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An organophosphate-degrading enzyme known as paraoxonase is connected to high-density
lipoprotein (HDL) and has a physiological role, such as primarily protecting low-density
lipoprotein (LDL) from oxidation. The aim of this study is to purify the paraoxonase enzyme
(EC: 3.1.8.1.) from pumpkin seeds and investigate the effect of some chemicals and

Keywords: pesticides on enzyme activity. Paraoxonase enzyme from pumpkin seeds was purified 158.09
Z:Z;Z;Z;nase fold with a yield of 77.55% using sepharose 4B-L-tyrosine-1-naphthylamine affinity
Purification chromatography. The purity of the purified paraoxonase enzyme was checked by SDS-PAGE
Inhibitors electrophoresis. The molecular weight of the purified paraoxonase enzyme was determined
Pesticides as 12942 Da and 20421 Da by gel filtration chromatography. K, and Vi values were
calculated as 3.475 mM and 2.935 pmol L-'.min"! for paraoxon substrate, 3.067 mM and
2.647 umol L'!.min"! for phenyl acetate substrate. Mg?*, Cu?*, Mn*" and Fe>" cations, ascorbic
acid, EDTA, B-mercaptoethanol and SDS compounds, diazinon, methyl parathion, ethyl
parathion, dimethoate, dichlorvos, fention, acetamiprid and methamidophos pesticides
strongly inhibited the enzyme. The analysis results showed that B-mercaptoethanol (ICso:
0.90 mM) was the most potent inhibitor among cations and compounds, dichlorvos (ICso:
0.91 mM) among pesticides.
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1. Introduction

Having a glycoprotein structure, paraoxonase (PON, EC:
3.1.8.1.) is a calcium (Ca?") dependent ester hydrolase with
both arylesterase and paraoxonase activity [1]. The PON
gene family comprises three members in mammals, as
identified by PON1, PON2, and PON3. PON1 and PON3 are
generated mostly in the liver, but PON2 is synthesized in
multiple organs including the brain, liver, kidney, and testes
[2, 3]. Despite the presence of the PON2 enzyme in almost
all tissues in humans, no PON2 enzyme has been found in
serum [4]. The best-known protective function of PONI is to
inhibit the neurotoxicity of circulating organophosphates
(OPs) by reverse binding and hydrolysis of OPs such as
nerve agents, aromatic carboxylic acid esters and
insecticides [5].

Human serum contains the PON1 enzyme, which is capable
of hydrolyzing harmful oxon metabolites of numerous
insecticides, including parathion, diazinon, and chlorpyrifos,

as well as OP nerve agents, including soman, sarin, and tabun.

However, OP poisoning is common in agricultural workers
as PON1 in mammals has a low affinity for these substrates.
Nevertheless, PONI1 is reported to be more effective in those
chronically exposed to low doses of OP derivatives [6]. OP
compounds pose a considerable environmental risk to human
health. This is one of the most important reasons why the
PONI enzyme becomes a multifaceted research topic [7].
The PON also has a critical role in the prevention of
atherogenesis by inhibiting lipid peroxidation.

The PON enzyme is known to have a protective effect
against the formation of lipid peroxides by LDL oxidation,
which is found to be bound to HDL [8, 9]. Therefore, the
PON enzyme protects cells against oxidative stress and acts
as a cellular antioxidant [10]. Reduced levels of PON1 have
been identified in patients with atherosclerosis, specifically
carotid and cerebral atherosclerosis [11, 12]. Paraoxonase
enzyme has been found in fish, frog, turkey, chicken, rabbit,

dog, rat, sheep, mice, and many other mammalian species [7].

Nevertheless, few studies are available on the presence of
PON enzymes in plants [13]. It is believed that the PON1
enzyme of pumpkin seeds that contain omega fatty acids for
cardiovascular health is associated with lipid metabolism.

The goal of this study was to purify and characterize the
PONI enzyme using affinity chromatography from pumpkin
seeds containing a high concentration of essential fatty acids,
as well as to evaluate the effects of certain chemicals and
pesticides on enzyme activity in vitro.

2. Material and Method

2.1. Chemicals

Sepharose-4B, CNBr, Sephadex G-100, protein assay
reagent, paraoxon and electrophoresis chemicals were used
as the materials, were supplied by Sigma- Aldrich. The
additional chemicals were by Sigma or Merck and were of
analytical grade.

2.2. Preparation of Affinity Gel

CNBr (4 g) was added to a suspension made up of Sepharose
4B (20 mL) and water (20 mL). In an ice bath with magnetic
stirring, the mixture's pH was brought to 11 and maintained
there for 15 minutes. The mixture was then passed through a
Buchner funnel, washed with cool NaHCOj3 buffer (0.1 M,
pH:10, 250 mL) and poured into a beaker. A cold solution
tyrosine (80 mg) dissolved in 20 mL of the same buffer was
added to the beaker and mixed. Sepharose-L-tyrosine was
activated with CNBr and then was linked with L-tyrosine
through a saturated L-tyrosine solution in the same buffer. It
was mixed using a magnet for 90 minutes so that the reaction
was completed.

The Sepharose 4B-L-tyrosine gel was washed with a lot of
water to get rid of any remaining L-tyrosine. The compound
I-naphthylamine was diazotized and then linked to the
Sepharose 4B-L-tyrosine, resulting in the formation of a
Sepharose 4B-L-tyrosine-1-naphthylamine affinity gel. To
do this, I-naphthylamine (25 mg) was dissolved in HCI (1M,
10 mL) at about 0°C. 5 mL of solution containing NaNO» (75
mg) at 0°C was added dropwise to the 1-naphthylamine
solution. Diazotized 1-naphthylamine was added to the
Sepharose-4B-L-tyrosine (40 mL) solution after the reaction
was realized for 10 minutes. The pH was set to 9.5 with
NaOH (IM) and gently mixed for 3 hours at room
temperature. After that, Tris-sulfate (0.05 M, pH 7.5, 200 mL)
were added to 1 L of water to washed the linked dark red
Sepharose derivative [14].

2.3. Preparation of Pumpkin Seeds

peponis semen) Homogenate

(Cucurbitae

Pumpkin seeds were obtained from the province of Erzurum.
Pumpkin seeds (10 g) were first mechanically disintegrated
through several steps using liquid nitrogen. Then, they were
placed in 0.1 M Tris-HCI /2 mM CaCl,/0.5 M NaCl buffer
with a pH of 8.0 and mixed with a magnetic stirrer for 30 min
at room temperature. Homogenates were centrifuged at 5000
rpm at +4 °C for 30 min.

2.4. Affinity Chromatography (Sepharose 4B-L-

tyrosine-1-naphthylamine)

The homogenate was balanced with a solution of Tris-HCl
(0.1 M, pH: 8.0) and CaCl, (2 mM), and then transferred to
the affinity column composed of sepharose 4B-L-tyrosine-1-
naphthylamine. The affinity gel was rinsed with a solution
containing Tris-HCl (0.1 M, pH: 8.0), CaCl; (2 mM), and
NacCl (0.5 M). After, elution of pumpkin seeds paraoxonase
was realized using the solution Tris-HCI (0.1 M, pH: 6.8) /
CaCl, (2 Mm) at 0.5 mL min™'. The highest PON1 activity
fractions (5 mL each) were obtained [15].

2.5. Paraoxonase Activity Assay

In Tris-HCI (50 mM, pH 8.0) with CaCl, (1 mM) at 25 °C, 1
mM paraoxon (diethyl p-nitrophenyl phosphate) was used to
test the paraoxonase activity. The absorbance of p-
nitrophenol was measured at 412 nm. Calculation of enzyme
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activity was performed using the p-nitrophenol molar
extinction coefficient (e=18000 M™! cm™' pH 8.0). The
enzyme unit of paraoxonase refers to the number of
micromoles of paraoxon hydrolyzed in 1 minute [16].

2.6. Sodium Dodecyl Sulphate Polyacrylamide Gel

Electrophoresis (SDS-PAGE)

The enzyme purity was evaluated by performing SDS-PAGE
based on Laemmli’s procedure [17]. The stacking and
separating gels had acrylamide concentrations of 3% and
10%, respectively, and contained 1% SDS. 20 pg sample was
subjected to the electrophoresis. A staining solution
consisting of 0.1% Coomassie Brilliant Blue R-250 in a
mixture of 50% methanol, 10% acetic acid, and 40% distilled
water was applied to the gel and left for a duration of 2 hours.
The same solution was washed again but without the dye
until the removal of protein bands. Photographs of the
electrophoretic pattern were taken (Figure 2).

2.7. Measurement Molecular Weight using Gel

Filtration

Sephadex G-100 (3 g) was put into a buffer solution (200
mL). It was kept at 90 °C for 5 hours. Sephadex G-100 was
filled into a column (1,3%30 cm). The column was balanced
for a duration of 24 hours using a buffer solution containing
0.05 M NasPOs and 1 mM dithioerythritol (pH:7).
Equilibration was maintained until the solution taken from
the bottom of the column did not absorb at 280 nm. After the
standard protein solutions (bovine serum albumin (66 kDa),
egg albumin (45 kDa) carbonic anhydrase (29 kDa), a-
lactalbumin (14 kDa) and trypsinogen (24 kDa) were placed
into the column, the calibration curve was obtained. The
purified PON1 enzyme was passed through the column and
subsequently eluted under identical conditions. Results were
matched with those of standard proteins [18].

2.8. Protein Determination

Bradford’s technique [19] was employed by taking bovine
serum albumin as the reference to determine protein content
of the samples.

2.9. Invitro Some Metal Ions and Compounds Studies

The effects of purified PON1 enzyme on several metal ions
(Mg?*, Cu?**, Mn?" and Fe’*) were studied. Each metal ion
solution was prepared at five concentrations. Each solution
was placed into an enzyme-containing cuvette. The ICsp

Table 1 Summary of the PON1 purification procedure from pumpkin seeds

values were determined using activity (%) vs. metal in
concentration graphs.

The impact of several compounds on the activity of the pure
PONI enzyme was assessed using thiol-specific inhibitors,
non-specific agents, and detergent.
Ethylenediaminetetraacetic acid (EDTA), ascorbic acid, -
mercaptoethanol, sodium dodecyl sulfate (SDS) were used
as the compounds in the study.

2.10. In vitro Pesticides Studies

The effects of diazinon, methyl parathion, ethyl parathion,
dimethoate,  dichlorvos, fention, acetamiprid and
methamidophos pesticides at concentrations of 100 ppm, 10
ppm and 1 ppm on the PON1 enzyme activity that was
purified from pumpkin seeds were determined. Each
pesticide solution was prepared at five concentrations. Using
plots of activity (%) against metal ion concentration, the ICsg
values were determined.

3. Results and Discussion

Pumpkin seeds provide a good amount of the important of
the essential fats omega-3, omega-6 and many minerals
needed for hormonal balance, brain functions, skin quality,
and heart health. It has been observed that lifestyle and
dietary patterns affect the PON1 activity and concentration
in cardiovascular diseases [20, 21]. There are a limited
number of studies on the purification of paraoxonase enzyme,
also known as an antioxidant enzyme, in plants [22, 23]. This
study is of great importance for the characterization of the
PON enzyme identified and purified in plants.

Using the Sepharose 4B-L-tyrosine-1-naphthylamine
affinity chromatography technique, the PON1 enzyme was
purified and characterized from pumpkin seeds. As a result
of the study, PON1 enzyme was purified 158.09-fold with a
yield of 77.55% from pumpkin seeds. Table 1 shows how
many folds this enzyme was purified.

Figure 1 shows the elution results of the PON1 enzyme
purified from pumpkin seeds in the activity-absorbance
graph. The molecular weights of PON1 enzyme purified
from pumpkin seeds were observed to be 12942 Da (=13000
Da) and 20421 Da by gel filtration chromatography. The
enzyme's purity was assessed using SDS polyacrylamide gel
electrophoresis. The enzyme was found to be pure and the
gel was photographed and is shown in Figure 2.

) ] Activity Total Protein_ Tota} To‘tzfl Spe.ci.fic Yield Purification
Purification step (EU mL") volume (mgmL- Protein Activity activity (%) fold
(mL) D) (mg) (EV) (EU mg’")
Homogenate 1.926 20 26.04 520 38.52 0.074 100
Sepharose-4B-L-tyrosine-1-naphtylamine 2.134 14 0.182 2.551 29.87 11.72 77.55 158.09
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Figure 1 The activity-absorbance graph on the PON1 enzyme purified from
pumpkin seeds.

Using Lineweaver-Burk graphs, values for Vmax and K, were
calculated. The analysis on pumpkin seeds showed that the
Vmax and Ky, values for paraoxon substrate were 2.935
pmol/L.min and 3.475 mM, respectively, and the Vmax and
Km values for phenylacetate substrate were 2.647
pmol/L.min and 3.0674 mM, respectively.

66 kDa
45kDa
29kDa
24KkDa

20 kDa.
14

R kDa

Figure 2 SDS-PAGE bands of PON1 enzyme from pumpkin seeds. Lane I:
standard protein; o-lactalbumin (14 kDa), trypsinogen (24 kDa), carbonic
anhydrase (29 kDa), egg albumin (45 kDa), bovine serum albumin (66 kDa)
Lane II: PON1 enzyme purified from pumpkin seeds.

Many factors such as pH, temperature, enzyme and substrate
concentration, ionic strength, and the presence of inhibitors
and activators affect the rate of enzymatic reactions, i.e.,
activity [24].

The pH and temperature values that provide the best
conditions for the paraoxonase enzyme, which was obtained
from pumpkin seeds and purified, were determined. The
PONI1 enzyme's optimum pH was determined to be 7, and it
maintained activity in the pH range of 4-8. The optimum
temperature was 39 °C, and the temperature range in which
it demonstrated activity was 20-60 °C (Figure 3 - Figure 4).

Figure 3 The impact of pH on the purified PONI enzyme from pumpkin
seeds.

0,20 -
ElJ,15-
go,w-
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o‘w b T T T T " b b 1
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Figure 4 The impact of temperature on the purified PON1 enzyme from
pumpkin seeds

Both inhibition and stability of enzymatic activity establish
a control mechanism in biological systems. Studies on
stability reveal details about the composition and operation
of enzymes. Many drugs and toxic compounds function in
this way. It is also useful to analyze the enzyme action
mechanisms in order to figure out enzyme inhibition. There
are also studies on metal interaction with the PON1 enzyme.

For example, it was reported that manganese, cobalt, zinc,
barium, copper, mercury and magnesium inhibited liver
microsomal PON1 enzyme [25]. In this study, the effects of
Mg?", Cu?", Mn?*, Fe3" and cations and EDTA, ascorbic acid,
B-mercaptoethanol and SDS compounds on PON1 enzyme
activity purified from pumpkin seeds were determined. It
was found to inhibit the enzyme activity at all concentrations
of Mg?", Cu?*, Mn?*" and Fe*". It was found to inhibit the
enzyme activity at all concentrations of EDTA, ascorbic acid,
B-mercaptoethanol and SDS compounds (Table 2).

Table 2 ICs values of metal ions and compounds on PON1 enzyme purified
from pumpkin seeds

Metal ions and compounds ICs) (mM)
Mg* 3.05
Cu* 2.11
Mn** 4.47
Fe¥* 1.66
EDTA 2.38
ascorbic acid 1.74

B-mercaptoethanol 0.90
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SDS 0.97

Inhibition effects of metal ions and compounds on purified
PONI1 activity, ICso values of B-mercaptoethanol, SDS, Fe*,
ascorbic acid, Cu?*, EDTA, Mg*" and Mn?" were found to be
0.90, 097, 1.66, 1.74, 2.11, 2.38, 3.05, 447 mM,
respectively (Table 2).

A low ICso value indicates a high inhibitory effect. The
results showed that [-mercaptoethanol was stronger
inhibitor than the other metal ions and compounds. These
results are similar to those from other sources that have been
acquired. For example, Demir et al. [13] investigated the in
vitro effects of Fe**, Mn**, and Mg?" metal ions on PON1
purified from olive (Olea europaea L) and discovered that
they were inhibitory effect on the PON1 enzyme. Another
study by Demir et al. [23] on the PON1 enzyme purified from
sunflower (Helianthus annuus) determined the inhibitory
properties of Fe*', Mn?', B-mercaptoethanol, SDS and
EDTA metal ions and compounds. Ekinci and Beydemir [26]
examined the in vitro inhibitory effects of some metal ions
(Zn'?, Cr*?, Fe*?, and Pb*?) on PON1 enzyme purified from
human serum and reported that metals had inhibitory effects.

Table 3 ICs, values of pesticides on PON1 enzyme purified from pumpkin
seeds

Pesticides ICso (mM)
Methyl parathion 1.44
Dichlorvos 091
Dimethoate 1.03
Diazinon 2.30
Methamidophos 1.84
Ethyl parathion 1.12
Fention 1.21
Acetamiprid 1.63

According to Table 3, it was determined that the order
according to IC50 values for pesticides was as follows:
dichlorvos > dimethoate > ethyl parathion > fention > methyl
parathion > acetamiprid > methamidophos > diazinon. The
results showed that dichlorvos was stronger inhibitor than
the pesticides.

PONI is an enzyme hydrolyzing OP that also features
antioxidant properties in metabolism. In recent years, there
have been studies on the interactions between paraoxonase
and pesticides. One study in Turkey found that PONI
activity was 30% lower in patients who suffered from acute
organophosphate poisoning compared to controls. However,
when PONI1 activity was examined again six months after
exposure to OP, it was found that the level of PONT1 activity
reverted to normal. It has been argued that the cause of low
PONI activity in the patients who were poisoned is either
direct inactivation of PON1 by OPs or competition of the
OPs that cause intoxication with the substrate used in the
measurement of the activity of PON1 [27]. Cebeci et al. [28]
examined the in vitro effects of pesticides (dichlorvos,
fenoxaprop-p-ethyl, imidacloprid, and lambda-cyhalothrin)
on the microsomal PON1 in sheep liver and reported that
pesticides displayed an inhibitory effect on PON1 enzyme.
In another study, Demir et al. [22] examined the effects of
dichlorvos, chlorpyrifos-methyl parathion-methyl,
chlorpyrifos ethyl, dimethoate, acetamiprid, mancozeb,

trifluralin and lufenuron pesticides on human serum
paraoxonase in vitro and reported that pesticides inhibited
the enzyme.

4. Conclusion

Inhibition of enzyme activities by toxic compounds such as
metals, drugs, pesticides and gases can cause threatening
consequences for living organisms. Therefore, the number of
toxicological studies that investigated the effects of metals
and pesticides on enzyme activities has recently increased.
In the present study, it was observed that all the chemicals
studied inhibited the PON1 enzyme.

Reduced activity of the PONI enzyme may lead to
dangerous consequences. Especially people exposed to
compounds and people at risk of vascular disease are
reported to have altered activity of this paraoxonase enzyme.
Therefore, it is important investigate by which substances the
PON enzyme is inhibited. Both the deficit and inhibition of
PON activity have been associated with a diverse array of
illnesses including diabetes mellitus, cardiovascular disease,
rheumatism, and Alzheimer's disease.

Therefore, identification, purification and characterization of
the PON1 enzyme from pumpkin seeds, from which many
benefits are provided to human health, is vital. This study is
believed to guide further studies by examining the three-
dimensional structure of the enzyme purified from pumpkin
seeds and comparing it with the PON1 enzyme structure
purified from plants in different studies.
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