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REVIEW ARTICLE 

Cholesterol oxidase is a profound enzyme that recently gained much attention, especially for its 
numerous therapeutic and biotechnological applications, as a rapid and sensitive assay for 
cholesterol estimation in various clinical samples, by catalyzing the conversation of cholesterol 
into cholest-4-en-3-one and reducing oxygen to hydrogen peroxide. The immobilized enzyme has 
been commonly used as an electrode in the colorimetric biosensors of cholesterol estimation, with 
a high sensitivity and selectivity for arteriosclerosis diagnosis, preparation of the ketosteroids from 
the corresponding ones, and steroids analysis in food samples. This enzyme was partially purified 
and characterized from various microbial sources. Nevertheless, the availability, structural stability, 
and catalytic efficiency of the completely purified cholesterol oxidase remain the major challenges. 
So, the objective of this review was to give an insight into the different sources, biochemical and 
catalytic properties of cholesterol oxidase from the literature study, in addition to the possible 
approaches to increase its reusability and operative stability via different immobilization 
techniques. 
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INTRODUCTION 

Cholesterol oxidase enzymes have diverse 
biotechnological applications, as rapid and sensitive 
assay cholesterol determination in food products, in 
addition to all the clinical samples (Fazaeli et al., 
2018). Cholesterol oxidase-based colorimetric 
biosensor was implemented for rapid detection of 
cholesterol in serum (Ghosh et al., 2018).  The 
researchers developed a cholesterol oxidase-based 
colorimetric biosensor for the rapid detection of 
cholesterol in serum, by immobilizing the enzyme on 
a gold electrode surface, that shows a very sensitive 
assay with higher selectivity. Cholesterol oxidase is 
widespread applications in clinical and industrial 
aspects for cholesterol assessment in arteriosclerosis 
diagnosis, steroids analysis in food samples (Kumari et 
al., 2012). So, the objective of this review was to 
summarize the findings of molecular and biochemical 
properties of the cholesterol oxidase, as well as to 
address the potential application of this enzyme in 
various biotechnological industries. 

Cholesterol oxidase catalytic mechanism 

Cholesterol oxidase is a monomeric enzyme, which 
catalyzing the conversion of cholesterol into cholest-
4-en-3-one and the reduction of oxygen to hydrogen 
peroxide via a two-step process; oxidation of 
cholesterol into cholest-5-en 3- one via a redox 
reaction in which FAD is the cofactor (Sakodinskaya 
and Ryabov, 2000, Caldinelli et al., 2005), followed by 
isomerization of cholest-5-en 3 one into cholest -4-en 
-3-one (Ahn and Sampson, 2004), as follows; 
Cholesterol oxidase catalyzes three chemical 

transformations, giving two redox equivalents that 
transferred to the oxidized flavin that becomes 
reduced, and the reduced one reacts with dioxygen to 
generate hydrogen peroxide. The third catalytic step 
involves isomerization of the double bond in the 
steroid ring (from D5-6 to D4-5) to form cholest-4-en-
3-one. The selectivity of cholesterol oxidase for 
numerous substrates was derived from the 
cholestane skeleton as a critical step in enzyme 
kinetics (Kreit and Sampson, 2009). The oxidation of 
cholesterol by cholesterol oxidase is important in the 
metabolism of this lipid molecule by microorganisms, 
and has several potential applications in 
biotechnology, medicine, and food science (Wali et 
al., 2011). Pollegioni et al., (2009) confirm the 
oxidation of cholesterol by oxidase, producing 
hydrogen peroxide that was enzymatically assessed 
by horseradish peroxidase via the oxidative coupling 
of 4-aminoantipyrine and phenol that can be 
measured as quinoneimine dye at λ500 nm (Cheillan et 
al., 1989).  

Sources of cholesterol oxidase 

Endophytic bacteria usually live in the plant tissues 
without any visual symptoms of diseases on the 
plants, colonizing the intracellular space of the cell 
wall and xylem vessels and leaves (Zheng et al., 2022). 
Endophytic bacteria have been considered as a new 
source of diverse secondary metabolites with 
numerous bioactivities (Singh et al., 2017 a, 2017b). 
Endophytic bacteria are the subject of numerous 
studies for their potential applications in agriculture, 
medicine, and biotechnology (Siddalingeshwara et al., 
2013, Kumar et al, 2014). Several types of endophytic 
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bacteria reported to produce cholesterol oxidase 
include Bacillus cereus (Khandelwal et al., 2015, 
Siddalingeshwara et al., 2013), Myobacterium, 
Rhodococcus, Brevibacterium, Streptomyces, 
Comamonas, Burkholderia, Pseudomonas, and 
Chromobacterium (Wali et al., 2011). Several Egyptian 
isolates of Actinomycets have been identified as 
cholesterol oxidase producers (Abd El-wahed et al., 
2021). Actinomyces lavendulae (Petrova et al., 1979), 
Arthrobacter simplex (Liu et al., 1988) and 
Arthrobacter spp (Chen et al., 2016) were identified 
as cholesterol oxidase producers. As well as, Bacillus 
spp (Rhee et al., 2002) Bacillus cereus (Kuppusamy 
and Kumar, 2016), were reported as a producer of 
cholesterol oxidase. In addition, Brevibacterium sp, 
Brevibacterium sterolium (Motteran et al., 2001) and 
Bordetella sp (Lin et al., 2010) were reported as 
potential producers of cholesterol oxidase. 
Chromobacterium sp, Chryseobacterium sp and E. coli 
were reported as cholesterol oxidase producers, with 
potential applications in clinical diagnostics and 
biotechnology (Doukyu et al., 2008, Reiss et al., 2014, 
Fazaeli et al., 2019). Kulkarni et al., (2013) suggests 
that certain strains of Lactobacillus could modulate 
cholesterol metabolism, thus lowering the cholesterol 
levels in the body. Cholesterol can be used as a sole 
carbon source for growth of Nocardia sp and 
Rhodococcus sp (Kreit et al., 2017, Sojo et al. 2002, 
Lashkarian et al., 2010). As well as Streptoverticillium 
cholesterolicum was reported as a potential 
cholesterol oxidase producer (Inouye et al. 1982). 
Cholesterol oxidase was purified and characterized 
from Escherichia fergusonii strain from local whey 
samples, and the enzyme productivity was optimized 
by the combined experimental study with the artificial 
neural network modeling (Khataee et al., 2025). 

Cultural conditions for production of cholesterol 
oxidase by microorganisms  

The microbial cultural conditions for cholesterol 
oxidase production from the different bacterial 
isolates were studied. Glycerol supplementation in 
the fermentation medium significantly increased the 
productivity of cholesterol oxidase by Streptomyces 
sp. by about 3.2-fold increase compared to control 
medium (Zhang et al., 2014, Devi et al., 2021). As well 
as Casein was reported to be strongly induces the 
productivity of cholesterol oxidase by Streptomyces 
sp (liu et al., 2017a). Peptone and potato starch 
supplementation in the fermentation media strongly 
increase the enzyme productivity by Bacillus sp and 
Streptomyces sp (Zhang et al., 2019). Addition of 

cholesterol to the basal media of E. hira, strongly 
induce cholesterol oxidase production (Yehia et al., 
2015). Comamonas, Burkholderia, and Enterococcus 
are only a few more Gram-positive and Gram-negative 
bacteria that have been widely studied (Vrielink and 
Ghisla, 2009, Yehia et al., 2015).  Bacterial cholesterol 
oxidase producing isolates were isolated from waste 
of regional oil mill, soil and compost and identified as 
Streptomyces sp., Arthrobacter sp. and Aspergillus sp. 
In addition, Enterococcus sp, Pseudomonas sp., 
Bacillus pumilus, Serratia marcescens (Wali et al., 
2011), and Streptomyces rochei (Elsayed and Abd el-
wahed, 2020), were reported as potential enzyme 
producers.  

Purification, biochemical properties and crystal 
structures of cholesterol oxidase from bacteria 

Cholesterol oxidase was commonly purified 
from different microorganisms using various 
chromatographic approaches especially ion 
exchange and gel filtration chromatography (Gao et 
al., 2020). The purified enzyme showed reasonable 
activity and stability with a wide pH range, reaction 
temperature, and broad thermal stability. 
Adding Tween 80, Triton X-100 to the culture medium 
resulted in a significant increase in enzyme activity, in 
contrary to the inhibitory effect by the SDS (Gao et al., 
2020). Chen et al. (2021) have explored the 
different purification methods for COX enzyme, 
including the use of ion exchange chromatography, 
ultrafiltration, and affinity chromatography, 
from Bacillus subtilis. The purified enzyme showed 
relatively higher activity and stability at a wide pH 
range and temperature conditions, that being suitable 
in the detection of cholesterol in food. Overall, the 
purity of cholesterol oxidase from endophytic 
bacteria has been assessed frequently through 
various methods, including the use of different 
chromatography techniques, optimization of culture 
conditions and the addition of surfactants to the 
medium (Li et al., 2015). Acetone is commonly used 
as a precipitating agent for cholesterol oxidase, due to 
its high solubility in water, low toxicity to proteins with 
little deleterious effect on proteins and feasibility of 
removal by centrifugation (Bholay et al., 2013). 
Purification of cholesterol oxidase from Nocardia 
rhodochrous, Brevibacterium sp. and Streptomyces by 
ion-exchange chromatography was frequently 
reported (El-Sayed and Ali, 2011, Singh et al. 2016, 
Zarei et al, 2022).  Cholesterol oxidase from 
Burkholderia gladioli was purified and immobilized on 
Calcium alginate, with a robust catalytic stability for 
cholesterol oxidation (El-Sayed et al., 2025). Its crystal 
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of cholesterol oxidase reveals a homodimer 
protein with each subunit containing a flavin 
adenine dinucleotide (FAD) cofactor that participates 
in the catalytic mechanism. The identity of catalytic 
residues and phylogenetic distribution of cholesterol 
oxidase is cleared. The biochemical properties of 
cholesterol oxidase from different microorganisms 
were summarized in Table 1.  

Different approaches for improving the stability of 
cholesterol oxidase  

 Different approaches have been implemented to 
increase the structural stability and catalytic efficiency 
of the enzymes, such as carrier, covalent binding, 
polymer entrapment, and cross-linking (Bayraktar and 
Serilmez, 2011). The catalytic stability of enzymes was 
strongly enhanced with immobilization on nano-
matrices, for their huge surface area and compact 
size. The reusability and stability of the immobilized 
enzymes are the major features for the enzyme-
nanoconjugates (Ghosh et al., 2018). The mesoporous 
cages and surface of MOF PCN-333(Al), which was 
employed as a colorimetric biosensor for cholesterol 
detection, were co-conjugated with cholesterol 
oxidase and HRP (Zhao et al., 2019). Compound Tris 
(2,2-bipyridyl) dichloro-ruthenium (II) hexahydrate 
(Ru (bpy) 3Cl2) was present in Fe3O4&SiO2-SiO2-COX 
nanoparticles, was used as a sensing material, has a 
potential application in multi-parameter fiber optic 
biosensors (Huang et al., 2015).  

Hwang and Lee (2019) identified three primary 
methods for multi-enzyme immobilization: random 
co-immobilization, positional co-immobilization, and 
compartmentalization. Using enzymes like cholesterol 
esterase (ChEt)/oxidase, biosensor surfaces were 
modified to particularly increase the sensitivity 
towards biological moieties to detect cholesterol level 
in blood or human serums. Chitosan nanocomposites-
based biosensors have been demonstrated to be 
more effective, and sensitive (Murugesan and 
Scheibel, 2021). The different approaches chemical 
modifications of enzyme via immobilization on 
different compatible biopolymers, such as dextran, 
Calcium alginate, Polyethylene glycol, chitosan, chitin, 
and cyclodextrin for L-methionine γ-lyase, arginase, L-
arginine deiminase, and L-asparaginase were 
reported in our previous studies (El-Sayed et al., 2011, 
2013, 2015a, b, 2022, 2023., 2024, 2025, Kebeish et 
al., 2016, Yassin et al., 2022).  

 

Biotechnological applications of microbial 
cholesterol oxidases  

  Cholesterol oxidase is an enzyme that catalyzes the 
oxidation of cholesterol into cholest-4-en-3-one, 
which is an important reaction in various 
biotechnological applications. Immobilization of 
cholesterol oxidase can enhance its stability, 
reusability, and activity, making it more efficient for 
industrial applications, making this enzyme as a 
proper enzyme for industrial and clinical laboratory 
applications (Torkaman and Soudi, 2021). Cholesterol 
oxidase is used in measuring cholesterol in clinical 
samples, bioconversion of cholesterol and insecticidal 
activity against cotton weevil were explored (Doukyu 
and Aono et al., 2001, El-Naggar and El-Shweihy, 
2020a). There are some medical uses of cholesterol 
oxidase produced by endophytic bacteria that have 
been shown to effectively reduce cholesterol levels in 
animal models by converting cholesterol to cholest-4-
en-3-one, that can be excreted from the body (Singh 
et al., 2016, Shah and Khullar, 2017). 

Cholesterol has received much attention recently for 
its role in carcinogenesis as reported from different 
studies (Silvente and Poirot, 2012). Cancer is an 
uncontrolled cell growth, resistance to apoptosis, in 
addition, deregulation of lipid metabolism is one of 
the emerging metabolic hallmarks in cancer 
development (Liu et al., 2017b). In vivo study showed 
that combination therapy has a more powerful 
activity to combat the tumor cell growth than either 
cholesterol oxidase or Dox treated groups singly (Liu 
et al., 2017b). Cholesterol oxidase treatment resulted 
in phosphorylation of JNK (c-Jun NH2-terminal kinase) 
and p38, downregulation of Bcl-2 (B-cell lymphoma/ 
leukemia-2), upregulation of Bax, activating caspase-
3 and cytochrome C likely via production of H2O2 
along with cholesterol oxidation (Devi and Kanwar, 
2017). So, cholesterol has an important role in cancer 
development (Ding et al., 2019).  

The clinical and experimental studies revealed that 
the high-cholesterol diet has a direct effect on cancer 
development, which is a critical branch of the 
cholesterol synthesis for breast cancer stem cell (CSC) 
maintenance. Cholesterol oxidase is used in the 
production of steroid hormones such as cortisol, 
aldosterone, and testosterone. It is used to convert 
cholesterol to cholest-4-en-3-one, which is a 
precursor for the synthesis of these hormones, and 
bile acid synthesis. Cholesterol oxidase has been used 
practically in producing of the precursors of hormonal  
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Figure 1. Schematic diagram of cholesterol oxidation and isomerization catalysed by cholesterol oxidase 

Table 1. Biochemical properties of cholesterol oxidase from different microorganisms 

Microorganism 
Optimum 

pH 

pH 

Stability 

Optimum 

Temperature 

Specific 

Activity 

Molecular 

Subunit 

Structure (kDa) 

References 

Arthrobacter simplex 7.5 7.0-8.0 50 3.6 57 Liu et al., 1988 
Bacillus subtilis 7.5 7.0-8.0 37 1.39 105 Kumari and Kanwar, 2016  
Brevibacterium sterolicum 6.5 6.0-7.0 55 55.2 46.5 Fujishiro et al., 2002 
Burkholderia cepaca ST-200 6.8-8.0 6.0-7.0 60 16.9 60 Doukyu N, Aono R (2001 
Chryseobacterium gleum 6.75 6.2-7.4 35 15.5 60 Reiss et al., 2014 
Corynebacterium cholesterolicum 7.0-7.5 6.5-7.9 40-42 - 57 Shirokane YNK, Mizusawa, 1977 
Enterococcus hirae 7.8 7.0-8.0 40 124 60 Yehia et al., 2015 
Streptomyces fradiae 7 6.0-7.0 70 - 60 Yazdi et al., 2001 
Pseudomonas aeruginosa 7.0 6.0-7.0 70 11.6 59 Doukyu N, Nihei, 2015 
Streptomyces aegyptia 7.0 6.0-7.0 37 15.631 46 El-Naggar et al., 2017 
Streptomyces rimosus 7 6.4-7.6 40 - - Srivastava et al., 2018 
Streptomyces virginiae 7.5 7.0-9.0 45 - 58.9 Li et al., 2010 

 
 
steroids as one of the physiological functions of this 
enzyme (Kreit and Sampson, 2009, Hamed et al., 
2010). The enzyme has broad applications on the 
biosensor manufacturing, biotransformation of 
steroids, and polyene macrolide pimaricin synthesis 
(Devi and kanwar, 2017). Nanotechnology-based tools 
could be one of the most sophisticated approaches 
for the enzyme-based biosensors in clinical 
applications (Narwal et al., 2019, Akanksha and 
Kavindra 2020).  

HOx treatment inhibited phosphorylaon of  Akt  
(protein  kinase  B) and  ERK1/2 (extracellular signal 
regulated kinase 1/2) which was irreversible even  
aer  cholesterol  addion.  Further  studies  indicated  
that Choletserol oxidase  treatment  also  promoted  
the  generaon  of  reacve oxygen species  (These 
findings suggested that Choletserol oxidase leads to 
irreversible cell apoptosis by decreasing cholesterol 
content and increasing ROS level. This indicates that 
the microbial Cholesterol oxidase may be a promising 
candidate for a novel anti-tumor therapy [Liu et al 
2014 ; Devi and Kanwar (2017)]. Liu J, Xian G, Li M, 
Zhang Y, Yang M, et al (2014) Cholesterol oxidase from  
Bordetella sp. promotes irreversible cell apoptosis in 
lung adenocarcinoma by  cholesterol  oxidaon.  Cell  

Death and  Disease 5: 1372 Liu J, Xian G, Li M, Zhang 
Y, Yang M, et al (2014) Cholesterol oxidase from  
Bordetella sp. promotes irreversible cell apoptosis in 
lung adenocarcinoma by  cholesterol  oxidaon.  Cell  
Death and  Disease 5: 1372 HOx treatment inhibited 
phosphorylaon of  Akt  (protein  kinase  B) and  
ERK1/2 (extracellular signal-regulated kinase 1/2) 
which was irreversible even  aer  cholesterol  
addion.  Further  studies  indicated  that Choletserol 
oxidase  treatment  also  promoted  the  generaon  
of  reacve oxygen species  (ROS). 

Cholesterol oxidase produced by endophytic bacteria 
has been shown to have antibacterial properties. It 
works by disrupting the bacterial cell membrane, 
leading to bacterial cell death (Vinothkumar and 
Annamalai, 2018). Cholesterol oxidase based 
biosensors can be used in cancer diagnosis and 
therapy (Kharitonov and Shumyantseva (2019). There 
is a substantial interest in the production of this 
enzyme, especially for their wide applications on 
assay of the total and free cholesterol (Hamed et al., 
2010). The enzyme has a crucial role in bacterial 
pathogenesis (Vrielnik, 2010), as a membrane-
damaging factor of R. equi, an opportunistic human 
pathogen (Navas et al., 2001). Cholesterol oxidase 
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was reported to be produced by pathogenic bacteria, 
Rhodococcus sp (Fernández et al. 2014), Bordetella sp 
(Lin et al. 2010) and Mycobacteria sp (Yao et al., 2013) 
for invading the host cells, by altering the structure of 
cholesterol of the cell membrane to cholesten-4-en-
3-one. In addition, due to the frequency of cholesterol 
oxidase in bacteria and fungi, this enzyme has been 
considered as a possible target of antibiotics. The beta 
amyloids in Alzheimer’s disease oxidize cholesterol 
producing 4-cholesten-3-one, mimicking the 
cholesterol oxidase activity (Sottero et al., 2009). This 
enzyme involved transformation of sterols and 
nonsteroidal compounds (Ahire et al., 2012), analysis 
of the membrane structure, and biosynthesis of 
polyene macrolide pimaricin (Doukyu 2009). Another 
use of the enzyme is in the microanalysis of steroids 
in food specimens for determining the steric 
configuration of 3-ketosteroids from their 
corresponding 3β-hydroxysteroids (Kuppusamy and 
Kumar, 2016). Cholesterol oxidase has been 
immobilized on chitin, a natural biopolymer (Yazdi et 
al., 2001a), upon cross linking by glutaraldehyde, 
displaying higher thermal stability, and reusability, 
and retained more than 90% of its initial activity after 
10 cycles of reuse. Immobilization of cholesterol 
oxidase on magnetic nanoparticles by covalent 
bonding to the surface of nanoparticles with a 
bifunctional link, with affordability of separation of 
the enzyme from the reaction mixture, which is 
important for industrial applications (Puri et al., 
2019). The conjugated enzyme showed higher 
thermal and pH stability and retained more than 80% 
of its initial activity after 10 cycles of reuse. 
Cholesterol oxidase conjugated with chitosan 
magnetite was able to oxidize up to 90% of a 
cholesterol substrate, the enzyme reacted with 
chitosan-aminated magnetite nanoparticles 
(Saravanan and Gomathi 2016, Senthilkumar and 
Gomathi 2018). Poly-Ethylene Glycol and decorated 
polystyrene nanoparticles were used to immobilize 
this enzyme for biosensors manufacturing (Ghosh et 
al., 2018, Perdani et al., 2020). 

Conclusion and future directions of cholesterol 
oxidase applications  

The biochemical and kinetic properties of cholesterol 
oxidase from the different bacterial sources, as well as 
the different immobilization approaches to enhance 
the enzyme catalytic stability, operative stability and 
reusability, were reported. However, catalytic 
efficiency and stability were the main challenge that 
halts the further applications of this enzyme in various 
biotechnological aspects. So, screening for this 

enzyme from different extraordinary bacterial or 
fungal sources, such as thermophilic, barophilic 
conditions, could be a new approach to explore an 
enzyme with unique biochemical properties and 
affordable catalytic efficiency. In addition, cholesterol 
oxidase immobilization on novel magnetic 
nanoparticles, or nanopolymers with little chemical 
interactions, could be an alternative tool to get a 
highly active enzyme with numerous and limitless 
operative stability of this enzyme.    
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