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Alcohol Dehydrogenase from Sheep Liver: Purification,
Characterization and Impacts of Some Antibiotics

Yeliz DEMIR?, Biilent SENGUL?, Biilent ERGUN', Siikrii BEYDEMIR!

ABSTRACT: Alcohol dehydrogenase (ADH) is a dimeric enzyme in which each subunit of the enzyme has a Zn**
metal-containing catalytic domain and a cofactor-binding domain. This enzyme converts the alcohol to aldehyde.
The present article focuses on the purification, characterization and in vitro effects of some antibiotics on alcohol
dehydrogenase from sheep liver. ADH was purified with specific activity of 0.5 U/mg proteins and approximately
52.03-fold from sheep liver by DEAE-Sephadex A-50 ion exchange chromatography and gel filtration on Sephadex
G-100. The subunit and the natural molecular weights of the enzyme were determined by gel filtration and SDS-
PAGE 38.16 kDa and 80.49 kDa, respectively. The optimum ionic strenght, temperature and pH of ADH were
found 400 mM, 40 °C and 10.5, respectively. The inhibitory effects of the antibiotics were tested at various
concentrations. IC, values for kanamycin sulfate, amikacin sulfate, gentamicin, lincomycin, and clindamycin were
found to be 43.31, 36.47, 20.38, 18.73 and 1.31 mM, respectively.
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Koyun Karacigerinden Alkol Dehidrogenaz: Saflastirma,

Karakterizasyon, ve Baz1 Antibiyotiklerin Etkileri

IGDIR ONIVERSITESI

OZET: Alkol dehidrogenaz (ADH), her bir alt biriminin bir Zn>* metal igeren katalitik alana ve bir kofaktor baglama
alanina sahip oldugu dimerik bir enzimdir. Bu enzim, alkolii, aldehide doniistiiriir. Bu makale koyun karacigerinden
alkol dehidrogenazin saflastirilmasi, karakterizasyonu enzimin aktivitesi ilizerine bazi antibiyotiklerin in vitro
ekilerine odaklanmaktadir. ADH, DEAE-Sephadex A-50 iyon degisim kromatografisi ve Sephadex G-100 jel
filtrasyon kromatografisi vasitasiyla koyun karacigerinden 0.5 U mg! protein spesifik aktivite ve yaklagik olarak
52.03-kat saflastirildi. Enzimin alt birim ve dogal hallerinin molekiil kiitleleri jel filtrasyon kromatografisi ve
SDS-PAGE ile sirasiyla 38.16 kDa ve 80.49 kDa olarak belirlendi. ADH’1in optimum iyonik siddeti, sicaklig1 ve
pH’st sirastyla 400 mM, 40°C ve 10.5 idi. Antibiyotiklerin inhibitor etkileri ¢esitli konsantrasyonlarda denendi.
Kanamisin siilfat, amikasin siilfat, gentamisin, linkomisin ve klindamisin i¢in IC,  degerleri sirastyla, 43.31, 36.47,
20.38, 18.73 ve 1.31 mM olarak bulundu.
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INTRODUCTION

It is well known that long-term and excessive
alcohol consumption causes many various diseases
including liver disorders. Some of these can be irre-
versible and fatal for human life. Particularly, liver
is a unique member called as mother of body. Any
disorder in the liver affects to the all body functions.
Therefore, many studies have been carried out on liv-
er alcohol metabolism for a long time (Li and Ding,
2017; Stickel, et al., 2017)

NAD*

ADH

Ethanol

Alcohol metabolism contains mainly two path-
ways, oxidative and non-oxidative pathways. The ox-
idative pathway takes place in the liver and another in
extrahepatic tissues. Oxidative reaction is a catalyzed
major pathway by cytosolic alcohol dehydrogenase
enzyme. Alcohol dehydrogenase (ADH, EC 1.1.1.1) is
a crucial enzyme in this pathway. The zinc containing
enzyme is responsible for the reversible oxidation of
alcohol to aldehyde, a highly toxic molecule, by the re-
duction of NAD* to NADH.

NADH + H"

~

The active form of ADH is generally at dimeric
form in the liver (Sunderland et al., 2016) In the pres-
ent study, ADH was obtained from sheep liver by some
chromatographic techniques. The inhibitory effects of
the antibiotics on ADH were investigated at various
concentrations. These results may be important in terms
of alcohol consumption when using these drugs in case
of illness. It is known that the reaction catalyzed by
ADH is the main way of alcohol detoxification. Thus,
inhibition of the enzyme may cause some vital side ef-
fects. On the other hand, to understand that the enzyme
is a target for some drugs may provide an important
advantage about steps to be followed in treatment.

Ethanol

NADH + H*

Cytosol

= Acetaldehyde

Accumulation of acetaldehyde increases with
ADH inhibition or excessive consumption of the
ethanol. These nasty symptoms are characterized as
thirst, vomiting, dizziness headache and other de-
creased sensory abilities (Manir, M.M., et al., 2012).
Already, it is well known that the intermediate acet-
aldehyde may be carcinogenic, mutagenic and toxic.
Actually, the reaction of ethanol conversion to acetal-
dehyde is thought to be a suitable way of preventing
alcoholic disorders. However, inhibition of ADH or
accumulation of acetaldehyde can cause negative ef-
fects as mentioned above (Figure 1).

Acetaldehyde

Acetate

NAD* NADH + H*

NS

Mitochondria

Acetyl CoA

Gluconeogesis / / \ TCA

Amino Acids Fatty Acids

Figure 1. The reaction is a catalyzed major pathway by cytosolic alcohol dehydrogenase enzyme. Alcohol dehydrogenase is a crucial enzyme
in this pathway. Accumulation of acetaldehyde increases with ADH inhibition or excessive consumption of the ethanol. it is well known
that the intermediate acetaldehyde may be carcinogenic, mutagenic and toxic. Actually, the reaction of ethanol conversion to acetaldehyde
is thought to be a suitable way of preventing alcoholic disorders. However, inhibition of ADH or accumulation of acetaldehyde can cause
negative effects as mentioned above.
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Enzyme inhibition can be caused by a number of
substances such as chemicals, pesticides, herbicides in-
cluding drug molecules. Thus, the rate of an enzyme ac-
tivity may be either completely dropped or stopped. Al-
most all substances display their toxic effects in a similar
way. Particularly, some enzymes are called as drug-target
such as carbonic anhydrase, paraoxonase and sorbitol
dehydrogenase (Mert et al., 2016; Alim and Beydemir
2016; Aslan And Beydemir, 2017). Antibiotics are indis-
pensable drugs especially for the treatment of bacterial
infections. Antibiotics in different classes are known to
be effective on different bacteria. The selected drugs for
this study, gentamycin, kanamycin and amikacin are in
aminoglycosides and lincomycin, clindamycin are also
in a group of lincosamides (Figure 2). Aminoglycosides
are a class of antibiotics having a strong activity against
most gram-negative bacteria and they are commonly used
in antimicrobial therapy. Gentamicin is employed for the
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treatment of crucial infections caused by gram negative
bacteria (Lin et al., 2011). Kanamycin produced by Strep-
tomyces kanamyceticus is used to treat gram-negative and
gram-positives bacterial infections. This drug has a role in
inhibition and reduction of translation fidelity and bacteri-
al protein synthesis at ribosomal level (Kotra et al., 2000).
Amikacin is the broadest spectrum aminoglycoside with
the least resistance. Also, amikacin is a frequently pre-
ferred agent owing to its favorable features including
fast and potent bactericidal effect, synergy with P-lactam
antibiotics, low resistance, chemical stability and lower
cost (Kent et al., 2014). Lincomycin, a member of lincos-
amide antibiotics, was discovered from the fermentation
of Streptomyces spp. in 1963 (Giguere, 2013). This drug
is effective against gram positive and anaerobic bacteria.
Clindamycin, a lincomycin analog, shows distinct advan-
tages over lincomycin for the treatment of a number of
bacterial infections (Batzias et al., 2005).
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Figure 2. Chemicals structures of antibiotics used for in vitro inhibition studies on ADH activity.

Consequently, the reaction catalyzed by alcohol
dehydrogenase is important point for both biosynthe-
sis and energy metabolism. Because, produced acetal-
dehyde and then acetate serve as a major contributor
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for Acetyl CoA molecule. Therefore, investigation of
interaction of this enzyme with drugs may be import-
ant in terms of to develop a treatment method for some
patients.
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MATERIAL AND METHODS
Chemicals

DEAE Sephadex A-50, Sephadex G-100, NAD*,
protein assay reagents and chemicals for electrophoresis
were obtained from Sigma-Aldrich Co. All other
chemicals were analytical grade and obtained from
Merck.

Purification of alcohol dehydrogenase from
sheep liver

ADH was purified from sheep liver by using
simple chromatographic methods such as ammonium
DEAE-Sephadex
exchange chromatography and Sephadex G-100 gel

sulfate  fractionation anion
filtration chromatography. These techniques had
been explained in our previous studies (Ekinci and
Beydemir,2009; isgorand Beydemir,2010; Tiirkes et
al.,2016) The first purification step was ammonium
sulfate precipitation. Solid ammonium sulfate was
added by gently mixing serum sample at 0%—60%
and 60%-80% saturations. After mixing, the bulk
was centrifuged at 24000xg for 30 min at 4°C. The
protein pellet from 60% to 80% ammonium sulfate
saturation was dissolved in 10 mM Na-phosphate
buffer (pH 8.0) and dialyzed against the same buffer.
The dialyzed enzyme solution was loaded onto the
DEAE-Sephadex A-50 anion exchange column
previously equilibrated with 10 mM Na-phosphate
buffer (pH 8.0). Twelve ml of concentrated enzyme
was loaded to the top of the column. The enzyme
was eluted with linear gradient of 0.2-1.5 M NaCl
at a flow rate of about 30 ml/h using a peristaltic
pump (Ismatec) and fractions of 3.0 ml were
collected and the enzyme activity was analysed at
340 nm, spectrophotometrically. The fractions with
the enzyme activity were pooled and mixed with
glycerol. Then this enzyme solution was loaded
onto the Sephadex G-100 column equilibrated with
10 mM Na-phosphate buffer (pH 8.0). In collected
fractions were determined both protein amount (280
nm) and enzyme activity (340 nm). The enzyme
purity was controlled by SDS-PAGE method.
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ADH activity assay

Alcohol dehydrogenase activity was carried
out in 0.1 M sodium phosphate at pH 7.5 containing
0.5 mM NAD" and varied concentrations of ethanol
as substrate. The enzyme activity was assayed by
following the absorbance increase of NADH at 340 nm,

spectrophotometrically. The extinction coefficient was
622 mM'! cm! (Lee et al., 2015).

Protein determination

The protein quantity was calculated according to
the Bradford procedure. The bovine serum albumin was
used the standard for this experiment. This study was
performed at 595 nm in spectrophotometer (Bradford,
1976).

SDS—polyacrylamide gel electrophoresis

SDS-PAGE was carried out through 3%-8%
discontinued method (Laemmli, 1970) The experiment
was reported as our previous studies (Demir and
Beydemir, 2015; Alimm and Beydemir, 2016) The
protein bands were identified via silver staining. The

electrophoretic pattern was photographed (Figure 3).

Molecular weight determination by gel filtration

For determination of the active form molecular
weight of ADH was carried out by Sephadex
G-100 gel (column size: 3.0 x 40 cm). Column was
equilibrated using 50 mM Tris-HCI, pH 7.5 with
100 mM KCI. Standard protein solution contained
b-Amylase, 200 kDa; Alcohol Dehydrogenase,
150 kDa; bovine serum albumin, 66 kDa; carbonic
Anhydrase, 29 kDa; Cytochrome c, 12.5 kDa. The
standard protein fractions were eluted from the
column with the same buffer. Subsequently, the
pure alcohol dehydrogenase enzyme was applied
to the column and was eluted. The elution volume
was compared with standard proteins. Details of
this technique were explained in our previous study
(Yilmaz et al., 2002; Soyiit and Beydemir, 2012).
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Figure 3. SDS-PAGE analysis of alcohol dehydrogenase to confirm the purify of the enzyme was carried out according to the Laemmli’s
method. Samples were applied as 10 ug to the electrophoresis and the protein bands were obtained with siver staining. The Standart protein

marker was purchased from Thermo.

Effect of pH on ADH activity

The optimal pH was determined on activity of pure
enzyme in the buffers at different pH levels (5.0-10.5)..
The prepared buffers were 0.05 M phosphate buffer
(5.0-8.0), 0.05 M Tris-HCI buffer (7.5-9.0) and 0.05
M glycine/NaOH buffer (9.0-10.5). Experiments
were carried out as in our previous study (Demir and
Beydemir, 2015).

Effect of temperature on the alcohol
dehydrogenase activity
The measurements about the effect of

temperature on the ADH activity were performed at
various temperatures ranging from O to 80°C as in
our previous study, spectrophotometrically (Demir
and Beydemir, 2015).

Cilt/ Volume: 7, Say1/ Issue: 3, 2017

Effect of ionic strength on ADH activity

The impact of ionic strength on ADH activity was
determined using Glycine-NaOH buffer in different
ionic strengths at pH 10.5. This study was carried out
as in our previous studies (Demir and Beydemir, 2015).

In vitro inhibition studies

Two different group antibiotics were selected for
inhibition studies. One group was aminoglycosides
as kanamycin sulfate, amikacin sulfate, gentamicin,
another was lincosamides as lincomycin, and
clindamycin (Figure 2). ADH activity was assayed in
five different inhibitor (I) concentrations at 340 nm,
spectrophotometrically. IC_ values of these drugs were

determined from Activity%-[1] graphs.
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RESULTS

Table 1
of the ADH from sheep liver with a specific

indicates the purification results
activity of 0.5 EU xmg"' and approximately 52-
fold. The purification process includes simple
chromatographic methods such as ammonium
sulfate fractionation (60%—-80%), DEAE-Sephadex
anion exchange chromatography, Sephadex G-100
gel filtration chromatography.

The purity of ADH was confirmed with SDS-
PAGE. The subunit molecular weight was 38.16 kDa
(Table?2).Activeformmolecularweightoftheenzyme
was calculated as 80.49 kDa by K_ -Log MW graph

Table 1. Purification steps of alcohol dehydrogenase.

(Table 2). This experiment was carried out using
Sephadex G-100 gel filtration chromatography
method. Thus, dimeric form of the enzyme was
revealed. The optimum pH, ionic strength and
temperature were determined as 10.5, 400 mM and
40 °C, respectively (Table 2).

Subsequently, in vitro inhibition effects of the
antibiotics and IC,  values were calculated from
Activity%-[I] graphs (Figure 4). While kanamycin
sulfate, amikacin sulfate, gentamicin, which are
aminoglycoside had 43.31, 3647, 20.38 mM,
lincomycin, and clindamycin which are lincosamide
antibiotics had 18.73 and 1.310 mM, respectively
(Table 3).

Activity Protein Total Total Total Specific Purification
Purification steps (EU/ (mg/mL) Volume Activity  Protein Activity Fold Yield%
mp) M8 (mL) (EU)  (mp  (EUmg
Homogenate 0.321 33.40 40 12.84 1336 0.00961 1 100
Ammonium sulpate
Precipitation (60- 579 30.8 15 4.185 462 0.00975 1.014 34.58
80%)
DEAE-Sephadex
A50 anion exchange
0.129 9.5 12 1.548 114 0.013 1.35 12.05
chromatography
Sephadex G-100 gel
filtration
0.027 0.054 3 0.081 0,162 0.5 52.03 0.630
chromatography
Table 2. Kinetic Properties of ADH from Sheep Liver
Ionic . Optimum Subunit MW Natural Form
Substrate Optimum pH
Strength (mM) Temperature (°C) (kDa) MW (kDa)
Ethanol 400 10.5 40 38.16 80.49
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Table 3. IC_ and R* Values for Sheep Liver ADH

Inhibitors IC,, (mM) R?
Kanamycin sulfate 43.31 0.9704
Amikacin sulfate 36.47 0.9725
Gentamicin 20.38 0.9612
Lincomycin 18.73 0.9643
Clindamycin 1.310 0.9834
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Figure 4. Inhibition graphs of kanamycin sulfate, amikacin sulfate, gentamicin, lincomycin, and clindamycin by using five different
compounds concentrations for determination of IC,.
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DISCUSSION

Alcohol dehydrogenase is a zinc metalloenzyme
and responsible for the oxidation of alcohols to alde-
hydes in the liver (Raj et al.,2014). ADH has been found
in many organisms such as yeast, plants, microbes,
mammals. Yeast ADH has been extensively used in
producing stereospecific organic molecules, medicinal
compounds, industrially relevant materials and fermen-
tation products other (Drauz, 2012; Itoh, 2014; Kirmair
et al., 2015). Until now, this important enzyme has
been purified from many sources such as plant, yeast,
bacteria and various animal tissues. For instance, ADH
was purified and characterized from Arabidopsis thali-
ana which is a model organism having small flowers.
They used Escherichia coli system for expression and
purification methods contained metal chelating affinity
chromatography. Subsequently, they determined some
enzymatic properties such as optimal pH, and K  val-
ue of various alcohols as substrates. Obtained optimum
pH (10.5) was observed that it was different than ADHs
from other sources (Cheng et al., 2013). In addition,
Akduman et al (2013) were able to purify the alcohol
dehydrogenase from yeast with a single-step by using
their own synthesized gel. They obtained the enzyme
from Baker’s yeast with 48.6 U x mg-1 specific activity
and 62.7% yield. In another study, ADH enzyme was
purified from Thermus thermophilus with 68% yield
and 25-fold purification using a single chromatographic
step (Raghava and Gupta, 2010) Purifications and char-
acterizations of enzymes are important in order to devel-
op strategies to be able to monitor the enzyme behavior
in the solutions. For instance, pH is directly effective on
the ionizable groups of the amino acid in the catalytic
site of the enzymes. At the same way, salt concentration
and temperature can largely change to the enzymatic
activity. Knowing these parameters is crucial for in vi-
tro interactions studies. In the present study, ADH was
purified with 52.03-fold purification from sheep liver
using two simple chromatographic methods including
DEAE-Sephadex A-50 ion exchange chromatography
and gel filtration on Sephadex G-100 (Table 1). After
then, ADH was characterized in terms of some enzy-

matic properties such as optimum ionic strenght, tem-
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perature and pH. They were found as 400 mM, 40°C
and, 10.5, respectively. Also, the subunit and the natural
molecular weights of the enzyme were determined as
80.49 and 38.16 kDa by gel filtration chromatography
and SDS-PAGE. Thus, it was understood having a di-
meric three dimensional structure of ADH as in accor-
dance with the literature (Cheng et al., 2013; Raghava
and Gupta, 2010)

In vitro and in vivo inhibition studies of the en-
zymes are very important to light the metabolic path-
ways. Moreover, the effects of drugs including var-
ious chemicals such as pesticides, herbicides, heavy
metals and determining their toxicities are understood
with their knowing the effect mechanisms of enzymes.
Many chemicals may be effective on the various en-
zymes systemic or dramatically. Even, some enzymes
are well known as drug-target macromolecules. For
instance, carbonic anhydrases (CAs) are a large fam-
ily of the metalloenzymes. CAs are found in almost
all tissues and may effect from a lot of chemicals and
drugs, directly (Soyiit and Beydemir, 2008; Coban et
al., 2009). For example, in our previous study was
showed in vitro and in vivo effects of gentamicin sul-
fate on CA-I and II isozyme activity. It is interesting
that they found CA inhibition in in vivo. On the other
hand, CA activity is inhibited at low concentrations
in vitro conditions, at high concentrations are also
activated (Beydemir et al., 2002) Besides, paraoxo-
nase, glucose-6-phosphate dehydrogenase and sorbi-
tol dehydrogenase are enzymes studied the interac-
tions with different chemicals (Ekinci and Beydemir,
2009; Beydemir et al., 2003; Alim and Beydemir,
2012) In the present study, gentamycin, kanamycin,
amikacin, lincomycin and clindamycin were selected
to investigate inhibitory effect on the alcohol dehy-
drogenase activity. While the gentamycin, kanamy-
cin and amikacin were aminoglycoside drugs, linco-
mycin and clindamycin were lincosamide group. All
of these antibacterial drugs inhibited the sheep liver
ADH. The order of inhibition is as follows: clinda-
mycin > lincomycin > gentamicin > amikacin sulfate
> kanamycin sulfate. That is interesting, clindamycin
and lincomycin, which is lincosamide drugs, had the
most effective inhibition with the IC,, values, 1.31
and 18.73 mM, respectively. Both drugs have —SH
group in their structure as different from the others.
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Moreover, clindamycin contains a chlorine (Cl) group
unlike lincomycin. We think that chlorine at the clin-
damycin structure may be effective in inhibition level.
Because, Cl is known anion its inhibitory property on
activities of the enzymes, generally. Also, low inhi-
bition levels of other drugs are considered originated
from their similar functional groups. There are sev-
eral studies on inhibition mechanism of ADH from
obtained various sources. For example, some reports
showed that 2,2 ,2-trifluoroethanol, (Taber, 1998) thiol
compound (pyrazoles) (Li et al., 2010) and 4,4’ dith-
iodipyridine (Zheng et al., 1997) inhibited the alcohol
dehydrogenase. In another study, isolated catechins,
and flavonoids from the leaves of Camellia sinensis
exhibited yeast alcohol dehydrogenase (ADH) inhibi-
tory activities in the range of IC,  8.0-70.3uM (Manir
et al., 2012). In addition, Lee et al. studied inhibition
of acetaminophen on recombinant human ADH iso-
enzymes, recombinant human (aldehyde dehydroge-
nase Al) ALDH1A1 and ALDH2. They found that
acetaminophen showed noncompetitive inhibition for
ADH enzymes and ALDH2, but ALDHIA1 showed

competitive inhibition (Lee et al., 2013).

REFERENCES

Akduman B, Uygun M, Aktag Uygun D, Akgél S, Denizli A,
2013. Purification of yeast alcohol dehydrogenase by using
immobilized metal affinity cryogels. Materials Science and
Engineering, C 33; 4842-4848.

Alim Z, Beydemir S, 2016. Some Anticancer Agents Act on Human
Serum Paraoxonase-1 to Reduce Its Activity. Chem Biol Drug
Des, 88 (2); 188-96.

Alim Z, Beydemir §, 2012. Effects of some anti-neoplastic drugs
on sheep liver sorbitol dehydrogenase. Arch. Physiol. and
Biochem., 118; 244-252.

Aslan HE, Beydemir S, 2017. Phenolic compounds: The inhibition
effect on polyol pathway enzymes. Chemico-Biological
Interactions, 266; 47-55.

Batzias GC, Delis GA, Athanasiou, LV, 2005. Clindamycin
bioavailability and pharmacokinetics following oral
administration of clindamycin hydrochloride capsules in dogs.
Vet J., 170 (3); 339-45.

Beydemir S, Ciftgi M, Kiifrevioglu Ol, Biiyiikokuroglu ME, 2002.
Effects of gentamicine sulfate on enzyme activities of carbonic
anhydrase from human erythrocytes in vitro and from rat
erythrocytes in vivo. Biol. Pharm. Bull., 25; 966-969.

Beydemir S, Kulagoglu DN, Ciftci M, Kiifrevioglu OI, 2003. The
effects of some antibiotics on sheep lens glucose 6-phosphate
dehydrogenase in vitro. Eur. J. Ophthalmol., 13; 155-161.

Cilt/ Volume: 7, Say1/ Issue: 3, 2017

CONCLUCION

In conclusion that ADH enzyme was purified
from sheep liver by using simple chromatographic
methods at three steps. The characterization of the
enzymatic properties was carried out for determin-
ing pH, ionic strength, temperature, subunit molec-
ular weight and active form molecular weight.

After then, in vitro inhibition studies of kana-
mycin sulfate, amikacin sulfate, gentamicin, linco-
mycin, and clindamycin were performed on ADH
activity. The drugs were potential inhibitors for
ADH. Particularly, lincosamide drugs were most ef-
fective on the enzyme activity. We consider that this
study will be help adjusting of drug dosages at the
therapy. Besides, this study may give ideas about
developing of new inhibitors of alcohol dehydroge-
nase enzyme.
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