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ABSTRACT

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

oxidoreductases which catalyzes the oxidation of cholesterol into 4-cholesten-3-one. In recent

time, cholesterol oxidase has received great attention due to its wider use in clinical

(determination of serum cholesterol) laboratories practice and in the bio- catalysis for the

production of a number of steroids. Cholesterol oxidase (COD) has been shown to possess

potent insecticidal activity, besides its use to track cell cholesterol. Moreover, this enzyme is

also implicated in the manifestation of some of the diseases of bacterial (tuberculosis), viral

(HIV) and non-viral prion origin (Alzheimer’s). These applications and disease mechanisms

have promoted the need of screening, isolation and characterization of newer microbes from

diverse habitats as a source of COD to learn more about its structural and functional aspects.

In this review, we discuss microbial sources of COD, its structure and important biochemical

properties besides its broad range of biological functions and applications.
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INTRODUCTION

The enzyme Cholesterol oxidase (COD)

(cholesterol: oxygen oxidoreductase, EC 1.1.3.6)

catalyzes the oxidation of cholesterol to 4-

cholesten-3-one in the presence of O
2
[1]. COD

has wide applications in clinical, pharmaceuticals,

food and agricultural industries which has

considerably increased the demand of this

enzyme. Various microorganisms are reported

to produce COD with specific properties.

Cholesterol oxidases are used to determine

cholesterol concentration in food and blood

serum by coupling of the enzyme with peroxidase
[2,3] in the production of precursors for chemical

synthesis of steroid hormones, degradation of

dietary cholesterol in foods [4] and as biological

control agent [5].

COD is a monomeric bi-functional flavin
adenine dinucleotide (FAD) containing enzyme
which belongs to the oxidoreductases family and
acts on the CH-OH group of donor with oxygen
as an acceptor. COD catalyzes the oxidation of
3 β -hydroxoysteroids and the isomerization of

Δ5-6-ene-3 β -ketosteroid (cholest-5-en-3-one) 
to produce 3-4-ene-3 β -ketosteroid (cholest- 4-
en-3-one) (Figure 1)

Figure 1: Breakdown of cholesterol with the help of

cholesterol oxidase

SOURCES OF CHOLESTEROL OXIDASE

Cholesterol oxidase has been isolated and
characterized from numerous microorganisms
that are found in different environments (Figure
2). The first COD enzyme was  isolated  from

Nocardia (later Rhodococcus) erythropolis  and

oxidant effect of  cholesterol was  explored [6].

Mycobacterium sp. and Streptomyces sp. are

reported from soil for COD production. COD

producing microorganisms have also been

isolated from food stuffs like chicken fat, pork
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fat, butter and bacon eg. Rhodococcus strain
[7].COD has also been reported in many other

microorganisms such as Arthrobacter sp. [8,9]

Corynebacterium sp. [10] Nocardia erythropolis [11],

Rhodococcus erythropolis [12,13], Mycobacterium

sp. [14], Brevibacterium sterolicum,

Streptoverticillium sp. [15], Streptomyces violascens
[16] , Streptomyces sp. [17-19], and Enterobacter sp.
[20]. COD has also been isolated from some gram-

negative bacteria such as Pseudomonas sp. [21],

Chromobacterium sp. [22]. COD from a eukaryotic

microorganism Schizophyllum sp. (identified as

basidiomycetes) has also been reported [23].

Table 2: Milestones of discoveries related to

cholesterol oxidase enzyme

STRUCTURE OF CHOLESTEROL OXIDASE

There are two distinct types of COD that

bind with FAD cofactor in two different ways: non-

covalently and covalently. They also differ in

terms of structure, folding, kinetic and

thermodynamic properties.  Two types of

cholesterol oxidases are reported.

Class-I cholesterol oxidase

The class-I COD enzyme contains the FAD

redox cofactor which is non-covalently bound to

the enzyme. It belongs to the glucose-methanol-

choline (GMC) oxidoreductase family and has

been found mostly in actinomycetes such as

Streptomyces sp. The structural and mutational

analysis of Streptomyces sp. (class-I enzyme)

has revealed that His447 and Glu361 residues

are implicated in the activity for the oxidation and

isomerization steps[34]  and reported comparison

of amino acid sequences from class-I enzymes

eg. Streptomyces sp., Rhodococcus sp. and

Mycobacterium sp. These sequences contain a

consensus sequence for FAD binding, Gly-X-

Gly-X-X-Gly, in the N-terminal region of the

COD[35].

The class-I enzyme possesses the

characteristic nucleotide-binding fold (Rossmann

fold) consisting of a -pleated sheet

sandwiched between -helices and the motif

needed for binding the cofactor. The

diphosphate group of the cofactor is positioned

closely to the N terminus of the first -helix of

the protein where the conserved GXGXG glycine

residues are located [29].

Class-II cholesterol oxidase

In the class-II enzyme the FAD cofactor

covalently linked to the enzyme [36]. The class-II

enzyme belongs to the (VAO) vanillyl-alcohol-

oxidase family. This enzyme has been found in

Brevibacterium sterolicum, Rhodococcus

erythropolis and gram-negative bacteria such as

Burkholderia sp., Chromobacterium sp. and

Pseudomonas aeruginosa showing similarity

(43% to 99%) to one another. The structure of

COD (class-II enzyme) from the Brevibacterium

sterolicum has been determined by X-ray

crystallography and refined to high resolution.

The structure suggested that the FAD was

covalently bound to an active-site histidine

(His121) via the C8  group of the flavin

isoalloxazine ring. This covalent bond is

implicated in the redox potential and contributes

to the stability of the enzyme [37].

In addition, Glu475 and Arg477, located at

the active-site cavity, were suggested to

constitute gate functioning in the control of

oxygen access. In the covalent form of the

enzyme, the diphosphate moiety is localized in

the residues found between the third and fourth

b-strands of a four-stranded -pleated sheet.
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COD has been known in a number of

microorganisms and these flavoenzymes exhibit

different sequences that suggest structural

differences between the proteins. The

comparison of sequence alignments are

performed using CLUSTALW2 (http://

www.expasy.ch.) for different types of CODs.

Amino acids sequences are obtained using the

protein search algorithm at The National Centre

for Biotechnology Information (NCBI) [38]
.

MODE OF ACTION OF CHOLESTEROL
OXIDASE

The CODs enzymes are bi functional,

catalyzing the oxidation of D5-ene-3b-

hydroxysteroids with a trans A±B ring junction to

the D5-3- ketosteroid and also isomerization to

the D4-3-ketosteroid [26]. The mode of action

depends on the presence of molecular oxygen

and NAD-dependent dehydrogenases e.g. the

coupled enzyme 3b-hydroxysteroid: NAD (P)

oxidoreductase-3-ketosteroid D4, D5-isomerase

(3b-hydroxysteroid dehydrogenase: D5-

isomerase) from the mitochondrial fraction of

human placenta. COD catalyzes three chemical

reactions (Figure 2).

In the first catalytic step, the

dehydrogenation of the alcohol function at the

3-position of the steroid ring system occurs,

resulting in two redox equivalents which are

transferred to the (oxidized) flavin cofactor that

becomes reduced in the process. In the second

catalytic step, the reduced flavin reacts with

dioxygen to regenerate the oxidized enzyme and

hydrogen peroxide (H
2
O

2
) (oxidative half-

reaction). Finally in the third step, the oxidized

steroid undergoes an isomerization of the

double bond in the steroid ring system from D5-

6 to D4-5 and formed the final product cholest-

4-en-3-one. In general, this isomerization

reaction occurs faster than the release of the

intermediate cholest-5-en-3-one [38].

PROPERTIES OF CHOLESTEROL OXIDASES

Cholesterol oxidases are produced from

several microorganisms and its properties have

been extensively studied. Various properties of

microbial cholesterol oxidases (molecular weight,

pH and temperature optima, effect of metal ions

and detergents) are summarized in Table 2b.

COD molecular weights have been reported to

be in the range of 47–61 kDa. Most of the CODs

are produced extracellular into the growth

medium. However some of the intracellular or

membrane-bound CODs   have been reported

from Mycobacterium  [39], Rhodococcus [40,41]. R.

erythropolis produces both membrane-bound

and extracellular cholesterol oxidases [41].

Effect of pH and temperature on the activity

and stability of cholesterol oxidases

Generally microbial CODs have neutral pH

optima and possess stability over a wide range.

The enzymes have temperature optima in the

range of 37–60°C. The optimum temperature

(70°C) of cholesterol oxidase from Streptomyces

fradiae is the highest among the enzymes

reported so far [42]. COD produced from

Chromobacterium sp. strain DS-1 is highly

thermo-stable [22]. The thermal stability of the DS-

1 enzyme was compared with commercially

available cholesterol oxidases from various

bacterial sources such as Streptomyces sp.,

Cellulomonas sp., Nocardia sp., Nocardia

erythropolis, Pseudomonas fluorescens, and B.

cepacia ST-200 and it was  found that all of these

commercial enzymes lost most of their activities

Figure 2: Mechanism of reaction catalyzed by

cholesterol oxidase
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after incubation at 60–80°C for 30 min [22] while

enzyme from strain DS-1 had retained 80% of

its original activity even at 85°C after 30 min. [43]

and improved the thermal stability of

Streptomyces COD by random mutagenesis.

Effect of metal ions on the activity of
cholesterol oxidases

Generally CODs activity does not require

metal ions but some COD activity was enhanced

in the presence of metal ions. Chelating agents,

including EDTA, o-phenanthroline, and 8-

hydroxyquinoline, did not show a significant

inhibitory effect on the enzyme activity [44,45,22]. In

many cases, cholesterol oxidase activity is

remarkably inhibited by an SH inhibitor, Hg2+, or

Ag+ represented in Table 2b. Exceptionally, Cu2+

increases COD activity approximately 2-3 fold

in some strains as Streptomyces sp.

Enterobacter sp. and Bordetella sp. [18,9,20]. By

contrast Ag+ scarcely influenced the activity of

the enzyme from strain DS-1 [22]. FeSO
4

remarkably inhibited the activity of the enzyme

from S. violascens and Streptomyces sp. [44.18].

CuSO
4
 significantly inhibited the COD activity of

Streptoverticillium cholesterolieum. In the

addition of p-chloro-mercuric benzonate partially

reduced the COD activity produced from A.

simplex [8] and B. sterolicum [24]. The activities of

the enzymes from Pseudomonas sp. COX629,

-Proteobacterium and Streptomyces parvus

were partially activated by the addition of Mn2+

[21,45,19]. SDS and β -Mercaptoethanol significantly

inhibited the COD activity produced from

Streptomyces sp. and Streptomyces parvus [19,18].

Effect of detergents and organic solvents
on the activity of cholesterol oxidases

Cholesterol is an insoluble compound so
detergents are often added to the reaction
solution to act as a solubilizer. For diagnosis of
hyperlipidemia or atherosclerotic diseases the
monitoring of high-density lipoprotein (HDL)
cholesterol and low-density lipoprotein (LDL)
cholesterol in serum is important. Therefore,
several methods for the separation of HDL or
LDL cholesterol with various detergents have
been presumed [46,47,48]. Since detergents
influence the COD activity [49,19] and often
inactivate cholesterol oxidases as well as most
enzymes [45,22,19,18] a COD with high activity and

stability in the presence of a wide range of
detergents is expected to improve the differential
assay method for HDL and LDL cholesterol in
serum. A detergent-tolerant COD was reported
from -Proteobacterium Y-134 and this enzyme
retained more than 80% of its original activity in
0.5% Triton X-405 and sodium cholate after
incubation for 1 h at 60°C. At this experimental
condition commercially available enzymes from
Nocardia, Brevibacterium and Streptomyces lost
most of their activities. Commercially available
CODs were completely inactivated by the
addition of ionic detergents such as sodium
dodecyl sulfate (SDS) or sodium lauryl benzene
sulfonate (LBS) after incubation for 1 h at 30°C.
By contrast, the COD produced from
Chromobacterium sp. DS-1 was relatively
tolerant to SDS and LBS. In addition, the
treatment with sodium dodecyl sarcosinate or
Emal 20CM completely inactivated all of the
enzymes except the DS-1 enzyme after 1 h at
60°C. The DS-1 enzyme was relatively tolerant
to these detergents even at 60°C.

Organic solvents are also employed to
solubilize the steroids. COD has been used for
the optical resolution of non-steroidal
compounds, allylic alcohols [50,5] and the
bioconversion of 3 -hydroxysteroids in the
presence of organic solvents [52]. Therefore, an
organic solvent-tolerant COD would be useful
for several applications. Organic solvents often
influence the cholesterol oxidase activity [49].
Laane et al. [53] has reported that organic solvents
with low log Pow values inactivate most enzymes.
Pollegioni et al. [49] examined the stability of COD
produced from Streptomyces hygroscopicus and
B. sterolicum in the presence of various
concentrations of isopropanol. The activity of the
B. sterolicum COD is rapidly inactivated, whereas
the S. hygroscopicus enzyme retained 70% of
the initial activity after 5 h in the presence of 30%
propan-2-ol at 25°C. Commercially available
cholesterol oxidases including Streptomyces sp.,
Cellulomonas sp., Nocardia sp., N. erythropolis,
and P. fluorescens, were inactivated by the
addition of 50% volume of dimethylsulfoxide,
methanol, ethanol, acetone isopropanol, ethyl
acetate, or butanol after incubation at 37°C for
24 h. By contrast, Chromobacterium sp. DS-1,
B. cepacia ST-200 and Streptomyces sp.
enzymes were stable in the presence of all

solvents except for acetone.
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SUBSTRATE SPECIFICITY

The oxidation rate affects length and

structure of the 17-side chain the steroid ring D.

Next to cholesterol most of the CODs oxidized

-cholestanol at a high rate. The double bond

between the positions of the 5 and 6 do not seem

to be very important for this enzyme activity.

There seems to be a tendency for sterols with

the short side chain to be oxidized at a low rate.

Although the oxidation rates of pregnenolone by

most enzymes were slow and enzymes from

Chromobacterium sp. DS-1, Streptomyces sp.

SA-COO, and S. violascens oxidized pregneno-

lone at a high rate. Substrate specificity of CODs

is briefly summarized in Table 2.

Table 2. Characterization COD produced from different microbial sources

Sources 
M.Wt. 
(kDa) 

Optimum 
pH 

Optimum 
Temp (°C) 

Substrate Specificity Inhibitors References 

Arthrobacter simplex 57 7.5 50 
Cholesterol, Ergosterol and 

-Stigmasterol. 
HgCl2 [8] 

Arthrobacter sp. IM79 63 7.5-8.5 40-50 
Cholesterol, Ergosterol and 

-Stigmasterol. 
- [54] 

Brevibacterium 
sterolicum 

55 7.5 50 

-Stigmasterol, 
Dehydroepiandrosterone, 

-Sitosterol and 
-Cholestanol. 

HgCl2 and 
AgNO3 

[24] 

Bordetella sp. 55 7.0 50 - Hg
2+

and Ag
+
 [8] 

Burkholderia cepaca 
ST-200 

60 6.8-8.0 60 

-Stigmasterol, 
Dehydroepiandrosterone, 

-Sitosterol,  
-Cholestanol and 

Epiandrosterone. 

- [22] 

Corynebacterium 
cholesterolicum 

57 7.0-7.5 40-42 

-Stigmasterol, 
Dehydroepiandrosterone, 
Ergosterol, Pregnenolone and 

-Sitosterol. 

HgCl2 and 
AgNO3 

[55] 

Chromobacterium sp. 
DS-1 

58 7.0-7.5 65 

-Stigmasterol,  
-Sitosterol,  

-Cholestanol Epiandrosterone, 
Dehydroepiandrosterone and 
Ergosterol. 

 [22] 

Enterobacter sp. 58 7.0  - Hg
2+

andAg
+
 [20] 

Nocardia 
rhodochrous 

 7.0 30   [11] 

Schizophyllum 
commune 

53 5.0 - 
Cholesterol, Dehydr epiandro 
sterone and Pregnenolone. 

- [23] 

Streptomyces fradiae 60 7.0 70 -  [42] 

Streptomyces sp. SA-
COO 

58 6.5-7.0 45-50 

-Stigmasterol, 
Dehydroepiandrosterone, 
Ergosterol,Pregnenolone, 

-Sitosterol and 
-Cholestanol.  

Hg
++

 and Ag
+
 [21] 

Streptomyces sp. 55 7.0  -  [56] 

Streptomyces sp. 62 7.5 37 - 
Ba

++
, Mn

++
, 

Hg
++

 
[18] 

Streptomyces parvus 55 7.2 50 

Cholestero -Stigmasterol, 
Dehydroepiandrosterone, 
Ergosterol, Pregnenolone, 

-Sitosterol, and 
-Cholestanol.  

Pb
++

, Ag
++

, 
Hg

++
 and Zn

++
 

[19] 

Streptoverticillium 
cholesterolieum 

56 7.0-7.5  

-Stigmasterol, 
Dehydroepiandrosterone, 
Ergosterol, Pregnenolone, 

-Sitosterol, and 
-Cholestanol.  

Hg
2+

 and Ag
+
 [67] 

-Proteobacterium 58 6.5 50 
-Stigmasterol and 

- -Cholestanol 
 [45] 

Pseudomonas 
sp.COX629 

56 7.0  
-Stigmastero 

-Cholestanol. 
Fe

2+
, Zn

2+
 and 

Hg
2+

 
 

[21] 

Pseudomonas sp. 
strain ST-200 

60 7 60 

-Stigmasterol, 
Dehydroepiandrosterone, 
Ergosterol, Pregnenolone, 

- -Cholestanol and 
Epicholesterol. 

 [58] 
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APPLICATIONS OF CHOLESTEROL
OXIDASES

COD of microbial origin are the enzymes of

great interest in the present era. COD is widely

used in clinical diagnosis and determining lipid

disorders. It is used as an insecticide also [59] and

plays a role in lysis of macrophages and

leukocytes as well. The important applications

of COD have been discussed below under

separate categories.

Clinical applications

COD is useful for the clinical determination

of cholesterol levels in foods, serum (HDL and

LDL) for the assessment of atherosclerotic

diseases and other lipid disorders as well as the

risk of thrombosis [60]. Analysis of serum

cholesterol is generally accomplished by using

a three enzyme assay [2,25]. Because most of the

cholesterol present in serum samples is

esterified, the incubation of serum with

cholesterol esterase (EC 3.1.1.13) is necessary

to release free cholesterol. After that peroxidase

enzyme (EC 1.11.1.7) subsequently catalyzes the

oxidative coupling reaction with hydrogen

peroxide, 4-aminoantipyrine and phenol to form

a red quinoneimine dye. This red dye is easy to

measure by spectrophotometric determination.

In recent years various electrochemical

biosensors using the immobilized CODs have

been reported for the determination of

cholesterol in serum and food.

Insecticidal activity

Bacterial COD has potent insecticidal

activity against the cotton boll weevil

(Anthonomus grandis). Purcell et al. [31]

discovered a highly efficient protein that killed

boll weevil (Anthonomusgrandis grandis

Boheman) larvae from Streptomyces culture

filtrates and identified the protein as cholesterol

oxidase. The COD is involved in the lysis of the

mid gut epithelial cells of the larvae. Cholesterol

or the related sterol at the membrane of the boll

weevil mid gut epithelium seemed to be

accessible to the enzyme and it is oxidized by

cholesterol oxidase causing lysis of the mid gut

epithelial cells resulting in larval death. Purified

COD was active against boll weevil larvae at a

concentration (LC
50

 of 20.9 ìg/ml), which is

comparable to the bioactivity of Bacillus

thuringiensis proteins against other insect pests.

Corbin et al. [5] studied that enzyme also which

exhibits insecticidal activity against lepidopteran

cotton insect pests, tobacco budworm

(Heliothisvirescens), corn earworm

(Helicoverpazea) and pink bollworm

(Pectinophora gossypiella). Recently, it was

reported that Chromobacterium subtsugae has

insecticidal properties [61]. Cholesterol oxidase

might be involved in this insecticidal activity

because it was recently found that

Chromobacterium strains produce cholesterol

oxidase [22] and also shows insecticidal activity.

Some insecticide proteins are vital for pest

control strategies employing transgenic crops.

Corbin et al. [5] expressed the Streptomyces COD

gene in tobacco protoplasts and Cho et al. [62]

also have succeeded in the expression of the

COD gene in tobacco cells.

Transformation of sterols and non-steroidal

compounds and production of steroid

hormones precursors

Bioconversion of non-water-soluble

compounds has been hindered because of their

low solubility in an aqueous medium. Sterols

including cholesterol are insoluble compounds

so various reaction systems with COD have

been developed. COD has been used for the

transformation of cholesterol to cholest-4-en-3-

one in the presence of different organic solvents

in reverse micelles system [63] and in supercritical

carbon dioxide. COD has a broad range of

substrate specificity and can be used for the

bioconversion of a number of 3 -hydroxyster-

oids which can be used for the synthesis of

steroid hormones and other pharmaceutical

steroids in the presence of organic solvents and

in aqueous medium containing modified

cyclodextrin [64]. Also cholesterol oxidase can be

used for the optical resolution of non-steroidal

compounds allylic alcohols in the presence of

organic solvents [50]. A wide range of

microorganisms can metabolize cholesterol and

use it as a sole carbon and energy source [65].

Cholesterol degradation is achieved through a

complex metabolic pathway involving many

enzymatic steps starting with the oxidation of the

3 β -hydroxyl group by COD followed by the

oxidation of the 17- alkyl side chain and the
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steroid ring system and ultimately degrading the

entire molecule to CO
2
 and H

2
O. A number of

Mycobacterium strains treated with mutagens

have been reported to accumulate sterol

biodegradation intermediates such as 4-

androstene-3, 17-dione and 1,4-androstadiene-

3,17-dione [66]. These intermediates may be used

as precursors for the production of steroid drugs

and hormones.

A potential target for new antibiotics

Some pathogenic bacteria which possess

cholesterol oxidases are thought to contribute

to their pathogenicity. Navas et al. [34] observed

that the COD is a major membrane damaging

factor of Rhodococcus equi which is a primary

pathogen of horses and an opportunistic

pathogen in humans. The disruption of the COD

gene was associated with a loss of cooperative

(CAMP-like) hemolysis with sphingomyelinase

producing bacteria. However the gene disruption

analysis of the choE gene in R. equi performed

by another group showed no difference between

the mutant and parent strain in cytotoxic activity

for macrophages or in intra macrophage

multiplication. Mycobacterium tuberculosis is also

a principal bacterial pathogen of humans and

has been found to possess cholesterol oxidase.
[67] . It has been   shown that the choD mutant of

M. tuberculosis was attenuated in peritoneal

macrophages. The mice infection experiments

confirmed the significance of choD in the

pathogenesis of M. tuberculosis. Thus, there

seems to be opposite effects of the genes

disruption in R. equi and in M. tuberculosis. S.

natalensis cholesterol oxidase (PimE) has been

described as a key enzyme in the biosynthesis

of the polyene macrolide pimaricin [68]. Pimaricin

is a macrolide antifungal antibiotic widely used

in the food industry. The antifungal activity of

pimaricin is involved in its interaction with

membrane sterols, causing the alternation of

membrane structure and leading to the leakage

of cellular materials. The pimE gene is located

in the center of the pimaricin biosynthetic cluster.

The gene disruption completely blocked the

pimaricin production, whereas gene

complementation recovered the antibiotic

production. The addition of purified PimE or

commercial cholesterol oxidases to the gene

disruptant culture triggered the pimaricin

production. These results suggested that

cholesterol oxidases could act as signaling

proteins for polyene biosynthesis. These new

findings might be important for improving the

productivity of the polyene from S. natalensis.

Studies on membrane structure

Cholesterol is the main constituent of

eukaryotic cell membrane. Cholesterol is

expected to promote and stabilize the local bi-

layer bending which is supposed to take place

during membrane fusion, since the curvature

stress is towards the negative side [69]. Many

researchers have studied the role of cholesterol

in membrane organization that has used COD

as probe [68]. COD has been used as a probe to

investigate the interaction of cholesterol with

phospholipids [70] and the eukaryotic cell

membrane structure i.e., lipid rafts. Pollegioni et

al. [49] demonstrated the inaccessibility of COD

for the outer-membrane surface of human

erythrocytes and virus. The lipid rafts are the

domains in which cholesterol and saturated lipids

present in membrane, such as sphingolipids,

promote the formation of a highly ordered

membrane structure [71]. Lipid rafts participate in

numerous cellular processes including signal

transduction, protein and lipid sorting, cellular

entry by toxins and viruses, and viral budding.

Therefore, the investigation of the lipid raft is

important with regard to the study of eukaryotic

membrane function.

Cholesterol oxidases biosensors

Cholesterol detection is important for clinical

investigation and food analysis. For cholesterol

detection different electrochemical biosensors

have been proposed. Cholesterol biosensors

based on immobilized cholesterol esterase and

cholesterol oxidase have been studied to

determine the total cholesterol content in food

stuffs and electrochemical measurements are

performed in the cholesterol analysis of food

samples. Different types of methods to use COD

as biosensors, such as screen printed electrode
[72] hydrogel membranes, polymeric membrane,

self-assembled mono layers, composite sol-gel

membrane , liquid crystal cubic phase matrices

and films prepared by the layer-by-layer

technique have been developed. Generally in

electrochemical biosensor the detection was
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monitored on the basis consumption of oxygen

and H
2
O

2
. Novel amperometric biosensors have

been formed by immobilizing COD in sol-gel layer

on CNT-Pt modified electrodes. This biosensor

was successfully used for serum cholesterol

determination.

A new electrochemical biosensor was

introduced in 2010, for determination of

cholesterol that combined with Fourier

transformation continuous cycle voltmeter

[FFTCCV] technique in a flow injection analysis
[73]. A surface plasma resonance based biosensor

for simple, label-free, highly selective and

sensitive detection of cholesterol employing the

flavo-enzyme COD as a sensing element has

been proposed by Gehlot et al. [74]. A novel

amperometric cholesterol biosensor immobilized

with COD on electrochemically polymerized poly-

pyrole-polyvinlyulphonate (PPy-PVS) film

entrapped on platinum electrode was developed

by [75].

Commonly cholesterol biosensors have

been used in biochemical analysis owing to their

good selectivity, low cost, small size, fast

response and long term stability. The cited

literature based on cholesterol biosensors have

been mainly focused on diagnosing disorders
[76].

Recently a novel COD biosensor has been

fabricated by co-immobilizing three enzymes

COD, cholesterol esterase and HRP on

nanoporous gold network directly grown on

titanium substrate [77]. This biosensor possessed

a wide linear range up to 300 mg/dl in a physical

condition (pH 7.4) for very effective clinical

determination of cholesterol. The microchip

capillary electrophoresis (MCE) was also used

to demonstrate the rapid detection of cholesterol

in serum, using (MCE) fabricated from poly

(dimethylsiloxane) (PDMS) microchip channel

successfully applied to determine cholesterol

levels. Also this developed method was used to

measure cholesterol in a bovine serum standard

solution. The developed polymer micro- fluid

biochip has more advantages like, compact size,

high sensitivity, and high selectivity, low cost and

fast response that appeared to be beneficial to

perform routine analysis in clinical laboratory.

Investigations pertaining with the isolation of

novel COD producing microbial strains having

commercial application will be welcomed in

future.
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