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on Induction of Malonate Kinase and Isocitrate Lyase in
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Abstract: Malonate kinase and isocitrate lyase were induced in Acinetobacter calcoaceticus grown on

malonate as a sole carbon source but repressed by succinate. The induction of those two enzymes
was stimulated by dibutyryl cyclic adenosine 3, 5 ‘-monophosphate, indicating that the expression of
their genes for those enzymes is dependent on cyclic adenosine 3°,5° -monophosphate.
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Cyclic AMP is known to play an essential role
in the initiation of transcription of those genes
subject to catabolite repression in many
microorganisms (Pastan et al 1970). During
catabolite repression of inducible enzyme by
glucose, the sugar or its metabolic products is
known to cause a lowering of the level of cyclic
AMP in a bacterium. Furthermore, it has been
demonstrated that the repression of inducible en-
zyme biosynthesis by glucose in microorganisms
can be overcome by adding cyclic AMP in culture
medium (Pastan ef @l 1968). In addition to
catabolite repression by glucose, it is of interest to
note that in Pseudomonas aeruginosa weak repres-
sion of the aliphatic amidase by lactate is partially

relieved by cyclic AMP (Clarke ef 2. 1975) and that
in Norcardia salmonicolor cyclic AMP affects
repression of isocitrate lyase induced by fumarate
(Higginse et al. 1973, Higginse et al 1975).
Malonate kinase and isocitrate lyase are induced
in Acinetobacter calcoaceticus grown on malonate as
a sole carbon source (Kim, S.J. & Y.S. Kim, Bahk,
Y.Y. & Y.S. Kim, unpublished results). Since the
bacteria do not use glucose as a carbon source,
glucose effect can not be monitored. However, the
biosynthesis of two enzyme is repressed in A.
calcoaceticus grown on succinate as a sole carbon
source. Therefore it is of interest to test whether
induction of malonate kinase and isocitrate lyase
by malonate in A. calcoaceticus is also under same
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type of control involving cyclic AMP as some
catabolic enzymes in E. coli. In this communica-
tion, we present that malonate kinase and
isocitrate lyase in A. calcoaceticus are dependent
on dibutyryl cyclic AMP, which is known to func-
tion as cyclic AMP.

MATERIALS AND METHODS

Microorganism and Growth- Acinetobacter
calcoaceticus var. Kim was maintained on a slant
containing malonate as a sole carbon source (Kim,
et al. 1985). The bacterium was aerobically grown
on succinate medium containing 0.6% succinate,
0.3% NH,CI, 0.2% KH,PO,, 0.04% MgS0O,-6H,0
and 0.001% FeS0,7H,0 with shaking at 30°C for
2.5 hr. The cells were harvested at middle-log
phase of cell culture and were washed three times
by malonate medium which is the medium
described above except the substitution of suc-
cinate by malonate.

Induction of Malonate kinase and Isocitrate
lyase- One gram of the cells described above was
resuspended with 100ml of malonate medium in a
500ml triply baffled flask and culture at 30°C with
shaking vigorously. Test culture was sup-
plemented with dibutyryl cyclic AMP to the final
concentration of 3mM. 10m/ of the control and
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the test culture respectively were drawn out for
enzyme assay every time.

Preparation of Cell Extract- The cells
harvested and washed were resuspended in 5ml of
5mM potassium phosphate buffer, pH 7.1, con-
taining 1mM 2-mercaptoethanol and 20mM
malonate, and were crushed with sonication in an
ice bath with LAB-LINE sonicator. Then the cell
extract was centrifugated at 20,000 x g for 20 min
at 4°C and the supernatant was used for enzyme
assay.

Enzyme Assay- Malonate kinase activity was
assayed by measuring the formation of malonyl-
phosphate through the formation of malonohydro-
xamate by the modified method of Lipman et al
(Lipman et al. 1945). The reaction mixture con-
taining (in umole) Tris- HCl, pH 7.4, 100; MgCl,,
10; and the enzyme was preincubated at 30°C for
15min. Then the reaction started by addition of
ATP (10 umole) and NH,0H (200 umole) in the
final volume of 1ml. The reaction mixture was in-
cubated at 30°C for 15 min and the reaction was
terminated by addition of 1.4mi of 10% FeCl; and
5% trichloroacetic acid in 0.7 N HCI, Fe3+ formed
the malonohydroxamate-Fe®+ complex with red-
brown color. Isocitrate lyase was assayed by the
method described previously (Jang ef al. 1982).
The amount of protein was determined by the
method of Lowry ef al. with bovine serum albumin
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Fig. 1. Effecr of dibutyry! cyclic AMP on the induction of malonate kinase (A) and isocitrate lyase (B) in Acinetobacter

calcoaceticus var Kim.

®: malonate medium, @ : malonate medium + 3mM dibutyryl cyclic AMP
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as standard.

RESULT AND DISCCUSSION

Malonate kinase and isocitrate lyase were in-
duced in A. calcoaceticus when that microorganism
was transferred from succinate medium to
malonate medium. The induction was also
stimulated by adding dibuty-yl cyclic AMP to the
malonate medium as shown on Fig. 1. This result
suggests that biosynthesis of these two enzymes
may be under the similar type of control as some
catabolic enzymes in E. colt (Botsford ef al. 1971).
This involves the interaction of the cyclic AMP
with an activator protein which then binds to the
promoter site of the operon. It is typical examples
that repression of #-galactosidase by glucose in E.
coli can be overcome by adding cyclic AMP as also
can be the weak catabolite repression by glucose
of tryptophanase (Takahashi, 1975). However, it
has been suggested that isocitrate lyase biosyn-
thesis in E. coli is regulated only by a repression
mechanism involving the intracellular level of
phosphoenolpyruvate or other closely related
metabolites. Takahashi found that repression of
E. coli isocitrate lyase by glucose was unaffected
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by 3 mM cyclic AMP.

A. calcoaceticus, however, do not use glucose as
a sole carbon source, diminishing the possibility of
phosphoenolpyruvate involvement for isocitrate
lyase biosynthesis. In addition to this, cyclic AMP
affects the induction of malonate kinase and
isocitrate lyase as described above, these results
indicate that induction of malonate kinase and
isocitrate lyase biosynthesis may be under the
similar type of control but not the same by cyclic
AMP. At present we do not know the location of
genes for these enzymes, the structure of pro-
moter site and, of course, cyclic AMP binding pro-
tenin A. calcoaceticus. However, we have evidence
that the gene for malonate induced malate syn-
thase is located on a plasmid-like DNA in
Pseudomonas fluorescens (Chae, H.Z., and Y.S.
Kim, unpublished data). Considering the proposed
metabolic pathway for malonate assimilation in
the bacterium; malonate— malonyl CoA— acetyl
CoA - glyoxylate cycle, there is possibility that
genes for the key enzymes of malonate assimila-
tion are located on the same operon of a plasmid
and controlled by the same mechanism including
cyclic AMP dependence.
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PLATE 1. Transm/SS/on and scanning e/etron m/croscop/c observation of purmed protop/asts of S.

lavendulae.

a) Cytoplasmic membrane(CM), cytoplasm and nuclear region(N) are seen clearly. b) Surface
are rough because of many cytoplasmic process.
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PLATE 2. Transmission electron microscopic ebservaticn of protcplasts and fusants
dulae. Two or more protoplasts are {fusing

of S luven-

together ‘a end bB-d SOtVely !

Abbreviation: MV, membraneous vesicle; G, ghost; T, threads of DNA; CZ. contact zone;
SZ, separation zone; FZ, fusion zone; CP, cytoplasmic process.
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S. Zavendu!ae.

PLATE 3. Scanning electron microscopic observation of fusion procedures of
Arrows indicate the regions that fusions are oceurring.

a) Contact of protoplasts. b-c) Two protoplasts are still distinguishable. d) Boundary line
becomes somewhat obscure.,

: e

PLATE 4. Gross transmission electron microscopic observation of fusion procedures i S
dutlae.

a) Fusion zone is formed but the cytoplasmic membrane is not broken completely. b} Cytoplas-
mic membrane is disappeared completely.

laven-
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PLATE 5. Detaliled transmission eletron microscopic cbservation of tusing protopiasts
a) Membrane is still separated by eletron transparent space. Several cyvtoplasmic contact and
fusion zones are formed via cytoplasmic bridge. b) Typical membrane is dispersed and non
-membraneous separation zone is formed. ¢) There is no membraneous structure between two
protoplasts.
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