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Mode of Transposition and Expression of 16S rRNA Methyltransferase
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A newly identified 165 rRNA methyltransferase gene, rmtC, was accompanied by an ISEcpl element at its 5’
end. This ISEcp! element, which contained a transposase gene, tnpA, provided a promoter activity for expres-
sion of the adjacent rmfC; and this structure enabled the rmtC gene to be transposed onto another plasmid in

Escherichia coli.

Four types of plasmid-mediated 16S rRNA methyltrans-
ferase genes, rmtA, rmtB, rmtC, and armA, which confer high
levels of resistance to various aminoglycosides, have been
found worldwide among a number of pathogenic gram-nega-
tive rods (3, 4, 8, 14, 17-19). The distribution of these plasmid-
mediated 16S rRNA methyltransferase genes among patho-
genic bacteria seems attributable to the fact that these genes
are associated with some bacterium-specific DNA recombina-
tion systems, such as a transposon (3, 5, 7, 16). In fact, it was
recently reported that transposition of armA was mediated by
a composite transposon, Tnl548 (5). However, little is known
about the transposition system of the other three plasmid-
mediated 16S rRNA methyltransferase genes, rmtAd, rmtB, and
mtC. Therefore, in the present study we characterized in de-
tail the transposition system of rmtC, which was located on a
plasmid (pARS68) found in a clinical Proteus mirabilis strain,
ARS68 (14). ‘

A Sacl-digested 11-kb fragment carrying rmuC was cloned
from pARSG68, and both strands were entirely sequenced. By
using the bacterial genetic code, ORF Finder (http://www.ncbi
.nim.nih.gov/gorf/gorf.html) was used to search for open read-
ing frames (ORFs). A schematic representation of the cloned
fragment is shown in Fig. 1A. ISEcpl, which contained a trans-
posase gene, tmpA, was located just upstream of rmtC. Al-
though there were several ORFs (orfI to orf8) around ISEcpl
and rmtC, their functions remained unknown, even though
their sequences were compared with the sequences in the pub-
lic databases of GenBank and EMBL by using the BLAST and
FASTA search tools.

It is well known that ISEcpl is often located at the 5’ ends of
several B-lactamase genes, such as bla ~rx_n and blacyy (1, 2,
6, 9, 11, 12, 15), and enables these genes to be transposed to
other DNA target sites (2, 10, 13). Moreover, ISEcpl provides
promoter activity for expression of a downstream CTX-M-type
B-lactamase gene (2, 12). These findings strongly suggested

* Corresponding author. Mailing address: Department of Bacterial
Pathogenesis and Infection Control, National Institute of Infectious
Diseases, 4-7-1 Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan.
Phone: 81-42-561-0771, ext. 500. Fax: 81-42-561-7173. E-mail: yarakawa
-@nih.go.jp.

that the transposition and expression of rmC, as seen in
PARSG68, were also regulated by ISEcpl. ISEcpl was bracketed
with two imperfect 14-bp inverted repeat (IR) sequences (the
left IR [IRL] and the right IR [IRR]) (Fig. 1A). A putative
5-bp target site (TTCAA) was located in the immediate vicinity
of IRL (Fig. 1A). This 5-bp target site might be duplicated,
most likely after the insertion of a DNA fragment mediated by
a transposon, and is subsequently located on both faces of a
transposed DNA fragment. The presence of duplicated 5-bp
target sites can be a trace that the insertion of a DNA fragment
by transposon occurred at that position. Considering the flank-
ing genetic organizations of rmuC, it is speculated that a DNA-
fragment containing ISEcpl and rmitC bracketed on one side
by IRL and on the other by a putative second IRR, IRR’, -

. constituting a potential transposon on pARS68. To determine

if rmtC could transpose with ISEcpl and to determine the
structural limits of the transposable unit, we tried to identify a
potential transposon carrying ISEcpI and rmtC bracketed with
IRL and putative IRR’ by an in vitro transposition experiment.
For this purpose, the transposition of rmzC carried by several
donor recombinant plasmids based on two different backbones
(Fig. 1A) to the recipient plasmid R388 (TMP") was investi-
gated with a standard mating assay. Escherichia coli DH5«
harboring R388 together with various recombinant plasmids
and E. coli HB101 (STR) were used as the donor and recipient
strains, respectively. Transconjugants were selected on Luria-
Bertani agar plates supplemented with gentamicin (10 pg/ml),
trimethoprim (50 pg/ml), and streptomycin (100 wg/ml).
Transconjugants were obtained when E. coli DHS«a carrying
recombinant plasmids (pBCS68, pBCHS68, pMCLS68, and
pMCLHS68) (Fig. 1A) was used as a donor strain at a fre-
quency of ca. 1077 to 107° per recipient. On the other hand,
transconjugants could not be obtained (frequency, < 107° per
recipient) when E. coli DH5a carrying plasmids (pBCES68 and
pMCLESG68) lacking a part of ISEcpl was used (FIG. 1A).
These findings strongly suggested that ISEcpl plays an essen-
tial role in the transposition of rmtC. _

Twenty recombinant plasmids carrying rmtC with the back-
bone of plasmid R388 obtained when pBCS68 was used as a
donor plasmid were extracted from the transconjugants. The
sequences of both terminal ends of the transposed fragments
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A IICAA |RL thpA IRR  IRR' TICAA
vector (pBCSK+ or
vector orf1 orf2 orf3  orf4  orf5 \‘ # mtC ¢ / orfé orf7  orf8 pMCL210)
rrs. ST
{ | ISEcp? | : vector
i : potential transposon; pBCSK+ pMCL210
; [ ———
i ! !'5.4 B pBCES68 pMCLESSES ’
i ﬁ;‘ P+ pBCHSE8 pMCLHSES ~
[ P pBCSE8  pMCLSES
3 s
B IRL tnpA IRR  IRR' TICAA
‘ ¢ ¢ ¢ / a part of vector (pBCSK+)

R388 R388

IRLA
P 77 . L

=P =

1

|RL‘ .‘ IRR1
J IRR3 and IRR8
4 IRR4
4 IRRS
i IRR6
£ IRR7

FIG. 1. (A) Schematic organization of genes in the 11-kb Sacl fragment of pBCS68. ORFs and genes are shown as arrows indicating
transcription orientation. The IRL, IRR, and IRR’ motifs are indicated by open rectangles. Possible 5-bp target sites (TTCAA) are shown as a
closed ellipse. DNA fragments carried by recombinant plasmids used in the transposition experiments are indicated by double-headed arrows with
the corresponding recombinant plasmid names. Fragments on pBCHS68 and pMCLHS68 were generated by ligating the fragment on pBCES68
or pMCLES68, and the PCR fragments were amplified by using primers supplemented with restriction sites (HindIII or EcoRI). Restriction sites:
S, Sacl; H, HindIll; E, EcoRL (B) Transposition of the ISEcpI-rnmtC element onto R388 from pBCS68. The positions of the IRRs (IRR1 to IRRS8)
were confirmed by transposition experiments with the ISEcpI-rmiC element in E. coli cells by using R388 as the recipient plasmid. Positions of the
5-bp duplicated target sites are shown as open ellipses. Upward-pointing arrowheads indicate the positions of the IRL and the IRR’ extremities
of each probable transposed fragment (horizontal broken lines). This result reveals that the IRR’ elements of ISEcp! are not so rigorous but are
comparatively multifarious or flexible and that the 5-bp target sites or recombination junctions at the IRR' side are also diverse.

were determined in detail by direct sequencing of these recom-
binant plasmids with customized primers. As a result, eight
types of transposed fragments, which were structurally differ-

end of mmzC in seven of eight cases, although only IRR2 be-
longed to the cloning vector region (Fig. 1B). The locations of
IRR3 and IRR8 were adjacent to the typical 5-bp nucleotide

ent from each other, were obtained. All transposed fragments
analyzed contained both ISEcpl and rmtC, and each left end
(IRL) of those fragments was perfectly identical (Fig. 1B).
However, the right end of each fragment (IRR1 to IRRS8)
varied (Fig. 1B and Table 1). IRR was within 459 bases of the

sequence, TTCAA, which seemed to be an innate target site on
pARS68. Therefore, it is probable that the 2,973-bp frag-
ment bracketed on the left side by IRL and on the right end
by IRR3 or IRRS8 constituted a potential transposon on
plasmid pARS68.

TABLE 1. Characteristics of inverted repeats and target sites for ISEcpl-mediated transposition

Nucleotide sequence of IRL

5-bp duplicated target
and IRRs (14 bp)®

Size of transposed
site sequence

Description of sequence fragment (bp)

IRL of ISEcpl 5'-CCTAGATTCTACGT-3' TTCAA
Expected perfect IRR of ISEcpl 5'-ACGTAGAATCTAGG-3'
(complementary sequence of IRL)

IRR of ISEcp! 5'-ACGTGGAATTTAGG-3"

IRR’ 5'-CCTAGGAACTCGGC-3' TTCAA 2,973
IRR1 5'-GCCTGGGATTTCGA-3' TTCIT 2,943
IRR2 5'-GAACAGTATTIGGT-3' TATGT 6,556
IRR3 5'-CCTAGGAACTCGGC-3' ACGCA 2,973
IRR4 5'-TCCTAGGAACTICGG-3' GCCAA 2,972
IRRS 5'-ATATGGTGTTICCT-3' ATGAA 2,991
IRR6 S-AATCTTTTITCGGA-3' AATTT 2,774
IRR7 5'-ACGCCGTAACTCGG-3' GTGAC 2,756
IRRS 5'-CCTAGGAACTCGGC-3' GAAAT 2,973

¢ Underlining of IRRs indicates nucleotide residues identical to the corresponding complementary nucleotide residues of the IRL sequence. IRR’, IRR3, and IRR8
showed identical nucleotide sequences.
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A B -35
5 - TTTATCAAAAATGATTGAAAGGTGGTTGTAAATA

+

-10 .
ATGTTACAATGTGTGAGAAGCAGTCTAAATTCTT
CGTGAAATAGTGATTTTTGAAGCTAATAAAAAAC

IRR
ACACGTGGAATTTAGGATTAAAATAATCCTTT
3'-&TTAGGAAAAA

S.D. rmtC

CACAGACCATATATG-3"

GTGTCTGGTATAT-5’
(primer)

c
GGTTACCTTGTT -~~~

L TR

FIG. 2. Identification of transcriptional start site for r»ntC in E. coli
DH5a(pBC-KB1) by primer extension analysis (14). (A) Lanes C, G,
T, and A, results of sequencing reactions performed with DNA pre-
pared by PCR as a template and the primer; lane 1, primer elongation
product obtained with total RNA of E. coli DH5a(pBC-KB1); lane 2,
primer elongation product obtained with total RNA of E. coli DH5a
(pBCSK+). (B) Promoter region of rm:zC. +1, transcriptional start site
for rmtC; putative —35 and —10 promoter sequences upstream of
transcriptional start site are underlined with a thin line; dots indicate
‘the ATG start codon of rmzC; a probable Shine-Dalgarno (S.D.) se-
quence is marked with a dotted line; the IRR of ISEcp] is underlined
with double thin lines; the primer used in primer extension analysis
shown with an arrow at bottom. (C) Complementary sequence of the
3’ terminus of the 16S rRNA of Proteus mirabilis. The portion of the
nucleotide residues that coincide with the upstream region of ATG
start codon of rmtC is marked with a dashed line. The sequence was
referred to the EMBL/GenBank database and can be found under
accession no. AJ301682.

The numbers of base pairs in IRR, which is identical to those
in IRL, ranged from three to nine (Table 1). The 3’ ends of the
IRRs identified varied (GA, GT, GC, GG, or CT), although it
was reported that ISEcpIB needs a guanosine (G) residue at
the 3’ ends of the IRRs when it transposed the adjacent genes
blay; .4 and blacrx.m.gs (10, 13). In any event, it was com-
monly observed that ISEcp] and ISEcplB were able to trans-
pose adjacent antibiotic resistance genes by using IRRs com-
posed of a wide variety of nucleotide sequences.

Primer extension analysis of RNA from RmtC-producing E.
coli transformant, E. coli DHSa(pBC-KB1) (14), revealed the
start residue of the mRNA transcription of rmtC (Fig. 2A and
2B). Transcription was initiated at an A (adenine) residue,
located 99 nucleotides upstream of an AUG translation initi-
ation codon of rmtC. This position was located within ISEcpl
near its IRR. Although diversity in the start residue of tran-
scription was observed among ISEcpli-bearing antimicrobial
resistance genes, including rmtC, blacrx.m, and blacyy,
ISEcpl commonly provides promoter sequences within the
right-end region near its IRR for expression of downstream
antibiotic resistance genes (2, 6, 12).

Recently, it was experimentally confirmed that ISEcplB
could transpose upstream of chromosomally located blagy (;.a
of Kluyvera ascorbata, which is thought to be a progenitor of
CTX-M type B-lactamases, and, consequently, could also
transpose blay, ;4 to other target sites in E. coli (10). This
hybrid structure of ISEcpIB and blag, ;.» seems to be the
origin of that of ISEcp! and blaryx_\, Which is widely distrib-

ANTIMICROB. AGENTS CHEMOTHER.

uted among members of the family Enterobacteriaceae world-
wide. Although the overall schemes for the development of the
hybrid structure of ISEcpl and rmtC have not been elucidated,
it is probable that ISEcp! first transposed into the 5’ end of
chromosome-carrying rm:C in unknown aminoglycoside-pro-
ducing bacteria and that subsequently the ISEcpl-rmitC ele-
ment transposed to other DNA target sites on a residential
plasmid of the Enterobacteriaceae. To understand the develop-
ment of the hybrid structure of ISEcpl and rmzC, it would be
necessary to identify natural reservoirs of rmitC. In’conclusion,
we report here that ISEcpl plays an essential role in the trans-

position and expression of a 16S rRNA methyltransferase
gene, rmitC.

Nucleotide sequence accession number. The nucleotide se-
quence of the 11-kbp Sacl fragment shown in Fig. 1A was
submitted to the EMBL/GenBank database through the DNA
Data Bank of Japan (DDBJ) and can be found under accession
no. AB194779.
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isoleucine alteration in the naturally occurring enzyme.® A single
amino acid substitution not corresponding to any naturally
occurring B-lactamase was identified in the mutants derived
from OXA-10 (Table 1). Danel er al.? also generated (with non-
hypermutable P. aeruginosa) an OXA-derived ESBL from R151
that does not correspond to a naturally occurring enzyme.

Although ceftazidime resistance has been associated with
hypermutability in clinical isolates of P. aeruginosa from chronic
lung infections” it is not known whether these strains contain
ESBLs. Indeed on the basis of data reported here, we suggest
that hypermutable P. aeruginosa may not be the source of
those ESBLs found in clinical isolates of this organism. This
situation may reflect the relative ease by which derepression of
AmpC in P. aeruginosa provides a route for resistance to
expanded-spectrum PB-lactams.
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Sir,

Enterobacter cloacae, Citrobacter freundii and Serratia
marcescens are important nosocomial pathogens. In Korea,
extended-spectrum B-lactamase (ESBL) prevalence in AmpC-
producing E. cloacae, C. freundii and S. marcescens is quite high
(10.9-23.6%), and these ESBL-producers show higher resistance
rates to aminoglycosides than do the ESBL-non-producers.'
While ribosomal protection mediated by methylation of 16S rRNA
has been known as a self-defense mechanism for aminoglycoside-
producing actinomycetes, it was not reported in other species
until 2003. However, a series of methylases have been identified
in several nosocomial pathogens, including Pseudomonas
aeruginosa,® S. marcescens,® Proteus mirabilis® and Klebsiella
pneuifnoniae.5 The existence of these enzymes (RmtA, RmtB,
RmtC and ArmA) is of great concern because they are capable
of conferring an extraordinary high level of resistance (MIC >
512 mg/L) against most clinically important aminoglycosides, and
they were often associated with ESBLs.®

In the present study, a total of 413 consecutive, non-duplicate
isolates, including E. cloacae (158), C. freundii (126) and
8. marcescens (129), were collected during March-July 2003 at
11 university hospitals in Korea. The isolates were from wound
(37%), urine (35%), respiratory specimen (20%), blood (4%) and
body fluid (4%). The MICs of amikacin (8-512 mg/L) and
arbekacin (8-512 mg/L) were determined by an agar dilution
method in accordance with the CLSI guideline. The detection of
ESBL was based on the double disc synergy test (DDST) using
discs containing 30 ug of ceftazidime, cefotaxime, aztreonam and
cefepime. They were placed 2 cm from a disc containing
amoxicillin/clavulanic acid (20/10 pg) (BBL, Cockeysville,
MD, USA).

For the isolates that showed high-level resistance (MICs of
>512 mg/L) to amikacin or arbekacin, a search for the 16S rRNA
methylase genes (rmtA, rmeB, rmtC and armA) was performed by
PCR. The total DNAs were extracted from isolates by boiling and
the PCR was carried out with the Tag DNA polymerase (Takara
Shuzo, Shiga, Japan) and the following sets of primers: rmtA-F,
5'-CTA GCG TCC ATC CTT TCC TC-3'; rmtA-R, 5'-TTT GCT
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Table 1. Distribution of ESBLs among 16S rRNA
methylase-producing E. cloacae, C. freundii and S. marcescens

E. cloacae C. freundii S. marcescens

(13) 13) 21

ESBL producers 13 10 i4
CTX-M-3 9 4 12
CTX-M-9 0 1 0
CTX-M-14 0 1 (rrutB) 1
TEM-52 1 0 0
SHV-12 2 1 1
PER-1 0 0 0
undetermined 1 3 0

TCC ATG CCC TTG CC-3'; mtB-F, 5'-CCC AAA CAG ACC
GTA GAG GC-3'; rmtB-R, 5'-CTC AAA CTC GGC GGG CAA
GC-3'; rmtC-F, 5-CGA AGA AGT AAC AGC CAA AG-3;
mitC-R, 5'-ATC CCA ACA TCT CTC CCA CT-3'; armA-F, 5'-
AGG TTG TTT CCA TTT CTG AG-3; armA-R, 5-TCT CTT
CCA TTC CCT TCT CC-3'. Plasmids harbouring each gene were
used as positive controls. For the detection of the ESBL genes,
primers specific for blargy (TEM-F, 5-ATA AAA TTC TTG
AAG AAA-3; TEM-R, 5-GAC AGT TAC CAA TGC TTA
ATC-3"), blasyy (SHV-F, 5-TGG TTA TGC GTT ATA TTC
GCC-3; SHV-R, 5-GGT TAG CGT TGC CAG TGC T-3'),
blacty.m (CTX-M-F, 5'-CGC TTT GCG ATG TGC AG-3'; CTX-
M-R, 5-ACC GCG ATA TCG TTG GT-3"), blacryme (CTX-
M-9-F, 5-CGC TTT ATG CGC AGA CGA-3'; CTX-M-9-R,
5'-GAT TCT CGC CGC TGA AGC-3) and blapgr.; (PER-I-F,
5-AAT TTG GGC TTA GGG CAG AA-3'; PER-1-R, 5-ATG
AAT GTC ATT ATA AAA GC-3') were used. PCR products
were purified with a QIAquick PCR purification kit (QIAGEN,
Hilden, Germany) and sequenced on a 3730 DNA analyser
(Applied Biosystems, Foster City, CA, USA). The nucleotide and
deduced protein sequences were analysed with software available
from the National Center for Biotechnology Information (htip://
www.ncbi.nlm.nih.gov).

Of the total 413 isolates, 58 were resistant to amikacin, and the
majority (49/58, 84.5%) of these 58 isolates showed high-level
resistance (MIC > 512 mg/L) to both amikacin and arbekacin.
One E. cloacae isolate was highly resistant to arbekacin (MIC >
512 mg/L), but it was susceptible to amikacin (16 mg/L). The
frequency of the high-level resistance to amikacin or arbekacin
was 9.5% (15/158), 10.3% (13/126) and 17.1% (22/129) for
E. cloacae, C. freundii and S. marcescens isolates, respectively,
and almost all of them (13 E. cloacae, 12 C. freundii and 21
S. marcescens isolates) harboured the armA gene. One C. freundii
isolate harboured the rmtB gene. The 16S rRNA methylase-
harbouring isolates were isolated from nine hospitals distribu-
ted nationwide. All of them were highly resistant to both
arbekacin and amikacin. None harboured an rmrA or rmtC gene.
The ESBL production rate was significantly higher in 16S rRNA
methylase-producers (100%, 76.9% and 66.7% among E. cloacae,
C. freundii and S. marcescens, respectively), compared with 16S
rRNA methylase-non-producers (25.0%, 12.4% and 10.2%,
respectively) (P = 0.002, P < 0.001 and P < 0.001, respectively).

Most of the ArmA producers co-harboured various ESBLs
(CTX-M-3, CTX-M-9, CTX-M-14, TEM-52 and SHV-12),
among which CTX-M-3 was the most common (Table 1).

This finding corroborates the previous reports that the
armA was frequently associated with blacty.m and they were
co-transferred by conjugation.®”’ Although only one isolate
harboured the rmrB gene in the present study, it also harboured
CTX-M-14; this coincides with the report by Yan er al.® where six
out of the seven rmrB-positive isolates harboured CTX-M-14. In
Korean medical practice, arbekacin is only rarely used for the
treatment of methicillin-resistant Staphylococcus aureus. Never-
theless, the prevalence of high-level resistance to amikacin and
arbekacin was similarly high, suggesting that armA can confer
resistance to arbekacin as in other 16S rRNA methylases.>>

In conclusion, the armA gene is widespread in Korean
isolates of E. cloacae, C. freundii and S. marcescens, and an
rmtB producer was also found. Given the multiresistance in these
isolates, prudent antibiotic use, accurate detection of this
resistance and strict infection control are urgently needed to
prevent the spread of these organisms.
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Abstract

Novel 16S rRNA methylase-mediated high-level resistance to amikacin and arbekacin has been reported recently in clinical isolates of
Gram-negative bacilli only from several countries. We tested amikacin- or arbekacin-nonsusceptible Gram-negative bacilli isolated in 2003
and 2005 at a tertiary-care hospital in Korea by polymerase chain reaction to detect 16S rRNA methylase genes. armd alleles were detected
in 14 isolates of Klebsiellu pneumoniae, 10 other species of Enterobacteriaceae, and 16 Acinefobacter baumannii, whereas the rmuB allele
was detected in 1 K. preumoniae isolate. The resistance 1st detected in 2003 persisted in 2005. 16S rRNA methylase-producing isolates were
highly resistant to arbekacin and amikacin, and were mostly coresistant to levofloxacin. Most K. preumoniae isolates also produced
extended-spectrum f-lactamases and plasmid-mediated AmpC R-lactamases, and most 4. baumannii isolates were nonsusceptible

to carbapenems.
© 2006 Elsevier Inc. All rights reserved.

Keywords: 165 tRNA methylase; armd; rmuB; High-level aminoglycoside resistance

1. Intreduction

Aminoglycosides are used in the treatment of a broad
range of life-threatening infections caused by both Gram-
positive and aerobic Gram-negative bacteria (Mingeot-
Leclercq et al., 1999). Activity of aminoglycosides depends
on binding to a highly conserved motif of 16S rRNA
(Yoshizawa et al,, 1999). Mechanisms of aminoglycoside
resistance include decreased outer membrane permeability
(Hancock, 1981), active efflux (Hooper, 2005), amino acid
substitutions in ribosomal proteins, and enzymatic modifi-
cations of the drug (Shaw et al., 1993). It could be expected
that amikacin-resistant clinical isolates are rare, because
amikacin was developed to block the access of a variety of
aminoglycoside-modifying enzymes to their target sites
(Kondo and Hotta, 2005). It was reported that among the

* Corresponding author. Tel.: +82-2-222-82446; fax: +82-2-313-0908.
E-mail address: whonetkor@yumc.yonsei.ac.kr (Y. Chong).

0732-8893/8 — see front matter © 2006 Elsevier Inc. All rights reserved.
doi: 10.1016/j.diagmicrobio.2006.05.002

strains collected in 1998 to 2003 in North America, 99.4%
of Enterobacteriaceae and 85.2% of Acinetobacter isolates
were susceptible to amikacin (Sader et al., 2005). The latest
semisynthetic aminoglycoside, arbekacin, is active against
methicillin-resistant Staphylococcus aureus (You et al.,
2000) and has been extensively used in Japan since its
approval in 1990 to treat methicillin-resistant S. aureus
infections (Kondo and Hotta, 2005).

Galimand et al. (2003) reported that a Klebsiella
pneumoniae isolate with a putative 16S rRNA methyltrans-
ferase was highly resistant to a. large number of amino-
glycosides. They named the 1st 16S rRNA methylase gene
armA4. The 16S tRNA methylase confers high-level
resistance to 4,6-substituted deoxystreptamines, including
arbekacin, amikacin, kanamycin, tobramycin, and gentami-
cin, by posttranscriptional methylation of rRNA leading to
loss of affinity for aminoglycosides.

The armA gene is borne by a conjugative plasmid and has
the potential to transfer horizontally (Galimand et al., 2003).

—311—



2 H. Lee et al. / Diagnostic Microbiology and Infectious Disease xx (2006) xxx—xxx

Dissemination of the armA4 gene to various species of
Enterobacteriaceae was reported in European countries
(Galimand et al., 2005), and the gene was also detected in
an Escherichia coli isolated from an animal (Gonzalez-Zormn
et al., 2005). Other 16S rRNA methylase genes, rmt4 and
rmtB, were detected in Pseudomonas aeruginosa isolates
(Yokoyama et al., 2003; Yamane et al., 2004), and in a
Serratia marcescens isolate, respectively (Doi et al., 2004).
The reported isolates with these genes were small in number,
but in a Taiwanese study, armA and rmtB was detected in 12
and 2 isolates of E. coli, respectively, and 16 and 5 isolates of
K. pneumoniae, respectively (Yan et al., 2004).

The rmtA gene-carrying P, aeruginosa isolate was highly
resistant to amikacin and arbekacin (Yokoyama et al., 2003),
suggesting usefulness of the resistance for screening the
gene-carrying isolates. However, Gram-negative bacilli are
usually not tested for arbekacin susceptibility in clinical
laboratories, and the usefulness of amikacin resistance for
screening armA gene-carrying isolates of Enterobacteria-
ceae and Acinetobacter spp. is unknown. In a Korean
nationwide surveillance, the amikacin resistance rates of K.
pneumoniae increased from 8% in 1997 to 13% in 2003
(Lee et al.,, 2006a). At a Korean tertiary-care hospital in
2004, resistance rates of K. pneumoniae, S. marcescens, P.
aeruginosa, and Acinetobacter spp. to amikacin were very
high, that is, 46%, 27%, 30%, and 65%, respectively
(unpublished data), suggesting the possible presence of 163
rRNA methylase-producing strains.

It was reported that the armd gene is flanked by putative
transposable elements and is linked to blacrx.m, suggesting
the cotransfer of resistance to broad-spectrum cephalosporins
(Galimand et al., 2003). In a Taiwanese study, most, but not
all, of the armA- or rmtB-positive E. coli and K. pneumoniae
isolates had CTX-M type enzymes (Yan et al., 2004),
suggesting that this extended-spectrum f-lactamase (ESBL)
gene is not always associated with armA4 or rmtB genes.

The aim of this study was to determine the prevalence of
the 16S rRNA methylase gene in amikacin- or arbekacin-
nonsusceptible clinical isolates of Enterobacteriaceae,
P aeruginosa, and Acinetobacter spp. and to characterize
the isolates as to the aminoglycoside resistance level, the
coresistance to P-lactams and fluoroquinolone, and the
molecular epidemiology. The usefulness of amikacin and
arbekacin disk diffusion test in screening for the isolates
containing armA gene was also determined.

Table 1

2. Materials and methods

2.1. Bacterial strains and antimicrobial
susceptibility testing

Gram-negative bacilli were isolated from clinical speci-
mens at a Korean tertiary-care hospital. The species were
identified by conventional methods (Farmer, 2003; Schreck-

‘enberger et al., 2003) or by using the Vitek GNI or ATB 32

GN systems (bioMerieux, Marcy L’Etoile, France). In the
st phase of this study in September 2003, consecutive
nonduplicate isolates by each indicated species were used,
and in the 2nd phase study in June 2005, 216 consecutive
nonduplicate isolates of all indicated species were used.

The antimicrobial susceptibility was tested by the disk
diffusion test (CLSI, 2006) using commercial disks and
Mueller-Hinton II agar (Becton Dickinson, Sparks, MD).
Arbekacin susceptibility was tested by using 30-pg disks
{(Eiken Chemical, Tokyo, Japan) and interpreted as recom-
mended by the disk manufacturer: <13 mm, resistant; and
>18 mm, susceptible. MICs of aminoglycosides were
determined by the agar dilution method (CLSI, 2006) using
arbekacin (Meiji Seika, Tokyo, Japan), amikacin and kana-
mycin (Dong-A Pharmaceutical, Seoul, Korea), gentamicin
and tobramycin (Dong Wha Pharmaceutical, Seoul, Korea),
isepamicin and netilmicin (Yuhan, Seoul, Korea), streptomy-
cin (Chong Kun Dang Pharmaceutical, Seoul, Korea), and
spectinomycin (Kuk Je Pharmaceutical, Seoul, Korea). E. coli
ATCC 25922 and P. aeruginosa ATCC 27853 were used for
quality control.

2.2. Detection of the 16S rRNA methylase gene by
polymerase chain reaction

To detect armd, rmtd, and rmtB gene alleles, we tested
isolates with arbekacin MIC =16 pg/mL in the 1st phase,
whereas in the 2nd phase, isolates nonsusceptible to
arbekacin or amikacin disk diffusion test were used.
Polymerase chain reaction (PCR) primers used for armd
and rmtd were as those previously reported (Yokoyama
et al., 2003; Yamane et al., 2005), and others are shown in
Table 1. The reaction was carried out in a total volume of
20 pL, containing 1 pL of template and PreMix (Bioneer,
Cheongwon, Korea). Amplification conditions were the
following: for 16S rRNA methylase genes, 94 °C for 5 min
followed by 30 cycles 0of 94 °C for 30 s, 53 °C (arm4), 58 °C
(rmtd), or 60 °C (rmtB) for 30 s, and 72 °C for 45 s, and a

Primers used for PCR detection of 16S rRNA methylase genes and p-lactamase genes

Primer Target Oligonucleotides (5’ to 3') Expected size (bp) Reference
RMTB-F rmtB CCC AAA CAG ACC GTA GAG GC 584 This study
RMTB-R CTC AAA CTC GGC GGG CAA GC

CTX-MUNL-F bluctxam CVATGT GCA GYA CCAGTA A 585 A. Baumnfeind®
CTX-MUNI-R ARG TSA CCA GAAYMA GCG G i
CTX-M14-F blacrx-m-14 ACA ATG ACG CTG GCA GAA CTG 512 This study
CTX-M14-R TTA CAG CCC TTC GGC GAT GA

? Personal communication.
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