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Variations in rhizosphere enzymatic activities and microbiological characteristics between high and low

ciprofloxacin accumulation cultivars of Brassica campestris L.

HUANG Xian—pei, XIANG Lei, YIN Qian, ZHAO Hai-ming, YU Le-yi, LI Yan-wen, CAI Quan-ying, MO Ce—hui”

(Guangdong Provincial Research Center for Environment Pollution Control and Remediation Materials, School of Environment, Jinan Uni—
versity, Guangzhou 510632, China)

Abstract: The rhizosphere microecology plays a key role in uptake and accumulation of pollutants in plants. The variations in rhizosphere
enzymatic activities and microbiological characteristics between high and low ciprofloxacin ( CIP ) accumulation cultivars of Brassica
campestris L. were investigated using pot experiments to expound the microbiological mechanism of variations in removal of CIP in the rhi-
zosphere of the two cultivars. Results showed that cultivation of both the cultivars significantly enhanced the degradation of CIP in soil. At
high CIP level, the removal efficiency of CIP in the rhizosphere of the high accumulator(48.7% ) was significantly higher than that of the low
accumulator(39.4% ) (P<0.05). The amount of cultivable bacteria; the richness and evenness of the soil bacterial community, especially the
Beta proteobacteria—containing CIP-degrading bacteria; and the activities of catalase and urease in the rhizosphere of the high accumulator
were significantly higher than those of the low accumulator. These results preliminarily revealed the mechanism of higher bioconcentration
and removal of CIP in the rhizosphere of the high CIP accumulation cultivar.
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o H K PLLL (EDTA G5 45 HAh a0 248 43 By 4k,
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W BE 1975 g B8 L FEIE R KO0 45T (oK H )RR 7K
A 60% ) -1 AL 15 d, I H CIP ¥ 5 43 ) H
2.94.10.84 mg-kg™ 1 67.11 mg kg™, iCAEAK . L =
CIP y5 YL b3, AP R3S Je il Y T CIP —JRFRBE vk
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PR SR (TG R 5 3.3 mLL 1% i N 21 VA WA
3 mL 1 %R )R 4 d, KR4 s DI I TG
TR, B0 R CFU - g 4980t ST S B RN DR At 4351 oRe
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1.2.4 HIEANEREE S5 DCGE K v Bl oA

K PCR-DGGE v b )3 75 1 40 B - e A 1
HEE G5 M Z Rk, AR T 1528 - DL EZZ.N.A. Soil DNA
Kit(USA) iRl & $2 0 - 458 5 DNA, DUH R #sAR | 9%
FH3l F 519 GC-341F (5’ CGCCCGCCGCGCGCGGEL -
GGGGGGCGGGGGCACGGGGGGCCTACGGGAGGCA-
GCAG-3" )l 534R (5’ ATTACCGCGGCTGCTGG-3" )
(SANGON, China) #£17 PCR 44 , 34 I )W 44 2 (50
wL)>A DNA 4% 8 wL;Buffer 5 wL;Mg® 4 wL;dNTP 4
pL; 51445 1.5 pL;Taq fif 0.4 pL; B FKAMEE
50 wl; ¥ B4R B ARFE S 94 CZFPE 7 min, 94 CZ5PE
455,52 CiB K 455,72 CHEAH 45 5,35 IR, 72 C
SEAH 10 min, 4 CIE£1FE. PCR W =K EEZ) 230 bp,
K DGGE—1B Bth 5 A% 14 A6 958 e v ik 2R e o) Lk
17 DGGE 43 #r , v SR P9 s Ik e 58 e vk 82k 10% , 7%
PEFIMR R 40%~60% , FEfL_FFE R 20 L, LK HL
JE24 80V, i 60 °C, HLUKHTE] 11 hy lEIKES o5, LA
SYBR GREEN I # g4kt 4et, L Quantity one 3K {4
HEAH R IBCHE I R I AT B A 0 AT o W Re 5 2%
W HEAT YIS M, DL 341F F1 534R K8 H1iE T =k
P8, BeAS AR FE R SRy e 20 v B X R G 2R A T e
Mo I 485 S 7E NCBI %5080 2 A 14 7 L e 1 ] Y
AT, B FIRALECRE BRI, B[R] — b B 3 A~
i PCR ¥ ¥4 7= )R A J5 153647 DGGE HL ik 40T o
1.3 BIESH

K F Excel 2010 G548 K22 & 3, JEHQuan—
tity One 1158 DGGE FRIFM AT SR IE . ZAE S
R SPSS 19.0 174t o0 #T , Horh AR MR L
(H) RS EEFR B CE) TR A 53 3R -

H'==3PInP,,Xf P.=N,/N

E=H/H,,.
KA PO AR R H B s H R SRR SR
PP 22 FEE TR E Hoe I K IYIFD ZFE P 5K
H,.=InS, S R & SR AL

SEGEE R LI A AR R 25 Ko, 22 7 K
Sk P<0.05,

2 ER5HMH

21 TECIPRBREEZR

BRI ARG, . RRBER O R L
CIP ¥ B AR TR AR AL B (2 1), RIARM S OA
FITF A-HE CIP (WREFAR . = AR BFSEOFEAR s Je st
PR HEd CIP 58 B 22 R 8 3 (78 V5 Y i, i &
RT3, CIP IREAR 30 51 48.7%F1 39.4%,
TR LB SO ARPR 32 CIP 35 w4 .

K1 BHEBELERIAFDEESSE (mg-ke)

Table 1 Ciprofloxacin in soil in different treatments(mg-kg™)

Ak =H (IREES REES [EREES
NP ND 0.92+0.06h 7.58+0.19b  42.22+3.76b
CT ND 0.82+0.08ab  4.05:0.22a  40.64x1.02b
SJ ND 0.63+0.14a  4.46x0.80a  34.40+2.58a

T : NP R RIS, CT-R R AL, ST B30 s ND- KA
5 [Al—F B o & A AR TR 22 R A B3 (P>0.05), IR

Note : NP-Non—planting, CT-Low accumulator, S]-High accumulator,
ND-Not Detected. The same letters indicate non-significant difference at

5% level in same column data. The same below.

22 TIEEWIEFEME EEHEER

Bt CIP {5 eK-F-1y BT, &4 B A 33 m] By SR 20
W E SRR TR (E 1), X5 CIP Xk
ATV FAG % o RS20 MR Bk - 48 i B R 41 T 4
T T T RIS O 3 T R % 3R L AR )
FART AP O 48, ULARPRLSE O T 4 4=
KAARRFEEA K, @ RSO RPR R 55
U EC A R TS YKOE T B R TTIR B HAth
b PRI 25 S AS 58 25 o SRRSO AR B - 1 B 4
BANTFIR BB  (H2ER AR E,
23 TEMFRELENER

K H PCR-DGGE M8 £ Ab i 1 HE A D 7 25
P 255 TEARE CIP AbFE T, i MR R B OMR R 145
U TS S5 Y B B R TR A SO 3 (BT 2), 1
BRSO R F RN 5 4 & . & KR
U AL PR - S 4 B R 5 25 B4 Bl CIP 5 e /K-
TR R R R (24~36 £5) (36 2), AR RSO £
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Figure 2 Profile of DGGE for different treatments
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Table 2 The analysis of bacterial community diversity indexes by DGGE profiles
e R () F i EIREORHE RO Ko AR E(E)
Z5 ((ISEE U ECE S R0 R (ST CE S R0 1 = B 1S S L O SR RS
NP 3.21 3.37 3.32 3.18 23 26 26 26 0.89 0.91 0.90 0.86
CT 3.38 3.52 2.95 3.00 29 36 27 22 0.90 0.90 0.82 0.84
SJ 3.37 3.48 3.45 3.02 27 31 30 24 091 091 091 0.85
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2EFto JE (88%~100% ) , RILFT I A A B4 F A E T 7
X PCR-DGGE FRAG )RR SR Sy A 7T e e 7 RT3 3), BPAEJE 1] (Alpha, Beta, Gamma, Ep—

(A 2 HApid), 3347 NCBI EE X, AR 48 VC EC AR (BL silon Fll Deltaproteobacteria), itk ] ]( Actinobacteria ),

&3 B4 DCCE HRMFHRENFER
Table 3 Sequencing results of selected DGGE bands

EIEINES B4 NCBI #4515 il HBLEE/ %
Alpha proteobacteria Beijerinckia indica NC_010581.1 1 95
Rhodopseudomonas palustris NC_008435.1 5,21 98
Sphingomonas wittichii NC_009511.1 13 100
Asticcacaulis excentricus NC_014817.1 13 97
Sphingopyxis alaskensis NC_008048.1 17,19 99
Gluconobacter oxydans NC_019396.1 26 99
Azospirillum brasilense NC_016617.1 30 100
Granulibacter bethesdensis NC_008343.1 32 96
Beta proteobacteria Janthinobacterium sp. NC_009659.1 7,9 96
Herbaspirillum seropedicae NC_014323.1 8,9 97
Acidovorax sp. NC_018708.1 10 100
Rubrivivax gelatinosus NC_017075.1 11 93
Rubrivivax gelatinosus NC_017075.1 15 96
Methylibium petroleiphilum NC_008825.1 18 90
Burkholderia phenoliruptrix NC_018695.1 24 91
Dechloromonas aromatica NC_007298.1 36 920
Acidovorax citrullt NC_008752.1 16 93
Delta proteobacteria Desulfovibrio alaskensis NC_007519.1 34 85
Haliangium ochraceum NC_013440.1 34 90
Epsilon proteobacteria Helicobacter heilmanii HE984298.2 12 87
Gamma proteobacteria Pseudomonas aeruginosa NC_018080.1 4 100
Pseudomonas putida NC_019905.1 6 100
Pseudomonas stutzeri NC_019936.1 7 99
Thioalkalivibrio sp. NC_013889.1 9 90
Thioalkalivibrio sulfidophilus NC_011901.1 21 91
Frateuria aurantia NC_017033.1 23 93
Actinobacteria Microbacterium testaceum NC_015125.1 22 99
Intrasporangium calvum NC_014830.1 25 93
Mycobacterium smegmatis NC_018289.1 27 96
Amycolicicoccus subflavus NC_015564.1 27 97
Streptomyces hygroscopicus NC_017765.1 28 100
Streptomyces bingchenggensis NC_016582.1 29 99
Nocardia cyriacigeorgica NC_016887.1 31 100
Rhodococcus erythropolis NC_012490.1 33 98
Thermobispora bispora NC_014165.1 35 95
Streptomyces scabiei NC_013929.1 36 95
Modestobacter marinus NC_017955.1 36 89
Firmicutes Ammonifex degensii NC_013385.1 1 88
Staphylococcus aureus NC_017333.1 5 98
Thermoanaerobacterium xylanolyticum NC_015555.1 15 99
Anoxybacillus flavithermus NC_011567.1 16 97
Paenibacillus sp. NC_013406.1 19 89
Alicyclobacillus acidocaldarius NC_017167.1 19 88
Clostridium difficile NC_017179.1 22 99
Thermincola potens NC_014152.1 27 87
Acidobacteria Acidobacterium capsulatum NC_012483.1 29 98
Dictyoglomi Dictyoglomus turgidum NC_011661.1 31 89
Cyanobacteria Chroococcidiopsis thermalis NC_019695.1 14 91
Chloroflexi Caldilinea aerophila NC_017079.1 15 88
Candidatus Koribacter NC_008009.1 18,28 92

R G 18 2 X

Note : Numbers of band in table were in accordance with figure 2.
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JEBE B ] (Firmicutes ) , Fg #F 1 ] (Acidobacteria ) , M
H T ] ( Dictyoglomi ) , Wi ¥ 5§ ] ( Cyanobacteria ) FlIZg 25
B[] (Chloroflexi) . HHVSTETET | W8 — R3], H
JIt i Fe il ik 28.6%~73.4% , HoR AR T 1] (10.0%~
18.0% ) , HABTA ] & s AR XS ALK . PLFAERT ] (BT
"] ) Alpha proteobacteria T (& b i 5 /5 (9.8 % ~
26.6% ), H:¥X 4 Gamma proteobacteria (4.9%~18.1% )
#1 Beta proteobacteria(3.4%~15.3% ) , Epsilon proteobac—
teria(<13.5% ) #1 Delta proteobacteria(<2% )AHXT 571>
EARERENZE, &, RRPEGOMPR 13 Alpha
proteobacteria £l Beta proteobacteria IT (5 kb ] i A4 fifi
CIP V53KV B THmgfn, H = EfEm A RSO
br b g i & HofEA s TIRAERSL (R 4), A
B PR, X CIP HAT R 5 FE AR D BE RO AN T - 22 /R T
Beta proteobacteria™, A Ul , 5% REGEOAH L, FiiE
1R R B A T R CIP B TP o Ll
AT i HAR PR - 38 CIP B AR SeR, f ELAR P 1 4
CIP ¥ B FAIR R B0 i I
24 TEMmENER

ASCRGE T CIP 3, 3X PR 7R 25 b 2 1 45
AT YERAE (& 4) 0 255 B0R, m AR BP0 R BR
I IR A A TN AR TR R A SO+, 7E CIP
oI A TR 2 S W2 5 v BRAHSRE Lo MR o - S Rl 7 4
TEAS AL BT 2575 TR RS0 1E CIP Hh (&5 YK
AL B 25 57 i 2 (P<0.05) . it AL S AE A 1A
CIP AR5 44K PR B E AR TR AR S0 18, TMiAE
S AN =T O S O 0 b A P B S 1 i I e

0.87 b

HH o

JRAGE M /mg - - 24 h!

A A A

0.1 mol -1 KMnO,+ g™ +30 min™

B 4 &4biErh +IRIREEAN T EU SEEE T

Figure 4 Activities of urease and catalase in different treatments

Forb 2FSOAL B IS QUK T B35 TR Rl
R0 L HE(P<0.05) o 1o BRSO AR B L3 v R A
b AL UG M SR 2 R s TR RSO AR PR
X T CIP 5 YV B S, PR RS A7 7 (e
E AT BREIE . RUITE CIP AT, i RS Ox L3

x4 BEREBHENMAETZEMELBI(%)

Table 4 Relative proportion of bacteria in different treatments( % )

s ZH SEES WG g RGeS
YATE 12 -

SJ CT NP SJ CT NP SJ CT NP SJ CT NP
Alpha proteobacteria 153 9.8 26.6 15.7 7.9 15.6 11.7 20.0 18.0 18.4 16.3 20.1
Beta proteobacteria 53 15.3 13.7 11.4 5.5 74 6.1 6.6 11.9 13.1 74 34
Delta proteobacteria 0.7 0.4 1.2 0.4 0.9 0.7 0.9 1.3 0.4 0.2 0.6
Epsilon proteobacteria 0 0 13.5 7.9 6.8 59 9.5 5.6 4.4 9.7 11.8 8.1
Gamma proteobacteria 9.9 4.9 19.3 7.0 8.1 13.1 11.3 8.1 10.2 5.9 7.1 18.1
Actinobacteria 13.9 14.2 10.0 15.5 33.8 15.8 18.7 134 14.2 14.9 18.0 12.3
Firmicutes 42 2.1 9.2 2.8 7.4 4.8 3.9 34 49 2.0 2.1 2.8

Acidobacteria 0.5 0 0.8 0 0 0 0.4 0 0 0 0 0
Dictyoglomi 0.5 0.7 1.1 2.6 1.1 34 1.3 0.7 1.9 1.2 1.4 23

Cyanobacteria 6.3 22.5 0 3.5 2.3 0 1.6 0 0 1.5 1.9 0
Chloroflexi 35 0.5 0.4 0.1 0.2 0.2 0.4 0.3 1.0 0.4 0.7 0.5
Candidatus Koribacter 7.6 4.9 4.0 5.1 10.4 5.9 5.5 8.4 55 6.3 4.8 7.0
Others 33.1 245 1.1 27.4 16.2 27.2 29.1 32.8 26.7 26.3 28.5 24.7
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BIRPT CRO) BA AR o TR R, w3 R
DAL P TR R BE 198 TR R L
2.5 HEXMESH

BARARAH AL 73 B & B, CIP {755 /K155 4 T 5K
LR IR P o A U A 2 A
K(F5), KW CIP 2 3 Gl A My LR R AT
P s DR 5 AR T R0 | R RO A 2 IR ARG, &
] 13 P R A R A T IR BUE A K
R e 5 2 R SRS AR 2 IE ARG, R AE
CIP Jipie 38 34 o (R0 WA R0M A AT 3L
SR PUHaRES .

R5 TENETLIE CIP RE T ERMEHHE
TiEEE AR
Table 5 Correlation between soil concentrations of CIP,

microorganisms and enzyme activities

— e o 8 AR

CIP el MBS TURECR WRRERE L ACR

ity

CIP Ve 1 —0.765%*% —0.669%* —0.740%* —0.474%*
Bl Esp e 1 0.539%%  0.509%*  0.226

NRTL 36 1 0.880%*  (.703**

JOR Tt 175 e 1 0.640%*
FUE =R {7 |

ity

T LE 0.01 K-GO F AR

Note : **-Significant difference at 1% level(double side ).

3 g

VEDIAS 15 B B R RAUAAE R 8] 22 5%,
FAAERP N 250, B AR 2E 57 . BT TR0 e 2R A X4
HEER CIP MISRZE iR fIE (PAEs) BAT i R R Y
Sl I A PRA AL Z T T AR R BUEY)
W2 S AL, A B s R RV dd R ) B S AL PR fiE
B TR R i, BRTEER RIS R
R A 0 45 R 7 T S AR T AR CTP Bl PAES,
BRI AR S i b L B s AR R A PR,
B AR PR A AT i R AR 25 S i e vp AV T AN
HLBH R AN AE o e LR A WL de ) F2ha i e
WM PR A 25 R o RIREAFL ) T 52 0 Bl A ) B0 R T 4
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