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Stabilization of an E. coli plasmid by a mini-F fragment of DNA
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SUMMARY

In an Escherichia coli X-12 strain (trpA trpE tnaA) cultured in LB broth without selective pressure, a
pBR322 derivative containing the gene for tryptophan synthase (pBR322-trpBA) was found to be unstable.
After 70 cell-number doublings, only 50% of the host cells retained the gene for ampicillin resistance (Ap").
Insertion of the mini-F fragment of F factor DNA into this plasmid could effectively reduce the plasmid loss.
Partial derepression of the tryptophan promotor-operator by 3-indoleacrylic acid further decreased the sta-
bility of the pBR322-1rpBA but not that of the mini-F inserted plasmid (pBR322F-rpBA). The vector
pBR322F-#rpBA could be maintained at high copy number in the culture after 100 generations of growth;
the culture was able to overproduce tryptophan synthase in the presence of 3-indoleacrylic acid. L-Tryptophan
was produced from indole and L-serine using an E. coli host transformed with pBR322F-1rpBA DNA. After

8 h of incubation, the expression level was approximately 180 g/l.

INTRODUCTION

L-Tryptophan, an essential amino acid, is gen-
erally deficient in cereal protein. Because the quality
of cereal protein can be improved by the addition
of L-tryptophan, a large demand is anticipated for
this amino acid as a feedstuff and foodstuff.

Many studies have been published on microbial
production of L-tryptophan and these methods may
be summarized into two types: fermentative and
enzymatic production.
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From the standpoint of industrial L-tryptophan
production, enzymatic production is generally sim-
pler than fermentative production. However, the
enzyme is too costly to use in commercial processes.
As an alternative to the enzymatic process, we con-
structed an Escherichia coli strain that produces
high levels of tryptophan synthase by recombinant
DNA methods.

In many industrial applications of recombinant
DNA technology, the instability of a recombinant
plasmid is a serious problem. Generally, to ensure
stable inheritance of a recombinant plasmid, the
addition of antibiotics is applied as a selective pres-
sure. However, this method might not be practical
for several reasons. For example, antibiotics add,
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considerably, to the cost of the medium. They may
also upset the operation of the wastewater treat-
ment system.

In a previous paper, we reported that an inserted
mini-F fragment could stabilize an otherwise un-
stable pBR322-trp operon even in a a4 mutant in
the presence of 3-indoleacrylic acid [16]. In this
paper, we employed a mini-F fragment to increase
stability of tryptophan synthase gene-bearing plas-
mids in E. coli and investigated the feasibility of
this process for L-tryptophan production from the
precursors indole and L-serine.

MATERIALS AND METHODS

Materials

Ampicillin (Ap), tetracycline (Tc) and 3-indole-
acrylic acid (TA) were purchased from Sigma, St.
Louis, MO, U.S.A. Restriction enzymes and DNA
ligase were from Takara Shuzo Co., Ltd., Kyoto,
Japan. All other reagents were from Wako Pure
Chemical Industries Ltd., Osaka, Japan.

Bacterial strains

E. coli K-12 strain JK-268 (F~ trpE6] trpA62
tnaA-5 pur B58 dadR1, E. coli Genetic Stock Center,
Yale University) was used as the host for plasmids.

Media and growth conditions

Cells were cultured either in minimal medium
MM [15] (containing 0.2% glucose and supple-
mented with 50 ug adenine per ml) or broth medi-
um LB [2] (supplemented with 50 ug adenine per
ml and 0.1% glucose) at 37°C with constant shak-
ing. Plates contained 1.5% agar. Ap was added to
selective plates at a concentration of 50 ug per ml.

DNA transformation, isolation and manipulation
Transformation of cells followed the procedure
of Cohen et al. [3]. Plasmid DNA was prepared by
the cleared lysate method [4] and by CsCl-ethidium
bromide density gradient centrifugation [5].

Plasmid construction
Plasmids were constructed as depicted in Fig. 1.

pBR322F-trpBA
13.6kb

Fig. 1. Filled region, the mini-F segment; hatched region, seg-

ment including ¢pB and rpA; open region, tryptophan prom-

otor-operator segment; fine line, pBR322-derived segment. E

and B represent the restriction endonuclease EcoRI and BamH]
sites, respectively.

Tryptophan promotor-operator DNA fragment
was obtained by using the promoter-probe plasmid
vector pKK232-8 (Pharmacia. Co, Ltd.). Trypto-
phan operon DNA from pBR322-trp [16] was di-
gested with 4ful and Rsal and then ligated to Smal-
digested pKK232-8 DNA. E. coli K-12 strains
transformed with ligated DNA and transformants
which have a chloramphenicol resistance pheno-
type were selected. The plasmid DNA was isolated
from these transformants and tryptophan promo-
ter-operator DNA fragment was purified by digest-
ing the plasmid DNA with EcoRI and BamHI. This
DNA fragment was treated with S1 nuclease to pro-
duce blunt ends and was ligated to a DNA fragment
containing ¢rpB and trpA genes which was obtained
by partially digesting tryptophan operon DNA of
pBR322-rrp with Hincll. Furthermore. EcoRI
linker was ligated and the resulting DNA fragments
were religated to the EcoRI-digested pBR322 to
form pBR322-1rpBA.

To construct the pBR322F-trpBA, pBR322F
was first constructed by inserting the mini-F frag-
ment prepared by digesting miniF-trp [16] with
EcoRI and BamHI into the EcoRI and BamHLI sites
of pBR322. pBR322F-trpBA was constructed by
inserting the EcoRI fragment containing (rp85 and
trpA genes prepared by digesting pBR322-1rpBA
with EcoRI into the EcoRI site of pBR322F.

The reaction conditions for restriction endonu-
cleases and T4 DNA ligase were those reported by
Maniatis et al. [6]. The molecular sizes of the con-



structed plasmids and DNA fragments were deter-
mined by electrophoresis in horizontal agarose slab
gels with a buffer containing 20 mM Na-acetate, 1
mM ethylene diaminetetraacetate and 33 mM
Tris-HCl (pH 7.8). The direction of insertion in
each step was examined by digesting the plasmids
with appropriate restriction endonucleases and
then determining the sizes of the fragments formed.

Plasmid stability test

Cells of strain JK268 (trpA trpE tnaA) harboring
the plasmids, which were grown in MM to the sta-
tionary phase, were inoculated into LB at approx.
50 cells per 100 ml, grown at 37°C for the average
generations indicated, and then aliquots of the cul-
tures were diluted and spread on LB plates. After
overnight incubation at 37°C, 100 colonies from
each plate were examined as to their phenotypes by
transferring them with toothpicks to selective plates
(LB + Ap).

Agarose gel electrophoresis

The cells harboring pBR322F-trpBA  and
pBR322-trpBA4 were precultured overnight in LB
+ Ap, and then cultured in LB + IA (200 mg/ml)
at 37°C for 100 generations. Plasmid DNA extract-
ed from 10 mg of cells and collected by centrifu-
gation was analyzed. Plasmid DNA was digested
with EcoRI and electrophoresis was carried out
with 0.8% agarose gel.

Enzyme assay

Tryptophan synthase activity in crude cell ex-
tracts was assayed by the method of Smith and
Yanofsky [13] and f-lactamase activity by the
method of Sargent [12]. The cells harboring
pBR322F-1rpBA were precultured overnight in LB
+ Ap (50 pg/ml) and then cultured in LB + A
(200 pg/ml) with or without Ap (50 ug/ml) at 37°C
for 25, 50, 75 and 100 generations. One unit of ac-
tivity was expressed as the cleavage of 1 pmol -
lactam ring per min at 30°C.

Production of L-tryptophan
E. coli JK-268 transformed with pBR322F-
trpBA was grown in LB medium supplemented with
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200 mg/t IA. Incubation was carried out at 37°C in
a 500 ml flask containing 100 ml of medium on a
rotary shaker operated at 150 rpm. Cells were har-
vested by centrifugation. The reaction mixture was
composed of indole 5 g (final 11 g), L-serine 15 g,
pyridoxal 5-phosphate 1 mg, NaCl 10 g, Triton
X-100 8 g, and 100 mM Tris-HCI (pH 7.8) 100 ml.
5 g of whole cells were transferred to 100 ml of
reaction mixture in a 500 ml flask and incubated at
37°C. Indole was added to the reaction mixture in-
termittently.
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Fig. 2. (A) Stability of plasmids. The plasmid stability test is
described in Materials and Methods. The cells for the stability
test were obtained from 25, 50, 75 and 100 geperations of
growth. O, E. coli JK268 harboring pBR322F-trpBA; A, E coli
JK268 harboring pBR322-trpBA. (B) Stability of plasmids under
partial derepression with IA. TA was added to LB medium at
200 pg/ml to derepress the tryptophan promoter-operator. The
cells for the stability test were from the same generations as in
(A). @, E. coli JK268 harboring pBR322F-trpBA; A, E. coli
JK268 harboring pBR322-trpBA.
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Fig. 3. Relative activities of tryptophan synthase in the cells harboring composite plasmids. The cells harboring the composite plasmids
were precultured overnight in LB + Ap (50 pg/ml) and then cultured in LB + 1A (200 pug/ml) with or without Ap at 37°C for 25, 50,
75 and 100 generations. The tryptophan synthase assay is described in Materials and Methods. The activity obtained in the parent strain
(trp) was taken as 1. [, cells were grown in LB + IA (200 pg/ml) + Ap (50 pg/ml); B, cells were grown in LB + JA (200 pg/ml).

RESULTS

Phenotypic stabilities

The plasmid pBR322-rrpBA was unstable as evi-
denced by loss of about 50% in cells after 70 gen-
erations of growth in LB (Fig. 2A). Addition of IA,
an efficient competitive inhibitor of the repressor,
and tryptophanyl-tRNA synthetase [14] to the me-
dium enhanced the instability (Fig. 2B). However,
composite plasmid pBR322F-trpBA4 was stably
maintained in strain JK 268 under nonselective con-
ditions and also maintained stably in cells partially
derepressed with A (Fig. 2).

Tryptophan synthase and f-lactamase level

As shown in Fig. 3, specific activities of the cells
harboring pBR322F-trpBA were maintained at a
high level under selective and nonselective condi-
tions. However, those of the cells harboring
pBR322-1rpBA were also maintained at a high val-
ue under selective conditions, but decreased rapidly
under nonselective conditons. This decrease almost
coincided with the phenotypic stability of
pBR322-trpBA plasmids under nonselective condi-
tions.

Plasmids derived from ColE1 are normally pres-
ent at about 20 copies per bacterial chromosome,
and a linear correlation has been reported between
the production of f-lactamase and the number of
gene copies [11].

As shown in Fig. 4, f-lactamase activity of the
cells harboring pBR322F-trpBA was maintained at
the same level under selective and nonselective con-
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Fig. 4. f-Lactamase activities in the cells harboring composite
plasmid under selective and nonselective conditions. [, cells
were grown in LB + 1A (200 pg/ml), + Ap (50 ug/ml); W, cells
were grown in LB + TA (200 pg/ml).



123456

Fig. 5. Agarose gel electrophoresis patterns of pBR322F-trpB4
and pBR322-rpB4 plasmid digested with EcoRI. Lanes 1 and
6, HindIII-digested 1 phage DNA as molecular size marker; lane
2, pBR322F-1rpBA in preculture; lane 3, pBR322-trpBA in pre-
culture; lane 4, pBR322F-trpBA after 100 generations in main
culture; lane 5, pBR322-1rpBA after 100 generations in main
culture.

ditions. This result implies that the number of co-
pies was the same for these cultural conditions. As
shown in Fig. 5, the variance of molecular size and
DNA level of pBR322F-trpBA after 100 cell-num-
ber doublings was not observed, but no DNA level
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Fig. 6. Time course of formation of L-tryptophan from indole
and L-serine.
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was detected after 100 generations in pBR322-
trpBA.

The production of L-tryptophan from indole
and r-serine was studied using bacterial cells har-
boring pBR322F-trpBA.

To release the inhibition of tryptophan synthase
by indole, Triton X-100 was added to a reaction
mixture as a reservoir of indole. After 8 h incuba-
tion, 180 g/l of L-tryptophan was formed as shown
in Fig. 6.

DISCUSSION

For industrial purposes, genetic stability of plas-
mid-bearing strains is of importance. For low copy
number plasmids, such as F [9], pSC101 [7] and P1
[1], special partitioning functions have been iden-
tified that ensure that each daughter cell receives at
least one plasmid during cell division. For high
copy number plasmids, such as ColEl, it is gen-
erally believed that partitioning is achieved by ran-
dom distribution of plasmids, and high copy num-
ber plasmids are often unstable.

In this report, we describe efforts to stabilize a
plasmid construction by insertion of a mini-F frag-
ment of DNA.

The pBR322F-trpB4 was maintained at high
copy number in E. cofi after 100 generations and
tryptophan synthase was overproduced in the pres-
ence of 3-indoleacrylic acid.

In the mini-F plasmid, two distinct regions have
been shown to confer the stability: a 3.0 kb region
including the sopA4, sopB and sopC genes that most
likely specify the partitioning [9], and the 0.7 kb ccd
region that couples host cell division to plasmid
proliferation [10]. Miki et al. [8] also obtained re-
sults consistent with these theories. Hiraga et al.
proposed a model for the partition mechanism of
the mini-F plasmid, a low copy number plasmid.
The SopC region acts as a specific DNA site neces-
sary for the actual partitioning, interacting with the
cellular components consisting of SopB protein in-
directly with the SopC region, and/or SopA protein
may regulate the expression of the SopB gene. The
expression of the SopA gene may be regulated by
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SopB protein. The hypothetical partition apparatus
(SopC binding site) is assumed to be related to the
cell membrane [9].

Our observation that the mini-F functioned in
stabilizing a high copy number plasmid cannot be
explained sufficiently by the partition mechanism.
The fact that pBR322F-1rpBA was stably kept at a
high copy number in E. coli indicates that the in-
tensity of replicon on pBR322 is superior to that on
mini-F DNA. As a possible mechanism, when one
copy of mini-F plasmid is inherited at least to a
daughter cell in cell division, the copy number of
that plasmid may increase to high copy by replicon
on pBR322 in daughter cell.

The present results indicate that this host-plas-
mid system is a feasible and practical method for
enzymatic synthesis of L-tryptophan from indole
and L-serine. After § h incubation, expression levels
of L-tryptophan were estimated at 180 g/L.
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