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A B S T R A C T

The nanoparticles of commercially available pyruvate oxidase (POx) from Aerococcus species were prepared by
desolvation method, which were then characterized and covalently immobilized onto gold electrode (AuE) to
construct an improved model of amperometric pyruvate biosensor. The POxNPs/Au electrode was analyzed
morphologically by scanning electron microscopy (SEM). On the other hand, cyclic voltammetry studies (CV)
and electrochemical impedance spectroscopy (EIS) helped in deciphering the electrochemical properties of the
electrode at different stages of construction. The biosensor showed optimum response within 7.5 s, at a potential
of 0.28 V, pH 5.5 and 35 °C. A linear relationship was observed between biosensor response i.e. current (μA) and
pyruvate concentration in the range, 0.01 μM - 5000 μM, with a lower detection limit of 0.67 μM. The analytical
recovery of added pyruvate in sera was 99.0% and 99.5% within and between batch coefficient of variation (CV)
were 0.045% and 0.040% respectively. The working electrode displayed an excellent correlation coefficient
(R2=0.99%) between levels of pyruvate in sera, as detected by the standard spectrophotometric method and
the present biosensor. The biosensor was utilized for detection of total pyruvate level in sera of apparently
healthy individuals and patients suffering from cardiogenic stress, more specifically cardiac failure. The activity
of the biosensor deteriorated by 25%, after its regular use over a period of 240 days, while being stored dry at
4°C.

1. Introduction

Pyruvate (C3H403) is an alpha- keto organic molecule prominently
found in cellular components of every living cell [1]. It is known to be
the key molecule involved in various metabolic pathways including
glycolysis, which are further involved in biological energy production
under aerobic and anaerobic conditions as per the situation en-
countered by the cell [2]. Normal levels of pyruvate found in the blood
lies between 40–120 μM [3]. These levels are known to fluctuate from
the normal levels in several diseased conditions [4]. Pyruvate is an
intermediary metabolite in carbohydrates, protein as well as fat meta-
bolism and, due to this reason the ability to measure intermediary
metabolites in blood is becoming increasingly important [5]. Over the
past 20 years, researchers have been trying to find a means to detect
pyruvate, which has important applications in clinical, bioprocess, food
and diagnosis [6]. The level of pyruvic acid plays an important role in
sustaining fuel homeostasis [7]. The higher levels of plasma pyruvate
demonstrate the PDHC (pyruvate dehydrogenase complex) deficiency,
which thereby results in inadequate removal of pyruvate and

generation of lactate leading to insufficient energy production.
Thereby, increased levels of pyruvate are known to play a prominent
role in autism [8]. Pyruvate is also known to exhibit cardiac muscle
inotropic and bariatric activity. The study of biochemical changes in
cardiac failure is a fascinating field of study in the hemodynamics.
Recent research also depicted that pyruvate plays a major role in car-
diovascular diseases and coronary infarction [9]. The levels of pyr-
uvate, along with glucose and L- lactate, in blood are related to diabetes
mellitus [3]. In view of these factors, there is an urgent need to develop
a simple, sensitive, rapid and reliable method for determination of
pyruvate in blood. Various methods are elucidated in the literature for
determination of pyruvate such as colorimetric [10], spectro-
photometric [11], enzymic- fluorimetric [1,12] and high- performance
liquid chromatography (HPLC) [13]. However, these methods are
cumbersome involving sluggish and stiff sample pre- treatment steps,
exorbitantly priced instrumental set- up along with, skilled persons to
operate with large volumes of blood samples [1]. Biosensors offer an
enticing alternative to overcome these pitfalls. Biosensors are analytical
devices that utilize the sensitivity and specificity of the biological
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molecules in cooperation with electrochemical transducer elements to
display tedious bio-analytical measurements with ease, simplicity and
precise to use formats [14]. From the literature cited till now, the en-
zyme POx has been immobilized onto several variants of nanomaterial-
based electrodes, all of which are summarized in Table 1 consisting 14
references. However, these nanocomposites modified electrodes em-
brace complex strategies for construction of working electrode. Further,
direct immobilization of the native enzyme causes several drawbacks
like enzyme denaturation, loss of enzyme stability and activity thereby
retarding the performance of the biosensor. In recent years, enzyme
nanoparticles (ENPs) are being employed due to their enhanced and
exceptional electrical, thermal, mechanical and optical properties. The
choice of gold (Au) as an electrode offers several enticing advantages in
terms of good conduction of electrons through its surface, easy avail-
ability and low background noise. Therefore, the main key feature of
this work is the preparation of NPs of pyruvate oxidase (POx), their
characterization and direct covalent immobilization of these ENPs onto
Au electrode, which has overcome several audacities presented by the
direct immobilization of the native enzyme [15]. The present biosensor
has also shown improved analytical performance and employed for
determination pyruvate in sera of cardiac patients.

2. Materials and methods

2.1. Chemicals and reagents

Pyruvate oxidase (POx) from Aerococcus species (100 U/mg), so-
dium pyruvate pure (C3H3O3Na), alumina silica slurry from SRL
Religare, Mumbai; thiamine pyrophosphate (TPP), magnesium chloride
(MgCl2) and flavin adenine dinucleotide (FAD) from Sigma- Aldrich (St.
Louis, MO, USA), 2.5 cm gold wire (23 carat) of uniform diameter of
2.5 mm, was bought from a local jeweler’s shop. All other chemicals
were of analytical reagent (AR) grade. Double distilled water (DW) was
used throughout the experiment. Sera samples of evidently healthy
subjects and persons suffering from cardiogenic stress were procured
from Pandit Bhagwat Dayal Sharma Post Graduate Institute of Medical
Science Hospital, Rohtak and Holy Heart Hospital, Rohtak and Noble
Heart Hospital, Rohtak.

2.2. Equipment used

Potentistat/ Galvanostat (Autolab, AUT83785, Eco Chemie, The
Netherlands) with NOVA 1.4 software incorporating a three- electrode
system comprising of POxNPs/AuE as working electrode, Ag/ AgCl as a
standard and Pt wire as an auxiliary electrode. Transmission electron
microscope (TEM) (Jeol, JEM 1011), Scanning electron microscope
(SEM) (Zeiss EV040, USA), Fourier transform infrared (FTIR) spectro-
meter (Bruker, OPUS 6.5 software), UV–vis spectrophotometer (Lab
India Analytical, UV 3092), were used. The electrochemical impedance
spectra (EIS) was recorded in potentiostat by NOVA 1.4 (FRA) software
in 5mM potassium ferrocyanide/ potassium ferricyanide solution at
0.28 V in a frequency range of 0.01 Hz to 104 Hz.

2.3. Assay of pyruvate oxidase

The modified method elucidated by Dagar and Pundir [16], was
implemented to assess the activity of POx. The reaction mixture con-
tained 10 μl each of 10mM TPP, 1mM MgCl2 and 1 μM FAD accom-
panied by the addition of 0.1 mM pyruvic acid in 1.5 ml reaction buffer
(0.05M potassium phosphate buffer, pH 7.0) in a test tube. This step
was carried out in a dark environment. After pre- incubation at 40 °C for
5min, the reaction was started by adding 0.1ml of dissolved POx in
reaction buffer, whilst control contained DW in place of POx solution.
After incubation at 40 °C for 10min in dark, 1.0 ml of cold reagent
(50mg of 4- aminophenazone, 100mg solid phenol and 1.0mg of
horseradish peroxidase dissolved in 100ml of 0.4M sodium phosphate

buffer, pH 7.0) was added to reaction mixture and kept at room tem-
perature in dark for 30min to develop pink color. A520 was read against
control. The color reagent was stored at 4°C, when not in use.

2.4. Fabrication of POxNPs modified gold electrode

2.4.1. Preparation of POx nanoparticles (POxNPs)
POxNPs were prepared by the desolvation method [17]. To 1.0 ml of

POx solution (1mg/ ml) 4.0 ml of absolute ethanol was added drop
wise at the rate of 0.1- 0.2 ml/ minute under continuous stirring at a
speed of 500 rpm. Thereafter, 1.8 ml of 2.5% glutaraldehyde was added
to the above mixture under similar stirring conditions at 4°C for 24 h to
enable cross- linking of ENPs. The glutaraldehyde crosslinked POxNPs
suspension was centrifuged at 1200 g (5000 rpm) for 10min at 4°C,
followed by redispersion of ENPs in 2ml of 0.1M sodium phosphate
buffer, pH 7.0 and sonication for 5min. The obtained ENPs were thiol
functionalized by adding 0.12 g of cysteamine solution under con-
tinuous stirring for 5–6 hr. POxNPs were isolated by centrifugation at
1200 g for 10min at 4°C. It was supposed that aldehyde groups of
glutraldehyde cross linked ENPs reacted with the alpha –NH2 groups of
cysteamine through Schiff base. The functionalized POxNPs were stored
at 4°C until use.

2.4.2. Characterization of POxNPs
UV- Vis spectra (200–600 nm) of POxNPs was recorded to confirm

the formation of the ENPs. The POxNPs were morphologically char-
acterized by taking their images under a TEM. FTIR spectra (4000- 400
cm−1) of POxNPs was also recorded to confirm the formation of ENPs.

2.4.3. Construction of working electrode (POxNPs/ AuE)
A bare gold electrode (AuE) was cleaned with alumina silica slurry

(diameter- 0.05 μM) using a polishing cloth to remove unwanted debris
adhering to the surface of the bare AuE. Further, AuE was dipped in a
heterogeneous mixture of piranha solution (3:1= H2SO4:HNO3) and
treated thereafter, with alcohol to functionalize with−OH group. Next,
the cleaned AuE was placed into POxNPs suspension under mild stirring
at 4°C for 24 h. This allowed the immobilization of the cysteamine
functionalized POxNPs onto the polycrystalline Au electrode through
thiolate/ covalent bond between – SH group of ENPs and and −OH
group of Au electrode (Fig.1). The POxNPs/ Au electrode or the
working electrode was then washed 4 times with 0.1M sodium phos-
phate buffer (pH- 7.0)(SPB) and stored in this buffer, when not in use at
4°C. The morphological pattern of the working electrode was analyzed
by SEM whereby, CV and EIS was analyzed to record the electro-
chemical pattern.

The amperometric pyruvate biosensor undergoes various enzymic
and electrochemical reactions (Fig.1):

Pyruvate+O2 + Pi → Acetyl phosphate+CO2 + H2O2 (in the pre-
sence of POx)

H202 → 2H+ +O2 + 2 e− (under high voltage)

2.4.4. Construction and testing of amperometric pyruvate biosensor
A schematic representation of fabrication of POxNPs/Au electrode

and electrochemical reactions involved in its response measurement is
presented in Fig. 1. Wherein, an amperometric pyruvate biosensor was
fabricated where POxNPs/ Au electrode acted as a working electrode
with Ag/ AgCl as reference electrode and Pt wire as an auxiliary elec-
trode and was connected through potentiostat/ galvanostat. The bio-
sensor was tested electrochemically by studying cyclic voltammetry
(CV) in 0.1 M phosphate buffer consisting optimized concentrations of
the substrate and co- factors (0.1 ml of 20mM pyruvate, 10 μl of 10mM
TPP, 10 μl of 1 mM MgCl2 and 10 μl of 1 μM FAD) at a scan rate of 30
mVs−1 at an applied potential range of -0.6 to + 0.6 V. The current was
recorded in μA at different time intervals with a gap of 2.5 s.
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2.5. Optimization of pyruvate biosensor

For carrying out the optimization studies, several kinetic parameters
of the POxNPs modified Au electrode such as optimum pH, tempera-
ture, response time and effect of substrate (pyruvate) concentration
were analyzed amperometrically. Various buffers within a range of pH
4.0–9.0 were prepared at an interval of 0.5 with a final concentration of
0.1 M. Similarly, incubation temperature (15–50°C) and time (1–10 s)
were optimized. The effect of pyruvate concentration on biosensor re-
sponse was studied by varying the pyruvate concentration in the range
of 0.1–5000 μM. The limit of detection (LOD) was calculated by using
following the equation:

LOD=3×σ/ slope

where, σ- Standard deviation of response

2.6. Amperometric determination of pyruvate in serum

Blood samples (1 ml each) from apparently healthy adults and pa-
tients suffering (males and females separately) from cardiogenic stress
between the age group 30–90 years, were collected from local hospitals
(PGIMS, Rohtak, Holy Heart, Noble Heart, Rohtak). These collected
samples were left for 1 h at RT, and thereafter, centrifuged for 5min at
5000 rpm, and the resultant supernatant (sera) was collected and stored
at 4°C until use. The amount of pyruvate in sera was determined by the
present biosensor synonymously as illustrated for the response mea-
surement studies under the optimized working conditions, except that
pyruvate was replaced by serum. The concentration of pyruvate was
interpolated between pyruvate concentrations and current (μA).

2.7. Evaluation of pyruvate biosensor

The analytical performance of the biosensor was evaluated by
analyzing the linearity, limit of detection (LOD), analytical recovery,
coefficient of variation (CV) and correlation coefficient (R2) of bio-
sensor. The effect of several interferants found in the blood such as uric
acid, urea, ascorbic acid, glucose was studied at their physiological
concentrations.

2.8. Applications of pyruvate biosensor

The samples of blood from apparently healthy individuals and dis-
eased patients were collected in a plastic vial and these were then left to
coagulate for 1 h by keeping them undisturbed at RT. These serum
samples were then centrifuged for 20min at 1200 g to separate the
cellular fractions, and the resultant supernatant was procured. Each
serum sample was scrutinized for pyruvate content at a potential of

+0.28 V, in 25ml SPB buffer (pH- 5.5) containing 0.1 ml of serum
samples along with the necessary co-factors (10 μl each) and its max-
imum current was recorded. The amount of pyruvate in sera was cal-
culated from the standard curve between pyruvate concentrations and
biosensor response in current as measured by the present biosensor
under optimum conditions.

2.9. Reusability of the working electrode

The reusability and storage stability of the biosensor was in-
vestigated at an interval of 30 days over a period of 240 days.

3. Results and discussion

3.1. Characterization of POxNPs

3.1.1. Characterization of POxNPs by TEM, UV–vis and FTIR
The size of POxNPs as observed in the images recorded by TEM

varied between 7.78 nm–24.80 nm (Fig.2a) and displayed an average
size of 15.77 nm, thereby enhancing the surface area of the electrode as
compared to that of the native enzyme. UV–vis spectrum of POxNPs
unveiled an intense absorbance peak at 280 nm, explaining the pre-
sence of amino acids with aromatic rings of native enzyme moieties
following their subsequent aggregation into nanoparticles. The ag-
gregation of free/native enzyme molecules into nanoparticles led to
increase in absorption at 280 nm. (Fig.2b). The FTIR analysis revealed
the spectrum of native POx and POxNPs, whereby the native enzyme
showed characteristic peaks at 3330, 2132, 2028, 1636 cm−1 (Fig.2c).
These high and low transmittance peaks could be attributed to the
various functional groups present in the enzyme moiety. The wider
band (at 3330 cm-1) points to the existence of amine group in the
structure. The analysis of the POxNPs by FTIR spectrum (4000- 400 cm-

1) displayed characteristic peaks at 3330, 2132, 2028, 1636 cm-1, which
could be assigned to OeH stretching demonstrating the −OH group,
and the combined peaks at 2132 cm-1 and 2028 cm−1 were prominently
visible due to stretching vibrations of C]C and C]N groups respec-
tively and peak at 1636 cm-1showed C]O stretching. A major shift in
these characteristic peaks is visible in FTIR spectrum of POxNPs, which
can be caused due to treatment with ethanol, glutaraldehyde and cy-
steamine. On comparison with the FTIR spectra of native POx and
POxNPs, POxNPs showed an extra sharp peak at 1076 cm-1 indicating
the addition of –NH2 groups after treatment with cysteamine.

3.1.2. Characterization of working electrode (POxNPs/AuE) by SEM
The SEM images with a stepwise modification of the surface of bare

AuE and the working electrode are shown respectively (Fig. 3). The
SEM images of the bare AuE revealed a homogenous and even pattern.

Fig. 1. Schematic representation of electrochemical reactions involved in the construction of POxNPs/AuE (POxNPs- Pyruvate Oxidase Nanoparticles; AuE- Gold
electrode).
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Fig. 2. (a) Transmission electron microscopy (TEM) images of nanoparticles of enzyme Pyruvate Oxidase.(b) UV–vis spectra of POx and POxNPs (POx- Pyruvate
oxidase; POxNPs- Pyruvate Oxidase Nanoparticles).(c) FTIR spectra of native enzyme POx and POxNPs.
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Whilst, on the contrary, the working electrode exhibited irregular
morphological pattern displaying beaded and globular structures,
which were visible due to adsorption of POxNPs onto the Au electrode.
The POxNPs/AuE displayed enhanced surface area after adsorption of
POxNPs.

3.1.3. Voltammetric response of POxNPs/Au electrode
The amperometric response of bare AuE and the POxNPs/AuE was

recorded (Fig. 4a). The bare AuE did not show any prominent oxidation
and reduction peak, while, POxNPs/AuE exhibited remarkably visible
and clear oxidation and reduction peaks confirming the proper im-
mobilization of POxNPs onto Au electrode.

3.1.4. Characterization of POxNPs/AuE by EIS
EIS was implemented to scrutinize the immobilization of POxNPs

onto AuE. The nyquist plot (Fig. 4b) explores the EIS of POxNPs/AuE in
5mM potassium ferro/ferricyanide solution. The charge transfer re-
sistance (RCT) value for bare AuE was 250 ohms, which was lower than
370 ohms for POxNPs/AuE. These observed results were in direct cor-
relation with the fact that an increase in RCT value of POxNPs/AuE was
due to covalent binding of POxNPs onto Au surface, and since biological
molecules are known to be poor conductors of electricity thereby, they
restraint the electron transfer.

3.2. Optimization of pyruvate biosensor

A novel amperometric pyruvate biosensor was fabricated based on
the covalent immobilization of POxNPs onto AuE. The maximum

current was recorded within 7.5 s at 0.28 V against Ag/AgCl. Therefore,
in the proceeding electrochemical analysis, the current was recorded
within 7.5 s at this voltage. The highest current response of fabricated
biosensor was recorded at pH 5.5 (Fig. 5a), which is nearly similar to
the optimum pH of the native enzyme (POx). At below and above pH
5.5, the response of the pyruvate biosensor decreased gradually. This
might be possible due to decreased POx activity under these conditions.
The optimum pH of present biosensor was lower than that of the earlier
reported amperometric pyruvate biosensor based on POx immobilized
onto Pt disc electrode [18], 3- MPA/ 6- ACA/ POx glutaraldehyde
modified electrode [2]; POx immobilized in gelatin on YSI type dis-
solved oxygen probe [9]; redox hydrogel based biosensor [19], POx
electrodeposited polytramine [20] and, almost similar to a biosensor
based on POx immobilized on meldolas blue electrode [6]. On the other
hand, the optimum temperature of biosensor recorded was 35°C
(Fig. 5b.). The optimum temperature was analyzed within a range of
15–50 ͦ C and it was observed that with increasing temperature, the
biosensor response was increased, which might be due to the increased
kinetics of the reaction. This reached an optimum value at 35 ͦ C and
thereafter, declined due to denaturation of enzyme. This was almost
similar to the biosensor based on POx immobilized in gelatin (pO2

electrode) as cited by Bacri and Burstein [21].

3.3. Evaluation of pyruvate biosensor

There was a linear relationship between pyruvate concentration in
the range 0.01 μM to 5000 μM, under standard working conditions
(Fig. 5c), after which it showed saturation. This observation is found to
be one step ahead than the previously elucidated biosensors, which
showed their working range between 10 μM– 5000 μM [18] 4 μM-120
μM [5], 2 μM-12 μM [6], 90 μM-600 μM [22], 5 μM – 5000 μM [20], 0
μM-2000 μM [23], 2 μM- 6 μM [19] respectively. The detection limit
(LOD) of the present biosensor was 0.01 μM, which is far better than the
previously outlined biosensors cited in the literature till date
[2,5,9,18,21–24]. The analytical recoveries of added pyruvate in sera at
levels of 1.0 mM and 2.0 mM were 99.0% and 99.5% respectively,
signifying the reliable fabrication of the present biosensor (Table 2a).
The pyruvate content was determined in serum samples repeatedly six
times on the same day (within batch) and in the same samples after
their storage at -20°C for one week (between batch) by present ENPs
based electrode. The within and between batch coefficients of variation
(CV) in serum pyruvate were 0.045% and 0.040% respectively
(Table 2b). These highly precise values show that the present biosensor
is an efficient and consistent model exhibiting good reproducibility,
which could be attributed to the covalent immobilization of POxNPs
onto Au electrode via thiolate bond. The thiolate bond between AuE
and ENPs stabilizes the activity of enzyme, hence the reproducibility of
enzyme electrode is enhanced [15].

3.4. Correlation of pyruvate biosensor

The levels of pyruvate in sera of apparently healthy individuals and
persons under cardiogenic stress was detected by present biosensor and
compared with those obtained by standard spectrophotometric method
[11]. An excellent correlation coefficient (R2= 0.99) was obtained
between the values by these two methods, with regression equation
being y=0.9967x (Fig. 6). These observations expressed utmost ac-
curacy of the present biosensor.

3.5. Applications of pyruvate biosensor

The level of pyruvate in sera of apparently healthy adults as de-
tected by the present biosensor was between 42.0 μM±2.60 to 89.02
μM±2.09, which lies in the normal established range. The pyruvate
level in sera of persons suffering from cardiogenic stress was detected in
the range, 147.2 μM±2.71 to 212.4 μM±3.28, which is significantly

Fig. 3. Scanning electron microscopic images (SEM) images of (a) bare gold
electrode (b) POxNPs modified AuE.
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elevated than those in apparently healthy adults (Table 3).

3.6. Interference study of pyruvate biosensor

The interfering activity of several components was analyzed to de-
termine the selectivity and specificity of the present biosensor. The

POxNPs/AuE biosensor unveiled excellent anti- interference ability
with several chief blood components such as urea, uric acid, ascorbic
acid, glucose and lactic acid at their physiological concentrations.
Addition of uric acid and lactic acid practically had no effect on bio-
sensor response, which can be attributed to the usage of low potential
(0.28 V) during experimentation. On the contrary, other components

Fig. 4. (a) Cyclic voltammogram (CV) of POxNPs/Au electrode in 25ml 0.1M sodium phosphate buffer pH- 7.0 containing 0.1 ml of 0.1M pyruvate solution, 10 μl
TPP and 10 μl FAD and 10 μl MgCl2 under standard conditions at a scan rate of 30 mVs−1 (b) Electrochemical impedance spectra (EIS) of (a) Bare AuE, (b) POxNPs
modified gold electrode.

Fig. 5. (a) Influence of pH. (b). Influence of incubation temperature on the current response of POxNPs/ Au electrode in 25ml 0.1M sodium phosphate buffer (pH-
7.0) containing 0.1 ml 0.1M pyruvate solution 10 μl TPP and 10 μl FAD and 10 μl MgCl2.(c) Effect of pyruvate on biosensor current response based on POxNPs/ AuE.
Inset of Fig. 5c. Standard curve of pyruvate concentration by present biosensor based on POxNPs/ Au electrode, prepared in 25ml 0.1M sodium phosphate buffer
(pH- 7.0) containing 0.1 ml of 0.1M pyruvate solution, 10 μl of 10mM TPP, 10 μl of 1 mM MgCl2 and 10 μl of 1 μM FAD, under standard conditions. (d) Effect of
pyruvate on biosensor current response based on POxNPs/AuE in lower concentration range.
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like urea, ascorbic acid and glucose showed only by 5.18%, 5.06% and
8.004% interference respectively. The biosensor showed negligible in-
terference (0–10%) in its activity in presence of all possible interfering
substances. However, it showed current response only in the presence
of pyruvate revealing the specificity and selectivity for pyruvate

detection.

3.7. Reusability of POxNPs/Au electrode

The initial activity of POxNPs/AuE (working electrode) diminished
just by 25% after its continual use over a period of 240 days, while
being stored at 4°C . These observations point towards the better sta-
bility of the present ENPs based electrode than that cited by others in
literature, 42 days [18]; 90 days with no loss in activity [20];> 60 days
[3] and> 10 days (100 assays) [25].

4. Conclusions

In the present work, the application of enzyme nanoparticles (ENPs)
in place of native enzymes/free enzyme molecules has resulted into
better analytic performance of amperometric pyruvate biosensor in
terms of working range (0.01–5000 μM), limit of detection (0.67 μM),
short response time (7.5 s), negligible and severely low interference
activity by other blood components and enhanced storage stability (240
days). Based on these outcomes, it can be inferred that the use of ENPs
of POx has helped to overcome the barriers caused by the previously
available electrochemical biosensors. Further, direct immobilization of
ENPs onto Au electrode simplified the process of fabrication of nano-
material- based biosensors. The current work lacks the miniaturization
of biosensor. The future research could be focused on the development
of microfluidic paper based pyruvate biosensor, which could be used at
the bedside of the patients for point of care (POC) analysis of serum
pyruvate.

Conflict of interest

The authors have no conflict of interest.

Author’s agreement

This is to certify that all authors Mansi Malika, Reeti Chaudharya

and C.S. Pundirb* have seen and approved the final version of the
manuscript entitled “An improved enzyme nanoparticles based
amperometric pyruvate biosensor for detection of pyruvate in
serum”. The authors warrant that the work has not been published
before and has not been submitted to any other journal for considera-
tion of its publication. Also, the authors declare no conflict of interest.

Acknowledgement

The authors are highly grateful to the Directors of Pt. BDS Post
Graduate Institute of Medical Science (PGIMS), Rohtak, Noble Heart
hospital and Holy Heart hospital, Rohtak for providing sera samples of
apparently healthy persons and cardiogenic patients used in the present
research work. We also thank Dr. Rajvinder Singh, Assistant Professor,
Department of Genetics, M.D.U., Rohtak, for FTIR spectroscopy.

Table 2a
Analytical recovery of added pyruvate in the serum samples (n=5), as mea-
sured by pyruvate biosensor based on POxNPs/ Au electrode (POx- Pyruvate
oxidase, NPs- Nanoparticles).

Pyruvate added Pyruvate found ((μM) % Recovery

– 59 100
1mM 59.4 99 ± 0.01
2 mM 60.7 99.5 ± 0.03

Table 2b
Within and between batch assay coefficients of variation for determination of
pyruvate in the serum samples, as measured by pyruvate biosensor based on
POxNPs/Au electrode (POx- Pyruvate oxidase, NPs- Nanoparticles).

N; Pyruvate (μM) Pyruvate (μM); mean CV (%)

Within assay (n=5)
70 66.0 0.045
63
62
68
67
Between batch (n=5)
78 74.4 0.040
69
75
76
74

Fig. 6. Correlation curve between sera pyruvate values as measured by stan-
dard spectrophotometric (X- axis) method and the present biosensor (Y- axis)
based on POxNPs/AuE.

Table 3
Serum pyruvate levels of apparently healthy adults and persons suffering from cardiogenic stress, as measured by pyruvate biosensor based on POxNPs/ Au electrode
(POx- Pyruvate oxidase, NPs- Nanoparticles).

Age group Healthy (μM) Diseased (μM)

Male n Female n Male n Female n

30-40 65.0 ± 2.32 5 47.4 ± 1.85 5 347.2 ± 2.71 5 154.6 ± 5.17 5
40-50 76.0 ± 1.33 5 83.0 ± 2.28 5 253.4 ± 3.32 5 160.6 ± 2.07 5
50-60 93.8 ± 1.65 5 69.0 ± 1.41 5 159.0 ± 1.23 5 167.4 ± 2.40 5
60-70 58.0 ± 1.41 5 77.4 ± 2.21 5 184.4 ± 3.43 5 173.0 ± 3.80 5
70-80 98.6 ± 1.62 5 88.8 ± 2.78 5 401.6 ± 1.06 5 206.0 ± 7.03 5
80-90 108.0 ± 1.86 5 119.0 ± 2.10 5 283.2 ± 3.01 5 212.4 ± 3.2 5
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