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DIRECTED EVOLUTION/ DNA SHUFFLING/ ALPHA-AMYLASE/ HIGH

THROUGHPUT SCREENING/ Bacillus licheniformis

DNA shuffling technology is a powerful method of directed evolution to
improve the property of enzymes at a gene level. Moreover, directed evolution
requires an efficient method for screening new properties of enzymes. DNA shuffling
technology was successfully established in this thesis by using two alpha-amylases
from Bacillus licheniformis DSM13 and DSM8785 as a model. The expression and
secretion of alpha-amylases were done under IPTG induction in a bacterial expression
system. The characteristics of recombinant alpha-amylases from rpFL13-10xHis and
rpFL8785-10xHis were analyzed. The results showed that calcium ion enhanced the
stability of enzyme structure and increased the activity of both recombinant alpha-
amylases from rpFL13-10xHis and rpFL8785-10xHis. The optimal conditions of both
alpha-amylases activity were at the temperature of 70 °C, at pH 7 and their half life
(t12) lasted 30 mins, at 60°C, at pH 7. The kinetic analysis suggested that the property
of rpFL8785-10xHis alpha-amylase was better than rpFL13-10xHis alpha-amylase
and both enzymes could hydrolyze cassava starch better than soluble starch. The
library construction of mutant alpha-amylase was created by the recombination of
error prone PCR, followed by DNA shuffling. The screening by high throughput

method was done under six different conditions from 5,000 clones. Three shuffled



alpha-amylases no. 2allh, no. 2b8b, and no. 4d2d contained shuffled amino acids
between two alpha-amylases from B. licheniformis DSM13 and DSM 8785. The
single point mutation of variant enzyme no. 1b9a occurred in the conserved regions
and the calcium binding sites, which were important for the activity and stability of

the enzyme.
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