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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 desigrnée-wih N
structure and manufactured using a standargu8CMOS process. The polymeric enzyme biochip was immobilized with uricase—peroxidase
and used to fill the reacting medium with the sample. This study encompasses the cloningaifitlus subtilisuricase gene and expression
in Escherichia colias 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 55kDa. 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 rangehgith-4ptimal 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.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction catalyst {futaka et al., 1992; Bhargava et al., 1999; Nanjo
and Guilbault, 1974; Uchiyama et al., 1991; Miland et al.,
Uricase is an enzyme that participates in degrading 1996. Uricase catalyzes the in vivo oxidation of uric acid
purines by catalyzing the oxidative breakdown of uric acid in the presence of oxygen to produce allantoin an¢ @®
to allantoin. This highly conserved enzyme is found in oxidation products of uric acid, and hydrogen peroxide as a
mammals Keilin, 1959; Wallrath and Friedman, 1991  reduction product of @ Uricases from many microorgan-
plants Montalbini et al., 199y, fungi (Montalbini et al., isms are used as diagnostic reagents for detection of uric
1999, yeasts Yuichi et al., 2000; Yasuji et al.,, 1996; acid. These enzymes exhibit high thermostability and are ac-
Adamek et al., 1990 and bacteriaYamamoto et al., 1996 tive over a wide pH rangeYichi et al., 2000; Yasuiji et al.,
Uric acid, the primary end-product of purine metabolism, 1996; Yamamoto et al., 1996; Schiavon et al., 2060r ex-
is present in biological fluids, such as blood and urine ample, the uricase @acillussp. TB-90 demonstrated high
(Eswara et al., 19794 Various disease states increase the activity and thermostability over a wide range of pH values.
amount of uric acid in biological fluids. Such conditions Spectrophotometry at 293 nm is frequently used to de-
cause gout, chronic renal disease, some organic acidemiastect the concentration of uric acid in solution. In Haeckel's
and Lesch—Nyhan syndromBrtic and Ashwood, 1994 method Haeckel, 197§ the hydrogen peroxide produced
Several attempts have been made to fabricate uric acidby the uricase-catalyzed oxidation of uric acid is detected by
sensors, using uricase (urate oxidase, EC 1.7.3.3.) as a biothe uricase-catalyzed oxidation of ethanol to acetaldehyde,
coupled with the oxidation of the latter to acetate in the
« Corresponding author. Tels886-3-5729-287: presence of NAD (or NADP*) and aldehyde dehydroge-
fax: +886-3-5725-700. nase. The change in the absorbance of NADH (or NADPH)
E-mail addresstkwmll@mail.nctu.edu.tw (T.-K. Wu). at 340 nm then is measured. An initial reading, to be used
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as a sample blank, must be taken. This method is a labo-

rious and manual procedure. Furthermore, highly purified - ‘ Adjustable LED
aldehyde dehydrogenase is not always readily available. pure white light LED — Driver
Various types of electrochemical enzyme sensors have
been reported to be useful in uric acid determination.
Nanjo and Guilbault (1974yeveloped an amperometric Mini-lens__p,
means of determining the quantity of uric acid in biolog-
ical fluids. This method is based on the consumption of
dissolved oxygen Nanjo and Guilbault, 1994 Janchen
et al. (1983)performed similar studies in the presence of
oxygen. Such systems exploit the anodic electroactivity of
peroxide. Unfortunately, its oxidation has been reported
to require relatively high applied potentials (>0.4V), and
thus, is susceptible to interference from readily oxidizible ~ Polymeric biochip —p»
molecules. Kulys and colleagues eliminated interference
using horseradish peroxidase (HRP) to catalyze the reaction
between HO, and hexacyanoferrate(ll) and the reduction
of the resulting hexacyanoferrate(lll) at 0 V versus Ag/AgCl  CM0S240x 140  _p, /
(Schiavon et al., 2000 array photo sensor
This paper describes the development of a polymeric en- (sensing area I.8mm x 1.05mm)
zyme biochip with a CMOS photosensor detection system
to quantitate uric acid. In this study, a prototype CMOS ar- Fig. 1. Optical arrangement built with the CMOS photo array sensor and
ray photosensor was designed and produced. To detect uri¢ised for polymeric enzyme biochip detection (see the text for details).
acid, a uricase—peroxidase-immobilized polymeric biochip

was developed. The uricase geneBzcillus subtiliswas early to the voltage signal, a bias resistog)Ras connected
clongd, expresse_d_lﬁscherlchla coli then the uricase Was  petween a 3V dc bias voltage source and the cathode (K)
purified, and activity measured. Moreover, the polymeric 4t the cMOS photosensor. A loading resistor JRvas con-
biochip was immobilized simultaneously with uricase and ,acted between the anode (A) of the CMOS photo sensor
peroxidase. Finally, we compare the measurements from 20, the ground of the bias voltage source. Then, the signal
patients’ serum uric acid samples using the CMOS biochip ¢rom the anode was used as the output voltage and connected
system to the Beckman Synchron analyzer. to the positive probe of multi-meter (Agilent 34401A). The
ground of the bias voltage source was connected to the neg-
ative probe of a multi-meter. The voltage signals were digi-
tized and transferred as digital data to a personal computer
) . with GPIB communication using a simple data collection
2.1. Optical detection system setup program. The collected data were analyzed using Windows
) ) ) ) Excel that calculated the absorbance at 520 nm according
Fig. 1 schematlgally dep.lcts the optlcgl arrangement of i Beer—_Lambert's law, i.eQDs20nm = —log(I/Io), where
the enzyme biochip detection system built to detect serum | js fina| reaction light signallo is blank light signal. The
uric acid using a polymeric enzyme biochip. To eliminate in- a5yits then were plotted graphically.
frared light, a pure white light LED lamp (HBS-439AWCA,  £ig 2 shows a pixel structure and circuit diagram of the
Russia) was used as the light source and the light intensity ~\10s photo array sensor. Each pixel of the array sensor

was controlled with an adjustable driver. The LED projects 55 implemented with a P-N junction diode using a P-well
a light beam vertically through a mini-lens to generate a

1 mm diameter parallel light beam. The light beam passes

through an interference filter wheel (a 520 nm interference Vout
filter, K43-069, Edmund, USA), then the self-developed
polymeric biochip, and finally hits the surface of the pro-
totypical 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 sensor WaS. designed with an/R-well structure and Fig. 2. The pixel structure of the CMOS photo array sensor. The P-N
manufactured using a standard if8 CMOS process. To  junction diode is implemented with Ndiffusion and P-well and manu-
transfer the current signal of the CMOS photo sensor lin- factured using a standard Qun CMOS process.

A
Radiation angle 20" —p»
7\

GPIB

Multi-meter

2. Materials and methods
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p substrate
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Fig. 3. (a) The layout of the 249 140 CMOS photo array sensor which
occupies an area of.&mm x 1.05mm and (b) the close-up micropho-
tograph of the fabricated CMOS photo array sensor showing few pixels.
Each pixel is Bpum x 7.5um in area.

and NF-active diffusion layer that could be fabricated using
the 0.5um CMOS process. The array sensor was a 240
140 pixels in-parallel connection, as shownFig. 3g with

a single pixel size of Bum x 7.5um, as shown irFig. 3h

2.2. DNA manipulations

II SK(+)), transformed intdE. coli DH5« competent cells
and incubated at 37T for 1 h with shaking. The culture
was spread on LB plates containing ampicillin for antibiotic
selection. X-gal and isopropylthig-p-galactoside (IPTG)
were mixed and spread on LB plates for blue—white screen-
ing of recombinants.

2.3. 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 plas-
mids encoding fusion proteins under control of the lac pro-
moter were grown to a concentration of510° 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 by low-speed
centrifugation, re-suspended in 1/10 volumes of 10 mM Tris
buffer pH 7.2, and lysed by sonication. Cellular debris then
was pelleted by high-speed centrifugation, and the super-
natant was saved as a crude cellular extract.

The purification procedure was adopted from the pMAL-
c2 protein fusion and purification syste@yan et al., 1988;
Maina et al., 1988 The preparation of cross-linked amylose
(BioLabs) and its use as an affinity chromatography matrix
were as described bgellerman and Ferenci (1982Fusion
proteins were purified from crude extracts by binding to
cross-linked amylose in a column, and were eluted with
10mM Tris buffer that contained 10 mM maltos&uan
et al., 1988; Maina et al., 1938

2.4. Measurements of uricase activity

Cloning and transformation were performed essentially  Uricase activity was routinely measured aerobically by

as described bysambrook and Russell (2001¢6enomic
DNA from B. subtilisCCRC 14199 was obtained from the

Culture Collection and Research Center (Food Industry Re-
search and Development Institute, Hsin-Chu, Taiwan, ROC).

the decrease in absorbance at 293 nm due to the enzymatic
oxidation of uric acid Yuichi et al., 2000; Yasuiji et al.,
1996; Yamamoto et al., 1996The assay mixture contained
0.1 mM uric acid in 50 mM borate buffer (pH 8.5), anddl0

B. subtilisuricase expression constructs were generated inof enzyme solution. One unit was defined as the amount

a polymerase chain reaction (PCR). Briefly, Besubtilis
uricase gene was amplified using the plasmid DNABof
subtilis(CCRC 14199) as a templatd,th DNA polymerase
(Applied Biosystems) and the following primers:gximer
(5-TCT AGA ATT CCA TAT GTT CAC AAT GGA TGA
CCT G-3) and 3-primer (3-GCT GCA GAA GCT TCG
CCG CTG GTT TGC CGC AGG-3. The amplification re-
action was performed in a total volume of pD 0.5 ul tem-
plate DNA; 10 pmol of each primer; 0.2 mM dNTPs (dATP,
dGTP, dTTP, dCTP); 1.5 mM Mg(OAc)2; 1 U of th poly-
merase; and 33 XL rTth polymerase buffer. PCR am-
plification was conducted in a thermal cycler (GeneAmp
PCR System 9700) with an initial denaturation for 1 min
at 94°C, followed by 30 cycles (94C, 15s; 58C, 2min;
72°C, 8 min), and a final incubation for 10 min at 72. The
amplified products were digested wilcoRI andHindlll
and cloned into thé&ecoRI/Hindlll pMAL (or pBluescript

of enzyme necessary to transfornpthol of uric acid into
allantoin in 1 min at 25C and pH 8.5.

2.5. Preparation of the uricase—peroxidase conjugate

The protocol for preparing uricase—peroxidase was modi-
fied fromTresca et al. (1995PBriefly, 1 mg of peroxidase in
0.2ml of 1 M 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 dialy-
sis 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 car-
bonate buffer at pH 9.2. Finally, the reaction medium was
mixed with 0.2 ml of 4 mg/ml sodium borohydride and left
for 2 h. It then was dialyzed against 10 mM phosphate buffer
at pH 7.4.
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analyzer (USA) was used according to the manufacturer’s
instructions.

3. Results
3.1. Expression and purification of uricase

Genomic DNA from B. subtilis (CCRC 14199) was
isolated, using a QIAamp tissue kit (Qiagen, Hilden, Ger-
many). The uricase gene was amplified by PCR resulting
in a fragment of 1491 bp. The 1491 BgoRI/Hindlll DNA

ot R ] fragment was ligated into pMAL-c2 and pBluescript Il

SK(+), and the cloned plasmid was double-digested with

Fig. 4. Schematic polymeric enzyme biochip assay method for de- EeoR| andHindlll (Fig. 5. A uricase fusion protein was
tecting uric acid using immobilized uricase and peroxidase. Serum successfully purified fronk. coli lysate only after it was
uric acid is oxidized by uricase to produce allantoin and hydrogen . . " .
peroxide. The hydrogen peroxide reacts with 4-aminoantipyrine and enriched using an amylose column. The purified uricase fu-
3,5-dichloro-2-hydroxybenzene sulfonate in a reaction catalyzed by per- Sion protein was eluted with maltose buffer and the fractions
oxidase to produce a colored product. were pooled, concentrated, and analyzed by sodium do-
decyl sulfate-polyacrylamide gel electrophoresigy( 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.

2.6. Immobilization of uricase—peroxidase conjugated on
the biochip

An enzyme assay method using uricase—peroxidases > peasurements of uricase activity
probes was implemented, as shown Hig. 4. Briefly,
the sensing region of polymeric biochip was wetted
with a solution of p-azidotetrafluorobenzaldehyde in
methanol (25mg/ml), air-dried in the dark, exposed to

The activity of the uricase expressedincoli and puri-
fied using SDS-PAGE was determined by a decrease in ab-
) ) . \ sorbance at 293 nm in the presence of uric acid. The effects
UV-light for 10min, washed with methanol twice, then ot yiy and thermal stability of the purified uricase also were
with distilled water and 0.01M carbonate buffer at pH gyamined. The pH stability was evaluated by incubation at

9.5. For covalent fixation, a pre-activated biochip re- itferent pH values (6-11) for 7 h. Optimal (100%) activity
gion was incubated in a solution of uricase—peroxidase in

0.01M carbonate buffer at pH 9.5 for 30 min then was

washed. kDa M _1 2 _3
220 — —
2.7. Measurement of serum uric acid with optical enzyme 800 e
biochip system and Beckman Synchron analyzer
p sy Y y 450 - - |

The absorbance of the biochip was detected with the 10k 30.0
optical enzyme biochip detection system. The system e
was especially adapted to quantitatively measure the ab- 3
sorbance of the biochip. A one part substrate solution 2k il
(30pl) that contained 1mM 4-aminoantipyrine, 4 mM 1k 144 O
3,5-dichloro-2-hydroxybenzene sulfonate and 100 U/L -
ascorbate oxidase in 0.05mM borate buffer at pH 8.5 and (a) -

one part serum uric acid (30) was added to the biochip (b)
(immobilized with uricase—peroxidase). After reaction at _ ) .

temperature for 1 min. the biochip was placed into Fig. 5. (a) Agarose electrophoresis gel results of cloning. M, molecular
room e p 1 L . p p markers; lane 1, the uricase gene (1491 bp DNA fragments) was amplified
the optical enzyme biochip detection system to measure thepy pcR; lane 2, DNA fragments were ligated into pBluescript 11 $K(
serum uric acid concentration. Hydrogen peroxide produced and digested b¥coRI/Hindlll; lane 3, DNA fragment were ligated into
from the breakdown of uric acid (catalyzed by uricase) was PMAL, and were digested bcoRI/Hindlll and (b) SDS-PAGE analysis
measured by the oxidative coupling of 4-aminoantipyrine of the uricase fusion protein produced B coli, and purified on an

. . amylose affinity spin column; lane 1, pellet; lane 2, crude extract; lane
and 3,5-dichloro-2-hydroxybenzene sulfonate in the pres- 3, eluate. The samples were loaded onto 12% polyacrylamide gels. The

ence of peroxidase. To compare the detection ability Of yricase fusion protein produced i coli had an apparent molecular mass
the developed biochip assay, a Beckman Synchron CX5 of 98kDa.
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Fig. 7. (a) Calibration curve of purified uric acid concentration and
Fig. 6. Effect of pH and temperature on the absorbance of the uricase—absorbance at 520 nm using the uricase—peroxidase-immobilized biochip
peroxidase-immobilized biochip. (a) Effect of pH on the absorbance of and (b) Comparison of serum uric acid results by Beckman Synchron
the uricase—peroxidase-immobilized biochip and (b) effect of temperature method and polymeric enzyme biochip assay method.

on the absorbance of the uricase—peroxidase-immobilized biochip.

40°C and the absorbance—temperature curve had no peak.
was found at pH values from 6 to 10. The thermal stability Hence, further experiments were performed at@5using
was examined by incubation for 30 min at different temper- 0.05 mM borate buffer at pH 8.5.
atures (4-80C) followed by cooling to room temperature.
Complete inactivity was observed at 4G and 45% inac-  3.4. Evaluation of the uricase—peroxidase-immobilized
tivity occurred at 70C. The residual activity maximum oc-  biochip for measuring purified uric acid
curred between 4 and 5&.
In the application of the optical enzyme biochip detection
3.3. Optimization of the uricase—peroxidase-immobilized system technology for assay of uric acid, success depends on
biochip combining of the efficiency of the immobilization enzyme
reaction with that of photo-signal transduction. The cali-
The effects of temperature and pH on the uricase—peroxi- bration curve for purified uric acid was obtained using the
dase-immobilized biochip were evaluatelig. 6a plots uricase—peroxidase-immobilized biochip. Various quantities
the relationship between pH and the absorbance of theof uric acid (1, 2.5, 5, 7.5, 10, 12.5, 15mg/dL) were added
uricase—peroxidase-immobilized biochip in a single part to a polymeric biochip that contained 4-aminoantipyrine,
substrate buffer (3@l) that contained 1mM 4-amino-  3,5-dichloro-2-hydroxybenzene sulfonate and various con-
antipyrine, 4 mM 3,5-dichloro-2-hydroxybenzene sulfonate, centrations of uric acid. From these measurements, a calibra-
100 U/L ascorbic acid, and one part 5mg/dL uric acid tion curve was obtained to evaluate of uric acid screening us-
(30ul). The results showed that the absorbance of the ingthe CMOS photosensor technoloBig. 7aplots the dose
uricase—peroxidase-immobilized biochip increased slowly response curve between the purified uric acid concentration
with pH between 6 and 7.5, and then sharply increased and the absorbance of the uricase—peroxidase-immobilized
with pH from 7.5 to 8.5; it finally declined as the pH biochip. A calibrated value above or equal to a blank plus
increased from 8.5 to 10. The absorbance response waghree standard deviations was considered positive. As shown
maximal at pH 8.5, which is the optimal pH for the uricase— by the calibration curve, the response was linear between 2
peroxidase-immobilized biochip. and 12.5mg/dL. The regression line for purified uric acid
Fig. 6bplots the relationship between temperature and the was y = 0.0558¢ — 0.0692 and the correlation coefficient
maximum absorbance of the uricase—peroxidase-immobilizediad a value of? = 0.9931.
biochip. The reaction medium included one part substrate
buffer (30wl) that contained 1mM 4-aminoantipyrine, 3.5. Application of the optical polymeric biochip detection
4mM 3,5-dichloro-2-hydroxybenzene sulfonate, 100U/L system for measuring serum uric acid
ascorbic acid, and one part 5mg/dL uric acid g3Din
0.05mM borate buffer at pH 8.5. The result showed that Serum samples from apparently healthy adults and pa-
the absorbance increased with the temperature from 20 totients with gout, leukemia, toxemia of pregnancy, and
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nephrolithiasis were collected from the Executive Yuan, The hydrogen peroxide reacts with 4-aminoantipyrine and
Department of Health Hsin Chu Hospital. Serum samples 3,5-dichloro-2-hydroxybenzene sulfonate, in a reaction cat-
were diluted 1:1 in substrate solution, then placed directly alyzed by peroxidase to produce a colored product. The
on the optical enzyme biochip detection system, and the Beckman Synchron system reagent was used to measure
concentration of uric acid present was estimated from athe uric acid concentration by a timed-end-point method
calibration plot. Results were within the linear range of (Fossati et al., 1980This system automatically apportions
the reaction, and the calibration graph was from 2.5 to the appropriate sample and reagent volumes into a cuvette
12.5mg/dL for serum uric acid. The results obtained by the and monitors the change in absorbance at 520 nm where
optical enzyme biochip system were compared with those the change in absorbance is directly proportional to the
obtained using the Beckman Synchron analyzer. As shownconcentration of uric acid in the sample.
in Fig. 7k the results indicated that the measured serum The development of the optical enzyme biochip detection
uric acid for 20 different serum sample using the optical en- system, a device that includes a bioreceptor (for example,
zyme biochip detection system correlated closely to results an enzyme) and a signal transducer (COMS photosensor) is
using the Beckman Synchron analyzer. The regression linepresented here. When the analyte interacts with the biore-
for serum uric acid was = 1.0142x + 0.1799 and the cor-  ceptor, the resulting complex produces a change, which is
relation coefficient was? = 0.9951. Results for serum uric ~ translated into a measurable efferent (such as an electrical
acid obtained using a biochip did not significantly differ signal) by the transducer. The first application of the optical
from those obtained using a Beckman Synchron analyzer. 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
4. Discussion uricase—peroxidase as a bioreceptor. In the optical enzyme
biochip detection system, the measured enzyme-catalyzed
This study used a CMOS photosensor, a biochip con- reactions and produced hydrogen peroxide directly with the
taining enzyme probes, in a rapid and sensitive method for quantity of uric acid. The catalysis by the enzymes and the
accurately quantitating and directly monitoring enzyme- small size of the CMOS photosensor, allow the continuous
catalyzed reactions. The CMOS process is well establishedmonitoring of the release of hydrogen peroxide from uric
in the microelectronic industry, and has the potential to acid. Accordingly, data is presented demonstrating that the
produce low-cost photosensors designed with arPNwell optical enzyme biochip detection system is useful for the
structure. By integrating an LED, a polymeric biochip, detection of uric acid in human clinical samples.
and a biased CMOS photosensor with a digitizing device, The IC system designed for the microchip photosensor
a low-cost optical detection system could be built. Tra- elements and associated data treatment is based on comple-
ditionally, glass has excellent properties for mechanics, mentary metal oxide semiconductor (CMOS) technology.
thermodynamics and optics, and is popular as a biochemi-The development and evaluation of various elements of the
cal material. The disadvantage of using glass is difficulties DNA biosensor microchip technology have been described.
in processing and forming. However, polymer materials are The design of the gene probe immobilization techniques
superior in price, easy formation and easy mass production.on the biosensor substrates as well as the development of
Detection of uric acid using a biochip system is important integrated electro-optic systems on the IC biochip using
to the clinical field of biotechnology, and depends on the a phototransistor multi-array system previously have been
simultaneous immobilization of uricase and peroxidase on discussed. For example, the quantitation of HIV-1 using
the biochip. Two factors determine the overall response of sequence-specific fluorescent-labeled DNA probes and hy-
the biochip in such a system: the influence of temperature bridization on the nitrocellulose sampling platform system
and pH on enzyme activity, and the effect of temperature was described\o-Dinh et al., 1999 In another example,
and pH on the generated absorbance. Temperature is arstokes et al. (2001¢valuated the combined effectiveness
essential factor in enzymatic reactions. The effect of tem- of the IC biochip and antibody probe-based assay and
perature on the biochip response was investigated over thedetermined that it yielded exceptional quantitative ability,
range between 20 and 4Q. The results indicate that the sensitivity, and selectivityStokes et al., 20Q1In this sys-
response of the CMOS sensor is stronger at higher tem-tem, the sampling platform is a cellulose membrane that is
peratures in the tested temperature range of 20640 he exposed t&E. coli and subsequently analyzed using a sand-
optimal pH for immobilizing uricase and peroxidase on the wich immunoassay involving a Cy5-labeled antibody probe.
biochip is 8.5. The calibration curve was accurate from 2.5 A focus of our laboratory is the development of optical en-
to 12.5 mg/dL for purified uric acid. Measuring the concen- zyme biochip assay technology and quantitation of various
tration of serum uric acid in human serum samples demon-enzymes using CMOS technology. These studies include the
strates the usefulness of the assay in clinical chemistry.design of the enzyme probe immobilization techniques on
The results obtained agreed reasonably with those obtainedhe polymeric biochip as well as the development of a photo-
by the Beckman Synchron method. Uric acid is oxidized sensor using CMOS technology. We describe an application
by uricase to produce allantoin and hydrogen peroxide. that detects uric acid by immobilized uricase—peroxidase
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probes. Measurements of enzyme-catalyzed reactions allowMaina, C.V., Riggs, P.D., Grandea, A.G., Slatko, B.E., Moran, L.S.,
for direct monitoring of the degradation of the uric acid ina ~ Tagdliamonte, J.A., 1988. Ar. coli vector to express and purify

quantitative manner. In conclusion, the use of a photosensor foreign proteins by fusion to and separation from maltose-binding
’ ! protein. Gene 74, 365-373.

based on CMOS technology will lead to the development of \jjand, E., Ordieres, AJM., Blanco, P.T, Smyth, C.O. 1996.

low-cost diagnostic biochips for medical applications. Poly(o-aminophenol)-modified bienzyme carbon paste electrode for
the detection of uric acid. Talanta 43, 785—796.
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