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Abstract. The design of sensitive, selective and reproducible biosensors with enzyme 

immobilization for analytical application is reported. The study is aimed to present the 

design of sensitive, selective and reproducible biosensors with enzyme immobilization to 

be used as a versatile and accurate analytical tool for the determination of target analytes 

in real samples. The biosensor device is developed with the employ of the immobilized 

enzyme as a catalytic agent to convert the target analyte to a product that can be monitored 

electrochemically. The biosensors, both in amperometric and potentiometric detection 

system have been reviewed for different types of analytes. A uric acid biosensor is used as 

a design example. Analytical performances of the uric acid biosensor have been evaluated 

in terms of the detection sensitivity, linearity detection range, reproducibility, selectivity, 

and stability. The potential applications of the biosensor design for analytical purposes are 

also demonstrated. 
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1   Introduction 

The search for biosensor designs that have sensitive, selective and high repeatability 

responses is a challenge in developing biosensors [1]. A biosensor design by integrating 

biological material with a transducer to produce a measured signal is accounted as a useful 

analytical tool due to its compact size, real-time analysis, nearly reagentless operation, simple 

pretreatment protocols and simplicity of use [2]. The designs employ different transduction 

methods including electrochemical, optical, mass sensitive and calorimetric, where 

electrochemical measuring principles dominate the biosensor development [3-5]. The 

combinations of enzymatic reactions with electrochemical transducers have improved the 

selectivity, sensitivity, and simplicity of measurements [6]. The most common forms of 

biorecognition used are based on enzymatic catalytic, antibody-antigen interactions, nucleic 

acid codes, cellular recognitions, and biomimetic materials interactions [7-10]. The transduction 

for biosensor can be accomplished via optical, mass sensitive, calorimetric, and electrochemical 

methods, where the electrochemical technique dominated the biosensor field due to its sensitive 

response and compatible manufacture devices [11,12]. The potentiometric method is assigned 
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to be very attractive because the instrumentation component is a simple and relatively low-cost 

instrument compared to another electrochemical detection system [13] and has successfully 

developed for a number of applications [14,15]. The amperometric biosensor has superiority in 

the detection sensitivity for the measurement of the concentration of analytes [16-19]. The 

biosensor design has applied for various analytical applications [20,21].  

To construct a sensitive enzyme-based biosensor requires the biorecognition molecules to 

be immobilized to maintain the biological material close to the transducer surface while 

retaining its catalytic activity [22]. Enzyme based biosensors have utilized enzymes on various 

types of electrode materials including metals, carbon, organic conducting salts and modified 

polymers as reviewed in the references [23,24]. Most enzyme electrodes are constructed via 

entrapment of enzymes throughout polymers [25]. The electrodeposition of the polymer is very 

interesting in the construction of the biosensors as the technique is able to control the distribution 

of enzymes without loss of activity and the thickness of the membrane layer [26-28]. 

Polytyramine with an amine group is an ideal matrix polymer since the interest active 

biomolecule can be attached to it via covalent linkage [29,30]. The enzyme electrodes produced 

by this system are highly reproducible, have long-term stability, and able to screen interfering 

species [31].  

The uric acid biosensor is a very attractive analytical protocol to discuss since it is known 

that total uric acid in serum is an indicator of diseases [32-36]. A biosensor with immobilization 

of enzyme in polytyramine membrane film is used as an example for a sensitive, selective and 

reproducible biosensor for uric acid assay. The biosensor design is based upon successful 

development explained previously [37]. The uric acid determination is based on enzymatic 

catalytic reaction (1) and (2). 

                         Uric acid + O2 + 2H2O  UOx  Allantoin + CO2 + 2H2O2  (1) 

                                           H2O2  2H+ + O2 + 2e-  (2) 

Sample of uric acid is oxidize become allantoin and the hydrogen peroxide by the catalytic 

reaction made by uric oxidase (UOx). The released H2O2 is detected amperometrically and the 

current obtained is equivalent to the amount of the uric acid in the sample. The study is aimed 

to present the design of sensitive, selective and reproducible biosensors with enzyme 

immobilization to be used as a versatile and accurate analytical tool for the determination of 

uric acid in real samples. The approaches are explaining the production of an enzyme electrode 

via immobilization of uric oxidase through polytyramine membrane film, with special regard to 

the construction of reproducible, sensitive and selective response to a target analyte with long 

term stability for repetitive usage. 

2   Experimental 

2.1   Reagents 

Analytical grade of tyramine (4-hydroxyphenethylamine), uric acid, Uric acid oxidase 

(UOx) 50 unit/mg (E.C 1.7.3.3), peroxidase (POx) 179 units/mg (E.C.1.11.1.7.2) from 

horseradish, 1-ethyl-3(3 dimethylaminopropyl) carbodiimide hydrochloride (EDC), and N-

hydroxysuccinimide (NHS) were purchased from Sigma Chem. Co. Other chemicals such as 

hexachloroplatinate(IV) and Li2CO3 were obtained from Aldrich Chem. Co. The reagents were 

dissolved in deionized water.  
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2.2   Instrumentation 

The instruments used are consisted of a BAS 100B (Bioanalytical System Inc. Lafayette) 

potentiostat, a glassy carbon disk electrode (area 0.070 cm2) as working electrode (BAS), an 

Ag/AgCl the reference electrode (BAS) and a homemade platinum wire electrode (1 cm, 0.5 

mm diameter) as the auxiliary electrode.  

2.3   Procedures 

An enzyme electrode used in the uric acid biosensor is constructed via the immobilization 

of uric oxidase (UOx) in polytyramine matrix polymer. The detail explanation for the 

preparation of uric acid biosensor is available in Indonesian patent [38]. Briefly, the enzyme 

electrode was prepared to start from the electrodeposition of platinum on to the surface of glassy 

carbon (GC) to obtain a platinized glassy carbon electrode (GC/Pt). The enzyme uric acid 

oxidase is then immobilized onto the GC/Pt electrode by the use of electrodeposited 

polytyramine matrix, followed by coupling with EDC and NHS to produce an enzyme electrode 

(GC/Pt/Pty/UOx). The developed electrode is stored dry overnight at 4 °C and was soaked in a 

buffer solution (pH 6.0) for five minutes for conditioning before use. The enzyme electrode 

(GC/Pt/Pty/UOx vs Ag/AgCl) is then interfaced with a potentiostat for current measurements. 

The uric acid standard solution and the sample is dissolved in 4% lithium carbonate solution to 

allow the uric acid dissolved in aqueous solution. The determination of uric acid proceeds at 

optimum experimental conditions [37,38].  

3   Results and Discussion 

3.1   Membran Film With Immobilised Enzyme 

Polytyramine membrane film with immobilized UOx has been prepared electrochemically 

from aqueous tyramine solution containing enzyme by using cyclic voltammetry (CV) for five 

sweep cycles (Figure 1). Thin membrane film was strongly attached to the GC/Pt electrode. 

The surface of the GC/Pt electrode was blocked by the film with the attached enzyme throughout 

the polytyramine membrane (GC/Pt/Pty/UOx) [31].  

Immobilization of the enzyme onto the electrode surface during the electropolymerization 

process is a one-step procedure in obtaining reproducible biosensors [39]. The enzyme is 

entrapped throughout polytyramine membrane films followed by covalent attachment similar to 

other biosensors [40-42]. Covalent bonding between the enzymes with the polytyramine is 

achieved by exploiting the amine group through the carbodiimide linkage [39]. The immobilized 

enzyme provides a stable linkage to the matrix polymer and closely attached to the electrode 

surface [43]. This generic method overcomes the problem of the stability of the biorecognition 

materials that are commonly found in a biosensor. The design of the biosensor is illustrated in 

Figure 2.  

 



 

 

 

 

 

Fig. 1. Preparation of enzyme electrode GC/Pt/Pty/UOx: (a) Electropolymerization of tyramine (CV at -

0.01-1.6 V vs Ag/AgCl, scan rate 0.5 V s-1 vs Ag/AgCl) for five sweep cycles in solution of 0.05 M 

phosphate buffer, pH 6.0 containing 0.1 M tyramine and enzyme uric oxidase; (b) Enzyme UOx 

immobilized on the surface of GC/Pt electrode entrapped by polytyramine matrix.  

 

 

Fig. 2. General design features the biorecognition, transducer and electronic device in a typical 

biosensor. 

3.2   Biosensor Response Curves 

Typical of biosensor signal response for determination of uric acid is shown in Figure 3a, 

which is currents from the oxidation of H2O2 produced in the catalytic reaction of uric acid. The 

current increased linearly as increasing the concentration of uric acid in the bulk solution. The 

response signal to uric acid is very fast, it takes only 30 seconds from the injection of the samples 

until the current increased, and the time needed to obtain a steady-state current proceeded about 

two minutes. The addition of a higher concentration of the uric acid standard solution is then be 

made after achieving steady-state current until a series concentration of uric acid standard 

solutions has been analyzed. The calibration curve for the successive current of standard uric 

acid was presented in Figure 3b. The detection linearity of the biosensor is obtained in the range 

concentration of 0.05-0.3 mM uric acid. The calibration slope was 0.0661 µA mM-1, limit 

detection is 0.001 mM uric acid where the signal to noise ratio is three (S/N=3). This typical 

wide linearity detection range has been adequate to be applied for the determination of uric acid 

in real samples without pretreatment, except the dilution with lithium carbonate for very 

concentrated samples, as well as dissolving the uric acid in aqueous solution [37].   



 

 

 

 

 

Fig. 3. (a) A steady-state current response for uric acid standard solution: a-k represents the successive 

injection of 0.1 - 2.5 mM uric acid into phosphate buffer solution (0.05 M, pH 6.0) containing 4% 

Li2CO3. (b) Calibration curves of the uric acid standard solution obtained from five enzyme electrodes 

that were prepared at different days with a similar method. The experimental parameter in the 

preparation of an enzyme electrode is in Figure 1.  

The calibration plot presented in Figure 2b is the result of multiple measurements of 

standards uric acid solutions from five enzyme electrodes. The electrodes are made at different 

times from different batches of solutions with similar experimental preparation methods. The 

reproducibility of the biosensor is very good, where relative standard deviation (RSD) obtained 

for low concentration of uric acid is less than 1% and for a high concentration of uric acid is 

less than 6%. The biosensor also demonstrated to have good stability when used for repetitive 

measurements for uric acid samples. The good performance of the biosensor was achieved as a 

result of suit combinations between the biological components and the transducers in the 

detection system. The polytyramiene maintains stable in the activity of the enzyme and facilitate 

the protection of enzyme from denaturation and fouling. 

The accuracy of uric acid biosensor has been demonstrated by determining the amount of 

uric acid in standard control solutions and serum samples. The results given by the biosensor 

are compared to the assigned values of uric acid in reference control solutions (Accutrol Normal 

and abnormal, Sigma Co.). Measurements are also been done for uric acid in serum samples 

(Blood serum 1-6, hospital). The amounts of uric acid obtained by the biosensor are identic to 

the value of reference control solutions and sera samples (Table 1). A plot of these results 

between the biosensor against the standard method gave a correlation coefficient of 0.966. The 

results confirmed that the uric acid biosensor has high accuracy, and the recovery obtained by 

the biosensor meets the expected value for uric acid in reference control samples (see Table 1). 

The selectivity of uric acid biosensor has also been evaluated by analyzing the standard uric 

acid samples in the presence of a high concentration of common suspected interfering agents in 

the clinical samples. The high concentration of interfering agents did not influence the response 

signal for uric acid [45]. The study has proven that uric acid biosensor was free from 

interferences. The biosensor designed has successfully been applied for the construction of other 

biosensors for various types of analytes, both in amperometric and potentiometric detection 

methods [46,47]. The model biosensor has fulfilled the rigid demand for the construction of 

versatile biosensor.  



 

 

 

 

Table 1. The analysis of uric acid in reference standard samples by two methods, the uric acid 

biosensor, and the standard spectrophotometric method. The values are the averages from three 

measurements. 

Reference 0073tandard and Blood 

Serum Samples containing Uric acid  

Uric acid (mM) 

Recovery Spectrophotometric 

method* 
Biosensor** 

Accutrol Normal (Sigma Co.) 0.0313 0.0333 106 

Accutrol Elevated (Sigma Co.) 0.0483 0.0511 106 

Blood serum 1  0.0262 0.0296 113 

Blood serum 2 0.0291 0.0301 103 

Blood serum 3 0.0331 0.0339 102 

Blood serum 4 0.0342 0.0341 100 

Blood serum 5 0.0344 0.0351 102 

Blood serum 6 0.0351 0.0355 101 
* Standard method of spectrophotometry was carried out at λ520 nm by using an o-dianisidine absorbing agent 
 ** The biosensor measurements were conducted by using enzyme electrode GC/Pt/Pty/UOx (E=0.60 mV vs Ag/AgCl) 

4   Conclusion 

Biosensor design with immobilization of enzymes onto the surface of the electrode has been 

developed. The performance of the biosensor is excellent in terms of sensitivity, selectivity, and 

reproducibility of measurements to target analyte. The biosensor constructed by using 

electrodeposited polymer is easy to construct, simple in the preparation technique and has 

superior in long-term usage stability. The deposited polytyramine matrix polymer is able to 

maintain enzyme activity, has the ability to prevent the enzyme from denaturation and fouling, 

and able to exclude interfering species pass into the electrode. The uric acid biosensor presented 

in this study provided accurate measurements and free from interference.  
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