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The cholesterol oxidase enzyme breaks down cholesterol into an 

intermediate cholest-5-en-3-one, which is then converted to cholest-4-en-3-

one (Smith and Brooks 1997) . In the present study this mechanism was 

exploited. The current produced by the release of electrons from the above 

reaction was used to determine the amount of free cholesterol in the serum 

sample. The functioning of this amperometric biosensor was checked over a 

temperature ranging from 20ᴼC to 60ᴼC and a pH range of 5 to 9 
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Introduction: 

Cholesterol level is associated with various pathological conditions like coronary heart disease (CHD), 

atherosclerosis, cardiovascular diseases, and also in the management of hypercholesterolemia. Amidst the various 

methods available for estimation of cholesterol; ranging from the simple colorimetric, spectrophotometric; to the 

more complex and costly chromatographic techniques such as high performance liquid chromatography, gas 

chromatography/mass spectrometry (GC//MS), the present study focuses on a cost effective approach to develop a 

cholesterol biosensor. The practice of immobilizing enzymes onto a solid matrix such as multiwalled carbon 

nanotubes (MWCNts) (Yang., et al2011),octyl-agarose gel (Karube.,et al 1982)and Pt incorporated fullerenes like 

ZnO nanosphere (Ahmad., et al) had various disadvantages like leaching of immobilized enzymes,low stability to 

microbial attack, high cost of the support material or the immobilization procedure, vastly reduced enzyme activity, 

long response time, and low storage stability. 

 Cholesterol oxidase, a bi-functional FAD-containing microbial enzyme which  belongs to the family of 

oxidoreductases.Cholesterol oxidaseis one of the most widely used enzymes in clinical laboratories as it participates 

in bile acid biosynthesis. Cholesterol oxidase enzyme is simple, specific, and highly sensitive; its use has become 

widespread in the determination of serum cholesterol that has direct implications to various severe pathological 

conditions such as in determining the risk of heart attack and thrombosis.Cholesterol oxidase is an 

intracellular/extracellular, water soluble enzyme produced by various microorganisms, some of them are 

Nocardiaerythropolis, Brevibacterium sterolicum, Streptomyces spp.,Pseudomonas spp.(Kumari.,et al 2012). Hence 

to determine the activity range of cholesterol oxidase in the proposed model, the present study was carried out. 

 

Materials and Methods: 
The present study was conducted in DSR Genome Technologies Pvt .Ltd. 

Sources of Chemicals: 

Cholesterol extra pure was obtained from Nice Chemicals and Triton X 100 from Himedia. Cholesterol oxidase 

extrapure from Streptomyces sp. was obtained from SRL Mumbai. 

The multimeter used in detection of current (μA) Metravi XB-30 was procured from the local market. All other 

chemicals used were of analytical grade. 
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Preparation of enzyme solution: 

 Commercial cholesterol oxidase from Streptomyces sp. (2 mg, containing 25 U) was dissolved in 1.0 ml 0.02 M 

sodium phosphate buffer, pH 7.0, and stored at 4ºC until use.  

 

Assay of free cholesterol oxidase: 

 Reaction mixture consisting of 1.0 ml sodium phosphate buffer (0.05 M, pH 7.0) and 0.5 ml cholesterol oxidase 

was pre- incubated at 37ᴼC for 2 min. The reaction was initiated by adding 0.5 ml cholesterol solution (500 mg/dl). 

After incubating at 37ᴼC for 10 min, 1.0 ml colour reagent was added and kept at room temperature for 15 min to 

develop the colour and absorbance was read at 520 nm (A520) against control in a spectrophotometer and the 

content of H2O2 generated in reaction was calculated from standard curve between H2O2 concentration and A520 

(Pundir., et al 2012). The soluble protein in dissolved enzyme was determined by Lowry method (Lowry., et al 

1951). 

 

Preparation of substrate solution: 

Cholesterol(50 mg) was dissolved in 1.0 ml of triton X 100 by slowly heating and stirring until solution was clear. 

Sodium phosphate buffer (0.05 M, pH- 7.0) was added to it to get final concentration of 500 mg/dl. Solutions of 

different concentrations ranging from 50 to 500 mg/ dl were prepared and stored at 4ᴼC. 

 

Response measurement of the biosensor: 

The initial work was carried out using a multimeter. The multimeter was used because of its versatility in measuring 

resistance, voltage and ampere. The multimeter probes were immersed into 5ml sodium phosphate buffer (0.02 M, 

pH 7.0) in a beaker. 1ml of dissolved cholesterol solution was added to the beaker and resistance of the resultant 

solution was checked at 2000k in the multimeter. The reaction was started by adding 0.5ml of enzyme solution.  

Based on the current produced during the chemical reaction the number of molecules of cholesterol and 

consequently the amount of cholesterol present in the sample could be determined. The current was measured at 

varying concentrations of cholesterol to obtain a full working range. 

 

Optimizing the working conditions: 
The pH of the sodium phosphate buffer (0.02M) was varied between 5 to 9 and the response was measured. To 

determine optimum temperature, the temperature was increased from 20ᴼC to 60ᴼC at an interval of 5 minutes. To 

determine the response time, the current was measured up to 80s at an interval of 5s. To study effect of cholesterol 

concentration, the concentration was varied from 50 to 500 mg/dl.Michaelis-Menten constant (Km) and maximum 

current (Imax) were calculated from Lineweaver-burk (Lb) plot. 

 

Cholesterol estimation from biological samples: 
Blood samples were procured from Centre for Genetic Studies (West Bengal University of Technology) and 1 ml of 

serum was collected by centrifuging it at 1500xg for 10 minutes at 4ᴼC.This study protocol was approved by the 

institute’s ethics committee.The serum was added to 1.0 ml of 0.02 M sodium phosphate buffer at pH 7.0The free 

cholesterol was estimated by performing the enzyme–substrate reaction and the current (μA) was measured and 

concentration of cholesterol was extrapolated from the standard curve between cholesterol solution (mg/dl) Vs 

electrical response in μA. No sample calculation was done. 

 

Results and Discussions:  
Amperometric detection: 

Cholesterol solutions ranging from 50 to 500 mg/dl were made and amperometric measurements were made after 

0.5ml of cholesterol oxidase was added.  The probes were immersed into the solutions and the displayed ampere was 

noted against the concentration of the solution. The same procedure was repeated with biological sample (serum).  

 

Table 1:Table showing cholesterol concentration and corresponding ampere recorded at 60s [V] 

mg/dl 

[S] 

μA at (60s) 

[V] 

1/S 1/V Vmax*[S] 

Km+[S] 
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Figure 1: Graph showing 1/[V] vs 1/[S].  

 

Calculation of Vmax: 
From the lineweaverburk plot the Y intercept (c) was found to be 4*10

-5
. Imax was thus calculated as 0.02A and Km 

was found to be 87.5mM.These values were used for plotting the MichaelisMenten graph for the enzyme catalyzed 

reaction. 

 

 
Figure 2:MichaelisMenten plot showing concentration Vs Imax of the enzyme catalyzed reaction. 

 

Accuracy: 
 In order to determine the accuracy of the biosensor, the values of cholesterol in serum were determined by 

commercial enzymatic colorimetric method and compared with those obtained by present methods.The values 

obtained by these two methods matched with each other and showed a good correlation (r= 0.96) with the following 

regression equation: Y( 0.0035x + 4E-05). The values obtained by both the methods were also in agreement with the 

y = 0.0035x + 4E-05
R² = 0.9678
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earlier study with pencil graphite rod (r=0.99), cellulose acetate membrane (0.990) and chitosan- modified glassy 

carbon electrode (r=0.99).  

Optimization of biosensor: 
The biosensor showed optimum response within 60 seconds at pH 6.0. 

It showed temperature tolerance upto 45ᴼC. 

 
Figure 3:Graph showing optimum pH. Figure4:Graph showing optimum temperature. 

 

Linearity: 

There was a linear relationship between current (μA) and cholesterol concentration ranging from 2.78mM(50mg/dl) 

to 12.22mM(220mg/dl) in the reaction mixture, which is comparable to earlier amperometric biosensors, using 

cholesterol oxidase, co-immobilized with peroxidase on polyaniline film (1-12.9 mM), and was found higher than 

but higher than those immobilized on carbon paste electrode modified with hydroxymethyl ferrocene and hydrogen 

peroxide (0.15 mM)
11

, pencil graphite rod (1.29to 10.3 mM), epoxy resin medium (1 to 8 mM), electro polymerized 

pyrrole (8 µM). 

Conclusion: 

An approach that describes a simple redox mechanism utilized to determine serum cholesterol from blood samples 

with no loss of enzyme efficiency. The biosensor showed optimum activity within 60 seconds at a pH of 6 and 

exhibited a temperature tolerance up to 45ᴼC.It showed linearity with cholesterol concentration between 2.78mM 

to12.22mM and good accuracy. 
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