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The Sterol Components of Undaria pinnatifida and
the Incorporation of “C-1-acetate into Them
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Introduction

Most Japanesz species of Rhodophyta % contain
primarily cholesterol, though some species contain
large amounts of desmosterol V) or 22-dehyd-
rocholesterol 2, while Rhodophyta 3 from British
waters contain sitosterol. These and many other
questions concerning the occurrence and iden~
tity of sterols in algae have bzen resolved in
recent years by a reexamination of the species
using recently developed methods of analysis
such as gas and thinlayer chromatography and
mass spectroscopy.

Carter ¢t al.4 reported the dominant sterol in
the brown algae was fucosterol. According to
Patterson %, most Phaeophyta contain traces of
cholesterol and biosynthetic precursors of fuco-
sterol, and he ® also reported that the sterols
from two species of Laminaria collected from

the coast of Maine, U.S. A., were composed of

fucosterol, 24-methylene cholesterol, cholesterol,
saringostero! and demosterol.

By Teshima at . “C-labelled 22-dehydro-
cholesterol and cholesterol were proved to be
biosynthesized in the culture media contained
UC-l-acetate of Porphyridium cruentum, and
Katayama® reported that !4C-carotenoid could
be obtained by injection of !4C-2-mevalonate
in the stems of Codium intricatum, a green alga.

The present study is undertaken to know
whether 4C-l-acetate can be incorporated
into the lipid fractions and sterols of U. pinnat-
ifida, popularly eaten in Korea and Japan,and
to identify the companions of fucosterol and to
note whether or not their structures suggest
that they are biosynthetically related to fuco-
sterol as the companions of cholesterol in higher

animals were biosynthetically related to it.
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Materials and Metheds

14C-1-acetate administration: U. pinnatifida
were collected off Matsushima Bay, Miyagi
on January 25,1975. The

brown alga brought to the isotope laboratory,

Prefecture, Japan,

where all volatile and water-soluble “#C-com-
pounds metabolites from this alga were filtered,
had been cultured in three plastic baths (dimen-~
sion, 45X25%20 ¢m) for 7 days, in which sea
water was being aerated and circulating. After
120 hours from the injection of “4C-1-acetate (50
uci) into the stems of the brown alga (100 g, on
wet base), the total lipids were extracted by the
method of Bligh and Dyer?. The cold alga was
kept on culturing in other baths on the same
conditions.

Lipid classification by column chromato-~
graphy '9:Total lipids (81 mg) adsorbed on Silica
Gel (100g, Mallinckrodt, 80-100 mesh) activated

by various eluants, were eluted in different

fractions with solutions of petroleum ether(p.e.),

3% ether-p.e.,7%
259% ether-p.e.,

chloroform-methanol.

ether-p.e.,15% ether-p.e.,
ether, chloroform and 25%

Radioactivity detection and counting of
each lipid fraction: Small quantities of the hot
lipids‘ applied to TLC coated with Wakogel B-5
(Wako Pure Chemical Industries, Ltd., Osaka,
Japan) were developed in a solution of p.e.:
ether:acetic acid (80:20:1), and then the radio-
activity of each band on TLC, was checked
with a TLC scanner equipped with a radioacti-
vity counter. The specific radioactivity of each
lipid class scraped off TLC bands on a level of
10mg, was counted by a Packard's automatic
scintillation counter.

The sterol isolation: The lipids were saponi-
fied with a solution of 10% KOH in 90% et~
hanol for 30 minutes. Upon cooling, the solution
was diluted with distilled water, the unsaponi-
fiable matters were extracted with anhydrous
ether, and the ether phase was washed several

times with distilled water. The sterol fraction
was recrystallized with cold methanol sereval
times, and further purified by column chromato-
graphy, if contaminated with impurities.

Gas liquid chromatographic analysis of the
sterol acetates: The pure sterol fraction obta-
ined from cold sample was acetylated ') with a
solution of anhydrous acetic acid and pyridine
(1:1) in a refrigerator overnight. GLC appara-
tus used in this study was a dual column Hita-
chi Model GC-2C with a flame ionization detec-
tor. The coiled stainless(3 mmX2 m,i.d.) column
packed with 1.5% OV-17 and 1.5% SE-30 on
Chromosorb W was used, and the column ope-
rating temperature was 250°C. The sterol ident-
ification was conducted by comparing the relat-
ive retention time to cholesterol to those of
the authentic sterols and, in some cases, con-
firmed by IR, Mass spectra and NMR spectra.

The separation of the hot sterol acetates
on TLC!2%13): The hot sterol acetates on TLC
impregnated with 10% silver nitrate in the sol-
vent system, n-hexane : benzene 5:3,and the
bands were detected by spray of 0. 1% Rhodamine
6G-acetone, followed by irradiation of long wave
ultraviolet (365 um). Small quantities of sterol
carriers were added, if necessary. The radioacti-
vity counting was done as the same above-men-
tioned, and the specific radioactivities of the ste-
rols were carried out as follows;the sterol bands
encircled on TLC were collected to some extent,
respectively. Each sterol filtered from Silica Gel
and 15 ml of scintillator* were added in a vial.
The vials were kept in a dark place overnight.
Counting was conducted by a Packard’'s auto-
matic scintillation counter, and the radioactivity
was calculated on the channel ratio method.

Spectra analysis: Infrared absorption spectra
were conducted on KBr films, and mass spectra
were measured on Hitachi RMU-7, its operating
conditions were as follows:chamber voltage 80
eV, total emission 80#A, ion chamber tempera-
ture 160, vacuum 5X1077 mmHg. NMR spectra

* Solution of 4 ¢ PPO (2,5-diphenyloxazole) and 0.1 g POPO {1, 4-bis-2-(4-methyl-5- phenyloxa-

zolyl)-benzene} dissolved in 1 liter of toluene.
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were taken on 60Mc/s JNM-MH-60-11, CDCl;
and tetramethylsilane (TMS) were used as a

solvent and a standard shielding reagent, resp-

ectivelv.

Results

The lipid classes were composed of polar lipids,

67. 3%, chlorophyll, 18.8%; sterol, 3.8%; trigly-
ceride, 3.39%;
ester, 2.5% and hydrocarbon, -1. 6% ; respectively.

The lipid composition of U. pinnatifide examined

unknown pigment and sterol

is given in Table 1.

Table 1. Fractionation of lipid of U pinnatifida incorporated with “4C-1-acetate

Eluant Volume Fraction Wi %%
(ml) (mg)

1009 Petroleum ether (p.e) 200 Hydrocarbon 1.2 1.6
3% Ether:p e 200 Pigment & sterolester 1.8 2.5
7% Ether:p.e 300 Triglyceride 2.4 3.3
15% Ether:p.e 300 Fatty acid 1.6 2.2
25% Ether:p. e 300 Sterol 2.8 3.8

Ether 500 Chlorophyll 13.8 18.8
Chloroform 200
Chloroform:methanol (1:4) 800 Polar lipids 49.4 67.3

x 9 to total recovery weight.

Radioactivities of various lipid classes:
The radioactivities on the bands of polar lipids,
sterol, unknown (probably fatty alcohol), free
fatty acid, triglyceride, and hydrocarbon were
recorded on radiogram, but so didn’t on chloro-~
phyll band. The radiogram of each lipid class
separated on TLC is presented in Fig. 1.
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Fig. 1. A radiogram of the lipid classes from
U. pinnatifida incorporated with “C-1-
acetate.

In specific radioactivities of various lipid classes,

the highest specific radioactivity was counted in
22,481 dpm/mg, while the
lowest in the chlorophyll fraction, 373 dpm/mg

the sterol fraction,

as summarized in Table 2.

Table 2. Radioactivity distribution of
various lipid classes fractionated from
U. pinnalifida

Classes dpm/mg
Total lipids 4,648
Polar lipids 2,754
Chlorophyll 373
Sterol 22,481
Fatty acid 6,520
Sterol ester 786
Hydrocarbon 358

GLC of the sterol acetates: In GLC on 1.5
9% QV-17, the sterol mixture isolated from U.
pinnatifida was found to be composed of three
components as shown in Fig.2. The peaks 1,2
and 3 were identified by the relative retention
" times to cholesterol as cholesterol, 24-methylene
cholesterol and fucosterol respectively. Their
composition is listed in Table 3.
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Table 3. The sterol composition of U. pinnatifida

Rt Rrt Sterol %

(min.) (as methyl ester)
24.5 1.00 Cholesterol 3.5
32.8 1.34 24-Methylenecholesterol 11,2
42.1 1.72 Fucosterol 85.3

GLC condition: Column temperature 250 1.5% OV-17.

column length 357"
column temp. ; 250°C
1.5% Qv-17

Fig.2. The GLC chromatogram of the sterols
from U. pinnatifida.

The sterol acetates from U. pinnatifida were
separated into distinct three bands fluoresced in
long wave violet light. Each sterol acetate band
impregnated with 15% silver nitrate significant-
ly shows radioactivity. The scanning radiogram
of TLC is shown in Fig. 3, and
radioactivities of cholesterol, 24-methylenechol-

the specific

esterol and fucosterol were 115 dpm/mg, 147,821

dpm/mg, and 20, 887 dpm/mg, respectively(Table 4).

Table 4. Radioactivity distribution of the
sterols from U. pinnatifida

Sterol dpm/mg
Cholesterol 115
24-Methylenecholesterol 147,821
Fucosterol 20, 887

Mass and IR spectra of the sterol acetates
identification of cholesterol : The mass spe-
ctra of the peak | in Fig. 4—a,showed no mole-
cularion peak corresponding to cholesterol acetate
(428m/e), but the other peaks are interpreted as
follows; 368 (M+~CH,;COOH), 353(M*+—(CH,
COOH+CH,)J, 325(M*+—(CH,COOH+43)), 255

35
(miry)
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¢ :fucosteral  d: cholratero!

Fig. 3. Radiogram of the hot sterols from U.
pinnatifida.

(M+—(CH;COOH+R, R;side chain)],253{M+—
(CH;COCH+R+2H)],
the IR absorption spectra of the peak 1 is identi-

as shown in Fig. 5—a,

cal to those of standard cholesterol acetate.

Identification of 24-methylenecholesterol :
In case of the peak 2 on GLC,the mass spectra
gave prominent peaks at m/e380, 365,296,255 and
253. The peak at m/e 440 corresponding to that
of molecular ion(M*) of the sterol acetate was
not observed. As shown in Fig. 4—b, however,
a relatively high peak is seen at m/e 380 cor-
to one for the loss of acetic acid 4
The other peaks are
interpreted as ') follows; m/e 365[M+.—(CH,CO
OH-+CHy)J, 296[M+—(CH,;COOH+CH;+CeH,5)],

responding

from the molecular ion.
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Fig. 4. The Mass spectra of the steroid acetates from U. pinnatifida.
a: Peak 1 (Cholesterol acetate)
b: Peak 2 (24-methylenecholesterol acetate)

c: Peak 3 (Fucosterol acetate)

255[M+—(CH;COOH+-R, R; side chain)}, 253[M*
—(CH;COOH+R+-2H)], the ion peak 296
characteristiz in all the sterols included the side
chains with a double bond at C24—C28. On the
IR spectra, as shown in Fig. 5—b, the absorption
peaks at 885cm~' and 1640 cm™!, suggest the

is

presence of vinylidene (CH2=C<E) in the side
chain of the sterol.

Identification of fucosterol: The mass spac-
tra of the peak 3 gave strong peaks at m/e 394,
379,352,296, 281, 255 and 233 (Fig. 4—c). The

molecular jon peak being not seen, the parent

pzak shown at m/e 394 corresponds to that for
the loss of acetic acid from the molecular ion.
The other peaks are interpreted as follows; 379
(M+—(CH,COOH+CH,)], 352[(M+—(CH,COOH
+CH;CHy)], 296[M+—(CH,COOH+C;H,)], 281
(M (CH,COOH+CH;,+4-C;H, ), 255(M+— (CH,
COOH+R)]), 253(M*+— (CH;COOH+R+-2H)].
The IR spectra of the peak 3 resemble those of
fucosterol with peaks at 840cm~'and 800cm~* for
the 45 bond'®) (Fig. 5-—c), and have another peaks
at 825¢cm™ attributed to the out-of-plane bending
frequency of the hydrogen at C28,
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Fig.5. IR spectra of the sterol acetates from U. pinnatifide.
a-1: Cholesterol 4 cetate, 2: Peak 1 on GLC, b: Peak 2 on GLC, c: Peak 3 on GLC,
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Fig. 6. NMR spectra of the sterol acetates from U. pinnatifida. a: 24-methylenecholesterol
acetate, b: fucosterol acetate.
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NMR spectra of the sterol acetates: NMR
spectra of the sterol peak 2 on GLC gave a
singlet at 4.708 for the proton of methylene
radical at C24 (Fig.6—a). The chemical shift
1.598 (doublet, J=6.5 cps) of the sterol peak 3
on GLC indicated the ethylidene (=C—~CHj)
(Fig. 6—b).

The peaks 1,2 and 3 on GLC are identified as
cholesterol, 24—methylenecholesterol and fuco-
sterol, respectively.

Discussion

Vroman and Cohen!®) separated the acetates of
cholesterol and desmosterol on Silica Gel H
impregnated with silver nitrate, developing with
n-hexane: benzene 5:3, and Idler et af.?) com-~
pletely separated the sterol acetate mixture from
scallop on Silica Gel-HF254 and 366 impregnated
with silver nitrate. According to them, the sterol
mixture unseparable on a usual method could be
the double bond
numbers and the structure of sterol on 10%
AgNOQ, -HF356 TLC by slightly changing the

polarity of developing solvent and repeating de-

individually separated with

velopments.

In this study, simple sterol components of U.
pinnatifida were completely separated on TLC
impregnated with silver nitrate with higher Rfs.

It is of great interest that the sterol fraction
showed the highest specific radioactivity among
all the lipid classes, while that of chlorophyll
was the lowest (373 dpm/mg). But the specific
radiocactivity of chlorophyll rapidly increased by
the time passing after “C-l-acetate injection
(no data presented).

Since the earliest work of Carter et al.,4 it has
been recognized that fucosterol is the predominant
sterol of brown algae Laminaria® apparently
contains fucosterol, 24-methylenecholesterol, sarin-
gosterol and desmosterol. According to lkegawa
et al.,'® nine Phaeophyta apparently contain
fucosterol as its primary sterol with small amounts

of cholesterol, 24-methylenecholestero]l and sarin-

gosterol. But they did not detect desmosterol
from nine Phaeophyta.

Patterson © suggested that cholesterol in Lami-
naria could be produced by a reduction of des-
mosterol and by some modification of saringosterol.
But these two sterols were not detected in U.
pinnatifida.

Though cholesterol can be apparently biosyn-
thesized in U. pinnatifida, the biosynthesis
mechanism of cholesterol can not be completely
explained from the results of this study.

It is well known in plant that 24~methylene-
cholesterol is the precursor 2),2) of fucosterol
and methyl radical attached to C24 site of C29

sterol is donated from methionine. In this study,
the specific radioactivity of fucosterol is lower
than that of 24-methylenecolesterole. This fact
is considered to be ascribed to slow methylation
at C28 site of 24-methylenecholesterol. .

Summary

The present study was carried out to know the
sterol components of U. pinnatifide and their
incorporation abilities of “4C-l-acetate injected
into it. )

The results obtained are as follows;

1. The total lipids are classified as hydrocarbon

1. 694, pigment and sterol ester 2. 5%, triglyceri
de 3.39%, free fatty acid 2.2%,{ree sterol 3.8
9%, chlorophyll 18.8%,and polar lipids 67.3%.

9. The sterol mixture from U. pinnatifida are
composed of cholesterol 3.5%, 24-methylene-
cholesterol 11.2%, fucosterol 85.3%.

3. The radioactivities of the lipids classes from
U. pinnatifide injected with “C-l-acetate are
distributed 4,648 dpm/mg in total lipid, 2,754
dpm/mg in polar lipids, 373 dpm/mg in chlo-
rophyll, 22,481 dpm/mg in free sterol, 6,520
dpm/mg in free fatty acid, 789 dpm/mg in
sterol ester and 358 dpm/mg in hydrocarbon
respectively.

the sterols
are 115 dpm/mg in cholesterol, 147,821 dpm/

4. The specific radioactivities of
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mg in 24-methylenecholesterol, 20, 887

dpm/mg in fucosterol.
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