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Introduction (te Riele et al., 1986; Gruss and Ehrlich, 1989). In
the following, we will denote these plasmids as
ssDNA plasmids. Evidence has accumulated that the
RC mode of replication, in particular the generation
of plasmid ssDNA, is an important factor in both
segregational and structural instability.

The main purpose of this paper is to describe the
role of RC replication in plasmid instability in B. sub-
tilis. We also describe efficient and stabie plasmid-
cloning systems, based on the endogenous B. subtilis
plasmid pTA1060, in which most of the problems
observed with standard ssDNA plasmid vectors have
been solved (Haima et al., 1990a,b,c).

Plasmids used in B. subtilis and their mode of repli-
cation

B. subtilis 168M, the commonly used transforma-
bIe strain, is naturally devoid of plasmids. Although
plasmids are present in several other bacilli, these are
usually cryptic. This is one of the reasons that
plasmid-cloning vectors for B. subtilis were originally
taken from other Gram+ bacteria, such as S.
aureus. Several of these, like pC194 pE194 and
pUBl10, appcared to replicate in B. subtilis and to
express their antibiotic resistance markers (Dubnau,
1983; Ehrlich, 1977).

It is now clear that most small plasmids ( < 10 kb)
from Gram + bacteria generate ssDNA intermedi-

ates, most likely by RC replication (Gruss and
Ehrlich, 1989). In the conversion of ssDNA to
double-stranded plasmid DNA (dsDNA) minus ori-
gins (MO) of replication play an important role. They
function as initiation sites for complementary strand
synthesis. Although their primary role is in replica-
tion, MO have considerable effects on plasmid sta-
bility (see the following 2 chapters).

Both from fundamental and applied points of
view, bacilli are important organisms. Their major
interest in application is their ability to secrete large
amounts of industrially important enzymes into the
medium. Model studies are usually conducted with
Bacillus subtilis. This organism has also become the
paradigm for fundamental research on other bacilli
and Gram + bacteria in general, e.g. for studies of

gene expression, genetic stability, competence and
transformation.

Por the further development of B. subtilis as a
model organism for research and application, stabIe
and efficient molecular cloning systems are needed.
However, the development of suitable plasmid vec-
tor systems for B. subtilis and other bacilli has met
with considerable difficulty. It has become clear that
the commonly used plasmid vectors, which have
mainly been derived from Staphylococcus aureus, are
far from optimal for B. subtilis. With these plasmids,
it is frequently difficult to clone foreign DNA, in par-
ticular large DNA fragments. In addition, high lev-
els of plasmid instability has frequently been observed
(Alonso et al., 1987; Bron, 1990; Bron and Luxen,
1985; Bron et al., 1988, 1989, 1991; Dubnau, 1983 ;
Ehrlich, 1989; Ehrlich et al., 1986). Two kinds of in-
stability occur frequently: segregational instability
(the loss of the entire plasmid population from a cell)
and structural instability (rearrangements in the plas-
mid, most frequently deletions).

Considerable progress has recently been made in
the understanding of plasmid instability, and the
difficulties encountered in molecular cloning in B.
subtilis and other Gram + bacteria. A key observa-
tion was that small plasmids from Gram + bacteria

replicate via a rolling-circle (RC) mechanism, gener-
ating single-stranded DNA (ssDNA) intermediates
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Although in this paper we will concentrate on
ssDNA plasmids, in particular pT A1060, it should
be mentioned that plasmids not replicating via
ssDNA intermediates are receiving increased atten-
tion at present. The best studied is the streptococcal
plasmid pAM~l, which replicates via a unidirectional
theta mechanism (Bruand et al., 1991). Derivatives
of pAM~l are highly efficient for cloning in B. sub-
ti/is (Janniere et al., 1990) and recombinant plasmids
are structurally stabie. For segregational stability, it
is important to have present a gene which presuma-
bly encodes a site-specific resolvase (Swinfield et al.,
1989).

Segregational plasmid instability

From the onset of cloning attempts, it was ob-
served that recombinant S. aureus plasmids were
often poorly maintained in B. subtilis (Dubnau,
1983). Similar observations have since been made by
many researchers working with B. subtilis. AIso, it
has been difficult to clone large DNA inserts. After
it was realized that these plasmids were of the ssDNA
type, the central question was whether the RC mode
of replication caused the high levels of instability and
cloning problems. In addition, a logical question was
whether the absence of a functional MO, and there-
fore the generation of increased amounts of ssDNA,
increased the levels of instability.

We have addressed these questions using 3 plas-
mid model systems: S. aureus plasmid pUBl10;
Streptococcus agalactiae plasmid pMV158, and B.
subtilis plasmid pTA1060.

DNA fragments of various size extracted from Es-
cherichia coli were inserted at several non-essential
positions in pUBl10 (Bron and Luxen, 1985; Bron
et al., 1988). The effects of the inserts on plasmid
maintenance in B. subtilis were measured during ap-
proximately 100 generations of growth under non-
selective conditions. Typical results are summarized
in figure 1A. It was concluded that, whereas the
5.7-kbp derivative pEB1 was stably maintained,
derivatives of increased size were not. The levels of
instability were clearly related to the size of the plas-
mids. These results showed that even with the entire
pUBl10 (palU present), the larger derivatives were
segregationally highly unstable in a size-dependent
way. In general, plasmids with DNA inserts larger
than about 3 kbp were poorly maintained ; which may

MO are non-coding, highly palindromic se-
quences, usually about 200-300 bp, which function
in one orientation. In their absence, plasmid ssDNA
accumulates. MO are usually non-essential, since in
their absence, plasmid replication can continue. This
suggests that alternative structures may function as
(inefficient) initiation sites for complementary strand
synthesis. MO are normally functional in a limited
number of bacterial species. Of relevance to the topic
of this paper is that most MO from S. aureus plas-
mids are non-functional in B. subtilis (Gruss and
Ehrlich, 1989). This may be an important factor in
explaining the high levels of instability observed with
these plasmids in B. subtilis. It should also be said
that during many vector constructions, MO have ac-
cidentally been deleted.

Three families of MO are now well-known. The
first, denoted palA, is present in several S. aureus
plasmids. This family of MO, the members of which
have non-identical sequences, has only limited activi-
t y in B. subtilis (Gruss and Ehrlich, 1989).

The second group of MO, denoted as palU(form-
erly denoted as BA3-type MO), is different from
palA MO and is present in, for instance, the S. aureus
plasmid pUB110 (Boe et af., 1989; Bron et af., 1988 ;
Viret and Alonso, 1987), the streptococcal plasmid
pMV158 (van der Lelie et af., 1989), and the Bacil-
lus plasmid pTB913 (van der Lelie et af., 1989). The
sequences of this family of MO are nearly identical.
Contrary to palA, palUMO are functional in B. sub-
tilis (Boe et af., 1989; Bron et af., 1988, 1991).

The third class of MO, denoted pafT, is present
on the Bacillusplasmids pTA1060 (Bron, 1990; Bron
et af., 1989, 1991) and pBAAl (Devine et af., 1989).
The pafT MO have no sequence similarity with palA
or palU. Like other MO, the sequence of palTis high-
ly palindromic and comprizes about 250 bp.

The growing realization that plasmids from other
non-homologous Gram + bacteria are not optimal

for B. subtilis, has prompted us to study endogenous
Bacillus plasmids. We reasoned that with homolo-
gous systems, a better matching between host and
plasmid functions ought to exist, which should con-
tribute to better plasmid stability. Por this purpose,
we chose the cryptic Bacillus plasmid pTA1060
(Bron, 1990; Bron etaf., 1987,1989,1991). Although
pTA1060 appeared to be an ssDNA plasmid, it was
far more stabIe than S. aureus-derived plasmids and
enabled the construction of efficient cloning vectors
(see the 3rd following chapter).

MO
RC
ss

DR
ds
HMW
IR

= minus origin.

= rolling circle.

single-stranded.

= direct repeat.

= double-stranded.

= high molecular weight

= inverted repeat.
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Fig. 1. Effect of DNA inserts on the maintenance of pUBl10, with (A) and without (B) the MO region.

Fragments of various size were c1oned at several positions in pUBl10. pEB1 (5.7 kbp) is pUBl10
carrying an additional EmR gene. Inserts and plasmid sizes are indicated in the figure. B. subtilis
cells carrying the plasmids were cultured for about 100 generations in the absence of selective antibi-
otic pressure. Segregational stabilities, expressed as the fraction of antibiotic-resistant cells, were
measured by plating on selective agars.

be an important factor in causing the low efficien-
cies of cloning.

To study whether plasmid maintenance is further
decreased by the accumulation of ssDNA, similar ex-
periments were carried out with pUB110 derivatives
lacking MO. The results (fig. IB) showed that the ab-
sence of palU resulted in a considerable reduction of
plasmid maintenance. The killetics of the appearance
of plasmid-free cells showed a biphasic pattem; the
most drastic effects being observed during the later
stages of the experiment.

The broad-host-range streptococcal plasmid
pMV158, which replicates in B. sublilis (copy num-
ber 5 per chromosome), was of interest since it con-
tains two MO, one of the palA type (del Solar el at.,
1987) and the other of the palU type (van der Lelie
el at., 1989). Both are active in B. sublilis, although
palA is to a lower extent than palU (Meijer and Bron,
in preparation). pMV158 offered an attractive model
system, since MO can be deleted either separately or
together, and the effects on plasmid maintenance can
be studied.

Experiments of this sort showed that the absence
of MO was generally correlated with instability
(Meijer and Bron, in preparation). High levels of in-
stability were obtained when both MO we re absent
(large amounts of accumulated ssDNA), whereas in
the absence of one MO, the levels of instability were
moderate (low amounts of accumulated ssDNA).

Taking into consideration that ssDNA plasmids
from other Gram + bacteria are not optimal for

B. sublilis, we reasoned that plasmids naturally
present in B. sublilis might be better adapted to this
host. Therefore, we analysed the cryptic B. sublilis
plasmid pTA1060 (8.6 kbp; copy nuffiber 5 per chro-
mosome). pTA1060 was labelled with antibiotic-
re si stance markers (fig. 2A), resulting in plasmid
pBB2 (11.3 kbp; Bron, 1990; Bron el af., 1987,
1991). Several small derivatives, like pHP13 and
pHPS9, were also constructed (Haima el af., 1987 ;
1990a,b,c).

Like other small plasmids from Gram + bacter-

ia, pT Al 060 appeared to be of the ssDNA type. The
pafT MO was contained in a 250-bp fragment, which
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Fig. 2. (A) Plasmids pBB2 and pBB3, and (B) maintenance of their derivatives in cells growing under

non-selective conditions.

A) pBB2 consists of the entire plasmid pTABIO60 (circular part of the figure), into which CmR
and KmR genes were introduced. Primary replication functions (Rep) and palT are indicated. Inserts
were placed in the Bgm site (KmR gene). pBB3 is pBB2 from which the palT region has been deleted.

B) Inserts and plasmid sizes are indicated in the figure. For details, see legends to figure 1.

of a functional MO, is an important factor in
segregational plasmid instability in B. subtilis. 11 is
also clear that the endogenous B. subtilis plasmid
pTAlO60 is superior to several other plasmids of
heterologous origin. At least two questions remain
to be answered, however. First, what is the mechan-
ism causing segregational instability of ssDNA plas-
mids; and second, why is pTAlO60 superior to
several other ssDNA plasmids ?

was not linked to the essential replication functions,
and had a highly palindromic sequence (Bron, 1990 ;
Bron and Holsappel, in preparation). In variants (like
pHP13 and pHPS9) lackingpalT, about 30OJo ofthe
plasmid molecules are present in the ssDNA form.
pBB3 was obtained from pBB2 by deleting the MO
region. Typical results of segregational stability as-
says of pT Al 060 derivatives are shown in figure 2B.

Two conclusions were drawn. First, the DNA in-
serts which rendered pUBl10 highly unstable, hardly
affected the stability of pBB2 (the effect of the 4.2-kbp
E. coli DNA fragment 3C is shown as an example).
This means that, despite their larger size, the stability
of pTA1060 derivatives is far superior to those of
pUB110 derivatives. Second, removal ofthe MO (plas-
mid pBB3) reduced the levelof maintenance (about
50OJo of the cells carried the plasmid after about 100
generations). This showed that, as for pUBl10 and
pMV158, the MO contributes to segregational stabil-
ity. It was also obvious, however, that the effect of
the removal of palTfrom pTA1060 was far less dras-
tic than that of the removal of palU from pUBl10.

~ Altogether, it is evident that the generation of
ssDNA by RC replication, in particular in the absence

One obvious explanation for the effects of ssDNA
accumulation would be a reduction in ds plasmid
forms as a consequence of inefficient conversion.
This is nol likely to be the case, however, since the
deletion of palU and palThas only a slight effect on
plasmid copy numbers (Bron el at., 1987; 1988). A
more likely explanation is that the accumulation of
ssDNA interferes with cell physiology. 11 can be con-
ceived that ssDNA titrates out (as yet unidentified)
cellul ar components essential for functions such as
chromosomal replication. This would result in a
growth disadvantage and the cells would be rapidly
outnumbered by plasmid-free cells. The effect of MO
on plasmid maintenance would thus be indirect. The
biphasic nature of the segregation kinetics curves
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(fig. 1) supports this view. Such curves are predict-
ed when a growth disadvantage occurs in a subpopu-
lation of cells (Boe et al. , 1987) .

In addition to ssDNA, the accumulation of large
amounts of other plasmid replication intermediates,
composed of high-molecular-weight linear head-to-
tail multimers (HMW DNA), may also contribute to
the observed instability. Such DNA has been ob-
served with several recombinant ssDNA plasmids
(Gruss and Ehrlich, 1988). In addition, the forma-
tion of linear plasmid multimeric forms is markedly
affected by several host mutations (Viret and Alon-
so, 1987). Gruss and Ehrlich (1988) showed that the
same inserts which caused high levels of plasmid in-
stability in our studies (Bron et al., 1985, 1988), also
caused high levels of HMW DNA accumulation.
How HMW DNA might interfere with plasmid sta-
bility is not clear .One possible explanation is that,
as postulated for ssDNA, HMW DNA titrates out
essential cellular components, resulting in a growth

disadvantage.
The reason why pTA1060 derivatives are segrega-

tionally superior to pUBl10 derivatives is not fully
understood. One important difference is the plasmid
copy number (50 and 5 per chromosome for pUBl10
and pTA1060, respectively). Lower copy numbers
will result in less HMW and ssDNA and therefore
cause less physiological stress. In agreement with this
idea is the observation that a low-copy variant of
pUBl10 permits the cloning of genes which cannot
be cloned in the high-copy variant (Leonhardt, 1990).
Whether the relatively low copy number can fully ac-
count for the stability of pTA1060, is doubtful,
however. We are presently investigating whether ad-
ditional stability determinants are present in the

plasmid.

mology, this process seems to result from illegitimate
recombination. Nevertheless, many deletions (up to
about 50% in some cases) seem to occur by recom-
bination of short directly repeated sequences, usual-
ly from 3-20 b p long.

Two classes of mechanism have been proposed to
explain deletions in B. sublilis (Ehrlich, 1989; Ehrlich
el af., 1986). The first involves copy choice replica-
tion errors, resulting from fork slippage between
short direct repeats (DR). The consequence of this
template switch is that one of the repeats and the se-
quences between the repeats are not copied and be-
come deleted in part of the progeny molecules. The
presence of DR and the generation of ssDNA is es-
sential in these roodels. As suggested by Ehrlich el
af. (1986), ssDNA intermediates generated during RC
replication, are likely to promote these replication er-
rors. This would, at least in part, explain why ssDNA
plasmids are structurally unstable. Although copy
choice replication errors may explain one class of de-
Ietion, other mechanisms must also exist, for instance
to account for deletions between non-repeated se-
quences. These are frequent I y considered to be of the
breakage-reunion type (Ehrlich, 1989).

A key question in the context of this paper is
whether RC replication and the generation of ssDNA
affect the structural stability of plasmids in B. sub-
lilis. Again, the question was addressed as to whether
MO play a role in this process. To this end, we used
two model systems : one involving short DR, and the
other, random sequences as deletion targets.

A frequent I y used model system for deletion for-
mation between DR is precise excision of transpo-
sons (Ehrlich, 1989; Ehrlich el af., 1986; Janniêre
and Ehrlich, 1987). In a variant of this system, a set
of deletion units consisting of DR (9, 18, or 27 bp)
which flanked inverted repeats (IR) and a selectable
marker, was inserted into a CmR gene encoded by
the pTA1060 derivative pHP700 (Bron el af., 1991 ;
Peeters el af., 1988) ; this inactivated the marker. The
in vivo removal of the deletion unit by recombina-
tion at DR, restored the CmR phenotype, which was
positively scored. If this process was in fact stimu-
lated by the generation of ssDNA, it was predicted

Structural plasmid instability

Structural rearrangements, most frequently dele-
tions, also constitute a considerable problem in B.
subtilis. Since the target sequences for deletion for-
mation do not contain extended regions of DNA ho-

Table I. Effects of ssDNA on deletion formation between DR.

pT AlO60 (pHP700)

pal+
O

pAM~l
O

Ratio

l::.pal/pAM~l
pal-
30

Replicon
OJo ssDNA

L:::..pal

30

t:J.pal/pal +

4

32

1.2 X 10-7

4.4 X 10-4

1.2 x 10-8

2.5 X 10-6

3.3 x 10-8
8.8 x 10-6

1.3 x 10-7
2.8 x 10-4

DR

DR + IR

11

110

Deletion frequencies (fraction of CmR cells) are given per cell/plasmid copy. ~pal denotes the pTAI060 derivative pHP700 (Bron
et al., 1991) lacking palT; pal+ and pal- denote pPH700 carrying palT in the functional and non-functional orientation with respect
to ssDNA conversion, respectively. Results are given for the deletion units carrying 18-bp DR and 18-bp DR + 300-bp IR.
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be the result of breakage-reunion by topoisomerases
(Ehrlich, 1989). A system which was useful for the
allalysis of random deletions (Peijnenburg el al.,
1988 ; 1989) was based on a lacZ-gene fusion, in
which deletions were recognized by the appearance
of white colonies on X-gal-containing plates. Allal-
ysis of deletion endpoints suggested that topoisomer-
ase I might be involved. To test whether the RC mode
of replication affected this deletion event, pT Al 060
and pAM~1 derivatives were compared. No differ-
ences in deletion frequencies were observed. Also,
palT did not affect deletion frequencies in pT A1060
derivatives (Bron and Relallo, in preparation). This
indicated that RC replication does not affect this de-
Ietion event.

CIOBiBg veetors based OB pTAlO60

that the frequencies of deletion formation would be
related to the amounts of ssDNA formed.

To test this prediction, the amount of plasmid
ssDNA was varied, (1) by using replicons generating
different amounts of ssDNA, and (2) by using
pTA1060 derivatives in which thepafTMO was either
present or absent. In both systems, the deletion fre-
quencies (fraction of CmR cells) were determined.
Results of representative experiments are summarized
in table I.

In the absence of the MO, deletion frequencies
with pHP700 were 11- and 110-fold higher for the
DR and DR + IR series, respectively, than for those
with the theta-type plasmid pAM~1 which does not
generate ssDNA. About 30OJo of the pHP700 ([::!.pal)
plasmid molecules were in the ssDNA form. Analo-
gous results were obtained with other ssDNA plas-
mids (Bron el af., 1991; Janniere and Ehrlich, 1987).
It was concluded that the generation of ssDNA by
RC replication stimulates deletion formation between
short DR, in particular if flanking IR are present.

The results in table I also show that the deletion
frequencies with pHP700 were considerably reduced
when pafT was inserted in only one of the orienta-
tions. In the other orientation, pafT did not affect
the frequency of deletion formation. In the correct
orientation of pafT (no ssDNA detectable), pHP700
was only slightly more unstable than pAM~l. The
effect of pafT was most pronounced when IR flanked
the DR. This is to be expected if template switching
errors during complementary strand synthesis under-
lie this deletion event: the formation of stem-loop
structures by complementary base pairing would
bring the DR into close proximity and facilitate slip-
page of the replication machinery.

In concfusion, the results described in this section
indicate that the generation of ssDNA by RC repli-
cation is an important factor in the deletion forma-
tion between short DR and that these deletions most
probably result from copy choice replication errors.

At least one other class of deletions has been at-
tributed to the RC mode of replication. These dele-
tions result from errors made by Rep, the replication
initiation protein (Ehrlich, 1989; Gruss and Ehrlich,
1989). Replication is initiated by nicking the origin
sequence and, af ter one round of plus-strand synthe-
sis, termination occurs at this sequence by the clos-
ing activity of the Rep protein. Aberrant initiation
or termination at sites other than the origin nick site
underlies a significant number of deletions in ssDNA
plasmids (Ballester el af., 1989; Ehrlich, 1989; Michel
and Ehrlich, 1986). Clearly, this class of deletion
events belongs to the breakage-reunion type.

Deletions between sequences other than DR or
origin nick sites, cannot be explained by the mechan-
isms described above and are generally considered to

In the foregoing chapters, we described plasmids
derived from pTA1060 which were segregationally
more stable than other ssDNA plasmids. Even in the
absence of their MO, pTA1060 plasmids showed only
moderate levels of instability (fig. 2B). These results
prompted us to construct a series of cloning vectors
based on pTA1060 (Haima et a/., 1987, 1990a,b,c).
pHP13 (Haima et a/., 1987) is a B. subti/is/E. co/i
shuttle plasmid which carries the replication functions
of pTA1060 and pBR322. Although pa/T is not
present in pHP13, very high efficiencies of shotgun
cloning of E. co/i DNA were obtained in restriction-
deficient B. subti/is host cells. The fraction of recom-
binant clones may amount to over 30% .In contrast
to other ssDNA plasmids, large inserts were relatively
abundant (26% of the clones contained inserts rang-
ing from 6-15 kbp).

A more versatile variant of pHP13 is pHPS9. This
plasmid enabled ~-galactosidase-/acZ(X complemen-
tation in B. subtilis (Haima et a/., 1990b; 1990c). To
achieve this in pHPS9, the /acZ(X gene was fused to
Gram + -expression signals (promoter P59 from Lac-

tococcus /actis and the N-terminal part of the Bacil-
/us cat86 gene). The other component of the
complementation system, the /acZ~15 gene, was
also placed under the control of Gram + -expression

signals (promoter P23 from L. /actis and translation
initiation signals from the spoOF gene of B. subti-
/is). To stabilize the /acZ~15 gene, it was integrated
as a single copy into the chromosome by double
cross-over replacement recombination. The resulting
strain was denoted 6GM15. The complementation
system is schematically shown in figure 3.

Tbis system bas several advantages over otber
cloning systems used so far in B. subtilis. (I) Tbe
blue/wbite assay on X-gal plates enables tbe direct
selection of recombinant clones. (2) Several cloning
sites are available in tbe lacZcx gene. (3) Tbe efficiency
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BclI

~

Fig. 3. ~-Galactosidase lacZ(X-complementation system in B. subtilis.

A) Plasmid pHPS9, containing the pTAIO60 and pVC replication functions. The palT MO is
absent. The lacZ(X gene is fused (in frame) to cat86 sequences.

B) Integrated copy of the lacZr:,.M15 gene in the B. subtilis chromosome. The expression of both
the (acZ(X and the lacZr:,.M15 gene is controlled by Gram + transcription/translation signals.

of cloning in restriction-deficient competent B. sub-
ti/is cells is high (under optima! conditions up to
30-60% of the transformants are recombinant).
(4) The average insert length is high and inserts up
to about 30 kbp have a!ready been successfully cloned
(larger inserts have not been tested). (5) The struc-
tural stability of the recombinant clones is high; no
deleted plasmid forms were detected af ter 100 gener-
ations of growth under selective pressure.

A general factor limiting cloning efficiencies in
B. subtilis is the requirement for plasmid multimers
in competent cell transformation. We made one fur-
ther variant of the pHPS9-1acZcx complementation
system to avoid this complication. It was based on
homology-facilitated plasmid marker rescue transfor-
mation. The donor plasmid was again pHPS9. The
recipient cell was 6GMI5 carrying a resident plasmid,
pHP~9R, which, except for a deletion removing the
lacZcx gene and part of the flanking selectable CmR

marker, was identical to pHPS9. Homologous
recombination between donor and resident plasmid
resulted in CmR / lacZ<x transformants (Haima et al.,
1990a).

In addition to the advantages mentioned above,
the marker rescue system enabled forced cloning ex-
periments to be carried out and competent cell trans-
formation with plasmid monomers to occur. These
cloning systems can be obtained through the Bacil-
lus Genetic Stock Center, Columbus, Ohio (strain
6GM15: lA718; plasmid pHPS9 inE. coli: ECE51 ;
strain 6GM15 (pHPS9R): lE52).

One further improvement may be beneficial : the
introduction of palT in the cloning vectors. Although
the segregational stabilities of large recombinant plas-
mids obtained with pHPS9 have not yet been tested,
it is anticipated that a functional MO will improve
their maintenance. Such vectors are now being con-
structed.
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Conclusions

Many plasmid-cloning vectors used for B. subti-
lis are derived from other Gram + bacteria. These

are frequently highly unstable, both segregationally
and structurally. These plasmids generate consider-
able amounts of ssDNA intermediates by RC repli-
cation. Plasmid ssDNA is a major factor causing
segregational instability and at least one form of
structural instability (deletions between short direct
repeats). The absence of functional MO of replica-
tion in many cloning vectors increases the levels of
instability considerably. RC replication also under-
lies a class of deletions caused by aberrant initia-
tion/termination reactions of the replication
initiation protein.

The B. subtilis plasmid pTAIO60, although gener-
ating ssDNA, is far more stabIe, in particular when
its MO is present. A set of versatile, efficient and sta-
bIe cloning vectors had been constructed from
pTAIO60.

Key-words: Bacillus subtilis, Plasmid; Vectors,

ssDNA, Instability, Molecular cloning.
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