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Effects of temperature and salinity on spore germination and sporeling
development in South American agarophytes (Rhodophyta)

Nair S. Yokoya® and Eurico C. Oliveira**

*Instituto de Botdnica, Secretaria do Meio Ambiente, C. Postal 4005, 01061970 Séo Paulo, Brasil

**Instituto de Biociéncias e Centro de Biologia Marinka, Universidade de Sio Paulo, C. Postal 11461, 05422-970 Séo Paulo, Brasil

Yokoya N. 8. and Oliveira E. C. 1993. Effects of temperature and salinity on spore germination and sporel-
ing development in South American agarophytes (Rhodophyta). Jpn. J. Phycol. 41: 283-293.

Spores of five Gracilaria species and of Pterocladia capillacea (Gmelin) Bornet et Thuret were cultivated
under different temperature and salinity conditions in the laboratory. The results show that temperature
and salinity are limiting factors in the process of spore germination and sporeling development in Gracilaria
species, but not in tetraspores of P. capillacea, which germinated under all conditions tested. Carposporel-
ings of G. aff. verrucosa, G. verrucosa (Hudson) Papenfuss and G. chilensis Bird, McLachlan and Oliveira were
distinct in their responses to temperature tolerance range and temperature optima. Carposporelings of G.
aff. verrucosa, G. tenuifrons Rird and Oliveira, and Gracilaria sp. from various habitats (rocky shore, lagoon,
and estuary, respectively) presented different degrees of tolerance to variation in salinity. Spores of these
species lysed when submitted to salinities lower than 15% and those incubated on salinities higher than
50% germinated only if previously attached to the substratum. Comparative experiments with carposporel-
ings and tetrasporelings of G. aff. verrucosa showed that the latter are more sensitive to variation in
temperature and salinity. The results indicate that commercial cultivation based on spore propagation
should be preceded by tests for tolerance range to variations of temperature and salinity for each selected

species, once these factors can limit the spore germination and sporeling development.

Key Index Words:

Intensive exploitation of natural beds of
Gracilariaceae and Gelidiaceae for agar
production has brought about depletion in
several regions of South America (Oliveira
1981, Alveal 1986). As a consequence
mariculture has been proposed as an alterna-
tive to supplement the production of raw
material for the industry (Oliveira 1984). In
order to provide rational support for maricul-
ture, basic information about the biology of
suitable species is under investigation.

A number of authors have studied the
influence of environmental factors on the
growth and reproduction of Gracilaria spp.
(e.g. Causey et al. 1946, Stokke 1957,
Simonetti et al. 1970, Edelstein et al. 1976,
McLachlan and Bird 1984, Bird and
McLachlan 1986), and of Peerocladia capillacea
(Gmelin) Bornet et Thuret (e.g. Santelices
1978 and Berchez 1985). However the infor-
mation is concerned only with adult plants,

agarophytes—Gracilaria—Pterocladia—salinity—sporeling develop

tomb 4
temperature.

without consideration about spore and sporel-
ing development. The scarcity of informa-
tion on the effects of temperature and salinity
on red algal spore survival and development
can be seen in the extensive revision by San-
telices (1990).

This paper presents observations on the
effects of temperature and salinity on spore
germination and sporeling development in
some of the more important species of agaro-
phytes from South America.

Materials and Methods

Fertile plants of five Gracilaria species (Fig.
1) and of Pterocladia capillacea were collected
from a variety of sites (Table 1), and trans-
ported to the laboratory in an insulated con-
tainer. Voucher specimens were deposited at
the herbarium of the Departamento de Boténi-
ca (SPF), Instituto de Biociéncias, Univer-
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Table 1. Locations and collecting dates of the species studied.
COORDINATES
SPECIES LOCALITY TEMPERATURE RANGE DATA
Gracilaria chilensis Tubul River 37°14'S 73°25'W November 1987
Bird, McLachlan & Oliveira Chile 10-18°C
Gracilaria verrucosa Puerto Madryn 42°46'S 65°02'W March 1986
(Hudson) Papenfuss Argentina 06-17°C
Gracilaria tenuifrons Rio Una, Valenga (BA) 13°22'S 39°05'W December 1987
Bird & Oliveira Brazil 23-30°C
G. aff. verrucosa Ubatuba (SP) 23°26'S 45°04'W April 1987
Brazil 18-28°C November 1987
Gracilaria sp. Lagoa de Araruama (R])  22°51'S 42°21'W November 1987
Brazil 22-26°C
Prerocladia capillacea Ubatuba (SP) 23°26'S 45°04'W January 1988
(Gmelin) Bornet et Thuret Brazil 18-28°C May 1988

sidade de Sao Paulo, Brazil.

Small segments of fertile thalli were excised
(Fig. 2), brushed in sterile seawater under a
stereomicroscope, and put on cover slips in
Petri dishes containing sterile seawater.
Twenty-four hours after release, spores were
collected by two methods. By first method,
cover slips inserted beneath fertile thalli with
attached spores were transferred directly to
other Petri dishes. By second method, unat-
tached spores were transferred with Pasteur
pipettes to other Petri dishes containing cover
slips, and it was used in all treatments except
for ones of Gracilaria spores incubated in salini-
ties higher than 45%o, when the first method
was used. In all cases spores were inoculated
in 40 ml seawater enriched with Provasoli’s so-
lution (after McLachlan 1973) at concentra-
tions of 5 and 20 ml-1~! for the temperature
and salinity experiments respectively.

Temperature experiments were carried out
in growth chambers (FANEM, modelo 347-
G), at temperatures of 14, 18, 22, 26 and
30°C.

The salinities tested ranged from 5 to 60%o,
at intervals of 5%. Seawater (32+2%) was
sterilized and concentrated by freezing.
Gradual melting provided low (0-20%;), inter-
mediate (25-40%o) and high (45-80%c) salinity
stocks, which were mixed to obtain any salin-
ity desired. The final salinity was checked
with a refractometer (American Optical) and
the seawater was filtered (Millipore, 0.45
pm).

Temperature and salinity experiments
were carried out in duplicate under the follow-
ing conditions: photon flux density 35-40
p#mol-m~2.s~! provided by cool-white fluores-
cent lamps on a light/dark cycle of 16/8 hours,
temperature 23(%=3)°C for salinity experi-
ments, and salinity 32(=%2)%, for temperature
experiments. Germanium dioxide (1 mg-
171) was used to suppress diatom growth when
necessary.

Spore germination was observed periodical-
ly and media exchanged weekly. Sporeling
development was assessed by measurements
of basal disc diameter, or by length of erect
frond for Gracilaria species, and by length of
the larger axis for P. capillacea sporelings.

Factorial analysis of variance was conduct-
ed on the data of sporeling development, and
Student t significance test was used to com-
pare tetrasporeling and carposporeling de-
velopment.

Results

Spore size and germination patiern—Data for the
diameter of recently released spores of the spe-
cies studied are presented in Table 2. The
Brazilian plants of Gracilaria presented
smaller carpospores than those of G. chilensis
and G. verrucosa (Table 2). Germination pat-
terns of carpospores and tetraspores cor-
respond to “Dumontia type”, after Chemin
(1937), or “typus discalis mediatus”, after
Inoh (1947). After attachment, the first divi-
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Table 2. Diameter (#m) of recently released tetraspores (T) and carpospores (C).

285

SPECIES TYPE xts* maximum minimum
Gracilaria chilensis C 34.2+4.3 40.8 28.8
Gracilaria verrucosa C 34.3+3.8 40.8 28.8
Gracilaria tenuifrons C 21.0+1.4 24.0 19.2
G. aff. verrucosa C 22.8+1.6 26.4 21.6

T 21.6x1.2 22.8 20.4
Gracilaria sp. C 21.0*1.4 21.6 19.2
Prerocladia capillacea T 24.1+4.2 38.0 19.0

*

sion takes place in a median plane forming a
two celled sporeling. Subsequently, one of
the resultant cells divides perpendicularly to

Table 3.

x*s=averagetstandart error (n=30).

celled stage (Fig. 3).

the first median division, this is followed by a
division in the undivided cell, forming a four
Several divisions take

Gracilaria aff. verrucosa-Comparison between tetrasporeling and carposporeling development assess-

ed by measures of basal disc diameter (d) and length of erect frond (I), after 10 days on different temperatures (T)
and after 14 days on different salinities (S). The Student’s t significance test (p=0.05) was used to compare the

experiments.

Initial diameter of tetraspores=(21.6+1.2 #m) and carpospores=(22.8+1.6 #m), n=30.

(Temperature)

T TETRASPORELINGS CARPOSPORELINGS t p=0.05
) (pm) (pm)

14 —* —* — —
18 —* (d) 38.0x 3.5 — -
22 (d) 849+ 8.2 (d) 103.2+ 4.4 —10.7709 s.
26 (1) 179.5+ 58.8 (1) 187.5%+ 32.7 — 0.6513 ns.
30 (1) 152.9+ 42.7 (1) 197.9% 28.4 — 4.8063 s.

(Salinity)

OS TETRASPORELINGS CARPOSPORELINGS ¢ p=0.05
&) (pm) (pm)

60(a) —* —* — —
55(a) (d) 529+ 4.8 (d) 57.6%x 20.4 — 1.2284 ns.
50(a) (d) 848t 4.3 (1) 165.3% 24.2 —17.9387 s.
45 (d) 1124+ 9.3 (1) 201.8+ 49.2 — 9.7793 s.
40 (1) 257.1% 69.7 (d) 119.7% 51.6 8.6780 s.
35 (1) 386.1£121.0 (1) 185.5+ 34.6 8.7305 .
30 (1) 286.2+ 20.6 (1) 391.9+ 43.2 —12.0965 s.
25 —* (1) 631.5+222.8 — —
20 —* (1) 380.6%x175.9 — —
15 % % —_— —
10 ok %% _ _
05 k% k% _ —

*; sporelings dead

*%; spores lysed after 10 minutes

a); spores attached on cover slips before the incubation on tested salinity.

s. and ns.; significant and non significant differences.
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14716 18°C

N 22°C 26°C 30°C
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Figs. 1-7. Gracilaria aff. verrucosa. 1, General aspect of plants with cystocarps; 2, detailed of a branch with

cystocarps; 3-7, Carposporelings cultured on different temperatures after 7 (3-4) and 14 days (5-7). Numbers on
the top represent the temperature tested. Initial diameter=(23.8£2.3)¢#m, n=230.
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wr a2

Figs. 8-14. Gracilaria chilensis. 8-9, Recently released carpospores in the process of germination; 10-14,
Carposporelings cultured on different temperatures after 7 (14) and 14 days (10-13). Numbers on the top repre-
sent the temperature tested. Initial diameter=(34.2+4.3)#m, n=30.
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place in a perpendicular plane, forming a mul-
ticellular disc (Fig. 4). Subsequently, cells of
this disc divide periclinally, resulting in a
dome-shaped structure (Fig. 5). An apical
cell is established at this stage and gives rise to
the erect axis (Figs. 6-7).
pattern do not differ in the five Gracilaria spe-
cies studied. However, a deviation in the
first stages was observed in carpospores of G.
chilensis. In this case, carpospores produce a
protuberance lightly pigmented (Figs. 8-9),
and the first division originates two unequal
cells. The less pigmented cell gives rise to the
holdfast and the pigmented cell
originates the erect axis through a series of
periclinal and anticlinal divisions. In this
stage, the carposporelings become similar to
ones described for the other species.
Tetraspores from Plerocladia capillacea were
released after 12 hours. Immediately after at-
tachment, the spore produces a lateral pro-
tuberance (Fig. 15) to which the protoplast mi-
grates, followed by a septation which isolates
it from the spore wall. The first division is ob-

This germination

well

lique to the sporeling’s larger axis, forming
two unequal cells. Further divisions take
place transversally to the sporeling’s larger
axis, making it possible to distinguish an api-
cal and a rhizoidal region (Figs. 16-18). The
original spore degenerates completely after
about 7 days, and is no longer visible in later
stages of development (Fig. 19). This germi-
nation pattern corresponds to the “Gelidium
type”, after Inoh (1941).

Temperature responses—The germination pat-
tern of carpospores and tetraspores of Gracilar-
ia species and of tetraspores of P. capillacea did
not vary on different temperature condit-
ions. However, the rates of cell divisions va-
ried, influencing the sporeling development.
There were significant differences between
treatments in all the species studied. Carpo-
sporelings of Gracilaria spp. displayed a distinct
response in terms of range of temperature
tolerance and optima temperatures for de-
velopment. G. verrucosa (Argentina) present-
ed a broader range of temperature tolerance
than the other Gracilaria species, and car-

17

Figs. 15-19.

18 g 19

Prerocladia capillacea. Different stages of development of tetrasporelings.
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Fig. 20. Gracilaria verrucosa-Argentina. Deve-
lopment of carposporelings under different
temperatures.  Initial diameter=34.3+3.8 ym,
n=30. Factorial ANOVA F=80.88***, LSD, and
LSDy (p=0.05)=less significance difference for
time (t) and temperature (T) respectively. Hatched
column=basal disc diameter, and empty col-
umn =length of erect frond.

posporelings survived on temperature varia-
tions from 14 to 30°C, with maximum growth
at 26°C (Fig. 20). A high number of carpo-
spores of G. aff. verrucosa (Brazil) submitted to
14 and 18°C did not attach to the substratum
and did not germinate; a few germinated up
to the stage of 4-8-celled, and died after

{ 1 LSD¢t

11 LSDT

um x 103

Fig. 21. G. chilensis. Development of car-
posporelings under different temperatures. Initial
diameter=43.2+4.3 ym, n=30. Factorial
ANOVA F=259.70***, LSD, and LSDg

(p=0.05)=less significance difference for time (t)
and temperature (T) respectively. Hatched col-
umn=basal disc diameter, and empty col-
umn=Ilength of erect frond.

289
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Fig. 22. Pterocladia capillacea. Development
of tetrasporelings under different temperatures. In-
itial diameter of tetraspores=(24.1+4.2)um,
n=30. Factorial ANOVA F=19.74*** LSD, and
LSDr (p=0.05)=less significance difference for
time (t) and temperature (T) respectively.

10 days at 14°C. At the 18°C development
went on to more advanced stages but sporel-
ings died after 14 days. Carposporelings sur-
vived on temperatures of 22 to 30°C, and de-
veloped the erect axis at temperatures of 26
and 30°C (Figs. 6-7). The optimum temper-
ature for sporeling development in this spe-
cies was 30°C. Carposporelings of G. chilen-

. I LSD¢

LSDs

Fig. 23.
posporelings under different salinities.

Gracilaria sp. Development of car-
Initial
diameter=21.0+1.2 pgm, n=30. Factorial
ANOVA F=3.85% LSD, and LSDs (p=0.05)=less
significance difference for time (t) and salinity (S)
respectively. Hatched column=basal disc
diameter, and empty column =length of erect frond.
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1z LSD¢
e I LSDs

Fig. 24.
carposporelings under different salinities.

Gracilaria tenuifrons. Development of
Initial
diameter=21.0+1.4 ym, n=30. Factorial
ANOVA F=87.54*** LSD, and LSDs
(p=0.05)=less significance difference for time (t)
and salinity (S) respectively. Hatched col-
umn=Dbasal disc diameter, and empty col-
umn=length of erect frond.

sis (Chile), however, did not develop well in
the high temperatures tested; carpospores sub-
mitted to 30°C germinated only up to the
stage of 2-4-celled (Fig. 14), and died after
7 days. Carposporelings submitted to 14 and
26°C grew slowly, and the erect axis did not
develop after 21 days (Figs. 10 and 13). The
optima temperature for carposporeling de-
velopment in this species were 18 and 22°C
(Figs. 11, 12 and 21). A comparison of the
responses of tetraspores and carpospores for
the same species (G. aff. verrucosa—Brazil) is
given in Table 3, where it may be seen that
the carposporelings presented a broader toler-
ance than the tetrasporelings. The tempera-
ture optima for development were 30°C for
carposporelings and 26°C for tetrasporelings.
Pterocladia capillacea tetrasporelings present-
ed the broadest tolerance to temperature,
growing over the entire ranges tested (Fig.
22). However the extreme values of tempera-
ture were not favorable to development, and
tetrasporelings grew better between 18 and
26°C.
Salinity responses—The different salinity condi-
tions did not alter the germination pattern of
carpospores and tetraspores of Gracilaria spe-

e I LSDy
I T Lsbs

Aum o x 103

Fig. 25.

Pterocladia capillacea.
of tetrasporelings under different salinities. Initial
diameter of tetraspores=(24.1%x4.2)#m, n=30.
Factorial ANOVA F=25.51** LSD, and LSDj
(p=0.05)=less significance difference for time (t)
and salinity (S) respectively.

Development

cies and of tetraspores of P. capillacea, but
influenced the sporeling development. Car-
posporelings of Gracilaria sp. tolerated varia-
tions in salinity from 25 to 45%o, and deve-
loped better at 30-40%; (Fig. 23). Free carpo-
spores (obtained following second method) in-
oculated at 50-60%; did not attach to the sub-
stratum but stayed alive for 14 days. Few car-
pospores germinated at salinities of 50-55%o,
but developed multicellular disc with irregu-
lar shapes. Carposporelings of G. tenuifrons,
however, tolerated salinities from 20 to 60%p
(Fig. 24) although they developed better be-
tween 20-35%. Normal carposporelings de-
veloped even at 50-60%;, but only when they
originated from attached carpospores (first
method).

Comparative  salinity  responses  of
tetrasporelings and carposporelings of G. aff.
verrucosa are presented in Table 3.
Tetrasporelings were more sensitive to low
salinities (significant at p=0.05), and did not
survive in salinities lower than 30%;. Tetra-
spores germinated in and tolerated salinities
from 30 to 50%, with maximum growth at
30-40%:. However, carposporelings tolerated
a broader range of salinity variation, from 20
to 55%, with maximum growth at salinities of
20-40%;. Spores from these three Gracilaria
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species lysed when incubated in salinities low-
er than 15%;.

Tetrasporelings of P. capillacea growing at
salinities of 5 and 10%, presented irregular
shapes, lighter colour and rhizoids, surviving
21 days on these conditions. Tetrasporelings
grew better at salinities from 15 to 40%
(Fig. 25).

Discussion

The germination pattern of carpospores and
tetraspores of Gracilaria species described here
is in accordance with the observations made
by Oza and Krishnamurthy (1967), Ogata et
al. (1972), Oza (1975), Bird et al. (1977),
Mshigeni and Wevers (1979), Oliveira and
Plastino (1984) and Plastino (1985). The
deviation observed on germination pattern of
G. chilensis carpospores is similar to the
descriptions made by Plastino and Oliveira
(1988) for the same species. There are not
references whether other species of Gracilaria
presents this type of deviation on germination
pattern.

The germination pattern of tetraspores of
P. capillacea is in agreement with observations
made by Oliveira and Paula (1974) for the
same species and by Inoh (1941), Chihara
and Kamura (1963) and Paula et al. (1988) for
other species of Gelidiaceae.

The results show that temperature and sa-
linity are critical factors on spore germination
and sporeling development in the species of
Gracilaria studied here. Bird et al. (1977)
have already reported on the importance of
temperature for spore germination in Gracilar-
ta sp. (afterwards identified as G. tikvahiae
McLachlan by McLachlan (1979) from the
Maritime Provinces of Canada). Observa-
tions that carposporelings of G. aff. verrucosa
and G. verrucosa present maximum growth in
higher temperatures are in agreement with
those reported by Mshigeni and Wevers
(1979) for G. corticata, and by Friedlander and
Dawes (1984) for G. foliifera var. angustissima.
On the other hand, carpospores of G. chilensis
were sensitive to the highest temperature test-
ed here (30°C). Of the species studied this

Gracilaria is the best adaptated to cold water
conditions.

Temperatures for better development of
carposporelings of G. chilensis and of G. verruco-
sa are between 18-22°C and 22-26°C respec-
tively; these are higher than the ranges of tem-
perature variation found in their habitats
(Mayer 1981, McLachlan and Bird 1984).
These results suggest that the field tempera-
ture regime in the regions where the species
lives is not always the most favorable for spore
germination, and this might influence the
reproductive pattern of the population.
Romo and Alveal (1979) observed only
tetrasporophytic plants in a population of G.
verrucosa  from Reyes Island (Concepcion
Bay), and suggested that this population
reproduces only vegetatively because this
region does not have temperatures favorable
to spore germination.

As regards salinity responses, it is observed
that spores of the Gracilaria species studied did
not germinate in salinities above 50%;, and
that they lysed in salinities lower than 20%,
while unattached spores did not germinate on
salinities higher than 50%;. Salinity toler-
ance is obviously variable with the species as
shown by Friedlander and Dawes (1984), who
reported growth of carpospores of G. folitfera
var. angustissima at salinity variation ranging
from 5 to 35%. Mufloz ¢t al. (1984) reported
growth from 5 to 55% for carposporelings of
G. verrucosa, although 5 and 15%, show low sur-
vival of plants due to lysis of the carpospores.

Experiments devised to compare responses
of carpospores and tetraspores in G. aff. ver-
rucosa showed that tetraspores are more sensi-
tive than carpospores, both to temperature
and salinity variations. This observation
may be related to the cellular ploidy of the
phases, since diploid cells are supposed to be
more tolerant than haploids to environmental
variations. This observation may explain the
predominance of tetrasporophytic phase in
natural populations, as observed by Hoyle
(1978), Pinheiro-Joventino and Bezerra
(1980), Ludewigs (1984) and Plastino (1985),
in different species of Gracilaria. This is also
generally assumed for other genera of red al-
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gae (e.g. Dixon 1973), although the explana-
tion is not as simple as that (cf. Santelices
1990).

Temperature and salinity in the range test-
ed here are not inhibitory to tetraspore germi-
nation of Pterocladia capillacea, which survived
all tested conditions. This is perhaps to be ex-
pected, as the population studied comes from
the intertidal zone and is therefore subject to a
broader variation of temperature and salinity.

On the practical side, the results of our ex-
periments indicate that the use of spores for
the mariculture of Gracilaria spp. should be
preceded by careful studies of their tolerance
to temperature and salinity variations, since
these factors are limiting to spore germina-
tion and sporeling development. They also
show that on what concerns spore germina-
tion and early stages of development, species
of Gracilaria from Chile and Argentina could
be cultivated in some areas of the Brazilian
coast.
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Shi,Z., Hu, Z. and Kumano, S. 1993. Batrachospermum heteromorphum, sp. nov. (Rhodophyta) from Hubei

Province, China. Jpn. J. Phycol. 41: 295-302.

A new species of Batrachospermum, B. heteromorphum, is described from a mountain stream, Dabie
Mountains, Hubei Province, China. This species is considered as a link species with the section Batracho-

spermum and the section Aristatae.

Key Index Words: Batrachospermum heteromorphum—fresh

spermum—section Aristatae.

Jao (1941) reported eight genera, twenty
one species and three varieties of the Chinese
freshwater Rhodophyta, among which nine
species and two varieties were new to
science. Concerning the genus Batracho-
spermum, he reported eleven taxa including
three new species. Based on the examination
of the Jao’s type specimens, Kumano (1984)
stated that B. sinense seemed to resemble more
closely taxa of the section Batrachospermum
rather than taxa of the section Turfosa (as the
section Turficola). In the present paper, a
new species of Batrachospermum, B. hetero-
morphum, is described based on the speci-
men collected from Hubei in China. This
new species is considered as a link one with
the section Batrachospermum and the section
Aristatae.

Description of the species

Batrachospermum  heteromorphum Shi, Hu et
Kumano sp. nov.

Frons monoica, caepitosa, 5-9cm alta,
mucosa, dense irregulariterque ramosissima.
Cellulae axiales cylindricae, in medio leviter

constrictae  400-800 #m longae, 100-200
pm latae; fila corticalia bene evoluta.
Verticilli  subglobosi et obconici vel

tion Batracho-

hodnbh
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pyriformes. Verticilli subglobosi, contigui,
900-1050 pm crassi; ramuli primarii dicho-
tome ramosi, ad 11- — 16-cellulares; cellulis
oblong-ovatis vel obovoideis, 30-55 #m longis
et 10-16 pym latis in cellulis inferioribus, 5-
10 pm longis et 2.5-5 ym latis in cellulis
superioribus; ramuli secundarii non vel dicho-
tome ramosi, sparsi, ad 4- — 10-cellulares;
habitibus cellulosis cum cellulis ramulorum
primariorum conguentes; cellulis 10-25 #m
longis et 5-8 ym latis. Verticilli obconici vel
pyriformes, plerumque contigui, 600-800 #m
crassi; ramuli primarii, ad 12- — 16-cel-
lulares; cellulis inferioribus cylindricis vel lan-
ceolatis, 30-57 #m longis et 7-9 pm latis, cellu-
lis superioribus lanceolatis vel obovoideis, 10-
18 #m longis et 5-9 ym latis; ramuli secunda-
rii numerosi, non vel dichotome ramosi, totum
internodium confertim tegentes, ad 4- — 14-
cellulares; habitibus cellulosis cum cellulis
ramulorum primariorum conguentes; cellulis
10-25 #m longis et 3.5-5 p#m latis. Pili pauci
et breves, 10-40 #m longi. Spermatangia
globosa vel subglobosa, 6-8 ym diametro, ter-
minalis in ramulis primariis et secundariis.
Ramuli carpogoniferi recti, e cellulis pericen-
tralis ramulorum primariorum orientes, 48-
120 ¢m longi, ex cellulis 5-12 cylindricis vel
doliiformibus constantes. Carpogonium basi
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= 1 mm

Figs. 11-12.

».au,@:m%g n
R eb"‘/ N

e

e

Batrachospermum heteromorphum Shi, Hu et Kumano. 11. Obconic or pear-shaped whorls; 12.

Subglobose whorls. (ca: carposporophyte). Scale bar: 1 mm.

circa 5-7.5 #m latum; trichogyne juvenior
spathulata, vetustior angulose obovoidea vel
obtrullata, parum ellipsoidea, 30-52 pm longa,
15-20 gm lata, breve pedicellata (4-8 ym
longa), aliquot indistincte pedicellata. Carpo-

sporophytum singlum vel aliquot, globo-
sum vel subglobosum, in centro verticilli
insertum, 80-175 #m longum, 70-160 y#m

latum. Carposporangia obovata, 13-18 #m
longa, 7-10 p#m lata.

Figs. 1-4.

Batrachospermum heteromorphum Shi, Hu et Kumano.

1. Obconic or pear-shaped whorls with one

or several carposporophytes; 2. Subglobose whorls with several carposporophytes; 3. An unfertilized obtrullate
carpogonium; 4. A fertilized angled obovate carpogonium. Scale bars: 10 pm.

Figs. 5-10.

Batrachospermum heteromorphum Shi, Hu et Kumano. 5. Spermatangia terminal on primary branch-

lets of subglobose whorl; 6. Carposporangia terminal on gonimblast filaments; 7. Primary branchlets of obconic
or pear-shaped whorls with a young spathulate carpogonium (left) and a mature fusiform carpogonium (right);
8. Frond; 9. A carpogonium with spathulate trichogyne in the early stage of the development; 10. A carpo-

gonium with a rod-shaped initial of the trichogyne in the very early stage of the development.

10 pm.

Scale bars:
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Figs. 13-14. Batrachospermum heteromorphum Shi, Hu et Kumano. 13. Spermatangia terminal on primary
branchlets of subglobose whorls; 14. Spermatangia terminal on primary branchlets of obconic or pear-shaped
whorls. (sp: spermatangia, h: terminal hairs). Scale bar: 40 gm.

Fronds monoecious, caespitose, 5-9cm
high, mucilaginous, densely and irregularly
branched (Fig. 8). Axial cells cylindrical,
slightly concave at the middle, 400-800 #m
long, 100-200 #m wide; cortical filaments
well-developed (Figs. 1, 2). Whorls two
types; subglobose whorl (Figs. 2, 12) and
obconic or pear-shaped whorl (Figs. 1, 11).

Subglobose whorl, closely touching each
other, 900-1050 #m wide; primary branchlets
dichotomously branched (Figs. 5, 13), consist-
ing of 11-16 cell-stories; cells oblong-ovate or
obovoid, 30-55 #m long and 10-16 ym wide
in the lower cells, 5-10 #m long and 2.5-5 #m
wide in the upper cells; secondary branchlets
rare, unbranched or dichotomously branch-
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Figs. 15-21.

ed, same shape as those of the primary branch-
lets, consisting of 4-10 cell-stories; cells 10-
25 pm long and 5-8 yum wide. Obconic or
pear-shaped whorl, usually touching each
other, 600-800 #m wide; primary branchlets
dichotomously branched (Figs. 7, 14), consist-
ing of 12-16 cell-stories; the lower cells cylin-
drical or lanceolate, 30-57 yum long and 7-

Batrachospermum heteromorphum Shi, Hu et Kumano.
branch with an initial of carpogonium; 16. Carpogonium with a rod-shaped initial of trichogyne in the very early
stage of the development; 17-18; Young carpogonia with spathulate trichogynes in the early stage of the develop-
ment; 19-20. Fertilized carpogonia with angled obovate or obtrullate trichgynes; 21. A fertilized carpogonium
with ellipsoidal trichogyne. (tr: trichogyne, sp: spermatia). Scale bar: 30 #m.

15. A very young carpogonium-bearing

9 ym wide, the upper cells lanceolate or ob-
ovoid, 10-18 um long and 5-9 ym wide; second-
ary branchlets numerous, unbranched or
dichotomously branched, densely covering all
the internodes, same shape as those of the
primary branchlets, consisting of 4-14 cell-
stories; cells 10-25 ygm long and 3.5-5 ym
wide. Terminal hairs rare and short, 10-40 #m
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long. Spermatangia globose or subglobose
(Figs. 5, 13, 14), 6-8 #m in diameter, aristing
from the terminal cells of the primary and
secondary branchlets. Carpogonium-bearing
branch straight (Figs. 3, 4, 15-21), arising
from the pericentral cells of the primary
branchlets, 48-120 #m long, consisting of 5-
12 cylindrical or barrel-shaped cells. Carpo-
gonium about 5-7.5 yum wide at the base;
young trichogyne spathulate (Figs. 9, 10, 17),
old ones angled obovate or obtrullate (Figs. 3,
4, 19, 20), rarely ellipsoidal (Fig. 21), 30-
52 pm long, 15-20 ym wide, obviously and
shortly stalked (4-8 ym long), sometimes in-
distinctly stalked (Fig. 19). Carposporo-
phytes single or several, globose or sub-
globose, inserted in the whorls center (Fig. 1,
2, 11, 12), 80-175 p¢m long, 70-160 ¢#m wide.
Carposporangia obovate (Fig. 6), 13-18 ym
long, 7-10 #m wide.

Holotype: HP541, collected from a moun-
tain stream Dabie Mountains, Hubei
Province, China, on March 12, 1965, by Dr.
Chen Jia-you et al., and deposited in
Freshwater Algae Herbarium, Institute of
Hydrobiology, Academia Sinica (HBI), Wu-
han, Hubei in People’s Republic of China.

Isotype: HP541, collected from a Moun-
tain stream, Dabie Mountains, Hubei
Province, China on March 12, 1965, by Dr,
Chen Jia-you ¢t al., and deposited in the Her-
barium of Department of Biology, Faculty of
Science, Kobe University, Rokko-dai, Nada-
ku, Kobe, Japan.

Habitat: this species grows on rocks and
stones in a mountain stream, Dabie Moun-
tains, Hubei Province, China.

This new species closely resembles B.
gelatinosum var. obtrullatum (as B. moniliforme
var. obtrullatum, Kumano and M. Watanabe
1983) in having the obtrullate or angled
obovate trichogyne (Figs. 3, 4, 19, 20) in
mature, but differs from the latter in having
the spathulate trichogyne (Figs. 9, 10, 17) in
the early stage of the development and in
having two types of whorls, viz., subglobose
whorl (Figs. 2, 12) and obconic or pear-
shaped whorl (Figs. 1, 11).

Discussion

Batrachospermum heteromorphum has two types
of whorls, viz., subglobose whorl (Figs. 2, 12)
and obconic or pear-shaped whorl (Figs. 1,
11). B. gelatinosum (as B. moniliforme, Roth
1800, Sirodot 1884, etc.) and B. gelatinosum
var. obtrullatum (as B. moniliforme var. obtrulla-
tum, Kumano and Watanabe 1983) of the sec-
tion Batrachospermum has only the former type,
the subglobose whorl. The later type, the ob-
conic or pear-shaped whorl (Figs. 1, 11), of B.
heteromorphum resembles that of B. cayennense of
the section Aristatae.

The carpogonium-bearing branch of B.
heteromorphum arises from the pericentral cells,
consisting of 5-12 cylindrical or barrel-shaped
cells, and has a few bract in the early stage of
the development (Fig. 15). The differentia-
tion of the carpogonium-bearing branch from
the vegetative fascicles is remarkable. The
terminal portion of the carpogonium sticks
out, becomes a rod-shaped initial of the
trichogyne (Figs. 10, 16), gives rise to a
spathulate trichogyne (Figs. 7 left, 18), then
turns into an obovoid, finally becomes into an
angled obovate, an obtrullate (Figs. 3, 4, 19,
20) or an ellipsoidal trichogyne (Fig. 21) when
it becomes mature.

The matured trichogynes of B. gelatinosum
(as B. moniliforme, Kylin 1917, Kumano et al.
1970) are club- or urn-shaped and those of B.
gelatinosum var. obtrullatum (as B. moniliforme
var. obtrullatum, Kumano and Watanabe 1983)
are angled obovate or obtrullate. During the
process of the development, the initials of
those carpogonia did not give rise to the
spathulate trichogynes, but the obovate
ones. The process of the early development
of carpogonium of B. heteromorphum is similar
to that of B. beraense and B. cayennense (Kuma-
no and Ratnasabapathy 1982) of the section
Aristatae and B. cylindrocellulare (Kumano
1978, 1984) of the section Batrachospermum.

From the above-mentioned facts, it is consi-
dered that this new species is assigned to the
section Batrachospermum and seems to link with
the section Batrachospermum and the section
Aristatae.
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Taxonomic notes on the Halymeniaceae (Rhodophyta) from Japan.

I1. Halymenia rotunda Okamura.

Shigeo Kawaguchi

Department of Fisheries, Faculty of Agriculture, Kyushu University, Fukuoka, 812 Japan

Kawaguchi, 8. 1993. Taxonomic notes on the Halymeniaceae (Rhodophyta) from Japan. II. Halymenia
rotunda Okamura. Jpn. J. Phycol. 41: 303-313.

Morphological study of the type and recent collections of Halymenia rotunda has revealed that this alga
has substantial stalks, firmly membranous in texture, periclinally aligned medullary filaments, containing
highly refractive cells in the medulla and profusely branched auxiliary cell ampullae with a narrow neck.
Distinctive anticlinal medullary filaments, a characteristic feature of Halymenia, are absent and the features
agree with the current circumscription of Cryptonemia. Therefore the binomial Cryptonemia rotunda
(Okamura) Kawaguchi, comb. nov. is proposed. Spore development of C. rotunda was studied in culture.
Carpospores initially develop into branched uniseriate filaments, but the filaments soon coalesce laterally to

form irregularly circular crusts without forming acrochaetioid plants.
Another poorly known Halymenia species described from the Seto Inland Sea, H. iyoensis Yagi, is
compared and concluded to be synonymous with C. rotunda.

Key Index Words: Cryptonemia, Cryptonemia rotunda, Halymenia, Halymeniaceae, Halymenia
iyoensis, Halymenia rotunda, Rhodophyta, Spore development, Taxonomy.

In 1930, Okamura described Erythrymenia
obovata Schmitz (a species of the Rho-
dymeniaceae) from Enoshima on the cen-
tral Pacific coast of Japan. On the basis of
Okamura’s (1930, pl. 266) illustrations, Ky-
lin (1931, p. 31) suggested that the species be-
longed in the Grateloupiaceae (=Halymenia-
ceae) and was probably a species of Halyme-
nia. Consequently, Okamura (1936, p. 536)
described the species as Halymenia rotunda
Okamura, but with the comment that further
studies were needed to clarify its taxonomic
status. Segawa (1938, p. 142-143) listed it as
Halymenia (?) rotunda Okamura from Susaki,
Shizuoka Pref. and remarked that it was only
provisionally placed in Halymenia by
Okamura. Segawa (1956, p. 76) again ex-
pressed his doubt about the generic position
of the species.

In the course of my taxonomic studies on
the Halymeniaceae from Japan, I have ob-
tained many specimens of this alga from vari-
ous localities. These specimens presented
the opportunity for detailed study of their

anatomy and spore development. In addi-
tion, consideration was given to the taxonom-

‘ic relationship between H. rotunda and a poor-

ly known Japanese species, Halymenia iyoensis
Yagi (Yagi 1938), thought to be closely relat-
ed to H. rotunda.

Materials and Methods

The plants studied were either fresh materi-
als collected mainly by SCUBA diving, or
dried herbarium specimens. Hand sections
were made with a razor blade, mounted in
glycerol-seawater mixture, and stained with
0.5% cotton blue solution (Kawaguchi and
Masuda 1984), 1% aqueous toluidine blue or
1% aqueous light green. The microscope
slides used in this study are help by the
author.

Carpospores were obtained from the speci-
mens collected from depths of 5-15 m at Take-
no, Hyogo Prefecture on 1 August 1991.
Liberated spores were inoculated into small
Petri dishes containing full strength PES
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(Provasoli 1966). The Petri dishes were kept
in the incubator under the condition of 18-20
°C and a 12 : 12 h LD (light and dark) photo-
regime illuminated by cool-white fluorescent
lamps (30-40 gmol m~2s71).

Specimens used for anatomical study: (1)
sterile, cystocarpic, Akiya, Kanagawa Pref.,
5. vii. 1990, leg. S. Arai, Kawaguchi 1027-36
(3-15m deep). (2) sterile, tetrasporangial,
Shichirigahama, Kanagawa Pref., 23, 30. vi.
1983, leg. S. Kawaguchi, SAP 047539,
045544 (drift). (3) sterile, cystocarpic, Yu-
migahama, Shizuoka Pref., 27. vi. 1983, leg.
S. Kawaguchi, SAP 047540-3 (drift). (5) cys-
tocarpic, Takeno, Hyogo Pref., 1. viii. 1990,
leg. S. Enomoto et al., Kawaguchi 1039-41
(5-15m deep). (6) cystocarpic, sterile,
Hinaibana (Ohshima island), Ochi Province,
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Type locality and collection sites of Halymenia rotunda Okamura.

Ehime Pref., 10. v. 1990, leg. S. Enomoto et
al., Kawaguchi 1042-1045 (3-10 m deep). (7)
tetrasporangial, = Amakusa, Kumamoto
Pref., 1. vii. 1957, leg. T. Yoshida, Kawaguch:
0893 (drift) (Fig. 1).

Abbreviation of herbarium follows Holmgren
et al. (1990).

Observations

Vegetative structure: One to three (occasional-
ly more) stalks to 1 cm long arise from a hold-
fast (Fig. 2D). A single circular or ellipsoid
(rarely irregularly shaped) blade up to 13 cm
in diameter expands from the top of each stalk
(Figs. 2A-C). The stalk does not extend into
the blade as a midrib. In older plants, the
stalk is very stiff (up to 2-3 mm in diameter),
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Fig. 2. Halymenia rotunda Okamura.

Fig. 2C showing stout basal system.

branched (Fig. 2D), and has several growth
rings in section (Fig. 3C). The blade margin
is thickened and almost always beset with
numerous, small protuberances that give the
blade a toothed appearance (Figs. 3D, E).
The texture is firmly membranous and plants
scarcely adhere to paper on drying. The
color is cerise to blood red, or purplish red.
Blades are up to 300 pm thick (to 500 #m or
more at the margin), composed of cortical
and medullary filaments (Fig. 3B). Cells of
an outer cortex are ellipsoidal to rounded, ar-
ranged in anticlinal rows 3-4 cells deep. This

A, B. Cystocarpic spceimens showing typical circular blades.
Scale=5cm. C. Cystocarpic specimen having irregularly shaped blades.

Scale=5cm. D. Magnification of

layer connects to an inner cortex, 3-4 cells
deep, of larger, irregularly shaped or stellate
cells laterally attached by secondary pit con-
nections. Medullary cells are generally elon-
gate (rarely narrowly ellipsoidal) and form
simple or branched filaments. These fila-
ments are mainly periclinal in direction (Fig.
3B). Among these filaments are long-armed
stellate cells containing a highly refractive sub-
stance which stains intensely with cotton blue
or light green (Figs. 3A, B).

Reproductive  structure:  Female reproductive
structures were scattered over the entire blade
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Fig. 3.
shows highly refractive filament.
filaments and highly refractive ganglionic cell (arrow).
several growth rings (arrowheads) are seen around the medulla (arrow). Scale=300 #gm. D. Marginal portion of
blade showing small protuberances. Scale=1mm. E. Transverse section of thickened margin. Scale=200 yzm.

except near the base. Carpogonial branches
and auxiliary cells were formed in separate
clusters of filaments (ampullae). Carpogoni-
al ampullae were rare. The carpogonial
branch in an ampulla consisted of a carpogoni-
um that subtended a trichogyne, and a

hypogynous cell (Figs. 4A, B, 5A). Auxiliary

Halymenia rotunda Okamura. A. Surface view of blade after staining with light green. Arrowhead
Scale=250 #m. B. Transverse section of blade showing periclinal medullary
Scale=30 #m. C. Cross section of stipe.

Note that

cell ampullae were profusely branched to the
third or fourth order and were narrow at the
top (Figs. 4C, D, 5B). The cells of primary
filament became elongated when fully de-
veloped. Auxiliary cells were enlarged, oval to
oblong in shape, and were located centrally
toward the base of the ampulla (Figs. 4C, D,
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Fig. 4. Halymenia rotunda Okamura. A, B. Carpogonial ampulla. Long arrow shows carpogonium with

trichogyne, and short arrow shows hypogynous cell. Scale=30 yzm, applying also to B-F. C, D. Auxiliary cell
ampulla. Arrow shows auxiliary cell. E. Initiation of connecting filaments (arrowheads) from irregularly shaped
cell (arrow). F. Early stage of gonimoblast development.

5B).

Early stages of fertilization were not ob-
served. Several aseptate filaments were
produced from an irregularly shaped large
cell or its derivative cells (Figs. 4E, 5C).
These filaments are possibly connecting fila-
ments, and the large cell is presumably a ferti-
lized carpogonium or its fusion complex.
The auxiliary cell cut off a gonimoblast initial
toward the surface after presumed contact
with a connecting filament (Figs. 4F, 5D).
Whether the connecting filament grew on to
affect further contacts or not was not ascer-
tained. The gonimoblast initial in turn cuts
off a few gonimoglast cells which devide to
form a mass of carposporangia (Fig. 6B).
During the development of gonimoblast cells,

ampullary cells elongate to form an involucre
(=pericarp). No supplementary vegetative
cells seemed to be involved, and the pericarp
around the carposporophyte was poorly de-
veloped (Fig. 6A). Fully developed cystocarps
were 170-220 #m in diameter, deeply embed-
ded within the blade, and ostiolate. Blades
were usually swollen around the cystocarp
(Fig. 6A).

Male reproductive structures were not ob-
served.

Tetrasporangia were also scattered over the
blade surface. Tetrasporangial initials were
cut off from the third (rarely second) cortical
cells from the surface. The tetrasporangial in-
itials first elongate, then enlarge into narrow-
ly ellipsoidal sporangia (Figs. 6C, D). Ma-
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Fig. 5.
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Halymenia rotunda Okamura. A. Carpogonial ampulla. Long arrow shows carpogonium, and short

arrow shows hypogynous cell. B. Profusely branched auxiliary cell ampulla. Arrow shows auxiliary cell. C. In-
itiation of connecting filaments (arrowheads) from cells derived from large irregularly shaped cell (arrow). Large

arrowhead shows initiation of connecting filament.

ture sporangia were 7-10 #m wide by 20-
25 #m long, submerged in the outer cortex,
and cruciately or decussately divided (Fig.
6D).

Development of carpospores:  Liberated carpo-
spores are 8.3-13.3 yum (average 10.3 ptm,
N=75) in diameter (Fig. 7A). One or two
days after settling, the spores produced a germ
tube into which the spore content migrated
(Fig. 7A). After further two or three days,

D. Early stage of gonimoblast development.
shows presumably fusion complex and short arrow shows gonimoblast initial.

Long arrow

Scale=50 pm, applying to A-D.

the elongated tube developed into a 2-3 celled
The cells of the filament then
produced lateral cells to form a branched
uniseriate filament (Fig. 7B). As the spore-
ling developed further, branched filaments

filament.

came in contact and coalesced with one
another (Figs. 7C, D). After about 30 days,
a sporeling had developed into an irregularly
shaped crust with a marginal meristem (Fig.

7E).

Erect axes grew from the center of the
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Fig. 6. Halymenia rotunda Okamura.
fusion complex. Scale=100 pm.
gonimoblast initial cell (short arrow).

A. Mature cystocarp. Note that thallus is swollen.
B. Magnification of Fig. 6A showing fusion complex (long arrow) and
Scale=30 ym. C, D. Tetrasporangial formation.

¢! - dm R

Arrow shows

Arrowhead in C and

arrow in D show tetrasporangium. Scale in C=30 #m and scale in D=30 pm.

crust after about two months (Fig. 7F).

Discussion

Taxonomic  position of Halymenia rotunda
Okamura

The genus Halymenia is characterized as
having distinctive, anticlinally directed
medullary filaments, a slippery texture and
highly refractive cells in the medulla (Abbott
1967, Kraft 1977, Maggs and Guiry 1982).
Of these the first, which is considered the
most diagnostic of the genus, is lacking in A.
rotunda. The genus Cryptonemia is charac-
terised by its conspicuous stalks, occasionally
midribbed blades, mostly periclinally aligned
medullary filaments and highly refractive
medullary cells (Abbott 1967, Scott et al.
1982). Gross morphological and vegetative
features of H. rotunda, which include substan-
tial stalks, periclinally aligned medullary fila-
ments, highly refractive stellate cells in the
medulla and firmly membraneous texture,
are therefore more in accord with the current
circumscription of Cryptonemia, rather than

Halymenia.

In addition, the present alga has profusely
branched auxiliary cell ampullae which con-
verge to a narrow neck. This type of auxilia-
ry cell ampullae is considered by Chiang
(1970) to be typical of Cryptonemia and con-
trasts with those of Halymenia which are most-
ly wide across the top. Although Gargiulo et
al. (1986) reported that Halymenia assymetrica
from the Mediterranean Sea has narrow-
necked auxiliary cell ampullae, H. rotunda is
more typical of Cryptonemia in this aspect of
morphology.

There therefore seems to be no justification
for keeping this alga in the genus Halymenia.
Vetetative and reproductive features suggest
that it should be placed in the genus Crypto-
nemia as C. rotunda (Okamura) Kawaguchi
comb. nov.

Spore germination patiern

To my knowledge, no information on the
spore development of Cryptonemia species has
been published. Carpospores of C. rotunda
germinate by initially evacuating the spore
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Fig. 7. Halymenia rotunda Okamura. A. Liberated carpospores and initiation of germ tube 1 day after libera-
tion. Scale=10 p#m. B. 7-day sporeling developing into two- to five-celled filament with lateral protrusion
(arrowhead). Scale=10 #m. C. 20-day sporeling forming crust by lateral adhesion of filaments. Scale=40 ytm.
D. 24-day sporeling transforming into disc. Scale=80 y#m. E. 1-month sporeling. Note that it has been trans-
formed into irregularly shaped disc with marginal meristem. Scale=100 #m. F. Initiation of erect thallus
(arrowhead) from disc in 2 months. Scale=200 zm.

content into a germ tube as commonly report-  and Chihara 1967, Codomier 1974, Maggs
ed for other members of the family (Berthold  and Guiry 1982). After developing into a 2-3
1884, Chemin 1937, Inoh 1947, Hayashida  celled filament, the sporeling produced lateral

Fig. 8. Halymenia rotunda Okamura. A, B. Cystocarpic specimens having gourd-like blade (Ohshima collections).
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Fig. 9.

cells to form a branched filament, similar in
pattern to that reported for Halymenia (van
den Hoek and Cortel-Breeman 1970, Codomi-
er 1974, Maggs and Guiry 1982). In other
genera of the family, such as Grateloupia (Che-
min 1937, Inoh 1947, Hayashida and Chi-
hara 1967, Kawaguchi 1991), Prionitis
(Hayashida 1965) and Dermocorynus (Guiry
and Maggs 1982), after the spore contents are
evacuated into the germ tube, the sporeling
divides rapidly to form a radially expanded
crust (“mediate discal” type; Inoh 1947). In
Halymenia the sporeling grows further into
a small acrochaetioid plant (van den Hoek
and Cortel-Breeman 1970, Codomier 1974,
Maggs and Guiry 1982). In C. rotunda,
however, the sporeling does not develop into
such a filamentous plant, but the filaments
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coalesce laterally and eventually transform
into an irregularly shaped crust with a margi-
nal meristem. This crust is similar to those
of Grateloupia and other genera showing medi-
ate discal type of spore development. The
same pattern of spore development as C. rotun-
da is also observed in C. luxurians from Japan
(Kawaguchi, unpublished data). Although
known for only two species, this unique spore
development pattern may be characteristic of
Cryptonemia, and could suggest a possible
ancestral link between Cryptonemia and Halyme-
nia during evolution of the Halymeniaceae.
Comparison of Cryptonemia rotunda and
Halymenia iyoensis

Yagi (1938, p. 1450) described Halymenia
yoensis based on a specimen collected at Ohya-
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ma, Ochi Province, Ehime Pref., facing the
Seto Inland Sea (Fig. 1). Yagi (1938) did not
designate a type, and the specimen described
in the protologue is now missing. Since that
time, H. iyoensis has not been reported
again. The following discussion is therefore
based solely on Yagi’s description and figures
(Fig. 9). H. iyoensis was characterized as hav-
ing gourd-like blades, each developed from a
stalk to 4mm long, with thickened and
toothed margins, and periclinally aligned
medullary filaments. The last feature strong-
ly suggests that the alga does not belong in
Halymenia. Although Yagi (1938) did not
mention the presence of highly refractive cells
in the medulla, these cells are sometimes
difficult to detect in the places where sections
were made. It is therefore possible that Yagi
overlooked these cells. Other features of H.
tyoensis are consistent with C. rofunda. Sepa-
ration of the two species relies solely on their
outer appearances; C. rotunda has mostly circu-
lar or ellipsoid blades, whilst H. ¢yoensis has
gourd-like blades. However, collections of
C. rotunda from Ohshima (near the type locali-
ty of H. iyoensis) include both circular and ir-
regularly shaped specimens, some of which
are gourd-like (Figs. 8A, B). It therefore ap-
pears likely that gourd-like blades of H. iyoen-
sts are morphological variants formed during
regeneration of a new blade, or by environ-
mental or some other cause in the course of
blade development. Both taxa have basically
circular blades and thickened, toothed mar-
gins. These features are very conspicuous
and characteristic of Cryplonemia rotunda.
Halymenia tyoensis is therefore considered to be
a synonym of Cryptonemia rotunda.

In conclusion, the following new combina-
tion and synonymy is proposed:

Cryptonemia rotunda (Okamura) Kawaguchi
comb. nov.
Basionym: Halymenia rotunda Okamura
1936: 536-537
Erythrymenia obovata sensu Okamura (non
Schmitz) 1930: 22-23
Halymenia (?) rotunda Okamura; Segawa
1938: 142-143

Halymenia iyoensis Yagi 1938: 1450-1451
Type. Holotype is housed in the Okamura
herbarium (SAP).
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The mature female conceptacle of Myagropsis myagroides (Mertens ex Turner) Fensholt has no ostioles.
The oogonium formed in the conceptacle has a cell wall which can be distinguished into a dense outer and a
less dense inner microfibrillar layer. Prior to egg release, a mucilaginous stalk is produced inside the inner
layer and elongated paraphyses protrude onto the surface of receptacle from the conceptacles. Released
eggs are retained on the receptacle by the stalk, which is anchored to the conceptacle. After fertilization,
the eggs begin to form a primary wall. Subsequently, this primary wall develops into a polylamellated struc-
ture of microfibril layers. When germlings have differentiated into thallus and rhizoids, peripheral thallus
cells form the cell wall, which consists of a microfibril layer under the primary wall, while the rhizoids,
whose cell wall has an amorphous structure, break out of the primary wall. In both the peripheral thallus
cells and the rhizoidal cells many osmiophilic materials accumulate and the latter also contain vesicles with
fibrillar material. The germlings are then discharged from the stalk and become attached to the substratum
by an adhesive substance secreted from rhizoidal cells; this substance is composed of fibrillar material.

Key Index Words:

Mpyagropsis myagroides (Mertens ex Turner)
Fensholt is a common large brown alga in
Japan and one of the main components of
seaweed beds. Egg release and germling
development are important events in the life
history of seaweeds such as M. myagroides.
These events were first observed by Tahara
(1913 as Cystophyllum sisymbrioides (Turner) J.
Agardh). He reported that the conceptacle
has no ostioles and that released eggs and
developing germlings are retained by pa-
raphyses which break out of the conceptacle
wall. On the other hand, Yoshida and
Kawai (1987), who carried out a taxonomic
study of the genus Myagropsis, reported that
paraphyses protrude beyond the ostiole and
that the eggs and germlings, which are sur-
rounded by a gelationous stalk, are retained
among paraphyses in M. myagroides. Further-
more, there have been no studies of attach-

* Present address: Hayama Marine Science Labora-
tory, Kajima Institute of Construction Technology,
Issiki 2415, Hayama, Miura, Kanagawa 240-01, Japan.

attachment—egg release—embryogeny—germling—Myagropsis myagroides.

ment of germlings to the substratum in this
species. The present paper describes details
of egg release, embryogeny and attachment of
germlings of M. myagroides using light and elec-
tron microscopy in order to elucidate the
process of egg release and germling develop-
ment.

Materials and Methods

M. myagroides plants with mature recepta-
cles were collected from Tsuyazaki, Northern
Kyushu, Japan, in March 1991 and 1992.
The plants were transported to the laboratory
and male and female receptacles were ex-
cised. The receptacles were kept in 1 liter
flasks filled with sterilized seawater, which
was aerated, at 16-17°C and produced fer-
tilized eggs and developing germlings, which
were retained on the receptacles. The sea-
water was renewed daily. After the ger-
mlings had been discharged from the recepta-
cles, they were transferred to 90X 10 mm
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Petri dishes with 40 ml of sterilized seawater,
at the bottom of which was a layer of polymer-
ized epoxy resin inserted as a settlement sub-
stratum. By the next day the germlings had
settled onto the resin and small pieces of the
substratum, with attached germlings, could
be cut off.

For light and transmission electron
microscopy, specimens were fixed in 5%
glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.4) and 1% NaCl for 3 h on ice. They
were washed with 0.1 M cacodylate buffer
and post-fixed in 1% OsOy in 0.1 M cacodyl-
ate buffer for 3 h on ice, then dehydrated grad-
ually with ethanol. Following dehydration,
samples were transferred to methyl glycidyl
ether and then embedded in Spurr’s resin
(Spurr 1969). Sections were cut on a Porter-
Blum MT-1 ultramicrotome. For light
microscopy, sections were stained with 1%
toluidine blue O (pH 8.7). For transmission
electron microscopy, sections were stained
with lead citrate and observed with a JEM-
200BS transmission electron microscope (at
the Research Laboratory of High Voltage
Electron Microscope, Kyushu University) at
an accelerating voltage of 100 kV.

Specimens for scanning electron micro-
scopy were prepared in the same way as
for transmission electron microscopy, but
without OsO,. They were freeze-dried with
t-butyl alcohol (Akahori ef al. 1988, Inoue et
al. 1989), sputter-coated with gold and ob-
served with a JSM-T200A scanning electron
microscope at an accelerating voltage of
10kV.

Results

Egg release

At maturity, the male receptacle showed os-
tioles in conceptacles on its surface (Fig. 1A),
but ostioles were absent from the surface of
the female receptacle (Fig. 1B). In the fe-
male receptacle, the upper part of the concep-
tacle was occupied by a number of short pa-
raphyses and the oogonium was situated in the
lower part of the conceptacle (Fig. 1C). The
oogonium had a cell wall which could be dis-

tinguished into a dense outer and a less dense
inner microfibril layer (Figs. 1D, E). The
outer layer of the oogonium was connected to
the vegetative cells of the conceptacle (Fig.
1D).

It was observed that one day before egg
release, the paraphyses elongated and broke
out of the conceptacle wall (Fig. 2A) and a
mucilaginous stalk was formed inside the in-
ner layer of the oogonium (Figs. 2A, B). The
inner part of the stalk was dense compared
with the other parts (Figs. 2C-E). Subse-
quently, eggs were released from the concepta-
cles and retained close to the receptacle sur-
face (Fig. 3A) by the stalk, which remained
fastened to the interior of the conceptacle
(Figs. 3B, 5D).

Embryogeny

Fertilization occurred immediately after
egg release. The fertilized eggs began to
form a primary wall (Fig. 3C) and then cell di-
vision commenced.

Two days after egg release, germlings had
developed to a 3-celled stage. The primary
wall of the germlings developed into a poly-
lamellated structure of microfibril layers, and
partitioning of wall material was observed
beneath this primary wall (Fig. 3D). At this
stage, the surface of the female receptacle was
covered with elongated paraphyses (Fig. 3E).

After 4 days, the multicellular germlings
had differentiated into thallus and rhizoids
(Fig. 4A). Many osmiophilic inclusions, con-
sisting of polyphenols, were observed in
peripheral thallus cells and rhizoidal cells of
the germlings (Figs. 4A, D). Each peripheral
thallus cell formed a cell wall, which consisted
of a microfibrillar layer, under the primary
wall (Fig. 4B). Osmiophilic material accumu-
lated between the primary wall and the cell
wall of the peripheral thallus cells (Fig. 4B).
In the rhizoidal cells, many vesicles contain-
ing fibrillar material aggregated around the
nucleus (Figs. 4D, E). The rhizoidal cells
were surrounded by numerous granular sub-
stances (Figs. 4C, D, F) and the rhizoid tips
broke out of the primary wall (Fig. 4C). The
cell wall of the rhizoid tip had an amorphous
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Fig. 1.

of a female receptacle showing lack of ostiole.

o e m—

Mature conceptacles. A: Surface of a male receptacle showing ostioles of conceptacles. B: Surface
C: Cross section of a female conceptacle.

The conceptacle was

filled with short paraphyses (arrow) and an oogonium. D: Peripheral region of an oogonium showing dense
outer layer (ol) and less dense inner layer (il). The outer layer was connected to the vegetative cells (vc). e: egg
in the oogonium. E: Outer layer (ol) and inner layer (il) in Fig. 1D. The layers were composed of microfibrils.

Scales: 100 #m (A-C), 1 #m (D, E).

structure (Fig. 4F).

After 5days, the paraphyses were shed
from the surface of the female receptacle (Fig.
5A) and the multicellular germlings were dis-
charged from the stalk (Figs. 5B-D). The pri-
mary wall surrounding the thallus (Fig. 5C)
then began to break down (Fig. 5E).
Rhizoidal cells, which broke out of the pri-
mary wall (Fig. 5C), were surrounded by a
granular substance (Figs. 5F, G) and con-
tained numerous osmiophilic bodies and vesi-
cles containing fibrillar material (Fig. 5F).

Attachment of germlings

The germlings did not settle on to the sub-
stratum immediately after discharge from the
stalk (Fig. 5C). However, by the next day,
the thallus and rhizoids of the germlings had
elongated and the germlings had become at-
tached to the substratum by rhizoids (Fig.
6A). Moreover, an adhesive substance com-
posed of fibrillar material was observed be-
tween the rhizoids and the substratum (Fig.
6C). Vesicles containing fibrillar material
were observed in the rhizoidal cell (Fig. 6C).
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Fig. 2. Oogonia one day before egg release. A: Oogonia in female conceptacles showing the stalk forma-
tion (arrows). Paraphyses protrude on to the surface of the receptacle. B: Peripheral region of an oogonium.
The stalk was formed (s) inside the inner layer (il). ol: outer layer. C-E: Outer (C), central (D) and inner (E)
parts of the stalk (s) in Fig. 2B. The inner part was dense compared with the other parts. il: inner layer. Scales:

100 ¢zm (A), 1 pzm (B), 0.5 pzm (C-E).

At the same time, the break down of the pri-
mary wall, which surrounded the thallus, was
further advanced (Fig. 6B).

Discussion

The present study demonstrates the process

of egg release and germling development in
M. myagroides. The events reported here
differ from those of the same species in previ-
ous papers (Tahara 1913, Yoshida and Kawai
1987) because the conceptacle was found to
have no ostioles and the paraphyses broke out
of the conceptacle; the released eggs and de-
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Fig. 3. Released eggs and germlings on the surface of a female receptacle. A: Surface of the receptacle
showing released eggs and protruded paraphyses. B: Transverse section of the receptacle. Released egg was
retained by a stalk (arrow). C: Peripheral region of a fertilized egg initiating the primary wall (arrow). s: stalk.
D: Peripheral region of a 3-celled germling, 2 days after egg release, showing the primary wall (pw) with a
polylamellated structure of microfibril layers. Partition wall (arrow )was observed under the primary wall. E:
Surface of the receptacle with elongated paraphyses. 3-celled germlings were covered by the paraphyses. Scales:
500 #m (A, E), 100 gm (B), 1 p#m (C, D).

veloping germlings were retained on the sur-  were covered with elongated paraphyses,
face of the conceptacle by a stalk which was an-  whereas paraphyses do not elongate in other
chored to the conceptacle. fucoids which form a stalk (Tahara 1913,

In this species, released eggs and germlings ~ Sokhi and Vijayaraghavan 1986, Kaur and
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Vijayaraghavan 1992, May and Clayton
1991, Burridge ¢t al. 1993). Furthermore,
eggs of M. myagroides are large when com-
pared to other fucoids (Ino 1947, Yoshida and
Kawai 1987). Itis suggested that the elongat-
ed paraphyses of M. myagroides support the
retention of the large eggs on the receptacle.

The oogonia of fucoids, at the time of egg
release, have three walls, the exochiton,
mesochiton and endochiton (Farmer and Wil-
liams 1898, Moss 1974, Hardy and Moss
1979, Sokhi and Vijayaraghavan 1986, Kaur
and Vijayaraghavan 1992). The exochiton
ruptures and releases eggs, which are sur-
rounded by the mesochiton and endochiton.
In M. myagroides, the oogonial cell wall consist-
ing of 2 layers is applied to the exochiton, the
outer and central parts of the stalk being the
mesochiton, and the inner the endochiton.

In Fucales, the ultrastructure of the stalk
has been investigated in Sargassum vestitum
(May and Clayton 1991) and Phyllospora comosa
(Burridge et al. 1993). In these species, the in-
ner layer of the stalk immediately surround-
ing the egg has a fibrillar appearance. The
structure of the stalk of M. myagroides differs
from that of S. vestitum and P. comosa because
the inner part of the stalk is composed of
dense mucilaginous material.

After fertilization, M. myagroides first
formed a primary wall and rhizoids, once
they were developed, broke out of this wall.
Hardy and Moss (1978) observed a similar
type of wall in the zygote of Halidrys siliquosa

(as the zygote wall). However, the structure
and function of the primary wall in M. my-
agroides differ from those of the zygote wall in
H. siliquosa. The primary wall did not have
the external mucilage associated with initial
attachment of the zygotes in H. siliquosa. In
M. myagroides, prevention of polyspermy may
be one of the main functions of the primary
wall, because formation of the wall began
shortly after fertilization, as with the cell wall
of fertilized eggs of S. vestitum (May and Clay-
ton 1991). However, it is not known why the
primary wall develops into the polylamellated
structure of microfibrillar layers.

In H. siliquosa, the zygote wall is ruptured
mechanically by the elongation of primary rhi-
zoids (Hardy and Moss 1978). In M. my-
agroides, however, many granular inclusions
surround rhizoidal cells when the rhizoid tips
break out of the primary wall. Subsequently,
these inclusions could not be observed around
the rhizoidal cells which had settled on the
substratum. These results suggest that the
granular substance may have a role in ruptur-
ing the primary wall.

In germlings of M. myagroides, the primary
wall and the cell wall of peripheral thallus
cells were composed of the microfibril layer,
while the cell wall of the rhizoid tips had an
amorphous structure. In the cell wall of Fu-
cus (McCully 1965, 1966, Novotny and For-
man 1975), a fibrillar material consists of al-
ginic acid and an amorphous material con-
sists of fucoidan. In M. myagroides, therefore,

Fig. 4. Multicellular germlings, 4 days after egg release, on the surface of the female receptacle. A: Germl-

ing with thallus and rhizoids (arrow).
rhizoids.

Osmiophilic inclusions were present in peripheral thallus cells and
B: Peripheral region of thallus showing the formation of cell wall (cw) consisting of a microfibrillar

layer. Osmiphilic material (arrow) accumulated between the primary wall (pw) and the cell wall. C: Rhizoid tip
breaking out of the primary wall (arrow). Many granular substances surrounded the rhizoid tip. D: Rhizoidal

cell showing abundance of osmiophilic material and the aggregation of vesicles around the nucleus.

Many

granular inclusions surrounded the tip of the rhizoidal cell. E: Perinuclear region of the rhizoidal cell in Fig. 4D.
Vesicles with fibrillar material were observed. F: Tip of the rhizoidal cell in Fig. 4D. Cell wall (cw) had an amor-
phous structure and was surrounded by granular material. Scales: 100 gm (A), 0.5 pm (B, E, F), 2 um (C, D).

Fig. 5.
discharge.

Discharge of multicellular germlings. A: Surface of the female receptacle with germlings prior to
Elongated paraphyses were shed. B: Germling just before discharge from a stalk (arrow). C:

Discharged germling. Thallus was surrounded by a primary wall, but rhizoids broke out of the wall. D: Stalks
after germlings had been discharged. The stalk was anchored to the conceptacle (arrow). E: Peripheral region of
thallus of discharged germling. Osmiophilic material (arrows) accumulated between the primary wall (pw) and
the cell wall (cw). The primary wall began to collapse. F: Rhizoidal cell of the discharged germling showing an
abundance of osmiophilic material and vesicles with fibillar material. Many granular inclusions surrounded the
tip of the rhizoidal cell. G: Tip of the rhizoidal cell in Fig. 5F. Cell wall (cw) had an amorphous structure and
was surrounded by granular material. Scales: 100 #m (A-D), 0.5 gm (E, G), 2 gm (F).
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Fig. 6. Multicellular germlings one day after discharge from the stalk. A: Germling attached to the
substratum (*) by rhizoids showing the elongation of thallus and rhizoids. B: Peripheral region of the thallus show-
ing developed cell wall (cw) and degenerated primary wall (pw). C: Rhizoidal cell attached to the substratum (*)
by adhesive substance (as) consisting of fibrillar material. Vesicles with fibrillar material were observed in the
rhizoidal cell. cw: cell wall. Scales: 100 zm (A), 0.5 #m (B, C).

the alginic acid may be the main component Forbes and Hallam (1979) reported that os-
of the primary wall and the cell wall of the  miophilic material consisting of polyphenols
peripheral thallus cells, and the fucoidan may  accumulates at the rhizoid tip in Hormosira
be that of the cell wall of the rhizoid tips. banksii. In this study, a similar accumula-
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tion of osmiophilic material was observed in
the peripheral thallus cells and the rhizoidal
cells of M. myagroides. This accumulation sug-
gests that these cells secrete polyphenols,
which have been implicated in suppressing
barnacle and mussel colonization (Conover
and Sieburth 1966) and growth of bacteria
(Conover and Sieburth 1964), microalgae
(Craigie and McLachlan 1964) and other ma-
rine benthic algae (Fletcher 1975).

Attachment of germlings in M. myagroides
differs markedly from that of zygotes in other
fucoids (Moss 1974, 1975, Hardy and Moss
1978, 1979, Forbes and Hallam 1979) be-
cause the germlings were not enclosed by the
adhesive mucilage which anchors the zygotes
of other fucoids to the substratum until rhi-
zoids are produced, and initial attachment of
the germlings was carried out by developing
rhizoids. Furthermore, the present observa-
tions of M. myagroides indicate that the de-
veloping rhizoids secrete an adhesive sub-
stance, which is composed of fibrillar materi-
al, via vesicles from the rhizoidal cells and
that the secretion of the adhesive substance oc-
curs after germlings have been discharged
from the stalk.
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Sartoni, G., Cinelli, F., Hirata, T., Katayama, N. and Yokohama, Y. 1993. On the Lack of Green Light-
Harvesting Pigments and the Extremely High Chlorophyll /2 Ratio in the Deep-Water Green Alga,
Palmophyllum crassum (Chlorosphaerales). Jpn. J. Phycol. 41: 327-331.

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.

Key Index Words: absorption spectra—carotenoids—chlorophyll b/a ratios—deep waters—green algae—
Palmophyllum crassum—Udotea petiolata—Ulva rigida.

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-



328 Sartoni, G., Cinelli, F., Hirata, T., Katayama, N. and Yokohama, Y.

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

Udotea petiolata

GREEN BAND

Palmophyllum crassum

ABSORBANCE

Ulva rigida

1 1 1 1 1 1 1
gSO 400 450 500 550 600 650 700 750
WAVELENGTH (nm)

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

T T !
---------- Palmophyllum crassum
——— Udotea petiolata
—— Ulva rigida

ﬂ

ABSORBANCE

550 600 650 700
WAVELENGTH (nm)

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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Based on the examinations of the type specimens deposited in the herbarium at Rijksherbarium,
Leiden, and in the herbaria of Hokkaido University, Kobe University and the National Science Museum of
Japan, Tokyo, we proposed that the specific descriptions of selected species of the Compsopogonales should
be revised, namely: Compsopogon aeruginosus, C. chalybeus [= C. corinaldii], C. coeruleus [= C. oishii, C. minutus],
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ica and Cs. fruticosa (Compsopogonaceae, Rhodophyta).

Key Index Words: Compsopogon—Compsopogonopsis—freshwater Rhodophyta.

Montagne (1846) established the genus
Compsopogon and  proposed  Compsopogon
coeruleus to accomodate the type species.
The genus Compsopogonopsis was established
by krishnamurthy (1962) who proposed Com-
psopogonopsis leptocladus to accomodate the
type species.

Krishnamurthy (1962) reviewed the genus
Compsopogon and Compsopogonopsis, without
giving text figures, including not only type
specimens but also all of the specimens
which he examined. Some authors such as
Okamura (1915), Jao (1941), Das (1963),
Pujals (1967), Chihara and Nakamura (1980)
and Yadava and Kumano (1985) have
described their new species without the exa-
minations of the type specimens.

Recently Vis et al. (1992) recognized only
two species of the genus Compsopogon and one
species of the genus Compsopogonopsis based on
the examinations of nine type specimens and
other collections. However, we feel that their
proposal was too radical to accept. In the
present study, some species of the genus
Compsopogon and Compsopogonopsis were re-
appraised based on the examinations of the
type specimens and other collections of these
taxa.

Type and herbaria specimens examined

1. Type specimens examined

Genus Compsopogon: 1) Compsopogon aer-
uginosus  (J. Ag.) Kuetzing, L No.
940284410; 2) Compsopogon chalybeus Kuetz-
ing, L No. 940284409; 3) Compsopogon corinal-
dit (Meneghini) Kuetzing, L. No. 940285098;
4) Compsopogon coeruleus (Balbis) Montagne,
L No. 940284413; 5) Compsopogon oishii
Okamura, SAP No. 46132; 6) Compsopogon
minutus Jao, SC No. 1010; 7) Compsopogon
corticrassus Chihara et Nakamura, TNS No.
Al-35602.

Genus Compsopogonopsis: 1) Compsopogonop-
sis leptoclados (Montagne) Krishnamurthy, L
No. 940284405; 2) Compsopogonopsis japonica
Chihara, TNS No. Al-24051; and 3) Com-
psopogonapsis fruticosa (Jao) Seto, SC No.
1145.

2. Herbaria specimens examined

Genus Compsopogon: 1) Compsopogon aer-
uginosus (J. Ag.) Kuetzing: UPO 27, NKT
River Barelly, India, Feb. 2, 1992; UPO 30,
Shahjahrpur, India, Mar. 2, 1992, collected
by M. Khan, growing on aquatic plants; 2)
Compsopogon chalybeus Kuetzing: R.S. 391,
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Miyara River, Ishigaki Island, Okinawa,
Japan, Apr. 5, 1977; R. S. 394, Ohsato, Ito-
man, Okinawa Island, Apr. 6, 1977, collected
by R. Seto, growing on pebbles in river and
on the concrete walls surrounding a spring;
No. 32, Pulau Tioman, Malaysia, May 24,
1974, collected by M. Ratnasabapathy, UPO
21, BHC, Golwaghat, India, Jan. 29, 1992,
collected by M. Kumar, growing on aquatic
plants; 3) Compsopogon coeruleus: UPO 16, Lel-
ly Pond, ALD, India, Jan. 25. 1992, collected
by M. Khan, growing on aquatic plants.

Genus  Compsopogonopsis: 1)  Com-
psopogonopsis leptoclados: UPO 33, Gharra
River, India, Mar. 2, 1992, collected by M.
Kumar, growing on aquatic plants.

Examinations of the type specimens

Genus Compsopogon
1. Compsopaogon aeruginosus (J. Ag.) Kuetzing
1849.

[ = Pericystis aeruginosa J. Agardh 1847]

The isotype specimen, L No. 940284410,
was deposited in the Rijksherbarium,
Leiden. It was collected near Havana,
Cuba, by Liebman.

The isotype specimen, L No. 940284410,
deposited in the Rijksherbarium and those of
two other type specimens, PC No. 12408 and
PC No. 12409, at the Muséum National
d’Histoire Naturelle, Paris, were collected
from the same locality, and by the same collec-
tor, Liebman.

Krishnamurthy (1962) used two specimens
of syntypes of Pericystis aeruginosa, PC No.
12408 and PC No. 12409, in the Muséum Na-
tional d’Histoire Naturelle, Paris, (Agardh’s
herbarium), as the basis for his description.

Kuetzing (1849) may have used the above-
mentioned three specimens for his description
of the new combination. In other words,
Agardh (1847) did not designate the holotype
for the original description of Pericystis aerugino-
sa, consequently these two type specimens
and the isotype specimen are to be considered
the syntype specimens.

2. Compsopogon chalybeus Kuetzing 1849.

One of the syntype specimens, L No.
940284409, was deposited in the Rijksherbari-
um, Leiden. It was collected by Leprieur,
from near Cayenne, French Guiana.

The specimen, L No. 940284409, of Com-
psopogon chalybeus, deposited in the Rijksher-
barium, and two specimens, PC No. 1102
and PC No. 828, in the Muséum National
d’Histoire Naturelle, were carry the same
habitat and collector. Kuetzing (1849) did
not designate the holotype in the original
description of C. chalybeus, therefore, these
three specimens, just enumerated, are consi-
dered to have an equal value as the syntype.

3. Compsopogon corinaldii (Meneghini) Kuetz-

ing 1857.

[=Lemanea corinaldii G. Meneghini 1841]

The duplicate of the holotype specimen, L
No. 940285098, was deposited in the Rijksher-
barium, Leiden. It was collected by ]J.
Corinaldi and from Piza, Italy, (Kuetzing’s
harbarium).

Krishnamurthy (1962) used the specimen
of Lemanea corinaldii Meneghini in the Musé-
um National d’ Histoire Naturelle, Paris, as
the type for his description, and he also men-
tioned that there was an additional specimen,
L No. 940285098, in the Rijksherbarium,
Leiden, and this was probably the specimen
that Kuetzing (1857) employed on making the
new combination. Therefore, it is consi-
dered by us that this specimen deposited in
the Muséum National d’Histoire Naturelle,
Paris, is the lectotype used by Kuetzing.

4. Compsopogon coeruleus (Balbis) Montagne
1846.

[= Conferva coerulea Balbis in Agardh C.

1824]

The type specimen, L No. 940284413, of
Conferva coerulea Agardh C., was deposited in
the Rijksherbarium, Leiden. It was collected
by Bertero in Port Ricco, Antilles, (Balbis’s
Herbarium).

Montagne (1846) established genus Com-
psopogon and proposed Compsopogon coeruleus
as a new combination based on mainly the
specimen collected from La Calle, Algeria.
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At the same time, he cited as a synonym Con-
Serva coerulea Balbis in Agardh (1824), which
was based on the same specimens.

The specimen, L No. 940284413, of Confer-
va coerulea C. Agardh deposited in the Rij-
ksherbarium, Leiden was labelled as collected
by Bertero in Port Ricco, Antilles, (Balbis’s
Herbarium), so that, the Leiden specimen of
Conferva coerulea is considered by us as the type

specimen of Conferva coerulea Balbis in Agardh
(1824).

5. Compsopogon oishii Okamura 1915.

The holotype specimen, SAP No. 46132,
was deposited in the Hokkaido University in
Sapporo. It was collected by Oishi, from
Yanokuchi, Tama River, Tokyo Prefecture
in Japan, growing on the leaves and stems of

Valisneria, on gravel and on wood in a spring
brook.

6. Compsopogon minutus Jao 1941.

The duplicate of the holotype specimen, SC
No. 1010, was deposited in Kobe University
in Japan. It was collected by Jao and from
Hua-kai-shan, Kiangtsin, Szechwan, China,
growing on submerged roots and leaves in a
mountain stream.

7. Compsopogon  corticrassus ~ Chihara et
Nakamura 1980.

The holotype specimen, TNS No. Al-
35602, was deposited in the National Science
Museum of Japan. It was collected by
Hasei, from Minuma-yosui River, Gyoda,
Saitama prefecture, Japan, growing on the
concrete bed in a riffle.

Genus Compsopogonopsis
1. Compsopogonopsis  leptoclados
Krishnamurthy 1962.
[= Compsopaogon leptoclados Montagne 1850]
The isotype specimen, L No. 940284405,
was deposited in the Rijksherbarium,
Leiden. It was collected from near Caynne
in French Guiana, from a freshwater stream.

(Montagne)

2. Compsopogonopsis japonica Chihara 1976.
The holotype specimen, TNS No. Al-

24051, was deposited in the National Science
Museum of Japan. It was collected by
Hashimoto and from Tone River, Sakai, Gun-
ma Prefecture, Japan, from a small man-
made pond.

3. Compsopogonopsis fruticosa (Jao) Seto 1987.

[= Compsopogon fruticossus Jao 1941]

The duplicate of the holotype specimen, SC
No. 1145, was deposited in Kobe University,
Kobe, Japan. It was collected by Jao and
from Kan-tungtze, Pehpei, Szechwan, Chi-
na, growing on the concrete wall of a mill
dam.

The available characters (Table 1)

1. The mode of the formation of cortical cells

The mode of the formation of cortical cells
is recognized as a reliable, taxonomic charac-
ter for distinguishing Compsopogonopsis from
Compsopogon as proposed by Krishnamur-
thy (1962) and is supported by many authors
among which are Vis et al. (1992). Compso-
pogonopsis leptoclados (Montagne) Krishna-
murthy (1962), Cs. japonica Chihara (1976)
and Cs. fruticosa (Jao) Seto (1987) can be
distinguished from each other by the mode
of the rhizoidal, cortex formation.

2. The occurrence of the spinous short bran-

chlets

Vis et al. (1992), agreeing with Yadava and
Pandey (1980), concluded that the spinous
short branches were a young stage in lateral
branch development and were not a reliable
taxonomic character. However, the isotype
specimen of Compsopogon aeruginosus is mainly
characterized by many spinous branchlets on
older portions of the thallus, which were ob-
served by Krishnamurthy (1962) on the type
specimens PC No. 12408 and PC No. 12409
of Pericystis aeruginosa J. Agardh 1847, collect-
ed near Havana, Cuba. Moreover, Com-
psopogon aeruginosus is distinguished from C.
coeruleus and the other taxa of the genus Com-
psopogon by the occurrence of many short
spinous branchlets on older portions of the
mature thallus (Krishnamurthy 1962). Patel



336 Seto, R. and Kumano, S.
Table 1. Available characters
. . termost
. rhizoidal spinous monospores cortical out
specimens cortex branchlets (pm) layers cort(llc:ln)c ells

1.

Compsopogon aeruginosus - + 11-17 1-2 16-37

Imd. UPO 27, 30 - + 8-15 2 15-49
2.

Compsopogon chalybeus - - 10-16 2 12-35

Jap. RS 391 - - 12-16 2 18-44

Jap. RS 394 - - 12-16 1-2 19-36

Mal. UPO 32 - - 12-17 2 19-29

Compsopogon corinaldii - - 12-16 1-2 16-27

Ind. UOP 21 - - 13-18 2 9-21
3.

Compsopgon coeruleus - - (16-)20-23 2 13-39

Ind. UPO 16 - - 20-26 2 17-35

Compsopogon oishii - - 17-22 2-3 15-39

Compsopogon minutus - - 15-25 1-(2) 13-47
4.

Compsopogon corticrassus™ (-) (-) (16-22) (3-4-(5)) (14-36)
1.

Compsopogonopsis leptoclad: + - 12-16 1 9-31

Ind. UPO 33 + - 16-22 1 14-32
2.

Compsopogonapsis japonica™ () ) (17-23) 2 (30-50)
3.

Compsopogonopsis fruti + - 15-22 2 14-55

* Characters for Compsopogon corticrassus and Compsop

bsis 1ah

and Francis (1969) reported the spinous short
branchlets in mature thalli of C. aeruginosus
from India. Nakamura and Chihara (1983)
also found many spinous short branchlets on
the old thalli of C. aeruginosus from Japan.
Thus, this character is very useful to distin-
guish Compsopogon aeruginosus from the other
taxa of the genus Compsopogon.

3. The size of monospores

The size range of the monospores from tax-
on to taxon often overlapps one another. Vis
et al. (1992) considered the sizes of mono-
spores to have minor specific importance.
However, this character has been regarded by
other authors as one of the more invariable
characters. For example, we have observed
that some taxa can be roughly divided into
two groups on the basis of the size of mono-
spores, one with monospores larger than
20 #m in diameter, another with smaller than
20 gm. The diameter of the monospores has
been used to dinstinguish the taxa by many
authors such as Nakamura and Chihara

are cited from orginal protologues.

J

(1983) who distinguished C. aeruginosus from
the other taxa of the genus by employing this
character.

4. The number of cortical layers

The number of cortical layers varies from
one to two occasionally more than three lay-
ers. This character is important for specific
identification and has been used as such by
many authors. For example, Kuetzing
(1857) described the number of cortical layers
on Compsopogon corinaldii, C. coeruleus, C. aer-
uginosus C. chalybeus and C. leptoclados with the
figures of cross section of branches. For the
duplicate of the holotype specimen of Com-
psopogon corinaldii, we clearly observed one or
two cell layers of cortex, although Kuetzing
(1857, Tab. Phyc., tab. 88, fig. I a~b, b’) illus-
trated two to three cell-layered cortex in his
figures. Krishnamurthy (1962) reported sin-
gle cell-layered cortex based on the observa-
tion of the type specimens (PC No. 1102 and
PC N. 828) of Compsopogon chalybeus collected
from near Cayenne, French Guiana.
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However, the type specimen, L No.
940284409, collected by Leprieur from near
Cayenne, French Guian, has distinctly two
cell-layered cortex in the mature, corticated
portions of the branches. For Compsopogon cor-
ticrassus Chihara and Nakamura (1980) consi-
dered the number of cortical layers to be very
important and for other taxa it may be of
equal importance, especially when used with
other selected characters.

5. The size of the outermost cortical cells

The size range of outermost cortical cells
from taxon to taxon often overlapps one
another. But for some taxa this character is
also useful. According to Chihara (1976)
Compsopogonopsts japonica is distinguished from
Cs. leptoclados in having the diameter of the
outermost cortical cells larger in size than
those of the latter. Thus, in some cases, the
diameter of of the cortical cells may be useful
in specific identification.

Taxonomic proposals and revised descrip-
tions

Key to the genera of the family Com-
psopogonaceae

1. Rhizoidal filaments restrictd to the basal

part of the thallus -~ Compsopogon

1. Rhizoidal filaments appeared through-

out the thallus, constructing the cortex

~~~~~~~ Compsopogonopsis

Revised descriptions of taxa of the genus
Compsopogon
Description of Genus Compsopogon

Thallus filamentous, cylindrical, often pro-
fusely branched; juvenile erect filaments
uniseriate and mature filaments becoming
multiseriate consisting of the cortex and cen-
tral cells; the cortex consisting of one or more
layers of cells; axial cells forming linear, large
central cells; reproduction mostly by mono-
spores sometimes by microspores produced
from uniseriate axial cells as well as from the
outermost cells of the cortex; sexual reproduc-
tion unknown.

Key to the species of the genus Compsopogon
1. Spinous short branchlets occurred on
mature thallus
""""" Compsopogon aeruginosus
1. Spinous short branchlets absent on

mature thallus----+--- 2
2. Monospores smaller than 20 #m in
diameter -+------ Compsopogon chalybeus

[= Compsaopogon corinaldi)
2. Monospores larger than 20 gm in
diameter--++-+++- 3
3. Cortex consisting of two to three
layers of cells
""""" Compsopogon coeruleus
[=C. oishii, C. minutus)
3. Cortex consisting of up to five lay-
ers of cells
""""" Compsopogon corticrassus

Discriptions of the taxa of the genus Com-

psopogon

1. Compsopogon aeruginosus (J. Ag.) Kuetzing
1849, Species Algarum, Lipsiae, 432.
Homotypic synonyms [=Pericystis aeru-
ginosa J. Agardh 1847, Ofvers Férhandl.
Kangl. [Svenska] vetrnskops. -Akad. 4:
5-17]

Rhizoidal filaments restricted to the basal
part of the thallus. The main branches 60-
250 pm in diameter, nodulated, with many
short spinous branchlets from cortical cells of
main axis on older part of the thallus. The
fully developed cortex consisting of one to two
layers of cells; the outermost cortical cells 16-
37X9-21 pm in size. Monospores 11-17 um
in diameter.

2. Compsopogon chalybeus Kuetzing 1849, Spe-
cies Algarum, 432; Kuetzing 1849, Tab.
Phycol., VII: tab. 89, fig. II.
Heterotypic synonym [= Compsopogon
corinaldii (Meneghini) Kuetzing 1857,
Tab. Phycol. VII: 35, tab. 88, fig. I. a,
a'—b, b’, Lemanea corinaldii G. Meneghini
1841, Giron. Toscano Sci. Med. Fis. e
nat. (Piza) 1841, 1: 186-189]

Rhizoidal filaments restricted to the basal
part of the thallus. The main branches 140-
250 pm in diameter. The fully developed cor-
tex consisting of two layers of cells; the outer-
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most cortical cells 12-35X8-24 ym in size.

Monospores 10-16 gm in diameter.

3. Compsapogon coeruleus (Balbis) Montagne
1846, Flore d’Algérie 1: 154-156.
Homotypic synonym [=Conferva coerulea
Agardh C. 1824, Systema Algarum, 122]
Heterotypic synonyms [= Compsopogon
oishii Okamura 1915, Icones of Japanese
Algae. III, N. VII, Tokyo, Compsopogon
minutus Jao 1941, Sinensia 12: 245-279]

Rhizoidal filaments restricted to the basal

part of the thallus. The main branches 250-

750 pm in diameter. The fully developed cor-

tex consisting of two layers of cells; the outer-

most cortical cells 13-39 X 8-25(-30)#m in

size. Monospores (16-)20-23 pm in di-

ameter.

4. Compsopogon  corticrassus ~ Chihara et
Nakamura 1980, Journ. Jap. Bot. 55:
136-144.

Rhizoidal filaments restricted to the basal
part of the thallus. The main branches 2000-
3000 ym in diameter. The fully developed
cortex consisting of three to four rarely five
layers of cells; the outermost cortical cells 14-
36 X 7-20 #m in size. Monospores 16-22 y#m
in diameter.

Revised descriptions of taxa of the genus Com-
psopogonopsis

The genus Compsopogonopsis was separated
from the genus Compsopogon by the characteris-
tic formation of cortex and established by
Krishnamurthy (1962) based on the type
specimen of Compsopogon leptoclados Montagne
deposited in the Muséum National d’Histoire
Naturelle in Paris. Distribution of this
species has been known to restrict only in
Cayenne, French Guiana. However, Chi-
hara (1976) described Compsopogonopsis japoni-
ca, which differed from Cs. leptoclados in hav-
ing the outermost cortical cells larger than
the latter.

Description of the genus Compsopogonopsis
Thallus filamentous, cylindrical, profusely

branched; the cells of cortex initiated by me-

ans of rhizoidal filaments arising from the

uniseriate filaments; the fully developed cor-
tex consisting of one layered generally, oc-
casionally two layered of cells; cortical cells
almost globular; reproduction by monospores
produced from uniseriate axial cells as well as
from outermost cells of the cortex; sexual
reproduction unknown.

Key to the species of the genus Compsopogonop-
sis

1. Outermost cotrical cells up to circa

30 ym in size and with one cortical

layer «:-eoeee Compsopogonopsis leptoclados

1. Outermost cortical cells up to circa

50 ym in size and with two cortical

2. Rhizoidal filaments initiated from the
segments on both side of the axial
cells -wooeeee Compsopogonopsis japonica

2. Rhizoidal filaments initiated from the
tubular outgrowths on the axial cells

""""" Compsopogonapsis fruticosa

Descriptions of the taxa of the genus Com-
psopogonopsis
1. Compsopogonopsis leptoclados (Montagne)

Krishnamurthy 1962, J. Linn. Soc. (Bot.)

58: 372, 207-222.

Homotypic synonym [= Compsopogon lep-

toclados Montagne 1850, Ann Sci. Nat.

bot. (3 sér) 14: 283-309.

Rhizoidal filaments appeared throughout
the thallus, constructing the cortex. The
main branches 130-400 ym in diameter.
The fully developed cortex consisting of one
layers of cells; the outermost cortical cells 9-
31X 4-15 pm in size. Monospores 12-16 ym
in diameter.

2. Compsopogonopsis japonica Chihara 1976,

Journ. Jap. Bot. 51: 289-294.

Rhizoidal filaments appeared throughout
the thallus, constructing the cortex. The main
branches 500-1000 ygm in diameter. The
fully developed cortex consisting of two layers
of cells; the outermost cortical cells 30-50 X
25-40 ym in size. Monospores 17-23 ym in
diameter.
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3. Compsopogonopsis fruticosa (Jao) Seto 1987,
Jpn. J. Phycol. 35: 265-267.
Homotypic  synonym  [= Compsopogon
Sruticosus Jao 1941, Sinensia 12: 245-279]
Rhizoidal filaments appeared throughout
the thallus, constructing the cortex. The
main branches 200-500 #m in diameter.
The fully developed cortex consisting of two
layers of cells; the outermost cortical cells
14-55X12-35 ym in size. Monospores 15-
22 pm in diameter.
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BPR=*-HE & AA4 >V RBEOBFE
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(=C. corinaldii), C. coeruleus (= C. oishii, C. minutus), C. corticrassus, Compsop psis leptoclados Cs. japonica, Cs. fruticosa.
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Toshiyoshi Araki and Tatsuo Morishita: Isolation and regeneration of

protoplasts from Bangia atropurpurea')
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Words: Bangia atropurpurea—8-1, 4, -mannanase—porphyranase— protoplast—p-1, 3-

Toshiyoshi Araki and Tatsuo Morishita, Faculty of Bioresources, Mie University, Kamihara 1515, Tsu-shi,

Mie, 514 Japan

The establishment of the method for cul-
ture of experimental marine algae in labora-
tory and protoplast isolation will do a major
service to the expand of marine algae
biotechnology. A red alga, Bangia atropur-
purea (Geesink 1973), belonging to the same
family as Porphyra releases monospores and
the fronds required in experiment are ob-
tained easily by culturing the monospores in
all seasons. This alga is, therefore, expected
as a useful experimental material for the basic
study on marine algae biotechnology. There
have been some papers on protoplast isolation
from Porphyra which is a popular edible alga in
Japan and Korea (Saga and Sakai 1984, Po-
line-Fuller and Gibor 1984, Fujita and Migita
1985, Chen 1987) but no report on that from
Bangia. Both cell walls of Bangia and Por-
phyra are composed of three kinds of unique
polysaccharides, 8-1,4-mannan, $8-1,3-xylan,
and porphyran (McDowell 1967). For isola-
tion of protoplasts from their fronds are, there-
fore, required three kinds of enzymes capable
of degrading these constituent polysaccha-
rides. We have also published on isolation
and regeneration of protoplasts from Porphyra
yezoensis and P. tenera (Hatate et al. 1986,
Araki et al. 1987a) by using the cell wall-diges-
tive enzyme solution which contains §-1,4-
mannanase, (-1,3-xylanase, and porphy-
ranase prepared from Aeromonas sp. F-25
(Araki and Kitamikado 1981), Vibrio sp. AX-
4 (Araki et al. 1987b), and Vibrio sp. AP-2
(Aoki et al. 1990) isolated from natural
habitats, respectively.

In this paper, we have attempted to isolate

H This work was supported in part by a Grant-in-Aid
for Scientific Reserch (No. 04660203) from the Ministry
of Education, Science and Culture of Japan.

protoplasts from B. atropurpurea by using the
cell wall-digestive enzyme discribed above.
The fronds of B. atropurpurea used in this ex-
periment were collected at the mouth of a
river flowing into coastal sea in Fukuoka
Prefecture. The fronds were cultured in a
ASP;3 (NTA) medium of Provasoli (Provasoli
etal. 1957) at 17°C under a 9 h light/15 h dark
cycle. The artificial light intensity was adjust-
ed to 48 # Em~2s~! on the outer surface of
the Petri dish. The fronds have so far been
maintained in our laboratory by culturing
monospores and fronds repeatedly since Janu-
ary 1990. The process for protoplast isola-
tion from Bangia atropurpurea are as follows.
The fronds (3-5cm in length) were placed
into 30 ml of a papain solution (20 mM MES
buffer, pH 7.5, containing 2% papain and
0.7 M mannitol) in 100 ml-beaker, and incu-
bated at 22°C for 15 min with shaking. After
washed with ASP;; (NTA) medium contain-
ing 0.7 M mannitol several times, they were
cut into a few mm in length with a razor.
The fragments were placed into 8 ml of the
cell wall-digestive enzyme solution (1 unit
each pB-mannanase, B-xylanase, and por-
phyranase, and 0.7 M mannitol in 20 mM
MES buffer, pH6.0) in 30 ml-Erlenmeyer
flask and incubated at 22°C for 60 min with
agitation. One unit of S-mannanase, (-
xylanase, and porphyranase was defined as
the amount of enzyme that produces reducing
sugar correspond to 1.0 #mol of D-mannose,
D-xylose, and D-galactose per min from -
1,4-mannan, f-1,3-xylan, and porphyran,
respectively. As shown in Fig. 1-A, a large
number of protoplasts were observed. The
protoplast suspension which passed through
40 pm of a nylon mesh was centrifuged at
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Fig. 1.
cells after 10 day-culture; C, regeneration fronds after 18 day-culture.

2,000 rpm for 5min. The collected pro-
toplasts counting was done with a Thoma
Hemacytometer so that (2.80.05) X 10° pro-
toplasts were found to be isolated from the
razor cut fragments (about 100 mg in wet
weight). The protoplasts were, continuous-
ly, washed in order with ASP;y (NTA) medi-
um containing mannitol of 0.7 M, 0.5 M, and
0.2M by centrifugation. Protoplasts were
pipetted onto some glass slides (26 X 26 mm)
in a 9-cm Petri dish containing 50 ml of ASP,
(NTA) medium with 0.2 M mannitol and in-
cubated in the dark at 17°C for 2 days. The
protoplast-attaching glass slides were trans-
ferred into a Petri dish containing ASPj,
(NTA) medium and exposed to the artificial
light of about 16 #Em~2s™! on a 9h light/
15h dark cycle. The cell wall and rhizoid
were formed 1day and 2-5 days after light-
ing, respectively. Cell division was also ob-
served after 2-5days in lighting culture.
Then they were cultured with gentle agitation
under about 48 ¢ Em~2s~! (Fig. 1-B). They
developed into small plantlets of 100-600 zm
long 2-3 weeks after culture with agitation
(Fig. 1-C) and grew up over 10 cm long after
8-9 weeks. The majority of them grew up
fronds of regular shape but some became ir-
regular shape. The rate of protoplasts which
regenerated into plantlets was about 40% in

Regeneration of protoplasts from Bangia atropurpurea.

50 um

A, protoplasts from the fronds; B, dividing

the ASP;y (NTA) medium. The regenerate
fronds of irregular or regular shape released
monospores after approximate 5 weeks cul-
ture and most of them grew into regular
fronds.
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Gracilaria verrucosa (Hudson) Papenfuss is
well known as one of the most intensively stu-
died red algal taxa, but the species concept is
very problematic in that relatively few clear-
cut morphological and anatomical criteria are
available to distinguish the species (Bird and
McLachlan 1982). Morphologically similar
plants from different regions have been report-
ed under different names (see Fredericq and
Hommersand 1989), whereas Rice and Bird
(1990) concluded, after comparing organelle
DNA profiles between local and regional
populations, that Japanese and Argentine
plants as well as European ones under the
name G. verrucosa were sufficiently similar to
be considered conspecific. This conclusion
still raises questions about the anatomical
differences found between European and
northwest Pacific plants (Zhang and Xia
1985). Japanese G. verrucosa plants, further-
more, have been known to be interfertile
with G. wvermiculophylla (Ohmi) Papenfuss
(Yamamoto and Sasaki 1988).

There have been reports on northwest
Pacific G. verrucosa in culture as well as in the
field (see Yamamoto 1984, Yamamoto and
Sasaki 1987). Although the structure and
reproduction has been intensively studied by
Yamamoto (1978), there is little information
on temporal variation of morphology in the
field. This study was carried out to elucidate
the phenology and morphological variation in
the field throughout the year.

The study site is located at the western side
of the Daechon harbour (36° 19’ N, 126° 30’
E) on the west coast of Korea. The site is sub-
jected to moderate wave activity and diurnal

tidal fluctuation with a maximum height of
6m. A large bed of Gracilaria verrucosa plants
covered littoral and sublittoral fringe. Sam-
pling was carried out in the flat littoral area of
sand at monthly intervals from July 1988 to
June 1989.

Fifty or more plants were collected at ran-
dom and preserved in 5-109 formalin-sea-
water for phenology. Plants collected were
observed for reproductive organs and sections
were made when necessary. Twenty-five
plants were randomly selected from each col-
lection and the following vegetative features
were measured: (1) total plant length includ-
ing branch lengths; (2) axis diameter; (3) cen-
tral medullary cell size in the middle portion
of main axis (five slices); (4) basal branch con-
striction calculated by measuring branch di-
ameter (a) at the basal portion of branches
and (b) at the portion 10 mm distal from the
base (five first-order branches from the mid-
dle part of each plant) (Fig. 1B, Chapman et
al. 1977). Voucher specimens of G. verrucosa
used in the pesent study were deposited in the
herbarium of the Department of Biology at
the Seoul National University.

The results were analysed using descriptive
statistics (mean and standard deviation),
multivariate analysis of variance (ANOVA-two
way), student’s T-test and Pearson’s moment
product correlation coeflicient. Tests were
conducted with the SAS computer program
(Statistical Package) and only significant
differences (p<<0.001) are discussed in the
text. Morphological data were also stan-
dardized by Doyle’s formula (Radford 1986);
Z=(X-X)/S, where Z represents the stan-
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Fig. 1.

Gracilaria verrucosa plant from the west coast of Korea: (A) a mature female with cystocarps collected

in May, 1989 and (B) basal portion of branch measured for branch constriction (Scale bar 0.3 mm).

dardized variable, X the individual value, X
the mean, and S the standard deviation.
Life history phases: A total of 750 plants
were examined for phenology.
Gracilaria verrucosa plants (Fig. 1A) showed a
Polysiphonia-type life history with a marked
reproductive seasonality: reproductive plants
(both tetrasporic and sexual plants) dominat-
ed from May to September, while vegetative
thalli were abundant from November to April
(Fig. 2). The total number of tetrasporic and
sexual plants (female plus male plants) was
similar proportions,
although there were differences in the timing
of their monthly peaks. Tetrasporic plants
showed a high occurrence from May to Oc-
tober when vegetative ones were rarely seen,
whereas from November to April the reverse
was observed. Male plants occurred at a fre-
quency below 30% of the total sample
throughout the year. The same is true for fe-
male plants with the exception during June
and July.
vegetative plants observed in the present
study were 151, 148, 271 and 180 individuals,
respectively, thus giving the mean proportion
of 20 : 20 : 36 : 24 throughout the year.
Reproduction and size class: A total of
510 individuals were examined to elucidate

Korean

also represented by

Male, female, tetrasporic and

the relationship between plant length and
reproductive states. Plants in different life
history phases showed different peaks in size
class (Fig. 3). Reproductive organs were ob-
served on plants beginning at a size class of 4-
8cm. Male plants had a mean length of
11.8%+3.9 cm and showed a peak within a 8-
12 cm range, while female ones had a mean
length of 13.8£9.0 cm and showed a peak in
a 4-12 cm range.

Tetrasporic plants showed the largest mean
(16.2£10.7 cm) and the maximum length
(60 cm), but most tetrasporic plants occurred
in a size class of 8-12 cm. Vegetative plants
belonged mostly within a 12-16 cm range.
All the plants over 36 cm were reproductive,
but few male and vegetative plants ranged
over 24 cm.

Morphological variation: Plants collect-
ed were a maximum of 57 cm and a minimum
of 3 cm, averaging 13.5%£7.7cm (n=>510).
Monthly mean of plant length was about
10 cm from July to November and then sig-
nificantly increased to 28 cm in next June
(F=94.58, p<0.001). The minimal length
was 7.3£1.9cm in October 1988 and the
maximum 28.51+8.2 cm in June 1989 (Fig.
4), that was also significantly different
(F=11.21, p<0.001) in different life history
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Fig. 2. Monthly variations in the reproduc-
tive states of individual Korean Gracilaria verrucosa
plants.

phases.

Basal branch constriction (Fig. 1B) varied
significantly in different months (F=22.70,
p<0.001). The dimension averaged 0.58 %+
0.11 in the plants examined. From March
to July its range was between 0.52 and 0.58,
but significantly increased to 0.66 in October
and then decreased to 0.48 in February. The
constriction of branches, however, showed no
difference among different life history phases
(Fig. 5).

Axis diameter significantly varied in differ-
ent months throughout the year (F=78.86,
p<0.001) and also with different life history
phases (F=7.56, p<0.001). The mean was
0.8 mm in vegetative plants, 0.9-1.0 mm in
males and females, and 1.1 mm in tetrasporic
ones (Fig. 5). Axis diameter averaged
0.9£0.2 mm during the entire study period.
It increased to 1.3mm in June and then
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Fig. 3. Relationship between length and
reproductive states in Korean Gracilaria verrucosa
plants. Plotted are total number of individuals
examined per 4 cm size class.

decreased to 0.7 mm in November (Fig. 4).

Medullary cell size significantly varied
throughout the year (F=48.31, p<0.001)
and also in different life history phases
(F=42.67, p<0.001). The monthly mean
was a minimum of 131.3+27.5 #m in Novem-
ber and a maximum of 250.2+27.4 ym in
May (Fig. 4).

Correlation and standardization of fea-
tures examined: Plant length was positively
correlated with both axis diameter (r=0.55,
p<0.001) and medullary cell size (r=0.39,
p<0.001). Axis diameter also showed a very
closed correlation with medullary cell size
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Fig. 4. Monthly variations in morphological
features examined in Korean Gracilaria verrucosa
plants (+ or —SD).

(r=0.81, p<0.001), whereas plant length
showed a weak correlation with medullary cell
size (r=0.39, p<0.001). Basal branch con-
striction was, however, negatively correlated
with plant length, axis diameter and medulla-
ry cell size. This negative correlation can be
visualized: in Figure 6, standardizing values
show how the constriction variable contrasts
with those of plant length, axis diameter and
medullary cell size, while still varying through
the months.

Discussion: This result agrees with the
previous field and culture studies (Jones
1959, Ogata et al. 1972), that Gracilaria verruco-
sa plants have a Polysiphonia-type life history.
There is also a marked seasonality in
reproduction: a summer peak in reproductive
plants while a winter peak in vegetative
ones. The number of tetrasporic plants is
nearly same with the sexual ones, and the ra-
tio of female and male plants is also 1:1
throughout the year. This implys that
production and survival of spores in Daechon
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population appears to be same between life
history phases. There have been reports on
unequal proportions of phases in Norwegian
G. verrucosa (Rueness and Tananger 1984)
and Canadian Gracilaria species (Bird et al.
1977, Bird 1976), that is a well-known
phenomenon in red algal species occurring at
the extreme northern limits of distribution
(Dixon 1965).

According to Kain (1986), there appears to
be a threshold size above which three red algal
taxa from England become reproductive due
to energy allocation to reproduction than to
growth during a certain time of life history.
There has been little information on the
relationship between size class and reproduc-
tion in the genus Gracilaria. Korean G. ver-
rucosa plants were the most variable in size in
June, but all of them had reproductive or-
gans. This requires further intensive study
in comparison with other populations.

Although there is a risk of failing to realize
that a continuum of morphologies may exist,
thallus architecture has been used for key and
delimiting red algal species. Of the morpho-
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plants.

logical features examined in this study, basal
branch constriction has commonly been used
as a diagnostic character for the terete Gracilar-
ta species (Yamamoto 1984). The dimen-
sions of Canadian plants are very variable in
different months and locations (reading from
Figures 3 and 4, Chapman ¢t al. 1977). In
this study, they varied significantly from 0.48
in February to 0.66 in October, without any
difference among different life history phases.
Hence, branch constriction should be used as
a good delimiting feature in mature plants.
Axis diameter ranges in 1-3 mm in Chinese
(Zhang and Xia 1985) and Japanese plants
(Yamamoto 1978). The monthly mean in
Korean plants varied significantly from a
minimum of 0.7 mm in November to a maxi-
mum of 1.3 mm in June as well as in different
life history phases. Plant length and medulla-
ry cell size also varied in different months and
life history phases, in accordance with Chap-
man et al. (1977). However, correlation

coeflicients and standardizations of quantified
features showed that basal branch constric-
tion was an independent feature, whereas
plant length, axis diameter and medullary cell
size were dependent.

As growth pattern varies with environmen-
tal factors, which in turn influence the phenol-
ogy of Gracilaria species (Bird and McLachlan
1986), different environments may be expect-
ed to produce different morphologies.
Korean G. verrucosa plants show a wide varia-
tion in gross morphology, as mentioned in
plants from other regions (Chapman et al.
1977). The morphological variation may be
due to observing features that are both unsta-
ble and ill-defined brought about by juvenile
plants and by the simplicity of plant architec-
ture.
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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



352 Maegawa, M., Kunieda, M. and Kida, W.

20

Absorbance
5 @

ot
o

300 400 500 600 700
Wavelength (nm)

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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FARAY )V BOBELBIMR CLIENZh T TR
HEEhTv3, bAECEETEARIIF AL /)Y
Thorea okadai Yamada (1949) & > <=F A/ Y Thorea
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Thorea okadai Yamada 1949, p155.

B LoBEA - RERFHEES LERET, 1991115 H
HRBEE, 1993%F5 11 AEFR=HE, X No.
591,
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6-12 pm Th 5, HEERBRT, BT 2, 3 Mlah 5
5 ERBY O sBLFELR ERfET S, ERE
RHEART, RVGCEREBRERCPRL, ¥5<,
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BEMNETH D, BREEROZFICRIAC X
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Hiroshi Tamiya, an homage to an outstanding scientist and a

remarkable personality

H. Senger (Phillipps-Universitat Marburg, Germany)

It is a great honor and pleasure for me to be
asked and to make this contribution in memo-
ry and admiration for Professor Hiroshi
Tamiya, late Director of the Tokugawa In-
stitute for Biological Research and of the In-
stitute of Applied Microbiology of the Univer-
sity of Tokyo. I recognize with appreciation
that the audience of the International Phycolo-
gy Forum is joined by the former co-workers
and students of Hiroshi Tamiya, Professors
Oh-Hama, Hase, Kanai, Miyachi, Mitsui
and others.

I had the privilege to cross the path of
Hiroshi Tamiya and to experience this out-
standing scientist as a fatherly friend for 20
years. It was 35 years ago when I started my
PhD work under the guidance of Professor
André Pirson at the University of Gotting-
en. My task was to perform a mathematical
analysis of syncronized cultures of Chlorella
and investigate the mechanism of syn-

chrony. Two publications were handed out
to me as an introduction to the field:

From John Burlew: “Algal culture from
laboratory to pilot plant” the Article by
Tamiya, Shibata, Sasa, Iwamura and
Morimura: “Effect of diurnally intermittent
illumination on the growth and some cellular
characteristics of Chlorella”. And the publica-
tion by Tamiya and co-workers: “Correlation
between photosynthesis and light-dependent
metabolism in the growth of Chlorella”, which
appeared in a special volume of Biochemica
and Biophysica Acta in memory of Professor
Otto Warburg. It was the new method of
synchronizing all cells in a mass culture by
intermittent illumination, introduced by
Tamiya and co-workers, which attracted the
recognition of scientists all over the world:
Cook, Edmonds, Hastings, Sorokin and
Sweeny in the USA; Hauschild and Krotkov
in Canada; Huogenhout and Zeuthen in the
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Netherlands; Nichiporowich and Spektorow
in Russia; Petropolus in Greece; Kylin in
Sweden and in Germany the groups around
Pirson in Géttingen, Egle in Frankfurt and
the Kohlenstoftbiologische Anstalt in Dort-
mund. But what was so intriguing and so
exciting about the synchronous cultures? On
the one hand they provided an excellent tool to
study the life cycle of a cell by using a mass
culture in which all cells were in the same
stage of development at the according time of
sampling. Metabolic events could be cor-
related with the life cycle and biosynthetic
pathways could be analysed in respect to their
natural interrelationship. On the other hand
the mechanism of synchronization itself was a
fascinating puzzle. It turned out that the
change from darkness to light triggered the be-
ginning of the life cycle and determined the
time of cell division and separation of daugh-
ter cells. According to Blinning’s nomencla-
ture of circadian rhythms the trigger was
called “Zeitgeber”. The time between the
Zeitgeber and the simultaneous separation of
mother cells into daughter cells turned out to

be endogenously fixed and species specific.
But before going into details of the syn-
chronous cultures of microalgae the “life
cycle” and the scientific oeuvre of Hiroshi
Tamiya shall be considered.

90 years ago Hiroshi was born as the sixth
and last child of his family in Osaka. His
father was a medical doctor who received his
training from a Dutch physician. The micro-
scope in his father’s office and even more the
influence of his 14 years older brother Takeo,
who later become the first president of the
National Cancer Center, determined young
Hiroshi’s wish to become a biologist. Conse-
quently he entered the Imperial University of
Tokyo. There he became acquainted with
Professor Keita Shibata, the creator of Phy-
siological Chemistry of Plants and founder of
Acta Phytochemica. (By the way, an issue of
the Acta Phytochemica of those days cost
¥2.3, equivalent to $1.3). Shibata obviously
recognized the outstanding talents of Hiroshi
and supported him generously. He intro-
duced Hiroshi to the Marquis of Tokugawa
and Hiroshi became a member of the Toku-
gawa Research Institute. At the age of 23
years Hiroshi graduated and published his
first paper in the same year in the Journal of
Bacteriology: “A new apparatus for intermit-
tent observations of physiological changes in
cultures of microorganisms”. In this paper
he analysed by mathematical evaluation the
change in surface to volume of a culture dur-
ing intermittent sampling and he designed
several to minimize the
changes. This paper indicated already the
continuous interest in culture techniques and
his strict attention to the growth conditions of
the organisms with which he worked.

The second publication appeared in the
same year in Acta Phytochemica: “Unter-
suchungen uber die adsorptiven Eigen-
schaften von Zellulose”. In this contribution
he investigated the absorption characteristics
of cellulose in which he presented fundamen-
tal data which might be considered as basis
for subsequent development of
matography.

These two first papers published in the

culture vessels

chro-
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English and German languages already in-
dicated Hiroshi’s interest in international
communication. Subsequently he published
his papers mainly in German, English and
French and only occasionally in Japanese.
Until the end of World War II the majority of
his 42 publications were written in German
and thereafter in English. In his publication
he proved to be a master of the German lan-
guage.—It was the marquis of Tokugawa
who took along young Hiroshi on a trip to
the USA and Germany. Hiroshi stayed for a
longer period on the island of Helgoland in
the North Sea. Here he was not only active to
learn about marine algae, but he also prac-
ticed his German (by the aid of a young girl,
Katchen) and frequently attended the local
bowling club. Hiroshi later told me that
among the many awards and recognitions he
received, the Honorable Membership of the
Helgoland Bowling Club, was one of those he
liked most. This indicated a remarkable side
of Hiroshi Tamiya. To become a member of
the Helgoland Bowling Club you must have a
remarkable ability to consume and endure
lots of high percentage rum. And Hiroshi
was always ready for a good drink with his
friends and students. Other colleagues
present in the audience would be able to make
many more contributions about happy hours
under this aspect. The conversation during
such events were most relaxed and the bord-
ers between the highly decorated Professor
and young colleagues and students rapidly
disappeared.

However, going back to his scientific
career, one can recognize distinct “Scientific
periods”  characterizing the research of
Hiroshi Tamiya.

The first period was entirely devoted to the
metabolism of the mold Aspergillus oryzae (also
known as Koji), the microorganism widely
used in brewing. Tamiya’s interest extended
from designing experimental instrumenta-
tion, theoretical evaluation, biochemical and
physiological studies to a compilation of the
bibliography of Aspergillus over a period of 200
years. These studies on the relationship be-
tween substrate and energy metabolism are

still valid today.

In the second period, which slightly over-
lapped with the first, he studied various
aspects of cytochrome biochemistry. His
interest in this topic resulted on the one hand
from studies of his teacher Professor Keita
Shibata, but on the other hand to an even
larger extent from his admiration of Otto
Warburg, who had received the Nobel Price
for his discovery of the gelbes Atmungsferment in
1931. Later Hiroshi got engaged in heated
arguments about cytochrome action with
Otto Warburg, however, this did not
influence his personal relationship and admi-
ration for him. This indicated another
remarkable side of Hiroshi Tamiya. He
could get into firey arguments and scientific
controversies, but this would never harm or
influence his human and personal relation-
ship or friendship.

By using the primitive hand-spectroscope
of those days and by applying elaborate reac-
tion kinetics he elucidated the sequence in the
respiratory cytochrome chain in yeast.

Beside the investigations attributed to his
“scientific periods” Tamiya developed a new
micro-calorimeter, published on peroxy-
dases in algae, worked with chemiautotrophic
sulfur bacteria and studied the relationship
between turgor pressure and osmotic para-
meters in higher plants.

The third period of research started during
World War II.  This is the broad field of pho-
tosynthesis. —If we relate back to those times,
only the formula of photosynthesis and a few
wrong assumptions existed. Warburg be-
lieved that photosynthetic Oy would derive
from CO,, Bayer proposed that carbohy-
drates were formed via formaldehyde and
dark reactions were summarily called Black-
man reactions. Nobody could interpret the red
drop of photosynthetic oxygen evolution pub-
lished by the Dutch Botanist Engelmann,
nor did other scientists pay attention to the
proposal of the German physical chemist,
Kautsky, that 2 photosystems existed in the
photosynthetic apparatus, as he deduced from
his studies on fluorescence kinetics. With
this type of background Tamiya entered the
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field of photosynthesis research with a publica-
tion on: “The content of heavy isotopes in
photosynthetic oxygen” and a review on:
“The mechanism of photosynthesis”.

Tamiya and his co-workers first concen-
trated on the use of inhibitory techniques for
analyzing the photosynthetic mechanism.
They also applied intermittent illumination in
order to separate light and dark reactions of
photosynthesis. In a strong argument with
Robert Emerson on the influence of intermit-
tent light on photosynthesis, Tamiya and co-
workers could show that maximum yield of
photosynthesis depended on the length of the
dark period between saturating flashes and on
the temperature provided during the experi-
ment. The photosynthetic research of
Tamiya’s group never ended and it is most
successfully continued by his successors and
students.

By this time Tamiya had amost completely
turned away from fungi and was working
with microalgae instead. Chlorella, a unicellu-
lar green alga, became his favorite orga-
nism. Obviously, he was again inspired by
Otto Warburg, who introduced Chlorella into
the studies in photosynthesis.

A fourth period of research started after the
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Fig. 1. Wavelength dependent induction of
cell division in a mixotrophic synchronous culture of
Chlorella pyrenoidosa in the presence of 5X 1076 M
DCMU (after Senger and Bishop, Plant & Cell
Physiol. 7, 441, 1966) and of RNA formation in an
achlorophyllous mutant (C-1.1.10.31) of Chlorella
pyrenoidosa grown heterotrophically (after Senger
and Bishop, Biochim. Biophys. Acts, 157, 417,
1968).

end of World War II. Concerned about the
shortage of food in the world, Hiroshi Tamiya
made his contribution to help solving the
problem by introducing new methods for
mass cultures of microalgae. In the already
quoted book of Burlew, Tamiya and co-wor-
kers published an article: “Pre-pilot-plant
experiment on algal mass culture”, in which
they demonstrated a pilot plant for mass
cultures of Chlorella which was situated in the
back of the Tokugawa Research Institute.
Improvement in cultivation of mass cultures
was pursued by Tamiya successors to high

perfection. As a spin-off of the research on
& - LIGHT -—o——- —>i4—— DARK -— >

5 ]

o} DRY WEIGHT & NUMBER OF CELLS g

& PER LITER =

‘6:, 7l e 40

- wi

> r . - &

A\ ’ Vg

T 021 3 (R’ / 8

‘; < \“0(;\ / 120 %

> | S ceu numseR o 2

& 0.1 - 0 2

° (=]

6 RATE OF PHOTOSYNTHESIS

PER DRY WEIGHT OF CELLS 1

mi/g-hr

'
2k RATE OF RESPIRATION
PER DRY WEIGHT OF CELLS

Fig. 2. Changes in photosynthetic and
respiratory activities during the synchronous life
cycle of Chlorella ellipsoidea (Nihei, Sasa, Miyachi,
Suzuki and Tamiya, Arch. Mikrobiol. 21, 156,
1954).



Tamiya and Avron 371

mass culture maintenance the fifth period con-
cerned with synchronous cultures of micro-
algae started.

Concerning this topic I met Hiroshi
Tamiya for the first time. In 1959 Professor
Tamiya visited the Department of Plant Physi-
ology of the University of Goéttingen and I
was asked by Professor Pirson to present my
research data. My knees were a little bit
shaky when I had to report to the master of
synchrony. However, I was confronted with
a warm hearted man who asked a lot of ques-
tions and discussed in a very fair and friendly
way. He was in agreement with my mathe-
matical analysis of group-synchronization
and my interpretation of mixitrophic cultures
to prove that the endogenous time factor was
not coupled to the photosynthetic apparatus.
But we got into an argument about the tem-
perature dependence of the endogenous time
factor. I found a prolonged life cycle upon
change from 30 to 20°C. Tamiya insisted
that the endogenous life cycle had to be more
or less temperature independent. The solu-

A RIPENING

Fig. 3. A, schematic representation of
changes in the cell status of the life cycle of Chlorella
ellipsoidea (after Tamiya, Ann. Rev. Plant Physiol.,
17, 1, 1966) and B, changes in the molecular
organization of the photosynthetic apparatus during
the synchronous life cycle of Scenedesmus obliquus
(Krupinska, Regulation of Chloroplast differentia-
tion, Akoyunoglou & Senger edts., Allan R. Liss
Inc., New York 1986, pp. 297-304).

tion to the controversy was that cells had to be
adapted to the according temperature for a
longer period to demonstrate life cycles of
more or less the same length at different
temperatures.

The nature of mechanism underlying the
endogenous time factor in green algae is still
unsolved. The only thing we know about it is
the fact that blue light triggers the induction
of cell division and the formation of total
RNA (Fig. 1).

Almost completely solved is the nature of
the changes in the photosynthetic apparatus
during the life cycle of green algae. Already
in one of their first papers about synchronous
cultures Nihei, Sasa, Miyachi, Suzuki and
Tamiya reported about “Change of the pho-
tosynthetic activity of Chlorella cells during the
course of their normal life cycle” (Fig. 2).
These changes in the photosynthetic appara-
tus have been the subject of many investiga-
tions and publications. The molecular
mechanism of these changes seems to be eluci-
dated by now (Fig. 2).
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In an invited review article on synchroniza-
tion Tamiya presented a scheme of the life
cycle (Fig. 3a). We could finally supplement
this life cycle with an explanation about the
mechanism underlying the change in the pho-
tosynthetic apparatus (Fig. 3b). Research
with synchronous cultures has accompanied
my scientific career ever since it was initiated
by the pioneering discovery by Tamiya and
his co-workers.

An additional aspect in the life of Hiroshi
Tamiya was his ability and dedication as a
promotor of basic science and creator of inter-
national relationships. He was an appointed
member of the editorial board of the highly
reputed “Archiv fiir Mikrobiologie” even
before he finished his PhD. He served also
on the editorial boards for Biochemica and
Biophysica Acta, for the Journal of General
and Applied Microbiology, Photochemistry
and Photobiology and Plant and Cell Physio-
logy. He was part of the group which estab-
lished the National Science Council of Japan
after World War II. He served as President
of the Japanese Biochemical Society and was
Vice President of the International Biological
Programme. He was council member of the:
International Association of Plant Physio-
logy, National Committee of Microbiology of
Japan, Japan Radioisotope Association, and
last but not least, Japan Association for
Philosophy of Science.

In 1958 he was the driving force in found-
ing the Japanese Society of Plant Phys-
iologists, and he was the promotor in issuing
its scientific organ, Plant and Cell Physiolo-
gy. In the foreword of the first issue he says:
“Contribution to plant physiology in the
world at large is the cardinal mission of the
Society”.

And as the motto he chose the words from
the English mathematician and philosopher
Alfred North Whitehead: “The art of progress
is to preserve order amid change, and to
preserve change amid order. Life refuses to
be embalmed alive. The more prolonged the
halt in some unrelieved system of order, the
greater the crash of the dead society”.

Both citations could as well be considered

to be the motto of Hiroshi Tamiya’s life as a
scientist.

The author index of the first issue of Plant
and Cell Physiology already includes the
names of many later well known and interna-
tionally reputed scientists who were more or
less connected with the work of Tamiya. In-
deed, the first article is written by Shigetoh
Miyachi, one of his most successful disciples,
who succeeded him as director of the Institute
of Applied Microbiology and who is now
chairman of this Memorial Lecture.

In recognition of his outstanding scientific
contributions, for the fact that he opened
Japanese plant physiology to the western
world and his promotion of collaboration and
friendship between Japanese and foreign
scientists Hiroshi Tamiya was highly reward-
ed. He was appointed Honorable Member
of the German Academy of Science (Leopol-
dina) and of the German Botanical Society.
He became corresponding member of the
American Society of Plant Physiologists and
of the of America.
Numerous also were the honours and awards
he received in Japan.

In 1963, T had meanwhile moved to the
the Faculty of
Science, the first one established in a German
University, celebrated its centenary. On this
the faculty
Tamiya as the outstanding scientist and per-
sonality to be honored by the granting of an
“Honorary PhD” (Dr. h. c.).

Botanical Society

University of Tubingen,

occasion recognized Hiroshi

Fig. 4.
the Japanese Society of Plant Physiologists 1980.
From left, Hiroshi Tamiya, the author, Eiji Hase,
Yoshio Masuda and Shigetoh Miyachi.

Photograph taken at the meeting of
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The following was written in the laudation:

“To the outstanding Botanist, who pro-
moted plant physiology and microbiology as
well by his skillful art of experimentation, in
recognition of his merits as a researcher,
teacher and example for a whole generation of
students, as well as in thankful appreciation
of his permanent attempt to improve interna-
tional collaboration.”

After the official celebration a happy drink-
ing party with staff and students took place,
which will be remembered by everybody who
participated. Later the students crowned
Hiroshi and lifted him high on a chair and
carried him through the university hall.

Years later, when I gave a seminar on syn-
chronous cultures in the Institute of Applied
Microbiology, it was one of the rare occasions
that Hiroshi returned to his former Institute

and vivaciously took part in the discussion.

I saw Hiroshi for the last time in 1980 dur-
ing a meeting of the Japanese Society of Plant
Physiologists (Fig. 4). I had also the honor
and pleasure to spend a most memorable even-
ing in his house and to enjoy the company of
his charming wife Nabuko and his daughter.

In 1983, on the occasion of his 80th birth-
day the University of Tubingen presented
him the silver medal of the University. In his
letter of thanks he expressed his wish to come
again to Germany. This wish was not to be
fulfilled.

In Germany we have a proverb, saying that
somebody is not dead as long as his memory is
alive. I hope that my homage to Hiroshi
Tamiya, an outstanding scientist and fatherly
friend to me, will ensure to keep his memory
alive.

The Pioneering Biotechnological Path of the Late Prof. Avron,
Dunaliella: (Volvocales, Chlorophyta);
from Glycerol to S-carotene

Ami Ben Amotz (The National Institute of Oceanography, POB 8030, Haifa, Israel)

Prof. Mordhay Avron died untimely dur-
ing heart surgery in March 1991, in the
USA. Prof. Avron was born in 1931 in Tel
Aviv, Israel (Table 1), finished elementary
and high schools in Israel, and continued onto
a high level of education in the USA. His
graduate studies were concentrated around
selected aspects of plant physiology with a
broader view of agriculture. Shortly follow-
ing completing his post-doctorate studies in
the USA, the young scientist returned to Is-
rael and joined the Weizmann Institute of
Science. From 1958 to 1991, Prof. Avron
was a member of the Weizmann Institute of
Science progressing over all academic levels
to be full Professor on 1966, and over most of
the institute administration positions, to be
promoted the deputy President of the Weiz-

mann Institute for a long peiod from 1968 to
1991.

The first phase of Prof. Avron’s scientific
activity was devoted to photosynthesis and
bioenergetics, an area where he succeeded
and climbed all the way to the top with many
publications, monographs, book reviews,
books and conferences. His specific contribu-
tion to the photosynthetic field is in the pho-
tosynthetic electron transport systems and
the related photophosphorylation machanism,
as associated with ion transport bioenergetics.

I met Prof. Avron in 1968 on looking for-
ward to initiation of my graduate studies.
Being already a student on Dunaliella, the
meeting with Prof. Avron and the invitation
to continue my doctorate studies under his
supervision led eventually to a very fruitful
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Mordhay Avron at the
Dunaliella outdoor microponds unit at the Weiz-
mann Institute of Science.

Fig. 1. Prof.

and productive study on Dunaliella. The se-
cond phase of Prof. Avron’s research, the
Dunaliella Era, as being called, was a fascina-
ting and illuminating period of collaberation
in pure and applied science into the hidden life
of the most halotolerant eukaryotic organism
known: Dunaliella. Subsequently to the basic
studies, applied photosynthsis was emerged
for photosynthetic solar energy conversion
and utilization for the production of algal
valuable commercial products. Idea emerged
from idea, topic followed topic, slowly
together from the laboratory test-tube
through bottles, carboys, indoor microponds,
miniponds, and outdoor pilot plants to a suc-
cessful biotechnological commercial industry
of Dunaliella. Many friends and scientists
were involved in the Dunaliella Era, con-
tributing to different related research areas
and for the massive accumulated devotion
which was used to develop the project, but
the leading person was Prof. Avron with

impressive inspiration, guidance, and energet-
ic enthusiasm.

A few milestones are well recognized in the
history of Dunaliella, and each one is well as-
sociated with Prof. Avron’s contribution and
devotion. The deciphering of osmoregula-
tion in Dunaliella, including the halotolerance
machinery of the alga, basic glycerol
biosynthesis and later interlaced cycles
(Figure 2) of glycerol accumulation and elimi-
nation, the related membrane phenomena
and ion transport, were all excitingly and in-
tensively investigated, initially through classi-
cal methodology and subsequently by modern
NMR techniques.

The high B-carotene producing strain,
Dunaliella salina var. bardawil, a fascinating
eukaryotic organism, was intensively studied
step by step for carotenogenesis in the labora-
tory for a few years to elucidate the 3-carotene
present biosynthetic pathway (Figure 3).
A significant breakthrough was made on trans-
fer of this alga from the laboratory to the out-
door unit on the roof of the Ulman biochemis-
try building at the Weizmann Institute, a step
which marked the period of biosolar energy
conversion and applied photosynthesis. At
the set of 10 microponds and one 5 m? pond of
Dunaliella, most of the research on the integra-
tion of science and engineering has been done
since 1976. The so called “Dunaliella garden”
was the only place where Prof. Avron could
be found daily, including Saturdays and
holidays, in his attempt to escape the adminis-
trative office work and the telephone and fo-
cus on truly applied photosynthesis with no in-
terference. The Dunaliella garden was used
to investigate and test many ideas, schemes,
views and concepts, season after season, year
after year, to reach the goal of modern algal
biotechnology applying economical biosolar
energy conversion through the Dunaliella pho-
tosynthetic ~ mechinery. The  Dunaliella
garden turned out to be an internationally
most famous site for many visitors of the Weiz-
mann Institute.

The accumulated knowhow of the mini
pilot plant of the Weizmann Institute was tra-
nsferred continuously to the Dunaliella com-
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Table 1. MORDHAY AVRON 1931-1991

1931 Born, Tel-Aviv, Israel.

1953 B. Sc. Honors, Univ. of California, Los Angeles, CA, USA

1955 Ph. D in Plant Physiology (Supervisor: Prof. J. B. Biale) Univ. of California

1955-1958  Post-doctoral Fellow (with A.T. Jagendorf) McCollum-Pratt Institute, Johns Hopkins Univ.,
Baltimore MD, USA.

1958 Research Associate, Biochemistry Dept., Weizmann Institute of Science, Rehovot, Israel.

1963 Associate Professor, Biochemistry Dept., Weizmann Institute of Science.

1966 Professor, Biochemistry Dept., Weizmann Institute.

1966-1969  Head, Dept. of Biochemistry, Weizmann Institute of Science

1968-1969  Acting Director General, Weizmann Institute of Science

1970-1975  Chairman, Israel National Council for Research & Development.

1971-1972  Visiting Professor, Biology Dept., Brandeis Univ., Waltham MA, USA.

1973-1976  Dean, Faculty of Biochemistry-Biophysics, Weizmann Institute of Science.

1976-1977  Visiting Senior Investigator, Dept. of Plant Biology, Carnegie Institution of Washington, Stan-
ford, CA., USA.

1977 Visiting Professor, Molecular Biology Institute, Univ. of California, Los Angeles, CA USA

1978-1985  Deputy President, Weizmann Institute of Science.

1979-1985 Chairman of the Board, Miles-Yeda Inc., Rehovot, Israel

1980-1981  Chairman, Council of University Presidents in Israel.

1982-1985  Chairman of the Board, Yeda Research and Development Co., Rehovot, Israel.

1985-1991  Head, Willstatter Center for Research in Photosynthesis, Weizmann Institute of Science.

1985-1986  “Distinguishing Visiting Investigator”, Roche Institute of Molecular Biology, Nutley, NJ, USA.

1986-1991  Dean, Faculty of Biochemistry Biophysics, Weizmann Institute of Science.

1989-1991  Deputy President, Weizmann Institute of Science.

mercial plant in Eilat, south of Israel, always
guided by the personal involvement of Prof.
Avron, his tireless driving force and his con-
sistene conviction. The joint efforts were
gradually developed to the present modern
NBT, Nature Beta Technologies, Ltd., a
plant of Dunaliella on a total pond area of
50,000 m?, of modern intensive cultivation,
harvesting and processing of Dunaliella-rich
B-carotene.

The analysis identification of the highly fat
soluble 9-cis steroisomer of B-carotene in
Dunaliella bardaw:l initiated a new momem-
tum in the pure and applied science of
Dunaliella, with topics verying from biosyn-
thesis to molecular biology of B-carotene and,
most interesting, the implications of natural
B-carotene in nutrition and medicine. The
high fat solubility of the 9-cis B-carotene was
strongly supported by Prof. Avron’s en-
thusiasm to conduct nutritional and clinical
studies initially in chicks, chickens, and other
laboratory animals grown on diets sup-

plemented with Dunaliella bardawil, and
later in humans taking tablets or capsules.
One topic was personally close to Mordhay’s
heart. Through may visits and check-ups at
the Cardiology Institute at Tel Aviv Hospital,
and overviewing the diagnostic clinical
difficulties of the cardiovascular fat plaques,
Prof. Avron suggested to color the plaques
with natural 8-carotene through a diet rich in
Dunaliella for a successive identification by
laser beam and finally for demolition of the
colored plaque by high laser irradiation.
This project which was constructed and built
up through the vitality of Prof. Avron led to
many other nutritional and medical treat-
ments of humans with natural S-carotene.
The scope of Prof. Avron’s work is very wide
and covers many different aspects of Dunali-
ella. Iwould like, therefore, to illustrate three
examples representing the unique personality
of Mordhay as a true scientist and a real
Dunaliella investigator.

A) Mordhay studied each topic in depth, not
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Fig. 2. A proposed metabolic pathway for glycerol metabolism in Dunaliclla.

leaving any detail unclarified nor uncertainty
unresolved. The electron micrograph of
Dunaliella bardaw:l originally made in 1981
passed yearly charges by the investigating
eyes of Prof. Avron. Thus illustrating this
aspect over a period of 10 years, since 1981.
Initially, we identified the cell organelles,
then cut out the grey background, a cut which
led to a long period of discussion whether the

scissors at the graphic unit damaged the photo-
graph by cutting the cell membrane or the sur-
face coat with a compromise on a new scissors
cut at a distance from the membrane. Later,
identification or misidentification of the as-
sumed eye spot were question marked, to lead
to the last change made by Prof. Avron short-
ly before his leaving for the USA in February
1991 year from “eye spot” (?) to “lipid
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globule” (Figure 4).

B) Prof. Avron was the other extreme of the
so-called absent-minded professor. He was
very well organized and arranged, and was
the only person I know that used the same
Dunaliella sun protection hat for over
15 years, and more well known, the same
personal pen, without losing them.

C) The high dedication and devotion of Prof.
Avron to the Dunaliella project was well ex-
pressed in his enthusiastic cooperation with
many special requests dealing with matters
not related to science, such as his acceptance

altrons-B-Zeacarotene

olirons-Lycopene

low J334 Nicotine; CPTA;MPTA

&\AN\ IR

alttrons-y-Carotene
t low Nicotine

q
?IRID &

alttrans-3-Carotene

Postulated pathway of all-trans and 9-cis B-carotene biosynthesis in Dunaliella bardawil.

of the Japanese tradition and customs on
visiting the mother company of NBT, Nikken
Sohonsha Co. in Japan. Prof. Avron followed
his Japanese colleagues through the night
Japanese hospitality, singing Karaoke per-
sonally with the microphone at the nightc-
lub. As Prof. Avron said, “I hoped that
the pianist would not find the musical notes
of any Israeli song, but to my surprise the
pianist started to play the Israeli national
anthem Hatikvah and followed my poor
singing in front of all the guests in the
night club”.
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Fig. 4. Electron microgrph of Dunaliella bardawil.

Similarly, he played Pachinko, an electron-
ic gambling game, with all dedication, to win

surprisingly a very high score to the cheers of
the participants, who named Prof. Avron as
the Weizmann Institute professor with the
golden finger. The close cooperation be-
tween Prof. Avron of the Weizmann Institute
and Nikken Sohonsha Co., Japan, paved the
way to the successful export of Dunaliella from
Israel to Japan under the well-known dis-
tributed poster titled “Shalon Dunaliella” .
Shortly after the death of Prof. Avron,
frineds and colleagues gathered and decided
to commemorate his name, through intensive
research on all aspects of Dunaliella. The
“Dunaliella Club” at the Weizmann Institute
includes a few faculty members and many
devoted students, and is used as the frame-
work and a scientific center for exploiting the
developed knowhow towards the establish-
ment and expansion of the commercial joint
Dunaliella biotecnology venture- an honorary
memorial symbol to Professor Avron.
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Yoshiaki Hara*, Isao Inouye*, Mayumi Erata®, Hisayoshi Nozaki** and

Makoto M. Watanabe**: Report of International Phycology
Forum (IPF) in Tsukuba; Phycological Sciences

—Today and Tomorrow—

International Conference Room in University of Tsukuba, 23th to 27th August, 1993

This forum was planned and organized by members of the Organizing Committee of the IPF listed below
and sponsered by the Ministry of Education, Science and Culture, Japan, University of Tsukuba, Tsukuba
EXPO’85 Memorial Foundation, Global Environmental Forum and several private companies. It was also
carried out as a satelite symposium under the auspices of the Organizing Committee of the XV Interna-
tional Botanical Congress, Tokyo, the Phycologcal Society of Japan and Japanese Society of Marine
Biotechology. Current topics selected from the basic and applied phycology were published and discussed
in 6 symposia (36 invited papers); Mangrove ecosystem and algae (S1-S11), Algae as constituents of the
carbon cycle and global environment (S12-S15), Algae as resouces for technology and industry (S16-520),
Algae as a model experimental system for plant sciences (S21-S26), Biodiversity and phylogeny of algae
—Morphylogy and molecular aspects—(S27-S31) and Algal blooms in eutrophicated waters (S32-S36),
memorial lectures in honor of Professors Tamiya and Avron (2 invited papers), a special seminar open
to the public entitled “Microcystis blooms in Lake Kasumigaura.” (5 invited papers) and a poster session (40
contributed papers). All of the abstracts are given in this report. Participants totalled 220 including
46 from 18 different overseas countries. A field trip to Lake Kasumigaura including a visit to the Microbial
Culture Collection of the National Institute for Environmental Studies and JOEL Ltd., Tsukuba Branch

was also made as an excursion of this forum.

Abstract

S-1: MANGROVE MACRO-ALGAL
STUDIES IN AUSTRALIA: A REVIEW.
R. J. KING. (SCHOOL OF BIOLOGICAL
SCIENCE, UNIVERSITY OF NEW
SOUTH WALES, SYDNEY, AUSTRA-
LIA)

Until the 1980s mangrove macroalgae in
Australia were dealt with only indirectly in
taxonomic works or listed in the works of Dr
Erika Post. Subsequently there have been
several publications on the mangrove algal
floras of particular regions in temperate Aus-
tralia. Most recently we have completed a
survey of the entire coast with particular atten-
tion to the phycologically poorly known tropi-
cal coasts. Results of that survey are dis-
cussed here.

* Institute of Biological Sciences, University of
Tsukuba. Ten-oudai 1-1-1, Tsukuba-shi, Ibaraki, 305
Japan.

** National Institute for Environmental Studies.
Onogawa 16-2, Tsukuba-shi, Ibaraki, 305 Japan.

In addition there has been a range of stu-
dies on the morphology, anatomy, ultrastruc-
ture and taxonomy of Bostrychia, Caloglossa
and Stictosiphonia. Particular emphasis has
been placed on physiology of mangrove algae
especially in relation to salt tolerance.

S-2: MORPHOLOGY AND  TAX-
ONOMY OF CALOGLOSSA SPECIES
(DELESSERIACEAE, PHODOPHYTA)
FROM AUSTRALIA. J TANAKA (NA-
TIONAL SCIENCE MUSEUM, TOKYO,
JAPAN) & N. YAZAKI (YAMANASHI
UNIV., YAMANASHI, JAPAN)

Caloglossa is a most common genus occur-
ring in brackish waters, especially in man-
grove areas in the tropical to temperate
regions all over the world. Vegetative and
reproductive plants of the following taxa of
Caloglossa were collected from mangrove
areas in Australia: 1) C. leprieurii var. hooker:
8 (male), ? (female and carposporophyte),
@ (tetrasporophyte), 2) C. leprieurii f. leprieurii
with 8, 2, ®, 3) C. adnata with &, 4) C.
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ogasawaraensis with 8 , ®, 5) C. stipitata with

8, 2, ®, 6) Caloglossa sp. with &, 2, ®.

They can be distinguished by the following

vegetative characteristics: 1) degree of the

constriction at the node, 2) width and shape
of the blade and 3) structure of the secondary
branches and the rhizoids.

All these taxa have the common reproduc-
tive features as follows;

1) A carpogonial branch is consisted of four
cells including a carpogonium, two
hypogynous cells and a supporting cell.

2) One group of strile cells is produced from a
supporting cell.

3) One cystocarp is produced on a midrib of
the upper part of the terminal branch.

4) Most cells of the gonimoblasts produce
many carpospores.

5) Spermatangia are transformed from sper-
matangial mother cells which are
produced by the divisions of cortical cells.

6) Tetrasporangia arise from the middle
layer, not from the cortical cells, of the
fertile thallus parts.

7) Cover cells of tetrasporangia are not well
developed.

The last taxon (Caloglossa sp.) collected in
Daintree River, Queensland is similar to C.
leprieurii f. continua on its gross morphology,
but it can be distinguished by the narrower
blades, the fewer rhizoids issuing from the
nodes and the widened tips of the fertile fe-
male blades.

S-3: BIOGEOGRAPHIC RELATION-
SHIPS OF BOSTRYCHIA RADICANS &
B. MORITZIANA (RHODOPHYTA):
HYBRIDIZATION & DNA SEQUENC-
ING. J A. WEST (UNIVERSITY OF
MELBOURNE) & G. ZUCCARELLO
(UNIVERSITY OF CALIFORNIA, BER-
KELEY)

We compare the results of classical hybridi-
zation with those from molecular biology
(DNA sequencing) using culture isolates,
from many geographic regions, of B. radicans,
that has polysiphonous laterals, and B. moritzi-
ana, which has partially monosiphonous later-
als. In Pacific Mexico all 15 isolates (from

over a 3000 km distribution) are intercompati-
ble even though field specimens range from
completely polysiphonous isolates to isolates
with monosiphonous laterals. In world-wide
crossings, various degrees of genetic isolation
are observable and certain hybridization pat-
terns are evident. Genetic isolation includes:
pseudocystocarp formation, poor germination
of carpospores, poor growth of tetrasporo-
phyte and low viability of tetraspores. Posi-
tive hybridization (based on the formation of
cystocarps and carpospore release) os isolates
from Pacific Mexico is seen with most isolates
from Venezuela even though these popula-
tions have been isolated by the isthmus of
Panama for at least 1.5 million years. A few
NE USA isolates interbreed with Pacific Mexi-
co and Venezuela isolates which may reflect
longer genetic separation of these popula-
tions. Isolates of B. radicans from Brazil hybri-
dize with isolates from Peru although not all
isolates from Brazil are intercompatible. In
the western Pacific no intercompatible isolates
of B. radicans were observed. However, B.
moritziana isolates (with compound mono-
siphonous branches) from Australia and
South Africa are intercompatible. Sequenc-
ing of chloroplast DNA (Rubisco spacer)
indicates that B. radicans falls into one group
from the northern hemisphere: Pacific Mexico
and NE USA, and another group from the
southern hemisphere: Brazil, Peru and Aus-
tralia. This DNA-based phylogeny generally
supports the hybridization patterns observed.

S-4: MANGROVE-ASSOCIATED BOS-
TRYCHIETUM IN KENYA. COPPE-
JANS E. & DE SCHRYVER T. (UNIV.
GENT, BELGIUM)

This research was carried out in September
1989 in Gazi Bay as a follow-up of a previous
work (COPPEJANS & GALLIN 1989). For
this study 367 pneumatophores of Sonneratia
and Avicennia as well as rhizophores of
Rhizophora were collected along 7 transects
at right angles to the tides and at increasing
distnace from the sea. This resulted in a
data-matrix of 1092 relevés. Species composi-
tion was analyzed and cover estimates made
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along 5 cm zones of these aerial roots. Spe-
cies composition was high: 36 species of which
14 Chlorophyta, 2 Phaeophyta and 18
Rhodophyta. The most frequent taxa were
Bostrychia tenella, Catenella caespitosa, Caloglossa
leprieurii and Murrayella periclados. A strong
decline in species diversity and total cover is
found along the transects towards the upper
tidal range. Epiphytic growth was maximal
in the 5-15 cm above ground level, but the
zone with maximal cover tends to be lower
with increasing distance from low tide (desi-
ccation effect). Strong exposure to direct sun-
light is reflected by lower cover estimates
and a shift in species composition. This
sciaphilous character is prominent among the
red algae; Ulvaria oxysperma on the contrary
has its optimal development in the sun-
exposed regions. Most of the algal species do
not show a preference for a mangrove species,
except for Bostrychia and Ulvaria: the first one
shows a better development on harder sub-
strates such as rhizophores and old Sonneratia-
pneumatophores and is absent from the
softer, young or dead pneumatophores. Ul-
varia on the other hand prefers these soft
substrates.

The maximal dry weight of the Bostrychie-
tum was found close to the open sea and was
352 g/m? on Sonneratia (with 189 pnph/m?)
and 170 g/m? in nearby Avicennia plot (with
521 pnph/m?). The biomass declined up-
stream, but also direct sunlight results in a
lower biomass.

S-5: MORPHOLOGICAL COMPARI-
SON AND HYBRIDIZATION EXPERI-
MENTS IN THE THREE INFRASPECIF-
IC TAXA OF CALOGLOSSA LEPRIEURII
(CERAMIALES, RHODOPHYCEAE).
M. KAMIYA, Y. HARA (UNIV. OF
TSUKUBA, JAPAN) AND J. TANAKA
(NAT. SCIENCE MUSEUM, JAPAN)
Members of the genus Caloglossa constitute
the benthic algal community in mangrove
forests growing in tropical and subtropical
regions. In this genus, C. leprieurii is dis-
tributed worldwide and shows many morpho-
logical variations. Several varieties and for-

mae of this species can be distinguished from
their morphological features; blade width,
blade constriction at the node, number of
secondary proliferous branches and rhizoids
forming bundles or not (Post 1936). The exis-
tence of reproductive isolation among these
taxa and the evaluation of their taxonomic
status have not previously been examined.

In this study, three infraspecific taxa of C.
leprieurii followed by Post, C. leprieurii var.
leprieurss f. leprieursi, var. leprieurii f. continua
and var. hookeri, were reexamined; morpholog-
ical comparison of natural and/or cultured
plants collected from the mangrove areas or
estuaries in Japan, Singapore, Australia and
Pakistan. Hybridization experiments were
also performed to investigate the potential
reproductive isolation among these three
taxa.

In f. leprieurii and f. continua, there are less
than 4 secondary proliferous branches at the
node and the rhizoids do not form bundles,
whereas var. hooker: has 4 or more proliferous
branches and produces bundles of the rhi-
zoids at the base. The blade constriction at
the node of var. hooker: is remarkably deeper
than those of f. leprieurii and continua. C. leprieu-
rit f. continua can be distinguished from f.
leprieurii by the degree of the constriction at
the node and the blade width in the widest
part at internode; 0.3-1.0mm (mean
0.47 mm) and 0.5-1.7 mm (mean 1.07 mm),
respectively.

Isolated strains of f. leprieurii from one
habitat in Australia, f. continua from three
habitats in Japan and var. hooker: from six
habitats in Japan and Australia were used for
hybridization experiments. Any crosses be-
tween the different taxa were unsuccessful.
The formation of cystocarps, release and ger-
mination of carpospores were observed in any
cross between members of the same taxon,
though the clear reproductive isolation was
recognized between Japanese and Australian
populations of var. hooker:.

These three taxa were confirmed to be dis-
tinguishable by comparison of their morpho-
logical features, and they were also geneti-
cally incompatible. These results suggest that
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these infraspecific characters used by Post
(1936) should be attributed to interspecific
differences, and at the same time that these
varieties and formae of C. leprieurii sould be
assigned to distinct species.

S-6: MANGROVE RED ALGAE:
THEIR ACCLIMATION TO ENVIRON-
MENTAL FACTORS. U. KARSTEN (MA-
RINE BOTANY, UNIV. OF BREMEN,
GERMANY)

The macroalgal flora of mangroves is domi-
nated by members of the rhodophycean
genera Bostrychia, Stictosiphonia, Caloglossa (Cer-
amiales) and Catenella (Gigartinales). These
algae grow in the eulittoral zone as epiphytes
on the pneumatophores, trunks and prop
roots. Here the species experience large fluc-
tuations in salinity, irradiance, temperature,
nutrient levels and desiccation due to the tidal
flows. Bostrychia synthesizes and accumulates
high concentrations of the hexitols D-sorbitol
and D-dulcitol, which are otherwise uncom-
mon in the red algae. Stictosiphonia contains
only D-sorbitol and Caloglossa D-mannitol.
In Catenella floridoside has been found, and
this heteroside is more typical for the Rhodo-
phyta. All these compounds are strongly in-
volved in osmotic acclimation of the cor-
responding genera, i.e. their concentrations
significantly increase with increasing salini-
ties and vice versa. The euryhaline nature of
the mangrove algae is also reflected by growth
and photosynthesis over a wide range of salini-
ties. In addition, most of these species re-
quire very low irradiances for growth and pho-
tosynthesis and can, hence, be characterized
as typical “shade-plants”.

S-7: THE EFFECT OF THE SALINITY
ON THE PHYSIOLOGY OF CALO-
GLOSSA LEPRIEURII (CERAMIALES,
RHODOPHYTA). ANIKA S. MOSTAERT
AND ROBERT ]J. KING (SCHOOL OF
BIOLOGICAL SCIENCE, UNIVERSITY
OF NEW SOUTH WALES, AUSTRALIA)

The red alga Caloglossa leprieurii (Mon-
tagne) J. Agardh occurs in the eulittoral zone
of marine, estuarine and freshwater habitats

on a variety of solid substrata and is frequent-
ly associated with mangroves. Populations of
this species are subjected to emersion-immer-
sion cycles due to tides and thus experience
changing salinities. Ecophysiological investi-
gations in response to salinity were con-
ducted on populations from a marine, estua-
rine and freshwater location within the
Sydney region (Australia).

All populations exhibited a broad salinity
tolerance with respect to cell viability.
Growth rates of algae from the three localities
were measured at a range of salinities (0-
125%) and maximum growth rates were in
the range 5-35%.

Large water fluxes resulting in pronounced
cell wall swelling without plasmoysis is the ini-
tial response of Caloglossa leprieurii following
hypersaline stress. Osmotic adjustment is
achieved in part by the production of compati-
ble solutes and changes in internal ion con-
centration. Under hypersaline conditions this
alga synthesizes and accumulates high con-
centrations of the polyol D-mannitol. The
effects of hyposaline and hypersaline treat-
ments on the intracellular inorganic ion con-
centrations for the marine, estuarine and
freshwater habitats will be presented.

Different physiological response patterns
between the 3 populations have been found
indicating the evolution of ecotypes.

S-8: UNICELLULAR RED ALGAE IN
MANGROVES AND RELATED EN-
VIRONMENTS: THEIR TAXONOMY
AND DISTRIBUTION. Y. HARA, K.
ISHIDA, A. TSUNAKAWA (UNIV. OF
TSUKUBA) AND N. HATAKEYAMA
(NIPPON ROCHE)

Mangrove forests serve as severe habitats
for benthic microalgal organisms which are ex-
posed to water of various salinity and/or desi-
ccated conditions. Despite this, microalgae
with some physiological and morphological
adaptations to these conditions can survive
and grow well there. For these microalgae,
the mangrove forests offer interception of in-
tensive sunshine by their canopies, eutrophic
conditions due to inflow of nutritious sub-
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stances from adjacent areas and both stable
daily and annual temperature.

Previously, we reported that many unicellu-
lar algae have been found from Japanese and
other mangroves after enrichment culture of
soil samples. Of these, unicellular red algae
were characteristic in inhabiting the mangal
environments that were surveyed. They con-
stituted a regular component but were not
found to be major or dominant in any
habitats.

In the International Research Project of
Mangrove Algae (1991-1993), we tried to sur-
vey species compositions and new taxa of
unicellular reds from various mangroves and
related environments, and to analyze the phys-
iological growth rates under different salini-
ties and morphological properties possiblly
adapted to their own habitats, using the cul-
ture strains originally isolated and gathered
from Culture Collections.

Through the project, we have already col-
lected many strains including members often
making psuedofilaments; Porphyridium (4 spe-
cies), Rhodella (3 spp.), Dixoniella (1 sp.),
Rhodospora (1 sp.), Chroothece (1 sp.), Cyani-
dium (1 sp.), Asterocytis (1 sp.) and Flintiella
(1 sp.).

From results obtained, we could distin-
guish the patterns of their growth under differ-
ent salinities which are equivalent to 0-100%
seawater into three referred to freshwater, eu-
ryhaline and marine types. We also recog-
nized that all of the algae enable to inhabit
mangrove areas showed only the euryhaline
type without exceptions. They commonly
possessed motile activity correlating to pho-
totaxis with gliding or amoeboid movement.
Almost all are benthic and also possess eye-
spot like particles in the chloroplast and
gelatinous thick walls with stalks. It seemed
that these physiological and morphological
properties could be significant adaptations to
the mangal environments. The algae show-
ing the freshwater or marine types of growth
pattern could not be found inside man-
grove forests, even though they could be isolat-
ed nearby the mangrove forests. They lacked
motile activity and eyespot like particles.

The members of unicellular reds isolated
from mangrove forests should be one of major
components of the mangrove microalgal flora,
however, not be specific. Because they have
also been found in other related environments
such as estuaries without mangroves,
seashores, salt marshes and surface soils in
greenhouses.

S-9: A CHLORARACHNIOPHYTAN
ALGA FROM SOUTH BAJA CALIFOR-
NIA. K. ISHIDA AND Y. HARA (UNIV.
OF TSUKUBA, JAPAN)

Chlorarachniophytes have attracted atten-
tion as another elvolutionary chaemera
remaining a nucleomorph contrasting with
cryptomonads. For understanding the symbi-
osis and companionship between eukaryotic
host and eukaryotic endocytobiont as well as
their phylogenetic origins, it is urgent to ana-
lyze their genes from the viewpoint of molecu-
lar evolution or systematics. In addition, fur-
ther basic information concerned with the
taxa, habits and distributions are required.

After two species (Chlorarachnion reptans and
Cryptochlora perforans) have been described to
be found from sea shores in tropical region,
we tried to find out new taxa of this algal
group and to establish the culture strains from
samples collected in subtropical and tropical
regions, using enrichment culture techn-
iques. Several taxa distinguishable from the
described ones were collected there, however,
we had no experience to observe them from
samples of mangal forests. This is one of our
special interests to know whether algae of this
group were eventually found out from man-
grove forests, when our research project of
mangrove algae was started.

Through the expeditions of North Austra-
lia, South Baja California and others, we
have often observed algae of this group in sam-
ples of soils and water rinsing the surface of
seaweeds. They could not appear in any
kinds of samples from mangrove forests, even
though we could obtain them from the sam-
ples collected nearby. it is obvious that they
were certainly prevented from expanding
their distribution into those areas. This is a
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further significant problem to understanding
their distributions.

One of the strains newly isolated from
coasts of South Baja California close to a man-
grove forest is presented. Cells are coccoid
with multilayered walls and mostly 8-15 um
in diameter. They are multiple with binary
or quaternary fissions and share almost all of
the whole life cycle. Neither single flagellar
zoospores nor amoebae like Ch. reptans were
found. Several bilobed chloroplasts with a
remarkably projecting pyrenoid occupy the
cell periphery. The subcellular organization
is basically the same as those of the other chlo-
rarachniophytes except for pyrenoid ultras-
tructure. The pyrenoid is surrounded by two
double membranes with cytoplasm of the
periplastidal compartment, and a capping
vesicle. The distal end of the pyrenoid is
characteristically scooped out like a shallow
ditch where it is filled with cytoplasm of the
periplastidal compartment, instead of a
nucleomorph. The nucleomorph is located
beside the isthmus of the pyrenoid connected
with the chloroplast. These features are close-
ly similar to those of Lotharella scrobicolata
nom. nud. (=CCMP242), however, the
depth of ditch at the distal end of pyrenoid
and lacking of amoeboid cells in its life cycle
are clearly distinct. It might be appropriate
that this alga be assigned to the genus of
Lotharella, as a new species.

S-10; A TAXONOMIC SURVEY OF
DINOFLAGELLATES AND RAPHIDO-
PHYTES OF MANGROVES. T.
HORIGUCHI (HOKKAIDO UNIVERSI-
TY, JAPAN)

Species composition of phytoflagellates of
various mangroves was investigated and
results of taxonomic survey of dinoflagellates
and raphidophytes are presented. Study sites
were mangroves of various localities in Austra-
lia, mangroves in Baja California, Mexico
and those in Key West, Florida, U.S.A.
When one considers habitats for these flagel-
lates in mangrove ecosystem, three main
habitat types can be recognized. These in-
clude 1) water column, 2) sand or mud layer

in the bottom of river of lagoon, and 3) tide
pools. In our survey, habitat types of 2) and
3) were mainly investigated.

So far, 17 species of dinoflagellates and two
species of raphidophytes have been found.
The dinoflagellates found in various man-
groves are members of the genera; Prorocen-
trum, Amphidinium, Gymnodinium, Gyrodinium,

Peridintum,  Scrippsiella,  Stylodinium  and
Spiniferodinium. Most of these species are,
however, not specialized mangrove in-

habitant. They have also been found in
other environments such as sandy beaches or
rocky tidal pools of tropical and temperate
zones. One species of Gyrodinium found in
Key West was thought to be a new species.
The cell is oval in ventral view and dorsiven-
trally compressed. Ultrastructural investiga-
tion revealed that the dinoflagellate possesses
typical dinoflagellate organelles, including
dinokaryotic nucleus and a chloroplast with a
central pyrenoid. The cell is 17.5-20 #m in
length and is one of the smallest members of
the genus Gyrodinium so far described.

Raphidophytes found in this survey are
only two species, viz. Olisthodiscus luteus and
an underscribed species with an uncertain tax-
onomic position (Probably, a member of the
genus Heterosigma). The latter species is
characteristic in having both motile and
benthic phases in its cell cycle. It produces
copious amount of mucilage substance and
embeds itself in the mucilaginous matrix.
Ultrastructural survey of the new species
revealed that it possesses sack-life structures
which resembles pusule of dinoflagellates,
although function of the organelle is still to be
investigated. Preliminary investigations on
effects of salinity on growth of these two spe-
cies revealed that O. luteus was able to grow in
the salinity range 5 to 55 ppt, while the latter
species was able to grown in the salinity range
15 to 45 ppt. The significance of regular alter-
nation of benthic and motile phases in the lat-
ter species is discussed in view of adaptive
strategy against salinity change in mangrove
environment.

S-11: DINOFLAGELLATES IN A MAN-
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GROVE ECOSYSTEM, TWIN CAYS, BE-
LIZE: AN OVERVIEW. M. A. FAUST
(DEPARTMENT OF BOTANY, NMNH,
SMITHSONIAN INSTITUTION, MARY-
LAND U.S.A)

An overview is presented on the ecology
and taxonomy of benthic dinoflagellates in a
red mangrove ecosystem, Twin Cay, Belize,
Central America. Twin Cays is an un-
disturbed, diverse, intertidal island within the
barrier reef ecosystem of the Northern
Hemisphere that extend from the Mexican
border in the north to the Gulf of Honduras
in the south. The population structure of tox-
ic and non-toxic benthic dinoflagellate species
and other taxa are examined in the Lair, a
protected embayment considered low turbu-
lence environment and high in organic mat-
ter. On the water surface patches of detritus
increases during the day and sinks out of sight
in the late afternoon. Detritus floats to the
surface by visible expanding gas bubbles in-
troducing to the water column organisms
previously retained in detrital aggregates at
the sediment surface where oxygen, tempera-
ture and light may be limited. In this shal-
low mangrove ecosystem microorganisms
were found in aggregates at the sediment-
surface and they proliferated as free-living
in the water column. As a result, aggregates
acted as environmentally important reservoir
of microbial diversity, provide environmental
conditions for the dominance of different
populations. On the water surface patches of
detritus was a rich source of benthic
phytoplankton and zooplankton and it provid-
ed a potential link between increased micro-
bial production and a source of high quality
biomass for consumer organisms. Variations
in major group of taxa affected by tempera-
ture, salinity and oxygen is illustrated in
short-term studies. Composition of microal-
gae present in detritus in time series experi-
ments is documented: dinoflagellates re-
presented 50-85%, diatoms 5-14%, cyano-
bacteria 8-32% and cysts 2-9% reaching the
highest proportion at 14h. Microalgae were
found attached to detritus by means of a stalk,
a rigid appendage or embedded in a matrix of

mucilage. Toxic dinoflagellates in the detri-
tus were: Gambierdiscus toxicus, Amphidinium car-
terae, Ostreopsis lenticularies, Prorocentrum lima,
P. mexicanum, P. maculosum and P. hoffmannia-
num. Zooplankton populations increased
with time until 14h and declined by 17 h.
The life cycle strategies of Prorocentrum lima, P.
Sforaminosum and Coolia monotis (Dinophyceae)
in floating detritus are also discussed. Evi-
dence is presented that P. lima cells cycle be-
tween free-living motile stage and an encysted
benthic stage during asexual reproduction for
maintenance of epiphytic populations. It is
suggested that floating detritus serves as a
nursery for benthic dinoflagellates. When
dinoflagellates are ciguatoxigenic, floating
detritus may take on extreme importance,
and undoubtedly contribute to their prolifera-
tion in tropical mangrove habitats. On the
other hand the continual reintroduction to the
water column organisms previously retained
in aggregates may be a key factor providing
for the prolonged stability of complex biologi-
cal systems such as mangroves. This study
draws attention to the role of floating detritus,
its effect on dinoflagellate distributions,
including toxic species.

S-12: RUBISCO GENES IN THE HAP-
TOPHYTA. S.  FUJIWARA', M.
SAWADA!, N. MINAKA?, M. KAWACHI
3, 1. INOUYE3, AND J. SOMEYA! (NAT.
INST. OF BIOSCIENCE AND HUMAN-
TECHNOLOGY, AIST, JAPAN; 2NAT.
INST. OF AGRO-ENVIRONMENTAL
SCIENCES, JAPAN; 3UNIV. OF TSUKU-
BA, JAPAN)

Genes for the large (rbcL) and small (rb¢S)
subunits of Rubisco from the haptophyte
Pleurochrysis carterae were isolated and charac-
terized. Southern and Northern blot ana-
lyses indicated that these genes are encoded
by plastid DNA and cotranscribed, as in the
Cryptophyta, Chromophyta, and Rhodophy-
ta studied so far. The genes of Pleurochrysis
show higher identities with those of the Cryp-
tophyta, Chromophyta, Rhodophyta, and the
a (Type I)- and S-purple bacteria than with
those of the Chlorophyta or Cyanophyta.
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Fig. 1.
tree based on rbcL. amino acid sequences. A
number on a branch, reflected by its relative length,
represents the number of amino acid substitutions
along the branch using the DELTRAN option of
PAUP.

The most parisimonious phylogenetic

The molecular phylogenetic tree of 7bcL genes
suggests that the plastids of the Haptophyta,
Cryptophyta, and Chromophyta originated
from those of the Rhodophyta, which agrees
with the secondary endosymbiotic theory
(Fig. 1). Northern analysis of Pleurochrysis
demonstrated that a certain amount of the
transcript is possibly processed around the 3’
end of rbcL. When cells were transferred
from light to dark for 6 hours, the amount of
Rubisco mRNA was almost the same as in
continuous light. This suggest that Rubisco
mRNA is synthesized and/or stable even in
the dark.

To infer the phylogenetic relationships
among the Haptophyta, the nucleotide se-
quences of the rbcL genes were determined for
six more members of the Haptophyta. The
most parsimonious trees suggest that the
Haptophyta is a monophyletic group. For
the relationships among the Haptophyta, the
trees imply that, the member of the order Pav-
lovales, Pavlova salina, is a sister taxon of the
relatively reliable monophyletic group com-
posed of other six species of the Haptophyta,
which belong to the orders Isochrysidales,
Coccosphaerales, and Prymnesiales. The
nucleotide sequence of rbcL from Gephyrocapsa
oceantia is identical to that from Emiliania
huxleyi within the examined region. Our trees
suggest that G. oceania and E. huxleyi, both in-
cluded in the Isochrysidales, are phylogeneti-
cally more closely related to the member of

the Prymnesiales, Chrysochromuling hirta, than
to the other member of the Isochrysidales,
Pleurochrysis carterae. Our findings imply that
the orders in the Haptophyceae including the
above-mentioned genera should be redefined.

S-13: EMILIANIA HUXLEYI (ISOCHRY-
SIDALES, HAPOTOPHYTA) AS A
MODEL SYSTEM FOR THE STUDY
OF PERAGIC CALCIFICATION. P.
WEST-BROEK (LEIDEN UNIV., THE
NETHERLANDS)

The production of calcium carbonate in the
pelagic ocean, and the sinking of this material
to the deep ocean (the ‘carbonate pump’) is
thought to influence the global carbon cycle
and climate. The bulk ocean tends to be (su-
per) saturated with respect to calcium car-
bonate and therefore encrustration with this
mineral forms a permanent risk to all marine
biota. Profusive excretion of the crystallisa-
tion inhibitor, slime, prevents this from hap-
pening. As a result of this active anti-cal-
cifying activity of the marine biota, spontane-
ous precipitation is (almost) entirely sup-
pressed in the oceans, and this brings the
production of calcium carbonate under more
or less stringent biological control. There-
fore, calcium carbonate production depends
on the evolutionary and ecological success of
the calcifying biota rather than on the degree
of supersaturation of the ocean water. The
diversity of these biota and the variation in
their response to environmental conditions
then form a fundamental problem in assess-
ing the amount of calcium carbonate
produced when conditions change.

To overcome this difficulty, we propose a
‘model system’ approach, whereby a single
representative organism, the coccolithophore
Emiliania huxleyi, is investigated in detailed in-
teractive experimental and modelling stud-
ies. To construct a comprehensive model of
the carbonate pump, subsequent research is
envisaged on additional representative organ-
isms, but this work is likely to be facilitated by
the experience gained with E. huxleyi. The
model system approach permits (1) an empha-
sis on the non-linear character of the fluxes;
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(2) a focus on the coupling of the carbonate
pump with other climatically important
phenomena—the organic carbon pump and
DMS production; (3) exploitation of the ex-
perimental accessibility of the E. huxleyi
system.

S-14: THE ROLE OF ZOOXANTHEL-
LAE IN THE ENERGY AND NUTRIENT
FLUXES IN CORALS. Z DUBINSKY.
(BAR-ILAN UNIVERSITY, ISRAEL)

Coral reefs dominate coastal zones in
warm, oligotrophic, tropical seas. These
ecosystems are unique in the marine realm in
their high biomass, primary productivity and
species diversity, and as such, represent one
of the peaks in the evolution of life on our
planet. The corals provide both the structur-
al framework of the system, as well as the ener-
getic basis for its function. Coral reefs line
100 000 km of shores and were widespread as
early as the Triassic. This remarkable spatial
and temporal success of coral reefs in the
“blue deserts” of tropical seas stems from the
tightly coupled mutualistic symbiosis between
the host animal, the coral, and the endozoic
microalgae, the zooxanthellae. In this associ-
ation the algae supply the system with energy,
as photosynthate, while gaining access to
the nutrient rich waste products of the
hosts metabolism.

Underwater light levels determine the rate
of carbon influx into the zooxanthellae at any
depth and time, and thereby the energy availa-
ble for the whole coral symbiotic association.
Long term photoacclimation of the zooxan-
thellae to the time-averaged light regime at
which the host coral grows results in optimiza-
tion of light harvesting and utilization. Most
of the photosynthate produced by the algae is
translocated to the host and respired by it.
However the capability of the zooxanthellae
and the coral to retain carbon beyond that re-
quired to meet their respiratory needs depends
on the availability of limiting nutrients,
primarily nitrogen and phosphorus. Unless
the ratio of these nutrients to carbon ap-
proaches that found in the zooxanthellae and
the coral, all of the photoassimilated carbon

above that can only be respired or excreted,
but cannot support growth. Therefore, the
ratio of the flux of these nutrients into the
colony to that of the photosynthetically driven
carbon flux, will regulate the growth of the
zooxanthellae and of the animal.

The sources of nutrients in the waters sor-
rounding reefs are dissolved inorganic com-
pounds, available in vast quantities, but at
extremely low concentrations, and the sparse
zooplankton. Nutrients acquired by preda-
tion of the coral on zooplankton, and its diges-
tion, are available first to the animal, whereas
those absorbed by the zooxanthellae from
seawater as inorganic compounds lead first to
growth of the algae.

S-15: RECYCLE OF CARBON DI-
OXIDE BY MEANS OF MICROALGAL
PHOTOSYNTHESIS. H. IKEMOTO, N.
KURANO AND S. MIYACHI (MARINE
BIOLOTECHNOLOGY INSTITUTE,
JAPAN)

Besides deforestation, carbon dioxide is con-
stantly being pumped into global atmosphere
as the result of human activities, and the
natural CO; sink can no longer accommodate
the increasing amount of industrial CO, emis-
sion. To reduce the absolute amount of CO,,
therefore, we need to create new CO; sinks.
Even the excessive CO, disposed in deep sea
does not seem to be confined ultimately. In
this sense, the pool of algal cultivation does
not largely contribute to cancel the absolute
amount of CO, increase, either. But, what
we may expect is to convert CO, into the form
of resources for the second use.

As the substitution for photosynthesis of
terrestrial plants to absorb atmospheric CO,
several advantages may be found in micro-
algae. The rate of photosynthesis is higher,
thus it would require smaller area of land.
Utilization of biomass may not be limited to
fuels or papers. Microalgae with a variety of
species, like bacteria, should show a wide
range of environmental adaptability.

Taking the limitation of freshwater into ac-
count, cultivation of marine microalgae using
seawater-based media is strongly suggested.
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Scientists in Marine Biotechnology Institute
surveyed the western Pacific Ocean in the
past three years seeking for new hints on
future algal utilization. Although the ocean
is known as the well-buffered environment,
it did not restrict the findings of a variety of
unique strains with respect to tolerance to
extreme pH etc. Several pelagic isolates of
green algae were shown to grow fast at pHs as
low as 3-4, and some thermophilic isolates of
red algae from volcanic regions appeared to
be extremely acidophilic. These low-pH
preferring strains are examined for the toler-
ance to high concentrations of COy, and some
of them were shown to grow under vigorous
aeration with 20-100% CO,. These would
enable us to collect CO; by means of algal
photosynthesis from the industrial flue gases
which contain extremely high concentrations
of CO; for ordinary plant growth. Besides,
some of the isolates turned to be novel in
taxonomic aspect. Starting with the finding of
fast-growing marine Chlorococcum species,
unexpectedly wide distribution of primitive
green-colored algae keep us realizing that
marine microalgae are still not sufficiently
understood.

As a part of efforts to enhance the algal
growth per area with crops and forests, high-
density cultivation of a marine green alga,
Chlorococcum littorale was attempted. Current
preliminary results of the linear growth rate,
2.5 g (dried cell)/l/day at cell density of 10 g/l,
and the maximum cell concentration of
14.4 g/l under 20% CO, with ordinary cul-
ture system may further be improved by the
use of a novel photo-bioreactor which pro-
vides sufficient illumination. To deal with
the entire amount of CO; emitted, e.g. from
electric power plants, millions of barrels of
high-density algal cultures would still be re-
quired in calculation, although the algal
productivity in this calculation is far beyond
the present agricultural productivity, and
worthy of considering for biological recycle
of CO,.

This work was supported by New Energy
and Industrial Technology Development
Organization (NEDO), Japan.

S-16: DUNALIELLA SALINA (VOL-
VOCALES, CHLOROPHYTA) AS A
SOURCE OF BETA-CAROTENE. L.J.
BOROWITZKA (WESTERN BIOTECH-
NOLOGY LIMITED, AUSTRALIA)
Since 1986, beta-carotene products extract-
ed from the green micro-alga, Dunaliella sali-
na, have filled the growing niche market for
natural beta-carotene. Beta-carotene is used
as an orange-yellow food colouring, and as a
nutritional supplement benefitting human
health as a source of provitamin A and as a
natural antioxidant. There are four commer-
cial producers of algal beta-carotene, and
each uses an algal culture system suited to the
local environment. Western Biotechnology
uses 70 ha of semiintensive culture ponds for
year-round production of algal biomass.
Western Biotechnology’s product range sold
under the Bionova name, is based on vegeta-
ble oil suspensions of many concentrations.
Recent additions are a dry form of natural
beta-carotene suitable for use in tablets and a
cold water soluble powder for use in foods.

S-17: INDUSTRIAL UTILIZATION OF
BIODIVERSITY AND METABOLIC
PLASTICITY OF MICROALGAE IN
CLOSED PHOTOREACTORS. PRE-
SENT AND FUTURE. C. GUDIN (HELIO-
SYNTHESE CADARACHE, FRANCE)

Biodiversity of photosynthetic microorgan-
isms (eucaryotic microalgae and procaryotic
cyanobacteriae) among =27 000 species is
available for industrial utilization as we are
now able in closed photoreactors to play on
the biosynthetic pathways by applying en-
vironmental stresses.

Playing on salinity leads to the production
of osmoregulators, on water stress to the excre-
tion of polysaccharides, on temperature to the
control of polyunsaturated fatty acids (Cyg. 4;
Cygo.5; Cgg.6) or to the production or ther-
moresistant enzymes. With the choice of
light quality or quantity, we direct the
metabolism towards carotenoids or phycobili-
proteins depending on the genus we have
selected.

The forced photosynthetic growth leads to
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an excess of dissolved oxygen and consequent-
ly to an increase in Vitamin C, Tocopherols
and SOD.

Selected Dinoflagellates or certain cyano-
phycea lead to get some promising tool as
specific ion channel agonists or as specific
enzyme inhibitors, keeping in mind that
Dinoflagellates are still very difficult to grow
in mass production.

In spite of the promising molecular biology
development, the best results obtained in
improving the selected species were due to
phenotypic selection: it has been the case for
Béta-carotene with Dunaliella salina, polysac-
charides with Porphyridium cruentum, Coyq.s
with Isochrysis galbana and Cyy . ¢ with T Isochry-
sis, astaxanthin with Haematococcus pluvialis.

If we except the cloning of human SOD in
a cyanobacteria, very little has been done till
now to fit the potential or real market de-
mand.

The technologies of cultivation control are
now ready: tubular or flat reactors, enlighted
fermentors or immobilized beds of microalgae
on artificial support (polyurethane or other
foam, ...). The market is open at least for cer-
tain products: phycobiliproteins, polyunsatu-
rated fatty acids, antioxydants, carotenoids.
Need for improved strains and a greater num-
ber of new products is now existing. Intelli-
gent screening with physiochemical strategy
is needed to extract the best of microalgae
biodiversity.

S-18: BIOLOGICAL NITROGEN FIXA-
TION AND HYDROGEN PRODUCTION
AND THEIR APPLICATIONS. 4. MIT-
SUI (INTERNATIONAL RESEARCH
CENTER FOR BIOLOGICAL HYDRO-
GEN PHOTOPRODUCTION, RSMAS,
UNIVERSITY OF MIAMI, U.S.A)
Hydrogen is a clean fuel alternative to the
pollution causing fossil fuels. In order to de-
velop a practical hydrogen energy producing
system, hydrogen should be produced by pol-
lution-free methods, without the consumption
of existing energy forms. Biological hydro-
gen photoproduction using solar energy,
water (seawater), and photosynthetic microor-

ganisms meets these criteria.

As the first step of biological hydrogen
photoproduction, microbial biomass should
be produced by pollution-free methods.
Among photosynthetic microorganisms, cer-
tain species of cyanobacteria and photosyn-
thetic bacteria can grow and produce high bio-
mass using solely atmospheric nitrogen as a
nitrogen nutrient source. Ammonia, nitrate
and urea pollute the water (seawater). Thus
the use of nitrogen fixing photosynthetic
microorganisms had an advantage for pollu-
tion-free hydrogen production.

Among these high biomass producing,
nitrogen-fixing strains, we screened for
strains which has extremely high hydrogen
production capabilities. The best strain was a
marine unicellular cyanobacterium, Synecho-
coccus sp. Miami BG043511.

Synchronous culture of this strain under
nitrogen fixing conditions was established.
Particular phases of the cell cycle were found
to produce very high quantities of hydrogen
(7 ml. hydrogen per ml. cell suspension per
12 hr. illumination). This is several orders of
magnitude higher than other hydrogen
producing green algae and cyanobacterial
strains.

Hydrogen production by this strain was
found to be very unique in that it was not
inhibited by oxygen concentrations of 20%.
Immobilized cells of this strain produced high
amounts of hydrogen for more than a one
month period by recycling short photosyn-
thetic processes and long hydrogen producing
processes.

These techniques may be applied in the
future for developing countries which lack
energy sources, as small scale hydrogen
production in individual residences. The
techniques may also be used by industrial
countries using sea floating large scale hydro-
gen photoproduction facilities in tropical and
subtropical areas. Hydrogen produced in
these facilities may be shipped to other in-
dustrial countries for their use.

In order to make biological hydrogen pho-
toproduction economically feasible, the impor-
tance of coupling hydrogen photoproduction
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to other production systems such as aqua-
culture of fish and shellfish, or new medicine
production, etc. will be addressed.

S-19: MICROALGAL CO,;-FIXATION
AND ITS APPLICATION. K. MIYAMO-
TO (OSAKA UNIVERSITY, JAPAN)

In Japan, more than half of the CO,
produced comes from electric power plants
and industries. The CO; from these large
point sources can be recovered with relative
ease by various established technologies like
chemical absorption. The use of photosyn-
thetic microalgae has been proposed in a varie-
ty of approaches, because the cultivation of
them is able to fix CO; and produce energy
and chemical compounds. Some high value
chemicals have been commercialized and
several other products have been studied ex-
perimentally with pilot plants. There is wide
biochemical and physiological diversity in
thousands of microalgal species, and a great
variety of chemicals could be produced from
this potential source.

Energy from algal biomass is an attractive
title, because the advantages of a biomass
energy system have been well documented:
unlike fossil fuels, biomass is rather uniformly
distributed over much of the earth’s surface,
and would make no net contribution to the
CO, increase in the atmosphere. Algal bio-
mass is regarded as a low-grade energy be-
cause of its high content of moisture. Algae,
however, can be used to produce modern
gaseous and liquid fuels).

We demonstrated a cyanobacterial H,
production that sustained for up to 5 weeks
under natural insolation?. Recently, we
have shown a biological system that converts
sunlight to hydrogen with the aid of micro-
algae and photosynthetic bacteria®. A marine
green alga and a marine photosynthetic bac-
terium both having high H, evolution activi-
ties have been isolated and characterized with
respect to their Hy metabolism*%). A low H,
yield in algal fermentation could be overcome
by using the photosynthetic bacterium be-
cause it produces H, from organic com-
pounds secreted by the algal cells. This sys-

tem exhibited a high conversion yield of
10.5 mol H, per mol of starch-glucose®).
Although there is a frequently discussed
problem of the need of large area for captur-
ing solar energy, algal mass culture will be the
most promising technology for producing
fuels and chemicals in environmentally mild
ways. However, the technology of micro-
algae is still less developed, and thus, in conclu-
sion, it should be supported as sustained, bas-
ic research in the fields of molecular biology,
physiology, ecology, and bioengineering.

1) Miyamoto, K., In Murooka, Y. (ed) Recombinant Mi-
crobes for Industrial and Agricultural Applications, MAR-
CEL DEKKER. INC., in press.

2) Miyamoto, K., P. C. Hallenbeck, J. R. Benemann,
J. Ferment. Technol., 57, 287 (1979).

3) Miyamoto, K., S. Ohta, Y. Nawa, Y. Mori, Y.
Miura, Agric. Biol. Chem., 51, 1319 (1987).

4) Miura, Y., S. Ohta, M. Mano, K. Miyamoto, 4gric.
Biol. Chem., 50, 2837 (1986).

5) Ohta, S., Miyamoto, K., Miura, Y., Plant Physiol.,
83, 1022 (1987).

6) Miura, Y., C. Saitoh, S. Matsuoka, K. Miyamoto,
Agric. Biol. Chem., 56, 751 (1992).

S3-20: MASS PRODUCTION OF MICRO-
ALGAE: OPEN VS. CLOSED SYS-
TEMS. A. RICHMOND (MICROALGAL
BIOTECHNOLOGY, BLAUSTEIN INST.
FOR DESERT RESEARCH, BEN-
GURION UNIVERSITY OF THE
NEGEV AT SEDEBOKER, ISRAEL)
Industrial reactors in the world today are
nearly without exception all designed as open
raceways, i.e. shallow ponds constructed as a
loop in which the culture is circulated by a
paddle-wheel. This simple mode of cultiva-
tion has many disadvantages, the major weak-
ness being the lack of temperature control
which greatly decreases the productivity
potential. In addition, the light path in an
open raceway is relatively long, mandating
maintenance of relatively low population den-
sities, i.e. a large volume of water with little
biomass. Dilute cultures present many
difficulties and result in a high production
cost. The overall low productivity of the
open raceway, far from the theoretical poten-
tial, prompted the development of enclosed
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systems, i.e. reactors made of transparent
materials in which temperature may be re-
adily controlled and the light path is much
shortened. The ratio of culture volume to
the irradiated area is greatly improved and
the optimal areal density is higher by nearly
an order of magnitude, compared to raceway
channels. Thus the enclosed reactor has
the potential to support a high and steady
production of photoautotrophic mass through-
out the year, thereby significantly increas-
ing the overall productivity and lowering
production costs.

S-21: IMPROVEMENT OF THE ART-
IFICIAL CULTURE OF MARINE
PELAGIC ALGAE AND ITS APPLICA-
TION TO THE STUDY OF AEROBIC
No-FIXATION IN THE CYANOPHYTE,
TRICHODESMIUM SP. NIBB1067. K.
OHKI (TOKAI UNIVERSITY, JAPAN)
Stable culture of algae in chemically
defined media under artificial conditions is
necessary not only for physiological, molecu-
lar biological or biochemical studies but also
for utilization of these organisms as a natural
resource. However culture techniques ap-
plied for marine pelagic algae have not deve-
loped so well compared with those for coastal
and fresh-water species. Difficulty of labora-
tory culture is due, in part, to oligotrophic
nature of marine pelagic algae. We have at-
tempted to establish basic culture techniques
for marine pelagic algae and found several
important strategies: (1) Enriched sea water,
such as “f” medium of Guillard and Ryther,
was suitable for the initial isolation of cells
from their natural habitat, but the nutrient
concentrations had to be lowered (1/20 to
1/200 of the original concentration). After
isolated cells started to grow, they were trans-
ferred to the artificial medium. The nutrient
concentrations were increased gradually. (2)
Because heavy metals are very toxic for algal
growth, contaminated metals in the chemicals
(all analytical grade) used were removed with
Chelex-100 column, if necessary, and all glass-
ware was soaked in HCI (about 0.1 N). (3)
Organic buffers such as tris (hydroxymethyl)

aminomethane-HCI (Tris) or glycylglycine
had toxic effects for some species. Therefore
an inorganic buffer system, combinations of
NaHCO;, NaOH and HCI, was used to ad-
just pH. (4) Some species required higher
concentration of Ca’?t than coastal species
did. (5) Frequent transfer to fresh medium
was necessary for some species even before
cells had started to grow actively. Using the
above techniques, we have succeeded in ob-
taining stable cultures of more than 50 species
of marine pelagic algae. Among them was
the N,-fixing cyanophyte Trichodesmium sp.
NIBB1067. N,-fixation in this alga was stu-
died most intensively and found to have an
extremely high tolerance to Oy. T7ichodesmium
does not develop heterocysts which are the
sites of aerobic N,-fixation in filamentous
cyanophytes: Almost all cells synthesized
nitrogenase when this alga was grown in
medium free of combined nitrogen.
However, the highest Ny-fixation activity was
observed in the light when O,-production by
photosynthesis occurred. It was suggested
that N,-fixation and O,-evolving photosynthe-
sis occurred simultaneously within the same
cells. Furthermore, maintenance of active
nitrogenase involves light-dependent process:
Nitrogenase became inactive when cells were
incubated in the dark, and illumination was
necessary for activation of the enzyme. Possi-
ble mechanisms by which Ny-fixing system is
protected from O, in Trichodesmium will be dis-
cussed.

S-22: RHODOPHYTES AS EXPERI-
MENTAL SYSTEMS FOR TRADI-
TIONAL AND MOLECULAR GENET-
ICS. J.P. VAN DER MEER, (NRC IN-
STITUTE FOR MARINE BIOSCIENCES,
CANADA)

Mendelian genetic studies of Gracilaria tikva-
hige during the 1970’s and 1980’s provided,
for the first time, information on gene trans-
mission in a division not previously examined
in this fashion. From a genetic perspective,
nothing very novel was discovered. Muta-
tions were found to be inherited either in a
typically “Mendelian” fashion, as expected for
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genes located on chromosomes in the nucleus,
or in a strictly maternal fashion similar to mu-
tations in chloroplast DNA of many terrestri-
al plants. On the other hand, from a phyco-
logical perspective, these same observations
brought to light a number of aspects of algal
life histories not previously suspected. The
genetic observations provided explanations
for some long-standing and puzzling observa-
tions which had not been clarified by tradition-
al phycological approaches. For example,
they explained the origin of diploid gametes
that arise regularly on normal diploid
tetrasporophytes of Gracilaria. Observations
on a spontaneous bisexual mutation revealed
that loci other than the primary sex-determin-
ing locus could influence sexual expression
and lead to diploid gametophytes.

This new genetic information on the forma-
tion of diploid gametes and gametophytes sug-
gested that Gracilaria might be particularly
advantageous for examining the biological
effects of polyploidy in an organism with
isomorphic gametophytic and sporophytic
phases. Initial experiments on polyploid
production confirmed this thinking and re-
vealed interesting differences between gameto-
phytes and sporophytes. Novel life history
information was similarly obtained for species
of Champia, Palmaria, Porphyra and Gelidium
by combining phycological and genetic tech-
niques.

In recent years, molecular biology methodo-
logies have complemented, and also largely
supplanted, many traditional genetic tech-
niques. Some plant breeding objectives can
now be attained more quickly through the
use of DNA markers such as those revealed
through various polymerase chain reaction
(PCR) and blotting techniques. Using the
PCR-based RAPD technique (where DNA
amplification is initiated through a single pri-
mer of arbitrary sequence) to identify hybrids
of the monoecious red alga Gelidium vagum, we
were recently able to demonstrate heterosis
for the first time in red algae.

At our institute, application of molecular
methods to red algae is providing rich new
information in a number of areas. An exten-

sive examination of 185 rDNA sequences
representing all of the major groupings of the
Rhodophyta was recently completed and is
giving some new insights into red algal evolu-
tion. Studies on the chloroplast genome of
Porphyra purpurea through DNA cloning and se-
quencing is progressing very well. A detailed
physical map of the plastid genome has been
obtained and approximately 2/3 of the total
genes have been mapped. It is evident that
the plastid genome of red algae is considera-
bly larger than that of most green algae and
terrestrial plants, and that it retains a large
number of genes that have been transferred to
the nucleus in other lineages. Nuclear genes
of two red algae, Gracilaria and Porphyra, are
also being examined, and these studies are
yielding significant new information on
phase-specific gene expression, gene structure
(with respect to introns and exons), and gene
regulatory sequences, which will be of fun-
damental importance to future genetic en-
gineering of these organisms.

S-23: SPERMATOZOPSIS SIMILIS (CHLO-
ROPHYTA), A NEW MODEL SYSTEM
FOR ALGAL CELL BIOLOGY. M. ME-
LKONIAN (UNIVERSITAT ZU KOLN,
GERMANY)

Spermatozopsis similis Preisig et Melkonian
(Chlamydomonadales, Chlorophyta) is a
small (4-7 pm), naked biflagellate green alga
with a characteristic crescent and helically
twisted cell shape (Preisig & Melkonian
1984). Since its first description it has
become a model system in several areas of
algal cell biology. Its main advantage is that
it is covered only by the plasma membrane,
no cell wall, glycocalyx or other type of extra-
cellular matrix is present. Since S. similis can
be grown in mass cultures and its growth
characteristics are well characterized, it is
well suited for mass isolation of subcellular
organelles of a structural and functional in-
tegrity previously unattainable.

S. similis has been mainly used to study the
cytoskeleton of flagellate green algae and the
phototactic apparatus (eyespot apparatus).

Cytoskeletons have been isolated which
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retain the peculiar shape of the cells and
which can be reactivated in vitro to exhibit
several of their in vivo functions, e.g. forward
and backward swimming, centrin-mediated
basal body reorientations, flagellar shedding,
etc. New structural elements of the basal ap-
paratus of green algae have been described
from these isolated cytoskeletons, e.g. the
rhizosyndesmos, a filamentous structure con-
necting the plus ends of microtubular flagellar
roots. In addition, cytoskeletal proteins new
to science have been purified and character-
ized, like SF-assemblin, the structural protein
of the system I fibers (striated microtubule-as-
sociated fibers) of flagellate green algae. SF-
assemblin represents a member of a new class
of cytoskeletal proteins which form segmented
coiled coils in vitro and in vivo (Lechtreck &
Melkonian 1991, Weber et al. 1993). Basal
apparatuses can be purified from the
cytoskeletons enabling a detailed study of in-
trinsic basal body/centriolar proteins.

Intact eyespot apparatuses have been isolat-
ed for the first time in green algae using S.
similis (Kreimer et al. 1991). These ap-
paratuses retain not only the plate of eyespot
globules but also the eyespot membranes, i.e.
the chloroplast envelope and the plasma mem-
brane overlying the eyespot globules. This
preparation has been used to identify the
presumptive photoreceptor all-trans retinal
within a green algal eyespot (Kreimer et al.
1991b). Such isolated eyespot apparatuses
are now used to identify components of the
signal transduction chain during green algal
phototaxis, e.g. the involvement of protein
phosphorylation and G-proteins in signal
transduction and amplification.

Future investigations will aim to demon-
strate sexuality in taxon, produce a library of
mutants and c-DNA.

Preisig, H. R. & M. Melkonian, P1. Syst. Evol. 146, 57—
74 (1984).

Lechtreck, K.-F., & M. Melkonian, J. Cell Biol. 115,
705-716 (1991).

Kreimer, G., Brohsonn, U. & M. Melkonian, Eur. J.
Cell Biol. 55, 318-327 (1991).

Kreimer, G., Marner, F.-]J., Brohsonn, U. & M. Melko-
nian, FEBS Lett. 293, 49-52 (1993).

Weber, K., Geisler, N., Plessmann. U., Bremerich, A.
Lechtreck, K.-F. & Melkonian, M. J. Cell. Biol.
121, 837-845 (1993).

S-24: ACETABULARIA (DASYCLAD-
ALES, CHLOROPHYTA) AS A
MODEL SYSTEM TO STUDY THE
ROLE OF THE CYTOSKELETON IN
ORGANELLE MOTILITY AND MOR-
PHOGENESIS. D. MENZEL (MAX-
PLANCK-INSTITUT FUR ZELLBIOLO-
GIE, ROSENHOF, GERMANY)

The giant unicellular green alga Acetabularia
cliftonii possesses a highly dynamic cytoskele-
ton which undergoes several dramatic
changes in appearance and properties
throughout the life cycle. During the first
two months of vegetative growth and morpho-
genesis the cytoskeleton is exclusively built of
long parallel arrays of actin bundles which
provide the physical basis for bidirectional
organelle transport. Microtubules, on the
other hand, appear for the first time when the
cell enters the reproductive phase and play an
important role during cyst morphogenesis.
In the course of this process which, in essence,
is the compartmentation of a coenocytic
cytoplasm into numerous uninucleate units,
the actin bundle system first disintegrates and
then builds the cytokinetic cleavage system.
Each unit gives rise to a walled cyst which
represents the gametophytic stage of the
alga. The cyst is capable of just one morpho-
logical differentiation, namely the formation
ofalid. Evidence is presented that microtub-
ules are involved in positioning of the lid.
No sign of organelle movement is visible in
the cyst up to several months of resting before
gametes are formed, although actin is present
in the form of scattered bundles. Okadaic
acid and calyculin A, both specific inhibitors
of protein phosphatases of the type 2A and
1, modulate the appearance of the actin
cytoskeleton and the behavior of organelles
in each of the stages but most dramatically in
the cyst stage. Here, the scattered bundles first
begin to laterally associate into long flat bands
curving through the cytoplasm. Next, either
several of these bands associate into large
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circular arrays or individual bands begin to
curl up and form tightly packed flat rings or
disks. These structures are localized beneath
the plane of the plasma membrane. Organelles
attach to them and continuous counterc-
lockwise movements of large columns of
cytoplasm begin from two hours of treatment
onwards up to several days. It is argued that
actin or actin-associated components includ-
ing myosin change their self assembly proper-
ties or activity, respectively, as a consequence
of a higher level of phosphorylation on serin
and threonine residues. This in turn leads
to a novel cytoskeletal configuration not
programmed by the cells own developmental
regime. The identity of the potential targets
of protein phosphatases is not known but it
has been possible for the first time, to im-
munocytochemically localize actin-binding
proteins such as alpha-actinin, spectrin and
tropomyosin, to these actin ring structures.
Such proteins could, therefore, be potential
candidates responsible for the peculiar
changes in the actin assembly and behavior in-
duced by okadaic acid.

S-25: THE  CYTOSKELETON OF
FLAGELLATE CHROMOPHYTES:
RECENT ADVANCES AND FUTURE
DIRECTIONS. P.L. BEECH (SCHOOL
OF BOTANY, UNIVERSITY OF MEL-
BOURNE, AUSTRALIA)

I will review recent advances on the
makeup and functions of the protistan
cytoskeleton that have come from studies
on flagellate chromophytes (especially the
Chrysophyceae and Synurophyceae). Such
studies include those on the flagellar develop-
mental cycle and the changes in the whole
flagellar apparatus during cell division; the
secretion, deployment, and manipulation of
scales and spines; prey capture and
phagotrophy; and the immunological detec-
tion of particular proteins in flagellar roots
and other cytoskeletal fibres.

I will also nominate areas of special interest
for future studies.

S-26:

VIRUS INFECTIONS IN

FILAMENTOUS MARINE BROWN
ALGAE. D.G. MULLER (FAKULTAT
FUR BIOLOGIE DER UNIVERSITAT,
KONSTANZ, GERMANY)

Field specimens of filamentous brown algae
(order Ectocarpales) are frequently found
with abnormal reproductive structures, which
are symptoms of a virus infection. The
following details have been elaborated on
laboratory cultures with the host Ectocarpus
stliculosus:

—Somatic cells of the host are free of sym-
ptoms. Virus particles are only formed in
vesicles of the host, that are homologous to
zoidangia. Upon maturity, these vesicles
burst and release one to several million virus
particles into the surrounding seawater.
—Virions can only enter the unicellular and
unwalled zoids of the host

—The virus genome is transmitted via host
mitosis into every cell of the developing new
plant.

—Some infected plants can partly restore
their fecundity by reducing the expression of
symptoms and thus may appear phenotypi-
cally “nomal”.

—The virus genome is passed to the next
generation by mito-spores of such “normal-
ized” host plants.

—During meiosis on a hybrid between a
healthy and an infected parent the virus
genome segregates in a Mendelian pattern
independent of the sex locus, and about 50%
of the resulting offspring are free of virus
symptoms.

—Virus particles contain at least 13 polypep-
tides, including two glycoproteins.

—The Ectocarpus virus genome is a double-
stranded DNA with a size of 320 kbp. It is
circular, with regularly interspersed single-
stranded sites.

—Parallel studies with viruses in Feldmannia
simplex and F. irregularis show that the brown
algal viruses are largely species-specific.
—Cross infections are rare, and only one case
of intergeneric transmission has been found
(Ectocarpus to Kuckuckia), where the viru-
lence is maintained. Ectocarpus virus that en-
ters Feldmannia simplex causes somatic malfor-
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mations without production of virus particles.
—Field surveys show that virus infections in
filamentous brown algae are a world wide
phenomenon, and the conclusion seems ines-
capable, that the host populations and their
viruses coexist in a well-coordinated state of
pandemy.

S-27: ORIGINS OF CHLOROPLASTS.
R. A. LEWIN (UNIV. OF CALIFORNIA)

Although the apparently obligate auto-
nomy of chloroplasts has long been recog-
nised, suggestions that they may have evolved
as endosymbiotic microbes (prokaryotes) in
previously heterotrophic cells (eukaryotes)
were generally disregarded as implausible
and untestable. However, developments of
electron microscopy, fractionation biochemis-
try and molecular biology, and the discovery
of prochlorophytes, have made symbiogenesis
of chloroplasts much more plausible.
Although phylogenetic trees based on fine-
structural, biochemical and sequene data
relating chloroplasts to Prochloron, Prochloro-
thrix, various cyanophytes and other plants
are not completely concordant, a general
consensus strongly supports this theory.
Similarities and differences among the vari-
ous trees will be discussed.

S-28: CURRENT PERSPECTIVES ON
THE SYSTEMATICS AND
PHYLOGENY OF THE GREEN ALGAE
AND THE OTHER GREEN PLANTS.
R. L. CHAPMAN (LOUISIANA STATE
UNIVERSITY, U.S.A)

Relationships among distinctive group of
green algae, and betwen green algae and land
plants remain as intriguing now as they have
been for more than a century. Both organis-
mal characters (i.e., all non-molecular charac-
ters including, data on morphology, ultra-
structure, life history, and habitat) and
molecular data (e.g., RFLPs and gene sequences)
provide bases for excluding the Euglenophytes
and Chlorarachniophytes from the green
algae. Extensive studies of organismal charac-
ters have suggested the division of the green
algae into two, three, five, seven or more major

groups (i.e., classes). Analyses of molecular
data (especially nuclear-encoded ribosomal
RNA gene sequences) support the concept of
a grade of green algae with paraphyletic
charophycean green algal lineages (e.g.,
Charales, Coleochaetales, and Zygnemat-
ales). Other green algae (e.g., Ulvo-
phyceae, Chlorophyceae, etc.) form a sin-
gle clade. The phylogeny inferred from ana-
lyses of molecular data is consistent with
many aspects of current systematic treat-
ments, but does not support the various
proposals for delimiting classes of green
algae. It must be noted that such a topology
does not include the information derived from
organismal data and cannot be considered a
synthesis of the “total evidence” available.
Although controversial, analyses of combined
data sets are justifiable, and must be explored
rather than dismissed as unacceptable a priori.
In many cases, completing a data matrix for
organismal data is more difficult than is the
generation of a molecular data matrix of com-
parable size. Nevertheless, because stochasti-
cally changing molecules cannot provide the
information needed to resolve ancient rapid
radiations, the potential informational value of
episodically changing organismal characters
(such as ultrastructural features) remains too
great to ignore or cast aside. Analyses of com-
bined data sets for some groups of green algae
have been completed, and others, including
one for green algae and land plants, are under
way. Molecular data for bryophytes and
other land plants have been analyzed in com-
bination with the green algal data and strong-
ly support a single origin of land plants.
There is no support from the molecular data
for the hypothesis that different lineages of
bryophytes (viz., mosses, hornworts, and
liverworts) evolved from two or three separate
green algal lineages. The most derived green
algal taxa are, as expected, charophycean
algae, but several interesting questions
remain unresolved. For example, the
relationships among the “conjugating green
algae” (i.e., the Zygnematales) are un-
resolved and even the strongly supported
hypothesis of monophyly for this group is
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challenged by some of the preliminary data
from  Spirogyra and  Sirogonium.  The
phylogenetic position of the Trentepohliales
(subaerial filamentous green algae previously
classiied among  the  Ulvophyceae,
Charophyceae, or Pleurastrophyceae by differ-
ent investigators) is within the marine green
algae (the Ulvophyceae). The strongly sup-
ported monophyly of the green algae and land
plants (the Chlorobionta sensu Bremer) pro-
vides a potent argument against including the
green algae within a taxonomic grouping of
protists. (The research reported was support-
ed in part by NSF grant DEB-9107389).

S-29: CHROMOPHYTES, ANOTHER
LINEAGE OF PLANTS. R. A
ANDERSEN (BIGELOW LABORATORY
FOR OCEAN SCIENCES, U.S.A)

The chromophyte algae are a major lineage
of photosynthetic organisms that includes
over ten taxonomic classes and an estimated
1 million species. The group, as defined
here, includes the Bacillariophyta (Coscino-
discophyceae, Frangilariophyceae, Bacil-
lariophyceae), Chrysophyceae, Dictyocho-
phyceae, Eustigmatophyceae, Haptophyceae
(=Prymnesiophyceae), Pedinellophyceae, Pela-
gophyceae (class. nov.), Phaeophyceae, Raphi-
dophyceae, Synurophyceae, and Xanthophyceae.
Also included within this lineage are certain
protozoa (e.g., Bicosoecophyceae, Opalinida,
some amoebae) and fungi (e.g., Labyrinthu-
lids, Thraustochytrids, Oomycetes). The
chromophyte algae occur in all aquatic
habitats and in most terrestrial habitats, and
they are dominant primary producers in ma-
rine habitats (719 of Earth’s surface). Only
the animals, bacteria and fungi equal or ex-
ceed the chromophytes in biodiversity. Due
to secondary losses, this diverse assemblage
has no characters that occur in all members.
Most members contain one or more types of
chlorophyll ¢, they harvest photosynthetically
active light using carotenoids (especially fuco-
xanthin or its derivatives), their chloroplasts
have three thylakoids per lamella, they have
stiff hairs on the immature flagellum, their
storage reserves are as low molecular weight

B1-3 linked glucans. Other distinguishing
characters found in several or many classes in-
clude a green autofluorescent substance in
one flagellum, homologous flagellar roots, a
paraxonemal rod, and a mature flagel-
lum/chloroplast eyespot photoreceptor sys-
tem. The phylogenetic relationships of the
group are undergoing tremendous revision,
especially those previously placed in
Pascher’s Division Chrysophyta and its three
Classes, Bacillariophyceae, Chrysophyceae
and Xanthophyceae. The Chrysophyceae
sensu Pascher included many unrelated
algae, and these are now placed in the Dic-

tyochophyceae, Haptophyceae, Pedinello-
phyceae, Pelagophyceae and Synuro-
phyceae. Now, it appears that the Xan-

thophyceae are more closely related to the
brown seaweeds (Phaeophyceae) than to the
other two classes. Also, it appears that the
Bacillariophyceae are on a separate evolution-
ary branch with the Dictyochophyceae,
Pedinellophyceae and Pelagophyceae. And,
it appears that the Chrysophyceae sensu stricto
are most closely related to the Synurophyceae
and the Eustigmatophyceae. Finally, it ap-
pears that the Haptophyceae occupy an evolu-
tionary branch that diverges deeply within the
chromophytes. Current information for each
class will be summarized. Phylogenetic trees
based upon ultrasturcture, pigments and 18S
rRNA gene sequences will be presented.

S-30: THE ORIGINS (OR IS IT ORI-
GIN?) OF CHLOROPLASTS IN CRYP-
TOMONADS AND CHLORARACHNIO-
PHYTES. G.I McFADDEN & P.R.GIL-
SON (UNIVERSITY OF MELBOURNE,
AUSTRALIA)

Two types of algae, cryptomonads and chlo-
rarachniophytes, are now known to contain
photosynthetic eukaryotic endosymbionts.
By engulfing and retaining an algal cell, these
phagotrophs acquired the ability to photosyn-
thesise. The algal endosymbiont is now in-
tegrated into the host cell and has apparently
undergone severe reduction. The only
remaining features of the endosymbiont are
the chloroplast, nucleus, cytoplasm, and plas-
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ma membrane. All other cell structures have
vanished. We believe that the endosym-
biont’s nuclear genome and translation
machinery are retained because they encode
and synthesise proteins essential for the “sto-
len” chloroplast. Using probes specific for
the remnant endosymbiont nuclei, we have
identified chromosomes from these “cap-
tured” genomes. The endosymbiont nuclear
genome is greatly reduced; typically less than
1 megabase. The coding function of these
genomes is now being investigated to deter-
mine what algal “parts” the phagotrophic pro-
tozoans cannibalised for photosynthesis.

Interestingly, the endosymbiont genomes
in cryptomonads and chlorarachniophytes
have similar karyotypes, each possessing
three small chromosomes that carry rRNA
genes. The similarity in these karyotypes
might be interpreted as meaning that both
cryptomonads and  chlorarachniophytes
contain the same endosymbiont. However,
differences in pigment complement, and chlo-
roplast gene sequences (16SrRNA & rbcL)
suggest that the endosymbionts are different.
We believe that chlorarachniophytes and
cryptomonads obtained their endosymbionts
independently, just after the red and green
algae had diverged from a common ancestor.
The cryptomonads obtained a red algal-like
endosymbiont, while the chlorarachniophytes
obtained a green algal/euglenoid-like endo-
symbiont. The similarities in cryptomonad
and chlorarachniophyte nucleomorphs stem
from the similarity in the nuclear genomes of
these early algal types. According to this
hypothesis, the nucleomorph genomes could
represent “frozen” examples of very early al-
gal genomes and could tell us much about al-
gal origins.

S-31: HETEROTROPHIC PROTIST
PHYLOGENY AND THE ORIGINS OF
THE ALGAE. C.J. O’KELLY (BIGE-
LOW LABORATORY FOR OCEAN
SCIENCES, USA)

At least six, and possibly nine or more,
different lineages of eukaryotic algae are now
extant. Each began with a different partner-

ship between a phagotrophic host cell and a
photosynthetic, prokaryotic or eukaryotic,
endosymbiont.

For some algal lineages, the likely non-
photosynthetic antecedents are known. Pho-
tosynthetic euglenoids arose from non-
photosynthetic euglenoids, the euglenoids
and the kinetoplast flagellates are sister
taxa, and the zooflagellate genus Diplonema
has features suggestive of the eugle-
noid/kinetoplastid ancestor. Photosynthetic
dinoflagellates arose, several times, from
nonphotosynthetic dinoflagellates, dinoflagel-
lates are now thought to be sister taxa to cili-
ates and apicomplexans, and zooflagellates
such as Perkinsus and Colpodella may provide
clues to the origin and early diversification of
this “alveolate” clade. Cryptomonads may
have arisen from a zooflagellate similar to
Goniomonas. Golden algae may have arisen
from origanisms like those now placed in the
zooflagellate family Bicosoecidae.

For the other algal groups, including the
chlorarachniophytes, prymnesiophytes (if
they have a different origin from other golden
algae), red algae, green algae and glauco-
phytes (which may or may not have a single
common ancestor), no group of nonphotosyn-
thetic protists has yet been identified that may
be regarded, on either structural or molecular
evidence, to be the sister taxa of the photosyn-
thetic ones. Discovery and analysis of these
antecedents will help resolve major questions
about photosynthetic diversity and plastid evo-
lution, in particular whether plastids have
one or three primary origins.

The realization that eukaryotic algae are
polyphyletic has created major problems for
algal taxonomy and nomenclature. Redefini-
tion of higher taxa of eukaryotes, including
such fundamental entities as the Plant King-
dom depends on discovery and analysis of
the phylogenetic lineages among heterotro-
phic protists, in particular the free-living
zooflagellates. Since relatively few of these or-
ganisms are known to science, and relatively
few known species have been analyzed by fine
structural or molecular methods, there is
ample scope for future research.
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Studies on a group of protists, informally
named jakobids, suggests that most if not all
mitochondrial eukaryotes arose from a single
group of amitochondrial protists, of which the
retortamonads are the extant representatives.
These studies also suggest that the three
major forms of mitochondrial cristae, dis-
coidal, tubular and flattened, which are often
used as a diagnostic feature for protist line-
ages, arose and were fixed very early in the
evolution of mitochondrial eukaryotes.
Mitochondrial cristae form may therefore
help determine, in ambiguous cases such as
the relationship of the protist genus
Katablepharis to the cryptomonads, whether
a heterotrophic protist resembles a photosyn-
thetic one through shared common ancestry
or through convergence.

S-32: HARMFUL ALGAL BLOOMS IN
WESTERN PACIFIC WATERS. Y.
FUKUYO (UNIV. OF TOKYO, JAPAN)

Harmful algal blooms are causing serious
problems to coastal environment conserva-
tion and public health in western Pacific
waters. An expansion of the affected area by
the blooms has recently been occurring by
migration of the causative organisms through
natural phenomena such as water current,
and by unintended transplantation through
human activities such as ship’s ballast water
and transplanted shellfish for aquaculture.

The planktonic algae causing harmful
blooms are subdivided into two groups accord-
ing to their effects: noxious species which has
implication to mass mortality of marine organ-
isms, and toxic species which cause human
illness. They differ from each other not only
on their consequence, but on their ecological
features such as the highest cell concentra-
tion and distribution.

Noxious specis often bloom to make red
tides, and kill marine organisms after the
formation of red tide. They are distributed
mainly in highly eutrophic waters into where
a large amount of industrial and domestic
sewerage flow. Raphidoflagellates Chattonella
antiqua and Heterosigma akashiwo pose seri-
ous damage to aquaculture of several kinds of

fishes such as yellow-tail fish Seriola quingue-
radiata in Japan. Total amount of the loss
caused by the former species during 1972-
1991 reaches 18.5 billion yen. Resting cysts
of C. antiqua were found widely distributed in
the bottom sediments of bloomed area.

Other troublesome species such as Gym-
nodinium mikimoto: and Cochlodinium poly-
krikoides belong to dinoflagellates. Resting
cysts of these species have not been found yet,
and consequently they are considered as no
cyst-producing species. A small number of
planktonic cells of the former species could be
found even in non-blooming season in some
part of bloomed area.

Three types of consequence by toxic unicell-
ular algae, which belong to Dinophyceae, are
found in western Pacific waters: paralytic
shellfish poisoning (PSP), diarrhetic shellfish
poisoning (DSP), and ciguatera fish poison-
ing (ciguatera). Alexandrium tamarense, A.
catenella, A. cohorticula and Gymnodinium catena-
tum are known to bloom and cause PSP in
temperate waters, and Pyrodinium bahamense in
tropical waters, although some of them ap-
pear in areas of wide environmental ranges.
All of them produce resting cysts, which may
work as a good device for survival in unfavor-
able condition and for expansion of distribu-
tion. Toxins responsible for DSP are detect-
ed in several species belonging to the genus
Dinophysis such as D. fortii and D. acuminata
which bloomed in temperate waters. In tropi-
cal western Pacific no DSP has been reported,
while the toxins are detected in shellfish. Fur-
ther research is urgently necessary on this
problem. Ciguatera causative dinoflagellate
Gambierdiscus toxicus has been found in Ryu-
kyu Islands, tropical islands of Japan. As the
distribution of the species is presumed to be
very wide, further research on ciguatera is
also important and necessary in tropical count-
ries.

S-33: SOME THOUGHTS ON FAC-
TORS WHICH INFLUENCE THE TOXI-
GENICITY OF DELETERIOUS MICRO-
ALGAE. Y.SHIMIZU (DEPARTMENT
OF PHARMACOGNOSY AND EN-
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VIRONMENTAL HEALTH SCIENCES,
THE UNIVERSITY OF RHODE IS-
LAND, U.S.A)

Various physico-chemical or environmen-
tal factors are reported to influence the toxin
production by dinoflagellates and other
deleterious microalgae. One of the most con-
trovercial issues is about the role of bacteria in
the toxigenicity. The production of saxitoxin
and other paralytic shellfish poisons (PSP) by
bacteria isolated from Alexandrium spp. and
other organisms has been reported by some
groups. On the other hand, there seems to
be strong evidence that certain strains of the
dinoflagellates are inherently toxigenic. This
author will report the findings in his labora-
tory, and discuss possible explanations for
these conflicting reports.

Similar questions also exist regarding the
polyether type toxin production by dinoflagel-
lates. The polyether type toxins such as
brevetoxins by Gymnodinium breve are
produced by very wunique biosynthetic
mechanisms. The unusual biosynthetic path-
way seems to be closely related to the peculiar
life style and metabolism of the dinoflagel-
lates. Studies have been also made with the
amnesic shellfish toxin, domoic acid, produc-
tion by Mitzschia and other diatoms. It was
shown that domoic acid is produced by very
specific chemovars. The chemovars are also
characterized by the production of other
secondary metabolites, bacillariolides. It
was observed that the extracellular content
of domoic acid is phase-dependent and nega-
tively influenced by the presence of bacteria
in the culture. Efforts are being made to
determine the factors which enhance the
production of domoic acid. [Supported by
NIH grant, GM 28754]

S-34: TAXONOMY OF  WATER-
BLOOM FORMING CYANOPROKARYO-
TES. J. KOMAREK (UNIV. SOUTH
BOHEMIA, CZECHOSLOVAKIA)

The species delimitation of planktonic
cyanoprokaryotic species cannot be solved by
a unique scheme. Among picoplanktonic or
water-bloom forming cyanoprokaryotes there
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exist morphologically as well as ecologically
very stabilized types, which develop and oc-
cur repeatedly under specialized conditions,
and which are well defined in spite of their
relatedness to similar, but also unambiguous-
ly delimited species (Aphanizomenon flos-aquae,
A. klebahnir, Microcystis viridis, Tychonema bour-
rellyi, etc.). However, morphologically and
biochemically unstable populations also exist,
which are extremly variable and diversified
into numerous deviations and represent a
source of numerous lines and strains (Microcys-
tes aeruginosa, Limnothrix redekei, Anabaena flos-
aquae, Cylindrospermopsis reciborskii, etc.). In
such case we obtain a large set of diversified
strains, each slightly different from the other.

This situation must be taken into consi-
deration in all taxonomic evaluations of
cyanoprokaryotes. No isolated approach can
solve the taxonomic relations between stable
and/or variable types. The biochemical
criteria (also, e.g., isozyme analyses, G/C ra-
tios, etc.) cannot be applied without reserva-
tion either, and show diversity between
strains (sometimes isolated from one and the
same locality, population).

The resulting recommendation correspond-
ing with the endeavour to classify the
cyanoprokaryotic populations in different
natural and managed waters and to character-
ize their role in planktonic biocenosis, is to
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use as wide and complex an evaluation of
cyanoprokaryotic populations, as possible,
and to define all types, which represent the
special ecological and morphological entities
in planktonic biotopes.

S-35: CHEMISTRY AND TOXICO-
LOGY OF MICROCYSTINS AS
CYANOBACTERIA HEPATOTOXINS.
K. KAYA (NATIONAL INSTITUTE FOR
ENVIRONMENTAL STUDIES, TSUKU-
BA, JAPAN)

Eutrophication of freshwater lakes and
ponds has reached a fairly advanced stage by
urban, agriculture and industrial sources con-
taining phosphorus and nitrogen nutrients,
and has caused the occurrence of the bloom-
forming by cyanobacteria (Blue-green
algae). Blooms of Microcystis, Anabaena, and
Oscillatoria often contain toxins. The toxic
blooms were reported as causing death to
domestic animals after drinking affected
water, and as a potential hazard to human
health. The toxic Microcystis, Anabaena and Os-
cillatoria produce low-molecular-weight tox-
ins, which have been to be cyclic heptapeptide
named “microcystin”. In this symposium,
we report the current information regarding
chemistry and toxicology of microcystins.

Microcystins are monocyclic heptapeptides
and contain three D-amino acids (alanine,
erythro-B-methylaspartic acid and glutamic
acid), two L-amino acids (leucine (L)-alanine
(A), leucine (L)-arginine (R), tyrosine (Y)-
arginine (R) or arginine (R)-arginine (R))
and two unusual amino acids (N-methyl-
dehydroalanine and 3-amino-9-methoxy-2,6,
8-trimethyl-10-phenyldeca-4,6-dienoic  acid
(Adda)). Microcystin RR is the major toxin
of M. viridis, also rﬁicrocystin LR is the major
toxin of M. aeruginosa.

When mice were given microcystin LR in-
traperitoneally, the lethal dose was about
100 pg/kg. In mice and rats, microcystin LR
is a potent, rapid-acting, direct hepatotoxin,
with the immediate cause of death in acute
toxicities being hemorrhagic shock and
hepatocellular necrosis. The livers weights
increased about 150~2009% of those of the
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Adda:
methyl deca-4,6-dienoic acid, Mdha: N-methyl-
dehydroalanine, R;: L-Leu, Ry: L-Arg

3-amino-9-methoxy-10-phenyl-2,6,8-tri-

control mice within 3 hr. The uptake of the
toxin is through the bile acid transport sys-
tem. The toxins in hepatocytes act as an
inhibitor of protein phosphatase type 1 and
2A, and induces hyperphosphorylation of
cytoskeletal proteins and other functional pro-
teins. These hyperphosphorylated proteins
induce marked morphological alterations and
tumor promotions. The toxin in hepatocytes
also induces the production of prostaglandins
and thromboxanes as chemical mediators for
inflammation.

Peritoneal macrophages are also affected by
the toxin. The toxin induces the productions
of interleukin 1 (IL-1), tumor necrosis factor-
a (TNFa), prostaglandins and throm-
boxanes. Especially, TNFa and throm-
boxane B2 are increased strikingly in blood of
mice and rats by the injection of the toxins.
These results suggest the toxicity of the
microcystins is related closely to inflamma-
tory shock.

S-36: ON THE OCCURRENCE AND
CONTROL OF TOXIC CYANOBAC-
TERIAL BLOOMS IN AUSTRALIA.
G. JJONES (CSIRO DIVISION OF
WATER RESOURCES, AUSTRALIA)
Blooms of toxic cyanobacteria have become
common in Australian rivers, reservoirs and
lakes during the past decade. It is uncertain
whether there has been a real increase in the
frequency of blooms or simply an increase in
awareness, and in the intensity of water quali-
ty monitoring, by government authorities.
The most common bloom-forming species are
hepatotoxic Microcystis aeruginosa in lakes and
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reservoirs, Nodularia spumigena in brackish
waters and estuaries, and neurotoxic Anabaena
ctreinalis in rivers (4. circinalis is also common-
ly found in reservoirs, particularly in cooler
regions). The neurotoxins found in Aus-
tralian A. circinalis were recently shown to be
saxitoxins and gonyautoxins, rather than
anatoxin-a or anatoxin-a(s) as found in other
parts of the world. Stock deaths caused by
consumption of toxic cyanobacteria in rivers
and farm dams are common. There have
also been widespread closures of drinking
water supplies and recreational waters be-
cause of the presence of cyanobacterial
blooms. Interim health guidelines have re-
cently been established, with a maximum
level of 1 #g microcystin L~! recommended
for long-term consumption of drinking
water.

It is widely held view amongst Australian
water managers and scientists, that toxic
cyanobacterial blooms occur because of an-
thropogenic inputs of phosphorus to surface
waters (viz. “cultural eutrophication”).
However, it is possible to argue that cyanobac-
terial blooms are a “natural” consequence of
impounding water in a hot, dry country, and
not the result of nutrient pollution. There
are few economically important water bodies
in Australia that are not impounded. Most
of Australia’s major rivers are regulated by
weirs which provide a hydraulic head for irri-
gation off-take. During the dry summer
months river flow may be trivial or non-exis-
tent downstream of major irrigation areas.
Australian reservoirs are typically dammed
river valleys that undergo seasonal tempera-
ture stratification. I will discuss the hypothe-
sis, that cyanobacteria tend to dominate the
phytoplankton of stratified, impounded
waters, irrespective of nutrient availability.
Furthermore, the more turbid the water
body, the greater the likelihood of cyanobac-
terial dominance. Australian rivers, particu-
larly those of the Murray-Darling Basin, tend
to be high in inorganic clay turbidity. An im-
portant factor in assessing this hypothesis is
the recognition that a “bloom” of cyanobac-
teria does not necessarily constitute a high

total cyanobacterial biomass in a waterbody.
The inherent buoyancy of bloom-forming
cyanobacteria, coupled with wind-driven
advection, provides a natural concentrating
mechanism for the formation of surface
“scums”. This tends to greatly exaggerate
the overall cyanobacterial biomass of the
water body.

It is possible to predict the occurrence of
cyanobacterial blooms in regulated rivers and
reservoirs based on a knowledge of water
column turbulence. In rivers, the major fac-
tors controlling the onset of blooms are river
flow (discharge) rate and depth. Cyanobac-
teria typically succeed diatoms and green
algae as stratification occurs, and their
dominance is the result of water column stabil-
ity not increasing nutrient availability. A
major management technique for preventing
cyanobacterial blooms, therefore, should be
artificial destratification and river flow
management, not only amelioration of
nutrient inputs.

P-1: PHENOLOGY OF ESTUARINE
ALGAE ON THE KIDOGAWA RIVER
MOUTH, CHIBA PREFECTURE, CEN-
TRAL JAPAN. M. YOSHIZAKI (TOHO
UNIV. JAPAN), T. FUJITA (NIHON
UNIV. NARASHINO HIGH SCHOOL,
JAPAN), T. HATOGAI (CHIBA PREFEC-
TURAL GENERAL EDUCATION CEN-
TER, JAPAN) & K. ITURA (NARASHINO
CITY HALL, JAPAN)

The Kidogawa river, whose source is near
Narita Air Port, flows through Kujyukuri
into the Pacific Ocean. At its mouth area,
the tidal range is so great that the river shows
its bed at the lowest tide and is filled with
water at the highest tide. There are no man-
groves around here. The water temperature
rose up to 29°C in the summer and in the win-
ter fell down to 7°C. As many as 16 species
of macro algae (Bangia atropurpurea, Blidingia
marginata, Bostrychia simpliciuscula, Caloglossa
leprieurii, Ca. ogasawaraensis, Cladophora opaca,
Cl. sp. Enteromorpha linza, E. prolifera, Gracilar-
ta asiatica, Monostroma latissima, Porphyra subor-
biculata, Rhizoclonium riparium, Ulothrix flacca,
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Ulva pertusa and Ulospora penicilliformis) grew in
the range which covers 1km course up the
river mouth, and we closely observed how
they distributed and their seasonal succes-
sion. Among these species, Ca. leprieurii, Ca.
ogasawaraensis and Bo. simpliciuscula could be
seen throughout the year. Caloglossa grew in
the wide range from the mouth to the upper
stream, while Bostrychia grew only in the reed-
grown marshes. We found the tetrasporo-
phyte of Caloglossa of two species all the year
round, and form of gametophyte from June to
December. By contrast, as for Bostrychia, we
could find neither its tetrasporophyte nor its
gametophyte.

P-2: LIGHT-HARVESTING OF MA-
RINE STRAINS OF SYNECHOCOCCUS
(CHROOCOCCALES, CYANOPHYTE)
UNDER LIGHT ENVIRONMENTS
NEAR THE BOTTOM OF EUPHOTIC
ZONE IN OPEN OCEAN. T. IKEYA
(NAT. INST. FOR BASIC BIOLOGY,
UNIV. OF TOKYO, JAPAN), K. OHKI*
(NAT. INST. FOR BASIC BIOLOGY,
JAPAN), M. TAKAHASHI (UNIV. OF
TOKYO, JAPAN) & Y. FUJITA (NAT.
INST. FOR BASIC BIOLOGY, JAPAN).
*PRESENT ADDRESS: TOKAI UNIV.,
JAPAN.

Photosynthesis of marine Synechococcus iso-
lated from waters of Kuroshio and Gulf
stream was examined using model light,
which simulated blue-green light near the bot-
tom of euphotic zone in open ocean.
Although the spectral distribution of light
energy is limited around blue-green region
near the bottom of euphotic zone in open oce-
an, photosynthesis was found to be active
enough for supporting growth under such a
light regime. All strains isolated have a
common character that abundance of
phycoerythrin is unusually high, and so they
can absorb efficiently the blue-green light.
Occurrence of phycourobilin as a chromo-
phore of phycoerythrin gives a more advan-
tage in absorption of the blue-green light.
Thus, marine Synechococcus can perform ac-
tively photosynthesis even near the bottom

of euphotic zone. Carotenoids, absorbing the
blue-green light nearly 50% of total absorp-
tion, are effective in light-harvesting for pho-
tosystem I. These properties of light-harvest-
ing system of marine Synechococcus extends
range of living area in open ocean down to the
bottom of euphotic zone as found in Kuroshio
water.

P-3: CHEMICAL FACTORS LIMITING
THE GROWTH OF BLOOMING ALGAE
IN JAPANESE COASTAL WATERS
(SETO INLAND SEA)—AN ANALYSIS BY
ALGAL BIOASSAY. B. KIMURA, M.
MURAKAMI (SHIMONOSEKI UNIV.
FISH., JAPAN), T. NAGAI, T. MANABE
(HYOGO PREF. FISH. EXP. STN,,
JAPAN), T. ETOU, M. KAMIZONO
(FUKUOKA PREF. FISH. EXP. STN.,
JAPAN), AND Y. ISHIDA (KYOTO
UNIV., JAPAN)

Chemical factors limiting the growth of
blooming algae were studied in Japanese
coastal waters by use of algal bioassay
method.

In east part of Seto Inland Sea (Harima
Nada), where eutrofication level is high (DIN
average in 20 m-depth bottom waters during
summer period; 7.2 pg-at/l) and bloom of the
raphidophyte flagellate Chattonella antiqua
often occurs, there was no clear-cut correla-
tion between the growth potential of C. ant:-
gqua and DIN in coastal waters. In 1992,
when no bloom of C. antiqua was observed,
the addition of EDTA to the waters caused
remarkable increase in the growth potential of
the alga. It was suggested that organic metal
chelators were limiting factors for the growth
of C. antiqua in this area.

In west part of Seto Island Sea (Suo Nada),
where eutrofication level is not high as that of
Harima Nada (DIN average in 14 m-depth
bottom waters during summer period; 1.1 pg-
at/l) and bloom of C. antigua occurs less fre-
quently than in Harima Nada, there was a
correlation between the growth potential of
C. antiqua and DIN in the waters. It was sug-
gested that DIN was a major limiting factor
for the growth of C. antiqua in this area. In
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1992, a bloom of the dinoflagellate Gymno-
dinium mikimotoi occurred, accompanied by a
sudden appearance of anoxic condition in
bottom waters and increase in both in DIN
and algal growth potential in these waters.

P-4: A COCCOLITHOPHORID BLOOM
IN KAGOSHIMA BAY, SOUTHERN
JAPAN. T. HIWATARI(JAPAN NUS CO.
LTD.), K. ORITA (KAGOSHIMA
PREF. FISHER. EXPER. STATION), Y.
MITOMI, H. FUKUSHIMA (TOKAI
UNIV.) & T. AKANO (KANSAI
ELECTRIC POWER CO. INC. JAPAN)

A massive algal bloom of the cocco-
lithophorid Gephyrocapsa oceanica Kamptner
(Haptophyta) developed in innermost bay of
Kagoshima Bay at 31°N, 131°E on the
southern Japan, in early May 1992. The
bloom discoloured the innermost bay a milky
blue-green, which was clearly detectable in
the visible band by the USA satellite NOAA-
11. The bloom, which reached cell densities
of 1.3X10%cells/ml, persisted for half a
month.

P-5: EFFECT OF CO, CONCENTRA-
TION ON CALCIFICATION IN THE
COCCOLITHOPHORIDS. 4. YUZAWA,
T. HIWATARI (JAPAN NUS CO.
LTD.), M. OKAZAKI (TOKYO
GAKUGEI UNIV.), M. YAMAMOTO, T.
AKANO & M. KIYOHARA (KANSAI
ELECTRIC POWER CO. INC. JAPAN)
To estimate the relationship between CO,
concentration (0.036, 0.2, 0.5% in air) and
calcification, measured as inorganic carbon of
coccoliths, Gephyrocapsa oceanica and Pleurochry-
sis haptonemofera were culured by aeration at
high CO, concentrations. In both G. oceanica
and P. haptonemofera, the growth rate and
calcification rate at 0.2%, 0.5% CO, were
lower than those at 0.036% CO, bacause the
pH values at 0.2%, 0.5% CO, decreased
rapidly. In an experiment where the pH was
maintained around 8.2, growth rate and cal-
cification rate were highest at 0.2% CO, in G.
oceanica and at 0.5% CO, in P. haptonemofera.
These experiments indicated that by controll-

ing the pH, the increase in CO; led to en-
hanced calcification in G. oceanica and P.
haptonemofera.

P-6: MECHANISM FOR ACQUISI-
TION OF DISSOLVED INORGANIC
CARBON FOR PHOTOSYNTHETIC
CO, FIXATION AND CALCIFICATION
BY EMILIANIA HUXLEYI (PRYM-
NESIOPHYTA), K. SEKINO & Y.
SHIRAIWA (NIIGATA UNIV., JAPAN)

Photosynthesis of marine unicellular calcareous
alga Emiliania huxley: was found to be sensitive
to environmental oxygen and to show low
affinity (apparent K,5;=5.5mM) for dis-
solved inorganic carbon (DIC), even the alga
was grown under the bubbling of ordinary
air. Carbonic anhydrase activity was not de-
tected in cell homogenates and the activity of
the DIC-concentrating mechanism measured
using the silicone-oil-layer-filtering-centrifu-
gation technique was low in comparison with
cyanobacteria and green algae.

When only CO, was added as substrate, it
was used mainly for photosynthetic CO, fixa-
tion via internal DIC accumulation (CO,-
pool), but not for the calcification. In con-
trast, HCO; was mainly utilized for calcifica-
tion via internal DIC accumulation HCO; -
pool), but not directly used for the fixation.
The COy-pool was several times larger than
the HCOj -pool, but not used for the cal-
cification. The HCOj -pool was dominant-
ly used for the calcification and also sig-
nificantly used for the fixation.

These two-way systems for the acquisition
of external DIC seems to play an important
role for increasing total amount of DIC utiliza-
tion in this alga.

P-7: RATES OF PHOTOSYNTHESIS
AND CALCIUM CARBONATE FORMA-
TION IN THE COCCOLITHOPHORID
ALGAE PLEUROCHRYSIS CARTERAE
AND EMILIANIA HUXLEYI (HAPTOPHY-
TA). M. OKAZAKI, C. EZAWA, N.
ICHIMURA (TOKYO GAKUGEI UNIV.,
JAPAN), H. TAKANO & T. MATSUNA-
GA (TOKYO UNIV. OF AGRICULTURE
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The rates of CO, fixation by photosynthesis
and CaCOj deposition by coccolith formation
in Pleurochrysis carterae and Emiliania huxleyi
were determined to evaluate the effects of
both processes on pCO; in seawater. Each
process has an opposite effect on the pCO,
change. Both rates were determined by meas-
uring the change in dissolved inorganic car-
bon and in titration alkalinity.

In P. carterac at logarithmic phase of
growth, the rate of photosynthesis and
CaCO; deposition at 6 klux, 22C were
3400 ng and 170 ng C/hr/106 cells, respec-
tively. In the dark, the rates of respiration
and CaCOj; deposition were 800 ng and 20 ng
C/hr/106 cells, respectively. In logarithmi-
cally growing E. huxleyi, photosynthetic and
calcification rates were 320 ng and 280 ng
C/hr/106 cells, respectively. Thus, during
logarithmic growth, carbon fixation rate by
photosynthesis was higher than that by
CaCO; deposition. Therefore it is not ex-
pected that the pCO, seawater increases in
the light.

P-8: EFFECT OF SEAWATER CONCEN-
TRATION ON THE PHOTOSYNTHET-
IC ACTIVITY IN SOME SEAWEEDS
GROWING IN THE INTERTIDAL
ZONE. N. KATAYAMA (TOKYO
GAKUGEI UNIV., JAPAN) & Y. YOKO-
HAMA (UNIV. OF TSUKUBA, JAPAN)
The effect of a progressive seawater dilu-
tion on Dictyota dichotoma, Ishige sinicola (brown
algae), Chondrus occellatus, Pachymeniopsis lan-
ceolata, Schizymenia duby: (red algae) was exa-
mined with reference to its effect on their
photosynthetic activity. The photosynthetic
rates of these seaweeds were measured at
20°C during a stepwise decrease in seawater
concentration which should resemble their in
situ conditions. In each case the photosyn-
thetic rate decreased gradually as the sea-
water concentration fell until completely stop-
ping in distilled water (DW). After measur-
ing the photosynthetic rates in DW, the
fronds of these seaweeds were reimmersed in
normal seawater. While the photosynthetic

rate in I. sinicola recovered completely with
reimmersion, the rates in C. occellatus and P.
lanceolata recovered only partially. Scarece-
ly any recovery of the rate in D. dichotorma and
S. dubyi was observed. The seaweeds exa-
mined in the present study except I. sinicola
grow within the lower eulittoral zone and up-
per sublittoral zone. The photosynthetic ac-
tivity in these seaweeds is shown to be more
sensitive to the seawater concentration fall
than that in the seaweeds growing at the
higher level in the eulittoral zone.

P-9: EFFECTS OF TEMPERATURE ON
THE ANTARCTIC GREEN ALGA, CHLO-
RELLA VULGARIS (CHLOROPHYTA).
H. NAGASHIMA (SCIENCE UNIV. OF
TOKYO), S. OHTANI (SHIMANE
UNIV.) & H. MOMOSE (SCIENCE
UNIV. OF TOKYO)

Unicellular green alga, Chlorella vulgaris
SO-26 was isolated from a wet moss surface,
near Showa Station, Antarctica, where the
temperature ranged from 20°C in summer to
about —30°C in winter. The alga SO-26
and a mesophilic alga, C. vulgaris IAM C-133
were pre-cultured at 20°C under fluorescent
light at about 22 gpmol/m?/s. Strain SO-26
could photosynthesize between 0 and 35°C,
with an optimum at 20°C. Strain C-133
could photosynthesize between 5 and 45°C,
with an optimum at 35°C. When both
strains were pre-cultured at 10°C, their op-
timal temperatures of photosynthesis shifted
downward by about 5°C. After two weeks of
culturing, strain SO-26 could grow between 5
and 30°C, while strain C-133 could grow
between 10 and 40°C, a higher temperature
range than that of strain SO-26. When
strain SO-26 was heated to 40°C for 30 min,
it lost its photosynthetic activity at 20°C,
while strain C-133 retained its photosynthetic
activity after the 45°C treatment for 30 min.
After treating both strains at —20°C for
2 hours, only strain SO-26 retained its pho-
tosynthetic activity. These results show that
the Antarctic alga, Chlorella vulgaris SO-26,
has psychro- and freeze-tolerant properties
and that the alga is well adaptable to Antarctic
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environments.

P-10: POSSIBLE INVOLVEMENT OF A
NITRATE-INDUCIBLE PLASMA MEM-
BRANE PROTEIN TO NITRATE UP-
TAKE OF HETEROSIGMA AKASHIWO
(RAPHIDOPHYCEAE). N. MIYAGI & T.
FUJII (UNIV. OF TSUKUBA, JAPAN)

Nitrate uptake of Heterosigma akashiwo, a ma-
rine raphidophycean unicellular alga, was
measured using NO;~. Nitrate uptake
occurred in nitrate-grown cells, but not in
ammonium-grown cells. Nitrate uptake was
completely lost within 1 day after the trasfer
of nitrate-grown cells to ammonium-contain-
ing medium, and began to increase 3 hours
after the transfer of ammonium-grown cells to
nitrate-containing medium. Even when
nitrate reductase activity was inhibited using
sodium tungstate, nitrate uptake was not
inhibited.

Highly purified plasma membranes were
isolated by the silica microbead method.
Polypeptides on the membranes were ana-
lyzed by SDS-PAGE and immunostaining.
A major polypeptide with a molecular mass of
26 kDa appeared and disappeared in har-
mony with the rise and fall of nitrate uptake
rate. This polypeptide appeared 3 hours
after the transfer of ammonium-grown cells to
nitrate-containing medium, and disappeared
within 1day after the transfer of nitrate-
grown cells to ammonium-containing medi-
um.

From these, nitrate uptake of Heterosigma
akashiwo is nitrate-inducible, and a 26 kDa
plasma membrane protein would be con-
cerned with nitrate uptake.

P-11: ANALYSIS OF MODE OF A AC-
TION OF SEX PHEROMONE, PRO-
TOPLAST-RELEASE-INDUCING PRO-
TEIN, IN CLOSTERIUM PERACEROSUM-
STRIGOSUM-LITTORALE = COMPLEX
(CHLOROPHYTA). H. SEKIMOTO & T.
FUJII (UNIVERSITY OF TSUKUBA,
JAPAN)

When mating-type minus (mt~) and plus
(mt™*) cells of Closterium were mixed together

in a mating medium, both cells released
protoplasts, this release being the first step
in the process of conjugation. Release of pro-
toplasts by mt~ cells also proceeded without
pairing when mt~ cells were placed in a medi-
um in which mt~ and mt* cells had previous-
ly been cultured together. A protein with the
ability to induce the release of protoplasts was
purified and it was designated as protoplast-
release-inducing protein (PR-IP). PR-IP
had an apparent M, of 95 kDa on gel filtration
and consisted of two glycopolypeptides of
M, 42 and 19 kDa.

Induction of release of protoplasts was de-
pendent upon the duration of pre-incubation
before the treatment with PR-IP and a low
density of cells at the pre-culture stage had a
significant stimulatory effect on the induction
by PR-IP. Based on these results, we suggest-
ed that the pre-culture of mt~ cells at a low
cell-density under continuous light was very
important for the conversion of vegtetative
cells to gametes, which could respond to PR-
IP.

When mt~ cells were incubated with
biotinylated PR-IP for 6 h, only a M, 19 kDa
polypeptide of was detected in cells by stain-
ing with the avidin and biotinylated horse-
radish peroxidase. The amount of this bound
polypeptide increased with increasing doses of
PR-IP and reached a maximum at around
10 nM, reflecting the PI activity. The bind-
ing proceeded only after an appropriate
period of pre-culture in the light, and the poly-
peptide was competitively displaced by non-
biotinylated PR-IP. It appeared that the
PR-IP induced the release of protoplast from
mt™ cells via binding of a M, 19 kDa polypep-
tide to the receptor on cell surface, in a man-
ner anlogous to the binding of peptide hor-
mones to their receptors in animals.

P-12: DETECTION AND CHARAC-
TERIZATION OF A NOVEL SEX
PHEROMONE, PROTOPLAST-
RELEASE-INDUCING PROTEIN IN-
DUCER, IN CLOSTERIUM (CHLO-
ROPHYTA). T. NOJIRI, Y. INOKI, T.
FUJII & H. SEKIMOTO (UNIVERSITY
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We had previously purified and character-
ized a sex pheromone, protoplast-release-in-
ducing protein (PR-IP), which was responsi-
ble for the induction of gametic protoplast-
release of Closterium mating-type minus (mt™)
cells [Planta 182: 348-354 (1990)]. The PR-
IP was released from mating-type plus (mt*)
cells when mt* and mt~ cells were cultured
together in nitrogen-deficient medium.
When mt* cells were incubated in the medi-
um, in which mt™ cells were cultured alone,
release of PR-IP was also observed. These
results indicated the existence of substance(s)
which was released from mt~ cells and had an
ability to make mt* cells release PR-IP. We
designated the substance as PR-IP Inducer.
The PR-IP Inducer was constitutively
released from mt~ cells under the light, and
the activity showed heat-lability. The PR-IP
Inducer was purified by sequential column
chromatographic steps (DEAE-Sepharose
CL-6B, hydroxylapatite, Sephacryl S-100
HR and Mono Q columns). Molecular
weight of PR-IP Inducer was estimated as
18.7 k by mass-spectrum analysis. We sug-
gest that the PR-IP Inducer is a novel
pheromonal protein which plays a role for
initial events of sexual communication of

this  Closterium  peracerosum-strigosum-littorale
complex.
P-13: PLASMA MEMBRANE-BOUND

ADENOSINE TRIPHOSPHATASE OF
CALCAREOUS RED ALGA SERRATI-
CARDIA MAXIMA (CRYPTONEMIA-
LES, RHODOPHYTA). I. MORI & M.
OKAZAKI (TOKYO GAKUGEI UNIV,,
JAPAN)

A marine alga Serraticardia maxima deposits
CaCOs; in the cell walls and its content can
reach 85% of the dry weight. Cell respira-
tion was specifically accelerated by up to
50% by addition of Ca2*+ to 60 mM. This sensi-
tivity to Ca?* was not observed in other non-
calcareous red algae. These facts suggested
the involvement of a Ca-pump to excrete in-
tracellular Ca?t. We therefore purified S.
maxima plasma membrane from the micro-

some fraction by an aqueous two-phase par-
titioning method. The purified membrane
fraction had essentially no activity of marker
enzymes for Golgi-body, endoplasmic reticu-
lum or mitochondria such as IDPase,
NADPH-cytochrome ¢ reductase or cytoch-
rome c oxidase. Most of the membrane vesi-
cles were stained by a phosphotungstic acid-
chromic acid-staining which was specific for
plasma membrane. The plasma membrane
had high ATPase activity which was inhibited
by 20% with 0.1 mM sodium vanadate, but
activated by 159 with 50 mM potassium ni-
trate. The Ca?* increased the ATPase activi-
ty at the uM level. This ATPase(s) may be
involved in Ca?*-stimulated respiration and
CaCOj; deposition in cell walls.

P-14: GLYCOLATE OXIDASE AND
GLYCOLATE DEHYDROGENASE IN
RED ALGAE (RHODOPHYTA). K.
IWAMOTO (INST. OF BIOL. SCI,,
UNIV. OF TSUKUBA, JAPAN) & T. IKA-
WA (INST. OF BIOL. SCI., UNIV. OF
TSUKUBA, JAPAN)

Characteristics of glycolate-oxidizing en-
zymes in crude extracts of red algal specimens
in the Porphyridiales, Compsopogonales,
Bangiales, Nemaliales, Gelidiales, Cryp-
tonemiales, Gigartinales, Rhodymeniales and
Ceramiales were compared by measuring
glycolate-dependent H,O, formation and
reduction of cytochrome c (cyt-c) and
DCPIP, and by checking cyanide sensitivity
and the stereospecificity for D- and L-lact-
ate. Unicellular red algae, such as Dixoniella,
Rhodella and Porphyridium and freshwater alga
Compsopogon  contained glycolate oxidase
(GOX) similar to that found in Charophyta
and Chromophyta whereas all multicellular
seawater red algae contained glycolate de-
hydrogenase (GDH). Among the GDHs in
red algae, only GDH in the Nemaliales
showed no glycolate: cyt ¢ reducing activity.
GDHs in the Bangiales, Nemaliales, Cer-
amiales, and Gigartinales were insensitive to
cyanide whereas those in the Gelidiales, Cryp-
tonemiales and Rhodymeniales were sensitive
to it. The occurrence of GOX and GDH in
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rhodophytes seems to have a phylogenetic sig-
nificance in the algae besides Chlorophyta,
and GOX of red algae seems to have a differ-
ent origin from that of green plants.

P-15: IMMUNOLOGICAL COMPARI-
SONS OF NITRATE REDUCTASES
FROM VARIOUS PLANT SOURCES US-
ING MONOCLONAL ANTIBODIES TO
NITRATE REDUCTASE FROM THE
RED ALGA PORPHYRA YEZOENSIS (BAN-
GIALES, RHODOPHYTA). Y. NAKA-
MURA (UNIV. OF TSUKUBA, JAPAN),
H. SAJI (NAT. INST. ENVIRON.
STUD., JAPAN), N. KONDO (NAT.
INST. ENVIRON. STUD., JAPAN) &
T. IKAWA (UNIV. OF TSUKUBA,
JAPAN)

Assimilaroty nitrate reductases (NR) from
eukaryotic plants catalyze the reduction of ni-
trate to nitrite using NAD(P)H as reducing
substrate. They can be distinguished from
prokaryotic NRs by the difference of their
molecular compositions, prosthetic groups
and amino acid sequences. Eukaryotic NRs
share common structural properties such as
molecular weight, subunit composition and
prosthetic groups. Comparison of amino
acid sequence data obtained from fungi,
green algae and higher plants has also shown
the resemblance among these eukaryotic
assimilatory NRs. However little is known
about NRs from non-chlorophyll ab species,
which occupy phylogenically major posi-
tions. We have recently developed the
purification procedure for NR from the red
alga  Porphyra  yezoensis and  prepared
monoclonal antibodies against it. In this
study, cross-reactivities of the antibodies
thus obtained to the NRs from Rhodophyta,
Cryptophyta, Chromophyta, Chlorophyta and
higher plants were investigated.

Twenty two monoclonal antibodies were ob-
tained. Fifteen of them could detect 100 kD
NR subunit molecule of P. yezoensis and cross-
reactivity was examined with these antibo-
dies. NR subunit molecules from Bangia and
Porphyra katadae which belong to the same ord-
er with P. yezoensis showed the highest cross

reactivity. NR subunit molecules from mul-
ticellular red algae belonging to different ord-
ers from P. yezoensis could be detected by 3 to
7 of the antibodies. On the contrary, none of
the antibodies could detect NRs from unicel-
lular red algae except for that from Flintiella.
Generally, the antibodies could not detect
NR from plants belonging to different divi-
sions. However some of the NR molecules
from Cryptophyta, Chromophyta, Chlorophy-
ta and higher plants were detected by one to 4
of the antibodies. it was revealed by this
study that conserved regions in eukaryotic
NRs do exist in wide variety of eukaryotic
plants.

P-16: CLASS II ALDOLASES IN
ALGAE—A COMPARISON WITH THE
BACTERIAL ENZYMES. C. SCHNAR-
RENBERGER, W. GROSS & B. PELZER-
REITH (INSTITUTE OF PLANT PHYSI-
OLOGY AND MICROBIOLOGY, FREE
UNIVERSITY OF BERLIN, GERMANY)

Class I and class II aldolases differ in their
mode of catalysis, molecular structure, and ki-
netic properties. Class I aldolases are dis-
tributed in animals, higher plants, green
algae, some other algae and in a few bacteria.
Class II aldolases were found in fungi, some
bacteria, all cyanobacteria, in the cytosol of
Euglena gracilis and in some non-green algae.
If comparing class II aldolases from Euglena
gracilis, Cyanophora paradoxa, yeast, cyanobac-
teria and some additional algae and bacteria,
we observed that the class II aldolases of eu-
karyotes are all inhibited by 8 mM cysteine
while the activity of the bacterial enzymes is
stimulated. In contrast, 100 mM potassium
acetate increases the activity of the eukaryotic
enzymes several-fold, whereas the bacterial
enzymes are inhibited. In Cyanophora
paradoxa there are 2 class II aldolases, one in
the cytosol and one in the cyanoplasts. The
cyanoplastic enzyme is intermediate, i.e. it is
inhibited by cysteine as the eukaryotic en-
zymes, but not stimulated by potassium ions
as the bacterial enzymes. The cytosolic en-
zyme of this alga shows typical features of a
eukaryotic aldolase. The data imply that the
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eukaryotic class II aldolases have developed
their own characteristics in the evolution
of algae.

P-17: DISTRIBUTION OF THE HYS-
TERETIC PROPERTY AND THE
REGULATORY SITES IN RUBISCOS
AMONG ALGAE H. TOKAI, Y. ENO-
MOTO!, J. HAMADAZ? S. FUJIWARA3, &
A. YOKOTA (DEPT. AGRIC. CHEM.,
UNIV. OSAKA PREF., !MARINE BIOL.
STAT., KOBE UNIV., ?2DEPT. COM-
MUNITY MED., TOYAMA MED. PHAR-
MACEUT. UNIV., SFERMENT. RES.
INST., AIST.)

Plant-type RuBisCO from C; and C,
plants is a hysteretic enzyme, and the activity
decreases gradually with time for the initial
few minutes at less than 1 mM RuBP. This
type of RuBisCO has the regulatory sites to
bind RuBP and suppress the hysteretic
decrease of the activity in the presence of
more than 2mM RuBP. RuBisCO from
photosynthetic bacteria, cyanobacteria, and
microalgae does not show the hysteretic
decrease of the activity nor has the regulatory
sites. It can be inferred that an extreme in-
crease in the affinity of the enzyme for CO,
may have caused RuBisCO to have the plant-
type characteristics during evolution of the
enzyme. It is of interest to know at which
step in evolution of photosynthetic organisms
these cgaracteristics were aquired by RuBis-
CO. To this end, we analyzed the reaction
courses of RuBisCOs from Rhodophyta,
Chromophyta, and Chlorophyta.

RuBisCOs from Chara, Cyanidium, Por-
phyridium, and Gelidium were plant-type.
Ulva and Enteromorpha, which have glycolate
dehydrogenase, had the plant-type enzyme.
Chromatium, Chlamydomonas, and Euglena had
non-hysteretic RuBisCOs. RuBisCO of a
conjugate Closterium was an intermediate
of these two types. Another conjugate,
Spirogyra, contained RuBisCO that could not
be included in these two categories.

P-18: A NEW SPECIES OF NEPHROSEL-
MIS FROM THE WESTERN COAST OF

AUSTRALIA (PRASINOPHYCEAE,
CHLOROPHYTA). §. SUD4, T. OKU-
DA (NIPPON ROCHE RESEARCH CEN-
TER, JAPAN) & M.M. WATANABE
(NATL. INST. FOR ENVIRONMENTAL
STUDIES, JAPAN)

A species of Nephroselmis is described based
on observations of cultured mateiral by light
and electron microscopy. Two sand samples
were collected from Port Hedland and Hame-
rin pool, Western Australia, Australia in Oc-
tober 1991. They were kept in a cold room at
5°C until rewetted by a sea water medium.
The alga was isolated from the rewetted sam-
ples by the pipette washing method; about
twenty strains were established and examined
from each sample.

The cells were remarkably right-left flat-
tened and appeared oval to bean-shaped
when viewed from their wide side. The cell
dimensions were 6.5-8 ym long, 8-11 #m
wide, and approximately 3 gm thick. A sin-
gle parietal chloroplast was pale green to
green in color and contained a single conspicu-
ous eyespot in its edge near the base of short
flagellum. A conspicuous pyrenoid was locat-
ed at the bottom of the chloroplast with a few
starch plates. Cell devision was of the longi-
tudinal binary fission type as is common in
other species. During cultivation, the cells
became thick walled spherical cysts having a
spiny wall beneath the body scale layers.

This alga possessed four types of body
scales. Among them, the outermost layer of
long spiny scales were the most distinctive fea-
ture. These scales were approximately 1 #m
long and consisted of three parts: a basal part
consisting of at least six-spines; a middle part
that was a slightly bending stick about 40 nm
wide; and a short spiny apex bent in the direc-
tion opposite to the middle part. This type of
scale has never been described. The scale
morphology of the genus Nephroselmis is one of
its important taxonomic characters. There-
fore, the present alga is considered to be a
new species of Nephroselmas.

P-19: BUTTERSCOTCH ON THE
ROCKS: A NEW GENUS OF MARINE
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CHRYSOPHYTE WITH LARGE, SAC-
CATE COLONIES. C.S. LOBBAN (U-
NIV. OF GUAM, U.S.A), D. HONDA (U-
NIV. OF TSUKUBA, JAPAN), M. CHI-

HARA (JAPANESE RED CROSS COL-

LEGE OF NURSING, JAPAN) & M.
SCHEFTER (UNIV. OF GUAM, U.S.A)

Delicate colonies of a novel colonial alga
are abundant on reefs on Guam and other
tropical Pacific islands. This alga has
unique features including the colony morpho-
logy, the number of chloroplasts in the vegeta-
tive cells, and motile cell production through
two successive cell divisions of vegetative
cells. The motile cell possesses two unequal,
lateral flagella. These features suggest that
this alga is a new member of the order Sar-
cinochrysidales in the class Chrysophyceae.
We propose the name Chrysocystis fragilis
gen. et sp. nov.

P-20: PHYLOGENY OF THE GENUS
ROSSIELLA (BACILLARIOPHYCEAE).
Y. YANAGISAWA (GEOLOGICAL SUR-
VEY OF JAPAN, TSUKUBA, 305 JAPAN)

The diatom genus Rossiella Desikachary et
Maheshwari was investigated by light and
scanning electron microscopy to reveal its
morphology. Sixteen species are recognized,
all of which are fossil, including seven new
species and two new combinations. The ge-
nus is characterized mainly by colony forma-
tion connected by marginal ridges which are
often completely fused, as well as by a single
rimoportula in the pattern “on per cell” and
the presence of an apical pore field at each
apex. Such features clearly indicate that
the genus can be placed in the family
Cymatosiraceae Hasle, von Stosch & Syvert-
sen.

Phylogenetic relationships are reconstruct-
ed based on morphologic characters, strati-
graphic data and geographic distribution pat-
terns. Stratigraphic range of each species
was determined by examining four deep sea
cores in the equatorial Pacific and northwest
Pacific. The stratigraphic record is almost
complete, and we can determine the exact ab-
solute ages of the appearance and extinction

of each species.

The genus is composed of three major in-
trageneric groups, each of which makes an
evolutionary lineage and is well characterized
by its own distinctive features and geographi-
cal distribution patterns. The first lineage R.
symmetrica group which comprises five species
appeared at about 32 million years ago and
became extinct at 6.8 million years ago. The
second lineage R. gombosii group consisting
nine members split off from the foregoing R.
symmetrica group, and makes a long lineage
into the middle Pleistocene (ca. 0.6 million
years before present). The third lineage is
represent by R. adaroi and its related two
species. The lineage originated from the
R. gombosii group and survived to the end
of the Pliocene (ca. 1.7 million vyears
before present).

P-21: A NEW SPECIES OF
ENSICULIFERA? (DINOPHYCEAE)
PRODUCING ORGANIC CYST. .
KOBAYASHI (TOKYO KYUEI CO.,
LTD. TECHNICAL CENTER), K, MA-
TSUOKA (DEPARTMENT OF GEOLO-
GY, FACULTY OF LIBERAL ARTS,
NAGASAKI UNIVERSITY) & S. ISO
(TOKYO KYUEI CO., LTD. TECHNI-
CAL CENTER)

A new dinoflagellate is found in Imari Bay,
Kyushu, West Japan. The cysts of this spe-
cies are spherical, 23-29 ym in diameter and
produce an organic wall. The cyst surface is
covered with numerous spines, 5-7 ym long
which are randomly distributed. The mor-
phological variation of these spines are rela-
tively wide, from slender and bifurcate to
membranous and multifurcate distal extremi-
ties. The thecate forms are small and ovoid,
17-25 pm long and 14-21 ym wide. The
plate tabulation is Po, X, 4, 3a, 7", 5¢, 5,
2" and 5s. The cingulum consists of five
plates, and the Ct has a long slender needle-
like projection extending toward apex. Judg-
ing from the plate tabulation and the presence
of a long spine on the Ct, this species should
be attributable to the genus Ensiculifera. The
organic cyst of this species, however, is differ-
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ent from such other species as E. mexicana and
E. carinata producing calcareous cysts. The
evidence needs a reconsideration for a taxo-
nomical status of both the genus Ensiculifera
and the family Calciodinellaceae.

P-22: AUXOSPORE AND INITIAL
VALVE STRUCTURES OF AMPHORA
COPULATA (KUTZ.) SCHOEM. ET
ARCH. (NAVICULACEAE, BACIL-
LARIOPHYTA). T. NAGUMO (DEPT.
BIOL. NIPPON DENTAL UNIV.) & H.
KOBAYASI (TOKYO DIATOM IN-
STITUTE)

Auxospore and initial valve structures of
Amphora copulata were observed with both a
light and an electron microscope. The
materials were collected May 19, 1986 from
Nabeya-tsutsumi (a little irrigation pond), in
the vicinity of Matsumoto City, Nagano
Prefecture in Central Japan. The two auxo-
spores are formed perpendicular to apical
axes of the gametangial cells. The perizoni-
um consists of transverse and longitudinal
bands. The transverse series, of about
40 bands, is laid down centrifugally as the auxo-
spore expands and can be classified into the
primary and the secondary perizonial bands.
All bands are open hoops. The bands have
smooth margins on both sides, and overlap
one another from the center to both poles.
The longitudinal series includes 5 bands—a
wide longitudinally folded central band,
with two bands on both sides. The bands
overlap one another from the center out-
wards. The initial epivalve of the new genera-
tion is formed on the opposite side from the
longitudinal bands series. The epivalve has
no external raphe fissures on the valve face.
The initial hypovalve formed inside the lon-
gitudinal bands series has raphe fissures.
The length of the initial valves is about
2.5 times longer than that of the gametangial
valves.

P-23: ABNORMAL EXCRESCENCES
OF LITHOPHYLLUM YESSOENSE FOS-
LIE (CORALLINALES, RHODOPHY-
TA). D. FUJITA (TOYAMA PREF.

FISH. EXP. STN., JAPAN)

Lithophyllum yessoense Foslie is a perennial en-
crusting coralline species dominant of Isoyake
(urchin-dominated barren) areas along the
southwestern coast of Hokkaido, and sub-
dominant on the barren areas in Toyama
Bay. The thallus of this species is dimerous,
composed of primigenous and postigenous
cell filaments with secondary pit-connect-
ions. On the top surface of cultured plants
(at 10°C, 12: 12 LD, 500 lux, in sea water),
two types of abnormal excrescences occurred
after two months. One type is a dimerous,
leafy excrescence, very similar to a new thal-
lus regenerated from the thallus fracture pre-
viously reported by Fujita et al. (1992). The
leafy excrescence developed from vegetative
initials at the edge of dead spots as well as
on the healthy thallus surface. The other type
is a monomerous, cauliflower-like warty excres-
cence which is composed of larger cells with
few secondary pit-connections. The warty
one developed from columner cells below the
intercalary vegetative initials, including cells
at the bottom of empty conceptacles.

P-24: FLAGELLAR PRODUCTION IN
VOLVOX (VOLVOCACEAE, CHLO-
ROPHYTA). H. NOZAKI (NAT. INST.
ENVIRONMENTAL STUDIES, JAPAN)
Flagellar production during daughter
colony formation in four sections of Volvox
was observed by light microscopy. The four
Volvox taxa exhibited essentially the same
mode of flagellar production. Just after inver-
sion or in the later stage of inversion, each pro-
toplast of the embryo bore two short flagella
at the anterior end. The two flagella were at
first nearly equal in length. Later, however,
they became markedly different in length.
When a new gelatinous matrix was secreted
around the daughter colony, the longer flagel-
lum projected through the matrix whereas
the shorter one was almost embedded within
the matrix. Therefore, cells of the newly
formed daughter colony were uniflagellate
apparently. As the daughter colony grew,
however, the two flagella became equal in
length. In addition, two flagella of markedly
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different length in the newly formed daughter
colony were examined by electron microscopy
for V. (sect. Volvox) rousseletii. Such differen-
tial flagellar production has been reported in
the volvocacean genera, Yamagishiella, Eudo-
rina, Platydorina and Pleodorina. However,
differential flagellar elongation in the Gonia-
ceae (Gonium and Astrephomene) differs from
that of these volvocacean genera in that only
one flagellum at first grows in each protoplast
of the newly formed colony. Phylogenetic
relationships within the colonial Volvocales
are discussed, with special regard to the flagel-
lar production.

P-25: PARTICIPATTON OF CALCIUM
IN THE LIBERATING SIGNAL OF
DAUGHTER CELLS IN THE VEGETA-
TIVE CELL CYCLE OF CHLAMYDO-
MONAS REINHARDTII (VOLVOCALES,

CHLOROPHYTA). T. SHIMADA & Y.
MATSUDA  (KOBE  UNIVERSITY,
JAPAN)

In synchronously growing cultures of
Chlamydomonas reinhardtii, cells grow during the
light period, undergo mitosis and cytokinesis
in the dark, and produce 4-16 daughter cells
within the original mother cell wall. Upon
completion of division, each daughter cell ass-
embles a new wall and then hatches by break-
ing off the enclosing mother cell wall. This
hatching is mediated by a vegetative cell lytic
enzyme (VLE). Our recent studies revealed
that VLE is a tryptic serine protease with the
apparent molecular mass of 120 kDa. Fur-
thermore, this enzyme was found to be stored
as an inactive, higher molecular mass precur-
sor (125 kDa) within the newly formed cells
and activated at the time of secretion.

To investigate the signalling agents related
to the daughter cell liberation, mature sporan-
gia were treated with various chemicals and
examined their promotion or inhibition on
hatching. The hatching was completely in-
hibited by the addtion of EDTA and EGTA.
Ba?*, procain, and diltiazem also blocked the
hatching. By contrast, addtion of Ca?* and
A23187, a calcium ionophore, promoted the
hatching. These results indicated that Ca?*

may play an important role in the liberating
signal of daughter cells in C. reinhardtii.

P-26: FLUORESCENCE AND IMMUNO-
ELECTRON MICROSCOPIC OB-
SERVATION ON BEHAVIOUR OF
CHLOROPLAST NUCLEOIDS IN THE
PYRENOID OF STICHOCOCCUS BACIL-
LARIS (CHLOROPHYTA). Y. KATA-
HIR4, S. MIYAMURA (UNIV. OF
TSUKUBA, JAPAN), T. NAKANO
(HIROSHIMA UNIV., JAPAN) & T.
HORI (UNIV. OF TSUKUBA, JAPAN)

The cell of a green alga, Stichococcus bacil-
laris, contains a chloroplast with pyrenoid
which is embedded in the matrix of chloro-
plast. Fluorescence microscopic observation
on whole-mounted chloroplast after staining
with DAPI suggested that nucleoid-DNA
localizes only in the pyrenoid region. But,
immunoelectron microscopy of ultrathin sec-
tions and fluorescence microscopy of sections
of materials embedded in Technovite resin
show a number of small patches of DNA in
the pyrenoid region. Through binary fission
of a chloroplast and pyrenoid these DNA
patches are distributed into the daughter
chloroplasts and pyrenoids.

P-27: CHLOROPLAST-DNA IN PIN-
NULARIA (NAVICULACEAE, BACILLARI-
OPHYCEAE). S. MAYAMA & 1. SHI-
HIRA-ISHIKAWA (TOKYO GAKUGEI
UNIVERSITY, JAPAN)

Chloroplast-DNA in diatoms reported by
Kuroiwa et al. (1981) and Coleman (1985) is
arranged in ring shape around the chloroplast
as it is in other chromophyta algae. In the
present study, we stained eight Pinnularia
species with DAPI and observed localization
of the chloroplast-DNA. In P. macilenta, P.
rupestris, P. divergens var. divergens, P. bogotensis
and P. microstauron, the arrangement of the
chloroplast-DNA is in the ring shape.
However, DAPI-fluorescent dots are evenly
distributed throughout the chloroplast in P.
viridis, P. divergens var. bacillaris and P. sundaen-
sis. These dots disappear after DNase treat-
ment. TEM observation shows no invagina-
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tion of mitochondrion into the chloroplast.
The mitochondria are observed only outside
of the chloroplast, nemaly, transversely in
the alveola of the valve and longitudinally
beneath the chloroplast. Therefore, these
fluorescent dots are confirmed to be the chlo-
roplast-DNA. The discreet areas of the
thylakoids are seen in the cross sections of the
chloroplast. These areas seem to correspond
with the DNA sites observed by DAPI-stain-
ing. Since the dots of the chloroplast-DNA
are always observed in P. viridis, P. divergens
var. bacillaris and P. sundaensis regardless of
season or locality, they seem to be a useful
taxonomic criterion.

P-28: PHYLOGENY OF THE
PRASINOPHYCEAE BASED ON THE
18SrDNA SEQUENCE DATA. T.
NAKAYAMA & 1. INOUYE (UNIV. OF
TSUKUBA, JAPAN)

To estimate phylogenetic relationships of the
Prasinophyceae that has been thought to be
the most primitive group and ancestral stock
of the Chlorobionta, complete sequences of
the 18SrDNA were determined and analyzed
for six prasinophycean algae: five pyra-
mimonadalean species (Pterosperma cristatum,
Cymbomonas tetramitiformis, Halosphaera sp.,
Pyramimonas parkeae and Pyramimonas dis-
omata) and one species from the Mamiellales,
Mamiella bipyrenoidosa nom. nud. (Inouye un-
publ.). This analysis indicates that Mamzella
diverged first among these six genera and sup-
ports the recent classification proposed based
on ultrastructural features. It turns out that
Mamiella can be treated as an outgroup on
analyzing phylogeny of the Pyramimona-
dales. The analysis of data sets to which
other chlorobionts are incorporated suggests
the monophyly of the Pyramimonadales.
The monophyly of the pyramimonadalean
algae is inconsistent with the suggestion from
some morphological data.

P-29: BIODEGRADATION OF CYANO-
BACTERIAL TOXIN MICROCYSTIN
LR. G.J JONES, P.T. ORR (CSIRO
DIV. OF WATER RESOURCES, AUST-

RALIA), D.G. BOURNE, A. JONES,
H. DOELLE & R.L. BLAKELEY
(UNVERSITY OF QUEENSLAND,
AUSTRALIA)

During the past three years, we have under-
taken a study of the persistence and biodegra-
dation of the cyanobacterial cyclic heptapep-
tide toxin microcystin LR. Microcystin LR
was found to be extremely persistent in air
dried cell scums and in pure water.
However, in surface waters microcystin un-
dergoes biodegradation following an induc-
tion phase that may last up to three weeks or
longer. We have isolated a strain of aquatic
bacterium from local river water that de-
grades microcystin LR. The bacterium is a
yellow-pigmented, non-spore forming, gram-
negative rod, 2-5 #m in length and 0.5-1 ym
in width. API and Biolog tests failed to give
satisfactory identification of this strain,
although it is most likely a Pseudomonas sp.
Degradation appears to involve a number of
enzymes which act sequentially to first hydro-
lyse the intact cyclic peptide to form
linearised microcystin LR. This is then
broken down to smaller peptides and compo-
nent amino acids. These enzymes are
produced constituitively when the strain is
grown on PYE media. To date, two inter-
mediate degradation products have been
chemically characterised and identified—liner
microcystin LR (MW 1012) and the tetrapep-
tide ADDA-Glu-Mdha-Ala (MW 614). The
toxicity of these breakdown products has low
(LDjgo>250 p1g/kg mouse) compared with
the parent toxin microcystin LR (LD;g 50-
60 pxg/kg mouse). We are now working to
clone the gene regulating the key microcystin
hydrolase enzyme.

P-30: GROWTH CHARACTERISTICS
OF A NEW MARINE CHLOROCOCCUM
SP. N. KURANO, M. KODAMA, M. CHI-
HARA AND S. MIYACHI (KAMAISHI
LAB., MARINE BIOTECHNOLOGY IN-
STITUTE, JAPAN)

A new species of green alga, Chlorococcum
dorsiventrale, was isolated from the western
Pacific Ocean. C. dorsiventrale differed from
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C. littorale) in its zoospore shape, however,
both species showed high growth capability
under extremely high CO; concentrations (up
to 60 to 70%), and could grow quite densely
(about 4g dry wt/l) at 20% CO,. These
characteristics meet the requirement for the
biological CO, fixation at sites of industrial
emission, since its CO, concentration is ex-
tremely high. The only marine species of
the genus Chlorococcum previously reported?,
C. submarinum, was a highly salinity-tolerant
unicellular green alga®, however, it could not
grow at COj; concentrations higher than
10%. The effects of other culture conditions
on the growth of these strains were also stu-
died.

This work was supported by New Energy
and Industrial Technology Development
Organization (NEDO).

1) M. Kodama, et al., A new species of highly CO,-
tolerant fast-growing marine microalga suitable for
high-density culture, J. Mar. Biotechnol., 1, 21-25
(1993).

2) J. R. Blackwell, et al., The morphology and tax-
onomy of Chlorococcum submarinum (Chlorococcales)
isolated from a tidal rockpool, Br. Phycol. J., 26,
133-139 (1991).

3) J. R. Blackwell and D. J. Gilmour, Stress tolerance
of tidal pool Chlorophyte, Chlorococcum submarinum,
Br. Phycol. J. 26, 141-147 (1991).

P-31: HIGH-LEVEL EXPRESSION OF
HUMAN SUPEROXIDE DISMUTASE
IN ANACYSTIS NIDULANS 6301 (CHRO-
OCOCCALES, CYANOPHYTA). Y.
TAKESHIMA, N. TAKATSUGU, H.
INOUE & H. HAGIWARA (HAGIWARA
INST. OF HEALTH, JAPAN)

The chemically synthesized gene encoding
human CuZn-superoxide dismutase (h-SOD)
was expressed in 4. nidulans 6301 (Synechococ-
cus strain PCC6301) under the control of ribu-
lose-1,5-bisphosphate carboxirase/oxigenase
(RuBisCO) promoter derived from A. nidu-
lans 6301. To investigate the optimal expres-
sion of h-SOD gene, five expression cassettes
having different sequences and base number
between ribosomal binding site and transla-
tional initiation site (ATG) were cons-
tructed. These expression cassettes were in-

troduced into the shuttle clonig vector,
pBAX18, for A. nidulans and Escherichia coli.

The expression vectors were stably main-
tained in A. nidulans 6301 cells. The se-
quences around 5 end of h-SOD gene and
length of ribosomal binding site to ATG
strongly affected the expression levels of h-
SOD gene in A. nidulans cells. By means of
irradiation of the light, h-SOD expression
levels of the transformants increased more
than 18-hold. Consequently, the expression
levels of the protein reached value of about
3% of total soluble protein. The transfor-
mants expressed h-SOD extenuated photo-
oxidative damage induced by methyl viologen.

P-32: SIMPLE CULTIVATION ME-
THOD FOR GRATELOUPIA (HALY-
MENIACEAE, RHODOPHYTA) SPECIES
BY REGENERATION OF CRUSTS
AND THALLI. M. IIMA (FAC. OF
FISHERIES, NAGASAKI UNIV. JAPAN),
S. KAWAGUCHI (FAC. OF AGRICUL-
TURE, KYUSHU UNIV. JAPAN) & S.
MIGITA (KUMAMOTO PREFECTUR-
AL FISHERIES RESEARCH CENTER,
JAPAN)

A simple cultivation method established in
the laboratory for four Grateloupia species, G.
flicing, G. turuturu, G. acuminata and G. kurogi,
has been tested in the sea and found success-
ful.

Released spores of these species develop
into basal crusts and these crusts in turn
produce erect thalli. In our experiment, the
crusts and the erect thalli were cut into pieces
with a razor blade, and the fragments were in-
oculated into a petri-dish. The fragments of
basal crusts soon regenerated into new crusts,
and those of erect thalli formed filamentous
cells (G. acuminata) or new blade (G. kurogii).
This process could be repeated throughout
the year. Filamentous cells may be utilized
for stock culture.

For cultivation in the sea, the fragments of
crusts were inoculated on oyster shells (G.
flicina, G. turuturu and G. acuminata) and syn-
thetic twines of Nori-net (G. filicina and G.
turuturu) and cultured for about one month.
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As the regenerated blades of G. kurogii did not
attach to the above-mentioned substrata, they
were directly inserted into the twines. The
oyster shells and the twines with regenerated
plants were transferred into the sea from
October to December. Many erect thalli
developed and grew well into the same or a
slightly bigger size than natural plants during
a cold season of the year (from December
to March).

P-33: DOCOSAHEXAENOIC ACID
PRODUCTION BY THE MARINE
UNICELLULAR ALGA ISOCHRYSIS
GALBANA USING A PHOTOBIOREACT-
OR. ]J.G. BURGESS, K. IWAMOTO, K.
SODE AND T. MATSUNAGA (TOKYO
UNIVERSITY OF AGRICULTURE AND
TECHNOLOGY, JAPAN)

We are interested in the production of use-
ful chemicals from marine microalgae. In
this study we have focused on the production
of marine microalgae as an alternative source
of docosahexaenoic acid (DHA). DHA and
other omega-3 fatty acids are important fac-
tors in the prevention of several human dis-
eases. The traditional dietary source of these
substance has been from fish oils. However
the fatty acids originate in the marine mi-
crobes upon which the fish feed. We have
screened eight species of marine microalga for
their ability to produce an important fatty
acid, DHA. Isochrysis galbana UTEX LB
2307 which produced DHA in the highest
quentities (5.4 mg/g), was grown in a new
type of closed photobioreactor in which
efficient light distribution was achieved using
light-diffusing optical fibers. Optimum tem-
perature, light intensity and pH for DHA
production were established. The maximum
yeild obtained for DHA production was
5.2mg/L. This amount was 2.4 fold greater
than that obtained using conventional culture
methods. In addition, we found that the
DHA content could be enhanced by low tem-
perature and dark incubation of the culture
after growth.

P-34: CONTINUOUS PRODUCTION

OF EXTRACELLULAR COCCOLITH
PARTICLES BY THE COCCOLI-
THOPHORID ALGA PLEUROCHRYSIS
CARTERAE. H. TAKANO? J. JEON!,
E. MANABE?, M. OKAZAKI®* AND T.
MATSUNAGA! (‘TOKYO UNIVERSITY
OF AGRICULTURE AND TECHNO-
LOGY, 2ONODA CEMENT CO., LTD.,
STOKYO GAKUGEI UNIVERSITY)

Coccolithophorid algae are capable of CO,
fixation by both photosynthesis and calcifica-
tion. They produce elaborate calcite struc-
tures, coccoliths, which form calcified shells
around the cell. Coccolith particles have
potential commercial applications.

Continuous production of coccoliths was
carried out by continuously recovering them
from the growth medium using a nylon mesh
module installed in the medium circulation
line. The nylon mesh module, a cross-flow
filtration unit, was constructed from two
halves of a perspex rectangular box clamped
together and separated by a nylon mesh mem-
brane (pore size 5 ygm). The culture was cir-
culated using a roller pump at flow rate of
800 mL/min. Culture medium containing
calcite particles was removed at a rate of
100 mL/h. Re-supply of fresh medium was
carried out under constant volume condi-
tions. During continuous culture, coccolith
particles are detached from the cell surfaces
by optimized air-bubbling. = Optimum
productivity of ultra-fine coccolith particles
was 18 mg/L/day. These results demon-
strate the potential of a continuous system for
coccolith particle production.

P-35: 2C LEVEL OF DNA CONTENT
IN VEGETATIVE CELLS OF SEVERAL
CONJUGATOPHYCEAE (CHLOROPHY-
TA). J. HAMADA (TOYAMA MEDICAL
AND PHARMACEUTICAL UNIVERSI-
TY, JAPAN) & T. BANDO (KYOTO
UNIVERSITY OF EDUCATION, JAPAN)

The measurement of the DNA content
(DN-C) by epifluorescence microspectro-
photometry after DNA specific dye, 46-
diamidino-2-phenylindol staining was carried
out for the vegetative and gamete cells of Netri-
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um digitus, Spirogyra sp. and Zygnema sp. In
these algae, the gametes were able to be dis-
tinguished from the vegetative cells from their
size, morphology or the location. In N. digi-
tus, the mean DN-C of just divided vegetative
cells were 2.02C, if that of gametes was postu-
lated to be 1C. The DN-C of vegetative cells
in an exponential phase was 2.68C as a mean,
suggesting that it was not 1C level (1C to 2C
of DN-C), but 2C level (2C to 4C). In
Spirogyra, the DN-C of just divided vegeta-
tive cells in exponentially growing cell popula-
tion were 1.99C, and the longer size vegeta-
tive cells were 2.59C, suggesting 2C level. In
Zygnema, the DN-C of the vegetative cells in
exponentially growing population was
2.93C. These results were coincided with the
results obtained in the life cycle of Closterium
ehrenbergii (Hamada et al 1985, Hamada
1987), where the DN-C of the vegetative cells
was not at the 1C level, but 2C level. It also
indicates that in Conjugatophyceae, the
gametogenesis is the stage where DN-C is
reduced by half other than meiosis. In other
eight species of Conjugatophyceae, poly-
ploidy or polygenomy was suggested from the
survival curve after the irradiation of y-rays
and/or B neutron captured beams (more
than 70% is a-particles).

P-36: A FLUOROMETRIC METHOD
FOR DETECTING CYANOBACTERIA
INVIVO. T.Y LEE,T. TAKEUCHI, K.
YOKOYAMA, E. TAMIYA, I. KARUBE
(RCAST, UNIVERSITY OF TOKYO,
JAPAN) & M. TSUZUKI (IMCB,
UNIVERSITY OF TOKYO)

A novel method for measuring the concen-
tration of cyanobacteria in phytoplankton
water samples has been developed. Phyco-
cyanin, an antenna pigment of cyanobacteria,
was excited by a selected wavelength and its
fluorescence was detected. The measure-
ment was interfered when eucaryotic algae
such as diatoms and green algae were present
in the sample. Therefore, chlorophyll a
fluorescence was also detected, in order to cor-
rect the results. A linear relationship be-
tween the cell concentration and the fluore-

scence intensity was obtained in the range of
0.001 to 10 pg phycocyanin/ml for Microcystis
aeruginosa, Phormidinium tenue, Anabaena cylin-
drica and Spirulina plentensis.

P-37: A TRIAL FOR CONSTRUCTION
OF NEW HYDROGEN PRODUCTION
SYSTEM USING CYANOBACTERIA.
J. YAMADA, TAKAYUKI HOSHINO
(UNIV. TSUKUBA), H. NAGAI, M.
SHIRAI (UNIV. IBARAKI), M. MIYAKE
AND Y. ASADA (NATL. INST. BIOSCI.
& HUMAN-TECHNOL.)

Hydrogen production by cyanobacteria
and algae have been extensively studied. In
these microorganisms, light energy is convert-
ed to biochemical energy, and transported to
hydrogen producing enzyme, hydrogenase or
nitrogenase. However, the energy transport
sometimes involves degradation of carbohy-
drates photosynthetically produced, which
reduces the conversion efficiency.

We are trying to construct sustainable and
efficient hydrogen production system which is
directly dependent on the light energy conver-
sion process. Here, we would like to show i)
hydrogen production by coupling of ferredox-
in fraction of cyanobacteria with clostridial
hydrogenase fraction, ii) light-dependent
hydrogen production by cyanobacteria (Syn-
echococcus  sp.) introduced with clostridial
hydrogenase fraction by electroporation, and
iii) some genetic transformation systems to
breed cyanobacteria to harbor clostridial
hydrogenase.

P-38: DNA VARIATION IN THE
CYANOBIONT OF CYCAS REVOLUTA
THUNB. (CYCADACEAE) CORALLOID
ROOTS. F. BRANDIZZI, M. GRILLI
CAIOLA (DEP. BIOLOGY, UNIV. “TOR
VERGATA”, ROME, ITALY), H.
NAGASHIMA (DEP. BIOLOGY,
SCIENCE UNIV. TOKYO, JAPAN)

In the Cycas revoluta coralloid roots the
cyanobiont shows a high variation in the hetero-
cyst morphology and developing status. At
the growing tip, heterocysts are in low num-
ber, healthy and nitrogen fixing. At the ba-
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sis, the number of heterocysts increases and
most of them are degenerating or dead.

A study has been carried out to verify the
DNA variation in vegetative cells and hetero-
cysts in the different segments of the coral-
loids. Acridine Orange (AO), a specific
fluorochrome staining for total DNA, permit-
ted to verify a thick nucleoid in the middle of
the vegetative cells forming globular struc-
tures homogeneously fluorescent while the
heterocysts showed a diffuse fluorescence
with the exception of the polar globes. The
amount of the total DNA of intact heterocysts
appeared higher than the one of the vegetative
cells. Moreover, the amount of DNA of the
healty heterocysts was constant in all coralloid
root parts while the one of the vegetative cells
presented an increase at the basis. The stain-
ing with the fluorochrome DAPI, specific to
evidence A+ T bases, showed higher intensi-
ty of fluorescence in the vegetative cells com-
pared to the heterocysts. The heterocysts
presented a high loss of DNA during the de-
generating phases but the degenerated ones
did not present a total loss.

Results suggest a possibility of germina-
tion in heterocysts, whereas the DNA in-
crease in the vegetative cells of the oldest parts
of the coralloid indicates a probable differenti-
ation of vegetative cells into quiescent forms
as akinetes.

P-39: SECONDARY CAROTENOIDS
IN HAEMATOCOCCUS LACUSTRIS (VOL-
VOCALES, CHLOROPHYTA). C. HA-
GEN & W. BRAUNE (UNIV. OF JENA,
GERMANY)

Research-workers have become increasing-
ly interested in studies on the synthesis of
secondary carotenoids (SC) in several organ-
isms. This might be due to rising commer-
cial application of ‘algal carotenoids’ in food
industry and as cancer chemopreventive
agents in medicine.

The extrachloroplastic accumulation of
astaxanthin (mostly esterified), canthaxan-
thin, echinenone and other minor xan-
thophylls in lipid vacuoles of H. lacustris ac-
companies aging processes of aplanospores

during formation of resting states. Main fac-
tors accelerating biosynthesis of SC are stron-
ger light and limitation of nutrients, in par-
ticular of nitrogen sources.

The ability to synthesize SC has often been
found in algae living under extreme condi-
tions. The corresponding habitats are charac-
terized by rapid variations of abiotic factors
and excessive insolation. Apart from forma-
tion of resting cells, protection against ‘bleach-
ing’ by stronger light is of special importance
in these habitats.

To investigate a photoprotective function
of SC, several in vivo techniques were applied
to cell suspensions and single cells of different
developmental stages of H. lacustris contain-
ing different amounts of SC. Results allow to
summarize: The main function of SC in H.
lacustris is protection against primary and
secondary injuries induced by excessive insola-
tion.

P-40: FUNCTIONAL ROLES OF THE
HAPTONEMA AND SPINE SCALES IN
FEEDING PROCESS OF CHRYSO-
CHROMULINA SPINIFERA. M. KAWACHI
& I. INOUYE (UNIVERSITY OF
TSUKUBA, JAPAN)

Chrysochromulina spinifera represents a new
type of feeding process .1) Food particles ad-
here to the spine scales. 2) They move to the
haptonemal base and are finally translocated
toits tip. 3) Then, an aggregate of food parti-
cles is formed there. 4) The aggregate is
transported to the surface by haptonemal
bend. 5) The aggregate is taken into the food
vacuole by phagocytosis. Haptonemal func-
tions of C. spinifera are basically the same as
those of C. hirta regarding aggregate forma-
tion and its transportation, but the food cap-
turing proceeds in different way, viz., only the
spine scales are responsible for food captur-
ing. The location of particle aggregating cen-
ter is also different between the two species.

The haptonema bends into the fixed direc-
tion during food transportation, passing be-
tween two flagella, moving along the long
fiagellum, and reaches to a particular area of
the cell where phagocytosis occurs. Light
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and electron microscopic observations indi-
cate that the left flagellum corresponds to the
long flagellum, and the food vacuole is always
situated some distance bellow it. It is there-
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fore concluded that haptonemal behaviour is
constant and closely related to the absolute
configuration of intracellular organelles.

Special Program for the 20th Anniversary of
University of Tsukuba

ALLOZYME DIVERGENCE OF
MICROCYSTIS STRAINS FROM LAKE
KASUMIGAURA. 7. KATO AND M.

As a part of a molecular-taxonomic revi-
sion of the genus Microcystis (Cyanophyceae),
allozyme genotypes at four enzyme loci

WATANABE (NATIONAL SCIENCE (IDH, 6PGD, PGI, PGM) were investigated
MUSEUM) electrophoretically on a total of 168 strains
Taxa Cell Colony Toxicity Genotype
M. aeruginosa S1-type small polymorphic untoxic polytypic
M. aeruginosa S2-type small polymorphic toxic polytypic
M. aeruginosa L-type large clathrate toxic polytypic
M. viridis large cubic toxic monotypic
M. wesenbergii large pouched untoxic monotypic

originated from 43 waters in Japan. The ob-
tained data were statistically analyzed accord-
ing to KATO & DOI’s Minimum Replace-
ment Method. As a result, it was revealed
that the Japanese strains of Microcystis could
be classified into five genetic types. This
typification is well endorsed, as being shown
in the table, by some morphological charac-
teristics (e.g. average cell size, colony form)
and toxicity (composition of three cyclic hep-
tapeptide toxins, microcystins-RR, YR and
LR). Based on this evidence, we strongly
suggest that the five genetic types of Microcys-
tis should be regarded as different taxonomic
entities.

Massive growth of Microcystis (so-called
AOKO) at Lake Kasumigaura has recently
given rise to severe problems in aquatic en-
vironments and drinking water manage-
ment. For the purpose of promoting further
scientific researches and serving for public
health, it is now needed to elucidate: (1)
which genotypes of Microcystis strain inhabit
at the lake, (2) whether or not the genotype
composition changes seasonally.

Standing this point of view, we started a
molecular-phenological study of Microcystis at

Lake Kasumigaura. The results obtained

since 1991 are summarized as follows.

(1) The  Microcystis  flora  of  Lake
Kasumigaura contains at least six differ-
ent genotypes of M. aeruginosa, in addi-
tion to M. viridis and M. wesenbergii.

(2) Among the six genotypes of M. aeruginosa,
two are attributed to S1-type (untoxic),
one to S2-type (slightly toxic) and the
other three to L-type (highly toxic).

(3) Genotype composition of the Microcystis
strains changed in a year, both in 1991
and 1992. However, the patterns of
seasonal change are not consistent be-
tween the two years.

In the present paper, I would like to discuss
about these results with special reference to
the toxicity of water-blooms at Lake
Kasumigaura.

MICROCYSTINS, POTENT HAEPATO-
TOXINS PRODUCED BY FRESH-
WATER CYANOBACTERIA OF MICRO-
CYSTIS SPECIES. T KUSUMI (FA-
CULTY OF PHARMACEUTICAL SCI-
ENCES, TOKUSHIMA UNIVERSITY,
JAPAN)
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The occurrence of water blooms of
cyanobacterium (blue-green alga) Microcystis
in water bodies for public use is becoming a
serious problem on the water management
and public health, because some causative spe-
cies are reported to produce toxins. The tox-
ins, potent haepatotoxins, are designated
microcystins, and they have been revealed to
be strong promoters of liver cancer.

The chemistry and biological aspects of
these toxins are discussed in this presenta-
tion.
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BDELLOVIBRIO FEEDING MICROCYSTIS
(CHROOCOCCALES, CYANOPHYTA).
M. GRILLI CAIOLA (DEP. BIOLOGY,
UNIV. “TOR VERGATA”, ROME, ITA-
LY) & S. PELLEGRINI (DEP. BIOLOGY,
UNIV. MILAN, ITALY)

During water blooms in Lake Varese many
cells of Microcystis aeruginosa (Kiitz) Kiitz. con-
tained in their periplasmic space Bdellovibrio
cells in different developmental stages. The
behaviour of Bdellovibrio sp. was very similar
to that reported for Bdellovibrio bacteriovorus
Stolp et Starr in Escherichia coli.

Bdellovibrio sp. was isolated from water of
Lake Varese and its morphology, developmen-
tal cycle and activity were compared to Bdel-
lovibrio bacteriovorus Stolp et Starr strain 7082
CIP.

Parasitic activity against Microcystis of both
the Bdellovibrio strains was assayed on differ-
ent Microcystis species in cultures.

The Microcystis cultures inoculated with
Bdellovibrio were then collected after differ-
ent time from inoculation and prepared for
the TEM observations. Various cytochemi-
cal reactions were made to localize different
compounds and to ascertain the metabolic
relations between the prey and its parasite.

The results indicate that only M. aeruginosa
was penetrated and lysed by Bdellovibrio and
in lower percentage than in the natural popu-
lations. No differences have been detected
among the Bdellovibrio strains. Developmen-
tal stages of Bdellovibrio in cultured Microcystis
aeruginosa were similar to those observed in
natural populations.
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