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ABSTRACT

Cytochemical techniques have been employed to demonstrate the localisation of alkaline
phosphatase, RNA and DNA, and protein in the different cell-types in the body of hydra.
The epitheliomuscular cells show a negative reaction for alkaline phosphatase and basophilia
except in the nucleolus, but a positive reaction for protein. The nuclei are large and faintly
stained. The interstitial cells are rich in RNA and protein but show only traces of alkaline
phosphatase. The nuclei are smaller with condensed chromatin. In the cnidoblasts, the
nematocysts differ in reactions and the nuclei are poorly reactive. The nerve and sensory cells
are also poorly localised. In the endoderm, the secretory gland cells show intense reaction
of these substances in the cytoplasm. The nuclear Feulgen reaction is similar to those of the
interstitial cells. The nutritive muscular cells have rich alkaline phosphatase and some protein
but little basophilia. The nuclear conditions are similar to those of the epitheliomuscular cells.
The different regions of the body—tentacle, hypostome, stem and basal disc—have distinct
cytochemical patterns. The results are discussed in relation tc their functioral significance.

INTRODUCTION

In contemporary Biology, application of cytochemical techniques to under-
stand the functional aspects of cellular organisation is becoming increasingly
evident. Detection of various cell-substances at sites of their activities yields
valuable data concerning their role in the vital processes. At the same time, such
findings also provide an index of the function of a cell in relation to others at the
various levels of activity. The body of hydra is composed of only seven types of
gells which carry out all vital functions. Further, hydra shows an almost unlimited
power of regeneration and growth. Xedrowski (1941), Brien (1942) and lately,
Tardent (1954) have found a rich deposition of ribonucleic acid in the interstitial
cells. In a preliminary communication (Sanyal and Mookerjee, 1956), the two
cell-layers, »iz,, ectoderm and endoderm, have been reported to possess markedly
different concentrations of certain substances including RNA. A cytochemical
study of the different cell-types in the body of hydra is now undertaken to under-
stand their functional significance. The localisation of the enzyme, alkaline phos-
phatase, the nucleic acids (RNA and DNA) and protein is followed.

MATERIAL AND METHODS

Hydra vulgaris Pallas (phase orientalis Annandale, 1911) was used in this
investigation. Specimens were collected from local ponds and grown in the labora-
tory. They were cultured in glass aquaria containing tap water and a few aquatic
plants and were fed with daphnia. Prior to fixation, they were starved for 24 hours.

Hydras tend to become rounded on fixation. This could be prevented by
suddenly showering & jet of fixative on the animals from a pipette. They were
dehydrated in alcohol and embedded in parafin. Sections of 5x to 8z thickness
were made. Gomori’s technique (Gomori, 1952) was used for the detection of
alkaline phosphatase, with chilled 80 per cent alcohol as fixative and sodium gly-
cerophosphate as the substrate. Sections were incubated at 37°C for 1-3 hours
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at pH 9.4. For study of distribution of RNA, material was fixed in Zenker’s fluid
containing 5 per cent acetic acid and stained in 0.1 per cent toluidine blue in 1
per cent alcohol. The Feulgen technique (after Glick, 1949) was followed for
DNA. Carnoy’s fixative was used and hydrolysis in 1IN HCl for 7 minutes was
found most suitable. For proteins, the Hg-BPB reaction described by Mazia et
al. (1953) was employed. Fixation was done in alcoholic Bouin’s fluid. An alco-
holic solution of 0.1 per cent bromophenol blue containing 10 per cent mercuric
chloride was used. All the preparations were mounted in canada balsam.

REsvLrs

1. Alkaline phosphatase in the cell-types of hydra :

Localisation of alkaline phosphatase (Fig. 1) presents a sharp contrast between
ectoderm and endoderm cells. The ectoderm cells with the exception of certain
nematocysts, are less reactive, whereas the endoderm cells are the most positive
ones.

In the epitheliomuscular cell, the nucleolus is the centre of highest activity,
and the nucleus shows only traces of the enzyme, but the cytoplasm is negative.
The interstitial cells show a moderate reaction. Here again, the nucleolus is the
centre of highest concentration. The cytoplasm is very faintly positive, The
different types of nematocysts differ in their phosphatase content. The smaller
nematocysts, belonging to the volvent and glutinant varieties, which are more
numerous on the tentacles, show the highest reaction; penetrants, also common
on the body, are negative. In some cases, penetrants are also found to show a
positive reaction. Discharged and undischarged nematocysts of the same type
are-also found to show a similar reaction pattern. The nerve and sensory cells
are similar to interstitial cells.

In comparison, endoderm ceils show much increased phosphatase content.
All endoderm cells are uniformly positive. The maximum concentration in the
cytoplasm is found on the free border lining the coelenteron. The secretory gland
cells have a denser and slightly more positive cytoplasm. The nuclei of endo-
dermal cells are more positive in comparison with their ectodermal counterparts.
The nucleolus is dense and surrounded by a positive nucleoplasm. The meso-
glea is thin and negative.

2. Basophilia in the cell-types of hydra :

Basophilia varies sharply between different cells of both layers (Fig. 2). In
the epitheliomuscular cell, basophilia is restricted to nucleolus, the nucleus is non-
reactive and granular in appearance, but the cytoplasm is absolutely negative.
The basophilia is most intense in the interstitial cells. The cytoplasm, which is
a small area round the nucleus, is most positive. The nuclei are smaller in size
but similar to those of the epitheliomuscular cells, in basophilic content. Corres-
ponding to the different sizes of interstitial cells, the stainability also varies. Some
of them show a weaker reaction. Different types of nematocysts, again, differ
in their basophilia. The volvents and glutinants with short and uncoiled threads
show violet metachromasy, while glutinants with long and much coiled threads
are negative. The penetrants are mostly negative, but some of them show a positive
reaction. There is no reaction difference between discharged and undischarged
nematocysts, The differentiation of the cnidoblast is full of interest. The process
is initiated by the appearance of a clear area within the cytoplasm. This area
gradually increases in size and pushes the nucleus to one side. The nucleus ulti-
mately becomes sickle shaped and loses the characteristic basophilic reaction and
shows a faint granular appearance and the nucleolus disappears. Nerve and
sensory cells are smaller in size and have a moderate reaction. The nuclei of the
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nerve cells are granular and the nucleoli are not visible. The sensory cells are
similar to interstitial cells.

In the nutritive muscular cells the nuclear reaction is similar to the epithelial
cells, The ground cytoplasm is also generally negative but a number of faintly
stained large round granules are sometimes seen. The secretory gland cells are
the most positive ones among the endodermal cells. These are smaller cells, found
in between the nutritive cells. In sections they generally appear ovoid, the cyto-
plasmic part of the cell facing the coelenteron being filled with large round particles
which give a negative reaction. The cytoplasmic part facing the mesoglea shows
no such particles, but a highly basophilic reaction. The nucleus is situated in
this basophilic part of the cell. The mesogleal wall shows a negative reaction.

3. Feulgen reaction in the cell-types of hydra :

Feulgen reaction is limited to cell-nuclei (Fig. 3). Nuclei of epitheliomuscular
cells show uniformly moderate reaction. The nucleolus is prominently seen. The
nuclear volume is greater than that of other ectodermal cells. In the interstitial
cells, nuclei have smaller volume, and the intensity of reaction is greater. The
appearance is granular and in contrast to that of epithelial cells, the chromatin
material is condensed. The nucleolus is not discernible. A number of nuclei
have been observed in different stages of mitosis. In the cnidoblast the nucleus
is attached to the base of the nematocyst capsule, and often appears sickle shaped.
Like the interstitial cells, the nuclear volume is less and the intensity of the reaction
is greater. Nucleolus is not visible. There is no mitosis.

Nuclei of the nutritive muscular cells are exactly similar to those of the epithe-
liomuscular cells. The nuclei of the secretory gland cells are similar to those of the
interstitial cells. Mitosis is rare in the endoderm cells.

4. Hg-BPB reactions in the cell-types of hydra :

The Hg-BPB reaction results in a blue stain indicative of protein localisation.
All the cells show good reaction, but the intensity is not same for all types of cells
Fig. 4.).
( gThg epitheliomuscular cells, which have not been found to show much of
basophilia or alkaline phosphatase, show moderate reaction for protein in the
cytoplasm. The reaction is not uniform but strands of stained material are recog-
nisable in the cytoplasm. In the nucleus, the nucleolus shows intense reaction.
There is a clear area in the nucleolus. In the interstitial cells, the cytoplasm shows
a uniformly positive and intense reaction. The reaction of the nucleus is similar
to that of epitheliomuscular cells.: The enidoblasts show a moderate reaction, the
nematocyst capsules, the nuclei and the cytoplasm showing faint stain. The nerve
and sensory cells also show faint reaction. :

In the endoderm, the nutritive muscular cells are similar to epitheliomuscular
cells of ectoderm, but show a larger cytoplasmic area. The secretory gland cells
have uniformly stained granular cytoplasm. As in basophilic preparation a large
number of round bodies are sometimes seen in the endoderm which gives a very
strong reaction. Mesogleal wall shows a highly positive reaction.

5. Histochemical difference at the various regions of hydra :

Apart from the cell-types varying remarkably in their cytochemical make-up,
the different regions of the body—tentacle, hypostome, stem, stalk, and basal
disc—show certain distinctive features in their histochemical patterns. These
regions are formed by the participation of different types of cells in varying propor-
tion (Mookerjee and Sanyal, in the press) and often contain certain specialised cells.

Tentacle—Tentacular ectoderm is formed largely by the volvent and glutinant
nematocysts and a few slender epitheliomuscular cells. It is highly positive for

3
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alkaline phosphatase and shows violet metachromasy of basophilia and a faint
reaction of proteins. The nuclei are pycnotic in appearance. Endoderm is formed
solely by nutritive muscular cells which are of smaller size and highly vacuolated
nature resulting in weaker reaction for all the tests.

Hypostome—The ectoderm is formed by epitheliomuscular cells, cnidoblasts
and a fair number of nerve cells, The region gives a weak histochemical reaction
for alkaline phosphatase and RNA but moderate reaction for protein. The endo-
derm is highly interesting. The endodermal wall is thrown into a number of folds,
the free surface of which (cells guarding the inner side of the mouth opening) is
formed by & row of specialized gland cells. This innermost layer in the hypostomal
endoderm is highly positive for alkaline phosphatase, RNA and protein. In fact,
it is the region of highest cytochemical activity in the body of the hydra. The
inner portion of the folds, formed largely by nutritive muscular cells, appears vacuo-
lated and shows only a moderate localisation of these substances.

Upper region of the body—The ectoderm abounds in interstitial cells. The
ectoderm shows a weak reaction for alkaline phosphatase but intense basophilia.
The endoderm is rich in alkaline phosphatase and shows a moderate basophilia.
Protein is present in about the same quantity in both the layers.

Stalk—Cytochemical activity in the ectoderm of stalk is weaker, due to the
scarcity of interstitial cells; otherwise this region resembles the rest of the animal
in essential points. Endoderm cells are vacuolated like those in the tentacles and
secretory cells are fewer resulting in weaker histochemical reactions.

Basal disc—The ectoderm is formed only of specialised muscle cells and nerve
cells which-form a flat surface for attachment. The cytoplasm of the muscle cells
shows a fibrous appearance. It gives a diffuse and moderate reaction for alkaline
phosphatase and basophilia but the cells are rich in protein. Endoderm adjacent
to basal disc shows a greater substance localisation than the neighbouring endoderm
of the stalk.

DiscussioN

The results of this study of substance localisation in hydra show that the
different cell-types vary in their cytochemical make-up. Text-Fig. 1 presents a
comparative account of localisation reaction in the different cell-types. Most
active are the interstitial cells of ectoderm and .the secretory gland cells of endo-
derm. The former comprise the most numerous of the cell-types in hydra (Mookerjee
and Sanyal, in the press) and the intensity of substance localisation in them, specially
that of RNA, is suggestive of great synthetic activity. In view of their well-known
proliferative nature, and the not infrequent mitotic figures, the interstitial cells
appear to be the sites of intense protein synthesis. This is also evident from the
Hg-BPB reaction (after Mazia ef al., 1953) signifying protein localization. Brachet
(1957) has raised doubts about bromophenol blue as a cytochemical reagent, as
the reaction is greatly modified by ribonuclease digestion. In the present work,
it has been observed that regions apparently devoid of RNA, e.g., cytoplasm of
the eplthehomuscula.r cell, give positive reaction in bromophenol blue. Although
this is not conclusive ev1dence it seems reasonable to assume that regions stained
by this dye contain some amount of protein. The technique has been specially
useful for the epitheliomuscular cells, as these cells have not given positive reaction
in other tests. The secretory gland cells are the chief sites of RNA among the
endoderm  cells. This is obviously related to their secretory function.

It is seen that the interstitial cells have little alkaline phosphatase, but it is
to be remembered that in recent studies (Vorbrodt, 1958) association of alkaline
‘phosphatase with protein synthesis has been seriously questioned.

The interstitial cells in hydra have been repeatedly regarded as totipotent
(Strelin 1928, Brien and Reniers, 1950, etc.). In the present investigation no
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indication is obtained as to their transformation into other cells except into cnido-
blasts. Transitory stages in cnidoblast differentiation could be easily identified
and the concomitant eytochemical changes could also be observed. Of particular
interest is the gradual loss of basophilia during cnidoblast differentiation. Changes
in alkaline phosphatase during the cnidoblast formation could not be followed as
most of the structural details are lost after fixation.  However, it is seen that there
is no significant change in the early stages of the process, although later nemato-
cysts are seen to differ in their alkaline phosphatase content. The structural
changes during the formation of different types of nematocysts of hydra have been
recently studied by Chapman and Tilney (1959 @, b) with the electron microscope.
Whatever be the biochemical factors involved in their differentiation, there is one
common denominator, i.e., loss of cytoplasmic basophilia. A similar loss is expected
to be encountered in case of transformation to other ectodermal cells, as basophilia
in other cells is always lesser. It has already been seen that there occurs a loss
of basophilia during bud formation and gametogenesis (see Brachet, 1950, p. 440).
Indications are also available that ribonucleoprotein particles of the cytoplasm
in interstitial cells are involved in synthesis of a protein-rich cell product during
differentiation of nematocysts (Slautterback and Fawcett, 1959). From all these,
it appears not unlikely that differentiation of interstitial cells is related to nucleic
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Diagrammatic representation of comparative cythochemical localisations in the .
different cell-types of hydra. Reactions within nematocysts have not been shown.
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acid synthesis. Support for this idea is available from the observations of Mookerjee
and Bose (in the press) where increased gonad differentiation was obtained in hydra
after exposure to thymus nucleic acid, whereas sodium nucleate from yeast was
ineffective.

Absence of detectable amounts of RNA and alkaline phosphatase in the cyto-
plasm of epitheliomuscular cells and the RNA in nutritive muscular cells poses
a problem for their maintenance. At the same time these cells are only rarely
seen in mitotic stages. The nuclear aspects of the different cells are being investi-
gated by Mookerjee and Nagarajan (in preparation).

The histochemical pattern in the different regions of the body of hydra is
understood to be functionally significant. The most active region is found to be
the ‘hypostome endoderm which, according to McConnel (1929), undertakes the
acid-phase of food digestion. But how far this is related to the high metabolic
activity ascribed to this region in the axial gradient concept (Child 1941, for review)
is not known. The upper two-thirds of the stem also regarded as stomach (Hyman,
1940), undertakes digestion and assimilation of food and shows greater intensity
of substance-localisation. Recently Nair and Sane (1958) have confirmed our
previous observation (Sanyal and Mookerjee, 1956) that the endoderm is highly
positive in alkaline phosphatase and they have related it to absorption of glucose.
It is seen that the endoderm is immediately related to the functions of alimentation,
and the protein containing basophilic bodies observed on some occasions in the
endoderm cells can bear relation to the state of nutrition of hydra at the time of
fixation.

The endoderm cells in the tentacle and the stalk are vacuolgted and conse-
quently show decreased cytochemical activity. But the basal disc, which forms
the ofgan of attachment, shows a comparatively higher localisation reaction in
both the ectoderm and endoderm in comiparison to the stalk. Kepner and Miller
(1928) have distinguished the endoderm adjacent to the basal disc as a distinct
histological region. Cytochemical findings suggest that these are involved in the
secretory processes of these cells. Accumulation of RNA in this region points
to the pretein nature of the secretion. - ’

Finally, the regionality of cytochemical localisations in tentacle, hypostome,
stem and basal disc seems to lend support to the concept of these regions as different
individuation fields within the body of a hydra, as has been recently put forward
{Mookéfjee and Sanyal, in the press).
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ExPLANATION OF PraTe VI

Photomicrographs showing cytochemical localisations in the ceéll-types of hydra—
Fig. 1. L.S. of hydra showing distribution of alkaline phosphatase. The reaction is intense
] in endoderm cells. (x900).
Fig. 2. LS. of hydra showing distribution of RNA. Tae interstitial and secretory gland
oells are mcst poitive. (X 1160). ) )
Fig. 8. L.8. pf hydra showing cistribution of DNA. Smaller nuclei of interstitial and sseretory
gland cells show more intense localisation than the larger ncelei of epitaeliomuscular
and nutritive muscular cells. (X 1500).
Fig. 4. L.8. of hydra showing distribution of protein. The interstitial cells are most reaoctive.
The epitheliomuscular cell shows strands of stained area within it. (x900).
(Em—Epitheliomuscular cell, In—Interstitial cell, Cn,-—Penetrant nematocyst, Cn,—
Glutinant nematocyst, Sg—Secretory gland ceil, Nm—Nutritive muscular ocell).
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EXPLANATION OF Prate VII

Photomierographs showing distribution ¢f Alkaline phosphatase and RNA in tue different
regions of hydra.—

Fig. 5. Alkaline phosphatase in the hypostome and tentacle region, note mazimum concen-
tration in the bordering endoderm. L.S. (Xx200). .

Fig. 6. RNA in the hypostome and tentacle region. The ectoderm is poorly localised, the
endoderm is rich in RNA. L.8. (x340). . .

Fig. 7. Alkaline phosphatase in the stem region. Localisation is more intense in endederm.
T.8. (x260). :

Fig. 8. RNA x(n the ts)bem region, RNA is localised in the interstitial and secretory gland oells.
The ectoderm shows a greater concentraticn. T.8. (x340).

Fig. 9. Alkaline phosphatase in the stalk and basal disc region. Note fibrous nature of the
ectoderm. The adjoining endoderm is highly positive. L.B. (x380). .

Fig. 10. RNA in the stalk and basal disc region. The ectoderm in the basal disc is most posi-
tive L.8. (x340).



