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ABSTRACT

The origin and development of the vacuolar system in Botryodiplodin sp., Botryodiplodin
theobromae Pat., Diplodia cajani Raychaudhuri and Macrophomina phaseoli (Maubl.) Ashby
have been studied.

Metachromatin in the vacuoles is absent in all the organisms studied except Macrophomina
phaseols.

Tanning are absent in the vacuoles of fungi studied.

INTRODUCTION

It was only in 1835 that Meyer for the first time depicted the large central
vacuole characteristic of the mature plant cell. Schleiden in 1838 showed
the difference between the vacuolar contents and cytoplasm. de Vries (1885)
found out the importance of the vacuolar system in the osmotic phenomenon of
the cell and showed that a mature plant cell may be compared with a small
osmometer. Went (1889) pointed out that all the plant cells contained vac-
uoles.

The question of the origin of vacuoles remained uncertain for a long time
because neither observation of living material nor fixed and stained prepara-
tions made it possible, in general, to follow the development of these struc-
tures. Rapid progress in this field was made when investigators began to
use vital dyes. The earliest workers, viz. von Mohl, Niageli, Pfeffer and
Nemec (cited by Guilliermond 1941, p. 128), concluded that the vacuoles
simply originated de novo as the cytoplasm accumulated enough water to form
visible droplets. However, there are some who believe that these vacuoles
are formed from the distinct primordia called tonoplasts, which were plastid-
like substances found in the meristimatic cells and multiplied by division of
pre-existing tonoplasts (de Vries 1885 ; van Tieghem 1888 and Went 1889).
According to P. A. Dangeard (1916), Dangeard (1923) and Zirkle (1937) these
vacuoles are permanent elements and arise by the division of pre-existing
ones. The view regarding the de novo origin of vacuoles has been strongly
supported by various authors, viz. Guilliermond (1941, p. 179) in Penicillium
glaucum and Oidium tactis, Mlle. Cassaigne (1931) in Saprolegnia, Saksena
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(1936) in species of Pythium, Bhargava (1950) in various members of Sapro-
legniaceae, Rai (1951) in Cunninghamella echinulate and Raizada (1952) in
Cunninghamella elegans.

The chemical analysis of vacuoles was done by Guilliermond and Hurel
Py (1938). They worked on the chemical nature of sphaerocrystals, the
colloidal substances and pecto-callosic masses contained in the vacuolar sap
of Saprolegnia. Bose (1950) by conducting (1) synthesis experiments and
(2) plasmolysis experiments emphasized the fact that the plant vacuoles
(especially of the fungi) most probably function as storehouses of enzymes.
Other functions attributed to vacuoles by various authors are: (i) region of
accumulation and (ii) seat of hydrolysis and synthesis.

The present work was undertaken in order to study the vacuolar system of
a few members of Sphaeropsidales, viz. Botryodiplodia sp., Botryodiplodia
theobromae Pat., Diplodia cajani Raychaudhuri and Macrophomina phaseoli
(Maubl.) Ashby.

MEeTHODS

The mycelium for supravital staining was obtained by growing the fungi
in Petri dishes (10 X 2 cm) on a solid medium containing glucose 5 g, aspara-
gine 2-0 g, MgS04. TH,0 0-5 g, K.HPO, 0-5 g, distilled water 1,000 c.c., and
agar agar 20 g. Some of the mycelium from the young colonies (2 days old) was
irrigated under the microscope with neutral red dissolved in Ringer’s solution
(NaCl 6-0 g; KCl 0-075 g; CaCl, 0-1 g; NaHSO;3 0-1 g and distilled water
1,000 c.c.).

The mycelium was studied in living condition. The concentration of
dye was 5 mg per cent. The presence of the stain in the vacuoles only was
taken as the indication that the particular hypha is living. Gatenby’s method
(Gatenby 1937) for preparation of slides for vital staining was tried with success.

For intravital staining, the fungi were grown in 1 per cent peptone
solution to which neutral red had been added in concentrations ranging from
0-25 mg per cent to 5 mg per cent. The aerial mycelium for inoculation was
taken from the actively growing colonies used for supravital staining.

Vacuolar precipitates formed by the action of neutral red were fixed
by the iodine vapour method formulated by Volkonsky (1933) and briefly
described as follows: A little of the mycelium was spread in neutral red
solution on a slide and was covered with vapours of iodine obtained by heating
a few crystals of it on one end of a pipette. The slide was then dehydrated
in spirit turpentine which in turn was eliminated.by toluene. The prepa-
ration was then mounted in iodine balsam prepared by dissolving dry Canada
balsam in a little xylol over a water bath and adding drop by drop a hot
concentrated solution of iodine in xylol till the balsam took a persistent
brown tint, ’
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The mycelium was also subjected to the following reactions to test the
presence of metachromatin and tannins:

(1) Arthur Meyer’s test for metachromatin and volutin.—The mycelium
is treated with absolute alcohol for 1 hour and then with methylene blue
for one minute. It is then washed with N/100 sulphuric acid and examined
microscopically. By this method everything within the vacuoles becomes
colourless, only the metachromatin or volutin corpuscles, if present, remain
«coloured.

(2) Tannins.—(a) The mycelium is treated with 10 per cent ferric chloride
in distilled water to which a little sodium carbonate is added. The presence
of tannin is exhibited by a blue-green colour.
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() The mycelium is treated with a solution of lead acetate for 24 hours.
If tannins are present in the vacuoles, white precipitates are formed.

(¢) The mycelium is placed in potassium dichromate solution, If
vacuoles contain tannin they are stained yellow.

(d) The mycelium is placed in osmic acid. If the vacuoles contain tannin
they are turned blackish.

OBSERVATIONS

The vacuolar system when seen without the help of vital dyes was found
to consist of small roundish and oval vacuoles in the hyphae (Figs. 1-4).
The refractive index of the vacuoles being very close to that of cytoplasm,
it is very difficult to distinguish the entire vacuolar system in a living hypha.
When observed under oil immersion lens, the vacuoles looked colourless.

Supravital Statning.—When stained with neutral red, vacuoles appeared
as reddish, orange-coloured bodies (Figs. 5-8). Soon after the treatment
with this dye a number of deeply stained particles showing Brownian move-
ment appear within the vacuoles. These are the intravacuolar precipitates.
At the tip of the hyphae the vacuoles are seen as tiny isolated bodies
intensely coloured. They collide with each other giving rise to bigger ones
by fusion, thus showing the de nmovo origin of the vacuoles. These bigger
vacuoles, by fusion, sometimes gave an appearance of a chain of round or
ellipsoidal vacuoles (Figs. 9-12). Intravacuolar precipitates were seen only
in bigger vacuoles. The less intense colour of these bigger vacuoles indicates
the dilution of the vacuolar contents.

F16.14
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Sometimes in a branching hypha the bigger vacuole passes from a parent
hypha into the daughter hypha, at the tips of which small vacuoles may be
seen.

On the death of the hyphae the stain diffuses out of the vacuoles into
the dead cytoplasm which is then coloured pink. Similarly when a dead
hypha is treated with neutral red, only the ‘cytoplasm takes up the dye,
the vacuoles remain colourless. The structure of vacuoles when stained
by Gatenby’s method was similar to that seen in the neutral red-stained
preparations.

Intravital Staining.—Vacuoles were not stained, showing thereby that
neutral red did not accumulate in the vacuoles intravitally.

Negative results were obtained in the tests for metachromatin or volutin
in the case of Botryodiplodia sp., B. theobromae and Diplodia cajani. However,
Macrophomina phaseoli showed its presence.

Tannins were absent in all the organisms in the present study.

Discussion

Long ago Guilliermond had fully established the fact that neutral red
- was almost a specific vital stain for the vacuoles, specially in plants. This
fact is confirmed from the observations of the present study described under
‘supravital staining °, where it has been demonstrated that the neutral red
remains in the vacuoles only as long as the cell is alive, but the moment
it is dead the dye passes into dead cytoplasm and the vacuoles become
colourless. Thus ‘staining of vacuoles in a cell °, as Guilliermond (1941, p. 138)
concludes after extensive study, ‘constitutes one of the best means of deter-
mining if it is alive .

It has been established by Guilliermond and his co-workers that ‘the
affinity of the vacuoles for vital dyes with some exception ... is a general
property of the vacuoles and this is not due to the presence in the vacuoles
of a specific substance corresponding to metachromatin as reported by
Dangeard (1916), but to colloidal substances whose nature may vary radically,
depending upon the species in question ’ (Guilliermond 1941, p. 131). The
results obtained by the authors for Botryodiplodia sp., Botryodiplodia theo-
bromae, Diplodia cajant and Macrophomina phaseoli confirm the view of
Guilliermond and his co-workers, and these results agree with those reported by
Allain (1935) for Phytophthora cambivora, Saksena (1936) for some species of
Pythium, Murdia (1938) for Aphanomyces, Achlya and Thraustotheca clavata,
Saksena and Bhargava (1941) for Saprolegnia delica and Bhargava (1950)
for some members of the Saprolegniaceae.

According to P. A. Dangeard (1916) and P. Dangeard (1923) vacuoles
never arise de novo and they are transmitted from cell to cell by metachromatin.
On the other hand, Guilliermond (1941) has reported that vacuoles originate
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de novo also. In the present study, formation of small globular vacuoles at
the tip of a branch and their fusion to form bigger ones support the view of
Guilliermond that vacuoles may arise de novo.

The failure of vacuoles to accumulate neutral red intravitally lends further
support to Guilliermond and Gautheret’s (1937) conclusion that the fungi
in general (except the Saprolegniaceae) accumulate neutral red in their
vacuoles only when the growth of the hyphae has been arrested.

Bailey and Zirkle (1931) have recognized two types of vacuoles, viz.
A and B, in the cells of higher plants. According to them A-type vacuoles
contain phenolic compounds, tannins, oxyflavenes, natural pigments, etc.,
while B-type vacuoles do not contain microscopically detectable quantities
of these aromatic compounds. The results obtained by the authors, for the
present organisms, show that the vacuoles of these fungi are of the B-type.
Similar results were reported by Bhargava (1950) and Mehrotra (1949) for the
organisms studied by them. The C-type vacuoles, which are not coloured
by neutral red (Bose 1950), were not present in these fungi since all the vacuoles
were coloured with this dye..

The colourless vacuoles of these fungi (when observed in unstained
preparations) seem to lack the pinkish vacuolar stain as reported by Bose (1939)
in many fuhgi.
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EXPLANATION OF FIGURES

Abbreviations.—b = branch; ¢ = cytoplasm; % = hypha; p = intravacuolar precipitates;
Vs = small vacuoles at the tip of hyphae; Vb = big vacuoles in mature hypha.

Fics. 1-4. Unstained hyphae of Botryodiplodia sp., Botryodiplodia theobromae, Diplodia cajani
and Macrophomina phaseoli respectively, showing the vacuolar system, seen under
oil immersion lens.

Fies. 5-8, Hyphae of the above fungi, stained supravitally with neutral red, showing small and
large vacuoles and the intravacuolar precipitates. Side branches are also seen
with small and large vacuoles.

Fics. 9-12, Vacuoles in the mature portion of hyphae of above fungi.

Fras. 13-14.  Intravacuolar precipitates fixed by iodine vapour method.



