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ABSTRACT: The emergence of antibiotic-resistant bacteria has been increased and become a public health concern worldwide. Many
bacterial infections can be sequentially treated with different types of antibiotics. Thus, this study was designed to evaluate the changes
in survival, antibiotic susceptibility, mutant frequency, (-lactamase activity, biofilm formation, and gene expression in Alebsrella
pneumoniae after exposure to sequential antibiotic treatments of ciprofloxacin and meropenem. Treatments include control (CON; no
addition), 1/2 MIC ciprofloxacin addition (1/2CIP), 2 MIC ciprofloxacin addition (2CIP), initial 1/2 MIC ciprofloxacin addition followed by 1/2
MIC meropenem (8 h-incubation) and 2 MIC ciprofloxacin (16 h-incubation) (1/2CIP-1/2MER-2CIP), initial 1/2 MIC ciprofloxacin addition
followed by 1/2 MIC meropenem (8 h-incubation) and 2 MIC meropenem (16 h-incubation) (1/2CIP-1/2MER-2MER), and initial 1/2 MIC
ciprofloxacin addition followed by 2 MIC ciprofloxacin(8 h-incubation) and 2 MIC meropenem(16 h-incubation) (1/2CIP-2CIP-2MER]. No
growth of A pneumoniae was observed for the 2CIP throughout the incubation period. The numbers of planktonic cells varied with the
treatments (7~10 log CFU/ml), while those of biofilm cells were not significantly different among treatments after 24-h incubation,
showing approximately 7 log CFU/ml. Among the sequential treatments, the least mutant frequency was observed at the
1/2CIP-1/2MER-2CIP (14%). Compared to the CON, 1/2CIP-2CIP-2MER decreased the sensitivity of A pneurmoniae to piperacillin,
cefotaxime, and nalidixic acid. The highest 3-lactamase activity was 22 nmol/min/ml for 1/2CIP-1/2MER-2CIP, while the least B
-lactamase activity was 6 nmol/min/ml for 1/2CIP-2CIP-2MER. The relative expression levels of multidrug efflux pump-related genes
(acrA, acrB, and ramA) were increased more than 2-fold in A pneumoniae exposed to 1/2CIP-1/2MER-2MER and 1/2CIP-2CIP-2MER.
The results suggest that the sequential antibiotic treatments could change the antibiotic resistance profiles in A” pneumoniae.
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oL
o

Alatolth. K. pneumoniae= 7|37 Ew+ o 2 JAHHS] F 3t UjAd o] w2 A Z7181a1 QIth(Pages ef al., 2009; Drago et
Q Yoldto] B, B3] WY W 7] A7} Al sk ol al.,2010; Latifpour et al., 2016). o] 2|3t YA chA| WAl w2
T3 1t Zhong et al., 2013; Latifpour et al., 2016). Z]Lof= =3 of uz} YA A 7)12He] At} A28 A 7
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K. pneumoniae’s: T TR Ao W& 2t HHA o] "ol AAAL lorf, A= YA 2 7H‘*°ﬂ£ =
Wdatel Sl o 7|0 AR A =27t of e ardd & StaL Al o] WS 9453 S71= A A8 7=
2o w2 A HHE| AL 9l 31(Du et al., 2014), Alat 79 2| 25 G5 &obA|aL Sl

(3-Lactamase A3 /J 1} multidrug efflux pump system Z-4J-2>
T WA 850 $a3F @ 4 & Z-83cH(Pages et al., 2009).
K. pneumoniae= (-lactam7| JAAE S35} 517 L3h
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extended-spectrum [3-lactamases, metallo-[3-lactamases, oxac-
illinases, carbapenemases2 Ay Al 3}, resistance-nodulation-
division (RND) family ] 2J3}] 7] 91 3-lactam, fluoroquinolone,
aminoglycosideE A|3E o2 vj&E3tcH(Rice ef al., 1991;
Zhong et al., 2013). K. pneumoniae’S- =313t W2 ThA| WA
O] Zd T sk A A7]7] QoA = 27t A o] A
o] Q L=t Warren et al., 2004). UHFE 0 2 AlH#A 492
2| 235}7] $13)| sequential chemotherapy (5=2}2] A 2| &)
£ ANESEaL Qith(Perron er al., 2012; Nichol et al., 2015). 718

A A leZ ol ThE K. pneumoniae®] W3 5/ ¥
st ot A5t7F g3t Aotk wehs 7 Aol =
carbapenem} fluoroquinolone A 34| 2] 4=2}2] =Zof wh
E K. pneumoniae 2] A=, YA 11734 1} U A, B-lactamase
A, AET &4 9 efflux pump T 1A HH O EAAS

sholataz} a1t

o = |

B o3 qLof| M AR 522 K. pneumoniae ATCC 233578
u]=+ American Type Culture Collection (ATCC, Manassas,
VAo A T+ SFATE 9= -70°Col| A B8} 3lar, A9 Al
trypticase soy broth (TSB; Becton, Dickinson and Company
[BD])oll 37°C, 180 rpm Z=710f| 4] 20 A 7F I hulj oF 3= At vy
R
FAANsEo| £

2

AoIA AR Al AT AR LA

Table 1. Sequential antibiotic treatments used in this study

fluoroquinolone A| 2} carbapenem A|E- o 3 5}+= ciprofloxacine
I} meropenem® AA3}ch A #59] ciprofloxacin,
meropenem (Sigma Chemical Co.)o]| t)3t 744 A =& 29l
3}7] 913} 244 A ‘&%= (Minimum Inhibitory Concentration,
MIC)E &43}4th MIC= Clinical Laboratory Standards
Institute (CLSI) 7}o] Ee}el& o7k =4 5}o] Alaia}9l
5 F=3HRTE 2 YA 9 stock solution F|E %E
10.24 mg/ml7} B =2 4| 2H819 T, MICO] 242 9Jslo] =
F4=o| 4351 3] 2 96-well microtiter plates (BD Falcon)
O 3 ¥ Ay wellof] 200 pl £ 3 THA| 3] A W & o]-8-5}0] 1/24]
S| A1) 3l A5 StA 7T 2525 96-well microtiter plates
of| 21l 5 =2 TSB (2XTSB)ol| %5 K. pneumoniae s %%
e e I 10° CFU/mI7} B =2 X 25}91 31, 37°Coj| 4] 18
Az ekahict. ZH Al e] MICE 23 55 1,024 pg/m
ol A A % 0.015625 ng/ml7}=| 2] E}Otf& He]o| A &2l
sho, A @50) F4l0] SelEA gk FaAlo) S ES
MIC= ZA7st3ich

=
(treatmentZ 3,4,5, 6; 6““;(1]7} zaly TSB)Oﬂ B e
1 x 10° CFU/ml7} ¥ =2 K. pneumoniae S 7%E3tF 3 24-well
microtiter plate (BD Falcon) 2] Z}well ]| EH}.—TL‘I AlF e

I BB, 37°C 201 812 S % )
212 & 2] Ad(treatment 4, 5, 12| 11 6)_4 A A=
510l 2 welle] o0 A ol5jo] WE 15 mi
micro tubeel] 71 F 71 FAIS] AAS 915 PA £ 5
o PBS 2 33] A &{5Hck. A4 F of o] PBS S Al A5k 2}

Treatment® Antibiotio addition (1) Abbreviation
0 8 16
1 No No No CON
2 1/2 MIC ciprofloxacin No No 1/2CIP
3 2 MIC ciprofloxacin No No 2CIP
4 1/2 MIC ciprofloxacin 1/2 MIC meropenem 2 MIC ciprofloxacin 1/2CIP-1/2MER-2CIP
5 1/2 MIC ciprofloxacin 1/2 MIC meropenem 2 MIC meropenem 1/2CIP-1/2MER-2MER
6 1/2 MIC ciprotloxacin 2 MIC ciprofloxacin 2 MIC meropenem 1/2CIP-2CIP-2MER

* Treatments include control (CON; no addition), 1/2 MIC ciprofloxacin addition (1/2CIP), 2 MIC ciprofloxacin addition (2CIP), initial 1/2 MIC ciprofloxacin addition followed
by 1/2 MIC meropenem (8 h-incubation) and 2 MIC ciprofloxacin (16 h-incubation) (1/2CIP-1/2MER-2CIP), initial 1/2 MIC ciprofloxacin addition followed by 1/2 MIC
meropenem (8 h-incubation) and 2 MIC meropenem (16 h-incubation) (1/2CIP-1/2MER-2MER), and initial 1/2 MIC ciprofloxacin addition followed by 2 MIC ciprofloxacin (8

h-incubation) and 2 MIC meropenem (16 h-incubation) (1/2CIP-2CIP-2MER).
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A&+ g A (treatment 4, 1/2 MIC meropenem; treatment
5, 1/2 MIC meropenem; treatment 6, 2 MIC ciprofloxacin) & 1
ml&] B351o] FErA]7] & 7]& 9] 24-well microtiter plateo]]
ChA] BE5}910). ThA] A2 H1E 5 9le) whl vl A 2

M AL, 212 22 Al R A|(treatment 4, 2 MIC
ciprofloxacin; treatment 5, 2 MIC meropenem; treatment 6, 2
MIC meropenem)E- 1 ml B3E5}o] HESHAL, 7]E2] 24-well
microtiter plateo]] ThA] 2553131 T) o] & 8A 7 vl oFste] %5
Z o 2 24 A7 vfekslgit) Al o] A= 24-well microtiter
plate®] ME well & 23 A3 24 FA 2 w4 YA 2]
FHA =2 A 2] A= 248t 517] fiske] A
Al aLA] A8, 16A17H)0f PBS % o]-g-5}of 33] *1]140}0:“’%
Qe e AR AL X3Ysto] K. pneumoniae 2] XY
A= B4, A P—’F*é, B lactamase 2, 4} “*ﬁd

HekE WEsk -

M| =20l WE K pneumoniael| 4= s}

A% i3 0] A8 H 5= 3361 = (Optical Density, OD) 2}
S-S SAS o] LrERiTh ARPE A% WSS s
| 913}0] OA|7HELE] 24 A 7E7FR] 4 X 7F 7HE © 2 microplate
reader (ELx800, BioTek)E ©]|-835}9] 600 nm (ODeoo) 1| A1 2]
TS 24, 19 AR AR Hstech 235 vl
T A& WISk TS| 913ko] 24A1F iR T 2
AT AF OIS F3 T PBSE o] §3to] A2 0.2 814
3}31(1:10), Autoplate Spiral Plating System (Spiral Biotech

11>_4
J

N

Inc.)2 ©]-8-3}¢] tripticase soy agar (TSA; Becton, Dickinson
and Company [BD])ol| =435}t =% ZF TSAEL37°C
of| A 24 A1 7} vl 9F 3= QCount Colony Counter (Spiral Biotech
Inc) & o] g5o] Yeke] e 24steict 248 Yete)
Arg Bt g ARt ] matsich

N oBL'
O_u
é
5
=
3
(@]
@,
%
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2
ol
o
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IS}
=
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_l° ~
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2 77 cell scrapper (SPL Life Sc1ence) o]l-&

1} =2 well o] FEH O A A A S}
?:*‘Ziﬂr- o714 dofRl A A+t &
oN-S PBSE o|-&3lo] THAA o2 3]435}1a1(1:10), Autoplate
Spiral Plating System-2 ©|-8-5}o] TSA o] =&ttt =as

&3l A Als2d Al4%

ZFTSAE-237°Cof| A 24 A 7} vl &F 3= QCount Colony Counter
2 olgalo] Wete] 42 Zeloick o714 24 W

o) g AEur YA el o A At

Disk diffusion assay

2 Aol A ARERE Bt Ao 2 Al D O] bt Aol Thet
A YA HSE ol 7] §5}] disk diffusion assay S A1
Ak 24417k ket W 7 AR Ege] Ao
(planktonic cell, -GS #5311, Holl= A2l AlA
2 9J5}0] PBS 2 33] A &{3hoich. M &5 1873 PBSe] &
Eolal, HatE HE-S o]-835}o] TSAo = 3 piperacillin
(100 pg), cefotaxime (30 pg), imipenem (10 pg), nalidixic acid
(30 pg), norfloxacin (10 pg), levofloxacin (5 pg)©| ZH2}F -

ﬂ‘—r"xﬂ diskE 3| F2FA|A 37°Cof| 4] 18 AT ul ) £

2ke] 474S ST B AFL CLSI 7ol =ejele
SR 4elel RS, A2 A

B—-Lactamase &N =X

ZF A 2]9] 3-lactamase A2 BiovisionA}2] (B-Lacta-
mase Activity Colorimetric Assay Kit-2 ©]-8-3}o] =235}
o} 24 A 7F ok ZF A 2] -2 10,000 x gof| A 10571 QA&
2] & Al=ol-g Ba]3lo] BL assay bufferS ©]-8-3f 1/4 3] 435}
At} ZF sl A Mo nitrocefin 2 pl& *E]$F = microplate
readerS ©]-85}0] 515 nmoj|A] 30& E2t 58 7+
=(Absorbance, Asis) S =43}

oz 5%

RER LA £

7+ A 2] 2] RNA = QIAGENALS] RNeasy Mini Kit & ©]-&
sto] Eal ol it YA A T -4 A2 beta lactamase
gene (blaSHV-11, blaSPM), efflux pump gene (acrA, acrB,
marA, ramA, ompK35), quinolone resistance gene (gnrSI),
RNA polymerase subunit beta gene (rpoB)-2 E-2] G- A A2 A}
83} t} Reference gene ©. 2= 16S rRNA -§-AX-& AL-8-5}
gou, 7 $HAE Z2A)7)7] Yot primer A7 HBL
Table 29f el Qith =% RNAE A% & nuclease free
waterE ©|-g5lo] BF ZH2 e g 5]45kal QIAGENALS]
QuantiTect Reverse Transcription KitE AF8-5}¢] cDNAZ 3+
A5+ Tl gRT-PCR ¥H2-22XQuantiTect SYBR Green PCR
Master mix (Qiagen) 10 ul, cDNA 2 ul, primer Z+ 2 pl 2!

RNase free waterS @ o] 20 plQ] ¥r-g-H-& U= & 7} Hk-2-

:l:‘

M-S iCycler 1Q system (Bio-Rad Laboratories)E ©|-&3
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Table 2. Primer sequences used in qPCR analysis for K. preumnoniae

Gene Molecular function

16S rRNA Reference gene

Transcriptional activator
marA .

(acrAB expression)
0xS Transcriptional activator

(acrAB expression)
ramA Inducing expression of acrAB and tolC
acrd Multidrug efflux pump
acrB Multidrug efflux pump
ompK35 Outer membrane protein (porin)
blaSHV-11 Expanded-spectrum beta lactamase
blaSPM Metallo bata lactamase

aac(6’)-Ib-cr

qnrS1 Quinolone-resistance protein

Aminoglycoside/quinolone resistance

Primer sequence”
F: GGACGGGTGAGTAATGTC
R: TCTCAGACCAGCTAGGGATCG
F: GAATGGCCGGTCTCTTTCTT
R: CCTGTCGCTGGAAAAAGTGT
F: GCAGGCGGCGCTGGCGAATA
R: AGTCGCCAGAAAGTCAGGAT
F: GCATCAACCGCTGCGTATT
R: CGTTGCAGATGCCATTTCG
F: ATGTGACGATAAACCGGCTC
R: CTGGCAGTTCGGTGGTTATT
F: CGATAACCTGATGTACATGTCC
R: CCGACAACCATCAGGAAGCT
F: TGATCCCTGCCCTGCTGGT
R: TCCATGTTGTATTCCCACTGG
F: ATTTGCTGATTTCGCTCGGC
R: CCTGCTTGGCCCGAATAACA
F: CTGCTTGGATTCATGGGCGC
R: CCTTTTCCGCGACCTTGATC
F: CGGTGGGAAGAAGAAACCGA
R: CTTGGTTCCCAAGCCTTTGC

F: CGAAGGCTGCCACTTTGATG
R: GTTCGGGAAAAGTTGGCACC

*F, forward; R, reverse.

95°C of| 4] 1587 ¥H-&-A| 7] 21 94°Cof| A 152, 59°Cof| A 20
2453 WRE RS A7 5, 55°COl A 1022 813 WHEES 4]
Atk 2319 AR LS FYA AelEA gke 2ol
AR Cpe |20 7 Aele] B $aHEe) A A
SRS BAEIT T4 cDNAS T4 0.2 34sl
AL 245l0] PR ZEEEE B7517 ZEAE L

4
0.2°C 7140 7 95°CTIA] 3250 2 §ol) T4l B4 S 43y

sl
i

>
juied)
flo
W

Jud

30 2 R E|glon], fAA IE BAL
well 7F] variationS 2 43}5}7] 98l ZF 8RS 4711 2] well
of| A 2lstelet. A2 5A4 w42 214l SAS program 2]
General Linear Model (GLM) procedure & ©|-&-3}o] % 2]+

S0 H]3LE 95% o)zl 4] AA|al et

o
Zot 9 %

SR =E% K pneumoniae?| MS H3}

A o] 214 lgof &St K. preumoniae ] A5 HSH

+ Fig. 13} 2tk 2CIP A 2] o5 A €] 3t = & 2ol A v
4AI7E o] Fof) A Ato] | gl o, YA A 2] lo] uieket
tf 2HCON) 2] 742 847 o] & ODgo ko] 2F 1.2= X|of
A of| 717hE AIHE ol v 24 AR A sHA FAIR
o} 1/2CIP A2 at2 7P R A A =5 H 1AL, 84|17 o]
T AEO] ash] AlAFske] 124171 o] 5 A 4stkel
t}. 1/2CIP-1/2MER-2CIP & 2]-2] 739 uljoF 16 A7k W of] &
A A% =(MIC) 28} 9] 5= 2 ciprofloxacinS #| 2]5}o] =
A7Fo] A E A AL 24XTM7HA] A&kl F7RE Wi,
1/2CIP-1/2MER-2MER A 2] 9] 79 5 2HA] AP A| =] 2] o
T AAFo] Y= Ho| x| 9kt 1/2CIP-2CIP-2MER & 8]+
ofl Aut = WA YA E A 2zt v 16 A7 o] - 7ol 2
TSHA| Zraxskeinh 12CIP A 22 A 2J7t U A] A e +=
2 12471 o] & v 2t a2 H e o] AS Hol7] AlAHE]
O, vjQF 24 A7t wfoll = R ETE =2 S Btk
2CIP A 2]9] 79 o 24 A|X 50k A 7o] ] ] eEqtT
&2}4 .0 2 g A of] 124 71(1/2CIP-1/2MER-2CIP 1/2CIP-
1/2MER-2MER, 1/2CIP-2CIP-2MER) K. pneumoniae 2] A5
2 16412k o] o) 23} | sfe] 2 Aol Bl iskek
ol=K. pneumoniae?| ©|0] 12} 1/2CIP =2 YA 4-3-2 L€}
Y, olof ne TAALE G5 202 Z4FIckShannon
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and Phillips, 1986; Chen et al., 2009). 1 X} 3 A| ==
A5 9] ciprofloxacin £-2meropenem ] % 2]7} K. pneumoniae
o A& AAIBHA Xkt ol AAL sk o5kl
12MIC 3 A| 9] 12} leZ 2 Q15}o] 3Hg A of thgh W/d& 4
Al g55H7] W22l A o2 AR E th(Gutierrez ef al., 2013).

o] %

M2 S et

K. pneumoniaeiﬂ }\H = \:ﬂ— t'g]}\—] O]:/\O]—_E_ —_1,-,_1-9,] Aﬂ% %ﬂ ZE]'
2 HIH O 2 ]| oFslo] F-G(planktonic cell) T} AY =9 & A4
(biofilm cell) © & JLEX] o] TH&3}HFig. 2). thZw{CON)
O] B3 AL 6.96 log CFU/mMIE t}E * 2] LS 3} ¥| uLs}
o] 2 x}o] 2 K o] AFEHP > 0.05). 1/2CIP-2CIP-2MER ]
222 6.92 log CFU/mIZ AJEu+e & A4s19ch 1/2CIP,
1/2CIP1/2MER-2CIP, 1/2CIP-1/2MER-2MER A &]<t& 7+
7}7.43,7.23,7.50 log CFU/m1 9] AE2H2- JAJsH o) Ha
& g 2HCON)o] 10.09 log CFU/mIE 71 =9k, 0] o]
Al 12CIP%} 1/2CIP-12MER-2MER 7} 242} 9.55, 9.59 log
CFU/ml 2 8B]&=31 F0] H .o to] A %] 9) 11, 1/2CIP-1/2MER-
2CIP, 1/2CIP2CIP-2MER = Z}7}8.42 log CFU/mlx} 7.84 log
CFU/ml2] B §Fo] A= th 2CIP A 2] Hg3}- Ay

uh gt W T A] Rl e A2 Allto] 9
Fo Ao o] AARE WIS 4= Qe Eo ol AA

0O

ofN

1.4
1.2
1.0 A
_ 08 T
&
S 06 -0-CON
——1/2CIP
04 -0-2CIP
-@-1/2CIP-1/2MER-2CIP
02 ——1/2CIP-1/2MER-2MER
—&-1/2CIP-2CIP-2MER
0.0 & 1 3 1 1 {1
0 4 8 12 16 20 24
Time (h)

Fig. 1. Survival of Klebsiella pneumoniae exposed to sequential antibiotics
(no antibiotic addition, CON; 1/2XMIC ciprofloxacin, 1/2CIP; 2XMIC
ciprofloxacin addition, 2CIP; 1/2XMIC ciprofloxacin addition at 0 h,
1/2XMIC meropenem at 8 h, and 2XMIC ciprofloxacin at 16 h, 1/2CIP-
1/2MER-2CIP, 1/2XMIC ciprofloxacin addition at 0 h, 1/2XMIC meropenem
at 8 h, and 2XMIC meropenem at 16 h, 1/2CIP-1/2MER-2MER; 1/2XMIC
ciprofloxacin addition at 0 h, 2XMIC ciprofloxacin at 8 h, and 2XMIC
meropenem at 16 h, 1/2CIP2CIP-2MER). Arrow indicates the time points
for the addition of antibiotics at 8 and 16 h.

&3l A Als2d Al4%

o]th(Penesyan et al., 2015). WhehA] 2 A3 oA =
A= Ffatoll A2 o= vzt e 348 A et
of| whet & 7-2)/d5 HolA| ehatth AEur /-2 Allatol &
AR ol ehate =S 4= QA 8] whZofl Ft Rt g 7<ﬂ
of| QTFS Hke ) o & 1 o|wj(Mulcahy et al., 2008), Y-S

SHFig. 1)o) 4= 1/2CIP-2CIP-2MER 2] T4 0] uﬂook 16
A 01 % ] HJa}7] 7h4xaks 218 Bhelat 4= 913ck 2CIP 4
]2 v 9F A ZHELE ciprofloxacing X AH>MIC) 5= 2 A
ejstol fpr) Zelal) wlie) S AEe W AT A

7 At 4 919 Ao AR

1 A A E(MIC)2} MIC 28] 35
= 9] ciprofloxacing -8-31= TSA v x| & o] &-3}o] 223}
S TH(Table 3). F]4JA'E=2] ciprofloxacin TSA X o] 4]
2 7HCON) o] Edd o] ¥ W= = 37.69%2 T2 A2+

o BJsfl =Skt 1/2CIP-2CIP-2MER A 2] 4] 36.91%2]
k3 W= S W93, 1/2CIP, 1/2CIP-1/2MER-2MER %] 2] -
220 2 717} 35.35%, 26.96%2] ¥ Bl=2 1 Gt} 1/2CIP-
1/2MER-2CIP A 2] 2|2 A5 = 2] ciprofloxacin Hj 4]

oA 7H W2 14.39%2] HE WIEE 2o} 2CIP A 2]t
Selvio] il VRS P 5 golth HaolA 5z vl
ciprofloxacin TSA B X]o}|A] 1/2CIP-2CIP-2MER %] 2] 0]

13 1 @ Planktonic cell
121 m Biofilm cell

a b b
10 | 2 be 2

Cell counting (log CFU/ml)

S =N W AU
L L

n.d.

CO]V 1/201}) 20117 I/QC]P] 1/2C1P IQC]

2 RZ)
MER A’[ER 2ME MER

Fig. 2. The number of Klebsiella pneumoniae planktonic and biofilm cells
after exposure to sequential antibiotics (no antibiotic addition, CON;
1/2XMIC ciprofloxacin, 1/2CIP; 2XMIC ciprofloxacin addition, 2CIP;
1/2XMIC ciprofloxacin addition at 0 h, 1/2XMIC meropenem at 8 h, and
2XMIC ciprofloxacin at 16 h, 1/2CIP-1/2MER-2CIP, 1/2XMIC ciprofloxacin
addition at 0 h, 1/2XMIC meropenem at 8 h, and 2XMIC meropenem at 16
h, 1/2CIP1/2MER-2MER; 1/2XMIC ciprofloxacin addition at 0 h, 2XMIC
ciprofloxacin at 8 h, and 2XMIC meropenem at 16 h, 1/2CIP-2CIP-2MER).
Different lowercases (a-c) on the bars within treatments are significantly
different at P < 0.05.
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EO Ao leZE 52> SOS ¥hE- = o s =AW
o] gHro] Z71E 4= Qlohal B 31 131 (Lopez and Blazquez,
2009), HEX| AL 5= oF A o] fE7E] A of] gk Aol
A BER] A} 52 9] Akt 3} A (bactericidal antibiotic)o]] =2
F E. coli7}t 2E | 2413 A 11k HE| RpoS 2] a0 -k
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Aol ol EAHo W W5 Iaglou g, o] -9 A3
At Bob= YA o2 B oj ) 1/2CIP-2CIP2MER %] 2]
T2 7RO FAIA| O] B 71 1/2 MICO| A 2 MICE THA| A o =2

F71stol fE WO R Mg
A A A S5 = 0} 417} ket A o] Ay Alel ek 23t
2 WS fusted FA% A4 AFBE AN

£
e
m
H
fr
M
24
iy
ot

Disk diffusion assay

Nalidixic acid, norfloxacin, levofloxacin, piperacillin, cefo-
taxime, imipenem ]| t}j g} ciprofloxacin¥} meropenemo]] ‘==
¥ K. pneumoniae 2] YA 5/3 AH= Table 42} ek ARE-
= gAYA o] ThgE 7H4=40-2 Clinical and Laboratory Standards
Institute (CLSI) 7}ol=agfele] WA o7& 2harsho]
Susceptible (S), Intermediate (I), Resistant (R) 2.2 YA
2 253} = X270l A] piperacillin} nalixidic acid
o] FrpAdo] HAE AS Wbkl e, 53] 1/2CIP-2CIP-
2MER | 4] piperacillin®} nalidixic acid®] £33+ 717} 18
mm (1)} 13 mm (R) &2 o) 221 mm (S), 20 mm (S)] 2} H]
WS 71 3 A AT E S cefotaxime 2] FH 2
0] 1/2CIP-1/2CIP-2MER ¥} 1/2CIP-2CIP2MER o] 4] 5 mm ©]
% #45to] intermediate (1) 2= W/d<Eo] ol e &
ST, T YA A 2(12CIP) Hhs, 2 522 4
AZ LA o g 22)519)S wi(1/2CIP2CIP-2MER) B-lactam
A 3 A|(piperacillin, cefotaxime, imipenem)®ul o]z}

quinolone 7| MY A|(nalidixic acid, norfloxacin, levofloxacin)

Table 3. Resistance frequency (%) of K. pneumoniae exposed to sequential antibiotic treatments

Agar plate containing ciprofloxacin

Treatment 1% MIC X MIC
CON 37.69* n.d.
1/2CIP 35.35% n.d.
2CIP n.d. n.d.
1/2CIP-1/2MER-2CIP 14.39° n.d.
1/2CIP-1/2MER-2MER 26.96° nd.
1/2CIP-2CIP-2MER 36.91° 5.49
“ Different letters are significantly different at p<0.05.
n.d. indicates not detected.
Table 4. Antibiotic disk diffusion (mm) of K. p.neumoniae exposed to sequential antibiotic treatments

S Antibiotic disk

Piperacillin Cefotaxime Imipenem Nalidixic acid Norfloxacin Levofloxacin

CON 21 (S) 30(S) 28 (S) 19 (S) 21 (S) 22(S)
1/2CIP 19 (1) 27 (S) 24 (S) 16 (I) 20 (S) 22(S)
1/2CIP-1/2MER-2CIP 21 (S) 30(S) 27 (S) 13 (R) 20 (S) 23 (S)
1/2CIP-1/2MER-2MER 20 (S) 25 (1) 25(S) 17 (I) 20 (S) 21(S)
1/2CIP-2CIP-2MER 18 (I) 25 (I) 24 (S) 13 (R) 17 (S) 19 (S)

S, I, and R indicate susceptible, intermediate, and resistant strain, respectively.
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ofl thgt Frde HaAziTh ol T YA Et E3H4
1 A A7t o & 28 WS AT A
Sholgt oo} SAFSt AE HoJ&FTHVestergaard er al.,
2016). T3} ciprofloxacine k=2 &&= A7k wlal &Alo] u
Bl B-lactam o] carbapenem @} &) 228 e ol A B4
2 Hol= Fk O|&Z] JRYA| R A, B &ITLof| 4] ciprofloxacin
o] g2} 91 2] 2](1/2CIP-2CIP2MER )= A A W Ad-S 1Ay
A)7)= g 283 Ao|ala HekA g 4= Q) vt Williamson and

Tomasz, 1985; Jacobs, 2001).

Beta—lactamase assay

Nitrocefin®] 7}E3|1 & 5 o =
9] B-lactamase - =T Avl=Fig. 33+ Lt % Al
of| A AR8-3t K. pneumoniae ATCC 233572}
A ¢F-& tf 2ol A 11.93 nmol/min/m1 2] 3-lactamase E4] 0|
LERG O ™, quinoloneA] AIAIQ ciprofloxacin & 2]-2]
lactamase &S thzy} v|=tt &S eld v B-
lactam 7| 3324 A] 21 meropenem 2] 2]-2] EHA]-L o o] H]
3 - 7hast AS shelatlet. BklR 1/2CIP-1/2MER-
2CIP 2] B-lactamase E4J-2- 20.49 nmol/min/mlZ T}E *]E]
TS0l 3} 7b4 ) 24 =%k Ciprofloxacin £He) 54)
A A 2]H(1/2CIP) 2] B-lactamase T/ 0] Z7}sl= HAFS 3-

gt uapgoR

30
25

20

E“Ih

V% I 1 Vs
2 p 2 C[p 2 6/ 2 &/
12,

/e%g

B-Lactamase activity (nmol/min/ml)
o

Fig. 3. Hydrolyzing activity of B-lactamase produced by Klebsiella
preumoniae exposed to sequential antibiotics (no antibiotic addition,
CON; 1/2XMIC ciprofloxacin, 1/2CIP; 2XMIC ciprofloxacin addition,
2CIP; 1/2XMIC ciprofloxacin addition at 0 h, 1/2XMIC meropenem at 8
h, and 2XMIC ciprofloxacin at 16 h, 1/2CIP-1/2MER-2CIP, 1/2XMIC
ciprofloxacin addition at 0 h, 1/2XMIC meropenem at 8 h, and 2XMIC
meropenem at 16 h, 1/2CIP-1/2MER-2MER; 1/2XMIC ciprofloxacin
addition at 0 h, 2XMIC ciprofloxacin at 8 h, and 2XMIC meropenem at 16
h, 1/2CIP-2CIP-2MER). Different lowercases (a-c) on the bars within
treatments are significantly different at P < 0.05.

&3l A Als2d Al4%

lactamase 2] 2/ o] HARHE| 2] 282 7| o] YA /ol ¥

© 2 2 91.9-© 2| A}E}H(Tolun er al., 2004), 1/2CIP-1/2MER-
2CIP A 8]i-2 7P =2 (3-actamase 243(20.49 nmol/min/
ml)& H o)1, 1/2CIP-2CIP-2MER A g]to| A 7P Fe &
43(6.08 nmol/min/ml)2- X221 A1} 2] 3-lactam A| YA <]
439 Ao} vi| 2 vrebub= Zi(Table 4)-2 [-lactam 7|
Aol gt Wigo] B-lactamase] A4 ©]]o] &= porin
channel-& 53+ &R A| £3} 74, efflux pump @] 24 5 ThoF
3t 7] 2ho & U 2= 917 w0 & AR EthPoole, 2004;
Pages et al., 2009).

FORL e Het

Fig. 4= A4 A mFol] k2 B-lactamase genes
(blaSHV11, blaSPM), efflux pump genes (acrA, acrB, marA,
ramA, ompK35), quinolone resistance genes (gnrS1), RNA
polymerase subunit beta gene (rpoB) ] At 2] 23l &f WSl
qRT-PCR 53 EIgE Aatoltt. A%} blaSPM, gnrSl,
marA 9] g o] HE A g]tol| 4] Z+2F2, 3, 5-fold o4 3Ha~a}

O, soxS E3F 1/2CIP-1/2MER-2MER Z| &] Lo A A%
O 72 Hadshs AFE Eoth 12CIP A2 Afol=
ramA7} 2.39-fold Z7}35}91 21, 1/2CIP-1/2MER-2MER A
9] AL blaSHYV, acrA, ramA, rpoB2] B¢ o] Z+7F 2 81,
3.27,3.61, 2.35-fold =2 Z7}8}o] X 2| oA 7P e =

—_
(=]

g | olacp
©1/2CIP-1/2MER-2CIP
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Fig. 4. Relative gene expression of Klebsiella pneumoniae exposed to
sequential antibiotics (no antibiotic addition, CON; 1/2XMIC ciprofloxacin,
1/2CIP; 2XMIC ciprofloxacin addition, 2CIP; 1/2XMIC ciprofloxacin
addition at 0 h, 1/2XMIC meropenem at 8 h, and 2XMIC ciprofloxacin at
16 h, 1/2CIP-1/2MER-2CIP, 1/2XMIC ciprofloxacin addition at 0 h, 1/2XMIC
meropenem at 8 h, and 2XMIC meropenem at 16 h, 1/2CIP-1/2MER-
2MER; 1/2XMIC ciprofloxacin addition at 0 h, 2XMIC ciprofloxacin at 8
h, and 2XMIC meropenem at 16 h, 1/2CIP-2CIP-2MER).
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70| g} g WElS © gk ukd 1/2CIP-1/2MER-2CIP
A &) 0] H-9-0l| = blaSPM, qnrS1, marAS A 28k b 2] &
o] wree Wsprh 7o) Uehba) ope A8 shelatsict.
W E A g]tol| A B-lactamase -+ ARXNblaSHV 11, blaSPM)2}
quinolone WA A xHgnrS1) Q) W&l 7ri = ba] Eelst 3-
lactamase 2/ 7} quinolone FHYA| 7=/ 0] Ao} A Hte]
= AE Kozt o= Aol et A2 d P
Aol 2ko] 7} 918 4= 9) © W (Baran and Aksu, 2016), £ AL
of| A &-213F SHV/SPM type [-lactamase 2]o]| Class A (TEM-1,
CTX-M, KPC), Class B (metallo-[3-lactamase), Class C (AmpC-
[3-lactamase), and Class D (OXA-[3-lactamase) 52] t}2 type
9] 3-lactamase”} B-lactamase 4] o] 33k u]E 4= Qltiar
st 4= Qlti(Shaikh et al., 2015). 1/2CIP-1/2MER2MER
2] 1/2CIP-2CIP-2MER 7] @] 7-o]| 4] 7}74 uko. 6.7z}
wE H3lF T 1AL, 12 efflux pump -3-A A2 acrd 1}
ramA 2] Wo] Th2 Aelol] v)s) 714 wol Z7etsick
AcrAB+= RND family efflux pump 2 A ciprofloxacing 3E3+
g 92 W Rl9] 7Aoo S 7HAIAL Qlew(Pakzad et al.,
2013), ramA, marA, soxS 5] 2]3f &3 o] - i George
etal., 1995). o) ZH GAA YA B7}2 Zaf Thel A7 x1
2(1/2CIP, 1/2MER) .t} E312]9] GFAIA| ] 22}7]
o] &

) 9l ke
o] A U4 717} wrdo] dgro] 2 AL SHelstalr.

_I

AL

X~ O
A

7he sl ot A A e 2 e

1 gl wpelelotel ofs 7S |
2al7] 915 2 B2 T AR FYAo] LAFH R
Z 5t} waba], B A= ciprofloxacin ¥} meropenem 2] <=2}
Z A g)of W2 HH 7 (Klebsiella pneumoniae) 2] A=, 3+
AR N4, EdHo| HlE, B-lactamase activity, A5 &
3 W W B A S kel Slsl A ik A
& o Z(control; CON), 1/2 MIC ciprofloxacin (1/2CIP),
2 MIC ciprofloxacin (2CIP), 1/2 MIC ciprofloxacin+1/2 MIC
meropenem+2 MIC ciprofloxacin (1/2CIP-1/2MEM-2CIP), 1/2
MIC ciprofloxacint+1/2 MIC meropenem-+2 MIC meropenem
(122CIP-12MEM-2MEM), 1/2 MIC ciprofloxacint2 MIC
ciprofloxacin+2 MIC meropenem (1/2CIP-2CIP-2MEM)-&- 3£
hstet 24 A1 712 vl 9F 52t 2CIP A 2] 7ol A K. preumoniae
o] A£,0] PAE|A] Q¥skeh. E Aol Al planktonie cell
o] 5= 701141 10 log CFU/MmIS| {+2]2|Q] 2fol& KoLt

o\i
3
rlu
lo rlr
)
S o
i OIN

biofilm cell 2] 2= 7 log CFU/mI 2 H|£:3}3ith S o] Hl
4= 1/2CIP-12MEM-2CIPOJ A| 7H3 W2 14%-2 B gict. of
Z3} v aste] 1/2CIP-2CIP-2MEM A 8] K. preumoniae=
piperacillin, cefotaxime, nalidixico]] thgt WA =7} A=A
t} 1/2CIP-1/2MEM-2CIPrk 7} =2 (B-lactamase activity
(22 nmol/min/ml)S =3l ¥HH 1/2CIP-2CIP-2MEM2 713
19 3-lactamase activity (6 nmol/min/ml)-2 2 $it}. Multidrug
efflux pump A A RHacrd, acrB, and ramA)2] T2
1/2CIP-1/2MER-2MER and 1/2CIP2CIP-2MER #2]¥ K.
preumoniaeoi| ) 26 014 7181 94ck. wekA <314 AyAle)
A 2= K. pneumoniae o] YA W/ 3 dS HIAIA o= Atk

ZAtel ot

B AT SFATAT A ok atebAl 1Ak
(NRF2016R1D1A3B01008304)2] &11H] 2 =3 ] 212
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