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Akemi KAGEYAMA* and Yasutsugu YOKOHAMA*: Pigments and
photosynthesis of deep-water green algae.**
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Fig. 1. Spectral distributions of light quanta on deck and under water at the entrance of

Shimoda Bay, August 20 1976 and on earth at Shimoda Marine Research Center, August
21 1976.
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Fig. 2. In vivo absorption spectra of Ulva pertusa and U. japonica
and the difference spectrum between them.

REDERERK

EFRGEROLEROFEIREMHEORIRZ 27 Fuiciz 540nm fEED Y KR
ZoRE, EEAZBEHICEL B0 Y FONERRESZDT, TDSVEF
ORERE L L TERD - LERENICRIIEAE b o EBROERBIAIZ L LORERIC
X BBIUBEARD Red shift (REEN~OBE) 2BETHI LM TES, £TTITD
BREVELTHBZ LicLi, Fig. 4 3R LACEEOBRERKOABREDELR—R
BB/ <S5 ATHEN, EHFEOLD Nos. 6-11) oiizisgic Pig. I (v

— 41 —



170 O E5%E 35 WmMS2E9A

ABSORBANCE

i L L L .
400 450 500 550 600 650 700 750
WAVELENGTH (nm)

Fig. 3. In vivo absorption spectra of various chlorophycean seaweeds.
Samples: 1, Monostroma nitidum; 2, Ulva pertusa; 3, Enteromorpha compressa; 4, Chae-
tomorpha crassa; 5, Cladophora sp.; 6, Ulva japonica; 7, Cladophora wrightiana; 8,
Valonia macrophysa; 9, Codium adhaerens; 10, Codium illosa’ 11, Codium fragile.
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Fig. 4. Cellulose thin-layer chromatograms of pigments in various chlorophycean seaweeds.
Samples are the same as those in Fig. 3. The developing solvent: n-hexane, diethylether
and n-propanol (50:50:0.5, v/v/v). Car=carotenes; C. a=chlorophyll a; C. b=chlorophyll 4.
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Table 1. Relative pigment composition of various chlorophycean seaweeds.
The quantity of each pigment was determined with the eluate from
the cellulose thin layer chromatogram prepared for each species.
The following absorption coefficients were used: siphonaxanthin, emM
(at max. in ethanol)=69.7 {calculated from the specific absorption
coefficient, 116 1/g-cm (Ricketts, 1971) and the molecular weight, 600.9
(Walton et al., 1970)}; chlorophyll a, emM (at 660nm in ether)=91.1
(Comar and Zscheile, 1942); chlorophyll 4, emM (at 642.5nm in ether)

=52.2 (Comar and Zscheile, 1942).

Molar ratio of pigments

Sample :

P Sa(;x;;:i:xg Siphonaxanthin Chlorophyll &

No. Species Chlorophyll @  Chlorophyll «
1 Monostioma nitiduin U= 0.00 0.58
2 Ulva pertusa Mook 0.00 0.70
3 Enteromorpha compressa U* 0.00 0.60
4 Chaetomorpha crassa 0.5m 0.00 0.69
5 Cladophora sp. U= 0.00 0.49
. 6 Ulva japonica 10m 0.27 0.81
7 Cladophora wrightiana 2m (shade)¥** 0.28 0.88
8 Valonia macrophysa 2m (shade)*** 0.35 0.95
9 Codium adhaerens 2m (shade)*** 0.28 1.01
10 Codium mamillosa 18 m 0.27 1.12
11  Codium fragile 0.5m 0.25 0.91

* Upper intertidal zone.
** Middle intertidal zone.

*¥* These materials were collected from shaded sites in

these species are luxuriant in deep water.
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Fig. 5. Photosynthesis-light relationships under white and green light in Ulva pertusa collected
from the intertidal zone and U. japonica from 20 m depth. Temperature was 25°C.
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Fig. 6. Spectral distributions of white light Fig. 7. Excitation spectra of 685nm fluores-
and green light used for the experiments cence of the thalli of Ulva pertusa and U.
to obtain the results shown in Fig. 5. Japonica measured at room temperature.

Fluorescence intensity at 685 nm (half-
bandwidth, 7nm) per incident energy was
recorded against wavelength of excitation
light. Half-bandwidth for the excitation,
5nm.
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Summary

In vivo absorption spectra of deep-water green algae are distinguished from
those of the popular shallow-water ones. The former show a distinct band
around 540nm (green region), which the latter lack. Therefore, the former
were referred to as “deep water type” and the latter “shallow water type”.
The 540nm band of the absorption spectrum ot deep water type was considered
to be the band of a green light-absorbing pigment, the chromophore of which
was siphonaxanthin because this carotenoid was the only common and specific
pigment of the green algae of deep water type.

Siphonaxanthin can be regarded as an effective photosynthetic pigment of
system II because the excitation spectra of chlorophyll a fluorescence of the
deep-water species showed a distinct band around 540nm at room temperature.
Ulva japonica, a deep-water species, collected at the depth of 20m utilized

green light, which was similar to light in the coastal deep waters, by the same
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efficiency as white light, while in Ulva pertusa, a shallow-water species, the
efficiency of green light was about 709 of that of white light.
Siphonaxanthin is presumed to be an efficient photosynthetic pigment im-
portant for the green algae living in deep coastal waters where green light is
predominant as this pigment in the iz vivo state is considered to absorb green

light specifically and efficiently transfer its excitation energy to chlorophyll a.
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