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A bacterial mutation, risA, in Pseudomonas aeruginosa caused growth inhi-
bition at 43°0 ofrisA strains containing P2 plasmids. Incubation at 43°C resulted
in selection for clones that had lost P2 plasmids.

The precise mechanisms by which plasmids
are stably maintained in bacterial cells are not
yet fully understood. It has been shown that
bacterial, as well as plasmid, genes may be
involved in plasmid stability (1, 3, 12). Many of
the host mutants found also appear to have cell
envelope alterations (7, 9, 13). We have unsuc-
cessfully screened many aeruginocin-tolerant
(tol) mutants of Pseudomonas aeruginosa for
any mutations that also affect plasmid stabil-
ity. In the course of these experiments, a mu-
tant strain with altered plasmid stability was
fortuitously isolated.

Aeruginocin-insensitive mutants were iso-
lated from strain PA01670 (pur-136 leu-38 rif-
1) carrying plasmid R38 (specifying resistance
to streptomycin [Sm], tetracycline [Tc], and
mercuric chloride [Hg]) by treatment with
ethyl methane sulfonate and selection on nutri-
ent agar (NA) plates spread with aeruginocin
AR41 (5). The growth of these mutants at 37
and 430C on NA containing 40 ,g of HgCl2 per
ml was compared (for general culture methods
used see reference 8). The procedure used was
designed for the isolation of bacterial mutants
that were temperature sensitive for plasmid
stability, retaining plasmid R38 during growth
at 370C but losing it with growth at 430C. Such
mutants should not grow on NA + HgCl2 at
430C.
One mutant, PA01713, had the desired phe-

notype. After 15 generations of growth at 43°C,
the survival on NA containing either Sm, Tc, or
Hg was reduced by a factor of 10-4. Clones that
failed to grow on the selective media had appar-
ently lost the entire R38 plasmid. Such clones
can be reinfected with unmutated R38 and
again exhibit instability of the R-plasmid at
430C; the mutation is thus bacterial in nature
and is not on the plasmid genome. By contrast,
after growth at 370C there was 5% loss of
plasmid R38 from strain PA01713, whereas no
loss (<0.04%) could be detected from PA01670
with growth at 37 or 430C.

Strain PA01713 was shown to have a muta-
tion at the tolA locus (8) situated at about 9 min
on the P. aeruginosa linkage map. This is 80%
cotransducible with car-9 (carbamoylphosphate
synthase). Revertants to tolA+, shown to have
reverted at the tolA locus by transduction stud-
ies, showed the same pattern of instability as
strain PA01713; thus, tolA and the locus affect-
ing stability are not corevertable. Likewise,
transductants for tolA + obtained from strain
PA01713 showed instability for plasmid R38 at
43°C. Hence, the locus causing this instability
is a mutation different from tolA and is not
closely linked to it. It has been denoted risA (R-
plasmid instability).
Attempts to map risA by conjugation with

plasmid FP2 were frustrated by the difficulty of
scoring for risA in large numbers of recombi-
nants. No linkage of risA was found with a
range of auxotrophic markers situated between
0 and 50 min (4). Strains PA01719 (tolA+ risA)
and PA01720 [tolA + risA (R38)] were con-
structed from strain PA01713 to enable charac-
terization of the mutation in a genetic back-
ground not containing tolA. Revertants to
risA + were isolated by plating strain PA01720
onto NA supplemented with either Sm, Tc, or
Hg and incubating at 430C, indicating that risA
behaves as a single-step mutation.
No other phenotypic effects of risA were de-

tected. Strains PA01719 and PA01720 showed
the same responses to antibiotics, detergents,
surfactants, aeruginocins, and bacteriophages
as isogenic risA + strains. Derivatives of
PA01719 were made which contained a range
of R- and FP-plasmids (6), and the stability of
each plasmid was examined (Table 1). Six of 10
group P2 plasmids were unstable in the pres-
ence ofthe risA allele. Plasmids of other incom-
patibility groups were unaffected. No reason
can be offered at this time for this apparent
specificity of action.
When the growth characteristics of strains

PA01669 [risA +(R38)] and PA01720
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TABLE 1. Plasmid stability in the risA host at 43oCa

Cells that re-
Plasmid Compatibility groupb tained the

plasmid (%)

R38 P2 0.01
R931 P2 1
p181 P2 3
pK181 P2 1
pl70a P2 3
pK170-5 P2 2
R130 P2 100
pMG2 P2 100
Rmsl59 P2 100
FP39c P2 100
R68 P1 100
R18 P1 100
Rmsl63 P5 100
Rmsl48 P7 100
FP2 P8 100
R18-ld Unclassified 100
R9ld Unclassified 100

a Cultures of strains containing the risA allele
and each plasmid were grown at 43°C in nutrient
broth for 15 generations. Cultures were not grown
beyond 107 cells per ml to avoid reinfection by the
plasmids of any cured cells. The cultures were
plated onto NA and grown for 16 h at 37°C. Colonies
were then scored for retention of the plasmid-coded
drug resistances; at least 60 colonies were tested in
each case.

b The P-incompatibility groups are those summa-
rized by Jacoby (6).

c FP39 was reported to be in group P2 (11), but
Jacoby (6) was unable to confirm this.

d R18-1 and R91 have not been assigned to com-
patibility groups, but they appear to be compatible
with each other and the P1 group (V. Krishnapillai,
personal communication).

[risA (R38)I at 430C in nutrient broth were stud-
ied, the risA+ strain was found to have a lag
phase of 2 to 3 h (Fig. la), compared with the 4-
to 6-h lag phase of strain PA01720 (Fig. lb).
Viable counts of the PA01720 culture showed
that R38 was absent from the cells of PA01720
that eventually grew, suggesting that R- risA
cells grow much faster than R+ risA cells.
The generation times of strains PA01670

(risA+) and PA01719 (risA), both without plas-
mid R38, were each found to be 40 min at 430C;
thus, the risA mutation per se has no overt
effect on the rate of bacterial growth in the
absence of the plasmid. Since all cells of
PA01720 that grow at 430C lost the plasmid, it
can be concluded that risA (R38+) cells are un-
able to divide at 430C. The eventual growth of
the risA (R38+) strain at 43°C is believed to be
due to the small proportion of cells in the origi-
nal inoculum that have lost R38 during growth
at 370C as described above.
Thus, risA strains cannot grow at 430C if
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FIG. 1. Stability ofplasmid R38 at 43°C in strains
(a) PA01669(risA+) and (b) PAQI 720(risA). Nutri-
ent broth was inoculated with 102 cells per ml from
an overnight culture grown at 37°C. This was grown,
with aeration at 43°C, up to a cell density ofabout 107
cells per ml. Viable counts were made at intervals on
the following media, which were incubated at 37°C
overnight: x, NA; 0, NA supplemented with Sm
(500 pg/ml); 0, NA supplemented with Tc (250 pgl
ml); 0, NA supplemented with HgCI2 (40 pg/ml).
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they possess certain group P2 plasmids. Cells
surviving and growing at 43°C have lost these
P2 plasmids, thus giving the impression of
gross plasmid instability in such strains at this
temperature.
To our knowledge, a bacterial mutation af-

fecting host cell growth in the presence of R-
plasmids has not been described previously.
The risA mutation may render the bacterium
sensitive to a gene product of certain P2 plas-
mids, a product, for example, that prevents
bacterial deoxyribonucleic acid replication. Al-
ternatively, there may be competition between
such plasmids and the host for an essential
enzyme (2, 10), the level of which is reduced by
the risA mutation. Strains possessing risA may
be of value in studies where curing of P2 plas-
mids is needed, since this cannot be accom-
plished by other means in P. aeruginosa. The
identification of the lesion involved will un-
doubtedly be ofvalue in the study ofa variety of
plasmid-bacterium interactions.
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