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Glutamine Synthetase and Glutamate Synthase System of the
Marine Green Alga, Bryopsis maxima*

Kazutoshi Nisizawa** Masato OUcHI**, Ken TAKAHASHI**
and Tadatake OKu***

**Deparnment of Fisheries, College of Agriculture and Veterinary Medicine,
Nihon University, Shimouma, Setagaya-ku, Tokyo, 154 Japan
***Department of Agricultural Chemistry, the same College and University

Nisizawa, K., OucHi, M., Takanashl, K. and Oku, T. 1983. Glutamine synthetase and
glutamate synthase system of the marine green alga, Bryopsis maxima. Jap. J. Phycol.
31: 1-9.

The glutamine synthetase (EC 6.3.1.2) and the ferredoxin-dependent glutamate syn-
thase (EC 1.4.7.1) of the marine green macro-alga, Bryopsis maxima were investigated.
The enzyme system was extracted from chloroplasts, and the activities were quantitatively
estimated by thin layer chromatography and with scanners. In addition, the glutamine
synthetase activity was measured with an amino acid autoanalyzer. By an indirect
method, r-glutamyltransferase activity of the glutamine synthetase was also confirmed.

Key Index Words: Bryopsis maxima; glutamate synthase: glutamine synthetase:

thin layer chromatography.

In place of glutamate dehydrogenase
(GDH; NAD-dependent, EC 1.4.1.2 and
NADP-dependent, EC 1.4.1.4), it has re-
cently been claimed that glutamine synthe-
tase (GS) and glutamate synthase (GOGAT)
mainly catalyze the first step of reductive
amination of amino acids in green plants.
This is based on the fact that the Km values
of GDH for ammonia are very high in general
beyond its concentration in chloroplasts.

Historically, the GS (EC 6.3.1.2) from
Escherichia coli was first extensively puri-
fied, and its enzymatic properties were
studied in detail (WOOLFOLK et al. 1966).
The enzyme has, in addition, been known
to catalyze the transfer of the y-glutamyl

* This work was supported by a Grant-in-Aid for
Scientific Research (Project No. 448017) from
the Ministry of Education, Science and Culture
of Japan.

Abbreviations: EDTA, ethylenediaminetetra-
acetate; DTT, 1,4-dithiothreitol; BSA, bovine
serum albumin.

group of glutamine to hydroxylamine added
to the reaction mixture (O'NEIL and Joy
1974). A similar enzyme was also found in
fission yeasts (BROWN ei at. 1973).

On the other hand, a GOGAT by which
glutamate and an amino acid are formed
from glutamine and a 2-oxo acid in the pre-
sence of NADH or NADPH has been found
to exist in Aerobacter aerogens (TEMPEST
and MEERS 1970) and Escherichia coli (MIL-
LER and STADTMAN 1972). The GOGAT of
the latter bacterium was found, like GS, to
be a high molecular weight enzyme whose
classification number was first assigned to
be EC 2.6.1.53 but is now changed to EC
1.4.1.13 (NADP).

More recently, it has been found that a
ferredoxin-dependent GOGAT (EC 1.4.7.1)
is existent in the chloroplasts of higher
plants and that it catalyzes ammonia as-
similation, being coupled with GS (LEA and
MIFLIN 1974; ARIMA and KuMAzAwA 1977).

The algal GS and GOGAT system was



investigated first using extracts from the
blue-green algae, Nostoc ellipsosporum and
Anabena cylindrica (LEA and MIFLIN 1975a)
and also Chlorella fusca var. vacuolata (LEA
and MIFLIN 1975b), using the whole cell as
well as extracts from the latter alga. Most
recently, this enzyme system was investi-
gated in a green macro-alga, Caulerpa sim-
pliciuscula (MCKENZIE et al. 1979).

In the meantime, we have investigated
NADP-dependent GDH of Bryopsis maxima,
which belongs to different family from the
Caulerpaceae, and found that its Km value
for ammonia is much higher than that of
C. simpliciuscula GDH (NADP) (GAYLER and
MORGAN 1976) but far smaller than those
reported in higher plants (NISIZAWA ef al.
1978). Therefore, it was intersting for us
not only to determine the kind of GS and
GOGAT system in this macroalga, but also
to compare its enzymatic property, if pos-
sible, with those of algae already reported.
However, determination of the products by
this enzyme system has been carried out
after separation by paper electro-phoresis
which seemed to be very complicated work
(LEA and MIFLIN 1975a, LEA and MIFLIN
1975b, MCKENZIE et al. 1979).

Thus, we attempted to use the techniques
of thin layer chromatography and amino acid
autoanalysis without using isotopic technique
for the determination of reaction products,
and appreciable results were obtained.

Materials and Methods

Algal material: Bryopsis maxima was
collected, as necessary from the coast of
Inubo Cape, Choshi, Chiba Prefecture in
January to May, 1981. Fresh fronds were
quickly brought back to laboratory in an
ice box, and used as an enzyme source
soon after or after culturing for several
days in a water tank with clean seawater
under aeration.

Chemicals: Ferredoxin spinach is the
product of Sigma Chemical Comp. All other
chemicals were purchased from Wako Pure
Chemical Industries, Ltd.
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Extraction of enzyme: Firstly, chloroplasts
were isolated from algal fronds following
the procedure of WRIGHT and GRANT
(1978). Approximately 200 g of fresh fronds
were chopped with scissors and ground in
a mortar with 100 m/ breaking medium in
the presence of a small amount of quartz
sand for 10 min. The breaking medium con-
sists of 0.7M NaCl, 50 mM Tricine, 50 mM
MgSO,, 1mM MnCl,, 2mM EDTA, 5mM
sodium-ascorbate, 0.lmM DTT and 0.2%
(w/v) BSA, at pH 7.5. The debris was
squeezed by hand through 4 layers of gauze,
and the extract was centrifuged at 1000Xx g
for 1 min. The dark green precipitate was
washed with 100 m/ resuspension medium,
pH 7.5, and centrifuged at 750X g for 10 min.
The same wash was repeated twice. The
resuspension medium was the same com-
position as the breaking medium except that
it contained 0.5% (w/v) BSA and no DTT.
It was confirmed by microscopic examination
that the precipiate thus obtained consists of
clear chloroplast particles.

The chloroplast pellets were then sus-
pended in 50m/ of 50 mM Tricine buffer,
pH 7.5, containing 5mM EDTA, 12.5mM 2
mercaptoethanol, and were sonicated under
icecooling 30 times for 30 sec each with a
M.S.E. 150 W sonicator (Otake type 5202
PZT). The broken chloroplast suspension
was centrifuged at 12,000 g for 20 min and
the supernatant was dialyzed in a cellophane
tube against 4 changes of 300 m/ of 50 mM
Tricine buffer, pH 7.5, containing 12.5 mM
2-mercaptoethanol for 1hr each. To the
dialyzed solution was added 40 mM MgCl,
and it was used as the enzyme solution for
investigation.

This enzyme solution was available for
experiment after storage at-40°C for several
days, though the activity decreased grad-
ually. The enzyme was, however, mostly
inactivated by storage for more than a week.

Measurement of chlorophyll content in
enzyme solution: The enzyme solution (1 m/)
was concentrated to dryness under reduced
pressure, and extracted with 15m/ acetone
at room temperature. The mixture was
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centrifuged at 1,000Xg for 5min. The
supernatant dissolving chlorophylls and other
pigments in it was analyzed for total chloro-
phylls with a Shimadzu Photoelectric photo-
meter UV-200 bas’ng on the following equa-
tion of ARNON (1949).

Total chlorophylls (¢#g/m!)=20.2 A,,;+8.02
A, Where the absorbance A was obtained
by subtraction of the absorbance at 750 nm
from the absorbances measured at 645 nm
and 663 nm, respectively. The enzyme solu-
tions prepared by the procedure described
above contained ordinarily around 80 ug total
chlorophylls per ml.

Enzyme assays. a) GS activity: The reac-
tion mixture consisted of 33.3mM Tricine
buffer, pH 7.5, 1.3mM NH,CI, 3.3 mM L-
glutamate, 26.7 mM MgCl,, 10 mM ATP, and
enzyme in a total volume of 3m/ The
enzyme reaction was carried out at 30°C
together with the control which lacked L-
glutamate. The reaction mixture contained
around 80 ug of total chlorophylls. The
enzyme reaction was initiated by addition of
ATP to the reaction mixture lacking ATP.

b) GOGAT activity: The reaction mix-
ture consists of 30.8 mM Tricine buffer, pH
75, 4.8 mM L-glutamine, 4.8 mM 2-oxoglu-
tarate, 8 mM amino oxyacetate, 0.16 mg fer-
redoxin, 9.6 mM sodium-dithionite, 19.2 mM
NaHCO; and enzyme in a total volume of
26 ml. The enzyme reaction was carried
out at 30°C together with control which
lacked L-glutamine. The reaction mixture
contained around 80 ug of total chlorophylls.
The mixture of sodium-dithionite and
NaHCO; must be prepared just before the
experiment. The enzyme reaction was ini-
tiated by addition of the dithionite mixture
to the reaction mixture lacking this reagent.

¢) 7-Glutamyltransferase  activity  of
GS: According to the method of HUBBARD
and STADTMANN (1967) for bacterial en-
zymes, the reaction mixture was prepared.
It consisted of 0.1M L-glutamine, 0.3M
NH,OH-HCI, 20mM Na,HAsO,, 0.4 mM,
ADP 3mM MnCl,, 20 mM imidazole and
enzyme in a total volume of 3ml at pH 7.0.
The mixture was incubated at 30°C together

LW

with a blank with lacked the enzyme, and it
contained around 80 ug of total chlorophylls.
Then, aliquots of the reaction mixture were
removed at intervals and 7y-glutamylhy-
droxamate formed was estimated by reading
the absorbance at 540 nm with a Shimadzu
Model UV-200S double-bzam sp=ctrophoto-
meter.

d) GDH activity : The assay procedure was
entirely idantical to that used in a previous
work (NISIZAWA et al. 1978). The enzyme
reaction was carried out with an enzyme
extract containing about 0.65 ug protein.

General procedure of thin layer chromato-
graphy (TLC): Kieselgel 60 F,;, glass plates
(20X 20 cm) manufactured by the Merk Corp.
were used, and the solvent was a mixture
of phenol: water (3:1, v/v). Developing
was stopped when the front of the solvent
reached 10 cm in height. The TL chroma-
togram was dried at 80°C for 60 min. The
spots were colored with ninhydrin or Fluo-
rescamine (MENDEZ and LAI 1975) reagent
by heating at 12C°C for 5 min for the former
or by standing at room temperature for the
latter. Then, the chromatogram was sub-
jected to autoanalysis by a Shimadzu Model
CS-920 high speed TLC scanner for the
ninhydrin-staining spots. For this, a 496 nm
wavelength and a light bundle of 1.25Xx1.25
mm were used. When the Fluorescamine
reagent was used, the analysis was made
with a Shimadzu Model CS-910 double-beam
TLC scanner at 365nm wavelength and a
light bundle of 9.0x0.8 mm. These scanners
were in either case connected with a Shima-
dzu Model RIA chromatopack to record the
data automatically.

Determination of reaction products in GS
and GOGAT reaction mixtures.

a) By TLC: The reaction mixture toget-
her with the control soon after and 120 min
after the incubation were heated at 100°C
for 2min. Then, they were concentrated in
an Evapo Quick under reduced pressure to a
syrup, and 10 m/ acetone were added to each
sample. After mechanical shaking for 5min,
the mixtures were centrifuged at 1,000Xg
for 10 min and the yellowish green superna-



tants were discarded. The precipitates were
extracted with 1 m/ water each at 80°C for
5min and centrifuged at 1,000 X g for 10 min.
The supernatants were analyzed by TLC for
the reaction products.

b) With amino acid autoanalyzer: The
final aqueous solution of the reaction pro-
ducts, parts of which were applied to TLC
analysis as described above, was diluted to an
appropriate volume to contain 0.2-0.4 uM
per m/ of amino acids to be analyzed and
subjected to analysis with a Hitatchi Model
KLA-5 amino acid autoanalyzer.

Determination of protein: Using crystal-
line bovine serum albumin as a standard, the
protein in enzyme solution was estimated by
LOWRY-FOLIN method (LOWRY et al. 1951).

Results

TL chromatograms of the reaction products
by GS and GOGAT: The spots of amino
acids were colored with ninhydrin reagent.
The resulting chromatograms are shown in
Fig. 1. A large spot corresponding to L-
glutamine occurs among the products after
incubation with GS while the spot of L-
glutamate appears among the products by
GOGAT. In addition, faint spots like gly-
cine and alanine are visible below the spots
of glutamine in blanks as well as samples.
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GS activity measured by TLC scanner
method: From the two series of reaction
mixtures of the same ingredients, TL chro-
matograms were prepared as in Fig. 1. Each
was colored with ninhydrin or fluorescamine
reagent and analyzed by TLC scanning. The
results are shown in Tables 1 and 2. It is
clear in Table 1 that the area of L-glutamate
used as substrate decreased notably after
incubation, whereas a fairly large area of L-
glutamine appeared as a new spot of amino
acid. A similar result was obtained in Table
2. However, far smaller amounts of L-glu-
tamine were also found in blanks after in-
cubation. This may be due to reactions
between endogenous substrates preexistent
in enzyme preparation.

GOGAT activity measured by TLC scan-
ning method: Two series of TL chromato-
grams were prepared in the same way as
with GS, and each was stained with ninhy-
drin or Fluorescamine reagent. The results
from their scanning analysis are shown in
Tables 3 and 4. In contrast to the GS series,
L-glutamine used as substrate is decreased
after incubation whereas L-glutamate is
increased far beyond the amount of the one
endogenously formed in both Tables.

r-Glutamyltransferase activity of GS:
The result is shown in Table 5. The ac-
tivity was clearly detectable after incubation

Glutamine Synthetase

Glutamate Synthase

Q(nn ” - @ - @ @
. - 3 =
@ Bt € 1 ' -
Gl -~
¥ < ] K u ) n
Bo So B S Bo So B s
Fig. 1. TL chromatograms of reaction products by GS and GOGAT after

staining with ninhydrin reagent.

By and B are blanks before and after (120

min) incubation, respectively. S, and S are sample reaction mixtures before

and after (120 min) incubation.
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Table 1. Reaction products* by GS measured with a TLC scanner after
coloring with ninhydrin reagent.
M : . . Scanning Area
arker Amino acid distance (mm) coefficient
Glu — 25.2 52725
Gin — 45.3 42203
Spot
Bo
Blank before incubation — — —
B
Blank after incubation for 120 min Glu 26.0 160
So
Sample before incubation Glu 24.6 50095
S
Sample after incubation for 120 mim Glu 24.8 44005
Gin 46.8 5162

* Data for amino acids other than Glu and Gin are omitted in this Table.

Table 2. Reaction products* by GS measured with a TLC scanner after
coloring with Fluorescamine reagent.

Marker Amino acid tisn‘"ii"’(’rir?ﬁ.) coé\ﬁl":::?ent
Glu — 1.04 25857
Gln — 1.98 20723
Spot
Bo
Blank before incubation — — —
B
Blank after incubation for 120 min Glu 0.96 1924

Gln 2.01 233
So
Sample before incubation Glu 0.9 26465
S
Sample after incubation for 120 min Glu 0.94 21725
Gln 1.94 4376

* Data for amino acids other than Glu and Gln are omitted in this Table.

for 30 min under the present reaction condi-
tion. The reaction mixture lacking ADP
and arsenate also produced a remarkable
amount of 7-glutamylhydroxamate, while that
lacking L-glutamate showed no appreciable

increase in the amount of this hydroxamate.
Therefore, L-glutamine seemed to form under
the present reaction condition some com-
pound which shows a high absorbance at
540 nm or produce to 7-glutamylhydroxamate
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Table 3. Reaction products* by GOGAT measured with a TLC scanner

after coloring with ninhydrin reagent.

Marker Amino acid disstgiggir(lr%lm) coé?ili-g?ent
Glu — 28.8 50540
Gln — 44.3 51423
Spot
B,

Blank before incubation — — —

B

Blank after incubation for 120 min Glu 29.6 358
Gln 46.4 48

So

Sample before incubation Glu 28.8 132
Gln 46.0 40498

S

Sample after incubation for 120 min Glu 28.1 775
Gin 44.5 33030

* Data for amino acids other than Glu and Gln are omitted in this Table.

Table 4. Reaction products* by GOGAT measured with a TLC scanner

after coloring with Fluorescamine reagent.

Marker Amino acid tis,flim(’ri,',’{f. ) co égz?ent
Glu — 0.97 41288
Gln — 1.80 39532
Spot
B,

Blank before incubation — — —

B

Blank after incubation for 120 min - Glu 0.98 547

So

Sample before incubation Glu 1.0 1306
Gln 1.85 11383

S

Sample after incubation for 120 min Glu 0.93 2835
Gln 1.77 9751

* Data for amino acids other than Glu and Gln are omitted in this Table.
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Table 5.

Incubation time

7-Glutamylhydroxamate production* from L-glutamine and hydroxamine during
incubation (120 min) with GS. B; blank**, S; sample reaction mixture.

miny B s S—B
0 11.9 14.3 2.3
15 12.9 15.2 2.3
30 13.6 16.7 3.1
45 14.6 18.1 3.5
60 15.8 20.0 4.2
75 16.7 21.4 4.7
90 17.6 22.9 5.3
105 18.1 24.3 6.2
120 19.0 26.2 7.2

* yM/mg protein in reaction mixture.

** Lacks enzyme; other blanks which lacked glutamine or lacked glutamine, ADP and
arsenate gave productions of only 0.5 to 1.0 uM r-glutamylhydroxamate in reaction

mixture.

The blank that lacked ADP and arsenate, however, gave productions of

10.5 to 16.7 uM r-glutamylhydroxamate during the same incubation periods.

Table 6. Amino acids* determined with an autoanalyzer in reaction mixtures
of GOGAT. B, B, Sy and S are same as in Fig. 1.

Amino acid Bo B So S
Lys 0.82 1.05 — 1.90
His — 0.19 9.62 —
NH; 3.44 26. 98 7.28 25. 66
Asp 0.24 0.72 1.06 0.93
Gin 0.38 1.43 406. 30 322.85
Thr 0.44 1.18 — —
Glu 1.03 1.82 3.38 10.15
Gly 1.13 3.03 1.28 14.86

1.53 0.62 24.90

Ala 0.41

* pg/ml of aqueous solution containing the reaction products extracted from the reaction

mixture.

itself.

GOG AT activity measured with amino acid
analyzer . The result is shown in Table 6.
It is clear that far more L-glutamate was
produced after incubation than before
whereas L-glutamine was notavly de-
creased after incubation. Moreover, it is
noticeable that glycine and alanine were also
increased remarkably after incubation while
no appreciable change was found with as-

partate. Ammonia was increased, too, but
the extent was almost ildentical in both
sample and blank.

Km value of GS for ammonia: Changing
the concentration of NH,Cl in the reaction
mixture of GS from 1mM to 4mM, the
extents of L-glutamine production were de-
termined by TLC scanner method. The
amounts obtained were treated by the LINE-
WEAVER-BURK procedure and the Km of GS



for ammonia was estimated graphically to
be 0.7 mM.

GDH activity: An enzyme solution ex-
tracted from chloroplasts of B. maxima in
the same way as the extraction of GS and
GOGAT was used as the enzyme source.
The specific activity of GDH was 0.08 in
terms of absorbance per pg protein per min.

Discussion

In place of the electrophoretic separation
(ATFIELD and MORRIS 1961) of reaction
products hitherto employed in most cases,
TLC scanner method was introduced into
the detection of the GS and GOGAT system
in the present work. The method seemed
rather simple since the TLC scanner is
disposable. In addition, the activity of this
enzyme system was defected readily with
the amino acid autoanalyzer, too. Although
the applicability of this method was not
examined further in the present work, it
seemsd to be useful for the investigation
of GS and GOGAT system in detail. In any
case, however, it is shown by the present
investigation that the GS and GOGAT
system is present in the chloroplast of B.
maxima. This is the second proof of the
presence of these enzymes in macroalgae.
However, we succeeded only in detecting
the enzyme activity in the chloroplasts of
this alga, so that use of such newly designed
procedures remains in future for further
enzymatic study.

The Km for ammonia c¢f GS from B.
maxima was estirnated to be 0.7 mM by TLC
scanner method. The value is, however, very
high as compzred with that of pea leaves in
which the values of 1.9xX10"°M was ob-
tained. However this has been estimated by
an indirect method in which liberated phos-
phate from ATP was measured by the
FISKE-SUBBAROW assay (O'NEAL and Joy
1974). In contrast, the Km of Bryopsis-
GS was about 34 times lower than that
was obtained for the GDH (NADP) of the
same alga (NISIZAWA et al. 1978). In addi-
tion, the GDH activity of chloroplasts of this

Nisizawa, K., OucHl, M., TakaHasHI, K. and Oku, T.

alga was 0.08 per ug protein per min when
expressed by decrease in the absorbance at
340 nm. The value suggests that the activity
may be approximately 1/8 that of an extract
from the whole algal fronds, by rough
estimate from the data reported in our pre-
vious paper (NISIZAWA et al. 1978). There-
fore, it is reasonable to assume that am-
monia is reductively assimilated into amino
acids  catalyzed mainly by the GS and
GOGAT system in the chloroplasts of B.
maxima.

However, the above reasoning is inconsis-
tent with that which has been proposed by
GAYLER and MORGAN (1976) for the GDH
(NADP) of Caulerpa simpliciuscula. From the
fact that this enzyme localizes in the chlo-
roplast and has a very low Km for ammonia
such as 0.4 to 0.7mM, the authors have
assumed that the enzyme plays a role in
reductive amination independent of the GS
and GOGAT of the alga. On the other hand,
there is a report in which the de novo syn-
thesis of GDH (NADP) of Chlorella was
conspicuously enhanced when it was grown
in high ammonia and low nitrate media
(KRETOVICH et al. 1970). ,

Taking into account these results as well
as our results from B. maxima, not only
GDH but also GS and GOGAT seem to work
under a complex relationship in ammonia
assimilation. The mode of their physiological
roles, therefore, seems more or less different
from each other depending on plant species
and/or on its physiological condition.
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Dotyophycus yamadae (Oumi et IToNO) ABBOTT et YoOsHIzAKI is first reported for
Taiwan. Studies on the material at hand showed that it possessed, in addition to the
characteristics of this species, some features which had not been mentioned in the original
description of this alga or elsewhere: it was diocecious and had a prominent fusion cell

at basal portion of the mature cystocarp.

This study not only supports ABBoTT (1976) in that the carpogonial branch in Dotyo-
phycus is equivalent to an entire assimilatory filament, but also interpretes each carpogonial
branch in the cluster as being a branch equivalent to a branch of an assimilatory filament

system.

Key Index Words: assimilatory filament; carpogonial branch; cystocarp; Dotyo-
phycus yamadae; Nemalionales; Rhodophycophyta; Taiwan.

Dotyophycus was described by ABBOTT
in 1976 on the basis of the material collected
from deep-water of the Hawaiian Islands. She
characterized the genus by the origin of the
carpogonial branch, manner of the initiation
of gonimoblast initial and the subsequent
fusion of cells of the carpogonial branch
and lower cells of the gonimoblast. So far
only two species, D. pacificum ABBOTT the
type species, and D. yamadae (OHMI et
IToNO) ABBOTT et YOSHIZAKI reported
from southern Japan and the Hawaiian Is-
lands have been included in this genus.

In the course of a study on the family
Helminthocladiaceae of Taiwan, we have
collected a number of noteworthy algae from
southern Taiwan. Among these collections
some of Liagora-like specimens were found
having female reproductive structures similar
to those of Dotyophycus, and they were
identified as D. yamadae.

Subsequent examinations of our material

showed that it possessed some features
which had not been mentioned in the original
description of this alga or elsewhere.

Observations

The plants (Fig. 8) at hand are moderately
incrusted with lime, but not very lubricous
except near the apices. Fronds are caespitose,
very often destituting lime at the very base,
cylindrical, but somewhat compressed when
dried, about 3-4 (6.5; 4.5)cm tall, 1.0-1.5 (1-
2.5) mm wide (parenthetical numbers from
descriptions of OHMI et ITONO and ABBOTT
et YOSHIZAKI, respectively) and repeatedly
ramified in a dichotomous manner with
narrow axil or rarely in on irregular umbel-
late manner.

The central axis is composed of rather
narrow filaments, and thinner rhizoidal ones.
Cells of filaments are nearly cylindrical, about
16 to 32 pm thick. Assimilatory filaments
are 5 or 6 times dichotomous or trichotomous.
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Fig. 1. Spermatangia.

Fig. 2. A cluster of carpogonial branches born on a medullary filament, showing an assimilatory
filament arising from the hypogynous cell of a carpogonial branch of the third order.

Fig. 3. A cluster of carpogonial branches, showing as many as 11 carpogonial branches and several
assimilatory filaments arising from a medullary filament.

Fig. 4. Gonimoblast initials arising from the two daughter cells of carpogonium, showing only
one carpogonium in the cluster fertilized.

Figs. 5-6. Young stages of gonimoblast filaments, showing very little change in appearance of
carpogonial branch after fertilization.

Cells in the lower and medial parts of the Ultimate cells are often provided with short
assimilatory filaments are usually large, or long colorless hairs. (Fig. 9)
inflated and irregular in shape, while those The species is dioecious. Like many species

in the upper parts, ellipsoidal or obovoid. of Helminthora, Liagora and Liagoropsis (cf.
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Fig. 7. Basal portion of mature gonimoblast, showing creeping filaments
and irregularly branched fusion cell.

CHIANG, 1971), the spermatangia (Fig. 1) of
this species are formed on the terminal part
of the ultimate cell of the assimilatory
filament and crowded in corymbose manner.

Carpogonial branches are composed of 2
to 7, mostly 3 to 5 (3 or 4) cells (parentheti-
cal numbers from OHMI et ITONO’s descrip-
tion) and are produced from a special un-
branched filament arising directly from
medullary filaments (Fig. 2). The supporting
cell of the first order of carpogonial branch
is usually round to ellipsoidal in shape (Figs.
2-6). From the supporting cell, usually 1 to
3 carpogonial branches, or an assimilatory
filament, are produced (Figs. 3-5). In most
occasions from the lowest or the cell second
to the lowest one of the first order of
carpogonial branches, one or two (rarely 3)
secondary carpogonial branches, or an as-
similatory filament or both are produced
(Figs. 2-5). In the same manner the
third and fourth orders of carpogonial
branches may be laterally prcduced from

the carpogonial branch of the second order
or from the assimilatory filament prcduced
from the carpogonial branch (Figs. 2-5),
making the rumber of carpogonial branches
up to 10 or more in a medullary filament
system (Fig. 3). On rare occasions a single
carpogonial branch zrising terminally from
a branch of an assimilatory filament was
also observed (Fig. 9).

Only ore carpogonial branch in a cluster
of carpogonial branches was fertilized (Figs.
4-7). After fertilization, the carpogonium
divided transversely to form two daughter
cells, and gonimoblast initials were laterally
issued from them (Figs. 4-6). The gonimo-
blast initials divided to form a profusedly
branched, spreading gonimoblast mass (Figs.
6-7). Cells in the lower part of the gonimo-
blast are usually large, ellipsoidal to obovoid,
about 20-25 #m in size and lightly stained.
Carposporangia are produced terminally from
the upright branches of the gonimoblast
(Fig. 11). They are ellipsoidal to ovoid,
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Fig. 8. Habit of a plant, collected at Chuan-fan-shih, Pingtong Hsien, Taiwan. x1.
Fig. 9. A cluster of assimilatory filaments, showing trichogyne-like hairs and a single carpogonial
branch (Ca) which arises terminally from a branch of the cluster. x400.

Fig. 10. A fusion cell. x500.

Fig. 11. Upper portion of mature gonimoblast, showing carposporangia arising terminally from
erect branches of the gonimoblast and also carposporangia (arrows) whose cytoplasm divides irregularly.

% 500.

about 8-12x<14-18 ym. Very often the
cytoplasm of the carposporangia divides
transversely or obliquely in two, or irregular-
ly into four, parts but without clear septation
among them (Fig. 11). This phenomenon is

also illustrated in Fig. 9 by ABBOTT
(1976). No widening of the pit conection
between carpogonium and adjacent cells
occurred at early stages of the development
of the carposporophyte (Figs. 4-6), but at
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maturity of the gonimoblast, the terminal
cells of the carpogonial branch and the first
formed cells of the gonimoblast fused to
form an irregularly branched, darkly stained
mass at the base of the carposporphyte (Figs.
7 and 10).

Material examined: Chuan-fan-shih, Ping-
tong Hsien, (21°56'N, 120°48.9’E) 13. V. 1979,
Chen 790982 ; 3. V. 1980, Chen 80267a3,
Chen 80267bQ. Nanwan (about 6 km WNW
of Chuan-fan-shin), 12. V. 1979, Chen 79087 2 ;
18. XI. 1979, Chen 79133Q, 79134Q. Tan-
tzu-wan (about 4.5km WNW of Chuan-fan-
shih), 13. XII. 1979, Chen 79145%.

Discussion

In her paper on Dotyophycus, ABBOTT
(1976) discussed the characteristics of genera
included in various families of Nemalionales.
That is (1) the origin and position of the
carpogonial branch ; (2) the sequence of early
development in the zygote; (3) the time and
place of initiation of the sterile filament
around the developing gonimoblast and (4)
the nature of carposporangia.

Based on these four points, we found that
our plants fit very well with the character-
istics of the genus Dotyophycus. That is:
(1) the carpogonial branch is equivalent to
an entire assimilatory filament, arising from
the medulla in the same fashion as an assimi-
latory filament; (2) after fertilization, goni-
moblast initials are produced laterally from
the two daughter cells of the carpogonium
and divide to form a branched, diffusing
gonimoblast mass; (3) no sterile filaments
are produced in the vicinity of the develop-
ing gonimoblast, nor around the mature
cystocarp and (4) carposporangia are pro-
duced terminally from the erect branches of
the gonimoblast.

So far only two species, D. pacificum
ABBOTT and D. yamadae (OHMI et ITONO)
ABBOTT etYOSHIZAKI, are included in this
genus. From ABBOTT and YOSHIZAKI (1981),
we find that our plants resemble the latter
in: (1) carpogonial branches which usually
have several laterals; (2) assimilatory fila-

ments are irregularly branched; (3) the
subcortical layer has large, inflated, irregular
cells and (4) the gonimoblast is extensively
spread. However our plants are dioecious
whereas the Japanese ones are monoecious.
A prominent fusion cell (Figs. 7 and 10) is
usually present at the basal portion of the
cystocarp in our plants whereas none or an
obscure one (cf. ABBOTT et YOSHIZAKI
1981) are present in those collected from
Japan and the Hawaiian Islands respectively.
Since some species of Trichogloea(PAPENFUSS,
1946) and Liagora, such as L. farinosa
(ABBOTT, 1945 ; BOERGESEN, 1949), have both
dioecious and monoecious plants, and no
importance is attached to it (ABBOTT et
Doty 1960). We thus regard our plants
belonging to D. yamadae.

In our plants a carpogonial branch usually
repeatedly issues other carpogonial filaments
and/or assimilatory filaments to form a
large cluster (Fig. 3) which is reminiscent
of the assimilatory filaments constructing the
cortical layer. This kind of carpogonial
cluster not only supports ABBOTT (1976)
that the carpogonial branch of Dotyophycus
is equivalent to an entire assimilatory fila-
ment but also indicates that each carpogonial
branch in the cluster can be interpreted as
being a branch homologous with a branch of
an assimilatory filament system.
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Three new species of Salpingoeca, S. ampullacea D. Bicupo and C. Bictpo, sp. nov.,
S. brevicollis D. Bicupo and C. Bicupo, sp. nov., and S. caudiculata D. Bicupo and C.
Bicupo, sp. nov. are described on the grounds of their lorica morphology and based on
material collected from “Lago das Ninféas” (Lily Pond) in the City of S3o Paulo, southern

Brazil. This is the first record of the occurrence of this genus of epiphytes in Brazil.

Key Index Words: Brazil; Chrysophyceae; epiphytes; Monosigales; Salpingoeca
ampullacea sp. nov.; Salpingoeca brevicollis sp. nov.; Salpingoeca caudiculata sp.

nov.; Salpingoecaceae; taxonomy.

In July of 1980, we began a survey of the
epiphytic algae of the “Lago das Ninféas”
(Lily Pond), located in the “Parque Estadual
das Fontes do Ipiranga”, in the City of S0
Paulo, southern Brazil. During the course
of our investigation we came across three
very distinct populations, each very homogen-
ous, of Salpingoeca (Salpingoecaceae, Mono-
sigales, Chrysophyceae), that we could
identify with none of the species already
described. They are thus proposed as new
to science. Furthermore, this is the firsf
record of the occurrence of Salpingoeca in
Brazil.

Description of the Species

1. Salpingoeca ampullacea D. Bicupo
and C. Bicupo, sp. nov. (Figs. 2-3)
Solitarii individii vel gregarii ; lorica sessili,
forma ampullacea, basi subglobosa, continuans
abrupte longo collo, circa duos tertius
longitudinem ab lorica, latetibus ab initio
parallelis, post divergentes ample ad apicem
cujus latitudinis proxime aequa parte sub-
globosa, 12.2-17.3 ym long, 6.2-8.0 um lat.,

6.4-8.3 pm lat. apert. celula implens totam
loricam ad median colli, 14.0 ym long. 7.3-
8.0 yum lat.; collo membranaceo lateribus
rectis vel levissime convexis, modice diver-
gentibus ad apicem, 6.6 #m long., 6.5 ym lat.
apert. ; flagello tres vel quattuor longitudinem
cellulae, 50.0 ym long.; unos vel duobus
contractis vacuolis.

Origo: Brasilia, Status Sancti Pauli, Muni-
cipium Sancti Pauli, Sancti Pauli, “Parque
Estadual das Fontes do Ipiranga”, Hortus
Botanicus, lacus Nimpharum, super pilos
foliares et folia modificata Salvinia herzogii
de la Sota, lectus D. C. Bicudo, 30. IV. 1981.

Holotypes: Figurae nostrae 2-3.

Individual solitary or gregarious; lorica
sessile, vase-like, base subglobose, suddenly
projecting into a long neck about 2/3 of the
total length of the lorica, sides at first
parallel, then broadly divergent toward the
apex whose width is appoximately the same
as that of the subglobose portion, 12.2-17.3
pm long, 6.2-8.0 um broad at base, 6.4-8.3
pm broad at opening; cell completely filling
the lorica to half way up the neck, 14.0 gm
long, 7.3-8.0 um broad; collar with straight
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Fig. 1. Salpingoeca caudiculata D. Bicupo and C. Bicupo, sp. nov.; 2-3. Salpingoeca ampullacea
D. Bicupo and C. Bicupo, sp. nov.; 4-5. Salpingoeca brevicollis D. Bicupo and C. Bicupo, sp. nov.
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or slightly convex sides, moderately diver-
gent toward the apex, 6.6 ym long, 6.5pym
broad at opening; flagellum 3-4 times as
long as the cell, 50.0 #m long ; 1-2 contractile
vacuoles.

2. Salpingoeca brevicollis D. BicuDo and
C. Bicupo, sp. nov. (Figs. 4-5)

Solitarii individii vel gregarii; lorica
sessile, ellipticus-fusiformis, polo posteriore
constituens unam structuram fixam sub-
cilindricam, brevem, lateribus concavis, polo
anteriore formans collum brevem, circa
unus decimus longitudinis loricae, lateribus
rectis vel levissime concavis, 10.0-13.6 ym
long. 55-6.7 pm lat. 2.5-4.0 ym lat. apert.;
cellula elliptica, implens quasi totam loricam,
10.0-11.2 ym long., 5.5-6.7 ym lat.; collo
membranaceo lateribus rectis, parallelis vel
quasi maiore longitudine, ample divergens
in apice, 5.1-7.0 ym long., 2.1-3.3 ym lat.,
4.3-6.5 pm lat. apert. ; flagello non mensurato;
duobus contracti vacuolis.

Origo: Brasilia, Status Sancti Pauli, Muni-
cipium Sancti Pauli, Sancti Pauli, “Parque
Eatadual das Fontes do Ipi-ranga”, Hortus
Botanicus, lacus Nimpharum, super pilos
foliares et folia modificata Salvinia herzogii
de la Sota, lectus D. C. Bicudo, 30. XI. 1980.

Holotypes: Figurae nostrae 4-5.

Individual solitary or gregarious; lorica
sessile, elliptic-fusiform, posterior end for-
ming a very short, cylindrical attaching
struture with concave sides, anterior end an
extremely short neck, about 1/10 of the
total length of the lorica, sides straight or

silightly concave, 10.0-13.6 yum long, 5.5-6.7
gm broad at base, 2.5-4.0um broad at-;
opening; cell elliptic, almost completely

filling the lorica, 10.0-11.2 #m long, 5.5-6.7
pm broad ; collar with sides straight, parallel
or almost so for the major part of its length,
broadly divergent at the apex, 5.1-7.0 um
long, 2.1-3.3 #m broad, 4.3-6.5 ¢ m broad at
opening ; flagellum not measured ; 2 contractile
vacuoles.

3. Salpingoeca caudiculata D. Bicupo
and C. Bicupo, sp. nov. (Fig. 1)

Solitarii individii; pedicellata lorica, basi
napiforme, elongata, continuans in collo circa
unus tertius longitudinis loricae, lateribus
rectis, subparalleli, 24.0-24.6 ym long., 10.0-
10.5 gm lat.,, 5.0-5.1 ym lat. apert.; cellula
obpiriforme, locata ab mediam superiorem
basis loricae, 15.1 ym long., 9.0 yum lat.;
collo membranaceo lateribus convexis, ample
divergentibus ad apicem, 15.0 zm long., 13.0-
14.0 pm lat. apert.; flagello minime bis
longitudinis cellulae; uno vel duobus con-
tractis vacuolis; pediculus 25.0-40.0 ym long.

Origo: Brasilia, Status Sancti Pauli, Muni-
cipium Sancti Pauli, Sancti Pauli, “Parque
Estadual das Fontes do Ipirange”, Hortus
Botanicus, lacus Nimpharum, super pilos
foliares et folia modificata Salvinia herzogii
de la Sota, lectus D. C. Bicudo, 30. IV. 1981.

Holotypes: Figurae nostrae 1.

Individual solitary; lorica pedicellate, base
napiform, elongate, suddenly projecting to
form a relatively short neck, about 1/3 of
the total length of the lorica, sides straight,
nearly parallel, 24.0-24.6 ym long, 10.0-10.5
pm broad at base, 5.0-5.1 pum broad at
opening ; cell obpyriform, filling from the
upper half of the base of the lorica up, 15.1
pm long, 9.0 #m broad; collar with convex
sides, broadly divergent toward the apex,
15.0 # m long, 13,0-14.0 #m broad at opening ;
flagellum at least twice as long as the cell;
1-2 contractile vacuoles; pedicle straight,
25.0-40.0 ym long.

Discussion

The genus Salpingoeca was proposed by
JAMES-CLARK (1868: 199) to accomodate
some solitary or sometimes gregarious (but
never colonial), non-pigmented, choanofla-
gellate individuals that possess a fixed, either
sessile or pedicellate lorica. The protoplast
corresponds in form and aspect to those of
Codosiga and Monosiga, indicating in the
great plasticity of their protoplast, as also
in their solitary or at most gregarious habit,
their closer affinity with the latter. The
protoplast is mostly freely movable within
and not permanently attached to the lorica,
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but sometimes is united to the lorica by
means of a pedicle-like extension of the cell
body, or by several pseudopodes. The
flagellum is single, and terminal, laterally
encircled by a well-developed, membranous
collar. Usually two or sometimes more very
conspicucus contractile vacuoles are seen
located in the posterior half of the protoplast.

The lorica wall is made of a single layer
of chitin, or is calcareous, in the latter case
sometimes impregnated with iron salts from
the environment. This is the only solid
difference between Salpingoeca and Diploeca
ELLis (ELLis 1930: 78), in which the lorica
wall is made of two concentric layers.
Thus circumscrited, the genus Salpingoeca
includes Pachysoeca ELLIS (ELLIS 1930: 80),
where the lorica is brown and sessile.
BOURRELLY (1981 : 138) considers Lagenoeca
SAVILLE-KCNT (SAVILLE-KENT 1880: 359)
synonymous with Salpingoeca. The free-
swimming habit of the individuals of
Lagenoeca, however, as far as we can judge
guarantee its position as a distinct genus
from Salpingoeca.

According to JAMES-CLARK (1868), re-
production is usually by transverse division,
rarely by longitudinal division of protoplasts,
or by subdivision of the entire protoplast
into a small number of spores. ELLIS (1930:
66), hcwever, described and illustrated that
reproduction is by longitudinal divicion of
protoplast, by its partial emergence at the
collar of the lorica with the formation of a
bulge from which, by fission, the young
cell is produced; it is clumsy and often
simulates, more or less closely, both gemm-
ation and transverse division. Gemmation
is of very rare occurrence, and sporulation
has not been confirmed.

The definition of Salpingoeca species is
mostly based on the shape of the lorica, but
also on its colour, the presence or absence
of a pedicle, the presence or absence of
short pseudopodial filaments attaching the
protoplast to the lorica, the shape and the
size of the collar, and the shape of the cell.

Salpingoeca ampullacea D. Bic. and C. Bic,,
by the shape of its lorica resembles

Salpingoeca longicollis (ELLIS) BOURR., but
it is readily distinct in the broadly divergent
(flaring) sides of the neck, the very thin
wall, and the much larger dimensions, also,
because the cell completely fills the basal
globose part of the lorica, never extending
beyond the extreme upper limit of the neck.
It could also be compared with the original
figure of Salpingoeca amphoridium JAMES-
CLARK var. amphoridium in JAMES-CLARK
(1868: fig. 37), from which it differs in the
broadly divergent (flaring) sides of the neck,
the sudden, very conspicuous constriction
in about the lower third of the lorica
establishing a well-marked limit for the
neck, the ratio between the maximum
breadth of the lorica and its breadth at the
opening, the ratio between the total length
of the lorica and that of the neck, and the
much smaller dimensions of the lorica.
Furthermore, the cell completely fills the
globose basal portion of the lorica and most
of the neck, but never extends beyond the
extreme upper limit of the neck. The
circumscription of Salpingoeca amphoridium
JAMES-CLARK, however, has been somewhat
drastically altered along the years, up to a
certain point in which some overlapping
occurs between the latter, Salpingoeca
longicollis (ELLIS) BOURR., and Salpingoeca
ampullacea D. BiC. and C. Bic.

Among all sessile cpecies of the genus,
Salpingoeca brevicollis D. Bic. and C. Bic.
is unique in having an extremely short neck,
elliptic cell, and subcylindrical collar, which
is broadly divergent only at the apex.
Regarding the length of the neck, Sa/pingoeca
brevicollis D. Bic. and C. BIC. somewhat
approaches the illustration of Salpingoeca
fusiformis SAVILLE-KENT in LEMMERMANN
(1914: fig. 120), from which it differs in the
subcylindrical shape of the base of the lorica,
the elliptical shape of the cell, and in the
basically cylindrical collar, broadly divergent
at the apex. LEMMERMANN’s figure, how-
ever, is markedly distinct from the original
concept of Salpingoeca fusiformis SAVILLE-
KENT (SAVILLE-KENT 1880: 346; 1882: pl.
5, figs. 27-31). According to its original
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concept, Salpingoeca fusiformis SAVILLE-
KENT is very different from Salpingoeca
brevicollis D. Bic. and C. BIC.

Finally, Salpingoeca caudiculata D. BIC.
and C. Bic, by having a pedicellate lorica
with a napiform base, is very characteristic,
and cannot be confused with any of the
species already described.
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Resumo

Trés espécies novas de Salpingoeca—S.
ampullacea D. Bicupo & C. BICuDO, sp. nov.,
S. brevicollis D. Bicunpo & C. Bicuco, sp.
nov., e S. caudiculata D. Bicupo & C. Bicupo,
sp. nov.—s3o descritas com base na morfologia
da l6rica e em material coletado no Lago
das Ninféas, situado no Parque Estadual das
Fontes do Ipiranga, cidade de S#o Paulo,
SP, Brasil. O trabalho &, também, o primeiro
documento da ocorréncia desse género de
epifitas no Brasil.
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Fertilized eggs of Fucus evanescens were cultured in the state of being attached to
glass slides kept in natural sea water, and in experimental media: (a) sea water containing
0.005M sodium nitroprusside, (b) sea water containing 75 pg/ml chloramphenicol, (c) sea
water containing 0.005M gossypitrin, (d) sea water containing 0.1 M KCI, and (e) sea

water containing 0.2 M KI.

As a result, the eggs developed ordinarily in natural sea

water, while in media (a) to (e) the first division occurred without bulging of the rhizoid,
and the cell plate always formed perpendicular to the glass surface to which the egg was
attached. This was independent of gravity. A kind of contact stimulation may take part

in the orientation of the cell plate.

Key Index Words:

In development of Fucus eggs (zygotes),
ordinarily, first occurs bulging of the rhizoid
pole, then the egg divides into two daughter
cells. At this time, if the egg is cultured
under uniform illumination or in the dark, the
cell plate is formed perpendicular to the longi-
tudinal axis of the elongated egg and per-
pendicular to the surface of the substratum
to which the egg is attached. This may be
explained that the bulging of the rhizoid
pole took place parallel with the surface of
the substratum, so the egg elongated in that
direction, and the spindle developed along
the longitudinal axis of the egg. If this is
true, how would it be if the cleavage took
place before bulging of the rhizoid pole as
in cases reported by INOH (1935) and NA-
KAZAWA (1977a). For this question, the
present experiments were carried out.

Material and Method

Receptacles of Fucus evanescens were
collected at Charatsunai, Muroran, Japan.
Fertilized eggs were obtained according to
ABE’s method (ABE 1970). One hour after

cell plate; Fucus eggs; spindle axis.

being fertilized, the eggs were transferred
to experimental media contained in petri
dishes 9cm in diameter, and were cultured
under diffuse light of the laboratory at
about 18° C. The control medium was natural
sea water. The experimental media were (a)
sea water containing 0.005M sodium nitro-
prusside, (b) sea water containing 75 pg/m!/
chloramphenicol, (c) sea water containing
0.005 M gossypitrin, (d) sea water containing
0.1 M KCl, and (e) sea water containing 0.2
M KI. The concentraion of the experimental
agents was designed by reference to prelimi-
nary experiments and former reports (NAKA-
ZAWA 1977b, 1978). In the petri dish was
laid a glass slide horizontally, on which were
sown the eggs. In 5 hours, the eggs were
attached to the slide with their own
mucilage, then some of the slides were
vertically transferred to deeper vessels
for testing the influence of gravity on
the egg development. 60 to 80 eggs were
cultured on the same slide. 24 hours after
fertilization, the culture was examined under
the microscope. 200 to 300 eggs were ob-
served in each of the culture media. Experi-
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ments were repeated twice, and almost the
same results were obtained.

Results

Cultured in natural sea water, more than
90% egas formed rhizoid in 24 hours, and
divided into 2 cells (Fig. 1A). Their rhi-
zoids were all bulged out and elongated
almost parallel with the plane of the glass
slide irrespective of whether the slide was
set horizontally or vertically. The cell
division took place forming a cell plate
perpendicular to the longitudinal axis of the
egg, that is, perpendicular to the plane of
the glass slide irrespective of gravity.

In the experimental media (a), (b), (¢c) and
(d), most of the eggs did not form rhizoids,
but cell division took place (Fig. 1B).

The first division of Fucus eggs

Bigy. rl.
forming cell plate perpendicular to the glass
surface to which the egg is attached. A.
Division after bulging of the rhizoid in natural
sea water; B. Division before bulging of rhizoid
cultured in sea water containing 75 pg/ml
chloramphenicol.

The spindle was formed just parallel with
the plane of the glass slide. As a result, the
cell plate was perpendicular to it, independent
of gravity. In (e) medium, nuclear division
did occur, but further processes did not pro-
ceed. In this case, the spindle remained for
a long time, and all of the spindles were
oriented parallel with the slide, suggesting
the cell plate would be formed at right
angles to it.

Discussion

In ordinary mitosis, the cell plate is formed
perpendicular to the spindle axis. As to the
orientation of the spindle, there is the clas-
sical hyopthesis presented by HERTWIG and
HERTWIG (1884). According to it, the spindle
axis develops in the direction of the
longitudinal axis of the cell. This is certain
in case of division after elongation of the
Fucus egg, as seen in ordinary develop-
ment. But the same cannot be applied to
the case of division before elongation as in
the above (a) to (e) media, because the
division took place in the spherical egg.
According to CoOK and PAoLILLO (1980),
the cell plate develops in the plane so as to
make it be the minimal area. In the present
case, however, the cell plate develops
through the center of the spherical egg, to
which the minimal area hypothesis cannot
be applied. In addition, the cell plate always
develops perpendicular to the glass slide
surface to which the egg is attached, while
the direction toward which the cell plate is
faced is random. In the shake-cultured cells
of Sequoia, the single cell is divided by the
plane parallel with the glass surface if the
cell is placed on a glass slide (BALL 1963).

In the state of being attached to a sub-
stratum, some contact stimulations are
supposed. Moreover, there will develop some
intracellular gradients between the attached
side and the free side. For instance, me-
tabolites will diffuse out of the cell surface
on the free side, while it is difficult on the
attached side, so that, concentration gradients
of some metabolites will be set up in a direc-
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tion perpendicular to the surface of the sub-
stratum. And it seems that in some cases
the spindle axis develops in the direction of
such gradients like in cultured cell of Sequoia
(BALL 1963), but in some other cases, in a
direction perpendicular to it, as in the present
experiments. What determines which, how-
ever, is yet unknown.

The present expzriments were carried out
at the Institute of Algological Research,
Hokkaido University, Muroran.
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A relationship between the pattern of diurnal movement of Spirogyra filaments and
their photosynthetic activities was quantitatively investigated.

The light type movement occurred at 1500-3600 lux, the intermediate type at 750-850
lux, and the dim light type at 400 lux, with a decline in photosynthetic rates in corre-
spondence to the decrease in light intensities. At 3600 lux, DCMU suppressed the photo-
synthetic rate and transformed the movement pattern from the light type to the lower
light-intensity type depending on the concentrations. These results suggest a close
connection between the level of some photosynthetic substance(s) and the determination

of the type of movement pattern.

Key Index Words: DCMU; diurnal movement; photosynthesis; Spirogyra.

OjiMA and TANAKA (1970, 1971) found
that filaments of Spirogyra exhibited their
characteristic diurnal movement only under
the influence of light-dark cycles. Their
movement patterns could be divided into
three types—the light type, the intermediate
type, and the dim light type—depending
upon the light intensity of the light phase
part of the cycle. These patterns could also
be transformed from the light type to the
lower light-intensity types by the application
of DCMU (3-(3, 4-dichlorophenyl)-1, 1-di-
methylurea), a photosynthetic inhibitor (TA-
NAKA et al. 1977).

In this study, to obtain additional informa-
tion on the correlation between the movement
pattern of Spirogyra filaments and their
photosynthetic processes, Spirogyra photo-
synthetic rates, under the influence of various
light conditions and under the effect of various
concentrations of DCMU were measured.
These measurements were then compared

with Spirogyra movement patterns observed
under the same conditions.

Materials and Methods

Filaments of Spirogyra sp. were cultured
in a growth room under a constant temper-
ature (17+1°C) and with a 14 hr light period
(8:00-22:00).

Light irradiation was provided by white
fluorescent tubes (NATIONAL FL-40 SW)
positioned above the alga. Tap water was
used as the culture medium, but 0.06%
ethanol/tap water® was chosen as the control
medium for the DCMU experiments.
Containers used for culture and movement
observation were glassaquaria (12X 10X 2cm).
WINKLER’S oxygen bottles were used for

1) This mixture had been proved in preliminary
tests to have no effect on either the move-
ment or oxygen evolution of Spirogyra
filaments.
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the measurement of oxygen content changes
in the media.

The photosynthetic rate was calculated by
measuring oxygen content changes in the
media during a 3hr incubaton period
(10: 20-13: 20) after about 18 hr preincubation
under the respective culture conditions.
These changes were measured according to
the WINKLER method using MnCl,, KI-NaOH,
HCI, and Na,S,0; solutions.

Results and Discussion

Movement pattern and photosynthetic rates
of Spirogyra under various light conditions :
Filaments were cultured at intensities of
3600, 2000, 1500, 850, 750, and 400 lux, and
their movements at each intensity were
recorded. As shown in Fig. 1, the light
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type, intermediate type, and dim light type
movements occurred at intensities of 1500-
3600 lux, 750-850 lux, and 400 lux, re-
spectively®. Photosynthetic rates at the
respective light intensities were then
measured (Fig. 2). These results, presented
in Figs. 1 and 2, reveal that a change in
movement pattern from the light type to the
intermediate type or the dim light type was
accompanied by a decrease in the photo-
synthetic rate.

Effect of DCMU upon the movement pattern
and photosynthetic rates of Spirogyra under
the light type condition: Filaments were
cultured under the light type condition in
media containing various concentrations of

2) Detailed explanations of the characteristics
of each type were presented in Table 1 of
our previous paper (Taxaxka ef al. 1977).

850 750 400 lux

{ T_ Gets 3 L

Fig. 1. Filament movements under various light conditions. Light period: 14 hr (8:00-22 : 00).

Temperature: 17+1°C.

Photographs: movements on the 3rd day (18 Dec. 1980) of incubation (one

of three replicates with identical results). At 1500-3600 lux: light type movement—a group of fila-

ments spreads in the first half of light period, but filament tips bend downwards to form a mountain-
shape in the second half®. At 400 lux: dim light type movement—a group of filaments shrinks in
the first half of light period, but spreads again in the second half, and filament tips direct almost
upwards all the day®. At 750 and 850 lux: intermediate type movement—the dim light type in the
first half of light period, but the light type in the second half®.
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DCMU, and their movement patterns were
then recorded (Fig. 3). The results were
as follows: light type movement in both the
control medium and 10°*M of DCMU;
intermediate type in 10" M; and continuous
dark type movement® in 10-°-10-° M. Photo-

Charactenstlcs of the contmuous dark type
movement: lack of periodical movement,
lack of shrinking phase and upwardly
directed filament tips all day.

3)

Photosynthetic activities of filaments
under various light conditions. Light period: 14
hr (8 :00-22 : 00). Temperature: 17+1°C.
After an approximate 18 hr preincubation period
under the respective light conditions, oxygen
measurements were taken using WINKLER'S
bottles. Incubation period in WINKLER’S bottle:
Shr (10:::20-13:20; 20 Dec. 1980). Points
indicate mean values of three replicates, vertical
bars show the SD.

Fig. 2.

DCMU
10°M_105M

i \7\':_/.

Effect of DCMU on filament movements under the light type condition.
Temperature :
of incubation (one of three replicates with identical results).
At 107" M:
continuous dark type movement”.

(8 : 00-22 : 00), 3600 lux.

10" M: light type movement®

Light

17+1°C. Photographs: movements on

intermediate type movement®. At
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Fig. 4. Effect of DCMU on filament photo-
synthetic activities under the light type condition.
Light period: 14hr (8:00-22:00), 3600 lux.
Temperature: 17+1°C. After an approximate
18 hr preincubation period in the respective con-
centrations of DCMU, oxygen measurements
were taken using WINKLER’s bottles. Incubation
period in WINKLER’s bottles: 3hr (10 : 20-13 : 20,
22 Dec. 1980). Points indicate mean values of
three replicates, vertical bars show the SD.

synthetic inhibition caused by the presense
of DCMU in the media was then measured.
As shown in Fig. 4, filament oxygen evolution
was barely affected by 10-*M of DCMU;
slightly reduced by 10-"M; and markedly
reduced by 107%-10-°M to a rate less than
that obtained under 400 lux illuminance
without DCMU where dim light type move-

ment occurred (Figs. 1 and 2). Since DCMU
at 107%-10-°* M, had no effect upon Spirogyra
dark respiration (data not shown), the
observed reduction in oxygen evolution (Fig.
4) could be accredited to DCMU’s ability to
suppress photosynthetic activity.

Thus, by comparing the effects of DCMU
(Figs. 3 and 4) with the effects of various
light conditions (Figs. 1 and 2) upon the
diurnal movement and photosynthetic activity
of Spirogyra filaments, it becomes obvious
that there is a precise relationship between
the movement patterns and photosynthetic
rates. The existence of such a relationship
suggests the possibility that the movement
patterns of Spirogyra filaments are intimately
related with some substance(s) of the photo-
synthetic process. Measurements of diurnal
changes in the levels of the photosynthetic
products under various culture conditions
are now in progress.
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Influence of temperature on the zoospore germination
Jap. J. Phycol.

Germination of zoospores in Ecklonia stolonifera OKAMURA was observed under five
temperature regimes (10°C, 15°C, 20°C, 25°C, 30°C), with a light intensity of 4000-5000 lux,
and a 12: 12 photoperiod in modified GRUND and PESI media. The formation and develop-
ment of both gametophyte and sporophyte germlings were shown to be basically similar
to those reported in other genera of the Laminariales. The zoospore germlings grew at
10°C-25°C temperature tested, but growth of both gametophytes and sporophytes was
maximum at 20°C. The length of sporophytes up to 400 ym in culture correlated very
highly with the width (L=2.53W-5.13, r=0.969).

Key Index Words: culture; Ecklonia stolonifera; growth; Laminariales; Phaeophyta;
temperature; zoospore germination.

Masahiro Notoya and Mitsuhisa Asuke, Aquaculture Center, Aomori Prefecture,
Moura, Hiranai-cho, Aomori-ken, 039-34 Japan.
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Fig. 1. Ecklonia stolonifera OkAMURA. Successive stages of zoospore germination and develop-
ment under 4000-5000 lux, 12: 12 photoperiod, and four temperature regimes. Each pair of germlings
represents a female (left) and male (right) gametophyte (except S). A-D. 3-day-old germlings; A
and B. Formation of germ tubes; C and D. The first cell-division stages; E-H. 5-day-old germlings.
G and H. Morphorogically distinguishable female and male gametophytes; I-L. 7-day-old gameto-
phytes. Male and female gametophytes are clearly distinguished by their appearances; M-P. 9-day-
old germlings; O. An egg developed from one-celled female gametophyte and male gametophyte
with antheridia; Q-T. l1-day-old gametophytes. Q. Gametophytes at 10°C remaining immature; T.
Gametophytes at 25°C showing an egg resting on the opening of the oogonium and male gametophyte
with antheridia; R. Gametophytes at 15°C forming 4-celled sporophyte with an empty oogonium and
mature male gametopyte; S. Gametophyte at 20°C forming young sporophyte.
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Fig. 2. Ecklonia stolonifera OKAMURA.

Growth of sporophytes cultured at different
temperature.
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Fig. 3. Ecklonia stolonifera OkaAMURA. Developmental stages of young sporophytes.
A-C. 2-8-celled sporophytes divided by transverse walls; D-E. First longitudinal cell
divisions at 14-17-celled stages; F-G. 39 and 47-celled sporophytes; H. Early rhizoid
formation and initial three dimensional divisions in the basal cells of 92-celled sporophytes ;
I-J. 122 and 255-celled sporophytes with many rhizoids and two layers of cells at the basal

portion.
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Fig. 4. Ecklonia stolonifera OKAMURA.
Relationship between width and length of
sporophytes cultured at 20°C.
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YokocHi, H. 1983. Seasonal variation of spore-liberation and development of tetraspores
of Eucheuma gelatinae J. AGarpH (Gigartinales, Rhodophyta) at Iriomote Island. Jap. J.

Phycol. 31: 34-37.

Seasonal variation of tetraspore-liberation of FEucheuma gelatinae was observed in
Amitori Bay, Iriomote Island, South Okinawa during the period from April 1979 to March
1980. Culture experiments were conducted using the germinating tetraspores of E. gelatinae

for a period of 54 days.

Tetraspore-liberation occurred throughout the year with the peak in November.

Liberated tetraspores were spheroidal, 15-25 ym in diameter.

They germinated in the

manner of the immediate discal type, and the germlings reached 1.6 mm in length after

54 days.

Key Index Words:
Rhodophyta.

aquaculture; edible seaweed; Eucheuma Gigartinales;

Hiroyuki Yokochi, Iriomote Marine Research Station, Tokai University, Taketomi-
cho, Yaeyama-gun, Okinawa, 907-15 Japan.
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Fig. 1. Map of Amitori Bay, Iriomote Island,
showing the survey station.
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Fig. 2. Seasonal change of water temperature
at Amitori Bay, Iriomote Island.
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Fig. 3. Culture equipment of Eucheuma
gelatinae.

AEBEREOERM bR ERL, 1EMTE
KEBRAR LT $7, SEEHRG oK 19.3
~25.0°C O TH -7,

& £

1. MARRFOMHA : MHRTEL ko EE LT
FEICDD LIFORMEPL TR, TO8HS
BRAL -0 EHER BV S L L TRDLR,
MlaFEE Fig. 4 R X S CRRICHET 3,

mglaFo it % 4 BRCHT, EEROHBRE
FESBTERD, ThODEES Fig. 5 KRl
I >SS EEIC b - TIRIALLNS
25, 10855 1 Bt TREESE L, [FIK1LAT
REAOBHEERALR, ESRTFREORBENTH
BT ERbhD,

2. MARFORE : it Sh7: EHET BEELS
~25 pm, F¥y 19.8 pm DIRF T, LEITLORERE
ERhoTED, NBCAREROHBEOEBHR KL H
RHECE & Bbh b st osn: (Fig. 6A),
FBHEBIT E AL OIITFIX 24 LI 2 7018, 48R
BANIZ 3 ~ 4 flaic sy#EIL 7= (Figs. 6B-D), 3 A%
i3 5~ 6 FElIC HEIL, —EICiE I RHIa D%
Hadshis (Fig. 6E), Totklilaf 2 EEZHEL
125 FERIRICEE D B3 D, 5 BRI TORKERE
1 30 pm L7 (Fig. 6F), & o »SFHEEIT
FRLE R B LA, 8 HEKi 45 pm (Fig. 6G), 13
Akl 100 gm &7 b, FHiDH»LEOMERDR
Lbhisont: (Fig. 6H), £ UL TI7HZICIERE 0.1
mm, EX 0.2mm oOMEKOMEKLE L > (Fig.
6l), T OEMD HEHSO%REIEL L, RELE
DHFEL 72D THREEDBLLNIADT-DT, 4B H
MBI ATA V7T A»LHEEL TiRERECREEL
7ro REEIIIBAKICITER 0.3mm, HX 1.1mm,
BARICIXERE 0.4mm, #HX l6mm ZAERL7:



36 Yokocur, H.

Fig. 4. A tetrasporangial sorus with zonate
tetraspores of Eucheuma gelatinae (scale: 20 pm).
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Jan.25
Feb. 9
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Mar. 7
Mar.20

100(%)

No. of spores/jax 54 mm: [] 0. F] <1000, E1000~3000, B> 3000

Fig. 5. Seasonal change of tetraspore-
liberation of Eucheuma gelatinae.
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Fig. 6.
tetraspores of Eucheuma gelatinae. A. liberated
tetraspore; B. l-day-old germling; C-D. 2-day-
old; E. 3-day-old; F. 5-day-old; G. 8-day-old; H.
13-day-old; I. 17-day-old ; J. 33-day-old; K. 54-day-
old germling.
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TerawaKI, T., Nozawa, K. and SHiNMURA, I. 1983. Studies on morphogenesis in the
early stages of Sargassum (Phaeophyceae, Fucales). II. Sargassum patens C. AGARDH.
Jap. J. Phycol. 31: 38-43.

This paper presents results of studies on morphogenesis in the early stages of Sar-
gassum patens cultured in the sea. Embryos developed the first primary leaf which showed
narrow spatulate shapes in the culture tank but was subcylindrical in the sea. When
plants attained about 2cm in total length, primary leaf divided dichotomously or pin-
nately with dentate margin. These primary leaves were arranged spirally on the stem.
Thereafter, old primary leaves fell off successively. When plants attained 3cm in total
length, main branches developed in a spiral arrangement at the top of the stem. Young
main branches were similar to divided primary leaves. Leaves formed in distichous
arrangement at the apex of main branches. Leaves on the lower part of main branches
were linearlanceolate with dentate margin, but those on the upper part were divided a
few times. When total length of plants reached 20cm, lateral branches and vesicles
were observed on main branches. Plants attained their maturity in 13 months.

Key Index Words: Fucales; growth; morphogenesis; Phaeophyceae; Sargassum ;
Sargassum patens.

Toshinobu Terauaki, Aquatic Biology Department, Bio-Environment Laboratory,
Central Research Institute of Electric Power Industry, 1646 Abiko, Chiba, 27 0-
11 Japan; Koj Nozawa, Laboratory of Marine Botany, Faculty of Fisheries,
Kagoshima University, 4-50-20 Shimoarata, Kogoshima, 890 Japan; Iwao
Shinmura, Biology Department, Kagoshima Prefectural Fishiries Experimental

Station, 11-40 Kinko-cho, Kagoshima, 892 Japan.
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Fig. 1. Growth of Sargassum patens. @-@:
cultured in the tank; O-Q: cultured in the sea;
X : receptacle formation; A-A: water tempera-
ture.
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Figs. 2-14. Morphogenesis of Sargassum patens. 2. Egg released from receptacle; 3.
5 days after sowing; 4. After 9 days, development of first primary leaf; 5. After 17

days, first primary leaf subcylindrical in shape;

6. After 35 days, first primary leaf

narrow spatulate in shape in the culture tank; 7. After 55 days, first primary leaf sub-

cylindrical in shape again in the sea;

8. Afer 76 days, development of dichotomously

divided primary leaves; 9. After 98 days, plant with dichotomously or pinnately divided
primary leaves with dentate margin; 10. After 213 days, development of main branch;
11. Apex of young main branch; 12. After 236 days, plant with four main branches;
13. Development of main branch; 14. Various stages of main branches.

W5 hohLbhe (Figs. 17,27), I EROER
fHETRESLTHD, ERERTIRI~2EFHUL T
WEHOREL, W LHFHIBCOHWEREEL,
BLGRETHIMMBES N TH o1, ERCIIA LA
AR S hihd T, KEEZEDRIBERL T
Emkxh (Fig. 18), f5AKLWLENE T, #FKo
HEXHL TV,

DEnXs5ic, 2E»HH 20cm 2L DT,
AIERBREKE RE, BEOFTS BEL2 £bLTw
o TOBREIEEHEI R, 6 ALRBICINLEH
BERORA/IE LI ATERKRPEE S h (Figs. 19,
28), T O DOAFERBRIZ EHFTREL TRV, -

7ohs, WEEKREOLINE—FL, YY<2E/ThH
5 LR E NI, —F, BRI SHOBIRMSK
RV URRICEE L TR Ih s, AEOf7ERIT
FEHEHBEREBIKTHHH, 2ESMBETSICONE
TEEEAARAL X S ICREL, £©EK 40cm oE
TIIEARED 42mm v — FTHIRTEEL TV,

Z =

AR, FEE (1947) i X B LRI TR
&T 28177 pm THY, HEOTHICIEADE 1
WiRiRE BT 5, SEO BEERb T L —BL



Morphogenesis of Sargassum patens 41

L 16
10MMyL 1819
10 mm = 1517

Figs. 15-19. Morphogenesis of Sargassum patens. 15. After 275 days; 16. Apex of

main branch with buds formed distichously;

17. After 317 days, plant with five main

branches and vesicles; 18. Development of lateral branch and vesicle; 19. Receptacle of
cultured plant. Lateral branch (1); main branch (m); primary leaf (p); vesicle (v).
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Figs. 20-28. Morphogenesis of Sargassum patens.
leaf narrow spatulate in shape in the culture tank;

subcylindrical in shape in the sea;

four main branches;
ches;
with five main branches and vesicles;
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20. After 35 days, first primary
21. After 55 days, first primary leaf

22. After 122 days, development of dichotomously or
pinnately divided primary leaves with dentate margin;
24. Development of main branch;
26. Apex of main branch with buds formed distichously ;

23. After 236 days, plant with
25. Various stages of main bran-
27. After 317 days, plant

28. After 383 days, receptacle of cultured plant.
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TakavyaMma, H. 1983. Studies on Noctiluca scintillans (Dinophyceae)-I. Tentacle and

rod organ: their functions. Jap. J. Phycol. 31: 44-50.

Noctiluca scintillans (MACARTNEY) is a very characteristic dinoflagellate, whose body
is inflated by hydrostatic vacuoles. In addition, it possesses specified organelles such as a
tentacle, a rod organ and a projecting tooth, but the functions of these organelles have
not been well known. In this paper, the results of some observations on the function of
these organelles are described.

The tentacle is the most prominent organelle of Noctiluca. Usually, it beats toward
the oral pouch slowly and repeatedly, and the distal end reaches to the cytostome. While
the tentacle is moving repeatedly, food organisms adhere to the distal end of the tentacle,
on which some adherent substances are probably excreted. It seems that the tentacle
plays an important role in capturing food and carrying it to the cytostome.

Suhsequently, the food captured on the tentacle is ingested within the body of
Noctiluca through the cytostome. In the beginning of ingestion, the food is carried
toward the apex, where the rod organ is located, by protoplasmic streams of protoplasmic
processes connecting the central protoplasmic mass and the rod organ. The surface of
the apex may be pulled inside the body when Noctiluca takes food, especially large food
such as copepods or fish eggs. On those occasions, the apex may be depressed and
Noctiluca could probably not take food into the body, if the surface of apex was flexible.
The rod organ is the stoutest organelle of Noctiluca. It appears that the rod organ
supports the apical surface and it may Support the intake of food.

As mentioned above, it appears that the tentacle and the rod organ play important
roles in the capture and ingestion of food organisms. However the function of the
projecting tooth is still unknown.

Key Index Words: Dinophyceae; Noctiluca; rod organ; tentacle.
Haruyoshi Takayama, Hiroshima Fisheries Experimental Station, 5233-2 Ondo-
cho, Aki-gun, Hiroshima, 737-12 Japan,
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Figs. 1-6. Scanning electron micrographs of Noctiluca scintillans.

1. Oblique right side view;

2. Ventral view; 3. Apical view of the rod organ; 4. Ventral view of the oral pouch; 5. The tentacle;
6. The flagellum and the projecting tooth. (C: cytostome. F: flagellum. O: oral pouch. P: pro-

jecting tooth. R: rod organ. T: tentacle.).
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Fig. 7. Schematic representation of move-

(1-6: effective stroke.
O: oral pouch. P: pro-

ment of the tentacle.
7-12: recovery stroke.
jecting tooth.).
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Figs. 8-15. Light micrographs of Noctiluca scintillans. 8. Capturing of Dunaliella sp. on the
tentacle; 9. Capturing of Brachionus plicatilis; 10. Ingestion of Brachionus (R: rod organ); 11.
Ingestion of Dunaliella (D: Dunariella being taken in Noctiluca. R: rod organ); 12. Ingestion of
Heterosigma inlandica (R : rod organ) ; 13. Opening of the cytostome (C: cytostome) ; 14. Protoplasmic
processes connected with the cytostome (C: cytostome) ; 15. Noctiluca taking of a cotton fiber.
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NoTtova. M. 1983. Tetrasporophyte of Gloeophycus koreanum 1.K. LEE et Yoo (Rhodo-
phyta, Gloiosiphoniaceae) in culture. Jap. J. Phycol. 31: 51-53.

The life history of Gloeophycus koreanum 1.K. LEE et Yoo was studied in culture

using the material collected at Tanosawa, Aomori Prefecture, Japan.

In culture for

two weeks, this material formed spermatangia, gonimoblasts and parasporangia on a single

frond. Carpospores developed from the gonimoblast germinated into crustose fronds.

After

two months, the crustose fronds reached about 3mm in diameter at 20°C under 1000 lux

with 14: T0 (light and dark).

dark condition, those fronds formed tetrasporangia after two weeks.

When the crustose fronds were transferred to 10°C under

The culture study

revealed that G. koreanum has an erect monoecious gametophyte and a crustose tetrasporo-

phyte.

Key Index Words: crustose tetrasporophyte; Gloeophycus koreanum ; life history;

Rhodophyta. .

Masahiro Notoya, Aquaculture Center, Aomori Prefecture, Moura, Hiranai, Ao-

mori Prefecture, 039-34 Japan.
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Fig. 1. A map showing the sampling site of
Gloeophycus koreanum 1.K. LEE et Yoo.

P P10 B]Y, GRUND eiZEEZH (McLAcHLAN
1973) % AT 15°C, 1000 lux, 1285 & o BARE
FHADEMHT © 2 BMEEEL 7o TORR, KX lem
WRICAERT 2 & & DICHRM oL L HOMT
B, FREREQIRIE T h L TR L R R A
mahis, BIEFO BRI BELTIIhETo HE
(LEe and Yoo 1979, KANEKO et al. 1980) izii R
Bhigws, AHE TR OEmICEIETFOMR



52 Noroya, M.

Fig. 2. Several stages of life history of Gloeophycus koreanum 1.K. LEE et Yoo.
A. Gametophyte showing gonimoblast (G) and parasporangia (P); B. A part of gameto-
phyte with parasporangia; C-J. Successive developmental stages of tetrasporophyte; C.
Carpospores ; D. First division of carpospore; E. 3-day-old germlings; F. 5-day-old germ-
lings showing hair cell (indicated by the arrow); G. 1l-day-old crustose germlings; H.
Surface view of a crustose germling showing transparent cells; [. Surface view of mature
tetrasporophyte showing tetrasporangia (indicated by arrows); J. Transverse section of
mature tetrasporophyte showing a tetrasporangia (indicated by the arrow); K. Tetra-

spore liberated from cultured material; L. 6-day-old tetraspore germling.
in A for G, 50 #m in B for C-F and H-L).
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Synthetic Sea Water for Research Use

JAMARIN"

Characteristics

1. Formulated according to the analytical re-
sults of ocean water.

2. High uniformity of the original mixture.
Hence possible to use partially.

3. Completely soluble.

4, Amply proved to be a good medium for
marine life researches. ~(see the list below)

Kinds of JAMARIN
1. JAMARIN U(unsterilizable)

Readily soluble. Concentration up to triple
strength of sea water can be prepared.

Per cent of gastrulation in the sea urchin,
Anthocidaris crassisping«---------==+++=s=s=++ 98%

2. JAMARIN S(sterilizable)

Can be autoclaved.
Per cent of gastrulation in the sea urchin,
Anthocidaris crassisping:=+-++-+=++++=++=++++ 96.3%

3. Modified JAMARINSs

Ca-free JAMARIN, Ca, Mg-free JAMARIN,
Sulfate-free JAMARIN etc., in compliance with
the requests of customers.

JAMARIN Laboratory

Applied fields of JAMARIN

Bacteria:

Separation and culture of marine bacteria.
Isolation of antibiotics from marine bacteria.
Algae:

Reassembly of dissociated components in
Bryopsis. Isolation of enzymes in carbohyd-
rate metabolism in Platymonas sp.

Nitrate and Nitrite metabolism in the red alga,
Por/)hyrg Yezoensis.

Invertebrates:

Meiotic division in starfish oocytes. Branchial
regeneration in Polychetes. Strobilation of
Aurelia aurita.

Phototactic responses of a flatworm, Convoluta
sp.

Price: 1 pkg. (makes 20/ of sea water) U.S.
$10.00
Price list in your currency, including shipping
charge, will be sent on your request. Inquiries
invited.

11-5, Shigino-Nishi 2 chome,
Johto-Ku, Osaka, 536 Japan.
Phone 06-961-6007
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1. Jamarin U
2. Jamarin S
3. Ca-free Jamarin
4. Ca,Mg-free Jamarin
5. Sulfate-free Jamarin
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Erratum

On the cover of issue No. 4 of Vol. 30, The Japanese
Journal of Phycology, the year 1982 was misprinted as 1?2?

Please correct by attaching the following new label :

Vol. 30 No. 4 15 December 1982
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1. TZEHE) Ny gFon— (i, £B%£F1,250M, ELBE52,000M9, 30445 (1-30&%5 ) 0ixs
£3,750 M, EL£EB500M, X5: 14125, 5&1%5, 694545,

2. [%E) ®wsl 1-10%, {fi%k, £81,000M, FF£E1,500/. 11-20%, £A1,500, FE£EF2,000M. 1-
30%, £ 2,500M, JE&E 3,000 1.

3. IUEEBELEBNES WEGEME. 1977, A SR, xxviii+418F. IUAEAEORY « B « £HE—% -
EBHEXRUNSOBEREE X D FRIhIHO0E (EX26, F324) wBRW. {fiik5, 500M.

4. B¥E¥+ 3+—L$ Contributions to the systematics of the benthic marine algae of the
North Pacific. I. A. ABBoTT « EAEMILIE. 1972. BSR, xiv+280H, 6 [XkK. MEAM64E 8 A LI chifk
SRR REERRICBIT 5 AR $ 7 - ORFRT, 0[OMERE (X3 2B H#3, 000F.

5. dEBAEBIDILTHEBEOHBMEMHS 1977. B5IR, 65H. MFM9E9 FiciliRciiicbhi
BAZE¥2EM M2 v BT 2HEE) 0B 4HRXEHAROES. (Hi#E7001.

Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c/o Laboratory of Phycology, Tokyo University of Fisheries, Konan 4chome, Minato-
ku, Tokyo, 108 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society
of Phycology). Price, 1,500 Yen per issue for member, or 2,500 Yen per issue for non member, price
of Vol. 30, No. 4, with cumulative index (Vol. 1-30), 4,500 Yen for member, or 6,000 Yen for non
member. Lack: Vol. 1, Nos. 1-2; Vol. 5, No. 1; Vol. 6-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. Vol. 1 (1953)—Vol. 30 (1982). Price 3,000 Yen for member, 3,500
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 YaAmMADA. ¥ 6,000 (incl. postage, surface mail).

4. Contributions to the Systematics of the Benthic Marine Algae of the North Pacific. Edited
by I.A. ABBoTT and M. Kuroal. 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. ¥ 4,000 (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. ¥ 700 (incl. postage, surface mail).
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