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Analysis of Class 1 Integrons in Imipenem-resistant
Pseudomonas aeruginosa

Ji Youn Sung

Departments of Biomedical Laboratory Science, Far East University, Eumseong 369-700, Korea

Pseudomonas aeruginosa is an aerobic, Gram—negative, glucose—nonfermenting bacterium, which has

emerged as a serious opportunistic pathogen. Recently, outbreaks of carbapenem resistant P, aeruginosa

give rise to significant therapeutic challenges for treating nosocomial infections. The genes of metallo—
B —lactamase (MBL), a powerful carbapenemase, are carried as a part of the mobile gene cassettes
inserted into integrons playing an important role in rapid dissemination of antibiotic resistance genes
among bacterial isolates. In this study, we investigated the prevalence of integron in imipenem resistant
P, aeruginosa isolates, A total of 61 consecutive, non—duplicate, and imipenem resistant P, aeruginosa
strains were isolated from a university hospital in the Chungcheong province of Korea. We employed
repetitive extragenic palindromic sequence—based PCR (rep—PCR) method for the selection of clonally
different P, aerusinosa strains, PCR and DNA sequencing were conducted for the detection of integrons,
Twenty—one clonally different P, aeruginosa strains were isolated, Only one (P28) of the strains har-
bored bla,,,_, that was found as gene cassettes in class 1 integrons. Four of 21 carbapenem resistant P,
aeruginosa strains harbored class 1 integron containing aminoglycoside resistance determinant. All of the

integrons detected in the study contained more than one resistance gene cassette, which can mediate

resistance to multiple antibiotics. To prevent further spreading of the multi—drug resistant P, aeruginosa,

conseguent monitoring and clinical polices are required,
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spectrum S —lactamase (ESBL)= 23St ojfie] f—
lactamaseol] SHHAS Ho] D8-S X5l ¢ &
2 0]7] wEo]tk(acoby9}t Medeiros, 1991), e},

< carbapenemol = WA Hole w5 7ol S7t
sk Q1o A7 Bk =3 ek 2003 2 A
g ZAMIA X imipenem W3Sl 52 HlEo] 20%
2 7 vebd=d, olF difdS oAl ol ekl
5, 2000).

5579 carbapenem W/ FE A|ETe] Fab4g 7t
&, FtAle] =, 12]3L carbapenemase B4 Foll 2
& Yelt=d 54 carbapenemaseo]| o3k WAL o}
£ ol 2 WAFAE AY & 5 vk Hollx WA
o] ¢EE ¥ Qo 53] HEao] Adshs tEA
¢l carbapenemase % metallo— 8 —lactamase (MBL) (©]
S, 2002; 0] &, 2005)= 7kl MA7E W blay, B
Dlay} 22 Wd72ke] 79 th7h integron Wjell $]3]



Korean J Clin Lab Sci, 2011, 43(2) : 68-74

3= E4 o] 9ltk(Poirel 5, 2000; 7 5, 2004).
Integron& 7FA—50| 2l Azt 714l o3 FdAt
FHEE 1AL E8ate] oA & e 788 A

= 71 a83<l

3-CS& 7]—7<]31 3J A (Ploy
2 A WA FAA THIEES F
FHo= %X—if;;} 7 SAeF. H3E integronel] 1A WA -
A3} 717)F 4 9-F& integrong 7}A4]
I Qe AT ES FA ] U e AdS HolAl €
tHRecchia®} Hall, 1995; Richet %, 2001),
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7)) 8t st oA Ba]E imi-
S WS Z integrone] EAAHE Z
AFSFAL class 1 integront] o]l carbapenemase’} EA)8H=
A% Felshe] UATel 3 RS sy B

gk 71225 E AlgskaLa} sk,
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1. 250 $7

nemd]| W< EO] 615 TJVLO sholct. &tAl WAd
A Juglel $olE AT TFE FUARCH, BY
Aol w2 el | TR Aol Aslaant, ¥
2] ¥ F2] F4-8 Vitek GNI card (bioMerieux Vitek Inc.,,
Hazelwood, Mo, , USA)E o]-83}e] Ala3}heict,

2. gH| 2 Al
w]=-2] Clinical and Laboratory Standards Institute (CLSI)

A& o whg} amikacin, gentamicin, netilmicin, tobramycin,
aztreonam, ceftazidime, cefepime, imipenem, meropenem,
piperacillin, piperacillin—tazobactam, ticarcillin, ticarcillin—
clavulanic acid 2 ciprofloxacin (BBL, Cockeysville, MI.,
USA)l| o8t 7+=4-8 Mueller—Hinton 3Hd (Difco, Cock-
eysville, MD, USA)& AFg3te] t]j2=3 SabHo g 9]
SFATHCLSI, 2010). A=3ElE $I80Al Escherichia coli
ATCC 259229} P. aeruginosa ATCC 278538 EA|o] A&
ate] )& Aol A=A AT

3. Repetitive extragenic palindromic sequence—based
PCR (rep—PCR)2 0| &8t clone AEHY

A} TFE brain heart infusion broth (Difco)ol] =3}
of 37ColA S RS & F S A 2 HFE DNA
purification kit (SolGent, Daejeon, Korea)E AF2-lo] o
52| PAA| DNAZ FZ3190th 329 944 DNAS
T3 DNAR AFR3}9al A& ERIC2 (5—AAGTA-
AGTGACTGGGGTGAGCG—3')2} REP2—Dt (5 —NCGNCT-
TATCNGGCCTAC-3)Z HHE FuATel vHe N ds
0]-8-3} Ath(Shannon¥} French, 2004), SZ4HFS-2 DNA 3
=9 (5.0 ul), 10X Taq buffer (5.0 uL), 10 mM dNTP mix
(1.0 L), primer Z} 20 pmol, 1.4 U Tag DNA polymerase
(SolGent) ¥ SFFE st 50 uLo] £ o2 Al
3}t GeneAmp PCR System 9600 (Perkin—Elmer Centus
Corp., Norwalk, CT., USA)© & 95T o4 5&7F vh-3-A]7]
T, 90T oA 40%, 42C oA 13, 68T oA 724 353] &
Z WREAI7]AL, 68T oA 1527 A whEAIZITE. 534t
E(10 ul)L ethidium bromide7} 3-8 1.5% agarose gel
o] A719%F 3 F BioDoc—14 Imagingsystem (UVP, Cam-
bridge, UK)& o|-&3la] 22314t} Bande] d o} At
glo] band®| AT iR ZF dFE vk, 7 7|
ool WE Fol} Qo ok A §
3 ATHE 5, 2003).

‘_4
Sle Aoz

4. IntegronQ| M} FHME 24
1) Integron®] =
Class 1, 2, ¥ 30l &3} integrong AZ38H7] S5 7]
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2| At (Table 15 A3t tg TFELAHNS

it o
= brain heart infusion broth (Difco)ell HE3}e] 37C
oA s Rl & F ujd o2 FE DNA purifi-
cation kit (SolGent)S AFg3te] AMA DNAS F=3HY
o}, DNA F&9 (5 ul), 10X Taq buffer (2.5 uL), 10 mM
dNTP mix (0.5 L), primer Z+ 10 pmol, 0.7U Taq DNA
polymerase (SolGent) % FHFE EFste] & Hu 25
ule] vkg-g-dls wHEQIT GeneAmp PCR System 9600
(Perkin—Elmer Centus Corp,)2.& 95T o] 5E7F HFS-A]
25, 94T oA 13, 59T ellA 12, 72ColA 124 303]
F3& 9hEA7)aL, 72T oA 5ERE I W AT 2t
©] PCR AYAHES ethidium bromideZ} E$HH 1,5% agarose
gelollA] 40 27k A7]%9F 3Flth. PCR S34H=2] 9#]7}
F 160 bp, 788 bp, & 979 bpdl A& 247} class 1, 2, 2 3

integron® 2 7FFE3FIT

(multiplex polymerase chain reaction)<

2) Class 1 integronQ| S&X} FIME S8 S0l

Class 1 integront]ol] &A5l= F-d4F 7FHHES] A3
< g9l 0}7] el 57 HEYI(GGCATCCAAGCAGCAAG)
7} 3’ BE0Jod o] B (AAGCAGACTTGACCTGA)S Ak
= }04 PCRS 533l 9tH(Lévesque 5, 1995). T F3t
FAANHE wfo} 2o 2] vhg-8-9 25 uLE 95T

Table 1. Oligonuclectide primers for the detection of integrons

A 5EZE RESAIRL £, 94C ollX] 132, 55T ol 142, 72T 9]
A 482 303] FZ 9kSA)7)a, 72°C oA 1087 91wk
i/\] At 2175 9] PCR AAHES ethidium bromideZ} 23+
1.5% agarose gelol|A 40 £7F A7]9%F 3l SZAHE
o) bandig ﬂo@ % v BA S ey u} s nz
JoIs} 3 nEgoe] BHS
PCR M-S 71/‘1%3 A H, v —:TOH’H DP\] A
& AAE TARIse] PORS AL Q11N 2]
NeR *]—— dHo] HA-S FFo| 3= primer walking WH O
EE R ERREEERCEE

Z 4
1. o Z2ed o
N&71F F F 61FY] imipenem WA HEato] g}
o] AN ZelHA. ol5o] B S20NA

SSH=AE B3] 95te] rep-PCRE FATF Ak 617
F % 2157} N2 e s e Bel A2 te 22

FAIHATHFig. 1. oI5 2155 e
2 A 3 A18-S $F A3 amikacin 38.1%, genta-
micin 57.1%, netilmicin 61,9%, tobramycin 42,9%, aztreo-

nam 61,9%, ceftazidime 38,1%, cefepime 42,9%, imipenem

Primer pairs Target Sequence (5 -3) Reference
For multiplex PCR
Intl F intl 1 CAGTGGACATAAGCCTGTTC Dillon et al, 2005
Intl R ind 1 CCCGAGGCATAGACTGTA Dillon et al, 2005
Int2 F int 2 GTAGCAAACGAGTGACGAAATG Dillon et al, 2005
Int2 R ini 2 CACGGATATGCGACAAAAAGGT Dillon et al, 2005
Int3 F intl 3 GCCTCCGGCAGCGACTTTCAG Dillon et al, 2005
Int3 R int 3 ACGGATCTGCCAAACCTGACT Dillon et al, 2005
For sequencing
Intl’ F GGCATCCAAGCAGCAAG
Intl’ R ! AAGCAGACTTGACCTGA Levesque et al, 1995

Abbreviations: F, forward; R, reverse,
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bp M 1 2 3 45 6 7 8M 910 1112131415 17 18 2021 22 23 24 26 28 M 29 31 40 41 48 49 50 52

bp M B3 55 5658 61 6263 66M 6770727376 738182 83 8485 8 8991 92 M 93 94 96 97 938 99

Fig. 1. Repetitive element sequence—based (rep)—PCR patterns of genomic DNA from sixty—one imipenem—resistant Pseudomo—
nas aeruginosa. Lane M is 1kb DNA size marker.

100.0%, meropenem 61,9%, piperacillin 47.6%, piperacil- 2. Class 1 integron A&t |FEX} FIMES RHH
lin—tazobactam 38.1%, ticarcillin 76.2%, ticarcillin—clavu- &lol

lanic acid 57.1%, 2 ciprofloxacin 47.6%2] WA&< 2 Imipenem WA 51 2175 o2 o5 $8a4
tHTable 2). Ao Fas A Z 45(P2, P4, P5, P28)o|A] class

1 integrondl] 3]Q3}= 2F 160 bp=7]2] PCR AH=0o| A=

Table 2. Antibiotic susceptibility patterns of 21 isolates of imipenem-—resistant Pseudomonas aeruginosa

No. of isolates (%)

Antimicrobial agent

Susceptible Intermediate Resistant
Amikacin 11 (52.4) 2 9.5) 8 (38.1)
Gentamicin 5 (23.8) 4 (19.0) 12 (57.1)
Netilmicin 6 (28.0) 2 9.5) 13 (6L9)
Tobramycin 12 (57.1) 0 9 (42.9)
Aztreonam 5 (23.8) 3 (14.3) 13 (61.9)
Ceftazidime 8 (38.1) 5 (23.8) 8 (38.1)
Cefepime 7 (33.3) 5 (23.8) 9 (42.9)
Imipenem 0 0 21 (100.0)
Meropenem 5 (23.8) 3 (14.3) 13 (61,9)
Piperacillin 11 (52.4) 0 10 (47.0)
Piperacillin/tazobactam 13 (61.9) 0 8 (38.1)
Ticarcillin 5 (23.9) 0 16 (76.2)
Ticarcillin/clavulanic acid 9 (42.9) 0 12 (57.1)
Ciprofloxacin 10 (47.0) 1 (4.8) 10 (47.0)

Class 1 Integrons in Pseudomonas aeruginosa 71
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Fig. 2. Schematic representation of gene cassette structure located in the class 1 integrons isolated from imipenem—resistant
Pseudomonas aeruginosa. The horizontal arrows indicate the translation orientation of the genes. attl and attC (integron—associ—
ated recombination site) were shown as white and black circle, respectively.
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kb, 3.0 kb, & 4.0 kb 0|12, 2.5 kb =7]¢] integron
o= MBLSI VIM—2 A} 7N EZ) Y x8) QaTh. pee)
P5ollA] Eel® 3.0 kbe] integrone Zt2} tnpAS} blagy, =
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S AR A3 i 15 21 F g F(P28)7F
blayy = +AAF FPHER X 838)= class 1 integron< 7}
A|aL Sl5rol BIE. VIM-2 A4 =t 1998\ o]
ol oJal] ol Aso= A7) e, 20031 = ol A
2] carbapenem ¥ S5 5 11.4%E 2FAI8HITh
(o] %, 2003). 20054 7 Sl o5t 011*15 18.1%¢]] 3}
o= carbapenem Mg 5t ] = A=
Ao2 vheht Fojol Viv-27} E3 4°1o1 Bl 2o}
AT} VIM=2 5-2] MBL -f-AA}= 332 class 1 integron
A § A7 AAER EATET old SAE oF H
2P o #Fo 2 A e 2 F S S ~S]
MBL A2} ZHHEE 7142 A+ integrone ThFsk WA
SAAAEEE A T G H97H BOw o]2)
gl integron®] E-f= ThAU /] ¥lo] Hth(Jang, 2005).
2 AP T VIM-2 582} 9]0l aminoglycoside W3-
AR aadA1E 7FA1AL ST, o]#f$t integron®] T3
20065 B AJotoll A EE]E SEaolA] A HilEglor
TN E §ARE F-27} Enterobacter cloacaed|X] Hil
H v} ItH (A 5, 2003; Shevchenko %—, 2000).

VIM—2 A5t &Joll= P2, P4, & P5S 57} class 1
U= AR AT o5 37004
A=Y integrondll aadA2, aadB, aacA4, - aacA5 &
S} Tatelo] A,
= A iAol o]& 357} aminoglycoside 3
A U4d-& H2l Aol integrond] EA4| WA £ S
= AR, 2005\ SollA Fel | SsE ol Ak
A7} B 1% %=1, aminoglycoside, quinolones, % 8 —
lactam &tAlol] ti3l] W8-S Hol= A integrone] =4
7F A Fdo] glvkal ATHGu F, 2007). 3.0 kb 7} 4.0
kb =719] integronolli= B —lactamase F-ZAF1 blagy, 2
blagxs_ 1001 22 YA A o™ 4.0 kb integronS 1 2]
o %= chloramphenicol WAJoll #&H ¥ {2242 cmiA1E 7}
AL At E3] AE=H 4719 integron RFoll= F 5
ole] A WHHAA} 9o AReH P22 A2
B UiA] 375 25 oA gEel A0 Belsltt, o
© Seuo] AW S 2 dk=Hl integrono] 4.3

integrong 7FA| L

2

2] aminoglycoside W4

oL

il

o

of = 215 5 class 29} class 3 integron=- 7FA]
T e o T2 g AuiAlT el &3k Al
739~ class 2 integrong Rl A7 WIS
(White %, 2001) class 3 integron =3+ & HIHSFA|0F B3
7} HaL Q= WHH SEtollas it =ETtH(Senda &,
1996). 2004\d el Zg2olx F2ld HeolX e class 1
integron®] 7A&E-°] 96.6%= =FH WHH class 2 integron
o AZHA| gdtH(Perimeni 5, 2006; Yan 5, 2007). =
WolM = 557 thAo 2 3F ALollA] class 2 -2 class
3 integronol] T3t H17} SA74A] Ql= Ao 2 Hol gt
24 At 7P BBk 7S5 class 1 integron©]
sl sl FEAel e L gl A

=2 EOIE}
obgel Astolr FRAel o tepEslols Held
imipenem WA 570l 45 o] Q)= class 1 integron ol
= VIM-2 5¢] MBL 544} ¥ wt o}yz} B —lactamase -
ZAF 2 aminoglycoside W2 327 L5 o] 3l 2o
2 vehdel, e e e gl YA E4 7}
AEZF 2o integron®] BAE T3 B It ol sy
e UhER % 9lgo] Shlsgich mhebA] chA Al
29 9 271o] FRF 2L = imegione] Ik T

4549l A7 Bag Ao A,
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