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Abstract

Glutathione reductase (EC: 1.8.1.7; GR) was purified from the kidney of the teleost fish Capoeta trutta. The purification
procedure consisted of three steps: preparation of homogenate, ammonium< sulfate fractionation and affinity
chromatography on 2',5'-ADP Sepharose 4B. The enzyme was purified 794-fold with a yield of 35.4% and a specific
activity of 11.91 U/mg proteins. In order to control enzyme purity, SDS-PAGE was done and showed a single band for
enzyme. A single band was obtained approximately at 55 kDa. In addition, inhibitory effects of metal ions (Ag’, Co~,
Ni” Cu”and Zn") on fish kidney glutathione reductase wer€ investigated. K, constants and IC,, values for metal ions
were determined by Lineweaver-Burk graphs and plotting activity % vs. [I], respectively. IC,, values were 0.00078,
0.622,0.722,0.073 and 0.519 mM, and K, constants were 0.000394+ 0.0002, 0.235+0.027, 0.279+ 0.048, 0.026+ 0.008
and 0.382+0.024 mM for Ag’, Co”,Ni”*, Cu" and Zn ", tespectively. From these results, we showed that Ag " is the most

potent inhibitor of glutathione reductase enzyme.
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Oz
Capoe tatrutta Bobrek Dokusundan Saflastirilan Glutatyon Rediiktaz Enzim Aktivitesine Bazi
Metallerinin vitro inhibisyon Etkileri

Bu calismada, glutatyon rediiktaz (EC: 1.8.1.7; GR) igsu baliklarindan Capoeta trutta bobrek dokusundan saflas-
tirtlmistir. Saflastirma islemi, homojen atin hazirlanmasi, amonyum siilfat ¢oktiirmesi v €2',5'-ADP Sepharose 4B
afinite kromatografisi olmak iizere 3 basamakta gerceklestirilmistir. Bu ydntemlerle, enzim 11.91 EU/mg protein
spesifik aktiviteve %35.4 verimle 794 kat saflastirilmigtir. Saflagtirma sonucu elde edilen saf enzimin saflik kontrolii
sodyum dodesil siilfat poliakrilamid jel elektroforezi (SDS-PAGE) ile yapildi ve enzimlerin tek band oldugu
goriilmistiir. Enzimin molekiil kiitlesi yaklasik olarak 55 kDa olarak hesaplanmistir. Ayrica, balik bobrek dokusundan
saflagtirilan glutatyon rediiktaz enzimi {izerine baz1 metallerin (Ag’, Co™, Ni”, Cuve Zn") in vitro inhibisyon etkileri
incelenmistir. Metallerin K, sabiti ve Ic, degerleri sirasiyla Lineweaver-Burk ve Yiizde (%) Aktivite-[Metal] grafikleri
ile hesaplannustir. Bu grafiklerden, Ag’, Co”, Ni”, Cu”ve Zn"metalleri icin Ic,,degerleri sirasiyla 0.00078, 0.622,
0.722,0.073 ve 0.519 mM, ve K, sabitleri sirastyla 0.000394 + 0.0002, 0.235 4+ 0.027, 0.279 £ 0.048, 0.026 + 0.008 ve
0.382 +0.024 mM olarak hesaplanmistir. Sonug olarak, Ag ‘metalinin diger metallerden daha fazla C. trutta bdbrek GR
enziminin hibe ettigi tespit edilmistir.

AnahtarKelimeler: Glutatyon rediiktaz, Capoeta trutta, bobrek, inhibitor, saflagtirma.
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Introduction

The contamination of aquatic environ-
ment by metals is the con-sequence of indust-
rial, agricultural and anthropogenic activities,
such as an urban runoff, sewage treatment, and
domestic garbage dumps, thus aquatic orga-
nisms are exposed to unnaturally high levels of
these metals (Sampaio et al., 2008; Qu et al,,
2014). Exposure of aquatic organisms to me-
tals can increase reactive oxygen species
(ROS) generation, leading to oxidative stress,
as has been reported in many aquatic orga-
nisms after exposure to sublethal concent-
rations of some metals, such as Cu, Cd, Pb and
Fe (Fernandez et al., 2010; Borkovic-Mitic et
al., 2013). ROS are products of electron trans-
port chains, enzymes, and redox cycling and
their production may be enhanced by exposure
to xenobiotics. Oxidative stress occurs when
ROS overwhelm the cellular defenses, causing
damage to proteins, membranes, and DNA
(Kelly et al., 1998; Adams and Greeley, 2000)
and is defined as a disruption of the proantio-
xidant balance, which leads to. potential
damage (Yonar and Sakin, 20 L1)-Fish, as many
other vertebrates, are’endewed with defensive
mechanisms to counteract'the harmful effects
of ROS resulting from the metabolism of
various chemicals or xenobiotics. The first line
of defence consists of low molecular weight
antioxidant compounds (e.g., glutathione and
vitamin sC and E), and the second defence
mechanism comprises antioxidant enzymes
(Blahové et al., 2013; Yonar et al., 2014).
Enzymatic defense is provided by many
enzyme systems such as glutathione reductase
(GR), glutathione peroxidase, glutathione S-
transferase, superoxide dismutase, catalase,
aldo keto reductase and DNA repair enzymes.
Particularly, GR is essential for the maintenan-

ce of cellular glutathione in its reduced form,
which is highly nucleophilic for many reactive
electrophils (Carlberg and Mannervik, 1975;
Sahinetal., 2012).

GR is the key enzyme of glutathione
metabolism and is widespread in all tissues and
blood cells. This enzyme catalyses reduction of
oxidized glutathione (GSSG) to glutathione
(GSH) in the presence of NADPH and main-
tains a high intracellular GSH/GSSG ratio of
about 500 in red bleod cells (Kondo et al.,
1980). By maintaining‘a high ratio of [GSH] /
[GSSG], the enzyme enables several vital func-
tions of.the cell such as the detoxification of
ROS as'well as protein and DNA biosynthesis
(Schirmer et al., 1989). Decreased glutathione
levels have also been reported in several dise-
ases, such as acquired immune deficiency
syndrome (Akerlund ef al., 1997), Parkinson's
disease (Jenner and Olanow, 1998) and diabetes
(Vijayalingam et al., 1996). High GSSG con-
centrations inhibit a number of important enzy-
me systems, including protein synthesis (Dene-
ke and Fanburg, 1989).

GR has been purified from human and
different animal tissues, using various purifi-
cation procedures (Carlberg and Mannervik,
1981; Le Trang et al., 1983; Ulusu and Tando-
gan, 2007; Tekman et al., 2008; Taser and Ciftci,
2012). In addition, effects of many drugs, metals
and chemicals on human and animal tissues GR
enzyme activities have been investigated so far
(Eratet al., 2003; Tekman et al., 2008; Taser and
Ciftci, 2012). However, no reports could be
found in the literature on the effects of these
metals on C. trutta fish kidney GR. Therefore, in
the present study we have purified GR from C.
trutta and examined in vitro inhibition effects of
some metal ions on the enzyme.
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Materials and Methods

Chemicals; 2', 5'-ADP Sepharose 4B
was obtained from Pharmacia. NADPH,
GSSG, protein assay reagents and chemicals
for electrophoresis were obtained from Sigma
Aldrich Chem. Comp. All other chemicals
used were analytical grade and obtained from
either Sigma-Aldrich or Merck.

Enzyme Assay; GR activity was
measured spectrophotometrically at 25°C by
the modified method of Carlberg and
Mannervik (Carlberg and Mannervik, 1975).
The assay system contained 50 mMTris—HCl
buffer pH 8.0, containing 1 mM EDTA, 1 mM
GSSG and 0.1 mM NADPH. One enzyme unit
was defined as the amount that oxidizes 1 umol
NADPH per min under the assay conditions.

Preparation of the Hemolysate; Fish
samples (n=10; 190 + 20 g) were caught from
Murat River (Bing6l, Turkey). The fish were
decapitated and their kidneys were extracted.
10 g kidney samples were washed.three times
with 0.9% sodium chloride solution. Then,
using a scalpel, kidney samples‘were cut into
small pieces. These pieces were.homogenized
with the aid of liquid nitrogen and suspended in
a 50 mM KH,PO, (pH 7.4)buffer that includes
I mM PMSF, 1 mM EDTA and 1 mM DTT.
The suspension was primarily centrifuged at
13.500 rpm for 2 h, and the precipitate was
thrown away. Supernatant was used in further
studies (Le Trang et al., 1983).

Ammonium Sulfate Fractionation and
Dialysis; Thehemolysate was subjected to
precipitation with ammonium sulfate (kidney:
between 40% and 70%). Enzyme activity was
determined both in the supernatant and in the
precipitate for each respective precipitation.
The precipitate was dissolved in phosphate
buffer (50 mM, pH 7.0). The resultant solution

was clear and contained partially purified
enzyme. This solution was dialyzed at 4°C in 1
mM EDTA + 10 mM K-phosphate buffer (pH
7.5) for 2 h with two changes of buffer (Ak-
kemik et al., 2011). Partially purified enzyme
solution was kept at4°C.

2', 5'-ADP Sepharose 4B Affinity Chro-
matography; 2 g of dry 2',5'-ADP Sepharose 4B
was used for a column (1x10 cm) of 10 mL bed
volume. The gel was washed with 300 mL of
distilled water to remove foreign bodies and air,
suspended in 0.1 M K-acetate + 0.1 M K-phosp-
hate buffer (pH 6.0) and packed in the column.
After settling. of the/gel, the column was
equilibrated with' 50 mM K-phosphate buffer
including | mM EDTA pH 6.0 with a peristaltic
pump. ‘The flow rates for washing and to
equilibration were adjusted 20 mL/h. Previ-
ously obtained dialyzed sample was loaded
onto the 2'.5-ADP Sepharose 4B affinity
column and the column was washed with 25 mL
of 0.1 M K-acetate + 0.1 M K-phosphate, pH 6.0
and 25 mL of 0.1 M K-acetate + 0.1 M K-phosp-
hate, pH 7.85. Washing was continued with 50
mM K-phosphate buffer including 1 mM
EDTA, pH 7.5, until the final difference in the
absorbance reached 0.05 at 280 nm. The
enzyme was eluted with a gradient mixture of 0
to 0.5 mM GSH + 1 mM NADPH in 50 mM K-
phosphate, containing 1 mM EDTA (pH 7.5).
Active fractions were collected and dialyzed
with equilibration buffer. All procedures were
performed at 4°C (Boggaram et al., 1979; Le
Trangetal., 1983; Cobanetal., 2007).

Protein Determination; Protein concent-
ration was determined at 595 nm according to
the method of Bradford (Bradford, 1976), using
bovine serum albumin as a standard.

Sodium Dodecyl Sulfate Polyacrylamide
Gel Electrophoresis (SDS-PAGE); to determine
the enzyme's Purity, SDS-PAGE was performed
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according to Laemmli's method (Laemmli,
1970). The acrylamide concentration of the
stacking and separating gels was 3% and 8%,
respectively, and 1% SDS was also added to
the gel solution. The gel was stained for 2 h in
0.1% Coomassie Brilliant Blue R-250 conta-
ining 50% methanol, 10% acetic acid and 40%
distilled water. Then the gel was washed with
many changes of the same solvent without dye.
Cleared protein bands were photographed
(Figure 1).

250

Figure 1.SDS-polyacrylamide gel electrop-
horesis of purified GR. Lane 1: C.trutta
kidney GR and Lane 2: Standard
proteins.

In vitro Effects of Metal lons; In order to
determine the effects of the metal ions on fish
kidney GR, different concentrations of metal
ions were added to the reaction medium. The
enzyme activity was measured and an
experiment in the absence of inhibitor was
used as control (100% activity). The IC,,

values were obtained from activity (%) vs.
metal ion concentration plots(Figure 2)
(Tekman et al., 2008).

In order to determine K, constants in the
media with inhibitor, the substrate (GSSG)
concentrations were 0.3, 0.8, 1.4, 2 and 3 mM.
Inhibitor solutions (metal salts) were added to
the reaction medium, resulting in 3 different fi-
xed concentrations of inhibitors in 1mL of total
reaction volume. Lineweaver-Burk graphs
were drawn by using 1/V vs. 1/[S] values and K|
constant were calculated from these graphs (Fi-
gure 3). Regression‘analysis graphs were drawn
for IC,, using inhibition % values by a statistical
package (Figure 2)(SPSS-for windows; version
17.0) on a computer (student t-test; n= 3)
(Tekman etal., 2008).

Results

In this study, C. trutta kidney GR enzyme
was first isolated. Purification procedure was
carried out by the preparation of the homo-
genate, ammonium sulfate precipitation and
affinity chromatography on 2'.5-ADP Sep-
harose 4B. As a result of the three consecutive
steps, the enzyme was purified 794-fold with a
yield of 35.4% and a specific activity of 11.91
U/mg proteins (Table 1).

The purity of the enzymes were deter-
mined by SDS-PAGE and showed single bands
on the gel (Figure 1). R; values were calculated
for standart proteins and GR according to
Laemmli's procedure (1970) from R-LogMW
graph. Molecular weights of kidney GR enzy-
mes were 55 kDa.

n vitro inhibitory activities of Ag’, Co”,
Ni? Cu”and Zn" as metal ions were evaluated
on fish kidney GR enzyme. IC,, values were fo._
und as 0.00078, 0.622, 0.722, 0.073 and 0.519
mM, and 7k, constants were found as 0.000394 +
0.0002,0.235 £ 0.027, 0.279 £ 0.048, 0.026 +
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Figure 2. Activity %-[Metal] regression analysis graphs for fish kidney GR in the presence of five
different metal concentrations.

Table 1. Purification scheme of GR from C. trutta kidney

Activity Protein Total Total Total Specific Yield
Purification step (U /mL)y (mg/mL) volume activity protein activity Purificationfactor (%)
£ mh (U  (mg (Umg
0207  13.69 26 5382 35594 0015 1 100
Hemolysate
Ammoniumsulfateprecipitation 0.295 8.2 9.5 2.803 77.9 0.036 2.4 52.08
(40-70%)
2’, 5°-ADP Sepharose 4B 0381  0.032 5 1905 0.16 1191 794 35.4
affinitychromatography
Table 2. I1C,,, K,values and inhibition types for five inhibitors for C. trutta kidney GR
Metal ions I1Cs¢ (mM) K; (mM) Inhibition type
Ag’ 0.00078 0.000394 + 0.0002  Noncompetitive
Co*? 0.622 0.235 £ 0.027 Noncompetitive
Cu'? 0.073 0.026 + 0.008 Uncompetitive
Ni*? 0.722 0.279 £ 0.048 Noncompetitive
Zn** 0.519 0.382 +£0.024 Competitive
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Figure 3.Lineweaver—Butk graph in 5 different substrate concentrations and in 3 different metal
(Ag’,Co”, Cu” Ni~andZn"™)concentrations for determination of K.

0.008 and 0.382+0.024 mM for Ag’, Co”,Ni"~,
Cu”and Zn", respectively (Table 2).

Discussion

Fish are the major part of the human diet
and it is not surprising that numerous studies
have been carried out on metal accumulation in
different fish species (Kucuksezgin et al,
2001; Lewis et al., 2002; Turkmen et al., 2005).
Metals are emitted to the water environment
from different sources such as transportation,
industrial activities, fossil fuels, agriculture,
urbanization and other human activities (Gorur

et al., 2012). Metals in water environment bring
about balance disorder in ecosystem by causing
structural damage in fish at cellular and molecu-
lar level; while they, at the same time, cause
heavy metal toxicity in humans through the
consumption of fish that constitute an important
ring in food chain (Fulladosa et al., 2006; Nisbet
etal.,2010). Some metals such as Cu, Fe and Zn
are essential to life and play unavoidable roles in
some critical enzyme systems (Ceyhun et al.,
2011). For example, Cu and Zn are critical ele-
ments of SOD while Fe is an integral component
of CAT (Fernandez et al., 2010).

In the present study, GR enzyme was puri-
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fied from C. trutta kidney using preparation of
homogenate, ammonium sulfate fractionation
and 2',5'-ADP Sepharose 4B affinity column
chromatography methods. After preparation of
the homogenate, precipitate saturation of the
enzyme was determined as 40-70% with solid
(NH,),SO,. This precipitation interval is simi-
lar to that of others obtained from different
sources (Boggaram et al., 1979; Carlberg and
Mannervik, 1981; Ulusu et al., 2005; Tekman
et al., 2008; Akkemik et al., 2011). At the end
of the last step, the purity of the enzyme was
determined by SDS-PAGE and showed single
band on the gel (Figure 1).

In addition to purification of the enzyme,
Ag’, Co”, Ni”, Cu” and Zn" were chosen to
investigate their inhibitory effects on fish liver
GR. IC,, values and K, constants are the most
suitable parameters for seeing inhibitory
effects. As shown in Table 2, IC,, values were
0.00078, 0.622, 0.722, 0.073 and 0.519 mM,
and K, constants were 0.000394 + 0.0002,
0.235 £ 0.027, 0.279 £ 0.048, 0.026 + 0.008
and 0.382 +0.024 mM for Ag’, Co *3Ni*sCu”
and Zn", respectively. IC,, (values and K,
constants show that Ag" was, the.most potent
inhibitor for C. trutta kidney GR enzyme.

Similar results were obtained in both in
vitro and in vivo studies.for various enzymes,
such as rainbow trout liver GR (Tekman et al.,
2008), human erythrocyte GR (Coban et al.,
2007), Callinectes sapidus gill carbonic an-
hydrase (CA) (Skaggs and Henry, 2002), Car-
cinus maenas gill CA (Skaggs and Henry,
2002), rainbow trout brain CA (Soyut et al.,
2008), Dicentrarchus labrax liver CA (Ceyhun
et al., 2011), rainbow trout kidney CA (Soyut
and Beydemir, 2011), Sparus aurata liver CA
(Kaya et al., 2013),Capoetaumbla gill CA
(Kiricietal., 2016), rainbow trout liver glucose
6-phosphate dehydrogenase (G6PD) (Comakli
et al., 2013), Ctenopharyngodon idella hepa-

topancreas G6PD (Hu et al., 2013), turkey liver
glutathione S-transferase (Akkemik er al,
2012), yellow catfish hepatic 6-phosphogluco-
nate dehydrogenase (Zhuo et al., 2015), Chal-
calburnus tarichii gills glutathione S-trans-
ferase (Ozaslanetal., 2017).

Consequently, the pollution of the aquatic
environment with heavy metals has become a
worldwide problem during recent years, be-
cause they are indestructible and most of them
have toxic effects on organisms (Mac Farlane
and Burchett, 2000).«<Heavy metals pollution
affects not only aquaticiorganisms, but also
public health as a result of the bioaccumulation
in the food chain (Canpolat, 2013). For this rea-
son, great efforts and cooperation between dif-
ferent-authorities are need to protect the aquatic
resources from metal pollution. To avoid the
aquaticlife loss there is need to use the advan-
ced technologies generating less metal pollu-
tion to environment. The rising industrial and
settlement areas near the revers cause a great
danger for the creatures living in watery areas.
The required precautions should be taken
immediately.

References

Adams, S.M. and Greeley M.S. 2000. Ecotoxicological
indicators of water quality: using multi-response
indicators to assess the health of aquatic eco-
systems. Water, Air and Soil Pollution, 123: 103-
115.d0i:10.1023/A:1005217622959.

Akerlund, B., Tynell, E., Bratt, G.,Biclenstein, M. and
Lidman, C. 1997.N-acetylcysteine treatment and
the risk of toxic reactions to trimethoprim-sulpha-
methoxazole in primary pneumocystis carinii pro-
phylaxis in HIV-infected patients. Journal of In-
fection, 35: 143-147.

Akkemik, E., Senturk, M., Ozgeris, F.B., Taser, P. and
Ciftci, M. 2011. In vitro effects of some drugs on
human erythrocyte glutathione reductase. Turkish
Journal of Medical Sciences, 41: 235-241. doi:10.
3109/14756366.2011.572879.

Akkemik, E., Taser, P., Bayindir, A., Budak, H. and Ciftci,



392 Kirici et al., / Yunus Res. Bull. 2017 (4): 385-394

M. 2012.Purification and characterization of
glutathione S-transferase from turkey liver and
inhibition effects of some metal ions on enzyme
activity. Environmental Toxicology and Phar-
macology, 34: 888-894. doi:10.1016/j.ctap.
2012.08.010.

Blahova, J., Plhalova, L., Hostovsky, M., DiviSova, L.,
Dobsikova, R., Mikulikova, I., Stépanova, S. and
Svobodova, Z. 2013. Oxidative stress responses
in zebrafish Danio rerio after subchronic
exposure to atrazine. Food and Chemical Toxi-
cology, 61: 82-85. doi:10.1016/j.fct.2013. 02.
041.

Boggaram, V., Brobjer, T., Larson, K. and Mannervik, B.
1979. Purification of glutathione reductase from
porcine erythrocytes by the use of affinity
chromatography on 2',5'-ADP Sepharose 4B and
crystallization of the enzyme. Analytical Bioc-
hemistry, 98: 335-340.

Borkovic-Mitic, S., Pavlovic, S., Perendija, B.,
Despotovic, S., Gavric, J., Gacic, Z. and Saicic,
Z.2013. Influence of some metal concentrations
on the activity of antioxidant enzymes and
concentrations of vitamin E and SH-groups in the
digestive gland and gills of the freshwater
bivalve Uniotumidus from the Serbian'part of
Sava River. Ecological Indicators, 32: 212-221.
doi:10.1016/j.ecolind.2013.03.024.

Bradford, M.M. 1976.A rapid and sensitive method for
the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. AnalyticalBiochemistry, 72: 248-254.

Canpolat, O. 2013.The determination of some heavy
metals and minerals in-the tissues and organs of
the Capoeta umbla fish species in relation to
body size, sex, and age. Ekoloji, 22: 64-72.

Carlberg, I. and Mannervik, B. 1981.Purification and
characterization glutathione reductase from calf
liver. An improved procedure for affinity
chromatography on 2'5'-ADP Sepharose 4B.
Analytical Biochemistry, 116: 531-536.

Carlberg, I. and Mannervik, B. 1975.Purification and
characterization of the flavoenzyme glutathione
reductase from rat liver. Journal of Biological
Chemistry, 250: 5475-5480.

Ceyhun, S.B., Senturk, M., Yerlikaya, E., Erdogan, O.,
Kufrevioglu, O.I. and Ekinci, D. 2011. Pu-
rification and characterization of carbonic an-
hydrase from the teleost fish Dicentrarchus

labrax (European seabass) liver and toxicological
effects of metals on enzyme activity. Environ-
mental Toxicology and Pharmacology, 32: 69-74.
doi:10.1016/j.etap.2011.03.013.

Coban, T.A., Senturk, M.,Ciftci, M. and Kufrevioglu, O.1.
2007. Effects of some metal ions on human
erythrocyte glutathione reductase: an in vitro
study. Protein Peptide Letters, 14: 1027-1030.
doi:10.2174/092986607782541060.

Comakli, V., Akkemik, E.,Ciftci, M. and Kufrevioglu,
O.1. 2013. Purification and characterization of
glucose 6-phosphate dehydrogenase enzyme from
rainbow trout (Oncorhynchus mykiss) liver and
investigation of theieffects of some metal ions on
enzyme activity: Toxicology and Industrial
Health, 1-9.

Deneke, S.M. and. Fanburg, B.L. 1989.Regulation of
cellular glutathione. American Journal of Physi-
ology,257:163-173.

Erat, M, Sakiroglu, H. and Ciftci, M. 2003.Effects of
some antibiotics on glutathione reductase from
bovine erythrocytes. Veterinary Medicine Czech,
48:305-312.

Fernandez, B., Campillo, J.A., Martinez-Gémez, C. and
Benedicto, J. 2010. Antioxidant responses in gills
of mussel (Mytilus galloprovincialis) as bio-
markers of environmental stress along the Spanish
Mediterranean coast. Aquatic Toxicology, 99:
186-197.d0i:10.1016/j.aquatox.2010.04.013.

Fulladosa, E., Deane, E., Ng, A.-H., Woo, N.Y., Murat,
J.C. and Villaescusa, I. 2006. Stress proteins
induced by exposure to sublethal levels of heavy
metals in sea bream (Sparus sarba) blood cells.
Toxicology in Vitro, 20: 96-100. doi:10.1016/j.
tiv.2005.06.005.

Gorur, F.X., Keser, R., Ak¢ay, N. and Dizman, S. 2012.
Radioactivity and heavy metal concentrations of
some commercial fish species consumed in the
Black Sea Region of Turkey. Chemosphere, 87:
356-361. doi:10.1016/j.chemosphere. 2011. 12.
022.

Hu, W., Zhi, L., Zhuo, M.Q., Zhu, Q.L., Zheng, J.L.,
Chen, Q.L., Gong, Y. and Liu, C.X. 2013. Purifi-
cation and characterization of glucose 6-phosp-
hate dehydrogenase (G6PD) from grass carp (Cte-
nopharyngodon idella) and inhibition effects of
several metal ions on G6PD activity in vitro. Fish
Physiology and Biochemistry, 39: 637-647.
doi:10.1007 /s10695-012-9726-x.



Kirici et al., / Yunus Res. Bull. 2017 (4): 385-394 393

Jenner, P. and Olanow, C.W. 1998 .Understanding cell
death in Parkinson's disease. Annals of Neu-
rology, 44: 72-84.doi:10.1002/ana. 410440712.

Kaya, E.D., Soyut, H. and Beydemir, S. 2013. Carbonic
anhydrase activity from the gilthead sea bream
(Sparusaurata) liver: the toxicological effects of
heavy metals. Environmental Toxicology and
Pharmacology, 36: 514-521. doi:10.1016/j. etap.
2013.05.019.

Kelly, S.A., Havrilla, C.M., Brady, T.D., Abramo, K.H.
and Levin, E.D. 1998. Oxidative stress in
toxicology: established mammalian and emer-
ging piscine model systems. Environmental He-
alth Perspectives, 106: 375-384. doi:10. 1289 /
ehp. 98106375.

Kirici, M., Kirici, M., Beydemir, S. and Atamanalp, M.
2016.Purification of carbonic anhydrase from
Capoeta umbla (Heckel, 1843) gills and toxico-
logical effects of some metals on enzyme acti-
vity. Turkish Journal of Fisheries and Aquatic
Sciences, 16: 169-175.

Kondo, T., Dale, O.L. and Beutler, E. 1980.Glutathione
transport by inside-out vesicles from human
erythrocytes. Proceedings of the National Aca-
demy of Sciences of the USA, 77: 6359-6362.

Kucuksezgin, F., Altay, O., Uluturhan, E. and Kontas, A.
2001. Trace metal and organochlorine residue
levels in red mullet (Mullus barbatus) from the
eastern Aegean, Turkey. Water Researchy 35:
2327-2332.doi:10.1016/S0043-1354(00)00504-
2.

Laemmli, UK. 1970.Cleavage of structural proteins
during the assembly-of the head of bacteriophage
T4. Nature, 227: 680-683.

Le Trang, N., Bhargava, KiK: and Cerami, A. 1983.
Purification of glutathione reductase from gerbil
liver in two steps. Analytical Biochemistry, 133:
94-99.

Lewis, M.A., Scott, G.I., Bearden, D.W., Quarles, R.L.,
Moore, J., Strozier, E.D., Sivertsen, S.K., Dias,
A.R. and Sanders, M. 2002. Fish tissue quality in
near-coastal areas of the Gulf of Mexico recei-
ving point source discharges. Science of the Total
Environment, 284: 249-261. doi:10.1016/ S0048
-9697(01)00891-9.

MacFarlane, G.B. and Burchett, M.D. 2000. Cellular
distribution of Cu, Pb, and Zn in the Grey Mang-
rove Avicemnia marina (Forsk.) Vierh. Aquatic
Botany, 68: 45-59.d0i:10.1016/S0304-3770 (00)
00105-4.

Nisbet, C., Terzi, G., Pilgir, O. and Sarac, N. 2010.

Deter-mination of heavy metal levels in fish
samples collected from the Middle Black Sea.
Journal of the Faculty of Veterinary Medicine,
Kafkas Uni-versity, 16: 119-125.

Ozaslan, M.S., Demir, Y., Kufrevioglu, O.1. and Ciftci,
M. 2017. Some metals inhibit the Glutathione S-
transferase from Van Lake fish gills. Journal of
Biochemical and Molecular Toxicology, ¢21967.
doi:10.1002/jbt.21967.

Qu, R., Feng, M., Wang, X., Qin, L., Wang, C., Wang, Z.
and Wang, L. 2014. Metal accumulation and
oxidative stress biomarkers in liver of freshwater
fish Carassius auratus following in vivo exposure
to waterborne zinc under different pH values.
Aquatic Toxicology,. 150: 9-16. doi:10.1016/j.
aquatox. 2014:02.008.

Sahin, A., Senturk, M., Akkemik, E. and Ciftci, M. 2012.
The effects of chemical and radioactive properties
of TI-201 on human erythrocyte glutathione
reductase activity. Nuclear Medicine and Biology,
39: 16-165. doi:10.1016/j.nucmedbio.2011. 06.
002.

Sampaio; F.G., Boijink, C.L., Oba, E.T., Santos, L.R.B.,
Kalinin, A.L. and Rantin, F.T. 2008. Antioxidant
defenses and biochemical changes in pacu
(Piaractus mesopotamicus) in response to single
and combined copper and hypoxia exposure.
Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology, 147: 43-51.
doi:10.1016/j.cbpc.2012.07.002.

Schirmer, R.H., Krauth-Siegel, R.L. and Schulz, G.E.
1989. Glutathione reductase. John Wiley and Sons
Press, New York.

Skaggs, H.S. and Henry R.P. 2002.Inhibition of carbonic
anhydrase in the gills of two euryhaline crabs,
Callinectes sapidus and Carcinus maenas, by
heavy metals. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology,
133: 605-612.doi:10.1016/S1532-0456 (02)
00175-8.

Soyut, H. and Beydemir S. 2011.The impact of heavy me-
tals on the activity of carbonic anhydrase from
rainbow trout (Oncorhynchus mykiss) kidney.
Toxicology and Industrial Health, 28: 296-
305.doi:10.1177/0748233711410914.

Soyut, H., Beydemir, S. and Hisar, O. 2008.Effects of
some metals on carbonic anhydrase from brains of
rainbow trout. Biological Trace Element Rese-
arch,123: 179-190.doi:10.1007/s12011-008-8108
-9.

Taser, P. and Ciftci, M. 2012. Purification and characteri-



394 Kirici et al., / Yunus Res. Bull. 2017 (4): 385-394

zation of glutathione reductase from turkey liver.
Turkish Journal of Veterinary and Animal, 36:
546-553.d0i:10.3906/vet-1103-5.

Tekman, B., Ozdemir, H., Senturk, M. and Ciftci, M.
2008. Purification and characterization of glutat-
hione reductase from rainbow trout (Oncorhync-
hus mykiss) liver and inhibition effects of metal
ions on enzyme activity. Comparative Bioche-
mistry and Physiology Part C: Toxicology &
Pharmacology, 148: 117-121. doi:10. 1016/j.
cbpc.2008.04.005.

Turkmen, A., Turkmen, M., Tepe, Y. and Akyurt, 1.
2005.Heavy metals in three commercially va-
luable fish species from Iskenderun Bay, Nort-
hern East Mediterranean Sea, Turkey. Food Che-
mistry, 91: 167-172. doi:10.1016/j. foodchem.
2004.08.008.

Ulusu, N.N. and Tandogan, B. 2007. Purification and
kinetic properties of glutathione reductase from
bovine liver. Molecular and Cellular Bioche-
mistry, 303: 45-51. doi:10.1007/s11010-007-
9454-1

Ulusu, N.N., Tandogan, B. and Tezcan E.F. 2005 .Kinetic
properties of glucose 6-phosphate dehydro-
genase from lamb kidney cortex. Biochimie, 87:

187-190. doi:10.1016/j.biochi.2004.11.002.

Vijayalingam, S., Parthiban, A., Shanmugasundaram,
K.R. and Mohan, V. 1996.Abnormal antioxidant
status in impaired glucose tolerance and
noninsulin-dependent diabetes mellitus.Diabetic
Medicine, 13: 715-719.

Yonar, M.E. and Sakin, F. 2011.Ameliorative effect of
lycopene on antioxidant status in Cyprinus carpio
during pyrethroid deltamethrin exposure.
Pesticide Biochemistry and Physiology, 99: 226-
231.doi:10.1016/j.pestbp.2010.12.008.

Yonar, S.M., Ural, M.S., Silici, S. and Yonar, M.E. 2014.
Malathion-induced changes in the haemato-
logical profile, the immune response, and the
oxidative/antioxidant status of Cyprinus carpio
carpio: Protective role of propolis. Ecotoxico-
logy and(Environmental Safety, 102: 202-209.
doi:10.1016/j.ecoenv.2014.01.007.

Zhuo, M., Luo, Z., Tan, X., Hu, W., Sun, L., Zheng, J. and
Chan, "Q. 2015.Purification and kinetic cha-
racteristics of hepatic 6-phosphogluconate de-
hydrogenase (6PGD) from yellow catfish Pelte-
obagrusful vidraco. Turkish Journal of Bioch-
emistry, 40: 15-23.d0i:10.5505/tjb.2015.75537.





