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,8-Lactamase encoded by a small, nontransferring R-plasmid, NTP1, confer-
ring ampicillin resistance to its host bacteria, was purified. NTP1 plasmid-coded
/8-lactamase was found to be periplasmically located in the host Escherichia coli
cell, to have a molecular weight of about 25,000, and to show a relatively low
activity against oxacillin and methicillin compared with benzylpenicillin. These
characteristics indicate that NTP1 plasmid-coded ,B-lactamase is very similar or
identical to the "TEM-type" /8-lactamase, which is the most common /8-lacta-
mase coded by R-plasmids in enteric bacteria. In minicells containing NTP1
plasmids, at least six plasmid-specific proteins were synthesized, and 83-lacta-
mase was synthesized in a greater amount than other plasmid-coded proteins. In
a cell-free transcription-translation coupled system from E. coli, NTP1 plasmid
deoxyribonucleic acid directed the synthesis of several species of plasmid-specific
proteins, including active 3-lactamase. The in vitro system also showed prefer-
ential synthesis of /8-lactamase, as was observed in minicells containing NTP1
plasmids.

NTP1 plasmid is a small, nontransferring R-
plasmid conferring ampicillin resistance to its
host enteric bacterium (2). Because 10 to 20
copies of the plasmid deoxyribonucleic acid
(DNA) are present per host cell (25), NTP1
plasmid DNA can be easily prepared in a large
quantity and in a pure form. Therefore, it is
suitable as a simple model system for the study
of control mechanisms involved in plasmid
gene expression in an in vitro system.

Since NTP1 plasmid-coded ,8-lactamase (pen-
icillinase, or penicillin 84-lactam amidohydro-
lase, EC 3.5.2.6) had not been well character-
ized, it was necessary to purify and characterize
this enzyme before initiating studies on the
expression of NTP1 plasmid genes. NTP1 plas-
mid-coded fl-lactamase was purified from the
host Escherichia coli cells. The purified enzyme
showed characteristics very similar or identical
to the "TEM-type" f3-lactamase (7, 8, 11), the
most common R-plasmid-coded /3-lactamase,
which is found in a variety of naturally occur-
ring penicillin-resistant enteric bacteria (11,
14).
To minimize host protein synthesis, which

would mask plasmid-specific protein synthesis
in the host cells, NTP1 plasmid-specific protein
synthesis was studied by using a minicell-pro-
ducing strain ofE. coli (1, 23). In R+ minicells,
which contained NTP1 plasmids, at least six

I Present address: Radiobiology Laboratories, Yale Uni-
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plasmid-specific proteins, including /8-lacta-
mase, were synthesized.
An in vitro transcription-translation coupled

system was prepared from plasmid-free E. coli
cells, and the ability of NTP1 plasmid DNA to
direct the synthesis of plasmid-specific proteins
was tested. Proteins synthesized in vitro, in-
cluding active 3-lactamase, were similar in size
to those synthesized in minicells containing
NTP1 plasmids. In both minicells and the in
vitro system, 3-lactamase appeared to be syn-
thesized preferentially.

MATERIALS AND METHODS
Bacterial strains. Table 1 shows the bacterial

strains used.
Materials. Benzylpenicillin (sodium salt) was a

gift from Sigma Chemical Co. Oxacillin and methi-
cillin were given to us by Bristol Laboratories.
[3H]thymidine, [3H]phenylalanine, and uniformly
14C-labeled amino acid mixture were purchased from
New England Nuclear Corp. Penicillinase and nu-
clease-free Pronase were obtained from Calbiochem.
Other chemicals were from commercial sources.

Purification of (3-lactamase. E. coli 18R405 carry-
ing NTP1 plasmid was grown in 30 liters of L-broth
(21) to mid-log phase (200 Klett units with a green
filter). /8-Lactamase was released from the cells by
the formation of spheroplasts prepared as described
by Lindstrom, Boman, and Steele (20). More than
90% of the total /8-lactamase activity ofthe cells was
released. The released 8-lactamase was purified by
the procedure of Datta and Richmond (8). The proce-
dure included a stepwise elution of the enzyme from
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TABLE 1. Escherichia coli strains

Strain Plasmid car- Relevant genetic markersried Rlvn eei akr
1R713 None K-12, lac-, wild type (2)
18R405 NTP1 Same as 1R713 (2)
13R108 A-ha Same as 1R713 (2)
X925 None minA- minB- thr- leu-

thi- (23), same as P678-
54 of Adler et al. (1)

40R936 NTP1 Same asX925
D10 F- None Ribonuclease I-, met- (28)

Single-copy transferring plasmid conferring
ampicillin resistance with a molecular weight of 63
x 106 (2, 25).

a diethylaminoethyl (DEAE)-cellulose column with
0.3 M phosphate buffer, pH 7.4, and then gradient
elution from a second DEAE-cellulose column with
0.03 to 0.05 M phosphate buffer, pH 7.4. This par-
tially purified enzyme preparation was loaded onto a
Sephadex G-100 column and eluted with 25 mM
phosphate buffer, pH 7.4. The /8-lactamase prepara-
tion after passage through the Sephadex column
showed one major and three minor protein bands by
acrylamide-sodium dodecyl sulfate (SDS) gel elec-
trophoresis. Further purification was accomplished
by acrylamide gel electrophoresis under nondena-
turing conditions, i.e., without SDS and mercapto-
ethanol. Samples were subjected to electrophoresis
by using all sections of a slab gel. One section of the
slab gel was stained, and the gel regions in other
sections corresponding to the major protein bands
were sliced and combined. The material eluted from
the combined gel slices with 25 mM phosphate
buffer, pH 7.4, contained all the P-lactamase activ-
ity of the sample and was almost pure when ana-
lyzed by acrylamide-SDS gel electrophoresir (Fig.
1).

j8-Lactamase assay. Throughout the purification
process, and for assaying f-lactamase activity in
cell-free extracts and in vitro systems, a microio-
dometric assay procedure described by Novick (22)
was used. The assay was standardized by using both
standard penicillinase (Calbiochem) and sodium
thiosulfate. One unit of f3-lactamase activity was, as
defined by the International Commission on En-
zymes, the amount catalyzing hydrolysis of 1 ,umol
of substrate per min at 30°C in 25 mM phosphate
buffer at pH 7.4.

Acrylamide-SDS slab gel electrophoresis. Slab
gels (8 cm long and 1.5 mm thick) were prepared as
described by Laemmli (18) and contained 12.5 or 15%
acrylamide and 0.1% SDS. Electrophoesis was car-
ried out at 12 mA for 1.75 h followed by 30 mA for 2
to 3 h. Usually, nonradioactive marker proteins and
radioactive proteins were subjected to electrophore-
sis in the same slab gel by using different sections.
After electrophoresis, the gel was stained to detect
marker proteins and then photofluorographed to de-
tect radioactive proteins (4).

Preparation of R+ and R- minicells. The mini-
cell-producing strains 40R936 carrying NTP1 plas,
mid (R+) and plasmid-free X925(R-) (Table 1), were
grown to a cell density of 250 to 300 Klett units at

370C in M9 medium (21) plus 0.4% glucose supple-
mented with 4 mg of Casamino Acids (Difco) per ml
and 10 ,ug of thiamine per ml. Separation of R+ and
R- minicells from normal cells was achieved by suc-
cessive sucrose gradient centrifugation as described
by Roozen et al. (23). Both R+ and R- minicells
prepared by this method contained fewer than 103
viable cells per 109 minicells.

Protein synthesis by R+ and R- minicells. Purified
minicells were suspended in M9-glucose medium
with 40 ,ug of threonine, 40 ,tg of leucine, and 10 ,ug
ofthiamine per ml to a concentration of 109 minicells
per ml. Uniformly "4C-labeled amino acid mixture,
20 ,.Ci/ml, was added to the minicell suspension and
incubated at 37°C for 30 min. At the termination of
protein synthesis, minicells were harvested by cen-
trifugation and lysed with lysozyme and ethylenedi-
aminetetraacetic acid (EDTA) by the procedure of
Kool et al. (17), and the radioactive proteins in the
lysate were analyzed by acrylamide-SDS slab gel
electrophoresis.

Isolation of NTP1 plasmid DNA. NTP1 plasmid-
containing strain 18R405 was grown to log phase in 1
liter of L-broth. Isolation of NTP1 plasmid DNA
followed the method described by Clewell and Helin-
ski (5). The cells were harvested, washed, and lysed
with Brij 58, and cleared lysate was treated with
Pronase. The DNA was precipitated with ethanol,
resuspended in tris(hydroxymethyl)aminomethane-
EDTA buffer, and subjected to CsCl equilibrium
banding in the presence of ethidium bromide. CsCl
gradient fractions containing the covalently closed
circular DNA were pooled and passed over a column
of Bio-Rad AG50WX2 (to remove the ethidium bro-
mide) and Bio-Gel A15M to separate remaining ribo-
nucleic acid (RNA) and protein from the DNA. The
yield of plasmid DNA, which showed a ratio of ab-
sorbancy at 260 nm to absorbancy at 280 nm of about
2.0, was usually 150 ,ug per liter of culture.

Synthesis of NTP1 plasmid proteins in vitro. The
in vitro transcription-translation coupled system
used was the same as described previously (29) for
the synthesis of T7 phage proteins directed by T7
DNA and contained washed ribosomes and DEAE-
cellulose-treated supernatant fraction (S200) from
E. coli D10 F- (ribonuclease I-). NTP1 plasmid
DNA, 1.5 ug, was added to 50 Al of reaction mixture
with 5 ,uCi of [3H]phenylalanine and was incubated
at 37°C for 30 min. The products of the in vitro
system were analyzed by acrylamide-SDS slab gel
electrophoresis. T7 DNA-directed protein synthesis
was carried out in parallel to assure the protein-
synthesizing activity of the in vitro system and also
to provide radioactive T7 proteins as molecular
weight markers for the electrophoretic analysis.
Sometimes, samples of the reaction mixture were
assayed for the 18-lactamase activity.

RESULTS
Properties of 8-lactamase coded by NTP1

plasmid, NTP1 plasmid-coded f-lactamase was
purified from E. coli 18R405 cells as described
in Materials and Methods. Purified (3-lacta-
mase showed a single protein band in acrylam-
ide-SDS gel electrophoresis (Fig. 1).
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mation of spheroplasts, indicating that the en-
zyme is periplasmically located in the cell (26).

Substrate specificity of the NTP1 plasmid-
coded /3-lactamase is shown in Table 2. An
extract from 18R405 cells containing NTP1
plasmids showed a high absolute activity of /8-
lactamase against benzylpenicillin but rela-
tively low activities against isoxazolyl penicil-
lin derivatives such as oxacillin and methicil-
lin. The substrate specificity of this enzyme
agrees with that of a class of R-plasmid-coded
,8-lactamase, termed "TEM-type" (11, 14). /8-
Lactamase activity from an extract of 13R108
cells, which contain a large transferring plas-
mid, "A-A" (Table 1), conferring ampicillin re-
sistance, was relatively low compared with that
of 18R405 cells but showed a similar substrate
specificity (Table 2). Since the /8-lactamase
gene of the large transferring plasmid is be-
lieved to be derived from NTP1, this difference
is probably a reflection of the copy numbers of
the two plasmids (gene dosage), NTP1 plasmid
being a multicopy plasmid whereas the large
plasmid is present as a single-copy plasmid in
the 13R108 cell (2, 25).
The molecular weight of NTP1 plasmid-coded

,8-lactamase was estimated by Sephadex G-100
gel filtration. From the elution volumes and
known molecular weights of marker proteins, a
molecular weight of about 23,000 was assigned
to the /8-lactamase. This value agrees with that
of the TEM-type (8-lactamase reported previ-
ously (8, 26). Acrylamide-SDS gel electrophore-
sis, under denaturing conditions, gave a molec-
ular weight value slightly larger, about 27,000,
for the f3-lactamase, but indicated that the en-
zyme is a monomeric protein (Fig. 1).
The characteristics described above, i.e., per-

iplasmic location, substrate specificity, and the
molecular weight of the enzyme, strongly sug-
gest that the NTP1 plasmid-coded /8-lactamase
is very similar or identical to the TEM-type ,8-
lactamase, which appears to be the most com-

FIG. 1. Acrylamide-SDS gel electrophoretic pat-
tern of purified NTP1 plasmid-coded 1&lactamase.
NTP1 plasmid-coded (&lactamase was purified from
18R405 cells as described in Materials and Methods
and subjected to acrylamide-SDS slab gel electro-
phoresis together with marker proteins ofknown mo-
lecular weights. Electrophoresis was run from top to
bottom. (A) Purified /3lactamase. (B) Marker pro-
teins: 1, bovine serum albumin (molecular weight
68,000); 2, fumarase (49,000); 3, lactic dehydrogen-
ase (37,000); 4, carbonic anhydrase (29,000); 5, ,¢
lactoglobulin (18,000).

During the purification process, it was found
that most of the /3-lactamase activity of the
cells (more than 90%) was released by the for-

TABLE 2. Substrate specificity ofNTP1 plasmid-
coded f&lactamase

,3-Lactamase activity (mU/109
Plasmid car- cells)P

Strain ned ~Benzyl- Oxacli Methicil-
penicillin cillin li

1R713 None 32 (2) 15 (1) 14 (1)
18R405 NTP1 1,366 (100) 222 (16) 195 (14)
13R108 A-Ab 285 (21) 38 (3) 37 (3)

a 83-Lactamase was assayed by use of cell-free extracts
obtained by sonic treatment, as described in Materials and
Methods. The numbers in parentheses show the relative
activity (percent), with f3-lactamase activity of strain
18R405 against benzylpenicillin taken as 100%.

bSee Table 1.
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mon R-plasmid-determined ,8-lactamase among
the enteric bacteria (11, 14).
Protein synthesis in R+ and R- minicells.

R+ minicells (containing NTP1 plasmids) and
R- minicells (plasmid-free) were prepared from
minicell-producing strains 40R936 and x925, re-

TOP
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spectively. Protein synthesis by minicells was
carried out in the presence of radioactive amino
acids with the use of 109 minicells suspended in
1 ml of medium at 37°C for 30 min. In R-
minicells protein synthesis continued at a slow
and linear rate for about 60 min and then lev-
eled off. R+ minicells showed a much higher
rate of protein synthesis than R- minicells, and
the synthesis continued for at least 90 min.

Figure 2 shows a fluorogram of acrylamide-
SDS slab gel electrophoretic patterns of labeled
proteins synthesized by minicells in the pres-
ence of '4C-labeled amino acids. R- minicells
synthesized three major proteins with molecu-
lar weights of about 38,000, 34,000, and 23,000
(Fig. 2C, protein bands Hi, H2, and H3, from
top to bottom). These proteins are probably host
proteins coded by host messenger RNAs
(mRNA's) with very long half-lives. This result
is in agreement with a previous report which
described host proteins synthesized in R- mini-
cells (19). In R+ minicells containing NTP1
plasmids, at least six additional proteins were
synthesized in addition to the proteins synthe-
sized in R- minicells (Fig. 2B, protein bands
designated as Al to A6 from top to bottom). One
of the NTP1 plasmid-specific proteins, A3 pro-
tein in Fig. 2B, migrated in the gel the same
distance as purified /8-lactamase from 18R405
cells (marker protein no. 4 in Fig. 2A). This
protein is assumed to be f8-lactamase and is the
predominant protein synthesized in R+ mini-
cells. Estimated molecular weights of NTP1
plasmid-specific proteins synthesized in R+
minicells are listed in the legend of Fig. 2.
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FIG. 2. Acrylamide-SDS slab gel electrophoretic

patterns of proteins synthesized in R+ minicells
carrying NTP1 plasmid and in R- minicells. R+ and
R - minicells were separated from respective minicell-
producing cells, 40R936 and x925, as described in
Materials and Methods. Minicells, 109 per ml, were

incubated in M9-glucose medium in the presence of
"4C-labeled amino acid mixture at 37°C for 30 min,
and labeled proteins were analyzed by slab gel elec-

trophoresis as described in Materials and Methods.
After the electrophoresis, the slab gel was stained to
detect marker proteins and then fluorographed as
described in Materials and Methods. ELectrophore-
sis was from top to bottom. (A) Positions of stained
marker proteins (marked by ink to indicate posi-
tions): 1, bovine serum albumin (68,000); 2, fumar-
ase (49,000); 3, lactic dehydrogenase (37,000); 4,
NTP1 plasmid-coded ,&lactamase (27,000); 5, /3-lac-
toglobulin (18,000). (B) "IC-labeled proteins in R+
minicells containing NTP1 plasmids. (C) "'C-labeled
proteins in R- minicells. Total radioactivity in sam-
ples A and B was adjusted to be about the same.
Proteins synthesized in R- minicells were designated
as Hi, H2, and H3, and their molecular weights were
estimated to be about 38,000, 34,000, and 23,000,
respectively. NTP1 plasmid-specific proteins synthe-
sized in R+ minicells were designated as Al, A2, A3,
A4, A5, and A6, and their molecular weights were
estimated to be about 42,000, 30,000, 27,000,
20,000, 15,000, and 12,000, respectively. Protein
bands H3 and A6 are not clearly visible in this
figure, but they are detectable in Fig. 3. Radioactive
materials at the top and bottom ends of the gel were
unknown but disregarded.
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To quantitate relative amounts ofNTP1 plas-
mid-specific proteins, fluorograms of radioac-
tive proteins synthesized in R+ and R- minicells
were traced with a densitometer. Figure 3
shows a densitometer tracing of a fluorogram
similar to that shown in Fig. 2. Comparison of
proteins synthesized in R+ and R- minicells
clearly shows that at least six proteins desig-
nated as Al to A6 are NTP1 plasmid-specific
proteins and that at least six proteins desig-
nated as Al to A6 are NTP1 plasmid-specific
proteins designated as Hi, H2, and H3.
The result shows that the amount of NTP1

plasmid-specific protein A3, which corresponds
in size to purified 83-lactamase, is greater than
that of other plasmid-specific proteins except
A5 protein and suggests a preferential synthe-
sis of protein A3, presumably 8-lactamase.

Control of NTP1 plasmid-coded f8-lacta-
mase synthesis. The results presented above
observed with R+ minicells indicated a possible
control mechanism which results in a preferen-
tial synthesis of 13-lactamase compared with
that of other plasmid-coded proteins. The
expression of some R-plasmid genes which code
for antibiotic-modifying enzymes has been
shown to be subject to catabolite repression (10,
27). However, catabolite sensitivity of 83-lacta-
mase gene in an R-plasmid has not been
known. Therefore, the effect of carbon source
and cyclic adenosine 3',5'-monophosphate
(cyclic AMP) on the synthesis of f3-lactamase in
strain 18R405 carrying NTP1 plasmid was ex-
amined.

It was found that the differential rate of (8-

lactamase synthesis and the specific activity of
,8-lactamase in 18R405 cells carrying NTP1
plasmids were essentially the same whether
the cells were grown in M9 medium with glu-
cose or glycerol as the sole source of carbon.
Also, addition of cyclic AMP or 5',AMP did not
increase the differential rate of (8-lactamase
synthesis by the cells growing in M9 medium
with glucose. In a parallel experiment, induced
synthesis of f3-galactosidase by the same
18R405 cells (lac+) growing in M9 medium with
glucose was markedly stimulated by both nu-
cleotides.
To examine whether the synthesis of any of

the other NTP1 plasmid-specific proteins is sub-
ject to catabolite repression, R+ minicells pre-
pared from minicell-producing strain 40R936
growing in either glucose medium or glycerol
medium were suspended in an experimental
medium containing one or the other of the re-
spective carbon sources. After protein synthesis
by the R+ minicells in the presence of radioac-
tive amino acids, labeled proteins were ana-
lyzed by acrylamide-SDS slab gel electrophore-
sis. Distribution of radioactivity among the ma-
jor plasmid-specific proteins synthesized by the
R+ minicells showed no difference whether the
carbon source was glucose or glycerol.
From these results, it appears that the

expression of NTP1 plasmid genes, including
the ,-lactamase gene, is not subject to catabo-
lite repression. In addition, the presence ofpen-
icillin, the substrate of ,8-lactamase, did not
stimulate the synthesis of (8-lactamase in strain
18R405.

R- MINICELLS U v L
R+ MINICELLS

TOP Al HI H2 A2 A3 H3 A4 A5 A6 BOTTOM

FIG. 3. Densitometer tracing of fluorograms showing acrylamide-SDS gel electrophoretic patterns of
proteins synthesized in R + and R - minicells. Fluorograms similar to that shown in Fig. 2 were traced by a
densitometer. Protein bands were designated as indicated in Fig. 2.
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TOP Al A2 A3 A5 BOTTOM
FIG. 4. NTP1 plasmid DNA-directed protein synthesis in vitro. NTP1 plasmid-specific protein synthesis

was carried out in an in vitro transcription-translation coupled system at 37°C for 30 min as described in
Materials and Methods. The reaction mixture, in a total volume of50 ,ul, contained 1.5 lig ofNTP1 plasmid
DNA and [3H]phenylalanine (5 puCi). Labeled proteins were analyzed by acrylamide-SDS slab gel electropho-
resis, and the gel was fluorographed. The fluorogram was traced with a densitometer. From the positions of
marker proteins and the proteins synthesized in R+ minicells, which were subjected to electrophoresis in the
same slab gel by using different sections, proteins synthesized in the in vitro system were designated as Al,
A2, A3, and A5.

In vitro synthesis of ,B-lactamase directed
by NTP1 plasmid DNA. Purified NTP1 plasmid
DNA was used to direct the synthesis of plas-
mid-specific proteins in an in vitro transcrip-
tion-translation coupled system prepared from
plasmid-free E. coli F- (D1O F-, ribonuclease
I-) cells (28). Figure 4 shows that NTP1 plasmid
DNA was capable of directing the synthesis of
several proteins, and at least some of them
(designated as Al, A2, A3, and A5 in Fig. 4)
were similar in size to those synthesized in R+
minicells containing NTP1 plasmids (see Fig. 2
and 3). Radioactive materials migrating in the
gel between A3 and A5 proteins were regarded
as host proteins synthesized as a result of the
presence of residual endogenous mRNA in the
in vitro system. Gel electrophoretic patterns of
proteins synthesized in vitro were often dif-
fused because the samples applied to the gel
contained a large amount of nonradioactive
proteins from the in vitro system.
The A3 protein corresponds to purified /8-

lactamase in electrophoretic mobility (molecu-
lar weight of about 27,000). Furthermore, 3-
lactamase assay of the plasmid DNA-directed
in vitro system revealed a f8-lactamase activity
of about 100 mU per ,ug of NTP1 plasmid DNA
after a 30-min incubation. This value is approx-
imately 1% of the ,3-lactamase productivity of

18R405 cells in vivo if one uses a figure of 15
copies of NTP1 plasmid per cell (25), a plasmid
molecular weight of 5.6 x 106 (25), and an en-
zyme production rate of 1,366 mU of (3-lacta-
'mase per 109 cells per doubling (Table 2).

DISCUSSION

,3-Lactamases determined by a variety of en-
terobacterial R-plasmids have been character-
ized and classified into two major groups (11).
One type, the so-called TEM-type (11, 14), is
exemplified by the enzyme specified by plasmid
RTEM (now termed R6K); the other type is
characterized by its ability to hydrolyze oxacil-
lin and is called 0-type (or OXY-type).
The properties of (8-lactamase encoded by

NTP1 plasmid correspond well with those of
TEM-type ,8-lactamase in many respects. NTP1
plasmid-coded (8-lactamase is mostly (more
than 90%) periplasmically located in the host
cell, and its molecular weight is smaller than
that of 0-type (-lactamase. Purified (3-lacta-
mase from the host cells carrying NTP1 plas-
mids has a molecular weight of about 23,000
(gel filtration) to 27,000 (acrylamide-SDS gel
electrophoresis), and this value agrees well
with that ofTEM-type (-lactamase determined
by other R-plasmids (8, 11). NTP1 plasmid-
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coded f8-lactamase shows a high absolute activ-
ity, over 1,000 mU per 109 cells, against benzyl-
penicillin, whereas its activity against oxacillin
and methicillin is low, again demonstrating a
good resemblance to the TEM-type ,(-lactamase
(11). From these characteristics, it is almost
certain that NTP1 plasmid-coded f3-lactamase
is a TEM-type enzyme. However, a final deter-
mination must depend on a demonstration that
the 8-lactamase gene of NTP1 plasmid has a
base sequence homology with that of the TEM-
type fi-lactamase gene of other plasmids.
Recent work has shown that the TEM f8-

lactamase gene is sometimes located on a se-
quence of plasmid DNA (about 3 x 106 molecu-
lar weight), called a "transposon" or "translo-
con" (TnA), which can be translocated from one
replicon to another (6, 12-14, 24). It was shown
that this same sequence is present on many
naturally occurring R-plasmids of different in-
compatibility groups that specify the TEM-type
p-lactamase (14). These findings suggest that
the original R-plasmid which was isolated from
Salmonella typhimurium and from which
NTP1 plasmid was derived (2) could have re-
ceived the TnA sequence by translocation from
another plasmid.
In support ofthese assumption, it is ofpartic-

ular interest that both NTP3 (confers ampicil-
lin and sulfonamide resistance) and NTP4 (con-
fers resistance to ampicillin, streptomycin, and
sulfonamide) plasmids (25), resulting from re-
combination between the NTP1 (ampicillin)
and NTP2 (streptomycin and sulfonamide)
plasmids and containing the f3-lactamase gene,
have molecular weights about 3 x 10w' larger
than that of the parental plasmid NTP2 (25).
This suggests the possibility that NTP3 and
NTP4 plasmids were derived by a translocation
of the TnA sequence from NTP1 to NTP2
rather than by a conventional recombination.

Plasmid-specific protein synthesis in mini-
cells offers an excellent system for studying the
expression of plasmid genes and their control,
since the synthesis of host RNA and protein is
minimized in minicells separated from the nor-
mal cells. As presented in this paper, NTP1
plasmid-containing minicells produced at least
six plasmid-specific proteins in addition to a
few host proteins which were also produced in
plasmid-free R- minicells. Among the plasmid-
specific proteins, one protein corresponding to
,8-lactamase by its mobility in electrophoresis
was produced in a greater amount than most
other proteins. This suggests the presence of
some control mechanism which regulates a
preferential expression of the f8-lactamase
gene.

It has recently been shown that the synthesis
ofan R-plasmid protein associated with tetracy-
cline resistance is negatively regulated and tet-
racycline itself acts as an inducer of the control
system (30). It is also known that (8-lactamase
synthesis in Staphylococcus is inducible by
penicillin (3). However, in enteric bacteria,
plasmid-determined (8-lactamase synthesis is
not stimulated by the presence of penicillin (3).
On the other hand, it has been shown that the
production of certain plasmid-determined pro-
teins that confer antibiotic resistance to the
host E. coli cells is subject to catabolite repres-
sion. These include resistance to streptomycin
(10), chloramphenicol (10), and kanamycin (27).
It is interesting to mention that the synthesis of
colicin El, which is determined by ColEl plas-
mid, is also sensitive to catabolite repression
(15). ColEl is another small, nontransferring,
multicopy plasmid and possesses similar prop-
erties to the NTP1 plasmid, including the fact
that the replication of both plasmid DNAs de-
pends on the presence of DNA polymerase I
(polA gene) in the host cells (9, 16). However,
neither the synthesis ofNTP1 plasmid-coded ,/-
lactamase nor of othe NTP1 plasmid-specific
proteins appears to be controlled by catabolite
repression, as described in this paper.

In an in vitro transcription-translation cou-
pled system prepared from F- cells of E. coli,
NTP1 plasmid DNA directed synthesis of sev-
eral proteins with electrophoretic mobilities
similar to the major NTP1 plasmid-specific pro-
teins produced in R+ minicells containing NTP1
plasmids. In addition, we were able to show an
activity of ,3-lactamase for the protein synthe-
sized in the in vitro system. Furthermore, our
in vitro system appears to show preferential
synthesis of (8-lactamase as observed in R+ min-
icells.
The results obtained from the protein synthe-

sis in minicells and the in vitro system suggest
that only limited portions of the 5.6 x 106 mo-
lecular weight NTP1 plasmid DNA sequence
are involved in coding for all plasmid-specific
proteins. Ifone assumes that each protein band
in the gel electrophoretic analysis represents
one protein, one can estimate that only a
stretch ofDNA sequence equivalent to a molec-
ular weight of about 2.4 x 106 is required to
code for all plasmid-specific proteins (Fig. 2 and
3). Since /3-lactamase gene is included in the
TiiA sequence, it is tempting to speculate that
the /3-lactamase gene has an independent tran-
scriptional promoter which is able to express
the 83-lactamase gene after translocation of the
TnA sequence into other replicons and that this
promoter may have a high affinity to RNA
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polymerase for the preferential transcription of
,8-lactamase gene. We are currently investigat-
ing this possibility.
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