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Almost all the amino acids tested have supported the vegetative growth of
Ganoderma applanatum as sole sources of carbon and nitrogen. Of these, aspartic
acid and glutamic acid have maximum effect, followed by asparagine, glycine, histidine,
proline and alanine. Lysine, citruline, and arginine have but modest effect on growth
while tyrosine and serine have almost negligible effect. Presumably, glutamic acid is
utilized by the coenzyme I-linked glutamic dehydrogenase, which has been found in
the cell free extracts of Ganoderma applanatum, via the TCA cycle. In case of aspartic
acid, aspartic dehydrogenase and aspartase have also been noticed. Possibly through
this path, the members of the series enter the TCA cycle.

INTRODUCTION

Amino acids have been found to support good growth for some hymeno-
mycetous fungi (Chahal, 1967 ; Da Santos, 1963-; Findlay, 1934 ; Fries, 1954 ;
Jennison et al. 1955, and Leonian and Lilly, 1938). There has been almost no
work on the use of amino acids as source of carbon by the members of
hymenomycetes. 1t has been found that asparagine and glycine are better sources
as amino acids for growth of Ganoderma applanaium (Pers.) Pat. ( Samajpagi, 1969).
The present investigation was undertaken to find out whether these amino acids can
be utilized as carbon sources by G. applanatum and also to elucidate the enzymatic
basis of the specific responses exhibited by the test-fungus towards amino acids as
carbon sources.
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MATERIALS AND METHODS

Test-fungus. The test-fungus Ganoderma applanatum (Pers.) Pat., was
obtained from the collection of Dr. S. N. Banerjee of the Department of Botany,
University of Calcutta, India. It was subcultured at regular intervals on potatoe
dextrose agar medium slants an{l maintained as stock-culture for further studies.

Culture medium. The glucose casein hydrolysate inmedium (Leonian & Lilly,
1945) has been selected as basal synthetic medium for growth of the fungus, as it
has been recommended as a well balanced medium (Lilly and Barne, 1949). This
medium has been used but without any carbon and nitrogen source. as such the
medium has the following composition : KHyPO,, 1.0 gm; MgSO,, 7H 30,
0.02 gm ; MnSO,7H,0, 0.01 gm ; Na,COy, 1.12 gm ; FeSO,. 7H,0, 0.02 gm ;
ZnSO,, 7TH,0, 0.02 gm ; and distilled water to make 1000 ml. This medium was
distributed in 30 ml amounts in 250 ml Erlenmeyer flasks which were used as
culture vessel and was sterilized by autoclaving at 15 Ibs pressure for 15 minutes.
All additions to this medium were neutralized, stenhzed separately and added
aseptically.

Inoculation and Incubation. The inoculation method employed in this
investigation was that of Lindeberg (1944) but with modification. A double-
layered, agar medium, of which 20 ml cleared and purified agar was allowed to
solidify before the upper layer of 15 ml was added, was prepared on a Petridish
(100 cm.) and inoculated with the fungus. The inoculum discs (5 mm diam.)
were punched out aseptically by a stainless steel cutter from the advancing zone of
the mycelium and they were then placed on a new agar plate and incubated for
24 hrs. at 30°C in diffuse light. This was necessary to overcome the shock
encountered by the fungal mycelia during punching. Each culture vessel was then
inoculated with one inoculum disc with the mycelial side upwards The purified
and cleared agar was treated with activated charcoal powder (5 mg/litre) for
removing any growth promoting substances from the agar.

After ‘inoculation, the culture vessels were incubated at 30°C on a shaking
-incubator in diffuse light which was setat 250 r pm. Sufficient culture-vessels
‘were incubated to provide five replicates of each treatment for 20 days. The length
of the incubation period necessary for optimum growth for each treatment was
-predetermined by running a series of experiments. The pH of the medium was
maintaified at 6.0 with N/15 phosphate buffer.

Measurement of Growth. After the incubation period, five replicates of each
treatment were harvested and the mycelial contents were filtered through a tared
Whatman No. 1 filter paper. The residual mycelia were washed with distilled
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water to remove any trace of the medium. The mycelia along with the tared filter
paper were then dried at 60°C for 24 hrs and weighed. The taring of the filter
paper was done under the same condition. The difference in weight was taken as
mycelial dry weight.
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All the chemicals used were of analytical grade and were obtained from
commercial sources. (]

Cell-free enzyme preparation. The cell-free extract preparations used in the
transaminase and dehydrogenase studies were prepared in the following way : To
the basal medium, sodium glutamate and sodium aspartate (0.5 per cent) and
glucose (1.0 per cent) were added, in which the fungal mycelia were grown. The

. culture-vessels were incubated for 72 hrs at 30°C on the shaking incubator. The
cells were harvested by centrifugation, and were washed twice with distilled water
and twice with M/40 phosphate buffer. During washing the liquid was squeezed
out from the mycelia through muslin to remove adhering substrate. The pHT2

E was maintained in the transaminase studies and pH 7.0 in the dehydrogenase

studies. The mycelia were next macerated in an Omnimixer for about 45 seconds
at high speed in excess buffer. The resulting mycelial fragments were again washed
with distilled water and twice with buffers and then resuspended in buffer solution
containing approximately 25 mg cells per 5 ml. This cell suspension was subjected
to disintregation in an Omnimixer at 4°C at 5000 rpm to break the individual cells.

The suspension was then centrifuged at 30,000x G for 20 minutes in the cold to

remove whole cells, the supeinatant was used for enzyme assays.
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Enzymatic studies. Transaminase activity was determined according to the
method of Romano and Nickerson (1958) Dehydrogenase activity was determined
by the method of Fahmy and Walsh (1952). Optical density readings were taken
on a Klett-Summerson Photoelectric Colorimeter.
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RESULTS

Growth with amino acids as sole sources of carbon and nitrogen.

Y

As shown in table I, aspartic acid, glutamic acid asparagine, glycine, proline
and histidine support relatively good growth followed by modest growth by lysine,
arginine, alanine, tyrosine, trytophane, while serine permit very slight growth of the

test-fungus. X
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DiscussioN

The present study on utilization of various amino acids as sole sources of

carbon and nitrogen by Ganoderma applanatum have revealed some interesting

points in the metabolism of this organism specifically and in the metabolism of the
basidiomycetous fungi in general. The amino acids b:longing to the primary
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Fig. 1. Graph showing the rate of reduction of
: 2. 3, 5-TTC by cell free extract of Gano-
& derma applanatum in the presence of
A —Extract + DPN +Sodium glutamate ;
A’'—Extract+ DPN, Extract +DPN +

Sodium aspartate ;
B —Extract+TPN +Sodium glutamate ;
and

B'—Extract+TPN, Extract+TPN+
Sodium aspartate.

series, i.e. glutamic acid series
(Samajpati, 1969) in utilized as
source of carbon. The mem-
bers of secondary series,
aspartic  acid, asparagine,
alanine, lysine, histidine, pro-
line, glycine, tyrosine, and
serine, supported the growth
of the test-fungus as carbon
sources. The tertiary members,
citruline. and quaternary mem-
bers, arginine, have also
supported the growth of the
test-fungus but the effect is
negligible in comparison to
others.

From the available data,
it can be .assumed that these
amino acids are probably
utilized by Ganoderma applana-
tum as sources of -energy
through the tricarboxylic acid
pathway. The extensive opera-
tion of the TCA cycle in the
higher fungi has been already
established. It has also been
proved that on the way of
catabolism of carbon com-
pounds by the EMP pathway
to the TCA cycle, the C-frag-
ments become incorporated
into amino acids somewhere
on the route (Burnett, 1968 ;
Nicholas, 1965). It can also
be assumed that aspartic acid
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and glutamic acid are linked with TCA cycle in presence of an ammonium acceptor
(possibly «-ketoglutarate) as it has been found that active transamination is present
or the aspartic acid is converted to fumarate in the presence of aspartase, resulting
two direct pathways between the amino acids and TCA cycle.
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