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12; NaCl 80.0, E#Ek¥; 1.0, pH 7.0, 1x10°Pa’k
I 30 min,
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2.2 WEELARERIBEIE S

e N P A R R (18] 1), IR
Zobellella . Rheinheimera . Exiguobacterium il
Marinobacterium 2541, ‘B4 5 437511
64.39%. 23.65%. 5.28%fll 3.65%. Zobellella 2
PR FEAEE, &R 64.39%, Zobellella if
MR, HAT A Zobellella taiwanensis,
Zobellella aerophila, Zobellella denitrificans iX
3 AR, LY Ay A B R T 2=
/N 925 5 3 Zobellella sp. F13-1 HAT &k 48
RAEIERE ST, WEER A 0-12%, HiR¥A HS 5y
R {4 141 38 . Exiguobacterium spp. & — 28 55 2 [
B . o2, PR, R B HAT ek
P, RERSISZ ED YLK B R R IR AR Z
5¥ %], Exiguobacterium J& 76 {H A YLk FE AR
AT 2 MR o Tan 2025 10262 + oy s
H Exiguobacterium sp. TL Fitk, S&—FhiiEh{H &
i J5UH 5 Rhishikesh 25 52 2541 Tl K5 49 1
Heirp 435 ) Exiguobacterium sp. RD3 i, fAEA AL
WA 7 FIETE YR, 48 h PIXT 50 mo/L TSR
172 2B EE Ik 91.2%", Marinobacterium J& Al
WEf# PAHSs, TEARZ 5l /K vh B TR T 1) 7
16, HETWBA &P Marinobacterium J& 2 5 ek}
fii i 5% . Rheinheimera J& 4 1R £ & BLT 1K1
Ttk , REUSTH 52 M #h PG, Z I ARAWESE i
7 Rheinheimera &2 5 UURHA GG, X FUnfn2
SEAGRIR @, BT — PR
2.3 BRANGIEXS TR R FI RN

B PR T AR (0 R 1R 4 v G RYSZ R AN 1A 2 Fie
e MEITFRILIEH, 8ha, BEERH{EErgERE
TR RCR AT, hy 94.68%, HUCH A,
N 56.01%, it T HARBRIR(GER A 30.29%, i
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Exiguobacterium 2

Bl WEVEFNEEEN
Figure 1. Community structure of the bacterial
consortium.
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Figure 2. Effects of carbon source on decolorization
of methanil yellow G by the halophilic bacterial
consortium. Data points represents the mean of three
independent replicates, stand error of mean is indicated
by error bars.
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B oM 82.11%, JRFE K 65.74%, K, AP
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TRl S i SRR ) Pl P AP
2.4 pH X R HEL BRI

PH {H %] W 6 T R i B 1 4 15 G A ZCR AN ]
A4ffx, 8hJ, pH6 BB ERER, K 96.26%,
SR 1) 03 U, pH 5.7 15, B (2,55 4331 4y 89.58%
i1 95.26%. pH 81}, JBi{3h 66.20%. 4 pH 4.
O Fl 10 B, JB A ZRANK, 43002 19.18%. 21.56%
1 15.22%. pH 2 X A= 9 1t o 18 R gL A AR K
SO, EE KU, MUEBLEAR pH A 6-10,

1

Beef Peptone Nitrate of Urea
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Nitrogen source
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Figure 3. Effects of nitrogen source on decolorization
of methanil yellow G by the halophilic bacteria
consortium. Data points represents the mean of three
independent replicates, stand error of mean isindicated
by error bars.
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Figure 4. Effects of pH on decolorization of methanil
yellow G by the halophilic bacterial consortium. Data
points represents the mean of three independent
replicates, stand error of mean is indicated by error
bars.
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Yutehvfe i X v R DORE I (L RR M 42 18 G 5w
WmE 5 PR, FEETRME4E GG, B
RBWEAL, 6 h)5, 100 mo/L MRIE4 i G 1k
{6,553 95.56%, 1 300 mg/L 1 HA 22.54%,
A RESE B T YRR B, XA A B AR
o H I E A R K . RSk
P, 10hJ5, 200 mg/L HJ (%0 94.88%; 20 h
J&, 300 mg/L A 3iA %) 96.22%; 35 h J&,
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Figure 5. Effects of dye concentration on the
decolorization of methanil yellow G by the halophilic
bacterial consortium. Data points represents the mean
of three independent replicates, stand error of mean is
indicated by error bars.
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M 1%, 5% 10%FF, 8 h 5 i (R ARTR =
WIS 93.77%. 95.89%711 95.64%, {HJE:, LR
T, B3 15%H0F, REaFaHE TR, HF
22.63%. MEHE I EE] 20%87, JLF5E i
THEYE, BEEN 10.52%, ] fE Rt
SR A P RE Sy, A A R TSR, DT
IRESCR T AR =N E R RETE 10%E:
FE T KRRt RZ GR MIBEHRE, 78 15%ih 5 T i
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Figure 6. Effects of NaCl concentration on decolorization
of methanil yellow G by the halophilic bacterial
consortium. Data points represents the mean of three
independent replicates, stand error of mean is indicated
by error bars.
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Ji  BRIERZL GR LT 58 A it (B (.55 96.69%),
HR SRR ATT (80.74%) . a5 (64.26%) . 1.
L 5B (13.37%) M EHEEM L G (0%), —i
M, MR TR/ N YR 2 5 4
fift AL, BPAESEP L A AR DS A 3R R
FEAE F2 HE (—OH) 14 3 (=N H ) i) BB 2 2 1 €2 44
R (H 2471 F 4R 3K (—OCH) | fiffi i 3 (—SO3H)
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Figure 7. Decolorization of different azo dyes by the
halophilic bacterial consortium. Data points represents
the mean of three independent replicates, stand error of
mean is indicated by error bars.

RN 80, I BLAR 2F 5L R i) S 141 mT DAAE &
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Bl (-SOsH) A1 1 M i FE A (—OH), v LA £5 4%
Peo T E TS G S5 4, MX T
K, AMEEH(N=N-), Frebi@am e, wg
ER P EXTIRYE K LT GR KR YE R ATT MR i sl R
Bir, H 35 h 5, HIEMWE G MFREMERN
58.62%, FLH:IIHA 5B by 84.84%, MR [
J 72.34%, BRPEH ATT Jy 81.91% (45 A
IRN)e BB EA 2R YR AR ST, AR
18 52 b oz FH A 1A
2.8 GupREMRETE RREE
WA AIR KW (R 1), Sl rE R miE
e, VAR RIREAL, FTRERMMESH G 1Y

BEERIR, MUEYILREIE, KRR, Hi
YR BEX M SIS R e, R IR R
(oA SR R R A T 1 S /N TR s M A
T Y RS (R e ) G R , (B A I 1) Bk R
RS ARSI B AR T B RE M £ &0, 15
TR

29 [RBEFHIRILIMERFM GC-MS At

FLAS R ME 41 G 76 0 h FIRf#)5 8 h i FTIR
AT A BR(E] 8), R G Hh A (8 AU AR R R A
R ER S 1630-1575 cm™, TEFEARETILLAb
e, fELE 1604 et IR IR, BERH I S AT
S, MEEMREIER, ULBHAE R, (HA
JeRLFAR . Arun Prasad Z512FTIR f945 5t & 21
88 R0 B %) W WA I A A J5 T4 2K . 500-1000 emt
B S FOR R B 2R e, SR 640 em™
TR EEYH C-C ARG, BRI IEF
P49 VR, AT 06 1 2k o 1051—1189 cm™ H B A W i e 3
/N—S0s, FEMREIFIZVEN K UL E &5 £ -S0;s.
1404 cm™ j C=C MW, BEf IS IZ IR AF1E
1 B A2 S5 R 2R ER R 47 7E - 3300-3500 e (14 i KL
W SR R A , AR T 3412 o™ (R A 2 /R
M4 G I EfENH-, FEfRJ5, 76 1406 e Ab i1y
WIS FR FEAR = IAEAE2RIR, 1] 8 Hf 3440 emi™
(14 W A g R A 7= 4 P A AE—NH—, 78 3157 em™
W RN FFEAAIE (-NH2) . BRI, MRtk G 1E
AR P AR T (S U T 2, T B R 7
AT B -NH-FI-NH,, X fil GC-MS K53 45
AR

F 1 BMEEGCREEEERMMNMIZMEMRE
Table1l. The number of micronuclei in cells

Group Cell number Micronuclei cells Micronucleus rate(M CN)/%o Pollution degree
Methanil yellow G 1007 29 28.8 Middle
Degradation product 1103 17 154 Moderate
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100 ¢ . W75 (8 h)i GC-MS 23 #r4t & W (14 9),
o0 | FRVE 4 18 G F BB AR ™ ) 2 o) 2 i R i (P 7
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Figure 8. FTIR spectra of methanil yellow G and  IAARUEEWTREUAAML, XF N-ORIR e — 2
degraded sample. KR BRI, FeA o A
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Figure 9. GC-MS spectral information of metabolites obtained after decolorization of methanil yellow G by the
halophilic bacterial consortium.
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Decolorization of methanil yellow G by a halophilic bacterial
consortium

Jng Xie', Guang Guo', Fang Tian', Siyi Zhou', Kegiang Ding', Feng Yang
Wang Zhou', Chong Liu®
'College of Environmental Engineering, Nanjing I nstitute of Technology, Nanjing 211167, Jiangsu Province, China

?Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing
100081, China

Abstract: [Objective] In order to obtain highly efficient bacterial consortium that can rapidly decolorize azo dyes
in high salinity environment. [Methods] A halophilic bacterial consortium was obtained by enrichment, and its
community structure was determined by Illumina HiSeg2500 sequencing platform. The degradation characteristics
were determined by spectrophotometry. The degradation mechanism was analyzed by GC-MS and Fourier
Transform infrared spectroscopy. The toxicity of azo dye and degradation product were compared by micronuclear
test. [Results] At 10% salinity, the bacterial consortium decolorizes methanil yellow G completely in 8 h. The
bacterial consortium was composed of Zobellella, Rheinheimera, Exiguobacterium and Marinobacterium. At pH
6.0, with yeast powder as carbon sources, peptone or potassium nitrate as nitrogen sources and 1% NaCl were the
optimal decolorization conditions. Decolorization metabolites of methanil yellow G were less toxic than original
dye. The main degradation products of methanil yellow G were p-aminodiphenylamine and diphenylamine. In
addition, the bacterial consortium also decolorized various azo dyes, such as acid magenta GR and direct lake blue
5B. [Conclusion] A halophilic bacterial consortium for fast degradation of azo dyes was obtained, with the
application potentia to treat high-salt printing and dyeing wastewater.

Keywords: azo dye, methanil yellow G, halophilic bacterial consortium, decolorization
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