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Abstract. The objective of this study was to determine the ability of the purified a-amylase
enzyme b0 convert potato starch inio glucose. For this abjective, the researcher isolated and
purified the o-amykase from locale olate bacteria Socilfus swbeillic ITBCCBI48. The
isolntion of the extracellular u-amylase was conducted by using cold centrifuge method dane
to separate the enayme from the cells. The purification of the c-amylese was examined by
fractionation using ammonium sulphate wall followed by dialysis.  The sctivity of the a-
amylase enzyme was determined by using the Fuwa method and Mandels while the protein
content was determined by using the Lowry method. Purified a-amylase obained from 20—
80P of ammonium sulphate saturation has specific activity 1131264 Umg”, Regarding the
purity, it was increased 10 6.41 times compared with the crude one (176525 Umg ™). On the
other hand, the purification in dialysis step could increse the specific activity s 28834.13
U.mg", which the purity rose to 16.33 times higher than crude. The purified enzyme had an
optimum pH al 5 and optimum temsperature at 65°C. The purified amylase from dialysis step
was then applied for enymatic conversion with various concentrations of potato starch 0.1:
0.2; 0.4; 0.6 and 0.8 % respectively to produce glucose. These starch consentration could
respectively produce glucose at 0.14; 0.33; 0.49; 0.72 and 0,71 mg.mL"', The activity of a-
amylnse since it conversed the starch potato were respectively 26.54; 60.51; 91,18 133.33
and 131,72 UmL™. In bricf, The purified o-amylase enzyme is able to convert potato starch
tor ghicose with an optimum concentration of potato starch 0,6%,

1. Introduction

Many microorganisms detected as sources of g-amylase inchading bacteria and fingi. 1t also have already
studied widely to apply a-amyluse in industrial field that connected into large scale production of a-amylase
[1]}. Bacterial a-amylases which have novel properties, have been the major extent of recent research, [2)
Bacillus subsilis s arod-shaped gram-positive bacterium, members of the gemis Sacitfus, 1t can form
endospare, o persist dangerous ecological surroundings of radistion, solvents, tempernture and extreme
pH. the endospore is considered at times of nutritional stress, allowing the organism to persist in the
environment until the conditions become favorable [3]. In the field of biotechnology, Baciffu subiifis b
microorganism which could produce some kind of enzyme such as proteases and amylase that high product
vields (2010 25 gram per litre) with excellent fermentation properties [4].

Amylase & starch degruding enzyme, is an imporant enzymes that wsed in industry and accounts for high
proportion of the enzyme market [5]. The e-amylase (E.C. 3.2.1.1) has been applied as catalysts for enzymatic
hydrolysis of materials with high content of starch [6). @-nmylises act on starch (polysaccharide) as the main
substrote and yield small units of glucoss (monosaccharide) and maltose (disaccharide), Starch is made of two
glycose polymers, amylose and amylopectin, which comprise glucose molecules that are connected by
glyosidic bonds, Both polymers have different structures and properties. A linear polymer of amylose has a
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s imum of 6000 glucose units linked by a-1,4 glyoosidic bonds, whereas amylopectin is composed of @-1.4-
linked chains of 10-60 glicose units with a1 6-linked side chains of 1545 glucose units (7). Enzymatic
hydrolysis generates o glucose solution which can be used without further treatments [8].

Glucose, an jmportant industrial product of starch hydrolysis finds application as sweeiener in the feod and
pharmaceutical indussries [9]. Starchy substrates are good source of sugar, this study was designed 1o develop
a suitmble technology (by oplimizing an enzymatic process) for conversion of locally available and cheaper
starchy substrates. Starch hydrolysates containing glucose can be cbiaimed from potato, sweet potato, comn,
wheat, sorghum, sugarcane, sugar beet and cassava starch into fermentable sugars and bic-etanol [1o11].
Carbohydrates based agricultural products like starch from potate occur abundantly and can be used s a raw
material for the production of energy. [merestingly, it is repored that afler completion of saccharification
process, phiscose is found to the main hvdrolysis product of potato and sweet potate starch [ 12].

Several industrial processes are carried out using whole celis as the source of enzymes but the efficiency can be
improved using isolated and purified enzymes. However, the criteria for selection of a porticular method of
isolation and porification depend on its end use. Various steps of smmonium sulphate precipitation are
followed by dinlysis for partinl purification of crsde enryme. The partial pirification and characterization of
the enzyre from Locale Isolate Bacterin Bacilluy subiilic ITBCCBI48 are presently reported. Funthermore,
The objective of this study is 1o determine the characteristics of the purified a-amylase enzyme to convert
potato starch i glucose,

: Research Methods
21 w-dmvlmie Production

2.1.1 tnoentum Preparation. The stock culture of Bacilfus subriilis ITHCCB 148 was grown in Nutrient agar
(MA) medium with 0.5 % soluble starch in order 1o obtain fresh isolates. The inocolum preparation was then
inoculzted in the production medium with the inoculum medium used by (Yandr er al,, 2010) [13] consisting
of 0.5% soluble starch, 0.5% yeast extract, 0.01% CaCly, 0.02% MgSO,7H,0 and 0.08% KH.PO,. The pH of
medium was seted up to 6.5, Then the medium was sterifized at 121 °C, pressure | atm for 15 minute by using
autoclave,

2.1.2 Prodwcrion of a-amplawe Encymes. The composition of the production medium was equal 1o the
composition of the inoculum medium. The active inoculum (2%) was iinoculated into an Erlenmeyer
conmining the production medium, incubated in & shaker incubater with an agitation speed at 200 rpm for 72
Tours at room temperature |13}, The centrifugation was then conducted a1 6000 rpm for 20 minutes. The
supernatant obiained was & erude extract of a-zmylase énsyvme,

2.2, Activity test of a-amylase mnd determination of protein content

221, a-Amylase assay

a-amylase sctivity was measured by determination the liberited reducing sugars o5 end products according o
Fuwa [ 14] and Mandels method [15],

2232, Protein determination

Lowry [ 16] method wis used to determine the profein content.

23, Purification of g-amylese Enzymes

23! Fractionation. The crude extract enzyme obtained was purified by fractionation using ammonium

sulphate. The crude enyme was added by solid ammonium sulphate with continpous overnight stirring and
separation iito the following ssturation ranges: (0-200%; (20-40)%(40-60%; (60-801%: and (B0 1007
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respectively [17]. The precipitates collected by cenirifugation (10,000 g for 20 min) were dissolved in 0.1M
phosphate baffer, pH 6.0.

2.3.2. Dialysis

The fracticnated ammonium sulphate enzyme with the highest octivity was purified by dialysis in the
cellophane pouch with the extraction buffer for 24 h at 4 °C, Dinlysis of the o-amylase enzyme was used to
partially hyvdrolyze the potato starch into glucose,

24.  Effect of pH on o-anylase activity and stability

Effect of pH on u-amylase activity was determined by performing enzyme assay of various pH valuee (4.5 5.0
5.5 6.0; 6.5, 7.0;7.5 and 8.0} using 0.1 M phosphate buffer.

2.5, Effect of Temperature on a-amyviase activity and stability

To determing the optimum incubation tempernture for maximum o-amylase sctivity, the reaction was camied
out at various incubation temperatures (55; 60; 65; 70: 75 and 80°C) for 30 min. The reaction mix comprising
the purified amylase and 0. 1% of potato starch sobution was incubmed o different temperatures a2 pH optimum.
2.6, Enzyvmatic Converston of Patato Starch o Glucode

The purified amyiase from dialvsis step with the optimum pH and Temperature was then applied for enzymatic
conversion with various concentrations of potato starch @,1; 0,2; 0.4; 0.6 and 0.8 % respectively 1o produce
glucose.

- 1 Result and Discussion

3.1, Punfication of a-amylase Enzymes

311 Fractionation. The crude extrmct enzyme obiained was purified by fractionation using smmonium

sufphate. The crude sample was fractionated into five, (0-20)%; (20-40)%0(40-601%; (60-80)%%; and (80-100)%
bised on the saturmion of ammonium sulphate {Figure |1
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Figure | Effect of enzyme fraction at various levels of ammonium sulphate saturation
on specific nctivity of the precipitates.

Figure | shows that -amylase eneyme hos the highest specific sctivity ar fraction 40-60%, of ammonium
sulphate saturation has specific sctivity 651951 Umg" Whereas in the fraction 0-20: 20-40: 60-80: and 80-
100%% respectively of smmenium sulphate sawration have specific activity 465,213 4769.22: 1071,76: and
144.32 U.mg”. This indicates the presence of enzymes deposited on these fractions. For the next process,
fractionation was carrled out in 2 levels of saturation of ammonium sulphate, Le. 0-20 and 20-80%. The
division of fractions into 2 Jevels was aimed to increase the vield of enzyme proteins so that there is no loss of
many enzymes when the fractionation process takes place and w increase the nequisition of considersble
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Figure 2 Effect of enzyme fraction a 2 levels of ammonium sulphate saturation
on specific activity of the precipitates.
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The specific sctivity showed a purity level of amylase enzyme. The more pure amyluse enzyme obinined, the
more vilue of specific activity increased.  Figure 2 shows that purified a-amviase obtined from 20-80% of
ammonium sulphate satsration has specific activity 11312.64 Umg’', Regarding the purity, it was increased to
6.41 times compared with the crude one (176525 Uimg™'), The results of this fraction were used for the nexs
purification stage, namely dialysis.

3.1.2. Dialysis

The membrane has pores that will permit small molecules such & ammonium and sulphate ions 1o cross, and
hence equilibrate in the larger volume of buffier outside, while not permining large protein molecules to cross.
I the buffer is changed several times, allowing several howrs each time for the ammonium sulphate 1o
equilibrate, mode ar kess all of it will be removed from the protein solution, Dialysis will increase the volume of
the enzyme solution [1 8],

Table I The a-anylase enyme purification scheme from Bacilfus subvilis ITRCCRI148

Enzyme Unit Protein Specific Total Yield Fold

Seeps Velume Astivity Levels Mli'-'i? Activity 4) Punfication
{ml} UmLY)  fmeml’)  (Umg’) (L)

Crude
E 3500 118.65 007854 1765.25 48527220 106 1
Fractionation
(20-807%
ety 185 1358.25 0,1 2007 1131264 224111.9% 46,18 h.41
sulphaie sal
Dinlysis 203 109653 (L03R03 J8834.13 222596186 4587 16.33

From the table |, it can be clearly seen that the specific activity of the amylase enzyme crude exiraci unit is
1764.25 UmL"' with a protein content of 0,07854 mg.mL"'. Ammonium sulphate fractionated amylase enzyme
from dialysis results has o specific activity of 28834,13 UmL" with a protein content of 0.03803 mgmL".
Ammonium sulphate fmctionation enzyme from dialysis results has 16,33 times the purity of crude extract
enzymes with 45,87 %, The purification of the enzyme was carried out in two siages namely fractionation with
immoniom sulphate and dinlysis.

31 Effect of pH on g-nmylase activity and stability
Effects of pH on amylase activity were observed by conducting amylase assay with phosphate buffer of
different pH (4.5-8.0} in which £.1% soluble starch solutions were prepared. The pH stability of amylase was
imcubated ot 60°C, w8 previously described in Table 2,

Table 2 Effect of pH of reaction on amylase setivity

oH Unit Activity Relative Activity
(U™ (%)

4.5 34.96 2264

50 42,31 0o

5.5 irar 5834

6.0 it £7.92

6.3 3465 8190

740 386 80,03

15 26.99 63,80

B0 33,36 T8.87




It wiis found that the purified eramylase produced by Bacifiuy subsifis ITROCB143 has an optimem pH o 5.0
with unit activity 4231 UimL" and stable at 4.5-8.0 of pH. Activity of g-amylase at low pH range is very
impartant for industrial applications. The application of liquefying amylases that gre active and stable around
the saccharification pH is attractive 1o avoid or reduce the use of acid to lower the pH from liguefying to
saccharifying range and also te simplify the procedures during downstream processing [17].

33 Effect of Temperature an a-amylase activity and stabilify

The effect of temperature on enryme activity was measured by incubating the enzyme at different
temperatures, The Effect of Temperature of reaction on amylase activity is shown in Table 3.

Tahle 3 Effect of Temperature of reaction on amylase sctivity

Temperature Unit Activity Relative Activity
{*C) (LimL)} (%)
55 3443 T8
i) 3709 84
65 44,13 (L]
T0 41,74 a5
75 1830 87
0 25,75 58

The purified encyme his an optimum temperature 81 65°C with unit activity 44,13 Uml”, The purified
anmylise also still have high activity between $5-755C.

34, Enzymatic Conversion of Potato Starch into Glucose

The purified amylolytic prepasation wes observed to exhibit a-amylase activitics on potato starch. The o
amylase enzyme activity in various of substrat consentration i shown in Figare 3, The purified amylase from
dialysis was able 1o convert potato starch 1o glucose with an pptimum concentration of potate starch 0.6% mnd
could produce ghicose ar 0.72 mp.mL"" with unit sctivity 133,33 UmL”, Ensymatic conversion with various
concentrations of potato starch at 0.1: 0.2; 0.4 and 0.8% respectively, could produce glucose at 0,14; 0.33;
0.49; and 0,71 mg.mL" respectively with unit activity of w-amylase 26.54; 60.51; 9118 and 130,72 UmL"
respectively.

134
120
R
F= W
- =g
EE
== &
CR
s 30
|
0
ol 02 04 il i 8
Substral Consentration
™a)

Figare 3  The c-amylise enzyme sotivity in various of substrat consentration



4. Conclasion

In conclusion, the locale isolate of bacteria (Bacilius subrillis ITBOCR148) could produce a-amyluse, which is
not only stable at low pH, but also still active in & wide pH range (4.5-8.0), The purified amylase also still have
high activity between 55-T3°C. The examination indicated that the enzymatic Conversion of potato starch
optimum of pH and temperature, 5.0 and 65° C respectively. On the other hand. the best consentration of
substrate state at 0.6% that could produce the highest glucose. These properties are considered 1o be very
important for industrial starch liguefaction.
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