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Abstract

The aim of this study was to investigate the inhibitory effects of some pesticides
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known to have harmful effects on human health on carbonic anhydrase isoenzymes.
Therefore, carbonic anhydrase isoenzymes (hCA | and Il) were purified from human
erythrocytes. The isoenzymes were purified from human erythrocytes by using an
affinity column that has the chemical structure of Sepharose-4B-4-(6-amino-hexy-
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loxy)-benzenesulfonamide. The purity of the isoenzymes was checked by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDSPAGE). It was determined
that the pesticides used in this study inhibit hCA | and hCA Il isoenzymes at different
levels in vitro. It was determined that the strongest inhibitor for the hCA | enzyme
was Carbofuran (ICs5:6.52 uM; K;: 3.58 uM) and the weakest one was 1-Naphtol
(IC50:16.55 uM; K;i: 14.4 uM) among these pesticides. It was also found that the

strongest inhibitor for the hCA Il enzyme was coumatetralil (IC50:5.06 uM; Ki:
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1 | INTRODUCTION

Pesticides are widely used in agriculture to satisfy a need for products
due to the increase in the world population. They have both direct
and indirect negative effects on environmental pollution and human
health.)™* Agricultural workers are exposed to pesticides through
direct skin contact, while other populations are exposed indirectly
through the air, water, food, and dust, and this causes serious threats
to human health such as diabetes, reproductive disorders, neurological
dysfunction, cancer, and respiratory disorders.” Pesticides are classi-
fied according to their chemical structures (carbamates, organophos-
phates, organochlorines, etc.) and areas of use (herbicides, fungicides,
insecticides, etc.).® Carbaryl, propoxur, carbofuran, and 1-naphthol are
used as insecticides and belong to the carbamate class, which breaks
down in the environment within weeks or months.” Pesticides belong-
ing to the group of organophosphates contain phosphorus atoms in
their active site. The phosphorus atom influences the hydrolysis and
oxidation reactions during the degradation of pesticides. Chlorpyrifos,

chlorpyrifos-methyl, and azinphos-ethyl belong to this group and are

1.62 uM) and the weakest one was Dimethachlor (ICsq 14.6 uM; K;: 8.44 uM).

carbonic anhydrase, enzyme inhibition, enzyme purification, pesticide

used as insecticides.®~*° Organochlorines are carcinogenic and neuro-
toxic, have high persistence in the environment, and contain chlorine
atoms. Dichlofluanid and dimethachlor are pesticides that belong to
this group and are generally used as fungicides.!* Tebucanazole is
used as a fungicide in agriculture, it protects plants from diseases and
prevents their spread.}? Alachlor is used as a herbicide and causes
cancer by activating tumor cells. Simazine keeps broadleaf grasses
used as herbicides in agricultural fields under control by inhibiting
them via the electron transport system.'®'* Amitraz is an insecticide
that causes the death of insects by reducing the activity of the central
nervous system. At the same time, it is used in agricultural areas as a
herbicide because it keeps the development of various plants under
control. Dazomet is a pesticide from the group of fumigants, and it is
used to prevent molds, fungi, and bacteria that damage soil structure.
Coumatetralil is a pesticide that causes secondary poisoning of rodent
and mouse species.*>1¢

Pesticides show their effects by inhibiting or activating the func-
tions of many enzymes. Although pesticides used in agriculture to

increase yields have positive effects on crops, their residues have
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negative effects on the environment and human health. Therefore,
the aim of this study was to determine the inhibition behavior of pes-
ticides on CA isoenzymes purified from human blood erythrocytes.

Carbonic anhydrase (EC 4.2.1.1) is a metalloenzyme that occurs in
many tissues of living organisms and has Zn™2 ion in its active
site.?”*® The most important task of this enzyme is to ensure that
CO, formed in the cell is transported to other cells or excreted so
that living cells can survive.2?"2! Since its other task is the transport
of CO,, it provides the accumulation of H" and HCO3 ™ in tissues (kid-
ney, eye lens, erythrocytes, brain). The resulting H,COs is rapidly con-
verted to HCO3;~ and H* ions by the equilibrium reaction of the
enzyme carbonic anhydrase. At the same time, H,CO3 forms a buffer
between blood and cells.?>~2* There are 16 isozymes of the enzyme
carbonic anhydrase in living organisms. Five are cytoplasmic (CA I, I,
l1l, VII, and XIII), two are mitochondrial (CA, VA, VB), one is secretory
(CA VI), four are membrane-bound (CA IV, IX, XII, and XIV), and three
are noncatalytic (CA VIII, X, and X1).2>"2” hCA | is an isoenzyme found
in human erythrocyte cells and is involved in the respiratory process.
The hCA Il isozyme is a very important enzyme for bone, brain, and
kidney tissues. The isozyme hCA Il ensures the reabsorption of Na*
and water in the renal cortex; therefore, deficiency of this enzyme
results in kidney stones and calcifications in the bones and brain. The
enzyme hCA 1l is found in most cells, while hCA | is specific to
erythrocytes.?8-30

In this study, the CA (CA |, Il) isoenzymes were purified from
human erythrocytes in one step by affinity chromatography, and the
inhibitory effects of some pesticides (Carbaryl, propoxur, carbofuran,
1-naphthol, chlorpyrifos, chlorpyrifos-methyl, azinphos-ethyl, dichlo-
fluanid, dimethaclor, tebucanazole, alachlor, simazine, amitraz, dazo-

met, and coumatetralil) on these isoenzymes were investigated.

2 | EXPERIMENTAL

21 | Chemicals

The materials used in this study, including pesticides, Sepharose-4B,
CNBr, protein assay reagents, and chemicals for electrophoresis, were
supplied by Sigma Chemical Co. All of the other chemical materials
used were of analytical grade. The study was approved by the local
Institutional Ethics Committee, and informed consent was obtained
from all participants.

2.2 | Purification of carbonic anhydrase isozymes
from human erythrocytes by affinity chromatography
and preparation of haemolysate

Blood samples (20 mL) were collected from healthy volunteers. First,
blood samples were centrifuged at 1000x g for 20 min at +4°C,
plasma and buffy coat were separated. Afterward, washed twice with
0.9% NaCl and hemolyzed three times with ice-cold water. The hemo-
lysate was centrifuged again at 3000x g for 40 min at +4°C, and the
pH was adjusted to 8.7 with a solid Tris base. The hemolysate was

added to the affinity column containing Sepharose-4B-4-(6-amino-
hexyloxy)-benzenesulfonamide, and the CA isoenzymes (hCA | and Il)
were eluted with 0.1 M NaCl/25 mM Na,HPO, (pH 6.3) and 0.1 M
CH3;COONa/0.5 M NaClOg4 (pH 5.6), respectively.

2.3 | Protein determination
Quantitative protein determination was performed at 595 nm by the
Bradford method.3' Bovine serum albumin was used as a standard,

and a purification table was prepared.

24 | SDS-PAGE

After purification by the enzyme affinity chromatography method,
two different acrylamide concentrations were prepared: Stacking gel
3% and Separation gel 10%. SDS-PAGE was performed by the
Laemmli method, and the purity of the enzyme was checked.®?

2.5 | CA esterase activity assay

CA enzyme activity was measured by the method developed by Ver-
poorte et al.. According to this method, hydrolysis of 4-nitrophenyl
acetate (NPA) to 4-nitrophenylate ion was performed by measuring
for 3min at 25°C using a spectrophotometer at 348 nm.*®
4-nitrophenyl acetate solution was prepared fresh daily. The enzy-
matic reaction, with a total volume of 3000 pL, contained 800 uL of
0.05 M Tris-SQy4, 700 pL of 4-nitrophenylacetate, 400 uL of H,O, and
100 pL of enzyme solution. A blank was obtained by preparing the
same cuvette without enzyme solution. All pesticides were prepared
at a concentration of 0.01 M and dissolved in dimethyl sulfoxide
(DMSO). The impact of DMSO on the CA isoenzymes was assessed,
and its effects were subtracted from all of the results.

2.6 | Invitro inhibition studies

For the inhibitory effects on the fifteen different pesticides, hCA | and
hCA I, the activities of the enzymes were tested at least five different
concentrations. The activity measured in the absence of pesticide was
accepted as control and 100% activity. Activities were calculated and
Activity%-[Inhibitor] plotted, and ICso values were calculated from
these exponential curve equations. For all pesticides, activity was cal-
culated by measuring activity at three different inhibitor concentrations
and five different substrate concentrations. K; values and inhibition
types of pesticides were determined by Lineweaver-Burk graphs.3*

3 | RESULT AND DISCUSSION

In this study, the effects of some pesticides (Table 1, propoxur, ala-
chlor, 1-naphthol, chlorpyrifos, simazine, dichlofluanid, chlorpyrifos-
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TABLE 1  Structures of pesticides used in this study.
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TABLE 2 Purification table of CA isozymes.
Purification Total Activity Protein Total Total Specific Purificitaion Yield
step volume (mL) (EU/mL) (mg/mL) protein (mg) activity (EU) activity (EU/mg) fold %
Hemolysate 20 110 14.82 296.40 2200 7.42 - -
hCA-I 10 156 0.22 2.20 1560 709.09 95.53 70.91
hCA-II 8 144 0.09 0.72 1152 1600 215.56 52.36

methyl, azinphos-ethyl, dimethachlor, tebuconazole, amitraz, dazomet,
coumatetralil, and carbofuran, carbaryl) on CA isoenzymes were inves-
tigated. The reason for choosing these pesticides is that they reach
humans through the food chain due to their uncontrolled nature. The
enzyme CA was preferred in this study because it has an extremely
important function in the construction of living organisms. The reaction
of CA with CO, produces H* and HCO3™ ions. This reaction occurs in
many tissues, such as kidney, gastric mucosa, and lens of the eye.>>~%”

In this study, two CA isozymes were purified in a single step by
Sepharose-4B-4-(6-amino-hexyloxy)-benzenesulfonamide affinity col-
umn chromatography. hCA | was purified 95.53-fold with a specific
activity of 709.09 EU/mg and an overall yield of 70.91%, and hCA I
was purified 215.56-fold with a specific activity of 1600 EU/mg and
an overall yield of 52.36% (Table 2). CA isoenzymes were purified
from human blood erythrocytes by affinity chromatography method.
The purity of these isoenzymes was checked by applying SDS-PAGE,
and a single band was observed. The molecular weights were found to
be approximately 30 kDa, and this result was found to be in compli-
ance with the literature.®®

Esterase measurements were performed at five different suitable
inhibitor concentrations for the hCA | and hCA Il isoenzymes purified

from human blood erythrocytes. ICso values were determined by

plotting % activity-[l] graphs of pesticides with inhibitory effects. K;
values and inhibition types of pesticides were determined by
Lineweaver-Burk graphs. It was determined that the pesticides used in
our study significantly inhibited the isoenzymes hCA | and Il. When the
effects of the pesticides on hCA | were examined, it was found that car-
bofuran showed the strongest inhibition (IC50:6.52 uM, K;: 3.58 uM),
while 1-naphthol showed the weakest inhibition (IC50:16.55 uM, Ki:
14.4 uM). There is no study in the literature regarding the effect of car-
bofuran pesticide on esterase activity of hCA I, but its effects on other
enzymes have been reported. When the effects of the pesticides on
hCA 1l were examined, it was found that Coumatetralyl showed the
strongest inhibition (IC50:5.06 uM, K;: 1.620 uM), while dimethachlor
showed the weakest inhibition (IC50:14.6 uM, K;: 8.44 uM).

Soydan et al. purified the enzyme carbonic anhydrase from honey
bee (Apis mellifera) and found the inhibitory effect of Carbofuran pes-
ticide on this enzyme (IC50:0.0087 uM).3? In another study, Assis et al.
purified the Acetylcholinesterase enzyme from Crassostrea rhizophora
gills and found the inhibitory effect of Carbofuran pesticide on this
enzyme (ICso: 0.17 mM), and in another study of the same group, car-
bonic anhydrase enzyme was purified from the gills of rainbow trout
(Oncorhynchus mykiss) and the inhibitory effect of Carbofuran pesti-
cide on this enzyme was found (IC50:000.4 uM)*°4* Table 3.
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TABLE 3 Inhibition constants for pesticides.

Pesticides ICs50 (uM) (Esterase) hCA-I I1Cs50 (uM) (Esterase) hCA-II K; (uM) hCA-I K; (uM) hCA-II Inhibition type
Propoxur 13.85 13.520 7.970 6.400 Competitive

Alacholar 16.320 9.060 12.470 4.050 Uncompetitive
1-Naphthol 16.550 10.200 14.400 5.190 Uncompetitive
Chlorpyrifos 15.400 12.750 10.750 5.900 Noncopetitive
Simazine 14.590 13.900 8.660 7.260 Competitive

Dichlofluanid 13.000 8.010 5.560 3.090 Noncopetitive
Chlorpyrifos-methyl 12.830 9.550 5.480 4.100 Uncompetitive
Azinphos-ethyl 13.980 10.950 8.320 5.680 Noncopetitive
Dimethachlor 13.700 14.600 7.530 8.440 Uncompetitive
Tebuconazole 13.300 9.850 7.350 4.500 Competitive

Amitraz 7.400 5.270 4.880 1.740 Uncompetitive
Dazomet 8.450 6.350 4.990 2.490 Noncopetitive
Coumatetralyl 6.550 5.060 3.660 1.620 Uncompetitive
Carbofuran 6.520 6.300 3.580 2.420 Uncompetitive
Carbaryl 6.820 5.350 3.800 1.920 Uncompetitive

In yet another study, Senturk et al. purified the acetylcholinester-
ase enzyme and found the inhibitory effect of Carbofuran pesticide
on this enzyme (ICs0:0.544 puM).%’ In another study, Shukor et al. puri-
fied acetylcholinesterase enzyme from walking catfish (Clarias batra-
chus), electric eel (Electrophorus electricus), and cattle (Bos taurus) and
found the inhibitory effect of Carbofuran pesticide on these enzymes.
(IC50:6.66 pg/L, 1C50:6.20 pg/L, 1C50:20.94 ug/L, respectively).*? Hir-
oshi et al. purified the Uridine Diphosphate Glucuronosyltransferase
1-6 enzyme from human liver and found the inhibition effect of
1-Naphthol pesticide on this enzyme (ICs0:28 uM).*®> When the
effects of pesticides on hCA Il were examined, it was found that Cou-
matetralil showed the strongest inhibition with an ICso value of
5.06 uM, whereas dimethachlor had the weakest inhibition with an
IC50 value of 14.6 uM. No study has been found in the literature
regarding the effects of coumatetralil and dimethachlor on any
enzyme. As the result of K; constant; pesticides with competitive
inhibitory properties are propoxur, tebuconazole, and dazomet. And
the uncompetitive inhibitors are alachlor, 1-naphthol, dichlofluanid,
amitraz, koumatetralil, carbofuran, and carbaryl. Pesticides with non-
competitive inhibitory properties are chlorpyrifos, simazine,
chlorpyrifos-methyl, azinphos-ethyl, and dimetachlor.

The effect of the pesticides used in our study on the human
enzyme carbonic anhydrase has not been previously investigated in
the literature by esterase activity assays. However, some researchers
have reported effects on different types of carbonic anhydrase
enzymes or other enzymes. For example, Ceyhun et al. purified the
enzyme carbonic anhydrase from the gills of O. mykiss and found
the inhibitory effect of the pesticide propoxur on this enzyme with
esterase activity (ICs50:0.420 uM).** Sentiirk et al. purified glucose-
6-phosphate enzyme from the gills of rainbow trout (O. mykiss) and
found the inhibitory effect of propoxur pesticide on this enzyme
(IC50:12 uM).%? In another study by the same group, the carbonic
anhydrase was purified from honey bee (A. mellifera), and inhibitory

effect of propoxur (IC50:0.0321 uM), carbaryl (IC50:0.0031 uM), and
tebuconazole (ICs0:0.0030 uM) on this enzyme were found.®’
Holovska et al. purified the proliferative enzyme from Madin-Darby
bovine kidney, rabbit kidney, pig kidney, and embryonic bovine lung
cells and found the inhibitory effect of dichlofluanid pesticide on this
(IC50:0.134 mM; IC50:2754 mM; 1C50:0.309 mM;

).4> Celik et al. purified the carbonic anhy-

enzyme
1C50:0.147 mM, respectively
drase from human blood and bovine blood and found the inhibitory
effect of the pesticide chlorpyrifos-methyl on this enzyme with hydra-
tase activity (ICs0:3.7 x 1072 M, IC50:63 mM, respectively).*® Toni
et al. purified the acetylcholinesterase from koi carp (Cyprinus carpio)
and found the inhibitory effect of the pesticides chlorpyrifos-methyl,
azinphos-ethyl, and amitraz on this enzyme (IC50:4.45 uM,;
IC50:4.46 UM; IC50:25.77 mM, respectively).*’ Assis et al. purified ace-
tylcholinesterase enzyme from C. rhizophora gills and internal organs
and found the inhibitory effect of Carbaryl pesticide on this enzyme
(IC50:0.00013 mM; 1C50:0.0035 mM, respectively).*® Shukor et al.
purified acetylcholinesterase enzyme from Walking catfish
(C. batrachus), electric eel (E. electricus), and cattle (B. taurus) and found
the inhibitory effect of Carbaryl pesticide on this enzyme
(IC50:130.00 pg/L; 1C50:133.01 pg/L; 1C50:418.80 ug/L, respec-
tively).*” Anderson et al. purified acetylcholinesterase enzyme from
housefly, American dog tick, American cockroach, and yellow fever
mosquito and found the inhibitory effect of carbaryl pesticide on this
enzyme (ICs50:1.2 pM; 1C50:1.8 pM; 1C50:0.4 pM; 1C50:1.2 uM, respec-
tively).%° Cochon et al. purified cholinesterase enzyme from black wolf
(Lumbriculus variegatus) and freshwater snail (Biomphalaria glabrata)
and found the inhibitory effect of Carbaryl pesticide on this enzyme
(IC50:0.10 mg/L; I1Cs0:1.77 mg/L, respectively).®! Sentiirk et al. puri-
fied the acetylcholinesterase enzyme and found the inhibitory effect
of Carbaryl pesticide on this enzyme (ICs0:11.27 puM).>?

In another study, some pesticides like nuarimol, fenarimol, and
2,4-D exhibited 50% inhibition of the enzymatic activity of goat
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erythrocyte carbonic anhydrase (CA) even at the lowest concentra-
tions.”? In addition, no study has been found in the literature on the
effects of Alachlor, dimethachlor, dazomet, or coumatetralil pesticides
on any enzyme.

Carbamate derivatives are extensively used in the chemical indus-
try for the production of agrochemicals, such as pesticides, fungicides,
and herbicides. It was reported that carbamates can be substrates of
Cas, which may hydrolyse their ester/thioester bonds with the forma-
tion of small molecules that can bind to the metal center. The carba-
mates and organophosphates investigated here possess ester bonds,
which can be hydrolysed by the esterase activity of the a-CAs. In fact,
it has been thoroughly documented that these enzymes are ester-
ases/thioesterases/selenoestearses with carboxylic, phosphoric, thio-
carboxylic, and even selenol esters.>® It was reported that carbamates
bind to the CA active site through their deprotonate carbamate nitro-
gen, which coordinates the catalytic metal ion. In this study, X-ray
crystallography of the CA-carbamate interaction showed the direct
binding of these compounds to a metal ion.>*

4 | CONCLUSIONS

In conclusion, CA isoenzymes were purified from human blood eryth-
rocytes, and we have investigated the inhibitory effects of some pesti-
cides on CA isoenzymes. Within this group of pesticides, the
strongest inhibitor for CA | was Carbofuran (IC50:6.52 uM; K;:
3.58 uM), while the strongest inhibitor for CA Il was Coumatetralil
(IC50:5.06 uM; K;i: 1.62 uM). While pesticides offer an economical and
efficient solution for agriculture, their use must be regulated due to

their detrimental impact on environmental health.
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