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Abstract

Appropriate enzyme immobilization on the electrode surface in order to access its
active site has always been an important strategy for electrode modification. In this
report, lactate dehydrogenase enzyme was appropriately immobilized on the glassy
carbon electrode via hydrophobin (HFB1) and graphene oxide nanocomposite. The step-
by-step modification was successfully confirmed by water contact analysis, cyclic
voltammetry, and electrochemical impedance spectroscopy. Under optimum conditions,
this biosensor demonstrated a detection limit of 8.69 nM and RSD of 4.3% and 3.6%
(n=5) for reproducibility and repeatability. The effect of scan rate on the oxidation
behavior of NADH was investigated by cyclic voltammetry; and diffusion coefficient for
NADH was estimated at 6.27x10® cm’.s. The apparent Michaelis—Menten constant
(k2PPy was amperometrically determined and it was lower than K2** for the free enzyme.
Also, the modified electrode represented good stability after nine days with 6% decrease
in current. The proposed assay was successfully used in real sample-serum-analysis and

the obtained recoveries were between 93% and 104.0%.
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Highlights

e A selective LDH nanobiosensor was fabricated for pyruvate determination.
GO nanocomposite increased current response.
GO nanocomposite helped increasing hydrophobicity of the electrode surface.
Hydrophobin helped suitable attachment of the enzyme to the electrode surface.
Hydrophobin helped the enzyme stability.
This fabricated biosensor exhibited good selectivity, stability, and reproducibility.

1. Introduction

Pyruvate, the conjugate base of pyruvic acid, is an important intermediate in several
metabolic pathways and participates in different biochemical reactions. Therefore, its
levels in the blood can be used as a biochemical index for the severity of circulatory
disorder [1]. The high pyruvate concentration in blood 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 [2]. In
addition, in the food industry, it serves as an index of bacterial contamination of various
media, such as dairy products [3]. Different methods have been reported for pyruvate
detection such as spectrophotometric analyses [4], fluorometric assay [5, 6], infrared

spectroscopy [7], liquid chromatography [1], and electrochemical methods[8] [9].

In recent years, electrochemical methods using biosensors have attracted considerable
attention due to their unique merits. In comparison with other techniques, electrochemical
methods are fast, low cost, simple, sensitive, and selective. Electrochemical biosensors
enjoy the advantages of both electrochemical biosensing and nanotechnology. Polyvinyl

alcohol (PVA) is a good choice for the preparation of polymer nanocomposites because

of its biocompatibility and water solubility. PVA based nanocomposites with metal

nanoparticles[10] and carbon-based nanomaterials[11] as nanofillers have been

synthesized. This combination has superior mechanical and thermal properties. Also, the

strong interfacial interaction between PVA and graphene oxide /AuNPs leads to the better

dispersion _of the composite. Graphene oxide as a nanomaterial has been employed in




various electrochemical biosensors because of its significant surface area-to-volume ratio,
generation of high signal intensity, and unique facility for electrode modification.
Furthermore, excellent electrocatalytic activity has been achieved for NADH detection by
graphene-based electrochemical biosensors [12, 13].

The immobilization of the enzyme on electrochemical sensors has become a generally
acknowledged issue in biosensing methods. To improve enzyme efficiency and for better
immobilization, hydrophobins can be a good candidate. Hydrophobins are fungi proteins
consisting of almost 100 amino acids, and considered one of the most active of surface
active proteins [14]. They are secreted by filamentous fungi and have different functions
in fungal physiology related to surface phenomena, including adhesion, the formation of
surface layers, and reduction of surface tension [15]. One of the most mukipotent
characteristics of these proteins is self-assembly in to hydrophobic/hydrophilic interfaces
[16], contributing to their use as a material surface modifying and enzyme and cell
adsorbing agent [17]. Hydrophobins have been applied to enzyme stabilization [18],
biosensor [19] and electrode modification [20], drug delivery [21, 22], and surface
coating [23, 24]. Hydrophobin utilization for enzyme immobilization on an electrode
surface has been reported for glucose oxidase [14] and choline oxidase [25], indicating
good immobilization and excellent stability.

Herein, a biosensor based on graphene oxide/Au nanoparticle (NPs)/poly (vinyl
alcohol) (PVA), hydrophobin, and lactate dehydrogenase enzyme has been fabricated
for pyruvate determination. The newly synthesized nano-composite (GO/AuNPs/PVA)
showed that HFB1 (hydrophobin HFB1) was immobilized on the modified electrode
surface through its hydrophobic head and, therefore, this assembly was suitable for the
immobilization of LDH enzyme via hydrophilic interaction to access the active site of
the enzyme. Pyruvate could then be measured by evaluating the decrease in NADH co-

factor concentration.
2. Experimental
2.1. Chemicals

Lactate dehydrogenase enzyme and HFB1 protein were recombinantly produced in

our laboratory [26]. Other chemicals were of analytical grade and purchased from Sigma



Aldrich. Human serum (with ethical permission: IR.KMU.REC.1398.22) was used for

real sample analysis.
2.2. Instruments

The morphology of the synthesized graphene oxide (GO) and GO/AuNPs/PVA
composite was evaluated by using a KYKY EM3200 scanning electron microscope
(SEM). The FT-IR spectrum was recorded on an FT-IR spectrometer (Brucker, model
Tensor 27). The X-ray diffraction (XRD) patterns of the synthesized graphene oxide
were obtained on an X'PertPro (Holland). The ultraviolet-visible spectrum was recorded
by a Cary 50 UV-vis spectrophotometer (Varian, USA), equipped with 1.0cm quartz
cells. Moreover, electrochemical measurements were performed using a Portable
Bipotentiostat/Galvanostat Stat 400, controlled by Drop View software, interfaced
with a personal computer for potential control and collecting data. A three-electrode
system, including a glassy carbon electrode (GCE) with a diameter of 2 mm as the
working electrode, Ag/AQCI as the reference electrode, and a platinum wire as the
counter electrode, were employed. Impedance measurements were performed with an
Autolab potentiostat/galvanostat (PGSTAT 302 N, Eco Chemie, the Netherlands).

Finally, a pH meter (Metrohm 713) was used to measure the pH of the solution.

2.3. Synthesis of Graphene Oxide (GO), AuNPs, and Nanocomposites

Graphene oxide was synthesized by a modified Hummer’s method [27]. Briefly, 120
ml of concentrated H,SO4 solution was mixed with 5 g of graphite powder in a round-
bottom flask, and the mixture was allowed to stir for 10 min. Next, 2.5 g of NaNO3; was
added to the previous mixture (mild pre-oxidation step). After that, the temperature was
reduced using an ice bath, and then 15 g of KMnO4 was added to the mixtureover three
hours. The mixture which was stirred for for four days. In the next step, 700 ml of water
and 40 ml of H,O; solution (30%) were added to the mixture and it was stirred for one
day to obtain the graphite oxide mixture which was later centrifuged and washed four
times with HCI solution (5% v/v) and then repeatedly washed with water until the pH of
the solution became neutral. Finally, the resulting solution was sonicated for 60 min.

The graphene oxide precipitate was obtained by drying in a vacuum.



AUNPs were prepared according to the citrate reduction protocol [28]. According to

the Beer-Lambert law , A=ebc, where A is absorbance at 520 nm (here, 0.81), ¢ is the
molar absorption coefficient of AUNPs at 520 nm (4.2x10% M*cm®), b is the path length

of the absorbing medium (here, 1 cm), c, the concentration of AUNPs, was obtained as
1.9 nM (Fig. 1 A).
For the preparation of the graphene oxide AuNPs composite (GO/AuNPs), a

specified volume of AUNPs was added to GO powder and allowed to stir for one day.
Afterwards, the solvent was evaporated in an oven at 70 C for 12 hours.

To prepare the PVA/GO/AUNPs nanocomposite, PVA was dissolved in deionized
water at 80 'C in a three-neck flask and stirred to obtain an aqueous solution. Then, the
GO/AUNPs aqueous suspension was dripped into the PVA solution and was allowed to
stir for five hours at 80 'C [29]. Cyclic voltammetry as illustrated in Fig. 3 A and B.
gave the optimum ratio of PVA to GO/AUNPs.

2.4. Preparation of the Electrochemical Biosensors

The GCE was polished using 0.05 pm of alumina powder for 15 min, followed by
ultrasonication in water and ethanol. In the next step, it was transferred to the
electrochemical cell for further cleaning and activation via cyclic voltammetry between
—1.5 V and +1.5 V at a scan rate of 100 mV s ' in 0.5 mol.L™* of freshly prepared
deoxygenated H;SO, umtil a stable cyclic voltammetric profile (=10 times) was
obtained. The pretreated electrode was dried at room temperature. After that, 5 pL of the
GO/AUNPs/PVA suspension was dropped on the electrode surface and air-dried until a
uniform film was formed. Next, the modified electrode was immersed in 30 pg/ml of
HFBL1 solution for 12 hours at 4 'C. Then, 5 pL of the LDH enzyme (0.01 mg/ml) was
drop-caste on the surface of the modified electrode with GO/AuNPs/PVA-HFB1. The

modified electrode was stored at 4 'C at constant humidity condition when not in use.

2.5. The principle of biosensor
As displayed in the sensing mechanism of the modified electrode (Schematic 1),
HFB1 acts as a glue to immobilize the enzyme on the electrode surface. Since it was

more important to access the active site of the enzyme, hydrophobin was immobilized



on the electrode surface via the hydrophobic side. Therefore, to providing a hydrophobic
surface for the stable immobilization of hydrophobin, the GO/AuNPs/PVA
nanocomposite acts as a direct electrochemical connector between the electrode surface
and the redox center of the LDH and, therefore, facilitates the electron transfer. Pyruvate
can be estimated by evaluating the decrease in NADH cofactor concentration according

to the stoichiometric relationship in the following reaction:

LDH
2HT 2¢

Pyruvate + NADH & Lactate + NAD* (1)

Schematic 1
The equilibrium constant of this reaction at pH 7.4 is very large (10%). Thus, the

reaction proceeded from left to right and could be considered almost irreversible [30].

3. Results and Discussion

3.1. Characterization of Nanocomposite

As evident from the FT-IR spectrum of the prepared graphene oxide (Fig. 1 B), the
characteristic band at 1031.54 cm* was assigned to C-O alkoxy stretching, and the band
at 1666.02 cm* indicated the stretching vibration of C=0. In addition, an O-H stretching

vibration was observed around 3420 cm.

Fig. 1

The XRD pattern of the synthesized graphene oxide is illustrated in Fig. 1C. A peak
around 2theta = 10.6 in the XRD pattern confirmed that GO was successfully exfoliated,
and this peak belonged to the interlayer of 8.32 A. A similar peak around 10.6 in the
XRD pattern was reported by Gupta et al. for GO synthesized by modified Hummer’s
method [31]. As indicated in the SEM image of the GO and GO/AUNPs/PVA
nanocomposite (Fig. 2), a very thick layer of GO was prepared (A), and a layer of
AuNPs was formed on the GO surface (B).

Fig. 2



3.2. Wettability of Different HFB1-Modified GCEs Surfaces
The water contact angle was used to evaluate the wettability of glassy carbon

electrode surface before and after modification with HFB1.Fig.3 shows that water

contact angle of the bare glassy carbon electrode surface increased from 60.3° (+ 2.4°) to
73.6° (+ 1.2°) (n=3) after modification with GO/AUNPs/PVA and the hydrophobicity of

the electrode surface was increased (B). In the next step of the modification, the water
contact angle of the electrode surface remarkably decreased to 21.7° + 2.0° indicating
that HFB1 immobilized on the GO/AuUNPs/PVA modified the electrode by the
hydrophobic side and therefore the hydrophilicity of the surface was significantly
increased (C). The hydrophobicity of the surface after the next modification with LDH

(giving a water contact angle of 36.9° + 2.7%) proved that the enzyme immobilized in a

suitable orientation and its active site was accessible (D) [32].

Fig. 3

3.3. The Characterization of the stepwise electrode modification
Cyclic voltammograms were recorded at different steps of nanocomposite and

8-l solution. The

enzyme immobilization on the electrode surface in | mM Fe(CN)s
results are presented in Fig. 4A. It is clear that a pair of well-defined redox peaks with a
peak-to-peak separation (AEp) of 0.51 V was observed for bare glassy carbon electrode

corresponding to Fe(CN)g>"*

. After electrode surface modification with GO composite,
the current significantly increased and the AE, slightly decreased to 0.15 V. Also, an
increase was observed in current after modification of the bare glassy carbon with
GO/AUNPs due to increased surface area. Therefore, the oxidation/reduction of
Fe(CN)s>™ became facile on the GO/AUNPs glassy carbon electrode. In comparison
with the GO/AUNPs modified glassy carbon electrode, the electrode surface modified
with  GO/AuNPs/PVA showed a decrease in current. After incubating the
GO/AuUNPs/PVA electrode in  HFB1 solution, the voltammetric peak current clearly
decreased and AE, increased, indicating immobilization of the enzyme on the
GO/AuUNPs/PVA/HFBL electrode surface and hindering diffusion. Finally, after LDH

immobilization, the peak current was also reduced, providing the immobilization of the



enzyme on the GO/AuUNPsS/PVA/HFBL1 electrode surface and hindered it. The Nyquist
plots of stepwise electrode modification are shown in Fig. 4B. The results indicate that
the diameter of the impedance semicircle GO/AuUNPs electrode is less than that of the
GO electrode, exhibiting a lower electron-transfer resistance and higher conductivity.
For the GO/AUNPs/PVA electrode, the electron-transfer resistance was increased. It was
clear that the diameter of the semicircle increased consecutively with the successive
self-assembly of HFB1 and the deposition of LDH, suggesting that the electron-transfer
resistance increased step by step. The results were in good agreement with the results of

the cyclic voltammograms.

Fig. 4

3.4. Optimization of Experimental Parameters for NADH Determination

To obtain high performance for biosensor sensing, the percentage of GO/AuUNPs and
PVA, pH of the electrolyte solution, type of buffer and its concentration were optimized.
To obtain an optimum percentage of GO/AuNPs/PVA nanocomposite, at a constant
percentage (2.5%) of PVA, four composites with variable percentages of the GO/AUNPs
were synthesized. The glassy carbon electrode modified with each of these and their

related cyclic voltammograms in 1mM Fe(CN)g>"*

solution were recorded. As depicted
in Fig. 5(A), both current and the potential approached a plateau at a a percentage of 5;
therefore, 5% was determined as optimum. Also, the optimum percentage for PVA was
2.5% at a constant percentage of GO/AUNPs (5%) and a variable percentage of PVA, as
indicated in Fig. 5 (B). The influence of pH on the oxidation peak of NADH was
investigated in Britton—Robinson (B.R.) buffer in the PH range 2-9. According to Fig. 5
(C), as the pH increased from 2 to 7, the anodic peak current for NADH increased.
Furthermore, the potential of the anodic peak shifted to a more positive potential. After
pH7, the current of anodic peak decreased and this pH was selected as the optimum. The
buffer and its concentration were selected as PBS buffer and 0.1 M based on Fig. 5 (D,

E).

Fig. 5



3.5. The Effect of scan Rate on Biosensor Performance

The electrochemical behavior of the GO/AuNPs/PVA/HFBL glassy carbon electrode
with increasing scan rates was investigated by cyclic voltammetry in 0.01M NADH
solution. As indicates that Fig. 6A, the anodic peak current of NADH increased with
adding the scan rate between 0.01 to 0.1 V.s, the anodic peak potential shifted to more
positive potentials, and no cathodic peak was represented. Fig. 6 B indicated that the
oxidation peak of NADH increases linearly with the square root of the scan rate with a
regression coefficient of 0.987, Iillustrating that the electrocatalytic process was
controlled by the diffusion of the electroactive species from the solution to the redox site
of the electrode [33]. Using the slope of the plot of the anodic peak current vs. the
square root of scan rate and the Randles-Sevcik equation for totally irreversible electron
transfer, the electron transfer coefficient for NADH was computed as follows:

ip = (2.99 x 10°)n o> AC" D*®° p°° 2)

where n denotes the number of exchanged electrons, o represents the electron transfer
coefficient, A indicates the surface area of the working electrode, C* and D respectively
are the bulk concentration and diffusion coefficients of the electroactive species, and v is
the potential scan rate. Moreover, oo was obtained as 0.44 by the slope of the Epa versus
log v (Fig. 6 C) [34]. The diffusion coefficient of NADH was found to be 6.27 x 108
cm? st

Fig. 6

3.6. Analytical Performance Characteristics by DPV and Amperometry Techniques

Fig. 7 A gives an overview of the oxidation of NADH in 0.1M PBS buffer (pH=7) by
differential pulse voltammetry at the GO/AuNPS/PVA/HFB1/LDH glassy carbon
electrode. Based on the voltammograms, the oxidation peak potential of NADH was
0.73 V and the anodic peak current was decreased by adding pyruvate. The difference
between the anodic peak current before and after pyruvate addition (Ai.) was linear
with pyruvate concentration (Fig. 7 B). The regression equation was Aip,= 6.9 x 1073

9



[Pyr] + 0.70 (R?= 0.991), the linear range was 50 to 1200 nM, and the other regression
equation of Aip,= 9.92x10° [Pyr] + 9.00 (R?= 0.990) was obtained in the range of 5 to
140 pM.

The limit of detection and the limit of quantification of the biosensor were estimated
to be 8.69 nM and 20.90 UM respectively. Compared with some reported detection
limits given in Table 1, the proposed method showed a lower detection limit with a

wider linear range.

Table 1

In order to determine the apparent Michaelis-Menten constant (K3PP), the
amperometry technique was employed. The amperometric response INNADH solution
(10 mM) by the addition of different amounts of pyruvate into a stirred 0.1M PBS buffer
solution (pH=7) on a GO/AUNPs/PVA/HFB1/LDH glassy carbon electrode at 0.7 V
operating potential vs Ag/AQCI is illustrated in Fig. 7 C. According to the data provided,
a decrease in the amperometric current was produced for each successive increase of
0.05mM pyruvate. In the differential pulse voltammograms shown in Fig. 7 A, a similar
trend could be observed. The apparent Michaelis—Menten constant was calculated from
the slope and the intercept of the plot of the reciprocal steady-state current versus

reciprocal pyruvate concentration (Fig. 7 D, inset) according to the Lineweaver-Burk

equation[35]:
S=()E+) ®

where is and imax are the currents measured for enzymatic pyruvate detection under
conditions of steady-state and NADH saturation, respectively, and C is the NADH
concentration. The k** of LDH immobilized on the modified electrode was calculated to
be 1.5 mM, which was lower than the value estimated for free LDH (4.0 mM). Using
HFB1 as modifier caused the enzyme be stable. The Km of immobilized LDH was

lower, indicating higher affinity for LDH after immobilization [14].

Fig. 7

10



3.7. Selectivity, Reproducibility, and Stability of biosensor

To demonstrate the selectivity of pyruvate detection, the effect of ascorbic acid (AA),
citric acid (CA), and glucose as the main interference under biological conditions was
investigated on the anodic peak current response to pyruvate by a
GO/AUNPs/PVA/HFB1/LDH glassy carbon electrode in 0.1M PBS buffer solution
(pH=7) (Fig. 8 A). The addition of AA, CA, and glucose solution (150 uM) did not have
a significant influence on the current response to pyruvate solution (1.5 pM). This result
is one of the advantages of the fabricated biosensor, providing highly selective detection
for pyruvate.

To evaluate the reproducibility of the GO/AUNPsS/PVA/HFBL/LDH glassy carbon
electrode, the DPVs of five electrodes were recorded for NADH detection under the
same condition (Fig. 8 B). A good reproducibility with a relative standard deviation
(RSD) of 4.3% was obtained. The repeatability with RSD was also estimated at 3.6 %
with five independent DPVs measurements.

Furthermore, the stability of the biosensor was investigated over 15 days as depicted
in Fig. 5 C. When the sensor was not in use, it was stored at 4 "C. After nine days, the
anodic peak current was 94% of the initial current and, after two weeks, the anodic peak
current was 85% (Fig. 8 C). These results indicated that the biosensor had excellent
selectivity and good stability for pyruvate determination.

Fig. 8

3.8. Pyruvate Detection in the Real Sample

The application of the biosensor was successfully performed in three real samples
(serum) after appropriate pretreatment. The recovery of this assay was calculated by the
standard addition method. Based on Table 2, the recovery was in the range of 93-104.
Therefore, this biosensor was appropriate for real sample analysis.

Table 2.
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4. Conclusion

Using the GO/AUNPs/PVA composite, an increase in the electrode current response
was observed due to an increase in the surface-to-volume ratio and high electrical
conductivity. In addition, the hydrophobicity of the electrode surface was enhanced after
the immobilization of the GO composite. Consequently, the appropriate self-assembly
of HFB1 for the immobilization of LDH was observed and proven by water contact
angle of the electrode surface. HFB1 not only caused LDH to be immobilized through
the hydrophilic head on the electrode surface but also improved the enzyme stability.
This electrochemical biosensor demonstrated an acceptable precision, storage stability,
and reproducibility, as well as a low detection limit and wide linear range in comparison
to the other previously reported sensors. Finally, the enzyme biosensor was successfully

applied to real sample analysis.
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Schematic 1. The steps for fabrication of LDH biosensor.

Fig. 1 (A) UV-vis absorption spectra for solution of AuNPs.(B) FT-IR spectrum and
(C) XRD pattern of GO.

Fig. 2.SEM images of GO (A), and GO/AuNPs/PVA nanocomposite (B).

Fig. 3. Water contact angle of different steps of modified GCE surfaces, (A) bare
GCE, (B) GO/AuNPs/PVAGCE, (C) GO/AuUNPs/PVA/HFBIGCE and (D)
GO/AUNPs/PVA/HFB1/LDH GCE.

Fig. 4 Cyclic voltammograms (A) and EIS (B) of bare and modified electrodes.(Pare
blue bare electrode, yellow GOE, red GO/AuUNPSE, green GO/AuUNPsS/PVAE, dark blue
GO/AUNPs/PVA/HFBLE, purple GO/AuNPs/PVA/HFB1/LDHE)

Fig. 5. Variable percentage of GO/AUNPS with constant percentage of PVA
(2.5%)(Alpa ,0 Epa) (A), variable percentage of PVA with constant percentage of
GO/AUNPS (5%) (Alya ,0 Epa) (B) for preparation of nanocomposite. The influence of
pH on the peak current and potential of NADH oxidation in B.R. buffer in the pH range
of 2 — 9 (A Epa,® Al) (C), investigation of buffer type in different buffer solution with
concentration of 0.1 M (red tris, blue PBS, purple B.R., black citrate)(D) and the
influence of PBS buffer concentration (green 0.01, orange 0.05, red 0.1, blue 0.15, purple
0.2). Error bars=xstandard deviation and n=3.

Fig. 6. GO/AuNPs/PVA/HFB1GCE in 0.01M NADH in PBS buffer pH 7 at different
scan rate (0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1 VI/s) (A), plot of current
vs. square root of scan rate y= 31.193x -1.0861 R?=0.987 (B), and plot of Epa Vs. log v
(y=0.0679x+0.9269 R?=0.990) (C). Error bars=+standard deviation and n=3.

Fig.7. The differential pulse voltammograms of GO/AuNPs/PVA/HFB1/LDH glassy
carbon electrode in 10 mM NADH solution before and after pyruvate addition (A), the
plot of Alpa vs. [Pyr] with two regression equation Aiya= 6.9 X 102 [Pyr] + 0.70 (R’=
0.991), and Aip,= 9.92x10™ [Pyr] + 9.00 (R?= 0.990) . Error bars=+standard deviation and
n=3 (B).The current — time response of modified electrode in 10 mM NADH solution
before and after adding pyruvate with +0.7 V working potential (C), and the plot of I vs.
[Pyr], (the inset was the plot of 1/1 versus 1/ [Pyr] ) (E).

Fig. 8. The DPV responses of modified electrode after adding the Pyr, CA, AA, and
glucose (A). Oxidation response of independently 5 fabricated biosensors (B) Stability of
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the biosensor during 15 days (C) for NADH (10 mM) and pyruvate solution (0.5 pM)

under optimum condition. Error bars = +standard deviation and n=3.
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Table 1 Response characteristics of different sensor for pyruvate determination.

Table 2 Pyruvate concentration in real sample with the proposed biosensor.
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Method DOE Linear range (M) Ref.
Chemiluminescence 21.00 nM 75.45 — 11.81x10° [3]
fluorimetric assay 5.00 nM 0-1.00x10° [5]
Enzymic fluorescence capillary analysis 12.00 puM 0.20x10°-1.20x10° [36]
Spectrophotometry: [4]
Schwimmer and Weston and Not mention 1.00x10%-9.00x10°
Anthon and Barret protocol
Fluorometric-coupled reaction 50.00 uM 1.00x10°-1.00x10° [6]
Amperometric biosensors 34.00 uM 9.00x10*-6.00x10° [9]
Electrochemical nanobiosensor 8.69 nM 5.00x10"-1.20 x10° This work
5x10°-1.40x10°

Sample Initial x10° Added x10° Found x10° Recovery

(nM) (nM) (nM) %

0.91 1.00 1.84 93.0
Serum 1 0.91 4.00 477 96.5

7.53 1.00 8.47 94.0
Serum 2 7.53 4.00 11.33 95.0

3.49 1.00 453 104.0
Serum 3 3.49 4.00 7.33 96.0
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Highlight
e A selective LDH nanobiosensor was fabricated for pyruvate determination.
e GO nanocomposite increased current response.
e GO nanocomposite helped increasing hydrophobicity of the electrode surface.
[}

Hydrophobin helped to the suitable attachment of the enzyme to the electrode
surface.

Hydrophobin helped the enzyme stability.
e This fabricated biosensor exhibited good selectivity, stability, and reproducibility.
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