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Screening of Ciprofloxacin Degrading Bacteria and
Its Degradation Characteristics

QU Chunxiao', WEN Jianzhu', CAI Zhendong', PAN Daodong'?, WU Zhen™
(1. Key Laboratory of Animal Protein Deep Processing Technology of Zhejiang, Ningbo University, Ningbo
315211, China ;2. Department of Food Science and Nutrition, Nanjing Normal University, Nanjing 210097,China )

Abstract. In order to screena strain that could effectively degrade ciprofloxacinand to explore its
degradation characteristics in the degradation process, high performance liquid chromatography was
employed to screen ciprofloxacin degrading bacteria. This bacterium was then identified according to
the colony morphology, physiological and biochemical characteristics as well as the 16S rDNA gene
sequence analysis. The strain activity, and the degradation of intracellular and extracellular
substances and cell walls on ciprofloxacin were also investigated with 4 pg/mL ciprofloxacin. The
results showed that the degradation rate of ciprofloxacin by the screened Lactobacillus reuteri
WQ-Y1 strain reached to 70.2% via physical adsorption and biodegradation. Furthermore, the
degradation rates of ciprofloxacin by intracellular substances, extracellular substances and cell walls
were 17.7%, 23.4% and 37.0%, respectively, which were far lower than that of the living bacteria. It
could be concluded that the physical adsorption and the enzymolysis process of L. reuteri WQ-Y1
were not the only way of ciprofloxacin degradation, and it was also dependenton the complete
liability of L. reuteri WQ-Y1.

Keywords: Lactic acid bacteria, ciprofloxacin, degradation characteristic, biodegradation

5 B H# . 2020-05-15
ELTE : WA HARRRAE S —BI0 H (LY 19C200005 ) s #iiT48 F 5 AF A 3HR150 H (2020C02042) ; T R BIRE 4T H (ZX2015000928)
*EEEE . R ORA985—), F M Hok s AR SO, B E NIRRT Y . E-mail : woodsen@163.com

AR S d i A S 2021 EE40BE 128



RESEARCH ARTICLE

QU Chunxiao,et al: Screening of Ciprofloxacin Degrading Bacteria and lIts

Degradation Characteristics

PUAE F R — B B M 0 L2 ) T T
B AT 40 T IR o b B RO HR A
e B A 2 i ) 200 T B A 26 IR BE 75 e
[ B BT AN A R R R A R
(78 2 i H 28 3, SR T T AR 28 000 Al H 5 BOA
B ys Ye ) 1 H 08 51 A Bk aE A )2 G T
AR, UM TN R — R A s
LI HE AN 53 U T TR 2 25 )
it s AR 25 2 UE ARl O BT, BR TN U B I
FHF 98 1R 97 1 Je R )12 1 Ak D v 5 T 2 e R
BT BRI 28 76 BB A I 2 s e AR BR T HL
IV AR A A RS AR P i Bt
A AN 25 T IR 8 TP PO S A A R B TR
FEA I I B AR R P AR B AT, T L
PP A 25 B ) L 2 R A g

HA, A 2000y ik 2 R ik fk
Yk, BRI D Ak 2E RS W E
TN ORI YRR IR AR I I B FH A5 k2 O Tk
SRR S Ak A n 7 45 (R R B X sy
T B4 FR A R o AN B A 1 e bR R T e AT R R
TR R AT TN A e e A A AR R
AR W R A T, RIRE IR PR R 45,
o FL ST 2 b & W e i TR SR Ak 5 4 SR B AE R
(LR WG AR A E T AR AR i ARk B AR AR
B R fife ok B A PR AR S, 2 H TR & R A AL
Ty ks,

FLIR VAR O — 2 R R 25 7 ) o 3L R 1Y) 25 A2
W AR R R 2 A, HRTCMmR2
FLIR TRV i 18 0N 1 A 25 0, e N 2R Bl v
M SR E, AL A R Z WA Ti6e, f s 4t
F5 B 18 B TE B4 R TR I B 1 8 B AR US4 | A
TRIT A B A AP AR, AR B A
R FEFLR TR, A W98 R I — Le ZLIR 7 A B
oA =MDy he R A2 A 0 I bk e B i 2 Rl
ERMERE, Kb amR PaABER SRS
2 i R I R K 2 92.1% .68.9% il 82.8% , I
HAF R BE R A —E 22 5, IEFERXET
W] R AT 0 A 2R 35 Y 20 0 1A 0 9 A, T ) P 4
K FPUAE F B A ) W i F 5 4 b AR R S B A
S PR e R A R N TP R R FLIR LA
HERE Y,

25 2R e 2R0CR0RH €5 13 32 7 45 5 280 I i R TR

YR BERE, 456 Bk A B A TR AR AT 16S vDNA
FE R F B0 AR 43 B, X B AR DEAT 55, B B 5%
T FLIR PR e frf IR TR VD B I R A 9 SROAE DA ) T
FIE TR0 A W A 45 XA R TR DR R, 22
fiff WS A I S 0 AR 3R 07 e B B o A R
M A A s et it 5%

1 #RSHE

1.1 KIS

Multigene Thermal Cycler PCR 1% ; 3% [E Labnet
IS E A FE28 pH it LR TR 2 AR A
B8 w7 0 s QHZ-12A BUE R T 35 524 . 110 %
WA il 3 A RS ] 7 i LDZX-50KBS 2 & kK
. IR BT AR TH-Y)-1450A/B
R TAES . AN RN Ib i &7 BRA w7 i
Agilent1260 1 = RO AH (L1532 Agilent 23 H]
72 i s M200 Reader BEFR1L ;. 3¢ [E Tecan 23 Al ™= i ;
WHO66 i 16 it F1: 25« 115 JE AR AR A AN il 3 A PR
F 7 A CX21FST A B . H A Olympus 2 A
77l s E0303 HLUKAX ;T BB AR A PR W 77
GT16-3M FURKARELOAIL  HUH KRG A BRZS #7
1.2 FERFMEFRE

BAER NG = e BRI R (4 =
90%) MRS $i 75k BG4 Y TR PR w77 il
B DNA $EBGRF & A 2 R A RA A =4,

RN VD B AR A A5 W (1 mg/mL) : (035 20 BR TN
70 B BRE S R AE 0.03 mol/L NaOH ¥ ¥ b LA K5
1 mg/mL WV B AE VT, IFTE-20 °CF A7
TERR IR,

BSM 1% #7302, 4 me/L, MgSO,+7H,0 .0.1 mg/L
CaCl, .4 mg/l. KC1,0.01 mg/L. FeSO,.0.2 mg/l. NaCl ,
0.5 mg/L. KH,PO, 0.5 mg/L. K,HPO,;pH 7.0,

CaCO,~MRS BifE 5 7Rk . 78 MRS [ 44 15 % 5k
FEEE R A R 1% W RR PR S . RE 9R R I A
121 CF K15 min,

1.3 Fi&

131 xRV EEMBAG KB Faitbid izl
P AEFP 2 MRS 35 F FL 7 37 CIG LAk 6 h, Jf
FEARTR N B 2904 %0 2] BSM 15 95 35 b IR I3k oy v
BREREREN 4 pg/ml, $HHFREE THER
150 r/min YR 37 CH5 5% 48 h, B W,
BT o T 000 2 T A T T U A R R R O 0 X 2R

Il JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 12 2021



BAWEF . AR EEMRE 0 AL AR IR T

HRBX

VD B ELAT 0 B A P A T AR TR) B B2 A T AR
A %) ) Jo e A B S P VD L VS TR R P B H
AR 23 £5 4 . R FH ZORBAX XDB-C18 2%
# (250 mmx4.6 mm,5 pwm) , K3 K 4 278 nm, #
N 30 °CLshAH A 4 0.05 mol/L iR IER (=&
FeiH pH 2 2.4) B R EIEHR LNE,V (L5 ):V(0.05
mol/L, R % W )=87:13, it f&: A 1.0 mL/min , #F 4 &
20 pl,

43590 e o SR v o 1.2.5.,10,20,100 pg/mL
IRV B, AR ETR 1S A A 10~20 min,
B mL TAEW % LR T b A7 5085, 25 F120 1 mL
AR I 3 YOPAT R S A, DL TR VD AL A A X
U TET R AR DA AR A, AR 7 B B TR Vb L R R R
TR AR A R A I ) B 2 T AR v T £k
132 XAV EEHBAGEE XNV EE#E
Wik T 5 . WARIGILEE 3R )5, T A L
KON TR R 3 A YRR A T 6 B A R, 43 I B 0.1 mlL 7 B
JE 2 107,107 10 By 35 FR W, TR A 7E CaCOs—MRS
BB I T 37 CHE 3% 24 h, PG AT 2 [
Gl (0, 55 0 R Ao S Ak Sl S

T3 Ah, PREUAL T BoA: KO B AR AT 16S
rDNA JE K751 50 H7 , AT DNA 42 B ) & 32 B
AR FEF 2 DNA, LRSI AT PCR 973 4w %
16S TRNA R IE M 514 27F (5'-AGA GTT TGA
TTC TGG CTC AG-3"), 5% 1492R (5'-GGT
TAC CTT GTT ACG ACT T -3")P_PCR Sz WAk %
250 pL MR R H PN 2 L, BUFS I 1 pl,
T 519 1 pL . 2xTagDNA % 4 i 25 pL.ddH0 1
wL, Horpas () IR 20 ddH,0 #h 2 PCR 4788 4514 .
94 CHAEYE 5 min; ZJ54% 94 C'F 30 5,55 C'F 30
s,72 °C'F 30 s WS A8 P, 3k 33 MR, 72 CHE
fi 10 min, 4 CORIE . SR HEAT 0T 53 B0h 1% Bt
BV J FRL K B8 TIE BT 15 PCR 7241, %% 1 500 bp /2

A% PCR 934 7= 4% 2 Rk TR BRI,
bl NCBI D3t %o 00 7 45 SR 647 BLAST FoX, R H
£B 4% 1% (neighborhood —joining ) #F 17 [7] Wi ¥ 43 #r | 1
it MEGA 7.0 M FABIE M R G LB,
133 BhxEAKBES pH 9T KRG
Ja, FRURFUE 2% R B 6 17 MRS ¥ 4 Ks 77 3t
o a3l AR RS SRR B O 20,25 .30,35 .40 CHI
45 CHBEFEAE R 1535 24 h J5 BURE 5540 3 AT,
B ARG 5 ODggoo JINA TG B K AR R X HE S5

WIS AL, F R B 2% R0 B 7 0y oA
MRS ¥ A& 5= 5L 98 pH £ 5.6.6.5.7.7.5.8 F1 9
Bigg 24 h R BURE, B4 3 P47, BERR U &
ODegwo A TG B KA g X6 RS2 56
134 BAREWSEEAREBRITR D EWH @
53 T A A S B T, T — iy & R (121 °C
20 min) AL . WO P03 AR FE R T 0 BSM By 57
b, TR AR B N ER TN VD L T MR A 1x10°
CFU/mL 1 4 pg/mL, & T # A 150 r/min BYHFIK
W35 CHi 9% 48 h, A0 6 h B0 L35 W, F sk
TRORH £ 15 DN 2 B P VD B O A R B [ B A AR I AT
A 11 T3] ok Y S TN O L T VR Sy B X TR
1.3.5 oA S R VA B m e BE ST T fRER R A Y
Wre S SCER25)M 5 BB, 7E 100 mL MRS
R s AL SE B TR, IR TR T 0.01 mol/LL 1y
IR AR 22 vhif b, P RE TR MR o 1x10° CFU/mL,
7 R (350 W, T4 8 s Ml 3 5)30 min, Jf-7¢
4 CEMF LIEE#E 14 000 r/min 2.0 30 min, # AR
i PN 40 5 B Sy 0 S T TR R AT R A3 Sk S 0
JE B UTTEYD , o3 A WCER T I AL s 1 15 35 W R B A1
T, 43 S PN A TN AT R 5 BR N Vb R I
Rl LR vk B IR 2 4 pg/mL, I 35 CCH. ¥
4 150 r/min B3R35SR 24 h, 70 5I07E 12,18 24 h
B0 W YA VL R ASOBOAE €0 35 15 0 BTN U B I
TR R ERE 38 A T A R R 19 TR) 5 o R R B T VD L
WAE R 2 xR
1.3.6 HBEAEAGT 2 FIALKEL 3K,
K SAS 8.0 H A B K 2 5 22 (One—way ANOVA)
X E ZE EE (Duncan’s Multiple Range Test)
B UEAT G2t o0, P<0.05 R 2R 8%, KA
Origin 9.0 BT R, SR LV Y (H 55 o
ZERIN

D R 5

2.1 IR AR E I %

M1 (a) AL 1 (b) a0, 2R 09 v0 B A o o 7R
13.059 min A3 WEAE,  FLAH X 06 1 B 5 2R P9 70 2L o
WS B RAFI R C R . TERTI 0 2 (1 e i
FAFR 2R 5 ROHORE 815 vk X R N U R O v
PEATI S . AF 18 h B ,WQ-Y1 B i R B i ] ik
70.2% , W 1(c).

A& S Lt £ 20 2021 EE A0 BE 128




RESEARCH ARTICLE

QU Chunxiao,et al: Screening of Ciprofloxacin Degrading Bacteria and Its

Degradation Characteristics

1=138.04x+134.51
R=0.999 7

[E AR /%

15000
200¢ 13.059 13 000f
g 11000f
=150 = 9000 |
Z 100] 2 70001
= = 5000 F

=
501 3000 |
‘l -

0 N U N 000
2 4 6 8 10 12 14 16
58] /min
(a) TR VD R (1 RAH 3 4]
A1

0 10 20 30 40 50 60 70 80 90100 110
T /(mg/mL)
(b) AP VE B bRifER 2

RRDEMNNERFEK WQ-Y1 EFEMIER

6 12 18 24 30 36 42 48
[l /h
(c) FEHEWQ-Y1 48 hPI X ER Vb L (1 A

Fig. 1 Determination of ciprofloxacin and its degradation by WQ-Y1
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