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Biochemical characterization and primary structure
analysis of a liquefying a -amylase, AmyL, from
thermoalkalophilic bacterium, Bacillus sp. AAH-31
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a-Amylase (EC 3.2.1.1) hydrolyzes an internal a-1,4-glucosidic linkage of starch,
glycogen, and related glucans with net retention of the anomeric configuration, and this
enzyme is widely distributed in microorganisms, plants, and animals. Bacterial a-
amylases, which are able to be easily produced in large quantity with low cost, are
applied in various areas. Particularly, alkalophilic enzymes are useful as additives in
dishwashihg and laundry detergents to remove food residues on dishes and food stains
-on clothes respectively. The demand of a-amylase for automatic dishwashing detergents
has been growing for a decade. In contrast to enzymes for laundry detergents, enzymes
for automatic dishwashing detergents are required to be fully thermostable at high pH,
because an automatic dishwasher operates at high pH at above 60°C. But known
liquefying a-amylases are insufficient in terms of thermostability. In this study, we
screened a thermostable alkaline liquefying a-amylase with high resistance against
chelating regents from soil bacteria, and successfully obtained an enzyme with required
properties from isolated Bacillus sp. AAH-31.

1. Screening and isolation of a bacterium producing a thermophilic alkaline
liquefying a-amylase.

Twenty colonies of soil bacteria forming pink halos on an alkaline blue starch plate
supplemented with phenolphthalein, indicating that the bacteria produce a-amylase,
were cultured in alkaline starch medium at 50°C. The starch degrading enzymes in the
culture supernatants were assessed by measuring production of reducing sugar and
decrease of iodine-staining power. Liquefying type a-amylases were found in the
culture supernatants of around half of samples. Activity of the culture supernatant of the
AAH-31strain was the highest of those of the bacteria producing liquefying a-amylases,
and was not reduced by the addition of a chelating regent, sodium tripolyphosphate.
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Thus AAH-31 was selected for further analysis. Partial sequence of 16S rDNA of AAH-
31 was completely indented to that of Bacillus sp. TX3 (Genbank accession,
AB043863). Consequently AAH-31 strain was designated as Bacillus sp. AAH-31.

2. Purification of a-amylase from Bacillus sp. AAH-31 (AmyL).

Bacillus sp. AAH-31 was cultured at 50°C in the alkaline starch medium to produce
AmyL. Enzyme activity of the culture supernatant was increased along with bacterial
growth up to 65 h, and not changed by further incubation. The culture supernatant was
harvested at 72 h, and 1,250 U of enzyme was obtained. AmyL. was purified to
homogeneity by seven steps. Purified enzyme of 7.6 mg, specific activity of which was
16.7 U/mg, was yielded. Recovery of the purified enzyme from the crude extract was
10%. Purified AmyL gave a single band of 96 kDa on SDS-PAGE. Mobility of the.
protein band on native PAGE coincided with that of active band in the zymogram.
AmyL showed a molecular mass higher than known alkaline liquefying a-amylases
from Bacillus species.

3. Characterizations of AmyL.

The optimum pH and temperature of AmyL were 8.5 and 70°C respectively. AmyL
was stable in a pH range of 6.4-10.3 and below 60°C. Calcium ion did not affect its
thermostability unlike typical o-amylase. AmyL retained 85% of activity after
incubation at 60°C for 1 h in the presence of EDTA. It was fully stable in 10 mg/mL of
Tween 20, Tween 80, and Triton X-100, and 1 mg/mL of SDS. This enzyme had higher
activity to amylose than to amylopectin and glycogen. Its hydrolytic activity to y-
cyclodextrin was as high as to short-chain amylose. Maltotriose is the minimum
substrate of AmyL, and maltose and maltotriose accumulated in the reaction to
maltooligosaccharides longer than maltotriose and soluble starch.

4., Amino acid sequence analysis of AmyL.

The AmyL gene was obtained by PCR method, in which degenerated primers
designed from the partially amino acid sequences were used. AmyL contained 821
amino acids including an N-terminal signal sequence consisting of 28 residues. Four
conserved regions of glycoside hydrolase family 13, forming the catalytic site, were
found. N-terminal region of AmyL showed low similarity to carbohydrate binding
module (CBM) 20, involved in binding to starch granule. Tryptophan residues
conserved in binding sites 1 and 2 of CBM20 are found in the N-terminal region of
AmyL.
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