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RESEARCH ARTICLE

A new peroxidase from the roots of the Algerian white turnip (Brassica rapa,
variety rapa): extraction, purification, characterisation, and
antioxidant potential

Amel Dahdouha, Nawel Boucherbab, Khelifa Bouacemc , Sondes Mechrid, Adel Amirouchea, Ali Aksase,
Bassem Jaouadid� and Djamel Edine Katia�
aLaboratoire de Biochimie Appliqu�ee (LBA), Facult�e des Sciences de la Nature et de la Vie (FSNV), Universit�e de Bejaia, Bejaia,
Algeria; bLaboratoire de Microbiologie Appliqu�ee (LMA), Facult�e des Sciences de la Nature et de la Vie (FSNV), Universit�e de Bejaia,
Bejaia, Algeria; cLaboratoire de Biologie Cellulaire et Mol�eculaire (LBCM), Equipe de Microbiologie, Facult�e des Sciences Biologiques
(FSB), Universit�e des Sciences et de la Technologie Houari Boumediene (USTHB), Alger, Algeria; dLaboratoire de Biotechnologie
Microbienne, Enzymatique et de Biomol�ecules (LBMEB), Centre de Biotechnologie de Sfax (CBS), Universit�e de Sfax, Sfax, Tunisia;
eLaboratoire de Biotechnologies V�eg�etales et Ethnobotanique (LBVE), Facult�e des Sciences de la Nature et de la Vie (FSNV),
Universit�e de Bejaia, Bejaia, Algeria

ABSTRACT
Due to its various biological activities, the roots of Brassica rapa (turnip), has been applied as a
therapeutic agent in traditional medicine. The current study aimed to purify a plant peroxidase
(POD; designated as TRP) from Algerian white turnip (B. rapa, variety rapa) roots, to homogeneity
and to characterise it biochemically. The molecular weight of the purified TRP was determined to
be �58 kDa as estimated by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) and high-performance liquid chromatography (HPLC). The TRP Reinheitzahl values (RZ)
and specific activity were 2.9 and 14,500U/mg, respectively. Its N-terminal sequence exhibited
high identity with those of class III-PODs. TRP showed optimal activity at 55 �C and pH 6 (guai-
acol), was completely inhibited by sodium azide (NaN3) and potassium cyanide (KCN) and exhib-
ited greater catalytic efficiency than that of the well-known horseradish peroxidase (HRP) from
Armoracia rusticana. TRP demonstrated antioxidant activities with 45% and 61.49% of 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS�) and hydroxyl (�OH) radical scavenging, respect-
ively, as well as ferrous ion chelating (52.96%) and reducing (48.32%) powers. This study provides
information regarding the potential role of TRP in enzyme therapy (as applied in the pharma-
ceutical and medicinal industries), with biological eradication of free radicals.

Abbreviations: BHT: butylated hydroxytoluene; CFU: colony forming unit; DTNB: 5,5-dithio-bis-2-
nitrobenzoic acid; HRP: horseradish peroxidase; HR: high resolution; H2O2: hydrogen peroxide;
PhO: phenol oxidase; PVPP: polyvinylpolypyrrolidone; PODs: plant peroxidases; Rt: retention
time; ROS: reactive oxygen species; RZ: Reinheitzahl value; TRP: turnip roots peroxidase.
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1. Introduction

Our need to coexist with Nature is highlighted by the

range of natural products currently being sourced

from plants, animals, and minerals for the treatment

of human illnesses (Wedelsb€ack Bladh and Olsson

2011; Zourgui et al. 2020; Lataief et al. 2021).

Medicinal plants are currently in great demand and

their use and application is escalating. This is mainly

due to the belief that products derived from medicinal

plants exhibit great health benefits (Wedelsb€ack Bladh

and Olsson 2011; Zourgui et al. 2020; Lataief et al.

2021). This can be seen in the celebrated centuries-
old, traditional Tibetan medicine practices, where the
turnip, belonging to the Brassica subspecies of the
family Cruciferae, has found a wide range of applica-
tions, including anti-hypoxia, detoxification, and heat-
clearing (Wedelsb€ack Bladh and Olsson 2011; Hua et
al. 2013). Recent evidence-based studies have shown
that the fleshy roots of turnips are rich in dietary fibre,
folic acid, vitamins A, C, E, and B6, copper, and cal-
cium. In addition to being a type of vegetable, turnips
are also used as a key source of peroxydolytic
enzymes. Classified as oxidoreductases, peroxidases
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are responsible for the exchange of electrons from a
natural substrate (donor) to another synthetic com-
pound (acceptor) (Dahdouh et al. 2020). They are
haem-containing proteins that may contribute to
diminish hydrogen peroxide (H2O2), while oxidising a
second substrate. Due to these oxidoreduction reac-
tions, these enzymes are among the key antioxidant
biocatalysts that play a main role in detoxification and
oxidative stress relief of reactive oxygen species (ROS)
(Wedelsb€ack Bladh and Olsson 2011; Hua et al. 2013).
They oxidise a diverse set of organic and inorganic
compounds by reducing H2O2 and catalysing the 1- or
2-electron oxidation of a wide range of substrates (Al
Ghouleh et al. 2011). Non-animal peroxidases are clas-
sified into three classes: Class I peroxidases are known
to be present in bacteria and fungi, and include cyto-
chrome C peroxidase, ascorbate peroxidase, and cata-
lase; class II peroxidases is known to be present in
fungi and actinobacteria and include extracellular fun-
gal manganese and lignin-degrading peroxidases; and
class III peroxidases are present only in higher plants.
Peroxydolytic enzymes are distinct forms of isoen-
zymes that can oxidise a wide range of phenolic sub-
strates such as catechin, catechol, chlorogenic acid,
guaiacol, and pyrogallol. Various studies focussed on
peroxidases sourced from plants have been reported
(Maciel et al. 2007): manioc or cassava (Manihot utilis-
sima), peach (Prunus persica), horseradish (Armoracia
rusticana), globe or green artichoke (Cynara scolymus
L.), yam or giant taro (Alocasia macrorhiza), sweet
potato (Ipomoea batatas ex L., Lam.), zucchini or cour-
gette (Cucurbita pepo), turnip or white turnip (Brassica
campestre rapifera), and others (Sumathi and
Pattabiraman 1977; Dirlewanger et al. 2002; Freitas et
al. 2004; Lavery et al. 2010).

The well-known horseradish peroxidase (HRP)
extracted from Armoracia rusticana roots is a good
example of a plant-derived peroxidase with great bio-
technological and commercial benefits (Lavery et al.
2010; Ambatkar and Mukundan 2014). In microbial
biotechnology and enzyme engineering fields, peroxi-
dases from plants (PODs) are of keen interest. Firstly,
the extraction of enzymes from plant sources is inex-
pensive and less complicated than its production from
a microbial source. Secondly, PODs are applied for
many purposes in biotechnological applications, not
only in the decolorisation of dyes, biodegradation of
pigments from wastewater, and the removal of recalci-
trant aromatic compounds from drinking water, but
also in pharmaceutical and medicinal approaches to
explore their antioxidant potential. PODs are largely
used in preparation of medical diagnostic kits, as

markers for ROS in food processes and as a catalyst in
the synthesis of phenolic resins for commercial pur-
poses (Falade et al. 2017; Khanmohammadi et al.
2018). In addition, the structure-function relationships
of peroxidases are central to understanding both cells
and organisms. Beyond this, there are a number of
important reasons for purifying peroxidases (Serrano-
Mart�ınez et al. 2008). Once a peroxidase is purified, it
is possible to study its enzymology, understand its
affinity for particular substrates, and/or analyse its abil-
ity to catalyse enzymatic reactions. Such approaches
have allowed us to understand how peroxidases can
act as biocatalysts. The availability of purified proteins
allows modifying specific residues to help understand
how these residues confer particular structures or
allow the peroxidase to operate as a catalyst (Serrano-
Mart�ınez et al. 2008; Fortea et al. 2011). Moreover, the
understanding of how particular amino-acid residues
are involved in peroxidase function, especially when it
is combined with knowledge of the 3D structure of
the peroxidase HRP, helps us to understand how par-
ticular sequences in peroxidase are involved in bio-
logical functions. The accumulation of this type of
knowledge derived from the study of peroxidases,
combined with a tremendous amount of information
in DNA databases have allowed a construction of up-
to-date peroxidase databases (PeroxiBases) such as:
https://www.uniprot.org/database/DB-0072; https://
peroxibase.toulouse.inra.fr/; http://peroxibase.isb-sib.ch;
and https://bio.tools/peroxibase.

In a previous study and using response surface
methodology, the authors described the optimisation
of peroxidase activity from Algerian white turnip fresh
roots, B. rapa, variety rapa (Dahdouh et al. 2020), and
the optimisation of the immobilisation of this crude
peroxidase using microencapsulation by double emul-
sion in polylactic acid polymer (Dahdouh et al. 2021).
The aim of the current study is twofold. First, we pro-
vide a detailed description of the isolation and purifi-
cation methods of a new peroxidase from the roots of
Algerian white turnip. Second, we report the biochem-
ical characterisation of this peroxidase (designated as
TRP). The present investigation provides information
regarding the antioxidant potential of the TRP as
potential enzyme therapy applied in the pharmaceut-
ical, cosmetic, and medicinal industries.

2. Materials and methods

2.1. Materials

The roots of B. rapa, variety rapa were harvested
throughout the year (Bejaia, Algeria). The roots were
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collected and transported to the laboratory, thor-
oughly washed with distilled water, and cut into small
pieces (Dahdouh et al. 2020, 2021). The latter were
used for the extraction, characterisation, and antioxi-
dant assessment of peroxidase activity. The roots were
used fresh or stored at 4 �C for up to one week. The
extract was used immediately for the assessment of
peroxidase activity or stored at �20 �C for up to
three months.

The 2-methoxyphenol (guaiacol), 1,2,3-trihydroxy-
benzene (pyrogallol), 1,2-dihydroxybenzene (catechol),
methoxybenzene (anisole), bovine serum albumin
(BSA), ABTS, HRP (a well-known commercial enzyme),
and polyvinylpolypyrrolidone (PVPP) were supplied by
the Sigma-Aldrich Corporation (St. Louis, MO, USA).
Bradford-based assay and Coomassie brilliant blue
R250 were obtained from Bio-Rad Laboratories Inc.
(Hercules, CA, USA). The protein marker and chroma-
tography supports used for peroxidase purification are
as follow: low molecular weight (LMW) protein marker
supplied by Amersham Pharmacia Biotech Inc.
(Piscataway, NJ, USA), manually prepared SephacrylVR

S-200HR (high resolution) (2.5 cm ID � 150 cm bed
length) and Mono Q-SepharoseVR (2.6 cm ID � 50 cm
bed length) columns were prepared in columns
bought from Cytiva (Bj€orkgatan, Uppsala, Sweden),
and the analytical silica-based pre-packed Shodex
ProteinVR WK-802.5 HPLC column (8mm ID � 300mm
bed length) was obtained from Showa Denko K.K.
(SDK, Kawasaki, Japan). The UV-VIS spectrophotometer
was obtained from Shimadzu UV-2700 (Nakagy�o-Ku,
Kyoto, Japan). The protein analyser using a gas-phase
protein sequencer system (Model 473 A, ABI) was
obtained from Applied Biosystems (Foster City,
CA, USA).

The buffers used were Buffer A: 50mM 2-(N-mor-
pholino)ethanesulfonic acid (MES) buffer supple-
mented with 2mM MnSO4 (pH 6); Buffer B: 50mM 4-
(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
(HEPES) buffer supplemented with 25mM NaCl (pH
6.4); Buffer C: 25mM 3-(N-morpholino)propanesulfonic
acid (MOPS) buffer (pH 7.1); Buffer D: 100mM phos-
phate buffer (pH 6.5) supplemented with 1% (w/v)
PVPP and 2mL/g of roots; Buffer E: 200mM sodium
phosphate buffer (pH 6.6); and Buffer F: 50mM phos-
phate buffer (pH 7.4).

2.2. Peroxidase assay

All assays were performed in 1-mL volumes at 25 �C in
a UV/VIS spectrophotometer (Shimadzu UV-2700
Kyoto, Japan). Increases in absorbance were recorded

at selected wavelengths depending on the substrate
used. The peroxidase activity was determined spectro-
photometrically at 470 nm (A470 nm) when using guai-
acol as the hydrogen donor and monitoring
tetraguaiacol formation as described by Rojas-Reyes et
al. (2014). The assay mixture contained 250mL of
45mM guaiacol dissolved in the buffer A, 250 mL of
25mM 4-aminoantipyrine, 250 mL of 0.5mM H2O2, and
250 mL of suitably diluted enzyme solution.

The peroxidase activity was calculated as follows:

A ¼ ½ðDAbs=DtÞ � Vtot � f �=½Venz � e� l�, (1)

where A is the peroxidase activity (in U/mL), DAbs/Dt
is the slope of absorption intensity versus time (in
minutes), Vtot is the total reaction volume (mL), f is the
dilution factor, Venz is the volume of enzyme used
(mL), e is the extinction coefficient, and l is the path
length of the cell. Here a guaiacol extinction coeffi-
cient of 26.6mM�1 cm�1 was used and the light path
length of the cell was 1 cm. The concentration of the
active enzyme in the assay is proportional to the rate
of H2O2 consumption. The assay was initiated with the
addition of freshly prepared H2O2, and the increase in
absorbance (A470 nm) was recorded every 30 s for 5min
at 25 �C and pH 6. One unit of the peroxidase activity
is defined as the amount of substrate (lmole) con-
sumed per minute under the standard assay condi-
tions described here.

2.3. Purification of the turnip roots
peroxidase (TRP)

The white turnip roots contain elevated amounts of
polyphenols and nucleotides, that lead to the brown
colour of the crude extract throughout the extraction
procedure of the peroxidase, which were eradicated
by the addition of 1% (w/v) insoluble PVPP and treat-
ment with polyethylene amine (Rosa et al. 2020). The
entire procedure was performed at 4 �C except where
otherwise indicated, and all centrifugation steps were
performed at 9000�g for 30min.

2.3.1. Crude extract preparation
About 200 g of fresh Algerian white turnip roots (B.
rapa, variety rapa) were homogenised in buffer D at
4 �C, in a commercial blender from Groupe SEB
Moulinex (Ecully, Lyon, France) until no lumps were
observed. To eliminate the suspended fibrous solid
part, the homogenate obtained was filtered through
cotton wool, and centrifuged as stated by Rosa et al.
(2020). The obtained supernatant was used as the
crude peroxidase solution.
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2.3.2. Ammonium sulphate fractionation
About 400mL of the crude enzyme extract containing
950,000 total units of peroxidase, was differentially
fractionated with ammonium sulphate salt (NH4)2SO4

(Wingfield 2001). The salt was added to the extract
with steady stirring overnight (on ice) for complete
protein precipitation. The crude extract was brought
to 30% saturation (176 g/L). After 1 h, the precipitate
was removed and the clear supernatant solution
brought to 80% saturation (351 g/L). The precipitate
was resuspended in buffer B and the insoluble mater-
ial removed. Collected fractions with selected precipi-
tation (30%-80%) saturation were measured for
peroxidase activity (U/mL) and protein concentration
(mg/mL), and the enzyme specific activity (U/
mg) calculated.

2.3.3. Gel-filtration chromatography
The clear supernatant (30mL) was injected into a
SephacrylVR S-200HR column which was equilibrated
with buffer B. Peroxidase elution was carried out with
buffer B at a rate of 1mL/min. The fractions exhibiting
peroxidase activity were pooled and used for the
determination of protein concentration and
enzyme activity.

2.3.4. Anion exchange chromatography
The pooled active fractions from the SephacrylVR S-
200HR column were applied to a Mono Q-SepharoseVR

anion exchanger previously equilibrated with buffer C.
The column was washed with buffer C until the efflu-
ent absorbance at 280 nm (A280 nm) was zero. No per-
oxidase activity was noticed in the rinsed flow. The
adsorbed material was eluted with a linear NaCl gradi-
ent of 0mM to 500mM (650mL) in buffer C at a rate
of 0.5mL/min. Fractions collected were evaluated for
the presence of protein (by measuring absorbance at
A280 nm) and by measuring the peroxidase activity at
A470 nm. The pooled fractions with TRP activity were
concentrated with centrifugal micro-concentrators
(Amicon Inc., Beverly, MA, USA) with 30 kDa cut-off
membranes and were stored at �20 �C in a 20% gly-
cerol (v/v) solution and then used for the characterisa-
tion of the peroxidase.

2.4. Protein concentration determination

Protein concentration of the samples obtained during
the different purification steps was determined accord-
ing to the method of Bradford (1976) using the Dc
protein assay kit from Bio-Rad Laboratories (Inc.,

Hercules, CA, USA) with BSA as a reference. The
absorbance was determined at 595 nm (A595 nm).

2.5. Analytical methods

The subunit molecular weight of the purified TRP
enzyme from Algerian white turnip roots (B. rapa, var-
iety rapa) was determined by SDS-PAGE under dena-
turing conditions (Laemmli 1970) using the Mini-
PROTEANVR system from Bio-Rad Laboratories, Inc.
(Hercules, CA, USA). Protein bands were visualised
with Bio-SafeTM Coomassie Brilliant Blue G-250 staining
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Under
native conditions, the molecular weight of TRP was
resolved in comparison to the standard LMW protein
marker and confirmed by gel-filtration chromatog-
raphy using a Shodex ProteinVR WK-802.5 HPLC col-
umn, equilibrated with buffer C (Allala et al. 2019).
Zymography analysis of peroxidase activity was
achieved by incubating the SDS-PAGE gels in a mixture
containing 28mL of buffer A, 1mL of 200mM guaiacol,
and 1mL of 500mM H2O2 for 30min. The stained SDS-
PAGE gels were rinsed with water. The bands repre-
senting the purified TRP enzyme were separated in the
SDS-PAGE gels, and electro-transferred to a polyvinyli-
dene difluoride (PVDF) blotting membrane and its N-
terminal sequence was identified by the automated
Edman degradation procedure using an Applied
Biosystem Model 473A gas-phase sequencer (Applied
Biosystems, CA, USA).

2.6. Spectral and physico-chemical
characterisation of the purified TRP

2.6.1. Spectral analysis
The absorption spectrum (from 200 nm to700 nm) of
the purified TRP was spectrophotometrically recorded
at 25 �C. The proto-haem content was determined by
the pyridine ferro-haemochrome protocol as described
by Yumoto et al. (2000). The haem content was meas-
ured based on the extinction coefficient (e) of the pyri-
dine haemochrome b as 34.5mM�1 cm�1.

2.6.2. Effect of guaiacol, H2O2, and 4-aminoantipyr-
ine concentration on reaction rate
The effect of different concentrations of guaiacol on
enzyme activity was evaluated from 1mM to 100mM.
The effect of H2O2 concentration on the purified TRP
activity was calculated at different concentrations as
reported by Jaouadi et al. (2014). The effect of 4-ami-
noantipyrine concentration on the reaction rate was
also measured from 1mM to 40mM. The peroxidase

BIOCATALYSIS AND BIOTRANSFORMATION 435



activity was measured under the standard conditions
(as described above).

2.6.3. Evaluation of the effect of selected inhibitors
and metal ions on TRP stability
The effect of selected haem-protein inhibitors and
specific reagents were studied. NaN3, KCN, L-cysteine,
hydroxylamine, 5,5-dithio-bis-2-nitrobenzoic acid
(DTNB), N-ethylmaleimide (NEM), iodoacetamide, SDS,
b-mercaptoethanol (b-ME), and DL-dithiothreitol (DL-
DTT) were tested at different concentrations. The
effects of various metal ions (Mn2þ, Mg2þ, Ca2þ, Cu2þ,
Ba2þ, Fe2þ, Zn2þ, Co2þ, Ni2þ, Cd2þ, and Hg2þ) on
enzyme activity were also investigated at a concentra-
tion of 2mM. The residual peroxidase activity was cal-
culated after the incubation of TRP enzyme with each
inhibitor or metal ion for 1 h at 55 �C and compared
to the control assay.

2.6.4. Effect of different pH on TRP activity
and stability
The purified TRP activity was monitored at 55 �C at dif-
ferent pH (2–11) using guaiacol as the substrate. The
pH stability of the peroxidase was ascertained by incu-
bating the TRP in different buffer solutions from pH
4–8 at 30 �C for 12 h. Aliquots were collected periodic-
ally, and residual peroxidase activity was determined
under the optimum assay conditions. The buffer sys-
tems, supplemented with 2mM MnSO4, were all pre-
pared at 50mM (Jaouadi et al. 2014).

2.6.5. Effect of different temperatures on TRP
activity and stability
The effect of different temperatures on the TRP activ-
ity was determined at 30–80 �C and pH 6, for 5min
using guaiacol. The thermo-stability of the peroxidase
was determined by incubating the enzyme for 12 h
with and without 2mM MnSO4, at 40 �C, 50 �C, and
60 �C, pH 6. As described previously, the untreated
TRP was used as a control and taken as 100% (Rekik
et al. 2019).

2.7. Kinetic study

The kinetic parameters [Michaelis–Menten constant
(Km), maximal reaction velocity (Vmax), catalytic con-
stant or the turnover number (kcat), and catalytic effi-
ciency (kcat/Km)] of the purified TRP and HRP were
assessed based on their initial activity rates by
Lineweaver–Burk plots, using guaiacol, pyrogallol, cat-
echol, and anisole as phenolic substrates. The tem-
perature and pH values used in the kinetic study were

determined under the optimum enzymatic conditions
for each peroxidase (TRP at 55 �C and pH 6 and HRP
at 40 �C and pH 7). The enzymatic reaction was per-
formed for 2min at different substrate concentrations
[1mM–100mM], in assay buffer with constant enzyme
concentrations (10 mg/mL), and at a final volume of
1mL. The initial velocities were measured on the linear
section of the kinetics plots and the apparent Km and
Vmax were calculated from a hyperbolic regression ana-
lysis using the software Hyper32 version 1.0.0.

2.8. Antioxidant activity of the turnip
enzymatic extract

2.8.1. ABTS radical scavenging
The potential of peroxidase activity to eradicate free
radicals was determined with the ABTS free-radical
staining as reported elsewhere (Sellem et al. 2016;
Mechri et al. 2020a). Briefly, the ABTS mono-cation
radicals were produced by reacting a 7mM ABTS solu-
tion with K2S2O8 (2.45mM). The reaction mixture was
diluted with ethanol to attain an absorbance of 0.7 at
734 nm (A734 nm). 20 lL of each extract, or butylated
hydroxytoluene (BHT), also known as dibutylhydroxy-
toluene, at different concentrations were added to
180 lL of ABTS	þ. The percentage of the ABTS	1 scav-
enging activity was measured by determining the
reduction in absorbance at different concentrations as
follows:

Antioxidantactivityð%Þ ¼ ½ðAc � AtÞ⁄AcÞ� � 100, (2)

where Ac and At indicating the absorbance of the
standard and the sample, respectively.

2.8.2. Ferrous ion chelating power
Different concentrations of extracts were added to
100 lL of 0.6mM FeCl2 and 900 lL of methyl alcohol
(
99.93%). After incubation for 5min, 100lL of 5mM
ferrozine was added, and the mixture stirred and
allowed to react for 10min, allowing the residual iron
complexation. The absorbance of the Fe2þ/Ferrozine
complex was assessed at 562 nm (A562 nm). The per-
centage of chelating activity was expressed as follows:

Chelatingactivityð%Þ ¼ ½ðAc � AtÞ⁄AcÞ� � 100, (3)

where Ac and At refer to the absorbance of the stand-
ard and the sample, respectively. For this activity, the
chelating agent ethylenediaminetetraacetic acid
(EDTA) was used as a reference.

2.8.3. Reducing power
The reducing power was ascertained according to the
method of Yen and Chen (1995) with slight
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modification. Briefly, for each sample, 100mL was
mixed with 100mL of buffer E and 100 mL of potassium
ferricyanide (0.1 g/L). The mixture solution was incu-
bated for 20min at 50 �C. After incubation, 100 mL of
100 g/L trichloroacetic acid, as precipitation agent, was
added. This reaction mixture was centrifuged
(15,000 rpm for 10min at 4 �C), 100 mL of the upper
layer mixed with 100 mL of distilled water and 200 mL
of 100mg/L ferric chloride and allowed to stand for
10min at 25 �C. The absorbance was determined at
700 nm (A700 nm). The results were expressed in mg
EAG/100 g DM as determined from using a trolox cali-
bration curve.

2.8.4. Hydroxyl radical scavenging
The hydroxyl radical removal test was performed as
previously described, but with a few modifications (Li
et al. 2008): 1mL of 1,10-phenanthroline monohydrate
(0.75mM) as a metal chelator, 2mL of buffer F, and
1mL of FeSO4 (0.75mM) were thoroughly mixed with
1mL of H2O2 (0.12%) and 1mL of Lactobacillus fermen-
tum cells containing 106–109 colony forming unit
(CFU)/mL. The mixture was incubated for 90min at
37 �C, and the absorbance was determined at 536 nm
(A536 nm) as follows:

Hydroxylradicalscavengingactivityð%Þ
¼ ½ðAs–AcÞ⁄ ðAb � AcÞ� � 100, (4)

where As, Ac, and Ab indicates the absorbance of the
sample, the control solution (1,10-phenanthroline,
FeSO4, and H2O2), and the blank solution (1,10-phe-
nanthroline and FeSO4), respectively.

2.9. Statistical analyses

The biochemical and antioxidant results were analysed
using Microsoft Excel (version 2007, Microsoft Inc.
USA) and Graph Pad PRISM 5 software (version 5.03),
respectively. All values correspond to the mean of
three independent replicates with their standard devi-
ation (mean± SD). The analysis of variance (ANOVA)
with the lower significant dissimilarity assay was used
to ascertain the significant differences (p< 0.05)
among the means. The correlation coefficient between
the studied parameters was calculated with correlation
of data using the correlation matrix and the signifi-
cance degree of the data is considered at probabil-
ity (p< 0.05).

3. Results and discussion

3.1. Peroxidase extraction and purification

Over the years, horseradish tubers have been the only
commercial source for peroxidase production.
However, peroxidases from microorganisms and plants
can also provide peroxidases with similar or even bet-
ter substrate specificities, stability, yield, and techno-
economic feasibility (Walwyn et al. 2015; Mbadinga
Mbadinga et al. 2020). Therefore, numerous investiga-
tions focussed on peroxidases from different origins
are being carried out in order to improve already
existing analytical procedures and/or the development
of new ones (Fortea et al. 2009). Again, by purifying a
peroxidase, it can be clearly established that the par-
ticular enzymatic activity actually resides in a unique
protein. Thus, the purified protein serves as extremely
valuable biochemical reagent. In this study, the TRP
was purified to homogeneity from the Algerian white
turnip roots using (NH4)2SO4 saturation (30%–80%) fol-
lowed by gel filtration chromatography using a
SephacrylVR S-200HR column and the fractions with
peroxidase activity eluted at 1.2 void volume (Figure
1(A)). Final purification was achieved by ion-exchange
chromatography (Mono Q-SepharoseVR ) where the TRP
activity was eluted at 150mM–220mM NaCl
(Figure 1(B)).

The purification steps of the enzyme are summar-
ised in Table 1. From the Mono Q-SepharoseVR step
TRP was eluted from fractions 56–72 (Figure 1(B)),
with an RZ value of 2.9 acquired for the final step,
indicating a very high level of purity. These purifica-
tion steps of TRP complement several studies, which
have previously demonstrated that saturation with
ammonium sulphate has been used for the purifica-
tion of HRP (Thongsook and Barrett 2005), the perox-
idase from cabbage leaves (Zeyadi 2019), and the
peroxidase from Turkish black radish (Oztekin et al.
2019). In addition, the NaCl gradient elution of the
POD purified from Indian turnip roots gave a single
peak (Singh and Singh 2003). The specific activity of
TRP (743.77U/mg), is higher compared to others
described in literature. In fact, it is in harmony with
that obtained from horseradish roots of A. rusticana
(772U/mg) (Lavery et al. 2010). However, it is lower
than that of peroxidase from red beet (10,500U/mg)
(Liu et al. 2008). The partially purified peroxidase from
the Iranian turnip, Brassica rapa, showed a specific
activity of 5170.47U/mg and 1816.82U/mg when two
different purification protocols were used (Motamed
et al. 2009). The elevated specific activity established
the great potential of the TRP for application in
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various industrial and therapeutic processes as well as
the potential to substitute the HRP commer-
cial peroxidase.

3.2. Molecular weight determination and
zymography of TRP

TRP was purified to a homogeneous state and ana-
lysed with SDS-PAGE. Its molecular weight was deter-
mined to be about 58 kDa (Figure 2(A)). The
zymography staining activity of the TRP, with guaiacol,
demonstrated a unique band in proportion to the pos-
ition of the peroxidase activity (Figure 2(B)). Further, a
high purity in the enzyme preparation was shown as

it exhibited an individual elution peak at retention
time (Rt) of 10.20min, which is equivalent to a single
protein of �58 kDa (Figure 2(C)). The molecular weight
of TRP is comparable with other PODs having molecu-
lar weights in the range of 35 kDa–95 kDa. In fact,
Kalin et al. (2014), found that the POD purified from
Turkish turnip roots had a molecular weight of
65.8 kDa (Somt€urk et al. 2014). Other PODs molecular
weights from other plant species has been reported as
follow: rosemary, 33 kDa (Aghelan and Shariat 2015),
garlic, 36.5 kDa (Marzouki et al. 2005), chickpea, 39 kDa
(Bhatti et al. 2006), horseradish root, 40 kDa (Lavery et
al. 2010), avocado, 40 kDa (Rojas-Reyes et al. 2014),
chickweed flower, 44 kDa (Yan et al. 2015), wind

Figure 1. Purification of the TRP enzyme from Algerian white turnip roots, B. rapa, variety rapa. (A) Elution profile of TRP on
SephacrylVR S-200 HR column equilibrated with the buffer B. (B) Chromatography profile of the purified peroxidase on Mono Q-
SepharoseVR anion exchanger equilibrated with the buffer C. The adsorbed material was eluted with a linear NaCl gradient (from
0mM to 500mM) in buffer C at a rate of 0.5mL/min, and examined for protein concentration and peroxidase activity at 280 nm
and 470 nm, respectively.
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palms, 50 kDa (Caramyshev et al. 2006), artichoke,
57 kDa (Cardinali et al. 2011), red cabbage, 69.3 kDa
(Zeyadi 2019), and black cabbage, 95 kDa (Somt€urk et
al. 2014).

3.3. N-terminal sequence of the TRP

The 19 first amino acid residues of the N-terminal
sequence were ascertained to be
QLTPTFLNNSCPNVSNIVR (Table 2) and displayed a
high identity with HRP C1 extracted from A. rusticana
(88.47% of identity). This data clearly suggested that
the TRP enzyme from B. rapa, variety rapa, is a
novel POD.

3.4. Biochemical and spectral characterisation
of TRP

3.4.1. Spectral characterisation of a haem cofactor
Throughout the purification process, a russet colour
was detected for the soluble active fractions, demon-
strating that a chromogenic cofactor was linked with
the peroxidase. The spectral properties of the purified
enzyme showed that TRP has an aromatic amino acid
peak at 280nm and a haem-compound peak at
406nm. The ratio of the absorbance values represents
the RZ of the TRP enzyme to be 2.9, which was similar
to other PODs (Regalado et al. 1996; Hamed et al. 1998;
Duarte-Vazquez et al. 2001; Dalal and Gupta 2010; Kalin
et al. 2014). These results clearly indicate that TRP con-
tains a haem cofactor that utilises H2O2 as the electron
acceptor to catalyse various oxidative reactions.

3.4.3. Effect of guaiacol, H2O2, and 4-aminoantipyr-
ine on the TRP activity
The data presented in Figure 3 shows that the opti-
mum activity for TRP is observed at a concentration of
45mM guaiacol (Figure 3(A)), 0.5mM H2O2 (Figure
3(B)) and 25mM 4-aminoantipyrine (Figure 3(C)) with
an optimal TRP concentration of 10mg/mL, which is in
accordance with reports on other PODs (Bouazizi et al.

2008; Simonetti et al. 2009; Dalal and Gupta 2010;
Kalin et al. 2014; Basha and Prasada Rao 2017; Gracas
et al. 2020). Oxidation of guaiacol leads to tetraguaia-
col formation. This reaction exhibits classical Michaelis-
Menten kinetics. In fact, the peroxidase activity was
increased with increasing concentrations of guaiacol. It
should be noted, however, that at 45mM of guaiacol,
an apparent saturation of activity was observed
(Figure 3(A)). This behaviour was similar to 4-aminoan-
tipyrine at 25mM (Figure 3(C)).

H2O2 was further noted to inhibit TRP activity,
which were comparable to reports on other PODs
(Prat et al. 1991). For the purified TRP, the change in
the absorbance at 470 nm was not observed in the
absence of H2O2 indicating that the activity of phenol
oxidase (PhO) is negligible. Figure 3(D) illustrates the
dependence of enzyme activity in the assay mixture
over a range of incubation time for three concentra-
tions of TRP peroxidase. In all cases, the peroxidase
activity, ascertained by assessing the tetraguaiacol for-
mation at 470 nm, is significant at 10mg/mL.
Furthermore, the rate of tetraguaiacol formation was
linear relative to the time reaction.

3.4.4. Effect of selected inhibitors and metal ions
TRP are completely inhibited by 1mM, 10mM or
15mM of KCN and NaN3, well-known inhibitors of per-
oxidases (Table 3). This result suggests that a haem
component is involved in the catalytic activity of the
TRP enzyme. The b-ME or DL-DTT and SDS contribute
to the reduction of disulphide bonds and destroyed
the protein hydrophobic effect to affect the protein
tertiary, or quaternary structure, causing the degener-
ation. Moreover, the addition of 1mM DL-DTT, 5mM
b-ME, and 30mM SDS had less inhibitory effect on
TRP activity retaining 35%, 30%, and 26% of its initial
activity, respectively. Therefore, the TRP enzyme had a
strong tolerance to DL-DTT, b-ME, and SDS.

A variety of metal ions (2mM) were also evaluated
in terms of their effect on the activity of the TRP
enzyme (Table 4). Additionally, our data show that the

Table 1. Purification steps followed for the isolation and purification of TRP from Algerian white turnip roots.

Purification step
Total activity

(units)a
Total protein
(mg)a,b,c

Specific activity
(U/mg)a

Activity
yield (%)

Purification
factor (n-fold) RZ

Crude extract 950,000 ± 3,895 1,250 ± 18 760 100 1 NP
(NH4)2SO4 (30%–80%) 826,500 ± 3,250 670 ± 9 1234 87 1.6 NP
Gel-filtration chromatography

(SephacrylVR S-200 HR)
693,500 ± 2,735 215 ± 4 524.5 73 2.8 1.1

Ion-exchange chromatography
(Mono Q-SepharoseVR )

485,750 ± 1,800 33.5 ± 1 14,500 51.1 19 2.9

aThe assays were performed in triplicate and the ± standard errors (SE) are indicated.
bUnit definition is provided in Section 2.3.
cProtein concentration was assessed with a Bio-Rad Dc protein assay kit.
NP: No peak at A400 nm.
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TRP activity was entirely inhibited by the nickel, cad-
mium, and mercury ions since it correlates with thiol
(–SH) groups of the cysteine residues and disturb its
3 D configuration as reported for others PODs
(Bouazizi et al. 2008; Simonetti et al. 2009; Dalal and

Gupta 2010; Kalin et al. 2014; Basha and Prasada Rao
2017; Gracas et al. 2020) and fungal peroxidases
(Bouacem et al. 2018; Rekik et al. 2019; Bouacem et al.
2021). Furthermore, TRP activity was significantly
enhanced by the addition of 2mM of manganese

Figure 2. Electrophoresis and HPLC profiles of TRP from Algerian white turnip roots, B. rapa, variety rapa. (A) 12% SDS-PAGE of
TRP enzyme. Lane 1, the Amersham LMW protein marker; Lane 2, the purified TRP obtained after Mono Q-SepharoseVR chromatog-
raphy (fractions 150mM-200mM NaCl) (50mg). (B) Zymography with guaiacol staining of TRP activity. Lane 1, the purified TRP
obtained after Mono Q-SepharoseVR chromatography (fractions 150mM-220mM NaCl) (50mg). (C) Chromatography profile of the
purified TRP enzyme with ProteinVR WK-802.5 HPLC column, equilibrated with buffer B and native protein markers of 670 kDa,
158 kDa, 44 kDa, 17 kDa, and 13.5 kDa, shows a single peak of �58 kDa. The proteins were divided by isocratic elution at a rate of
0.5mL/min with buffer B and measured at 280 nm. The pure TRP enzyme, with Rt of 10.20min, exhibited peroxidase activity.
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(180%), magnesium (151%), and calcium (137%) ions.

The Mn2þ treatment increased peroxidase activity,
suggested that this cation contribute to regulating the
enzyme active conformation and thus enhanced the
TRP activity.

3.4.5. Evaluation of the effect of different pH on

peroxidase activity and stability
The purified TRP is active over a pH range of 2–11
with most activity observed in the acidic region at pH
6 (Figure 4(A)). The relative TRP activities at pH 4 and

Table 2. Alignment of the N-terminal sequence amino acid residues of TRP from Algerian turnip roots with that
of the sequences of other PODs.
Peroxidase Plant origin N-terminal amino-acid sequencebIdentity (%)

TRP (this study) Brassica rapa, variety rapa QLTPTFLNNSCPNVSNIVRa –
HRP isoenzyme_25148.1(C1C) (Genbank accession no.: CCJ34821)Armoracia rusticana QLTPTFYDNSCPNVSNIVR 88.47
PRX33 (Genbank accession no.: XP_006291394) Capsella rubella QLTPTFYDNSCPNVTNIVR 84.21
PRX34-like (Genbank accession no.: XP_013656048) Brassica napus QLTPTFYDSSCPNVTNIVR 78.95
PRX32 (Genbank accession no.: XP_002877238) Arabidopsis lyrata subsp. lyrataQLTPTFYDNTCPNVFTIVR 73.68
PRX E5 (Genbank accession no.: XP_002299152) Populus trichocarpa QLTPTFYDETCPNVSSIIR 68.42
aThis sequence was submitted to BLASTP in order to identify the top hits to the query sequence.
bResidues not matching with the TRP enzyme are highlighted in bold.
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Figure 3. Enzyme reaction operating condition rates. (A) Effect of guaiacol on TRP activity. The TRP activity was assessed with a
guaiacol concentration range from 0mM to 100mM. (B) Effect of H2O2 on TRP activity. The TRP activity was assessed with H2O2

concentrations ranging from 0.1mM to 1mM. (C) Effect of 4-aminoantipyrine on TRP activity. The TRP activity was assessed with
a 4-aminoantipyrine concentration range of 1mM–40mM. (D) Effect of reaction time on TRP activity. The absorbance at 470 nm
was assessed with different TRP concentrations: 1mg/mL, 5mg/mL, and 10mg/mL at a reaction time of 0min to 300min. Each
point symbolises the mean (n¼ 3) ± SD.
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9 were determined as 75% and 55%, respectively.
Turnip peroxidase has an advantage: in comparison to
the commercial HRP enzyme, TRP can be utilised in an
acidic environment, in which HRP cannot operate
properly. For comparison, PODs from B. rapa and A.
rusticana roots exhibited maximum activity at pH 4

and 7, respectively. The POD from Copaifera angsdorffii
leaves showed optimal activity at pH 6 (Maciel et al.
2007). Furthermore, our previous study on the POD
crude extract from the turnip of the same variety
revealed an optimal activity at pH 6 (Dahdouh et
al. 2020).

The TRP is stable at pH 4–8 (Figure 4(B)). The half-
life of TRP at pH 4, 5, 6, 7, and 8 was 12 h, 9 h, 7 h, 5 h,
and 3 h, respectively. The pH stability profile of TRP
allows for different industrial applications that require
acidic conditions. The effect of different pH on activity
and stability of TRP demonstrate that this enzyme is
more efficient to the peroxidase already described
(Motamed et al. 2009). In fact, the optimum activity of
TRP is observed at pH 6 with relative activity at pH 9
of 55% compared to pH 4 for the reported partially
purified turnip peroxidase previously described with
relative activity at pH 9 of 45% (Motamed et al. 2009).

3.4.6. Assessment of the effect of different tempera-
tures on peroxidase activity and stability
At pH 6, the optimum temperature for the TRP is 45 �C
(without Mn2þ) and 55 �C with Mn2þ at 2mM (Figure
4(C)). The optimum temperature of TRP is lower than
that of the POD from C. angsdorffii leaves that exhibit
maximum activity at 35 �C (Motamed et al. 2009).

We then proceeded to determine whether these
effects occurred through alterations in the half-life of
the TRP peroxidase. The half-life of the TRP at 40 �C,
50 �C, and 60 �C without Mn2þ are 10 h, 6 h, and 3 h,
respectively (Figure 4(D)). Nevertheless, with 2mM
Mn2þ, the half-life of TRP led to an increase respect-
ively to 12 h, 8 h, and 5 h. The thermo-stability of TRP
was superior to other PODs from B. rapa and A. rusti-
cana roots (Lueangjaroenkit et al. 2020; Pech-Canul et
al. 2020; Rajhans et al. 2020; Yang et al. 2020). The
effects of temperature on the activity and stability of
TRP demonstrate that this enzyme is more efficient to
the previously described partially purified turnip per-
oxidase (Motamed et al. 2009). In fact, the optimum
activity of TRP is attained at 55 �C compared to 35 �C
for the related peroxidase reported elsewhere
(Motamed et al. 2009).

These properties support the fact that TRP has
potential for application in the food industry.

3.5. Determination of kinetic parameters

The kinetic parameters are summarised in Table 5. The
enzymes (TRP and HRP) displayed conventional
Michaelis-Menten kinetics for the four substrates guai-
acol, pyrogallol, catechol, and anisole (data not

Table 3. Effect of a variety of inhibitors and specific reagents
(tested at different concentrations) on the TRP from Algerian
white turnip roots using guaiacol as a substrate.

Inhibitor/reagent
Concentration

(mM)
Residual peroxidase
activity of TRP (%)a,b

Control – 100 ± 2.5
KCN 5 0 ± 0.0

10 0 ± 0.0
15 0 ± 0.0

NaN3 5 0 ± 0.0
10 0 ± 0.0
15 0 ± 0.0

L-cystine 1 12 ± 0.3
2 11 ± 0.3
5 10 ± 0.3

Hydroxylamine 1 8 ± 0.2
2 7 ± 0.2
5 5 ± 0.2

DTNB 5 98 ± 2.5
10 95 ± 2.4
15 91 ± 2.3

NEM 1 104 ± 2.6
2 101 ± 2.5
5 99 ± 2.5

Iodoacetamide 2 101¼ 2.5
5 96¼ 2.4
10 93¼ 2.3

SDS 20 77 ± 2.2
30 74 ± 2.2
40 70 ± 1.1

b-ME 2 75 ± 2.2
5 70 ± 2.1
10 66 ± 1.9

DL-DTT 0.5 69 ± 2.1
1 65 ± 1.9
2 60 ± 1.7

aThe assays were performed in triplicate and the ± SE is indicated.
bThe TRP activity calculated in the absence of inhibitor was considered as
the control and taken as 100%.

Table 4. Effect of selected metal ions on the activity of the
TRP from Algerian white turnip roots. Guaiacol was used as
the substrate.

Metal ion at 2mM Origin
Residual peroxidase
activity of TRP (%)a,b

Control – 100 ± 2.5
Mn2þ MnSO4 180 ± 3.8
Mg2þ MgSO4 151 ± 3.6
Ca2þ CaCl2 137 ± 3.1
Cu2þ CuSO4 105 ± 2.6
Ba2þ BaCl2 90 ± 2.2
Fe2þ FeSO4 77 ± 2.2
Zn2þ ZnCl2 40 ± 1.4
Co2þ CoCl2 25 ± 1.0
Ni2þ NiCl2 0 ± 0.0
Cd2þ CdCl2 0 ± 0.0
Hg2þ HgCl2 0 ± 0.0
aThe assays were performed in triplicate and the ± SE is indicated.
bThe TRP activity calculated in the absence of metal ions was considered
as control (designated as 100%).

442 A. DAHDOUH ET AL.



shown). The kcat/Km values for the four substrates for
each POD was similar, i.e. guaia-
col> pyrogallol> catechol> anisole. The kcat/Km values
of TRP were 4.28, 3.99, 2.86, and 1.97-fold higher than
that of HRP for guaiacol, pyrogallol, catechol, and ani-
sole, respectively. The data clearly suggest that TRP is
ideal for application in the food industry and various
other biotechnological applications.

3.6. Antioxidant activities

The purification steps resulted in the enhancement of
the specific activity of the purified TRP, which is mainly

due to the removal of contaminating total proteins/
enzymes. The antioxidant properties of the TRP frac-
tions prepared at different stages of purification were
evaluated accordingly for their capacity for radical scav-
enging (ABTS and OH), their chelating effect on Fe2þ

and their reducing power. For each activity, BHT was
used as a standard control, excluding the chelating cap-
acity of the ferrous ion where EDTA was used.

3.6.1. ABTS radical scavenging activity
ABTS radical recovery activity is used to estimate the
total antioxidant activity of antioxidants (Payet et al.
2005). From the results presented in Figure 5(A),
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Figure 4. Evaluation of the effects of pH and temperature on the activity and stability of the purified TRP enzyme from Algerian
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depending on the purification steps, the ABTS anti-
free radical activity of the enzyme fractions diminishes
significantly (p< 0.05) depending on the purification

steps. Moreover, we detected an 50% decrease of
ABTS anti-free radical activity compared to that of the
crude homogenate. The values of the antioxidant

Table 5. Kinetic parameters of TRP and HRP towards guaiacol, pyrogallol, catechol, and anisole
as substrates.
Substrate Enzyme Km (mM) Vmax (U/mg) kcat (min�1) kcat/Km (min�1 mM�1)

Guaiacol TRP 0.139 ± 0.01 14,500 ± 210 9,667 ± 140 69,547
HRP 0.302 ± 0.02 7,350 ± 107 4,900 ± 71 16,225

Pyrogallol TRP 0.195 ± 0.01 13,485 ± 194 8,990 ± 129 46,103
HRP 0.388 ± 0.03 6,710 ± 97 4,473 ± 65 11,528

Catechol TRP 0.250 ± 0.02 12,325 ± 177 8,217 ± 120 23,868
HRP 0.447 ± 0.03 5,590 ± 81 3,727 ± 54 8,338

Anisole TRP 0.406 ± 0.04 8,159 ± 118 5,439 ± 78 13,396
HRP 0.491 ± 0.05 4,991 ± 71 3,327 ± 48 6776

Values represent the means of a three independent replicates, and the ± SE is indicated.
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Figure 5. Antioxidant potential of the TRP from the Algerian white turnip (B. rapa, variety rapa) roots. (A) Antioxidant capacity of ABTS
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activities oscillate between 96.54% and 46.32%. This
difference may therefore be the result of a synergistic
effect of the bioactive peptides and polyphenols pre-
sent in the crude extract. It is well documented that B.
rapa, variety rapa is an appreciable source of phenolic
compounds, in particular flavonoids (Cartea et al.
2010). The antioxidant capacity of enzymatic fractions
could be allocated to the presence of some amino-
acid residues (Met, His, Trp, Phe, Tyr, Leu, Pro, and
Gly) (Mechri et al. 2020a). On the other hand, the
removal of certain proteins and peptides of LMW has
the effect of reducing the antioxidant activity.

3.6.2. TRP chelating power
Iron bound to proteins, e.g. transferring, or detained
in storage as ferritin in a redox state can cause over-
loading of iron in the human body and require the
consumption of exogenous chelators to avoid the
build-up of free iron. These exogenous chelators can
be found in the form of a variety of antioxidants in
food (Sellem et al. 2016; Mechri et al. 2020a). The
results of the chelating analyses, as shown in Figure
5(B), shows that the fractions of steps (E2, E3, and E4)
were significantly decreased (p< 0.05) compared with
the first step (E1). More specifically, the activity of the
crude extract being the highest (75.23%), and the low-
est activity was observed in the pure enzymatic frac-
tion (48.32%). This activity might be connected to the
Gly- and His-rich peptides (Xu and Chance 2007; Liu et
al. 2016) and reflects the complex nature of the
extract, which may include various iron chelators, with
dissimilar iron affinities. The decrease in the chelating
activity of protein fractions is therefore relative to the
presence of these amino acids (Papuc et al. 2017).

3.6.3. Reducing power
The reducing power was determined by measuring
the reduction of the Fe3þ/Ferricyanide complex in fer-
rous form, specified the implications of the most fre-
quently observed chemical mechanisms, namely the
donation of electrons/hydrogen (Mechri et al. 2020b).
In this study, the reducing power in all fractions ensu-
ing from (precipitation and inhibition with PVPP),
ultrafiltration, and anion exchange chromatography
was significantly (p< 0.05) lower compared with the
crude homogenate (Figure 5(C)). The reduction power
values of the fractions from the different purification
stages vary between 130.76% and 52.96% trolox
equivalents (lmol/g DM). High levels of reducing
power indicate the presence of certain compounds
capable of donating electrons to free radicals, thereby
reducing oxidative stress.

3.6.4. Hydroxyl radical scavenging
The hydroxyl radical is the main reactive free radical,
and it can be produced from a superoxide anion and
H2O2 in the presence of metal ions (Csire et al. 2020).
The hydroxyl radical can react with macromolecules,
such as proteins, amino-acids, lipids, and DNA (Umeno
et al. 2017). The free ROS have a significant function
in the metabolism and development of aerobic organ-
isms, but their uncontrolled production leads to oxida-
tive stress. Indeed, an excess of free radical production
in living cells has been revealed to be accountable for
substitutions and carcinogenesis by inducing base
alteration and DNA strand breakage. The activity trap-
ping of the hydroxyl radicals by the enzyme fractions
decrease significantly (p< 0.05) depending on the
purification steps (Figure 5(D)). The hydroxyl radical
(�OH) scavenging activity does not present much dif-
ference between purification steps; the values oscil-
lated between 76.71% and 61.49%. Accordingly, TRP
can be applied in the form of enzyme therapy in the
pharmaceutical, cosmetic, and medicinal industries,
with biological eradication of free radicals, e.g. ABTS
and OH. Similar studies on soy protein hydrolysates
reported that they had the highest hydroxyl trapping
capacity (69.75%) (Zhuang et al. 2013). In addition, the
use of natural protein extracts or purified proteins as
antioxidants has been identified. Proteins isolated
from soybeans, mushrooms, corn zein, potato, yam,
chickpeas, and white beans are said to have antioxi-
dant activity (Li 2008). The proteins’ antioxidant activ-
ity depends on the nature and composition of their
amino acid residues. It has been described that an ele-
vated percentage of hydrophobic amino acids in pro-
teins can enhance their lipid solubility and thus assist
access to free radicals present in the lipid phase (Qian
et al. 2008). For example, the antioxidant activities of
tyrosine and phenylalanine are due to their ability to
donate protons to free radicals, and tryptophan
includes the indole group that acts as an aromatic
heterocyclic organic compound, and it can donate
hydrogen in order to reduce the radical response
(Qian et al. 2008). In contrast, the basic (lysine and
arginine), and acidic (aspartate, and glutamate) amino
acid residues exert antioxidant activity by chelating
metal ions. In addition, proline residues of peptides
are significant for the elimination of radicals because
of its structure, while histidine can donate protons to
electron-deficient radicals and improve the trapping
capacities of radicals. It also acts as a metal chelator
due to its imidazole (Xu and Chance 2007; Liu et al.
2016). It is therefore clear that various factors could
influence the antioxidant ability of PODs, including
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amino acid content, substrate affinity, polarities, and
structures (Jahangoshaei et al. 2015).

4. Conclusions

Due to their potential application, the POD group of
enzymes have become a main focus area in the field
of traditional medicine and pharmaceutical industry.
To use these enzymes in such domains, it is very
important to maintain activity and for the enzymes to
exhibit a temperature stability over a wide pH range
as well as a noteworthy antioxidant activity. In the cur-
rent study we have established an easy procedure for
the purification of TRP from the roots of the Algerian
white turnip, B. rapa, variety rapa, to homogeneity fol-
lowed by the determination of its promising biochem-
ical properties and high antioxidant potential which
has not been reported before. The characteristics of
this biocatalyst indicate that TRP could be an essential
tool for a variety of applications mainly in the pharma-
ceutical industry as a key antioxidant biocatalyst.
Further investigations, focussed on understanding the
signalling properties and structure-function of TRP, are
still required in order to assess how the enzyme is
responsible for the observed potential activities that
can negate oxidative stress. Additional studies will be
required in order to evaluate the cytotoxicity effect
and in vivo activities of TRP. Molecular docking and
site-directed mutagenesis approaches will also be
required in order to investigate the structure-function
relationships of this enzyme and other PODs.
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Maciel HPF, Gouvêa CMCP, Toyama M, Smolka M, Marangoni
S, Pastore GM. 2007. Extraction, purification and biochem-
ical characterization of a peroxidase from Copaifera langs-
dorffii leaves. Qu�ım Nova. 30(5):1067–1071.

Marzouki SM, Limam F, Smaali MI, Ulber R, Marzouki MN.
2005. A new thermostable peroxidase from garlic Allium
sativum: purification, biochemical properties, immobiliza-
tion, and use in H2O2 detection in milk. Appl Biochem
Biotechnol. 127(3):201–214.

Mbadinga Mbadinga DL, Li Q, Ranocha P, Martinez Y,
Dunand C. 2020. Global analysis of non-animal peroxi-
dases provides insights into the evolution of this gene
family in the green lineage. J Exp Bot. 71(11):3350–3360.

Mechri S, Sellem I, Bouacem K, Jabeur F, Chamkha M,
Hacene H, Bouanane-Darenfed A, Jaouadi B. 2020a.
Antioxidant and enzyme inhibitory activities of
Metapenaeus monoceros by-product hydrolysates elabo-
rated by purified alkaline proteases. Waste Biomass Valor.
11(12):6741–6755.

Mechri S, Sellem I, Bouacem K, Jabeur F, Laribi-Habchi H,
Mellouli L, Hac�ene H, Bouanane-Darenfed A, Jaouadi B.
2020b. A biological clean processing approach for the val-
orization of speckled shrimp Metapenaeus monoceros by-
product as a source of bioactive compounds. Environ Sci
Pollut Res Int. 27(13):15842–15855.

Motamed S, Ghaemmaghami F, Alemzadeh I. 2009. Turnip
(Brassica rapa) peroxidase: purification and characteriza-
tion. Ind Eng Chem Res. 48(23):10614–10618.

Oztekin A, Almaz Z, Gerni S, Erel D, Kocak SM, Seng€ul ME,
Ozdemir H. 2019. Purification of peroxidase enzyme from
radish species in fast and high yield with affinity chroma-
tography technique. J Chromatogr B Analyt Technol
Biomed Life Sci. 1114–1115:86–92.

Papuc C, Goran GV, Predescu CN, Nicorescu V, Stefan G.
2017. Plant polyphenols as antioxidant and antibacterial
agents for shelf-life extension of meat and meat products:
classification, structures, sources, and action mechanisms.
Compr Rev Food Sci Food Saf. 16(6):1243–1268.

Payet B, Shum Cheong Sing A, Smadja J. 2005. Assessment
of antioxidant activity of cane brown sugars by ABTS and
DPPH radical scavenging assays: determination of their
polyphenolic and volatile constituents. J Agric Food
Chem. 53(26):10074–10079.

Pech-Canul AC, Carrillo-Campos J, Ballinas-Casarrubias ML,
Solis-Oviedo RL, Hernandez-Rascon SK, Hernandez-Ochoa
LR, Gutierrez-Mendez N, Garcia-Triana A. 2020. Functional
expression and one-step protein purification of manga-
nese peroxidase 1 (rMnP1) from Phanerochaete chrysospo-
rium using the E. coli-expression system. IJMS. 21(2):416.

Prat AG, Bolter C, Chavez U, Taylor C, Chefurka W, Turrens
JF. 1991. Purification of cytochrome c peroxidase for mon-
itoring H2O2 production. Free Radic Biol Med. 11(6):
537–544.

Qian Z-J, Jung W-K, Kim S-K. 2008. Free radical scavenging
activity of a novel antioxidative peptide purified from
hydrolysate of bullfrog skin, Rana catesbeiana Shaw.
Bioresour Technol. 99(6):1690–1698.

Rajhans G, Sen SK, Barik A, Raut S. 2020. Elucidation of fun-
gal dye-decolourizing peroxidase (DyP) and ligninolytic
enzyme activities in decolourization and mineralization of
azo dyes. J Appl Microbiol. 129(6):1633–1643.

Regalado C, Asenjo JA, Pyle DL. 1996. Studies on the purifi-
cation of peroxidase from horseradish roots using reverse
micelles. Enzyme Microb Technol. 18(5):332–339.
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