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We constructed plasmids carrying heat-inducible pemI and pemK genes, which were fused with the
collagen-acZ sequence in frame. The PemK-collagen-LacZ (PemK*) protein produced from the fusion gene
upon heat induction inhibited the growth of cells and killed most of the cells in the absence of the PemI protein
but did not do so in the presence of the PemI protein. This supports our previous assumption that the PemK
protein inhibits cell division, leading to cell death, whereas the PemI protein suppresses the function of the
PemK protein. We also constructed the plasmid carrying the heat-inducible pem operon which consists of the
intact pemI gene and the pemK gene fused with collagen4acZ. The simultaneously induced PemI and PemK*
proteins did not inhibit the growth of cells. However, the temperature shift to 30°C after induction of both
proteins at 42°C caused inhibition of cell growth and death of most cells. This suggests that the PemI pro-
tein is somehow inactivated upon the arrest of de novo synthesis of the PemI and PemK* proteins, allowing
the PemK* protein to function. We observed that the PemI-collagen-LacZ (PemI*) protein was degraded
faster than the PemK* protein, perhaps by the action of a protease(s). In fact, the Ion mutation, which
caused no apparent degradation of the PemI* protein, did not allow the PemK* protein to function, support-
ing the suggestion described above. Instability of the PemI protein would explain why the cells which have lost
the pem+ plasmid are preferentially killed.

The naturally occurring plasmid R100 is stably maintained
in dividing bacterial cells in spite of its low copy number (1
to 2 per chromosome) (19, 25). The pem region, which is
located near the region essential for autonomous replication
of R100, is responsible in part for the stable maintenance of
R100 (28). The growth of cells which have lost the plasmid
carryingpem is inhibited, while the plasmid-containing cells
grow normally (27, 28). Upon growth inhibition by the ac-
tion ofpem, some cells cannot resume cell division and die
(27).
The pem region consists of two genes, pemI and pemK

(28), which code for proteins of 9.3 and 11.9 kDa, respec-
tively (2, 23). These two genes are transcribed from a
promoter located upstream ofpemI (26). The PemK protein,
thepemK gene product, is supposed to inhibit the growth of
host cells which have lost the pem+ plasmid, and the PemI
protein, thepemI gene product, is supposed to suppress the
function of the PemK protein (28).

Plasmid Rl, which is closely related to R100, has the
homolog of the pem region, ParD, which has been found
independently to have the same sequence as that ofpem (3).
A mutation in the kis gene (corresponding to pemI) in ParD
caused the death of cells by the action of the kid gene
(corresponding topemK) product (4).
Here we report the results of an analysis of the func-

tions of the PemI and PemK proteins, leading to an under-
standing of the mechanism of postsegregational growth
inhibition in the pem system at the genetic and molecular
levels.

* Corresponding author.

MATERIALS AND METHODS

Bacterial strains and plasmids. The Escherichia coli K-12
strains and plasmids used are listed in Tables 1 and 2,
respectively. Most of the pDOM plasmids were constructed
as described below.
Media. The liquid medium used was L broth (1.0% pep-

tone [Kyokuto], 0.5% yeast extract [Difco], 0.5% NaCI,
0.2% glucose [pH 7.0]). Agar plates contained 1.5% agar
(Eiken Chemical Co.). For mutagenesis in constructing
mutant plasmids, 2x YT broth (17) was used.
Enzymes and reagents. The restriction endonucleases used

were BamHI, EcoRI (Takara Shuzo Co.), BclI, EagI, and
NaeI (New England Biolabs). Phage T4 DNA ligase, E. coli
DNA ligase, phage T4 DNA polymerase, Klenow fragment
of E. coli DNA polymerase I, and RNase I (Takara Shuzo
Co.) were also used, as recommended by the manufacturers.
The molecular size standards for proteins were purchased

from Bio-Rad Laboratories. Other reagents were obtained
from Sigma Chemical Co. or Wako Pure Chemical Indus-
tries.

Plasmid construction. To construct plasmids pDOM101 to
pDOM104 (see Fig. 1), a parental plasmid, pDOM100, was
first constructed by replacing the BamHI-EcoRI segment in
the multiple cloning site of pUC119 with the BamHI-EcoRI
fragment (nucleotides 2835 to 3917) of pHO100 (28).
pDOM101 and pDOM102 were obtained by introducing a
BamHI site in the N-terminal regions of thepemI andpemK
coding frames in pDOM100, respectively, by site-directed
mutagenesis by the method of Kunkel et al. (14). Similarly,
pDOM103 and pDOM104 were obtained by introducing a
BclI site at the termination codon of the pemI and pemK
coding frames in pDOM100, respectively.

Plasmids pDOM105, pDOM106, and pDOM108 (see Fig.
1) were constructed as follows. Plasmids pDOM101 to
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TABLE 1. E. coli K-12 strains used

Strain Markers Source or reference

MV1184 F' traD36proAB lacIqZ AM15/ 29
A(lac-prAB) ara strA
thi(+80 lacZAM15)
A(srl-recA)306::TnlO

BW313 HfrKL 16PO/45[lysA(61-62)] 13, 14
dut-1 ung-l thi-I reLAl

GM33 F- dam-3 16
MC1000 F- ara A(ara-leu) AlacX74 5

galUgalKstr
GC4670 F- lon::TnlO thr leu lacY S. Casaregola

per unit of turbidity of the culture was measured by the
method of Miller (21).
Viable cell and total cell counts. Viable cells were measured

as the number of colony formers on L agar plates containing
100 p,g of ampicillin per ml after incubation of the plates at 30
or 42°C for 1 to 4 days. Total cells were counted on a
counting chamber (Thoma, Atago) with a phase-contrast
microscope.

SDS-polyacrylamide gel electrophoresis. Sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis was car-
ried out as described by Laemmli (15). Proteins in the gel
were stained with Coomassie brilliant blue (6).

RESULTS

pDOM104 were digested by BamHI or BclI, and then by
NaeI or EagI, whose cleavage sites are present in the pemI
and pemK coding frames, respectively. The BamHI-EagI
fragment of pDOM101 (Fig. 1, fragment a) and the EagI-BclI
fragment of pDOM104 (Fig. 1, fragment a) were mixed and
cloned into the BamHI site of pJG200 to obtain pDOM105.
Similarly, the BamHI-EagI fragment of pDOM102 (Fig. 1,
fragment a) and the EagI-BclII fragment of pDOM104 (Fig.
1, fragment b) were mixed and cloned into the BamHI site of
pJG200 to obtain pDOM106; the BamHI-EagI fragment of
pDOM101 (Fig. 1, fragment a) and the EagI-BclII fragment
of pDOM103 (Fig. 1, fragment b) were mixed and cloned into
the BamHI site of pJG200 to obtain pDOM108.

Plasmid pPS3006K was constructed by ligation of the
PvuII-digested DNA of plasmid pPS3006, a pSC101 deriva-
tive carrying lon+ (obtained from A. L. Goldberg), with the
HincII fragment containing the kanamycin resistance gene
(kan) which had been cloned in pUC19.

Kinetics of cell growth and production of 13-galactosidase.
The liquid culture of strain MC1000 or GC4670 was incu-
bated overnight at 30°C in L broth containing 100 ,g of
ampicillin per ml and diluted appropriately in L broth
containing 100 ,g of ampicillin per ml. After incubation at
30°C until turbidity had reached an OD660 of 0.2 to 0.3, the
temperature was shifted to 42°C. The turbidity of the culture
was measured at 600 nm with a spectrophotometer (Spec-
tronic 20A, Shimadzu Co.). ,B-Galactosidase (LacZ) activity

The PemK protein inhibits cell growth, leading to cell death.
To study functions of the PemI and PemK proteins, we
constructed plasmids carrying the heat-inducible pemI and
pemK genes, which were fused in frame with the collagen-
lacZ coding region of an expression vector pJG200 carrying
PR promoter of bacteriophage X, which is under the control
of a thermolabile repressor (Fig. 1). Plasmids pDOM108 and
pDOM106 carry the fusion genes (here called pemI* and
pemK*, respectively), which encode the tripartite proteins
PemI-collagen-LacZ and PemK-collagen-LacZ (here called
PemI* and PemK*, respectively) (Fig. 1 and Table 2). The
PemI* protein induced in the cells of MC1000 harboring
pDOM108(pemI*+) did not inhibit cell growth, whereas the
PemK* protein induced in the cells harboring pDOM106
(pemK*+) inhibited cell growth (Fig. 2A, panel a). This
supports our previous assumption that the PemK protein is
an inhibitor of cell growth, while the PemI protein is not (27).
The LacZ activity in the cells harboring pDOM106(pemK*+)
was much less than that in the cells harboring pDOM108
(pemI*+) (Fig. 2A, panel b). This shows that the PemK*
protein which was produced in only a small amount after
heat induction can effectively inhibit cell growth.
The inhibition of cell growth by the PemK protein is

assumed to cause killing of cells (28). To prove this, the
number of viable cells was determined by plating and incu-
bating the cells at 42 or 30°C after inducing the PemK* protein
at 42°C for 10 min in the cell harboring pDOM106(pemK*+).

TABLE 2. Plasmids used

Plasmida Parental plasmid Description Source or reference

pJG200 pBR322 With PR promoter, c1857, the tripartite gene consisting 9
of ATG of cro, the collagen linker, and lacZ

pHO100 pSM1 and pMB8::Tn3 A composite plasmid carryingpem 23
pHS12 pSC1O1 A high-copy-number mutant 1
pDOM11 pHS12 With the region of nucleotides 2835 to 3497 of pHO100 28

(containingpemI and its promoter)
pDOM100 pUC119 With the region of nucleotides 2835 to 3917 of pHO100 This work

(containingpem and its promoter)
pDOM101 pDOM100 With a BamHI site at the N-terminal region ofpemI This work
pDOM102 pDOM100 With a BamHI site at the N-terminal region ofpemK This work
pDOM103 pDOM100 With a Bcll site at the termination codon ofpemI This work
pDOM104 pDOM100 With a BclI site at the termination codon ofpemK This work
pDOM105 pJG200 With pemI and pemK* This work
pDOM106 pJG200 WithpemK* This work
pDOM108 pJG200 With pemI* This work
pPS3006 pSC1O1 With lon A. L. Goldberg
pPS3006K pPS3006 With lon This work

a pHS12 and pDOM11 carry tet. pPS3006K carries kan. All of the other plasmids carry amp. pemK* and pemI* indicate tripartite genes ofpemK and pemI
fused with the collagen-lacZ sequence, respectively (Fig. 1, and see the text).
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FIG. 1. Structures of plasmids. Hatched and solid arrows indicate pemI and pemK coding regions, respectively. The collagen-lacZ
segments in fusion genes are indicated by open arrows connected to open boxes. The promoter ofpem genes (Ppem) and the APR promoter
are also shown. In pDOM101 to pDOM104, nucleotide and amino acid sequences in the mutated regions are shown. The recognition
sequences for BamHI and BglII introduced by site-directed mutagenesis are boxed. Thin horizontal lines with two arrowheads (labeled a or
b) indicate relevant restriction fragrnents. In vector plasmid pJG200, nucleotide and amino acid sequences in the N-terminal region of
collagen-lacZ and the BamHI site used to clone fragments are indicated. Cutting sites for relevant restriction endonucleases are also shown.
Restriction fragments used to construct pDOM108, pDOM106, and pDOM105 are shown in parentheses.

Induction of the PemK* protein caused a marked reduction in
the number of colony formers: no colonies were formed when
plates were incubated at 42°C (a temperature at which the
synthesis of the PemK* protein continued [Table 3] and
colonies were also not formed when plates were incubated at
30°C (a temperature at which the synthesis of PemK* was
arrested), but a few small colonies appeared after incubation
of the plates for several days at 30°C (Table 3). Heat induction
of the PemI* protein in the cells harboring
pDOM108(pemI*+) and of the collagen-LacZ protein in the
cells harboring pJG200(pem-), however, caused no reduction
in the number of colony formers (Table 3). These results
indicate that inhibition of cell growth by the PemK* protein
leads to the death of most cells; only a few cells could resume
dividing after the arrest of de novo synthesis of PemK*.

The PemI protein suppresses the growth inhibition by the
PemK protein. To prove our previous assumption that the
PemI protein suppresses the function of the PemK protein
(28), we introduced plasmid pDOM11, a pHS12 derivative
carrying the intact pemI gene which is constitutively ex-
pressed from the pem promoter (Table 2), into the cell
harboring pDOM106(pemK*+) and examined the growth of
cells and LacZ activity upon heat induction of the PemK*
protein. The PemK* protein induced in the cells harboring
pDOM106(pemK*+) and pDOM11(pemI+) did not inhibit
cell growth (Fig. 2B, panel a), but the same protein induced
in the cells harboring pDOM106(pemK*+) and pHS12(pem-)
instead of pDOM11 inhibited cell growth (Fig. 2B, panel a).
The LacZ activity in the cells harboring pDOM106(pemK*+)
and pDOM11(pemI+) was higher than that in those harbor-
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TABLE 3. Viable cells in total cells

No. of colony formers'
Plasmid(s)

A B C

In MC1000 (lon+)
pDOM106(pemK*+) <6.1 x 10-6 <6.1 x 10-4 (0.16) 1.1
pDOM108(pemI*+) 1.0 1.2 1.0
pJG200(pem-) 1.0 1.0 0.81
pDOM106(pemK*+) 1.1 0.70 0.75
+ pDOM11(pemI+)

pDOM106(pemK*+) <1.2 x 10- 2.9 x i0- (0.52) 1.1
+ pHS12(pem-)

pDOM105(pemI+ 0.96 <6.2 x 10-4 (0.0017) 0.99
pemK*+)

In GC4670 (lon)
pDOM106(pemK*+) <1.5 x 10- 2.1 x 1O- (0.041) 1.0
pDOM108(pemI*+) 1.0 0.82 1.1
pJG200(pem-) 1.0 0.82 1.1
pDOM105(pemI+ 0.22 (0.48) 0.82 1.1
pemK*+)

a Numbers indicate viable cells (colony formers) in total cells. (A) Cells
were plated and incubated at 42°C overnight after induction of a Pem
protein(s) at 42°C for 30 min; (B) cells were plated and incubated at 30°C
overnight after heat induction of a Pem protein(s) at 42°C for 30 min; and (C)
cells were plated and incubated at 30°C overnight without heat induction. In
the case that small colonies were formed during incubation of plates for
several days, the number of viable cells calculated from those colonies is
shown in parentheses.

ing pDOM106(pemK*+) and pHS12(pem-) (Fig. 2B, panel
b). These results show that the PemI protein supplied from
pDOM11(pemI+) suppresses growth inhibition by the
PemK* protein.

Induction of the PemK* protein in the cells harboring
pDOM106(pemK*) and pDOM11(pemI+) did not cause a
reduction in the number of colony formers, whereas induc-
tion of the PemK* protein in the cells harboring
pDOM106(pemK*+) and pHS12(pem-) caused a marked
reduction in the number of colony formers (Table 3). This
confirms that the PemI protein suppresses inhibition of cell
growth and thus also suppresses killing of cells by the PemK
protein.

Effect on cell growth by simultaneous induction of PemI and
PemK proteins and subsequent repression of de novo synthesis
of the proteins. To study the effect of the simultaneous
induction of the PemI and PemK proteins on cell growth, we
constructed a plasmid carrying the intactpemI gene and the
pemK* gene which were under the control of the PR pro-
moter (Fig. 1). The growth of the cells harboring the plasmid
pDOM105(pemI+ pemK*+) was not inhibited upon induc-
tion of the PemI and PemK* proteins and further incubation
at 42°C (Fig. 3A), and the LacZ activity in the lysate of cells
harboring pDOM105 increased to a high level (Fig. 3B).
These results indicate that the PemI protein suppressed
growth inhibition by the PemK* protein, even though the
PemK* protein is produced in a large amount. Note that the
LacZ activity was higher in these cells (Fig. 3B) than in cells
harboring both pDOM106(pemK*+) and pDOM11(pemI+)
(Fig. 2B, panel b). A possible explanation of this result is
that the PemI protein produced coordinately with the
PemK* protein causes more effective suppression of the
function of the PemK* protein than the PemI protein sup-
plied in trans from a coresident pemI+ plasmid.

Importantly, however, the growth of the cells harboring
pDOM105(pemI+pemK*+) was inhibited upon temperature
shift and further incubation of the cell culture at 30°C after
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FIG. 2. Kinetics of cell growth and production of PemI* and

PemK*. (A) Kinetics of the culture of strain MC1000 harboring
pDOM108(pemI*+) (0) or pDOM106(pemK*+) (x). (a) Relative tur-
bidity to indicate cell growth; (b) LacZ activity to indicate the produc-
tion of the PemK* or PemI* protein. (B) Kinetics of the culture of the
strain MC1000 harboring pDOM106(pemK*+) and pHS12(pem-) (0)
or pDOM106(pemK*+) and pDOM11(pemIP) (O). (a) Relative turbid-
ity to indicate cell growth; (b) LacZ activity which refers to thepemK*
gene activity. All values in panels A and B are plotted against
incubation time after the temperature shift from 30 to 42°C.

induction of the PemI and PemK* proteins at 42°C for 10 min
(Fig. 3A and B). This shows clearly that the arrest of de novo
synthesis of both PemI and PemK* proteins after heat
induction causes inhibition of cell growth.

A B
100

10000

10
0 ~~~~~~~~~~~0 0

0
.0.5 0 1 2 3 3.5 0 1 2 3

Time (hr) Time (hr)
FIG. 3. Kinetics of the growth of cells of strain MC1000 harbor-

ing pDOM105QpemI+pemK*+) and of the production of the PemK*
protein. Relative turbidity (A) and LacZ activity (B) are plotted
against time of incubation at 42°C (0) or at 30°C (E) after induction
of both PemI and PemK* proteins at 42°C for 10 min or of incubation
at 30°C without induction (0).
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FIG. 4. Coomassie brilliant blue-stained polyacrylamide gels showing PemI* and PemK* proteins. (A) Proteins in cells of the lon+ strain
MC1000 harboring pDOM108(pemI*+) (left) or pDOM105(pemI+ pemK*+) (right); (B) proteins in cells of the lon strain GC4670 harboring
pDOM108(pemI*+) (left) or pDOM105(pemI+ pemK*+) (right). The PemI* or PemK* protein was induced by a temperature shift from 30 to
42°C for 30 min. After the temperature was returned to 30°C, the extracts were made from the samples taken at 0, 30, and 60 min. The total
proteins were prepared from the same volume of the culture and electrophoresed on an SDS-6% polyacrylamide gel. The band positions of
the PemI* and PemK* proteins with almost the same sizes are indicated at the right sides of the gels. Molecular size standards used were
3-galactosidase (LacZ) (116 kDa) and phosphorylase b (92.5 kDa), whose band positions are shown at the left sides of gels.

When cells harboring pDOM105(pemI+ pemK* +) were
plated and incubated at 42°C after heat induction of both
PemI and PemK* proteins, colonies were formed normally
(Table 3). This supports the observation described above
that continuous production of the PemI protein suppresses
the growth inhibition by the PemK* protein which leads to
cell death. However, when the cells were plated and incu-
bated at 30°C after heat induction, no colonies were formed
overnight, but a few small colonies appeared upon further
incubation of the plates for several days (Table 3). This
shows that the arrest of de novo synthesis of both PemI and
PemK* proteins after heat induction causes not only inhibi-
tion of cell growth but also death of most cells. This and the
results described above suggest that the PemI protein is
somehow inactivated after the arrest of de novo synthesis of
the PemI and PemK* proteins to allow the PemK* protein to
function.

Instability of the PemI* protein. Proteins produced in the
cells of strain MC1000 harboring pDOM105(pemIpemK*+)
or pDOM108(pemI*+) at time zero or 30 or 60 min after heat
induction were examined by SDS-polyacrylamide gel elec-
trophoresis. A protein larger in size than LacZ (116 kDa),
which is indicative of the PemI or PemK protein fused with
the collagen-LacZ segment, was observed (Fig. 4).
We noticed that the PemI* protein, once overproduced,

seemed to disappear during incubation at 30°C after heat
induction, while the PemK* protein did not (Fig. 4A). It is
likely that the PemI* protein is degraded rapidly in the cells
of strain MC1000 by the action of a protease(s). To investi-
gate this, we induced the Pem tripartite proteins in the cells
of strain GC4670 with a mutation in the lon gene which is
known to code for an ATP-dependent protease involved in
degradation of some unstable proteins and all types of
abnormal proteins (for a recent review, see reference 10).
The PemI* protein, as well as the PemK* protein, was
overproduced in strain GC4670 without apparent degrada-
tion of proteins (Fig. 4B). This and the results described
above suggest that the PemI protein is degraded in the cells
by the action of the Lon protease, either directly or indi-
rectly.

Effect on cell growth by simultaneous induction ofPemI and
PemK proteins and subsequent repression of de novo synthesis
of the proteins in the Ion strain. The effect of the lon mutation
on the growth of cells harboring pDOM105(pemI+pemK*+)

was tested by using GC4670 (Ion) as a host. Simultaneous
induction of PemI and PemK* proteins at 42°C for 10 min
and subsequent repression of de novo synthesis of the
proteins by the temperature shift to 30°C did not cause
inhibition of the growth of the Ion host cells harboring
pDOM105 (Fig. 5). The same treatment, however, did cause
inhibition of the growth of cells harboring pDOM105, when
strain MC1000 (lon+) was used as the host, as described
earlier (Fig. 3A), or when plasmid pPS3006K carrying Ion'
was coresident in the host GC4670 (lon) used above (data not
shown). Induction of the PemK* protein alone caused inhi-
bition of the growth of both lon and lon+ cells harboring
pDOM106(pemK*+) (Fig. 5), showing that the PemK* pro-
tein in the absence of the PemI protein can function even in
the lon background. Note that the PemK* protein is cer-
tainly induced in the Ion host, as it is in the Ion+ host, since
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FIG. 5. Kinetics of the growth of cells of the lon strain GC4670

harboring pDOM105(pemI+ pemK*+) (O) or pDOM106(pemK*+)
(0). Relative turbidity was plotted against time of incubation at 30°C
after induction by a temperature shift from 30 to 42°C for 10 min.
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the LacZ activity in the lon cells harboring pDOM105(pemI+
pemK* +) at 30 or 60 min after the temperature shift was even
higher than that in the lon+ cells (data not shown). These
results indicate that the PemI protein produced is not readily
degraded in the Ion background and thus can still suppress
the inhibition of cell growth by the PemK* protein even upon
subsequent repression of de novo synthesis of both PemI
and PemK* proteins produced after heat induction.
When GC4670 (lon) cells harboring pDOM105(pemI+

pemK*+) were plated and incubated at 42°C after heat
induction of both PemI and PemK* proteins, colonies were
formed, as they were in the lon+ host, although the number
of colony formers decreased slightly (Table 3). However,
when the cells were plated and incubated at 30°C after heat
induction, colonies of these cells were formed (Table 3).
When cells of GC4670 (lon) harboring pDOM106(pemK*+)
were incubated at 42 or 30°C after heat induction of the
PemK* protein alone, however, colonies were not formed
(Table 3). These results support the indication that the PemI
protein, which is not readily degraded after the arrest of de
novo synthesis of the PemI and PemK* proteins in the Ion
host, suppresses the growth inhibition by the PemK* protein
which leads to cell death.

DISCUSSION

We have shown here that induction of the PemK* protein
causes the inhibition of cell growth which leads to cell death,
whereas the PemI protein suppresses the growth inhibition
by the PemK* protein. We have also shown that simulta-
neous induction of the PemK* protein with the PemI protein
did not cause inhibition of the growth of cells, but subse-
quent repression of de novo synthesis of both proteins
caused inhibition of cell growth and the death of most cells in
the Ion+ host but not in the lon host. These results and the
observation that the PemI* protein is degraded faster than
the PemK* protein in the lon+ host, but not in the Ion host,
would support the idea that degradation of the PemI protein
allows the PemK protein to function.

In the pem system acting under natural conditions, the
function of the PemK protein appears postsegregationally in
cells which have lost the pem+ plasmid (27, 28). The
synthesis of the PemI and PemK proteins is supposed to be
arrested in such plasmid-free cells because of the disappear-
ance of the pem region by segregation of the plasmid
carrying it. Therefore, the pem action under natural condi-
tions is likely to be explained by degradation of the PemI
protein which allows the PemK protein to function.
The low-copy-number plasmid F has the ccd (let) region

consisting of two genes, ccdA (letA4) and ccdB (letD), respon-
sible for the maintenance of this plasmid (20, 22). The
nucleotide sequences of these genes are completely different
from those ofpem. However, the ccdB gene product inhibits
cell division in cells which have lost the ccd+ plasmid, while
the ccdA gene product suppresses the inhibition in the
plasmid-carrying cells (11, 12, 18). The mechanism proposed
in the pem system may also be involved in the stable
maintenance system of plasmid F.

Plasmid Rl has the parB locus consisting of sok and hok
genes, which are responsible for the stable maintenance of
the plasmid (8, 24). The Hok protein, the hok gene product,
kills plasmid-free cells; the sok gene encodes an antisense
RNA, which represses the expression of hok, located just
downstream from sok. The Sok antisense RNA is supposed
to be degraded much faster than the mRNA encoding the
Hok protein in cells which have lost the parB+ plasmid,

allowing the Hok protein to kill the cells (7). This mechanism
would be analogous to that of thepem system. In the pem
system, however, the PemI protein suppresses the inhibition
of cell growth by the PemK protein after translation from
mRNA, while the Sok RNA suppresses the growth inhibition
at the translational level.
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