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A restriction map of a 5.1-kilobase EcoRI fragment encoding an enterococcal I8-lactamase was prepared and
compared with the restriction map of a cloned staphylococcal P-lactamase gene and with the published maps
of several other staphylococcal j8-lactamase genes. Comparison and hybridization studies showed that there
were identical restriction sites in the region of the bla structural gene but not in the region surrounding this
gene.

Enzyme inactivation as a mechanism of penicillin resis-
tance in enterococci was first reported in 1983, when Murray
et al. described a clinical isolate of Streptococcus (Entero-
coccus) faecalis which produced a P-lactamase (6, 9). Hy-
bridization studies with this strain showed that a staphylo-
coccal P-lactamase gene probe hybridized to enterococcal
plasmid DNA, suggesting that the enterococcal enzyme was
of staphylococcal origin (10). The present study was under-
taken to generate a restriction endonuclease map of the
5.1-kilobase ,-lactamase-encoding enterococcal fragment
and to localize and compare the homologous sequences of
the enterococcal and staphylococcal penicillinase genes by
DNA hybridization.

S. faecalis HH22 is a gentamicin- and penicillin-resistant,
,B-lactamase-producing enterococcal strain that has been
previously described (10). pBEM1 is a Bla+ recombinant
plasmid constructed by cloning a 5.1-kilobase EcoRI frag-
ment from HH22 into pACYC184 (8). pJM13 is a recombi-
nant plasmid consisting of a 7.0-kilobase EcoRI fragment
containing the P-lactamase gene of a constitutive mutant of
the naturally occurring plasmid p1258 of Staphylococcus
aureus cloned into pMB9 (4).

Plasmid DNA was isolated as previously described (3).
Restriction endonuclease digestions were carried out ac-
cording to the instructions of the manufacturer (Boehringer
Mannheim Biochemicals, Indianapolis, Ind.). The molecular
size standards used were lambda DNA digested with Hindlll
and EcoRI (Boehringer Mannheim Biochemicals), the 1-
kilobase ladder, and (X174 replicative form digested with
JIaeIII (Bethesda Research Laboratories, Inc., Gaithers-
burg, Md.). The digested DNA was electrophoresed in 0.7%
agarose gels for 10 h at 40 V. In addition, some DNA bands
were excised from the agarose, electroeluted, digested by a
second enzyme, and then electrophoresed in a 12% poly-
acrylamide gel at 200 V for 5 h.
The DNA probe used in the hybridization studies was the

840-base-pair (bp) HindIII-XbaI fragment of pJM13 previ-
ously described (10). This fragment consists of 75 bp up-
stream of the promoter, the promoter, the leader sequence,
and 80% of the structural 1-lactamase gene; the HindIII site
is upstream of the promoter, and the XbaI site is within the
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structural gene (5). The probe was prepared and used in
hybridizations as described previously (10).
The restriction map of pACYC184 has been previously

published (1); by using this information and performing
various additional restriction digestions, a restriction map of
the enterococcal insert of pBEM1 was generated (Fig. 1).
Enzymes which were tested but had no sites within the insert
include BglII, HpaI, PvuII, and SalI. Hybridizations with
the 840-bp probe of pJM13 were performed in order to
identify the homologous sequences within the map of
pBEM1. The enterococcal ,B-lactamase gene was localized
within the region of the HindIII-XbaI sites shown in Fig. 1.
The restriction map of the staphylococcal P-lactamase-

encoding fragment of pJM13 is shown in Fig. 1 with pub-
lished restriction enzyme sites and the EcoRV sites that we
determined. A comparison of the pBEM1 enterococcal in-
sert map with the pJM13 staphylococcal insert map reveals
that the restriction sites between the EcoRV sites are very
similar. To further compare the staphylococcal and entero-
coccal Bla+ inserts, digested DNAs from both pJM13 and
pBEM1 were hybridized with the staphylococcal HJindIII-
XbaI bla probe. With the EcoRI-EcoRV-XbaI triple diges-
tion of pBEM1 and pJM13 (Fig. 2, lanes e and 1, respec-
tively), the probe hybridized with two bands of the same size
from each of the plasmids (Fig. 2, lanes e' and 1'). Digestion
of both plasmids with EcoRI, ClaI, HindIII, and EcoRV also
resulted in the production of several bands of the same size
(pBEM1 is shown in lane d and pJM13 is shown in lane k in
Fig. 2), and these bands showed homology with the probe
(Fig. 2, lanes d' and k'). With the EcoRI-HindIII-XbaI triple
digestion, a single fragment from both plasmids (pBEM1 in
lane a' and pJM13 in lane h' in Fig. 2) hybridized with the
probe. Digestion of both plasmids with TaqI, Hinfl, and
MnlI generated many fragments of different sizes on the gel,
but the autoradiograph again showed that fragments of the
same size in both pBEM1 and pJM13 hybridized with the
probe (data not shown).

In this study, we have shown that the homologous regions
in the enterococcal insert are contained in a HindIII-XbaI
fragment equal in size to the probe for the staphylococcal
structural 1-lactamase gene (Fig. 2, lanes a and h). The two
inserts also have a number of identical restrictions sites in
and around the region of the bla structural gene but are more
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FIG. 1. Linear restriction maps of the enterococcal insert of
pBEM1 and the staphylococcal insert of pJM13. Horizontal arrows
indicate regions encoding the structural 13-lactamase genes. kb,
Kilobases.

dissimilar in the surrounding sequences. For example, the
EcoRI sites are different, and the enterococcal insert con-
tains a ClaI site and a HindIll site that are not present in the
staphylococcal EcoRI insert (Fig. 1). A comparison of the
restriction map of the enterococcal penicillinase gene with
the published maps of the staphylococcal penicillinase plas-
mids p1524, pSK4 and pUW3626 (2, 7) also showed differ-
ences in several restriction sites, including BglII, EcoRI,
HindIII, HpaI, PvuII, SalI, and XbaI; these sites, some of

FIG. 2. Agarose gel (A) and corresponding autoradiograph (B)
after hybridization to the staphylococcal 3-lactamase gene probe
from pJM13. Lanes b and i, Lambda DNA digested with HindIll and
EcoRI; lane f, 4X174 digested with HaeIII. Other lanes: pBEM1
digested with EcoRI, HindlIl, and XbaI (a and a'); EcoRI and ClaI
(c and c'); EcoRI, ClaI, HindlIl, and EcoRV (d and d'); and EcoRI,
XbaI, and EcoRV (e and e'); and pJM13 DNA digested with EcoRI
and HindIll (g and g'); EcoRI, HindIII, and XbaI (h and h'); EcoRI
and ClaI (j and j'); EcoRI, ClaI, HindIII, and EcoRV (k and k'); and
EcoRI, XbaI, and EcoRV (1 and 1'). The bands in lanes d' and k' are
645 and 500 bp, and those in lanes e' and 1' are 760 and 420 bp.

which are contained in an invertible region, are located
directly upstream of the staphylococcal 3-lactamase struc-
tural gene. Weber et al. have recently shown that the
staphylococcal penicillinase gene found on a large conjuga-
tive plasmid is located on a transposon (D. A. Weber, R. V.
Goering, and D. E. Rohwer, submitted for publication).
Although the P-lactamase-encoding EcoRI fragment from
that staphylococcal plasmid also has a HindIII-XbaI frag-
ment approximately 900 bp in size, there are several restric-
tion sites that differ from those of the enterococcal Bla
fragment, including EcoRI, HpaI, XbaI, PvuII, Sall, and
HindIll. This suggests that even if the enterococcal 1B-
lactamase is on a trahsposon, the transposon is different or
arranged differently from that in staphylococci.

In conclusion, we have presented further evidence that the
enterococcal penicillinase structural gene originated from a
staphylococcal strain but that there are differences outside
the structural gene region that suggest that the entire region
was not derived from S. aureus or has undergone significant
rearrangement.
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