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Reducing Effect of Three Disinfection Technologies for Sulfonamides Resistance

Genes
ZHENG Ji', ZHOU Zhen-chao', CHEN Fang’, CHEN Tao', WEI Yuan-yuan', HAN Yue', CHEN Hong'"

(1. Institute of Environmental Engineering, College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058 ,
China; 2. Hangzhou Environmental Monitoring Center, Hangzhou 310007, China)

Abstract: Antibiotic resistance genes ( ARGs) in the environment have gradually engendered extensive concern recently due to the
harm caused to environment and human beings. In this study, two sulfonamides resistant bacteria isolated from secondary effluents of a
municipal wastewater treatment plant were used to compare the efficacy of three different disinfection processes ( chlorination,
ultraviolet and ozone) in reducing sulfonamides resistance pollution using serial dilution plate counting method and qPCR. The behavior
characteristics of sulfonamides resistance genes during the disinfection process were elucidated using disinfection + DNase | treatment.
The results showed that all three disinfection techniques could reduce the concentration of target bacteria, but the abundance of
sulfonamides resistance genes was still at a high level. Furthermore, chlorination disinfection might reduce sulfonamides resistance
genes by reducing microbial biomass. Ultraviolet disinfection could damage genes directly. However, during ozone disinfection,
sulfonamides resistance genes would escape to environment, and its potential environmental risks could not be ignored.
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IR FE | LRI T T B DU 4 B AT 3
PRI RS RIS, R 948 + DNasel ilf” 5256
WSR2 I 35 PR 7 T 2 e B R AT N R AE, DA
301 H e 2 R BT S DR AL, O R TE K R
P DR e (g ol D ik B A SIS
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SKAEWTTIG 22 55 /K AL B ) S8 Ak 78 K (8%
HK) SR IFRRE | WA 43 B e e 2 i e b
KA b DR PR AR T . R S PR R R

B kR AR 10 g- L' B S ¢- L7,
FAbEN 10 g- L7 pH £ 7 J5 121°C |, 20 min /5
FE KA, 7856 4 B [ i A2 T A2k i FH el B9 28
We 50,4 pg-mL ™7 BERHREE 40 mgemL "'
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30°C | 24 h 355 I, PR IBCR TR 7% o 2 Al Ak, R H 48
PR3 PR 21 5 B3 57 8 TIANamp Bacteria DNA Kit
(TIANGEN, China) $£HU4H B DNA, f IV % 4=
PR AT BR 2N 5 I 52 16S rRNAFEF | 6 445 5 5
3 NCBI M 3% (http://www. ncbi. nhn. nih.
gov/blast/) i) BLAST #E47 )3 41| [m] 95 P 4 &R LE Xt
T R BRL TR DR . 36 R LR 2 B R 22
[CHIMER A 1 bR, >R 38 PCR 6 X P bk 41 14 43
AT RSP R N (swl T L swlll | sullll | suld)
K168 tRNA | inel] HE R HEAT E AR, 23 B FL I R
.

PCR A& & 4:10 x PCR buffer (Mg’*)2.5 pL,
2.5 mmol-L™" ,dNTP 2.0 wL,10 mmol-L ™" FiE514
1.0 pL, 10 mmol-L™" FiF514 1.0 pL,5U Taq #
0.3 pL,ddH,0 17.2 wL,DNA ££4h 1.0 pl. #3EH
510 1. 7€ PCR PR ( TIANLONG, China ) H
TP 1 PCR 9714 454 4. 95°C T2 M 5 min 7,
95°C A8 15 s, 1Bk 30 s,72°C #EAi 30 s, 3k 35 ME
&5 72°C FAEMH 7 min. 338 PCR 5285, L5
pL PCR SR =¥, 55 6 x Loading buffer Dye R
A5, 2 EB Y0 1. 5% 1 B IR B e, 78
120 V HL B T HLK 30 min K916 453, 42 E
SEEIE A% AX ( PEIQING, China) X 35 i b 58 ¢ ik
TR A et PCR K T 538 1 ity
P4 B g

F1 BREESIMFIIRBNEE

Table 1  Primer sequence and annealing temperature of each gene

HEA 319 JPol(5'-3") TR Bbp B AKIREE/C P HRR % ik

sull sull -F CACCGGAAACATCGCTGCA 158 55 98. 05 120]
sull -R AAGTTCCGCCGCAAGGCT

sulll sulll -F CTCCGATGGAGGCCGGTAT 190 60 96. 45 120]
sulll -R GGGAATGCCATCTGCCTTGA

sulll sullll -F TCCGTTCAGCGAATTGGTGCAG 128 60 Y [17]
swllll -R TTCGTTCACGCCTTACACCAGC

suld sulA-F TCTTGAGCAAGCACTCCAGCAG 299 60 Y [17]
sulA-R TCCADCCTTAGCAACCACATGG

16S tRNA 1369F CGGTGAATACGTTCYCGG 143 55 101.16 [21]

1492R GGWTACCTTGTTACGACTT

il intll-F CCTCCCGCACGATGATC 280 63 98.37 (22]
intll-R TCCACGCATCGTCAGGC
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Fig. 1 Set-up diagram used in ultraviolet and ozone disinfection

1.5 REANH

R 7 A BE R D VMUS-DG B & & A4 %
(AZCO,Canada). % F3A M ETHAIR EH P
UVI00(ECO,USA) , LA 5 1 A A v i) R AR i
BE B 1 FR. SCROKFERRUY 1L, @t iR
AL A G B B (1 B S B 42 i B[R] 24 10 min
B, REF =L # B e (2, 4,6, 8,10
mg-L7").
1.6 DNasel #b3

] 2L B A 7K AE A 500 U B3 DNasel

(2T S 250 g DNA R TFKAEH S DNA 54)
15°C J Wi 4% 2 h.
1.7 WEITHEGE

AT 5T 5 FH A 7 15500 SR 1 e KR v i e 21
PUMEANBEECH . G B K KRR 1T 16 BE i B, 4%
I 100 WL KRR BRI TR RS BE R S 95 50 Al L,
PR T JT R A 3957, 47 3 £, 30°C | 24 h 53¢
Je , AT VE AL (CFU-mL ™).
1.8 ZILERE PCR

ARHFFE A 26 5 7 PCRFE K DT 1 32 A )
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& (MP,USA) #EHU DNA | i FH {2 26 3 5 A R 0 BT
{8 ( Nanodrop, USA ) Il 28 DNA ¥ &, & T - 85C
TRAT.

PECRE it PCR bR i £k i & 57 . 3538 PCR 9~
K20 B i 3Py 4 48 1 Biospin B K 1150
& (BIOER, China) #472lifk [E115 PCR 7=#, )5 I &
DNA Fit | iR 2 E4EWE S, 8 pMD19-
T 28K AU E. coli RSZZSAN DHS o, K5 IR 2 35
MR T HAHA N T HSR . X-gal Ml IPTG 1Y LB
R FRIE FREFE 12 ~ 16 hy i1 W5 1 B 07 0 Pk B 1
A BB, PRk BH M se B T LB 55 R 9 K ks
F5 AR S Bl mL BRI 4 AL 1T
W 45 538 28 {8 ] BLAST $E47 )% 51 [5) U6 1 4 2% 1
XT3 HAR 3 ~4 mL R RS BUTOR, i 1] QIAGEN
kL FH 2 BUR & ( QIAPREP, Germany ) #E17 i
R L, LR TR DNA Y A, /Ay HLIETE 1.8 /2
VST o N i VAN (S (i o= M= 5 A G i A
WEERTHE AR R EE = (i + AR 7 i)
x6.02 x 107 1. ¥ T8 DUBU FORFR i A Uk it
7 10 f5#5 B, I FLORRR BRI B2 76 10° ~ 10° Z [A].
PR AR IR 1.

FEHE PCR W AE Bio-rad 1Q5 #¢)G5E it PCR X
#%(Bio-Rad , USA) Fhfif7. & PCR SN A4 SN I
K% .7.5 pL SYBR Premix Ex Taq ¥ ¥, 0.3 pL
ROX Reference ¥ ,0. 3 wL ¥ A 10 mmol - L™ ¥
FEMIERB19,0.3 WL ¥ EE R 10 mmol - L™ V& B 1Y)
K514 ,4.6 wL ddH,0. SR FRTE 100 wL 96
FLR R MR ) B2 o FLH 2R AT, B PCR R N R T
TARPE 95°C N #VAEE 30 s5 SRS HEA 40 MG
W B, A5 95°C 78 5 s, 1B 2k 30 s, 72°C ZEfi 30
s, EMP AR BT DOUME . AR IR T R 55 ~
95°C Z[a], & 0. 5°C 24, H a5 8 30 s. FAHE
3 REL.

1.9 Hdnabi

B R H Excel 2010 F1 Origin 9. 0 # {4 17

G3HT.

2 HREITiE

2.1 3 M EE T X B ST A B A RS OR
AN TR T 35 7 X0 S KR r e Y S M v A
P —E M EBRRCR, AR R T fikan s
{1 ) B8 A I o T 7 1) P T 8 5, 7 S e i
B (5 mg- L &N E 25 mJ-em

AN 10 mg- L' RAABMAKEE) T, SLH K FE
FRBTIE TR R 2 O B KOs Al 2 R, 4IH B
IR B AKOF J5 , Bt 40 TR A BE B TRV T AL
AN, TR A TR Y L S5 R R 2 A
FFEE (B == TR PAPE TR i 32 M o T B IO S AT 1
(2= IRV ) X AT RE 55 25 = TG FH 1 7 170 400 i e
TRAVEFIAT G, FLRERHLAS A 1 S MR A0 T I 5 0%
—E R LR AR TR, FE 2SN EE D, McKinney
SFUOMEI T R MATRATI IR, X
BN AT GE - S A D AP Sr i NN N R E]
K. BEAMHETE T DNA rp i s g 28 510 Ak~ 1 1
I RR S e i s i 7 A — SRAE . 4HTA Y DNA R £
0 Jox v 0 — SR O IE B LE T DNA A2 il A1 e ¢
FEAMAET IR ENH EE R B Y. 22 R AR Y
AL SR/ IR BT B/ A A s I — 5%
PR, T LR B 25 PR X 55 AP 0 SRR T 1K

X 7 50 T B ORI H S, T LLSR A CT fH
( concentration-time value ) kB, CTH RN
FR B e R FH s T ) SRR, T A 2 300 A 7
YEFIRFE B , CT (BRI SRR B, B S #E
BT A EL Y 35 FCOR Sl AT B 1 DR A 3 3
MR ERLELGN, RBEHEN CT ER 9
mg- (min-L) ~', T & % 4 # 1 CT {H 4 20
mg- (min-L) =", AT LLE Y, AR CT {Higit /T
S PRI SR ARCH U A 0 T o TR B, 280 T
fe. AN V5K H A SR A BE AR S TR B A BT
2 AR B AE 30 mJ-em TRAR VP ARHE
FEH1,25 m)-em CIHEERIE T, BN BIAT R A H
PR R EEA K W5 R B V5K T s E 1Y
R SR ) B B I B SR 2 A
2.2 3 FPIHEE T R R P PR ) s RCR,

H A TH 7507 75 B DA A2 LA P A s
JE Al 1t ) AEJR AR S 45 L, K M B A= iy
A A A T HI TR R A . 8] 3 S
IKAETEA [a] 1 2 500 5 e 2 B M ik PR 1 28 1 1
O, ATHIE T B R o B RS HO PR R PR AR 2 B
T BRI S I T R, SR P I ROR
R FEAS S 1 0 R IR 1 mg- L, B
IR BT K FE R sul Il 4 56T = B2 I8 % Ry 78. 9%
i B 2 A0 AT B8 K BE A suld IT 26 5% 3 B 1) ek R
70.5% . sulll BIHIISHR B0 Tsul]l | {HIE B IH 75
FIE A ETE sul T BEP 3= A B WA TR RS STH B
WREIRF] 3 mg- L™ Ao ZE AT B KRR A sul T 4%t
FREEHIBEH 2 mg- L™ 19 29.7% FFF] 77.9%.
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