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The main pathway for the formation of
-t malonyl coenzyme A in most organisms,
is the biotin dependent addition of CO, to
acetyl coenzyme A.! Related to this reac-
tion is the transcarboxylation between
acetyl coenzyme A and methylmalonyl
coenzyme A which has been demonstrated
with an enzyme preparation from wheat
germ.?

Free malonate is a common metabolite
in higher plants. The occurrence of malo-
nate can be looked upon as the result of
the action of thiolesterase on malonyl
coenzyme A. The presence of malonyl
coenzyme A thiolesterase has been shown
in several investigations.

Recently de Vellis et al.? have studied the
malonic acid synthesis in the bush bean
(Phaseolus vulgaris). With crude prepara-
tion from the roots using a variety of
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labelled substrates they came to the con-
clusion that the malonate was formed from
oxalacetate by «-decarboxylation. Shannon
et al.* have partially purified the enzyme
from bush bean roots and they have been
able to show that the enzyme is of the
peroxidase type requiring the presence of
manganous ions and hydrogen peroxide.

Many microorganisms especially among
fungi produce in addition to fatty acids
large amounts of other substances of
acetate-polymalonate origin. The origin of
the malonate itself in these substances has
not been investigated, possibly due to the
general opinion that it is formed by
carboxylation of acetyl coenzyme A. In the
formation of the acetate-polymalonate
products as well as in fatty acid synthesis
the reacting malonyl coenzyme A units
have undergone decarboxylations and con-
sequently the final products do not re-
present the intact malonate structure.

Free malonate is a rare product among
microorganisms. Penicillium islandicum,
however, produces when grown on Czapek-
Dox medium an acid polysaccharide, island-
ic acid,® composed of glucose and malonic
acid in the approximate molecular ratio 1:1.
In addition to islandic acid P. islandicum
produces considerable amounts of anthra-
quinone derivatives derived from acetate-
polymalonate.®

In the following we have studied the
possible conversion of oxalacetate to
malonate. As oxalacetate is a labile com-
pound and penetrates through the cell wall
very poorly, uniformly C-14 labelled aspar-
tate and 2,3-C-14 labelled fumarate have
been used as tracer substrates. Theoreti-
cally, four possible metabolic routes can
be set up from oxalacetate to malonyl
coenzyme A, the latter compound being
the likely reacting metabolite in the esterifi-
cation of the hydroxyl groups of the
polysaccharide. The four possible pathways
are: 1) Oxidative decarboxylation, anal-
ogous to the thiamine pyrophosphate-
lipoic acid system in the oxidative de-
carboxylation of pyruvate and «-keto-
glutarate, 7.e. an immediate formation of
malonyl coenzyme A. 2) Peroxidase type
of oxidative decarboxylation of oxalacetate
to malonate followed by the action of
thiokinase. 3) Reduction of oxalacetate to
malate prior to cleavage to glyoxalate and
acetyl coenzyme A, the latter being carbox-
ylated to malonyl coenzyme A. 4) B-
Decarboxylation of oxalacetate to pyruvate
which is subsequently oxidatively de-
carboxylated to acetyl coenzyme A
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Fig. 1. Possible pathways of malonyl coenzyme A formation from oxalacetate.

followed by carboxylation to malonyl
coenzyme A.

From Fig. 1 is seen that by using
uniformly labelled aspartate as substrate
the labelling will appear uniformly di-
stributed in the malonate structure only if
the malonate is formed by an «-decarbox-
ylation of oxalacetate. However, the
labelling pattern will not distinguish be-
tween route 1 and 2. When using fumarate-
2,3-14C as substrate the labelling pattern in
the formed malonate will be identical for
routes 1,2, and 4 because of randomization
of the radioactivity in the carboxyl groups
of malonic acid after hydrolysis. Route 3
will in this case only give rise to **C in the
methylene group of malonate.

In the experiments the labelled sub-
strates were added to growing cultures
producing islandic acid. After one day of
incubation the islandic acid was isolated
and hydrolyzed to malonic acid and
glucose. The radioactivities of the malonate
and its individual carbon atoms were
determined (Table 1). .

The *C content of the methylene group
of malonate is very close to twice that of
each carboxyl group when fumarate-2,3-14C
is used as precursor. This indicates that
route 3 does not contribute to the forma-
tion of malonate. The 4C distribution in
malonate from uniformly labelled aspartate
was determined in two experiments. In one
of them each carboxyl group was carrying

Table 1. Distribution of 1*C in malonate after incubation with 1-aspartate-U-1“C and fumarate-

2,3.14C,
1C precursor Malonate Carboxyl group Methylene group
cpm/mmole cpm/mmole cpm/mmole
1-Aspartate-U-14C 34.6 x103 11.5x 103 11.6 x 103 4
L-Aspartate-U-1C 8.95x 103 2.7x 10 3.3x 108
Fumarate-2,3-14C 54.0 x10% 13.1 x 10¢ 27.9x 1044

@ Calculated as the difference between the radioactivities of the malonate and the carboxyl

groups.
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exactly a third of the total radioactivity of
the malonate which is only compatible
with the formation of malonate exclusively
by oxidative a-decarboxylation, i.e. accord-
ing to route 1 or 2. In the second experi-
ment using uniformly labelled aspartate a
slightly higher radioactivity was obtained
in the methylene group as compared to the
radioactivity of each carboxyl group which
might indicate some contribution of route
4 to the malonate formation. Calculations
from the figures in the table show that
77 % of the labelling in the malonate is
derived from route 1 or 2 and 23 % from
route 4.

The experiments demonstrate thus that
there is a metabolic pathway in P. islandi-
cum from oxalacetate to malonate in which
oxidative a-decarboxylation of oxalacetate
is involved. The question whether this
reaction is related to the oxidative de-
carboxylation of pyruvate or is of peroxi-
dase character can only be settled when
the reaction is studied in a cell free system.
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Chemical Studies on Lichens

12.* A New Lichen Xanthone from
Lecanora reutert
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A rapidly growing number of xanthones,
most of which chlorinated, are known
from lichens. Some examples are liche-
xanthone (II),! thiophanic acid (IIT)**
arthothelin (IV),*" and thuringion (V)."-®
All these are derived from the same parent
compound norlichexanthone (I, 1,3,6-tri-
hydroxy-8-methylxanthene-9¥H-9-one).

During a screening of Lecanora species
by “lichen mass spectrometry’® it was
found that the spectrum of L. reuter:
Schaer. (Fig. 1) exhibited a strong peak at
mle 258 which suggested the presence of
norlichexanthone (M=258). A peak at m/fe
360 with satellite peaks at mfe 362, 364,
and 366 indicated the presence of the corre-
sponding trichlorinated xanthone artho-
thelin (IV).

CH3 O OH

I R=H
I R=CH3

CH3 O OH
Cl O O Ct
HO 0 OR
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IV R:R:=H
Y R:=CH3 R:H

* Part 11. Arkiv Kemsi. In press.
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