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sa町E面 sum四 19areand S. johnstonii bear androgynous問 ceptacleswi出 unisexualconceptacles. The fully 
developed conceptacles訂 e佃 edwith secretions and communicate with the external environment through 
the ostiole plugged wi也polysaccharidicmaterial. The conceptacles are lined by flat cells-the conceptacle-
wal1 ce1ls， which are the progenitors of either副ltheridiaor oogonia or paraphyses. In a young conceptacle， 
出ep釘 aphysialand the conceptacle-cell walls contain a1ginic acid and sulphated polysacぬarides.During 
the early stages of conceptacle development， the cytoplasm is organelle-rich but in the old conceptacles，出e
organelles Iyse and the paraphysial and conceptacle-wall cell cytoplasm becomes vacuolate. 
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1n Sargassaceae (Fucales)， the histochemi-
cal and ultrastructural information on the 

paraphyses and the conceptacle-wall cells is 

meagre. The mucilaginous secretions have 

been reported from the conceptacles of Fucus 
e伽 tatω(McCully1968) whereas elaborate 

wall projections have been observed in the 

conceptacle wall cells of Durvillaea totatorum 

(Clayton et al. 1987). The present study on 

Sargassum vulgare C. Agardh and S. johnstonii 

Setchell & Gardner is undertaken to correlate 

the histochemical， developmental and ultra-
structural aspects of the paraphyses and the 

conceptacle-wall cells. 

Materials and Methods 

The plants of Sargassum vulgare and S. 

johnstonii were collected during the low tide 

period from Port Okha， Gujarat， through the 
months ofJanuary， February and November 
of 1987-89. The selected parts of the plants 

thus collected were processed for light， trans-
mission and scanning electron microscopy. 

For light microscopy， the plant pa此swere 

fixed in 10% acrolein， washed in distilled 
water and postfixed in 1% HgG12・ Thiswas 

followed by dehydration， and infiltration. 
The infiltrated materials were embedded in 

glycol methacrylate (Vijayaraghavan & Shuk-

la 1990)， and sectioned on a Spencer (AO) ro-

tary microtome fitted with a locally made 

adaptor to hold glass knives. Two micron 

thick sections were serially transferred to 

small drops of distilled water and later stained 

with PAS reagent for insoluble polysaccha-

rides (Vijayaraghavan and Shukla 1990); 
with Alcian Blue for sulphated polysaccha-

rides (Parker and Diboll1966); with TBO for 
sulphated and carboxylated polysaccharides 

(McCully 1966); with Coomassie Brilliant 

Blue for proteins (Weber and Osborn 1975) 

and with Feulgen reagent for DNA 

(Vijayaraghavan and Shukla 1990). For 

SEM， the plant parts were fixed in 4% forma-

lin， dehydrated in graded acetone series， criti-
cal point dried and scanned for topographical 
details. For transmission electron micro-

scopy， the desired stages were cut into 

small pieces， fixed in 6% glutaraldehyde pre-

pared in phosphate buffer， dehydrated， 
infiltrated and embedded in Epon-Araldite 

mixture (Mollenhauer 1964). Ultrathin sec-

tions were stained and then observed through 
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Philips EM 300. 

Results 

Light microscopic Studies 

The reproductive phases are seasonal in Sar-

g仰 umv吟areand 広johnstonii. The axillary 

receptacles occur in clusters (Figs. 1， 2). 
Unisexual conceptacles are embedded in the 

receptacul町 tissues. The antheridial and 00・

gonial conceptacles are borne in the same 

receptacle but in the conceptacles， either the 
antheridia or oogonia cooccur with para-

physes. Thus， the plants are neither 
monoecious nor dioecious in the generally ac-

cepted sense as both types of reproductive or-

gans are present in the same receptacle but al-

ways in separate conceptacles. Androgynous 

condition thus prevails in these two species of 

Sargassum. 

Early in the ontogeny， the conceptacle-wall 
cells enlarge and develop into papillae which 

through repeated transverse divisions develop 

into multicellular paraphyses whose terminal 

cells are globose (Fig. 3). Along with these 

changes either the oogonia or出eantheridia 

also codevelop inside the conceptacle. 

The young paraphysial cells show walls 
which stain reddish-violet with TBO 組 d

moderate magenta with P AS reagent and are 

hence rich in alginic acid. The cytoplasm 

stains well for proteins and contains moderate 
amount of polysaccharides. Also enclosed in 

the cytoplasm are a few small vacuoles and 

phenolic compounds which occur in large 

amounts. In the developing paraphyses， the 
cell walls reveal identical staining reactions. 

The cell walls， in addition， reveal small 

thread-like structures出atstain intense violet 

with TBO (Figs. 3， 4). The paraphysial 

cells， in transverse sections， reveal core創led

with phenolic materials (Fig. 4). The 

cytoplasm gradually becomes vacuolate and 
reveals a low amount of proteins and moder-

ate polysaccharides. The cells are uninucle-

ate and the nucleus stains well for DNA. 

Hence， the paraphyses which codevelop with 
sex organs， remain rich in cytoplasmic con-
tents during the early stages of oogonial/an-

theridial development. Later as the sex or-

gans are ready for gamete release， the 
paraphysial cytoplasm shows vacuolation. 

The conceptacle-wall cells when young con-

tain abundant proteins， moderate polysaccha-
rides and phenolic materials. At maturity， 
the wall cells become more vacuolate and the 

proteins are meagre. The conceptacular cavi-

ty reveals polysaccharidic secretions which 

stain turquoise with Alcian Blue， magenta 
with PAS reagent and violet with TBO-thus 

indicating a mixture of sulphated and carboxy-

lated polysaccharides (Fig. 4). This polysac-

charidic material also acts as a plug in出efe-

male conceptacle where it keeps the ostiole 

closed while the oogonia are developing. 

Electron Microscopic Studies 

The paraphysial cell when viewed under 
scanning electron microscope reveals many 

strands that radiate from the wall into the con-

ceptacle cavity (Fig. 5). At ultrastructural 

level， this wall is well differentiated， thick， 
lacks an orderly arrangement of microfibrils 

and is overlaid by material that is differentiat-

ed into an inner light and an outer dark 

zones. The latter radiates a few electron 

dense strands into the conceptacle cavity (Fig. 

7). Adjacent to the wall lie many vacuoles 
that contain electron dense materials. The 

material is released from the vacuoles and 

Figs. 1-5. Fig. 1. Sargassum vu伝'are，a mature plant showing forked branches， leaves， bladders and recep-
tacles (紅rows). x 0.47. Fig. 2. Sargassumj訪問tonii，whole mount of a plant bearing dense leaves and receptacles 
(釘rows). x 0.47. Fig. 3.ぶvulgare，Mature female conceptacle showing paraphyses (pa) ne紅白eostiol釘問gion.
The terminal paraphysial cells are globular and veneered by polysaccharidic materials.τ'he paraphysis cytoplasm 
reveals phenolic materials and carboxylated polysaccharides. The p釘 aphysialand the conceptacle-cell wal1s 
問 vealsmall polysaccharidic pr吋ections(arrows). x 1474 (TBO stained). Fig. 4. S.山信'are，Transverse section of 
a conceptacle， showing paraphyses surrounded by metachromatic material. The core of the paraphysis encloses 
phenolic materials and polysaccharides. From the core radiate thin strands into the conceptacle cavity. X 1474 
(TBO stained). Fig. 5. S.joh即 '1onii.Scanning electron micrograph. The paraphyses白紙occludethe ostiole show 
blunt tips from which emerge many. small， thread-like structures (arrows). X 1180. 
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deposited on the inner side of the wall (Fig. 

7). The vacuoles containing electron dense 

materials are also abundant elsewhere in the 

cytoplasm. 

The paraphyses possess vesicles that con-
tain pa此iculate electron-dense materials. 

These vesicles are identical to those found in 

the conceptacle-wall cell. The paraphyses 

have organelle-rich cytoplasm (Fig. 6). The 

nucleus is large， perヤherallyplaced and has a 

well-defined nuclear membrane. Many vacu-

oles of different shapes and sizes; pleomorphic 

mitochondria， golgi bodies (Fig. 8)， abundant 
osmiophilic droplets and endoplasmic reticula 

(Fig. 8) are present. 1n the mature para-

physes， organelles undergo lyses and the ly-
sate is added to the wall material. Thus， the 
cell has an elaborate wall but vacuolate 

cytoplasm. 

The conceptacle-wall cell cytoplasm reveals 

plastids， mitochondria， and golgi bodies. 

The golgi bodies are well developed and occur 

in both the formative and maturation faces. 

At the formative face many vesicles with 

fibrous material訂 eproduced (Fig. 9). The 

vesicles are pinched-off and later fuse between 

themselves. The golgi derived vesicles that 

are produced in the vicinity of the concept-

acle-cell wall fuse with the wall and thus add 

to the wall material (Fig. 10). Also present in-

side the cell cytoplasm are vesicles which are 

filled with particulate， and electron-dense 
materials (Fig. 10). 

Discussion 

The walls of the paraphyses in Sargassum 

johnstonii and忍 vu伊reshow short outgrowths 
that extend into the conceptacle cavities as 

seen in Durvillaea potatorum (Clayton et al. 

1987). 1n addition， 泊 S品a1管ま酔&ω仰rs捌s
paraphys由iおscy戸to叩pla酪smhas three type回sofv刊acα印u-

ole回s;1り)va配cαuole白swith electron-dense particu-

late material， 2) vacuoles with electron-dense 
material and 3) with fibrous material. Such 

vacuoles are also present in the conceptacle-

wall cells of Sargassum spp. 1n Fucus edentatus， 
the paraphyses cytoplasm contain vacuoles 

with different inclusions (McCully 1968). 

1n Sargassum johnstonii and S. vulgare也e

presence of numerous mitochondria and a few 

chloroplasts is another noteworthy feature of 

paraphysial cytoplasm which indicates a high 
rate of metabolic activity. Living Fucus ed初ta-

tus paraphyses when viewed with fl.uoresence 

microscope suggest that the paraphyses cells 

possess abundant mitochondria (McCully 

1968). Further， the conceptacle cavity in Sar-
ga;ωωf配“捌's

t phat飽edand ca訂rboxy升la剖tedpolysaccharide白st由ha説
are p戸er出ha叩pssecreted b加ot出hby the p訂 a却ph匂yses
and the conceptacle-wall cells. Mucilage in 

the reproductive conceptacles in Pelvetia 

canaliculata is produced in cells lining the 

walls (Evans et al. 1973). A similar situation 

is found in Fucus ed抑制us(McCully 1968). 

The role of alginic acid and sulphated poly-

saccharides is well known. According to Per-

cival and McDowell (1967) they are mainly in-
volved in prevention of desiccation. The 

polysacch町 idesin Sargassum vulgare and S. 

johnstonii， are presumed to form a soft， slippery 
cushion in which the sex organs develop. 

Once these organs are ready for release，也e

polysaccharides are at a low level in the con-

ceptacle cavity. 1n Cystoph)仇 msisymbrioi，ゐs

paraphyses push their way through before the 

oogonia appear. The paraphyses are at first 

stiff but become soft after extrusion and form 

a slimy matrix in which the oogonia are en-

Figs. 6-10. Sargassumjohnstonii. Transmission electron miα'ograph. Fig. 6. A paraphysis in transverse sec-
tion to show a thick wall (w)， peripl町 allyplaced nuc1eus (n)， mitochondria (mt)， vacuoles (va) ofvarious sizes and 
osmiophilic bodies (ob). X 7，830. Fig. 7. Paraphysis wall (w) is也esite of active discharge of phenolic materials 
(釘rows).Many vacuoles (va) containing electron dense pa民iculatemateriallie near the wall. x 21，140. Fig.8. 
Portion of paraphyses to show abundant， electron dense osmiophilic bodies (釘rows)，and endoplasmic reticula (er) 
in the cytopl踊 m佃 ddifferent types ofvacuoles (va)血 dpleomorphic mitochondria (mt). x 21，140. Fig. 9. Wel1 
formed golgi apparatus (gb) cuts offvesic1es (ve) that aggregate below出econceptac1e吋 1wall (w). A vesic1e is 
seen in the process of releasing its contents toward the wall (arrow). x 32，790. Fig. 10. Portion of conceptac1e-
wall cel1 cytoplasm to show coexistence oflarge and small vesic1es filled wi血 electrondense particulate materials. 
X32，790. 
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closed (T泊町a1913). 1n Bifurcaria br，仙台ifor-

mis， the oogonia could be seen carried up on 
stalks which were themselves embedded in a 

tenacious common jelly， presumably derived 
from the walls of the paraphyses (Delf 1935). 

The presence of phenolic materials in the 

conceptacular tissues is of great ecological sig-

nificance. The ostioles in Sargassum spp. of 

the old receptacle are devoid ofpolysaccharid-

ic plug-materials. The disappearance of 

plug-material upon release of oogonia/sper-

matozoids makes conceptacles susceptible to 

the attack by epiphytic and endophytic mi-

crobes. The abundance of the phenolic 

deposits in the persistent tissues of old concep-

tacles help to deter the attack of the microbes 

through invasion route. Phenolic materials 

also help to prevent attack by the herbivores 

(Clayton and Shankly， 1987). The paraphy-

sial cytoplasm is packed with phenolic materi-

als in Sarg，ω'sum spp. throughout the concepta-

cle development. 1n Scytos桝onsp. the para-

physes have a protective role during gamete 

discharge， perhaps they help in preventing 
the excessive spread of lytic enz戸nesto the 

walls of immature gametangia (Clayton， 
1984). 

The conceptacles， during the last phase of 
reproductive season (January end to Febru-
ary) are totally devoid of contents. 1n Sargas-
sum johnstonii and丘 vu伝'arethe conceptacle-

cell wall， during this stage， is elaborate and 
possesses prominent， thread-like， projections 
as seen in Durvillaea potatorum (Clayton et al. 

1987)， where the conceptacle cells immediate-
ly adjacent to the conceptacle contents 

produce short filamentous outgrowths which 

extend into the central cavity. 

The conceptacle-wall cells also reveal 
perinuclear golgi bodies which produce many 
vacuoles. The fibrous materials are frequent-
ly incorporated into the vacuoles at the forma-

tive region， undergo condensation and are 
released at the cell surface (present work). 

Such vacuoles have been termed as secretory 
vacuoles and have been shown to be released 

at the cell surface (Bouck 1962; Mollenhauer 

and Whaley 1963). The production of sul-

phated material by the meristoderm cells of 

Pelvetia canaliculata and secretoη， cells of 

Laminaria saccharina occurs in the golgi-rich， 
perinuclear areas (Evans et al.， 1973). 1n 

pancreatic acinar cells， sulphation of material 
occurs in golgi bodies (Berg and Y oung 

1971). Discharge of fibrous materials into 

the wall and cavity in Sargassum johnstonii and 

S. vulgare presumably occurs by the activity of 
golgi bodies present in the conceptacle-wall 

cells and the p訂 aphysesand the energy re-

quired for the secretory process is provided by 

numerous mitochondria in the cell cyto・

plasm. These two cell populations， therefore， 
may be designated at least functionally as 

secretory cells. 
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M. R. Vijayaraghavan・InderdeepKaur: Sargassum叩 19areC. Agardhと Sargassumjoh悶 tonii

Setchell & Gardnerの側糸の組織化学と微細構造

Sa需gassumvu伝'areC. AgordhとS・johnstoniiSeu;hell &白 rdnerは雌雄異巣の生殖器托をもっ。十分発達した生殖器巣

は分泌液で満たされており，巣口にある多糖物質を介して外界と連絡している。生殖器巣には，平板状の生殖器

巣壁細胞が並んでおり，それらは造精器か造卵器のいづれか，または側糸となる。若い生殖器巣では，側糸およ

び生殖器巣壁細胞は，アルギン酸と硫酸多糖を含んでL、る。生殖器巣の発達初期過程では，細胞内小器官が多く

みられるが，老成した細胞では，それらは溶解し，側糸や生殖器巣壁細胞は液胞化する。 (Departmentof Bota-

ny， University of Delhi， Delhi 110007， India) 






