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ABSTR AC T

M

etal toxicity causes oxidative stress in fish. This situation is a potential risk factor for humans and other
living feeding on contaminated fish. In this study, the inhibition effects of heavy metals on carbonic anhydrase enzyme from the corb fish gill were investigated. The carbonic anhydrase enzyme was purified from gill
of corb fish with a specific activity of 2093,9 EUmg −1 and 86,51% yield and approximately 160 fold using Sepharose 4B–L-tyrosine sulfanilamide affinity chromatography method. SDS–polyacrylamide gel electrophoresis
showed a single band corresponding to a molecular weight of approximately 30,8 kDa. Inhibitory effects of
metals (Ag+, Cu2+, Pb2+, Zn2+, Cd2+, Ni2+) on CA activity were determined at different concentrations using the
hydratase method under in vitro conditions. Consequently, in vitro inhibition rank order was determined as Ag+>
Cu2+> Pb2+> Zn2+ > Cd2+> Ni2+. From these results, we showed that Ag+ is the most potent inhibitor of CA enzyme.
Key Words
Carbonic anhydrase; Gill; Heavy metals; Inhibition
ÖZET

S

Metal toksisitesi balıklarda oksidatif strese sebep olur. Bu durum insanlar ve diğer balık tüketen canlılar için
potansiyel bir risk faktörüdür. Bu çalışmada minekop balığı solungacından saflaştırılan karbonik anhidraz
enzimi üzerine bazı ağır metallerin inhibisyon etkileri incelendi. Minekop balığı solungacından, karbonik
anhidraz, Sepharose 4B–L-tyrosin sulfanilamit afinite kolonu kullanılarak 2093,9 EUmg −1 spesifik aktiviteyle
ve 86,51% verimle yaklaşık 160 kat saflaştırıldı. SDS-poliakrilamid jel elektroforezinde tek band gözlendi ve
buradan enzimin molekül kütlesi yaklaşık olarak 30,8 kDa olarak belirlendi. Bazı ağır metallerin (Ag+, Cu2+, Pb2+,
Zn2+, Cd2+, Ni2+) CA enzimi aktivitesi üzerine etkileri hidrataz metodu kullanılarak in vitro olarak incelendi. Sonuç
olarak, ağır metallerin inhibisyon etkileri Ag+> Cu2+> Pb2+> Zn2+ > Cd2+> Ni2+ şeklinde belirlendi. Bu sonuçlar Ag+’nın
en önemli potansiyel CA inhibitörü olduğunu gösterdi.
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INTRODUCTION

H

eavy metals can be intensively accumulated
in natural water systems and lead to
contamination because of industrial, domestic
and other man-made wastes. Accumulation of
contaminants in the food chain in aquatic systems
leads to side effects and death in the organism.
Heavy metals arisen from these contaminations
can have detrimental effects on the ecological
balance and diversity of aquatic organisms. Fish
are the most abundant living creatures and
important food resources in aquatic systems.
They are vulnerable to all environmental pollution
especially by heavy metals [1-3]. They are mainly
used aquatic organisms for the assessment of
the health of aquatic systems. For that reason,
investigations of chemical accumulation in sea
organisms, especially determination of heavy
metal content have great importance in order the
to evaluate the impact and possible risk of fish
consumption on human health [4,5,9].
Metals, such as iron, zinc, copper, manganese,
chromium, molybdenum and selenium, are
essential metals for the biological systems because
in trace amounts, they play an important role in
the metabolism. In fact, some of the enzymes in
living organisms need one or more metal atoms
like Fe2+, Mg2+ and Mn2+ called as cofactors in their
structures to show activity. However, these metals
can also be toxic if certain amounts of them are
exceeded. On the other hand, mercury, lead and
cadmium are non-essential metals and even at
very low doses of these metals have hazardous
effects in the living organisms [10]. Heavy metals,
due to certain environmental conditions, can build
up of toxic concentrations and cause ecological
damage [11, 12]. Integrity of the physiological and
biochemical mechanisms of fish which are an
important component of the ecosystem can be
disturbed by these heavy metals [13,14].
It is reported that exposure of fish species to
metal ions can increase the amount of reactive
oxygen species (ROS) like hydrogen peroxide,
superoxide, hydroxyl radical that are main
causes of oxidative stress. Morever this situation
can cause tissue damage and osmoregulatory
disorders by inhibiting the activity of some
important enzymes in the metabolism [15-20].

One of these enzymes in fish species is carbonic
anhydrase (CA), responsible for the reversible
reaction of convertion of CO2 produced in fish
tissues into bicarbonate. This vital enzyme is
present in great quantities in gill epithelial cells,
and assumed to take part in the functions of
respiratory gas exchange, ion transport, and acid–
base regulation [21].
Enzyme activities are regarded as biochemical
indicators in the measurement of the presence of
toxic substances in fish and they are also useful
parameters in the study of harmful effects of
toxicants [22,23]. Due to these facts, studies
related about levels and effects of some heavy
metals on fish species have recently been
performed by many scientists in the literature
and they have an increasing popularity in this
field. Our group has performed many studies
related about the purification of some crucial
enzymes including carbonic ahydrase from
human erythrocytes, different fish tissues, fish
erythrocytes etc. Besides the effects of some
drugs, heavy metals and compounds on the
enzyme activities have been studied many times
so far [24-26]. Consequently, in this study we
purified and characterized carbonic anhydrase
from the gill of corb fish (Umbrina cirrosa) in a
single step by using Sepharose 4B L-tyrosine
sulfanilamide affinity chromatography and
investigated the effects of some heavy metals
Ag+, Cu+2, Pb+2, Zn+2, Cd+2 and Ni+2 on the enzyme
activity in vitro.
MATERIALS AND METHODS
Chemicals
Ag(NO)3, CuCl2, Pb(NO3)2, Zn(NO3)2, Cd(NO3)2,
Ni(Cl)2, Sepharose 4B, protein assay reagents, 4nitrophenylacetate were obtained from SigmaAldrich Co. All other chemicals were of analytical
grade and obtained from Merck.
Sample homogenate preparation
Fish were obtained from commercial fish farm.
Gill samples were removed from each fish. The
gills were washed 3 times with 0.9% NaCl, an
isotonic saline solution. The gill cells were lysed by
immersion in liquid nitrogen. The lysed sample was
then transferred to a buffer solution containing
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25 mM Tris-HCl (pH 8.7) and centrifuged 100000
x g for 60 min at 4oC. The supernatant was
centrifuged again and the second supernatant
was used in the subsequent studies [27,28].
Purification of carbonic anhydrase from the
gill of corb fish (Umbrina cirrosa) by affinity
chromatography
The pH of the homogenate was adjusted to 8.7
using solid Tris. 25 ml aliquot of the supernatant
was applied to an affinity column (1.36x30 cm)
Sepharose-4B-L tyrosine-sulfanilamide affinity
gel prepared according to the published method
[29]. The purified enzyme was dialyzed for against
0.05 M Tris-SO4 and 1 mM 2-mercaptoethanol
(pH 7.4) for 24 hr. The protein concentrations
in the column effluents were determined
spectrophotometrically at 280 nm. All procedures
were performed at 4°C.
Hydratase activity assay
Activity of the carbonic anhydrase enzyme was
measured by following the hydration of CO2
according to the method described by Wilbur
and Anderson [30]. CO2-hydratase activity was
calculated as enzyme unit (EU) by using the
equation (t0-tc/tc) where t0 and tc are the times
for pH change of the non-enzymatic and the
enzymatic reactions, respectively.
Protein determination
Quantitative
protein
analyses
were
performed according to the Bradford method
spectrophotometrically at 595 nm using bovine
serum albumin as the standard [31].
SDS polyacrylamide gel electrophoresis (SDSPAGE)
Enzyme samples were applied to SDS
polyacrylamide gel electrophoresis to verify
purity of the enzymes. For this purpose, enzyme

samples were carried out in 10% and 3%
acrylamide for the running and the stacking gel,
respectively, containing 0.1% SDS according to
Laemmli procedure. They were transferred into
the electrophoretic medium as 20 mg samples.
Gels were stained for 1.5 hour in 0.1% Coommassie
Brilliant Blue R-250 in 50% methanol, 40%
distilled water and 10% acetic acid. Then, it was
washed with the same solvent without the dye
[32].
In vitro studies
In vitro effects of the metal ions (Ag+, Cu+2, Pb+2,
Zn+2, Cd+2 and Ni+2) on carbonic anhydrase from
the gill of corb fish were determined by adding
different metal ions concentrations to the
reaction medium. The enzyme activity measured
in the absence of inhibitor was used as control
(100% activity). The IC50 values of the metals
were obtained from activity (%) vs. metal ion
concentration plots.

RESULTS AND DISCUSSION
Carbonic anhydrase (CA) is one of the most
important enzyme in fish and it is abundantly
present in fish gill, a complex organ known to be
involved in so many processes like respiratory gas
exchange, ion transport, and acid–base regulation
[33,34]. In the present study, carbonic anhydrase
enzyme from corb fish gill purified by means of a
chromatographical method called Sepharose 4B
L-tyrosine sulfanilamide affinity chromatography,
which is one of the most efficient method for
the purificaiton of this enzyme. In a single step,
enzyme purified about 160 fold with a specific
activity of 2093.9 EUxmg− 1 and a yield of 86,51
percent (Table 1) The enzyme purity and subunit
molecular weight (30.8 kDa) were determined
by SDS-PAGE electrophoresis method (Figure 1).
Our results are in good agreement with others
reported literature [27,28].

Table 1. Summary of purification procedure for corb gill carbonic anhydrase by Sepharose-4B-L-tyrosine sulfanilamide
affinity column chromatography.
Purification steps

Activity
(EU/mL)

Protein
(mg/mL)

Volume
(mL)

Total
Activity
(EU)

Total
Protein
(mg)

Specific
Activity
(EU/mg)

Purification
Fold

Yield
%

Homogenate

185.7

14.176

25

4642.5

354.4

13.1

1

100

Affinity
Chromatography

502.01

0.2397

8

4016.1

1.918

2093.9

160

86.51
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Figure 1. (A) Standard Rf–logMW graph of carbonic anhydrase (CA) using sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) results. The subunit molecular weight of corb gill CA was calculated as 30,8 kDa. (B) Sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) analysis of purified carbonic anhydrase. Lane 1: the
molecular mass markers (kDa): Lane 2, 3: Sepharose-4B-L tyrosine-sulfanilamide affinity gel chromatography results for
gill carbonic anhydrase.

Although
heavy
metals
in
aquatic
environments are often in trace amounts, they
have been found in increasing concentrations
in recent years because of the factors such
as rapid population growth, industrialization,
mining, agricultural activities, concentrated
industrialization at sea coast, drainage water
and wastewater of settlements [27]. Heavy metal
increase in aquatic media causes accumulation of
these metals in fish tissues. Besides, these metals
in fish metabolism affect growth and development,
various blood parameters and enzyme activities.
Carbonic anhydrase is an important enzyme
that catalyzes hydration of carbon dioxide and
bicarbonate dehydration reaction reversibly. In
this study, considering the effects of some toxic
metals in fish metabolism, we examined the
effects of several metals (Ag+, Cu2+, Pb2+, Zn2+,
Cd2+, Ni2+) on the activity of purified carbonic
anhydrase enzyme by using hydratase activity
Table 2. IC50 values obtained from regression graphs
for corb gill CA in the presence of different metal ion
concentrations.
Metal ions

IC50 [mM]

Ag+

0.00804

2+

Cu

0.028

Pb2+

0.056

Zn2+

0.087

Cd2+

1.486

Ni

4.166

2+

measurement method in in vitro conditions [30].
IC50 values (inhibitor concentration which reduces
enzyme activity by half) calculated by plotting
inhibitor concentration vs % activity plots (Figure
2). According to the results (Table 2) we got in
the inhibition studies, we can see all of the metals
inhibited purified CA enzyme in vitro. Two of these
metals (Cd2+ and Ni2+) had an IC50 value of milimolar
levels that means Cd2+ and Ni2+ increase enzyme
activity by half at milimolar concentrations. Cu2+,
Pb2+ and Zn2+ showed lower IC50 values than that
of Cd2+ and Ni2+, therefore, we can say that these
3 metals decrease CA enzyme functions at lower
concentrations (micromolar levels). Among these
6 metals, Ag+ was found to have the lowest IC50
value (8,04 µM). CA enzyme activity reduced by
half in the presence of Ag+ ion even at micromolar
concentration of this metal. It is well known that,
many enzymes inhibited by silver because of silver
ions react with –SH groups of cysteine residues in
the protein chain and this distrupts the structure
of the enzyme.
Rapid industrialization brings an increase in
exposure to toxic heavy metals of organisms and
human beings. Accumulation of heavy metals
in the organism are taking place increasingly
towards larger organisms in the food chain.
When concentration of heavy metals increase in
water, they accumulate in fish and ultimately in
the human body. Increased metal concentrations
known to affect some important enzymes activities
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Figure 2. Activity %–[Metal] regression analysis graphs for corb gill CA in the presence of five different metal concentrations.

in metabolism. Since fish is an important food
source and it is being consumed at a significant
proportion in the Black Sea region, we examined
inhibitiory effects of some metals on corb fish gill
CA enzyme activity. Because of harmful effects of
these metals on CA enzyme activity and directly to
fish metabolism, water pollution by heavy metals
in this area threaten the aquatic organisms and
eventually human body.
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