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In the light. glycerol enhanced vegetative growth 
and induced morphogenesis in explants and carpos- 
pore-seedlings of G. d o r ~ p h o r a  (Robaina et al.. 
1990a,b; Robaina et al., 199 1 ). 

In this paper we approach to the role of light on 
the structural and ultrastructural changes that 
follows the cultivation of carpospore-seedling of G .  
clorvl,hora in glycerol. 

MATERIAL AND METHODS 

Carposporophytic thalli of Grateloupia c l o ~ y p -  
11o1.a (Montagne) Howe were collected in the 
upper and middle part of the littoral zone at S. 
Cristóbal (Las Palmas G.C., Canary Islands). 
They were imniediately transported to the labora- 
tory and disc fragments of 3 mm diameter bea- 
ring cystocarps were excised within 2 hours after 
collection. These disc fragments or  explants were 
disinfected and tested for sterility following pre- 
viously described methods (Robaina er al . ,  
1990a,b). Explants were then cultured in agarised 
Provasoli Enriched Seawater (PES, Provasoli, 
1968) until carpospores were liberated under 
18:6 1ight:dark photoregime for 30 days at 19  I 
2°C and 30 pmol photons m-'S-' provided by cool 
white tluorescent tubes (Sylvania grolux) at the 
Petri dish level. 

When carpospores had been liberated they were 
transferred to agarised glycerol-containing 
medium. The culture medium was an enriched sea- 
water medium based on PES which was supple- 
mented with 0.3 M glycerol and made by dilutioii 
of the seawater with distilled water (70% seawater) 
(PES70 + 0.3M glycerol) to reach 1 osmol kg-', the 
same osmolality of seawater. The osmolality was 
checked in an Autotast TM osmometer (Daiichi 
kogaku Co. Ltd, Tokyo, Japan) (Robaina et al., 
1990a). Light (30 pmol photons m-%', 18:6) and 
temperature (19 I 2°C) were as described above 
for controls. The effect of photon flux density was 
studied by changing the standard condition of 
white light of 30 ymol photons m-2s-' to 20, 60 and 
100 ymol photons m-'S-'. The cultivation under 
blue (Mazda T F  36118-Plexi blue filter combina- 
tion producing hundred nm broad peak at 450 nni) 
and red light (same broad peak at 640 nm by com- 
bination of Mazda T F  3 5 / 1 5  plexi red filter) were 
used to monitor "light quality" effects. Photon flux 
density in these experiments was adjusted to 30 
u mol m-%'. 

To follow structural changes. one month old 
carpospore-seedlings in PES were cultured in 
PES70 + 0.3M glycerol as described, then they 
were collected within any of 12-14 days in which 
morphogenesis (bud, shoot or axe regeneration as 
"differentiated" alga1 structures) had concluded 
(Robaina ef al.,  199 1 ) .  

Specimens from the different developmental sta- 
ges and experiments were prepared for light micros- 
copy and transmission electron microscopy (TEM). 
They were fixed with 2.5% glutaraldehyde in O. 1 M 
sodium cacodylate buffer containing 0.3 M NaCl 
(pH 7.4) for 4 hours at room temperature. This was 
followed by washing in the same buffer containing 
0.3 M NaCl (2 x 30 minutes) and embedded in gly- 
col methacrylate (GMA, Historesin7"', Reichert- 
Jung, Gerrids and Smid, 1983). Serial sections of 5 
pm thick, cut on a Reichert Jung 2050 microtome, 
were floated on to distilled water on clean micros- 
cope slides. air dried and treated as follows for light 
microscopic observations: 

(1) for observation of neutral polysaccharides. 
periodic acid-Schiff reaction (PAS) after treat- 
ments with periodic acid and sodium borohydride 
to block background and active aldehyde groups 
(McCully, 1966). 

(2) for localization of sulphated polysaccharides. 
alcian blue pH 1 .O (Parker and Diboll, 1966). 

(3) for localization of proteins, mercury bromop- 
heno1 blue (Tsekos, 1983). 

(4) for detection of starch, lugol (I,/iK) (Lea. 1990). 
(5) for observation of general morphology, tolui- 

dine blue (Tsekos, 1983). 
Metilation, deamination and amylases treatments 

of control specimens confirmed the specificity of the 
sulphated polysaccharides, proteins and starch 
grains stains respectively (Kiernan 1990). 

For electron microscopy, samples were postfi- 
xed in 2% Oso, also in cacodylate buffer contai- 
ning NaCl solution for 2 hours at 4 "C. The mate- 
rial was then dehydrated in graded series of etha- 
nol, gradually transferred to propylene oxide and 
embedded in Epon. Sections of 1 ym thick cut on a 
Reichert Jung Ultracut E with a diamond knive 
were mounted on formvar-coated copper grids and 
poststained with aqueous uranyl acetate and lead 
citrate for photography in a Zeiss EM 9 S-2 elec- 
tron microscope. 

Al1 experiments were repeated twice and inclu- 
ded at least 5 replicates (a petri dish with 20-30 
carpospores was considered a replicate) of each 
culture stage. 
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FK. 1 .  - Carpo5pore-seedling cultivated in glycerol and 30 pmol 
photons in-'s~'.  The morphology, compactness and ability to 
regeneraie new axes changed when photori fluence changed 

(pmol photons m~?') .  

RESULTS 

The caspospore-seedling cultivated in glycerol- 
containing medium and 30 pmol photons m-%' 
(18:6) light emitted buds at 3-9 days in culture to 
became a budding cell mass up to 2 mm diameter in 
12-14 days. This cell mass lost pigments unless 
transferred to new media after 8-10 days. They also 
originated new cell masses if split when transferred 
to new media (Fig. 1). 

The changes in photon fluence and light qua- 
lity did not vary the pattern described above (i.e. 
growth followed by morphogenesis) but accele- 
rated, retarded, increased or decreased some of 
the events. Thus, carpospore-seedling cultivated 
to high photon fluence (60-100 pmol m-2s-') 
became highly and spontaneously friable, the 
growth and morphogenesis was also faster than 
in the control. By contrast, reduction of PFD to 
20 pmol m-% retarded growth and reduced 
morphogenensis. 

FIG. 2. - Friable cell mais with rnorpliogenic-nodules (arrow) 
obtained froin carpospore-seedling cultivated under blue light. 

Friability (¡.e. the tendency for plant cells to 
separate from one another; Schaeffer, 1979) incre- 
ased under blue and red light treatments whose 
cells masses were formed by " morphogenic nodu- 
les" that could be separated quite easily (Fig. 2). If 
continuously supplied, both red and blue light 
gave such morphogenic cell masses as soon as 5 
days, 4 to 7 days before material under continuous 
white light. 

Ultrastructural changes during growth and 
morphogenesis 

One month old carpospore-seedlings were cons- 
tituted of two cellular layers: large, internal cells 
(medulla-like) and small, peripheral cells (cortical- 
like) (García-Jimenez et al.. 1994). 

After only 2 hours in glycerol, the internal cells 
of the carpospore-seedlings showed a high cellular 
division activity. They divided rapidly (Fig. 3) to 
produce rows of small and rounded cells and the 
proliferation of new cellular layers (Fig 3.) through 
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FIG. 3. 1 r 1  2 h the cells of the carpospore-seedling in glycerol and aiiy light (i.e. photon fluence white, redor blue) divided. Starch accurnu- 
lated and sarnll Golgi vesicles \ecrctcd. The final step in cytokinesis was the presencc of pit connections. n : nucleus: pc = pit connections: 

s = starch. 

the following 2 days. Biosynthesis was evident as 
starch grains and lipid droplets accumulated in the 
cytoplasm. 

In 3 to 9 days (i.e. at morphogenetic stage) cell 
division had produced new cell layers concentri- 
cally arranged with respect to the former interna1 
cells. Then, cell division activity was seen in the 
new layers. Mercury bromophenol stained a big 
concentration of protein in this middle layer, as 
well as high neutral polysaccharides (PAS stain) in 
these cells. Lugol stain reacted positively giving a 
deep reddish-brown colour with the starch grains 
which disappeared as buds sprouted. This intense 
accumulation of compounds was revealed by TEM 
as an intense accumulation of starch and an incre- 
ase the number of dictyosomes and secretory vesi- 
cles from Golgi (Fig. 4). 

DISCUSSION 

Culture conditions have been shown to control 
growth and development of macroalga. Solidity 
(agar concentration) and osmolality (e.g. seawater 
or glycerol concentration) can switch callus into 
shoot regeneration in severa1 red algae (Robaina et 
al., 1990 a; Robaina et al., 1992). 

In this work the pattem of "growth followed by 
morphogenesis" of the cell Inasses from carpospores 
of G. doryphol-a changed as light (photon fluence. 
blue-red) changed. The growth rate as well as morp- 
hogenesis increased with increasing photon fluence, 
as well when blue and red replaced white light at a 
given fluence. Friability was higher in blue and red 
light and when carpospore-seedlings were cultivated 
under the highest photon fluence (Fig. 2). 
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