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Investigation of Antibiotic Resistance Genes ( ARGs) in Landfill

LI Lei', XU Jing', ZHAO You-cai’, SONG Li-yan'""

(1. Environmental Microbiology and Ecology Research Center, Chongqing Institute of Green and Intelligent Technology, Chinese
Academy of Sciences, Chongging 400714, Chinaj 2. State Key Laboratory of Pollution Control and Resource Reuse, Tongji University,
Shanghai 200092, China; 3. Key Laboratory of Reservoir Aquatic Environment, Chongging Institute of Green and Intelligent
Technology, Chinese Academy of Sciences, Chongqing 400714, China)

Abstract: Antibiotic resistant genes (ARGs) , an emerging contaminant, have been detected worldwide in various environments such
as sediments and river. However, little is known about ARGs distribution in landfill. In this study, we investigated five ARGs
[ sulfonamides resistant genes (sull and sulll ), chloramphenicols resistant gene (cat), B-lactams resistant gene ( bla-SHV) , and
tetracyclines resistant gene (tetW) ] in refuse samples collected from jiangcungou landfill (Xi’an, China) by real-time PCR. We then
correlated the ARGs and physiochemical properties of refuse to examine the link between them. Results showed that all tested ARGs
have been detected in all samples, suggesting that landfill served as ARGs reservoir. The highest copies numbers of sulll , sull ,
tetW, bla-SHV , and cat were (3.70 +0.06) x 10°copies-g ™" (dry refuse), (9.33 +0.06) x 10°copies-g ™' (dry refuse), (2.27 +
0.08) x10° copies+g ™' (dry refuse), (3.68 +0.09) x 10* copies-g™' (dry refuse), and (1.39 =0.10) x 10* copies-g~" ( dry
refuse) , respectively. Further, sull , sulll , and cat positively correlated to moisture and sull and cat negatively correlated to pH.

Key words: landfill; physicochemical factors; fluorescence quantitative PCR; antibiotic resistance gene ( ARGs) ; relevance analysis
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B3RS T P9 T A Y S 3 8, an el 1
FNE3 A5k ST, S2, S3L, ARG — T4 3 )2
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X2 2 P IX I R 1 ~3 a. S2 R S3 IXEHh
10 ~15 a SEILIX , 3R)2 5 R IX O I 2 W4t
BT (1 3, AH VL ) SRS S2 RIEN 0.3 a, 1M
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Fig. 1 Sampling locations at Jiangcungou landfill, Xi’an China

1.2 b B R B A P o )

7 3R [ A L Jo 1 A T 4 B SCRR [ 15 ] 9y
TR, 60°C HEAR LT 24 h J5HEEE &K
KU pH B 12 ShnKad i85 H pH THIE ; A HL
Bk T S FR R AN s B EUR R i L IR E
R SR EEB LA Rl SASAUR e B 1L
ok A AR M W2 L (575 ; FDA JK itk i T
PELAIN R . R ER A KW 3: 5 B WA W, 43
JECRE BB AL
1.3 B3 & DNA 421

FRELS ¢ B30T 25 mL 2089, TA 20 mL
PBS 2% M iR HER T4 10 min, LA12 000 r-min ™" % 38
B0 3 min, {38 LW, EE 3 WA, R &
PowerSoil® DNA Isolation Kit( MO-BIO,USA) , #i iR
AR U R A 7 AR 0. 25 o b 3 AR o T
4 DNA. 4RI DNA AR R AN 6ot
i1 NanoVue ( GE, USA ) #6101 i .

1.4 PCR

S BEBE T R e 2 B AR T B (swd TR
sulll) | PUABRZLYUERPER N (cat) | B-MITERE
e RSN (bla-SHV) | VA K U E ik R
PUPESEH (tetW) 55 5 FhbiE ZPIPMEREN X 5 Rk
REHUHIEE G519 | 1B GRE DL  R BRI 1.

PCR WA Z A 10 x Tag DNA B4 buffer
(Mg’* ), 5 pL; MgSO, (25 mmol-L™"), 3 uL;
dNTPs , & Fp it S AZ B2 2. 5 mmol-L™"; rTag DNA
i}, 7~ )WL 2.5 Unit; DNA 84,2 wL; ddH,0,
34.95 uL; AEFN 50 wl.
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Table 1  Antibiotic resistance genes used in this research
51 RRD JPHI(5'-3") B KRB/ C BtV bp ERUE S SCHk
il TAAGTICCGOCCAAGGCTCG 5.0 163 sl [12)
o TGCCOCAANTCGTCGTGOTATT 64.0 (18]
s TCCTGCTGOCCATAGTCGATCITT 64.0 S-SV (18]

1)F; forward primer; R: reverse primer

PCR W B2 ¥ 0 : 95°C WZEHE 10 min; SRJ5
95C15 s, iR & 30 5,72°C 30 5,35 EH; %5
72°C 7 min; 4°CIR-AE.

1.5 HEEER F Bl |y K551 Hoxt

4 PCR &3 th R 1 B L TR, SR IS IR W
(A5 i 57 &5 ( Tiangen , Beijing ) #E47 VI MK |, %
$%%) pMD19 T-vector ( TaKaRa, Japan) #{K [ SR 5
AL 5 R I AT 14 40 L ( DH5a, Biomed). %
M2 S AR P ARS T 37°C #5557 16 h 245, i
AVKFR 4°C 2 h J5, PRk i (U BE, & A Ampicillin
Y LB( Ampicillin ¥ 50 pg-mL ") JiFEH (3 ~5
mL) P RIS 1 mL EIRGEFE R AL S B AR
PIRHR B A BR 2 WA T 00 5, HC A% T T R 42 JiR
kL, Wi BEAR L 25 . 0 P 45 R FH DNAStar #07F X}
VAT PR | S, 7E NCBI P35 (http :// www.
ncbi. nlm. nih. gov/blast/) b i#17 BLASTn [A] ¥4 K3
ESLAON
1.6 FtER PCR

fif | Realplex2 % i PCR Y ( Eppendorf,
Germany ) Xt HAnbEFE H #E17 SYBR Green 9451 5E
. E PCR RV AEF: 95°C, 15 ming [95°C 15s
(Z2PE) ,Tm 30 s (51#iB k) ,72°C 30 s (593
fil1) ] x40 ¥K; 95°C 15 5,60°C 15 s, FHifk 20 min,
95°C 15 s MMLRam) . VIR ZR R 20 pl, 1
% Go Tag Q-PCR Master Mix 10 pL, 5| % (10
pwmol L ™") AY4% 0.4 pL, DNA #ifg 1 wL, Nuclease-
Free Water 8.2 wL.

o v i 2 1 o K T o A TR O BORE 2
i8] & MiniBEST Plasmid Purification Kit Ver 2.0
(TaKaRa, Japan ) ¥ 18 A= 7= 15 U BH /9 5 15 R 17 42
YBC, AR 5 4 BB ook P i 5 A0 a3 Dot R

( Nanodrop , UK) il v B SR 5 DA vk B2 1) Jo
A DNATO 546 B2 A B ol e b it 2. 5 b i it
RHRE RPTE 0.993 ~0.999 Zi]; ¥ A E E
TE75.8% ~112.7% Z [0 ; #FTE -3.05 ~4.08
Z I8, R LA OC R AT, 7T Tt 3 4% S K A 5
DKL

P DI HR A,

gene copy DNA = (¢ x6.022 x 107)/(660 x N)

K1, 103K DNA Wk BE (ng-pL™") , N {83 DNA Jr
By
1.7 St

A 25 5 Spss 19. 0 #E47404T

2 F#HREIHE

2.1 SRR

SN A 17 3 A A BRAL PR T PR 3R 2 T A
AT ) B SRR B R, 5 /K3 pH | TN,
TP, AHLG, A HASES LKL FDA K il
TEVEHS S B TCRA AR AL, Sy 1 — 200 W A A
B SR AN [R) R B 7 A Pk B A 2765 25 57, I
2 84343 B ( principal components analysis, PCA)
XA 8 A BRAL SR AR HEAT o0 A, SR IBCHT R AL
DR K IS FE 43 (PCL A PC2, BTk 530 R
47. 64% M1 29. 52% ) KA I Ff i B 33 [ U8 BRAL 454
OSSN L= = U W e o W e s i) S
W 2 s, [m i B R 1 484, Ik 3 i
718 (PR 2ty 2 BRAR A 1 55 AR R 32 180 22 ) Y AH O
FBR, A o (B A, X 3 AR 43 1 AR 43 R
K+ PC1ARERS /KA, pH H, TN, A LB, S A,
S ALK FDA JK B VERY 25 5 98 b5, PC2 %
R TP MG HE PR, 2 [FRE R T R I,
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Table 2 Physicochemical properties and copies of five antibiotic resistance genes of refuse

J5 R 3, Barlaz 26120 fa gk
AR TR 45 2R

S [ B R 7

protein (tetW) gene, partial cds

RE I =i S1P1 S2P1 S3P1 S1P2 S2P2 S3p2 S1P3 S2P3 S3P3
TR (x,) /% 36.95 45.59 44.16 29. 67 29. 44 35.90 31.15 21.07 28.81
pH(x,) 8.52 7.82 8.44 8.31 8.26 7.99 8.61 9.42  8.36

5 BN(x;)/g-kg™! 3.80 3.89 12.34 5. 66 6.94 6.52 6. 66 3.86 8.16
1k BP(xy)/g kg ™! 1.85 7.14 2.22 2.29 2.16 3.68 2.30 3.60 1.64
‘f% FHLF (xs) /g kg ™! 87.08 84.14 223.12 123.15 160.07 120.27 165.50 78.67 133.34
” HAE (%) /mg-kg ™! 21.6 91.7 89.9 22.8 37.7 68.9 89.7 23.3  83.4
AR () /mg-kg ™! 166.9 28.8 10.7 252.3 178.3 15.3 287.8 250. 1 12.8
FDA (2% /1 48) (wg ) /pg- (230 min) = 0.86 2.35 6.42 3.90 4.10 1.53 1.17 0 5.50
z sull (y,)/lg( copies) 6.17 5.55 5.17 5.70 5.23 5.74 5.75 2.64 3.49
sulll (y,)/lg( copies) 7.57 7.23 7.71 7. 14 7.32 6. 66 6. 86 4.98 4.52
ES
Bt cat(y5 ) /1g( copies) 2.37 3.28 3.02 2.77 1. 86 2.76 2.33 2,02 2.24
16
3 bla-SHV(y,)lg(copies) 3.71 2.18 3.71 1.99 2.05 3.68 2.08 2,02 2.25
tetW(ys ) /1g( copies) 4.10 4.27 4.50 4.37 3.74 4.26 4.17 4.46  3.66
®3 STBELEFRHTER
1.O-
% S3P1 Table 3 Physicochemical factors of loading
S1P3% S3P3 . .
0.5F s2p3 ¥ ®gopy PR AT Print] #k Print2 #kfif
. ° Sip2 Bk 0.691 ~0.53

_ *S1P1 pH -0.614 0.535

?E —05L TN 0.819 0.539

g»: TP 0. 004 -0. 896

g -lop §3P2 PR 0.72 0.599

= A 0.759 ~0.24

sr AR -0.749 0. 384
20k FDA 7K i it 15 P 0.793 0.372
s *S2P1 2.2 HUERVIHIEN
T e N B ER R TAEWI S E i PCR R U285 SR i ml Sk o
=20 =15 =10 -05 0 0.5 1.0 1.5 2.0 . e v N
PC1 (47.64%) B ) B AR 2 R SR B o 0 45 SR 5 NCBI
N3 ». P 5 h— ,3‘—» /\ N E
B2 HRIEIEG AR R R RS SR ﬁ?EE:FL#’TTXT e , lllil%’z VAN s %gﬁﬁﬁ‘lﬁg I %/ =3 ﬁ*&
4 .
Fig. 2 PCA analysis of different depths landfill based ﬁ? E,:J:%_“ri , }5)?1%‘ ilj E/:J% )_‘?ﬁu 5 EA' ﬁ*ﬁlﬁﬁlj\—
on physicochemical properties z;é& s $H {L)Ei& 99% LA J: .
T4 S MPIERMIEEER BLASTn 4553
Table 4 BLASTn results of five antibiotic resistance genes
R} filig NCBLSiS  H&EF/% M/ %
Sul T (fif R 25 5L R/ — SR Klebsiella pneumoniae DNA, Sull dihydropteroate synthase, AB933355. 1 100 100
%ﬁiﬁ@g) insertion sequence; ISCR1, QnrB2, strain; KUN-8056 ’
i i 2 BE R/ — A TR ili i -3 dihydr
%ll{ (ﬁ,\H#ﬁ i 24 B Rl / — S W TR Stenotrophomonas maltophilia straln. LIM54- 3 dihydropteroate KF307597. 1 100 99
& R ) synthase type Il (sul2) gene, partial cds
cal (AT E BT RIE) Pseudomon‘as sp. L—]?—MA7 catAl gene for chloramphenicol ABS26493. 1 100 100
acetyltransferase, partial cds
bla-SHV( % N EL R IR ) Klebsiella pneumoniae strain 1830- 2 beta-lactamase SHV- 1 KF585134. 1 100 99
gene, complete cds
el W AR IR ) Uncultured organism clone WW3as- 52 tetracycline resistance GUI17055. 1 100 100

PAUE R A R 5 1 008 B3 i P B PR A

AT B, SR AR MIE 3 frs. aTUE

TR BB AN B T IX 5 Rh AR R Uk
P BEIIIX 5 Rl A RGTPERE N T IZ A7 A T P4 %L
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Fig. 3 Copies of five antibiotic resistance genes in landfill
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Table 5 Correlation analysis between physicochemical properties and copies of five antibiotic resistance genes of refuse

Y1 Y2 Y3 Ya ¥s
X 0.611" 0.661* 0.824** 0. 550 0.241
X -0.647" -0.462 -0.592" -0.199 0.251
X3 -0.008 0. 121 0. 164 0.329 -0.018
EN 0. 045 0. 087 0.572 -0. 159 0.342
x5 0.175 0.317 0. 069 0. 205 -0.024
Xg 0. 090 -0.002 0. 488 0. 096 -0.052
Xy -0.010 0.020 -0.519 -0.512 0. 130
xg -0.024 0. 087 0.219 0. 056 -0.258
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