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ABSTRACT

The pathway of assimilation of some oligo- and polysaccharides by Achlya aplanes,
Isoachlya unispora, I. toruloides and Saprolegnia parasitica was studied through chromatography.

Maltose was assimilated through transglycosidation and, during its assimilation, maltotriose
(an oligosaccharide) was formed in two cases. It was found to be a good source of carbon than
its hiydrolytic product (glucose). Sucrose was valueless for the growth of all the four fungi but
a mixture of glucose and fructose (hydrolytiec products of sucrose) supported good growth of the
organisms. Melibiose, lactose and their hydrolytic products (glucose and galactose) were not
suitable sources and could not be utilized by the present fungi. Raffinose was found to be a
useless source of carbon for all the fungi studied. A mixture of sucrose and melibioge (hydro-
Iytic products of raffinose) was also found to be valueless for these organisms but, on the other
hand, & mixture of glucose, fructose and galactose (final hydrolytic products of raffinose) proved
favourable. Starch was utilized through a hydrolytic pathway and during its assimilation
maltgse and glucose were formed and in one case an oligosaccharide was also synthesized.

INTRODUCTION

The substances synthesized by plants vary from simple to highly complex
forms such as cellulose and starch. Immense amount of information is found
scattered in the literature regarding the mode of utilization of these sub-
stances by fungi. Much of this information deals with few sugars only, but
critical studies on the utilizations are few. Extensive work has been done
by Steinberg (1939, 1942) on Aspergillus niger, by Tamiya (1932) on 4. oryzae,
by Volkonsky (1933, 1934) on some species of the Saprolegniaceae and by
Cantino (1949) on some aquatic fungi. Information regarding the utiliza-
tion of sugars is also available from the work of the authors like Bhargava
(1945), Kendrick and Walker (1948), Ajello (1948), Buston and Basu (1948),
Hawker (1950), Lilly and Barnett (1953), Wolf (1953), Bilgrami (1956),
Bilgrami and Tandon (1957) and Raizada (1957).

The fungi may have different pathways for the assimilation of sugars in
metabolism. Lilly and Barnett (1953) have investigated the utilization of
12 sugars, including mono-, di- and trisaccharides, by 57 fungi. These authors
were, however, unable to comment upon the possible pathway of utilization
of the oligosaccharides when they were used ‘well’ by the fungi. There are
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many evidences leading to the assumption that disaccharides, trisaccharides
and polysaccharides are hydrolyzed into simpler components before they are
assimilated but the instances cited in favour of the direct utilization of di-
saccharides are also not lacking.

The aim of the present work was to extend the knowledge and increase
the understanding regarding the utilization of sugars by fungi. Three lines
of investigations were followed: The first was to determine the ability of
the present organisms to utilize the oligo- and polysaccharides ; the second was
to determine the relative growth of these organisms when grown on these
sugars alone and on their hydrolytic products; the third was to determine
the pathway of utilization (hydrolytic or nonhydrolytic) by the present
organisms.

MATERIALS AND METHODS

The organisms under study, viz. Achlya aplanes Maurizio, Isoachlya
unispora Coker and Couch, /. loruloides Kauffman and Coker and Saprolegnia
parasitica Coker, were isolated locally from a pond using hemp seeds as baits.
Single spore cultures were made according to the method of Couch (1939).
The various carbon compounds were added to the basal medium * so that
they furnished the same amount of carbon in each case (2,000 mgm per litre).
The pH of the media was adjusted to 7-0 before autoclaving. They were
sterilized by steaming only for three consecutive days for 30 minutes daily.
The flasks containing the media were inoculated with actively growing fungi
on basal medium daily for 15 days at a fixed time (Jd- 15 minutes) by agar
disc method. They were incubated for 15 days at a temperature of 25° C.
{4 1° C.). After the incubation period the contents of the flask were filtered.
The fungal mats were washed thoroughly with warm distilled water on a
previously weighed filter paper. They were dried in an electric oven at 60° C.
for 72 hours. The dried mats were removed from the oven to a desicecator,
cooled and weighed rapidly on an analytical balance to a constant weight.
The filtrate of each day, containing different oligosaccharides or their hydro-
lytic products, was analysed chromatographically to detect the presence of
various sugars. The circular paper chromatographic method used by Tandon
and Bilgrami (1957) was employed. '

EXPERIMENTAL

The results obtained with the different oligg- and polysaccharides and their
hydrolytic products are summarized in Table 1.

* KH,PO, 0-5 gm, MgCly.6H,0 0-5 gm, NH,NO; 2:0 gm, Na,S 0-17 gm, and double
distilled water 1 litre,
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TasLe 1

Showing dry weight in mgm of Achlya aplanes, Isoachlya unispora, I. toruloides and Saprolegnia
parasitica on five oligosaccharides, their kydrolytic products and on starch

. Days of Achlya Isoachlya | I.toru- |Saprolegnia
Sugars Hydlé)ly:m incuba- aplanes UNLSpora loides parasitica

products tion dry wt. dry wt. dry wt. dry wt.
Maltose 5 7-0 4-0 56 5-3
10 20-2 22-8 16-5 21-1
15 22-0 25-3 20-4 24-0
Glucose 5 3-5 1-9 4-1 3-8
10 14-3 15:2 16-9 17-8
15 16-1 20-8 18-8 19-9
Sucrose 5 X x
10 X X X X
15 X X X
Glucose and fruc- 5 7-1 7-6 83 11-9
tose 10 189 23-8 23-6 25-4
15 21-3 26-4 255 28-5
Lactose 5 X X x X
10 X x x X
15 X X x X
Melibiose 5 X X x X
10 X X X X
15 X x x X
Glucose and galac- 5 X X X X
tose 10 X X X X
15 X X X X

Raffinose { 5 X X X X o
10 X X X X
15 X X X X
Sucrose and meli- 5 X X X X
biose 10 X X X X
15 X X X x
Glucose, fructose 5 59 6-9 4-6 7-8
and galactose 10 19-2 18-9 190 231
15 22-0 21-2 21-5 26-2
Starch 5 52 6-0 6-8 9-9
10 15-6 18-1 22-8 215
15 18-6 20-5 24-5 233

Utilization of disaccharides

Maltose (Rf. 0-54).—This sugar on hydrolysis gives glucose only. Achlya
aplanes and Isoachlya unispora were able to hydrolyze this sugar on the 11th
day, Saprolegnia parasitica on the 12th day and Isoachlya toruloides on the
15th day. In all the four cases glucose (Rf. 0-68) and maltose (Rf. 0-59)
persisted in the medium till the 15th day except in the case of I. unispora
where glucose had started diminishing from the medium on the 13th day.
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Chromatographic results showed the formation of another oligosaccharide
duaring the hydrolysis of this sugar by Achlya aplanes and Isoachlya unispora
only. This oligosaccharide was identified as maltotriose.

These organisms were also grown on dextrose (hydrolytic product of
maltose). A comparison of growth of these fungi on maltose with that on
dextrose showed that all the four organisms attained better mycelial growth
on maltose than on dextrose. Chromatographic analysis of the medium
containing dextrose only revealed that it was not totally consumed by any
of the organisms studied within the specified period.

Sucrose (Rf. 0-63).—This disaccharidc on hydrolysis breaks up into glucose
and fructose. All the fungi under investigation failed to hydrolyze this sugar
and hence no growth could be observed on it.

These fungi were also grown on a mixture of glucose and fructose (hydro-
lytic products of sucrose) and it was observed that all of them attained good
growth on the mixture. Isoachlya toruloides only was able to consume glucose
preferentially and it (glucose) was used up within 7 days.

Lactose (Rf. 0-50) and Melibiose (Rf. 0-41).—These sugars give a mixture
of glucose and galactose on hydrolysis. The chromatographic analysis of
the media revealed that none of the fungi under investigation were able to
hydrolyze these sugars and hence no growth could be obtained.

These organisms also could not utilize the mixture of glucosc and galactose
{hydrolytic products of lactose and melibiose). Both the sugars were present
in the medium till the last day of incubation in all the four cases.

Utilization of trisaccharides
Raffinose (Rf, 0-46).—This trisaccharide on complete hydrolysis breaks up
as follows:—
Fructose
/Sucrose—<
Raffinose

\Melibiose/
\Galactose

(Disaccharide) (Monosaccharide)

Glucose

It was observed that all the fungi tested failed to utilize this sugar. The
chromatographic analysis of the medium revealed that this sugar was not
hydrolyzed at any stage and the sugar persisted till the end of the experi-
ment. :

The fungi under investigation were grown in a mixture of the hydrolytic
products of raffinose, viz. sucrose and melibiose, and later in a mixture of
glucose, fructose and galactose. None of the present organisms could utilize
the mixture of sucrose and melibiose, while the mixture of glucose, fructose
and galactose was utilized well (vide Table 1). Chromatographic analysis of
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media containing glucose, fructose and galactose revealed the preferential
utilization of glucose by all the four fungi under investigation. Isoachlya
toruloides was able to consume glucose from the medium in 7 days, Saprolegnia
parasitica in 8 days, Isoachlya unispora in 9 days and Achlya aplanes in 12
days. The other two sugars, viz. fructose and galactose, persisted in the
medium till the 15th day.

Utilization of polysaccharide

Starch.—It is a polymer of D-glucose. The enzymatic hydrolysis of
starch according to Lilly and Barnett (1953) may be represented schematically
as follows:—

Starch — Dextrin —— Maltose —— D-glucose.

The chromatographic analysis of the medium containing starch showed the
formation of maltose (Rf. 0-37) and glucose (Rf. 0-67) during its assimilation.
All the four organisms produced maltose first in the medium which persisted
till the end and later it was hydrolyzed into glucose. It was formed in the
medium on the 7th day in the case of Acklya aplanes, Isoachlya unispora,
Saprolegnia parasitica and on the 11th day in 7. toruloides. In all the four
cases this sugar persisted till the end of the experiment. Isoachlya toruloides
was also able to synthesize an oligosaccharide which appeared in the medium
on the 7th day and persisted till the end.

DiscussioN

Lilly and Barnett (1953) state that there are two theories regarding the
utilization of oligosaccharide by fungi. According to Emil Fisher the oligo-
saccharides are hydrolyzed into their component sugars and then utilized.
The failure to utilize an oligosaccharide may be due to the inability of the
organisms to synthesize the necessary hydrolytic enzymes. While, according
to Richard Willstatter, oligosaccharides are utilized by pathways that do not
require hydrolysis before utilization. The present investigations support the
first view as none of the sugars were utilized through a nonhydrolytic pathway.

Both maltose and sucrose were reported to be good sources of carbon
by a large number of workers. The fungi employed during the present
studies utilized maltose through transglycosidation and it was found to be
a favourable source. Similar results were also reported by Tandon and Bil-
grami (1958) for the species of Pestalotia. 1t was further found to be a better
source of carbon than its hydrolytic product, viz. glucose. The reason for
maltose being a better source of carbon may be the presence of maltotriose
(an oligosaccharide) synthesized during the assimilation of this sugar as
suggested by Tandon and Bilgrami (1957). Sucrose proved to be valueless for
the growth of the present organisms, but, on the other hand, the mixture of.
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glucose and fructose (hydrolytic products of sucrose) was utilized well. Since
all these fungi grow favourably on the mixture of glucose and fructose, it is
evident that failure to utilize sucrose is due to the fact that these fungi are
unable to secrete the necessary hydrolytic enzyme.

The behaviour of melibiose and lactose appears to be identical in the
present case and is in conformity with the previous findings of the author that
lactose and melibjose are valueless sources of carbon for the growth of the
present organisms. None of the fungi tried was able to hydrolyze these
sugars within 15 days. They were also not able to utilize the mixture of
glucose and galactose (hydrolytic products of lactose and melibiose). In a
separate experiment the author has reported that galactose does not support
the growth of the present fungi, while glucose, which is related to it, does so.
Galactose differs from glucose in the configuration of carbon-4. It appears
that probably galactose has some inhibiting effect on the utilization of glucose.

Raffinose was found to be useless for the growth of a majority of fungi
tested by Volkonsky (1934) and Bhargava (1945). Similar results regarding
the utilization of this sugar by the present fungi were obtained. Chromato-
graphic analysis of the medium containing raffinose revealed that none of
the present fungi was able to hydrolyze this sugar. Bhargava (1945) re-
ported that failure to hydrolyze raffinose was due to the nonsecretion of the
enzyme raffinase. This explanation holds good in the present case also:
The present organisms were also grown in a mixture of the hydrolytic products-
of raffinose, viz. sucrose and melibiose and glucose, fructose and galactose
(final hydrolytic products of raffinose). The mixture of sucrose and melibiose
was found to be useless as none of the fungi could grow on it. It is due to
the fact that both the disaccharides could not be hydrolyzed by any of the
fungi as reported earlier. All the four organisms employed in the present
studies are able to grow on a mixture of glucose, fructose and galactose.

Fries (1956) reported that species growing well on maltose could also
utilize ‘soluble starch’ and in most cases even better than the maltose itself.
The results obtained by the author for the fungi employed in the present
investigation are similar. This polysaccharide was hyvdrolyzed first . into
maltose and later into glucose by all the four fungi employed during the
present investigation. One of the organisms was also able to synthesize an
oligosaccharide. Tandon and Bilgrami (1959), while working on the utiliza-
tion of starch by two species of Phyllosticta, reported that starch was not only
converted into maltose and glucose but three other oligosaccharides were also
formed in the medium.
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