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Abstract ; In order to explore the conjugation of genes encoding extended-spectrum B-lactamase ( ESBL), ESBL-expressing P.

aerugmosa and E. coli'strains isolated from the wastewater of major hospitals in Singapore were used as donors. gfp-tagged E. coli SCC1
strains vésistant to chloramphenicol (CHL) were chosen as recipients. Using response surface analysis, we detected and analyzed the
induction of conjugal transfer under single-exposure and co-exposure of tetracycline (TC) , sulfamethoxazole (SMZ) , and ceftazidime
(CAZ) at sublethal concentrations. Tt was found that the ESBL plasmid could be conjugal transferred from P. aeruginosa and E. coli
strains to the recipient E. coli SCCI strains at an average {requency of 0. 001 5 and 0. 004 2, respectively, without stress from inducing
antibiotics, thus showing a low fitness cost and higher conjugal frequency between E. coli strains under the exposure of sub-MIC
antibiotics. A significant conjugation between E. coli strains occurred under the single-exposure or co-exposure of a TC concentration of
<0.03 mg-L™" and a CAZ concentration of <0.002 mg-L~", as inhibited by a sub-MIC level of TC. The conjugation between P.
aeruginosa and E. coli strains was stimulated under the exposure of TC and CAZ with concentrations 5-times larger than the MIC, while
no significant induction was detected from the sub-MIC antibiotics.
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Fig. 2 Bar chart and splines to compare of the induction of SMZ on conjugation

P2 KRR B R TR B CAZ T, [RIRE ] &
R R SO AR A A . X LA TR R O i 2 Al
BB N, (SRR ARTENE ) B CAZ JHh3a T 14 Bk
IR 25 T RS0 2 SMZ Wil i Bk E
PR (1 K256, P < 0. 01) 5 UGB N R HT B
B A7 AR P ARTE R & CAZ et B 0 TR I RS AT
FRAEME A B SMZ B30 5y BORE I % 0 A< T 2 35 22

S(E, P> 0.05, /1), FEH A &0 T, sk
5 oL B TR AN A2 1 TR A 22 [R) A T P A 3 AT R A T
0.0010 ~0.001 82 [8] (& 3); KIAHHFH 5 Z K
PR 2Z 18] B B0 4% 18 45132 41 30, 000 3 ~ 0. 005 3 2 [i]
(Bl 3) . el o {1 P T R 32 A T o 22 ] £ 470 2 J
TR ATRAE W R 5 CAZ e T 5795 S (H T B 3% 2%
(KB, P> 0.05). X CAZ i W EAE T



8 3] FHEEAF . WU R PRSP TR 3751

0.002 mg- L~ "BF, R AT AL 5 R FF 0 A2 1R T
WRZ RS R S S W& 25 (¢ g,

P>0.05); 24 CAZ Fir k% =1 0. 002 mg-L~'Hf,
0.008 () 2fHe
0.007 | [ E. eoli
[4 F. aeruginosa
0.006 |
% 0.005 | ~]~
3 0.004 |
# 0.003
0.002 |
0.001 [ Al i
0.001 |
0 b

0 2X107%2x1070.0002 0.002 0.02 0.2
CAZ: ff/mg-L™!

AR W0 AT W3 AR (¢ K256, P <0.01)
[EI3(b) . 7EAME B R T, 4 5% 22 2 ad
0.95 EIFX VLM [ B 3(a)].

3 CAZ WESEBFSERAXILELME

0006 1 (o) ke i
O E. coli
0.005 ® P aeruginosa
0.004
&
B 0003 |
&
0.002
0.001 t
0 L i i i i i i
0 2X107%2X1070.0002 0.002 002 02
CAZ g /mg-L™!
Fig. 3 Bar chart and splines to compare of the induction of CAZ on conjugation — =
.-"' ! i)

Fe# S B, 648 TC Wil R, 32 AR AR W i
VST AR UL 1 B0V TR (95505 B AIE (¢ M BGP <
0.01, & 1). ZEULIA ST, Hil 2 A B AR P R A2 (AR TR
PR 8] f 470 iﬁ?ﬁﬁ%?— F°0.0003 ~ 0. 003 3 ZAf}-
(K 4, jt%ﬁ@ 52 R 8] i Méﬁlﬁ%o‘\
0,000’5 ~ 0,004 2;2@ (K 4). %ﬂéiﬁ?iﬂ@%ﬁiﬁi
IZEIHiZIETJEI’J?gL P RO 36 1 i TGy JLF”?

0.008 . 3t o
0.007 | B P. aeruginosa
0.006 [
0.005 |
0.004 [

R

0.003 1

0.002

0.001 | I—I— /rl—!?h

0

0 3X107° 3xX10™0.003 003 03 3
TCHe ¥ /mg- L™

ja%ﬁ%ﬁ%%#(t K5, P > 0. 05) érTC )\Eﬁk
JENLT 0. 003 mg- L~ fif jc%ﬁizﬂﬁﬁi'iit%ﬁ
1$EI$$ZIEJ?§A?&%$ %%%{E%mﬁ%ﬁu Iﬁ
% P>0.03); 4TC Jgﬁideg:m?o 003 /g L En‘
B R PRATAE D S R« Ko, P <0, OF. [l 4.
<w1r%mkﬁ£&ﬁrrmm§zﬁﬂo%§f
FE@@@B@M@N

o

0.006 [ (b) Feskilhsk _
o E. coli

A ® P aeruginosa
0.005

0.004 [

0.003 [

EL 222 kS

0.002 1

0.001 1

0 r

0 3IX107% 3X 107 0.003 0.03 0.3 3
TCHe i /mg- L™

4 TCXZESHEBFESIERILL S

Fig. 4 Bar chart and splines to compare of the induction of TC on conjugation

g5 b E 5 & SMZ ,CAZ B TC Jia T, 3Z K
U R bR & A2 ESBL Zh it [ A 43245 14 386 (4 351 38 4%
AR A9 5345 ( Wilcoxon, P > 0. 05) , WEH KT 5
AR AR LA HL 3252 AN TRl HER Y ESBL G i% Jit
Ki. 7R SMZ 5 CAZ Wrif |, M4 T i 4 i 3
JHL TR RN R R T TR 32 AR =2 18] B o iR 5 78 | ik 37 {4
1R KT B s W 2 Z i 5 e A P ok e
B (K5, P <0.01, & 5). X4 TC [t & ik B i [
FE0 ~3 mg- L™ Z (A A5 Ak 4 S5 A 5 o R K I #F
PRS2 A Z R B SR 5 78 A8 3 5 RS2 AR X8 Sl R
FROa B A BT R S R MR o 3 25 5% (v K g, P >

0.05,/5); 4 TC JFi & A& T 0. 003 mg-L™",
HESZ RIS SRy KA AT 1R B R 2 2 110 58 5 R AT irﬂﬂ
AR (1 KL%, P <0.01).

2.3 ZFRI T AR 2 SR B A S 2 A
PRI B 1 7 1 D3 [) 2 i)

R4 2.2 W R, AR T W4l Box-
Behnken i 137 [ 43 Hr 52 56 S 46 0y 52 AR I 235 S 4n
2 kK 3 PR,

M 17 17 43 AT 45 R B, 24 TC R E AR T
0.03 mg-L~",CAZ Fi gk ML T 0.002 mg-L ™",
P R B A BLA B (ANOVA, P <
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o8 ™ ’ v WS AR TR RGO PR & e R I 3 1Y
SO HEG R IR S T R
o | M TC R E T 0. 03 mg- L', CAZ i ik
£ oo 4 BERT0.002 mece L™ I, YO FAT R 041 220
# x (P <0.01). ANOVA Z53 0Ny, Bbht TC X4 A %
ooz} [ o SRR R R 552 4 i3 (ANOVA, P < 0.01) , 7l 3%
il N7 BRA A IR 2 TR B e B AR -4 )
0t E., . : F(ANOVA,P <0.01). TC 5 SMZ . CAZ W58 HAE
TC SMZ CAZ
i‘} \ = . alih > e A
2s 3 P 50,05, % 3% P< 0,05, e 3y P < 0,01 H ’JKE&%‘(;\NOEVA,P>O 02) , TN TC E‘zfi\m
E5 STk E RGN RS i LR IRCR AR EL A A X Al A7 . CAZ X% AL
Fig. 5 Comparison of the ability of recipients to accept ﬁ#ﬁﬁﬁ%‘% ﬂ@ ( ANOVA,P <0.01 ) s %IJ %-ﬁl@
plasmids from different donors Iﬁ] Efi%}m“ M%éﬂéﬂ” ﬁiﬁ_jﬂ] ﬁ]:IJ fl%:i)‘]_i ( ANOVA , P <
R2 TCRERERTFO0.03 mg-L~!,CAZ RERE({XT 0. 002 mg-L ~' & Box-Behnken WERZET 53 47 SRR IR R R AR
Table 2 Design table and results of Box-Behnken response surface analysis with.concentrations i N -
of TC lower than 0. 03 mg+L~" and CAZ lower than 0. 002 mg-L 7’ -—'fl o
PRUEFF I SRR TC/mg-L 7! SMZ/mg-L"! el CAZ/ gL~ L kS
15 1 0.015015 0.00165 [ & 0,001 001 00138
13 2 ~ . 0.015015 0.00165 [ L _0100100] 000901 S g
1 3 3E 05 - 0.0003 / * ./ 0.001001 00102 17
w2 3 4 re 0y == 0.003 | 4% .+ 000100k 0.0195" 1 |
L U 5 .gg)ﬁ 015 0.003 "/ 2E - 06 0.0174
s 15 =F) 6 ' SpLoy o 0.00165 | | 2E-06 0.0164
8 § 7 oo @ 0. 001 65° f 0" 002 0.0204 J
- ya 3 8 J"’ o) 0. 003 ¥ 0.001 001 0.0145 47
o | 9 . Jo0isels % 0.0003 0.002 . 0.0125
) ) @ 10 o 0.085 015 <7 0.003 0. 002 0.0139
o 11 3E-05 0.001 65 0. 002 0.0389
6 12 0.03 0.001 65 2E -06 0.0124
14 13 0.015015 0. 001 65 0. 001 001 0.0187
14 0.015015 0. 0003 2E -06 0.0183
15 0.03 0.0003 0. 001 001 0.0165

£3 TCHREREETF0.03 mg-L~',CAZ RERES T 0.002 mg-L 'K Box-Behnken N E 4> 7T LT R R E R
Table 3 Design table and results of Box-Behnken response surface analysis with concentrations

of TC higher than 0. 03 mg-L~" and CAZ higher than 0. 002 mg-L "'

FRfEF IR ST TC/mg-L~" SMZ/mg-L"! CAZ/mg-L~! FREUIR
12 1 15. 15 300 2 0.0017
4 2 30 300 1.001 0.0027
9 3 15.15 0.03 0. 002 0.0017
5 4 0.3 150. 015 0. 002 0.0005
13 5 15. 15 150. 015 1.001 0.003 7
10 6 15. 15 300 0. 002 0.003 1
6 7 30 150. 015 0. 002 0.002 2
14 8 15. 15 150. 015 1.001 0.004 6
2 9 30 0.03 1. 001 0.003 3
3 10 0.3 300 1.001 0.0005
7 11 0.3 150. 015 2 0. 0007
11 12 15. 15 0.03 2 0.005 4
8 13 30 150. 015 2 0.001 6
15 14 15. 15 150. 015 1.001 0.002 6
1 15 0.3 0.03 1.001 0.001 1
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0.01). SMZ XJ 2  1% 328 0 % 52 I A 555 1) Ze Pk 4l
#i]” (ANOVA, P =0.04) , [Aif SMZ 5 CAZ 7%

2.000

CAZHeJif/mg-L™!
8

0.668

0.335

0.002
03 3.6 69 102 135 168 20.1 23.4 26.7 30.0

TCHe fiF/mg-L™!

(a) FELRE; (b) =4EE

BEMSEHAEH (ANOVA,P <0.01) , 7 -0 2
TR . w7 T AT s SN R 6 KR 7 R,

6 RET TCH CAZ T, MARMAMBMZEZ F S HB AR B M H ; 7
Fig. 6 Dose-response surface of conjugatio,r_lﬂ_ between P. aeruginosa and recipié;ts under lexposure of TC and CW

il

5

=

=
2 1.001
S
“ 0.668

0.335

0.002

0.03 6669 13335 20001  266.67
SMZif JiE/mg-L™!

e |\ s

T

(a) FRLE; (b) =4k
E7 RET SMZ M CAZ T, S BAMBMZA 63 A HBHF B E

Fig. 7 Dose-response surface of conjugation between P. aeruginosa and recipients under exposure of SMZ and CAZ

TC SMZ FiIl CAZ Z [a] (g BRI A, 7T LA 2 42
T2 ARTERR BT , (il H AT B2 g Tt MIC 7K1
PrAER FKIHAEIG. 24 TC 1 CAZ 7 &k 3 5 f5
MIC BY7KF-F A7 AT A 0 3] 4t 2 ) ok Bk A% 8. |
S5 RFRYITC ESBL 45 JURE 1 59K A 1 T vk B4
T o B R B2 BT A 2R A T AU A P T
f) ESBL £t Jo ki A i 48 5 ST 25 PERY RE T, $7s T
P P T T B 5 A R 24 T R A R ) Y
KEEEH.

2.4 ZFRE YA O KB E 5 52 A ik (]
A M ry PR 520

52,3 WL, AT T P4 Box-Behnken
M) 17 TE 73 BT S 3. SIE 36 J7 S8 MR I 245 R 4N 5% 4 sk
5 fIi7i.

M TC R T 0.03 mg-L~', CAZ Fififk
JEMETF 0. 002 mg- L~ B, B EA e LA 4L
(P <0.01). ANOVA g5 510N, Uit TC X5 A%
1B BRI e oh 53 (ANOVA P <0.01) , 7 -5
NSRS M ] (ANOVA, P <0.01) , [ i £
B 5 1 55 0 0 B 2k R < e B Rk Ry
(ANOVA,P =0.04). TC 5 SMZ .CAZ B HAEM
PIARRE(ANOVA,P >0.05) , —FEA[ A TC %4
B LR R R S ELA ARk ST k. SMZ  CAZ 4%
B AL M0 R 0 & 52 (ANOVA, P >0.05), 5
2. 2 5ZEARL. e iz AT EH P 8 T

Zi b, TC B AR T 0.03 mg- L', CAZ
ik B K T 0.002 mg-L ™' B, TC % g #F 1 4t
Z R Z 8] ESBL it fih [ R A% 338 A 36 HLAT fie Wb 25 1)



3754 7D BB % 41 %

x4 TCHRERERTO0.03 mg-L~',CAZ RERE{XT 0.002 mg-L ' F} Box-Behnken i H 447 LI IZH R R ER

Table 4  Design table and results of Box-Behnken response surface analysis with concentrations

of TC lower than 0. 03 mg+L~! and CAZ lower than 0. 002 mg-L ™!

FRUERFIR SR P TC/mg-L"" SMZ/mg-L"! CAZ/mg-L~! L ZES
3 1 3E -05 0.3 0. 001 001 0.0126
8 2 0.03 0.150 15 0. 002 0.009 8
9 3 0.015015 0. 000 3 2E - 06 0.009 1
5 4 3E -05 0.150 15 2E - 06 0.0212

15 5 0.015015 0.150 15 0. 001 001 0. 009 3
14 6 0.015015 0.150 15 0. 001 001 0.0105
1 7 3E -05 0. 000 3 0. 001 001 0.0230
10 8 0.015015 0.3 2E - 06 0.014 3
12 9 0.015015 0.3 0. 002 0.0103
2 10 0.03 0. 000 3 0. 001 001 0.009 5
11 11 0.015015 0. 000 3 0. 002 0.010 1
13 12 0.015015 0.150 15 0. 001 001 0.013 3
13 0.03 0.150 15 2K -06 0.0182

7 14 3E -05 0.150 15 0. 002 0.016 3

15 0.03 0.3 0.001 001 0.0096 |

- e =
| A { i
#®5 TCREREST0.03 mg-L™',CAZ RERES T 0.002 mg-L ' i BoxrBehnkenlﬂ[ﬁ]Eﬁﬁﬁ*ﬁé'EEﬁiﬁi -ﬁ!.‘-n {
Table 5 Design table and results of Box-Behnken response surface a]ia].ym-;'witﬂ conc"g‘ntrations

r'd ‘
of TC higher than 0. (;3‘/,1:1&';-11_1 and CAZ higher than Crl‘ 0#2 mg-Lll:l ?l ll ,f" fl ll!u

SRR - iy -1 FETA - % :_//
FH TR i TC/It‘ﬁ{L SMZ/mg-L J fmlz/ I ,%ﬁ}tﬁf_jr
1 300 VLol er?.-o“mg?
i 2 3 ll,r'” L 0.002 0.0317 4 4
‘ A R (¥~
3 151.5 | Wo 0.0020
."'ll .-") J \ o ./‘}
4 1515 ! 1,001 (0.004 1 _
5 300 = 00002 | 0012 *
/& ) e 0
6 151.5 21 ! 0.0029 &
151. : 2 . 002
@ 7 sLs ft # ) 0.0026
i .{_.__,, 8 3 2 . 0.0026
J 9 151.5 0. 002 0.001 8
10 300 1.001 0.002 8
11 151.5 0. 002 0.0019
12 0.03 3 1.001 0. 0009
13 15.001 5 300 2 0.0002
14 15.0015 151.5 1.001 0.0007
2 15 30 3 1.001 0.0332
2,000
1.667
0.025 ‘
- 0.020
L1334
g % 0.015
S . 2 0010
< 1001 &
2 0.005
2 0668 piw
S 0.002 000
(‘0 Uul]] 06061?334 el
0. i
333 1}%5 0.001 001 A
. 0.000 668 o
‘ o 25 0000335 0.00669 !
2E-03 D, 2E-06 ° 3E-05 <C
3E-05 0.006 69 0.01335  0.02001 0.026 67 £

ks

TCHe i /mg-L™!

(a) LKL, (b) =4
El8 ZHEHRET TCH CAZHERT, KIFHEMZA BB HT 22050t |

Fig. 8 Dose-response surface of conjugation between E. coli and recipients under exposure of TC and CAZ



8 3] FHEEAF . WU R PRSP TR 3755

VAR R RN, BB Ik, 5 4(b)
R — B CAZ X F 875 K B AT v ik 22 1A 2 []
ESBL % fith J51 b7 A% 36 451 % TG b 25 4B H, B B-P9 15
Jie 250 A 0 A SR EE IR ESBL i % Sk A4 14 3
PR THE R SPERE N Z M B 2L &,
MTC EEHREE T 0.03 mg-L~', CAZ Fiik
JER T 0.002 mg- L' A, (A RIR B S AR 3L A
BOR (ANOVA, P <0.01) , F R0 i 0T 5t
B XUE A e BT S VR B (43R R i MIC) 1 TC
SMZ ., CAZ X RmAT 1R AL 52 4% B ke TR e 1 ook 42 &5
BERG IR AT BRI B4 R T, A PR Sy g 24
il KA T B 22 (AR 0 A BB, ESBL 2l Bk fE K
FEBRT R AR 2 [ (B3R AT 78S 5] s b A 3 e T i
EERA.
3 itig

3.1 ESBL Zfit 5k 78 1.5 ghé?%LTmﬁA

R 0 T R TR 24 R X 1 R i A A R T
ﬁf@ﬁﬁ,fEW%ﬂﬁfﬁ%ﬁ$#Tmf
%@%%MEﬁﬁiﬁﬁﬁ$ﬁiﬂ%aﬁWMi
WFFER B, M e Jo 7K T 73 15 3745 im0 ESBE
mm%&i%@ﬁﬁ%ﬁlﬁwjﬁﬂn@ﬂ
BT PR ST bk S B 2R i £ 300 i

(AT i 122 0 A BB T 4 Ay e e R Al
M AR S B VR PR T A0 AR R B (A
AT A2 10 FORLIG B /4 R A0 0 8 0. 24 TC
H1 CAZ Ji ¥R 323 R T 18 32 A& MIC 15 07 3 e
(T TORE B 45 T R TS AR 5 T35 S B % F
W 0 TR SR | DR A 72 5 R e B
T, KM FF B2 AR A K B2 3 T . 5
R A Z AR FIAE, Kwapong 25720 B0 5% & BLAIE.

7 S TR T R YR A MG B R X 4 A
e R A AR P 2 S 0 10 . S o 4
TEAN ] 2 AR 0 8 A K B BT AR R, XKL DNA
Fy 52 TR S, R o T 4 A T R R 5 A o 1
H. BT R 2- 1B RR AT L5 48 DU 43 W R 45
(T4SS) 1) ATP fiff TrwD F:M 454 4 S MR ) Jookz
[ 2 A R L L 7). 21 ESBL 4t ) JFORE F STy K
%H@ﬁ¢ﬁnkﬂTTOfﬁ%Mmﬁﬂﬁi
Y5107 9 3, ESBL, 24 Bk 0 2 G R 22 51
TSR (8) . TC R e S IR Uk
SchkEER T A SR TASS 45K 1 a0 2%
B ATP Y 45 h 3. B, AT R BF T TC
- ESBLA I TURLA e i B [N A7 A4 e AL
BB AT T MIC aﬁﬁﬁ%%{aiwuﬂawﬁﬂf
(P 8) ,# F MIC — & W A4 T MIC S Bt
e A (1T 6 R 7).

—Fgﬂi7}(5|23_j&$ﬂﬁﬁﬁ$§ ] ESBL éﬁﬁ%ﬁﬁ 3.2 IRIRBK A B RAE M 2 ey i fa 3

g SERE P B, (63 1 B A o B e
Al TR 17 7E T 0 B DR AL PP X T 2 P
LA TR AU
Pk ZXHE A Ve R 32 2 FE 22 7K
PR BT BRI R IR RS A O A S R
8245 R R 438 1S MIC ZKSFhiE R
YRR m e, RAMRAKES. filin, O f
WFFEIESE T W MIC 7K - A9 RS V0 2 i) e 25 e 4
EHR) B Jutkina 21" (RIFSE BoRTE MIC 7K
SRRV B XA e B I O B 3 1 5 SR A
. AR LB MIC 7K () DU 2R 2 5 ESBL 2
R A A B N SR EER , X 53¢
k[ 20 1 FE4EF 6. 24 ESBL % i Jo ks i) AL 1 Sy 4l 2%
RERREER S, 5 8% MIC /K P/ TC Fl CAZ L[] 2 i
Al b R TR A B 00 G 3R 5 Sk
[20] 453, L, 0 MIC /KSRl e AN 2P AR B
ERF RIS BN SZAM. BTIUER
ST R 2 ] ) ) N K R LA —E
ANk
T A R M 25 v Y By B Bk AE,
23 R A A Ay 2 T 24 35 PR AR SR B 0 W () B

e S P2 7K X F B A B id 2 M35 S5 9 LA
AL AE . I PR R K HP A 0 TR 24 1 B ik B
5 W AN AR E AT K ESE A SR K AR ,H
T 2454 L DR =2 B T R s 7 A PR AR Ak T 1) . — & R
T A SR AR T AR 2R o ok B A TG IR I K it 24
PEIEDRULE 38 BE MR s T £ BERR AR, A
H AR KR PR AT & B KR B R 5 &
V-5 B 24 R R AE [ SRR AR 2 5 TR 2 v ) L EAS
.

HEEUER M RE, I MIC Kbt &
5% B i S 7 4% T B RIK B P kG M AR SR 1
7S IS & TR, Z M T AS ] T R X A4 3T i 7K B 455
RFENPUERTG R U ERIE(13.41 ~1322.0
ng- L") FIME {24 (8. 07 ~805. 11 ng-L™"), Jiang
AL P B2 (n. d ~362.69 ng-L™", n. d 4§
ARG ) 1 B-INBENEZE (n. d ~404. 81 ng-L™") AT
TR BB AR R B AR E. BLAk, W MIC KF Y
WETATRZS RS A DU R 2R A R AE R VLI
BAG 0 BR A E AL, Tran 45" 58 i XAl Py 14 32 2
TTEVRGIN | [RIARE 2 BT A VK U o YR A2 118 M s ) 2 i
HZRERE (<100 ng-L~ Yy, T PUIR R ZE A B- N B ARG



3756 7D 53

B 41 %

b 2% B Ul Rk T 1. T MIC AP 1
FONHTRS 24 1 i R BICR AT H A . — 2 MIC K
PR 2R FLAT 7 G 5 T 24 2 25 200 1
TR MIC KR A SR AR Ry —Fh s R o, ol i
LRI AR RS TE N 19 45 L AP B T 24 4
SR L [ T 4 e

1E 2y ESBL 4t 3 R (1 A 6 5 0 B4 1 oK
R B, 4 ELA A I AT I 7K BRHE P B A A
HF ESBL (9365 AE 1. BRI AN MU BR 2 28 ], 15
SR P VT AR VT4 o I 1 K o g B G
RN DU FR 228 ik, R 08 32 (AR FT 1 4
BT MIC (A0 T4 22— 2R kvl B
F  ESBL i FORLKS LA 6 HOSSRAE I AT B A
2 6], SO L B 5 R B 2 W, R A g A 1
3, 57 A R TR X B I M S 2 R 1 24
V. ABFGE R B MR K S A5 R, 1
ROHDITAEI, LT 1/8 MIC KF B L ]
AR T B A0 T 42 A e B 3 NI R
AT AL TR V0 S22 DA A I A2 7
AR e 2 Gt 5 K 4 3K ESBL
SRR R LT BLAF 1O 2% 1. R (R (R
KM 25 B B a2 < O R iE
Ll J3 3R [ 1 QK 2 53 A AT TR
TERE UL MIC H: 558 5 MIC frR e A2 200t gk Sy s

B RO I 25 e LA AR ESBE

SR VR 2 B T 414 1L N 4 1 AR
5 AT 2 1% I Jk vl S 2 36 oty 67 49 4 .
BN B B RS R AR S ESBL [ K £ 3 i ofe—
e, A R W W A T B R A —
U PH O A 2 B ESBL LK P AT B 5T
T, ik B-PI RIS 2 B2

4 Hig

(1) ESBL #fih by ELAT A I A0 < 3 i PEA AN
FITENRARUA: R P38 T R AE RN AR TR R 45
&3 A3 A FRANZ W50 5 SMZ JHlrai 1) Jd 35 52

(2) WA BT A B Wi ™, AHEE T4 S 22 i
PRALA KM FF TR AL 1A TE 5 K ESBL 4 i Bk 2 &
3 2 KT i 2 1.

(3)F MIC 4 TC ,SMZ , CAZ 25— 558 F1 3 [A]
T S T A ] S B PR TR 5 K A 7R 1] ESBL 2 A
kLA AL i e B 25 PR E A s 5 A% MIC K
() TC \CAZ e [R] BR 2 X Hi e (B R i o 5 KA B
[ A A BE A SER.

(4) KIAFF s At 52 1 2 18] % A 19 ESBL 4 5 Jit
RS AE 23] TC FI CAZ WIHTY ; BEMBE AT

Bad A & A 7E TC s W JE AL T 0. 03 mg L',
CAZ JEHE W LT 0.002 mg-L~"if, JF AT 4% TC
F AW

A AW 5T AE BN 3% E 37 K 2% (National

University of Singapore, NUS) 5¢ . 1F #& J&& it

Department of Civil and Environmental Engineering [

2 SRR RN B TS A AE S0 g HE B B AR Y T

By, Lim Jit Xin 75 52 5640 85 E 55 J7 1 42 AL A9 K &=

[1/i R MRS/ E DN U SN NG S & | S A

HERHE S 5 .

SE Lk

[ 1] Haller L, Chen HJ, Ng C, et al. Occurrence and characteristics

of extended-spectrum B-lactamase- and carbapenemase- producing

bacteria from hospital effluents in Singapore[ J]. Science of the

Total Environment, 2018, 615. 1119-1125.

Lerminiaux N A, Cameron A D S. Horiznntal_,-trzin;fer of

antibiotic resistance génes in clinical envirohments| l}. JCanadian

Journal of Microbiology, 2019, 65(1) : 34-44..u"r._u"'u e

REE, LT, HEE, A 71(71&5@7}(743*}?’%@?5‘%‘?%%51

A7 G DRG0, SRBERL 5 5 4, 2019,/39,66) : 1834

1841. § & ] ¢ g

Wu Y /F,*He .,Y. L, Yuan Q Y, et al. Study pn';ntih'i.otic
¥ v I -

resistance genes c:harat!terist‘i(@._‘in a drinking water reser@‘oir[J 1.

Acta So'iept'iae C-ircumi?ntia,é':; 2019, 39(6) : 1834-1841. "

VLA BRI . KT F U Sk K R 2 b

SEP 5 YRR TE 0] - BRI R4, 2018, 38(3).; 8841891

Jiang Y iChen /Y H, He Y L. Study on antibiotic rcsist‘u'ance

genes ¢ontamimation in a reservoir located at Yangtze River

downstream[ J]. Acta Scientige Circumstantiae, 2018, 38(3):

884-891.

5] ChenY H, SulJ Q, Zhang J Y, et al. High-throughput profiling
of antibiotic resistance gene dynamic in a drinking water river-
reservoir system[ J]. Water Research, 2019, 149 . 179-189.

[6] LiP,WuYF, HeYL, et al. Occurrence and fate of antibiotic

residues and antibiotic resistance genes in a reservoir with

—

ecological purification facilities for drinking water sources [ J].

Science of the Total Environment, 2020, 707 . 135276.

Le TH, Ng C, Tran N H, et al. Removal of antibiotic residues,

antibiotic resistant bacteria and antibiotic resistance genes in

municipal wastewater by membrane bioreactor systems[ J]. Water

Research, 2018, 145 498-508.

8] WRMBHL, Whmar, sk, 4 ROKABER G HUER M
FNARAELT]. PRERISE, 2019, 40(11) : 5024-5031.
Yao P C, Chen J Y, Zhang Y M,
characteristics of antibiotic resistance genes in wastewater

Environmental Science, 2019, 40 (11) .

—

et al. Distribution

treatment plants [ J].

5024-5031.

Yu K F, Li P, Chen Y H, et al. Antibiotic resistome associated

with microbial communities in an integrated wastewater

reclamation system[ J]. Water Research, 2020, 173, 115541.

10] Zhu'Y G, Zhao Y, Li B, et al. Continental-scale pollution of
estuaries with antibiotic resistance genes [ J ].
Microbiology, 2017, 2(4) ; 16270.

Zhao Y, Cocerva T, Cox S, et al. Evidence for co-selection of

—

Nature

[11]
antibiotic resistance genes and mobile genetic elements in metal
polluted urban soils [ J ]. Science of the Total Environment,

2019, 656 512-520.



8 HEESE . W B HUE RSP RER K TR 3757

[12] Zhou X, Qiao M, Su J Q, e al. High-throughput 2019, 40(10) ; 4678-4684.
characterization of antibiotic resistome in soil amended with Zhang H F, Shi M M, Sun Y M, et al. Microbial community
commercial organic fertilizers [ J ]. Journal of Soils and structure and the distribution of antibiotic resistance genes in soil
Sediments, 2019, 19(2) : 641-651. contaminated by sulfamethoxazole [ J]. Environmental Science,

[13] Qian X, Gu J, Sun W, et al. Diversity, abundance, and 2019, 40(10) ; 4678-4684.
persistence of antibiotic resistance genes in various types of [23] ESM, Zeng ] M, Yuan H, et al. Sub-inhibitory concentrations
animal manure following industrial composting [ J]. Journal of of fluoroquinolones increase conjugation frequency[ J]. Microbial
Hazardous Materials, 2018, 344 . 716-722. Pathogenesis, 2018, 114, 57-62.

[14] Hashemizadeh Z, Kalantar-Neyestanaki D, Mansouri S. Clonal [24] San M A. Evolution of plasmid-mediated antibiotic resistance in
relationships, antimicrobial —susceptibilities, and molecular the clinical context[ J]. Trends in Microbiology, 2018, 26(12) ;
characterization of extended-spectrum beta-lactamase-producing 978-985.

Escherichia coli isolates from urinary tract infections and fecal [25] Cabezén E, De La Cruz F, Arechaga I. Conjugation inhibitors
samples in Southeast Iran[ J]. Revista da Sociedade Brasileira de and their potential use to prevent dissemination of antibiotic
Medicina Tropical, 2018, 51(1) ; 44-51. resistance genes in bacteria [ J ]. Frontiers in Microbiology,

(151 B, L, 5KT2%, 45 BURXT ORI b A Rt 2017, 8: 2329.

PR [ T]. PR, 2019, 40(5) : 2234-2239. [26] Kwapong A A, Stapleton P, Gibbons S. Inhibiting plasmid
Huang F Y, Yang K, Zhang Z X, et al. Effects of microplastics mobility: the effect of isothiocyanates on bacterial conjugation
on antibiotic resistance genes in estuarine sediments [ J ]. [J]. International Journal of Antimicrobial Agents, 2019, 53
Environmental Science, 2019, 40(5) ; 2234-2239. (5): 629-636. .

[16] Lopatkin A J, Huang S Q, Smith R P, et al. Antibiotics as a [27] Garcia-Cazorla Y, Getino M, Sanabria-Riog=1D~ J- (22 al.
selective driver for conjugation dynamics [ J ]. Nature Conjugationsinhibitors compete with palmitic acld_,fofbmdmg to
Microbiology, 2016, 1(6) : 16044. ¢ the conjugative_traffic ATPase TrwD, providing a mechdnlsm to

[17] Blazquez J, Rodriguez-Beltran J, Matic 1. Anlibioti(}ﬁﬂ&uced inhibit bagterial r.nnjugation[.] Journal of Blologf(‘al 9heml<try,
genetic variation: how it arises and how it can be prevented[ J]. 2018, 228(4:3) 16923- f|6930 |
Annual Review of Microbiology, 2018, 727 209-230{ | [28] Hafk. B2 BRI EREE *ﬁﬂﬂﬁm%@#wﬂﬂ-%—#—

[18] Jutkina J, Ma:rat.he N P, Flach C F, Het 'al Anllhmllo% and ™ U\ﬁ}l‘ﬁﬁj{l{ﬂ{]) It(ﬁ RS KA, 20190 56~82

'3

[19]

(21]

[22]

i genestin VE.
i

_~eommon antlbaclerlal biocides sllmu]ate horwontal‘ IranETer,-'OT

i registance at low concenlratmnb [J]. Sofenc‘e‘ }f-" lhe.-“"i'otdl
& Envuronmer}“ 2018 616-617 . 172-178~ ‘A._:_““..-.u Yy

TS, R BTG, PUEF %X jtﬁ?;ﬁlﬁhi?hlft%l
:&14:E’JENH[J]. BB 2 4, 2019 39(8)‘ 2475-
2482 | 4
coli by tetracycline [ J']. Acta Smenf-la‘é
Cirfumstantiae, 2019, 39(8) ; 2475-2482.

Jutkina J, Rutgersson C, Flach C F,
determining minimal concentrations of antibiotics that drive
Total

et al. An assay for

horizontal transfer of resistance [ J ]. Science of the
Environment, 2016, 548-549 . 131-138.

WREtBH, Hk, BB, 55 DU RS T5 U8 b sl 3 vh ik
REFPTHERER ps2md [ J]. FRBERLS:, 2019, 40(7) : 3263-
3269.

Chen J Y, Xia H, Huang K,

microbial communities

et al. Effects of tetracycline on

antibiotic resistance genes of
sludge [ J .
Science, 2019, 40(7) ; 3263-3269.

gk, IR, PMEAG, SF. RN nEM TS G R R

YIREE S S A Rt #EIE’J&HEH‘?HJ] WL,

and

vermicompost from dewatered Environmental

]

i Icm"X L; Wu P X, Rnan B. Evo]ullon of .antlblou(_z_,dremstam‘e __,.r

[29]

[30]

[31]

[33]

Yang . Oc.currence charactegistics of typical contaminanf$ in lhe
aquallc envm)nment under “ ﬁr})an rural” gradlent—a case stﬁﬂy
of §uzh,<1u city (D J. Sl}anghal .
2019+ 56182, ) Y
Jiang Y,'.Xu Cu,‘ Wu X Y, et al. Occurrence,
and risk assessment of antibiotics in qingcaosha reservoir[ J ].
Water, 2018, 10(2) ; 115.

Chen Y H, Chen HJ, Zhang L, et al. Occurrence, distribution,
and risk assessment of antibiotics in a subtropical river-reservoir
system[ J]. Water, 2018, 10(2) . 104

Tran N H, Hoang L, Nghiem L D,

assessment of multiple classes of antibiotics in urban canals and

Shanghai Jiao Tong University,

e
o~ .
seasonal yariation

et al. Occurrence and risk

lakes in Hanoi, Vietnam[ J]. Science of the Total Environment,
2019, 692 157-174.

A RITF R BEEDK PR AE R S UM IR R S5
PUESEA D], L. LWAGERS, 2018, 24-37.

Jiang Y. The occurrence and risk assessment of antibiotic and
antibiotic resistant genes in a reservoir located at Yangtze river
[D]. Shanghai: Shanghai Jiao Tong University, 2018. 24-37.
Dionisio F, Zilhdo R, Gama J A. Interactions between plasmids
and other mobile genetic elements affect their transmission and

persistence[ J |. Plasmid, 2019, 102 29-36.



HUANJING KEXUE Vol.41  No.8

Environmental Science (monthly) Aug. 15, 2020

CONTENTS

Comparison Analysis of the Effect of Emission Reduction Measures for Major Events and Heavy Air Pollution in the Capital -+ ZHONG Yi-sheng, ZHOU Ying, CHENG Shui-yuan, et al. (3449)
Evaluation of Different ISORROPIA- Il Modes and the Influencing Factors of Aerosol pH Based on Tianjin Online Dala GAO Jie, SHI Xu-rong, WEI Yu-ting, et al. (3458)
Emission Characteristics of Particulate Organic Matter from Cooking LI Yuan-ju, WU Ai-hua, TONG Meng-xue, et al. (3467)
Characteristics and Sources of 12 Trace Amount Elements in PM, 5 During a Period of Heavy Pollution in Huanggang, Central China  +++++++ CHEN Zhan-le, TIAN Qian, MAO Yao, et al. (3475)
Aerosol Optical Properties over the Ebinur Region ++eteseseesesesssssssnniniiiinii e ZHANG Zhe, DING Jian-li, WANG Jin-jie (3484 )
Characteristics of Secondary Organic Particles and the Potential Formation of SOA from VOCs During Wintertime Heavy Pollution Episodes in Tianjin

..................................................................................................................................................................... XU Hong, TANG Miao, XIAO Zhi-mei, et al. (3492)
Characteristics and Source Apportionment of VOCs at Different Pollution Levels During the Winter in an Urban Area in Zhengzhou -+ LI Yi-dan, YIN Sha-sha, ZHANG Rui-qin, et al. (3500)

Emission Inventory of Intermediate Volatility Organic Compounds(IVOCs) from Biomass Burning in the Yanglze River Delta During 2010-2018 +++v+ssreveseureeseursetieisnintinniniinininininnns
++ ZHU Yong-hui, WANG Qian, HUANG Ling, et al. (3511)

Emission Characteristics of Biogenic Volatile Compounds ( BVOCs) from Common Greening Tree Species in Northern China and Their Correlations with Photosynthetic Parameters ««+«++++++++-
XU Yan, LI Shuang-jiang, YUAN Xiang-yang, et al. (3518)
Characteristics of Surface Ozone and Impact Factors at Different Station Types During the Autumn in Guangzhou «+-eeveeeseseenseseseneens GAO Ping, ZHUANG Li-yue, WANG Long, et al. (3527)
Pollution Characteristics and Sensitivity Analysis of Atmospheric Ozone in Taian City =«+«+xeseeseeeereeresnennenseennes seveeeens [ Kai, LIU Min, MEI Ru-bo (3539)
Pollution Characteristics and Health Risk Assessment of Heavy Metals in Road Dust from Non-ferrous Smelting Parks ~— +xeseeoveseereeees FENG Yu-yao, SHI Jian-wu, ZHONG Yao-qian, et al. (3547)
Pollution and Source Analysis of Heavy Metal in Surface Dust from Xi’an University Campuses «+-veeeseessssressssnsmsnnsisneninsinnenenes FAN Xin-yao, LU Xin-wei, LIU Hui-min, et al. (3556)

Monitoring Method of Total Particulate Matter in Ultra-low-emission and High-humidity Exhaust Gas from Stationary Sources and an Actual Test in a Gas Power Plant «-«+:esseoreeeerenneneenees

-+ HU Yue-qi, YAN Xu, KONG Chuan, et al. (3563
WANG Jian, HUANG Zhi, LIU Yan-ying, et al. (3572

Vessels” Air Pollutant Emissions Inventory and Emission Characteristics in the Xiamen Emission Control Area

)
)
)
)

Method for High-resolution Emission Inventory for Road Vehicles in Chengdu Based on Traffic Flow Monitoring Data «««+«+=ssesseeresseneenesneees PAN Yu-jin, LI Yuan, CHEN Jun-hui, et al. (3581
Inversion of Water Quality Parameters Based on UAV Multispectral Images and the OPT-MPP Algorithm «+:«+seseessesessessensenseenenenennens HUANG Xin-xi, YING Han-ting, XIA Kai, et al. (3591

Effects of Different Water Stratification on the Vertical Distribution of Nitrogen in Sediment Interstitial Waters; A Case Study of the Three Gorges Reservoir and Xiaowan Reservoir
............................................................................................................................................................... LIU Jing-si, ZHU Xiao-sheng, HU Zi-long, et l. (3601)
Pollution Status and Pollution Behavior of Microplastic in Surface Water and Sediment of Urban Rivers — ««+sessesseeseresenmmneninninicnenns ZHAO Xin, CHEN Hao, JIA Qi-long, et al. (3612)
Spatial and Temporal Variation of Phytoplankton Community Structure and Its Influencing Factors in Shanghai River Channels XU Zhi, CHEN Xiao-hua, SHEN Gen-xiang, et al. (3621)
Restoration of River Sediment by Calcium Peroxide(Ca0,) Combined with Biochar «+++sreresereresssenenssnsinsesieiiscnienens LI Yu-ping, JTANG Ying-ying, LIU Bao-ming, et al. (3629)
Quantification of Nitrate Sources to Groundwater in Karst Trough-valley Areas Based on Dual Stable Tsotopes of §'*N-NO; and 8"80-NO;™ and the TsoSource Model
.................................................................................................................................................................. XU Lu, JIANG Yong-jun, DUAN Shi-hui, et al. (3637)
Dynamic Process of Nitrogen and Phosphorus Export and Loss Load in an Intensive Orchard with Ridge and Furrow Plantation in the Three Gorges Reservoir Area ««+s«ssessessesenesessensenees

YAN Kun, WANG Yu-kuan, LIU Qin, et al. (3646
GAO Bin, XU You-peng, LU Miao, et al. (3657
ZHAO Chao-ran, SHAN Hui-mei, ZENG Chun-ya, et al. (3665

)
Analysis of Rainfall Runoff Pollution and Pollution Load Estimation for Urban Communities in a Highly Urbanized Region )
Adsorption of As( Ill) in Water by Iron-loaded Graphene Oxide-Chitosan )
Sorption Behaviors of Copper lons and Tetracycline on Microplastics in Aqueous Solution ««+seeeesessssesersnssnnssiniinne: XUE Xiang-dong, WANG Xing-yuan, MEI Yu-chen, et al. (3675)
Effect of Porous Fillers Properties on Biofilm Growth —+vesvessesesesesssssenensimiinininiiitisin s JIANG Yu-qin, LI Jiong-hui, FANG Zhi-guo ( 3684 )
Adaptability of Nitrifying Biofilm Systems to Low Temperature; MBBR and IFAS » LI Ren, YU Li-fang, ZHANG Xing-xiu, et al. (3691)
Improved on Nitrogen Removal of Anaerobic Ammonia Oxidation by Coupling Element Sulfur-based Autotrophic Short-cut Denitrification -+ FANG Wen-ye, LI Xiang, HUANG Yong, et al. (3699 )
3707)
)
)
)
)
)
)
)

Nitrogen and Phosphorus Removal from Domestic Sewage Aerobic Granular Sludge Under Intermittent Gradient Aeration +-++:essesveseesesseneneenen ZHANG Yu-jun, LI Dong, LI Shuai, et al. (

Rapid Start-up and Stability of Partial Denitrification Based on Different Waste Sludge Sources «+-+=«+eseeseerersseesenensienienens ZHANG Xing-xing, WANG Chao-chao, WANG Yao, et al. (3715
Decision-making Analysis of Excess Sludge Pretreatment for Struvite Recovery Based on AHP-PROMETHEE I Method » LIU Xiao-lei, LI An-jie (3725
Effect on Ammonia Inhibition Mitigation in the Anaerobic Digestion Process with Zero-Valent Iron LIU Ji-bao, NIU Yu-tong, YU Da-wei, et al. (3731
Performance of Anaerobic Membrane Bioreactors for the Co-digestion of Sewage Sludge and Food Waste ««+x+sveserersseseenmsessnsnsienenenns DAI Jin-jin, NIU Cheng-xin, PAN Yang, et al. (3740
Antibiotics Induce Horizontal Gene Transfer of Resistance at Sublethal Concentrations «+«+«+seesrssersrsserenrensnrnscnnesnscenne YUAN Qi-yi, CHEN Hong-jie, Laurence Haller, et al. (3748

Impact of Tetracycline Antibiotic on the Transcriptional Expression of Tetracycline Resistance Genes in Shigella flexneri - +++ GAO Pin, RUAN Xiao-hui, QIU Wen-jie, et al. (3758
QIAO Xin, WANG Bo, GUO Yuan-yuan, et al. (3765
Analysis of the Effect of Temperature on the Microbial Flora Structure During the Nitrite Oxidation Process Using 16S rRNA High-throughput Sequencing ««+«+x+esseseereseremmensnsncnennnnees

-+ HOU Xiao-wei, NIU Yong-jian, LI Wei-wei, et al. (3773)

Competitive Selection of Hydroxylamine on Ammonia Oxidizing Bacteria and Nitrite Oxidizing Bacteria

Universality and Potential Application of Mn( I ) Oxidation Triggered by Microbial Interspecies Interactions +«+++++++- -+ NING Xue, LIANG Jin-song, BAI Yao-hui, et al. (3781)
Distribution and Potential Nitrification Rates of Aerobic Ammonia-Oxidizing Microorganisms in Surface Sediments of Mangrove in Sanya River «eoseesereresesemenenennenensininenen
..................................................................................................................................................................... LUO Qing, ZHEN Yu, PENG Zong-bo, et al. (3787)
Effects of Ozone Pollution on Growth, Yields, and Mineral Metallic Element Contents of Paddy Rice —++etoveereesresnesnessesennsiene FANG Xiao-kun, LUO Xiao-san, ZHANG Dan, et al. (3797)
Short Term Effects of a Changing Carbon Input on the Soil Respiration of Picea schrenkiana Foress in the Tianshan Mountains, Xinjiang -+ SHAO Kang, GONG Lu, HE Xue-min, et al. (3804 )
Effects of the Combined Application of Organic and Inorganic fertilizers on N,O Emissions from Saline Soil «+++s+sereeresesresreresnenennsesenees ZHOU Hui, SHI Hai-bin, GUO Jia-wei, et al. (3811)
Mechanism and Influencing Factors of Increasing Soil Temperature by in-situ Electrical Resistance Heating «+«+xseereeeveeserenessinnenennenns GE Song, MENG Xian-rong, XU Wei, et al. (3822)
Acid Mine Wasteland Reclamation by Juncus ochraceus Buchen as a Potential Pioneer Plant = «+xe+sessersereeesenenssenenensininennns HUANG Jian-hong, FU Jiang-li, YAN Xin-rui, et al. (3829)
Effects of Drip Imrigation Patterns and Biochar Addition on Soil Mineral Nitrogen and Microbial Regulation of Greenhouse ++ CAl Jiu-mao, LIU Jie-yun, QIU Hu-sen, et al. (3836)
Effects of Cotton Stalk Biochar on the Structure and Function of Fungi Community in Alkaline Rhizosphere Soil of Rice Under Cadmium Pollution ««+s++sessereeresseserenseninenenninisiinenen
............................................................................................................................................................ LIU Shi-dou, HAN Yao-guang, ZHU Xin-ping, et al. (3846)
Effects of Different Treatments with Water Management Combined with Leaf Spraying Silicon Fertilizer on Cd Accumulation in Rice ++++++++-+ WEI Bin-yun, ZHOU Hang, LIU Jia-wei, et al. (3855)
Effects of Chelate GLDA on the Remediation of Cadmium Contaminated Farmland by Pennisetum purpureum Schum ++ QIN Jian-jun, TANG Sheng-shuang, JIANG Kai, et al. (3862)
Situation Analysis and Trend Prediction of the Prevention and Control Technologies for Planting Non-Point Source Pollution +-* YU Ying-liang, YANG Lin-zhang, LI Hong-na, et al. (3870)




	1
	08
	zml

	20200835
	2

