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Lipids and Prostaglandins
in the Red Alga Gracilaria vermiculophylla
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Gracilaria vermiculophylla, an agar-producing red alga, has been reported to
contain eicosanoid compounds, such as prostaglandins (Fusetani & Hashimoto, 1984;
Noguchi et al., 1994; Nakajima et al., 1998; Imbs et al., 2001), which are essential
substances for humans. However, in 1994, human intoxications by eating raw G.
verrucosa including eight victims with three deaths were reported in Japan, where PGE;
is suspected as the causative substances (Fusetani and Hashimoto, 1984; Noguchi et al.,
1994). The major eicosanoids detected in this alga are PGE,, and 15-keto-PGE;
(Fusetani & Hashimoto, 1984; Noguchi et al., 1994; Nakajima et al., 1998; Imbs et al.,
2001). In biosynthesis of prostaglandins, 20:4n-6 plays a precursor role as substrate
(Nakajima et al., 1998). However, the detailed mechanism of prostaglandin synthesis in
the alga is not known. Therefore, the aim of this study is to éharacterize the composition
of lipids and prostaglandins in G. vermiculophylla in order to describe the mechanism of

prostaglandin synthesis.

Free fatty acid levels and galactolipase activity

Production of free fatty acids (FFA) including 20:4n-6 as a substrate for
prostaglandin synthesis in G vermiculophylla was studied by storing the alga at different
conditions (fresh, stored at 20 °C, frozen for 7 days and thawihg for 5 h, freeze-dried by
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liquid nitrogen and boiled for 30 min). Highest amounts of FFA were found in the frozen and
thawed sample (26.5% of total lipids), followed by the sample stored at 20 °C (18.0%),
frozen sample (15.5%), freeze-dried sample (5.2%), but very low amounts of FFA were
detected in the fresh and boiled samples (1.3 and 1.1%). The FFAs were isolated by
preparative TLC with hexane-diethyl ether-acetic acid (80:20:1, v/v/v) and analyzed by gas
chromatography. The major FFA components in all samples were palmitic acid (16:0;

18-40% of total fatty acids) and arachidonic acid (20:4n-6; 23-43%).
Purification and characterization of glycerolipid acyl-hydrolase

For confirmation of FFAs released from membrane lipids, a study on glycerolipid
acyl-hydrolase (galactolipase), an enzyme responsible‘for glycoglycerolipid hydrolysis, was
conducted. The results showed that the galactolipase activity was higher toward
monogalactocyldiacylglycerol (MGDG), the major membrane lipid and phophatidylcholine
(PC). Both of the membrane lipids are rich in 20:4n-6. The glyéerolipid acyl-hydrolase was
purified (18.9 fold) by sequential column chromatographies and characterized. SDS-PAGE
showed a single band at molecular mass of about 20 kDa, which indicated the high purity of
the enzyme. The molecular mass of the enzyme was also determined by FPLC. The
estimated molecular mass of the enzyme was found to be about 40 kDa. These observations
demonstrated that the glycerolipid acyl-hydrolase from G vermiculophylla is likely to be
a homodimer of a 20 kDa subunit. Optimum temperature and pH for the enzyme were 37 °C
and 8.0, respectively. The purified enzyme also hydrolyzed both glycoglycerolipids and

~

phospholipids. The enzyme was considered to be responsible for releasing arachidonic acid,

a substrate in prostaglandin synthesis.

Prostaglandin contents

Five types of prostaglandins, PGE3, PGF,, PGE,, 15-keto-PGE;, PGA, and a
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prostaglandin intermediate, 15-hydroperoxy-PGE; from G vermiculophylla samples treated
differently were identified by LC-MS and quantified by ODS-HPLC. The major
prostaglandins detected were PGE, and 15-keto-PGE,. The highest amounts of PGE; and
15-keto-PGE, were obtained from frozen-thawed samples (109.9 and 97.2 pg/g wet weight,
respectively). The lowest amounts of both prostaglandins were found in boiled sample (5.2

and 4.5 pg/g wet weight, respectively).
Mechanism of prostaglandin synthesis

For elucidation of the mechanism of prostaglandin production in this alga, the acetone
powder (as a crude enzyme) prepared from the alga was incubated with arachidonic acid
sodium salt for 1 h at 20 °C under anaerobic conditions. With the incubation under anaerobic
conditions, the production of PGE; and 15-keto-PGE; was declined along with a low aﬁount
of 15-hydroperoxy-PGE;. Similar results were obtained when incubated in the presence of
56 mM and 10.1 mM of aspirin, thus indicating that cyclooxygenase, an enzyme
responsible for synthesis of prostaglandins in mammals, is involved in the prostaglandin
synthesis in this alga. Further confirmation for the conversion of 15-hydroperoxy-PGE; into
PGE, was conducted. The hydroperoxy-PGE, was reduced using mild and strong
reductants, SnCl, and NaBH,, respectively. The 15-hydroperoxy-PGE, was converted to
PGE;, under mild reducing conditions, whereas the 15-hydroperoxy-PGE, was converted to
PGE;, and PGF,, under strong reducing conditions These results suggest that the biosynthetic
pathway of prostaglandins in the alga might be similar to that of mammals. The proposed

pathway of prostaglandin sythesis is summarized in the figure below.
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Fig. 1. Proposed pathway of prostaglandin synthesis in the red alga G vermiculophylia.
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Lipids and Prostaglandins
in the Red Alga Gracilaria vermiculophylla
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