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ABSTRACT
Cholesterol oxidase (CHO) is a monomeric bi-functional FAD-containing (flavoenzyme) enzyme
belongs to the family of oxidoreductases those catalyses the oxidation of cholesterol into 4cholesten-3-one. Cholesterol oxidase has various clinical and industrial applications. . Recently,
microbial cholesterol oxidase have received a great attention for their wide usage in medicine.
The present study aims at isolation and characterization of microorganisms which possess ability
to produce CHO when grown in a medium rich in cholesterol. The presence of CHO producing
microorganism was confirmed by CHO indicator plates. Biochemical tests and molecular
characterization (i.e.) 16s rRNA sequencing was performed to identify the strain as Bacillus
sonorensis. Optimum production was observed at 35°C and pH 7.0 on cholesterol minimal
medium. The product obtained during fermentation is partially purified by ammonium sulphate
precipitation and Dialysis. The purified cholesterol oxidase enzyme was electrophoresised and
Molecular weight of this enzyme was estimated at 55 kDa. Antimicrobial activity of purified
enzyme was tested. Also the effect of the enzyme on serum cholesterol was studied.

Key words: Bacillus sonorensis, Cholesterol oxidase, Cholesterol, 4-cholesten-3-one, CHO
indicator plates.
INTRODUCTION
Some microorganisms present in the soil are
capable of growing by utilizing cholesterol as
sole carbon source. These Cholesterol
degrading microorganisms generally produce
an enzyme known as cholesterol oxidase
(CHO) which catalyzes the conversion of
cholesterol
into
4-cholestene-3-one1,2.

Cholesterol oxidase (CHO), a bi-functional
FAD-containing
(flavoenzyme)
enzyme
belongs to the family oxidoreductases that
catalyze the first step in cholesterol
catabolism. This bifunctional enzyme oxidizes
cholesterol to cholest-5-en-3-one in an FADrequiring step,

Cite this article: Sanjeev, A., Nair, K.K., Nija, R.J., Dharan, A.T., Nazeer, N., Ananthavishnu, S.G. and
Roopa, P., Isolation and Characterisation of Cholesterol Biodegrading Bacteria from Industrial Waste,
Partial Purification of Cholesterol Oxidase, its Bioreactor and Application Studies, Int. J. Pure App. Biosci.
6(1): 713-720 (2018). doi: http://dx.doi.org/10.18782/2320-7051.6154

Copyright © Jan.-Feb., 2018; IJPAB

713

Sanjeev et al

Int. J. Pure App. Biosci. 6 (1): 713-720 (2018)

Which is then isomerized to cholest-4-en-3one with the release of H2O2 20. Many
microorganisms have been reported with
ability to produce CHO. Knowledge on the
isolation and characterization of cholesteroldegrading microorganisms and evaluate their
potential for degradation of cholesterol has
diverse applications.
In the present study, Bacillus
sonorensis strain was isolated from soil and its
biochemical and molecular characterizations
were elucidated. Then the optimization of
cholesterol oxidase production by Bacillus
sonorensis strain using different pH and
Temperature were performed in order to
increase the cholesterol oxidase production.
The cholesterol oxidase was produced in pilot
scale in a fermenter providing optimized
conditions and the purification of cholesterol
oxidase was performed. Then the genome was
isolated using whole genome isolation kits
from HiMedia. The genome was subjected to
16S rRNA sequencing to authenticate the
microorganism. Application of cholesterol
oxidase obtained from Bacillus sonorensis was
also studied.
MATERIALS AND METHODS
Sample collection
Soil samples containing oil waste and effluents
from soap industry were collected. These soil
samples were chosen, since they contain oil for
prolonged period of time and have turned into
medium for the microorganisms to thrive on
by degrading the fat thereby using cholesterol
content as a source of carbon. Soil samples
were collected from the regions were oil from
industries have been dumped for years21.
Medium preparation
Cholesterol containing minimal medium of
below mentioned composition was prepared
and autoclaved1,2,21.
1.
NH4NO3 – 0.5%
2.
K2HPO4- 0.00025%
3.
MgSO4 7H2O- 0.00025%
4.
NaCl- 0.005%
5.
FeSO4 7H2O- 0.0005%
6.
Cholesterol- 0.5%
7.
1% Agar
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Isolation of microorganisms
Cholesterol containing minimal medium thus
prepared was inoculated with soil samples and
effluent samples of dilutions (10-1) pour plate
techniques and was allowed to solidify. The
plating was done in laminar air flow chamber
in order to avoid presence of contaminants and
ensure sterile conditions. This was further
incubated under specific conditions for about
15 days at 28 – 29 °C. From that we conclude
that the bacterial species was able to degrade
cholesterol. Colonies thus obtained were subcultured on agar slants. Cholesterol containing
broths were also inoculated under similar
sterile conditions. Broth was then incubated in
a shaking incubator.
Gram staining
Gram staining is performed to identify if the
organism is gram positive or negative. The
glass slide containing microorganism is
stained with crystal violet and washed with
iodine that act as a mordant. Followed by this
the glass slide is washed with 95% alcohol and
is stained with safranine and is washed off
with distilled water. Gram positive bacteria
take up crystal violet and appear violet in
colour whereas gram negative appears red in
colour when observed under a microscope.
Biochemical tests:
Glucose fermentation
Two culture tubes are added with methyl red
indicator. The colour changes from red to
yellow in acidic pH range. Sterilized
Durham’s tube is inverted to observe gas
production.
Indole test
Addition of 0.5ml Kovac’s reagent to the
culture tubes pre inoculated and incubated at
37° C for 24 - 48 hours.
MR test:
To pre inoculated culture tubes add few drops
of methyl red and test is positive if colour of
broth turns red.
VP test:
To the test tubes containing microorganism
add 10 drops of Barrit’s reagent. VP test is
positive if colour changes to crimson red.
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Indicator plate assay
CHO is able to convert Cholesterol into
Cholest-4-en-3-one and hydrogen peroxide.
CHO producing colonies were plated on
cholesterol oxidase indicator plates. These
plates were prepared by adding 1.0 g.
Cholesterol, 1.0 g Triton X-100, 0.1g odianisidine and 1000 Units of peroxidase to 1
litre of agar medium. Bacterial colonies were
cultured on these plates and incubated at 30°
C. Cholesterol penetrates into bacterial cells
where it can be converted into hydrogen
peroxide by Cholesterol oxidase. Reagents
that exist in the medium react with hydrogen
peroxide (H2O2) to form azo compound which
turns the colour of medium into intense brown
colour. The supernatant and pellets obtained as
a result of partial purification were inoculated
into the above media.
OPTIMIZATION
The factors like cholesterol concentration, pH
and temperature enhance the production of
cholesterol oxidase by the isolated strain.
Effect of cholesterol concentration
Broth media were prepared at different
concentrations of cholesterol such as 0.5 mg,
0.75 mg and 1 mg and were inoculated with
isolate. This was done to find out the optimum
concentration of cholesterol required for the
growth of cholesterol degrading micro
organisms.
Effect of pH
In order to investigate the effect of pH on
cholesterol oxidase production, the selected
bacterial isolate was cultivated with different
pH such as 6, 7.0, 8.0 in shake flask culture.
The amount of enzyme produced was
determined by the enzymatic assay.
Effect of temperature
The influence of different temperature on
cholesterol
oxidase
production
was
investigated using different temperature such
as 30°C, 35°C, 40°. The amount of enzyme
produced was determined by the enzymatic
assay.
Pilot scale production and purification of
cholesterol oxidase
The isolate was cultured in a 3L fermentor
providing optimized conditions for 15 days.
The fermantor broth was subjected to
Copyright © Jan.-Feb., 2018; IJPAB
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ammonium sulphate precipitation followed by
dialysis. SDS PAGE was performed and
Protein bands on the gel were detected by
silver staining method.
Bacterial genomic DNA extraction
Chromosomal DNA was prepared using a
modified protocol which was previously
described14. Bacteria from 5 ml aliquots of a
stationary phase broth culture were cultured in
LB broth medium containing NaCl, 5 g/l; yeast
extract, 5 g/l; Tryptone, 10 g/l (pH 7.2) and
then precipitated by centrifugation at 6000 rpm
for 20 min. DNA was extracted using bacterial
Genomic DNA extraction kit (HiMedia)
according to the manufacturer's instructions.
Phylogenic analysis of isolated strain
For final assessment of isolated bacteria, a
partial sequence of 16s rRNA was amplified
by PCR using two sets of primers (Reverse
1492: 5'-TACGGYTACCTTGT TACGACT3' and Forward 27: 5'- AGAGTTTGA
TCMTGGCTC-3). These primers were
designed based on universally conserved
sequences. Reaction mixture for PCR
amplification was prepared as follows : 1µl
DNA template, 1µl of Taq DNA polymerase, 5
µl of Taq polymerase assay buffer 10×, 2 µl of
each primers, 2 µl of dNTP Mix and 37 µl of
nuclease free water in a final volume of 50 µl.
Mixed the components gently. A short spin of
10000 rpm for 20 seconds was given. Placed
the PCR tubes in thermal cycler machine.
Thermal cycling PCR program was as
follows: initial denaturation of DNA at 95oC
for 5 min, then denaturation at 94oC for 45 s,
annealing at 58oC for 45 s, extension at 72oC
for 90 s in 30 cycles. Final extension was
performed at 72oC for 10 min. A volume of 4
µl of resulting PCR products was analysed by
electrophoresis on 0.8% gel agarose. Purified
DNA was sequenced by Rajiv Gandhi Centre
for Biotechnology (India). Resulting sequence
was then compared with the non-redundant
sequence database in NCBI.
Application of purified CHO:
Effect on serum cholesterol
The initial serum cholesterol value was
determined. Then the serum was treated
separately with 5µl of the purified enzyme
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sample and kept for incubation at 35°C for 10
min. After completion of incubation period the
amount of residual cholesterol was estimated.
Antimicrobial activity
Antimicrobial activity was tested by well
diffusion method. The solidified nutrient agar
plates were swaped with the sufficiently turbid
suspension of the organisms Escherichia coli,
Staphylococcus
aureus,
saccharomyces
cerevisiae.
Then the 6 mm wells were dug in the
centre of agar plates and 25µl enzyme sample
was poured into them and kept at 4oC for 1h
for efficient diffusion. The plates were then
incubated at 35°C for 24 h and resulted
inhibition zones were measured.
RESULTS AND DISCUSSION
Isolation of microorganism
White chalk powder colonies were observed in
cholesterol minimal media plates (Figures 1
and 2)

Fig. 1 & 2: colonies in petriplate inoculated with
soil sample 1(from industrial oil waste
containing samples) and soil sample 2 (from
effluent containing samples)

Biochemical Test
The sample was biochemically identified as
Gram positive, motile rods which give positive
glucose fermentation, methyl red and vogesproskauer test (Figure 3 and 4). The indole test
gave a negative result (Figure 5).

Fig. 3, 4 & 5: positive glucose fermentation test,
positive MRVP test, Negative Indole test
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Indicator plate assay
Indicator plate’s media turns into intense
brown colour confirming presence of CHO
(Figure 6).

Fig. 6: indicator plate (showing intense brown
colour) and control plate

Optimum pH
The maximum cholesterol degradation was
observed at 7 pH (Figure 7).

Fig. 7: graph showing % of cholesterol
degradation on different pH media

Optimum Temperature
The maximum cholesterol degradation was
observed at 35ºC temperature (Figure 8).

Fig. 8: graph showing % of cholesterol
degradation on different Temperature
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Cholesterol concentration
The maximum growth of the microorganism
was observed on 0.5mg cholesterol
concentration (Figure 9).

Fig. 11: PCR products subjected to
electrophoresis. In lane 2 a prominent band was
observed (1600 bp). This PCR product is
subjected to sequencing

Fig. 9: graph showing growth of microorganism
at different cholesterol concentration

Purification of enzyme
The cholesterol oxidase enzyme was purified
from the fermentation broth using Ammonium
sulphate precipitation followed by dialysis. A
55 kDa molecular weight band was observed
on 10% polyacrylamide gel after purification
of the cholesterol oxidase enzyme. (Figure 10)

Effect on serum cholesterol
The effect of enzyme on the serum cholesterol,
in vitro was studied and it was found that
reduction in serum cholesterol level was
31.57%.
Antimicrobial Activity
The antimicrobial activity assay the purified
enzyme showed 5 mm and 7 mm zone of
inhibition against E. coli and Saccharomyces
cerevisiae (Figure 12 & 13), while for
Staphylococcus
aureus
no
zone
appeared.`(Figure 14)

Fig. 12 & 13: 5mm zone of inhibition was
observed for E. coli , 7mm zone of inhibition was
observed for Saccharomyces cerevisiae

Fig. 10: SDS PAGE showing bands, lane 1:
protein marker, lane 2: sample before
precipitation,
lane
3:
sample
after
precipitation, lane 4: sample after dialysis

GenBank accession number
The 16s rRNA sequence was deposited in
GenBank with accession number MF574324.
Phylogenic Analysis
BLAST results indicate that the obtained 16s
rRNA sequence show maximum similarity
with the organism Bacillus sonorensis.
Copyright © Jan.-Feb., 2018; IJPAB

Fig. 14: No inhibition was observed for
Staphylococcus aureus
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Biochemical and molecular tests showed that
this CHO producing Gram-positive bacterium
belongs to Bacillus genus. Several studies
have used various methods to confirm the
production of CHO enzyme by different
bacteria12. In the present study CHO indicator
plates were used for this purpose. A protein
band of molecular weight 55 KDa on SDSPAGE was the evidence for the presence of
CHO enzyme. The acquired CHO molecular
weight is similar to that produced by
Brevibacterium24, Rhodococcus sp. PTCC
1633 9 and Rhodococcus erythropolis13. It must
be noted that molecular weight of CHO
protein produced by other bacterial strains has
a range of 30-61 kDa. However, Sojo et al.
[14] have estimated molecular weight of CHO
at 55 and 56 kDa from Rhodococcus
erythropolis and 56 kDa from Rhodococcus
equi no. 23 10. In 1982, Cheetham et al.22 noted
that optimum pH for CHO derived from
Nocardia and Rhodococcus is 7.5. In our study
the optimum pH for activity of the enzyme
was 7.0, which is similar to that for Watanabe9
studies. According to our results the CHO has
maximum activity at 35oC and Yazdi et al.20
showed, CHO enzyme is active between
temperature range of 4-50oC. Molecular
characterization i.e. 16s rRNA sequencing
(phylogenic analysis) was carried out to
confirm isolated bacterium. BLAST results
showed 99% homology with Bacillus
sonorensis bacteria. The CHO enzyme
produced from bacteria has much clinical and
industrial application but its production in
large scale for industrial usage is expensive
and time consuming. Recently many studies
have been focusing on cloning bacterial CHO
genes into a suitable expression vectors and
proper hosts3,23,24. Further studies are required
for cloning this gene into an expression vector
and evaluating applicability of recombinant
cholesterol oxidase for industrial purpose.
CONCLUSION
The
presence
of
CHO
producing
microorganism was confirmed by CHO
indicator plates. Biochemical tests and
molecular characterization (i.e.) 16s rRNA
Copyright © Jan.-Feb., 2018; IJPAB
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sequencing was performed to identify the
strain as Bacillus sonorensis. Optimum
production was observed at 35°C and pH 7.0
on cholesterol minimal medium. The product
obtained during fermentation is partially
purified by ammonium sulphate precipitation
and Dialysis. The purified cholesterol oxidase
enzyme was electrophoresised and Molecular
weight of this enzyme was estimated at 55
kDa. Antimicrobial activity of purified enzyme
was tested. Also the effect of the enzyme on
serum cholesterol was studied.
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