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Acinetobacter baumannii 1625, a clinical isolate identified by Vitek and 16S rDNA sequence, showed an
extended resistance to most B-lactams including imipenem, kanamycin, gentamicin, tobramycin, and
cephalosporins of the third and fourth generations, and produced metallo-B-lactamase (MBL) of IMP-1
type which is rare in Korea. The isolate contained a class 1 integron of about 2.5 kb in size and the
integron included accA4 (aminoglycoside resistance gene), blamwp.1 (carbapenem resistance gene), and
blaoxa> (extended-spectrum [3-lactam resistance gene) gene cassettes in order. The coexistence of
IMP-1 type and OXA-2 type B-lactamase gene cassettes in an integron has not been reported in
Korea. The transformed integron rendered the E. coli transformant resistant more than eight folds
against imipenem, ampicilin, piperacillin, cefazolin, cefoperazone, and aztreonam comparing to the
reference strain. This study clearly showed that the extended multi-drug resistance of A. baumannii

1625 was mainly due to the integron.
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AE 3, B FAF 13TU o3 e Ak Skskar Sk
(1). AcinetobacterZ. 13} of7|=El= 749 T3 TAHLS

735 A. baumannii (3
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ot Al tigt Ui dEAelT). Acinetobacter] carbapenem
WA 7ddle dtAle] 2 B4 FAad §F 28 o
& P-lactamaseo]l oIk WA Fol l=Hl, olsdl %
carbapenem W32 iF-E Fo oJstAY vk, o
TR MupylsAol Ak o5 WAZIHRY F83% A
carbapenemase®] 2|3t carbapenem®] E-&AJslo|) HZ
Al ARgo]l  F7FEHA Pseudomonas
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aeruginosa, A. baumannii, Serratia marcescens ' Entero-
bacter cloacae 2] carbapenemase dTE°] F7F8kL U
o] o]E5e tig ZdFY AFet AT T80 FAH
I JTK13).

Carbapenem=- 4#-3l5]+= carbapenemase = Class A, B, D
o] o, o]FolA carbapenem= 7Y Z Eagl=s A
class Bo|™ &4-9] 45 9I3 zinc 9t 22 metal o]2°] I
Q23}7] W&ol metallo-B-lactamase (MBL)Z ™% 1TK16).
MBL F32= thF-E IMP ¥ (blave) & VIM 3 (blaviy) family
2 Uxet okxel, #4, Sobrlglrl, golErE X st
A AARes RusT glom, Bebdel Sao PauloolAE
SPM-18(17)¢] Bk ©] T blawe A 1991
YEAX P. ageruginosaZHE] A5 EEHASH, T2 dE,
ofrlo} B fdol| A FE|=I1 ITH(18). blavivr type-> ©JElE]
Verona®lA] 5 #EAoH, oJolr Zgox VIM-23
o] £=|Atke6, 15). VIMIF 2] MBLS IMPE 2 oF 30% 73
= ol FAMES Holn, IMPE I} 72o] aztreonamS A
Qg BE B-lactam FHAIE THEEAE = Urk14). Tl
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Table 1. Antibiotic resistance of A.

baumannii 1625 by disk diffusion method

Zone diameter

Antibiotics A. baumannii A. baumannii E. coli
(ug/ml) 1625 ATCC 19606 ATCC 25922 (mm)

(mm) (mm) (mm) R I S
Ampicillin (10)* 0 0 0 <13 14-16 >17
Kanamycin (30)" 0 0 0 <13 14-17 >18
Piperacillin-tazobactam (100/10) 19 23 25 <17 18-20 >21
Gentamycin (10) 17 20 <12 13-14 >15
Tobramycin (10) 0 17 15 <12 13-14 >15
Imipenem (10) 10 22 23 <13 14-15 >16
Aztreonam (30)* 9 23 26 <15 16-21 >22
Ceftazidime (30) 8 20 23 <14 15-17 >18
Cefepime (30) 0 26 27 <14 15-17 >18
Cefotaxime (30) 0 26 30 <14 15-22 >23
Cefoperazone (75) 0 18 26 <15 16-20 >21
Ciprofloxacin (5) 0 23 30 <15 16-20 >21

* Interpretive standards for Acinetobacter spp. were not available in CLSI guideline, and the interpretive standards for Enterobacteriaceae in NCCLS (2007)

are used instead.
Abbreviations: R, resistant; I, intermediate; S, susceptible.

A= 19953 MBLS A3l= P. aeruginosa®} P. putida TF
TE BEgle T7lo] ZakrolA BudE VIM-283 9714

[elKe)
gol Ze2

B 3}930(8), o]0 A. baumanniidl = VIM-2
o] AZHATK19). MBLE] 3% = I¥HH S 2 integronty]
o cassette FAOZ AAF] EATa gHA AN, o=
carbapenem FAIE 7PE 2 RalEly] wiiol] Wd7IHeNA
¢ F83h2).

Integron-> Tn21 familyoll &3k= ©]54 DNA elementZ
A tyrosine recombinase®l| <3} intergrase (int)S THA|A
gene cassetteS 531, 0|52 WHA)I]= promoterE 5'CS
(Conserved Sequence)oll 7} Ut} Integron intl2] 471
Agel o3 ERET AF7H] 10579 integron©] ¢#HA
Atk ©lF 5714 integronTt U4 FAAke} AEEo] glom
@), A BEgEs 7= HEE class 1 integronS 714
I ok lFR9] blane TR} blavim FAARE class 1
integronol] EA)8PH =E7) class 3 integronol] EAsk= o7}
Ry 7% SItK2). Martinez-Frejio 5(10)2 97=ollA
E2E #5004 integronS ARSI =], integronS ZEl Q)
A e 7 H} integronS Z3L e TFE0] AZ TE
Al tigk o] Btk B sttt Integron-S =2
= O)s(transposition) & F= $1o™, TFE transposon©l| |
X&), wkeF o] transpson©] HEA] plasmidol] EA|scA U
A 7347} genome™} genome Atolo|A HA ol & 4 3l
om, MBLS X&3st WA ke S8 Algxr 9
£ & Aotk

718 A8 AT A, baumanniidl 23t HEF X 5ol=
g2 A UdTEC] BYIShs B-lactamaseo] HFsH
carbapenem 7| E(imipenem, meropenem )2 YA E0] AL
|EH e, HZ o] ALY FAA WEds Ade A

baumannii TE°] T8I o] XF7) oHHA I o

oo w2 WWAATY F8do] BAEI Jrh3). Tl
SAA] WA BHEE integrons°] R E HE Zol o
1}, carbapenem WS YENIE A. baumannii 19] integron
of &3 e Aol EFSith a8ty £ AFe AEE
W STkl e 847 FAUA Lobiarat 20051 2
U P HAA Aj2o] EE]Eo] MBLS A5k AR
Hols #FE T4 & A U s godsta, B
WA FAA 2 WA RS A st stgen, gt
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2005 =] tiEE Y 3 HAE A 2EE

ZA, Vitek system 2 T3 EXPHOA] imipenemol] WAQ

N

Rl

o57F A =AUk AR TF= Vitek test ¥ A
baumannii V=S A3} L, T3 16S rDNA F7IAME EAo

Z A baumanniis T R & SIATkARE HlAIA).
o] A9 FFE A. baumannii 16252 B}l T2~ FAHY
(Do A FEAAE Mg 2 AR8g FAA
&t WAaYs s, AR S Ay
(microbroth dilution method)l] €3t HAA|FE=MIC) 3
(12) Z¥= 1 ZA3s 3yl 3 FUoh  Imipenem ¥}
meropenem® ek MICE 712} 64 pg/ml9} 64 pg/ml o3&
vehfio] MBL A48wFE 18 5 AL, penicillin AlE
2 E&, 1 9 A 34t & A 4M ) cephalosporin A|E St
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Table 2. Minimal inhibitory concentrations (MICs) of B-lacatams
and aminoglycosides against A. baumannii 1625, E. coli DH5a
transformant and E. coli DH5a reference strain

MIC (pg/ml)

Antibiotics A. baumannii E. coli E. coli

1625 transfomant DH5a
Ampicillin >128 >128 2
Imipenem 64 1 0.06
meropenem >64 0.125 0.06
Piperacillin >256 >256 0.5
Cefazolin >128 128 -
Cefotaxime >64 0.125 0.06
Cefoperazone >64 >64 -
Aztreonam >64 2 0.125

baumannii 1625+ imipenem®l| th3] 7448 YehA ok
Imipenem disk7} T2 1S wole AAdle] Z7Ho] oF
10 mm AEP oY, A8 Z3} imipenem disk$} EDTA disk
Atolol|l A s a el o5k AAte] g do] BEEHoH,
o|i= A. baumannii 16252] B-lactamase= FAJol| F4:0]-29]
L8 MBLYS 31 = UATHAE H]AAD.

ZUlolA] imipenem WS doTle HHAER B
IMP-1383% VIM-2¥ #F3AS dopraizl, zpztel] Sol#<l
primerE< AF8-8l] PCRE Al3)3t A3, A, baumannii 1625
= VIM-2 5olFQl primer]l osixe FFEA e3gkony,
IMP-1 E0]2] primerol] 234 plasmid DNAS F3 o=
ARESIS ™, ©F 500 bpo] =719 FEAREC] #E EHomH
(Fig. 1), o] F7IMEL2 7120l BE blawe 9 F714E3%
A5tk

s Bl 2 AAE A baumannii 16259] plasmid
DNAES Fgo=g &l 5CS$ 3'CS primer® ¢F 2.5 kb2
integrong SZ3}0M, o] integronS FHOZ AMEIIIS
o= blane FRAAZF SZEJATHFig. 1). ©] integrone] A
7188 B3 Ax), Zo|7} & 2,552 bpQl integron 24 3
el FAA WA FAAL cassettes0] EANEFAL, 5'CSS}
3CSE SRIEATE 5'CSolM AAF 229121 anll EAE
Q18F 31, NCBI [http://www.ncbi.nlm.nih.gov/]2] Database <}
H 8 A3} class 1 integron Y= & 4= ANk 3709] gene
cassette= 2 XA} Alolult}t gene cassette 52 59-be
(base element)”} =45} A 2™, core site2} inverse core
site A EABHE S & & Utk ol V& HuH A
baumanniiolA] WAE integronEd} Bl S W V)= Hls:
SEATE WAL 29} FRA folE HATHFig. 2).

Integron] 3 AR F-ZA} cassette= accA4 +FAZ amino-
glycoside-6'-N-acetyltransferase S A§/d3}4] aminoglycoside2]
6 ol I5-S 7143l 3, aminoglycoside W1E &
2 T 7P 3L WS Btk 9] gene cassette 5'CS
SIHE = intergrase HIZ TR XIS E=Z pro-
motor®l] &J3) 7F3HA Ld HUS A= AztEnk AAZ A
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Fig. 1. Amplification of blawp.1 and blavim genes in A. baumannii
1625 and transformants.

Lanes 1 and 6 : Total DNA of A. baumannii 1625 was used as a
template.

Lanes 2 and 7 : Plasmid DNA of A. baumannii 1625 was used as
a template.

Lanes 3 and 8 : Amplified integron DNA of A. baumannii 1625
was used as a template.

Lanes 4 and 9 : Plasmid DNA of a transformant was used as a
template.

Lane M : DNA size marker.

blanp1 gene specific primers were used in lanes 1-4 and blavim
gene specific primers were used in lanes 6-9.

baumannii 1625 kanamycinS &% A 774 A A
AHFE-EQE gentamicin, tobramycindll W3S H A =U|(Table
1), o] FRel &) Aol Aske AR HRlth F WA
AR blamp.1 gene> MBLS sk RAlZ ko)A
gol RExHe VIM-237= g & WdsRA @oko, 2002
ol Yum 5(19)¢] oA IMP-18< 7} A. baumannii
£ HusiGick o] Aol B blane. A2 A7
E-2 Yum 5(19)°] Bt fxte] A7IMEH 98% LA|5t
Ak o] AL Aikshe MBL-2 cabapenem |2 <] imipenem
ol AL ZAEE 3= F4 g9loH, AFATME NS
YERHITTable 1). wpARell 91X|Sh= blaoxa. A=
extended spectrum B-lactamase$] §+ F7<] oxacillinase S &
s3}3tar Aok o] &4V} 3 A M aztreonam, cefotaxime
ol Wae JeRE 5 Atk FatA] A AR Al AR
cefazolin, cefotaxime, cefoperazone 5ol WA Ho] & AL
2 Ho} o] fxiztel| o) FFAdo] At FoE AZtEHTL
©] integron2 %A} cassette7} 37 O|E2Z gene cassette S|
o] A= Y= T integron Bt 34 2571 &
Ad Fo= AlgEY, A A3 A e A1E A
A8 AUAdS Ye= A9] integrone] 43 IXES
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(A) A. baumannii 1625 (2.5 kb) (this study)

(Lo A A, A
— —
S'cs 3'cs

(B) A. baumannii P17 (3.1 kb) (Kraniotaki et al, 2006)

(] thp> aac > aaa'A5>
L] —
5'cs 3'cs

(C) A. baumannii AB394 (2.5 kb) (Liu et al., 2006)

<Int{1 [] aacA4>' aacc1>' oﬁx>' oﬁX’> aaawa>. qacfﬂ.>
= —_—
S5'cs 3'cs

Fig. 2. Comparison of structures of integrons found in A. baumannii 1625 and other A. baumannii.
Coding sequences are indicated by block arrows with corresponding names, and transcriptional orientations. Black filled arrows indicate the

position and direction of primers 5°CS and 3’CS used for amplification.

& g AUtk

ESE Zof] Al3Y3} transformants®] MIC AFNANE thx o
FRT R FAAA Aol 7 3 Fe=m Ho}
cloning ¥ integront] ] W’d -F-317} casseette 2] o] o] Fo]
1 RAe=E B £ Utk MICHZ AR &4 & WAdel
$I= E. coli DH5aX .t} 8ull o) &713F 3H=5-0] imipenem,
ampicilin, piperacillin, cefazolin, cefoperazone, aztreonam<!
AL o] integron ] gene cassetteE2] F& QA HASE AlF
HtKTable 2). £3] IMP-132] MBLE aztreonam= 78
ekA]  Esh, integrond]ol] A Add®E OXA-2¥ B
-lactamase®l] 23} carbapenemA| B2 AN TF WS
HRl Aoz AAHM, FAlo EAlshk= 7 FHEAS oA
e HAES gl & & Y3t

A. baumannii 1625 integron®] 713 3%72] WA F-3}
cassetteol] 9J3l THF3H FFHS} HS HA FAA WS
Holg AoZ £ AFolA 15t o]Hel| Bad AT7E
I vl P ), IMP-187} OXA-2E B-lactamase”} FA]l
ZAS= A. baumanniic =HA BaF v} I, o] &5
7} E2]% o]F o % carbapenemaseS AYAVS= A. baumannii
7F GBS Ak don, e A FRE oA
Aok ek A, baumannii 16252] integron®] 24 plasmid©ll
AXBIHAHH conjugationdll &3 A U FHAAES 4
A e HATER Aok F & AolBE o] tigh B
A77F Bastta wdEnh

1)

o

dEE] T2 A. baumannii 1625 imipenem (carbapenem

AD S 3 tHES] B-lactam Al 2] YA EZ kanamycin,
gentamicin, tobramycin % A 3Mtle} 4M ] cephalosporin

Age] FAAE FHAT WS e, Sollx=
Z5 IMP-1¥ metallo-B-lactamase (MBL) & AAste= o
Jo] ALYy A baumannii 1625% F 2.5 kb =7]¢]
class 1 integron2 2zl Uem™, o] integrontoll amino-
glycoside A8 WA A accA4, carbapenem AE WA
FRAAR] blanp-1, BFHHAS B-lactam WA FHAR] blaoxa
87} cassette 50] AR A U2 ERletA=H, ©]
AL IMP-133% OXA-2¥ B-lactamase®] FAAS 22
integrontjoll Ao 2= A28 vlE B FEZA o|Hef| =
Woll X Bag up Qe Zolk ©] 2.5 kb =7]9] integronS
SHA WAdo] §I= E. colioll 2AE AZS W, imipenem,
ampicillin, piperacillin, cefazolin, cefoperazone, aztreonam -&
o] FAYASCl et gulf o]} S7HE WAEHEE HAHh o]
= A. baumannii 16252] integron®] THAIUAS Foste 7]

o= ol SF= HolEth
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