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“Kombu” , Laminaria angustata (marine brown alga) is used as food by Japanese and some of
Asian people since ancient time for its flavor property, good taste and texture. It can produce
several kinds of volatile compounds such as aldehydes, ketones, alcohols and so on, and they are
believed to play essential roles for the flavor. Among them, aldehydes such as C9 and C6
aldehydes (nonenal and mhexanal) are the major and minor products, respectively. These
aldehydes can be formed enzymatically via lipoxygenase and fatty acid hydroperoxide lyase
pathways from linoleic acid and linolenic acid (C18 unsaturated fatty acids) in higher plants
whereas from arachidonic acid (C20 unsaturated fatty acid) in animals such as fish. In marine
algae, it has not been known precisely if they can produce these aldehydes enzymatically. This
study is intended to give an insight into the metabolic pathway of aldehyde formation this alga.

In chapter 2, composition of volatiles in homogenated fronds was analyzed by using
simultaneous distillation extraction (SDE) and solid phase micro extration (SPME). Among them,
C9 and C6 aldehydes (nonenal, nonadienal and hexenal, hexanal) are found to be the major and
minor products, respectively. After incubation of homogenated fronds, their amounts increased,
suggesting that the enzymatic reaction is involved in their formations. The substrate specificities
of the C6 and C9 aldehyde forming pathways were demonstrated by determining the amounts of
these aldehydes from of linoleic acid or arachidonic acid. The suitable unsaturated fatty acid as a
substrate for C9 aldehyde formation was arachidonic acid while C6 aldehyde could be formed
from either linoleic acid or arachidonic acid. Unsaturated fatty acids may be oxygenated by
lipoxygenase to from their hydroperoxides, then, they are cleaved to aldehydes by fatty acid
hydroperoxide lyase in this alga.

In chapter 3, linoleic acid was used to investigate the metabolic pathway. With the reaction of



crude enzyme and linoleic acid, the increase of n-hexanal but not of nonenal could be observed.
This indicated that 13 hydroperoxy linoleic acid was formed as an intermediate. In order to clarfy
this hypothesis, the couple reaction of glutathione peroxidase with the reaction of crude enzyme
from homogenated fronds and linoleic acid was performed. In the couple reaction, Glutathione
peroxidase would reduce hydroperoxides which were released from reaction of the algal enzyme to
their corresponding hydroxides. After that, hydroxy isomers were purified and the structures and
stereochemistries were elucidated as for 13(Shydroperoxy linoleic acid (> 99% e.) and
9(RAhydroperoxy linoleic acid (> 30% e.e ). The ratio of 13 to 9 isomer of hydroperoxy linoleic acid
was 88 to 12. It was proved that hydroperoxy linoleic acid isomer was formed as the intermediate.
In addition, product specificity of algal lipoxygenase(s) to form 13 hydroperoxy isomer was shown
to be higher than that for 9 hydroperoxy isomer. Partially purified enzyme was used to establish
the substrate specificity of fatty acid hydroperoxide lyase (HPL) in the alga. Among
hydroperoxides of linolenic acid, linoleic acid and arachidonic acid, 15(.5 hydroperoxy arachidonic
acid was shown to be the effective substrate for m-hexanal formation as well. When partially
purified enzyme was incubated with 13 (.9 hydroperoxy linoleic acid, the increase of mhexanal
formation was found. This suggested m-hexanal formation from linoleic acid was accomplished
through formation of 13 (S) hydroperoxy linoleic acid. By surveying various species of marine
algae including Phaeophyta, Rhodophyta and Chlorophyta it was shown that almost all the
marine algae have 13 HPL activity. Thus, a wide distribution of the enzyme was expected.

From chapter 2, it was expected that arachidonic acid can be converted into, both C6 and C9
aldehydes, thus, in chapter 4 the author assumed that C6 and C9 aldehydes were formed from
arachidonic acid via formation of 12-and 15-hydroperoxy arachidonic acids by lipoxygenase/fatty
acid hydroperoxide lyase. By adding glutathione peroxidase to the reaction mixture of crude
enzyme with arachidonic acid, the decrease of C6 and C9 formation and the concomitant increase
of the hydroperoxides were found. This suggested that the hydroperoxy arachidonic acids were
the intermediates of the pathway. Their chemical structures were analyzed by a reversed phase
HPLC and by GC/GC-MS. Stereochemistries of hydroperoxy arachidonic acids were identified to
be 12 (S hydroperoxyeicosatetraenoic acid and 15(9hydroperoxyeicosatetraenoic acid with > 99%
e.e.

In conclusion, the metabolic pathways to from mhexanal and (£)-2-and (2)-3-nonenal in

“Kombu” were revealed to start from linoleic acid and arahidonic acid, respectively, like higher
plants and animals through lipoxygenase/fatty acid hydroperoxide lyase system with specific

positional and enantiomeric selectivity. This has been proposed in a figure as follows.
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