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ABSTRACT

The enzyme alcohol dehydrogenase (ADH) is a dimeric enzyme in which each of its subunits has a
Zn** metal-containing catalytic domain and a cofactor binding domain. This enzyme converts
alcohol into an aldehyde. In this article, the activity of the enzyme was investigated by applying the
immobilization process directly to the alcohol dehydrogenase enzyme purified and activated florisil
from the chicken liver. For this purpose, homogenization of chicken liver was achieved and its
supernatants were separated by applying the ultracentrifugation process to the resulting
homogenate. Then, % ammonium precipitation, dialysis, and ion exchange chromatography
processes were performed, respectively. As a result of these processes, the hepatic alcohol
dehydrogenase was purified 150.3 times compared to the coarse homogenate, and the specific
activity of the enzyme was determined to be 0.631 U/mg protein. The activity of the enzyme directly
immobilized was found to be 0.034 U/mg protein.
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1. INTRODUCTION

Enzymes are biological catalysts that lower the
activation energy of the reactions and move the
substrate towards the products. Much of the
history of biochemistry is the history of enzyme
research. The word enzyme means found in
yeast [1]. Biological catalysis was first discovered
and described in 1700 in studies of gastric
secretions and the digestion of meat.
Subsequent research was continued in the
1800s with the conversion of starch into sugar
with saliva and various plant extracts [1]. In the
1850s, Louis Pasteur concluded that the
fermentation of sugar by yeast into alcohol was
catalyzed by “ferments." Pasteur argued that
these ferments are inseparable from the
structures of living yeast cells. In 1897, Eduard
Buchner discovered that yeast extracts ferment
sugar into alcohol, which is provided by
molecules that continue to function when
fermentation is removed from the cell. Frederic
W. Kiihne named these molecules enzymes. The
isolation of new enzymes and the investigation of
their properties have advanced the science of
biochemistry [1].

The use of enzymes for various purposes in
technical chemistry and biotechnology led
scientists to investigate the possibilities of
making these enzymes more economical and
useful. It is known that long-term and excessive
alcohol consumption causes many different
diseases, especially liver diseases. Some of
these are irreversible and can be fatal to human
life. Especially the liver is a unique organ called
the mother of the body. Any disorder in the liver
affects all body functions. For this reason, many
studies have been done on liver alcohol
metabolism for a long time [2,3].

An active form of ADH is generally in a dimeric
form in the liver [4]. In studies, the ADH enzyme
is expressed by five isozyme classes (ADH,
ADH,, ADH3, ADH,4, ADHs) and seven genes (a,
B, v, 0, o m, X). Polymorphism has been reported
in two of the five classes of encoded ADH
subunits (ADH,, and ADH5) [5].

Alcohol metabolism contains mainly two
pathways, oxidative and non-oxidative pathways.
The oxidative pathway takes place in the liver
and another in extrahepatic tissues. The
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-

Ersoz et al.; AJRB, 10(4): 6-14, 2022; Article no.AJRB.90886

containing enzyme is responsible for the
reversible oxidation of alcohol to aldehyde, a
highly toxic molecule, by the reduction of NAD"
to NADH [6].

CH,CH,OH+NAD* = CH,CHO+NADH-+H*

Image 1. Alcohol dehydrogenase (ADH)
(E.C1.1.1.1) [7]

Alcohol (ethanol) is one of the most frequently
used and abused chemicals. Many studies have
shown that chronic alcohol consumption has
toxic effects on hepatic and cerebral functions
[8]. In addition, various damages of excessive
alcohol consumption on the cardiovascular
system have been determined by many
researchers [8].

The use of immobilized enzymes provides
advantages over the use of free enzymes due to
the easy control of reaction conditions, easy
removal from the reaction medium, and
reusability. Inorganic supports are frequently
preferred in immobilization studies due to their
high thermal and mechanical stability and non-
toxicity [9].

Florisil (magnesium silicate) contains 15% MgO
and 85% SiO,, its pore size is 6-8 nm, and its
specific surface area is 170-300 m2/g. In
addition, it is a support with high thermal stability,
hydrophilic character, and resistance to microbial
attacks and organic solvents [10].

2. MATERIALS AND METHODS
2.1 Chemicals

Florisil, 3-APTES, glutaraldehyde, DEAE-
Celulose Column, NADH, and chemicals for
protein measurement were obtained from Sigma-
Aldrich. All other chemicals were of analytical
purity and were obtained from Merck.



2.2 Homogenization and Ultra

Centrifugation of Samples

The methods suggested by Lindstrom et al., [11]
were used in the preparation of the homogenate,
and by Kessler et al., [12] in the other steps.
Fresh chicken liver cut daily was frozen at -19°C
overnight. Then, 50 g of the cut chicken liver was
taken and kept in the homogenization buffer for
10 minutes.

A solution consisting of 110 mL of 0.1 M
phosphate buffer (pH 7.5, 4°C) was used for
homogenization. The liver was homogenized with
a blender for 4-5 minutes. After homogenate, the
samples are filtered and the filtrate was
centrifuged at 12.000 rpm for 60 minutes, and
the supernatant was separated and combined by
centrifugation.

2.3 Precipitation with Ammonium Sulfate

Enzyme extracts were taken into the beaker and
cooled to 4°C, the amount of ammonium sulfate
required for proper % saturation was calculated
and weighed. Ammonium sulfate was added to
the enzyme solution. Then the stirring was
continued at 4°C for 30 minutes.

The solution was centrifuged at 12,000 rpm for
60 minutes. The precipitate is removed. Then,
ammonium sulfate was weighed again for a
higher saturation to be added to the supernatant
and the precipitation process was repeated as
indicated above.

2.4 Preparation of DEAE-Cellulose
Chromatograph

25 g of DEAE-cellulose was weighed and
stabilized in 400 mL of 1.5 mM pH 6.8 phosphate
buffer. The tromb was filtered and washed with
the same buffer solution again. DEAE-cellulose
stabilized again in 400 mL of 1.5 mM pH 6.8
phosphate buffer and collected supernatants (98
mL hemolysate) were added. The supernatants
were mixed in a magnetic mixer at room
temperature for 1 hour and left overnight at 4°C.
During this time, the enzyme sample was
adsorbed on DEAE-cellulose.

The DEAE-cellulose-enzyme precipitate was
filled into a column of 2.6x10.5 cm. As a result of
this process, 56.2 mL of precipitate was
obtained. Then, by washing the colon with a
starting buffer solution, most of the hemoglobin
was removed.
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Alcohol dehydrogenase was eluted from DEAE-
cellulose using a 20 mM pH 6.8 phosphate
buffer. Fractions of 10 mL were collected with a
flow rate of 3.1 mL/min. The fractions with high
activity were decoupled together [13].

2.5 Application of Proteins to the DEAE-
Cellulose Column

8 mL of enzyme extract containing alcohol
dehydrogenase (ADH) was applied to the colon.
The samples were taken from the colon at pH 6.8
with a 0.01 M phosphate buffer, and the protein
samples were collected in tubes with a volume of
3 mL.

Protein concentration and alcohol
dehydrogenase enzyme activity were measured
in the collected samples.

The concentration of the NADH solution was
prepared to be 0.25 mM. 0.5 mL of 0.4 mM
acetaldehyde and 1 mL of NADH solution were
added to 1.5 mL of 0.1 M phosphate buffer
(pH 7) and prepared blindly.

By adding 100 pL of enzyme solution at 25°C to
this solution, the reduced absorbance at 340 nm
was recorded for 3-4 minutes. The activity of the
enzyme was calculated in IU/mL.

2.6 Protein Determination

The protein quantity was calculated according to
the Lowry procedure. The bovine serum albumin
has used as the standard for this experiment.
This study was performed at 750 nm in a
spectrophotometer [14].

2.7 Preparation of Florisil Support

In the immobilization of alcohol dehydrogenase,
the florisil support surface must first be activated
[10]. Therefore, the alkylamine derivative of the
support was formed using 3-
aminopropyltriethoxysilane  (3-APTES). The
method reported in the literature by Weetall
(1976) was used to prepare the alkylamine
derivative (silane). The support material was
washed with 5% (v/v) nitric acid at 80-90 °C for 5
minutes. The resulting filler was washed again
with water and dried at 120°C.

The dried support was added to a 4% solution of
3-aminopropyltriethoxysilane in acetone by a
volume of 1.0 g and left for 24 hours at 45°C. It
was washed with pure water and dried for 1 night



in an oven at 115°C. 1 g of 25 mL of 2.5% (v/v)
glutaraldehyde solution in a 50 mM pH 7.0
phosphate buffer was added to the silanized
support. After waiting for 120 minutes, unreacted
glutaraldehyde (GA) was washed off with pure
water and dried for 1 hour at 60°C. After this
step, the enzyme was tried to be immobilized
directly onto the support [15].

2.8 Covalent Immobilization of Alcohol
Dehydrogenase to Florisil

The method of covalent immobilization of alcohol
dehydrogenase to florisil over glutaraldehyde,
which has been reported in the literature
for covalent immobilization of alcohol
dehydrogenase over aluminum oxide, is based
on [15].

1.0 g of support was used for the immobilization
of alcohol dehydrogenase with florisil. The
concentration was prepared to be pH 7.0 with a
50 mM phosphate buffer at 1.0 mg/mL. 4.0 mL of
the alcohol dehydrogenase solution was added
and mixed for 2 hours at room temperature. At
the end of immobilization, the immobilized
alcohol dehydrogenase sample was thoroughly
washed with a buffer solution and the free
alcohol dehydrogenase was removed from the
medium.

It was determined that the free alcohol
dehydrogenase was completely removed by
following the absorbance of the filtrate at 280 nm.
The determination of protein content in filtrates
by Lowry et al., [14] were conducted according to
the proposed method. The amount of alcohol
dehydrogenase introduced into the medium at
the beginning of immobilization was subtracted
from the amount of protein in the filtrate and the
amount of enzymes bound per 1.0 g of support
was calculated. Then, the activity determination

0.47

0.051
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for the immobilized enzyme was performed by
Vallee et al., [16] were conducted according to
the proposed method.

3. RESULTS

To determine the amount of enzyme in the
determination of enzyme activity, protein
determination was performed. To evaluate the
results, a standard protein curve was drawn
using bovine serum albumin (BSA) (Fig. 1).

The homogenized liver samples were centrifuged
at 12.000 x g for 60 minutes. As a result of
centrifugation, the precipitate was decanted and
the supernatants were combined. The findings
obtained are given in (Fig. 2).

The centrifugation of liver homogenates and the
time-dependent variation of absorbance values
indicating the enzyme activity of the resulting
supernatants are given in (Fig. 3).

The supernatant obtained as a result of
ultracentrifuge in precipitation with ammonium
sulfate was taken into a beaker and cooled to
4°C. Ammonium sulfate, necessary for the
desired saturation of (NH,4),S0,%, was slowly
added to the enzyme extract by stirring.

The solution was centrifuged at 12,000 x g for 60
minutes and the precipitate was removed. Then
ammonium sulfate was weighed again for a
higher (NH,),S04% saturation and the
precipitation process was repeated as indicated
above. In the precipitation process, 20%, 30%,
40%, 50%. The concentration of % ammonium
sulfate as a result of precipitation with
ammonium sulfate. The amount of protein
remaining in the solution for the liver is given in

(Fig. 4).
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Fig. 1. Standard protein curve
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Fig. 2. Enzyme activity in liver homogenates
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The amount of protein and specific activity
values of the solution depending on the
concentration of % ammonium sulfate as a result
of precipitation with ammonium sulfate are
shown in Figs. 5 and 6.
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The absorbance values read at 280 and 340 nm
to determine the protein content for the liver as a
result of precipitation with (NH,),SO, are given in
Figs. 7 and 8, respectively.
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Fig. 5. The amount of protein bound to % ammonium sulfate as a result of precipitation with
ammonium sulfate for the liver sample
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Fig. 6. Specific activity values due to the concentration of % ammonium sulfate as a result of
precipitation with ammonium sulfate for a liver sample
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Fig. 8. Results obtained at 340 nm as a result of precipitation with (NH,).SO4

3.1 Direct Immobilization of Alcohol
Dehydrogenase to Florisil
In the direct immobilization of alcohol

dehydrogenase to florisil, florisil was first washed
with HNO; and then silenced with 3-APTES. The
silane was treated with florisil glutaraldehyde.
After the glutaraldehyde treatment, the support
was washed until no glutaraldehyde was present
in the washing solution. After the glutaraldehyde
is completely removed, the support is dried.

Immobilization was performed by using a
phosphate buffer with of 50 mM, pH 7.0 in direct
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0,02 4
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0,02 4

0,015

Absorbance (340 nm)

0,01

0,005

immobilization of alcohol
florisil.

dehydrogenase to

In  the direct immobilization of alcohol
dehydrogenase florisil (pH 7.0), immobilization
was performed using 50 mM phosphate
buffer. Immobilization was performed at
25°C for 2 hours using 4.0 mL of alcohol
dehydrogenase solution prepared at a
concentration of 1.0 mg/mL per 1.0 g support.
The activity of the immobilized alcohol
dehydrogenase sample was measured in the
presence of 0.025 mM NADH in 0.1 M pH 7.0
phosphate buffer at 25°C.

100

Time (sec)

Fig. 9. Time-dependent change of absorbance values showing the activity of alcohol
dehydrogenase directly immobilized with florisil
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Table 1. The amount of support and calculated activity values for the direct immobilization of
alcohol dehydrogenase to activated florisil

Amount of support (mg)

Activity values (U/mL)

25 3.22.10°
50 1.45. 107
100 3.69. 10*

4. DISCUSSION AND CONCLUSION

In this study, the enzyme alcohol
dehydrogenase, Kessler et al. [17] and Von Bahr
et al. [18] by proposed on the method based, it
was tried directly from chicken liver on partially
purified and activated florisil.

The purification steps are respectively; The liver
was purified using homogenization,
centrifugation, 40% (NH,4),SO, precipitation, and
DEAE-Cellulose chromatography, and activity
determinations were made. The activity was
determined in the immobilized enzyme directly
on the activated florisil. The purpose of choosing
chicken liver for the study is that alcohol
dehydrogenase, which is found in many living
things, has been purified from chicken in a
limited number before and that it has not been
directly immobilized on florisil, there are limited
studies in the literature and the usage areas of
alcohol dehydrogenase are limited.

In the alcohol dehydrogenase purification study,
the specific activity value was found as 0.0042
U/mg protein as a result of the first
homogenization of the sample. In the study of
Von Bahr et al. [18] with the liver, the specific
activity value was reported as 0.010 U/mg
protein after the first homogenization of the
sample. In the study of Kessler et al. [17] with the
liver, the specific activity value was found as
0.058 U/mg protein as a result of the first
homogenization of the sample. The first
homogenate was centrifuged at 12,000 rpm for
60 minutes, and the specific activity value was
found as 0.0073 U/mg protein in the alcohol
dehydrogenase enzyme activity determination
made on the supernatant obtained, and the
sample was purified 1.74 times. As a result of
precipitation with ammonium sulfate applied to
the supernatant, the specific activity value was
found as 0.012 U/mg protein in the alcohol
dehydrogenase enzyme activity determination
made in the solution, and the sample was
purified 2.9 times. In the study of Kessler et al.
[17] with the liver, they found the specific activity
value as 0.25 U/mg protein in the alcohol
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dehydrogenase enzyme activity determination
made in the supernatant.

In the precipitation process with different
ammonium sulfate for the liver, ammonium
sulfate was used in concentrations of 20, 30, 40,
and 50%. As a result, the solution concentration
with the highest specific activity was found to be
40% ammonium sulfate, and samples with this
concentration of 40% were in other steps used.

In the study of Kessler et al. [17] with the liver,
they found the specific activity value as 1.2 U/mg
protein in the alcohol dehydrogenase enzyme
activity determination made in solution as a result
of precipitation with ammonium sulfate applied to
the supernatant.

Kessler et al. [17] determined that 50%
ammonium sulfate was  the solution
concentration that had the most specific activity
in the precipitation process with different
ammonium sulfate for the liver. In the study with
alcohol dehydrogenase, 40% solution showing
the highest specific activity as a result of
precipitation with ammonium sulfate applied to
the supernatant was applied to the DEAE-
Cellulose anion exchange column. In the alcohol
dehydrogenase enzyme activity determination
made in the eluates taken from the column, the
specific activity value was found to be 0.631
U/mg protein, and the sample was purified 150.3
times. Alcohol dehydrogenase was directly
immobilized on three different amounts of
activated florisil, 25, 50, and 100 mg, and it was
determined that the highest activity value was
obtained as a result of direct immobilization on
100 mg activated florisil.
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