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Screening and biodegradation characteristics of an efficient
quinoline-degrading microbial consortium

LI Ningjian, JIANG Yuling, AN Xuejiao, WANG Liuwei, LI Zelin, ZHANG Qinghua*

School of Bioscience and Bioengineering, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China

Abstract: [Background] Quinoline, a typical nitrogen-containing heterocyclic pollutant in
coking wastewater, is teratogenic, carcinogenic, and mutagenic, posing a threat to the
environment. Microbial technology is environmentally friendly and efficient in the treatment of
water polluted by quinoline. [Objective] To screen an efficient quinoline-degrading microbial
consortium for the industrial treatment of quinoline-containing wastewater. [Methods] An
efficient consortium was screened from the sludge of a coking wastewater plant by incremental
stepwise domestication. The morphology was observed and the enzyme activity and substrate
spectrum were tested. Then, the pH, temperature, rotational speed, loading volume, inoculum
volume, and concentration of added carbon and nitrogen sources for the culture of the microbial
consortium were optimized by single factor test. [Results] A consortium which can degrade
1 500 mg/L quinoline in 30 h was isolated. It can degrade a variety of nitrogen-containing
heterocyclic compounds. The results of response surface methodology showed that the highest
degradation rate of 66% was achieved at pH, temperature, and rotational speed of 6.8, 30 °C,
and 200 r/min, respectively. The degradation kinetic analysis revealed that the maximum
specific degradation rate of 60.0 mg/(L-h) was achieved when the quinoline concentration was
1 154 mg/L. [Conclusion] The microbial consortium has a high quinolone-degrading capacity
and a broad spectrum of substrates. The findings lay a basis for the industrial treatment of
quinoline-containing wastewater by microorganisms.

Keywords:
optimization; degradation kinetics

quinoline; microbial consortium; degradation characteristics; response surface
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1.1.2 EFE
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pH 7.0 M5 F F 5%, TR 45050 .
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. IRE, EREREAFTRG R, K8
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WhI 2% fe A B 0 A ) AR Ak S )
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22 B 250 5 Plackett-Burman i 25
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2 HERE4M

2.1 BRI REE

i 3 R TR Nk, A5 B — AR R M ik
Ve ff 52 B TARE, ZE BB LE 30 h [&f#
1 500 mg/L Mk, NI 1A B, HEEMmRCR
70 68 PR AE 5] N S v IR B A7 B = /K OF- 700 mg/L
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Table 1 Box-Behnken experiment design factors
and levels

Level A4:pH  B: Temperature (°C) C: Rotation speed

(r/min)

-1 5 20 100
0 7 30 200
-1 9 40 300

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2T A — 2 e R R O fi

PR BRI ) e L P Al e 2309

—=—500 mg/l. —=—1 000 mg/L
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1 500

1 000
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Quinoline concentration (mg/L) >
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Time (h)

El1 ESEMREHIE

A A RRHMEMEMACR. B: WRIRN G RIHER. C. WIS SR

EAWMIERS. D PRL E: S22 REE. F: PR T

Figure 1

The characteristics of microbial consortium. A: The effect of quinoline degradation. B: Microbial

consortium under liquid cultures. C: Microbial consortium under solid cultures. D: Streaking inoculation. E:
Gram stain result. F: Scanning electron microscope of microbial consortium.
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Figure 2 Changes in substances during quinoline degradation. A: Metabolites and biomass. B: Enzyme
activity.
A~ 600 —s—Imidazole = —e— Indole B 6000 kl
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Figure 3 The substrates broad spectrum for the microbial consortium. A: Different compounds (imidazole,
indole, isoquinoline, naphthalene, pyridine, phenol). B: Ammonia evaporation effluent.
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81.4%. 91.6%, I HXtZF b5 WA HA
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WA 35T 1 Tl AT DA R A L 2 IR A S, R
RAF B )ik
HERKMArE . COD Fminm, X
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TLVEAE T s AL A BRA v Z8 20K, KX
AT RT ARE AR K R . MEmk . 2855
J5t, 7+ H COD M 5 897 mg/L [#f# %] 2 944 mg/L,
Rk 47% (K] 3B), UiHI%E & w2 22
1R EKW B —E R RE 1, TEAEALIE K
SE Tk K Fy b 3R HA ARG 14 1o R T
24 AEEZRXE S EREFEFEEM TR

A
241 BEFFHNEESREMEREMEERN

Al
A RT3l FEE T 245 TR A ) A K o s AR e 52
M AP AA IR o i e R A TR e o

F2 EWERESHAMERY G

T, A ) A A o Y TR 7E 20-30 °C
BN, s R A i 3 o VL B T v T B i, AR ) Y
KRN, SIEEEAE 30-40 °CHT, MEobkFfE &
Bl RS B TR R R, A ORI iR
JEh 30 °CH, FEMFRRER KL 90%, AEYmiK
KN 1%, 4RFKW, EERFRIERESR
R R 30 °C.

ANIA) pH XTI AR 1) A= 1 B s ik o it s
MU 4B FiR . pH 2R il YomEG . g
B3 B ALY AR, E—
AR S A . Y pHAE N 5.0-7.0 B, MBS
fip R S AR R RBE pH (T g sR ;24
pH H> 7.0-9.0 B, MWk i 80 AR ) i 3
KRB BT RS 24 pH 7.0 I, MEmpkf
fift e d b 89%, AW IR R m ik 11.6%.
FiAk, B E A R AELE pH 6.0 B R ff 3R 5
F pH 8.0 B %A%, pH 6.0 £ pH 7.0 FI4=4)
KR IUT A, UL A TR T AR X
P R 1) 35 LA R A I i 32 86 7

Table 2  Substrate broad spectrum of quinoline-degrading microbial consortium

Compound type Name Concentration (mg/L) Utilization Degradation period (h)
Monocyclic Phenol 600 +++ 25
compounds
Pyridine 500 ++ 30
Imidazole 100 48
o-cresol 50 30
m-cresol - - -
p-cresol 200 + 36
Catechol 100 + 30
Bicyclic compounds  Quinoline 1500 ++++ 30
Naphthalene 400 ++ 42
Isoquinoline 200 + 36
2-hydroxyquinoline 500 4+ 12
Indole 200 + 48
Bisphenol A - - -
Tricyclic compounds  Carbazole - - -

+: The degree of degradability; —: Non-degradability.
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Figure 7 Response surface diagram of quinoline
degradation rate.
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Table 3 Kinetic equations for quinoline degradation
by microbial consortium

Initial Kinetic equations Degradation  R?
quinoline rate constants
concentration Ko (mg/(L-h))

(mg/L)

250 C=-29.033#+256.4 27.45 0.9830
500 C=41.667t+505.0 41.67 0.998 0
750 C=-51.080t+769.6 50.00 0.994 0
1 000 C=-53.470¢+1 030.4 55.56 0.9870
1250 C=-49.627t+1240.5 62.50 0.999 0
1500 C=-53.687t+1 458.7 50.00 0.9952

53] 60.00 mg/(L-h); 24 E>1 154 mg/L B}t
R A 28 R B, X T BB H T e U R WA I XS
AR T

3 W54 #®

W IR Tk R K R RIS e, IRBE I
A WIAE TS Yy LB R B E AR A (R DL AR S
B Tl 252 7K Hh AT RIS I FH 9 3 31 R 47 1 s
Fo AW TS Je P YA E—41nT 30 h
FEfE 1 500 mg/L MRk ) vy AU v IR R A 2 65 TR R
I PRI el - e B A M A 700 mg/L™,
WS WK A= ) A i F Y AR TR FE BRI N B — b G
YRR, HA DRI T kRS
A A B 3R Y, X A TR AL B A AR
FIMMEB YRI5 2 b AR SR (A
B TR R ) A Kb U5 v bl 47 K ke G B T A Mg
W 4% A Ao e P B B A I AL L ) B sk
RALF R, AL S T 2GR,
REARR T BRLTRT 3% A A b = 2 1 7 3 7 X S A B
it RGN, il T L ABRAERA . ]
B SIBTHA, R T K B
Jio MEMT, AR E SRR R AT
MRS, SR B IF R B AL T BRI

A G e BRIZ I G A T DA it 22 s G

Pranokmy . ke . mRme | ns| RS LA R K R
WA, EIH REIRY) S, o
Wk Ml B K Mk Ak i AR T 3Rl . R T SE R
TMER K IR R B2, AR TIAEY
AR A . S5 B AT A B Z2 R G2k W D [ 4R
FH 78 R i v b ot A v o0 R A7 A5 BRLERAS [] 1)
PR R e ML TR A S0 )32 A R i A%, DA 55
IR0 Ok R HL A T G 1) R AR A . 5 Lt s mik
W fff DA AH LG, % B A TR AR A T R
(2040 °C) . pH (5.0-9.0) . #4834 100-300 r/min
P 20%-60%) A T #F AT 55 R 47 v
MR EE s MIEE N 30 °C. pH 7.0, #%k
200 r/min. BEIRE 40%0F, %A RNk
HAT B R AR J7 o FESEBR T K Ab B 5
o, AR E R . pH AN FRE SEIE DL, R
K PR B3 I T AR B ) . IR A TR
IBEE NI, A FFSEER Tl b A .
AHFFE S BRAMIN 1.0 g/ L 7 25 B s A= 4 2k 34
KRR AN 0.5 g/L NH,Cl A2 i s Wk [ ff fie
B s AR SR B A B A K IR
s, A IR I P 2 O A KA,
EERT S WAL, TAbEK B &5 A0
ARG, BT DR 2 A BORER A S A
WERk . B bk R LA TS e B AR, kAR
SR . NH3-N. NO;-N Fat—PeT, MELLA
B E HERObR 1 o © 152 e v 22 SR FH AN Ak S A
FEAE A6 2 4 00 R X R KA AR B, ARG
WA TR ELAA RS ABRE T, T TR K AT A
Ab BRI RERTEAE . ZRE A T Liu
SO T T e bk S Y ke 3 R Rl R T R
B, KMEEINGEFE N Thauera M Azoarcus, i
S XEATHEATORSY , R K Z ] LT Rk,
{H A 43 TR AR T AR G SR A5 F T R A M ik
TG A M o A M — B R A A R L Sl AR A
B, NPT Y AR AR . A
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AW FELE A WL, R IR R X
02 G TR AR 0 52 M 23R Sl U B > 5 >pHL, B T
WA W R AR 3R 2548 pH 6.8 L 30 °C.
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WK A6 i 38 0 2 1K 66%, 30 h PR ) S B M I 5 4
Vi s @l ot R g sh 12, KMHMAFEZF
RB 1%, TEMEWUEEE N 1 154 mg/L B HA
KRR . XA W A 3G 95 45 1 M
RSk BE AT AL, A R T i — PRz
G, S SRR ACRI A, S Tl
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