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New integron-associated gene cassette encoding a 3-N-aminoglycoside
acetyltransferase

Abstract

A fifth gene cassette containing an aacC gene, aacCA5, was found in an aacCA5-aadA7 cassette array in
a class 1 integron isolated from a multiply drug resistantSalmonella enterica serovar Kentucky strain. The
AacC-A5 or AAC(3)-le acetyltransferase encoded by aacCA5 is related to other AAC(3)-1 enzymes and
confers resistance to gentamicin.
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A fifth

gzene cagsette containing an aacC
class 1 i

ntegron_ isolated from & multiply

8

ene, aacCAS, was found in an aacCA5-aadA7 cassette array in a
rug resistant Salmonella enterica serovar Kentucky strairi. The

AacC-A5 or AAC(3)-le acetyltransferase encoded by aacCAS5 is related to other AAC(3)-1 enzymes and confers

resistance to gentamicin.

Acetyltransferases that modify the 3-amino group of amino-
?cho_sujes represent one t¥pe ofenzyme that confers resistance
0 this important group of antibiotics. The known 3-/\V-amino-
g|¥005|de acetyltransferases [AAC(3) en_zymesg are classified
Into several groups based on phenotypic differences in the
sgecmc spectra of aminoglycosides they are able to modify
(22). However, they fall into only two clearly distinct groups
based on the relationships between the proteins. The four
aacC genes in family A, aacCl [here designated aacCAI and
also sometimes referred to as aac(3)-l%]7% enBank accession
no. X15852) (25), avariant of aacCAl (97.6% identical) (9,15)
previously named aacCA (15) and here desulqnated aacCA4
aac(3)-1b (here desqnated aacCAI} (1L06 57) (21?, and
aac(3)lc (here designated aacCA3) (AJ511268) (18) be on% to
the aac(3)-1phenotypic group and are found in gene cassettes.
The products of these genes are all small proteins, of 154 to
156 amino acids, that are related to one another (Table 1) and
confer resistance to gentamicin, sisomicin, and fortimicin but
not to tobramycin, amikacin, or kanamycin. The remaining
aacC genes are not found in gene cassettes and encode longer
proteins, of 261 to 300 amino acids, that do not appear to be
significantly related (generally less than 25% identical) to
members of the AACP3)-I %roup. This type B protein family
currently includes at least 14 distinct members and variants
(<2% difference) of some of the members.

Here, we report the identification of a further aacCA gene
cassette that was found in a class 1 integron in a multiply drug
resistant Salmonella enterica serovar Kentucky strain. =~

The isolate. Salmonella serovar Kentucky 'SRC73 was iso-
lated in 2001 from spice imported into Australia from India.
The strain was serotyped %u_smg standard procedures accord-
ing to the Kauffman and White scheme (16). Salmonella sero-
var Kentucky SRC73 was scored as resistant to ampicillin (at

,*Corresgondi,ng author. Mailing address; School of Molecular and
Microbial Biosciences, Biochemistry and MICI’ObI0|0?y Building, GO8,
The University of S dneg Sydney, NSW 2006, Australia. Phone; 61-
221-3351-6014. ax; 61-2-9351-4571. E-mail: Ruth.Hall@mmb.usyd.edu

1238

32 (xg/ml), gentamicin (2.5 pg/ml), streptomycin (25 p,g/ml),
s‘qect|nom cin (50 p,g/ml), sultathiazole (550" p,g/ml), tetracY-
cline ‘20 xg/ml), and nalidixic acid (50 (xg/mi) but susceptible
to chloramphenicol (10 p,g/ml?, trimethoprim %60 n,gml),
kanamycin [)10 p,g/ml), and ciprofloxacin (2 (xg/ml) gusmg the
plate-replicator method as F_revm_usly described (2, 3). Briefly
antibiotics at the concentrations indicated were in lysed blood
Iso Sensitest agar plates (Oxoid, Hampshire, England), and the
moattjlutmﬁ/v%s 105 CFU per spot. Plates were incubated over-
night at 37°C.

esistance genes in Salmonella serovar Kentucky SRCT3.
Whole cell DNA isolated from the Salmonella serovar Ken-
tucky strain by using standard methods (20) was screened by
PCR for several known antibiotic resistance genes with primers
E_alrs internal to_the genes_gable 2). PCR amplification reac-
ions were carried out with PCR "buffer (Roche Molecular
Biochemicals, Mannheim Germanyg containing 160 pM of
each deoxynucleoside tnphosphate, 0 pmol of each primer,
api)rommatel?é 10 to 50 ng of template, and 1 U of Tag DNA
polymerase (Roche). Reaction conditions were generally 94 to
96°C for 3to 5 min; 30 to 40 cycles of 94 to 96°C for 30 s, 53
to 62°C for 30 to 60 s, and 72°C for 30 s to 2 min; and a final
incubation at 72°C for 10 to 15 min. A product of the appro-
priate size for each gene of the strAB ?ene air that confers
resistance to streptomycin and for the bIaTEM ampicillin resis-
tance gene was detected. The tetracycline resistance determi-
nant was tet(A), but spectinomycin resistance was not due to

TABLE 1 Relationshéps hetween members of the AacC-A or
AAC(3)-I protein family"

Protein AacC-Al  AacC-A2 AacC-A3 AacC-A4 AacC-A5
AacC-Al AAC(3)-1a 716 594 %5 510
AacC-A2 AAC(3)-Ib 871 - 60.1 721 49,0
AacC-A3 AAC(3)-Ic 742 71 - 60.4 55.6
AacC-A4 AAC(3)-1d  98.7 86.4 74.0 - 516
AacC-A5 AAC(3)-le 64.1 614 719 64.1 —

aValues reBresem the percent amino acid identities (top right) and similarities
I(_bottom left) between the different AacC-A proteins. Dashes Tepresent the 100%
ne.
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Primer name

LI
R1

FIG. L Alignment of AacC-A proteins in the AAC(32-I family. Amino acids completely conserved in al
on ablack background and are indicated by uppercase let

TABLE 2. PCR primer pairs

5-t0-3" sequence
GGCATCCAAGCAGCAAGC
AAGCAGACTTGACCTGAT
GACGATGCGTGGAGACC
CTTGCTGCTTGGATGCC
ATGAAAGGCTGGCTmMTCTTG
TGAGTGCATAACCACCAGCC
GTGACGGTGTTCGGCATTCT
TTTACAGGAAGGCCAACGGT
GGCAGATGTGATCGACCTCG
ATGCCGGGATCAAGGACAAG
TGTTGGTTACTGTGGCCG
TGCTTAGCTTCAAGTAAGACG
CTTGGTGATAACGGCAATTC
CCAATCGCAGATAGAAGGC
ATCGTCAAGGGATTGAAACC
GGATCGTAGAACATATTGGC
TTCTTGAAGACGAAAGGGC
ACGCTCAGTGGAACGAAAAC
GCTACATCCTGCTTGCCTTC
CATAGATCGCCGTGAAGAGG
TTGGTTAGGGGCAAGTTTTG
GTAATGGGCCAATAACACCG
CAGCTTTCGGATTCTTACGG
GATTGGTGAGGCTCGTTAGC
e shown

AacC-Al _.-MGIIRTCR LGPDQVKSMR AALDL

AacC-A2 . .MSITITATVK IGPDEISAMR AVLDL

AacC-A3 MISTQTKITR LNSQDVGVMR AMLGM

AacC-A4 . -MGIIRTCR LGPDQVQSMR AALDL

AacC-A5 .. -MSVEIIH LTGNDVALLQ SINAM

AacC-Al

AacC-A2

AacC-A3

AacC-A4

AacC-A5

AAY L FEQ R EI

AacC-Al

AacC-A2

AacC-A3

AacC-A4

AacC-A5

1 VQAD LY K LG

Location Product size
5-CS Variable
3-CS
5-CS 297
5-CS
3-CS 122
3-CS
Slt]| 668
sull
sul2 405
sul2
aadA?2 538
aadA?
StrA 548
StrA
strB 509
strB
WTEM 1,208
WTEM
tetAEA; 210
tetA(A
tetAEB; 659
tetA(B
tetAEG; 844
tetA(G

GFiVATHSQHQ

iBIPTWSDRQ

aBsgeh]
aSass:

GgQGAYg I

aBsgeh"
TRLIGE]

YIYbL Vv

DgFj
V HF DI

1/\/\

RR G ATALI

s
|

uenc
ers below the sequence. The sequénces of AacC-Al [AAC(3

AacC-A3 [AAC(3)-Ic], and_ AacC-A4 were obtained from GenBank and have accession nos. U12338,
respectively. AacC-A5 [AAC(3)-le] is from this study.

NOTES 1239
Accession no. Reference"
M95287.4 1
U12338.2 1
M95287.4 19
M95287.4 12
U12338.2 5
U12338.2 5
U12338.2 10
U12338.2 10
M?28829 10
M28829 10
X68227 14
X68221 4
M95402
M95402 8
M95402 8
M95402 8
L27758 6
L27768 6
X61367 14
X61367 14
AP000342 14
AP000342 14
S52431 14
Sh2437 14
FIA AA

120

I~ra INL K HEANAL

ngV?nSSH K RVAVEL
| nNE

: INL K HEANAL

IRSH Jkk K AIGAAR

RIAHDI

GAYV

ences are shown as white letters

equence
AL it Asthor)

0615
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aacCAl
aacCA4
aacCAZ
aacCA3
aacCAb

LH simple site

FIG. 2. Alignm

ent
core sites are in boldface type and are designated 1L, 1R, 2L

Antimicrob. Agents Chemother.

AAGTACCGCCACCTAACAATTCGTTCAAGCCGAGATCGG-52-GCGCTCCGGCTTAACTCAGGCGttaggtggctcaagta
AAGTTCCGCCACCTAACAATTCGTTCAAGCCGAGATCGC-51-GCGCTCCGGCTTAACTCAGGCGttaggtggctcacgta
AAGAACCGCCAccTAACAATTCGTTCAAGCCGAGATCG
TCAACCTGCTGCCTAACAAGTCGTTCAAGCCGACGCTGC-55-GCAGCGCGGCTTAACTCAAGTGttaggcagcagcaget
TAAAAATCATGCCTAACAAGGCACTCCAGCCGACGGCTT-21-AATCCGCGGCTGAGTTTGGGCGttaggcatcaggagea

Gttaggtggctcaagta

RH simple site

of the 59-be of aacCA family Eene cassettes. Bases in lowercase |etters are derived from the beginning of the cassette. The
e type , and 2R according to reference 23. The extents of the Simple”sites (LH, left-hand:

t
RH, right-hand) and the 50-be are indicated by bars (bottom). Sequences are from sources given in Fig. L

the aadA2 gene. The sull gene, which confers resistance to
sulfonamides and is found only in association with class 1
integrons, and the sull gene were both present.

Gene cassettes in a class 1 integron. The presence of a class
L integron was confirmed using primers within the intll gene
(L2 and L3) and in the 3'-conserved segment (3-CS) (QS-1
and QS-2) (Table 2). Amplification of the gene cassettes with
standard primers in'the 5-CS and 3-CS (LI and R1) yielded
a Prqduct of 1.6 kb, indicating the presence of gene cassettes
totaling 1.45 Kb. The sequence of this amplicon (GenBank
accession no. AY463797) revealed two %ene cassettes. The first
Is 564 bp Ion% and contains an open rea mq frame with a GTG
start codon at positions 22 to 24 relative to the beginning of the
cassette that is preceded by a GAGG ribosome hinding site at
positions 11 to 14, Translation from this GTG gives a protein
of 158 amino acids that is related to the known AacC-A
AAC(3)-1] proteins (Table 1), and alignment of the sequences
Fig. 1) revealed 65 completefy conserved amino acids. Usmg
the next available number, the gene and cassette were name
aacCA>5 and the protein AacC-A5 or AAC(3)-le.

The aacCA5 cassette has a 59-he (59-hase element) of 78 bp
made up of two simple sites (rFlg. 23 and a central region, &s I
characteristic for 59-be (232. his 59-be is not cIoseIK related to
those of other cassettes In the aacCA ?roup nor to those of any
other known cassettes. The 59-be of the aacCAl and aacCA4
cassettes, which are cIoseIY related, differ at only three posi-
tions, as exFected i these two cassettes had diverged by accu-
mulation of mutations over their full lengths (17%. However,
the more distantly related aacCA2 [aacﬁ -Ib\"cassette (73%
identical to aacCAl), for which a complete sequence is not
available, agpears to have the same 59-be (Fig. 2), as the 34 bp
of the aacCA2 59-be sequence present in GenBank acces-
sion no. L06157 is identical to the corresponding part of the
aacCAl 59-be. In this case, the 59-be may have been acquired
recently from the aacCAI cassette. The 59-be in the aacCA3
\aac(3)-Ic\ cassette is most closely related to that of the blaGES/
ibc cassette, as noted previously (18). Thus, the aacCA5 and
aacCA3 cassettes appear to have separate origins.

The second cassette in the integron is identical to the aadA7
cassette (13) (GenBank accession no. AF2247332, found in an
Escherichia “coli strain from the ECOR collection that was
isolated from a leopard in Washington Zoo in 1973 and in a
Shiga toxin-producing £. coli 0157:H7 strain (AF234167) (26).
In both of these strains, aadA7 is the only cassette in a class 1
integron. The aadA7 gene confers resistance to streptomycin
and spectmomgcm_and accounts for the spectinomycin resis-
tance of SRC73. Since our work was completed, the aacCA5-
aadAT cassette array (AB114632) has been found in Vibrio

fluvialis él), but the aacCA5 gene was incorrectly designated
aac(3)-1d. The same cassette array is also found in Vibrio
cholerae (AY605683) sad Salmonella enterica serovar Newport
AY458224) (7). The aacCA5 cassettes are all identical, but
there are minor differences in the aadA7cassettes (T65G C837A
in AB114631 and AY605683; T669C AT786G in / Y45822_43.

The aacCAD5 cassette confers resistance to aminoglycosides.
The aacCA5-aadA7 cassette array was amplified by PCR and
eluted from a 1% (wt/vol) agarose N?_el_usmg an Amicon Bio-
separations Ultrafree-DNA klté illipore Co&p. Bedford,
Massachusetts), and ligated into pCR-Script (PCR-Script Am
cloning Kit; Stratalgene La Jolla, California) using the manu-
facturer’s protocols. The cloned fragment was recovered hy
transformation with selection on LB agar conta[n!rl_?_ ampicillin
(50 (xg/ml) and gentamicin (8 p,g/ml). Susceptibilities to gen-
tamicin, tobramycin, amikacin, netilmicin, and kanamycin for
E. coli strain 294 (242 containing either pCR-Script or pCR-
Script with the cassette array were determined by using the
CDS method for antibiotic disks (Oxoid, Basingstoke, Hamp-
shire, United K|r_1g_dom5). The cloned fragment conferred resis-
tance to gentamicin (5- versus 11-mm zone size), but not to
tobramycin, amikacin, netilmicin, or kanamycin, consistent
with the presence of an AAC(3)-I-type aminoglycoside acetyl-
transferase. Resistance to sisomicin has also been demon-
strated (1). The cassette array also conferred resistance to
streptomﬁcm and spectinomycin, consistent with the pres-
ence of the aadA7 cassette, SRC73 was resistant to the same
set of aminoglycosides, indicating that the aacCA5 and aadA7
cassettes are sufficient to account for the observed aminogly-
coside resistance. _ _

Nucleotide sequence accession number, The nucleotide se-
quence reported in this paper has been submitted to GenBank
under accession no. AY463797.

RS.L. was supported in part by adg[ant from the University of
Wollongong, and S.R.P. was supported in part by grant no. 192108
from the Australian National Health and Medical Research Council.
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