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Abstract: A broad-spectrum azo-reducing bacterial strain, AzoR-2, was isolated from a active-sludge of textile-printing wastewater treatment
plant and the strain was identified and characterized. This strain was identified as Citrobacter sp. according to its morphological,
physiobiochemical characteristics and analysis of its 16S rDNA and (-lactamase gene sequence. Studies showed that strain AzoR-2 was able to
reduce various azo dyes with several organic substances and H, as electron donor and the electrons for azoreduction came from primary electron
donor. The azoreduction by strain AzoR-2 was inhibited strongly by O, . The enzyme system for azoreduction of strain AzoR-2 was located on
cellular membrane; suggesting that the microbial azoreduction is linked to electron transport chain. Azoreduction by strain AzoR-2 was occurred
in the range of alkaline pH at the temperature range 20 ~ 40 °C with optimum pH 7.5 and 35 °C . Azo-reducing Citrobacter bacterium may play
important roles in bioremediation of the environment contaminated by azo dyes and in the decolorization of textile-printing wastewater.
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Chemical structures of azo dyes used in this study

CCGCD A LAC-2( TAGCTCTTGTTTGCCAGCATCAC. ) Fi 5§
EIIEA R, BRI AN AR LR R AP AT WL o
71 (Beckman DU640)~BIOLOG H 31l £ % & R 4t
Biometra T3000 PCR 1%« LEICA {73 Bl % 5 B7 Ab #L &R
4t Bugbox JRA AR EL  J-301 s v 7 B5 L HL OTA-
COMBI 8 = T8 V4 1 B Do H L 45
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L1811 /7 V42 B SE R 4 DNA R HI 4 14 16S rDNA i
M5B9 Fy 1 Ry HEAT PCR 97 1Y BAK ) 16S tDNA.
8- PN I il DL 1 7 38R 51 0% LAC-1 AT LAC-
2.PCR N4 HH3EAT 00 7 . R F BLAST 44 it
317 415 GenBank/EMBL/DDBJ %5 34 i b UL &
SR A0 B AT A R MR LR B, R OB ClustelW
(Versionl . 8) " HEAT L X}, I 5% FH 4l 4527 neighbour
joinings NJDJH] MEGA( Version 3. D" 8 #y i R 48k
B
1.5 BEIEJFRES BT

75 HXM B, 23 5l I NAS [7] 1) v 7 gl A4
ANTR] A G L, 2 Ph 4l 15 77 B AR, b o R SR B
AR, 33 ¢ AR RS, LA ol P R R AR B
) B H 355 7 980 AF Y. G 11 g AR g 0 Ak i s W%
JEAEL, I CAAS 0 BT 1 Gk 15 75 366 ol X B, 1 508 DR
RN AL SR B B A 3R 56 A0 mT L4306t
FETEIEAT AP A 5 R 40 R S 0 1 72 A 214 i 3 Jit
FRIE AR ZUL SR & R H 23 606 FE v I & 3L A e
KA L6 A PR RS AEL ) AR A 23 T
1.6 BERMELE (I &

7E LB 872 2L TP s w44, 75 30 °C, 150 r/ming&
PERE:FR 15 h. ABE TR M BB N 50 mL 250 %
4 CHAFTAE J-301 fHid 25001 6 000 r/min L 20
min. SR JG A0 FIE WU N 5 — B0 Al I T
(SD, S 0.2 pm B U8 BR 3 5 IR A7 T 4 °C .00
V€ 20 mmol/L Tris-HCl L2 AL 18,4 C,
6 000 r/minfZ /0> 20 min, 3+ F3E . 41 HTHE PR 20 mL
Tris-HC 2% MR, 1T B A 20 mLL 1818 DK
30 min, B B, BERE 1 min, (BT 1.5 min, &
S5 R EO BRI, 4 °C, 9000 r/min L 20
min, DI B R — B0 Y, 4 C# OTA-COMBI
8 i O L 138 000 1/min L 60 min, L S

B, WIS T, A& . Ut
VEH 20 mmol/L Tris-HCI 2% i 0¥ fif, 1w W 11
(S, AR . 8 A B E R H Bradford 77V,
AR ME B A A bR AE SR
1.7 BBRTFHERT

BFE AzoR-2 1] 16S rRNA JE K HT 3- A 1t 2 1y ik
amp B 75 O AE GenBank 8 3K, ¥ox 'S
537128 DQ279749 5 DQ453706.
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2.1 JEARRIEFRRHE

BRIFR AzoR-2 M40 i oA 5 22 PGB, A i Bl sk
W, Bl B ¥ B2 3, KA K 0.4 ~0.5) pm x
(0.7 ~ 1.0)pm. 1E8 77 B i [ A4 5% 77 He o B L 15 5%
24 h J5, W B NIEDE, FRIHDGHE FER , IL 2455
WG (0 2 iR B 0, Jo W AR i e (0, 0 W, 3
A CPE, s HAR KD 2 ~3 mm(& 2).
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Fig.2 Electron micrograph images(20 000 x Jof strain AzoR-2
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PR AzoR-2 BETE 5 ~ 40 °C Il JE N AEK, Joh
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FLIR A A LT A IA SR R 1 6 L A IR & o AR AR R
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JEAEK  BIOLOG 40 141 H 2 %8 8 R0 AT % e 1) 45 1
R, IR AzoR-2 BE K BEA 208, ] R HI #1818\ D-
F B D, LA BE. o-D-H 2 OB RE OB OB ORS.
D, L- 228 L2 R LT IR T S Tl &5 2 el
WA TR R BE AzoR-2 5 BIOLOG % 4t ¥ e v
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S8 LT E D .
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KH BLAST ¥ T #& AzoR-2 11434 bp 1 168
rRNA JE K7 41 55 L B AR R M AE. GenBank 1 0%
SKIHE PR e 4 HEAT U, 45 R R BB AR AzoR-2 1
16S rDNA 574 1R 11 8 0468 o 5 [ O PR A o, 3L
5 C. youngae- C. werkmanii~ C . amalonaticus- C .
braakii~ C . farmeri~ C. freundii~ C . rodentium 5 C.
sedlakii 1 7 Y5 PE 73 53 99.3% 98.8% 97.6%
99.4%-97.7%+99.4%~97.3% 15 97.3% . W 4fi 1 £k
AzoR-2 ] 16S tDNA J7* #1157 45 1 11 Js L 22 T A 1
16S tDNA Fr it R e A%, 45 R W1 3Ca) . &
AT, Prik AR AE R G Ay Oy 2 KR
B AR AzoR-2 &b T C. freundii» C. braakii 71 C.
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WILE & AR 16S tDNA 7 A1 RIS B v, BT BA st
FRAIHKEE 16S DNA 32 81 [R5 1R I 45 b xfE LA 2]
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PRIPRIA]E B- A I 2 g 5 PR C amp COAFAE R ) 2 57
DRI B- A I v Ml DT F 222 2 B 4 Rl ) 2 AT
(F % e PR IR T 1K) 1 AN T SR AR 2 MR B g R
RAFTBIR # JE %F ) ampC Jy 1, 38 3 A 957 L
BAS RN R e 9 B it 514 LAC-1 M1 LAC-2, 9F H
M PCR M1 T U RN — SO, KOy
998 bp ] DNA Jr Bt [ 1 LU B 45 R L W, AzoR-2
(1) ampC 5 C. youngae FHRME N 97.8%, M5 C.
freundii CDC 621-64" () ampC ¥ HIAHME N 84.3% ,
5 ¢ . werkmanii ampC JFHIAAME N 84.7%, 5 H'&
B 22 A BOK (IR T 50% ) . R4 WK AzoR-2 1
ampC J¥H 55 K7 B R W J& 7 A w1 R A X R
ampC FEAVME R GEBEAL R, W 3Ch) . &5 R mT L,
PITIk R RRAE 2R Ge HEA AR TR BE A0 Oy 2 KR, PR
AzoR-2 &b C. freundii~ C . youngae~ C . braaki 1 C .
werkmani X —RKEE 2, HAI'E S €. youngae T3 .

(a) ogCitrobacter freundii H224 Y15129
51| Citrobacter freundii GN349 X51632
A{}Cirmbactar braakii AF492447
Citrobacter freundii D85901
100 i Citrobacter youngae CIP 105016 AJ487978

L99"0 Citrobacter sp. AzoR-2 DQ453706
Citrobacter werkmanii AF492448
oy

99, Ci 1 dlakii AF321608
Citrobacter amalonaticus Rio-2 AF18721
Citrobacter koseri CK4 AF477396
100 Citrobacter freundii H224 Y15129
o1 80 Citrobacter koseri Van blaMAL-1 AJ277209
— (b) 91-Citrobacter rodentium CDC 1843-73 AF(025363

87| — Citrobacter sedlakii CDC 4694-86 AF025364
Citrobacter farmeri CDC 2991-81 AF025371
97 Citrobacter amalonaticus CDC 9020-77 AF025370
Citrobacter diversus strain CDC 3613-63 AF025372
o Citrobacter youngae AI564736
Citrobacter werkmanii CDC 0876-58 AF025373
97| og-Citrobacter braakii CDC 080-58 AF025368
42| Citrobacter freundii CDC 621-64 AF025365
44-¢Citrobacter sp. AzoR-2 DQ279749

Klebsiella oxytoca ATCC13182 Y1765
Pantoea agglomerans ATCC 33243 U80202

Sh lla decolorationis CCTCC M20309 AJ609571

0.01
—

B3 HF p-AEBAREEER (2% 16S rDNA

(D) AR E R AzoR-2 BI R R AT
Fig.3  Phylogenetic analysis of strains of AzoR-2 based on 3-Lactamases
gene sequence (a) and 16S tDNA (h)
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FEM B- P B i DA R UEEE 20 r oR S 5 0 IRAT A
T B S 0 TR AR AzoR-2 IR HE — 20 5 5 36 75 %2
B I bR 73 M, B G B 107 R AL ok« 5 FC A AR
[¥) DNA 28 F1 43 LS55
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2.4.1 HEIEE S HE TR R A AR R E

PADESE AT ( Amaranth, ARD by #5248 20 48 BHIFF 5T
TR AzoR-2 HL T AR M MR AIE . B 4Ca) &5
RARW], IR AzoR-2 BEW LLEL H R 49 A0 7L 12 4
T BHAIE IR AR, TAEBCAH H 7 BHARAEAE 1) 25 A
NIEEEEARAGE A A, X UM R AzoR-2 B ZIE
J5 1AM T B A AR AE LR L S e B
anRon N G R B R BB B AR AR IR (oseC Ak BE
10 min), B A L7~ (A4 O 47 7, 18 50 S5 75 98 AN
REA A, XU B PR AzoR-2 HIAH 208 A2 1 AN
W SN TR T AN A& 2l Ak 27 S Nl B ) A Rk
AzoR-2 IR 504 J b 25T AE PR AR5 A B AR S URE
eI R AzoR-2 HIAEEIL R .

A THEIE T HRE AzoR-2 [ AH 2L Ji 5 i 7 fh Ak
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FHOGE FEE AR, U E R IR B BE 8 SCH Y
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Fig.4  Azoreduction of AzoR-2 using different electron donor (a) and stoichiometry of azoreduction coupled to the oxidation of electron donor (bh)
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U FE AT LG IX 38 520 nm 1R W U6 P 1 0B (—N
=N/ A, A5 AMX 35 320,210 AT 250 nm 4b (1)
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K /am
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Fig.5 UV-Visible scan of unreduced, partial reduced

and reduced amaranth

2.4.2 MREGERE)WEE B

T ML RE I, W AzoR-2 B AT TSI A
GURLIE JURRAE . 76 BT R 16 LR S A ek, B T
Acid violet 138 B ZBAIRAN, 7E 36 h N, BIAR AzoR-2
IR A Rl RN LR Ak 380 A 8 o () i 2R
2.4.3  MRSUL TR EEE LR pH 451

6 45 WKW, AR AzoR-2 19 PRAE il Z0IE )i
TERRYE pH (VS Rl A2, FER N ¥ B pH (BN 7.5.
WUR VAR R A1) pH AT 7.0 80 T 9.0, i)

FEAABER A R AzoR-2 (13l 2V FEL L 962, £
20 ~ 40 °C ¥ il 3 #0A 3 J 1 2 dee 3B A AR S A
35 °C, FEA S LR AR AE A BT SEAH — 2

F1 B AzoR2 FIARE B T 5 I8 RAREE R
Table 1

Reduction of azo dyes by strain AzoR-2 with different electron donor

TEA A LA 4 1 B RIS IR/ %

R GRH

LSS 25 TR LR
Amaranth 3.6x0.6 92.1 +4.5 88.3+x4.6 99.3x0.1
Brilliant Crocein 4.2+0.3 76.3%£5.7 72.4+6.7 89.7+6.2
Methyl Red 4.7+£0.5 98.3x1.4 94.2+52 98.3+2.4
Orange G 7.4x1.3 96.0£2.3 87.2+3.3 95.6x1.8
Orange Il 4.6£0.8 95.8%3.2 91.2+4.0 95.3+2.2
Metanil Yellow 2.6+x0.2 67.2+5.1 50.6+6.8 84.5+4.2
Acid Red 13 3.6£0.4  99.2+0.3 99.2+0.4 97.4%3.6
Xylidine ponceau  2.6+0.4  96.4+2.9 90.5%x4.3 94.1+5.3
Acid violet 1.2£0.2 154+4.4 17.8+54 21.2+2.9

DRRIEHAIER 1 mmol/Ls 2) AU B AWK E R 3.9 x 10° CFU/
mLs [SREAE 35 CIRAAAT T B IR 36 he i RUE IR 3 = (WAL
W AR — s 7 i R SR D /497 e e W i

2.4.4  REUL R PE RS E AL

h T HEFCRBE AzoR-2 18 UL I 3 48 17 40 i 1)
SEAT , MR AA 20 B BRI T AR B B 40 PR
B A AR R 3 BRI N R 2% P
(20 mmol/L. Na, HPO, *7H,0, 20 mmol/L K,H,PO,, pH
8.0, [AI N i A it 3 1 FE AR (10 mmol/L) FLIR
YHIREART SR, a5 R UL 7. T LU 8 A 1 R A PR
JACKE 0.1 mmol/LIYT AR I8 J5U5E 58, 1 R BT B
R 6 5T 2 11 B AR B A A I i AR DT T DA
S50, TR AzoR-2 W)L JiU Il 58 40 6 A AT B — %
LT o A7 R A (A U B AT R i i) S /K M
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Fig.6 Effects of pH and temperature on azoreduction of strain AzoR-2
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Fig.7 Location of azoreduction activity system of strain AzoR-2
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AR S AR L T R S IR G
PEH, A AU ot T o R SRR S
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