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The presence of a substance absorbing
ultraviolet ray at around 330 nm (UVAS)
in the Rhodophyta has been first reported
by Tujino and Saito (1961). Physiological
and ecological roles of this substance have
received attention of several workers. Shiba-
ta (1969) reported that the similar UVAS ex-
ists in tropical corals and a blue-green alga as
well, and suggested this substance to play the
possible role of biofilter for strong UV-irradia-
tion or precursor of the algal pigments.
Iwamoto and Aruga (1973) found thereafter
that most of the red and blue-green algae con-
tain this substance and that some of the green
and brown algae also contain it. Sivalingam
et al. (1974a, b) observed that the compound
exists ubiquitously in all algal groups and
its content level fluctuates almost depending
on the depth of their habitat in correlation to
the level of chlorophyll and phycoerythrin.
Sivalingam et al. (1976) isolated thereafter the
compound from a red alga, Porphyra yezoenss,
and investigated its physicochemical pro-
perties. They suggested that this substance
plays some important roles as a metabolic
regulator or a temporal energy transmitter at
some still unknown sites in the photosynthetic
pathways of algae. Recently, Sivalingam
and Nisizawa (1990) observed considerable
increase of UVAS in tropical marine algae
with increase in UV-irradiation.

In the result of our previous work (Maega-
wa ¢t al. 1993), it appeared that shallow-water
inhabiting red algae are adapted to strong so-
lar radiation and acquire the capacity to resist
excessive UV irradiation, while deep-water
species do not have such an ability. Hence, it
is reasonable to assume that UVAS would be

different in the content between shallow- and
deep-water red algae. In the present study,
we collected many species of red algae from
the shallow and deep waters, and determined
the contents of UVAS to compare with those
obtained by Sivalingam ez al. (1974a, b).

The red algal samples were collected
around coast of the Shima peninsula, Mie
prefecture in May and June 1990. Twenty
one algal species from intertidal zone to 5 m
in depth were regarded as shallow-water spe-
cies, because they were not found in the deep-
er waters. Twelve species of algae collected
from 25-30 m in depth were regarded as deep-
water species, because they were not found in
shallow waters. Also, UV ray reaches scar-
cely the depth more than 25 m in depth where
deep-water species occur (Maegawa et al.
1993). After careful removal of microscopic
epiphytes and other contamination, algal thal-
li were homogenized with 10 m/ of 1/15M
phosphate buffer (pH 7.0) in a mortar and
the homogenate was centrifuged at 2,000 ¢
for 30 min. The supernatant was filtered
through a cellulose nitrate layer of 0.20 #m
pore size to remove suspending material and
phycobiliprotein. Each solution was ana-
lyzed for UVAS using Shimazu UV-200 dou-
ble beam spectro-photometer from 250 nm to
750 nm. Contents of UVAS were expressed
by optical density (OD) of the absorption
maxima around 330 nm per 10 m/ extracts
from 0.1 g wet weight samples.

Fig. 1 shows absorption spectra of Gratelou-
pia turuturu Yamada from 250 to750 nm. In
vivo absorption spectrum is composed of sever-
al peaks of chlorophyll ¢ and phyco-
biliproteins in visible light band, and a
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Fig. 1. Absorption spectra of Grateloupia
turuturu.  Straight line, in wvivo (with air as
reference); broken line, extract with 1/15M

phospate buffer solution of pH 7.0 (with water as
reference); dotted line, filtrate through a cellulose
nitrate layer of 0.21 #um pore size (with water as
reference). OD values of the broken and dotted line
were recalculated per 10 m/ extract from 0.1 g wet
weight sample.

high peak of UVAS at 332 nm in UV band.
The extract with phosphate buffer solution
has also high peak at 332nm and several
peaks of phycobiliproteins. The filtration
through a cellulose nitrate layer makes a high
peak of UVAS at 332 nm and gives no absor-
bance in visible light band. Substances with
the absorption maxima below 300 nm are
DNA derivative, protein and amino acid,
betain and other unknown ones (Tujino 1983).

Fig. 2 shows absorption spectra in UV
band of extracts from four red algae collected
from various depths. Intertidal alga of Por-
phyra yezoensis and upper subtidal alga of

4

300 350 400
Wavelength (nm)

Fig. 2. Absorption spectra of extracts from
four species of red algae collected from the shallow
and deep waters. Shallow-water species: (—),
Porphyra  yezoensis; (—-—-— ), Gracilaria incurvata.
Deep-water species: (----), Meristotheca papulosa;
(reeee ), Champia expansa.

Table 1. Wavelength at absorption maxima
of UVAS and optical density (OD) per 10 m/ ex-
tracts from 0.1 g wet weight samples collected from
the shallow and deep waters.

absorption OD/0.1g

Algal species maxima wet

(nm) weight

Shallow-water species
Intertidal
Porphyra yezoensis 334 3.811
Gloiopeltis furcata 332 1.367
Carpopeltis prolifera 332 1.038
Gigartina intermedia 327 0.949
Upper Subtidal
Pachymeniopsis elliptica 327 1.987
Polyopes polyideoides 332 1.248
Martensia denticulata 327 1.210
Grateloupia turuturu 332 0.954
Prionitis crispata 326 0.940
Grateloupia okamurae 326 0.821
Grateloupia filicina 326 0.644
Masginisporum aberrans 332 0.684
Prionitis angusta 329 0.589
Gigartina tenella 329 0.609
Gracilaria textorii 332 0.521
Laurencia undulata 329 0.525
Champia parvula 326 0.451
Galaxaura fastigiata 332 0.407
Amphiroa zonata 331 0.361
Plocamium leptophyllum 330 0.262
Gelidium elegans 328 0.297
Deep-water species

Meristotheca papulosa 330 0.309
Prionitis articulata 326 0.257
Prionitis patens 326 0.284
Delisea japonica 326 0.256
Gelidium linoides 326 0.146
Galaxaura falcata 326 0.086
Sebdenia yamadae 330 0.071
Peyssonnelia caulifera * 0.044
Ptilophora subcostatum * 0.043
Champia expansa * 0.037
Ptilonia okadae * 0.022
Ardissonula regularis * 0.026

* no OD peak around 330 nm.

Gracilaria incurvata show OD higher than 1.5
around 330 nm of wavelength. The absorban-
cies of deep-water species of Meristotheca papu-
losa and Champia expansa collected from 25 to
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30 m are very small or show no peak around
330 nm. In Table 1, UVAS contents of 21
shallow-water species and 12 deep-water spe-
cies are listed. The wavelength of maximal
absorption around 330 nm and OD maxima
of filtrates through a cellulose nitrate layer
are shown. Intertidal algae are higher in OD
values than 0.949, and many upper subtidal
algae also show the higher in OD values
ranging from about 0.3 to 2. As compared
with those of shallow-water species, the OD
maxima of deep-water ones are less than 0.3.
Particularly, some of the deep-water species
exibit no peak around 330 nm, the absorp-
tion of UVAS.

It has been thought that UVAS exists
ubiquitously in all the Rhodophycean algae
(Sivalingam et al. 1974a, b). Our present
result (Table 1) almost coincided with that
of Sivalingam et al. In the present study,
however, several algae collected from the
deep waters showed no peak around 330 nm,
suggesting the absence of UVAS in these spe-
cies. As mentioned in our previous paper
(Maegawa et al. 1993), photosynthesis of
deep-water species was inhibited seriously
by exposure to direct sunlight, while that of
shallow-water species was affected little. It
was strongly suggested that at least a part of
the inhibition on the photosynthesis of deep-
water species is attributed to UV radiation.
Thus, the solar UV radiation might be relat-
ed to determine the vertical distribution of red
algae through its effect on the photosynthetic
activity of these algae. In this respect, the
UVAS existing in red algae may act as a
biofilter for solar UV radiation. Since solar
UV radiation reaches scarcely the depth more
than 25 m (Maegawa et al. 1993), there seems
to be no need to protect it for deep-water red
algae.

From the results obtained in our previous

and present study, it may be postulated that
shallow-water red algae have an ability to
produce UVAS to resist excessive UV irradia-
tion while deep-water ones have lower or no
ability to produce it. The fact that drastic
decrease in UVAS content of red algae coinci-
dent with the increasing depth (Table 1)
would partially verify the above postulation.
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AIIITEY - ERER™ - SRMME* | RAES & URPAERDE O RMRBNIE

BIRH 5 KB 5 m ¥ TOERAE X UKE 25-30 m OFEFLEM I W ALRBCOWT, BARRHE (U-
VAS) % JIE LHE - #3 Lic, BABRINYEORL 330 nm M5 DOBR AR AR LI BIEE TF Lz, B
HOMEL0.99LL EOFVBREELYRL, SEORABBEDERX A TV, KES5m ¥ TOFTHOLE
L0.5 EOBVWEXELXRTENS Bbhi, ChbOBRMEMLRCH L, FIELE CIRBREEL0.309L
T, EARBRRGEAOREI e ol T, WL OhOEREMLE CIRIEXKI RSN T, S4RRNY
BEMREEhTwitbdoLBbhl, 2hbDZ ehbd, EARBRNMEOERBENREE LT, REXLS
RTWBX51, BB THEGHEHHPEE LTEHCTWBZ ERARE IR, (*514 =ZEIREW - IaT
1515 ZEA¥EDREFXDEEHEENEAS, 465 EHEENERETA2-710 MEREEFt v 2 -)
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