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Background: Metallo- 8-lactamase-mediated carbape-
nem resistance has been increasingly reported in
Pseudomonas, Acinetobacter and other Gram-neg-
ative bacilli (GNB) in many countries. A few studies
showed highly variable structure of MBL-gene cas-
sette-carrying integrons. The aim of this study was to
determine the structure of blavim-2-carrying integrons
in Pseudomonas and Acinetobacter.

Methods: blavimo-carrying GNB were isolated at a
Korean hospitals during the years 1995-1999 and
2005. The size of blavimo-carrying integrons was esti-
mated by the PCR products. Representative integrons
were sequenced by the dideoxy-chain termination
method. The MICs of antimicrobial agents were test-
ed by the CLSI agar dilution methods.

Results: During the years 1995-1999 and 2005, the
approximate size of the blavivz-carrying class 1 in-
tegrons was 3-7 kb in 35 Pseudomonas isolates and
3-5 kb in 24 Acinetobacter isolates. The integrons
carried one-five resistance gene cassettes in addition
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to the blaym2 cassette. Other resistance gene cas-
settes found were blaoxa1, aacA1, aac(6’)-l, and
aac(6’)-1l. Interestingly, sequences homologous to
part of a putative class Il intron were inserted into
the recombination site of the last cassette in four of
nine integrons. The class 1 integron from P. aerugi-
nosa isolates had fused orf/Intl1 in a downstream
leftward inverted repeat (IRi).

Conclusion: According to period, the size and struc-
ture of blavim-2-carrying integrons are quite variable,
but an identical one is also present in a different ge-
nus, indicating high mobility of the blavm-2 cassette
and horizontal transfer of the whole integron. We
suggest that the class 1 integron containing the blaviv-2
gene is spreading horizontally among Gram- negative
bacilli and is undergoing continuous development in
Korea. (Korean J Clin Microbiol 2012;15:131-138)
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ek "bol] glf-Ee] VIMEY Ei= o] Uzl E2lE
Pseudomonas spp.ollA F2 WAEY o, FIHllA= Acine-
tobacter spp., P. aeruginosa, Pseudomonas putita, Serratia mar-
cescens, Enterobacter cloacae ‘& TF¥sr 1854 ool 4]
ZZo] HAE|¢lel3].

Q‘—EF‘E} MBL _[01_;9_;(]_ %‘ blavuvl, blalMP, blagim ‘5! blﬂsm‘?: ‘ﬂ
9] chromosome® |t} plasmidel] $J%]%} class 1 QlE]ZLEo]] o]
A A T EE EAlstel[4], Qe 2dle]= EAlistel
B8 ol 52 JEHZE Zhell o] 5 Siek5).

A FHIEE Qg 53 39 BER A 714
A Aol o= YA R o] Fe = Sirk blaymaE 7HA QlEl
B2 g st =Z7)9F o], iR vt amino-
glycoside T4 4 RS 7HA L Qleke &9 771 3
the,7]. 2, FlellA] a3t AldellA] 75 MBL 4
A FHNES 73] e8] 2ol tidt A7 =Ech

Lee [8] = blavivos 7HAE QB 2E0] v vetehe
2| oy FF2 d FelFl Jlx, 2718 F=r} vkt

131



132 Korean J Clin Microbiol 2012;15(4):131-138

& Wi vl Qe olell & ATIAE Tl B4 el
Pseudomonas spp.ollA 7AZH blayma s 73 AZ2F 722 2
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1. MBL R&X H&

T 3%} 2| 27|l B2]E Pseudomonas spp.S} Acineto-
bacter spp. % Y23 SO Z imipenemeol] BIZAQl
F5 o & Hodge I} imipenem-EDTA +Sodium mer-
captoacetic acid (SMA) double disk synergy™ ©& MBL AJ4
75 Asisich

blayiva AR Poirel S{7]0] AHg-3F AJHEA9} B
7F 743 PCRY2Z FS3qlch
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Eol:

=)

2 Th 25 2 S2H LA

1995\ 35E] 1999714 B2l blayiva A P. aeruginosa
435, P. putida 95, Acinetobacter spp. 1355}, 200540l 22|
=Hp aeruginosa 759} Acinetobacter spp. 11FE Aol AHS-
slodet. gAl A CLSI sHH 3] Ag o2 Algdslodeh9).

3. FAA

HI
1z

PCRS 913k A4k, INT/5°CS9} INT/3’CS -2 [6] imipenem

7

T4 class 1 QJel1E&& AEslom, 42
< Levesque®} Roy<] ¥I-S k7t w7dslo] Algds)
. &, DNeasy tissue kit (Qiagen, Hilden, Germany)=

FZ23F F4 DNA 1 pL, ZF AEA] 20 pmol, LA Tag DNA
polymerase (Takara, Shiga, Japan) 0.6 L, AA| 100 L&
PCR HFg-ol] A-&319it). PCR ZFEAHE-2 1% agarose geloll4]
A 719453t &, DNA extraction kit (Qiagen)Z 3|3}

AelZEY] Q7ML olF PCR TFiHEolvt =g
plasmidE 253 37|14 LEA7](ABI 3700, Perkin-Elmer,
Foster City, CA, USA)E o]|-8}o] dideoxy-chain termination*d
oz EAHglc

Southern blot hybridization aac(6°)-I, aac(6’)-Il, aadAl 3
aadA225¥] 22 PCR A< digoxygenin® 2 FA|5to] A
Y5133t} Probee] FA)9F 7132 DIG DNA labeling and de-
tection kit (Roche Diagnostics, Mannheim, Germany) AJA+s] A}
b Ak Wl weh Ase

4. GenBank accession numbers

o
=

GenBankoll 553 blaymoE 7H el 229 37142
P. aeruginosa YMC95/1/2105 (In107), AF418284, P. aerugino-
sa YMCO05/5/1103, EF207718, P. aeruginosa YMCO05/5/1361,
EF206349, P. aeruginosa YMCO05/5/1785, EF207717, P. aerugi-
nosa YMCO05/5/2030, EF207719, P. putida YMC99/10/431,
AY0659660] %t

Table 1. Charteristics of P. aeruginosa, P. putida and Acinetoabcter isolates with blayiv carrying integrons

Size (kb) of No. of IPM

Phenotype Hybridization

Species

integron isolates  MIC (mg/L) §TR/SPT KAN AMK GEN ISP/NET/TOB aadAl/? aac(6’-1) aac(6’-II)

P. aeruginosa (42) 14 R R R R R + - -
60 3 8256 R R S R I R + + NT

8 R R LR R LR + + NT

36 3 16-236 R R S R R + + NT

5.0 9 8-128 R R LR R R + + NT

4.0 4 16-128 R R R R R + + NT

3.0 1 16 R R S R I, R + NT +

P. putida (7) 6.0 1 32 R R R R R ; ; NT
5.6 2 32-64 I, R R LR R R + + NT

5.0 1 32 R R R R R + + NT

4.5 1 64 R R R R R NT + NT

4.0 1 128 R R R R R + + NT

3.0 1 32 R R R R R + NT +

Acinetobacter spp. (13) 3.0 12 8-32 R R LR R R + NT +
5.0 1 16 R R R R R + + NT

Abbreviations: STR, streptomycin; SPT, spectinomycin; KAN, kanamycin; AMK, amikacin; GEN, gentamicin; ISP, isepamicin; NET, netilmicin;
TOB, tobramycin; S, susceptible; I, intermediate; R, resistant; NT, not tested because probably due to presence of the gene in other genetic

elements.
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1995-19991doll 28] P. aeruginosa 42, P. putida 75 S
Acinetobacter spp. 135 B5ollA= 247 1719] Qle]zEo] #
=593, 271 27} 3-6 kb, 3-6 kb B 3-5 kbo]$Ath(Table 1).
v, 200590l E2]1E P. aeruginosa 17 & 450l A= 2719
Qe|ZEe] AEH A} blayma g 7H JIEIZES] F7]& 3-6
kbZ thekslie}). Acinetobacter spp. 115+ % 1057014+ 2-371
9] elg|ZEo] ZAEE AT, I F7]%= 2-3.0 kbo]girh(data not
shown).

1995-19994d 2] 6522} 20051 £l 55, F 11579 blaviv

baumannii®} P. putida, 20053 28| A baumanniic= 1 %7}
EL3a(In105), WA 8F= B thE F2olNrh olF
E|ZZoll= 3-6702] Al WAFAAE 7HIEZ} Aglet &
HIZE T blavm2®] 1A= Tl vt 2tedl(Fig. 1), 11
T 5 87 A WA FHNE S1Xoll, 2578} 15 247 WA
b Al wiA FHAIE Aol et

VIM-2 AL 7FR Pseudomonas spp.$t Acinetobacter
spp.oll 8k ceftazidime¥} imipenem®] MIC W= 42+
32-128 pg/mLe} 8-256 pg/mLE H Fw2 MICE Ho
1/]’, blayiv.2 3’]2]01] w]—% 7]":’]‘1:: Si%TZ]‘(Table 2).

blayna AL 2lolli= aminoglycoside 234 F44},

=
v;..T
GARE 7M1 QQEZE F, 199792 1998 el Eal=l A4 3| aac(6)-1, aadAl B aadA27} EsFFIe). 1995-19994 Ha|F

5-CS  blayy.,

aacA7 aadA1 3-CS

A. baumannii YMC 98/7/R363 [16], P. putida YMC 97/8/322 [19],
and A. baumannii YMC 05/1/938 In105

5-CS  blay,,

Acinetobacter genomospecies 3 YMC 99/11/U160 In106 [16]

P. aeruginosa YMC 95/1/2105 In107

P. putida YMC 99/10/431

5-CS  blayy., gac' aacA-(6) catB3 bla,q

P. aeruginosa YMC 05/5/1361

5'-CS aac3/
P. aeruginosa YMC 05/5/1103

Intron
5-CS  blayy. aacA-(6') aadA2 3-CS
GHBBHALS, o[Jo oJo O IoZZZ 72 P. aeruginosa YMC 05/5/1785
fused
5-CS  blayy, aacA-(6) orf/intl1  ereA 3-CS

W P aeruginosa YMC 05/5/2030
IRi

Fig. 1. Comparison of the structures of variable regions of class 1 integrons determined in this study. Hatched rectangles indicate the 5'- and
3'-conserved segments (5'-CS and 3'-CS), black arrows the cassette-borne resistance genes, empty rectangles the a#fC sites of the cassettes, small
rectangle the IRi sites of the integron, and gray circles the recombination core sites and inverse core sites. The insertion and orientation of part
of putative class II intron in the recombination site of the last cassette of In106 and integron in P. putida YMC 99/10/431, P. aeruginosa YMC
95/1/704, and P. aeruginosa YMC 05/5/1103 are indicated.
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Table 2. MIC of antimicrobial agents for blavim2-positive gram-negative bacilli with different position of blaviv cassette in class 1 integrons

Study No. Strains Position of blayima MIC (mg/L) of
cassette PIP CTX CAZ ATM IPM MEM
1 A. baumannii YMC 98/7/R363 First 32 128 32 32 8 4
2 Acinetobacter genomospecies 3 First 64 >128 64 32 32 8
YMC 99/11/U160
3 P. putida YMC 97/8/322 First 128 >128 64 32 32 64
4 P. putida YMC 99/10/431 Second >256 >128 >128 32 64 32
5 P. aeruginosa YMC 95/12/2105 First >256 >128 128 32 32 8
6 P. aeruginosa YMC 95/1/704 Second >256 >128 >128 32 256 64

Abbreviations: PIP, piperacillin; CTX, cefotaxime; CAZ, ceftazidime; ATM, aztreonam; IPM, imipenem; MEM, meropenem.

K. pneumoniae
P. aeruginosa YMC 95/1/704 AY029772

P. putida YMC 99/10/431 AY065966

MTEHDLAMLYEWLNRSHIVEWWGGEEARPTLADVQEQYLPSVLAQESVTPYIAMLNGEPIGYAQSYVALGSGDGWWEEET 80

Acinetobacter genomospecies 3 YMC DI I R R R I I I T R T R R R I P I PP APEP

99/11/U160 AF369871

P. aeruginosa YMC 95/1/2105 AF418284 © 8 08 ees s s 00 e s s eee 0 e s s e ees s eset e e eseses s e 0escse s er s oese 00 s 0000 s s 00 o s o

K. pneumoniae

P. aeruginosa YMC 95/1/704 AY029772 esesecses e Sececscsosssccnsos
P. putida YMC 99/10/431 AY065966

Acinetobacter genomospecies 3YMC ~ ceeeeeens Sevesosseccssesce
99/11/U160 AF369871

P. aeruginosa YMC 95/1/2105 AF418284 eseecsece Seveeennes Seeeren

K. pneumoniae

P. aeruginosa YMC 95/1/704 AY029772

P. putida YMC 99/10/431 AY065966
Acinetobacter genomospecies 3 YMC
99/11/U160 AF369871

P. aeruginosa YMC 95/1/2105 AF418284 NI O N

Fig. 2. Deduced amino acid changes of aac(6 )-I detected in this study, compared to aac(6 )-I deduced amino acid reported by Nobuta et al.
[10], P. aeruginosa YMC 95/1/2105 and P. putida YMC 99/10/431 had a mutation T269C and deduced amino acid change of L90S. P.
aeruginosa YMC 95/1/2105 also had G298A and T512A mutations, resulting in amino acid changes of G100S and V171D. Isolates with
mutations in this study: Study No. 3, 6 in Table 2. P. aeruginosa YMC 95/1/704 and P. putida YMC 99/10/431; No. 2. Acinetobacter
genomospecies 3 YMC 99/11/U160; No. 4. P. aeruginosa YMC 95/1/2105.

9] aminoglycoside &4 FAA HRE FHs7] $3,
aadAl, aadA2, aac(6’)-1 =l aac(6’)-11 |2 ¥4p{8=1 hybridization%
A1e8st A3 P. aeruginosa 25 % 275 amikacin, kanamy-
cin, tobramycin, netilimicin 52| WA =9 aac(6)-I%, 1
S gentamicin, tobramycin, netilmicin 5-9] WA} FeiE
aac(6)-1I & 7FAZ YR, streptomycin®} spectinomycin
52 WA B9 gadAl =2 aadA2 SRS P. putida 15+
= Alglstar 257 7hAa glele

2 Aol F2=5 AZ R 7709 JElLgells blavive
2} aminoglycoside 2] 4= A} 2ol % catB |-AAT} 25

oll, blaoxa.1 TR} 15l 9girt. Class 1T introne I &
2lF 1157 F 454 A=A, 2 A= Qlel2ge] 309
BEAA ulg Aol X oew, P. aeruginosa YMCO5/
5/20309] QEILE(SF 5.3 kbyolli= intll Tl blavm7h, T
th2oll aac(6)-IZF ered7} 9912™, leftward inverted repeat
(IRi) WkE vhgoll g onfinidio] At

H ool A] P. aeruginosa 2538} P putida 15 9 Acineto-
bacter genomospecies 3150l = AENLE9 aac(6)-1 4
A AD FALR oA GE 3 AT o] 52 AR
e tiFig. 2). K. pneumoniaedl|A[10] 2 %2 7% aac(6)-1
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Table 3. Amino acid substitutions in aac(6’)-I type aminoglycoside
modifying enzymes

Amino acid at position

Isolates with aac(6’)-1

90 100 171
K. pneumoniae Leu Gly Val
P. aeruginosa YMC 95/1/704
P. putida YMC 99/10/431 Ser
Acinetobacter genomospecies 3
YMC 99/11/U160
P. aeruginosa YMC 95/1/2105 Ser Ser Asp

Abbreiations: Leu, leucine; Gly, glycine; Val, valine; Ser, serine; Asp,
asparagine.

o] A2 A& 34 ohn) A A3 vl S, P aerugi-
nosa YMC 95/1/704, P. aeruginosa YMC 95/1/2105 B! P. puti-
da YMC 99/10/4314 ZZH aac6)-I 52 ALz FH3
o] = Ak %] 909] leucine©] serineC & X|ghE| Tt w3k p
aeruginosa YMC 95/1/210504 AZH aac(6)-12 o] =4k
£ 90, 100 B 1710] 22 LeuollA Sero &, GlyollA] Ser
2, a2 valollA AspE *]31E| Itk Table 3).

M

1

Carbapenem>- 15H5-4 2ot 744l SHF X gell o3+ &
Ao 2t 1009 W 51k o] dtAlel] WA Altto] A= 3]
7kt olE WA vlaA &3] #54 metallo- A-lacta-
mase (MBL)el| 2|3t} 2154 MBL-S IMP, VIM, GIM, SPM,
SIM, AIM, DIM, NDM % KHM%o] B cH11-15]. W
A Eel= Pseudomonas spp. 4958} Acinetobacter spp. 135
+ 254 MBLo| 9]l carbapenemel] A& H3ick =ulioll
AE 1990 3ol VIM-2 A Pseudomonas®}; Acineto-
bacterS E3% v} Qlom[16], L & VIM-2 ABA 8. marces-
cens 1579} E. cloacae 157} R31%Yc}H17,18].

Carbapenenm WA3} #=1% 54 MBLO blavimas Aci-
netobacter spp., Pseudomonas spp., S. marcescens 3 E. cloacae
S 98 AANA el agSA whlirellA] A ol
W3 blaymot QVEIZECl $1Xsk=d], 2 JEl2E2 AR
FHIES] o]z <3l Z7]9 F27} chefsict.

B odLollA] Pseudomonas spp.2} Acinetobacter spp.ollA 7
=5 6709 blavmaE 7H YEIZEL Aol Hargd v} gl A
28 7290 S marcescens [17]9} E. cloacae [18]01]/11 el
%% QE|TEINE 27 B3keh. Yum S[1619F Lee S{191¢)
Aol A YA Aol A EelE A baumannii®}t P. putidaoil A
U 729 Qlel2Ee] AEH vk =, ol olF FF
Zhel] Qle| o] 473 A2w| Q7] wiiFo 2 ekt whahA,

ol AHE, blaymrg 7H JEIZES] F2E A7 A7)0l
ulg} chekst Zo 2 ek

1995-19990l] el #5552 1157 57} 3k /i 9] ¢
Bl EuHS 7EA 3 9lglont, 200546l HelE 185 FollAe
1457} blayv2E 7H QEIZE flo% blaviva g <+ 7HF Q1
2% 1 WA 2707 AEE Sk ol A7kl A el wet
A b wiitel] vhekst Qlel2E2E 7= Aol &8st
£ Aog A7

Yum 53} Lee 5°] 200210l X.378H16,19] -4 A xl|ollAl
Zeld FFolA blayivas 7M. el 23 74 2719] 4.0
kbe} 4.5 kb QelLEo] HAZE=]cKFig. 1). L&, P. aerugi-
nosa YMC95/1/21050114 7155 2F 4.0 kbe] Qe &2 A
Aol X3 blayn22)oll catBS, aac(6’)-1 B aadA2E 7}A L
A3, P. putida YMC99/10/431% blaym £l aac(6’)-1 B
7155 & 5 90 “orfP’3 class 11 intron®] YSATh 20051 |
Bl FFolAE 3.0 kb, 5.3 kb W 5.5 kb Z7]9] AHES 2
gl2Eo] ZAEH e

HallZ} Collis [5]0]] <8P, Qlez&o] ofg] 7] §-44} 7}
AEE 7HA 3 & ulf, AEIZE He] §44 FTHIE 210l
el 2 AR e A7 ZdElxivk S promoter 717l
A AR SIS T A HERE B Aol
blayns ] QIEITE ) 1A ool v} sk, 2,
P. aeruginosa YMC05/5/178501 A<= A WA FHAIEo, P. puti-
da YMC99/10/4310l| A= F WAloll, P. aeruginosa YMCO5/5/
11030114 = Al WAllell ATt blavna7h JElZE] 3 WA
oll /X8 P. aeruginosa$t F WAl $1X1& P. aeruginosa©ll
gt imipenem®] MIC+= 22+ 32 pg/mL$} 256 1 g/mLo|}
a1, 3 Aol X3k P. putida®t -+ Aol HX8k= P. pu-
tidaol) HHEF MIC= ZH2} 32 pg/mLo} 64 1 g/mLo|$ATH Table 3).
AulA © 2 Acinetobacter B} Pseudomonas©ll Tt B-lactam
AA L] MICE =ARE B Qo= 75 7+ Zol& i,
blayi22] 1Al w2 imipenem®] MICe)| Xpo|7F 4] S5
A AT efflux Fzkdlol} vt 5344 5 ohE 7149
Aol &2 Qlgk ¥l Aoz gt}

Qg HAAoNA EBlSl= Acinetobacter®t P. aeruginosat™
aminoglycoside WAEo| v]2Z & Zog o4&z Jr} Lee
[512] 1ol Sfab 2009 Sl el o) Fxhel 94
ollA B2]¥l Acinetobacter$} P. aeruginosa®] aminoglycoside
WAES 77t 48-64%9)F 19-29%0]%ie}. tEdk Q4 7ol A
2= P. aeruginosa®) AE|LENE &3] aac(6)-1, aadA 2
aadB 52] aminoglycoside A& 4 FAA} o] Hux
vk 910,20, 5, blaymas 7HA E3EE Hel5o] Qle|2E2
aminoglycoside WAdoll Froddl= aac(6)-14]21,22], olefz] &
2l52] In72% aacA-(6)E{4], T 222 IS8 aac(6)-11
I} aacA29a, In59L aacCI1Z} aac(6’)-1 22 gacA29pE 71X AL
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AAH23]. A B2l S6oll= blayma™ DA 7.
aadAl, aadA2, aac(6’)-1 B aac(6’)-II'5 BHAAZ hybrid-
izationg AJ3§3k A7}, Fllell A Feld A el T2
blaviva s 7V QB 222 &3] qadAl, aadA2%} aac(6)-I5
7HA 3 Q)i ck(Table 1). aac(6)-I5 7VX Pseudomonas spp.S+
Acinetobacter spp. 47+ amikacinol] sl HAoli ot
aac(6’)-1 BRAAE |23 hybridizationoll A9l 6FF= 7
FA oIt} ol aac(6)-1 BERAS o]-&3F hybridization 2.2
o] FA2E L] o77] wiFog Az

Amikacin, kanamycin, tobramycin 2! gentamicin 52| amino-
glycoside WA} &= 16S rRNA methylaser =l 1384
ol &) AEEE Aoz Badk u) Qlv24] w3k
aac(6’)-I= FA A= amikacin, tobramycin, netilmicin, kanamy-
cin, dibekacin ¥ isepamicin 52| aminoglycoside WAl 7} ]
o] 9k aEY, B AFA P putida 150 Y& 6.0 kbQl
AELE ol aac(6)-I $3.21}, amikacinol] tsl] WAlo]
Stk ol thE b A7} Belshel Ak amolLh st 2
€ 16S rRNA methylase -7k 917] o2 4%}

Jeong S18]0] K13} class II introng 7HA Qe L23} ]
S8 F29] olg|LEo] B AFe P. putida YMC99/10/4318}
P. aeruginosa YMC05/5/110301|4] 7AZ=| 9t} o5 FollA
= Qe v 74 RS At SR ol
I ¢~ 54 class 1T introno] 7%E]9c)

H oI FollA 74ZH class II intronS 53] T2]9] Qg2
oA WAEA] 952 FF2=oleh IRi 5= class 1I introno] 73
2 QEaEe 2 s FAE T e T2E JulaEY
A AfE G8 F 9S AeR ke e
blayimas 7F3 QlE|LE0]|A] class 1T introng] 7|53 ko]
el Show Al Aed Aew naw

AEHOR, blaymrs 7W class 1 JEI1E9] F-2= E5
77FA101 ek A Aol A E-el¥l Pseudomonas 5675
3.0-7.0 kb9] QlE|ZEE 7R glglem, o5 = 6.0 kbel A
o] 71 E&ldel. B, Acinetobacter spp. 2475 % 227
T+ 3.0 kb QHIZES, 175+ 5.0 kbl S 7HA 2 et
OlE| L2l ZA8}+= class 1T intron¥} IRiS] F7]A LS Z2]
ke el vl g Ao Bk EANE 0|8 4
A= A71ALo|Ur}. Pseudomonas®}t Acinetobacter®] blayis
2 742 QEl el A2 Aol aac(s)-1o] EoHich. A
29 729 QAT 1A 28T Fo| BhE AF7] B
Ut 729 QR Y AA JulaEe FRALH
blayiz 7HIES] 73 o] 84 wiEq] Aoz sk} w3l
e 2EL o5 Al WA R4 7HIES] o] Foll 23l Al
70l whe} F27} Adksto] AlGH o R vkt F2E 2= A
A

ZAel 2

o] = 20109 % AR ETET R Aoz
AT A7) 223 TA] 9] A 818 ol S22l AT9)(No. 2010-
0005389).

o2
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