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Abstract; Based on the colistin sulphate exposure experiments, the nirS, nosZ gene diversity of soil denitrification
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bacteria exposed were analyzed by using the terminal restriction fragment length polymorphism (T-RFLP) methods.
The total Operational Taxonomic Units (OTU) of nirS and nosZ gene is lower than that of the control group. Fur-
thermore, the changes of nirS gene diversity were dependent on the dose of colistin sulphate. The nirS genes of
dominant bacteria mainly concentrated in 10 segments while nosZ genes in 18 segments in each group. The rich-
ness of nirS gene has lager changes than that of nosZ gene. There exist significant differences for the Shannon in-
dex of nirS genes between high concentration groups and the control groups on the 7" day of incubation (P<0.05).
On the 7" day, 49" day, there exist significant differences for Pielou index between the high concentration groups
and the control group (P<0.05). On the 35" day, there are significant differences for the Shannon index of nirS
gene between the intermediate concentration groups and the control groups (P<0.05). The Simpson index on 21°
day, 35" day for the low concentration groups is significantly different from those of the control group (P<0.05).
However, the differences in Pielou index are not significant among each group (P>0.05). When the drug concentra-
tion =5 mg-kg" ,the evenness and diversity of the soil denitrification bacteria decreased and the community domi-
nance increased simultaneously, which affected the nirS gene significantly. Our results suggested nirS genes were

suitable as a reporter gene for colistin sulfate pollution.

Keywords: colistin sulfate; denitrifying bacteria; diversity; veterinary drugs; residue
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W ER K T 2R S N RIS ) 2 Al i — Fh e A=
ERi ) IV RN ES-E L X I
AR HE S AR R, A RO LA IR, DR 3 B 2 8 HE
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PRI S L TR RS TR 2R B e A 0 A R X S A A Ak
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1 ##l57 % (Materials and methods)
1.1 ¥k

TR T ARMEVE R SR S, KR 10 ~
20 em T3, BRI R (5 & 98%)W H LA &L
= 25 L A R Bl (5 150092214)
1.2 i
1.2.1 T3PS HE SR

e A e R AE S 4 mm B I AL
JEANR :pH 6.98; A HLIT 24.65 g-kg' ; &H 2.41 g-
kg ;AW 682 g-kg! ;B 62 g-kg HALHE 11.58
mg-kg; ALE 134 mg-kg', BT EFEI0 A S
0,54 3 ke,

T BRRRG P 2 1 - 3 5 25Uk B2 433 0 mg -
kg' .05 mg-kg' .5 mg-kg' A1 50 mg-kg", B4l 3 4
A PR S K E AR KRR &1 50% ,
BEANTAEFE TR, S8 NIREQ8+]) C, 18
JE75% +7% ,GIR 1 333 Ix, [ &OERE 12 h @ 12 hy
A TGS 7 21 35 49 KRIFRAE HIERE S &
TG LATR]— AL B 0 mg - kg™ L0 RE
1.2.2  HIERUEY S DNA $EH

ffi F OMEGA 0571 &5 (32 =) X A [7] Ja] 1 4 S
mnHEAT - A 1) . DNA $2EL,
1.2.3 AT nirS . nosZ BEPH 44

KA PCR X H SN R B ik 45934 . 5190)%
5| . NirS-F: 5’ -GTSAACGTSAAGGARACSGG
(5 -FAM) fil NirS-R: 5’ -GASTTCGGRTGSGTCTT-
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GA; NosZ-1211. 5’ -CG (C/T) TGTTC (A/C) TCGA- B ¥R I A Ge 310

CAGCCA(5’ -FAM)#l NosZ-1917:5° -CATGTGCAG Fi U] i 36 4 7 22 B P 48 B0 1 8 FH Biodap 4K
(A/C/GT)GC(A/G)TGGCAGAA, 50 wL § 8K FR .  1F, ZFEHAREGHAT I 20 HrR ] SPSS6.12 1 fF: .
25 pL MIX rTaq(TaKaRa, H A%);2 pL Primer-F;2

uL Primer-R;4 pL & DNA;17 pL ddH,0, 2 &R (Results)

nirS SE B PCR & F:94 °C 2 min, 94 «C 3 21 nirS.nosZ X PCR 478
min,56 C .1 min,72 C .1 min,36 1~E3F,72 C 10 FLARALATT nirs S A PCR 430 7= 09 F A

min, 14 CIRfF. nosZ:94 °C .5 min,94 °C 3 min,58 BEK/INH 480 bp, nosZ KK PCR 4 ™ ) (¥ H iy
C .1 min,72 C .1 min,41 70§72 C .5 min, 14  JTBK/NIT700 bp i,

CIEAT nirS 5 UL =P 1 ELE G o an el 1 Brs,
1.2.4  PCR I IRHIPERTYI K AR vk £ 48 PRI 3 2 S A RED) P R B 1

F nirS. nosZ 5P PCR P-4 MBI VERED], k% 90% BLE.
.30 uL PCR 72,2 pL Haelll( FAE TAEY), 2 2.2 AL D RESED AL ok (&1 2 A
pL 10xBuffer,6 pL ddH,0. [REGFYIF=45% g 2.2.1  nirS B HL Ik S OTU /M R Be 4 B

A THARA R /I T B4 Ik . TEBFUIEE |, B — A~ BRI M BE(T-RFs) Al H|
1.2.5 BHEgir506r FEN 1 Fl 432545 4F ¥ 50 (Operational Taxonomic U-

fdi ] Genemarker X PF/M AT BANAE UK S5 A, BR  nits, OTU), XF 7 Ft g T AR ) sz e 1 2 245 ) A X 4
LHPOLEF/NT 100 REU (90 JF HyE e 3 8 B&Y ) 38 OTU RN R, AR AR
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Fig. 1 Terminal restriction fragment length polymorphism (T-RFLP) profiles of nirS gene (part)
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Table 1 Total Operational Taxonomic Units (OTU) and dominant bacteria of nirS gene

W/ LIPS 21K %35 K 5549 K
(mg-kg™) 7hd 21%d 35Md 49t ¢
Concentration/ & OTU TR & OTU P & OTU PR & OTU PR

(mg-kg')  Total OTU Dominant bacteria Total OTU Dominant bacteria Total OTU Dominant bacteria Total OTU Dominant bacteria

0 91 7 78 5 77 6 68 7

05 85 6 79 8 73 6 55 5

5 82 5 61 3 68 6 54 6

50 78 5 73 4 54 2 59 5




&

160

&t

B 1 13 &

iz

AN F R
Relative abundances

OTU B/

Fragment size

2 nirS EERBE R B(T-RFs) M EE
P AL 0.5 FORBBK T R, B0 mg-kg! . TR,

Fig. 2 Histograms of Terminal Restriction Fragments (T-RFs) relative abundances in dominant populations of nirS gene

Note: the scale values on the axis of “Groups” mean 0, 5 mg-kg! colistin sulphate. The same below.

= BN T BT A SRR, T AR A5 R &
/NTF 50 bp FARNTEEE/NT 1% 1Y R B, I SO B
FREE >4% NILHBERE, <1% A0 WL RE, HA
AR AL 2 AR RE S A A OTU
MRS EFAEOLER 1, B OTU &
B8 o B AL , L 45 4 B 3 VR R A T e o 3
%, B0 5R) = AROME S80 R A IS A 35 49 K
()6 OTU /N B0H L SR AR A BAAIS . 17 Pt 3 4t o
KT AL 7E 5 ~ 8 FhZ (], {HAE 49 d B34
B A

A 2 ] L A2 P A Al v R AR R AE 59 bp
73 bp.115 bp.116 bp.127 bp. 132 bp.225 bp.259
bp 269 bp 405 bp B, 81 bp.111 bp 364 bp F
B AN B A RAE AT 0 T B 5 A

ANB B DI TR A2 A UL TR A 5 64 bp .80 bp
150 bp.197 bp.204 bp.224 bp 418 bp H B HAEX}
WREH B, A A FRZH ~F B A1

2.2.2 nosZ HEMMHIKENE OTU 45 h BeF B

2 AL, &AL BRZH OTU BB 4 He X} AR 4
AR R R IR AN . 5 35 K 5 49 KW
&L OTU B HRAEFTIIR , PL 420 o Fh 28 T 1
A AE 14 ~ 18 Fhzfa],

13 AT UL, £ 2H AR HE A SRR R B AR o5 A AR
FeA i) e B 52 bp .96 bp 111 bp 112 bp 114 bp .
133 bp 134 bp 209 bp; 4B R A REERTI N 3 88
A 79 bp 107 bp 212 bp, 5 7 B2 A 3 5
B AT RE S A DL RE 142 bp (151 bp Fr Bt R
FEXT B2 = A iy, 25 AL B2 = FE AR

x2 KWHWHAE nosZBEE OTU M EMBEBHANH
Table 2 Total OTUs and dominant bacteria of nosZ gene
W/ HTR %2l R %35 K 9549 K
(mg-kg™) 7™ d 21 d 35t d 49" d
Concentration & OTU RS & OTU P v & OTU S & OTU DL v

/(mg-kg')  Total OTU Dominant bacteria Total OTU Dominant bacteria Total OTU Dominant bacteria Total OTU Dominant bacteria

0 53 14 49 18 89 3 70 14

05 49 16 34 17 73 14 67 13

5 44 14 47 17 58 12 68 15

50 52 17 55 18 79 14 68 13
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Fig. 3 Histograms of T-RFs relative abundances in dominant populations of nosZ gene

2.3 RAHACAnE DR A Z A TR AL O HRZH 25 1 J BB (P<001), Simpson E507E 4 4b
2.3.1 nirS B LR S FHLH 0] R 2H 25 F 35 5835 (P<0.05)., Pielou FHELTES 7.

H%< 3 A1, Shannon FEE07ESE 7 KIN, B WL 49 K, Bk B AL FRA 55 %t A 2H 22 53 1 35 (P<0.05); 55
BN IR 2257 18 25 (P<0.05) 7565 21 35 KA, H ke 21 KA, WP ik B2 5 0 A H 25 57 I8 35 (P<0.05),; 565 35
PO IRZH 2% 5 T 35 (P<0.01); 565 49 KIF & A0FEZH RINF, rhife B4 55008 IR 2H 22 S B 1 (P<0.05).,

F3 nirSEESHMEREY
Table 3 Diversity index of nirS gene

s} ] 23U E (mg -kg™) Shannon Simpson Pielou
Time Concentration/(mg -kg™) index index index
0 345£0.11° 0.0420.006* 0.8+0.007°
ENIPN 05 34+0.04%® 0.049+0.002° 0.77+0.014%®
7hd 5 339+0.10% 0.045+0.003° 0.79+0.035%®
50 3.05+0.09° 0.07+0.003° 0.75+0.035°
0 359+0.11° 0.032+0.003° 0.82+0.021°
#i21 K 05 346+0.08"8 0.0420.003¢ 0.8120.014%
21%d 5 32220028 0.066+0.005° 0.74+0.028°
50 32140048 0.049+0.002° 0.78+0.028"
0 333+0.134 0.064+0.005° 0.74+0.036°
%35 K 05 324+00548 0.056+0.001° 0.75+0.014%®
35t d 5 2.83+0.035¢ 0.116+0.004° 0.67+0.014°
50 2.78+0.04¢ 0.1040.002° 0.7+0.028%
0 329+0014 0.057+0.003¢ 0.78+0.035°
549 K 05 291+0.02°8 0.083+0.007¢ 0.72+0.021%®
49" d 5 2.87+0.048 0.089+0.001° 0.72+0.021%®
50 28+0.048 0.118+0.002° 0.7+0.035°

T PR b NG F R RN , 22 53 135 (P<0.05) K5 FREARTA , 22 57 W35 (P<0.01) AR F* B R 7 1), 225 A 3 (P>0.05), TRl
Note: In the same column, different small letter superscripts indicate significant difference (P<0.05); different capital letters indicate significant difference

(P<0.01); the same or no letter superscripts indicate no significant difference (P>0.05). The same as below.
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EADN H21K
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0.8 ¢ 0Omg - k! 0.8 * Omg - kg
.= 06 ®0.5mg - kg™! 07 - ®0.5mg * kg!
%‘é 0.4 * A5mg - kg Sz 0.6 A 5mg - kg
[og £ X 50 mg - kg! g 0.5 50 mg - kg!
=5 02 S 204 '
[ LE 03
iz 0 - =< 02
1€ o2 HE 01
= e 1 ] 0 A
= 04 ®E-01
[ ] -0.2 A A
-0.6 -0.3
06 -04 -02 0 02 04 06 08 1 202 -0.1 0 0.1 0.2 0.3
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35th day 49th day
B4 nirSEERERSSH
Fig. 4 Principal components analysis of nirS gene
F4 nosZ BEEBRIMEFEE
Table 4 Diversity index of nosZ gene
Fisf i) 25 E (mg - kg™!) Shannon Simpson Pielou
Time Concentration/(mg . kg'l ) index index index
0 3.077£0.076° 0.069+0.007° 0.78+0.017*
ENIDN 05 2.86+0.049° 0.094+0.006 0.74+0.020°
7thd 5 294+0.091° 0.078+0.009° 0.77+0.028°
50 298+0.111° 0.079+0.017° 0.75+0.031°
0 297+0.098° 0.07+0011° 0.76+0.017°
#5021 K 05 254+0.111° 0.11+0.008* 0.72+0.011°
21%d 5 2.85+0.064° 0.086+0.008" 0.74+0.028°
50 2.88+0.106° 0.092+0.007% 0.72+0.023°
0 3.08+0.076° 0.107+0.006° 0.71+0.025°
35K 05 292+0.106% 0.096+0.008"° 0.69+0.028°
35t g 5 2.75+0.085° 0.123+0.011° 0.68+0.025°
50 296+0.021% 0.106+0.011% 0.67+0.007°
0 293+0.028° 0.108+0.004° 0.7£0.023°
4549 K 05 279+0.035° 0.128+0.018° 0.66+0.016°
49" d 5 2.88+0.042% 0.114+0.004° 0.68+0.028°
50 289+0.113ab 0.115+£0.012a 0.69+0.024a
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Fig. 5 Principal components analysis of norZ gene

IR
7th day
0.8 * Omg - kg
&3 06 @ ©0.5mg - k!
$E 04 ‘2mg'kg"l
o = n . ~
o202 S0meg ke
4‘_?:( s 00
HH:;_ -0.2
g2 04
&
Y
-0.8
0.0 0.2 0.4 0.6 0.8 1.0
F MY 26.20%
Principal components 2
235K
35th day
2.3.2  nosZ RN ZHEVEFEEL

nosZ FEHR ZHEMEFE B UL 3R 4, nosZ FEIH ZHF
PELEREA R b S IR AR A B 3 HAESS 7,21 K
I, JC W35 22 5#(P>0.05) ; 55 35 RI, rpfk B2 2H 5 %)
HEZH 25 57 [0 35 (P<0.05) 55 49 KA, (K B 41 5 % et
2 253 5.3 (P<0.05), Simpson 8 EUTE 7 .49 K}
225 TR 35 (P>0.05) , I vk B 20 T A
550 21 35 KA, MRk 4 5 X) B4l 22 55 I 3 (P<
0.05); 5 Shannon $5 %45 S AR X , U5 AR R RS 181 K
YEH T A o L BE 7= A= T 520, Pielou $58
B A5 Ab ] 2 8] 22 57 3 A8 18 3 (P>0.05), {H 45 Ab
PHZA 0T REA R, Ui B R RN 18 28 08 T 48
M),
2.4 LA D) RE SRR 3 o o BT
2.4.1  nirS B E W50

BRERAL B 28 X nirS JE R 19 32 B 4343 BT (principal
components analysis, PCA)Z5 SR ULIE 4, 4 PMEIF
TR A3 5N 39.54% (25.83% .29.80% .37.23% .
TE 4 - RFE H WIRE AL, T SR W) OB T S5 A oy
TEXASARIR], W] RE A Bt FRORG TR 28 VR TS 1 40

TE D RE ERF I Z A R
2.4.2 nosZ B E RT3 HT

WK T ZXF norZ F: K PCA 20 #r WK 5,4 4~
P ep Y BT Bk AT 40 1) 52.19% L 44.87% . 50.03% il
41.12% ,FEART DR FHA RGO, 7ERT 21 K
A AR B 25 S 3 2 5 49 R, AL PR
FRAT 1 MERIT 2 Z5 A BE(P>0.05), BLIHTES
49 K, 7T f6 PR AR TR 2R 1 0 B ol I A S B0k
REARG Aol 200 TR P A I 1t B T %

3 138 ( Discussion)

T IERUE YR IR AR S R G B
oy, AP ISR A S R A
YERWYY AL A FEAERER SRR 15949
SN TR W Y 2 R X 2 o A R e
FAH A DA R V% = 2 [ FE 25 52 Z2 Fh IR 55 R 3R A 5%
M, 4 pH O, & f Bk it FR R oL A PLET & it
AR NS AR AN AR R Dy i 5 P A
(1) 5 A0 A4 PR 7 0 P58 DR 2% 1 e ] R B A P K
25t ARFE RN nirS nosZ K&K 37 B R K TE &
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S, ALPRA nirS| nosZ F:FHY OTU By b Xt
MRS, H nirS FEPH 2 IR AR 800, 7T B2 B
PR KRG TA 2= A 1 3 SR A A TR Y AR TR RS T
RN TR 2 W82 TG PR R A BT B o, 3
BRERAL R 2 50 mg - kg™ B, B 400 4 a8 2% K1) 41 B
B  ZFPER/N, R, S 45 R BOR nirS %
KL nosz FEPR F BEARfE R, IO 5T e W 76 0%
VDR R A I RO AL AR TR nosZ FE [N 3 FE AR
R AU g 45 R 5 HAR LA 22 5, AT BB I A
A2 BRGTAS [7] F4) 245 P U AN ] 3% e V0 i R AR A
KON, MBRRRRS T 2 2D AL N5

ZAEPEFR B R W BETR AR Z e Pk B 2 71
EFF T REAR, B onirS & 230750 AR SN,
MERBRAN TR R =5 mg- kg I, & A HE 805 X B4 1
2R W (P<0.05), Mk B 41 25 7 i 35 (P<0.01),
TR RN EALAE IR SE T B v B X 338 S A Ak 41
FE R ZRE MR RZ M ; 5K FEPAIE S T vl V0 i X it B
Ve I E DT 25 F Z AT s i, 45 R s 259
YEREL nirS FE I Z HEME P8 E0TE RAFE T2 I B R
R MR s SRS S5t I — E R IR E 4,
AYGRI AR5 LR oE 45 B AR ], AT fE B T R
PUTR 25 B e Y i TS SRR,
1T it s (1) A4 245 49 7 338 vh e, oF 3B B W 1Y
SEMAR S | IERUE WA SR R 52 nirS FE A
ZRAE A S T A R 1 S —3, PCA
SIHTEE IR, BRI AL T R AT nirS B DK B T 4544
AL N

T-RFLP E[3% 538 R W, 75 nieS FEH &35, 2
DA 3 T TR 52 B R AR TR 2R 1 R i 2 LI ] 800
BRI R 0.5 mg-kg ' AL Z /DA 7 FRANTETER 7 K
BB B BN . 7E nosZ FER K&, A 3 RPN
S S ARAGIN 1) (LA 2 RS TR 2= 4 ) 2 b Bk R R 20
AR IF A AR, BB RS TR R WK E LR 0.5 mg -
kg B AR TR JE 40 T nirS |, nosZ FE IR 3 B B W B
i, 4 58 b iy S i Ak 40 R 3 B IR M 8
(Pseudomonadaceae) .= B AT 1 J& ( Chalmers) , it A £}
7% Bl (Neisseriaceae ) | fif§ 1t 4fl & #} (Nitrobacteri-
aceae) ZL M2 B Bl (Rhodospirillaceae) . 2 {1 FT i £} (Ba-
cillus) . #2 1% B} (Spirillaceae) , 2 J8 i £ (Rhizobiaceae)
S5 TR RS TR 22 X (] ol 40 TR S W e K, A R — 20 X
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