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Abstract 
 

The nanoparticles (NPs) of hemoglobin (Hb) were prepared by desolvation method and 

characterized by transmission electron microscopy (TEM), ultraviolet (UV) spectroscopy and 

Fourier-transform infrared spectroscopy (FTIR). An amperometric H2O2 biosensor was 

constructed by immobilizing HbNPs covalently onto a polycrystalline Au electrode (AuE). 

HbNPs/AuE was characterized by scanning electron microscopy (SEM), cyclic voltammetry 

(CV) and electrochemical impedance spectra (EIS) before and after immobilization of HbNPs. 

The HbNPs/Au electrode showed optimum response within 2.5s at pH 6.5 in 0.1M sodium 

phosphate buffer containing 100μM H2O2 and 30⁰C, when operated at -0.2V against Ag/AgCl. 

The HbNPs/AuE exhibited Vmax of 5.161±0.1 μA cm−2 with Michaelis-Menten constant (Km) 

of 0.1±0.01mM. The biosensor showed lower detection limit (1.0μM), high sensitivity 

(129±0.25μA cm−2 mM−1) and wider linear range (1.0-1200μM) for H2O2 as compared to earlier 

biosensors. The analytical recoveries of added H2O2 in serum (0.5μM and1.0μM) were 97.77% 

and 98.01% respectively and   within and between batch coefficients of variation (CV) were 

3.16% and 3.36% respectively. There was a good correlation between sera H2O2 values obtained 

by standard enzymic colourimetric   method and the   present biosensor (R2=0.99). The biosensor 

measured H2O2 level in sera of apparently healthy subjects and persons suffering from diabetes 

type II. The HbNPs/Au electrode lost 10% of its initial activity after 90 days of its regular uses, 

when stored dry at 4oC. 

Keywords: H2O2, Hemoglobin nanoparticles, Gold electrode, Serum, H2O2 biosensor. 
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1.  Introduction 

 
Hydrogen peroxide (H2O2) is incompletely reduced metabolite of oxygen that has a diverse array 

of physiological and pathological effects within living cells, depending on the extent, timing, and 

location of its production. Characterization of the cellular functions of H2O2 requires 

measurement of its concentration selectively in the presence of other oxygen metabolites and 

with spatial and temporal fidelity in live cells.1 H2O2 is one of the reactive oxygen species (ROS) 

among others like superoxide anion (O2
.-), hydroxyl radical (OH.), hydroxyl ion (OH-). The 

highest concentration of H2O2 is associated with diabetes, atherosclerosis, and aging, as it 

generates free hydroxyl radicals, which cause oxidative damage to the tissue components such as 

lipids and proteins besides DNA.2-3 For the measurement of H2O2 in biological fluids, several 

sensitive methods based on horseradish peroxidase and artificial substrates (such as Amplex Red 

and 3,5,3'5'-tetramethylbenzidine) or on ferrous oxidation in the presence of xylenol orange 

(FOX) have been developed.4 The rapid and accurate determination of hydrogen peroxide is very 

important, as it is not only the product of the reactions catalyzed by many highly selective 

oxidases, but also employed in various fields such as food, pharmaceutical, biology, medicine, 

industry and environmental analysis.5 Hyperglycemia is one of the major ways of inducing 

reactive oxygen species (ROS) and endothelial dysfunction in patients with diabetes.6 The 

imbalance between the production of reactive oxygen species (ROS) and the endogenous 

antioxidant mechanism to counteract the effect of ROS or repair the resulting damages generate 

oxidative stress.7 The determination of hydrogen peroxide in diabetics helps in evaluating their 

oxidative stress status. By maintaining a good diabetic control and implementing strategies 

including supplementation of antioxidant micronutrients (vitamin E and C, beta-carotene) will 

reduce the oxidative stress and thus help in reducing the risk of chronic complications.8 Several 

methods, such as titrimetry5, spectrometry9, chemiluminescence10, fluorimetry11, 

chromatography12, and electrochemical techniques13,14 have been reported for this purpose. 

Among these techniques, the electrochemical techniques are preferable because of their 

simplicity, low cost, high sensitivity, rapidity, and selectivity. The proteins containing heme 

groups, such as hemoglobin (Hb), myoglobin and cytochrome C possess peroxidase-like for 

reduction of H2O2, due to the electroactive center of heme17 and therefore have been employed 

for the construction of H2O2 sensors.18-19 Among these, hemoglobin (Hb) is more suitable for 

H2O2 biosensor, because of its known structure, commercially availability at low cost and 
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relatively more stability. Thus the biosensors using native Hb was more specific with reduced 

fabrication cost.20 The native Hb has been immobilized onto various types of nanocomposites for 

construction of H2O2 biosensor such as Hb/Pluronic P123-nanographene platelet (NGP)21, 

Hb/Collagen micro belt22, Hb/Ag sol films23, Hb/AuNPs/L-Cysteine(L-Cys)/paminobenzene 

sulfonic acid(p-ABSA)/Pt disk24, Hb/Collagen-mWCNT25, DNA–Hb/Au26. The various support 

used for the H2O2biosensors are Platinum nanoparticles PtNPs/ Reduced graphene oxide RGO/ 

Chitosan CS/ Ferrocene Fc28, Self-assembled dipeptide DP- Gold nanoparticles AuNP/ 

Horseradish peroxidase HRP/ Glassy carbon electrode GCE29, Graphene capsules 

GRCAPS/HRP/ Indium tin oxide ITO30, HRP/ Poly (aniline-co-N-methyllanthionine)PAN-

PNMThH31, Electrochemically reduced graphene oxide ERGO/GCE32, TMB-3,3′,5,5′-

teramethylbencidine /HRP/PDMS Polydimethylsiloxane /TEOS Tetraethylorthosilicate 

/SiO2NPs Silicon oxide nanoparticles33, TTP Turnip tissue paper /SPCE34, GPtNPs35, 

PtRu/3DGF36, Cytochrome c Cytc/ Nickel oxide nanaoparticles NiONPs/ Multiwall carbon 

nanotubes c-MWCNT/ Polyaniline PANI/Au37. However, these methods involve the complex 

strategies for construction of working electrode and have poor detection limit and narrow linear 

range. Hence, there is a need for development of an efficient and reliable analytical device that 

can provide high sensitivity, facile operation and quick response to the H2O2 molecule. In recent 

years, protein nanoparticles have been employed in the construction of improved biosensors due 

to their exceptional electronic, optical, mechanical, thermal properties.15 Au electrode offers 

many attractive features such as good conductor of electricity, low cost, low background current 

and easy availability.16  The present work describes the construction of an H2O2 biosensor based 

on covalent immobilization of HbNPs onto Au electrode, its characterization, evaluation and 

application for amperometric determination of H2O2 in sera of diabetic patients. 

2.  Experimental Methods  
 
 
2.1 Materials  

Hemoglobin, TRIS-buffer, NAD+, D-Glucose, uric acid, urea, glucose, ascorbic acid, potassium 

chloride, silica gel from SRL, Mumbai, sulphuric acid from Qualigens Fine Chemicals, Mumbai 

were used. Au wire (diameter-2mm) for the preparation of Au electrode was purchased from 

local Jewellery shop. Sera samples of apparently healthy subjects and persons suffering from 



5 
 

diabetes type II were collected from local PGIMS hospital. All other chemicals were analytic 

reagent (AR) grade. Double distilled water (DW) was used throughout the experimental studies. 

 

2.2 Instruments used 

 
Potentiostat/Galvanostat (Make: Autolab, model: AUT83785, manufactured by Eco Chemie. The 

Netherland) with a three electrode system consisting of a Pt wire as an auxillary electrode, an 

Ag/AgCl electrode as reference electrode and LDH immobilized onto GrONPs) modified PGE as 

a working/enzyme electrode. Scanning electron microscope (SEM) (Zeiss EV040, USA, UV 

Spectrophotometer (Make: Shimadzu,Japan, Model 1700), X-ray diffractometer (XRD), (Make: 

122 Rigaku, D/Max2550, Tokyo, Japan), Fourier transform Infra-red spectrometer (FTIR) 

(Thermo Scientific, USA), were used. 

 
2.3 Preparation of hemoglobin nanoparticles (HbNPs) 

 
The HbNPs were prepared by desolvation method. To Hb solution (1mg/ml), 5ml of absolute 

ethanol was added dropwise at a rate of 0.1-0.2ml/min under continuous stirring at a speed of 

500rpm. The desolvating agent encouraged the aggregation of protein molecules into small 

nanoparticles (NPs) by eliminating water molecules in between them. In the same way, process 

was followed by addition of 1ml, 1% glutaraldehyde solution to reaction mixture. The mixture 

was kept under the similar stirring condition at 4°C for 24h to ensure complete crosslinking of 

HbNPs. Such a high concentration of glutaraldehyde is likely to provide intermolecular 

crosslinking of HbNPs molecules through Schiff base. Besides above all, the enzyme NPs thus 

formed were thiol functionalized by adding 0.02g/ml of cysteamine solution (0.02g/ml) to 

HbNPs suspension under constant stirring for 5-6h. Lastly, HbNPs were separated from free 

enzyme by centrifuging NPs suspension at 1200×g for 10min at 4°C, followed by redispersion of 

HbNPs in 0.1M phosphate buffer pH (7.3) and sonication for 5min. Moreover, it is assumed that 

alpha-NH2 group of cysteamine reacts with excess unreacted –CHO groups of glutaraldehyde 

cross-linked Hb molecules to form Schiff base. Thus, the glutaraldehyde cross-linked HbNPs get 

functionalized with –SH groups. These –SH functionalized HbNPs were stored at 4°C, until 

use.38 
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2.4 Characterization of HbNPs 
 
HbNPs were characterized by recording their transmission electron microscopic (TEM) images, 

UV and visible spectra and Fourier transform Infra-red (FTIR) spectra. The size and shape of 

HbNPs were measured by a high resolution transmission electron microscope, Zeiss EM 912, at 

an accelerating voltage of 120kV. TEM samples of the HbNPs were prepared by placing of the 

product solution onto the carbon-coated copper grids, allowing the solvent to evaporate in air. 

UV absorbance of HbNPs dispersed in 0.1M sodium phosphate buffer pH (7.0) was recorded in 

the range from 200 to 600nm at an interval of 50nm, using UV Spectrophotometer (Make: 

Shimadzu, Japan, Model 1700). FT-IR spectra of the HbNPs were measured by Fourier 

transform Infra-red spectrometer (FTIR) (Thermo Scientific, USA) using the standard KBr 

method over a range of 500 to 4000cm-1. 

 
2.5 Preparation of HbNPs modified Au electrode 

 
Thiol groups on the surface of HbNPs provide a facile way for attachment of HbNPs on the 

surface of Au electrode. Before the immobilization, the cleaned bare Au electrode was scanned 

over the 0 to 0.5V range in freshly prepared 0.2M H2SO4 until the voltammogram characteristic 

of the clean polycrystalline Au was established. The polycrystalline Au electrode was placed in 

the HbNPs suspension under mild stirring at 4°C for 12h to get covalent coupling between thiol-

functionalized cross-linked HbNPs and polycrystalline Au electrode via Au-thiolated bond 

through dehydration process (Fig.1). The HbNPs/Au electrode was rinsed with 0.1M of 

phosphate buffer (PB, pH 7.0) carefully and stored in a PB buffer at 4°C, when not in use. The 

characterization of HbNPs/Au electrode was done by SEM and EIS. Below is a representation of 

the chemical reaction that describes the attachment of the HbNPs to the Au electrode 
 

Dehydration 

Aun-AuO+ 2(HbNPs)-SH     Aun(Au-S-HbNPs)+H2O 
 
Polycrystalline   Functionalized HbNPs Hb-E (Hb-electrode) 
 

-AuE  
2.6 Construction and response measurement of H2O2biosensor 
 

To construct the H2O2 biosensor, HbNPs/Au, as working electrode, Ag/AgCl as reference 

electrode and Pt wire as counter electrode were connected through potentiostat. Cyclic 

voltametry (CV) of working electrode was recorded in Potentiostat–Galvanostat at the potential 

range, -0.75 to -0.25V in 25 ml of 0.1M sodium phosphate buffer (pH 6.5) containing 0.1ml 
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100μM H2O2. The current (in mA) was measured at different time (in seconds). 

 
 

2.7 Optimization of H2O2 biosensor 

 
To optimize working conditions of the biosensor, effects of pH, incubation temperature, time of 

incubation and substrate (H2O2) concentration on biosensor response were studied. To determine 

optimum pH, the pH was varied between pH 4.0 to 8.0 at an interval of pH 0.5 using the 

following buffer, each at a final concentration of 0.1M: pH 4.0 to 5.0 sodium acetate buffers and 

pH 5.5 to 8 sodium phosphate buffer. Similarly to determine optimum temperature and 

incubation time the reaction mixture was incubated at different temperature (5–70ºC) and time 

duration (1-10s). The effect of H2O2 concentration on biosensor response was determined by 

varying the concentration of H2O2in the range 1-1200μM. The standard error was calculated 

using the formula: Standard Error (SE) =SD/√n, where SD= standard deviation, n=number of 

samples. Basically, it just tells the general variability of the points around their group means. The 

limit of detection (LOD) was calculated using the following formula: LOD = 3σ/slope, where σ 

is standard deviation. The correlation coefficient (R2) was calculated by regression equation. 

 

2.8 Applications of H2O2biosensor 

 
Blood samples (1ml each) were drawn from apparently healthy male and female (20 each) and 

persons with a diagnosis of diabetes type II at Pt. BDS PGIMS, Rohtak hospital and centrifuged 

at 2000rpm for 10–15min and their supernatant (serum) was collected. H2O2 content in sera was 

determined by the present biosensor in the similar manner as described above for its response 

measurement, under its optimal working conditions except that H2O2 was replaced by serum 

sample. The H2O2 content in serum was interpolated from standard curve between H2O2 

concentrations versus current in mA prepared under optimal assay conditions of biosensor (Fig. 

2). 

 
3.  Results and discussion  
 
 
3.1 Characterization of HbNPs  
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The average size of HbNPs as measured by TEM was between 5nm to 100nm (Fig. 3a), and 

showed an average size of 20nm, which enhanced the surface area of the electrode as compared 

to the native protein. However, this TEM image is also showing diameter of HbNPs in the higher 

range, i.e. 103.47 to 630.24nm (average 236.95), which might be due to aggregation of HbNPs.  

UV and visible spectra exhibited strong absorbance peak at 280nm, revealing), revealing a high 

degree of absorption of   aromatic amino acids of peptide chain confirming their NPs formation. 

The FTIR spectrum of native Hb showed distinct peaks at 1062, 1317, 1553, 1679 and 3497cm − 
1. The strong absorption band at 1317cm − 1 may arise due to the stretching vibrations of C-N 

aromatic functional groups of protein. The medium absorption bands located at 1679 and 

1553cm − 1 corresponds to carbonyl stretch and NH- stretch vibrations in the amide II linkage of 

the protein respectively. The band at 1062cm − 1 indicates presence of amine group. In addition, 

there was a located at 3497cm − 1, which could be assigned to the O H stretching vibrations, 

indicating the presence of hydroxyl groups. The FTIR spectrum of HbNPs showed distinct peaks 

at 1090, 1305, 1561, 1701 and 3488cm − 1(Fig. 3b). In the comparison with the FTIR spectrum 

of the Hb and HbNPs, the major shift was observed in the carbonyl, hydroxyl and amino group 

of protein which is due to ethanol, glutaraldehyde and cysteamine treatment of HbNPs during 

their preparation.  

 
3.2  Characterization  of  working  electrode  (HbNPs/Au)  at  different  stages  of  its 
construction 
 
3.2.1 By scanning electron microscopy (SEM) 
 
The SEM images of the surface of bare Au and HbNPs/Au are shown in Fig. 3c respectively. 

The stepwise modification of electrode could be seen clearly from these SEM images. The SEM 

image of the bare Au showed a smooth and featureless morphology. On immobilization of 

HbNPs, a globular structural morphology was appeared due to the interaction between HbNPs 

and Au, which revealed larger and effective surface area. 

 
3.2.2 By electrochemical impedance spectroscopy (EIS) 

EIS provides the useful information on impedance changes of the electrode surface during the 

fabrication process. It was carried out to investigate immobilization of HbNPs onto Au electrode. 

The diameter of the semicircle at higher frequencies corresponds to the electron transfer 
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resistance (RCT) which controls the electron transfer kinetics of the redox probe at the electrode 

interface, while the linear part at lower frequencies corresponds to Warburg diffusion process. 

The Nyquist plot (Fig. 3d) displays EIS of HbNPs/Au in 5mM K3Fe(CN)6/K4Fe(CN)6. The RCT 

value for the native Hb was 200Ω which is lower than HbNPs/Au i.e. 300Ω. These results 

showed that the increased RCT value of HbNPs/Au electrode was due to the immobilization of 

Hb nanoparticles onto Au surface. This increase in RCT is attributed to the fact that most 

biological molecules, including Hb nanoparticles, are poor electrical conductors at low 

frequencies (at least <10 kHz; applied voltage: 0.2V) and cause hindrance to the electron 

transfer. 
 
 

3.3 Construction &optimization of H2O2biosensor 
  
A novel amperometric H2O2 biosensor was developed based on covalent immobilization of 

HbNPs onto Au electrode. The bare AuE electrode had no oxidation and reduction peaks. The  

HbNPs/ AuE electrode i.e. working electrode  showed optimum oxidation/reduction  peak i.e. 

current at a potential of -0.2 V (Fig. 4), which is similar to HRP/PAN-PNMThH (-0.2V)31,  

ERGO/GCE (-0.2V)32 Hb/NGP (0.2V)20, but higher  to  those involving Hb/Collagen-MWCNT 

(-0.365V)24 Hb/Collagen microbelt (-0.38V)21, Hb/Ag sol films/GCE (-0.40V)22, 

GRCAPS/HRP/ITO(-0.45V)30 , DNA–Hb/Au (-0.75V)25, and lower to TTP/SPCE (-0.1V)34,DP-

AuNP/HRP/GCE (-0.05V)29,  PtNPs/RGO/CS/Fc (-0.05V)28 Hb/AuNPs/ L-cys/ p-ABSA/Pt disk 

(0.1V)23, PtRu/3DGF (0.2V)36 , Cytc/NiONPs/c-MWCNT/polyaniline/Au (0.28V)37,  GPtNPs 

(0.45V)35 .The biosensor showed optimum current at pH 6.5 in 0.1 M sodium phosphate buffer 

(Fig. 5a), which is similar to that of biosensor based on Cytc/NiONPs/c 

MWCNT/polyaniline/Au37 but lower to  those involving Hb/NGP (pH 7.0)20, Hb/Collagen 

microbelt (pH 7.0)21, Hb/Ag sol films/GCE (7.0)22, Hb/AuNPs/ L-cys/ p-ABSA/Pt disk (pH 

7.0)23, Hb/Collagen-mWCNT (7.0)24,  , DP-AuNP/HRP/GCE (7.0)29, GRCAPS/HRP/ITO(7.0)30, 

, ERGO/GCE (7.0)32, ,TTP/SPCE (7.0)34, PtRu/3DGF (7.4)36 and higher to HRP/PAN-PNMThH 

(6.0)31,TMB/HRP/PDMS/TEOS/SiO2NPs(5.0)33 and DNA–Hb/Au (5.0)25. The optimum 

incubation temperature was observed at 30ºC (Fig. 5b),which is similar to the Cytc/NiONPs/c-

MWCNT/polyaniline/Au (30ºC) but higher to  than those  of  Hb/NGP (25 ºC)20, Hb/AuNPs/ L-

cys/ p-ABSA/Pt disk (25 ºC)23 , Hb/Collagen microbelt (20 ºC)21, and lower  to those of 
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PtNPs/RGO/CS/Fc (37 ºC)28, GRCAPS/HRP/ITO (37 ºC)30. Fig. 5c showed that there was a 

sharp increase in biosensor response with the increase in incubation time upto 2.5 s, after that it 

became constant. Hence the optimum response time of biosensor was considered as 2.5 s. The 

faster response time of biosensor provides the real time analysis of the H2O2 in the serum 

sample.  Hence, all the subsequent electrochemical experiments were carried out in 0.1 M 

sodium phosphate buffer, pH 6.5at 30°C. There was a linear relationship between biosensor 

response and H2O2 concentration in the range 1-1200μM, the response was constant after 

1200μM (Fig.5d). The apparent Km is an indication of protein nanoparticles affinity. It can be 

calculated for immobilized protein nanoparticles by the amperometric method, because the 

biosensor response is kinetic. The Km and Vmax values for the HbNPs/AuE electrode were 

found to be 0.1±0.01μM and 5.161±0.1μA cm−2, respectively. The Km value of the biosensor 

was lower than those of the earlier reported biosensors (45.35μM 20and 77.7μM 21).The smaller 

the Km value, the stronger is the affinity between HbNPs and substrate, implying that the present 

electrode exhibits a higher affinity for H2O2. 

3.4 Evaluation of H2O2 biosensor 

There was a linear relationship between the biosensor response i.e. current (in mA) and the H2O2 

concentration in the range 1.0-1200μM, which is better than earlier biosensors, 10-150μM20, 10-

120μM25, 5 -30μM21, 0.21 - 31μM23, 1 -25μM22 (Supplementary Table 4).The detection limit of 

the present biosensor was 0.0001μM, which is also better/lower than those of earlier biosensors, 

8.24μM20, 0.91μM24, 0.4μM25, 0.37μM21, 0.1μM22, 0.07μM23. This could be attributed to the use 

of nanoparticles of Hb instead of native Hb. As the detection limit of biosensor is 0.0001μM, it 

can even detect a single molecule of H2O2, showing the high sensitivity of biosensor.  The 

average recoveries of H2O2 added in sera at levels of 0.5μM and 1.0μM were 97.77 and 98.01% 

respectively (Supplementary Table 1), demonstrating the reliability of the present biosensor. The 

within and between-batch coefficients of variation for  determination of H2O2 in five sera 

samples on the same day and after one week of storage were 3.16% and 3.36%, respectively 

(Supplementary Table 2). These high precisions reveal the good reproducibility and consistency 

of the present method. The H2O2 level in 20 sera of apparently healthy subjects and persons 

suffering from diabetes type II, as measured by present biosensor were compared with those 
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obtained by the standard Enzo kit method. There was a good correlation (R2=0.99) between 

these two methods (Fig.6a) showing the high accuracy of biosensor.  

 

3.5 Interference study 
 
The interference study was performed to assess the selectivity of the present biosensor. The 

HbNPs biosensor exhibited excellent anti-interferences ability with various major blood 

components such as citric acid, glutamic acid, uric acid, urea and ascorbic acid at their 

physiological concentrations. The change in relative response in presence of citric acid, glutamic 

acid, uric acid, urea and ascorbic acid was 4.20%, 2.70%, 1.50%, 3.80% and 2.80% respectively 

under the standard assay conditions. These changes (1.50-4.20%) had practically no effect on 

biosensor response. This   practically no interference could be attributed to functioning of 

biosensor at lower applied potential (–0.2V). Hence, the present biosensor could be highly 

selective/specific for H2O2. 

3.6 Applications of H2O2biosensor  
The H2O2 content as measured by the present biosensor was in the range 23.9±0.04-45.6±0.05 

(n=20)µM for sera of apparently healthy persons, which is in normal established range and 

68.2±0.05-143±0.05µM (n=20) for persons suffering from diabetes type II (Supplementary Table 

3). 

3.7 Storage stability of HbNPs/Au electrode 
 

The HbNPs/Au electrode   was tested every fifth day over a period of 90days, while being stored 

dry at 40C. Fig. 6b shows the % of initial response of HbNPs/AuE electrode vs storage time. The 

electrode lost 10% of its initial activity after 90 days of its regular uses when stored dry at 4oC. 

The storage stability of the present biosensor is better than earlier reported biosensors as 

25days34, 30days37 which could be credited to covalent immobilization of HbNPs onto Au 

electrode.  

The present biosensor could be advanced with respect to use in biomedicine or clinical settings 

by miniaturizing it into commercial model/portable model, which could be used at the bedside of 

the patient. The miniaturization means designing of an electronic chip for current measuring 
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device (potentiostat) and transformation of HbNPs/Au electrode into a microelectrode (like 

screen-printed electrode), which could be dipped into one drop of biological sample and an 

adopter to connect the miniaturized current device with the microelectrode. The current device 

needs to be battery-operated and finally calibrated according to the concentration of H2O2. 

However, biosensor has some drawbacks such as lack of substrate specificity, requirement of 

expensive Au wire for construction of working electrode and cold temperature for its storage. 

 
Conclusion 

The covalent immobilization of HbNPs onto Au electrode in the construction of H2O2 biosensor 

has resulted into its better analytical performance in terms of lower working potential (-0.2V), 

which is similar to HRP/PAN-PNMThH (-0.2V)31,  ERGO/GCE (-0.2V)32 Hb/NGP (0.2V)20, but 

higher  to  those involving Hb/Collagen-MWCNT (-0.365V)24 Hb/Collagen microbelt (-0.38V)21, 

Hb/Ag sol films/GCE (-0.40V)22, GRCAPS/HRP/ITO(-0.45V)30 , DNA–Hb/Au (-0.75V)25, and 

lower to TTP/SPCE (-0.1V)34,DP-AuNP/HRP/GCE (-0.05V)29,  PtNPs/RGO/CS/Fc (-0.05V)28 

Hb/AuNPs/ L-cys/ p-ABSA/Pt disk (0.1V)23, PtRu/3DGF (0.2V)36 , Cytc/NiONPs/c-

MWCNT/polyaniline/Au (0.28V)37,  GPtNPs (0.45V)35 , LOD (0.0001μM) which is also 

better/lower than those of earlier biosensors, 8.24μM20, 0.91μM24, 0.4μM25, 0.37μM21, 0.1μM22, 

0.07μM23, wider linear range (1 to 1200μM) which is better than earlier biosensors, 10-150μM20, 

10-120μM25, 5 -30μM21,  0.21 - 31μM23, 1 -25μM22 , rapid response (2.5s), and higher storage 

stability (90days) compared to earlier biosensors  (Supplementary Table 4). Thus   covalently   

bound protein nanoparticles onto Au electrode could be used for the construction of other 

improved biosensors also.  

 

Conflict of interest 

The authors have no conflict of interest. 

 

 

 

 

 

 



13 
 

References 
 
 
1. Rhee SG, Chang TS, Jeong W, Kang D. Methods for detection and measurement of hydrogen 

peroxide inside and outside of cells. Mol Cells. 2010; 29: 539-49.   
2. Zhou K, Zhu Y, Li X, Yang C. Preparation and application of mediator free H2O2 biosensors 

of graphene-Fe 3O4 composites. Electroanalysis. 201:, 23: 862-9.  
 
3. Yorek MA. The role of oxidative stress in diabetic vascular and neural diseases. Free Radic 

Res. 2003; 37: 471 -80.  
 
4. Ruzgas T, Crosergi E, Emneus J, Gorton L, Marko-Varga G.  Peroxidase modified 

electrodes: Fundamentals and applications. Anal Chim Acta. 1996; 330: 123-38.  

5. Hurdis EC, Romeyn HJ. Accuracy of determination of hydrogen peroxide by cerate 

oxidimetry. Anal Chem. 1954; 26: 320-5.  
 
6. Musameh M, Wang A, Merkoci J, Lin Y. Graphene based electrochemical sensors and 

biosensors: a review. ElecrochemCommun. 2002; 4: 743-6.  
 
7. Silvio E, Inzucchi M, Richard M, Bergenstal B, John B, Diamant M, Ferrannini E. 

Management of hyperglycemiain type 2 diabetes: a patient-centered approach. Diabetes care 

2012; 35: 1364-1379.  

8. Pieper GM. Hyperglycemia and Diabetes — Induced Vascular Dysfunction: Role of 

Oxidative Stress. Developments in Cardiovascular Medicine Oxidative Stress and Vascular 

Disease 2000; 305–322.  
 
9. Matsubara C, Kawamoto N, Takamura K. Oxo [5, 10, 15, 20-tetra (4-pyridyl) porphyrinato] 

titanium (IV): an ultra-high sensitivity spectrophotometric reagent for hydrogen peroxide. 

Analyst 1992; 117: 1781-1784.  
 
10. Chen W, Li B, Xu C, Wang L. Chemiluminescence flow biosensor for hydrogen peroxide 

using DNAzyme immobilized on eggshell membrane as a thermally stable biocatalyst. 

Biosens. Bioelectron. 2009; 24: 2534-2540.  
 
11. Mills A, Tommons C, Bailey RT, Tedford MC, Crilly PJ. Reversible, fluorescence-based 

optical sensor for hydrogen peroxide. Analyst 2007; 132: 566- 571.  
 
12. Nakashima K, Wada M, Kuroda N, Akiyama S, Imai K. High-performance liquid 

chromatographic determination of hydrogen peroxide with peroxyoxalatechemiluminescence 

detection. J Liq. Chromatogr. 1994; 17: 2111-2126.  
 



14 
 

13. Garguilo MG, Proctor A, Michael AC.  Amperometric Sensors for Peroxide, choline, and 

acetylcholine based on electron transfer between horseradish peroxidase and a redox 

polymer. Anal Chem. 1993; 65: 523-528.  

14. Vreeke M, Maidan R, Heller A.  Hydrogen peroxide and .beta.- nicotinamide adenine 

dinucleotide sensing amperometric electrodes based on electrical connection of horseradish 

peroxidase redox centers to electrodes through a three-dimensional electron relaying polymer 

network. Anal Chem. 1992; 64: 3084-3090.  

15. Serradilla RS, Lopez RB, Mora DN, Mark HB, Kauffmann JM. Hydrogen peroxide sensitive 

an amperometric biosensor based on horseradish peroxidase entrapped in polypyrrole 

electrode. Biosens. Bioelectron. 2002; 17: 921-8.  

16. Schlereth D, Mantele W. Redox induced conformational changes in myoglobin and 

hemoglobin: electrochemistry and ultraviolet- visible and Fourier transform infrared 

difference spectroscopy at surface modified gold electrode in an ultra thin layer 

spectroelctrochemical cell. Biochem. 1992; 31: 7494-502.  

17. Ye RP, Baldwin J, Catalytic reduction of myoglobin and hemoglobin at chemically modified 

electrodes containing methylene blue, Anal Chem. 1988; 60: 2263-8.  

18. Reed DE, Hawkridge FM. Direct electron transfer reactions of cytochrome C at silver 

electrodes. Anal Chem. 1987; 59: 2334-9.  

19. Sezgintürk MK, Dinçkaya, E. H2O2 determination by a biosensor based on hemoglobin, Prep 

Biochem. Biotechnol. 2009; 39: 1-10.  

20. Xu  XX,  Zhang JX, Guo F,  Zheng W,  Zhou HM,  Wang BL, Zheng YF,  Wang YB, Cheng 

Y, Lou X, Jang BZ.  A novel amperometric hydrogen peroxide biosensor based on 

immobilized Hb in Pluronic P123-nanographene platelets composite. Colloids and Surfaces 

B: Biointerfaces. 2011; 84: 427-432.  

21. Guo F ,  Xu XX,  Sun ZZ,  Zhang JX, Meng Z, Zheng W, Zhou HM,  Wang BL, Zheng YF.  

A novel amperometric hydrogen peroxide biosensor based on electrospun Hb– collagen 

composite. Colloids Surf B Biointerface. 2011; 86: 140-145.  

22. Xu Y, Hu C, Hu S. A hydrogen peroxide biosensor based on direct electrochemistry of 

hemoglobin in Hb–Ag sol films. Sens. and Actuat. B: Chem. 2008; 130: 816-822.  

23. Gao F, Yuan R, Chai Y, Tang M, Cao S, Chen S.  Amperometric third-generation hydrogen 

peroxidebiosensorbased on immobilization of Hb on gold nanoparticles/cysteine/poly(p-

aminobenzene sulfonic acid)-modified platinum disk electrode. Colloid Surf. A. 2007, 295, 

223-227.  



15 
 

24. Li, J., Mei, H.,  Zheng, W.,  Pan, P.,  Sun, X.J., Li, F.,  Guo, F.,  Zhou, H.M.,  Ma, J.Y.,  Xu, 

X.X.,  Zheng, Y.F.,  A novel hydrogen peroxide biosensor based on hemoglobin-collagen-

CNTs composite nanofibers. Colloids Surf B Biointerface. 2014, 118, 77-82.  

25. Kafi, A.K.M., Yin, Fan., Shin, Hoon-Kyu., Kwon, Young-Soo., Hydrogen peroxide 

biosensor based on DNA–Hb modified gold electrode. Thin Solid Films 2006; 499: 420-424. 

26. Pundir CS. Enzyme Nanoparticles: Preparation, Characterization and Application, 1st ed., 

Elsevier, London, 2015.  

27. Renyun Z, Håkan O. Porous Gold Films—A Short Review on Recent Progress. Materials 

2014; 7: 3834-3854.  

28. Bai Z, Li G, Liang J, Su J, Zhang Y, Chen H, Huang Y, Weiguo S, Yongxiang Z. Non-

enzymatic electrochemical biosensor based on Pt NPs/RGO-CS-Fc nano-hybrids for the 

detection of hydrogen peroxide in living cells. Biosens. Bioelectron. 2016; 82: 185-194.  

29. Gong Y, Chen X, Lu Y, Yang W. Self-assembled dipeptide–gold nanoparticle hybrid spheres 

for highly sensitive amperometric hydrogen peroxide biosensors. Biosens. Bioelectron. 2015; 

66: 392-398.  

30. Fan Z,  Lin Q,  Gong P,  Liu B, Wang J, Yang S.  A new enzymatic immobilization carrier 

based on graphene capsule for hydrogen peroxide biosensors. Electrochim. Acta. 2015; 151: 

186-194.  

31. Chen C, Hong X,  Xu T,  Chen A,  Lu L, Gao Y. Hydrogen peroxide biosensor based on the 

immobilization of horseradish peroxidase onto a poly(aniline-co-N-methylthionine) film. 

Synth. Metals.  2016; 212: 123-130.  

32. Mutyala S, Mathiyarasu J. A reagentless non-enzymatic hydrogen peroxide sensor presented 

using electrochemically reduced graphene oxide modified glassy carbon electrode. Mat. Sci. 

Engg. : C. 2016, 69, 398-406.  

33. Tolós JP, Martinez YM, Legua CM, Falcó PC. Colorimetic biosensing dispositive based on 

reagentless hybrid biocomposite: Application to hydrogen peroxide determination. Sens. 

Actuat B: Chem. 2016; 231: 837-846.  

34. Sekar NC, Ge L, Shaegh SAM, Ng SH, Tan SN.  A mediated turnip tissue paper-based 

amperometric hydrogen peroxide biosensor. Sens. Actuat B: Chem. 2015; 210: 336-342.  

35. Behera TK,  Sahu SC,  Satpati B, Bag B,  Sanjay K,  Jena BK.  Branched Platinum 

Nanostructures on Reduced Graphene: An excellent Transducer for Non enzymatic Sensing 

of Hydrogen Peroxide and Biosensing of Xanthine. Electrochim. Acta. 2016; 206: 238-245.  

36. Kung CC, Lin PY, Buse FJ,  Yuhua X, Xiong Y, Dai L, Chung-Chiun L. Preparation and 



16 
 

characterization of three dimensional graphene foam supported platinum–ruthenium 

bimetallic nanocatalysts for hydrogen peroxide based electrochemical biosensors. Biosens. 

Bioelectron. 2014; 15: 1-7.  

37. Lata S, Batra B, Karwasra N, Pundir CS.  An amperometric H2O2 biosensor based on 

cytochrome C immobilized onto nickel oxide nanoparticles / carboxylated multiwalled 

carbon nanotubes/ polyaniline modified gold electrode. Process Biochem. 2012; 47: 992-98. 

38. Liu G, Lin Y, Ostatna V, Wang V. Enzyme nanoparticles-based electronic biosensor. J. 

Chem. Commun. 2005; 27: 3481–3483.  

 

 
 

 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig.1 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig. 2 

 

 

 

 

y = 7E-05x
R² = 0.997

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 200 400 600 800 1000 1200 1400

C
ur

re
nt

 (m
A

)

Concentration of H2O2(μM)



 

 

Fig.3a 

 

 

 

 

94.07nm 

174.02nm 

150.91nm

630.24nm 

103.47nm

216.35nm 

202.24nm 

300.86nm 

155.21nm 



 

Fig.3b 

 

 

 

 

 

 

 

 

 Native Hb 

HbNPs 



 

 

 

Fig. 3c 

 

 

 

Fig. 3d 

 

 

 

 

Hb 

HbNPs 



 

 

 

Fig. 4 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. 5a 

 

 

Fig. 5b 

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5

4 4.5 5 5.5 6 6.5 7 7.5 8

C
ur

re
nt

 (m
A

)

pH 

0.2

0.25

0.3

0.35

0.4

0.45

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Cu
rr

en
t (

m
A)

Temperature (°C)



 

Fig. 5c 

 

Fig. 5d 

 

 

 

 

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0 2 4 6 8 10 12 14 16

C
ur

re
nt

 (m
A

)

Time (s)

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 500 1000 1500 2000

C
ur

re
nt

 (m
A

)

Concentration of H2O2(μM)



 

 

 

Fig. 6a 

 

Fig. 6b 

 

y = 0.998x - 0.113
R² = 0.99

0
5

10
15
20
25
30
35
40
45
50

0 10 20 30 40 50C
on

ce
nt

ra
tio

n 
of

 H
2O

2(μ
M

) b
y 

Pr
es

en
t m

et
ho

d

Concentration of H2O2(μM) by colorimetric method

88

90

92

94

96

98

100

102

0 20 40 60 80 100

%
 A

ct
iv

ity

Days



 
 
 

List of Supplementary Tables 
 
 
 
Supplementary Table: 1 Analytical recovery of added H2O2 in the serum samples, as measured by H2O2 biosensor based on 
HbNPs/AuE.  
Supplementary Table: 2 Within and between assay coefficients of variation for determination of H2O2 in the serum samples, as 

measured by H2O2 biosensor based on HbNPs/AuE. 
 

Supplementary Table: 3 Serum H2O2 levels in apparently fasting healthy persons and diabetic patients, as measured by H2O2 
biosensor based on HbNPs/AuE. 

Supplementary Table: 4 Comparison of different analytic parameters of present H2O2 biosensor with those of earlier biosensors. 



Table 1 
 
 
 
 
 

H2O2 added H2O2 found  %
(μM) (μM)  Recovery 

    
- 50.8  - 

    
0.5 50.13  97.77±0.06

    
1.0 50.77  98.01±0.08

    



 
 
   Table 2   

 

       
 

N H2O2 (μM) CV (%) 
 

 Within assay (5)      
 

50      
 
 

 51      
 

52   50   3.16  
 

        

 48        
 

        

49     
 

 Between assay (5)      
 

48     
 

 50     
 

51   48.8   3.36  
 

        

47     
 

 48     
 



 
 

Table 3  
Sex Age Fasting Sex Age Diabetic
  Healthy   Patients
  Persons   (μM)
  (μM)    
 
M 32 40.4±.03 M 42 107.2±.04
M 41 41.6±.04 F 35 68.2±.05 
F 27 41.3±.02 M 46 88.9±.02 
M 29 41.9±.01 M 49 99.0±.01 
F 24 44.5±.04 F 60 110.8±.04
F 32 34.0±.05 F 37 118.3±.03
F 24 44.2±.04 M 32 98.7±.02 
M 26 24.7±.03 F 54 99.8±.06 
M 55 35.9±.03 F 40 95.4±.04 
F 25 25.0±.06 F 46 116.2±.01
M 28 24.8±.05 M 46 114.2±.03
M 33 25.6±.03 M 52 102.1±.04
F 38 35.7±.05 F 24 107.5±.02
F 22 45.6±.01 M 49 109.2±.04
M 22 25.2±.03 F 47 124.5±.02
F 39 43.8±.05 F 59 123.1±.06
M 37 33.4±.02 M 39 142.4±.02
M 54 44.5±.05 F 54 151.3±.03
M 35 23.9±.04 M 45 134.2±.02
F 33 25.7±.02 M 52 143.0±.05



 
 

Table 4 
 

S.
No 

Support of 
immobilization 

Method for 
immobilization 

Type of 
biosensor 

Linearity(μM) Detection 
limit(LOD) 

μM 

pH Temp
(°C) 

Workin
g 

Potentia
l 

(V) 

Sensitivi
ty 

(μAmp/ 
mM/cm2 

Application Ref. 

1. Hb/NGP Electrodeposotion Amperometric 10-150 8.24 7.0 25 0.20 NR Blood 20 
 

2. Hb/Collagen 
microbelt 

Electrospinning Amperometric 5 -30 0.37 7.0 20 -0.38 NR Blood 21 

3. Hb/Ag sol 
films/GCE 

Covalent binding Amperometric 1 -25  0.1 7.0 NR -0.4 NR Blood 22 

4. Hb/AuNPs/ L-
cys/ p-ABSA/Pt 
disk 

Electro-
polymerization 

Amperometric 0.21 -31  0.07 7.0 25 0.1 NR Blood 23 

5. Hb/Collagen-
mWCNT 

Electrospinning Amperometric NR 0.91 7.0 NR -0.365 NR Blood 24 

6. DNA–Hb/Au Covalent binding Amperometric 10-120 0.4 5.0 NR -0.750 NR Blood 25 
 

7. PtNPs/RGO/CS/F
c 

Covalent binding Amperometric 0.002-30 0.02 NR 37 -0.05 NR Real samples 28 

8. DP-
AuNP/HRP/GCE 

Covalent binding Amperometric 0.05-300 0.1 7.0 NR -0.05 28.3 Plasma 29 

9. GRCAPS/HRP/IT
O 

Covalent binding Amperometric 0.01-12 3.3 7.0 37 -0.45 NR Serum 30 

10. HRP/PAN-
PNMThH 

Covalent binding Amperometric 0.005-60 3.2 6.0 NR -0.25 35 Sera and real 
samples 

31 

11. ERGO/GCE Covalent binding Amperometric 1-16 0.7 7.0 NR -0.25 300 Real samples 32 
 

12. TMB/HRP/PDM
S/TEOS/SiO2 
NPs 

Covalent binding Colorimetric 4-72 1.3 5.0 NR NR NR Real samples 33 

13. TTP/SPCE Electrodeposition Amperometric 20-500 4.1 7.0 NR -0.1 NR Blood 34 
 

14 GPtNPs Covalent binding Amperometric 0-0.32 0.001 NR NR 0.45 811.26 Blood 35 
 



15 PtRu/3DGF Covalent binding Amperometric NR 0.04 7.4 NR 0.2 1023.1 Biological 36 
 

16 Cytc/NiONPs/c-
MWCNT/polyani
line/Au 

Covalent binding Amperometric 3-700 0.2 6.5 30 0.28 3.3 Fruit juices 37 
 

17 HbNPs/Au Covalent binding Amperometric 0.001-1.2 0.0001 6.5 30 -0.2 1290.02 Diabetic Prese
nt  



Hb-Hemoglobin; NGP-Pluronic P123-nanographene platelet; L-cys-l-Cysteine; p-ABSA-paminobenzene sulfonic acid; PtNPs-Platinum nanoparticles; RGO-
Reduced graphene oxide; CS-Chitosan; FC-Ferrocene carboxylic acid nano-hybrids; DP- Self assembled dipeptide; AuNP- Gold nanoparticles; HRP- Horse 
radish peroxidase; GCE- Glassy carbon electrode; GRCAPS- Graphene capsules; ITO- Indium tin oxide; PAN-PNMThH- Poly (aniline-co-N-methylthionine); 
ERGO-Electrochemically reduced graphene oxide; TMB- 3,3′,5,5′-teramethylbencidine; PDMS-Polydimethylsiloxane; TEOS-Tetraethylorthosilicate; 
SiO2NPs- Silicon oxide nanoparticles; TTP- Turnip tissue paper; Cyt c-Cytochrome c; NiONPs- Nickel oxide nanaoparticles; c-MWCNT-Multiwall carbon 
nanotubes; PANI- Polyaniline; HbNPs- Hemoglobin nanoparticles; Au- Gold 




