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On the lack of green light-harvesting pigments and the extremely high
chlorophyll b/a ratio in the deep-water green alga, Palmophyllum
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Although Palmophyllum crassum is a green alga growing in extremely deep or shaded sites, its in vivo ab-
sorption spectrum is of the “shallow-water type” lacking the green band which is found in most of the green
algae growing in deep waters or shaded sites. On the silica-gel thin-layer chromatogram of pigments ex-
tracted from this alga, we can find neither siphonaxanthin nor siphonein, both of which act in the
chloroplasts of green algae as photosynthetic pigments harvesting the green light prevailing in deep waters
and shaded sites. On the other hand, the molar ratio of chlorophyll 4/a was determined to be 1.61 in the
ether solution of pigments extracted from this alga. This is the highest value known to date among green
algae. This alga, therefore, seems to adapt to deep or shaded sites through its high content of chlorophyll &
which harvests light prevailing in such places more efficiently than chlorophyll a does.
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It was indicated by Yokohama and his
coworkers that most green algae from deep
waters or shaded sites have siphonaxanthin
as a photosynthetic pigment harvesting the
green light prevailing in such habitats (Yoko-
hama et al. 1977, Kageyama et al. 1977).
Siphonein, an ester of siphonaxanthin, con-
tained in the siphonalean algae was also indi-
cated to be a photosynthetic pigment harvest-
ing the green light (Kageyama and Yokoha-
ma 1978). The green algae containing
siphonaxanthin or siphonein are brownish
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dark green, while those lacking these green
light-harvesting pigments are light green.
The former algae are referred to as “deep-
water type” and the latter as “shallow-water
type”. Palmophyllum crassum is a deep-water
green alga found at great depths, up to
110 meters, or in the upper sublittoral zone at
shaded sites (Lining 1990 pp. 115-116).
However, the color of this alga is light green,
being similar to the species of the “shallow-
water type” such as Ulva spp. and Enteromor-
pha spp. found at the intertidal zone. This
fact could imply the lack of siphonaxanthin
and siphonein in its chloroplasts.

In the present study, the in vivo absorption
spectrum and the pigment composition of
Palmophyllum crassum collected from the shad-
ed rocky bottom in deep waters were investi-
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gated, and the results were compared with
those obtained from two other green algae,
one of which, Udotea petiolata of the “deep-
water type”, has green light-harvesting pig-
ments while the other Ulva rigida of the “shal-
low-water type” lacks these pigments.

Materials and Methods

Fresh thalli of Palmophyllum crassum, Udotea
petiolata and Ulva rigida were collected at
different points near Oristano, Sardinia,
Italy. The Palmophyllum crassum was from a
shaded rocky bottom at a depth of 25 meters,
while the other species were from shallow
waters. Although Udotea petiolata has been
reported to occur at the same depth of P. cras-
sum and seems to be a “deep-water type”
green alga (Lining 1990 p. 115), abundant
thalli of this species were found in a shallow
seagrass bed at the collecting sites. The col-
lected thalli were carried in large containers of
seawater to the laboratory of the International
Marine Center, near Oristano, where the
present investigation was carried out.

After the in vivo absorption spectrum of
each thallus was determined with a Beckman
Du-65 Spectrophotometer, the pigments were
extracted from the thalli with cold methanol.
The extract was mixed with a nearly equal
volume of diethyl ether. By adding 10%
(w/v) NaCl solution to the mixture and shak-
ing, the pigments were transferred to the
ether layer. After washing several times with
the NaCl solution, the ether layer was re-
moved, the ether was evaporated under
reduced pressure, and the residue was redis-
solved in a small volume of ether.

The chromatography of the pigments was
carried out on a thin-layer plate of Kieselgel
60 (Merck). A mixture of petroleum ether
30°-60° and acetone (7 : 3, v/v) was used as
the developing solvent.

The molar ratio of chlorophyll 4/a was calcu-
lated from the absorbances of the pigments in
the ether layer at 642.5 nm and 660 nm using
the equation of Comar and Zscheile (1942)
and the molecular weights of 892 for chlo-
rophyll a and 906 for chlorophyll &.

Results

Fig. 1 shows the iz vivo absorption spectra
of Palmophyllum crassum and two other species
used for comparison, one of which is Udotea
petiolata with its green band being formed by
the in vivo absorption maxima of siphonaxan-
thin and siphonein while the other is Ulva
rigida lacking any green band. The spectrum
of P. crassum lacks the green band, implying
that this alga contains neither siphonaxan-
thin nor siphonein.

The thin-layer chromatograms of the pig-
ments extracted from these three algae shown
in Fig. 2 indicate that P. crassum lacks both
siphonaxanthin and siphonein, which are con-
tained in U. petiolata of the “deep-water type”.
From the carotenoid composition, P. crassum
seems to belong to “shallow-water type”, con-
taining carotene(s), lutein, violaxanthin and
neoxanthin. In P. c¢rassum, however,
carotene(s) and violaxanthin are found in
trace amounts and the amount of lutein
seems to be much less than in U. rigida of the
“shallow-water type”. The chromatograms
further indicate that P. crassum contains
two kinds of yellow pigments supposed to be
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Fig. 1. In vivo absorption spectra of Palmo-
phyllum crassum, Ulva rigida and Udotea petiolata.
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Fig. 2. Kieselgel thin-layer chromatograms

of pigments extracted from Ulva rigida, Udotea
petiolata and Palmophyllum crassum.  Developing
solvent: petroleum ether 30°-60° and acetone (7 : 3,
v/v).

carotenoids, neither of which is detected in
the other two species.

Fig. 3 shows the absorption spectra of the
ether solutions of pigments from these three
species in the wavelengths from 550 to
750 nm, each of which is drawn with relative
values to the absorption maximum of chlo-
rophyll a at 660 nm. As can be seen, the max-
imum of chlorophyll 4 at 642.5nm in the
absorption spectrum of P. crassum is much
higher than those of the other species. The
molar ratios of chlorophyll 4/a of the three spe-
cies calculated from absorbances at 642.5 nm
and 660 nm are shown in Table 1. The value

Table 1. Molar ratios of chlorophyll 4/a in
Ulva rigida, Udotea petiolata and Palmophyllum crassum.

Species Habitat Chl. b/a
Ulva rigida Upper sublittoral zone  0.55
Uldotea petiolata Shallow seagrass bed 0.82

Palmophyllum crassum Shaded rocky bottom at 1.61
the depth of 25 m
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Fig. 3. A longer wavelength part of the ab-
sorption spectra of pigments extracted from Ulva
rigida, Udotea petiolata and Palmophyllum crassum in
diethyl ether.

750

of P. ¢rassum is 1.61, while those of U. petiolata
and U. rigida are 0.82 and 0.55, respectively.

Discussion

It is remarkable that a deep-water alga

Palmophyllum  crassum  contains  neither
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siphonaxanthin nor its ester siphonein, which
are photosynthetic pigments harvesting the
green light prevailing in deep waters.
Although two kinds of unknown carotenoids
were detected on the chromatogram of pig-
ments from this alga, they cannot be regarded
as green light-harvesting pigments since the in
vivo absorption spectrum of this alga lacks the
distinct green band. However, this alga
seems to adapt to deep or shaded sites through
its high content of chlorophyll 4. The high
proportion of chlorophyll 4 can be regarded as
one of the characteristics being favorable for
growth in deep waters or shaded sites since
chlorophyll 5 absorbs light prevailing in such
places more efficiently than chlorophyll a does
(Yokohama and Misonou 1980). Such high
proportions of chlorophyll 4 were reported
for several deep-water species of the
Cladophorales and the Siphonocladales lack-
ing green light-harvesting pigments, but they
were around 1.0 (Yokohama 1983). The
value 1.61 as a chlorophyll 4/2 molar ratio de-
termined in this alga is the highest one known
to date among green algae (cf. Jeffrey 1965,
Keast and Grant 1976, Yokohama and
Misonou 1980, Yokohama 1981, Yokohama
et al. 1992). Thus, P. crassum may have an
ability to grow at great depth, up to 110
meters or more (Lining 1990 p. 115), by an
extreme increase in chlorophyll 4/a ratio.
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