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Effects of Thermophilic Composting on Antibiotic Resistance Genes ( ARGs) of

Swine Manure Source

ZHENG Ning-guo" >, HUANG Nan', WANG Wei-wei', YU Man®, CHEN Xiao-yang’*, YAO Yan-lai’, WANG
Wei-ping’, HONG Chun-lai’

(1. College of Life Sciences, Northwest University, Xi’an 710069, China; 2. Institute of Environment, Resource, Soil and Fertilizer,
Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract: To investigate the effects of thermophilic composting process on antibiotic resistance genes (ARGs) of swine manure source
at a field scale, the abundance of four erythromycin resistance genes (ermA, ermB, ermC and ermF') , three B-lactam resistance genes
(blaTEM, blaCTX and blaSHV) and two quinolone resistance genes ( gnrA and gnrS) were quantified by quantitative PCR ( qPCR)
during the composting process. The results suggested that the erm genes’ copy numbers were significantly higher than those of the bla
and qnr genes in the early stage of composting ( P < 0.01). The maximum abundance of erm genes was ermB (9.88 x 10°
copies-g™") , following by ermF (9.4 x 10®copies+g™"). At the end of the composting process, bla and gnr genes were at low levels,
while erm genes were still at high levels. Even through ermF was proliferated comparing with the initial copies. These results indicated
that thermophilic composting process could not effectively remove all ARGs. For some ARGs, compost may be a good bioreactor
resulting in their proliferation. Application of composting products on farmland may cause transference of ARGs.

Key words : swine manure; composting; antibiotic resistance genes; erm; bla; gnr; real-time quantitative PCR
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Table 1 ~ Characteristics of raw materials for swine manure composting

iH Ry & SR HAR
i /% P JgkgT! Jgekg”!
HEAEEE S (0 d) 70.12 7.4 579.40 56.71

1.2 fEFEHEAEAL R

P40, 7 ~ 1 em MYHER) MG FSHE T HE 2
S BISNR A IS MEE AV (K5 ~7 m, 9
2.0~2.5m, E1.2~1.5m). BIEHEAC L% E 3
AERE HEE 60 d 21
1.3 FEALRAE

FEFERR D CREMELES 0 d 1E 28 X HR.

HEREFE S TEHEBE IS 0, 7, 14,22, 30, 35,
41, 48,55 162 d REEFESL. FEMCOHEARR 5 A8
() L AR ORI R AR G2 1 kg, KT
200 g Kb UE AT B 2 % % T % ( LABCONCO
FreeZone® 12 L,ZE[E) LI £5 B ALK ZH DNA 25,
200 g BEREIEAT BEACER AR A, AR A IR AE T -
80°C M Je £ 55 .

S AL R B AR N R [ R A Tl bR o
PEFTARSI O Kk 3t o v I a2, pH (R Fe HE AR AR
En AR T OK 1210 B9 E 6% B, H pH 11 ( PE20,
METTLER TOLEDO, Switzerland ) il 5.

1.4 JEEHEACAE S DNA $REL

BB ZS B R TR RE R0, 100 0 g, 5% A DNA $2HL
157 & PowerSoil® DNA Isolation Kit( MoBio,USA) ,
Foe R £ VA B A5 EATHRAE SRS DNA FTEE il i
e Hh-A] WL 43566 B 1 ( NanoDrop2000 ) 463 2 Kz
U (Aygy/ Ay THAE 1.8 ~2.0 22 [H]) W] DNA 4 Ji
1.5 5l PCR A B AR ok ) il 2%

1.5.1 i PCR #ail

SCHGHEBE S FRE UL A K ER PN R 2P i
(ermA . ermB , ermC . ermE Fl ermF) | 3 Ff B-N BRI
ML (blaTEM | blaSHV F1 blaCTX ) e 2 Fhsifii
FPUHEIEA (gnrA F gneS) XFREE S HEFT PCR A, 5
Yrigeit W 2. 25 ul () PCR VAR R A057:12.5 pL
KAPA2G Fast Multiplex Mix( KAPA Biosystems,USA) ,
1 wL % DNA B4R, #8247 10 wmol + L' 4 | R il 51
Y45 0.5 wL M110.5 uL (¥ ddH,0. SRR :94°C Fi
A5 5 min, 35 MEH K 94°C 7R 30 s, 1H 2k 30 s (B
KR E W2 2) ,72°C ZEAH 1 min, e 2 72°C IEAH 5
min. 59 SGR KR I 2.

1.5.2  FREFURL &

H PCR 7P 5 A8 LF 19 1% Sy Ne s e s A
FLPY, 2 FL KRR I AR SO &5 SRR R SR e, D)
™ B A I B B E e IR aR) & (QIAGEN,
Germany ) Bl 2lifk. 4fi fk 7 ) i% 4% 3] pMD18 T-
vector( TaKaRa, Japan ) 2k I | SR 5 AL SZ 25 K
FFRAAIA DHS o, PRHCERTR 7, 2 mL 2R Pk
LB 7% %, 1 PCR VAT 508 . e 88 FH R 24 T
DR, A BLASTn Xt £ H (4 7 510 50 e 510, H
JFkL/ N R BGR ) £ ( QTAGEN , Germany ) 4 BT 21
B BORE, {8 NanoDrop il %2 Rk B2, DL HEHLAY
JFkE 10 f5FRRE R A (35 VLB n x 10" 251 H5 B 5
nx10%) , LA¥E DUBCH RS AR AR, Cr (B N AR il FEAT
HERNER. prRdE R DO A IR .

R zf*éi%%% xNA = 56m +xa) X 660
x107g - ng™ x6.02 x 107
Ao, NA Sk Be] AR A A R B« b R MR
(ng- |.1,L_1 ),a IR A R BK .
1. 6 SZI % 2 PCR

ARSI X 4 ORI R 2B B B (ermA |
ermB ., ermC Fl ermF) | 3 B B-IN I iz 2 o 14 5 (A
(blaTEM . blaSHV F1 blaCTX ) Kz 2 Ffrids 3 i 2 o 1k
FEH (gnrA Rl gneS) SEATE TERGIN. 2GR 2 S v AR




1988 b7

B 37 %

AN 10 pL KR, 3 5 pL 19 2 x QuantiFast
SYBRGreen PCR Master Mix( QIAGEN , Germany ) , 5|
P1(10 wmol-L™") % 1 wL,DNA #i#z 1 pL RNase-
free water 2 pL. i PCR KN FEF: 95°C WAk 2

min 40 MEIFEFE 95°CAEPE 10 s,iB K 10 s(iB k
TREE VLR 2) ,72°C HEAH 405, A28 F ShUs I i i £&
FEIF. K TR R 27K A A Al A8 B PR X B A
FEh 3 IREE.

%2 PCR# Q-PCR 3|13 RIBNEBE

Table 2 Primer sequences and annealing temperature of PCR and Q-PCR assays

H 5L GlEY] Sl¥FEI(5-3) D iR KREE/C SCHik

ermA ermA-F AAGCGGTAAACCCCTCTGA 57 [17]
ermA-R TTCGCAAATCCCTTCTCAAC

ermB ermB-F AAAACTTACCCGCCATACCA 55 [18]
ermB-R TTTGGCGTGTTTCATTGCTT

ermC ermC-F GAAATCGGCTCAGGAAAAGG 59 [18]
ermC-R TAGCAAACCCGTATTCCACG

ermE ermE-F TGTTCGAGTGGGAGTTCGT 57 [18]
ermE-R GGTACTTGCGCAGAAGCGA

ermF’ ermF-F TCGTTTTACGGGTCAGCACTT 57 [18]
ermF-R CAACCAAAGCTGTGTCGTTT

blaCTX blaCTX-F CTATGGCACCACCAACGATA 59 [19]
blaCTX-R ACGGCTTTCTGCCTTAGGTT

blaSHV blaSHV-F TGATTTATCTGCGGGATACG 61 [17]
blaSHV-R TTAGCGTTGCCAGTGCTCG

blaTEM blaTEM-F TCGGGGAAATGTGCG 59 [17]
blaTEM-R GGAATAAGGGCGACA

qnrA qnrA-F ATTTCTCACGCCAGGATTTG 57 [20]
gnrA-R GCAGATCGGCATAGCTGAAG

qnrS gnrS-F GGMATHGAAATTCGCCACTG 55 [20]
qnrS-R TTYGCBGYYCGCCAGTCGAA

1)M: A/C; Y.C/T; B:C/G/T; H:A/C/T

1.7 BHEoir
g K H Excel 2007 F11 SPSS 20. 0 #E1743#7,
B PEAG I0 R FH B PR 2R 22 0 W

2 BR5IHR

2.1 JEFSHENC AR R AR Ak

FEFRALFE bR TR X S M A 5 5 Ry 5 41
PRI AT LA #E AR 2R AR R ok B I
fife . ARSI IO S T G FEHE I L AR R B I B A
AL AN 1 PR, FEREASHERE AR o TR B B
FFUR (22°C) B2 18 d(53°C) 5 MilEMIM 19 d HF4k
$ 49 d(55°C) ; FEIRIANES 50 d FF45 B 2 HENESE
BSAE TR (29°C ). 3K 55 9000 5 FIUBE Ay S I I8 5 A5 1 iy
LRI AR S ARSI R 2 0 I B 1) TR B B
1, ORM T C/N RSk, 4, HENE 45 Bk 1L

1 1 1

1
0 10 20 30 40 50 60 70

td
E1 BEHREIEFEENTH

Fig. 1 Evolution of temperature during swine manure composting
BOR, AR IR B A JCIE AN S 56 3 USRS
BRG] e T B0 5/ MR SR A LR
22 5.
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2.2 EFEMENEWILS =25 ARGs (5040 FIF
AR S5 A ZEHENEAE b A T 2] 4 FhORER Y
FiE 2B LN (ermA | ermB ., ermC Fl ermF) | 3 Fh B-
PR R4 1 ) ( blaTEM | blaSHV F blaCTX ) FI
2 P TR RSB A (A *ﬂanS) ,IFXFIX 9 A
ARGs #EA7E SAGI. N IRIESEGE & PCR K il 45
ST SR K B A JE DA o TR AT I ).
Blastn XT(WJ? ST ELXE, Wk 3 B, T AS HE X
ZERAHMUE I8 99% LA b, ¥ BE R (Efficiency ) 7F
98. 181% ~ 119.425% Z I8, H X ZH R® H & T
0. 990, T A7 Jk PRI ik i 26 A M — R S 0, S0 50 3%
WA 9 X 5 1) B A R e vk
FRYEHRAE 26 75 B HENE BT A5 FE A (55 0 d)
ARGs FUFBERM A1 0L (32 4) F1 =38 ARGs &
AR (B 2). TEHERE PTG FE S v, KRR 2R

PUPEBE LA Y 5 BE LU B- DA Bk i 288 470 A4 e A1 R 1 345 )
EBHHERE 1 ~2 ME QEL,;H\:':F' ermB FE &S
9.88 x10° copies-g '

ARGs ¥l A7 TG, REFNERZE | B-PN Tk
i A VR R 2 BT A ZR PO R TR BR 5 v i RS
M. Marti 2520 FEAGIN T — 4575 7K AL BT BRI AT 3
UK B gnrA . gnrB | gnrS | blaTEM |
blaCTX . blaSHV FI ermB. Knapp %' 7E 35 5% P 7K
TEIAAE AR AS IS ermB | ermF | blaTEM F1 blaSHV
H ermB FE N 108'3copies-mL_1 Roberts' "’
HEFR ermB B A 33 DHEERIAL, HZ erm FEEH
W Z M RINEREYUERPUERE N, b THAA
T BB AL k] B T BT B B Y 1L 1
AEFE. XL A] B S B NEFE b ermB BE A
i H T

%3 9 1 ARGs HY Blastn £&5 R
Table 3  Blastn results of nine ARGs

ZFR BN 2IE o

BEE MR

i =)
NCBI % 3%% o /o

ermA ( L1551t 245 H 540G )
ermB (L1755 R 25 FF R AL )

(ermB) gene, partial cds.

ermC(23S RNA HHLALE)

complete cds

erm P ( R 2K o B 1L ) Riemerella anatipestifer strain NJ- 4 macrolide-lincosamide-streptogramin-

Staphylococcus rostri erm(A) gene for adenine methylase, strain RST492.

Nocardia farcinica strain CNM20080087 erythromycin resistance methylase

Staphylococcus aureus strain 7512166- 1 plasmid ErmC (erm ( C) ) gene,

FN435325. 1 100 99

KM194594. 1 100 100

JF968537. 1 100 99

KC669404. 1 100 99

resistance protein (ermF) gene complete cds.

blaTEM ( B-N BENETH )

blaCTX ( B~V B i 1t )

complete cds.

blaSHV ( B- N BERL ) eds.

qnrA (VST PR )
qnrS (METERBTPE LR )

Klebsiella pneumoniae insertion sequence IS26, partial sequence; and beta-
lactamase TEM-1 (blaTEM-1) gene, complete cds.

Escherichia coli isolate S-FC066- 028 CTX-M-172 ( blaCTX-M-172) gene,

Klebsiella pneumoniae beta-lactamase SHV-191 (blaSHV-191) gene, complete

Shewanella algae plasmid QnrA7 (gnrA7) gene, complete cds.
Klebsiella pneumoniae strain MD93 QnrS (gnrS) gene, partial cds.

KF268357. 1 100 100

KT251041. 1 100 100

KP868754. 1 100 100

GQ463707. 3 100 100
KP340791. 1 100 100

R4 FBIEMBVRFERT 9 F ARGs FIEEFIS 7/ copies g~

Table 4 Abundance and distribution of nine ARGs in the intial swine manure composting samples/copies+g ™!

HEEAE S ermA ermB ermC ermF

blaTEM

blaCTX blaSHV qnrA qnrS

Fod 3.47 x10%  9.88x10%  1.36x10%  9.41 x108

1.11 x 107

1.76 x10°  2.95x10°  3.94 x10° 9.40 x 10°

2.3 EFSHEACIE R RS R ZE BT S A A
Gl

AR SR AN IR 4 erm kPRI HE JIE v 52 30D AN ] ) 22
K 2(a) . HAEHERE THE B B A 0 ~ 7
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