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Abstract

This study aims to analyze the purification of Glucose-6-phosphate dehydrogenase (D-glucose-6-phosphate: NADP+ oxidoreductase EC
1.1.1.49; G6PD) enzyme, which is important for metabolism, from human erythrocytes and to analyze the effects of some pesticides on
enzymes. The purification process was performed in two steps being ammonium sulfate precipitation and 2°, 5 ADP-Sepharose 4B affinity
chromatography. It is identified via sodium dodecyl sulphate polyacrylamide gel (DSD-PAGE) electrophoresis that G6PD enzyme’s
molecular weight is about 59000 daltons. Km values for G6PD enzyme’s NADP" and glucose-6-phosphate (G6P) substrates are respectively
0.14mM, 0.22mM; and, V..« values are respectively 2.76 U/mg and 1.94 U/mg. Enzyme activities were spectrophotometrically measured on
340 nm according to Beutler method. Pesticides analyzed in this study are deltamethrin and diazinon. After their specific concentration in
ICs studies, deltamethrin and diazinon substances caused turbidity in quartz vessel. Since reliable absorbance values cannot be obtained in
such condition, concentration amounts of substances applied to enzyme did not reduce the activity under 50%. Because of this reason,

inhibition rates could not be identified. However, it is identified that all of the pesticides show inhibition effect on enzyme activity.
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INTRODUCTION

Glucose-6-phosphate  dehydrogenase (G6PD, EC
1.1.1.49.) enzyme functions as the first enzyme of pentose
phosphate way [1]. The basic physiological work of this
enzyme is the production of NADPH and ribose-5-
phosphate [2]. Ribose-5-phosphate takes part in the
construction of DNA and RNA, while NADPH protects
several organic molecules such as nucleic acids, proteins,
and membrane lipids from oxidative stress created by free
radicals [3,4]. Pentose phosphate way in erythrocytes
provides necessary NADPH for the reduction of oxide
glutathione. The composed reduced glutathione (GSH) and
GSH-dependent enzymes protect cell from endogenous and
exogenous toxic compounds and reactive oxygen species
(ROS) [5]. The gene, which is responsible for the synthesis
of G6PD the important enzyme of pentose phosphate way,
is in X-chromosome’s q28 zone, and composed of 12
introns and 13 exons. G6PD gene has about 20 Kb length
while mRNA on which the gene is coded has 2.269 base
pair length [6].

Pesticides are the chemicals that are used to prevent or
control the negative effects of harmful organisms [7].
Although pesticide has use positive sides, it also has some
disadvantages such as potential toxicity for humans and
animals [8]. Pesticides have been carried to clean water
resources such as lakes and rivers by irrigation water or
rainwater. This situation can be hazardous for all living
creatures. These chemicals, which contain medicine and
metal ions, affect metabolism by increasing or decreasing
the enzyme activity in low concentrations [9]. Being a
pesticide with organophosphore, diazinon is widely used in
the control of cultivated areas against flies, pediculus,

ground beetles, and nematodes [10-12]. Since diazinon
prevents acetylcholinesterase (AChE) activity, it has
hazardous effects on aquatic species in cultivated areas
[13]. Deltamethrin is a synthetic pyrethroides that has
insecticidal features, and it is a pesticide used in plant
production against ectoparasites and insects [14]. It is
stated that deltamethrin has some toxic effects; for
example, it is observed that it is extremely toxic against
fishes and aquatic insects and accordingly this effect
negatively affects crustaceans in aquatic fauna by causing
the increase of algae [15]. In this study, in vitro effects of
diazinon and deltamethrin pesticides on G6PD enzyme,
purified from human erythrocytes, were investigated.

MATERIALS AND METHODS

Chemicals

Chemicals for Glucose-6-phosphate, NADP*, NADPH,
protein marker, and electrophoresis used in this
experimental study are supplied by Sigma Chem. 2°,5’-
ADP-Sepharose 4B is supplied from Pharmacia; and,
deltamethrin and diazinon pesticides whose effects on
G6PD enzyme activity is to be analyzed are supplied from
centers where pesticides are sold.

Preparation of Hemolysate

Fresh human blood taken into tubes that include
ethylenediaminetetraacetic acid (EDTA) was daily used by
bringing into the laboratory at +4 °C. With the aim of
erythrocytes separation, blood sample was centrifuged for
10 minutes on 5000 rpm. Serums and erythrocytes were
separated from each other. Plasma and leukocyte layers on
tubes upper parts were taken via a suction bulb. Acquired
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erythrocytes were hemolyzed with iced pure water that is
five times more than their volume. With the aim of
removing erythrocytes’ cell membranes, samples were
centrifuged for 30 minutes at +4 °C and 15000 rpm.
Supernatant was taken via a suction bulb [16]. All
processes were performed at +4 °C.

Ammonium Sulfate Precipitation and Dialysis

For the hemolysate prepared from the blood sample,
ammonium sulfate precipitation was practiced first between
the ranges of 30-0% then between the ranges of 30-70%.
Samples were centrifuged for 30 minutes on 15000 rpm.
Then, the precipitation processes were completed by adding
necessary potassium phosphate buffer (50 mM, pH=7,0) to
the precipitation; and, it is dialyzed at +4 °C against 50Mm
potassium acetate/SOMm potassium sulfate buffer [17].

2°, 5> ADP-Sepharose 4B Affinity Chromatography

To prepare affinity gel, 2 gr dry 2°, 5° ADP-Sepharose
4B colon material was weighed to form 10 ml deposit
volume, and washed for a few times in 400 ml pure water
to remove the additives. After the gel, which inflated
throughout the washing process, was deflated, it was
balanced being 25% balancing buffer (0.1 M Potassium
acetate/ 0.1 M Potassium phosphate pH=6.0) and 75% gel.
Balanced gel was packed in a 1x10 cm closed jacketed
colon. The gel packed in the colon was washed with
balancing buffer by using peristaltic pump. Balancing and
washing was practiced being 50 ml/hour flow speed [18].
By considering the equalization of the absorbance of eluate,
with which the colon was balanced, and the balancing
buffer applied to the colon from the top on 280 nm, it was
determined whether the colon was balanced or not.
Concentrated sample acquired from ammonium sulfate
precipitation was applied to the affinity colon, which was
balanced with 0.1 M Potassium acetate/0.1 M Potassium
phosphate (pH=6,0) buffer solution. The colon was washed
respectively with 25 mL 0.1 M Potassium acetate/0.1 M
potassium phosphate (pH=6.0), 25 mL 0.1 M potassium
acetate /0.1 M potassium phosphate (pH=7.85) and 0.1 M
KClI/ (how much ml) 0.1 M potassium phosphate
(pH=7.85) solutions. Flow speed was kept under control via
peristaltic pump. In this way, a large part of the enzyme
held on to the gel and it was removed from other
contaminations. Later, enzyme held on to the colon was
eluated by using 80 mM potassium phosphate + 80 mM
KCI + 0.5 mM NADP + 10 mM EDTA (pH=7.85) elution
solution [17].

Glucose-6-Phosphate
Activity Determination

Enzyme activities were practiced in UV-Vis
spectrophotometer at 25 °C according to Beutler method
[16]. This method is based on the principal that NADPH,
formed through the reduction of nicotinamide adenine
dinucleotide phosphate (NADP+), gives absorbance on 340
nm. Lowry method was used for the protein quantitative
determination [19]. With this method, bovine serum
albumin protein was used as standard.

Dehydrogenase Enzyme’s

SDS Polyacrylamide Gel Electrophoresis (SDS-
PAGE)

Protein samples were divided into pieces on a 12%
SDS-PAGE gel by using a Minigel system (Bio-Ras
Laboratories, USA) [20]. 0.1 Coomassie Brillant Blue R-
250 (Sigma) was used as the coloration solution and protein
bands were acquired.

In Vitro Inhibitor Studies

In this study, diazinon and deltamethrin insecticides
were chosen with the aim of identifying their effects on
G6PD enzyme. To identify ICs, value (ICsq; inhibitor
concentrations causing 50% inhibition), enzyme activity
values were used through applying pesticides in different
concentrations. Enzyme activities were measured in
0.60mM, 3.04mM, 5.60mM, 5.77mM, 6.08mM and
6.38mM vessel concentrations for diazinon; and in
0.76mM, 0.9ImM, 1.14mM and 1.52mM vessel
concentrations for deltamethrin. As control group, enzyme
activity without pesticide was measured and the activity
was taken as 100% in the graphic. Through drawing an
inhibition graphic against pesticides concentrations, ICsg
values were calculated.

RESULTS AND DISCUSSION

G6PD enzyme in human erythrocytes was purified by
using ammonium sulfate and 2°, 5° ADP-Sepharose 4B
affinity chromatography. Through practicing ammonium
sulfate precipitation between the ranges of 30-70%,
impurity in the total protein was reduced. Precipitation was
thawed for G6PD activity and it was applied to 2°, 5 ADP-
Sepharose 4B affinity chromatography. In Figure 1, G6PD
enzyme’s elution graphic is seen from 2’, 5° ADP-
Sepharose 4B affinity colon. G6PD enzyme was purified
7068 times with 33.65% efficiency and its activity was
found as 70.7 U/mg (Table 1).

Purified with SDS PAGE analysis, G6PD enzyme’s
molecular weight is 59 kDa and weight standard is
demonstrated in Figure 2. For the reaction kinetics of the
purified G6PD, K, and V., values were found through
using G6P and NADP" substrates and through drawing
Linewear-Bork graphic. G6P and NADP" substrates’ K,,
values are respectively 0.221 and 0.141; and, V., values
are respectively 1.94 and 2.76 EU/ml. As it can be seen in
Table 2, enzyme’s relevance to NADP*, whose K,, value is
lower, is higher than G6P. It was identified that known as
catalytic activity, also the rate of V,, /K, is higher in
NADPH compared to G6P.

It is known that G6PD plays the basic role in
metabolism activities [21]. Existing in all cells and being
produced in enzyme pentose phosphate way, NADPH’s
take part in cholesterol, steroid, fatty acid, nucleic acid,
amino acid and nucleotide-structured coenzyme synthesis,
and in the reduction of methaemoglobin erythrocytes [22].
Pesticides don’t damage humans, domestic animals, and
wildlife if they are used against pests in an adequate dose
[23]. However, the increase in pesticide use, and the
unconscious use of pesticides are threatening for the
environment. These sprayed insecticides and herbicides
affect the non-targeted creatures rather than targeted
creatures [24]. On the basis of this situation’s importance,
diazinon and deltamethrin pesticides, whose inhibition
effects on G6PD enzyme were analyzed, were solved with
DMSO. In Table 3, enzyme activities % activity change in
pesticides different concentrations were demonstrated.
After their specific concentration in ICsy studies,
deltamethrin and diazinon substances caused turbidity in
quartz vessel. Since reliable absorbance values cannot be
obtained in such condition, concentration amounts of
substances applied to enzyme didn’t reduce the activity
under 50% (Figure 3 and Figure 4). Inhibition rates for
these pesticides could not be identified.
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;I'rg';e/\:n;?)r otein (SS;%;';;C activity \((;2 I)d Purification factor
Hemolysate 732,270 0,01 100 1
Ammonium sulfate 391,125 0,012 68,18 1,2
2',5’ADP-Sepharose 48 0,035 70,681 33,65 7068, 1

affinity chromatography

Table 2. Kinetic parameters of human erythrocyte glucose-6- phosphate dehydrogenase

Substrat Km (MM) Vimax (EU/mMI) Vinax (EU/MI)/ Kiy (MM)
NADP* 0,141 2,76 19,57
G6P 0,221 1,94 8,77
Table 3. Enzyme activities’” % activity change in pesticides different concentrations
Chemicals C % C % C % C % C % C %
(mM)  Act. (mM)  Act. (mM)  Act. (mM)  Act. (mM)  Act. (mM)  Act.
Deltamethrin 0,76 90 0,91 76 1,14 64 1,52 56 - - - -
Diazinon 0,60 96 3,04 93 5,60 84 5,77 78 6,08 69 6,38 66

—— Activity

—#— Protein Content

Activity (U)

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 & 70 73 76 79

Tube number

Protein Content (ug/mL)

Figure 1. Purification of human erythrocyte glucose-6-phosphate dehydrogenase by affinity chromatography
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Figure 2. SDS-PAGE of purified human erythrocyte glucose-6-
phosphate dehydrogenase. molecular weight standards (-
galactosidase,116 kDa; bovine serum albumin, 66.2 kDa; egg
albumin, 45 kDa; lactate dehyrogenase, 35 kDa; Rease Bsp981
(E.coli), 25 kDa; fS-lactoglobulin, 18.4 kDa; Lysozyme, 14.4 kDa

In literature review, no research has been found about
the insecticides used in the present study effects on human
erythrocyte G6PD enzyme’s activities. However, there are
researches about some pesticides and chemicals’ effects on
G6PD enzyme’s activities. Ozmen (2009). investigated in
vitro effects of 2,4-dihidroxy-5fluoropyrimidine and
sodium 2-sulfaniletansulfanot, which are cytotoxic
chemical, on human erythrocyte G6PD enzyme; and, found
out that these substances inhibit the enzyme [25]. Hopa et
al. (2011) investigated in vitro effects of glyphosate and
2.4-dichlorophenoxy acetic acid (2,4-D) pesticides on
human erythrocyte G6PD enzyme. Glyphosate’s inhibition
type is identified as semi competitive; its Ki value is
identified as 13.45 mM; its ICs, value is identified as 32.35
mM; and, 2.4-D’s inhibition type is identified as
competitive; its Ki value is identified as 8.45 mM; its ICs,
value is identified as 38.34 [21]. The effects of
deltamethrin, cypermethrin, and propoxur on G6PD
enzyme, which was purified from the blood of rainbow
trout by Sentiirk et al. (2009), were investigated.
Deltamethrin’s Ki value is identified as 1.84+-0.33 mM,
ICso value is identified as 0.63 mM, and inhibition type is
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identified as noncompetitive; cypermethrin’s Ki value is
identified as 2.69+-0.18mM, ICs, value is identified as 1.02
mM, and inhibition type is identified as noncompetitive;
propoxur’s Ki value is identified as 16.55+-0.35 mM, ICs,
value is identified as 12 mM, and inhibition type is
identified as noncompetitive[8]. Penge et al. (2000) applied
ceftriaxone  disodium trisesquihydrate, penicillin G
potassium and amoxicillin sodium antibiotics on human
erythrocyte G6PD enzyme. Medicines’ ICsy values are
respectively 0.71 mM, 56 mM and 138 mM and at the end
of the research, it is found out that these medicines show
inhibition effect on G6PD enzyme [26]. Erdogan et al.
(2004) investigated the inhibition effects of tiamphenicol,
amicasin, gentamicin, and netilmicin antibiotics on G6PD
enzyme, which was purified from rainbow trout. As a result
of the study, while tiamphenicol and amicasin show
competitive inhibition, gentamicin and netilmicin show
noncompetitive inhibition [27]. Haghighi and Ilghari
(2004) analyzed the inhibition effect of Cd(II), Al(III) and
Ni(II) on human erythrocyte G6PD enzyme. As a result, it
is found out that metal ions alternately inhibit G6PD
enzyme [28].
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R*=085

100 -
+
50 % .
s

N 5 i
0 ! : Diazinonjs20* M * ! §

Figure 3. Activity % curve of G6PD in different diazinon
concentrations
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Figure 4. Activity % curve of G6PD in different deltamethrin
concentrations

In conclusion, while the effects of insecticides named

0,0-diethyl 0-2-isopropyl-6-methylprimidin-4-il
phosphorothioate (Diazinon), (S)-a- cyano-3-
phenoxybenzil (1R,3R)-3-(2,2-dibromovinil)-
2,2dimetilsiklopropan  carboxylate (Deltamethrin) on

human erythrocyte G6PD enzyme’s activity were analyzed,
DMSO was used in the solving process because they are
insoluble in water. Since there is turbidity in the solution
when deltamethrin’s more concentrated solution than
1.52x10™* M was prepared and transferred into 1 ml. quartz
vessel, ICs, value could not be found. When diazinon’s
more concentrated solution than 6.380x10* M was added
into 1 ml. vessel, turbidity occurred in the solution like it
occurred in deltamethrin. It is identified that in low
concentrations, deltamethrin and diazinon insecticides
reduce enzyme activity respectively to 56% and 66%
(Figure 3 and Figure 4). In accordance with the acquired
data, it is observed that these two pesticides show important

inhibition effect on G6PD enzyme. Therefore, in their use
with agricultural aims, dose adjustment should be paid
attention

REFERENCES

[1] Beydemir S, Yilmaz H, Cift¢i M, Bakan E,
Kiifrevioglu I O, 2003. Purification of Glucose 6-Phosphate
Dehydrogenase From Goose Erythrocytes and Kinetic
Properties. Turk J Vet Anim Sci 27: 1179-1185

[2] Kuo W, Lin J, Tang TK, 2000. Human glucose-6-
phosphate dehydrogenase (G6PD) gene transforms nih 3t3
cells and induces tumors in nude mice. Int. J. Cancer 85:
857-864.

[3] Yalin S, Yalin AE, Unliikurt I, Aksoy K, 2001.
Kinetic Properties of G6PD Variants Determined in
Cukurova Region. Turkish Journal of Biochemistry 26: 83-
89.

[4] Ames BN, Shigenaga MK, Hagen TM, 1993.
Oxidants, antioxidants, and the degenerative diseases of
aging. Proceedings of the National Academy of Sciences
90: 7915-22.

[5] Tandogan B, Ulusu NN, 2005. Glukoz-6-fosfat
Dehidrogenaz: Molekiiler Ozellikleri Kinetik Onemi.
Hacettepe Tip Dergisi 36: 13-18.

[6] Cheney CA, Lee A, 1991. Sequence of Human G-6-
PD Cloned in Plasmids and A Yeast Artificial
Chromosome (yac). Genomics 10: 79-86.

[7] Alak G, Sénmez YA, Hisar O, 2011. Effect of
Pesticide on Antioxidant Enzyme Activity of Fish. J. Of
Agricultural Faculty of Atatiirk Univ. 42(1):91-93.

[8] Sentiirk M, Ceyhun SB, Erdogan O, Kiifrevioglu
10, 2009. In vitro and in vivo effects of some pesticides on
glucose-6-phosphate dehydrogenase enzyme activity from
rainbow trout (Oncorhynchus mykiss) erythrocytes.
Pesticide Biochem. and Physiol. 95: 95-99.

[9] Ceyhun BS, Sentiirk M, Erdogan O, Kiifrevioglu
IO, 2010. In vitro and In vivo Effects of Some Pesticides
on Carbonic Anhydrase Enzyme from Rainbow Trout (
Oncorhynchus mykiss) Gills. Pesticide Biochem. and
Physiol. 97: 177-181.

[10] Bazrafshan ES, Naseri AH, Mahvi M, Shayedhi,
2007. Performance evaluation of electrocoagulation process
for diazinon removal from aquaeous environments by using
iron electrons, Iranian J. Environmental Health Science and
Engineering 4: 127-132.

[11] Larkin, DJ, Tjeerdema RS, 2000. Fate and effects
of diazinon. Rev. Environ. Contam. Toxicol. 166: 49-82.

[12] Eisler R, 1986. Diazinon hazards to Fish, Wildlife
and Invertebrates: A synoptic review. Patuxent Wildlife
Research Center. U.S. Fish and Wildlife Service, Biol. Rep.
85(1.9):25.

[13] Hedayati A, Tarkhani R, Shadi A, 2012.
Investigation of Acute Toxicity of Two Pesticides Diazinon
and Deltamethrin, on Blue Gourami, Trichogaster
trichopterus (Pallus). Global Veterinaria 8 (5): 440-444.

[14] Manna S, Bhattacharyya D, Mandal TK, Das S.
2005. Repeated dose toxicity of deltamethrin in rats, Indian
J. Pharmacol. 37: 160—164.

[15] Vajargah F M, Hossaini A S, Hedayati A, 2013.
Acute Toxicity Test of Two Pesticides Diazinon and
Deltamethrin on Spirlin (Alburnoides bipunctatus) Larvae
and Fingerling. Journal of Toxicology and Environmental
Health Sciences. Vol. 5(6): 106-110.

[16] Beutler E, 1971. Red Cell Metabolism: A Manual
of Biochemical Methods, pp. 92-94, Grune and Stratton
New York.



E. Hopa et al / JABS, 9 (1): 31-35, 2015

[17] Ninfali P, Orsenigo T, Barociani L, Rapa S, 1990.
Rapid Purification of Glucose-6-Phosphate Dehydrogenase
from Mammal’s Erythrocyte. Prep. Biochem. 20: 297-309.

[18] Reilly KE, Allred JB, 1995. Glucose-6-phosphate
dehydrogenase from Saccaromyces cerevisiae is a
glycoprotein. Biochemical and Biophysical Research
Communications 216(3): 993-998.

[19] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ,
1951. Protein measurement with the Folin-Phenol reagents.
J. Biol. Chem. 193: 265-275.

[20] Laemmli UK, 1970. Cleavage of structural
proteins during the assembly of the head of bacteriophage
T4. Nature 227: 680-685.

[21] Hopa E, Sinan S, Turan Y, 2011. The Inhibitory
Effects of Some Pesticides on Human Erythrocyte Glucose-
6- Phosphate Dehydrogenase Activity (in vitro). Fresenius
Enviromental Bulletin 20(5a): 1314-1319

[22] Yildiz MS, Anyirek YS, Aksoy K, 2010.
Detection of Mediterranean Mutation in the Glucose-6-
Phosphate Dehydrogenase Gene with Microarray Tecnique.
Turkish Journal of Biochemistry 35 (1): 63-66.

[23] Gandhi R, Snedeker SM, 1999. Cornell University
Program on Breast Cancer and Environmental Risk Factors
in New York State (BCERF).

[24] Miller GT, 2004. Sustaining the Earth, sixth ed.
Thompson Learning, Inc. Pacific Grove, California,
(Chapter 9).

[25] Ozmen I, 2009. Effect of Some Cytotoxic
Chemicals on Glucose-6-Phosphate Dehydrogenase. SDU
Fen Dergisi (E-Dergi) 4 (1): 112-119.

[26] Penge S, Cift¢i M, Kiifrevioglu 10, 2000. In vitro
effect of some antibiotics on enzymatic activity of human
erythrocytes glucose 6-phosphate dehydrogenase. Genel
Tip Dergisi 10(4):141-5.

[27] Erdogan O, Ciftei M, Ciltas A, Hisar O, 2004.
Inhibition Effects of Some Antibiotics on the Activity of
Glucose 6-Phosphate Dehydrogenase Enzyme from
Rainbow Trout (Oncorhynchus mykiss Walbaum, 1792)
Erythrocytes. Turk J. Vet. Anim. Sci. 28: 675-681.

[28] Haghighi B, Ilghari D, 2004. Inhibition of Human
Erythrocyte glucose 6- phosphate Dehydrogenase by
Cadmium, Nickel and Aluminium. Journal of sciences,
Islamic Republic of Iran 15(4): 315-320.

35



