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Purification and Characterization
of Phytase from a Local Poultry Isolate
of Aspergillus flavus MT899184

E. A. Onibokun, A. O. Eni, and S. U. Oranusi

1 Introduction

Phytates and its isomers (myo-inositol phosphate esters (IP5 to IP2), even at low
levels, constitute anti-nutritional factors that can have adverse effects on protein and
mineral digestibility in animals particularly monogastric animals (Lee et al., 2020).
These monogastric animals are unable to utilize all the nutrients in their feed
because of the deficiency of their digestive system, particularly as they lack the
enzyme phytase (Asmare, 2014). Being the main form by which phosphorus in
cereals, leguminous crops, oil seeds, and nuts is stored (Gupta et al., 2015), com-
mercial production of monogastric animal feeds requires the addition of exogenous
phytase. Phytase is the most valuable commercial enzyme in poultry feed produc-
tion (Lamp et al., 2020) and constitutes the major cost in the commercial production
of poultry feed (Kim et al., 2019). The enzyme is able to hydrolyze the phytic acid
present in the feed, thus improving the nutritional value of feed and also decreasing
the amount of phosphorus excreted by animals (Muslim et al., 2018). Also phytase
can be derived from other sources; however, plants are unable to produce extracel-
lular phytase (Richardson et al., 2004). Microorganisms remain the most significant
sources for production of enzymes (Atolagbe et al., 2016). They are generally
regarded as cheaper means of producing industrial enzymes, since they can utilize
readily available waste materials. In fungi, phytase production has been reported in
species like Aspergillus niger (Afinah et al., 2010), Aspergillus flavus (Gaind &
Singh, 2015) and Aspergillus fumigatus (Mittal et al., 2013). Although in most cases
solid-state fermentation technique is regarded most suitable for commercial phytase
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production using Aspergillus species (Saithi and Tongta et al., 2016). In this study,
submerged fermentation is employed due to the ease of product recovery which will
minimize the cost of downstreaming processing and ultimately the overall cost of
enzyme production. The aim of this study was therefore to characterize the phytase
produced by a local fungal isolate to determine its suitability for inclusion as an
exogenous supplement in animal feeds.

2 Materials and Methods

2.1 Sample Collection

A total of 100 g of soil samples were randomly collected from ten different spots (at
10 g per spot) of a poultry site in Lagos state (6°27'14.65“ N 3°23°40.81” E),
Nigeria. Samples were collected from the areas on which the poultry droppings fell.
They were collected in black polythene bags and transported same day to the
Covenant University, Microbiology Laboratory for analyses.

2.2 Screening and Selection of Phytase-Producing Fungi
Jfrom Poultry Soil

The selected fungi were quantitatively screened for the production of phytase fol-
lowing Lee et al. (2005). Soil suspension (I mL) was plated out onto phytase-
screening medium (D-glucose — 15.0 g; sodium phytate — 3.0 g; NH,NO;-5.0 g;
MgSO04.7H,0 - 0.5 g; KCI - 0.5 g; FeSO4.7H,0 - 0.01 g; MnSO,.4H,0 - 0.01 g;
and Agar — 15.0 gin 1 L) (Qasim et al., 2016). Soil suspension was prepared by
mixing 0.5 g of soil sample in 10 mL of 9% saline solution (Gontia-Mishra et al.,
2013). The plates were left to incubate at 30 °C for 5 days. Fungal isolate was
selected based on zone of hydrolysis.

2.3 Morphological Identification

Selected fungal isolate was purified by subculturing into potato dextrose agar (PDA)
plates and subjected to lactophenol cotton blue test and identified based on morpho-
logical and microscopic characteristics referenced to fungi compendium (Domsch
et al., 1980).
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2.4 Molecular Identification

The DNA isolation was carried out following the CTAB method described by
Dellaporta et al. (1983). PCR amplification of fungal internal transcribed spacer
region was performed using the primer set ITS 1 and ITS 4 with the following
sequences: ITS 1 (5’-TCCGTAGGTGAACCTGCG G-3' and ITS 4
(5’-TCCTCCGCTTATTGATATGC-3') (Alves et al., 2018). A 50 pL reaction mas-
ter mix containing 0.5 pL. Taqg DNA polymerase (Transtat China), 5 pL. 10X dilution
of the manufacturer’s buffer (Transtat China), 4 pL. deoxynucleoside triphosphates
(dNTPs), 1 pL each of primers ITS 1 and ITS 4, and 36.5 pL sterile DNAse free
water was employed for the PCR amplification. The reaction conditions were as
follows: initial denaturation at 95 °C for 10 min, 30 amplification cycles of denatur-
ation at 95 °C for 1 min, annealing at 55 °C for 1 min (determined after gradient
PCR), and primer extension at 72 °C for 90 min 1:30 min, followed by a final exten-
sion at 72 °C for 10 min. Aliquots of amplicons (7 pL) were analysed in 1% (w/v)
agarose gel (Sigma, USA) by horizontal gel electrophoresis. DNA bands were visu-
alized by UV excitation after staining with ethidium bromide (0.5 pL). Amplicon
was purified according to the protocol described on EasyPure® PCR purification kit
and quantified using Nanodrop 2000 Spectrophotometer. Then, appropriate concen-
tration was packaged and sent for Sanger sequencing at Eurofins Genomics,
Ebersberg, Germany. Forward and reverse sequencing reads were quality checked
and assembled using reference sequence NR_121481.1 obtained from the NCBI
Genbank database. Assembled reads were then compared against the NCBI Fungal
ITS database, using the NCBI BLAST software, to check similar isolates. Multiple
alignments were performed using the Geneious aligner (Kearse et al., 2012) and
phylogenetic tree computed following Tamura-Nei distance model (Tamura and
Nei, 1993) and Neighbor-Joining method with no outgroup.

2.5 Phytase Production

The selected fungus was quantitatively screened for the production of phytase by
submerged fermentation (SmF). One mL of spore suspension containing 2 x 108
spores was inoculated into 100 mL phytase screening broth (PSB) (PSM without
agar) and incubated in a shaking water bath at 30 °C for 5 days at 150 rpm. The
fungal biomass was separated from the medium using Whatman No. 4 filter paper,
and cell-free filtrate was employed for phytase assay (Qasim et al., 2016). The phy-
tase activity was investigated by incubating 1 mL of crude phytase at 37 °C for
30 min in 1 mL 0.2 M sodium acetate buffer (pH 5.5) with 0.5% sodium phytate.
The reaction was stopped by adding 1 mL of trichloroacetic acid (15% [w/v]). After
the addition of 2 mL of freshly prepared colouring reagent (3.66 g of FeSO,-7H,0,
0.5 g of (NH;)sM0,0,,-4H,0, and 1.6 mL of concentrated H,SO, in 50 mL of
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distilled water), the chilled sample on ice was incubated for 10 min at 30 °C. The
released phosphate was determined at 750 nm with a UV-VIS spectrophotometer
(Lee et al., 2005). Protein quantification was carried following Lowry et al. (1951).

2.6 Phytase Purification
Ammonium Sulphate Precipitation

Ammonium sulphate precipitation was employed to purify the crude phytase using
a modification of the methods of Sanni et al. (2019) and Kalsi et al. (2016). Crude
phytase was purified by precipitation using 70% ammonium sulphate. The ammo-
nium sulphate-crude phytase mixture was incubated overnight at 4 °C with gentle
stirring. The resulting solution was centrifuged at 21,000 g for 20 min to obtain
precipitated proteins in pellet form. The pellet was then dissolved in 10 mL of 0.1 M
acetate buffer pH 6.0 and dialyzed using a pre-acetylated cellophane tubing against
three changes of the same buffer solution for 24 h at 4 °C, to desalt the precipitated
enzyme. The precipitated phytase sample was assayed for phytase activity as previ-
ously described by Lee et al. (2005) and protein content determined following
Lowry et al. (1951).

Gel Filtration Chromatography

The dialyzed crude phytase from the ammonium sulphate precipitation was further
purified using the modifications methods of Thyagarajan et al. (2014) and Ajith
etal. (2019). A chromatographic column of (50 x 1.5 cm) was packed with Sephadex
G-75 gel and glass wool placed in the lower part of the column. The Sephadex G-75
(16.7 g) was dissolved in 250 mL of the phosphate buffer pH 7.0 (following manu-
facturer’s instruction of 1 g in 15 mL) and then boiled in a water bath for 5 min for
swelling and degassing. The gel was allowed to settle for 18 h. The column was
washed with phosphate buffer pH 7. After column equilibrium, 5 mL of ammonium
sulphate phytase fraction was loaded gently on the surface of the gel and eluted with
Tris-HCL buffer pH 7.8 at a 20 mL/h flow rate. Aliquots of 2 mL fractions of the
eluent were collected; then the optical density at 280 nm and phytase activity (U/
mL) was determined for each fraction. The phytase activity was determined follow-
ing Lee et al. (2005), and protein content was determined following Lowry
etal. (1951).
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Effect of Carbon and Nitrogen Sources on Phytase Production

The effect of nutrient sources on phytase production was assessed by addition of 1%
sucrose, in place of glucose and 0.1% of a different nitrogenous salt, (NH,),SO,
instead of NH,NO;. Phytase activity was determined following Lee et al. (2005).

Effect of Temperature on Phytase Activity

Optimum temperature for phytase activity was determined by subjecting the enzyme
to different temperatures (30-70 °C). This was carried out by varying the incubation
temperature at a 10 °C interval during the activity determination. Phytase activity
was determined following the descriptions (Lee et al., 2005).

Effect of pH on Phytase Activity

Optimum pH was established by subjecting the phytase to varying pH across a pH
range of 3 to 8. Sodium acetate buffer was prepared at different pH during the activ-
ity determination, while incubation temperature was held at the optimum tempera-
ture determined earlier for the phytase. Phytase activity was determined following
the descriptions by Lee et al. (2005).

Thermal Stability of Phytase

Thermal stability of the phytase was determined by subjecting the phytase to tem-
peratures of 70 °C, 80 °C, and 100 °C for 5, 10, 20, and 30 min. The phytase activity
was determined following the descriptions by Lee et al. (2005).

3 Results and Discussions

3.1 Identification of Phytase-Producing Isolate

Based on zone of hydrolysis, isolate code H was selected as phytase-producing and
identified morphologically as Aspergillus sp. (Table 1). Further identification by
molecular techniques recognized the isolate as Aspergillus flavus (Fig.1). The
amplified internal transcribed spacer region sequence of the fungi submitted to
NCBI was allocated accession number MT899184 (Fig. 2). The isolate showed
genetic relatedness to other Aspergillus species isolated from agricultural samples.
Previous studies reporting phytase production by fungi exist which is consistent
with this study (Ajith et al., 2019; Sanni et al., 2019; Ribeiro Corréa et al., 2015;
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Table 1 Morphological properties of isolated phytase-producing fungal species

Isolate Diameter of Number of
code Morphology zone (cm) spores/mL
H Green colour, septate hyphae with 2 2x 108

sporangium borne, round spore

M C G H 1 CON
bp
5000 el
o Expected
;ggo band size
R e ™ (600 bp)
%00 _--“

Identity of
fungi
Aspergillus
sp.

Fig. 1 Gel electrophoresis image of PCR amplification of the ITS region of isolated fungal sp.
with isolate H on lane 4. (KEY M DNA molecular marker; CON Negative control without tem-

plate DNA)

MT420620.1_A. flavus_Kenya_Barber shops in informal setlements

KT828546.1_A. flavus_Saudi Arabia_Bread

MT558941.1_A. flavus_China_Zhejiang rosy rice vinegar solid mash

KR296888.1_A. flavus_Singapore_Soil
KY698416.1_A. flavus_Malaysia_
MT899184

: MH578599.1_A. flavus_Pakistan_
MT446132.1_A. flavus_China_Root
: MH279451.1_A. flavus_Japan_

MK299130.1_A. flavus_India_Medicinal Plant
MT645322.1_A._flavus_India_Insectlarva
MN095165.1_A. flavus_China_Peanut kernel
MN533816.1_A. flavus_China_Corneal scraping
MN095139.1_A. flavus__Roasted Peanut
MK714922.1_A. flavus_India_
MN180856.1_A. flavus_India_Leaf
MG991646.1_A. flavus_Netherlands_
MN180857.1_A. flavus_India_Leaf

MF167358.1_A. flavus_Pakistan_Decaying Wood Pile
_E MN095179.1_A. flavus_India_Peanut kernel
MK989660.1_A. flavus_Nigeria_

Fig. 2 Phylogenetic tree showing evolutionary relatedness of isolate H to other Aspergillus flavus

from agricultural environments
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Gaind and Singh, 2015; Mittal et al., 2013).- Handa et al. (2020) noted that the genus
Aspergillus is the best producers of phytase. The choice of members of the genus
Aspergillus to produce phytase and indeed other industrially relevant enzyme may
not be unconnected to their generally regarded as safe (GRAS) status, their ubiqui-
tous nature, and being able to utilize wide variety of substrates and their minimal
nutritional requirement (Obafemi et al., 2018; Saith et al., 2016). Phytase is induc-
ible and produced in the presence of an anti-nutrient (Vasudevan et al., 2017). The
high amount of anti-nutrient (phytate), in poultry environment owing to the inability
of the birds to digest the phytate present in their feed grains, may have encouraged
the growth of the phytate degrading fungi.

3.2 Phytase Production and Purification

Quantitative analysis of crude phytase showed a crude phytase with total activity of
609 U/mL and protein content of 314.6 mg/mL. Purification resulted in a consistent
reduction in total activity but with a corresponding increase on phytase-specific
activity from 1.9 U/mL to 18.4 U/mL in the crude enzyme fraction and the gel chro-
matography fraction, respectively (Table 2). The Sephadex G-75 chromatogram
showed one very distinct elution peaks (Fig. 3).

Optimum phytase production was observed on day 5 as similarly reported by
Neira-Vielma et al. (2018) and Qasim et al. (2016). Although differing report was
presented by Sanni et al. (2019) where optimum phytase production was observed
at 216 h (9 days) for A. niger and 144 h (6 days) for A. flavus. Shivanna and
Govindarajulu (2014) also reported optimal activity on the sixth day. This prolonged
fermentation time may be as a result of the inducible nature of the enzyme; hence a
prolonged lag phase might be required by the fungi to produce the enzyme.
Generally, fungi species have been reported to be slow growers requiring about
2-5 days for optimal growth depending on the nutrient medium in which they are
grown (Meletiadis et al., 2001). The use of SmF in this study is corroborated by the
report of Jain et al. (2016). SmF is associated with ease in the recovery of product
(Sethi et al., 2016). As the aim of this study to maximize profit and reduce produc-
tion cost to the barest minimum, a fermentation technique which will reduce the
cost is highly encouraged. Additionally, SmF has extra advantage of easy control of

Table 2 Purification table for phytase produced by isolate H obtained from poultry soil in Abule-
egba, Lagos State

Total activity Total protein Phytase activity Yield Purification fold (U/

Protein step mL) (mg/mL) (U/mL) (%)
Crude enzyme 609314.6 1.9100 1
(NH4,SO; fraction 1875414453124
(70%) 7.64.218412.89

Sephadex G-75
fraction
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Fig. 3 Purification of phytase produced by Aspergillus flavus (isolate H) on Sephadex G-75 Gel
filtration column (50 cm x 1.5 cm)

fermentation conditions such as aeration, pH, and temperature (Ornela and
Guimaraes, 2019). The method is also the most commonly employed method for
phytase production (Jain et al., 2016).

The quantitative assay of the cell-free supernatant showed an activity within the
range of 609 U/mL. This result was higher than the report of Shivanna and
Govindarajulu (2014) where they reported activity of 9.2 U/mL and 8.8 U/mL using
a 6-day-old culture of A. niger and A. ficuum, respectively, under SmF. For total
phytase activity, there was a continuous reduction from 609 U/mL in the crude phy-
tase step to 77.6 U/mL in the Sephadex column fraction with each purification step.
For specific phytase activity, there was a continuous increase from 1.9 U/mL in the
crude phytase to 4.5 U/mL in the ammonium sulphate fraction and 18.4 U/mL in the
Sephadex G-75 fraction. These values were higher when compared with the specific
phytase activity of crude extract (1.13 U/mL), microfiltration fraction (1.15 U/mL),
ultrafiltration fraction (1.93 U/mL), and DEAE Sepharose fraction (8.38 U/mL)
reported by Neira-Vielma et al. (2018) when solid-state fermentation (SSF) was
employed. Saithi and Tongta (2016) had earlier reported the limitation of SSF
over SmF.

3.3 Phytase Characterization

Upon characterization, the phytase showed an optimum temperature and pH of
40 °C (Fig. 4) and 6 (Fig. 5), respectively. The thermal stability of the phytase over
temperatures 70—80 °C showed that the phytase could withstand both temperatures
for 5 minutes (Figs. 6 and 7), but had no activity at 100 °C (Fig. 8). For effect of
carbon and nitrogen sources, results obtained showed that phytase production when
glucose was employed as carbon source was 0.185 U/mL but no activity was
observed using sucrose as carbon source (Fig. 9). However, the isolate could not
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Fig. 4 Effect of temperature on the activity of phytase produced by isolate H
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Fig. 5 Effect of pH on the activity of phytase produced by isolate H

utilize ammonium sulphate as an alternative nitrogen source to ammonium nitrate
for phytase production (Fig. 9). Fungal phytases have a broad spectrum of optimal
temperature ranging between 37 °C and 67 °C (Jatuwong et al., 2020). The optimal
pH recorded in this study was at pH 6.0. Most fungal phytases are reported to be
active at optimal pH within the acidic range between 2.0-6.0 (Pedri et al., 2015).
However, there are studies reporting optimal activity around the neutral pH (Gaind
and Singh, 2015), pH 6.5 (Thayagarajan et al., 2014), and pH 8-9 (Sanni et al.,
2019). Different microorganisms exhibit varying optimum pH as pH greatly affects
the transport of nutrients across the cell membrane of the organisms, thus contribut-
ing to cell growth and production of desired products (Gaind and Singh, 2015).
The isolate in this study showed optimal activity when glucose was employed as
carbon source compared to sucrose, while ammonium sulphate showed better activ-
ity as nitrogen source as supported by the results of Pedri et al. (2015). Glucose is a
simple sugar, hence may require less energy to metabolize. When exposed to tem-
perature of 70 °C, the phytase in this study retained its activity after 5 min, similarly
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Fig. 6 Temperature stability at 70 °C on phytase produced by isolate H
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Fig. 7 Temperature stability at 80 °C on phytase produced by isolate H

at 80 °C. This result is of utmost importance since inclusion of this enzyme in ani-
mal feed processing means that it can withstand a temperature of 70 °C and above
and still remain active. Although pelleting commonly occurs at temperatures of
80 °C, reducing the temperature to about 65 °C does not in any alter the overall
effect of the process (Boroojeni et al., 2016); therefore phytase produced in this cur-
rent study can find application as feed supplement if the feed is pelleted at tempera-
tures 80 °C and below. Phytase is regarded as a thermo-tolerant enzyme; the results
from the enzyme produced in this study are similar to the reports of Neira-vielma
et al. (2018), where the enzyme retained more than 70% activity at 80 °C for 1 min,
40% activity for 2 min, and 9% after 5 min.
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Fig. 8 Temperature stability at 100 °C on phytase produced by isolate H
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Fig. 9 Effect of carbon and nitrogen sources on the production of phytase produced by A. flavus
(isolate H). (GLUC Medium containing glucose as carbon source and ammonium nitrate as nitro-
gen source, SUC Medium containing sucrose as carbon source and ammonium nitrate as nitrogen
source, AMM Medium containing glucose as carbon source and ammonium sulphate as nitro-
gen source)

4 Conclusion

This present study has demonstrated the ability of Aspergillus flavus MT899184,
local poultry isolate to degrade sodium phytate under submerged fermentation tech-
nique by producing phytase enzyme. There was continuous increase in specific
activity of the phytase produced with each purification step. The phytase has opti-
mal conditions of 40 °C and 6.0 of temperature and pH, respectively. The enzyme
also demonstrated enzymatic activity after 5 minutes of heating at both 70 °C and
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80 °C. These properties make it suitable as an exogenous additive in poultry feed.
The properties of this enzyme also suggest that the feed formulation processes spe-
cifically the pelleting will not have adverse effects on the feed characteristics. The
exogenous addition of this enzyme also makes its application easy without technical
hitches, thus user friendly for easy utilization by the local farmers.
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