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Abstract

Protoplasts of L,'nda'~ia pinnatlfida and Petalonia bingharniae were cultured for two and one months,

respectively, in the presence of various levels of Mg. Under Mg- free conditions in ASP~2NTA medium
all protoplasts died The percentage of filaments per surviving protoplast of U. pinnatlfida increased

from 0.47% in 50 mM Mg to 5.33% in 200 mM Mg. Under these conditions the ce]] number per
filament also increased from 154 to 513. The percentage of filaments per surviving protoplast of P.

binghamiae increased from 77% in 50 mM Mg to 95% in 15OmM Mg, while the number of cells per
filament increased from 5.S to 60.8. At concentrations higher than 100 mM Mg, the Mg and chlcrophyll
a concentrations were almost equal to those in the thalli.
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Tissue and protoplasts of seaweeds have been

cultured in synthetic media (ASPl' ASP2, ASPs,

ASP7, and ASP]z) or media based on seawater
(Provasoli, 1963). Howcver, callus induction and

redlfferentiation are possible only in a limited

number of species (Saga and Matsunaga, 1991).

Four genera of brown algae, Sphacelaria (Ducreux

et al., 1988), Pilayella (Mejjad et al., 1992), Lami-

narla (Sawabe et al., 1997), and Petalonia (Waka-

bayashi et al.
,
'_OOO) have regenerated plantlets from

protoplasts. However, the frequency of protoplast

division was low and the growth was slower than in

natural seaweeds. In order to improve division in

tissue cultures of green and red algae, the effects of

hormones (Fries, 1984; Bradley and Cheney, 1990;

Amano and Noda, 1994), vitamins (Fries, 1984;
Lawlor et al.

,
1989), organic carbons (Lawlor et al.,

1989; Amano and Noda, 1994), and trace metals
(Fries, 1982a, b) on growth have been investigated.

However, these factors did not affect division of

cultured tissue of brown algae.

In our preliminary 6xperiments, Mg was more
effective than Ca in a cell culturc of Petalonia

binghamiae. Tissue and protoplasts of all seaweeds

have been cultured in light without a carbon source.

Because culturing under light may be couplcd with
the presence or absence of Mg, which is a chloro-

phyll component, relates to chlorophyll synthesis,

and activates RuBP carboxylase (Marschner, 1995),

we have studied the effects of Mg on the division of

protoplasts from U. pinnatifida and P. binghamiae.

Sporophytic thalli (3 5cm in length) of Undaria
pinnatifida were obtained from a local fishery

cooperative (Motimune, Shizuoka. Japan) in De-

cember 2000. Gametophytic thalli (ca. 10cm) of

Petalonia binghamiae were collected from a beach

in Shizuoka, Japan, in January 2001. The proto-
plasts were isolated by a method described in our
previous paper (Wakabayashi et al., 1999) with the

exception that an enzyme solution now was pre-
pared in 0.7M NaCl; some antibiotics (50mgl-l
streptomycin sulfate, 50mg l-] carbenicillin so-
dium, 50mgl-] cefotaxim sodium, and 10mgl-I

gentamicin) were added, and the tissue was digested

at 18 'C -24 ~C;
.

The digested solution was passed

through a 3flm nylon mesh, and then protoplasts
were collected as pellets by centrifugation (90 g, 5
min). The protoplasts were resuspended in a Mg-
free medium.

The Mg-free medium was ASPl2NTA (Iwasaki,
1961), with the exception that MgS04 and MgC12

were removed and 23 mM Na2S04 and _51lmM
NaCI were added. Magnesium was added to the Mg
-free mcdium in 50, 100, 150, 200 or 300mM
concentrations as MgC12' A different 50mM Mg
treatment with a highosmolarity solution con-
taining 736mM NaCl resulted in an osmolarity
equivalent to that of the 200 mM Mg treatment. The
osmotic pressures in those media ranged from 1.28
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to 2,18 osmol l- I(Table 1).

The protoplasts (ca. 10 f!1) of U. pinnatifida (104

i 8･ 102) or P. binghamiae (105~~ 1.4･ 104) were
added to 1.5 ml of the above medium in the wells of

a microculture plate (NUNC, 174926). They were
then cultured for two and one months, respectively,
in cycles of 10 h light (20 !Imol m~2s~1) and 14 h
dark at 15 'C, In one case, protoplasts of P.
binghamiae were cultured in cycles of light and
dark for the first three weeks and then cultured in
the dark after the third week. The colonies were
scrapcd off the microculture plate after two months
of culture for U. pinnatlfida and after two, three, or
four weeks of culture for P, binghamiae. The sur-
viving protoplasts and colonies were counted with a
hemocytometer. These measurements were con-
ducted at least in duplicates.

Cultured cells were washed in a Mg- free medium
and then collected by centrifugation. The cells were
digested with HN03- HCIO,~ (4:1), and then Mg was
assayed by atomic absorption analysis (285.2 nm).
Chlorophyll a and fucoxanthin were extracted from
cells with 100% methanol overnight in a refrig-
eratcr. The chlorophyll a concentration was calcu-
lated from the absorbance at 665 nm (Holden,
1976). The amount of fucoxanthin obtained by
purification on silica gel- TLC (Merck: petroleum
ether acetone 7:3) in N2 gas was calculated from

the absorbance at 446 nm (Jensen, 1961). The tests
were conducted at least in duplicates.

Protoplasts of U. pinnatifida (Fig. l-A) and P.
binghamiae (Fig. l-D) were cultured in various
levels of Mg. In a Mg-free condition, all the
protoplasts died (data not shown). About half of the
protoplasts survived in the 50 to 150 mM Mg media.
The protoplast survival rate decreased when the
medium contained more than 200 mM Mg for U.
pinnatrfida (Table l), whi]e the protoplasts showed

a tendency to lower survival rates for P. binghamiae
under high- osmolarity conditions, which were 200

mM Mg or hlgh-osmolarity 50 mM Mg treatments.
These results suggest that the lower survival rate in

200 mM Mg is caused by a high Mg concentration
in U, pinnatifida and by a high osmolarity in P.
binghamiae .
The surviving protoplasts from thalli of U.
pinnanfida (Fig. l- B, C) and I). binghamiae (Fig. 1
-E, F) germinated and grew into filaments. The
thallus has been regenerated from a filament in a
protoplast culture of P. binghamiae (Wakabayashi

et al., 2000) and from a filament in tissue culture of
Undaria (Notoya and Aruga, 1992; Kimura and
Notoya, 1997). The proportion of filaments to sur-
viving protoplasts of U. pinnatifida increased from
O.47% in th.e 50mM Mg medium to 5.33% in the

sss-

Fig. 1 Protoplasts and cultures of U. pinnatlfida (A-C) and P, binghamiae (D-F). (A, D)
Isolated protoplasts, (B) germinating protoplast in 200 mM Mg after 48 days of culture, (C)
a filament from a protoplast in 200 mM Mg after 2months of culture, (E) filaments from
protoplasts in 50 mM Mg after 3weeks of culture, and (F) filaments from protoplasts in 150
mM Mg after 3weeks of culture. Sca]e bars represent 50 /~ m on (A) and (D), and 100 11 m
on (B), (C), (E) and (F).
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Table 1 The effect of Mg on the culture of U.
weeks, respectively.

pinnatifida and P. binghamiae after two months and two

U. pinnatlfida P. binghamiae

Mg treatment
(mM)

Osmotic

pressure

(Osmol l~ 1)

Survival of

protoplasts

(c70)

Filaments /
surviving

protoplasts

(%)

Cells /
filament

Survival of

protoplasts

(%)

Filaments /
surviving

protoplasts

(%)

Cells /
filament*

50

100

150

200

300

50

1.43
1.58

1
.

73

1.88

2.18

1
.

88

56 1~ 19.0
59,1 i 3.1
n,m,

24.7 i 12.4
0.1 i O1
57.0 i 3,3

0,47 ~ 0.11
0.76 ~l 0.16

n,m,

5.33 dl ~_.89

1O0.0 * *
0.80 ~ O,17

154 ~ 54
128 i 20
n,m.

513 i 17
35**

183 dl 9

40.6 i 3.9
41.4 ~ 6.6
42.6 i 3.9
31.5 t 76
n.m.

29.3 i 9.1

76,9 i 6O
88,7 i 3.0
95.4 ~ 0,6
91.6 t ~_ ,6
n.m
77.4 i 5,l

5.8 d: 1.7

9.8 ~ 0.6
60.8 ~ 17 4
14.0 * 4.2
n.m.

3.8 ~ O..4

Value of U. pinnatl~da was mean i range and of P, binghamiae was mean ~l s.d,

n,m.; not measured tafter four weeks **; only one plate~; measuremen
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Time in culture (weeks)

The effect of Mg on the number (A) and chlorophyll

a concentration (B) of cells in a protoplast culture
of P. binghamiae

.

The symbols " O ,
A , [] , ,

and V " indicate Mg treatments with 50, 100, 150, 200 mM and high-
osmolarity 50 mM conccntrations, respectively. Protoplasts were cultured in cycles of 10 h
light and 14 hdark (open symbols), with the exception of the period between the third and
fourth week where they were maintained in darkness (solid s)'mbols). The values in week

zero are the same as the number of surviving protoplasts in the second week. A bar
represents the standard deviation, except that the bar at the fourth week is a range of

duplicates.

200 mM Mg medium (Table l). The filament num-
ber per well was highest with the 200 mM Mg
treatment. The cell number per filament increased

3.3 fold when the Mg Concentration was increased
from 50mM to 200 mM. In P. binghamiae, the
filament formation was slightly larger at Mg con-
centrations higher than 100 mM than that it was at a
50 mM Mg concentration (Table l). The cell num-
ber per filament increased tenfold when the Mg
concentration was increased from 50mM to 150
mM. The total number of P. binghamiae cells was
higher in a Mg concentration of 100mM than it was

in one of 50-mM (ASPl2NTA medium) (Fig. 2-A).
Especially, the cell number in the 150 mM Mg
medium was the highest because of the large fila-

ment. Howevcr, the number of cells did not increase

in the absence of light at any Mg concentration.
Thus, a high level of Mg was necessary fcr further
division in both species, but a high osmolarity was
not. This may be related to the high Mg content of
the meristematic zone of U. pinnatifida (Ito and

Miyoshi, 1990).

The Mg concentration of thalli of P. binghamiae
was 1.01 i 0.34 flg Mg in one million cells. The Mg
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concentrations in one million cells after three weeks
of culture in 50, 100, 150, and 200 mM Mg or in the
high-osmolarity medium containing 50mM Mg
was O.19, O.59, 1.17, 1._~8 and O.72 !!g

, respec-
tively. Thus, the cultured cells in a 150mM Mg
medium contained the same level of Mg as natural
thalli. On the other hand, the chlorophyll a concen-
trations of the cu]tured cells decreased in 50 mM
Mg, increased in 100mM Mg, and remained un-
changed in 150 mM and 200 mM Mg in a cycle of
light and dark (Fig. 2B). The chlorophyll a concen-
trations after one month of culture were 40, 183 , 58,
89, and 34 o/c of those of thalli (chlorophyll a = 0.93

i 0.30 pg cell~1) in trcatments with _~0, 100, 150,
200mM Mg, and high--osmolarity 50-mM Mg,
respectively. When thc cells were cultured in dark-
ness between the third and fourth week, the chloro-
phyli a concentrations decreased significantly. No
differencc was found in the fucoxanthin concen-
trations in the cells except in the 100mM Mg
treatment, in which the content increased (data not
shown).

The number of cell divisons as well as the amount
of chlorophyll a per ¥vell were highest (1,32 l!g)
in the 1_50 mM Mg treatment of protoplasts from P.
binghamiae. However, in the same treatment, the

amount of chlorophyll a per cell was not high. The
Mg concentration in cells at the 150 mM Mg treat-
ment was equal to that in thalli. Therefore, we
suggest that the cellular Mg concentration is impor-
tant for the division of protoplast fTom P. binghamiae.

The cellular Mg and,chlorophyll a concentrations_
decreased considerably in the ASPIZNTA medium
(50 mM Mg conditions). In order to compensate fcr
this decrease, treatnlent with a high Mg concen-
tration would be necessary. The intracellular Mg
concentration also would be important for the cell
division of protoplast from other brown algae, in-
cluding U. pinnatlfida. However, the sultable con-
centrations for the survival and divisicn of the
protoplasts were slightly different in U. pinnatifida
and P, hinghamiae. Hence, we suggest that the most
suitable Mg concentration varies among species. In
the present study, we found that the protoplast
cultures of brown algae required a higher Mg
concentration in the medium than did the thalli,
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