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Decolorization of acid orange azo dye catalyzed by laccase

HUA Yu, CHENG Geng, WANG Ying-ru”
(School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China)

Abstract : Degradation of acid orange, which is a typical azo dye, is investigated by using laccase extracted from
aspergillus oryzae. Influences of reaction time, pH value, adding amount of laccase, temperature, dye concentration on
decolorization rate are explored.Besides ,the decolorization effects of EDTA ,SDS mediator and metal ions are studied.The
suitable decolorization conditions for acid orange are found as follows :the reaction time is 50 minutes,pH=6,the enzyme
dosage is 2 ml, the reaction temperature is at 50°C , and the initial dye concentration is 0. 1 g-L™'.Decoloration rate of
acid orange is 88.32% under the most suitable conditions. The effects of metal ions and enzyme inhibitors on the
decolorization of acid orange are also studied.It is found SDS can inhibit the catalytic activity of laccase significantly , Fe**
has a whole inhibition to laccase ,and Mg®" has certain promoting effect on decolorization.

Key words:laccase; acid orange; catalyze; decolorization

B BB T 23 R A EUER L 230 | =R e
[N 7 S SRR I P S s SR o S
70% "> Al Tl 7= A R YeRh R K e 8 g K Y 3=
BLTTHRAT , ANENR e ta 22 B Akt SR
Tk, BRAEAE = YR L 7107 ¢, H 2 15%11)
bl 45 Al e o Tl BRI R B p ) e T
Tk i Gk TN T A= R i B AR 3k
FEPE B A, S AR ST P A AR

Yok K H UL b B 5 A Py B A2k
AN R ZEER AR AL Db AR i Ty vk
W3 A7 TE A L BEFE KL kTS Y M A )
RO AT B Ak AR A B T A
A ARG AP RS Y AR A AT AR R A
PR e 3 3 Gk () o] A AR AR S — Fp R BE AR
BRE",

Bl (Laccase; EC 1. 10.3.2. ) &2—Ff £y &k
RS Piao 451K B 2 T AL A Ak hE
o IETEE A LA R S 1 s AL BEAUEY A (BPA) , 1]
FRVEPERIRR E 1 B B4R 57,25 mg/L BPA W 7E 8 h

PR 90% , Sun 45" FI] FH -2 % ity A1 BH B 1
g5t [ H IR SO T A o £ R = A
(TCS) . BEMERE M AL ZFh 75 5 W Ak & 4 00 K fige | 7
SN H R LA FL A7 ) YRR A T B T4 A )
IR 8000 F- 30 B K T A A R K B R R
M A A e 0 SR R RS, W o e T 25 4%, TR
IHAHFTE T — 84 @ B 1 0 B 3 ) 77 1 X 8 AL
SRR B2 LA A 8 1 FH T S PR 15 7K Ak 2 4 {1t
P

1 SEIREH

1.1 EFERXF
FRVERE , g T T A AR B A RS /A4
72 EER AN 1 RN R, Ve N B R A R R
0
[

OE—ONa
N=N 0

OH

Bl EpEEsTEMK

I f= BHHA.2019-09-08 ; f& = H A :2020-05- 11

YEE B ARA8(1996-) , T B -WF5e A R 07 1l S5 7K AL 3, 7990667 11@ qq.com; FE 4 (1972-) 2o, -1, BIZUZ , 0F58 Jr il SR 7K T Ge 45 4l

FiAR B LEA A, BB R A, wangyr96@ 163.com,



- 184 - LA AL T

AR FI A 2 A A it R R AR T 5 LR 4R
A [EL
1.2 FENUHF

=TT WA 6T, UV2900 #Y, | i 2% 5
fE - B 22 A R A BR 2 | A2 7= AR TE R IR A%,
SHZ-C &Y, b Bkt B 7 ge k) £ 77 i+ R OF,
FA2004N 7| b5 A A A BR A A AE ™
1.3 FerlHE KWK NE

FIFHEAM-RT WA EIEREE T 200 ~800 nm
b Yol T A YA W R AT 10 R, i YR
KGR Fy 484 nm.,

S AR Z2 v g 48 AR i v UK O I €2
IETIG0Y 5 B R N 3207 o W W s o 71 L
FE B FT S ARG RE (A) i (R0

B (%) = (1 -A,/4,) x 100%
A, FTA, 53 50 Sk ot 68 B 0 T IS 3 VRAE e R R
WSO AL ) I ST

2 #ZR5iE

2.1 | Rz 8 X B R S SR B RN

16 pH 2 6.0 =4 2 mL RN 50°C G
BHUREWRIE N 0.1 o/L AT, THEEIRGFEIR
HR R €SS2 R 4 By — B i ) BSOS I 7 e R W e
AT SR TR 3R R A b 5 A 1R 1 A
I8 € SR B s (] AR Ak 2 an 51 2 s

100

90} _—
8ot
S
T ol
ﬁ 60f
= sof
40t
30- 1 1 1 1 1 1
0 20 40 60 80 100 120 140

A ] /min
B2 R L A e
K 1] AR AL 2%

HH I 2 Hnl DL Bl I B ] ) 2 4 i
RGBT A, 7 S Y AT 50 min €055 SR BH .,
O RA AR, e B 5 kLo T 38 o0 $5 i i 4L
ol L €0, 24k 252 B K sz 07 B[], B £ SR AR 4 T AR
FE o SN 50 min B 658K 5] 85%,1 h JE i3
FRRETE 90% , 22 A K, PR L TE 5 23 56 v i a2 I
MBS TE] 4 50 min,

2.2 pHXREBEHRAZI

FEINTG A 2 mL R A 50°C e i 2 ik i

0.1 ¢/L &M, TAEEIRG #2 K T RN 50 min,

F405F7TH

HRIT pH X PEAE I LB R2 MR, 25 R AN 3 R

8or /\\
70+

L

T 6o-

2 3 4 5 6 71 8
pH

B3 pH g B fd fLBR AR I €2 00 % v

i 1&l 3 AT, Bl pH 3K i 6 3 2 0 7
Jo FRERa% pH 76 5~7 JU P, 8 B 0 i (0 544
A[SKF] 70% LA b, pH 6 60,35 5 g 4, it £,
H 85. 67% , %5 3CHK[ 13 ] R 1034 Tl 1) it 7% 7
TR R A P18 P A iR — 2K
2.3 FEAEXEAENRENEN

75 pH 6.0 1 Bf S 50°C | Ye B} 5 & Wk BE o Hy
0.1 g/L M, T 50°C 1HRZE 7 #E AR 1 SO 50 min,
PRIT G T FH D ok i ot e s ), S5 R 4 B,

90} e .
851
R 80
¥ 75}
§70-
65F
60}

i 2 3 4 5
BRI /mL

K4 FEfEXARECRERRENTY

HT 1 4 TR0 S NEG /N T 2 mL I B 0
SRR, Gk I (AR 2 B O, 3R I R ROR
VRO, S Z B R Tl 5 IR 45 & I A8CR
LT 5 NG £ A 2 mL BB 63 88.329% , Ak£L
KR, SR IFToHg i, IR Y & 5 g 4 R4
o P, A PR R RN 2 mL,

2.4 BEXHRBHRNN

15 pH 9 6. 0 BERHTURIKIE 0. 1 o/ L BREH]
O 2 mL IS T RN 50 min , PR5T L EE X R PG
JIE G SE N S5 R A0SR 1 BT

F1 BENREECEBREEREMNEIN
HEE/C 20 30 40 50 60 70
Bi%/% 39.82 59.75 80.45 86.41 77.06 37.03

FER 1 HRT g0, U BE /N T 50°C B, Bifi 2 it FE Y
FET , BB R T A 1) JBE R R B e T, #E 50C
I 8RR B e KB, N 86. 41% , 4k S TV 1 [ W 1l
JE RN T B 332 R Ry Bl A AR I A



2020 F 7 8 EIEE  RIBELIBR RN RIS EHHS - 185 -

AR AAE T Y 28 1 T, R 2o i S BUR R
PRSI A AL 0 1 T R, 00 A R T A A
PR A I €0 1Y S i ¥R B2 A 50°C
2.5 FHRBREREXR BRI
16 pH 7 6. 0 IR FFHI A 2 mL IR B R 50°C 5%

T, T 50°CHE TR 5 #8 PR SR 50 min, #4857 G
B IE BT 5 U B2 O6E GORE % B €8 5 e, 25 R sk 2
B

F2 FBABREREXREELBRIEENENZIE
WA EREE/ (g-L7')  0.05  0.10 0.15 0.2  0.25
it €%/ % 82.95 84.97 83.36 83.22 80.50

H& 2 el LUA Y 7Egul BTt v BE R 0. 05 ~
0.25 g/L il P, M (50 R w2 T Bt 3, R 6
FAAZEAR, RPN E P 3R B RE it 52 55 5 T it
TS I TR TS YL
2.6 ERBEFHHEMEMNZM

TR KRR Cu™ Mg™ Zn™ Na' %54
J& B, P, 76 SOWAR ZR 3 I AAS ] 43 ) 2+
(Cu™ Mg* Zn*™ Na' Mn** Fe™ A’ Ni*") H)#ifR
Eh LURESIN G & & F IR R e R E S IR IR
4 I B 10 YRk R I RE A 45 SR Nk 3 R

*3 AEEEBFRARRERESF

X B AR RO B fa 2R %
L B TREE/ (mmol - L71)
&IRET 1 5 "
Na* 99. 43 100. 57 101. 68
Mn?* 93. 09 85.75 74.56
Mg?* 103. 46 106. 32 109. 86
Cu** 89. 69 83.33 77.35
Ni?* 91.01 92. 89 94. 52
Fe? 0 0 0
Al 52.20 45.95 44,09
Zn?* 88. 16 88.93 89. 25
¥ 100 100 100

13 3 W1, Na™ X R VRS i (5 LT B0 A 2
Mg™ Xof S BATSREEVE T, R Mg™ 3 2 AR 2 Ak
0 i R ) RS R, T H b 8 1 X B G R A A [ R
APIRIVE R, o Fe™ | AL X R A Jd €2 9 ol 4
W JUHR Fe® | J& T 58 24, i SCHk[ 14-15]
AR Fe™ Sl MM AE 420 nm WG 2% | i i
MR G 2P, Cu® 2R RIS P rhl 0
R A P BEAE ] SR 2 R 5 Z A, Cu™ A
BB AR S i A7 — 2 M il VR, ELBE

B Co™ WREE R B R O R I B, X2 i T
] B R P A I, G 1 B € R TR A AR K TR
BTG 1 BTN, i R B IR VE R 4
J B s 5 E B A [ 2 1 B S P DT S e B
N, AL, Bl 4 m VR B B3 N, XA T Y
AT P (TN S ) 52 B
2.7 HHIFR X B £ 3R B B i

EDTA SDS J& ¥ B4 i 7], 38 5 38 2o 5 ¥ it 4
B IR A A A1 o Bl P DA 6 2% il 4%
D, FERTHSCIOAS B i A 5, 43l A 0
5.10 mmol/L [ EDTA -4 SDS , 445 B il 371 %5 i
AR, 25 R ANER 4 PR,

*4 AEREIRE EDTA . SDS 3t 5E L ERMEZN

A=k %
WA E/ (mmol - L") 0 1 5 10
EDTA 78.56  82.18  81.34  78.06
SDS 78.56  84.48  20.45 5.53

% 4 AT LI, EDTA X 2 i 30 7
ANBH R BIMER B ik 10 mmol/L HIRCR A & .
AL SDS X e (e A4 il R BA &, FLB % SDS R i
F1R) 18 R ) A SR A 1 S, 24 SDS ¥R 10 mmol/ 1
A B 8 38R 5. 53%

2.8 LM IR U SEIE 4

XoF SN T R A O € )5 1 P P A T VR A 7

AN -T] WGRE AT, 5 E 5 TR,

5

Wi
° = & v 4

00 300

N

500 600

400
K /nm

1——2%*4B§W§;2——0 min ;3—20 min ;4—50 min
B 5 2Bt ER AR B KA LA

FH L S AT, R M A D AE AT IO X (400 ~
600 nm) FEAE 2 ARAEM IO 3 2 A4S AT LG T
484 nm HWZ UG K 430 nm 4 W43 591 P R 1 A 1
2 ARl o SR AR B X 6 4 T SR Z5F B n—m ™ BRAT
Sl R RE RN EGEE, ALK
230 nm A1 310 nm ZbAY 2 AW 53391 A A IR 48544
TNZRIRLE R I O 0 ) Bl SN (AT, R
PERS Y 2 AN EIE I SO U 557 , 100 BH R 1 A e ) 1
ShRg A EOSUEE B IR [RIR R TR S Y RHE



- 186 - FAX AL L

E G 28 230 nm AL R ISCIEE TR | B SO s E] )
FEK 310 nm Ab B9 25 BRI I I R AR, S g 9E AT )
50 min A LR 2%, B B T DL A 2530 |

3 #ig

(1) 2K 8 AT IR ) 1 P R A A A 1 B €0 R
B fERE N 2 mL pH=6 J&E N 50°C &40 K, R
PEFE B E N 0 g/L B (438 A1 35 88. 32%,

(2) &R BT Mg™ R A — & e A
FH NP Fe™ Mn™  Cu® (ALY Zn®™ X4 B (54 11
HIVER, Jerp ke Sy 58 P VE A . D ol 59) 52 56
L], EDTA X i rg 0 il /E HIAS WL, T SDS Ayl
AR IR & W

(3) ZEAMGTE 43 1 22 WY, 1A% Tl e A o e o P A
BF, R VAR A RSB B e R Bt o s o s 1] f14) 28
ZEIB ST

S 3k

[1] Daassi D, Frikha F,Zouarimechichi H,et al. Application of response
surface methodology to optimize decolourization of dyes by the lac-
case-mediator system [ J |.Journal of Environmental Management,
2012,108(108) :84-91.

[2] Pramanik S, Chaudhuri S. Laccase activity and Azo dye
decolorization potential of podoscypna elegans [ J]. Mycobiology,
2018,46(1) :79-83.

[3] Robati D,Mirza B, Rajabi M, et al.Removal of hazardous dyes-BR
12 and methyl orange using graphene oxide as an adsorbent from a-
queous phase [ J ]. The Chemical Engineering Journal, 2016, 284
(7) :687-697.

[4] Cai C,Zhang H,Zhong X et al.Ultrasound enhanced heterogeneous

activation of peroxymonosulfate by a bimetallic Fe-Co/SBA-15 cat-

alyst for the degradation of Orange I in water[ J].Journal of Haz-

ardous Materials,2015,283(283) :70-79.

FERBE, JA AT, S G G BHE K AL BB AR TE SR [ T] AL T

27 4%,2013,64(1) :84-94.

(s

[

F405F7TH

[6] R, A 4EE , T S A8 A e K b B AR R 0F 5t Jig
[J]. 4kl 555, 2018,55(6) :56—60.

[7] Mota T R,Kato C G,Peralta R A et al.Decolourization of congo red
by ganoderma lucidum laccase : Evaluation of degradation products
and toxicity [ J ]. Water Air and Soil Pollution, 2015,226 (10) .
351-362.

[8] Hl, HF, Fht. BN 16 M 2R KN-B 1 ELH2 R 41 G} I €5
PEREL )] FREE TR ,2013,7(12) : 4835-4840.

[9] Piao M,Zou D,Ren X, et al.High efficiency biotransformation of bi-
sphenol A in a fluidized bed reactor using stabilized laccase in por-
ous silica[ J].Enzyme and Microbial Technology,2019,126.1-8.

[10] Sun K,Kang F, Waigi M G, et al.Laccase-mediated transformation
of triclosan in aqueous solution with metal cations and humic acid
[ J].Environmental Pollution,2017,220:105-111.

[117] BEARST, BRS¢, 25 SCAR. 11 20 7 b 34 e RHIR K 1 F 90 30k Jre
[J] AT 24,2015, (7) : 1-6.

[12] Catherine H,Frédéric D, Penninckx M.Product formation from phe-
nolic compounds removal by laccases: A review[ J ]. Environmental
Technology & Innovation,2016,5:250-266.

[13] fE3lt B, BRI L A & YRR M 1 ATT B GBI SY
[J].FREERl 2247 2014 ,34(5) :1236—-1241.

[14] Wang X, Hu J, Liang Y. Effects of metal ions on laccase activity
[J].Asian Journal of Chemistry,2011,23(12) :5422-5424.

[15] Murugesan K,Kim Y M,Jeon J R, et al.Effect of metal ions on re-

active dye decolorization by laccase from Ganoderma lucidum[ J].

Journal of Hazardous Materials,2009,168( 1) ;523-529.

G, X5, TR PR PR R 2 B R B H2 ¥ 86 YA fL I (M g

[J].BR5E T 224, 2013,7(2) :765-770.

[17] X448, VEME T, PhDE =, S5 FRIERS 7 Rk A (9 o0 S5 1oz A1 288 %
I3 RgE[ )] D S EE T, 2005,25(5) :776-779.

[18] Yuan R,Ramjaun S N, Wang Z et al.Effects of chloride ion on deg-

[16

s

radation of Acid Orange 7 by sulfate radical-based advanced oxida-
tion process ; Implications for formation of chlorinated aromatic com-
pounds[ J ]. Journal of Hazardous Materials, 2011, 196 (1) ;173-
179.

[19] Ong S A,Min O M,Ho L N, et al.Comparative study on photocata-
Iytic degradation of mono azo dye acid orange 7 and methyl orange
under solar light irradiation [ J ]. Water, Air and Soil Pollution,
2012,223(8) :5483-5493. 1

(L#%F 182 W)

RO TUEIEE B BRIk 2 AR A BUBURH R 4L
MIBFSE[ )] 0716 TR, 1998, (4) :44-47.

[13] Fouad N E,Ismail H M, Zaki M I.Recovery of red iron oxide pig-

12

[

mentary powders from chemically-modified steel-pickling chemical
waste[ J].Journal of Materials Science Letters, 1998,17(1) ;27—
29.

[14] Acarbas O, Ozenbas M. Preparation of iron oxide nanoparticles by
microwave synthesis and their characterization[ J].Journal of Nano-
science and Nanotechnology,2008,8(2) :655-659.

(157 B T R A S R A7~ MR Ts B T2 [T ] B Tl
2006,38(4) :49-50.

[16] Santhoshkumar P, Prasanna K,Jo Y N, et al.A facile and highly ef-
ficient short-time homogenization hydrothermal approach for the

smart production of high-quality a-Fe, 05 for rechargeable lithium

batteries [ J ]. Journal of Materials Chemistry A, 2017,5 (32):
16712-16721.

[17] REIEIE, SRS A i vk ) R AL R LU B B 5T [ 1] EHLER T
Ak, 1999, (3) :6-7.

[ 18] Ishikawa T,Wei Y C,Kandori K.Characterization of the thermal de-
composition products of 6-FeOOH by Fourier-transform infrared
spectroscopy and N2 adsorption [ J ]. [ Rinsho ketsueki | The
Japanese Journal of Clinical Hematology, 1992, 88 ( 8): 1173—
1177.

[19] ¥, B4R, B M. 4F b & 6 - FeOOH YR AH & 1 44 K 4%
a—Fe, 05 KA DI REBF ST [ 1] fL 2= 5k, 2004, 62 (5) : 485-
488.

[20] Nishida N, Amagasa S, Kobayashi Y ,et al.Synthesis of Cu-doped §-
FeOOH nanoparticles by a wet chemical method [ J]. Journal of
Nanoparticle Research,2018,20(7) :181-189.H



