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Interaction Between Sulfonamide Antibiotics Fates and Chicken Manure

Composting

LIN Hui', WANG Jian-mei’, SUN Wan-chun', FU Jian-rong', CHEN Hong-jin’, MA Jun-wei'"

(1. Institute of Environment, Resources, Soil and Fertilizers, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China;
2. Institute of Quality and Standard for Agro-products, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3. Plant
Management Bureau of Zhejiang Province, Hangzhou 310020, China)

Abstract: Based on aerobic manure composting with or without the addition of a mixture of sulfadimethoxine SM2 and
sulfamonomethoxine SMM (1: 1, m/m), changes in the physic-chemical properties of manure compost, the microbial community
physiological profiles, the antibiotics concentration and the abundances of five antibiotic resistance genes ( ARGs) during the
composting were tracked. The results indicated that the introduction of sulfonamide antibiotics led to inhibition on the basal respiration
of manure compost during the early composting period, delayed the formation of thermophilic temperature and reduced the conversion of
nutrients such as organic matter, ammonia nitrogen and nitrate nitrogen. Meanwhile, the introduction of sulfonamide antibiotics
dramatically affected the physiological profile of microbial community in manure in the middle stage of composting. HPLC-MS/MS
results showed that both SMM and SM2 in manure were completely degraded within 14 days, while the degradation rate of SMM was
faster than that of SM2. For both composting treatments with or without addition of exogenous antibiotics, the relative abundance of sull
and sul2 showed an initial decline in the first 14 or 21 days and a slight increase thereafter. The addition of exogenous antibiotics
showed insignificant enhancement on increasing the relative abundance of sull and Iniéll in manure, but resulted in an apparent
increase in sul2 relative abundance. Although the fates of tetQ) and tetW during composting were different from that of sulfonamide
ARGs, the introduction of sulfonamide antibiotics into manure increased the relative abundance of tetracycline ARGs. Redundancy
analysis indicated that composting temperature correlated negatively with sull, sul2 and Intll relative abundance in manure but had no
obvious relationship with tetQ) and tetW relative abundance. All the ARGs detected in this work correlated negatively with C/N ratio and
the nitrate nitrogen concentration of manure compost but positively correlated with pH, moisture and ammonia nitrogen concentration of
manure compost.

Key words : sulfonamide antibiotics; antibiotic resistance gene; manure composting; HPLC-MS/MS; real-time PCR
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FErfr ARGs 19 = B2 A2 4k, [m] B BF 4 3 I 52 ) ARG
THAIHLH]. ABFFE M B HPLC-MS/MS | %6 & &
PCR |, MicroRESP™ &5 Z I+ A | 43 B Xt Lt 1 5 itk i
PUAE R USRS A0 M AT 5 A v B AL I e A | 35
SYEEAR . B R R BTSRRI K AT, DU
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1 #RE5FE

1.1 R5eA K

0 OB 2R P 28 AR SRR PR w4 AL
DIXSZE R A OB, AR AT . FK R
61.05% ; pH 7.76; EC 3000 pS-cm™'; fk & b
17.89; A HLJ 61.21%; i & 1.98% ; I W
1.45% ; &8 2.23% ; £ & A NH, -N 755.75
mg-kg™'; IHZSENO, -N 181.79 mg-kg ™', fifi Jiit-6-
FH A20m% e (SMIML) RS e — HH mi g (SM2) B Sigma-
Aldrich A A2t 4% >98% .
1.2 HEAEIRK GG FIHURE

SM2 F1 SMM 7E [E [N 57 5 7 & ZE M rp oty A%
A, HAE W ZEh (3R B & & AT 7E 0.08 ~ 6.00
mg-kg ' Z L A BE i AR b A R
P AL B, (CK) AU INPi A (SA) B

2.00 mg-kg™' SMM #12.00 mg-kg ™' SM2. J5UR}HiE
NERT et it i 2 HETR 51, PR UE OB A 35—k HE
RFEMEIHEAE 1.5 224 MENE A 28 d, =i
25°C , E WIRHHE. BERR—JRRAE 1 IR A BIHEAE 2
SRAEHEAR RO S A TR A, PRUERARAR e
BN 3 REE.
1.3 FEARFACFEFR T

BHEEAE A H I 2 & KR pH {H, HF %R
(EC) 5 WARESHF I Bk . SRS HA IR 6
B, R FHBEAE TR vL I 5 7K 55 42 1210 B LR 42
J&, 43 pH I pH BRI 3G EC; 2R HITT
RO A Smme . SV A AR I BE B i L 7k
TR 5 A ORI R b v sz ' 5 SR AL
BHBE LY 07k DU S B R RS B B e R T
1.4 MicroRESP™ /34

MicroRESP™ 5 A S AJF 5 J5 A7 + 38 | 3k B i A=
YIRETE K -2 BRARAE ( CLPP) B —FP A5 Sy 7 . PR
FEAGIE T EE . BT (12.5 mg- L) | Ak
B (150 mmol - L") FIBK R Z 41 (2. 5 mmol -L™") i
Al AR R R ECH 3% MIAEALBg, A 2 £%
WEAARFR A 7R 7], SR 5 446 7 TN U i 4G DA 17
FAL Y i S P s 0 LA AR 5 A AR ) T
PR TR L KRR AT &) T R AL AR | B
JEIMATK AN 15 FRIE R D™ W T 1 2o 0 4G5 0 Al
FEHNTERS LR |, 25°C 557 6 h &, FIFH E bR A2 EL
570 nm A FASI AR (A ROGAEL. D0 A AR A A
BRI AEESR 6 h 5 MO 8 i OB 25 Rt
B CO, AR, BRI 2 ISRk 18 ].
1.5 AHUAEHTA R BRI E

MRS - 20°CIRTAA . PRI L. 00 g #Eh
CKiii 22 0.01 g) & 50 mL B E.LE T, AN
FREEW, HCE 10 min. LA 15 mL & AR A 3:7
() 2. i A1 EDTA-Mecllvain 2% w5 9 (pH: 4. 0) B2
B, IR BE 1 min, #75 30 min,7 000 remin ', B> 5
min, ¥ FIF GRS 2 BUREE T & FHH 15 mL
PRI — K5 A IR T T RS B .
W RS BeIRl T i i 78 AN 1 B 4 HLAR , /K i i
FER 40°C TR WA 2 50 mL .08 T, H
FETAHRERZE 40 mL, (HER P AV (ZHE)
IR 2 <10% , 250 J5 B 20 mL & SPE [5]4H %< B
JNKE. AR VR T B B 2 B A 45°C A ARR T,
FRFRLE A 10 1R B K ROE A % 1 mL, 31 0. 22
m A HLIE R, WA €2 35 52 056 0 3% ( HPLC-MS/MS)
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{38 254 . Phenomenex C 4 (3 wm, 2.0 mm x
150 mm ), Thermo Finnigan Surveyor HPLC #H 4t
(Thermo Scientific, USA); #ii#:0.25 mL+min';

R :30°C ; FERER .S pl. JiShAH A B, B, MR-
K (1: 1000, (&L ) , SFFEEVENL: 0 min (40% A) —
5.0 min(40% A ). fitf ffie — Vg W ik i - 6.- Y 4
I 14 [DSCR e R AN 1 R,

F1 SMM #0 SM2 By E U RFNEER

Table 1 ~ Recoveries, relative standard deviation (RSD) and quantification limits for SMM and SM2 determining method

B (RSD, n=5)/% CRMHKE/ pg-kg™")

I oV Y -k -1
&Y 0 200 EmPR/ ng-kg
SMM 77.8(9.6) 75.7(9.6) 79.7(8.5) 10.0
sM2 82.4(13.1) 88.5(7.9) 84.1(12.3) 10.0

1.6 A HLAEIE PR 20 SR ORI BE R 1) o o0

FERREESG - 20°C ORAF, VR R TR JS 45 . B
BT EE BIREREE i 0. 25¢, #22 8 Omega EZNA™
soil DNA {7 & ( Omega 24 F]) ULEHHHEL DNA. B 5
DIAHUIE IR 240 DNA tsidz R HIER 2 th s i 51
Y47 End-point PCR 1% & PCR(qPCR). i
EE P PCR IR JGR LI 2 Fs.

End-point PCR ¥ 14 &k Fldt 5t 2 X A= M) 4 )
L) 2 x EasyTag PCR SuperMix, BioRAD T100
PCR 1, )W 7E 20 wL #&F& th 4T, Hodh iR 0.5
nL,2 x EasyTag PCR SuperMix 10 L, 5|#)45 1 L
(10 pmol -L™") #BAI/KANT 2 20 L. #7484
T WM 94°C 5 ming A8 94°C 30 s, 1Bk 30 s,
72°C FEA#T kb-min~',30 PMEFR; 72°C ZEH 5 min,
16°C 5 min. PCR ¥ 2 Bl 68 I i Uk AS DN /5, 1)

i, afidk. # H A9 DNA R BL5 PMDI9-T #4k
(Takara) ¥ # )5 , AL i A K IAFF B DHS o A2 45
A B AL k. PCR B iE 5 A9 kL it
AT ( B TAEYMEARFRAR), b5 FIH
NCBI #4#2 ZE Hh BLAST DR Sk A R Bl H bp ik
DR ARG 56w b 8 0 b o JBORE R 43 B S A sull |
sul2 | Intll | tet(Q) | tetW F116S rRNA (A HLIESEIR ) /Y
FZH PMDI9-T # /4.

5t PCR 474 R A Takara 23 A 241 (1) 3
7 & MightyAmp™ for Realtime PCR Kit, ABI
StepOnePlus ™ S22 Y 2 8 PCR 1Y, KW 7E 20 pl
(S iR R kAT, HA A DNA 2 L, 10 wl 2 x
MightyAmp for Real Time (SYBR plus) (2 x ), 5%
£0.4 pL (10 pmol-L™"), ROX reference Dye (50
x ) 0.4 L, BaiKAMF 2 20 pL. 48k H =

&2 #uk514 55050 PCR &4
Table 2 Primers and PCR parameters

519 5'—3"Jy [ F#REH Bt (End point PCR 1 qPCR I8 IR )
V3-FW (341F) CCTACGGGAGGCAGCAG A 165 tDNA V3 IXBE (55 .62°C )
V3-RV(518R) ATTACCGCGGCTGCTGG

sull -F CGCACCGGAAACATCGCTGCAC sull (60°C ,65°C )]
sull -R TGAAGTTCCGCCGCAAGGCTCG

sul2-F TCCGGTGGAGGCCGGTATCTGG sul2 (60°C ,62°C ) [1%]
sul2-R CGGGAATGCCATCTGCCTTGAG

sul3-F TCCGTTCAGCGAATTGGTGCAG sul3(60°C ) 1)

sul3-R TTCGTTCACGCCTTACACCAGC

sulA-F TCTTGAGCAAGCACTCCAGCAG suld (60°C ) [12]
sulA-R TCCAGCCTTAGCAACCACATGG

Intl1-F GGCTTCGTGATCICCTGCTT Intl1 (60°C ,60°C ) [14]
Intll-R CATTCCTGGCCGTGGTTCT

Intl2-F GTTATTTTATTGCTGGGATTAGGC Intl2 (60°C ) [14)

Int2-R TTTTACGCTGCTGTATAGGTGC

tet(Q)F AGAATCTGCTGTTTGCCAGTG 1etQ(58°C ,58°C ) [#- 20
tet(Q)R CGGAGTGTCAATGATATTGCA

tet (W)F GAGAGCCTGCATATGCCAGC tetW(58°C ,58°C ) (8 20
tet (W)R GGGCGTATCCACACTGTTAAC

gyrAF GA(T/C)GGN(C/T)TNAA(G/A) CCNGTNCA gyrA(45%C) 112

gyrAR GCCATNCCNACNGC( G/A/T) ATNCC

PARC5-1 GCGAATAAGTTGAGGAATCAG parC(55°C ) 112
PARC3-1 AGCTCGGAATATTTCGACAAC
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Ak, RS . FiAE M 98°C 2 ming 28 98°C 10
s, Bk 15 5,72°C 30 5,40 MEIR; K ih L& fE T
K NanoDrop i 43 Y66 BE T X B3 E FUkL DNA 1)
e BEDEATIN A2, 7 RS DUECS CT (B0 1 56 &
bRIEHIZE. T UPEFE DR bR o il 2R R PR A e R
(R >0.99) ,qPCR ¥R (E) 7E 99% ~110%
2 [8), T LA F B brd P 5 HT

1.7 Sitormr

FIHZMEHEL 16S tDNA RFRE 5t b A 1 JE A
HEATREIE ;

PUPESE AT B = b SE P 4653 #5 D8/ 168
rDNA SR 4 X6} 5 U1 %

I HGEH A SPSS 15. 0 #EA7 i E k22 F
(One-way ANOVA, fi/Nik 3 22 7%: LSD) 1 3 15347
Hr(PCA) ; K H Sigmaplot 10. 0 B AAE Kl ; 156k
W ZEE X E s AT AR HEAR , 2R )5 A Canoco 4. 5
AR A5 B BE AT TUAR 0 HT (RDA) | [R A A1)
JH Monte Carlo permutation test I RDA HEJF fldr
AR Sk, B0k BICR 999, K A A i) K04 S 1
1 H Canodraw 4. 5 4= i #p -85 HE 14

2 HR5ITE

2.1 ANERE T AR ZUS IO AT SRR Y 52 e
2.1.1 HERAIIET MicroResp™ M50 W BE V& R HE
g3 b

X HENE RGeS — R R
B A 2R G2 T A A A 3 P 2 HENE Ak sy 3 AR Y
BRI, ARG b A HENE 0 ~ 14 d 1Y HE
RACF X IEI K 1(a) ], B 1(b) X b T ik e 4l An
X FEZH HERE A AT CO, WP, ZBLBRMENE 7 d LISE,
HENE O ~ 14 d X FRALYFLAE CO, PP BEA 5 T i e
20, PR, RTOACA B R S I ] T MR R R
A, BRI GAE W) %, 5 50 NS 36 1) g Yk I ] B
o BeAh  HENC S AR b S 3 o A QI T e B v
U TS I e B sk o ] s ikl i A= Wi 3. Rtk
HEREHIIA (0 ~7 d) HEWR A IRTE 51 A i KB il A Mot
TR NG T DL BOENE 7 d Bl CO, FFUZAY R
FUTRRELE 1 (b) ], HENE 5 Fe 2 M U e T il e
ZH AT RESEHENE 7 d Bl 2H LAl CO, IR s % B EH
MR, HEAE 21 d UG % BRALHEIR 1%, i
ZHMEMR B[ 1 (a) ], [ BT 2 i i 2H HE JE
BEfil CO, WP 22 S 4 /N[ 11 1 (b) ], 2 B v vk B it
JHere A 28 %) M 1A i T P 41 ) 2 B A L A HE TS P[]
IERC TR S5 . HE AT o s e e A 22 e A vl

S RS g — A B

1 () A PCA 5387 S [RIHE AL B2 VR
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