temperature and microaerobic conditions: purification
and biochemical characterization [ J]. J Ind Microbiol
Biotechnol, 2010, 37(8) : 863-869.

Nasoohi N, Khajeh K, Mohammadian M, Ranjbar B.
Enhancement of catalysis and functional expression of a
bacterial laccase by single amino acid replacement[ J].
Int J Biol Macromol, 2013, 60 56-61.

Auseca L, van Elsas J] D, Mandic-Mulec I. Two- and
three-domain bacterial laccase-like genes are present in
drained peat soils [ J ].
2011, 43(5): 975-983.
Piscitelli A, Pezzella C, Giardina P et al. Heterologous

Soil Biology and Biochemistry,

laccase production and its role in industrial applications
[J]. Bioeng Bugs, 2010, 1(4) : 252-262.



