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Summary : A multiphenotypically thermosensitive plasmid, RtsT, was found to confer
upon the host cell of Escherichia coli K12 an increased permeability through the cell
surface to Actinomycin D and rifampicin as well as a detrimental host cell growth at 42°C
only when it existed autonomously but not in an integrated state.

A kanamycin resistance plasmid, Rts1, belonging to the T incompatibility group (1),
is multiphenotypically thermosensitive with respect to its maintenance ( 2), conjugal
transfer ( 2), host cell growth (3 ), and to "restriction” of T even phages ( 4 ). The temp~
erature dependent detrimental effect upon the host cell growth was shown to be accompan-
ied by a morphological and a permeability change of the cell surface (5 ).

On the other hand we had shown that Rts1 inhibited host cell growth at 42°C only
when it existed autonomously but not in an integrated state (6 ). This observation together
with some others (7 ) led us to a hypothesis that the control mechanism for chromosome
replication inhibits that of integrated plasmid from functioning. In the present study an
increased permeability to Actinomycin D and rifampicin at 42°C was found when Risl
existed autonomously but not in an integrated state. The significance of this finding fs

discussed in relation to this hypothesis on the chromosome - plasmid interaction.

Materials and Methods

Three strains of Escherichia coli K12, YC293, YC294 and YC295, which had been
described previously (6 ) were mainly used. CRT46 (thi, thr, leu, ilv, thy, dnaA(Ts) )
was the initial ancester for these three isogenic strains and carried a thermosensitive
mutation n the dnoA locus respeonsible for the initiation of chromosome replication.
YC294 was an i&_*,_gﬂ*- transductant of CRT46. YC295 was a derivative of YC294
carrying Ris1 autonomously. An Hfr strain with an integrated Ris1 plasmid was isolated by
integrative suppression (8 ) with the use of CRT46 strain garrying Ris1 autonomously. The
dneA(Ts) mutation was removed by transducing the dnaA " genome to this Hfr. The strain,
YC293, thus obtained , no longer carried any temperature sensitive mutation but the effect
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of Rts1. These three strains are all isogenic with respect to the chromosomal genetic consti=
tution except for the plasmid Rts1. Two other strains, JC1569 (leu, his, arg, met, recA )
and YC300 were recA~ deficient strains, the latter carrying a prime - plasmid detached
from YC293 (6 ). The recombination deficient strains were used to avoid re-integration of
the detached Rts1 plasmid into the host chromosome.

Actinomycin D (Makor, Israel ), rifampicin ( Daiichi Seiyaku, Tokyo ) and gentian
violet (Wako Pure Chem., Osaka ) were purchased commercially and used as inhibitors to
examine their permeability through the cell surface of these cells with or without RtsT.

For sensitivity tests to these inhibitors logarithmic cultures in Bacto Penassay broth
(Difco ) supplemented with 10 meg of thymine per ml ( abbreviated as PAB=Thy ) were
inoculated at 2 X 107 per ml into 7 ml fresh PAB=Thy containing various concentrations
of Actinomycin D or rifampicin as indicated in each figure. Each of the inoculated broth
was divided info 2 tubes and one of them was grown at 30°C and another at 42°C with
gentle shaking. After 18 hours incubation growth was read with a Shimadzu-Bausch-Lomb
photometer at 600 nm. The growth was expressed in percentages of the optical density
without any inhibitor.

Results and Discussion

Sensitivity was compared among three strains, YC293 (Rts1 integrated ), YC294 (no
plasmid ), and YC295 ( Rts1 autonomously ), at 30 and 42°C to Actinomycin D, an agent
which is generally recognized as a chemical to which Gram-negative rods are resistant
due to penetration barrier. At 30°C all three strains showed relative insensitivity to the
agent as expected ( Fig. 1 ). However, as originally found by DiJoseph et al. (5 )
YC295, a strain carrying Rts1 autonomously, was markedly more sensitive to it at 42°C
than was the plasmid-free parent, YC294 and than was any of these three strains at 30°C.
This sensitivity at 42°C was not observed in YC293, an isogenic strain carrying the same
plasmid in an integrated state. Essentially the same result was obtained with rifampicin,
although this agent gave a little bit more complicated result presumably because it was
active even to the plasmid~free strain, YC294, irrespective of the temperature used for
growth ( Fig. 2 ).

To exclude the possibility that the genetic locus on Ris responsible for the sensitivity
to Actinomycin D and to rifampicin at 42°C had been lost during the process of integration
into the chromosome, sensitivity of two recombination—deficient strains, JC1569 ( no
plasmid ) and YC300 ( with a prime~plasmid detachd from YC293 ) to Actinomycin D were
examined. As shown in Fig. 3, YC300 was more sensitive to the agent at 42°C than the
plasmidfree parent, JC1569. Thus, the detached plasmid behaved similarly to Ris1. It
is clear that RtsT makes the host cell permeability barrier damaged ot high temperature
when it exists autonomously but not when integrated info the normal host chromosome.

Gustaffson et al. (9 ) showed that Escherichia coli envelope mutants carrying either
envA, galU or rfa mutation took up gentian violet more than the wild type at 37°C and

concluded that the outer part of the bacterial envelope might be a penetration barrier
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Fig. 1 Sensitivity of three isogenic strains of E. coli, YC294 ( plasmid-free ),

YC295 (autonomous Ris1 ), and YC293 (integrated Rts1 ) to Actinomycin D. Logarithmic
cultures of these strains were inoculated at 2 X 107 cells per m! of PAB-Thy containing
various concentrations of Actinomycin as indicated. ldentical inoculated cultures were
divided into 2 tubes and one of them was grown at 30°C and another at 42°C with shaking.
After 18 hours incubation the growth was measured turbidimetrically. The optical density
of the culture without Actinomycin D was taken as 100 % and the growth of those with

the inhibitor was expressed relatively. Closed symbols with solid lines; at 42°C, and open
symbols with broken lines; at 30°C. Triangle; YC295, circle; YC294, and square; YC293.

to this dye. Therefore, the uptake of this dye was compared among YC293, YC294, and
YC295 at both 30 and 42°C by the method described by Gustaffson et al. (9 ) but no
difference was observed among them, suggesting that Rts1 does not alter the outer envel~
ope at 42°C to the extent to destroy the outer penetration barrier to gentian violet.

In our previous communication (6 ) temperature sensitivity of conjugal plasmid trans=
fer (or conjugal chromosome transfer in an Hfr strain ) and that of T even phage "restrict-
jon" were found to be coded by some plasmid genes other than those coding thermosensi-

tivity of plasmid replication and that of host cell growth. However, thermosensitivity of
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Fig. 2  Sensitivity of three isogenic strains, YC294 ( plasmid-free ), YC295 ( autonomous
Rts1 }, and YC293 ( integrated Rts1 ) to rifampicin. The method was essentially the same

“as in Fig. 1. The symbols and the lines are also the same as in Fig. 1.

Fig. 3  Sensitivity of two isogenic RecA-deficient strains with or without an RisT~prime
plasmid derived from YC293. The method was the same as described in Fig.1. Closed symbols
with solid lines; at 42°C and open symbols with broken lines; at 30°C, Circle; JC1569 and
triangle; YC300 (a recA strain with Ris1=prime plasmid autonomously ).

plasmid replication seems to be somehow related to that of host cell growth. For example,
an artificially isolated thermosensitive mutant of ColVBirp plasmid also exhibited thermo-
sensitivity in host cell growth and a revertant with respect to plasmid replication was
found to have lost the thermosensitive nature of host growth (10 ). In Rts1, both of these
two temperature sensitive natures were suppressed upon integration of the plasmid into the
host chromosome (6 ). We supposed that Ris1 provoked a detrimental effect at 42°C when
its replication mechanism was active presumably due to a defective replication apparatus.
This defective apparatus may offect not only the replication of the plasmid itself in an

autonomous state, resulting in its segregation, but replication of the chromosome or the
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cell division. 1t was further supposed that the plasmid replication system was suppressed
when it was integrated into a normally functioning chromosome and hence no detrimental
effect wos observed at 42°C when Ris1 was integroted into the host chromosome.

In the present study with Rts1 the abnormal permeability at 42°C, which seems also
generally to be closely related to thermosensitive mutations of plasmid replication (10 ),
was found to be also suppressed when this plasmid was integrated into the host chromosome.
This may indicate that the abnormal permeability at 42°C is functionally related to the
abnormal plasmid replication and/ or host growth or that these three functions are coded
by a single plasmid gene or commonly regulated. It is interesting that abnormal replication
of an independent replication unit is somehow related to abnormal permeability through

the cell surface.
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