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The inappropriate and widespread use of quinolones in humans and animals may cause accelerated
emergence and spread of antimicrobial-resistant determinants. In this study, we investigated
quinolone resistance mechanisms in a total of 65 nalidixic acid-resistant £. col/isolated from swine
rectal swabs (N=40) and clinical specimens (N=25). Antimicrobial susceptibilities were determined
by the disk diffusion method. PCR and DNA sequencing were performed for investigations of genes
and mutations associated with quinolone resistance. In our study, 62 of 65 nalidixic acid-resistant
E. coli harbored mutations in gyrA, parC, and/or parE genes; of the 65 isolates, 62 (95.4%) had
mutations in the gy74 gene, 35 (53.8%) had mutations in the parCgene, 7 (10.8%) had mutations
in the parE gene. The 35 isolates harbored mutations in two genes, gy74 and parC. Plasmid-
mediated quinolone resistance (PMQR) determinants were investigated in the 65 isolates. Thirteen
of 65 nalidixic acid-resistant £ coli contained the gnrS gene and 10 of those isolates had

mutations in the gyrA, parC, and/or parf genes. We confirmed that an important mechanism of
quinolone resistance in £. col/isolated from human and swine involves chromosomal mutations in
the gyrA, parC, and/or parE genes with increasing use of quinolone for treatment or additives.
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cefotaxime, ciprofloxacin, gentamicin, levofloxacin,
nalidixic acid, streptomycin, trimethoprim % tobramycin
(Oxoid)e]l tht 744=4S- Clinical and Laboratory Standards
Institute (CLSD A3l whet HA=l kg o 2918kl
[11). A=H=ES 3l Escherichia coli ATCC 259229}
Pseudomonas aeruginosa ATCC 27853 S-Alo]] AJ3}o]
Sl gl=A) SHTekc,

3. Quinolone LHEQIXt A=

Gt A 743 ARl A nalidixic acidoll W& Urebd o
s tiAFe. 2 quinolone WA RS 2AFSHATE. QRDRS
of| UKt gyrA, gyrB, parC'H parE-37AA] S Ho| & kol
8} PMQR determinants®! grrd, gnrB, gnrs, aac(6)-Ib-cr,
0gxA R gepA-F7AAFE HESH] $18l 712<] primer (Table
DE ARgote] FERAANTSS =2YStATH7, 8, 12-14].
WA A} 152 brain heart infusion broth (Difco)ol] &
o] 37°Col| A 18A|7} B9t 2 DNA purification kit (Bioneer,
Daejeon, Korea)& AMg-sto] 59 0 & ARG DNAS =06
%}, AccuPower PCR PreMix (Bioneer)o] DNA F=%<1 (3
uL), primer 7} 10 pmol % 575 <ote] & 73 25 uLo
HRg-gollo- thE2]th, GenePro Thermal Cycler B48SD
(Hangzhou Bioer Technology Corp. Ltd, China)ollA] 95°C

oAl 5EZE HRSAIZ] &, 95°CollA] 30%, 53°CoA] 30,
72°CellA 3024 303] 5% WHS-Al714L, 72°CollA] 584+ A
& WEAIFT 2ol $34ReS PCR purification kit
(Bioneer)= o|-8-3}o] £ 3t & BigDye Terminator Cycle
Sequencing Kit (PE Applied Biosystems, Foster City, CA,
USA)?} ABI PRISM 3730xI DNA analyzer (PE Applied
Biosystems)& 0]-8-5to] G714 G-& B4 stct. A4 22t
o] ¥714 8= NCBIO Al Al-3h= BLAST 2135 089
o] Z¥7ro] 2z i+t §-AALe) Bl al EA 5T
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1. Nalidixic acid W4 CH&=2| 22

ST T F 11377 HHAQ] A e A
(Swine rectal swabs, SRS$)ZHE] HE|Fglon o] F
nalidixic acidell W& Bl w5= 409t 95 35.7%] W
S Bk 22 717 59 A AI(Clinical specimens,
CSS)RHE= ¥ 5472 th=to] Ee] = =t olF 25+
%7} nalidixic acidoll W& Ho] 46.3%2] U482 YeRich

2. oA g &y

A 717H59F SRSs9F CSs2HE & 6579 nalidixic

Table 1. Oligonucleotides used in present study for detection of quinolone resistance determinants

Primer Sequence (5-3") Gene References
QRDRs PCR detection
SyrA-F TCTGGATTATGCGATGTCGGTCAT SyrA [12]
gyrA-R TCAGCCCTTCAATGCTGATGTCT
syrB-F GCTGAGCGAATACCTGCTGG syrB [12]
gyrB-R TCGGTCATGATGATGATGCTGTGAT
parC—F ACTACTCCATGTACGTCATCATGGAC parC [12]
parC-R CGCCACTTCGCGCAGGTTAT
parf-F GCGGAAGATATCTGGGATCGCT parE [12]
parE-R CTGGCTCAGATCGTCGCTGT
PMQR gene detection
gnrA-F AGAGGATTTCTCACGCCAGG gnrA [7]
gnrA-R TGCCAGGCACAGATCTTGAC
gnrB-F GGMATHGAAATTCGCCACTG qnrB [7]
gnrB-R TTTGCYGYYCGCCAGTCGAA
qnrS-F GCAAGTTCATTGAACAGGGT qnrS [7]
qgnrS-R TCTAAACCGTCGAGTTCGGCG
aac(6)-1b-F TTGCGATGCTCTATGAGTGGCTA aac(6)-1b-cr [8]
aac(6)-1b-R CTCGAATGCCTGGCGTGTTT
gepA-F CCAGCTCGGCAACTTGATAC gepA [13]
gepA-R ATGCTCGCCTTCCAGAAAA
ogxA-F CTCGGCGCGATGATGCT 0gXxA [14]
o0gxA-R CCACTCTTCACGGGAGACGA

Abbreviations: F, forward (sense) primer; R, reverse (antisense) primer; M, A/C; H, A/T/C; Y, C/T.
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Table 2. Antimicrobial susceptibilities of £ coli strains isolated from swine rectal swabs and clinical specimens

No. (%) of SRSs

No. (%) of CSs

Antimicrobial agent

S | S | R

Amikacin 40 (100.0) 0 (0.0) 0 (0.0) 5 (20.0) 19 (76.0) 1 (4.0)

Gentamicin 24 (60.0) 0 (0.0) 16 (40.0) 13 (52.0) 1 (40.0) 11 (44.0)
Tobramycin 27 (67.5) 4 (10.0) 9 (22.5) 12 (48.0) 3 (12.0) 10 (40.0)
Streptomycin 8 (20.0) 4 (10.0) 28 (70.0) 0 (0.0) 2 (8.0) 23 (92.0)
Ampicillin 14 (35.0) 1(2.5) 25 (62.5) 0 (0.0) 0 (0.0) 25 (100.0)
Cefotaxime 40 (100.0) 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0) 25 (100.0)
Nalidixic acid 0 (0.0) 0 (0.0) 40 (100.0) 0 (0.0) 0 (0.0) 25 (100.0)
Levofloxacin 23 (57.5) 5 (12.5) 12 (30.0) 5 (20.0) 2 (8.0) 18 (72.0)
Ciprofloxacin 24 (60.0) 5 (12.5) 11 (27.5) 3 (12.0) 3 (12.0) 19 (76.0)
Trimethoprim 22 (55.0) 4 (10.0) 14 (35.0) 10 (40.0) 0 (0.0) 15 (60.0)

Abbreviations: SRSs, swine rectal swabs; CSs, clinical specimens; S, susceptible; |, intermediate resistant; R, resistant.

Figure 1. Amino acid variations of

A
CP028379.1 ?KSARVVGDVIGKYHPHGDE}AVYSTIVRMAQ PFSLRYMLVDGQGNFGSIDGDSAAAMRYTEIRL

SRS02 L
SRS05 LAVYG
SRS11 LAVYN
SRS19 Y
SRS39 A
C€So01 L N
€s05 L
€S20 N

B 53 57 80 84

CP010344.1 GLNASAKFKKSARTVGDVLGKYHPHGDSACYEAMVLMAQPFSYRYPLVDGQGNWGAPDDPKSF

SRS05 R
SRSI1 I
cso1 I
€s02 T I
€s03 IACYV]
csi3 P 1
cs22 IACYG

C 413 416 458

CP010230.1 ELFLVEGDSAGGSAKQARDREYQAIMPLKGKILNTWEVSSDEVLASQEVHDISVAIGIDPDSDDLS

SRS11
SRS36

Cs02 F
€S04

GyrA (A), ParC (B), and ParE (C)
detected in £ coli isolates involved in
this study and reference amino acid
B sequence with accession number CPO

28379.1, CP010344.1 and CP010230.1,
respectively. SRSs and CSs mean
swine rectal swabs and clinical
specimens, respectively.

A
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Table 3. Quinolone resistance determinants of £ coli isolates showing resistant to nalidixic acid

Mutations in QRDRs

Isolate Specimens Phenotype* PN\QRT genes
GyrA ParC ParE

SRS1 Swine feces NA Wild type Wild type Wild type qnrs

SRS2 Swine feces NA S83L Wild type Wild type

SRS3 Swine feces NA S83L Wild type Wild type

SRS4 Swine feces NA S&3L Wild type Wild type

SRS5 Swine feces NA S83L, D87G S80R Wild type

SRS6 Swine feces NA S83L, D87G S80R Wild type

SRS7 Swine feces NA S83L, D87G S80R Wild type

SRS8 Swine feces NA S83L Wild type Wild type

SRS9 Swine feces NA S83L Wild type Wild type

SRS10 Swine feces NA S&3L Wild type Wild type

SRS11 Swine feces NA, LEV, CIP S83L, D87N S80I S458A

SRS12 Swine feces NA, LEV, CIP S83L, D87N S80R Wild type

SRS13 Swine feces NA, LEV, CIP S83L, D87G S80R Wild type

SRS14 Swine feces NA S83L Wild type Wild type

SRS15 Swine feces NA, LEV S83L Wild type Wild type aqnrS

SRS16 Swine feces NA, LEV, CIP S83L, D87N S80I Wild type

SRS17 Swine feces NA S&3L Wild type Wild type

SRS18 Swine feces NA S&3L Wild type Wild type

SRS19 Swine feces NA D87Y Wild type Wild type

SRS20 Swine feces NA Wild type Wild type Wild type gnrs

SRS21 Swine feces NA, LEV, CIP S83L, D87N S80R Wild type

SRS22 Swine feces NA S&3L Wild type Wild type qnrsS

SRS23 Swine feces NA, LEV, CIP S83L, D87N S80I Wild type

SRS24 Swine feces NA S&3L Wild type Wild type

SRS25 Swine feces NA, LEV, CIP S83L, D&7N S80I Wild type

SRS26 Swine feces NA S&3L, D87G S80R Wild type

SRS27 Swine feces NA S83L Wild type Wild type

SRS28 Swine feces NA, LEV, CIP S83L, D87G S80R Wild type

SRS29 Swine feces NA S&3L Wild type Wild type

SRS30 Swine feces NA S&3L Wild type Wild type

SRS31 Swine feces NA S83L Wild type Wild type

SRS32 Swine feces NA S83L Wild type Wild type

SRS33 Swine feces NA S83L Wild type Wild type

SRS34 Swine feces NA S&3L Wild type Wild type

SRS35 Swine feces NA S&83L, D87G S80R Wild type

SRS36 Swine feces NA, LEV, CIP S83L, D87N S80I S458T

SRS37 Swine feces NA, LEV, CIP S83L, D&7N S80R Wild type

SRS38 Swine feces NA S&83L S80R Wild type

SRS39 Swine feces NA S83A Wild type Wild type

SRS40 Swine feces NA, LEV, CIP S83L, D87N S80I S458A

st Urine NA, LEV, CIP S83L, D87N S80I Wild type qnrs

cS2 Urine NA, LEV, CIP S83L, D87N S57T, S80I L416F qnrsS

cS3 Urine NA, LEV, CIP S83L, D&7N S80I, E84V Wild type qnrs

CS4 Body Fluid NA, LEV, CIP S83L, D87N Wild type S458A

(S5 Urine NA S83L Wild type Wild type aqnrS

cS6 Urine NA, LEV, CIP S83L, D87N S80I Wild type qnrsS

cs7 Sputum NA, LEV, CIP S83L, D87N S80I, E84V Wild type

S8 Blood NA, LEV, CIP S83L, D87N S80I Wild type

CS9 Urine NA, LEV, CIP S83L, D&7N S80I, E84V Wild type qnrs

CsS10 Blood NA, CIP Wild type Wild type Wild type gnrs

s Body fluid NA, LEV, CIP S83L, D87N S80I, E84V Wild type qnrS

CS12 Blood NA, LEV, CIP S83L, D87N S80I, E84V Wild type

CS13 Urine NA S83L, D87N S57P, S80I Wild type
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Table 3. Continued

Mutations in QRDRs

Isolate Specimens Phenotype* PN\QRT genes
GyrA ParC ParE

CS14 Urine NA S83L Wild type S458A

CS15 Urine NA, LEV, CIP S83L, D87N S80I, E84V Wild type aqnrS

cs16 Urine NA, LEV, CIP S&83L, D87N S80I Wild type

cs17 Urine NA, LEV, CIP S83L, D87N S80I, E84V Wild type

CS18 Urine NA S&3L Wild type Wild type

CS19 Urine NA, LEV, CIP S83L, D87N S80I, E84V Wild type

€S20 Urine NA D87N Wild type Wild type

CS21 Blood NA, LEV, CIP S83L, D87N S80I Wild type

(S22 Urine NA, LEV, CIP S83L, D87N S80I, E84G Wild type

CS23 Urine NA, LEV, CIP S83L, D87N S80I Wild type

(S24 Urine NA S&3L Wild type S458A

(S25 Pus NA, LEV, CIP S83L, D87N S80I, E84G Wild type

Abbreviations: SRSs, swine rectal swabs; CSs, clinical specimens; AK, amikacin; CN, gentamicin; TOB, tobramycin; S, streptomycin;
AMP, ampicillin; CTX, cefotaxime; NA, nalidixic acid; LEV, levofloxacin; CIP, ciprofloxacin; W, trimethoprim; QRDR, quinolone
resistance-determining regions.

*Antimicrobial resistant phenotypes about quinolones: nalidixic acid, levofloxacin and ciprofloxacin, TPlasmid-mediated quinolone
resistance (PMQR) genes: gnr, aac(6’)-lb—cr, gepA and ogxA.

alanine (A) T leucine (1) 2.5 B ALKS83A, S831) 871 ciprofloxacin)ofl &5 WAL

A ohu|:=AHaspartic acid, D)°] glycine (G), asparagine (N) T= 77N o] fAA el FAlol
F+=tyrosine (Y) O 2 X e 5¢H0|(D87G, D&7N, D87Y)  ERI= =t Aol AIA fefiet o+t 84.0% (21/25)7F
At parC AR EAHOlE gyrd AR BBt o 57N olde] fAAte EAHOlE 7HA AL QIH WhH =A] o]
ohoFslel o 57 A of] L AKS), 8OMA] obn|AKS) T2l 1t A St S 42.5% (17/40)7F 570 o] Ake] G214}
8414 o] - AHglutamic acid, B)o| Al S ol Eo] 2ol EAHO|E 29I Qi A0 & Uit

et 5794 S7} proline (P) T+ threonine (T) 2.2 X|3g

= |(S57P, S57T), 808A] S7F arginine (R) T+= L& %] 2) PMQR determinants A=

% £9IHo|(S80R, SSOL), 1821 84914 E7} G T valine B Aol A= 65959 nalidixic acid WA th+-2 oAk
(V)E X3}l ZoHo|(E84G, E84V)Eo] & o lof|A] EHelx] ©& PMQR determinantsQ! aac(6)-Ib-cr, ogxA, gepA,
AU}, parEFRARFEAS Eol ER1EH F3Hol= 41694 of qnrA, gnrBY gnrSAARE] Rk g 2ARH | flof S
u]=AK1)o] phenylalanine (F)& X]¥He EHO|(1416F)2} A& AW A} gnrS G AAE HESH] $Jot H-g-ol
458HA ofu|iAKS)o] A Ei= TE X|3HE S H0|(S458A, = Alefotale RS0l UehbA] oiglth 79
$458T)=°] 3t of§ A-tellAl+= quinolone &aAol A Bl gues5-AA L o] ERIE = F 13t ol 5
= U= 202 44 e EdRolE grB Al 78 QRDRsOll E¢HolE £33HA] ¢ +#5== SRS1, SRS207%
A3 Qs it §le A S & eyt CS100.2 Yehdt}, 18|30 gnrs AR T3kh= % 134

ShH, B A-to| M= 2ARE it ¥ 651 5 30 TFE A F 5 97 CSs2H-E HelH titol AL 4459 SRSs
QA+ 6270 9] w571 gyrA, parC'R/ = parE- AR ] SolH 2RE SaE giAtol et
o] & 29kl Y=t 6295(95.4%)7F gyrA A =4

==

Hol S skl Q1%1AL, 354(53.8%)7F parC F-3A ) &= oz

Aol E 2t Il o, 79t55(10.8%) 7 parE-F7A4k] &%

HolE 7HA] 1L Qli= A 02 HEpSITHTable 3). gyrd 54141 SAFE7I A& o] ARE-SEL §lar (Aol A e $hRRe] X
EHOlE AL Q= 629F T 35957} parCAA| FE 9ldl "I EHA AR-E|AL ¢l= quinolone Al &<tA| o
SAlol ERI01E 7 AL ISt o] & F 28T = A WS Uetd= Aleto] S7FstaL §lof AR vt obu e} 75
oA AR quinolone A€ SAll(nalidixic acid, levofloxacin, < 4o = quinolone AlE A WA 78S Aok= A
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Z-astrh wheha] & Aol A= 7hsat Aol A Ee] E o
O = quinolone AlE A of thet Wi/d&-2} o]
o 141*5] S T3] WS Ul =A1E ARSI
59 % 6592 nalidixic acid WA th&=to] <=
5 402 QRDRsol YA et -f7axke] <
} c}. tidto] quinolone Al d StAlol WA
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