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that consequently the antibiotic must enter the cell to be
modified.

Molecular epidemiology of plasmid-determined fosfomycin
resistance. In annual screenings done since 1975, we have
found several plasmids in clinical isolates of S. marcescens
and more recently of K. pneumoniae which carried determi-
nants of resistance to fosfomycin. To establish the degree of
identity among these plasmids as well as of their fosfomycin
resistance determinants, four representatives of the different
groups encountered in successive screenings (based on R
phenotype, size, host of first isolation, and incompatibil-
ity group) were chosen. These plasmids were pUO900,
pUO500, pUO200, and pUO430 and their characteristics are
included in Table 1.
To test whether resistance to fosfomycin carried by all

these plasmids had a genetic relationship, their DNA was
cleaved with BamHI and PstI (Fig. 5), blotted to nitrocellu-
lose paper, and hybridized with nick-translated 32P-labeled
DNA from plasmid pUOO1. There was a positive result
with all the plasmids (Fig. 6A), presumably indicating that
the determinant of resistance to fosfomycin is homologous in
all the plasmids of the pUO series. Surprisingly, two BamHI
restriction fragments of pUO430 had positive hybridization
(lane 3), and, since in pUOO1 there is only one BamHI
fragment from pUO430, this could indicate that pBR322
itself had some homology with pUO430. On the other hand,
the BamHI insertion ofpUOOO1 has an internal PstI site, and
consequently two PstI bands of pUO430 were expected to
show positive hybridization. Figure 6A shows that four PstI
bands hybridized (lane 7), indicating, as before, the presence
of possible homology between pUO430 and pBR322. To test
this possibility pBR322 was nick translated in the presence
of [32P]dCTP and hybridized with BamHI- and PstI-
restricted pUO430 and pUO900. The result is shown in Fig.
6B. The largest BamHI fragment ofpUO430 showing hybrid-
ization with pUOOO1 also hybridized with pBR322 but not
the smallest one (lane 1), indicating that this was the frag-
ment carrying For; because this fragment is common to all

FIG. 5. Restriction analysis of the pUO plasmids. Lanes 2, 3, 4,
and 5, BamHI digestion of pUO200, pUO500, pUO430, and
pUO900, respectively. Lanes 7, 8, 9, and 10, HindIl digestion of the
same respective plasmids. Lanes 1, 6, and 11, X HindIll digests.

FIG. 6. (A) Hybridization of plasmids of the pUO series with
pUO001. Lanes 1, 2, 3, and 4, pUO200, pUO500, pUO430, and
pUO900, respectively, digested with BamHI; lanes 5 through 8 show
the same plasmids digested with PstI. (B) Hybridization with
pBR322. Lanes 1 and 2, Plasmids pUO430 and pUO900, respec-
tively, digested with BamHI; lanes 3 and 4, the same plasmids
digested with PstI.

the plasmids it strongly indicates that the For genetic deter-
minant is also common to all of them. On the other hand, two
PstI fragments hybridized with the pBR322 probe (lane 3), so
the other two should correspond to the fragment carrying
For.
Homology among representative plasmids of the pUO series.

Figure 5 shows a restriction analysis of the prototype plas-
mids of the pUO series with several restriction enzymes. A
quite similar pattern of restriction fragments was observed
between plasmids pUO430 and pUO900 and between
pUO200 and pUO500, although there were obvious differ-
ences between both sets. This result was confirmed by
hybridization analysis of the plasmid DNA with in vitro

FIG. 7. Hybridization of the plasmids shown in Fig. 5 with
plasmid pUO430. Lanes 1, 2, 3, and 4: BamHI digestion of pUO200,
pUO500, pUO430, and pUO900, respectively. Lanes 5, 6, 7, and 8:
HindIII digestion of the same respective plasmids.
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FIG. 8. Hybridization of the plasmids shown in Fig. 6 with
plasmid pUO200. Lanes are numbered as in Fig. 7.

32P-labeled pUO430 (Fig. 7) and pUO200 (Fig. 8). It was

clear that all the restriction fragments of pUO900 showed
positive hybridization with radioactive pUO430. On the
contrary, very weak hybridization was seen with plasmids
pUO500 and pUO200. The intensity of hybridization of
radioactive pUO200 was much stronger with itself and with
pUO500 than with the rest of the plasmids. The bands of
pUO430 and pUO900 hybridizing strongly with radioactive
pUO200 corresponded to segments of DNA presumably
carrying determinants of resistance common to all the plas-
mids as has been in part determined by their positive
hybridization with pBR322 (see above).

DISCUSSION
The existence of plasmid-borne resistance to fosfomycin

was initially reported because it was capable of being trans-
ferred by conjugation to susceptible strains (21). The resist-
ance is not exerted through a permeability barrier to the
drug, as is chromosomally mediated resistance (29), because
[3H]fosfomycin is incorporated by resistant cells (17). This
result fits with our finding of a polypeptide located in the
cytoplasm of the resistant cells responsible for resistance.
Evidence for the involvement of the polypeptide comes from
two directions. The polypeptide is always present in cells
showing a high degree of For, and it is absent in cells made
susceptible by transposon mutagenesis. The DNA encoding
this polypeptide has been identified as a segment of 0.7 kb
cloned from the resistance plasmid pUO430 into pBR322.
Insertion of the -y8 sequence into this segment abolished For
or, with insertions 105 and 117, diminished it. These two
insertions are located very close to each other, and this
partial resistance with respect to the wild type could be
explained in two ways: (i) -y5 is inserted in the control
segment of the gene, thus lowering the amount of the 18-kDa
polypeptide made by the cell, or (ii) the insertion has
occurred at the end of the structural gene, resulting in a
smaller polypeptide with lower affinity for the antibiotic. We
favor the first hypothesis because protein fluorograms of
minicells carrying plasmids with insertions 105 and 117 show
a polypeptide of similar molecular weight to the 18-kDa

protein and in smaller amounts than insertion 48 which is
fully resistant.

Cloning of the determinant of resistance to fosfomycin
gives a practical advantage in epidemiological studies be-
cause it can be used as a genetic probe for the evaluation of
the dispersion of the gene among plasmids and bacterial
species not only in our environment, but also in other places
where the use of fosfomycin is becoming common (4). In
fact, it has been used to determine that all the plasmids
conferring For and isolated in our community carry the same
determinant of resistance, independent of their genetic ho-
mology, incompatibility group, and species of first isolation.

This finding could be most easily explained by assuming
that transposon Tn2921 carrying For and identified by
Garcia-Lobo and Ortiz (7) in pUO900 could be present in all
the plasmids. This hypothesis has been in part confirmed by
the finding of Garcia-Lobo et al. (6), who starting from
Tn2921, have found that the For it carries is conferred by a
single polypeptide of 16 kDa, probably the same that we
identified in pUO430 as 18 kDa. Unfortunately, several
attempts to recover the transposon from pUO200 and
pUO430 have failed.
With respect to the plasmids isolated from clinical strains,

it is now quite clear that two groups can be distinguished.
The first group includes plasmids of high molecular weight,
represented by pUO500 isolated in 1975 in S. marcescens
and by pUO200 found in strains of K. pneumoniae since
1980. We assume that pUO200 and pUO500 are different
forms of a similar replicon. They were isolated from different
enterobacteria and have different molecular weights but
belong to the same incompatibility group, carry the same
antibiotic resistances, and possess a remarkably similar
pattern of restriction. Furthermore, all the restriction frag-
ments generated in pUO500 show positive hybridization
with radioactive pUO200. Plasmids of the second series also
showed a close relationship among themselves but only a
slight one with the plasmids of the first group. Both proto-
types, pUO900 and pUO430, seemed to be very similar by
restriction and hybridization analysis despite differences in
size and pattern of resistances. Because pUO900 was found
for the first time in strains of S. marcescens isolated in 1975
and pUO430 was found in 1981, it is assumed that the latter
plasmid derives from pUO900 with the acquisition of an
8-megadalton insertion (pUO430 is 65 megadaltons while
pUO900 is 57 megadaltons) that should carry the determi-
nants of resistance to gentamicin, chloramphenicol, and
sulfadiazine absent from pUO900.
Common antibiotic resistances among the plasmids of

both groups could also explain the weak signal found when
radioactive plasmids of one group are hybridized with the
plasmids of the other, as well as their positive hybridization
with pBR322. In this respect, it has been determined that the
P-lactamases of all the pUO plasmids and the corresponding
enzyme of pBR322 are of the same kind by isoelectric
focusing (F. Fierro, personal communication), and conse-
quently the genes encoding them are probably related.
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