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ABSTRACT

Breaking down lignocellulosic materials requires the use of cellulases which are recently been
exploited for bioremediation. This study is aimed at isolating and characterizing cellulase from
Fusarium graminearum isolated from corn cob for possible higher specific activities and greater
efficiency for cellulose metabolism. Cellulase from Fusarium graminearum isolated from corn
cob was partially purified using dialysis against 50 % glycerol and gel filtration on Sephacryl S-
200 while characterization was carried out using standard methods. The purification process
resulted in an overall yield of 10.9 % with a purification fold of 14.4. The partially purified
enzyme obtained was of 6477.5 U/mg specific activity and native molecular weight of 35.8 kDa.
Our study of the kinetic properties of the enzyme showed a cellulase with high affinity for
cellulose with K, and Vimax as 0.1352 mg/ml and 17.86 Units/ml/min. The enzyme displayed its
highest performance at 70 °C and pH 4. Mn?" had little to no impact on Fusarium graminearum
cellulase’s activity whereas Mg?" and Ca®" somewhat decreased the activity at 5 mM, this was
restored to almost 100% at 10 mM. However, Hg?" and Ba" had much impact on the activity of
the enzyme. This work shows that corn cob Fusarium graminearum cellulase could be exploited
as a potential industrial enzyme for targeted waste degradation process because of its high

activity and thermostability.
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Introduction

The rising prices of crude oil and its supply and the environmental problems like global warming
and air pollution has necessitated massive research in the development of alternative energy
technology, among all the alternative energy strategies proposed and developed, bioconversion
of biomass has been reported to be more significant than others because biomass is the most
abundant and most renewable biomaterial on our planet (Dashtban et al., 2009; Nazir et al.,
2024). Lignocellulosic biomass is made up of approximately 40—60 % cellulose, 1040 %
hemicelluloses and 15-30 % lignin and if well utilize can provide 14% of the world’s total

energy requirement, which is currently met by fossil fuels (Wu et al., 2020; Iram et al., 2021).

The degradation of lignocellulosic residues is mainly started by microorganisms such as fungi
and bacteria which are capable of degrading lignocellulolytic materials using the cellulolytic
enzyme system (Nazir et al., 2024). Cellulase is one of the world’s most sought-after industrial
enzymes because of its usefulness in the industries and in recent times for bioremediation and
biofuel production (Bhardwaj er al., 2021).The major function of cellulase is the degradation of
lignocellulose biomass into glucose monomers (Hoelker et al., 2004, Chellapandi and Jani,

2008).

Cellulase is made up of three component enzymes which work in harmony to achieve the
complete cellulosic degradation (Lo et al, 2010; Lin et al, 2009). Cellulase enzyme is widely
known to be produced during the growth of Ascomycota, Basidiomycota, and Deuteromycota
members; because they are mainly rich in cellulose (Sajithet al., 2016). Cellulase activity has
also been reported in other genera of microbe such as Trichoderma, Aspergillus and Penicillium
(Aweke et al., 2022). With regards to the hydrolysis of cellulose and cellulase synthesis, fungi
appear to be the most researched of all the cellulolytic microorganisms. Fungal cellulases are
used in many industries for textile manufacturing, waste-water treatment, food processing, feed
preparation, and detergent formulation (Iram, 2023). Filamentous fungi has been reported as one
of the top industrial producers of cellulases, preferring solid-state fermentation (SSF) as they
have adapted to low-moisture environments, such as decaying wood, oat straw, sugar cane

bagasses (Iram et al, 2021; Iram et al., 2023).

54

AfriJ.Appl.Sci. Vol. 5 (1) June 2024.



Fusarium graminearum is an important phytopathogen of crop plants that causes Fusarium head-
blight, a destructive disease of cereals. Under favorable environmental conditions, Fusarium
head-blight disease leads to serious economical losses in the agro-feeding industry. The damages
caused by this fungus change according to the geographical location of the infection, affecting
the quality parameters of grains, their weight, carbohydrate and protein composition (Kikot et al.,
2010). The virulence of Fusarium graminearum has been link to the capacity of the fungus to
produce extracellular enzymes involved in the fungal infection onto the host plant. These
extracellular enzymes have also been suggested to be responsible for the degradation of the main

components of plant cell wall (Kikot et al., 2010).

Among the various species of Fusarium isolated from diseased cereals Fusarium graminearum is
the most frequent species and very aggressive toward cereals damage, especially in wheat,
barley, maize, maize stem e.t.c. (Cosic & Jurkovic, 2000). Fusarium graminearum has been
reported to efficiently exploit inexpensive and freely available carbon sources to produce vast
amounts of extracellular enzymes which can effectively break down lignocellulosic wastes
benefiting society's strategic and environmental goals. Although the isolation and
characterization of Cellulase from Fusarium graminearum have not been extensively studied,
there are reports of isolation and characterization of other enzymes like proteases, peptidases
and amylases from Fusarium graminearum (Kumari et al., 2010; Rohan, et al., 2015; Abaildayev
et al., 2022). This study is therefore aimed at isolating and characterizing an indigenous cellulase
from Fusarium graminearum isolated from corn cob for possible higher specific activities and

greater efficiency for cellulose metabolism.

Materials and Methods

Isolation of the fungal organism

Fusarium graminaerum used in this study was isolated from corn cob at the Department of
Microbiology, Olabisi Onabanjo University, Ago-Iwoye, Ogun State, Nigeria. Organism
enrichment was done using 1 g of Carboxymethyl-cellulose (CMC) in minerals salt solution
containing (g/1): 0.2 KoHPO4; 0.4 NaNOs3; 0.01 FeSO4; 0.1 MgS04.7H>0 and 0.5 KCI. All the
media were sterilized by autoclaving for 20 minutes at 121 °C and 15 lbs of pressure, incubation

was done with shaking (150 rpm) for 5 days at 37 °C. The crude enzyme was obtained by10
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minutes centrifugation of the media at 4,000 rpm to get the cell-free supernatant, this was then

kept on 4 °C storage for further assays.

Assay of Enzyme

The action of cellulase was determined using Bernfeld, (1995) method. Exactly 0.1 ml of the
enzyme was added to 0.9 ml of 1 % CMC in 0.4 M acetate buffer pH 4.5; and the resulting
solution was incubated at 40 °C for 20 mins with time-to-time agitation. After incubation, 0.4 ml
of dinitrosalicylic acid was added to stop the reaction; after which the resultant mixture was
boiled for Smins; then allowed to cool at 27 °C. Thereafter, 3 ml of distilled water was added and
the absorbance of mixture was measured at 540 nm. Enzyme activity was then extrapolated from
a standard glucose calibrated curve with glucose concentrations varied between 0 and 100 ug. A
unit of cellulase activity was said to be the quantity of enzyme that liberated a micro-mole of

reducing sugars (equivalent of glucose) in a minute.

Determination of Protein
The concentration of protein within the enzyme mixture at the various level of purification was
accessed utilizing the procedure of Bradford, (1976); using 10 pg/ml BSA (Bovine serum

albumin) as standard.

Cellulase Purification

Dialysis against 50% glycerol

Fusarium graminearum's crude enzyme extract was dialyzed three times against 50% glycerol to
concentrate the enzyme. The 50% glycerol was made by combining equal volumes (50 ml) of

glycerol and 0.4 M acetate buffer (pH 4.5).
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Filtration on Sephacryl S-200 Gel

The sephacryl S-200 used for this work was equilibrated using 0.4 M acetate buffer (pH 4.5) and
packed in (1.5 X 25 cm) column. The dialysate (6.2 ml) obtained from the procedure before was
loaded, the proteins were eluted by washing the column with 0.4 M acetate buffer (pH 4.5);
thereafter, Sml fractions were taken at the rate of 10 ml per hour. Afterwards, concentration of
protein was observed spectrophotometrically at 280 nm while cellulase activity was routinely
assessed using the method previously mentioned. All fractions indicating presence of enzymatic

were combined “pooled” together and concentrated via dialysis against 80 % glycerol.

Cellulase Characterization

Apparent Molecular Weight Estimation

Gel filtration chromatography which used Sephacryl S-200 resin in 1.5 cmx70 cm column was
employed to estimate the molecular mass of Fusarium graminearum cellulase. Also, 1 mg/ml
blue dextran was used to determine the void volume. Standard protein used at 2 mg/ml include;
Lysozyme (13 kDa), Peroxidase (44 kDa), a-chymotrypsinogen (25 kDa), and BSA (66 kDa).
The proteins were individually run one after the other and then 100 mM Tris-HCI buffer “pH
8.5” was used to wash the chromatographic column. The proteins were surveyed
spectrophotometrically at 280 nm in 5 ml fractional eluents collected at 20 ml per hour flow rate
after which the elution volume of estimated proteins was computed. Then, 5 ml of the partially
purified cellulase from Fusarium graminearum was ran through the same column. The graph
showing logarithm of molecular weight versus partition coefficient (Kay) for the benchmark
proteins was plotted and the molecular mass of cellulase obtained from Fusarium graminearum

was interpolated from the curve.

Kinetic properties of cellulase from Fusarium graminearum

Kinetic parameters such as (Km and Vmax) of the enzyme were measured adopting the double
reciprocal plot proposed by Line-weaver and Burk (1934). Substrate (CMC) concentrations
between 0.1 and 1.0 mM were used for the enzyme assay. The graph of the reciprocal of the
enzyme activity (1/V) versus the reciprocal of the various substrate concentrations [ 1/CMC] was
plotted to generate the Kim and Vmax values while the plot of the enzyme activity (V) versus the

various substrate concentrations [CMC] was plotted to generate the Michaelis-Menten plot .
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PH Effects on cellulase from Fusarium graminearum

The influence of pH on the action of cellulase from Fusarium graminearum was analyzed using
Bakare et al. (2005)'s method by conducting an enzyme assay at varying pH ranging from 3 to 9
utilizing citrate buffer (pH 3-5), phosphate buffer (pH 6-7) and Tris buffer (pH 8-9). Graph of

enzyme activity versus the various pH values was plotted to generate the pH profile.

Temperature influence on cellulase from Fusarium graminearum

The influence of temperature on the action of cellulase obtained from Fusarium graminearum
was assessed at varying from 30 °C to 80 °C temperatures following the method of Bakare et al.
(2005). An initial incubation of the assay mixture was conducted at the stated temperature for 10
minutes before the subsequent reaction proceeded following the addition of an aliquot of the
enzyme already prepared at the exact temperature. The activity of cellulase was determined using
the method previously mentioned; the result was then plotted against the different temperature

values to generate the temperature profile.

Influence of metal ions on Fusarium graminearum cellulase

The study of the impact of metal ions on corn cob Fusarium graminearum cellulase was carried
out using MnCl, MgCl,, CaCl,, HgCl, and BaCl: till an end concentration of 5.0 mM and 10.0
mM. The enzyme was incubated for 1 hour in the presence of each of the various metals and the
residual cellulase activity was recorded. The residual cellulase activity in the absence of metal

ions was considered as control (100).

Results and Discussion
Isolation and partial purification of cellulase from Fusarium graminearum

Summarized results of the purification procedures for this study are shown in Table 1. The
cellulase produced by Fusarium graminearum from corn cob exhibited a specific activity of
6477.5 U/mg proteins, 10.4% yield, and 14.4 purification-fold. Dialysis of the crude enzyme
against 50 % glycerol greatly increased the activity of the enzyme while gel filtration on
Sephacryl S-200 gave two cellulase peaks, a prominent one and a weak one as shown in Figure
1. The cellulase with the prominent peak was used for this work. The specific activity of 6477.5
U/mg proteins obtained for the cellulase from Fusarium graminearum in this study is higher than
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that obtained from the culturing of Aspergillus niger on Arachis hypogaea shells with specific
activity of 484.3 U/mg as reported by Sulyman et al., (2020), Aspergillus niger (Van tieghem,
1867) having a specific activity of 176.2 U/mg (Ahmed and colleagues, 2015) and Penicillium
decumbens showing a specific activity of 46.6 U/mg protein (Nehad and colleagues, 2019).
Pachauri et al., (2017) reported 30 U/mg as specific activity for Trichoderma longibrachiatum.
Moreover, cellulase with lower specific activities has been reported; a specific activity of 6.63
U/mg was the result of cellulase from Pseudomonas aeruginosa IZ grown on corn cob (Itani et
al., 2017) while Pseudomonas sp. Cellulase from dump site waste has specific activity of 0.757
U/mg (Goel and colleagues, 2019).

However, the specific activity of cellulase of Fusarium graminearum isolated from corn cob
compares well with that produced by Trichoderma longibrachiatum which gave specific activity
of 6680.8 U/mg (Noor and Hameed, 2018) but lower than that of Penicillium verruculosum
cellulase having a specific activity value of 23098.95 U/mg (Sajith et al., 2015). Thus, higher
specific activity of corn cob Fusarium graminearum cellulase indicates a very active enzyme

that could be promising in industrial application.
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Table 1: Summation of the purification procedures for Fusarium graminearum cellulase

Purification Volume Activity Protein  Total Total Specific ~ Yield Purification
Procedures (ml) (U/ml) (mg/ml)  activity protein activity (%) fold
(units) (mg) (U/mg)
Crude Enzyme 20 296.6 0.657 5932 13.14 451.44 100 1
Dialysis against 6.2 697.9 0.2237 4326.98 1.38 3119.80 7294 691
50% glycerol

Gel-filtration on
Sephacryl S-200

Pool A 30 32.62 0.016 978.6 0.48 2038.8 16.5 45
Pool B 20 1.92 0.027 384 0.54 71.1 0.65 0.16
Dialysis against

80% glycerol 12.50 51.82 0.008 647.8 0.1 6477.5 10.9 14.4
(Pool A)

A unit of cellulase activity was said to be the quantity of enzyme that liberated a micro-mole of reducing
sugars (equivalent of glucose) in a minute under standard assay condition (20 min incubation at 40 °C

with 1% CMC in 0.4 M acetate buffer pH 4.5)
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Figure 1: Gel filtration chromatography of corn cob Fusarium graminearum cellulase on
Sephacryl S-200 resin equilibrated with 0.4 M acetate buffer (pH 4.5) and packed in (1.5 X 25
cm) column, Sml fractions were taken at the rate of 10 ml per hour.
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Native molecular weight

The molecular weight estimated for Fusarium graminearum cellulase was 35.8 kDa as shown in
Figure 2. This value is similar to that for Aspergillus niger (van Tieghem 1867) reported by
Ahmed et al., 2015, with an estimated mass of 34.0 KDa, Bakare et al., (2005) for the wild-type,
CRRmt24 and CRRmt4 of Pseudomonas fluorescens (36.0, 26.0 and 36.0 kDa respectively). Bai
et al., (2013) reported 33.2 kD for glucanases from Penicillium simplicissimum HI1 while Zhao
et al., (2015) reported 31.0 kDa for consortium XM?70 cellulase in terrestrial hot spring.

Lower molecular weights have also been reported, Penicillium verruculosum BS3 cellulase with
molecular weight of 17.0 kDa was reported by Sajith ez al., 2015 while Sulyman and colleagues,
2020 reported 13.5 KDa for Aspergillus niger from Arachis hypogaea shells culture. However,
heavier cellulases have been reported, in 2018, Kumar and co-workers reported a molecular
weight of 60.0 KDa for Schizophyllum commune “NAIMCC-F-03379” from degraded Lantana
camera leaf sample, Nisar et al, (2022) also reported 60.0 KDa for Thermomyces dupontii

cellulase.

Enzyme kinetics

Figure 3 shows the estimated Vmax and Ky, of the Corn cob Fusarium graminearum cellulase
(17.85 U/ml/min and 0.135 mg/ml respective). The low K obtained indicates that the cellulase
from Fusarium graminearum has a high affinity towards its substrate (CMC) and may be a good
candidate for the hydrolysis of cellulose rich waste especially in waste treatment and
management. The study by Kumar et a/., (2018) highlighted cellulase with very high affinity for
CMC with K of 0.0909 mg/ml from Schizophyllum commune “NAIMCC-F-03379”. Other Ky,
as well as Vmax values has been reported by researchers. According to Liu et al., (2011) A.
fumigatus 75 produced two cellulases (Egl2 and Egl3) with Vmax and Kn0f437.3 pmol/min/mg
and 37.8 mg/ml and652.7 pumol/min/mg and 51.8 mg/ml respectively. Similarly, Li et al., 2012
reported Vmax of 4.6 U/min/mg and Kn of 134 mg/ml for 4. niger BCRC31494 produced
cellulase while Bakare et al. (2005) reported 3.3 U/ml and 3.6 mg/ml for cellulase obtained from
Pseudomonas fluorescens. The Michaelis-Menten plot depicting enzyme activities versus
substrate concentrations shows that the corn cob Fusarium graminearum cellulase is a simple

enzyme that obeys the Michaelis-Menten equation as shown in Figure 4.
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Figure 2: Calibration curve for the native molecular weight determination of cellulase from F.
graminearum by gel filtration using Sephacryl S-200 resin in 1.5 cm*70 cm column.
a. BSA, b. Peroxidase, c. a-chymotrypsinogen, d. F. graminearum cellulase and e. Lysozyme
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Figure 3: Line weaver-Burk plot of corn cob Fusarium graminearum cellulase for the
determination of Km and vmax. The values of 1/V was plotted against 1/[CMC] at varying
concentration of CMC between 0.1 and 1.0 mM.
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Figure 4: Michaelis-Menten plot of activities of cellulase from corn cob Fusarium graminarium.
The values of V was plotted against [S] at varying concentration of CMC between 0.1 and 1.0
mM .

PH Effects on cellulase from Fusarium graminearum

As presented in Figure 5, cellulase from Fusarium graminearum was most active at pH 4;
however, further increment in pH led to decrease in enzyme activity. Similar pH optima have
been reported for cellulases from other sources. Noor and Hameed, (2018), Nehad and
associates, (2019), and Sulyman and colleagues, (2020) reported pH optima of 4 for
Trichoderma  longibrachiatum from Iraqi soil, Penicillium decumbens and culturing of
Aspergillus niger on Arachis hypogaea shells respectively. Optimum pH of 5 has also been
reported by Rajesh et al.,(2012) for Trichoderma resse, Ahmed at al., (2015) for Aspergillus
niger (Van tieghem, 1867) and Zeng et al.,(2016) for Trichoderma virens while Soliman et al.,
(2013) reported a relative stability in pH range of between 3-6 for the CMCase II. Higher
optimum pH of 6.5 has been reported by Bakare and Co-workers, (2005) for Pseudomonas

fluorescens cellulase. The result of this work corresponds to the findings of Bhikhabhai et al.,
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(1984) that fungal cellulases are stable over a pH range of 3—8 and are often active across a pH
range of 3.5-7 in phosphate, citrate, or acetate buffers. Fusarium graminearum cellulase was

active within pH range of 3 to 8.

Temperature influence on cellulase from Fusarium graminearum

Although different temperature optima have been reported for cellulases from different sources,
our result showed a highly thermostable enzyme with estimated optimum temperature of 70 °C
(Figure 6). This value is among the highest temperature optima reported so far, Akiba et al.,
(1995) reported an optimal temperature of 70 °C at pH 6 with 2hr stability for the cellulase
produced by A. niger IFO31125, Nisar et al, (2022) also reported temperature optimum of 70 °C
for Thermomyces dupontii. Lower Temperature optima of 50 °C has been reported by Rajesh et
al.,(2012) for Trichoderma ressei, Rahnama et al.,(2016) for Trichoderma harzianum SNRS3
cellulase and Zeng et al.,(2016) also reported for Trichoderma virens. Noor and Hamdan, (2018)
reported 40 °C for cellulase from Trichoderma longibrachiatum in soil from Iraq; while Ahmed
and colleagues, (2015) and Kumar and associates, (2018) published temperature optima of 30 °C
and 25 °C respectively for cellulases from Aspergillus niger (Van tieghem, 1867) and

Schizophyllum commune.
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Figure 5: The profile of the influence of pH on cellulase from corn cob Fusarium graminearum.
The enzyme was assayed at varying pH ranging from 3 to 8 utilizing citrate buffer (pH 3-5),
phosphate buffer (pH 6-7) and Tris buffer (pH 8-9)
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Figure 6: The profile of the impact of temperature on the activity of cellulase from corn cob

Fusarium graminearum. The enzyme was assayed at varying temperatures between 30 °C and 80
°C.
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Influence of metallic ions on cellulase from Fusarium graminearum

Result from this current study on the influence of metallic ions on cellulase activity of Fusarium
graminearum from corn cob are shown in Table 2. The findings revealed that Mn>" had little or
no impact on the enzyme atl0mM and 5mM concentrations whereas Mg?* and Ca*" slightly
decrease enzyme activity at 5 mM, but the activity was restored to almost 100% at 10 mM
concentration. However, at both 5 mM and 10 mM concentrations, Hg?>* and Ba" inhibited the
enzyme’s activity with Ba" inhibiting the enzyme the more. There are reports of the influence of
metal ions on cellulase activities, Ahmed et al., (2015) reported Mn?*and CO*" as having a
positive effect on Aspergillus niger (van Tieghem 1867) cellulase while Hg?*, Cd**, Fe*" and
Fe’" inhibited the enzyme at different degrees. In another study, Fe?" was reported to activate the
cellulase from Aspergillus flavus whilePb*", Hg**, Ca?*, Cu*", Mg?*, CO*", Zn*" andMn?"all
inhibited the enzyme (Okonkwo, 2019). Onyia ef al., (2021) reported that cellulolytic activities
of palm biomass isolated fungi was positively influenced by Ca** while Pb?", Hg**, K, Cu*",
Mn?"and Fe** negatively affected the enzyme. The activities of cellulase obtained from
Aspergillus niger with the use of Arachis hypogaea shells was reported by Sulyman et al. (2022)
to be activated by Mn?"and CO?** while Mg?*, Zn?*, Ca?",Cu?"and Fe?' inhibited the enzyme at

concentration above 1 mM.

These various accounts seem to show that metal ion effects on the activities of cellulase are
dependent on the sources of the enzyme which may affect the amino acids sequence of the
enzyme. One major correlation in most of the reports is that Hg?>" ion is an inhibitor of the

enzyme.
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Table 2: Influence of metal ion on cellulase from corn cob F. graminearum

Residual enzyme activity

Salt 5 mM 10 mM
Control 100.00 100.00
Mn?* 102.24 86.05
Mg 76.58 90.65
Ca* 60.37 89.79
Hg** 50.34 49.45
Ba®* 23.07 9.53

The cellulase from corn cob F. graminearum was incubated for 1 hour in the presence of each of the
various metal ions in overall concentration of 5.0 mM and 10.0 mM and the residual cellulase activity
recorded. The residual cellulase activity in the absence of metal ions was considered as control (100).
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Conclusion

In conclusion, our work has shown that Fusarium graminearum from corn cob can produce
cellulase with high specific activity and affinity for its substrate (CMC). The enzyme is
thermostable with an optimal temperature of 70 °C and is stable on pH ranging from 3-8. The
enzyme is strongly inhibited by Hg?* and Ba®. Fusarium graminearum cellulase has
demonstrated good characteristics that may be exploited for possible use in biofuel productions,

animal feeds, paper industries as well as in bioremediation.
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