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Effects of Low-level Nutrition and Trace Antibiotics on the Fitness Cost of

Plasmids Bearing Antibiotic Resistance
LIN Wen-fang, CHEN Sheng, WAN Kun, WANG Chun-ming, LIN Hui-rong, YU Xin "

(Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021,
China)

Abstract: The effects of nutrition and antibiotic level on fitness costs of plasmid containing antibiotic resistance in drinking water
system were investigated in this study. Three plasmids harboring different antibiotic resistances, i. e. pACYC184, RP4, and PBR322,
were selected. It was found that the antibiotic resistance imposed cost on the fitness of all plasmids at different nutrition levels, which
was universal. Moreover, the fitness costs were larger at lower nutrition levels. Besides, the fitness costs of plasmid bearing antibiotic
resistance were also affected by trace antibiotics. In this study, when exposed to antibiotics (lower than 50% MIC) , the fitness costs
of plasmid imposed to the bacteria were more apparent than the injury or inhibition effect by antibiotics. The plasmids were unstable.
Therefore, it was inferred that the plasmid containing antibiotic resistance imposed large fitness costs on bacteria in drinking water
system (with low-level nutrition and ng-L™" level antibiotic), and it was not stable. Thus, the risk of plasmid bearing antibiotic
resistance transmission and spread in drinking water system was low.

Key words : plasmids; antibiotic resistance; nutrition level ; trace antibiotic; fitness cost; resistance stability

H 1940 FFFERXBOABLOR PUERBORHAE  SYsbRA R ABIN 48, (3 B RE 7 /N T BFAE T

HE T RSP ) B AT B BEE SR
B A P R T 1 T IRE BT A
FEPH A E s gt B DAy — o B () 3R
Bat5 gy AR AR R G 80 A A B, XA
N Al REA BT TE (A U R W TR
AR SR o= A S IR SR B g PSR v 4
PR — LRI (1 R LR EAR it A R Pk
I, BORLIE A W 0T A R PO 5 IR 2 R 5 5
—. AFFERW], YUk BORL 2 40 R 7 A — E B I
REEEARA 2 BRI T3 R EE AN 2SR S5 L
Az R PUPEJORE Y 40 1 A5 TN A5 BT AR 3R s I
2R DA PR TORE , 5 B A 20 B R A R B
T G P0AE BRI T i BRI, Pk Bk r 19 5 2 it
LR (AN A | AR R G R RIA ) 2

B, 3% —BUGERR M3dE b7 BE AR ( fitness cost) '™
K R Ge H IAVRRIE J& 208 37 558 (TOC <4
mg- L") AR LR KT (ng-L71) 15 %4
X 240 AT ) A RN 45 i AR B A AR RRAE EL AT AR K 52 .
B2 4 X TR R G Bk A TP Ehutk
ORI AN A AV /1 1K B RN N W N 1 S L S il 1
pACYC184 FTkL, 43 A ARl E FEK AR fE i R
IR (Tet A1 Chl) % HeidE iz B2 A By 520, 5 5,
[FIRE 7 35 301k 55 A 2 PR [R] (4 e o4 5 ks ( RP4 Fi
PBR322) & BA RIS, IR TR K R4

i BHA: 2016-02-23; 1EITHHA: 2016-03-29
EL2TH.: EEARPAELSTIH (51278482,51478450)
EE B MO (1987 ~ ), 2, WA A, EZEHF5E 7 7 N AR
IKIK 5 484 B H A ¥)2% , E-mail ; wilin@ iue. ac. cn
* JHIHIKFR A, E-mail : xyu@ iue. ac. cn



8 MICTFAF . FUE IR AR BT A FO0 FORLHT A R R AU B2 3225

FrPUA R PUPEZE RS AT REE X — Rk )AL
1 #B5EFEE
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FrikPi A R, A5V &K (tetracycline, Tet) | 54,
% % ( chloramphenicol, Chl )., % % & % &
(ampicillin, Amp) Fl-K A% 2 ( kanamycin , Kan ) 3
T HALE R ERHE A RA R pACYC184 kil
THUM E AR A IR ], PBR322 kLW T
FAEY TR(KE) ARAF. RP4 BRI T 4253
BE2E R B 2R SCE AR M B R W . CaCl, | LB
AR IR 520 A 7 5 1 P A Y R A BR A
Al Bk /MR &0 T R AR AR AL R AT R H.
B EC ] 1 mol - L™ f¥) MgSO, ¥, 1 mol-L~'
) CaCl, ¥ A1 5 x MO +} ¥ (& 200 mL & Jin

Na,HPO, 12.8 g, KH,PO, 3 g, NaCl 0.5 g, NH,Cl 1.0
g) B 121°C K 15 min. SRJ5 L] 209% 7
PR, 0. 22 pm BT DEBR A, & AR M9
FErtidE SR AL (HD M9 + Gle) BUTL )7 W T+ 5 x MO B
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FRGEIEIK 21000 mL. ASEHRIERY MO 137 5L (R
MO-Gle) B T AN I A pE A1, Foe Bl 7 R . 5058
FHII T SRR B S Y575 = R KA.
1.2 R RIBCE R R 4 4

SIS TRR N K IGFT R Escherichia coli K125 3 Ff
S J R R pACYC184 Jii kL (#5717 Tet F1 Chl #it
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PBR322 JFHL (HE4HF Tet A1 Amp HibE). £k B
PRI RFAE WL 1.

F1 BRI
Table 1  Characteristics of Plasmids
5e A 5 DU (4N B /kb BuEZEbE e
pACYC184 10 ~212 Tet, Chl gl
RP4 4~7 Amp | Tet, Kan A
PBR322 15 ~20 Tet, Amp el

1) 35 BUBTRLTR RS 2 A 45 A3 /K S R B B AL, e 5 /K Y (R e B J2 41 DINA i ek 200 7 ] 9 A ) B 4 (T 6 ) AVBUIR R e R 3 2 1K

B RS RERL  T5 3R, ARG B BORCHE R BB R A 12 5 /P JE TR e 78 4 Bk

P57 OB BT A iR A . R SRS Ak
97710 914 pACYC184 . RP4 . PBR322 JFikifh 4k,
SABNE R KA E. coli K12, 3R45 ELA Pk
RPMER R, B TE IR,

TSI — 80C VKA HL 1 PR A7 1) BT AR AU H Il B
E.coli K12, ¥/ & LB Winki %, BT 37°CHIK
180 r-min 'R 12 ~ 16 h HEATIE AL, AT 40
IREDFHON A, EREWA 2 W, A0 A KT
BR. BB, #21:100 ~ 1: 500 Fb B $2 R T
100 mL i LB A5 373 37 CIRG Y K574 2 ~
3 h, HAHEHE L H10® CFU-mL ™", #3% , BU50 mL
B, A 20 mL BB, 7E VK R AT 20 ~ 30
min. 4°C ,4 000 remin ' B.0> 10 min,@%ﬁﬂ?ﬁiﬁ?‘%
B (ZJE A BRAE VK EIEET) . A 20 mL $2ERi
A 0.1 mol-L™" Y CaCl, K, BE B IF 4014 ,
VKR R 221, TRz 285 M L i) 5 5 1.

HL10 L JSORE I A KT fif il 45 i 2 28 B, coli
K12 1, 7K L J3CE 30 min. B4 S TE 42°COK MR 2
min J& , A KT 1 min. A 1 mL Ak 2
(1 LB AR #3837 CHR G 5 9529 2 h, (4 8 &2
AR, B AR BRI RIR S, BC100 pl

BRSAT T & YA £/ LB BUIE A4, 37°C K555 16
~24 h. PRECEAAS TV RIZ T H 0 S A T
Me L35 5% 4 CARAE. I K TR R %, FHRAR
() JSORL/IN R S ORI — 25 56 UE ORI 75 5
YNI®IR

1.3 FEfi

53 K B A RURNHEAS OB A BT E. coli K12
PR T LB A G4k, B 1 mL T BT O A
ERAKEEYE 2 W, N M E R E LR 108
CFU-mL ™", $%RFL 1: 109 LR A B AF T v
B, ARAIR A P BRIV TEC AN [R]85 IR B ) 35 3R R
M9, M9/10 . M9/100, M9/1 000, M9/10 000; %I )i
BT 43514 :20 mL(M9 + Gle) |, 2 mL(M9 + Gle) +
18 mL(M9-Gle) . 2 mL(M9/10) + 18 mL(M9-Gle) .
2 mL(M9/100) + 18 mL ( M9-Glc) il 2 mL ( M9/
1000) +18 mL(M9-Gle) ; XN i) TOC 23 5125 K .
2000, 200, 20,2 F10.2 mg-L~".

5 1: 10 0009 HL 1) (2 wL: 20 mL) ¥ iRA
FhF FaRE SR, 37 CHR R IR, it B g0 2
R A KR A5 B coli K12 76 MO B3R K
IREIREE HARINETE] Ry 24 h. PR, BFERE 24 h A0 R
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TEUTE A3 AT T8 Y LB AR A K Bt A
EM LB -, 37°C 537 16 ~24 h J5 148k, 345 A5
PR BCE. WF9E pACYCI84 Fkify, LB A
A Tet 10 mg-L ™" Fl Chl 35 mg-L™"; 5% RP4 JFiki
B, LB SEHINMA Amp 60 mg+L™" | Tet 40 mg-L™" FlI
Kan 50 mg-L~"; #/F5¢ PBR322 kLT, LB SEHfim A
Tet 25 mg-L ™'l Amp 10 mg-L"".

S E B A5 E. coli K12 % Tet F1 Chl ##x%
NIV FE (MIC). A T 5B 4 R Tet Al Chl Xf
pACYC184 Ui i FEAC U B 52 ) K 35 T E B
M9/500, Tet Ht A= 2 M BE B RN 0% | 1% | 10% |
50% F190% MIC(EFAHY E. coli K12) ,XF i) Tet Y
W49 0, 0.008, 0.08, 0.4 F10.72 mg-L~".
Chl PrAERWEBE N 0% . 1% . 10% , 20% ., 50% Fil
90% MIC (BRI E. coli K12) , %t ) Chl AYHEEE />
S 0,0.054,0.54,1.08, 2.7 Fil4.86 mg-L~". H
PRI 4 SRR R TR B S

R T 2P WS SR R X SR 1 FE A 5
WA Ay ) 3 P, 16 B 53 A R Bl b 4 BT KL PBR322 Al
RP4. ELRBHAER TR pACYC184.

1.4 Bdaotr

PO R BCRIC R N, B A BRI R
N B4 1g(N/N,) W EAE BT B AT AR o i
(R LA, AT AR SR VT 19 T 1Y) 58 4 O 3R R Bk
(R REDRT 3 1 . AR 9 FH AR 4SO 2 25 5 e )
URANTE VR, PR R SR T 4 16 ~24 h A RERAS
YRR %) 20 R ER, it LAA) B 0 P 1 R B 2 R S 1Y)
HAFTE — € W 25, THEA 1g (N/N,) B, 264 i h B
(AN TRELBR L O h B A 40 AT B E A T vfE Ak b 2. L
AT,

lg(N/N,) = 1lg [(N,/Ny)/(Ni/Ny) ]

RPN TN 2508 0 T B B A R T A 40 B
W N FT N AR50 0 b i B A4 T R e 1 100 200
WL, 35, 1g(N/N,) =0 B, Fon Pt m -5 %
A DA AE R A 38 I A [ 3 1 BE AR — 3K g (V/
N,) <O B, Fn Uk o IE N B /N T 0 AR T, 3
MK 1g(N/N,) >0 B FRoRPPE R T
B AT 35 0 BEA A /.

2 HR5ITR

2.1 EIKEXF pACYC184 JFURE I FE A 5
1 F L pACYC184 JHk: A B M B ik

P55 B AR T A PR G 3 R ok R b B A OB
(3G I, BovE TR 5 B A B TR PR Y LU (B A )N, )
W6 ELEIENT (353 144 h) N E M ILIE R T
2.15~6.0 MRS, T H, E IR AL, Pk
T B A T R 1 L 08 /N A B R BORL 2 2R
R B BR . 7E M9/10 000 19785 32K T, 46 3 Ik
BeARnt (B3R 72 h)  BiEE E AR K. RS8R
F W], pACYC184 TR TEA [F] (35 2K T, #F A7
FETE N EAC M. TR A A 3 2 % 25 A& i g sl A HE
FEAFPUIEPLE = A U A R PO X LE LI 1Y R
Ko Jopr i) 52 i) R 25 fulE 40 TRV FE BE B, 5 ) 40 1R 1Y
IEF A, DT 2B 3 I RE AR R &
HEER AREBREHRR EZAWA, — 40
a3 I NS I8 B TGN ) ) 1A € 2 ES T I3 2 AWK 1 |
W T B S0 A AR Bk 25 5% 7 A 0 i A
PEHE R AR AR T L B IR A R 3 R
BEACH FRIUAT B BA . R e oA ik AR I 3R K
S WA 20T A T 2 TR A R A T B A R AR AR R
S BRI A AR AR, Jr DL AR 5 KO ), T RE
TR e B, Lenski 251 FHE# B BT 5T
WA E. coli WEERY pACYC184 JFk: 7 7 & b
P F il 5% % 36 vp % R P PR GE R R S e AR E 15t
& | S5 0 25 SR AR . ENIE.

0

-1

-2 |

lg( N/ Ny)

Il gl M9
—e— M9/10

-5 |-—a— M9/100

—v— M9/I 000

—1—IM9IIU quo

-6 1 | 1 | |

0 20 40 60 80 100 120 140 160
A /b

E1 EFRAFEX pACYCI84 FHIE R E RN AR
Fig. 1 Effect of nutrition level on the fitness

cost of pACYC184 plasmid
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TR DA B G NS B A fi e ™. (B R
(R A AT T B3 ) 422 5 e 20 7R P 8 i
SRTETE BRI AR, AL 2 &, 24 DU 3 R 55
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Y A J DA AG BT JoR s X 240 781 A 5 Sl i) f H B
TGN BEACAHT. DT, 7 B 4 S g ik R v Tk o S
AT LA B B . YRR E <50% MIC
545 7 R (5535 168 h) BUbhk B LB AR R B
T 225 ~3.13 NMEEN. AN, NEARRIKE
<50% MIC B, P o r 850 AE i 7 WR (15 5%
168 h) il TR, LLEFAETHA T T 5.03 ~6.53
B TSP ZR LTS DU PR 2 R G R R VR
gzt (R R F o5 F 50% MIC B, PrtE e
et R BRI A SR R ORI Y

(a) PUFR 3

la(N/N)

=2

-3

| | 1 | | 1 1 |

0 20 40 60 80 100

[ /h

120 140 160 180

IR IPTA RS AR SE &R 73 B A B 2B . M
Hiy, 350 TORL A 40 0438 A3 FE R PTHENLE = A bR R
bk e S AP R & T E R KR
— M PE R A K 2 CR B3 Wl AE
M RUBE N 50% F190% MIC B, Hiik B A A=
KBHEWE T ARSERE. Wik, 72556
KK R Ge T PiA: R R Bl F fEng - L HOKOF,
RIZEARBFFT ) <50% MIC HIHiA Rk L.tk
JEUL, PUMEURLAE S BR K K IR b A Rk 4%
PR ANE 5 A 38 AR B, DATTRE A 2R fi
A TR

| (b) WG

l2( N/ Ne)
]
e

L —e— 1% MIC
—a— 10% MIC
—6 [~ —»— 20% MIC
| —4— 50% MIC
—i-T %%IMIC

0 20 40 60 B8O

100 120 140
il /h

160 180

2 FAEFKEI pACYC184 FHLIE B B R M B S NE
Fig. 2 Effect of antibiotic level on the fitness cost of pACYC184 plasmid

2.3 ok N A B E S b
T B 5T A5 pACYC184 ik X} E. coli
K12 BR8N EE AR 04, 1 L8 IR KRR AR, 38
I EEAC M FEBUA A . g T 6 UE X — R 0 3k
P, PR P FP TR RP4 Al PBR322 1R E— 4 A BF
7%. MR 1 A8, RP4 FObi KR 60 kb, BEA 41 il
B4 ~T ANPENERR R, T H RP4 kR 44 A
ok, vl RE G B A O & R K P SR R RS

PBR322 JE R Bl 4 kb, BN A 15 ~20 %
0
—a— M9
—e—NMO9/10
-1+ —h— MO/ 100
—y—M9/1 000
2L —4—M9/10 000
= | - —y
_5 -
(a) PRA Mk
_6 1 L 1 1 L 1 1

0 20 40 60 80
) b

100 120 140 160

DI Bk L 3 (a) KB, RP4 BORLAE A 1
TRV 25 AR Z AR G B 1855 2 IRFGHz (35 5%
48 h) B, HUPEAN B LU AR R N2 3.0 ~ 4. 44 A
B, i H, E M9/10 000 B F5 KR, Fitk B
BER B R, R3S I E: (K557 120 h) B,
PiERE e 2 2ME R T, HH4,E3(b) B
PBR322 TR TE AR FK (T, B kA%
IR B G B #8 B A A 0 BE AR, (HR L BR T MY/
10 00035 72K - A1, B 138 95 K 7 1 A 3 o B

12(N/N)

| (b) PBR322JRS

_6 1 Il 1 L 1 1 1 1
0 20 40 60 B0 100 120 140 160 180
I i)/

3 BT BRALE R EE RN

Fig. 3 Effect of nutrition level on the fitness cost of plasmids
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