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ISOLATION AND CHARACTERISTICS OF HIGHLY
ACTIVE a-AMYLASE FROM Bacillus subtilis150

K. T. Normurodova, Sh. Kh. Nurmatov, B. Kh. Alimova, UDC 577.152.3
O. M. Pulatova, Z. R. Akhmedova, and A. A. Makhsumkhanov

Partially purified enzyme preparation with specific activities of 153.7 U/mg{amylase and 0.15 U/mg

for protease was produced by selective adsorption on starch. Enzymes were purified until homogeneous
electrophoretically by gel-filtration over HW-55 TSK-gel with specific activities of 245 U/mgdmylase

and 1.44 U/mg for protease. The optimum temperature and pH for purifadylase activity are 40-50°C

and pH 6.0. The effects of various metal ions on the activity and stability of the enzyme were studied.
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We have studied the local bacterial stfaactillus subtilis150, which produces activeamylase and neutral protease
and the conditions for active fermentation of the strain cultivated on the optimal nutrient medium [1, 2]. TBe stiatifis
150 differed from the previously studied str&nsubtilis7A in certain cultural signatures aneamylase activity [3].

Various methods for isolating highly purified and homogeneous forms of bacterial amylase have been reported [4, 5].

Fractional precipitation by (NP,SO, for which 60% saturation by (NJLSO, produced an enzyme preparation with
specific activity 31 U/mg, where the yield by activity was 66.5% [3], was used earlier to paegargase preparation from
B. subtilis7A.

Herein we report the isolation and investigation of the physical chemical and catalytic properties ofgparifidese
from B. subtilis150. We precipitated the protein fraction from culture liquid (CL) using acetone, ethanol, and isopropanol.
A high yield by activity (82%) was obtained for precipitation of proteins by isopropanol in a 1:1 aafimylase was less
sensitive to the action of isopropanol and precipitated almost completely whereas the less stable protease was patrtially
precipitated. The resulting enzyme preparation had specific activity 285.3 U/mg (Table 1).

Successful use of various natural polysaccharides for purification of amylolytic enzymes has been reported [6, 7]. The
most suitable sorbent for specific bindingmemylase was soluble starch, which is very cheap and availa#\eylase was
sorbed on soluble potato starch at -20°C in the presence of ethanol and calcium acetate for 30 min. After the sorption of
enzymes on starch was complete, the enzyme—substrate complex was split by increasing the temperature to 40°C and incubatin
for 60 min to hydrolyze the starch. Theamylase was released and transferred into buffer with a certain amount of associated
protease. We showed previously theamylase and protease of this strain have different thermal stabilities [1]. Therefore, the
a-amylase activity was retained during incubation for 30 min at 60°C whereas that of protease under the same conditions
decreased by more than 80%. Thus, biospecific chromatography over starch was able to produce partiathygoasifaesd
preparation with a specific activity of 153.7 U/mg.

Gel-filtration of partially purifieda-amylase preparation was performed over a column (20 x 600 mm) packed with
HW-55 TSK-gel (Toyopearl, Japan). The results showed that the eluted protein fractions 13-18 contained active proteins with
both amylase and protease activity wheramylase was the major elution peak and protease the minoorefieylase was
eluted in 20 mL (fractions 12-16) whereas protease was eluted after it in 12 mL (fractions 17-19). Fractions corresponding to
peak maxima were used to analyze the purity of protehssogated proteins in CL were eluted in six fractions containing
various concentrations of proteins.
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TABLE 1. a-Amylase and Protease Preparations f&mgillus subtilis150 and Their Purification

] o a-Amylase activity Protease activity
Preparation and purification step Protein, |Purification ifi ifi
mg | degree | umL [ 3P |total, U] yield, %| WIML|PC"" Y total, U] vield, %
u/mL u/mL

CL supernatant 800 1 330.0 35.1 28080 100 63.7 6.8 5440 100
Precipitation (isopropanol, 1:1) 80.5 10 4605.8 285.3 22966.7 82 187 116 933.8 17.2
Preparation* 61 13 937.5 153.7 9375.7 334 091 0.15 9.2 0.2
Gel-filtration over HW-55 TSK-gel:

a-amylase fraction 5 160 128.6 245 1225 4.3 - - - -

protease fraction 0.5 1600 - - - - 0.18 1.44 0.7 0.01

*Prepared after adsorption on starch with subsequent incubation at 60°C.
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Fig. 1. Electrophoresis (PAAG-SDS, 12%)mfamylase preparations
fromB. subtilis150: purifieda-amylase after gel-filtration over TSK-gel
(HW-55) (1), affinity chromatography ofr-amylase on starch (2),
fraction from CL precipitation by isopropanol (3), CLEfsubtilis150
(4), markers: phosphorylase B (104 kDa, A), BSA (67 kDa, B), DNA-ase
(30 kDa, C), lysozyme (14 kDa, D) (5).

Thus, the aforementioned methods were used to prepare electrophoretically homogeneous fracioytast and
associated protease with rather high activities of 245 U/mg-fanylase and 1.44 U/mg for protease with a protein yield of
4.3% (fora-amylase) (Table 1).

The homogeneity and molecular weight of purifiedmylase was determined by electrophoresis in PAAG (12%) with
SDS [8]. It was found that-amylase had a molecular weight of about 69-70 kDa (Fig. 1).

The experimental molecular weight was greater than thatavhylase isolated previously from this bacterium. In
particular, the molecular weight afamylase fronB. stearothermophilisulture was 75 kDa [9].

The physical chemical and catalytic properties, optimum temperature and pH, and stability and effect of various metal
ions on the enzyme activity were studied to characterize and compare the puéfiedase preparation produced by us.

The effect of pH on enzyme activity and stability was examined in the pH range 3.5-11.5. Figure 2 shows the optimum
pH for purified a-amylase fromB. subtilis150 and its stability at various pH values. It can be seewthigylase is
more stable at pH values 5.5-9.5. The enzyme had the highest activity at pH 6.0 whereas it retained 25-30% of the activity at
pH 10.5-11.5.
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Fig. 2. Fig. 3.

Fig. 2. Effect of pH on activity and stability of purifiedamylase fronB. subtilis150: optimum (1), stability (2).
Fig. 3. Effect of temperature on activity and stability of purifiedmylase fronB. subtilis150 (legend the same as in Fig. 2).

The activity ofa-amylase fronB. subtilis150 was studied as a function of temperature in the range 10-80°C (Fig. 3).
Figure 3 shows the optimum temperature for activity and stability of pudfeehylase fronB. subtilis150. The enzyme had
the highest activity at 40-45°C for 10 min. At 50°C, the enzymatic activity was 90% of the maximum whereas at 60°C, it was
about 50% of the initial activity. After incubation @famylase for 30 min at 40 and 50°C, the enzyme retained 68 and 44%
of its activity, respectively. The enzyme retained a3H§% of its maximum activity after incabion at higher (70-80°C)
temperatures. Thus, the thermal stability-amylase fronB. subtilis150 that was studied by us was slightly inferior to several
bacterial amylases [10, 11].

As noted previously, amylolytic enzymes are metalloenzymes with up to 3ixaf@ms at the active site [12, 13].
Therefore, we studied the effects of various concentrations and salt&"afr@mono- and divalent metals on the activity of
B. subtilis150 a-amylase. As it turned out, ions of certain metals at final concentrations of 1 mM had positive effects on the
amylase activity. For example, €dncreased the enzyme activity by 45%; ¥Magnd N4, 35; Mré*, 30; K*, 20; and C8&",
10; whereas i (6), F€* (24), C#* (12), NE* (6), and B&* (10) inhibited the activity from 6 to 24%.

Thus, a purified enzyme preparatioroedmylase fronB. subtilis150 was prepared by sequential use of precipitation
by an organic solvent, selective adsorption on starch, and chromatography over HW-55 TSK-gel.

EXPERIMENTAL

Culture ofB. subtilis150 was grown in two stages. First, the strain was innoculated in liquid nutrient medium
containing tryptone and yeast extract and cultivated for 14-15 h at 30°C on a rocker rotating at 150 rpm. Second, an
innoculation (0.5%) of the nutrient medium was transferred to optimized fermentation medium [4] and grown for 84 h at 30°C
on a rocker rotating at 150 rpm.

Bacterial cells were separated from CL by centrifugation at 8000 rpm for 20 min. CL was precipitated using
isopropanol in a 1:1 ratio.

Gel-filtration of the active protein fraction after precipitation of CL by isopropanol was performed on a column
(20 x 600 mm) packed with HW-55 TSK-gel (Toyopearl, Japan) equilibrated with potassium phosphate buffer (0.05 M)
containing KCI (0.1 M) at pH 6.5 with elution rate 48-50 mL/h and fraction volumes 3.5-4.0 mL.

The optimum pH and pH stability of the studied enzyme toward soluble starch was determined in phosphate
buffer (0.05 M) at pH 3-10 and 40°C. Enzyme without substrate at different pH values of phosphate buffer (0.05 M) was
incubated for 30 min after which the activity toward soluble starch was determined.

The optimum temperature of the enzyme was established by incubating the enzyme reaction mixture with substrate for
10 min at 10-80°C in phosphate buffer (0.05 M) at pH 6.0. The thermal stability of the enzyme was determined by incubating
enzyme solution without substrate for 30 min in phosphate buffer (0.05 M) at pH 6.0 and 50-90°C.

The effects of various metal ions on enzyme activity were determined in phosphate buffer (0.05 M) at pH 6.0 and metal-
ion concentrations of 1 mM.
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The homogeneity of amylolytic enzymes was monitored at all purification stages by electroph&A#Si(L2%)

with SDS using the Laemli method [8].
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