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ABSTRACT 

 

The construction of catechol biosensor by immobilizing polyphenol oxidase 

(PPO) enzyme onto a layer by layer (LBL) deposit of biosynthesized silver 

nanoparticles (AgNPs) and cetrimonium bromide (CTAB) on graphite electrode (Gr) 

is demonstrated in this work. The results showed enhanced surface coverage and 

electron transfer characteristics for the electrode Gr/(CTAB-AgNPs)4on deposition. 

The electrode on further modification with PPO enzyme has exhibited two well 

defined peaks in presence of catechol as analyte. The two peaks corresponds to 

electrocatalytic redox reaction of catechol. Further investigations revealed that the 

reduction current response at modified electrode increased linearly with concentration 

of catechol in the concentration range of 5 µM to 200 µM. The sensor also showed 

non-interference in presence of common interference such as glucose, ascorbic acid 

and uric acid. 
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INTRODUCTION 

 

Catechol (1,2-benzenediol/1,2-dihydroxybenzene) is an important dihydroxybenzene 

present in many natural sources such as tea, vegetables, fruits and other plants1,2. It is reported 

to have antioxidant properties and is believed to be the reason behind health benefits of tea3. 

It is also one of the key pollutants in various environmental effluents. Therefore, its detection 

and quantification in food, environmental and biological samples is of great interest. The 

conventional methods of analysis of catechol such as gas chromatography-mass spectrometry, 

spectrometry, and high-performance liquid chromatography are limited by complicated 

sample pretreatment, large time-consumption and inconvenient on site monitoring.4-6. 

Recently biosensor technology has attracted the attention of scientists due to several 

advantages it offers such as rapid response time, shorter analysis time, no pretreatment of 

samples, low cost, high sensitivity and selectivity7,8. The selectivity of the sensors can be 

greatly enhanced by effective enzyme immobilization. The major challenge in the 

development of enzyme based sensors is finding a suitable electrode matrix for enzyme 

immobilization without leaching or denaturation or modification of its active sites9. 

The LBL assembly deposition of the transducer materials utilizing electrostatic 

interaction of oppositely charged species in polyelectrolytes  is reported to be an effective 

technique in preparation of enzyme immobilization10. In the present work, we demonstrate the 

development of a highly reproducible potentiometric biosensor based PPO enzyme on the LBL 

assembly of biosynthesized AgNPs and CTAB for the detection of catechol.   

 

2. EXPERIMENTAL 
 

2.1 Biosynthesis of AgNPs and extraction of PPO enzyme 
 

The AgNPs of size ranging from 11-12 nm are synthesized by mixing 10 mL of leaf 

extract of Convolvulus pluricauliswith 50 mL of 0.05 M AgNO3solution. The formation of 

AgNPs during the reaction is confirmed using UV-visiblr, X- Ray diffraction, SEM and TEM 

methods and the detailed discussion is already reported by our group11. 

The PPO enzyme used in this study is extracted from ManilkaraZapota(sapota) fruit. 

25 g of  fruit pulp is homogenized with 25 ml of 0.05 M phosphate buffer (PBS) of pH 6.8, 

1% polyvinyl pyrrolidone, 1% triton-X 100 and 1mM phenyl methyl sulponyl fluoride for 10 

minutes. The homogenate is rapidly filtered and centrifuged at 10,000 rpm for 15 min in 40 C. 

The activity of PPO is determined spectrophotometrically using 4-methyl catechol as 

substrate. The enzyme activity is found to be 620 enzyme unit (EU). The PPO enzyme is stored 

at 40C in a refrigerator and used as a PPO source for further experiments. 
 

2.2 Fabrication and characterization of PPO biosensor  
 

A Grrod of 6 mm diameter is polished until a mirror shining surface is obtained.The 

clean Gr electrode is then subjected to LBL deposition process by dipping the electrode in 20 

mM CTAB followed by AgNPs (10 mg/ml) solutions for 30 min each. The developed 
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Gr/(CTAB-AgNPs)1 electrode is rinsed in deionized water and dried in air. The same process 

is repeated until the four layers of (CTAB-AgNPs) deposition is achieved. The resulting four 

layered Gr/(CTAB-AgNPs)4 electrode is later immobilized with PPO enzyme by drop casting 

10 µL of PPO enzyme. Thenegatively chargedPPO enzyme (zero point charge pH
zpc= 4.7) 

firmly bind to the positively charged CTAB electrostatically without any loss of activity. The 

fabricated Gr/(CTAB-AgNPs)4/PPOsensor is stored at 40C until it is used for further 

investigations. 

 
3. RESULTS AND DISCUSSION 

 
3.1 Electrochemical characterization of PPO biosensor  

 
EIS experiments are carried out to investigate the features of the electrode surface 

during each step of its modification. Fig. 1 (A) shows Nyquist plot of experimental data from 

EIS studies. The results of EIS studies indicate that the charge transfer resistance (Rct) of Gr 

electrode is much higher (182737 Ω) compared to that of Gr/(CTAB-AgNPs)1 electrode 

(28524 Ω). The reduced Rct value of Gr/(CTAB-AgNPs)1 may be attributed to increased 

surface area of electrode. Further, as the number of bilayers of the electrode increases the Rct 

value decreased. The obtained Rct value for Gr/(CTAB-AgNPs)2, Gr/(CTAB-AgNPs)3, 

Gr/(CTAB-AgNPs)4 , are  5111 Ω, 1328 Ω, 165.4 Ω respectively. Finally, when the electrode 

is modified with PPO enzyme it resulted in increased Rct (31718 Ω) which is due to insulating 

property of PPO enzyme. 

 

 
 

Fig.1 (A)Impedance spectrum of a) bare Gr, b) Gr/(CTAB-AgNPs)1, c) Gr/(CTAB-AgNPs)2, d) Gr/(CTAB-

AgNPs)3 , e) Gr/(CTAB-AgNPs)4 and f) Gr/(CTAB-AgNPs)4/PPO.(B) Cyclic voltammograms of different 

layers of  AgNPs assembled on Gr electrode, in 0.1 M PBS (pH 7.0). Inset of 1 (B) shows the current response 

of the different layers of the modified electrode 
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3.2 Comparison of voltammetric response of the modified electrode towards detection of  

      catechol 

 

The electrochemical behavior of the different modified electrodes is studied in 

presence of 10 µL catechol in the potential range of -0.3 to +0.7 V at a scan rate of 50 mVs-1  

using 0.1M PBS buffer. Fig 1B shows the cyclic voltammograms of Gr/(CTAB-AgNPs)1, 

Gr/(CTAB-AgNPs)2, Gr/(CTAB-AgNPs)3, Gr/(CTAB-AgNPs)4, and Gr/(CTAB-AgNPs)4/ 

PPO electrodes. The Gr/(CTAB-AgNPs)1electrode showed small current response. However, 

as the deposition of layer increased the response peak current also increased. Further, when 

the PPO enzyme is immobilized on to Gr/(CTAB-AgNPs)4electrode the electrode exhibited a 

redox couple with peak potentials respectively at +0.30 V and -0.082 V, and showed good 

electrocatalytic response towards catechol. This suggests that the Gr/(CTAB-AgNPs)4/PPO 

composite considerably contribute to promote easier electron communication between the 

electrode matrix and enzyme. Inset of Fig 1 B shows the current response of the different 

layers of the modified electrode. 

 

The surface coverage area is calculated for the first layer using the equation C = Q/nFA 12 

and is found to be 1.019 x 10-6,where Q is the charge, n is the number of electrons transferred, 

F is the Faraday constant and A is the geometric area of the working electrode. Surface 

coverage area increased with increase in number of bilayers and it reaches 1.078 x 10-5mol cm-2 

for Gr/(CTAB-AgNPs)4. A large amount of enzyme could be immobilized onto AgNPs as they 

provide large specific surface area.  

 
3.3 Electrochemical detection of catechol using developed Gr/(CTAB-AgNPs)4/PPO  

      sensor  

 
The electrocatalytic properties of developed PPO biosensor are examined by 

measuring its cyclic voltammetric response for different concentrations of catechol (10 – 50 

µM) in oxygen saturated PBS solution. The CV results in Fig. 2(A) shows an increase in 

reduction peak with increase in addition of catechol to oxygen saturated buffer solution. The 

catechol undergo catalytic oxidation in presence of PPO enzyme to form o-quinone which is 

detected by amperometric current measurements during reduction at the electrode. The 

cathodic peak current for the reduction process increased linearly with increase in 

concentration of catechol in the linear range of 10 – 50 µM(Inset Fig 2 A) with a linear 

regression coefficient of -0.987. 

 

DPV experiments are performed for Gr/(CTAB-AgNPs)4/PPO electrode in the 

potential range +0.5 to -0.2 V.The Fig 2(B) shows stable and well defined reduction peak with 

increase in concentration of catechol. The calibration plot of Ipc vs. catechol concentration 

shows a linear relationship with catechol concentration in the range of 5 – 200 µM (Inset Fig 

2 B) with a linear regression coefficient of -0.988. 
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Fig.2(A) Cyclic voltammograms of Gr/(CTAB-AgNPs)4/PPO electrode with successive addition of 10 – 50 

µMcatechol in 0.1 M PBS at pH 7. Inset shows the calibration plot of current vs. catechol concentration. 

(B)DPVs of Gr/(CTAB-AgNPs)4/PPO electrode at varying catechol concentration (5 – 200 µM) in 0.1 M PBS 

solution. Inset plot shows calibration plot of peak current versus catechol concentration. 

 

3.3.1 Effect of scan rate  
 

The effect of scan rate on cathodic peak current is studied to investigate the nature of 

electron transfer reaction occurring at the electrode surface. The study is carried out using 10 

µMcatechol in 0.1 M PBS (pH 7.0) for the different scan rates ranging from 20 to 100 mVs-1 

and the obtained results are shown in Fig 3. The results indicate that there is an increase in 

oxidation and reduction peak current with increase in the scan rate from 20 -100 mVs-1 with 

linear regression co-efficient 0.989 and -0.999respectively (inset ‘a’ of Fig 3).The inset plot 

of Fig 3(b) also indicate that the cathodic peak current varies proportional to square root of 

scan rate with a linear regression co-efficient of 0.998 and 0.99 respectively. These results 

suggest that the electrochemical reaction occurring at the surface of Gr/(CTAB-AgNPs)4/PPO 

electrode is an adsorption controlled reaction. 
 

 
Fig 3(A)Cyclic voltammograms of Gr/(CTAB-AgNPs)4/PPO in 0.1 M PBS (pH 7) containing 10 µM catechol 

at different scan rate from 20, 40, 60, 80 and 300 mV-1 (a-e); Inset plots (a) Peak current vs. scan rate, b) 

Peak current vs. square root of scan rate.(B)Effect of pH on Gr/(CTAB-AgNPs)4/PPO modified electrode. 
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3.3.2 Effect of pH 
 

The pH is one of the major parameters that influence amperometric response of the 

biosensor. The effect of pH on Gr/(CTAB-AgNPs)4/PPO biosensor performance is examined 

by measuring current response of 10 µMcatechol in the pH range of 3 to 9. The amperometric 

response of developed biosensor at different pH values is shown in Fig 3 (B). The biosensor 

showed maximum response current at pH 7.0 and response decreased at high pH values which 

could be attributed to deactivation or leaching of the enzyme from electrode surface. 
 

3.3.3 Effect of Interferences  
 

To test the practical applicability of the developed biosensor, a selectivity study is 

obligatory. Some common interferents such as glucose, ascorbic acid and uric acid present in 

natural samples may often interfere in the detection of catechol. The effect of these interferents 

in detection of catechol is examined by measuring reduction current on the subsequent addition 

of above interfering compounds. The sensor showed no significant changes in signals due to 

the subsequent addition of interferents. This indicates that the developed Gr/(CTAB-

AgNPs)4/PPO biosensor is highly selective towards the catechol detection.  
 

3.4 Sensitivity and detection limit 
 

The detection limit of sensor is calculated from the experimental data and found to be 

0.2 µM with a sensitivity of 3.5 µAmM-1 cm-2respectively. 
 

3.5 Repeatability and storage stability of developed biosensor 
 

The repeatability of the developed sensor is also investigated with a series of repetitive 

measurements using of 10 µMcatechol. The results of successive CV measurements showed 

that the sensor could retain 96% of its initial current response. This indicates that the developed 

biosensor has good repeatability. Furthermore, the shelf life/stability of the biosensor is also 

studied for a period of one week. The current response of the sensor decreased by 

approximately 3% of its initial value in one week. The decrease in response may be attributed 

to partial denaturation of the enzyme. 

 

4. CONCLUSION 
 

A highly sensitive biosensor for catechol offering a detection limit of 0.2 µM has been 

developed based on systematic assembly of four layers composed of CTAB and 

biosynthesized AgNPs on Gr electrodefollowed by immobilization of PPO enzyme. The cyclic 

voltammograms of modified electrode showed the redox peaks indicating the direct electron 

transfer of PPO. The developed  Gr/(CTAB-AgNPs)4/PPO sensor showed a wide linear 

catechol detection range from 5 to 200 µM. The sensor also showed non-interference in 

presence of common interference such as glucose, ascorbic acid and uric acid. On basis of 

these results, it can be concluded that the proposed sensor can be effectively used for the 

detection of catechol. 
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