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After liberation, the tetraspores of Padina dubia secreted an adhesive which firmly attaches them
to suitable substratum. The secretion started immediately after their liberation around the spores
and the rhizoids. This secretory substance is of mucopolysaccharide type. It is suggested that the
synthesis of the bioadhesive has some ecological and physiological importance. Histochemical stud-
ies were carried out to examine the nature of the extracellular bioadhesive by using specific stains
like alcian dyes, periodic acid Schiff’s (PAS) and toludine blue (TB). From the staining reactions
it was found that the spores contain large amounts of both acidic and sulfated polysaccharides, while

the extracellular bioadhesive contains only a sulfated polysaccharide, probably fucoidin.
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Padina dubia Hauck is a common inter-
tidal alga belonging to the family Dictyo-
taceae of the order Dictyotales. It is a
tropical alginophyte found plenty in the
intertidal regions of the Gujarat coast of
India. The tetrasporic plants produce
enormous number of spores and only a
very few of them may get a chance to
settle and adhere to suitable substratum.
The attachment of these non-motile spores
to the substratum against the tidal current
is one of the most important events in the
life history of an intertidal alga (Harpy
and Moss 1979). Only a very little infor-
mation is available on the nature of the
extracellular bioadhesive secreted by the
spores at the time of germination.

Harpy and Moss (1978, 1979) studied
the attachment of the zygotes and germ-
lings of Halidrys siliquosa and Pelvetia canali-

culata by using specific stains. Forses and

Havram (1979) investigated the nature of
the bioadhesive secreted by the zygotes of
Hormosira banksii at the time of germination.
The histochemical studies on the extra-
cellular substance in brown algae have
been carried out by a few researchers
(McCurry 1965, 1966, 1970; FuLcHER
and McCuLLy 1969) and these substances
were identified as non-sulfated acidic poly-
saccharide (alginic acid) and sulfated poly-
saccharide (fucoidin).

Materials and Methods

Tetrasporic plants of Padina dubia were
collected from the Porbander coast of
Gujarat on 21 December 1982. The plants
were transported to the laboratory in
plastic buckets containing seawater, and
kept in the culture room at 20°C. The
next day the fertile portions were removed
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and rinsed with sterilised seawater several
times. The upper portions of the thallus
with mature bands were cut into pieces
and they were placed on glass slides in
petri dishes containing sterilised seawater.
The slides with the spores were fixed in
59, formaldehyde at 10 minute intervals
for two days. The spores were stained by
using different stains for histochemical
studies. Alcian  dyes were  prepared
according to PArRkER and Disorr (1966).

Periodic acid Schiff’s (PAS) stain was

<

Figs. 1-5. Padina dubia tetraspores stained in toluidine blue.

used after the method of McManus (1948).
The spores were also stained with toluidine
blue (McCurry 1970). Cultures were
maintained at 20°C, 14:10hr LD cycle
and 1500 lux. The stained spores and
the germlings were observed under a light
mMICroscope.

Results

The spores started secreting an extra-
cellular substance after 1-2 hrs of libera-

Fig. 1. One hr old spore. Fig. 2. Three hrs old spore with bioadhesive of extracellular polysac-

charide. TFig. 3. Five hrs old germinating spore.

Fig. 4. Six hrs old germinating spore. Fig. 5.

Eight hrs old germinating spore. All with extracellular polysaccharide around the spore and the

rhizoid. Bar=25 gm.
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Table 1. Different stains, their staining reactions on the tetraspores of Padina dubia and

the polysaccharides identified.

: Regions Reaction Staining sk :
Stains stained colour reaction Polysaccharides identified
Alcian Yellow SP Yellow + Non-sulfated
(AY) pH 0.5 EM — —
Alcian blue SP Blue + Sulfated
(AB) pH 2.5 EM Blue + Sulfated
AY and AB SP Green + Carboxylated and sulfated
Sulfated
EM Blue + (PARKER and DiBoLL 1966)
Peridic acid SP Red + With hydroxyl groups
Schiff’s (PAS) (McCuLLy 1965)
EM — — -
Toludine blue SP Red + Carboxylated and sulfated
EM Pink + Sulfated (McCuLLy 1965)
SP=spore, EM=extracellular material, + =positive, — =negative.

tion (Fig. 1). They adhere to the slide
firmly after 34 hrs and the secretory
substance was about 2um in thickness
(Fig. 2).
that it was difficult to remove them even
by applying a jet of water. After 5-6 hrs,
the spores started producing a lateral
rhizoid (Fig. 3). Gradually the rhizoid
elongated and firmly attached on the
slides (Figs. 4 & 5) by secreting an adhesive
around it. The results of the staining
reactions of different stains are presented
in Table 1. The accumulation of alcian
yellow (AY) was found only in the spore.
The blue colour of alcian blue (AB) was
found both in the extracellular bioadhesive
and the spore. When stained with AY
and AB the spores remained greenish,
while the bioadhesive was bluish in colour.
When the spores were treated with 19,
NaCO; to remove the carboxylated al-
ginic acid, prior to staining AB accumula-
tion was found in the extracellular bio-
adhesive and the spore.
with TB occurred both in the spore and
the bioadhesive, the former being reddish
and the latter pinkish in colour. An
intense PAS positive reaction was found

Their attachment was so firm

Metachromasia

only in the spore, while the bioadhesive
remained PAS negative.

Discussion

The spore alone was stained bright
yellow with AY. This is due to the pres-
ence of a non-sulfated acidic polysaccharide
(alginic acid). The AY at pH 2.5 readily
complexes only with a non-sulfated poly-
The AB at pH 0.5 complexes
only with sulfated polysaccharide, its ac-
cumulation and blue staining both the

saccharide.

spore and extracellular substance indicat-
ing the presence of polysaccharides with
sulfate groups. Histochemical studies have
already shown that sulfated polysaccharide
in the brown algal tissue is fucoidin (PAr-
kER and Disorr 1966, McCurLLy 1970,
ForBes and Hariam 1979). When the
stains AY and AB were used simultaneously
the spore was stained green, showing the
occurrence of both sulfated and carboxy-
lated polysaccharides, and the blue colour
of the extracellular substance further con-
firms that it is a sulfated polysaccharide.
When the germinating spores were treated
with NaCO; solution to remove the non-
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sulfated polysaccharide, the spore and the
adhesive were stained blue, indicating
the presence of sulfated polysaccharides.
The AY staining substance was removed
from the spore, which is a carboxylated
polysaccharide (alginic acid). The PAS
positive reaction occurred in the spore,
while the bioadhesive remained PAS nega-
tive. The PAS positive reaction is quite
specific for polysaccharide having free
hydroxyl groups on 2 vicinal carbon atoms
(Jensen 1962). The alginic acid has free
hydroxyl groups and therefore PAS posi-
tive, however fucoidin lacks hydroxyl
groups and it is PAS negative (McCuLLy
1966). From these staining reactions it is
clear that the bioadhesive may be a sul-
fated ester of fucose. The bioadhesive
stained with TB was intense pink, while
the spore was reddish. The metachromatic
pink colour of TB is very characteristic
of sulfated polysaccharide (Lison 1936),
while the reddish and blue colour are
generally produced by reaction with car-
boxyl groups (McCurrLy 1965). This
staining reaction further confirms that the
bioadhesive is a sulfated polysaccharide
(fucoidin). The spore contains both sul-
fated and non-sulfated polysaccharides.
At the time of germination the zygotes
of brown algae secrete a sulfated poly-
saccharide for firm attachment (Moss 1974,
Harpy and Moss 1978, ForBes and
Harram 1979). This bioadhesive is sec-
reted by the spores and the rhizoids. For-
Bes and Harram (1979) observed the
presence of polyphenols during the growth
of the rhizoids of Hormosira zygotes. Such
a secretion during germination may have
some ecological and physiological signifi-
cance in the establishment of benthic
marine algae. The extracellular bioad-
hesive probably suppresses the growth of
bacteria ~and  other  microorganisms

(CraiGiE and McLacHLAN 1964). From

the histochemical studies it is clear that
the bioadhesive may be fucoidin and it
may possibly contain some polyphenolic
materials having antibacterial activities.
Thus the bioadhesive is meant for adhesion
and protection of the developing germling.
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