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Effect of ciprofloxacin on the degradation of 4—chloro—1-nitrobenzene by Comamonas testosterone CT1

LIU Yonghao', XU Miao', WU Ming', LUO Jun', SHANG Jiaqi', GUO Liquan'*

(1. Key Laboratory of Straw Biology and Higher Value Application, Ministry of Education, College of Life Science, Jilin Agricultural
University, Changchun 130118, China; 2. National Environmental Protection Wetland Ecology and Vegetation Restoration Key Laboratory,
School of Environment, Northeast Normal University, Changchun 130024, China)

Abstract: To investigate the effect of antibiotics on the biodegradation of 4—chloro—1-nitrobenzene (4—~CNB) in the environment, nine
bacterial strains that can efficiently degrade 4-CNB were selected. The minimum inhibitory concentrations (MICs) of the 18 common
antibiotics to CT1 were studied using a drug sensitivity test. The results showed that the degradation efficiency of 4~CNB by Comamonas
testosterone CT1 was the highest, with a degradation efficiency of 98.4% % 0.2% at 27 °C for 9 h. Only six antibiotics had MICs, among
which ciprofloxacin had the lowest(4 pg+-mL™") and streptomycin had the highest (64 pg-mL™"). The effects of different concentrations of

ciprofloxacin on cell concentration and activity, and the activity of total superoxide dismutase (SOD) and degradation were studied using 4-
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CNB-ciprofloxacin co—culture. When low concentration ciprofloxacin (1/4 MIC) was added, the cell concentration and activity decreased

significantly, and the degradation rate of 4—CNB decreased to 87.0% £ 3.3%. When the concentration of ciprofloxacin was higher than the

MIC (4 MIC), the strain barely grew, and the degradation rate of 4-CNB was only 35.7%+3.9%. The addition of ciprofloxacin significantly

decreased SOD activity and caused damage to the reactive oxygen species. Therefore, the decrease of SOD activity caused by ciprofloxacin

might be one of the main reasons for the inhibition of 4-CNB biodegradation.

Keywords: ciprofloxacin; 4—chloro—1-nitrobenzene; Comamonas testosterone; biodegradation; superoxide dismutase

4 - 8 £ 7€ (4—chloro—1—-nitrobenzene , 4—CNB)
S —FE DL R AL R RMA, 325 15 R
YR 25 5 CAEARPE T FhRER ) A2 (BR k)
o YT, FREE T Y 4-CNB V5 Y ] 8 5 57 25 [ BUR
AN O, Wi Ma iy ™ B N 2R A i A i —
JE IS R HE R PR Y 4-CNB 235 R il
ZAE S VA MR BT 0 I S5 s 2 K
T, U NSRS Wy i 4 Sl . 7E 4-CNB
B AR b AW R HOR B %4 (&
U IREE RIS A . BT, BERE AL E &0 B 1S
BT 24k 4-CNB SR 1R B, 4052 LR 5 5 I 1 (Co-
mamonas sp.) %% AR HHL T ( Pseudomonas sp.) IR
H L T (Rhodosporidium sp.) Fl i B2 £5 AN S #F 14 (Aci-
netobacter calcoaceticus )55, X LLAF 58 Fy IR 55 4-
CNB HJAE YR AR S it 1 B i Jr i i B

PGS Y AR RAEAE 5 4-CNB LA . BiAER
FR5 R B0 FREEAT S AR 20N 55 5 THI 14 2 I AR R
WS R A Z — . PR A R R, TE 2
TE RN ATRT O IE K OU R LA R TR
hI e PR b, DIATERES Y oy
L, WK R R VIR AT AR 2R A0 R R e AT Ok 3 093
ng- L7, HUURRP Bt A= R I5 e Wy i) & i3k 1 475
ng-g U, TERVLTT IR B T S A& 1 1 2R AR 2 4G
T HUER R U R R ORI IR BTAE
R VAT RPUER B- NS4 R LR
PUAE R, X JLRPUAE R BB v e w46t i JLE Bt
2 LRIk B K R ng - L7 g - LM, &00F
S, Bk B AE PR BT AR FORE e TR A W R A
REVR S A FITE L, 15 R R Y AR R

PR PRI RIA TR . Hid: R TR} 4-
CNB [ fift 11X 28 PR B8 AT 4 B )™ A= AR AR08, 1T 5%
U 28 gt T4 %ok B8 Hh 4-CNB [ R PERE . 0
L1 N AHTE GY2B B B a5 , F 5T T AR A
MIFELL TS 2= AF F T B9 2R 21 35 48 An DL s R0 A
[ AR AR, BF5E R B, GY2B X215 K 14 B 5 i
3%(99.9% FET- 2% )W FE R 25 pg - mL A4 il AIX T

1% WHART]

25 we-mL A28 25 AT FEAIR GY2B X 25 4 iy fgke b
L AR TR 2 P o B AR I A X AL R X 2 IR TS
e B fire AT 11 i M B e P BB 2 Tl A B R I, 2 B
J5 M e At oA R ST RE S AL R ORI G X
AR S5V S R T A 2R X I R A T X -2 R A
RERYBIETE I : 245 B R 0 10.0 mg- L7, 1R
BUUA R RIS TR B2 AR . H TR
4-CNB A=W R fif B 9E 22 B R AE R RR T L 42 9
A T I it A 1 5 T, T L G A R X LR e )y T
1B 0 H G T U A R T I 15 G 00 i e
Wy W A 1005 ) 181 3R A AR DG RIS 0 AN 4T, /A
SR 20T A0 1 1 S S MR e R E ST . DR,
WFSEHTA 3RS 4~ CNB f3U A= Wy 6 ik R S 00, R Al A=
WEE A 3 ¥ R AR 18 L P R DR e A S 2 4 LAY o L
M Lo

ASCHHL T 9 Fh 4-CNB FAfE R bR 1 REAR RO, T
e H I A 280 i v B TR R —— S OIL A A B N T
CT1(Comamona stestosteroni ATCC11996) . i i 254
FRORR A 130 , WF ST T 18 A EREE rh i DL BT A= R AT CT1
A9 £ /)N 10 B ¥R B (Minimum inhibitory concentration,
MIC) o K 4-CNB-HUA: RS G 7R, 89 T 3G
rhRG: H RS AR R T SR T I 2R AR R —— RN TD X
CT1 T2 W Az K B0 20 M35 1 L e 4 A 15 A Tl
(SOD ) i 4 LA B AN [ B8 470 A 28 X B bk o i g
FRSZ R, LAS 3 o B S8 B0 AR 2R X 4-CNB R fife P BE 1)
S 0BT 7 A B0 A 2SO0, S PR R 4-CNB B A=)
WA A0 FH AR AR RIS SO HE

1 #MREFE

L1 KB E R

S22 AL M\ B BB T8 ( Comamonastestosteroni) CT1
1 KF =1, 3K B (Vibrio) H5 A - & B (Buttiauxella)
S19-1 % BB Pt 15 (Pseudomonas putida) PS 21 BR
(Rhodococcus sp.) P14 | Jifi FC AR A B T ( Pseudomonas
sp.) JP1 AR A (Pseudomonas sp.) LY 1 Fl R £5 A
BFFE (Acinetobacter calcoaceticus )LM1 .
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1.2 FERFIRIEFE

PR RRUAR AFR RIKKE R 5
RMRE AN ERRWN AER R E R
REEFERWN PRI RN A LA
GER TR R A ER BTSRRI v
BT e e R R RS R L I A
RS 25 A R F]

PrA R T AU R bR TS
mL 25 SR RO o 20353 VR R A e il vk B
H15 120 pg-mL ™ SR TR HARPTAER J 5 120 pg-
mL P, BIABUAE 2B e i o A
IKAR LA B A 1 280 g mL HOVETR , 4 CHELEAFH

{633 4l 4—~CNB (35 [ Sigma—Aldrich A ) )

4—-CNB ¥ W 19 T i - £ JC 7K 2 1 i i A 10
mmol - L™ ¥ 4—CNB BEWE , 4 CHELE 45T . i, W
B20 pL 4-CNBEEWE, A 2 mL LB Bi 3R 3, B 4-
CNB 24 0.1 mmol - L'

Al S5 (AL FTAE 1) 5 (83 2l B 8 (Fisher
Scientific 23 F] ) ; CCK -8 & ] (Bio—sharp 23 ] ) ; SOD
TR (R s AR ) TR ST ) &

LB} F5 5k \MH 5557 35 (35 B 15 A Y H ARG R
AP
1.3 iR FH*E
1.3.1 4-CNB#EHEUT ¥

B5 5 W 1Y) 4-CNB SR FH S5 R4 7 5, 1 4 1)
FE 3 B 500 WL & 05 #1724 B, 7E38 K E IR
20 min, #RJ5 4 000 r-min™ &0 10 min, W B AH 400
pL, 7 13 000 v+ min™ 5.0 10 min, BT 4H 300 pl, &
I R i G
1.3.2 4-CNB & J5 %

K FH v RO A 235 15 (High performance liquid
chromatography , HPLC ) (Waters 2695 ) ¥l 4-CNB 1]
. FES . UV (2988 Water Detector) » i 47
CisHE CRIAR 5 wm, 4.6 mmx150 mm) o ¥ AH €433 55 1
R B AR - FEE 7K =60: 40 (V: V) 5 i ;0.7 mL -
min™'; K P S - N=275 nm; FEFE R .5 pl; AR
25 Co EA TR 40 pl B FE A 3% )
Fikarin
1.3.3 [a| B #EXT 4-CNB A= M P A

B L1 TR AR S AT PR AL T XA K

W oH B &

AL E R 0.1 mmol - L' 4—~CNB Ay, BT
27 °C 180 remin HEIEFEIR P REFE 9 h, 4% 1.3.1 Frikik

WU P Y 4-CNB , HPLC 23 B4 4—CNB P A B
S5 B i TS 5] 4-CNB O RS8R (B 4 RE i
HI3HWAT),
1.3.4 B AK MIC 3

PRI BT 20 MIC A8 FERIMEFRAN B 18~24 h
Jei . RE M i 455 75 3k 9 A1 B A K R SR AR 2 P i e
HR 4 9 [ 1 A R 52 56 22 AR P 22 (NCCLS) R FHU I
2R X IS R VR AR TR L SR MH PR A R
e B A TR AR 19 MIC. BROJC T /i & (15 nmx 150
nm) 1232 FIRER L, FHEIEMAMHRAG 1.6
mL, 55 2~ 12 & IMMH A% 1.0 mL. F255 18 mA
WM 1280 pg-mL ' HTA % 0.4 mL, R4 5 HL 1.0
mL 255 248 55 2 IR A I 1.0 mL 255 345, itk
BT U R R 1145, I A 11 P I 1.0 mL
VW FE 25,50 128 AR TP R X B4 LR 45
W PP A R AR IR R 256,128 .64 .32.16.8 .4,
2.1.0.5 wg-mL" F10.25 pg-mL ™" SR 545 BB R e
JEAL IE 2 ODooon=0.1, I 76 BF 4 N AL TE 45 1.0
mLo 55 18 25 11 EhA RLWRIE /53500 128 .64,
32.16.8.4.2.1.0.5.0.25 wg-mL" F10.125 pg-mL ",
SRIGH L B IR B 9% 24 h(R5 3 510 227 °C..
180 r=min™") o FRJGTEIH K A 600 nm Ab , & B4 11
WO FE A (R LR S i B 3 4P AT) -
1.3.5 IR TP LT TR R A 12 B 1) 52 i)

DAARIE AR5 oAb X 250 A K 0 1 24 T 8 o
LB WA 15 35 BL 9 %5 2 ODiponn=0.1, 43 B 1A L3k J3E
27 0.1 mmol - L™ 4-CNBARES , SR JEMA 1 280 pg-
mL ™ IRV BT, W IR TR VD B 2k B 4y
24 1/4 MIC ., 1/2 MIC \MIC F14 MIC(1.2.4 pg-mL’
16 pg-mL™") o CK A2 FIXTHRA, 27 €. 180 r+min”!
PEIREE TR O h JF HURE , 351 K60 4—CNB 75 R ff 115 J 119
WL A B AR ROR
1.3.6 A £ iy

oAb X6 B30 K % A4 T VP B 5 2K T ) LB
BE SR IR HE 2 ODeooun=0.1, A 1 280 pg-mL' IR
VDRV, (VS I PR N VD L IR R B SR 1/4MIC 1/
2MIC \MIC 1 4MIC. CKo M AINHTA Z Fl4-CNB fY
25 X HRAH , CK NI 4-CNB A IHTA: K it BE2H
27 CHEREFA P4 B3 95 4.8 12,24 h fl48 h 5,
FHBEARL (32 [ Bio-Tek 22 H]) F 600 nm I AL OD
B (R FE i i B 3 PAT) o
1.3.7 ZHAL S PRI

P A X6 B30 A 1 D A4 T VP BT 5 2K T 1) LB

WWW.QEs.0r9.CN
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VPRV, AR P RN D B B ZUR EE Ol 1/4MIC 1/
2MIC \MIC F14MIC, CKo A fMHTA: 2 Fl 4-CNB Y
25 1IN IRZH , CK AN 4-CNB ARSI A= R i R4
27 CHEMIEFRAA T4y 392 4 812,24 h F148 h )7,
IUREFPRE i 100 L F 96 FLAR T, V43 H A CCK-
8(Cell Counting Kit-8)F§ 7/~ 10 pLIE A5, 737 C
TR FRA PR E 1 he SRJ5 T 450 nm P AL OD
(B CRELLRR S B 341 T) .

(%)=

25 A BRFLODAE — Il %E FLOD{E

25 AN HRFLODAA - 3% 51X I FLOD
1.3.8 SOD g6 J7

A X6 B0 A A I 4 R YRR B £ K TR 1Y LB
R #2349 2 ODooonn=0.1, M A 1 280 pug - mL ™ IR
DRV AW P RN B R 2R EE Ol 1/4MIC 1/
2MIC \MIC 1 4MIC. CKo R ATNHTA: % Al 4-CNB 1Y
25 TR L, CK AN 4-CNB AT A & (0% IR 4
27 CHEIR B FRA R R % 9 h e, {8 A SOD i MKl
R B (WST-8 326 ) I 22 41 B 15 752 W H SOD (176 1 .
AR ANEIL, B EL 3K,

2 HERESH

2.1 REIE#IT4-CNB B E PR

Sy L EEAS ] B B R 4-CNB B i 80 110 25 5, il
FH O Flt 4—CNB K 8K B4 ik DA Ak 43 501 88 ik 24 3524 0.1
mmol - L' Y 4-CNB, Z5 Jan & 1 ek . Hidr CT1 R
8 ) f ik , 48 9 h [ A ) L i R B AT 5K 98.4% +
0.2% , 5 A TR bk B3 i 80 38 3594 1 35 25 7 (P<0.05) .

100

x 100%

= b P
98 ¢ el
] T H

96t d

94

[%fi# % Degradation rate/%

92r

%0 CTl PS KFI JP1 SI9-1LM1 LYl HS5 Pl4

T A Strains
ANRING “FB: 3R B R R] 22 57 o 2 (P<0.05) . T[]

Different lowercase letters indicate significant difference among
strains(P<0.05). The same below

1 4-CNB BEREE X 4-CNB B £ W & R
Figure 1 Biodegradation of 4-CNB by 4-CNB

degradation bacteria

1% WHART]

2% W] it ST T BAR ML T (Pseudomonas sp.)
1 1% 45 AN 3l FF 1 (Acinetobacter calcoaceticus ) 15 45 55
FE &M (25 °C . 160 romin™) FIRESE: 6 d, ¥ 4-
CNB Bt %0 94.5% , CT1 5 HAH H A 0 8453
PR AR F 9 e % CT1 FF SR BT A= 22 XF 4-CNB FE A 5210
BT .
2.2 18FIAEZRIMIC

FE 18 FlvE WA R, U 6 Rt A= ZAEAE MIC
(F 1), HrP RV R A MICH /AL, 4 wg-mL ™, i
R MICHH , N 64 pg-mL™ . TN EX CTI
(A 4 FH 35 A 2 3 ELRR B v Sl B 2 o A R 05
YL b B S BRI N U B EA T IR B2 BT
AN BE B VD B B PR CT LA RE )
2.3 A EIFE K CT1 BEfE 4-CNB B &I

TR U B2 X TR PR CT1 R fig 4—CINB Y 52 1) 4 (5] 2
FIT7R , ASR] e B B 1 T v At 35 3 S0P Bk X 4—-CNB 1Y
Rk it % KT CKo Bl PR V0 B W e 348, T
FRXT 4-CNB B R AR B 2 B A o 4 PR VD B vk B
12K 1/4MIC . 1/2MIC , MIC 1 4MIC B}, 4-CNB [ fif 2%

F1 AEMERM CTIHREMNERE

Table 1 Minimum inhibitory concentration of different

antibiotics on CT1

B2 YA Z M JE Antibiotic concentration/(pg-mL™")
Antibiotics 0 1 2 4 8 16 32 64 128
WRU R + + + 0 - - - - -

PUFRZ + + + + N - -
RIRER + + + + + =k - - -
KKRER + + + + + + =k - -

HER + + + + + + - - -
2R + + + + + + + =k -

S A + + + + + + + + +

TR + + + + + + + + +
BEEBAM ¢+ ¢+ 4 4+ o+
REFERM + + + + + + + + +

+EmE + + + + + + + + +
LR + + + + + + + + +
[TENY N + + + + + + + + +
AR + + + + + + + + +
MR + + + + + + + + +
TR e+ + + + + + + + +
FF iy s + + + + + + + + +

T e — FOme + + + + + + + + +

TE A FOREMAE I, -FORBEMA LR, R R MIC,
Note: + indicates strains can grow, — indicates strains cannot grow,
and —* indicates the minimum inhibitory concentration.
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I3 91 K 87.0%+3.3% . 78.5%+2.4% . 61.8% +3.7% Fi
35.7%+3.9%. X RN B CT1 IR
AT AE— 2 B8 b 52 i PR35 vf 4-CNB 19 2E W B
R RS A S 5 S B, A S TR A R Sk 7R T % Bl
KREERT, S5 e, 3 Bk B2 (1/2MIC . 1/
AMIC ., 1/8MIC) 1 2 Flr A= 28 X 2 Fhvg oy 55 R 34545 B
B EIE T (P<0.05) o ZRBT R S50 5% & IR N
O R 2 AN DNA B A RGFN &2 T , DR L ER TN Vb 2 AT i
23 T R B AR CT1 A9 DNA A 8RS ], M i 317
TR A, BRI 4-CNB YR A -

100 —=— b
g E3 ¢
% 80 1 d
5 B
E 601
=
5]
& e
S 40f
& 201

0 CK 1/4MIC 1/2MIC MIC 4MIC

VP B Ciprofloxacin concentration

B2 RERERADEITE CT1 P 4-CNB 50T
Figure 2 Effect of different concentrations of ciprofloxacin on

degradation of 4~CNB by strain CT1

2.4 RADLEFECTI EMERFMN

KL IN N C R T S Rk BE IR N VD 2
X CT1 R ARAE Y B2, S5 3L AN &1 3 iR . Bl 85
FRI ) SE K, CKo AL i 4-CNB (CK.) By X HE 41 H
PR AU B 35 R . (R 7E 4-CNBAFTESRF T,
5 CKotH L, BV BEA B R % . iX 16 4-CNBAE N
Rk PR EC H 2 XoF RS A — TR Bl A

XF H CKo Fll CKe, AN YD AL S5, SRS 70 A2 B i

1 2 1.030, A K . TS ER TN VD R R A SR 1/
4MIC , 1/2MIC MIC . 4MIC R}, & A3 B ODooonn TEL 53 5]
410.333.0.274.0.239.,0.153, {BJ&, YPRN VD W =
T MICHT, I B8 R IE, B R bk R
e R T MICAH S |, 78 26 s 1) PR G 323 TR i A ™ A
TIIE, AR TE A AR IR A Y P F ik
R T2 T /DA 7 W E (Minimum bactericidal con-
centration, MBC)H , A BB/ 99.9% A _E 11520 -
2.5 WAL ERME FTEE CT1 FIAME R

K FHl CCK-8 (Cell Counting Kit-8) ¥, L4581 1E

127

. -0 CKo
E -0~ CK.
2 MO oo amic
S £ 1/2MIC
g £ 081 & mic
SE - 4MIC
BE 06f
¥ =
£ S 04t
-ﬂg,g IR o et
S ~nl = R R
g 02 A== . _»
®m T - e — @ —
O 1 1 1 1 ]
0 4 8 12 24 48

5} 6] Time/h

3 AERERFIDENEMERCT1 £ ER M
Figure 3 Effects of different concentrations of ciprofloxacin on

CT1 biomass

ANT) e B (RN VD B e R CT 1 ARMa 6 T i AR 1k, 25
AN 4R . X BEZH CK. 25 AT 41, 4-CNB X 1
IRAFAE — 5 BRI FH L 0~12 ho Bt 3046 4 R it 25 st
V1) P S K TR 5 . 76 12 h i, B 4-CNB (A, 40
MG P T o PR VD R AR BRI MIC 1), B
NN VD B I TH T A0 A R B T . AR
0~24 h B, 24t Ay 400 o] 258 2 348 ip s 4, 7E 24~48 h i),
PR A G IR Z B S , RPN VD B CT1 R4
AR IR B i K o X5 AR AN RV S5 BR P9 V0 B ) T
TR CT1 3G B 5 M 25 AR TR
2.6 AP EFTHBE A SOD BEiE 14 AR M

SOD fil§) 2 4y A5 T 2 A iR I FH I8 B
HA B B 7 B R 2 A L, e
CT1 B 4N PN (4 5. SOD B M  #R1° CT1 B AR FEAN ]
WP IR DI U0 B 3E T A M 9 S PR AR Ak . RS
A5, 7E A Ptk Z{HA4 4-CNB TEAERT (CK.) , CT1
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