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Abstract This paper reports the results of the absorption spectral analysis of Ulothrix
sp. attached to the rocks from the intertidal zone in front of Great Wall Station,
Antarctica in February 1989,and the benthic diatoms growing on small stones and on
the edge of swamps of that zone. Six kinds of pigments were separated and identified in
benthic diatoms. They are carotene, chlorophyli-a, fucoxanthin, chlorophyin, neoxan-
thin and chlorophyll-c. Nine kinds of pigments were identified in Ulothrix sp.. They
are carotinoid, pheophytin, chlorophyll-a, -b, chlorophyllin, chlorophyllide-a, neox-
anthin, chlorophyll-c and pheophytin-c. The intertidal benthic diatoms and Ulothrix
sp. have specific absorption spectra and there are also marked differences in the compo-
sition of algal pigments they contain. Since the pigments of marine algae show differ-
ences in their absorption spectra, the absorption spectrum can be used to identify the
species of marine algae.
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1 Introduction

The living marine resources are very rich in the Southern Ocean, and the benthic al-
gae are also most abundant in the intertidal zone nearby Great Wall Station, Antarctica.
The chlorophyll-a content of the benthic diatoms in 1 m? of sea area is unexpectedly equal
to that in 100 m® of ordinary sea area (the sea areas nearby Great Wall Station, Antarcti-
ca and Davis Station, Australia) (Zhang, et al. 1986). The benthic algae play a very
important role in the intertidal ecosystem.

At present only a certain number of reports have been made on the absorption spec-
tra of the marine phytoplankton pigments (Jeffrey,1961; Balech and El-Sayed, 1965;
Bunt, 1957; Bunt, 1963; Bunt, 1964; Bunt,1966; Ealey and Chittleborough,1965),
but studies on the absorption spectra of benthic algae in the intertidal zone, Antarctica
have not been reported as yet. This paper reports the results of analysis of Ulothrix sp.
and benthic diatoms collected from the intertidal zone in front of Great Wall Station,
Antarctica in February 1989.

2 Material and method
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The benthic diatoms and Ulothrix sp. growing or attached on small stones (sample
about 10X 10 cm®in size) and on the margin of swamp respectively in the middle-tide line
and the high-tide line of the intertidal zone in front of Great’ Wall Station, Antarctica
were washed with filtered seawater. The whole volume of washing fluid was measured.
A part of washing fluid was used for the identification and counting of species composi-
tion (Yu et al. , 1994), and another part of it (50~100 ml) was concentrated on a mi-
cro-pore filter membrane (0. 8 pum) , freeze-stored at —30°C, and was to be brought back
home for analysis. First, the samples were extracted with 90% acetone solution and the
optical density of the extract was determined. Then the extract was transferred to perox-
ide-free ether and was measured in absorption spectrum. The ether solution containing
the algae was aerated with nitrogen and concentrated. The algae pigments were separat-
ed and identified by thin-layer chromatography. The developer was:acetic acid ¢ ether :
petroleum ether (30~60C)=1: 25 : 25(v/v/v), the temperature of development:19.
5C, and time of development; 7~10 min, the color and R, values (rates of migration)
of the various pigmemts of the sample were obtained finally.

3 Results

The thin-layer chromatographs of the benthic diatoms and Ulothrix sp. in the inter-
tidal zone in front of Great Wall Station were shown in Fig. 1 and the kinds of their pig-
ments and R, values and color listed in Table 1.

Table 1.  Composition, R; value and color of pigments from Ulothrix sp. and benthic diatom in intertidal
zone of Great Wall Station

R, values

Spot Name of pigment  Col
pot  Name of pigmen or Standard chlorophyll-a _ Benthic diatom _ Ulothrix sp.

1 Carotene Pale yellow 0.93 0. 96
2 Pheophytin-a Gray 0.90
3  Chlorophyll-a Yellow-green 0.84 0. 82 0. 81
4 Chlorophyll-b Pale yellow 0.63
5  Fucoxanthin Yellow 0.55

7 Chlorophyllin — 0.36 0. 38
8 Chlorophyllide-a  Yellow green 0. 31
9 Neoxanthin Yellow . 0. 20 0.17
10 3‘1&11:::;;:;1?({: Pale yellow 0.14
11  Chlorophyll-c Pale yellow 0.13 0.09

Fig. 1 shows that different algae contain different kinds of pigments and have differ-
ent R, values. In this paper the standard chlorophyll-a used was extracted from spinach.
It can be seen from Table 1 that the R, value computed after separation of the standard
chlorophyll-a is 0. 84 and it is blue-green. This result is consistent with the R, value of
the chlorophyll-a (0. 84) determined by Jeffrey(1961) from the thin-layer chromatogram
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of the various kinds of marine algal pigments.
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Fig. 1. Thin-layer chromatogram of pigments from Ulothrix sp. and benthic diatom in intertidal zone of
Great Wall Station.

3.1 The standard chlorophyll-a

The absorption spectrum of the 90% acetone extract of the standard chlorophyli-a is
shown in Fig. 2a, its absorptiow spectrum after being transferred into peroxide-free ether
is shown in Fig. 2b.

Fig. 2a shows that the absorption peak (410 nm) of the standard chlorophyll-a at
blue light portion is not in good consistence with those reported by scholars at home and
abroad, which is mainly caused by insufficent purity of the chlorophyll-a;while the peak
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Fig. 2.  Absorption spectrum of the standard chlorophyll-a. (a) In 90% acetone extract; (b) In ether
extract after its transference from 90Y% acetone.

at 664 nm(red light portion) is basically the same as those reported by them. After be-
ing acidified with 0. 5 mol HCl, the chlorophyll was changed into pheophytin, which has
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also two absorption peaks, only the one at blue-light portion moved 5 nm to the left, i. e.
at 405 nm, and its optical density was 0. 034 higher than the original one, the absorption
peak at 664 nm moved 2 nm to the right, at 666 nm, the optical density of the absorp-
tion peak was 0. 065 lower than the original one, yet it still could not reach the ratio of
1. 7 between the optical densities before and after acidification. The standard chlorophyll-
a we used was stored in the form of paste but not in crystals, so it will change somewhat
due to long storage time.

From Fig. 2a,2b it can be seen that there is a great difference between the 90% ace-
tone extract of the standard chlorophyll-a and its ether extract. The absorption spectrum
of ether extract of stantard chlorophyll-a shows that one of the peaks originally at 410 nm
moved to the right to 417 nm; after acidification, it was still at 417 nm, though the peak
became higher, the other absorption peak originally at 664 nm moved to the left to 660
nm, and after acidification it moved 2 nm to 658 nm and was higher than that before
acidification. This also shows that such a process of transference has led a change in the
extinction character of the standard chlorophyll-a or a change in its structure. The molec-
ular structure of the standard chlorophyll-a after its change remains to be further studied.

3.2 The benthic diatoms

The chromatogram of the benthic diatoms in Fig. 1 shows that after separation of
the pigments from the benthic diatoms by thin-layer chromatographic techniques, 6 clear
spots can be obtained. They were identified as the spots of ; carotene, chlorophyll-a, fu-
coxanthin,chlorophyllin, neoxanthin and chlorophyll-c.

Fig. 3a is the absorption spectrum of 90% acetone extract of the benthic diatoms;
Fig. 3b that of the benthic diatoms after being transferred to the ether solution.

Acetone solution has the function of penetrating through the cell walls of algae, set-
ting free thg chlorophyll and other pigments within the algal cells. This process is called
extraction and the solution after the extraction is called extract. After measurement of
the extract of marine algae with 90% acetone solution, a specific absorption spectrum can
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Fig. 3.  Absorption spectrum of the extract of the benthic diatom. (a)In 90% acetone; (b) In ether after
its transference from 90% acetone.
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be obtained. The absorption spectrum of the 90% acetone extract of the benthic diatoms
from that sea area is characterized by having two absorption peaks:one at 413 nm (blue
light portion) and the other at 666 nm (red light portion) (Fig. 3a, solid line) and the
peak at 413 nm has two low but not quite distinct shoulder peaks. The absorption peak
(dotted line) of 90% acetone extract of the benthic diatoms after acidification and that
before acidification did not show big change in shape basically, the two absorption peaks
show the same location, at 413 nm the optical density value of the absorption peak is
about 0. 1 higher than the original one, whereas that at 666 nm is 0. 03 lower than the o-
riginal.

From Fig. 3b can be seen the characteristics of the absorption spectra of the benthic
diatoms after the transference to the ether solution. It is different from the absorption
spectrum of the acetone extract in that after transference to the ether, the two shoulder
peaks at 413~415 nm are obviously low at the left and high at the right. At 715 nm
there is a small absorption peak. In the 90% acetone extract there is not such a peak, the
source of which remains to be studied.

3. 3 Ulothrix sp.

Ulothrix sp. is an alga which is attached to the rocks in the high-tide-line. After
washing with filtered seawater,the samples were quantitatively treated. After separation
with thin-layer chromatographic techniques, 9 distinct spots were obtained , which were i-
dentified as following 9 pigments: carotene, pheophytin, chlorophyll-a, chlorophyll-b,
chlorophyllin,chlorophyllide ,neoxanthin,chlorophyll-c and pheophytin-c.

The absorption spectrum of Ulothrix sp. (Fig. 4a,4b) shows that the two absorp-
tion peaks of the 90% acetone extract are at 433 nm and 664 nm. The absorption peak at
433 nm has two distinct shoulder peaks and that at 664 nm is smooth. After acidation
with 0. 5 mol HCI, the absorption peak (dotted line) of Ulothrix sp. changed a lot. At
433 nm it moves 20 nm to the left and at 413 nm the shape of its absorption peak was i-
dentical with that before its acidation. The absorption peak at 664 nm moves 2 nm to the
right to 666 nm after acidation.

The absorption spectrum of Ulothrix sp. shows that after being transferred from
the 90% acetone, the ether extract also has two absorption peaks. The one at 420 nm is
flat, the other at 664 nm was narrow and high and as compared with the 90% acetone
extract there is much difference between the absorption peaks (Fig. 4a,4b). At 433 nm
the absorption peak moves left to 420 nm after the transference. Besides, the absorption
peak of the 90% acetone extract of Ulothrix sp. is fairly narrow in shape and after trans-
ference the top of peak of Ulothrix sp. is fairly flat and smooth.

4 Summary
(1)  After separation of the pigments of the benthic diatoms in the intertidal zone

in front of Great Wall Station, Antarctica. 6 kinds of pigments were preliminarily identi-
fied. They are respectively carotene, chlorophyll-a, fucoxanthin,chlorophyllin, neoxan-
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Fig.4.  Absorption spectrum of the extract of Ulothrix sp.. (a) In 90% acetone; (b)In ether-layer af-
ter its trasference from 90% acetone.

thin and chlorophyll-c. After separation of the pigments of Ulothrix sp. , 9 kinds of the
pigments were preliminarily identified. They are,respectively, carotene, pheophytin-a,
chlorophyll-a, chlorophyll-b, chlorophyllin, chlorophyllide, neoxanthin, chlorophyll-c
and pheophyllin-c.

(2) The results of analysis show the absorption spectra of the intertidal benthic di-
atoms and Ulothrix sp. each had its own specific absorption spectrum, and there were
marked differences in the kinds of pigments contained in them. Each marine alga has its
own specific pigmental composition, and each kind of the pigments has its own specific R,
value. The absorption wave lengths of the various kinds of algal pigments are different.
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