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Abstract The flow cell system and confocal laser scanning microscopy were applied to investigate the
characteristics of biofilm formed by the nitrogenous heterocyclic compound (NHC)-degrading bacteria under
different environmental conditions. The results showed that increasing the initial inoculum density and prolonging
the initial attachment time were beneficial to the adhesion and biofilm formation of the NHC-degrading bacteria on
the surface of the substrate. When the flow rate of the medium was reduced, the biofilm became more homo-
geneous and formed more water channel structures. Moreover, the biofilm under different conditions presented a
same phenomenon that the inner layer (near the surface) had a low ratio of living cells and the outer layer (distant
from the surface) had a high ratio of living cells. Compared with the single-strain biofilm, the dual-strain biofilm
had an advantage in thickness, surface coverage ratio and living cell ratio. The target NHC concentration also had a
significant effect on the morphology and cell viability of the quinoline-degrading bacteria biofilm: at lower
concentration of quinoline, the bacteria formed large and developed aggregates; while at higher concentration, the
bacterial aggregates became much smaller and evenly dispersive. Besides, the ratio of living cells of the biofilm
formed at lower concentration was remarkably higher than that at higher concentration.
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3 mm 6mm'—
_T‘:i—“ 5mmi>
S+ »—f | EEE
EEE
= »—f |eoo—
= >+ | =
1 mm
=

1 ATFEFEMEL Flow Cell REXE
Fig. 1 Flow Cell system used for culturing biofilm
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70 A 1 e A PP RS 55 5. AT R B, AE
12 FLARBG FRARZR v, s bk s R4 A 1T 1) A 0 ST
Xof s pfoe i ELAT — 52 A e BT DR AR 5 4k
SLTESIAS Y Flow Cell 3 48 h R 5% 1= Mk 32 s il xof i
it DA AR ) IS TR B 1) R ), 1A A AR B2 Ol 200 Al
800 mg/L 1% ZH S5, F2 A TRTAR Ay naes R At A T AT 5
Eikk BW003+BW004 (%5 FL TR A

2 ZBR5WHE
2.1 FWFFlow Cell RZZITSH TRBE L
49 B B T X
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GUAT AR SR e . AT 2R, R EK
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2N, (HEA T L 55 5E A AR WA ), %
A7 B B —EBEALYE . B3 R, mRfr T
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AT, AR A IE B 22 RAE DI, i AEAI BT 1)
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Fig.2 2D CLSM images of biofilm formed by the pyridine-degrading bacteria under the low load condition (60 hrs)
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Fig. 3 3D CLSM images of biofilm formed by the pyridine-degrading bacteria under the high load condition (60 hrs)
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Fig.4 2D CLSM images of biofilm formed by the pyridine-degrading bacteria under the high load condition (84 hrs)
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Fig. 5 Characteristics of single-strain or dual-strain biofilm
formed by the pyridine-degrading bacteria under the
low (a) and high (b) load condition
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TS BOR A B R R BWO001 B B, (R4
Bk AR 5 2 B 5 BWOO T BT T AR BL X 45 AE
o T far 2 F (B 5(b) T, B — B AR FNR A T B
1) ST 387 e R RS B R 349 B I 7 i R AR e T, B
TE B R s B A M . X R, IRA HEARIEE
PIRETE i b BAT B B R, RIS

912

FE R w5 R R A L) 3 AR AR L, IRA RN
Az Wy BT 35 e R JEE B 43 0l 24 2k BCO026 FIT BWOO!L H
DAY 2.8 1% 1 3.4 4%, 5L 54 5 2% 43 il 2 O BCO26
A BWOOL BB Y 1.1 A% A1 3.3 4%, 76 40 B L 451 53 J31)
245y BC026 A1 BWOO1 LB AY 1.5 5 A 2.1 5. X%
WFE A S5 E T, PRI I A 1T =2 ) 7 AR 0 )
YER AN CFR, MIMTE B LG B T 2 (A s . DA
JAE R TR L IR AE R SR E, IRA W
BRA W5 BCO26 LT AE Py IS 1 R AE B8 AR AL, 150 B
IRA WA r BC026 T B A7 L. Iboh, &
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Fig. 6 The ratio of living cells in different layers of the dual-
strain biofilm under the low load condition
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Fig. 7 Distribution of living and dead cells in different layers of the dual-strain biofilm under the high load condition
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Fig. 8 3D CLSM images of biofilm formed by quinoline-degrading bacteria under different quinoline concentration
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