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Evidence for an Octanoate Synthase Operating During the
Rincvnthacic of Piliformic Acid in Poronia Piliformic
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Abstract: Sodium [1-13C]-ocwma!e is incorporated intact into the Cg unit of piliformic acid 1 in
Poronia piliformis whereas sodium [3-13C]-decanoate 2 is incorporated into this unit only after prior B-
oxidation to [1-13C]-acetyl-C0A. Also 8-fluorooctanaote 3 is utilised by P. piliformis as an intact unit
to generate S-fluoropiliformic acid § whereas 10-fluorodecanoate 4 is noi. These resulls suggest that
octanoate is biosynthesised de novo for secondary metabolism and is not assimilated from higher fatty
acids by B-oxidation. © 1998 Elsevier Science Ltd. All rights reserved.

D
Cq unit ‘07~ 1D [PHg-acetate
HOC_~ : HO,Cu_~ — b FHd
e >x.D D »p L
E=—— _M\/k B P. pififormis
HO HO )
(o] CB unit 10() 8 5 7 o \ OW
piliformic acid 1 1 o)
. 130 14_1301_ antanantn
l 1 \IJ W LA I GRS
Scheme 1

Piliformic acid 1 has been isolated! as a secondary metabolite in several closely related fungi of the
xylariaceous genera. These include Hypoxylon deustum, the slow growing dung fungus Poronia piliformis
and four Xylaria strains, X. polymorpha, X. longipes, X. mali and X. hypoxylon. A recent biosynthetic
investigation? in both P. piliformis and X. mali has shown that piliformic acid 1 is constructed from a C3 unit,

derived from the citric acid cycle intermediate oxaloacetate, and from a Cg octanoic acid moiety as shown in
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enrichment at C-10. Additionally the stereochemical configuration of the resultant deuterium atoms at C-5
and C-7 after incorporation of sodium {2H3]-acetate, was consistent with the operation of an enoyi reductase
from a fungal fatty acid synthase (FAS), rather than that from a polyketide synthase (PKS)2. This study
therefore established the operation of a fungal FAS and not a PKS operating during piliformic acid
biosynthesis. This FAS may have a sole function in delivering octanoate for piliformic acid biosynthesis.
Alternatively octanoate may derive from the B-oxidation of the higher fatty acids synthesised by a FAS of
primary metabolism. In an effort to delineate these two possibilities we now report an investigation into the
incorporation of sodium [3-13C]-decanoate 2 into piliformic acid. Decanoate is an intermediate in the B-
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oxidation of saturated fatty acids and oleic acid3 and should be vulnerable to further B-oxidation and generate
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support the latter hypothesis where the catabolism of primary metabolites is routed to secondary metabolism.
On the other hand if there is a dedicated octanoyl-FAS linked to piliformic acid biosynthesis, then isotope
from sodium [3-13C]-decan0ate will be located in an alternating pattern (at C4, C6, C8 & C10), after

degradation of the labelled substrate by B-oxidation and then incorporation de novo from [1- 13(‘1 acetyl-CoA.
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Scheme 2 i, LiAlHg4, Et20, reflux, 1h, 92%:; ii, aqg HBr, 47%, H2SO04, reflux,

6h, 83%; iii, NaOEt, EtOH, diethyl malonate, reflux, 4h, 62%; iv,
H70, KOH, EtOH, reflux, 4h, then HCI, 85%:; v, 160°C, 1h, 56%.

A synthetic route to [3-13C]-decanoic acid 24 was developed and is illustrated in Scheme 2. The isotopically
labeiied material was administered as the sodium salt of 2, to the medium of a freshly inoculated cuiture of P.
piliformis and after 6 weeks piliformic acid 1 was isolated as previously describedl. The resultant 13C-NMR
indicated that the incorporation was low (~1%) and the labelling pattern, which is shown in Scheme 3, is
consistent with the B-oxidation of [3-13C]-decanoate to [1-13CJ-acetyl-CoA, and then incorporation into
piliformic acid 1. There was no evidence for a unique enrichment at C-10, the carboxylate group which
would have become labelled if [1-13C]-octanoate had been assimilated after one B-oxidation cycle.
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Arbon | 5 | % Incorp. | ©3T00" | 50 | % Incorp. 8¢ | % Incorp.
No No No

1 179.6 0.24 5 288 n.d. 9 139 -0.02
2 375 -0.02 6 28.0 225 10 171.5 1.02
3 1311 -0.22 7 315 0.49 11 1542 0
4 147.3 1.53 8 224 1.44 - - -

Table 1  Incorporation datad from 2 determined after 13C NMR analysis of the resultant piliformic acid 1.
In two further experiments we have studied the incorporation of sodium 8-fluorooctanoate 36 and 10-
fluorodecanoate 46 into piliformic acid 1 as shown in Scheme 4. Fluorine at the terminus of the aliphatic

chain is not expected to perturb the size or liponhilicity of the molecule and can be used in this case as an
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alternative to isotopic labelling. In each case the piliformic acid produced was isolated, treated with
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{1-13CJ-octanoate (5.5%) in the previous study?. GC-MS analysis provided further support for the presence
of the dimethyl ester of 5. The sample was applied via splitless injection and a small peak (~4%) eluted,
overlapping the front edge of the dominant dimethyl piliformate peak, with the expected ion at 260 (1.35%,
M+) and diagnostic fragment ions at 229 (100%, - OMe) and 201 (2.3%, - CO;Me).

HO,C. ” .
. P. piliformis 2 P. piliformis
[N N P S ) ) " O i )
I F o Ho " XN b Y TN NN
o 0
4% Incorporation 5 ~
8-fluorooctanoate 3 10-fiuorodecanoate 4

Scheme 4
The result indicates that P. piliformis can utilise octanoate and 8-fluorooctanoate 3 to a similar extent. On the
other hand, there was no evidence for the incorporation of fluorine from 10-fluorodecanoate 4. This
observation is consistent with that for the sodium [3-13C]-decanoate experiment and reinforces the conclusion
that octanoate generated during P-oxidation, is not released for piliformic acid 1 biosynthesis, but is
channelled towards further B-oxidation to acetyl-CoA.
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Short chain fatty acids are involved in the biosynthesis of other fungal metabolites. For exampie hexanoate 6
is the starter unit’ for the assembly of norsolorinic acid 8, an early intermediate in afiatoxin biosynthesis in
Aspergillus parasiticus as illustrated in Scheme 5. The biochemical and genetic evidence3. in that system
suggest that there is a FAS which assembles the hexanoate unit from acetate/malonate and a separate PKS
which then utilises the hexanoate as a starter unit for anthraquinone biosynthesis. The FAS must physically
associate with the PKS before each is functional, therefore this FAS has a unique function in secondary
metabolism. The stereochemical incorporation of deuterium from 12 H3] -acetate into the hexanoate starter of 6

iliformic acid 1 (Scheme 1), and more generally into

is the same!0 as that found? into the octanoate unit of p (Sch
fungal FAS's, but not PKS's211. 6-Fluorohexanoate 7 is also euzczemly utilised by the PKS12 1o generate the

fluorinated analogue 9 of norsolorinic acid 8, in a process similar to that found here for 8-fluorooctanoate 3 to
generate 9-fluoropiliformic acid 5. Thus these two systems display some common characteristics.
Piliformic acid 1 is a member of a much larger class of fungal and lichen metabolites? which combine
both short and long chain fatty acids with a C3/C4 unit from the citric acid cycle. Avenaciolide 1013 from
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Aspergillus avenaceus and caperatic acid 1114 serve as illustrative examples. These observations on
piliformic acid, following from those on norsolorinic acid 8 reviewed above, suggest that more generally

fungi do not rely on the delivery of short chain fatty acids from primary metabolism but instead posess short

FAS's of secondary metabolism which have evolved to construct these units to order.
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In a contrasting study!> in the bacterium Streptomyces cellulosae the polyene antibiotic fungichromin 12
incorporates an octanoate unit which was shown to derive from the B-oxidation of oleic acid as shown in

cheme 6. Therefore, from the limited evidence to date, eucaryotic and proca

present in secondary metabolites seem to derive from dedicated FAS's
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may originate in the higher degree of compartmentalisation in fungi. Whether tn constituent long
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acids of other fungal metabolites eg. 11 and those which incorporate oleate2-16, are derived from primary

metabolism or from a dedicated FAS remains an intriguing question.
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