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Carbonic Anyhdrase Enzyme From The Siirt Mohair Goat
Liver : Purification, Characterization and Assessment of
Enzyme Kinetics Against Metal Toxicity

Karbonik Anhidraz Enziminin Siirt Tiftik Kecisi Karacigerinden
Saflastiriimasi, Karakterizasyonu ve Metal Toksisitesine Karsi
Enzim Kinetiginin Degerlendiriimesi
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ABSTRACT

ecause of their physiological and clinical roles, carbonic anhydrases (CAs) are the most studied enzymes.

In earlier studies; CA enzymes have been purified and characterized from the tissues and erythrocytes of
many organisms such as; dog, swine, sheep, chicken, bee, fish, bovine, bacteria and human. In this study, the CA
enzyme has purified from Siirt Mohair Goat liver tissue with 1930.84 EU.mg" of specific activity, 57.28% of pu-
rification yield and 80.55 of purification folds. The purity of the purified enzyme has confirmed by SDS-PAGE.
As the characterization of CA enzyme's in Siirt Mohair Goat liver has been done; the optimum ionic strength: 25
mM, the optimum pH: 8.0, the optimum temperature: 40°C and the stable pH: 7.0 has been determined. Inhibi-
tory effects of some metal ions have been examined on the purified CA enzyme. IC_ values of inhibiting metal
ions were found as 2.24, 2.76, 2.36, 3.20, 2.55, 2.25, 3.28, 2.13, 3.10, .75, 2.16 and 3.50 mM for Al3*, Ni2*, Cd?*,
Cu?*, Pb?*, Ba®, Zn?*, B3, Fe¥, Se?*, Ag* and Co? respectively. As a result, CA enzyme was first purified from the
Siirt Mohair Goat liver and the characteristics of the enzyme were investigated in this study.
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6z

izyolojik ve klinik 6zelliklerinden dolayi karbonik anhidrazlar (CAs), en ¢ok incelenen enzimlerdir. Daha énce-

ki calismalarda CA enzimleri képek, domuz, koyun, tavuk, ari, balik, sigir, bakteri ve insan gibi bircok canlinin
dokularindan ve eritrositlerinden saflastiriimis ve karakterize edilmistir. Bu calismada da CA enzimi Siirt Tif-
tik Kecisi karaciger dokusundan 1930.84 EU.mg" spesifik aktivite ile %57.28 verimle 80.55 kat saflastirildi.
Saflastirilan enzimin safligi SDS-PAGE ile dogrulandi. Siirt Tiftik Kecisi karacigerinden CA enziminin karakteri-
zasyonu yapildiginda; optimum iyonik siddet: 25 mM, optimum pH: 8.0, optimum sicaklik: 40°C ve stabil pH: 7.0
olarak belirlendi. Saflastiriimis CA enzimi lizerine bazi metal iyonlarinin inhibitér etkileri incelendi. inhibisyon
goésteren metal iyonlarinin IC_, degerleri Al*®, Ni*2, Cd*2, Cu*?, Pb*2, Ba*, Zn*?, B*, Fe*?, Se*?, Ag* and Co* icin
sirasiyla 2.24, 2.76, 2.36, 3.20, 2.55, 2.25, 3.28, 2.13, 3.10, 1.75, 2.16 ve 3.50 mM olarak bulundu. Sonug olarak
bu calismada, CA enzimi Siirt Tiftik Kecisi karacigerinden ilk defa saflastirildi ve enzimin karakteristik 6zellikleri
incelendi.
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INTRODUCTION

arbonic anhydrases (CAs, EC 4.2.1.1) consti-

tute a family of metalloenzymes that are ubig-
uitously distributed in nature and are responsible
for catalyzing the reversible interconversion be-
tween carbon dioxide and bicarbonate. They are
involved in a variety of biosynthetic reactions like
gluconeogenesis, lipogenesis and ureagenesis as
well as in numerous physiological processes in-
cluding respiration, secretion of electrolytes and
pH regulation. In this regard, their key function is
to maintain acid base balance, which is of particu-
lar importance for the normal growth of cell [1].
The physiological function of the CA isozymes is
to facilitate the interconversion of CO, and HCO,?;
therefore, they play key roles in diverse process-
es, such as physiological pH control and gas bal-
ance, calcification and photosynthesis. Also, CA
plays an important role in ion transport and pH
regulation in eye, kidney, central nervous sys-
tem and inner ear [2]. Heavy metals are among
the most toxic and unavoidable contaminants of
earth. Heavy metals are an important problem in
environmental toxicology. Most of the heavy met-
als are toxic to humans, animals and plants. Met-
als are natural trace components of the aquatic
environment, but their levels have increased due
to industrial, agricultural and mining activities
[3,4]. This situation may be hazardous for living
systems, especially aquatic organisms, including
specific enzymes. It is well known that enzymes
catalyse almost all chemical reactions in the me-
tabolism of the living systems. These chemical
substances including pollutants, pesticides, drugs
and metal ions influence metabolism at low con-
centrations by decreasing or increasing enzyme
activities [5]. Specifically, some enzymes includ-
ing carbonic anhydrase are considered drug- and
chemical-targeted enzymes. For example, CA is
expressed in almost all the tissues of living things.
Because of these, the enzyme, which has great
importance in the balance of pH and respiration
in various tissues, is a known target enzyme for
different substances [5-7]. The toxicological ef-
fects of heavy metals are usually enzyme inhibi-
tion and denaturation. Generally, the mechanism
underlying metal inhibition of the enzyme is ba-
sed on heavy metal binding to the protein [8].
Heavy metals can alter enzymatic activities by
binding to functional groups, such as sulfhydryl,

carboxyl and imidazole, or by displacing the me-
tal associated with the enzyme [9]. Besides, CA
inhibitors are some of the principal drugs used
in the management of glaucoma. Mohair goat is
one of the oldest living animal genes. There are
traces of this type of goat at old records in BC
11, 12t and even 14! centuries. Mohair goat is a
small, slim and elegant race. Mohair goat has a
soft body, covered with bright and curly mohair.
Mohair goat was only grown in Anatolia until 1838
then it started to be grown in several countries,
mainly in South Africa. Today, mohair goat and
mohair producing countries are South Africa, the
United States and Turkey. Except these countries,
mohair goats are grown in Argentina, Lesotha,
Canada, New Zealand, Russia and in Brazil. But
numbers are declining rapidly due to economic
reasons [10]. The aim of this study was to deter-
mine the effects of certain metals on CA enzyme
that is characterized and purified from Siirt Mo-
hair Goat liver tissue.

MATERIALS and METHODS

Chemicals

4-nitrophenylacetate, sepharose 4B, protein as-
say reagents were obtained from Sigma Aldrich
Co. All other chemicals were of analytical grade
and obtained from Merck.

Purification of Carbonic Anhydrase from

Siirt Mohair Goat Liver Tissue by Affinity
Chromatography

The 30 g tissue sample was centrifuged at 10.000
rpm for 30 min and the plasma and precipitate
were removed. The pH of the homogenate obtai-
ned from Siirt Mohair Goat liver tissue was adjus-
ted to 8.7. Homogenate was applied to the column
and washed with a solution of 25 mM Tris-HCI/22
mM Na,SO, (pH 8.7). Thus, the enzyme CA was
attached to the column and other impurities were
removed. Then, 0.1 M NaCH,C0O0.3H,0/0.5 M
NaClO, (pH 5.6) buffer was applied to the column
to eluate CA enzyme. Eluates were taken into the
tubes with a fraction collector and absorbance of
the tubes was measured at 280 nm for qualitative
protein determination. All procedures were per-
formed at 4°C.



Esterase Activity Assay

Carbonic anhydrase activity was assayed by fol-
lowing the change in absorbance at 348 nm of
4-nitrophenylacetate (NPA) to 4-nitrophenylate
ion over a period of 3 min at 25C using a spect-
rophotometer (CHEBIOS UV-vis) according to the
method described by Verpoorte et al. [11].

Protein Determination

The purification steps of the protein was determi-
ned spectrophotometrically at 595 nm according
to the Bradford method, using bovine serum albu-
min as the standard [12].

SDS Polyacrylamide Gel Electrophoresis

SDS polyacrylamide gel electrophoresis was per-
formed after purification of the enzymes. It was
carried out in 10% and 3% acrylamide for the
running and the stacking gel, respectively, contai-
ning 0.1% SDS according to Laemmli procedure. A
20 mg sample was applied to the electrophoresis
medium. Gels were stained for 1.5 h in 0.1% Co-
ommassie Brilliant Blue R-250 in 50% methanol
and 10% acetic acid, then destained with several
changes of the same solvent without the dye [13].

Optimum pH Determination

In order to determine the optimum pH,
K-phosphate and Tris-HCI buffers were used in
the pH range of 5.0-7.5 and 7.0-9.0, respectively.

Optimum Temperature Determination

For determination of the optimum temperature,
enzyme activity was assayed at different tempe-
raturesinthe range from10 C to 80 C. The desired
temperature was provided by using a Grant bath.

Optimum lonic Strength Determination
For determination of optimum ionic strength,
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enzyme activity was determined using different
concentrations of Tris-HCI buffer, pH: 8.0, in the
range from 10 mM to 1000 mM.

Stable pH Determination

For this aim, equal volumes of the buffers Tris-
HCl at pH of 7.0, 7.5, 8.0, 8.5 and 9.0, and puri-
fied enzyme were mixed and kept in a refrigera-
tor (+4C). The enzyme activity was assayed at 12
hour intervals.

In Vitro Effects of Metal lons

In order to determine the effects of the metal ions
on Siirt Mohair Goat liver CA, different concent-
rations of metal ions were added to the reaction
medium. The inhibitory effects of Al**, Ni2*, Cd?",
Cu?*, Pb?*, Ba?*, Zn?*, B¥, Fe®, Se?", Ag* and Co?*
were examined. All compounds were tested in
triplicate at each concentration used. Different in-
hibitor concentrations were used. Control cuvette
activity in the absence of inhibitor was conside-
red as 100%. For each inhibitor, an activity (%)-
[inhibitor] graph was drawn [14].

RESULTS

Carbonic anhydrase from Siirt Mohair Goat liver
was purified up to 80.55-fold with a recovery ra-
tio of 57.28% compared to homogenate (Table 1).

After the sample had completely passed thro-
ugh, the column was washed with 25 mM Tris-
HCI/22 mM Na,SO, buffer whose pH was (8.7). Du-
ring washing, absorbencies of fractions were spect-
rophotometerically measured at 280 nm and 348
nm. These values of the absorbance showed that
some proteins, bound to the affinity material, have
been removed from the column by the washing
solutions. Then, the enzyme was eluted with 0.1 M

Table 1. Summary of purification procedure of CA enzyme from Siirt Mohair Goat liver.

Purification  Activity Vlf:fn'e Protein plgtz:n Total 22;5’;’; Yield  Purification
ivi 0,

Steps (EU/ml) ™ (mg/ml) (ma) activity (EU/ma) (%) fold

Homogenate 643 20 26.84 536.8 12866 23.97 100.0 1.0

Sepharose-4B-L

tyrosine-sulfa-

nilamide 670 1 0.35 3.82 7370 1930.84 57.28 80.55

affinity chroma-
tography
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Figure 1.: SDS-PAGE analysis of purified CA enzyme from
Siirt Mohair Goat liver. Lane (1) Siirt Mohair Goat liver CA
enzyme. Lane (2) standard proteins (250 kDa), (150 kDa),
(100 kDa), (70 kDa), (50 kDa), (30 kDa), (15 kDa).

NaCH,C00.3H,0/0.5 M NaClIO, (pH 5.6). At the end
of the last step, a highly purified enzyme was obtai-
ned exhibiting a single band on SDS-PAGE (Figure 1).

Besides, some kinetic properties of the enzyme
was investigated. The optimum pH, optimum tem-
perature, optimum ionic strength and stable pH
were determined to be 8.0,40C, 25 mM and 7.0 for
the enzyme, respectively (Table 2).

The stable pH profile of the enzyme was deter-
mined at five different pH's in 25 mM Tris-HCI. The
enzyme was able to protect 76.2 % of maximum
activity at the end of 72 hours in 25 mM Tris-HClI
buffer (pH: 7.0). These results are similar to CA
obtained from Agri Balik Lake Trout Gill [15]. The

Table 2. Kinetic properties of CA enzyme from Siirt Mohair
Goat liver.

p-Nitrophenyl

enzyme was seen to exhibit the highest activity
at 40°C in a study of temperatures between 10°C
and 80°C. The optimum ionic strength of the en-
zyme was estimated to be 25 mM Tris-HCI buf-
fer. However, about 85% of the maximum activ-
ity was present in the broad range from 10 mM
to 1000 mM. In addition to establishment of mo-
lecular weight of the enzyme, R, values were also
calculated for the enzyme and standard proteins,
and R;-LogMW graph was obtained according to
Laemmli" method [13]. The molecular weight of
the enzyme was determined to be 29.5 kDa. K,
and V__ values were calculated for NPA by Line-
weaver-Burk graph (Figure 2).

K, constants were calculated as 0.794 mM, V__
values as 0.736 mol.min~" for NPA (Table 2). In addi-
tion to purification and characterization of the enz-
yme, AP*, Ni2*, Cd?*, Cu®, Pb?*, Ba®*, Zn*, B*, Fe%*,
Se?*, Ag* and Co?* metal ions were chosen to inves-
tigate their inhibitory effects on Siirt Mohair Goat
liver CA. IC,, parameters of these metals were de-
termined. Metal ions inhibited the enzyme activity
at low concentrations (Table 3).

In vitro inhibition rank order was determined as
Se?*> B¥ > Ag* > APF* Ba?*> Cd?**> Pb? > Ni#* > Fe3* >
Cu?* > Zn? > Co*.

DISCUSSION

CA has been purified from many different tissu-
es up to now; including human erythrocytes [16],
sheep liver [17], fish liver [5,18], fish qgills [15,19],
rainbow trout liver and kidney [7,20], bees [21].
Although, CA and the inhibitory effects of many
metals on CA have been studied in most tissues,
no study has been done on Siirt Mohair Goat li-
ver, yet. For this reason, Siirt Mohair Goat liver CA

Substrate
acetate
Optimum lonic Strength (mM) 25.0 3
v

Optimum pH 8.0 (nmolxminT) 2
Optimum Temperature (°C) 40.0 1
Stable pH 7.0 T —0 T 1

-3 -1 1 3 5
Ky (mM) 0.79 1/[4-nitrophenylacetate] mM!
V..., (umol.min™) 0.74 Figure 2. Lineweaver-Burk graph with five different 4-nit-

rophenylacetate concentrations.



Table 3. Inhibition values of metal ions on CA
enzyme from Siirt Mohair Goat liver.

Inhibitors IC Inhibitors IC

50 50
Al 2.24mM Se? 1.75 mM
Ni2* 2.76 mM Ba? 2.25mM
Zn%* 3.28 mM B3* 213 mM
Cu? 3.20 mM Fe3* 3.1mM

Cd?* 2.36 mM Ag™ 216 mM
Pb2* 2.55mM Co? 3.5mM

enzyme was isolated and characterized for the
first time in this study. Purification procedure was
carried out by affinity chromatography on Sepha-
rose 4B tyrosine-sulfanilamide. We achieved to
purify the enzyme in a single step. The molecular
weight of the enzyme was determined to be 29.5
kDa. Similar results have been observed for the
enzyme from different sources. For example, she-
ep kidney CA is 28.9 kDa [18], the teleost fish D.
labrax liver CA is also of 29 kDa [5], human eryt-
hrocyte CA is 29 kDa [16], bovine erythrocyte CA
is 29 kDa [6] and rainbow trout liver CA is 31 kDa
[20].

It is clear that Se?*and B** are the most potent
inhibitors for Siirt Mohair Goat liver CA enzyme. CA
has histidines exposed on the surface. The mecha-
nism of toxicological effects of the metals is pro-
bably due to the interactions between the histidines
and the metals or the interaction of the metals with
other aminoacids around the active site. The interac-
tions between specific enzyme systems and heavy
metals ions have been extensively studied in recent
years. Demirdag et al. [17] investigated the inhibiti-
on effects of some metal concentrations (Cu?*, Co%,
Cd?*, Zn?" and Ni?*) on the activity of CA from sheep
liver. In vitro inhibition rank order was determined
as Cuh» Zn2H» Cd?» Co?»Nit. Soylit and Beydemir
[7]1investigated the in vitro effects of Co?*, Zn?*, Cu?,
Cd?* and Ag*on chemical-targeted CA enzyme from
rainbow trout kidney. In vitro inhibition rank order
was determined as Co?»>Zn2»>Cu?»>Cd2?»>Ag*. Ceyhun
et al. [5] investigated the inhibition effects of some
metal concentrations (AP, Cu®, Pb?*, Co*', Ag*, Zn?*
and Hg?") on the activity of CA from the teleost fish
Dicentrarchus labrax liver. In vitro inhibition rank
order was determined as APP*»>Cu?>Pb?*> Co%> Ag"
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Zn?* Hg?*. In our this study in vitro inhibition rank
order was determined also as Se?*> B3 > Ag* > Al**
Baz*> Cd?*> Pb2* > Ni2* > Fe3* > Cu?* > Zn?* > Co?*. The
results obtained in our work are similar to data re-
ported by many researchers [3,5,7,17-20,22]. In re-
cent years, people have become concerned about
the water, soil and air pollution by various heavy
metals. Because, some heavy metals (nickel, silver
and cadmium) that enter the food chain are not
discharged from living things. Therefore these he-
avy metals are accumulated in living things bodies.
Then, they can be ingested by humans via the con-
sumption of nutrients.

Consequently, we purified carbonic anhydrase
from Siirt Mohair Goat liver for the first time, and
analyzed characteristic features of the enzyme. Our
results are in good agreement with others reported
in literature. In addition, inhibitory effects of me-
tals on enzyme activity were reported. Thus, the
characteristics of the enzyme and the inhibition of
the enzyme against metals have been added to the
literature.
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