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A commercial lysine oxidase (LyOx) from Trichoderma viride was immobilized covalently onto gold
nanoparticles (AuNPs) and platinum nanoparticles (PtNPs) electrodeposited onto Au electrode using
3-aminopropyltriethoxy silane (3-APTES) and glutaraldehyde cross linking chemistry. A lysine biosensor
was fabricated using LyOx/3-APTES/AuNPs-PtNPs/Au electrode as a working electrode, Ag/AgCl (3 M KCI)
as standard electrode and Pt wire as auxiliary electrode connected through a potentiostat. The enzyme
electrode was characterized by scanning electron microscopy (SEM), Fourier transform infrared (FTIR)
spectroscopy, electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). The cumu-
lative effect of AuNPs and PtNPs showed excellent electrocatalytic activity at low applied potential for
detection of H,0,, a product of LyOx reaction. The sensor showed its optimum response within 4 s, when
polarized at 0.2V vs. Ag/AgCl in 0.1 M phosphate buffer, pH 7.5 at 30 °C. The linear range and detection
limit of the sensor were 1.0-600 wM and 1.0 uM (S/N = 3), respectively. Biosensor measured lysine level
in sera, milk and amino acid tablet, which correlated well with those by standard HPLC method. The
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enzyme electrode lost 50% of its initial activity after 200 uses over a period of 4 months.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

L-Lysine, an essential amino acid is used as a feed additive in
the animal feed industry, which do not contain sufficient levels
of lysine, the livestock’s nutritional requirements, especially for
single-stomach (monogastric) animals like poultry and swine [1]
and as a supplement for humans, improving the feed quality by
increasing the absorption of other amino acids [2-5]. It is also eas-
ily damaged by storage conditions of food and therefore may be
used in the assessment of food processing techniques as well as an
index of the nutritional quality of foods [6].

Among the various methods available for the determination
of lysine such as liquid chromatography [7], reverse phase lig-
uid chromatography [8], spectrophotometry [9], fluorimetry [10],
flow-injection techniques combined with spectrophotometry [11]
and capillary electrophoresis [12], biosensing methods are the
most simple, sensitive, specific, rapid and cost effective. A vari-
ety of biosensors have been developed for lysine detection such
as microbial sensors based on measurement of dissolved oxygen
[13,14] and fluorescent density [15], potentiometric [16], electro-
chemical [17] and electro-chemiluminescent [18]. Among these
biosensors, electrochemical enzyme sensors with high sensitivity,
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specificity, long term stability, easy detection principles and low
response time have extensively reduced sampling and testing
times in food monitoring [13,19-24]. However, these enzyme
sensors suffer from several limitations such as leaking of biocom-
ponent and possible diffusion barriers, which render biosensors
poorly sensitive, unstable and with long response time. Cova-
lent immobilization of enzyme not only overcomes this problem
but also leads to better biomolecule activity and greater stabil-
ity.

New trends focus on the development of nanomaterials based
novel biosensing systems with enhanced performance of bioanalyt-
ical assay. Gold and platinum nanoparticles, in particular have been
used extensively for the modifications of electrode [25,26]. Gold
nanoparticles (AuNPs) provide biocompatible surface for immobi-
lization of biomolecules, high surface area and good conductivity
between electrode and biomolecules [27,28]. Platinum nanoparti-
cles (PtNPs) not only possess similar properties of other noble metal
nanoparticles but also exhibit excellent electrocatalytic property
for oxidation/reduction towards H,0, [29]. These metal nanopar-
ticles in combination exhibited cumulative effect to increase the
surface areas, ability to promote electron transfer and good elec-
trocatalytic activity for H,O, [30]. We describe herein construction
and application of a novel amperometric lysine biosensor based
on covalent immobilization of lysine oxidase (LyOx) on AuNPs
and PtNPs electrodeposited onto 3-aminopropyltriethoxy silane
(3-APTES) modified Au electrode.
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2. Materials and methods
2.1. Chemicals and reagents

Lysine oxidase (E.C. 1.4.3.14 from Trichoderma viride), 3-aminopropyltriethoxy
silane (3-APTES) from Sigma Aldrich Co St. Louis, USA and sodium citrate dehydrate,
hydrogen tetrachloroaurate trihydrate and hexachloroplatinic (IV) acid hydrate
(HPtClg-xH,0) from Sisco Research Laboratory, Mumbai, India were used. Alamin
M Forte (amino acids with minerals capsule) manufactured by M/S Albert David
Limited, Ghaziabad, India and Au wire (1.5 cm x 0.05 cm, 23 carat) were purchased
from local market. All other chemicals were of analytical reagent grade. Double
distilled water (DW) was used throughout the experiments.

2.2. Apparatus

Scanning electron microscopy (SEM) measurements of electrodes were car-
ried out at Advanced Instrumentations Research Facility (AIRF), Jawaharlal Nehru
University, New Delhi. Fourier transform infrared spectroscopy (FTIR) of modi-
fied electrode was carried out by FTIR spectrometer (model iS10, Thermoelectron,
USA). Amperometric measurements were conducted with Potentiostat/Galvanostat
(Model: Autolab, Ecochemie, The Netherland. Model: AUT83785). Ultrasonication
was performed on Misonix Ultrasonic Liquid Processors (mode XL-2000 79 series).

2.3. Preparation of the AuNPs and PtNPs modified Au electrode

An Au wire was polished before its modification with 0.05 pwm alumina pow-
der, sonicated in a mixture of concentrated HNOs; and ethanol in 1:1 ratio and
finally washed in DW and dried at room temperature. The cleaned Au electrode was
scanned between the potential ranging from +0.30V to +1.25V and +0.3V to —1.3V
vs. Ag/AgCl. Au electrode was modified by immersing it into 0.5M H,SO4 solution
containing 1 mM HAuCly; and 1 mM H;,PtClg. AuNPs-PtNPs were electrodeposited
with potentiostatic method at —0.2 V vs. Ag/AgCl for 400 s. After the electrodeposi-
tion of AuNPs-PtNPs, the modified electrode was gently washed with DW and dried
[30].

2.4. Immobilization of enzyme

LyOx was immobilized on the AuNPs-PtNPs modified electrode by amino-
glutaraldehyde cross-linking chemistry. 3-APTES solution (3-APTES+DW +95%
ethanol in 2:3:95 ratio, v/v) (100 wl) was smeared on the AuNPs-PtNPs modified
electrode and keptit for 1 h at room temperature, followed by rinsing it with DW and
drying it in air. The modified electrode was activated by glutaraldehyde by immers-
ing it into 2.5% glutaraldehyde solution in 0.1 M sodium phosphate buffer pH 7.0 for
2 h at room temperature (25 °C), followed by washing with DW [30]. The enzyme
solution containing 1.5 U LyOx in 0.1 M sodium phosphate buffer pH 7.4 (50 nl) was
layered on to surface of glutaraldehyde activated AuNPs-PtNPs modified electrode
surface and kept overnight at 4 °C for glutaradehyde coupling of enzyme (Scheme 1).
Finally, the enzyme electrode was washed 3-4 times with 0.1 M sodium phosphate
buffer (pH 7.4) and stored dry at 4°C.

2.5. Construction and response measurements of amperometric lysine biosensor

Amperometric biosensor for measurement of lysine was prepared using mod-
ified Au electrode (LyOx/3-APTES/AuNPs-PtNPs/Au) as working electrode, Ag/AgCl
as reference and Pt wire as auxiliary electrode connected through Potentio-
stat/Galvanostat. EIS and cyclic voltammetric studies of electrode were carried out at
different stages of its modification. To measure the response of biosensor, the three
electrode system was dipped into 20 ml of 50 mM sodium phosphate buffer pH 7.5.
The reaction was started by adding 0.1 ml of 0.1 mM lysine and the current (mA)
generated was recorded at different voltages. Cyclic voltammograms of modified
electrodes were recorded after applying a suitable voltage.

The maximum current was obtained at +0.2 V vs. Ag/AgCl, hence in subsequent
studies, the electrodes were polarized at this voltage to generate current. The fol-
lowing electrochemical reaction occurred during the sensor response measurement.

lysine oxidase

L-Lysine + 0, —  «-keto-e-aminocaproate + H,0, + NH3

H,0, 22Y2H" £ 0, + 2¢

2.6. Optimization of LyOx/3-APTES/AuNPs—PtNPs modified Au electrode

To determine the optimum working conditions of the enzyme electrode, the pH
of reaction buffer (0.1 M) was varied from pH 3.5-8.0 at an intervals of pH 0.5 using
acetate buffer in acidic pH range (pH 3.5-5.5) and phosphate buffer in pH range
6.0-8.0. Similarly, to determine optimum temperature, the reaction mixture was
incubated at 15-55°C at an interval of 5°C. To determine the optimum response
time, the current response was recorded between 2's and 20s at an interval of 2s.

To study the effect of substrate concentration, different lysine concentration, ran-
ging from 1 wM to 600 wM were used. Apparent Ky, for lysine was calculated from
Lineweaver Burk plot, based on following equation:

1 Kin 1

= + —
I Imax[S]  Imax

where I=current, K, =Michaelis-Menten constant, I.x =maximum current and
[S]=1lysine concentration.

2.7. Amperometric determination of lysine in milk, serum and pharmaceutical
tablet

LyOx/3-APTES/AuNPs-PtNPs modified Au electrode was employed for detection
of lysine inreal samples e.g. milk, serum and pharmaceutical tablets. Protein samples
from milk were digested in 6 M HCI for 15 min. Prior to assay, the samples were
brought to pH 7.0 with 1 M KOH. The samples were then assayed for lysine content.
To measure lysine content in pharmaceutical tablet namely Alamin M Forte (amino
acids with minerals capsule), 1000 mg tablet was dissolved in the sodium phosphate
buffer (0.1 M, pH 7.0) after grinding it in a pestle mortar and then analyzed for lysine.
Fresh serum samples were collected from apparently healthy adults at hospital of
local Pt BDS P.G. Institute of Medical Science, Rohtak and analyzed for lysine using
the present biosensor. The procedure of measurement of lysine in these samples
was same as described for response measurement of electrode except that lysine
was replaced by sample. The content of lysine in these samples was determined
from standard curve between lysine concentrations vs. current in mA.

3. Results and discussion
3.1. Electrode surface characterization by SEM and FTIR

Fig. 1a shows the SEM image of the AuNPs-Pt NPs on the Au
electrode. The AuNPs-PtNPs were rough and consisted of a great
number of nanoparticles resulted in rough surface texture. Globular
shapes on the electrode surface display presence of enzyme layer
after immobilization (Fig. 1b).

To investigate the anchoring of terminal amino groups in 3-
APTES on nanoparticles modified Au electrode, FTIR spectroscopy of
3-APTES modified Au electrode was carried out, which gave a broad
peak at 3451 cm~! due to {NH stretching (Fig. 2A curve i) [31]. IR
spectra of electrode showed a new and distinct peak at 1028 cm™1,
attributable to Si—O stretching of the silane group. Silanes, which
are useful compounds for anchoring an organic layer to an inorganic
surface and contain Si—O bonds, react with surface hydroxides
and pendant hydrocarbon chains to link with organic over lay-
ers, such as a polymer or protein molecules. Curve ii showed the
absorbance at 1725 cm™! related to —CO bond of aldehyde, while
the peak at 2720cm™! also indicated the presence of free alde-
hyde group, which reveals that glutaraldehyde gets coupled with
3-APTES. Curve iii showed a peak of —N=C— bond at 1630cm™!,
while the absence of peak at 1725 cm~! confirms that —CO— group
of glutaraldehyde got combined with —NH; groups on surface of
enzyme to form —N=C bond. It also revealed that there was no
free aldehyde group of glutaraldehyde, as it got cross-linked with
enzyme. These studies confirmed that the enzyme was immobi-
lized through glutaraldehyde coupling on the surface of 3-APTES
modified Au electrode.

3.2. Electrochemical impedance spectroscopy (EIS)

Fig. 2B shows electrochemical impedance spectra (EIS) of (i)
bare Au electrode, (ii) 3-APTES/AuNPs-PtNPs/Au electrode and (iii)
LyOx/3-APTES/AuNPs-PtNPs/Au bioelectrode, respectively. The
charge transfer process in LyOx/3-APTES/AuNPs-PtNPs/Au bioelec-
trode was studied by monitoring charge transfer resistance (RCT)
at the electrode and electrolyte interface. The value of the electron
transfer resistance (semicircle diameter) depends on the dielec-
tric and insulating features at the electrode/electrolyte interface.
The RCT values for the Au electrode, 3-APTES/AuNPs-PtNPs/Au
electrode and LyOx/3-APTES/AuNPs-PtNPs/Au electrodes were
obtained as 6752, 4522 and 9292, respectively. There is a
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Scheme 1. Chemical sequence of electropolymerization of AuNPs-PtNPs onto Au electrode and chemical reaction of immobilization of enzyme onto modified Au electrode

(3-APTES: 3-aminopropyltriethoxy silane; Glu: glutaraldehyde).

decrease in RCT value of AuNPs-PtNPs/Au electrode compared
to bare Au electrode. The RCT value depends on the dielec-
tric and insulating features at the electrode/electrolyte interface.
The deposition of two metallic nanoparticles onto the elec-
trode increases the electron flow/transfer, which possible when
the RCT value is decrease. The increased RCT value of LyOx/3-
APTES/AuNPs-PtNPs/Au electrode was due to the immobilization
of LyOx onto 3-APTES/AuNPs-PtNPs/Au surface. The electron trans-
fer via redox couple was hindered by the presence of LyOx on the
electrode surface.

3.3. Electrochemical characterization of
LyOx/3-APTES/AuNPs-PtNPs/Au electrode by cyclic voltammetry

Fig. 3A shows the relative CV responses for four different types
of electrodes i.e. bare Au, AuNPs/Au, PtNPs/Au and Au-PtNPs/Au in
5mM [Fe(CN)g]>~/4~ containing 0.1 M KCI solution, respectively. In
case of bare Au electrode, a well-defined oxidation peak (current
0.055 mA and potential 0.034 V) was observed (curve a). However,
PtNPs/Auand AuNPs/Au electrodes showed an enhancement in oxi-
dation peak current from 0.055mA to 0.100mA and 0.130 mA at
potential 0.142V and 0.150V (curves b and c), respectively. The
increase in peak currents can be attributed to the increase of effec-
tive surface area due to the electrodeposited PtNPs and AuNPs. The

oxidation peak current at AuNPs-PtNPs/Au (curve d) was increased
up to 0.300mA but at a higher potential 0.212V compared to
PtNPs/Au and AuNPs/Au electrodes. The remarkably enhanced sig-
nal at AuNPs-PtNPs/Au electrode was due to cumulative effects of
AuNPs and PtNPs. These results show that nanoparticles play an
important role to accelerate the electron transfer and increase the
oxidation current.

3.4. Electrocatalytic activity of H;0, on modified electrode

In the present enzymatic reaction, H,O, is produced, which
is detected amperometrically. Before that we checked the elec-
trocatalytic activity of H,O, on the modified electrode by cyclic
voltammograms (CV), Fig. 3B displays the typical CV for 2 mM H, 0,
at the different modified electrodes over the potential range of
0.0-0.4V vs. Ag/AgCl. Bare Au electrode (a) showed, no signifi-
cant current (—0.25 mA) while 3-APTES/AuNPs-PtNPs/Au electrode
(b) had a large increase in catalytic current from —0.25mA to
+0.125 mA. The LyOx/3-APTES/Au-PtNPs/Au electrode (c) exhib-
ited even more increase in current from +0.125mA to +0.25 mA.
These observations reveal the cumulative effect of both the
nanoparticles towards electrocatalytic activity of H,0,. It also
facilitated low-potential amperometric detection of H,0,, with
relatively high sensitivity and wide dynamic range. To avoid any
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Fig. 1. Scanning electron micrographs of (a) AuNPs-PtNPs/Au electrode and (b)
LyOx/3-APTES/AuNPs-PtNPs/Au electrode.

potential interference from other electroactive species at higher
potential, +0.2'V vs. Ag/AgCl was chosen for amperometric detec-
tion of H,0,.

3.5. Response of LyOx/3-APTES/AuNPs—PtNPs/Au electrode to
lysine

To evaluate the catalytic activity of LyOx at the 3-
APTES/AuNPs-PtNPs/Au electrode, the modified electrode was
characterized by a cyclic voltammogram in the presence of lysine
in the potential range, from 0V to +0.4V. Fig. 3C shows cyclic
voltammograms of the LyOx/3-APTES/AuNPs-PtNPs/Au electrode
in an unstirred 0.1 M KCl solution (20ml) and 0.1M sodium
phosphate buffer, pH 7.5 (5 ml), with (curve a) and without (curve
b) 0.1 mM lysine solution at a scan rate of 50mVs~!. When 0.1 mM
lysine was added, well-defined oxidation (0.14V) and reduction
peaks (0.03 V) (curve a) were observed, which clearly indicate the
catalytic properties of the modified electrode.

3.6. Optimization of experimental conditions of lysine biosensor

The biosensor showed optimal current (S/N) within 4s at pH
7.5 (0.1M sodium phosphate buffer), which is slightly higher
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Fig. 2. (A) FTIR spectra of (i) 3-APTES/AuNPs-PtNPs/Au electrode,
(ii) glutaraldehyde/3-APTES/AuNPs-PtNPs/Au electrode and (iii)

LyOx/glutaraldehyde/3-APTES/AuNPs-PtNPs/Au electrode. (B) Electrochemi-
cal impedance spectra of (i) bare Au electrode, (ii) 3-APTES/AuNPs-PtNPs/Au
electrode and (iii) LyOx/3-APTES/AuNPs-PtNPs/Au bioelectrode in 0.1 M sodium
phosphate buffer, pH 7.5 containing 5mM [Fe(CN)s]*~/4- at a polarization potential
of 0.2V in the frequency range 0.1-10* Hz.

than that of free enzyme (pH 7.4 for T. viride) [32]. The slight
change in optimal pH of enzyme after immobilization might be
due to an improved stability of enzyme at that pH. The biosen-
sor exhibited optimum response at 30°C, which is slightly lower
than that of free enzyme (37°C) in case T. viride [32]. LyOx/3-
APTES/AuNPs-PtNPs/Au electrode achieved 95% of steady state
currents within 4s, which is definitely lower/better than earlier
reported response attention: time such as 2min [33], 42s [13],
1805 [18], 605 [23] and 65 [34]. The differential pulse voltammo-
gram of the biosensor showed the increase in oxidation peak i.e.
current response as the concentration of lysine was increased from
1.0 wM to 600 uM (Fig. 4). When the current (y-axis) was plotted
against the lysine concentration (x-axis) it showed linear relation-
ship between biosensor response and lysine concentration but it
did not pass through the intersection rather passed through y-axis,
which may be due to background current at zero added substrate
(Fig. 5). To overcome this problem, we used straight line equation
(y=mx+c) to calculate the lysine concentration in various samples.
The Lineweaver-Burk plot between 1/I (mA) and 1/[lysine] (Sup-
plementary Fig. 1) yielded an apparent K, of 333.33 wM, which is
higher than that for free enzyme (40 M) [32] indicating decreased
affinity of enzyme towards substrate (lysine) after immobilization,
which might be due to restricted diffusion of lysine through 3-
APTES/AuNPs-PtNPs composite.
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LyOx/3-APTES/AuNPs-PtNPs/Au electrode (c) in a solution of 2 mM H;,0,; scan rate
50mVs~'. (C) Cyclic voltammetric (CV) curves of LyOx/3-APTES/AuNPs-PtNPs/Au
electrode in 0.1 M sodium phosphate buffer (pH 7.5) (a) with and (b) without 0.1 mM
lysine solution. Supporting electrolyte: 0.1 M KCl solution; scan rate: 50mVs-1.

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.enzmictec.
2013.01.006.

To study the substrate specificity on the present biosensor
response, the following amino acids were added in place of lysine
in the reaction mixture individually at a final concentration of
1.0 mM and the biosensor response was measured under the simi-
lar assay conditions. The results as given in Table 1 showed that only
pL-lysine was utilized as substrate, while pL-ornithine, L-arginine
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Fig. 4. DPV net current responses of LyOx/3-APTES/AuNPs-PtNPs/Au electrode in
lysine concentrations (a) 1.0, (b) 10, (c) 50, (d) 100, (e) 200, (f) 300, (g) 400, (h)
500 and (i) 600 wM in 0.1 M phosphate buffer-0.1 M KCl solution (pH 7.5). DPV
measuring conditions: DPV frequency 25Hz, amplitude 0.4V and step potential
30mV.
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Fig. 5. Standard curve of substrate concentration (M) vs. current (mA).

and L-cysteine were practically unutilized. This shows the absolute
substrate specificity of the present biosensor.

The effect of interferents (methionine, phenylalanine, proline,
serine, glucose, uric acid, ascorbic acid, histidine, tyrosine, tryp-
tophan and glutamic acid) on the biosensor response was also
investigated using the solution containing lysine (1 mM) and inter-
ferrants 1mM each in 1:1 ratio. The results indicate negligible
effect of these interferrants on the electrochemical response of
LyOx/3-APTES/AuNPs-PtNPs/Au electrode.

3.7. Evaluation of biosensor

The electrode response was found to be linear in the lysine
concentration range of 1.0-600 wM, which is higher than 33 uM
[23],500 M [33] and 250 M [35] with a sensitivity of 0.2 wA/puM
better than earlier reported biosensors [13,35]. The limit of detec-
tion of the present biosensor was calculated as the lowest quantity
of lysine required to give a signal to a background (blank) +3
times SD of blank and found to be 1.0 M (S/N=3), which is
lower than that for enzyme immobilized onto polyurethane hydro-
gel (10 wM) [35]; poly(o-phenylenediamine) membrane (100 wM)
[16], aminosilylated glass (10 wM) [36]; gold-mercaptopropionic
acid self assembled monolayer (100 wM) [17] and platinum elec-
trode (3 wM) [34]. The average recoveries of lysine added to milk
(atlevels of 50 and 100 M) varied from 96.63% to 97.46%, demon-
strating the reliability of the present biosensor. Within-batch and
between-batch coefficients of variation (CVs) for the determina-
tion of lysine in milk samples on the same day and after one
week of storage were 3.3% and 4.5%, respectively indicating the
good reproducibility and consistency of the present method, which
could be attributed to the excellent immobilization of LyOx onto
the 3-APTES/AuNPs-PtNPs/Au electrode. To study the correla-
tion of the present biosensors, lysine level in 15 milk samples
was determined by the present biosensor (x) and then compared
with those by standard HPLC method (y). The value obtained by
LyOx/3-APTES/AuNPs-PtNPs/Au electrode was very close to those
obtained by the standard method. The correlation coefficient (r)
was 0.992 with a regression equationy = 1.10233x - 0.0639 (Fig. 6A)
indicating the high accuracy of the method.

Table 1
Substrate specificity effect on LyOx/3-APTES/AuNPs-PtNPs modified Au electrode.

Substrate Relative rate of oxidation (%)
L-Lysine 100

DL-Lysine 87.0

DL-Ornithine 15.2

L-Arginine 109

L-Cysteine 104
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Fig. 6. A. Correlation between present biosensor employing lysine content values
determined by standard HPLC method (x-axis) and LyOx/3-APTES/AuNPs-PtNPs/Au
electrode method (y-axis) with regression equation y=1.023x—0.0639 with
r=0.99. 6B. Effect of storage at 4°C on the response of three similar LyOx/3-
APTES/AuNPs-PtNPs/Au electrodes. Error bars represent the standard deviation for
three independent measurements.

3.8. Stability and reusability of biosensor

The electrode lost 50% of its initial activity after its 200 uses
over a period of 4 months, when stored at 4 °C, which is better than
earlier biosensors[13,16,23,33,34]. The high stability of the enzyme
electrode could be attributed to the covalent coupling of enzyme
onto the modified electrode. The enzyme electrode was constructed
thrice and effect of storage at 4°C was studied on the response of
these three similarly constructed electrodes. The results given in
Fig. 6B showed practically no variation in storage stability of the
three electrodes.

3.9. Application

Lysine content of milk, sera and amino acid tablet, as deter-
mined by the present biosensor is given in Tables. The lysine
content was in the range 193.7-243.1 wM in milk samples (Table 2),
211.0-273.3 M in sera of apparently healthy persons with a mean
of 247.6 WM (n=10) (Table 3), which is in normal established range
(150-250 wM) and 24.7 mg/tablet in amino acid tablet (Table 4).

Table 2
Determination of lysine in milk samples using LyOx/3-APTES/AuNPs-PtNPs/Au
electrode.

Milk samples L-Lysine RSD%
concentration by

biosensor (M)

mean +S.D.
Sterilized non fat dry milk 193.7 £ 1.12 0.57
Sterilized whole milk 2245+ 1.21 0.53
Clarified raw milk 243.1 + 1.65 0.67

Table 3
Lysine levels in serum samples of apparently healthy adults, as determined by
biosensor based on LyOx/3-APTES/AuNPs-PtNPs/Au electrode.

Serum Sample Sex L-Lysine (M)
mean +S.D.
S1 M 214.0 + 0.60
S2 F 267.0 + 0.45
S3 F 256.8 + 0.59
S4 F 2289 + 0.64
S5 M 211.0 + 0.50
S6 M 2733 £ 040
S7 F 256.5 + 0.64
S8 F 272.7 + 045
S9 F 253.8 £ 0.70
S10 M 2428 + 048
Table 4

Determination of lysine in amino acid tablets using LyOx/3-APTES/AuNPs-PtNPs/Au
electrode.

Tablet L-Lysine L-Lysine RSD%
concentration concentration
(mg/tablet) by biosensor
(reported (mg/tablet)
value) mean +S.D.
Alamin M Forte 25 24.7+1.43 5.78

4. Conclusion

Anovel amperometric lysine biosensor was fabricated, based on
covalent immobilization of LyOx onto 3-APTES/AuNPs-PtNPs/Au
electrode. The resulting working electrode showed improved ana-
lytical performance in terms of fast response (4 s), limit of detection
(1.0 M), high sensitivity (0.2 wA/M), high storage stability (120
days) and lack of interference from various potential interferrants.
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