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Human serum paraoxonase (PON1, EC 3.1.8.1.) is a high-density lipid (HDL)-associated,
calcium-dependent enzyme; its physiological substrates are not known. PON1 exists in 2
major polymorphic forms: Q (glutamine) or R (arginine) at codon 192. PON1Q and R were
separately purified by ammonium sulfate precipitation and hydrophobic interaction
chromatography. The in vitro effects of some heavy metals (Hg, Cd, Cu, Co and Ni) has
been previously investigated on the purified human serum PON1Q and R isoenzyme, using
paraoxon as substrate at pH= 8 tris-base buffer. In this study, in vitro effects of some heavy
metals (Hg, Cd, Cu, Co and Ni) were investigated on the purified human serum PON1Q
and R isoenzyme, using paraoxon as substrate at pH= 10.5 tris-base buffer. Metals were
more effective inhibitors on purified human serum PON1R 49, activity than PON1q192
activity also at pH=10.5 tris-base buffer. The ICg values of these metals exhibiting

inhibition effects were found from graphs of paraoxsonase activity% by plotting the

Inhibition,

Metals, concentration of the metals.

pH

INTRODUCTION

Paraoxonase (PON1; EC 3.1.8.1) is a calcium-
dependent esterase that is hydrolyzes aromatic
carboxylic acid esters, toxic organophosphate
compounds, and lactones, yet the natural substrates
and physiological function(s) of PON1 remain to be
established [1]. Human PON1 is a member of a
multigene family (PON1, PON2 and PON3 genes)
encoded by a single gene on chromosome 7q21—
22 [2]. PON1 is synthesized in the liver and secreted
into the blood, where it is associated with high
density lipoproteins (HDL). PON1 activity in serum
shows a wide variation among individuals [3], and
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this variability is attributed to the presence of
polymorphisms in PON1 gene; thus, subjects have
been classified into homozygous for the low activity
allele, and heterozygous, or homozygous for the
high activity allele [4]. Meanwhile, PON1 coding
region shows two polymorphic sites at positions 55
and 192; the latter has two isoforms (Q and R) and
is described as substrate-dependent, thus the 192R
alloenzyme hydrolyzes paraoxon (the parathion
oxon metabolite) faster than the 192Q isoform, while
diazoxon (the oxon of diazinon) is hydrolyzed faster
by the 192Q isoform [5].

PON1 was proven to possess both arylesterase and
organophosphatase activities [6]. Some ester
substrates, such as phenyl acetate, are hydrolyzed
by the PON1 Q and R isozymes at approximately

equivalent rates, whereas most organophosphates
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are hydrolyzed at different rates by the isozymes.
These differences in isozymic properties allowed our
laboratory to phenotype serum samples by dividing
the organophosphatase activity in the presence of
1 M NaCl (with paraoxon as the substrate) by the
arylesterase activity (with phenylacetate as the
substrate) [4]. Phenotyping serum samples using
these simple assays aided in the purification of the
two PON1 isozymes [7], which led to subsequent
studies of their catalytic activities with a number of

compounds.

The inhibition by metallic ions is well known for
many enzymes and has been reported for A-
esterases from different sources. Other compounds,
as complexing agents and thiol reagents are also,
typical enzyme inhibitors. Aldridge [8,9] proposed to
do detailed studies with inhibitors as a tool for a
better classification of esterases that hydrolyse OP
compounds. In addition, inhibition studies can also
be used to identify some omponents in the active
centre of the enzymes.

We previously reported effect of inhibition by metals
on purify Q and R isoform at pH= 8 tris base buffer.
In this paper we have investigated the inhibitory
effect of some metals on purified Q and R isoform,
as well as the kinetics of the inhibition data at pH=
10.5 tris base buffer. The possible implication of
differential inhibition of pH= 8 and pH= 10.5 tris
base buffer by metals is also discussed.

MATERIALS AND METHODS

The materials used include sepharose 4B, L-
tyrosine, 9-aminophenantrene, paraoxon, protein
assay reagents and chemicals for electrophoresis
were obtained from Sigma Chem. Co. (St. Louis,
USA) All other chemicals used were analytical
grade. Metals were of commercial origin and at the

highest available purity (99%).
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Paraoxonase Enzyme Assay

Paraoxonase enzyme activity towards paraoxon
was quantified spectrophotometrically by the
method described by Gan et al [10]. The reaction
was followed for 2 min at 37°C by monitoring the
appearance of p-nitrophenol at 412 nm in Biotek
automated recording spectrophotometer (Winooski,
VT, United States) at pH= 10.5 trise base buffer. At
pH=10.5, 1 mM of final substrate concentration was
used during enzyme assay and all measurements
were taken in duplicate and corrected for the non-
enzymatic hydrolysis. PON1 activity (1 U/liter) was
defined as 1 ymol of p-nitrophenol formed per
minute.

Phenotyping and Purification of Human PON1
Types Q and R.

In order to classify individual phenotypes, two
parameters were used. According to Eckerson et al
[4], phenotypic distribution of the paraoxonase
activity was determined by the basal and stimulation
of paraoxonase activity by 1 M NaCl.
Individuals were classified for paraoxonase
phenotype using the antimode at 60% stimulation
as the dividing point between the non-salt-
stimulated, Q type, and the salt stimulated, QR
(60%-200%) and R (200%- up) types [4].

Purification of PON1 Q and R Isoforms from
Human Serum by Hydrophobic Interaction
Chromatography

Human serum was isolated from 35 ml fresh human
blood and put into a dry tube. The blood samples
were centrifuged at 1500 rpm for 15 min and the
serum was removed. Firstly, serum paraoxonase
was isolated by ammonium sulfate precipitation
(60—80%) [11]. The precipitate was collected by
centrifugation at 15000 rpm for 20 min, and
redissolved in 100 mM Tris—HCI buffer (pH= 8.0).
Then, we synthesized the hydrophobic gel, including

Sepharose 4B, L-tyrosine and 9-aminophenantrene,



N. Genger and O. Arslan / Hacettepe J. Biol. & Chem., 2009, 37 (1) 61-66

for the purification of human serum paraoxonase [7].
The column was equilibrated with 0.1 M of a
NaoHPO4 buffer (pH= 8.00) including 1 M
ammonium sulfate. The paraoxonase was eluted
with an ammonium sulfate gradient using 0.1 M
NaoHPO,4 buffer with and without 1 M ammonium
sulfate (pH= 8.00). The purified PON1Q and R
isoenzymes were stored in the presence of 2 mM

calcium chloride in order to maintain activity.

Total Protein Determination

The absorbance at 280 nm was used to monitor the
protein in the column effluents and ammonium
sulfate  precipitation. Quantitative  protein
determination was achieved by absorbance
measurements at 595 nm according to Bradford

[12], with bovine serum albumin standard.

SDS Polyacrylamide Gel Electrophoresis
SDS polyacrilamide gel electrophoresis was
performed after purification of the enzyme. It was
carried out in 12% and 3% acrylamide concentration
for the running and stacking gel, respectively,
containing 0.1% SDS according to Laemmli [13]. A
20 mg sample was applied to the electrophoresis
medium. Gel was stained overnight in 0.1%
Coomassie Brilliant Blue R- 250 in 50% methanol
and 10% acetic acid, then destined by frequently
changing the same solvent, without dye. The
electrophoretic pattern was photographed with the
system of produce as an image of the gel.

In Vitro Inhibition Kinetic Studies and
Determination of Ki Values

For the inhibition studies of these metals, different
concentrations of metals were added to the enzyme
activity. PON1Q and R enzymes activity with metals

were assayed by following the hydration of
paraoxon. Activity % values of paraoxonase for five
different concentrations of each metal were

determined by regression analysis using Microsoft

Office 2000 Excel. Paraoxonase activity without a
metal was accepted as 100% activity. For the metals
having an inhibition effect, the inhibitor concentration
causing up to 50% inhibition (ICgn values) was

determined from the graphs.

Q R

116.0kDa

66.0kDa

43.0kDa 45.0 kDa

33.0kDa

25.0kDa
19.5 kDa

Figure 1. SDS-PAGE of human serum paraoxonase. The

pooled fractions from ammonium sulfate precipitation and
hydrophobic interaction chromatography (sepharose-4B,
L-tyrosine, 9-aminophenantrene) were analyzed by SDS-
PAGE (12% and 3%) and revealed by Coomassie Blue
staining. Experimental conditions were as described in
the method. Lane 3 contained 3 pg of various
molecularmass standards: R-galactosidase, (116,0 kDa),
bovine serum albumin (66.0 kDa), ovalbumin (45.0 kDa),
carbonic anhydrase, (33,0 kDa), «~-lactoglobulin (25.0
kDa), lysozyme (19.5 kDa). Thirty microgram of purified
human serum paraoxonase Q type (lane 1) and
paraoxonase R type (lane 2) migrated with a mobility

corresponding to an apparent Mr 43.0 kDa

RESULT AND DISCUSSION

In order to classify individual phenotypes, two
parameters were used. According to Eckerson et al.,
phenotypic distribution of the paraoxonase activity
was determined by the basal and stimulation of
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paraoxonase activity by 1 M NaCl [4]. PON1 was
purified from the healthy human volunteers
previously identified as homozygous for PON1Q or
for PON1R

In a previous paper [7] we reported that PON1Q and
R isoform activity was inhibited by different metal
ions (Co, Hg, Cu, Cd, and Ni) at pH=8 trise base
buffer. Here we determined PON1Q and PON1R’s
effect of inhibition by metals at pH=10.5 tris base
buffer. And
investigated.

inhibition-activity-pH effects was

In order to investigate the effect of these pesticides
on PON1Q and R allozymes activity in vitro, human
serum paraoxonase Q and R were purified by

ammonium sulfate precipitation at 60—80%

of the purified enzyme were determined for Q
isoenzyme 55 EU and 0.599 mM and for R
isoenzyme 50 EU 0.492 mM, respectively [7].

As seen in Figure 2, all of the selected metals in vitro
inhibited the human serum PON1Q and R activity.
The kinetic parameters for the various metals are
presented in Table 1. The ICg( values obtained with
purified Q and R isoenzyme are in different value.
These metals were more effective inhibitors on
purified human serum PON1Q192 activity than
PON1R192 activity. Effect of inhibition Ni, Co, Cd
and Hg at pH:10.5 is more than at pH=8.0 for R
phenotype. Effect of inhibition Co, Hg and Cu more
than at pH=10.5 is more than at pH=8.0 for Q
phenotype.

Table 1. IC5y values and type of inhibition (mM) of

intervals [11], and subjected to hydrophobic pesticides on paraoxonase enzyme Q and R type.
interaction chromatography. We previously reported  Phenotype Metals I5g (mMM) at 150 (MM) at
a purification strategy designed for the human pH=10.5 pH=8.0 [7]
PON1 enzyme consisting of two-step procedures Cu 0.013 0.061
resulting in a shorter and more straightforward Hg 0.314 0.106
approach in contrast to other purification procedures Ni 0.142 1.026
[7]. R Cd 0.219 0.152
Co 0.314 0.781
The gel for hydrophobic interaction chromatography Cu 0.21 0.310
was synthesized using Sepharose 4B, L-tyrosine Hg 0.327 0.891
and 9-aminophenantrene. Overall purification rate Ni 1.844 1.144
of our method was found 901-fold for R isoenzyme Q Cd 0.484 0.218
and 453-fold for Q isoenzyme. The V4 and Ky, Co 0.346 3.910
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Figure 2. Inhibition of metals on paraoxonase enzyme R and Q phenotype, respectively
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In conclusion, due to the lack of inhibition studies on

paraoxonases from different sources there is not

enough data with which to compare our results and

consequently it is not possible to establish definite

differences or similarities among paraoxonases. In

spite of the contribution of our study to increase in

the knowledge of the biochemical properties of

paraoxonase, more extensive inhibition studies are

necessary before the identity of paraoxonases could
be stated.
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