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Although the function of siphonaxanthin had been determined, that of its ester
siphonein had not been done owing to that the siphonous green algae with siphonein we
had ever collected had also contained siphonaxanthin without exception. In this study
the function of siphonein could be determined with Dichotomosiphon tuberosus which
contained siphonein without containing siphonaxanthin.

The in vivo absorption spectrum of this alga has a characteristic peak at about 540
nm, which indicates that the absorption peak of siphonein is located at about 540 nm in
vivo. The 540 nm peak alsp occurs in the excitation spectrum for the in vivo chlorophyll
a fluorescence at room temperature, indicating that siphonein can efficiently transfer its
excitation energy to chlorophyll a of pigment system II. Siphonein is, therefore, regarded
as an efficient photosynthetic pigment specifically capturing green light. The function
of this pigment is considered to be fundamentally the same as that of siphonaxanthin,
a green light-absorbing pigment which is important for deep-water green algae living
under green illumination in coastal deep waters.
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In our previous papers it was reported
that siphonaxanthin was regarded as an
efficient photosynthetic pigment which was
important for the deep-water green algae
growing under green illumination in coastal
deep waters because this pigment had a
characteristic absorption peak at about 540
nm in the green part in vivo and efficiently
transferred its excitation energy to chloro-
phyll a (YOKOHAMA et al. 1977, KAGEYAMA
et al. 1977, KAGEYAMA & YOKOHAMA 1977).

KLEINIG (1969) reported that most of
siphonous green algae contained siphonein,
the ester of siphonaxanthin besides siphona-
xanthin. Although the function of siphona-
xanthin could be determined with deep-
water green algae containing siphonaxanthin
without containing siphonein, we had not
been able to determine that of siphonein
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owing to that all the algae with sipphonein
ever collected had also contained siphona-
xanthin without exception. Recently we
could collect the exceptional alga Dichoto-
mosiphon tuberosus which had been reported
by KLEINIG (1969) to contain siphonein
without containing siphonaxanthin. The in
vivo absorption spectrum and the excitation
spectrum for in vive chlorophyll a fiuores-
cence of this alga were determined in this
study. The results we obtained will indicate
the function of siphonein in this paper.

Materials and Methods

Dichotomosiphon tuberosus was collected
form a puddle of freshwater at Okinawa
Island in the southernmost part of Japan.
Ulva amamiensis used for control experi-
ments was collected from a depth of 5m
on the coast of Amami Island in the vicinity
of Okinawa. Monostroma nitidum and
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Codium latum used for the same purpose
were from higher intertidal zone and lower
intertidal zone on the coast of Shimoda in
central Japan, respectively.

The thalli (ca. 1g fresh weight) were
ground with a small volume of cold methanol
in a glass homogenizer. Homogenates were
filtered through a glassfiber filter, and the
extraction was repeated several times until
the residue became colorless. The combined
methanol extract (10-15 ml) was mixed with
a nearly equal volume of diethylether in a
separating funnel. The pigments were
transferred to the ether layer by shaking
with a 109 NaCl solution, the ether layer
was dried up under reduced pressure, and
the residue was redissolved in a small
volume of ether.

The pigments were separated at room
temperature by cellulose thin-layer chroma-
tography. The mixture of n-hexane, die-
thylether and n-propanol (50:50:0.5, v/v/v)
was used as the developing solvent. All
analysis procedures for pigments were car-
ried out under dim light or in the dark
below 2°C unless otherwise indicated.

Absorption spectra of the intact thalli of
the algae were determined with a Shimadzu
UV-200 Spectrophotometer. The opal glass
method of SHIBATA et al. (1954) was used for
the spectroscopy. Fluorescence spectra and
fluorescence excitation spectra were deter-
mined with a Shimadzu RF-502 Spectro-
fluorophotometer at the Ocean Research Insti-
tute, University of Tokyo, by courtesy of
Prof. Y. Fujita. Thallus of Monostroma
nitidum or Ulva amamiensis was held be-
tween a pair of lucite plastic frames and
placed in a foursided transparent cell (10X
1040 mm) so as to face the excitation beam
at an angle of 45°. In the case of the fila-
mentous alga Dichotomosiphon tuberosus a
few filaments of it were placed in the cell.
The cell was filled with sea water to avoid
drying of the thallus. To prevent photosyn-
thetic electron transfer, 3-(3, 4-dichloro-
phenyl)-1, Il-dimethylurea (DCMU, 107*M)
was added. Measurements were carried out
at room temperature (about 20°C).

Results

The chromatograms of pigments from the
four chlorophycean algae are shown in Fig.
1. As is seen, siphonein which is contained
by Codiwm latum can be detected in Dichoto-
mosiphon tuberosus, while siphonaxanthin
contained by Codium latum and Ulva ama-
miensis can not be detected in this alga.
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Fig. 1. Cellulose thin-layer chromatograms
of pigments from Monostroma nitidum'", Ulva
amamiensis®, Codium latum™ and Dichotomosi-
phon tuberosus'”. The developing solvent: n-
hexane, diethylether and n-propanol (50:50:0.5,
v/v/v). Car.=carotene(s); L. lutein; C. a=
chlorophyll @; Sn.=siphonein; C. b=chlorophyll
b; N.=neoxanthin ; Sx.=siphonaxanthin. Vio-
laxanthin is detected with the other developing
solvent (n-hexane: methyl ethyl ketone=4: 1)
in M. nitidum, U. amamiensis and D. tuberosus
although the fraction of this carotenoid is not
distinguishable from that of chlorophyll @ on

the chromatograms shown in this figure.
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Fig. 2. In vivo absorption spectra of Monostroma nitidum lacking siphona-
xanthin and siphonein, Ulva amamiensis containing siphonaxanthin without
containing siphonein and Dichotomosiphon tuberosus containing siphonein with-

out cotaining siphonaxanthin.

The lack of siphonaxanthin in D. tuberosus
was further confirmed with a quantitative
analysis. Fig. 2 shows the in vivo absorp-
tion spectra of D. tuberosus, U. amamiensis
and M. nitidum. As can be seen, the char-
acteristic peak around 540 nm occurs not
only in the spectrum of U. amamiensis con-
taining siphonaxanthin but also in that of
D. tuberosus containing siphonein without
containing siphonaxanthin. These results
indicate that the in wvivo absorption maxi-
mum of siphonein is located at about 540 nm
as well as is that of siphonaxanthin because
any pigment other than siphonein detectable
in D. tuberosus can not be responsible for
the 540 nm peak in its in vive absorption
spectrum. The carotenoids other than
siphonein detectable in this alga were caro-
tenes, lutein, violaxanthin and neoxanthin
which are not regarded to be responsible
for the 540 nm peak since all of them are
abundantly contained by Monostroma nitidum
which lacks the 540 nm peak in its in vivo
absorption spectrum.

Fluorescence spectra of M. nitidum and
D. tuberosus are shown in Fig. 3. The
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Fig. 3. Fluorescence spectra (half-band-
width, 5nm) at room temperature (about
20°C) of the thalli of Monostroma nitidum
and Dichotomosiphon tuberosus.

emission peak was observed at about 685 nm
in both algae. The location of the emission
peak is similar to those reported for other
green algae (GOEDHEER 1964, KAGEYAMA et
al., 1977). It is shown in Fig. 4 that the
excitation spectrum for the 685 nm emission
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Fig. 4. Excitation spectra of 685 nm fluores-
cence of the thalli of Monostroma nitidum, Ulva
amamiensis and Dichotomosiphon tuberosus mesu-
red at room temperature. Fluorescence inten-
sity at 685 nm (half-bandwidth, 7nm) per inci-
dent energy was recorded against wavelength
of excitation light. Half-bandwidth for the
excitation, 5nm.

of D. tuberosus has again a characteristic
peak at around 540 nm, which the spectrum
of M. nitidum lacks. The 540 nm peak in
the excitation spectrum indicates that sipho-
nein in D. tuberosus can efficiently transfer
its excitation energy to chlorophyll a.

Discussion

The existence of the 540 nm peak in both
the in vivo absorption spectrum and the 685
nm fluorescence excitation spectrum of D.
tuberosus indicates that the function of
siphonein may be the same as that of
siphonaxanthin, specifically absorbing green
light and efficiently transferring its excita-
tion energy to chlorophyll a. These pig-
ments may function as components of pig-
ment system II since fluorescence is known
to be emitted from chlorophyll a of pigment
system Il at room temperature (MURATA
et al., 1966). Although siphonaxanthin is
regarded as the photosynthetic pigment

important for deep-water green algae living
under green illumination in coastal deep
waters (YOKOHAMA et al. 1977, KAGEYAMA
et al. 1977, KAGEYAMA & YOKOHAMA 1977),
siphonein does not seem to be important for
D. tuberosus living at a sunny site. However,
this pigment is also contained by most si-
phonous green algae besides siphonaxanthin
(KLEINIG 1969). As many species of them
are growing in deep waters, siphonein is
regarded as an important pigment for them
as well as is siphonaxanthin. In some lakes
D. tuberosus is growing at a depth of 40
feet or more (PRESCOTT 1969 p. 113). This
alga may be able to grow in such a deep
water owing to siphonein specifically captur-
ing green light dominant in the illumination
of its habitat.
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