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ABSTRACT: Carbonic anhydrases are vital class of enzymes that participate in so many essential
physiological events in the organism and associated with many diseases. Inhibitors of carbonic
anhydrase enzymes are used in pharmacological applications in many areas such as antiobesity,
antiglaucoma, anticancer agents and anticonvulsants. So, this study focuses on the characterization of
CA-1 and CA-II isoenzymes purified from sheep stomach and investigating the inhibition effects of
antibiotics on these enzymes. The findings show that the antibiotics studied strongly inhibit CA-1 and
CA-I11 isozymes. In our presented study, using Sepharose 4B-L-Tyrosine sulfanilamide affinity gel
chromatography, carbonic anhydrase | and carbonic anhydrase Il isoenzymes were purified from sheep
stomach with a yield of 51.9%, 78%, respectively and specific activity of CA | and CA 1l are 4864.8
EU/mg and 5652.02 EU/mg, respectively. The overall purifications from sheep stomach CA | and CA
Il were approximately 529.4 and 615.2 fold respectively. To check the purify of the enzymes, it was
conducted an electrophoretic method so-called Sodium Dodecyl Sulphate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) and single bands were detected for both enzymes. Additionally, the effects
of antibiotics on sheep stomach CA | and CA Il isozymes activities, using both hydratase and esterase
activity methods, were researched. 1Cso values of enrofloxacin, tylosin and ampicillin antibiotics that
inhibit CA | enzyme with hydratase activity were found as 1.41, 0.033 and 1.56 mM, respectively. I1Cso
values for CA Il enzyme with hydratase activity of the same antibiotics were found as 2.47, 0.039 and
1.63 mM, respectively. Kanamycin and amikacin antibiotics inhibited both CA | and CA Il enzymes
with esterase activity. 1Cso values for CA | and CA Il enzymes with esterase activity of kanamycin
antibiotic were determined as 0.0488 and 0.118 mM, respectively. 1Csg values of amikacin for CA | and
CA 1l enzymes with esterase activity were determined as 0.0163 and 0.036 mM, respectively.
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INTRODUCTION

The carbonic anhydrase (CA, EC 4.2.1.1), in the class of metalloenzymes, is an enzyme that forms
bicarbonate, and proton by hydration of carbon dioxide. This reaction, which can also take place without
any catalyst, is quite rapid in the presence of the CA enzymes. CO, bicarbonate and protons are
molecules/ions that are essential to all living things in many important physiological processes (Supuran,
2008). While biological membranes are highly resistant to diffusion of hydrogen ion and bicarbonate,
CO; formed within the cell can easily pass through the membrane. This facilitated diffusion is eliminated
through the carbonic anhydrase’s catalytic activity (Geers and Gros, 2000).

The presence of carbonic anhydrase in different cell compartments or tissues of different species
of livings (Bacteria, Archaea, and Eukarya) suggests that CAs have independently evolved at least five
times with five genetically different families of enzymes known to date (Supuran, 2010). This enzyme
family is divided into four subclasses according to their cellular localization: cytosolic (CA 1, 11, 111,
VII), membrane-associated (CAs IV, IX, XII, XIV), mitochondrial (CA V), and secretory (CA VI)
(Potter and Harris, 2003). These enzymes are vital players in so many physiological events such as bone
resorption, signal transduction, respiration, kidney, and male reproductive acidification,
gluconeogenesis, and gastric acid formation (Sly and Hu, 1995). Because of all these physiological
processes they involved, carbonic anhydrases have become interesting targets for inhibitor or activator
synthesis. However, synthesized CA inhibitors are still not at the desired level. They show many
undesirable side effects such as depression, metallic taste, metabolic acidosis, fatigue, transient myopia,
weakness, gastrointestinal irritation, decreased libido, and kidney stones (Dodgson, 1987; Spencer et al.,
1988; Dodgson and Cherian, 1989; Chegwidden and Spencer, 1996; Caglayan et al., 2019).

Inhibitors of carbonic anhydrase enzymes are used in pharmacological applications in many areas
such as antiobesity, antiglaucoma, anticancer agents and anticonvulsants. However, the use of these
inhibitors in the design of antifungal and antibacterial agents is also a novel approach (Supuran, 2012;
Liu et al., 2012; Sahin et al., 2012). The synthesis of CA enzyme inhibitors has become increasingly
interesting. Sulfonamides and isoester derivatives of sulfonamides, that bind to the enzyme’s active site,
are the primary class of carbonic anhydrase inhibitors (Supuran, 2012). Recently, several CA inhibitors
(CAIls) have been designated which have a different mechanism of action than sulfonamides.
Polyamines, phenols, sulfocoumarins, and certain carboxylates have been reported to bind to the zinc
coordinated water molecule in the active site of the enzyme (Ozensoy et al., 2011; Sahin et al., 2011;
Sentiirk et al., 2012; Giindogdu et al., 2019).

Carbonic anhydrase enzymes are associated with cancer as well as many other diseases. CA
enzymes have been reported to promote tumor growth and express in malignant tumor cells by causing
increased intracellular alkalization and increased extracellular acidity (Chiche et al., 2009). In a study
conducted on Gastrointestinal Stromal Tumors (GISTs), CA Il a quite high activity was detected despite
relatively low CA | activity (Parkkila et al., 2010).

Kanamycin and amikacin, which are a subclass of aminoglycosides, are antibiotic that treats
infections caused by Gram-positive and Gram-negative bacteria by interfering with protein synthesis
(Oertel et al., 2004; Zhanel et al., 2012). Enrofloxacin, which is used in both human and animal medicine,
is an antimicrobial agent from the broad antimicrobial spectrum group of fluorinated quinolones and
high bactericidal activity (Dimitrova et al., 2007). Tylosin is a macrolide antibiotic that is often used
against Gram-positive bacteria and mycoplasmas. Tylosin is used in human medicine, as well as in the
treatment of conditions caused by sensitive microorganisms in poultry, cattle, and pigs (Baguer et al.,
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2000). Ampicillin is a B-lactam/B-lactamase inhibitor with a wide spectrum of antibacterial activity
against Gram-negative, Gram-positive and anaerobic bacteria (Rafailidis et al., 2007).

MATERIALS AND METHOD

Providing of Sheep Stomach and Preparation of Homogenate

Sheep stomachs used in the study were obtained fresh from a local slaughterhouse. Sheep stomachs
were taken kept in ice and brought to the laboratory. Sheep stomach tissues were chopped in small pieces
and washed with 0,9% NaCl liquid solution, three times. Then, stomach samples were homogenized in
Tris-HCI/Na2SO4 buffer (pH = 8.7) to be 3 ml g2, after applying liquid nitrogen. Provided solutions
were centrifuged for thirty mins at 15,000 xg. The supernatant was taken and ultracentrifuge was
performed at 100 000 xg. The supernatant was used for the analysis (Kiling et al., 2015).

Application of Sheep Stomach Homogenate to The Affinity Column and Elution of the Enzyme

The pH of the homogenate solution provided from sheep’s stomach was set to 8.7. Subsequently,
the solution was exerted to the affinity column and 500 mL of Tris-HCI/Na,SO4 (pH = 8.7) buffer
solution passed through the column. In this way, the carbonic anhydrase enzymes were attached to the
affinity column material and unwanted components were taken away. Then, 25 mM Na;HPO./1 M NaCl
(pH=6.3) buffer solution was exerted to the affinity column and CA-I enzyme was taken as an elution.
Subsequently, 0.1 M NaCH3COO0.3H20/0.5 M NaClO4 (pH = 5.6) solution was exerted to the affinity
column and the CA-Il enzyme was taken as an elution. The column’s flow rate was set to 20 mL hour*
thorough a peristaltic pump. Using a fraction collector, the elutions were put into tubes in 1.5 mL and
their absorbance at 280 nm was checked (Alim et al., 2015).

Dialysis

Tubes obtained from the affinity column and showing high absorbance at 280 nm were combined
separately and put into dialysis bags and dialyzed with dialysis buffer (containing 1mM -
mercaptoethanol, 0.05 M Tris-SO4 pH=7.4) for two hours. Dialyzation was performed in a cold
environment (Kilinc et al., 2014).

Control of Enzyme Purity by Sodium Dodecylsulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE)

After applying purification procedures, the purity checks of sheep stomach CA enzymes obtained
with the Sepharose 4B affinity column were conducted by the 3-8% batch SDS-PAGE method
(Laemmli, 1970).

Specification of the Enzyme’s Molecular Weight by Performing SDS-PAGE

As specified by Laemmli (1970)’s molecular weight determination method, the molecular mass
determination was made as follows; Bovine erythrocyte carbonic anhydrase 29 kDa, rabbit
phosphorylase B 97 kDa, bovine serum albumin 66 kDa, ovalbumin 45 kDa proteins were used as
standard protein. After the electrophoresis procedures for each tissue, standard proteins’ Rf values were
computed and log MW-Rf standard graphics were drawn. Then, Rf values of CA enzymes obtained from
stomach tissue were calculated separately and replaced by the standard chart, and the log-MW of CA-I
and CA-I11 isoenzymes was determined. The molecular masses of the samples were determined by taking
antilogarithm of these values (Beydemir et al., 2002).

Activity Determination of Carbonic Anhydrase Enzyme
Two basic methods are used to assay CA enzyme activity; The first method, so-called CO»-
hydratase activity, is the primary and physiologic activity measurement method of CAs, and the second
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method, called esterase activity, is an in vitro method based on the spectrophotometric measurement
principle.

CO2-hydratase activity

This method is the activity measurement method used by Wilbur-Anderson, modified by Rickli et
al. (Wilbur and Anderson, 1948). The pH changing results from the H* ion released as a result of the
CO2 hydration is determined via the bromine-thymol blue indicator’s color changing and is based on the
measurement of the slipped by time.

Esterase activity

The fundamental of the method is briefly as follows; The carbonic anhydrase enzyme hydrolyzes
p-nitrophenylacetate used as a substrate to p-nitrophenolate or p-nitrophenol, which absorbs at 348 nm.
At 348 nm, p-nitrophenolate and p-nitrophenol both show the same absorbance(Armstrong et al. 1966;
Verpoorte et al., 1967).

Quantitative Protein Determination by Bradford Method

The amount of quantitative protein in the prepared from sheep stomach homogenate and enzyme
solutions purified by Sepharose 4B-L-tyrosine sulfanilamide affinity chromatography samples were
determined by this method. In this method, bovine serum albumin is used as a standard protein and based
on discovering the amount of protein using a standard graphic based on the absorbance at 595 nm
(Bradford, 1976).

Kinetic Studies on CA I and CA 11 Isozymes Purified from Sheep Stomach Tissue

Optimum temperature

Temperature-Activity (EU mL™) graph was drawn by spectrophotometrically measuring esterase
activity using digital water bath to determine the optimum temperature value of CA enzymes purified
from sheep stomach (Kaya et al., 2013).

Kwm and Vmax values for p-nitrophenylacetate substrate

To determine the Km and Vmax values of CA | and CA 11 isozymes purified from sheep stomach
for p-nitrophenilacetate substrate, their activities were computed under optimum conditions and
Lineweaver-Burk plot was drawn and Km and Vmax values were calculated from this graph (Lehninger,
2005).

In Vitro inhibition studies

Antibiotics showing inhibitory effect were determined through assaying the catalytic activity of
CAs with several inhibitor concentrations. Those with high inhibition effect from these antibiotics were
plotted as % Activity- [I], 1Cso values were calculated from the equation of the curve. In order to
determine the K; values of antibiotics for which ICso values were calculated, Lineweaver-Burk plots
were drawn by performing activity measurements at different concentrations of antibiotics that inhibit
sheep stomach CA I and CA Il isozymes with five concentrations of a suitable substrate (Kiling et al.,
2018; Alim, 2019).

RESULTS AND DISCUSSION

Carbonic anhydrase | and Il isozymes were purified from sheep stomach by affinity
chromatography, 51.9% and 78% yield, respectively. The purification fold was determined as 529.4 and
615.2-fold, respectively (Table 1).
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Table 1. Sheep stomach CA | and CA Il purification results
Total Total Total Specific

Purification Activity L Protein - o Yield Purification
7y Volume Activity . Protein  Activity
1 1 0,

Steps (EU mL1) (mL) (EV) (mg mL1) (mg) (EU mg™) (%) fold
Homogenate 65 40 2600 7.07 282.8 9.19 100 1
Sepharose 4B affinity 90 15 1350 00185 02775 48648 519 5294
chromatography CA |
Sepharose 48 affinity 200 7 2030 00513 03591 565202 78  615.2
chromatography CA Il

The purity control of carbonic anhydrase | and Il enzymes purified from sheep stomach was
checked by the batch SDS-PAGE method. As a result of the SDS-PAGE method, single bands were
detected for both enzymes (Figure 1).

Figure 1: SDS-polyacrylamide gel electrophoresis photograph of sheep stomach carbonic anhydrase | and Il isoenzymes
purified by affinity chromatography * 4: standard proteins: Phosphorylase (97.4 kDa), bovine serum albumin (66 kDa),
ovalbumin (45 kDa), bovine erythrocyte carbonic anhydrase (29 kDa). (1), (2) and (3) CA 1, (5) and (6) CA 1l enzyme

The molecular weights of enzymes were calculated as 26.7 kDa with the same method. Some
kinetic properties of carbonic anhydrase | and Il isozymes purified from sheep’s stomach were also
determined. For this purpose, activity assaying at several temperatures were made for both enzymes
using a digital water bath and it was determined that the optimum temperature of both enzymes was
50°C. In addition, in order to determine the Km and VVmax values for the p-nitrophenylacetate substrate,
activity measurements were made at different substrate concentrations. Lineweaver—Burk graphs were
drawn and the Kwm value for carbonic anhydrase | was determined as 1.32 mM and the Vmax value was
0.22 EU mL™. For carbonic anhydrase Il, the Ky value was determined as 1.938 mM and the Vmax
value as 0.329 EU mL* (Table 2).

Inhibition effects of antibiotics on CA-1 and CA-Il isoenzymes purified from sheep stomach were
also investigated using both esterase and hydratase activity methods, and these antibiotics were found to
inhibit sheep stomach CA-1 and CA-1l enzymes quite well. Inhibition effect results of antibiotics on
these enzymes are given in Table 3 as a whole.
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Table 2. Overall results of kinetic studies for sheep stomach CA 1 and CA Il

CAl CAII
Optimum temperature (°C) 50 50
Kwm (mM) 1.32 1.97
Vmax (EU mL™?) 0.22 0.33
Determination of molecular
mass (kDa) 26.7 26.7

(via SDS-PAGE)

Table 3. Overall inhibition results of antibiotics that inhibit sheep stomach CA | and CA Il isozymes with both esterase and

hydratase activity

CAI CAll
Hydratase . Hydratase L
Antibiotics  Activity Esterase Activity Activity Esterase Activity
ICso(mM) 10 Average Inhibition ICs0 ICso  Average Inhibition
%0 (mM)  Ki(mM) type (mM)  (mM) Ki(mM) type
Kanamycin - 0.0488 0.147+0.061 Uncompetitive - 0.118 0.042+0.0118 Uncompetitive
Amikacin - 0.0163 0.042+0.015 Noncompetitive - 0.036 0.033+0.0078 Noncompetitive
Enrofloxacin 1.410 1.32 3.850+1.982 Noncompetitive  2.470 - - -
Tylosin 0.033 - - - 0.039 - - -
Ampicillin 1.560 - - - 1.630 - - -
(A) e i (B) - ) + Contl
o i [1=0.0213 mM . // M=00215 mM
= 4 [R=0128 oM By o /_‘ e + 200428 M
* [3=0.17 mM L] /l'/‘/l/ P P 52 S 15=0107 mM
600 / -
35 3 ; '2 ’ ] 3 4 :ﬁ g
L8]
(cy 300 () B
i + Cormtrol 4000 - ¢ Control
o P [I]1=0_008 mM 3500 7 [T]1=0,016 mM
2000 / ) . [2=0,024 mM g fi _ . ) / ~ 4 [IP=0.032 mM
= 1500 / T F © [1]3=0,0272 mM " ] ’ nEERR
2 R, 1500 1 o
1000 1 //.”5::/_( /
. -2 o 2 4 3 g
2 (1] 2 1}[‘;] 6 8 V]

Figure 2. K; graphs of kanamycin and amikacin that inhibit sheep stomach CA | and CA 11 isozymes by esterase activity*(A)
and (B), K graphs of kanamycin on CA | and CA 11, respectively. (C) and (D), K; graphs of amikacin on CA | and CA 11,

respectively

The most common CA inhibitors are sulfonamides that have been in clinical use for more than 50
years as systemically effective antiglaucoma drugs and diuretics (Supuran et al., 2003). Besides, in recent
years, it has been revealed that sulfonamide/sulfamate CAIls have potential as an antiobesity,
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anticonvulsant, pain reliever, anti-infective, and anticancer drugs (Supuran, 2008). In recent years, it has
been reported that besides sulfonamides, there are new classes of CA inhibitors that are highly effective
on CA enzymes such as polyamines, phenols, sulfocoumarins, and some carboxylates (Sentiirk et al.,
2012; Ozensoy et al., 2011; Sahin et al., 2011). It is clear from the above information that the inhibition
of carbonic anhydrase, which is associated with many diseases, with different groups of chemical
molecules, is becoming an increasingly important approach. Therefore, in our research, CA 1 and CA Il
isozymes from sheep stomach were purified, some characteristics were determined and the inhibition
effects, using both hydratase and esterase activity method, of some antibiotics on these enzymes were
investigated. As a result of the inhibition studies conducted, the antibiotics studied have been shown to
inhibit both CA | and CA Il isoenzymes quite well. In the inhibition study by measuring hydratase
activity, tylosin antibiotic showed the best inhibition effect with 0.033 mM ICso value on CA | enzyme.
ICso values of other antibiotics ampicillin and enrofloxacin are with 1.41 mM and 1.56 mM, respectively.
The ICso values of amikacin, Kanamycin, and enrofloxacin, which are inhibitory effects with esterase
activity on CA | isoenzyme, were determined as 0.016 mM, 0.048 mM, and 1.32 mM, respectively. In
the inhibition study by measuring hydratase activity, tylosin antibiotic showed the best inhibition effect
with 0.0387 mM ICso value on the CA 1l enzyme. ICso values of other antibiotics ampicillin and
enrofloxacin are 1.63 mM and 2.47 mM, respectively. The 1Cso values of amikacin and kanamycin,
which are inhibitory effects with esterase activity on CA Il isoenzyme, were determined as 0.036 mM
and 0.12 mM, respectively. It is clear from the results that amikacin and kanamycin antibiotics did not
show hydratase activity on both the CA I and CA Il isoenzyme. While the enrofloxacin antibiotic showed
both esterase and hydratase activity for CA I, it only showed hydratase activity for CA Il. It was detected
that there is no significant difference between the hydratase and esterase 1Cso values of enrofloxacin.
The Ki values of the amikacin antibiotic for CA | and CA 1l are 0.0421 mM and 0.033 mM, respectively.
The inhibition type for both enzymes is non-competitive. Kanamycin, another antibiotic has CA | and
CA Il esterase activity, K; values of 0.048 mM and 0.12 mM, respectively. For both enzymes, it’s
inhibition type is un-competitive. The Ki value of enrofloxacin, which shows esterase activity only on
CA |, is 3.85 mM and the inhibition type is non-competitive.

CONCLUSION

In conclusion, enzymes CA | and CA Il isozymes were purified from sheep stomach, some
characteristics were indicated and the inhibition effects of some of the common medically used
antibiotics on these enzymes were investigated. The results showed that all the antibiotics studied
showed a significant inhibition effect on CA | and CA Il isozymes. In particular, amikacin and
kanamycin antibiotics, which have an inhibition effect on both enzymes at the micromolar level, have
been shown to be good carbonic anhydrase enzyme inhibitors. Considering that carbonic anhydrase
inhibitors currently used as medicines show many side effects such as depression, metallic taste,
metabolic acidosis, fatigue, transient myopia, weakness, gastrointestinal irritation, decreased libido, and
kidney stones, it will be concluded how valuable and important the results are.
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