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ABSTRACT   

 
The Interaction of 5-Bromouracil (5BU) and 5-Iodouracil (5IU) with bovine serum albumin 
(BSA) were studied by spectroscopic method. Quenching of fluorescence of serum albumin by 
these drugs was found to be a static quenching process. Based on the interaction studies carried 
out the number of binding sites for drug on protein have been evaluated. The binding constant 
(Ka) were 2.013 x 104 and  4.062 x 104 L mol-1 for 5BU and 5IU. 
 
Keywords: Bovine serum albumin, 5-Bromouracil, 5-Iodouracil, quenching, binding        
constant.   
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INTRODUCTION 

 
Fluorescence spectroscopy is a valuable tool in the study of proteins due to its great sensitivity. 
Fluorescent dyes are being increasingly used in clinical and medicinal applications[1]. 
Fluorescence serves as sensitive and convenient means indicating the alterations of the 
fluorophore environment, which can provide abundance of useful information. Alterations of 
proteins molecule can be followed via intrinsic (by emission of tryptophan residue) or extrinsic 
(fluorescent probe) emitters attached to the protein. The fluorescence quenching has been widely 
studied both as a fundamental phenomenon and also for the application of fluorescence to 
biochemical problems. 
 
Uracil (U) and its derivaitives, constituents of the genetic materials, play a fundamental role in 
basic biological processes. The importance of uracil has been indicated by a considerable number 
of publications appeared in literature from the structure [2-7] and spectroscopic [7-18] point of 
view. The bioactivity of 5-substituted uracil also induces exponential interest in their bio-
chemistry and pharmacology, and they are the most interesting studies. In the present paper the 
effect of BSA by uracil derivatives such as 5-Bromouracil (5BU) and 5-Iodouracil (5IU) have 
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been studied. It has  been suggested that peroxides secreted by human phagocytes facilitate the 
formation of 5-Bromouracil (5BU) in the human inflammatory tissue [19,20]. The structure of 5-
Bromo and 5-Iodouracils are shown in figure1. 5-Iodouracil (5IU) is also an important 
antimetabolite, being the most effective inhibitor of 4-aminobutyrate aminotransferase [21-23]. 
Some 5 IU based nucleoside analogues were found to be selective inhibitors of herpes simplex 
viruses[24,25] and some others (developed to track hepatis B infections) were shown to be toxic 
when incorporated into mitochondrial DNA [26]. 
 
Serum albumin are abundant with proteins in blood plasma, accounting for about 60% of the 
total protein. As a consequence, albumins have been used as model protein in several bio-
physical, biochemical, and physicochemical studies for many years [27]. Bovine serum albumin 
(BSA) is a protein consisting of three intrinsic fluorophores: Tryptophan (trp), Tyrosine (tyr) and 
Phenylalanine (phy). BSA has two tryptophan residues [28]: Trp-134 in the first domain and 
Trp-212 in the second domain.Trp-134 is located at the surface of the molecule while Trp-212 is 
located within a hydrophobic binding pocket of the protein [29].The structure of BSA is shown 
in figure2. 
 

MATERIALS AND METHODS 
 
The steady state fluorescence spectra were recorded on Varian cary eclipse fluorescence 
spectrophotometer. 
 

RESULTS AND DISCUSSION 
 

3.1 Fluorescence quenching Mechanism 
There are wide varieties of quenching process that includes excited-state complex formation and 
energy transfer intersystem crossing, singlet – to - triplet excitation and excited intersystem 
crossing, and singlet-to-triplet excitation. There are two basic types of quenching: static and 
dynamic. Both types require an interaction between the fluorophore and quencher. Fluorescence 
quenching process depends upon the nature of fluorophore and quencher molecule [30, 31].The 
fluorescence quenching of BSA by the quenchers 5BU and 5IU  has been studied by steady state 
method at room temperature.  
 
The fluorescence quenching spectra of BSA (λex= 280 nm) in the presence of different 
concentrations of quenchers(5BU and 5IU) are shown in figure 3 and 4 respectively. The 
fluorescence intensity of BSA decreases regularly with increasing concentration of quenchers. 
The emission maxima(λem) is 344 nm and is slightly blue-shifted  when in the presence of 
quenchers. For the calculation of Stern-Volmer constants, the following Stern-Volmer relation 
can be used.  
  
  F0/F = 1+Ksv [Q]                   ------------(1) 
 
where F0 and F are fluorescence intensities in the absence and presence of quenchers 
respectively. Ksv is the Stern-Volmer constant and [Q] is the quencher concentration. The Stern-
Volmer plots of fluorescence quenching of BSA with Quenchers(5BU and 5IU) is shown in 
figure 5. Table 1. Summarises the calculated Stern-Volmer quenching constants and the 
regression co-efficients values.  
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3.2. Analysis of binding equilibria 
For static quenching, the fluorescence intensity can also be used to analyze the apparent binding 
constant (Ka) and the number of binding sites (n) using Eqn.(2). When small molecules 
independently bind to set of equivalent sites on a macromolecule [33]. 
 
  log[(F0/F)/F] = log Ka + n log[Q]                     ----------(2)  
 
where Ka  is binding constant of 5BU and 5IU with BSA and n is the number of binding sites per 
albumin molecule, which can be determine by the slope and the intercept of double logaritham 
regression curve of log[(F0/F)/F] versus log[Q] based on the Eqn.(2) (figure 6). Table 2 gives 
the result of Ka and n analyzed in this way for BSA. The correlation co-efficients are greater than 
0.99, indicating that the assumption underlying the derivation Eqn(2) are satisfactory. The values 
of n at the experimental are approximately equal to 1, which indicates that there is one class of 
binding site to quenchers in BSA. 
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Fig.1 : Molecular Structure of quenchers  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 : Structure of Bovine Serum Albumin 
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Fig. 3: Fluorescence quenching spectra of BSA without and with different concentrations of 5-Bromouracil 
(5IU) at 303K   
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Table.1  Stern-Volmer quenching constants (Ksv) of the drug-BSA complexes 
 

Quenchers Ksv x 103
 (L mol-1) Ra S.D.b 

5 BU 4.480 0.99 0.513 
5 IU 5.200 0.99 0.662 

a – The correlation coefficient 
b – The standard deviation for the Ksv values   

 
Table. 2  Binding constant(Ka) and binding site (n) of Drug-BSA complexes 

 
Quenchers Ka x 104 (L mol -1) n 

5 BU 2.013 1.16 
5 IU 4.092 1.23 
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Fig. 4: Fluorescence quenching spectra of BSA without and with different concentrations of 5-Iodouracil 
(5IU) at 303K  

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: The Stern-Volmer plot of fluorescence quenching of BSA by 5BU & 5IU  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Double-log plot of fluorescence quenching of BSA by 5BU & 5IU   
   

CONCLUSION 
 

This paper provides an approach for studying the binding of protein with 5BU and 5IU by using 
fluorescence technique. The experimental results indicate that  complexes are formed between 
drugs  and BSA through the static quenching procedure. 
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