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Background: The genes of metallo- 8 -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 carbapenemase genes
and class 1 integrons integrated into the gene cas-
settes in imipenem-non susceptible P. aeruginosa.
Methods: From July 2006 to March 2008, 81 consec-
utive, non-duplicate, imipenem-non susceptible P. ae-
ruginosa were isolated at Chungnam National Univer-
sity Hospital in Chungcheong province of Korea. The
modified Hodge and double disk synergy tests were
conducted for the screening of carbapenemase and
MBL production, respectively, and PCR and DNA se-
quencing were performed for the detection of carba-
penemase genes and class 1 integron gene casse-
ttes. We also employed the repetitive element se-
quence-based (Rep)-PCR method for an epidemio-
logic study.

Results: MBLs were detected in 13.6% (11/81) of
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imipenem-non susceptible P. aeruginosa. Ten iso-
lates were found to carry blawpe-1, Whereas 1 isolate
was found to carry a blayivz. All of the IMP-1-pro-
ducing strains harbored 4.0 kb class 1 integron con-
taining chloramphenicol, aminoglycoside, and 3-lactam-
resistant genes. However, blawp-1 was not detected
at class 1 integron. A 2.5 kb class 1 integron harbor-
ing blavm2> was detected in a VIIM-2- producing
strain. One identical pattern was observed in ten
IMP-1 producing strains.

Conclusion: IMP-1 producing P. aeruginosa strains
are currently distributed throughout Chungcheong prov-
ince of Korea. In particular, all of the strains har-
bored class 1 integrons containing variant antibiotic
resistance gene cassettes. (Korean J Clin Microbiol
2009;12:17-23)
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maseol] &3 WAL o Toll 2 WAFAAE Add 5 3L
the HollA WA 9815 Ear gicHe).

Z5do] AAs= dlEH9 carbapenemase 2= class A2
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1. #Fe| =&

20061 787E] 2008 397HA S RskA
ofgtatel] ojzlEl JAAAZHE] ELel¥ S5 F imipenem
ol HIZAEE Kl 8155 e g slSich 3tAl WAl
Aol FElE FANE FFE TR, FY 3l
A RHE L2l FEe TR IA AlLlsisict. FelE 7
o] #FZ A Ak w9l vitek 1T GNI card
(bioMerieux Vitek Inc., Hazelwood, MO, USA)Z &ls}3it).

2. N Z2d -

Clinical and Laboratory Standards Institute (CLSI) X% el| w}
2H20] amikacin, gentamicin, netilmicin, tobramycin, ceftazi-
dime, imipenem, piperacillin, ticarcillin 2 ciprofloxacin (BBL
Microbiology Systems, Cockeysville, MD, USA)Z} aztreonam,
cefepime 2! meropenem (Oxoid, Cambridge, UK)el| thgt 7+~
45 Mueller-Hinton 4 (Difco, Cockeysville, MD, USA)<
Agele] tlaz saow stelsigi

AR E A Escherichia coli ATCC 259229} P aeru-
ginosa ATCC 27853 SAlol] A|gslo] & H Yol EERE
sholsigich.

3. B-lactamase MM ZA}

1) Carbapenemase A4A M ZAL Hodge HW-& o83l
carbapenemase A TTE AHIIGH21]. E coli ATCC
259229] 55 0.5 McFarland2 23+ 3 H7¥ HE-S o] §
o] Mueller-Hinton 34 (Difeo)ol] 2LE2A] &3l 1 ¢
ol APFFE wigo| 2 H| 7hulE R 7Pl = oF
slo] 3k 22 FA AL oh wiA| ] Fetoll imipenem T2~
(10 #g, BBLYE F3L 35°CellA] 18417k wekalgict. A1+
FE LT A9 FokEr kil A7le oA o] v
F2loll vlsfiA o A A7 ok ew gsisich

2) Metallo- 3-lactamase 244 ME A} Carbapenemase 43
ATFE dIF2Z double disk synergyAlS[21]8 o] 83}
MBL ABATFE Al W4 e 79 945% 05
McFarland2 93 ¥ H 5 8-S o]-8s}o] Mueller-Hinton
SHA(Difcoyel] ZE2A AEsIrl. Imipenem Tl2=(10 pg,
BBL)$} EDTA (750 pg, Sigma Chemical Co., St. Louis, MO.
USA) % sodium mercaptoacetic acid (2 mg, Sigma Chemical
Co.)7} £3d=o] Q= H2=3E 7H40] 10 mm7}t ¥ =5 3o
T 5 35°C &27loll 18417k viFs it I+ v2== Aol
A s Al o3k At el Bt g ko R
g3l

4. B-lactamase XS &0l

B-lactamase®] -FAE = LAst7] fl3l] o|w] RaEl uf 9}
= 718 AMAE Adste] S A AAMNS(Polymerase
Chain Reaction, PCR)S A|¥¥s}Gch(Table 1). tHY w5
brain heart infusion broth (Difco)el] E3}ed 37°CollA &5t
Zehul|okst & DNA purification kit (Promega, Madison, WI,
USA)E AHgslo] mljefelo 2 HE] DNAE F38131th. DNA
3 ol(5 ¢L), 10x Taq buffer (2.5 #L), 10 mM dNTP mix (0.5
#L), primer 2+ 10 pmol, 0.7 U Taq DNA polymerase (¥}o] .2
Yok, th4, k) B SRTE Edete] 2519 Wi
uFE9ltl Gene Amp PCR System 9600 (Perkin-Elmer Cetus
Corp., Norwalk, CT, USA)S.& 95°CellA] 587+ uhe-A]7] %,
95°CollA] 202, 59°CollA] 40%, 72°CollA] 3024 303 &=t
SAIZIAL, 72°CollA] 57 ARk wS AT 24H2e] PCR A4
55 ethidium bromide?} Z3H5 1% agarose geloll4] 40%-7F
7194 5ste] WiEE =Islgict. 543 DNA extraction
kit (Qiagen, Hilden, Germany)Z 2] ¥, BigDye Terminator
Cycle Sequencing Kit (PE Applied Biosystems, Foster City, CA,
USA)S ABI PRISM 3730xl DNA analyzer (PE Applied

Biosystems) & ©]&3t0] 7] AdS EAslsie)
5. Class 1 integron?| ZE2 RUX FIMES| FHE &0l

Class 1 integrons 7Z3s}7] 913l on] Bxud v} Qe 7|&
9] 5° HZJJ(GGCATCCAAGCAGCAAG)T} 3° HZ(A-
AGCAGACTTGACCTGA)®] £4-& AA| & slo] PCRE
YA CH30]. B-lactamase FHE& T4 wjoh 22 249
HES-8H 25 uLE 95°CollA] ST HESAIZ] 3, 94°CollA] 142,
55°CollA] 18, 72°CollA] 454 303] S Hk-3A]7]a1, 72°Col|
A 1027 A7 WHSAIZ e

Class 1 integron Weoll EAflsl= F-42F 7 ES] FAHS
primer walking " 2.2 #Holslgir). 5 HEod oy} 3> WE
9] BAZ A Z slo] o7l Z42te] PCR AR 1714
g A 7, dgk Tl ohA] AR AMEAE HARlE
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o PCRE Fals}ar 91714 $AE sl Aol B S %
o] sjo] AA A4S BAGLE

6. Repetitive element sequence-based (Rep)-PCRO]| 2|st &%
CIZM ZA}

DNA purification kit (Promega)@ tA 72| 3442 DNA

Table 1. Oligonucleotide primers for amplification and sequencing

2 ZZ3l0] 73 DNAE AH83l9ich PrimerZ% ERIC2 (5'-
AAGTAAGTGACTGGGGTGAGCG—?&')Q]' REP2-Dt (5'-NCGN-
CTTATCNGGCCTAC-3")E 75 AfAlTFo] vhE A S o]
EoFIH31]. SRS DNA 8 (5.0 #L), 10 Taq buf-
fer (5.0 #L), 10 mM dNTP mix (1.0 #£L), primer Z} 20 pmol,
1.4 U Taq DNA polymerase (1}o] 2ol 8l SF+E 33}

Ecliljsysme PI;I;:r Target Sequence (5°-3”) 122151;;;1)1 Reference

Class A PERI] F blapgr: GTTAATTTGGGCTTAGGGCAGA 855 22
PERI R CAGCGCAATCCCCACTGT
PSE F blapsg AATGGCAATCAGCGCTTC 700 23
PSE R GCGCGACTGTGATGTATA
VEB F blaves CGACTTCCATTTCCCGATGC 650 24
VEB R GGACTCTGCAACAAATACGC
GES F blagrs, blamc GTTAGACGGGCGTACAAAGATAAT 903 25
GES R TGTCCGTGCTCAGGATGAGT

Class B IMP F blavp CATGGTTTGGTGGTTCTTGT 488 26
IMP R ATAATTTGGCGGACTTTGGC
VIM F blayiv ATTGGTCTATTTGACCGCGTC 780 26
VIM R TGCTACTCAACGACTGAGCG
SIM F blasm GTACAAGGGATTCGGCATCG 569 27
SIM R TGGCCTGTTCCCATGTGAG
SPM F blaspm CTAAATCGAGAGCCCTGCTTG 798 27
SPM R CCTTTTCCGCGACCTTGATC
GIM F blagim TCAATTAGCTCTTGGGCTGAC 72 27
GIM R CGGAACGACCATTTGAATGG

Class D OXA-23F blaoxa2s, 27, 49 GATGTGTCATAGTATTCGTCG 1,058 26
OXA-23R TCACAACAACTAAAAGCACTG
OXA-24F blaoxa2s, 25, 26, 40, 72 GTACTAATCAAA GTTGTGAA 825 26
OXA-24R TTCCCCTAACATGAATTTGT
OXA-51F blaoxa-stiike TGAACATTAAAICACTCTT 825 28
OXA-51R CTATAAAATACCTAATTGTT
OXA-58F blaoxass CGATCAGAATGTTCAAGCGC 528 29
OXA-58R ACGATTCTCCCCTCTGCGC

Abbreviations: F, forward; R, reverse.

Table 2. Antimicrobial susceptibilities of Pseudomonas aeruginosa isolates

% susceptibility

Antimicrobial agents

Total isolated P. aeruginosa (n=81)

IMP-1 producing P. aeruginosa (n=10)

Intermediate Resistant Intermediate Resistant
Amikacin 37 56.8 0.0 100.0
Gentamicin 14.8 70.4 0.0 100.0
Netilmicin 123 65.4 0.0 100.0
Tobramycin 0.0 60.5 0.0 100.0
Aztreonam 28.4 42.0 70.0 30.0
Ceftazidime 12.3 543 0.0 100.0
Cefepime 19.8 51.9 0.0 100.0
Imipenem 23.5 76.5 0.0 100.0
Meropenem 30.9 48.1 0.0 100.0
Piperacillin 0.0 432 0.0 60.0
Ticarcillin 0.0 69.1 0.0 100.0
Ciprofloxacin 2.5 76.5 0.0 100.0
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o] 50 #L9] Eqt o R AJRPslgirt. 95°Coll A 527t HEGAIR
% 90°CollA] 40, 42°CollA] 18, 68°CollA] 724 353] £
HESAIZ1AL, 70°CollA] 1587 A7 BEgAlA el S54HE(10
#L)2 ethidium bromide”} 3} 2% agarose gelsoll 2171935
3} % BioDoc-14"™" Imaging system (UVP, Cambridge, UK)<
ol gsto] HAeH9iet

e ot

a

[
ok

H 2EN Y

Al&717F % % 8152] imipenem B4 HEitol 2=
A7 Aell A FelE ). o] FFEE W E Al
d A18S g 727} imipenem¥} ciprofloxacinel] tgk WAl o]
ZH7E 76.5%% 7P =9kon] 1 TS0 & gentamicin (70.4%)
| =Skl vbHol] aztreonams 42.0%Z 7H <& WA &S

2 cK(Table 2).

2. B-lactamase MM ZA}

>N

o

i F5F 815 = 115(13.6%)7} carbapenemase 4] A1
ZAAH(cloverleaf test)oll A FAIRFS-S- Ko o] FFEE
o2 double disk synergy A1 g Azt 1157 ZFollA
eI} WA=k vk g I XSS carbape-
nemase= 55 MBLS Ao golx|qic)

3. B-lactamase XS &0l

MBL A4 A 71l A ekAdvke-5 UERd 11575 tide
& B-lactamase §372F &S 913k PCRE 33 A 15
ako] VIME O 1 8] 105+ EF IMPHo|tt o5
WEew A71A9s 43 A blaywell 3t FF4E
blaym2®] A714193F DA 813.0™ blaneell H3F FF4H
blanp1 ) 71483+ G813t

sk 8152 imipenem B|ZHA 5 Toll4] Ambler class A
9} Dol| 3}+= carbapenemase A= == A 5%k

[
il

i

4
n o

4.0 kb integron

{ Intl 1 |aadA2 >| bla,,, 1o >| cmilA 1> aadB>qacEA>
2.5 kb integron

< ntl 1 |blavm> aadA1>{qacEa>

Fig. 1. Schematic representation of gene cassette structure located in
the class 1 integron isolated from Pseudomonas aeruginosa. The
horizontal arrows indicate the translation orientation of the genes.
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4. Qlass 1 integron®| AE1 FHA}L FIMES RHE

J

MBLS AAsh= 115 E5oll4 2.5 kb B4 4.0 kb 2719
class 1 integrono] ZZE|cl. VIM-2 WA FF+= 2.5 kb 27|
9] integrong, IMP-1 A FF= 4.0 kb =7]9] integrons 7
7t 7HAAL it

7155 integron®] 3714194 TAAT VIM-2 A4 Tl
ZHZH 2.5 kb =719 integron Woll= VIM-2 4271 2% 3l
o} IMP-1 Aol A ZAEE 4.0 kb =719 integron
Woll= IMP-1 §-427F 91X A 2Eek(Fig. 1).

5. Repetitive element sequence-based PCR (Rep-PCR)0H| 2|5t
sty o1zt XAl

11578] MBL A 775 22 Rep-PCRE o3 A7}
1052] IMP-1 AT+ 5 Y3 Wi S

VIM-2 ABAFFE(P28) IMP-1 A FF9H= o2 wie sjel
<+ H3ckFig. 2).

.

= carbapenemoll = WA Hol= WA Fsre] 7+
o] Z7elat glo] Aoz BhE Falrh 93 glch 2003
] KONSAR surveillance ZAtoll ]3P imipenem A9l =
ST HlEo] 20%2 F}A T F TS vhANA o]k
[32]. o]9}zEo] carbapenem WA H5Fe| Helgo] Ax Z7}
s}z 9Jont, carbapenem Aol Fodsl= AR I B4
Hsgol] et AH = obF] o] FHsjct
B 3T oll A imipenem BG4 S5 U0 Z carba-
penem W42} Soll F23F 35 sl= carbapenemase®] 4
& z2A U 7 815 5 F 115(13.6%)7} carba-
penemase FAAS 7HA L YR I F 1057} IMP-1S A
skgiek v, VIM2E AAshe I e 3 F el
VIM-2 A4 H53t2 19989 o] A g0 & B9l o
[33] 2003 ol 4] E2]% carbapenem HIZHFA S5 &

bp

4,000 —»|
1,650 —»

1,000 |
650 —»
500

23 28 49 78 81 M 84 85 93 94 96 99

Fig. 2. Repetitive element sequence-based (Rep)-PCR patterns of
genomic DNA from eleven MBL producing Pseudomonas aeruginosa.
Lane M is 1 kb DNA size marker.



Ji Youn Sung, et al. : Class 1 Integrons in MBL—producing Pseudomonas aeruginosa 21

11.4%% 2AsIATH34]. 2005192 Holl4E[35] 18.1%0l]
SFsh= carbapenem HIZHFA FEol VIM2E s
Ao 2 Yeht ol VIM-27}F &3k ZQle] whs{3itt. o]d|
Hhl IMP-1 A 9] Eele =E9dck 28y 20059 Yoon
Soll 2zl IMP-13o] imipenemHA] 57 ApolellA] it
I gl Hofzlrh14]. £ AFolAE IMP-139] ZEEol
12.3%% Ueh} Axl %% MBL 5 90.9%% XpAgk v
VIM-2E AAshe d5+= & 3F F Eoldith ol& FljollA]
IMP-13 MBLE AAsl= SEtro] wheA &4tsx gle-s
A At

IMP-1 ¥ VIM-2 5] MBL 42 tH-E- class 1 in-
tegronol] A} FHAER EAfsl=l o]d] AL ol WA
AL kg FEe R A AdE F e K3k 53
MBL 54} 7HEE- 714 integron< aminoglycoside WA -
A7} & ekt WA FHIER 3] 7121 Zlo] ot in-
tegron B57F chAlRAS] f1le] Hrhag, X ATFolAE
MBL A 257} class 1 integrons 7HAAL QI 2o
vreb} integrono] -5t Atololl FH 9lakA] FHikEo] 352
el = vk VIM2E A3 FFE 2.5 kb 2719
class 1 integrong 7FA 3L QA= o] integron VIM-2 41
2} 2]oll% aminoglycoside WAFAAI aadAl-E 7FA 3L )9
t}. o]2gl integron®] T2 20061 BlAlotollA EelE =F
ol A5 Basger guloAx §ASE 27} Entero-
bacter cloacaeol|A] H.31% v} Qt}{37,38].

3 IMP-1= Adehs F5 B U 4.0 kb 719
class 1 integron= 7}A13 131 =H o] integronell= IMP-1
AA7E Xl JA skt Ag7kAl Hardl IMP-1 A4 55
TollA] IMP-1 S48 A4= thHE class 1 integronoll 91%30 2191
©o1}39] ¥ AFoA= IMP-1 F4AE =4 class | in-
tegronol|A] 2 4 919l HF OXA¥ B-lactamase 4%}
Q1 blaoxa10, aminoglycoside WA FAAQ aacA2 ¥ aadB, 1
2] 3L chloramphenicol WA 44421 cmidl 5©] integronol] $]
213l Ak ol A FAAbES e ol vhakst Al
ol el WA ZA sh= 2lo] Hrk £ dFollA % IMP-1
+ At F5TY A WA Eol aztreonam¥} piper-
acilling A8 2E Aol dAlol] thall 100%] 2L
Ueht o] & S #13ick Table 2).

MBL B4 755 th 2 & Rep-PCRE Al2Y3 A3, IMP-1
= AAske 1009 F57F FARE S|l Hick o= IMP-1
AFTFEol FAHSE wlg- fARH o] F5Eol o &
Hpzrede] dolykas vzt

£ qd7llA] imipenem B|ZFA FETE tHESE carbape-
nemase S BAst9] o) AAE carbapenemaseS 71A]
I YAE FFE F 815 F 117(13.6%) o]k o= car-

bapenemt4 <lo] MBL 4ol o]¢]9] v} 2915, 5 4

A cephalosporinaseE ZFFA8A] e dAlS] 45, AIE
ko] T3 ZHA Foll o3t Adde 53 3hvh4,5]. wek
A W71 & BEs] ghsleid o] ol 33t F7PHQl A7t
g g3} slAlct

o] o] Aol A FHA A9 g et ol A el imipe-
nem H|ZHA S51toll EAkElo] 9l carbapenemase= F2
IMP-13 MBLZ ZHAdl| vlgte] Felgo] F7tE3 e Ao
2 vElyde) =3k IMP-1 B4 S ket Al A
AR FHNEZF £33 integron?] EA-5 53l W Aol

el WA Uekd = glael =gl

ZAlel 2
B AFE 2007 gl dhoda] A dof] ofslo] 3
A

]
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A3} Imipenem H|1ZHTA 55T 81F F 13.6%0l 3lld3sl= 1157F MBLS AAd3e A& velygrt o5 % 10577}
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