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Abstract 

 

In this study, binding activities of the previously synthesized cobalt (II) compound (PcCo) with calf thymus-DNA 

containing 2, 10, 16, 24-tetrakis 4-(2-phenoxy-1, 3-dioxo-2, 3-dihydro-1H-inden-2-yloxy) phthalonitrile were 

investigated to determine binding activities by using UV-Vis absorption, fluorescence titration methods. 

Absorption titration spectra of PcCo in DMF give peaks at about 670 nm for Q-band absorption and about 340 nm 

for B-band absorption in the absence of calf thymus-DNA. Emission intensities of PcCo in presence of calf 

thymus-DNA, PcCo gives emission at about 545 nm. Thermal denaturation profile study was systematically 

studied by UV/Vis spectroscopic technique and melting point temperature was found around 7.87 oC for Co (II) 

phthalocyanine compound.  The reduction oxidation behavior of PcCo with calf thymus-DNA was investigated 

using cyclic voltammetry (CV). Cathodic peak potential and anodic peak potential for PcCo were recorded to be 

0.84, -0.36 V for EPc and 0.88 V, 0.15 V, and -0.69 V EPa. The cyclic voltammetric results show one half- 

reversible reduction oxidation wave. The shift in Epc and Epa potentials indicates that PcCo shows strong 

interaction with calf thymus-DNA. Further to understand binding activities of PcCo with calf thymus-DNA was 

studied by using electrophoresis technique. Electrophoresis findings showed that there is decrease in the intensity 

of CT-DNA bands. All the findings show that PcCo interacts strongly with DNA molecule via an intercaltion 

binding. 
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2, 10, 16, 24-Tetrakis 4- (2-fenoksi-l, 3-diokso-2,3-dihidro-lH-inden-2-iloksi) 

ftalonitril içeren kobalt (II) bileşiğinin DNA bağlanmasının spektroskopik 

yöntemler ile araştırılması 
 

Öz 

 

2,10, 16, 24-tetrakis 4- (2-fenoksi-1,3-diokso-2,3-dihidro-lH-inden-2-iloksi) ftalonitril içeren önceden 

sentezlenmiş kobalt (II) bileşiğinin (PcCo) CT-DNA ile bağlanma özellikleri UV/Vis absorpsiyon, floresan 

titrasyonu yöntemleri kullanılarak bağlanma özelliklerini belirlemek için araştırıldı. DMF çözücü ortamında ve 

DNA’nın yokluğunda, PcCo'nun absorpsiyon titrasyon spektrumu, Q-band için yaklaşık 670 nm'de pik ve B -bandı 

için 340 nm de pik verir. Calf thymus-DNA, PcCo varlığında PcCo'nun emisyon yoğunluğu yaklaşık 545 nm'de 

emisyona neden olur. Termal denatürasyon profili çalışması UV-Vis spektroskopik tekniği ile sistematik olarak 

incelenmiş ve Co (II) ftalosiyanin bileşiği için erime noktası sıcaklık değeri 7.87 oC civarında bulunmuştur. CT-

DNA yokluğunda ve varlığında PcCo'in redüksiyon oksidasyon davranışı, dönüşümlü voltametri (CV) ile 

incelendi. PcCo için katodik pik ve anodik pik potansiyelleri, EPc için 0.84, -0.36 V ve 0.88 V, 0.15 V ve EPa için 

-0.69 V olarak kaydedildi. Dönüşümlü (cyclic) voltametri sonuçlar, bir yarı-tersinir redaksiyon oksidasyon 

dalgasını göstermektedir. Epc ve Epa potansiyelindeki değişim, PcCo'in CT-DNA'yla güçlü etkileşim gösterdiğini 

önermektedir. PcCo'in CT-DNA ile olan etkileşimi ayrıca jel elektroforez yöntemi kullanılarak araştırılmıştır. Jel 

elektroforezi sonuçları, CT-DNA bantlarının yoğunluğunda azalma olduğunu gösterdi. Tüm bulgular, PcCo ile 

CT-DNA molekülü arasındaki etkileşimin interkalatif bağlanma türü olduğunu göstermektedir. 

 

Anaktar Kelimeler: DNA, DNA-bağlanma, Ftalosiyaninler, Jel Elektroforez, UV/Vis spektroskopi 
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1. Introduction 

 

Phthalocyanine metal compounds exhibit substantial 

electrochemical, physical and spectroscopic features 

because of their strong conjugative π systems [1-4]. 

Metellophthalocyanine compounds and their 

relevant analogs are potential functional substances 

for usage as dyes and pigments [5-8], chemical 

sensors [9-11] and photosensititizers for 

photodynamic therapy for cancer [12, 13]. Many 

studies conducted to change these kind of 

macrocyclic metal compounds with the objective of 

soothing their features and improving their 

efficiency for advanced substances.  

 

Nowadays, photodynamic treatments have gotten 

great attention as a promising cancer therapy. Cancer 

is an important health problem which leads to 

widespread cause of death in the worldwide [14]. In 

order to cure abnormal cell of cancer, abnormal 

growth of these cells must be prevented [15]. In this 

case, DNA molecule plays an significant role in cell 

reproduction and genetic mutation. Therefore, DNA 

molecule is a major target to discover and 

developing of new anticancer curing medicine [16, 

17].  

 

Though the most prevalent therapy methods for 

abnormal cells of cancer are surgical operations, 

radiotherapy and chemotherapy, but these types of 

therapy have substantially side effects [18]. 

Consequently, scientists proceed to search for new 

techniques for curing of cancer cell for instance 

photodynamic treatment is base upon production of 

reactive oxygen breeds underneath irradiation of 

photosensitizer. The formation of reactive oxygen 

species exterminate cancer tumours by necrosis 

process [19]. Phthalocyanine compounds have been 

used as photosensitizer materials for photodynamic 

therapy due to eminent single oxygen product, their 

stability, strong absorption property and low toxicity 

[17, 20]. 

 

Due to the biological significance of phthalocyanine 

compounds, it is useful to investigate the binding 

activities of this type fucntional compound with 

DNA molecule. In this study, we invastigated the 

binding activities of previously synthesized cobalt 

(II) phthalocyanine compound (PcCo) [21], bearing 

four 4-(2-phenoxy-1, 3-dioxo-2, 3-dihydro-1H-

inden-2-yloxy) phthalonitrile groups by calf thymus 

(CT)-DNA using UVVVis absorption spectra, 

fluorescence spectroscopy, cyclic voltammetry, 

thermal denaturation profile study and viscosity 

measurements. 

 

 

 

 

2. Experimental 

 

2.1. Chemical reagents 

 

In this study, used chemicals were molecular biology 

grade and they were used without purification. Calf 

thymus-DNA and hydroxymethylaminomethane 

hydrochloride (Tris-HCl) were purchased from 

Sigma-Aldricht. Sodium chloride was purchased 

from Merck. DNA-binding studies were conducted 

in a Tris-HCl buffer solution, 20 mM Tris-HCl, 20 

mM NaCl at pH 7.0. the solution of Tris-HCl buffer 

was prepared by using Milli-Q water. 2, 10, 16, 24-

tetrakis (4-(2-phenoxy-1, 3-dioxo-2, 3-dihydro-1H-

inden-2-yloxy) phthalonitrile) phthalocyaninato 

cobalt (II) compound which is synthesized and 

characterized according to literature procedure [17].  

 

In this paper, all the experiments were conducted by 

using the buffer solution at pH 7.0. Calf thymus-

DNA solution in Tris-HCl buffer indicated UV/Vis 

absorbance at 260 nm, demonstrating that calf 

thymus-DNA solution was protein free [22].  

 

2.2. Equipments 

 

UV-Vis absorption studies of DNA-binding of Co 

(II) phthalocyanine compound (PcCo) with calf 

thymus-DNA were conducted in aquartz cuvette 

using Agilent Technologies Cary 60 UV-vis 

spectrometer (Karabuk, MARGEM, Turkey), 

fluorescence spectroscopy measurements were 

recorded with Perkin Elmer LS fluorescence 

spectrometer and cyclic voltammetry (CV) 

measurements were carried out using Ivisumstat 

Electrochemical Interface electrochemical analyzer.  

 

Agarose gel electrophoresis experiments were 

performed with Thermo owl electrophoresis system. 

Thermal denaturation temperature of DNA was 

conducted at 260 nm by using Agilent Technologies 

Cary 60 UV/Vis spectroscopy and viscosity 

measurement experiments were conducted out by 

using Ubbelohde viscometer. 

 

2.3. Synthesis 

 

2.3.1. Synthesis of compound  

 

The compound which was synthesized and 

characterized according to literature procedure by 

M.S. Agirtas [21].  
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2.3.2. 2, 10, 16, 24-tetrakis 4-(2-phenoxy-1, 3-

dioxo-2, 3-dihydro-1H-inden-2-yloxy) 

phthalonitrile}phthalocyaninatocobalt (II) 

(PcCo) 

 

The compound which was synthesized and 

characterized according to literature procedure by 

M.S. Agirtas [21].  

 

2.4. Absorption titration studies of DNA-binding 

 

Absorption spectra measurements were conducted 

with diffentiating calf thymus-DNA concentrations 

between the range of 1µM, 1.5µM, 2.5µM and 

3.5µM and keeping the concentration of Co (II) 

phthalocyanine compound constant. On measuring 

of absorption spectra, certain amount of calf thymus-

DNA was added to Co (II) phthalocyanine 

compound solution.  Absorption spectra experiment 

were carried out on successive addition of calf 

thymus-DNA sample. Absorption titration spectra of 

the solutions was recorded between 300 and 800 nm 

[23]. Fluorescence titration were conducted between 

550 and 780 nm after excitating. Fluorescence 

titration was performed by adding small amount of a 

concentrated calf thymus-DNA to PcCo sample at 

fixed concentration.  Before measurements, the 

sample solution was allowed to reach to equilibrium 

for a certain period of time [24].  

 

Melting point temperature experiment was 

performed by recording the change in the absorption 

of the DNA at 260 at different temperatures to 

evaluate thermal denaturation temperature of calf 

thymus-DNA. The absence and presence of PcCo in 

the buffer at pH 7.0, the melting point temperature 

was measured containing DNA and PcCo samples. 

The sample solution was stirred and the temperature 

was increased gradually from 25 to 95 oC with a 

recording of absorbance taken every 5 oC. Melting 

temperatures were recorded at 260 nm wavelenght 

[25] by using Agilent Technologies Cary 60 UV/Vis 

spectroscopy. 

 

2.5. Cyclic voltammetric(CV) measurements 

 

All the cyclic voltmmetry experiments were 

recorded at room temperature in a 10 mL electrolic 

cell using the buffer solution as supporting 

electrolyte.  Cyclic voltametry experiments were 

conducted by using Ivisumstat Electrochemical 

Interface Electrochemical analyzer at the following 

setting. Beginning potential was -1.5 V and end 

potential was 1.5 V and the rate of scan was 10 mV/s.  

Glassy carbon working electrode was an Ag/AgCl 

reference electrode and plantinnum wire was a 

counter electrode were used in this study [26, 27]. 

Cyclic voltammogram of 10 mL of PcCo was carried 

out differentiating concentrations of DNA sample. 

2. 6. DNA gel electrophoresis studies 

 

The binding experiment of PcCo with the DNA was 

carried out by electrophoresis. The solution 

containing calf thymus-DNA and different 

concentrations of PcCo in Tris-HCl buffer was 

incubated for certain time. Gel electrophoresis 

experiment was carried out at 80 V for 3 h in TBE 

buffer solution. DNA bands were visualized by using 

Vilber Lourmat UV lamb. In this experiment, 

Thermo owl gel electrophoresis system was used. 

 

2.7. Viscosity measurement studies 

 

In this study, viscosity measurements of PcCo with 

DNA were conducted using Ubblohde viscometer 

which was submerged in a bath maintaining at a 

constant temperature (30 oC). The approximate flow 

time was achieved after experiments were repeated 

three times.  Realtive viscosity of the DNA was 

calculated by using ηi=(ti-t0) /t0 [28]. 

 

3. Results and Discussions 

 

3.1. the Synthesis and characterization of PcCo 

 

Co (II) pthalocyanine compound (PcCo) bearing 4-

(2-phenoxy-1, 3-dioxo-2, 3-dihydro-1H-inden-2-

yloxy) phthalonitrile substituents on the peripherial 

positions was synthesized and characterized 

according to literature procedure [21].  The chemical 

structure of tetra substituted Co (II) phthalocyanine 

compound is given in Fig. 1. The characterization of 

previously synthesized Co (II) phthalocyanine 

compound was done by NMR, FTIR and UV/Vis 

spectroscopy analyses and their results are with 

reference to literature [21].  

                   

3.2. DNA binding studies of PcCo 

 

3.2.1. Absorption Spectra and fluorescence 

spectroscopy studies of PcCo  

 

Phthalocyanine compounds indicate characteristic 

electronic spectra with two strong absorption spectra 

in their ground state absorption. First one of these 

absorption spectra bands, which is known Q band, 

which is observed at about 600-750 nm in visible 

region of spectrum because of transitions between 

molecular orbitals. Second absorption band, which is 

known as B band, is observed in the ultraviolet 

region of spectrum at about 300-450 [29]. When a 

photosensor compound is used for photodynamic 

therapy, it must not be toxic effect when it absorps 

strongly in the region 600-800 nm. 
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Fig. 1. Chemical structure of cobalt (II) phthalocyanine compound (PcCo). 

 

  

 

    
Fig. 2. Absorbance titration spectra of PcCo in the buffer in the absence and presense of calf thymus-DNA on 

addition of calf thymus-DNA from top to bottom.  Arrows indicates absorbance change on increasing 

concentration of calf thymus-DNA from top to bottom. 

 

Absorption spectra were conducted to determine 

binding activities of Co (II) phthalocyanine 

compound with DNA molecule. 

Metallophthalocyanine compounds can react with 

CT-DNA through non-intercalation and 

intercalation binding modes. In general, intercalation 

binding of a small molecule to DNA causes changes 

in absorbance spectra (hyperchromism or 

hypochromism) and a red or blue change in 

wavelength [29] of compounds due to π-packing 
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interaction between aromatic groups [18] in 

comperison with DNA electrostatic binding agents 

cause small changes in absorbances and wavelengths 

in absorption spectra [16, 30]. An interaction such as 

intercalation binding mode generally is related to a 

hypochromic and a red change [29]    

 

In this study, the absorbance titration spectra of 

PcCo were performed to determine binding 

activities between DNA and PcCo.  For DNA-

binding of PcCo, absorption titration experiments 

were carried out between the range of 300 and 800 

nm. Absorption titration spectra of PcCo in DMF 

give peaks at about 670 nm for Q-band absorption 

and about 340 nm for B-band absorption in the 

absence of calf thymus-DNA.  Absorption spectra of 

PcCo in Fig. 2 showed hypochromic and red 

changes in the presence of DNA.  As concentration 

of DNA was increased from 0 to 3.5 µM, a strong 

hyprochromic shift was observed with a small 

wavelength shift.  The considerable hypochromic 

shifts suggest that a strong interaction occure 

between PcCo and calf thymus-DNA. The 

absorption spectra of PcCo decreased in intensity 

without changing its conformation after adding 

different concentrations of calf thymus-DNA. Fig. 2 

shows changes in the absorption spectra of PcCo 

during titration with the DNA solution. Dropping in 

the absorption intensities of PcCo can be caused by 

the existing intercalation binding between the 

compound and the DNA. This result shows that 

PcCo interacts with calf thymus-DNA through 

intercalation binding. 

 

                            

 
 

Fig. 3.   Fluorescence titration spectra of PcCo in the 

buffer solution. The Arrow indicates intensity 

change on increasing amount of calf thymus-DNA, 

where I indicates intensity. 

 

Fluorescence titration experiment is also performed 

to study binding activities between molecular 

compounds and DNA [30]. Due to fluorescence 

spectroscopy technique is a prevalent method for 

DNA-binding study. This technique can give more 

information for binding between DNA molecule and 

chemical compounds.  As indicated in Fig. 3, calf 

thymus-DNA + PcCo irradiate strong emission in 

the buffer solution at 7.0 with peak appearance at 

around 535 nm. On the addition of the DNA sample, 

a clear increase in emission intensities of PcCo was 

recorded comparing to the original for PcCo as 

shown in Fig. 3. In presence of calf thymus-DNA, 

PcCo gives emission at about 545 nm. The results 

show that PcCo binds strongly to DNA molecule. 

 

3. 2. 2. Cyclic Voltammetry studies 

 

The technique of cyclic voltammetry is largely 

utilized to investigate binding activities between 

chemical compounds and DNA. This method also 

ensures substantial supplementary data to 

preliminary evaluations of spectroscopic studies 

[31]. This method is very practical for metal-based 

molecular compounds because of their reduction and 

oxidation properties. If a metal based compounds 

give a reaction with DNA, peak potential and peak 

current of compound change in the presence of DNA 

molecule [32].  

 

Cyclic voltammetric technique was carried to 

comprehend binding activities between calf thymus-

DNA and cobalt (II) phthalocyanine (PcCo) in the 

buffer solution and findings are revealed in Fig. 4. In 

this study, in absence and presence of DNA, cyclic 

voltammetric experiments were conducted in a 

buffer.  In absence of the DNA, PcCo generates a 

couple of peaks belonging to PcCo indicating anodic 

peak (EPa)  and cathodic (EPc). The peak potentials 

of cathode (EPc) and the peak potentials of anode 

(EPa) were specified to be 0.65 V, - 0.6 V and − 

0.13 V for EPc and 0.9 V, 0.02 V and -0.5 V for EPa 

for PcCo as indicated in Fig. 4a. 

 

On the increasing of DNA with PcCo, the cyclic 

voltammetric peak currents dropped significantly on 

increasing amount of calf thymus-DNA. The 

findings indicate that calf thymus-DNA interacts 

with PcCo [33, 34]. The decreasing in voltammetric 

peak current in the presence of calf thymus-DNA can 

be based to low diffusion of PcCo interaction with 

calf thymus-DNA molecule. Cathodic peak potential 

and anodic peak potential for PcCo were recorded to 

be 0.84, -0.36 V for EPc and 0.88 V, 0.15 V, and -

0.69 V EPa as indicated in Fig. 4b. All these findings 

demonstrate that PcCo binds to DNA molecule. 
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Fig. 4. Cyclic voltammogram of PcCo in absence of 

calf thymus-DNA (a), (red line) and presence of calf 

thymus-DNA (b) (blue line) of increasing amount of 

calf thymus-DNA. The arrow indicates decrease in 

cathodic peak potential on increasing amount of calf 

thymus-DNA. 

 

3.2.3 Melting point temperature studies 

 

Thermal denaturation study of DNA was conducted 

to investigate binding activities between PcCo and 

calf thymus-DNA. The melting point temperature of 

DNA can provide valuable information with regard 

to the stability of DNA double-helixed with at 

260 nm. The intercalation binding of PcCo to DNA 

molecule can enhance to melting temperature of 

DNA molecule because of strength of binding. In the 

case of non-intercalative binding of PcCo to DNA 

molecule, the melting point temperature of DNA can 

drop [35, 36]. In this study, in the absence and 

presence of PcCo, thermal denaturation experiments 

were performed to specify binding activities between 

PcCo and calf thymus-DNA as indicated in Fig. 5. 

The melting point temperature for calf thymus-DNA 

in absence of PcCo was found to be 71.67 oC, and 

the melting temperature for calf thymus-DNA in 

presence of PcCo was found to be 79.54oC. These 

findings indicate that PcCo strongly binds to DNA 

molecule through intercalation binding because of 

shift in melting point temperature. 

                   

 
Fig. 5. Melting point temperatures (Tm) of calf 

thymus-DNA and PcCo in a buffer solution. 

 

3.2.4. Viscosity measurements studies 

 

In general, viscosity experiments are conducted to 

study binding activities between   DNA molecule 

and metal-based compounds. The increase in relative 

viscosity demonstrates that molecular compounds 

interact with DNA base pairs via intercalation 

binding mode, which induces the disintegration and 

elongation of DNA molecule, and a dropping in 

relative viscosity shows that compounds bind to 

DNA base pairs through a non-intercalation binding 

mode. This disintegration of DNA double-stranded 

stems from ligands packing between DNA base 

pairs. The interaction between ligands and DNA 

base pairs causes a substantial changing in structure 

of DNA [17, 19]. In this work, viscosity 

measurements were conducted to invetigate binding 

activities between PcCo and calf thymus-DNA.  Fig. 

6 indicates there is an increasing in relative viscosity 

of calf thymus-DNA after successive additions of 

PcCo. These findings demostrate that PcCo interacts 

with DNA through intercalation binding mode. 

           

Fig. 6. Realtive viscosity of calf thymus-DNA in the 

buffer. 
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3.2.5. Gel Electrophoresis studies 

 

In addition to above studies, gel electrophoresis 

experiment was conducted to investigate binding 

activities between PcCo and DNA molecule by 

using calf thymus-DNA. Binding activities between 

PcCo and calf thymus-DNA was studied using 

agarose gel electrophoresis to determine the impact 

of varied concentrations of PcCo on the DNA. The 

findings are indicated in Figure 7. These results 

explicitly show that intensities of DNA bands were 

dropped after interaction of PcCo with DNA when it 

is compared to the band of calf thymus-DNA control 

(C). The decreasing in the intensity of DNA bands 

after interaction of PcCo with calf thymus-DNA is 

considered to be owing to deformation of DNA 

double-stranded [17, 23, 35, 36, 37].  

 

CT-DNA gel electrophoresis experiment was carried 

out at room temperature by using synthesized PcCo. 

The interaction of CT-DNA with PcCo was 

monitored by gel electrophoresis using Thermo owl 

electrophoresis system. The migration of CT-DNA + 

PcCo was monitored after GelRed painting. The 

electrophoresis experiments clearly revealed that 

PcCo interacts with CT-DNA as there was variation 

in the bands of lanes 1- 3 compared to the control 

CT-DNA (C) (Figure 7). The interaction efficiency 

of PcCo compared to that of the control CT-DNA (C) 

originates from their effective CT-DNA binding 

abilities. As shown in Figure 7, the control CT-DNA 

(lane C) does not display any substantial change of 

CT-DNA band. PcCo Compound (Figure 7)  (lanes 

1, 2, and 3 belong to PcCo interact with CT-DNA as 

compared to control CT-DNA (C). The binding of 

CT-DNA with PcCo results in partial neutralization 

of DNA bands for 1-3. The presence of a smear in 

the gel diagram refers to the presence of cleavage. 

The cleavage potency of the compounds is 

comparable to that of the control CT-DNA because 

of their effective DNA interaction ability.  The 

results of gel electrophoresis show that PcCo can 

strongly interact with CT-DNA [38]. 

                       

 
Fig. 7. Agarose gel electrophoresis of CT-DNA in 

the absence and presence of PcCo in a Tris-HCl 

buffer at pH 7.0. Lane M: DNA Marker; lane C: 

control CT-DNA; Lanes 1-3: CT-DNA + compound 

PcCo (20 µM), respectively. 

 

4. Conclusion 

 

In this work, the binding activities of PcCo with calf 

thymus-DNA were studied by using UV/Vis 

absorption spectra and fluoresence emission titration 

and the results indicated that PcCo strongly binds to 

DNA molecule. Absorption spectra of PcCo  showed 

hypochromic and red changes in the presence of 

DNA.  As concentration of DNA was increased from 

0 to 3.5 µM, a strong hyprochromic shift was 

observed with a small wavelength shift.  The 

considerable hypochromic shifts suggest that a 

strong interaction occure between PcCo and calf 

thymus-DNA. On the addition of the DNA sample, 

a clear increase in emission intensities of PcCo was 

recorded comparing to the original for PcCo. In 

presence of calf thymus-DNA, PcCo gives emission 

at about 545 nm. The results show that PcCo binds 

strongly to DNA molecule. The large change in 

melting point temperature of DNA after interaction 

with PcCo also demonstrates intercalation binding. 

Cyclic voltametric studies show the clear changes in 

negative peak potentials were recorded on the 

addition of the DNA also support the intercalation 

binding of PcCo to DNA molecule. The decreasing 

in voltammetric peak current in the presence of calf 

thymus-DNA can be based to low diffusion of PcCo 

interaction with calf thymus-DNA molecule. Gel 

electrophoresis experiments also showed that PcCo 

interacts strongly with the DNA. The cleavage 

potency of the compounds is comparable to that of 

the control CT-DNA because of their effective DNA 

interaction ability. The results were obtained from 

viscosity measurements also supports intercalation 

binding between the DNA and PcCo.  As a result, 

Co (II) phthalocyanine compound bearing four 4-(2-

phenoxy-1, 3-dioxo-2, 3-dihydro-1H-inden-2-

yloxy) phthalonitrile group shows strong binding 

activities with calf thymus-DNA. All the these 

findings demonstrate that Co (II) phthalocyanine 

compound can be a promising candidate compound 

in cancer therapy because of its DNA binding 

properties. 
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