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A pH-stable Yellow Laccase from White Rot Fungus 7Trametes
sp. SQO01: Rapid Purification and Characterization
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Abstract: The white rot fungus Trametes sp. SQO1 secretes a high level of laccase in the basal liquid me-
dium without induction. The laccase has been purified to homogeneity through acetate acetone precipitation
and DEAE-cellulose 52 anion-exchange chromatography with a final purification fold of 15.4 and an overall
yield of 43.6%. The purified enzyme was identified with a molecular mass of 62 kD by SDS gel electropho-
resis. The purified enzyme was not blue like the typical laccase but yellow, and had not the basic spectro-
scopic features of a typical blue laccase. The enzyme oxidized a series of diphenol, creosol and non-phenol,
including 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonate) (ABTS), catechols, hydropuinone,
2,6-dimethoxyphenol (DMP), and guaiacol. With ABTS as a substrate, the optimum pH and temperature for
the purified laccase were 4.5 and 70°C, respectively. The enzyme was highly stable in the pH range 3~11,
and the most stable under the pH 5.0. The enzyme was stable up to 50°C, and had half-life of 30 min at 60°C.
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The susceptibility of laccase towards several surfactants, inhibitors and metal cations was also assessed. The

enzyme activity was completely inhibited by DTT at the concentration of 1 mmol/L, but 1 mmol/L of SDS

activated the laccase activity by 128%. Laccase activity was also inhibited by several metal cations at a

5 mmol/L of concentration, especially Mn*". The purified enzyme efficiently decolorized Remazol Brilliant
Blue R (RBBR) in the absence of added redox mediators. The high production of Trametes. sp. SQO1 lac-
case as well as its decolorization ability demonstrated its potential application on dye decolorization.

Keywords: Laccase, Purification, pH stability, Substrate specificity, Dye decolorization
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1.2 FERFI SN
DMP (2,6-dimethoxyphenol), ABTS [2,2'-azino-
bis-(3-ethylbenzthiazoline-6-sulphonate)], Catechol,
Hydropuinone, 3-methylcatechol, 4-methylcatechol,
4-chlorocatechol, guaiacol, (BSA),
(Sigma), DEAE-cellulose DE52 (Whatman),
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UVv-2010 , pH

1.3 EFEERIEFREH

1.3.1 #hFiEFE. (PDA)
1.0L, 20.0 g, KH,PO, 3.0 g,

MgSO,-7H,0 1.5 g, Vg 1 mg, 20.0 g

132 EutirFiiEsns: 10.0 g,

KH,PO, 2.0 g, MgSO,47H,0 0.5 g, CaCl,-2H,0 0.1g,
1.18 g, 1.84 g, VB, (100 mg/L)

70 mL, -80 0.5 mL;
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Fig. 2 Effects of Cu®* concentration on T. sp. SQO1 laccase
production and dry weight

&1 REEMLEL

Table 1 Purification of laccase from 7. sp. SQ01
Super- Acetone DEAE-
Purification step natants  precipitation cellulose 52
. 1400 1088 610
Activity (IU)
. 213 30 6
Total protein (mg)
. . 6.6 36.3 101.7
Specific activity (U/mg)
. . 1 5.5 15.4
Purification (fold)
. 100 77.7 43.6
Yield (%)
2.3 —REMER
2.3.1 FHBEASFEHHE: T. sp.
SQO1 SDS-PAGE ( 3,
logW,—R¢ T. sp.
SQO1 62 kD
, 50 kD~

© FERZERMEDHARFATIKSHELL http://journals. im. ac. cn



pH 303
90 kD , 90 kD, 1.6 ¢
1414
60 kD~70 kD (3
a 1.2 ¢+
T. sp. SQO1 Al- S
batrella dispansus (62 kD)"Y Trametes ochracea § 0.8
o
(64 kD=2 kD)!"! g 06}
< 04|
kD Mr 1 0.2}
0 L N .
116 —  — 260 360 460 560 660 760
A (nm)
66 — e s N
 e— E 4 T sp.SQO1 HREGAIEINAT DL IRUL H 1T
Fig. 4 UV-Vis spectrum of the purified laccase in 7. sp.
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Table 2 Comparison of N-terminal amino acid
sequence of laccase from Trametes sp. SQ01
30 —  m— and other fungal laccases
Microorganism N-terminal aa sequence Reference
18 — - Pycnoporus cinnabarinus AIGPVADLTL 16
14 —  om—
) - Coriolus hirsutus AIGPTADLTI 17
3 %0fEHY SDS-PAGE 7347 Trametes versicolor GIGPVADLTI 18
Fig.3 SDS-PAGE analysis of laccase )
Mr: Molecular weight markers ; 1: Purified Lac. Trichophyton rubrum AIGPVADLHI 19
Lentinula edodes AIGPVTDLHI 20
2.3.2 ’5'-% Eﬁ K u;’% o QR lI'SZ ﬁlﬁ iH: 4 ’ Trametes sp. SQO01 AIGPVASLVL This study
1.25 mg/mL 280 nm
, 610 nm - 330nmgh 70°C ( 5a) T. sp.
’ L{Z"““‘ SQO1 25°C~40°C 30 min
evsky : 85% ,80°C 10 min,
’ ( 5b) 30 min 50%
, Leontievsky '
60°C 30°C~
2] 60°C, 30°C
' . ] 25°Ct?!
’ T, sp. SQOI (G. lucidum) 5eC,
65°C 1%
233 FREEN-imRERFT: 2 , T. sp. ’
o ; o i1[23]
SQO1 N- Pycnoporus cinnabar- 70°C 60 min, 80°C 10 min
rinus N- , 80% 2.3.5 I’fﬁ@ﬁﬁ‘]?ﬁﬁpH*ﬂpH%fﬁﬁ
[16]’ N- , T. sp. SQO1 pH 4.5( 06),
60%~70% [17-20] T. sp. SQO1 pH 4.5, Trichophy-
ton rubrum LKY-7 pH  3~404
23.4 FEMMBERREEMABEE: 7. sp. pH  2.2~2.8%
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Fig. 5 Optimum reaction temperature and thermostability
curve of 7. sp. SQO01 laccase
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pH 3.0~11.0 25°C 12h ,
pH 3.0~4.0 78%;  pH5.0
, 20%,;
pH 6.0, pH 70  pH 9.0 , 100%;
pH 10.0 pH11.0 81% ,
pH , , TR6
pH 6.0~8.0 (24
LacA  pH 5.0 30°C 4 h
70% ,pH 6.0 (101
LacB pH 4°C
24 h , pH 3.6~7.0 ,
60% , pH 6.0
85% [25] pH 3.0~
8.0 25°C 1h 14%,  pH 5.0~
9.5 25°C 16 h 12%2%
, T. sp. SQO1 pH
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Fig. 6 The optimum pH of 7. sp. SQ01 laccases
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Fig. 7 pH stability of 7. sp. SQO01 laccases

2.3.6 EEBTF. REIE MR FODH T 3B E 1 RY

AR , Cu*
, ( 3)
1 mmol/L 5 mmol/L Cu**  T. sp. SQOI1
1 mmol/L Co*" ,
112%; 5 mmol/L Co** zn**
Mn®"  Mg* ; SDS
Tween-80 ,
1 mmol/L SDS 128%
EDTA 1 mmol/L ,
5 mmol/L
DTT

, 1 mmol/L EDTA
Trametes gallica SAH-12

, 57.4%
1 mmol/L SDS TR6

, 929,24

1 mmol/L SDS

71%2¢
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Table 3 Effects of some metal ions surfactants and inhibitors on laccase activity (n=3, x=s)

/

Relative activities Relative activities

Metal ions Tl s mmol/L Surfactants/ inhibitors Tl s mmol/L
Control 100 100 SDS 128=+7.8 11453
Cu** 108=+5.0 108=6.1 Tween-80 117%6.5 108+5.4
Zn** 99=+3.5 777.1 EDTA 104=2.1 15%3.6
Mn** 99=+1.2 69=£6.5 DTT 0 0
Mg 106=+4.6 7946.8
Ca** 1053.1 99=+1.5
Co™" 112+4.5 78=6.5
Ag" 92=+3.8 94=+3.6
2.4 FHHZFSHEBIMNE (P. sanguineus ABTS
, 1.0x10°, T. rubrum LKY-7 ABTS
’ ’ 1.4x107)[12:23)
) Catechol
(231 Catechlol
4 , T.sp. SQO1 ,
ABTS
, ABTS . 2.5 &f5% RBBR Bt &
, RBBR ,
, , RBBR
Catechol Hydropuinone s s
2,6-DMP  Guaiacol 10~30 RBBR
( 3-methyl- cate-
chol 4-methylcatechol 4-chlorocatechol), 2,51 EREGARMEX RBBR i & HIS 0.
2,6-DMP , Guaiaacol (0.25 U/mL~1.5 U/mL) 100 mg/L RBBR
T. sp. SQO1 ABTS ( 9

Fz 4 T.sp.SQO1 FEEHIFN N FSE (n=3, X*5)

Table 4 Kinetic parameters for laccase from 7. sp. SQ01 (n=3, X=s)

K kea keat/ K
Substrate Concentration (mmol/L) Wave length (nm ) (mmol/L) (min™") l (mol/L~mi;1)
ABTS 0.5 420 0.02920.004 1422.5%235 4.9x107
2,6-DMP 0.5 469 0.230=20.003 43557 1.9x10°
Catechol 0.5 387 0.06220.008 1052175 1.7x107
3-methylcatechol 0.5 423 0.056=20.006 102.620 1.8x10°
4-methylcatechol 0.5 399 0.050=20.006 8011 1.6x10°
4-chlorocatechol 0.5 394 0.05320.007 151.3%17 2.9x10°
Hydropuinone 0.5 265 0.04720.005 1506.5%210 3.2x10’
Guaiacol 0.5 470 0.56820.078 532.8+68 9.4x10°
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RBBR , pH
10 RBBR pH 4~4.5 ,
pH 4.5, pH
4.5 P. sanguineus pH
3.0~5.0 RBBR 2 h ,
94% 112
254 REXMERSFNE: RBBR 100 mg/L,
0.6 U/mL, pH 45
25°C~70°C , 11
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Fig. 10 Effects of pH on the decolorization of RBBR
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