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Abstract

Microbial alkaline protease is one of the dominant industrial enzymes which function in
splitting polypeptides chain of protein into monomers of amino acids and peptides. This study
aimed to identify alkaline protease produced by Bacillus sp. Soil samples were aseptically
collected from dump sites in FIIRO, Lagos state, Nigeria. The samples were serially diluted,
and bacteria were isolated using pour plate method. The resulting isolates were screened and
morphologically characterized. The isolate with the highest protease production potential was
subjected to biochemical characterization using Analytical Profile Index (API) identification
kit system and 16S rRNA sequencing. The selected isolate was used to produce alkaline
protease by solid state fermentation using rice bran as a substrate. Out of the 18 bacteria
isolated, 11 isolates showed alkaline protease production potential. Isolate C3a-FIIRO was
selected for its maximal alkaline protease produced as indicated by a 56 mm zone of clearance.
Morphological and biochemical characterization revealed isolate C3a-FIIRO as a member of
the genus Bacillus. The 16S rRNA gene sequencing confirmed the isolate as Bacillus subtilis C3a-
FIIRO (MW577298) with closest homology to Bacillus subtilis Y17B. The enzyme activity of
6848.171 U/ml £ 0.11 and protein concentration of 152.13 mg/ml £ 0.003 showed that
Bacillus subtilis C3a-FIIRO has potential for sustainable alkaline protease production.
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Introduction industrial application in food, brewing, dairy, and
The dependency of the nation on importation of pharmaceutical industries (Kumar et al., 1999;
industrial enzymes implies there is no industry Varia et al., 2019; Manavalan et al., 2020).

currently producing these enzymes in Nigeria, Microorganisms have been considered important
which positions the nation continuously on the sources of protease due to their potential for
radar of other importing nations with strong producing alkaline protease in large quantities
prospect for these enzymes. Protease is one of within a short period of time by established
such industrial enzymes which function in fermentation methods (Gupta et al.,, 202;
hydrolytic catalysis of proteins to peptides and Sharma et al., 2019, Varia et al., 2019). Microbial
amino acids (Sharma et al., 2019). Based on pH, alkaline protease also occupies a major share of
they are classified as acidic, alkaline, and neutral 60% of the total enzyme market from industrial
proteases (Ellaiah et al., 2002; Sayaniya & Patel, point of view (Gupta et al., 2002; Razzaq et al.,
2021). Among these three proteases, alkaline 2019). The ability of microbes to meet global
protease (EC 3.4.21), which are active at alkaline enzyme demand has led to an increased interest
pH, occupy a pivotal position due to their wide compared to plants and animals (Kumar et al.,
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2008). This interest stems from the safe
technology, efficient resource utilization, its
contribution to reduced carbon emission
(Oxenbgll & Ernst, 2008), and no ethical issues
which is usually a concern with animal systems
(Dalvi & Anthappan, 2007; Imen et al., 2016).
Among the alkaline protease producing
microorganisms, members of the Bacillus genus
are considered the best producers of most
commercially available proteases (Ellaiah et al.,
2002; Shafee et al., 2005; Cheng et al., 2012;
Zhou et al., 2019; Karray et al., 2021). Bacillus
species have been identified as important
industrial microorganisms due to their rapid
growth rate, extracellular secretion of enzyme
and generally recognized as safe status thus
making them bacterial workhorses in industrial
microbial cultivations to produce a variety of
enzymes (Pandey et al., 2000; Gouda et al.,
2006; Vijayalakshmi et al., 2012; Deb et al.,
2013; Karray et al., 2021).

The benefit of exploiting microorganisms for
industrial applications and the need to encourage
biodiversity ~ characterization = makes  the
identification of these organisms important. This
is supported by the advantages offered using
molecular biology techniques to confirm identity,
thus improving the characterization of
microorganisms (Keramas et al., 2004;
Magistrado et al., 2001; Frederick et al., 2013).
With the rising demand for protease enzymes in
the industries and the industrial value of alkaline
protease, the search for suitable microbial
sources is of continuous interest. Thus, this study
focuses on identifying a novel bacterial strain
isolated from the soil with hyper alkaline protease
producing potential.

Material and Methods

Isolation and Screening for Alkaline Protease
Production

Soil samples were collected from FIIRO dump
sites (canteen effluent and general waste sites)
aseptically. Isolation was conducted by the
method described by Lawal et al. (2014). Ten
grams of soil samples was measured and
suspended in 90ml of sterile distilled water. The
resulting suspension was subjected to serial
dilution up to 10 under aseptic conditions. The
isolation medium was sterilized in an autoclave at
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121 °C for 15 min. After cooling, the sample from
each dilution (0.1 ml) was dispensed by pour
plating into the nutrient agar medium and
incubated at 37 °C for 24 h. The Isolates were
subcultured to purity by streak plate technique
and preserved on Luria Bertani (Oxoid,
Basingstoke, U.K.) slant at 4 °C. The purified
isolates were further subjected to screening for
alkaline protease production by plate assay using
nutrient agar screening medium containing
casein (2 %) as the sole substrate. The purified
isolates were plated into freshly prepared nutrient
agar plates and incubated at 37 °C for 24 h. After
24 h, the plates were flooded with dilute mercury
chloride (Merck, Germany) as a protein
precipitating agent, to observe and measure the
zone of hydrolysis around colonies as described
by the method of Balan et al. (2012). The
percentage hydrolysis efficiency was determined
by the method described by Sreedevi and Reedy
(2012). The maximal hyper alkaline protease
producer was selected for further investigations.

Characterization of Selected Isolates

Morphological and biochemical characteristics of
pure isolates of the protease producers were
determined as described in Bergey’s manual of
systematic bacteriology (Claus & Berkeley, 1986).
The selected hyper alkaline protease producer,
isolate C3a-FIIRO, was further identified using
API 50CHB/20E (Biomerieux, France). Pure
colonies of the isolate grown on nutrient agar
were suspended in saline solution and used as
inoculum for API 50CHB/20E tests according to
the manufacturer's instruction. The inoculated
medium was incubated at 36 °C for 24—48 h and
results were recorded and interpreted using the
API web database system (Aruwa & Olatope,
2015).

Molecular Characterization of Isolate C3a-FIIRO

Genomic DNA was extracted from bacterial broth
incubated for 16 — 18 h at 37 °C and 150 rpm
using Quick-DNA Fungal/Bacterial kit (Zymo
Research) with slight modifications to the
manufacturer’s protocol. The purity and quantity
of DNA were determined using the
ThermoScientific Nanodrop 2000c. Extracted DNA
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was further resolved on 1 % agarose in 1x TAE
buffer. The 16S rRNA hypervariable region in the
extracted genomic DNA was amplified using 27F
— AGAGTTTGATCMTGGCTCAG and 1492R -
CGGTTACCTTGTTACGACTT primers in a 50 pl
PCR reaction mixture. The mixture contained 10
Ml of Solis BioDyne 5x FIREPol® Master Mix
Ready to Load (12.5 mM MgClz), 22.5 pl nuclease
free water, 2.5 pl of 10 pM forward and reverse
primers, 12.5 pl DNA. Cycling conditions
consisted of: initial denaturation at 95 °C for 5
min, denaturation at 95 °C for 30 secs, annealing
temperatures at 49.5 °C for 1 min, extension at
72 °C for 2 min, final extension at 72 °C for 10
min and hold at 4 °C in a Cleaver Scientific
GTC96S thermal cycler. Amplicons were resolved
on 2 % agarose in 1x TAE and the gel was
documented. The >1.5 kb PCR amplicon was
sequenced at Ingaba Biotec (South Africa). The
sequences were trimmed and edited using
Sequencher version 5.4.6. Sequence homology
was done using NCBI-BLAST and alignment using
ClustalW in MEGA 7. Phylogenetic analysis was
done using the Jukes-Cantor algorithm of the
Neighbor-Joining method considering 1000
bootstrap replications in MEGA 7 with
Pseudomonas sp B3044 (JX266400.1) as an
outgroup.

Production of Alkaline Protease

Fifty millilitres of growth medium containing
0.8 % nutrient broth (peptone, 0.3 %; yeast
extract, 0.4 %) was prepared in a 250 ml
Erlenmeyer flask. The prepared medium was
inoculated aseptically with a loopful of purified
isolate C3a-FIIRO. The inoculated medium was
transferred to a shaking incubator set at 37 °C for
24 h as described by the method of Lawal et al.
(2014). Solid state fermentation for alkaline
protease production was performed using rice-
bran as substrate. The rice bran (10 g) was
sterilized for 1 h at 121 °C to eliminate microbial
contamination, while the production medium was
sterilized for 15 min at 121 °C. The sterilized rice
bran was moistened with 10 ml of sterile
production medium (pH 10) which contained in
g/l, KH2PO4, 7.0 g; MgS0s4, 0.5 g; (NH4)2S04, 1g;
Yeast extract, 5.5 g; Na2COs, 10 g and glucose, 1
g. The moistened substrate was inoculated and
incubated at 37 °C for 96 h as described by the
method of Lawal et al. (2014).
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Alkaline Protease Assay

The assay followed the method described by
Lawal et al. (2014) with some modifications. One
millilitre of enzyme sample was diluted with 1 ml
of 0.2 M borate buffer (pH 10) containing 1 ml
casein. After incubation at 40 °C for 10 min, 5 ml
of 5 % trichloroacetic acid was added, and the
resultant mixture was filtered using Whatman
No.1 filter paper to remove precipitated proteins.
Five millilitres of 0.5 M sodium carbonate and 1
ml Folin phenol reagent was added to the filtrate
sequentially. The resulting solution was inverted
and allowed to stand at room temperature for 30
min. The tyrosine equivalent released was
measured using a spectrophotometer (VWR,
United States) at the wavelength of 600 nm.
Standard tyrosine prepared in a series of
concentrations (50 pg/ml- 500 pg/ml) was also
subjected to the same treatment as the test
sample. One unit enzyme activity was defined as
the amount of enzyme that released 1 pg of
tyrosine per ml per min under the above assay
conditions.

Protein Concentration Determination

The protocol for protein content determination
followed the method described by Lawal et al.
(2014). Crude enzyme extract (0.2 ml) was added
to tubes containing 0.8 ml distilled water,
inverted, and allowed to stand at room
temperature for 10 min. Folin phenol reagent (0.5
ml) was added to the mixture, inverted, and left
to stand at room temperature for 30 min. The
protein concentration was measured
spectrophotometrically at 600 nm. Standard
bovine serum albumin (10 mg/ml) was also
subjected to the same treatment as the test
sample.

Results and Discussions
Selection of hyper alkaline protease producer

The selection and identification of industrially
suitable organisms are very crucial to the
production of alkaline protease. Among 18
colonially  distinct isolates, 11 isolates
demonstrated alkaline protease production
potential, as shown in Table 1.
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Table 1: Zone of hydrolysis of alkaline protease producing isolates

S/N Isolate codes Zone of clearance (mm)
1 C1-FIIRO 11
2 C3a-FIIRO 56
3 C7-FIIRO 15
4 C8-FIIRO 14
5 C11-FIIRO 13
6 D12-FIIRO 53
7 D13-FIIRO 39
8 D14-FIIRO 18
9 D15-FIIRO 33
10 D16-FIIRO 34
11 D17-FIIRO 10

C* indicates isolates obtained from soil sample collected from FIIRO canteen effluent dump site; D*
indicates isolates obtained from soil sample collected from FIIRO's general waste dump site

Out of these isolates, C3a-FIIRO showed the best
potential for alkaline protease production. The
preference and selection of isolate C3a-FIIRO
was due to visual evaluation of the zone of
hydrolysis and its higher hydrolysis efficiency of
7.69 compared to isolate D12-FIIRO which was
1.92. There has been increased interest in the
catalytic efficiency of microorganisms intended
for protease enzyme production (Singh et al.,
1999; Shumi et al., 2004; Khan et al., 2011).
Based on the results, hydrolysis efficiency
showed the ability of the alkaline producer to
efficiently utilize substrates. It also shows that the
secretion of the enzyme into the medium was
growth associated.

Morphological Identification of Alkaline Protease
Producing Isolates

Morphological studies revealed that all alkaline
protease producing isolates possess different
phenotypic characteristics, as shown in Table 2.
They are also positive for catalase, oxidase and
motility. Based on microscopic observation,
isolate C3a- FIIRO was a Gram-positive, rod-
shaped, and spore-forming bacteria. As a result of
potential phenotypic similarities between strains
and the importance to maintain appropriate
identification conditions, this method is not
sufficient to classify the isolate as Bacillus sp.
Thus, biochemical characterization using API
identification system was employed as it has been
shown to give reliable results in identifying
bacterial species (Logan & Berkeley, 1984; Collin
et al.,1991; Thompson et al.,1993).

Table 2: Colonial characteristics of alkaline protease producing isolates

S/N Isolate Color/Opacity Shape Elevation Margin Texture
Code

1 C1-FIIRO Cream Circular Flat Entire Non-slimy
2 C3a-FIIRO Off white Circular Flat Undulated Non-slimy
3 C7-FIIRO Off white Circular (large) Flat Serrated Non-slimy
4 C8-FIIRO Cream Punctiform Flat Entire Non-slimy
5 C11-FIIRO Cream Circular Flat Entire Non-slimy
6 D12-FIIRO Off white Circular Raised Serrated Slimy
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D13-FIIRO

D14-FIIRO
D15-FIIRO

D16-FIIRO
D17-FIIRO

Off white

Off white
Off white

Off white
Off white

Irregular (hairy) Flat Filamentous Non-slimy
Circular Flat Serrated Non-slimy
Circular (large) Raised Serrated Non-slimy
Circular Raised Undulated Slimy
Irregular Raised Undulated Slimy

C* indicates isolates obtained from soil sample collected from FIIRO canteen effluent dump site; D* indicate

isolates obtained from soil sample collected from FIIRO's general waste dump site

Biochemical Characterization of Isolate C3a-
FIIRO

Biochemical characterization of isolate C3a-FIIRO
was done using the API identification system with
API kits 50CHB and 20E (Biomerieux, France).
Eight biochemical tests were omitted in API 20E
because they were present in biochemical tests
conducted using API 50CHB. This identification
system is based on the ability of the organism to
ferment various substrates during metabolism to
generate byproducts that can be detected by
various color changes. The evaluation of
substrate fermentation potentials and enzyme
activities of C3a FIIRO implies that it belongs to
the Bacillus genus and certain biochemical
characteristics have been associated with bacillus
subtilis. The positive characteristic properties of

catalase, oxidase, Voges Proskauer test, nitrate
reduction, citrate utilization, gelatinase activity,
starch hydrolysis motility with the endospore
formation and the negative result of indole,
methyl red, urease and lactose as shown in Table
3, were indicative of bacillus subtilis. This
biochemical profile was similar to other Bacillus
subtilis strains isolated by Hussein et al. (2013),
Demeli et al. (2014), Aruwa and Olatope (2015).
In contrast, the three cellulolytic Bacillus subtilis
strains isolated by Kim et al. (2012) showed slight
differences from each other in biochemical
properties as amygdalin, D-maltose, D-lactose,
glycogen, inulin, methyl-a-D-glucopyranoside,
salicin, gentiobiose and D-turanose utilization
gave positive results in our study, while D-lactose
utilization was not visible.

Table 3: Fermentation and biochemical profile for alkaline protease producing Bacillus sp C3a-FIIRO

Tests 24 h 48 h Tests 24 h 48 h
Glycerol + + D-saccharose + +
Erythritol - - D-trehalose + +
D-arabinose - - Inulin + +
L-arabinose + + D-melezitose - -
D-ribose + + D-raffinose +? +7?
D-xylose + + Starch + +
L-xylose - - Glycogen + +
D-adonitol - - Xylitol - -
Methyl-b-D- Gentiobiose + +
Xylopyranoside - - D-turanose + +
D-galactose + + D-lyxose + +
D-glucose + + D-tagatose + +
D-fructose + + D-fucose - -
D-mannose + + L-fucose - -
L-sorbose - - D-arabitol - -
L-rhamnose +7? +7? L-arabitol - -
Dulcitol - - Potassium gluconate +? +?
Inositol +? +? Potassium 2-ketogluconate - -
D-mannitol + + Potassium 5-ketogluconate - -
D-sorbitol + + Beta-galactosidase +
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Methyl-a-D-
Mannopyranoside - -
Methyl-a-D-

glucopyranoside + +
N-acetylglucosamine + +
Amygdalin + +
Arbutin + +
Esculin (ferric citrate) + +
Salicin + +
D-cellobiose + +
D-maltose + +
D-lactose (bovine origin)  +? +?
D-melibiose +? +?

Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Trisodium citrate

H>S (sodium thiosulfate)
Urease

L-tryptophan

Indole

Voges Proskauer test
Gelatinase

Nitrate

key: +: positive reaction.
Molecular Characterization of Isolate C3a-FIIRO

Due to the heterogeneity of the Bacillus genus
and the possibility of generating inconsistent
results (Gordon et al., 1973; Logan & Berkeley,
1984), further confirmation of the identity of
isolate C3a-FIIRO was required. Molecular
biology techniques were employed using 16S
rRNA sequencing, a common genetic marker that
is considered a rapid and reliable technique in the
identification of Bacillus sp (Goto et al., 2000;
Frederick et al., 2013), because of its
reproducibility and higher accuracy as reported
by Bajpai et al. (2017) and Khusro and Aarti
(2015). The purity (A260/280) of extracted
genomic DNA from isolate C3a-FIIRO was within
the expected range of 1.8 and 2.0 for good
quality DNA. The expected amplicon size of 21.5
kb for successful amplification of the 16S rRNA
hypervariable region was observed in Figure 1.
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-: negative reaction: +? sign indicate reaction not too visible

The 16S rRNA nucleotide sequences of isolate
C3a-FIIRO was 1459 bp long. Sequence
homology on NCBI-BLAST revealed that isolate
C3a-FIIRO belongs to the Bacillus genus sharing
closest homology with Bacillus subtilis strain Y17B
(isolated from soil in China) at 99.79 %; hence it
was Bacillus subtilis C3a-FIIRO. Its 16S rRNA
sequences has been submitted to the NCBI-
GenBank under the accession number
MW577298.

The phylogenetic tree constructed by neighbor
joining method shows that Bacillus subtilis strain
C3a-FIIRO (blue) is associated with genus
Bacillus and clustering perfectly with other
Bacillus subtilis strains, including Bacillus subtilis
strain Y17B as shown in Figure 2.
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Figure 1: Agarose Gel of 16S5rRNA PCR Amplicons
Lane 1 - 100 bp DNA Ladder, Lane 2 - dilution 1000, Lane 3 & 4 - dilution 100, Lane 5 - dilution 10, Lane
6 — undiluted DNA.

— 4 C3_1459bp

@ CP009749 1 Bacillus subtilis strain ATCC 19217
@ MTE71500.1 Bacillus subtilis strain Y17B

0 KX 2811661 Bacillus subtilis strain CSL2

& MN3I00849 1 Bacillus subtilis strain 15181

4 EU257436.1 Bacillus subtilis isolate C8-4

# EUD565T2 2 Bacillus subtilis isolate K1

# KU551251 1 Bacillus subtilis strain Y 552

8 KU551234 1 Bacillus subtilis strain DS62

# KU551217 1 Bacillus subtilis strain 213

# CP009611.1 Bacillus subtilis strain Bs-916

& CP006390.1 Bacillus velezensis SQRY

& CP007244 1 Bacillus velezensis TrigoCor1448
@ CP029466.1 Bacillus amyloliguefaciens strain HME18
# J¥266400.1 Pseudomonas sp. B3044

0.005
Figure 2: Phylogenetic Tree of Bacillus subtilis strain C3a-FIIRO 16SrRNA Nucleotide Sequences. The tree
was constructed using the neighbor joining model with Pseudomonas sp B3044 (red) as an outgroup
considering 1000 bootstrap replications in MEGA7.
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Due to the abundance of rice bran, an agro
waste, in Nigeria and the need to reduce the
contribution of agro wastes to environmental
pollution, rice-bran was selected as a suitable
substrate for solid state fermentation because of
the stored nutrients (Faria et al., 2012). In order
for microorganisms to grow, they must undergo
metabolic processes that allow them to efficiently
utilize nutrients for growth. Hence microbial
enzymatic activity is a fundamental measure in
nutrient utilization and the turnover from
macromolecules to simpler monomers (Caruso et
al.,, 2019). Upon exposure to certain inducers,
different products of metabolic activities are
secreted into the culture medium. In the presence
of rice bran protein, it is believed that Bacillus
subtilis C3a-FIIRO induced the secretion of
alkaline protease as shown by the activity of
6848.171U/ml £ 0.11 observed after 96 hours of
fermentation and the protein concentration of
152.13 mg/ml £ 0.003. This activity displayed by
isolate C3a FIIRO indicates the measure by which
alkaline protease induced can catalyze the
hydrolysis of the peptide bonds in the rice bran
protein and generate peptides and amino acids
that can then be utilized as a source of nutrients
for microbial growth. In addition to the
fermentation composition, the catalytic effect
displayed by the produced alkaline protease is
believed to be significantly influenced by the
alkalinity of the production medium, suggesting
the important role of pH in the production of the
enzyme at the alkaline range.

As rice bran is a good source of proteins (Parekh
et al., 2002; Naidu & Devi, 2005; Paucar-
Menacho et al., 2007; Bhosale & Vijayalakshmi,
2015), it is essential to note that other metabolic
products will be induced or secreted into the
medium along with alkaline protease. Hence, the
need to subject the produced alkaline protease to
purification processes. The observed enzyme
activity by Bacillus subtilis strain C3a-FIIRO
shows its potential as a suitable hyper alkaline
protease producer. Its high activity further reveals
the need for purification to achieve enhanced
stability and yield.

Conclusion

The combination of morphological, biochemical,
and molecular tools was useful in identifying a
novel alkaline protease producing bacterial strain
as Bacillus subtilis C3a-FIIRO. The alkaline
protease produced will be subjected to
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purification processes, kinetics, and
thermodynamic characterization to ensure the
purified enzyme has the properties suitable for
industrial application.
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