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CUI Chang- zheng y ;" el

( L-State Env1r0nmental Protection Key Laboratory of EJnV1r0nmental Risk Assessment and Control on' Chemical Process, Sehool of
Resopfrces and EnVlronmental Engineeringl East! Chlna Unlver51ty Of Science and Technology, Shanghai 200237, China; 2. National
Engmeerlng Reseédrch Center of Urban Water Resources, S'ﬁaqgh-al 200082, China)

Abstract ¢ Antibiotic-resistance genes ( ARGs) in drinkin;; water sources have attracted widespread attention due to the threat they pose
to water/Security and human health. This study mainly focused on the distribution of sulfonamide ARGs (sull , sul2) and one integrase
gene (intll) in water and sediment using qualitative and fluorescent quantitative PCR, based on previous work on the characteristics of
13 kinds of sulfonamides in a drinking water source in East China. Results showed that the three target genes were all detected in water
and sediment. The sull gene was the sulfonamide ARG with highest concentration, with 1.5 x 10*-6. 4 x 10° copies-mL ™" in source
water and maximum concentration of 1.6 x 10° copies-g™' in sediment. Concentration of sull was 0.6-2.2, 0.5-1.9 order of
magnitudes higher than sul2 and intll genes, respectively. There was no significant difference between the absolute concentrations of
sull , sul2, and intll in inflow and outflow. However, in the case of sediment, absolute abundances of sull, sul2, and intll in outflow
were higher than those in inflow. The maximum concentration of sull was detected in outflow in summer (6.4 x 10°copies-mL™"). The
concentration of intll was higher in winter compared to other seasons. There was a positive correlation between sull and 13
sulfonamides (r=0.69, P <0.05), and the relative concentration of sull and amount of sulfamethoxazole were significantly positively
related (r=0.79, P<0.01). There were also positive correlations between the relative concentrations of intll and sull, sul2 (r:
0.80 and 0. 73, P <0.05), respectively, suggesting that intIl played an important role in horizontal gene transfer of sulfonamide
ARGs in this drinking water source. This study provides basic data for monitoring pollution of ARGs, as well as a basis for controlling
ARG pollution in the drinking water environment and making management decisions.

Key words: sulfonamides antibiotics resistance genes; integrase gene intll; drinking water source; distribution characteristics;

horizontal gene transfer
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) RTE S ERAE I B 1R T 2 26 sk
AT A AL 2 IR A W p A= R bk, [m]
WAL PT A R PiHESE A (antibiotic resistence genes,
ARGs) TE¥ 58 v 38 58 DL K A 3 A W) 22 18] B 7K1 B
B, WRITA R IIRIT SO H 4 T RS ARGs B
A AT I SCTAE R A YA R A R S T TR
S8R S/ N 0L /B R A ke o O T VA R D VAN £ 413
T BE T B ShsG oot B, BB TE AN ]
FHEAERYHEY . Martinez %2 Y 7E R R RE E 40
PEANEEFI ARGs B4 | AL 15 Lok B i i A R
IS G TR, DRI A0 BT TS 245 P 7™ o Jgl i 1 AR 3
BTG e NAAAgERR, J& N 2SR 22 fig e i) o0 2L [
z—.

fiti fie 2P A= & (sulfonamide antibiotics, SAs) 4
RPN TR P AE R, B RTE R E A4 &
Al AR, HAE M ERK A5 FREE v 1 Hh S A
EHEE T SAs A BT p-E SR PR 45
t, FEANTE A Pl SE A PRI - R S
AR A U B 4 A, 0EL AN TR R A A
B, BT 0 ) 200 A R 8 A 0 900 B
AT dhps (fol2) S LI T )~ AT A NG
RENG Y Bt p- GBI RN SAs, TS p A4 T
FRZE £y AN — S R A B e 8y
XSAs WIFZGPE 2. sull 7 sul2 %&%ﬁ)ﬁ*ﬁiﬁm

FE R AE 7R b DX RS PR R 7K R Ml 13 Al fish e 24
A RT5 YRR T 35 T, AHIFGE R FH S 2
PE PCR MZEERE | PCR $EA, XK H 7K U5 Hs 7K
JEK RS I Hh B e S Bt 3 I (sl | sul2 ) FOPLTE
FER AT R Te i 1 B A L IR (il 1) 19 25 1)
B AR T T 8E— 20 AT, DA BB IR
T2 ARGs FEEK FHA R A 78 7 XU, LA SR
KA A ARGs (9 XU b5 47 B A Al 5030

1 #MREFE

L1 AR5 1G]

£ PCR X ( Eppendorf 5333, Germany) , %¢)(
7 PCR ¥ ( LightCycle 480 11, Roche) , #f# 4>
Y61 ( NanoDrop2000, USA) , FastPrep® -24
MR P (MP, USA), HLIK{L(DYY-12C, db
Fast DNA-® SPIN Kit for Sofl i/ MP
Biomedicals, USA9) , pGEM-T Easy Efzﬂ{ﬁﬁJﬁDNA‘Eﬁ}'E
B%iﬁ%ﬂﬁ(l?fo;pega, US?\) , SYBR Prenhx’Ef( qu]ul
(TaKaRa, Japan) ,~TIAN pure Midi Kit ﬁ*ﬁd\'%ﬁt
Al BOIEEE DNA B & | DS o % A4
A 2 x PagPCR Magerix 240 11 K AR LR B
wwad /) pracest g
L2 Rl |

FE SRl M (T RS B K TR, K

{47205 3 — S e U SR HeoT) suld’ o DRERAEIN ) P K SRR RE M 15 4 2 5 i)

SR T T, AR T o1 0 3 PR A
sul2 WA 17 F TncQ ZHE I /INFORE (RSF1010) LA
Kot pBP1 AR TR 1. S AR N R A 3R
ARG, PR HE KRS D kA E2AEH,
YR AL A Tl (7 s R S e T A ) el 3 RS R
W, ARAE intl FEH DNA JEFIAE, WA T 5
b4 2K H il 1 A AT Ty, S S 5E e
T BN SRR B ARGs T EERS ST
Har7E 3k @Hﬁ%%ﬂ(( 10° ~ 107copies-mL_1 ) (3] A
1575 7KALFR) T (10° copies-mL ") S DL P BRI
Bek 7K (10° copies-mL ™" ) 1 3% [ B % hi £ M
(107 ~10 72, AAXE &) ' Ak RS AT 1y
sull | sul2 Vil , X FRAMEEIE ARGs 15 Y ALK IR
RO&EwAAfE. B2, BRI EIE ARGs 19
5 G SR K o3 A FRRAE AT T B AR T AR M K M5
IREEIRIREE, T Tk F K B K B9 BiF 5% 41238 5 .
AR, AR HZK IR Hb s T K rh e A= R otk 36 K Y
B BR K OB XU H 452 ) oee 7 18

E—3, 2014 4F 12 H ~2015 4E 2 H . 2015 4E14
3~5H.6~8H.9~11 A, IKkftFELE £F,
BB, HRRESHIEAKE | FErhA
K B KR, BT KR OB, Kk
SRAERFRIA 2014 4F 12 A, S BIFEAK O,
K EC3 fy, BT R ELE . X5 BT AR S TAR
TCIFEAE T okEerh | 76 24 h NS UK RE g S RE
DNA #&, DNA F - 20C £ 7, HH /R PRIEFT ARGs
G3HT.
1.3 fi#ifi2s ARGs 2 Hr
1.3.1 HEa b

Bl 000 mL/KKEZS 0. 22 wm (R FR 2T 2 25 ik e
oh g, #EA KPR AEY), R Fast DNA®  SPIN
Kit for Soil I & #F1T/KFE DNA $2HL. BUKJert
500 mg T EiRIEGH &, Lysing Matrix E Tube "4
HURE i DNA.
1.3.2 ARGs &M PCR

DL EIREEIR) DNA fihe , iF17i% S ARGs
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(sull | sul2) , intll N2 16S rRNA Y51 PCR #:i).
1208 Luo 55 RIBEHFHI, ML T AW TR
( i) HBRAFHATSIY A . PCR RNAKZR A
2 x Taqg PCR MasterMix (12. 5 pL); EFiF514 (4%
1 pL), ddH,0 (10 pL), A (0.5 pL), K H
ddH, O B CHAR ARl BAPE T IR, E %k PCR 4518 .
ASE95°C, 5 ming §73E (30 MEH) .95C, 30
s; IRATRE T(FRRAFRRERIGRE) | 30 s; 72°C,
1 min; #Eff.72°C, 7 min. HX PCR F=9)dt1T 54
EERCHL UK AN , HL UK 254441 400 mV, 30 min. F]
FHBIE BEEE S DNA [RIBGR R & ik B 5 R B, JF
PEEA TAY) TR (L) ABRA RN, P45 R
#£ NCBI ] GenBank %4 &£ 17 BLAST J¥ 515347,
FEUESE Sk H 3L K551,
1.3.3 ARGs &

(1) ARGs & sAnifi th 4 g sr

PCR J= W54z , 42 ) e AL S hm v TR Y
P R AR IS I8 Xu S5 A s R B AR FTORE
T Ml 2R ORI E i, BERT R 5
10 FEREER RS, 722 26 & PCR AL FHZIT

9 BRI T ARGs 7 ARl I 2300 22 3 *

PCR E@MS%SYBR Premix Ex Tagq H?.("I_:aK‘ a‘iﬁx"(ﬂZ
x )5.10 pL ,ﬂ’: TSI (10 wmolet. (1 '?Rg-:fo“
wL; JOHI ddH,0:8.2 uL; Btk 1wl AEH PCR 4
PN BB 955G, 5 min; §73 (35 ) :95°C,

154 1) . 1 minge® 1% 2 A 7 (08 SR B ) s

72°G, 307 ; GEf1. 72°C, 6 min. 168 rRNA sulf.
sul2 Rginul] FEPR ) ERARIEIZE R* KT 0.994 (P
<0.05), PR = (10" - 1) x100% , 7E
100% ~120% 2 |f].

(2)FEAh ARGs & &

FESUEAT A 2 PCR B, SR HB MR 536k
FETHM R S SR A 5 &, IR SR A R =
BEEE. BEREDREWNDS ST EME,
AN RBEE 3 AFEATRE, AL T, FRASAE Y
) CtfE. PRI I CtfETE 15 ~ 35 Z [ R E5 5]
15, FETAERE S Co AR AR E 4 (0 5 R bm v il

AT SRASRE S AR, ARGs (7, [RI I 43391 2R 1 G
B ddH, O RS EE A v SSORLAE Ay B 60 BH A X6 B
1.4 BdEstr S5 ab

FHAAN. ARGs PO EARERRZE (Ct= -k 1g ¢’ +
b) AIASHAHNL ARGs FUZEXT &1 [ ¢ = ¢/ x M B AL x
DES PR AT (R HL DNA 55 I A Bl vk il AR TR
L) /FE SR CRAEKFERTL, —H1000 mL) ,
copies=mL "' ]; LI ARGs AY48%F 7% 5/16S rRNA 44
X B = ARGs MIXS &, BdaAb 3R A SPSS 22. 0
I3, B SR Origin 8.0 %, HidiR2E4 k3
ASEATRE S B BRI I 25

2 HR5H®

2.1 TS ARGs FEIRFHZKIE K i) Sk H /K-

KKK HP s FE 2 ARGs (sull F sul2) f
intl1 B ARG K- I3 1 PR, sull sul2, A
int1] FEVRIZE K K IR K O A R PR AG
sull SER IO A LR , 46X S HE7E 1,8 x 10" ~
6.4 x 10° copliegumL_1 Z‘,II‘ETJ , tH X‘Tﬁﬁ(éﬂ’@s/ﬂms
rRNA)7E 2.3 x 1023+ 417 % 10 7' Z i) sul2 KLy
8,4 x10° 52,2 x)10* copies -l g A X
R 305 %“10*34..-*‘@ x 10775 inel1 A8
7E3.0 x 10" ~ 6.8 x 195 copies+mL ™" 2Z[A] A XF
B 4,34 105 42,9510 P2 % H S RO
st St wild BEPREE sul2 1 inel] $EE4Y 9175 0. 6
~2.2,0.5~1L9 MEK, XSERP R 20
e sull B FE R w2 5 —3%". [[BF Pei
ST R, sul2 FEDE S N2/ AR )
ORI JE R Y | SR K IR A e, R A2
V5 B 1 52 e AH T/ HEI R sul2 IR0 S B
z—.

KPR IR P sull | sul2 F1ined] AOKS H &5
KM 1.7 %107 ~1.6 x10*, 8.7 x10° ~1.2 x 10’
F12.6 x10° ~4.3 x 10° copies-g ™", FIZAKIEIK
Oy 1.4 ~4.0,1.6 ~3.5 F12.6 ~5.2 4%,
X FE B IZ K UR M IS U8 & ARGs Y — 4> 5 2 fif £7
J??“].

F1 RAKEKDERELE ARGs K intll B BERHKED

Table 1 Summary of sul ARGs and intll concentrations in drinking water source
S Y %of &/ copies »mlL ™! AN (ARGs/16S rRNA)
e H e ARE LREDA() FHIME i E HARME LREDA() EHIE
sull 6.4 x10° 1.5 x10* 1.3 x10° 2.1 x10° 4.7x107! 2.3x1073 2.0x1072 8.5 %1072
sul2 2.2 x10* 3.4 x10° 1.4 x10* 1.7 x10* 2.9%x1072 3.5x107*  3.4x1073 5.6x1073
intl] 6.8 x10° 3.0 x103 1.5 x10* 1.3 x10° 2.9%x1072  4.3x107*  7.4x1073 9.9x1073
16S rRNA 5.7 x107 6.5 x10° 6.7 x10° 1.2 x107 / / / /

1) /7 FoR3CH A R B
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5 NSRS HABBF A e, AT KR
KR sl Fosul2 Koy EOE(10° ~ 107
copies+mL ") W& fik T K & w100 ~ 107
copies-mL ™" ) I # i VT /K Y& K (¥ LE 10
copies~mL ™' Z[A]) . intl] FERAGKE H & & (10° ~10°
copies-mL ™" ) X T Bk I ¥ B (100 ~ 10°
copies+mL ") K wrtt (1.2 x 10° copies-mL ™" ).
JEUeH sull A sul2 F# (107 ~ 10° copies-g ") MK
FHEAETE) (10° ~ 10" copies-g™") , w5 TRl
JEJR! (4.2 x 107 ~2.0 x 10° copies-g™"). A[EK
IR B Y SAs EEARIR], X EREE A Y AR Y
VPR FIAN[A) 2. 0 0 K I AT 3 SAs (G
FriEoh 24 ~ 385 ng- L7 W TR K R K
o SAs A EKS SR (10.5 ~238.5 ng- L") 1),
2.2 e ARGs fEHHKIROK Hh 2= 18] AR

R ARGs K inad 1 EIZ AR AR IR g 23
[ ARFEAE QN A 1 AN 2 B, N4 & 5ok A
sull | sul2 F1 inel] FEPRITE DR FH KI5 A 7K EA 1) 4
XA HUK TR AR ZE AR 5 HTXT 5 I JC & 4
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