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BIOSYNTHESIS OF PATULIN;
IN VITRO CONVERSION OF GENTISYI. ALCOHOL INTO PATULIN
BY MICROSOMAL ENZYME(S) AND RETENTION OF ONE OF THE
CARBINOL PROTONS IN THIS REACTION
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The late stage of patulin biosynthesis was studied using cell-
free preparations of Penicillium patulum NRRL 2159A. The substrate

for the ring cleavage reaction was established to be gentisyl
alcohol, which was converted into patulin by a microsomal enzyme(s).
Incubation of [1'—14C,3H2]—gentisyl alcohol with the microsomal
preparation revealed that one of the carbinol protons of this
substrate is retained in patulin. This answers the long~standing
question why the side chain protons of aromatic intermediates are not
incorporated into patulin in feeding experiments.
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Patulin 1is one of the most commonly occurring mycotoxins produced by a
number of Penicillia and Aspergilli. Its biosynthesis has attracted considerable
interest among many workers.l) Some of the enzymes involved in the patulin
biosynthesis have been studied extensively,2'3) and gentisaldehyde has been
regarded as the last aromatic intermediate leading to patulin (Fig. 1l). Scott et
al. reported the in vitro conversion of gentisaldehyde to patulin by a soluble
cell-free preparation of P. patulum in the presence of NADPH and ATP. They
suggested a dioxygenase mechanism for the ring cleavage reaction.3)

Meanwhile we conducted feeding experiments using 1802 and [1—13C,1802]~
acetate as tracers and found that a monooxygenase rather than a dioxygenase is
involved in the ring cleavage of the aromatic intermediate.4) This led us to re-
examine the in vitro formation of patulin with cell-free systems employing
gentisaldehyde and gentisyl alcohol as alternate substrates, since most
monooxygenases in eukaryotic organisms are found in the particulate fractions.s)
P. patulum NRRL 2159A was shake-cultured for 50 h at 28° C in Czapek-Dox
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Fig.l. Biosynthetic Scheme of Patulin

Figures indicate references where corresponding enzymes are described.

medium as described.?) Fresh mycelia were homogenized in 50 mM potassium phosphate
buffer (pH 7.5), containing 4 mM MgCl, and 2 mM ascorbate using a Waring blender.
After low-speed centrifugation (10,000 g for 20 min), the crude cell-free extract
was separated into soluble and particulate protein fractions by centrifugation at
100,000 g for 60 min. Both fractions were further centrifuged at 100,000 g for 60
min to avoid mutual contamination.

%) or [ring—3H]—gentisy1 alcohol7)(l.5 uM;

[ring~3H]-Gentisaldehyde
4.2 x 104 dpm) was incubated with enzyme preparations (soluble protein, 0.2 mg or
microsomal protein, 3 mg) in the presence of dimethylpteridine (13 uM), ao-
ketoglutarate (300 uM) and NADPH (400 uM) at 30°C for 3 h. Non-labeled patulin (20
ug) was added to each reaction mixture and extracted with AcCOEt after
acidification with N~HCl. An aliquot of this extract was subjected to gpLc8) ana
the radiocactivity in the patulin peak was determined by a liquid scintillation
counter. Patulin was formed only when gentisyl alcohol was incubated with the
microsomal fraction. In order to verify the formation of patulin, the rest of the
AcOEt extract was purified by preparative rLc.?) To this, carrier patulin (100 mg)
was added and the product was recrystallized from CHC13 to give a constant
specific activity (conversion ratio, 0.27%). Thus the substrate for ring cleavage
was determined to be gentisyl alcohol rather than gentisaldeh}de. The former
substrate was converted into patulin by microsomal enzyme(s).

A most interesting question remained unsolved in the patulin biosynthesis:
Why in feeding experiments are the side chain protons of aromatic precursors such
as m-hydroxybenzyl alcohol, gentisyl alcohol and gentisaldehyde not incorporated
into the corresponding patulin hemiacetal proton at C-1 ?4'10) To answer this
question the behavior of the carbinol protons of gentisyl alcohol was investigated
using [l‘—l4C,3H2]-gentisyl alcohol as a substrate.
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(1 -14c,3u,)1-Gentisyl alcohoill)(1.8 umol, 3H; 1.00 x 107dpm, l4c; 6.0 x
105dpm,3ﬂ/14c=16.7) was incubated with microsomal protein (5.6 mg) at 30°C for 2
"h, and worked up as described above. Then carrier patulin (100 mg) was added to
the product. Even after repeated recrystallization this patulin sample retained
about half of the 5H relative to l4¢ (38/14C=8.5. conversion ratio based on 14C,
0.03%). The same substrate (30 mg) incubated with washed mycelia (2.5 g, fr. wt.)
at 30°C for 12 h yielded patulin devoid of 3u (conversion ratio based on 14C,
7.7%).

This clearly demonstrates that the loss of both carbinol protons of gentisyl
alcohol is not a mechanistic requirement for the conversion into patulin. The loss
can be attributed to the presence of gentisyl alcohol dehydrogenase, which is
reported to occur in the soluble protein fraction.3) Thus we can conclude that in
intact cells, gentisyl alcohol dehydrogenase, which is not on the direct route to
patulin, first exchanges one of prochiral carbinol protons by rapidly reversible
oxido-reduction between gentisyl alcohol and gentisaldehyde, and then a microsomal
enzyme(s) removes the other proton of opposite chirality in the course of
conversion into patulin, possibly via (-)phyllostine whose intermediacy is
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suggested by Gaucher et g;,lz)(Fig. 2).
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