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Clo DF13 piasmid deoxyribonucleic acid (DNA) was used as a template to
direct transcription and translation in a DNA-dependent cell-free system pre-
pared from Escherichia coli. Analysis of the in vitro products on sodium dodecyl
sulfate-polyacrylamide gels revealed that Clo DF13 DNA directs the synthesis of
at least 10 polypeptides ranging in molecular weight from approximately 7,000
to 70,000. Two of these polypeptides could be identified, with respect to their
physicochemical and biological characteristics, as the products of the Clo DF13
genes coding for cloacin DF13 and Clo DF13 immunity protein. These results
confirm previous findings, obtained with Clo DF13-harboring minicells of E.
coli, that the structural genes for the latter proteins reside on the Clo DF13

genome.

The bacteriocinogenic plasmid Clo DF13 is an
extrachromosomal circular deoxyribonucleic

acid (DNA) molecule that originates from En-

terobacter cloacae (17). Most studies on this
plasmid have been carried out in Escherichia
coli, which can serve as a host for this plasmid
as well (20). The nonconjugative Clo DF13 plas-
mid (molecular weight, 6 x 10°) is present in
about 10 copies per E. coli cell (7). As revealed
from studies with cloacinogenic minicells of E.
coli, the Clo DF13 plasmid directs in vivo the
synthesis of at least four messenger ribonucleic
acid (RNA) species and eight polypeptides (9).
Hitherto the biological functions of only two of
these polypeptides, cloacin DF13 (molecular
weight, 70,000) and Clo DF13 immunity protein
(molecular weight, 10,000), are known. Cloacin
DF13 inhibits protein synthesis of sensitive
bacterial cells by cleaving 16S ribosomal RNA
at a unique site near its 3’ end (2).

Because in cloacinogenic cells an immunity
protein is present in addition to cloacin, cloa-
cinogenic cells are immune to the action of their
homologous cloacin (6). It has been demon-
strated that this immunity protein inhibits the
action of cloacin by the formation of a complex
with it (6, 8). With the exception of these two
proteins, nothing is known about the biological
characteristics of the other plasmid-specific
proteins.

The aim of our current investigation is to
isolate and characterize the gene products of
the bacteriocinogenic plasmid Clo DF13 and to

study their role in the process of DNA replica-
tion and gene expression.

In a first approach we studied these processes
in vivo by using chromosomeless minicells of E.
coli (6-9, 18, 19). However, for the elucidation
of the possible role of plasmid-specific gene
products in gene expression, an in vitro system
might be very useful. For this reason the bac-
teriocinogenic plasmid Clo DF13 was used to
direct coupled transcription and translation in
a DNA-dependent cell-free system prepared
from E. coli. The latter system has already
been proven to be very useful for the characteri-
zation and identification of the gene products
encoded by bacteriophage M13 replicative form
DNA (10-13).

In this paper it is demonstrated that Clo
DF13 plasmid DNA directs in vitro the synthe-
sis of at least 10 polypeptides. Two of these
polypeptides could unequivocally be identified,
with respect to their biological and physico-
chemical characteristics, as the products of the
genes coding for cloacin DF13 and the Clo DF13
immunity protein.

MATERIALS AND METHODS

Bacterial strains. The E. coli strain K-12 AB301
(F*, \*, met~, his~, RNase I-) was used for the
preparation of the DNA-dependent protein-synthe-
sizing system. Cloacinogenic minicells were isolated
from E. coli K-12 P678-54 (Clo DF13 rep3). Klebsiella
edwardsii var. edwardsii N4015 was used as indica-
tor strain for the in vivo cloacin assay.

Isolation of Clo DF13-specific polypeptides syn-
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thesized in vivo. In vivo-synthesized Clo DF13-spe-
cific polypeptides were isolated from cloacinogenic
minicells. Minicells, harboring the mutant plasmid
Clo DF13 rep3, were isolated, labeled with 'C-
amino acids, and lysed as described by Kool et al.
(9). It has been demonstrated that these minicells
harbor more copies of the (mutated) plasmid genome
than minicells harboring the wild-type plasmid (7).
The increase in number of plasmid DNA molecules
results in the formation of larger amounts of plas-
mid-specific polypeptides, which in turn facilitates
the detection of these products.

DNA-dependent in vitro protein synthesis. The
reaction mixture for the in vitro transcription-trans-
lation coupled system was the same as described by
Konings et al. (11). A typical reaction mixture for
the synthesis of Clo DF13 proteins contained, per
milliliter: tris(hydroxymethyl)aminomethane(Tris)-
chloride, 50 umol (pH 8.0); ammonium acetate, 110
umol; potassium acetate, 50 umol; magnesium ace-
tate, 14 umol; dithiothreitol, 2.4 wmol; phosphoenol-
pyruvate, 20 umol; adenosine 3',5'-triphosphate, 2
umol; cytidine, thymidine, and guanosine 3',5'-tri-
phosphates, 0.5 umol each; leucovorin, 0.3 umol; the
nonlabeled amino acids, 0.25 umol each; pyruvate
kinase, 25 ug; transfer RNA (tRNA) (stripped), 1
mg; ribosomes, 1.92 mg; and supernatant protein, 2
mg.
If not stated otherwise the proteins were labeled
in vitro with L-[**S]methionine (50 uCi/ml; specific
activity, 145 Ci/mmol). Circular double-stranded
Clo DF13 DNA was usually added at a concentration
of 75 to 100 ug/ml; this is close to a saturating
amount for this system. After appropriate incuba-
tion for transcription and translation, the reaction
mixtures were dialyzed extensively against TMN
buffer (10 mM Tris-hydrochloride pH 7.8, 10.5 mM
magnesium acetate, 60 mM NH,Cl, and 2 mM dithi-
othreitol). Part of the dialyzed solution was used for
the analysis of the polypeptides on sodium dodecyl
sulfate (SDS)/phosphate-polyacrylamide gels (13),
while the remaining part was used for the charac-
terization of the biological activities of these poly-
peptides.

SDS-polyacrylamide gel electrophoresis. The
polypeptides made in vitro were analyzed on SDS/
phosphate-polyacrylamide slab gels in the presence
of 8 M urea (11). After electrophoresis (16 h at 30 V/
gel), the gels were stained at room temperature in a
solution containing 0.2% Coomassie brilliant blue
(12). After destaining, the gels were dried under
vacuum on filter paper and autoradiographed by
contact with Kodak RP/R54 X-ray film (11).

In vivo cloacin DF13 assay. In vivo cloacin DF13
activity was measured by spotting, after appropriate
dilution, aliquots of 5 ul on a lawn of indicator cells
(strain N4015; 7).

Purification of the Clo DF13-specific polypep-
tides synthesized in vitro. Polypeptides, synthesized
in vitro in the presence or absence of Clo DF13 DNA,
were fractionated on 10% SDS-polyacrylamide gels
according to the procedure previously described (6,
19). Native cloacin DF13 and Clo DF13 immunity
protein, a gift from B. Oudega, were always run in
parallel, and the corresponding positions in the un-
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stained gels were cut out and macerated with a glass
stirring rod in 5 volumes of TMN buffer. Gel parti-
cles were removed by centrifugation in an SW50.1
rotor of a Beckman L5-65 ultracentrifuge. The su-
pernatant fraction was extensively dialyzed against
TMN buffer and finally concentrated with the aid of
Carbowax 4000 (6, 19).

In vitro assay for cloacin DF13 and Clo DF13
immunity protein. The biological activity of in vitro-
synthesized cloacin DF13 was measured by deter-
mining its ability to inactivate ribosomes in vitro,
resulting in an inhibition of the phenylalanine in-
corporation in a poly(U)-directed protein-synthesiz-
ing system (14). The ability of the in vitro-synthesized
polypeptides to abolish this inhibitory effect was
used as an “in vitro” Clo DF13 immunity protein
assay (6). Generally, aliquots of the in vivo- or in
vitro-synthesized polypeptides were incubated, in
the presence or absence of either native cloacin
DF13 or Clo DF13 immunity protein, together with
the components required for in vitro polyphenylala-
nine synthesis. A typical incubation mixture for the
synthesis of polyphenylalanine contained, per milli-
liter: Tris-chloride, 20 umol (pH 7.8); ammonium
acetate, 60 umol; magnesium acetate, 10.5 pmol;
dithiothreitol, 2 wmol; tRNAP", 22 ug; pyruvate ki-
nase, 66 pg; phosphoenolpyruvate, 6 umol; adeno-
sine 3',5'-triphosphate, 11 umol; guanosine 3',5'-
triphosphate, 2.2 umol; S-30 extract, 15 units of
absorbancy at 260 nm (A, units); supernatant pro-
tein, 60 A, units; and aliquots of 35 to 300 ul of the
in vivo- or in vitro-synthesized Clo DF13-specific
polypeptides.

After a preincubation period of 20 min at 37 C, the
incubation mixtures were cooled in ice and 550 ug of
poly(U) and 3.8 uCi of [**Clphenylalanine (specific
activity, 60 mCi/mmol) were added. Subsequently
incubation was continued for another 20 min at
37 C. The incorporation of ['*C]phenylalanine was
followed by measuring the radioactivity present in
hot trichloroacetic acid-insoluble material (6). To
inactivate immunity protein, the in vitro- or in vivo-
synthesized Clo DF13-specific polypeptides were,
where indicated, heated for 20 min at 100 C before
addition to the incubation mixture.

Isolation and purification of Clo DF13 plasmid
DNA. The method for the isolation and purification
of Clo DF13 plasmid DNA from E. coli P678-54 (Clo
DF13 rep3) has been described (19).

DNA-binding assay. Binding of the in vitro-syn-
thesized polypeptides to Clo DF13 DNA was meas-
ured with the aid of the nitrocellulose membrane
filter technique described by Veltkamp et al. (19).
Before addition of the in vitro-synthesized polypep-
tides to the incubation mixture, they were first
heated at 100 C for 20 min. It has been shown that
by this treatment the biological activity of the im-
munity protein is completely destroyed whereas
cloacin DF13 is still biologically active (16). After
incubation of the in vitro-synthesized polypeptides
and Clo DF13 DNA (30 min at 25 C), the reaction
mixtures were filtered through nitrocellulose mem-
brane filters (type B6; Schleicher and Schuell, Inc.).
The filters were subsequently washed, dried, and
counted as described by Veltkamp et al. (19, 21).
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RESULTS AND DISCUSSION

In vitro protein synthesis directed by Clo
DF13 DNA. Previously we described a DNA-
dependent in vitro protein-synthesizing system
and showed the synthesis of a number of bacte-
riophage M13-specific polypeptides (4, 11, 13).
This protein-synthesizing system has been used
to examine the in vitro synthesis of polypep-
tides encoded by Clo DF13 plasmid DNA. Spe-
cifically we investigated whether the known
plasmid-specific proteins, cloacin DF13 and Clo
DF13 immunity protein, are made in this in
vitro system.

The general requirements for the Clo DF13
DNA-dependent in vitro system are similar to
those for other DNAs and for other DNA-de-
pendent systems (1, 15). The magnesium opti-
mum is rather broad, centering on 13 to 16 mM,
whereas the NH,Cl concentration is optimal in
the range from 70 to 140 mM. After a short lag
period, the incorporation rises linearly for
about 20 min and reaches a plateau after about
40 min of incubation. The synthetic activity of
the coupled system is destroyed by pancreatic
deoxyribonuclease DNase (2.5 wg/ml). When
compared with phage M13 replicative form
DNA, Clo DF13 DNA is a less efficient tem-
plate for coupled protein synthesis. Under opti-
mal ionic conditions and with saturating
amounts of DNA, the total protein synthesis
with Clo DF13 DNA is only about 15% of that
with phage M13 replicative form DNA.

Pattern of polypeptides encoded by Clo
DF13 DNA. To determine the size and number
of the polypeptides synthesized in vitro under
the direction of Clo DF13 DNA, the in vitro-
synthesized polypeptides were fractionated on
SDS/phosphate-polyacrylamide gels (Fig. 1b).
For comparison, native cloacin DF13 and Clo
DF13 immunity protein (Fig. 1d) as well as Clo
DF13-specific polypeptides synthesized in Clo
DF13 rep3-harboring minicells (Fig. 1c) were
run in parallel. From these results it can be
concluded that addition of Clo DF13 plasmid
DNA to the coupled system results in the for-
mation of about 11 polypeptides (numbered I
through XI) with molecular weights ranging
from 7,000 to 70,000. Infrequently the (weak)
synthesis of a polypeptide migrating between
bands VIII and IX and co-migrating with one of
the major in vivo-synthesized Clo DF13-specific
polypeptides (Fig. 1lc¢) could also be demon-
strated.

At least four of the in vitro-synthesized poly-
peptides (polypeptides I, II, IX, and X) co-mi-
grated with Clo DF13-specific polypeptides iso-
lated from Clo DF13 DNA-harboring (mini)-
cells (Fig. 1c, and d). The electrophoretic mobil-
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ities of polypeptides IX and X were almost iden-
tical to the electrophoretic mobilities of two of
the polypeptides synthesized in the endogenous
system (Fig. 1a). The polypeptide band X in the
endogenous system, however, was much less
intensive than the corresponding band in the
Clo DF13 DNA-directed system. These results
therefore strongly suggest that the polypeptide
band X in Fig. 1b includes, besides a product of
the endogenous system, a Clo DF13 DNA-
specific polypeptide. In this connection it is
worthwhile to mention that no polypeptides
co-migrating with polypeptide X were detecta-
ble in the endogenous system when the synthe-
sis of Clo DF13-specific proteins was studied in
an RNA-dependent protein-synthesizing sys-
tem under the direction of in vitro-synthesized
Clo DF13 mRNA (Konings, unpublished data).

No answer can be given yet to the question of
why most of the in vitro-synthesized Clo DF13-
specific polypeptides differ from the plasmid-
specific polypeptides synthesized in Clo DF13
DNA-harboring minicells (Fig. 1c). One expla-
nation might be that some of the in vitro-syn-
thesized polypeptides (Fig. 1b) are either the
result of premature termination of polypeptide
synthesis or they are precursor molecules of
native Clo DF13-specific polypeptides (cf. refer-
ence 11). However, one should take into ac-
count that, under the conditions used, presum-
ably not all plasmid-specific polypeptides are
synthesized in the Clo DF13 DNA-harboring
minicells.

Storage of native cloacin DF13 (Fig. 1d, poly-
peptide I) resulted, for reasons still unknown,
in the appearance of a polypeptide with an
electrophoretic mobility slightly different from
that of the native product (Fig. 1d, polypeptide
II; F. K. de Graaf, personal communication).
Since in the in vitro system biologically active
cloacin DF13 was made (see below) and since
the in vitro-synthesized polypeptide II (Fig. 1b,
polypeptide II) had the same electrophoretic
mobility as the in vivo-synthesized polypeptide
I, it might well be that the in vitro-synthe-
sized polypeptide II was also the result of
“aging” of biologically active cloacin DF13.

So far the function and biological characteris-
tics of only two Clo DF13-specific polypeptides,
cloacin DF13 and Clo DF13 immunity protein,
are known (2, 6, 8). Since the in vitro-synthe-
sized polypeptides I and X do have the same
electrophoretic mobility as these Clo DF13-spe-
cific proteins (Fig. 1b, and d), we investigated
whether these polypeptides also share the same
biological characteristics. The results of these
studies are described below.

Characterization of the polypeptides syn-
thesized in vitro under the direction of Clo
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Fic. 1. Autoradiogram of the polypeptides synthesized in vitro under the direction of Clo DF13 DNA and
separated by polyacrylamide gel electrophoresis. (a) Products of the endogenous system; (b) products synthe-
sized in the presence of Clo DF13 DNA; (c) '*C-labeled Clo DF13 marker proteins isolated from Clo DF13 rep3-
harboring minicells of E . coli; (d) Clo DF13 marker proteins, cloacin DF13 (molecular weight 70,000) and Clo
DF13 immunity protein (molecular weight 10,000), stained with Coomassie brilliant blue.

DF13 DNA. Biologically active cloacin DF13
can be characterized by at least four different
functions: (i) it binds selectively to the receptor
sites of sensitive cells (3); (ii) it inhibits protein
synthesis, both in vivo as well as in vitro, by
cleaving 16S ribosomal RNA at a unique site
near its 3’ end (2); (iii) it forms a tight complex
with its homologous immunity protein (6, 8);
and (iv) it binds tightly and selectively to a
unique region of Clo DF13 plasmid DNA (19;
Veltkamp and Nijkamp, unpublished results).

To obtain a preliminary indication of
whether biologically active cloacin DF13 is
made in the cell-free system, we tested by spot-
test analysis whether the mixture of the poly-

peptides synthesized in vitro in the presence of
Clo DF13 DNA was able to inhibit the growth of
cloacin DF13-sensitive cells. For comparison,
we also tested the activity of native cloacin
DF13 and of the mixture of polypeptides syn-
thesized in vitro in the absence of Clo DF13
DNA. Only the mixture of polypeptides synthe-
sized in the presence of Clo DF13 DNA and
native cloacin DF13 was able to inhibit the
growth of cloacin DF13-sensitive cells (Fig.
2a-e).

These results strongly suggest that biologi-
cally active cloacin DF13 is made in the coupled
system. The latter conclusion is furthermore
supported by the observation that no killing
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activity could be demonstrated when both reac-
tion mixtures were spotted on a lawn of cloacin
DF13-insensitive cells (data not shown).

To examine whether the mixture of polypep-
tides synthesized in vitro in the presence of Clo
DF13 DNA also possessed “in vitro” cloacino-
genic activity, we tested whether aliquots of the
dialyzed reaction mixtures were able to inhibit
the phenylalanine incorporation in a poly(U)-
dependent protein-synthesizing system. As
shown in Table 1 (line 1), the mixture of poly-
peptides synthesized in the presence of Clo
DF13 DNA (reaction mixture A) inhibited only
slightly, in contrast to native cloacin DF13 (Ta-
ble 1, line 7), the phenylalanine incorporation.
These results suggest either that only very
small amounts of biological active cloacin DF13
are made in the coupled system or that the
biological activity of cloacin DF13 is masked by
the presence of biologically active in vitro-syn-
thesized immunity protein (cf. references 6,8).
The latter explanation suggests that biological
active immunity protein is also made in the Clo
DF13-dependent system. To test which of these
possibilities is valid, we heated the reaction
mixtures for 20 min at 100 C. Previously it was
shown that by this treatment the biological

F1G. 2. In vivo cloacin DF13 assay: effect of the in
vitro-synthesized polypeptides on the growth of cloa-
cin DF13-sensitive cells. The following 5-ul aliquots
were spotted on the lawn of indicator cells: (a) undi-
luted mixture of polypeptides synthesized in vitro in
the presence of Clo DF13 DNA; (b) 1:1 dilution of (a);
(c) 1:4 dilution of (a); (d) 1:9 dilution of (a); (e) 0.1
ug of purified in vivo-synthesized cloacin DF13; (f-i)
undiluted and diluted samples of the mixture of poly-
peptides synthesized in vitro in the absence of Clo
DF13 DNA (dilutions are identical to a-d).
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TABLE 1. Effect of the in vitro-synthesized
polypeptides on the phenylalanine incorporation in a
poly(U)-dependent cell-free system®

Addition to the incubation mixture Incor&o;atlon
1. None 100
2. Reaction mixture A (10 ul) 83.0
3. Reaction mixture A (10 ul; heated) 31.6
4. Reaction mixture A (10 ul; heated) plus 95.3
native immunity protein (20 ul)
5. Reaction mixture B (10 ul) 94.8
6. Reaction mixture B (10 ul; heated) 94.6
7. Native cloacin DF13 (20 pl) 18.1
8. Native cloacin DF13 (20 ul) plus native 96.5
immunity protein (20 ul)
9. Native cloacin DF13-Clo DF13 immu- 92.9
nity protein complex (20 ul)
10. Native cloacin DF13-Clo DF13 immu- 21.3

nity protein complex (20 ul; heated)

@ The mixtures of polypeptides synthesized in vitro, in
the presence (reaction mixture A) or absence (reaction mix-
ture B) of Clo DF13 DNA, were prepared as described in the
text. With the exception of poly(U) and ['*Clphenylalanine,
all components required for in vitro polyphenylalanine syn-
thesis were mixed with the indicated amounts of the in
vitro- or in vivo-synthesized polypeptides. After a preincu-
bation period of 20 min at 37 C, the incubation mixtures
were cooled in ice, poly(U) and [*C]phenylalanine were
added, and incubation at 37 C was continued for another 20
min. The incorporation of phenylalanine was followed by
measuring the radioactivity present in hot trichloroacetic
acid-insoluble material. To inactivate immunity protein,
the in vivo- or in vitro-synthesized Clo DF13 specific poly-
peptides were, where indicated, heated for 20 min at 100 C.
One hundred percent net incorporation was 93,000 counts/
min per 200 ul of incubation mixture.

activity of immunity protein, in contrast to that
of cloacin, is completely destroyed (16).

As shown in Table 1 (line 3), the heat-treated
reaction mixture A now inhibited very strongly
the phenylalanine incorporation. This result
was independent of whether native immunity
protein was added to reaction mixture A before
heat treatment. However, as one would expect
on the basis of the results published previously,
simultaneous addition of native immunity pro-
tein and heat-treated reaction mixture A to the
poly(U)-dependent system abolished this inhib-
itory effect (Table 1, line 4). Similar results
were obtained when, as a control, native cloa-
cin DF13 instead of heat-treated reaction mix-
ture A was added to the phenylalanine incorpo-
rating system (Table 1, lines 7 to 10). On the
contrary, no cloacinogenic activity could be
demonstrated in the mixture of polypeptides
synthesized in the absence of Clo DF13 DNA
(Table 1, lines 5 and 6).

From these data it can be concluded that both
“in vitro” cloacinogenic and “in vitro” immu-
nity protein activity are present in the mixture
of polypeptides synthesized in vitro under the
direction of Clo DF13 DNA. Apparently cloacin
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DF13 and Clo DF13 immunity protein are pre-
dominantly present in the in vitro reaction mix-
ture as a cloacin DF13-immunity protein com-
plex (cf. references 6, 8). The fact that such a
complex is unable to inhibit the phenylalanine
incorporation in a poly(U)-dependent system
but is able to kill cloacin-sensitive cells has
already been demonstrated and discussed by
Kool et al. (6, 8).

To obtain definite answer to the question of
whether the in vitro-synthesized polypeptides I
and X are, respectively, responsible for the “in
vitro” cloacinogenic and immunity protein ac-
tivity, the in vitro-synthesized polypeptides
were purified by means of SDS-polyacrylamide
gel electrophoresis (6, 19). Previously it was
shown that by this method cloacin DF13 can be
separated from its homologous immunity pro-
tein. Furthermore it has been demonstrated
that both polypeptides are in vitro still biologi-
cally active after this purification step (5, 6).

Addition of the purified polypeptide I to the
poly(U)-dependent cell-free system resulted in
an inhibition of the'['*Clphenylalanine incorpo-
ration (Fig. 3A). This inhibition was strongly
dependent on the amount of polypeptide I
added. As one would expect on the basis of the
results described above, simultaneous addition
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of (increasing amounts) of native Clo DF13 im-
munity protein abolished this inhibitory effect
(Fig. 3A). Similar results were obtained when,
instead of polypeptide I, native cloacin DF13,
which also had passed the purification step on
the SDS-polyacrylamide gel, was added to the
polyphenylalanine-synthesizing system (Fig.
3A). On the contrary, none of the other polypep-
tides synthesized in vitro in the presence or
absence of Clo DF13 DNA were able to inhibit
the phenylalanine incorporation (Fig. 3A).

Polypeptide X was the sole in vitro-synthe-
sized polypeptide that could abolish the inhibi-
tory effect of native cloacin DF13 on the phenyl-
alanine incorporation in the poly(U)-dependent
system (Fig. 4A). This inhibition of cloacin ac-
tivity was strongly dependent on the amount of
polypeptide X added. These results are very
similar to the results described above for native
Clo DF13 immunity protein.

From these results, the conclusion seems to
be justified that the in vitro-synthesized poly-
peptides I and X are, respectively, products of
the Clo DF13 genes coding for cloacin DF13 and
Clo DF13 immunity protein.

It should be mentioned that purification of
native cloacin DF13 and Clo DF13 immunity
protein on SDS-polyacrylamide gels results in a

T T
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Fi1c. 3. In vitro cloacin DF13 assay: effect of the in vitro-synthesized polypeptide I (molecular weight,
70,000) and native cloacin DF13 on the phenylalanine incorporation in a poly(U)-dependent cell-free system.
The amounts of polypeptide I and native cloacin DF13 added to the incubation mixture were as indicated. (A)
Effect of polypeptides that had been purified by means of SDS-polyacrylamide gel electrophoresis. Symbols: .
(@) Effect of increasing amounts of polypeptide I; (O) effect of simultaneous addition of increasing amounts of
polypeptide I and native (2.0 ug) Clo DF13 immunity protein; (W) effect of increasing amounts of native
cloacin DF13; (0 effect of simultaneous addition of increasing amounts of native cloacin DF13 and native
(2.0 pg) Clo DF13 immunity protein; (A) effect of polypeptides synthesized in the endogenous system; ()
effect of simultaneous addition of polypeptides synthesized in the endogenous system and native (2.0 pg) Clo
DF13 immunity protein. (B) Effect of native cloacin DF13 that had been purified by means of column
chromatography. Symbols: (@) Effect of increasing amounts of native cloacin DF13; (O) effect of simultaneous
addition of increasing amounts of native cloacin DF13 and native (2.0 pg) Clo DF13 immunity protein. The
results are expressed as the percentage of a control incubation without cloacin DF13 and Clo DF13 immunity
protein. The values are corrected for the radioactivity contributed by the in vitro-synthesized *S-labeled
polypeptides. Other details are given in the legend in Table 1. One hundred percent net incorporation was

67,295 counts/min.
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F1G. 4. In vitro Clo DF13 immunity protein assay: effect of the in vitro-synthesized polypeptide X and
native Clo DF13 immunity protein on the phenylalanine incorporation in a poly(U)-dependent cell-free
system. The amounts of polypeptide X and native Clo DF13 immunity protein added to the cell-free system are
as indicated. (A) Effect of polypeptides that had been purified by means of SDS-polyacrylamide gel electropho-
resis. Symbols: (O) Effect of increasing amounts of polypeptide X; (@) effect of simultaneous addition of
increasing amounts of polypeptide X and native (0.5 ug) cloacin DF13; (O) effect of increasing amounts of
native Clo DF13 immunity protein; (W) effect of simultaneous addition of increasing amounts of native Clo
DF13 immunity protein and native (0.5 ug) cloacin DF13; (J) effect of polypeptides synthesized in the
endogenous system; (A) effect of simultaneous addition of polypeptides synthesized in the endogenous system
and native (0.5 pg) cloacin DF13. (B) Effect of native Clo DF13 immunity protein that had been purified by
means of column chromatography. Symbols: (O) Effect of increasing amounts of native Clo DF13 immunity
protein; (®) effect of simultaneous addition of increasing amounts of native Clo DF13 immunity protein and
native (0.5 pg) cloacin DF13. Results are expressed as the percentage of a control incubation in the absence of
cloacin DF13 and Clo DF13 immunity protein. The values are corrected for the radioactivity contributed by the
in vitro-synthesized *S-labeled polypeptides. Other details are given in the legend to Table 1. One hundred
percent net incorporation was 59,115 counts/min.

partial loss of their biological activity. The lat-
ter conclusion is deduced from the observations
that the purified polypeptides have a weaker
effect on the phenylalanine incorporation in the
poly(U)-dependent system that equal amounts s

of their native counterparts. § 200 ¢
Previously it was demonstrated that only one = 30+ s

of the Clo DF13-specific polypeptides, i.e., cloa- =~ 1% 3

cin DF13, is able to form a tight complex with 201 11203

Clo DF13 plasmid DNA (19). To determine
whether the in vitro-synthesized polypeptides
also are able to bind to Clo DF13 DNA, we , X . . . .
incubated *H-labeled Clo DF13 DNA with in- T e oy 0
creasing amounts of the heat-treated (20 min at

100 C) mixture of polypeptides synthesized in
vitro in the presence of Clo DF13 DNA.
Addition of increasing amounts of the in vi-
tro-synthesized polypeptides results in an in-
creased retention of Clo DF13 DNA by the ni-
trocellulose membrane filters (Fig. 5). A pla-
teau was reached when about 80% of the DNA
(total input, 69,300 *H dpm) and 15% of the in
vitro-synthesized polypeptides (total input,
1,530,000 *S dpm) was bound to the filters. No
specific binding of DNA could be demonstrated
when Clo DF13 DNA was incubated with the
polypeptide synthesized in vitro in the absence

Fic. 5. Binding of the in vitro-synthesized poly-
peptides to *H-labeled supercoiled Clo DF13 DNA.
To inactivate immunity protein, the in vitro-synthe-
sized polypeptides were heated for 20 min at 100 C
before being added to the incubation mixture. After
incubation for 30 min at 25 C, duplicate samples of 1
ml were taken and filtered through the nitrocellulose
membrane filters. The filters were subsequently
washed, dried, and counted as described in the text.
The values indicated are corrected for the nonspecific
binding of DNA and protein to the filters. Symbols:
(®) Amount of *H-labeled DNA retained by the fil-
ters; (O) amount of *S-labeled in vitro-synthesized
polypeptides retained by the filters.
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of Clo DF13 DNA. These data indicate that at
least one of the polypeptides synthesized in vi-
tro under the direction of Clo DF13 DNA is able
to bind to this DNA. Since only one of the Clo
DF13-specific polypeptides, cloacin DF13, is
able to form a tight complex with the plasmid
DNA, these results further support the conclu-
sion that biologically active cloacin DF13 is
made in the DNA-dependent cell-free system.

Although the coupled system showed some
evidence of regulation of gene expression, more
cloacin DF13 and Clo DF13 immunity protein
were made than any of the other plasmid-spe-
cific polypeptides (Fig. 1), it probably does not
express the full regulatory potential of the
plasmid-harboring cell, as can be shown by
comparison of the autoradiograms of the Clo
DF13-specific polypeptides synthesized in vivo
and in vitro. This may be in part due to the
failure of some regulatory system to function in
vitro. Now that it is possible to study the in
vitro synthesis of plasmid-specific proteins,
studies of the regulatory phenomena are more
feasible and are under way.

KONINGS ET AL.

ACKNOWLEDGMENT

We gratefully acknowledge the superb technical assist-
ance of Joséphine Jansen.

LITERATURE CITED

1. Gesteland, R. F., and C. Kahn. 1972. Synthesis of bac-
teriophage lambda proteins in vitro. Nature (London)
New Biol. 240:3-6.

2. Graaf, F. K. de, H. G. D. Niekus, and J. Klootwijk.
1973. Inactivation of bacterial ribosomes in vivo and
in vitro by cloacin DF13. FEBS Lett. 35:161-165.

3. Graaf, F. K. de, E. A. Spanjaerdt Speckman, and A. H.
Stouthamer. 1969.- Mode of action of bacteriocin pro-
duced by Enterobacter cloacae DF13. Antonie van
Leeuwenhoek J. Microbiol. Serol. 35:287-306.

4. Hondel, C. A. van den, R. N. H. Konings, and J. G. G.
Schoenmakers. 1975. Regulation of gene activity in
bacteriophage M13 DNA: coupled transcription and
translation of purified genes and gene-fragments. Vi-
rology 67:487-497.

5. Jakes, K. S., and N. D. Zinder. 1974. Highly purified
Colicin E3 contains immunity protein. Proc. Natl.
Acad. Sci. U.S.A. 71:3380-3384.

6. Kool, A. J., A. J. Borstlap, and H. J. J. Nijkamp. 1975.
Bacteriocinogenic Clo DF13 minicells of Escherichia
coli synthesize a protein that accounts for immunity
to bacteriocin Clo DF13: action of the immunity pro-
tein in vivo and in vitro. Antimicrob. Agents Chemo-
ther. 8:76-85.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

J. BACTERIOL.

. Kool, A. J., and H. J. J. Nijkamp. 1974. Isolation and

characterization of a copy mutant of the bacteriocini-
genic plasmid Clo DF13. J. Bacteriol. 120:569-578.

. Kool, A. J., C. Pols, and H. J. J. Nijkamp. 1975. Bacter-

iocinogenic Clo DF13 minicells of Escherichia coli
synthesize a protein that accounts for immunity to
bacteriocin Clo DF13: purification and characteriza-
tion of immunity protein. Antimicrob. Agents Chem-
other. 8:67-75.

. Kool, A. J., M. S. van Zeben, and H. J. J. Nijkamp.

1974. Identification of messenger ribonucleic acids
and proteins synthesized by the bacteriocinogenic fac-
tor Clo DF13 in purified minicells of Escherichia coli.
J. Bacteriol. 118:213-224.

Konings, R. N. H. 1973. Synthesis of phage M13 specific
proteins in a DNA-dependent cell-free system. FEBS
Lett. 35:155-160.

Konings, R. N. H., T. Hulsebos, and C. A. van den
Hondel. 1975. Identification and characterization of
the in vitro synthesized gene products of bacterio-
phage M13. J. Virol. 15:570-584.

Konings, R. N. H., J. Jansen, T. Cuypers, and J. G. G.
Schoenmakers. 1973. Synthesis of bacteriophage
M13-specific proteins in a DNA-dependent cell-free
system. II. In vitro synthesis of biologically active
gene 5 protein. J. Virol. 12:1466-1472.

Konings, R. N. H., and J. G. G. Schoenmakers. 1974.
Bacteriophage M13 DNA directed in vitro synthesis of
gene 5 protein. Mol. Biol. Rep. 1:251-256.

Modellel, J. 1971. The S-30 system from Escherichia
coli, p. 2-67. In A. J. Last and A. I. Laskin (ed.),
Methods in molecular biology, vol. 1. Marcel Dekker
Inc., New York.

O’Farell, P. L., and L. M. Gold. 1973. Transcription
and translation of prereplicative T4 genes in vitro. J.
Biol. Chem. 248:3512-5519.

Oudega, B., C. J. A. M. Meekel, and F. K. de Graaf.
1975. Effects of temperature on the activity of cloacin
DF13 and cloacin DF13 immunity protein. Biochim.
Biophys. Acta 399:213-216.

Stouthamer, A. H., and G. A. Tieze. 1966. Bacteriocin
production by members of the genus Klebsiella. An-
tonie van Leeuwenhoek J. Microbiol. Serol. 32:171-
182.

Veltkamp, E., W. Barendsen, and H. J. J. Nijkamp.
1974. Influence of protein and ribonucleic acid synthe-
sis on the replication of the bacteriocinogenic factor
Clo DF13 in Escherichia coli cells and minicells. J.
Bacteriol. 118:165-174.

Veltkamp, E., R. Blankevoort, and H. J. J. Nijkamp.
1975. Binding of bacteriocin Clo DF13 to Clo DF13
plasmid deoxyribonucleic acid in vive and in vitro.
Antimicrob. Agents Chemother. 8:356-365.

. Veltkamp, E., and H. J. J. Nijkamp. 1973. The role of

DNA polymerase I, II and III in the replication of the
bacteriocinogenic factor Clo DF13. Mol. Gen. Genet.
125:329-340.

Veltkamp, E., and H. J. J. Nijkamp. 1974. Replication
of the bacteriocinogenic plasmid Clo DF13 in thermo-
sensitive Escherichia coli mutants defective in initia-
tion or elongation of deoxyribonucleic acid replica-
tion. J. Bacteriol. 120:1227-1237.



