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Decolorization of Azo Dyes Using Quinone Reductase and Quinoid Compounds
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(Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education, School of Environmental and Biological Science

and Technology, Dalian University of Technology, Dalian 116024 , China)

Abstract: Using quincid redox mediator and bacterial cellular quinone reductase, we investigated the decolorization ability of gene-engineered
strain Escherichia coli YB and the effects of methylhydroquinone (MHQ) pretreatement on decolorization performance of E. coli JM109 and
anaerobic sludge. The results 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-L™" 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. Around 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 studies 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 with 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 £. coli JM109 and anaerobic studge pretreated with
MHQ are improved, After MHQ pretreatment, in the presence of lawsone,80% Amaranth (1 mmol*L™") can be decolorized in S h by E. coli
JM109, while more than 75% Amaranth can be removed in 11 h by sludge.
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KHWERECRBEAEBABARM SRR
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R, HAZRERMT A E P SRR
MMEME R AKILEY FAD.FMN M & E, REE%K
L& ) B R -2- 65 R (AQS) . B R-2, 6- i Bk (AQDS)
N 2-$ -1, 4- TR BB B A SR IR E ™ B K
B Y1 g A A A 3 1 S 30 b TG €2 0 30 T 40 741 4 M
PR b 5540 R 9 B BR A LR FERR I R RIE R R
BRE AL A W 808 T8 o A N i 20 BR , SRR B E T gk
P P18 R o SR R ™ A, i
KRAEMEIANG E. coli BR/EREEE AzoR BH
30% — B K Bacillus subtilis 18 & 38 JEBE AzoR1 I
AR RSB ZIHFREAMEEZBULEYNIE
_?,,_\[23,24] )
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RUEWMEREUERNE, HRTEERTRERE
E. coli YBXRARBWEE,FTHRCHIE
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1.1 #H
1.1.1 HFRIFIEERE

E. coli IMI09 N FH THRBEE K H K.
E. coli YB %A A R. sphaeroides AS1.1737 f &
B JREFE N azr (GenBank B 35% 54 AAN17400) By &R
¥i pGEX-AZR, AL R F A THEWE™ . REHS
RE A KETENR G KEHE , EREEFIL.
1.1.2 HEHE

IB}EFHE:100 mL HEFEFEFEH 0.5 g BEH
B, g EHAMR,1 g NaCl, @Y pH=7.2,  FHHE
FEI R

JiE €0 b 7% 3 < B TALER B SR EE I A B (10
mmol* L™ ) A . 100 mL LHLEIEFREPFFTH0.1¢
NH,Cl, 0.1 g NaHCO, , 0.02 g K,HPO, , 0.02 g MgSO,
*7H,0, 0.05~0.2 g NaCl, 2 K HF 1 mL, B ILE
1 mL, 48K 97 mL,#8¥ pH=7.0, I FEREA Y
BB .
1.1.3 BAEYREH

WEROAANAHRWEABALE, SHEBR
RAHARERTRFLRAREREAE, BA
BB AL 250 R B KRR K A 1 B

OH

OOty
wosL )

SO3Na
MM KLIGR, Amax =509 nm

COOH
Tl

FRELAT , Apax=430 nm

1 AHRPEANBARE
Fig.1 Azo dyes used in this study

1.1.4 FEHE

Fl 25 (menadione ) | 2-¥23-1, 4-25F (lawsone,
LQ) . # 7 S B ( methylhydroquinone, MHQ) #I NADH
ZWAH Sigma ARLGEFNEER A MBFEAEA ML

SR IE G250 W A L EEAY TR A IPTG
MEEAY TR(KE)AFR; KRG B RE>54
et

1.2 HEHERAEASENNE
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B o2 30 %

S L4 TR 40 I SR IR R R R, SR B ¥R
SCHRL11] . 73R 40 F - 4% 85 37 )5 %50 (8 000 r min” ',
20 min) W £ I B R SE ZE MR IR K48 (- 20°C) F 8 %
A B S FRIRMA, R A SRS T KIS
BB 40 Mg 30 min, Rk #B 1.0, R )5 B 0 (22000
rrmin”', 20 min) Yt FE WK, DB HE. R A
Bradford %™ M E M EH & &, LA ME A E A
YERR RN .

1.3 BWESHEER

REARZK BN 2 mL, pH=7,30C . ik
FH 20 mmol' L' BEBRE PR H, & F 5~ 100
pmol - L™ FARELT BF 2.5 ~ 50 pmol-L™" LQ, — & &K
5 0.1 mmol+L™' NADH. i LA fin A NADH FF 44,
BREH S G EB A JASCO V-560 B 4 % 6 B it
B, B YRS Y, 7E R R B R IR A T
F R e 2R B9 W ¥ B I ot A A A 0, A R 1
BETE BEYE B (U) & X R ERMET (pH =
7, 30°C), % min BEAL 1 pmol JEW T SR . BE X
EeE I A BRI E TS ST .

Bt H (A, =430 nm,e = 23.4
L+ (mmol - cm) =" ] B K W% M 6 U K &b W O BB By AR
TR B RE R0 RS .

BT LQ 7271 WOt XA R ik T 4, BOE i 4 i
NADH[ A,, =340 nm, e =6.22 L- (mmol-cm) ~' &
P Fe 38 R D g ) g S 1
1.4 Ji 6o 55 3% 7 Bk BB 6 H 0

W 35 3% J5 WCER 10 B A BB BT IO 9 O P A £ B
Frdk HEEARE(TE) X 0.7 oL, IA—
EREEAEY , BAS 15 min, FIIAE R IR
(R AWE 1 mmol- L™, FEH W W BB R 50
mL), % £ 5 A 30°C 15 346 9, W02 L R
Dl T2 38 5 B[] V) G PR, BBOARE ¥ ol DA R B A Y
BB L (8000 rmin~',10 min) /5, LA fin Yk}
B A IE TR S L, B I 55 K MR R B K A B TR
E FHETAITERG AR,

A, - A

AO
b, Ao VIR 2 RSB ; A, 35578 ¢ )5 R
R

< x 100%

r =

YRR T 70% F2 A i 1B € 3R B, 2R AN R
A IR 2 JURHR B R BB & B4 WA 1, S A
HEEBEES.

L5 BEIRHE R & M e
HAEMT R A=A R, B R(d =

3mm) N T/EHEK,FEM (2 cmx 2 cm) HET B
e, M ATH R AR (SCE) 5 e B A% (100 mg- L™ %
#F, 0.1 mol-L™' Na,SO, ¥, pH 6). LK+ H
PARSTAT 2273 %Y e 4k 2= T 4E 3 W i I 08 R R &
i £ . 52 30 B 22 0 Al AUSUBR L 15 min, FREE R 50
mV+s™',fE - 800 ~ 500 mV 78 B ATEFFFH 3 K.
1.6 MHQ Tl &b 2 %of B 2 14 5% i

£ LBHIEFE E. coli IM109, FF B M Dy 35 3
0.6 AN , HEKIERSES EXTNIA—CR
MHQMW s B, R AW E(TEIN 0.7
gL', i & ¥ 3% 10 min; M /5 MM A LQ (0.2
mmol*L™"), B & X 15 min, B A 326 5 K 40 (1
mmol L™ ) FRR AN . IEH vk ERET R (35
TRAWPE MISS =4 g L )BUR E. coli IM109 % %2
MHQ i &b 28 %4 ¥5 e i (8 W G R i S i

2 GREHSW

2.1 HIMBEENER E. coli TR LA
£ 3

9L E. coli M109 1 E. coli YB 4R 1R
By e, ERHXEFEREIR LQ W . KA
2(a) TR, E. coi YBHEBRYWEAEBH E. coli
IM109 EE B AR R ARG M, MR B4 E N 50
pmol L™ "B , MU I LI I NG H B 5 5L L . Wi |
B 2(b) AT Al E. coli YB 2 B4y A9 BR 38 JE M 15 P
WIERT E. coli IM109, % LQ Y& H 50 pmol- L~
B ATEMLE D REEN 175U L.

X5 E. coli IM109 # E. coli YB 52 % 41 iy %t
WL KRB ,48 h 5, B E ST R B R
BAUCK 2%k4G REERTERE E. coli YBEM
WX T KERMHELRIEE AZR, B X RBY A K
AhE Eep R I H B A B, 1E A 40 PR A K
F ERREKRENHEART E. coli IM109. H HiH
A, X TR RS AR R &, B T Yeos 4
T 5 F% 45 g B L B 5k Y v A (6 JELAR M A\
PR T R I A P o R 2 3 1 1 LK R
ML) R FEVER .

2.2 LQX E. coli BifaE3RLT ML

MBEEFRETMARNRKKEN 1Q G, %
BE. coli WRAFELN. WHE 3(a), BN EFELEN
E. coli IM109 X B3R 41 B A A £5,0.2 mmol L™
WQARAETXBRENREERBEIEE, 6 h ARG
5% (BREEENEREREH# — S RE RHERRR T
Fe,THERH THWREN IQFEEZ RES RS



6 3 AP R - IR S X B AR R B R e A 1813

0.18 - 20
o1l @ mEES gl o mEEE
.
0.14 L
0.12 r
T
g 0.10 - a E. coli IM109
2 0.08 % ® E.coli YB
N
0.06 ~
0.04 ne
0.02} /"_.—_.—' 02t
0 i | — 1 1 1 0 1 L Il 1 i
0 20 40 60 80 100 0 20 40 60 80 100
Cnethy! rea/pmol-L™! Clawsone/ppmol-L™!
2 PE A IR K R N 0 RS R AR R
Fig.2 Azoreductase and quinene reductase activities of crude enzymes
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(a) E. coli IM109 (b) E. coli YB
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o 60 ™ 04mmolL
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€ g
B 40 =
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B3 lawsone 7t E. coli JM109 %1 E. coli YB e R LA MHMIM
Fig.3 Effects of lawsone on decolorization of Amaranth by E. coli JM109 and E. coli YB

MFRERAMAERIERARHE, BT REH TREE
B LQ A4 M kBN . il 3(b) W L, Ak LQ 1Y
FAEWRBREH E. coli YB B BT, KEE M
WA 0.2 mmol L', 2 h RAI A 75% . ER%:
REVER E. coli YB LN &8 R IX 0 IR E JF
AZR, 5N B RS 5B 6, 1% T 58 vk 8 66k
71 . LQ FETERT E. coli YB Xt & ¥k ¥ i ekl o A £
BME. 0.2 mmol L' LQFAFET, 8 h A W3 41.(5
mmol-L™" )i 50% .
2.3 menadione X} E. coli YB i &% 34T 12 T
RSB THERI, 5 LQ Mk, F A T4
Y1) menadione 2 AR 7 JR B AZR E N E S WK
W' H M, % %% menadione Xt E. coli YB i a0
R0 . i B 4 67 A1, menadione X [ 8, 1 FH — &
HI{2 3 1E B, A¥EFE menadione 15 LT 24 h (X B
Jit €6 10% , T 2.5 mmol+L™' menadione FZ7E T 12 h
BEML 70% DL L, RFMEABZINBE HE LQ M

100

—&— 0 mmolL”! —O— 1 mmol-L!
—&— 1.5 mmol-.L™! —%— 2 mmol.L!
g0 | ——2.5 mmol-.L™! —— 3 mmol L™!

B 4 menadione X} E. coli YB it £ 5 3% 41 &9 % M)
Fig.4 Effects of menadione on decolorization of Amaranth by E. coli YB

bb PR BOR B .
2.4 LQFETER E. coli YB XA By ELEM
5 LQ FETEME E. coli YB BEE B W41 6
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FHIREENE . LQ TEFERT, E . coli IM109 7E 12 h 1Y
ABSEN 2 KI5 . T S KB, 12h N E. coli YB fE
FERL 4 B, LA BE e e .56 3.4 R A Bt £ AR Xt
TR 2 KA BT, 0T B R B T R T L A A 2 0 ot
TR T FE VR BE PR A BT B, T RE R R AR AR M B
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Fig.5 Stability of repeated decolorization by E. coli YB

(a) RIEXLOGR

—#— 0 mmol-L™!

90

—4— 0.2 mmol L
—o— 0.4 mmol'L™! —%— 0.6 mmol-L!
—o— 0.8 mmol L™}

75

60

45

BER%

30r

10

2.5 LQXt E. coli YBBifa B Ykt Em

MREAEREPMALSRKKEN 1Q T, %
% E. coli YB BB M KL GR FIVE M # 4 K-2BP
BRSO . I 6 AT A, LQ BIFFEST E. coli YB BifE
X 2 Fp R L AR A R AR, JC A A AR B e 2
AR . 0.2 mmol- L' LQ 7F7E F X B K41 GR
BEamR#EERRENEE, oh 6 70% 0 £
0.8 mmol*L™" LQ f77E T X i% M # 41 K-2BP it fa
TRV F B B 35,30 h it 70% 245 .
2.6 MHQ HALFESE E. coli IM109 FRE 1516
e FaR:0p- Al

Z SN MHQ #F S 4L 2 10 min X S {2
ARG A 5 3 . iR & 7(a) BT A, MHQ i b 3
X E. coli IM109 Bt f8 W KL A #H/EH . R4 MHQ
AL BEHY control 5 h AU L8 60% , £ 0.5 mmol-L™"
MHQ #i4h B 5 58 7] B 2 80% . i 7(b) BT 41, LQ K
FRTEXHTS U8 66 00 SR 4 o A (R stk R VY, Ak A7
TEHY control a 11 h EARREE,1i LQ FZ7ZE T control b
11 h 53] 25% LA B3 . 0.5 mmol-L™' MHQ Hikh
B (R S E BB, 11 h AT 75% LA L.

(b) FEHEHLK-2BP

—=— 0 mmol L!

80
—&— 0.2 mmol-L!
—%— 0.4 mmol-.L”! —0— 0.6 mmol-L!
—e— 0.8 mmol-L!

60 -

20

"

0 e

i} 5 10 15

t/h

20 25 30

6 lawsone Xt E. coli YB fii 14 X 4T GR MBI 4 K-2BP KXW
Fig.6 Effects of lawsone on decolorization of Acid Scarlet GR and Reactive Brilliant Red K-2BP by E. coli YB

3 g

SR JEA A R FS F A BB e, T
FIB AR B TR A, BT LA R R 3 8 K
1 ZBJLAMRERT A BRI ER, BR
BB R QT 4 AR 245,58 1 S 23
RRENT RN BRI, E 2 S RBALNBAMN &
2B R G RBTITR IR KAA T E R A
EFENE FER BR800 40 M o 40 R
PO TR S D )5 TR, S5 TRLHE 2 M O R DR X B A

LM B RG R, EH B AR S YR
#1021 AZR BLAT R IE RS MY, B ST E A
A P FC IR O I B 95 4, 58 3 A0 o R A A SR o 33
PR TR R A R )

WA RE T HHFHBEE LR fre
) E 4 Sphingomonas sp. strain BN6 52 % 40 g X1 {8 &
BRI R B A S,30 h EBARK 75% £
£ Hong %' # Fi AQS #1 AQDS fE 3} & 4L iE &
AR, # 2T Shewanella decolorationis S12 ¥t 3 41
ML, AR A X B S A RHEEA.8hE
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(a) E. coli IM109

—a— control

—o— 0.1mmol-L!
—»— 0.3mmol-L!
—o— 0.5mmol-L!

100

(b) REABR

—e— control a
—a— control b
—— 0.5 mmol L™

’l //
—F—— "

0o 2 4 6 8 10 12
t/h

7 MHQ FAEX E. coli IM109 7[R #75 e it & 50 4T A K M
Fig.7 Effects of MHQ pretreatment on decolorization of Amaranth by E . coli JM109 and anaerobic sludge

Ji 4 33K 75 % A2 A T A S B o i YRR R R A 4 i
HEEETAEENAE/ALRE,0.035 g MM (TE)E
LQ fF7E T AL 2 h AKX E 75% , 20 Hil C R 1E
BRI AR AR I AR TR
R FRRBEE T TR

AR R B R AW BE A N E AR R
R REREE LRV RY , S E i #HoR Yy
TE - 320 ~ - 50 mVZ [ i BR 28 AL 38 SR A 13 AT
BEAEREBALREPREAFRNINE. X —R
B R th %8 NAD(P)H WAL E R B ERMBAES
i AL B R H B B Y LQ IR LB R
B #3% - 137 mV, i menadione HJ & 4610 B B8 & &
F -50 mV' , B menadione JF N E—FHHEB R E b
BIEA R BA LI A & B menadione ) F£7E X 33
B ER —E KR BEER, B REAERCRUHEA
41 LQ . Hong 200034 S decolorationis S12 18 &, WP 1% #)
BRI BR G Mk & ) 0 40 BB b B TR O g R 2
A TR EE 44 AT menadione 7]
e A THRE R R FERTN E. coli YB R
WRAKRETREER.

H4E Nemst J7 2, i J& R N 5 E 4638 J& 9 B 1Y
R AR B B R MR BE A K L AR L BB, W R 5 B
JR AR 3 A A SR R o e d K B #9 R
Ky BEPE K 4T GR(E, = - 684 mV) < RLL(E, =
- 540 mV) < {EMEHL K-2BP(E, = - 176 mV) , i Lt
Bt £, 2 S g /> B K B A 2 TR MR 4L K-2BP <
FRYE KT GR < J3RLL . M K 4T GR 1938 JF il F dix
16, B L B MEAS o T B0 I T 9 P 41 K-2BP R iR
FoaA R BHAZEHER, BRARBALFLE 2
ANGEEREE B, W] 6B 32 3 25 (5] o7 B i 52 W 3 BOH e B

R JE RV 35 YEHE 4T K-2BP M BOE AR K FH
ftb 2 Fob Yot , o AT RE R LA A B fh 2 S HY BT UL SE 1)

IR OB R, A MHQ ALK B 55 R R
A&y 225 S N V] F T A B T 3 4R HI L/ R
R R 5 REP AR LB MHQ Bl
X E. coli IM109 BE AR A Y RA R 1ER . RIES
R PCR LR KW, 4 0.5 mmol-L™' MHQ
FiALHE 10 min 5, E . coli JM109 J 6 44 I {8 R/BR &
JEEEI 45 2 H azoR W5 F KR T T K 50 15
(BxkFE) . HiI, MHQ B FiAL B Al 5 R &R I+ AzoR
S (B L/ BR AR SR B N B R8T (R i BR KA 16 A7
ATFHEEBRALBNEG HRRAERESGE
a R R P E S A RAR 5L B ER
A (ol 25 Hg B o D AARCY DR IR 2 Mk A& W xHB R L
EMEREFEFAY N RSN EERERREA
MR HEZRHAENERE, FEHANSERNARF
FUBI R R EIRSE E. coli 1 azoR R E
H—E LR FERETES T TS AR
WAE R MBRPHFEERBENANE, LEA
EERP A EEN 0% ~95%EL ABRT
MHOQ i 40 28 % BR 48,95 U e €2 18 B e b A B B i {2
PR EHERERAKE BB ST, BiE AL
Fehw RO B (B B0 18 Y R X I PR TS YRR UL
RAMEN, BFEFERKNOEREAEBEBIRTH
AEBEGUR MHQ B BB B S RAWRK AR,
R 8,53 %, % Bk Y SERR LA FF FIRABTS.

4 it

(1)E. coli YB #0842 B4 ) 18 8 IR B 15 1
FIER R BB S H K KE T E. coli IM109,{H 8 F
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% 30 &

bk o F 2 7% B 45+ B FLBUR B ) 1 A i L I
3% B 40 B AR o M B BRI, IR TR RR BUIR 2518
RGP A B 2R 5K B8 B TR B M LA R
EEM.

Q)M LQ FETERT E. coli YB M5 RE S
AR EMRHAMEM, 0.2 mmo- L' LQ BET,
E. coli JM109 7% 6 h A BEML 8 75% , 1 E. coli
YB 2 h 5t Al R LT (1 mmol- L") B8 75% . A~ {4
BIAREFE Y RMEHE T RSB E SR, HEm
AEHETERTREAER G RS, K
ERFEMCRENRRY. ME LQ FER E.
coli YB X ¥R B A e bt A5 JBE B 3 R

(3)5 LQ Mt , &b iF JF B8 ¥ 3d B 9 menadione
X R R B, R HIF AR —FEEN
AR A

(4)LQ FFFERT E. coli YB M WA M EE M4
BEHREE, 12 h NERRESERL 4 R, T E. coli
IM109 X BESE AR 2 IR . LQ W FTEXT FEEM B B 2K
2 FB B SR MM R4 GR FITEMEHS 4T K-2BP Wi
BhAREER.

(5)MHQ FAALHXT E. coli IM109 FIR &SR K
Jit 2 BB I B AR HEER

B 30W -
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