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ABSTRACT

Cholesterol oxidase (CHO) is one of the valuableyeres that play an important role in: measuremdrgeoum
cholesterol, food industry as a biocatalyst andiagjture as a biological larvicide. This enzyme waeduced by
several bacterial strains. Wild type enzyme produleg Rhodococcus sp. secret two forms of CHO enzgxira
cellular and membrane bound type which its amosntoiv and unstable. The goal of the study was ktpni
expression, and enzymatic activity evaluation aflesterol oxidase gene isolated from a native Rhodecus sp.
CHO gene was isolated from native bacteria and etbimto pET23a. In the next step, the construct exgsessed

in E.coli BL21 and induced by different concentratof IPTG ranges from 0.1 - 0.9 mM. This gene @iost1642

bp and encodes a protein consists of 533 aminosatichas about 96 % homology with CHO gene isdldtem
Rhodococcus equi. The high expression was obtamn@d mM concentration of IPTG after 4 hour intlan. This
recombinant enzyme had a molecular weight of 55 kit secretion of intra cellular type is much mdhan extra
cellular form. The optimum pH and temperature ctinds for the recombinant enzyme were 7.5 and 45°C,
respectively. CHO enzyme obtained from Rhodocosgusis a cheap enzyme with medical and industrial
applications that can be produced easily and pedifin large scale with simple methods.
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INTRODUCTION

Cholesterol oxidase (CHO) is a FAD (Flavin-Adendtiaucleotide) dependent enzyme that catalyzes stesld
oxidation and produces hydrogen peroxide (H202)THi$ enzyme was produced by several bacteriahstsach
as:Pseudomonas, Brevibacterium, Streptomyces, Chrauetium, Mycobacteriurand Rhodococcuf?]. CHO is
one of the valuable enzymes that play an impontalet in: measurement of serum cholesterol and atheical
samples, food industry as a biocatalyst and aguirubs a biological larvicide [3]. This enzyme talerate organic
solvent and non ionic detergents without decreagma@ctivity. It exists in two forms: non covalelimked with
FAD (class I) and covalently linked with FAD (cla§ [3, 4]. Many bacteria require this enzyme fireir
pathogenicity. They oxidase cellular membrane aaslthe ability to convert cholesterol to cholegm3-one and
produce H202 [5, 6]. As mentioned before, CHO wsdated from several bacteria. More over CHO geas w
recently isolated from many bacteria includiri@revibacterium Sterolicum ATCC21387, Arthrobactanmex,
Streptomyces SA-COO and Rhodococcus sp PTCCa683cloned into appropriate hosts [7].Wild typezyame
produced from genus dRhodococcussuch as sp.PTCC1638nd Rhodococcus spsecret two forms of CHO
enzyme: extra cellular and membrane bound typewitscamount is low and unstable [8]. In the preéstudy, we
cloned CHO gene into a suitable host and exprdsgdrecombinant protein .Then enzyme activity ififiedent pH
and temperature conditions was measured.
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MATERIALSAND METHODS

Bacterial strain and plasmid

Rhodococcus spvas isolated from the Lorestan local s&i$cherichia coli BL21 plysstrain andDH5¢q strain were
used as a host for cloning and expression of th® @ene. Plasmid pET23a was used as a vector. Bdticterial
strains as well as plasmid pET23a were purchased flene bank of Pasteur Institute.

Enzymes and chemicals

Restriction endonucleasecoRlI, Hind Il pfu polymerase and4 DNA ligasewere all purchased from Fermentas
Company and used according to manufacturer’s iostms. IPTG purchased from Sigma Company was fmed
inducing ofLac promoter increasing expression of recombinant exezyl he other reagents were all available in our
lab.

Cloning of cholesterol oxidase gene

At first, nucleotide sequences of CHO genes avi@labgene bank were aligned and their homologils @HO

gene isolated fronRhodococcuswvere determined. Then, high similar parts werentified. According to this
analysis and on the basis of findings, a pair ahprs were designed and used for amplification BOCgene by
PCR method.

Forward primer: 5 - TATAGAATCATGACCGATAGCCGGCGA-ECORI cleavage site)
Reverse primer 5- TACCAAGCTTTCACTGGATGTCGGACGAGAHind 111 cleavage site)

PCR assay was performed using above primers anérustdndard conditions. The reaction min for PCR
amplification containing: I DNA template, 2.5IUpfu polymerase (Fermentas, Germany),ul510X pfu buffer
(containing 50mM Mgcl2), 10 pmol of each primer5dl.), 1.0 ul dNTPs (10mM), and double-distilled water to a
final volume of 50ul. PCR program was as follows: 6 min at 95°C fdtiahdenaturation, 45 sec at 94°C, 50 sec at
58°C, and 60 sec at 72°C for 30 cycles followingndih at 72°C for final extension. PCR product waent analyzed
on 0.8% agarose gel and purified using gel extackit (Metabion, Germany). Plasmid DNAET23a)was also
extracted using plasmid extraction kit (Roche, Gam). Both of purified PCR product and plasmid DMAsS
digested byEcoRIandHind 1lI restriction endonuclease enzyme for 3h at 37°Crddfter, ligation reaction was
carried out usingT4 DNA ligaseat 14°C over night incubation according to mantifees instruction. This
recombinant construct was name@HO gené and transformed intd&. coli DH5: competent cells. Resulting
transformant was then cultivated on LB agar medoomtaining 10Qg/ul ampicillin at 37°C over night. A number
of growing bacteria was selected and cultured inb@&h. In the next step, extraction of recombirgasmid was
done. In order to check cloned gene it was amglifig PCR using previous primers and sent to Gentaaa Co.

to be sequenced. Obtained nucleotide sequencenabgad using Blast system from NCBI.

Expressions of recombinant construct:

SinceE. coli BL21showed to be a proper host for gene expressiothisnstudy recombinant plasm@HO gene
was extracted frork .coli DH5x and then transformed inBL21plyssstrain competent cells and was plated on LB
agar containing 1Q@/ul ampicillin and incubated in 37°C over night. Rexmnant bacteria were inoculated on LB
broth containing 100g/ul ampicillin. Five hundredul of primary over night culture was inoculated imew LB
broth medium consisting of ampicillin. Expressidntlve recombinant gene was induced when OD of tedinm
reached to 0.4 — 0.8 at 600nm by adding IPTG ufinl concentrations of 0.5mM. After completing éuns
incubation at 30°C, 1ml of medium was poured inndl micro tube and then centrifuged at 12000 rpnilfmin.

Molecular characterization of recombinant CHO:

Recombinant enzyme was analyzed using SDS-PAGBrding to Sampson et al method. For this purpbsa of
medium containing bacteria was centrifuged at 1290 for 1 min. Supernatant solution was used xisa€
cellular enzyme template. Cellular pellet were atsmed with 100ul solving buffer and then boiled at 95°C for 10
min. After centrifugation, 3%l of supernatant along with 38 of plasmid PET23a as negative control and.lL&f
low molecular weight marker were loaded on SDS-PAGBEwst be mentioned that, the supernatant irsdwond
step was applied as a source of intracellular eezgnd cellular pellet was used as a source ofsiaribody.

Measurement of recombinant construct: Enzyme activity

According to Sasaki method, hydrogen peroxidgO$i generated by cholesterol oxidation of recombirertyme
was measured [9]. In this reaction, hydrogen pel@xivas coupled with 4- amino antipyrine and phemnyl
peroxidase to generate quinoneimine dye whichboption was measured in 460 nm. A unit of agtiyit) is
defined as the amount of enzyme needed to fanmol hydrogen peroxide.
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Enzyme stability assessments of recombinant construct:
Recombinant enzyme stability was evaluated forloma under different pH and temperature conditiaosording
to method of Sasaki et al.

RESULTS

Using designed primers for amplifying cholesteraidase gene GHO geng PCR assay was carried out on
chromosomal DNA extracted froRhodococcus sfPCR product was about 1642 bp which was clonedpBEfT23a

(Fig. 1).

Fig. 1. Electrophoresisof PCR product resulting from amplification of CHO gene
Lane 1:1kb DNA ladder, Lane 2 and 4: CHO gene, Lanidon template control

Nucleotide sequence of insert fragment was detenirsing blast system available in NCBI. Analydipmtein
coded byCHO geneshowed that this gene encode a polypeptide camgist 533 amino acids. The homology and
similarity of CHO genewith Rhodococcus equand otheiRhodococcusvas about 98%. Up to 50 constructs were
examined for expression. Among these, one of tHehhad the highest intra cellular CHO activity veatected.
SDS-PAGE analysis of .coli BL21plyssharboring pET23a ( CHO) under induction of IPT@idgated that there
is a strong band in 55 kDa when was run along Witltoli BL21+PET23aas negative control and no band was
observed (Fig. 2).

Fig. 2a. SDS-PAGE gel of recombinant cholesterol oxidase enzyme

Lane 1to5: IPTG concentration gradient (0.1, 0.5,®.7, and 0.9), Lane5: Low molecular size markane7: E.coli BI21plyss+ pET23a as
control negative. Lane9: Extracellular CHO enzynaaé10: intracellular CHO enzyme.Lanell: Inclusiau.
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Fig 2b. SDS-PAGE gédl of purified recombinant cholester ol oxidase enzyme
Lanel, 5: Protein Marker, Lane 2, 3: Unpurified agcbinant enzyme, Lane 4: Purified enzyme

The presence of this band indicated (BEIO genehas been correctly cloned. This finding was furtmnfirmed by
PCR assay and sequencing recombinant construct8asECHO) (Fig.2a, 2b).

~~ 2000bp

~ 1500bp

Fig.3. Electrophoresis of PCR product resulting from cloning CHO geneinto pET23a
Lane 1, 2: PCR product of CHO gene, Lane 3: 1 kiADdider, Lane 4: pET23a,
Lane 5, 6, 8, 9: Digestion products of pET23a amtD3yene, Lane 7: Digestion of pET23a

In enzyme activity measurement assay, supernafantedium containing recombinant bacteria withtRTG
inoculation and supernatant of recombinant bacterger IPTG induction for 4 hour and crude extadanentioned
bacteria was separately examined for CHO activiiscording to previous study, crude extract had nemtvity
than supernatant (before and after IPTG inoculatj@f]. This finding indicating that CHO enzyme s&t@on is
intra cellular form and requires particular methéaispurification. Enzyme activity was assesse@mt 60 °C. The
optimum temperature for highest activity of reconasit CHO enzyme was 45°C (Fig.4). Recombinant CHO
activity was also measured under different pH ctols (4.5 — 9.5) and in standard temperature (BOtGvas
shown that the most CHO activity is in pH = 7.5(F).
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Fig.4. Recombinant enzyme activity in different temperature
Effect of pH on Cho Enzyme activity
4.5
4 3 s
35
3 2 Py
T 2.5 s &
5 2 *
1.5 5 2
1
0.5 s *
C
35 a5 55 65 7.5 85 9.5
rH

Fig. 5. Recombinant enzyme activity in different pH

Recombinant enzyme was stable in 45°C and pH=at.®rie hour. Higher temperature and basic pH catised
enzyme to become unstable.
DISCUSSION

Recently, cholesterol oxidase gene has been isolten different microorganisms such arevibacterium
Sterolicum Arthrobacter simplexStreptomycesp. SA-COQRhodococcus Erythropoli8urkholderia Cepacia
200, and their sequences have been determinedddugng cholesterol oxidase [11,12]. Few invesioges have
been performed on cloning cholesterol oxidase gdriRhodococcus sgl13, 14]. In this studyRhodococcus sp.
isolated from Lorestan soil was selected for eximacof CHO gene. The gene has 1642 bp in lengthesntodes a
protein containing 533 amino acids. Amino acid ssme of the gene was compared with the others lamges] a
high homology (96%) in gene bank. After cloningG@HO gene intET23aexpression vector, recombinant gene
was expressed i@ coli BL21 plyssin order to increase the yield of active enzyrhe, éxpression of recombinant
gene was measured in optimum conditions for tentpexapH and IPTG concentration as inducer. Obthmesults
showed that the yield of active enzyme in tempeeatcondition of 45°C, pH=7.5 and 0.5 mM of IPTG
concentration was about 4 U/ml. After protein eggien, molecular weight of CHO recombinant enzynas w
determined about 55 kDa using SDS-PAGE method whiah in the same range of CHO with microbial source
(30-61 kDa). It was also similar to extra cellubarzyme of nativdiRhodococcusp.501 [10]. Regarding to this note
that pET vectors have strong promoter, a large amofienzyme was secreted intracellular and a sofatl was
stored as inclusion body form which was inactivexfof CHO enzyme. In this study, the optimum terapare
condition for recombinant CHO activity was 45°Cttisin accordance with the other investigatiors-78°C) [15].

In order to determine the stability of recombinamzyme, enzyme activity in different temperaturel g
conditions were evaluated for one hour. Resultiagadhowed that, recombinant enzyme kept its &gtigi 45°C.
At temperature conditions higher that 50°C, enzyaetivity would vigorously decreased. That was phipa
because of the destruction of enzyme structurégattemperature. Moreover, the CHO enzyme activitglifferent
pH conditions was measured. Results demonstraggdebhombinant enzyme was active in acidic to r@éyid for
one hour. Basic pH causes enzyme activity to beedsed, seriously. Probably, they were more likelgause of
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chemical modification (deamination), hydrolysis Asp-Pro linkages, and destruction of disulfide eorahd
repulsion of charged amino acid residues.

Cholesterol oxidase enzyme obtained from Rhodobacteria is one of the best and most accessiueeial
enzymes that is extracted and purified with thedstvcost. This enzyme has numerous medical andstimalu
applications.
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