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Analysis of Decolorization Mechanism by Azo Dyes
Decolorizing Microorganisms

Naoko Baba, Hiromichi Sakaguchi, Takaaki Taguchi®
Nobuki Hayase”, Takashi Tamura and Kenji Inagaki
(Department of Biofunctional Chemistry)

The mechanism of azo dyes decolorization by Candida sp. MK-1, Aeromonas sp. B-5 and
Actinobacillus sp. B-11 were analyzed. The maximal decolorization activity was observed at pH
7.5 and 30°C on Candida sp. MK-1, at alkaline and at 35°C on Aeromonas sp. B-5 and
Actinobacillus sp. B-11. The HPLC analysis of the supernatant of the Acid Red 27 decolorization
mixture with Candida sp. MK-1 cell free extract indicated a peak which was not detected in the
blank. The retention time of this peak matched that of a reference standard compound of
4-amino-1-naphthalenesulfonate, produced by reductive cleavage of Acid Red 27. The decoloriza-
tion of azo dyes with cell free extract of Candida sp. MK-1 was promoted by the addition of
several coenzymes or lawsone. The remarkable promotion of decolorization was observed by the
addition of NADPH or NADP*. On the other hand the decolorization was suppressed by the
addition of glutamate dehydrogenase with «-ketoglutarate and NH,'. Therefore, it was suggest-
ed that Candida sp. MK-1 azoreductase catalyzed decolorization of azo dye by NADPH
dependent reductive cleavage.

Key words : azo dyes, decolorizing microorganism, azoreductase
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ARMFgeEE HiMEaR) Candida sp. MK- 1 ¥RO R 18, ks
TSR M M Aeromonas  sp. B-5
¥, Actinobacillus sp. B-11¥P 2 L 72, wIind
T S B 7z,

ER UEERE

Candida sp. MK- 113 GPY #:#s (1.0% Glucose,
0.3% Polypeptone, 0.3% Yeast extract, 0.1% KH,
PO,, 0.1% Mg,SO, - 7 H,0, pH6.0), Aeromonas sp.
B-5 K&U*  Actinobacillus sp. B-111Z L#5# (1.0%
Tryptone, 0.5% Yeast extract, 0.5% NaCl, pH7.0)
vy, 300C, 200rpm 12 CEFEL 72, BEMAREZEIZ 21
FNORHICT.5% JER & 4kt GRIEEE100ppm) 2 0
L 725 TITe - 72,
= B % #

AR TIZ ARSHO T VY 2 i L 72, Z Ok %
Fig. 1ic/RL 7z, BiABEREOENTICIZFEIC Acid Red
27 (Colar Index : C.I. 16185) # w7z,
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WEIAH © # % 2 —N50%/K49.7% /) > BE0.3%, T
& 1 0.6m/min, Inertsil CN-3 # 7 4 (GL Science Inc.
4.6mm X 150mm) % FH L4318 L 724> 7" )L % 210 nm W
I TR L7z, #iici3 Waters 484 Tunable Absor-
bance Detector # F\>7z, > 7 )uid 008 (15,000,
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DE T L2 7z,
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L < 13300mlDiAREE D A - 721000ml 53K 117 Z 23T
¥R (120[H) 2AT- 7. AREEOKRT L% R
(10,000 rpm, 20min) L, £53 3 & BRI 8 L 72,
Actinobacillus sp. B-11FRIZERE 21U WizH E 5128
705 (39,000 rpm, 60min) L 72, #5672 WA & 265 (0.9
% NaCl, 10mM KPB MK- 1 #k(2pH7.0, Aeromonas

HQ SO:Na COCH3 OH
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Acid Red 27 SOzNa
(C.1. 16185) Reactive Orange

-0~ M?}»{% O

Orange 11 Metanil Yellow
(C.1. 15510) (C.1. 13065)

C=C SOH

Fig. 1 Chemical structure of azo dyes.
Chemical structure of Acid Red 27, Reactive Orange

16, Orange II and Metanil Yellow. C.I,, color index.
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Candida sp. MK- 1 SRl & (C & 2 BB O

ARFGE TH V72 3 WRR OME— SR Al M T g
W% F> Candida sp. MK- 1 ST TORER ok
FaEAT-o 7.
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Table 1 Optimum condition for decolorization by three
microorganisms
Microorganisms Temp. pH condition
Candida sp. MK-1 30°C 2.6 shake
Aeromonas sp. B-5 30°C  10.0 static
Actinobactllus sp. B-11 35°C 8.0 static
HO SO3Na HO SO;3Na
NaO3§ =] Nal ,
+
SO3Na SOsNa

Acid Red 27 4-amino-1-

naphthalenesulfonate

1-amino-2-naphtol-3,6-
disulfonate

Fig. 2 Reductive cleavage of Acid Red 27.
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e
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o
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LW | 5.35

Fig. 3 HPLC analysis of the reaction mixture decolorized by
the crude extract of Candida sp. MK-1.
The crude extract was incubated with Acid Red 27 (B) or
without the die (C) at 30°C for 10h under static condition.
The authentic sample of 4-amino-1-naphthalensulfonate
was also analyzed (A) and the authentic sample was
co-injected with the decolorized mixture (D).

£, Candida sp. MK- 1 A0 Ik 1 0 Gk (1%
IO RE 24T ) 2 & TEDSRRERE % HEH L 72, Acid
Red 2707V 3khs iz g4 % & 4 -amino- 1 -na-
phthalensulfonic acid & 1-amino- 2 -naphtol-3, 6-
disulfonic acid "4 5§ % (Fig. 2). 22T, Candida
sp. MK- 1 fmlaliiiiic & 3 Acid Red 274 f# 4= %4
o HPLC 43 #4715 72, Fig. 312wl 72k 912, Acid
Red 27% Candida sp. MK- 1 40 Fa sl ik < i S ¢
S3Mr4 A &, 4 -amino- 1 -naphthalensulfonic acid &
12— b 2450 fltic e — 7 R s 7z, F72, Acid
Red 27Witat%: Candida sp. MK- 1 JE4 st g & 4 -
amino- 1 -naphthalensulfonic acid % L7500 L 725412
Bt — 7 MR TE 72, LI oSS & Candida sp.
MEK- 1 ZEfiadh 1% Acid Red 270 7 V'3 % G912
FHZ41, 4 -amino- 1 -naphthalensulfonic acid # 4=
LTWw2a3DEEZ LA, ZDRERIT Aeromonas sp.
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Fig. 4 Chemical structure of lawsone.
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Decolorization activity

Effect of the addition of various concentrations of
coenzymes or lawsone on decolorization by crude
extract of Candida sp. MK-1.

The reaction mixture contained 200 ppm Acid Red 27,
0-0.3mM coenzyme or lawsone and 50mM KPB (pH
7.5). @): control, ([): 0.1mM coenzyme or lawsone
(D: 0.2mM, (H): 0.3mM.

Fig. 5

B-5 K% Actinobacillus sp. B-11 & [RIEE T - 7279,

T —F TlIR L T, Candida sp. MK- 1 401
TR B R EE50°C, feafipH7. 52 AR L, BB o
077 I L) RIGE LT, 22 ER L ZORIE
IEBFER G TH 5 2 EHEM I Nz, @ L 50
W, BEe e eptoliity GEEFRRENKE) 2 518s T
DB HEM X 117z, Lk Z &5 5 Candida sp. MK
= 1 AR R MRS T OB G- 2R G Th B
AR NI, F 2RI EET 2{E5 T
MR &2 4T - 72,

39, Wb o bz B b 2 Hfif%sk (NADH, NADPH,
NAD*, NADP*, FAD, FMN) & Lawsone T# 7
AR 20 I R DT % 47 - 72, Lawsone & 13 Fig.
LITR L e & FE - 7o X /> T, AR I BOG o) il
ELTTZEMNICOHWLNT W 2WETH D, BT
V87 E—h X ) OWINC &) IRESRAE S L7 &
WO HEEDH Y, 6D X > TRETL 2. FOREH
Lawsone TIGHEDMRME S 172 2 &5 5 ARFEBR TH W2,
Fig. 51cRL72 & 912, Wt > 70T b RERLT
B BEAISEDSRIE I N T WD Z 000 5. FRiC
NADPH & NADPHCHBEZ iR & 7o - 72, Kic, Hlil%
Fichnz T Lawsone #iMT 2E R %1T-72. ZDFE
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B3 NADPH & NADP-Cicd A&h7cfRiEn 7 o
72 (Fig. 6). ZofR LD, Fric NADPH & NADP*
WHEBL T 3 BBk SR GLDH) dhnshio
WA R F72. GLDH (2 Fig. 7AD X 9 7 SO % fllit
T LHEETHY), fiEE NADPH # NADP* ([c#{bd
b, F 2O 72 IR EES LDH) B8 nsh R o5
2 M7z, LDH (3 Fig. 7®D & 9 7 )i % fildid 5
FEETH Y, #ilif Sk NADH % NAD' icig{b3 5. Control
Ll L C GLDH 388 a4 F 7V VB EHRML 72
2 7O TIEBATEESHH E TN 5 Z e e - 72

(Fig. 8). —J, LDH BB E B2 RmL 724
> 7V Cld GLDH o & 9 Ze il 7/ o vz 2 -
7z, U bEofER 5 Fig. 9 12R 3 Bkt 2 #am L 7.
#uR NADPH %Mtk s T 58K (TV/Vv 57”8
—YPThHBEHMENDE) T VYERNER L, TVY
Bl & I RIS 2 2 VWO B CTh 5. Z DR
13 Bacillus JEMTEDT V'V F 78— DIAEDD—H &
WET2ILDTH 5.

T—=ZI3R L T WS, BT Vv 77§ —ii{a 79
INFEFL T IA~>—2Hi2r /) 238519 PCRIC
&0 3EH TV D0 DNA BEIEK A 213 T2, 4
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@Q/ § QQ Q?‘ Q@
S < é?*
Fig. 6 Effect of the addition of coenzyme and lawsone on

decolorization by crude extract of Candida sp. MK-1.
The reaction mixture contained 200 ppm Acid Red 27
and 0.1mM coenzyme with () or without 0.1mM
lawsone ([]).
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%, TV 7 8—YilifaTnrsa—=> 79k,
AR T L~V T O BRI 2 IR S 11 5.
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Candida sp. WHF MK- 1 & {18 Aeromonas sp. B-5
KX Actinobacillus sp. B-1112 & 2 7V Ykl 0 [l ta ks
BN L 72, BREBIZ BT Candida sp. FERE MK-
1 I3 iR E30°C, femipH2.6% 7k L, Aeromonas sp. B
-5} U8 Actinobacillus sp. B-1113 5@ i E35°C, hEs
LEFT VA ) WA CiaRpHZ R L 7z, kb iR Bl o
HPLC 54 Cld, ekt sOniic T Acid Red 279
T=ICHIBHE SOCEEM DO — D WTHERR S, T VYRt DRIt
B SOGRIC & ) A L Tw b 2 E2URS L7,
Candida sp. MK~ 1 |28/ HHh ¢ D BEATETE % R,
Z DM IZ MRS S O Lawsone DESHNIC & D IRHES L
7z. ¥ NADPH & NADPHZB W CBHF AR & 7
> a7 F 7 Z ke NH,ClL 288 & L 72 GLDH
FOGIZ & D DR 2 72 2 2 h2 8 Candida sp. MK- 1
DT VYR O3 T NADPH ##ifsdk &35
TV —XRILRTH D Z &R ENT,

Relative activity (%)

0 1 2
Time (h)

Effect of the addition of GLDH on the decolorization
by Candida sp. MK-1 crude extract.

(M): decolorization of Acid Red 27 by Candida sp.
MK-1 crude extract, (A): decolorization of Acid Red
27 by Candida sp. MK-1 crude extract with 3mU/mL
GLDH, 0.22M NH,CI, 7.5mM a-ketoglutarate. The
reaction was started at 50°C.

Fig. 8

A. L-glutamate dehydrogenase (GLDH) reaction

a-ketoglutarate + NH," + NADPH + H*

GLDH

L-glutamate + NADP* + H,0

B. L-lactate dehydroganase (LDH) reaction

pyruvate + NADH + H* « LDH

L-lactate + NAD™

Fig. 7 Enzymatic reaction of GLDH and LDH.
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NADPH+H"
Ri-N=N-R:
Azo dye
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NADP"

Candidasp. MK-1

Azoreductase

Ri~NHz, Re-NIH-

Fig. 9 Proposed mechanism for decolorization reaction of azo dyes by Candida sp. MK-1.

Eil B

AWFTE A FEMY 512 d72 ) 3R 7200\ EE BRI Rk S
IS OEERL 7.

1)

& X |

Chivukula, M. and J. T. Spadaro : Lignin peroxidase-
catalyzed oxidation of sulfonated azo dyes generates novel
sulfophenyl hydroperoxides, Biochemistry, 34, 7765-
7772 (1995)

Lopes, C., M. T. Moreira, G. Feijoo and J. M. Lema : Dye
decolorization by manganese peroxidase in an enzymatic
membrane bioreactor, Biotechnol. Prog., 20, 74-81 (2004)
Claus, H., G. Faber and H. Konig : Redox-madiated
decolorization of synthetic dyes by fungal laccases, Appl.
Microbiol. Biotechnol., 59, 672-678 (2002)

Blumel, S., H. J. Knackmuss and A. Stolz : Molecular
cloning and characterization of the gene coding for the

ol
~—

aerobic azoreductase from Xenophilus azovorans KF 46F,
Appl. Environ. Microbiol., 68, 3948-3955 (2002)

Suzuki, Y., T. Yada, A. Ruhul and W. Sugiura : Molecular
cloning and characterization of the gene coding for Azor-
eductase from Bacillus sp. OY 1-2 isolated from soil, J.
Biol. Chem., 276, 9059-9065 (2001)

AR - N PURERT - FHOTRERE - A B - IR - el
e OBRER, HEE K O LS RE D IRNT, B LIRS Ry
s, 87, 47-51 (1998)

Hayase, N., K. Kouno and K. Ushio : Isolation and charac-
terization of Aeromonas sp. B-5 capable of decolorization
various dyes, J. Biosci. Bioeng., 90, 570-573 (2000)
RS - TR - O SE - AR R D T Yk & B
% Actinobacillus sp. B-11¥ko 438t s & 82 o i tadite, #r
RS S MR, 88, 71-75 (2001)

Yan, B., J. Zhou, J. Wang, C. Du, H. Hou, Z. Song and Y.
Bao . Expression and characteristics of the gene encoding
azoreductase from Rhodobacter sphaeroides AS 1.1737,
FEMS Microbiol. Letters, 236, 129-136 (2004)



