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Abstract:  
 

The majority of therapy methods include downsides and limits. As a result, many 

researchers are focused on developing effective remedies. Therapeutic peptides, like 

proteins and antibodies, are a potential class of medications that have a number of 

advantages over traditional pharmaceuticals. Williamson marianensis-produced 

cholesterol oxididase has been demonstrated to have medicinal value. Using PCR and 

primers specific to an expression vector (pET28b), we were able to clone the cholestrol 

oxidase gene and express it in E. coli (BL-21/DE3) Rosetta following identification with 

IPTG. Genscript Corporation in the United States sequenced gyncholestrol oxidase (500 

bp) to create a cox sequence, which was then submitted for synthesis. pET 28a(+) cox 

william showed a twofold restriction digestion pattern. The pattern was made up of two 

strands: one was a carrier plasmid (4200 bp) and the other was a 2800 base pair strand 

that contained the cholesterol oxidase gene. The cholesterol oxidase gene was 

successfully cloned and expressed as a consequence. Williamson marianensis-derived 

cholesterol oxidase will be exploited in future medicinal results. 

 

1. Introduction 

 
Human infections might be caused by the genus 

Williamsia [1], which belongs to the actinomycete 

family [2]. In the genus Williamsia, the DNA G+C 

content was 64–65 percent [3]. Williamsia infections 

and illnesses in people have been recorded, the illness 

was caused by exposure to the environment; however, 

no indication of an environmental source for 

Williamsia infections was found [4]. Marisch and his 

team were the first to describe W. muralis as the cause 

of lung infection in an elderly lady [5]. 

R. equi, a Gram-positive coccobacillus that dwells 

inside the host's macrophages and uses this enzyme 

as pathogenicity [6], was a potential pharmacological 

target for treating bacterial infections. Plasmids were 

also useful genetic tools for manipulating and 

analyzing microorganisms by introducing, 

modifying, or removing target genes [7]. 

 
There is no particular medium defined for the 

isolation of Williamsia from human clinical samples 

for identification by various culture media. Columbia 

agar supplemented with 5% sheep blood agar and 

brain heart infusion (BHI) agar [8], M3 agar 

supplemented with cycloheximide and nystatin [9], 

glucose/yeast extract agar (GYEA) plates [10], and 

raffinose [11]. 

Sequence-based identification was the most accurate 

approach and evaluation of taxonomic features for 

Williamsia identification. At the genus and species 

levels, 16S rRNA gene sequencing was an effective 

standard approach for accurately identifying new 

bacteria and emerging diseases [12]. Cholesterol 

oxidase is a bifunctional alcohol dehydrogenase/ 

oxidase flavoprotein that catalyzes the 

dehydrogenation of C(3)-OH in a cholestane 

environment to give the carbonyl product. 

http://dergipark.org.tr/en/pub/ijcesen
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The interfacial catalysis association mechanism 

requires that the substrate binding site be directed 

toward and in contact with the lipid bilayer. The face 

that must be orientated towards the membrane 

holding the substrate was determined by X-ray crystal 

structures of the soluble enzyme in the absence of 

lipid [13]. These research focused on the 

Streptomyces and Rhodococcus equi enzymes 

because they were accessible to expression, 

mutagenesis, and higher solution crystallography. 

Their structures and mechanisms are almost similar 

[14]. 

The goal of this work was to identify and express the 

gene encoding cholesterol oxidase from Williamsia 

marianensis in E. coli, as well as to examine the 

sequence encoded cholesterol oxidase in silico. 

 
1.1 Methodology 

 

The activity of cholesterol oxidase was measured 

spectrophotometrically, as described before [15]. The 

hydrogen peroxide released by cholesterol oxidase's 

enzymatic digestion of cholesterol as a substrate 

might be detected by oxidative coupling of phenol 4-

aminoantipyrine, catalyzed by horseradish 

peroxidase, in this approach. The latter reaction 

would produce quinoneimine red dye, which could be 

spectrophotometrically detected at 500 nm (Figure 1). 

 

 
Figure 1. Mechanism of cholesterol oxidase action on 

cholesterol as a substrate [16] 

 
The reaction mixture included 3 mM cholesterol in 1 

mL 1 percent Triton X-100, 100 mL enzyme solution, 

300 mM potassium phosphate buffer pH 7.0, 1.2 mM 

4-aminoantipyrine, 21 mM phenol, and 20 U 

horseradish peroxidase, with a final volume of 3 mL. 

During the incubation time, the enzyme reaction was 

carried out at 37 °C for 10 minutes with moderate 

agitation. Boiling at 100°C for 3 minutes halted the 

reaction. Allow the reaction tubes to cool to ambient 

temperature. The generated color was then 

spectrophotometrically quantified at 500 

milliseconds. The quantity of enzyme that released 

one micromole of H2O2 per minute at 37°C under the 

indicated test conditions was defined as one unit of 

enzymatic activity (U). 

These primers were supplied in lyophilized form by 

(IDT/DNA Company), and the stock solution was 

prepared by dissolving the lyophilized primers in 

nuclease free water until a final concentration of 100 

picomol/l, and the working solution was prepared by 

adding 10 l of stock solution to 90 L of nuclease free 

water to obtain a working primer solution of 10 

picomol/l (stored at freezer -20 C). 

Competent cells of the above-mentioned E. coli strain 

were produced using CaCl2 as previously reported 

[17]. In a 250 mL Erlenmeyer flask, 100 mL LB was 

inoculated with 1 mL of overnight E. coli seed 

culture. The infected soup was incubated for 2-3 

hours at 37°C with 200 rpm agitation until it reached 

an optical density of 0.4 at 600 nm. After that, the 

germs were put on ice for 30 minutes to cease 

growing. The cells were extracted by centrifugation 

at 4,500 rpm for 20 minutes at 4 degrees Celsius. The 

bacterial pellet was suspended in 20 mL of cool 0.1 

M CaCl2 and maintained on ice for 30 minutes after 

decanting the supernatant. Cells were harvested by 

centrifugation at 4,500 rpm for 20 minutes at 4°C. 

The bacterial pellet was suspended in 2 mL of chilled 

0.1 M CaCl2, and this bacterial suspension is 

chemically competent E. coli cells at this point. 

Chemically competent E. coli cells were combined 

with 2-3L (50 ng) of the vector in an eppendorf tube 

(100L) (plasmid). For 40 minutes, the mixture was 

maintained on ice. The cells were then subjected to a 

heat shock in a water bath at 42°C for 45 seconds 

before immersing the eppendorf tube in ice for 5 

minutes. The eppendorf tube was then filled with 900 

mL of LB broth and incubated at 37°C for 1.5 hours 

with 180 rpm agitation. This 1 mL culture was 

disseminated on the surface of LB agar plates with the 

appropriate selectable marker kanamycin at a final 

concentration of 34 g/mL at the conclusion of the 

incubation period. The inoculated agar plates were 

then incubated for 24 hours at 37°C. 

 

2. Results and Discussions   

 

The map of the recombinant construct pET-28a 

(+)/Cox william, which was synthesized by 

GenScript Co. and created using SnapGene software, 

as shown in Figure 2. The recombinant plasmid is 

7045 bp long after the cholesterol oxidase gene has 

been inserted. The whole length is 7045 bp, as 

displayed. In terms of nucleotide and protein 

molecular weights, the predicted recombinant protein 

cholesterol oxidase should be 1821bp and 69.3 kDa, 

respectively. The cholesterol oxidase gene was 

1821bp in length. The 6-His tag would provide the 

recombinant cholesterol oxidase protein an additional 

18 amino acids. Furthermore, the XhoI recognition 

site would add two additional amino acids. 
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Figure 2. The map of the recombinant construct pET-28a 

(+)/Cox_william 

 
As a consequence, 23 more amino acids would be 

added to the recombinant cholesterol oxidase protein, 

resulting in the creation of a 630 amino acid 

recombinant cholesterol oxidase protein. The final 

recombinant protein would have had 629 amino acids 

when the stop codon was removed. The recombinant 

protein's anticipated molecular weight is 69.3 kDa. 

The recombinant Williamsia marianensis strain of the 

Cox william gene was expressed in E. coli BL21 

(DE3) Rosetta Strain; host strain detects an able level 

of gene expression was achieved after induction with 

(one mM of IPTG), for 18 hours at 30°C; then after 

cell lysis, the protein extract (soluble fraction) of the 

recombinant protein was purified with IMAC 

Chromatography. Figure 3 shows the twofold 

restriction digestion pattern of pET-28a (+)/Cox 

William. Two bands were obtained: one for the 

plasmid vector (4200 bp) and another for the 

cholesterol oxidase gene (2800 bp). 

 

 
Figure 3. Agarose gel electrophoresis (1%) of restriction 

pattern digestion of pET-28a (+)/Cox_william 

with MluI and XhoI 

 

Prokaryotic microbes created all of the cholesterol 

oxidase (pathogenic and nonpathogenic bacteria). 

Nonpathogenic bacteria use ChO as a metabolic tool 

for getting carbon sources from cholesterol 

breakdown, but pathogenic bacteria use it to infect 

host macrophages by oxidizing membrane 

cholesterol [18]. Many attempts have been attempted 

to extract ChO from original microorganisms so far. 

However, there are several drawbacks to this strategy, 

such as challenging growing circumstances and 

limited production of the original microorganisms 

[19]. ChO genes from several bacterial sources have 

been cloned and expressed, indicating that they are 

suitable for commercial enzyme production [20]. 

These "recombinant" forms were employed to 

effectively convert E. coli; the process seemed to 

produce 100% recombinant clones. (Shuldiner and 

his friends devised another LIC approach that utilizes 

denaturation and heterologous annealing of the PCR 

product and vector and is difficult to regulate [21]. 

The automodel command was then used to conduct 

homology modeling. The variable target function 

approach with conjugate gradients was then used to 

improve each model [22]. The current work produced 

a phylogenetic tree based on detected nucleic acid 

variations. This tree depicted the genetic relationship 

between Williamsia marianensis cholesterol oxidase 

and cholesterol oxidases from other species. 

 

3. Conclusions 

 
The purpose of this study was to find and express the 

cholesterol oxidase gene from Williamsia 

marianensis in E. coli, as well as to look at the 

sequence encoded cholesterol oxidase in silico. The 

findings of this investigation revealed the three-

dimensional structure of Williamensia marienesi 

cholesterol oxidase protein sequence. Burkholderia 

cepacia FAD glucose dehydrogenase gamma-alpha 

subunit complex crystal structure).Improved 

enzymatic performance had been attained using a 

design based on structure and function relationships.  

Qin and his team in 2014 were investigated substrate 

selectivity and affinity by introducing amino acid 

alterations into Streptomyces cholesterol oxidase 

utilizing site-directed mutagenesis and structural 

comparisons [22].  

The recombinant Cox william construct was first 

expressed at 4.5 U/mL in E. coli BL21 (DE3) Rosetta 

strains bearing the pET-28a (+)/Cox william 

construct. When the LB growing medium was 

replaced with the applied optimized method, the 

traceable Cox william construct activity in the cell 

lysate of the recombinant Rosetta strain was 

effectively increased. After ion exchange column 

separation, cholesterol oxidase was purified to 

homogeneity and contained DEAE Sepharose CL-6B 

with 501.05 U total activity and 31.15 mg protein. 

With a specific activity of 16.08 U/mg of protein, the 

enzyme was isolated [23]. In E. coli BL21 (DE3) 

Rosetta strains carrying the pET-28a (+)/Cox william 

construct, the recombinant Cox william construct was 

initially produced at 4.5 U/mL. The traceable Cox 

william construct activity in the cell lysate of the 

recombinant Rosetta strain was effectively raised 
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when the LB growth medium was changed with the 

applied optimized technique. 

 

 

Author Statements: 

 

 Ethical approval: The conducted research is not 

related to either human or animal use. 

 Conflict of interest: The authors declare that they 

have no known competing financial interests or 

personal relationships that could have appeared to 

influence the work reported in this paper 

 Acknowledgement: The authors declare that they 

have nobody or no-company to acknowledge. 

 Author contributions: The authors declare that 

they have equal right on this paper. 

 Funding information: The authors declare that 

there is no funding to be acknowledged.  

 Data availability statement: The data that 

support the findings of this study are available on 

request from the corresponding author. The data 

are not publicly available due to privacy or ethical 

restrictions. 

 

 

References 

[1] Kämpfer, P. Williamsia. In: Bergey’s manual of 

systematics of Archaea and Bacteria. New York: 

Springer. p. 1–7, 2015. 

[2] Butler, WR.; Floyd, MM.; Brown, JM.; Toney, SR.; 

Daneshvar, MI.; Cooksey, RC. et al. Novel mycolic 

acid-containing bacteria in the family Segniliparaceae 

fam. Nov., including the genus Segniliparus gen. nov., 

with descriptions of Segniliparus rotundus sp. nov. and 

Segniliparus rugosus sp. nov. Int J Syst Evolut 

Microbiol. 55(4):1615–24, 2005.  

[3] Kämpfer, P.; Andersson, MA.; Rainey, FA.; 

Kroppenstedt, RM.; Salonen, M. Williamsia muralis 

gen. nov., sp. nov., isolated from the indoor 

environment of a children’s day care centre. Int. J. Syst. 

Evolut. Microbiol., 49(2):681–7, 1999. 

[4] Woods, GL.; Brown-Elliott, BA.; Conville, PS.; 

Desmond, EP.; Hall, GS.; Lin, G, et al. Susceptibility 

testing of mycobacteria, Nocardiae, and other aerobic 

actinomycetes. Wayne: Clinical and Laboratory 

Standards Institute; 2011. 

[5] Marisch K.; Bayer, K.; Scharl, T.; Mairhofer, J.; 

Krempl, PM.; Hummel, K.; Razzazi-Fazeli, E. and 

Striedner, G. A comparative analysis of industrial 

Escherichia coli K–12 and B strains in high-glucose 

batch cultivations on process-, transcriptome-and 

proteome level. PloS One 8:e70516, 2013. 

[6] Gigue`re, S. and Prescott, JF. Clinical manifestations, 

diagnosis, treatment, and prevention of Rhodococcus 

equi infections in foals. J. Vet. Microbiol., 56: 313–

334, 1997.  

[7] Sota, M., and Top, E. Horizontal gene transfer mediated 

by plasmids, in Plasmids: Current Research and Future 

Trends, ed G. Lipps (Norfolk, VA: Caister Academic 

Press; Horizon Scientific Press)., 111–181, 2008. 

[8] Yassin, A.; Young CC.; Lai W-A.; Hupfer H.; Arun A.; 

Shen, F-T.; et al. Williamsia serinedens sp. nov., 

isolated from an oil-contaminated soil. Int J Syst Evolut 

Microbiol., 57(3):558–61, 2007. 

[9] Stach, JE.; Maldonado, LA.; Ward, AC.; Bull, AT. and 

Goodfellow M. Williamson maris sp. nov., a novel 

actinomycete isolated from the Sea of Japan. Int J Syst 

Evolut Microbiol., 54(1):191–4, 2004. 

[10] Pathom-Aree, W.; Nogi, Y.; Sutcliffe, I.;  Ward, A. et 

al. Williamsia marianensis sp. nov., a novel 

actinomycete isolated from the Mariana Trench. 

International Journal of Systematic and Evolutionary 

Microbiology, 56, 1123–1126, 2006. 

[11] Jones, A.; Payne, G. and Goodfellow, M. Williamsia 

faeni sp. nov., an actinomycete isolated from a hay 

meadow. Int J Syst Evolut Microbiol., 60(11):2548–51, 

2010. 

[12] Schlaberg, R.; Simmon, KE. and Fisher, MA. A 

systematic approach for discovering novel, clinically 

relevant bacteria. Emerg Infect Dis., 18(3):422, 2012. 

[13] Lario, PI.; Sampson, N. and Vrielink, A. Sub-atomic 

resolution crystal structure of cholesterol oxidase:What 

atomic resolution crystallography reveals about 

enzyme mechanism and the role of the FAD cofactor in 

redox activity. J Mol Biol., 326:1635–1650, 2003. 

[14] Sampson, NS. and Vrielink, A. Cholesterol oxidases: 

a study of nature's approach to protein design. J. Acc. 

Chem. Res. 36:713–722, 2003. 

[15] Sasaki, I.; Goto, H.; Yamamoto, R.; Tanaka H.; 

Takami KI.; Yamashita, KJ.; Horio, T. Hydrophobic 

ionic chromatography: its application to microbial 

glucose oxidase, hyaluronidase, cholesterol oxidase 

and cholesterol esterase. J Biochem., 5:1555–61, 1982. 

[16] Wang, Z.; Jin, L.; Yuan, Z.; Węgrzyn, G. and 

Węgrzyn, A. Classification of plasmid vectors using 

replication origin, selection marker and promoter as 

criteria. J. Plasmid., 61(1): 47-51, 2009. 

[17] Sambrook, J.; Fritsch,E.F. and Maniatis, T. Molecular 

cloning: A laboratory Manual. 2nd ed. P.A. 12 Cold 

spring Harbor Laboratory press. Cold sipring Harbor, 

New York. P: 68, 1989. 

[18] Pollegioni, L.; Piubelli L. and Molla, G. Cholesterol 

oxidase: Biotechnological applications. FEBS. J., 

276:6857-6870, 2009. 

[19] Coulombe, R.; Yue, KQ.; Ghisla, S. and Vrielink, A. 

Oxygen access to the active site of cholesterol oxidase 

through a narrow channel is gated by an Arg-Glu pair. 

J. Biol. Chem., 276:30435-30441, 2001. 



Alaa Kadhim Shareef SHAREEF, Belgin ERDEM, Ahmed Jasim NEAMAH, Ahmed Sadeq Habeeb AL-ADBAN/ IJCESEN 8-3(2022)69-73 

 

73 

 

[20] Nishiya, Y.; Harada, N.; Teshima, SI.; Yamashita M, 

Fujii I, Hirayama N. and Murooka, Y. Improvement of 

thermal stability of Streptomyces cholesterol oxidase 

by random mutagenesis and a structural interpretation. 

Protein. J. Eng., 10(3):231–235, 1997. 

[21] Shuldiner, A.R.;  K. Tanner, L.A. Scott, C.A. Moore, 

and Roth, J. Ligase-free subcloning: A versatile method 

to subclone polymerase chain reaction (PCR) products 

in a single day. J. AnaL. Biochem. 194: 9-15,1991.  

[22] Qin, H. M., Zhu, Z., Ma, Z., Xu, P., Guo, Q., Li, S. 

and Lu, F. (2017). Rational design of cholesterol 

oxidase for efficient bioresolution of cholestane 

skeleton substrates. Scientific reports, 7(1), 1-10. 

[23] El-Naggar, N.; Deraz, S F.; Soliman, H M.; El-Deeb, 

N M. and  El-Shweihy, N M. Purification, 

characterization and amino acid content of cholesterol 

oxidase produced by Streptomyces aegyptia NEAE. J. 

BMC. Microbiology., 17:76, 2017.  

 

 

 


