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The purpose of this research was to change the amino acid of Bacillus
megaterium penicillin G acylase (PAC) so that it can be immobilized onto thiopropyl-
agarose gel matrix for use in enzyme column reactor for 6-aminopenicillanic acid
production.

The pac gene from B. megaterium UN-1 was cloned into an Escherichia coli-
Bacillus shuttle vector pRB373 and the recombinant plasmid was transformed into
E. coli XL1-blue. Site-directed mutagenesis was performed to change three
consecutive nucleotides at positions 2404-2406 (codon 802) of the pac gene from
AAG to TGT in order to replace the lysine residue at the extreme end of the precursor
protein with cysteine. The shuttle vector carrying the mutated pac gene was
introduced into B. megaterium UN-CAT1 by protoplast transformation. In the
Bacillus host, the mutated pac gene under the control of its own promoter could be
successfully expressed and the mutant precursor protein could be processed correctly
to the mature and active mutant enzyme. The mutant enzyme was overexpressed,
purified by a single step of cation exchange chromatography to an apparent
homogeneity, and analyzed for its structural and catalytic properties. The purified
PAC mutant was found to be composed of o and B subunits of the same sizes as those
of the wild-type enzyme. In addition, it was found to contain 0.48 mole of reactive
thiol group per mole of the mature enzyme. Specific activity of the mutant enzyme
was almost the same as that of the wild-type enzyme. The two enzymes displayed
similar pH-activity profile, optimum pH, optimum temperature, and thermal stability.
The mutant enzyme, and not the wild type, could be immobilized, via thiol group of
its newly introduced terminal cysteine, onto thiopropyl Sepharose 6B at up to 20 pg
enzyme per 9 mg dry weight of the gel matrix. The immobilized PAC mutant were
used in an enzyme column reactor for production of 6-APA from penicillin G. In a
continuous process, 2.03 % conversion of penicillin G to 6-APA was obtained.

In conclusion, it has been proven that genetically replacement of lysine with
cysteine at C-terminal amino acid of Bacillus PAC did not affect gene expression and
post-translational processing to the mature active enzyme. The mutant enzyme can be
immobilized onto thiopropyl-agarose gel matrix and can be used in an enzyme
column reactor as expected. Addition of longer C-terminal peptides with inclusion of
more cysteine residues is recommended for further improvement of immobilization
yield and to increase unit activity of the immobilized enzyme.
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