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Nutritional experiments on the gametogenesis of male gametophytes of Laminaria
angustate, female and male gametophytes of L. japonica, and monoecious gametophytes of
Desmarestia ligulata were carried out. Nitrate, phosphate, iodine, manganese, zinc and

cobalt were not effective on L. japonica.

However, gametogenesis of these species was

induced remarkably in media containining high concentration of iron. On the contrary,
boron inhibited gametogenesis. In media containing insufficient concentration of iron,
gametogenesis could be observed by boron deficiency.
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Influence of some enviromental factors
such as temperature (YABU 1964, LUNING
and NEUSHUL 1978, LUNING 1980) and light
(SArTo 19563, b, Hsiao and DRUEHL 1971,
LUNING and DRING 1972 1975) on the de-
velopment, growth and reproduction of the
gametophytes of Laminariales have been in-
vestigated. Similar investigations have also
been carried out on Desmarestiales (NAKA-
HARA and NAKAMURA 1971, MULLER and
LUTHE 1981, MULLER and MEEL 1982). The
effects of different concentrations of nitrate,
phosphate and iodine were investigated on
gametogenesis of L. saccharina by HsiA0
and DRUEHL (1972a, b) and various micro-
nutrients were tested to establish a chemically
defined medium for culturing of gameto-
phytes and for producing of sporphytes on
Macrocystis pyrifera by KUWABARA and

1) This study was partially supported by a Grant-
in-Aid for Fundamental Scientific Research
from the Ministry of Education, Science and
Culture of Japan (No. 00554217), and the
Ministry of Agriculture, Forestry and Fisheries
(BCP 84-1I-1-1).

NorTH (1980) and KUWABARA (1981). Na-
KAHARA (1984) investigated nutritionally the
correlation between growth and nutrition of
Desmarestia viridis, D. ligulata, Laminaria
Jjaponica, Alaria crassifolia.

A previous paper (MOTOMURA and SAKAI
1981) reported that axenic female gameto-
phytes of Laminaria angustata grew only
vegetatively into branched uniseriate fila-
ments in a defined synthetic medium (ASP,,
NTA). But oogenesis was induced in the
same medium when higher concentration of
Fe-EDTA was added, as well as in an en-
riched natural seawater medium (PESI).

In the present study, the effects of various
chemical elements on gametogenesis were
investigated in male gametophytes of L.
angustata, female and male gametophytes of
L. japonica and monoecious gametophytes
of Desmarestia ligulata. The present results
confirmed that the gametogenesis of these
gemetophytes were induced by the medium
containing high concentration of iron or
boron-deficiency.
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Materials and Methods

The mature sporophytes of Laminaria
japonica ARESCHOUG and L. angustata KJEL-
LMAN were collected at Charatsunai, Muroran,
Hokkaido, Japan in November 1980, and the
axenic gametophytes were obtained by cul-
turing zoospores which were washed with a
capillary pipette method. The female and
male gametophytes of L. japonica were
preserved separately in ASP;,NTA medium
(ProvasoLl 1963) at 10°C, 14: 10 hrs LD
cycle and 2000-4000 lux provided by cool white
fluorescent lamps. In the case of male
gametophytes of L. angustata, they were
preserved in iron-free ASP,,NTA medium,
because they usually formed antheridia in
regular ASP,,NTA medium. In this condi-
tions, they grew only vegetatively into small
tufts (1-3mm diam. after one month’s cul-
ture). The monoecious gametophytes of
Desmarestia ligulata (LIGHTFOOT) LAMOU-
ROUX (Strain No. MK-030) also grew vegeta-
tively in ASP;,NTA medium at 14°C, 14:10
hrs LD cycle, and 2000-4000 lux. These pre-
served gametophytes were used in the present
study. Culture vessels used were screw-cap
test tubes (18 mm X 135 mm) containing 10 m/
medium or 100 m/ Erlenmeyer flasks contain-
ing 30 m/ medium.

The basal medium based on ASP,,NTA
was prepared by omitting each objective
nutrient (NaNO,, Na, glycerophosphate and
various trace elements composed in PII
metals), and test media were then made up
by the additions of different concentrations
of the objective nutrient. Effects of NaNO,,
Na, glycerophosphate, iodine (as KI), boron
(as HyBO,), iron (as EDTA 1:1 molar,
ProvasoLr 1968), manganese (as MnCl,),
zinc (as ZnCl,) and cobalt (as CoCl,) on the
gametogenesis of L. japonica gametophytes
were tested. On L. angustata male gameto-
phytes, the effects of iron and boron were
tested in different concentrations. As the
test medium of boron, iron-free ASP,,NTA
medium was used. The effect of iron on
the gametogenesis of D. ligulata was ex-
amined by culture grown in both ASP,,NTA

basal media containing 0-4.0 mg-B/!.

In these experiments, small tufts of game-
tophytes were cut by glass knife into small
fragments of filaments, and such fragments
were inoculated into each test medium. Cul-
ture for experiment of 2 species of Laminaria
gametophytes were conducted at 10°C on a
14: 10hrs LD cycle of 2000-4000 lux cool
white fluorescent light, and the experiment
of Desmarestia was carried out at 10°C on
a 10:14 hrs LD cycle under the same illumi-
nation. All experiments were carried out
aseptically and the results were obtained
after two weeks from inoculation. The
percentages of oogonium-bearing female
gametophytes of L. japonica were determined
by random counting more than 200 gameto-
phytes. Furthermore, the gametogenesis of
Laminaria male gametophyte was shown in
table as -+ (effective), =+(slightly effective)
and —(no effective) by examining the degree
of antheridium formation on several male
gametophytes under light microscope.

Results

The gametogenesis of Laminaria japonica
female and male gametophytes were not
promoted by the addition of NaNO, (0, 100,
200, 300, 400 mg/!) and Na, glycerophosphate
(0, 30, 60, 90, 120 mg/!) to each basal medium.
Similarly, conspicuous effects were not ob-
served by the addition of trace elements
such as iedine (0, 50, 100, 200, 300 pg-1/0),
manganese (0, 0.2, 0.4, 0.6, 0.8 mg-Mn/!), zinc
0, 2, 5, 10, 20 pg-Zn/!) and cobalt (0, 5, 10,
20, 30 #g-Co/!) to the respective basal medium.

On the other hand, Fe-EDTA induced
remarkably the gametogenesis of Laminaria.
In two weeks after inoculation, the percent-
ages of oogonium-bearing female gameto-
phytes of L. japonica were 0.9% in iron-free
medium, 92.5% in 0.5 mg-Fe/l, 98.6% in 1.0
mg-Fe/l, 99.4% in 2.0 mg-Fe/! and 74.0% in
5.0mg-Fe/! (Fig. 1) and many eggs were
observed (Fig. 3H). The antheridium forma-
tions of L. japonica and L. angustata were
also induced greatly by adding iron to the
basal medium, and many antheridia were
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Table 1. Effect of iron chelated with
EDTA on antheridium formation of L.
angustata and L. japonica

Concentration Antheridium formation

(Fe-mg/1)

L. angustata L. japonica

0 - _
0.5
1.0
2.0
5.0

+ 4+ + +
+ + +

+ =effective, — =not effective.
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Fig. 1. Effect of iron on the egg formation
of L. japonica female gametophytes.

observed (Table 1 and Fig. 3G, I). The
male gametophytes of L. angustata and the
female and male gametophytes of L. japonica
cultured in iron-free ASP,NTA medium did
not differentiate the reproductive cells, and
grew only vegetatively into branched uni-
seriate filaments (Fig. 3 A, B,C). Whereas,
PESI medium (TATEWAKI 1966), enriched
seawater medium, induced the gametogenesis
of Laminaria conspicuously (Fig. 3D, E, F).

In contrast to the effect of Fe-EDTA,
boron showed a unique effect on the game-
togenesis of Laminaria. The percentages of
oogonium-bearing gametophytes of L. japo-
nica were 55.1% in boron-free medium, 7.4%
in 1.0 mg-B/I, 27.0% in 2.0 mg-B/!, 10.0%
in 3.0mg-B// and 16.7% in 4.0 mg-B/! (Fig.
2), and several eggs were observed on female
gametophytes in boron-free ASP,,NTA me-
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Fig. 2. Effect of boron on the egg formation
of L. japonica female gametophytes.

Table 2. Effect of boron (as H3BOj)
on antheridium formation of L. angustata
and L. japonica

Concentration Antheridium formation

(B-mg/l) L. angustata L. japonica
0 + +
1.0 + +
2.0 + -
3.0 - —
4.0 — —

+ =effective, =+ =slightly effective,
— =not effective.

dium (Fig. 3K). Many antheridia were also
formed conspicuously on L. angustata and
L. japonica male gametophytes (Table 2 and
Fig. 3], L). This result on L. angustata
was obtained in the iron-free medium. In
the case of test media containing boron and
insufficient iron, however, most gametophytes
of Laminaria continued only vegetative
growth.

In the case of gametogenesis of Desmarestia
ligulata, iron and boron showed similar
effects to the Laminaria species. In the test
medium containing 4.0 mg-B//, the gameto-
phytes of D. ligulata -continued to -grow
vegetatively into uniseriate filaments when
0-0.5mg-Fe/! was added (Fig. 4 A, B). But
gametogenesis was induced slightly at 1.0
mg-Fe/l (Fig. 4C). At 2.0 mg-Fe/!, gameto-
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Fig. 3. Effects of iron and boron concentrations on gametogenesis of male gametophytes of L.
angustata (left), female gametophytes (middle) and male gametophytes (right) of L. japonica
after 14 days: A-C=Fe-0mg//; B-2.0mg//; D-F=PESI medium; G-I=Fe-2.0mg/l; B-2.0 mg//;
J-L=Fe-0mg/l, B-0mg/l: Scale=50 ym (left and right) and=100 #m (middle).
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Fig. 4. Effects of iron and boron concentration on gametogenesis of monoecious gametophytes of
D. ligulata after 14 days: A-D=B-4.0 mg//; E-H=B-0mg/l; A, E=Fe-0mg//; B, F=Fe-0.5mg//;
C, G=Fe-1.0mg/l; D, H=Fe-2.0mg//: Scale=50 pm.

genesis, especially antheridium formation,
was induced strongly (Fig. 4 D). Whereas,
the gametogenesis was induced a little in
the medium lacking in both boron and iron
(Fig. 4E), and was induced significantly in
this medium added 0.5 mg-Fe//, 1.0 mg-Fe/[
and 2.0 mg-Fe/l (Fig. 4F, G, H).

Discussion

In a previous paper (MOTOMURA and SA-
KA1 1981), the authors reported that the
oogenesis of L. angustata was induced
strongly by the addition of iron (Fe-EDTA
at 2.0 mg-Fe/l) to synthetic medium based
on ASP,,NTA, and was slightly inhibited
by the addition of boron. The oogonium
formation of this alga was not pro-
moted in the media containing various

concentration of nutrients such as nitrate,
phosphate, manganese, zinc and cobalt. The
present study confirmed that the formation
of oogonia and antheridia in two Laminaria
species and one Desmarestia species can be
regulated by the addition or removal of iron
and boron in a laboratory culture.

It is well known that many algae require
concentration of iron for growth and also
believed that iron acts as a co-factor for
many enzymatic reactions. However, the
specific function of iron in the algae is still
obscure. In some brown algae, such as
Laminaria and Sargassum, it is found that
the concentration of accumulated iron is con-
siderably different between fertile part and
other part of the same individual plant.
Hosopa (1972) reported that the concentra-
tion of iron in the fertile part was lower
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than that of the other part of L. longissima
sporophyte. According to ISHII et al. (1978),
in Sargassum horneri, the concentration of
iron in lamina was 20 times as much as that
of receptacle. In the present experiment,
the gametophytes of Laminaria and Des-
marestia which were cultured in regular
(containing 0.1 mg-Fe/l) or iron-free ASP,,
NTA meidum grew vegetatively, and repro-
ductive structure never occurred. However,
their gametogenesis was induced by high
concentration of iron in the medium (0.5-5.0
mg-Fe/l). This amount of iron in the medium
is extremely high value compared with the
natural seawater. Although iron is necessary
for gametogenesis of Desmarestia and Lami-
naria in a laboratory culture, it is not clear
that much iron has accumulated or not in
their reproductive cells.

Boron seems to be necessary for the growth
of diatoms, and it is not related to photosyn-
thesis, since Cylindrotheca fusiformis required
boron during the periods of heterotrophic
dark growth as well as autotrophic light
growth (LEWIN 1966). In boron-free medium,
Fucus edentatus embryos formed neither
apical hairs nor secondary rhizoids (McC
LACHLAN 1977). In Ulva and Dictyota,
boron promoted growth and reproductive
maturity (NASR and BEKHEET 1970). And
NAKAHARA (1984) reported that boron defi-
ciency in the medium induced strongly the
gametogenesis of Desmarestia ligulata and
D. viridis. On the other hand, in higher
plants, boron deficiency involves alternations
in cellular membranes and ion uptake through
membrane (POLLARD et al. 1977, MOORE and
HirscH 1983).

According to the present study, the game-
togenesis of Laminaria and Desmarestia was
observed when 0-1.0 mg-B// was added to
the basal medium based on ASP;,NTA me-
dium (containing 0.1 mg-Fe/!). In the regular
ASP;;NTA medium containing 2.0 mg-B//,
the gametogenesis of these algae was in-
duced by adding higher concentration of
iron (0.5-2.0mg/!). Especially in L. angus-
tata, oogonia were formed in this medium
by adding more than 1.0mg-Fe// (MOTOMURA

and Saka1 1981), and antheridia were formed
by adding more than 0.5mg-Fe/l. From
these results, iron and boron, which have
not fully been discussed physiologically, seem
to show antagonistic effects to the gameto-
genesis of Laminaria and Desmarestia, but
it is not clear that iron is accelerative and
boron is inhibitory. The ratio of the con-
centration of iron and boron in the medium
would be significant for gametogenesis of
these algae. Iron requirement for anther-
idium formation seems to be lower level than
that of oogonium formation.
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