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The present study provides information about nutritional deficiencies of six
species of Basidiomycetes and the role of different sources of carbon as a
nutritional factor on the vegetative growth. Six fungi, three from each of
the Genus Fomes (F. senex Nees and Mont., F. fastuosus Lev, and F. durissi-
mus Lloyd.) and Ganoderma (G. applanatum (Pers.) Pat., G. lucidum (Leyss.)
Karst. and @. colossus (Fr.) Bres.) were selected. To evaluate the role of
carbon on the growth of the test-fungi, different sources of carbon including
sugars and organic acids were used. Of these, sucrose and citric acid were
found to be the best sources of carbon for growth. In case of G. colossus, it
was observed that maltose was the best source of carbon after twelve days of
growth, although, initially, sucrose appeared to be the best source. Another
peculiarity, noted in case of G. lucidum, is that oxalic acid was the best
source for the first four days, while citric acid was the best source of carbon
during the rest of the incubation period.

INTRODUCTION

In the present investigation, the role of carbon sources on the vegetative
growth of six species of Basidiomycetes has been recorded. The fungi, under
consideration, belong to two allied genera, viz. Fomes and Ganoderma of the
family Polyporaceae. Of each genus, three allied species, common in West
Bengal, viz. F. senex Nees and Mont., F. fastuosus Lev., F. durissimus Lloyd.,
G. applanatum (Pers.) Pat., G. lucidum (Leyss.) Karst. and G. colossus (Fr.)
Bres., were selected. This investigation is a contribution to the series of
‘Physiology of Higher Fungi’ published earlier (Samajpati and Banerjee 1967).

References on nutrition of carbon by Basidiomycetes are not extensive.
Hirayama (1938) studied the carbon requirements of three species each of
Fomes and Polyporus and concluded that hexoses and pentoses are mainly
the best sources of carbon. Herrick (1940) stated that glucose, fructose,
mannose and galactose were good sources of carbon for two isolates of which one
isolate of Stereum gausapatum showed better growth on fructose. Mannose
was found to be the best source of carbon for Coprinus sp., whereas xylose was
the best source of carbon for Psalliota bispora. Mizumoto (1956) reported
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that 5 per cent sucrose was the best source of carbon for the growth of four
gspecies of Lenzites. De Baun ef al. (1950) reported that Lentinus lepideus
and Trametes cinnabarina were able to form oxalic acid if a-ketoglutaric acid
was supplied. Tichy (1955) studied the effect of organic acids on six species of
Polyporaceae and concluded that 2-5-4 per cent concentrations of acetic acid
were unable to produce any inhibitory effect on these fungi. Robbins and
Hervey (1963) observed that ferulic acid was a new co-factor for growth of
Polyporus schweinitjic. Chahal (1967) reported that Polyporus adustus,
P. (Polystictus) versicolor and Tremella albida grew well on cellulose. Samajpati
and Banerjee (1967) reported that oleic, stearic, linoleic and palmitic acids in
combinations had maximum stimulatory effect on the vegetative growth of
three species of Fomes and Ganoderma.

MATERIALS AND METHODS

For the present investigation fungi were collected from Calecutta and
its suburbs.

From freshly collected basidiocarps of all the fungi, tissue-cultures were
made following the method of Dugger et al. (1917). These were subcultured
and used during the present investigation.

As stated in details by Samajpati and Banerjee (1967), glucose-casein
hydrolysate basal medium (Leonian and Lilly 1945), which was recommended
as a well-balanced medium by Lilly and Barnett (1949), was selected for the
purpose.

The standard basal medium was first prepared without any carbon source.
After preparation the following carbon sources were separately added to each
medium in several conical flasks, as 10 gm per litre of each of lactic, citric,
succinic, oxalic and acetic acids, sucrose, galactose, maltose, mannitol, lactose
and starch.

Pyrex Erlenmeyer flasks (250 ml) were used as culture vessels. In each
of the required number of flasks, 25 ml of the medium was taken. They were
plugged and sterilized at 15 1b pressure for 15 minutes, and inoculated employ-
ing Lindeberg’s (1944) method of inoculation. The inocula consisted of agar
discs (56 mm diameter) punched out aseptically from the advancing zones of 10
days old vigorously growing mycelia on malt-agar in Petri dishes. These were
then placed separately on fresh malt-agar plates and incubated for 24 hours at
30 °C (Norkrans 1953). After inoculation all the flasks were incubated
(stationary) in an incubator at 30 °C in darkness.

Sufficient number of flasks were incubated to provide five replicates for
each treatment for 20 days. The length of incubation period, necessary for
optimum growth for each treatment, was predetermined by running a series of
experiments. Every fourth day, five replicates of each treatment were
harvested five times and the contents were filtered through a tared filter-paper



70 NIRMALENDU SAMAJPATI & SACHINDRANATH BANERJEE

(Whatman No. 1), using a Buchner funnel. The residual mycelia were washed
with distilled water to remove any trace of the medium and then dried at
60 °C in an oven, for 24 hours. After drying, they were kept in a closed
vacuum desiccator cooled, and later weighed in a chemical balance (Sartorius).

The quantitative data thus obtained on individual test nutrients are based
on the average dry weights of mycelia produced in the test medium of five
flasks. In all the experiments, the pH of the medium for growth of each
fungus was maintained by N/15 phosphate buffer.

REsvrTs

The results obtained during the experimental period are given in Tables
I-TII. It is evident that sucrose is the best source of carbon among the sugars,
for all the species of Fomes and Ganoderma under consideration. Maltose is
also found to be suitable for growth next in importance to sucrose, while
lactose, galactose and starch have but poor effects. Mannitol has also been
found to have some effect on the vegetative growth of all the fungi. In
case of (. colossus, however, it was observed that maltose is the best source of
carbon for vegetative growth after twelve days of incubation, although, in the

TasLe I

The effect of different carbon sources (T) on the vegetative growth (mg[25 ml) of different species
(¥) of Fomes and Ganodermea

Vegetative growﬁh

Jarbon source Fungus T-mean

@, appla- Q. luei- . colos- F.sen- F. fastu- F.duris-

natum dum sus ex 0sus stmaus
Control Lo 20347 303-4 304-8 106-2 113:3 121-8 207-2
Sucrose .. 3049 306-3 309-6 110-2 116-2 126-2 212.2
Galactose ..o 2931 3026 303-0 106-2 1184 124-0 207-8
Maltose .. 3038 303-8 311-6 109-2 1184 124-0 212-1
Mannitol .. 3039 306-3 309-6 1075 116:6 123-0 211-1
Lactose .. 290-6 295.1 296:0 98-4 113-8 1208 202-4
Starch .. 3095 307-6 305-0 110-6 108-3 113-8 209-1
Lactic acid .. 2802 302-5 290-0 106-8 116:6 1314 204-4
Citrie acid .. 3066 305-2 306-0 109-9 117-4 129-1 212-3
Ozxalio acid .. 2759 301-7 303-0 106-0 1135 1217 2036
Succinic acid .. 2082 303-7 304-7 109-1 115-8 1237 209-2
Acetic acid .. 2969 295-1 304-0 103-8 111-6 118-2 204-9
F.mean ..o 2064 302-9 3039 107-0 1150 123-1
S.E. for F = +0-000728 C.D. for F at 5 per cent of probability = 0-002024
S.E. for T = *+0:001 C.D. for T at 5 per cent of probability = 0-002781

S.E. for FXT = 10-00253 C.D. for F x T at b per cent of probability = 0:00703
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initial stages up to the twelfth day, sucrose had shown the best effect. Citric
acid was found to have maximum stimulatory effect on the vegetative growth

TasLe IT

The effect of incubation periods (I) on the vegetative growth (mg)25 ml) of three species
(F) of Fomes and Ganoderma

Vegetative growth

Incubation

Fungus T -mean
period (days) g °

G. appla- G. luci- Q. colos- F.sen- F. fastu- F. duris-

natum dum sus ex osus simus

4 281-6 281-5 283-0 98-8 1046 1113 193-5

8 289-5 2919 293-2 1041 111-5 117-5 201-3

12 296-8 302-7 3040 106-8 116-2 125-7 208-7

16 303-6 3139 314-1 110-2 119-6 1279 214-9

20 310-6 324-4 325-3 114-9 123-1 132-8 221-9
F-mean 296-4 302-9 303-9 107-0 115-0 1231

S.E. for I = +0-000663 C.D. for I at 5 per cent of probability = 0-001843

S.E. for F xI = +0:00161 C.D. for F I at 5 per cent of prohability = 0-004477

TasrLe IIT

The effect of incubation period (1) on the effect of different carbon sources (T) on the vegelative
growth (mg|25 ml) of three species of Fomes and Ganoderma

Vegetative growth of three species of Fomes and
Ganodermua

Carbon source - T-mean
Incubation period (days)

4 8 12 16 20

Control .o .. 1933 200-6 2071 2140 2211 207-2
Sucrose .. .. 1962 205-2 212-3 220-0 2274 212-2
Galactose .. .. 193-7 201-0 208-1 2145 222-0 207-8
Maltose . .. 199-0 204-4 212-1 218-9 226-2 212-1
Mannitol .. .. 1956 203-9 2117 2185 225-9 211-1
Lactose N . 1857 1937 205-1 209-8 217-8 202-4
Starch .. .. 1940 203-5 211-2 215-1 222.0 2091
Lactic acid .. .. 1909 200-4 199-3 212-2 218-8 204-4
Citrie acid .. .. 19738 205-2 2155 218-7 224-6 212-3
Succinic acid .. .. 1957 203-0 210-2 215-4 221-7 209-2
Oxalic acid .. .. 1908 197-3 204-4 209-6 216:1 203-6
Acetic acid .. .. 1904 197-4 205-4 2121 219-2 204-9
I.mean .. .. 1935 201-3 208-7 214-9 221-9

S.E. for IxT = t 0-0023 C.D. for I x T at 5 per cent of probability = 0-006396
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of all the test-fungi among the organic acids, which is followed by sucecinic
acid. Lactic acid, oxalic acid and acetic acid have very poor effects on the
vegetative growth of all the test-fungi.

Discussion

A study on the responses exhibited by six species of Basidiomycetes, viz.
Fomes senex, F. fastuosus, F. durissimus, Qanoderma applanatum, G. lucidum
and G. colossus, under different carbon sources makes it possible to discuss, in
a general way, some of the salient features regarding the relation of carbon
sources and these fungi.

After detecting the role of different carbon sources én the vegetative
growth of test-fungi, it is noted that sucrose and citric acids are the best sources
among the sugars and organic acids respectively. The present data (Tables
I-IIT) support the findings of Hirayama (1938) and Mizumoto (1956). The
present findings on the role of different carbon sources can be explained with
the help of investigations on carbohydrate metabolism of fungi carried out by
previous investigators so far.

All the fungi under consideration, possibly break down sucrose into fruc-
tose and glucose, and maltose into two molecules of glucose. The enzymes,
B-fructofurunosidase (invertase) and a«-glucosidase, responsible for these re-
actions, are required for the purpose (Dixon and Webb 1964). Lactose is
probably hydrolysed into glucose and galactose by B-galactosidase. The
conversion of galactose to glucose-6-phosphate, an intermediate metabolite
of Emden-Meyerhof pathway, is possibly hindered here due to unknown
reasons. The respective species might possibly lack any of the specific en-
zymes of the route to glucose-6-phosphate (Perlman 1965). The utilization of
mannitol has been reported to have dehydrogenase activity for the conversion
to fructose or by oxidation of mannitol (Perlman 1965). Starch is broken
down to dextrin, dextrin into maltose and subsequently maltose into glucose
before utilization with the help of the enzyme amylases. The poor effects of
lactose, galactose and starch, as revealed from the present study, might be
due to lack of g-galactosidase and amylase activities. The peculiarity noted
in case of Q. colossus probably suggests that up to the twelfth day of incuba-
tion, both the enzymes (B-fructofurunosidase and a-glucosidase) are formed
for the matabolisms but afterwards B-fructofurunosidase is either not formed
at all or produced in inadequate quantity .due to which maltose becomes the
best source of carbon than sucrose after twelve days of growth.

Among the organic acids used, the test-fungi are able to utilize the res-
pective acids of tricarboxylic acids cycle as a source of carbon. This fact
indicates that all the fungi possibly use the TCA cycle for organic acid meta-
bolisms (Barnett and Kornberg 1960). The maximum stimuldtory effect of
citric acid further reveals the possibility of the presence of aconitase enzyme
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which is responsible for the primary interconversion of citric acid. The differ-
ence in the utilization of TCA cycle intermediates by all the fungi can be ex-
plained in all probability by the existence of permeability barriers, which
prevent free access of externally added substrate to the type intracellular
enzyme systems. Next to citric acid, succinic acid has a better effect than
others. In case of acetic acid, if the metabolism could follow the TCA cycle,
the role of acetic acid might have been better than that obtained in the present
investigation. The present findings on acetic acid responses reveal that all
the fungi under study have possibly utilized acetic acid through the glyoxylate
pathway instead of TCA cycle (Barnett and Kornberg 1960) and later by
Ochoas’ reaction pathway.
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