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ABSTRACT

The utilization of oligosaccharides by P. levitun Raper and Fennel, P. sclerotiorum van
Beyma, P. citreoviride Biourge and P. cyaneum (B. and S.) Biourge was studied. The medium
was chromatographieally examined to detect the presence of various sugars formed during assi-
milation. All the oligosaccharides except lactose were found to be utilized through an indirect.
pathway and almost all proved to be good sources of carbon for these organisms. The hydrolytic
products of both sucrose and lactose were utilized by the Penicillia tested. The utilization of
glucose was faster than that of either fructose or galactose except in the case of P. cyaneum where
the fungus utilized fructose earlier than glucose.

During the utilization of maltose it was found that all the Penicillia converted it by trans-
glycosidation into an oligosaccharide, maltotriose, with the simultaneous liberation of glucose.

The hydrolytic products, viz. melibiose, glucose and fructose, were formed during the assi-
milation of raffinose. The utilization of glucose and fructose was faster than that of melibiose
which persisted in the medium till the 15th day.

INTRODUCTION

Oligosaccharides are glycosidases in which hydroxyl group of one mono-
saccharide has condensed with the reducing group of another. If two mono-
saccharide units are joined in this fashion a disaccharide results and if three
then a trisaccharide is formed and so forth.

The utilization of an oligosaccharide is preceded by and dependent on
its conversion to hexoses and for this the glycosidic linkages of these sugars
must be broken down. According to Fruton and Simmonds (1958) in bio-
logical systems this change is effected either by the hydrolysis of a glycosidic
bond, with the incorporation, into the hydrolytic products, of the elements of
water, or the phosphorolysis of a glycosidic bond, i.e. addition of the elements
of phosphoric acid. Both of these reactions are catalysed by specific enzymes.
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Sometimes these enzymes, instead of breaking the glycosidic bond, replace
it. It results in the formation of new oligosaccharides. Numerous reports,
including those of Bealing and Bacon (1953) for Penicillium spinulosum, Bacon
and Bell (1953) for Aspergillus niger, Aso and Shibasaki (1953) for species of
Aspergillus, Giri et al. (1953) for Penicillium chrysogenum, Giri, Nigam and
Srinivasan (1954) for Aspergillus flavus, Bilgrami and Tandon (1957) for
Phyllosticta species and Tandon and Bilgrami (1958) for Pestalotia sp., confirm
the capability of fungi to form new oligosaccharides. While working on a
closely allied genus Aspergillus, Mehrotra and Agnihotri (1961) found different
patterns of utilization of raffinose by different species of A. nidulans group.
In A. nidulans all the hydrolytic products, viz. glucose, fructose, galactose
and melibiose, were detected in addition to raffinose. In A. variecolor, A.
quadrilineatus and A. rugulosus all the hydrolytic products except glucose
were detected, possibly due to simultaneous utilization of glucose, while in
A. violaceus only melibiose and fructose were detected.

It was, therefore, thought desirable to study the utilization of some of the
common oligosaccharides by some Penicillia. Firstly the capability of these
molds to utilize the oligosaccharides and the pathway (direct or indirect) of
the utilization of these sugars was studied and then the relative growth
of these organisms on a given oligosaccharide alone and its hydrolytic
products was determined. Also, the capacity of these molds to synthesize
any new oligosaccharides was ascertained.

MATERIALS AND METHODS

Pure cultures of Penicillium levitum Raper and Fennel, P. sclerotiorum
van Beyma, P. citreoviride Biourge and P. cyaneum (B. and S.) Biourge be-
longing to group Monoverticillata were taken for the present study. Out of
these the first two species were obtained from Dr. C. W. Hesseltine, Head, A.R.S.
Culture Collection, Northern Utilization Research and Development Division,
Peoria, Illinois, U.S.A., while the rest were isolated from the soils of Allahabad.
Czapek’s medium without carbon source (NaNOs, 30 g; KH,PO,, 10 g;
Mg80, . 7TH,0, 0-5 g; KCl, 0-5 g and 1,000 cc distilled water) served as basal
medium. The various sugars were added to this basal medium so as to furnish
4,210 mg of carbon per litre. Chemicals of high-grade purity (B.D.H. and E.
Merck) were used. 150 cc Pyrex flasks, each containing 20 cc of medium, were
steam sterilized for three consecutive days for 30 minutes daily. Different
solutions for different sugars were inoculated daily at a fixed time (415 minutes)
for 15 days with the different species by seeding spore suspensions on the surface
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of the medium. On the 16th day the fungal mats were harvested separately.
Only the mats of the 5th, 10th and 15th day were dried and weighed to determine
the amount of growth. The filtrate of each day containing different oligosac-
charides or their hydrolytic products was chromatographically analysed by the
method described by Ranjan et al. (1955) to detect the presence of various
sugars. For this a circular piece of Whatman filter paper No. 1, of 26 em
diameter, was used. Drops of equal volume (0-05 ml) were placed at the posi-
tions located for this purpose (1, 2, 3, 4-15) on the chromatogram. To facili-
tate the identification of bands equal volumes of the drops of known solution
were also kept, when necessary. Drops from control solutions were also kept
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F1e. 1. Utilization of sucrose by P. levitum (LEV), P. cyanewm (CYA), P. citreoviride (CTV)
and P. sclerotiorum (SCL).

Fic. 2. Utilization of glucose and fructose (hydrolytic products of sucrose) by P. levitum (LEV),
P, cyaneum (CYA), P. citreoviride (CTV) and P, sclerotiorum (SCL).

Fic. 3. Utilization of maltose by P. levitum (LEV), P. cyaneum (CYA), P. citreoviride (CTV)
and P. sclerotiorum (SCL).

Fic. 4. Utilization of glucose and galactose (hydrolytic products of lactose) by P. levitum (LEV),
P. cyaneum (CYA), P. citreoviride (CTV) and P. sclerotiorune (SCL).

F1e. 5. Utilization of raffinose by P. levitum (LEV), P. cyaneum (CYA), P. citreoviride (CTV)
and P, sclerotiorum (SCL).

F1e. 6. TUtilization of glucose, fructose and galactose (hydrolytic products of raffinose) by P.
levitum (LEV), P. cyaneum (CYA), P. citreoviride (CTV) and P. sclerotiorum (SCL).
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in each case. The chromatograms were run with n-butanol : acetic acid : water
(4:1:5). However, for the separation of glucose and galactose, n-butanol :
pyridine : water (6 : 4 : 3) was used to avoid the overlapping of bands of the two
sugars. The chromatograms, which had a single paper wick, were run for
about 7 hours in whichever of the above solvents, as the case might be. They
were then sprayed with a mixture of aniline-diphenylamine-phosphate (5 vols.
of 4 per cent aniline, 5 vols. of 4 per cent diphenylamine and 1 vol. of phosphoric
acid). After drying for 3-4 hours at room temperature they were heated at
100° C for 90 seconds. On the basis of bands thus obtained, the average Rf
values have been recorded at appropriate places in the text.

OBSERVATIONS

The chromatographically analysed results of the different oligosaccharides
with different species of Penicillia are graphically represented in Figs. 1-6.
The dry weight of the organisms on these sugars and their hydrolytic products
are summarized in Table 1.

Tasie T
: Hydrolvtic | Davs of in P, levitum lj‘.éfizo' P. i%:”‘ P, cyaneum
Sugars yeroty ays ol IN- | dry wt. 0 o dry wt.
products cubation . ¢ dry wt. dry wt. :
in mg . . in mg
in mg in mg
Sucrose b1 52 70 49 63
10 72 90 86 74
15 75 94 98 85
(lucose 5 54 27 66 59
and 10 82 69 92 71
fractose 15 98 95 91 71
Maltose 5 53 59 53 43
10 65 78 83 89
15 79 102 98 92
Glucose 5 62 42 20 40
10 88 78 40 656
15 89 81 o7 64
Lactose 3 25 18 15 9
10 37 27 23 13
15 42 38 32 23
Glucose bl 56 62 85 65
and 10 75 S8 102 89
galactose 15 90 96 100 95
Raffinose 5 61 46 52 32
10 70 83 72 48
15 94 110 108 656
Glucose, 5 45 52 40 60
fructose 10 72 89 74 77
and 15 79 98 72 84
galactose
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UTiLizATION OF OLIGOSACCHARIDES

Sucrose (Rf 0-53).—This sugar is hydrolysed into glucose and fructose by
most of the fungi before assimilation. In the present study also all the or-
ganisms utilized it through an indirect pathway. However, different species
started splitting this sugar at different times. P. cyaneum started hydrolysing
it on the lst day, P. levitum and P. citreoviride on the 2nd day and P.
sclerotiorum on the 3rd day. Moreover the rate of hydrolysis was also different,
with different organisms of the present study. P. sclerotiorum and P. cyancum
hydrolysed this sugar completely on the 4th day while P. levitum and P.
citreoviride could do so only on the 7th and 8th day respectively. The same
chromatogram also revealed that different fungi took different times to com-
pletely utilize its hydrolytic products, viz. glucose and fructose. Glucose
(Bf 0-63) was completely utilized by P. levitum on 9th day, by P. sclerotiorum
on l4th day, by P. citreoviride on 9th day and by P. cyanewm on 8th day.
Whereas P. levitum, P. citreoviride and P. cyaneum finished fructose (Rf 0-71)
from the medium on 10th, 9th and 5th day respectively, P. sclerotiorum could
not consume this sugar till 15th day. P. cyuncum utilized fructose earlier than
glucose and thus showed a different behaviour from the rest of the organisms
which utilized glucose first.

All the fungi not only showed good growth when grown on a mixture of
glucose and fructose (hydrolytic products of sucrose) but also consumed the
mixture within the specified time. It was also found that all the fungi except
P. cyaneuwm utilized glucose earlier than fructose, the latter utilizing fructose
earlier than glueose. While P. levitum and P. citreoviride consumed glucose in
5 days, P. sclerotiorum and P. cyaneum could do so in 6 days. Fructose was
utilized by P. levitum, P. sclerotiorum, P. citreoviride and P. cyancum on Sth,
11th, 5th and 4th day respectively.

Maltose (Rf 0-48).—The fact that this sugar on hydrolysis gives glucose only
was also confirmed by our results. All the organisms here started hydrolysing
it from the 1st day. Whereas these fungi, viz. P. levitum, P. sclerotiorum,
P. citreoviride and P. cyaneum, utilized maltose completely on Yth, 14th, 6th
and 4th day respectively, glucose persisted in their medium till 9th, 15th, 9th
and 7th day respectively.

The present study also revealed that during the hydrolysis of this sugar
another oligosaccharide was formed which persisted in the medium till maltose
was there. To determine its chemical nature the area containing the oligo-
saccharide was cut and eluted in one case with hot water and in another with
N/6 HCl. Chromatographic analysis of the solution in hot water revealed the
presence of maltose and glucose, whereas the solution in N/6 HCIl showed only
the presence of glucose. It was identified to be maltotriose.

When the species under study were grown on glucose alone (hydrolytic
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product of maltose) it was found that except for P. levitum, where growth was
better on glucose than maltose, all the fungi showed better growth on maltose
than glucose.

Lactose (Rf 0-45).—This disaccharide, which is made up of one unit of
glucose and one unit of galactose, was utilized through a direct pathway as its
hydrolytic products were not detected when the medium was chromatographic-
ally analysed. Moreover, none of the organisms of the present study could
utilize it within the specified time, i.e. 15 days.

When the present species of Penicillium were grown on a mixture of its
hydrolytic products, viz. glucose (Rf 0-64) and galactose (Rf 0-61), it was found
that both the sugars were completely utilized within the specified time.
Moreover, the growth on the mixture of hydrolytic products was much better
than on lactose in all the four cases.

Raffinose (Rf 0-40).—This sugar was utilized through an indirect pathway.
However, the hydrolysis of this sugar started at different times with different
fungi. Whereas P. levitum and P. citreoviride started hydrolysing it from
2nd day, P. sclerotiorum and P. cyaneum could do so from 3rd and 4th day
respectively. Whereas P. levitum and P. cyaneum finished the glucose fraction
by 8th day, P. sclerotiorum and P. citreoviride could do so only by 6th and 7th
day respectively. Fructose was consumed completely by P. levitum and
P. citreoviride on 11th day, by P. sclerotiorum on 9th day and P. cyaneum on
7th day. The melibiose fraction could not be completely used up by any of
the species under investigation within the specified period.

Growth of all of these Penicillia, on a mixture of hydrolytic products -
of raffinose, viz. glucose, galactose and fructose, was better than that on the
oligosaccharide itself.

Discussiox

Oligosaccharides can either be utilized through an indirect pathway,
where these sugars are first hydrolysed, with the help of specific enzymes, into
their component sugars and then consumed (Lilly and Barnett 1953), or
through a direct pathway that does not require a hydrolysis before utiliza-
tion. In the present study enzymatic system appears to function in all
cases except lactose, where its hydrolytic products could not be detected.

Sucrose, the characteristic sugar of higher plants, is generally a good source
of carbon for all the fungi. Reports of Tamiya (1932), Steinberg (1939), Blank
and Talley (1941), Cantino (1949), Mehrotra (1951), Fergus (1952) and Tandon
and Bilgrami (1958) confirm this observation. In the present case also good
growth was obtained on this disaccharide and its hydrolytic products. As
there was very little difference in amount of growth of these organisms on
sucrose and its hydrolytic products, these results could not agree with the
observation made by Hawker (1947) on Melanospora destruens where she
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reported that the amount of mycelium produced was different when this fungus
was grown on equivalent amounts of glucose, fructose, mixture of glucose and
fructose, and sucrose. However, these findings agreed with those obtained by
Tandon and Bilgrami (1957) for Phyllosticta cycadina, P. artocarpina and Pesta-
lotia mangiferae. Maltose, like sucrose, was a favourable source for all the or-
ganisms under study. Moreover, it was a better source than its hydrolytic
product, viz. glucose, for all species except P. levitum for which glucose proved
to be better than maltose. Iarlier workers have presumed three causes for
this increased growth in maltose: (i) the presence of maltotriose synthesized
during the assimilation of this sugar (Tandon and Bilgrami 1957), (ii) the for-
mation of active glucose during the hydrolysis of maltose (Tandon and Bilgrami
1958) and (iii) the presence of impurities in maltose (Blank and Talley
1941). Due to non-availability of maltotriose to the authors this point could
not be elaborated further.

Lactose, a mammalian milk sugar, is used by far fewer fungi than most
of the other disaccharides (Cochrane 1958). It proved to be a poor source in
the present study as well. Further, it was found that this sugar is utilized
through a direct pathway. Similar results were obtained by Margolin (1942)
and Tandon and Bilgrami (1958). Good growth on a mixture of its hydrolytic
products, viz. glucose and galactose, proved that the poor utilization of this
sugar was due to the absence of necessary extracellular hydrolytic enzymes.

The trisaccharide raffinose on hydrolysis yields sucrose and melibiose
which on further hydrolysis give rise to glucose and fructose and glucose and
galactose respectively. Three enzyme systems, viz. raffinase, invertase and
melibiase, are responsible for the complete hydrolysis. However, some workers
like Neuberg and Mandl (cited by Sumner and Myrback 1951) and Tandon
and Bilgrami (1958) could detect only fructose and melibiose during the hydro-
lysis of this sugar by their fungi. Similar results were obtained by Wilson
and Lilly (1958) for Ceratocystis coerulescens and Thielaviopsis basicola. These
workers attributed this activity to the secretion of the enzyme invertase.
In the present investigations three sugars, viz. glucose, fructose and melibiose,
were detected in addition to raffinose. Further, none of the organisms could
finish the melibiose fraction within the specified period, i.e. 15 days. However,
the other two hydrolytic products, viz. glucose and fructose, were finished within
the specified time. It is concluded that raffinose was first hydrolysed into
melibiose and sucrose and then the later sugar was further hydrolysed into
glucose and fructose. Melibiose could not be broken down further due to the
absence of necessary enzyme and as such it persisted in the medium till the
15th day. Absence of galactose confirmed this observation. Sucrose was not
detected in the medium, possibly due to simultaneous conversion into glucose
and fructose.

All the four species under study grew well on raffinose and as such these
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results are similar to those obtained by Tamiya (1932) for Aspergillus oryzae,
Steinberg (1939) for A. niger, Fergus (1952) for Penicillium digitatum and
Lilly and Barnett (1953) for Aspergillus elegans.

ACKNOWLEDGEMENTS

The authors are grateful to the Indian Council of Agricultural Research
for the necessary financial assistance for this study and to Prof. R. N. Tandon,
Head of the Botany Department, for the laboratory facilities.

REFERENCES

Aso, K., and Shibasaki, K. (1953). Tohoku J. agric. Res., 3, 337-357.

Bacon, J. 8. D, and Bell, D. J. (1953). J. ckem. Soc., 3, 2528-2530.

Bealing, F. J., and Bacon, J. 8. D. (1953). Biochem. J., 83, 277-285.

Bilgrami, K. 8., and Tandon, R. N. (1957). Proc. nat. Acad. Sci., India, 27, 196-203,

Blank, L. M., and Talley, P. J. (1941). Amer. J. Bot., 28, 564-569.

Cantino, E, C. (1949). Ibid., 36, 95-112.

Cochrane, V. W, (1958). Physiology of Fungi. John Wiley and Sons, Inec., London,

Fergus, C. L. (1952). Mycologia, 44, 183-189.

Fruton, J. 8., and Simmonds, S. (1958). General Biochemistry. John Wiley and Sonsg, Inc.,
New York.

Giri, K. V., Rao, P. L. N., Saroja, K., and Venkataraman, R. (1953). Naturwissenchaften, 40,
484-485, -

Giri, K. V,, Nigam, V. N., and Srinivasan, K. 8. (1954). J. Indiun Inst. Sci., 36, 259,

Hawker, L. E. (1947). Ann. Bot., Lond, (N.S.), 11, 245-259,

Lilly, V. G., and Barnett, H. L. (1953). Bull. W. Va. agric. Exp. Stu., 362 T.

Margolin, A, S. (1942). The Effect of Various Carbohydrates upon the Growth of Some Fungi.
Thesis, West Virginia Univ.

Mehrotra, B, 8, (1951). Lloydia, 14, 122-128,

Mehrotra, B. 8., and Agnihotri, V. P, (1961). Phyton, 16, 195-206.

Ranjan, 8,, Govindjee, and Laloraya, M. M. (1955). Proc. nat. Inst. Sci. Indiu, 21, 42«47,

Steinberg, R. A. (1939). Bot. Rev., 5, 327~350.

Sumner, J. B., and Myrback, K. (1951). The Enzymes. Academic Press, New York.

Tamiya, H. (1932). Acte phytochim., Tokyo, 6, 1-129.

Tandon, R. N., and Bilgrami, K, 8, (1957). Proc. Indiun Acad. Sci., 46, 274-284,

(1958). Proc. nat. Inst. Sci., 24, 118-124,
Wilson, E. M., and Lilly, V. G. (1958). Muycologia, 50, 376-389.



