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Abstract: Catalase [CAT: EC 1.11.16] was purified from bovine liver using
cellulose affinity chromatography and some enzyme characteristics were
investigated. The interaction of H2O2 with catalase was investigated by
fluorescence spectroscopy, and the change in intrinsic fluorescence intensity
at 435 nm was used to estimate the association constant of the interaction. The
binding process resulted in a change in the intrinsic fluorescence. The
emission spectra were analyzed according to a model described by Chipman
et al., to obtain the association constant (ka ) values in the temperature range
of 25-50 ºC. The results showed that the association constants were
temperature dependent. The value of Ka at 25°C was 2.4 × 105 M –1.
Moreover, the thermodynamic parameters for the interaction H2O2/BLC were
obtained from Van't Hoff plot. The results indicated that the interaction was
enthalpically driven accompanied by negative entropic contribution in the
studied temperature range. The association constant values were determined
from Van't Hoff plots.
Key words: Bovine liver catalase, fluorescence emission, association
constants, thermodynamic parameters, Chipman model.

ﺩﺭﺍﺴﺔ ﺍﻟﺨﻭﺍﺹ ﺍﻟﺜﻴﺭﻤﻭﺩﻴﻨﺎﻤﻴﻜﻴﺔ ﻹﺭﺘﺒﺎﻁ ﺇﻨﺯﻴﻡ ﻜﺘﺎﻟﻴﺯ ﺍﻟﻜﺒﺩ ﺍﻟﺒﻘﺭﻱ ﻤﻊ ﻓﻭﻕ ﺃﻜﺴﻴﺩ
.ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻥ
ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻡ ﺘﺤﻀﻴﺭ ﺇﻨﺯﻴﻡ ﺍﻟﻜﺘﺎﻟﻴﺯ ﻤﻥ ﻋﻴﻨﺔ ﻤﻥ ﻜﺒﺩ ﺍﻟﺒﻘـﺭ ﺒﺈﺴـﺘﺨﺩﺍﻡ ﺘﻘﻨﻴـﺔ

:ﻤﻠﺨﺹ

 ﻭﻗﺩ ﺘﻤﺕ ﻤﺘﺎﺒﻌﺔ ﺇﺭﺘﺒﺎﻁ ﻓﻭﻕ ﺃﻜﺴﻴﺩ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻥ ﺒـﺎﻹﻨﺯﻴﻡ. ﺍﻟﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻲ ﺫﻭ ﺍﻷﻟﻔﺔ ﺍﻟﺴﻠﻴﻠﻭﺯﻴﺔ
 ﻭﺘﻡ ﺤﺴﺎﺏ. 435 nm ﺒﻘﻴﺎﺱ ﺍﻟﺘﻐﻴﺭ ﻓﻲ ﺸﺩﺓ ﺍﻟﺘﻭﻫﺞ ﺍﻹﺸﻌﺎﻋﻲ )ﺍﻟﻔﻠﻭﺭﺴﻨﺱ( ﻋﻠﻰ ﺍﻟﻁﻭل ﺍﻟﻤﻭﺠﻲ
 ﺒﺎﻹﺴـﺘﻌﺎﻨﺔ ﺒﻁﺭﻴﻘـﺔ25-50 °C ﻗﻴﻡ ﺜﻭﺍﺒﺕ ﺍﻹﺭﺘﺒﺎﻁ ﻋﻠﻰ ﺩﺭﺠﺎﺕ ﺤﺭﺍﺭﺓ ﻤﺨﺘﻠﻔﺔ ﻓـﻲ ﺍﻟﻤـﺩﻯ
 ﻭ ﺒﻴﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺜﻭﺍﺒﺕ ﺍﻹﺭﺘﺒﺎﻁ ﻜﺎﻨﺕ ﻤﻌﺘﻤﺩﺓ ﻋﻠﻰ ﺩﺭﺠﺎﺕ ﺍﻟﺤﺭﺍﺭﺓ ﻓﻜﺎﻨﺕ ﻗﻴﻤﺔ ﺜﺎﺒﺕ.Chipman
.2.4 × 105 M-1  ﻤﺴﺎﻭﻴ ﺔﹰ25 °C ﺍﻹﺭﺘﺒﺎﻁ ﻋﻠﻰ

ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺃﻨﻪ ﻗﺩ ﺘﻡ ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺤﺴﺎﺏ ﺍﻟﻌﺎﻤل ﺍﻟﺜﻴﺭﻤﻭﺩﻴﻨﺎﻤﻴﻜﻴﺔ ﻟﻺﺭﺘﺒﺎﻁ ﺍﻟﻨﺎﺸﺊ ﻜﻤﺎ ﺘـﻡ
.ﺍﻹﺴﺘﻌﺎﻨﺔ ﺒﻤﺨﻁﻁﺎﺕ ﻓﺎﻨﺕ ﻫﻭﻑ ﻟﻬﺫﺍ ﺍﻟﻐﺭﺽ
ﻭﻓﻲ ﺍﻟﻨﻬﺎﻴﺔ ﺒﻴﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺍﻹﺭﺘﺒﺎﻁ ﺍﻟﻨﺎﺸﺊ ﻜﺎﻥ ﻤﺭﻏﻭﺒﺎﹰ ﻓﻴﻪ ﻤﻥ ﻨﺎﺤﻴﺔ ﺍﻹﻨﺜﺎﻟﺒﻲ ﻭﻟﻜﻨﻪ ﻏﻴـﺭ
.ﻤﺭﻏﻭﺏ ﻓﻴﻪ ﻤﻥ ﻨﺎﺤﻴﺔ ﺍﻹﻨﺘﺭﻭﺒﻲ
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Introduction
Catalase [CAT: EC 1.11.16] is widely distributed in animals and plants.
Catalase plays a vital role in the protection of tissues from the toxic effects
of hydrogen peroxide and partially reduced oxygen species [1- 4]. Catalase
catalyses the decomposition of hydrogen peroxide to molecular oxygen and
water without production of free radicals [4]. Catalase is an antioxidant
enzyme of high turnover rates [5]. It has been isolated from different
sources such as human erythrocytes [6], yeast [7], mouse live [8] by
different methods such as a ion-exchange chromatography and gel filtration
[7],immobilized metal ion affinity chromatography involving chelation with
zinc ions [8], Immunoaffinity Chromatography [9], and by metal ion
chelating membrane medium [10].
Moreover, the techniques of fluorescence, quenching and enhancement have
been used for studying the protein-ligand interaction [11]
The aim of the present work was to characterize the purified Bovine liver
catalase and to study its binding properties with H2O2 (by the use of
fluorescence measurements) at different temperatures in the range of 25-50 ºC.
Materials and methods
All chemicals were of analytical grade and were used without further
purification. All solutions were prepared using distilled water. Hydrogen
peroxide was purchased from Merck.
Purification of Bovine Liver Catalase
B L C was extracted essentially as described previously by Aydemir, T.,
and Kuru, K. [3] and Coban, A., et al., [4] with some modifications. Up to
500 g of fresh bovine liver bought from a local slaughterhouse was taken
immediately to the laboratory in crushed ice. At First Small portions of the
liver were mixed with citric acid (up to obtain 10 % w/w) and homogenized
in a blender, and then the homogenate was centrifuged at 4000×g for 30 min
in a high speed Sorvall RC 5C Plus Centrifuge. The precipitate was
dispersed in potassium phosphate buffer solution of pH 7.0 stirred for 15
min and centrifuged at 8000 ×g for 30 min. The extraction was fractionated
and stirred with solid ammonium sulfate then centrifuged for 30 min at
8000×g.
Fractions containing BLC were loaded directly to a cellulose affinity
column (1.5×25cm) previously equilibrated with 20 mM potassium
phosphate buffer solution (pH 7.0). after the enzyme was bound to cellulose
matrix, it was washed with 20 mM potassium phosphate buffer solution and
then eluted with the same buffer at a flow rate of 20 ml/h. The active
fractions of 3 mL were collected and the absorbance at 280 nm for each
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fraction was separately determined until the absorbance of the column
eluate at 278 nm is < 0.05. The purified BLC was stored at – 20 ºC in 20
mM potassium phosphate buffer of pH 7.0.
Concentration of BLC enzyme
Concentration of BLC was determined spectrophotometrically using a
Perkin Elmer UV/Vis (Lambda 20) spectrometer at 25 ºC.
The value of the enzyme molar extinction coefficient was 13,600 M-1 cm-1
at 278 nm [12]. Absorbance measurements were carried out using a
Beckman DU-64 spectrophotometer. A molar mass of 247.5 kDa (as an
average value for BLC of higher organisms) was used in calculation [3].
Fluorescence measurements
Spectrofluorimetric titrations of H2O2 with BLC were performed over a
range of temperatures (25 – 50 ºC) in a Perkin Elmer luminescence (series
no. 70412). The spectrometer equipped with a water jacket cuvette holder to
maintain the desired temperature. The excitation wavelength was 290 nm,
and the emission was recorded in the wavelength range of 350 – 625 nm.
The excitation and emission slits were both 10 nm. The spectra were
monitored at 435 nm. After the spectrum of enzyme alone has been
recorded, successive addition (20 μl) of 15 mM H2O2 were added to BLC
of concentration 1.73 μM; both in phosphate buffer solution pH 7.0. The
fluorescence intensities were measured after incubation in the cuvette for
2 min.
Data analysis
The fluorescence data were analyzed according to double-logarithmic plots
as described by Chipman et al [13]. The association constants at each
temperature from 25 to 50 ºC was estimated from the intercept of the plot at
the desired temperature.
Results and discussion
The interaction H2O2/BLC was monitored by intrinsic fluorescence as a
function of molar ratio of [H2O2]/[BLC] in 20 mM phosphate buffer
solution of pH 7.0. Fig. 1 displays the fluorescence titrations of BLC with
H2O2. Fluorescence emission spectra obtained after the interaction of H2O2
with catalase were recorded in the wavelength range of 350-625nm
corresponding to exciting at 290 nm using excitation and emission slit
widths of 10nm. Emission titration of H2O2/catalase resulted in a substantial
increase in the fluorescence intensity at 435 nm and it can be clearly seen
that the fluorescence intensity at this wavelength increases with successive
addition of H2O2. However, no shift in the emitted spectra was noticed.
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Fig. 1: Fluorescence emission spectra corresponding to titration of H2O2
with BLC at 25 ºC. The direction of arrow correspond to successive
additions of 20 μl of 15 mM H2O2 aliquots.
Effect of temperature on binding H2O2/BLC
To study the influence of temperature on the binding H2O2/BLC and to
obtain the thermodynamic parameters, a series of fluorescence titrations
similar to those mentioned above were performed at 25,30, 40 and 50 ºC.
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Fig.2: Representative plots of fluorescence intensities at 435 nm vs. the
molar ratio [H2O2]T /[BLC]. Concentrations of BLC and H2O2 were 1.73
μM and 15 mM. respectively. The continuous lines are the best fitted curves
at different temperatures. (●) 25 ºC, (■) 30 ºC , (▲) 40 ºC and (♦) 50 ºC.
Fig.2 shows the best fits representing the intrinsic fluorescence at 435 nm
versus the molar ratio [H2O2 ]T/BLC at selected temperatures in the range of
25 – 50 ºC. The fluorescence titration data at each temperature were
analyzed using a model described by Chipman et al [13,14]. The
experimental data were analyzed using equation (1) from which the
association constant was estimated. Double logarithmic plots were
constructed and the binding constants were obtained from the abscissa of the
linear fits obtained (Fig. 3)
( F − F∞ )
Log
= log K a + Log [ H 2 O 2 ] f
(1)
( F 0 − F∞ )
Where F0, F, and F∞ are the fluorescence intensities account for enzyme
solution without H2O2, in presence of H2O2, and Fluorescence intensity at
saturation by H2O2, respectively.
The changes in enthalpy (ΔH) and entropy (ΔS) were estimated from Van't
Hoff plots. The change in free energy (∆G) was obtained from the
association constant, Ka, according to the expression ∆G = – RTln Ka. The
association constants obtained at different temperatures in the range of 2550 ºC are listed in Table 1. It clearly seen that the values of association
constant decrease with temperature, suggesting that the interaction is an
exothermic process with better contacts of H2O2 in the active sites of the
BLC enzyme via van der Waals and/or hydrogen-bonding interactions. The
association constants and the thermodynamic parameters (ΔHVH , ΔS and
ΔG ) associated with the formation of H2O2/BLC conjugate are summarized
in Table 1
Table (1):Association constants (Ka), and thermodynamic parameters
(∆H , ∆S, and ∆G) for with the interaction H2O2/BLC at pH 7.0 as a
function of temperature.
Temperature, ºC
Ka × 10-4 M-1
∆HVH
∆S
∆G (kJ/mol)
kJ/mol
J/mol.K
25 ºC
24.0
- 30.8 (at 25 ºC)
-136.7
-354.2
30 ºC
13.2
40 ºC
2.45
50 ºC
0.347
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Fig.3: Double logarithmic plots for the interaction H2O2/BLC in phosphate
buffer (pH 7.0) at four different temperatures. (■) 25 ºC , (●) 30 ºC , (▲) 40
ºC and (▼) 50 ºC.
Temperature dependence of the association constants has been estimated
from Van't Hoff plots of log Ka vs the reciprocal of temperature (Fig. 4). A
linear fit has been obtained from which the Van’t Hoff enthalpy (∆HVH) and
entropy (∆S°) contributions were estimated.
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Fig.4: Van't Hoff plot corresponding to interaction of H2O2 with BLC
enzyme in phosphate buffer solution pH 7.0 and at different temperatures in
the range of 25-50 ºC
The association constants of the conjugate H2O2/BLC was used for
calculation of the corresponding ∆G value at each temperature. Moreover,
the temperature dependence of Ka for the conjugate was analyzed by Van't
Hoff plot of LnKa vs 1/T and linear fit was obtained. From the slope of the
straight line, the value of Van't Hoff enthalpy (∆HVH) was calculated. The
entropy change (∆S) was calculated from the X-intercept of the line. The
results showed that, the interaction was enthalpically driven with negative
values of entropic contribution.
The negative value of ∆HVH can be explained by the formation of Hbonding and Van der Waals forces during the conjugation [15,16]. The
unfavorable entropic contribution may arise from the loss of vibration
degrees of freedom in the catalase enzyme when bounded to hydrogen
peroxide. Thus, for stable binding to occur, the enthalpic contribution must
be sufficient high to offset of unfavorable entropy of the conjugate formed
[17, 18].
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Conclusion
The values of association constants (Ka) for the conjugate H2O2/BLC
were temperature dependent in the studied range of temperature . The
interaction of H2O2/BLC was enthalpically driven and associated with
negative values of the entropy over the studied temperature range .
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