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Abstract

The determination of glutamate pyruvate activity (GPT) is of particular clinical importance. A portable GPT sensor for
both diagnostic and home-care purpose is highly expected. A highly sensitive and.stgiifemate sensor was fabricated
for the rapid detection of the GPT activity in serum. The sensor is composed of immohiligkdamate oxidase in a
photo-crosslinkable polymer (PVA-SbQ) membrane on a palladium-deposited screen-printed carbon electrode. The sensor
exhibited high sensitivity (detection limit of 50 nM for monosodium glutamate), remarkable long-term stability in storage
(5 months in the dry dark state and 1 month in buffer solution) and good reproducibil®yO0(R= 2.6%,n = 100). The
electrode-to-electrode reproducibility was found to depend on the composition of the polymeric matrix. The optimal substrate
composition for the detection of GPT activity was 1 mivketoglutarate and 100 mitalanine. The GPT activity in serum
can be determined within 3 min. The response of the sensor to GPT activity is linear over the range of 8-250 U/l. Good
correlation between the sensor and the Sigma GPT assay kit was actitéved(9958). The sensor is potentially applicable
to a home-care purpose when a portable measuring device is adapted.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction disease$l]. Many spectrophotometric and fluorimet-
ric methods have developed for the assay of GPT
The determination of glutamate pyruvate activity activity [2-6]. All of these methods are based on
(GPT) is of particular clinical importance. Elevated the measurement of decreased absorbance of NADH,
GPT value in serum indicates myocardial and hepatic which is the coenzyme involved in the following
reaction[7].
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pyruvate+ NADH + H X lactate+ NAD*  (2) better than those fabricated by using thick layers
[13]. Recently, a thin-layer electrode consisting of a
In these methods, however, extra instrumentation is polyion complex layer membrane was fabricated to
required and thus not suitable for point-of-care appli- detect the GPT activity in sera rapidl§/3]. However,
cations or home-use test systems. Furthermore, theya part of the polyion complex layer often became
‘do not give reliable results when sera are icteric or disloadged from the surface during the enzyme immo-
lipemic, or contain products of hemolysis that are com- bilization procedure and the layer tended to become
mon in clinical sample§3]. damaged during the repetition of wetting and drying.
Recent trends in research and development have putSelf-assembly technique has also been used for the
increased emphasis on the manufacture of portablefabrication of a thin-layer enzyme electrod&7].
biosensing systemf®-11]. Electrochemical biosen- However, the sensitivities of these enzyme electrodes
sors composed of an enzyme-modified screen-printedin a self-assembled monolayer configuration are low
carbon strip have been developed and commercializeddue to the limited amounts of enzyme attached to the
[12]. The electroactive species generated during the electrode surfacefl8]. A photo-crosslinkable poly-
enzymatic reaction are measured amperometrically by mer PVA-SbQ has also been reported to be suitable
these sensors. Colorful and turbid medias make no in- for fabrication of a thin enzyme membrane (about
terference to the measureméa. 1pm thick) [19]. Enzyme can be immobilized in
Biosensors for the measurement of GPT in the matrix with high surface density and retain their
serum have been developed by immobilization of functional characteristics to a large extent for sev-
L-glutamate oxidase on an electroflE3—16] The eral months upon repetition of wetting and drying
L-glutamate generated from the transamination of [20]. Moreover, enzymes can be immobilized in this
a-ketoglutarate is converted to hydrogen peroxide polymer using photolithography techniqufxl,22],
anda-ketoglutarate by-glutamate oxidasa{GLOX, which can be adapted to mass production using or-
EC 1.4.3.7). Hydrogen peroxide is an electroactive dinary screen-printing or semiconductor-fabrication
species, which is easily oxidized, to induce a current processes on a planar electrdd®,23]
flow. The rate of current increase is proportional to A large electrode surface area is required for the
the concentration of GPT in the sample as shown in rapid and effective detection of hydrogen peroxide as

the following equations. shown by a rapid and large current response. Some

substances such as platinum, rhodium and palladium

L-glutamatet O can be deposited onto the electrode surfaces prior to
L-GLOx the immobilization of enzyme. The deposition of par-

— a-ketoglutarater NHs + H0; ®) ticles of these elements on the electrode surface pro-

H,0p — 2HT 4+ Oy + 26 (4) duces a very porous structure consisting of aggregates

of fine metal particles. This results in an increase in
The GPT activity is as low as 30U/l in human the electrode surface area, an increase in surface activ-
serum[13]. The determination of GPT activity on ity that can be used for the detection of the hydrogen
L-glutamate-sensing electrodes has been reported toperoxide liberated from enzymatic reactid@gd—27]
require as long as 10 mifi4-16] For achieving a However, such electrodes with a thin-layer enzyme
rapid and highly sensitive measurement of the sub- membrane or with a large surface area electrode
strate, the following approach may be adopted. First, often suffer from electrochemical interference by ox-
enzyme must be immobilized onto the electrode with idizable species (e.g.-ascorbic acid, uric acid, and
high surface density. Second, the substrate must dif- acetaminophen)13]. These interferants, as well as
fuse quickly through the thin-layer to undergo the hydrogen peroxide, are oxidized on the electrode to
enzymatic reaction. Third, the hydrogen peroxide lib- give a large current response. The increase in the
erated from enzymatic reactions in the vicinity of the background current causes difficulty in accurately
electrode surface must be oxidized immediately. measuring the rate of current increase with the enzy-

Electrodes with thin enzyme-containing layers fa- maticr-glutamate productiof28]. To avoid the inter-

cilitate quick reaction of the substrate and enzyme ference from oxidizable species, depositing suitable
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electrocatalytic metal on the electrode to decrease thethen the strip was washed with distilled water and

overpotential of the reduction of hydrogen peroxide
[29-32]is useful. Palladium is often chosen to mod-
ify the electrode because it is one of the most difficult
noble metals to oxidize, it has a powerful electrocat-
alytic activity and it is relatively inexpensive. These

dried in air.

2.3. Enzyme immobilization

The palladium-modified enzyme electrodes (Pd/

qualities not only increase the surface area but also PVA-SbQ£-GLOXx) were prepared as follows: The

dramatically decrease the overpotential of the reduc-

tion of hydrogen peroxide and improve its electro-
chemical respong@6]. Furthermore, as aggregates of
palladium particles form many open “micropockets”,
the enzyme film can be strongly adsorbed into the
three-dimensional matri§29], contributing to the
shelf life of the enzyme electrode.

In this study, a screen-printing carbon strip de-

posited with palladium was used as the electrode.

Then a PVA-SbQ containing-GLOx (EC 1.4.3.7)

layer was formed on the electrode to fabricate an
L-glutamate sensor. In order to improve the sensitivity
and reproducibility of the sensor, the optimum com-
position of the immobilized layer was studied. The

enzymes were immobilized by a combination of
PVA-SbQ photo-crosslinking and glutaraldehyde ex-
posure. A mixture of 50 mg of PVA-SbQ solution,
10 mg BSA and 140 mg-GLOx solution (100 U/ml)
was prepared anddl of this mixture was doped onto
the active area of the electrode. The sensor was then
placed in a dark sealed box containing glutaraldehyde
vapor. The box was kept at°€ for 12 h to complete
crosslinking, then the sensor was exposed to UV light
for 25 min.

2.4. Apparatus and procedure

Voltammetric and amperometric measurements

sensor was used to detect the GPT activity in sera. Thewere performed using a laboratory-built potentiostat.

optimum operation conditions and the reproducibility
of the sensor were also studied.

2. Experimental
2.1. Materials

Bovine serum albumin (BSA), monosodium gluta-
mate (MSG),L-alanine, glutaraldehydey-ketogluta-
rate @-KG), palladium chloride (Pd) and GPT (EC
2.6.1.2, from porcine heart) were purchased from
Sigma, and PVA-SbQ solution with 10 wt.% concen-
tration was from Tokyo Chemical (Tokyo, Japan).
The enzymerL-GLOx (EC 1.4.3.11) was produced
in this laboratory fromStreptomycesp. NTU 3304.

Input and output signals from the potentiostat were
coupled to a PC (Pentium 166 MHz) using a peripheral
interface card (AT-MIO-16E, National Instruments,
Austin, Texas, USA). The interface card consisted of
a 16-channel analog-to-digital (A/D) converter (12
bit) and a 2-channel digital-to-analog (D/A) converter
(12 bit). Voltage output, data display and recording
were programmed using the LabVIEW 5.1 software
package (National Instruments, Austin, Texas, USA).
All measurements were taken with a three-electrode
system using an Ag/AgCl electrode as a reference and
an palladium-modified SPCS (4.8 Ajras the work-
ing electrode. The cyclic voltametric experiments
were performed in an unstirred 100 mM phosphate
buffer (100 mM, pH 7.0) solution. The scan rate of the
potential was 50 mV/s. The amperometric measure-

The screen-printing carbon strip (SPCS) was obtained ment was performed at 400 mV versus Ag/AgCl. The

from ApexBichem (Hsinchu, Taiwan). All other
reagents were of analytical grade.

2.2. Electrodeposition of palladium

An SPCS (4.8mif) was immersed in a solution

working solution was 9.9 ml PBS buffer (pH 7.0) in
a cylindrical cell, with temperature controlled using a
thermostat. Unless otherwise stated, all experiments
were carried out at 38C. For the amperometric mea-
surement of MSG, 0.1 ml of MSG solution was in-
jected into the test solution using a microsyringe when

containing 5mM palladium chloride, The strip was a steady state of the testing-system had been obtained.
electrodeposited by cyclic potential scanning between The baseline current was measured, and then, follow-
—0.4and 1.0V versus Ag/AgCl at 50 mV/s for 10 min, ing the injection of MSG, the response current was
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displayed and simultaneously logged by the computer 2 C 4

until a steady state was achieved. Magnetic stirring Pd deposited SPCS
during the operation was used to ensure the homogene- /—\

ity of the solution. The difference between the base- Pd(OH), Pd

line and the steady-state current was used to calculate \_}

the concentration of MSG. Calibration curves to de- ~ H,0,—" s H,0+0,

termine sensor sensitivity were obtained by measuring t1tt

the MSG concentration from 0.05 to 1(001. All of NH, + 0-KG

the solutions used in the GPT activity measurements
were prepared with 100 mM sodium phosphate buffer
(pH 7.0) solution containing-alanine andx-KG as
the substrate of GPT. Unless otherwise stated, the en
concentration of -alanine was 100 mM and ef-KG GPT r’ pyruvate

was 1 mM. After the current decreased to its low initial L-alanine + a-KG

or background level, 2 ml of known enzyme activity

solution was added to 4 ml of the concentrated buffer Fig- 1. Schematic diagram displaying the enzyme and electrode
solution, and the current-time curves were recorded. f;g{?:_ss;onéﬂéefo': ;T:CS;L""CUV'W determination at an SPCS/
The initial slopes of the curves were determined as a

function of the GPT activity. The initial slopes were  of GPT in the sample. In order to eliminate the elec-
plotted against the responses obtained for standardiroactive species from reaction on the electrode, the

solutions determined by the Sigma GPT-assay kit, t0 electrocatalytic metal palladium was deposited on the
determine a calibration graph. Commercial prepara- prior to enzyme immobilization.

tions of porcine heart GPT were dialysed against the
appropriate buffer to remove ammonium sulfate prior 3.1. Optimization of sensor response
to spiking into the serum samples.
The operational stability of the sensor in 1001 As shown inFig. 2, the Pd-modified strip electrode
MSG during the first 10 h was determined each hour. exhibited an anodic response to hydrogen peroxide
The reproducibility of the sensor was assessed by suc-starting at+0.2 V, reaching its diffusion current limit
cessively checking the response to 10 and 4RO at about+0.4 V. This result is in agreement with the
MSG solution. The strips were stored &t@in PBS findings of Chi and Dong26] in similar experiments.
buffer or in a dry state. The storage stability was as- When therL-GLOXx film was present on the electrode
sessed by measuring 1M MSG five times every surface, no obvious influence was observed on the
3-5 days over a 50-day period for electrodes stored electrocatalytic oxidation of hydrogen peroxide. How-
in PBS. The storage stability of electrodes stored in a ever, a modest shift of the anodic peak in the positive
dry state was assessed fives times every month over adirection was observed. In order to minimize the inter-
6-month period. ference from electroactive species (e.g. ascorbic acid
and uric acid), an operation potential $0.4V was
selected for the following tests.

3. Results and discussion The effect of pH on the response of the electrode
(Fig. 3 was examined in the pH range from 5.0 to 9.5

The biocatalyst scheme to measure GPT is illus- using amperometry in stirred solution at 400 mV ver-
trated inFig. 1 The enzyme to be assayed, GPT, pro- sus Ag/AgCl. The maximum sensitivity was observed
ducesL-glutamate which is a substrate for the second for buffer solutions adjusted to pH 7.0. Consequently
enzymep-glutamate oxidase. Theglutamate can be this medium was selected for all remaining studies.
converted to HO,, a-KG and NH; by L-GLOXx. The This pH is close to the optimum pH observed for solu-
H20s is an electroactive specie, which can easily be ble L.-GLOX, indicating that the PVA-SbQ membrane
oxidized leading to an increase in current. The rate of does not alter the optimum pH for catalytic behavior
current increase is proportional to the concentration of L-GLOxX.

PVA-SbQ membrane
containing L-GLOx

d L-glutamate 0,
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Fig. 2. Cylcic voltammograms of the palladium-modified
screen-printing carbon strip. (a) SPCS/Pd in 100mM phosphate
buffer solution; (b) SPCS/Pd in 100 mM phosphate buffer solu-
tion containing 1 mM HOy; (c) SPCS/Pd/PVA-SbQ@/GLOX in

100 mM phosphate buffer solution containing 1 mM®j3.

The influence of the temperature on the sensitiv-
ity of the enzyme electrode was also studied. The
sensitivity of the sensor increased with increasing in
temperature from 15 to 8@ The maximum sensi-
tivity was observed at 68C (data not shown). Al-

100 «
80 4
60
40 4

20 4

Relative response ( % )

pH

Fig. 3. Effect of pH on the response of the sensor. Measurements
were carried out with 100M L-glutamate as substrate at 35

in 100mM (@) phosphate bufferll) citrate buffer @) carbonate
buffer under stirring. The polarizing potential applied to the sensor
was 0.4V vs. Ag/AgCl.
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though the responsiveness of the electrode was en-
hanced at higher temperatures, the response of the
sensor became unstable when the temperature reached
50°C. A temperature of 37C was chosen for the
following tests after consideration of normal body
temperature and the stability of the electrode at this
temperature.

3.2. Influence of the photopolymer composition
on sensor response and reproducibility

The operational characteristics of the biosensor de-
pend on the amount of PVA-SbQ and BSA deposited
on the electrode as well as the glutaraldehyde expo-
sure time. PVA-SbQ is a polyvinyl alcohol bearing a
styrylpyridinium (SbQ) residue as its photosensitive
group. The crosslinking of the polymer is performed
using UV radiation to produce cyclodimerization of
the styrylpyridinium groupg32-35] Enzymes can
be entraped in this polymer. However, the efficiency
of the entrapment method can be improved by the
use of intramolecular crosslinking reactions to bind
enzyme molecules to each other, or by crosslinking
via glutaraldehyde to a nonenzymic protein which
is rich in L-lysine residues (such as bovine serum
albumin).

The influence of glutaraldehyde on the activity
of the electrode was studied by fixing the BSA and
PVA-SbQ concentration at glutaraldehyde-exposure
time of 0, 4 and 12h. No apparent difference in the
response of the electrode was found among these
different exposure times. However, when the expo-
sure time was less than 4h, the electrode became
unstable during storage. This was due to failure of
the crosslinkage to complete and to desorption of
L-GLOx from the electrode into the buffer solution.
When the exposure time was 12h, no significant
difference in response was found after electrode fab-
rication. These results indicate that th&sLOx can
resist exposure to glutaraldehyde vapor for at least
12 h. In order to achieve complete enzyme-to-enzyme
and enzyme-to-BSA crosslinkage, an exposure time
of 12 h was chosen for the following tests.

When the weight of PVA-SbQ solution used to
construct the immobilized enzyme layer was lower
than 25% of the total weight, lower responses and
poor reproducibility were observedigble 1. This
was caused by the failure of the membrane to adhere
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Table 1
Effect of PVA-SbQ concentration on the response and reproducibil-
ity of the L-glutamate sensom(= 5) 150 <

PVA-SbQ (%} Response (nA) R.S.D. (%)

15 670 47.32 100 4

25 1147 14.68
25° 998 7.43
50 1130 20.11 50 4
75 Cc Cc

Current (nA)

apercent of the total weight, the values correspond to the

weight of the PVA-SbQ solution. 04
0.01% Fluorad FC-430 was added as surface active agent. 0
¢The immobilized enzyme membrane cracked into pieces. Time (seconds)

the electrode during stirring. However, if higher 1200 b
than 50%, the membrane cracked easily during stir- ®)
ring. The optimal amount of PVA-SbQ solution [
was decided as 25% of the total weight of the so- 900
lution for constructing the immobilized enzyme
layer.

A further study was carried out to investigate the
effect of BSA concentrations of 0, 2.5, 5.0, 10 and

Current (nA)
I
=

y=12.182x + 14.285

20% of the total weight. The responses of the sensor 300 R’ =0.997

to 100pM MSG were 1386, 1780, 1299, 572 and

342 nA, respectively. BSA was used in conjunction 0 P S U S
with gluteraldehyde to create a ‘protein membrane’ 0 20 40 60 80 100

where the BSA is believed to relieve steric inter-

action throughout the three-dimensional crosslinked

matrix [36,37] The increase of the BSA concentra- Fig. 4. (A) Amperometric response for successive additions of

tion results in the decrease of the biosensor responsel #M MSG for the1-GLOx sensor. The arrows indicated the time

toward L-glutamate. This effect was determined by points of substrate addition. (B) Calibration graph of MSG on
. h L L. the L-GLOx sensor. Measurements were carried out atCG%n

the diffusion limitation caused by the additional poly-  1459,nm sodium phosphate buffer (pH 7.0) under stirring. The

mer layer. However, if the BSA concentration was polarizing potential applied to the sensor was 0.4V vs. Ag/AgCl.

lower than 2.5%, the response was decreased. This

was because the electrode surface failed to cover

the electrode completely. The optimal concentra- tion coefficient of 0.997/ = 10). The detection limit

tion of BSA was thus decided as 2.5% of the total of MSG was 50nM §N = 3).

weight.

MSG Concentration (uM )

3.4. Determination of GPT activity
3.3. Determination of.-glutamate concentration
The a-KG is a co-substrate for the GPT catalysed

Fig. 4A shows the current—time response using the transamination from-alanine to produce-glutamate
enzyme electrode under the optimized experimental and pyruvate. However, it inhibits the activities of the
conditions. A fast, sensitive response to change in the L-GLOXx. An optimum concentration ef-KG was re-
concentration of LM MSG was achieved. The en- quired to achieve a greater GPT sensitivityHig. 5,
zyme electrode exhibited a linear calibration range the initial rates of the GPT response are plotted as
in concentrations of MSG from 50nM to 1M a function of thea-KG concentration. The measure-
(Fig. 4B), with a slope of 12.18 nA/M and a correla- ments were made at a concentration of 30 U/l GPT by
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Fig. 5. Effect ofa-ketoglutarate concentration on reactivity of the
sensor. The sensor was operated in 100mM sodium phosphate
buffer (pH 7.0) containing 100 mM-alanine. The polarizing po-
tential applied to the sensor was 0.4V vs. Ag/AgCl.

adding 2 ml of GPT standard solution into 4 ml of the
working solution in the reaction cell. The final con-
centration ofa-KG in the working solution was var-
ied in the range from 0 to 15 mM while thealanine
concentration was 100 mM. The maximum sensitiv-
ity was obtained when the-KG concentration in the
working buffer was 1 mM, and the response decreased
rapidly when thex-KG concentration exceeded 5 mM
(Fig. 5).

The effect ofr-alanine concentration on the re-
sponse of the sensor was tested by fixing dhEG
concentration at 1 mM and usingalanine concentra-
tions of 10, 20, 50 and 100 mM. The current increase
rates were 0, 4.5, 14.4 and 15.6 nA/min, respectively.
The response was increased asitkaanine concen-
tration increased. In the following tests, buffer contain-
ing 1 mM «-KG and 100 mMt-alanine was used as
the working solutionFig. 6A shows the current pro-
file after the injection of the GPT standard solution.
The current increased with extension of reaction time,
indicating that the hydrogen peroxide released in the
reaction was produced by theGLOx immobilized
in the PVA-SbQ membrane. Sinaeglutamate is a
product of the transaminase reactions occurring in the
buffer solution, the activity of GPT can be determined
from the current increase in theglutamate sensor.
The slopes of current increase with time obtained for
various GPT standard solutions were plotted against
the GPT activity determined by the Sigma GPT assay
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Fig. 6. (A) Response curves of theglutamate sensor. GPT solu-
tion with various concentrations was added to the working solution
at the indicated times. (B) Calibration graph of GPT activity on the
L-GLOx sensor. The concentrationighlanine andx-ketoglutarate

in the working solution were 100 and 1 mM, respectively.

kit over the range of 8-250 U/h(= 0.5955¢—5.7318,

R? = 0.9958,n = 9) to provide a calibration graph
(Fig. 6B). According toFig. 4, sensitivity of the en-
zyme electrode to MSG was 12.182 pMl. Under the
optimal condition, the adding 1 U/l GPT would pro-
duce glutamate with tM/min. According toFig. 6B,
however, the response of the GPT catalytic reaction
was significantly smaller than the expected value. In
a separate experiment, 1 mMKG was added into
the same working solution with 10M MSG. The re-
sponse of the sensor was reduced to 6 nA(data not
shown), i.e. a 20-fold reduction from the response of
the solution withouta-KG. The result suggests that
«-KG inhibits L-GLOx, causing a smaller response
when measuring of GPT activity.
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3.5. Stability and reproducibility of
the L-glutamate sensor

Fig. 7 depicts the stability of the-glutamate sen-
sor in continuous operation mode at“®5 The mea-
surement was performed by adding 10@ MSG five
times per hour over a 10-hour period. The response
for the enzyme electrode in 10 MSG gradually
increased during the initial 4 h due to swelling of the
membrane before it reached equilibrium. Similar re-
sults were also described by Zhang and ReclAR.

The sensor response remained stable for the follow-
ing 6 h even in a continuously stirred medium. This
indicates a good operational stability of the enzymatic

electrode and suggests this biosensor is suitable for

multiple-use or continuous analysis.
The results on the sensor reproducibility are shown
in Fig. 8 When an MSG concentration of 100 was

used for successive tests, the response of the electrode
began to deteriorate after approximately 15 measure-

ments Fig. 8A). Therefore, an MSG concentration of
10pM was chosen for the subsequent experiments. A
further experiment was performed involving continu-
ous measurement of MSG every 2 min over a 200 min
period. As shown irFig. 8B, no significant difference
was found in the response to LM MSG over a total
of 100 tests. The relative standard deviation (R.S.D.)
was found to be 2.6%.

The stability of the sensor was affected by the stor-

age conditions. When the sensors were stored in a dry
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Fig. 8. Reproducibility of tha.-glutamate sensor. The experiment
was performed at 38C by repeated measurement of (A) 300
MSG and (B) 1QuM MSG. The polarizing potential applied to
the sensor was 0.4V vs. Ag/AgCl.

state, no apparent change in the response was foundhe phosphate buffer (pH 7.0) solution at@, 80%

during storage period of 5 monthBig. 9A), while in

1500
S !:'!EEE
< 1000
=
=
o
5500'
0 T U N NN S T— R N— S S—
0 2 4 6 8 10

Time (hours)

Fig. 7. Operational stability of the-glutamate sensor at 3E.
Each data obtained from five repeats to 4®0 MSG. The po-
larizing potential applied to the sensor was 0.4V vs. Ag/AgCl.

of the initial enzymatic activity was retained after a
storage period of 30 day$ig. 9B). This good sta-
bility can be attributed to the method of combining
photo-crosslinking of PVA-SbQ and with a bifunc-
tional agent (e.g. glutaraldehyde) to immobilize the
enzyme, thereby preventing enzyme leakfgs40]

This lifetime characteristic of the sensor can be ex-
plained by the inability of the enzymes to escape from
the PVA-SbQ membrane because they are crosslinked
in the BSA-glutaraldehyde matrix. The decreased ac-
tivity of the enzymatic electrode can be attributed to
mechanical damage to the enzymatic membrane dur-
ing storage, as was ascertained by microscopic evi-
dence of membrane peelingig. 9B also illustrates

the rapid decrease in response to electrodes not treated
with glutaraldehyde vapor. An explanation for this
phenomenon may be the loosing activity associated
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(A) » . tive species make an elevation of the baseline. They
-~ 100 1 . ¢ make no interference on a dynamical GPT determina-
% 80 | * tion when the dynamic data are taken after the steady
g . state of an elevated baseline has been reached.
? 60 |
é or 4. Conclusion
E 20 |
In this study, a Pd-modified SPC&glutamate
0 . L s L . L ] sensor was fabricated to detect GPT activity. The
0 2 4 6 electrode was immobilized with-GLOXx using the
Period of storage ( months) photo-crosslinkable polymer PVA-SbQ. This appli-
cation of the photopolymer system for membrane
1209 B) formation was demonstrated to be suitable for au-
_ 100}-- R tomated production techniques and miniaturization
N ] . of sensors using photolithography. The electrode
Z. 801 " . demonstrated an MSG concentration detection limit
z 7 of 0.05uM. A linear relationship was found between
2 60:51 . MSG concentration and current in the range from
£ w]°° 0.05 to 10QuM. This device has the potential for
o . application in the food industry for the measurement
%201 of the flavor-enhancing agent MSG. Theglutamate
0 1 . ' . . . . sensor can also be used for GPT-activity determina-

tion in a clinical testing. A linear relationshipy (=
0.5955¢ — 5.7318, R? = 0.9958,n = 9) was found
Period of storage (days) between the current increase rate and the various
Fio. 9. Stability of theL-alutamate Sensor during storage in (A activities of GPT standard solution within the range
9. 9. 1 L-glu 1 I H H H
dr?/ state and y(B) phos;:?hate buffelJ) With;ut glutaralgehyd(e) of 8-250 U/l, WhICh. meets .the Clmlcal. requirement
treatment. W) Exposed to glutaraldehyde vapor for 12h. Mea- for abnormal_ _elevatlon of this enz_yme in serum. The
surements were carried out with 100 L-glutamate as substrate ~ Storage stability of the electrode in a dry state was 5
in 100 mM sodium phosphate buffer (pH 7.0) at°8 Each data months. The reproducibility of the sensor was good
is the mean value of three measurements. with a coefficient of variation of 2.6% for 100 tests.

A portable GPT sensor for diagnostic and
home-care purpose is highly expected. The mass
production of the palladium-deposited screen-printed
carbon electrode is possible. It is also possible to
fabricate a portable measuring device with functions
that fulfil the requirement of an amperometric mea-
surement as used in this study. The combination of
a portable measuring device with the sensor strip
developed in this study will make a portable GPT

3.6. Interference from other electrochemically biosensor possible.
active substances

0 10 20 30 40 50 60

with the enzyme-binding procedure, since some pore
sizes may allow the escape of the enzyme. If the
enzyme electrode is not treated with glutaraldehyde
vapor, the enzyme-to-enzyme and enzyme-to-BSA co-
valent linkage cannot form. Untreated enzyme tends
to leach out of the PVA-SbhQ membrane because of
its smaller molecule size leading to a reducing of
enzyme—electrode activity.
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