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ABSTRACT KEYWORDS
Horseradish peroxidase (HRP) is the group of enzymes that catalyze the Horse radish peroxidase;
oxidation of a compound by peroxide. Horseradish peroxidase is the Hydrogen peroxide
universal choice of reagent in molecular level experiment, diagnostics, oxidoreductase;
sewage treatment and in Biosensor. Horseradish peroxidase is separated Down streaming process,
through traditional down streaming method, which usually resultsin low Aqueous two phase extraction;
yield and high cost. Liquid-liquid extraction (L L E) using organic/aqueous Liquid-liquid extraction
phase is not the choice of separation in biotechnology mainly due procedure.

solubility and protein denaturation problems. Aqueous Two Phase System
(ATPS) adapts the extraction through phase separation and is considered
assinglestep isolation protocol. Triton X-100 and Tween 20 were used as
surfactants, and efficiency were calculated. A forward extraction yield of
72% and activity 890 U/mg was obtained for Triton X-100/ Toluene at pH
6, salt concentration 0.15M, phase ratio 1:1 and surfactant concentration
15mM. In Tween 20/ toluene system there was only 58% yield in 10ul
surfactant concentration. For back extraction amaximumyield of 13% and
activity of 648 U/mg obtained in Triton X-100/ Toluene system. ATPSwas
found to be superior to traditional methods both in terms of yield and
continuous process. | solated peroxidase was checked for its purity using
SDS-PAGE, which clearly displays 3 bands correspond to the standard
marker and commercia peroxidase. Gas chromatography analysisconforms
the presence of peroxidase however 11 more peaksindicating presence of
other proteins and enzymes. It is suggested to optimize the techniques
for continues separation and concentration of the peroxidase.
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INTRODUCTION distributed in nature and can be easily extracted from

plant cells and from animal organs and tissues?19,

Peroxidase (E.C. 1.11.1.7) has become Peroxidase can oxidise various substrates due to

indispensable reagents for diagnosis and various different type of reactions: peroxidative oxidation,

laboratory experiments like immunology, organic  oxidative, cataytic and hydroxylation*8. Peroxidaseis
synthesis, and biosensors. Peroxidases are widely asecretory enzymethat catdyzethereaction,
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Horseradish (Armoracia rusticana L.) roots
contain peroxidases currently used for commercial
applications*?, Horseradish peroxidase have been
highly purified and characterized intermsof their amino
acid and carbohydrate compositions?d. HRP-C
dominates quantitatively among the i soperoxidase of
horseradish root and hasan isoel ectric point closeto
0. It consist of ahemin prosthetic group, two calcium
ions and 308 amino acids residues including four
disulphide bridgesin asingle poly peptide chain that
carrieseight neutral carbohydratesidechain. HRPisa
globular glycoprotein with amass of 42000, of which
the protein moiety isapproximately 34000, therest of
the molecular weight being accounted for by the
prosthetic group, two calcium ionsand some surface
bound glycang®.

Peroxidase occursasalargefamily of isoenzymes.
Using DEAE cdlulosechromatography, Moritaisol ated
and characterized five neutral (B1, B2, B3, C1 and
C2) and six basicisoenzymes(E1, E3, E3, E4, ESand
E6)E. Their main difference appears to be either
behaviorinpl focusng gels.

HRP based biosensors can be used to control and
monitor the peroxidesin pharmaceutical, environment
anddiary industries®®. HRPiswiddy used asan enzyme
label in medical diagnosticsand research applications.
HRP system offers a wide range of amplifying
possibilitiesfor ultra-sengtivedetectioninimmunoassay
and cytochemical application™!. Universal covalent
conjugate of proteins, antibodiesand other molecules
with HRP offer awiderangeof amplifying possibilities.
Theavailability of substratefor colorimetric, flurometric
and chemilumiesent assay providesnumerousdetection
options including western blotting®®. HRP permits
precise cell/tissue location in light and electron
microscopy, identification and qualitati ve estimation of
hormone receptors as prognostic markersin tumors
evduationandinthediagnogsof vird and other infection
agents®l, Severd novel applicaionsof thisenzymehas
been suggested vi z. treatment of wastewater containing
phenolics, the synthesisof variousaromatic chemicas
etc?, New applications of peroxidases are being
explored

HRPispresent ascomplex mixtureof contaminating
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enzymes, proteins and other biological substances.
Separation of HRPisfrequently complicated by the
liability of thedesired productsand by thestringent purity
specification of thefinal product. Asaresult, inrecent
year there has been an increased interest in the
development of efficient methods for isolation,
concentration and purification of biologica productg®.

TheBimolecular separationistill performed by
techniques such as salt precipitation, column
chromatography, and el ectrophoresiswheretheyield
islow yield, contamination and high cost®®. Therefore
designing efficient scal abl e alternative bioseperation
processwith potential for continuous operation is of
great demand.

Liquid-liquid extraction (LLE) is a traditional
chemical engineering unit operation used in chemical,
petrochemical and hydro-metallurgical industriesand
inantibioticsindustried*”. LLE using organic/aqueous
phase has been employed in many chemical industries
however thistechniquefailstofinditsapplicationin
Biotechnology mainly due solubility and protein
denaturation problems®. In recent years LLE using
Aqueous Two Phase System (ATPS) has been
recognized assuperior and versatiletechnique used for
downstream processing of biomolecules®d. ATPS
adaptstheextraction through phase separation and is
achieved by gravity, there by eliminating the need for
centrifugesand other down streaming process. INATPS
physical properties such as density, viscosity and
interfacid tension, determinethe phase separationtime
and a so contributeto the biomol ecule partition behavior.
Purification of Biomoleculeiscarried outin Single step
when compared to thenumber of stepssuch asfiltration,
concentration and purification. Theadvantagesof ATPS
are high capacity, biocompatible environment, low
interfacia tension, highyields, and lower processtime
energy. Extraction of enzymes/proteins by organic
solventsusingreversemicdles(RMs) isrdatively anew
concept. LLE using reversed micelles, asextractant to
separateand purify proteinfenzymesin highly effective
and very selective. RM E has been successfully used
for the purification of various proteinslike BSA, a-
amylase, etc. Survey of literatureindicatesmost of the
RME technique usesionic surfactantswith isooctane
or hexaneassolvents. Theionic surfactants haveshown
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very good extraction efficiency. However dueto strong
electro static interaction, they tend to denature the
biomoleculeswhichisnon desirable. Afew studiesare
reported that nonionic surfactantsarelessinteractive
with biomoleculeand do not denaturethem. Hencethe
present study was designed to compare the various
methodsof ol ation and purification of peroxidasefrom
radish extracts.

MATERIALSAND METHODS

For theRME of peroxidase, the crude extract was
obtained by crushing of radish mixed with Phosphate
buffer (0.1M, pH 7.0) at 1:2 retio (root: buffer), filtered,
sdting -out with 70% saturated anmonium Sulfate. The
extract after centrifugation hasbeen dialyzed for two
days using 10kda molecular weight cutoff dialysis
membrane. Thediayzed samplewas|yophilized and
stored at 4°C in cooled room.

The RME was carried out with the crude extract
under two steps procedure, forward and backward
transfer.

RME studies

The lyophilized crude was subjected to reverse
micellar extraction to obtain maximum yield of
peroxidase, which hasits activity either retained or
enhanced compared to crude extract. The two non-
ionic surfactants Triton X-100 (isooctyl phenoxy
polyehoxy ethanol) and Tween- 20 (polyoxyethylene
sorbitan mononucleate), were used for the extraction.

Forward transfer

Theinitial aqueous phase contained crudeextract;
to the crude extract sodium chloride of 0.15 M salt
concentration was added to adjust theionic strength.
The surfactant was added to the organic phase
containing toluene(phaseratio 1:1). Both the phasewas
mixed at 500 rpm for 15 minutes. After centrifugation
at 5000 rpm for 15 minutes, both the phases were
separated and agqueous phase was assayed for enzyme
content using Lowry method.

Back transfer

Mixing theorganic phaseof forward extractionwith
freshly prepared aqueousphase of known concentration

and pH carried out the back transfer. Theionic strength
of the aqueous phase is adjusted by adding known
concentration of potassium chloride. Both phaseare
mixed for 30 minutes at 500 rpm and centrifuged at
5000 rpmfor 15 minutes.

Per oxidase activity guaiacol method

Peroxidase activity was determined at 30° C with
a UV-visible spectro-photometer following the
formation of tetraguaiacol (Amax =470 nm) ina3ml
reaction mixture containing 1 ml of 0.1M phosphate
buffer pH 6.0; 1 ml of 15 mM 2-methoxyphenol
(guaiacal); 1 ml of 3mM H202 and 0.1 ml of enzyme
extract.One unit of peroxidase activity representsthe
amount of enzyme catalyzing the oxidation of 1uM of
guaiacol in1minute.

(Changein OD x volume of reactionmixturetaken)
(26.6x volume of enzyme added)

Activity (u/ml) =

Specificactivity (U/mg)

Specific activity of peroxidasewas calculated as
theratioof tota activity of theenzymetothetotd protein
concentration. Protein content was measured by
Bradford method

SDS-PAGE Separation and purity check

Crude and extracted enzymes were subjected to
SDS-PAGE resolution with 5% Stack and 12%
separating gel system. Commercial peroxidase and
standard marker wereresolved a ong withthe sample.
Gd stainingwasaccomplished usingthe Silver staining
method*4,

Gaschromatography

Gas chromatography analysis of sample were
vaporized and injected into the head of the
chromatographic column with the following

pecification.

Carrier > nitrogen @ 30ml / min.
Oxidant : oxygen @ 300 mi/min.

Fud . hydrogen @ 30 ml/ min.
Column . 1/8inchss, packing: ov-17
Injector temperature : 300°C, detector temp: 300 °C
Oveninitid : 80°C, oven final: 250 °C,
ovenrate 10

Detector used : FID

The peakswere andyzed and compared with that
of thecommercia peroxidase.
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RESULTSAND DISCUSSION

Reverse micellar extraction of peroxidase was
carried out from fresh radish crude extract and
compared with thetraditiond isolation and purification
procedures. 70 % saturated Ammonium sul phate
precipitation exhibits high activity of peroxidase.
Maximum peroxidase extraction was at apH 7 .0.
Temperature optimum is47 °C which perfectly agrees
with theavailableliterature (Yuan and Jiang., 2003).
Earlier studies by® indicated that the use of buffer
having pH 7 and distilled water for the extraction of
peroxidasedid not vary crude concentration. Thecrude
extract obtained from radish was storedin4°C in a
cold room and stability was measured everyday for 5
days. As can be observed from the TABLE 1 there
was no major change in the specific activity of
peroxidase during storage.

TABLE 1: Sability sudy of peroxidase

sNoO. Time  Specificactivity  Concentration
(hrs) (U/mg) (mg/ml)
1 0 816 0.248
2 24 780 0.268
3 48 820 0.257
4 72 838 0.253
° 96 798 0.248
6 20 830 0.250

Yield(%)

3 4 5

6

Inthisextraction, different surfactantsnamely Triton
X-100 and Tween 20, and efficiency were used. A
forward extraction yield of 72% and activity 890 U/mg
was obtained for Triton X-100/ Tolueneat pH 6, salt
concentration 0.15M, phaseratio 1:1 and surfactant
concentration 15mM. In Tween 20/ toluenesystemthere
wasonly 58% yield in 10ul surfactant concentration.
For back extractionamaximumyiedof 13%and activity
of 648 U/mg obtainedin Triton X-100/ Toluenesystem.

TheagueousphasepH wasvaried from 3to 7 during
forward transfer. When the pH wasincreased from 3,
theextraction remained amost samewith amaximum
of 72 % at pH 6 and activity of 890 U/mg at pH 7.
However, further increasein pH decreasestheextraction
efficiency. Itiswell reported the extraction efficiency
depends upon the aqueous phase pH and the
eectrogtatic and hydrophobicinteractionsarethedriving
forcesresponsiblefor theextraction.

It can beseen fromthe Figure 2; theback extraction
yieldwasvery low in all cases. The extraction which
wasnearly 13%at pH 3, reduced further onincreasein
forward transfer pH. The specific activity a so showed
acons derabledecrease (648 U/mg) intherangepH 3
and5.

To study the effect of surfactant concentration
extraction efficiency of RME, the addition of Tween -
20totheorganic phasewasvaried. 5, 7.5,10, 50 ul of
Tween-20 wasadded during different runs. Increasein

1200

1000

800

600

400

200

T

Aqueous Phase pH

Figurel: Effect of pH onforwardtransfer Triton X-100
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Figure2: Effect of pH on backward transfer Triton X-100

surfactant concentrationincressed theoveral yidd with
maximum extraction of 56% at 10ul concentration. With
the further increase in surfactant concentration the
extraction wasreduced. The activity showed adlight
decreasewithincreased concentration up to 10ul (Figure
3

Theextraction efficiency could not beestimated for
forward extraction as Tween-20 in agueous phase was
formingagd.
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The banding pattern in SDS-PAGE gel was
andyzed. Lane 1 showed the banding pattern of enzyme
marker, Ova bumin of low molecular weight 43000 Da.
Lane 2 showed the banding pattern of antibody
conjugated HRP. A total of 3 polypeptide bandswere
observed in lane 2 among which two bandswere the
heavy and light chains of antibody and the other band
was of HRP. One of the band seenin thelane 3 was
specifictothat of the marker and the conjugated HRP.
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1000

Surfactant addition

Figure3: Effect of surfactant addition on yield and specific activity, Tween-20.

=N 1

An Indian



362

Reverse micellar extraction procedure for continuous isolation

BTAIJ, 7(9) 2013

FULL PAPER o

SDS - PAGE Analysis of
Crude Sample

L3 L2 L1

L1- Marker
L2- Antibody conjugated HRP

L3- Crude Sample
Platel
Thus, the presence of peroxidaseenzymeinthecrude
samplewas confirmed (PlateNo: 01).

Gas chromatography analysis peroxidase was
carried out in separate column for Standard peroxidase
and crude sample. The data processed using specific
software given 12 separate peaks. The peak obtained
at retention time of 00.57 second confirmed the
presence of peroxidase in the crude sample on
comparingwiththe standard’s peak. Other peaks were
not relevant with thisstudy.
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