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Evidence that a Plasmid Encodes Genes for Metabolism of

Malonte in Pseudomonas fluorescens

Kim, Yu Sam* and Eun Joo Kim

Department of Biochemistry, College of Science Bioproducts Research Center,
Yonsei University, Seoul 120-749, Korea

Pseudomonas fluorescens which is able to utilize malonate as a sole carbon source was found
to contain a novel 60kb plasmid, which encodes the gemes for the proteins to assimilate
malonate, including malonate decarboxylase and acetyl-CoA synthetase. The evidence is as
follows: The Psewdomonas cured with mitomycin C was unable to grow on malonate-medium
as well as it lost plasmid. The plasmid isolated from the Preudomonas could be introduced
into E. coli strain JM103 and DH1 by transformation. The transformed E. coli was able to
grow on malonate-medium and could transmit its plasmid back to the cured P. fluorescens by
conjugation. The existence of the plasmid in the transformed E. coli was confirmed by
hybridization with a labeled probe prepared from 12kb segment of the plasmid. Dot
hybridization showed that the copy number of the plasmid in the transformed E. coli is at
least 13 times higher than in the wild type P. fluorescens. The two key enzymes, malonate
decarboxylase and acetyl-CoA synthetase, were inducible by malonate in the transformed E.
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coli.
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Malonate, which has been studied extensively
as a competitive inhibitor of succinate de-
hydrogenase. has long been known to occur
naturally in legumes (17) and in rat brain (10).
However. little is known about its metabolism and
physiological role. It has been suggested that
malonate in soybean seedling root tissue is
formed from malonyl-CoA (4). The fate of
malonate in the eucaryotic cell has not yet been
clearly elucidated. although Hayaishi (4) suggested
a metabolic conversion of malonate to malonyl-
CoA in the presence of CoA and ATP in the
bacteria. malonate adapted Pseudomonas. How-
ever, this proposition has been contradicted by
the isolation of two key enzymes, malonate decar-
boxylase and acetyl-CoA synthetase in P
fluorescens (not published).

It is not clear yet how many gene products are
involved in the first stage of assimilation of
malonate and how the gencs are organized in P.
fluorescens.

In this report. we present the evidence that there
is a plasmid carrying genes encoding for proteins
involved in the assimilation of malonate in P.
fluorescens.

MATERIALS AND METHODS

Bacterial strains and plasmids

192

The bacterial strains and plasmids used in this
study are described in Table 1.

Growth of bacteria

Pseudomonas fluorescens ATCC 11250 was grown
on a medium. pH 6.8, containing 0.6%(w/v)
malonate, 03% NH.Cl. 02% K,HPO. 004%
MgSO,, and 0.001% FeSO,.. at 30 °C. E. coli was
grown on LB medium at 37 °C. The transformed
E. coli was grown in the same medium as P
Sluorescens, but at 37 °C.

Curing

P. fluorescens was inoculated into 2m/ of LB
media containing 0, 5. 10, 15, and 20 pg/m/ of
mitomycin C, respectively and cultivated at 30 °C
for 48 h with vigorous shaking. The cells in each
culture were diluted with 10 ymM MgCl, to about
2000 cells/mi. 100 4 aliquots of the culture were
spread on each nutrient agar plate and the plates
were incubated at 30°C for 12h. By using
toothpicks. the individual bacterial colonies were
transferred onto the nutrient agar plates and the
malonate agar plates. P. fluorescens which were
unable to grow on malonate agar plates were
selected.

Plasmid DNA from P. fluorescens was isolated
by a modification of the procedure of Maniatis
(13). Cells grown to late logarithmic phase were
harvested. washed with 100 m/ STE buffer(0.1 M
NaCl, 10mM Tris HClL pH80. and 1mM
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Table 1. Bacterial strains and plasmids used in this study.

Strains and plasmids Characteristics References
Strains
Pseudomonas fluorescens ATCC11250 Original host of pPSF1
E. coli
DHI F~. recAl, endAl gyrA96 thi™'. hsdR17, supE44 (3)
M103 thi~. strA. supE, endA, sbcB. hsdR.1
FtraD36. proAB, lacF, lacZ, M15 3)
Plasmids
pPSFl Ap', Km'. Sm’ This work
RK2 Ap, Km', T¢f (19)

Ap. Ampicillin; Km, Kanamycin; Tc, Tetracyclin: Sm, Streptomycin.

EDTA), and resuspended in 10 m/ ST buffer (25%
sucrose and 50 mM Tris HCL pH 8.0). Then 8 m/
of 0.25M EDTA, pH 80, was added to the cell
suspension and the mixture was incubated on ice
for 10 min. 4m/ of 10% SDS solution was added
and mixed with a gentle inversion (20 times per
minute) to prévent shearing of the plasmid DNA.
As soon as mixing was completed. 6mi/ of 5M
NaCl was added and the mixture was stored on
ice overnight. After centrifugation at 25.000Xg for
30 min, 1.25 volume of isopropanol was added to
the decanted supernatant and the mixture was
kept at —20°C for 2h. The supernatant was
discarded and the pellet was resuspended with 6
m/ TE buffer (10 mM Tris and | mM EDTA, pH
8.0). Plasmid DNA was purified from this DNA
preparation by CsCl density gradient centri-
fugation. Plasmid DNA from the transformed E.
coli was prepared by the method of Birmboim and
Doly (1).
Determination of antibiotic resistance

Two methods were applied for the estimation
of antibiotic resistance. LB agar plates containing
antibiotics in the manner of concentration
gradient (0 to 500 pg/ml) were prepared according
to Nester (15). The bacteria to be tested were
spread on these plates and incubated at 30 °C for
12 h. Secondly, the bacteria were inoculated into
LB media. each containing separately the
antibiotics. ampicillin (100 gg/m/). kanamycin (50
we/g/ml), gentamycin (50 pg/g/ml). streptomycin
(50 wg/g/ml). and tetracycline (5 pug/g/mi). and
incubated at 30 °C for 48 h with vigorous shaking.
After incubation, the turbidity of the culture at
600 nm was measured to observe the effect of the
antibiotics.
Transformation of E. coli with plasmid pPSF1

Plasmid pPSF1 isolated from P fluorescens
ATCC 11250 was introduced into E. coli as
described previously.
Plasmid transmission by conjugation

Conjugation was carried out by mixing broth
cultures of the transformed E. coli as a donor and
P. fluorescens, which was cured and not able to

utilize malonate, as acceptor. The mating mixture
was incubated for 3h at 30 °C without shaking.
Selection of the exconjugant P. fluorescens was
performed by using an inositol agar plate (15)
containing 1% inositol, 0.3% NH.CI, 0.2% KH,PO.,
0.04% MgSO.. 0001% FeSO. and 2% bactoagar
at 30 °C. The other experiment was carried out
with P. fluorescens as donor and E. coli as acceptor.
In this case, selection was performed by using the
malonate plate described above. incubated at
37°C.
Enzyme assay

Malonate decarboxylase activity was determined
by measuring CO, formation from malonate. The
assay mixture contained the following compo-
nents: 50 mM MOPS, pH70. 2mM malonate
containing 0.038 ug/Ci “C-malonate (1 : 100="C-
malonate: malonate) and an appropriate amount
of malonate decarboxylase in a total volume of
200 ug/l. CO. was captured on Whatman filter
paper damped with 2N KOH and radiolabelled
CO: was mecasured by scintillation counter.

Since E. coli has its own acetyl-CoA synthetase.
direct comparison between E. coli and trans-
formed E. coli is inadequate. Thus, acetyl-CoA
synthetase activity was determined indirectly. This
assay is based on the results of unpublished
experiments that show that acetyl-CoA synthetase
and malonate decarboxylase are coupled during
reaction.  Assay mixture  contained  (in
micromoles): potassium phosphate buffer (pH 7.2)
100, magnesium chloride 20. sodium malonate 4.
ATP 0.1. CoA 0.1, and enzyme (final volume 1
m/). The rate of increase in absorbance at 232 nm
was recorded by a spectrophotometer. This
method (8) is based on the measurement of the
increase in absorbance at 232 nm by the forma-
tion of the thioester bond of acetyl-CoA following
malonate decarboxylation. Protein concentration
was determined by the method of Smith (16) with
bovine serum albumin as standard protein.
Immunodiffusion

The acetyl-CoA synthetase from P fluorescens
was purified by ammonium sulfate fractionation.
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Table 2. Curing efficiency.

Mitomycin C (mg/m/)  Malonate colony* (%)

0 0
5 8
10 10
15 17
20 19

* Colonies which are unable to grow on malonate
plate.

Sephacryl S-300 gelfiltration chromatography, and
DEAE Sephacel anion exchange chromatography.
Antibody was prepared against acetyl-CoA
synthetase in rabbit and it was partially purified
by ammonium sulfate precipitation and ion
exchange chromatography with DEAE Sephacel.

Immunodouble diffusion was performed by the
method of Ouchterlony (2). DNA fragment of
about 12kb was prepared by the digestion of
pPSF1 with Kpnl and the fragment was
subsequently  separated by electrophoresis,
followed by spin elution (5). The DNA fragment
labeled with [ a-*P] dATP or dCTP by nick
translation to a specific activity of 2X 10’ cpm/pg/g
DNA was used as a probe for dot blotting.
Bacteria (10° cells) grown overnight were
harvested by a microcentrifuge and resuspended
in 500 m/ of PBS. Aliquots of this cell suspension
(50 ml, 5 ml) were applied to nitrocellulose filter.
The filters were treated by the method of Maniatis
(13) for hybridization. Hybridization was
performed in the solution containing 50%
formamide at 42 °C for 24 h.

RESULTS

Loss of the ability for malonate assimilation by
curing

P. fluorescens ATCC 11250 was able to utilize
malonate as a sole carbon source. However, upon
treatment with mitomycin C. some bacteria were
unable 10 grow on malonate medium. As shown
in Table 2. when the bacteria were treated with
mitomycin C at a concentration of 5 ug/g per ml,
8 out of 100 colonies were unable to utilize
malonate.
Isolation of a plasmid from P. fluorescens ATCC
11250 and transformed E. coli

A plasmid (designated as pPSF1) was isolated
from P. fluorescens grown on malonate as the sole
carbon source. The plasmid was compared by gel
electrophoresis with Klebsiella plasmid, RK2(60 kb)
(18) (Fig. 1). Digestion by restriction endo-
nuclease and subsequent gel electrophoresis
revealed the plasmid to be about 60kb (Fig. 2).
Determination of antibiotics resistance

P. fluorescens and transformed E. coli, but not
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Fig. 1. Agarose gel electrophoresis of plasmid DNA
preparations from P. fluorescens to the E. coli
strains.

M., Marker, SP6 DNA digested with HindIll;
Lane 1, pPSFI1: 2. RK2.

Fig. 2. Digestion of plasmid pPSF1 with several
restriction endonucleases.
M. lambda DNA: Lane 1, Psti+Kpnl: 2,
Psti+BamHl; 3. Kpni+BamHL

the cured P. fluorescens. could grow to saturation
state on the media containing antibiotics, such
as ampicillin(100 pg/g/m/), kanamycin(50 pe/g/ml),
and streptomycin(50 yg/g/ml). But on the media
containing gentamycine and tetracycline, any
bacteria described above did not show O.D.
increase. These results indicated that the plasmid
contained genes resistant to these antibiotics.
Introduction of pPSF1 into E. coli and the cured
P. fluorescens by transformation and by conju-
gation

The plasmid could be introduced into E. coli
DH! and JM103. which does not contain plasmid
(3). by a conventional transformation procedure.
Although the E. coli strain DHI and JM103 are
unable to utilize malonate, the transformed E. coli
DH! and JM103 were able to grow on an agar
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Table 3. Conjugation efficiency [colonies/doncr cell).
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Table 4. Malonate decarboxylase and acetyl-CoA
synthetase actvities in the crude extracts

DNA recipient from P. fluorescesns and E. coli strains.
E. coli DH1 Cured P. fluorescens Strain Specific activity (zmole/min/mg)
Selection marker Malonate* Inositol* Malonate Acetyl-CoA
DNA donor decarboxylase  synthetase
P. fluorescens 0.19x10°¢ P fluorescens 7.17 11.7
Transformed E. coli DH1 ND N.D
E. coli DH1 297X10°¢ Transformed E. coli 16.3 123

b

Fig. 3. Autoradiogram of plasmid DNA hybridized with
2P [abeled probe prepared by extracting 12 kb
Kpnl fragment from pPSF1.
Cells lysed on nitrocellulose filters were
hybridized with the nicktranslated probe.
1, transformed E. coli: 2, DHI: 3, cured P
fluorescens; 4. P. fluorescens.

plate containing malonate as a sole carbon
source. The transformation rates were 1077~10¢
colonies/ recipient cell/ g of plasmid DNA. In
order to ensure that the transformed strain was
still E. coli rather than a contaminant, TSI cell
test, which confirmed the identity, was performed
(12).

The plasmid could also be introduced from the
transformed E. coli into the cured P. fluorescens.
Conjugation efficiency is shown in Table 3. Since
only P. fluorescens (7) but not transformed E. coli
and cured P. fluorescens (this work) could grow
on inositol plate, inositol plate could be used as
a selection media. The selected P. fluorescens
recovered the ability to utilize malonate as a
carbon source. As shown in Table 4, bacteria
containing the plasmid were able to grow on
malonate media and contained acetyl-CoA
synthetase and malonate decarboxylase activity.
These results suggest that the plasmid carries
genes encoding proteins for malonate assi-
milation, including genes for the two enzymes.
malonate decarboxylase and acetyl-CoA synthe-
tase, and several resistant genes against the
antibiotics described above, and that the plasmid
is transmissible between P. fluorescens and E. coli.
The introduction of the plasmid into the
competent E. coli was also confirmed by dot

N.D., not detected.

Fig. 4. Ouchterlony double immunodiffusion.
Crude cell free extracts grown on malonate.
1.4, P. fluorescens; 2.5. transformed E. coli: 3.
DHI: 6. cured P. fluorescens: center well, 7.
was filled with rabbit anti acetyl-CoA
synthetase antibody.

hybridization with a labeled DNA probe prepared
from one segment of the plasmid (Fig. 3).
Assay of the two key enzymes from the transformed
E. ooli and immunological comparison with that
from P. fluorescens

When the tra~ formed E. coli was grown on
malonate. the ™5 key enzymes of the proposed
pathway for the assimilation of malonate could
be detected with sufficient specific activities to
explain the growth (Table 4). Since E. coli DHI
contains acetyl-CoA synthetase gene, it was
important to identify whether the induced acety!-
CoA synthetase is a plasmid coded gene product.
The identity of the enzyme from Pseudomonas was
determined by Ouchterlony (2) double immu-
nodiffusion experiment. As shown in Fig. 4, a
fused precipitin line between the enzymes and
antibody raised against P. fluorescens acetyl-CoA
synthetase formed. However, the antibody-
precipitable enzymes were not detected in P
Sfluorescens or transformed E. coli when they were
grown on LB medium. Western blot analysis also
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Fig. 5. Western blot on nitrpcellulose treated with
rabbit anti acetyl-CoA synthetase antibody.
Crude extracts from lane 1, P. fluorescens; 2,
transformed E. coli; 3, DHI.

showed that the same size acetyl-CoA synthetase
was induced in malonate-grown Pseudomonas and
in malonate-grown transformed E. coli (Fig 5).
The positive band appeared in 30 kD protein was
believed to be a fragment of the enzyme.

These results clearly show that the genes for
the proteins required for the assimilation of
malonate are encoded by a novel transmissible
plasmid, pPSFL. in P. fluorescens.

DISCUSSION

Studies on malonate have drawn more attention
recently since malonate may play some role in
brain development (11) and in symbiotic nitrogen
metabolism (9). It has been reported that, in rat
brain mitochondria, malonate may play a role in
the regulation of the conversion of glutamate to
aspartate by inhibiting succinate dehydrogenase
and malate transport. In the symbiosis between
Rhizobium japonicum and soybean, malonate has
been proposed to be involved in the nitrogen flow
from bacteroids to the plant cell through the
malonamate shuttle. It is known that the
metabolic conversion of malonate in the brain
involves its activation to malonyl-CoA which is
then decarboxylated to acetyl-CoA. However, in
malonate-adapted P.  fluorescens,  conversion
involves malonate decarboxylation to acetate
which is then activated to acetyl-CoA. In this
pathway, two key enzymes, acetyl-CoA synthetase
and malonate decarboxylase are involved.
However. little is known about the genes involved
in the pathway. There have been several studies
on the ability of various TOL plasmids to be
cured by growth on benzoatc minimal medium
(19). The common feature of TOL plasmid
appears to be its possession of genes encoding
for the enzymes involved in the dissimilation of
m- and p- toluate and benzoate. Some
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Pseudomonas hosts of the TOL plasmids possess
an alternative chromosomally-encoded pathway
for benzoate metabolism. Whereas the plasmid
pathway is induced by benzoate, the chro-
mosomal pathway is induced by one of the
intermediates of benzoate metabolism. For
malonate assimilation. it is highly unlikely that
there is an alternative chromosomal metabolic
pathway since all intermediates are normal
metabolites. It is shown here that in P. fluorescens
which is able to utilize malonate as a sole carbon
source, a transmissible plasmid encodes genes for
proteins, including malonate decarboxylase and
acetyl-CoA synthetase, involved in malonate
assimilation. This novel plasmid is similar in size
to but distinct from Pseudomonas plasmids
reported previously in its possession of genes that
are resistant against antibiotics (18). There are
similar pathways to that of P. fluorescens for
malonate metabolism, involving decarboxylation
of malonate to acetate, in Malonomonas rubra (6).
Other pathways, involving the formation of
malonamate from malonate and ammonia, takes
place in Rhizobium japonicum (9). In these
bacteria, the plasmid encoded genes for
assimilation of malonate has not yet been
reported.

All the evidence described above clearly shows,
for the first time, that the plasmid, pPSF1, encode
genes for assimilation of malonate in P
Sfluorescens. The characterization of the plasmid is
under way.
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