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Synopsis

A supernatant obtained by centrifugation at 20,000 g from homogenate of mycelium
of Sepedonium chrysospermum was proved to be capable of incorporating acetyl-CoA,
malonyl-CoA and methionine into sepedonin. This biosynthesis required O, in the atmos-
phere and a cofactor such as NADH, NADPH or NADP+, among which NADP+ ‘was proved
to be most effective. Incorporation of methionine into sepedonin was enhanced by addition
of vitamin B,; and suppressed by ethionine or iodoacetamide.

I. Introduction

The fungal tropolones such as stipitatic acid® and puberulonic acid(®) were
proved to be constructed with four acetate units and one C; unit from the inspec-
tion of labeling patterns of specimens obtained by isotopic studies of biosynthesis.
Recently the tropolone ring of sepedonin (Chart I) was also found to be formed
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Chart 1.

in a similar manner®4. The pathway of C; unit insertion was suggested by
Bentley ef al®® to be similar to the rearrangement of methylmalonate to succinate
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catalyzed by vitamin B,,, and Scott et al(®) proposed a pathway via 3-methylorsel-
linic acid for the biogenesis of stipitatonic acid by use of a culture of Penicillium
stipitatum. Many studies on cell-free syntheses of acetogenides have been carried
out’~12), while nothing has been reported on sepedonin synthesis, and therefore
we carried out the studies by use of a cell-free preparation from the mycelial mat

of Sepedonium chrysospermum in order to clarify biosynthetic pathways of tropolones
and obtained the results described below.

II. Materials and methods

Sepedonium chrysospermum Ag 39 was kindly supplied by Dr. L.C. Vining
(Atlantic Regional Laboratory, Halifax, Canada). [Methyl-*C] methionine and
[2-14C] acetate were purchased from New England Nuclear Corp. Vitamin B,,
was kind gift from Sankyo Co. Ltd. Acetyl-CoA and malonyl-CoA were prepared
by the methods as reported3'%. Other chemicals were obtained from commercial
sources.

The mycelial mat of the fungus grown in Czapek-Dox medium for 14 days at
27°C was washed with 0.05M phosphate buffer (pH 7.2), squeezed dry and kept
at —20°C. The mat (20 g) was ground in a mortar with sea sand (40 g) and 40 ml
of the same phosphate buffer containing dithiothreitol (1 mmole) and EDTA (1
mmole) at 4°C and its supernatant obtained by centrifugation at 20,000 g for 30
min was used as a crude enzyme preparation. Protein concentration was estimat-
ed by the measurement of optical density at 280 nm.

The incubation mixture for the assay of sepedonin formation is as follows: a
reaction mixture (1 ml) contained 0.2 ml (protein 0.5 mg) of the enzyme solution,
acetyl-CoA (50 nmoles. 2.2 105 dpm when acetyl-CoA was used as a radioactive
substrate), malonyl-CoA (100 nmoles), L-methionine (50 nmoles. 3.1 10% dpm when
methionine was used as a radioactive substrate), NADH (1 gmole) and potassium
phosphate buffer (pH 7.2, 1 umole).

Each run of incubation was carried out at 37°C for 30 min., the reaction was
stopped by addition of 0.2 ml of 59, methanolic KOH and the mixture was warmed
at 40°C for 30 min. Then the mixture was acidified to pH 1 with conc. HCI and
heated on a water bath for 1 hr to convert sepedonin into anhydrosepedonin
(Chart I). Because sepedonin showed a tailing on TLC, it was converted to
anhydrosepedonin which showed no tailing for the quantitative determination.
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Fig. I. Thin-layer radiochromatograms of the products. The incubation condition and
the treatment of the products are described in the text. A: Result obtained when
[methyl-14C]-methionine was used as a radioactive substrate. B: Result obtained
when [2-1%C] acetyl-CoA was used as a radioactive substrate. Lower portion: Spots
of the references. 1, fatty acid; 2, 4-hydroxy-6-methyl-2-pyrone; 3, anhydrosepedonin;
4,6-acetonyl-4-hydroxy-2-pyrone.

The resulting solution was extracted with ether (5 ml each, 3 times), the extract
was concentrated under a reduced pressure at room temperature, and the residue
was redissolved in a small amount of methanol and subjected to TLC (Merck DC-
Fertigplatten Kieselgel) with authentic anhydrosepedonin and some other com-
pounds as references, using a solvent system CHCl;-CH,COOH-CF,COOH (160:
40:15, by vol). Spots of anhydrosepedonin and other reference compounds were
visualized by exposing the developed plate to iodine vapor, and radioactive regions
were detected by a thin-layer radiochromatogram scanner. In case of quantitative
determination of anhydrosepedonin, the plate was allowed to stand until the stain
of the spot dissapeared, and a section of the plate which corresponds to the spot
was scraped into a counting vial and its radioactivity was determined in toluene
scintillator in the presence of Cab-O-Sil (the product of Cabot Corporation, Boston).

III. Results and discussion

Thin-layer radiochromatograms of the products obtained under standard
incubation condition are shown in Fig. I. When [methyl-14C] methionine was used
as a radioactive substrate, a strong signal of radioactivity was observed at a spot
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Fig. II. Time course of the formation of anhydrosepedonin. The incubation condition
and the treatment of the products are descried in the text.. On each experiment, the
spot which corresponds to anhydrosepedonin was scraped into a counting vial and its
radioactivity was determined in toluene scintillator in the presence of Cab-O-Sil.
o—e [methyl-14C] methionine was used as radioactive substrate. o—o [2-14C] acetyl-
CoA was used as radioactive substrate.

of anhydrosepedonin. When [2-14C] acetyl-CoA was used as a radioactive sub-
strate, in addition to a very strong signal which corresponds to a spot of fatty
acids some other signals appeared, and one of them coincided with the spot ob-
tained in the case of radioactive methionine incorporation. In order to confirm
that this spot is that of anhydrosepedonin, the spots of the products obtained
by fifty runs of incubation with [2-14C] acetyl-CoA were collected and extracted
with methanol. The extract was mixed with 50 mg of pure non-radioactive
anhydrosepedonin and recrystallized from methanol four times to give a product
with constant specific radioactivity (1,700 cpm/mg). The time course of the
formation of anhydrosepedonin is shown in Fig. II.

The supernatant of the enzyme preparation at 100,000 g centrifugation was
less active than that at 20,000 g. The enzyme solution lost 90%, of its activity
on storage at 4°C for 24 hr, therefore, the freshly prepared solution was used on
each experiment. NADH, NADPH or NADP+ worked as a cofactor, among which
NADP+ was proved to be most effective (Table I). It was reported that in the
presence of NADP+ the activity of fatty acid synthetase was(suppressed and a
small amount of 4-hydroxy-6-methyl-2-pyrone was formed in place of fatty acids
(1518), In our case, the substrates may have been more incorporated into seped-
onin, presumably owing to the suppression of fatty acid synthesis by addition of

(15) D.J.H. Brock and K. Bloch, Biochem. Biophys. Res. Commun., 23 (1966), 775.
(16) J.D. Brodie, G. Wasson and J.W. Porter, J. Biol. Chem., 239 (1964), 1346.
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TaBLE I. COFACTORS AND INHIBITOR [Methyl-*4C] methionine was used as
radioactive substrate. The experimental conditions and the treatment of the
products are the same as the standard, except for the composition
of the reaction mixture.

Reaction system Yield of anhydrosepedonin (cpm)
Complete system 1,884
-NADH 693
-NADH +4NADPH (1 umole) 1, 646
-NADH +NADP+ (1 umole) 2,974
+ICH,CONH, (1 pmole) 264

TapLe II. MISCELLANEOUS EFFECTS [Methyl-'“C] methionine was
used as a radioactive substrate.

Yield of anhydrosepedonin (cpm)

Effect of O,
Control 1,653
0O, (blowed on the surface) 1,721
N, (bubbled) 813
Effect of B,, and ethionine
Complete system 1,616
+ By, (0.5 umole) 3, 562
-+ By, (0.5 umole) 4 NaCN (1 umole) 1,994
+ ethionine (1 pmole) 243

NADP+. Todoacetamide worked as an inhibitor, implying participation of SH
enzyme (s) in the biosynthesis.

The effect of nitrogen bubbling through the incubation solution was serious
and the tropolone formation was nearly a half of the control. This fact might
suggest that O, in the atmosphere is used as oxygen atom of the carbonyl group at
C-1 position of sepedonin, although the exact demonstration must await the experi-
ment with ¥0,. Vitamin B,, enhanced the biosynthetic activity of the enzyme
and its effect was lost by addition of NaCN. This result suggests that the forma-
tion of the seven-membered ring would occur through a rearrangement reaction
in a manner similar to the isomerization of methylmalonate to succinate@?) as
Bentley®) and Tanenbaum® stated previously. Ethionine showed an inhibitory
effect against the enzyme in coincidence with the result of the experiment with
intact cell@%20).  (Table II)

In order to confirm that pyrone derivatives such as 4-hydroxy-6-methyl-2-
pyrone and 6-acetonyl-4-hydroxy-2-pyrone are not intermediates of the formation
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of the tropolone(5,18,19,21) in the cell-free system, experiments were carried out with
incubation mixtures of the control which contained [methyl-'¢C} methionine but
not acetyl- and malonyl- CoA’s and of the test with pyrone derivatives. No
significant amount of tropolones were formed in both runs of incubation, thus
suggesting that these pyrone derivatives were not utilized as the direct precursor of
the tropolone.
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