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Abstract

The constructionofanL-lysinebiosensoronammonium-selective
poly(vinylchloride) (PVC) membrane electrode is described in
this study. The construction procedure occurs in two stages:
(1) the preparation of ammonium-selective poly(vinylchloride)
(PVC) membrane electrode and (Il) the chemical immobilization
of lysine oxidase on this ammonium-selective electrode by
using glutaraldehyde. The ammonium ions produced after
enzymatic reaction were determined potentiometrically. The
sensitivity of the lysine biosensor against ammonium ions
and lysine were studied. The response time, linear working
range, reproducibility and life time of the biosensor were also
determined. The interfering effect of other amino acids on the
biosensor performance was also studied and potentiometric
selectivity coefficients were calculated. Although the biosensor
responded mainly against tyrosine, a lot of amino acids and
ascorbic acid that can be present in some real samples did not
show any important interference. Additionally, lysine assay in
commercial pharmaceutical lysine tablets and capsules was also
successfully carried out. The results were in good agreement
with previously reported values.

Keywords: enzyme electrode, lysine biosensor, lysine
determination, lysine oxidase, potentiometric

Introduction

In man and other mammals, L-lysine is one of the essential
amino acids and it must be a part of the food intake. Insuffi-
cientintake of L-lysine can lead to the development of severe
diseases. Therefore, it is often added as a dietary supplement
to foods and drugs and is used in medicine for preparing
infusion solutions as well. Owing to this, the lysine content
of foods can be used as an index of nutritional quality or the
evaluation of food processing techniques (Akyilmaz et al.
2007), as it is easily damaged by heat treatment and storage
conditions (Carpenter and Booth 1973).

The development of analytical methods for the determina-
tion of lysine in food products as well as for fast on-line mon-
itoring of the effects of processing and storage conditions on
lysine content is thus becoming increasingly important. In
this respect, several analytical methods have been proposed
for quantitative analysis of lysine in food, including liquid
chromatography (Thio and Tompkins 1989), reverse phase
liquid chromatography (Cubedo Ferndndez-Trapiella 1990)
and high performance liquid chromatography (Jones and
Gilligan 1983). Chromatographic methods, however, require
expensive instruments and reagents, long pre-treatment/
purification stages and highly trained operators.

Recently, biosensor methods have been developed for
L-lysine detection. It would be most advantageous if these
sensors are rapid, cheap and easy to make. Lysine biosensors
have been constructed mainly by using several lysine-spe-
cific enzymes for bioactive components until now (Table I).

The most popular techniques use the enzyme L-lysine
oxidase (LOx) and measure either the consumption of oxy-
gen with Clark-type oxygen electrodes, or the formation
of hydrogen peroxide (H,0,) with platinum or gold elec-
trodes. Other enzymes have also been used, namely lysine
decarboxylase and lysine dehydrogenase. A potentiometric
lysine biosensor was constructed by immobilizing L-lysine
decarboxylase and used lysine determination in grains and
foodstuffs (White and Guilbault 1978). Because L-lysine
dehydrogenase used to prepare amperometric lysine deter-
mination required NAD" cofactor and a suitable soluble
redox mediator in the solution, it was not economical, easy
or usable (Dempsey et al. 1992). In the case of these lysine-
specific enzymes, the sensitivities are less than that of sen-
sors employing LOx (Kelly et al. 2000).

The potentiometric detection methods are very advanta-
geous with respect to the simplicity of the technique and the
low cost of the instrumentation. A lot of enzymatic reactions
of nitrogen-containing compounds can be monitored poten-
tiometrically from the detection of the ammonium released
enzymatically, with a suitable sensor. As a result of this, the
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Table I. The biosensors developed for L-lysine detection.

References Enzyme Transducer Linear range Lifetime
Dempsey et al. (1992) Lysine dehydrogenase ~Amperometric 7X 10 8-7 X 10~ ‘M 25 days
Lietal. (1992) Lysine decarboxylase  Optical 0.1-100 mM 2 weeks
White and Guilbault (1978) Lysine decarboxylase =~ Amperometric 5X107°-1 X 10~ 'M 6 months
Romette et al. (1983) Lysine oxidase Amperometric  0.2-4 mM 3 months
Vrbova et al. (1992) Lysine oxidase Amperometric 6.7 X10°5-6.7xX10"*“M 3 months
Lavagnini et al. (1993) Lysine oxidase Amperometric 1X1076-2X1073M

Simonian et al. (1994) Lysine oxidase Amperometric  0.20-5.5 mM

Siegler et al. (1994) Lysine oxidase Amperometric  100-1000 mM

Chen et al. (1996) Lysine oxidase Amperometric  0.01-0.5mmol

Marconi et al. (1996) Lysine oxidase

Potentiometric 3X 107 °-1 X 10" 3M

analysis of several biochemical compounds can be carried
out with potentiometric biosensors.

The aim of this work was to develop a lysine-specific
potentiometric biosensor based on a PVC ammonium elec-
trode and to carry out a cost effective, rapid, interferent-free
method for L-lysine determination in the commercial phar-
maceutical lysine capsule and tablet. After the oxidation
reaction of L-lysine with L-lysine oxidase (LOx) immobilized
on the biosensor, the ammonium ions produced from the
reaction were determined potentiometrically.

L-lysine + O, --LOx--> a-keto-g-aminocaproate +
H,0, +NH,Cl

The buffer concentration, buffer pH, lifetime, response
time and optimum working range of the proposed biosen-
sor were determined. The interference effects of ascorbic
acid, some ions and amino acids on the biosensor were also
determined.

Materials and methods

Reagents and apparatus

L-lysine oxidase from Trichoderma viride (E.C.1.4.3.14)
(25 U/mg), 1-ethyl-3-(3-dimetylaminopropyl) carbodiimide
(EDC), Trizma Base, Trizma HCI, L-lysine monohydrate,
ammonium chloride, monosodium glutamate, L-glutamine,
L-alanine, L-arginine, L-valine, L-ascorbic acid, L-histidine,
L-methionine, L-serine, L-glycine and L- cysteine were
obtained from Sigma Chem. Co. (St. Louis, U.S.A). Nonactin,
bis(2-ethylhexyl) sebacate (DOS), poly(vinylchloride) (PVC)
and palmitic acid were obtained from Fluka. Tetrahydrofuran
(THF) was purchased from Merck (Darmstadt, Germany).
All other chemicals used were of analytical reagent grade.
Standard solutions and buffer solutions were prepared with
deionized water.

For the lysine assay, 1000 mg of tablets and amino 75 cap-
sules were purchased from SOLGAR. Potential and pH mea-
surements were carried out with an ORION 4 Star Benchtop
pH-ion meter. The potential values were given against the Ag/
AgCl double junction reference electrode (ORION 90-02).

Preparation of the lysine biosensor
The sensors were prepared in two stages:

1. Preparation of ammonium-ion selective membrane
electrode: First of all, 118 mg PVC, 13.6 mg palmitic
acid, 12.6 mg nonactin and 255.8 mg bis(2-ethylhexyl)

sebacate (DOS) were prepared by dissolving in 5 mL of
tetrahydrofuran (THF). The solution was poured on a
glass plate inside a glass ring (42 mm diameter). After
24 h of drying at room temperature (20-25°C), the mem-
brane was formed (approximately 0.5 mm thickness).
Disks of 5 mm diameter were cut out and attached to
the glass electrode body. The inner electrode solution
was 1.0 X1072M ammonium chloride (pH 7.5). We
used modified ammonium-selective membrane elec-
trode prepared in a previous study (Karakus et al. 2005).

2. Chemical immobilization of L-lysine oxidase enzyme
onto ammonium-selective membrane electrode sur-
Jaces: After 4.4 mg of L-lysine oxidase enzyme was
dissolved in 1.0 mL of bidistilled water, 100 uL of
this solution was mixed with 0.5 mg of 1-ethyl-3-
(3-dimethylaminopropyl) carbodiimide. Ten micro-
liter of this solution was dropped on the membranes
of ammonium-selective electrodes and left overnight in
arefrigerator at4°C. Then, 10 uL of 2.5% glutaraldehyde
solution was deposited on the surface of this biosensor.
The biosensor was left for 30 min and the electrode
surface was washed with bidistilled water to remove
the excess glutaraldehyde. Then, 10 uL of second stock
lysine oxidase enzyme solution (4.4 mg LOx/1 mL
bidistilled water) was deposited on the lysine biosen-
sor surface. The biosensor was left overnight at 4°C. To
remove the excess unbounded enzymes, all types of
biosensors were left for 1 h in a vigorously stirred TRIS
buffer (10 mM, pH 7.5). When not in use, biosensors
were stored in a refrigerator at 4°C.

Potentiometric measurement
Potentiometric measurements were carried out by varying
lysine concentration in the optimum working condition of
the prepared lysine biosensor. Ten millimolar of TRIS buffer
(pH 7.5) was used as a working buffer solution and potential
measurements were made with the proposed lysine biosen-
sor against the Ag/AgCl reference electrode. The prepared
lysine biosensor is presented in Figure 1.

The following electrochemical cell was formed with the pro-
posed lysine biosensor using an Ag/AgCl reference electrode.

Reference electrode//L-lysine solution/
membrane/1.0 X 10~ 2M NH,CI (pH 7.5)/Ag, AgCl

After our prepared biosensor and Ag/AgCl reference elec-
trode were immersed together to a depth of 1.5 cm in a lysine
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Figure 1. Schematic representation of the sensing layer organization
of the proposed lysine biosensor based on ammonium selective PVC
membrane.

solution that was stirred by a magnetic stirrer, the mV values
of the solution were determined by using an Orion pH/ion-
meter. The amount of L-lysine in the solution was assayed
by determining ammonium ions produced after the LOx
enzyme reaction. The calibration curve was also obtained
by plotting the potential values of a series of standard lysine
solutions against the logarithm of lysine concentrations. All
the experimental studies were carried out at room tempera-
ture (20-25°C).

Application of the lysine biosensor to commercial lysine
capsules and tablets

The lysine quantities in commercial lysine capsules and
tablets were determined separately by using the standard
addition method. A tablet of Solgar (100 mg of L-lysine salt/
tablet) and Amino 75 capsule (75 mg of each amino acid/
capsule) were dissolved in 25 ml of TRIS buffer (10 mM, pH
7.5). The lysine biosensor was immersed in the 10 mM TRIS
buffer (pH 7.4) containing a certain amount of these samples.
Then, stock lysine solution (10 ~3M pH 7.5) was added to this
solution step by step. After each step, potential values against
the added amount (mL) of lysine solution were plotted, and
the amount of ammonium was determined by using our
prepared ammonium-selective lysine biosensor. To check
our results obtained from the proposed lysine biosensor, the
values obtained were compared with reported values.

Results and discussion

Ammonium and lysine detection with the lysine
biosensor

The prepared novel potentiometric lysine biosensor based
on the monitoring of the ammonium enzymatically released

was successfully used in determining lysine in commercial
lysine capsules and tablets.

First of all, we tested whether our prepared lysine biosen-
sor responds to ammonium-ions and plotted a calibration
graph with standard ammonium calibration solutions pre-
pared with 10 mM TRIS buffer (pH 7.5), because we assayed
the amount of lysine by determining the ammonium ions
produced after enzymatic reaction (Figure 2). Then, the cali-
bration graph was plotted with the lysine calibration solution
prepared with 10 mM TRIS buffer (pH 7.5) (Figure 3).

As it can be seen in Figures 2 and 3, the responses of the
lysine biosensor to the ammonium ions and lysine are the
same in the concentration ranges of 1.0 X 10~ 1-1.0 X 10~ M.
The slopes of the biosensor were 53.18 + 1.2 mV/p[NH, "]
and 49.14 * 0.58 mV/log|lysine], close to the Nernstian value
of 59 mV/substrate concentration. Therefore, we decided
that the lysine biosensor can be used for lysine determina-
tion in real samples.

Dempsey et al. (1992) determined the linear work-
ing range of amperometric lysine biosensor prepared by
immobilizing lysine decarboxylase between 7 X 1078 and
7 X107 *M. In a study by Lavagnini et al. (1993), the linear
range of the lysine biosensors based on LOx enzyme was
reported as 1X1076-2Xx1073M; Marconi et al. (1996)
reported their prepared potentiometric lysine biosensor
prepared by immobilizing LOx as 3X1075-1 X107 3M. It
can be said that our prepared lysine biosensor based on the
PVC membrane can be used for the determination of lysine
in biological samples, with much more advantages because
it has a large operating range of 1.0 X 10~ !-1.0 X 10~ 5M.

Effect of buffer concentration

For examination of buffer concentration on the response
of lysine biosensor, the slopes of the biosensor were mea-
sured at six different buffer concentrations varying from 5 to
30 mM. Nernstian responses for all lysine biosensors were
obtained at 10 mM TRIS buffer (Figure 4).

As shown in Figure 4, the lysine biosensor shows maxi-
mum slope value at 10 mM of buffer concentration. There-
fore we selected 10 mM as optimum buffer concentration
and used 10 mM of TRIS buffer in all experimental stud-
ies. We also showed the decrease in biosensor response
when the buffer concentration of our biosensor increased.
Although we tried to conduct the study with phosphate buf-

200
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~100 N I I I L L )
=7 -6 -5 —4 -3 -2 -1 0

log [NH,*], M
Figure 2. The response of lysine biosensor against ammonium ions.

The study was carried out with 10~ !'-10~®M ammonium chloride
calibration solutions in 10 mM TRIS buffer (pH 7.5).
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Figure 3. The calibration graphs of lysine biosensor. The study was

carried out with 10~ !-10 M lysine calibration solutions in 10 mM
TRIS buffer (pH 7.5).

fer, we could not be obtain good results. Saurina et al. also
selected 10 mM TRIS buffer as the optimum buffer concen-
tration because the stability of the working buffer solution
and the linear working range of the biosensor were higher
at this concentration (Saurina et al. 1998).

Effect of pH

The influence of pH on the lysine biosensor’s response was
studied in 10 mM TRIS buffer at six different pH values
between 6.0 and 9.0. The sensitivities of the biosensor mea-
sured as the slope of the linear part of the calibration curve
recorded under stirring are shown in Figure 5 as a function
of pH.

As it can be seen in Figure 5, the slope of the biosensor
increased with the pH increase until the levelling of pH at
7.5. After pH 7.5, the response of the biosensor gradually
decreased because the LOx enzyme immobilized on the
biosensor denaturated gradually with increasing pH and the
time of incubation. Free LOx enzyme has same optimum pH
value and it is seen that the immobilization procedure of the
LOx enzyme on the ammonium-selective PVC membrane
electrode didn’t show any negative effect for the optimum
pH value of free LOx enzyme. It was also determined that
the optimum pH of lysine biosensor was 7.5 in the literature
(Guerrieri et al. 2007, Akyilmaz et al. 2007). Consequently,
pH 7.5 was selected as the most suitable and optimum pH
value for the lysine biosensor.

60 -
50 -
40 -

30 -

Slope, mV/log[lysine]

0 5 10 15 20 25 30 35
Buffer Concentration, mM

Figure 4. Effect of buffer concentration on lysine biosensor. The study
was carried out with 10 ~!-10~°M lysine calibration solutions in TRIS
buffer (pH 7.5).

60

50 |
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10 : : : : .
5 6 7 8 9 10
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Figure 5. Effect of pH on lysine biosensor. The study was carried out
with 107 !-10~°M lysine calibration solutions in 10 mM TRIS buffer at
changing pH values.

Effect of temperature

The study of the effect of temperature is also important to
determine the optimum performance parameters for a bio-
sensor. To determine temperature effect on the biosensor,
the experiments were carried out between 20°C and 45°C
under the optimum working conditions obtained from the
optimization studies of the biosensor. Then, the slope values
of the biosensor were determined by plotting calibration
graphs for each temperature (Figure 6).

According to Figure 6, the slope of the biosensor increased
until 25°C. The decrease in the slope of the biosensor after
25°C shows that LOx activity immobilized on the biosensor
decreased. The studies related to lysine biosensor can be
carried out between 30°C and 40°C. It is a known fact that
temperature has a significant effect on enzyme activity.
Although it is expected that immobilized enzymes are less
affected by temperature, LOx immobilized on the biosen-
sor was affected by the temperature increases because the
dissociation constants are increased and the ammonium
ion concentration of the working solution are decreased at
higher temperatures (Kelly et al. 2000, Akyilmaz et al. 2007,
Saurina et al. 1998).

Selectivity on ammonium-selective lysine biosensor

The interference effects of ascorbic acid and some amino acids
- glycine, alanine, valine, methionine, serine, cysteine, arginine,
histidine, glutamic acid, glutamine, phenylalanine, leucine,

60 -
50 -
40 -
30 -

20

Slope, mV/log[Lysine]

0 L L L L L L 1
15 20 25 30 35 40 45 50

Temperature, “C

Figure 6. Effect of temperature on lysine biosensor. The study was
carried out with 10~ !-10~°M lysine calibration solutions in 10 mM
TRIS buffer (pH 7.5).
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proline, tyrosine, the stock solutions of lysine, 15 different
amino acids and ascorbic acid of 10 ~2M were prepared.

After the solutions were mixed with an equal volume
of ascorbic acid and amino acid, solutions with lysine
were prepared separately at the same concentration and
optimum conditions (10 ~3M, pH 7.5), and the mV mea-
surements were carried out for each solution. In addition,
measurements were made in lysine solution (10 ~3M, pH:
7.5) without any amino acid and ascorbic acid being added.
In this way, the interference effects of amino acids were
determined as a percentage while the response oflysine was
accepted as 100%. The effect of interference of each amino
acid and ascorbic acid is given Table II. Although tyrosine
showed a more significant interference effect than other
amino acids, the others did not show any negative effect
on biosensor response. In addition, the interference effect
of ascorbic acid that can present in some real samples was
studied and this substance did not show any interference
effect on the biosensor.

Saurina et al., studied the response of the potentiometric
lysine biosensor with some amino acids in the same solu-
tion and determined the interference effects of ornithine,
tyrosine, arginine, phenylalanine, aspartic acid and glutamic
acid as 42%, 34%, 13.1%, 14.7%, 8.6%, 4.13%, and 10.1%,
respectively. They also stated that the other amino acids
showed a negligible signal at the concentration of 10 ~*M
lysine (Saurina et al. 1998).

Effect of stirring rate

To study the effect of stirring rate on the responses of the
lysine biosensor, the measurements were done in 10 mM
TRIS buffer (pH 7.5) at three different stirring rates (100,
250, and 750 rpm) after reaching stable potential. When stir-
ring was done at 100 and 750 rpm levels, the time to reach
stable potential was longer than that at the 250 rpm level. A
decrease of stirring rate (100 rpm) did not result in any influ-
ence on the magnitude of the analytical signal, but caused an
increase in the response time of sensors. The explanation for
this situation is that enzymatic reaction is slow at a low stir-
ring rate. The rate of enzymatic reactions decreases at a high
stirring rate (750 rpm) also, because of possible changes in

Table II. Selectivity of lysine biosensor towards ascorbic acid and some
amino acids.

Relative
Amino acid response %
Lysine 100
Tyrosine 96.0
Isoleucine 19.2
Glycine 14.0
Valine 13.7
Glutamine 8.0
Proline 7.9
Ascorbic Acid 7.5
Phenylalanine 6.4
Leucine 5.2
Histidine 4.2
Glutamic acid 3.3
Arginine 1.4
Methionine 1.2
Alanine 0.4
Cysteine 0.4
Serine 0

110
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Figure 7. The lifetime of lysine biosensor for a period of 45 days. The
study was carried out with 10 ~'-10 ~5M lysine calibration solutions in
10 mM TRIS buffer (pH 7.5).

the enzyme conformation. Therefore, the magnitude of ana-
lytical signal is found to be lower. For this reason, 250 rpm is
determined as the optimal stirring rate.

Response time

An ideal biosensor should respond in a short time. The
response time of the lysine biosensor was determined
by recording the time elapsed to reach a stable potential
value after the biosensor and the reference electrode were
immersed in calibration solutions of lysine, and the biosen-
sor showed response between 0.5 and 1 min.

Storage stability of the lysine biosensors

To determine the lifetime of the lysine biosensor stored
in the refrigerator when not in use for a period of 45 days,
potential measurements were made during the 45 days and
the linear working range and slopes were determined by
drawing calibration graphs each day. Activity losses of 10%
and 25% of the biosensor were shown after 10 and 45 days,
respectively (Figure 7).

It can be said that our prepared lysine biosensor based
on LOx and PVC membrane containing palmitic acid can
be easily used in bioanalytical studies because of its long
lifetime and wide linear working range. Glutaraldehyde
crosslinking also increased the biosensor response.

110 1
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Measurement Number

Figure 8. Reproducibility of the lysine biosensor within a day. The
study was carried out with 10 ~'-10~5M lysine calibration solutions in
10 mM TRIS buffer (pH 7.5).
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Table III. The results of lysine content obtained from the proposed
lysine biosensor in commercial lysine tablet and capsule.

Reported Lysine

value biosensor  *Recovery, %
L-lysine tablet (Solgar), mg 1000 989 +0.10 98.9
lysine/1 tablet
Amino 75 capsule 75 73+0.12 97.3
(Solgar), mg lysine/
1 capsule

% Recovery = Cs/C X 100%.

Reproducibility of the lysine biosensors

To determine the reproducibility of the biosensor pre-
pared, mV measurements were made in 15 serial lysine
calibration solutions (pH 7.5) on the same day, and the
slopes of the calibration graphs were determined after each
measurement (Figure 8). Numerically, the largest slope
value was assumed to be 100% and the other slope values
were calculated according to it. It was determined that the
lowest slope percent was 85%. The results obtained show
that the reproducibility of our lysine biosensor is very
good.

Lysine determination in commercial lysine

tablets and capsules

We investigated whether our prepared lysine biosensor
based on the ammonium-selective PVC membrane contain-
ing palmitic acid could be used in lysine tablets and capsules
for lysine determination. For this purpose, a lysine assay in
these samples were carried out by using the standard addi-
tion method. The results obtained with the biosensor and
the reported values are shown in Table III.

Conclusion

After the potentiometric ammonium-ion sensor produced
by using PVC, palmitic acid and nonactin as an ammonium
ionophore was prepared, LOx enzyme was immobilized
on the membrane of this sensor. The prepared biosensor
allows detection of ammonium produced by the enzymatic
oxidation of l-lysine at optimum working conditions. The
linear working range and optimum pH were determined
as 1 X107 -1 X 107°M and 7.5, respectively. No significant
interference effect of the amino acids and ascorbic acid were
shown on the lysine assay with the biosensor, with the excep-
tion of tyrosine. The I-lysine content of pharmaceutical tablets
and capsules (and hence protein quality) can be measured
rapidly and cheaply and is free from interferents by using our
prepared lysine biosensor.
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