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, ABSTRACT

Cephalosporins are a group of B—lactam antibiotics, which are widely used nowadays.
Semisynthetic cephalosporins are primarily synthesized from 7-amino-cephalosporanic acid
(7-ACA), which is usually obtained by chemical deacylation of cephalosporin C (CC). The
chemical production of 7-ACA includes, however, several steps and requires thorough
treatment of chemical wastes. Therefore, a single-step enzymatic conversion of CC to 7-ACA
using cephalosporin C acylase (CCA) is of great interest in terms of cost effectiveness as well
as environmental safety. Unfortunately, identified CCAs from various sources are either of
low activity toward CC or actually specific for 7-B-(4-carboxybutanamido)-cephalosporanic
acid (GL-7ACA). The high cost of running multiple bioreactors and the low activity of
identified CCA for a single-step reaction make enzymatic production of these antibiotics
unfavorable. In this study, penicillin G acylase from Bacillus megaterium UNcat carrying the
plasmid pBA402 (BmPGA), which is similar to CCA in molecular aspect, structure, and
enzymatic reaction mechanism, was utilized to develop the CCA activity by protein
engineering. The model structure of BmPGA was built substantially reliably by homology
modeling from the template of known X-ray structure of PGA from Escherichia coli ATCC
11105. Two active-site residues were identified as candidates for mutagenesis to alter the
active-site specificity to recognize CC as a substrate. The designed mutagenesis of BmPGA
was carried out on the original PGA gene (pac) that was cloned into E. coli-compatible
plasmid pET3a system. The wild-type and mutant proteins could be expressed and correctly
processed in an E. coli expression system. However, preliminary assays using the E. coli
culture containing CC or penicillin G suggested that such a mutation led to reduction in both
PGA activity and survival of the recombinant host cells. Moreover, they did not significantly
improve the desired CCA activity. This study shows that mutation of the selected amino acids
could affect the enzyme activity although it did not produce the desired specificity. This
could result from incorrect identification of proper amino acids for mutations, suggesting the
homology model might not be accurate enough for protein engineering work. Fortunately,
small crystals of the wild-type BmPGA could be obtained from preliminary crystallization
trials, opening a possibility to obtain actual three-dimensional structure of BmPGA using X~
ray crystallography.
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