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Corresponding Antibacterial drugs are one of the most important therapeutic agents of bacterial
Min-Ho Suh, M.D., Ph.D. infections but multidrug resistant Escherichia coli (MDREC) is an increasing
Department of Microbiology, Keimyung problem worldwide. Major resistance mechanism of MDREC is horizontal gene
University School of Medicine, 1035 transfer of R plasmids harboring integrons, which the integron integrase (Intl)
Dalgubeol-daero, Dalseo—Gu, Daegu, catalyzes gene cassette insertion and excision through site specific recombination.
42601, Korea In this study, resistance profiles of integron harboring £. co//isolated in Korea and
Phone : +82-53-258-7371 the genetic environments of integron gene cassettes were analyzed by PCR and
Fax @ +82-53-258-7363 direct sequencing to clarify the mechanisms of spread of integron harboring £
E-mail : minho@dsmc.or.kr coli. Resistance rates of integron harboring £ co/i including B-lactams,

aminoglycosides, and fluoroquinolones and MDR frequencies were significantly
higher than that of £ co/iwithout integron (p<0.01). Majority (80%) of integron
harboring £, colishowed resistance transfer by conjugation. Most (80%) of £. co/,
had dfrA77-aadA5 cassette array and PcH1 hybrid promoter; 16.7% of £. co/ihad
afrA12-orfF-aadA2 cassette array and PcW promoter. The higher prevalence of
weak Pc variants among most (96.7%) of integron harboring MDREC suggests
that a flexible cassette array is more important than enhanced expression. All the
integrons had LexA binding motif suggests that SOS responses control the
expression of these integrons. In conclusion, the genetic bases of integrons were
diverse, and the spread and the expression of prevalent gene cassette arrays may
be deeply related with strengths of Pc promoters in integrons. These informations
will provide important knowledge to control the increase of integron harboring
MDREC.

Received : November 29, 2019
Revised : December 13, 2019
Accepted : December 14, 2019

No potential conflict of interest relevant to
this article was reported.

Key Words: Integron, Gene Cassette, Promoter, MDR E£scherichia coli

ol Zefoll 3 AZ o|4kel &0l
i Zeizle U 20| dMAHSZ STt
[ Tt (1, 2). H¥FS HIRS 0% S4
MIZHOollA T 2FA el R plasmid?t Ml Zt horizontal gene
transfer (HGT)OIl 2lslf WERMAE =4A7(7] T2Q ZHe=z d4H QUCH (3,
4). R plasmid?t HWdRUAEE 2Sst= 7|822M R plasmidol #{zlet UAe
RHAt FIME ZE0| CHEHO|H 1O 2oz

Il
N 4
$0
=1r
ol
o
T

) I_HA‘I O|
Copyright © 2019 Journal of Bacteriology
and Virology

©This is an Open Access article distributed QIHIZ integrase (Inthofl 2|5t

under the terms of the Creative Commons transposonO|Lt insertion sequence (IS) S2| 0|54 DNASO| 223 7|58 48
AttrlF)thlon §on—(‘ommcrc1al License iCt (3 5~7). Olg12e transposonOIl—f R pasmld”oﬂ o251 Q= zpoIZI0]
(http://creativecommons.org/ = s o siale —
license/by—-nc/3.0/). {2 22 9 9ol Che(o|H, Chet LY RAAL FIMESS ARSI S35t

176 Copyright © 2019 Journal of Bacteriology and Virology



Integron Structure of MDR £, colf Y-Y Yang and M-H Suh

UHAZ22H RplasmidZt CF 24| WWES 7HAIEF BICH (6, 8,9). QEITE RUAL FHMES| WslE 2Hst= Pc promoter=
2o wat Z4s U Z4=E 7HR|E strong Pc (PcS) promoter?t kst &5 24=E 7

2|22 PcWet PcS7tH 2222 A9l hybrid Pc (PcH1) promoter & CHFSt promoters0| EA6HH, &
-35ME -10M L0l fslf AHECH= AMKO| B oLt I 2] Q820 Cist 0] 20fe| dAFE o

J2( R FIMES| 22 Inti?t =St Intle] 2SS ZA3Sh= Pint promoter= Pc promoter?t M2 HE2AE 7t
A1 UOIM Pc promoter2| Z&=0f W2} Intl2] Yai0| HSH FAMZL FIME 20| &2 DIXA =2

FHO| Attt AMEOl EE|RACt (6, 10, 11).
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MATERIALS AND METHODS

% 22 2 5%

=

i

20169 100l 2017E 2 AtO[of| CHLR(Y 170 32}HO|M 22| BiYE T ZFHE0| Ea=0] U i 117
=% 2ot B FH2 MR F AT AFESIRCH, 117F30M 3732 HMARLNN blacxw BF 22 SRl &

Tt (3). ZE A3 TE2 IRB Aol HAHYAUS =HQIstRACH Cidd A2 HHAF0AM 7|=st Y-ol w2t APl 20E
(BioMerieux, Marcy I'Etoile, France)2t HEX S BES ARSI SH5IYCH (3).

SoA g A

B-lactamA|€2| ampicillin, cefotaxime, cefotaxime-clavulanate, ceftazidime, ceftazidime-clavulanate, aztreonam 2! imipenem
I aminoglycosideAE Q| streptomycin, amikacin, tobramycin, kanamycin 2! gentamicin2} quinoloneA|€2| nalidixic acid
2 ciprofloxacin2t sulfamethoxazole-trimethoprim, chloramphenicol, tetracycline § 1722| &A|(Sigma-Aldrich Co., St.
Louis, MO, USA)O|| CHEH Zt4A ZHAE AA|SIROD, ZAIEIEIS M O|A 7|25t agar dilutionH o2 ZHAFSIACH (3). &
T 2| LISt @FEM Escherichia coli (E. col) ATCC25922%} Pseudomonas aeruginosa ATCC278532 &7H HAKSIFSH
Clinical and Laboratory Standards Institute (CLSI)Q| 7|20 2|5t0] Wi & {25 THASIACH (12). CF LA LHY #9o Ty
Magiorakos 2| 7|Z0i T2t 3A4|Y O|49| A0 U 2 B Zdedel @2 of A UH 222 TESHRICt (13).

R plasmid2| /XA ZHAIRE plasmid DNA &4

ol olet WEHAZHARE MAHT0M ARSE LY (3)2 WM NaNsol| LHQl £ cofi 538 T dY 722 AREstRitt
Transconjugant= cefotaxime 2 mg/L 2 ampicillin 32 mg/L2} NaNs 150 mg/L7} Z&HEl MEH HYZ|E 0|250] &It
Plasmid DNAE AT (3)0IM 7|8t CHE Kado2t Liuel ¥z Edli (14)22 22|5tR20 2|8 plasmid DNA= 0.7%
agarose gel2} 1X Tris-Borate-EDTA EUHOIM 40 V2 20 A|ZE H7| S A7l & 0.5 pg/mL ethidium bromide2 gel2 A4
5t S/PLE A2 F Gel Doc-it TS H2|(UVP, Upland, CA, USA)2 2H5t0] TH=5tRACt

DNA ZZ3} PCRO|| 2|5t Qlg|12, AL ZtME 2 plasmid replicon®@E A}

ol

DNA ZZ1} PCRAEYE MAHTOIM 7[=S A (3)0] SotRedl, 22lE DNA= 1.5 mL O|ZdE2|2H(SPL Lifesciences
Co., Pocheon, Korea)of E1 -20 €O EUSIHA ARSI, PCR 82 GoTag Flexi DNA polymerase (Promega
Corporation, Madison, WI, USA)2t Thermal cycler (C1000, Bio-Rad Laboratories, Hercules, CA, USA)E AFE35H0] 20 ul scale
2 AAISHHCE PCRO| ASH primerS2| oligonucleotideME, GenBank HE 2 annealing 2%+ Table 12} ZC} PCR 2
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2 2|Z0f| 94 TOM 527 O€ F, 94 COIM 12, annealing 2X0|A 302, 72 COM 1222 3535] BFEAIZI CHS, 72 O
M 5827t 22| & MEo| ALRSICH PCREl DNA 10 plZ GelRed (Biotium, Fremont CA, USA) GM s M2 12%
agarose gellt 1X Tris-Borate-EDTA 2t20|M 100 V2 15 22t H7| B& AlZ] & Gel Doc-it TS Zz|(UVP)2 Y50 T
SHRACE PlasmidQ| replicon¥¥ £F7= PCRS 7|82 2 St Carattoli S2 Y (15)0] 2|5t0] HALE AAISIFCE
Table 1. Sequences of primers used for PCR amplification and DNA sequencing for integrons
Primer name Primer sequence (5’ to 37) ac?eesr;:?)annrlio, Position of primer temA[)r;?aeflJllrr;g("C)
5'-CS GGC ATC CAA GCA GCA AGC AF458080 544-561 55
3'-CS AAG CAG ACT TGA CCT GAT AF458080 2903-2887 55
intl1-L GCCTTG CTG TTC TTC TAC GG X12870 898-879 57
intl1-R GAT GCCTGCTTG TTC TAC GG X12870 341-360 57
intl1-A CAG TGG ACATAA GCCTGT TC AF458080 386-405 57
intl1-B CCC GAG GCATAG ACT GTA AF458080 545-528 57
intl2-A AAA TCT TTA ACC CGC AAA CGC AJ001816 1475-1495 57
intl2-B ATG TCT AACAGT CCATTITTTAAATTCT A AJO01816 1914-1887 57
intl3-A GTG GCG CAG GGT GTG GAC D50438 194-211 59
intl3-B ACA GAC CGA GAA GGCTTATG D50438 959-940 59
gacEd1-F1 ATC GCA ATA GTT GGC GAA GT AMO040708 2153-2172 56
gacEd1-R1 CAA GCT TTT GCC CAT GAA GC AMO040708 2378-2359 56
gacEd1-F2 TCG CAA CAT CCG CAT TAA AA AMO040708 2175-2194 52
gacEd1-R2 TTT TAATGC GGA TGT TGC GA AMO040708 2194-2175 52
sul1-F1 CTT CGA TGA GAG CCG GCG GC AMO040708 2514-2533 65
sul1-R1 GCA AGG CGG AAA CCC GCG CC AMO040708 2950-2931 65
Sull-rev-R GCT CAA GAA AAATCC CAT CCCC AMO040708 3012-2991 57
intl1-up1 CCG TAG AAG AAC AGC AAG GC X12870 879-898 57
intl1-up2 GAC TTC GCT GCT GCC CAA GG AY816215 281-300 57
attl-R GAC TGC CCT GCT GCG TAA CAT AY816215 585-565 57

5°-CS, 5’-conserved segment; 3’-CS, 3’-conserved segment; /nt/, integron integrase gene; gackdel/ta, quarternary ammonium
compound efflux gene; su/7, sulfonamide resistance gene; att/, site specific recombination region of integron.

DNA Y7|MY ZAL, dY L DNAAE folding=2A

DNA @7|MZ2 PCREI DNAZE U422 ABI PRISM Big Dye Terminator v3.1 cycle sequencing®l(Applied Biosystems, Foster
City, CA, USA)2ZE ZA[SIHI, DNA |AHY AAL= BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch)
D278 0|25t BM5I2H, Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/)E O|&3t01 DNA EI7|IMEES
ot & QAUASS M5t QH A2 QAR FIME artCME2|l DNA 2&t22 folding®+= Mfold web server(http://
www . bioinfo.rpl.edu/applications/mfold)2t DINAMelt web server (http://unafold.ra.albany.edu/?g=DINAMelt/Quikfold)E
0|83t ZM3IUCH (16).

RESULTS
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Ao, blacoxw EF el QEHZ 22| Y=t blacxw Hl BR w2 Y=o Hls 1.9H] =UACHp<0.01). QE|OQ2 BER
TE2 25F(100%)7F 3HE 0|42 A0 LHEQl CF A LM = (13)0[A2M, 2|4 3Z0IM 2o 1582 F=A0| LdS
LIEHHRACHFig. 1). QEIODZ2 BR AE2 Hd 7.13° Ao LHES 71|10 JARSH H| iy @2 ¢ == ALt Qe
H ER 52 873720 45%(51.7%)7} CF A LY 0|1, 178 A 250 2440l F0| 265(29.9%) XLt QIE|
02 Hl E7 d&2 2|4 001N 2|0 1429 A0 WS LEIRD, B 3.332 A0 WaE 71| AURUCEH Qe
2 ER0| 2 O oA L Blzet W A +E Hlust dut QEO2 B8] w0 H| BEf 0 |3 of 2 W Ble=
1.9 Ol =RA*1(p<0.001), WA ShdA| = 2.28] BQUCHpL0.001). Extended spectrum B-lactamase (ESBL)E *44At5t= Cf
HAQ QU QIHAEY blacxve 25 BRE 49| A0 WES 7HA1D AR AE|DE23 blacxws 2
5 ERotR| 42 0| Hls Cf A Wi Blees 2 98 O =% (p<0.001), LA A = 4.58) Of4 UCHP<0.001).
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Fig. 1. Incidences of multiple resistance to increasing numbers of antimicrobial agents in integron-positive
negative (m) Escherichia coliisolated in Korea. Total 117 isolates (30 integron-positive and 87 integron-negative isolates) we
re tested.

QE|TE 2wt doAldrdatel A

I OE ER0| ME TRAHLSEe 20| ZAtet?| flsf QHIOE Ef it H 2R @2 173 A0 st MICso,
MICo, MIC &S|, 12|10 ZeM g3t LHE 88 2 S|l 82 H|wotdCHTable 2). QIE|OE H| Ef =0l Hlsh 2R =2 U
g 80| FootA =%1, g 80| FelotA EUA2H, MICso2t MICoOM= dAsHAH 2 2018 EX 1, MICH{0 A0IA
= 2 0|8 EO0|2| ULt CephalosporinA| Al WHE ZArSH 2t Q|02 Ef 0| Hl 2] 0l Hls cefotaxime
WA 80| 2,181 =U1(p=0.001), MICs00| 328l 0|4} =2, cefotaxime-clavulanate WA 80| 4.781 =%t (p=0.004),
MICg00| 108 O|4A =QtO D, ceftazidime WA €2 2.68] =1 (p=0.024), MICso2 4H) =%2 O, ceftazidime-clavulanate
e 82 15281 &% (p=0.004), MICeo2 168 =UCt Carbapenem#| shaA| WAHS ZAFSH 2ot QE|O2 ER 0| H
2R 20| Hlal imipenem S5& W 0| 8.7H] =11 (p=0.004), &4 82 1.2H] YU (p=0.004), MICeo2 2t =
UAoLt AES 2E F SOIAM imipenemoil LIFQ #F2 URACE Monobactam™| A LHES RAFSH 2ot QD2 BER &
0| Hl B8 0| H|3} aztreonam WA 82 2.5H) =2t (p=0.046), MICso2 4Bl =QUC} PenicillinZ| &4 WAHS ZASH &
I QA2 BQ #0| H| B 20| H|&l ampicillin L €2 1.681 =% (p=0.001), MICse2 2t0|7+ ARACt. Quinolone|
A LIS RAFSH 23t QIHOZ ER 0| H| 2] 0 HlsH nalidixic acid LA 0| 1.8Hf =%11(p<0.001), MICso= 4
HY Ol4 =20, ciprofloxacin 244 &2 1.6 Z%12(p=0.029), MIC500| 256HH 0|4 =UATt Tetracycline| &4 LI
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2 ZArst 21} QA2 BR 70| Bl 28 20| H|5l tetracycline L4 80| 1.881 &% (0=0.046), MICso2 2f0|7} ARACH
AminoglycosideA| &4 LIEE RAISH 22t QIHOZ2 ER] 0| H 2§ 0| H|sH streptomycintid 0] 2,38 =%2
(0=0.001), MICsp2 4t =420, tobramycinZs4d 80| 1.38f Y1 (p=0.037), MICso2 28] &=/}2H, kanamycinZd4d
22 1.781 Y%10(p=0.004), MICs02 2 =2t20, gentamicinthd 82 248 =21 (p=0.006), MICso= 48 =uC}
AmikacinOl= QIE|IOE EF 72t Hl & o ALO[0] W S0|Lt Z4d 801l 20|17t iA20q, 93~94%2| 0| amikacinOf|
ddE LEHHRACE Sulfonamide| SdAl| LGS A 23 QIEOE2 2/ 0| H ER7 0| H|3H sulfamethoxazole-
trimethoprimti4 0] 6.58 =A% (p=0.000), MICso 168 O]4+ =R*Ct Chloramphenicol| A WA&S ZAFsH 21t 9l
HOZ 27 72 H 2% & A0[o] W S0|Lt 2= 201l 20|17t iAW, 87~93%2| 0| chloramphenicololl A4S
LIEFLHACE.

Aol /5t U MY U plasmidSA 24

QIEHAZE Ef & 30F SO0|M 24F(80%)7F ol 2o mMEw J532=2 LiMHOo| MY, QHIZE Ef & SOlM
blacxve BERS HEASE 14F30M 135(92.9%)7t &0 oJaff mMEFez LHH0| MELAel &2|E plasmid DNA
ega Dalton At0|Q] 37| CHTable 3). PCRE 7|8t22 3t repliconZ Al 22} Frep, FIA, FIB 52| FA|

1 M
9| plasmid?} CHEE0|A 1 B/O7t 15 ZHAIE|ACHTable 3).

M

QE1Z TZ 24

PCR X DNA 7IMEZMEE 0|83 blacxm ZF @ 1472 blacxw Bl ] & 165 & 3052 U ==0
Qe 3079 QIE|TES] RHY PZE ZAGIACH QEDES BRI s KA FMES 20| TR} 3ZRE ERE 4
EE 7
2.

AN
=0, Y |UR FHMEE 7R ZA(AR)0| 170, 2709 |44t FIMEE 712! A (BY)0| 2474, 2|1 3742 RUZ} FIMEE
711 ZA(CH)0| 5= Bt 2.1702] |4t FHMEE 7HR| 2 UAC Fig. 2= 3ZFQ| AHAES| #+2E schematic diagram
o=z st Ogo|th & QHAEE 5-E& ME(5-CS) 3°-CS7t & B2 JAAD, O S0 1~3742] FUAL FIHE
£ 7132 UAUCE 5°-CSOl= /nt/7 RARRE att/ ME0| & B2&[0] JAUL, 3-CS= gack-deltalat sull RBAE Z0 AUCH
(Fig. 2). AY QIE|12& aadA” aminoglycoside adenyl transferase SAAF FIMEZE 71|12 QQUD, B QB A2 dfrAT7
dihydrofolate reductase S} 7IMER} aadA5 aminoglycoside adenyl transferase S-AF ZIMEZS 712|1 QY 1, CH QIE
J2E dfrA712 dihydrofolate reductase 82AF ZEMESR} orfF SR ZEMERL aad/A2 aminoglycoside adenyl transferase /-4

A FHHES 7HA D JAC. dEst 2E ABAE WROIM blacxm wHAE BEE|R| SEUCH

—

QU FME T2 2A

>
ogt

OlE| Q22 streptomycin®} spectinomycin LHA SRRl sad/42 aminoglycoside adenyl transferase T QXA ZHME
£ 7112 JUUCL aadA2 RUA FHHEE 5-CSQ| att| GMEL attCR| TTAGACMEO| HELO AU, artCe] GMYL} 3-
CSQ| artR| TTAGATMEO| HZE0] JAACHFig. 3A). BH QE|AEE trimethoprim WA |FHAR!I dfrd77 dihydrofolate
reductase At 7tMEL}, streptomycinzt spectinomycin i RAZIR aadA5 aminoglycoside adenyl transferase At
FIMEE 712|2 UACt. dfrAT17 SHAL FIMNEE 5-CSQ artR| GMY} arrCR| TTAGCCMEO| HAEO YA, artCR| GM
Gt aadA5 FAUA FIMEL] attCR] TTAGGCHEO| HEE[0] JUULH, aadds AL FIMES| attCR| GMIat 3-CSQ| attf
O TTAGATMYO0| HAZ|0 QARACHFig. 3B). CH QE|LEL2 trimethoprim WA SAZIQ! ¢fA472 dihydrofolate reductase &
M2} FIMERL, orfF SHZF FEMESRE, streptomycint spectinomycin LA SA21R1 ga042 aminoglycoside adenyl transferase
Q2 FIMEE 71A|2 JUCH dfrA12 QAL FIMEE 5-CS9l attP| GMEt artCR| TTAGCCAH 0| HALZ|0f /AR, attC
9| GMEt orfF RAAL ZtMES] attcR| TTAGCAMEO| AZE|0 UULH, orfF FUA FIMES| artCR] GMEL aadd2 &
A2} FEMEL| arrC2| TTAGACKH 0| HEEZ|O JUUSD, aadd2 UL FHMEL| artCR| GMEBLt 3-CSQ| arfR| TTAGATME
O] HE=0 ARUCHFig. 3C). O HTOIM EQlst 552 FHUAL FIMEN= AGG, AGC &2 AAG &9 2[2& 28 MY
(Ribosomal Binding Site, RBS)Z} ATG, GTG &2 TTG 52| A2} codon, 12|22 TGA &2 TAA 59| A2 codonO| & EZg|
o] AUACHFig. 3).
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5'-CS aadA2 gene cassette 3-CS
aadA2 gene attc
A GITAGACATCATGAGGGTAGOG GT(258- TGATGT CTAACAATTCGT TCAAGOOG-15bp-GCGGCT TAACTACGGASTTAGAT
RES codons
R R’ L= | & R
5-CS dfrA17 gene cassette aadA5 gene cassette e
dfrA17 gene attc aadA5 gene attc
B GATAGTAITAAAGAGITAMA TG B-G3C BAAAGGIIGAGACahp O TR TATTAICATGE - G4t p TR AAT RGN TOAAGIEE 13 p OO TPACTATGGTIAGAT
RES codons R8BS codons
R R g B R R’  sf L R
5-CS dffA12 gene cassette orfF gene cassette
dfrd12 gene alic orff gene atic
C APAGTTAGCCATATG 163-GaC IAACCATICOGTCAACG-50bp-CGTTAGG TCCAACGTTAGCA-2 Thp- AT TT- TTICIAACATTTC-GGICAAGC -20bp-GCT TAGCTASCOIE TIAGAC
RES codons codons
R R* L B R R" L [ R
a3adAZ gene cassette 3-CS
aadA2 gene attc

-ATCATGAGGGAAGCG GTG 258- TGATGT CTAACAATT CGTTCAAGC-20bp-GCTTAACTCOGGCGTTAGAT
RBS codons

R’ L L R

Fig. 3. The DNA sequences of class 1 integrons and their gene cassettes from multidrug resistant Escherichia coliisolated in
Korea. A, Integron with aad42 gene cassette containing the aad42 aminoglycoside adenyltransferase gene and its attC. B,
Integron with dfr7A77 gene cassette containing the 77477 dihydrofolate reductase gene and its attC, and aadA5 gene
cassette containing the aadA5 aminoglycoside adenyltransferase gene and its attC. C, Integron with dfrA 72 gene cassette
containing the dfrA472 dihydrofolate reductase gene and its attC, orfF gene cassette and its attC, and aadAZ2 gene cassette
containing the aadA2 aminoglycoside adenyltransferase gene and its attC. The putative initiation codons and stop codons
are in italics. R”, L, L’ and R’ indicate imperfect inverted repeat sequences (underlined). R5S, ribosomal binding site.

S FINE att(EY &M

2E FHHESS| art(BYol= Intle Zgol|l &ofsts 7-8 &7| Aol 22t & 8= MEE(R7, L, L, R)0| 22| ACHTable
42} Fig. 3). attCZdH2| bottom strand DNAS| 22t <& HtE MESO0| intra-strand pairing=td] attC folding0| Y& oj
pairing2 O|RA| &1 DNA helix /22 &&= EHBSS ZAKst 21 L boxOlM= 1~27049] EHBZt HAZ|Y=H G7t
62.5% %10 C T7t 37.5% 20 C= dfrA77 FHMEOMTE HRAE/UD T= aadAS5 7HMEO|MEBE 22| ACHTable 4). Stem
loopOllME 1~27§49| EHBZt HAZIU=H T7t 84.4%2 71 WU GIt 15.6%, C7t 7.8%FM GE dffAT122} orfF 7t
MEOMEE ZAERD C= dfrA12 FIMEOMDE H2Z|QICHTable 4). Stem loopQ| YUTHO| ZA§St= variable terminal
structure (VTS)S2 RAISH 23} ACG7t 82.8%2 712 U/} ATGIt 9.4%2M aadA0|MBH BRE|JOT, AAGIH 7.8% =2
M orfPIMBH 2| ACHTable 4).

U:DR

r

QIE| 129 promoterdHy} LexA box

1%

o]
A

iz

Mo

FUZL FIME S0 2OSt= Pc promoterd s AMSt A1t 2= AE|AR0M 5°-CSQ| int/7 KA ML QHoll promoter
7150 st -35MGa -10M Q0| B2t2|of YAl promoter?tRE 221 UL aadd2 FHHEE EREH AY Qg2
-35 (TTGACA)2} -10 (TAAACT)Z FAEl 245t PcS promoterS 1A UYL, dfrA712-orfF-aadA2 FHMNE THEE 712 C
P22 -35 (TGGACA)2} -10 (TAAGCT)E2 F4&l 25t PcW promoterE 7|2 JUCH, dfrAT7-aadA5 FIMNE THE
712 BY QI 122 PcWe| -35 (TGGACA)QF PcSel -10 (TAAACT)2Z A%l PcH1 hybrid promoterS 7t UACH
(Table 5). QIEHIAZE /nt/7 Y30 &0fst= Pint promoterds ZAFSH 21t 72| 2E(96.7%) QEHZ0| -35 (TTGCTG)2}
-10 (TAGACT)Z /=l promoterg 7HA| 2 UU2D CH QIHZE 2| SHLI0IA -35 (TTACTG) A 0| 2L UCHTable 5).
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SOS repressor®! LexAZ7} ZEeto2M jnt/7 SR} Y ZAH0| 2HoiSt=
J20|M 5°- CSQ| /int/7 KA A|2t codonZ} Pint promoter?| -10ME
7| 49| palindromic motif7} Zt2t=|0f LexA AT MY0| ZAjge & £

LexA box ZM0{EE ZAGH 21}, M55 2E Qlf|
ALOJOf] CTGTACAAAAAAACAG AEE 77
QAUACHFig. 22} Table 5).

ir
>
0R

DISCUSSION

HEAH

i

Ch ok WA ciaE, E3] QHIOA2E BRI U= CTX-ME ESBL A CHARAES T Wi 52 Adkz Ziglg

= U 17). O AFOIME Cf oA LY chEdzel BIETE 64.1%2M D12
= . 19)8F RAISIAR, QA2 B/ T2 307(25.6%)2M 22~59%2] BI=E 2ol IUe|
9 21 (6, 20~23)2t RABIALL Tt U=, =7t AAHZ B0 240|7} UE A2 WZECH (24, 25).
blacx-wg 27t TS| AE|AE ER/RE0| blacxm Hl ER 0 HlgH FSH =920 (p<0.01) M3l A1S59| Bt 7
AFStTH (26, 27). QEHIAZ 2R @52 305 25(100%)7t o 24| W4 #0IUX, imipenemt tetracycline 0|2/e| 2 &
A0 LEE LiEtle e UHRE JAJUCH QIEAE ER0)| T2 of 2| WY Bzt WY g4l 5 Hlusl 2 Qe
2 2% #0| Hl 27 0| s of oA Ui Bl== 1.98) Ojd A3 (p<0.001), Ui &= == 2.28] HOM(p<0.001)
QIE|OZ 2R #59 CF oAl UY 80| AHIAE B B 0 Hlsl RIsHH =t A8 20F0H(p<0.001), HAATFS2)
210% o2t RASIALE (23, 25, 27).

|0

CHEE9| aminoglycoside| SAAHE2} B-lactaml, quinoloneX| 2 sulfonamidel SHFAIS0| UAOIAM Q|12 29} SHAA
LY 8 S7Iete EAStHoZ Qo5 &7t JQUCE Streptomycint gentamicindl| CiSH QIE|O2 2R #59 WY 82 ¢
B2 H 28 70| H|5] 2.3~2 48] =21 (p=0.001~0.006), MICso= 4H =920, kanamycinZt tobramycinOil Cist 2t
22 QEOE B ER ol HlgH 1.3~1.781 $412(p=0.004~0.037), MICso= 2B =%}2Lt, amikacinOl= QEAE 2/ &
o Hl 25 & ALO[of LiY E0|Lt 24 20| 20|17t §iU2TH 93~94%2| &2 LrdS LEIHAE, 4TS 0|2 &
At B2 SHYOL) SRAl W2 27kel [0l =2ct (20, 23, 28). QEIA2 2R F#ES0| amikacing st
aminoglycosideA| &40 =2 W4 82 EO0l= Olfc HHEEQ QHIZ0| aadd B2 aadB2t €2 aminoglycoside
adenyl transferase S22t FIMEE EQ6tD Q7| MR MZEZICE (8, 23). 0] HUTROAME 2E QIHIAR0| gagd2? &2
aadA5 =9| aminoglycoside adenyl transferase X2t ZIMEE EQSGID U= HE &QISHACHFIg. 2). Aminoglycoside
adenyl transferase= streptomycin, spectinomycin, gentamicin, kanamycin, tobramycin S Ota|& £ U2t amikacine It
2 4 Q17| 2o QEOE Ef #E0| amikacindl w2 Z4dE UEMH ZAe=2 2Rt (8, 23). QHIE Ef 752
sulfonamide?]| SHAME QA2 H] BR 0| 8|3} sulfamethoxazole-trimethoprim L4 €0| 6.58f =21 (p=0.000),
MICso2 16H 0|4 =oton], MAHLEL 0| QAN BE1DE SHAUCH (20, 22, 28). QIE|1E R #S0| sulfonamideA| &
A0 2 UM 88 20|= 0|R= CRE9| QIE|120| d#4 dihydrofolate reductase QAL FHMIER} su/7 QUAE ER
St Q7| MRoZ MZEEICt (6, 9). O] HFUME O L& QEHIZ0| difdA12 B2 dfrfA717 52| dihydrofolate reductase
RUR}L FMERL su/7 RYUAE ERstn U= Ae QISIUCHFig. 2). & ofLzt QHIOE 2R/ 752 cefotaxime,
ceftazidime, aztreonam, ampicillin 2| B-lactam#| A0 CHSt LY 2% QE|ITE H| EF 0| Hls 1.6~15.28f &%
(p=0.001~0.046), MICso'= 4~32H| =20, MHALSO| BN} FAISIFOLE oA E=2 A7t 2H0|F ERACt (20, 23,
28). QI 12 ] #E0| cefotaxime® H|23t extended spectrum cephalosporind| =2 LA 88 E0|= 0|)7f 212
O| blacrxm FHAF ZHHEE ERstl 7| QIR 2 QA2 blacxm FHAZE SLst plasmidUio] (xSt U7| of
=2 O2E Est7| s QUHIAZE FIMEES YI7IMES BMSH 2 blacm |UAL FHME= Z2AE[R| e,
blacxw FHA B @ 14F & 135(92.9%)7t Q222 &7 Mol osf mdEHez HMYEO0| =lg(of Qlgasn

M FARZE S plasmidUioll #|xotl USS & = UUCHFig. 32t Table 4). ImipenemOfl= QUEHIE E& 20 &
Aglo] et 2= 0| H| WHO|OM & U CHES| X=2AH2 27t U A= 7|tieH QHOE BR & 30N
imipenemOi| H| Z=MS LIEH = 0| 6(20%)7F HREIOIM A3 8510 U 70| L3R =5 57| 250f FAct
AHE Z|2I0] E2E Aoz MZIECt (29). QHIAE BR #=2 nalidixic acidet ciprofloxacin 2| quinolone?| &40l =
CIEH|OZ H| B 0| H|5{ LHA 20| 1.5~1.88] &% (p=0.000~0.046), MICsp= 4~256HLt =U2H, tetracyclined|= W
A 80| 1.8H] =RH=0l|(p=0.046), MEHHRE0| BNt QAL (20, 23, 28).

z P =

4=

of AoiM AHIAE ER de2 22| Y=t =1 2571 O A WY 22=2M YoM &3] AF8ElE tREE &

00||
EY

Ao

Hr
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Wee 71 U7| 2o A Medol AH§to] Hg Ao WZtECt (17). HA=2 o oA Wy thdd, §5] QEa2g &

[T CTX-M 4 CHE 2 Al ARBE £ e SZAHIE iR ASHH0|0M, Hlwd =17t 243

meropenem 2| carbapenem?| EZA0| o2& £ HHoj| Q= AE0| zefEICt (17, 30). 2Lt carbapenem| A A

ol SIt5HA 2 LAHSR WY0| SIISHAH =M, Acnetobacter 4E 2|20 A 2H2HEl Hiet 20|, imipenemO|= E4| &
1= LY Fof 2818 &2 AIP|A 0] QAHAZRES BERst CTX-ME CF A U4 chaa 2 Alo] 227t 62 o247

40| LT Vh5d0| =8 A2 MZEICt (3, 31, 32).

]

25t imipenemO|Lt

rir rir

ShA| Ligel sHitol] 225 AHE ot R plasmide SMA| 214 4 24 DNAZAM pilig 0|88 AHE Soll Bt M2z
2 Agle MRS IR0 QICt (3, 4). 0] HTOIM QIE|O2 B & 303 2 243(80%)7 HEO| Qs DHYROZ LA
0] MY|0] R plasmidE {6t USS SRISHA2D 51~80%2 MY 82 2ol Mdl ARSo| B10ot QAISIYCH (5, 19)
QA2 2R CHYAOIM ZEE plasmid DNAS2 79| THEE0| FIA, FIB, Frep 52| multiple replicong 7tX|1 AeH &
A+2Z0| 120~170 Mega DaltonO| 11 Ml ;L% | E70 (5, 19)2 FAIGIRCL R plasmid?t CtESH 7o 2 Ot = A2
=3 WolM & HSsH7| flshMe plasmid?t 82 3 FS 7HAM0F SICt (17, 33). FIA, FIB, Frep S2 FAEQ| replicong2
22t o el 53 A8 2410 U0 §F plasmidiioll 012 71| CiSt replicongS 42 =Y &3 92 &&T & A =
Ct (33). QE|A2S 2R O 24| AN CHAFOIM R plasmid?t Ef M@z I & A2 &5 LHOM & d85t Us
0|R<=, otLte] R plasmid Qtof| CH&IZ AO|0| H2| BtOFS0iR|= FIA, FIB, Frep S2| 2H44A replicons0| 03] 7 22450 =
T A YoM THssINE A2 MZHEICE (33). Ol AtMzZ & O QIHIOES ER/st CTX-MA ESBL 0| g2
SAHEl 0] R= multiple F replicon2 7121 A& A R plasmido| 2|st HGT7t O|R0{7 & MZ2 =3 oM 2 H28 4 Ql7|
2l Ao 2 MZIECt (4, 5). R plasmid?t U RUAE &S5k= FE 7182 R plasmiddoll fI2|St U= E|220] 25t

A QUL FIME 2=EH0| CHEZ{O|Ct (5~7). O] HPO|ME 30719 QIE|O2 2E7} class 1 QEHAZC2 R0, A4 £

M class 1 QIHOE0| 7t SEstits MAAHRL SO 2ot FAISIAUCE (6, 9). LhHRE2] class 1 QIHIE2 2~3742| &
U2 FIMEE EfRstn A2D 2[Cf 8712 RAUA FHMEE 713 tHYF= E10E Ht U=l 0] HFOME 1~37H(F 2.17H)

FIMEE ERst U0IM HHARLSO| Bt RASIRILE (6, 8, 9). QHIOAE0| ERsta U= FUAL FHME THEHS
ZES’-P BIEE 2M3I¥=0| trimethoprim LA {AZIQI dfrA77 dihydrofolate reductase S&AF FHMES} streptomycini}
spectinomycin LA A0l gadd5 aminoglycoside adenyl transferase SXAt ZIMEZR M El dfrA77-aadA5 7HHE TIE
2 71 Z0| 24%(80.0%)2 7t UYL, dfrA712 dihydrofolate reductase FHAE FHMERL orfF RZAF FIMES}E gadA2
aminoglycoside adenyl transferase S} ZtMEZR ME dfrA12-0rfF-aadA2 FtME THEE 7171 20| 553(16.7%)¥ 20,
aadA2 aminoglycoside adenyl transferase R ZIME 170E 7121 Z40] 12(3.3%)2A HHTRSO| BnQt FASIICE (5,
8,21,22). dffA17-aadA5 FtME TYHO|Lt dfrAT2-orfF-aadA2 FtME CHEO| AMAKESZ 712 S5t QS E0|e= O|REAM
o|23H SAUSHAOAM 0] KAt FIMES0| WS A&HSH= aminoglycosides, trimethoprim-sulfamethoxazole S9| &
DAS B3| ALRBCRMN SRA Ml o] 27t ols £ FHMES HLF OlE120| YO SAFCE HES 24
Sl Qe SIM MRS R MZHEC) (6, 9). A8t 2 QH|ORS0| 3-CSOll quaternary ammonium compound® &S| LIA
MRl gacE-delta izt sulfonamide L4 dihydropteroate synthase FAZIQ! su/ie 2t JUOIM FHMET} 2|Fsth= of2] Tt
A Lol Z7teto] A=A LiA2t sulfonamide LHEE A[-¥5H0 CF ofA| LHEE LEtE o2 MZHEICt (6, 8, 9).

rton

g2 s
3

ol
;9 U

X 4o

CIHIOZ2u RHU2} FIME AtO|o] MRE FIME Y MHHL Inti7t S26 7|2 £HSIH FIME 2t x5t s
site specific recombination Q! artCR| 2t o BIEMESO| IntlQ] Z2&1} AH2EO| 26 % otCt (6, 8,9, 34). Intl

intra-strand pairing=ty

[ =

[e:]

=/
I} atiCe AN T B o HEARSC| YI|M
|

attCfolding0| LO{LtHA HME|= stem loop 2¥2 A|01| DNA &= 7t S0iA

ZF2 bottom strandOilA ZHZEHO| YO{HCH= AFEO| 2[20 E1g| | Ct (6 9, 34) Bottom strandQI o B8 ME R2 R

pairingst R boxE M35, "2 L2t pa|r|ngof01 L box& §> 45104, "2} L AlO|2] MY stem loopE ¥A5t=4|, L box

9} stem loopEHO|M= %7*._@ pairings 0|2 %35’- EEZHO2 DNA helix /22 &%= F7|(EHB)S0| 2~37 &5}
= o I_

A =t (6, 9, 34). EHBSE bottom strandoi|2t H Inth22 3toZ Z2E strandE QUAISHA 5t, arrcof| 2SS
IntS QHASE A|IZSZH Intle] 7|50 228 I b= AMAO| BUE|UOLE aacAy, ereA2, oxa? V(R S EE

At FEMEO]| HofM Tt LA A ILHoN Eo| EIE dfrA17-aadA5 FtMEL} dfrAT2-orfF-aadA2 FtMIES| EHBO| 2+t
H1E QT (6,9, 34). O HFOIM E2|E QAHIE FYR} FIMEO U= EHBL| SFRE RAISH 22t L boxOiM= CHRE0] G
7t YA 0] MAHALSO Bt FASIALL (6, 34), dfrA 17 ZtMENIM Cot BRI, gadA5 FHHIENME T2+ 2H2He|of
L boxOlM= G 0[2fof= Ctst H7|S0| EHBZA 7|8 & A2 MZL[ACE Stem loopliiM= CHEEO| T7F &= AD

* o rN
o
e
n i

186 Copyright © 2019 Journal of Bacteriology and Virology



Integron Structure of MDR £, colf Y-Y Yang and M-H Suh
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