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In vitro assays of enzymes involved in the biosynthesis of maleidrides from polyketides in fungi were

performed. The results show that the enzymes are closely related to primary metabolism enzymes of the

Received 17th March 2021
Accepted 15th Apri 2021

citric acid cycle in terms of stereochemical preferences, but with an expanded substrate selectivity. A key

citrate synthase can react both saturated and unsaturated acyl CoA substrates to give solely ant/

DOI: 10.1039/d1ra02118d

substituted citrates. This undergoes anti-dehydration to afford an unsaturated precursor which is

rsc.li/rsc-advances cyclised in vitro by ketosteroid-isomerase-like enzymes to give byssochlamic acid.

Introduction

Alkyl citrates are a class of fungal secondary metabolites derived
from a polyketide or fatty acid component and oxaloacetic acid.
They include relatively simple monomeric compounds suchas 1
and 2, piliformic acid 3, oryzines A and B 4-5,* sporothriolide
6," CJ-13,981 7 (ref. 4 and 5) and hexylitaconic acids® known
from Aspergillus niger (Fig. 1). More complex examples include
compounds such as viridiofungin A 8 (ref. 7) and squalestatin
S1 9 (ref. 8 and *) which are potent inhibitors of squalene syn-
thase. In many cases dehydration of the alkyl citrate affords
a maleic anhydride as observed in 1 and 2, and dimerisation of
these monomers leads to the formation of compounds with
large alicyclic rings known as heptadrides, octadrides and
nonadrides.*® Collectively such compounds are known as mal-
eidrides." These include agnestadride A 10, zopfiellein 11 (ref.
12 and 13) byssochlamic acid 12 (ref. 14) and the selective
herbicide cornexistin 13.'*'* These types of compounds are
wide-spread in fungi (Fig. 1).*”

To-date the main evidence for the biochemical reactions
involved in the biosynthesis of alkyl citrates and maleidrides
has come indirectly from in vivo genetic knockout or heterolo-
gous expression experiments. Thus, in the case of byssochlamic
acid 12, for example, we showed that co-expression in the host
Aspergillus oryzae of genes encoding: a fungal highly-reducing
polyketide synthase (hr-PKS); an afi-hydrolase; a citrate
synthase-like protein (CS); and a homolog of 2-methylcitrate
dehydratase (2MCDH) results in production of 1 and 2. Like-
wise, Oikawa and coworkers expressed homologous genes from
the phomoidride BGC from unidentified fungus ATCC 74256
and related genes from Talaromyces stipitatus and showed
production of anhydride monomers related to 1 and 2."

OCl, BMWZ, Leibniz University of Hannover, Schneiderbery 38, 30167, Hannover,
Germany. E-mail: russell. coxi@ocl uni-hannover.de

t Electronic  supplementary  information  (ESI}) available. See DOL
10.1039/d1ra02118d

14922 | RSC Adv, 2021, N, 14922-1493]

These experiments suggest a series of events in which a pol-
yketide synthase produces a linear acyl group attached to its acyl
carrier protein (ACP) 14. This must be released (e.g. 15) and
reacted with oxaloacetate to form a vinyl citrate 16 by the citrate
synthase enzyme (Scheme 1). Dehydration by the 2MCDH
enzyme would then provide the observed substituted maleic
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Fig. 1 Structures mentioned in the text. Bold bonds indicate atoms
derived from oxaloacetate.
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¥ Financial Support During the Transition

Publishers Libraries
¥ Only Start New Open Access Journals ¥ Keep Pushing the Publishers
¥ Flip More Journals - there is little to lose and much to gain Militant Action Where Needed !
¥ More Deals with Funders and Libraries ¥ Simplify and Publicise the OA Payment Options
\ Y
person®

Open Access in Chemistry - A Scientist’s View
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Thanks sJanna Neumann, LU - Hannover
3 Agnieszka Wenninger, FU Berlin
3 Cox Group and Funders
3 Royal Society of Chemistry
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