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Effect of Low-concentration Ciprofloxacin on the Nitrification and Nitrifying

Microorganisms of Biofilms in Biological Aerated Filter
HE Shi', GU Chao-chao', WEI Xin', HUANG Sheng-lin>, LIU Zhen-hong', XUE Gang', GAO Pin'"

(1. State Environmental Protection Engineering Center for Pollution Treatment and Control in Textile Industry, College of Environmental
Science and Engineering, Donghua University, Shanghai 201620, China; 2. Poten Environment Group Co. , Lid. , Shanghai 200120,
China)

Abstract: Effect of low-concentration ciprofloxacin ( CIP) on nitrification and nitrifying microorganisms of biofilms was studied in
biological aerated filters ( BAF). Quantitative PCR ( qPCR) was used to determine the abundance variance of four ciprofloxacin
resistance genes ( CIP-ARGs) during nitrification in biofilms. The correlations between the abundances of CIP-ARGs and nitrifying
microorganisms were also discussed. The results showed that CIP had little influence on the ammonium oxidation process of biofilm
microorganisms, whereas inhibition of the nitrite oxidation process was found. The quantitative results of ammonium-oxidizing bacteria
(AOB) and nitrite-oxidizing bacteria (NOB) including Nitrobacter and Nitrospira indicated that the inhibition on the transformation of
nitrite was resulted from the inhibition on Nitrobacter and Nitrospira. In addition, little influence of CIP on the relative abundance of
aac and gepA in biofilms was found, but the influence on parC and ogxB was great. The abundance of Nitrobacter exhibited significant
positive correlation with the abundance of parC. Similar significant correlation was also found between the abundances of Nitrospira and
ogxB. 1t could be speculated that the genetic elements of different nitrifying microorganisms in biofilms possibly carried CIP-ARGs.
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NV B (CIP) & — PP i S i A &, Bk
12 N T 0 R A B FR 4 A A TR R G YR T, 8
T BZ U A PR A DNA FE TE B A 4 A i, DT 4
HZNH DNA B9 HI. SITAE SR, CIP ZE3R T V5 K Fl
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bacteria, AOB ) FINVfif§ {2 £k S A 41 1] ( nitrite-oxidizing
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DL, TR S A UE W) 5 CIP-ARGs 22 JA] A AH 5
KRF LU Nl VA A SN B S R bR
BRI LTS G X A A A 0 4 T R I S R 2
M AR SCHE

1 MRS

1.1 R R SEm 2y i

IR R . SG6 Y 5 fift S A ( Mettler Toledo) |
1CS-90 Y &5 (2% ( Dionex ) . fHIR/K I &R 1Y
( Organomation Associates) | Fresco 17 % & =X /5 8 25
L>HL( Thermo Scientific) . T100 %3%i# PCR 1% ( Bio-
rad) . LightCycle 96 U 5 B} 2% 5% % #& PCR X
( Roche ), Qubit 2.0 # ¥ fig & [ W & Y
(Invitrogen ) .

SEYG 2 A ISR AR B SRS VD & (CIP, 4l
JE R 98% ) A A A RJak (J&K) BHE A RA R LN
Syt al W) H 6 Sigma-Aldrich A7 Hegfb2#
AN A el B SRR (265 h 99% ) 18 H 355
Sigma-Aldrich 2w} 41, HAax ) 3 [F 25 4 A b0k
A PR w].

1.2 B hasfrir

WG Er R B BAF A BT A ML B A A
51200 mm, A2 80 mm. IR kA 45 S R
B R 900 mm , REHIBEFE R 1. 40 g-om 7 R
RN 500 m?-g~". 83t B A W 1A
YK 1, B KRR S s i 7K I 34038 T IS 5
HE B U8 IS Y 100 mm Ab A ZE LIRSS, DRI
PAFIRE R K A8 1) 2R T ER S B 3680, LABK 1E CIP &
A S A k.

WK1 ez, S5 K H I 20 258 DSt e 3 i K H
FIA R B o 2, s HIAE 125 em-h ™', K
JIHFR BT 5 he 23S A ARG iF <
P 38 2ok 4 o W 1187 O B i DR St R 7
fif A W SR EAE 2 ~3 mg- L™ Z[A]. LAk, BEh
HEFT pH HZ A 7. 3, IR 218 25°C.
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B1 XBERERETE

Fig. 1 Schematic diagram of the experimental device
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oA WA TT 5 43 W R K K B, HLXFEZK COD R
RN BRF A0 7E 80% M1 40% L) 1. K=,
FE2 5B (BAF-2) #E /K Hhoim AR 2 4R B A 50
pege L' CIP, M 1 52 & ( BAF- 1) 5 LA R K 7K
iB17.
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Table 1 ~ Compositions of the synthetic wastewater

i BAF-1 BAF-2
cIP 0 50
CH,COONa-3H,0 100 100
CaCl, 20 20
MgSO, -7H, 0 0.42 0.42
K, HPO, 10 10
FeCl, 375 375
MnCl, -4H, 0 30 30
H,BO, 37.5 37.5
7nS0, -7H,0 30 30
CuS0, -5H,0 7.5 7.5
KI 45 45
(NH,),S0, 70 70
1) CIP fii Apg- L~ AR Fymg -1~

| S 215 RPN

1.3.1 A=W BRARE LAY RAEFT DNA $HK

I R A E YRR IR T 50 mL B0
oK B S BB IR R 22 v, RS 5 min, SRS
F£5 000 r-min ~' S4B 10 min, i3 08 5 R DR
FM A AP T ok, PR WA DTVE [ A

HEFT DNA $2H.

& H PowerSoil DNA Isolation Kit ( MoBio

Laboratories , USA ) 1 32 4 5, 12 B A S

Z kR &

UL, PR EUY DNA 5] 1% ZrlRHEE I L vk
Qubit 2. 0 FXFREE 1 R SCRS: I L 4 38 e JE
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1.3.2 AL SN S CIP-ARGs 6 J7 % 1Y
oy

HARE AL AR W B 7 51 e Bl CIP Bo b BE A
i JHE58 PCR I qPCR #4722 M FIE 1t 43 #7, i
MY 351 e 005 B W2 2. Hih CTO 5194
SRR N BT AT B I 4 2 SR AL 4 TR (B-AOB)
PR R S qPCR ROMAR B U R 10wl
FastStart Green Master ( Roche), " T 5[ #¥ (10
pwmol -L.™") 4% 1 L, DNA #i#g 1 pl,7 pl ddH,0,
FL AR 2 SRR 20 wL. CIP Bk ) qPCR 2
MWARFATT : 95°C HiAE M 10 min,95°C A5 1 10 s, iR
KILEE (gepA:61°C 5 parC:62°C ; 0gxB:60°C ; aac:

58°C) 20 s,72°C ZE{# 30 s, 3L 40 MEFR. HArm1k
TR RN 91 F B qPCR W AR T ¢ 95°C i
A5 10 min,95°C S 10 s, i kIR E (AOB.57°C
Nitrospira :65°C ; Nitrobacter :55°C )10 s,72°C $EA# 30
s, 345 MR, BEARES 3 AFEATRE, [ A G
PRIKAE SRy B X R

FEAT AT E AR 3 R 85 ) e B — AN N S 2L R X
H bR R B ek e A TR IE , 7T LA 3 20 M 9 1
HERRPEFIE BEET . 16S rRNA Ji PR 2 40 1 1 1 5T
SEPR R B, — ] v B FoR A i E bR
R FETR] 16S vRNA FERIAR L, v #3454~ B A 2k A
FER TR RE T FE R (X R ) .

&2 (PCRFAERAMEESIMER

Table 2 Sequences of primers for gPCR reactions

Hixy 5149 B2 FEHI KN/ bp SCHk
. 121F AGGAAGGTGGGGATGAC
165 rRNA 238R CGGCTTTCTGGGATTIGG 17 [17]
\OB CTO189F GGAGRAAAGYAGGGGATCG 465 18]
CTO654R CTAGCYTTGTAGTTTCAAACGC
4 FGPS872F CTAAAACTCAAAGGAATTGA
Nitrobacter FGPSI269R TTTTTTGAGATTTGCTAG 397 [19]
Nirosni NSR1113F CCTGCTTTCAGTTGCTACCG 51 120]
wrospire NSRI1264R GTTTGCAGCGCTTTGTACCG
F CCAGCTCGGCAACTTGATAC
gepA R ATGCTCGCCTTCCAGAAAA 370 [21]
c F CTGGATGCCGATTCCAAGCAC 186 (2]
par R GAAGGACTTGGGATCGTCCGG
" F TCCTGATCTCCATTAACGCCCA . (23]
o9 R ACCGGAACCCATCTCGATGC -
F TTGCGATGCTCTATGAGTGGCTA - [24]
aac R CTCGAATGCCTGGCGTGTTT

1.3.3  HHAEAR BT I

HEZK FTH 7K P i R AR (NO, ) A iR AR
(NO; ) B TR F (3% ( Dionex ) M % ; & %
(NH, -N) Fifb2475 4 i (COD) Ay I 2 2 IR Kb
YW I 43 A i AT R
1.4 HdlEatr

BE A A SPSS 19. 0 G843 F kb B
THR DR AR H R AR S 22 ) 1) B JR A OC R B (r) Al
PAE, W EUE G TR 56 B K P =0.05, 4
P<0.05 W\ HA W2 A DM B2 WA A0 S
NTE

2 HR5ITR

2.1 BAF "INH;-N, NO, F1 NO; i &2 ¥ fE A8
TR
2 4 BAF #f | Hi/KHNH, -N, NO, #l NO;

1 BT etk B AR AR B 0, e K P R A NO, A
NO; . MHATLIFA i, BAF-1 /K A NH, -N | NO,
FINO; AYFX v 300k 5. 12, 1,31 F12. 94
mg-Lfl. Tf*ng/l\léﬁ?%/ﬁﬁlj‘], :’:H7J(':F'NH4+-N\ NO,
FINO; A9 o e AR b I sh /N, BAF-2 ik
NH, -N 9 - 2 i 8 W 0 5.37 mg-L~', NO, Al
NO; P-4 Bt B 43 3 R 1. 75 mg-L~" i1 2. 56
mg-L™". M 2 il AR S AT LUE L CIP 1Y
BT NH, =N 1 25 B 28 Ak 52 e A Ok B X 7K
NO, FINO; MyFTitilk AR b A — . 7E4%
i CIP J5 B0 4R B B, K b NO, T NO, A i
WeRE I s K 7656 31 d I AT 4%
AR [ BAF X NH, -N 8 2= B3 200 A 4 A
. OB, S A CIP JE, ks NO; B i
Ve BEAT T RAAIG, AN 2. 84 mg-L™'BE % 2.34 mg-L~',
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1M NO, iR AT A T BTk, 1,51 mg-L ™' JF
£ 1.96 mg- L™, —EFE R I 3 B 0 A 7R £k 450 fk 4
PEX) NO, (AR AE FHAZ 2046 SR il 4 Rk
258 d Ji, KR NO; iR e B T 4R B Wi T i
AR R, ph e T AR, S Gl R R Ak 4
BRI E CIP(50 wg-L~") BB N HA —E 1
WIIE N BB T A IR A A RN Az B (H RS RD
AJARPK & . Gonzalez-Martinez 2527 (R WF 5% [F) K 35
B, B0 B v B R 100 ng- L' A4 CIP Xk M1
A A R R R EE RE o A )
R AR,

ULk WFFE R 2 B0, A= W Ak P A il AL A
(R X COD 1y 25 B o fae (BudlE R 50 ),
BAF-1 il BAF-2 1 COD EBRFREHE 751K 61. 0%
~70.3% 1 60. 4% ~70.7% , 7% CIP By H0 A 1k
A= YIRS A DL RE MR 5/

15

(a) KELmCIP —a— jlkNH N —a— HKNOy
—o— Hi/kKNHy-N  —v— HZKNO;™
12 +

Jo ke i fmg L

(b) Fefmcip

CIP =0 pgL™! CIP = 50 pg-L™!

e T T S i s ot S NN

J0 dik e JiE img-L!

0 10 20 30 40 50 60
{7 )/d

& 2 CIP X BAF iINH, -N, NO; #1 NO; Wik Bk &M
Fig. 2 Effect of CIP on the variation of NH," -N, NO,

and NO; concentrations in BAF

2.2 CIP X BAF i bisA= 21 52
CIP AT G A WAEH , X 41 W i A= 9 i) A K
B HA —E . Gonzalez-Martinez 25" % P 1E

SRR AL L B b, B R R 2 1 R 100 ng-L_l 1
350 ng- L' Ay CIP X 2 A AL AU A iR 46 Ak A2 3
BA — 2 19 3 il 45 1, 24 CIP J5i & #k JE 5 350
ng- L™, TS 8 2R Gt A 2 S A A TR R ] R
[f%. Amorim %[28] WF5E & B . TEWE R I S A & (8
15 CIP | SR> B A v g b B ) TR 5 o o ik B2 0 i
99 wmol+L™" 132 pmol-L™" &4 F, i tEI5 6 &
&8 Hh S A A RIS A 200 T 035 1 FEOR 2 3 B i
i AH AR U E MRV G5 M A R 2R TRy, 4
£ Bk CIP X BAF RIS BEH R, 4
WHFEHE B4 T CIP BIIAXS BAF AL UL Y
AR, 4G AOB | Nitrospira F Nitrobacter.

3 J CIP B4 x BAF ' AOB. Nitrospira
F1 Nitrobacter (e FEAZALZ M. M AR A i 22 7] L
A i, BAF-1 A=W i v il AL sl A= 1 04 -F B A B
Fa i, AOB ., Nitrospira Fll Nitrobacter B35 7KF-43 5
H6.5x10° ~1.3 x10*, 4.8 x 10° ~ 1. 1 x 10* Al
6.5 x10° ~1.3 x 10" copies-g ™", Nitrobacter '} 3 /=
T AOB Hl Nitrospira. L2 T ,BAF-2 Figfbii
Yor) FBETEBIN CIP Z AT BCAERE A CIP J5
HACWEEh R, AOB EFETEHLA CIP FIURI ) B
—NRELEFT R B BRI RS , R IR CIP %)
Hzgm i/, G, CIP f A X Nitrospira 1
Nitrobacter SR, 4N H WK A 50 pg-L~
iy CIP HTJ',BAF—Z 28| Nitrospira M Nitrobacter 1) 35
Y 5 I S R BEATG RS ST i 78 Ak i e (HE
JE¥E Fr AN TE]. Nitrospira TEFEN CIP J5%5 9 d B[4
F I A, AR B2 3k 1 AR, TS IT A6 AN W T
5, B 24 d N E BRI CIP gL R RE
Hb | Nitrobacter TEFIN CIP J5 58 9 d B fE R &A%, 24
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P 0. 599 0.201 0.244 0.992 0. 866 0. 005

gep r 0.208 0.374 0.578 -0.02 0.597 0. 064
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