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Abstract: Enzymatic activities pertaining to ", $-amylases and starch phosphorylase and energy dispersive
spectroscopic (EDS) studies of the vegetative portion, cystocarp and tetrasporic ramuli in a kappa-
carrageenophyte, H. musciformis were made. It was found that the highest activity of "-amylase (26.64 µ mol
min  mg protein ) was recorded in the vegetative portion followed by cystocarp (19.87 µ mol min  mg protein ).-1  -1              -1  -1

Lowest activity (11.16 µ mol min  mg protein ) was noticed in the tetrasporic ramuli. Cystocarp showed the-1  -1

highest $-amylase activity (10.48 µ mol min  mg protein ) followed by the vegetative portion (6.77 µ mol min-1  -1          -1

mg protein ). The lowest activity (3.52 µ mol min  mg protein ) was seen in the tetrasporic ramuli. The highest-1        -1  -1

activity of starch phosphorylase was found in the vegetative portion (2.49 µ mol min  mg protein ) followed-1  -1

by cystocarp (1.60 µ mol min  mg protein ) and the lowest activity (1.44 µ mol min  mg protein ) in tetrasporic-1  -1         -1  -1

ramuli. Electron microscopic studies of the vegetative and reproductive parts of H. musciformis revealed the
presence of floridean starch grains in the vegetative cells. On the other hand, in the reproductive parts
(cystocarp and tetrasporic ramuli), floridean starch grains showed degeneration and disintegration, which
coincided with the ", $-amylase and starch phosphorylase activities noticed in the vegetative and reproductive
parts  of the alga. When the vegetative part, cystocarp and tetrasporic ramuli of the alga were subjected to
SEM-EDS, localised accumulation of Zn, P, S, Ca, Mg and Mn was detected in the vegetative portion. Mo, Si,
Fe, Al and Ca were present in the cystocarp and Mg, Si, S, Ca and Zr in tetrasporic ramuli. Ca was present in
both the vegetative and reproductive parts. The presently observed composition of different chemical elements
in the vegetative part, cystocarp and tetrasporic ramuli has revealed the chemical dialogue between the different
plant structures studied, in addition to the clue about the growth requirements of H. musciformis.
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INTRODUCTION metabolism, depending on the nature, time of exposure

Seaweeds contain all the trace elements and plant group of hydrolytic digestive enzymes, susceptible to any
growth hormones required by plants [1]. They contain change in the environment. The amylase activity in marine
many growth promoting hormones and organic and  freshwater  algae  was  reported by various workers
substances such as amino acids, antibiotics, auxins, [5-7]. No attempt has hitherto been made on the effect of
gibberellins and vitamins apart from macro and pollutants on the activity of ", $-amylases and starch
micronutrients  [2-4].  The breakdown of starch to phosphorylase in marine red algae.
glucose,  fructose  or  sucrose  is  a  characteristic  feature In the present study, an intensive investigation was
of  senescence  in  leaves  and   cotyledons.  "-amylase, made on Hypnea musciformis (Wulf.) Lamour. which
$-amylase and starch phosphorylase are the three grows abundantly in the Gulf of Mannar, Southern coast
principal enzymes which are involved in the hydrolysis of of India. Scanning and transmission electron microscopic
starch into sugars. studies of vegetative portion reproductive parts of

Micro and macro algae are considered to be biological cystocarp and tetrasporic ramuli were made to analyse
indicators. Any alteration in the environment (both endomorphology, to assess synthesis of starch cell wall
physical  and chemical) is  reflected  as a change in algal layer and cellular inclusion, accumulation of chemical
physiology, manifested as an acceleration or inhibition of elements and also to determine enzymatic activities. 

and concentration of the contaminants. Amylases are a
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MATERIALS AND METHODS

Live specimens of the vegetative, cystocarpic and
tetrasporic plants of Hypnea musciformis (Wulf.) Lamour
was collected from depth of 0.5-1.0 metre of sub-tidal
areas along the coast of Gulf of Mannar, India (Fig. 1).
They were washed thoroughly in seawater to remove the
epiphytes and sand particles. The specimens were
separated into two portions-vegetative part, cystocarp
and tetrasporic ramuli were fixed in 3% glutaraldehyde for
scanning and transmission electron microscopic studies
and the remains portions were kept in an icebox for the
enzyme studies. 

Material Preparation for Scanning Electron Microscope
(SEM) Studies: Vegetative parts of 2-3 mm and cystocarp
2-3 mm in diameter and 1-2 mm of tetrasporic ramuli were
fixed in 3% glutaraldehyde in 0.5 M of cacodylate buffer
at pH 7. After primary fixation the specimens were washed
thoroughly in buffer thrice. Specimens were then
dehydrated through a graded series of acetone for 15 min
interval. The dehydrated cut pieces were treated in critical Fig. 1: Collection spot Gulf of Mannar-South India,
point drier (CPD). After that, specimens were mounted on Tamilnadu
a stub and coated. They were examined with INSA-EDS
Jeol JSM-56010LV [8]. was carried out on araldite. Semi thin sections were taken

SEM-EDS (Energy Dispersive Spectroscopic Analysis): knives. Ultra-thin sections were stained with uranyl
SEM-EDS energy dispersive spectroscopic analysis acetate and lead citrate and examined under CM 10 Philips
conducted with EDS (interphase with data general Transmission Electron Microscope and Electron
computer and texase computer). The INSA-EDS systems micrographs were taken. 
is under control of sophisticated software that, at a simple
command from the operator, automatically collects an Extraction and estimation of "-, $-amylases and starch
energy dispersive X-ray spectrum identifies the elements phosphorylase
present, obtains X-ray count data and presents all of the "-Amylase (EC 3.2.1.1): The reducing sugars produced
pertinent data in an appropriate display format. The by the action of "-and/or $-amylase react with dinitro
spectrum can be stored in disk memory and be recalled as salicyclic acid and reduce it to a brown coloured product,
desired. Flexibility is central to the performance of the EDS nitro amino salicylic acid. "-Amylase activity was assayed
software. by following the modified method of Bernfeld [9].

Materials Preparation for Transmission Electron used to convert the colorimeter readings into milligrams of
Microscope (TEM): Vegetative portion of 1-2 mm and maltose. ",$-Amylases activity is expressed in terms of µ
cystocarp of varying diameter (400-500 µm) and 2-3 mm of moles of maltose liberated per min per mg protein.
tetrapsoric ramuli were fixed in 3% glutaraldehyde in 0.1 M
Na cacodylate buffer pH 6.8 containing 0.25 M sucrose as $-Amylase (EC 3.2.1.2): Both extraction and estimation of
an osmoregulator for 12 h at 4 °C for 6 h. After washing enzyme activity was similar to that of "-amylase. But the
with buffer containing decreasing concentrations of crude enzyme extract was treated with EDTA and 0.5 mM
sucrose followed by only buffer, the specimens were 2-mercaptoethanol to inactivate the "-amylase [10,11].
post-fixed in osmium tetraoxide (OsO ) in the same buffer To 5 ml of the enzyme extract, 1 mM EDTA and 5 mM4

at 4°C. The samples were taken dehydrated in an 2-mercaptoethanol  were added. The extract was
upgraded  series   of  acetone  infiltration  and embedding incubated  at  30 °C for 30 min and then used for the assay

with Richert Jung-Ultracut-Ultramicrotome using glass

A calibration curve established with maltose was
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of  $-amylase  activity.  Assay  procedure  was  followed substances of floridean starches are abundant and are
as described in "-amylase. The activity is expressed in freely distributed within cytoplasm. They are small,
terms of µ moles of maltose liberated per min per mg spherical or ovoid like structures, ranging from 0.4 to 1.8
protein. µm long (Plate 1h).

Starch    Phosphorylase     (EC     2.4.1.1):   Starch Auxillary Cell: The auxillary cell contains many nuclei
phosphorylase was assayed following the method of and numerous starch grains. Cytoplasm is rich in free
Gibbs and Turner [12]. ribosomes. Each nucleus is surrounded by cytoplasmic

RESULTS profile become highly irregular. Starch grain undergoes

Vegetative Plants of H. musciformis: Plants are very discharged into cytoplasm.
bushy, often entangled somewhat fragile although fleshy,
purplish red in colour. The leading branches are divided
several times and abundantly covered with branches or
ramuli and terminal portions of the branches twisted as
tendrils (Plate 1a).

Cystocarpic Plants: Several lateral branches develop
irregularly from all sides of the main axis. Numerous hairs
are present at their tips. The cystocarps are globose to
hemi-spherical and are about 400-500 µm dia. Some time,
two or more cystocarps are confluent (Plate 1b). 

Tetrasporic Plants: Tetrasporic plants have numerous
short branch-lets or ramuli of each 2-5 mm length with
pointed tips. Ramuli are closely packed in fertile region.
Tetrasporangia are produced in sori which girdle the
bases of ramuli (Plate 1c).

Electron Microscopic Observation: Scanning electron
microscopic studies reveal that the surface of the thallus
at the apical end of the ramuli of Hypnea musciformis has
thick “cuticle”. The uneven surface of the peripheral
mucilage around the apex is distinct (Plate 1d).

Tetrasporangial sorus and tetraspores have been
studied in detail in H. musciformis. The tetrasporangial
initials arise by modification of some of the superficial
cortical cells and these as well as the intervening cortical
cells together form a sorus which become raised as it
develops. The mucilaginous layer covering the cortex was
also raised along with the sorus. The tetrasporangial
initials enlarge while the adjacent cortical cells elongate
radially and subtend the developing tetrasporangium
(Plate 1g).

Transmission electron microscopic studies of
vegetative cells show that the thickness of the cross wall
is about 500-600 nm. Each cell shows dense cytoplasm.
Plastids are highly irregular. They are distributed at the
margin of the cytoplasm. The photosynthetic reserve food

contents. After auxillary cell ages the nuclear membrane

disintegration and contents of mucilage sacs are

Gonimoblast Cells: Gonimoblast cells frequently show
irregular nuclear membrane. Cytoplasm contains mucilage
sacs. Cells often have strong vacuolation and peripherally
located mucilage sacs. Each nucleus is surrounded by
mucilage sacs, disintegrated starch grains and discharged
mucilage sacs which are the signals for initiation of
carpospore (Plate 2b).

Mature carpospore consists of an outer
carposporangial wall and an inner carpospore membrane.
Carpospores are spherical to oval in shape. The
cytoplasm is filled with plastids and floridean starch.
Floridean starch occurs frequently in groups and
undergoes fragmentation into two-four halves (Plate 2c).

Tetrasporogenesis: The young tetrasporangium depicted
in the Plate 2d shows the development of an outer and
inner tetrasporangial wall. The cytoplasmic contents of
the tetrasporangium exhibits peripherally located plastids
and a prominent nucleus and mitochondria at the centre.

Mature tetrasporangium depicted in the Plate 2e
shows that cortical cells are converted into the upper
tetrasporangium  and  the  lower  stalk  cell.  The  former
cell develops into the tetrasporangium. Inside the
tetrasporangium nutritive food material such as floridean
starch grains are predominantly distributed and there is a
pit connection between adjacent cell to mature
tetrasporangium. 

Mature tetrasporangium enlarges and undergoes a
transverse division and gives binucleate condition. Then
each content undergoes a further division resulting in a
zonate arrangement (Pate 2f). 

Concomitant with formation of the tetraspore cell wall
there is an appearance of tubular structures radiating
inwards from the plasmalemma (Plate 2g). Between the
tetraspore wall and the tetrasporocyte wall, there is a
region of variable width containing some fibrillar material,
presumably mucilage (Plate 2g).
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PPllaattee  11::  Hypnea musciformis (Wulf.) Lamour 
(a)  Habit of vegetative plant × 10  
(b)  Habit of cystocarpic plant × 10  
(c)  Habit of tetrasporic plant × 10  
(d)  Scanning electron micrograph of vegetative branches are present at the tip principle lateral often ending in 

Crozier hooks × 35  
(e)  Low magnification of cystocarp with Crozier hooks × 140  
(f)  Higher magnification of cystocarp shows globose to hemispherical in shape with muscilage sacs × 370  
(g)  Tetrasporangia produced in sori and seen as swelling and encircle in the portion of short determinate branchlets 

or ramuli × 250;  
(h)  Transmission electron micrographs of vegetative cell shows sub-cordical and medullary cells × 4000  
(i)  Ultrastructure of auxiliary cell shows many nuclei and floridean starch grains × 5000  
(j)  Gonimoplast cells showed degenerating and disintegration of floridean starch and discharging mucilage sacs×4500. 
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PPllaattee    22::  
(a) Mature carpospore consist of an outer carposporangial wall and innercarpospore membrane. Cytoplasm filled with 

plastids and floridean starch × 10000  
(b)  Cytoplasmic contents of the tetrasporangium shows peripherally located plastids and a prominent nucleus at the 

center. The tetrasporocyte rapidly elongates and a distinctive cell wall form before the onset of meiosis during this 
elongation phase there is also a increase in the number of plastids and mitochondria                  

(c)  Ultrastructure of tetrasporangial initial divided into upper tetrasporangium and lower stalk cell  
(d)  Mature tetrasporangium shows zonately arranged tetraspores. Cytokinensis begins with the formation of striated 

thickening on the inside of the tetrasporocyte wall at the sites where the cleavage furrow produced by infurrowing of 
the plasmalemma will be formed  

(e)  Content of the tetraspores are covered by tetraspore membrane. The mature tetrasporangium contain formation of 
starch grains and electron translucent materials  

(f)  The mature tetrasporangium shows two distinct cell wall layers the outer layer is electron dense and showing wavy 
margin and an inner electron transparent layer  

(g)  Formation of germinating tetraspore cell wall there is an appearance of tubular structures radiating inwards from the 
plasmalemma × 20000  

(h)  The mature tetrasporangium shows, cross wall layers are completely synthesized and copious amount of floridean 
starch grain in each sporangium. The starch grains are filled with electron transparent and electron dense 
substances×15000.  
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Table 1: Enzymatic activities (vegetative portion, cystocarp and tetrasporic ramuli) of Hypnea musciformis (Values are mean of 3 replicates expressed in

µ mol min mg protein )-1  -1

S. No. Plant part "-amylase $-amylase Starch phosphorylase

1. Vegetative portion 26.6443 ± 0.8980 (0.5184) 6.7726 ± 0.8621 (0.4977) 2.4900 ± 0.6490 (0.3747)

2. Cystocarp 19.8706 ± 0.8826 (0.5096) 10.4826 ± 0.7907 (0.4565) 1.6006 ± 0.4431 (0.2558)

3. Tetrasporic ramuli 11.1696 ± 0.7711 (0.4452) 3.5293 ± 0.4978 (0.2874) 1.4446 ± 0.4838 (0.2793)

Data represent mean ± SD and standard error of three replicates. 

Table 2. SEM-energy dispersive spectroscopic analysis (vegetative portion, cystocarp and tetrasporic ramuli) of Hypnea musciformis

S. No. Name of the chemical elements Vegetative portion (wt. %) Cystocarp (wt. %) Tetrasporic ramuli (wt. %)

1. Zn 24.0300 ± 1.0201 (0.5890) - -

2. P 20.2500 ± 0. 5679 (0.3279) - -

3. S 8.0200 ± 0.9750 (0.5629) - 31.6733 ± 0.5125 (0.2959)

4. Ca 15.0633 ± 0.9651 (0.5572) 7.5400 ±0.4045 (0.2335) 4.7433 ± 0.5669 (0.3267)

5. Mg - - 3.0333 ± 0.1589 (9.1710)

6. Mn 29.7133 ± 0.5488 (0.3169) - -

7. Al - 11.7267 ± 0.5532 (0.3194) -

8. Si - 28.200 ± 0.6083 (0.3512) 20.3633 ± 0.4701 (0.2714)

9. Fe - 18.3700 ± 0.7548 (0.4358) -

10. Mo - 33.0700 ± 0.5880 (0.3395) -

11. Zr - - 38.8167 ± 0.9570 (0.5525)

Data represent mean ± SD and standard error of three replicates

Fig. 2: Enzymatic  activities  (vegetative  portion,  cystocarp  and  tetrasporic   ramuli)   of   Hypnea  musciformis
(Values are mean of 3 replicates expressed in µmol min  mg (protein) )-1  -1

The activities of ",$-amylases and starch Ihe  activities  of  $-amylase  in  vegetative,
phosphorylase in vegetative portion, cystocarp and cystocarp    and     tetrasporic    ramuli   are   given  in
tetrasporic ramuli respectively, are given in Table 1. In the Table  1.  The   cystocarp   has    shown   the   highest
present study, highest activity of 26.64 µ_mol min  mg activity     of    $-amylase   (10.48   µ   mol   min   mg-1

protein  of "-amylase was recorded in vegetative portion protein )  followed  by  vegetative  portion  (6.77 µ mol-1

followed by cystocarp (19.87 µ_mol min  mg protein ) and min   mg  protein )  and  the   lowest   activity  (3.52 µ mol-1  -1

the lowest activity (11.16 µ mol min  protein ) was found min   mg  protein )  was   found   in   tetrasporic  ramuli-1 -1

in tetrasporic ramuli (Fig. 2). (Fig. 2).

-1

-1

-1    -1

-1    -1
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Fig. 3: X-ray microanalysis of (a) vegetative portion, (b) cystocarp and (c) tetrasporic ramuli in Hypnea musciformis 

Starch Phosphorylase: The highest activity of starch Numerous short spur-like branchlets with pointed tips
phosphorylase was found in vegetative portion is given occur all over the surface of the thallus. The tips of the
in Table 1. In the present study, vegetative portion has thalli often end in crozier hooks. Cystocarps are present
shown the highest activity (2.49 µ mol min  mg protein ) in an acropetal order. Tetrasporic plants bears-1  -1

followed by cystocarp (1.60 µ mol min  mg protein ) and tetrasporangia which are produced on fertile or-1  -1

the lowest activity (1.44 µ mol min  mg protein ) was occasionally on forked ramuli. These ramuli are short and-1  -1

found in tetrasporic ramuli (Fig. 2). spindle shaped or siliquose and are densely crowded on

SEM-EDS: Table 2 and Figures 3a, 3b and 3c show the been observed by other workers [13-17].
presence of different chemical elements in the vegetative In the present study, auxillary cell of H. musciformis
portion, cystocarp and tetrasporic ramuli of H. exhibited multinucleate condition, similar to the species of
musciformis. The vegetative portion contained five Procamcolax [18]. The cytoplasm of the auxiliary cell of
chemical elements in the following descending order: H. musciformis in the present study is rich in free
Mn>Zn>P>Ca>S. The contribution of Mn was maximum ribosomes and starch grains. When the auxiliary cell
(29.71% weight). The cystocarp contained five chemical completes the production of gonimoblasts, it begins to
elements in the following order is Mo>Si>Fe>Al>Ca and disorganise by diminishing, the cytoplasmic contents,
the tetrasporic ramuli: Zr>S>Si>Ca>Mg. Thus, the such as mucilage sacs and starch grains. This suggests
constituents of chemical elements of vegetative portion, that the auxiliary cell also nourishes the developing
cystocarp and tetrasporic ramuli varied not only by gonimoblast cells at least in the early stage.
quality but also in quantity. The gonimoblast cell investigated in the present

DISCUSSION contains numerous tightly compressed membrane bodies,

In the present study has observed several branches surrounded by numerous disintegrated starch grains and
developing irregularly from all sides of the thallus. the mucilage sacs undergo disintegration. The function of

the thallus. Only a few of these characters have already

study shows multinucleate condition and the cytoplasm

which appear like solid osmiophilic structures. Nucleus is
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the tightly compressed membrane bodies is unknown. The element Ca is common in all the three
Since these membrane bodies are no longer present in components. It is a constituent of middle lamella and
mature carposporangium, they may act as stored formation of cell wall as calcium pectinate. It is also
membranes which are utilized during carposporogeneis involved in the metabolism (formation) of chromosomes
[19]. and mitochondria. It serves as an activator of enzymes

In the Gigartinales, tetrasporangia develop typically such as phospholipase, ATPase, amylase and others. It
in intercalary position. They may sometimes be present plays a role in controlling cell permeability, mitosis and
even in the medullary region. Generally, the nucleus of translocation of carbohydrates and amino acids.
tetrasporangium  divides  meiotically  and  gives  rise  to Cystocarp and tetrasporic ramuli contained silicon (Si) but
four haploid nuclei [20-22]. In the present study, it is absent in the vegetative portion. The Si provides
tetrasporongia are derived from the outer cortical cells of rigidity and strengthening of the cell wall. It enhances the
the ramuli. The nucleus of tetrasporangium undergoes physiological availability of zinc in plants and counteracts
two successive division (meiotic) and gives rise to four zinc deficiency-induced phosphorus toxicity. Silicon
nuclei. Then there is a simultaneous furrowing to delimit stimulates growth and yield of plants by indirect actions
four tetraspores which are arranged in a zonate manner. like decreasing the incidence of infections by root
Tetraspores are enclosed by their individual wall. This is parasites and preventing toxicity of iron and manganese.
of the most interesting discoveries concerned with the The chemical elements Zr>Mo>Mn are specific to
change in wall structure during development and tetrasporic ramuli, cystocarp and vegetative portion,
maturation. During early stages of tetrasporogenesis a respectively.  The  specific   chemical   requirements  of
new wall is laid down within the existing wall of the the seaweed structures perhaps the first report in the
mother cell, completely enclosing its contents. Each of the genus Hypnea. 
four spores inturn is enclosed by a wall which represents
a third layer formed within the two existing layer. ACKNOWLEDGEMENTS
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