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Abstract: Background: Recently a tropical isolate Penicillium citrinum was demonstrated to express a-amylase
activity with starch as carbon source and certain nitrogen compounds as growth constituents. Materials and
methods: In this current investigation, a defined medium having the vitamins thiamine as a source of coenzyme and
biotin as a source of coenzyme as well as a carrier of CO, but with potassium nitrate as an organic source of
nitrogen for growth was inoculated with spore suspensions of approximately 6x10° spores per ml of a same previous
tropical strain of Penicillium citrinum (Adejuwon et al. 2015, Report and Opinion 7(6): 38-40.). The carbon source
of growth was varied and was independently bread, starch, maltose, sucrose, lactose, glucose and galactose.
Incubation was at 30°C. Extracellular proteins produced in medium during the process of growth were analysed for
a-amylase activity. Results: The tropical strain Penicillium citrinum exhibited a-amylase activity with all the carbon
growth compounds used in the investigation. Maximum o-amylase expression was with starch and was 527 units/mg
protein observed on the 5™ day of inoculation of medium. Slight delayed expression was with maltose, lactose and
sucrose with activity expressed starting 2™ days for maltose and lactose but expressed starting 3™ day of inoculation
of medium for sucrose. Conclusion: The vitamins thiamin and biotin with all the carbon compounds used in the
investigation supported expression of a-amylase in Penicillium citrinum with potassium nitrate as nitrogen source
for fungal growth at 30°C. The role of thiamine might be in a decarboxylation process in the carbohydrate
catabolism with potassium nitrate suggestively playing a role in DNA regeneration. Maltose lactose or sucrose as
carbon source for growth with potassium nitrate as nitrogen source seem not to support much early expression of a-
amylase in Penicillium citrinum.
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1. Introduction 2. Materials and Methods
a-Amylases are hydrolytic enzymes and 2.1 Source of Isolate and Its Identification
endoamylases capable of degradation of starch The Penicillium citrinum (PEN 04) used in this
randomly along the polysaccharide fragment unlike - investigation was a tropical strain and a part of the
amylases or exoamylases which are stepwise in culture collection of Professor Patrick O. Olutiola of
degradation starting from an end of same the Department of Microbiology, Obafemi Awolowo
polysaccharide fragment (Aiyer, 2005). University, Ile-Ife, Nigeria, West Africa. It was
There have been reports of production of a- isolated from decaying citrus fruit and identified at the
amylases by vast number of fungal cells (Adejuwon, Seed Health Unit of the International Institute of
2013). Tropical Agriculture (IITA), Ibadan, Nigeria.
In this present investigation, a defined growth Mycological techniques contained in the illustrated
medium with biotin and thiamin as sources of vitamin Handbook of Fungi were used in identification
and potassium nitrate as nitrogen source of fungal (Hanlin, 1990).
growth was inoculated with spore suspensions of
Penicillium citrinum. The observed effect of varied 2.2 Culture Conditions and Inoculum
carbon source for fungal growth on a-amylase activity The isolate Penicillium citrinum (PEN 04) was
expressed in the fungus is herein reported. cultured and maintained on 1% malt yeast extract-

glucose agar slants and plates. The fungus was
subcultured into test tubes of the same medium and
incubated at 30°C. One hundred and twenty-hr-old
culture was used in this investigation. According to
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the modified methods of Olutiola and Ayres (1973)
and Adejuwon et al. (2015b), culture was grown in a
defined medium of the composition: MgSO,4.7H,0 (0.1
g), KoHPO, (2 g), KH,PO, (0.5 g), L-cysteine (0.1 g),
biotin (0.005 mg), thiamine (0.005 mg) and
FeSO,.7H20 (1 mg) with potassium nitrate as nitrogen
source (9.9 g) and a carbon (10 g) source (Sigma) in 1
litre of distilled water (Adejuwon et al., 2015b). The
carbon source of fungal growth used in the
investigation was varied. It was independently bread,
starch, maltose, sucrose, lactose, glucose and
galactose. Conical flasks (250 ml) containing 100 ml
growth medium were inoculated with 1 ml of an
aqueous spore suspension containing approximately
6x10° spores per ml of isolate. The spores were
counted in a Neubauer counting chamber (Olutiola et
al., 1991; Adejuwon, 2011). Experimental and control
flasks were incubated without shaking at 30°C
(Olutiola and Nwaogwugwu, 1982). Protein content of
the inoculated medium was determined (Lowry et al.,
1951).

2.3 Enzyme Assay
2.3.1 a-Amylase

In this investigation, o-amylase activity was
determined using the method of Pfueller and Elliott
(1969). The reaction mixtures consisted 2 ml of 0.2%
(w/v) starch in 0.02 M citrate phosphate buffer, pH 6.0
as substrate and 0.5 ml of enzyme Experimentals and
controls were attendantly monitored. Optical density
readings were taken at 670 nm. One unit of a-amylase
activity was arbitrarily defined as the amount of a-
amylase which produced 0.1 percent reduction in the
intensity of the blue colour of starch-iodine complex
under conditions of the assay. Specific activity was
expressed as o-amylase units per mg protein
(Adejuwon et al., 2015b).

3. Results
3.1 Interpretation of Results

The carbon compounds used in this investigation
supported a-amylase production by Penicillium
citrinum. The nitrogen source for fungal growth was
potassium nitrate. a-Amylase activity detected in
growth medium with hours of incubation are
presented in Table 1.

When bread as carbon source of fungal growth,
a-amylase activity expressed by our tropical strain of
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Penicillium citrinum was 15 units/mg protein at day
24hr. Activity increased with days of incubation and
was at optimum 118 units/mg protein at 96 hr. o-
Amylase activity thereafter decreased steadily to 30
units/mg protein at 240hr.

With starch was carbon source of growth, o-
amylase activity expressed by our fungal strain was 45
units/mg protein at day 24hr incubation. Activity
increased with days of incubation reaching an
optimum 527 units/mg protein at 120hr. Activity
declined steadily thereafter to a 68 units/mg protein
expressed at 216hr and 240hr incubation.

When maltose was carbon source, o-amylase
activity was nil at 24hr incubation. Activity was
detected at 48hr and was 8 units/mg protein. Activity
increased daily with optimum expressed as 458
units/mg protein at 168hr. Thereafter there was a
decline to 128 units/mg protein expressed at 216 and
240 hrs.

With sucrose as carbon source, o-amylase
activity was nil at 24hr and 48hr incubation. Activity
was 29 units/mg protein at 72hr incubation. Optimum
activity was expressed at 168hr and was 124 units/mg
protein after which there was a steady decline.

When lactose was carbon source, o-amylase
activity expressed by the tropical strain Penicillium
citrinum was nil at 24hr incubation. Activity was
detected at 48hr incubation and was 7 units/mg
protein. a-Amylase activity increased daily with days
of incubation and was an optimum 88 units/mg protein
at 192hr incubation. Activity declined to a 39 units/mg
protein at 240hr.

With glucose as carbon source, o-amylase
activity was 3 units/mg protein at 24hr incubation.
Activity increased steadily with days of incubation
with an optimum expressed as 96 units/mg protein at
168hr. Thereafter a steady decline in activity was
observed falling to 62 units/mg protein at 240hr
incubation.

With galactose as carbon source, o-amylase
activity expressed by our strain of Penicillium
citrinum was 3 units/mg protein at 24hr incubation.
Activity increased steadily with hours of incubation
and was an optimum 131 units/mg protein 168hr
incubation. A decline was thereafter observed and was
60 units/mg protein at 240hr.

The measurements were the specific activity of
a-amylase and the values were in units/mg protein.
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Table 1: Effect of carbon source on amylase activity produced by Penicillium citrinum

Days
Carbon Source 1 2 3 4 5 6 7 8 9 10
Bread 15 41 40 118 47 42 37 36 34 30
Starch 45 77 207 320 527 229 184 126 68 68
Maltose 0 8 109 128 144 154 458 138 128 128
Sucrose 0 0 29 52 54 66 124 115 110 62
Lactose 0 7 9 15 15 21 58 88 47 39
Glucose 3 14 40 47 62 91 96 69 68 62
Galactose 3 16 18 30 43 51 131 92 65 60

4. Discussion

The tropical strain Penicillium citrinum exhibited
a-amylase activity with potassium nitrate as the source
of nitrogen for growth and with all the carbon growth
compounds used in this investigation at 30°C.
Maximum o-amylase expression was with starch and
was 527 units/mg protein. This was observed on the
5™ day of inoculation of medium. There was slight
delayed o-amylase expression with maltose, lactose
and sucrose as carbon source, with activity expressed
starting 2" days for maltose and lactose but 3" day of
inoculation of medium for sucrose. The vitamins
thiamin and biotin used in the investigation seem to
support expression of o-amylase in Penicillium
citrinum. This is in line with previous investigation
(Adejuwon et al., 2015b). The role of thiamine might
be in a decarboxylation process in the carbohydrate
catabolism with potassium nitrate suggestively
playing a significant role in DNA regeneration since
the basis of all protein syntheses, enzymes inclusive,
is the DNA. Magnesium in the form of Mg®" is
necessary for actions of hexokinase in the microbial
metabolism of glucose to glucose-6-phosphate as
observed in the Emden Meyerhoff pathway. Herein
MgS0,.7H,0 plays a vital role as a constituent of our
growth medium (Adejuwon, et al., 2015a). However
we also need to bear in mind that fungi actually
produce extracellular enzymes in their degradation of
substrates.

Of the carbon compounds used in our study,
starch as carbon source for fungal growth with
potassium nitrate as nitrogen source seem to best
support a-amylase production by our strain of
Penicillium citrinum at 30°C in tropical Nigeria, West
Africa. However, slight delayed expression should be
envisaged with maltose, lactose and sucrose.
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