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Amylases can be sourced through various organisms that thrive on common food items such as
cocoyam. This study optimized, purified, and characterized a-amylase from Bacillus cereus
SM22 isolated from decayed cocoyam tubers. Healthy cocoyam tubers were homogenized,
filtered, allowed to stand, and then decanted. The residue was dried at 50°C for 48 hours,
powdered and used as cocoyam starch. Inoculum size, temperature, pH, starch concentration,
nitrogen and carbon sources were used to optimize the a-amylase activity/production by Bacillus
cereus SM22. The a-amylase activity and protein concentration of the cell-free culture
supernatant were determined. The supernatant was purified on DEAE-Sephacel and BioGel P-
100 and the native molecular weight of the a-amylase was estimated. Also, the a-amylase was
optimized and kinetic parameters; Michaelis constant (Km) and maximum velocity of the
reaction (Vmax) were determined. The result showed that pH 7.0, 37°C, 1% cocoyam starch, 2%
inoculum, peptone and ammonium nitrate were necessary for a-amylase production by Bacillus
cereus SM22. Similarly, pH 6.0, 50°C, NaCl (100 or 240 mM), Mg®* (80-120 mM) and Ca?*
(20-80 mM) were required for maximum a-amylase activity. However, AI** and EDTA
completely inhibited the a-amylase activity. The study successfully purified and optimized a-
amylase from Bacillus cereus SM22 isolated from decayed cocoyam tubers. It demonstrated the
necessary factors for optimal performances of Bacillus cereus SM22 and a-amylase in a given
culture medium. Also, the low Ky, and high Vs for starch substrate make the a-amylase from
Bacillus cereus SM22 an excellent, cheap, and robust candidate for industrial applications.
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Introduction

An a-amylase is an enzyme that hydrolyzes the o-1,4-
glycosidiclinkages in starch molecules into oligosaccharide units such
as glucose and maltose.' Industrially, it has been shown to have
diverse important applications.? The enzyme has a variety of sources
such as plants, animals, and microorganisms (fungi, yeast, and
bacteria). However, different sources produce amylases that vary in
activity, specificity, and requirements.® Over the years, different o-
amylase-producing microorganisms have been isolated and
characterized. Studies have shown that some secrete their amylases
extracellularly to help them digest the starch substrates into smaller
units of glucose for energy source and growth.* Most amylases used in
the industry are produced from the activities and properties of diverse
microorganisms with peculiar genetic properties in their respective
environments. These microorganisms have high enzymatic activities
under certain standardized conditions (such as pH, temperature,
molarity, and pressure). Also, the production process is often simple
and cost-effective.’ In as much as most industrial processes favour the
use of microorganisms because of their innate potentials, there is also
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a need for the use of robust enzymes which can withstand the heat and
harsh conditions of the industrial processes. Consequently,
Bacillus spp (B. cereus, B. circulans, B. subtilis, and B. licheniformis),
and Clostridium thermosulfurogenes have been extensively used for
the commercial production of thermostable a-amylase.® This study
aimed at isolation, purification, and characterization of a-amylase
from a robust amylolytic bacterium, Bacillus cereus SM22 using
chromatographic techniques.

Materials and Methods

Sample Collection and Culturing

The pure culture of Bacillus cereus SM22 isolated from decayed
cocoyam tubers was used in this study. It was obtained from the
Department of Microbiology, Obafemi Awolowo University, lle-Ife,
Nigeria.

Cocoyam starch preparation

The modified method of Singh et al.® was adopted for the preparation
of cocoyam starch. Healthy cocoyam tubers were collected at Obafemi
Awolowo Research and Teaching Farm, lle-Ife, Nigeria. Samples
were rinsed in clean water and peeled. Then 500 g were homogenized
using pestle and mortar with 1 L of distilled water. The homogenate
was filtered with cheesecloth and allowed to stand for 3 h before
decanting. The residues were dried at 50 °C for 48 h, ground into
powder and then used as the starch source for the study.”

Biochemical and a-amylase Assays

The a-amylase activity was determined according to the combined
methods of Nelson and Somogyi.?*
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Protein assay

Protein concentration was determined based on the method of
Bradford.'® The assay mixture consisted of the crude enzyme (0.05
mL), distilled water (0.75 mL) and Bradford reagent (0.2 mL) which
were gently mixed and incubated at room temperature for 5 min.
Absorbance was measured at 595 nm and the protein concentration in
the sample was extrapolated from the standard curve using Bovine
serum albumin (BSA) as standard.

Optimization of a-Amylase Production by Bacillus cereus
Determination of the inoculum size

Different inoculum sizes (0.5-3.0%) from 24 hours broth culture of the
test isolates were used for the determination of a-amylase production
level. Sterile basal medium (50 mL) constituting soluble starch (5
g/L), yeast extract (5 g/L), (NH4)2SO4, (2.5 g/L), MgSO4.7H,0 (0.2
g/L), KoPO4 (3 g/L), and CaCl,.2H,0 (0.25 g/L)™* was inoculated with
B. cereus SM22 (0.5-3.0%) and fermented at 35°C for 48 h with
steady agitation with a rotary shaker at 150 rpm. After fermentation,
the medium was thereafter centrifuged at 6000 rpm for 30 min and the
supernatant was tested for a-amtlase activity.®®

Determination of optimum pH for a-amylase production

To test the effect of different pH values on the production of a-
amylase, the pH of the basal medium (50 mL) was varied between 3.0
and 9.0 before sterilization. The sterile basal medium was inoculated
with 0.5 mL of 24 hours broth culture of B. cereus SM22 and
incubated at 35°C for 48 h with steady agitation at 150 rpm. The
medium was thereafter centrifuged at 6000 rpm for 30 min and the
supernatant was tested for a-amylase activity.®®

Determination of optimum temperature for a-amylase

To test the effect of different temperature values on the production of
a-amylase, the sterile basal medium (50 mL, pH 7.0) was inoculated
with 0.5 mL of 24 h broth culture of B. Cereus SM22 and incubated at
25, 37, and 40-70 °C for 48 h with steady agitation at 150 rpm. The
medium was thereafter centrifuged at 6000 rpm for 30 min and the
supernatant was tested for a-amylase activity.®®

Effect of cocoyam starch concentration on a-amylase production

The effect of different starch concentrations on a-amylase production
was tested using 0.5-2.5% cocoyam starch constituted into the basal
medium. The basal medium was inoculated with 0.5 mL of 24 hours
broth culture of B. cereus SM22 and incubated at 37 °C for 48 h with
steady agitation at 150 rpm. The medium was thereafter centrifuged at
6000 rpm for 30 min and the supernatant was tested for a-amylase
activity.®®

Effect of carbon sources on o-amylase production

The effects of different carbon sources were evaluated using 1 %w/v
of maltose, glucose, starch, galactose and sucrose, respectively. The
basal medium (50 mL) containing the various carbon sources was
inoculated with 0.5 mL of 24 hours broth culture of B. cereus SM22
and incubated at 37°C for 48 h with steady agitation at 150 rpm. The
medium was thereafter centrifuged at 6000 rpm for 30 min and the
supernatant was tested for a-amylase activity.®®

Effect of nitrogen sources on o-amylase production

The effects of different nitrogen sources, each with a concentration of
10 g/L (w/v) [KNOs, NaNO;, NH4Cl, Ca(NOs);, (NH4).SO,, yeast
extract, and peptone] were tested. The basal medium (50 mL)
containing the various nitrogen sources was inoculated with 0.5 mL of
24 hours broth culture of B. cereus SM22 and incubated at 37°C for 48
h with steady agitation at 150 rpm. The medium was thereafter
centrifuged at 6000 rpm for 30 min and the supernatant was tested for
a-amylase activity.®°

Purification of a-amylase

lon-exchange chromatography on diethyl-aminoethyl (DEAE)sephacel
The cell-free culture supernatant obtained from the basal medium was
dialyzed and concentrated. The concentrated sample was layered on
DEAE-Sephacel ion exchange column (1.0 x 10.0 cm) equilibrated
with phosphate buffer (10 mM, pH 7.0). Fractions of 1 mL each were
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collected at a flow rate of 20 mL/h.The bound enzyme was eluted by
using a linear gradient from 0 -1.0 M of NaCl in the elution buffer (10
mM, pH 7.0). Fractions that had a-amylase activity®°were pooled
together and concentrated. Also, the protein profiles of the fractions
were measured at 280 nm using a UV-visible spectrophotometer.*

Gel filtration on biogel P-100

The post-DEAE Sephacel concentrated sample was re-dissolved in 1
mL phosphate buffer (10 mM, pH 7.0) and layered on BioGel P-100
column (1.0 x 50 cm) pre-equilibrated with phosphate buffer.
Fractions of 5 mL each were collected at a flow rate of 10 mL/h.
Elution was performed by using the same buffer and fractions with a-
amylase activity®® were  pooled together and lyophilized to afford
partially purified a-amylase.

Determination of native molecular weight

The native molecular weight of the partially purified a-amylase was
determined by gel filtration on a Bio-Gel P-100 column (1.0x50 cm).
The void volume (V,) was determined with blue dextran (2 mg/mL)
from a plot of absorbance of fractions at 620 nm against fraction
volume. The column was calibrated with low molecular range protein
standards:’® gamma globulin (135 kDa), a-chymotrypsinogen A (25
kDa), ovalbumin (45 kDa) and bovine serum albumin (66 kDa). Each
protein standard was prepared in tris buffer (10 mM, pH 7.0); and 1
mL of each standard was loaded on the column.The bound proteins
were eluted with the same buffer at a flow rate of 10 mL/h. Fractions
(1 mL each) were collected and the protein profile was monitored at
280 nm. The partition coefficient (K.) of each standard and the
partially purified a-amylase was calculated. The K, values of each
standard protein were plotted against the logarithm of the molecular
weights from where the molecular weight of the amylase was
extrapolated.

Characterization of the purified a-Amylase from bacillus cereus SM22
Effects of pH on activity and stability of purified o-amylase

Different buffer systems; citrate buffer (10 Mm, pH 3.0-5.0);
phosphate buffer (10 mM, pH 6.0-7.0) and tris buffer (10 mM, pH 8.0-
11.0)] were prepared and used for the determination of a-amylase
activity. For measurement of pH stability, the enzyme was incubated
at room temperature for 1 h in buffers having different pH values. The
residual activity was thereafter determined as described.®®

Effects of temperature on the activity and stability of a-amylase

To determine the effect of different temperatures on starch hydrolysis
by a-amylase, an aliquot of the enzyme (in phosphate buffer, pH 7.0)
and starch substrate were incubated at 0 -100 °C for 20 min.
Thereafter residual activity of the enzyme was determined®® and
plotted against the different temperatures and optimum temperature
was extrapolated. Negative control was prepared without incubation.
The peak of the a-amylase activity was detected and considered as the
optimal temperature.

Thermal stability of the a-amylase

The thermal stability of the a-amylase was determined by incubating
the enzyme preparation at different temperatures (50, 60, 70, and 80
°C) for 60 min. Aliquots were withdrawn at 10 min intervals and the
residual activity was measured as described.®®

Effects of different metal ions on the a-amylase

The effects of different metal ions (NaCl, MgCl,, CaCl,, and
Alx(SO4)3) on a-amylase activity were determined under optimal
conditions of temperature and pH using different concentrations (0-
300 mM) of metal ions prepared in phosphate buffer (10 mM, pH 6.0).
The reaction mixture was incubated at 50 °C for 10 min. Negative
control was prepared without the metal ions.™

Effects of EDTA on the a-amylase activity

The effect of EDTA on a-amylase activity was determined using
different concentrations (0-300 mM) of EDTA prepared in phosphate
buffer (10 mM, pH 6.0) and incubated at 50 °C for 20 min.**
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Effect of raw starch on the crude a-amylase production

The effect of a-amylase on raw starches was determined by incubating
an aliquot of the a-amylase with 1% gelatinized and ungelatinized raw
starch (0.1 mL). Different sources of starch used include cassava,
cocoyam, corn, soluble starch, plantain, and yam.®®

Determination of kinetic parameters

The apparent kinetic parameters (Kn and Vma) Were determined
according to the method of Abdel-Fattah et al.™*, using an aliquot of
the enzyme with different concentrations of cocoyam starch (0-200
mg/mL) as substrate at 50°C and pH of 7.0. The products formed were
estimated and used for the apparent kinetic parameters such as
maximum rate Vmax (mU/mg/min) and Michaelis-Menten constant;
K77z (mg/mL).

Statistical analysis
The research data was duly analyzed and presented using Statistical
Package for the Social Sciences (SPSS) version 23.0 and Microsoft
Excel for Windows.

Results and Discussion

Optimization of inoculum size, pH and temperature for a-amylase
production by Bacillus cereus SM22

The optimum inoculum size required for the growth and release of a-
amylase by Bacillus cereus SM22 was 2% with the maximum o-
amylase activity of 276.01 + 2.21 Units/mL (Figure 1). Inoculum size
is an important factor affecting the biosynthesis of enzymes. The
higher the inoculum size, the higher the number of cells in the
production media and vice versa. Lower inoculum size would require
a longer time for the cells to grow into optimum number to be able to
transform the substrate into the desired product(s).”> The best
inoculum size for this study was achieved at 2%. Also, Kashyap et al®
had reported a similar inoculum size of 2% for maximum growth in
the culture medium.

The optimum pH of the medium for the growth and synthesis of a-
amylase by the bacterium was pH 7.0 with the a-amylase activity of
503.97+47.91 Units/mL; while the optimum temperature was 37°C
with the activity of 336.83+17.2 Units/mL (Figure 2).

Furthermore, temperature is another important factor in the
development of biotechnological processes. Temperature influences
protein denaturation, enzyme inhibition, and cell growth.*

Effects of starch on a-amylase production by Bacillus cereus SM22
The cocoyam starch concentration required for optimum synthesis and
release of a-amylase by B. cereus SM22 in the media was 1 %.
Therefore, with 1 % cocoyam starch composition in the production
medium, an optimum activity of 259.8+2.56 Units/mL was recorded
(Figure 3).Similarly, maximum a-amylase activity had also been
reported in the range of 1-1.5 % starch composition.” Steady increase
in a starch concentration above 25 % caused inhibition of a-amylase
activity.'

Effects of different carbon sources on a-amylase production

The maximum o-amylase activity was recorded with cocoyam starch
(Figure 4) with enzyme activity of 835.9 units/mL, while galactose
produced the least activity. This showed that the starch molecule is an
ideal substrate with a maximum activity of 835.9+0.03 units/mL. The
high affinity for starch by this organism could indicate that a-amylase
is inducible in the presence of starch substrate.

Effects of organic and inorganic nitrogen sources on a-amylase
production

For optimal microbial growth in a culture medium, a suitable nitrogen
source is needed for the synthesis of biological macromolecules such
as protein. In this study, for organic nitrogen sources, peptone was
found to induce maximum o-amylase synthesis (293.65 Units/mL)
than other nitrogen sources (Figure 5, A). On the other hand,
ammonium nitrate induced maximum a-amylase activity (60.795
Units/mL) than other inorganic nitrogen sources (Figure 5, B).
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Figure 1: Effect of inoculum size on a-amylase activity at
35°C and pH 7.0.
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Figure 2: Effect of temperature on a-amylase activity at pH
7.0.
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Figure 4: Effects of carbon sources on crude a-amylase
production (37°C, pH 7) by Bacillus cereus SM22.

221

© 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, February 2022; 6(2):219-226

400
350
300
250
200
150
100

s |

Peptone Casein  Yeast Mjélt Uriase
Extract Extract

Activity (Units/ml)

-50

-100 -
Organic Nitrogen

Activity (Units/ml)

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

80
70
60 B
50
40
30
20
] L
0
> »H 5 O
-10 < $O %Q»b‘o §§O @O Q\b‘@Obﬁ
N

Inorganic Nitrogen

Figure 5: Effects of organic (A) and inorganic nitrogen sources (B) on crude a-amylase Production (37°C, pH 7) by Bacillus cereus.

Effects of raw starches on the crude a-amylase production

The effect of cocoyam starch was compared with corn, cassava,
plantain, and yam starches. The result showed that cocoyam starch
was the best nutrient for Bacillus cereus to secrete maximum o-
amylase (882.891 U/mL) in the medium (Figure 6).

Elution Profile of cell-free supernatant of B. cereus SM22 culture on
DEAE sephacel

The crude enzyme concentration from the cell-free supernatant was
4.808 units/mg protein. The purification run on DEAE Sephacel
produced only one peak (Fig. 7); which was pooled and further
purified via BioGel P-100 (Fig. 8). Also, a single peak was obtained
on gel filtration. The final purification step yielded 42% of overall
recovery with the specific activity of 46.6 Units/mg of protein (Table
1).

The native molecular weight of a-amylase from B. cereus SM22

The native molecular weight of the a-amylase from B. cereus SM22
was estimated to be 56 kDa. Further purification on SDS PAGE
revealed that the molecular weight was 54 kDa (Figure 9).Native
molecular weights of 55.2 kDa'/, 58 kDa' and 63 kDa® for o-
amylases isolated from Bacillus lichenniformis, Bacillus
amyloliquefaciens, and Bacillus subtilis BS5 respectively have been
reported.

Characterization of the purified a-Amylase from Bacillus cereus SM22
Effects of pH on activity and stability of the purified o-amylase

The purified a-amylase showed activity over a wide range of pH (3.0—
11.0) with optimum activity at pH 6.0. The relative activities at acidic
(3.0) and basic (11.0) pH were 322.56+0.01 Units/mL and
241.45+1.75 Units/mL, respectively (Figure 10).

Effect of temperature on the o-amylase activity

The optimum temperature obtained from the activity of the purified a-
amylase was 50 °C (Figure 11). The enzyme also retained 100%
activity at this temperature for 1 h. The stability of the a-amylase at
the incubation of 50 °C was an indication that the enzyme was
moderately heat stable. This was further supported by the ability of the
enzyme to retain 100 % activity even after sixty minutes (60) 1 h of
incubation at 50 °C. At temperature above 50 °C, there was a steady
reduction in activity with a complete loss at 100 °C (Figure 12). The
result shows that the a-amylase produced by the B. cereus SM22 was
found to be more robust and heat stable than 56.6% heat stability
reported from B. subtilis BS5.%

Effect of metal ions on the purified a-amylase activity

The effects of metal ions on the activity of a-amylase showed that
though sodium ion inhibited the a-amylase activity at a very low
concentration, NaCl had a stimulatory/optimum effect on the activity
of the enzyme at 100 and 240 mM.(Figure 13, A).
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Figure 6: Effects of raw starches on crude o-amylase
production (37°C, pH 7) by Bacillus cereus SM22.
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Figure 7: Elution Profile of cell-free supernatant of Bacillus
cereus SM22 culture on DEAE Sephacel.

Fractions of 22 mL each were collected. Fractions were assayed for
amylase activity (left vertical axis) and total protein content (right
vertical axis) and plotted against the tube fractions (horizontal axis).
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Table 1: Purification scheme of a-amylase extracted from Bacillus cereus SM22
S/N  Purification Step Volume  a- Total Protein Total Specific  Yield Purification
(mL) Amylase a-Amylase  (mg/mL) Protein Activity (%) (fold)
(U/mL) Activity (mg/mL)  (U/mL)
(U/mL)
1 Crude 50 14.53 726.50 3.022 151.6 4.79 100 1
2 Lyophilized crude 1 653.0 653.0 15.61 41.83 89.88 8.70 8.70
3 Pooled fraction (lon - 11 49.66 546.29 181 19.91 27.44 75.19 5.71
exchange)
4 Lyophilized fraction (ion- 2 301 602 6.51 13.02 46.22 82.86 9.60
exchange)
5 Pooled  fraction (Gel- 8 37.98 303.84 0.82 6.52 46.60 41.822 9.70
filtration)
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Also, Mg?* also enhanced the activity of the enzyme at 80-120 mM
but inhibited the enzyme at 140 mM and above. (Figure 13, B).
However, Ca®* inhibited the activity of the enzyme at 100-300 mM
though, it tends to slightly enhance the activity at lower concentrations
(20-80 mM). The AI®* slightly inhibited the activity of a-amylase at
20-200 mM but a total loss of activity was recorded at concentrations
above 200 mM. The stimulatory effects of Na* and Ca®* have been
reported.?-?2

Effect of EDTA on purified a-amylase activity

EDTA inhibited the activity of the enzyme at various concentrations
tested with maximum inhibition resulting in complete loss of activity
at 260-300 Mm (Figure 15). EDTA is a chelating agent and tends to
form inactive complexes with metal ions such as cofactors in enzyme
structures, thus lowering the enzyme-substrate affinity.> The high
sensitivity of a-amylase to EDTA could be that the enzyme contains
inorganic group(s) which might have formed inactive complexes with
the EDTA molecules.

Effects of raw starches on the a-amylase produced by B. cereus

The study revealed the effectiveness of raw starches on a-amylase
activity with significant activity (850.71 Units/mL) obtained with un-
gelatinized raw cocoyam starch while gelatinized soluble induced the
least activity (156.6 Units/mL) (Figure 16).

Kinetic Parameter (Kmand Vimax)

Further studies with gelatinized and un-gelatinized starches including
soluble starch revealed the effectiveness of raw starches on a-amylase
activity which can be harnessed in hydrolytic processes using raw
starch as substrate.

Figure 13: Effects of NaCl (A) and MgCl, (B) on the a-amylase produced by Bacillus cereus SM22 at pH 6.0 and 50 °C.
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The activity of the partially purified a-amylase increased with an
increase in substrate concentration; and the trend continued until a
maximum concentration was reached where there was no further
increase in enzyme activity (Figure 17A). At this point, the activity of
the enzyme was inhibited by saturation concentration. The Michaelis-
Menten constant (knandVmax) of the purified a-amylase for cocoyam
starch were estimated from the Lineweaver-Burk plot of the activity of
purified a-amylase at a varying concentration of substrate as shown in
Figure 17B. The Vmax and Ky obtained were 4834.64 + 95.71 and
91.09 * 3.72 Unit/mg protein, respectively. Low Ky values for a-
amylases produced by some Bacillus spp had been reported ** and
indicates that the high affinity of the enzyme with its substrate in the
formation of the enzyme-substrate complex. The low K, value
obtained from this study has shown robust potentials for harnessing
the a-amylase produced by B. cereus SM22 in active biotechnological
processes for efficient bioconversions of starch molecules into useful
products.

Conclusion

The study purified, and characterized a-amylase from Bacillus cereus
SM22 isolated from decayed cocoyam tubers. For efficient production
of a-amylase in the growth medium, the following conditions were

required: pH 7.0, 37°C, 1% cocoyam starch, 2% inoculum, peptone
and ammonium nitrate. Conversely, the optimum conditions required
for the maximum performance of a-amylase from Bacillus cereus
SM22 were pH 6.0, 50°C, NaCl (100 or 240 mM), low concentrations
of Mg?* (80-120 mM) and Ca?* (20-80 mM), no AI** and EDTA. With
these important factors, the B. cereus SM22 anda-amylase were found
to perform maximally in the culture media. Above all, the low Kyand
high Vmax values make the enzyme from this bacterial strain an
excellent candidate for robust industrial applications. Further studies is
required to enable potential commercialization of the enzyme.
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