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We studied the effects of temperature on the segregational stability of derivatives of the
rolling-circle-type plasmid pTB913 in Bacillus subtilis. This 4.5-kb plasmid is a deletion deriva-
tive ofpTB19, which was originally isolated from a thermophilic Bacillus. pTB913 derivatives
carrying large inserts or lacking the minus origin for complementary strand synthesis were
segregationally unstable at 37°C. In contrast, at 47°C all pTB913 derivatives tested were stably
maintained in B. subtilis. The increased stability at 47°C was attributed, at least partly, to

increased copy numbers at this temperature. Although considerable amounts of single-stranded
and high-molecular-weight plasmid DNA were formed at 47°C, these products did not reduce
plasmid stability at this temperature. The increased stability and increased copy number of
pTB913 at elevated temperatures extend the use of this plasmid as a cloning vector in B. subtilis

and other bacilli. @ 1992 Academic Press. Inc.

used for cloning in gram-positive bacteria. In
these organisms most of the plasmids studied
seem to segregate randomly to daughter cells.
As a consequence, the segregational stability
of these plasmids will at least in part depend
on plasmid copy numbers (for a review see
Gross and Ehrlich, 1989).

Most plasmid vectors used in Bacillus
replicate via sing1e-stranded intermediates
(ssDNA)2 by an asymmetric rolling-circle
mechanism (RCR plasmids; te Riele et al.,
1986; Gross and Ehrlich, 1989). Evidence ac-
cumulated during the past few years suggests
that the RCR mode of replication is an im-
portant factor in the high levels of instability
generally observed with these plasmids
(Bron, 1990; Bron et al., 1991; Ehrlich et al.,
1986; Gross and Ehrlich, 1989). The inser-
tion offoreign DNA into pUB 110 was shown
to lead to a strong size-dependent decrease of
the copy number of the circular plasmid
forms and to increased levels of segregational

The stable maintenance of a plasmid in a
bacterial cell is of prime importance for the
development of efficient cloning vectors.
However, instability has frequently been ob-
served with recombinant plasmids in bacilli
(for reviews see Bron, 1990; Ehrlich et al.,
1986). Therefore, considerable attention has
been directed to factors causing plasmid insta-
bility in bacilli, of which Bacillus subtilis has
frequently been used as a model organism.
Two types of plasmid instability are known:
segregational instability, referring to the loss
of the total plasmid population from the cell;
and structural instability, referring to re,ar-
rangements-mostly deletions-in the plas-
mid DNA.

Plasmid maintenance is governed by at
least three factors: replication, differences in
growth rates between plasmid-free and plas-
mid-containing cells, and partitioning. Parti-
tioning is the process of distribution of plas-
mid copies to daughter cells during cell divi-
sion. So far, no active partitioning functions
have been described for plasmids commonly

2 Abbreviations used: ssDNA, single-stranded DNA;

RCR, replication; MO, minus origin; Km, kanamycin;

Phleo, phleomycin.To whom correspondence should be addressed.
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instability (Bron and Luxen, 1985; Bron et
al., 1988, 1991). Moreover, the instability of
pUB 1 10 derivatives became more pro-
nounced when the palU type minus origin of
replication (MO) was absent (Bron and
Luxen, 1985; Bron et al., 1988). The positive
effect ofMOs on segregational plasmid stabil-
ity seems to be a general phenomenon, since
it was also observed with pTAI060 (Bron et
al., 1987, 1991) and pMV158 (W. J. J.
Meijer, G. Venema, and S. Bron, unpub-
lished results).

The aim of the present studies was to test
the maintenance of RCR plasmids at ele-
vated temperatures. Such studies are relevant
not only for the understanding of plasmid rep-
lication at high temperatures but also for the
development of cloning vectors for thermo-
philic bacilli. pTB913, a 4.5-kb derivative of
the 26.5-kb thermophilic Bacillus plasmid
pTB19 (Imanaka etal., 1984), was chosen for
our purpose. It was shown previously that the
nucleotide sequence and genetic organiza-
tion of pTB913 were highly similar to those
of the well-known RCR plasmid pUB 110
(Matsumura et al., 1984; Muller et al., 1986;
van der Lelie et al., 1989). The results de-
scribed here indicated that pTB913 deriva-
tives were stably maintained at 47°C in B.
subtilis and that this plasmid has a good po-
tential as a cloning vector at elevated tempera-
tures in bacilli. ""u"", .'V "L~, ~V~LV", ,... '1 ~J ~~~...~..l

blotting as described by Chomczynski and
Qasba (1984). Probe labeling, DNA hybrid-
ization conditions, and washing steps were
performed using the ECL gene detection sys-
tem (Amersham International pIc, Amer-
sham, UK). The procedures recommended
by the manufacturers were followed.

MATERIALS AND METHODS

Bacterial Strains, Plasmids, and Media

The strains and plasmids used in this study
are listed in Table I. LB medium used for
culturing B. subtilis was described before
(Maniatis et al., 1982); solid media contained
1.5% agar. Kanamycin (Km) and phleomy-
cin (Phleo) were used at final concentrations
of 8 and I .ug/ml.

Plasmid Copy Number Determination

Plasmid copy numbers were determined
basically as described by Bron ( 1990). Cells
were grown in LB medium which contained
50 ,uCi/ml [methyl-3H]thymidine during the
whole period of cultivation. Labeled plasmid
plus chromosomal DNA extracted from expo-
nentially growing cells were separated in aga-

Restriction Enzyme Reactions, DNA

Manipulations, Molecular Cloning, and

Gel Electrophoresis

Restriction enzymes and endonuclease S I

were purchased from Boehringer GmbH

(Mannheim, Germany) and used as recom-
mended by the supplier. Molecular cloning
procedures were performed as described by
Maniatis et al. ( 1982). Enzyme-treated DNA
was analyzed in horizontal 0.6% agarose gels
in TBE buffer (89 mM Tris-borate, 89 mM
boric acid, 2 mM EDT A, pH 8.0), which con-
tained 0.5 JLg ethidium bromide per milliliter.
DNA fragments were isolated from gels using
the freeze-squeeze method (Tautz and Renz,

1983).

Isolation of Plasmid DNA and
Transformation of B. subtilis

Plasmid DNA was isolated following the
alkaline-lysis procedures for Bacillus (Bron,
1990). Total DNA lysates were prepared as
described by Bron ( 1990). B. subtilis 8G5
competent cells were prepared and trans-
formed as described by Bron and Luxen

( 1985).

Southern Blot Hybridizations of Total
DNA Lysates

After electrophoresis of samples of total
DNA lysates, each containing approximately
10 JLg of DNA (chromosomal plus plasmid
DNA) in 0.6% agarose gels containing 0.5 JLgJ
ml ethidium bromide, the DNA was trans-
ferred to GeneScreen Plus filters (NEN Re.
"""rroh Prf'\t1,1rot" Rf'\"tf'\n M A \ h" ~f'\llthprt1
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TABLE!

BACTERIA~ STRAINS AND PLASMIDS

Properties Source of reference

Bacterial strain or

plasmid

Bacteria
B. subtilis 168

8G5

Plasmids

pTBI9

trpC2, tyrI, met, his, nic, purA, ura, rib Bran and Venema (1972)

lmanaka et al. (1981)

pTB91J
pTB9IJ-IC

Imanaka et al. (1984)
This work

pTB913-3C This work

pTB3
pTB3-1C

van der Lelie et al. ( 1989)
This work

pTB3-3C

KmR, PhleoR, TcR, 26.5 kb, derived from a
thermophilic Bacillus

RepB, KmR, PhleoR, 4.5-kb derivative of pTB 19
RepB, PhleoR, 5.8 kb, pTB913 containing a 1.3-

kb E. coli DNA fragment, denoted I C

RepB, PhleoR, 8.7 kb, pTB913 containing a 4.2-
kb E. coli DNA fragment, denoted 3C

RepB, KmR, PhleoR, ApaIU, 4.3 kb
RepB, PhleoR, 5.6 kb, pTB3 containing the 1.3-

kb IC DNA fragment
RepB, PhleoR, 8.5 kb, pTB3containing the 4.2-

kb 3C DNA fragment
This work

rose gels and the radioactivities in the plas-
mid fraction (covalently closed plus open cir-
cular monomers) and chromosomal DNA
fraction were used to estimate the copy num-
hers per chromosome equivalent.

Segregational Plasmid Stability Assays

Assays of segregational plasmid stabilities
were performed essentially as described by
Bron and Luxen (1985). Precultures in LB
medium containing the selective antibiotic
(Phleo, 1 Jlg/ml) were grown at the test tem-
perature. In the late logarithmic growth
phase the cells were diluted 104-fold into 25
ml of nonselective medium. Approximately
1000 to 5000 cells were transferred to 25-ml
portions of fresh nonselective medium at 8-h
intervals, before the cells reached the station-
ary phase. Samples taken from each dilution
step were plated on nonselective plates to es-
timate the number of generations that the
cells had grown under nonselective condi-
tions. Subsequently, at least 50 colonies were
individually transferred to selective plates to
estimate the percentage of cells that were re-
sistant to Phleo. Plasmid analysis of 50 colo-

nies showed that the resistance to Phleo was
in all cases associated with the presence of the
plasmid. Likewise, sensitivity to Phleo was
associated with the absence of the plasmid
(50 colonies were tested).

RESULTS

pTB913 Derivatives

We studied the effects of three variables on
the maintenance of plasm ids derived from
pTB913: plasmid size, presence/absence of
the palU MO, and temperature. The MO of
pTB913 is identical to the MO of pUB110
(van der Lelie et al.. 1989). The removal of
the MO from pTB913 as a 226-bp FnuDIl-
DraI fragment, resulting in pTB3, was de-
scribed before (van der Lelie et al., 1989). To
vary the size of the plasmid, we cloned the 1 C
(1.3 kb) and 3C (4.2 kb) DNA fragments,
which had been randomly isolated from the
Escherichia coli chromosome (Bron and
Luxen, 1985), into the unique BglII site of
pTB913 and pTB3. This resulted in the plas-
mids pTB913-1C (5.8 kb), pTB3-1C (5.6 kb),
pTB913-3C (8.7 kb), and pTB3-3C (8.5 kb),
all of which were introduced into B. subtilis
8G5 competent cells.
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containing cells, which might exist at 37°C,
would be absent or strongly reduced at 47°C.
To study this possibility, temperature-shift
experiments were performed. Two B. subtilis
805 (pTB3-3C) cultures were grown for
about 60 generations, one at 37°C and the
other at 47°C. Both cultures were then di-
vided into two equal parts, one of which was
shifted to 47°C and the other kept at 37°C.
The fractions of plasmid-containing cells
were determined at regular intervals after fur-
ther incubation. The results of the stability
assays showed that after the shift of the cul-
ture that had been preincubated at 37°C,
plasmid-free cells accumulated with almost
similar kinetics at 37 and 47°C (Fig. 2A).
These results can be explained by growth ad-
vantage of plasmid-free over plasmid-con-
taining cells at both 37 and 47°C (about l5%
of the cells in the culture preincubated at
37°C were plasmid-free at the time of the
shift). Support for this explanation was ob-
tained in the following way. B. subtilis 80-5
cells containing pTB3-3C were mixed with

Segregational Stabilities of pTB913
Derivatives

The segregational stabilities of the pTB913
and pTB3 series of plasmids were studied at
37 and 47°C. At 37°C, pTB913 was stably
maintained. A slight degree of plasmid loss
was observed, however, upon insertion of the
IC and 3C DNA fragments (Fig. IA). In the
absence of the MO, plasmid maintenance
was considerably reduced with the largest
plasmid, pTB3-3C (Fig. IB). These results
showed that at 37°C both the increase in
plasmid size and the absence of the MO re-
sulted in increased levels of plasmid instabil-
ity. The plasmid stability assays at 47°C
(Figs. 1 C and I D) gave a striking result: in
contrast to the results obtained at 37°C, all
pTB913 derivatives, including those lacking
the MO, were stably maintained at this tem-

perature.
As one possible cause of the high plasmid

stability at 47°C, we conceived that growth
advantages of plasmid-free over plasmid-
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FIG. 2. The effect of temperature shifts on the maintenance ofpTB3-3C in B. subtilis. Cells were cultured
for about 60 generations at 37 or 47°C under nonselective conditions, after which the cultures were
separated in two equal parts. One part was maintained at 37°C and the other at 47°C. (A) Culture

preincubated at 37°C; (B) culture preincubated at 47°C. Arrows indicate the temperature shift. (C) Cells
containing pTB3-3C were mixed with plasmid-free cells. Overgrowth ofplasmid-free cells was monitored
at 37 and 47°C.

formed after continued incubation at 47°C.
This confirmed the conclusion from Figs. I C
and ID that pTB9I3 derivatives were stably
maintained at 47°C. After the temperature of
this culture was shifted to 37°C, plasmid-free
cells accumulated rapidly, however. Appar-
ently, the preincubation of the cells at 47°C
could not prevent the subsequent accumula-
tion of plasmid-free cells at 37°C. Together,
the results presented in this section indicate
that the primary cause of p TB9I3 stabiliza-
tion at 47°C was a lowering in the probability
of segregating plasmid-free cells. Once such
cells were formed, they appeared to outcom-
pete plasmid-containing cells rapidly, how-
ever, at both 37 and 47°C.

plasmid-free cells in a ratio of about 85: 15.
The mixed cultures were subsequently grown
at either 37 or 47°C. The results of stability
assays of these mixed cell populations (Fig.
2C) confirmed that at both 37 and 47°C plas-
mid-free cells rapidly overgrew cells contain-
ing the plasmid. This result strongly supports
the view that in the experiment shown in Fig.
2A the overgrowth of plasmid-free cells
caused their accumulation at 37 and 47°C.
Since the overgrowth by plasmid-free cells
was even slightly faster at 47 than at 37°C,
the observed stabilization of pTB913 deriva-
tives at 47°C did not, apparently result from
reduced differences in growth rates between
plasmid-free and plasmid-containing cells at
this temperature.

The results obtained with the culture that
was preincubated at 47°C are shown in Fig.
2B. In this culture, plasmid-free cells were nei-
ther present at the time of the shift nor

Plasmid Profiles and Copy Numbers

Plasmids using RCR generate ssDNA (te
Riele et al., 1986; Gruss and Ehr1ich, 1989)
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FIG. 3. Plasmid patterns in total DNA Iysates from B. subtilis 8GS harboring pTB913 or pTB3 deriva-
tives. (+) and (-) indicate that the DNA preparations were incubated with endonuclease SI or left un-

treated. Left panel; 37°C; right panel, 47°C. (A) pTB913; (B) pTB913-IC; (C) pTB913-3C; (D) pTB3; (E)
pTB3-1 C; and (F): pTB3-3C. The positions of ssDNA (> ) and HMW DNA are indicated.

and, under certain conditions, HMW DNA
in B. subtilis (Gruss and Ehrlich, 1988, 1989;
Viret and Alonso, 1987; Viret et al., 1991 ).
T o investigate whether such replication prod-
ucts were also formed in B. subtilis under the
different temperature conditions used in the
present studies, total DNA Iysates extracted
from the various plasmid-containing cells
were analyzed using Southern hybridiza-
tions. The results (Fig. 3) showed that ssDNA
and HMW DNA were indeed present in cer-
tain plasmid preparations. However, no large
differences were observed between the plas-
mid profiles from cultures grown at 37 or
47°C. For instance, significant amounts of
ssDNA were found in the absence of the MO,
in particular with the smaller plasmids (Fig.
3, lanes D), but the relative amounts of
ssDNA were roughly similar at 37 and 47°C.
Also, small amounts of plasmid HMW DNA
were present with plasmids carrying the 1 C
fragment (Fig. 3, lanes B), but the relative
amounts of this DNA were about the same at
37 and 47°C. It proved difficult to produce
clear hybridization profiles of the plasmids
carrying the 3C insert: aspecific degradation
of the plasmid DNA was consistly observed.
Despite this difficulty, it was clear that with
these plasmids large amounts of plasmid
DNA were present at the HMW position
(Fig. 3, lanes C and F) and that, again, there

were no striking differences between the re-
sults obtained at 37 and 47°C. Based on these
results, we concluded that the temperature
(37 or 47°C) had no drastic effect on the
amounts of ssDNA and HMW DNA relative
to the other plasmid forms. Therefore, it is
unlikely that gross alterations in the produc-
tion of ssDNA and HMW plasmid DNA
caused the high stability of p TB913 deri va-
tives at 47°C.

We next studied whether the temperature
affected the copy numbers of the circular
plasmid monomers (the amounts of circular
multimeric molecules were low). Although it
was difficult to reproduce the copy number
estimations quantitatively, we were able to
determine the relative differences in copy
numbers in a reproducible manner (three in-
dependent experiments were carried out).
The averaged relative copy numbers per
chromosome equivalent (Fig. 4) appeared to
be reduced by either the insert ( 1 C, about
twofold; 3C, about fourfold) or by the ab-
sence of the MO (about twofold). In contrast,
the relative copy numbers per chromosome
equivalent were increased by a factor of
about two when the temperature was raised
from 37 to 47°C. In the method used here for
the copy number determinations per chro-
mosome equivalent, the eventual presence of
linear HMW plasmid DNA, which migrates
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DNA inserts and the removal of the MO re-
sulted in reductions of the plasmid copy num-
bers. Random partitioning of the available
plasmid copies would then generate plasmid-
free cells at a higher frequency. In agreement
with this explanation was the observation in
the present work that increased plasmid size
or deletion of the MO resulted in reduced
copy numbers.

We can conceive of at least four possible
causes for the high segregational stability ob-
served with pTB913 derivatives at 47°C: (i)
effects of a heat-shock response, (ii) effects on
ssDNA and HMW plasmid DNA formation;
(iii) reduced differences in growth rates be-
tween plasmid-free and plasmid-containing
cells, and (iv) increased copy numbers. These
possibilities are discussed in the following
sections.

--

p1m13 p1m13-1C p1lJ'13-~ p1R3 pTB3-1C p1R3-~

FIG. 4. Relative plasmid copy numbers in B. subtilis
8GS at 37 and 47°C. Copy numbers of the monomeric
circular plasmid forms were determined per chromo-
some equivalent. The entries in the figure, presented as

relative copy numbers, were the average of three indepen-
dent experiments. As a standard, the copy number of
pTB913 at 37°C was set at 100%; this represents an ac-
tual copy number of approximately 30 per chromosome

equivalent.

together with the chromosal DNA fraction
(Gruss and Ehrlich, 1988), might result in
underestimates of the plasmid copy num-
bers. Since we estimated that the amounts of
HMW plasmid DNA observed in the present
studies were at most 10% of the chromo-
somal DNA (with plasmid pTB913-3C), we
did not correct for possible errors due to
HMW plasmid DNA.

(i) Effects of a Heat-Shock Response

Although no experimental evidence is
available, one might speculate that in some
unknown way the induction of heat-shock
proteins was involved in the plasmid stabili-
zation in B. subtilis at 47°C. In B. subtilis an
impressive heat-shock response, involving as
many as 66 proteins, has been observed
(Miller et al., 1991). Moreover, it is known
that some heat-shock-induced genes are in-
volved in the replication of E. coli plasm ids
(Tilly and Yarmolinski, 1989; Kawasaki et
al., 1990). A role of heat-shock proteins in
plasmid replication and plasmid stability in
B. subtilis remains to be established, how-
ever.

(ii) Effects on ssDNA and HMW Plasmid
DNA Formation

Based on several studies it has been sug-
gested that the accumulation of ssDNA
(Bron et al., 1985, 1988, 1991; Gruss et al.,
1987; Viret and Alonso, 1987) or HMW
DNA (Gruss and Ehrlich, 1988, 1989; Viret
et al. , 1991) may reduce plasmid mainte-
nance. The lower growth rates of plasmid-
containing compared to those of plasmid-
free cells, resulting in the overgrowth of the

DISCUSSION

In the present work we studied the effects
of the growth temperature of B. subtilis on
the maintenance of pTB913, an RCR plas-
mid originating from a thermophilic Bacil-
lus. The most striking result was that all
pTB913 derivatives tested were stably main-
tained at 47°C, although several derivatives
were segregationally unstable at 37°C.

Two parameters appeared to reduce the
maintenance of pTB913 derivatives at 37°C:
(i) the absence of a functional MO, and (ii)
increased plasmid size. These results are remi-
niscent of those described previously for
pUBIIO (Bron and Luxen, 1985; Bron et al..
1988, 1991 ). One possible explanation for
these observations is that both the cloning of
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(iv) Increased Copy Numberslatter, have been considered as a likely cause
of the reduced plasmid stability. In the pres-
ent studies we showed that at 37°C reduced
plasmid maintenance was associated with in-
creased amounts of ssDNA (absence of the
MO) or HMW DNA (presence of DNA in-
sects). This leaves the possibility open that at
37°C these replication products contributed
to plasmid instability. At 47°C, the relative
amounts of ssDNA and HMW DNA formed
by pTB913 derivatives were, however,
roughly similar to those at 37°C. This means
that the plasmid stabilization observed at
47°C was not the consequence of a reduced
accumulation of ssDNA or HMW DNA.
Clearly, the considerable amounts ofssDNA
and HMW DNA that accumulated at 47°C
with some pTB913 derivatives did not reduce
plasmid maintenance at this temperature.
This could mean that the general idea that
ssDNA/HMW DNA interfere with plasmid
maintenance is incorrect or, alternatively,
that specifically at the elevated temperature
the harmful effects of these replication prod-
ucts are reduced. If the latter possibility is
true, then one could speculate that the heat-
shock response described in the foregoing
section plays a role in this process.

We consider this the most attractive expla-
nation for at least part of the observed plas-
mid stabilization effects at 47°C. The
pTB913 copy numbers per chromosome
equivalent were approximately twofold
higher at 47 than at 37°C. This corroborates
results by Shivakumar and Dubnau ( 1978),
which indicated that at 47°C the amount of
pUB 1 10 DNA was increased about twofold
in B. subtilis. The increased copy numbers
are expected to reduce the probability of gen-
erating plasmid-free cells. Copy number lev-
els cannot, however, explain all observations
in the present studies. For instance, plasmid
pTB913-1 C showed a low, yet distinct degree
of instability at 37°C, while plasmid pTB3-
3C was fully stable at 47°C. Nevertheless, the
copy number of pTB913-1C at 37°C was
higher than that of pTB3-3C at 47°C. The
nature of the putative additional factor in-
creasing the stability of pTB913 plasmids at
47°C is not clear. As already discussed, we
consider the heat-shock response a possible
candidate for this function.

The cause of the increased copy numbers
at 47°C is a matter of speculation. Appar-
ently, the copy control system enables the es-
tablishment of higher plasmid levels at 47°C.
Several explanations can be entertained for
this. One is that at the higher temperature the
interaction between the replication origin
and the rate-limiting replication initiation
protein is more efficient. This might, for in-
stance, be due to altered superhelicity of the
plasmid DNA at 47°C. Gennaro and Novick
(1988), who analyzed the RCR plasmid
pT 181, have indicated that the interaction be-
tween the origin and the replication protein is
important for rapid readjustments of the
copy number after, for instance, cell division.
In our system, a more efficient interaction
between the pTB913 origin and the replica-
tion protein at 47°C might enable more
rounds of plasmid replication during the
short life cycle of the cell, which lasts for only
about 20 min at 47°C. The second possible
explanation is that more replication initia-

(iii) Reduced Differences in Growth Rates
between Plasmid-Free and Plasmid-
Containing Cells

Growth advantage of plasmid-free over
plasmid-containing cells can be an important
factor in plasmid instability in bacteria (Roe
et al., 1987). This also appeared to be the case
in the studies with pTR913 reported here.
Once formed, plasmid-free cells appeared to
outcompete plasmid-containing cells rapidly,
at both 37 and 47°C. Reduced differences in
growth rates between plasmid-free and plas-
mid-containing cells cannot, therefore, ex-
plain the observed plasmid stabilization at
47°C. Our results rather indicated that the
stabilization of pTR913 derivatives at 47°C
was due primarily to events that reduced the
probability of segregating plasmid-free cells
from plasmid-containing parents.
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tion protein is produced at the higher temper-
ature. This could be mediated through an al-
tered efficiency of interaction of pTB913 an-
tisense RNAs with the mRNA specifying the
replication initiation protein. It has been
shown that antisense RNA is important in
the regulation of the copy number of plasmid

pT181 (KtimarandNovick, 1985).ForpLS1
(Perez-Martin et al., 1988) and pUB110 (Ma-
ciag et al., 1988), which is very similar to
pTB913, regulation of copy numbers via an-
tisense RNA has been proposed. This makes
it attractive to believe that antisense RNA
also plays a role in the regulation of pTB913
copy numbers.

In conclusion, these studies showed that in
B. subtilis the stable maintenance of pTB913
derivatives can be realized by growing the cell
cultures at elevated temperatures. This is a
valuable property for the development of this
plasmid as a cloning vector for bacilli. We
have already extended our studies to thermo-
philic bacilli: in certain strains of Bacillus
stearothermophilus, pTB913 derivatives ap-
peared to be fairly stable up to at least 57°C
(unpublished results). So far, we have not
tested whether RCR plasm ids other than
pTB913 are stably maintained at elevated
temperatures, but, given the high degree of
relatedness between various RCR plasmids
(Grtiss and Ehrlich, 1989), we consider this a

likely possibility.
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