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Fig. 1. Two-dimensional paper chromatogram of pigments in Ulva pertusa. Chromatographic
solvent for first run is a mixture of n-hexane, diethylether and n-propanol (70:30:0.5, v/v/v),
and that for second run is n-hexane and chloroform (60:40, v/v). Notations: 3: S-carotene
(orange), 1: lutein (yellow), v: violaxanthin (yellow), a: chlorophyll a (blue-green), b:
chlorophyll b (vellow-green), n: neoxanthin (yellow).
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Fig. 2. Two-dimensional paper chromatograms of pigments in young (A, B and C) and fruiting
fronds (D) of Ulva pertusa. Solvents for first run are 0.5% n-propanol in light petroleum
ether in A and C, and a mixture of n-hexane, diethylether and n-propanol (70:30:0.5, v/v/v)
in B and D, and that for second run is of n-hexane and chloroform (60:40, v/v) in all cases.
Notations: 3: 3-carotene (orange), Ca: carotenes (orange), l: lutein (yellow), v: violaxanthin
(yellow), yi1, y2 and y3: yellow spots (yellow), a: chlorophyll a (blue-green), b: chlorophyll
b (yellow-green), Pa: pheophytin a (grey-green), Pb: pheophytin b (yellow-grey), g1, g2 and
g3: green spots (green or grey-gree).
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Fig. 3. Two-dimensional paper chromatograms of pigments in young (A) and fruiting fronds
(B, C and D) of Enteromorpha linza. Solvent for first run is a mixture of n-hexane, di-
ethylether and n-propanol (70:30:0.5, v/v/v), and that for second run is of n-hexane and
chloroform (60:40, v/v). Notations: f: f-carotene (orange), r: r-carotene (orage), l: lutein
(yellow), v: violaxanthin (yellow), n: neoxanthin (yellow), y2: vellow spot (yellow), a:
chlorophyll a (blue-green), b: chlorophyll b (yellow-geen), Pa: pheophytin a (grey-green),
Pb: pheophytin b (yellow-grey), g1, g2, 83, 84, 85, 8¢ and gr: green spots (green or dark-
green).
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Fig. 4, 5, 6 and 7. Two-dimensional paper chromatograms of pigments in young fronds of Ulva

© japonica (Fig. 4), Codium mamillosa (Fig. 5) and in yonng leaves of Zostera marina (Fig.
6) and Halophyla ovalis (Fig. 7). Solvent for first run is a mixture of n-hexane, diethylether
and n-propanol (70 30.0.5, v/v/v), and that for second run is of n-hexane and chloroform
(60:40, v/v). Notations: g: g-carotene (orange), a: a-carotene (yellow), l: lutein (yellow),
v: violaxanthin (yellow), n: neoxanthin (yellow), Sx: siphonaxanthin (orange), Sn: siphonein
(orange), a: chlorophyll a (blue-green), b: chlorophyll b (yellow-green), PC: protochlorophyll?
(yellow-green).
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Summary

Photosynthetic pigments obtained from seaweeds and sea grasses were
analyzed by two-dimensional paper chromatography improved by the present
author. Used materials were Enteromorpha linza, Ulva pertusa, U. japonica
and Codium mamillosa in green algae and Zostera marina and Halophyla ovalis
in sea grasses.

Preparation of pigments: Pigments were extracted in a small volume of
absolute methanol containing a few grains of basic magnesium carbonate. After
addition of an equal volume of diethylether and three fold excess of 109% sodium
chloride solution in relation to the extract, the pigments were transferred into
the ether layer by shaking gently in a separation funnel. The ether layer was
removed and concentrated under a reduced pressure. The concentrate was
applied to paper chromatography.

Paper chromatography: Two-dimensional paper chromatography was car-
ried out at 5°C in the dark, using Toyo filter paper No. 51 (20%20cm). The
solvent for first run was a mixture of n-hexane, diethyl-ether and n-propanol
(70:30:0.5, v/v/v), because it gave the best resolution of carotenes, lutein, pheo-
phytins and chlorophylls among solvents émplyed so far. For second run, a
mixture ot n-hexane and chloroform (60:40, v/v) proved to be the best solvent
system for obtaining clearly separated spots of violaxanthin, siphonein and
siphonaxanthin from chlorophylls @ and 5. The spots were developed for about
5min in each run and allowed to dry for a few minutes after each develop-
ment.

Since the solvent ratio in both systems is very important for obtaining
good sepération of the pigments, the solvents were freshly mixed up each day.

When this solvent system was employed, chlorophyll ¢ formed a spot with Rf
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value of about 0.5 in first run and 0.4 in second run. Most of spots were
identified after Smith and Benitez’s system for chlorophylls (1955) and Goodwin’s
system for carotenoids (1955). Several new spots were found on the chroma-
togram, whose characteristics will be reported in the following reports.

Results: In accordance with changes in growing stages and environmental
conditions some remarkable differences in the composition of the pigment systems
of the fronds were observed. In the case of Ulva japonica and Codium
mamillosa, inhabitants in a deeper place, spots of siphonaxanthin, siphonein and
new unidentified orange-green substances were obtained on the chromatogram.
In young fronds of U. pertusa, §-carotene, lutein, violaxanthin, chlorophyll 4,
chlorophyll 4 and neoxanthin were observed as independent spots (Fig. 1). The
pigment composition of young fronds of E. linza was identical with that of U.
pertusa. However, in the reproductive stage of the former, three new green
pigments were observed (Fig. 3). In U. japonica, there was a new orange spot
at the origin in addition to a distinguished spot of siphonaxanthin, although
the spot of lutein disappeared (Fig. 4). In siphonalean algae C. mamillosa,
siphonaxanthin, its ester, siphonein and a-carotene could be identified instead
of B-carotene, lutein and violaxanthin, and the former seem to be substituents
for the latter (Fig. 5).

The pigment compositions of leaves of sea grasses, Zostera marina and
Halophyla ovalis were identical with those of leaves of terrestrial higher plants,
although the spot of zeaxanthin was not detected in these sea grasses (Fig. 6

and 7).
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