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6-FOSFOGLUKONAT DEHIDROGENAZ ENZIMININ
BILDIRCIN(Coturnix coturnix japonica) KARACIGERINDEN
SAFLASTIRILMASI VE KARAKTERIZASYONU

OZET

Bu tez calismasinda 14,6 EU/mg.protein spesifik aktivitesine sahip 6-fosfoglukonat
dehidrojenaz (6PGD) enzimi bildircin karacigerinden amonyum stilfat ¢oktiirmesi ve 2',
5'-ADP Sefaroz 4B afinite kromatografisi yontemleri kullanilarak %89 verimle 112 kat
saflastirildi. Enzim aktivitesi 340 nm'de spektrofotometrik olarak 6lgiildii. Enzimin saflig1
SDS-PAGE yontemiyle kontrol edildi. Saflastirilan enzimin ait alt birimlerinin molekiil
kitlesi SDS-PAGE yontemiyle 44 KDa olarak hesaplandi ve protein tayini Bradford
yontemiyle gergeklestirildi. Ayrica enzim i¢in optimum pH (8.0), optimum sicaklik
(60°C), optimum iyonik siddet (600 mM Tris/HCI), stabil pH (8.0) gibi karakterizasyon
calismalar1 yapildi. Ilaveten enzim substratlar1 olan 6-PGA ve NADP* icin Kyv ve Vmax
degerleri sirastyla 58 ve 0,0015 mM; 0,0078 ve 0,057 EU/ml olarak belirlendi.

Anahtar Kelimeler: 6-fosfoglukonat dehidrogenaz, saflastirma, bildircin karacigeri,
karakterizasyon.



PURIFICATION AND CHARACTERISATION
OF 6-PHOSPHOGLUCONATE DEHYDROGENASE FROM
QUAIL (Coturnix coturnix japonica) LIVER

ABSTRACT

In this study, 6-phosphogluconate dehydrogenase (6PGD) enzyme was purified from the
quail liver by using ammonium sulphate precipitation, and 2', 5'-ADP Sepharose 4B
affinity chromatography methods, with specific activities 14.6 EU/ml, 89% yield and 112
purification fold. Enzyme activity was measured spectrophotometrically at 340 nm.
SDS-PAGE checked the purity of the enzyme. The molecular weight of purified enzyme
by the SDS-PAGE method was calculated to be 44 KDa. Protein determination was
performed by the Bradford method. For the enzyme optimal pH (8.0), stable pH (8.0),
optimum ionic strength (600 mM in Tris-HCI) optimal temperature (60°C) were
determined. In addition Km and Vmax Vvalues for 6-phosphogluconate (6-PGA) and
NADP™* were calculated as 0.058 and 0.0015 mM; 0.0078 and 0.057 EU/ml respectively.

Key Words: 6-Phosphogluconate dehydrogenase, purification, quail liver,
characterization.

Xi



1. INTRODUCTION

1.1. Enzymes

In living organisms, enzymes are called biological catalysts that accelerate chemical
reactions and provide 100% yield without side products. Enzymes are the largest and
specialized form of proteins. Except for a small group of RNAs that exhibit catalytic
activity, all enzymes are in protein structure (Lehninger 2000; Keha and Kiifrevioglu
2004; Berg et al. 2002).

Some of the enzymes perform their catalytic functions with protein structures, while
others require molecules called cofactors that are not found in the structures of the
enzymes. The cofactor may be a metal ion or complex organic molecules called
coenzymes. Some enzymes need both. Most of the coenzymes are derived from vitamins,
especially those from group B vitamins. Coenzymes are not degraded by the denaturation
of the protein and can be used many times. The holoenzymes are called enzymes with
cofactor, and the protein part of the enzyme is called apoenzyme (Lehninger 2000; Keha
and Kiifrevioglu 2004; Berg et al. 2002).

The information about the kinetic properties of the enzymes can be understood from the
Kwm constant expressing the affinity of the enzyme and the Vmax values expressing the
catalytic activity of the enzyme involved in the Michaelin-Menten equation. Enzyme
activity is expressed as "Enzyme Unit". The Enzyme Unit is defined as the amount of
enzyme that converts 1 pumol of substrate to product per minute at 25°C and under
optimal conditions. According to the international unit of measure, which is the unit of
time in seconds, the enzyme that causes 1 mole change in matter is called 1 katal enzyme.
The “specific activity” is defined as the enzyme unit per 1 mg protein. Specific activity is
a measure of enzyme purity and it is understood that the enzyme has become pure by

reaching a maximum and constant value in the purification steps (Lehninger 2000; Keha



and Kiifrevioglu 2004; Berg et al. 2002). Enzymes are the majority of scientific research
topics in history of biochemistry. Enzymes have very important duties and contributions
in health, disease, diagnosis and treatment. By qualitative and quantitative determination
of enzymes, many hereditary disorders are diagnosed, and clues about the future of the
disease are obtained. Today more than 2000 enzymes have been identified, many of them
have been purified and characterized and more than 200 enzymes have been crystallized
(Lehninger 2000; Keha and Kifrevioglu 2004; Berg et al. 2002).

Inhibition is the reduction or elimination of in vivo and in vitro activities of enzymes by
substances called inhibitors. These materials are often compounds or ions of small
molecular structure. Enzyme inhibition is important because it creates an independent
control mechanism in biological systems. Many chemicals, drugs and toxic compounds
also show their effects in this way (Lehninger 2000; Keha and Kiifrevioglu 2004; Berg et
al. 2002).

Inhibition can be divided into two as irreversible and reversible. In irreversible inhibition,
the inhibitor enzyme either covalently binds or comes to a complex that is difficult to
separate. In this inhibition, Vmax decreases while Ky does not change. The enzyme-
inhibitor interactions in the reversible inhibition are an equilibrium reaction. This
inhibition may be competitive, non-competitive or semi-competitive. In competitive
inhibition, the inhibitor and substrate compete to bind to the same active site of the
enzyme. The inhibition effect decreases as the substrate concentration increases. K
value increases in competitive inhibition. The inhibition effect is generally independent
of the substrate concentration, as it is bound to the different sites of the enzyme with the
inhibitor in the non-competitive inhibition. Ky does not change while Vmax falls in this
inhibition. In the semi-competitive inhibition, the inhibitor binds to the ES complex.
Vmax and Kw decrease in this inhibition (Lehninger 2000; Keha and Kifrevioglu 2004;
Berg et al. 2002).

An inhibition event called allosteric inhibition is observed in the case of enzymes called
allosteric enzymes that occur in more than one polypeptide chain. In this inhibition, the
inhibitors bind to a moiety other than the active site of the enzyme and affect the enzyme

activity by modifying the three-dimensional structure (Lehninger 2000; Keha and



Kiifrevioglu 2004; Berg et al. 2002). Enzymes are highly specific to the reaction types
they catalyze and substrates they convert to product. These biological catalysts catalyze a
single chemical reaction or similar reactions of the same type (Lehninger 2000; Keha and
Kiifrevioglu 2004; Berg et al. 2002).

1.2. Pentose Phosphate Pathway

Pentose byway is also known as hexose monophosphate pathway or phosphogluconate
oxidative pathway. It was first introduced by Otto Warburg in 1931, and was fully
illuminated by biochemists named Fritz Lipmann, Frank Dinckens, Bernard Horecker and
Efranim Rocher. In this pathway, three, four, five, six and seven carbon sugars are
converted into each other by a series of non-oxidative reactions (Lehninger 2000; Keha
and Kiifrevioglu 2004; Berg et al. 2002).

1.2.1. Pentose phosphate pathway reactions

The pentose phosphate pathway consists of two steps, oxidative and non-oxidative. This
metabolic pathway occurred in the cytosol is the production of NADPH for the purpose
of reductive biosynthesis events and the ribose-5-phosphate in the structure of many
compounds. Oxidative reactions start with the conversion of first carbon of glucose-6-
phosphate to 6-phosphoglucono-1, 5-lactone as a result of dehydrogenation by the
enzyme glucose-6-phosphate dehydrogenase. Secondly, phosphoglucuno-1, 5-lactone is
converted to 6-phosphogluconate by the lactonase enzyme, while the product formed here
is converted to ribulose-5-phosphate by the enzyme 6-phosphogluconate dehydrogenase,
which is converted to ribose-5-phosphate by the phosphopentose isomerase enzyme.
These reactions result in D-ribose-5-phosphate and CO2. NADPH occurs in the first and
third reactions. The net equation of the reaction is as follows (Lehninger 2000; Keha and
Kifrevioglu 2004; Berg et al. 2002):

Glucose-6-phosphate +2H,0 +2NADP*—>Ribose-5-phosphate+ 2NADPH + H* + CO»

The non-oxidative part starts with formation of glyceraldehyde-3-phosphate and

sedoheptulose-7-phosphate from xylulose-5-phosphate and ribose-5-phosphate by



transketolase enzyme. These two products are transformed into erythrose-4-phosphate
and fructose-6-phosphate by transaldolase enzyme, and these compounds are converted to
glyceroldehyde-3-phosphate and fructose-6-phosphate by transketolase. Thus, the ribose-
5-phosphate glycolysis pathway formed by pentose phosphate is converted into its
intermediate compounds. The net reaction equation for the non-oxidative part is as
follows (Lehninger 2000; Keha and Kiifrevioglu 2004; Berg et al. 2002):

3 Ribose-5-phosphate — 2 Fructose-6-phosphate + Glyceraldehyde-3-phosphate

1.2.2. Metabolic importance of pentose phosphate pathway

The Pentose phosphate pathway has two main functions: synthesis of RNA, DNA and
ribose-5-phosphate required for nucleotide synthesis in the cell, and synthesis of
NADPH, which is a reducing power in reductive biosynthesis. In addition,
phosphorylated carbohydrates such as erythrose-4-phosphate required for aromatic amino
acid and vitamin synthesis and sedoheptulose-7-phosphate, which is a component of the
bacterial cell wall, are synthesized in this way (Lehninger 2000; Keha and Kiifrevioglu
2004; Berg et al. 2002).

NADPH plays a role in the reduction of fatty acid, cholesterol, L-ascorbic acid, nitric
oxide biosynthesis, reduction of glutathione, drug and xenobiotic detoxification, and
reduction of peroxides in the cell. Reduced glutathione (GSH) and GSH-dependent
enzymes protect the cell from internal and external toxic compounds and reactive oxygen
species (ROS). As the oxygen consumption and H>O> formation in the phagocytes are
high, the activity of the pentose phosphate pathway is also high. Xenobiotics are rendered
harmless by using NADPH with glutathione peroxidase, cytochrome P-450 detoxification
systems. Among the important enzymes of the sorbitol pathway, aldose reductase also
uses NADPH. In addition, NADPH allows ribonucleotides to be converted into
deoxyribonucleotides for DNA synthesis. NADPH is also required for many water-
insoluble compounds (Grunewald 1993; Hollenberg 1992; Borregaard et al. 1984; Keha
and Kiifrevioglu 2004; Lehninger 2000; Berg et al. 2002).



The pentose phosphate pathway is an alternative oxidative pathway to glycolysis, which
is used for the oxidation of glucose, the main energy source, in some cells, such as red
blood cells and brain tissue cells. In this way, 10% of the glucose in the cell is used
(Baquer et al. 1988).



2. LITERATURE REVUEW

The 6-Phosphogluconate dehydrogenase enzyme (E.C.1.1.1.44; 6PGD) is the third
enzyme of the pentose phosphate pathway that converts the 6-phosphogluconate
compound to D-ribulose-5-phosphate in the presence of NADP*. This reaction series
result in the formation of the molecules D-ribulose-5-phosphate, which enter the
biomolecule structure, and NADPH, which is used as a reducing agent in biochemical
reactions. The most important function of the enzyme is to convert NADP™ into NADPH
in the metabolism (Yoshida et al. 1997). The enzyme is also extremely important for
maintaining the balance of glucose-6-phosphate between the glycolytic and pentose

phosphate pathways (Del Mar et al. 1986).

Hemolytic anemia, insufficient reticulocyte count, jaundice and episodic hemolytic
events have been identified in the deficiency of the enzyme. Pyruvate kinase activity is
increased and a decrease in the GSH level is observed when the enzyme is deficient. This,

in turn, shortens lives as a result of early hemolysis of erythrocytes.

Although the 6PGD enzyme can use certain compounds as substrates, its natural substrate
is 6-phosphogluconate. The affinity of the 6PGD enzyme in NADP™ is generally higher
than in 6-phosphogluconate, which is its substrate (Topham and Dalziel 1986). Also, it
has been reported in studies that the NADPH-specific 6PGD enzyme is able to use 2-
deoxy-6-phosphocluconate and 3-keto-6-phosphogluconate as substrates in human
erythrocytes, lamb liver, Trypanosoma Brucei and Candida utilis (Hanau et al. 1992;
Rippa et al. 1998). The coenzyme specificity of the enzyme has been identified as being
in three different forms; those that specifically use NAD®, those that specifically use
NADP™ and those that are non-specific (Ohara et al. 1996).

While the use of coenzymes varies by species, mammals and yeasts have generally been
identified as NADP* specific and bacteria as both NADP* and NAD™" specific 6PGD.



Today, the amino acid sequence of the enzyme obtained from more than 20 different
sources has been identified. It has been found that the enzyme obtained from different
sources is made up of an average of about 400 amino acids. Also, the amino acid
sequence of enzymes obtained from different sources can vary depending on the source
(Hutchison et al. 1984). For example, the human 6PGD enzyme consists of 484 amino

acids.

In studies performed on different sources, the structure of the 6PGD gene was elucidated,
its nucleotide sequence was determined and genes were cloned. For example, there is 1

gene in humans and 3 genes in tomatoes, found in the 4th, 5th and 12th chromosomes.

X-ray crystallographic examinations have revealed many amino acid residues in the
active site that act as proton acceptors and donors. The amino acids of tyrosine 196,
glutamate 195 and glutamate 222 were found to be present in a pocket considered to be
the active site of the enzyme in sheep liver. It has been demonstrated by laboratory
studies that the binding of the enzyme to the substrate is enabled by the ionization of the
histidine found in its active region, the binding of the coenzyme is enabled by ionization
of tyrosine and also that histidine is required for activity (Topham and Dalziel, 1986).

In X-ray studies, it has been shown that the enzyme is generally crystallized in the form
of a rhombus. While the same structure was observed in Lactococcus lactis, the crystal
was found to have a triangle form in trypanosoma brucei. In addition, the bovine enzyme
was obtained in crystallized form and its three-dimensional structure was examined. It
was shown that the enzyme is a homodimer, that each subunit consists of a-B-a-f regions

and that these regions bind NADP* (Adams et al. 1991).

The molecular mass of 6-phosphoglucanate dehydrogenase ranges from 80 to 152 KDa
based on its source and the molecular mass of its subunits ranges from 33 to 55 Da. In
some organisms, it has a homodimeric structure and in some, it has a homotetrameric
structure. It has been shown with experimental data that the molecular mass of the

subunit of the enzyme, which has a homodimeric structure in humans, is 53 KDa.



While it varies depending on the species, the optimum pH range of the enzyme varies
between 5.5-9.6. Enzyme activity was reported to increase in the range of pH 7.6-9.2 and
to be lost after 9.3 (Barenghi et al. 1987). The optimum pH of the natural form of the
enzyme is 8.6 in the human brain (Weisz et al. 1985), 7.0 in rat erythrocytes (Beydemir et
al. 2003) and 8.0 in the murine renal cortex (Corpas et al. 1995).

The main problem encountered in the purification of the enzyme is that the enzyme is
labile and not stable. In general, studies are carried out at +4°C in order to minimize the
loss of activity. Stabilization was partially achieved by the addition of 2-mercaptoethanol,
EDTA, NADP* and phenylmethylsulfonylfluoride to the buffer (Toews et al. 1976; Carne
1982; Pearse and Rosemeyer 1974). It was also found that bacteria-derived 6-PGD

enzymes are generally more stable than animal-derived enzymes (Menezes et al. 1989).

G6PD and 6PGD were purified together using 2', 5'-ADP Sepharose 4B affinity and
DEAE Sepharose fast flow ion exchange columns. Enzymes were eluted by forming a

salt gradient from the ion exchange column (Ulusu et al. 1999).

In addition, the enzyme was purified using methods such as ammonium sulphate
precipitation, high speed centrifugation, DE-52 column, SP-Sephadex, DEAE cellulose,
CM-cellulose, DEAE-Sephadex, CM-Sephadex, hydroxyapatite and NADP*-Sepharose,
2', 5'-ADP Sepharose 4B affinity chromatography, NADP*-Agarose, etc. (Hanua et al.
2004).



3. MATERIAL AND METHOD

3.1. Material

3.1.1. Chemicals

2', 5'-ADP Sepharose 4B was purchased from Pharmacia, 6-Phosphogluconate, nicotine
adenine dinucleotide phosphate, ethylene diamine tetraacetic acid, Tris-hydroxymethyl
amino ethane hydrochloride Tris, dichlorodiphenyltrichloroethane, ammonium sulfate,
acrylamide, bisacrylamide, potassium dihydrogen phosphate, potassium phosphate,
potassium acetate, N,N,N',N'-tetramethylethylenediamine, sodium dodecyl sulfate,
potassium chloride, Coomassie Brilliant Blue G-250, ammonium per sulfate, glycerol,
potassium hydroxide, ethanol, acetic acid, HCI, and sodium chloride were purchased

from either Sigma or Merck.

3.1.2. Instruments

Apparatus Model

Zentrifugen Universal 320R Hettich

Homogenization ULTRA-TURRAX

pH meter Inolab WTW pH 720 series

Automatic pipette

Eppendorf, Volac R 880/ A, 880/D, 830 /E

Electrophoresis system

BIO-RAD (vertical)

Power supply

Thermo Scientific

Peristaltic pump

Eyeline Micro Tube Pump MP-3

Scrambler (Vortex)

Mixer VX 20

Spectrophotometer

IKA T25 digital (1min*1000)

Electronic balance

Close Avery
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3.2. Preparation of Solutions

3.2.1. Homogenate solution:

1. 20 mM Tris-HCI+2 mM DDT+1mM EDTA (PH=7.5); 0.242 g Tris-HCI, 0.068 g
DDT, 0.0292 g EDTA were dissolved in 80 mL of distilled water, the pH adjusted to 7.5 by
using diluted HCI and KOH solution then the volume completed to 100 mL by distilled

water.

3.2.2. Enzyme activity measurement solutions:

1. 1M Tris-HCI+5 mM EDTA,; 0.0605 g (5 mmol) Tris-HCI, 0.0292 g (0.1 mmol)
EDTA were dissolved in 90 ml distillate water, the pH adjusted to 8.0 with 0.1 M
HCI then the total volume completed to 100 mL by distilled water.

2. 6 mM 6PGA solution; 0.0091 g (0.3 mmol) 6PGA was dissolved in 5mL distilled

water.

3. 2 mM NADP" solution; 0.0076 g NADP* (0.1 mmol) was dissolved in 5 mL

distilled water.

4. 50 mM KH2POg4: 0.68 g KH2PO4 (0.005 mol) was dissolved in 80 ml distilled
water then the pH adjusted to 7.5 with 0.1 M KOH and the volume completed to
100 mL.

5. 10 mM Tris-HCI+1mM EDTA,; 1.211 g Tris, 0.29225 g EDTA were dissolved in
975 ml of distilled water, then pH adjusted to 7.5 with 0.1 M HCI then the volume
completed to 1000 mL.
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3.2.3. Preparation of affinity chromatography solutions

1. 50 mM K3POs+1 mM EDTA+1 mM DTT; 3.4 g KoPO4, 0.146 g EDTA, 0.077 g
DTT were dissolved in 450 mL distilled water, then pH was adjusted to 7.3 and

the total volume completed to 500 mL with distilled water.

2. 50 mM KH2POs+1 mM EDTA+1 mM DDT (pH=7.3); 6.8 g KH2PO., 0.292 ¢
EDTA, 0.152 g DDT were dissolved in 950 mL with distilled water, then pH was
adjusted 7.3 with 0.1 M KOH and total volume was completed to 1000 mL (This

solution was used as buffers, washing and equilibrium).

3. 80 mM K-phosphate+10 mM EDTA+ 80 mM KCI+5 mM NADP*; 0.544 g K-
phosphate, 0.121 g EDTA, 0.298 KCI and 0.1913 g NADP* were dissolved in 40
ml distillate water, pH was adjusted to 7.85 with 0.1 M KOH then total volume

was completed to 50 ml with distilled water (Elution solution).

4. 0.1 M Tris-HCI+0.5 M NaCl; 3.03 g Tris-HCI, 7.3 g NaCl were dissolved in 200
mL distilled water then pH was adjusted to 8.5 and the total volume was

completed to 250 mL wit distilled water (Regeneration solution 1).

5. (0.1 M CH3COONa+0.5 M NaCl; 3.4 g Na-acetate, 7.3 g NaCl were dissolved in
200 ml distilled water then pH was adjusted to 4.5 and the total volume completed

to 250 ml with distilled water (Regeneration solution 2).

3.2.4. Preparation of SDS-PAGE Solutions

1. 1 M Tris-HCI (pH 8.8); 12.11 mg of Tris was dissolved in 80 mL of distilled
water. The pH adjusted to 8.8 and the volume completed to 100 mL with distilled

water.

2. 1 M Tris-HCI (pH 6.8); 12.11 mg of Tris was dissolved in 80 mL of distilled
water. The pH adjusted to 6.8 and the volume completed to 100 mL with distilled

water.
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. 30% Acrylamide+0.8% bisacrylamide; 15 mg of Acrylamide, 0.4 mg
bisacrylamide and 34.6 mg of distilled water mixed to form 50 mL mixture

solution.

. 10% Ammonium persulfate; one mg of ammonium persulfate is dissolved in 10

mL of distilled water.

. 10% SDS; one mg of SDS is mixed with nine mL of distilled water. Total volume
was completed to 10 mL.

. Running buffer for SDS PAGE; 1.51 mg of Tris, 7.51 mg of glycine was mixed
and dissolved in 450 mL of distilled water and then five mL of 10% SDS was
added to the mixture, the pH adjusted to 8.3 and the volume completed to 500 mL

with distilled water.

. Sample buffer; five mL from 1 M Tris-HCI (pH 6.8) solution, one mL from 10%
SDS solution, one mL from 100% glycerin solution, one mL from bromothymol
blue solution were added into a tube and the volume completed to 10 mL by
distilled water, before using this buffer for each 950 pul of the buffer 50 ul of B-

mercaptoethanol should be added.
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3.3. Preparation of homogenate

Quail livers (Coturnix coturnix japonica) were taken from the Faculty of Aquaculture at
Bingol University. Liver samples were first washed three times with 0.9% sodium
chloride solution. Then, they were cut into small pieces using a scalpel. 5 g liver pieces
were homogenized with the help of liquid nitrogen and suspended in a 20 mM Tris-HCI +
2 mM DDT+ 1mM EDTA, (pH 7.5). The mixture was centrifuged at 12100 rpm at 4°C

for 1 hour. The total volume of the homogenate was 12 mL.

3.4. Measurement of Enzyme Activity

Enzyme activity was measured by monitoring the change in absorbance at 340 nm due to
the reduction of NADP™. The reaction medium contained 0.1 mM Tris-HC1 (pH= 8.0),
0.5 mM EDTA, 10 mM MgClz, 0.2 mM NADP?, and 0.6 mM (G6P) in a total volume of
1 mL. The assay protocol was seen in Table 3.1. One unit of enzyme (EU) activity was
defined as the amount of enzyme reducing 1 pumol NADP* per 1 min at 25°C (Beutler
1971).

Table 3.1. Protocol of the assay

Solutions Blank Test

0.1 M Tris- HCI (pH 8.0) 200 pl 200 pl
0.6 mM 6PGA 100 pl 100 pl
0.2 mM NADP* 100 pl 100 pl
Distilled water 600 pl 570 pl
Enzyme sample 0.00 pl 30 ul
Total volume 1000 pl

The enzyme activity determined following the equation.
EU/ml = (AOD/6.22x V1/VE) Sk
The icons have been represented in below;

e AOD: Change of absorbance per minute.
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e 6.22: The extinction coefficient (1 mm, consisting of NADPH absorbance value).
e V1 The total volume of the mixture.
e VEe: The volume of the enzyme.

e Sg: The dilution factor.

3.5. Ammonium Sulfate Precipitation

Ammonium sulfate precipitation was performed at 0-20, 20-30, 30-40, 40-50, 50-60, 60-
70% ranges; and the precipitation range of the enzyme was determined. Centrifugation
was performed at 13,500 rpm for 15 minutes during each precipitation process. The
precipitate, which was obtained after ammonium sulfate, was dissolved in the 50 mM
KH2PO4 (pH 7.2) buffer. Enzyme activity was checked in the precipitate and supernatant
for each time. All these processes were performed at 4°C. Then, enzyme solution was
dialyzed for duration of 2 h against the buffer that contained 10 mM KH2PO4 and 1 mM
EDTA (pH 7.2).

3.6.2', 5'-ADP Sepharose 4B Affinity Chromatography

2', 5'-ADP Sepharose 4B gel was used for affinity chromatography. Two grams gel was
taken and packed to the 1x10 cm column. The gel washed and balanced with 0.1 M K-
phosphate+0.1 M KCI (pH=7.85) buffer. Then the dialyzed enzyme sample was loaded
the column. Afterward the gel washed with 25 ml of 0.1 M potassium acetate + 0.1 M
potassium phosphate (pH 6.0), 0.1 M potassium acetate+0.1 M potassium phosphate (pH
7.85), and finally with 25 ml of 0.1 M KCI+0.1 M potassium phosphate buffer (pH 7.85)
respectively. After the washing, enzyme eluted with 80 mM K-phosphate+5mM
NADP*+10 mM EDTA, (pH=7.85) buffer. The flow rates of all steps were 25 ml.h,
Absorbance (280 nm) and activities (340 nm) were determined in each eluted tube. All
experiments carry out at 4°C (Beydemir et al. 2004). After each purification step, the
column was regenerated three times with 0.1 M Tris-HCI+0.5 M NaCl (pH 8.5; 45ml);
and 0.1 M CH3COONa+0.5 M NaCl (pH 4.5; 45 ml) solutions respectively.
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3.7. Protein Determination

3.7.1. Qualitative protein determination

Qualitative determination of protein is based on the principle of maximum absorbance of
the amino acids like tryptophan, tyrosine and phenylalanine, which are found in the
structure of proteins, at 280 nm (Segel 1968). Qualitative protein determination in
enzyme samples obtained from human erythrocytes was made according to this method.
However, no result was obtained since the NADP™ in the enzyme solution at 280 nm
masked the absorbance of proteins.

3.7.2. Quantitative protein determination

The amount of protein in the enzyme solutions which were purified via hemolysate,
ammonium sulfate precipitation and affinity chromatography was determined by this
method. Coomassie Brillant Blue G-250 that is used as the dye in this method is
negatively charged and binds to the positive charge on the protein. The dye has red
(Amax= 465 nm) and blue (Amax= 595 nm) forms. Upon binding to the protein, the red
form turns to the blue from. The reaction rate is high and it is completed in 2 minutes.
The stability of the color can last for more than two hours (Bradford 1976). The method

has a very low susceptibility to interfering substances (ranging between 1-100 ug).

A standard graphic is required to determine protein with this method. For this purpose,
10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 pl of standard bovine albumin solution
containing 1 mg protein per 1 ml were taken into the tubes. The volume of all tubes was
completed to 0,1 ml with pure water and they were vortexed after adding 5 ml of
Coomassie Brilliant Blue G-250 solution. After incubation for 10 minutes, the
absorbance values corresponding the blind were read at 595 nm in the 3 ml cuvettes. As
the blind, a mixture of 5 ml Coomassie Brilliant Blue G-250 solution and the buffer
containing 0.1 ml of the enzyme sample was used. The pg protein values corresponding
the absorbance values were presented in a standard graphic.

The enzyme solutions purified by hemolysate, ammonium sulfate precipitation and

affinity chromatography were put into the 0.1 ml tubes and 5 ml of Coomassie Brillant
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Blue G-250 reagent was added. After vortexing, it was left to be incubated for 10
minutes. Afterwards, the absorbance values were read at 595 nm. Three trials were
carried out for each sample and the true value was determined from the arithmetic mean
of these three values. Protein quantities were determined according to these values by

means of the standard graphic.

3.8. SDS-PAGE Electrophoresis

After purification of the enzyme, its purity was checked by using 3-8% discontinuous
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) according to
Laemmli method (1970).

The electrophoresis plates were washed thoroughly first with water, then with alcohol for
this process. On both sides, a spacer plate and a flat plate were clamped after they were
aligned on top of each other. The stabilized plates were placed in a gel preparation
cabinet containing a sponge that prevents leakage. First, the separating gel was prepared
and it was filled with a syringe between the plates until 0.5 cm distance was left at the
top. It was waited for two hours for the separating gel to polymerize. After making sure
that the separating gel was solidified, the stacking gel was prepared. It was filled into the
cavity at the top of the gel and the comb was inserted carefully to create the sample wells.
While waiting for the stacking gel to polymerize, a wetted filter paper was closed over
the system to prevent the desiccation of the gel. Following polymerization of the stacking
gel, the comb was removed carefully and the sample wells were designated. It was
washed first with pure water then with running buffer and was placed in the
electrophoresis tank with the gel plates. Running buffer was filled in the upper and lower
parts of the electrophoresis tank. The enzyme samples were prepared as there would be
approximately 20 pg protein for each sample. Sample buffer at a ratio of 1:1 was added
to get a total volume of 50 pl. It was incubated in boiling water bath for three minutes.
The electrophoresis tank was closed. Then (+) anode was placed at the bottom and (-)
cathode was placed at the top. First it was run for 20 minutes at 40 volts and the samples
came up to the separating gel and agglomerated. Then the voltage was increased up to 80
volts to get the samples to reach the bottom border of the gel. The samples were tracked

with the help of bromothymol blue added to sample buffer. After the running process was
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over, the voltage was stopped, the gel between the plates were removed carefully and was
put into the fixing solution. The gel, which had been left in the fixing solution for 20
minutes, was removed and placed in the dyeing solution and was left on the shaker for 2
hours. Afterwards, the stained gel was put in the washing solution. The gel, which was
washed on the shaker until it faded and the protein bands appeared, was taken out and
photographed.

3.9. Characterization Studies

3.9.1. Determination of stable pH

In order to determine the pH at which the enzyme was stable, Tris-HCI with the pH
values varying between 7.5-9.0 and phosphate buffers with the pH values varying
between 5.5-8.0 were used. The buffer solutions with the indicated pH values and the
enzyme solutions were mixed at equal volumes and stored at +4°C. The pH at which the
enzyme was stabilized was determined by the activity measurements made with 8 hour
intervals for 32 hours.

3.9.2. Determination of optimum pH

In order to determine the optimum pH of the enzyme, Tris-HCI with the pH values
varying between 7.5-9.0 and phosphate buffers with the pH values varying between 5.5-
8.0 were used. The enzyme activity was determined one by one in every buffer with the
appropriate substrate solution.

3.9.3. Determination of the optimum temperature

In order to determine the optimum temperature of the enzyme, the activity measurements

were carried out between 0°C and 70°C with 10°C intervals.
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3.9.4. Determination of ionic strength

In order to determine the ionic strength of the enzyme, at which it has the highest activity,
the activity measurements were performed in 200, 400, 800, 1000 mM K-phosphate
buffer (pH= 8.0) containing 1ImM EDTA, respectively.

3.9.5. Molecular weight Determination

The molecular weight determination was made by SDS-PAGE (Figure 4.5.1). E. Coli R-
galactosidase (120 KDa), bovine serum albumin (85 KDa), ovalbumin white, chicken egg
(50 KDa), carbonic anhydrase, and bovine erythrosites (35 KDa) (peqGOLD Protein-

Marker 111) were used as standards (Yilmaz et al. 2002).

3.10. Kinetic Studies

In order to determine the Km and Vmax values for 6PGA and NADP™ substrates of the
enzyme, activity measurements were carried out at constant NADP* concentration with 5
different concentrations of 6PGA. Lineweaver-Burk graph was drawn with the obtained
values. By means of this graph, the Ky and Vmax values for 6PGA were determined. In
the same way, Lineweaver-Burk graph was drawn by measuring activity at a constant
concentration of 6PGA with 5 different concentrations of NADP* and the Km and Vmax
values for GSH were calculated. The activity measurements were conducted under

optimal conditions (Lineweaver and Burk 1934).



4. RESULTS

4.1. Measurement of Enzyme Activity

As described in Section 3.4 enzyme activity was measured by monitoring the change in

absorbance at 340 nm due to the reduction of NADP* (Beutler 1971).

4.2. Ammonium Sulfate Precipitation

As described in Section 3.5 ammonium sulfate precipitation was performed at 0-20, 20-
30, 30-40, 40-50, 50-60, 60-70% ranges; and the precipitation results were presented in
Table 4.1 and Figure 4.1.

Table 4.1. Ammonium sulfate precipitation intervals, precipitate and supernatant activities

Percentage (%) Supernatant Activity (EU/ml) Precipitant Activity (EU/ml)
(0-20) 0.066 0

(20-30) 0.064 0

(30-40) 0.085 0

(40-50) 0.066 0.123

(50-60) 0.033 0.173

(60-70) 0.023 0.214




0.25

0.2

0.15
0.1

Activity (EU/ml)

0.05

Precipitant

0-20 -
20-30 Supernatant
30-40 40-50

50-60

60-70
Ammonium sulfate percentage

Figure 4.1. Ammonium sulfate precipitation intervals, precipitate and supernatant activities

4.3. Enzyme Purification

20

As described in Section 3.6 enzyme was purified by 2', 5'-ADP Sepharose 4B affinity

chromatography (Beydemir et al. 2004) and results were showed in Table 4.2 and Figure

4.2.
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Figure 4.2. Fractions obtained from 2', 5'-ADP Sepharose 4B affinity column
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Table 4.2. Purification scheme of 6PGD from quail liver

Purification Volume Activity Total Protein Specific Yield% | Purification
process ml EU/mI Activity mg/ml Total Activity folds
EU/mI Proteins EU/mg
Homogenate 12 0.258 3.09 2.15 25.85 0.13 100 1
2',5'-ADP 35 0.79 2.76 0.054 0.190 14.6 89% 112
Affinity
Chromatography

4.4. Protein Determination

4.4.1. Qualitative protein determination

As described in Section 3.7.1 qualitative protein determinations were calculated in

homogenate, ammonium sulfate precipitation and purified enzyme solutions at 280 nm.

4.4.2. Quantitative protein determination

The quantitative protein assay was performed according to Bradford method (1976)
Standard graphic (ug Protein vs Absorbance) was prepared as described in section 3.7.2
(Figure 4.3). Amounts of quantitative protein in the homogenate, ammonium sulfate
precipitate and enzyme solution were obtained from this standard plot.
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Figure 4.3. Standard curve is for determination of protein by the Bradford method

4.5. SDS-PAGE

As described in Section 3.8, 3-8% SDS-PAGE was done by Laemmli method (1970) and

presented in Figure 4.4.

Figure 4.4. SDS-PAGE bands of proteins (Lane 1: Standard proteins; Lane 3: 6PGD) (peqGOLD Protein-
Marker 1)
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4.6. Characterization Studies

4.6.1. Stable pH studies

As described in Section 3.9.1, the enzyme activities were determined in Tris-HCI buffer
at pH of 7.5, 8.0, 8.5, and 9.0, and in phosphate buffer at pH of 6.0, 7.0, 7.5, and 8.0.
Then pH vs Activities tables and figures were drawn and presented in Tables 4.3, 4.4 and
Figures 4.5, 4.6.

Table 4.3. The results of stable pH studies of quail liver 6PGD in Tris-HCI buffers

Hours
0 8 16 24 32
pH
pH=7.5 0.0193 0.0182 0.0171 0.0182 0.0150
pH= 8.0 0.0225 0.0214 0.0203 0.0182 0.0182
pH=8.5 0.0160 0.0150 0.0141 0.0117 0.0117
pH=9.0 0.0150 0.0128 0.0128 0.0117 0.0107
Table 4.4. The results of stable pH studies of quail liver 6PGD in K-phosphate buffers
Hours
0 8 16 24 32
pH
pH=6.0 0.0142 0.0133 0.0117 0.0127 0.0118
pH=7.0 0.0139 0.0128 0.0128 0.0117 0.0115
pH=7.5 0.0160 0.0150 0.0128 0.0107 0.0107
pH=8.0 0.0133 0.0118 0.0110 0.0110 0.0105
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Figure 4.5. Stable pH graph of quail liver 6PGD in Tris-HCI buffer
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Figure 4.6. Stable pH graph of quail liver 6PGD in K-phosphate buffer
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4.6.2. Optimum pH studies

As shown in Chapter 3.9.2, Activity-pH graphs were drawn by measuring the enzyme
activity using phosphate buffers for which the pHs are ranging from 5.5 to 8.0 and Tris-
HCI buffer for which the pHs are ranging from 7.5 to 9.0 for determine the optimal pH of
the enzyme and the corresponding graph is shown in Figure 4.7.

0,12 -
—@— K-phosphate

—=— Tris/HCI
0,08 -

Activity (EU/mI)
o
52

Figure 4.7. PH-Activity graph of enzyme

4.6.3. Optimum temperature studies

As shown in chapter 3.9.3, Temperature-Activity graph was drawn ranging of activity
measurements from 0°C to 70°C (Table 4.5) in 10°C intervals for determining the

optimum temperature of the enzyme and the graph is shown in Figure 4.8.
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Table 4.5. The activities measured at various temperatures to determine the optimum temperature of the

6PGD enzyme

Figure 4.8. Activity-Temperature graph of quail liver 6PGD enzyme

4.6.4. lonic strength studies

Temperature (°C) |0 10 20 30 40 50 60 70
Activity (EU/mI) 0.01 {003 |0.035 [0.04 |01 0.14 |0.16 |0.001
0,2
0,16
E
@0,12
&
20,08
2
<
0,04
0
0 10 20 30 40 50 60 70 80
Temperature (°C)

As shown in chapter 3.9.4, activity measurements were performed to determine the ionic
strength in the Tris-HCI buffers (pH=8.0) 0.2, 0.4, 0.8, 1 M intervals, which is including
1 mM EDTA at which the enzyme had the highest activity and the results were shown in

table 4.6 and figure 4.9.
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Table 4.6. The effects of different concentration of Tris-HCI at pH= 8.0 on the activity of purified 6PGD

enzyme
0.1 M Tris-HCI 0.2 M Tris-HCI 0.4 M Tris- HCI 0.6 M Tris-HCI 0.8 M Tris-HCI 1.0M Tris-HCI
Activity
EU/mI 0.037 0.05 0.09 0.08 0.04
0,1 -
0,08 -
=
S 0,06 -
L
>
20,04
K
0,02 -
0
0,2 0,4 0,8 1
[Tris-HCII M

Figure 4.9. Determination of ionic strength of the 6PGD enzyme in Tris-HCI buffer

4.6.5. Molecular weight determination

For the standard proteins and 6PGD, Ry values were calculated from Figure 4.4, and R¢-

LogMW graph (Figure 4.10) was obtained according to Laemmli’s procedure (1970)

showing a molecular weight of 44 KDa for 6PGD.




y =2.3817 -1.1883x
R>=0.9606

0,2 0,3 0,4 0,5 0,6
Rf

0,7

0,8

Figure 4.10. Standard Rf-Log MW graph

4.7. Kinetic studies
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As shown in chapter 3.10, Km and Vmax values were determined from Lineweaver-Burk

curves (Lineweaver and Burk 1934) and the results were shown in tables 4.7-4.8 and

figures 4.11- 4.12.

Table 4.7. 1/V ve 1/[S] values for the determination of Km and Vmax values of the enzyme in the present of

NADP* as a substrate
1V 333 250 166 142 125
1/ [NADP*] 0.1 0.04 0.02 0.01 0.005

Table 4.8. 1/V ve 1/[S] values for the determination of Ky and Vmax values of the enzyme in the present of

6PGA as a substrate
1V 45 55 76 125 250
1/ [6PG] 0.002 0.003 0.005 0.01 0.02
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Figure 4.11. Lineweaver-Burk graph in 5 different NADP* concentrations with fixed 6PGA
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Figure 4.12. Lineweaver-Burk graph in 5 different concentrations 6PGA with fixed NADP*
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5. DISCUSSION

6-phosphogluconate dehydrogenase is the third enzyme of the pentose phosphate
pathway. 6PGD enzyme catalyzes the conversion of 6PGA and NADP™ into ribulose-5-
phosphate and NADPH. NADPH, which is produced in this reaction, is used as a
reducing power in metabolism. For example, it facilitates the conversion of oxidized
glutathione (GSSG) into reduced glutathione (GSH). GSH is used in antioxidant activity
(Yoshida and Beutler 1986). Thus, 6PGD enzyme is considered to be an indirect
antioxidant enzyme. The ribulose-5-phosphate produced in this reaction is necessary for
the synthesis of nucleotides, some aromatic amino acids and some vitamins (Miclet et al.
2001). Due to these important features, the enzyme has been obtained by purification of
the quail liver for the first time by us and some characteristics of the enzyme have been
identified.

In the scope of the study, 6PGD enzyme, which has protein specific activity of 14.6
EU/mg, has been purified through 2', 5'-ADP Sepharose 4B affinity chromatography for
112 times with an efficiency of 89% (Figure 4.3.1 and Table 4.3.1). The purification and

characterization of 6PGD enzyme from various sources is seen in the literature studies.

For example, the enzyme (4.0 EU/mg protein) has been obtained by purifying sheep liver
315 times with the efficiency of 29% (Beydemir et al. 2004), by purifying rat
erythrocytes (5.15 EU/mg.protein) 2775 times with the efficiency of 78.4% (Ciftci et al.
2002), by purifying parsley leaf (18.3 EU/mg.protein) 339 times with the efficiency of
49% (Hulya et al. 2003) and by purifying yellow catfish liver (5.57 EU/mg.protein) 95.8
times with the efficiency of 50% (Zhuo et al. 2015). Most of the specific activities,
efficiency rates and purification coefficients in our research seem to be better when
compared to the ones obtained in these studies. Ammonium sulfate precipitation is
extremely important for elution of concentrated enzyme prior to 2', 5'-ADP Sepharose 4B

affinity chromatography. For this purpose, many impurities have behaving the For



This purpose,6PGD enzyme was fully precipitated between 40% and 70% range. Similar
results have been obtained by Beydemir et al. (2004), and Hulya et al. (2003). The
Bradford method (1976) having consistency of 5-500 ug/ml was preferred for the
quantitative protein estimation. This method was preferred for its high sensitivity and

because it has been widely used by researchers.

As seen in Figure 4.5.1, a single band was obtained in the third well. Because of this
single band, it is understood that the enzyme was fully purified. Also, the R-MW graph
was plotted (Figure 4.6.5.1) by using this image and the molecular mass of the enzyme
under the denaturing conditions was calculated as 44 KDa. According to our literature
study, the subunit molecular mass of this enzyme is generally reported in the range of 38-
65 KDa (Beydemir et al. 2004, Toews et al. 1976, Villet and Daizail 1969, Tasi and Chen
1998, Krepinsky et al. 2001, Williamson et al. 1980, Bridges et al. 1975, Yoon et al.
1989).

To determine the pH level at which the enzyme is stable, activity measurements at
different pHs were made for 32 hours by using Tris-HCI and K-phosphate buffers. As
seen in Table 4.6.1.1, Table 4.6.1.2 and Figure 4.6.1.1, Figure 4.6.1.2, the highest and
most stable activity was obtained with Tris-HCI buffer at pH = 8.0. Therefore, the pH
stability of the enzyme was assumed to be 8.0 in 0.6 mM Tris-HCI buffer. We have
determined that similar results were obtained by Beydemir et al. (2004) and Hulya et al.
(2003).

Tris-HCI and K-phosphate buffers were also used for optimal pH study. As seen in Figure
4.6.2.1, the highest activity was obtained with the 0.6 M K-phosphate buffer at pH = 8.0.
Therefore, the optimal pH of the enzyme was assumed to be 8.0 with the 0.6 M K-
phosphate buffer. Similar results were obtained by Beydemir et al. (2004) and Hulya et
al. (2003) and Zhuo et al. (2015).

As seen in Table 4.6.3.1 and Figure 4.6.3.1, the activity of the enzyme increased by
temperature and reached the maximum value at 60°C. It fell rapidly after reaching 60°C.
This situation is related with the denaturation of proteins because most proteins usually

lose their activities and three-dimensional structures over the temperature of 50-60°C.

31
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This finding is similar with the results obtained by Beydemir et al. (2004) and Hulya et
al. (2003) and Zhuo et al. (2015).

As seen in Table 4.6. 4.1 and Figure 4.6. 4.1, the maximum activity under optimal
conditions was obtained by using 0.6 M Tris-HCI buffer. Thus, the optimal ionic strength
of the enzyme was assumed to be 0.6 M Tris-HCI. This value is quite different from the
one determined by Beydemir et al. (2004). By using Table 4.7.1, Table 4.7.2 and Figure
4.7.1, Figure 4.7.2, Km and Vmax values were calculated for 6PGA and NADP*, which
are substrates of the enzyme. The Kwm values for 6PGA and NADP* were found to be
0.0058 mM and 0.0015 mM respectively. It is seen that the Km value for NADP* is
smaller when compared to the Km value for 6PGA. In this case, it can be said that the
affinity of NADP* with enzyme is greater than 6PGA. Similar results were detected also
by Beydemir et al. (2004) and Hulya et al. (2003) and Zhuo et al. (2015).

Summary
Optimum pH pH= 8.0 in K-Phosphate
Optimum temperature 60 °C
Optimum ionic strength 0.6 M in Tris-HCI buffer (pH= 8.0)
Stable pH pH= 8.0 in Tris-HCI
Kinetic values of 6PGA Vmax= 0.0078 EU/ml, Ku= 0.0058
mM
Kinetic values of NADP* Vmax= 0.057 EU/ml, Km=0.0015mM
Molecular weight 44 KDa
Purification folds 112 folds
Specific activity 14.6 EU/mg. Protein
Yield 89%
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