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Abstract—The resulis of experiments in which seedlings of Zea mays were grown in the light in an atmosphere
enriched with oxygen-18 indicate that the hydroxyl and methoxyl oxygen atoms in ferulic acid are derived from

molecular oxygen.

INTRODUCTION

Ferulic acid (4-hydroxy-3-methoxycinnamic acid} is a
phenolic widely distributed in plants [1], which appears
to have more than one role in metabolism. It has been
identified as a constituent of suberin and cutin [2].
Chloroplasts have been shown to catalyze a light-
sensitized oxidation of ferulic acid to an acid dimer [3]
and the possible role of these dimers as links in ccll wall
structure has been discussed [4]. Ferulic acid has been
reported to synergize IAA-induced growth by counter-
acting IAA decarboxylation [5], and to inhibit the
activity of IAA oxidase [6, 7]. Ferulic acid can also
serve as a substrate for isoperoxidases [8]. Evidence
has also been presented that ferulic acid is an inter-
mediate in the biosynthesis of coumarins and phenyl-
propanoid moieties of flavonoids and lignins{9-11].

No definitive experiments concerning the source of
oxygen atoms for the hydroxylation reactions have been
_ reported. This paper is concerned with the demonstration
that the hydroxyl and methoxyl oxygen atoms in ferulic
acid synthesized by green Zea mays are derived from
molecular oxygen.

RESULTS AND DISCUSSION

In preliminary experiments, ferulic acid was isolated
from green Z. mays grown in an atmosphere containing
the natural abundance of oxygen-18. The identity of the
isolated compound was confirmed by TLC and MS
comparisons with that of authentic material.

Ferulic acid isolated from the shoot-root axes of green
Z. mays grown in an atmosphere enriched with 10.6 at. %
oxygen-18 was analyzed by mass spectrometry. The MS
analysis of the average of 11 scans, when corrected for
natural abundance isotopes, indicated that the carboxyl
oxygen atoms in ferulic acid were not labelled and that
the phenolic oxygen atoms were labelled to the extent of
9.3 + 0.6 at. %. The incorporation of 130 atoms into the
molecule was apparent by comparison of the labelled
and unlabelled mass spectra. The presence of oxygen-18
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in the phenolic oxygen atoms only was confirmed by
comparing the abundance of ‘20 in the molecular ion
region (mfe 194, 196) with that in the M — COJ) ion
region (mfe 150, 152). Absolute isotopic incorporation
determinations were made by averaging four mass
spectra and subtracting background noise. Atom per cent
enrichment was calculated by standard methods [12].

These results suggest that the phenolic oxygen atoms
of ferulic acid are derived from molecular oxygen and
support the previously reported findings for the role of
oxygen fixation in the biosynthesis of caffeic acid [13]
and p-coumaric acid [14). The small discrepancy in the
labelling of phenolic oxygen atoms in ferulic acid and
atmospheric oxygen (9.3 + 1.0 at. % vs 10.6 at. %) is very
close to the limits of experimental error, and may be due
to preformed ferulic acid in the tissue, or to an '20
isotope effect, or to dilution of the oxygen-18 enrichment
of the atmosphere by photosynthetic evolution of '*0O,
of natural abundance.

To exclude the possibility that the observed enrich-
ment in ferulic acid was an indirect effect caused by the
reduction of 10, to H,O during respiration followed by
subsequent incorporation of H,'®O into ferulic acid,
tissue water samples were recovered in successive frac-
tions by lyophilization of Z. mays seedlings grown in an
atmosphere enriched with 10.6 at. %, oxygen-18, and were
analyzed by mass spectrometry. These data have been
reported [14]; the enrichment values are very small,
between 0.0 and 0.2 at. % excess +0.1 at. %. Therefore, it
can be concluded that the hydroxyl and methoxyl oxygen
atoms in ferulic acid are derived exclusively from
molecular oxygen.

EXPERIMENTAL

Maize grains (Zea mays L., W9 x 38-11, fertile version) were
grown in a sealed 1000 cc flask in a room lighted during daylight
hours and seedlings were harvested at 7.5 days. Details of the
conditions of plant growth in an atmosphere enriched with
10.6 at.%, oxygen-18, harvesting of tissues, removal of tissue
water from shoot-root axes and cotyledons, and MS have been
described [14]. Only the shoot-root tissue was used for the isola-
tion of ferulic acid from seedlings grown in an oxygen-18 atm,
because prehminary investigation showed that cotyledonary
tissue contained relatively large quantities of ferulic acid on the
first day of germination. Although ferulic acid was found to be
present in both the EtOH-soluble and EtOH-insoluble fractions
[14], only the EtOH-insoluble fraction was recovered when
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plants were grown in an oxygen-18 atmosphere. The isolation of
ferulic acid from plant tissues and 1its purification for MS were
performed in a manner similar to that described for p-coumaric
acid [14].
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