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ABS TRACT

Rosemary (Salvia Rosmarinus) peroxidase was purified by
chromatographic techniques, yielding an enzyme recovery of 35%.
The estimated molecular mass was 47 kDa, determined by Sodium
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE),
and it has an isoelectric focusing point at 4.33. The optimal pH and
temperature were 6.0 and 40°C, respectively. Michaelis constant (Km)
values were 3.7 mg mL", and the specific activity (SA) values were
28.10 U min"! mL"! towards guaiacol. The purified peroxidase activity
was increased with calcium, ferric, magnesium, and manganese
ions but decreased with copper, mercury, and zinc ions at all tested
concentrations. The data indicate that this enzyme is a promising
source of industrial peroxidase. Flame atomic absorption spectroscopy
(FAAS) was used to detect metals in rosemary. To validate peroxidase
levels in rosemary using high-performance liquid chromatography
(HPLC), we would typically extract the enzyme, purify it (ammonium
sulfate), and then separate and quantify it using an HPLC-UV method.
The method usually involves using a C18 column and UV detection,
with specific wavelengths chosen based on the peroxidase products.
The mean LOD and LOQ methods, based on microgram injections,
were determined to be 0.051 and 0.153 pg mL-!, respectively, using
the standard deviation of blank peak areas from 10 blank samples
(RSD% < 4%). The rosemary extract is injected into the HPLC, and
the calibration curve identifies the peroxidase peak.

1. Introduction

Isoforms of rosemary have molecular weights ranging

Biological roles in rosemary include detoxifying
hydrogen peroxide, lignin formation, phenolic
compound oxidation, and contributions to flavor and
aroma stability during storage. Rosemary peroxidases
exhibit activity towards certain chemicals, including
guaiacol, pyrogallol, o-dianisidine, and 2,2'-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS).
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from 30 to 70 kDa, depending on the isoform. Their
isoelectric points (pl) range from 3.5 to 9.0. The
optimum activity of rosemary peroxidases occurs
at pH 5-7, with a temperature optimum between
30 and 50 °C. Peroxidase types in rosemary include
Guaiacol peroxidases, which catalyze the oxidation of
guaiacol to tetraguaiacol (brown pigment). Ascorbate
peroxidases (APX) use ascorbic acid as the electron
donor and play a role in scavenging reactive oxygen
species (ROS) in plant tissues. Also, peroxidases
in rosemary include phenolic peroxidases (which
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oxidize phenolic compounds, such as caffeic acid and
rosmarinic acid) and lignin peroxidases. Rosemary
(Salvia rosmarinus) is one of the hundreds of species
in the genus Salvia (family Lamiaceae), which are
distributed across a large area of the Middle East.
They grow as annual or perennial herbaceous plants,
rarely as shrubs, reaching 1.2—1.8 meters in height
[1]. Some people use the whole plant for herbal tea,
while others use it as animal fodder. However, it can
also be an excellent source of industrially produced
peroxidases. Peroxidases (Peroxide reductases EC
1.11.1.X) are heme-containing enzymes generally
found in species that catalyze the redox reactions
of a broad diversity of phenol compounds, as well
as non-phenol compounds, by using H,O, [2,3].
Plants’ peroxidases belong to class III and participate
in a broad diversity of activities such as hormone
catabolism, auxin metabolism, ethylene biosynthesis,
ripening of fruits, lignin polymerization, senescence,
suberization, H,O, generation, toxins’ oxidations,
lignin biosynthesis, reactions to plants stresses
(ex., wounds or attacks), and many other functions
[4-7]. Peroxidases were extracted, purified, and
characterized from a variety of plants such as seeds
of apples and oranges, artichoke (Cynara scolymus
L.), C. sinensis, Date fruits, garlic, guinea grass,
horseradish, M. oleifera, manioc (Manihot utilissima),
N. tabacum, peach (Prunus persica), radish, potato
(Solanum  tuberosum),
macrorhiza), and zucchini (Cucurbita pepo) [8,9].
With modern biotechnology, peroxidases, due to
their versatile reactions, have potential applications
across the medical, nutrition, and other industries.
They were used as immunoassay kits due to their
ability to catalyze reactions under mild temperature
and pH conditions, with broad substrate specificity.
These properties made them useful in various
applications, including the food industry, bleaching
of synthetic dyes, detoxification, and decolorization
of wastewater, among others [2, 10-14]. Additionally,
other chromatography methods, such as GC-MS
and GC-FID, were used to detect organic materials.
Flame Atomic Absorption Spectroscopy (F-AAS)
and Electrothermal Atomic Absorption Spectroscopy
(ETAAS), also known as Graphite Furnace AAS,

tomato, yam (Alocasia

were also used for metal analysis [15-25]. GC (GC-
MS or GC-FID) is applicable for analyzing small-
molecule substrates, oxidation products, and volatile
metabolites produced or consumed by rosemary
peroxidase activity. GC with Indirect detection was
used to measure substrates or products of peroxidase
reactions (e.g., phenolic oxidation products, volatile
organic compounds, aldehydes). Volatile profiling
was used to monitor changes in rosemary essential
oils and wvolatiles after enzyme treatment, and
headspace-GC or SPME-GC-MS was used to analyze
the samples. Metabolite analysis was performed after
enzymatic reaction using GC-MS or GC-FID.

In this study, the Purification and characterization
of Rosemary peroxidases were studied. A purified
peroxidase from rosemary was used, and SDS-
PAGE was employed to determine its molecular
mass. The enzyme, molecules, and other compounds
in Rosemary peroxidase were separated based on
electrical charge using ion-exchange chromatography
(IEC) and by molecular size using size-exclusion
chromatography (SEC) before analysis by High-
Performance Liquid Chromatography (HPLC).

2. Materials and Methods

2.1. Reagents and Instrumental

Fresh, mature Rosemary plants were sourced from
local markets in Baghdad, Iraq, between April and
June 2021. Analytical-grade reagents and chemicals
were obtained from Sigma-Aldrich. HNO,(CAS
Number: 7697-37-2), H,SO, (CAS Number:
7664-93-9), H,O,(CAS Number:  7722-84-1),
(NHa4)2SO4 (CAS Number: 7783-20-2), Mcllvaine
buffer (CAS Number: 77-92-9, mixture of citric
acid and disodium phosphate for pH between 2.2
and 8.0), glycerol (C,H,O,, CAS Number: 99569-
11-6, MW: 104), phenylmethylsulphonyl fluoride
(PMSF, CAS Number: 329-98-6), NaCl (CAS
Number: 7647-14-5), ZnCl, (CAS Number: 7646-
85-7), and ammonium acetate purchased from
Sigma, Germany. Chromatographic techniques are
essential for enzyme recovery and purification,
relying on differences in properties like size,
charge, and binding affinity to separate enzymes
from

complex mixtures. Standard methods
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include ion exchange and size exclusion coupled
with  HPLC. Ion Exchange Chromatography
(IEC, Thermo Fisher, USA) separates molecules
based on charge differences between the enzyme
and other compounds. IEC is a commonly used
platform for purifying biologics. Size Exclusion
Chromatography (SEC, Agilent), also known
as Gel Filtration, separates molecules by size,
allowing larger molecules such as enzymes to elute
more quickly. Bio SEC-5 HPLC size exclusion
chromatography (SEC, Agilent, USA) columns are
packed with 5.0 um silica particles coated with a
proprietary, neutral, hydrophilic layer for optimal
efficiency and stability.

2.2. Purification of the peroxidase

The peroxidase
followed the modified procedure described by
Smith and Wilcox (Smith and Wilcox 1970) All
operations were carried out at 4°C.

purification of Rosemary’s

Noor Hatem Jumaa et al 113
2.2.1.Crude extract and (NH ) SO, fractions step
The whole plants (3.0 kg) were cut into small
pieces and suspended in cold Mcllvaine buffer
(pH 6.0) containing 10% (v/v) glycerol, 1.0 mM
(PMSF)
1.0 mM 2-mercaptoethanol. Plant material was

phenylmethylsulfonyl  fluoride and
homogenized in an ice-cold Waring blender for
10 min. The homogenate was centrifuged at
4,000 x g for 15 min at 4 °C, and the supernatant
was collected as the crude extract (Schema 1).
Ammonium sulfate [(NH4)>SO4] fractionation was
carried out at 4 °C by stepwise addition of solid
(NHa4)2SOs to reach 30-45%, 45-60% and 60-80%
saturation, respectively. After each salt addition
the mixture was stirred on ice for 15-30 min and
then allowed to equilibrate for a further 30 min
before centrifugation at 5,000 x g for 12 min at 4
°C. Pellets from each saturation cut were collected,
resuspended in a minimal volume of the above
Mcllvaine buffer, and desalted by dialysis against

Rosemary Plant Material (3 kg)
Cut into small pieces

Y
( Homogenization in Mcllvaine buffer ]

(pH 6.0, 10% glycerol,
1 mM PMSF, 1 mM 2-mercaptoethanol)

)
[Centrifugaﬁon (4,000 x g, 15 min, 4 "C)J

Callect supernatant = Crude Extract

Y

Ammonium sulfate fractionation
Shepw|se saturation at4 ‘C
)
30-45% Saturation 45—60% SaIuratlcn 60-80% Saturation
Centrifuge (5,000 x g, 12 min, 4° Centrifuge (5,000 x g, 12 min, 4 °C) Centrifuge (5,000 x g, 12 min, 4 °C)
Fraction 1 Fraction 2 Fraction 3

(NH.)S0. Fraction 30-45%

Y

(NH.)S0. Fraction 45-60%

(NH.).S0. Fraction 60-80%

Schema 1. Crude extract and (NH,),SO, fractions step for Rosemary
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the same buffer for 12 h with two buffer changes.
Desalted fractions were assayed for peroxidase
activity (guaiacol/H202 method) and total protein
(Bradford assay). Fractions showing significant
peroxidase activity were pooled and kept on ice
for subsequent chromatographic purification. A
high peroxidase activity was related to the 0.6-
0-8%% (NH,),SO, fraction, so it was used for
further purification after it was concentrated by
filtration through a collodion bag to about 3.0 mL.
The ammonium sulfate fractionation workflows,
peroxidase extraction, or protein purification from
whole plant material are presented in Schema 2.

2.3. Chromatography and HPLC Analysis

The 0.6-0.8% (NH,),SO, fraction was loaded
onto a 1.5 X 30 cm phosphocellulose column that
had been previously washed with two column
volumes of Mcllvaine buffer at pH 6.0 (containing
10% glycerol, 1.0 mM phenylmethylsulfonyl

fluoride (PMSF), and 1.0 mM mercaptoethanol).
A peroxidase activity was eluted with 80 mL
of 0-0.6M NaCl in the Mcllvaine buffer, and
fractions (3.0 mL) were collected. One-third of
each fraction was reserved for further analysis,
and the peak fractions were pooled together. Zinc
chloride (ZnCl,)) was then added to precipitate any
contaminating ribonucleases (RNases) attached to
the enzyme. The peak fraction was loaded onto
a 1.5 x 15 cm DEAE-cellulose column, pH 6.0,
which had been previously washed with Mcllvaine
buffer. The peroxidase activity was then eluted
with 50 mL of 0-0.4M NacCl in the same buffer, and
fractions (2.0 mL) were collected. Two-thirds of
each fraction were pooled, and the peak fractions
were re-chromatographed on 1.5 %X 10 cm Sephadex
G-100 to remove salts. The peaked fractions were
collected and layered into a Matrix gel red-A column
(1.5 x 10cm) equilibrated with the same buffer. The
peroxidase was eluted with a 0 to 0.4 M sodium

~ Rosemary
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water sulfite
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e v |
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| |
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Schema 2. The crude extract based on ammonium sulfate fractionation,
including the extract protein pellet and the supernatant of rosemary.
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chloride gradient in the same buffer. The peak
fractions with the highest peroxidase activity were
eluted at approximately 0.14 M sodium chloride.
They were pooled, dialyzed, and concentrated
(as before), and the resulting preparation was
considered purified peroxidase and used for further
studies. Protein and carbohydrate concentrations
were determined for all fractions.

Additionally, HPLC is
methodologies. The C18 column is a common
choice for HPLC separation of plant compounds.
Gradient elution with two solvents (methanol/
water) is often used to separate compounds. The
concentration of peroxidase in the rosemary was
determined from the peak area and the calibration
curve. Specific wavelengths are chosen based on
the peroxidase and the compounds it interacts with
(e.g., 280 nm for some phenolic compounds, or 254
nm for rosmarinic acid). Tests such as resolution,
peak symmetry, and retention time are checked
to ensure the system is functioning correctly. A
calibration curve is created using the standard
solution to relate peak area to concentration. The
rosemary extract is injected into the HPLC, and
the peak corresponding to the peroxidase (or its
reaction product) is identified and quantified using
the calibration curve. Use temperatures of 0—4
°C for all analyses, with buffers free of strong
detergents or organic compounds. Desalt the final
ammonium sulfate fractions using an HPLC-based
method, employing a PD-10 desalting column.
Filter through a 0.22 um PVDF/nylon syringe
filter immediately before injection to protect the
column. If the sample protein concentration is
low, concentrate using ultrafiltration (10 kDa) to
achieve ~0.5-2 mg mL"' for analytical injections,
or higher for preparative runs. First, we use ion
exchange, either an anion or a cation. Use an anion
exchanger if peroxidases are acidic at your chosen
pH; use a cation exchanger if peroxidase doesn’t
bind at neutral pH (Mobile phase of 20 mM sodium
phosphate pH 6.5, Flow rate of 0.5 mL min",
Injection of 20-50 pL and gradient of 0% — 30%
in 20 min and 30% — 100% in 5 min). Then, Size-
exclusion HPLC (SEC) was used to determine the

used in validation
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oligomeric state and to remove small contaminants
while maintaining the enzyme’s native structure.
Mobile phase of 50 mM sodium phosphate, 150
mM NaCl, pH 7.0; Flow rate of 0.5-0.8 mL min’';
injection: 50-200 pL. The phosphate buffer is used
for enzyme stability. If compatibility is needed later,
switch to ammonium acetate (50 mM) and reduce
the ionic strength. Then adjust the gradient with a
0.5 M ammonium acetate eluent. If nothing binds
at pH 6.5, try lowering the pH to 5.0 (for anion
exchange, some proteins bind better at slightly
lower pH levels) or switch to cation exchange at pH
5.0. Dual-wavelength monitoring simultaneously
records Azso (protein) and 410 nm (heme Soret).
For analysis, you can estimate concentration from
Aaio (A4os—Aa14) using Beer-Lambert: C (uM) =A/
(e x pathlength). The € of Rosmary peroxidases is
~162mM™ cm™.

2.3.1.The assay for peroxidase

This assay is a variation of the method by Aydin
et al., and OD changes were measured at 480nm
[26]. First, 50 pL of the purified peroxidase was
added to 1.9 mL of Mcllvaine buffer containing 1
mL of H,O, solution (8.8 mM) and 1 mL of 45 mM
guaiacol as substrates at pH 6.0 and 40 °C. Units of
activity were calculated according to the following
empirical formula (Eq. 1). One unit of peroxidase
activity was defined as the amount of enzyme that
catalyzes the production of 1 mmol of guaiacol per
minute [27].

AOD/ min xdilution factor x 1,000
ml of enzyme used in the assay

(Eq.1)

units/ml =

2.4. Protein Analysis
Protein concentrations were measured according to
Lowry et al. [28].

2.4.1.8DS-Polyacrylamide Gel Electrophoresis

Sodium dodecyl sulphate (SDS)-PAGE was used
for the determination of the molecular weight
(MW) of peroxidase (POD) from rosemary. The
sample was boiled in the presence of SDS and
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2-mercaptoethanol, thenseparatedona10%Laemmli
gel. A calibration curve was used to determine the
MW of the purified POD (log molecular weight of
the standards vs. retention factor). 12% Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was done according to Laemmli et
al, as modified by Maizel [29,30]. It was used for
protein localization, molecular mass estimation,
and determination of the purity of the purified
peroxidase (pooled, peak fractions from Matrex gel
red A). Two methods were used to locate proteins or
estimate purity: either by staining the gel with 0.1%
(w/v) Coomassie brilliant blue R-250 or by running
an unstained lane and cutting it horizontally to
obtain 0.20 mm pieces, which were then suspended
individually in buffer to detect peroxidase activity.

2.4.2.Effect of molecular mass on peroxidase
The molecular mass was calculated by using the
relative migration distance (Rf) as stated by Maizel
[30]. The standards obtained from Bio-Rad Co.,
Richmond, Calif.

2.4.3.Determination of isoelectric point (pI)

ImL of the purified peroxidase was dialyzed
against 2 x 2 L (1% glycine buffer) and layered
into Isoelectric focusing gel (pH 3.5 to 9.5)
polyacrylamide gels along with the standard
markers obtained from Pharmacia Biotech,

Uppsala, Sweden [31].

2.4.4. Optima pH and temperature

The optimum pH was determined by measuring pH
at different values during purification of peroxidase
activity. In contrast, the optimum temperature was
measured at different temperatures within the same
assay mixture in both cases. The optimal pH and
temperature were 6.0 and 40°C, respectively

2.4.5.Km and Vmax values

The Km and Vmax values were determined from
the Lineweaver-Burk graph using the method
described by Hisar et al. [32]. The reaction mixture
consists of 50 pL of the purified enzyme, 950
mL Mcllvaine buffer, pH 6.0, and either a fixed

amount of ImL of hydrogen peroxide (H,0,, 22.5
mM) with various concentrations of guaiacol or
vice versa (i.e., with multiple concentrations of
guaiacol, 45 mM with different concentrations of
hydrogen peroxide at 40°C). The kinetic data were

analyzed and read at 480 nm [33].

2.5. Determination and effect of metals in
Rosemary

The impact of several metal ions (calcium, cobalt,
iron, magnesium, sodium, potassium, zinc) was
studied using three concentrations in the assay
mixture (2, 5, and 10 mM). The above metals were
determined in rosemary after microwave digestion
and by F-AAS (Fig. 1). The burner height was
optimized for each element (typically 10-12 mm
above the base on many instruments). Fuel flow
instrument default for air-acetylene (~2.0 L min'1).
Lamp current (mA) and wavelength (nm) are used
for each element-specific lamp and wavelength (Ca:
422.7 nm, Mg: 285.2 nm, Cu: 324.8 nm, Zn: 213.9
nm, Mn: 279.5 nm, Pb: 217.0 nm (or 283.3 nm), Cd:
228.8 nm, Ni: 232.0 nm). Digest 0.25-0.5 g powder
in a closed-vessel microwave using concentrated 5
mL HNOs and 1.0 mL H20: (Ramp to 200 °C in 5
min, hold 15-20 min). After digestion in a microwave
for 20 min, the mixture was diluted to 5 mL with
DW. The solution is analyzed using flame AAS (air—
acetylene) after establishing a calibration curve with
standard solutions (mg kg!' or mg g').

3. Results and Discussion

3.1. HPLC and F-AAS Results

Due to the HPLC-UV method, there was a
statistically significant difference (p < 0.05) between
the amount of total phenolic compounds extracted
from the rosemary at different temperatures. HPLC
analysis of phenolic compounds in rosemary
includes 3,4,5-trihydroxybenzoic acid with a
minimum retention time of 4.0 min, and cinnamic
acid as a monocarboxylic acid(C;H,0,), observed
at a maximum retention time of 22.0 min with a
concentration of 14.26 mg per 100 g of Rosemary
(Fig.2). Amongallthe detected compounds, the highest
amount was pyrocatechol (8.5 min, C,H,(OH),) at
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Fig. 1. Determination of metals in Rosmary by microwave digestion and F-AAS

1500 mg g, while the lowest was 4-hydroxycinnamic
acid (23 min) at 3.13 mg g'!'. Other compounds, such
as 4-hydroxybenzoic acid (9.2 min), 4-hydroxy-3-
methoxybenzoic acid (10.4 min), syringic acid as
dimethoxybenzene (11.4 min), and 4-hydroxy-3-
methoxybenzaldehyde (12.5 min), were identified
with over 100 mg g'. The mineral composition of
the rosemary extract, including sodium, potassium,
calcium, phosphorus, magnesium, iron, copper,
manganese, and zinc, was determined using Flame
atomic absorption spectroscopy (FAAS). The mean
concentration of elements in rosemary measured

by F-AAS was: sodium (Na) 91.23 mg per 100 g,
potassium (K) 1956.29 mg per 100 g, calcium (Ca)
1078.58 mg per 100 g, phosphorus (P) 389.85 mg
per 100 g, magnesium (Mg) 37.44 mg per 100 g, iron
(Fe) 32.32 mg per 100 g, copper (Cu) 0.86 mg per
100 g, manganese (Mn) 5.52 mg per 100 g, and zinc
(Zn) 9.23 mg per 100 g of rosemary.

3.2. Purification

An outline of various steps of the extraction and
purification of a peroxidase from rosemary is given
in Table 1.
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Fig.2. HPLC analysis of phenolic compounds in rosemary
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Table 1. Purification steps of Rosemary’s peroxidase

Fraction Vol. - TPA TP SA Recovery Purification
(mL) (units) (mg) (unitsx mL") (%)
Crude extract 400 4650 16270 0.20 100.00 1.00
0.6-0.8%
6 4322 2550 1.69 93.00 8.47
(NH,),SO,

Phospho-cellulose 60 3611 343 10.52 77.65 52.63
DEAE-cellulose 40 2412 23 104.86 51.87 524.34
Sephadex G-100 24 2230 8 278.75 47.95 1393.75
Matrex gel red-A 6 1650 1.8 916.67 35.50 4583.35

TPA: Total Peroxidase activity, TP: Total protein, SA: Specific activity

The elution profile of a 0.6-0.8% (NH,),SO,
saturation fraction on a phosphocellulose column
(Fig. 3a) shows that most of the peroxidase activity
was eluted at a 0.31 M sodium chloride gradient. In
contrast, small amounts of activity were scattered
apparently through the elution volume.

When the pooled peak fractions from the first
column were loaded into the DEAE-cellulose

column (Fig. 3b), there was no significant loss in
peroxidase activity. Still, a considerable reduction
in the protein content was obtained by using the
two previous columns (Table 1). The third column
(Sephadex G-100) was used primarily to remove
the excess salt from the enzyme. The pooled peak
fractions from the Matrix gel Red A column (Fig. 3¢)
were considered the purified enzyme.

100} )

75

S0t

Relative activity %
mMNaCl

25

Fraction numbers

100t )

o

37

2 04 _
® S0 %J”
03 2
= 02 E
LS

0.1

200 30 40 50
Fractions number

c)
100

|
th

Relative activity %

0.4

0.0 10 20

30
Fraction numbers

40 50

Fig.3. The elution profile of Rosemary’s peroxidase activity, a) on Phosphocellulose column,

b) DEAE-cellulose column, and

¢) on Matrix gel red A column
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3.3. Determination of a molecular mass

The purified peroxidase was tested for purity and
isozyme composition by SDS-PAGE. An evident
band was observed at 47 kDa using a Bio-6000T gel
scanner (BIOIMAGER) after staining. By analyzing
0.2mL cut pieces of an unstained gel, it seems that
most of the peroxidase activity is concentrated in
the 47.0 kDa band. In contrast, minimal activity
was in the positions of the 25 and 18 kDa bands
(Fig. 4). So, a significant protein band was
observed at approximately 47 kDa, corresponding
to the dominant POD isoform. Activity staining of
0.2-mL gel slices confirmed that the majority of
peroxidase activity was localized within the 47 kDa
band, whereas only minimal activity was detected
in the faint lower-molecular-weight bands at ~25
and ~18 kDa. This result indicates that the purified
enzyme preparation predominantly contains a
single active POD isoform

3.4. Determination of the Iso-electro focusing

point (pl)
The enzyme has an isoelectric point (p/) of 4.33.

MW

96
1

44

| 41

- Py

30

-
o

25

14 —
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The pl of 4.33 indicates that the peroxidase becomes
electrically neutral at acidic pH. Below pH 4.33, the
enzyme carries a net positive charge, while above
this pH, it becomes negatively charged. A p/ in this
range is typical for plant peroxidases and reflects
the enzyme’s acidic amino-acid composition and
optimal solubility behavior.

3.5. Optimum pH and temperature

The effect of temperature was evaluated over the
range of 25 °C to 80 °C. The results showed us
that the optimal temperature is 40 °C. Additionally,
the effect of pH on the purified peroxidase activity
(PPA) from Rosemary was studied from pH 2 to
11. The results show that the highest purified
peroxidase activity in Rosemary was observed at
pH 6. Therefore, the purified peroxidase exhibits
optimal activity at 40 °C and pH 6.0. (Fig. 5a and 5b).
The two-panel schematic figure depicting the thermal
stability of purified peroxidase from rosemary
(activity vs. temperature and residual activity
vs. incubation time at 40/50/60 °C), presented in
Schema 3.

Marker POD

96—
66—
40— TONE S 17
30—
20—

14—

Fig. 4. SDS-PAGE for Rosemary’s peroxidase with standard molecular
markers (two bands of 25 and 18kDa were very faint and could not be
shown during staining).
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Schema 3. Thermal stability of purified rosemary peroxidase (leaf enzyme)

3.6. Determination of Km and Vmax

The Km and Vmax values of the purified peroxidase
were measured from Lineweaver-Burk plots. The
activities of the purified peroxidase were calculated
at various concentrations of guaiacol substrate. In
contrast, the concentration of hydrogen peroxide
was stable (Fig. 6a) and the other way around
(Fig. 6b), where various hydrogen peroxide

concentrations were measured while guaiacol
remained stable at 40 °C. Km and Vmax values
were 21.3 and 33.1 mM and 0.19 and 0.87 mM,
respectively. K values were 577 S and 1528 S,
respectively, while the efficiency constant (K_/
K ) was 27.8 and 46.2 for guaiacol and hydrogen
peroxide, respectively.
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Fig. 6. Lineweaver—Burk plot and Substrate saturation curve of Rosemary’s peroxidase activity in the presence of
(a) guaiacol and (b) H,O, concentrations as a fixed substrate.

3.7. Effects of metal ions

Rosemary’s purified peroxidase was enhanced with
calcium, ferric, magnesium, and manganese ions.
Aluminum, cobalt, nickel, sodium, and potassium
ions do not affect the enzyme, whereas copper,
mercury, and zinc ions inhibit it significantly
(Table 2).

3.8. Discussion
The results showed that
successfully purified from Rosemary, with 40%

peroxidase was

recovery. Peroxidase activity is concentrated in a
single band (47.0 kDa) that is easily visible on the

stained gel. Two very faint 25.0-kDa and 18.0-kDa
bands, barely visible but detectable in the cut pieces
of the gel, suggest that the enzyme is composed
of three polypeptide chains linked by disulfide
bonds. Most purified peroxidases consist of a
single polypeptide chain around 40-50 kDa, such
as gingers and Panaeolus’ peroxidase of 42 kDa
[34,35], horseradish’s 40 kDa [36], chickpeas 39
kDa [37]. The peroxidase from a fresh cauliflower
bud has a molecular weight of 44 kDa [38]. J.
curcas leaves have a peroxidase with a molecular
mass of 48 kDa [39]. Other researchers, such as
Scialabba et al. [40], have reported the presence

Table 2. Effects of some metal ions on the purified peroxidase enzyme

Metal ions Relative activity (%)
2.0 mM 5.0 mM 10 mM

AP 100 95 95
Ca* 350 370 370
Co* 100 95 99
Cu* 23 0 0
Fe¥* 322 352 382
Hg> 20 0 0
K 100 98 100
Mg* 350 360 360
Mn? 270 270 270
Na'* 98 98 96
Ni 100 100 100
Pb 0 0 0
Zn** 0 0 0
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of a peroxidase in maturing radish seeds, which is
composed of four isozymes with molecular masses
of 98, 52.5, 32.8, and 29.5 kDa, respectively.
The optimum pH for any enzyme depends on its
environment of operation, typically in the cell, and
varies according to the enzyme-substrate type. In
contrast, the optimum temperature for any enzyme
depends upon its structure and its amino acid
composition. The results showed that Rosemary’s
purified peroxidase has an optimum pH of 6.0 and a
temperature of 40°C, which is compatible with that
of Solanum ethiopicum L. (white) peroxidase [41]

and that of C. reticulata [42]. In general, several
researchers stated that most plant peroxidases have
an optimal pH and temperature of (6-7) and (40-50
°C), respectively [13, 39, 43, 44]. In some cases, the
optimum temperature can reach 60°C, for example,
in both date palm cv. Agwa’s peroxidase [45, 30].
Some researchers have shown that peroxidases
with low optimum temperatures (30 °C and 10 °C)
are present in purified peroxidases from buckwheat
seeds [46]. The Km and Vmax kinetic values of
the purified Rosemary peroxidase for its substrates
guaiacol and hydrogen peroxide were compared
with similar values from different extracted
peroxidases. The Km values for peroxidase from
Arabian balsam stems are 46.5 mM for guaiacol
and 4.81 mM for hydrogen peroxide. In contrast,
those for horseradish peroxidase are 32.36 mM
for guaiacol and 5.86 mM for hydrogen peroxide,
respectively [47]. In R. sativus, Km values of 0.036
+0.08 mM and 0.0084 £ 0.003 mM for guaiacol and
hydrogen peroxide substrates, respectively, while
Vmax was 0.138 EU/mol/min for o-dianisidine and
0.032 EU /min for hydrogen peroxide, respectively
[48,49]. This comparison suggests that Rosemary s
peroxidase has a higher affinity for guaiacol than
for hydrogen peroxide. The activity of the purified
peroxidase from Rosemary was intensified in
the presence of calcium, ferric, magnesium, and
manganese ions, which were compatible with other
purified peroxidases [9, 4, 6]. Additionally, a gas
chromatography flame ionization detector (GC-
FID) or gas chromatography mass spectrometry
(GC-MS) is employed to identify polypeptide

chains of approximately 40-50 kDa by analyzing
volatile amino acid derivatives, typically after
hydrolyzing the polypeptide into smaller peptides
or amino acids. Many previous articles used GC-
FID or GC-MS for the determination of organic
material [20, 24, 25, 50-55]. Calcium ions seem
to maintain the conformation of some proteins
in this enzyme. In contrast, both magnesium and
manganese ions play crucial roles in the catalytic
process of photosynthesis and the release of
oxygen. Ferric ions participate in the peroxidase-
oxidase cycle, and, surprisingly, only Shank et
al. reported that ferric ions inhibit the peroxidase
purified from finger roots.
aluminum, cobalt, nickel, potassium, and sodium
did not affect the activity of the purified peroxidase,
but Nouren et al. showed that the mentioned metal
ions intensified C. reticulate peels’ peroxidase
activity [42]. Khatum et al. reported that some

The metal ions:

metal ions, such as aluminum, cadmium, copper,
magnesium, nickel, phosphorus, and zinc ions,
showed minimal inhibitory effects, while ferric and
ferrous ions, along with mercury ions, exhibited a
maximum inhibitory effect on M. oleifera L. leaves’
peroxidase[49]. Copper, mercury, phosphorus, and
zinc ions inhibited purified peroxidases as well as
many extracted peroxidases [13, 48, 2, 30, 35].
These inhibitors presumably bind to the enzyme’s
active-site  SH groups, leading to irreversible
inhibition.

4. Conclusions

Rosemary is readily available in large quantities
year-round and can be readily used to produce
peroxidases for various applications, including
biochemistry, biotechnology, the food industry,
wastewater treatment, and other industrial
processes. Rosemary’s peroxidase has a similar
molecular weight and chemical properties to other
Class III plant peroxidases studied previously, but
it achieves a 35% recovery after purification and
remains stable across broad pH and temperature
ranges, specifically between pH 4-7 and 30-60°C,
for an extended period. This stability offers an

advantage forits industrial applications. Rosemary’s



Analysis and characterization of peroxidases in rosemary by HPLC

peroxidase was purified by chromatographic
techniques and analyzed by F-AAS and HPLC.
The LOD and LOQ of the HPLC method were
determined at 0.044-0.058 pg mL" and 0.147-
0.159 pg mL, respectively.
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