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Decolorization of Azo Dyes Using Quinone Reductase and Quinoid Compounds
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Abstract: Using quinoid redox mediator and bacterial cellular quinone reductase, we investigated the decolorization ability of gene- engineered
strain Escherichia coli YB and the effects of methylhydioquinone (MHQ) pretreatement on decolorization performance of E. coli ]M109 and
anaewbic sludge. The resulis indicate that lawsone is an effective accelerator for azo dye decolorization by E. coli YB overexpressing cellular
quinone reductase AZR. In the presence of 0. 2 mmol* ™" lawsone, 75% Amaranth (1 mmol* L™ ") can be decolorized in 2 h. E. coli YB
can also decolorize high concentration of azo dye in the presence of lawsone. Awund 50% Amaranth (5 mmol L™") is decolorized in 8 h.
Compared to lawsone, menadione is a less effective mediator. E. coli YB takes 12 h to reach 70% decolorization in the presence of 2. 5
mmol* L.~ ' menadione. Repeated decolorization sudies showed that E. coli YB had stable decolorizing ability in the presence of lawsone. Four
rounds of repeated decolorization can be completed in 12 h. Lawsone can also accelerate the decolorization of azo dyes wih complex structures
such as Acid Scarlet GR and Reactive Brilliant Red K-2BP. With the optimal LQ concentrations, 70% Acid Scarlet GR and Reactive Brilliant
Red K-2BP are decolorized in 9 h and 30 h, respectively. Decolorization performances of E. coli M109 and anaewbic sludge pretreated with
MHQ are mproved. After MHQ pretreatment, in the presence of lawsone, 80% Amaranth (1 mmol* L™ ") can be decolorized in5 h by E. cdli
JM109,while more than 75% Amaranth can be removed n 11 h by sludge.

Key words: genetically engineered bacteria; quinone reductase; redox mediator; azo dyes

[1.2]

’ . ) fre
Sphingomonas sp. strain BN6

60%~ 70% " . 30 .
3
3 L MM
, AZR Escherichia coli
4 0] ’ YB
Rhadobacter phaeroides AS1. 1737 10 ,
.Blmel
Xenghilus azovorans KFA6F
B : 2008-09-04; :2008-10-24
azo . (50808029)
50 : (1983~ ), R

? , E-mail: mizhou@ yahoo. cn

* . E-mail: jruofei@ dlut. edu. cn



1811

FAD FMN ,
-2 (AQS) -2,6 (AQDS)
2 4 [ 14~ 19]
7 (20~ 2]
E. coli / AoR
30% Bacillus subtilis AmR1
AnR2
[2.24
AZR
L2 -1, 4
= AZR ,
E. coli YB R
E. coli M109
HO SO;Na
SO3Na
LT, Amax =520 nm
/Cl
/N:C
OH HN—C

— \ Cl
Oy

SO3Na NaOs;S SO3Na

EHEHEAK-2BP, Amax =540 nm

1

Fig. 1 A dyes used in this study

1.1. 4
(menadione) 2 -1, 4
1Q) ( methylhydroquinone, MHQ )
Sigma

( lawsone,

NADH

1
1.1
1. 11
E. oli M109
E. ol YB R. phaeroides AS1.1737
a@r ( GenBank AAN17400)
pGEX- AZR, e
1. 1.2
LB - 100 mL 0.5¢
,1lg , 1 g NaCl, pH= 7.2,

: (10
mmol*L™ ') . 100 mL 0.1g
NH4Cl, 0.1 gNaHCO3, 0. 2 g K2HPO4, 0.02 g MgSO4
«7H,0, 0.05~ 0.2 g NaCl, 1 ml,

1 mL, 97 ml, pH= 7.0,
113
1
OH
OOy
NaO3S
SO3Na
R KLLGR, Amax =509 nm
COOH
o<
B “CH,
FIHELL, Amax=430 nm
G-250 ; IPTG

( ) ;

1.2



1812 30
, 3 mm) , (2 emXx 2 cm)
[11]. (8 000 r*min ', , (SCE) (100 mge L™
20 min) (- 20°C) , 0.1 mol*L”" NazSOs ,pH 6).
, , PARSTAT 2273
30 min, 1.0, ( 22000 15 min, 50
r*min ', 20 min) , mVes ', — 800~ 500 mV 3
Bradford ' , 1.6 MHOQ
LB E. coli ]M109, Dy
1.3 0.6 , .
2 mL, pH= 7,30°C. MHQ , ( ) 0.7
20 mmol* L™ , 5~ 100 gep ', 10 min; 10 (0.2
Bmole 1" 2.5~ 50 Umol*L” ' LQ, mmol*1” 'Y, 15 min (1
0.1 mmol* L™ ' NADH. NADH . jmoleL ) , (
JASCO V=560 MLSS= 4 gL ) E. coli JM109
: ; MHQ
. (U) : (pH= 2
7, 30C), min 1 Pmol 2.1 E. coli
[ A = 430 nm, €= 23.4 E. ol M109 E. ol YB
Le(mmol* cm) '] , 1Q .
. 2( a) , E. coli YB E. coli
LQ , JM109 , 50
NADH[ Aw= 340 nm, €= 6. 22 L (mmol* cm) '] UmolT,” ', 5
12 2(b) E. coli YB
1.4 E. coli M109, 1Q 50 Hmole L™
: 17 .
, ( ) 0.7¢g°L ", E. coi M109 E. ok YB
, 15 min, ,48h
( 1 mmol-L” ', 50 2% . E. coli YB
mL), 30°C , AZR,
(8000 r*min” ', 10 min) E. cwli JM109.
3,1
T o
,Ao: s A t 22 1Q FE. ol
n
70% , E. oli 3(a),
, , E. coli ]M109 , 0.2 mmol* L'
L ,6 h
1.5 75% . ,



6 : - 1813

0.18 2.0
(a) R B 18l () BTSN
0.16 - :
°
0.14 -
0.12
T
@ 010 » E. coli IM109
é 0.08 | e E.coli YB
-~
0.06
0.04 - 04}
n - )
0.02 ././-/"’— 02t
0 L I L ! ! 0 o i T L I n
0 20 40 60 80 100 0 20 40 60 80 100
Crmethyl rea/pmol-L! Clawsone/pmol-L 7!
2
Fig. 2 Azoreductase and quinone reductase activities of crude enzymes
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