
Spectroscopic Studies of Lysozyme and Ovalbumin in Solution 

and in Immobilized Polyelectrolyte Multilayers 
The understanding of the interaction of proteins with molecules such as drug, vitamin, 

antioxidants, nanoparticle, and refolding agents, is of great concern for their successful use in 

pharmaceutical and clinical fields. Same is the case with contaminants such as heavy metals and 

endocrine disrupting compounds as these may, during the interactions, alter protein 

conformation, expose novel epitopes on the protein surface, or perturb the normal protein 

function which could induce unexpected biological reactions and lead to toxicity. Most of the 

biological actions of proteins, including their ability to interact with one another, have some 

effect on the binding site. Identifying protein-protein/protein-ligand binding sites in a protein that 

is known to interact with other molecules can provide important clues to the function of the 

protein and can also be used to predict the structures of protein complexes. In addition to this, 

immobilization of protein onto solid substrate is an area of widespread interest as they are the 

key components behind molecular devices such as biosensors. The design of bioactive surfaces 

has been a challenging task for the past few decades as these are desirable for applications that 

include protein separation, purification, biosensors and controlled release. The common methods 

of fabrication of protein inert surfaces like chemical grafting, polymerization and self assembled 

monolayers are not well suited for biomaterials because of the complexity of the synthetic steps, 

non uniformity in surface coverage and choice of supports. Surface modification by layer-by-

layer assembly of polyelectrolytes can be employed for the fine tuning of biocompatibility of 

surfaces. The multilayer architecture can be tailored by varying the parameters like pH, ionic 

strength, nature of polyelectrolyte and deposition conditions. It is possible to synthesize bio-

adhesive or bioinert surfaces by proper manipulation of the above parameters.  

Membranes are superior to other supports in terms of protein immobilization as they offer high 

surface area. Development of biofunctional membranes by the immobilization of bioactive 

macromolecules on to support membranes is highly promising because of the potential 

application of these membranes in the fields of medicine and biotechnology which includes 

biosensors, catalysts in bioreactors, and affinity separations. Complex fabrication procedure was 

generally involved in the preparation of membranes in which the immobilized bioactive species 

preserves their activity. The immobilized proteins may be susceptible to the reduction of 



biological activity due to the possible disordered orientation caused by physical adsorption. One 

essential requirement of protein loaded multilayers to be used in biomedical fields is that they 

must preserve their biological activity upon adsorption. This means that the secondary structure 

of the protein should be preserved in the adsorbed state. Polyelectrolytes are known for their 

ability to keep the protein structure intact through formation of an electrostatic cage. 

Polyelectrolyte multilayer build up is used extensively for the surface functionalization. Their 

build up is generally realized by sequential adsorption of alternately charged polyelectrolytes 

from aqueous solution. Biomacromolecules, dyes and other particles can be immobilized to the 

film using this versatile film fabrication tool. The intrinsic fluorescence of protein arises due to 

the presence of tyrosine (Tyr), tryptophan (Trp) and phenylalanine (Phe). Tryptophan is the 

prominent fluorescent amino acid with a quantum yield of 0.13 in solution. The fluorescence of 

protein is sensitive to tryptophan micro environment and can provide informations regarding 

protein structure. Two main challenges while one utilizes protein fluorescence for sensing are, to 

optimize the experimental variables so as to provide access to buried tryptophan residues and to 

increase the surface area of the immobilized matrix.  

Traditionally electrochemical detection is the most preferred method. The shortcomings of 

platinum electrode for the electrochemical oxidation of hydrogen peroxide (H2O2) have been 

discussed widely and alternate routes were also proposed. Redox and chemical mediators are 

also being used for the electrochemical detection though prone to electrode fouling. Biosensor 

based on horse radish peroxide (HRP) is the most common route for the detection of hydrogen 

peroxide. Ali et al. realized H2O2 detection using HRP attached single nano channel redox 

reaction with ABTS as the substrate.  

Scope of the work. Binding study of proteins with exogenous and endogenous ligands are 

important with respect to their transportation, distribution, and physiological actions. The 

binding of ligands to the active sites of protein can change their structure and function and cause 

toxic effects. The proteins selected in the present study are significant as Ovalbumin (OVA) 

stands as a  model protein for serpins and lysosyme (LYZ), an antimicrobial enzyme found in 

many body fluids. The selected ligands mercuric chloride (HgCl2) and hydrogen peroxide  are 

important environmentally and biologically.  The multispectroscopic studies of OVA & LYZ in 

solution state in presence of ligands like HgCl2 & H2O2  provide information regarding its 

conformational transitions and binding sites. In immobilized state the protein act as biosensor for 



hydrogen peroxide. The interaction study of OVA and LYZ in solution as well as in immobilized 

state with  cytochrome c (cyt c) has lot of relevance since cyt c is a respiratory protein and act 

also as an indicator of apoptosis. 

Organization of the thesis 

  The thesis has been divided into five chapters. The first chapter presents a general introduction 

of various spectroscopic methods used for studying the interaction of proteins with selected 

ligands. Details of the importance of polyelectrolyte multilayer membrane as solid matrices for 

immobilization of proteins are also included. Second chapter exclusively presents various 

experimental techniques employed for the study. Third chapter describes the sensing of hydrogen 

peroxide with ovalbumin embedded CHI/PSS multilayer membrane. This chapter includes the 

results and discussion part of the fluorescence quenching studies of OVA in solution as well as in 

immobilized state in polyelectrolyte multilayers. OVA is immobilized to CHI/PSS multilayers 

assembled on polymer membrane under low pressure driven condition. The fluorescence 

quenching property of OVA is utilized to design an optical thin film sensor. In Chapter four the 

results and discussion part of interaction study of OVA and lysozyme with mercuric chloride is 

presented. The effects of binding and conformational changes induced by Hg2+ on OVA have 

been   studied using fluorescence spectrometer, UV-visible (UV-vis), circular dichroism (CD), 

fourier transform infrared spectroscopy (FTIR) and Time-Correlated Single Photon Counting 

(TCSPC). The OVA fluorescence exhibits appreciable bathochromic shift along with a reduction 

in fluorescence intensity and in fluorescence lifetime upon binding with Hg2+. The corresponding 

Stern Volmer plot deviates from linearity with a three state transition. Also on addition of Hg2+, 

there is a structural deformation to the protein, and this fact is well supported by CD and FTIR 

studies. All the experimental data well support the idea that OVA loses its structure 

incrementally during its interactions with Hg2+. 

Chapter five has two sections; part A and B. Probing the binding of cytochrome c with OVA 

using spectroscopic method is presented in part A. The binding mechanism of cyt c with OVA 

was investigated using steady state, time resolved, synchronous-fluorescence, UV-vis, and FTIR 

spectroscopy. Development of OVA immobilized CHI/PSS multilayered membrane as a thin 

film optical sensor for cyt c is also described in this chapter.  

The interaction of cytochrome c with lysozyme was studied and is described in chapter 5 as part 

B. Protein–protein interactions are of central importance for virtually every process in a living 



cell. Information about these interactions improves our understanding of diseases and can 

provide the basis for new therapeutic approaches.  

 

Chapter 1:  Introduction and Objectives 

General details about protein-ligand interaction, protein fluorescence, protein-protein interaction, 

steady state fluorescence, FRET, TCSPC, fluorescence anisotropy, the concept of membranes, 

layer by layer assembly method [LbL] and biosensing based on LbL films are described in 

chapter 1. A brief description of polyelectrolytes, polyelectrolyte multilayers and their 

applications are also included. Protein fluorescence is discussed in detail. Conformational 

investigation on protein structure upon binding with the said ligands is carried out to understand 

the stability/activity after complexation. Försters theory of non radiative energy transfer (FRET) 

is useful to calculate the distance between donor and acceptor pair. The same technique provides 

useful information regarding the effectiveness of the binding interactions. Synchronous studies 

shows that the change in polarity and the hydrophilicity around the Trp and Tyr residues.  

Chapter 2: Materials and methods 

The details of the materials used and the experimental methods adopted for the study are 

presented in this chapter. The fabrication of multilayer membrane as a substrate for protein 

immobilization and sensing study are described in this chapter. Various spectroscopic techniques 

including steady state, time resolved, synchronous- fluorescence, UV-vis, anisotropy, and FTIR 

spectroscopy are explained. Scanning electron microscopy (SEM), atomic force microscopy 

(AFM) and Fourier transform infrared spectroscopy (FTIR) used for the characterization of 

multilayer film is described in detail.   

Chapter 3: 

Sensing of Hydrogen Peroxide with Ovalbumin Embedded CHI/PSS Multilayer Membrane 

 This chapter describes the fluorescence quenching studies of OVA in solution as well as in 

immobilized state in polyelectrolyte multilayers. Hydrogen peroxide is used as a quencher. OVA 

is immobilized to CHI/PSS multilayers assembled on polymer membrane under low pressure 

driven condition. The fluorescence quenching property of OVA is utilized to design an optical 

thin film sensor. The present experimental conditions allow exposure of tryptophan residue to the 

analyte that permits trace level detection at 6th bilayer. The ultrafiltred film is highly hydrophilic 



in nature so that in the immobilized state tryptophan is surrounded by water clusters. The OVA 

immobilized bilayers ensures high energy migration giving a high value for KSV (1010 L mol-1) so 

far reported for thin film. Detection of hydrogen peroxide at trace level is important for bio-

diagnostic applications. H2O2 is generated enzymatically for the indirect evaluation of clinically 

relevant molecules as glucose and cholesterol. Though, it is involved in many redox processes in 

the body, the excess percentage always point out the presence of high risk category diseases. 

Therefore, its detection in trace level has been always a topic of interest. The results obtained 

with multilyered films are schematically represented in the Figure 1. 

 

Figure 1. Schematic representation showing the interaction of H2O2 with OVA-CHI/PSS 

multilayers 

 The results of the  fluorescence  quenching studies of OVA in free state and in the  immobilized 

state at pH 4.5 with H2O2 clearly shows that, OVA is not readily quenched when free in solution 

while,  in the immobilized form  it undergoes a large extent of quenching by H2O2 (up to about 

10-14 mol L-1). So the immobilization increases effective interaction between the tryptophan 

residue and analyte (H2O2). To get more details we have carried out fluorescence life time 

measurements. The decay profile of OVA–CHI/PSS in the presence of varying 

H2O2 concentrations shows a concentration-independent pattern confirming the specific 

interaction between OVA and H2O2. UV-vis and FTIR spectral studies are also carried out for 

the confirmation. Synchronous fluorescence study shows that the polarity and the hydrophilicity 

around the tryptophan residues are increased. Hence the probable binding location of the probe is 

likely to be in near vicinity of a Trp moiety rather than a tyrosine moiety in OVA. The  resulted 



increased accessibility of  Trp residues  together with the reversibility of the bilayer for the 

sensing  of H2O2 is also illustrated.  

Chapter 4:   

Multispectroscopic studies of metal ion (HgCl2) –protein interaction  

 This chapter presents the results from studies of the interaction of the well established 

contaminants, mercuric chloride with three selected proteins human serum albumin (HSA), 

ovalbumin (OVA) and lysozyme (LYZ). The proteins under study consist of one, three, and six 

tryptophan residues. Since HgCl2 selectively attack the sulfhydryl group (-SH) of OVA, more 

emphasis is paid to the study of this protein. Moreover OVA also stand alone as a representative 

protein of serpin family. The mechanism of binding of the Hg2+ to OVA is investigated using 

UV-vis, steady-state, synchronous, and lifetime fluorescence measurements. The intrinsic 

fluorescence spectra of OVA in the presence of a series of concentrations of HgCl2 under 

various pH conditions (native (7.4), iso-electric (4.5), molten (2.2)) were collected at excitation 

wavelength of 295 nm. The OVA fluorescence exhibits appreciable hypsochromic shift along 

with a reduction in fluorescence intensity and fluorescence lifetime upon binding with Hg2+. 

Fluorescence quenching datas were analyzed using the Stern–Volmer equation (1). 

                                   
             [Q] K + 1 [Q]  K + 1

 F
 F

SV0q
0

== τ (1) 

 Figure 2 displays Stern-Volmer plots of F0/F versus [Q] at pH 7.4. From the figure it is evident 

that the stepwise addition of HgCl2 and sequential unfolding of OVA involves a, three state 

transition. At very low concentrations of HgCl2 up to 1.5 µM (region I), the added HgCl2 

molecules bind exclusively to the highly energetic sites of the protein, and the tertiary structure 

of OVA starts  to open up. The  increase in the concentration of HgCl2 beyond 1.5 µM (region 

II), results in the availability of more binding sites and Trp becomes  more exposed. Finally, at 

very high HgCl2 concentrations (region III), the process is mostly non interactive in nature and 

the addition of HgCl2 to OVA gets almost saturated. The fluorescence quenching behavior of 

OVA by HgCl2 varied with the solution pH. This is a clear signature of different accessibility of 

-SH group of cysteine residue (Cys) to HgCl2 at diverse pH. 



 

                      Figure 2. Stern-Volmer plot of the OVA- Hg2+ at pH 7.4. 

 The sigmoidal behavior of OVA results due to the different accessibility of the 4 cysteine 

residue Cys 11, Cys 30, Cys 367, and Cys 382. In the native state of OVA, the 4 Cys residues are 

well buried inside the protein. Hence HgCl2 at lower concentration can access –SH group only to 

a lower extent and will result in the opening up of the protein. As the concentration of HgCl2 

increases accessibility to –SH group (region II) also increases.  Finally, at very high HgCl2 

concentrations (region III) there is no free –SH group available for binding. Therefore emission 

maximum and the fluorescence intensity remain more or less unchanged at region III.  

Whereas for OVA at molten-globule state (pH 2.2), the highly reactive aromatic disulfide 

linkage Pyr-S-S-Pyr, reacts with one of the four -SH of Cys residue. This explains the formation 

of disulfide linked aggregates through a disulfide sulfhydryl exchange reaction. Thus the 

presence of free –SH group in OVA decreased and the corresponding decrease in the binding of 

HgCl2 to OVA can also be distinguished from the quenching studies. On the other hand the 

transition between the native and molten globule-like state occurred in the pH range from 3 to 4. 

Therefore OVA molecule will be opened at pH 4.5 and even at the lower concentration of HgCl2 

can access –SH group more easily.  

In order to calculate KSV, we have considered the two distinct regions within which the 

Stern−Volmer plots show linearity. The values of Kq observed for OVA at 7.4 is of the order 

1013 M−1 s−1, which is 1000-fold higher than the maximum value possible for diffusion controlled 

quenching of various kinds of quencher to biopolymer (2 × 1010 M-1 s-1). This observation 

suggests that HgCl2 interacts with the –SH group of OVA to form a strong complex and the 



probable reason of fluorescence quenching of Trp is a static mechanism. To further confirm the 

quenching mechanism the UV absorption spectra of OVA, and the Hg2+– OVA system were 

recorded, suggests the formation of a complex at the ground state (static quenching) between 

Hg2+ and OVA. Besides estimating the magnitude of quenching, we can further estimate the 

binding constant (Kb), number of binding site (n), using the modified version of Stern-Volmer 

equation as given by: 
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At lower concentrations of HgCl2 where the binding site n1 ≈ 1, both the protein and HgCl2 

forms a 1:1 complex. The magnitude of n >1 suggests that the binding affinity of HgCl2 toward 

OVA is the strongest in region II. Therefore it can be inferred that the binding of HgCl2 to OVA 

induces protein defolding with an increase in number of available binding sites. 

  In order to have a better understanding about the quenching mechanism, time-resolved 

emission study of OVA in the aqueous buffer solutions (pH 7.4, 4.5, 2.2) has been carried out in 

the presence of different concentrations of HgCl2 (Figure 3). At native pH OVA showed a mean 

life of 4.94 ns. With the addition of HgCl2 at low concentrations (up to 0.5 μM) the mean 

lifetime is slightly shortened. The decrease in the mean life time is found to be more significant 

at higher concentrations (1.375-2.5 μM) of HgCl2.  

 

Figure 3.The time-resolved fluorescence decay of OVA– HgCl2 system at pH = 7.4; [HgCl2] = 

0-6.25 µM.   



 Synchronous fluorescence spectroscopy (SFS) is successfully applied to explore the molecular 

environment of amino acid residues by measuring the possible shift in wavelength emission 

maximum. The addition of HgCl2 led to a decrease in the synchronous fluorescence intensity of 

both Trp and Tyr residues. Increasing HgCl2 concentration accompanies a little blue-shift of the 

Trp and Tyr indicated that the polarity around the Trp and Tyr residues was decreased. It 

indicates that the interaction of HgCl2 with OVA may cause a significant conformational change 

of Trp and Tyr residues micro regions. FTIR and CD spectroscopic studies are also discussed. 

The experimental data well supports the idea that OVA loses its structure incrementally during 

its interactions with Hg2+. 

Chapter 5: Part A 

 Probing the binding of cytochrome c with ovalbumin  

This chapter describes the binding of cyt c to OVA, and development of OVA immobilized 

CHI/PSS multilayered membrane as a thin film optical sensor for cyt c. The binding mechanism 

of cyt c with OVA is investigated using steady state, time resolved, synchronous- fluorescence, 

UV-vis, and FTIR spectroscopy. The quenching behavior of OVA immobilized CHI/PSS film is 

studied by the measuring the fluorescence spectra of the film as a function of different quencher 

concentration. The results show that the fluorescence intensity decreased to a large extends with 

increase in the concentration of cyt c (0-8 μM). The formation of a new band is observed at ̴  

430 nm as shown in figure 4. In addition to this the fluorescence quenching studies of OVA with 

cyt c in solution state is also studied. The fluorescence quenching and formation of new band is 

more pronounced in the immobilized state than at the solution state. This indicating the 

possibility of fabricating a polymer thin film as an optical sensor for cyt c. 



 

Figure 4. Fluorescence emission spectra of OVA immobilized CHI/PSS multilayered membrane 

as a function of the concentration of cyt c. 

The observed quenching rate constant value (Kq) is higher than the normal diffusion controlled 

one which indicates a static quenching mechanism. From the binding constant (Kb) value, it is 

observed that cyt c effectively binds to these proteins. The shift along with an increase in the 

absorbance of OVA from the UV-vis absorption studies indicates a ground state complex 

formation. A close examination of the fluorescence decay parameters of OVA immobilized 

CHI/PSS multilayered membrane  clearly reveals that the mean lifetime undergoes a 

considerable change as a function of increasing cyt c concentration. Further, the decrease of the 

fluorescence lifetime of the proteins with increasing concentration of cyt c leads to the possibility 

of energy transfer in addition to ground state complex formation. From FRET studies it is 

observed that the estimated distance between the donor and acceptor lies between Forster 

distance ranges (2-8 nm). Synchronous studies shows that the polarity and the hydrophilicity 

around the tryptophan residues are increased suggesting the probable binding location of cyt c is 

likely to be in the near vicinity of a Trp moiety rather than a tyrosine moiety.  

Chapter 5: Part B 

Protein-protein interactions are operative at almost every level of cell function. There are a 

number of approaches based on fluorescence that can be used in the study of protein-protein 

interactions. This chapter describes the interaction of two proteins LYZ and cyt c at 

physiological (7.4) and iso-electric (10.6) pH. LYZ exhibits an emission maximum (λem) of 338 



nm and 343 nm at pH 7.4 and 10.6, respectively. Fluorescence emission spectra of LYZ as a 

function of different concentrations of cyt c show that the emission of lysozyme is strongly 

quenched. The average lifetime of LYZ remained unaffected in the presence of cyt c. Based on 

the fluorescence quenching results and time resolved measurements, complex formation is the 

major mechanism for the binding between cyt c and lysozyme. The synchronous fluorescence 

intensity of Lys at Δλ = 60 and 15 nm (pH 4.5 & 7.4) decreased gradually with the increasing 

concentration of cyt c with no shift in the maximum emission wavelength. The FTIR data 

showed that cyt c did not induce any conformational changes in  lysozyme.   
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