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Odonthalia kawabatae sp. nov. (Rhodophyta, Rhodomelaceae)
from the Kurile Islands®

Michio MAsUDA

Depertment of Boteny, Feculty of Science, Hokkaido University,
Sepporo, 060 Jepen

Masubpa, M. 1981. Odonthelia kawabetce. sp. nov. (Rhcdophyta, Rhodomelaceae) from
the Kurile Islands. Jap. J. Phycol. 29: 151-156.

A new species of Odonthelia, O. kawabatae Masupa sp. nov. is described based on
material collected from Shikotan Island, southern Kuriles. This alga is characterized by
having narrow branches, midribs and broadly ovoid cystocarps with wide ostioles, and by a
corymbose arrangement of cystocarps. A synoptical key is given for the species of Odon-

thelic with conspicuous midribs.

Key Index Words: Odonthalia kawabatae; Odonthalia lyallii; Rhodomelccece ;

Rhodophyta ; tcxonomy.

KAwWABATA (1936) reported Odonthalia
{yallii (HARVEY) J. AGARDH from Shikotan
Island, southern Kurile Islands. His voucher
specimens preserved in the Herbarium of
Faculty of Science, Hokkaido University,
Sapporo (SAP) differ from genuine Odon-
thalia lyallii in several respects and are also
distinguished from the other known species
of this genus. Furthermore, the same alga
was found in NAGAI's collection of algae
from the Kurile Islands deposited in the
Herbarium of Plant Pathology, Faculty of
Agriculture, Hokkaido University, Sapporo
(SAPA). The alga in question is described
below as a new species, Odonthalia kawa-
batae.

Odonthalia kawabatae MASUDA, sp. nov.

Thalli plures erecti e disco basali communi
effecti, omnino monopodiales, alterne-distiche
ramosi (Figs. 2, 3), usque ad 10 cm in altitu-
dine, specimen exsiccatum in colore atroru-

1) This study was supported in part by a Grant-
in-Aid for Scientific Research No. 374218 from
the Ministry of Education, Science and Culture,
Japan. i

brum et chartae adhaerens; axis principalis
fere teres supra discum basalem et 600-800
pm in diametro, statim comprescens, ex-
tensus 1800-2300 ym latitudinem maximam
ad partem mediam, costis solum ad partem
infernam, ramis lateralibus in ramos sensim
breviores usque ad 6-7 ordines divisis; rami
laterales infra simplices, sed supra ramosi,
costis solum ad partem infernam ramorum
ordinis primarii in parte costata axis princi-
palis portati (Figs. 4, 5); rami adventitii
interdum in partibus infernis ad mediam
axis principalis portati (Figs. 9, 10); costae
primum in latus unum (Fig. 4) et demum
utrinque crescentes (Fig. 5); ramuli pro-
carpiferi polysiphonii, breves (Figs. 11, 12);
cystocarpia in parte summa ramorum por-
tata, corymbosa (Fig. 6), late ovoidea (Figs.
13-18), ostiolis latis (250-500 #m in diametro),
600-950 ym in longitudine et 600-950 ym in
diametro, plerumque calcaribus (50-400 gm
in longitudine); stichidia tetrasporangifera
in parte summa ramorum portata, fasciculata
(Fig. 7), leviter compressa, ad partem proxi-
malem attenuata, 750-2300 #m in longitudine,
200-270 pm in diametro et 140-170 ym in
crassitie; tetrasporangia in series longitu-
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Fig. 1. Map of Kurile Islands, showing the four islands where the
specimens of Odonthalia kawebatae was collected.

dinales duas (Fig. 8) ad 7-19 segmenta suc-
cessiva stichidiorum formata, omnino cellulis
obtectis duabus in latere instructa (Fig. 19),
100-120 pm X 100-130 pm, tetraedrice divisa;
plantae spermatangiferae ignotae.

Holotypus: Specimen cystocarpiis (Fig. 2)
ex insula Shikotan insularum Kurilensium
australium lectum (SAP 15509A).

Several erect thalli issuing from a com-
mon basal disc, each thallus monopodial,
alternate-distichously branched (Figs. 2, 3),
up to 10cm in height; dried specimen dark
red in color and adhering to paper; main
axis almost terete above the basal disc and
600-800 #m in diameter, becoming immedi-
ately compressed, reaching a maximum
breadth of 1800-2300 ym at the middle por-

tion, with midribs only at the lower portion,
with lateral branches divided into progres-
sively shorter branches up to 6-7 orders;
lateral branches simple below, but branched
above, with midribs only at the lower por-
tion of the first order branches borne on
the costate portion of the main axis (Figs.
4, 5) ; adventitious branches sometimes borne
on the lower to middle portions of the main
axis (Figs. 9, 10); midribs appearing first on
one side (Fig. 4) and later on both the sides
(Fig. 5); procarp-bearing branchlets poly-
siphonous, short (Figs. 11, 12); cystocarps
borne on the uppermost portion of branches,
corymbose (Fig. 6), broadly ovoid (Figs. 13-
18), with wide ostioles (250-500 ym in dia-
meter), 600-950 ym in length and 600-950 x#m
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Figs. 2-3. Odonthalia kawabatae. 2. Hol-
otype specimen collected from Shikotan Island
(cystocarpic, SAP 15509A) ; 3. Tetrasporan-
gial specimens collected from Paramshir Island
(SAPA).

in diameter, usually with calcars (50-400 p#m
in length); tetrasporangial stichidia borne
on the uppermost portion of branches, fasci-
culate (Fig. 7), slightly compressed, attenu-
ated to the proximal portion, 750-2300 xm
in length, 200-270 gm in diameter and 140-
170 p#m in thickness; tetrasporangia formed
in two longitudinal rows (Fig. 8) on 7-19
successive segments of the stichidia, each
provided with two cover cells on the flank
side (Fig. 19), 100-120 ¢mX100-130 gm, di-
vided tetrahedrally; spermatangial plants

unknown.

Holotype: Cystocarpic specimen (Fig. 2)
collected from Shikotan Island, southern
Kuriles, in July 1933 by S. KAWABATA (SAP
15509A).

Additional specimens examined: Cysto-
carpic specimens collected from Shimshir
Isl, middle Kuriles, by M. NAGAI (Naga:
1733, date not described, SAPA) and from
Etorof (Iturup) Isl., southern Kuriles, on July
17, 1934 by M. NAGAI (Naga: 4161-4165,
SAPA); tetrasporangial specimens collected
from Paramshir Isl., northern Kuriles, on
July 20, 1932 (Fig. 3) by M. NAGAI (SAPA),
from Etorof Isl. on July 17, 1934 by M.
NAGAI (Naga: 4160, SAPA) and from Shi-
kotan Isl. in July 1933 by S. KAWABATA
(SAP 15509, 15511, 22824). These islands
are shown in Fig. 1.

Japanese name:
(nom. nov.)

Sikotan-nokogirihiba

The specific epithet kawabatae is dedicated
to Dr. Seisaku KAWABATA who made the
type collection of this species from Shikotan
Island. According to KAWABATA (1936),
this alga grows on rocks in the upper to
middle intertidal zone. The description
given above is based on materials collected
from Shikotan Island. Other specimens
gathered from Etorof Isl., Shimshir Isl. and
Paramshir Isl. are similar in every respect
to those from Shikotan Island. The dis-
tinction of this alga from other Odonthalia
species is summarized below.

At present ten species are ascribed to the
genus Odonthalia.® These species can be
divided into two groups on the basis of the
nature of midribs. One group is charac-
terized by conspicuously developed midribs.
These include O. dentata (LINNAEUS) LYNG-
BYE, O. lyallii (HARVEY) J. AGARDH, O.
ochotensis (RUPRECHT) J. AGARDH, O. kamts-
chatica (RUPRECHT) J. AGARDH, O. setacea
(RUPRECHT) PERESTENKO and O. washing-

1) Odonthalia teres PERESTENKO should be trans-
ferred to Rhodomela on account of the spiral
branching and the presence of trichoblasts
(MasubpA, unpublished).
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Figs. 4-8. Odonthalia kewebetae. 4, 5.

Cross section of the lower portion of a first order

branch, showing midribs developed on one side in 4 and on both sides in 5 (based on a specimen

collected from Shikotan Island, SAP 15509) ; 6. Fertile portion of the holotype specimen,
showing arrangement of cystccarps; 7, 8. Tetrasporangial stichidia berne on a plant cellected

from Shikotan Island (SAP 15509).

toniensis KYLIN. The other group has indis-
tinct midribs or no midribs. These include
0. corymbifera (GMELIN) GREVILLE, O. floc-
cosa (ESPER) FALKENBERG, O. oregona DOTY
and O. annae PERESTENKO. Odonthalia kawa-
batae is included in the first group and
seems to be closely related to O. ochotensis
on the basis of the narrow branches and
the corymbose arrangement of cystocarps
borne on the uppermost portion of ordinary
branches (RupPrEcHT 1850). However, O.
kawabatae possesses large broadly ovoid
cystocarps, but O. ochotensis bears small
urceolate cystocarps. Cystocarpic features
of Odonthalia, the shape, size, arrange-
ment and position, have taxonomic signi-
ficance at the species level (MASUDA and
YAMADA, in press). O. kawabatae is dis-
tinguished from O. Fkamischatica and O.
setacea by the arrangement and shape of
cystocarps. The latter two species have
urceolate cystocarps arranged in a flexuose-

racemose manner (RUPRECHT 1850, PERES-
TENKO 1977, MasupA and YAMADA 1980).
0. kawabatae is distinguished from O. lyallii
in that the latter has ecalcarate ovoid cysto-
carps with narrow ostioles (sometimes with
slightly elevated necks) arranged in a
flexuose-racemose manner (HARVEY 1862,
MASUDA, unpublished). O. kawabatae differs
basically from O. dentata and O. washing-
toniensis in that reproductive structures of
the latter two species are borne on special
adventitious branches which characterize
both the species (HARVEY 1846-51, NEWTON
1931, SETCHELL and GARDNER 1903).

The following synoptical key is given for
the seven species with conspicuously de-
veloped midribs in the genus Odonthalia.

1. Reproductive structures borne on ordinary
branches
1. Reproductive structures borne on special
adventitious branches.................. 3

2. Cystocarp arrangement corymbose. . . .4
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Figs. 9-19. Odonthclic kcwcbetce. 9-10. Young adventitious branches; 11-12. Procarp-
bearing branchlets; 13-18. Mature cystocarps; 19. Portion of a tetrasporangial branch (flank-
side view). Note two elongated cells in each segment being cover cells; 9, 10, 19, from a
specimen collected from Shikctan Island (SAP 15509) ; 11-18. from the holotype specimen.

2. Cystocarp arrangement flexuose-
TACEMOSE .« vt vveteeeieeeeenenrnnnnnnn 5
3. Cystocarps pitcher-shaped ....O. dentata
3. Cystocarps globose. . ..0. washingtoniensis
4. Cystocarps small and urceolate ......
.......................... O. ochotensis
4. Cystocarps large and broadly ovoid ..
........................ O. kawabatae
5. Cystocarps with well-developed calcars. .
........................ O. kamtschatica

5. Cystocarps without calcars ............ 6
6. Cystocarps ovoid with narrow ostioles
............................ 0. lyallii

6. Cystocarps urceolate with wide ostioles

............................ 0. setacea
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Cytological studies on Sirogonium (Chlorophyceae) 2.
Meiosis in S. melanosporum and S. sticticum

Akira HARADA* and Takaaki YAMAGISHI**

*Seiyu Senior High School, Chizuka, Yao City, Osaka, 581 Japan.
**Biological Laboratory, College of Agriculture end Veterinary Medicine,
Nihon University, Shimouma, Setagaya, Tokyo, 154 Jepan

Harapa, A. and YamacisHr, T. 1981. Cytological studies on Sirogonium (Chlorophyceae)
2. Meiosis in S. melanosporum and S. sticticum. Jap. ]J. Phycol. 29: 157-162.

In this study, meiosis in S. melanosporum and S. sticticum was observed. The adhe-
sion and fusion of the conjugated gametangial nuclei, the pairing of chromosomes, the N. O.
chromosomes, the parallel separation of chromatids, and the abortion of three daughter
nuclei were studied throughout the meiotic cycle.

Key Index Words: Chlorophycece; chromosome; cytology; meiosis; N.O. chromo-

some ; Sirogonium.

In the present paper, a detailed account
of the meiotic division of S. melanosporum
(RANDHAWA) TRANSEAU and S. sticticum
(J.E. SmiTH) KUTZING are reported.

Materials and Methods

S. melanosporum was repeatedly collected
from natural populations growing in the
rice fields of Ikebe, Nara Prefecture, from
September 1974 to August 1975. In the
middle of August 1975, many young and
mature zygospores were found in the col-
lection. Fertile filaments of S. sticticum
were also collected from rice fields in
lkaruga, Nara Prefecture, from December
1970 to April 1971, and in Higashiyama,
Nara Prefecture, in August 1973.

Zygospores were used for observa-
tion of meiosis. Most of the zygospores
were too young or too mature for good
observation, so it was not possible to
observe the meiotic process in all material.

Material was fixed with 1: 3 acetic acid
and ethyl alcohol and stored in the same
solution. After fixation, the zygospres were
stained with Wittmann’s solution (Harada
1980). For staining, the zygospores were
removed from conjugated filaments and put

on slide glass. Then the contents of the
zygospores were squashed and stained on
the slide glass.

Observations

1 Sirogonium melanosporum

After conjugation of two gametangial
cells, the contents of two cells (gametes)
fused to form a zygospore in the female
gametangial cell, but union of their nuclei
was delayed for a considerable time. At
leptotene, two nuclei, which remained quite
intact and showed a sharp outline, came
into contact with each other in the green
Zygospore.

A large nucleolus was observed in each
nucleus, and many thin chromatin threads
scattered in the karyoplasm were distinguish-
able. In the nucleolus, two, or rarely one,
densely stained regions, like those found in
the mitotic nucleus, were observed (Fig. 1).

At the beginning of pachytene, thread-
like chromonemata changed to string-
shaped chromosomes. At this time, the
two adhering nuclei remained unfused (Fig.
2).

At diplotene, bead-like chromatin linearly
arranged along the chromosomes were
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K ¥ B e _—
Figs. 1-8. S. melanosporum (Scale 10 pm). 1. Leptotene: two nuclei adhering tc each
other in a young zygospore; nucleolus and fine chromatins in each nucleus; 2. Diplotene:
chromosomes in each nucleus; 3. Diplotene: four bivalents in each nucleus; nuclecli (n)
and N.O. chromosomes (c); 4. Late diplotene; 5. First metaphase : cell contents squashed
out from zygospore (left side) and chromosomes arranged on equatorial plate; 6. First

metaphase : eight bivalents; 7. First anaphase: chromatids and sticky threads bstween
separating chromatids; 8. Second anaphase.
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Figs. 9-16. S. sticticum (Scale 10 pm). 9. Pachytene: chromonemata and nuclecli in
two adhered nuclei; 10. Late pachytene: thread-like chromosomes; 11. Late diplctzre:
nuclzoli and bivalents grouped in each nucleus (left and right parts separated by cblique
line) ; two N.O. chromosomes (c) connecting with the nucleolus; 12. Late diakinesis:
bivalents and two remained nucleoli fused karyoplasm; 13. First metaphase: bivalents
arranged on equatorial plate; 14. First anaphase: sticky bridges between the separatirg
half bivalents; 15. Second metaphase; 16. Second telophase: chromatids in cquached
zygospore (under side).
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observed. At thisstage, four bivalents were
clearly counted in each nucleus, while eight
chromosomes were found in the mitotic
cycle studied in the previous paper. One
of the bivalents terminally connected with
the densely stained region in each nucleolus
(Fig. 3).

Later on, at the beginning of diakinesis,
the nucleolus completely lost its sharp
outline and changed into a heavily stained
mass of nuclear substance. All of the
chromosomes were embedded inside this
substance at final diakinesis (Fig. 4).

Throughout the first prophase, the two
nuclei which had been in contact with each
other remained enclosed in a well-defined
nuclear membrane. However, as prophase
advanced, the membrane finally broke down
and fusion of the two nuclei took place.

At first metaphase, 8 bivalents enclosed
in the heavy-stained substance moved onto
the equatorial plate (Figs. 5, 6).

During the next stage, first anaphase, the
bivalents began to separate in parallel
fashion and move towards the opposite
poles (Fig. 7). Sticky bridges, similar to
those appearing in mitotic anaphase, were
observed between some of the dividing
bivalents.

At the end of the first division, the half
bivalents reaching towards the poles were
embedded and arranged inside the heavily-
stained nucleolar substance.

There was no interphase between the
first and second division of this species,
and the second division followed immedia-
tely (Fig. 8).

At the beginning of second metaphase,
8 half bivalents were observed arranged
on the eguator of the heavily-stained
substance.

At szcond anaphase, each half bivalent
divided into two chromatids and progressed
into sscond telophase. Sticky bridges like
those in mitosis were also observed between
separating chromatids in this stage.

As szcond telophase proceeded, four
daughter nuclei with membranes appeared.
After the second division was complete the

gradual abortion of three nuclei occurred,
and only one nucleus developed into the
next generation.

2 Sirogonium sticticum

At early leptotene of first prophase, a
large nucleolus and much minute chroma-
tin appeared in two nuclei attached to
each other (Fig. 9). Each nucleolus had a
densely-stained region like that found in
S. melanosporum. During the next stage,
pachytene, thread-like chromosomes were
seen around the nucleolus in each nucleus
(Fig. 10).

At diplotene the chromosome threads
became even shorter and thicker, and
bivalents were recognized soon after this.
At late diplotene, bivalents were distinguish-
able individually and numbered 26 in each
adhering nucleus, although 52 chromosomes
were found in mitotic division of this
species. In this stage, two bivalents con-
necting with a densely-stained portion of
each nucleoli were observed (Fig. 11).

As diakinesis proceeded, fusion of two
gametangial nuclei took place, and the two
nucleoli were gradually destroyed (Fig. 12).
At first metaphase, dot-shaped bivalents
arranged on the equatorial plate were
observed (Fig. 13). Entering into first
anaphase, the bivalents divided parallely
into two half bivalents (Fig. 14), which
moved towards opposite poles. '

After the first division, the half bivalents
reaching the poles then entered into the
second division (Figs. 15, 16). After the
second division, three nuclei were aborted
in the same manner as observed in S.
melanosporum.

Discussion

During the meiotic cycle of S. melanospo-
rum and S. sticticum, the most striking
feature was the formation of bivalents.
In young zygospores, two nuclei originat-
ing from gametangial cells remained con-
nected with each other without fusion
throughout first prophase.
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Although certain meiotic stages—zygotene
and pachytene in first prophase—could not
be observed as distinctly as other stages
in these two species, it may be said that
the formation of bivalents occurred in each
nucleus through first prophase.

Pairing of chromosomes was clearly seen
in the diplotene stage of the two species
(Figs. 3, 11). The nuclear membrane,
however, broke down in later prophase,
and fusion of two gametangial nuclei
occurred (Figs. 4, 12).

KARSTEN (1908) and TRONDLE (1911)
investigated meiosis in some species of
Spirogyra, and found that the pairing of
chromosomes occurred in each adhering
nuclei during first prophase. This pheno-
menon, confirmed in the present study might
be common in Sirogonium and Spirogyra,
because adhering nuclei in young zygospores
have been observed in other species of
Strogonium and Spirogyra (HARADA and
Y AMAGISHI, unpublished).

As far as we known, no reports have
been published on the behaviour of the
gametangial nuclei and the pairing of
chromosomes in other haplonts. This is an
interesting nuclear phenomenon and more
research on other zygnemataceous algae
should clarify this phenomenon.

The presence of nucleolar organizing
chromosomes in mitosis was also confirmed
in the diplotene stage of S. melanosporum,
although these chromosomes were not so
clearly observed in S. sticuticum due to their
rather minute size.

In the leptotene nucleus of S. sticticum,
these chromosomes were seen connecting
with the heavily-stained structures in the
nucleolus. This probably represented the
nucleolar organising track as it appeared
in mitotic prophase.

Although the nucleolar substance in mitotic
division has already mentioned in some
species of Spirogyra (GEITLER 1935,
DorRAISWAMI 1946, GODWARD 1950), and
also in Sirogonium (WAER 1966, WELLS
1969, HARADA 1980), its formation during
the meiotic cycle has not been clearly

traced. However, a densely-stained mass of
nuclear substance was usually seen around
the chromosomes during the first and second
metaphase of S. melanosporum and at second
anaphase of S. sticticum. Furthermore, a
remarkable parallel separation of chromatids
was observed during the first and second
anaphase (Figs. 7, 14), which suggested
that the chromosomes were probably se-
parated into two chromatids by bipartition
of the mass enclosing the chromatids, such
as occurred during mitosis in the two spe-
cies previously investigated.

The wooly or sticky stainable substance
covering the chromosomes (GEITLER 1930,
GODWARD 1961), termed sticky bridges
between the two separating chromatids in
this study, was observed in some stage in
the two species (Figs. 7, 14).

As soon as fusion of two gametes took
place, a zygospore wall developed around
the zygote while meiosis progressed. After
meiosis was complete, one of the four
daughter nuclei developed further, while
the others gradually began jto abort, and
ripening of the zygospore proceeded.
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Ultrastructural studies on nuclear division during
gametogenesis in Caulerpa (Chlorophyceae)*
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Hori, T.1981. Ultrastructural studies on nuclear division during gametogenesis in Ceulerpa
(Chlorophyceae). Jap. J. Phycol. 29: 163-170.

The ultrastructural features of mitosis in the latter stages of male gametangial dif-
ferentiation in the siphonous green alga, Caulerpa brachypus HARVEY, is described. The
mitotic spindle is acentric and completely closed. No spindle microtuble nucleating
material is visible, either inside or outside the nuclear envelope. A typical equatorial
plate is formed and the chromosome separation towards the opposite poles proceeds
synchronously.

The separation of the chromosomes in early anaphase is promoted by the shortening
of chromosomal microtubules, concomitant with the extension of the nuclear envelope
along the division axis. At late anaphase the nucleus continues to elongate, followed by
the sharp constriction of the nuclear envelope, resulting in the formation of a long in-
terzonal spindle connecting two daughter nuclei. The interzonal spindle contains many

interzonal microtubules.

Key Index Words: Caulerpa; Chlorophyceae; coenocyte; gemetogenesis; green

alga; nuclear division.

The ultrastructure of cell division during
vegetative and reproductive differentiation
in various green algae has received much
attention (see PICKETT-HEAPS 1975, STE-
WART et al. 1975 for reviews), but until
recently comparable studies of the coenocytic
green algae have been rather meager (BURR
and WEST 1970, MUGUHAL and GODWARD
1973, HupsoN and WAALAND 1976, SCOTT
and BuLLock 1976, McDoNALD and Pic-
KETT-HEAPS 1976, HORI and ENOMOTO 1978
a, b, ¢).

A study of mitotic ultrastructure in the
coenocytes is important since it is now clear
that the ultrastructure of cell division is a
valid indicator of phylogenetic affinities
among the green algae (PICKETT-HEAPS

* This work was supported by Grant-in-Aid No.
548011 and No. 534028 from the Scientific Re-
search Fund of the Ministry of Education,
Science and Culture, Japan.

1975, STEWART and MATTOX 1975). Com-
parison of mitosis in the siphonous forms
with that of other green algae could help
resolve the relationship of the coenocytic
algae to the other lines of chlorophycean
evolution. Thus, as part of a series of in-
vestigations of the mitotic ultrastructure in
the siphonous green algae, mitosis in the
coenocytic alga Caulerpa was studied.

Materials and Methods

Caulerpa brachypus HARVEY was collected
at Nemoto, Chiba in May, 1977 and was
maintained under the following conditions :
material was placed in 200 m/ culture dishes
in plain, filtered seawater and the seawater
was changed daily. Dishes were kept on a
table in the laboratory. After 15 days, the
cytoplasm began to differentiate into net-
works (Fig. 1). Blades were immediatedly
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fixed overnight in 3% glutaraldehyde in
0.l M phosphate buffer (pH7.0) containing
0.25M sucrose. Next, the material was
rinsed in buffer solution for 4h, and at this
time the sucrose content was gradually de-
creased in one-fifth step reductions by suc-
cessive changes of the buffer. After this
the blades were post-fixed for 20h in 2%
0s0,. All steps were performed in a cold
chamber (1-3°C).

Cultured materials of C. racemosa W.v.
BoSSE var. laete-virens W. v. BOSSE were also
preliminarily fixed for electron microscope
observation (Figs. 12, 13). However the
dividing telophase nuclei were observed only
in the material fixed in 2% OsO, solution
dissolved in seawater. This material was
supplied by Dr. S. ENoM0oTO (Kobe Univer-
sity), who originally collected it at Ayamaru-
Misaki, Amami-Oshima Island, and main-
tained it in PROVASOLI's Enriched Medium
(McLachlan 1973) at 25°C and under a 16:
8h LD regime.

Observations

Gametes : Gamete formation takes place pri-
marily in the blade portion of Caulerpa
brachypus. As seen in Fig. 1, gametangial
cytoplasm is characterized by a network
formation and eventually produces biflagel-
lated gametes. About a day before the re-
lease of gametes, the cytoplasm of the female

Fig. 1. Light micrograph of living specimens
of C. brachypus showing the cytoplasm net-work
which is differentiating to gametes.

plants changed to a greenish-yellow colour,
in contrast to a lack of color change in the
male plants. The female gametes produced
are 6.0-8.5um long and 2.5-3.5 ym wide and
have an eyespot (Fig. 2). The male gametes
are 5.0-6.5 ym long and 2.0-2.5 ym wide and
have no eye-spot (Fig. 3). These observations
agree with those of MIYAKE and KUNIEDA
(1937). The gametes of C. brachypus have
cruciate flagellar roots with a 4-3-4-3 pat-
tern (Fig. 4). As nuclei may undergo several
successive divisions before gamete forma-
tion, the following account of mitosis is
based on dividing nuclei in a small portion
of the blade at the same stage of cytoplasmic
differentiation.

Interphase : The interphase nuclei of Caul-
erpa brachypus are variously shaped, and
usually contain a nucleolus which is com-
posed of granular material. The chromatin
material is not discernible, because of lack
of electron density at interphase (Fig. 5).
A single membrane-bound body, probably a
microbody (ROTH and FRIEDMANN 1980), is
usually present at the depression over the
nuclear envelope (Fig. 6).

Prophase : As seen in Fig. 2, the prophase
nucleus is spherical and gradually increases
its volume, accompanying by the reduction
of electron density in the nucleoplasm due
to the disappearance of nuclear ribosomes.
At this stage the intranuclear microtubules
are not found, though cytoplasmic micro-
tubules are still present in the cytoplasm
(Fig. 5).

Metaphase : In the metaphase nucleus, the
chromosomes line up at the equator and
many microtubules connect the chromosomes
and the poles (Fig. 8). The microtubules
converge at the opposite poles in the nucleus
and are attached or lie close to the inner
surface of the nuclear envelope (Figs. 8-10).
No special polar substance occurs here. No
distinctly differentiated kinetochore is found
on the chromosomes, but microtubules pene-
trate into a slightly less dense, homogeneous
material in the granular chromosomal sub-
stance (Figs. 8, 9). During metaphase and
anaphase, the spindle microtubules are never
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observed to pass through the nuclear pores
or nuclear envelope, the latter remaining
completely intact during the nuclear divi-
sion. Centrioles were not detected in the
present material observed.
Anaphase-Telophase : At anaphase the nuclei
begin to elongate and chromosomes migrate
simultaneously towards the opposite poles
(Fig. 9). Microtubules do not proliferate to
any degree in the region between the separ-
ating sets of chromosomes as compared
with the proliferation occurring between
the chromosomes and poles (Fig. 9). At a
later stage of division, the distance bstween
the pole and chromosomes clearly decreases
and many microtubules appear in the region
between two separating sets of chromo-
somes (Fig. 11). It is noted that a significant
extension of the nuclear envelope along the
division axis occurs during this stage in
contract to the lack of a decrease of nuclear
dimensions perpendicular to the long axis
of division (Fig. 15).

An extension of the nuclear envelope to-
wards the opposite poles appears to be im-
portant in the separation of chromosomes.
After the chromosomes draw near to the
opposite poles, the nucleus changes its form
dramatically. The nuclear envelope of the
two daughter nuclei becomes constricted
and the long narrow cylindrical interzonal
spindle develops between them (Figs. 12, 13).
The interzonal spindle contains numerous
long microtubules (Fig. 14). The last stage
of abscission of the reforming daughter
nuclei from the interzonal spindle is made
by the sharp constriction of the inner nuclear
membrane concomitant with the late syn-
thesis of the outer membrane (Fig. 13). In-
formation from the electron micrographs is
schematically presented in Fig. 15.

Discussion

Almost all stages of nuclear division, ex-
clusive of the latest telophase, were observed
in nearly all sections cut from an EM block
containing a small piece of blade where all
areas of cytoplasm was differentiating into

gametes (Fig. 1). The development of re-
mainder of the thallus fixed for the present
observation was followed with the light
microscope, and it was noted that male bi-
flagellated gametes were later released from
other living blades on the same horizontal
rhizome from which the fixed blade arose.

Comparison of the mitotic ultrastructure
of Caulerpa with that of other siphoneous
green algae so far investigated shows some in-
teresting features characteristic of Caulerpa :
1) the absence of centrioles at the spindle
pole, at least until the later stage of game-
togenesis, 2) no appearance of visual spindle
microtubule nucleating material either in-
side or outside the nucleus, and 3) the total
complete retention of the nuclear envelope
throughout nuclear division.

The great variation in the size of chloro-
plasts found in the differentiating cytoplasm,
and the formation of a few number of
papilla on the blade suggest that the blade
was in a rather early stage of gamete de-
velopment. As cytoplasmic differentiation
advances, the chloroplasts divide many times
(Fig. 7) into smaller ones which will be
incorporated in the forming gametes.

In Acrosiphonia (HUDSON and WAALAND
1976), Cladophora (SCOTT and BuLLOCK
1976, McDONALD and PICKETT-HEAPS 1976),
Valonia (Horl and ENoMoTO 1978a) and
Dictyosphaeria (HORI and ENoMOTO 1978 ¢)
centrioles occur near the nucleus even in
the early stages of reproductive differentia-
tion, while in Batophora (LIDDLE et al., 1976)
and Caulerpa, centrioles seem to appear only
during the final stage of reproductive cell
differentiation. This indicates that centriole
formation is presumably suppressed until
the final stage of swarmer production in
some algae and that centrioles are not es-
sential organelles for producing the spindle,
but are necessary for flagella production.
In C. brachypus centrioles are not found in
the vegetative cytoplasm and the details of
their origin and development during repro-
ductive differentiation is unknown. It is
known that in the dividing nuclei of other
organisms that electron-dense areas exist in
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Figs. 2-4. Electron micrographs of gametes of C. brechypus. 2. Female gamete. x15000;
3. Male gamete. x15000; 4. Cross section of female gametes showing the cruciate flagella roots
(arrowhead). x18000.

Figs. 5-8. Electron micrographs cf the nuclear division in C. brechypus. 5. Three phases of
the nuclei, interphase (top right), prophase (lower right) and metaphase (large left) nuclei.
Vacuclar invagination (arrows) results in the production of gametes. x28000; 6. Interphase
nucleus. Single membrane bound bedy is present in a depression of the nucleus. Nucleolus is
composed of closely aggregated granular material. x26000; 7. Dividing chlereplast. 12000 ;
8. Metaphase nucleus clearly showing a classical metaphase platc ccmpesed cf fcur sets of paired

chromesomes. % 24000.
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Fig. 15. Diagramatic comparison of nuclear
changes during the division in Caulerpa. . Note
the distinct expansion of the nuclear envelope
along the division axis without significant de-
crease of the nuclear width in dimension. a,
metaphase ; b, early anaphase; c, late anapease.

the regions which are in contact with the
spindle microtubules (cf. PERKINS 1975,
FRANKE and REAU 1973, HINCHEE and Ha-
SKINS 1980). In neither Batophora (LIDDLE
et al., 1976) nor in C. brachypus was a spe-
cially differentiated polar structure present,
either inside and or outside the nuclear en-
velope, nor was any perinuclear substance
from the nuclear envelope found which
would suggest participation in spindle micro-
tubule formation. Although nothing can be
said at present about the origin of micro-
tubules in the nucleus of C. brachypus, it
may be reasonable to suspect that the micro-
tubule nucleating substance, if present, is in
a very diffusable form in this alga.

As was true for Vaucheria litorea (OTT
and BROWN, Jr. 1972), Cladophora glomerata
(McDoNALD and PicKETT-HEAPS 1976), C.
flexuosa (SCOTT and BuLLOCK 1976), Valonia
ventricosa (HORI and ENoMOTO 1978 a) and
Dictyosphaeria cavernosa (HOR1 and ENo-
MoTO 1978 c), C. brachypus prolongs the
interzonal spindle after each chromosome
set draws near to the opposite poles. This

suggests that the separation of chromosomes
towards each pole has been substantially
completed at early telophase. The interzonal
spindle separation in Vaucheria littorea is
known to be accomplished both by an in-
vagination of the inner nuclear membrane
and by what appears to be an abscission or
depolymerisation of the nucleus (OTT and
BROWN, Jr. 1972). The rotation of the late
telophase nuclei might be instrumental in
interzonal spindle separation in C. flexuosa
(ScoTT and BuLLocK 1976) and Valonia
ventricosa (HORI and ENoMoTO 1978 a).
However the method of separation in C.
brachypus remain unresolved.

The question arises why it is necessary
to produce such a very long spindle in
coenocytic nuclear division. Although there
has been no reasonable interpretation for this
feature, it may be due to the nature of the
cytokinetic mechanism. Reproductive cyto-
kinesis in the green coenocytes does not use
either a phycoplast or a phragmoplast, un-
like many other green algae. During
swarmer differentiation in the green coeno-
cytes, cytoplasm is gradually partitioned into
small, multinucleate areas by vacuolar in-
trusions (BURR and WEST 1970, SCOTT and
BuLrLock 1976, Horl and ENOMOTO 1978 b).
This appears to be a rather unreliable mech-
anism, because such a form of cytokinesis
may not necessarily produce an equal dis-
tribution of nuclei into all zooid units. In
addition, the final process of cytoplasmic
separation leading to the production of uni-
nucleate zooids is also not necessarily by
binary partition concurrent with nuclear
division, but it appears to be a multiple
partition which simultaneously produces

Figs. 9-14. Electron micrographs of anaphase and telophase nuclei in C. brachypus (9-11, 14) and
C. racemosa var. laete-virens (12,13). 9. Anaphase nucleus showing the progressive separation
of chromosomes towards the opposite poles. Ill-defined structure of kinetochores (arrows). x31000;
10. Microtubules either closely approach to or impinge on the inner surface of nuclear envelope.
x52000; 11. Late anaphase nucleus showing chromosomes close to the poles. x21000; 12. Telo-
phase nucleus. The nuclear envelope of daughter nuclei sharply invaginate and develope a long
interzonal spindle between two daughter nuclei. Xx34000; 13. Invagination of the inner nuclear
membrane of daughter nucleus has just completed. x32000; 14. Cross section of interzonal
microtubules that connect two daughter nuclei. x33000.
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many zooids (HORI and ENomoTO 1978 b).
Thus, a long interzonal spindle may contrib-
ute to separating the two daughter nuclei at
a great distance within the cytoplasm mass
and may prevent the inclusion of more than
one nucleus in each zooid unit at the final
stage, ensuring the formation of uninucleate
zooids.
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1. High concentration stresses and modes of biodeposition
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SivaLINGAM, P.M. and IsmaiL, R. 1981. Cladophora spp. as a prominent global algal
monitor for trace metal pollutants. 1. High concentration stresses and modes of biodeposi-
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Cladophora fascicularis, a naturally occurring hardy algal species, was found to bio-
deposit the trace elements Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn in the order of o,
258.2, 185, oo, oo, undetectable, 264.1, 32.43, 71.9 and 971.3 times, respectively, as compared
to amounts of the metals prevalent in the coastal marine waters of its niche. Similarly,
the relationship of the amounts biodeposited with sedimented levels demonstrated the trace
elements of Cd, Co, Cr, Fe and Ni to be also greater by 1.12, 3.38, 2.0, 1.4 and 3.05 times,
accordingly.

High concentration stresses and studies of biodeposition modes over an exposure period
of 48hr to the trace metals ranging between 50-500 ppms indicated the bioconcentraticn
factors to be highest for 50 ppm stresses in most instances except for Cd, Co and Cr (100
ppm stresses) : Cd; 275.68 (48 hr), Co; 208.53 (12 hr), Cr; 3.69 (48 hr), Cu; 406.27 (12 hr),
Fe; 165.13 (24 hr), Mn; 2.22 (24 hr), Ni; 147.12 (48 hr), Pb; 176.53 (12 hr) and Zn; 624.64

(24 hr). The modes of biodeposition at higher concentrations generally reflected rapid
biodeposition occurring during the 12-24 hr of exposure time followed subsequently by a
depuration and then a gradual increase in the biodeposition processess.

Key Index Words: Biodeposit; bioindicator ; Cladophora ; high concentretion stress

trace metal pollutants.

Evaluation of the pollution of the aquatic
environment by trace elements employing
both fauna (LorD 1974, PHILLIPS 1976,
SCHULZ-BLADES 1975, SIVALINGAM 1979,
SIVALINGAM and BHASKARAN 1978, SIVALIN-
GAM et al. 1979, TAYLOR and BRIGHT 1973)
and flora (BLACK and MITCHELL 1952,
BRrRYAN 1969, GUTKNECHT 1965, SIVALINGAM
1978 & 1979, STOKES et al. 1973, THROWER
and EUSTACE 1973) has been well demon-
strated. Regarding marine fauna as a bio-
monitor of pollutants, GOLDBERG (1965) had
suggested that the “Mussel-Watch Pro-
gramme” be carried out on a global basis.
This, at the present moment, is drawing

much attention.

Cladophora or Atagib (Algoquian) (FJERD-
INGSTAD 1965), a common component of
freshwater and marine environments (WHIT-
TON 1970), has been classified as a water
scavenger of certain radionuclides and a
bioaccumulator of heavy metals (NEIL 1975)
from the view point of aquatic flora bio-
indicators. This approach has been verified
further by the studies of STEVEN (1978),
TAFT and KISHLER (1973) and KEENEY et
al. (1976). It has also been postulated re-
cently (KEENEY et al. 1976) that C. glomerata
can act as an aquatic floral bioindicator of
trace metals with a resonably constant bio-
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concentration factor (=BF) ranging from
1.0x10° to 49x10* for Zn, Cd, Pb and Cu.
Studies by TAFT and KISHLER (1973) and
FUNK (1973) have also positively indicated
that the BF for Cu in Cladophora from
Western Lake Erie (1x10% and Upper Spo-
kane River (2.5x10% to be remarkably sta-
ble. These phenomena have been related to
the high cationic exchange capacity of the
cell wall imparted by high levels of pectin
which might act as the factor for sorbing
exotic metals (STEVEN 1978).

In view of both the fairly large tolerance
of Cladophora spp. in general for high levels
of biodeposited trace elements from the low
concentrations existing in the medium and
on the genus’ global distribution, the local
species in Malaysia, Cladophora fascicularis
(MERT.) KUTZING, is used in this study as
an algal bioindicator for trace metals pollu-
tion in the Malaysian region, following the
studies done on Cladophora glomerata by
WHITTON (1970).

The authors have initiated three types of
experiment using Cladophora fascicularis as
the experimental material: a) high concen-
tration stresses (50-500 ppms) of trace metals
and their modes of biodeposition, b) low
concentration stresses (2-10 ppms), their bio-
deposition and depuration (=biodischarge),
and c) the complexing effects of trace metals.
The goal is to comprehend the effects of
trace metals on this algal species, keeping
in mind its possible use as a global bioin-
dicator of marine pollution. This paper
presents only the first of the experiments.
The other two sections will follow subse-
quently.

Materials and Methods

Cladophora fascicularis (MERT.) KUTZING
was harvested during low tides off the rocky
shores of Batu Ferringhi, Penang Island
(Fig. 1) between July—December, 1978. The
harvested algae were brought back immedi-
ately to the laboratory in a plastic container.
Prior to experimentation, the algal fronds
were carefully cleaned of epiphytes and con-

taminants and washed thoroughly 3 times
in membrane-filtered seawater. Adequate
amounts of these thalli were cultured over
a period of 48 hr in separate 1 liter Elen-
meyer flasks containing membrane-filtered
seawater together with the relevant trace
metals at high concentrations of 50, 100,
200, 300 and 500 ppms each, as salts of CdCl,-
234H,0, CoCl,-6H,0, K,Cr,0,, CuCl, FeCl,,
MnCl,-4H,0, NiCl,-6H,0, Pb(NO;), and ZnCl,,
respectively. All culture flasks were incu-
bated in a “Nikko Tron” growth chamber
with a 12 hr light-dark periodicity and at a
constant temperature of 20°C. Normally,
triplicate experiments at each concentration
of the trace metals were carried out. Ac-
tinic light with an intensity of 13,500 lux
was used as the incubation light source.

To follow the rate of biodeposition, sam-
pling was done at fixed time intervals of 3,
6, 12, 24 and 48hr. The sampled fronds
were initially thoroughly washed 3 times in
1 liter of membrane-filtered seawater fol-
lowed by washing with distilled water of
the same volume prior to drying at 100°C
for 48 hr over an air oven.

The dried algae were then pulverized
separately using a pestle and mortar. A
given amount of the algal powder was then
predigested overnight in 100ml Kjeldahl

~ flasks containing 10ml of a solution of

nitric: perchloric acid (2:1). The samples
were further digested the following day
under low heat followed by vigorous boiling
over an electrothermal heater until white
fumes evolved. The digest, on cooling, was
diluted with distilled water and filtered
through Whatman No. 1 filter paper. The
filterate was then made-up to 100ml with
distilled water, the value of which was
determined through prior analysis using a
Varian Techtron (AA 120) Atomic Absorp-
tion Spectrophotometer.

In addition, the trace metal content of
the medium and sediments of the habitat
of C. fascicularis was also analyzed for
comparative purposes
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the Island of Penang.

Results

Table 1 indicates the results of the trace
metals contents of Cladophora fascicularis,
and of the water and sediment samples in
its niche and oceanic waters. It is evident
that the trace metal content in these coastal
waters is comparatively high relative to
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Map illustrating ths sampling site of Cladophore fesciculeris (MErRT.) KUTZING on

values for oceanic waters. However, they
merely reflect the characteristics of normal
coastal waters, and not of a highly polluted
area. In contrast, the levels of trace metals
in sediments are relatively high, in particular
Fe, suggesting a high binding capacity by
the precipitated particles possibly of organic
origin (algae/humic acid) or by clay particles
brought down by the river “Kuala Muda”.
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Table 1. Trace metal content of water samples, sediments, and Cladophora fasciculeris (MERT.)

KuUTzING obtained from the sampling site.

Trace metals (ug. gm™)
Fe

Mn Ni Pb Zn

Samples cd Co cr Cu
Cladophore
fascicularis 9.25 33.56 33.3

H;O0 sample from

sampling site(A) BDL* 0.13 0.18 BDL
0.00027 0.0005 0.003
481.48 360 BDL

Oceanic waters(B) 0.00011
(A)/(B) BDL

Sediments from
sampling site

lcm depth 25 12 17.5 9
2cm depth BDL 7.75 23.25 4.5
3cm dzpth BDL 10 9 3.0

7.4 4,735.5 BDL

92.45 67.12 12.95 38.85

BDL  BDL 0.35 2.07 0.18 0.04
0.01 BDL 0.002 0.0054 0.00004 0.01
BDL — 175 383.33 6000 4

17,800 BDL 195 22.5 33.5 89.25
18,325 BDL 150.5 30 32.25 51
17,050 BDL 96.25 13.25 28.25 42

BDL"=Bzlow detectable level.

Bassd on the foregoing (Table 1), it ap-
pears that from the fairly low levels of
tracz meztals in the medium of its natural
habitat, Cladophora fascicularis is capable of
bioaccumulating Cd, Co, Cr, Cu, Fe, Hg, Mn,
Ni, Pb and Zn by oo, 58.2, 185, oo, o0, —,
264.1, 3243, 71.9 and 971.3 times, respec-
tively. On the contrary, in comparison with
levels faand in s2diments the relative ratios
are snailer, i.e., Cd; 1.12, Co; 3.38, Cr; 2.0,
Cu; 14, Fe; 0.267, Hg; —, Mn; 0.628, Ni;
3.05, Pb; 0.413 and Zn; 0.64 times, respec-
tively. This fact is quite conspicuous and
facilitates further investigations with regard
to thz lzaching effects of trace metals from
sz2dim3nts on a long-term basis.

Fiz. 2 and Table 2 indicate the modes of
biod:position of the trace metals and their
BF valazs during exposare. Gsanerally, the
tread of biodsposition appzars initially as a
sha-) up:ake during th=z first 12-24 hr of
incudation. This uptake was then followed
by eith:r an increasing or decreasing trend
thereaf:2r for all ths trace metals.

In ths 50 ppm stresses, identical trends
were observed for Cd, Co and Cr. with a
peak at 12 hrs followed by a decrease and
then an incrzasz in biodeposition thereafter.
Th= uptake psaks of Cu, Fe, Mn and Pb at
the 24 hr, on the other hand, is followed by
a gralual decrease in uptake. However, Ni

and Zn were absorbed with each gradual
increasz and showed practically no peak in
biodeposition at any time.

At 100 ppm stresses Cd, Co, Cr, Cu and
Mn manifest a similar sharp uptake at 12 hrs
followed by a decrease and gradual increase.
The corresponding peaks for Fe and Pb were
observed at 24 and 6 hr incubations, respec-
tively, subsequently followed by a gradual
decrease. The trends for Ni and Zn are
different with only a gradual increase at
any time.

Exposure to 200 ppm stresses indicate that
Co, Cr, Fe, Mn and Ni have similar modes
of biodeposition, i.e., a spiked uptake at 12
hrs followed by a decrease and gradual in-
crease. The trends were similar for Pb and
Zn except that no subsequent peaks were
observed. In contrast, Cu and Ni have a
plateau between 12-24 hr followed by a rapid
increase in biodeposition. The initial rapid
uptake of Cd continued to decrease there-
after.

Similarly, for the 300 ppm stresses the up-
takes of Cd, Co, Cr, Cu, Fe, Mn and Ni
showed the initial peak at the 12 hr incuba-
tion followed by a decrease and gradual in-
crease. That of Pb reached a maximum
nearly at the same incubation period, but it
displayed a gradual decrease continuously
thereafter. In contrast, Zn uptake increased
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Fig. 2. Modes of bioaccumulation of trace metals in the Chlorophyta, Cladophora fescicularis
(MerT.) KiTzING, under various high concentration stresses.
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Table 2. Bioconcentration factors of the various bioaccumulated trace metals by Cladophora
Fascicularis (MERT.) KURTZING under various high concentration stresses with incubation time.

Concentration

Bioconcentration Factors®*

Incubation
Metals “topmy Time () o4 o ¢ Cu Fe Mn  Ni  Pb  Zn
3 32.90 24.88  1.02 127.39 100.93  3.55 24.03 41.04 163.62
6 25.96 44.80 1.67 190.48 52.53  2.45 59.29 44.75 263.79
50 12 234.62 128.85  2.78 406.27 108.5 1.31 96.91 44.96 446.65
24 155.28 86.78  2.40 216.87 165.13  2.22 132.51 176.53 558.83
36 159.31 98.12  2.81 275.18 145.19 1.87 141.32 83.12 598.21
48 165.69 167.80 3.15 318.07 81.72 1.63 147.17 77.97 624.64
3 29.69 1.67 0.84 96.27 48.14 1.27 19.75 39.58 57.50
6 34.60 31.57 1.74 128.04 58.42 0.77 40.67 90.74 116.18
100 12 98.57 208.53  2.56 136.72 53.47 1.64 67.90 78.61 134.45
24 98.51 27.19 2.01 124.37 94.81 0.96 90.39 41.28 159.47
36 152.31 76.31  2.43 135.21 68.21 0.93 99.21 40.13 183.21
48 276.68 141.68  3.88 183.69 60.90  0.91 110.79 36.73 206.08
3 106.58 13.24  0.56 97.78 41.18 0.31 20.10 56.13 62.28
6 51.10 29.13 0.99 79.36 73.86 0.26 30.84 55.28 103.45
200 12 41.75 112.15 1.37 79.16 80.02  0.99 55.39 79.11 245.06
24 19.26 84.54 0.92 80.83 39.19 0.41 54.50 27.82 199.66
36 17.31 131.21 1.35 88.21 70.31 0.49 71.31 14.31 121.31
48 16.67 155.56  1.60 100.56 81.85  0.54 101.09 13.99 131.48
3 3551 14.38 0.69 32.91 39.8 0.50 7.31 18.49 55.48
6 23.43 47.92 0.61 39.54 49.32 0.21 30.59 102.18 63.34
300 12 139.12 52.69 0.56 146.75 51.32  0.27 49.75 133.83 155.11
24 112.72 71.63 0.77 78.03 29.30 0.25 43.82 130.69 164.54
36 155.83 81.51 0.80 83.21 43.21 0.29 44.91 98.31 184.21
48 123.98 84.86 0.85 109.80 55.15 0.32 53.83 47.78 212.23
3 10.86 7.37 0.54 29.00 94.47 0.15 9.23 33.14 39.09
6 40.49 22.96 0.29 33.39 87.32 0.11 17.65 35.04 25.16
500 12 45.02 41.84 0.47 48.66 101.78  0.22 22.47 57.62 36.95
24 49.77 45.29  0.70 60.98 111.57 0.21 42.69 97.35 46.79
36 61.31 47.31  0.98 64.21 104.31 0.20 35.31 52.31 111.31
. 48 131.98 54.50 1.82 67.97 95.56 0.20 32.0 9.33 138.16
NOTE - indicates the highest concentration factor at the particular concentration and

- incubation time.
---------------- ; indicates a peak of high concentration factor but lower than the highest con-
centration factor at the particular concentration and incubation time.

+; derived by the division of bioaccumulated trace metals with the relevant con-

cntration in the medium.
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gradually during the incubation.

For the highest 500 ppm concentration
stresses Cd, Co, Cr, Cu and Zn only mani-
fested a gradual uptake all the time, al-
though slight variations in their lag period
were noticeable. Nevertheless, Fe, Ni and
Pb each showed maximum peaks at 24 hr
incubation and their uptake decreased gra-
dually thereafter. In the case of Mn, how-
ever, the maximum peak was found at 12 hrs
incubation.

All the biodeposition patterns in Fig. 2
were listed precisely in terms of the biocon-
centration factors in Table 2, in order to
comprehend the algal biodeposition. The
general patterns of biodepositional trends
during incubation are shown graphically in
Table 3.

From these Tables it is obvious that the
BF’s for Cd, Co and Cr are maximal at 100
ppm stresses (Cd; 275.68 (48 hr), Co; 208.53
(12 hr), Cr; 3.69 (48 hr)) while for the other
trace metals at 50 ppm stresses (Cu; 406.27
(12 hr), Fe; 165.13 (24 hr), Mn; 2.22 (24 hr),
Ni; 147.12 (48 hr), Pb; 176.53 (12 hr) and Zn;
624.64 (24 hr)).

Discussion

Biodeposition of heavy metals in Clado-
phora fracta was shown to be dependent on

the concentration of the elements in the
media (GILEVA 1964), but little work has
been done on the mechanisms of biodeposi-
tion of these elements. Similarly, BRYAN
(1969) indicated a linear uptake relationship
of Zn, Cu and Pb by Laminaria digitata de-
pending on their concentration in the media.
In this connection, SUTCHIFFE (1962) has
indicated the uptake of cations by cells to
commonly occur at two stages — an initial
rapid, passive uptake and a slower uptake
dependent on its mechanism. Further, an-
other possible mechanism of trace metal up-
take was suggested by HAGERHALL (1973)
as one occurring via an irreversible accu-
mulation over a membrane system.

It is obvious from the results of the ex-
periments that under high concentration
stresses between 50-500 ppms the modes of
biodeposition vary according to the type of
trace metal. This fact suggests that the
pattern of biodeposition of trace metals is
not so simple as-explained by the various
authors mentioned above with regard to
low concentration stresses.

The biodeposition and depuration of trace
metals in Cladophora fascicularis appears to
be greatly dependent on potential variations
within the membrane created by the trace
metals and their toxicity to the enzyme
systems of the algae leading to regulatory

Table 3. General patterns of biodeposition of the trace metals at the various stress concentrations.

Stress Patterns
. +
concentration. 12 24*

+

B 6 ,B 12+ ,B 24+ B B A '
(ppm) A,‘+*+\B A/\B A12-24H A/\/ A/\/ AA/ A/ \B+++

50

100 Pb.
200 Pb & Zn. Cu & Ni.

300 Pb.

500 Mn. Fe, Ni, Pb.

Cd, Co & Cr. Cu, Fe, Mn, Ni & Zn.

& Pb.
Cd, Co,Cr,  Fe. Ni & Zn.
Cu & Mn.
Co, Cr, Fe, Cd.
Mn & Ni.
Cd, Co, Cr, Zn.
Cu, Fe, -
Mn & Ni.
Cd, Co, Cr,
Cu & Zn.

+ . indicates the maximum hr of biodeposition.
++ . indicates the plateau hr during biodeposition.
+++ 1 incubation time from 3 hr (=A) to 48 hr (=B).
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mechanisms. In most cases, the trace metals
appear to have a rapid peaked uptake be-
tween 12-24 hrs of exposure up to 300 ppm
stress, with a different tendency for 500 ppm
stress — either a gradual continuous uptake
(Cd, Co, Cr, Cu and Zn) or a maximum peaked
uptake between 12-24 hrs for the remaining
trace metals. Patterns other than a maxi-
mum between the 12-24 hrs of incubation
are also observable in the 50-300 ppm stress
groups depending both on the specific trace
metal and its concentration (Table 3).

Based on the BF values of the high con-
centration stress experiments it is clear that
most of the trace metals have their highest
values in the 50 ppm lots excluding those
for Cd, Co and Cr. The rate of their up-
take at high concentration stresses is as
follows: Zn>Cu>Cd>Co>Pb>Fe>Ni>Cr
>Mn. On comparison with concentrations
in naturally occurring Cladophora fascicularis
in low complexed concentrations of trace
metals in the natural medium, the patterns
are fairly similar: Cd, Cu and Fe>/<Zn>
Mn>Cr>Pb>Co>Ni>Hg. The difference
in placement of the highest category could
be attributed to the very low concentrations
of Cd, Cu and Fe (=BDL) in the natural
medium. Further, the fluctuations of Mn,
Fe, Co and Pb could also be related to the
existence of high concentrations of these
trace metals in the medium and their in-
fluence on the various physiological and
biochemical processes. The tendency of
greatly biodepositing Zn, Cu, Cd, Co, Pb, Fe
and Ni seem to be quite relevant to the
statements of KEENEY et al. (1976), TAFT
and KISHER (1973) and FuNK (1973) for Zn,
Cu and Pb.

Another intriguing point to be mentioned
here is the initial high values of absorption
observed for the stress experiments during
the 3hr incubation period: Cu and Cd at
200 ppm, Mn at all concentrations, Cd at
300 ppm, Cr at 300 and 500 ppms, Fe at 50
ppm and Zn at 500 ppm (Fig. 2). To com-
prehend these mechanisms further studies
are necessary at shorter time intervals be-
tween 0-3 hr at high concentrations.

Considering the high concentration stresses
of trace metals in Cladophora fascicularis
and observations of no physical damage to
the alga, it appears that the algal species
is a suitable biomonitor of trace metals in
the local aquatic environment and these re-
sults may possibly be expanded to other
related species on a global basis as a “Clado-
phora Monitoring Programme”.
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X B4 Cd, Co, Cr OMEBELEEAER-T 50ppm TR, Cu T406.27 f5 (#FfF 12hr), Ni
T147.12f% (48hr %), Fe T165.13f% (24 hr #), Mn T2.22f% (24 hr #), Zn T624.64f5 (24hr %) ©
xR L, %72 Cd, Co, Cr i 100 ppm DEHNTTEL, FOWELThEN2T5.68f% (48 hr #%), 208.53f%
(12hr #), 3.69{% (48hr %) TH -1, SEEET COEYEFRHD € — VI3 —RICBHERI2~24IROE TR
EA BTV, FTOBMEBE AN BOBMAR IEIH LW 2 - vRRLIS,
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H#b BheEORE: MEEE/ M. Pseudo-
pedinella pyriformis CARTER ¥ XU Apedinelle
spinifera (THRONDSEN) THRONDSEN (354 fa 38 4) .
[sao Inouve and Takeo Horigucui: Notes on
microalgae in Japan (4). Pseudopedinella pyri-
formis CARTER and Apedinella spinifere (Turo-
~NDSEN) THrRONDSEN (Chrysophyceae).

~5 , x5 H (Pedinellalles) 'Ziififiatk:<, 6@
DIER A L HODWIAER B TRC S 22 & T,
4O (Chrysophyceae) DOflfid 7 — 7' L1334
LS (HiBBERD 1976), Z®Hix Pedinelle,
Pseudopedinella, % X% Apedinelle o 38 X b ix
D, BLckRWeET Lo, MFEELEY (ten-
tacles), i (peduncle), I X0 (spines) D7
CXoTrhZthEhshs,

RF L FFTHDA VA=D1, Pseudopedinella
DOILHERE P. pyriformis (K 3) 1%, X2 B TR
T X5, bRELSHON TR 51T s 2 L,
FEEHEFEORMAEC L > THLMT I T, %< DA,
V7Y vIREOMEERIR LR T\, KRR
Mk W ESCHEEEZRiS e LR TES GhE,
1980), ik ZARTHECHIE L < 6 FI iR
MY, BmIETA S A5 & TR0 6 AL b
Vo J2E5~8pum, lfd~8pm ThHb, WfkEHIE
LT\ 5w, Mo ik Ui LERSR 7
W & B, Riidi, Bedids biThFnRMigs21 5 b, i
Wik b 1 ADHIEH A T, liih B L Lidh s 2
RoMFEHREHT S, WoRRTILELE Y v X
RO E BB, EREETIRT6 B, Mo
Peliicin » THECIE S, © v/ 4 FikEtiilc, 3
BkczhZh L ESOFEL, WHER-TiET
Bo IBAIEAD T,

Apedinella 1Y, HMfaZem oo 4 5 E L
LTHM L, THRONDSEN 2319714RIC %7 LR T,
BUfE ¥ Tl —finsmbh T\ 5, JLHERE A. spinifera
(B 4) X THRONDSEN (1969) 1 X - T Pseu-
dopedinella spinifere L L CTEMEhicb OThs,

flagellum
tentacle

peduncle .
Spine

1 Pedinella  Pseudopedinella — Apedinella

PAETROEIIR 2 el TRT X 51T, FES
NPT R F RS 3 E i \ad, BREL )
BMLTWAZEnbELDE, HfEsi b KT
BEbL0rMEEhs, AEOMBIIERINTIIRLR
® Pseudopedinella WIERT 5. F7ch biiidmic 6
DO D D, HIHEOMIE B 1 ADOHFELFi T
[l o THO S, Mo &k 8 pm, [HiX8 pm THS,
Lo L, BmCIMEA e, B LANAERD T
Bk, B XU M BIAT 6 Ao Thz
16 2 DREIE IO M ORI > THITC s 2 &
TRAEND, BOEIRWTFh & 2 3SETH12
pm Thh, HELEAL 6T, 6 2DOMIIHICH - T
RO fZB L, ThXhWheRELicErv s 4 Fxd
2, RAEZALRIL,

Pedinella w2\ Tix, boERET BRI,

51 A X #k

HiBerD, D. J. 1976. Bot. J. Linn. Soc. 72: 55-80.
S @ 1981, K 29 6.

THrRONDSEN, ]J. 1969. Nytt Mag. Bot. 16 : 161-216.
THRONDSEN, J. 1971. Norw. J. Bot. 18: 47-64.
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The influence of high molecular organic substances in sediment
on the green alga Chlorella pyrenoidosa CHICK

Shuzi HiNo and Kazuo ANDO

Hokkaido Research Institute for Environmental Pollution
Kita-ku, Sapporo, 060 Japan

Hino, S. and A~po, K. 1981. The influence of high molecular organic substances in sedi-
ment on the green alga Chlorella pyrenoidosa. Jap. J. Phycol. 29: 181-187.

High molecular organic compounds in the sediment of the Barato River (Hokkaido
Ishikari-gun Ishikari-cho) were extracted with 1N sodium hydroxide, and were found to
stimulate the growth of Chlorella pyrenoidosa. Three extracts were obtained, an alkali,
an acid, and a water. The alkali extract was separated into four fractions by DEAE-
cellulose chromatography. The D-1 (0.1 M NaCl) fraction showed an observable stimula-
tory effect, whereas the D-4 (NaOH) fraction was inhibitory. After separating the D-1
fraction by Sephadex G-100, the growth stimulatory S-5 fraction was calculated as having
a molecular weight of 24,000 by gel filteration. This fraction was composed of 32% sugars,
44% proteins, 0.31% iron, and 0.07% manganese. The growth inhibitory D-4 fraction
contained gallic, protocatecuic, p-hydroxybenzoic, p-coumaric, and vanillic acids. All these
phenolic compounds except for vanillic acid, which was not examined, were found to
strongly inhibit the growth of C. pyrenoidosa at concentrations of 1 M or over.

Key Index Words: Chlorella pyrenoidosa; Chlorophyta; growth-inhibitory com-
pounds; growth-stimulatory compounds; organic substances; phenolic compounds ;

sediment,

The effects of organic and inorganic sub-
stances in the sediments of rivers, lakes and
sea upon growth rates of algae have been ex-
tensively investigated (PRAKASH and RASHID
1968, Honjo and HANAOKA 1973, 1974, I1-
ZUKA and NAKASHIMA 1975, COOKSEY and
CooKSEY 1978, JACKSON and HECKY 1980,
IsH10 and KonDO 1980). The effect of high
molecular substances on algae have been
found to be inhibitory (PRAKASH and
RASHID 1968, COOKSEY and COOKSEY 1978)
or stimulatory (GIESY 1976). It is well
known that the growth of algae is stimulated
by adding sediment to the growth medium
(PRINGSHEIM 1946, STARR 1964).

The present study attempts to determine
which constitutents of high molecular weight
organic substances found in the sediment of
a river in Northern Japan have a stimula-
tory effect on the growth of the green alga

Chlorella pyrenoidosa. Both stimulatory and
inhibitory fractions were analyzed by ion
exchange chromatography, and molecular
sieve gel chromatography to clarify which
substances were active.

Meterials and Methods

Sediment ; Samples of sediment were col-
lected from the Barato River located in the
center of Hokkaido, and kept in a cold room
at 4°C in a wet state until use. This sedi-
ment was a fluffy precipitate and was black
in color.

Alga; Chlorella pyrenoidosa (CHICK) was
supplied by the Institute of Applied Micro-
biology, The University of Tokyo, and was
used throughout the present experiments.

Extraction of organic substances; Organic
substances were extracted from the sedi-
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ment with distilled water, 1N sodium hy-
droxide, or 1N hydrochloric acid. Five
hundred m! of each solvent was added to
100 g wet weight of the sediment and the
mixture was incubated in a reciprocal shaker
for 24 hr at room temperature. After shak-
ing, the mixtures were centrifuged at 8,000
rpm for 20 min, and the pellets were dis-
carded. After adjusting the supernatant to
pH 7.0 with alkali or acid, solid ammonium
sulfate was gradually added to 100% satura-
tion. The precipitate was collected by cen-
trifugation at 8,000 rpm for 20 min, and dis-
solved in 1 N sodium hydrooxide for water
and alkali extracts and 1N hydrochloric
acid for acid extract. These solutions were
dialyzed against distilled water for 3hr and
then against 50 mM Tris-HCI buffer (pH 7.2)
overnight. The dialyzed solutions were de-
signated as water, alkali, and acid extracts
respectively. These samples were kept in
a cold room at 4°C until use.

Assay of algal growth; Bold’s Basal Medi-
um (Brown and Bold 1964) was poured into
test tubes (10m! per tube) and autoclaved at
120°C for 20 min. Sample extracts used in
these experiments were dialyzed. After
sterilization with an Amicon filter, the sam-
ples were adjusted to the same absorbance
at 280nm, and 1m/ was poured into each
test tube. One drop of C. pyrenoidosa pre-
cultured in Bold Basal Medium for 5 days
was inoculated into each of the test tubes
with a micropipette. The inoculated test
tubes were incubated at 20°C for one week
under illumination at 2,000 lux. At the end
of the experiment, algal growth was deter-
mined by measuring dry weight.

Determination of phenolic compounds;
Phenolic compounds were extracted and
purified following the method of KATASE and
HANYA (1974), and determined with a Hitachi
635 A type high performance liquid chro-
matogram using a stainless steel column
(04%15cm) packed with Lichromosorb RP-
18. The column temperature was ambient,
the solvent was 5% acetonitrile and traced
acetic acid, and the flow rate was 2.0 m//min.
A Hitachi UV monitor was used as a de-

tector.

Assay of sugars, proteins, iron, and man-
ganese; Sugars were assayed by the An-
thron method (DREYWOOD 1964) with glucose
as a standard. Proteins were assayed by
the method of LOWRY et al. (1951) with
bovine serum albumin as a standard. Iron
and manganese were assayed colorimetrically
by a JIS 0102 (1979).

Separation of the alkali extract by DEAE-
cellulose column chromatography; The alkali
extract was loaded on a DEAE-cellulose
column (2X30cm) equiliblated with 50 mM
Tris-HCl buffer (pH 7.2) containing 0.1 M
NaCl and the column was eluted with a
gradient concentration of NaCl. After elu-
tion with NaCl, the column was washed
with distilled water, and residual substances
were further eluted with NaOH. One of the
fractions of 5ml/ were collected.

Reseparation of the DEAE-cellulose frac-
tion by Sephadex G-100 column chromato-
graphy; One of the DEAE-cellulose frac-
tions was subjected to gel filtration with a
Sephadex G-100 column (2X90cm). Equili-
bration and elution were carried out with
50 mM Tris-HCI buffer (pH 7.2) containing
0.1M NaCl. One of the fractions of 5m!/
were collected.

Determination of molecular weight; The
molecular weight growth stimulatory frac-
tion was determined by gel filtration. Cata-
lase (58,000), chymotripsinogen (25,700), and
cytochrome C (13,400) were added as marker
proteins.

Degradation of the organic substances by
C. pyrenoidosa; A closed dialysis tube con-
taining the C. pyrenoidosa suspension, one
of the Sephadex G-100 fractions, or both
was immersed in 600 m/ of the basal medium
in 1/ flask with silicon cap. The medium
was agitated with a magnetic stirrer at
20°C for 15 days. At intervals, a small
amount of the medium was drawn out and
the absorbance at 280 nm was measured.
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Results

Effect of the extracts on C. pyrenoidosa;
The three kinds of extracts were tested to
ascertain their effects on the growth of C.
pyrenoidosa. As shown in Table 1, the
water and acid extracts stimulated growth
39% and 43%, respectively. The alkali ex-
tract stimulated growth 2.6 times the rate of
the control.

Separation of the alkali extract by DEAE-
cellulose column chromatography; The elu-
tion profile of the alkali extract is shown
in Fig. 1. The extract was separated into
at least four fractions (D-1 to D-4 fractions).
The fraction were collected separately and
their effects on algal growth were tested.
The D-1 fraction stimulated the growth of
C. pyrenoidosa (Table 2) two times that of
the control. The D-2 fraction and D-3
fraction did not promote growth. Only the

Table 1. Effects of the three extracts on the
growth of Chlorella pyrenoidosa.

Algal growth

Substance

(mg/dry wt/I) (%)
None (Control) 7.4 100
Water extract 10.3 139
Alkali extract 19.3 261
Acid extract 10.6 143

Control contained only Bold’s Basal Medium.

D-4 fraction showed inhibitory effects, re-
pressing growth 20% below that of the
control.

Separation of the D-1 fraction by Sephadex
G-100 column chromatography; This frac-
tion was composed of at least six different
molecular weights (Fig. 2). When these 6
fractions were tested for effects on algal
growth rates, the S-5 fraction showed the

—
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Fig. 1. DEAE-cellulose chromatography of the alkali extract. (O=0D280; A =concentration
of sodium chloride or sodium hydroxide arrows: 1. D-1 2. D-2 3. D-3 4. D-4.
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Table 2. Algal growth in the presence of
each fraction separated by DEAE-cellulose
column chromatography.

Algal growth

Fraction
(mg dry wt/l) (%)
None (Control) 22.3 100
D-1 fraction (0.1 M NaCl) 43.1 193
D-2 fraction (0.3M NaCl) 29.5 132
D-3 fraction (0.5M NaOH) 24.2 109
D-4 fraction (1.0M NaOH) 17.9 80.3
0.6'
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04 4 ;41
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Fi'g. 2. Sephadex G-100 éhromatography
of the D-1 fraction (0.1M NaCl).

Table 3. Algal growth in the presence of
» each fraction separated by Sephadex G-100
column chromatography.

Algal growth

Table 4. Composition of growth-stimulatory

S-5 fraction.

 Fraction

; (mg dry wt/l) (%)

. Mixed 27.2. 100
S-1 fraction 24.5 90.0
S-2 fraction 26.8 98.5
S-3 fraction 28.3 104
S-4 fraction - 28.7 106
S-5 fraction 47.1 173
S-6 fraction 32.8 121

Fraction numbers are designated by the
order of elution shown in Fig. 2. ‘Mixed’
was the sample before gel filtration.

maximum stimulatory efféct (Table 3). The
molecular weight of the fraction was deter-
mined to be about 24,000 by gel filtration.

Component (%)
Sugars 32
Proteins 44
Iren 0.31
Manganese 0.07
Others 23.6
0075

0050 AN

[=]
@
o~
Q
Oo25
e
| e -
0.0000 5 10 » 15

Day i
Fig. 3. Degradation of growth-stimulatory the
S-5 fraction by Chlorella pyrenoidosa.
0OD280=amount passed through dialysis tube Q=
growth stimulatory S-5 fraction and C. pyrenoidosa
suspension : A =growth-stimulatory S-5 fraction;
x =C. pyrenoidosa.

Components of S-5 fraction; The S-5 frac-
tion was analyzed for sugars, proteins, iron,
and manganese. As shown in Table 4, pro-
teins were the most dominant component.
Degradation of the S-5 fraction by C.
pyrenoidosa; We attempted to examine how
the S-5 fraction interacted with the alga. If
the fraction is degraded by the alga, smaller
molecules should accumulate and be meas-
urable. The results of our experiment are
shown in Fig. 3. In the case of both the
algal suspension and the S-5 fraction alone,
absorbance did not change. After the S-5
fraction was added to the algal suspension,
absorbance at 280nm increased rapidly,
indicating degradation of organic substances
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in the S-5 fraction.

Growth inhibitory substances; As shown
in Table 2, the D-4 fraction inhibited growth.
The D-4 fraction showed two absorption
peaks at 250 and 300 nm. After the frac-
tion was hydrolyzed with 6 N NaOH and
dialyzed, the dialysate was analyzed by high
performance liquid chromatography. The
results are shown in Fig. 4. Absorption
spectra were recorded and compared with
those of established standards and con-
sequently the organic substances in the D-4
fraction were identified as gallic, protocate-
cuic, p-coumaric, p-hydroxybenzoic, and
vanillic acids.

Effects of phenolic compounds on alga;
Standard samples of gallic, protocatecuic, p-
hydroxybenzoic, and p-coumaric acids were
examined.in. respect to their effect on algal

3
12
6
4
S 7
5 5 10 15 20 25 0
0 5 10 min
Fig. 4. High performance liquid chromato-

graphy of phenolic compounds. 1. gallic acid, 2.
protocatecuic acid, 3. p-hydroxybenzoic acid, 4.
unknown, 5. vanillic acid, 6. p-coumaric acid, 7.
unknown.

Table 5. Effects of phenolic compounds on the growth of Chlorella pyrenoidosa.

cfr::;gsggs p-Coumaric acid ? -Hydrox)&benzoic Protocatecuic acid Gallic acid

Algal growth Algal growth Algal growth Algal growth

(M) (%) (% (%) %)
relative growth relative growth relative growth relative growth

0 100

84.3 57.5 86.4 92.3

10 29.9 15.0 27.0 38.4

100 8.5 0.6 4.3 15.0

1000 0.4 0.0 0.0 1.2

growth. As shown in Table 5, p-hydroxy-
benzoic acid inhibited growth about 40% at
only 1 4M. The other phenolic compounds
inhibited growth about 60-70% at 10 uM,
and all compounds inhibited the algal growth
almost completely at 1 mM.

Discussion

As shown in Fig. 1 and Table 2, the D-1
and D-2 fractions stimulated algal growth,
whereas the D-4 fraction was inhibitory.
The D-4 fraction is therefore assumed to
have more groups such as phenols and car-
boxyls than the D-1 and D-2 fractions. The

D-4 fraction had two definite absorption
peaks at 250 and 300 nm, consistant with
the results obtained for phenolic compounds
by GoLDSCHMIDT (1953). This fraction was
analyzed and the presence of p-coumaric,
vanillic, p-hydroxybenzoic, protocatecuic and
gallic acids was determined. COOKSEY .and
COOKSEY (1978) suggested that phenolic
compounds (such as tannin) were present in
sediment and inhibited algal growth in case
of eluting with rain and sea water. We
found that pure phenolic compounds inhibited
the growth of Chlorella pyrenoidosa at or
above 10 uM (Table 5). However, although
the D-4 fraction contained large quantities
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of phenolic compounds, it inhibited the algal
growth to a lesser extent, only about 20%
(Table 2). It is likely that in the D-4 frac-
tion, the phenolic compounds may combine
with some other substances such as protein,
sugars, and lignin, so consequently the inhi-
bitory effect may be decreased.

Some phenolic compounds have been re-
ported to stimulate sporeling in red algae
(BONEY 1967) as well as respiration of Chlo-
rella vulgaris (DEDONDER et al. 1971), and
to enhance the growth of Goniotrichum ele-
gans when presented together or coupled to
peptides (FRrRIES 1970, 1972, and 1973). Our
research has, found an inhibitory effect on
algal growth rates, but we have not yet
determined the role of these compounds in
the river. This problem has to be solved
in the near future.

The alkali extract showed a highly stimu-
latory effect on algal growth in our research.
On the other hand, IWASAKI (1969), and IwA-
SAKI et al. (1969) reported that the boiled
extract of sediment had a remarkable stimu-
latory effect. HIRAYAMA and NUMAGUCHI
(1972) reported that an acid extract had
maximum stimulatory effect among the al-
kali, acid, and boiling water extracts. HONJO
and HANAOKA (1973, 1974) reported that the
acid extract had a stimulatory effect on algal
growth. However, they did not investigate
the effects of high molecular alkali extracts
upon algal growth.

WARIS (1953), PRAKASH and RASHID (1968)
suggest that low molecular humic acid ex-
tracted with alkali had a maximum growth
stimulatory effect upon algae. GISEY (1976)
suggested that humic acid extracted with
alkali (M. W 30,000) had growth stimulatory
effects, this due to chelating and other fac-
tors. Sediment and soil extract with alkali
involve humic acid (GoLpscHMIDT 1953).
We separated the S-5 fraction from the
alkali extract by several technique. The
humic acid was included in the D-3 and D-4
fractions. The S-5 fraction was different
from humic acid. The fraction composed
of proteins and sugars was high stimulatory
to algal growth. The humic acid dose not

affect algal growth on our experiments.

Our research showed that the S-5 fraction
was utilized by C. pyrenoidosa (Fig. 3). We
suggest that the growth stimulatory effect
of the fraction might be due to the supply
of carbon, nitrogen, and/or energy sources
avaiable for the alga after the degradation
of high molecular weight fractions such as
the S-5 fraction.

However, since we have not examined
which component or combination is most
effective in promoting growth, we cannot
exclude the possibility that some component
which was not determined in this study may
be an essential stimulatory factor.
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AsHiNo-Fusg, H. and Ikawa, T. 1981. Photosynthesis and carbon metabolism in Tetra-
selmis sp. (Prasinophyceae). Jap. J. Phycol. 29: 189-196.

Photosynthetic assimilation of “CO, by free-living Tetraselmis sp., a brackish-water
green flagellate belonging to the Prasinophyceae was investigated. After 1 minute of
photosynthetic #CO, fixation, 65% of the total radioactivity was incerporated into phos-
phorylated compounds such as 3-phosphoglycerate and some sugar phosphates. The per-
centage distribution of radioactivity incorporated in these initial products rapidly decreased
during the rest of the light period. Concurrent with the decrease in the initial #CO, fixation
products, mannitol, oligosaccharide and glutamic acid were heavily labeled with ¥C. When
the algal cells were preilluminated in the absence of CO,, dark CQ, fixation was enhanced,
and about 70% of the total radioactivity was incorporated into 3-phosphoglycerate after
30 second dark “CO, fixation. The percentage distribution of radioactivity in 3-phospho-
glycerate rapidly decreased during the rest of the dark period. Concurrent with the de-
crease in 3-phosphoglycerate, citric acid was heavily labeled with “C. Parallel measure-
ments of two carboxylating enzymes showed that ribulose-1, 5-bisphosphate carboxylase
was significantly greater than phosphoenolpyruvate caboxylase activity. In addition to
these enzymes, the activities of ribulose-5-phosphate kinase, fructose-1, 6-bisphosphate
aldolase, fructose-1, 6-bisphosphatase, mannitol-1-phosphatase, phoshorylase and amylase
were detected in crude extracts from this alga. These results indicate that the pathway
of photosynthetic CO, fixation in this alga is the reductive pentose phosphate cycle, or
Calvin cycle.

Key Index Words; Carbon dioxide fixation ; photosynthesis; photosynthetic carbon
assimilation ; Prasinophyceae; Tetraselmis.

Hiromi Ashino-Fuse, Department of Biochemistry, School of Medicine, Chiba
University, Inohana, Chiba, 280 Japan; Tomoyoshi Ikawa, Institute of Biological
Sciences, The University of Tsukuba, Sakura-mura, Ibaraki, 305 Japan.

5 & 3 A (Tetraselmis = Platymonas)
sem7 4 aRIOb

7 b F e i ADKERECOVTiL, CRrRAIGIE
5 (1966) #32 B DOIARK “CO, BEIEEY D T %

24b, gzt e —Ahb s TR SR
WTooFh, B Thkbhic 4 ADEEL L OB
MpaoiEEE ©, CHRISTENSEN (1962) 17 X b BEM
(Chlorophyceae) m Lz LT 7 F o~ 7 i (Prasi-
nophyceae) & LTHILhi-HEHIBTHY, &
HEmcES RO DD —H L Vvbh s (TR« #
1970, 3@ « & 1970),

1) AFREISCBERERREMDES X CAEEN

BHRES X5 BXRBERIHEHDE REES
5R052) O—EEERL.

T, =v=y bV eF v T VBHBEREIEEYTH D
L ERBRE LTV D, Suzukl (1974) i3 Tetraselmis
sp. (=Platymonas sp.) 7o 7 v 7 v A B
CHHTL, Tir—AKIVT I rXIFUnLiD
BESESEYLABEDF v 7 v ThHH I LxBLL
Lz, ¥7-, KirsT (1975) % HELLEBUST (1976)
X, FhEZhJEDOT + €4 2RWT, <v=
y P RBBEEFEYMEL Lo TV D EXREL T
Bo

%51z, KREMER (1975) 3 Bh#pic 34+ 2 Platy-
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monas convolutae LIEIED 2HDT F 7L I A
DA MCO, BB OV THEBA LT\W58, R
BEIE OBIEC DWW TR EMTIIAL M LTV iRy,

AT, TFIeA I ADLEEE, EER
UCO, EE S L ORI & ORE “CO. BEEEY D FHT
mHE Zh b ORERBCEES T 5BROBRIEETT
W, F I e A0 1B RTHEAMRENRSE
Bz oW TERBEZT -1

HHEEFE

1. SEBRHH

ERRR AT P T et I AD L IR TR EL
2319704 1 A BT R OMEEBIT I\ TRE,
BREEEIRLORAV, BEE, ATHKS +
=)y U (Cy=) vyIET Y —H) PEFEEL
%ok Lichd 11 wo%, NaNO; 0.2g XU Na,
HPO, 0.04g »&is#iw 4ml & PES #2#1 (Mc-
LacHLAN 1973) 20 m! #inxfcb D& & LTH
V, 18°C, 4000 lux o> JEFRST T16WH B HI— 8 F5fs]
B TESYELAL, EERHT TT-10

0. KBk

1. BHEEFORNE

HaR X hRETHAEREL 7 7 — 7 BERER
(YSI #:8 4004 &) ZFAVGTRIE Lic, KB ATA
FFay78— (650w ~m¥v35v7) B,
1% HEAAHEELES Sem 07 4 v & —%EL
TS L,

2. 4CO, EEER

(1) FA&R “CO, EEER: HEEHAY 1000xg
104 sl OB LC#®, 0.1% NaCl #41r 2mM
Tris-HCl #2#%#% (pH 8.0) t@EL, O—FEY
BiaE%E (1.3x15cm) It Ah, 18°C ofERE#EH
T, CO IRV IBKLHELE L TRR Lich,
30000 lux @ H &I T 102MRIRST Lic, fiV-TEE
sy 1ml o¥ NaH “CO; % (59.1mCi /
mM) 25 xCi 3%z, BIRSEFRROLHT THE
RETbel, —EREXAREZTHhELE Erhc
BEBERE7 » b~ GF/A FEEEK\ - #5 A
FRBCHB L, WKsRAEOXE R Lo RE|F
BL, FEOBRBHXFHREC0SE=5 /) -1
CHERA LT HCO, BRRIGEEL S ¥, Zhiiblk
KBPCLOSREIMB LI VKT 7408 ~-HA Y
Buvior 7 AFRS TR IFAL, YBDO0% =%/
— L ERAVCTFARERZE T 2DX 5 LTHER

FH ey, 80% =%/ —AT[EESYE L, FAKRHE
EAEBES L L,

frds, AR, NaHMCO; *inx T 6
=2 )L CEETHECIRELLCERME LTEDLL
o

(2) miBSsHEOR “CO, BEEHR: (1) L @AHD
FETLODEATRET 21TV, ERERCEGARER 1
ml izo ¥ 50 Ci » NaH“CO; B #hnx i 1CO,
BERIC R iR I ¢lc, —ERERER, #=x/ —
LNERBENS0S L5 X 5Tk, “CO, BERE
ZEIEI®IC, ZhEBiEKBHTL00R S Lk
iTotkcth, HEEBREZML TEEME L, ZE2EK
LTRRIED NaHYCO; #BEL, &bz (1) &M
BOBFC X b IFRALT80% = % / — A A[EESY &R
BES %R,

3. MC-EEEHD L ER

7z — VAl S % 30°C LLT CREZE L, 80
%=%87—LVTEHLEAHEZY » F =~ 3MMF#
ARy b LI, —REBHEZT -1, BRGBHKT
7 =/ ——EEfE — 0.2 MEDTA—k (369.5: 5.0:
50.0: 80.7v/v) #—®&kIBIZHA, n-7% /) ——
K (249: 16v/v) & 7w A vEE—IK (207: 263) &
ERREA LD (Benson ef al., 1950) »—k
THORMCA I, FIRERIELABXRT 4 44
(BELI¥A, NB) 2B 44—t 757, —
2TV C-BEIEHEERIE Lic, “C-EEREORER,
N=R—Ir=2 ST LD UC-BEIEPBEDAE, b %
Homy, kv vav—v o vhy vz efGHE
L7

4. BEF O

R BEA R 1000x g 105R&EOO8 LT, 1%
NaCl FRCBE, HOE2EL Y BL Tl - 1%
HLEFRED, I0mM 54201+~ (DTT) %
&t 0.5M Tris-HCI #&###% (pH 7.5) #mx, 0°C
KHEWT 10ke T3 HMBETRAE L T WAL HER:
Lic, chi 2°C, 17000 x g T 304 Rl LA s L,
LERERE L LTAVE,

5. EEREHEORIE

1) V7r—==2-5-9 vF (RubP) £+ —+: KIt
% 0.1 M Tris-HCI ##¥% (pH 8.3) 0.4m!, 0.5M
Ru5P 0.2m!, 0.1M ATP 0.1m!, 0.1 M MgCl,
0.1ml,0.1M 254 » 0.05m! BIXOEFEK 0.15
ml &Mz % 1.0ml & L,38°C ¢fF\ (HurRwiTZ
1962), Rk 35 MM V » B% ALLEN ¥ (ALLEN
1940) #RA\VTHIE L,
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2) V7m—2-1,5-—Y vF (RuBP) » A £%x<
5 —+: 1M Tris-HCI &% (pH 8.3) 0.1ml,
0.05M MgCl;, 0.1m!, 0.1M BRI rrzF4 v
0.05m!, 0.1 mM NaH¥CO; 0.1m! (2 pCi) %Xt
B#FH 0.1ml iz T 30°C CL0QRI 7 v 1 v+
—~— L7, 0.05M RuBP 0.05m! #inz KI5
#BAE Lic (SuclyaMa et al., 1969), —5EBsR KIS
L7t 0.1ml iz TRIC% #i1k &, “CO,
RREECBRVICERRIGK 0.2ml 2FgicRE s
B LBy v v~ 3 v A Y v 2 THREEEY
JE L1,

(3) "AK=/—nErEvEE (PEP) #A£x
5 —+: KItv: 1M Tris-HCI #2## (pH 8.3) 0.1
ml, 0.2M DTT 0.025m!, 0.05M 71 % 3 vfEF
FY ¥4 0.025ml,0.05M PEP 0.05m/, B3##% 0.1
ml X0 0.1mM NaH¥CO; 0.1m! (2 pCi) %n
2 T#EX0.5ml &L, 30°C Tff -7 (SLack and
HaTch 1967), RICOEIER LU “C-EERIL (2)
LEBROFETITo 1

4) 722+ —A-1,6-—Y v (FBP) 7o }+5
~+:0.00M Tris-HCI #&#&#% (pH 7.5) 1.0ml/,
0.05M FBP 0.25m!, 0.28M Wi v V52 v BEK
(pH 7.0) 0.25mi, 0.004M FeSO, 0.25 m!, E#FHE
# 0.25ml 3 XOK%EMZ CHEE 2.5ml L L 38°C
CRIE L%, SIBLEY and LEHNINGEN (1949) ©J5
B> THEBEER L,

(5) FBP k27 » 2 —+: K% 0.5M Tris-HCl
w2 (pH 8.7) 0.4ml, 0.1 M MgCl, 0.1ml, 0.4
mM EDTA 0.1m!, 0.05M FBP 0.2m!, EBEEK
0.2ml 3XVKEMLTL£E%X 2.0ml L1, 30°C
TRIGRTT, T 5 &Y vE% ALLEN B THI
E L1,

6) =v=1r~—-1-1-V v B (MIP) B K KBH%:
MIP BiAkERERIEMIL, 7147 +—R-6-) VEEDOR
IE3s X O MIP 0Bt O TR oW T Ikawa et al.,
(1972) oFEe X b BIE L,

(7) MIP c27 » 2 —%: itz 0.1 M Tris-#
EiEE% (pH 7.0) 0.5ml, 0.01M MgCl, 0.1m!,
0.1M MIP 0.1m!, BFE# 0.1m! X K%t
THREX L.0ml L1, 30°C TRIERTV, HHET
SEEY vE% Allen IR CHIE L7c (Ikawa et al,,
1972),

8) 7:5—+:0.25M 7 = vEEiZEK (pH 6.0)
0.5ml, 0.2% 7 : m—20.25ml, 0.6% NaCl 0.1
ml FIUEERK 0.15ml &z 30°C TRIG% 17

\», Blue value #% (WANKA et al., 1970) 1o X b
BEE LT, _

(9) FAKY F—+: KIGix 0.25M 7 = v il
#® (pH 6.0) 0.5m!, 0.5M 7L 2 —2-1-Y vEO0.1
ml, 5% WEHEWT v 7 0.2ml, BEER SIOKY
Mz TE%X 1.0ml &1, 30°C TfT\., HEETS
Y vEER ALLEN BBIC X W BER LT,

6. TofhoEEE

7mm7 4L OFERT IwaMura et al., (1970)
DHEC LY, Fi, #2272 BOFEEIZ Lowry et
al., (1951) DFHEIT &k kDI,

® 3

1. AR RIFTHBEDOHE

TN I AD 1 EOREMEBHRIELECRIFTYE
HBEOFEZOWT AXRNCER, Fig. 1l ©ri”tXs
129 30000 lux CHIFNZ & L, BUCIZRL TUL gL
PERREEE T 100000 lux ¥ T2 LA EEHLT,
BT L BEER R LR 5 T,

TRUE PHOTOSYNTHESIS
(muatoms 0, Aig chl/min )

o ' L 1 1 i
0 10 20 30 40 50

LIGHT INTENSITY (Klux)

Fig. 1. Effect of light intensity on the rate
of photosynthetic oxygen evolution of Tetraselnis
sp. at 21% oxygen. Temperature was 18°C.

2. XA “CO, EE/izo\T

¥ERIC X B MCO;, AEHEY 80% =& / — 7]
BEY E RBEMCOWT BN, FOKSFE Fig. 2
ZRT LI, Tra—ARBE~D HYC DL bR
LZEEIZ105 E TIITERANTIEI Lichs, Thllsk
BERECETFT L. —F, 7A2—L REEHIAD
UC D& HRAZEEIX 300 % TEKRACHEML, Th
DHBIRECETTHEEEZR Lich, ZOEF~D
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‘ac FIXED (cpm 7ug chl)
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MINUTES IN LIGHT

Fig. 2. Time courses of ¥C incorporatien into
ethanol soluble and insoluble fractions under pho-
tosynthetic conditions. —(Q—, ethanol soluble
fraction; —@—, ethanol insoluble fraction.

UC D& pRAKEILIVF LK TIRE “C BEIEEDH3I0
BE LI, & DESOBSC O\ TRFEIC R L
e oteh’, KEHD UC iEmMAIR X hBEHIC
AELEh 7 v a —ARBEEhB 2 L, T0IE

o
o

20

* 1%C OF EtOH-SOLUBLE FRACTION
»~
o

MINUTES IN LIGHT

Fig. 3. Distribution of ¥C compounds in the
ethanol soluble fraction during photosynthesis in
Tetraselmis sp. —@—, phosphate esters; —ll—,
mannitol ; —O—, oligosaccharide ; —(O—, aspartic
acid; —x—, alanine; —VvV—, citric acid; —A—,
glycine and serine; —A—, glutamic acid.

LAERT v vbichbDEHEE L,

7 A a — AT EE SO UC-BEEH DI EHAN
BIdIRTER—A=sm< b ST 74 —®T,
UC BEEHOBMNER LR, LO/MR, Fig.
3 RETLSR, 34F COLRBNEMRMOLXERT
1L, 3-hAKRZY €Y vE (PGA) Y vELEY
o) vELEMES0% D UC ik hikEh,
B L e F D EIA R ABICED L, iR &k
WNBHC, =v=y bEd ) TE~AD UC DL YRR
R e S B I L, 600 Tk~ =y PN
D UC DL HRABZEIXT Va2 — LRI BE TR DKIZ5%
CETHELI, —H, 7I/BTRT7TATFVER
€Y v, FY) AL PRRIYIEL, IE Y
i/ 3N bi&&ﬁgﬁ¥'@i’of:° IR I VEEAD L
DAL 3DMEDOHARTI2HBIEL, Z0EERE
DHLEH L6055 ¥ THSE LI, Tie, BEEETIL,
7= v EEAND E DRI LRI, Vv IBAD L
DRAZITIREAE R BRI 5T,

3. RiRHHE O 1“CO, BRI\ T

BEEp T, CO, 2EF VL KHMRTRBSHL,
BaHE ILE %I ¥CO, 52 5 LEEFTTO COEEHE
NELREShDZ EHEIh TV (MivacH!
1979), ¥ b5 &L § ACKWTY Fig. 4eR-TX5
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Fig. 4. Time courses of dark CO, fixation.
Solid lines, enhanced dark CO, fixation after
preillumination ; dotted line, dark CO, fixation
without preillumination. —A—, —A—, total
radioactivity; —(QO—, ethanol soluble fraction;
—@—, ethanol insoluble fraction.
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12, 105 0RIBHE DR “CO, BEEEE L, ALt
L LDSEL I 1CO, BEHEI T ELL #E
Xhi, = OEEDHRIL 1 S UAOEREICR LA,
FhUBIEE ARBEEOEE LIS LT
D3, TAa—ATBESIAD L DRAKEL, B
s ¥C & hiALE L IZIFRBEOHEHFA R LICH,
T A2 — ARBES~D UC DL bR 3 ALK
FEAEEMUIeh 57,

7 A3 — AR EEE SO UC BEIEEY DN R AN
Tx3 &, Fig. 5 @Rt X5, HiRsH#EOREEE30
BT LED UC ne5%h PGA T & hihEh, B
LRI EBBICEY Lic, —h EXRBAIC 7 = VEE~D
LW RALZOEESHKFEEZTHML, 3BT —E
Litotce CDENT AATF VEERILE I VEEN
DL ALY 7 = vBOHMTBR TISHHiEO LY
RLHB BRI,

60
=z
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Fig. 5. Distribution of ¥C compounds in the
ethanol soluble fraction during light enhanced
dark CO, fixation. —@—, 3-phosphoglyceric
acid; —QO—, aspartic acid; —Xx—, alanine ;
—A—, glutamic acid ; —V—, citric acid; —A—,
unidentified compound.

4. RERBICBESTIEERCOVT:

CO, AT 535 B L LT RuBP A H+
5 —+€& PEP A g%y —ELORMERKI £
DS RuBP » 4K ¥ v 5 —EiEHT, PEP # A&

Table 1. Activities of ribulose-1, 5-bisphos-
phate carboxylase and phosphoenolpyruvate
carboxylase in Tetraselmis sp.

Enzymes

Enzyme activity

(MCO. fixed, cpm/min/mg protein)
RuBP Carboxylase 3733
PEP Carboxylase 839

Table 2. Detection of enzymes seeming to
participate in the metabolic pathway of man-
nitol and starch in Tetraselmis sp.

Enzymes Activity
Ribulose-5-phosphate kinase?! 18.2
Fructose-1,6-bisphosphate aldolase? 0.17
Fructose-1,6-bisphosphatase?! 28.0
Mannitol-1-phosphate dehydrogenase® 0
Mannitol-1-phosphatase! 18.4
Phosphorylase! 12.3
Amylase* 2.3

1 40.D. at 530 nm/min/mg protein

2 40.D. at 340 nm/min/mg protein

3 units/min/mg protein

4 Inorganic phosphate liberated pg/min/mg
protein

* v 7 —EERICHETH 44 EEGESREB I W
(Table 1), = DizHMRERTEBICEET5 BHRL
LT, FBP 74 F5—+, FBP cA7 > & —¥k X
¥ RuSP 7 — €22 T @@ RV Tho BR
EME LB Xt (Table 2),

¥, ©v=, b ARCEETS BRELT MIP
BikFEEEFRE MIP RR7 5 7 & — €DV THNKE
(Table 2), MIP BiKFEBEFEMIL 747 b —A-6-
Y vEEDRBTRIGE: LU MIP oL RGO T RIG
SLTRE L2, WThoBA biEkERETS
C&ngﬁmotoit,7wﬁb—xﬁlﬁvy
=, FOEBLETERCOVWTHER L vnThi
BHETERh) ot UL, MIP hR7 52 —¥iF
PELE B AR S hte (Table 2), = OEEFRER
oBE pH 12 7eH v (Fig. 6), =o pH Kk T
EEERNY ANTHRS &, ABEEOBMTH MIP
wx LD CHREMNE - EAVREhic (Table 3o

b v 7 v ONRRIGCEEToERLLT
RAKRY F—EET I T —EEOWTHANCER |
BRLLEET D ENMLMCIt» T (Table 2),
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Fig. 6. Effect of pH on the mannitol-1-phos-
phatase activity of Tetraselmis sp. Assay condi-
tions are as described in the text, except for
variation in the buffer used. —@—, acetate
buffer ; —(O—, Tris-acetate buffer.

Table 3. Substrate specificity of the mannitol-
1-phosphatase of Tetraselmis sp.

Inorganic phosphate liberated

Substrate (#g/min/mg protein)
Mannitol-1-phosphate 6.0
Glucose-1-phosphate 0
Glucose-6-phosphate 0
Fructose-6-phosphate 0.5
Fructose-1,6-bisphosphate 1.1
Glycerate-3-phosphate 0
p-Nitrophenylphosphate 0

Reaction mixtures were incubated for 5 min
under standard conditions as described in the
text, except that mannitol-1-phosphate at a con-
centration of 10 #moles in 1m!/ of the reaction
mixture was replaced by equimolar amounts of
the other phosphates indicated.

Z ®

FrFTer i AD 1 (Tetraselmis sp.) ki 5
A “CO, BEEE Y O RN s BB ZFNIRER,
¥ER 1 AT 72 -2 AEESPC BE Shic

uC pE5%H PGA Y vELEHEEL Y vEit
SiL LTHRIBIHh, BN Ltz
L, TAATX VR Y vIBRE CooArEY
B0 L DRI TH -1 (Fig. 3)o 2O
BRI, REBTERC LD COEEXT> C:HEY
CALRB/ERE ISEPLTWS,

—7, Chlorella % Anacystis 7g X OFEFC + v
Ly wicd o CiihTit, CO G ELVWHRETT
MBS 2T, ERERK ¥CO, 2525 LK 1CO.
EEfEnZE L\ REL D, T “CEREHLLT
PGA »igHh, —F Coorr+v BEKELD
CiiapTix, “OPHRCIY TAASTF B ) v
SEEAE “CEEENE LTREBSIS & L8
XhT\3% (HoceTsu and MivacH! 1970, MiyAacHI1
1979), 7 b Z &4 § AT, RifRgEOR 1CO, A
EI0HTL YCEATEDTO%H PGAC L hhEhic
(Fig. 5)o ZHBDEREMND, 7+ T EA I AIRE
BITERIC &% Cs o CO, BEXT->TW5d
DIHEINB, Ebicz Dz &, RuBP »rx%
o5 —EEWMN PEP hAFF o5 — LRI ERT
wAaHEEL, RERTEHKCESTS FBP 74 ¥
55—+, FBP kA7 » &£ —«, RuSP 3 —+ 7l
LHoEmuiEES Rl ahi-o & (Table 2, 3) 7 &
nHIBM[ILND, -

FEREREEDTOVTIEL, XARDOMR &
=v=y b RT A~ ATREEGA~D UC DL hRIK
MBIt 5z & (Figs. 2, 3) »b,
FRF v 7 REBRERE L To T A b D EBbh
%, D= Lit CralGIE (1966) ® KREMER (1975)
BORERLL—HKLTWD, T FFeA I ALKTS
EEDO~ v =, F OEFL, KirsT (1975) * HELLE-

V=

" BuUsT (1976) HOWE BB L oI BEEOFEIT

Bi5 LTV B0, WREE S SEE RO
BYHE - TWBbDEELBND, TV =y }bD
ESRBRBITOVTIE, &6 MIP BikEEEREED
BRIBICIE I Lich oiedd, MIP kA7 52 —€0D
BUWESENRZS LR b, B% (YAMAGUCHI
et al. 1969, Ikawa et al, 1972) ¢F UL 72427 b
—A-6-Y vEE->MIP>=v =, } D BB T THh<T
WHLDEELLRDH, FMCOWTRSHRILIC
BENBBETHD, cOENT FFEL I ATEAY
TEAD UCDEYVRZB =V =y FREDOWVLTEL,
FAER 30 ALAE TIEH 20% T—EDEIBRT > T
Bo TDFAY IHEZOWTITELFELIKHFH LT
WAL, BRI —EECE T s b T Y
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TvEBOFEE LI TV B TEER L EL LR B,
i, FV 7 UvRBICOWTL B LT s,
RAKY 5 —ERT { S—ENFEETH LMD, &
FHYLAB ML OBERC L » THMABIRT L
3b0LEZLAB,

—HE I E B Chlorella I X DFEER L UIGE
(KAREKAR and JosHi 1973), B A Anacystis
(MivacH! and OKABE 1976) 7r &z s\ Tit, %2
ML W AERENRBET7 I /ButeV v, 2V, 7
ARSEVEE TI=vigENREL, IR VEED
ERRDHEDZLRI, T FTEL I AD LTI
KERC LD 7L 5 ¢ vEEAD UC D L ) RLH R
HITHh -1 (Fig. 3), = hit CraIGIE et al. (1966)
X% Tetraselmis sp. o 2B D LD EHE &
I UT VD, FFTF L IADIFETIR AR § v
DS 7 = vEE~D UC Dk 93RE b bk (Fig.
3), &K HIBHEB O CO: BE Tt BEThH-1
(Fig. 5), = DRTREHEDORE CO, EED#EFRiL Chio-
rella 7s X DR (MivacHr 1979) 21t k&< B
5LDTHYH, 7 b5 i At Chlorella 213 E
ol RERBOHHMBEHIEET LD LEELLR
%o

FRRCH - BERO SoHBir ol &, #IEER
RIHE 2 Bb - B KEE YR ER TR MESZ
CEL B oBEYET S,

5l B X #
ALLEN, R.]J.L. 1940. The estimation of phos-
phorous. Biochem. J. 34: 858-865.

BensoN, A.A., Bassuam, J.A., CaLviN, M,
GoopaLg, T.C., Haas, V.A. and STEPKA,
W. 1950. The path of carbon in photosyn-
thesis. V. Paper chromatography and radio-
autography of the products. J. Am. Chem.
Soc. 72: 1710-1718.

FREEHE < 0 E= 1970. BofEo 77 v/ BEOB
7e (I). 3% 18: 33-42.

CHRISTENSEN, T. 1962. Alger. In T. W. BOCHER,
M. LanGe and T. SorRenseN (ed.) Syste-
matisk Botanik. Vol. 2, No. 2. Munksgaard,
Copenhagen : 178.

CrAIGIE, ]J.S., McLAcHLAN, J., Majak, W.,
AckMAN, R.G. and TocHer, C.S. 1966.
Photosynthesis in algae II. Green algae with
special reference to Dunalielle spp. and
Tetraselmis spp. Can. J. Bot. 44: 1247-1254.

HeLLEBUST, J.A. 1976. Effect of salinity on

photosynthesis and mannitol synthesis in the
green flagellae Platymonas suecica. Can. J.
Bot. 54: 1735-1741.

HoGeTsu, D. and MivacHi, S. 1970. Effect of
oxygen on the light-enhanced dark carbon
dioxide fixation in Chlorella cells. Plant
Physiol. 45: 178-182.

WOE= . THEXHE 1970. BED 75 o/ BEOWH
7 (I). #JH 18: 88-95.

HurwiTz, J. 1962. Phosphoribulokinase. p. 258-
261. In S.P. CoLowick and N.O. KapLaN
(ed.) Methods in Enzymology. Vol. 5. Aca-
demic Press, New York.

Ikawa, T., WaTtanaBe, T. and Nisizawa, K.
1972. Enzymes involved in the last steps of
the biosynthesis of mannitol in brown algae.
Plant & Cell Physiol. 13: 1017-1029.

IwaMuRra, T., Nacal, H. and IcHiMURA, S. 1970.
Improved methods for determining contents
of chlorophyll, protein, ribonucleic acid and
deoxyribonucleic acid. Int. Revue ges. Hy-
drobiol. 55: 131-147.

KAREKAR, M.D. and JosHi, G.V. 1973. Photo-
synthetic carbon metabolism in marine algae.
Bot. Mar. 16: 216-220.

KirsT, G. 0. 1975. Beziehungen zwischen Mannit-
konzentration und osmotischer Belastung bei
der Brackwasseralge Platymonas subcordi-
formis Hazen. Z. Pflanzenphysiol. 76: 316
-325.

KRrREMER, B.P. 1975. 1CO,-Fixation by the endo-
symbiotic alga Platymonas convolutae within
the Turbellarian Convoluta roscoffensis. Mar.
Biol. 31: 219-226.

Lowry, O.H., RoseBrouGH, N.]J., FARR, A.L.
and RanpaLL, R.J. 1951. Protein measure-
ment with Folin phenol reagent. J. Biol.
Chem. 193: 265-275.

McLacHLaN, J. 1973. Growth media—marine.
In J.R. STEIN (ed.) Handbook of Phycological
Methods. Cambridge University Press, Cam-
bridge : 25-52.

MivacHl, S. and OkaBg, K. 1976. Oxygen en-
hancement of photosynthesis in Anacystis
nidulans cells. Plant & Cell Physiol. 17:
973-986.

MivacHi, S. 1979. Light-enhanced dark CO, fixa-
tion. p. 68-76. In M. GiBBs and E. LaATzKO
(ed.) Encyclopedia of Plant Physiology New
series Vol. 6. Photosynthesis II. Photosyn-
thetic carbon metabolism and related proces-
ses. Springer-Verlag Berlin.

Norris, E.R., Hori, T. and CHIHARA, M. 1980.
Revision of the genus Tetraselmis (Class Pra-
sinophyceae). Bot. Mag. Tokyo 93: 317-339.



196 Fuse-AsHiNO, H. and Ikawa, T.

SIBLEY, J. A. and LEHNINGER, A.L. 1949. Deter-
mination of aldolase in animal tissues. J.
Biol. Chem. 177: 859-872.

Srack, C.R. and HatcH, M.D. 1967. Compara-
tive studies on the activity of carboxylase
and other enzymes in relation to the new
pathways of photosynthetic carbon dioxide
fixation in tropical grasses. Biochem. J. 103:
660-665.

Suciyama, T., MaTusmoTo, C., AKazawa, T.
and MivacHi, S. 1969. Structure and func-
tion of chloroplast proteins VII. Ribulose-1,
5-diphosphate carboxylase of Chlorella ellip-

soidea.
602.

Suzuki, H. 1974. Starch-type polysaccharide and
mannitol in Platymonas. Phytochemistry 13:
1159-1160.

WaNka, F., JorpEn, M. ]. and KuypPer, CH. M. A.
1970. Starch-degrading enzymes in synchro-
nous cultures of Chlorella. Z. Pflanzenphysiol.
62: 146-157.

YamacucH, T., Ikawa, T. and Nisizawa, K.
1969. Pathway of mannitol formation during
photosynthesis in brown algae. Plant & Cell
Physiol. 10: 425-440.

Arch. Biochem. Biophys. 129: 597-

....................................................................................................................................

T &

~<vAxFv=, L.P.1980. v=abraAXHiEofEE (Mepectenko, JI. [T. Bogopocau 3anusa INerpa Besukoro
{(Hayka) Jlenunrpax, 1980), 232 &, 404 [, (A ATORAMIEILE 4,500 M)

AGE 21(2) : 104, 28(1) : 8 CTHWA LA IO VERETHT ¢ —« 3= e ZHPHEHR (v=v 75~ F)
DEEFMAETRREBFEHT OBWREOMRCHEENTE Y, €/ 77 F-vy7HE I3 GROZEBHE
& SE, RVvAFvaltrIb e P A KFEORE L ETIEERTT IR,

2 P ARFBREY T OAR by 7XALR WL OhOBRXELEWEIRT, FOMEHEENHLRT, v
MAXBREOBRE LMD LCEERMK TS Y, FTHEEENOWET LY FF LA TVWBHZ L Eh bR
DIKAREINTELRETLDS, i, A, A (1966, Kk 14: 127-145) w X - T b hi- X 5
CHADHE 7 » 7 L DHBRORE W LR ENG, FBRRARE > THEELERE A 5,

TOREIEL LTINSEEE B OFAEIRE, 1965, 1966E I BMHEFTNT -1 v5 04 A Ly 7EHD
Ry = 2 EWTORETHIF > 1BER, E.S. Zinova Ei2 X 51920~30EROBERI 12 X > THbhT\5,

AERDRE AABREOMEREOHCA R T A A NARSEC S»R T\ W5, ¥3, HEOETIHAE,
%, GEOIATEH65R 16L&, 2258V TRIR LEKE REELT\Wb, OHTKRO 8 i, | FHoE
MRS hic, fLES5E (Porphyra inaequicrassa, Hollenbergia asiatica, Tokidaea hirta, Rhodomela
munita, Laurencia saitoi), #3532 # (Climacosorus pacificus, Ralfsia longicellularis), 3% 1 5% (En-
teromorpha clathrate subsp. asitatica f. lepioclada), IEHEA DI B AU D BRSNS, HmEEHOTE
IRHER DT % PO KD 6 MIBIR AT THERT V2, 1. BEHOBRAT, 2. €= F A AFEMRSOHEREY
LT, 3. Ry =2 BERMHEOWRNE, 4 BEMBOHRAM, 5 €3 b A KFBOEMESHBERE L A7,
6. X v = 2 BOWHHEHIBERE, ChoEIHEBERE TR 7 <=, Ayel EDBEBYOBIEIZ T
bFHBINT 2, ¥ EOFERRETIHRAA > T\ S DORZA, AB L EOMIEATF—EDOHE D
A Twievyy MANBAIRE o TRZDEANRZE L RETH 5, CMBEEX ILEFRE)
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BB LI Synedra B2EICHITEIRROBED

A BE B =
BENBAERE 7~ EEKS (220-01 BAFFEBILET)I R 842)

Sarto, S. Decrease in cell length in two species of Synedra (Bacillariophyceae) in labora-
tory culture. Jap. J. Phycol. 29: 197-200.

Decrease in cell length in two species of Synedra were examined. Five clones of
Synedra acus with different cell lengths and a clone of S. ulna var. danica, isolated from
Sagami Reservoir, were cultured for 645 days by transferring them into filtered reservoir
water every 10 days. The average rate of cell length decrease was 10.3-12.5 pm per 100
days in S. acus and 19.7 pm per 100 days in S. ulna var. denica during the initial 308
days. Afterwards extremely small cells, which did not follow the rate of decrease, were
increasingly observed in all the cultures except the No. 5 clone of S. acus. Numerous
abnormal cells curved in the central region of the frustule were observed in S. acus near
the end of the culture period. It is suggested that in some cases two or more different
populations in the same species may possibly be distinguished when the seasonal dynamics

of phytoplankton populations in Sagami are discussed.

Key Index Words: Bacillariophyceae; cell length; culture; decrease; Synedra

acus; Synedra ulna var. danica.

Shoji Saito, Tanigahara Purification Plant, Kanagawa prefectual Water Works
Bureau, Kawashiri 842, Shiroyama-cho, Tsukui, Kanagawa, 220-01 Japan.

Ak - AEE (1980) 1%, HEMNC BT 5 Synedra
acus KiTz. ¥ HEBIED I\ 2 DOEERE, T
HH 200 pm PLEDAR E 200 pm AT O/NEIC X
AL, wi#Ld4~6 AE #&HI5 ALUBRKECRS
FCHRTA ZEXYBEALAR L, LavL,
OHEMIAR X b4 LERTHObhDENEL,
FORRIABI/NEETHIen L bELbRI, ©
T, FOTHEEVRETHI»E, HENK» LS
B L7 S. acus R S. ulna var. danica (KUTz.)
GRUN. w645 AEREfEE L, M/ MLicBIT 285y
fTo1eDT, ZORERTHEET S,

HELFHE

S. acus RO S. ulna var. danica ¥, \~Thd
HERAKO LA LI b DT, SHHER 1 FLURORK
HREHOSTNDL, Fhihl flaxEol LERE
Exic i\ o, S. acus 13RO RS No. 1~No. 5
D58 (b No. 1 »bIFEI 233,193,176, 153,
133 gm) %, S.ulnae var. danica |35%& 345 pm @
1 Bkx VT,

By, 128FRIBI (EeR, 5000-7000 lux), 12
BRI D 4 7 AT, 20°C DERZEAT fT-o7%
BRI, EREHA» S 100 A BE ¥ TIIEEEREI
K (BKBEK) %, FhUBKESEEREER
WAK (BINDOK) #rvTsv74ens— (3K
7 HA, L& 0.45 pym) TABLT B, 7k,
T OEER Y RAVIBEORKIFERER, LoXR
CEENLHEET S L, S. acus Tix 20000~40000
cells/ml, S. ulna var. danica “Ti% 7000~10000 cells
/ml BTHA D, HLMFIE 10m! DEREY WK
BLlcstnEn 1 v, 7 ZARBE (NFE 18mm)
Wb, Fz~fghnLic Synedre & SUEERR Y 4
A¥<, b, S.acus Tk 0.4ml, S. ulna var.
danica T3 1ml 8 L7, Hx #X1x, S. acus
CTIX10B R U20HF &, S. ulnae var. danica Tix10
AR ZiTo7

MEDOHINI20H % X7y, HAME AoMY
ASA N 77 ALY, XEFREBETHER 77 2
— % — (10mm 100%4y) % F\, S. acus 13400f5,
S. ulna var. denica 13100f5DF T, ThZh 30~
504z o\ TEH L,
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Fig. 1. Decrease in cell length in five clones

of Synedra acus and a clone of S. ulna var.
danica in culture when transferred into new
media every 10 days (solid circles) or every 20
days (open circles).

Synedra BOREIL/I (1971) -1, ok,
ke AEH (1980) OHT, S.ulna L Licoix S.
ulna var. danica DB Y TH 5,

s S

Fig. 1 1%, SEEABA%AH 308 MO S. acus B XU
S. ulna var. danica TR bR EDOBAERT,
108 & XMl x f\IEHAE, S. acus 1Kl 5 100 H
U b omERANL, No. 1 #2 5 No. 5 #E TlHc
F#5 12.5, 11.4, 11.7, 12.2, 10.3 pm &7ch, »
FhYEWEXR LI, S. ulna var. danica TiZ,
1008 b OBEFWANIFH 19.7 pm Lig b, S. acus
I o kEDok, =7, 0B EFTHELE VBT
13, 100 BY4 hofE/®Rix S. acus Tk No. 1 #h
5 No. 5 # ¥ClHe 8.1, 81, 7.7, 7.4, 6.6 pm
Efeh, 10B B EHELEVEH AL DNTEVE
THotc, 1ok, 208 DML ME TIXHITT 5 M
fani%h o tedT, 1408 TEBIZFIE L,

Fig. 2 1%, S.acusNo.l#k& S. ulna var. danica
O¥eFT 308 BHHERU 577 BRI BT B REAM LR
. S. acus No. 1 #D308 H iz It} 5 150~155pm
o#la®e, S. ulna var. danica © 577 QBT 5
140 pm Big o M@AE, Fig. 1 R Uik ians
REMELETHE, WThOBAELELIIETSH
b, DX 5E LN oML, S. acus o No.

100 —
= | Synedra acus Nol
=
g
€ sof
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o
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Fig. 2. Comparison of the distribution of cell
lengths of Synedra acus (clone No. 1) and S.
ulna var. danica at the start (hatched histo-
grams), 308 days (open histograms) and 577 days
(solid histograms) of growth.
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Synedra acus S. ulna
var. danica

A

No.1 No.2 No.3 No.4 No

4

Fig. 3. Comparisons of the normal and abnormal cells seen in five clones of Synedra acus after
645 days of growth. a: normal cell, b: abnormal cell. A remarkably short cell and a long cell
of S. ulna var. danica after 645 days of growth are also showed in the right. )

5 HE BV TTXTOKRTHE Licd’, £ E&577
B#wc S. ulna var. danica TI3§80% L %<, S. =
acus Ti¥ No. 1 #kA3#925%, No. 3 ¥2#10%, © HESE oM B £ 5 Mifaf/ Mo RBR T,
DO TIELSS LT THhot, sk, Fig. 1 T308 * DR % HosTETTER and Hosuaw (1972) o X 5
AL OREREY A Lich -0, 0k 57/E CHIBA MY b OfEIRE LTRRTH02#EY
HROEENHLIRDINDTHD, ERbhBN, FERERTILO LI HERETS
Fig. 3 1%, S. acus DEFHETESAKICAOhIR Teb OBk & DB RETH -1 L L,
EHMOBEHETH D, FORICE VT LR S. acus RV S. ulna var. danica % i\ 7o ik
TWwb, 645 A0z DX 5 icREMIEOEI & S. Bah DHEE L2 A B & T2 B ERrOBED D,
acus o No. 1 a5 No. 5 #:% Tz 100, 96, 62, 108/ H1c b0 HBEEL S. ecus T 4~6 [@, S.
72,56 % TH 120 S. ulna var. danica DEEFTIL ulna var. danica T 4~5 ERETH S, #->T
M LD REZBE S hich -1, S. acus & S. ulna var. danica DF/PNRD HLH
11, HlASBEHO LAV XD D TIReL, A
DHLDEEZBIS,
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HEESOMSZC L S EMED 2 H = Xaeo
Wik, ER RS L HBE AR TE 5T (Round
1973), AEBRERPHLIERTE LV LaL, 300
A B ¥ COEFNL BRO fMER 5% T, S.
acus RO S. ulna var. danica (XA ZITAET S
fEMEr fTbhs b0 LEx bhb, —7, S. ulne
var. danica TEHERLALRICE LMo,
MBI - TR B fME & 3 Bl o 2 e ke
fbzr-oTHBELTE LD EBbhd, 20X57%
E LB R0 MBI, Asterionella formosa %
Fragilaria crotonensis fg ¥ % #{AEE% LTd @
EHLhABRRTH D, AEBEERICHA I Synedra
B2fcounTiy, BED2EYOMMEYHS L5
Th 5,

Ak BEF (1980) 1, HEMKTS S. acus
fE 3% 200 ym Ll Eo AR ML E 2 AT o/
ReERL, KXB»R5~6 Aic, /N6 AL
mTBREAL DD WAL LI, BIZIE, 1977
F2id 220~260 pm D KEIA 4~ 6 BiciEinL, 120
~180 pm o /NEIP 6 F & 7T~8 Bz K L 7,
1978512, 200~270 pm D KEH 5~ 6 A L7,
110~140 um D /EIA 5 AT~ 6 Ao kK#m Lic,
3 LRBMlaofMbic X » TN I Lic s
RETHE, LEOEHMEBMLZ B E LELD
Hic\, ZOBHE, HEBMC S LTI REIEEIME
TLTEREBA L, f/Me L-EEHEELBLX
Winlicz Liched, Lal, RERERICKWVTHE
BEPRZ LIl EEE O R TOMIOIEMIREY 58
BRETEELTIMETH T VENZOhIh oA

R, ThHEH LWEERCHE X G CHE, ML
MORELIMEM LIS &bl ot i, HEHT
NI AT B RO RF L LHELLABH D
FELTWIcER E2E 2 hbeD &, WME XL
&b RMMT AR S LTI IOBEGER L Z 2 bh
%,

WHH75 v OESHBERCOWTL, fEEE
L TOHBESWLEREI BB LTVB, Ll
ZOBBMRAHCY - Tk, RERTLEFHELEEIL
THYHRO CLBBERPEL I LB LD
RIIRBRTHHDTHA 5,

AR HEB %G - e RUKE XY, FHEHBE
B, BEAOERE Y HIRERG L URIRAER,
FHABILEEMC R Bt LET 5,

51 B x
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Moss diatoms in Japan (4).

Jap. J. Phycol. 29: 201-207.

In the present paper, six moss diatoms collected from various localities in Japan are

discussed from the taxonomical and autoecological viewpoint.

These are Terpsinoe musica,

Diatomella balfouriana, Navicula hambergii, Pinnularia intermedia, P. obscura and Am-

phora normanii.
microscopy.

The fine structure of Terpsinoe musica is studied using scanning electron

Key Index Words: Amphora normanii; Diatomella balfouriana; moss diatoms;
Navicula hambergii ; Pinnularia intermedia ; Pinnularia obscura ; taxonomy ; Terpsinoe

musica.

Kazuo Ando, Toyooka Senior High School, Toyooka, Iruma-shi, Saitama-ken, 358

Japan.

(28) Terpsinoe musica EnRr.; Hust. Kies. 1:
898. f. 540. 1927-1930. .........iiiiiiiiiiann,
............................ (Figs. 1-6. and 7-9)

HusTEDT IZ X % &, #Eh# 35—250 pm, Bi#H25—
50 pm & 7g > TV B A3, AIBE OE M O RIEM G
109—128 pm, H¥idh 36—47 pm THH, LW IhT
W3 &5 e KB OBEGIZRIERR D o1, REEIHU
e B-BHE% Figs. 2, 5, 6 i Lz, BREEL,
st DEMBEILE b O & s » T\ B B/ (pseu-
doloculus) #&x LTW5 Z bbb, ZOHEIR
CHI1A-WE!I and YounGg-MeNG (1977) »37R Liz Hy-
drosera triquetra ORBEREGELRBOLDTH S,
F72, ROFPRIFEL © 1 SO DEXEROFE
T (Fig. 5) 2%, ZhiBREEDIEB~DOFHA
Thb, ZhERfr»bR-EHEGEH Fig. 9 ThH2
7%, YBOERERL EPHRCEEL, £OhRHE
cirg»eEs WAL FETS, Figs. 1,3,4,8%
HET S L, EHET oRECIIEEMC R I,
R ORARREEN S B 1cdTH D, = OBREEDEIRIT
Bl LTWb Z Lathhd,

HusTeDpT (1937) 1378 & + 3T, WKFOHER,
ADBEHERDO 2 r b YUEX R L, TOLEREHER
DN YEIK TS BB IR TWHETYHRFA
TEE TS, OldXDEREMR %4 Hydrosere
triquetra % Biddulphia pangeroni LW T5 D

DTHBH] ER/LTWD, SEOFHETIE, FLTk
Fotcl A7z bbb, NNEFRES
TR rAEORETLELIBECRb i, 4
BAT AL LTI, 1 = v (SKVvorTZOW 1930)
T4VEVOLY VERATADAT7E, hoT74
E (HusTeDT 1942), >+ 1 %5 (HusTEDT 1949),
HYTED T 5 Fr— 7B (Mancuin 1952) 7o &A%
B, ZDIBLYFAEEDRBFIVHTXTrhb
BHEhibDTHB, ThbDZ LhbHET5 &,
MG Em AR LA A L, ¥R, = oA
EDIONKRETHLIKEETHIDEB L e —
FRENEE (BELE o 44 % v = & Philonotis
turneriana (SCHWAEGR.) MITT.],

(29) Diatomella balfouriane GRrREV.; HusT.
Bacill. 214. f. 312. 1930....... (Figs. 10, 11, 15)

chfdlEnE Fig. 10 0 X 512 "A32HVTw5 fa
BEA b OO MBEOEKY T, ZORHHEB TILFH
oML Fig. 156 © X 57 WO BiEE R T, #
BART, hOILRERER TV 5,

FoGep (1959) EE—FRE, pH—RE, FRMET,
RREFER FEECHN, XBKINTVWBKKROE
B CTHD L L, HusTEDT (1962) 1X T H~7c 27
RKTIBEINRTWBAEERELS S TH2, AK
EECRBFELEVWEIRARZD] ERBLTW5, %
7=, PaTrick and REIMER (1966) (% [T L
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FLEEBR, BREFL) LRLTWS, AT
HusTeDpT (1927) 12 X » THAMM® S, HI (1956,
1968) 2 X »T &F)I & A+H)InD, BRE AR
(1959) T X » T SREN BT TR EIhTW5,

Thondh, K SRk Ch->TE, v/ 737
Thuidium yezoanum, ## + 5 / 4 =4 Thamnium
sandei, = N .<~x =4 Plagiochila ovalifolia, #
diF g v F v Ty Mnium maximowiczii, ¥ 5 =
5 Conocephalum conicum H b DS HBEHHE
EhTV3, FRAETLRCTET I OLCE OHIRD
2y nbRBIRLS, B, AV I XE=IrE
wyAy T roflnbRHIND XS oTs,

FEET, 2refdBE LCRBTL XSBHLES
DEBR T, —HAERIUER ROy £y
Plagiomnium cuspidatum (Hepw.) Kor.), i ER
BRte (i85 kD741 + =4 Pseudoleskeopsis japo-
nica (SuLL. et LEsQ.) IwaTs.), #EEpgik (G
EEDAA5 39 F vy Plagiomnium vesica-
tum (BescH.) Kop., K2V E LTV 5 BEO+
v : X¥=x%4 Pellia endiviaefolia (Dicks.)
DuM., 8+ D £+ =4 Conocephalum conicum
(L.) Dum., B30, BELEDOFE, akyty Iy
Fissidens minutulus SuLL.), ¥HERAE EEL
DYy 7], HERAEAE RBELD 255775
v o4 Orthomniopsis dilatata (MiTT.) NoG.), ¥
EREMA (BLEov v Ty, BEEDA~AXITrD
Sl > # e =4 Brachythecium buchananii
(Hook.) JaecG.), TER=FI UFhic EEED -
VAIRE=Tr), TERBERL (BEEo v/ 7
=4 BO—%& Thuidium sp.), WA KR HE LD
a2 AF 24 Pogonatum inflexum (LINDB.) Lac. &
2y 7% v =4 Philonotis socia MitT.), ®Z)l|
BARIL (BFRrER T TWBEREY + T7 &K
B TWS BH O <%/ =% Makinoa crispata
(SteEPH.) Mivake], #EERME/IIEV-OWLE (KA
WHHEPMCENT > TWBA YA XE=oh, B
EoHv,i3iX€E=2a4 L RX=TH Forsstroemia
trichomitria (HEpw.) LINDB.), MR #HEORE (K
RHENDAE LD+ Y k¥ A+ =7 Fissidens gran-
difrons Brip. var. plenicaulis (Besch.) Noc. &,
BLEDy /72y O—8), BER Y = UKHHES
HEO KT A v = Fissidens adelphinusBescH.),
MRRTAER Bhizzv 2 )—  VEORAXTY), 4%
FRFH BaEkoaxvrvayr, ooayr, 7o

1 73ve ¥ a4 Trichostomum crispulum BRrRucH

% X0, »=+v s Philonotis falcata (Hook.)
MritT.), HERDRE FEE Loery 7y
Thuidium cymbifolium (Doz. et MoLk.) Doz. et
Molk.), #¥FREHE (BELORV I XE=TrL
ahvtyIy), ERRERIIE Vol GREL
O7H4 + 2], BRARFTROE (BE LD &Y+
v = & Fissidens japonicus Doz. et MoLK.], #H
B IIE (B4 o £ = = & Brachythecium rivu-
lare B.S.G.), ZERMERNIL (BE LDy 7 > 5 ¥
=4 Eurhynchium polystictum Par.), fEERH
BE BELOARY A AE=35],

(30) Navicula hambergii Hust. Naturw. Un-
tersuch. d. Sarekgeb. in Schwed.-Lappl. 3: 562.
pl. 17, f. 2. 1924; ScumipT, Atlas pl. 400. f.
12-15. 1934, .. iiiii e (Figs. 12-14)

Synonym Navicula quadripartita HusT.

thi D g R MY, ZOWHOLHITEDTE
Wicdd, BOPRIPLTFHOEEL TR T O YED
BETHsr, MBIEHETHER, hFRETHTH
iR e b, BECEMO®E L LT Navicula pa-
anaensis A. C-E. 2551, YRBORMIH T
BRI BT B0 %L, N. peanaensis oI 2H
Ltz &, B, @RoBok\Wic X » TEBIT
&%, ¥io, %ME1: CuoLNoky (1957) ME#KLic
Navicula anassae ww LTS, Ll, Yo%
BRETNEFRFCHE, BRTE LI BL L bDAL,
N. anassae DikepR LRIKT FREFIOHBCH %
DERLVWOTEHITE %, PaATRICK and REIMER
(1966) %, VanNLAnDINGHAM (1975) (¥ HusTEDT
(1937) A3 EZE#K Ui Navicula quadripartita % N.
hambergii © Synonym & Ui, HEOERHR, & &
W, ZOFHARE B LTH% &, N. hambergii
DEREFIDT b TNCETH DM, oz LMt
IIAHEDED B Tch - 72D T VANLANDINGHAM B
DRBHE 51,

HUSTEDT (3 MDA eIz O\ T TREM, R
T, HATIKADar D=y b CTHICISAETT
%, B pH fEEX 7—7.5 THB] LELTW3,
¥7z, PaTrIcK and REIMER 4 (27 DItz T\ 3
KALDE LR FIrIE LTV S BT 5 G E
BBk X 5 THHH, SEOPETIRERT
X5 iea T LELIER bR, 2y fFEFORBTR
{AFHLTWB LD EEbIS, EERAI G'
+ED Y+ g3 o5y Plagiomnium maximo-
viczii (Linps.) Kor.), HEEBR (B4 EoE),
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HERFPEEE (B4 Lo 2 + =4 Conocephalum con-
icum (L.) Dum.), FEREBEL (BEED I v~
+ £ =4 Plagiothecium nemorale (MiTT.) JAEG.
L, BUicEED ey o Iy oD, HMBELRE
g (B LD~ 7=y BoO—1%E Thuidium sp.), ¥
FREE (FBE Lok v.3 s X¥= 34 Pellia endi-
vigefolia (Dicks.) Dum.), fEEHRE (Bhi-
K#t ko v =4  Philonotis fontane (Hepw.)
BriD.],

(31) Pinnularia intermedia (LacsT.) Cl. Kgl.
Sve. Vet.-Akad. Handl. 27 (3) : 80. 1895 ; PATRICK
and REeIMER, Diat. U.S. 1: 617. pl. 58. f. 10.
1966. ... oo veiiei i (Figs. 19, 20)

CLEVE BBRBC oW THIRHPAF LB LTV B4,
PaTrick & REIMER i3, RIZEHTEORMILH
RTHTHEMEL E LTS, FRBETRLNW-ES
DB ZVWThd $F Chot, Bock (1975) %
CLEVE 34%% Distantes ffi, Focep (1959) i
Capitatae #j, PATRICK & REIMER % LUND (1946)
13 Divergentes fifit LTExhEhFk-T\ 5, EE
Xk d P. obscura k L ¥z Divergentes Fiic 4
BONRIVEELZ TS,

Foged 1MoL+ AE—TE, pH—TEL
LT\%, PETERSEN (1935) X5 v=—27 LH 7Y
~YSYFOLERDOY A LV YBEEIITLLELDIE,
ORI ANVHY —, R=—FV, 74 VFVF,
ZLT /Ay = THOHERIEFLDREEAT
WBEERLTWS, ¥, Lunp BEEDOLFE S 1 v
vERELC, YEIRLIEBLLEr 1V V01D
THHZLEBRE LTV B, AR TIRES (1950)
X o> THERSFIR) <« BB OHE SR TV5A,
chilftoRBicn L 5THB, L, FRAET
RTRERTIOSR, L LTBEERPREE LD
CIEL O LTuie, Fie, BBIEVIRIED 2 75
LLAMIATWS, +BLar fEF0 X REY
HrFuEgEL Bbhs, —HERBEL (BEL
D 3 ¥ <% > & oy Plagiothecium nemorale
(MiTT.) JaEG.), HERGPEERK (BELDO 791 +
=% Pseudoleskeopsis japonica (SuLL. et LEsQ.)
IwaTs. &, B2 FEp 2 4 =4 Conocephalum coni-
cum (L.) Dum.], HERKE (EHcEbh T3
Blovrsor¥ayrE Vs Eurhynchium hians
(HEpw.) S. Lac.), HE#SARE (-5 LoREs),
HEHIB S EHMoKE L Tw5%5 OB,
MENEFRUBE EOT7H M1 r =7 &, BEED=

2 75 ~% =4 Plagiochila yokogurensis STEPH.],
HERBEIRVCOUt BEEDRY S XE=
¥ Pellia endiviaefolia (Dicks.) DuM.), #EE =
CHEME BE LD v/ 72y Bo—& Thuidium
sp.), BMEARTH (EVWiEED 72V F 95V
¥ Mnium laevinerve Carp.), EMREERERE (I8
Brov s 7=y Bo—&),

(32) Pinnularia obscura Krasske, Hedwigia
72: 117. pl. 3. f. 22, 1932......... (Figs. 21-23)

Wik Pinnularia intermedic »3IEHE VB
MNbb, Z0FEE, Lunp (1946) Xz DWlEY R—
SR L L, P.obscura % P.intermedic OHZ g
WHTW5, LA L, VANLANDINGHAM (1978) i3/
ExThEh s o & LTHL, PaTrIcK and
REIMER (1966) (%, P. obscura oJih /BT &4
EFIDETH D, i, BmOFRARITHE Y HE & 7x
B ETHERIRNTESD L LTWB, EEVARARE
TELh@Ex F#E Lz 5, PaTrick and
REIMER D BfBIZHt - T, 2 005EBHNTS
EMTEI,

WHEIBRH 7L 7 A UFDRB-TCED &< T 7
(Bartramia pomiformis) HLERINEFELZHIL
1o FD#, PETERSEN (1935) 3.5 v~=—2¢ K7/
Yy—vSvIFoLBERELHEE L TLYEYRIBL, HL
BEEr4 vy e LT HE L, HusTEDT (1957) %
KERH% 2y YUY BRI Lic, TOEEERA
E—RE, pH—FREE LTV5, AFE T TLo
b REEhED, ToBAREIVThb ik
oo —HFNEFARIL RELEDO 7 %1 + I 7
Pseudoleskeopsis japonica (SurLL. et LEsaQ.)
IwaTs.), BEABMEIBVOWL (KA EERO
o 4 =4 Conocephalum conicum (L.) Dum.], #f
BTEE EBhicaBHmo Y / % = Bryhnia novae-
angliae (SuLL. et LEsq.) GrRouT), #ifflRIERE
I (B kv 72y Bo—# Thuidium sp.),

(33) Amphora normanii RaBH.; HusT. Bacill.
343. f. 630.1930. .......ooniinnn. (Figs. 16-18)

HusTEDT (% 3% E 16—40 pm, #HRIE 10—14 pm
L LTWBA, AFETIIRRE 48 pm, HRIE 17 pm
BEOMEGLREIR T2,

WfEDH BEM: o\~ C Focep (1964) 118E
#itE, pH—EM, TRllFtgo iAo 27 TR
HEh5&Ll, HusTEDT (1957) 2fFStET, KT
BB INTVABBETERIKET T ELTVS,
SEADFAETHLRICTTIIRSE O TRHI A
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Figs. 1-6. Terpsinoe musica EuRr.
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Figs. 12-14.

.10, 11, 15. Diatomella balfouriana GREV.
Figs. 19, 20. Pinnularia

Figs. 7-9. Terpsinoe musice Eur. Figs
Navicule hambergii Hust. Figs. 16-18. Amphora
intermedia (Lacst.) CL. Figs. 21-23. P. obscura KRASSKE.

normanii RABH.
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2, e, SALRAROB-AKELED 2y 1LEBE
CEHBERBZ EMEhot, FRHET2rFED X
5 EEYBCFL b0 L Ebhd, —HERPE
Iz ({8 ko & = = Brachythecium rivulare B.
S.G. &, BE LD A*AF 395 vy Plagiom-

nium vesicatum (BescH.) Kor.), #ERRKE (B 4

B LD H I F g vF v Iy Aulacomnium heteros-
tichum (Hepw.) B.S.G.), HEBREMA (BELD
744 + =4 Pseudoleskeopsis japonica (SULL. et
LesQ.) IwaTs. &, K2 EBEED v+ =4 Cono-
cephalum conicum (L.) Dum.), BIERAAE (&
WieEtowv Ay Irofis, BELlo=gyr
a =4 % K% Fauriella tenuis (Mi1TT.) CARD.], #
Z)EARI BELD 855 3y Fv =5 Ortho-
mniopsis dilatata (MiTT.) NoG. &, {B-o7BARE
Dk v s 7 =y Bryonoguchia molkenboeri(LAc.)
IwaTs. et INoUE), HFMAR (BELED e am =
EAYFFT
» Amblystegium serpens (HEpw.) B.S.G., KA
D EBEDEK YA I X€¥==4 Pellia endiviaefolia
(Dicks.) Dum.), FHER=AIL Fhic EEEDOY
v T7), TEREBL @ELoFavFvay
Mnium sp.]), HREREE KHFEh? AEDO 24 Y
= % Rhynchostegium pallidifolium (MiTT.)
JAEG.), MMEBTH (BE Lo asky+y =y Fissi-
dens adelphinus BEscH.), #FBRERENE (8BS L
Dx==y], BEARLIE (K23E2 2v27)—+ B
Dr=ark, BEED 794 b =r), HARES
IRV (FBaEEDRY Ryt YTk, 54
F g v F v T4 Mnium laevinerve CARD. &, ZEXK
iz AT 5 v/ 7 =4 Thuidium sp.), BER=
s (BE Lo ~<% =4 Hyophila propagulifera
BroTh.), BERTAK BE LED~1 =4 Hypnum
plumaeforme WiLs.), Ik BEREEIN (B-71-h
K& EOBER), KBERBE Y FEIRE (B- - AKE
LR, WRRHKFR Bok ARE LD v £¥
= =% Plagiochasma intermedium LINDENB. et
GorT.), WARKER (Bot ARKELD § ¥~
+ # =% Plagiothecium nemorale (MiTT.) JAEG.),
BERXSE (BE LOBE), BERHASE (BaL
D=ayF=y Plagiomnium trichomanes (MITT.)
Kop.” &, ® v A3 X¥=o%), EREHEEILRA
(Botc RRELED >~ ) 74 + =4 Floribunderia
Aoribunda (Doz. et MoLk.) FL.), ERIET{AEA
W K2 HEED ~V 123425 Molendoa

4 Pterobryum arbuscula MiTT. &,

Anpo, K.

sendtneriana (B.S.G.) LiMPR.), K4 BB EE AR
(Ehitc ARELED rHhhvt v =4 Fissidens
cristatus MITT.),

®ore, BEILIEREEZ R VWTW S ERES
KENHELEAZ, —FD 2y DRATEE LTWIciiwic
ExflmmtEt bisgt, EANBTFEEEORY
COWTHEEN o Wi BARBAEBEEREICE
LB LET IV,

51 B X ™
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phyceae) Eine kritische Zusammenstellung.
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1-46.
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FEXEE: PRICSKTIEEARORK

research activities in China (1)

FEFNS65E 1 B0 5 2 AFIDIAT T, BAFH
RELOEIFE LPEES¥EE (Academia Sinica) @
PETPECHEEL, HoroWREEYIih, B
¥R UL THOAELRBEEDDWEEROZ ENT
xt, APFAEOELZIBILTE ACERELLIRT
Lk, BAEMLOFPE, FENLDORGEDD VX
HFEETE 2 WINDO— %W - T5H, BFfEok
RHED I HDAPZIITLT LS BRA LIS VEEL,
FEL, POTHEL BEALFECOVLTRICLA
gL ENBE VLD, AREMRRSITE T
13, BFOFEABHRC OV TEVELREI R, B
54 X v, hEBFER L OMIC BRRREIRRED DD
MEEXHRHEYREXR, BE1LOWEEORE
LhELLDOHHEBOZANCE NI Ih T3, §E
DEDOFHPOEE L, PROBREMECHRELBEL
RBRoOBPEORRHFEDIHOEXEBLI L TH-
1oo WEHARIA 3 BEOFETH o oD T, kiR
THELHFRBELE LTRD 422 FEAL, Thbd
(1) ExpEpHEs (b)), (2) ELHEEvEmR (F
&), (3) BEarkALyEn (REE), @) EiEH
EHHET (BH) TH3. “hboBEv-TFhi
FEBERCTET 5.

(1) Mitsuo CHIHARA : Phycological

LUF, BB &b vdhiic, bECKT
SHREBHOBRO—WHE|E L, S D/NXHHE
FHEDSGEOBERMRCBEILTEE-TH D, ik,
BEEEOTE L, 0P EEOSNCHETIIED
BEFLEEEVC,

MDD Y Y, PFhoerbx TTFE -7l
AEMIRALS L PEBFERCEL Silxd LEF S,

1. FEMEREPHARA (ALF) Institute of
Botany, Academia Sinica (Peking) dtEEFISK
#1415

COWEMIUINIEY T EFERE LTRRE L
M, FORBREIE D, BEIONES, BEKH400
LR S OEPFOREWEFT L t> TV %, ThZh
ORREBELLRAREZORELET LRD LS TH D,
1) EHTERREE, KBAKIE (MW MEERUHE
HEORE0E), 2) HEPHARKE, 29% (234), 3)
HWERENEE, 454 (39%4), 4) HPLERESE
404 (3548), 5 WHHWEMEE 21% (144), 6)
YRR EE 244 048), 7) AW E KXW RE
(BHEBEEHEE) 254 (204), 8) XEHHEE
364 (254), 9) MWEWAEEHEE 508 (454), 10)
HWFERBE 7 %o
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IS

1. ARG ETH vF 29X 0l

T ok X 20 BEGk v YL HoSREE O

CHREFT 5 ERERR (5) AP, PHEBEBEABIETCT.

Z OWEFTDIEY D IEIITERT & LTI LIc &R
OBlIfEREPEEEOEYREOER X BIE LTV 5
il ndzh, ERoOWEEPEKO L OREY
DM TH D, ZOWRE LS TS hiohE
TS (5%, 1972-1976, % %1000F 4%) OfF
OO EE RS LS, X bicrhEEE S R
DI R TEREUhEBEYED TR A I L, {hoEr
TEWETERT, AL BFETIT L O K o BUFRIF g & 3t
U CH D T2, HEAAEREITEL, TH
LITERTW B, FTEEARILLLTD L 5 Th b,
BAREEA 120 B8, EAOEEONR (B TFHEY
25,0001, #RTHHHT00ME, < X E42, 600%E, = rif
W2100%6) . 7ods, B EEEOBALZ gL,
RO B, i ESIETETT GEE), HokE
CRESZAEAMWIFERT GREE), 7 L CHBI e Ear
AR (LR) CEhFhfEShs, -
DIEEEM LT AERMEE R kv el Tth
Do oL, HERMH - OEERLELREE DI R
EDDBZ DD V=T B, —oFKED v X il

(Anabaenc) DYe& RS HKREIE DIt 5 H 5
' (K.-Z. Bal) K EHFIFTEEZD 71—, flioo—

DAL LTI HMbNBER (77 V414) &
»T, v ax (Nostoe) gL ofpfEloEHEE D
WrogastEsn 2 R (F.C. WaNG) K& dkmWFses
DIN—TThb, ARILT IOl L TR
L, MM ORE D) HidTE -t D

ETHY, EERD IV —FRIEEHHE O SR
WLCEL7 » V1A DIBFBRECB IR LD L TH-
7o MIEIHC A AR O WAL Oy AP & 0 i h
Fillo> 284 % e T8 LT o i,

Bhic X <abhs X5, shEE19784E (IEFI544E)
DIz sk & oz a BHginckEs, BIEp8c s
LN DO EC LB ER LT3, oL, &
W B A TR B3 D IR & <, DRI
FTLLES TR EDZ L THD, EBrHo 00
WHIERT DO RME & RIcHIS S £ O ) TH 10, W5
HEOFETIE, EADOHEDZESR~D AL B
DRELHEE D FEAT I B 7B R A B — i L
ThbHEH, KREEZRADHEKLLOPEPIEE~D
AR DR A BFE L S5

JEH Tl b R BRI T 0 E R 2203 U
FrADIFICEE R e, BHEBLEF 2,

MRS AElER)
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BERECHITIREARNER, TOLENEHELRHHER"

B Ok BE M
A AFETHERES+ v 5 — (415 #FABTHET 5-10-1)

YokonaMma, Y. 1981. Green light-absorbing pigments in marine green algae, their ecological
and systematic significance. Jap. J. Phycol. 29: 209-222.

In this paper are summarized the results obtained by the present author and his cowor-
kers about the function of siphonaxanthin and its ester siphonein in marine benthic green
algae, and the. pigment contents of about 50 species of green algae collected from
different sites are also reported. The discussion deals with the ecological and systema-
tic significance of the distribution of lutein, loroxanthin, siphonaxanthin and siphonein.

Siphonaxanthin and its ester siphonein were regarded as photosynthetic pigments ab-
sorbing green light prevailing in coastal deep waters. The distribution of siphonaxanthin
seems to be ecologically significant in the case of the Ulvales, the Cladophorales and the
Siphonocladales since it was detected only in the algae collected from deep waters or
shaded sites. The distribution of siphonaxanthin and siphonein seems, however, to be
systematically significant in the case of the Siphonalean orders, the Codiales, the Derbesiales,
the Caulerpales and the Dichotomosiphonales, since those pigments can be found in almost
all the members of those orders. This fact seems to imply that not only the deep-water
members but also the shallow-water members of the Siphonales originated in deep waters.

There are some deep-water species in the Cladophorales and the Siphonocladales which
lacked siphonaxanthin, regardless of our expectation that they would have siphonaxanthin
as a photosynthetic pigment essential for them to grow in deep waters or shaded-sites.
Recently we found that those species contained loroxanthin, which is the precursor of
siphonaxanthin, but did not absorbe green light in vivo.

Lutein, the precursor of loroxanthin and siphonaxanthin, seems essential to shallow-water
green algae since it is abundant in the thalli of all of them while hardly detected in the
thalli of deep-water speceis having siphonaxanthin or loroxanthin. Deep-water species
having loroxanthin might have derived from those having siphonaxanthin by failing to
oxidise loroxanthin into siphonaxanthin. In the same fashion shallow-water species having
abundant lutein might have derived from deep-water ones having loroxanthin.

Yasutsugu Yokohama, Shimoda Marine Research Center, The University of Tsu-
kuba, Shimoda, Shizuoka-ken, 415 Japan.

BEOBRFTLBEXLHFRNCRINT 52 XEKEAE
ENREENTVD, TARBERPHLLGIFELS
WThHH D, BREDCBREI FENEZHERMTINT
ZERENLVERBCERALTVBZ L, LbEh
PR LV HERMYHERE LTEBELTVWBC &
e ERRTHEANEB ORI T BEED Z & 72D T
H5,

* THEEER v % — %45 No. 382.

AR ER R RIS No. 534027 % k¢ No.
534028 1= X 5

BELEHSHEYT L > TEERIFA LIS VWL
ThTV5, BEBPHOEST & i DREOEE
PREIZRX 5012, ThbiCMlc>mRED > B
DBREXLUNDMYINT EAEBINEINENET, %
P2 ED L5 eFEOESLEMRICL - T, FEKIX
BARRLIZSWHTHB LS Z LD, TBFD
¥FEL LICEMCLED Y, BERTIIEL &3
B EREXD LD HEEIRHET L5 (JErLOY 1968),
I XL BREOERN T, BREDHEHMIBHED I X
BRETRI ENTERVIT THD, ThRUE
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Mi, BESTEOSE, GEXEXZRITZEEKH
BBaFEELT, MER7aFyvFvEk, BEL7
2= ) RY vEEFRLhE YD, REEHOXLE
RIBRLTHERCFBTHZ LA TESLDDL
EZxbhTWwa,

ENGELMANN (1883, 1884) iz, HxDBFOESR
RAWT, ThoRBHOGELHEOBRsZHE
OXERD IS HKARCFATHEV L RRIL
FEOBRIENTOEFCHEL, VFGROBI TS
HHRBERDOEET AR CTOEFTBEL TS LIBL
1o WABILHEMIND ZDEZL LS &, BEY
TRTREDELBRLICEES, ThoXREOERN
CHEBTHONEFRMAETHB L5 LD,
Lo LRI BT £ 0 HE0 £FHLLA
Bo Tk k¥, FEM - M (1938) wXxhiE, 100m
BETEFINLLY TV IR 727 ~T 2 RIILD
HLDFBEIPFREIhB L),

ZD XS ICFEC A BESEFT LTV R EELCHL
T, LEVRING (1967, 1969) 1XihA DFEE L EH Tl

n T T T

—_
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Fig. 1. Spectral distributions of light quanta
on deck and underwater at Shimoda Bay, August
20, 1976 and on shore near Shimoda Marine
Research Center, August 21, 1976, determined
with a Techtum Quanta Spectrometer QSM-2500
devised by HALLDAL and HaLLpAL (1973) (KAGE-
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Fig. 2. In vivo absorption spectra of Ulva
japonica and U. pertusa (KAGEyama and Yoko-
HAMA 1977).

BREABNEROIEHF

COBENREAMBATH DD, ELAMNCEER
BETHLEN LGSR LTRENEBLRBZET
CRIEEHEXRE LI, TORICHRESERESTK
WTHD=RAF - AETELEBIEBA IR
b, BARETACLEERAELERL, Y7L 7y
DBEEXYAEXLIBLALFA UHERCRIRFIATE
B ERTTHEEIMESATHS (B 1973), =D
ZERIHT, YV IYOBBLETRATVLLEE
KBEIREFEIHEEREFE TH 5 THEEIFERI D
IT, ZOBROEAXEALIMCLLS LV 51FEL
—BRENELTHRBZ LT,

L L DBROEGEEHELMCTBHIEER, 0
ABTOESWTLE T, EMBCEThIPEL
RELLS ETHHE, ETr0MBETRobHIT
DHBEN, 2 E 7 —ART b vEAGTEEORIN
AR AT, ABRECALRCGRTDSL HA
RRYULRVDTHS (Fig. 3), MBS EBFIEHE
DHEE-fob TRt &5 & Eid, BENTE
CEBZE->TWB I EnBHETES, Thdxt
DEFITHMBOBBTHBLT LE bW &
5,

LIANRTY TV DL TAKKEREDORG Y £ £
7 —ART 2+ YIRBET BT LTE IRtk
20, COBFRBEOCRBEAZ /) AL ETEL
T L LT VB, A BEOT A 2 kKR
HORL LTEBCR UicBakhcd, Bhr—@
CLTRETHN, O LBEREAEL ELEDEK
EOXRTLM->TWB & THD, DX 5B

Intact thallus

ABSORBANCE

L L 3\ '
400 450 500 550 600
WAVELENGTH (nm)

650 700 750
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Fig. 4. In vivo absorption spectra of various
green algae. Samples were collected at Shimoda
(KaGEYAMA and YokoHAMA 1977).
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Fig. 5. Cellulose thin-layer chromatograms of
pigments from various green algae. Samples are
the same as those in Fig. 4 The developing
solvent: n-hexane, diethyl ether and n-propanol
(50: 50: 0.5, v/v/v). Car.=carotenes; C. a=
chlorophyll a; C. b=chlorophyll b (YoxoHAMA
et al., 1977).
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Fig. 7. Spectra of thallus absorption and pho-
tosynthetic action in a green alga Ulva taeniata
(Haxo and Brinks 1950).
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Cellulose thin-layer
of pigments from Monostroma nitidum (1), Ulva
amamiensis (2), Codium latum (3) and Dichoto-

chromatograms

mosiphon tuberosus (4). The developing solvent
was the same as that in Fig. 5 (KAGEyamAa and
Yokonama 1978).



Distribution of green light-absorbing pigments 217

\
\
\
\

\
A\\Dichotomesiphon tuberosus
Ulva amamiensis” i
A

N

ABSORBANCE

Monostroma nitidurn
s . ' L L A
400 450 500 550 600 650 700 750
WAVELENGTH (nm)

Fig. 11. In vivo absorption spectra of Monos-
troma nitidum lacking siphonaxanthin and sipho-
nein, Ulve amamiensis containing siphonaxanthin
without containing siphonein and Dichotomosi-
phon tuberosus containing siphonein without con-
taining siphonaxanthin (KAGEYAaMA and YOKOHA-
MA 1978).
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Fig. 12. Excitation spectra of 685 nm fluo-
rescence of the thalli of Monostroma nitidum,
Ulva amamiensis and Dichotomosiphon tube-
rosus (KAGEYAMA and YokaHaMA 1978).
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Fig. 13. Relative pigment composition of benthic green algae in different habitats. *Collected

at Okinawa or Amami, and others at Shimoda.
of fluorescent light with the day length of 14hr at 20°C. Open circle denotes sunny site, while
closed one shaded site. Chl. a=chlorophyll a; Chl. b=chlorophyll b; Sx=siphonaxanthin; Sn=
siphonein (YokoHnaMma, unpublished)

**Cultured for more than one month under 2 Klux
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Fig. 14. The structure of lutein, loroxanthin,
siphonaxanthin and siphonein.
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Fig. 15. Cellulose thin-layer chromatograms of
xanthophylls from Enteromorpha compressa,
Valonia macrophysa, Cladophoropsis zollinger:
and Scenedesmus obliquus. The developing sol-
vent : n-hexane and methyl ethyl ketone (4: 1,
v/v) (YokoHAMA, unpublished).
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Fig. 16. Relative pigment composition of
various algae of the Ulvales, the Cladophorales
and the Siphonocladales. The value of loroxan-
thin was calculated using the molar absorption
coefficient for pyrenoxanthin proposed by Yama-
MoOTO et al. (1969) because that for loroxanthin
has not been proposed and the similarity between
both the pigments was pointed out by GoopwIN
in 1976 (YokoHAMA, unpublished).
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Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c/o Institute of Biological Sciences, The University of Tsukuba, Sakura-mura, Ibaraki-
ken, 305 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society
of Phycology). Price, 1,250 Yen per issue for members, or 1,800 Yen per issue for non member.
Lack: Vol. 1, Nos. 1-2; Vol. 5, No. 1-2; Vol. 6, Nos. 1-3; Vol. 7, Nos. 1-3; Vol. 8, Nos. 1-3; Vol. 9,
Nos. 1-3. (incl. postage, surface mail)

2. Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962), Price
1,500 Yen for member, 2,000 Yen for non member, Vol. 11 (1963)-Vol. 20 (1972). Price 2,000 Yen for
member, 2,500 Yen for non member. (incl. postage, surface mail)

3. A Memorial Issue Honouring the late Professor Yukio YAMADA (Supplement to Volume 25,
the Bulletin of Japanese Society of Phycology). 1977, xxviii+418 pages. This issue includes 50 articles
(26 in English, 24 in Japanese with English summary) on phycology, with photographies and list of
publications of the late Professor Yukio Yamapa. Price, 6,000 Yen. (incl. postage, surface mail)

4. Contributions to the Systematics of the Benthic Marine Algae of the North Pacific. Edited
by I.A. AssorT and M. Kurocr. 1972, xiv+280 pages, 6 plates. Twenty papers followed by discus-
sions are included, which were presented in the U.S.-Japan Seminar on the North Pacific benthic
marine algae, held in Sapporo, Japan, August 13-16, 1971. Price 4,000 Yen. (incl. postage, surface
mail)

5. Recent Studies on the Cultivation of Laminaria in Hokkaido (in Japanese). 1977, 65 pages.
Four papers followed by discussions are included, which were presented in a symposium on Laminaria,
sponsored by the Society, held in Sapporo, September 1974. Price 700 Yen. (incl. postage, surface mail)
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