51445 20
201143 A

X % ® I K ¥ ¥ R
Journal of Dalian University of Technology

Vol. 51, No. 2
Mar. 2 0 1 1

XEHS: 1000-8608(2011)02-0174-06
18] 5 6 A0 D5 v I Y R O O A S R R P ik £
x 5. B W EZE, F m oL, B a, & & ., B E K

(KEEIKF ¥R, 7 K#E  116024)

WE: \GHACEEN AT A BELHRAEME LM E AWK k. RKZ KT
EHBARTHGEAFENM—EREEZN ZETHEABELBEDHE NP0,
A RIS HEMNFEREV . BEEWEEE A LA EF B (Lactobacillaceae) | i #F # #}
(Enterobacteriaceae) # ) AT W £ (Bacteroidaceae) ; 3£ B % L B R & 2 5 B8 3T 10 # F [
EMBEBALHNED R EEZTRG 1L.3~2. 1 X EHENERE 10 KEFXMER F, 4 & &
#.41 KE-3B & £ R & 850 M E.

KB BAEFH AR EE N BAL: AN E
hESEKE. X172 XHEREM. A

G DA B BAT I DL R A B A R IR e K 2

A G2 W T 95 8L B g 4Rk
BE A R A e L AE GORE A A 7 RS T
A 1026~ 1520 19 YRHBE PE 7K HE A PR ERK 4, in =z
8 8 A BT A B FC I ik ™ ) ) BUR L BOE VB
AR ZBOVE T 51 E ™ Y2 Ak fd e R A
() R R K Ak 3 A B L AL
Sk AW SO T RS B TR RA
AR R GBS AT AR T RS e L R
TR K BB e A BB, R R AU S T (A
O) J2 4 X % K 1 e A BT IR . BUARIR AL
BT 4 15y 5 2 4 A A AP (H IR R BIAE i AR
RN R AR A YR o8 A A W B A R

Y298 2 W, 2, 6- fiffi R B R (AQDS) %
Wi 2 Ak G T LIRS S8 A i A A Jon i H, 5 A e
03 H, AR ) H, 52 A 1 £ 358 DACTID 31 0 4 e
g PAEI ) {1 AQDS 45— /K 5 M A A 7 K
Aib PR AR Z T 23 B KT I 2% L 3 i ks .

Van der Zee 55 & LI 4 ¢ 7l 4% A= 1) 36 )5 I
AT R S A A A, I 1 66 P N R 2 TR/
BB REZB TN TIRED
AQDS 1844 £ , 5 & & Hr# iy 6. 1 A% i BLis M

W B 2009-03-02; fE&EBAH . 2011-01-19.

EE€WH: EXARBHELFIIE (50578022;50978040).

f TR/ T 2 nm B REFLAL™ST T 3 A 9 T
KT 0.2 o, XE LA fi 2 30 AL R0k, b 5 1R/
e ) A A A T A PR A S 6 R 0 R T
PR % [V A JEUIR A D o A L e BE AT 1l JL 4 2
QR AR P (A4 5 0. 5~1. 0 A5 (H il T
BRI 5 AR F) 22 fk R ) 32 [ 5 TR 1 i AL 0
Ve o T HE— 20 4R . AR SORE R I8 Tt 1 S R IR
S8 E AL LR R bk R

1 BhekSrik

1.1 BB RE

TR 30 Ji TR A PR AR S5 56 28 DA 22 b IR AT g v LA
AQDS N HL T2 R E R
1.2 ¥k

KRR (g L O NH,CI 1.0,
KH,PO, 0. 5, K,HPO, 0. 6, MgCl, + 6H,0
0.2, CaCl, « 2H,0 0. 05, AQDS 0. 15, % %j ##
0.5; pH="7.0. JTCHLEE 55 75 & 0 A 5 4 4 55
AQDS MK Ky 77 3.
1.3 51 B

S FR S

EE® . £ 35 (1967-), 5, BI#I% 1+ 45 Sl , E-mail : jwang@dlut. edu. cn; AR 1956-) 5 #8% , 1+ 4 S0l



%2

T ORF: GEEARAFEEHGERRABIALBH LM E 175

926F: 5'-CTYAAAKGAATTGACGG-3';

189R: 5-TACTGAGATGYTTMARTTC -3';

RV-M: 5 -GAGCGGATAACAATTTCA-
CACAGG-3';

M13-47;: 5-CGACGTTGTAAAACGACG-
GCCAGT-3'
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Fig. 1  Spectra during reduction process of AQDS

by quinone-reducing consortium
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F 9 HEAT R e S5 SR sk 1 R, AT L, iR
W B B T 3L A W FE (Lactobacillaceae)
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SRR BT A V5 e vh R I B8 )z a0 A i R T
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JE B Desul fitobacterium dehalogenans ., 7= H 58 &
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Tab.1 Sequencing results of clones
WEX4FR Genbank B35 R AR ) T Ao AR/ % F
1-1 EU014852 Enterobacter aerogenes 99 Enterobacteriaceae
1-2 EU014853 Klebsiella sp. 99 Enterobacteriaceae
1-3 EU014854 Klebsiella sp. 99 Enterobacteriaceae
1-4 EU014855 Lactococcus sp. 99 Lactobacillaceae
1-5 EU014856 Klebsiella sp. 99 Enterobacteriaceae
1-6 EU014857 Trichococcus flocculi formis 99 Lactobacillaceae
1-7 EU014858 Trichococcus flocculi formis 99 Lactobacillaceae
1-8 EU014859 Trichococcus flocculiformis 99 Lactobacillaceae
1-9 EU014860 Klebsiella sp. 99 Enterobacteriaceae
1-10 EU014861 Trichococcus flocculiformis 99 Lactobacillaceae
1-11 EU014862 Lactococcus sp. 99 Lactobacillaceae
1-12 EU014863 Trichococcus flocculi formis 99 Lactobacillaceae
1-13 EU014864 Trichococcus flocculi formis 99 Lactobacillaceae
1-14 EU014865 Trichococcus flocculi formis 99 Lactobacillaceae
1-15 EU014866 Trichococcus flocculi formis 99 Lactobacillaceae
1-16 EU014867 Klebsiella sp. 99 Enterobacteriaceae
1-17 EU014868 Lactococcus sp. 99 Lactobacillaceae
1-18 EU014869 Trichococcus flocculiformis 99 Lactobacillaceae
1-19 EU014870 Dysgonomonas wim pennvi 99 Bacteroidaceae
1-20 EU014871 Lactosphaera pasteurii 99 Lactobacillaceae
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Fig. 3 Biodecolorization of Acid Red 3R
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Fig. 2 SEM photos of immobilized and co-immobilized beads
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Fig. 4 Effect of glucose concentrations on decolorization

of Acid Red 3R by co-immobilized beads
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Fig. 6 Decolorization of Active Red KE-3B with
repeated batch cycles of co-immobilized beads
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Fig. 7 UV-VIS spectra during KE-3B biodecolorization

by co-immobilized beads

B REAR L] KE-3B % % (0458 A —— i 2B Wy
R0 (BB P U g — 20 B T R A 3
I S P TR B 114 5 K A O A DRI L B4R
P RE B 4 1 181 G2 AL R LU o T 5 A T R A9 T
ety BE 7 L HE I B A PR R TR AT BT 5T
TAFIEAESEAT .

3 4 &

(DRIS J Beilil F 2 B, it 38 J5t o A 3 28 0 4%
M B B ( Lactobacillaceae ). W FF B B+
(Enterobacteriaceae) IR T B B (Bacteroidaceae) .

(2) At [ 5 Al I 340 Dt T A 5 IR ) DA R 2
s Ak 22 i A S0 R A A B €0 A A R AR 3 AN
ELHE YR

(3) HL [ AL R ER 22 10 WRAG Rl G » X 1%
PEHALT KE-3B R 551E 8500 LI L.

2% 3k -

[1] PANDEY A, SINGH P, IYENGAR L. Bacterial
decolorization and degradation of azo dyes [ ] ].
International Biodeterioration &  Biodegradation,
2007, 59(2).73-84

[2] VAN DER ZEE F P, VILLAVERDE S. Combined
anaerobic-aerobic treatment of azo dyes — A short
review of bioreactor studies [J]. Water Research,
2005, 39(8):1425-1440

[3] STOLZ A. Basic and applied aspects in the microbial
degradation of azo dyes [J]. Applied Microbiology and
Biotechnology, 2001, 56(1-2) :69-80

[4] ENCINAS-YOCUPICIO A A, RAZO-FLORES E,
SANCHEZ-DIAI F, et al. Catalytic effects of
different redox mediators on the reductive
decolorization of azo dyes [J]. Water Science and
Technology, 2006, 54(2):165-170

[5] RAU J, KNACKMUSS H J. STOLZ A. Effects of
different quinoid redox mediators on the anaerobic
reduction of azo dyes by bacteria [ J]. Environmental
Science and Technology. 2002, 36(7):1497-1504

[6] VAN DER ZEE F P, BOUWMAN R H, STRIK D
P. Application of redox mediators to accelerate the
transformation of reactive azo dyes in anaerobic

bioreactors [ ] ]. Biotechnology and Bioengineering,

2001, 75(6):691-701



52 1 T ORF: GEEARAFEEHGERRABIALBH LM E 179

[7] VAN DER ZEE F P, BISSCHOPS I A, LETTINGA [J]. Biodegradation, 2008, 19(2) :235-246
G. Activated carbon as an electron acceptor and redox [12] CERVANTES F ], DUONG-DAC T, IVANOVA

mediator during the anaerobic biotransformation of A E, etal. Selective enrichment of Geobacter

azo dyes [J]. Environmental Science and Technology , sul furreducens from anaerobic granular sludge with

2003, 37(2):402-408 quinones as terminal electron acceptors [ J ].
[8] LOPEZ F, MEDINA F, PRODANOV M, et al. Biotechnology Letters, 2003, 25(1):39-45

Oxidation of activated carbon: application to vinegar [13] CERVANTES F J, DE BOK F A, DACT D, et al.

decolorization [ J]. Journal of Colloid and Interface Reduction of humic substances by halorespiring,
Science, 2003, 257(2):173-178 sulphate-reducing and methanogenic microorganisms
[9] GUO ] B, ZHOU J T, WANG D, et al. Biocatalyst [J]. Environmental Microbiology, 2002, 4(1):51-57
effects of immobilized anthraquinone on the anaerobic (4] HHE.E . AERK. %S EBRLEHFHEAEN
reduction of azo dyes by the salt-tolerant bacteria [J]. BAE AL ED MR e]] FEHF, 2008,
Water Research, 2007, 41(2) :426-432 29(7):1986-1991
[10] &% BuGWELELBIEEBEDRET R [15] ONG S A, TOORISAKA E, HIRATA M, etal.
[D]. k&% . K%EHE T K%, 2007 Granular  activated  carbon-biofilm  configured
[11] CERVANTES F J, GUTIERREZ C H, LOPEZ K sequencing batch reactor treatment of C. 1. Acid
Y, et al. Contribution of quinone-reducing Orange 7 [J]. Dyes and Pigments, 2008, 76 (1):
microorganisms to the anaerobic biodegradation of 142-146

organic compounds under different redox conditions

Enhanced biodecolorization of azo dyes by co-immobilization
of quinone-reducing consortium and anthraquinone

WANG Jing". SU Yan-yan. LI Li-hua, LU Hong, JIN Ruo-fei, ZHOU Ji-ti

( School of Environmental Science and Technology, Dalian University of Technology, Dalian 116024, China )

Abstract: The decolorization rate of azo dyes under anaerobic conditions can be improved by the
addition of water-soluble redox mediators. However, the continuous dosing and discharge of water-
soluble redox mediators, such as biologically recalcitrant compounds, will result in the secondary
contamination. The accelerating effect of co-immobilization of quinone-reducing consortium and
insoluble anthraquinone in the biodecolorization of azo dyes was investigated for the first time. The
cloning and sequencing analysis of ribosomal intergenic spacer (RIS) genes show that quinone-
reducing community is predominate by Lactobacillaceae, Enterobacteriaceae and Bacteroidaceae; the
decolorization rates of a broad range of azo dyes are greatly improved by co-immobilized beads as
1. 3-2. 1-fold increases; after ten repeated experiments, the decolorization rate of Active Red KE-3B by

co-immobilized beads retains over 85%.

Key words: quinone-reducing consortium; anthraquinone; co-immobilization; azo dyes;

biodecolorization



