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Abstract: The isolation and taxonomic characterization of Bacillus licheniformis isolated from cassava steep
water and the purification and characterization of its extracellular amylase (-1, 4-glucano-4-glucanohydrolase,
EC3.2.1. 1) were carried out in this study for the potential use of the enzyme for cassava starch hydrolysis for
mndustrial purposes. The enzyme was purified by 1on-exchange chromatography on DEAE-Cellulose and gel
filtration on Bio-Gel P100 column. The specific activity of the purified enzyme was approximately 855 umits per
mg of protein (U mg™"). The enzyme is a large protein with apparent molecular weight determined by gel
filtration on Bio-Gel P100 of greater than 100, 000 Daltons. The enzyme obeys sigmoidal kinetics with a kinetic
constant (K") for scluble starch of 1.097+0.027% starch and a V., of 44.5441 .79 U min". The optimum pH and
temperature for enzyme activity were 7.5 and 90°C, respectively. The enzyme was stable for 45 min at 90°C. The
enzyme was activated by Cd*, Co®', Mg® and Ni*" while Fe” and Mn*' moderately activated the enzyme and
7Zn*', Ba*, EDTA and acetamide were inhibitory. This amylase could be useful for the hydrolysis of soluble

starch for the production of maltose.
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INTRODUCTION

Amylases are enzymes that catalyze the hydrolysis of
starch or other carbohydrates to produce sugar, syrups
and dextrin (Sadhulkham et al., 1992). The hydrolysates
thus produced are used as carbon and energy sources in
fermentation and in a range of manufactured food and
pharmaceutical products (Forgaty and Kelly, 1980). A
mumber of amylases have been considered important
because of their different catalytic pattern and vyield
of products of different configuration (Whitaker, 1972).
¢-amylase (¢-1, 4-glucan-4-g lucanohydrolase, EC 3.2.1.1)
that hydrolyzes mnternal -1, 4-linkages to yield maltose,
maltotriose and g-dextrin at the mitial step in starch
breakdown. P-amylase (1, 4-g-D-glucanmaltohydrolase,
EC 321.2) hydrolyzes a-1, 4-glucosidic linkages of
starch in an exo-fashion from the non-reducing
end of the starch polymer producing maltose in the
P-anomeric configuration and p-limit dextrin (Forgaty and
Kelly, 1979). Amyloglucosidase or Glucoamylase (Glucan-
1, 4-c-glucosidase) is an exochydrolase that stepwisely
hydrolyzes terminal glucose residues from the non-
reducing terminal of the substrate molecule. It catalyzes

the hydrolysis of -1, 4 linkages in starch in an exo-
fashion hydrolyzing ¢-1, 6 bonds but at a much slower
rate than «-1, 4 bonds. The other types of amylases
include the iscamylases and the pullulanases {c-dextrin
endo-1, 6-g-glucosidase, EC 3.2. 1.41), which are termed
debranching enzymes’. Isoamylase (EC 3.2.1.68) which
catalyzes the hydrolysis of the «-(1-6)-glycosidic
bonds of amylopectin, glycogen and oligosaccharides.
The minimum structural requirements for the substrates
are separate maltose and maltotriose units linked by
a «-(1-6)-glycosidic bond (Robyt, 1984). Pullulanase
catalyses the hydrolysis of the ¢-(1-6)-glycosidic bonds
of the amylopectin and limit dexrins that possess at least
a maltose umt m the shortened side cham. The hydrolysis
oceurs 11 a random manner to liberate maltotriose
(Robyt, 1984). A combination of these enzymes can break
down the entire starch polymer.

Amylases are widely distributed in plants, animals
and microorganisms and show varying patterns of
action depending on the source (Hagenimana et al.,
1992). The most commonly studied microbes for the
production of amylases are fungi and bacteria (Campbell,
1955; Manmng et al.,1961; Yamamoto ef al., 1972; Saito,
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1973; Boyer et al, 1979, Medda and Chandra, 1980,
Forgaty and Kelly, 1980; Nanmori et al., 1983, Takasaki,
1985; Srivastava and Baruah, 1986; Sen and Chakrabarty,
1987, Brumm ef ai., 1988) The occurrence of microbal -
amylases with varied catalytic properties has been
extensively reviewed by Forgaty and Kelly (1980).

Many of the enzymes used in the industries are
extracellular enzymes derived from microorganmisms. High
value is placed on extreme thermostability and
thermoactivity of amylases for use in the bioprocessing of
starch. The ncreased use of bacterial amylases has also
created the need to 1solate strains producing amylases
with characteristics that are more amenable to industrial
and other useful applications. The objectives of this
study are to isolate and carry out the taxonomic
characterization of a bacterium from cassava steep water
that is a good amylase producer and to purify and
characterize the produced amylase for the purposes of
exploiting its potential industrial applications.

MATERIALS AND METHODS

This research was conducted between October 2003
and September 2005 at the Obafemi Awolowo Umversity,
Tle-Tfe, Nigeria and at the Olabisi Onabanjo University,
Remo Campus, Tkenne, Nigeria. Twelve to fifteen month-
old cassava tuber of the local white variety was harvested
from a farm in Ikenne, Ogun State, Nigeria. All media were
purchased from Lab M, Lancashire, UK. DEAE-Cellulose
and Sephadex G-200 were obtained from Pharmacia AB,
Uppsala, Sweden. The High Molecular Weight (HMW)
calibration kit for gel filtration was obtained from Sigma
Chemicals Company Ttd., St. Louis, MO., USA. Percoated
TLC plate (Silica Gel F, 20%20 cm) was purchased from
Analtech, Newark, USA. Other reagents were of analytical
grade. Glass distilled water was used for all solutions.

Fermentation of cassava tissue: Freshly harvested
cassava tuber was peeled, cut mto thin cylindrical slices
and washed mn tap water. Twenty gram of the cassava
slices were soaked in 100 ml. of tap water in 250 mL
capacity conical flask in triplicate. The soaked cassava
were allowed to ferment at 30°C for up to 48 b

Isolation and identification of amylase producing bacteria
from cassava steep water: The bacteria were isolated from
the cassava steep water at the 24 and 48th h of
fermentation. Steep water (10 mL) was taken aseptically
from the fermenting cassava tissue and diluted serially in
sterile 0.1% peptone water diluent. Aliquots (1.0 mL) of
appropriate dilutions were plated mn starch agar (Nutrient
agar (Oxoid CM3) and 1% soluble starch (Analar)) using
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the pour plate method. Tnoculated plates were incubated
at 30°C for 48 h. Representatives of predominant colonies
from the plates were purified by repeated streaking on
starch agar and pure 1solates were preserved on nutrient
agar slant in the refrigerator.

The amylolytic potential of the pure bacteria isolates
was determmed by testing their ability to hydrolyse
starch. This was done following standard starch agar
plate method as described by Harrigan and McCance
(1976). Bacterial isolate with large clearing of the medium
after flooding with Gram’s 1odine solution was selected for
this study and was further characterized and identified by
standard methods (Harrigan and McCance, 1976;
Buchanan and Gibbons, 1974; Collins et al., 2004).

Enzyme and protein assays: The amylase activity was
measured by incubating 0.2 ml. of the appropriately
diluted enzyme solution at 37°C for 10 min with 0.8 mI.
of 1.2% soluble starch i 0.1M citrate phosphate buffer,
PH 5.5 containing 80 mM CaCl,. After the ncubation, the
amount of reducing sugar liberated by the enzyme was
measured by the Nelson-Somogyi method (Nelson, 1944,
Somogyi, 1945) using maltose as standard. One umt of
enzyme activity was defined as the amount of enzyme that
released one micromole of reducing sugar as maltose per
min under the conditions described above.

The protemn concentration was determmed by the
method of Bradford (1976) using bovine serum albumin as
standard.

Enzyme extraction: The pure bacteria culture (18 h old)
was used to inoculate sterile starch broth (Nutrient broth
(LabM)+1.0% soluble starch) and incubated on an orbital
water bath incubator at 37°C for 48 h. The contents of the
flasks were then pooled and centrifuged at 7,000 rpm for
20 min. The supematant was used as the crude enzyme.

Enzyme purification: The B. licheniforniis c.-amylase was
purified by a procedure similar to that employed by
Giraud ef al. (1993) with an addition gel filtration step on
Bio-Gel P100.

Ammonium sulphate fractionation: The crude enzyme
was brought to 70% ammonium sulphate saturation. The
precipitated protein after standing in an ice-bath for at
least 2 h was recovered by centrifugation at 7,000 rpm at
4°C for 20 min. The precipitate was stored m a minimal
volume of 50 mM sodium-phosphate buffer, pH 6.8.

Ion-exchange chromatography on DEAE-Cellulose:
DEAE-Cellulose resin was pretreated according to
Whatman Product Instruction Manual and equilibrated in
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50 mM sodium-phosphate buffer, pH 6.8. The slurry was
then packed into a column (2.5x40 cm) and equilibrated
further with 50 mM sodium-phosphate buffer, pH 6.8. The
precipitate collected from the ammomum sulphate
fractionation step above was dialyzed in 50 mM sodium
phosphate buffer, pH 6.8. The dialysate was layered on
the column and eluted mnto 3 mL fractions at a flow rate of
30mL h™" with a 250 mL linear salt gradient (0-0.1M NaCl)
in the same buffer. The active fractions were pooled and
brought to 70% ammonium sulphate.

Gelfiltration on Bio-Gel P100: Bio-Gel P100 resm (12 g)
was swollen in distilled water for 72 b, then packed into a
column (1.5x40 cm) and equilibrated with 50 mM sodium
phosphate buffer, pH 6.8. The precipitated protein from
the previous step was dialyzed and gel filtered on the Bio-
Gel P100 column eluting with the same buffer.

Determination of the native molecular weight: Bio-Gel
P100 resin was prepared as described above and packed
into a 2.5%70 ¢cm column. The molecular weight markers
were cytochrome ¢ (M, 12,400, 4 mg mL™"), carbonic
anhydrase (M, 29,000; 3 mg mL™"), albumin (M, 66,000,
10 mg mL ") and hexokinase (M, 96,000; 2mg mL™"). The
proteins were eluted with 50 mM sodium/potassium
phosphate buffer, pH 6.8 at a flow rate of 20 mI h™". The
void volume of the column was determined with blue
dextran (2 mg mL ™). The calibration and estimation were
done according to Andrews (1964 and 1965).

Determination of the kinetic parameters: The kinetic
constants were determined using soluble starch as
substrate. The enzyme was assayed routinely at varying
substrate concentration from 0.10-1.20%. The kinetic
constant (K') and V,,, were estimated from the plots of
velocity (v) against [S] and the Hill plot of log v/V v
versus log [5] according to Segel (1975).

Effect of pH and temperature: The optimum pH of the
enzyme was determined by assaying the enzyme at
various pH values using 0.2 M of the following buffers-
sodium acetate (pH 3.5-4.5), citrate-phosphate (pH 5.5),
phosphate (pH 6.5-7.5) and tris (pH 9.20). The optimum
temperature of the enzyme was determined by incubating
the enzyme at different temperatures between 40 and
100°C and assaying its residual activity. The thermal
stability of the enzyme at 90°C was also carried out by
mcubating for 45 min while aliquots were withdrawn at
5 min intervals for enzyme assay.

Effect of salts and reagents: The effects of some salts
(N1, Ba™, Cd”, Co™, Mg™, Zn™*, Cu™, Mn”, Sn’"and

475

Fe™), EDTA and acetamide on the enzyme activity were
investigated by assaying the enzyme in the presence of
1 and 5 mM of the chemicals.

Analysis of the hydrolysate by thin-layer
Chromatography: The hydrolysate obtained after the
incubation of 2 mL of the enzyme with 2 mL of 1%
analyzed soluble starch for 2 h at room temperature were
identified using the thin-layer chromatography method of
Tvor and Feinberg (1965). The standard sugars were D (+)
glucose (@), D (+)maltose (M), D (+) sucrose (3) and D (+)
fructose (F).

RESULTS

Characterization and identification of the isolated
amylolytic bacterial strain: The morphological and
biochemical characteristic of the isclated amylase
producing bacteria 1s shown in Table 1. The bacteria

1solate was 1dentified as B. licheniformis.

Enzyme purification: The elution profiles on DEAE-
Cellulose and Bio-Gel P100 are shown mn Fig. 1 and 2,
respectively. There were more than one peak of
amylase activity but the one with highest activity
was purified further. The results of the purification
procedures  were summarized 1 Table 2. The
procedure yielded a g-amylase with a specific activity of
854.8 Umg™ of protein with a yield of 43.17%.

Table 1: Morphological and biochemical characteristics of the isolated
amylotytic bacterial strain
Characterization tests

Bacterial strain

Gram reaction/cell shape Positive/Rod
Catalase Positive
Spore Present
Spore position Central (MG1)
Starch hydrolysis Positive
Nitrate reduction Positive
Gelatin liquefaction Positive

VP (acetoin) Positive
Citrate utilization Positive
Oxidative-Fermentative test Oxidative
Oxygen relationship FA

Tndole production Negative
Anaerobic growth Positive
Acid from sugar fermentation

Glucose Positive
Sucrose Positive
Mannitol Positive
Kylose Positive
Maltose Positive
Growth at:

45°C Positive
50°C Negative
Probable identity Beacillus licheniformis

FA: Facultative anaerobe;, VP: Voges Proskauer, MG1: Morphological
group 1 (ellipsoidal and cylindrical spore that do not exceed the diameter of
the sporangium)
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Fig. 1: Elution profile of the Bacillus licheniformis
amylase from cassava steep water from DEAE-
Cellulose ion-exchange chromatography. The
column was equilibrated with 50 mM
sodium/potassium phosphate buffer, pH 6.8. The
enzyme was eluted with a 250 mL linear salt
gradient (0-0.1 m NaCl) as described mn the text. o-
0-0 (protem), x-x-x (enzyme activity), --- (salt
gradient) and — (pooled fractions)
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Fig. 2: Elution profile of the post ion exchange fraction on
Bio-Gel P100 gel filtration column. The eluant was
50 mM sodium/potassium phosphate buffer, pH
6.8. Details are as described m the text o-0-o
(protemn), x-x-x (enzyme activity) and — (pooled
fractions)

Properties of a-amylase of B. licheniformis from Cassava
Steep water: The molecular weight obtained by
gel filtration on Bio-Gel P100 was greater than
100,000 Daltons. The V,_, was estimated as
44,5441 .79 Umin™" (Fig. 3). The kinetic constant (K') and
the number of binding site estimated from the Hill plot
were 1.097+0.027% starch and 2, respectively. The pH and
temperature profiles of the purified ¢-amylase are shown
in Fig. 4 and 5, respectively. The optimum pH was 7.5.

Table 2: Summary of the purification procedure
Total  Specific
protein activity  Yield Purification

Volume Activity

Fraction (ml.) [49)] (mg) Umg™ (%) fold
Crude 70% 1338 178222 107040 1.67 100.00 1.00
(NH, )80, 160 974.03 4375 22,26 54.65 13.33
DEAE- 55 650.08 24.89 26.12 3648 1564
Cellulose

(Fraction I)

Bio-Gel P100 18 420.98 1.24 33950 2362 20329
(Fraction I)

Table 3: Effect of cations and other reagents
Activity (%)

Cations/Reagents 1 mM 5 mM
CaCl, 100.00 100.00
NiCl, 84.72 77.92
MgCly 85.71 85.71
CoCl, 85.71 82.79
CdsSQ, 87.66 87.79
Fe(Cl; 77.92 78.90
MnO), 68.18 61.37
SnCl, 43.83 59.42
BaCl, 36.99 22.88
ZnSQy 24.35 22,40
CuSQy 15.58 11.69
Acetamide 56.40 64.28
EDTA 35.06 18.51
V max
454 —-—-—-—-———————————————————
40
351
301
i
a 251
2 20
>
15
10
5
0 T T T T 1

02 04 06 08 10 12
[S] % starch

Fig. 3: Plot of v (U min™") versus [S] % starch for the
determination of V__
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Fig. 6: The thermal stability curves of the enzyme at 90°C
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Fig. 7: The Silica gel chromatogram. The photograph of
the chromatogram showing the hydrolysate on
hydrolyzing soluble starch with the purified
enzyme (X).The chemical markers are fructose (F),
slucose ((3), maltose (M) and sucrose (3)

The enzyme showed maximum activity at 90°C and
retained a substantial amount of activity at 100°C. The
thermal stability curve at 90°C is shown in Fig. 6. The
effect of some cations and other reagents on the activity
of E. licheniformis a-amylase in the presence of CaCl.is
presented in Table 3. The hydrolysate of the reaction of
the enzyme with starch when separated by thin layer
chromatography contained m ainly maltose (Fig. 7).

DISCUSSION

Many bacteria produce exfracellular amylases during
the fermentation of starch. c-amylases have been
purified and crystallized from different sources including
B. licheniformis (Robyt, 1984). B. licheniformis is a
ubi quitous bacterium of importance in the environment as
a contributor to nutrient cycling due to the production of
amylase and other enzymes.

Varied molecular weights have been reported for
a-amylase from various sources. As aresult, the choice of
a gel filtration medium for the determination of the
molecular weight of this a-amylase was rather difficult. An
unusually low molecular weight of 15,600 was reported for
Barcillus stearothermophilus a-amylase (Manning ef al.,
1961). Bernfeld (1951) and Koivula &f al. {1993) had
obtained molecular weights in the range 45,000-90,000
Daltons for most a-amylases. Bacillus licheniformis
44MB82-A strain c¢-amylase had also been reported to
have a molecular weight of 58,000 (Ivanova et al., 1993).
ag-amylaze has many fimes been found to occur in
aggregates as in the case of homodimer of molecular
weight of 100,000 Daltons {(Dong ef al., 1997). The
conditions favouring aggregation is however, not known.
One can only suggest that it may depend on the duration
of storage during the purification procedure.
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Tt is noteworthy to find that the B. licheniformis
c-amylase obeys sigmoidal kinetics (Fig. 5). It may appear
from this that either the enzyme is oligomeric or it forms
aggregates. In all, it is possible to assume that there 1is
more than one substrate binding site. Harlier, Seigner et al.
(1985) have reported that c-amylase from porcine
pancreas showed sigmoidal response.

Amylases give bell-shaped curves when activity 1s
plotted against pH (Robyt and Whelan, 1968). The pH
range of stability of e-amylase has been observed to be
between 4.0 and 11.0 (Bernfield, 1951; Buenocore et al.,
1976). Human saliva and porcine pancreas amylases were
also reported to have optimum pIH of between 6.0 and 7.0
(Fischer and Stein, 1960). Bacillus licheniformis CUMC
305 g-amylase showed maximal activity at pH 9.0
(Krishnan and Chandran, 1989).

c¢-amylases have been
thermolabile or thermostable. The optimum temperature
has been found to range between 27 and 55°C
(Khoo et al., 1994; Chang et al., 1995; Egas et al., 1995,
Teang et al., 1995; Dong et al., 1997; Aktypis et al., 1998)
while Ivanova et al (1993) reported an optimum
temperature of 90°C for B. licheniformis 44MBR2A
stram.  B. licheniformis CUMC 305 (Krishnan and
Chandran, 1989). Thermostable a-amylases have been
found to require calcium ion as a protection against high
temperature (Violet and Meunier, 1989; Savchenko et af.,
2002). Although, the cation 13 not an integral part
of the active site of the enzyme, Ca™ is believed to
stabilize the overall conformation of the enzyme
(Robyt, 1984).

The study on the effect of some cations and
reagents showed inhibition (Table 3) by Cu®, EDTA, Zn*,
Ba® Sn™, Mn"™ and acetamide. This is in agreement with
the work of Krishnan and Chandra (1989) and Vihinen and
Mantsala (1990), Jeang et al. (1995), who reported that
Cu*, EDTA, Zn* are inhibitors of a¢-amylases. Recently,
Ramachandaran et al. (2004) reported a considerable
inhibition of a ¢-amylase by Mn* from a fungus. Cu™,
Zn™, Cd*, Hg” and Pb* are inhibitery to the enzyme from
B. stearothermophilus (Vihinen and Mantsala, 1990).
Other inhibitory compounds are dinitrofluorobenzene
(DNFB) and EDTA (Jeang ef al., 1995). On the other hand,
the activity of the enzyme mereased significantly with
Cd*, Co, Mg, Ni*and Fe”. Saboury (2002) had
reported that cobalt activates q-amylases. However, a low
inhibition at a high concentration of Co™ had been
reported for g-amylase from Salvadora oleides fruit
(Memon et al, 1987, Witt and Sauter, 1996). Generally,
c-amylases have long been observed to be
dependent. They require calcium ions (Ca™) or sedium
ions (Na”) (Vihimen and Mantsala, 1990; Stefanova and

considered as either

ion
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Emanuilova, 1992; Feller et al, 1992; Hgas et o, 1998) and
rarely magnesium ion (Mg®) (Adeleye, 1990) for
thermostability. The Ca™ is required to maintain structural
integrity of ¢-amylase (Vielet and Meunier, 1989). The
removal of calcium leads to decreased thermostability
and/or decreased enzymatic activity or susceptibility to
proteolytic degradation (Machius ef al., 1995).

The major hydrolysis product was maltose 1n
accordance with the mechanism outlined by Robyt and
French (1970).

In conclusion, the occurrence of this enzyme at high
specific activity as well as its apparent thermostalibity
makes it a target in our novel approach to exploit the
organism further, through mutagenesis, in our quest to
develop locally a highly active, thermostable and alcohol
tolerant a-amylase for the emerging cassava-ethanol
industry in our country. Moreover, the hydrolysis
products are also useful as sweeteners in food and
pharmaceutical industries.
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