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ABSTRACT 
 

Using UV-Vis spectrophotometric method the interaction of water soluble phthalocyanine, 
Cobalt(ΙΙ) 4,4′,4′′,4′′′- tetrasulfophthalocyanine(CoTSPc), with bovine serum albumin (BSA) to 
determine the formation constant and related thermodynamic functions. The measurements were 
considered in 1mM sodium phosphate buffer, pH 7.0 and at 5 different temperatures 20, 25, 30, 35 
and 40ºC. The results showed that the best fitting corresponds to a 1:1 complex model between 
BSA and CoTSPc. The optical adsorption spectra of phthalocyanine was analyzed in order to 
obtain binding constants, K, using SQUAD software. By using the Van’t Hoff equation, values of 
enthalpy, ∆H˚,and entropy, ∆S˚,changes associated to the (BSA+ CoTSPc) were determined, and 
the values of ∆G˚ were calculated by using  ∆G˚ = -RTlnK at 5 different temperatures. 
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INTRODUCTION 
Many proteins spontaneously take on their 
secondary, tertiary, and quaternary structures. 
Apparantly, all of the required information for 
the formation of the biologically active 
conformation of proteins(called native form) is 
encoded in their amino acid sequence. It is an 
important goal of biochemistry to better 
understand the rules that govern protein 
folding and its role in biological activity [1-4]. 
The interactions, which stabilize protein 
conformation includes hydrogenbonds, 
disulfide bridges, electrostatic interactions, 
complex formation with metal ions, and 
hydrophobic effects. Many soluble proteins in 
water fold so that the majority of the nonpolar 
amino acid side chains lie within the molecule, 

 
whereas the polar side chains face toward the 
solvent[5, 6].Serum albumin, one of the most 
available and extensively studied of all 
proteins, is the most abundant protein in 
plasma, accounting for about 60% of its total 
protein content and providing about 80% of the 
blood osmotic pressure. It plays an important 
role in drug transport and storage in vertebrates 
[7, 8]. 
 Bovine Serum Albumin (BSA)(fig.1) consists 
of 583 amino acids in a single polypeptide 
chain.It posses a wide range of physiological 
functions involving the binding, transport and 
delivery of fatty acids, porphyrins, bilirubin, 
tryptophan, thyroxin and steroids. It contains 
three homologousα-helices domains(Ι,ΙΙandΙΙΙ), 
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and each domain is further divided into two 
subdomains( ΙA, ΙB, etc. ) [9]. Serum albumin is 
the most abundant protein in animal ’s including 
human circulatory system. It is in charge of the 
transport of a variety of endogenous and 
exogenous substants in body and plays an 
important role in the distribution and deposition 
of these substances[10]. When drugs are 
absorbed, they enter into the circulatory system 
and extensively and reversibly bind to serum 
albumin[11]. An important aspect of a drug’s 
biodisposition profile is the extent to which it 
bonds to plasma proteins[12]. Drug- protein 
interaction has signifigance in pharmacology. It 
can affect the biological activity [13, 14] and 
toxicity[15- 17] of drug. The binding parameters 
are helpful in the study of pharmacokinetics and 
the design of dosage forms[18,19]. 

 
Fig.1. Space filling model of serum albumin. 

 
Cobalt tetrasulfophthalocyanine ( CoTSPc )           
(structure shown in fig.2) has however, not been 
explored industrially in large amonts as a catalyst 
for the oxidation of mercaptans in gasoline 
fraction[20-23]. Cobalt  phthalocyanine(CoPc) 
and it’s derivatives is an effective catalyst for the 
oxidation of sulfur- containing substrates[24] and 
are effective in the catalytic oxidation of 
mercaptans in oil fraction and in removing alkali 
sulfides from industrial waste water[25,26]; they 
can also serve as active elements in chemical 
sensors, especially for the detection of 
N2O[27,28].Application of the spectroscopic 
techniques can reveal the reactivity of chemical 

and biological systems in low concentration 
under physiological conditions, and there have 
been several studies on fluorescence quenching 
and secondary structure analysis of albumin 
induced by drugs or other bioactive small 
molecules[29-31]. 

 
Fig.2. Molecular structure of cobalt 
tetrasulfophtalocyanine. 
 
The aim of this study was to determine the 
affinity of CoTSPc to BSA and to investigate the 
thermodynamics of their interaction. In order to 
attain these objectives, we planned to carry out 
detailed investigation of CoTSPc-BSA 
association using UV-Vis absorption 
spectroscopy. 
 
EXPERIMENTAL PROCEDURES 
Bovine serum albumin, BSA(>98%, Roche) was 
purchased from Merk company and was used 
without further purification and its molecular 
weight was assumed to be 66,500. Highly 
purified phthalocyanine, CoTSPc, was prepared 
by chemistry department of Shahid Beheshti 
University of Iran. All considered solutions were 
prepared using double-distilled water. Sodium 
phosphate buffer(1mM pH 7.0), was used as 
buffer. All of the work solutions were made by 
dissolving the solid compounds in buffer 
solution. The phthalocyanine solutions were 
freshly prepared before spectra analysis and their 
concentration range were between(1.5×10-5-
7×10-5M). BSA solutions(2×10-4 -3×10-4M) were 
prepared with doubly distilled water and were 
kept in the dark at 4˚C. The titration of 
considered phthalocyanine solutions as a 



K. Zare et al. / J.Phys. Theor. Chem. IAU Iran,4(4): 239-244, Winter 2008 

 241

function of BSA concentration was performed at 
20, 25, 30, 35 and 40˚C.Spectrophotometric 
measurements were performed on a UV-Vis 
Shimadzu 2101 PC, using 1.00 cm quartz 
cuvettes in the spectral range 200-800 nm with 
thermostat cell compartment that controls the 
temperature around the cell within ±0.1˚C. The 
stoichiometry of complexes and its formation 
constant were determined by analyzing the 
optical absorption of considered phthalocyanine 
at various BSA concentrations by using SQUAD 
software.                                                                                                        
                                                                                                          
RESULTS AND DISCUSSION 
Phthalocyanine 
The absoption spectrum of CoTSPc (fig.3) was 
recorded at 25˚C and shows that the band of 
CoTSPc consists of two components 631.5 and 
670.0 nm. Figure 4 shows that the maximum 
band obeys beer’s law over a concentration range 
between 1.5×10-5-7×10-5M.  

 
Fig.3. Absorption spectra of CoTSPc and their 
maximum band at 25˚C.                         
 

 
Fig.4. Absorbance as a function of concentration of  
CoTSPc at 25˚C.               
 
 
 

Interaction of phthalocyanine with BSA 
Spectrophotometric titrations were carried out by 
adding 40µl aliquots portions of an stock solution 
of the BSA into a quartz cell containing 2ml 
phthalocyanine. Every titration was continued 
until the absorbance of phthalocyanine solution 
in the UV-Vis range remained constant. The 
spectra were also corrected respect to dilution 
effect. The general features of CoTSPc spectra at 
various BSA concentration are shown in figure 5. 
The hypochromicity along with small red shift 
has been observed in soret band of 
phthalocyanine due to increasing of BSA 
concentration. This can be representing the 
outside-binding mode of phthalocyanine to 
groove of BSA.  
                                      

    
20˚C   
 
 

   
25˚C 
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30˚C  
 

      
35˚C 
  

 
40˚C 
 
Fig.5. Absorption spectra of CoTSPc upon titration 
with BSA in phosphate buffer, pH 7.0  and  different 
temperatures. 
 
 
 
 

Thermodynamic functions of BSA interaction 
with CoTSPc can be characterized by standard 
Gibbs free energy change, ∆G˚, enthalpy change, 
∆H˚, and entropy change,  ∆S˚. ∆G˚ can be 
calculated from the ∆G˚= -RTlnK relationship 
where K is the association formation constant for 
the BSA + CoTSPc reaction , R and T referring 
to the gas constant and the Kelvin temperature, 
respectively.The Van’t Hoff equation : 
dlnK/d(1/T)= -∆H˚/R gives a linear plot of lnK 
versus 1/T, if the heat capacity change for the 
reaction is negligible. The  ∆H˚ can be calculated 
from the slope and the standard entropy change, 
∆S˚, from the equation: ∆S˚= (∆H˚- ∆G˚)/T.The 
Van’t Hoff plot for the interaction of " 
phthalocyanine+ BSA"; at different temperatures 
is shown in figure 6 and the thermodynamic 
functions are listed in table1. 
              

 
Fig.6. Plot of logK versus 1/T for binding of  
phthalocyanine to BSA in phosphate buffer, pH 7.0.   
 
Table 1. Thermodynamic functions for binding of 
phthalocyanine to BSA in pH 7.0 and at various 
temperatures 
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SQUAD program                                                                                                     
Our input data for analysis of  phthalocyanine- 
BSA system were absorbances of 50 different 
wavelength of 15 phthalocyanine solutions. The 
50 wavelength showing suitable absorbance 
variations upon addition of BSA were selected 
from spectra of phthalocyanine. In order to 
calculate equilibrium formation constants using 
SQUAD software. This program is designed to 
calculate the best values for the stability 
constants of the proposed equilibrium model by 
employing a non-linear least square approach. 
The outputs are the logarithm of equilibrium 
formation constant,logKij, for the reaction( 1)                                                                                                             
 
iBSA+j phthalocyanine↔(BSA)i (phthalocyanine)j (1) 
 
Kij= [ (BSA)i( phthalocyanine)j ] / [BSA]i 
[phthalocyanine ]j

                                                              (2)  
 
The results show that the best fitting corresponds 
to 1:1 complex model at various temperatures. 
These results are in   good   agreement  with  the 
existence of isobestic points that corresponds to a 
simple equilibrium between phthalocyanine  and                                                                            
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