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Abstract

Facile and sensitive detection of uric acid in biological fluids is important in development
of goal for biotechnology with many clinical applications. Ideally, detection requires a
highly active and stable uricase enzyme for uric acid, and sensitive methods for uricase
activity in a biosensor system. \\e report severalrachievements toward that goal including,
assessment of novel uricase enzymes from nature, in vitro synthesis, and molecular evolution.
In addition, we have developed two new assays,; @96 well plate modified colorimetric assay
and an optical polymeric biochip assay for determunation of uricase activity.

A uricase gene was cloned and sequenced from Bacillus subtilis strain CCRC 14199.
The cloned uricase gene contained an open reading frame of 1491 nucleotides encoding a
protein of about 55 kDa. A uricase-MBP fusion protein of about 98 kDa was expressed and
purified. The enzyme exhibited high uricase activity (9.1 U/mg). Bacillus subtilis CCRC
14199 uricase is similar (61% amino acid identity) to the uricase from Bacillus sp. TB-90.
We have applied a molecular directed evolution strategy and a new uricase assay to create

new uricase functions. We used modified staggered extension process (StEP) mutagenesis to



generate mutant uricase enzymes using the thermophilic B. subtilis uricase gene as the

template. Mutants were screened using a modified colorimetric assay we developed for

uricase activity (a flexible 96-well microtiter plate assay using the uricase - uric acid -

horseradish peroxidase - 4-aminoantipyrine - 3,5-dichloro-2-hydroxybenzene sulfonate

colorimetric reaction). An Escherichia coli library of StEP-derived uricase mutant clones

was screened two active and identical mutant uricase genes were obtained. Two motifs

conserved in eukaryotic and prokaryotic uricases are highly conserved in the mutant uricase.

The mutant uricase protein was found to exhibit high uricase activity (13.1 U/mg). The

modified colorimetric method is much more efficient than conventional ones and greatly

reduces assay time from 4 days to less than 20-hours.

We also present single-step assembly of DNA eligonucleotides by PCR to synthesize a

Bacillus spp. uricase gene in vitro. The uricase gene was designed using preferred codons

common to all the three organisms. The synthetic gene was cloned in Escherichia coli and

its sequence was verified by DNA sequencing. The synthetic gene was cloned into the

pPMAL-c2 vector for expression in E. coli as a fusion protein with the maltose-binding protein

(MBP). Uricase was purified as a MBP fusion, cleaved from the fusion protein with

protease factor Xa, and purified from the flow-through following amylose affinity

chromatography. The resulting uricase was fully active.

Finally, an optical polymeric biochip system for rapidly measuring uric acid in a one-step



procedure was developed based on the CMOS (Complementary Metal Oxide Semiconductor)
photo array sensor and polymeric enzyme biochip. The CMOS sensor was designed with
N*/P-well structure and manufactured using a standard 0.5 pm CMOS process. The
polymeric enzyme biochip was immobilized with uricase-peroxidase and used to fill the
reacting medium with the sample. The CMQOS sensor response was stronger at a higher
temperature range of 20-40 °C, with optimal pH at 8.5. The calibration curve of purified uric
acid was linear in the concentration range from 2.5 mg/dL to 12.5 mg/dL. The results
obtained for serum uric acid with this method correlated quite closely with those obtained

using the Beckman Synchron method.
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