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Abstract 

Structural conformation of proteins can be determined using spectroscopic 
measurements. Fluorescence activity of proteins is one of the primary criterions 
for studying biophysical characteristics. Structural elucidation of proteins is 
important for drug developments.Fluorescence quenching of Cytochrome C, 
Myoglobin and Leghemoglobin were carried out using acrylamide and 
Potassium Iodide (KI) solutions at room temperature. The quenching activity 
occurs due to excited state reactions, energy transfer and complex formations. 
Stern Volmer plot and quenching constants were obtained using the quenching 
systems. Due to tryptophan residues buried in the interior, mostly native heme 
proteins did not show a linear Stern Volmer plot; however, when denatured by 
guanidine hydrochloride, exposed tryptophan residues resulted in linear Stern 
Volmer system. Before denaturation, the Stern Volmer plot showed a polynomial 
nature. Denaturation resulted in increased exposure of the fluorophore to the 
quencher, which further resulted in linear Stern Volmer curve.  Acrylamide 
quenching showed similar results in Stern Volmer quenching models of the 
three heme proteins, where KSV varied from 1.475, 16.83 and 0.04 for 
Cytochrome c, Myoglobin and Leghemoglobin. Fluorescence quenching study 
provided insight into the protein’s micro environment, containing tryptophan 
residues. This kind of study assisted in identification of Tryptophan positioning 
of the heme proteins. 
Key words: Cytochrome C, Myoglobin, Leghemoglobin, Fluorescence quenching, 
Stern Volmer Plot. 

INTRODUCTION 
The folding of a polypeptide chain to form a relatively compact globular protein 
inevitably results in the burial of certain amino acid residue from the external aqueous 
environment. Other residues by chance lie on the surface, exposed to the polar solvent 
[1]. A strategy often employed in studying the solution structure of protein is to map out 
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those residues which are buried against those which are exposed [2]. Since most amino 
acid contain a small number of tryptophan residues, this amino acid has received 
considerable attention in such topographical studies [3]. A very promising 
spectroscopic technique involves the quenching of the tryptophan residues by the 
addition of various low molecular weight agents, known as quencher, which decreases 
the fluorescence intensity of those residues via physical contact with the excited indole 
ring [4]. Hence the ease with which a fluorophore is quenched depends upon its 
exposure to the quencher. 
       Molecular oxygen and number of ionic quencher such as Iodide ion, Caesium ion has 
been used extensively in these problems [5]. But ionic quencher, being charged and 
heavily hydrated, it can only quench those residues which are only at the surface of the 
protein. Since protein is a polyelectrolyte, electrostatic effect may influence their 
quenching action and lead to an under or overestimation of the exposure of a 
fluorophore [6]. 
The quenching reaction between the indole ring, M* and the quencher Q can be 
described by the following scheme [7]. 
 
 

M
* 
+ Q     (M

*
……Q)                  M + Q + Heat. 

Where M*---Q is the complex formed in the excited state by diffusion encounter. The 
excited complex reacts to dissipate the excited state as heat. The classical relationship 
for the quenching process is known as stern-volmer equation [8]. 
 
Fo/F = 1+Ksv[Q] = 1+Ʈo/Ʈ. 

Where, Fo and F is the fluorescence intensity in absence and in presence of the 
quencher and Ʈo and Ʈ are the respective life time in absence and in presence of 
quencher. Ksv is the collisional quenching constant and Ksv=  Kq.Ʈo 
A more complete treatment of the kinetics of the quenching reaction by acrylamide 
must include another process known as static quenching. In such cases the probably of 
the reaction is so high that the quenching process happen instantaneously. So, modified 
stern-volmer equation is described below [9]. 
 
Fo/F = {1+Ksv[Q]} eV[Q]. 

Herein our study, we have used acrylamide and Potassium Iodide (KI) as a quenching 
agent. It is an excellent uncharged quenching probe that is very sensitive to the 
exposure of tryptophan in proteins. As it is an ionic molecule, it can quench only the 
surface residues, so we repeated the process again by using 6M guanidine 
hydrochloride denaturing the protein. 
 
MATERIALS AND METHODS  
Preparation of protein samples and reagents 
Myoglobin and Cytochrome C were purchased from Sigma (USA) and Hi-Media (India) 
respectively. Leghemoglobin was isolated and purified from root nodules of Arachis 
hypogea according to the methods [10]. All the protein samples were dissolved in 
Phosphate buffer with a pH of 7.0, 8.0 M concentration, maintained at room 
temperature of 250c. 
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Fluorescence spectroscopic measurements 
Denaturation of the protein samples were carried out using guanidine hydrochloride of 
6M concentration. The solutions were calibrated at 250c. Fluorescence quenching 
measurements (Varian-450 spectrofluorometer, bandwidth 10nm, 1ml cuvette) were 
carried out using Potassium Iodide (KI) and acrylamide, prepared in water maintained 
at pH 7.0. KI was added to the protein samples with gradually increasing concentrations 
from 0 to 0.3 M. Similarly, acrylamide was added with increasing concentration from 0 
to 0.4 M. Dithionate was added to the iodide solution to prevent I3- ion formation and 
filtering effect of tryptophyl fluorescence [11]. 
 
RESULTS AND DISCUSSIONS 
Fluorescence quenching by acrylamide and KI resulted from non radiative energy 
transfer from probe to the proteins [12]. Acrylamide quenching resulted in negative 
deviation in Stern Volmer plot, towards negative axis. The initial slope of this quenching 
system indicated presence of more than one tryptophan residue. At low quencher 
concentration, Stern-Volmer plot reflected quenching of more accessible residues. At 
higher concentration, easily quenched fluorescence has depleted due to saturation 
effect.  
 

 
Figure 1 – (A) Stern Volmer plot of native Cytochrome C when quenched by KI. (B) 

Stern Volmer plot of denatured Cytochrome C, quenched by KI. X axis – 
Concentration of KI (M). Y axis – Io/I ratio. 

 
Cytochrome C quenching by KI resulted in nonlinear Stern Volmer plot, which resulted 
in utilization of modified Stern Volmer plot. This kind of equation is used to obtain 
linearity. Here, all the tryptophan residues are not accessible to Iodide, but when 
denatured by Guanidine Hydrochloride, resulting in accessible tryptophan residues, a 
linear Stern Volmer plot is obtained (Fig. 1) with a binding constant of Ksv = 0.018M-1, 
which is further supported by Acrylamide quenching (Table 1). 
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Figure 2 – (A) Stern Volmer plot of native Myoglobin when quenched by KI. (B) 

Stern Volmer plot of denatured Myoglobin, quenched by KI. X axis – Concentration 
of KI (M). Y axis – Io/I ratio. 

 
Leghemoglobin quenching showed a linear pattern of Stern Volmer plot, which might be 
due to buried tryptophan residues. However, acrylamide quenched native 
Leghemoglobin did not show a linear Stern Volmer plot, until denaturation using 6M 
Guanidine Hydrochloride takes place. Similar results followed when quenched by KI 
(Fig. 2). 

 

 
Figure 3 – (A) Stern Volmer plot of native Leghemoglobin when quenched by KI. 

(B) Stern Volmer plot of denatured Leghemoglobin, quenched by KI. X axis – 
Concentration of KI (M). Y axis – Io/I ratio. 
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Table 1 Stern-Volmer constants of heme proteins when quenched by Acrylamide. 
Myoglobin quenching by acrylamide resulted in positive deviation of Stern Volmer plot 

towards x-axis. From Table 1, the quenching constant of myoglobin is quite high, when 
compared to Cytochrome C and Leghemoglobin, it is evident that both tryptophan 
residues are easily accessible. The obtained results are further supported by KI 
quenching (Fig. 3). 
Herein, we have studied the quenching process of three heme containing proteins, with 
two quencher acrylamide and potassium iodide, obtaining similar kind of result from 
both the quencher.  For myoglobin, all the tryptophan residues are equally exposed , for 
Cytochrome c, the quenching constant differed largely, whereas for Leghemoglobin,  
quenching constant differed from each other but not as largely as Cytochrome c. 
 
CONCLUSIONS 
In this research work, we studied fluorescence quenching of three heme containing 
proteins using KI and Acrylamide quenchers. Further studies were carried out with 
respect to tryptophan quenching in native and denatured proteins. These studies helped 
to determine tryptophan positioning in the proteins. 
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