Chapter 1

Introduction

1.1 Introduction to uricase

The enzyme uricase (E. C. 1.7.3.3; urate oxidase, urate oxygen oxidoreductase) is
involved in purine degradation; it catalyzes the oxidative breakdown of uric acid to allantoin
(Fig. 1-1). This enzyme is present in various living organisms including mammals (1, 2),
plants (3), fungi (4, 5), yeasts (6, 7, 8), and bacteria (9). In some organisms the degradation
of purines is not as complete as in others, with some uricolytic enzymes being absent. For
example, birds, reptiles and hominoids including humans, lack uricase, and excrete uric acid
as the final product of purineidegradation. Microorganisms such as bacteria and yeast
further catalyze the oxidation of uric¢ acid to allantoin, and subsequently to allantoic acid, urea

and ammonia.
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Figure 1-1. Metabolic degradation of purines. AMP and GMP are metabolized to the same

product, a compound called xanthine. Xanthine is thought to be metabolized in

the peroxisome, although the degree to which it is metabolized depends on the

animal. Primates, birds, reptiles, and insects only degrade xanthine to uric acid,

while other vertebrates metabolize it to allantoin. It is further metabolized in

some animals, with marine invertebrates metabolizing it all the way to ammonia.



In humans, uric acid is present in the blood largely as the monosodium salt. Both the

free acid and the urate salt are relatively insoluble in water, and in some individuals, uric acid

can precipitate, causing symptoms of gout. Uric acid is a product of the biochemical

breakdown of the purine bases that compose DNA and RNA. As cells die and release DNA,

purines are converted into uric acid which is then excreted in the urine, and to a lesser extent,

the intestinal tract. The concentration of uric acid in the blood is related to the balance

between uric acid production and excretion. The normal blood concentration in children is 2

to 5 mg/dL. At puberty, the level of uric acid increases in males by 1 mg/dL, but not in

females. In adults the normal rangeiis 3 to 7 mg/dL in males and 2 to 6 mg/dL in females.

Abnormally high uric acid levels are symptomatic of various diseases. At concentrations

exceeding 6.5 to 7 mg/dL in water, urate precipitates in the form of sodium urate crystals.

At uric acid blood levels of above 10 mg/dL, the chance of an acute attack of gout (see below)

exceeds 90 percent. Only 10% of individuals with hyperuricemia are over-producers of uric

acid owing to diseases of the blood and bone marrow, inherited enzyme abnormalities, and

metabolic alterations owing to obesity. In patients who overproduce uric acid owing to a

deficiency of hypoxanthine-guanine phosphoribosyltransferase, gout attacks may begin before

puberty. Increased destruction of body cells causes increased uric acid production with

examples being malignancies, especially lymphoreticular cancers, hemolytic anemia,

polycythemia, leukemias and nonmalignant conditions of increased cellular proliferation.



Uric acid production also increases with the accelerated breakdown of adenosine triphosphate

(ATP) in glucose-6-phosphatase deficiency, tissue ischemia and myophosphorylase

deficiency.

Gout is a painful disorder, characterized by uricemia, recurrent acute arthritis, deposition

of sodium urate in and around joints and, in many cases, formation of uric acid calculi (10).

Gout treatments generally include allopurinol, a potent competitive inhibitor of xanthine

oxidase, which catalyzes the conversion of hypoxanthine to xanthine and xanthine to uric acid.

However, for gout associated with renal complications, direct injection of uricase permits a

significantly more rapid resorption of urate nephrolithiases. Such injection is performed to

prevent or resolve hyperuricemid disorders that may occur during chemotherapeutic treatment

(11).

Uricase derived from Aspergillus flavus, under the name uricozyme, has been used

therapeutically over the past two decades in patients with primary or secondary hyperuricemia,

including those treated with cytoreductive drugs for a malignant hemopathy (12). The

cDNA coding for this enzyme has been cloned and expressed in several microorganisms (13,

14). Saccharomyces cerevisiae is now used for production scale owing to its higher yield.

The recombinant enzyme accumulates intracellularly in an active and soluble form. The

resulting purified enzyme, rasburicase, is now available (15) and has recently been approved

for clinical use in Europe under the trade name Fasturtec.



The determination of the enzymes kinetic parameters was a critical step in the
characterizing of uricase, and precise assessments of those parameters are required for
regulatory reasons on each drug substance batch (purified enzyme) and drug product batch.
These studies (characterization, stability, quality control) generated numerous uricase kinetic
parameter determinations. Several different approaches are used for measuring uricase
activity, but most involve monitoring substrate decrease (uric acid). Uric acid consumption
is classically monitored using spectrophometry at 293 nm (16). More recently, a
colorimetric method has been used to measure uricase kinetic parameters on a 96-well
microtiter plate that allows the use of @ wide concentration range of substrate (17). Figure
1-2 shows the reactions occurrifig in the horséradish peroxidase (HRP) based system. The

colorimetric by-product measured’is a red quinoneimine dye.
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Figure 1-2. DCHBS oxidation catalyzed by HRP in the presence of hydrogen peroxide,
and phenoxyl radical reaction with 4-AAP, producing a red quinoneimine dye.

DCHBS, 3,5-dichloro-2-hydroxybenzene sulfonate. 4-AAP, 4-aminoantipurine.



Spectrophotometry at 293 nm is frequently used to measure the level of uric acid.
Haeckel’s method (18) detects the hydrogen peroxide produced by the uricase-catalyzed
oxidation of uric acid through the uricase-catalyzed oxidation of ethanol to acetaldehyde,
combined with the oxidation of the latter to acetate in the presence of NAD" (or NADP") and
aldehyde dehydrogenase. The change in absorbance of NADH (or NADPH) at 340 nm is
also measured. An initial reading must be made for use as a sample blank. This
arrangement makes the method quite laborious to conduct manually. Furthermore, highly
purified aldehyde dehydrogenase is not always readily available.

Numerous attempts have been miade to fabricate uric acid sensors, using uricase as a
biocatalyst (19-23). Uricase catalyzes the In“vivo oxidation of uric acid in the presence of
oxygen, which acts as an oxidizing agent, and produce allantoin and CO,. Hydrogen
peroxide is the reduction product of O, (Fig. 1-3). Several forms of uricase from
microorganisms are used as diagnostic reagents for detecting uric acid. These enzymes
either have high thermostability or are active over a wide pH range (5, 6, 8, 23). Among
these enzymes, only Bacillus sp. TB-90 was noted to produce both high activity and

thermostability over a wide pH range, from 6 to 9.
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Figure 1-3 Uricase catalyzes the reduction of dissolved oxygen to peroxide in the presence
of uric acid.

Allantoin, and its enzymatically reductive product, allantonic acid, represent 70-80% of
the organic nitrogen in the xylem of nitrogen-fixing soybean plants and other species of
tropical grain legumes (24). Uric acid has been demonstrated to adsorb rapidly onto carbon
paste electrode surfaces (25-27). 1 This phenomenon: has stimulated the development of a
controlled adsorption process to sélectively determing uric acid in flowing streams.

Earlier electrochemical procedures, based on the oxidation of uric acid at carbon-based
electrodes in acidic solutions, suffered from interference by ascorbic acid, which is oxidized
at a potential close to that of uric acid (28). Various types of electrochemical enzyme
sensors have been reported to be useful in determining uric acid levels. Nanjo and Guilbault
developed the amperometric method of quantitatively measuring uric acid in biological fluids.
This method is based on the consumption of dissolved oxygen (21). Janchen et al.
conducted similar studies in the presence of oxygen (29). Coulometry, using a porous

carbon field electrode, has also been applied to determine in human urine. The compound of



interest has been electrolysed with almost 100% current efficiency at the carbon surface.

However, hydrogen peroxide is not electroactive at this surface (30).

As previously noted, uricase specifically catalyzes wuric acid oxidation.  The

disappearance of oxygen, or the production of H,O, or CO, may be exploited for sensing uric

acid. Dissolved O, can also be consumed by compounds such as ascorbic acid and

thiol-containing substances (31). Ascorbate and thiols may react with peroxide produced by

the uricase-catalysed reaction of uric acid. Notably, electrochemical enzyme sensors have

been designed based on the amperometric determination of H,O, enzymatically liberated

from the uricase reaction. These systems exploit the anodic electroactivity of peroxide.

Unfortunately, its oxidation has been reportedto depend on relatively high applied potentials

(>0.4V) and thus is susceptible to interference from easily oxidized molecules. Kulys and

colleagues eliminated this interference by using horseradish peroxidase (HRP) to catalyze the

reaction between H,0O, and hexacyanoferrate (II) and the reduction of the resulting

hexacyanoferrate (II1) at 0V vs. Ag/AgCl (32).

Owing to its inherent high sensitivity and low detection limit, chemiluminescence has

been applied frequently to analysis of numerous biomedical or clinically important analytes.

The analyte can be measured based on either the chemiluminescence induced by the reaction

of analyte with chemiluminescence reagents or the inhibition of chemiluminescence resulting

from the reaction of analyte with chemiluminescence reagents or oxidants before the



chemiluminescence reaction. For uric acid analysis, procedures based on the direct

measurement of chemiluminescence induced by the oxidation of luminol with H,O,, HRP and

peroxyoxalate have been developed. Since chemiluminescence intensity resulting from the

luminol and H,O, system can be increased markedly in the presence of HRP (33,34).

Application of the microdialysis sampling coupled to a chemiluminescence reaction has

proved to be sufficiently sensitive for monitoring of uric acid in vivo in real time with high

selectivity and accuracy (35).



1.2 Biosensor for biomolecular technology

A biosensor comprises a biological element (for example - antibody, enzyme, protein,

nucleic acid, whole cells, tissues, or whole organisms) and a signal transducer. =~ When the

analyte interacts with the biological element, which produces an energy change is converted

into a measurable signal detected by the transducer. Miniaturization, cost reductions and the

improved processing power of modern microelectronics have further improved the analytical

capability of such devices, and extended the possibilities for applications. The most

common types of biological recognition elements are based on enzymatic interactions, nucleic

acid interactions, antibody-antigen interactions, cellular interactions, or interactions using

synthetic bioreceptors. The commonly wused transducers are optical, electrochemical and

mass-sensitive measurement.

Most current biosensors can be classified based on four different principles: bioaffinity,

catalytic, transmembrane and cell sensor. Most transmembrane and cell sensors are based on

affinity or catalytic principles. Current research development is focused on improvement of

the stability, selectivity and sensitivity of biosensing devices. On the other hand, there is a

growing trend towards the miniaturization of the spectrometers, chromatographs and detectors

that are traditionally used in analytical chemistry, achieved through micro- and nano-

fabrications techniques. Consequently, it has become increasingly difficult to make clear

distinctions between miniaturized instruments and classical biosensors. This statement holds

particularly true for recent trends in the development of optical and CMOS (complementary
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metal oxide semiconductor) biosensors. Additionally, the practical application of any sensor

or analytical instrument requires the use of complete analysis systems and thus the

development and optimization of the same components for sample handling, pumps, filters,

membranes, and sample conditioning. For real biosensors, the detection occurs by direct

conversion of biochemical information to electronic information via a suitable transducer.

The biochemical composition of complex mixtures can be characterized in selected cases with

arrays of biosensors. The data pretreatment results from different individual sensors

determining suitable feature vectors, and biochemical analysis is performed via subsequent

pattern recognition.

1.2.1 Stable interfaces in biosensor

The selectivity of biosensors is generally obtained by utilizing natural or artificial

biomolecular functional units such as antibodies, enzymes, transmembrane proteins, and so on

(36). Owing to the huge amount of electrical and optical transducers available in thin film

technology, most developments of new biosensors focus on preparation of controlled thin film

structures in which these biomolecular functional units can be arranged and addressed in

reproducible and controlled geometric surroundings (37). This requires the preparation of

arrays of biomolecules on planar surfaces, and making it necessary to scale down the

processes of covalent immobilization of complete molecules, the in situ synthesis of

molecules on surfaces (for example by self-assembly) and the physical entrapment of
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molecules in defined areas to micro- and nanometer dimensions (38). Various methods of

preparation include entrapment in polymeric matrices, physisorption, direct covalent

attachment, ionic attachment, embedding in lipid membranes, coupling to ordered

Langmuir-Blodgett, or self-assembling monolayers with covalent or affinity-like linkers.

Another recent example, involving the immobilization of enzymes in polymers, was presented

by Geckeler and Muller (39). Electrochemical polymerization is a promising method for the

controlled immobilization of various enzymes. The simultaneous entrapment or covalent

coupling to monomer units occurs either before or after the polymerization (40). Direct

covalent coupling of enzymes to the:Substrate is' another common technique as described by

Moser et al. (41). Patterning “ofymolecules”on surfaces using photolithography or laser

techniques has recently attracted”.growing interest (42). Applications of the high binding

specificity of the biotin-avidin system have become increasingly popular. As the first step,

avidin or streptavidin can be coupled to the surface of interest either directly or via biotin

covalently bound to the surface (43). In this concept, any species that can be biotinylated

may be coupled to the surface. Examples include enzymes (44), antibody fragments (45),

labeled antibodies (46), and even multilayers (47).

Four substrates are important for most practical thin film devices, namely platinum,

carbon, modified silicon surface or glasses, and gold (43). Perfect order in the monolayer

system is generally not the only important property to be optimized in biosensors. Another
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criterion is that the biomolecular functional units, which often must be immobilized to

maintain their biological activity. The large size and necessary accessibility to biomolecules

that are detected in solution of these units generally requires some spatial separation of their

active sites in ordered monolayers.

Suitable molecules with biomolecular functional units for use in thin film formation may

contain short and long chain thiol coupling groups for attachment to the substrate, and also

specific end groups for their mutual coupling to form a stable two-dimensional system. The

spatial separation of active sites may use a mixture of active and non-active molecules. In

this case, two-dimensional phase separation should be avoided. Another possibility is the

embedding of active biomoleCules into suitable inatrices. Examples include sol-gel

materials (48) and polyethyleneglycol (49) or. dextran (50) overlayers with attached

biomolecular functional units.

1.2.2 Transducers

Optical transducers:

Optical transducers permit the quantitative determination of one or more of the

fundamental characteristics of optical radiation, including amplitude, phase, frequency and

polarization. For biosensor application a change in activity, the concentration of a

biochemical, or the biological structure must cause a change of one of these fundamental
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quantities. The following discussion briefly characterizes the different transducer principles

used in biomolecular studies.

A. Surface plasmon resonance (SPR)

Surface plasmons are collective fluctuations of the electron plasma on the surface of an
electrically conducting material. Surface plasmons can be excited via evanescent light
waves using the basic attenuated total reflection (ATR) configuration. SPR occurs when the
photon momentum along the surface matches the plasmon frequency and is detected as a
strong attenuation of the reflected, dight beam. s Coupling conditions are sensitive to the
surface refractive index (57). “Changes in fefractive index below 10° can be resolved.
Various optical set-ups have beéen proposed™ and’ partially commercialized. Moreover,

detection limits below 1 pg protein/mm? have been reported (58, 59).

B. Reflectometric interference spectroscopy (RIFS)

The detection of binding reactions by reflectometric interference spectroscopy (RIFS) is
based on the interference occurring at thin planar transparent films. A light beam passing a
weakly reflecting thin film is partially reflected at each of the interfaces. Because the two
reflected beams follow different optical paths, a phase difference is introduced. Interference

of the two beams causes modulation of reflected light intensity owing to constructive and
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destructive interference (60). The transducer is simply a nonstructured thin film system on a

transparent substrate. The detection limits are in the range of 2 pg/mm? (61).

C. Integrated optical devices (I0D)

Integrated optics with monomode channel waveguides are routinely used in long range,
high speed telecommunications. = Monomode channel waveguides permit the very
straightforward implementation of interferometer structures. A waveguide is split into a
measurement and a reference path and recombined after a distance. Any phase difference
introduced on beams splitting can bexdetected based on interference effects (62). Binding of
organic matter on the surface of'the measurement arm.causes a modulation of intensity at the
interfeometer output. Detection limits*are approximately 10 pg/mm?”(63). Currently such
devices are prohibitively expensive to produce, but the implementation of 10 devices in
silicon or in polymers, driven by the needs of future information technologies, may change
this situation (64). As an example Bookham Technology (UK) devises integrated systems

based on its patented silicon technology.

D. Grating coupler
The first integrated optical device used in bioaffinity analysis was a grating coupler

structure embossed in a monomode film waveguide devised by Lukkosz and co-workers (65).
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A periodic grating on the surface of a waveguide can be used for in- or out-coupling of
radiation from the waveguide. Meanwhile, the angle of deflection (coupling angle) depends
on the wavelength and grating period. Binding of organic or biological matter on top of the

grating changes the coupling angle. The detection limit is approximately 10 pg protein/mm?®.

Electrochemical transducers:

Electrochemical techniques can be used to quantify redox-active substances. Cyclic
voltammetry is probably the most widely used of the electrochemical techniques. Cyclic
voltammetry is used to characterize€lectrode materials, surface coverages, electron transfer
properties, and electron transfer“mechanisms-including adsorption phenomena and chemical
reactions at the surface (54). The special ¢lectrode reactions that occur when the redox
species are confined to the surface can also be applied to characterization of surface redox
processes, for example square-wave voltammetry (55) or normal pulse voltammetry.

Electrochemical methods have attracted particular attention in modern analytical
chemistry with the availability of miniaturized electrodes, microdot electrode arrays and
interdigitated microelectrode arrays. These devices can achieve detection limits in the lower
nanomolar range without preconcentration. Moreover, these miniaturized devices permit the
investigations of small sample volumes (<0. uL). An array of microdot electrodes (56)

demonstrates a typical example of such a transducer comprising two working electrodes,
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counter- and reference-electrode. In the steady-state, one electrode generates electroactive
species (the generator electrode) which diffuse to the neighboring electrode (the collector
electrode) where the electrochemical regeneration occurs.  This effect causes an
electrochemical feedback. The resulting current is typically amplified by one order of

magnitude or more, thus markedly enhancing the detection limit (56).

Mass-sensitive transducers:

Mass-sensitive signal transducers are based on the propagation of acoustic waves in a
piezolectric crystal. The device generally operates as a frequency-determining element in an
oscillator circuit. Bulk acousti¢ ' wave devices such as the quartz crystal microbalance (QCM)
typically operate at resonance frequencies of a few to 10 MHz. The measurement effect
employed is the frequency decrease of the QCM with increasing mass loading. The
sensitivity of QCM-devices thus depends strongly on the resonance frequency. Higher
operating frequencies are thus required to achieve higher sensitivities. This can be realized
by using very thin quartz substrates or by assessing overtones. Typical detection limits
achieved with 10 MHz QCM are approximately 10 pg/mm? (51, 52).

Another type of mass-sensitive transducer is known as a surface acoustic wave device.
In this device a surface acoustic wave (SAW) is generated on an elastic transducer surface

between interdigital electrodes. Unlike the QCM, the SAW-technique only detects the
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surface part of the acoustic wave. Devices that operate at higher frequency ranges and lower

detection limits than the QCM have been reported (50). However, noise problems are

generally more severe, and the SAW technique must be modified to deal with possible

damping before application in aqueous solution, for example, by combining the use of

horizontal polarized shear waves with mass gratings on the sensor device. The resulting

wave type is termed the surface transverse wave and causes only minor energy losses in

water.

1.3 CMOS technologys

CMOS (complementary metal oxide semiconductor) uses a combination of p-channel and

n-channel metal-oxide-semiconductorfield effect transistors (MOSFET) to implement logic

gates and other digital circuits for computers and signal processing equipment (66). The

p-well process is a widespread technique for CMOS circuits. The process begins with a

fairly low doped n-type silicon substrate in which the p-channel MOSFET is fabricated. A

diffused p-region, called a p-well, is formed in which the n- channel MOSFET is fabricated.

In most cases, the p-type substrate doping level must exceed the n-type substrate doping level

to obtain the desired threshold voltages. The larger p-doping can easily compensate for the

initial n-doping to form the p-well. Figure 1-4a displays a simplified cross section of the

p-well CMOS structure. The notation FOX indicates field oxide, which is a relatively thick
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oxide separating the devices. The field oxide prevents inversion of either the n- or p

substrates and helps isolate the two devices. In practice, additional processing steps are

required, for example, providing connections so that the p-well and b-substrate can be

electrically connected to the appropriate voltages. The n-substrate must always have a

higher potential than the p-well, therefore, this p/n junction is always reverse biased.

With ion implantation now being widely used for threshold voltage control, both the

n-well CMOS and twin-well CMOS processes can be used. The n-well CMOS process,

shown in Fig. 1-4b, begins with an optimized p-type substrate that is used to form the

n-channel MOSFETs. The n-well.in which the. p-channel devices are fabricated is then

added. The n-well doping can-be controlled by ion implantation. The twin-well CMOS

process, illustrated in Fig. 1-4c, allows' boththe p-well and n-well regions to be optimally

doped to control the threshold voltage and transconductance of each transistor. The

twin-well process enables a higher packing density owing to on self-aligned channel stops.
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When a semiconductor is illuminated, the photons may either be absorbed or may

propagate through the semiconductor, depending on the photon energy and the bandgap

energy EQ. If the photon energy is below EQ, the photons are not readily absorbed. In this

case, the light is transmitted through the material and the semiconductor appears transparent.

If E = hv > Eg, the photon can interact with a valence electron and elevate the electron into

the conduction band. The valence band contains numerous electrons and the conduction

band contains numerous empty states, so the probability of such interaction is high when hv >

Eg. This interaction creates an electron in the conduction band and a hole in the valence

band — an electron-hole pair. Figare 1-5 illustrates the basic absorption processes for

different values of hv. When h¥y > Eg, an electron-hole pair is created and the excess energy

may provide additional kinetic energy the electron ot hole, which is dissipated as heat in the

semiconductor.
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Figure 1-5. Optically generated electron-hole pair formation in a semiconductor.

Several different applications-have been-developed using the IC biochip system designed
for the microchip photosensing elements “and associated data treatment based on CMOS
technology. These highly integrated biochip systems have been in development during the
last couple of years. One DNA biochip device is being used to detect a gene segment of the
AIDS virus (67). Recently, an antibody-based biochip was developed that had a
2-dimensional photosensor array detector directly coupled to a microfluidics sample / reagent
delivery system for rapid, on-chip detection of E. coli (68). This compact system features a
4 x 4 array of independently operating photodiodes which are integrated along with amplifiers,
discriminators and logic circuitry on a single platform via the CMOS process. The potential

for implementing the CMOS technology to combine photosensors and associated
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microelectronics into a compact, inexpensive integrated circuit (IC) chip is the main

advantage of this sensor over other 2-dimensional detectors, such as charge-coupled devices

(CCDs) and change injection devices (CIDs). The fluidics system includes a single 0.4 mL

reaction chamber housing a sampling platform that selectively captures detection probes from

a delivered complex sample by using of immobilized bioreceptors. More recently, an

integrated CMOS-based microchip system was designed using capillary array electrophoresis

for detecting bacterial pathogen amplified by polymerase chain reaction (69). Use of the

miniaturized CMOS microchip system as a detector in electrophoresis shows excellent

potential for compatibility with comnventional microfabricated devices. Therefore, these

microchips should contribute to-the further dévelopment of miniaturized systems for more

rapid and high-throughput bioassays.
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Chapter 2
Experimental
2.1 Experimental of Materials
2.1.1 Strains and vectors
The strain, Bacillus subtilis CCRC 14199, was obtained from the Culture Collection
and Research Center (Food Industry Research and Development Institute, Hsinchu,
Taiwan). XLI1-Blue competent cell, pBluescript IISK(+) cloning vector, and pMAL-c2

expression vector were used in cloning.

2.1.2 Reagents

Restriction enzyme, ligase; and amylose.resin were purchased from New England
Biolab. SYBR green nucleic acid gel stain, rTth polymerase, and PCR reagents were
purchased from Roche. DNA primers were purchased from Biobasic Inc. Agarose
was purchased from USB. Ammonium persulfate (APS) and sodium dodecyl sulfate
(SDS) were purchased from Gibco BRL. Sodium phosphate, B-mercaptoethanol,
coomassie brilliant R250, isobutanol, and sodium chloride werepurchased from Merck.
Phenylmethylsufonyl fluoride (PMSF), lysozyme, methanol, acetic acid, protenase K,
uricase, uric acid, horseradish ~ peroxidase, 4-aminoantipyrine, and

3,5-dichloro-2-hydroxybenzene sulfonate were purchased from Sigma. Tris-HCI,

33



tris(hydroxymethyl) methylamine, and glycine were purchased from BDH.
Acrylamide, and methylene-bis-acrylamide were purchased from Amersham Pharmacia

Biotech. LB medium, tryptone, and yeast extract were purchased from Difco.

2.1.3 Buffers and solution
LB broth: 10 g tryptone, 5 g yeast extract, 10 g NaCl. Adjust to pH 7.0 with NaOH and
make up to a final volume of 1 L with distilled water. Autoclave.

LB agar: As for LB broth except for the addition of 15 g bactoagar.

1000x Ampicillin : dissolve ampilicillin in'distilled water to make a 100 mg / ml (w/v)

solution, and sterilize by filtration through a 0.2 pm filter.

5-bromo, 4-chloro 3-indolylB-D-galactoside (X-gal): dissolve X-gal in
dimethylformamide (DMF) to make a 20 mg/mL solution. Wrap the tube
that contains the solution in aluminum foil.

Isopropyl B-D-thiogalactopyranoside (IPTG) : dissolve 2 g IPTG in 8 mL distilled water
and adjust the volume of the solution to 10 mL. Sterilze by filtration
through a 0.2 um filter. Dispense the solution into 1 mL aliquots.

SYBR green nucleic acid gel stain: add 10,000 x concentration reagent purchased from
Roche into DMSO and dilute to 1/300 concentration. Keep the solution in

dark.
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Acrylamide-Urea gel solution : dissolve 38 g acrylamide, 2 g bis-acrylamide

(methylenebisacrylamide) and 360 g urea in sufficient distilled water to bring

the total volume to 800 ml. Filter through a 0.2 um paper and then

refrigerate.

Stacking buffer (1M Tris, pH 6.8) : dissolve 24.22 g of Tris base into 100 mL distilled

water and adjust the pH to 6.8 using 6 N HCI.

30% acrylamide : add 300 g acrylamide into 300 mL distilled water and make up the

final volume to 1 L. Filter the solution through 0.45 um paper. Keep the

solution in the darksand store at:4 °C. Perform this step carefully using a

mask.

1 % bis-acrylamide (N, N-Methylene-bis acrylamide) : add 5 g ultrapure bis-acrylamide

into water and make up the total volume to 500 mL with distilled water.

Filter the solution through 0.45 um paper. Keep the solution in the dark and

store at 4 °C.

50x TAE buffer : add 242 g Tris base and 57.1 g glacial acetic acid to distilled water.

Add 100 mL 0.5 M EDTA and make up final volume to 500 mL.

10x TBE buffer : add 108 g Tris base, 55 g boric acid and 0.5 M EDTA 40 mL into

distilled water. Make up the final volume to 1 L.

5% sample buffer : mix 1 mL 1 M Tris-HCI (pH6.8), 0.8 mL glycerol, 1.6 mL 10% SDS,
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0.4 mL 2-mercaptoethanol, and 0.05% bromophenol blue. Then make up

the final volume 8 mL.

20 % SDS solution : dissolve 4 g ultrapure SDS in distilled water and make up the final

volume to 20 mL. Store at room temperature.

Gel stain solution (0.1% Coomassie blue R-250 stain solution) : add 0.5 g Coomassie

blue R-250 to 200 mL methanol.then, add 50 mL acetic acid and make up the

final volume to 500 mL using distilled water.

Gel destain solution I : mix 400 mL methanol with 100 mL acetic acid , and make up

volume to 1 L with.distilled water.

Gel destain solution II : niix{50 mL methanol with 70 mL acetic acid , and make up

volume to 1 L with distilled water.

Rich medium + glucose & amplcillin ( per liter) : 10 g tryptone, 5 g yeast extract, 5 g

NaCl, 2 g glucose autoclave; add sterile ampicillin to 100 pg/ mL.

0.1 M IPTG stock : 1.41 g IPTG ( isopropyl-B-p-thiogalactoside); add H,O to 50 mL

filter sterilize.

0.5M sodium phosphate bufter, pH 7.2 (stock):

(A) 69.0 g NaH,PO, H>0 to 1 L with H,0.

(B) 134.0 g Na,HPO, 7H,0 to 1 L with H,0.

Mix 117 mL (A) with 383 mL (B). The pH of this stock should be ~ 7.2.

36



Diluted to 10 mM in column buffer, the pH should be 7.0.

Lysis buffer ( per liter) : 20 mL 0.5 M Na,HPOy4 , 1.75 g NaCl, 10 mL 25% Tween 20,

0.7 mL B-mercaptoethanol, 20 mL 0.5 M EDTA (pH 8), and adjust to pH 7.0

with HCI or NaOH.

Column buffer ( per liter) : 20 mL 0.5 M sodium phosphate (pH 7.2) , 29.2 g NaCl, 1

mL 1 M sodium azide, 0.7 mL B-mercaptoethanol, 2 mL 0.5 M EDTA (pH 8),

and adjust to pH 7.0 with HCI or NaOH.

2.1.4 Equipment

PCR machine :

Geneamp PCR 9700

Centrifuges :

1. Beckman, Allegra 21 Serias

2. Eppendorf 5415D

3. Sorval RC 5C

Electrophoretic system:

1. Mightly Small IT SE250/SE260 (protein)

2. Hoffer HE 33 (nuclic acid)

DNA sequence:
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ABI PRISM model 377.
CMOS sensor chip detection system:

1. A radiation source : GaAlAs red (wavelength peak at 660 nm, full spectrum
from 610 nm to 710 nm) light emitting diode (LTL-283CK, TAIWAN
LITON ELECTRONIC CO.)

2. A polymeric biochip

3. CMOS sensor chip : designed and provided by Prof. Chung-Yu Wu and
Yu-Chuan Shih of the Department of Electric Engineering, National Chiao
Tung University, Taiwan. Thersensor chip was a 100 x 100 photodiode
array with single pixel size of 10-um x 10 pm, designed with an N'/P well
structure and manufactured using a standard 0.5um CMOS process.

4. Agilent 34401 A multimeter

5. A personal computer
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2.2 Experimental of Methods

2.2.1 Culture of bacterial strain

The bacterial strains used in this study are Bacillus subtilis CCRC 14199 obtain from

the Culture collection and Research Center (CCRC), Food Industry Research and

Development Institute (Hsinchu, Taiwan). Bacillus subtilis CCRC 14199 isolated from

fruit soils (Hualien, Taiwan) by the Bergey's manual of systematic bacteriology are

identified. Cultures were maintained on LB medium plate. For isolation of genomic

DNA by Bacillus subtilis, overnight fresh cultures on LB medium plate were inoculated

into LB medium broth.

2.2.2 Isolation of genomic DNA

1. According to the QIAamp Boold kit and QIAamp tissue kit handbook methods.

2. Take 1.5 mL culture cells and centrifuge at 7500 rpm for 10 min to precipitate the

cells, then add 180 uLL ATL buffer into the cells, vortex until to the cells are mixed

well.

3. Add 20 pL Proteinase K and mix well, put at 55 °C for 1 h.

4. Add 20 pL RNase A (20 mg/mL) and put at room temperature. for 2 min, and then

add 200 puLL AL buffer and mix well, put at 70 °C for 10 min.

5. Add 210 pL ethanol mix thoroughly, then put in 2 mL collection tube of QIAamp spin
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column, centrifuge at 8000 rpm for 1 min.

6. Open QIAamp spin column carefully and add 500 uL. AW buffer, centrifuge at 8000

rpm for 1 min.

7. Add 500 uLL AW buffer again, centrifuge for 3 min.

8. Add the distilled water which was preheat 70 °C, reaction at room temperature for 5

min and centrifuge for 1 min at full speed.

2.2.3 Polymerase chain reaction

Two oligonucleotide primers that spanned the uricase gene were designed as a 5’-premer

( 5-TCT AGA ATT CCA TAT GTT CAC AAT GGA TGA CCT G-3") and a 3"-premer

(5'-GCT GCA GAA GCT TCG€CG CTG GTT TGC CGC AGG -3"). The PCR

amplification reaction was performed in final volume of 50 pL containing 0.5 pL

Template DNA, 10 pmol of each primer, 200 uM of each dANTP, 25 mM Mg(OAc),, 3.3x

XL buffer and two unit of rTth polymerase ( Applied Biosystoms). The reaction

involved an initial denaturation step at 94 °C for 1 min, and then adding the enzyme,

followed by 30 cycles at 94 °C for 15 sec, 58 °C for 2 min, and 72 °C for 8 min and a

final elongation step at 72 °C for 10 min.

40



2.2.4 Construction of recombinant DNA
PCR products were digested with ECORI/HIndIII and ligated to EcoRI/HindIII digested
pPMAL-c2 vector using a DNA ligation Kit, to transform E.coli DH5a. The products
were transferred into LB medium for incubation at 37 °C for 1 h with shaking. The
culture was spread on LB plate with ampicillin for plasmid selection. X-gal and
isopropylthio-B-D-galactoside (IPTG) were mixed and spread on LB plates for

blue-white screening of recombiants.

2.2.5 Gene-spin™ Miniprep Purification Kit

1. Transfer an overnight 1-2 mL culture to a mictocentrifuge tube. Spin down the cells
for 30 sec ~ 1 min at maximum spend (12 ~ 14,000 rpm).

2. Add 200 pL Solution I and pipette up and down (or vortex) until the cells are
completely resuspended.

3. Add 200 pL Solution II and mix by gently inverting the capped tube 5-6 times.

4. Add 200 pL Solution III and mix by gently inverting the capped tube 5-6 times.

5. Centrifuge for 5 min at maximum speed (12 ~ 14,000 rpm). A compact white pellet
will be formed along the side or at the bottom of the tube.

6. Insert the spin column into a collection tube, carefully remove the cleared lysate at

step 5 directly to spin column, spin for 30 sec.
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7. Remove the spin column from the collection tube, discard the filtrate and add 700 uL.

washing solution and spin for 1 min.

8. Discard the filtrate then centrifuge for 3 min at top speed to remove any residual trace

of ethanol.

9. Remove the spin column and place the column in a new microcentrifuge tube. Add

50-100 puL H,O or TE into the column. For plasmid larger than 7 kb, use preheated

60-70 uL H,O or TE to elute.

10. Elute the DNA by centrifugation for 1min and store the eluted DNA at -20 °C.

Repeat step 9-10 may give' 10-15% more DNA, but DNA concentration will be

diluted.

2.2.6 Purification of DNA from Gel Bands

1. Weigh an empty 1.5 mL microcentrifuge tube to the nearest 10 mg and record the

weight.

2. Using a clean razor blade or scalpel, excise the slice of agarose containing the DNA

band to be purified. Cut as close to the DNA band as possible. Cut the slice into

several smaller pieces and transfer them to the pre-weighed 1.5 mL microcentrifuge

tube.

3. Weigh the tube containing the agarose slice to the nearest 10 mg, and subtract the
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weight of the empty tube to determine the weight of the slice.

4. To the gel slice add 10 pL of capture buffer for each 10 mg of gel slice.

5. Close the tube and mix by vortexing vigorously. Incubate at 60 °C until the agarose

is completely dissolved (5-15 min).

6. During the incubation, place one GFX column in collection tube for each purification

to be performed.

7. After the agarose is completely dissolved, centrifuge briefly to collect the sample at

the bottom of the tube.

8. Transfer the sample to the sample the GFX column. Incubate at room temperature

for 1 min.

9. Centrifuge in a microcentfifuge-at full speed (10,000 to 16,000 rpm) for 30 sec.

10. Discard the flow-through by emptying the collection tube. Place the GFX column

back inside the collection tube.

11. Add 500 pL of wash buffer to the column. Centrifuge at full speed for 30 sec.

12. Discard the collection tube and transfer the GFX column to a fresh 1.5 mL

microcentrifuge tube.

13. Apply 50 pL of elution buffer directly to the top of the glass fiber matrix in the GFX

column.

14. Incubate the sample at room temperature for 1 min.
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15. Centrifuge at full speed for 1 minute to recover the purified DNA.

2.2.7 Preparation of competent cells for electroporation

1. Inoculate single colony from LB-agar plate to 5 mL LB, incubate overnight at 37 °C

2. Transfer 5 mL overnight mixture to 500 mL SOB, incubate for 2-3 h at 37 °C (Assp=

0.8)

3. Transfer 500 mL mixture to 500 mL sterile centrifuge tubes

4. Centrifuge at 5000 rpm for 15 minutes at 4 °C, discard supernatant.

5. Resuspend pellet with ~ 1001l ice-cold sterile water, and combine to one tube.

6. Centrifuge at 5000 rpm for 15 min at 4 °C, discard supernatant.

7. Resuspend pellet with ~ 20 mL ice-cold sterile water, and combine to one tube.

8. Centrifuge at 5000 rpm for 15 min at 4 °C, discard supernatant.

9. Rinse pellet with ~1 mL 10 % ice-cold glycerol.

10. Apply ~50 uL cell solution to eppendorff, and store in - 80 °C

2.2.8 Transformation of Escherichia coli in electroporation

1. Mix 40 puL competent cells and 1 puL ligation mixture

2. Wash cuvette with ethanol, and applied the mixture to cuvette.

3. Locate cuvette into electroporation, pulse at 1.5 kV, 200 Q, 25 uF
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4. Apply 1 ml LB to cuvette, pipetting and cycle to eppendorf

5. Incubate at 4 °C for 15 min.

6. Apply to LB/amp plate, incubate overnight at 37 °C

2.2.9 DNA sequencing

Using an ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit, PCR

reagents were mixed to a total volume of 20 puL including 2 pL RR Mix, 5 pL of the

plasmid DNA recovered from the overnight culture colony, 1 uL of the primer, and 12

uL H,O. PCR was performedi96 °C for S min and then 25 cycles 96 °C of 10 sec, 50

°C for 5 sec and 60 °C for 4, min were tepeated, before holding at 72 °C for 10 min.

After the PCR reactions wete completed, the mixtures were transferred to a microfuge

tube, and 64 pL 95% or absolute ethanol, and 16 pL. H,O were added. The solution was

vortexed briefly and incubated in an ice bath for at least 15 min or stored overnight in a

-20 °C box. It was centrifuged at 15000 rpm for 15 min at 4 °C, and then the

supernatant was carefully decanted. Resuspended with 250 pL 70% ethanol and

centrifuge under the same conditions. The supernatant was removed. The step of

washing with 250 pL 70% ethanol was repeated and tube was vacuum dried for 5 min.

4 uL sequencing loading dye was added and the mixture vortexed for at least 90 sec and

stored at -20 °C. Before being loaded into the sequencing gel, the sample was heated

45



at 95 °C for 2 min and then immediately placed on ice. A sequencing gel was mixed,

by adding 10 mL 5x TBE stock solution to 40 mL acrylamide-urea gel solution and

degas for 5 min, then 250 pL (TEMED) and 25 pL freshly made 10% ammonium

persulfate (APS) (w/v) in H,O were added just before the gel was cast, with care taken

not to introduce air bubbles. The polymerization reaction of the gel took 4-5 h, and

then the instructions for operating the ABI PRISM 377 DNA Sequencer were followed.

2.2.10 Staggered-extension process (StEP)

The primers that flanked 5’-primer and 3’sprimer were used for recombination. The

StEP condition contained =200 mM dNTPs, 15 uL of 3.3 x XL bufferll, 1.25 mM

Mg(OAc),, 2 pg of 5’-primer-and 3°-primer, 0.5 pL of plasmid DNA mixture and one

unit of rTth DNA polymerase. The program was as followed: 95 °C for 5 minutes, 80

cycles of 30 sec for 94 °C and 56 °C. The amplified products were digested with

EcoRI and HindIIl, and then purified and ligased to pMAL-c2. The ligation mixture

was then transformed into E. coli DH5a with electroporation. These colonies were

selected by the way of colorimetric assay.

2.2.11 Modified colorimetric assay for screening of mutant gene

After each transformation for StEP uricase is completed, the coupled stage was
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screened for activity from about 10 to 100 colonies on each plate. 50 pL of LB

medium was put into each well of a 96-well microtitter plate. Single colonies were

inoculated into this medium and incubated for 4 h at 37 °C. The absorbance of blank

was balanced using the same medium, and then 50 pL of substrate solution (0.1 mM

uric acid, 0.1 U peroxidase, 4-aminoantipurine, and 3,5-dichloro-2-hydroxybenzene

sulfonate dissolved in 50 mM borate buffer pH 8.5) was added to the well for further 5

min at 37 °C. The result were obtained according to the known indicator reactions

used in the assay of oxidases in the visible range. The H,O, generated during the

oxidation of the individual substrate (Eq:1) is visualized by a peroxidase-catalyzed

4-aminoantipurine, and =3,5=dichloro-2-hydroxybenzene sulfonate reaction which

transforms the 4-aminoantipurine, and 3,5-dichloro-2-hydroxybenzene sulfonate into a

dye (Eq2.2).
Uricase
Uricacid+ 0, +2 H,LO —» allantoin + H,O, +COy  ———mmmmmmeee- (Eq.2.1)
Peroxidase
4-AAP + DCHBS + H,0, — dye + H,O (Eq.2.2)

2.2.12 Purification of uricase

1. Inoculate 1 L rich broth + glucose and ampicillin with 10 mL of an overnight culture
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of cells containing the fusion plasmid.

2. Grow to 2 x 10%cells/mL ( Agoo ~0.5). Add IPTG to a final concentration of 0.3 mM,
e.g. 85 mgor 3 mL of a 0.1 M stock in H,O. Incubate the cells at 37 °C for 2 h.

3. Harvest the cells by centrifugation at 4000 x g for 20 min and resuspend in 50 mL
lysis buffer.

4. Freeze sample in a dry ice-ethanol bath (or overnight at 20 °© C). Thaw in cold water.

5. Sonicate: monitor cell breakage until it reaches a maximum (usually about 2 min).

6. Add NaCl to 0.5 M. Centrifuge at 9000 x g for 30 min.

7. Swell the amylose resin (1.5+¢) for 30 min.in 50 mL column buffer in a 250 mL filter
flask. De-gas with an aspirator. Pour ina 2.5 x 10 cm column. Wash the column
with 3 column volumes of the same buffer + 0.25% Tween 20.

8. Dilute the crude extract 1:5 with column buffer + 0.25% Tween 20. Load the diluted
crude extract.

9. Wash with 3 column volumes column buffer + 0.25% Tween 20.

10. Wash with 5 column volumes column buffer without Tween 20.

11. Elute the fusion protein with column buffer + 10 mM maltose. Collect 5-10 1 mL
fractions.

2.2.13 Quantitative assay of protein

The protein content was determined using the dye binding methods of bicinchoninic
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acid (BCA). This method combines the well-known reduction of Cu®" to Cu'" by
protein in an alkaline medium with the highly sensitive and selective colorimetric
detection of the cuprous cation using a unique reagent that contains bicinchoninic acid.

A standard curve was constructed using BSA.

2.2.14 Electrophoresis
SDS-PAGE was performed essentially according to the method of Davis and Laemmli
(1970) using a gel system (mightly Small IT SE250). In SDS-PAGE, the sample was
diluted in sample buffer (5x)‘at room temperature and a constant voltage of 150 V.

Table 2-1 lists the SDS-PAGE compositions:

Reagents Stacking gel Separation gel
4% 12% 12% 10%
Acrylamude/Bis (mL) 1.2 2.4 3.5 14 13.32
Gel buffer B (mL) - - 2.5 10 10
Gel buffer C (mL) 1.25 2.5 - - -
SDS solution (uL) 100 200 100 400 400
Distilled water (mL) 7.4 14.8 2.94 11.76 12.44
TEMED solution () 40 40
10 % Ammonium 80 80
persulphate solution (1)

Table 2-1 Compositions of SDS-PAGE.
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2.2.15 Coomassie blue staining

After electrophoresis, the gel was soaked in Coomassie Blue R 250 staining solution

for 20 min. Then the gel was destained with destaining solution I and II until the

stained band were distinct against a clear background.

2.2.16 Uricase activity

Uricase activity was routinely determined from the decline in absorbance at 293 nm

caused by the aerobic enzymatic oxidation of uric acid. During enzyme purification,

activity was measured in an assay mixture containing 0.1 M Tris buffer pH 8.5. One

unit was defined as the aniount of enzyme necessary to transform 1 pmol of uric acid

into allantoin in 1 min at 25 %C and pH 8'5.
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Chapter 3

Cloning and Expression the Gene Encoding Bacillus subtilis Uricase in

Escherichia coli

3.1 Abstract

The uricase gene has been cloned from Bacillus subtilis CCRC 14199 isolated from soils
of a papaya fruit farm (Hualien, Taiwan). DNA sequence analysis revealed an open reading
frame of 1491 nucleotides encoding a protein of about 55 kDa. A MBP-uricase fusion
protein of the expected size (98 kDa) was expressed. Uricase protein was found to exhibit
high uricase activity (9.1 U/mg). .~ The uricase was similar (61% identical) to the uricase from
Bacillus sp. TB-90 and contained the conserved three cysteines, one of which is required for

enzyme activity.

Keywords: Bacillus subtilis ; cloning; sequence; uricase; enzyme activity

51



3.2 Introduction

Uricase (urate oxidase, EC 1. 7. 3. 3.) is an enzyme involved in the purine degradation

pathway where it catalyzes the oxidation breakdown of uric acid to allantoin. Uricase is

present in various living organisms such as mammals (1, 2), plants (3), fungi (4, 5), yeasts

(6,7,8), and bacteria (9). Uric acid, the primary end-product of purine metabolism, is present

in biological fluids such as blood and urine (10). Increased uric acid levels are associated

with a number of conditions including gout, chronic renal disease, some organic acidemias

and Lesch-Nyhan syndrome (11).

Several attempts have been made to fabricate uric acid sensors using uricase as a

biocatalyst (12-16). This enzyineyis denoted here as: uricase molecules, which catalyzes in

vivo oxidation of uric acid in the presence of oxygen as an oxidizing agent, producing

allantoin and CO; as oxidation products of uric acid hydrogen peroxide as reduction product

of Oy (Eq. 1).

Uric acid + O, +2 H,O = allantoin + H,0,+CO, ——-oo———- (Eq.1)

Allantoin and its enzymatically reduced product, allantoic acid, account for 70-80% of

the organic nitrogen in the xylem of nitrogen fixing soybean plants and other species of

tropical grain legumes (17). Uric acid has been shown to rapidly adsorb onto carbon paste

electrode surfaces (18-20): this phenomenon has led to the development of a controlled

adsorption process for its selective determination in flowing streams.
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Ascorbic acid and uric acid are both present in biological fluids such as blood and urine.
Earlier electrochemical procedures based on the oxidation of uric acid at carbon-based
electrodes in acidic solutions suffered from interference from ascorbic acid which can be
oxidized at a potential close to that of uric acid (21).

The spectrophotometric method at 293 nm is often used as a comparison method when
testing new detection methods. In Haeckel’s method (22), the hydrogen peroxide produced
by the uricase-catalyzed oxidation of uric acid is detected through the uricase-catalyzed
oxidation of ethanol to acetaldehyde, coupled to the oxidation of the latter to acetate in the
presence of NAD" (or NADP") and’aldehyde dehydrogenase by measuring the change of
absorbance of NADH (or NADPH)at 340 nm:*- An initial reading to be used as sample blank
is needed, and this makes the méthod quite Taboriotis as a manual procedure. In addition,
highly purified aldehyde dehydrogenase is not always readily available.

Various types of electrochemical enzyme sensors have been reported for uric acid
determination. The amperometric method for its quantitative determination in biological
fluids based on the consumption of dissolved oxygen was reported by Nanjo and Guilbault
(14). Janchen et al. carried out similar studies in the presence of oxygen (23). Coulometry,
using a porous carbon felt electrode, has also been applied to its determination in human urine.
The compound of interest was electrolysed with nearly 100% current efficiency at the carbon

surface. Hydrogen peroxide however, is not electroactive at this surface (24).
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As previously stated, uricase specifically catalyzes the oxidation of uric acid. The

disappearance of oxygen or H;O,, or the production of CO, may be exploited for uric acid

sensing. In the first situation, dissolved O, may also be consumed by compounds such as

ascorbic acid and thiol-containing substances (25). Moreover, ascorbate and thiols may also

react with peroxide produced by the uricase-catalysed reaction of uric acid. Electrochemical

enzyme sensors have been developed based on the amperometric determination of

enzymatically liberated H,O, from the uricase reaction. These systems exploit the anodic

electroactivity of peroxide. Unfortunately, its oxidation has been reported to require

relatively high applied potentials (>0:4 V) and is therefore susceptible to interferences from

readily oxidizible molecules. The elimination of inferferences was achieved by Kulys and

colleagues when horseradish peroxidase (HRP) served as a catalyst for the reaction between

H,0; and hexacyanoferrate(II) followed by reduction of the resulting hexacyanoferrate(III) at

0V vs. Ag/AgCl (26). In this study, we describe cloning and DNA sequences of the uricase

gene, and its successful expression in Escherichia coli.
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3.3 Experimental

3.31 Cultures and media

The bacterial strain used in this study is Bacillus subtilis CCRC 14199 obtained from the

Culture Collection and Research Center (CCRC), Food Industry Research and Development

Institute (Hsinchu, Taiwan). B. subtilis CCRC 14199 was originally isolated from soils of

papaya farmland (Hualien, Taiwan) and identified using criteria from Bergey's Manual of

Systematic Bacteriology. Cultures were maintained on LB medium plate. For isolation of

genomic DNA, overnight colonies on LB medium plate were inoculated into LB medium

broth containing (g/L): tryptone 10.0, yeast extract 5.0, NaCl, 10.0. The culture was

incubated at 37 °C for 18 h.

3.3.2 Isolation of genomic DNA for uricase

Genomic DNA extraction from B. subtilis was performed using a QIlAamp Tissue Kit

(Qiagen). Cells were grown in LB medium at 37 °C for 18 h with shaking, and processed

according to the manufacturer’s instruction. The purified DNA was resuspended in sterile

water and stored at -20 °C.

3.3.3 Cloning of the uricase gene

Two oligonucleotide primers that flank the uricase gene were designed based on known B.
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subtilis uricase sequences. The PCR amplification reaction was performed in final volume
of 50 pL containing 0.5 pL. Template DNA, 10 pmol of each primer, 200 uM of each dNTP,
25 mM Mg(OAc),, 3.3 x XL buffer and two unit of rTth polymerase (Applied Biosystems).
The reaction involved an initial denaturation step at 94 °C for 1 min, and then adding the
enzyme, followed by 30 cycles at 94 °C for 15 sec, 58 °C for 2 min, and 72 °C for 8 min and
a final elongation step at 72 °C for 10 min.

PCR products were digested with ECORI/HIndIII and ligated to ECORI/HindIII digested
pPMAL-c2 vector or pBluescript IISK(+) using a DNA ligation Kit, and then transformed into
E. coli DHSa.. The transformation.mixes were transferred into LB medium for incubation at
37 °C for 1 h with shaking. “The culture was spread on LB plates with ampicillin for
selection and X-gal and isopropyl=B=D-thiogalactopyranoside (IPTG) for blue-white screening

of recombinants.

3.3.4 Expression and purification of the fusion uricase

The pMAL-c2 system (New England BioLabs) was used to express the uricase gene.
Cells that contain plasmids that coded for fusion proteins under lac promoter control were
grown to a concentration of 5 x 10® cell/mL at 37 °C with shaking in a rich medium with
ampicillin. IPTG was then added to a final concentration of 0.3 mM, and the culture was
grown for an additional 4 h. All subsequent steps were performed at 4 °C or on ice. The
cells were harvested by low-speed centrifugation, resuspended in 1/10 vol. of 10 mM Tris
buffer pH 7.2, and lysed by sonication. Cellular debris was then pelleted by high-speed
centrifugation, and the supernatant was saved as crude cellular extract.
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The fusion was purified as described by the manufacturer (20, 21) with some modification.
The preparation of cross-linked amylose (New England BioLabs) and its use as an affinity
chromatography matrix was as described by Kellerman and Ferenci (22). Fusion proteins
were purified from crude extracts by binding to cross-linked amylose in a column, and were

eluted with 10 mM Tris buffer that contained 10 mM maltose (20, 21).

3.3.5 DNA sequencing and computer analysis

The clones were sequenced using an ABI PRISM 310 auto-sequencer. Samples were
prepared using a DNA Cycle Sequencing Kit and using a Big-Dye Terminator (Perkin Elmer).
Appropriate oligonucleotides were used as primers. Computer analyses of DNA sequence
data and the deduction of amino acid sequences were performed at the National Center for
Biotechnology Information (NCBI) using GenBank databases and BLAST Programs.

Protein sequences were aligned using ClustalG.(1.1).

3.3.6 Measurements of uricase activity

Uricase activity was routinely measured aerobically from the decrease in absorbance at

293 nm due to the enzymatic oxidation of uric acid (5,6,8). During purification, the activity

of the enzyme was measured in an assay mixture that contained 0.1 M Tris buffer (pH 8.5).

One unit was defined as the amount of enzyme required to transform 1 umol of uric acid into

allantoin in 1 min at 25 °C at pH 8.5.
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3.4 Results

3.4.1 Cloning of the Uricase gene
The uricase gene from B. subtilis CCRC 14199 was cloned by PCR using primers

designed to the uricase gene region of other B. subtilis strains. It was cloned as a 1.5 kB

PCR product into either pMAL-c2 or pBluescript IISK(+) (Figure 3-1).

10K
6K

3K
2K

1K

Figure 3-1. Agarose electrophoresis gel results of cloning. M, Molecular weight markers.
1, the uricase gene (1491 bp DNA fragments) was amplified by PCR. 2, DNA
fragments were inserted into pBluescript IISK(+), and DNA fragments digested by
EcoRI/HindIIl. 3, DNA fragments were inserted into pMAL-c2, and DNA

fragments digested by ECORI/HindIII.
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3.4.2 Expression and Purification of the uricase

To facilitate purification, a uricase-MBP fusion protein was created by cloning the entire

uricase gene into the expression vector pMAL-c2. The fusion protein was expressed in E.

coli DH5a. Cell were lysed after IPTG induction and centrifuged. The uricase-MBP

fusion protein was purified in single step, using amylose resin and eluted with 50 mM Tris

buffer containing 10 mM maltose (24, 25). The uricase-MBP fusion protein had an apparent

Mr of 98 kDa by SDS-polyacrylamide gel electrophoresis (Fig. 3-2)

Figure 3-2. SDS-PAGE analysis of the uricase-MBP fusion protein produced in E. coli, and

purified by amylose affinity spin column. M, marker; lane 1, pellet; lane 2, crude

extract; lane 3, flowthrough; lane 4-5, eluate. The samples were loaded onto a

12% polyacrylamide gel. The fusion protein is approximately 98 kDa.
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3.4.3 Nucleotide and amino acid sequence of uricase

The DNA sequence of the CCRC 14199 uricase gene was determined by sequencing the

uricase sequence cloned into pMAL-c2. Sequence analysis revealed, as expected, a large

ORF encoding a protein of 494 amino acids with a calculated MW of 55 kDa that corresponds

to the uricase gene (Fig. 3-3).

60



malE---TCGAGCTCGAACAACAACAACAATAACAATAACAACAACCTCGGGATCGAGGGAAGGATTTCA
GAATTCCATATGTTCACAATGGATGACCTGAACCAAAGGACACACAAACACTCACAGACACACTTGGCT 60

M F T M D D L N Q R T H K H 8 Q T H L A 20
CTATTTTTGAACACTCTTCATGGATTGCGGAGAGATCCGCAGCACTACGGCCGTTTTCGTCCCTTTCTG 129
L F L N T L H G L R RD P Q H Y G R F R P F L 43
ATCTTCACCGCAAAATCACTGGCATTGTTAAAGCTGCGGATCGCGAGACACAGCTTGATTTTAATCAAA 198
I F T A K 8 L. AL L KL R I AR H S L I L I K 66
AAGCATCCCCGGCTCGGAACAAAGAAAACAATCAGCGATGACTCGGTACGAGAGCAGCAGAACGCAGGG 267
K H P R L G T K K T I S D D S V R E Q Q N A G 89
CTCGGCAAATTCGAACAGCAGGAATACGAGGAGTTTCTCATGCTCAATGAACACTATTATGATCGCTTC 336
L 6 K F E Q Q E Y E E F L M L N E H Y Y D R F 112
GGCTTTCCTTTTATTTTCGCGGTTAAGGGAAAGACGAAACAGGACATTCACCAAGCCCTGCTGGCAAGG 405
G F P F I F A V K 66 K T K @ DI H Q A L L A R 135
CTTGAGAGCGAACGAGAAACGGAGTTCCAGCAGGCCCTTATAGAAATTTACCGAATCGCCCGCTTTCGT 474
L E S ER E T E F Q Q A L I E I ¥ R I A R F R 158
CTGGCTGACATCATCACTGAAAAAGGAGAGACGCAAATTAAAAGAACCATGTCTTATGGCAAAGGAAAC 543
L A DI I T E K G E T Q I K R T M S Y G K G N 181
GTATTTGCATACCGAACGTATTTCAAACCGCTCACTGGAGTTAAGCAAATCCCGGAATCATCTTTTGCC 612
v F A Y R T Y F K P L T G V K Q I P E S8 S8 F A 204
GGAAGAGATAATACCGTTGTCGGCGTTGATGTTACATGCGAAATTGGCGGAGAAGCCTTCCTGCCATCA 681
G R D NTV V G VDV TCEI G G E A F L P S8 227
TTTACAGACGGAGACAACACTCTCGTCGTGGCAACGGATTCAATTAAAAACTTTATCCAGCGCCATCTC 750
F T D G D NT L V V A T D 8 I K N F I Q R H L 250
GCATCCTATGAAGGAACGACAACCGAGGGGTTCCTACACTATGTCGCTCACCGATTTTTCGATACCTAT 819
A 8 ¥ E 6 T T TE G F L H Y V A H R F F D T Y 273
TCTCATATGGACACGATCACTCTCACTGGCGAAGACATTCCGTTTGAAGCAATGCCTGCATACGAGGAG 888
S H M DT I TL TG E D I P F E A M P A Y E E 296
AAAGAGCTCAGCACAAGCCGCCTCGTCTTCAGAAGATCGCGTAATGAACGAAGCCGCTCTGTGCTGAAA 957
K E L 8 T 8 R L VvV F R R 8 R N E R 8 R 8 V L K 319
GCAGAACGAAGCGGGAATACCATCACGATTACAGAGCAATACAGCGAAATCATGGATCTTCAGCTCGTC 1026
A E R 8 G N T I T I T E Q Y 8 E I M D UL Q L V 342
AAGGTTAGCGGCAACTCCTTCGTCGGCTTCATCCGGGACGAATATACGACTCTCCCGGAAGACGGCAAC 1095
K v s 6 N 8 F V 6 F I R DE Y TTL P E D G N 365
CGCCCGCTGTTTGTCTATTTTAACATCAGCTGGCAATATGAAAATACAAATGACTCATACGCTTCTGAT 1164
R P L F V Y F N I 8 W Q Y E N T ND S Y A S D 388
CCAGCACGCTACGTTGCGGCTGAACAAGTCCGCGACTTTGCGAGCACCGTTTTTCACGAGCTCGAARACC 1233
P A R Y V A A E Q VR D F A 8§ TV F HEULE T 411
CCTTCAATCCAAAACCTCATCTATCATATCGGCTGCAGAATATTAGCGAGGTTCCCGCAGCTCACTGAT 1302
P 8 I Q N L I ¥ HI 6 ¢C R I L A R F P Q L T D 434
GTCAGCTTCCAATCTCAAAATCACACGTGGGATACGGTTGTCGAAGAAATCCCGGGCTCAAAAGGAAAA 1371
v 8 F Q 8§ Q NH T W D T V V E E I P G S8 K G K 457
GTCTACACCGAACCTGCGCCCGCCATACGGTTTCCAACATTTTACCGTGACAAGAGAAGACGCCGAGAA 1440
v ¥ T E P A P A I R F P T F Y R D KRR R R E 480
AGAAAAACAGAAAGCCGCTGAAAAATGTCGGAGCCTGAAAGCCTGATGGGAAAACTGACAACCCATATT 1509
R K T E S8 R 486

TTAGATTTAACCTGCGGCAAACCAGCGGCGAAGCTTCTGCAGCGGCACTGGCCGTCGTTTTACAACGTC 1545
GTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTG

Figure 3-3. DNA sequence of the uricase gene. The deduced amino acid sequence is

shown under the nucleotide sequence.
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3.5 Discussion

We have cloned and sequenced the uricase gene from genomic DNA of B. subtilis strain

CCRC 14199. It encodes a 55 kDa protein with 497 amino acids residues. The nucleotide

sequence of the 1.5 kb EcoRI-HindIIl DNA fragment, including the uricase, was determined

(Fig. 3-1). Figure 3-2 shows SDS-PAGE analysis of the fusion uricase produced in E. coli,

and the uricase protein purified with amylose affinity spin column.

The putative amino acid sequence of the B. subtilis uricase showed 61%, 49%, 20%, 16%,

16%, 14% and 11% identity with that of uricase from Bacillus naldurans, Bacillus spp.,

Streptomyces coelicoloi, Aspergillus,flavus, pig liver, mouse liver, and Corynebacteium

glutam, respectively (Fig. 3-4). =“Two consensus regions in Bacillus sp. TB-90 uricase have

been identified (9). These sequences, motif 1" and motif 2, were completely conserved in the

sequence of the Bacillus subtilis uricase at positions 231-247 and 339-374, respectively.

Recombinant uricase was expressed as a fusion to maltose binding protein in pMAL-c2

in E. coli DH5a. The recombinant uricase was present in the soluble fraction and was

purified in a single amylose affinity step. The uricase activity was determined by the

decrease in absorbance at 293 nm (Figure 3-5). The activity of the uricase produced in E.

coli was 9.1 U/mg protein.
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AADRETQLDLIKKHPRLGTKK TMSDDSYREQUNAGLGKLEQUEYEEFLMLNEHYYDREGFPF ILAVKGKTKQDIHQALLARLESERETEFQQALIETY
KQKLETTGAKTLDYTPDYAYT VEYECDVQSKVRSTEHVESVEPYLPKYKIDPQLETKGASTLVKALALDTKONNKEVQLRGIEETAQYVASNDVHYIT

- - -QREMAHYRNDYKKNDEVEFVRTGYGKDMIKVLHIQR- - - - - - - KKDYLHGDNSDVIPTDTIKN
- - - SCKMAHYHDNYGKNDEVEFVRTGYGKDMVKVLHIQR - - - - -KKDYLHGDNSDI TPTDTIKN
---------------- MSAVKAARYCKDNVRVYKVHKDE - - - - - - - ETSYTKADNSVIVATDSIKN

RIARFRLADI I TEKGETQMKRTMSYGKGNVFAYRTYLKP- - - - - - - LTGVKQIPESSFAGRDNTVVGVDVTCEIGGEAFLPSFTDGDNTLVVATDSMKN
AKPEYKVMNDVARGT VKADVAQSSYGLYGQUQT VAVADTGLDTGRNDS SMHEAFRCK T TALYALGRTNNANDTNGHG THVAGSVLGNGATNKGMAPQAN

TVNVLAKFKGTKSTETFAVT ICEHFLSSFKHVIRAQVYVEEVPWKRFEKNGVKHVHAF T YTPTGLAKFKGIKSTETFAVT ICEHFLSSFKHV IRAQVYV
TVHVLAKLRGIRNIETFAMNICEHFLSSFNHVTRAHVYVEEVPWKREEKNG IKHVHAF THTPTGLAKLRG IRNIETFAMNICEHFLSSFNHVIRAHVYV
TIYITAKONPVTPPELFGSILGTHF I EKYNHIITAAIVNT VCHRWTRMD I DGKPIPISE IRDSEETAKONPYTPPELFGS ILGTHF I EKYNHITIAAIIVNT
FIQRHLASYEGTTTEGFLHYVAHRFLDTYSHMDT I TLTGED [ PFEAMPAYEEKELSTSRLVFRRHLASYEGTTTEGFLHYVAHRFLDTYSHMDTITLTG
LVFQSIMDSSGG - LGGLPSNLQTLFSQAFSAGAR THTNSWGAAVNGAYTTDSRNVDDYVRKNDMS IMDSSGG - LGGLPSNLQTLFSQAFSAGARTHINS

EEVPWKRFEKNGVKHVHAFTYTPTGTHFCEVEQIRNGP- - - - - - - - PVIHSGIKDLKVLKTTQSGFEG- - FIKDQFTTLPEVKDRCFATQVYCKWRYHQ
EEVPWKRFEKNG IKHVHAF THTPTGTHFCEVEQMRNGP- - - - - - - - PVIHSGIKDLKVLKTTQSGFEG - - FLKDOFTTLPEVKDRCFATQVYCKWRYOR
VCHRWTRMD IDGKPHPIISF IRDSEEKRNVQVDVVECKG - - - - - - - - IDIKSSLSGLTVLKSTNSQFWG - - FLRDEYTTLKETWDRILSTDVDATWQWKN

EDIPFEAMPAYEEKELSTSRLVFRRSRNERSRSVLKAERSGNT I TI TEQYSEIMDLQLVKVSGNSFVG - - FIRDEYTTLPEDGNRPLEVYLNI SWQYEN
WCAAVNGAYTTDSRNVDDYVRKNDMT ILFAAGNERPNGGT I SAPGTAKNAT TVGATENLRPSFGSYADN INHVAQFSSRGPTKDGR IKPDVMAPGTYIL

RDVDFEATWDTVRSIVLQKFAGPYDKGEYSP
RDVDFEA TWGAVRDIVLQKFAGPYDKGEYSP
[IVPKFDATWATAREVTLKTFAE- - - DNSASV
——————————————————————————————————————————————————————————————————— DSYASDPARYVAAEQVRDLASTVFHELETP

OT CVDNCNOY WO UTT TYEQT NUAVUNGQ QAT
VLU TEINULNJUWORV TLURSLINVA T VINEDSOAL

SVOKTLYDIQVLTLGQVPEIEDMEI SLPNTHYLNIDMSKMGLINKE- - - - EVLLPLDNPYCRITGTVKR -KLTSRLCYG- - - - - - - - - - oo oo
SVOKTLYDIQVLSLSQLPETEDMETSLPNTHYENIDMSKMGL INKE- - - - EVLLPLDNPYGK I TGTVKR -KLLPSRLRHG- - - - - - - - - - oo e oo
QATMETYKMAEQILARQQLIETVEYSLPNKIIYFEIDLSWHKGLONTGKNAEVFAPQSDPNGL IKCTVGRSSLKSKL
SIONLIYHIGCRILARFPQLTDVSFQSQ-NHTWDTVVEEIPGSKCK- - - - - VYTEPRPPYGFQHFTVTREDAEKEKQKAAEKCRSLKA

GNFSLATVN

Figure 3-4. Comparison of deduced amino acid sequence of the uricase with other

uricases.
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FLMLNEHYYDREGFPF TLAVKGKTKQDTHOALLARLESERETEFQQALTET YRI ARFRLADI I TEKGETQMKRTMSYGKGNVFAYRTYLKPLTGVKQIPESS
------------------------------------------------------------------ MTKHKERVMYYGKGDVFAYRTYLKPLTGVRTIPESP
---------------------------------------------------------- MVSKDVVKQQKTEKRTMYYCKGDVFVYRTNASPLEGIKATPESS
----------------------------------------------------------------------- MFPRALAIGTPAQHKATEAPVTSTSASGLAR
VT TLAQRFFRGEMGTLAVLIGLVGGTAVAL ILGDANLDEVGNAEAFDT TTPFYFGVPEFNAVAT FSMT TVMT ITMVETTGDVFATGETVGKRTRRSDVTRAL
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Figure 3-4. Comparison of deduced amino acid sequence of the uricase with other

uricases.
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Figure 3-5. Uricase-MBP fusion activity. The curves show uricase activity as the change in

optical density (OD) with time (0.05 M borate buffer containing 0.1 mM uric acid,
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Chapter 4
Detection of Serum Uric Acid Using the Optical Polymeric

Enzyme Biochip System

4.1 Abstract

An optical polymeric biochip system based on the Complementary Metal Oxide
Semiconductor (CMOS) photo array sensor and polymeric enzyme biochip for rapidly
quantitating uric acid in a one-step procedure was developed. The CMOS sensor was
designed with N"/P-well structure and manufactured using a standard 0.5 um CMOS process.
The polymeric enzyme biochip was immobilized with uricase-peroxidase and used to fill the
reacting medium with the sample, s This study: encompasses the cloning of the Bacillus
subtilis uricase gene and expression in Escherichia coli, as well as the purification of uricase
and measurement of its activity. = The cloned uricase gene included an open reading frame of
1491 nucleotides that encodes a protein of approximately 55 kDa. The expression of the
putative MBP-fusion protein involved approximately 98 kDa of the protein. The CMOS
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 to 12.5 mg/dL. The results obtained for serum uric acid correlated quite closely with

those obtained using the Beckman Synchron method.

Keywords: CMOS photo array sensor, polymeric enzyme biochip, uricase, peroxidase
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4.2 Introduction

Uricase is an enzyme that participates in degrading purines by catalyzing the oxidative
breakdown of uric acid to allantoin. ~ This highly conserved enzyme is found in mammals
(1,2), plants (3), fungi (4), yeasts (5, 6, 7), and bacteria (8). Uric acid, the primary
end-product of purine metabolism, is present in biological fluids, such as blood and urine (9).
Various disease states increase the amount of uric acid in biological fluids. Such conditions
cause gout, chronic renal disease, some organic acidemias, and Lesch-Nyhan syndrome (10).

Several attempts have been made to fabricate uric acid sensors, using uricase (urate oxidase,
EC 1. 7. 3. 3.) as a biocatalyst (11-15).  Uricase catalyzes the in vivo oxidation of uric acid in
the presence of oxygen to produce allantoin and CO, as oxidation products of uric acid, and
hydrogen peroxide as a reduction product of O,. Uricases from many microorganisms are
used as diagnostic reagents for .detection of wuric acid. These enzymes exhibit high
thermostability and are active over.a wide pH.range (5, 6, 8, 16). For example, the uricase
of Bacillus sp. TB-90 demonstrated high“activity.and thermostability over a wide range of pH
values.

Spectrophotometry at 293 nm is frequently used to detect the concentration of uric acid in
solution. In Haeckel’s method (17), the hydrogen peroxide produced by the
uricase-catalyzed oxidation of uric acid is detected by the uricase-catalyzed oxidation of
ethanol to acetaldehyde, coupled with the oxidation of the latter to acetate in the presence of
NAD" (or NADP") and aldehyde dehydrogenase. The change in the absorbance of NADH
(or NADPH) at 340 nm then is measured. An initial reading, to be used as a sample blank,
must be taken. This method is a laborious and manual procedure. Furthermore, highly
purified aldehyde dehydrogenase is not always readily available.

Various types of electrochemical enzyme sensors have been reported to be useful in uric

acid determination. Nanjo and Guilbault developed an amperometric means of determining
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the quantity of uric acid in biological fluids. This method is based on the consumption of
dissolved oxygen (13). Janchen et al. performed similar studies in the presence of oxygen
(18). Such systems exploit the anodic electroactivity of peroxide. Unfortunately, its
oxidation has been reported to require relatively high applied potentials (>0.4 V), and thus, is
susceptible to interference from readily oxidizible molecules. Kulys and colleagues
eliminated interference using horseradish peroxidase (HRP) to catalyze the reaction between
H,0, and hexacyanoferrate (II) and the reduction of the resulting hexacyanoferrate (III) at 0 V
versus Ag/AgCl (16).

This chapter describes the development of a polymeric enzyme biochip with a CMOS
photosensor detection system to quantitate uric acid. In this chapter, a prototype CMOS
array photosensor was designed and produced. To detect wuric acid, a
uricase-peroxidase-immobilized polymeric biochip was developed. The uricase gene of
Bacillus subtilis was cloned, expressed in EScherichia coli, then the uricase was purified, and
activity measured. Moreover, the polymeric-biochip was immobilized simultaneously with
uricase and peroxidase. Finally, we'compare the measurements from 20 patients’ serum uric

acid samples using the CMOS biochip system to the Beckman Synchron analyzer.
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4.3 Experimental

4.3.1 Optical detection system setup

Figure 4-1 schematically depicts the optical arrangement of the enzyme biochip detection
system built to detect serum uric acid using a polymeric enzyme biochip. To eliminate
infrared light, a white light LED lamp (HB5-439AWCA, Russia) was used as the light source
and the light intensity was controlled with an adjustable driver. The LED projects a light
beam vertically through a mini-lens to generate a 1mm diameter parallel light beam. The
light beam passes through an interference filter wheel (a 520 nm interference filter, K43-069,
Edmund, USA), then the self-developed polymeric biochip, and finally hits the surface of the
prototypical CMOS photo array sensor. The polymeric biochip was immobilized with
uricase-peroxidase and used to fill the reacting medium with the sample, the details of which
are described below. The biochip is transparent so that the light could be transmitted to the
sensor. The CMOS photo array sensof-was-designed with an N'/P-well structure and
manufactured using a standard 0.5 pm€MOS process. To transfer the current signal of the
CMOS photo sensor linearly to the voltage signal, a bias resistor (R,) was connected between
a 3 volts DC bias voltage source and the cathode (K) of the CMOS photosensor. A loading
resistor (Ry) was connected between the anode (A) of the CMOS photo sensor and the ground
of the bias voltage source. Then, the signal from the anode was used as the output voltage
and connected to the positive probe of multi-meter (Agilent 34401A). The ground of the
bias voltage source was connected to the negative probe of a multi-meter. The voltage
signals were digitized and transferred as digital data to a personal computer with GPIB
communication using a simple data collection program. The collected data were analyzed
using Windows Excel that calculated the absorbance at 520 nm according to Beer-Lambert's

law, i.e. ODsyonm = - log (I / Ip), where 1 is final reaction light signal, Iy is blank light signal.
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The results then were plotted graphically.

Figure 4-2 shows a pixel structure and circuit diagram of the CMOS photo array sensor.
Each pixel of the array sensor was implemented with a P-N junction diode using a P-well and
N'-active diffusion layer that could be fabricated using the 0.5 pm CMOS process. The
array-sensor was a 240 pixels x 140 pixels in-parallel connection, as shown in Figure 4-3(a),

with a single pixel size of 7.5 pm x 7.5 um, as shown in Figure 4-3(b).
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Figure 4-1. Optical arrangement built- withithe CMOS photo array sensor and used for

polymeric enzyme biochip detection (see the text for details).
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Figure 4-2. The pixel structure of the CMOS photo- array sensor. The P-N junction diode is
implemented with N diffusion and P-well and manufactured using a standard 0.5

pum CMOS process.

76



Figure 4-3. CMOS photodiode array sensor. (a) The layout of the 240 x 140 CMOS photo
array sensor which occupies an area of 1.8 mm x 1.05 mm. (b) The close up
microphotograph of the fabricated CMOS photo array sensor showing few pixels.

Each pixel is 7.5 pum x 7.5 pm in area.
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4.3.2 DNA manipulations

Cloning and transformation were performed essentially as described by Sambrook and
Russell (19). Genomic DNA from Bacillus subtilis CCRC 14199 was obtained from the
Culture Collection and Research Center (Food Industry Research and Development Institute,
Hsin-Chu, Taiwan). Bacillus subtilis uricase expression constructs were generated in a
polymerase chain reaction (PCR). Briefly, the Bacillus subtilis uricase gene was amplified
using the plasmid DNA of Bacillus subtilis (CCRC 14199) as a template, rTth DNA
polymerase (Applied Biosystems) and the following primers: 5'-primer (5'-TCT AGA ATT
CCA TAT GTT CAC AAT GGA TGA CCT G-3") and 3'-primer (5'-GCT GCA GAA GCT
TCG CCG CTG GTT TGC CGC AGG -3'). The amplification reaction was performed in a
total volume of 50 puL: 0.5 puL template DNA; 10 pmol of each primer; 0.2 mM dNTPs (dATP,
dGTP, dTTP, dCTP); 1.5 mM Mg(OAc),; TUof rTth polymerase; and 3.3x XL rTth
polymerase buffer. PCR amplification was conducted in a thermal cycler (GeneAmp PCR
System 9700) with an initial denaturation-fer-l-min at 94 °C, followed by 30 cycles (94 °C,
15 sec; 58 °C, 2 min; 72 °C, 8 min), and-a final incubation for 10 min at 72 °C. The
amplified products were digested with ECORI and HindIII and cloned into the ECORI-HindIII
pMAL (or pBluescript II SK(+)), transformed into E. coli DH5a competent cells and
incubated at 37 °C for 1 h with shaking. The culture was spread on LB plates containing
ampicillin for antibiotic selection. X-gal and isopropylthio-B-D-galactoside (IPTG) were

mixed and spread on LB plates for blue-white screening of recombinants.

4.3.3 Expression and purification of the fusion uricase
For protein expression, the pMAL-c2 system (BioLabs) was used to express the uricase
gene. Cells that contain plasmids encoding fusion proteins under control of the lac promoter

were grown to a concentration of 5 x 10% cell/mL at 37 °C with shaking in a rich medium.
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IPTG was added to a final concentration of 0.3 mM, and the culture was grown for an
additional 4 h. All subsequent steps were performed at 4 °C or on ice. The cells were
harvested by low-speed centrifugation, resuspended in 1/10 vol. of 10 mM Tris buffer pH 7.2,
and lysed by sonication. Cellular debris then was pelleted by high-speed centrifugation, and
the supernatant was saved as a crude cellular extract.

The purification procedure was adopted from the pMAL-c2 protein fusion and purification
system (20, 21). The preparation of cross-linked amylose (BioLabs) and its use as an
affinity chromatography matrix were as described by Kellerman and Ferenci (22). Fusion
proteins were purified from crude extracts by binding to cross-linked amylose in a column,

and were eluted with 10 mM Tris buffer that contained 10 mM maltose (20, 21).

4.3.4 Measurements of uricase activity

Uricase activity was routinely-measured aerobically by the decrease in absorbance at 293
nm due to the enzymatic oxidation of uric-acid-(6, 8, 11). The assay mixture contained 0.1
mM uric acid in 50 mM borate buffer (pH 8.5);:and 10 uL of enzyme solution. One unit was
defined as the amount of enzyme necessary to transform 1 umol of uric acid into allantoin in 1

min at 25 °C and pH 8.5.

4.3.5 Preparation of the uricase-peroxidase conjugate

The protocol for preparation of uricase-peroxidase was modified from Tresca et al., (23).
Briefly, 1 mg of peroxidase in 0.2 mL of 1M phosphate buffer at pH 6.8 was made to react
with 0.25 ml of freshly prepared 0.1 M sodium periodate for 20 min, and the peroxidase
reagent was removed by dialysis against 1 mM sodium acetate buffer at pH 4.6. Brown
peroxidase-containing fractions were pooled and the uricase reagent was removed by dialysis

against 0.1 M sodium carbonate buffer at pH 9.2. Finally, the reaction medium was mixed
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with 0.2 mL of 4 mg/mL sodium borohydride and left for 2h. It then was dialyzed against 10

mM phosphate buffer at pH 7.4.

4.3.6 Immobilization of uricase-peroxidase conjugated on the biochip

An enzyme assay method using uricase-peroxidase probes was implemented, as shown in
Figure 4-4. Briefly, the sensing region of polymeric biochip was wetted with a solution of
p-azidotetrafluorobenzaldehyde in methanol (25 mg/mL), air-dried in the dark, exposed to
UV-light for 10 min, washed with methanol twice, then with distilled water and 0.01 M
carbonate buffer at pH 9.5. For covalent fixation, a pre-activated biochip region was
incubated in a solution of uricase-peroxidase in 0.01 M carbonate buffer at pH 9.5 for 30 min

then was washed.
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Figure 4-4. Schematic polymeric enzyme biochip assay method for detecting uric acid using
immobilized uricase-and peroxidase. . Serum uric acid is oxidized by uricase to
produce allantoin and hydrogenrperoxide. The hydrogen peroxide reacts with
4-aminoantipyrine and 3,5-dichloro-2-hydroxybenzene sulfonate in a reaction

catalyzed by peroxidase to produce a colored product.
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4.3.7 Measurement of serum uric acid with optical enzyme biochip system and Beckman

Synchron analyzer

The absorbance of the biochip was detected with the optical enzyme biochip detection
system. The system was especially adapted to quantitatively measure the absorbance of the
biochip. A one part substrate solution (30 pL) that contained 1 mM 4-aminoantipyrine, 4
mM 3,5-dichloro-2-hydroxybenzene sulfonate and 100 U/L ascorbate oxidase in 0.05 mM
borate buffer at pH 8.5 and one part serum uric acid (30 pL) was added to the biochip
(immobilized with uricase-peroxidase). After reaction at room temperature for 1 min, the
biochip was placed into the optical enzyme biochip detection system to measure the serum
uric acid concentration. Hydrogen peroxide jproduced from the breakdown of uric acid
(catalyzed by uricase) was measured by -the oxidative coupling of 4-aminoantipyrine and
3,5-dichloro-2-hydroxybenzene -sulfonate in the presence of peroxidase. To compare the
detection ability of the developed*biochip assay, @ Beckman Synchron CX5 analyzer (USA)

was used according to the manufacturer's instructions.
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4.4 Results
4.4.1 Expression and purification of uricase

Genomic DNA from Bacillus subtilis (CCRC 14199) was isolated, using a QIAamp tissue
kit (Qiagen, Hilden, Germany). The uricase gene was amplified by PCR resulting in a
fragment of 1491 bp. The 1491 bp EcoRI/HindIIl DNA fragment was ligated into pMAL-c2
and pBluescript II SK(+), and the cloned plasmid was double-digested with EcoRI and
HindIII (Figure 4-5a). A uricase fusion protein was successfully purified from E. coli lysate
only after it was enriched using an amylose column. The purified uricase fusion protein was
eluted with maltose buffer and the fractions were pooled, concentrated and analyzed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Figure 4-5b). For the uricase
fusion protein, the major band on the gel had an apparent molecular mass of 98 kDa,

corresponding to that predicted from the fusion gene sequence.

4.4.2 Measurements of uricase activity

The activity of the uricase expressed in+E." coli and purified using SDS-PAGE was
determined by a decrease in absorbance at 293 nm in the presence of uric acid. The effects
of pH and thermal stability of the purified uricase also were examined. The pH stability was
evaluated by incubation at different pH values (6 to 11) for 7 hrs. Optimal (100%) activity
was found at pH values from 6 to10. The thermal stability was examined by incubation for
30 min at different temperatures (4 to 80 °C) followed by cooling to room temperature.
Complete inactivity was observed at 75 °C and 45% inactivity occurred at 70 °C. The

residual activity maximum occurred between 4 and 55 °C.
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Figure 4-5. (a) Agarose electroph-:(‘yi:tef,i-_:é:gel‘ analy51sof cloning. M, molecular markers. Lane
1, the uricase gene (1491 b;d)DN; fragments) was amplified by PCR. Lane 2,
DNA fragments were ligated into pBluescript II SK(+), and digested by EcoRI /
HindIIl. Lane 3, DNA fragment were ligated into pMAL, and were digested by
EcoRI / HindIII. (b) SDS-PAGE analysis of the uricase fusion protein produced in
E. coli, and purified on an amylose affinity spin column.  Lane 1, pellet; Lane 2,
crude extract; Lane 3, -eluate. The samples were loaded onto 12%

polyacrylamide gels. The uricase fusion protein produced in E. coli had an

apparent molecular mass of 98 kDa.
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4.4.3 Optimization of the uricase-peroxidase-immobilized biochip

The effects of temperature and pH on the uricase-peroxidase-immobilized biochip were
evaluated. Figure 4-6a plots the relationship between pH and the absorbance of the
uricase-peroxidase-immobilized biochip in a single part substrate buffer (30 pL) that
contained 1 mM 4-aminoantipyrine, 4 mM 3,5-dichloro-2-hydroxybenzene sulfonate, 100 U/L
ascorbic acid and one part 5 mg/dL uric acid (30 pL). The results showed that the
absorbance of the uricase-peroxidase-immobilized biochip increased slowly with pH between
6 and 7.5, then increased sharply with pH from 7.5 to 8.5 and finally declined as the pH
increased from 8.5 to 10. The absorbance response was maximal at pH 8.5, which is the
optimal pH for the uricase-peroxidase-immobilized biochip.

Figure 4-6b plots the relationship between temperature and the maximum absorbance of
the uricase-peroxidase-immobilized biochip.  The reaction medium included one part
substrate buffer (30 pL) «that' contained . 1- mM 4-aminoantipyrine, 4 mM
3,5-dichloro-2-hydroxybenzene sulfonate,-100-U/L ascorbic acid and one part 5 mg/dL uric
acid (30 pL) in 0.05 mM borate buffer at pH-8.5. The result showed that the absorbance
increased with the temperature from 20 to 40 °C and the absorbance-temperature showed np
signal. Hence, further experiments were performed at 25 °C, using 0.05 mM borate buffer at

pH 8.5.

4.4.4 Evaluation of the uricase-peroxidase-immobilized biochip for measuring purified
uric acid

In the application of the optical enzyme biochip detection system technology for assay of

uric acid, success depends on combining of the efficiency of the immobilization enzyme

reaction with that of photo-signal transduction. The calibration curve for uric acid was

obtained using the uricase-peroxidase-immobilization biochip. Various quantities of uric
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acid (1, 2.5, 5, 7.5, 10, 12.5, 15 mg/dL) were added to a polymeric biochip that contained
4-aminoantipyrine, 3,5-dichloro-2-hydroxybenzene sulfonate and various concentrations of
uric acid. From these measurements, a calibration curve was obtained to evaluate of uric
acid screening using the CMOS photosensor technology. Figure 4-7a plots the dose
response curve between the purified uric acid concentration and the absorbance of the
uricase-peroxidase-immobilized biochip. A calibrated value above or equal to a blank plus
three standard deviations was considered positive. As shown by the calibration curve, the
response was linear between 2.5 mg/dL and 12.5 mg/dL. The regression line for purified

uric acid was y = 0.0558x - 0.0692 and the correlation coefficient had a value of r*= 0.9931.

4.4.5 Application of the optical polymeric biochip detection system for measuring serum
uric acid

Serum samples from apparently healthy adults and patients with gout, leukemia, toxemia of
pregnancy, and nephrolithiasis were collected-from the Executive Yuan, Department of Health
Hsin Chu Hospital. Serum samplesiwere diluted 1:1 in substrate solution, then placed
directly on the optical enzyme biochip detection system, and the concentration of uric acid
present was estimated from a calibration plot. Results were within the linear range of the
reaction, and the calibration graph was from 2.5 mg/dL to 12.5 mg/dL for serum uric acid.
The results obtained by the optical enzyme biochip system were compared with those
obtained using the Beckman Synchron analyzer. As shown in Figure 4-7b, the results
indicated that the measured serum uric acid for 20 different serum sample using the optical
enzyme biochip detection system correlated closely to results using the Beckman Synchron
analyzer. The regression line for serum uric acid was Y = 1.0142X + 0.1799 and the
correlation coefficient was r*=0.9951. Results for serum uric acid obtained using a biochip

did not significantly differ from those obtained using a Beckman Synchron analyzer.
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4.5 Discussion

The study in this chapter used a CMOS photosensor, a biochip containing enzyme probes,
in a rapid and sensitive method for accurately quantitating and directly monitoring
enzyme-catalyzed reactions. The CMOS process is well established in the microelectronic
industry, and has the potential to produce low-cost photosensors designed with an N'/P-well
structure. By integrating an LED, a polymeric biochip, and a biased CMOS photosensor
with a digitizing device, a low cost optical detection system could be built. Traditionally,
glass has excellent properties for mechanics, thermodynamics and optics, and is popular as a
biochemical material. The disadvantage of using glass is difficulties in processing and
forming. However, polymer materials are superior in price, easy formation and easy mass
production. Detection of uric acid using a biochip system is important to the clinical field of
biotechnology, and depends on the simultaneous immobilization of uricase and peroxidase on
the biochip. Two factors determine the overall résponse of the biochip in such a system: the
influence of temperature and pH-on enzyme-activity, and the effect of temperature and pH on
the generated absorbance. Temperature. is an-€ssential factor in enzymatic reactions. The
effect of temperature on the biochip response was investigated over the range between 20 and
40 °C. The results indicate that the response of the CMOS sensor is stronger at higher
temperatures in the tested temperature range of 20 — 40 °C. The optimal pH for
immobilizing uricase and peroxidase on the biochip is 8.5. The calibration curve was
accurate from 2.5 mg/dL to 12.5 mg/dL for purified uric acid. Measuring the concentration
of serum uric acid in human serum samples demonstrates the usefulness of the assay in
clinical chemistry. The results obtained agreed reasonably with those obtained by the
Beckman Synchron method. Uric acid is oxidized by uricase to produce allantoin and
hydrogen peroxide. The hydrogen peroxide reacts with 4-aminoantipyrine and

3,5-dichloro-2-hydroxybenzene sulfonate, in a reaction catalyzed by peroxidase to produce a
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colored product. The Beckman Synchron system reagent was used to measure the uric acid
concentration by a timed-end-point method (24). This system automatically apportions the
appropriate sample and reagent volumes into a cuvette and monitors the change in absorbance
at 520 nm where the change in absorbance is directly proportional to the concentration of uric
acid in the sample.

The development of the optical enzyme biochip detection system, a device that includes a
bioreceptor (for example, an enzyme) and a signal transducer (COMS photosensor) is
presented here. When the analyte interacts with the bioreceptor, the resulting complex
produces a change, which is translated into a measurable efferent (such as an electrical signal)
by the transducer. The first application of the optical enzyme biochip detection system was
in an enzyme-based biochip developed to detect uric acid. The application detects uric acid
by the immobilization of the enzyme uricase-peroxidase as a bioreceptor. In the optical
enzyme biochip detection system, the measured ‘enzyme-catalyzed reactions and produced
hydrogen peroxide directly with the quantity-of-uric'acid. The catalysis by the enzymes and
the small size of the CMOS photosensor, allow the continuous monitoring of the release of
hydrogen peroxide from uric acid. Accordingly, data is presented demonstrating that the
optical enzyme biochip detection system is useful for the detection of uric acid in human
clinical samples.

The IC system designed for the microchip photosensor elements and associated data
treatment is based on complementary metal oxide semiconductor (CMOS) technology. The
development and evaluation of various elements of the DNA biosensor microchip technology
have been described. The design of the gene probe immobilization techniques on the
biosensor substrates as well as the development of integrated electro-optic systems on the IC
biochip using a phototransistor multi-array system previously have been discussed. For

example, the quantitation of HIV-1 using sequence-specific fluorescent-labeled DNA probes
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and hybridization on the nitrocellulose sampling platform system was described (25). In
another example, Stokes et al. evaluated the combined effectiveness of the IC biochip and
antibody probe-based assay and determined that it yielded exceptional quantitative ability,
sensitivity and selectivity (26). In this system, the sampling platform is a cellulose
membrane that is exposed to E. coli and subsequently analyzed using a sandwich
immunoassay involving a Cy5-labeled antibody probe.

A focus of our laboratory is the development of optical enzyme biochip assay technology
and quantitation of various enzymes using CMOS technology. These studies include the
design of the enzyme probe immobilization techniques on the polymeric biochip as well as
the development of a photosensor using CMOS technology. We describe an application that
detects uric acid by immobilized uricase-peroxidase probes. Measurements of
enzyme-catalyzed reactions allow for direct monitoring of the degradation of the uric acid in a
quantitative manner. In conclusion, the use of a photosensor based on complementary metal
oxide semiconductor (CMOS) technology-will-lead to-the development of low-cost diagnostic

biochips for medical applications.
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Chapter 5
Modified Colorimetric Assay for Uricase Activity and a Screen for Mutant

Bacillus subtilis Uricase Genes Following StEP Mutagenesis

5.1 Abstract

This chapter describes a modified colorimetric assay for uricase activity in flexible
96-well microtiter plates using the uricase - uric acid - horseradish peroxidase -
4-aminoantipyrine - 3,5-dichloro-2-hydroxybenzene sulfonate colorimetric reaction. The
utility of this assay was demonstrated in a screen for mutant uricase enzymes derived from the
uricase gene of the thermophilic bacterium Bacillus subtilis by a modified staggered extension
process (StEP) mutagenesis. An Eschenichia_coli library of StEP-derived uricase mutant
clones was screened yielding two: identical mutant uricase genes with activity. Two motifs
conserved in eukaryotic and prokaryetic uricases are highly conserved in the mutant uricase.
The mutant uricase protein was found to exhibit high uricase activity (13.1 U/mg). Finally,
the modified colorimetric method is much more efficient than the conventional ones and

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

Keywords: modified colorimetric assay; Bacillus subtilis uricase gene; maltose binding

protein; horseradish peroxidase; staggered extension process (StEP).
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5.2 Introduction

Uricase is an enzyme in the purine degradation pathway that catalyzes the oxidative
breakdown of uric acid to allantoin. This enzyme is found in mammals (1,2), plants (3),
fungi (4), yeasts (5-7), and bacteria (8). Uric acid, the primary end product of purine
metabolism, is present in biological fluids, including blood and urine (9). Various medical
conditions increase the amount of uric acid in biological fluids. Such conditions can lead to
gout, chronic renal disease, some organic acidemias and Lesch-Nyhan syndrome (10).

Many attempts have been made to fabricate uric acid sensors, using uricase (urate oxidase,
EC 1. 7. 3. 3.) as a biocatalyst (11-15). The uricase molecule catalyzes the in vivo oxidation
of uric acid in the presence of oxygen, which oxidizes uric acid to allantoin and CO,, leaving
hydrogen peroxide as the reduction product of O,. Several forms of uricase from
microorganisms are currently used.as diagnostic reagents to detect uric acid. Most of these
enzymes either have high thermostability ‘or.are active over a wide pH range (5,6,8,16).
Only one uricase, from Bacillus sp.:TB-90,.was observed to have both high activity and
thermostability over a wide range of pHvalues;from 6 to 9.

This chapter describes the cloning of a modified uricase gene from thermophilic
bacterium Bacillus subtilis. Molecular evolution by staggered extension process (StEP)
mutagenesis was used to isolate potential uricase plasmid clones in Escherichia coli, which
were screened in a microtiter well colorimetric assay for uricase activity. The 96-well
microtiter LB medium plates containing potential uricase clones were incubated at 37 °C for a
maximum of 18 h with shaking to induce protein expression. Then the plates were treated at
60 °C for 1 h to release soluble uricase protein. Substrate was added to 96-well microtiter
LB medium plates to assay uricase activity. We identified a mutant uricase using this
approach. We analyzed the enzymatic properties of this protein and its amino acid sequence

for conserved uricase motifs.
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5.3 Experimental
5.3.1 Materials

Restriction enzymes, ligase, and amylose resin were purchased from New England
Biolabs (Beverly, MA, USA). SYBR green nucleic acid gel stain and PCR reagents were
purchased from Roche (Mannheim, Germany). DNA primers were purchased from Biobasic
Inc. (Toronto, Canada). Agarose was purchased from USB (Cleveland, OH, USA).
Sodium dodecyl sulfate (SDS) was purchased from Gibco BRL (Gaitherburg, MD, USA).
Sodium phosphate, B-mercaptoethanol, coomassie brilliant R250, isobutanol, and sodium
chloride were purchased from Merck (Darmstadt, Germany). Phenylmethylsufonyl fluoride
(PMSF), lysozyme, proteinase K, uric acid, horseradish peroxidase, 4-aminoantipyrine, and
3,5-dichloro-2-hydroxybenzene sulfonate were purchased from Sigma (St. Louis, MO, USA).
Tris(hydroxymethyl) methylamine+were purchased from BDH (Poole, England). LB
medium, tryptone, and yeast extract were purchased-from Difco (Detroit, MI, USA). The
96-well microtiter plates were  purchased-from' Nalge Nunc International (Roskilde,

Denmark).

4.3.2 Mutagenesis of wild-type thermophilic bacterium Bacillus subtilis uricase gene
Thermophilic bacterium B. subtilis were isolated from soils of a papaya fruit farm and their
special properties were described in the Culture Collection and Research Center internal
information of strains (Food Industry Research and Development Institute, Hsinchu, Taiwan).
The uricase gene from one of these wild-type thermophilic bacterium B. subtilis (TB-90) was
cloned previously (24). That uricase gene was used as template in a polymerase chain
reaction modified staggered extension process (StEP) mutagenesis protocol (17,18,20) using
primers 5'-TCTAGAATTCCATATGTTCACAATGGATGACCTG-3' and

5'-GCTGCAGAAGCTTCGCCGCTGGTTTGCCGCAGG-3'. StEP conditions (50 pL final
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volume) were 0.5 pL template DNA, 10 pmol of each primer, 0.2 mM of each ANTP, 1 x Taq
buffer, 25 mM Mg (OAc), and 2.5 U Tag polymerase. The program was 5 min at 95 °C, 80
cycles of 30 sec at 94 °C, and 5 sec at 56 °C. The 1.5 kb DNA fragment was purified from a
0.8% agarose gel, and ligated to EcORI/HindIIl pre-digested pMAL vector using a DNA
ligation Kit to transform E. coli DH5a selecting for ampicillin resistance.

Isopropyl-B-D-thiogalactoside (IPTG) was spread on LB pates for screening.

5.3.3 Screening for uricase-producing microorganisms

The scheme used for screening for uricase-producing microorganisms, or in this case, E.

coli carrying an active uricase mutant of the mutant thermophilic bacterium B. subtilis uricase

gene, in 96-well microtiter LB medium plates; is, depicted in Figure 5-1. Screening was

performed in 96-well microtiter plates containing LB medium with 50 pg/mL ampicillin and

0.3 mM IPTG, and using 0.1 mM uric acid, 0.I' U/mL horseradish peroxidase, 1 mM

4-aminoantipyrine, and 4 mM 3,5-dichloro-2-hydroxybenzene sulfonate in 0.1 M Tris buffer

(pH 8.5) as the substrate. Mutant clones were grown on LB plates and transferred to 96-well

microtiter LB medium plates containing 100 pL LB/IPTG medium per well. These were

incubated at 37 °C for a maximum of 18 h with shaking to induce the expression of mutant

uricase. Then, they were treated at 60 °C for 1 h for cell lysis and release of the protein.

Following the addition of substrate, the plate was incubated for 10 min at 37 °C, a bright

purple color was observed and absorbance at 520 nm was read with a microplate reader.
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Figure 5-1. Flow chart for the detection of uricase activity by the conventional method and the

modified colorimetric method.
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5.3.4 DNA sequencing and computer analysis

Sequencing was performed using an ABI PRISM 3100 auto-sequencer. Samples were
prepared using a DNA Cycle Sequencing Kit and a Big-Dye Terminator, according to the
manufacturer’s protocol (Applied Biosystem, Foster City, CA). Appropriate
oligonucleotides were used as primers. Computer analyses of DNA sequence data and the
deduction of amino acid sequences were performed at the National Center for Biotechnology
Information (NCBI) website using GenBank databases and BLAST Programs. Protein

sequences were aligned using Clustal W (1.1).

5.3.5 Expression and purification of the mutant fusion uricase protein

The pMAL-c2 system was used to express the uricase as a maltose binding protein
fusion. Plasmid-bearing cells were grown to a ¢oncentration of 5x10° cell/ml at 37 °C with
shaking in a rich medium at which point 0.3 mM IPTG was added and the culture was grown
for an additional 4 h. All subsequent steps-were performed at 4 °C or on ice. The cells
were harvested by low-speed centrifugation, resuspended in 1/10 vol. of 20 mM Tris buffer
pH 7.2, and sonically lysed. Cellular debris was then pelleted by high-speed centrifugation,
and the supernatant was saved as crude cellular extract. Purification of the maltose binding
protein fusions using the pMAL-c2 system was as per the manufacturer’s instructions (19,20).
Briefly, fusion proteins were purified from crude extracts by binding to cross-linked amylose
in a column, as described by Kellerman and Ferenci (21), and eluted with 10 mM maltose in
20 mM Tris buffer (19,20). The purified fusion protein fractions were next loaded onto a
DEAE-Sephacel column (0.7 x 2 cm) equilibrated with Tris buffer pH 8.0. The column was
washed with 50 mL of Tris buffer and then eluted with 5 void volumes of Tris buffer
containing 50 to 600 mM of NaCl with 50 mM interval. Fusion proteins were eluted

between 300 and 350 mM NaCl.
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5.3.6 Measurements of uricase activity

Uricase activity was routinely measured aerobically as the decrease in absorbance at 293
nm due to the enzymatic oxidation of uric acid (5,6,8). During purification, the activity of
the enzyme was measured in an assay mixture that contained 0.1 M Tris buffer (pH 8.5).
One unit was defined as the amount of enzyme required to transform 1 umol of uric acid into
allantoin in 1 min at 25 °C at pH 8.5. Protein concentration was estimated by the Bio-Rad
Protein Assay (5), using bovine serum albumin as a standard. For determination of kinetic
parameters, substrate concentrations of 5-100 uM, which showed linear relationships between
the concentrations of allantoin as a function of time, were carried out. The data collected
were next applied to the Lineweaver-Burk equation. Thermal stability of wild-type and
mutant uricase was evaluated on the basis of the residual enzyme activity of the protein
sample (10 U/mL" in 50 mM borate buffer pH 8.5) heated 1 h in closed vials at scheduled
temperatures (20-80 °C) and cooled to room temperature. For the stability to pH, samples of
wild-type and mutant uricase were dissolved at foomtemperature in a buffer containing 0.05
M sodium acetate (pH 4-6), 0.05 M potassium phosphate (pH 7), or 0.05 M sodium borate

(pH 8-11).  After 7 h of incubation, the enzyme activity was evaluated.
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5.4 Results

5.4.1 Mutagenesis of wild-type thermophilic bacterium Bacillus subtilis uricase gene

As we reported previously (24), wild-type thermophilic bacterium Bacillus subtilis uricase
gene showed a high thermostability and activity. We have isolated a mutant derivative of
that enzyme using a modified StEP recombination approach. For the StEP procedure we
used the uricase gene from wild-type thermophilic bacterium Bacillus subtilis as template
and the resulting products were cloned into the expression plasmid pMAL-c2. The

presence of the 1.5 kb uricase gene fragment in the library of clones was confirmed by

restriction analysis (Fig. 5-2).

Figure 5-2. Agarose gel electrophoresis results of mutant uricase gene cloning. Lane 1,
mutant DNA fragments were inserted into pMAL-c2, and DNA fragments were

digested by Eco RI/Hind III.  The uricase gene is present in the 1.5 kb DNA

fragment.
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5.4.2 Screening for uricase activity via a modified colorimetric assay

The modified colorimetric assay developed in this work was used to screen for uricase
mutant genes derived from the thermophilic bacterium Bacillus subtilis uricase. A modified
colorimetric assay was used with high-throughput screening using a microplate reader to
quantify colorimetric level. About 150 E. coli DH 5o transformants carrying potential
uricase mutants from the aforementioned StEP procedure were transferred to 96-well
microtiter LB medium plates to screen for uricase activity using a modified fast colorimetric
96-well plate assay. Plates were incubated shaking at 37 °C for a maximum of 18 h with
IPTG to induce the expression of mutant uricase. Denatured cells were lysed under
conditions compatible with rapid screening in 96-well microtiter plates and the lysed samples
were transferred to 96-well microtiter LB medium plates in a 60 °C incubator for 1 h, causing
the cells to facilitate release of the.uricasesprIhe soluble fraction was then bound to 96-well
microtiter plates, and the recombinant protein was: detected via substrate reactions that
produced a chromophore (Fig. 5-3). = Uricase-produces hydrogen peroxide from uric acid,
which is then acted upon by peroxidase and yields a chromophore via the
peroxidase-dependent oxidative coupling of 4-aminoantipyrine and
3,5-dichloro-2-hydroxybenzene sulfonate (Fig. 5-3). Figure 5-4 presents the microplate
reader results of screening 94 potential uricase mutants from the StEP recombined library for

activity. Two mutants, designated B4 and B8, had uricase activity.
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Figure 5-3. Depiction of the hydrogen peroxide based colorimetric assay. Substrate reaction
mixture containing the hydrogen peroxide produced from uric acid with uricase,
after measured by oxidative coupling of 4-aminoantipyrine and
3,5-dichloro-2-hydroxybenzene sulfonate in the presence of peroxidase to produce
a colored product. (A) The 96-well microtiter LB medium plates are incubated at
37 °C for a maximum of 18 h with shaking to induce the expression of mutant
uricase, and then treated for 60 °C for 1 h to cause lysis and release of the uricase
protein. (B) Substrate is added to 96-well microtiter LB medium plates to assess
uricase activity. The reaction measures uricase activity of mutant uricase gene by

use of uric acid, peroxidase, and typical colorimetric indicator.
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Figure 5-4. Screening potential ufi‘case nﬁutants‘in 96-well microtiter plates using a microplate
reader. The reactions leading to colorimetric readout are described in the text.
The H1 sample is the blank (0.066). H2 contains the wild-type uricase
(positive control) (0.254). B4 (0.325) and B8 (0.303) are two variants that

have activity.
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5.4.3 Analyzing the motif sequence of mutant uricase

Two active variants (B4 and B8) were analyzed by sequence analysis and found to have
identical nucleotide sequences. A BLAST search confirmed that the deduced amino acid
sequence of the ORF maltose binding protein (MBP) sequence and the uricase sequence.
The predicted amino acid sequence of the mutant uricase was 84% identical to that of
wild-type uricase. Motif amino acid sequence analysis involved a BLAST search using the
sequences of these motifs (motifs A-F). Two consensus motifs have been identified in both
eukaryotic and prokaryotic uricases (6,8). Neither of these motifs [motifs A
(Gly-Lys-X-X-Val) and B (Asn-Ser-X-Val/lle-Val-Ala/Pro-Thr-Asp-Ser/Thr-X-Lys-Asn)] is
altered in the variant uricase gene (Figure 5-5). Bairoch (22) and Legoux et al. (23) had
identified consensus patterns of eukaryotic uricase (motifs C and D in Figure 5-5). The
mutant sequence Leu-Val-Lys-Val-Ser-Gly-Asnand Thr-Pro-Ser-Ile Gln-Asn-Leu-Ile-Tyr (in
Figure 5-5) differ from motifs- C_and D, respectively. Yamamoto et. al.(8) presented
consensus patterns of Bacillusi.sp..TB-90 uricase, which are motifs C
(Leu-Ile-Lys-Val-Ser-Gly-Asn) and+ D: (Thr-Eeu-Ser-Ile-Gln-His-Leu-Ile-Tyr).  Similarly,
sequences of the mutant uricase were conserved but with slight modifications. Finally, motif
E (Leu-Pro-Asn-Lys-His) was identified as a consensus pattern of prokaryotic uricases, but
not in mutant uricase. The mutant uricase of Bacillus subtilis includes two cysteines, one of
which is located at the active site of the enzyme. One hypothesis is that a chemically
reactive sulthydryl group on the surface of molecule is spontaneously oxidized during

purification and forms a disulfide bond link between two molecules.
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Figure 5-5. Motif sequence analysis of the mutant uricase.
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5.4.4 Comparison of expression and purification of the wild-type and mutant fusion

uricase

Wild-type and mutant fusion uricase protein were successfully purified from E. coli lysates
by amylose affinity chromatography. The uricase-MBP fusion protein was eluted with
maltose buffer and concentrated. Analysis by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) demonstrates that the uricase-MBP fusion has an apparent
molecular mass of 98 kDa (Fig. 5-6A), in close agreement with that estimated for
uricase-MBP fusion protein. The uricase-MBP fusion protein was further purified by
DEAE-Sephacel ion-exchange chromatography to homogeneity, as visualized by coomassie

blue stained SDS-PAGE (Fig. 5-6B).
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Figure 5-6. SDS-PAGE analysis of wild-type'and mutant uricase-MBP fusion proteins. (A)
Coomassie-stained uricase-MBP fusion proteins obtained from amylose affinity
chromatography fractiéns. Lane M markér proteins: phosphorylase b (97 kDa),
bovine serum albumiﬂ (66 kDa), ‘6valbumin (45 kDa), carbonic anhydrase (30
kDa), trypsin inhibitor (20 kDa); lane 1, wild-type uricase-MBP fusion protein;
lane 2, mutant uricase-MBP fusion protein. (B) Coomassie-stained uricase-MBP
fusion proteins obtained from DEAE-Sephacel ion-exchange chromatography
fractions. Lane 1, wild-type uricase-MBP fusion protein; lane 2, mutant
uricase-MBP fusion protein. The samples were loaded onto 12% polyacrylamide

gel. Both MBP-uricase proteins have an apparent molecular mass of 98 kDa.
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5.4.5 Comparison of activity of the wild-type and mutant fusion uricase

Figure 5-7 shows the evaluation of uricase activity from both mutant and wild-type proteins,
as detected by a decrease in absorbance at 293 nm in the presence of uricase. Clearly, the
activity of enzyme purified from the mutant uricase exceeded that of the wild-type one.
Specific uricase activities of the wild-type and mutant uricases were determined to be 11.5
and 13.1 U/mg, respectively. The apparent Ky values for wild-type and mutant uricase-MBP
proteins were estimated to be 24 and 26 uM, respectively. Enzymatic properties of the
mutant MBP-uricase were compared with the wild-type MBP-uricase. Thermal stability
studies carried out by 1 h incubation at different temperatures showed that both wild-type and
mutant uricase were completely inactivated at 75 °C and 80 °C, respectively. The
temperature leading to 45-60% inactivation was 70 °C for both wild-type and mutant uricase.
The residual activity of wild-type ‘uricase.was.maximal when temperature from 4 to 60 °C
(Fig. 5-8). However, mutant uricase, shows maximal residual activity of 4 to 65 °C. Thus
the mutant might be slightly more thermostable. The pH stability studies performed using 7
h incubations at different pH (6-11) values showed that both wild-type and mutant uricase are

at optimal activity at pH values from 6 to10 (Fig. 5-9).
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Figure 5-7. Comparison of the wild-type and:mutant uricase activities. The curves show
uricase activity as the change|in the optical density (OD) with time. Decreasing
ODy93 is an indication of uricase-dependent oxidation of uric acid (in 0.05 M
borate buffer containing 0.1 mM uric acid, pH 8.5). One unit was defined as the
amount of enzyme required to transform 1 umoL of uric acid into allantoin in 1

min at 25 °C and pH 8.5.
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Figure 5-8. Thermal stability of wild-type and mutant uricase enzymes. The enzyme (10
U/mL of uricase in 50 mM borate buffer, pH 8.5) was treated for 1 h at various
temperatures, and then the sresidual activity was determined. The residual

activity after 1 h at 4 °C was defined as 100%.
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Figure 5-9. pH stability of wild-type and mutant uricase enzymes. The enzyme (10 U/mL of

uricase in 50 mM borate buffer, pH 8.5) was treated at 25 °C for 7 h and various

pHs, then the residual-activity was determined. ( ® =Wild-type; -« =mutant)
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5.5 Discussion

This chapter describes a modified colorimetric assay for uric acid in which uricase

catalyzes the reduction of dissolved oxygen to hydrogen peroxide in the presence of uric acid.

Horseradish peroxidase then catalyzes the production of a quinoneimine dye. One such

colorimetric scheme utilizes the wuricase - wuric acid - horseradish peroxidase -

4-aminoantipyrine - 3,5-dichloro-2-hydroxybenzene sulfonate colorimetric reactions. This

assay is compatible with high-throughput screening using a microplate reader. However, the

success of the microtiter well plate assay is critically dependent upon a colorimetric indicator

that will simultaneously support horseradish ;peroxidase and not inhibit the production of

hydrogen peroxide (Fig. 5-4). = The modified colorimetric assay takes only 20 h from

isolation of uricase clones to measurements of uricase activity. This is much more efficient

than conventional methods (Fig. 5-1), which take at least 4 days and include the following

steps: 2 ml LB broth/ampicillin, purify plasmid DNA, digest, electrophoresis, 3 ml LB

medium, 50 ml LB medium, preparation of crude cellular extracts, and affinity

chromatography of purification and activity assay by spectrophotometry. We have

demonstrated the usefulness of this assay and used it to screen for a mutant uricase enzyme.

The StEP recombination reaction can be carried out in a single tube. The staggered
extension process (StEP) consists of priming the template sequence followed by repeated
cycles of denaturation and extremely abbreviated annealing/ polymerase-catalyzed extension.
In each cycle the growing fragments anneal to different templates based on sequence

complementarity and extended further. This is repeated until full-length sequence is formed.
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Due to template switching, most of the polynucleotides contain sequence information from
different parental sequences. The key to successful recombination by StEP is to tightly
contract the polymerase-catalyzed DNA extension. The nucleotide sequence of the 1.5 kb
Eco RI-Hind III DNA fragment, including the mutant uricase, was identified (Fig. 5-2).
Figure 5-4 shows the results of screening the StEP library for mutants using the microtiter
plate colorimetric assay. Two clones with activity were identified and have an identical
nucleotide sequence.

The predicted amino acid sequence of the mutant uricase was 84% identical to that of
wild-type uricase. A BLAST search identified five motifs of wild-type uricase sequences.
These motifs, except for motif B, are also conserved in mutant uricase (Fig. 5-5). Moreover,
the mutant uricase includes two cysteines, one of which participates in activity of the enzyme.
Wild-type and mutant uricase enzymes were purifed from E.coli DH5a as MBP fusions from
the soluble fraction in a single_amylose affinity- step, then was further purified by
DEAE-Sephacel ion-exchange chromatography to-homogeneity. The specific uricase
activities of the two enzymes were compared. . Both wild-type and mutant uricase have
optimal (100%) activity at a pH value from 6 to 10. Thermal stability studies demonstrate
that both wild-type and mutant uricase are completely inactivated at 75 °C and 80 °C,
respectively.  Thus the mutant enzyme appears to be slightly more stable at high
temperatures. In the temperature range between 4 and 80 °C, the residual activity of mutant

uricase was maximal up to 65 °C.
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Chapter 6
Expression and Purification of a PCR Synthesized Gene

Encoding Bacillus spp. Uricase

6.1 Abstract

This chapter presents a single-step assembly of DNA oligonucleotides via polymerase
chain reaction (PCR) to generate a synthetic Bacillus spp. uricase gene. The Bacillus spp.
uricase gene was designed using preferred codons common to all the three organisms.
Sixteen oligonucleotides (each about .60-95 mucleotides in length), which had overlapping
regions and spanned the length of the 999-base pair synthetic gene, were used in the synthesis.
The synthetic gene was cloned in Escherichiarcoli and sequence analysis was used to verify
that the method was successful. The synthetic gene was cloned into the pMAL-c2 vector for
expression in E. coli as a fusion protein with the maltose-binding protein (MBP). The
uricase-MBP fusion was purified in a one step procedure by affinity chromatography to
crosslinked amylose resin. Uricase protein was purified from the fusion protein following
cleavage with protease factor Xa and amylose affinity chromatography. The uricase protein

yielded a single band on SDS-PAGE and was highly active.

Keywords: Oligonucleotides; Polymerase chain reaction; Bacillus spp. uricase; Synthesize; Expression and

purification
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6.2 Introduction

Uricase is an enzyme that participates in degrading purine by catalyzing the oxidative
breakdown of uric acid to allantoin. This enzyme is found in various organisms including
mammals (10, 23), plants (16), fungi (17), yeasts (1, 12, 25), and bacteria (24). Uric acid,
the primary end product of purine metabolism, is present in biological fluids, such as blood
and urine (5). Various conditions increase the amount of uric acid in biological fluids.
Such conditions cause gout, chronic renal disease, some organic acidemias and Lesch-Nyhan
syndrome (3).

Several attempts have been made to fabricate uric acid sensors, using uricase (urate
oxidase, EC 1. 7. 3. 3.) as a biocatalyst (2, 15, 18, 22, 26). Uricase catalyzes the in vivo
oxidation of uric acid in the presence of oxygen, which acts as an oxidizing agent to produce
allantoin and CO, as oxidation products of uric acid, and hydrogen peroxide as reduction
product of O,. Many uricases- from microorganisms are used as diagnostic reagents in
detecting of uric acid. These enzymes-€ither-exhibit high thermostability or are active over a
wide pH range (12, 20, 24, 25). Only.Bacillus sp. TB-90 was found to produce both high
activity and thermostability over a wide range of pH values.

Many publications have addressed the assembly of DNA sequences from oligonucleotides
by ligation (6, 8, 21), by self-priming PCR (4, 8), and by the Fokl method of gene synthesis
(14). This paper presents a single-step PCR protocol that uses thermostable rTth polymerase
to create a synthetic uricase gene based on Bacillus spp. genes and then successfully clone

and express the uricase gene E. coli.

120



6.3 Experimental

6.3.1 Synthesizing oligonucleotides

Sixteen long oligonucleotides, spanning the entire single chain Bacillus spp. uricase gene,

were synthesized by Biobasic,Inc. These single-stranded oligonucleotides (SSH-NI,

SSH-C2, SSH-N3, SSH-C4, SSH-N5, SSH-C6, SSH-N7, SSH-C8, SSH-N9, SSH-CI10,

SSH-N11, SSH-C12, SSH-N13, SSH-C14, SSH-N15, and SSH-C16 in Table 5-1) each

included 5-15 overlapping nucleotides, which upon annealing, serve as primers for the rTth

polymerase (Applied Biosystems) in a PCR reaction.

6.3.2 Synthesizing a gene Bacillus spp.-uricase.by extending overlap and PCR

To generate full-length templates of SHH-N and SHH-C by overlap extension and PCR, 2
pmol of each oligonucleotide (SSH-N1;N3;"N5, N7, N9, N11, N13, N15 and SHH-C2, C4.
Co, C8, C10, C12, C14, C16) was mixed in a standard PCR (50 pL final volume) that
contained 0.2 mM of each deoxyribonucleoside triphosphate (ANTP), 1.0 unit of rTth
polymerase, 1.5 mM Mg(OAc), and 3x3 XL rTth polymerase buffer. All the PCRs were
performed in a thermal cycler (GeneAmp PCR System 9700) using a program of a
predenaturation for 1 min at 94 °C, followed by 25 repeated cycles of 1 min denaturation at 94
°C, 2 min annealing at 55 °C, 2 min extension at 72 °C, and final extension at 72 °C for 5 min.
Figure 6-1 presents experimental details.

Cloning and transformation were performed as described by Sambrook and Russell (19).
The assembled Bacillus spp. uricase gene products were digested with ECORI and HindIII and
cloned into the EcORI-HindIII digested pMAL-c2, and then transformed into E. coli DH5a.

The culture was spread on a LB plate with ampicillin for selection and X-gal and
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isopropyl-B-D-thiogalactopyranoside (IPTG) for blue-white screening of recombinants.
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SHH-N1(1-90) 5’ » tet aga att cca tat gac caaaca caa aga aag ggt tat gta cla cgg taa agg tga cgt (it cge tta ceg tac cla ctt gaa ace get cac cgg (gl tag g <3°

SHH-C2{170-85) 5’ > ttg gta cca cca acg gag att tta acg tta aca ccg aag agg atg tgg tca cga ccg gag aac ggg gat tee ggg atg gtc cta ac<3’

SHH-N3(160-220) 5’> ggt ggt acc aaa ttc ctg acc tec tte ace aaa gge gac aac age ttg gtt gtt get ace g <37
SHH-C4 (275-215) 5

v

atg gtg gta ccg gtg tag cta gcc aag tgt ttc tgg atg aag ttt ttc atg gag tcg gta g <3¢
SHH-NS(260-350) 5’ acaceg glacca cca eg aag gil tet 1gg aal acg 11g ¢la cet cet (el 1ga aaa aat acl cec aca 16g aaa aga (et cet tgateg g <37

gaa aaC gag ctc gct age age oct gtt acc gtt ttt aac age gaa ggt ggt ttc gaa cgg gat tte thc acc gat caa gga <37
14g €ga 2Ct €21 111 ¢4d aaa ate CCY [aa Ca ata CQe tae CLC Ma Clt gad cat gar Icg taa ¢ga agd caa cac ¢ct <3°

o
v

v

5'> ctt tga tca act gga gac cag cca gac cge tet get gtt cgg tga tgt tea ggg tgt tgt ctt cgt <3¢

@t tte atc cgt gac gaa 1ac acc acc ctg cc;

5> cic cag tig ate aaa gic age ggt aac toe tte git 2 ga<3

SHH-C10(670-580} 5'> ggt tgg tac cga atg agt ctt cgg tgt ttt tgt att tcc att tga tgt tca agt aaa cga aca gcg gac ggt tgg agt ctt ccg gca ggg t <3’

SHH-N11(655-735) 5'> tca ttc ggt acc aac ccg gaa aac tac gtt gct gct gaa cag atc cgt gac atc gct acc tcc gtt ttc cac gaa acc gaa <3

SHH-C12(810-725) 5’> aac ttc ctg cag ctg cgg gaa cct tte caa gat cet act ace gat caa gta gat caa gtg ot gat gga cag ggt tte ggt tte gt <37
SHH-N13(795-850} S5’> gca gct gca gga agt tta ctt cga atc cca gaa cca cac ctg gga caa aat cgt tg <3’

SHH-C14 (905-840) 5'> ccg tac ggc gga cgc ggt tcg gtg taa act tta cct tcg gat tcc ggg att tct tca acg att ttg <37

SHH-N15(885-950) 5’> ccg cog tac gyt tic cag tgc tte ace gtt ace cay gaa gac tty oCy cag gaa aa <3’

SHH-C16 (999-945) 5’> gct gca gaa get tte att tea gag cac ctt tat ggt ccg gtt cgt cgg aga aca tea gga tgt ttt cc <37

Table 6-1. Schematic representation of sixteen long oligonucleotides.
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16 oligonucleotides

SHH-N1 SHH-N3 SHH-NS SHH-N7 SHH-N9 SHH-N11 SHH-N13  SHH-NI15

A

SHH-C2 SHH-C4 SHH-C6 SHH-C8 SHH-C10 SHH-C12 SHH-Cl4 SHH-C16

v

B SHH-N I~SHH-C 2 SHH-N 5~SHH-C6 SHH-N 9~SHH-C10 ~ SHH-N 13~SHH-C 14

SHH-N 3~SHH-C4 SHH-N 7~SHH-C 8 SHH-N [1~SHH-C 12 SHH-N I5~SHH-C 16

v

SHH-N1 ~ SHH-C 4 SHH-N9~ SHH -C12
SHH-N5 ~ SHH-C 8 SHH-N13 ~ SHH-C 16
D SHH-N1 ~ SHH-C 12
SHH-N5 ~ SHH-C 12
SHH-N1 ~ SHH-C 16
EcoR 1

Uricase gene
~N
lacZ

Hind III

Figure 6-1. Protocol for assembling synthetic Bacillus spp. uricase-pMAL-c2. The
synthetic Bacillus spp. uricase gene process included the following entities. (A)
sixteen long oligonucleotides; (B) first PCR products; (C) second PCR products;
(D) third PCR products. The reaction products were analyzed by 2% agarose-gel
electrophoresis. The assembled product (E) and pMAL-c2 were both digested
with ECORI and HindIIl, gel-purified, ligated, and used to transform E. coli

XL1-blue.
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6.3.3 Sequencing and computer analysis of DNA

The clones were sequenced using an ABI PRISM 310 auto-sequencer. Samples were
prepared using a DNA Cycle Sequencing Kit and a Big-Dye Terminator (Perkin Elmer).
Suitable oligonucleotides were used as primers. DNA sequence analysis was performed
at the National Center for Biotechnology Information (NCBI) using GenBank databases

and BLAST Programs. Protein sequences were aligned using ClustalG (1.1).

6.3.4 Expression and purification of the Bacillus spp. uricase protein

For protein expression, pMAL-c2 system (New England BioLabs) was used to express the
assembled Bacillus spp. uricase gene. Cells that contained plasmids that coded for fusion
proteins under lac promoter control were grown to a concentration of 5x10° cell/ml at 37 °C
with shaking in a rich medium, IPTG was added to a final concentration of 0.3 mM, and the
culture was grown for an additional 4 h.  All subsequent steps were performed at 4 °C or on
ice. The cells were harvested in low-speed-centrifugation, resuspended in 1/10 vol. of 10
mM Tris buffer pH 7.2, and sonically lysed. . Cellular debris was then pelleted by high-speed
centrifugation, and the supernatant was saved as crude cellular extract. The purification
procedure used the pMAL-c2 protein fusion and purification system (7, 13). Cross-linked
amylose was prepared of from amylose (New England BioLabs) and used as an affinity
chromatography matrix as described by Kellerman and Ferenci (11). Fusion proteins were
purified from crude extracts by binding to cross-linked amylose in a column, and were eluted
with 10 mM Tris buffer that contain 10 mM maltose (7, 13). Uricase-MBP (uricase fused to
maltose binding protein) was digested with factor Xa as described by Maina et al. (13).
Uricase-MBP was first denatured by dialysis in 8§ M urea followed by dialysis in 10 mM Tris
buffer pH 7.2. The concentration of factor Xa in digestions was 1%, by weight, of the fusion

protein to be digested. After cleavage of uricase-MBP with factor Xa, the two domains were
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separated by re-passage over a cross-linked amylose column.

6.3.5 Assay of uricase activity

Uricase activity was routinely measured aerobically as the decrease in absorbance at 293
nm due to the enzymatic oxidation of uric acid. During purification, the activity of the
enzyme was measured in an assay mixture that contained 10 mM Tris buffer (pH 8.5). One
unit was defined as the amount of enzyme required to transform 1 pmol of uric acid into
allantoin in 1 min at 25 °C at pH 8.5. Protein concentration was estimated by the Bio-Rad
Protein Assay, using bovine serum albumin as a standard. Reaction mixtures containing

5-100 M substrate solution were used to determine the kinetic parameters.
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6.4 Results

6.4.1 Design of the synthetic Bacillus spp. uricase gene

The Bacillus spp. uricase gene was designed using preferred codons common to all the

three organisms. The next best codon was used when there was a conflict. Accordingly, the

codon used were as follows: glycine, GGT/GGC; glutamic acid, GAA; aspartic acid,

GAT/GAC; valine, GTT/GTA; alanine, GCT/GCA; serine, TCC/TCT/AGC; lysine, AAA;

asparagine, AAC; methionine, ATG; isoleucine, ATC; threonine, ACC/ACT,; tryptophan, TGG;

cysteine, TGC; tyrosine, TAC; leucine, TTG; phenylalanine, TTC; histidine, CAC; and

proline, CCG/CCA. The sequence was!thoroughly analyzed with reference to GenBank

databases and BLAST programs:  The Bactlus spp.-uricase gene was designed with ECORI

and Ndel sites at the 5' end and a HindIllTsite /at the 3' end. Based on our previous

experience, we used 5 to 15 base overlaps between each oligonucleotide.

6.4.2 Synthesizing the Bacillus spp. uricase gene using PCR

The assembly PCR protocol includes three steps: assembling the gene, amplifying the

gene, and cloning. Because sixteen single-stranded oligonucleotides of complementary

DNA fragments are filled in during the assembly the gene process, cycling with rTth

polymerase results in the formation of increasingly larger DNA fragments until the full-length

gene is obtained. DNA ligase is not used in the assembly process. Figures 6-2 to 6-4 show
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experimental results concerning the protocol. The gene was also synthesized from sixteen

single-stranded oligonucleotides fragments produced with overlapping sequence. For

example SHH-N1~SHH-C2 was amplified from oligonucleotides SHH-N1 to SHH-C2;

SHH-N3~SHH-C4 was amplified from oligonucleotides SHH-N3 to SHH-C4;

SHH-N5~SHH-C6 was amplified from oligonucleotides SHH-N5 to SHH-C6;

SHH-N7~SHH-C8 was amplified from oligonucleotides SHH-N7 to SHH-CS;

SHH-N9~SHH-C10 was amplified from oligonucleotides SHH-N9 to SHH-CI10;

SHH-N11~SHH-C12 was amplified from oligonucleotides SHH-NI11 to SHH-C12;

SHH-N13~SHH-C14 was amplified from ¢ligonucleotides SHH-N13 to SHH-C14;

SHH-N15~SHH-C16 was amplified from oligonucleotides SHH-N15 to SHH-C16 (Figure

6-2, lanes 1- 8; first PCR products); SHH-NT~SHH-C4 was amplified from oligonucleotides

SHH-N1 to SHH-C4; SHH-N5~SHH-C8 was amplified from oligonucleotides SHH-N5 to

SHH-C8; SHH-N9~SHH-C12 was amplified from oligonucleotides SHH-N9 to SHH-C12;

SHH-N13~SHH-C16 was amplified from oligonucleotides SHH-N13 to SHH-C16 (Fig. 6-3,

lanes 1-4; second PCR products); SHH-N1~SHH-C12 was amplified from oligonucleotides

SHH-N1 to SHH-C12; SHH-N5~SHH-C12 was amplified from oligonucleotides SHH-NS5 to

SHH-C12; SHH-N1~SHH-C16 was amplified from oligonucleotides SHH-N1 to SHH-C16

(Fig. 6-4, lanes 1- 3; third PCR products).
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Figure 6-2. Agarose electrophoresisige A s of first PCR product (B). Lane M 1-Kb

ladder; lane 1. .-. {N] ; e 2. SHH-N3 ~ SHH-C4; lane 3.
SHH-N5~SHH-C6; [ane 2 SHH-C8; lane 5. SHH-N9~SHH-C10; lane
6. SHH-N11~SHH-C12; lane 7. SHH-NI13~SHH-C14; lane 8.

SHH-N15~SHH-C16.
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Figure 6-4. Agarose electrophoresisr‘gel analysis of third PCR product (D). Lane M, 1 Kb

. = k% )
ladder and 10 Kby ladder; -lane- L SHH-NI ~ SHH-CI2; lane 2.

SHH-N5~SHH-C1275 “lane‘ 3 SHH=N1~SHH-C16.
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The amino acid sequence of the Bacillus spp. uricase protein was reverse translated into a

nucleotide sequence based on an E. coli codon usage table. The resulting sequence was 999

nucleotides length and included a termination codon at its 5' and 3' terminus. Sixteen

oligonucleotides, which spanned the length of the 999-base pair synthetic gene, were

synthesized. These single-stranded oligonucleotides included 5-15 nucleotide overlaps,

which upon annealing, serve as primers for the rTth polymerase in a PCR reaction.

Additionally, the oligonucleotides SHH-N1 and SHH-16 contained flanking restriction

enzyme sites to facilitate cloning into pMAL-c2. Gel purification of the oligonucleotides

was unnecessary. A full-length template for subsequent PCR was generated using the 5'- and

3'- flanking primers (SHH-N1 and*SHH-C16) of*thé synthetic Bacillus spp. uricase gene.

This reaction was subjected to 25 cyeles of PCR -amplification as described above. The

product of this reaction was a sharp band of the expected size. This fragment was

successfully cloned (Fig. 6-5, lane 1), and functional Bacillus spp. uricase protein was

expressed in both E. coli and uricase expression systems.
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6.4.3 Nucleotide and amino acid sequence of Bacillus spp. Uricase

Analysis of the nucleotide sequence of thesynthetic Bacillus spp. uricase gene revealed

the expected uricase ORF which began at the initiation codon ATG at nucleotide 1 and ended

with the termination codon TGA at nucleotide 999 (Fig. 6-6). The ORF codes for a protein

of 333 amino acid residues with a calculated molecular mass of 36.7 kDa. Thus, the

approach was effective in generating a new uricase sequence.

6.4.4 Expression and purification of the Bacillus spp. Uricase

The uricase-MBP fusion proteinawas successfully purified from E. coli only after it was

purified in an amylose column.= The purified uricase-MBP fusion protein was eluted with

maltose buffer and pooled. Aftet.cleavage of with factor Xa, the two domains was separated

by re-passage over a cross-linked amylose column, concentrated and analyzed by SDS-PAGE

(Fig. 6-7). The uricase protein, the major band on the gel, had an apparent molecular weight

of 36.7 kDa. Specific activity of the uricase was determined to be 4.2 U/mg.

Lineweaver-Burk plot estimates gave a Ky value of 25 M.

134



Figure 6-6. DNA sequence of the synthetic Bacillus spp. uricase gene.

malE. .  TCGAGCTOSAAC AACAACAACAATARCALTARCAAC ARCCTCGGGATC GAGGSALGSATTTCL
ST T C AT AT GAC AL ACAC A A GAL A GGGTTATGTACTAC GG TALAGGTGACGTITTCSC TTACCGT
m T K H K E R ¥V B ¥ ¥ ¢ K G I ¥ F L T R
ACCTACTTGARACCGC TCACCGGTGTTAGSAC CATCCCGGARTCCCOGTTC TC CGGTCGTGACC ACATC
T Yy L. £ L T Vv R T I P E S PF F 3 ¢ R D H I
CTCTTCGGTGTTAAC GTTAAAATC TCCGTTGG TG TAC CARMATTCC TGACCTCCTTC ACC LA MGG GAC
L F ¢ v §N VvV KEI 5 ¥V ¢ ¢ TKXKV F L T3 F T EK ¢ D
ARCAGCTTGGTTGTTGU TAC CGACTCCAT G AAAAACTTCATCCAGARACAC TTGGCTAGCTACACCGET
N 3 L ¥V v LA T D 3 M KN F I 0 K HUL AL 3 ¥ T G
A A AT GAAGGTTTC TTGGAATACGTTGC TACC TCC TTC TTGARALLAATACTCCCACATCGALAAG
T T I E G F L E Y ¥ A T 5 F L K KE Y 8 H I E E
ATCTCCTTGATCGG TCAAGAALTCCCGTTCGARACCACCTICGCTGTTAAARACGGTAACAGGGCTGCT
I & L I ¢ E E I P F E T T F & ¥V E N G N E 4 &
AGCGAGC TCGTTTIC AL AR TCCCGTAACGAATACGC TACCGCTTAC TTGAACATGGTTCGTAAC GAL
3 EL v F K E S R N E Y &4 T & ¥ L N M ¥V R N E
GRACANCACCCTGAAC ATC ACCGAAC AGC AGAGCGETCTGGCTGGTC TCCAGTTGATC ARAGTC AGCGET
r m T L W I T E o Q@ 3% ¢ L A ¢ L o L I K WV 3 G
AACTCCTTCSTTGGTTTC ATCCGTGACGAATACACCACCCTGCCGGALGAC TCCARCCGTCCGCTGTTC
N 3 F ¥ F I R D E ¥ TTULPFP ETD 33 N E P L F
GTTTACT TGALCATC ALA TGGAALTACAAALACACCGAGTGACATCGCTACCTCCGTTTTCCACGAALC
v ¥ L N T K W K Y KN TETU L 3 F ¢ TN P E N T
CGALACCCTETCCATCCAGAGACTCATTCOGTACCALCCCGGALAACTACGTTGCTGCTGAACAGATCC
v A A E ¢ I R I I o T 3 VYV F HE TETUL 3 I @
CACTTGATC TAC T GATC GGTAGTAGGATCTTGGAAAGGTTC COGC AGC TG AGGALGTTTAC TTC GAL
L I ¥ L I < % R I L ERF PF QL © E WV ¥ F E
TCCCAGAACCAC ACCTGGGAC AL ATCGTTGAAGRAATCCCGGAATCCGAAGGTARLGTTTACACCGAL
5 o W H T w oD KE I ¥ E E I P E 3 E G K WV ¥ T E
COGCGTCCGoCGTACGSTTTCCASTGCTTCACCGTTACCC AGGALGAC TTGCC GCAGGARRLMCATCCTG
P R P P Y ¢ F ¢ C F T ¥ T 2 E I L F © E N I L
ATGTTCTCCGACGAACCGGACCATAAAGG TGUTCTGAAATGAALAATGTCGGAGCCTGAAAGCCTGATG
X F 3 D E P I H K G A L K
GGALAACTGACAACCCATATTTTAGATTTAACCTGCGGUAALCCAGCGGUGLAGCTTCTGC AGCGGCAC

TGGCCGTCGTTTTAC AAMCGTCGTEACT GEGALARCCCTGGCGTTACCCAAMC TTAATCGCCTTG

acid sequence is shown under the nucleotide sequence.
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Figure 6-7. SDS-PAGE analysis of
amylose column.

serum albumin (66

trypsin inhibitor (20 kDa); lane 1, uricase protein.

KDa
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66.0

45.0
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20.1

14.4

: gment from the flow-though of a second
sroteins: phosphorylase b (97 kDa), bovine

(45 kDa), carbonic anhydrase (30 kDa),

The samples were loaded

onto 12% polyacrylamide gel. The uricase protein, the major band on the gel,

had an apparent molecular weight 36.7 kDa.
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6.5 Discussion

We report the successful creation of a synthetic uricase gene codon optimized for Bacillus

spp.. The synthetic gene was generated using a novel PCR approach using multiple

synthetic long oligonucleotides spanning the coding region. The cloned synthetic uricase

gene was expressed in E. coli and active enzyme was easily purified using a MBP-fusion

system. The experiments described herein were designed to demonstrate that the gene

assembly method can be used to construct any gene even if only the amino acid sequence is

available or had been deduced. Other researchers have reported the construction of a synthetic

gene using an approach like ours which does not use DNA ligase in any part of the assembly

process. In one case, a two-stép PCR protocol that-involved thermostable Tag polymerase

was used to create a synthetic’.gene" for the HIV-2 Rev protein that contains codons

preferentially utilized in E. coli. The resulting sequence was 303 nucleotides long and

included a termination codon at its 3' terminus. Four oligonucleotides, which spanned the

length of the 303-base pair synthetic gene were used in that work (4). In another example,

Stemmer et al. (21) described the assembly by PCR of a 1.1 Kbp synthetic TEM-1

B-lactamase-encoding gene. The assembly was achieved in a single reaction that involved a

total of 56 oligodeoxyribonucleotides, each 40 nucleotides long. The synthetic gene was

amplified by PCR and cloned in a vector that contained the tetracycline-resistance gene as the

sole selectable marker. Accordingly, the authors suggest that in assembly of other genes,

137



experiments screening a few colonies will suffice to identify the gene of interest.
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