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Abstract ; In order to clarify the antibiotic resistance of heterotrophic bacteria and the distribution characteristics of
antibiotic-resistant bacteria in urban artificial lakes supplemented with different water sources, XQ Lake and FQ
Lake, which are supplemented with surface water and reclaimed water respectively, were selected as representative
urban artifical lakes for research. From April to November 2018, we collected water samples from two lakes each
month and investigated the concentration of heterotrophic bacteria resistant to three different antibiotics including
ampicillin (AMP), sulfamethoxazole (SMZ) and tetracycline (TET). The antibiotic-resistant phenotype of isolated
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strains and the species distribution of antibiotic-resistant strains, as well as physical and chemical indicators of water
quality were analyzed. The results showed that the concentration of AMP-resistant bacteria and SMZ-resistant bac-
teria in two artificial lakes was about 10° ~10* CFU-(100 mL)"', while the concentration of TET-resistant bacteria
was about 10" ~10° CFU- (100 mL)™'. The 84 antibiotic-resistant strains isolated belonged to 19 species, among
which Bacillus cereus, Escherichia coli, Aeromonas venroii, Aeromonas caviae, Raoultella ornithinolytica were anti-
biotic-resistant bacteria shared by the two lakes. 71.4% of the antibiotic-resistant bacteria are mono-resistant to
AMP, mainly Bacillus cereus. Due to very low percentage of bacteria with intrinsic antibiotic resistance in isolated
antibiotic-resistant bacteria, it suggested that acquired antibiotic resistance had mainly contributed to the develop-
ment of antibiotic resistance in heterotrophic bacteria in urban artificial lakes. There was no significant difference in
the total heterotrophic bacteria concentration, antibiotic-resistant bacteria concentration and detection rate between
the XQ Lake supplemented by surface water and the FQ Lake supplemented by reclaimed water. The source of iso-
lation had no significant effect on the clustering of 16 strains of resistant Aeromonas.

Keywords: urban artificial lake; antibiotic-resistant bacteria; species distribution; acquired antibiotic resistance; re-

charge source

NS AT 4 B 2 4Rl oy, AN RE
SEOKPAEER YA DI T HHG S AR D e
WREE AR AR e ik s ik
K B A8 7K B e SO0, 2 A T i FE 24
ZR KR, (E IO T BRK I T R BEAIR T A
BEA K BEIR B G 1Y H A R LA K 75 K R AR b 2
BORRY HBRSEE 1A KA Dy 3l A T3 B9 b 45 7K
IR BT D, LRt BARIT 7028 bl B9 Je B 7k
FRPT KA 2 2 el R R B AR T R R A
ORI B AT DN [E v

AUTAESR IS S B, 30T i 2 K A mT RE 2 20 T
Tt 25 1A% ) T BT STl N T T 2 B
GERBEAUE R BN A A, WAE— B L2
BREEN ARG B AR SR, AR L 3T
N IR 20 R T 245 4 35 Y 7 11 T 58 38 Ak T 36 A5 By
B, 15 GRS R N R R R AN T R
KA KA S b 25 7K R, Sk N T 00 F) 448 T 245
PRI R 2 T 22 B 2277 A ARl Bl 2 I J2 15 4 1 Al
2E S ALRIAE IR | X L[] IR ik £ ] B

AHIFSE I 1) LA R KRR AR KRR K Y 2 4k
NTWAHFFER Gl BRI, R HE T
N b B 5 SR A X WL AR R A 254000, O
Xt B R MR EA TR 25 2 B A AR 25 . LAY
PN AN RN KSR N T 380 48 B S 24 44 T 245 B o
Ja 3 A RIS, Ay 3T 7K PR v 240 R i 2 4 A i A
il PR BERL AR

1 ##} 57 % (Materials and methods)
1.1 KEERSE
VERRPE LT XQ WA FQ i R IFFE T 42, iX 2

AN T AR5 P9 22T EIRIX ) 2 Ab Ry, B
SO R INGE . XQ WK ALZ) 1.0x10° m* | ~F-1
KR 2 m, MK AN AKCR TR, FQ i /K 1 1 AL 24
40x10* m*, F¥ KR 1.5 m, i FH B4 KRR K
2018 4F 4—11 H , XFix 2 Ab A T2 H 47 KR
£, B LKBSRESTEKE TR 05 m bR
FEBAN N TS S AN RAES, RE S LIRAK
FE, B TS KR OB, 76 6 h NI R SE5
BT
1.2 JKJFEFEFRIE

P BESCHR 12190 9 7 3R I 2 A T K RE 1Y
pH % i# 4R (DO)  fb 2% 75 % 1 (COD) , /L A (NH;, -N) |
SE(TN)FLE B (TPY S H ML AL 15 b
1.3 SEFEpa R 25 1 A i

e FH 8 B 6 KR ) S R B A T
IKEERS ERG RS, B2 g im it 045 pm FLAR MR
LR 2 DR B K D& BE AN A AR R 1 e b G
PCA 335 | ,30 CHE55 24 h, W55 N 20
~200 M REFR MR AT TR T8k, Rk A 2 A
SEATRE ol VB AT S8 B A 4 100 mL
IKEET A S SR AR AR S I R AN S50 == A
Ph23(CLSI 201 7)4R1E" 7 PCA A 43 F A Z
K PGAR(AMP) it i FH G g (SMZ) A1 DU 34 2 (TET) il
7%t AMP SMZ 1 TET $uPE VA, Hp AR b &R
R EE 4 ) A 32 512 F 16 pg-mL™ , 25l
6T P 908 30 0 2 AR P B TR 24 R RS B KRR
AMP Tt 257  SMZ it 25 & F1 TET Tt 245 7 1) % 5t
1.4 TRk B alifb 5 i 24 R RS

BEALPREL PCA AR LB TR AR 4 itt 4753
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Btk R K-B 405 TR Bk x4 B Wk k1 1
2R, A R RR = RO 2 30 T 24 B4R, iRl CLSI
PRSI HOR AR AT 25T, 3 A e Bt i A
ESH N AMP,10 pg- A7';SMZ,300 pug- K
TET,30 pg- =", R MIRA CE ATCC25 922 1E
RIS RIAR . B B AR I 245 PR — 2, TR G
5 ERYCXQ A FQ AR HR I A T,

1.5 TRRFP S %

BEXT I3 7 TR bk b B T 24 TR (S A0 T PR A
DNA 2 B 77 £ (TaKaRa MiniBEST Bacterial Ge-
nomic DNA Extraction Kit Ver.3.0, TaKaRa 7\ 7)) #
B DNA, EBE 519 27 F5° -AGAGTTTGAT-
CCTGGCTCAG-3’ 11492 R 5’ -GGTTACCTTGTT-
ACGACTT-3" , LA & 516 F 5’ -TGCCAGCAGCCG-
CGGTA-3" F11510 R 5’ -GGTTACCTTGTTACGAC-
TT-3" i FHBR BE PCR (¥ (Veriti 8, 35 [# Applied Bi-
osystem A 7)) %} 16S rDNA #47 PCR § #8719 )7
PEFER :94 °C FiASYE 5 min ;35 MEHR .94 °C A8 60
$,55 CiR:k 45 5,72 CHEH1 90 s;72 CLEAH 5 min,
PCR ) 2 B RE HE E i FB UK (JY300C Y Jb 5t B
RITHRIKE A BRA TR HE SR G658 FifEAE
TAEY TRERB AN S AR EMY, ffi H BLAST
XN P45 R 7E GenBank 4 22 o E 47 7P 51 HL X,
INHFE .

1.6 Gits#r

fdi J1] SPSS Statistics 18.0 % {4 %t & #1 F Ak 45
PR S 75 TR o LT 24 O o G S A Y T 24
LG9 AT (B B A AH OGP 23 A, ] MEGA 7
B A X TR 24 B Pk ) SR B T T SR AT,
P AR

2 Z5R 5138 (Results and discussion )
2.1 NTWIKARR # ERALFE bR
HFXF L 2 A N K AR I 25 57 AR 9T )

H e KB XT XQ WIFN FQ i) 2018 4F 4—11 H 7K #E
#1 pH DO .COD NH;-N TN #1 TP £ H A& ¥ (it itk
T T X, 253k 1 R, XQ Wil FQ /KA
) pH DO F1 TP f£1E It & P 22 7 (P<0.05), XQ i
7K FE pH DO [1°F- 21 {E 53 %4 8.35 1 7.97 mg -
L™ KT FQ Wif% 8.78 1 9.74 mg-L™"; 1ff XQ i)
(% TP (-2 {5 H 0.069 mg- L™, & T FQ Wi
0.032 mg-L™", 2 A A T30 A4 HA BRAL 45 A5 I i
EMES,
2.2 N T B 5 o S 25 1R 7

XQ WA FQ il i) S S5 35 18 5 0 ) A e A
10* ~10° F110° ~10° CFU-(100 mL)™" Ju A,
43514 3.17x10° F1 1.75x10° CFU - (100 mL)™",
X 2 A AT AMP T 245 5 SMZ T 25 7 & 2
#LM 10° ~10* CFU-(100 mL)™", i TET i 255 &
2% 10" ~10° CFU-(100 mL) '(&l 1), Al LIFH
L3 R 24 B A AR 2 kb LT R B A
IR, AERFEIR R Z 500 b, XQ i iy
SR 3 RPN 25 TR S HR T FQ L HAE 9
A X — KRNI T s Xl e 5 i Reak £
HRERNA G, 3% SR TN Y b 2 A2 U, o il &) 3
B TRDRN 2 2 398 K o AN B 5 ) AKART T s B
S TR RIS 24 T A 2 Y FQ T el T I8 I
RV BRI & D I SO SR I8 17, I R
SR K AR AR A T, LA B g SR 338 in 1 7K 3t
Pl , AR 5 S 55 TR R 24 7 5 2 ) 728 A A
XQ T Ry i 2 BEAREIE G A 2 R R W,
XQ #FN FQ WITE IR 1A HE 3 A 245 14 19 % 2 b
FEARTEAE SB35 25 5 (P>0.05) 5 e Ah, 78 FQ W i
NH, -N &5 5 5 55 W #E . AMP ifif 25 5 il TET Tif
SRR F LM 56 (P<0.05), AR TR 54
Pl T 35 1 22 (8] AN A7 7E 0 35 AH G PR (P>0.05) 5 T
XQ IR #5H8 bR 5 25 Fh 4l B8 75 f2 22 18] 38 AN F7 4 1
FHENE(P>0.05)

F1 XQ i#F FQ #HEMIBMLIERM (RIEFER

Table 1 The ttest results for conventional physical and chemical indicators in XQ Lake and FQ Lake
e e R M PRy
DO COD TN TP
oH ‘ (DO) ' (COD) SR NH -N (') (TP)
Dissolved oxygen Chemical oxygen demand Total nitrogen Total phosphorus
(DO) (COD) (TN) (TP)
XQ HI/FQ )
0.021 0.008 0.093 0.240 0.123 0.001

XQ Lake/FQ Lake
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Total heterotrophic bacteria and antibiotic-resistant bacteria concentration in artificial lakes

Note: AMP stands for ampicilliny SMZ stands for sulfamethoxazole; TET stands for tetracycline.

LooB+o7r
=8 ¢ XQit FQif
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Fig. 1
2.3 JrESTHEPRIYIN 25

M XQ I FQ 53 5325 Hh 61 BRAN 60 Bk
FRW . GRS R L 2 B, XQ Wi i) AMP
i} 257 . SMZ it 24 B Al TET T 245 1 59 50 70 9 4
37 .11 F1 9; FQ i Hhax 3 Fiifif 24 v 1 £ i 4 il hy
42 11 F1 s, AR, X 2 Ab N T 43 B B Bk R Y
AMP i 245 B Fb 191 #0458 175 (60.7% Fi1 70.0% ), Tfii TET
i 25 8 0 o e IR (14.8% 1 8.3%), 1% 5 2 A AT
WS IR B AMP T 24 5 f TET Tif 24 58 75 12 5
RARBLIEAW) G, X XQ WIFN FQ Wi H 4y B th iy
3 B 24 PR AR A H R UEAT L, R R BLE A AR B
FPEER(P>0.05),

FRAE T2 25 44 R AL, AMP  SMZ F1 TET
SANVATE T B B 2 | it e 25 D 3 R SR Ak
2, ENTPTE LR 4 A H R . AMP =5 222410 i 5
TRAH M RE A B, SMZ 41 20 B i iR 75 B e v 719

TAIRIR A B, TET D002 00 ) 248 187 85 1 TS s, A
T B B ICEE A R A N XQ i1 FQ 3L
Sy 84 BRI ZGB, ;7AE T 5 Fhif 25 R/Y, Nk 2
Bz % AMP BL—if 25 1 7 Fe ik 71.4% 15 T
Hfth 32 %1 H vk 5 AMP-SMZ-TET, (5 [t 14.3% ;
AMP-SMZ FIl SMZ Fp.—ifit 245 15 (5 HLEBAL K 6.0% ;
AMP-TET W#c/b, R 24% . AT UL, 5% 2 Ab A
T S R TR I i 2 2 T L A AR o, X AMP FL—
it 24) S o A 2 i 24 e A
2.4 THZTREPRA RN E L E

I3 Y 84 wRit 25 AR AW oy 2K IR T
19 A, b XQ 1 2457 39 Bk, 12 4 Ff FQ
Mt 258 45 B, 12 P, BERZFAHT 8 (Bacillus cere-
us) . K ¥ 75 [ (Escherichia coli) 2k [G /<, LIt
(Aeromonas veronii) K FR/< PP ifd I8 (Aeromonas cavi-
ae) M1 = &R $i 2 /K 1 (Raoultella ornithinolytica) e 2
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AN i 245 (R 2)),

M XQ W43 B B AMP Tif 25 1 A 10 AN, &
FURMRZETRAT B, o5 HL R 54.1% ; SMZ it 24 15
TET M 25185054 8 AR A S ASFh, 32 25 g 2 it
R0 B A G H (Klebsiella pneumoniae) Fl K 17 352 %5 G
B, M FQ I4r Bt AMP TH 25 A 10 AN Fh | i
ARZEFFF AT 2 T ZL B, 5 Eb 54.8% ; SMZ it 2
WA TET T 255843 314 8 ANFhFn 4 A~Fh, =2 0 4k
O AN MK I 5 G, — BB g R0, Il
PRAVE) b 43 55 H ) IR ZE TR 8 X B- P9 Bk e bt
AR A R 254 B H A 2 R A R AR
P AT AT 2 B A AR ZE AT

T YT 25 R AR

Xof BRS04 [T A T 24 B T AT D R B XQ
WIFN FQ WIrh /> B3] 1 — 2L X AMP 1 [ 47 Tiif 24
[ [ = S AN N AN = S o o]
(Citrobacter freundii) . Hi 2% & P ifl B ( Pseudomonas
aeruginosa) F1 Vg A 2F 5E 37 P il & ( Stenotrophomonas
maltophilia) , {0 EATTE 73 8 B R G o5 LA i
10% o 31X 2 b A1 73 15 A0 1R ik v 29 AN A7 AR )
SMZ =X TET (1% [ 4 i 25 1 .

S IR 24 1 S 5 TR I S 4 2R S B T
ARAFETR 257 AT BE S Il T A T3 o A iR 24 1 )
BRI, R ZWFCERR I N3 Bl ) 20 oA it 24 1

XQiA FQIf XQit FQI XQif FQif) , o
XQLake FQLake XQLake FQLake XQLake  FQ Lake Exiguobacterium sibiricum
100 Pseudomonas putida
90l = Stenotrophomonas maltophilia
u Klebsiella oxytoca
80 Acinetobacter Iwoffii
20k u Citrobacter braakii
§ ® Pseudomonas aeruginosa
© ~§ 601 u Staphylococcus haemolyricus
o Z u Staphylococcus hominis
s 50}
40 g u Staphylococcus epidermidis
&g . . .
®E 40} ® Exiguobacterium acetylicum
3
& = Citrobacter freundii
—~
& 30 ® Aeromonas hydrophila
20l u Klebsiella pneumoniae
® Raoultella ornithinolytica
10f ® deromonas caviae
u Escherichia coli
AMPIii 25 SMZIit 25 TETIH 255 u Aeromonas veronii
AMP-resistant bacteria ~ SMZ-resistant bacteria ~ TET-resistant bacteria m Bacillus cereus
25T
Antibiotic-resistant bacteria
E2 AI#hsEnmEkihE
Fig. 2 Species of antibiotic-resistant strains isolated from artificial lakes
®2 XQ i FQ M5 BE KI5 RE
Table 2  Antibiotic resistance phenotypes of isolates strains from XQ Lake and FQ Lake
XQ FQ i it
T 2 e 71 XQ Lake FQ Lake Total
Antibiotic resistance " M 25T 5 /% 25 5 /% M 245 T 5 /%
phenotypes Proportion of antibiotic- Proportion of antibiotic- Proportion of antibiotic-
Strain Strain Strain
resistant bacteria/% resistant bacteria/% resistant bacteria/%
AMP 27 692 33 733 60 714
SMZ 2 5.1 3 6.7 5 6.0
AMP-SMZ 1 26 4 89 5 6.0
AMP-TET 1 26 1 22 2 24
AMP-SMZ-TET 8 20.5 4 89 12 143
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RFEREA BB sTMk, E15 /K M 3R K, =R A K Z I HEAEH

HORIT ZRPTAE RS R P A, FEE K
-5 F% (horizontal gene transfer, HGT)7E il A4 Wy VS
rh 83k A7 7E iU N DNA FIE S DNA #87E 4 B 8] 1)
it 25 P A vh R AR, XQ Wb 4,
KA b g K A i 306 2o A v I 2 AN R B AR
AN AT kA T2 A T 24 TR RIS 24 ZE A e A
XQ 1 FQ MY &b 25 A Y5 A P48 7K ey T 5 K
ZERPEAC PRSI 55 A K UL A R 24 T R T 24
BELRIPOT ik 245 T 7K 2R R BB St sk 2 it
2N TR I BSCER 5 TS 24 5 DX i 7K 56 8 24 ORI 24 7T 1)
FlE o A, —F A2 T BN TS = 55 Rt
AR, A, 1R XQ WIFN FQ W] rh 4y B Y
i 245 TR AR P, AR 20 8 T 2 1R BUR T, A L2 A Il R
FNIRGERE it BB 28 5 At 9 G <R B | 7 K
WA, XTE—E R B R 7 NG5 5 s

2.5 T2 PR BN P 1 R 2 A B
SHMERAEA T P O AAEE Tz, BRI
Hg BT 2 R 2 —PT A XQ IR FQ i At
SYE 16 BRI 25 SRR, 435V 8 T 4E [
LR WA RS P RN G 7K S B ML TR (A eromonas by~
drophila), it RISHHT A LR (B 3), 7T DL &
W, RZHK AT 16S rDNA 751 (AR P
Wi o AH HE g KRR T, 2 ECACRRIR B S K R
PR ) ¢ R G T, 43 25 L0 Y 4 QM T A
U LIPS SES b F -2 v e NN ol eE ]
10 BRALXT AMP i 25,1 #£(FQ80901) (Y Xt SMZ i
25,5 BE(XQ81001 ,FQ81003 . FQ81001 . FQ81004 #l
FQ80903)%f AMP H1 SMZ — it 2y, Mk ibif ok
AT E TR Y FQ80903 Z4h, Higk 4
PR FL T 245 DA AT A QAR T, AL A AR Y 43 32

Aeromonas caviae (CP025706.1)
FQ80903 (AMP-SMZ resistance)
FQ80705 (AMP resistance)

84| XQ81104 (AMP resistance)
Aeromonas caviae (MK007300.1)

XQ805-2-01 (AMP resistance)
99

73

Aeromonas caviae (MK426831.1)
FQ80702 (AMP resistance)

Aeromonas caviae (MG438505.1)

| XQ805-2-02 (AMP resistance)

15

—

1001 feromonas hydrophila (MF079363.1)
FQ80901 (SMZ resistance)
Aeromonas veronii (KP975357.1)
9 | XQ805-1-02 (AMP resistance)

100/ Aeromonas caviae (AP019195.1)

100 | XQ80901 (AMP resistance)

! Aeromonas veronii (MK245984.1)
XQ81001 (AMP-SMZ resistance)
FQB80703 (AMP resistance)

FQ81001 (AMP-SMZ resistance)

FQ81003 (AMP-SMZ resistance)

25 XQ805-2-06 (AMP resistance)

25|| Aeromonas veronii (MK312673.1)

99V1i)81004 (AMP-SMZ resistance)

25 FQ805-1-06 (AMP resistance)

0.50

B3 mHESBREREELK

Fig. 3 Phylogenetic tree of antibiotic-resistant Aeromonas
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Lo BVARSKE 4R ORI 245 15 20 T IK
B AR B 2 R AL AL B — (A T R, A
FEIFAR L 53 B A YR X 1 S i 247 M < B M TR 7 SR 2
A B RS20 B0 FQ80903 , FQ80705 , XQ81004 il
XQ805-2-01 , 42K [ 2 AR N T, (H e A 17E
A B PE [F]— 43 35 A e IR o 5 1Y <
YL TR LA B S ) T 24P SR AR

25 LTk .

(1)XQ IF1 FQ Wik AMP i 255 . SMZ i 25 14
SRZ 107 ~10* CFU-(100 mL)™", TET fif 25 56 &
229 10" ~10° CFU-(100 mL)™" . 2 #4385
84 BRTH 245140, 71.4% #F 2 X5 AMP B—iit 2, BEAR
ZEFURT TR FEEL ) AMP T 245 5

)M XQ #1F FQ #1533 BT 25 B U &8 T 19
AT R SRR ST R ORI R A TR TR | 4 LR
PO SR RN 2 2 IR S IR T Dy 2 A i A
HH24H . ACH AL 10% ANE X AMP B A FA
it 251, A K B SMZ FI TET EoA [ A it 257k
TR, ARAS T 25 AR AT B30 i A T80 v 40 AT Tif

Q) HbFKFMK Y XQ AR K MK Y FQ W
FESST R O i 2 B R R e
25t o TR ST EE R 43 BRI 16 HRT 25
PR BRI A 19 SR 2 TS A g )

BHAEBER N R FH&A1978—), B, W+ 8%, T LA
16 A SRBLA A 0 R 32 40 (5 K AL 3 5 ERAL
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