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ABSTRACT: All cells produce carbon dioxide (CO2), which is released as a result of metabolism and must be
removed from the body. A large part of this CO2 is converted to bicarbonate by the carbonic anhydrase (CA)
enzyme in erythrocytes and is discarded from the body. So, CA has a vital role in red blood cells. In addition to,
CA involved in many other pathological and physiological processes and it was determined that the inhibitors of
CA were effective in the treatment and diagnosis of many diseases particularly glaucoma. Considering the
importance of the CA's inhibitors, in this study it was intended to research the inhibition effects of Eosin Y on CA
I and CA II isoenzymes activity purified from human erythrocytes. Eosin Y is a dye molecule commonly used in
histological and medical applications. For this purpose, firstly CA I and CA II isoenzymes were purified from
human erythrocytes by using Sepharose-4B-L-tyrosine-sulfanilamide affinity chromatography. Then the
inhibitory effect of Eosin Y on the activity of these human erythrocyte CA I (hCA I) and CA II (hCA II)
isoenzymes was investigated. It was determined that hCA I and hCA II were inhibited by Eosin Y in the millimolar
range. IC50 values were found to be 3.78 mM for hCA I and 2.04 mM for hCA II and Ki values were determined
as 9.65±0.968 mM and 7.52±2.88 mM for hCA I and hCA II, respectively. In conclusion, it is hoped that the
results obtained in this study may be beneficial in the development of new CA inhibitors which may be drug
candidates.
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İnsan Eritrositlerinden Saflaştırılan Karbonik Anhidraz (CA) I ve II İzoenzimleri Üzerinde
Eozin Y'nin İnhibisyon Etkisi
ÖZET: Bütün hücrelerde metabolizma sonucu açığa çıkan ve vücuttan atılması gereken karbondioksit üretilir.
Bu CO2'nin büyük bir kısmı eritrositlerde CA enzimi tarafından bikarbonata dönüştürülür ve vücuttan atılır. Bu
nedenle, CA'nın kırmızı kan hücrelerinde hayati bir rolü vardır. Ayrıca, CA diğer birçok patolojik ve fizyolojik
süreçlere dahil olmuştur ve CA inhibitörlerinin, özellikle glokom gibi birçok hastalığın tedavisinde ve tanısında
etkili olduğu belirlenmiştir. CA inhibitörlerinin önemi göz önüne alındığında, bu çalışmada Eosin Y'nin insan
eritrositlerinden saflaştırılmış CA I ve CA II izoenzimlerin aktivitesi üzerindeki inhibisyon etkilerinin
araştırılması amaçlanmıştır. Eozin Y, histolojik ve tıbbi uygulamalarda yaygın olarak kullanılan bir boya
molekülüdür. Bu amaçla öncelikle CA I ve CA II izoenzimleri, Sepharose-4B-L-tirozin-sülfanilamid afinite
kromatografısi kullanılarak insan eritrositlerinden saflaştırıldı. Daha sonra, Eozin Y'nin bu insan eritrosit CA I
(hCA I) ve CA II (hCA II) izoenzimlerinin aktivitesi üzerindeki inhibitör etkisi araştırıldı. hCA I ve hCA II'nin
millimolar aralıktaki Eozin Y tarafından inhibe edildiği belirlendi. IC50 değerleri hCA I için 3,78 mM ve hCA II
için 2,04 mM. Ki değerleri ise hCA I ve hCA II için sırasıyla 9,65 ± 0,968 mM ve 7,52 ± 2,88 mM olarak tespit
edildi. Sonuç olarak, bu çalışmada elde edilen sonuçların, ilaç adayı olabilecek yeni CA inhibitörlerinin
geliştirilmesinde faydalı olacağı ümit edilmektedir.
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INTRODUCTION
Carbonic anhydrases (CAs, EC 4.2.1.1) are zinc-content (Zn2+) metalloproteins included in the
lyase class and catalyses carbon dioxide (CO2) conversion to bicarbonate (HCO3-) and proton (H+)
reversibly (Alterio et al., 2012; Aksu et al., 2013; Aslan et al., 2019). The most fundamental function of
carbonic anhydrase is respiratory and is responsible for CO2 /bicarbonate transport in various
metabolised tissues (Kaya et al., 2019; Türkeş et al., 2019). In addition, CA acts on CA many important
physiological functions from pH regulation to biosynthesis reactions (gluconeogenesis, lipogenesis,
urogenesis etc.) (Alim et al., 2015). Numerous scientific studies have been conducted on CA isoenzymes
due to their important physiological functions (Caglayan et al., 2018; Caglayan et al., 2019). Since CAs
are closely related to many diseases such as glaucoma (Juncal et al., 2013), edema (Wolfensberger,
1999), osteoporosis (Mori et al., 2009), obesity (Scozzafava et al., 2013), ulcer (Buzas and Supuran,
2016), cancer (Benej et al., 2014), epilepsy and other neurological disorders (Jang et al., 2010; Aggarwal
et al., 2013), CAs have become a therapeutic target molecule especially in drug design studies. Because
of its physiological importance, the identification of activators and inhibitors of CAs has been a strong
target for drug development studies (Erdemir et al., 2019; Saglık et al., 2019). Currently inhibitors of
CAs are widely used as drug in the treatment of many diseases such as glaucoma, epilepsy, ulcer, cancer,
obesity, edema (Supuran, 2011). On the other hand, nowadays CA activators are evaluated as potential
pharmacological agents in Alzheimer’s disease, ageing and other neurological disorders. Recent studies
have shown that the HCO3-concentration is increased rapidly and efficiently in the memory-related nerve
structures with the activation of the carbonic anhydrase enzyme. Therefore, it has been determined that
the CA plays an significant role in nervous system.
So, CA malfunction is closely related to mental retardation, Alzheimer's and other
neurodegenerative diseases. Scientists therefore thought that CA activators would provide a new method
of treatment for Alzheimer's and other mental disorders (Sun and Alkan, 2002; Supuran, 2008).
To date, 16 CA isoenzymes with significant physiological roles have been identified, and among
them CA I and CA II are the most widely studied and they are two main isoenzymes found in mammalian
erythrocytes (Ekinci et al., 2007). CA I is the most abundant protein in erythrocytes, but also in the
gastrointestinal tract. CA II, which has the highest turnover ratio, shows widespread distribution in
almost all tissues and organs together with erythrocytes. CA I and CA II participate in important
metabolic functions and are closely related to many diseases (Hu et al., 1992; Hassan et al., 2013).
Therefore, the determination of these two isoenzyme inhibitors is very important. For example,
inhibition of CA II reduces intraocular pressure which damages the optic nerve of the eye in gluocoma
(Supuran et al., 2001). Therefore, inhibitors of CA II are drug candidate for glaucoma disease. In
addition, recent studies have indicated that CA I and CA II inhibitors can be used as important
biomarkers in some cancer diseases.
Carbonic anhydrase inhibitors are divided into two main classes according to enzyme binding sites.
The first is those that are interact directly with the catalytic zinc ion. The second is the ones that are not
directly affected by the zinc ion and are connected to the active site (Chiaramonte et al., 2018). Since
there are 16 isoenzymes of the carbonic anhydrase enzyme, most CA inhibitors are non-specific and
have numerous side effects. (Alım, 2018). In order to prevent this, inhibitors specific to isoenzymes need
to be designed. Therefore, studies on the development of inhibitory derivatives which show selective
inhibition effect against CA isoenzymes are very important.
Eosin Y is an acidic dye that binds to the essential components of the cell, and in particular to
proteins in the cytoplasm. Eosin Y is chemically known as disodium 2-(2, 4, 5, 7-tetrabromo-6-oxido3-oxo-3H-xanthen-9-yl) benzoate have a molecular formula (C20H6Br4Na2O5). Combination of Eosin Y
with hematoxylin is the most common staining and primary diagnostic technique used in
histopathological studies. Eosin Y is also one of the most common ion-coupling agents, and its mono
and di-anionic forms can interact with many drug molecules (Waheed et al., 2000; Rahman, 2017). The
aim of this study was to investigate the inhibitory effect of Eosin Y on CA I and CA II isoenzymes of
human erythrocytes.
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MATERIALS and METHODS
Chemicals
All chemicals used in purification processes and kinetic studies were purchased from SigmaAldrich Co. (Steinheim, Germany).
Purification Process of CA I and CA II From Human Erythrocytes
Sepharose-4B-L-tyrosine-sulfanilamide affinity column was prepared to purify the CA I and CA
II isoenzymes from human erythrocytes. The affinity column was equilibrated using 25 mM Tris-HCl /
0.1 M Na2SO4 (pH 8.7) buffer solution. Preparation of human erythrocyte hemolysate (40 mL) and
purification of CAI and CAII were done as in previous study (Alım, 2018). During the purification, the
elution of CA I and CA II was monitored by measuring the absorbance at 280 nm. CA I and CA II
activity in the eluates were measured by the hydratase activity measurement method determined by
Wilbur-Anderson (Wilbur and Anderson, 1948). The active enzyme fractions were collected and
dialyzed against 0.05 M Tris-SO4 (pH 7.4) buffer overnight. After dialysis, CA I and CA II isoenzymes
were stored at -80 °C in small fractions for use in subsequent kinetic studies. The amount of protein in
the hemolysate and the purified CA I and CA II enzyme solutions was determined using the Bradford
method (Bradford, 1976). The purity control of the isoenzymes was performed by SDS-PAGE
determined by Laemmli (Laemmli, 1970).
Biological Activity Assay
The activity of CA isoenzymes in inhibition studies was measured by the esterase activity
described by Verpoorte et al. (Verpoorte et al., 1967). The activity of isoenzymes according to this
method was measured at 348 nm formation of 4-nitrophenylate from 4-nitrophenylacetate for 3 min at
25 0C using a spectrophotometer. Activity measurements were performed using at least 5 different
concentrations of Eosin Y molecule. In the absence of Eosin Y molecule, the control activity of the CA
I and CA II isoenzymes is assumed to be 100%. Measurement results are plotted as %Activity/[Inhibitor
Concentration] graphs. The IC50 value was calculated for Eosin Y molecule from these graphs. To
determine the inhibition type of Eosin Y molecule, activity measurements were performed at 3 different
inhibitor concentrations and 5 different substrate concentrations. Lineweaver-Burk graphs (1/V-1/[S])
(Lineweaver and Burk, 1934) were drawn with measurement results. For hCA I and hCA II, Ki values
of the Eosin Y were determined from these graphs.
RESULT and DISCUSSION
CA is a vital enzyme that enables the organism to regulate the acid-base balance (Topal et al.,
2014; Demir et al., 2016). It is one of the most important buffer systems in the human body (Deitmer et
al., 2014). CA participates in many important physiological events such as the regulation of
cardiovascular tone, ion exchange between cell divisions, and the provision of bicarbonate for various
enzymatic reactions, as well as providing acid-base balance (Vaughan-Jones and Spitzer, 2002). CA
inhibitors and activators are therefore clinically important compounds.
Considering the importance of CA inhibitors, in this study, it was examined the inhibition effect
of eosin Y, which is commonly used in histological studies, on hCA I and hCA II. Eosin is a fluorescent
acidic compound that binds to compounds such as proteins containing amino acid residues of arginine
and lysine and stain them dark red or pink under the action of bromine. Eosin Y is the most widely used
form of eosin in histology. In addition, Eosin Y is also one of the most common ion-coupling agents,
and its mono and di-anionic forms can interact with many drug molecules. Therefore, it belongs to the
xanthan dye group, which is widely used in the analysis of many drugs (Waheed et al., 2000; Rahman,
2017). In this study, in order to investigate the inhibitory effects of eosin Y on hCA I and hCA II
isoenzymes, firstly, CA I and CA II isoenzymes were purified from human erythrocytes and the
purification table was prepared with the data obtained (Table 1). The elution graph was shown in Figure
1A. The purity of the enzyme was checked by SDS-PAGE (Figure 1B).
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Table 1. Purification results of hCA I and hCA II isoenzymes from human erythrocytes
Purification
Steps

Activity
(EU/ml)

Hemolysate
hCA I
hCA II

250
480
925

Total
Volume
(ml)
25
10
6

Protein
(mg/ml)
28.16
1.025
0.182

Total
Protein
(mg)
704
10.25
1.092

Total
Activity
(EU)
6250
4800
5550

Specific
Activity
(EU/mg)
8.877
468.292
5082.417

Yield
(%)

Purification
factor

100
76.8
88.8

1
52.75
572.54

Figure 1. The elution graph of hCA I and hCA II (A) and SDS-PAGE photo showing the purity of isoenzymes (B)

After purification, it was examined the inhibitory effect of Eosin Y on the pure hCA I and hCA II.
Eosin Y exhibited inhibition effect at low concentrations on hCA I and hCA II. Activity% versus
inhibitor concentration was plotted (Figure 2A, 2C). Using these %Activity/[Inhibitor concentration]
graphs, IC50 values were determined as 3.78 mM and 2.04 mM for hCA I and hCA II, respectively.
According to these results, Eosin Y is a more potent inhibitor for hCA II. To determine the inhibition
type and Ki of Eosin Y, Lineweaver–Burk graphs were drawn (Figure 2B, 2D).
Ki values and inhibition types for hCA I and hCA II isoenzymes of Eosin Y was determined from
these graphs. Ki values were determined as 9.65±0.968 mM and 7.52±2.88 mM for hCA I and hCA II,
respectively. The low Ki constant indicates that the inhibitor has a strong binding affinity to the enzyme.
According to our results, the binding affinity of Eosin Y to hCA II was higher than hCA I. Eosin Y
showed noncompetitive inhibition effect for both isoenzymes (Table 2).
Table 2. IC50 values and Ki constants of Eosin Y
Compound
Eosin Y

IC50 (mM)
3.78

hCA I
Ki (mM)
9.65±0.968

Inhibition Type
Noncompetitive

IC50 (mM)
2.04

hCA II
Ki (mM)
7.52±2.88

Inhibition Type
Noncompetitive

According to this result, The carboxylic and phenolic groups of Eosin Y may be electrostatically
bound to amino acids outside the active sites of the hCA I and hCA II isoenzymes, causing a reduction
in the catalytic activity of the isoenzymes. Because studies have indicated that carboxylic and phenolic
groups of Eosin Y is electrostatically bound to the tryptophan residue of proteins at acidic pH and to
arginine, histidine and lysine residues at both acidic and neutral pH (Waheed et al., 2000).
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Figure 2. IC50 graphs (A,C) and Lineweaver–Burk graphs (B, D) of Eosin Y for hCA I and hCA II, respectively

CONCLUSION
In conclusion, Eosin Y, the most commonly used xanthan dye in histological and drug analysis
studies (Rahman, 2017), showed inhibition effect on hCA I and hCA II isoenzymes. Carbonic anhydrase
inhibitors are drug candidates for the treatment of many diseases, from glaucoma to neuropathic pain
(Supuran, 2018). It is hope that the results obtained in this study may be beneficial in the development
of new carbonic anhydrase inhibitors which may be drug candidates.
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