Journal of
Biological Sciences

ISSN 1727-3048

science ANSI@? ’

alert http://ansinet.com




Tournal of Biological Sciences 12 (1): 57-61, 2012
ISSN 1727-3048 / DOL 10.3923/1bs.2012.57.61
© 2012 Asian Network for Scientific Information

Screening of Fungal Isolates from Nigerian Tar Sand Deposit in
Ondo State for Novel Biocatalysts
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Abstract: Fungi associated with tar sand samples from Ondo State, Nigeria were isolated and identified using
standard microbiological method (serial dilution-spread plate technique). Also the isolates were screened for
some enzymes of biotechnological importance. The fungal occurrence and frequency of the fungal isolates from
the tar sand samples are Trichoderma viride BITRS-1001 (21%), Aspergillus fumigatus BITRS-1003 (10%),
Rhizopus nigricans BITRS-1004 (10%), Penicillum italicum BITRS-1005 (16%), Spondylocladiella botrytivides
BITRS-1006 (5.4%), Paecilomyces spp. BITRS-1007 (2.7%), Aspergillus flavus BITRS-1008 (8.1%),
Mycotypha microsporium BITRS-1009 (13.5%), Articulospora inflata BITRS-1010 (5.4%) and Candida albicans
BITRS-1002 (2.7%). All the 1solates elaborated enzymatic activity, which were ranked as follows: Amylase 100%
protease 100%, lipase 90%, polygalacturonase 60% and pectin methylesterase (60%). This study revealed the
array of fungi associated with tar sand and their ability to elaborate hydrolytic enzymes. Harmessing these
enzymes from the isolates would provide a clue to the biotransformation of essential nutrients of tar sand in

addition to their application in industries.
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INTRODUCTION

Microbes are a rich source of new biocatalysts
(enzymes). In nature, microorganisms have been endowed
with vast potentials. They produce an array of enzymes,
which have been exploited commercially over the vears. In
recent years, the potentials of using microorgamsms as
biotechnological sources of industrially relevant enzymes
has stimulated mterest in the exploration of extracellular
enzymatic  activity in  several microorganisms
(Akpan, 2004; Jayani et al., 2005, Alva et al., 2007).
Extracellular enzymes may be produced in liquid or solid
media. However, the use of solid media permits a fast
screening of large populations of fungi, allowing the
detection of specific enzymes and helping in the
chemotaxonomical differentiation of many microorgamsms
(Alves et al., 2002).

Although, enzymes have traditionally been extracted
from plants and animals, microbial enzymes has formed
the basis of commercial enzyme production due to the
increasing availability of these microorganisms, their ease
of improvement by the manipulation of their genes and
environment, great diversity of enzymes have been found
that cannot be obtained from plant and animal sowces
and high production capability at low cost amoeng others
(Onyeocha and Ogbonna, 1983; Alves et al, 2002;
Alanyosoye et al., 2003; Cammim et al, 2006). Thus,

microbial enzymes have found its application m textile
(amylase, cellulase, oxidoreductase);  detergents
(protease, lipase, cellulase, oxidoreductase); food
(pectinase, protease, cellulase, oxidoreductase), paper
(xylanase, oxidoreductase and lipase) and leather
(protease, lipase) industries (Alves et al., 2002).

Soils are the particulate materials of the outer crusts
of the earth surface formed through the continuous
weathering of the underlying parent rock (Arotupin ef af .,
2008). It overlies the earth’s bedrock and contains little
organic matter (Robert et al, 2006). The soil is such a
diverse environment that the microbial populations differ
tremendously from soil to soil even within the same soil
over the course of a season. The vast differences in the
composition of soils, physical characteristics and the
agricultural practices by which they are cultivated, result
in comresponding large  differences in the microbial
population both in the numbers and kinds (Pelczar et al.,
1993; Gokalp et al., 2010).

Tar sand is composed of sand, bitumen and clays
that are rich in minerals and water (Oboh et al., 2006). It 1s
present in vast amount in South Western Nigeria totaling
about the largest deposit in the World (Adebiy1 et al,
2005). Tt has an estimated reserve of about forty billion
barrels of  bituminous sand m place
(Oguntimehin and Tpmmoroti, 2007). Several types of
microorganisms have been found in association with the
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Nigerian tar sand deposit with their oil degrading ability
reported by Oboh et al. (2006) and Adebayo et al. (2009).
However, little or no work has been done in exploring
these microorgamsms as potential sources of industrially
important enzymes.

This study therefore 1s ammed at isolating fung:
associated with the tar sand samples from Ondo State,
Nigernia and the evaluation of enzymes production namely
amylase, lipase, protease, polygalacturonase and pectin
methylesterase by the 1solates

MATERIALS AND METHODS

Sources of soil samples: Soil samples were collected from
five different sites with one serving as the control at the
tar sand deposit in Gbelejuloda-Irele, Ondo State Nigeria.
The samples were collected in sterile containers and
transported to the Department of Microbiology, Federal
University of Technology Akure for immediate laboratory
mvestigations. Stock samples were kept in the refrigerator
at 4°C.

Collection of samples: Swrface of the soil sample sites for
each of the plots was cleared and samples were obtained
using the soil auger at depths of 10 cm intervals till a
depth of 30 cm (Arotupin, 2007).

Isolation of fungi from soil samples: Fungal 1solation was
carried out on the various soil samples using the standard
method of serial dilution spread plate techmique. A 10 g of
the soil samples were mixed with 90 mL of sterile distilled
water. The suspension was thoroughly mixed and used
for the isolation of associated fungi. A 0.1 mL of dilutions
107* and 10~ was plated on Sabouraud Dextrose Agar
(SDA) to which 0.1% tetracycline has been incorporated
to inlibit bacterial growth (Cappucino and Sherman,
1998). The plates were incubated at 28+2°C for 72 h.
Fungal colomes that developed were counted and
sub-cultured to obtain pure cultures. The pure cultures
of the fungal 1solates were 1identified based on the
cultural and morphological characteristics according
to Bamett and Hunter (1972). The culture was maintained
on Sabouraud Dextrose Agar (SDA) slants incorporated
with 0.1% tetracycline kept at 4°C and subcultured at
regular intervals.

Screening of fungal isolates for hydrolytic enzymes
production: The isolated fungi were screened for the
production of the following hydrolytic enzymes namely;
amylase, protease, lipase, polygalacturonase and pectin
methylesterase. The enzymatic activities were performed
by imtially growing the isolates on SDA for 72 h at
28+2°C. After that, 15 mm plug of the actively growing
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fungus was inoculated on the specific cultuwre media for
each enzyme to be investigated. The culture plates were
incubated at 28+2°C for 96 h. The production of enzyme
was determined within the incubation peried, according to
specific methodologies for each investigated enzyme
{(Onyeocha and Ogbonna, 1983; Alves et al, 2002
Akpan, 2004; Carrim et al., 2006; Damaso et al., 2008).

Determination of amylolytic activity: The method used
was described by Alves et al. (2002) and Carrim et al.
(2006). The isolates were inoculated in Nutrient Agar (NA)
with 0.2% of soluble starch (g L"), pH 6.0. After
incubation, the cultures were treated under iodine
solutions, which allowed the visualization of clear halos
around the colonies.

Determination of lipolytic activity: The media used was
as described by Carrim et af. (2006) and Damaso et al.
{2008) containing (g I.™"): peptone 10.0, NaCl 5.0, CaCl,
2H,0 0.1, agar 18.0, pH7.4. To the sterilized culture media,
previously sterilized olive oil was added in a final
concentration of 1% (v/v). This medium was inoculated
with the isolates and the presence of halos observed for
lipases.

Determination of proteolytic activity: A medium that
contained gelatin as the protein substrate was used to
detect the production of proteolytic enzymes
(Onyeocha and Ogbonna, 1983). The medium consisted of
nutrient agar (1.5%), gelatin Gurr’s (0.4%) at pH 6.0. A
stock solution of 8% gelatin was prepared by dissolving
4 gof it in 50 mL of water. This was sterilised separately.
Tt was then mixed with pre-sterilised nutrient agar in the
ratio of 5ml of 8% gelatin to 50 mL of nutrient agar. This
was poured m to plates, allowed to solidify, moculated
with the 1solates and incubated for 3 days. After
incubation, complete degradation of gelatin was
mamfested by a clear zone around the colonies. However,
observation of the clear zone was enhanced by flooding
the plates with an aqueous saturated solution of
ammonium sulphate (769 g I.™"). This formed a precipitate
with the intact gelatine, making the agar more opaque and
leading to the development of clear zones around the
colonies, the sizes of which were recorded.

Determination of polygalacturonase activity: Themethod
employed was that described by
Onyeocha and Ogbomna (1983) and Carrim ef al. (2006).
The composition of the medium included mineral salt
solution (500 mL), peptone (1 g), agar (15 g), pectin (5 g)
and distilled water (500 mI.). The medium was brought to
pH 5.0 with 0.1 M HCl and 0.1M NaOH. The plates were
inoculated and incubated at 30°C for 96 h. After this,



J. Biol Sci., 12 (1): 57-61, 2012

5.0 mL of HC1(2 mol .7™") was added to the plates and the
presence of clear halo around the colonies was mdicative
of the degradation of pectin.

Determination of pectin methylesterase activity: The
medium for pectin methylesterase detection contained the
basal medium including 1% pectin and 2% agar at pH 6.
After incubation at 30°C, the plates were treated with 1%
copper acetate. A clear zone around the fungal colony
under a bluish background was recorded as a positive
test. The sizes of the zones were recorded (Cnyeocha and
Ogbonna, 1983).

Statistics: The data of the halo diameter averages
obtained during the investigations were subjected to
Analysis of Variance and inferences made at p<<0.05 using
the SPSS 15.0 software package. Duncan’s New Multiple
Range Test was used to separate means.

RESULTS

The fungal isolates and frequency of occurrence
from the tar sand samples are shown i Table 1 with

Table 1: Occurrence of the fungal isolates in the soil samples

predomination of Trichoderma viride BITRS-1001
(21%), Aspergillus fumigatus BITRS3-1003  (10%),
Rhizopus  nigricans BITRS-1004 (10%), Penicillum
italicum  BITRS-1005 (16%), BITRS-1006 (5.4%),
Paecilomyces spp. BITRS-1007 (2.7%), Aspergillus flavus
BITRS-1008 (8.1%), Mycotypha microsporivum BITRS-
1009 (13.5%), Articulospora inflata BITRS-1010 (5.4%)
and Candida albicans BITRS-1002 (2.7%). No fungus
consistently occurred in all the soil sample sites. T. viride
occurred in sample sites Al, A2, A3, B1, B2, El, E2 and
E3; Aspergillus fumigatus in A2, Bl, El and E3;
Rhizopus wnigricans in A2, C2, D2 and E2. Also,
Penicillum italicum ocourredin A3, B2, C2, D2, El and E2;
Spondylocladiella botryticides in C2 and D2;
Mycotypha microsporium in A3, B3 C1, C2 and C3;
Aspergillus flavus in Al, A3 and Cl; Articulospora
inflata i C3, Cl and D3, while Candida albicans and
Paecilomyces occurred in C1 and D1, respectively.

In the screening of the fungal isolates for the
production of the hydrolytic enzymes (Table 2),
amylolytic activity was observed in all the isolates.

However, Mycotypha microsporium (BITRS-1009),
Trichoderma viride (BITRS-1001) and Candida albicans

Soil samples

Fungal isolates Al A2 A3 Bl B2 B3 C1 c2 C3 D1 D2 D3 F1 E2 E3 Occurrence (%)
Trichoderma viride + + + + + - - - - - - + + + 21.6
Aspergillus fiimigatus + + - R - - - + R + 10.8
Rhizopus nigricans + - - + - - + - + 10.8
Penicillum italicum - + - + + - - + + + 162
Spondvlocladiella - - - - - + - - + - - - 5.4
hotrrytioideds

Paecilomyces spp. - - - - - - + - - - - - 2.7
Aspergillus flavus + - + - - - + - - - - - - - 81
AMycotypha - - + - - + + + + - - - 13.5
microsporivem

Articulosporainflata - - - - - - + + - - + - - - 21
Candida albicans - - - + - - - - 2.7

+: Present: -: Absent: Al plot A (0 to 10 cm), A2: plot A (11 to 20 cm), A3: plot A (21 to 30 cm), Bl plot B (0 to 10 cm), B2: plot B (11 to 20 cm), B3:

plot B (21 to 30 cm), C1 plot C (0 to 10 cmy), C2: plot C (11 to 20 cmy), C3: plot C (21 to 30 cmy), D1 plot D (0 to 10 cm), D2: plot D (11 to 20 cm), D3:
plot D (21 to 30 cm), E1 Control (0 to 10 cm), E2: Control (11 to 20 cm), E3: Control (21 to 30 cm)

Table 2: Average diameter hale (cm) for the enzymatic activities of the isolates

Enzymatic activity

Isolates Amylase Protease Lipase PG PME
Trichoderma viride BITRS-1001 5.37+0.581 4.87+0.29¢ 4.83+0.17> 6.43+0.07 3.00+0.00°
Candida albicans BITRS-1002 5.57£0.7¢H 1.67+0.17¢ 3.90+0.15 0.00+£0.007 0.00+0.00°
Aspergilius BITRS-1003 2.93+0.22 1.70+0.12° 4.33£0.44% 5.80+0.15* 0.00+0.00°
Sumigauts

Rhizopus nigricans BITRS-1004 0.40+£0.10¢ 6.43£0.07° 0.63+0.63 0.00£0.007 0.00+0.00*
Penicillum italicum BITRS-1005 2.07+0.20p 0.31+0.16%® 6.43+0.07° 0.00£0.007 6.004£0.00°
Spondvlocladiella BITRS-1006 1.57+0.13® 1.0340.23% 3.17+0.33° 0.00+£0.00° 1.43+0.70°
botryticides

Pazcilomyces sp. BITRS-1007 1.23+0.15% 0.10+0.00° 317167 5.50+0.00F 0.37+0.07®
Aspergillus flavus BITRS-1008 2.97+0.82° 1.604+0.12° 6.50+£0.006 6.50+£0.00¢ 0.00+0.00°
Mycotypha BITRS-1009 6.40£0.06¢ 1.23+0.43% 3.00£0.12° 5.434£0.83 0.93+0.07
Micryosporitamn

Articulospora inflata BITRS-1010 3.03+0.52° 2.13+0.85° 0.00+0.00* 6.37+0.0% 3.73+0.27¢

Values are as Mean+SD. PG: Polygalacturonase; PME: Pectin Methylesterase. Numbers followed by the same letter among the isolates for each type of enzyme
were not significantly different according to New Duncan Multiple Range Test at p<0.05. n=3
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(BITRS-1002) had the highest enzyme activity with means
not significantly different at p<0.05. All the isolates
equally showed evidence of protease activity, but the
highest protease activity was recorded with
Rhizopus nigricans (BITRS-1004) showing halo diameter
significantly different from the other isolates at p<0.05.
Lipase activity was recorded in 90% of the 1solates with
Aspergillus  flavus  (BITRS-1008) and Pericillum
italicun(BITRS-1005) presenting the highest lipase
activity with a halo diameter of 6.50 cm and 6.43 cm while
Articulospora inflata (BITRS-1010) had no lipase activity.

Poly Galacturonase (PG) and Pectin Methy] Hsterase

(PME) activity were recorded in 60% of the isolates
respectively (Table 2). Trichoderma viride (BITRS-1001),
Aspergillus flavus (BITRS-1008), Articulospora inflata
(BITRS-1010), Mycotypha microsporium (BITRS-1009),
Paecilomyces spp. (BITRS-1007) and Aspergillus
Sumigatus (BITRS-1003) ranked highest in PG activity with
halo diameters not sigmificantly different at p<0.05 from
each other, while Spondvlocladiella botrytioides (BITRS-
1006), Pericillum italicum (BITRS-1005), Rhizopus
nigricans (BITRS-1004) and Candida albicans (BITRS-
1002) detectable  polygalacturonase
production. Tn the case of pectin methylesterase,
Penicillum italicum (BITRS-1005) exhibited the highest
PME activity at levels sigmficantly different from all other
1solates at p<0.05. Candida albicans (BITRS-1002),
Aspergillus fumigatus (BITRS-1003), Rhizopus nigricans
(BITRS-1004) and Aspergillus flavus (1008) showed no
signs of PME production ( Table 2).

showed no

DISCUSSION

The results obtamned showed that fungi constitute
part of the normal resident of the tar sand soil samples
under investigation and that they can be isolated and
cultivated for industrial exploitation. Although, the
presence of toxic metals and harmful chemical substances
m the tar sand sample present an unfavourable
environment to these fungi (Adebiyi et al, 2005
Oguntimehin and Ipinmoroti, 2007). Their 1solation from
this environment shows that these fungi have evolved
strategies of adapting to the environment and/or utilizing
these substances as energy sources. Fungi as a result of
their competitive saprophytic ability expressed by fast
mycelia growth, spores production, presence of efficient
and extensive systems of powerful enzymes are able to
utilize complex chemical substances as energy sources.
This ability of fungi make them potentially important in
nature (Akimyele and Adetuyi, 2005; Da Silva et al., 2005;
Khalid et af., 2006).

&0

The results of this investigation clearly showed that
different genera and species of fumgi are associated with
or found in the tar sand samples. A sum of ten (10) fung:
was 1solated from the tar sand as well as the control plots.
The fungal species isolated were Articulospora inflata
BITRS-1010, Aspergillus flavus BITRS-1008, Aspergillus
Sumigatus BITRS-1003, Candida albicans BITR3-1002,
Mycotypha microsporium BITRS-1009,
Paecilomyces spp. BITRS-1007, Pericillium italicum
BITRS-1005,  Rhizopus  wnigricans  BITRS-1004,
Spondylocladiella  botrytioides ~ BITRS-1006
Trichoderma viride BITR3-1001. Close observation
revealed T. viride BITRS-1001 to be dominant and the
most frequently encountered fungi in contrast with the
findings of Oboh et al. (2006) who reported the
dominance of Aspergillus spp. of the quadn-
Trichoderma, Aspergillus, Penicillum and Rhodotorula
spp. 1solated from tar sand samples from riverine areas of
the state. However, the 1solation of these fungi from the
soil shows that these fungi are physiologically and
genetically equipped to cope with the harshness in the
environment and that the tar soil constitutes a suitable
substratum for the growth of the fungi.

In the screening of the fungal isolates for the
production of the hydrolytic enzymes, the method of

and

radial diffusion in solid media indicated the activity of the
various enzymes in qualitative form (Carmim et al., 2006).
Although, extracellular enzymes may be produced in
liquid or solid media, the use of solid media however
permits a fast screening of large populations of fungi,
allowing the detection of specific enzymes and helping
in  the chemo-taxonomical differentiation of many
microorgamsms (Alves et al., 2002). The observed result
as shown m Table 2 mdicates that all the isolates
hydrolysed starch and gelatin in the medium, signalling
the production of amylase and protease, respectively.
This ability of the fungi to rapidly utilise starch have been
attributed to the fact that starch i1s the most abundant
organic carbon source in the environment serving as the
major reserve carbohydrate for higher plants (Aiyer, 2004).

However, the ability of the several fimgi to
selectively produce the various hydrolytic enzymes of
interest confirmed that microorgamsms (fungi inclusive)
are a rich sowrce of new biocatalysts in nature, that have
been endowed with vast potentials to produce arrays of
enzymes (Akpan, 2004; Jayani et al., 2005). These have
great potentials of being used as biotechnological
sources of industrially relevant enzymes (Alva et al.,
2007). Studies on the isolation, identification and
screening of fungi associated with tar sand deposit n
Ondo State Nigena are rare. This study therefore, has
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provided information on the types of fungi associated
with the tar sand deposit in Ondo State, Nigeria. The
isolates are also capable of producing potentially useful
hydrolytic enzymes. However, attention should not be
centred on the exploration of the tar sand at the expense
of the associated organisms (fungi) that possibly played
an important role in the balancing of the economy of
nature.
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