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Partial purification and some properties of RuDP carboxylase

from a green alga, Bryposis maxima

Takamichi YAMADA, Tomoyoshi IKAWA and Kazutosi NISIZAWA

Yamapa, T., T. Ikawa and K. Nisizawa 1978. Partial purification and some properties
of RuDP carboxylase from a green alga, Bryopsis maxima. Jap. J. Phycol. 26: 49-52.

RuDP carboxylass was extracted from the fresh fronds of Bryopsis maxima and purified
partially to an extent being practically available for the investigations of some enzymatic
properties. The enzyme was activated more remarkably by Mg?* than Mn?*, and showed
a maximum activity at 10 mM Mg?+, but its optimum pH was shifted depending on its
concentration. The apparent Km values for RuDP and HCO;~ were estimated to be 6.5

x10*M and 6.0x 1073 M, respectively.

Takamichi Yamada, Tomoyoshi Ikawa, Department of Biological Sciences, The
University of Tsukuba, Ibaraki-ken, 300-31 Japan; Kazutosi Nisizawa, Depari-
ment of Fisheries, College of Agriculture and Veterinary Medicine, Nihon Univer-
sity, Shimouma, Setagaya-ku, Tokyo, 154 Japan.

In contrast to higher plants, RuDP car-
boxylases of algae have not been studied
in detail except a few in green'® and
blue-green’® algae. In view of this fact,
we investigated precisely the RuDP car-
boxylase from a marine brown alga, Spato-
grossum pacificum, and found that some of
its properties are characteristic of the brown
alga®. This work was carried out as a
part of the studies on enzymes involved in
CO, photoassimilation of brown algae™®.

In this connection, therefore, we extended
similar study to the RuDP carboxylase of
a marine green alga, Bryopsis maxima to
compare the properties with those already
reported. Thus, we obtained some interest-
ing results, although the enzyme used was

1) Contributions from the Shimoda Marine Re-
sesarch Center, the University of Tsukuba,
No. 325.

2) This work was supported by Reszarch Grant
B-148014 from the Ministry of Education of
Japan.

Abbreviations: EDTA; ethylenediaminetetra-
acetat (disodium), RuDP; ribulose-1,5-di-
phosphate, RuDP carboxylase (or RuDP Case) ;
3-phospho-D-glycerate carboxylyase (EC 4, -
1,1,39).

a partially purified preparation, and they
are reported in this paper.

Materials and Methods

Algal material. The fronds of Bryopsis
maxima were harvested in spring at Inubo-
saki, Choshi, Chiba-ken.

Chemicals. RuDP is the commercial pro-
duct of Sigma Chemical Company, and all
other chemicals were purchased according
to need.

Enzyme assay. Following the methods of
MENDIOLLA and AKAZAWA® and KIERAS
and HASELKORN", reaction mixture was
prepared. It contained 50 gmoles of Tris-
HCI buffer (pH 8.3), 2.5 pmoles of MnSO,
(or 5 gmoles of MgSO0,), 0. 25 gmole of RuDP,
5 pmoles of KH"CO, (1.25 pCi), and 0.1ml
of enzyme solution in a total volume of
0.5ml. The mixture was incubated first
without RuDP at 20°C for 20 min, and the
reaction was then started at 30°C after addi-
tion of RuDP. After incubation for 20 min,
0.05ml of 6 N acetic acid was added to the
mixture and excess radioactive carbonate
was removed by suction for 15 min. A 0.2
ml aliquot of the mixture was then placed



50 Jap. J. Phycol. 26(2), 1978

on a planchet and the radioactivity was mea-
sured with a Aloka model FC-1E gassflow
counter. All enzyme assays were duplicated
and an average value was obtained.

Results and Discussion

Extraction and purification of RuDP car-
boxylase. Three handred grams of fresh
algal fronds were minced with scissors, and
squeezed out by hands through two layers
of nylon cheesecloth into 600 ml of 0.1 M
Tris-HCl buffer, pH 7.8, containing 0.4 M
sucrose and 1 mM MgCl,. The mixture was
stirred throughly and centrifuged at 16, 000
Xg at 0°C for 7min. The precipitate was
suspended in the same buffer and again
centrifuged in the same way. The pre-
cipitate thus obtained was stored at —20°C.

A 5g aliquot of the above enzyme pre-
paration was then sonicated in 25ml of
0.05M Tris-HCl buffer, pH 8. 3, containing
5mM MgCl,, 50 mM KCI, 1mM EDTA, and
30 mM 2-mercaptoethanol, at 0°C for 10 min.
The mixture was centrifuged at 16,000Xx g
at 0°C for 40 min. To the supernatant, was
added solid ammonium sulfate to a 25%
saturation, and the resulting precipitate was
removed by centrifugation. By further
addition of solid ammonium sulfate to the
suppernatant, a 60% saturation was obtain-
ed. The resulting precipitate was collected

by centrifugation at 16,000Xg at 0°C for
30 min, and dissolved in 5ml of 0. 01 M Tris-
HClI buffer, pH 7.5, containing 10mM 2-
mercaptoethanol and 0.1 mM EDTA.

The solution was applied to a Sephadex
G-200 column (2. 5X50 cm) equilibrated with

0.05M Tris-HCI buffer, pH 8.3, containing

5mM MgCl,, 1mM EDTA, and 10mM 2-
mercaptoethanol (Buffer C), and eluted with
the Buffer C at a flow rate of 0.8 ml/min.
The eluates were collected every 10ml in a
tube. RuDP carboxylase was eluted into
fractions (No’s 24-27) following the void
volume. These fractions were combined,
concentrated in a collodion bag at 0°C for
12 hr, and then applied to a DEAE cellulose
column (2. 0x 30 cm) equilibrated with Buffer
C. A gradient elution was made with Buffer
C containing linearly increasing NaCl con-
centrations from 0 to 1. 0 M, as shown Fig. 1.
RuDP carboxylase was eluted at 0.5 M
NaCl. The fractions (No's 23-27) were
combined, concentrated in a collodion bag
at 0°C for 12 hr, and the concentrated solu-
tion was used as RuDP carboxylase solution
in this work.
Properties of partialy purified enzyme. First,
the effect of Mg?* at various concentrations
on the enzyme activity was investigated at
different pH values, as shown in Fig. 2.
The addition of Mg?* caused remarkable
shifts of the optimum pH of RuDP car-
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Fig. DEAE-cellulose column chromatography of RuDP carboxylase.
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Fig. 2. Effect of concentration of Mg?+t on
RuDP carboxylase activity.

boxylase toward neutral region. The opti-
mum pH at 8.5 at 1.5 mM Mg?* was shifted
to pH8. 0 at 10mM Mg?*, and a maxmal
activity was observed at this concentration
of Mg?* among several tests.

Since Mn?* activated the activity of RuDP
carboxylase from S. pacificum® more effec-
tively than Mg?*, the effect on Mn®* on the
activity of this algal enzyme was inves-
tigated, as shown in Fig. 3. The optimum
pH at 8.5 at 2mM Mn?** was shifted to pH
7.6 at 6mM and 11 mM Mn?* concentra-
tions, respectively, but the activation by
Mn?** was far lower than Mg?* in contrast
to the enzyme of the brown alga®. Effect
of substrate concentration on RuDP car-
boxylase activity was examined to obtain
Km values. Asshown in Figs. 4 and 5, the
Lineweaver-Burk plots for RuDP and HCO,~
each showed sigmoid curve, as with the
RuDP carboxylase of S. pacificum®, and
the Km values could not exactly obtained.
However, apparent Km values calculated at
lower concentrations of substrates were
6.5X10"*M and 6.0Xx107*M for RuDP and
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HCO,", respectively. These values were of
almost the same order as those for brown
algal enzyme®. Thus, the RuDP carboxylase
of B. maxima was elucidated to be activated
remarkably by Mg?* and its optimum pH was
shifted depending on its concentration as
with the enzyme of spinach!®? while Km
values for RuDP and HCO,™ are rather simi-
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lar to those for the enzyme of S. pacificum®,
the values for spinach enzyme being 1. 0-
2.5%107*M and 5. 6X107% M, respectively'®.
Therefore, the properties of subunits A and
B of RuDP carboxylase of B. maxima would
be more similar to those of the higher plants
than to those of the brown algal enzyme.
This is particularly interesting upon taking
into account the phylogenetic position of
green algae.

References

1) Kieras, F.J. and HASELKORN, R. 1968. Pro-
perties of ribulosz-1, 5-diphosphate carboxyl-
ase(Carboxydismutase) from Chinese cabbage
and phostosynthetic microorganisms. Plant
Physiol. 43: 1264-1270.

2) Suciyama, T., MaTsumMoTO, C., AKAZAWA,
T. and MivacHi, S. 1969. Structure and
function of chloroplast proteins. VII. Ribu-
loss-1, 5-diphosphate carboxylasz of Chlorella
ellipsoidea. Arch. Riochem. Biophys. 129:
597-602.

3) Axazawa, T., SatTo, K. and Sucivama, T.

4)

5)

6)

7

8)

9

10)

11)

12)

1969. Structure and function of chloroplast
proteins. VIII. Some properties of ribulose-
1,5-diphosphate carboxylase of Athiorhoda-
ceae in comparison with those of plant en-
zyme. Arch. Biochem. Biophys. 132: 255-261.
WiLson, J.H. and McCaLra, D.R. 1968. A
simple method for the isolation of fraction
I protein of chloroplasts. Can. J. Biochem.
46 : 441-445.

ANDERSON, L., PRICE, G.B. and FULLER,
R.C. 1968. Molecular diversity of the ribu-
losz-1, 5-diphosphate carboxylase from photo-
synthetic microorganisms. Science 161: 482-
484.

Yamapa, T., Ikawa, T. and Nisizawa, K.
1978. Purification and properties of RuDP
carboxylase from a brown alga, Spatoglossum
pacificum. Botanica Marina, in press.
YamacucHl, T., Ikawa, T. and Nisizawa,
K. 1969. Pathway of mannitol formation
during photosynthesis in brown algae. Plant
& Cell Physion. 10: 425-440.

Ikawa, T., WATANABE, T. and Nisizawa,
K. 1972. Enzymes involved in the last step
of the biosynthesis of mannitol in brown
algae. Plant & Cell Physiol. 13: 1017-1029.
MEeNDIOLA, L. and Akazawa, T. 1964. Par-
tial purification and the enzymatic nature of
fraction I protein of rice leaves. Biochemistry
3: 174-179.

WEissBACH, A., HORECKER, B.L. and HuUR-
wiTz, J. 1856. The enzymatic formation of
phosphoglyceric acid from ribulose diphos-
phate and carbon dioxide. J. Biol. Chem.
218: 759-810.

Suciyama, T., NAKAMURA, N. and AKA-
zawa, T. 1968. Activation of spinach leaf
ribulosz-1, 5-diphosphate carboxylase activ-
ities by magnesium ions. Biochem. Biophys.
Res. Comm. 30: 118-123.

KawasHiMA, N. and WiLDMAN, S.G. 1970.
Fraction I protein. Ann. Rev. Plant Physiol.
21 325-358.

L ERSE* - 3)IREF* - TER—{E** : A NXE (Bryopsis maxima) ® RuDP HLAKx:

T—EOHFBREED= - ZOHH

W1 5 CO: KRAMLBEHE R D 5, TORWOEERFE RuDP 1 LK% ¥ 5 — €OMEIL DOV EE
SITE Y fFhohid, MECHEERCHHEDLDIOVTRERE > TWADT, FTREOBETOVWTIIEL
Too AR EERMENTRY, SRR EZ M, SEIRHOGR EBHECEROBEMEMSC 7 = LV 7 O

FEEHMEOBMNLORGLONL» o7, LrL, 2

ZOWHEE TR DT HOEMBE SN, TORE,

WHDO DO L1TE Mn?* 1 h Mg (2 k> T b, Mg OBEICL ) ZHBREOLHNLS
NIRRT LASESMm O b Dl T vz, RuDP 2 HCO;™ 2+ % Km {f (6.5x107¢M & 6.0x 10-32M)
B LABHEDO L DI o 7o, (*300-31 HWINBARIRA!, BWAEAMR, **145 FRHHOERTE 3,

R L URER 2 WK A2 )



Jap. J. Phycol. 26 : 53-59. 1978

The life history of Sphaerotrichia divaricata (AG.) KYLIN
(Phaeophyta, Chordariales) in culture

Tetsuro AJISAKA and Isamu UMEZAKI

AJisaka, T. and I. UmEzAKI 1978. The life history of Shaerotrichia divaricata (Ag.) Kylin
(Phaeophyta, Chordariales) in culture. Jap. J. Phycol. 26: 53-59.

The heteromorphic and haplo-diplontic life history of Sphaerotrichia divaricata from
Wakasa Bay, Japan Sea, has been completed in culture. Zoospores from unilocular
sporangium of macroscopic sporophyte developed into microscopic haploid gametophytes
(n=9-12). Two different types of tufts occurred in the gametophytic stage according
to conditions given in culture. The gametophytes grew more rapidly at higher tempera-
tures and in longer photoperiods. Conjugation between gametes from uniseriate plurilo-
cular sporangium (gametangium) of the gametophyte was either isogamous or anisogamous
and the zygotes developed into macroscopic diploid sporophytes (2n=18-24). The sporo-
phytes grew larger under cooler conditions and they matured earlier to bear unilocular
sporangia under warmer conditions. Unfused gametes germinated asexually and developed
into gametophytes, repeating the same gametophytic generation.

Tetsuro Ajisaka and Isamu Umezaki, Department of Fisheries, Faculty of Agricul-
ture, Kyoto University, Kyoto, 606 Japan.

Introduction

Sphaerotrichia divaricata (AG.) KYLIN
taxonomically belongs to the Chordariaceae
of Chordariales, Phaeophyta (INAGAKI, 1958).
It is commonly distributed in Japan along
both the coasts of Pacific and Japan Sea.
However, the south region of the Pacific
coast is an exception. This species is com-
mercially important as it is used as tasteful
food in Japan.

HYGEN (1934) reported that the Swedish
species of Sphaerotrichia divaricata showed
an alternation of heteromorphic generations :
an alternation of a microscopic gametophyte
with plurilocular sporangia and a macro-
scopic sporophyte with unilocular sporangia.

ARASAKI (1943), studying the life history
of the species from Mikawa Bay, Pacific
coast, found that the sparsely branched
gametophytes had the dormant stage in hot

summer months and matured in autumn
when sea-water temperature dropped.

In this paper, the life history of Sphaero-
trichia divaricata from Wakasa Bay, Japan
Sea, its karyological observations, and the
growth and maturity of both sporophytes
and gametophytes under culture conditions
are reported.

Materials and Methods

The sporophytes of Sphaerotrichia divari-
cata were collected at Takahama in Wakasa
Bay facing the Japan Sea during the sum-
mer of 1974. The plants were found grow-
ing on Sargassum confusum C. AG. and S.
piluliferum C. AG. or on rocks which were
one or two meters below the low tide mark.

We used the same culture techniques and
medium prescriptions as given by NAKA-
MURA and TATEWAKI (1975).
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Cultures were incubated in 1500-3000 lux
light under the following temperature-photo-
period regimes. 20°C: 16-8 hr (Set 1);20°C:
10-T4hr (Set 2); 15°C: 14-10hr (Set 3);
15°C: 10-I4 hr (Set 4); 10°C: 14-10 (Set 5).

For the karyological observations, aceto-
iron-haematoxylin-chloral hydrate method
(WITTMANN, 1965) was used.

Results

Cultures from zoospores of the frond in
nature were started on June 21, 1974. The
fertile fronds in nature bear only unilocular
sporangia from June to July. Mature unilo-
cular sporangia are usually elongated obo-
void, measuring 61-75X26-41 ym. Zoospores
(4.7-6.6%2.8-3.8 yum in size) from the
unilocular sporangium are pear-shaped with
a single chromatophore and an eyespot,
and are laterally biflagellated (Fig. 1-A, B).
Settled zoospores become spherical and
measure 2.8-4.7 (4.0 at an average) ym in
diameter (Fig. 1-C).

Within 1-2 days, they germinated by push-
ing out a protuberance and then divided
into two cells transversely (Fig. 1-G, H).
By successive transverse divisions, the
germlings developed into creeping uniseriate
filaments consisting of 3-7 cells, and branch-
ed laterally (Fig. 1-D, E, I, J).

In Sets 1 and 2, as the result of an ex-
tensive formation of prostrate and upright
branches (Fig. 1-F), most of the filamentous
germlings developed into dense tufts com-
posed of large basal layer and profusely
branched erect portion (Fig. 3-A).

In Set 1, the upper part of some erect
filaments transformed into uniseriate plurilo-
cular sporangia (gametangia) within 13 days
(Fig. 3-C). However, in Set 2, further growth
made tufts larger (over lcm in diam.) and
they never bore plurilocular sporangia even
after 2 months.

In Set 5, 8-day-old filamentous germlings
were usually provided with hairs (Fig. 1-K).
By successive branchings and cell divisions,
they developed into simple tufts composed

Fig. 1. Sphaerotrichia divaricata. Zoospores released from unilocular sporangia and develop-
ment of their germlings. A, B: Zoospore. C: Settled zoospore with a flagellium. D-F: 5(D)-,

7(E)-, and 10(F)-day-old gametophytas in Set 1.

day-old gametophytes in Set 5.

G-L: 3(G,H)-, 4(1)-, 5(J)-, 8(K)-, and 13(L)-



of small basal layer and sparsely branched
erect portion (Fig. 1-L; 3-B). They reached
maturity within 20 days and most of the
erect filaments transformed into uniseriate
gametangia (Fig. 3-B, C).

In Sets 3 and 4, two types of germlings,
dense tufts found in Sets 1 and 2, and sim-
ple ones in Set 5, appeared at a nearly same
rate, and the gametangia released gametes
in 18 days.

The morphology of gametes (4.7-6.2X%
3.3-5.2 pm in size) was quite similar to that
of zoospores (Fig. 2-A, B).

Sexual conjugation was observed between
the gametes. The gametes were promptly
released from gametangia when transferring
from dark to right photoperiod regime (Fig.
3-D). Two swimming gametes accidentally
fused on their heads. It seems that some-
times one flagellum of both the fusing
gametes or of only one of them was lost
during the process of conjugation (Fig. 2-
D, E). The conjugation was either iso-
gamous or anisogamous.
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In Set 5, conjugation between the gametes
occurred at 70-80%, and formed the zygotes
(Fig. 3-E). However, in Sets 1 and 2, the
conjugation scarcely occurred and most of
the gametes germinated without fusion and
each developed into a gametophyte, repeat-
ing the same gametophytic generation. In
the Japanese species, gametophytes are
sometimes monoecious. In such cases, the
conjugation occurred between the gametes
from one and the same thallus or even be-
tween the gametes from one gametangium.

Within 1-2 days, settled zygotes measured
5.7-12.4 (8.0 at an average) pm in diam.
and soon germinated (Fig. 2-F). By suc-
cessive branchings and transverse cell divi-
sions (Fig. 2-G, H, I), the zygote developed
into pseudoparenchymatous discs and at the
center of which a hair was produced (Fig.
2-J, K). The disc was irregularly rounded
in outline, consisting of a single layer of
cells (Fig. 2-L). Within 15 days, the pri-
mary assimilating filaments arose from the
central part of the disc (ca. 100 gm in diam.)

Fig. 2. Sphaerotrichia divaricata. Gametes released from gametangia, their zygotes, and their
developmental stages. A, B: Gamete. C: Settled gamete. D, E: Conjugation of gametes. One
flagellium of each gamete is lost during the process of conjugation. F: Settled zygote. G-L:
3(G)-, 4(H)-, 7(I)-, 10(J) -, 11(K) -, and 14(L)-day-old sporophytes in Set 5. M: 14-day-old sporo-
phyte in Set 2.
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and rhizoidal filaments were produced from
the marginal portion (Fig. 2-M). The rhi-
zoidal filaments and cylindrical cells arose
from the lower cells of each primary as-
similating filament and cohered together to
build up a medullary layer. The growing
point was terminated by some enlarged cells
(Fig. 3-F). The secondary assimilating fila-
ments arose profusely from the medullary
cells to construct a cortical layer (Fig. 3-G),
developing into a cylindrical plant (Fig. 3-
H). In Set 5, within 3 months, the cylind-
rical plant (filiform, somewhat cartilaginous)
laterally branched in all directions and grew
about 4 cm in height (Fig. 3-I). Within one
month in Sets 1 and 2, after 2 months in
Sets 3 and 4, and after 3 months in Set 5,
the cylindrical plants bore many unilocular
sporangia (5030 y¢m in size) and released
many zoospores (Fig. 3-J).

Unfused gametes germinated and develop-
ed asexually into gametophtes. The settled
gametes became spherical, measuring 2.9-
6.7 (5.1 at an average) pm in diameter
(Fig. 2-C). Under culture conditions, as
seen in zoospore’s germlings, two types of
gametophytes were observed. Under warm-
er and longer-day conditions (e.g. Set 1),
the growth and fertility of gametophytes
were faster than those under cooler and
shorter-day conditions (e.g. Set 5). Under
cooler conditions, phaeophytic hairs were
numerously produced on gametophytes. The
loculus number of gametangia was more
numerous in culture under cooler conditions
than those under warmer conditions. The
gametangia in Set 3 had loculi from 4-16,
those in Set 4 from 6-20, and those in Set
5 from 10-28 (Fig. 4).

The number of chromosome was 23-30 in
the original sporophytes obtained from
nature (Fig.5-A), 7-17 (of which 80% was

9-12) in the gametophytes derived from
zoospores or unfused gametes (Fig. 5-B),
and 15-27 (of which 90% was 18-24) in the
sporophytes in culture (Fig. 5-C).

Discussion

HYGEN (1934), who studied the life history
of the Swedish Sphaerotrichia divaricata,
reported that zoospores from the unilocular
sporangium developed into the ‘pseudo-
parenchymatisch Basalscheibe’ and that
many zygotes occurred among the gametes
from gametangia of the microscopic thallus.
In his culture, anisogamous conjugation was
observed. However, he said that only female
gametes grew asexually to repeat more
gametophytic generations. Most of the
zygotes, this worker has observed, develop-
ed through ‘Diplonema’ stage into sporo-
phytes. These sporophytes became fertile
without construction of cylindrical fronds.

In our study, zoospores from the unilo-
cular sporangiun and unfused gametes from
the gametangium developed into the fila-
mentous gametophytes. In this stage, dense
tufts having profusely branched filaments
were formed under warmer conditions. On
the other hand, simple tufts having sparsely
branched filaments were produced under
cooler conditions. These simple tufts re-
semble the gametophytes of Chordaria
flagelliformis which were cultured under
cooler condition (culture temperature 6-10°C)
by CARAM (1955) and (15°C) by KORNMANN
(1962). The dormant stage, as seen in
ARASAKI's culture (1943), was never ob-
served under our culture conditions.

Zygotes grew to form the pseudoparen-
chymatous discs on which cylindrical sporo-
phyte fronds arose. The ‘ Diplonema ’ stage
thalli in HYGEN’s culture have not been ob-

Fig. 3. Sphaerotrichia divaricata. Stages in development from gametophyte, threugh zygotic

stage, to fertile sporophytes. A: Two dense tufts.

16-day-old gametophyte in Set 1. B: Simple

tufts. 19-day-old gamstophytes in Set 5. C: Uniseriate plurilocular sporangium (gametangium)
in Set 5. D: Releasing gamete from gametangium in Set 3. E: Three ssttled zygotes in Set 3.
F: Growing point of young sporophyte in Set 5. G: 27-day-old sporophyte in Set 3. H: Young
cylindrical frond (sporophyte) in Set 5. I: 3-month-old sporophyte in Set 5. J: Unilocular spo-

rangia of 2-month-old sporophyte in Set 4.
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Fig. 4.  Sphaerotrichia divaricate.  Loculus
numbér in gametangium in Set 3, 4, and 5. (200
gametangia were obszrved in each sat.)

served in this study. These results agree
well with the ‘development of fronds’ in
INAGAKI's description (1958). It seemed that
the growth and maturity of sporophyte
were mainly controlled by temperature con-
ditione. Under cooler conditions, the sporo-
phyte fronds grew larger than those grown
under warmer conditions. Under warmer
conditions, the sporophytes produced unilo-
cular sporangia earlier than those grown
under cooler conditions.

Until recently no complete data on the
chromosomes of this species has been availa-
ble. A few species in the order Chordariales

MACRO. __ UNIL. R
SPOROPHYTE ~ SPORANGIA

2N

TYRIRE = ? ', GAMETES <

A diagram of th= life hlstory of Sphaerotrichia divaricata.

Fig. 6.

| Dilish
number in sporophyte and gametophyte. (left:
microscopic photos; right: hand sketches.) A:
Chromosomes of a sporophyte in nature (diploid)

Sphaerotrichia divericata. Chromosome

2n=23. B: Chromosomes of a gametophyte in
culture (haploid) n=9. B: Chromosomes of a
sporophyte in culture (diploid) 2n=24.

has been Kkaryologically studied. In the
family Chordariaceae, chromosome number
of n=8 or 9 and 2n=16 or 18 have been
cited for Myriogloea sciurus (PARKE, 1933),
n=10 and 2n=20 for Sauvageaugloea griffi-
thsiana (CARAM, 1965), and n=10 and 2n=
20 for Eudesme virescens (COLE, 1967). The
present counte of the chromosomes of
Sphaerotrichia divaricata (n=9-12 and 2n=
18-24) show to fit the pattern for this family.

The present results confirmed that the life
hicstory of this epecies is an alternation of
heteromorphic generations (Fig. 6). Meiosis

MICRO.

= Z00SPORES ¢ AmeTOPHYTES ™1

ASEXUAL
GAMETES

Y
PLURIL.
SPORANGIA



may occur during the formation of zoospores
in the unilocular sporangium on diploid
thallus which was derived from the zygote.

The present result partially explains the
appearance and disappearance of fronds in
nature. In summer, the gametophytes grow
well and mature faster, but most of the
gametes develop asexually to repeat the
same gametophytic generation. The rate of
sexual conjugation increases from autumn
to winter when sea-water temperature drops,
and sporophytes derived from zygotes de-
velop well into the branched cylindrical
fronds during the seasons of winter and
spring. The branched cylindrical fronds
bear unilocular sporangia in early summer
when sea-water temperature rises.
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Planophila communis sp. nov. (Cholorosarcinales, Chlorophyta)

from Japanese soils

Shin WATANABE

WATANABE, S. 1978. Planophila communis sp. nov. (Chlorosarcinales, Chlorophyta) from

Japanese soils. Jap. J. Phycol. 26: 61-64.

A new Chlorosarcinalean alga, Planophila communis, is described from Japanese soils.
It differs from the species hitherto described in the characters that the vegetative cells
are evenly surrounded with gelatinous matrix and the plant mass does not change in

color in old cultures.

Shin Watanabe, Laboratory of Applied Botany, Faculty of Agriculture, Kyoto

University, Kyoto, 606 Japan.

Introduction

The organism to be described here was
isolated from soils of several localities in
Japan by the method reported previously
(WATANABE 1977). It divides vegetatively
to form four-celled packets, produces quadri-
flagellate zoospores of Protosiphon-type,
and possesses a parietal chloroplast with
a pyrenoid. After examination, it became
clear that this isolate is a hitherto non-
described species of the genus Planophila.

The alga newly described has been de-
posited in the Culture Collection of Algae,
Institute of Applied Microbiology, Univer-
sity of Tokyo.

Planophila communis S. WATANABE sp.
nov. (Figs. 1-13).

Cellulae vegetativae sphaericae, 5-18 pm
diametro; vel ellipsoideae, ad 14X18 pm
attingentes. Fasciculi duo-octo-cellularium
per dividiones cellularum vegetativarum suc-
cessivas effecti. Fasciculique cellulae soli-
tariae tectae aequaliter matricibus gelatino-
sis. Chloroplastus parietalis cum una vel
raro duabus pyrenoidibus; vacuolae con-
tractiles in cellulis vegetativis interdum

observatae ; cellulae per crescentiam uni-
nucleatae.

Reproductio per dissociationem fasciculo-
rum aut per zoosporas quadriflagellatas aut
per aplanosporas. Zoosporae elongatae,
3.5-8X7-18 ym, sine membrana, stigma
antium aut prope aequatorium, duas vacuo-
las contractiles anticas, pyrenoidem posti-
cam, et chloroplastum parietalem que per-
foratum habentes.

Massa plantarum viridis per periodum
culturae ; ad paginam laevis sed glomerans
in cultura vetere.

Origo: Plantae e solo arvorum in loco
Saitama-ken dicto; m. Apr., 1975 lectae;
numerus culturae SAI-1.

Typus: Figs. 1-13.

The soil samples were collected from
arable land in Saitama Prefecture, charac-
terized by the Kanto Loam ; at the side of
a road in Mt. Eboshidake, Nagasaki Prefec-
ture; and from a farm of bananas and
papayas in Chichijima, one of the Ogasawara
Islands in the Pacific Ocean about 1000 km
away from Tokyo.

Young vegetative cells derived from zoo-
spores or aplanospores are solitary and
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assume spherical forms with diameters of
5-18 #m. The thin gelatinous matrix evenly
surrounds the individuals. The chloroplast
of these cells is cup-shaped or mantle-shaped,
containing one or rarely two prominent
pyrenoids. The latter is densely covered
with two to several starch grains which are
closely arranged and may be loose when
the cells are old. In actively growing cul-
tures, the young spherical cells sometimes
possess two contractile vacuoles in the sur-
face of the cytoplasm and a stigma in the
chloroplast. The cells are uninucleate, and
vacuoles are sometimes present.

As the cells grow, they assume ellipsoidal
form and undergo vegetative cell division
(=desmoschisis, GROOVER & BoLD 1969).
The division occurs across the center of the
parent cell into two daughter cells, which
remain in close association with the parent
cell wall. The daughter cells may undergo
desmoschisis in the direction which is usual-
ly perpendicular to the preceding division
giving two-dimensional, four-celled packets
(Fig. 1). Three-dimensional, cuboidal pack-
ets are sometimes produced (Fig. 5). The
packets are covered with a gelatinous matrix
which is evenly thickened and does not form
the branching Hormotilopsis-like colony.
The packets may dissociate either partially
or entirely to form diads or solitary cells.
The cells comprising packets attain to sizes of
1418 ym. The chloroplast becomes larger

Fig. 1. Planophila communis sp. nov. India
ink preparation to show two- or four-celled pac-
kets surrounded with evenly thickened matrix.
(Scale, 20 pgm).

with the cell growth, and occupies the entire
cell periphery without opening. Two con-
tractile vacuoles are sometimes present in
packet cells.

Reproduction occurs by zoosporogenesis
which takes place in both solitary and
packet cells. The zoospores were obtained
by transferring the actively growing cells
into tap water or liquid medium and main-
taining in dark overnight. They (Figs. 8-13)
are elongate, and 3.5-8x<7-18 ym in size;
rounded at both ends or somewhat acute at
the anterior. The cell wall is lacking (Pro-
tosiphon-type, STARR 1955), as evidenced by
their rapid assumption of a spherical form
upon quiescence. The chloroplast is parietal,
irregularly incised and occupies the posterior
pole, containing an inconspicuous pyrenoid
at the basal part. The stigma is located
at the equatorial or anterior portion of the
plastid. Zoospores which fail to obtain
motility function as aplanospores.

Sexual reproduction has not been observed.

Plant mass is green and smooth; in old
cultures the color does not change but the
surface becomes glomerulate, forming
mounds on the agar medium.

Discussion

The genus Planophila GERNECK (1907) is
characterized by the two-dimensional vegeta-
tive division to form two- to eight-celled
packets and the production of quadriflagellate
zoospores of Protosiphon-type. Cells of P.
laetevirens GERNECK (1907), P. asymmetrica
(GERNECK) WILLE (1911) and P. bipyrenoi-
dosa REISIGL (1964) are in a flat or biseriate
packet, but P. terresiris GROOVER & Hor-
STETTER (1969) frequently forms cuboidal
packets. On the basis of characters in the
formation of daughter cells by desmoschisis,
GROOVER & BoLrp (1969) classified Plano-
phila in the Chlorosarcinales.

The present isolate clearly differs from
P. asymmelrica and P. bipyrenoidosa in the
characters of zoospores, such as the length
of body and the existence of stigma. Ac-
cording to the descriptions by GERNECK
(1907) and REISIGL (1964), in P. laetevirens
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——— 10 pm (F1es. 2 - 5)

Figs. 2-13. Planophila communis sp. nov. Fig. 2, a solitary cell with two contractile vacuoles.
Fig. 3, a solitary cell with two pyrenoids. Fig. 4, a two-celled packet, with two contractile
vacuoles. Fig. 5, a three-dimensional packet. Figs. 6-7, mother cells containing two or four
zoospores. Fig. 8, a zoospore of front view. Figs. 9-13, zoospores in the motile period, showing
various shapes.

10 um (F16s, 6 - 13)

the plant mass remains green in old cultures deposition of gelatinous matrix has not been
and the cells attain to 5-15 (-22) ym in dia- observed in P. laetevirens. The present
meter. Although these characteristics coin- isolate resembles P. terrestris in the forma-

cide with those of the present isolate, the tion of cuboidal packets, the deposition of
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gelatinous matrix and the sizes of zoospores
attaining to a length of 18 ym. However, the
two are distinguished from one another by
the following attributes; in P. terrestris the
plant mass changes to brownish orange in
old cultures and the unilateral deposition
of gelatinous matter results in the forma-
tion of branching Hormotilopsis-like colonies,
but in the present isolate the plant mass
does not change in color throughout the
culture period and the gelatinous matter is
evenly deposited around the cells. These
different characteristics were ascertained
by comparative study with a living speci-
men of P. terrestris (Culture Collection of
Algae, The University of Texas, No. 1709).
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Za—2—=F K® Laingia hookeri (I3, a3 /IN/VE) [COWT
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On Laingia hookeri (Rhodophyceae, Delesseriaceae) from New Zealand.

Hideo MIKAMI

Mixkami, H. 1978. On Laingia hookeri (Rhodophyceae, Delesseriaceae) from New Zealand.

Bull. Jap. Soc. Phycol. 26 : 65-68.

The apical segmentation and the reproductive organs in Laingia hookeri (LYALL)
KYLIN were observed on the basis of specimens collected in January and March 1945, by

L.B. MooRE at Wellington, New Zealand.

1) The thallus is polystromatic throughout

except at the apices. 2) The apex is typical of other Delesseria group : intercalary divi-
sions are present in the cell rows of the second order. 3) The procarps are formed

acropetally on the central row of cells of the special proliferations.
consist of a four-celled carpogonial branch and two groups of sterile cells.

4) The procarps
5) The

tetrasporangial primordia are cut off from the surface cell as in Delesseria type.

Hideo Mikami, Sapporo University, Sapporo-Nishioka, 062 Japan.

Laingia J& (KYLIN 1929) 0% 1 7fETH 5 Lain-
gia hookeri (LYALL) KYLIN &4 e V7 41T
=2—Y=FVFThHY, ZTONMBIHEIrCEEED
a2~/ Y (Congregatocarpus pacificus) 123535
LT3, 2T YamaDpa (1932) i3 Laingia &
FR LA KYLIN OBRYEB L LT, BARE=
7~/ Vizwt U Laingia pacifica (YAMADA) YAMA-
DA (Syn: Pseudophycodrys pacifica YAMADA) @
FREE R, TOBRIALL 04X AVLR TV,
ICHE, A=A 397DV VB (Laurencia) B
RO Adelaide k¥ BE S hicdb kK EESR,
HERELOMRNC LY, =2 —Y—F v FiELain.
gia hookeri DEELERADORYE L FTITRELT 12
R, BIED Laingia oW CHEERETEMEDE
Froo> & R ®E Lt

ME: CorUAVbLhCERZ, $XT LB
MOORE {z & NSRBI NI D TH B, HE
—#¥0D 5 Hbo—#z, Wellington, Lyall 5CcniT k
WESHEMAE L DAY, 19455 1 AI9RESRMR Y

SCBBEIET e (254234) 1T X BHIRRO—E
LA (062 FLIRTHEFXTEM 243-2)

KB DKRTH > 7= (Fig. 1), Lo LALD—ZER1945
43 A 3 H, Wellington, Eastbourne |z 31+ %47 F
e cHECHE A (Figs. 2-3) RUEVGESRETH
FhZh 1 BxEL4BETH 5,

S fhir i, KRoOZERCTEVHE (0.5-2.0 cm) %
L0, EREFOKE X1 15-25cm, 1f1i3 8-12cm i3 &
BB, PMITFET S, BEED2/~7 VcRH
5 X5 dhfiinbosiz e EBd bhisy, fllk
BEFC L > TRATHE L5,

AEE: Fig. 4 BFEOARESERYRLALDOTH
5. Blb, MBS+ 5EME (@) b, 24071
RN ESH () XEDBRS, F3MFIOEM
FOFTNTHBLITET S LR > Tidal,

TRALT KO TR H AT MG L U
INE T ERBA o - TRENCER S h
% (Fig. 5), Fig. 6 17 r 2 L 7 DREZBEY TR,
b, A Tesr Az 1@ L ET KL 24
DM E D HELY 3L,

Mol FE : Mo RTFETEEGSE TR
BWEL LTETS, EYRTFEREL (primordia) 1k
Fig. 7T /R Lk X 5ic surface cell X hFE4ET 3%,
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I

Figs. 1-3. Laingia hookeri (LyaLrL) KyLIN
1. Sterile specimens from Lyall Bay, Wellington,
New Zealand (Col. et Det. L.B. MoorE). 2. Fe-
male specimen with special proliferations from
Eastbourne, Wellington, New Zealand (Col. et
Det. L. B. MooRrg). 3. The same, more highly
magnified.

EE

Laingia (KyLIN 1929) %, = =2—vY—5 v FicBE
b Tt & 2 AD Delesseria hookeri LYALL
(HARVEY 1855) # il &L LT KyrLin (1929, 1956)
CXOHFRINBECTHD, L% KyrLiv (1924) 1
Delesseria hookeri o FiJgiz B L, & 5 < Fhk
Delesseria 7’ v — F izt OPiBTHA 5 Lo R L
T o T, RICEL AL HIE Laingia L L
TRiik U7zBg, Aok R liS 1 Botryocarpa &
WHEEILTW3 & LT Hypoglossum 7 )b —7 DT
BLiE Lo

—7, WAGNER (1954) |X= 2 —¥—F v N Ste-
wart [ b OIS CRTED TR A 17 - 7o
fig, LFd KyviN o RUfifaRIT 5 &kic ezt Ra

R Bl LT, A% Hypoglossum 7 v —7 X
DB L Delesseria 7V — 7 BT XETHDED
fam 2™ Lo

ETCCDLVEEDFEL A=~V ~F YV F
Wellington 25D BHZ DT, FOEE M E%E
LchduE WAGNER (1954) o7F Lic#fiah &S84
— Lo Mh, TOMENZNIE 1 Fhizize< B
bht, HofdlcE - THH»TRE DB, Ei
Delesseria AR R THH EXHERTE L, (€-T
ZOFTAERE= 2 ~ 2 VY (= 1970, Mixkamr 1971)
D%, BTN EnHEf o Tnb T &
EXRBHEZR LTS EVWr b RICKTED 7 R
AAFE IO AT kL 2 oI E 2D
BOIT-Tkh, HAETVEINSIFSER LIRS
NAHREACH 1 kML 2 » 2B L Th b,
2 wrpEAIa R REHE D ¥ ¥ THBES L E HITEZE
Shic (Fig. 6), HELRAESWMIa 7584 R4
R DB S ieh o foo EIME D 5 72708
=772 MROEROWKDS - BEbhi
Do tze ek IATFHERIL (primordia) OFEAIC
BlL s X o Eo iy, Fig. TRl X
51zt surface cell LD THB = EANUZ
FENrD BRI, EZANRZDHIBET 5 WAGNER
(1954) otk a 5 &, RO &3S < surface
cell 22BDIEK Tik7c T, Marionella JEDS& D
X 51z primary cell Ji ¢ cortical cell 2sH4:3%
AHEME AL & LT3, LA L/ES WAGNER T &
- T 2dvre AT o EKEEZEER (WAGNER
1954. p. 310, fig. 125) # R %5 L Zhixir L A surface
cell HHD FELXBRLTWAS XS5 1R 2%, b,
F ol eSS (primordia) o A B 5 D F#
BRI AL » THRELTWaWZ EBNZD Z L2
T uBHEHLEE 2 Bhs,
B, =2—Y—5 v FEOREMEAZRET
AL IR PES, AR e PR3 L B 5,

5| FCik

HarvEY, W.H. 1855. Algae. In J.D. HOOKER,
ed., Flora Novae-Zelandiae 2: 211-266.

Kyrin, H. 1924. Studien tber die Delesseriaceen.
Lunds Univ. Arsskrift, ser. 2. 20: 1-111.

——, 1929. Die Delesseriaceen Neu-Seelands.
Lunds Univ. Arsskrift, ser. 2. 25: 1-15.

——, 1956. Die Gattungen der Rhodophyceen.
CWK Gleerups Forlag, Lund.

ZEAHI 1970. =2~ VOEEEBROET R AL
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Tmm

Figs. 4-8. Laingia hookeri (LyaLL) KYLIN 4. Apices of thallus-segments. 5. Female prolif-
erations with locations of procarps indicated by stippling. 6. Apical part of proliferation show-
ing stages in development of procarp. 7. Surface view of blade showing superficial position of
tetrasporangial primordia. 8. Surface view of blade with mature tetrasporangium. 1-7: segments;
a: apical cell; cby, cby, cbsy: first, seond, and third cells of cardogonial branch, respectively;
cbi: initial cell of carpogonial branch; cp: carpogonium ;i: intercalary cell; sc: supporting cell;
stc, : first group of sterile cells; stc; mc, stc, mc: mother cells of first and second groups of
sterile cells, respectively; p: tetrasporangial primordia; t: tetrasporangium.
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V1o, Bull. Jap. Soc. Phycol. 18: 67-71.
Congregatocarpus, a new genus

Mikawmi, H. 1971.
of the Delesseriaceae (Rhodophyta). Bot.
Mag. Tokyo 84 : 243-246.

WAGNER, F.S. 1954.

Contribution to the mor-

phology of Delesseriaceae. Univ. Calif. Publ.
Bot. 27: 279-345.

Yamapa, Y. 1932. Noets on some Japanese algae
If. Jour. Fac. Sci. Hokkaido Imp. Univ. V.

1:122-123.

BEm—

HEHEEOMECKHLTOEMBBLEMIREHEY D2—FH%

Toshikazu GOTOH: On a judging method of living cells or non-living cells
in the study of the diatom vegetation.

LHABIC BT AEEERAERZHL AT LES ETS
W, RERBRIC HEh s ERER O, Fo
KB TEBFT LT W ES 2 i+ 52 LI3EER
& THbB,

KB OFRDOET, H5WVITERER L5
Bt 5 LIEMIE2 P ) OBETREALTVS
ZERBDD, "chl‘oﬁ*bit L TREHS T “‘”‘Flﬁl, L\/‘
oD, HDHVIE m*# D E S W
LTATHBD, f_&/c PAE SIS L 22 3E) iR 1J\h5c
DOETE, KbhoFoER X W E-ABHcEEN
LB RS & LCHEEL, 2h b off
DIFTTHT HHEM T E 2 SE AT 1 547
DUREER DI T L 2L, ESiceh b5 kiR
IDRTULAELIDTHS S LHEE L7 (i 1978
FRD) . 2o X 5z gEfIE & LT BT Sk oth
Kz 2 DI, id"ﬁ?ﬂ"fﬁ?é{i?ﬁﬂdlkﬁ‘ﬂﬂ flé A
DAFE (BRI TWDMHES D) ZHEEL,
ElE0 Lﬁlo@ﬁiﬂaﬂﬂ LA LEThER SRV,
ENENDRE DWW B BERE, e/

GAE, BRI S ietE, iz sk Atk
75 ERE 4 ORIz W TG LikE S hig 5

T, HEHREAEZ IS LTI DA TE DR 5E AR
HEFRLEBE>TVWH I LI EFTHLLTH S, £
DOFp L LTI viﬂiul 17 L 72 38 % Pleurax
REDOHARITHAL, @ THEE L CHioFER
fT7vs, WiThE )LLI’I‘nu(D Mf%ﬂl’*(‘I’Uth’fv/<7
— FEBREIL THRZEOAECHI S TW5H X 5T
HbH, L»L, LOM}M IKTEAL TH D HIT Hﬂ)l
SEC AL SN SEEROBRBISTEY, Mo E
{452 EBEEETH D, £, FIBEOF RO
EROWTLRARTH D, £ TEHEIIINLLDY
HEL T, KTHAT S bz Pleurax 7t &kt
AF XD ‘iﬂ;ﬁ‘ea) 5 T4 %% Canada balsam %
um T5 LR DEREROMRBIATFETHD, S5
YA e '/“f_n“ ZLIT XD EOFFEAHE LT
\/‘EI'P&)J(MEA” AJ, ~DTHET 5. TOHEDOE
B RITTRT

L RIELRHO— e i 5, Gk
HTH7 4 A=Y VEELESOTE X,
2. LICAERES — 3 VI KSR T 5
5. MEbrIBEE, LEMRET, KENZ X<

4. 3z 2~3EL YW »x7,

5. RUTCEENEN — I vASKIES RS, HEE
AFAFSSARICED, BEEERV Sﬂimf‘fmﬂt
L, SEAITHCMEET % A g il Uik REcclzisk
T 5,

6. Canada balsam (Xylene T/ b iiid7=4, 0
AT 5) THALLUMET S,

10 pm
Figs. 1-3.
Fig. 1.

Light micrographs of living diatoms.
Achnanthes brevipes AGARDH var. inter-
media (Kurz.) CLEVE (girdle-view).

Cymbella pusilla GRUN. (valve-view).
Nitzschic inconspicue GRUN. (girdle-
view)*

Fig.
Fig.

WL o

EROFHETT 135 — b RERL 1,000 fEOfER
T LD s Figs. 1-3 thH 5%, 20k 5 T EfER
TOMEIFETH H7-DIT O 2 T3 7e 38

BHBAOLKME ERHETH D, Fi2, FIRES
BEXRLTWSHI LI ED ’Mifrmfa, R
R 3510 a0 A FEDHIERE S TH D, EBIT,
ZOFEEAVD Z LT X b RS LA S I E
ETEBHTLEIFEDLIDENVZ L S,

9

AR FERE (577 KPR d RPN T 3-4-1)
The Faculty of General Education, Kinki University,
Osaka, 577, Japan.

Jap. J. Phycol. 26(2) : 68. 1978.
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BEERE Dunaliella tertiolecta DEBICK(EFYT Mn Oz

¥ B B F

Effect of Mn on the growth of a marine green alga,
Dunaliella tertiolecta

Tadahide Noro

Noro, T. 1978. Effect of Mn on the growth of a marine green alga, Dunaliella tertiolecta.
Jap. J. Phycol. 26: 69-72.

The effects of Mn at various concentrations on the growth, protein, carbohydrate and
chlorophyll of Dunaliella tertiolecta BUTCHER have been studied. The cells were grown
in batch culture in a medium used by JoHNsON et al. (1968). The cultures were kept at
20°C, 12:12 LD and 5,000 lux. The cells were analysed during the stationary phase of
growth. Significant differences in growth and cell contents appeared at various levels
of Mn. The growth was optimal between 0.1 and 0.5 ppm. The toxic effect on the
growth became apparent above 10 ppm and the addition of Mn at the concentration of
16 ppm resulted in the rapid death of the cells. The cells grown at Mn less than 0.1
ppm decreased in growth rate and cell length. Carbohydrate and protein also decreased
in contents, while chlorophyll contents remained unaffected under this experimental
condition. Chlorosis arose as a result of the reduction of chlorophyll contents when
grown in medium lacking both Fe, which is known as hydrogenase activator, and Mn.
It is interesting to know that the occurrence of this phenomenon was manifested exclu-
sively under the depletion of these two elements. As a result, it is suggested that D.
tertiolecta is a hydrogenase-containing alga and its chlorophyll is stable in contents under
the depletion of Mn alone.

Tadahide Noro, Laboratory of Marine Botany, Faculty of Fisheries, Kagoshima

University, Kagoshima, 890 Japan.

WHICE > T=vH Y (Mn) et LATRTHY
(REISNER and THOMPsON 1956), {it. Mn #ii&k Tl
FH LTSI SN DRSS D LFELh T3
(HARVEY 1947), #HHIOEF K OHBHCFIET Mn
DEET OVT IR ELORE BHD (FE 1970;
O’KELLEY 1974), Fof&#lE LTk, HADY V&
EHBRCRRIEBEE R ARG T 5 2L &, ERO™R
FREFRCLETHD I LBHMBNTWS  (BOWEN
1966 ; 4 1967)

B EE O W MR EE N Dunaliella tertiolecta BUTCHER
TDOWTHE, KA Dk TR ORFEATEFIIREL T
bhTtwbat, HARVEY (1974) X, A&#& (Chlamy-
domonas sp. & L T) OAEFICEEED Mn BULE

BIREKFKEEMG I A R
(890 EIREM TikHE 4-50-20)

TH5H %N, —JF RILEY and Rotu (1971)
i, AR 5EhTwsd Mn 5% SFLTVv5, L
LU AKEICHT S Mn ORBATENE ICDWT
ETRHDER SV,

B|BHEIAGO Mn PR BRI+ 5720 iR %
T >TW5BH, 4E, iiho Mn BAGOLH
RURHICS 2 288 oW CETFOMEZ 0T
ET 5,

M EFE

FERT VI AERE S R e v X — X D R ED S
5% 51, @k <f4/7rEX, FEERIIX > THE
B{L L TEf % [T » 7. 153 JounsoN et al.
(1968) oz —ipkzE L (Table 1), #EEH 7 R b
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Table 1. Composition of culture medium*.

NaCl 2.4 g
M3012.6H20 1.5 g
MgSO4. 7H20 0.5 g
KC1 0.2 g
03,012 0.2 g
KN03 1.0 g
Na.HCOs 0.043 g
TRIS 2.45 g **
K,HPOY 0.045 g
Fe-EDTA 3.64 mg
EDTA-2Na 1.89 mg
ZnS0,. THy0 ~ 0.087 mg
H3BO3 0.61 mg
CoClo.6H20 0,015 mg
CusS0,. 5H20 0,06 mg
MnCl, 0.23 mg **%
(m{4)6m°7024.41{20 0.38 mg
Hy0 1,000,00 ml
* Modified from medium used by JOHNSON et
al. (1968).

** Adjusted to pH 8.0 with HCI.

*** Stock manganese solution: Dissolve 1.000 g
of manganese metal (99.99%) in the minimum
volume of HNQ; (40%). After evaporating
to dryness on a water bath, again dissolve
in 10 ml of conc HCl and dilute to 1,000 ml
with H,0.

2% 2216E KUt STP g x AV 7z, i5#Ex 15ml
Boh U ORBEIC 5ml oA A, 20°C, 5,000
lux, BARZEIM] 12: 12 pERA CRAEREE L, IRNL 72
Mn 13, Fik&E Mn (M 99.99%) 1.000g %/
BOWEE A0%) CBE» LKRRLZE L-ob 10ml
EBTEEL, EBEBEN 0.IN ks k> BEY
AKTHRL, 1,000 m! DR E Lic, fElaENT b
—<MERFTEBIC X VBIEL, Zrer 70 LEDHIE
ik JEFFREY and HUMPHREY (1975) 0 hiE%
Wi, X, HEARE IN KEEtr t Uy ATIK
=8 o L, LowRry %7k (HARTREE 1972) i
XoT7 AT I vRICHE L, ER/KIL I
Bk xD0 ¥ ¥ Dusois et al. (1956) DFkick »
THWL 7 v 2 — ARITIRE LTk, ), fllfao
AR RURSER R EBLI0 A RITHEIE L 7,

= #
MESHEERCHEEORS, Bilifo Mo @5

LS THEEL, 1081 (E¥H) oMmaiesk
wi-op Fig. 1 TH5H, £7-, Table 2 351K
3-5 A% (GIEcsE) oMiESRhERE &i%m Mn &
OREFEERLTVWS, Fhic X i A& 0.1-0.5
ppm Mn fiff CTHRAFHNEE LR L, 16 ppm Mn T
BEgiceEBsEEINE, EMiogxd 0.1-
0.5 ppm Mn g ciRKk & -7 (Fig. 2),

= 4 ——
§ 100
3
b
x
5
£ 50
E
8
) 00! [ 1 10

Mn concentration (ppm)

Fig. 1. Effect of Mn on the growth of Duna-
liella tertiolecta kept at various levels of Mn in
batch culture for ten days. Cells were incubated
at 20°C, 12:12 LD, 5,000 lux.

Table 2. Mn effects on the growth rate
constant (K) of Dunaliella tertiolecta incu-
bated at 7 concentrations from 0-16 ppm Mn
at 20°C, 12:12 LD, 5,000 lux. K is calculated

1 N.
To=T, 8N,
cell number at the early period during the
exponential phase, and N; and N, are the
numerical values at 3-day (T,) and 5-day
(T;) growth, respectively.

from K= where N is the

Concentration of Mn

in medium (ppm) K
0,00 0.08
0,01 0,22
0.10 0.38
0.50 0.38
1.00 0.30
10.00 0.26
16,00 0.00

HEARCERKILMR, B~ Mn Hmg &
Hlarh oMES - Hk/KLE & OBf%% Figs. 3,4
WAL, TN XVEHiEh 0L K5 &F &1 Mo
RZOEH%3F, 0.01-0.1 ppm Mn Fhnisk cH#
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Fig. 2. Effect of Mn on the cell enlargement
of Dunaliella tertiolecta kept at various levels of
Mn in batch culture for ten days. Cells were
incubated at 20°C, 12:12 LD, 5,000 lux.
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Fig. 3. Protein content of Dunaliella tertiolecta
grown at various levels of Mn in batch culture
for ten days. Cells were incubated at 20°C,
12:12 LD, 5,000 lux. Protein was analysed using
the method of HARTREE (1972).

@ EZ R L 72,

007 4, #iahos e w7 4 LELTM
Mn * OBRIE, EFEROMEACHRKILTE &3k
HERICT 5, biilahos rre 7 1 L &iX Mo X
ZHHICHE VT LFRA LR T LV (Fig. 5), —7%,
Table 3 (355> Fe RO Mn OFEH I/ v T
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a
00 Carbohydrate In I mi of cultur B
“@==0=cartomdrate tn 10" cells °
N §
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° 001 ot 1 ) §

© Mn concentration (ppm)

Fig. 4. Carbohydrate content of Dunaliella
tertiolecta grown at various levels of Mn in batch
culture for ten days. Cells were incubated at
20°C, 12:12 LD, 5,000 lux. Carbohydrate was
analysed using the method of DuBois et al.
(1956) .

«0——gm Chi.a In Iml of culture
=9==0=cnia in Id" cells

°
%
8
2

g

g
Chl.a content (ug chl.anGcelis)

Chl.a content (ug Chl.a/mi)

Mn‘c’omemml(on lp'pm) °

Fig. 5. Chlorophyll a content of Dunaliella
tertiolecta grown at various levels of Mn in batch
culture for ten days. Cells were incubated at
20°C, 12:12 LD, 5,000 lux. Chlorophyll a was
analysed using the method of JEFFREY et al.
(1975).

°
°
e

TNBIIEXDREERDIOTH D, TOHER,
fasho s me 7« L EIZ Mn REOEE % ZiFen
2%, Mn & &3z Fe # R icHd, filadhos =
v7 c LBIRRAL, TORIIZ Fe xR\l
IR, Ak (Ve r v R) REXEL -
(Table 3),

Table 3. Chlorophyll a and b of Dunaliella tertiolecta grown in batch culture in 1 ml of media
with and without Mn and Fe for ten days. Cells were incubated at 20°C, 12:12 LD, 5,000 lux.
JM culture medium shown in Table 1, JM-Mn=Mn-deficient JM medium, JM-Fe=Fe deficient JM
medium, JM-Mn=Mn- and Fe-deficient JM medium.

(1) (2) (3) (4) (5) (6)
Medium Cell No./ml Chl.a/ml Chl.a/cell Chl.b/ml Chl.b/cell Chl.a/Chl.b
(x104cells/ml) (pg/ml) (x10734g/10%e118)  (ng/ml)  (x103pg/10%cells)
M 452 £ 63 0.63 % 0.08 1.39 0.15 £ 0.02 0.33 4.21
JM-Mn 337+ 26 0.49 * 0.03 1.45 0.13  0.01 0.39 3.7
J¥-Fe 349 £ 35 0.37 + 0,03 1.06 0.09 t 0.01 0.26 4.08
JH-Mn,Pe 353 £ 27 0.30 * 0,02 0.85 0.07 * 0.01 0.20 4.25

(3)=(2)/(1), (5)=(4)/(1), (6)=(3)/(5), £ s.D.
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Z =

BESEBTHRICMED Mn 2 0EET52 L
BT~ 7225, HARVEY (1947) 134 (Chlamy-
domonas sp. & L C) OFEA 0.5-2.0 mg Mn/m?
(0.5-2.0 ppb Mn) T+ 5 & L7, L2LEED
HRIOAEEFEIEES DX, 0.1 ppm BE
@ Mn FMABFE LW E25, T HIAGHERE &
MIERNRS S B> SHE XN, W, 20 0.1 ppm
Mn i3, ZhECEADEBCMAINTERLAL
g Mn BICZiZIE—HT 5D TH 5,

BxDWEEN TS V7 F YOHIEEOELHES
BRIKICMBSTANDL i filix %\ (PARSONS et al.
1961), LU Esthrhod Mn 23flladh OBE R KK
thEicE 2 5B OV TORER LV, SEOE
BiC X b AR MIE T o RS &Rk EwES Mn
RZDHEEFF T DI EDBHAMEICIR 27225, Th
RAEEEEO RER &L LTOEEEY Mo »ET 3
CEEREZNELRD L EBbh S,

KEDO/rr 7 4 VE BT DO\ TIE, JEFFREY
1961) DE»H D, LL, Zhic >\ THE
thod> Mn g & OBRE F~7 flid e, Con-
sTANTOPOULOs (1970) iz X' i¥ Mn X Euglena
gracilis DEEZ{EET 50, /w7 4 LEITITFE
W EXRVI EBMLNT V5, AREICH VTS,
Mn RZick b7 re7 1 AOBEMIRSONIES o7
(Fig. 5), KeEsSLER (1968) 1X, Mn BRZLTHH
{Lhsa & 7o\ T3 hydrogenase D3SFFE{ET 5 L i
RTWb, I TAERICH VT hydrogenase Zf§
ET 5 = b T3 Fe (WARING and WERKMAN
1944) % Mn 3t HERE L TEELCE
ZhH7mr7 4 LEIMED UL ICEILBRR LR
(Table 3), fit>T, ZHbHDEERE,SAREITIX hy-
drogenase HE{ET HAAEM: RE S iz,

D AROMEMZ B - 7o dtiEAY, EEEA
BER%IR, HOCIERELMBIEZREEL TTX o /cdtils
WAL E v v & —, THRHE =4 E < L
L L5,

51 A X mk
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Marine algae from a viewpoint of pharmaceutical studies

KAzuTosl NISIZAWA

Nisizawa, K. 1978. Marine algae from a viewpoint of pharmaceutical studies. Jap. J.
Phycol. 26: 73-88.

Various marine algae have been uszd as human food, particularly in Japan, and there
‘are many important algae among them from a pharmaceutical standpoint. Some of recent
results from the studies of this field are described in the pressnt review.

The marine algae contain various free amino acids which do not occur in higher plants.
Of these amino acids, some are uszful for pharmaceutical purpose. For example, domoic
acid from Chondria armata as well as a-L-kainic and -allo-kainic acids from Digena simplex
are known to be exellent anthelmintics, and laminine which is widely distributed in the
Laminariaceae is an antihypertensive compound. Intravenous injection of its 10 to 30 mg
per Kg (rabbit) caused a positive effect.

From such algae as Monostroma nitidum and Porphyra tenera, ssveral kinds of betaines
were isolated, and B-homobetaine was particularly effective to depress the plasma choles-
terol levels of rats fed with a basal diet containing exogenous cholesterol. Similar hypo-
cholesterolemic activity was found with alginates of a certain region of DP, and with
some iodins organic compounds such as mono- and diiodotyrosines which occur widely
in brown algae. Fucosterol which is a typical sterol of marine brown algae also showed
this hypocholesterolemic activity in the same grade as that of g-sitosterol. On the other
hand, sulfated polysaccharides, particularly from brown algae were effective as the anti-
bloodcoagulant and antihyperlipemia agent. It is further noticeable that the mucilaginous
polysaccharides extracted from some marine algae, especially from Sargassum horneri
showed a remarkable antitumor activity against Sarcoma-180 solid tumor cells as well as
Ehrlich-ascites and -solid tumor cells transplanted to mice.

From some red algae belonging to the Rhodomelaceae, a variety of brominated phenolic
compounds have been isolated and most of them were found to have an antibiotic activity
against various kinds of bacteria and fungi. Furthermore, the ssaweeds contain most of
vitamins found in other foods of vegitable and animal origins, but some of the algae
concentrate particular vitamins more than the latters.

There have been published a szries of works to attempt to protect the body from the
contamination of poisonous metals such as strontium and cadmium using marine algal
acidic polysaccharides.

Kazutosi Nisizawa, Department of Fisheries, College of Agriculture and Veterinary
Medicine, Nihon University, Shimouma-3, Setagaya, Tokyo, 154 Japan.

* HREBE - KE G, HEFKTE 3, T154)
Dept. Fish. Coll. Agr. & Vet. Med. Nihon
Univ., Shimouma-3, Setagaya, Tokyo, 154.
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# g
bOEOER L EE L O, MEHCEERT
WHEETCEEBER S B, BREHEELLLE
ERXZOREBAFIAL Tz LXHETH B,
XX BATIET LI HELOEDOAMOERE L BEbh
BiEEhicd, BERAC LT3 77+ (Eisenia
bicyclis), +v &v 5 (Sargassum fulvellum), v v
¥ (Hizikia fusiformis), v % # (Undaria pinnati-
fida) e EOBREMAHZORDED, Fio, KMEEDS
OB b BRI DS, LT HITC L S h I iBE D
HBL, FHELAMOLEY LK TRS BHRD
CTEEZTH, BERBEOEMD, ARRELEHERE
FEECECEY RS-k S Bbh B,
BERADOREFBCE\NT, BEODOEYRI B
FERITEZOIhD X5 ic-eDid, HBMERED
ETRBBD, BEY I ARBBEOHEGOA
ADFWHRRNZ EN, BT Ehi0b L
DRERWBEL->TVBD, ZhBIIELTR S OB
RHBETTHBH, LTHIIEREROBHROBY R
LBihots, LAL, ZI30ESHVWOEICERE)
WicEaiEbh, FENRECIEEPERRLTH
h, BEOBFYHEDKRET ORISR BRYHERT S
CE-T, LOLENRFEOADE L, FRMILZ
RCHFEIhTOBHEBE VXL X 5,
1. BEOSHEHY
—BCARE IR TWAEEL, FELTHE - B
& LEEYO 3 EIDVWThHCBELT W3, flx
E7 Ao (Ule &) RREES S TR
hTWB7F 7 ) D (Enteromorpha B) 11335
THH, RODEB EBEIhD 2V 70/ (Lami-
naria |8), 7 A ARk O ILBE VWbOBES
(Porphyra J&) & 2 ERFEED = 7 D (Geli-
dium |§), FLERDOEY —{bix Fieffbhah sy
FUBEELELTOY /<2 DM (Chondrus |§) =

A¥ ) Y O (Gigarting |8) ATE BT 5 M5k

Thb,

(a) 8% BRCIfrRESEL LT, —BELE
Sl DT v 7 LIERE (FHBRELK, DP, &
W) DFVFURBD, £ OB T IR~
ALT IimR7FURFET B, BRBOMIEEL R
(HIfRBER ML, K27 » ) Tk fiilicsish
W) BEECIIVRLZLDOLHD, FlxEsM
MDOREEN L W TEHBMOK ZiRANaE 7o T
BERBIIZ, re—RA3icl, BEEHO LD L

BRAEEHERDOFY T v (For—REEE) L
Q= vrv (Rv 7 —RAEEH) hoTw3, b
BABATAFRT 4 7 Y Tlier v — ANEEREHE
BLTW5b, COMNEEEHDO~Itre —R LT
BEREROEI ~Itir—R (KTl IR
BT A ) TRHHINhD) bbb, X, 74
) —AREHBEL TR T AR (EBEo—F
CHEELTVBL0) S (T 47 VHiEE) ¥~k
rer—REL T\ BE b= (Monostroma niti-
dum) e 3574/, Y (Ent. compressa) O X 5 kR
Ebbs,

oS, FECITKEN 0K RSk Cchilb
Ihp) HBEEELHD, AIZE 7AHHL74/7)
i, #5277 b—A(Gal), AFAHF 27 b—AMe-
Gal), 54/ —A (Rha), ¥vmr—-2x Xy, 71
a2—2 (Glc), 7r 7 r v (Glc UA), =AF A
BiEhoEs &vr vl (UA) HEESENRDD,
FDHLX BV AIBHLEAL, BHASHEYERLT
W3, ¥kl RAETHEH VA 24
RS EREBY Lo BELH B, 4 (Codium
B), 19 v % (Caulerpa |&) >+ 7+ (Cladophora
B) hExofTH5,

(b) BE WEOKHMESHELT v 7 v Tlkiel,
FuwF S VORINBKRER I VD Y (Fra—AD
BDE A M) Thb, ZhEFULHEOLELY
DIl b B, FlaAXFRAF AXFOKE
HELZTAHDVABRON I v — AFFICLH
3, BEcit—Bic DP o e — 225D, *
e Xyl #BL a8 ~ierm R HB0LW
2, TOHBEIHALIAC IR TV,

BECHELSBITAE VBT, CHIERED
Ce DRIBH FpE8E (21 r—~R 7 L) o CH,OH
D hic COOH Lig» T\ 5 BAMESEE T H B, ©
DEEMEE LT T A ¥ VBSFRIEI=Y X e v
(ManUA) & 7revig (GuUA) o2 H b,
ManUA 7ry 27} GuUA Fmry 7 &, HWEIE
2DIEFITHISBRET R v 7 &M DB, ThbTwry
ORI FRLDIEERED, FFHRENT
ZOEMESEOMEYIET S, 2EA LML,
OTAFYBIRRCRT 2 EEEROWELED
FERY LR ->T VB, LBLTAFVEIT )Y
ABETRCIRBETHSH, BRCIZOEME, K
PHCAEORBEHEORMEELRH D, T, 7
I FVRFNT v Vv EbhBHBEHETHS.
ZHIZ X PR TRHBH, LLATAAY
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CISBIHLTBAT7TA27 45 v355b, WTh
byrvEELOeY R VEBRESETH D,

7Aa7 4 5k, Ascophyllum nodosum (JtER
BRI AREERIIZEL 2 bhitV) HHHHT
HEIhEDToo &HErno0 bht, 72—A
(Fuc) 25%, Xyl 26%, Na-UA (=72 L ZDHAEL
GIcUA »ER4) 19%, = & 5 LB (NaSO;~ #
LL0) 13% »bEbh, Thic 2V 7BMERL
TWBY, Fihbb, FA2rsxo w7 H VHiEE-
2V S IBRAEKTHD, 721 XV, HRO “BR
2v 7 R EDP R R 2y TOKRDFRARTES
L, M TRLHBELET, BERE40~50% (5
%t UA 2.6~20%), Bilts (= A 7 L BiER) 2.5~
30% T, ZOEARY AL TH A, Fuc:Xyl:
GlcUA=2.5~14:1:1.8~3.0 ¢, FhizdED Gal
235 BIEL VBB AR 7 Pk L OBESETH
%o

7ag v (RHED “7 5 ") OLEABIFEE, 5
ECit, Fucus vesiculosus, F. spiralis (<= 2 &),
Laminaria hyperborea (= v 7 J&), Himanthalia
lorea (e =28} X OBRBEXHEIEL, bAET
B p A ENRD ISFIAERTVWIHBTH S,
Ric, H. lorea »7 24 ¥k, Big¥ 38%, Fuc
56.7%, Gal 4%, Xyl 1.5%, UA 3% TH»H*®, v
# 2 DREWRAKR T, Fuc 14-24%, UA 8-16%,
Gifgsk 6-68% (€ AT 1:0.3-0.9:1.3-0.7)
CTHHM, REHC X -TiE, ot Gal § Xyl §
Ara L BT LD THB @D,

H Ay VLB Sargassum linifolium (+ v
¥7S5R) hhBbhicy 3l ¥V RKEBEKT, £
v E (W 4%) LHEEGRIED, TOEERI,
Fuc:Xyl:Man:Gal:GlcUA=2.5:2.5:1:8.4:4.6
(EAK) BBRED, #18% BEHEE &L, - T
LA XDB7 2 £ EEERHEER, v/ —A
(Man) ¥ HHEBE L T AR HD,

BECIZD I, —HOEY = VERHHBEEES
BEETHZEVEETHS,

(¢) $IZ 724/ VigEDMRERERGTE, £
H-Boier e —ARFEETHIERE-TW5,
gy, BEEEHIIDAADI L, BREPREC
PHEVELLSERS -, FEESEL LT, T3
BRy7FVESY a—F v OFRRMOHET v 7
Bh, Fi-AEEAROMEYEDTNETH—A1Lh
SEFVREENRDHD, ThOLOWMELHEIEKTE
CHi R h, XL lchtEima, M ABREC

KELENDY, FLTOBERLES, 7H -1
D-#5 7 +—2x (D-Gal) # 50% %#&%, FOBSE
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Gal) 4 DEELLR-THD, TE—HFRT
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A¥ s Y, Gigartina &, Iridophycus Bic &), 1
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BT 5&» LRI HBASEORKT, 2Ly
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LIGEWAFbhHH (X HeIRK), #HEH Gal
| 5-18% BE LM WA FHELHS, ¥/ MeGal
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TH—=AZEPUTWBE, =RAFABFHEESED
Co-#&4& (6S) DETRE HF ¥ FvirflTund, =0
X5, gL, D- & L- ofEo Gal &, 3,6-
A-L-Gal » 3,6-A-D-Gal % &%, FihFhbo
Me F¥Efhr bbb, KERTIIHRDSSE W7 A 2(E
B4 DHBEEWENFEL TV 5,

PlES - 18 - AL 310 5 F EFIC sy i il
2 DEWEY, T ORBRERR OB OEH bR ~7h,
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Table 1.

Sugar composition of various marine algae in 3 algal phyla.

Glc; glucose, Gal: galactose, Man; mannose, Fuc; fucose, Rha; rhamnose, Xyl; xylose, uro;
uronic acid, GlcUA ; glucuronic acid, ManUA ; mannuronic acid, GulUA ; guluronic acid, SO,;

ester sulfate, examples of amount; Glc>glc> (glc).

Algal Mucilaginous Hemicellulosic Cellulosic
species polysaccharides olysaccharides fraction
pe (Soluble in water and Soluble in conc. (Insoluble in conec.
dilute alkali) alkali) alkali)
Chlorophyta
Enteromorpha sp. (PZ279%) Gal, 4-C-Me-gal, Xyl, L-Rha, glc, Glc, ara or (ara),
Ulva lactuca (798D L-Rha, Xyl, Glc, Gal, Ara, or (ara), (xy1l), rha
Chlorella sp. (70L28) GlcUA, SO4 (man), or (xyl) or
Phaeophyta (rha)
Fucus sp. (exzod) Fuc, Xyl, GlcUA, Fuc, Xyl, GlcUA, Glc, fuc, xyl or

Undaria pinnatifida (9spx)

Gal, ManUA, S04,

Gal or gal (fuc), (xyl), uro

Glc, xyl, (gal) or
(xyl), Man

Xyl, gal, Man

Laminaria sp. (I>7°&,) GulUA, man or

Sargassum sp. (RYI5K) (man), Ara or ara
Rhodophyta

Porphyra sp. (727 98) D,L-Gal, Xyl, 304,

Gelidium sp. (F>0'YR) 6-0-Me-gal,

Chondrus sp. (YIT5R) 3,6-A-D,1-Gal

Rhodymenia palmata ( 57L1)

S>THY, HEFFLELTRWTRLE L ScH
ETH5B, Lhrl, Thbohii AMEfsbnnk
HEHRYRTLONE N, WEZhbDEROREE
BOEEMCE L THB (Table 1),

2. TI/BBIUELLED

(@) ¥>RVBET /B g R
HEYVRDAILWEBLWHMET ¢ BASERLE

hTWBH, BHEO XY A 7EFhEECIE, B
POLDEIZEALRAEDT I JEERER, foTH
ERLERABETH S, W7 I 2 BEEIE, BE
OREM, ME, EREOHHRET L »TRBH,
— B ILIER DS 2/3 ROFIA BB EVE Sh, BX
DEOFN, FLKILVEFEOHIE, BHEL-T
X 4~5% (GH) Liniswdbod b B2, 74274
7V (Porphyra tenera) 2 A+ ) Y (P. yezoensis)
78 &V bR BEE T 20~40 (R EL, (34
— L EED, FPvERIRLEEHTEY,

(b)) NA=CBBLU EIEABE: ST~ 2 v (Di-
genea simplex) b, EHROSB 7w ) v FHil
2@ B, ThIIHM = VBRIV T rAA
=vig (7 7 ) OJEBARECHED) LTh, th
RO X DB THD Z &M -1 HRI LA
BRIBBF OV b= v i JIEDLAHTH
h, FOBHNEIA=VvEELHEB,

KT, =29 LABD -~ v F F (Chondria ar-

mata) b H A = VEL EER L X 5 BB ED
HEMENBEEEI RS, ThIBEOBHIZEAT
FYEAB (FY A3 FVYFFOHE) 4N
bh, kDX 5 IEERN G 26N,

HESC. ﬂ:‘é:t\QiH,coori
OOH
H

d-L-Allokainic acid
(An isomer of kainic acid)

.CH,COOH

; "COOH
H

a-L-Kainic acid

Hs

He 6. CH.COOH
o Hy, WO :
Hs O N"~coon

d-Santonin Domoic acid

€ F:=> By A~ ayv s (Laminaria
angustata) b= ADME*BETIX ¥ 5HE0H
57 I/ ERIh, BEOBRCHEATT 1=V
LEAEMT R, KOBENREIRLY,
(H,C);ﬁCH,CH,CH,CH, QH COOH
NH,
+
Laminine
5 $=v® LDy fliit = v 2T 394 mg/kg (),
2.98-3.57 g/kg (JEMSH) THH, LD 10-30 mg/kg
BETY S FOME,r—BEMCETL, *mER
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TOBRLHBIEDL LI, N, WEEDOFRG
iR T AERb H B, - T, FRGONEEET
TEFLa2Y) VRLRAX I VOHEREL 5,

ZOHS =i, IvavaviUsoa 7R,

<=2y 7 (L. japonica), =V +=av 7 (L. religiosa),
I~Af 2w 7 (L. yezoensis), +wrav s (Kjell-
maniella gyrata) 1x &R 2 (Costaria costata),
F a7 v av 7 (Arthrothamnus bifidus), 75 £,
A ¥ A (Ecklomia cava), 7 v b 7 2 (Eckloniopsis
radicosa), v » # (U. pinnatifida), e w 2 (U. un-
darioides), F#4 v (Alaria crassifolia) 7c ¥ D=
v 78t (Laminariaceae) ENH L BB S (0.01
~0.1pM/g) BfREE)%,

d) ¥4 8: §%oe =27+ (Monostroma
nitidum) 2FIED 7% 2% /) ) (Porphyra tenera)
PHORICEDHEERTRT I O ie~s 1 VENEHEX
h, TOEGIPRABRIhT, chbD5b, 9 bC
Ex58kFic 1% 2 vATer—1% B¥, ZThic
0.12% DRz A v& BEICIDE BERVWIORE
ZIBEOMMFRD 2 VAT v — KBTS &,
_EA4 VA Y OFRTRHBED 70% BETH -,
HBLZ OBEIFHFD 2 v AT e — L KUE I BN 2
bhichote, ZOFRIR f-FEX21 VAR LHE

LA 1011512,18)

+ +
(H,C);NCH,COOH (H,C);N-CH,CH,CH,COOH

Glycine betain ¥-Butyrobetain

H.GOCH,CH,CHCOOH
+ CHOH N
(H,C)N-CH,CH,COOH EH.OH  (CH,),

p-Homobetain 0-1-Glyceryl homoserine

betain (Ulvaline)

(e) —fssk7 I /8™ : b ol 7 3 VBRI
FECIVELLEHL, Al A7) (E
prolifera) L 7Avo 1% (U. lactuca) D1~3 8
Tt BaE%rR 7 (Table 2), Ot —##
B, 1AL2ARKTBH5@DOT I VBOERIX
M DA EB LTk b, ¥ Bl
Vo RIZ, BB HEDS 6 AR ESTHZD
SETHELTHRD L, Table 3 iR+ X5, &Y
DEZ LB EBbI D X5 IR EED
ERNHEIN, VA AREDEWRD—DTHD S
AR IVEBEERE, 9 HANBRETHD,S-T I/
FRFOFEMETIE, BETAVCIE D-YRT4
2 ) VENEEMCE DR L, &Y Y vAELE

LReav i) vHIIE=2FIEEL, SSe Ve 2+
N-L-FEYATA NIBUAETL Y 2 w25
CERLTWEW), 73 iiid o,
OINCHERERRT I VBEE LT, ~F Y FER
L3732 EAEE AFY 7Y (Gymnogongrus
fAabelliformis) b= v 7)) v, FHALF=vigEn
HEtXhTuwb, ChbOERT $ VBOERBREIL
FRILHMBAT W, 7HAZHWF T Y vOIK
BHRoOWTL, BHOSWERL, BHFORIRY
I THELRHFFAODI D LB R T3,

(2 H,NCH,CH,SO0,H
NlCOOH Taurine

H

°h°ndf‘in‘; H,N (IZHCH2$O,H
(Yunaine CH,OH

D-Cysteinolic acid

CH,COOH CH,CH,CHCOOH
CIZH—NH.‘\ lS NH,

CH,COOH CH,OH

3-Aminoglutaric acid S-Hydroxymethyl-I—

homocysteine
NH
H,NCNHCONHCH,CH,CH,COOH

Gongrine
li\fH NH,
H,;NCNHCONHCH,CH,CH,CHCOOH
Gigartinine
3. k& "

BEO = — FARBEEN I, PHEEHES SO
B, ATR—LERHDH, BETIXEL2VR
7 e —ARHEIhTic, B = V1 v 5 (Pelvetia
wrightii) HH_AVRRAF v -1 L ZHTLRICAT
— R AREBEINTVSE, ThbD=—FATEOR
RitpE M, BEY <~ EoREDRVH D, F
toa v I bOREHTRRIEHFOE £ I VAEEIZR
SBEFmE ZER L TH B &5 (CL.O. TEMT
L, Fhehn 107.4 x 118.2 THBH)W,

¥, BED < Y % (Analipus japanica (F) =
Heterochordaria abientina (|B), BECEEINS)
D= —F A TEEY T 27mg/5 , F/H OF
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Table 2. Changes in the contents of free amino acids of Enteromorpha prolifera and Ulva
lactuca during January to March (uzg/g dry weight).

Enteromorpha prolifera

Ulva lactuca

Amino acids Late Middle Late Late Late Late
Jan. of Feb. Mar. Jan. Feb. Mar.

a-Alanine (a-Ala) 1201 345 2356 495 543 1106
B-Alanine (B-Ala) 484 129 1254 365 319 518
y-Aminobutyric' acid (F-Aba) 50 - -
Arginine (Arg) + ++ - 485 - -
Asparagine (Asn) 2512 210 ++ 562 775 ++
Aspartic acid (asp) 499 125 623 102 181 186
Cysteic acid (Cya) ++ + ++ - - -
Cystine (cys) + ++ 4 182 + +
Glutamic acid (G1u) 3000 861 3576 257 560 1339
Glycine (c1y) 361 113 1629 117 134 285
Histidine (His) ++ ++ 1294 75 + +
Hydroxyproline (Hpr) ++ + ++ + + +
Leucine (Leu)* 333 236 2543 218 189 835
Lysine (Lys) - - 198 11E%* 113%% 146**
Methionine (Met) 111 - 729 169 - 199
Phenylalanine (Phe) 617 274 1585 675 607 1049
Phenylserine (rse) - - 4+
Proline (Pro) ++ ++ +++ 568 4+ ++
Serine (ser) 171 114 465 450 65 237
Threonine (Thr) 336 148 1029 78 151 520
Tryptophane (Trp) - - - + + +
Tyrosine (Tyr) 340 108 1612 560 346 997
Valine (va1) 205 133 1688 95 84 525
Amount estimated 10169 2797 20579 5619 4065 7942
*Contains isoleucine(Ile) **Ornithine(Orn)

ARBULTEXD L, TOWBEMEKSY BAGEYSE 2
FeB LA UBECMEFO 2 VAT R~ VKERET
TR (B 1299, ChiiBE—BeHFETD 7
2RTr—AOHRLEBLID, COHRIEF v +T
DEFER I Y HETT> AP ILIREME LRI,
ek, COBRENDBL T AT 4, FURT AT 4
NEFRED 7 rRr 7 4 VABHEESDRAKEOHEL
RlLie 72ARAT e —LORRITRAMBCHWE -~
AT R~ LOBHRLEBERATERETHB, cOX
5ln=—FANBEEMI BT —BENC S 1k L,
PlzE=av /BT 1% (ZE) WAERRWv, =V
£ v JB/D Pelvetia canaliculata © X 51c 8% (&
&) bbhErELDD, —BCHELTHICHEIRS L

BIREOHACID 5, BOEHENMOHEXHES
TedEBbhs,

Froe oEnbO = — FARBEI D,
I VRFO—BEHBRLTB7 4 P — A0 EEEEh
TWhBA, ThITRL) BEY < — YoREPHRER
L7:1®,

4. ERBLURRFRLEY

(a) XA EY: B~y =E, av 7,
TH A, FAAE7BRILEDS b Sy RBIIE, KFR
BEFN1~3EEE LicFry vHEENR LD, iR
=V EDHTHRDLE, T/ EKEFrv v 1.4O9mg %,
CHEFEFRrYV206mg %, PIEKEFr TV
2.41mg %, Fr¥x>v (FREEALE V) 2.84mg

smnr7
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Table 3. Amino acid composition in ethanolic
extract from various marine algae harvested in
May and June (pg/g dry weight).

t; trace amount.

Ulva Undaria Chondria Neodilsea
Amino acids pertusa pinnatifida crassicaulis endoana

(Pr?xY) (op%) (=21) 70Xy
Alanine 17.7 617 11.4 25.8
Alloisoleucine [} 2.7 o [}
Arginine 2.5 36.5 t 1.3
Aspartic acid 4.4 5.4 87.1 6.1
Chondrine 28.7 41.0 193 29.0
Citrulline o 0o o 40.7
Cysteic acid 35.5 4.8 13.3 9.8
D-Cysteinolic 152 1.9 57.4 [
acid
Glutamic acid 31.86 89.86 49.5 0.7
Glycine 9.1 455 29.1 5.6
Histidine 0 2.1 3.3 0.6
Isoleucine 3.7 1.2 6.4 0.4
Leucine 6.6 19.6 5.3 1.7
Lysine 0.9 34.6 3.6 0.5
Methionine [¢] 1.7 t ]
Ornithine [} [¢] [¢] 1.6
Phenylalanine 4.1 9.2 o [}
Proline 40.0 156 50.8 8.8
Serine 11.9 64.4 12.9 2.6
S-Hydroxymethyl- o 0 o 4.6
L-homocysteine
Taurine 1.8 11.8 14.5 218
Threonine 5.7 90.3 12.0 2.5
Tryptophane 2.4 5.8 12.6 )
Tyrosine 2.1 10.1 0 0
Valine 3.5 1.1 7.6 1.7
N3 3.7 16.6 10.5 4.2
Total amount 368.1 1698.6 640.3 366.2

%, RFEREE& v 7H 2.14mg % THYH, ¥tk
Polysiphonia urceolata (4 + /W@ FThZth
0.77, 2.81, 0.79, 0.52, 0.79mg % Thb, +=T,
PxifFrEy vROHEFRrY v 0.01~2mg %,
1% aVvATe—AfiPCRALTS y bEZT
AETZ L, 2~3BEKCRMmF2 VAT R -1k
HNRHED 200 mg/dl H 125 mg/dl ifETF L719,
(b) REER{LAY: G 0BRECIEFZOFRIL
EHOFENMORTE D, Z0HIHEKEYRT
T EDHMN TR T\ B2 ¥ MAUTNER
XMW, z—FAfil (7o~YEnhd) ORDiIT, £
FAL v ESHF (Symphyocladia gracilis ¥ #-i% S.
latiuscula) OFHtD 80% =%/ —Liiv5 9 7
%, ILWRKABFES (L) LR EES (L) LepHrid,
ThEhkfx0 75 g - BEOWOBRCHE
Mz s EPERER LI, KT, 74Y, e b=Sy
&), =7V (L), 94 >vavy#), 7=V =
(Rhodomela larix) (]L) /e EDSlE-te I IO IE
DOTEEERRND L, BENODOLIDLIDE -

BICAERNOD I DM -1, TOEEDERSIT
BT =/ — M LEHTHDZ LM 5ot (Table
9%,
FLEORFL7 = 7 — M EEHEL TR, VWHLS
£HDFMORT VD2, RENLDDERIIRT,
VTR BEENRDOT Lz — AR X bIe=—F
A L TR LR TV B2,
ChbI~XDEFELT = 7 ~MLEH DY
KEFhkD X5 ThHbB, Staphylococcus aureus 20,
Pseudomonas aeruginospae, Proteus vulgaris HX-
19, Salmonella pullorum, Escherichia coli 8057,
Klebsiella pneumoniae ST 101,
uvarum 7016,

Saccharomyces
Pichia membranaejaciens K-17,
Schizosaccharomyces pombe diner O-77, Aspergil-
lus niger, Fusarium moniriforme 1AM 5062, Tri-
choderma T-1 ATCC 9645 IAM 5061, Pennicillium
citrinum 2125 OIER ICECH LT, KEHEED
BAE (pg/ml i) X, Ththst%, 1320, II
1% 29, IIT 4% 41, IV 1% 42, V43 79, VI i 106, VII i1
32, VIII i3 22, IX i 66, X i3 15 RitETH -0
5. BERMEZBOXREYHRE

(a) FiMmZREERLASEMmRER: BHPRED
WEEED 5B, ~<Y v (GICUA L 7rav 3y,
GlcA LEiRREM HELD S8 M HMEEEEAL S
b, MEHEEZ T ) MKY < —E2RIFEL Thik
e B2 ETIR28RNH2 C Li3BcmbhT
WAN, BEOMBEEDO I bIXIh AU EE%
RTHOAE,

COGFTRISIHRINATVLSDIL, BEDY
X VREETH D, 20FBANCI B, 7T2YVHT
1%, PIxi¥ Himanthalea lorea, Macrocystis pyri-
fera, Fucus vesiculosus, F. serratus, F. spiralis,
Laminaria cloustoni 7¢ X OBBEDE IR F D HEK
MEHEERD, BN X BB EERER SV Y
ARRITHRET H2ES 1 LHREET ) v a%ERuick
BEOT V2 —AHET BT, 47.5~63% TR\
5 0-Vito7aa & viEy CFEYTRE 2~3.5
7) DRGWHRNBEEZR T LD, COHERE
FLiro1®, COMOMEIBELRTLHY, <=2V
7OMEBROHE, 6,7, SADEKD 5L, 6,7 D
ISRBOLERGOMEBE I R IEVCIRYT LI,
¥t, avIBOSL TR, TAHEDRY 22V
(L. religiosa) p\IRL RN’ DHoTo LL, ZTDX
SR ED L D TRR LB AL, EORGA
H B THEhEDLRILWE LR TH D™,
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Table 4. Tests for the antibiotic activity of fractions I and II from various marine algae.

+ ; positive, — ; negative, * ; not clear result.
Dilution Dacteria tested Dilution Docteria tested
rate of o ﬁb’é‘i ; e rate of # % ®  B.mesente- P.
fraction =-8uptlais E.coli fraction B.subtilis ricus vulgalis
I 24 48 24 48 11 48 48 48
(hr) (hr)
(Green) !
Ulva pertusa 200 - + - - 200 + + +
(Pr7xy) 400 + + + + 2000 ++ + +
Enteromorpha sp. 200 + + + + 200 + + +
(73790 400 + + + + 2000 ++ ++ +
(Brown)
Laminaria angustata 200 - - - - 200 - - -
(Ywq433>7) 400 - + - + 2000 - + -
2000 + + - +
Undaria pinnatifida 200 + + - + 200 - - +
(28x) 400 + + + + 2000 - + +
(Red)
Rhodomela larix 200 - - - - 200 - - -
(ogwwve) 400 - + - + 2000 - + +
1000 + + - +
Digenea simplex 200 + + + + 200 + + +
(v2y) 400 + + + + 2000 + + +
Symphyocladia 200 - _ _
latiuscula 2000 _ _ +

(4vasy®)

AREOIEDOH TEIZR R X 51e, WEBEDOHKERK
DRERE UAEBHNEET v 7 vkl 33+5 v
Thd, ZOEETHE (1.7 SOH/Gle BE) i hif
EX ANDh, FX AL T » 3 VERE (0.5 NSOH/
Glc ##+1.1 SOH/Gle ) # AhERfiE, ~
SY v/ EDR IR LET®, AFAL "S5
4V (Hypnea japonica) oD 7 5% F v RbiEE%
B (7 ) MBS 60mg/100g hE/H) %55 b
DS EH T3 Lo ©Ca BAHL, FLEOD
ERHE~DZTORGAEN LD, COERIINIREL
THWI 7 # r —A (Pseudomas atlantica DEEFET
DRUIED D) T AFVEE-Naizabhich-
12, 5T, MR DB~ Y vk x Bt
54, B0 Ca ABEMLTLORRZERNE UBK
Rl o TZDE~NSY vORDIHZFFF vV
THOCREZORIER TS Z Licie b,

BRI BRDOFME D~ ) YIRRERBT 5
ERIINWAWBEH BN, BEAA-SE7ED S. lini-
folium B9 H y 4 i, EEED ~RY VBT
WRMERER L LR ThH B Ok, T2 &
Mot WOMENH B0,

(b) RMEZEDOIL AT A—LKERTHR: 74+
7Y, THIH Y, =avIio3EoOREKY 1% =

VAT e~ AR 5% BE, 5y MEEBOBK
ExTIOBMEERMBLT, LomigLifEo=v =
Tr—LEERIVFHEELBEELEIFLE2 VAT R~
NEBRELILEZ A, MffhDavAT e —1IT,
WENEEELRLDOTIE 2 VAT v — LERIAHR
KD# 2. 1 SR LIch, 7+ 2 IR T7H 2797
YRR ME Tl s 1.38~1.36 fZic Lok Lich
ot, THIRR LT 2 v 7RG,
LERETRIBEAEHREY RS o1, AL, BF
BaVvAT e — A KERPETIRLHEIE WTFho
WEMRBINC L - ThAbhichot, BF=v A
Fr—LEBETIIE, = v BHERIMECR - D
BRTH -1,

CDLOIRTHIVRTH 7Y VRN E
LR ERAERD 2 VAT r—ARBEHITA S
ENFETHHELTH, ThrzhboEEfcd
SHEBARCOTLIBEL TV S LIXR S,
FOHDTH 7% 7 VICKETHHETIE, BESE
LERLRBENS(C)ETANA FEBLRAES (D)
RO EHTHHEENB LN (Table 5)30,

Z DR, BREBEIVWHAEL DIAEF O LES
{OTAF VEET, HAHEED DP 0L DHRiL b M
FavRFe - A KERELSTIEWIERD B D

VAT R~
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CHO CH,OCH,
Br OH Br OH
OH H
09) (m
3-Bromo-4,5-dihydroxy- 3-Bromo-4,5-dihydroxy-
benzaldehyde benzyl methyl ether
CH,0CH, CH,0S0,K
Br. K
Br OH Br OH
H SO, K
(V) (v1)

2,3-Dibromo-4,5-
dihydroxybenzyl methyl

2,3-Dibromo-4,5-
disulfate dipotassium

ether (lenosol methyl
ether)

Br Br CH,0OCH,
HO CH, OH
HO Br OH

(vir)

2,2, 3-Tribromo-3,4,4’,5-tetra-
hydroxy-6-methoxymethyl
diphenyl methane

LIIxy gv2ay 7Y (Polysiphonia urceolata),

IV, V, VI, VII, VIII %7 v~ % (Rhodomela larix) % R. subfusa » 5,

CHO CH,0OH
Br. Br:Q
B)?\OH Br OH
H OH
() (1v)

2,3-Dibromo-4,5-
dihydroxybenzaldehyde

2,3-Dibromo-4,5-
dihydroxybenzyl alcohol
(Lanosol)

Br Br Br Br
HO CH, OH
HO OH

(vi)

2,2,3,3-Tetrabromo-4,4’5,5-
tetrahydroxydiphenyl methane

CH,0OCH CH,OCH,CH,
Br GBr ¢ Br zBr 2 3
Br OH Br OH
OH OH
(1X) (X)

2,3,6-Tribromo-4,5-
dihydroxybenzyl methyl
ether

2,3,6-Tribromo-4,5-
dihydroxybenzyl ethyl
ether

¥t Lizewmda b 7 (P. morrowii) 63, III,
F¥io V, VL, VIL ix~7

¥¥ ) a¥ Y e (Odonthalia corymbifera) i3, LT IX, X i34 ¥ 2 54% (S. latiscula) 75

BEXh T3,

(Table 6)32, = D#EE DP 226~417 DO OMRER
TH-1o

(c) BEEAZHEORESY : &b, HoOMRESEMD
—fED, BEYEEIERHEERTo D, &
SOBEDOBFCLAVBRTWS, ThERTX 57K
s, HE»ILBOLhIEMEMEICLHBZ L
AN ERT, BEEREF T B33 =1
D#ER%Y Table T CEH L THS, Zhii=v AR
Bl Bokmby EEES L, ofoBlay K
TELREBEH TEOHELRHALICLDOTH B,
WTEhORFHC R\ T 3, Sarcoma i X ¢ Ehlich-
carcinoma DORFEE % 713 KO B X BT, FO
BELSEIEZHh 2100 TlXiel, ThZhEEDE
WHEN A DRI,

IS ORKFR OB T A EMIAHTHD

2, BErSUBESENERS YT L0 L Ebh,
FLBEGIA)ILLDL DX GIcUA Y Sz
L2, v e YEREESHE (Table 1 £8) & Bbh
5, WThic® X, BEO - OBOHRBLEIALE
DMHZERTHBZ LT, SBILIBENLYELRE
LEVERRS R D, REOEDEBER~OAREMI
PERiT v, S0HMBAECERT S LBbh s,
=25 VEEY AAHCREZ ZRCARIC Y 7 A B3R
E2 T, TORBERBICRS®LERD H 55,
6. BEOEY I

bHETD, S OPRBC L -» THECHFETSD
YR I vORERETOERRER ENVELHEIRL T
%, Table 8 Lz DOFI%RT™, CORTLEMD X
51, BEOY % I VERIBEMHEARFOER
B, Db odb b0 B0 5D, Flzid B
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Table 5. Effect of various fractions from Porphyra tenera on the plasma cholesterol levels of rat.
A ; unsaponified fraction from an ether extract of original fronds, B ; residue of an equeous extract
from the ether-extracted residue, C; precipitate from the above aqueous extract on addition of
ethanol up to 80%, D; extractable fraction with absolute ethanol from a concentrate of 80%

ethanol-soluble material, E; residual fraction insoluble in absolute ethanol.

Plasma cholesterol levels

Rat group raised with Total (m #) Free (m, #) % Free
I. Cholesterol-free basal 176 + 2.0 48.8 + 1.5 27.7
diet (cont.l)
II. 1% cholestrol diet 228 + 1.5 49.0 + 0.9 21.5
(cont.2)
III. I + 5% purple laver 180 + 2.1 51.5 + 1.0 28.6
powder
IV. I +5%4 208 + 1.8 57.5 + 0.9 27.6
V. I+5%B 204 + 1.9 58.4 + 1.0 28.6
VI.I1+5%¢C 188 + 1.8 55.3 + 1.0 29.4
VII. I+5%D 188 + 1.4 53.5 + 0.8 28.5
VIII. I + 5% E 196 + 1.5 57.5 + 0.8 29,3

Table 6. Effect of Na-alginate and its fragments on plasma and fecal cholesterol levels and on
fecal alginate contents of cholesterol-fed rats (5 individuals per group).

Weight-gain Plasma cholesterol Fecal cholesterol Pecal alginate
Diet composition
(g/rat) (mg/100m1) (g/100g dry matter) (g/100g dry matter)
I. With 1% cholesterol 147 203.3 + 6.3 7.6 + 0.35 3.7 + 1.0
II. I + 3% commercial 138 177.2 + 6.9 11.5 + 0.28 98.4 + 1.8
alginate
III. I + 3% refined 137 158.1 + 15.2 12.1 + 0.28 110.3 + 5.8
commercial alginate
of DP, 417
IV. I + 3% refined 148 154.7 + 13.3 12.0 + 0.46 107.3 + 5.5
commercial alginate
of DP, 226
V. I + 3% alginate 152 210.1 + 14.0 10.3 + 0.54 67.2 + 6.1

fragment of DP, 13

o SRR %<, ¥ B, —REDERS
I REELVWOR L, BERETRBYERRELET
BOLOREL, b5 LOTREBHORE S RT
BWMLTW5, BA0BETECOWTARS L, FhEhf
BIban7H 79 Vi bRix—Bicex § val
B\, FOBRTIZE R I VO LWHRETH D, 1
BTIXRWD, Z2evSoEx I vaE ErE W

LIXERMET S, LL, ZOfEDF — X ITEp D
WEGERT, R, EE, Bl X iR ik
EREANTEDERI DD, BEDDHI, Mo
BOTF — 2 32Tk (Table 9)40,

1. BEEEROERMBREDR

EH 2 HEREI—EORFERARTHS &\ 5 ERY
HEND, AFAOKIREVEBEERTVWBART
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Table 7. Antitumor activity of various fractions from several marine brown algae.

Doses and sugar

Solid tumor

Ehrlich-carcinoma

Agal origin and fraction constituents of cells of cells
polysaccharides Sarcoma-180 Ascites Solid
1, Gloiopeltis furcata * Aqueous extract. +
(7789 79> (Galactan sulfate)
2. Sargassum fulvellum * + + +
(R>993)
3. Dictiopteris undulata * 4.4mg/mouse. Intra- 96% life span
(2 9% NZX) peritoneal injection. elongation
(Lbgg = 35mg)
1. Sargassum hornerii
(7ne2)
2. S. hemiphyllum
(4 ves)

DIP. Precipitate from salting- A polysaccharide contain- 6t 6t *6
out dialyzed solution of ing 20-30% sulfate, and (2x10° cells (3x10°cells (2x10°cells
hot-water extract, contain- Fuc. 125-750ug/mouse/day, per mouse) per mouse) per mouse)
ing 50% carbohydrate. subcutaneous or intra-

peritoneal injection.

DIS. Ethanol precipitate from
supernatant of the salting-
out precipitation, contain- Ditto + + *
ing 70% carbohydrate.

DOI-VI. Sephadex G-25-gel 75ug/mouse/day x & 75% life span + +
filtration product of elongation
methanol-precipitate from
dialyzate of salting-out
precipitate of hot-water
extract.

1. S. thunbergii A polysaccharide contain-  40-100% life +
(83 X)) X
F1. Ethenol-precipitate from  ing Gal, Xyl, Fuc, Gle, span elong- (2x10%cel1s
hot—water extract ¥* Man, GlcUA and sulfate. ation per mouse)
10-20mg/mouse/day x 10
2. Codium pugniformis A polysaccharide contain- 50% life span + +
(a>szn) ing Gal, Ara, Man, amino elongation

Ethanol-precipitate
from hot-water extract

acids, 0.25mg/mouse/day
x 6

* Yamamoto & Nagumo, 1973.

5B LIRS, PHRERC LS LUESE
T EREICED, FlxiE, Table 10 i3 X5
z, 100 ppm #Bx -EBOHELH D, LhrL—
Btz X 3 nEEEOME L FRILEWOTTH
FELTWABLDEHIIRWE WS OREH LIt T
b, FEHBHEYARXTHEOE L Bbh s & 5 idER
MU WO MEIRMW T Edlinty, ThIZEDL
L OTENBIESE (MMl K TIITRHEL) L
BRLESLTWALD TRt Bbhb, bLE
5Ch5EThE, ek, & B fHo
B, BECIRILADHOEMESE GREEESC» L
FxorFErdob0) BELEETRTWEOT, &
ChbitwWohic b, BEELTIILEEL Ot
ErBDETHESBYBRINEETHENEL L0
LTINS, BEAYIEKFOFLIETELYIGE

** Jto & Sugiura, 1976.

DEEHCOWTIE, B Tii <7 Vi@V, £
hEFRBECER S — BT &b EEoH
ExZHELT\5 (Table 11)4),
ChicBdLT, Rt vF v A& (3%Sr) ©
B ShickWikn b, BREESHET V¥ v ERRS
TERERT B L WO BDTHERRET > —EHOWR
NHBW, 5y bic ¥Sr wEBRE L, ATV
FUBELREFORSKENEE LS L, HBEik
RT 8Sr DFAOBFIRALRRILET Lz (Table 12),
FOBZDOENHEL T A ¥ vOREIK L DES Z
Lp4y i (Table 13)%, ZoFENLLHB X5,
ManUA/GulUA H &\ g FRHERNMEWGEEA AR D
h5, ShXEES KBy poly-ManUA < poly-
GulUA ¥AuwCRAERRERY LIRERTL BRTH
-1z, poly-ManUA 1z X % [HEIL 70~75% Th-
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Table 8. Summarized vitamin contents of various algae on a dry weight basis (KANAZAWA)10),

A D E Bl BZ 36 NiA  PaA FA Bio- Lipo- 512 Cho- Inosi- C
1U/100g (Ergo- tin ic line tol
Species of algae (Pro-  sterol) acid
vitamin
A) e /g 1/e r/le rle 7/ 1lg wr/g wie nie uwlg g r/g meg/100g
Chlorophyceae
Ulva pertusa «(7ryr¥) 0.90 2.83 7.50 2.35 118 224 420 62,8 61 330 27-41
Monostroma pitidum (Erxo'¥) 1.19 8.46 10.28 4.11 429 115 515 12.6 79 219 75-80
Enteromorpha linza ( Hasx7x/y) 2900 3 1.50 1l.21 28.05 270 198 175 97.5 417 95 10-257
Caulerpa racemosa (e>7yx9) 0.78  1.97 21.18 5.53 612 131 295 149.4 358 S84
Chlorella ellipsoidea (2ot9) 500000 111- 10- 23- 0.3- 112- 3.5- 2200- 190- 42- 2200- 1600~ 100-
183* 23 37 2.5 125 8.5 w0 230 89 2500 2190 320
Phaeophyceae
Dictyota (Pezo'y) 0.7 6.14 15.20 0.73 521 187 500 10.1 77 125
Spathoglossum pacificum (2®>2'%) 0.36 0.84 25,21 0.25 566 150 655 7.0 87 114
Dictyopteris prolifera (A3 vnx) 0.50 4.10 18,02 3.70 170 163 485 17.1 242 151 1005**
Padina arborescens (¥3Hv49) 0.29 0.99 8.86 1.74 542 160 230 4.2 27 690
Myelophycus ceespitosus (49e4*) 0.27 3.06 14.17 3.15 88 162 360 7.6 618 1131
Colporenia sinuosa (¢990/9) 0.31 5.44 5.13 2.92 46 136 540 76.5 406 116
Hydroclathrus clathratus ¢(p=s,y) 0.34 2.82 3.51 3.07 857 161 330 65.8 49 408
Laminaria sp. (ar7°) 440 0.86 0.20 0.27 30.00 3.0 3-91
Ecklonia cava (paa) 1.10 2.52 18.84 0.49 209 90 3.3 262 379
Hizikia fusiformis (k%) 450 16 0.28 2.67 6.80 1.49 218 237 230 5.7 33 326 0-92
Sargassum fulvellum ( %>9°95) 0.30 5.03 8.65 2,30 634 126 300 25.4 95 60
S. thunbergii (»grm 1) 0.38  5.34 4.46 8.76 308 282 270 46.5 28 566
5. nigrifolium (75ve) 0.40 6.21 17.19 0.49 249 159 410  20.7 24 197
Rhodophyceae
Porphyra tenera (?¥2%Jy) 44500 1.65 23.08 10.4 68.33 88 294 790 290.8 2920 62 10-831
Gelidium amansii ( =7%) 1.60 17.95 20.10 1.22 782 61 570 35.9 4885 443
Chondrococcus japonicus (7§J7F) 1.41 10.51 8.15 1.30 97 40 250 219.7 1337 449
Grateloupia ramosissima (z¥4ans’) 1.38  6.27 24.46 2.32 719 82 530 29.4 1119 55
Llojopeltis tenax (v7su) 2.45 14.60 23.79 5.85 676 37 330 15.2 319 163
Hypnea charoides (4n5/9) 1.42 2.9 21.50 6.82 540 94 355  26.5 636 257
Gracilaria gigas (xavy) 800 1.80 1.09 7.81 1.82 304 16 495 212.3 1492 324
G. textorii (mviy) 4,60 6.92 33.90 9.73 668 153 985 75.7 230 668
Chondrus ocellatus (wJ<9) 2.19 14.73 29.65 17.04 69 700 89.2 &56 111 16
Lomentaria catenata (o:zv¥4) 0.97 3.16 24,24 12,21 220 90 625 25.2 240 263
Laurencia okamurai (3§w3vv) 0.53 10.24 39.02 8.97 763 95 300 100.2 1346 89 4

* Scenedesmus ** Dictyopteris divaricata -

Table 9. Vitamin contents in various algae per 100 g of dry weight (WaDa)V,

Vitamin content

Species Efficient A Carotenoid D By B2 Nid c
A I.Uu. I.U. 1.U. I.u. mg ng mg ng
Ulva sp. (771%) 500 0 1500 0 0.04 0.52 10.0 0
Enteromorpha sp. (74/v) 960 (o] 2900 [} 0.06 0.30 8.0 10
Prasiola japonica* (»n9./u) 80 [o] 240 [o] 0.44 0.32 1.5 [¢]
Laminaria japonica (vavv) 430 0 1300 0 0.08 0.32 1.8 11
Long tangle (rwa>7) 250 0 750 (o] 0.08 0.40 1.8 -
Rishiri tangle ( #ma>>") 320 0 960 0 0.06 0.09 2.0 15
Laminaria angustata ¢ Yywssa>97) 360 0 1100 (o] 0.02 0.20 2.0 -
L. religiosa (kRyx3>7) 130 0 390 o] 0.07 0.19 3.5 -
Kiellmaniella gyrata ( rooa>v) 10° 0 30 (o] 0.04 0.14 2.3 o
Eisenia bicyclis (73 %) 50 0 150 0 0.02 0.20 2.6 o
Analipus japonica (wwe) 0o 180 - 0 3.3 - 3.3 -
Hijikia fusiformis (&%) 0 450 1 0.1 4.0 0.2 4.0 (0]
Nemacystus decipiens (& v2) 30 o 100 o] 0.04 0.04 2.0 o
Undaria pinnatifida (9px) 140 0 400 0 0.11 0.14 10.0 15
Porphyra tenera (P99%09)
Higher quality 11000 - 33000 0 0.25 1.24 10.0 20
Medium quality 10000 0 30000 0 0.21 1.00 3.0 20
Lower quality 5600 Y 17000 0 0.12 0.89 3.0 2.0
Gracilaria verrucosa (#3'JY) 260 0 800 o] (4] 0.03 0.5 (o}
Phylloderma sacrum* (z/sw>2JY) 160 o 490 0 0.22 0.37 1.7 0

* Fresh water alga
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Table 10. Arsenic contents in various com-
mercial marine algal products, determined by
the diethyldithiocarbamic acid-silver method.

7243, poly GulUA Tk 71~84% DEIB LR,
FIEREC LB KBTAE Vv CHREBET, TOT
AF YV (JRSEEM 7.10 © ManUA/GulUA=1) ofE

Samples As Samples As §$ 55% ?:ﬂ:"\', H:*;EE 2.16 'C'I—iﬁ UA H_’.ﬁ; 7.73
uy{;:d oA i bon ;:503 - 819 S Ao - 46)
::.nber ztmple number kg sample o i) 1L % OB‘E": .=.$%7J'\‘ LA™,
DX 5ERIR, Sr oLl bTFhaEIS Cd
. €3 . . 6. Hijikia 0! . s
e I (7 F $ v 2) Bl v OB RBRRCFRIEE 5
. o . 0
3. Ditto 0.9 | 28. Ditto 161 Bx2AAEELXIERL, OWLWTIISEENHEMLE
VEESET T - i, LIS IEREICBIGT 5 Zn, Cu RiC b T
ot D I 10 HEEFTLOL LA fE T 5, ¥, ManUA/
: 32, Ditto 149 —0.74 .. » e s
; :I::: :: 33. Underie plmatifids 45 GulUA‘ 0.7 D’7 ’1”‘1 VRS KR, i.:ﬂ{tf-"' F3
9. Square tangle 37 34. Ditto 39 v Aoﬁﬂ&"ﬂ"’hi 579 b %7’575‘&& 5 ZE 79"5‘33
1. ntre 7 52| 3 it 72 74P, %1z, Ascophyllum nodosum O 7 a4 £V
36. Ditt 30
2. bise N (e o @EEANE, Pb>Ba>Cd>Sr>Cu>Fe>Co>Zn
. 0
13. Ditto 38 38. Ditto 33 >Mg>Mn>Cr>Ni>Hg>Ca v, Ca 0FELETF TIL
1. Ditto B " Ba >Pb > Cd>Fe>Sr>Co>Cu>Ni>Cr>Mg>Z
15. Ditto 32 40. Ditto 66 T > u>Ni>Cr>Mg>Zn
16. Ditto 45 ::‘ gi::" Zi’ SHg>Mn Th - 1249,
. 0
Z :*‘",3 i . itto o 8. IEH. fH. BREARLLTOSE
1. tengle n1akes @ | Ly P WEEIR & LOR Bl s 25, BETS A
O T A - BEO—FE LTEL VbR T B, Ascophyllum
: iR “: . it “ nodosum DYFKBWGAT AF 5 b (Algit) 12 EDOHT,
. Ditto 3 48. Ditto . .
23. Ditto 7 49. Ditto 13 BRSO, JERcEE LThHREh, 20
M. S e N » e SR A T & 54, FL4i 200 g/5E/H
51. Ditto 0
b * DEETIOMEK & & % THEMOEERY, HBX
(100 g MPUEH AR /H/H) Db L T3 &,
4% Mehs3Ede©, 78,172kg/73,175 kg DEEENE S
Table 11. Contents of rare earth elements in various marine organisms (zg/kg wet weight).
Ce Eu Tb Yb Lu
Organism Organ (Cerium) (Buropium)(Terbium) (Ytterbium)(Lutetium)
1. Paralichthys olivaceus (esx) Muscle 1.38 0.04 0.03 0.28 0.01
Zflounderi
2. Seriola quinqueradiata (> y) Muscle 2.38 0.14 0.07 0.39 0.01
Zyellow tailss
3. Engraulis japonica (gt7o4vs) Whole body 7.34 0.22 0.83 1.50 0.06
Zimmature snchovyi
4. Meretrix lusoria (nwov) Soft part 39.3 2.06 2.54 5.43 0.23
clams
5. Ulva pertusa (P7F77¥) Whole 39.1 0.77 0.97 1.67 0.24
(green laver) frond
6. Sargassum fulvellum (&>#793) Ditto 22.3 0.54 1.78 0.97 0.26
7. Undaria pinnatifida (7nx) Ditto 3.70 0.09 0.30 0.61 0.09
8. Hijikia fusiformis (ez%) Ditto 19.2 0.24 0.62 0.68 0.22
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Table 12. Variation of bone uptake with
dosage of %Sr: Effect of feeding different
amounts of sodium alginate.

Expt.

Bone uptake —_ x 100
Control
% Alginate J_"4' 10 20
frasns (s
Dose 89Sr/diet

(mp Ci)
50 58 37 28
20 48 37 16
5 57 33 23
0.2 74 36 20

Table 13. Inhibitory effect of alginate on the
intestinal absorption of radioactive strontium.

% Inhibition

Alginate from ManUA/GulUA

'(BQSr)
Highly effective:
Macrocystis pyrifera 2.37 80
Egregia menziensi 2.13 74
Nereocystis luetkeana 1.78 69 !
Alaria marginata 2.06 60
Laminaria digitata 1.99 60
Moderately effective:
Ascophyllum nodosum 2.77 58 !
Laminaria sp. 2.86 57
Pelvetia sp. 3.45 50
Nereocystis luetkeana 2.88 54
Ditto 2,30 44
Least effective:
Hedophyllum sessile 6.28 26
Laminaria sp. 5.12 34
Alaria marginata 6.48 3

hfismo

HHETIY, BE Mosanon (2%, V) L,
Tr¥y (Na) 2FF &+ 58K (TA+¥vHB-Na
50%, SMEME, » ¥4  v-Na, H#F, BEFS
50%) BHEShT%, £D 200~300 f5FHRIE %

2R DIERBHTH e X v, A&l TMV(x
RNaAaEFL 7ENR) 27 BREPERELTH, TOR
FRE 90~96% FHIET B &\ 3 HEEMNEB LR,

7 A Y HigETE, BEREREBEREK (Mac-
rocystis 75 &) MREGAE LTHFEIh T34,

BATIE, 747 VBRAEXZRBACL TS, ¥
toy, THZH7 92 vT, 9HA, eOFOMLE
BELHREhTOB—F, BEAKELTZRV T,
v % (Alkalon), 7% 2z (Viva Natural)’® 7
OBELHHERE LTHEIR TV S, WTFhd Frelk
Nc X S IeBEROBEYEAL TE- BRTH D2,
Viva Natural iZ@gEBR TR, BAMESD
R ERERL D5,

=

WHECIEBEAGOEBRC L DEBRROENMT, A
b OWEER (BRMEO b OIFIE LT) Tk,
Aic &b in vitro TIXER%Y T X 5 7x Bk
EWERDHY, ThOR—BICHTEEMC X VIS
DELLRBLDNS\, LrL, ThLIEWER
T, ThEZhEELEEHRY L » T3, fliid
7 ad £ VYREBEFEOYIE 2 VAT r — L KEESE
PHHHESHR, R MEERESRL EThH
%,

—7, KEMEOLBHESTFOEHE LT, IE
BETHXRTT7 I /78 i VvAT e - L KEHR
BHOREA VERENSD, TALAHAVRT L2~
TEEARS & LTRERBLEDe, INWERAR
7 b ARG OFEEEELT = 7 — LB E2
bhTuwa,

T XS HER RN ENE, B, EE
czhEAVEAKI & » T—oDFEEEREY b
ORRBEBHI BBV, T, BEREDCIIR
RTOERVERSERLT : VEPBCRREhTWS
DTHEMD, BROWER LY, %L DEHERS D
Fnbik, TOHEAGBPRERECT L > THED LS
WHERRIh B M, ZOBKT, BERT
ENBOLELTEEFFCSWTCOEELNSEY &
LT LRBAMCRETHER S DD TR L
B,
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HFHEE": FTLECCaTLCREOHEBER YT THERRORE

Tadao YOSHIDA*: Circumnavigation of Captain KRUSENSTERN
and the study of Sargassum in Japan

BARIBREEOWMEOEARY 2 — = v ML LR
TY VAOERIZH L DRI EORT R &7 572D
/% Carl Peter THUNBERG DREMDBRTIOL D &
EoTIWVTHA D, WALITHESLITICEIT T T
AT LMIC SO R v &£y FHZEREL T,
O EBLTIRILE (1955) 2B Twv B,
s oEd |, THUNBERG OJk{TE D $UIC B
/0% Adam Johann von KRUSENSTERN (M.d.
Kpysenmrepn, 1770-1846, Fig. 1) OffiilE thH 5 5.
Mk (1916) X2 A E VY = 70 V5 & S D4
LLTRIBLTWA, =¥ 7 2 ALEXANDER Of
#5FF7-{ditfi N.P. RESANOFF #Zf - 72 ® 18034F
7 B18064RIT bz B —EflE» T Th 5, D
WEELIZ1S10E L DISISFIT T Tr vy TiEE VM v
ECHBRE L, WL 2»DEGECRES T3 (KRU-
SENSTERN, 1813), HAGEDOHIRITTIHZHERIC X
- Tii7adbi, THARRT] &L, REEEO—
LLTHEGFENTWD, IBIFICREfTENAERICH
A< Japanisches Meer OAHipI U HTHHAIN
TW5 2 ETHHDARNTESN TV B, HoiEfHD
T #F7v=24%, 2770248318038 Hv=v/
F— FIiTEW- AL MR L2 Z e vy = £y bl
PEL72, KEEEZB L, 7 AV A KERSOF— v
24 > CTARERHEICINT, BAFx v HDXErAT
BT A, T2 FBR I rbETFLTER
JNH R B I i 2 6 T 18044E10)] 8 B (Z{bic4E
91 6 H) Elipkicig vz (Fig. 2), RESANOFF Afi
Hivk 1792 4FHRSE I k72 v & 7 it A. K. LAXMANN
DR T TR L WRGAS (T2 /oD TH D, 6 F
H OWHEIZ & b BFASBIARINCTHKE - T, 18054F
4 F18H (Zfb 243 H19H) ElatHklLic, o
FRFERECIL TS LT D L < MShHE
tFTdh %, Flaz T2 ST YRR > 5 B AR
WD, deimEmE, HEREZFHELT, #a2F v o b
Tt otce TDHA v FiE, EHRIPZFETIS064E 8 H
BENR T2, 77 Y2 SRR IEFEZE L LTAA
Z 41> HORNER, {iMtE Lt LT H o FVYHF VT
Eifi 272 G.H. von LANGsDORFF (Fig. 3), 7

i
g.

4 7F o e EEfEo W.G. TILESIUS 75 X 85 45
FHA TV, TD3ABENTIRROREZT-
F=DTH5bH, ZDS% LANGSDORFF | HAZEEIN T
PhALFx v NTEML, BIDITT £ #iflFz
TfT L7,

A 3 ADMRIE L oA 2 8T U T Fo Mo il
Xz, £ HORNER & LANGSDORFF DR LIT
7 v — 2 v o F.K. MERTENS # i U T Dawson
TURNER [Zjf 41, fi#o> Historia Fucorum Vol. 1
(1808), Vol. 2 (1809), Vol. 3 (1811) o1 % £
> THEF X iz, SETCHELL (1939) iz k% &, ZOD
A DO—E L ¥ = — Hooker Herbarium {239,
DX MERTENS [C[REH, TOHEMELTLE-
oo L THBINICEITRROLI RO THS,
Fucus horneri TURNER, Hist. Fuc. 1: 34, pl. 17.

In the Straights of Corea. HORNER (7 # € 7)
F. pilulifer TURNER, lc 1: 145, pl. 65. In the
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Fig. 2. Course of the russian ship Nadeshda, before and after the visit to Nagasaki, 1804-1805.

Harbour of Nangasaki. HORNER (= A &7 F)

F. pilulifer var. major TURNER, l.c. 1: 145. In
the Harbour of Nangasaki. HORNER

F. fulvellus TURNER, l.c. 1: 147, pl. 66. In the
Streights of Corea. HORNER (kv £ 7 F)

F. pallidus TURNER, l.c. 1: 149, pl. 67. In the
Streights of Corea. HORNER

F. siliquastrum TURNER, l.c. 2: 26, pl. 82. In the
Harbour of Nangasaki. HORNER

F. myagroides TURNER, l.c. 2:28, pl. 83. In the
Harbour of Nangasaki. HORNER (2 v % /)

F. longifolius B tenuifolius TURNER, l.c. 2: 88.
In the Harbour of Nangasaki. HORNER

F. longifolius y angustifolium TURNER, l.c. 2: 88,
pl. 104, f. b-d. In the Harbour of Nangasaki.
HORNER.

F. sisymbrioides TURNER, l.c. 2: 150, pl. 129. In
the Straights of Corea. HORNER
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Fig. 3. G.H. von LANGSDORFF.

F. microceratius TURNER, l.c. 2:152, pl. 130. In

the Straights of Corea. HORNER

F. crassipes TURNER, l.c. 2: 154, pl. 131. In the
sea near Japan. HORNER (—%7’]»—1‘: 7)

F. scoparius TURNER, l.c. 2: 156, pl. 132. In the
Streights of Corea. HORNER

F. langsdorfii TURNER, l.c. 3: 76, pl. 165. On the

coast of Japan. LANGSDORFF (A ¥ /)
F. hemiphyllus TURNER, l.c. 3: 85, pl. 169. At
Nagasaki. HORNER (14 V& /)

TiLESIUS DFREHO—EIZ C. A. AGARDH DT
B Hh, ThicEwTHow < oh0EERTRE
=4172, Species algarum (1821), Systema algarum
(1824) oFtibicfit > T ENLE FIHET H LD LD
TH b5,

Fucus tilesi C. AGARDH, Alg. Decas N. 1. In mari
Japonico:s TILESIUS

F. tortilis C. AGARDH, l.c. N. 2. In mari Brasil-

iensi?. TILESIUS (=2 L& 7)

F. pinnetifolius C. AGARDH, l.c. N. 3. In archi-

D HHEDRTT ZINDF Y Zh &Y FITHFEL
TWHDT, &I THRIEINIWREIZE S T
i, BOMEHERARCEESINZLOTHD

ELTW5S,
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pelago Japonico. TILESIUS

F. filifolius C. AGArDH, l.c. N. 4. In mari Ja-
pocico. TILESIUS

F. serratifolius C. AGARDH, l.c. N. 31. In mari
Japonico prope Satsuma. TILESIUS (/ =2 ¥
/)

F. heterophyllus C. AGAarDpH, l.c. N. 32. In mari
Japonico. TILESIUS

F. cystophyllus C. AGARDH, Syn. Introd. 41. In
mari Japonico. TILESIUS

F. swartzii C. AGARDH, Act. Holm. 1815: 105.

In archipelago Japonico. TILESIUS

F. patens C. AGArDH, Act. Holm. 1815: 244. In
mari Japonico. TILESIUS (¥~ = % E7)

Sargassum enerve C. AGARDH, Spec. Alg. 17. In
oceano. TILESIUS

S. acinaria 3 pycnocystum C. AGARDH, l.c. 23. In
mari Coreano. TILESIUS

S. macrocarpum C. AGARDH, l.c. 36. In mari Ja-
ponico. TILESIUS

S. confusum C. AGARDH, Syst. Alg. 301. In mari
Japonico. TILESIUS (7 Y AT E )

gz F.T. KUTZING (3 TILESIUS DfREE L D—

Z7VATwD HENSCHEL 2B U TFEIF &0, Fh

2T

Spongocarpus enervis KUTZING, Bot. Zeit. 1843 :
55. China. TiLEsIUS.

Halochroa pachycarpa KiTzING, l.c. 1843: 55.
Japanisches Meer. TILESIUS

H. macracantha KUTzING, l.c. 1843: 55. Japan-
isches Meer. TILESIUS

H. polyacantha KUTZING, l.c. 1843: 56. Japan-
isches Meer. TiLESIUS

H. micracantha KUtzING, l.c. 1843: 56. Japan-
isches Meer. TILESIUS (} 4% & 7)

H. tenuis KUTZING, l.c. 1843 : 56. Japan. TILESIUS

H. schizophylla KUTzING, l.c. 1843: 56. Japan.
TiLESIUS

Myagropsis camelina KuTzING, l.c. 1843 : 57. Ja-
panishes Meer. TILESIUS.

Carpacanthus trichophyllus KiUTzING, l.c. 1843:

57. Japanishes Meer. TiLESIUS
Z Rtk L7z,

KRUSENSTERN (1813) DiEf$kic kDL, # AF %

v AP HRERETEEAROHREZRY, REFHEE
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THEERAMBEROMERED R X Bl TR 3wl
LiHHINED, BICEF - TREVEV, TRk
#AEH HIHKA D RESANOFF & D& AN, LANGS-
DORFF ZEMWHTNOMEBIEIC BiA Ll &, Ao
RO bTrORBATHSTEL I LERVTL
EEFAsh vy, RS D BARIBRICLE
LREWVIRIIER IR TWT, BEEE» LRERIEV
ik kL, BN EELAORESWIEETH S, T
ZC LaNGsDORFF (1813) %% Fucus saccharinus,
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