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Effects of ciprofloxacin on microbial biomass carbon and carbon metabolism

diversity of soil microbial communities
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Abstract: To evaluate the effects of ciprofloxacin ( CIP ) residues on the microbiological characteristics of soil, the
microbial biomass carbon (MBC) and carbon-source metabolic functions of the soil microbial communities exposed to CIP
were studied by the method of chloroform fumigation extraction and Biolog technology. The results showed that the content of
MBC of groups treated with CIP (wg, =0. lng/g) were significantly distinguished from that of CK, and they were
decreased with the increasing concentration of CIP in soil, the content of MBC in soil exposed to 100pg/g CIP decreased
58.69% . Moreover, the carbon-source metabolic functions of the soil microbial communities exposed to CIP significantly

decreased, too. Under the application of CIP, the microbial utilization rate of carbon sources, including carbohydrates,
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carboxylic acids,,amino acids, polymers, phenols,and amines decreased. However, the carbon-source metabolic capacity and
diversity of the soil microbial communities exposed to 0. 1pg/g, 1pug/g, 10pg/g and 100wg/g CIP were significantly
influenced, in different patterns. I.e. , the carbon-source metabolic functions of the soil microbial communities exposed to
0.1pg/g, 1png/g and 10pg/g CIP for 7 and 21-day were significantly lowered but no significant difference found after 35-
day exposure to 0. 1pg/g, 1pg/g and 10pg/g CIP, while that exposed to 100png/g CIP for 7, 21, and 35-day were all
significantly lowered. It was concluded that a certain accumulation of CIP in soil, for instance, 100pg/g CIP performed

irreversible and long-term effects on the metabolic functions of the soil microbial communities.

Key Words: Ciprofloxacin; soil microbial community; soil microbial biomass carbon; microbial utilization rate of

carbon source

T 30 Ak, FEE T2 (fluoroquinolones , FQs) FBFFY M JE 401V, I PR H FH A v s & BT A
SR b A2 ( Ciprofloxacin) % 10 22541, FQs )™ 1 A% B 25 (h 401 S0 Rk AU S 104 111 ), B )
S TN R SR MBI VAT . Y FQs PR IN UL HEME S 28 A B ol P R A R A BR
RRYE T R, WL RTIE K SRR 45 R R 15K P A 12 PR TR IR PUAE R WRE 12—1208
ng/L, #FKE& 7 B FQs, W 1.3—535 ng/L'" , FQs fb2p e dita e , S B L3R 885 7% B A 10 181 A 3% P st
[BI AT A, FQs TEFRE L T R P 1, XF NS RRIE Bl 1 A nl F AV 7E XU P Schwarzenbach 251
FR FQs S8 L5 Yoy s | O f0is G & )k < NS TG B9 B RIMR Mz —” . ANV B XY 2 m C A
I,

A Wy A R A LT R TG BRI & AR A A 453, RETEAR KR B b s ke - 398 o o - 3R
Wkt DS PR - A i AP A R AR L I W BR VR SR A 22 B R S
BRGEZ TG MMBAE L, JE AR Ay () B B4 A, % LB B EE I RER . B, 04
THEWZE TR T E D R TE D e 260 B T AE W22 5 IR R I 55 Bl BE R B TG BOR & s, M
DA 3 B B[] PN A A 8 22 B AR A, LA Biolog LA Btk U5 R FH A Al 9 2 i 23 A7 S R U2 E W Vs D e 2 4
PEFRBE T —Fh A T B OB AT R W Biolog ST H A% RV 1Y R AR I 10 22 5
N T SR R M R TR AR DI RE R AR [R] S X B AL 8 AL 2R ( AWCD ) 2 - S8 A Wy v A1) B — Bk T g
H— D EEEAR AR, S T A WS R T i SO B R R N AR L N TR A
BEE I REZREE " AR i AE 3P B IR TR e B SR V0 2 15 B S0 BE 2512 3 35 A Biolog 5, 4
B IR Wy i i R RV e A 22 e B - 3 Tk W BV o A G i A A T ml AR B, T AN 1D
FEXT SRR MRV O RE R SR, DA AR S PR N VD B AR PR iR B O IR E W2 R A s e
1 ¥REAZE
1.1 +IE

Rk L HER AT R RAEE B 10—20 cm 1200 138 rE 20, HAHUT 28.5 g/kg, &% 1. 82
o/kg, W 1.31 g/kg, 281 23.6 ¢/kg, HAHE 14.5 mg/kg, HALE 145 mg/kg,pH {H 6.75,

AR FEE LA 4 mm G, B3 T 23R TR T HCE 3d, FAEWEE , #5 5 ke fif HMA
50 mL AS[R)VR BE B RSV B IE R (AT B TS M A 7 1 =98, 5% , WiV EI B 25 A BRA R , (i £ p IR
WEIEMER S8 T (R0 pe/g 141 0.01 pe/g M4H0.1 pe/g VA1 pe/g. VAL 10 pe/e.
VIZ1 100 pe/g, 25 B F/K A -8 2 40% AR E IRG A EFEIA 10 L R, I 2 fi
TR, BETER20—25 C) THFE35d, HFRE LR 3d 877 1 IR, DR e 38R R e, B>
AP 3 IRER
1.2 #rI B Ko7k
1.2.1  THERAEY R

FREBRJG 21d SRECH 24T 20 g BB G35 37 138, AU 2508 B i 5 - 3 i
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1.2.2 BIOLOG ¥

BT HIZE)E 7d 21d 35d RAEFEEHIE 10 g, i1 90 mL K EFIERK (0.85% ) , 43R 30 min J& , Fi
B2 107° A5, FEREX 150 wL #5815 Biolog EcoPlate UFHR AR, T 25 C FHEFE, 5 12 h 7£590 nm T
BIOLOG 24k T4k,

FREALEE B R (AWCD) TR,

awep - =€ R

o, € RN B FR IO 63 B, R S BEFL G2 BE A, n S RG IR 3L, EcoPlate Al 31 FlAR
IR, n {50 31,

R Z A A 0k AR T IR AR R B

AT S=2 [, +0,,) /2%, +t._,)]
K0, i BFZIAY AWCD {H,

EE BRI AR A S ECH B 31 At C-R KT 0. 25 MR’ ZHERBUH
Shannon-Wiener $§54 ( H') %71 .

H =- Y P1InP,

o, P, A G SRR 0 S0 5 0T BB 14 6 % 1 22 5 AR 22 1 LU AEL
By = _(C-R)
Y (C-R)

ARG K FH Biolog fHCFHR I 37 72h (B | ok uds 35 Gk W ik v ) i JRR) B AR Eh e 2 Rk, SR
SPSS11. 5 FAF#HAT G AT A = W53 A .

2 ZER551
2.1 IERUEY SRR

FARRVD AL 21d H 3P i e hik S Wi 1 Fios BRI T A (0. 1—100 pg/g) Xt - 34 9 i
B s R B 2 (S IR LR, P<0. 5 ) |, 2 A R ZH A IR i i A AR T B AL, RPN U LI
B, A YRR S AL, 100 we/g BN TSR AL S + HERA Wi i TR 58.69%

2.2 HEERUEYR IR RS 2R

AWCD 2 S e 39 falo A= i b, BV B U A B AR R T B — AN TR LA AR L BT 2 Wl ARk i e
B SR ) A A T B R, AN R4 531 S A R SR — B YR BE T A RN ks T 4> TS MA>IVA> VA
SVIZH, AbFRE 7 .21 35d, 85 A0 FRZH A 9060 AWCD FEASERAE 5t R ZH | e H= VIZH (100 we/g 41) FEAIR
T 56.56% —78.94% .
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YRR R B IE SR 2 5 /0 IIThRe 2t IR RUE YRS O TR = & AR SO Z R R EU S 25
WAL (R 1) Ny

7 KRR EE RS 0.1.1.,10.100 pg/g 227 B E 4521 K 35 K,100 wg/g 41H0F & s
HEXRAER B,

57 K 21 KRR B RS RS 10 100 pe/g 4255 B35 5 35 K, X ALY S REERE B0 S Hofh 4%
HZHERARE,

2.3 IR YT BRI A R

AWCD BhZR (R AR S e T 30 W BRI AE Biolog T M B8N 85 37 301 N A T B TR BE T 1) 22 53 AR AJF

FERH AWCD HhE3 A T bt U e i AR R 5 . AN VD B 5 AN [R) , A E W X i U5 1) )
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FHBRFEARTR (E 3) 55 7 K, % A ZH - S 3 A= W B DR (%) R FH i B e K, S 2 A 3 2 57 356 21 K .35
K ,10.100 pg/g A1 358 50A= P i U 04 1 5 B S0 i 22 5 e

180
a
a 18 -
150 jlﬂ 1.6k
£ E 4]
2 120 - b S
g be 8 1.2 +
= 9 | be . Z 1ot
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8 K 04 —>— 1 pglg
'l-f? : —*— 10 pg/g
30 - o 02 —o— 100 pg/g
0 1 1 1 1 1 J 0 : : - : -
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4b#E Treatment FEFEMHN] Incubation time
reatmen

B2 41EF7dTEFHHETHE

Average well colour development in soil from different

E1 AEE21d TEMEMERSE

Fig. 2
Fig.1 Contents of soil microbial biomass carbon ( MBC) for each g

treatments after 7 days
treatment after 21 days

AN 7)Aok B[] T AH F] 7 B35 R 22 5 1. 32 (P<0.05)

F1  TEREWF A Biolog MERRIREN FEEIERMSEEER
Table 1 Richness indexes and diversity indexes of utilized substrates for each treatment
7d 21d 35d
27 o e e e - e
. . . SR EZE R PR EZERCEE Y TR ZHETETR R
Concen-tration of CIP ) . K
Richness Shannon Richness Shannon Richness Shannon
(ng/g) . . . . . )
index index index index index index
0 24.33+1.53a 3.16+0.04a 21.33+1.53a 3.02+0.07a 16.67+3.06a 2.82+0. 14a
0.01 22.67+1.15ab 3.07+0.03ab 22.00+2.00a 3.03+0.07a 16.33+1.15a 2.80+0.07a
0.1 22.00+1.00b 3.03+0.03ab 20.33+1.15a 2.95+0.01ab 16.67+1.15a 2.83+0.01a
1 21.33+0.58b 3.05+0.05ab 19.00+2. 65a 2.94+0.05ab 16.00+1.00a 2.79+0.01a
10 18.33+0.58¢ 2.92+0.02b 18.00+3.46a 2.89+0. 14b 15.33+1.53ab 2.75+0.07a
100 7.67+1.15d 2.51+0.20c¢ 7.67+2.08b 2.75+0.05¢ 12.67+1.53b 2.81+0.03a

RS TR 7, R 22 5 835 (P<0.05)

2.4 TIEGCEYIRER AR DI BE 3 R0 b

31 il Y5 A0 5 45 SR IE N T H A A W TS AR R AR 1 2 ot 1) i, AN B LW R, X 31 R IR R AT
B AT Es R R YRR R SRR A R, BB 7 R(E4) 55— E M Mes — F s
R0 R B 22 7 3938 B K- (P<0.05) , HIEHER TP 2 wy,, =0. 01 pe/g SXTHR 22 7 B3 50 21 K, 5H—
F RS — FE 0 BB 22 0k L E K (P<0.05) , HIEHR RNV R w, =1 pe/g SXIRA R
W20 35 K — R REUN 2 70k W E KT (P<0.001) , HIEF AR A we, =100 pe/g 5XFHR
AEFE 1 FEREE,
2.5 OR[AIAbIE A YN 6 SRR A R

I 31 FPRRIE T 53R 6 38, %) 6 SERRIF ST, HP- YO (R PT 4 s bt SR GO MRS [ B R )
FIAIE, 5521 K, &AM T EERMAYIXT 6 K iEr FIHE MAFTE2ZE S5 (£ 2) . AW BA KL EY R
i RIER RAY) 22 B WO G IR T X B2, 100 pe/g 41 IR AEYIRT 6 S50 IR AYF- 241t
EF S X 22 55 W3
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3P0 mougs  B0Olugs B0.lugs Blpge * 0pgle
2 B1l0pgg 8100 pg/g L5+ m g.(l)lug//g
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olINE E -
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4 SME[E7d TEBEMBEEIRS SN

Fig.4 Principal components analysis on soil microbial communities

3 FRERERFDELSET HEMEYREF AR EE
Fig.3 Carbon metabolic intensity of soil microbial communities for from different treatments after 7 days
each treatment

F2 AEE21d TEFEYRT 6 ERRIERNFHRALE

Table 2 Average well color development of soil microbes from six carbon sources after 21 days

aYEa

. wRILEY R B Bew [iES JHek
Concen-tration of CIP L . . .
Carbohydrate Carboxylic acid Amino acid Polymer Phenol Amine
/(ng/s)
0 0.91+0.25ab 0.82+0.09a 1.07+£0.17a 0.79+0.21ab 0.58+0.04c 0.66+0.09b
0.01 0.88+0.21ab 0.66+0.07a 1.02+0. 14ab 1.00+0. 06a 0.82+0.11a 1.07+0.48a
0.1 0.99+0.11a 0.72+0.05a 1.00+0. 10ab 0.71+0.30b 0.83+0.08a 0.57+0.06b
1 0.58+0.27b 0.72+0.04a 0.83+0. 12b 0.56+0.09b 0.62+0. 11bc 0.59=+0. 10b
10 0.72+0. 18ab 0.71+0.26a 0.99+0.08ab 0.52+0.06b 0.74+0.09ab 0.49=+0. 13b
100 0.20+0.05¢ 0.20+0.06b 0.15+0.06¢ 0.19+0.09¢ 0.02+0.02d 0.29+0. 15b
(15 Bl JOAH ] 7B, e 2253 .3 (P<0. 05)
3 g

I W SRR R B ), i — RS R DA B I hy hcs , HERUE P EAROE PE A
AR RS YR S AR bR, ORI TR T A A AR I IR R R A, KR
SERB AN R (wep =0. 1 pg/g) M HHERUE Y ik & & 0 & PR, RNV B & i TRk DNA &
il T A ¥R S PR U TR AR D X i LB 0T RM A R ST 0 20 TR 240 8, R SR R I AT B L IRAF TR PF R 227 TP T
[CPE AT EREA BEERTA SR IRAT P OB 0 ECRA 25 AT o8 R IR B & 8 AT IR IR & ST AR B A0 [CAT
WAER A R AP BT AR R X 40 LR RUICER DA A PR/ . PR DS V0 B ol SR A ) e G MR
A%, e DA - 334 Wy etk 2>

RIS A5 R, e DT U B FE K SRR YR R AR TR 4 BE ) IS SR P B IE AR I T R 2 A
PE AL, 0.1.1.10 ng/g WINPT VD AL AL BT 1 HEGCAE Py v 1C 8 T BE A 52 i) 2 ZEARIAE I 2556 7 K (21
K,100 pg/g IRV EACEEAEFHZG 7 21 35d 48 3 52 - e A= W ETs . e gl RS R v B 16
A= RV R B AR T RE R M A 45 R — 307 2y 3 14d, BT B A 0. 1—100 pe/g ff 356
A= YRR AR I e 2 B W R AR (P<0. 05) 356 35 K, B ID B 1 10— 100 pe/g i 36 e 10
DI 2 AEbE B BRAC, R Z T, 126, BHOE DR AN A SRR AT EE RGN L RALAR
SEZ N RGAVEMMEE R & AR i 35K & R EE pH {8 A LT JCHLT S 4 REXT 3R 1 B B #
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FE KA A SRR AR E FHA —E s2 i FOUR 45 R R 2 Me™  Ca® S & R B T il SNV B R A%
B I X 254 (4 BV PR T 249 4 i 5, 5000 - 8 v SEBR 25 vk BE AR S A0, IR AR
J S SR YRR R B A BB Y R VD SRR T LA Wt RE R A e R IR TR VD I 4 T
W2 HIEE YRS AT, R R 2 G IR R E I RE IS R AT I BE 2 PRk S X HR A 2 ) ) 22 57 AR
BAREE, (BRI B RS e P A28 15 KA H) V5 R BRI U B B & K 1,96 mg/
kg, Brx G A 135 8 NG RNV R SR 0.32 mg/kg, 21 DAGERN 0.3 mg/kg™ |, I H 25478
F R H A S A AR K A,

SR B B T IR X EY & S AR S TR RN, BRIV IR /INGE SR R AT R R
FRAR AN ZE AR AR BIF ST 2 B RN U0 2 S i)+ 3 W s B B W RV AR 2R L S 20k AR 2R IR R
Jei AU Bl A=A W) - S0 i R T S R - s R AR, DA SOK AR A i T R AR ) R
Yy AR BOKR RS 2 S TR A S IR EE 2 4 | I I B2 e A i, 4 A S 2 B R S UM B
T AT R KU DAl G L
4 #ig

IV X - S R W m RN BB RV WA AR A B S AR VE R, L BE 2 v J3E P 345 v 17 5
A, AR RRI, IR R (wep =0. 1 pg/g) 35 MR IR W b 1 it | - Al A 3o 45 28t R
AR R | LG W B A sk B2 A 2 A1, L 100 /g HY PR V0 B2 Ak B2 M e A, (o - SR )
B T B 58. 69% , +3EM AR YR T 2A—BR IR RE 1 IR 56. 56% —78.94% ., [RII R P V0 B X} + S ik Wy eV
B A I 22 R 14 300 4 PR e B AE ISP ) 25 59,0 1.1 .10 g/ FOBR PR V0 2 b B0 - S8 2k 0 VR e A Rt T i
I RZ I B R IAEAL BT (FH 255 7 K 21 K) X R m e b BLUS 301 (FHZ5%E 35 K) REAW I, 100 pe/g
FER DA U L7 25 B4 B 00 RI 300450 (0 38 R o - S 6l W I e A QI T R
BT AT AE P E B2 B A SRR AT O3k T 5 XA 2 R S S 0 2 5 i, TGS
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