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DNA-DNA hybridization and immunoblotting were used to assess the relatedness between the 6'-N-
acetyltransferases of type 4 encoded by plasmid pAZO07 from a clinical isolate of Serratia marcescens and those
encoded by NR79 and R5. The absence of detectable DNA-DNA homology and of immunological cross-
reactivity suggests the existence of at least two distinct 6'-N-acetyltransferase type 4 genes that mediate
amikacin resistance in gram-negative bacilli.

Resistance to amikacin in gram-negative bacilli is usually
mediated by aminoglycoside 6'-N-acetyltransferases
rAAC(6')s] (17, 21). These enzymes, which have the broad-
est substrate range within the AAC(6') group and which
typically modify amikacin, were assigned to the AAC(6')s of
type 4 (14), which was subsequently also termed type 1 (13).
Ideally, for a precise epidemiological survey of aminoglyco-
side resistance, a given type should include only structurally
closely related enzymes.

In contrast with the incidence of resistance to other
aminoglycosides, a continuing low incidence of resistance to
amikacin has been observed in large areas in various places
in the world, although not worldwide (21). Furthermore,
high-level use of amikacin does not seem to increase the
rates of amikacin resistance in several individual institutions
(2, 3, 9, 15). Links between the use of amikacin and the
occurrence of AAC(6')-producing resistant strains may,
however, exist (10; D. M. Shlaes, R. S. Hare, G. H. Miller,
A. Yessayan, F. J. Sabatelli, and W. J. Weiss, Program
Abstr. 26th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. no. 521, 1986), and some localized outbreaks of
amikacin resistance in gram-negative bacilli have been re-
ported (7, 27; A. Bure, C. Carlier, L. Slim, B. Pangon, E.
Rouveix, and P. Courvalin, Program Abstr. 14th Int. Congr.
Chemother., Kyoto, Japan, abstr. no. P-42-20, 1985). Sev-
eral AAC(6') genes found in various bacterial genera have
been mapped on plasmids, have been cloned, or both (5, 12,
24), but their possible structural relationships are not known.
It was the purpose of this study to examnine whether such a
relationship exists between an AAC(6') type 4 [AAC(6')-4]
gene involved in a recent outbreak of amikacin resistance
(27) and known AAC(6')-4 genes (5, 12).
The bacterial strains and plasmids used in this study are

listed in Table 1. Plasmid pMH1 (18.5 megadaltons), which is
part of the R factor R5, and plasmid NR79 (63 megadaltons)
were found to be related and to carry similar, if not identical,
AAC(6') genes whose expression may, however, be under
the control of different regulatory sequences (5). The pMH1-
encoded enzyme was the first enzyme described to confer
resistance to aminoglycosides, including amikacin, via acet-
ylation (16), and its biochemical and enzymatic properties
have been studied in detail (1, 18, 19). The AAC(6') gene of
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NR79 was later shown to be part of the multiple resistance
transposon Tn2424 (12).
The multiple resistance plasmid pAZO07, which encodes

an AAC(6') which fits type 4 of the nomenclature of Mitsu-
hashi and Kawabe (14), was isolated from a clinical Serratia
marcescens strain during a localized outbreak in one hospital
in which closely related plasmids Were found in five entero-
bacterial genera (27). The AAC(6')-4 gene of pAZO07 was
cloned into pBR322 to form plasmid pAZ505, and its se-
quence was determined (26). The corresponding acetyltrans-
ferase was purified to homogeneity and was used to raise
antibodies in rabbits (G. Tran Van Nhieu and E. Collatz,
Program Abstr. 27th ICAAC, abstr. no. 392, 1987).
We prepared a ca. 0.5-kilobase (kb) DdeI-HaeIII frag-

ment, which covered most of the AAC(6') gene of pAZ505
(26), from a low-melting-point agarose gel (11) and radio-
labeled it with deoxyadenosine 5'-cx-[35S]thiotriphosphate
(>14.8 TBq/mmol) by the standard multiprime DNA labeling
protocol provided by Amersham Corp. (Arlington Heights,
Ill.). This fragment was used to probe the DNA of NR79,
pUB307::Tn2424, pMH1, and pAZ505. Plasmid DNA was
digested with EcoRI, separated by electrophoresis in a 1%
agarose gel, and transferred to a nitrocellulose filter as
described previously (22).

Prehybridization and hybridization were carried out for 6
and 16 h, respectively, at 68°C in sixfold-concentrated SSC
(lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate),
fivefold-concentrated Denhardt solution, and 0.5% sodium
dodecyl sulfate or at a lower stringency at 30°C in the
presence of 20% formamide. Washes were performed as
described previously (11) at 68°C or at a lower stringency at
420C. Hybridization with the DNA of plasmids pMH1,
pUB307: :Tn2424, or NR79 was not observed at a high
stringency (Fig. 1, lanes a', b', and d') or at a lower
stringency (data not shown). In a reverse experiment, the ca.
4-kb EcoRI-PstI fragment of pMH1 (5), which conferred
resistance to amikacin after it was cloned into pHSS6 (20),
hybridized with ca. 4.6-kb EcoRI fragments of pMH1,
pUB307::Tn2424, and NR79, but not with DNA from phage
M13mp8 containing the ca. 0.5-kb DdeI-HaeIII fragment of
pAZ505 (data not shown).
We obtained qualitatively similar results when we probed

the acetyltransferases by immunoblotting with the antibod-
ies raised against the pAZ505-encoded AAC(6')-4. Cells
containing the plasmids shown in Fig. 1 from 200 p.l of
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TABLE 1. Bacterial strains and plasmids used in this studya

E. coli strain Plasmid MIC (,ug/ml)
(relevant marker) (relevant marker) Ak Tm Gm NtReference or sourceb

C600 pMH1 (Ak Cm Sm Su Tra+) 32 32 1 16 5
W677 NR79 (Ak Cm Sm Su Tc Tra+) 32 64 2 32 5
W3110 (Nal) pUB307::Tn2424 (Ak Cm Sm Su Tc Tra+) 256 128 2 128 12
BM694 (Nal) pAZO07C (Ak Ap Sm Su Tp Tra+) 32 32 1 32 27

pAZ505 (Ak Ap) 128 128 2 128 pBR322 containing ca. 1.5-kb
HpaIl fragment from pAZO07 (26)

a Abbreviations: Ak, amikacin; Ap, ampicillin; Cm, chloramphenicol; Gm, gentamicin; Nal, nalidixic acid; Nt, netilmicin; Sm, streptomycin; Su, sulfonamide;
Tc, tetracycline; Tm, tobramycin; Tp, trimethoprim.

b E. coli C600(pMH1) (5) was kindly provided by P. Courvalin, and W677(NR79) and W3110(pUB307::Tn2424) were provided by B. Wiedemann (pUB307 is
Pmr and Tcr).

c Plasmids were not numbered in reference 27; plasmid pAZO07 had the endonuclease digestion profile of the type IA plasmids described previously (27).

exponentially growing cultures (A650, ca. 0.4) were sus-
pended in sample buffer (8) and heated at 100°C for 10 min.
The proteins were separated by polyacrylamide gel electro-
phoresis (8) and transferred to nitrocellulose filters (Schlei-
cher & Schuell, Inc., Keene, N.H.) by electroblotting (25).
The filters were incubated with anti-AAC(6')-4 and peroxi-
dase-labeled anti-rabbit immunoglobulin G (Diagnostics Pas-
teur) antisera, both of which were diluted 500-fold, under the
conditions described previously (6). No cross-reaction was
observed with the heterologous acetyltransferases (Fig. 2,
lanes A', B', and D').
These results suggest the existence of at least two nonho-

mologous AAC(6')-4 genes that mediate resistance to ami-
kacin in gram-negative bacilli by synthesis of immunologi-
cally distinct AAC(6')-4. In addition, while the apparent
molecular weight and that calculated from the length of the
structural gene of the pAZ505-encoded acetyltransferase
were 22,400 and 24,500, respectively (26), the pMH1-en-
coded AAC(6')-4 was thought to be a tetrameric enzyme

FIG. 1. EcoRI digestion of plasmids NR79 (lane a), pUB307::
Tn2424 (lane b), pAZ505 (lane c), and pMH1 (lane d). The autora-
diogram of the corresponding nitrQcellulose filter obtained after
Southern blotting, which was probed with the 35S-labeled DdeI-
HaeIII fragment of the aacA gene of pAZ505, is shown in lanes a'
through d'. The positions of the molecular weight markers (in
thousands) are indicated between the two sets of lanes.

(molecular weight, 60,000 to 70,000) with an apparent sub-
unit molecular weight of 14,500 (19). Substrate profiles
which might reflect the structural differences between the
AAC(6')s encoded by plasmids NR79 and pMH1 and deriv-
atives (4, 18) and pAZ007 (27) have not been performed in
parallel.

Since the submission of this report, the nucleotide se-
quence of a second AAC(6') gene that mediates resistance to
amikacin has been established, and the gene was found,
under stringent conditions, to be homologous to that carried
by R5 (23). Comparison of the nucleotide sequences of the
R5-related AAC(6') gene (23) and that ofpAZ007 (26) did not
reveal a structural relationship.
We have recently screened, by immunoblotting, approxi-

mately 70 amikacin-resistant, gram-negative bacteria from
various geographical areas, with resistance profiles indica-
tive of AAC(6') synthesis (21). We found ca. 40% of them to
contain cross-reacting proteins. The apparent molecular
weights showed slight variations in the vicinity of 24,000
(unpublished data). We must await the use of additional
probes, at least of that specific for the R5-type AAC(6') (23),
to evaluate the extent of heterogeneity which exists among
this type of aminoglycoside acetyltransferase. The availabil-
ity of comparative structural data should also allow the
establishment of a more specific nomenclature for the mo-
lecular epidemiological study of this clinically important
mechanism of resistance.

A B C D A: B C' Dr

FIG. 2. Electrophoresis in a 12% polyacrylamide gel of proteins
from crude extracts of strains harboring NR79 (lane A), pUB307::
Tn2424 (lane B), pAZ5O5 (lane C), and pMH1 (lane D). The
corresponding immunoblot obtained with antibodies raised against
the pAZ505-encoded AAC(6')-4 is shown in lanes A' through D'.
The positions of the molecular weight markers (in thousands) are
indicated between the two sets of lanes.
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